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FOREWORD

PrIOR to the past two or three decades few accurate guantitative methods
were recorded for the determination of the seven noble metals.  Whercas
the methods of scparation were often ingenious, few gave a complete
analytical separation. A notablc exception is the specific removal of osmium
by oxidation with nitric acid, which has been recognized from the time of
the discovery of osmium. Some two decades later, immediately following the
discovery of ruthenium, the volatility of the tetroxide of that metal was
recognized. Thus separational techniques advanced to the stage where both
osmium and ruthenium could be readily isolated from the remaining noble
and associated base metals. Despite the absence of refined analytical methods
it is clear that some of the most useful separations for the remaining four
platinum metals originated in the early work of the chemical researchers.
No one can examine exhaustively the publications of the early twentieth
century and escape some recognition of the debt owed to the chemists of
this period. The most generally useful method of isolating platinum, viz., by
the hydrolytic separation of rhodium, palladium and iridium, has a very
carly beginning, and it was upon this foundation that the National Bureau
of Standards at Washington developed the present method of separation by
which quadrivalent platinunr is so readily isolated. Similarly the perfected
techniques proposed by the Bureau for the separation of base metals from
platinum metals by the use of nitrite complexes has its origin in an early
recognition of the resistance of the platinum meral-nitrite complex to
hydrolysis.

In the history of the development of analytical methods for the platinum
metals we encounter a strange paradox. Generally it is a fact that coincident
with an improvement in the economic status of a metal there is a corre-
sponding impetus in the development of methods for its separation and
determination. Uranium is a recent example. Along with the great improve-
ment in the economics of the platinum metals, however, one fails to find a
really significant advance in the recorded analytical methods for these metals.
This situation is sometimes ascribed to the analytical difficuities arising out
of the compiexity of the chemistry of the platinum metals. This fact provides
only a partial reason for what seems to have been an avoidable situation.

Even a cursory examination of the growth of the cconomy of the platinum
metals indicates beyond question that the industrial development of the
metuls rapidly became concentrated within a few compcet:ng centres. The
present auther, in his initial researches, was abruotly cornfronted with this

ix



X FOREWORD

frustrating situation. In the light of the recent and rapid accumulation of
analytical methods it is clear that the decades of secretive restrictions were
relatively stagnant periods in the development of methods for the separation
and dctermination of the platinum metals. One cannot now find evidence
that this concentration of interest resulted in any really worth-while analytical
advancement. Perhaps the recognition of this fact is responsible for the
present, relatively free and generous flow of anaiytical information from at
ieast some of the centres of industrial production. Anyway, the past two
decades have seen a rapid increase in the number of effective analytical
methods of separation and determination. ’

Concerning separational methods, the classical assay with lead as a
collector remains superior. Data have been accumulated to explain its
optimum area of application and its peculiar deficiencies. Despite these
deficiencies it is the author’s opinion that the classical assay, in so far as its
metallurgical aspect is concerned, will direct with reasonable safety the
commercial discovery of significant platinum metal values. Gradually, new
fire assay techniques and wet methods of separation are being developed.
At the present time these must be accepted only as ancillary or confirmatory
separations in their relationship to the classical lead collection. However,
the recently developed methods of separation by ion-exchange will in-
creasingly find applications of both scientific and industrial value. It is not
at all improbable that these applications will involve some replacement of
fire assay procedures and of some existing methods of refining.

While the present volume was conceived in enthusiasm and confidence it
was written with great reservations and a growing humility. One cannot
overestimate the amount of in;ormation pertinent to the anaiytical chemistry
of the platinum metals which lies more or less concealed in the vast volume of
chemical literature which has accumulated over a period of a century and a
haif.

In this voiume the choice of anaiytical methods preseated te the reader is,
to some degree, made on the basis of perscnal experieace, and, while it is
recognized that this procsdure is open to the objection that familiarity
encourages acceptarnce, it is hoped that mos: of the recorded procedures will
be applicabie within the conditions specified.

Scme effort has been made 1o suggest fertiie and usefui areas of research
withiz specific procedures. It is scarcely an exaggeration to suggest that no
field of analvtical research offers a more petentially usefl scope for investi-
gations, both fundamental and practical, than the chemistry pertizent to the
analysis of the platinum metals. The fieid of extractive metalitrgy has been
sirangely neglected by the anaivticel researcher, whose method of approach
woulid sureiy contribuiz ta the efficizncy of methods of industriai extraction
and refining. To an even greater degrae this is true for industrial procedures
which involve wet exiractions.

FOREWORD Xt

The present method of presentation was devised to avoid the exccss?vc
repetition of directions. Thus the section dealing with separations contains
a minimum of determinative methods, and following each separational
technique the reader is directed to appropriate methods of determination.
These determinative methods are discussed separately under the headings:
gravimetric, volumetric, spectrophotometric and spectrographic. Some over-
lapping seemed unavoidable, however, particularly in those instances where
separational techniques were closely integrated with determinative mcthods.

The author is painfully aware of the probable existence of crrors of judg-
ment in the recommendation of specific methods as well as errors arising
from the misinterpretation of data, When these become evident the author
begs the indulgence and co-operation of the reader. Shoulq th'is com.pxlaun‘)n :
prove sufficiently useful it is hoped that personal communications will assist
in the elimination of these errors in any future editions.
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CHAPTER |

THE ACTION OF ACIDS, BASES, OXYGEN
AND CHLORINE ON THE NOBLE METALS

The Action of Mineral Acids

ithough the six platinum metals and gold are classified as ** noble
metals ”, certain of these metals are as readily corroded as some of the
base metals. The degree of corrosive action depends upon such factors as
the presence and character of impurities, fineness or compactness, the
metallurgical history of the preparation and sometimes the technique of
dissolution.

The fact that a platinum metal may normally resist corrosion by a single
mineral acid is no guarantee that some dissolution will not occur in the
presence of certain impurities. This fact becomes important when an attempt
is made to purify a precipitate by selective corrosion. An example of this is
the recommended procedure for the removal by nitric acid of such base
metals as copper from a precipitate of platinum. This technique may result
in losses of platinum into the acid extract of copper. It has been reported that
a mixture of platinum and mercury is readily attacked by nitric acid,t!]
the extent of the corrosion of the platinum depending upon the proportion
of mercury. The present author has found that each of the six platinum
metals, alloyed at about 2600°F with relatively large amounts of an iron—
copper-nickel alloy, is quantitatively attacked by hydrochloric acid, following
the addition of small amounts of nitric acid. It has also been shown that the
response to mineral acids of the platinum metals collected by the lead assay
button cannot be predicted on the basis of the corresponding action with
pure metais. In these instances platinum and rhodium are attacked to an
appreciable degree by nitric acid. A partial explanation of this susceptibility
to acid attack may be the presence of base metal impurities, traces of which
are invariably carried into the button.

When the platinum metals are alloyed with a base metal one mayv expect
that corrosicn of the base metal will produce a high degree of fir=aess of the
platinum metal; one may also expect that the high temperat.re trecatment
may sometimes result in the formation of less resistant in’ermetallic com-
pounds. Furthermore, one cannot exclude the possibility of an electrolvtic
action simply because some known potentials suggest inertness to an acid
when so little is known concerning even the identity of such intermetallic
compounds.
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Although the action of mineral acids on platinum metals is little under-
stood one may apply general principles with some assurance of practical
value. It is not improbable that each of the platinum metals, given sufficient
fineness, will respond in some degree to the corrosive action of even single
minerai acids, particularly in the presence of air, and tc a greater extent tc
mixed acids such as aqua regia.

It 15 well known that most of the platinum metais wiil respond to the
corrosive action of hydrochloric acid containing dissolved oxygen.f?! In
fact, small amounts of platinum may be thus dissolved completely when
heated for a sufficient time in a sealed tube containing oxygen. It has been
recorded that this corrosive action requires the presence of light!®! or, at
least, it is considerably retarded in the absence of light. There is also the
suggestion that the presence of a platinum metal or the presence of light of
certain waveiengths may catalyse the oxidation of hydrochloric acid to
produce some corrosive chlorine species. Whatever the explanation, one of
the most effective corrosive reagents for all of the platinum metals, or their
compounds, is a mixture of hydrochloric acid and a chlorate, heated in a
sealed tube. Strong hydrochioric acid with hydrogen peroxide corrodes gold
and platinum.[*]

The explanation of the corrosion by sulphuric acid is particulariy obscure,
despite the fact that commercially significant losses of platinum occurred in
scme of the early methods of manufacturing sulphuric acid.!®) Many of
the early researchers believed that * pure sulphuric acid ™, even at elevated
temperatures, was without significant effect upon platinum sheet:(! for
:mpure sulphuric acid, there was litiie agreement concerning the identity of
the corroding impurity. In some instances the corrosion was ascribed to an
attack by oxides of nitrogen.!®- "1 Others beiieved that the oxides of nitrogen
assisted in resisting the attack by sulphuric acid.'®? and evidence was offered
to suggest that the corroding action was due to the oxvgen content of the
2cid!® or to excess of sulphur trioxide. The corrosive action of oxygen was
discussed by Deiépine!!® % 12 who, in his later work.['?) suggested
that P{OH)(HSO,),, suiphur dioxide and water were produced by the
action of hot concentrated sulphuric a2id on platinum: thus this reaction
was encouraged oy oxygen (oY reacuon with the suiphur dioxide).

Cencerning tne influznce of the metaijurgicai history on the susceptibility
of the platinum metals to various corrosive reagents, one must expect, by
analogyv to many other metals and compounds. that a prior. high temperature
ireatment may encourage resistance to corrosion by acids. Certzin palladium
saits. evaporatzd from solutions and subjected to sxcessive temperatures,
22cOTIT [EMistant even to agua regic. Commercial platinum wire may also
resist atiack by this acid. »- 1 'he other hand platinum, efter subjectien (o
very high temperatures in air cr oxveen, mzv become mcre -sactive (see

~ny

—pp. 4 and 23).

ACIDS, BASES, ONYGEN AND CHLORINE ON NOBLE METALS 3

RUTHENIUM AND Oswmiuwm

Ruthenium is available in both allov 2and massive form. Pure ruthenium
powder or spongc is not appreciably attacked by hot. single or mixed mincral
acids. However, hydrochioric acid with sodium chiorate or with nitric acid
will corrode ruthenium quantitatively when heated together in a closed
system. Whereas hydrochloric acid containing oxygen will in some circum-
stances attack the finely powdered metal, the reaction is not quantitative.

It has been stated that finely divided osmium may be attacked by con-
centrated sulphuric acid, by aqua regia, and particularly by fuming nitric
acid.l'?) However, this finding, and references in the carly literature which
state that osmium is attacked by hydrochloric acid containing oxygen, by
hot sulphuric acid, by agua regia and by concentrated nitric acid, should not
be accepted as evidence of quantitative corrosion, but merely as a precaution
against treatment of the finely divided osmium with these oxidizing reagents
when quantitative recovery is required. One cannot, with any of the platinum
metals, disregard the effects of unknown impurities in precipitates etc.; in
some instances at least the rcputed dissolution of the metals will have
resulted from the presence of impurities.

RHODIUM AND IRIDIUM

Rhodium metal or powder, under the usual analytical conditions, will
resist attack by aqua regia and by all single mineral acids except concentr:..ed
sulphuric acid. The latter, particularly when hot, will readily dis.olve
rhodium powder to form a yellow solution which resists quantitati-e pre-
cipitation as sulphide. One must not conclude from this fact that -nder all
conditions rhodium is thus attacked. Rhodium metal extracter by a fire
assay treatment may effectively resist corrosion by all acids, anc its dissolu-
tion may require fusion mixtures. It is generally accepted that pure compact
chodium is resistant to attack by anv acid. Rhodium black is said to be
soluble in aqua regia and in hvdrochloric acid containing air. However,
these acids are not recommended for the quuntitadve dissolution of anv
form of rhodium metal. Whiie there are few data regarding the cffect of
impurities on the corrosion, sufficient have been recorded to emphasize that
here, toe. prediction concerning any specific incrtness of rhodium toward
acids should be made with caution.

Iridium sponge is exceedingiy resistant to attack by mineral acids. single
or mixed. hot or cold. As are the other platinum metals, iridium is said to
be attacked by hydrachieriz 521¢ In the presen e of cir. when heated under
pressure. but this method is not acceptable for quantitative anaivtical work.

The misapplication of qualitative data is well illustrated for iridium. small
amounts of which in a very fine form are attucked by aqua regia. This fact
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4 ANALYTICAL CIIEMISTRY OF NOBLE METALS

resulted in the inclusion of aqua regia in an otherwisc acceptable procedure
for the quantitative and selective dissolution of iridium from a platinum
metals assay bead.!**! The fact is that in this condition, the metal is rot
appreciably attacked by agua regia of any strength.

PALLADIUM AND PLATINUM

Palladium metal is readily attacked by nitric and suipburic acids and
particularly by aqua regio. The massive form resists any extensive attack
by hydrochloric acid free from oxidizing constituents. Precipitated palladium
metal, however, can be corroded quantitatively by hydrochloric acid. The
evaporation of palladium solutions, followed by the excessive heating of the
residue, may result in a form of a palladium residue which is only attacked
with difficulty even by agua regia. Selenic acid will dissolve finely divided
palladium, particuiarly at elevated temperatures.[! 3!

Platinum in the form of sponge is readily attacked by aqua regia, the
optimum composition of which has been examined by various anthors.[!6!
Opinions have differed as to the effect of hot nitric acid on platinum ware,
but there is reasonable agreement that on pure platinum the effect is
negligible.!”)  Massive platinum in the form of wire etc. 1s sometimes
resistant to corrosion by agua regia and the quantitative dissolution of large
amounts must be accompanied by processes other than direct acid treatments.
Piatinum powder is attacked by hydrochloric acid containing oxygen,
although the methed is not used for quantitative analytical work. For this
purpose, mixtures of a chiorate and hydrochloric acid, heated in sealed tubes,
are effective for ali forms of platinum. Various authors have discussed the
degree of corrosion of piatinum by concentrated sulphuric acid.[*=12. 18]
One may concludge that from an analytical point of view any finely divided
form of piatinum is appreciably corroded by hot concentrated sulphuric
acid, but anv prediction concerning the significance of the joss of platinum
is Dazardous. ‘

Concerning the ncbie metals, suitable corroding acids for the precipitated
ferms are: for piatinum and cid—aqua regia; for pailadium—aqua regia
or not mineral acids; for rhodium—hot concenrated suiphuric acid; for
iridium, ruthenium and osmium—none.

In general, the anaiytical chemist will avoid the use of suiphuric acid in
the preparaiory dissoluticz of the platinum metais as the subsequent
2naiytical treatment is subject to interference owing to the stability of ihe
suiphate complexes. Conversion i¢ a chicride is often, therefore, a necessary
prerequisitc to deiermivat’on, “or exampie, the nydrogen sulphide pre-
cipitation of rhodium. and {he hycrolytic separation of piatinum(1V) saits
are .. d adversely when solutions of the metais « -~ 2repared by heating
With suiphuric acid.

ACID3S, BASES, OXYGEN AND CHLORINE ON NOBLE METALS 5
The Action of Bases

RUTHENIUM

Ruthenium metal, oxides and insoluble salts are readily attacked by fusion
with oxidizing mixtures of alkali metal compounds such as alkali peroxides
or hydroxides together with a nitrate. Early researchers believed that the
fusion with sodium peroxides at low red heat produced the perruthenate.l' )
Recently it has been stated that alkali fusions produce ruthenites.!??) The
fact remains, however, that the fused mass is readily soluble in aqueous
mineral acid solutions. Whereas quantitative precipitations can be made
from the resulting alkaline solutions, it is preferable, because of the almost
certain contamination, to distil or extract the tetroxide from the basic
solution. Fusions with sodium hypochlorite will also corrode the metal to
produce the volatile oxide, and an adaptation of this method has been used
for the quantitative recovery of ruthenium!?!) (Procedure 3). The method
involves the production in siru of hypochlorite by passing chlorine into the

mixture of sodium hydroxide solution and metal. Amounts of ruthenium
metal of the order of 500 mg were thus dissolved and distilled. No data
have been recorded to indicate the maximum amount of ruthenium which
can be so treated. One must not assume that this hypochlorite conversion
will remove ruthenium from natural or synthetic alloys such as the acid

insoluble residue resulting from the parting of an assay bead.

OsMIUM

Osmium metal is also converted to the octavalent oxide when mixed with
a caustic solution, and chlorine is added to form the hypochlorite. Fusions
with oxidizing alkaline solutions produce osmates. Recently Watanabe!2°
stated that, contrary to earlier literature, alkaline fusions of osmium form
osmium(VIII) oxide, which dissolves to form [OsO,(OH),]*".

Ruopium

Recent work by Lux, Renauver and Betz!??] indicates that the fusiia of
rhodium metal with sodium hydroxide results in the formation of a yrown
coating of oxide, accompanied by some dissolution of meral in the flvlSCd
caustic medium. Rhodium metal proved to be much less resistant to fusions
with potassium hvdroxide than to fusions with sodium hyd.roxide Alloys
of 70 per cent platinum and 30 per cent rhodium are more resistant than pure
platinum to attack by fusion with potassiumt.ydroxide. Rhodium metal can Pe
fused with alkaline mixtures containing nitrate etc. or with sodiur. peroxide,
but littie 1s krnown about the identity of the qucd products. :tis generally
assumed that the fused product is a mixture ofvater-inseiuble cxides‘. "rihc
fused mass is readiiv soluble in acids. Rhodium metal may aiso be attacked bv



6 ANALYTICAL CHEMISTRY OF NOBLE METALS

fusionwith alkali metal hydrogen sulphates, this method being frequently used
to separate rhodium from iridium. The procedure is not recommended for
quantitative separations. One should note that such fusions may have little
or no effect on rhodium admixed with orher platinum metals in the condition
they are found in a fire assav ““ insoluble .

IRIDIUM
Iridium sponge is readily attacked by an alkaline-oxidizing fusion such as
sodium peroxide or a mixture of an alkal; metal hydroxide and nitrate. The
soluble product is probably a basic iridate. An important analytical
peculiarity of the aqueous or acid solution of the fused mass is the marked
difficulty experienced in removing adsorbed iridium saits from a filter paper

through which the solution has been filtered. Compared to rhodium, -

iridium metal is much more susceptible to attack by fusions with sodium
hydroxide at 410°C. With potassium hydroxide the attack js relatively

rapid. The coating of oxide in both instances is readily attacked by aqua
'n [22]
regia.

PALLADIUM

Palladium sponge, fused with sodium peroxide, yields a soiuble salt said
to be a palladite or perhaps a palladate. Fused mixtures of potassium
hydroxide and nitrate react with palladium, but with less ease than with
iridium, rhodium, osmium or ruthenium.

Palladium metal is readily attacked by fusions with either sodium or
potassium nvdroxide; with the latier the corrosion is quite rapid. In both
instances tiack porous coatings are formed.(22) The metai, iike rhodium,
is somewhat attacked by fused potassium hydrogen suiphate.

GoLp

The corresive action of caustic fusjons on gold metai was investigated by
Lux et ali*%3 Fusions with anhydrous sodium bydroxide resulted in the
formation of a difficultly soiuble corrosion product. Potassium hvdroxide,
however, rroduced a soiubie aurate, The amount of corrosion reaches a
consiant vaiue that depends upon the temperature and the oxvgen znd water
vapour pressures.

PLATINUM
reactions of pintinum with alkalj hydroxides and oxidizing mixturss
are of particular importancs beczuse of :he widespread use of platinum
laberatory equipment. In so far as methods of dissoiction for analyticai
purposes are concerned, caustic fusions of piatinum are inapplicable, but a
knowledge of the piatinum products is of importance when allovs with the

loa
14

o
(9]
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more insoluble platinum metals arc to be thus corroded. Under these
circumstances the fused mass probably contains water-insoluble oxides of
platinum and types of oxygen-containing salts.

Lux et alt??! found that fusions of potassium hydroxide in platinum
crucibles resuited in the corrosion of the platinum, although the metal re-
mained bright and the fused mass remained clear. The appreciabie loss of
piatinum was determined directly by the metal weight Jesses.

It has been reported!2*! that mixtures of alkali carbonates with platinum,
palladium, rhodium or iridium heated at 600-1000°C in a stream of oxygen
produce a series of oxide complexes corresponding to (alkali metal)*-BO,
and -BO,. More recentiy, it has been found2*! that mixtures of alkaline
earth carbonates with platinum, ruthenium, rhodium or iridium, when
heated in air, produce a variety of oxygen-containing salts such as Sr,PtO,
and SryPt,0,. The technique involves heating in air, at 1000-1500°C. a
200 mesh powder of a platinum metal, after grinding the reactants thoroughly
in an agate mortar. With the exception of the rhodium preparation, the
reaction was rapid, and a pure product couid be obtained in several hours
with two intermediate grindings of the reaction mixture.

Low temperature sintering with sodium carbonate has been used with
success for the corrosion of platinum metals concentrates from electrolytic
refining processes. In one report,'?5) the concentrate, after reduction with
hydrogen to remove sulphur, was intimately mixed with sodium carbonate
and heated to 700°C. The sintered mass was coherent and could be taken
from the vessel as a solid dry body, and furthermore, the sintering of even
large masses of concentrate could be accomplished in porcelain vesse's with
very little contamination. The sintered mass was readily dissolved b, dilute
acids, leaving only 2-3 per cent as a silica residue containing very small
amounts of platinum metals, which could then be readily corrodecd by fusion
with sodium hydroxide. The latter may also be used for low t=mperature
sintering, and in some aspects the method is superior to ‘nc carbonate
sintering. Inexplicably, such sintering processes were not efiective for most
of the platinum metals when treated separately. .

Hydrated platinum(Il1) oxide has been isolated(?J following a sodium
peroxide fusion. Because of the wide application of sodium peraxide fusiqns.
various reports have been concerned with the degree of the resulting corrosion
of platinum vessels. There has been general agree'nent that at low tempera-
tures (about 400-600°C), in thc absence of easily vxudizable substancesgsuch
as sulphides etc.. there is no significant corrosion of platinum vessels.!27- 28)

Itis generaiiy recognized that platinum vessels mav bc appreciably corrgded
by fusions with the following: alkali metal oxides. peroxides. hvdroxides.
nitrates and pyrosulphates, mixtures of easily reducible metal oxides s‘uch as
those of lead. and particularly arsenides. phosphides, sulphides and mixtures
which preduce chlorine.  Platinum vesseis are particularly susceptible 1o

w ¥
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corrosion by fused mixtures containirg lithium oxide, peroxide or carbonate, ~ Z o7 '
or even by lithium silicates.t?®) One finds, in otherwise reliable technical 2T == 3@?;\ 3833 3T3% 52 22 2| 7
books, directions for the fusion of arsenical ores with mixtures of sodium R R JOION) f:_’:‘,’ I T 00T Tf s 7T LE v
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avoided by certain methods of chlorination. S 23
P . o © o o o o o © = o = °
el T oIFoTrononono|EL
The Action of Chlorine il 2|88 88 88 €88 8 g 8 e
The use of chlorine to attack the platinum metals was known to the dis- ; § ?g
coverers of each of these metals, and was applied in one form or another to ; o — Z ‘:J;
produce platinum metal salts. In general, chlorinations are accomplished 7 Eé T - £2°
by any of three iechniques, all of which require sievated Iemperarures. § 22
Perhaps the two most generally useful procedures from an analytical point S éE
of view are the direct chlorination in the presence ¢ an aikali or alkaline ; . 5:5
earth metal chloride. or scmetimes an arsenic or seienium sait, and the wet = Y Zo ;”’J 2 ;6’ 2 § 3 ;? E E E o §
chlorination in a sealed tube containing hydrochloric acid and a suitable - Z73 e
oxidizing reagent. A third method, less often used, but particuiarly useful 2 f:
for jarge amounts of metais, invoives so-called drv chionnation, in which F g s
. chiorine zione is passed over the metal or mixture in the absence of a salt. 2 /2% % % & & B B & ) E
This methed is invaluabie for the separation of platinum from iridium.(32 s |33g 2 8 &g g & g ¢& £ .
In isojated instances chlorination nas been accomplished by heating mixtures oo @@ o s " i - i; g
of sodium nitrate aa n.ag € fun: k! ride or iron(111) chloride t6 300=350°C, < ?
$O preducing a ¢orroding caseous mixture of nitrie oxide, chlorine and Eolo 2 98 9 n g = ~ 2 g 2
hydrechicric acid. This method®™? has been appiisd directly to ores, but SE|Z % A Q2 oo m ¢ il i3
recorded daia are insufficien: to predict its efficiency. - - :
Hill and Beamish{*“! examined the general behaviour of the platinum =
metals when heatec in an atmosphere of chlorine, with and without ad- = £
mixiures of scdium chleride. The method used is descrived beiow (Pro- § = é z = & < = %3
cudure &), T8 data from “wo sets of experiments are summarized in Tabie 1. oS -
In cne series tne pure meaal was rinose? to chlering alors. whersas in the ‘ i
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other it was first covered with dry sodium chloride. Qualitative examinations
were made of the reaction products remaining in the boat. These had been
deposited as a sublimate on the cooler end of the ignition tube, and had
also been retained in the receivers. The tube deposit was easily removed
by rinsing with dilute hydrochloric acid. The metals were detected by various
tests, identified in parentheses in Table 1. '

The Qualitative Tests Used Above

(a) Iridium. The solution was evaporated on a steam bath to 1 ml before applying Pollard’s
test,!>*) using perchloric acid and lithjum hydrogen sulphate (Procedure 120). The authors
found it sensitive to 5 ug of iridium; the confirmatory test with dichlorobenzidine would
detect 2 ug, but was less selective.

In connection with the iridium test (a), the authors® resuits were in disagreement with
Pollard’s, who claimed a superior sensitivity over the oider nitric-sulphuric acid test.
Evidently, the mauve colour formed with perchloric acid and the biue colour produced
with nitric acid are both evidences of a higher oxidation state of iridium, and the authors
found the methods equally sensitive. Furthermore, fuming with sulphuric acid, in the
absence of added oxidant, invariably produced u strong violet colouration with iridium
chloride solution,

(b) Osmium. The receiving selutions were concentrated separately, by evaporation over
steam, to I ml. Then ! ml of a thiourea solution was added, and heated for a few min.
A pink colour developed when osmium was present. The thiourea solution was prepared
by dissolving 25 g of thiourea in 250 ml of hydrochloric acid, and diluting to | 1.

(€) Ruthenium. To the sample, concentrated to 0-5 ml by evaporation over steam, was
added 1 m! of the above thiourea~hydrochloric acid solution, and warming was continued
as in (b). The method was based on Wolbling's report.t>¢] The presence of ruthenium
was indicated by a blue colour. If the test was ncgative, the procedure was repeated in
the presence of tin(IT) chloride,

(d) Platinum. The stannous chloride test as described by Tananaeff and Michaltschis-
chin®>"! was found to be the most sensitive, especially in the presence of other platinum
metals.

(¢) Gold. Feigi’s procedure!3® using 5-p-dimethylaminobenzairhodanine was used.

(1) Palladium:. In the absence of other platinum metals, palladium was detected by the
dark precipitate which formed on the addition of 1 m! of a saturated solution of tin(II)
chloride in 6 M hydrochloric acid to the sample (previously concentrated to 0+5 mi on the
steamn bath),

5) Spectrographic evidence.

(v) The colour of the residue 2nd the nzture of the tube deposit were considered sufficient
proof of the presence of the metal, in some insiances, without confirmation by a colour
reaction,

General Conclusions of Analytical Interest on Chiorination

rrom these and confirmatory experiments, it was concluded that none of
the piatinum metais except osmium and ruthenium were ever carried out
of the igniiicn tube. This information weuid faciiitate subsequent anaivtical
treatment of mixed chiorination products. Some gold was recovered from
the receivers, however. In the abseace of sodium chleride. conditions could
prebably be adjusted to drive all of the osmium out of the igniticn tube and
boz: into the receiving solttions. The sehaviour of ruthenium was not
censistent in this respect.

The subiimate from ruthesium and from gold was heavy but was lighter
frem osmium. iridium and piatizum. Palladium 2nd rhodium were never
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detected in the tube rinsings. Osmium was sometimes deposited in a finely
divided black form on ground-:'"=s< surfaces in the apparatus. This tendency
was accentuated by the presence of organic matter. and when asmium was
present it was never advisable to coat the flat adapicer joint with wax. a
device occasionally used to obtain a better seal.

Little difference was observed between the nature of the deposit obtained
in the presence of sodium chloride and the product resulting from chiorina-
tion of the metal alone. Sodium chloride alone sublimed very slightly, most
of it remaining unfused in the boat, with little decrepitation.

The boat residues were tested for solubility in 50 ml of 0-] M hydrochloric
acid. In the absence of sodium chloride, these were generally msoluble, but
in its presence all residual chlorides dissolved readily, leaving no visible
residue on filtering. There were indications that distinct complex chlorides
with sodium choride had formed with iridium, platinum, palladium and
rhodium. Osmium seemed to form a complex aiso, but it was apparently
unstable and decomposed into sodium chioride and a volatile chleride of
osmium. If any complex chloride of ruthenjum was formed, it must have
been unstable at 700°C,

RUTHENIUM

Published researches on the direct chlorination of ruthenium, though
numerous, are frequently controversial in their conclusions about the extent
of the reactions and the nature of the products. Claus!?% and, later, Howe,
Howe and Ogburnt*®! described conditions for the dry synthesis of RuCl,,
which were disputed by Joly,'*!! Gutbier and Trenkner’*? and Kraus and
Kiikenthal,'**) who all found that these methods led to partially chlorinated
mixtures containing RuCl,. Wahler and Balz!**] reported that RuCl, was
the final product, but that its preparation was limited to temperatures below
845°C owing to the high dissociation pressure of the trichloride. By the
direct high-temperature chiorination of ruthenium, Remy and Wagner,[*¥]
and Morgan and Burstall*®? succeeded in preparing highly insoluble forms
of RuCl;. Wahler and Balz{**) achieved chlorination at a lower temperature
by mixing the metal with sodium chioride. which contaminated the product,
Various investigators'**~*" have reported a variety of products, including
carbonyl compounds. from chlorination in the presence of carbon monoxide.

The Investigation by Hill and Beamish{*®? was limited to the drv corrosion
of pure ruthenium sponge by gaseous chlorine. Temperatures were chosen
to achieve a reasonable rate of reaction and tc ma.atain low dissociation
pressures of ruthenium chloride. It was found that tne complete conversion
to the volatile trichloride could be made, vielding a pure product. Two
distinct crystalline modifications were recovered.

The apparatus, more fully described in Chapter 7, Equipment No. 1.
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consisted of a pre-heated silica chlorination chamber, into which a porcelain
boat containing the metallic sample was introduced. This sample was
weighed directly in a porcelain microboat, and sodium chloride was weighed
on glazed paper and transferred to the boat so that it covered all of the metal.
This microboat was placed into a larger boat and moved weil to the back of
the cold ignition tube, which was then fiushed with chlorine and placed in
the prehcated muflle. A continuous current of chlorine gas throughout the
ignition period served to expei traces of air and to sweep out volatile products.
Spectrographically pure ruthenium sponge was used, and the chlorine was
previously dried by passing it through concentrated sulphuric acid and over
phosphorus pentoxide. Special precautions against the formation of volatile
ruthenium tetroxide included flushing the reaction tube with chlorine just
before and immediately after inserting the sample. On completion of each
experiment, the reaction tube was disconnected and sealed, thus allowing the
contents to cool in an atmosphere of chlorine.

Chlorinated products were recovered as non-volatile boat residues and as
sublimates, which were generally deposited on cooler sections of the
apparatus, but were occasionally carried over into dilute hydrochloric acid
contained in a train of “bubbling towers . Colorimetric and spectrographic
tests indicated that only a small proportion of the ruthenium reached the
receiving solutions. The relative amounts of residue and sublimate depended
upon the extent of chlorination; prolonged treatment at about 700°C in-
variably caused complete conversion to the more volatile product, most of
which crystallized on the walls of the reaction tube at room temperature.

The black residues from two incompiete chlorinations (2~3 br at about
600°C) were analysed for ruthenium by reduction in nydrogen. A variation
in the chlorine content suggested incompiete chlorination to ruthenium tri-
chleride rather than the presence of jower chlorides.

Twe distinctly different tvpes of tube deposit were obtzined. often simui-
tanecusly. Cne was 2 dark brown greasy javer and the other consisted of
shiny black ieafiets. The two were separated mecnanicailv under a hand
iens. The brown material was siigntiv nygroscopic out, zfter drving, both
the brown and the black modification showed 2 ruthenium content within
0-2 per cent of the theoretical vaiue for ruthenium trichicride.

The two sucstances differcd greatly in chemicai properties. Whereas the
black crystais were negligibiv solubie in waier, hycrochicric acid or ethanoli,
these were soivents for the brown chloride. Agua regic. which readilv attacked
the iatier, had much iess effect on the former. The trown ‘richioride fermed
2 brown aqueous solution. Iis hydrochloric zcid solution was reddish brown:
this was reduced to a blue soiution by the addition of powdered zinc. The
addition of ethanoi to the brown chioride produced a brown liquid which,
\Upon adaltion of zinc, becam. grees. and finaily veliow.

Cemplete conversion of metallic ruthenivm to subimed ==thesium tri-
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chloride usually required at least 48 hr at 700°C for a 50-mg samplc. Some
of the brown trichloride was always obtained, although the formation of the
black crystals seemed to be favoured by conditions which retarded the re-
action. A semiquantitative recovery of ruthenium as a sublimatc was
possible, the degree of solubility of the product depending on the relative
amounts of the two forms of chloride.

Specimens of both the brown and the black varietics of subiimed ruthenium
trichloride were examined by X-ray analysis. The samples were irradiated
in the presence of beryllium. Definite and distinctive crystal structures were
indicated for both materials.

Other researches have confirmed the existence of allotropic modifications
of ruthenium(11I) chloride. Kolbin and Ryabovi*®! found that the complete
chlorination of metallic ruthenium at 280-840°C yielded three modifications
of the trichloride. The « allotrope, brilliant black discs, was insoluble in
water and acids; the § compound was a brown powder which was insolublc
in water and acids but soluble i organic solvents; the third modification
was a dark brown, dense, hygroscopic, amorphous powder which was
soluble in water. Contrary to the opinion of Hill and Beamish,!>*: *8 the
previous workers believed that incomplete chlorination yielded a mixture of
metal and ruthenium(II) chloride. Products with a composition approxi-
mating to Ru,Cl, were also formed. X-ray powder diagrams showed that the
f modification was irreversibly converted to the « form on heating to about
500°C. In an earlier paper Ryabov and co-workerst®?! postulated the
formation of a volatile ruthenium(IV) chloride formed at 484-756°C in a
current of chlorine and nitrogen. This conclusion has not been confirmed.

Westland and Beamish®3!) found that the chlorination of mixtures of
sodium chloride and ruthenium invariably produced some of the insoluble
2 modification, the presence of which introduced considerable difficuitv into
quantitative work. A method has been devised for the determination of
micro amounts of ruthenium which invoived a chlorination to produce
chlorices which were completely soiuble in aqueous media. The apparatus,
described in Chapter 7, Equipment No. 2, is prepared by coating the cooler
part of the chiorination tube with a layver of sodium chloride. Quantitative
recovery depends upon avoiding the condensation of the ruthenium chiorile
on the hotter, glass surfaces. This condition is fulfilled if the dimensians
shown for Equipment No. 2 are adhered to, and if the quantity of ruther;um
in the sampie is small.

In the chlorination of alloy sampies weighing several mg. the presence of
the other platinum metais apparentiv did not jeepurdize the recovery of
ruthenium by “ saturating = the sodium chicride laver. The evidence for
this consists of the failure to see any tlack ruthenium chloride residue on the
filter through which the soiution of chioride was passed. Although the extent
of recovery frem alicys was not determined. a duplicate analvsis of an
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iridosmine mineral yielded satisfactory precision.'®2) Various methods of
coating the tubes with sodium chloride were investigated. In some instances
appreciable amounts of the insoluble ruthenium chlorides were found after
chlorination: when they constituted a large proportion of the ruthenium
ihe methods of recovery met with little success.

Some effort was made to deal with these insolubie resigues:; they were
separated from the extracting solution by filtration through a 0-8-cm circle
of filter paper. The filter paper and residue were placed in a small nickel

TABLE 2, RECOVERIES OF RUTHENTUM FOLLOWING ITS CIHLORINATION!S!!

Recovery (ug)
Expt. | Ru taken Soluble |Insoluble| Error
No. (18} Source part part (ug)

I 208 Sponge 199 3 —6 Uniform NaCl coating.
Formed by evaporating
solution.

2 354 Sponge 186 Poor NaCl coating. Form-
ed by evaporating solu-
tion. Insoluble chloride
incompletely removed.

3 301 Sponge 236 Fair NaCl coating. Other-
wise as 2.

4 856 Sait 804 17 -35 Fused NaCl coating.

5 1174 Sponge 784 240 —150 Fused NaCl coating. Much
insoluble chloride.

|

6 60-0 Salt 597 .. -0-9

I N R 1

7 :\ 132-0 | Salt 128+4 . ~3-6 Fused NaCZ coating. No

8 i 3is Sponge 503 3 ‘ —15 visible insolubie residue.

9 | 338 | Sponge | 330 . i -8 |/

i |

crucivle, and were covered with a mixture of 2 paris of secium hydroxide
and 1 part of scdium peroxids. and the whole was “sed and brought te a
cright red heat. When }nowr quastit's of ruthenium salts were treated in
this manner, the recoveries wore a0t (uantitztive. It was thought that the
difficuity was due, at ieast in part, te volatilization of ruthenium trichloride
from the meit or from the mixture before the sampie was entirely fused.
There s some evidence that fusion in a nickei bomb resuits in small losses
from volatilization and deposition on the bomb walis.
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The results of 2 study of the chlorination of ruthenium are summarized in
Table 2. The insoluble matter was treated in a nickel crucible or bomb. as.
described .above, then distilled, and the ruthenium was estimated photo-
metrically as its thiourea complex. The insoluble residues were determined
directly by distillation.

With samples 1, 2 and 3 (Table 2) the sodium chioride coating was formed
by evaporating a film of salt solution on the glass. In the one instance in
which the coating appeared to be uniform there was quantitative rccovery,
but in the other two the need for an unbroken coating is clearly evident.
The quantities of ruthenium taken in samples 4 and 5 were too great for the
size of apparatus employed. Of the remaining samples the smaller oncs
yielded the better accuracy. In considering the errors in samples 8 and 9. it
should be borne in mind that the error in weighing ruthenium as sponge is
greater than weighing as salt, as in numbers 6 and 7.

OsMIUM

Westiand and Beamish!*'? used chlorine to quantitatively dissolve micro
amounts of osmium, ruthenium and platinum. The method is described in
Procedure 39. The relatively volatile osmium chlorides were retained in the
chlorination system by passing the chlorine stream into a train of recejvers
containing hydrochloric acid which was kept saturated with sulphur dioxide.

Osmium was attacked more easily by chlorine than were any other of the
platinum metals. The reaction began at a lower temperature and proceeded
much more rapidly, mg quantities of the metal being attacked completely in
a few min at 575-600°C. A sublimate of osmium formed at various distances
from the furnace. That nearest the furnace was often difficultly soluble in the
wash solution, but when the reaction tube containing the wash solution was
heated with a microburner, the deposit came free. This blue-black sublimate
was entirely soluble in the hot sulphuric acid used in the distillation step.
There appeared to be no advantage in covering pure osmium samples with
sodium chioride.

RHODIUM

Rhodium metal also combines directly with chlorine, but relatively little
is known about the optimum conditions for anv anaivtical applications. The
reaction presumably begins at about 250°C. the trivalear chloride being
formed as a red powder insoluble in water and resistaat to acids. There is
some evidence for the existence of more than one form of chloride salt. In
this respect, it is noteworthy that the trichloride formed in aqueous media.
and subsequently isolated, behaves quite differently from the compound
formed by direct chlorination. Although the former is quite soluble in water,
it, toc, becomes insoluble when heated. The analytical chemist may benefit
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from the knowledge that the brown solution of hydrated rhodium(11l)
chloride yiclds no precipitate with silver nitrate, whereas after boiling the
solution becomes yellow, and all the chlorine may be removed as silver
chloride. Undoubtedly, the quantitative chiorination of rhodium is best
carried out in the presence of admixed sodium chleride, from which product
the rhodium is readily dissolved by aqueous solutions.

IRIDIUM

Because of the exceptional inertness of this metal, the chlorination of
iridium has received considerable attention. The powdered metal can be
chlorinated directly at 600-700°C, giving an insoluble trichloride whose
colour, varying from a dark green to a brown-black, seems to be somewhat
dependent both upon the state of division of the iridium metal, and upon
the chlorinating temperature. The initial chlorination may begin at 100°C;
it continues to about 800°C. There is some evidence that chlorination is
promoted by ultraviolet light.

A potentially useful method for chlorinating iridium in the presence of
platinum was patented in 1913.032] A separation of the two chloride salts
is accomplished. The chlorination of the two metals is complete at about
600°C, under which condition the soluble and partially volatilized platinum
chloride can be isolated from the relativeiy insoluble iridium chloride by
treatment with aqua regia. The optimum temperature for chlorination is
600°C. By repeating the process, the metals can be separated to a high
degree of purity. Undoubtedly this method could be extended to provide a
separation of iridium from other metal admixtures.

While no data were found to encourage the hope for a general quantitative
application, one cannot doubt that this method of seiective dissoiution of the
chlorinated products will prove tc be as effective for large scale separations
as a refining procedure. However, because selective dissoiution or selective
corresion iechniques are fundamentally suspect, the use of such a method
for the separation of small amounts of iridium and piatinum would require
the support of adequate data. One need onlv recall that even iridium metal,
in a finely dispersed condition, is not inert to aqua regia.l33)

Direct chlerination in the presence of scdium chloride resuits in products
which are quantitatively solutie in aguecus media. ir a series of determina-
tions, Hill and Beamish! *# ccverzd ir.dium sponge with ten times its weight
of reagent grade sodium cnio ide anc exposed the mixture to chicrine in a
heated silica tube for 8 hr at 700°C. The product was dissolved in 0-1 M
hvdrochloric acid, and filtered before determining the iridium content. No
insoiutle residues were obtained after 8-hr chlorination. but several prelimin-
ary trials showed 4 nr to be insufficient for the complets reaciion of 5 mg cf
iridium. A pinkish grey subiimate, which also contzined some iridium, was
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found in the cold end of the ignition tube. It was readily removed by rinsing
with dilute hydrochloric acid. The iridium in the corroded product was
determined gravimetrically.’**) No significant amount of iridizm was found
in the receiving solutions attached to the end of the chlorinating tube.
Although the recoveries were on the average 0-7 per cent high, good pre-
cision was obtained.

PALLADIUM

Few quantitative data relevant to analytical chemistry have been'recorded
concerning the reaction of chlorine with palladium. The metal is readily
converted to soluble salts by the action of single or mixed mineral acids.
However, the chlorination of the platinum group recovered from natural
sources does involve the chlorination of palladium because this metal is
practically always an associate of platinum in natural deposits. Direct
chlorination results in the formation of the red dichloride, which is readily
soluble in water. Compared to the chlorination products of the other
platinum metals, the palladium salts are reiatively volatile, and dissociate
perceptibly at 600-700°C, which is generally the optimum range for chlorina-
tion of the platinum metals. Undoubtedly the chlorination process used to
separate platinum from iridium would be even more readily applicable to a
similar separation of palladium from iridium.

In 1944, Plaksin and Shabarin'®**! chlorinated palladium and platinum
ores, ground to —28 mesh, in the presence of sodium chloride. They re-
ported complete extraction of the palladium at 300-350°C. Platinum
recovery was only 51-85 per cent at the same temperature.

PraTinum

Although piatinum, like paliadium, is readily corroded by aqua regia, a
considerable amount of data have been accumulated concerning its chjorina-
tion characteristics. Around the latter part of the nineteenth century many
workers noted that hot chiorine gas attacked finely divided platinum.
Schutzenberger!**) reported that some action took place at 240-250°C,
yielding PtCl,, but no greater vield was obtained at 300°C. Pigeon!*®]
reported a small yield of PtCl, at 360°C, together with some PtCl, and
unreacted mectal.  Hc also found that hea.ing .amixtures of platinum,
selenium and arsenic trichloride in a stream of chlorine resulted in the
compiete dissolution of platinum. Nogareda!®”? studied the chiorination
reaction, and concluded that between 600 and 350°C PtCl, was formed as a
result of the collison of chiorine molecules on the hot platinum wire used.
Above 1200°C, he considered it to be an atomic reaction which was governed
by adsorpticn on the piatinum. 850-1200°C was regarded as a transition
range between the two procesess. Troost and Hnutefeuilie®®) noted the
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volatility of the chloride in chiurine, as did Meyer!®®) and Seeiheim,[*® the
latter two disputing the mechanism of the reaction. Troost and Haute-

feuillet*® collected the PICI, formed by attack at 1400°C at the cold end of

the reaction tube. Wohler and Streicher!®'/ studied the heat stabiiity of the
chlorides in an atmosphere of chlorine, and gave the temperature ranges
over which the tetra-, tri-, di- and monochiorides existed, the latter being
stable only over a 2°C range. If it was heated above this range it became
metallic platinum.

Fraser and Beamish{®?! investigated the nature of the platinum chlorina-
tion, both in the direct process and in the presence of various salts, with a
view to its analytical applications. The powdered platinum was weighed
directly in a Coors porcelain boat, covered with about ten times its weight
of sodium chloride and placed inside a larger boat (Coors No. 2). The whole
was inserted in a silica ignition tube of the same design as that described in
Chapter 7, Equipment No. 1. The apparatus was identical except that no
phosphorus pentoxide drier and only one sulphuric acid bubbler was used.
Usually the chlorinc was bubbied through the system at one bubble per
second, and allowed to run overnight. The samples were cooled in an
atmosphere of chlorine. The chlorination products in the boat were washed
with water through a filter paper, and the residue was ignited at 800°C. The
filtrate was treated to precipitate piatinum sulphide. The receiver solutions
were similarly treated. The results are summarized in Table 3.

Table 3 indicates that salts other than sodium chloride form soluble com-
plexes with platinum, but not all with the same ease, calcium and barium
oxide being relatively inactive, whereas potassium chloride is relatively
active. At 720°C, all salts showed some voiatilization of platinum chioride.
Above 700°C, the reaction with sodium chioride was usually complete, but
was invariably accomganied by volatilization of piatinum chlorides. Below
600°C. voiatiiization did not occur in the presence of admixed saits. Re-
action was oniy compiete in this temperature range for two samples, 5-5 and
4-4 mg. For jarger samples, the reaction at 600°C was incomplete, and
increasing the time of chlorination from 14 to 40 hr did not complete the
reacticn. In crder te determine the composition o the chlorinated product,
it was separated from the sait by recrystailization as orange-red crystals
anaiogous i physicai ppiraize to Na,PtClg6H,0. After drying in an
oven 2t [10°C, a yellev: puwder was produced simiiar in appearance to the
criginal chierinated product. The ietier was reduced by hvdrogen, and the
platinum aac chioride contents were dstermined gravimetrically. The data
obiained indicaied the formuia of the veliow powder to be Na,PtCly.

X-ray powder diffraction photographs of the dried salt and of a sample
of “ Baker's ™" sodium hexachicropiatinate were identical in appearance.

Chlorinations of piatinum sponge were carried out with a view to their
Lombie aMAIVHLE! epmiication,  The chiorination of §-¢ mg of metal at

Tante 3. THE DISTRIBUTION OF PLATINUM AFTER CHLORINATION AT VARIOUS TEMPERATURES
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455-480°C for 8 hr resulted in a 55 per cent conversion to a volatile chloride,
which deposited as a yellow film on the cold end of the tube, just outside the
furnace wall. Immediately inside the furnace a slight black deposit was
formed on the inside of the tube. The residue in the boat consisted of yellow
hygroscopic material and grey metallic powder. At 525-535°C, 3-7 mg of the
sponge was 78 per cent converted to a voiatile powder after a 9-hr chlorina-
tion. The deposit was of the same colour and appearance as the previous one,
but further removed from the boat, i.e. completely outside the furnace box.
The residue in the boat was metallic in appearance, but contained 14-7 per
cent chlorine. At 610-620°C, 5-3 mg of the sponge produced 48 per cent of
the volatile chloride after a 7-hr chlorination. The boat residue was some-
what deliquescent, forming a yellow solution around metallic clumps in the
boat. At 665-675°C, 8-8 mg of sponge produced 56 per cent of volatile
chlorides after a 13-hr chlorination, these depositing in three distinct colours,
viz., black, brown and yellow. After standing for 72 hr, they had all changed
to a brownish yellow deposit. This suggested the existence of several forms
of the same compound, their colours depending perhaps upon the state of
division. The boat residue was completely metallic in appearance, and lost
no weight on attempted reduction. The three, coloured chiorides were
mechanically separated, and the platinum content was determined. The
results are listed in Table 4. , ,
In the above table, all results from the same chiorination have the same
number, e.g., 21a, 21b and 2lc. It can be seen that in all but No. 19 the
data are almost identical for the three types of chloride deposit from the
same chiorination. With the exception of the anomalous results in Nos. 14
and 15, the composition of the chioride tends towards a higher chlorine
content with increasing temperature, Nos. 14 and 15 apparently yielded
reiatively pure PtCl,, but attemots to duplicate the results were unsuccessful.
Ne. 20 was almost pure PtCl,. The other salts seemad tc be mixtures of the
twe chiorides in proportions fixed by the temperature. The toat residue in
Ne. 20 was a brownish powder, much denser than the voiatile chlorides.
Its composition, however, corresponded to that of partially chiorinated metal.
X-ray examination of the three, coloured chlorides showed that they had

identical crystal structures. Their composition varied between platinum(1l) -

and (I'V) chiorides. Low temperatures favoured the formation of the di-
chioride. and high temperatures. that of the tetrachioride. The reverse effect
applied tc the boat product. X-rav powder diffraction photographs showed
the volatile chloride of intermediate composition to contain both the di-
and tetrachiorides of platiaum.

rrom the analvtical point of view, the chlorination in the absence of 2
salt will have a resiricted application. Undoubtedly this method mav be of
consideracie use for mixtures of metais some of which form insoluble
chiorides. A zood ezxample is ‘he separation of platinum from iridium and
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ruthenium. A procedure of this type would require only the selective
corrosion of platinum, with neo restriction as to the composition of its
chloride salts.  The chiorination in the presence of salts will have wide
applications, both for amounts of metals of the order of analytical require-
ments and for large scale corrosions. .
Chlorination was applied quantitatively by Conrad and Evans'®®! (o the
determination of platinum in petroleum conversion catalysts. They heated

TABLE 4. THE REDUCTION OF VOLATILE PLATINUM CHLORIDE

i i !
’ Temp. of Sample taken !
Sample ¢ Colour of chlorination for reduction | %/ Cl | Ratio
No. I sample ("C) (mg) ; el
9 | Black 675 3-231 L3297 | 127
10 Yellow-brown 7-479 Po311S 0 1:249
| |
14 | Brown® 610-675 1-159 4160 | 139
15 | Black* 2:988 a3 140
16 Ycllow-brown 665 7-057 r' 30-21 ; 1:2-39
17 | Black 7171 ; 30-25 | 1:239
18a | Brown 595-620 10-939 2787 | 1:2413
185 | Black 8-573 ©2780 | 1:2:12
19| Yellow-brown 760 3-367 ! 3667 | 1:319
195 | Black 5:566 [ 3633 | 1:314
19¢ Rusty-brown 4:927 i 40-50 P 11378
38;1 | Yellow-brown 535-565 4-058 | 2735 | 1:2:07
20b | Black 16:038 2693 1:203
20¢ | Brown | 4:375 2711 1:2:05
204 | Boar residue { 27-502 632 1:037
H ! '
2la ; Ycllow-brown E 525-550 5-051 I 2878 Pl 222
EH‘) : Bro‘wn ‘, 3597 i2703 1 1204
e ! Black | 1-454 2875, 1:222
224 | Brown | 455470 5595 2788 1 1:213
| | 3725 . 95 i 1:2-14
i

2 | Black

* Very hygproscopic

mixtures of the catalyst with a large excess of aluminium chloride at the
" white hot ™ temperatures of an induction furnace. The unidentified volatile
chiloride was collected in purified water containing hydrochloric acid. The
results compared favourably with those obtained by conventional methods.

The chlorination technique can be applied successfully to the most resistant
of commerciul platinum  alloys—those containing hich percentages of
sdium--and to naturally occurring alloys such as iriuosmines. the most
iesntant of which appear to be certain Tasmaniun iridosmines.
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THE CLOSED-TUBE CHLORINATION

In the present author’s opinion the only other method of comparable
efficiency to the above for analytical amounts of metals is the sealed-tube
corrosion developed by Wichers, Schlecht and Gordon!®*! at the United
States Bureau of Standards. These authors recorded in excellent detail the
character of the reactaats, the optimum conditions for corrosion and the
protective apparatus. In principle, the method is an adaptation of the
Carius decomposition of organic materiais, with much closer attention paid
to the tube construction and to the oxidizing mixtures. The authors have
successfully corroded both coarse and fine alioys of the platinum metals,
and the method has been widely used with equal success as a routine pro-
cedure in various industrial and research laboratories.

The present author has experienced some difficuity, however, in its appli-
cation to certain iridosmines!®*] and to the more insoluble portions of
some partially refined platinum metals..?*) It is not improbable, though,
that these failures were due, not so much to the ineffectiveness of the method,
as to failure to choose from the recommended procedures the optimum
conditions for chlorination. Even so, the present author prefers, partly
because of familiarity, the open-tube chlorination in the presence of a salt;
very large as well as ug samples are readily attacked, and the products of the
reaction are readily collected. Those residues which resist complete corrosion
by the ciosed-tube method are readily converted to soluble forms by open-
tube chlorination. On the other hand, where a salt is best avoided, the
sealed tube is generally preferable. It is unfortunate, however, that dry
chiorination in the absence of a salt has not been given sufficient attention.
There can be littie doubt that fruitful applications could be thus developed
for the selective separation of iridium from both piatinum and palladium.

When using a bomb chiorination, close attention must be given to the
guantities of reagents, the ratio of hvdrochleric acid to metal and to the
chlorine equivaient. In general. the ordinary 36 wt. per cent hydrochloric
acid is acceptable. No iess than 4-2 g of hydrochloric acid should be used
per g of platinum metai sampie. Although 10 mi of acid is the minimum
requirement, corrosion is hastened by the additicn of about double this
voiume. For materials particularly resistant to chlcrination, concentrations
of hydrochloric 2cid up to 50 wt. per cent may be prepared bv the distillation
of the 3€ per centi acid tarough a coid condenser with the coliected acid
ceoled by ice. A more concentrated acid can be prepared by condensing dry
hydrogen chioride on an ice surface.

The hydrechleric acid can be oxidized by varicus saits and acids. For
practicaily all alloys and residues, the present auther uses fuming nitric acid
(ca. 50 wi. par cent HINC4). A juasonable working rule for the more in-
soiuble metals is the provision of 25 mg of chlorine per ml of internal tube
voivme. For each g of platinum. iridium or csmium. ¢r mixtures cf these,
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one may usc either 0-22 mi of perchloric acid (70 wt. per cent HCIO,), 0-27
ml of nitric acid (70 wt. per cent HNQ,). 0-19 ml of fuming nitric acid (91 wt.
per cent HNOj) or 0+37 2 of sodium chlorate. For the lighter platinum metals
(ruthenium, rhodium and palladium), Jarger amounts of oxidant arc re-
quired, in proportion to their smaller atomic weights.  When the strongly
associated nitroso compounds are to be avoided, nitric acid should not be
used.

Perchioric acid should be avoided in the presence of organic matter or
where low temperature chlorinations, e.g. below 250°C, are used, because the
reaction is excessively slow. Furthermore, unless all the perchloric acid i1s
reduced, losses of osmium and ruthenium tetroxides may occur on exposure
ol the reaction mixture to the atmosphere. This may also happen to osmium
when nitric acid remains in the chlorinated solution. In general, perchloric
acid is not reccommended. Sodium chlorate is a suitable substitute for nitric
acid, but sodium chloride remains as a dissolved constituent after the re-
action.

The optimum temperature for quantitative chlorination varies with the
identity and character of the metal. For the most refractory materials,
300°C is usually recommended. Certain metals, such as platinum-~iridium
alloys, may be effectively chlorinated at 100-150°C. Temperatures higher
than 300°C are used by the present author for mg amounts of rhodium and
iridium. In most instances the oxides of these and other metals, which are
produced by various analytical techniques, are first reduced in the open tube
by a stream of hydrogen. Subsequently, the end of the tube is sealed. the
reactants are added as described below, and the temperature is maintained at
450-500°C, under which conditions the small amount of reduced iridium is
chlorinated in 2 hr and the rhodium within 1 hr.

The hard glass tubes used by the author are 20 cm long, having a 9-52 mm
outside diameter with a wall thickness of 2 mm. These have proved satis-
factory for all chlorinations of 10 mg samples, with practically no incidence
of explosions.  Furthermore, no protective tube is required for the small
tubes. Larger tubes are, of course, required for samples of 0-2-1-0 g or more
(sce Equipment No. 3A). In general, the tube should be no longer than i,
required to contain in two-thirds of its volume the amount of acid needed Jor
the chlerination.  These larger tubes. used by the author and certain in-
dustries, are about 20 cm long with an inside diameter of 15 mm and « wall
thickness of 2 mm.

Lach tude is sealed having a 10 cm stem of 4 mm inside diameter and 2 mm
wall thickness.  The author’s experience has been confined to samples
weighing no more than about ] g. To accommodate larger sampies, it is
recommended that tubes of increased length rather than greater diameter
be used. Samples of the order of 0-05-1-0 g are chlorinated in large 1ubes
which are carelully protected to avoid explosions. The equipment used by
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the author is in general that recommended by Wichers er al..!%*) and Je-
scribed in Chapter 7, Equipment No. 3.

The sealed tubes are inserted into a steel cylinder fitted with a screw cap
and gasket (see Equipment No. 3C). Calcium carbonate is added to the
cylinder to remove acid should breakage cccur. Sciid carbon dioxide is
also added in amounts calculated te compensate the pressure of chlorine
derived from the hydrochloric acid. Prior to heating, the steei cylinder is
immersed in water to test the screw cap for ieaks. After the chlofination,
the cylinder is air cooled, the tube removed, and then chilled in dry ice prior
to opening. For the small tubes used by the author, the heating is accom-
plished without the protection of the steel cylinder etc. After cooling in dry
ice, the opening is made by heating the seal to redness and then wetting it
with a drop of water. A method of transferring the tube contents is illus-
trated in Chapter 7, Equipment No. 3B.

A bomb chlorination method used for the preparation of samples to-be
analysed spectrochemically is given in detail in Procedure 199.

Fusions with Base Metais

There is a variety of less generally applicabie methods available for the
preparation of solutions of the more resistant platinum metals, These
involve a preliminary fusion with zinc, tin or bismuth, etc. to produce either
intermetallic compounds soluble in mineral acids or to convert the platinum
metals into a physical state more suitable for corrosion by mineral acids or
oxidizing fusions.

FUSIONS WITH ZmMo

Fusicas with zinc are perhaps the most fr Guently used. In this process,
a variety of intermetallic compounds mmay be ‘nvoived. Cempounds such as
RhZn,. RhyZa; and hexagonal prisms of a ruthenium-zinc compound, have
teen rzported. Fused mixtures of zinc and piatinum have been stated to
contain PtZa, PtZs.. Pi,Zn,. Zinc alloys with both paliadium and iridium
have aiso been reporied. Few of these products have been isolated as pure
substances, It is ioteworthy, hi:wever, that the reaction between fused zinc
and ceriain of the platinuin metais. e.g. piatinum, may result in finely
oowdered metal which may e explosive on treatment with acids. The
{usion may e accompiished in a quartz crucible at atout 800°C. The
metal is mixed with about 10 parts of powdered zinc. oreferabiy free of lead,
and covered with zinc chloride. :

The progress cof the fusion can be fcliowed by stirring with a discarded
carbon eiectrode. The time required for compiete fusion is at least 1 hr.
depencing upon the identity and physical character of the allov. Zinc

fusions have beea usee for 4. istermination of iridium i refined rhediim
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sponge (see Procedure 10). Certain types of iridosmines are thus converted
to finely powdered metal after seiective reaction with hydrochloric acid.
The platinum metals residue is readily corroded by oxidizing fusions, and in
some instances will explode upon ignition; in gencral, 1gnition should be
avoided.

In 1955, Aoyama and Watanabe!®*) used a zinc fusion to assist in the
dissolution of an iridosmine. The residue from a hydrochloric acid treatment
was heated in a current of oxygen to remove osmium prior to a fusion with
sodium hydroxide and sodium nitrate. Presumably the authors experienced
no difficulty from direct heating. ‘

FusioNs wiTH BISMUTH

Moiten fusions have also been used to provide limited separations. In
this way, iridium may be freed from rhodium by fusion with bismuth. The
iridium-rhodium powder is stirred into molten bismuth. and subsequent
treatment with nitric acid isolates the rhodium.t®®) Although the descriptive
chemistry of the fusions with zinc or with bismuth have not been recorded,
onc may hope that these techniques will receive some attention as regards
their analytical applications. Furthermore, one can expect them to have
some usefulness in certain phases of refining processes.

FusioNs wiTH TIN

Fusions of the platinum metals with tin have been used successfully as an
intermediate step in the dissolution of resistant metals by acids. A variety
of tin-piatinum metal compounds have been recorded, e.2. RuSn;, crystal-
lizing in cubes, and RnSn, and IrSn,, which are residues from a hvdrochloric
acid treatment of fused tin and rhodium or iridium. Palladium is reported
to form zn alloy with tin, but no compound has been isolated: no report
of an intermetallic compound with osmium has been found. A relativejv
large number of reperts have been concerned with platinum-tin alloys. An
examinatior: of the thermal equilibria of this binary system!$7=¢9 indicated
an cutectic at 118°C, four discontinuities, and a maximum at 1281°C corre-
sponding to PtSn. The components of the eutectic were reported as Pt,Sn
and PtSn. The discontinuity at 846°C corresponded to Pt.Sn. This com-
pound had been prepared by treating a fused alloy of 6 parts tin to 1 of
platinum with hydrochloric acid. At 538°C, the composition of the solid
corresponded to PtySng: other compounds reported were Pi.Sn,, PtSn,
and PtSn.. Presumablv, allovs of tin with 0-30 t21 ceir® of platinum arc
readily attacked by diluie hydrochloric acid, but with increasing proportions
of platinum. the attack is slower. With agua regia. alloys containing as much
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as 80 per cent of platinum are readily attacked. When this is increased to 90
per cent, the alloy resists the attack even of chlorine.

Faye and Inman!”®! prepared iridium-tin alloys, and subsequently purified
the iridiuin by selective dissolution with acids and volatilization of the
residual tin, finally removing traces of tin with ammeonia. In this method,
about 10-20 mg of iridium is alloved with 3 g of tin by heating the mixture
in a Vycor tube of 2-2 cm internai diameter and 10 cm length. Air is removed
from the tube by nitrogen gas delivered over the mixture by a | x 15 cm
Vycor tube. The melting tube is heated over an open flame, and the tube is
vigorously swirled during the fusion. When fusion is complete, the hot
metal is quickly poured into a litre of cold water. The water is then decanted,
and the residue is dried on a hot plate. Any alloy frozen on the upper wall
of the melting tube is scraped off, and is added to the dry residue. The
mixture is transferred to a 300-ml beaker and 40 ml of concentrated hydro-
chloric acid are added followed by a 30 per cent hydrogen peroxide solution.
The mixture is heated and further hydrogen peroxide solution is added;
heating is continued until the residue is dissolved completely. The solution
is then evaporated to about 5 ml, 10-20 mg of sodium chloride are added,
foliowed by 10 ml of a 7 : 2 mixture of hydrochloric and hydrobromic acids,
and the tin is removed by volatilizing over a flame. The solution is evaporated
to 1 ml and the above volatilization is repeated six times. The solution is
treated with 10 ml of a 1 : 1 mixture of hydrochloric acid and 30 per cent
hydrogen peroxide solution to redissolve any iridium. Finally, the solution
i1s evaporated to about 2 mi, diluted, and filtered. This iridium solution
will contain traces of tin which, if necessary, can be removed by precipitation
with ammonia. The hydrated tin oxide may contain traces of iridium. The
above method is not recommended as a method of dissolution when mg
amounts of iridium are to be determined.

A second methed for the dissolution of iridium by fusion with tin was
described Tv Poiiard.1**  This methed was integrated with a volumetric

jetermination of iridium and is described in Procedure 120. ‘

Methods for the analysis of the tin minerals have alsc been reported.!”!!

The Effect of Oxygen on the Hot Metais

Contrary to general opinion, 2il the nobie metais may undergo a change
in weight when they are heated in oxyzen or air at sievated temperatures.
This is observed as a weignt loss with platinum, iridium. ruthenium and
csmium, and as a weigh® increnst with rhodium, palladium and goid;
alternatively the hot meta.s may incur both a ioss of metal owing to the
voiatility of an oxids and a gain of weight remulting from the formation of a
stable oxide. This simuitaneous foss and gnin may be experisnced with
iridium and ruthenium. and perhaps with others. It has oeen stated thai
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the prolonged heating in air of all the piatinum metals results in a more or
less rapid loss in weight at temperatures above about 1000°C; because this
loss does not occur in inert gas atmospheres, it has been attributed to the
formation of volatile oxides.!”2)

Although there is convincing evidence that at temperatures bevond those
used in ordinary analytical processes each of the platinum métals forms
some volatile metal-oxygen combination, the data accumuiated by the
author indicate that for the usual analytical applications, the chanc.;cs in
weight are significant only for platinum, iridium and ruthenium, and even
for these the weight change is small at bunsen heat and may often be ignored,
except in some instances of heating platinum ware. Osmium, of collrse, 15
completely volatilized by heating in oxygen.

None of the six platinum metals has the nobility of gold, although
platinum is somewhat comparable to gold in its resistance to attack by sin«gle
mineral acids and to the action of oxygen on the hot metal. EVén with
platinum, as the most noble of the six platinum metals, however, the
analytical chemist who is seeking high accuracy must avoid prolonged heating
of platinum crucibles or precipitates at temperatures of about 1000°C or
higher.

. Rpthcnium, rhodium, iridium and palladium all form oxides when heated
In air at the temperature of a bunsen flame. These oxides, however. are
scldom used as weighing forms. The oxidation is usually slow, and there is
superficial protection by the outer Jayers of oxides, e.g. the completed con-
vgrsion of 200 mg of rhodium to the rhodium(I1]) oxide by heating in air
with a bunsen flame has, on occasion, taken 3 days. Anyway, the mixtures of
metal and oxides resulting from the precipitation and ignition of these four
metals are always converted to the metal by heating in hydrogen. This gas,
which is readily absorbed by some of the metals, is then ;cmo;ed by heating
the metal in nitrogen. ' i

Because of the variations in the analytical effects of air on the hot metals,
these effects will be discussed for the individual metals. One must realize,
however, that with those analytical processes which result in intermetallic
alloys, either within the platinum group or with associated base metals. one
cannot extrapolate the known eficets of air for individual metals. Thus.
although osmium metal will form the tetroxide on contact with air at room
lemperature. one cannot assume that the allovs and compounds of osmium
will behave similarly, even at very high temperatures. The author has en-
countered silica residues from the acid treatment of a soluble osmate which
rcmincq traces of eamiuth even at red heat in air. It is also a fact that
“““{N'uh certain ulloys from platinum piacer deposits mayv readily yield
Lxmium tetroxide on heating, e.g. samples from Ethiopian pIuccrsj other
ey of natural alloys such as Tasmanian iridosmines vield no trace of
vsmium on high temperature treatment in air. '
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PLATINUM

It was recognized by some researchers at the beginning of the nineteenth
century that platinum is not * indestructible *' at clevated temperatures in
air. The history of these investigations until 1942 has been revicwed,!”?]
with the conzlusion that the volatilization frem nhot piatinum proved to be
an exceedingly complex phenomenor, frcm which therz developed data not
oniy oi concern io the anaiyticai chemist, whose interest 1s directed princi-
pally to significant changes in weight of platinum, but also te the whole area
of mass communication by vacuum-tube techniques. While one may find
differences of opinion concerning the mechanism of the volatilization ex-
pressed by such researchers as Deville, Debray, Thomas Eddison, Fresenius,
Oliver Lodge, Sir William Crookes and Lord Kelvin, there can be no doubt
that the bulk of the early evidence supported the conclusion that there was
a loss of platinum at approximately 1000°C.

It was difficult to correlate some of the conclusions because researches
were made under different conditions for example, platinum was heated in

TABLE 5. THE WEIGHT LOSS ON HEATING PLATINUM AND iTS ALLOYS!”#}

Weight loss

Temperature (°C)
Pure Pt 1% Ir 2:5% Ir 8% Rh

500 0-00 0-00 0-00 0-00
1000 0-08 0-03 0-57 0-07
120C 0-81 2 [ 25 0-54

| | i

exidizing and reducing bunsen fiames, in the blast flame, in various types of
eiectric furnaces and by an siectric current. Faiiure tc find a loss of weight
when eithaer pure or impure platinum was reated tc temperatures of 1000°C
is noi easily expiained, aithough it is possioie that a hign iron content may
have masked the actuai loss of metal. Undoubtediy mucn of the platinum
used was impure. but except with rhodium and iron. the presence of some of
the common impurities would accentuate the Joss of weight.

The effects of oxygen on hot platinum crucibies stc. were discussed at
some length by Burgess and co-workers.’® 7?1 In 1916, Burgess’*! re-
cerded losses of piatinum with and without rhedium and iridium. These
icsses, expressed ‘n mg/iC0 cm*/hr at various temperatures, are shown in
Tabie 5.

For platinum crucioles” ¥ ¢ stiating up to at ieast 3 per cent iridium or
up to 8 per cent rhodium. the loss on heating was negigiole teiow 900°C.
Voiatilizaticn of platinum coniaining rhodium was iess than that of pure
piztinum 2t all temperaturss apove 900°C. whereas the loss of weignt of «
platinum-iridivm ziloy increased with the iridium conient
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Raub and Platel”®! measured a loss in the weight of some platinum at
900°C. Heating al 1000°C for 24 hr resulted in a loss of o few mg per dm?.
At 1100°C, the loss was 15 mg per dm?. At 1200°C and at 1300°C, the losses
were 65 mg per dm?.

Figure 1 iliustrates the loss of weight of platinum in oxygen at various
temperatures.

Although the past century of research has clearly proved that a loss of
platinum occurs at high temperatures, it has not neccssarily enabled the
chemist to estimate the loss which occurs in the ordinary Iabo}azory routine

of heating platinum crucibles. It has been stated that the data obtained by
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Fi1G. 1. Variation of weight loss of platinum with temperature.

Burgess and Saiet””? permit a prediction of losses within limits close enouch
for anaiytical purposes. Their results were obtained under carefully co;1-
trolled coaditions, however, and they admitted that ignition over the blast
lamp or in the ordinary muffle furnace with exposed metal parts did not
produce consistently reliable results. Confirmation of the successful applica-
tions of the corrections suggested by Burgess and Sale would be welcomed
by chemists. Weights of micro amounts of precipitates are particularly
affected by the Joss of weight of platinum crucibles. Only a shght difference
dbetween the weight of the empty crucible and Fe weizh® of the crucible when
it contains the ignited precipitate may very appreciably affect the accuracy
of the determination. A review of published microchemical procedurc;
reveais the asienishing fact that this source of error is very often ignored.

it has been recorded!”?- 7€} that the volatility of platinum in oxvgen at
900-1100°C is appreciably reduced by alloying it with palladium or rhodium.
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A 10 per cent rhodium~platinum alloy loses about 240 mg per dm? in 10 days
at 1100°C, and 90 mg per dm? at 900°C, whereas the corresponding figurcs
are 190 and 0 for the 30 per cent rhodium aloy, 200 and 30 for the 10 per
cent patladium alloy, and 110 and 10 for the 30 per cent palladium alloy.
On the other hand, iridium-platinum alloys sufler much greater weight
losses on heating in oxygen than does pure platinum, owing perhaps to the
relatively high volatility of iridium in oxygen. Thus, even at 900°C, the
30 per cent iridium-platinum alloy loses about 400 mg per dm? in 24 hr, while
the 20 per cent iridium alloy loses about 200 mg per dm? in 36 hr.

Regarding the explanation for the loss in weight of heated platinum,
considerable progress has been made. The evidencc cited in the above-
mentioned review!”) indicates that the removal of the volatile impurities
from platinum by heating does not ordinarily affect appreciably the weight
of a platinum crucible as determined by sensitive balances. Any significant
loss in weight of a good platinum crucible seems, then, to result from an
actual loss of metal. This loss is relatively great when platinum is made
mcandescent in air or oxygen. In nitrogen, hvdrogen or in a vacuum the joss
is comparatively insignificant. These facts constituted almost the only early
evidence for the existence of a volatile platinum oxide. It has been proved
that platinum dioxide is present on the cooler walls of a vessel in which very
hot platinum is exposed to oxygen: but synthetic platinum dioxide is not
volatile at high temperatures. It decomposes considerably below red heat.
Concerning the actual dissociation temperatures, there is little unanimity of
opinion. Wohler and Frey!7®! made investigations to determinc the oxygen
dissociation pressure of platinum oxides. They admitted their failure to
obtain a single equilibrium condition, owing to the tendency of the platinum
oxides to form solid solutions, and also to the strongly delayed equilibria.
They obtained indications that platinum dioxide dissociated into platinum
and a solid solution of the moncxide or ** sesquioxide ™ in the dioxide.
Grandadam!”®? found that piatinum dioxide decompeses rapidly at 380-
400°C under atmospheric pressure, giving the ““more stable platinum
monoxide ', which in turn decomposes at 560°C, producing platinum.
The results indicated that prolonged oxidation of plaiinum black at 450°C
under great oxygen pressures ought to produce pure platinum dioxide and
‘hat platinum monoxide was formed at Jower pressures. The author stated
that piatinum monoxide * is isolated pure by direct oxidation of platinum
black at 430°C under oxvgen pressure of 8-25 kgicm*. The time of its
formation is diminished when the fineness of the black is increased ™.

Thus the loss of platinum at high temperatures, in contact with air or
oxygen, was not necessarily explained by the formation of either volatile
platinum dioxide or piatinum monoxide. W&hier and Martin{®®7 stated
that thers was no evidence to indicate a spontaneous oxidation of platinum
to a trioxide; it had been anticipated that the oxygen dissociation pressure
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of the trioxide at ordinary temperatures would be zreater than the partial
pressure of atmospheric oxyeen.

By a method comparabic to that used to determine the identity of the
volatile oxide of iridium ™' and described below. Schiifer and Tebben!* 2!
investigated the reaction between oxvgen and plutinum at temperatures of
1540° and 1338°C. Their data relating the partial pressures of the vola-
tilized platinum oxide to the mole weight of platinum volatilized, the oxygen
equilibrium pressure, and the mole weight of oxygen in contact with the
platinum, together with corresponding isotherms, indicated the formula of
the volatile products as Pt,0,. However, the authors’ acceptance of x as
unity is not yet experimentally acceptable,* and there remains the necessity
for an explanation of the postulated stability of piatinum dioxide at high
lemperatures, a situation comparable to that of heated ruthenium tetroxide.
Anyway, their duta on the platinum dioxide product indicated a mixture,
one constituent of which was particularly resistant to reduction by hydrogen.
Also, in contradiction to some of the early literature, they considered the
solubility of oxygen in the platinum oxide as very small. Remy!®?) has
recorded that *“it has not been possible to measure definite dis-sociation
pressures over the platinum oxides owing to the formation of solid solutions,
but it can be stated that no oxide of platinum is stable in oxygen under |
atmosphere pressure above 500°C . Schiifer and Tebben!® ) used a tempera-
ture of about 1200°C and oxygen pressures of 0127, 0:476 or 1-055 atmo-
spheres to produce the postulated PtO,.

Grube!**! investigated the clectrical potentials between platinum oxide
clectrodes and hydrogen electrodes. He states: * Since platinum electrodes
can be polarized up to 2 volts, it appears probable that an unknown tetroxide
of platinum may exist ”. Concerning the products of the direct oxidation of
platinum by oxygen, Wohler'®*) stated that: * the grey coherent platinum
sponge could be changed into a black oxide. and cven smooth. polished
platinum foil could be converted on the surface into platinum oxide ™.
Various researchers believed that the oxide formed between platinum black
and oxygen was platinum monoxide or its hydrate.

Lacroix'®®) studied the visible changes which occurred on the polished

surfaces of platinum after heating to temperatures above 1000°C. The
alulhor believed that at these high temperatures in the presence of oxvgen
the mobility of the surface atoms was increased. He also stated that plati-num
did not volatilize below 1000°C in oxygen.
. Lacroix found that the oxide produced by the volatilization of platinum
in air had the empirical formula of Pt,0. The rather low proportion of
oxygen, however, was interpreted as being due to a partial dissociation of the
oxide on the hot refractory upon which it was deposited.

'I(cccm‘ reports (by Alcock, Plutinum Merals Review 1961, §, Ne. 4, 134 and by
Chaston, ibid. 1964 8, No. 2. 50) accept the compositior PtO; over 1200-1800 C.
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One must hope that the investigations of explanations for the eflect of
oxygen on hot platinum will continue.

PALLADIUM

Palladium metal, as a powder or in the massive form, is readiiy converted
to the monoxide at the relatively low temperature of a bunsen flame. One
cannot use the oxide as a weighing form, however, partly because of the
excessive time required for quantitative oxidation. Furthermore, at about
875°C the oxygen dissociation pressure reaches one atmosphere and metal
is rapidly formed. Raub and Plate!”? 7¢) found that pailadous oxide dis-
sociates completely at 870°C, whereas a sheet of palladium heated in oxygen
at 1200°C gains about 0+ per cent in weight in the first hour owing to the
absorption of oxygen without the formation of a superficial film of oxide.
On more prolonged heating at this temperature, there is a slow loss in weight
owing to volatilization. At 1300°C in <+vgen, the weight of a palladium
sheet increases by about 0-08 per cent in the first balf hour, and then decreases
linearly with time, the original weight being reached in about 5 hr. At
1100°C there is a gain in weight of 0-05 per cent in 5 hr, after which time the
weight remains almost constant. At both 900 and 1000°C, the increase in
weight is 0-007 per cent in 1 hr and 0-015 per cent in 4 hr, and more pro-
longed heating at either of these temperatures produces no further change in
weight. If the sheet is heated to 1200°C in oxygen until the maximum 0-095
per cent of oxygen is absorbed, and is then allowed to cool to 550°C, 0-037
per cent of the gas is still retained; on slow cooling tc room temperature,
0-028 per cent of oxygen remains, but some of this may be combined with
the traces of base metals present. Sheet quenched directly from 1200°C
evolves oxygen very siowly at room temperature, and practically all the
oxygen can be removed by heating the metal in a vacuum at about 800°C.
These resuits indicaic that the oxygen is present in seciid solution, not as
palladous oxide; this conclusion is confirmed by X-ray measurements of
the lattice parameter after various heat treatments. Comoaring the behaviour
of pailadium with rhodium and piatinum in oxygen at high temperatures,
the author concluded that piatinum is the most, and pailadium is the least
volatiie metal at temperatures up tc 1200°C. whereas at 1300°C there is
relatively littie difference in the velatility of all three.

RHEODIUM

Rhodium metal at high gas temperatures in air or oxygen oxidizes to form
rhodium(I1l) oxide. In spite of early contradicting data suggesting the
existence of lower oxides ‘here is little doubt that the only product of
oxidation up to about 10060° 2 is Rh,0,. This cxide cannot be used as a
weizhing form. however, because even as littie as 100 mg of rhedivm sponge
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may .require many hours of heating to rcach the composition of Rh,0,.
lts dissociation tempcerature in air is not known accuratelv: according to
Gutbier,"® "V it is 1130°C. Raub and Platel* ¢! stated that at 1100°C rhou'aium
sheet l?ccomcs coated with a thin film ol oxide, the amount formed reaching
a maximum of 8 mg per dm? after about 12-hr heating. Rhodium sheet at
1200°C in oxygen, has an initial gain in weight for an hour or so, followcdy by
a steady and practically linear loss in weight. At 1300°C, the linear Joss is

immediately evident. No adequate explanation has been provided for these
phenomena.*

IRIDIUM

Iridium sponge or the precipitated metal can be oxidized to IrO,. Whereas the
oxygen dissociation temperatures of this oxide are not known with certainty
Sc'hii.fer and Heitland®!) prepared crystals of the dioxide by heating iridiun';
foil in an oxygen-nitrogen atmosphere at 1130-1150°C. 'and cogling the
resultmg gaseous mixture containing iridium(VI) oxide. This caused de-
comgosxtxon to IrO;, 2 crysialiine deposit. it may be noted here that the
dala'm Table 40 indicate that the composition Ir,O, results from continued
hcam?g of iridium metal residues. These data should be interpreted merely
as gvndence that one cannot accept the oxides as weighing forms for an
md:um determination. The most significant contribution toward an explana-
tion of the effects of oxygen on iridium at high temperatures was recorded
by Schifer and Heitland.'®') These authors used temperatures appreciably
above the dissociation temperature of iridium dioxide, and thus were con-
cerqed with the system: iridium, oxvgen, volatile oxide of iridium. The
equipment included a capsule containing rolls of iridium metal fitted into
a tube through which passed an oxygen and nitrogen carrier gas to remove
lh; volatile oxide from the capsule area. The weight of the unknown iridium
oxn\de volatilized was determined by the difference in weight of the capsule
before and after the heating period. The oxygen—nitr(;gen mixture was
passed siowiy over the iridium. the assumption that equilibrium had been
established being based on observations made at varying flow rates and on
other daia. i
' In principie the method required the experimental determination of x an« y
m»zhc relationship involving the following at equilibrium: the partial prescare
of the gaseous iridium oxide, Pi.0, the partal pressure of the c.ygen,
Pa, §vhx'ch, because of the small qudntity used, was taken as thc applied
partial pressure of oxygen; the number of moles of iridium metal volatilized
as the oxide. ny; the number of moles of oxvgen nresent at equilibrium

'Alcpck, (Platinum Merals Review 1961, 5. No. 4, 134) attriouted rhedium losses from
a rhodium=piatinee zlioy at 1400 C to RhO.. )
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ng,, which like Py, was accepted as the number of moles applied. Thus

il

n Po,
x o= ALy L

Ho,  Pi0,

Applying a variety of possible rcactions between oxygen and iridium and
the experimental values of p(Ir,0,), thc resulting isotherms indicated the
composition Ir,0,. In order to determine the value of x, the authers re-
placed iridium as the solid phase with iridium(lV) oxide, the partial pressure
of oxygen being maintained at a valuc higher than the oxygen dissociation
pressure of 1rO, at the experimental temperatures. On the basis of three
possible reactions between oxygen and IrO,, the data indicated the reaction:

IrO, + 10, = IrO,
For example, only the values for the ratio of p(1rO;) : p(O,)" at 930°C and
at 1030°C proved to be constant.

One must conclude that the authors have provided substantial evidence in
support of the identity of IrO; as the constituent volatilized from iridium in
cxygen ai iemperatures fiom 1034 to 1206°C, and partial oxygen pressures
varying between 347 and 760-7 Torr. This would affect the long entertained
expectation that a volatile tetroxide similar to OsO, would ultimately be
identified for each of the six platinum metals. The authors have not pre-
cluded the presence of small amounts of other volatile gases associated with
the IrO,; the presence of these could account for the variation of about 5
per cent in the equilibrium constants at each particular temperature. These
variations correspond to 0:6-5 mg of iridium for the 15-100 mg of iridium
reported by the authors to volatilize as the oxide. The degree to which the
Josses of iridium by volatilizaticn affect a determination of iridium is in-
dicated by the discussion related to Tabie 40.

RUTHENIUM

It is presumabiy the analogous compesitions and reactions of ruthenium
and osmium compounds that have given rise to some confusion concerning
the behaviour of ‘these twc metais when in contact with oxygen. There is
little simiiarity. Unlike osmium, which forms the volatile tetroxide even
at room temperature, there is no conclusive evidence that ruthenium forms
a detectabi= amount of RvO, on heating the metal in ait or oxygen with a
bunsen flamz. Both of these oxides are rzadily formed by the wet oxidation
of aquecus s>lutions of their salts. but the oxide of rutherium is by no means
as readiiy formed by dirsct oxidatian of the metai or its salts. In fact. the
recorded data deaiing with the oxides of ruthenium have indicated that the
tetroxide may decompose with explosive violence at about 100°C, vet may
aisc be produced at much higher temperatures by direct oxidation of the
metal in ai~. While this apparent thermodynamic anomaly has received

ACIDS, BASLYS, OXYGEN AND CHLORINEG ON NORLE MUTALS RN

littie attention, the explanation may be associated with the existence of
various forms of RuO,. By distillation, two types of osmium(VI1l) oxides
can be produced, one yellow and one brown. The vellow needles, an un-
stable form, can be produced by the condensation of a yellow distillate. By
melting and then solidifying the yellow needles, the brown form ;\ppcars';
the latter can be sublimed, producing yellow crystals again.  Whercas the
tetroxide produced by distillation is unstable. particularly in the presence of
organic compounds such as cthanol, when it is thoroughly dry, it can be
kept in the dark in scaled tubes without any evidence of decomposition.

In the early ninetcenth century, it was reported that heating ruthenium
in oxygen at 958°C produced thc tetroxide, which could be condensed in a
Nask cooled in ice. Similarly, in 1961 Campbell ¢r al.t**) suggested that
RuOy was formed above 1425°C in air. To account for weight losses when
0-2 g of metal was subjected to a differential thermal analysis, they stated:
* Oxidation of RuO, to RuO, vapor must, therefore, occur at a rapid rate
at 1400-1500°C accompanied by the gas phase decomposition of RuQ, at
temperatures above 1425°C ™.

re. RuO,(g) > 1425°C Ru(s, 7. 6) + 20,(g)

It would thus seem that one must account for the existence of RuQy in
air at temperatures as high as 1400°C. and at the same time explain the
instability of RuQ, at about 100°C. Schifer'®®) recorded that ruthenium
wire at 1465-2090°C in an oxygzn-nitrogen atmosphere produced volatile
RuO;. Remy®) noted: * At high temperatures (above 600°C) ruthcnium
tetroxide is formed in traces, but decomposes in the course of cooling. The
tetroxide is metastable at ordinary temperatures.” ’

Campbell er al.!®® found no weight Joss on heating the metal in air up
to 1025°C, a slow weight loss from 1025 to 1400°C and a more rapid loss
from 1400 to 1515°C. The failure to find a weight loss up to 1025°C may
have been due to the fact that the weight measurements were made 10 a;x
accuracy of about 0-3 per cent and it is not unlikely that a slight loss would
have thus escaped detection. These data find support in Gilchrist's*®?
conclusion, however, that samples of the order of weight used by Campbelil
do not lose weight on igntion in air. On the other hand. the present author
has consistently found a significant loss of weight on heating mg amounts of
the metal or its dioxide to 900-1000°C. Recently. Foreman!®!) investigated
the Joss of ruthenium during the ashing of scaweed. He found no significant
loss provided the temperature did not exceed 300°C.  Pretreatment with
nitric acid encouraged the Joss.

Invariably. heating the metal in air at bunsen temperatures produce. the
dioxide: it is not a recommended weighing form because comple.2 con-
version of the metal is difficult. owing. perhaps. 1o the soiubilitv of oxvgen
in the oxide. as welil as to the usual failure te accompiish intimaie contact of
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metal with oxygen. Very recently, Brandstetr and Vrestal (private communi-
cation) record the use of the dioxide as a weighing form in amounts of
50-100 mg. The hydrated oxide is precipitated by ammonium carbonate,
and the oxide is ignited in air at about 600°C (see reference 581). Very
early data have indicated that the condensate from very hot metal in contact
with air contained the dioxide, and from this it had been assumed that the
RuQ, was formed at 1000°C, and then decomposed to form RuQO,; thus
RuOy, acted as a carrier. The oxygen dissociation temperatures and pressures
recorded in many modern text-books have been derived from an early
source. Re-determination cculd therefore be of some value because there is
some evidence that the presence of metallic ruthenium affects the dissociation
temperatures. Presumably the dioxide is stable in air at 950°C under an
oxygen pressure of 50 mm of Hg. Campbell er al.!1®®) recorded a thermogram
which showed an endotherm at 185°C, an exotherm at 1350°C and indications
of a second endotherm at about 1450°C, the latter being ascribed to y and &
transitions of ruthenium metal. There was no explanation for the low
temperature endotherm, for no weight loss was evident and no crystalline
or phase transitions occurred below 1000°C. The reaction postulated to
explain the slow weight loss between 1025-1400°C included the decomposi-
tion of RuO, to metal and oxygen. However, the actual loss was about 40
per cent higher than the calculated value. Presumably no consideration was
given to loss by volatilization of a ruthenium oxide.
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cach produced a distinct set of vapour pressures. Ogawal®?? disputed these
findings with data which indicated that only onec form was produced by
disullation; it melted at 40-6°C. 1t was claimed that the pressures obtained
by Krauss were in crror owing to the non-cstablishment of equilibrium, and
that a range of temperatures produced only one variety of the tetroxide.
There is doubt therefore as to the existence of enantiotropes of esmium
tetroxide. Further examination of the identity and behaviour of the osmium
and ruthenium tetroxides produced by wet and dry methods could provide
useful information and resolve this problem.

In a recent communication, Grimley er al.l®*) used mass spectrometry
and associated experimental techniques at 1373-2023°C, finding support
for the existence of OsO;* and OsO,*, ionized forms of OsO, and OsO,
molecules respectively. Above [973°C, there was evidence for the existence
of a stable OsO, molecule. No lower oxide was detected.

ANALYTICAL SIGNIFICANCE

From the analytical point of view, one is generally concerned cnly with the
results of heating each platinum metal in air at temperatures of about
1000°C or less. Even within this limitation one must bear in mind that
the metallurgical history of each metal may appreciably affect the behaviour
of the hot metal in air. Thus one may expect that prior reduction of the
oxide in hydrogen, a process which frequently precedes gravimetric deter-
minations, may introduce some variation in behaviour; for example, it has

Osmium been stated that the oxidation of ruthenium is retarded by a prior reduction.

In 1855, Fremy stated that osmium could be oxidized to the volatile The work of Lacroix!®¢) has demonstrated clearly the existence of surface
tetroxide at ordinary temperatures. Furthermore, there was some evidence changes on platinum sheet after heating the metal in air. Grooves, striations
to indicate that osmium tetroxide could be distilled directly from platinum and surface coatings may appear. Whereas the explanation of these
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metal residues by roasting them. Significantly, there are records to indicate
that specimens of Siperian iridesmine at ordinary temperatures emitted
sufficient of the tetroxide to stain a iabel sealed within the tube containing
the mineral. On the other nand. Berzelius, Deville and Debray recognized
the existence of an osmium metal whose meatallurgical historv resulted in
resistance to oxidation at temperatures below the melung point of zinc. The
present author has been abie to distil some osmium directly from a native
Ethiopian mineral, whereas Tasmanian iridosmine has aiways failed to yield
osmium even after the most strenuous heatuing periods. At the present time.
one of the most effective nrethods of preparing standard osmium solutions
includes the direst oxidaticr. of o mium metal at bunsen temperatures to
prodiice osmium telroxide quatitaceiy. No other product &f the exidation
of osmium has been isolated. Krauss and Wilken,!¥3! however, supported
the early observation by Berzelius that two forms of osmium tetroxide
existzd. viz.. a white form melting at 39-5°C and a vcllow isomer melting
at 41-0°C. These couid be produced alternately by meltins  ~d ccoiing, and

phenomena has not yet been provided, the suggestion that the mobility of the
surface atoms is greater in the presence of oxvgen may offer a partial explana-
tion, not only of the reactions already recorded. but also of the divergent
data obtained by various investigators. Whatever the explanation of vola-
ulity in air, and its absence in non-oxidizing gases. of the lack of agreement
concerning dissociation temperatures of the various oxides. and of the
apparent contradictions to accepted thermodynamic principles. the analy-
tical chemust has available sufficient data to avoid significant experimental
errors. Thus. one cannot. in general. use as weizhing forms any of the
oxidized forms of the platinum metals.  Also one muy 2ipect significant
sweight [osses when mg amounts of platinum, iridium and ruthenium are
hented to high temperatures in air for prolonged periods. Invariably,
continued heating of platinum crucibles will result in a continued loss of
weight.  In this connection, prior knowledge of the composition of the
cructble material is important.  Aside from the effects of variple com-
position. one cannot expect any platinum crucible te retain indefinitely its
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mechanicul properties and thus its resistance to heating in air in the presence
or absence of fusion mixtures.

GoLp

Gold is the most noble of all the elements. In contrast to the six platinum
metals therc is no evidence of its volatility in oxygen at high temperatures,
and all the known oxides have a high oxygen dissociation pressure at bunsen
temperatures. In some instances, however, heating in the prescrice of oxygen
has resulted in a temporary gain in weight. Duval'® found that precipitated
gold may retain oxygen by adsorption, the amount varying according to the
degree of subdivision, the nature of the precipitating reagent and the
environmental atmosphere during heating. This gain may amount to as
much as | per cent, and on continued heating exactly the same weight is
lost as was gained initially. There is no evidence that gold crucibles have
this property. Duval!®*) provided a list of ten reducing agents which resulted
in a gain of weight of 1-6-5 mg on heating 215-427 mg of the precipitated
gold to about 950°C. An explanation of this phcnomenon and its sclective
application would be a contribution.

CHAPTER 2

METHODS OF SEPARATING THE
SEVEN NOBLE METALS

SECTION 1

The Scparation of Osmium from Ruthenium

The methods for isolating these metals from associated platinum metals
and from base mctais are included in Section Il of this chapter. The methods
discussed below are confined largely to the scparation of osmium from
ruthenium. Because some of these separational procedures are applicable
also to the isolation of the two metals from complex sysiems. howcever, some
repetition of techniques is inevitable.

The fact that both osmium and ruthenium in aqueous media form volatile
tctroxides, in contrast to associated platinum and base metals, has been
crroneously interpreted as indicating that their isolation is a relatively simple
matter. Most of the common methods of dissolution of these metals involve
either one or more treatments with aqua regia, chlorination in the presence of
sodium chloride, or caustic oxidizing fusions with subsequent dissolution by
hydrochloric acid. Unfortunately, the chloride complexes of osmium and
ruthenium offer a peculiar resistance to the quantitative formation of the
tetroxides. This is particularly noticeable with hydrochloric acid solutions
of ruthenium. Consequently, with these dissolved constituents some pre-
liminary treatment is sometimes required in preparation for the oxidation.

The choice of the dissoiving medium cannot be made indiscrimingely
when the remaining platinum metals are to be determined, because scrious
interference may develop during the preparation of the residual or pot liquid
for subsequent operations.

In general. for the simultaneous removal of both metals one may use
oxidation with sodium bromate, bromic acid. perchloric acid. chlorine in
caustic media. bismuthate, permanganate. ceric, lead dioxide. peroxy-
disulphate, etc.

In order to determine osmium and ruthenium in CoMEISX sVstems one may
first selectively isolate osmium with nitric acid. or witk suwphuric acid and
hydrogen peroxide. and subsequentiy isolate ruthenium; or one may isclate
both metais simultancously using one of the above oxidants such as per-
chioric acid. A variety of methods has been proposed lor the consccutive
separation of osmium and ruthenium. These procedures emplov oxidants
9

[}
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and media which usvally require rather prolonged pre-treatment before
proceeding with the determination of associated platinum metals,

Procedures involving the prior simultaneous removal of osmium and ruth-
enium are only now being developed. but it is not unlikely that these methods
will allow simplified subsequent separations. Among the large number of
effective oxidants. perchloric acid has proved to be one of the most effective.

In addition to the problem of choosing a suitable oxidant, the analyticai
chemist must select wiseiy from the variety of proposed receiving liquids.
This choice, of course, will sometimes depend upon whether it is necessary to
collect the tetroxides consecutively or simultaneousiy.

RECEIVING SOLUTIONS FOR THE TETROXIDES

Sodium Hydroxide

For simultaneous collection, in so far as efficiency of collection is con-
cerned, no better reagent than the classical caustic selution has been pro-
‘posed. Ten per cent sodium hydroxide solutions were used as absorbants
for ruthenium(VIII) oxide by Rogers ef a/!°%1 [n these instances the sub-
sequent treatment involved acidification with hydrochloric acid, filtration,
and an adjustment to 0-2 N in acid, followed_by precipitation with thionalide.
The results are acceptable but the method is tedious.

6 N sodium hydroxide solutions have been used to collect ruthenium(VIIl)
oxide from distillates obtained through oxidation by perchloric acid and
sodium bismuthate.f®” °8] In this method the ruthenium is isolated from
the caustic solution by precipitation with ethanol, using magnesium hydroxide
as a collector, and is then determined colorimetricaliv.

Sodium hydroxide is now seldom used in anaiyticai procedures, particu-
larty for small amounts of metal. because the contaminants—silica, iron,
eic.—become appreciable. and because of the detrimental effect of the large
amounts of salts present on the subsequent operations.

Hydrochloric Acid

It is generally accepted that aqueous solutions of hyérochloric acid should
not be used for the collection of osmium, whether or not any oxidant passes
from the <istilling liquid. Some tetroxide may veiatiiize from the hydro-
chioric acic receiving solution because iis reducticn ic the lower vaience
state is not instantaneous. In general this is true also when ruthenium is to
be collected. and whereas hvdrechioric acid is freguently used as a collector,
a reductant such as sulphur dioxide is usuaily added. However, 6 M hydro-
chioric acid has been used successfully for coliecting ruthenium Without
either cooling, or adding any reducing reagent!®®? (see Procedure 144). In
this insterce the ruinenium was quantitatively retained during the evapora-
ten 0 10 ml of recuiving acid t¢ 1 or 2 mi.
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Hydrochicric Acid-Sulphur Dioxide

A much used receiving liquid for both osmium and ruthenium distillates
consists of a 1 : 1 hydrochloric acid saturated with sulphur dioxide. This
solution has been used successfully by Gilchrist!' °® for 0-1 g quantities of
osmium.

Recent investigations have provided pertinent data concerming the effi-
ciency of this reagent and its apphcability to the subsequent mcthod of
determination. With spectrophotometric methods which are dependent upon
the identity of the dissolved osmium constituent, such as the thiourea method,
the history of the receiving liquid is an important factor. With fresh dis-
tillates the thiourca reaction is satisfactory. Il the distillates are scveral
hours old the expected rose colour is less intense; after 24-hr standing. no
colour is developed. These data have been interpreted as indicating that the
fresh distillate contains the tetroxide, which is reduced to a low valence
state on standing. This suggestion offered an explanation for Sandeil’s
Andinel101) that the evaporation of the sulphur dioxide receiving liquid
requir::d by Gilchrist's method!'®®! resulted in low values for osmium,
which became significant when small amounts of the metal were to be
determined. The fact that thesc evaporations yielded low results with the
thiourea method was later confirmed and seemingly supported by the
finding! '°2) that if the distillates were allowed to stand for 12-16 hr at room
temperature no loss whatever occurred either during ageing or subsequently
when the solution was concentrated by boiling.

However, a recent report-by Geilmann and Neeb!'®?) indicates that
osmium is not lost during the evaporation of either fresh or aged receiving
solutions of hydrochloric acid-sulphur dioxide. This finding is not in dis-
agreement with the explanation that low results obtained for «g amounts of
osmium are possibly not due to losses by distillation from an evaporating
solution of hvdrochloric acid-sulphur dioxide but to a reduced sensitivity
of the aged solution toward the thiourea reaction. Furthermorz, it 1s now
known that the thiourea method is inapplicable to agad distillates containing
hydrochloric acid—suiphur dioxide. A

Presumably Neeb!!°*) used tetraphenylarsonium chioride as the colori-
metric reagent for osmium obtained from the evaporated receiving solution.
This reagent reacts with osmium(IV) to produce a chioroform-extractable
vellow complex.

One must conclude that the identities of the dissolved osmium con-
stituents required for the thiourea reacticn are unknown. and that their
identification in the hydrochloric acid-sulphur dioxide solution could be
most interesting and useful.

A sccond factor which mav influence the choice of recciving liguid. par-
ticulariv when gravimetric determinations are to be made. and relauvely
hivh ac.uracy is required, involves the presence of such compounds as silica,
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which may have been corroded from the container during evaporation or
derived from the chemicals used. Certain absorbents, such as hydrobromic
acid or sulphur dioxide-hydrochloric acid, require evaporation prior to the
determination of the metal. in order to remove interfering constituents such
as sulphur dioxide or to control the acidity of the solution. Strangely, the
silica derived from some of the recommended receiving liquids has a strong
aflinity for osmium, to the extent that even ignition in air fails to remove
the metal.t'®2) It has been reported that when sulphur dioxide-hydrochloric
acid was used as the absorbing liquid, the silica removed during a hyvdro-
Iytic precipitation did not contain osmium, and where the error owing to the
presence of silica becomes significant, this absorbent is recommended,
despite the necessity for the complete destruction of sulphur dioxide.

Hydrobromic Acid

Hydrobromic acid is used as a collector for both osmium and ruthenium
distillates. The 48 per cent acid, analytical reagent, is twice distilled, discarding
the first and iast portions. ln some instances it is preferred to sulphur di-
oxide absorbents because it is more efficient, easier to prepare and handle,
and the resulting distillate requires neither evaporation to dryness to destroy
sulphite complexes nor ageing before evaporation to a small volume. On
the other hand, the silica derived from the evaporation of hydrobromic acid
may contain osmium, and where this loss is a significant factor the acid
should not be used. Chilling in ice-water is always desirable when hydro-
bromic acid is used.

Hydrochloric Acid-Thiourea

A solution of thiourea in hydrochloric acid was used originally as a
receiving liguid for osmium(V1Il) oxide in order to avoid the loss of the
colour-producing constituent in distillates containing only hydrochloric acid
and sulphur dioxide. Because thiourea is aiso a colorimetric reagent for
ruthenium it would seem te te applicable for the retention of this metal as
well as of osmium. No supporting data have been recorded. however. and,
in the author’s opinion, better absorbents are available. For the determina-
tion of ug amounts of osmium there is the advantage of increased speed and
a simplification of procedure. The optimum proporiions of thiourea re-
quired for the absorption, however, depend upon the amount of osmium
to be distilled and upon the volume of the receiving solution. Sulphur may
be deposited from the decomposition of the thiourea during the distillation.
Generaily, a single fiitration will remove this interference. Care must be
taken to completely wash the thiourea~osmium complex out of the receiving
fiasks. Thiourea solutions in hydrochloric acid and ethanol were used by
Westiand and Beamnish!'°% to collect osmium oxidized by perchloric acid.
The receivinz sclutions werz rinsed with | : | ethanci-hvdrockioric acid
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into a measuring flask, from which the solution was filtered into the trans-
mittency cell. These authors increased the amounts of thiourea from 2 to 3
per cent in those instances where the distilling liquid evolved oxidants such
as chlorinc.

Hydrogen Peroxide

A 3 per cent aqueous solution of hydrogen peroxide. maintained at a low
temperature by immersion in an ice bath, was used initially by Rogers
et al.t®¢Vto collect the ruthenium(VI11) oxide formed by a bromate oxidation.
The distillate requircd boiling to remove excess of hydrogen peroxide,
because of its reaction with the precipitant, but evaporations were not neces-
sary. One should not use the commercial 3 per cent hydrogen peroxide
solution, which contains acetaniiide as a stabilizer.

Thiers et al!?!) used chilled hydrogen peroxide solutions to collect
ruthenium from a perchloric acid distillation. This solution could be boiled
without loss of . ruthenium, and gravimetric methods could be zpplied
directly to the filtered distillates. Later, Westland!'®) successfully used
hydrogen peroxide as an absorbent for osmium and ruthenium distilled
simultaneously from a perchloric acid medium. With these absorbents one
must guard against a deficiency of hydrogen peroxide and even temporary
heating of the distillates. The latter causes the decomposition of the peroxide,
and is considerably accelerated by the catalysing action of the noble metals.
This characteristic requires recognition during any transler of the distillate
containing osmium: the operation must be made as quickly as possible, and
the transfer should preferably be made of the chilled soiution to a chilled
container.

The hydrogen peroxide solutions of osmium and ruthenium are not in
general suitable for spectrophotometric methods. Any evaporation carried
out to obtain a suitable concentration results in some loss of both merals,
especially of the osmium. Furthermore, little is known concerning the identity
of the dissolved constituents in the colourless solutions of either metal.

Other Receiving Solutions

A variety of reducing reagents can undoubtedly be used as receiving
solutions for ruthenium(VIIl) oxide. Hvdroxylammonium chloride in
hydrochioric acid has been used specifically for the application of 1.10-
phenanthroline.l' 8] Receiving solutions containing colorimetric reagents
and precipitants for ruthenium have been used. so far without much success.
The single but questionable exception is the application of thiourea. The
addition of thionalide. a precipitant for both osmium and ruthenium. to the
receiving solution provides precipitates whose phyvsical _navacteristics intro-
duce precipitation and filtration difficulties.
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OXIDANTS THAT PRODUCE Tilf TETROXIDES
So far, nitric acid and hydrogen peroxide are the only reacents that have
been cited as being useful for the sclective isolation of osmium. For the
simuitancous oxidation of both metals, the following have been used more
or less successfully, viz., sodium bromate-sulphuric acid, bromic acid,
perchloric acid, sodium hypochlorite, ammonium percxysulphate, ceric,
permanganate and chromate.

Nitric Acid

The variety of equipment suitable for the distillation and collection of
osmium and ruthenium is illustrated in Chapter 7.

Nitric acid is perhaps the most generally used oxidant for osmium. It is
specific for that metal in the absence of trace amounts of other oxidants,
sulphuric acid etc., and provided that the nitric acid concentration is less
than about 5 N. It is particularly suitable for osmium compounds in caustic
media or for ammonium bromosmate. For the chlorosmate, a nitric acid

distillation frequently requires many hours of boiling, so other cxidants

such as perchloric acid are preferred. Concentrated sulphuric acid can also
be used effectively. The evolution of the osmium is accelerated significantly
if a little nitric acid is added to the sulphuric acid solution. Under such
conditions, however, ruthenium will co-distil appreciably. Indeed, it has
been found that ruthenium is also evolved from sulphuric acid on strong
heating.!**) Nitric acid is not a suitable reagent for the direct removal of
osmium wher it is Dresent in the iron-nickel-copper allovs used for the
collection of platinum metais from ores and cencentrates,'*°”) nor is it
directiy appiicable to iron-nickel meteorites.{'°® 5 these instances, the
osmium may de compiexed by the oxides of nitrogen formed during dis-
solution. Sandell'! ®®) avoided this error by dissoiving the osmium in sul-
phuric acid, simultanecusly dissolving the iron and nickei with hvdrochloric
acid. subsecuently oxidizing the ferrous salt with potassium permanganate
and then distiiling from nitric acid.  When hvdrochioric. acid is required to
dissolve the ziloy, the chlorides are converted into sulphates by fuming with
sulphuric acid at as low a temperature as possible and in the presence of
ferrous sulphate to prevert oxidation to osmium(VIII) oxide. The per-
chioric acid cxidutizn is sartic dlaii - -4 table for thess base mezal ailoys.!! ©9)
The alioys are compieteiy soluble. and be:r osmivm and ruthenium are
quickly removed; ihey may be coijected in any of the sbove-described
receiving solutions.

Nitric acid has been used successfully for the selective isoiation of osmium
in the presence of the other oiatinum metais. The subsequent removal of
ruthenium, however, requires a prior evaporation o fumes with sulphuric
acid in order te eliminzaie the nitric acid. During this process small amounts
of yuthenium ar2 13st. 10 Mase Joses hecomre significant when mg amounts
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of metal are to be determined. Consequently, the method is not recom-
mended in these instances, hydrogen peroxide being the preferred oxidant.

Hydrogen Peroxide

Hydrogen peroxide serves botir as a selective oxidant for osmium and as
a collector for osmium(VIIH) oxide. As discussed above, a chilled 3 per cent
solution is used as the receiving liquid, whereas as an oxidant a more concen-
trated solution, containing a small amount of sulphuric acid, is required,
particularly for the hexachlorosmate. Up to the present time the hvdrogen
peroxide oxidation of osmium has been used following a simultaneous
removal of both ruthenium and osmium tetroxides by using oxidants such
as perchloric acid. In this instance the distillate is contained in a chilied
solution of hydrogen peroxide. It is transferred to the distillation flask, and
the osmium is selectively removed by heating the peroxide soiution. 1o which
has been added a small amount of sulphuric acid. As stated above, the fact
that hydrogen peroxide will produce osmium(VIII) oxide makes necessary
a careful transfer of the receiving liquid to the distillauon flask. Further-
more, the selective removal of osmium will depend to some extent upon the
amounts of the two metals present. 1t has been found that when the com-
bined amounts of the metals present are much in excess of 15 mg, large
excesses of hydrogen peroxide must be added to the distilling liquid because
the catalytic action of the metal results in excessive decomposition of the
peroxide, so that there may be some co-distillation of the ruthenium. This
difficulty is always eliminated by adding more 30 per cent hydrogen peroxide
solution and avoiding temperatures above 120°C.  After removing the
osmium, ruthenium can be volatilized by 2 further addition of sulphuric
acid and the cautious addition of a 10 per cent aqueous solution of sodium
bromate or bromic acid, followed by boiling.

Attenticn is directed again to the seemingly inexplicable effects of such
reagents as suiphuric acid upon the choice of method for deterr:ining the
platinum metals. When osmium is distilled from a sulphuric aciZ~hvdrogen
peroxide solution, the co-distillation of oxides of sulphur prevents the use of
certain gravimetric reagents. Examples arc osmium thionalide, which does
not coagulate properly in the presence of suiphuric a.id, and 2-phenviben-
zothiazole, which requires the prior addition of hydroxylamine.l®%

Sodiur Bromate-Suiphuric Acid

Soluticns of sodium bromate and sulphuric acid have been uscd to pro-
duce ruthenium(VI1l) oxide after the removal of esmium by nitric acid and
the evaporation of the pot liquid to remove oxides of nifrogen. As was
stated above, the direct fuming of the liguid with suiphuric acid may result
in the loss of some ruthenium: thie ie aveidrd by pyior evaporation with
hvdree "»ric. acid.  One of the difficulties of this procedure concerns the



46 ANALYTICAL CHEMISTRY OF NOBLL METALS

subscquent removal of remaining platinum metals in the presence of the
large amounts of salts derived from the sodium bromate. This facter be-
comes of some importance when small amounts of residual platinum metals
are to be determined. Thus Westiand!*?} used bromic acid as an alternative
oxidant. It should be noted that sodium bromate in the presence of sulphuric
acid. without prior fuming, can be used to distil both osmium and ruthenium
from soiutions containing only small amounts of hydrochloric acid. The
presence of sodium chloride, however, increases the resistance to the forma-
tion of the tetroxides. When larger amounts of ruthenium are distilled from
a solution containing small proportions of hydrochloric acid, particularly if
the heating is rapid, a black deposit of oxide may appear in the neck of the
distillation flask. With mg amounts of ruthenium and careful distillation
this should not occur. The deposit is difficult to remove, but in some
instances chlorination in the presence of sodium chloride will remove the

stain.

- . , Perchloric Acid

Whereas perchiloric acid has been used extensively as an oxidant in pro-
ducing tetroxides of osmium and ruthenium, few quantitative data have
been recorded. For the determination of these two metals in such base
mctal alloys as iron-copper-nickel no other known oxidant is more efficient.
It is also a suitable oxidant for osmium and ruthenium present with small
amounts of hvdrochloric acid; in this instance it is superior to sodium brom-
ate. Kavanagh!' %% used 70-72 per cent perchloric acid to determine mg
amounts of osmium and ruthenium in iron—copper-nickel alloys, and Sen
Guptal'!% similarly determined these two metals in meteorites. In all
instances the acid completely dissolved the alloys. Westland!®*! used
perchloric acid to recover osmium and ruthenium from distillates con-
taining hvdrochioric acid z2nd sulphur dioxide after an svaporation to a
small velume. Perchloric acid is a particulariy suitabie oxidant when osmium
and ruthenium are te be distilied simultaneousiv and coilected by hvdrogen
peroxide. ‘

Perchloric acid containing a small amount of sodium bismuthate has been
used as an oxidant. De Ford.'? ") and Currah er al.l®®) preferred this solution
to perchloric acid alone, although one may expect added difficulty when
determinations of other metals are to be made after the removal of ruthenium.
Anyvay, the guantitative ditz obtaired by the method do not indicate
superior efficiency of recover,:.

It may be assumed that the sodium bismuthate which is added initially
with the perchloric acid encourages the early oxidation to the tetroxide
pefore the perchloric acid becomes an active oxidizing reagent, and perhaps
it assisis in the oxidation of inc smail amounts of chicride remaining from
ihe earlier treatments. De Ford used sodium hvdroxide as 2 receiving liquid,
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and precipitated the hydrated oxide by heating with ethunol, using mag-
nesium hydroxide as a coilector.

Despite the fact that perchloric acid is the preferable oxidant for ruthenium,
no data are available which integrate this application within a gencral pro-
cedure for the noble metais. [t is expected that such applications will be
forthcoming in the near future.

Recently, solutions of perchloric and sulphuric acids have been used to
distil ruthenium(VI1Il) oxide, which is then collected in a dilute hydro-
chloric acid solution containing hvdroxylammonium chloride. The method
described in Procedure 138 has been adapted to thc use of 1.10-phenan-
throline as a spectrophotometric reagent.

Sodium Hypochlorite

As compared to oxidation by sodium hypochliorite, oxidation in a sul-
phuric or perchloric acid medium has the advantage that entrainment of
osmium or ruthenium in the pot residue is avoided. When using caustic

- solutions of hypochlorite, one may expect that as the distillation proceeds

and the basic solution approaches neutrality, with the formation of chloride,
some hydrolysis will occur to produce the voluminous hvdrated oxides.

Nevertheless, the hypochlorite distillation can be a most uscful method for
specific purposes. Thiers er a/.l2'1 used a chlorinc-sodium hydroxide treat-
ment of the ruthenium metal or residue to effect both dissolution of the
metal and distillation of ruthenium(VII]) oxide. The procedure involves
mixing the residue and filter paper in the stili with a caustic solution con-
taining 20 g of sodium hydroxide in 150 ml of water, passing in chlorine and
nitrogen simultaneously until the former is no longer absorbed. and then
boiling for 15 min. The chlorine quickly destroys the paper, and the
ruthenium metal is rapidly attacked. The method used is described in
Procedure 3, and is recommended for the productior of ruthenium salts as
well as for the quantitative determination of either osmium or ruthenium
in finely divided residues etc. The procedure has not been tried with material
containing other platinum metals, with complex mixtures invoiving base
metals or with compact metals.

Peroxydisulphate

Peroxydisuiphate has been used to distil ruthenium from nitric acid
solutions. Thiers ef al.'?' rejected this reagent as an oxidant for ruthenium
In a nitric acid solution of the lead button. Nikolaev and Sinitsvnl'! ! were
able to distil ruthenium from nitric acid solutions by oxidation with
ammonium peroxydisulphate in the presence of silver ions. Under these
conditions the recovery of the tetroxide was more effective than with bromate
and sulphuric acid. The Jatter oxidation mixture failed to distil any ruthenium
from solutions of (NH,), [Ru(NO)CIl,). whereas the peroxysalt in the
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presence of silver ions produced more than 50 per cent of the metal oxide.
Furthermore, an increasc in the nitric acid concentration facilitated the
scparation of the tetroxide. It is assumed that the peroxy salt oxidizes the
silver ion to Ag(ll), which then reacts with the ruthenium.

It should be noted that whereas this oxidation may be useful for restricted
separations, the addition of siiver ions to the residuai distillation liquid
introduces difficulties if other noble metals are to be subsequently separated
and determined.

Other Oxidants

Whereas all the oxidants described above have been used quantitatively,
many other reagents exist which would adequately produce the tetroxides.
Some have been used qualitatively and would no doubt serve for quantitative
purposes. For example, permanganates and chromates will produce the
osmium and ruthenium tetroxides. These and others may be used for
specific purposes, but the indiscriminate use of an oxidant merely because
the oxidizing potential is suitable shouid be avoided. Ever though nc sub-
sequent determinations of the constituents of the residual pot liquid are to
be made, one still has to avoid the co-distillation of interfering substances
and their development in the liquid being distilled.

Geilmann and Neeb!' %3] have stressed the difficulties connected with the
oxidation by permanganate in sulphuric acid solutions. It was rejected for
the oxidation of ug amounts because of the retention of osmium by the
manganese dioxide formed in the reaction. This retention was complete
for 2-7 ug of osmium.

They also made an extensive examination of suitable oxidants for ug
amounts of osmium and ruthenium. The proportions of the tetroxide lost
on heating varied somewhat with the vessels used, being less from beaker
than from evaporating dishes. It shculd be noted that an evaporation to
2 ml of the hydrochioric acid-sulphur dioxide soiuticns of both osmium
and ruthenium, togcther with 0-5 mi of 60 per cent perchloric acid results
in the almost compleie retention of the metais.

Presumably these authors encountered difficulty with the perchloric acid
oxidation to the tetroxides for thev recommended the use of 0-5-1 g of
chromium(V1) oxide for 25-30 m! of an osmium~ruthenium soiution. This
addition was particularly advisable when halogenides or crganic materials
were present. With chromium oxide there is a continuous regeneration of
cnromate. Undoubtedly reagents such as bismuthate and chromium oxides
:rcourage the vari and continy sus forration of the tetrexides. but they are
not necessary or the quantitalive recovery of the two metais, In faet, their
presence in the residual liquid compiicates the determination of other
Slatinum meiai constituents.

in generai. the osmium and ruthenium contained in the soiid materiai
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(cxcluding ores etc.), arc put into solution by a caustic fusion or by
some type of chlorination. In these instances, any of the oxidants described
above may be used. With ores and concentrates the osmium and ruthenium,
along with other noble metals, are concentrated by forming a lead or other
base metal alloy. The perchloric acid dissolution and oxidation is the most
suitable procedure for the alloys il osmium and ruthenium only are to be
determined. Mcthods have not been recorded for the determination of the
remaining noble metals in the residual perchloric acid. The most trouble-
some medium for the oxidation of osmium and ruthenium is hydrochloric
acid. In this instance, it is advisable to saturate the solution with sulphur
dioxide. This solution may then be evaporated to a small volume, and
subsequently oxidized by perchloric or bromic acids.

The following separational methods deal with solutions of osmium and
ruthenium in media of one or more of: sodium hydroxide. hydrochloric
acid, hydrobromic acid, perchloric acid, sulphuric acid, hydrogen pcroxide.
Methods for the determination of these metals in more complex systems such
as alloys with base metals or associated platinum mctais arc included in
Section Il of this chapter. These materials involve some preparatory treat-
ment, but in each instance one or other of the above media is obtained.

THE IsoLaTioN OF Osmium UsING NITRIC ACID
AND OF RUTHENIUM USING Broaic Acip

Procedure 11100

The isolation of osmium. Transfer the caustic solution containing osmium and ruthenium,
or a mixture of their salts, or the evaporated hydrochloric acid solution, to the distillation
flask described in Chapter 7, Equipment No. 4. Add to the rcceiver B, 150 ml of 1 : |
hydrochloric acid freshly saturated with sulphur dioxide. Add 50 ml of the latter 10 each
of :he second and third receivers C and D. Add water to the distillation flask if necessary
to increase the volume to about 150 ml. Then add through the inlet tube sufficient | : 1
nitric acid to make this solution about 5 ~ in this acid. Apply suction to create a slow
regular stream of air or preferably nitrogen. Hceat to boiling for at least | hr for the caustic
solutions of osmium or for about § hr for the chioride solutions. In cither instance cnsure
the compiete removal of the osmium by further distillation followed by the transfer of
the distillate te the precipitation beakers. If this is done, add about 50 ml of the sulphur
dioxide-hydrochloric acid solution to the first receiver.

Evaporate the combined osmium distillates to a few ml, and repeat the evaporation four
times, with intermittent addition of concentrated hydrochioric acid. Dilute the solution,
filter through a porcelain filtering crucible, and treat for either a gravimetric or a spectro-
photometric determination. A selection of these methods is described in the appropriate
chapters.

The isolation of rutiienium. Transfer the liquid in the distillation flask to a suitable
Seaker, and evaporate the solution to dryness. Add a few ™ of 1 oncooarcted hvdrochloric
acid and again evaporite te dryness. Repeat this procedure 1w tumes. Add 10 mi
of witer und 10 mi of I : | suiphuric ncid and repeat the cvaporation on a steam bath.
Huut the solution to fumes, cool, add about 3 ml ol water and repeat the heating to fumes.
Do not hea: to above i20°C or for excessive periods. Ditute with water and transfer to the
criginal distillation flask. being careful io avoicd wetting the neck of the flask. Adc 150 mi
of the sulphur dioxide-nydrochioric acid solution to the first receiver and S0 ml of the same
seivtion both te the second and to the thirg receiver. Add to the 50 mi seiution in the
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distillation flask about 50 ml of a § per cent bromic zcid solution, and boil for about | hr;
then add a further 25 mi of the bromic acid and buil for another hr.

Combine the recciving solutions and evaporate them (o a moist residuc. Repca: the
hydrochloric evaporations which were made with the osmium solution but not to dryncss.
Add a few ml of hydrochloric acid, warm, dilute, and lilter through the porous porcelain
crucible. Treat the solution to prepare for either a spectrophotomcetric or a gravimetric
detcrmination.

Note—The above procedurc may be used for macro amounts of metal or for a few mg by
appropriately adjusting the volumes of the constituents added to the distillation flask, Care
should be taken, however, to ensure a sulliciently Jarge volume of receiving liquid and a con-
tinuous suppiy of sulphur dioxide. The latter can be accomplished through the tube attached
10 the train of receivers. These volumes of receiving liquid cannot be less than 50 mi even for
the distillation of mg amounts of osmium when the amount of nitric acid used for the oxidation
is excessive, c.g. when a lead assay button or iron alloy is to be analysed for osmium. Further-
more the suiphur dioxide-hydrochloric acid solution can be replaced effectively by such
absorbents as hydrobromic acid or hydrogen peroxide.

By using the above procedure the residual liquid from the ruthenium distillation can be
treated for the determination of the remaining four platinum metals. These procedures arc
included beiow.

The Collective Distillation of Osmium and Ruthenium from
Perchloric Acid, and their Subsequent Separation

Procedure 21131 7 T

The distillation apparatus is described in Chapter 7, Equipment No. 9 or No. 10.

The distillation of both metals. Transfer the solution (about 100 ml) containing a few ug
up to about 20 mg of osmium and ruthenium, prepared in a caustic, hydrochloric, hydro-
bromic or sulphuric medium, to the distillation flask. A volume of about 100 mti is suitable.
Add 100 ml of water to the trap and 30 mi of a 3 per cent hydrogen peroxide solution to
the first receiver and 10 ml to each of the two following receivers. Add about S ml of a
S per cent solution of thiourea in | 1 cthanol-hydrochloric acid to the end bubbler.
Apply gentle suction to produce about 3-6 bubbles per sec. Surround the three receivers
with ice, and connect a stream of water to the condenser between the trap and the first
receiver. Add 60 ml of 70-7Z per cent perchloric acid for macro amounts of metal, or 20
ml for micro amounts, to the distillation flask. Boil for about 30 min after the acid is
brought to fumes. A total of about | hr should be sufficient. Then add 15 ml of the
perchloric acid to the trap through the attached funnel. and boil the trap solution for
25 min.

The separation of osminm. Transfer the receiving liquid te 2 fresh distillation flask,
taking fuil precautions to avoid volatilizations of osmium, by intermittent chilling of the
receivers and the flask during the transfer. Wash the reczivers and the delivery tube with
5 per cent suiphuric acid, then completely remeve the celd zcid from the tubes and reccetvers,
because its prescnce interferes with tne coaguiation of esmium thionziide. Add 100 ml
of water to the trap, 30 mi of hydrobromic acid (48 per cent, twice distilled) to the first
receiver, and 10 ml to cach of the two following receivers. Add some of the thiourca
solution tc the bubtier. Cool the receivers in 2n ice bath, and pass water through the
condenser. ‘

Add to the peroxide soluuon in the fiask 40 mi of a 30 per cent hvdrogen peroxide solu-
tion and § mi of concentrated sulphuric acid. Apply suction. and boil gently for 30 mun
(excessive heating results in frothing, and premature loss of hydrogen peroxide). Add 15 ml
of perchioric acid to the trap, and boil the tmp iiquid for 25 min, applving very gentle
suction to prevent perchleric acid from distiiiing into the receivers,

Methods for the subsequent determination of the osmiunt. If the osmium is to oc deter-
mined gravimetrically by precipitation with thicnalide. transfer the receiving liquid 1o a
suitable beaker, laking the przcaution indicated above. and rinsing with 10 per cent
hvdrobromic neid, Zvaperate tne contents of the beaker on a steam bath to 5 ml. and
carry out :he precipitaton ‘Frocedurc 7R).

If a specirophotometric m:.nod is 10 e used, carry out the evanoration as required by
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the ch_oscn method.  This procedure is not required in the dircet absorption of osmium
retroxide in a thiourca solution. The procedure is as follows:

Add 20 ml of a | per cent solution of powrssium permanganate to the trap, and 15, 5 and
5 mAI of a 2 per cent thiourca solution in | : 1 ethanol-hydrochloric acid to the three
reccivers, in order of distance from the trap. Quhenwise repeat the above instructions for
the separation of osmium. When boiling has been completed, boil the solution in the
trap for 10 min. Disconnect the suction tube, and place three beakers containing water at
85°C around the three receivers for 15 min. Transfer the recciving solutions to ¢ 59-ml
volumstric flask, rinsing with a | : | etharol-hydrochioric acid sclution and make up to
_thc mark with the same solution. Filter through a 11-cm Whatman No. 42 filter paper
into the transmittance cell. Measure the transmittance against a blank containing a | : 1
ethanol-hydrochloric acid solution (scc Proccdures 153 and 154). A standard curve
should be made by taking known amounts of osmium through the complete procedure.

The remocal of ruthenium from the pot lignid. No method has been applied successfully
to the dircct determination of ruthenium in the pot liquid.

To prepare for the ruthenium distillation, add 100 m! of water to the trap and 30 m!
of.a 3 per cent hydrogen peroxide solution containing 1 ml of concentrated hydrobromic
acid to !!t; l'irst receiver, and add 10 ml of a 3 per cent hydrogen peroxide solution Lo the
two remaining receiving liquids. Add thiourea to the bubbier, if desired. Pass water
through the condenser. Apply a very gentle suction, to avoid frothing, and add 10 mi of
concentrated sulphuric acid and an excess (usually 20-30 mil) of a 10 bcr cent solution of
sodium brom%!c: Add the oxidant cautiously, a few m! at a time, or preferably 15 ml
initially, with intermittent boiling before the addition of the remaining bromate slolulion.
the lo‘tal.boiling period being | hr. Add 1S ml of perchioric acid to the trap, and boil the
trap liquid for 30 min, applying very gentle suction to avoid any volatilization of perchloric
acid. Add 8 ml of concentrated hydrobromic acid to the first recciver, and heat gently 1o
remove any condensed ruthenium. Transfer the three receiving liquids to a beaker, and
evaporate to about 1 m! or to a moist residue. Avoid evaporating to dryness, because
ruthenium salts may resist redissolution.  If dryness occurs in:ulvcrlcnlly: add § mi of
concentrated hydrochloric acid, boil under a cover glass, then evaporate 1o a most residue.

Dilute, and determine the ruthenium by precipitation with thionalide or by applving
a suitable spectrophotometric method. ' )

A number of variations in the above procedures may be applied to separate osmium and

ruthenium, or to isolate them simultancousiy.

1. The simultancous distillation may be accomplished using sodium bromate or sromic acid.
a‘nd sulphuric acid, instead of perchloric acid. In this instance, the subscquent determina-
tions ofthc remaining platinum metals may be accomplished by an evaporition to remove
sulphpnc acid followed by a conversion of the remaining four platinum mctals to their
chlorides. With perchloric acid distillutions, the residual perchloric ucid may be similarly
removed. with the precaution that evaporations be made from a suu;xbi)" constructed
chumber in order to avoid danger from explosions.

2. The 3 per cent hydrogen peroxiae recerving liquid for thc retention of ruthenium may be

prcparcd as a solution in | : | hvdrochloric acid. in which mstance the combined receiving
huuxdsv must be evaporated to remove most of the acid prior to the determination of
ruthenium.

3. The hvdrogen peroxide solution for the collection of ruthenium may be replaced by hydro-
bromic acid or by the hydrochioric acid-sulphur dioxide solution. In gencral, the former
is prefcrred.

4. The simultancous collection of osmium and ruthenium may be accomplished with a
sodxgm hydroxide solution, in which instance the sclective removal of osmium requires the
acidification of that solution with sulphuric ucid before the addition of the hydrogen
peroxide. There is also the inconvenience of excessive amounts of salts in the pot hquid.

It'should be noted, however, that caustic solutions can be most usclu! as collectors for cither

osmium or ruthenium when celorimetric methods are to be subsequently applicd.

The Distillation of Ruithenium Using Hypechiorous dcid

The chiorine distillation from caustic solutions is most useful when the
osmium cor ruthenium is to be determined in mixtures of finelv divided

~
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melals cle. In specilic instances the method may also be preferred for solu-
tions of the merals.

Thiers er al.1?' applied the method discussed below to the determination
of the ruthenium metal remaining in the pot liquid afier a perchloric acid
distillation from lead alloys. When the method is applied to dry mixtures
containing finely divided ruthenium, the sample. in a filter paper or as a
solid, is transferred directly to the still.

Procedure 3121

The distillation equipment is described in Chapter 7, Equipment No. 5.

Prepare a standard filter stick by wrapping around the filtering end a No. 42 and a No.
50 Whatman filter paper, holding them in position with an elastic band. Arrange a trap
to collect the filtrate, und usc the filter stick to collect the residuc from the suspension.
If the filtered liquid still contains suspended particles, return it to the orniginal vessel, and
re-filter it. Wash the vessel with water, and filter until all the residuc has been coliected.
Transfer the filter paper to the 250-mt still or, if the suspension was originally present in
the still, remove the elastic band, and push the paper and residue into the still without
removing them from the still at any time. Add a solution of 20 g of sodium hydroxide in
150 ml of water to the still. Also, add 25 mi of a 3 per cent hydrogen peroxide solutiop and
I ml of a 42 per cent hydrobromic acid to the first solution and 5 ml of a 3 per cent hy-
drogen peroxide solution to each of the other receivers. Chill the receivers in ice. From
opening C pass a steady stream of nitrogen through the solution. and through opening B,
a stream of chlorine. The gas rate should be about 2-3 bubbles per sec.  After 10 min or
s0, depending on the chlorine flow rate, the temperature rises and a rapid effervescence
occurs. At ths point, control the rate of flow by turning ofl the gases, and placing one’s
finger over the mouth of the last recciver. This raises the pressure in the system, and
markedly slows the effervescence. Then judiciously release the escaping gases to allow
the effervescence to occur without any overflow. Pass in the chlorine until it is no longer
absorbed, and then boil the liquid for 15 min. By this stage, the chiorine will have de-
stroyed the paper and dissoived the metallic ruthenium.

Disconnect the receivers from the still, but not from each otner, and add 8§ ml of 45 per
cent hydrobromic acid to the first receiver, which should contain most of the ruthenium.
Place a grcund-glass stopper in this receiver, and boil the contents of the vessel, thus
ensuring the reduction of ruthenium salts and avoiding losses during the subsequent
heating. Transfer the receiving liquids to a suitable bezker. boil for 10 min, and pre-
cipitate ruthenium with thionalide (Procedure 72).

Notes—Tine above method can be appiied with equai efficiency to ¢ caustic fusion or to the
sodium peroxide fusion in a silver crucible of a residue containing ruthenivm.
Distillations such as these can be made in less than | hr. Samples of the order of 10-20 mg of
ruthenium have been used in the cbove method. but much larger weights may be used with
appreoriate variations in reagents and cquipment.

The Distillation of Ruthenium Using Perchioric Acid

Procedure 413 °€]

The distiliation equipmient s d:scr ted in Chapter 7. Equipment No. 6.

The ruthenium souution son ai ing 13- %) ug of ruthenium must be free of chloride ion.
This may be aceonplisheo ax i) Hws:

Evaporate with hydrochlore neid i nitrlc ucld s present, then fuine with sulphuric acid
at as low a temperature as s {easible. Trunsfer the ruthenium seiution to the distillation
flask.

Pour into the reccivirg flask 30 ml of C-2 N hydrochicric acid and 4 ml of a § per cent
soiution of hydroxylammonium chloride. Add to the buobler 34 mi of the hydrociloric
acid and 1 ml of the hydroxylammonium chleride soluticn. Fit the delivery tube into the
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receiver flask and place a tittle water into the Nared top of this fask. Add 1 ml of concen-
trated perchloric acid to the distillation flask. and quickly connect the delivery tube, Adid
0-3-1 ml of the perchloric acid to the flared top of the distillation fask. and, by holding the
neck ol the flask, move the delivery tube so as 1o work some perchloric acid into the eround-
glass joint, thus making & good seal and preventing the joints from freezing. Pass cold water
through the condenser, and a slow stream of dry air through the system. Heat the solution,
and distil until perchloric acid is refluning well up in the neck of the distitlation ilask. Then
remove the heat source, and after | min disconnect the air low. Cool the pot figuid (during
which period the solution in the recciving flask rises into the delivery tube, and the selution
in the bubbler is forced into the receiver flask). Rinse the bubbier with several small portions
of 0-2 ~ hydrochloric acid, the large diameter of the delivery tube permitting the bubbler
1o be emptied in this manner before the solution in the recciving flask rises even half-way
up 1o the deiivery tube. Connect the air stream to prevent the receiver solution from passing
into the distillation flask.

Remove the delivery tube, and rinse with several small portions of 2 ~ hydrochloric
acid.  Add the rinsings 10 the recetver solution, and transler the contents (o a 250-ml
beaker. Evaporate on a steam bath to 20-30 ml and continue according to Procedure
138.

~

Note—The above method must be followed carefully 10 avoid the co-distillation of perchloric
acid.  The latter causes the slow precipitation of the insoluble tris-(1,10-phenanthroline)
ruthenivm{!} perchlorate. With proper care litile perchloric acid should pass into (e reccivers.

The Solvent Exiraction of Osmium Tetroxide

Osmium tetroxide can be extracted [rom aqueous solutions by either
chloroform or carbon tetrachloride. Because very few inorganic substances
are soluble in these organic media, these extraction methods can be useful.

The solvent extraction method is particularly suitabie for amourts of
osmium in the range of 5-1000 pg. Compuared to the distillation methods.
there is perhaps less effort expended in retaining a small volume for .pectro-
nphotometric purposes. A proper choice of receiving liquids. howcver, can
virtually eliminate this claimed advantage.

As would be expected, ruthenium tetroxide 1s simuitancously e".tracted. but
separation from osmium can be effected by reduction to a lowe valence state
and the far easier re-oxidation of osmium. Ruthenium is maintained in a
reduced state by ferrous sulphate while osmium is selectively oxidized by
SN nitric acid. Tests have shown that the effectiveness of the method depends
upon the rate of reduction of the two tetroxides bv iron(ll) salts in acid
solution. Prolonged reduction resuits in the formation of excessive amounts
of Os(1V). with the result that the re-oxidation by nitric acid is retarded.

he extraction is impractical in the presence =f hvdrochloric acid and
partcularly in the presence of chloride saits.  The chlorosmates are not
quickly oxidized by nitric acid. and the extended time allows the production
and thus the extraction of some ruthenium(VII1) oxide. I proper care is
exercised, however, the chloride may be removed by fuming with sulphuric
acid i the presence of iron() salts.

The method is applicabie to solutions of osmium containing as much as
Same of copper(il), and | mg each of platinum(IV) and palladium(l!).
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The following procedure is applicable 1o solutions containing osmium in
valence states lower than VIII.

Procedure 5t'1?2}

Add to the chloride-free osmium solution, containing more than § ug of osmium, 5 mi
of 6~ sulphuric acid and 2-5 snl of 85 per cent phosphoric acid to obtain approximately
25 ml of solution. The total volume of the usmium solutior shouid not exceed 50 mi.
Add dropwise a 5 per cent solution of potassium permanganate to the appearance qf a
pink colour. (If much ferrous iron is present in the initial solution, add the potassium
permanganate as a finely ground solid to keep the volume of the solution as small as
possible.) )

Discharge the permanganate colour with 25 mg of ferrous ammonium sulpl:\ate. added
as a solid or in solution. If the colour is not compietely discharged add a similar amount
of ferrous ammonium sulphate. The soiution should now contain no suspended matenal.
Do not allow the solution to become warm during the oxidation lest some osmium
tetroxide be volatilized. .

Transfer the solution to a scparatory funnel, and add 15 ml of concentrated nitric acid
(or enough to make its concentration in the final solution 5 M). Cool the solution to
20-25"C. add 10 ml of reagent-quality chloroform (less preferably carbon tetrachloride),
and shake vigorously for 2 min. Allow the phases to scparate, anq deiiver the chloroform
layer into a dry glass-stoppered flask. Repeat the extraction with two or three 10 ml
portions of chloroform, depending on the recovery desired. ) ‘

To the combined chloroform extracts add 5-00 m! of a 0-1 M solution of thiourca in 'l N
sulphuric acid (freshly prepared daily) and shake vigorously for 5 min (a mechanical
shaker operating at 180 ¢/min is convenient).  Allow the phases to separate, transfer
the clear agucous layer to an absorption cell (1-cm is satisfactory), and measure the trans-
mittance at 480 myc using a spectrophotometer or filter photometer. 1f the red colou'r 15
too strong, dilute the solution with water 1o an appropriate volume bcfgrc Arcadmg‘
Establish the standard curve by treating known amounts of osmium tetroxide in water
with thiourea; the final concentration of the latier should be about 0-1 M in | N sulphuric
acid, but the concentrations are not critical.

Note—Whereas the above procsdurc does not allow for the subsequent dclermingtion _of
ruthenium in the aqueous cxtract, this. no doubt, could be accomplished by an evaporation with
sulphuric acid tc destroy the organic matter foliowed by a perchloric acid distillation.

The Solvent Extraction of the Ruthenium-Diphenyithiourea Complex

Verv few analytical procedures have been described for the solvent ex-
iraction ol ruthenium.  Technigues for the chioroform extraction of
ruthenium analogous to the osmium method described abeve are hindered
by the slow removal of the ruthenium(VIII) oxide into the aqueous phase.

Solvent extraction methods for the determination of osmium in the presence
of large proportions of ruthenium and the determination of ruthenium in the
presence of iarge proportions of osmium have been described by Geiimann and
Neet.!7'3) These procedures involve the fermation of a complex with either
diphenvlthiourea or with 2.4-diphenylthiosemicarbazide for ruthenium deter-
minations. or a ictraphenylarsonium compiex Jor osmium determinations. in
the first instance the complox is extracted into chloroform. followed by distii-
Jation to remove the chiz-olorm, then by an oxidizing distiliation to isolate the
ruthenium(V1I1) oxide. Whe: as aiwcripts to remove the ruthenium from the
organic laver into aqueous sulphuric acid have proved successful, the sub-
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sequent determination is semewhat difficult. The sulphuric acid extract,
however, can be subjected to distillation from perchloric acid ctc. as de-
scribed below (Procedure 6).

Procedure 611131

The distillation equipment is described in Chapter 7, Equipment No. 7.

The solution of the mctals as hexachloro salts may contiin as much as 10 mg of
osmium and about 30 pg of ruthenium. Adjust the acidity of 5-20 m! of the solution to
5-7Nin hydrochloric acid, and add 2 ml of a saturated methanolic solution of diphenyl-
thiourca. Heat for 30 min at 80°C. Cool. and transfer the solution to a separatory funnel.
Make three extractions with 10 ml amounts of chioroform. Filter the extracts through a
smali filter paper into the distiliation flask A. Distil off the chloroform. and to the residue
add 20 ml of concentrated sulphuric acid, 5ml of 60 per cent perchloric acid and 3 g of
chromium(VI) oxide. Connect the flask to the distillating train, and add to flask B, 10-
20 ml of 6 M hydrochloric acid saturated with sulphur dioxide. To ¢ach of the two
receivers add 10-15 ml of the same absorbing solution. Conncct the pump, and draw a
slow stream of air through the system. As a precaution moisten the ground-glass joints of
the distillation flask with concentrated sulphuric acid. Heat to geatle boiling, avoiding
the distillation of sulphuric acid. Afier 1-1-5 hr, disconneet the receiving train; combine
the solution from flask B with the two receiving liquids, rinsing well with water. Evaporate
on a steam bath, adding more hydrochloric acid-sulphur dioxide solution i the odour
of sulphur dioxide disappears during the cvaporation. Trecat the evaporated residuc as
is required for the spectrophotometric or gravimetric determination of ruthenium.

Notes—When very small amounts of ruthenium are to be determined in the prescnee of
very large proportions of osmium, so much of the latter may appear in the distillate as to make
necessary further extractions and a second distitlation,

When osmium is to be determined simultancousty with ruthenium, the aqucous extract of the
former from the chioroform-ruthenium separation is evaporated on a water bath and gravi-
metric or colorimetric determinations made using suitable reagents.

In those instances where osmium is to be determined in the presence of much smaller amounts
of ruthenium, it is advisable to treat 30-60 ml of a 6 M hvdrochloric acid solution of the mixed
chloro salts with 3-5 m! of the methanelic diphenylthiourca solution, and heat for 45 min at
80°C. After cooling, the blue ruthenium complex is extracted with 20-30 m! of chioroform and
then with 5-ml portions to attain a colourless agueous phasc. The latter is evaporated, and the
osmium determined using di-o-tolylthioures or thiourea (Procedure 153).

While no data have been rccorded to indicate the accuracy obtained for the simultaneous
determination of ruthenium and osmium, presumably the proportion of the latter carried into
the chloroform layer may bhe regarded as insignificant, at lcast in those instances when the
ratio of osmiuni to ruthenium is not excessively great.

The Solvent Extraction of the Osmium-Tetraphenviarsonium Complex

Osmium may also be separated from ruthenium by a chloroform extrac-
tion of the tetraphenylarsonium-osmium complex. Concerning the chloro
complex, the osmium compound is readily soluble in chloroform whereas
the ruthenium complex is not extracted. Strangely, with the bromo salts,
the reverse tendency is true. Thus the separation requires a chloride solution,
the maximum recovery being obtained only in a weak acid solution.

Procedure 70113

The distiliation cquipment is described in Chapter 7. 1 cuipragnt No. 7.

The solution of the mixed hexachiore sithts mav contain up to 2002 of osmium and up
e Smg of rathenium. Add to o separtory funnel 15-20 mi ol the metal jon solution,
and adyust the acidity 1o 0-1-0-3 M with hvdrociloric acid. Add 2 mlofa | per centaqueous
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solution of tetraphenylarsonium chloride, shake thorotghly, and extract 3 times with 10-mi
winounts of chloroform. Filter the extracts through a filter paper into the distifftion flask.
Evaporate the chloroformon a steam bath, and add o the flask sulphuric acid, perchioric
acid and chromium(V1) oxide, as described in Procedure 6. Also distil and collect the
osmium(VIII) oxide in the hydrochloric acid-sulphur dioxide solution as described in
that procedure. Determine the osmium colorimetrically or gravimetrically.

Note—The ruthenium in the aquecous luyer may be determined simultaneously, although a
small loss wiil result (rom the chioroform extraction. It should be noted thut the latter co-
extraction may alsc produce errors in the osmium determination.

Other Solvent Extraction Methods of Isolating Ruthenium

A method for the separation of ruthenium and palladium by solvent
extraction has been reported by Wilson and co-workers.l''*]  The pro-
cedure involves the formation of the pyridine thiocyanate compiex of
palladium in an alkaline solution at room temperature, and its subsequent
extraction into hexone. The alkaline aqueous phase is then acidified, heated
and cooled, and the ruthenium complex extracted with hexone, spectro-
photometric measurements being made directly.

The details &1 a thiccyanatc method are recorded in Procedure 145,

Solvent extraction methods have also been used for the separation of
ruthenium from iron, titanium etc. The acetylacetone complex of ruthen-
ium(llT) chloride can be extracted into chloroform at room temperatures,
at pH 1-8-2. The method is recorded in Procedure 140.

The Scparation of Rhodium from Iridium

In most analytical schemes involving either wet and dry extractions or
both techniques, rhodium and iridium are isolated simultaneously. In fire
assay extractions these two metals constitute most of the so-called in-
solubles, and are usually contaminated by traces of base metals and some of
the other platinum metals such as ruthenium. Rhodium and iridium are
resistant to the usual acid dissoluticns. but solutions may be cbtained through
chlorination in the presence of sodium chioride.!** by a bomb techniquel®4]
or by a fusion with sodium peroxide in a siiver crucible.t*1% ‘

The separation of rhodium from iridium presents the most difficult aspect
of piatinum metals anaiyvsis. Until reczntly no acceptable method was
available. During the past decade a good variety of metheds has been re-
cerded. aii of which are capable of producing accurate results in the hands
of experienced analysts  Some of the metheds are intricate and time-
censuming: some are limited to small amounts of metais and, of course,
a2ll of them require a prior isoiation of the two metais. it is a reasonably
safc guess that the next decade wili provide new and improved methods for
this sepuaration.

One of the eariiest scparatory mcthods for rhedium involved a fusion of
the mixed platinum metals wiin sodium hvdrogen suiphate, the rhedium
being preferenualiy disscived by aquecus extreciion of the fusion. This
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method has recently been recommended by Ubaldini’''*! for the separation
of rhodium from platinum catalysts.  This tvpe of method. howaver., is
subject to the common defects of sclective dissolution in that with admixcures
some platinum is simultancously dissolved, and unless dissolution is com-
piete some rhodium remains unattacked. The Gibbs method of separation
using sodium sulphide!''7) has recentlv reccived atiention also.l' '¥! but it
appears to be applicable only to small amounts of rhodium. The classical
separation of iridium from rhodium as ammonium hexachloriridaie is
insufficiently accurate for analytical work. It has been stated that reprecipi-
tation is not effective for purifyving the precipitate.t''?

A number of quantitative separations of rhodium from iridium using
selective reductants have been proposed. Among these reductants are
copper, antimony, titanium(lI1) chloride. chromium(Il) and vanadium(ll).
In all of these instances the respective reduction potentials compared with
those of iridium indicate that iridium should be reduced to the metal simul-
taneously with rhodium. When magnesium and zinc in 10 M hydrochloric
acid are applied as reductants of iridium to the metal. only part of the
iridium is precipitated even after boiling for 1 hr and warming on a steam
bath for 24 hr. Undoubtedly some solutions of iridium contain unusually
stable complexes. This view is supported by the general analvtical behaviour
of indium e.g. the difficulty of arriving at compiete precipitation using
hydrogen sulphide etc. Peculiarly, the reduction of iridium seems to be
encouraged by the presence of palladium. The problem seems to be a
kinetic one; its interpretation would provide a distinct contribution to the
chemistry of the platinum metals.

RepucTtion BY COPPER

Copper metal has been used by various authors for the general precipita-
tion of the platinum metals. Mukhachevli!2°% thus determined the sum of
these metals. The method involved the introduction of a copper wrre into
the hvdrochloric acid solution of the platinum metals. The soluion was
boiled for 5 hr, and then the supernatant liquid was decanted. Water was
added to the residue and the deposit on the copper wire was dislodged by
boiling the water., The wire was removed and the residue in the water was
treated with an aqueous ammonia solution. followed by hvdrochloric acid
to selectively remove any copper contamination. Tiie mixture was filtered,
the residue was ignited in hvdrogen, and then weighed. The method is
simple. but inaccurate because the final residue may contain appreciable
amounts of impurities such as silica.

Aovama and Watanabel' ' used copper powder to separate iridium from
gold. piatinum and rhodium. After the reduction the iridium in the filtrate
wus precipitated as ammonium chloriridate. Procedures were also recorded
for ihe complete precipitation of palladium. ruthe iwm and rhodium using
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copper powder. In 3 N hydrochloric acid at 61°C, these metals could be
quantitatively reduced. At this acidity the copper dissolved (with the
evolution of hydrogen), and the rhodium metal floated as a sponge. Ata
similar acidity platinum could be separated from iridium. The precipitate
of platinum was treated with an aqueous ammonia solution for 2 hr, and
further traces of copper were removed by nitric acia. The platinum was
dissoived in aqua regia, and precipitated using sodium hydroxide and hydra-
zine. The filtrate, containing iridium and copper, was evaporated, the
residue ignited in hydrogen, and the iridium purified by treatment with
nitric acid. Where high accuracy is not required, copper is thus a good
precipitating and separatory reagent for iridium. The selective removal of
base metal impurities using mineral acids is not recommended for the
reasons discussed in Chapter 1.

Tertipis and Beamish!' 22} have used copper powder to separate both mg
and pg amounts of rhodium from iridium. The procedure requires the
precipitation of the rhodium in 1-0 M hydrochloric acid using an excess of
copper powder. The rhodium is separated from admixed copper by cationic
exchange after dissolution by aqua regia and then by dry chlorination.
Gravimetric and colorimetric methods can be used to determine the rhodium.
The iridium in the filtrate is separated from copper by cationic exchange, and
can also be determined either gravimetrically or colorimetrically.

THE SEPARATION OF RHODIUM FROM IRIDIUM USING COPPER

Procedure 81122)
Apparatus .

Large ion-exciiange column. A borosiiicate glass tube 2-3 cm inside diam., joined to a
draining tube § mm inside diam.. and containing a resin bed 16-17 cm deep.

Smail ion-exchange column. A borosiiicate giass tube 1 ¢cm inside diam.. joined to a
draining tube ¢ mm inside diam.. and ceniaining a resin bed 3-6 cm decp.

Jon-exchanger. Dowex 50X cationic resin in the sodium form, 20-50 mesh, supported
in the column by a smail plug of glass wool. Regenerate the exchanger just before usc with
3 M hydrochloric acid until the cluents are colourless and are free from iron and copper,
as shown by spot tests with potassium (hiocyanate and rubeanic acid. respectively. Remove
the excess of acid from the exchanger bv washing with water until the eivant is neutral
to litmus papecr.

Chlorination apparatus. A Vycor tube 19 mm inside diam. and 50 ¢cm in total length,
with an elongated end (outlet) to ailow iis connection to a rutber tute, and heated by an
elcctric furnace. 9:53 ¢cm long.

Procedure., For 10-20 mg of metal, make the rhodium-irigium soiution. in a 150-ml
beaker. 1:0 M in hvdrochloric acid. and a total volume of 30 ml. For ug amounts the
total volum= sheuld be 20 ml. Add 0-5 g of freshly reduced copper (prepared by reducing
cooper(ll) oxide powder in hydrogen at 400-420°C, and grinding in an agate mortar).
Cover the beaker tightly with . watch glass, and heat to the gentle evolution of bubbies
(91-93"C) for | hr, with swrlinz at intervals of 1 min.

<cep the vorurne censtan’ by th + addit.on of water. Add an additicnal 0-29 g of copper
powder alier the so-ution i < beer heared (- 30 nun, to prevent any possible redissolution
of mataliic rnodiunt. and ulso (¢ omp .o 2 .he reduction of rhodium. Filter the warm
solution through a 3-mi. A2 fiite: crucibic v suction, and decant thrice. Transfer the
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residue to the filter crucible using a water stream, and wash it into the crucible; 18 such
washings arc reccommended.

Note—Whea copper is added, the solution instantancously changed from dark red to light
pink, iridium being reduccd to a Jow valence state.

The recorvery and derermination of rhodium. Place the filter crucible containing the
residue in the original beaker, and treat it with 24 mi of aqua rezia (3 : 1) on a stcam bath
until the rcaction ccases, the beaker being well coverced with a warch glass.  Filter the
resulting solution through the original filter crucible and wash the beaker several times
using a walter stream to transfer any residue into the filter crucible (fltrate A). Dry the
residue in the crucible in a stcam cabinct, cover it with finelv ground sodium chioride.
and chlorinate for 7 hr at 700°C.

Dissolve the chlorination product in 01 M hydrochloric acid. filter the resulting solution
through a glass-wool stem, and combine the filtrate with filtrate A. Evaporate the com-
bined solutions almost to dryness. Repcat a few times with concentrated hydrochloric
acid, dilute with water, then treat again with concentrated hydrochloric acid. Evaporate
to dryness to expel any nitric oxide, and to convert the metals to their chlorides. Dissolve
the salts in 50 ml of water, adjust the pH of the solution to 1-3-1-5, and remove the copper
by passing the solution<through an appropriate cation-exchange column at 1 drop per scc.
Wash the large and small columns with 550 and 170 ml respectively of dilute hydrochloric
acid (pH 1:3-1-5).

The determinaiion of the rhodium in the effluent solition. For mg wnounts of rhodium,
add 3-S ml of concentrated hydrochloric acid to cach sample, and determince the rhodium
gravimetrically using thiobarbituric acid (Procedure 82).

For pg amounts, reduce the effluent volume, transfer to a 30-m! beaker, and cvaporate
1o dryness in the presence of 2 ml of a 2 per cent sodium chloride solution. Destroy organic
matter by digestion with concentrated nitric acid and a 30 per cent hvdrogen peroxide
solution, and convert the metal to its chloride using concentrated hydrochloric acid.
Determine rhodium spectrophotometrically using a solution of stannous chloride in 2 m
hvdrochloric acid, the absorbance being measured at 470 mu (Procedure 158). For 2 to
100 ug of rhodium, make the final volume of the solution 25 ml and use a 5-cm cell,
whercas for more than 100 ug, make the volume 50 m! and use a I-cm cell. In all instances,
carry a reagent blank through the entire procedure. Use standards directly from the rhodium
stock solution.

The recovery and determination of iridium. Evaporate the filtrate and washings from the
rhodium precipitation to dryness in a 400-m! beaker, and dissolve the residue in 50 ml of
water.  Eliminate copper from the resulting solution by the cation-exchange procedure
described above in the recovery and determination of rhodium. Evaporate the efliuent
{rom the small column to dryness in the presence of 2 ml of a 2 per cent sodium chloride
solution. in order to remove mincral acids which interfcre in the subsequent precipitation
of indium using 2-mercaptobenzothiazole.

When mg amounts of iridium are to be determined. dissoive the residue in 30 m! of water,
and determine the iridium gravimetrically using 2-mercaptobenzothiazole, in the presence
of one or two glass beads to prevent bumping (Procedures 89 and 90).

\When pg amounts are to be determined, dissolve the residue in water, and transfer the
resulting soiution to a 30-ml beaker. Destroy ihe organic matter by digestion with a few
drops of concentrated nitric acid and a hvdrogen peroxide solution. evaporate to dryness,
treat the residue with concentrated hvdrochloric acid. and determine the iridium colori-
metrically. using a modification of the Berman-McBrvde method (Proczaure 163).

In both procedures carry a reagent blank through the entire procedure. Use standards
directly from the iridium stock solution and. for the pg amouarts. 2nalvse them simui-
tancously with the unknown sampics.

Because the recorded redox potentials for imcium sysiems indicate that
copper should precipitate iridium, it is of interest to know the amounts of
imdium that can be precipitated by copper under the conditions of the above
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procedurc. Table 6 indicates the amounts which may be cxpected to pre-
cipitate.

THE SEPARATION OF RHODIUM FROM [RiDIUM USING THIOACETANILIDE

Recently. Jackson!!23) recorded a method for the selective precipitation
of a rhodium-organic complex in the presence of iridium. The procedure
requires the evaporation to fumes of a sulphuric acid-lithium sulphate

TABLE 6. IRIDIUM REDUCED BY COPPER!! D)

Iridium
Added (mg) Found (ug)
9-15 32
30
33
4-60 8
9
8
9
8
9
1-84 5
4
5
0-459 1-8*
0-459
0-459
0-092 1-4%
0-092
0092 |
|
|
0046 0-3*
0046 |
0-046 }

* After reduction by copper, the three residucs werc combined. and analysed for iridium.

soiution of the two metais, and additional heating with perchioric acid.
Rhedium is then selectively precipitated by thioacetaniiide after using a
fresn chromium(l!) chloride soiution to reduce both species to the divalent
state.

[ridium in the filtrate is precipitated as its sulphide by thiourea in the
presence of chromium(ll). The method has been applied successfully to
0:5-100 mg of metal.

METHODS OF SEPARATING SUVEN NOULE MUTALS 6l

Procedure 91123

Reagents

Sulphuric acid-lithinem sulphate solurion. Add 266 g of lithium selphate o 1 1. of concen-
trated sulphuric acid, and warm until dissolution is complete.

Thioacetanilide solution. Dissolve 2 g of thioacetanilide in 100 mi of glacial acctic acid,
and filter the soiution.

Chromous chioride solution. Approximately 1-0 N.

Hydroguinone solution. Dissolve 0-1424 ¢ of hydroquinone in 500 mi of dilute sulphuric
acid (1 + 99).

3.3~ Dichlorobenzidine indicator solution. Warm 0-1 g of 3.3 -dichlorohenzidine with
10 m! of dilute sulphuric acid (1 + 2). and dilutc the solution to 100 ml.

Procedure. Evaporate the chloride solution of rhodium and iridium in the presence of
10 ml of concentrated nitric acid and 10 m! of the sulphuric acid-lithium sulphate soiution
until fumes are evolved. Heat strongly, and add 0-5S mi of perchloric acid to ensurc complete
dissolution. Allow the reaction to subside, and then cool. Dilute, boii. and cool to room
temperature.

Dilute to 200-300 m! with cold distilled water, and add approximatecly 0-5 ml of thio-
acctanilide solution pex mg of rhodium present, followed by 2-5 m! of chromous chloride
solution, During this addition stir the solution, and take care to avoid atmospheric oxi-
dation of the chromous chioride. Set aside for 2-3 hr, stirring the solution coccasionally.
Filter the -ation through an ll-cm Whatman No. 44 filter paper. wash the rhodium
precipitate thoroughly with dilute hydrochioric acid (1 + 99), and ignite gently. Hcat in
a stream of hydrogen, cool, trear with hvdrofluoric acid in a platinum dish, and cvaporate
to dryness. Moisten the residuc with dilute hydrochloric acid (1 + 99), filter through a
Y.cm \hatman No. 44 hlter paper, wash with hot water, ignitc and rcduce as above.
Heat to 650-700°C in a current of chloring, cool. treat with dilute aqgua regia (1 + 4), and
tilter through a 9-cm Whatman No. 44 filter paper. lgnitc the rhodium precipitaie, reduce
to metal as above and weigh.

Add to the filtrate containing the iridium 25 ml cach of concentrated nitric and sulphuric
acids. Heat on a hot plate to 250°C (indicated by a 360°C thermometer in the solution),
and. without delay, oxidize by adding a few drops of concentrated nitric acid foliowed by
perchloric acid. When the reaction has subsided. add 24 g of thiourea, and remove from
the hot plate when the iridium suiphide has flocculated (after a few scc). Cool. dilute 10
250 ml, and filter the precipitate onto an 11-cm Whatman No. 41 filter paper. If no iridium
sulphide can be secn, dilute the filtrate, boil (Note 1), and then filter. Wash the precipitate
thoroughly with hot water, then carefully ignite the residue. Treat with hvdrochloric acid
and boil.  Filter the resulting suspension through a 9-cm Whatman No. 44 filter paper,
iwenite the precipitate, reduce 1o metal using hydrogen, and weigh,

Il the amount of iridium suiphidce is extremety small, return the precipitate obtained from
the thiourea treatment to the beaker, and decompose 1t with 20 ml of concentruted nitric
acid and 2-3 ml of the sulphuric acid-lithium sulphate solution. Evaporate to fumes, and
ovdize any remaining carbon with nutric acid followed by perchioric acid. Dilute and
niter the sotution.  Evaporate the filtrate, and. after oxidution. determine the iridium by
utration with a hydroquinone solution using the 3,3’-dichlorobenzidine solution as
ndicator (Procedure 120).

Vote—Boiling the filtrate causes sulphur to precipitate, which carrics down small amounts
olndium sulphide.

THe DETERMINATION OF IRIDIUM IN REFINED RHODIUM SPONGE

Procedure 100231

Fuse 100 mg of the sponge with 10 g of zinc and a small amount of ammonium chloride
a covered poreelain crucible. Remove the zine by dissolution in dilute sulphuric acic
1 9, and filter the suspension, Destroy the filter paper with nitric acid, then dissolve
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the residual, finely divided rhodium in 10-15 ml of the sulphuric acid-iithium sulphate
solution, and heat to fumws.

Dilute, cool, then precipitate the rhodium using thioacetanilide as described in Pro-
cedure 9. Add a little filter paper pulp, set aside for 2-3 hr. stirring occasionally during
this period. Filter the suspension through a pad of filter paper pulp, wash the residue,
and determine the iridium in the filtrate titrimetrically (Procedure 120) after a separation
using thiourea as described in Procedure 9.

THE SEPARATION OF RHODIUM FROM IRIDIUM
BY PRECIPITATION WITH ANTIMONY

For separating small amounts of rhodium from iridium, Westland and
Beamish{!24 331 redyced rhodium by boiling a sulphuric acid solution of
that metal with antimony dust. The antimony in the iridium-containing
filtrate can be removed by distillation as the trichloride; with large amounts
of iridium, however, thc antimony gives little or no interference. The
method has not been applied to more than 200 ug of rhodium.

Serious losses of rhodium may occur if the antimony is not thoroughly
mixed by vigorous boiling. These losses can be minimized by keeping the
voiume as low as is convenient. Antimony of a fine grain size should be
used, the mixture then becoming opaque when the suspension is boiled.

Procedure 1111241

Evaporate the sulphuric or hydrochloric acid solution of rhodium and iridium to 0-5 ml,
keeping the temperature below 200'C. Dilute to 8 ml with water, add 75 mg of antimony
dust, and boil vigorously for 30 min, adding water to maintain a constant volume. Filter
through a 4-25-cm Whatman No. 42 filter paper, and wash the residue with 5 ml of water.

Return the paper and residue to the original beaker, and place it in a mulTle furnace at
400-450"C for 10 hr. Cool, break up the ash with a glass rod, and add. in this order,
0-5 ml of concentrated sulphuric acid. I m! of a 30 per cent hydrogen peroxide solution
and 2 ml of concentrated hydrochloric acid. Cover with a glass. and evaporate to | mi.

Spectropnotometric determinations may be made using tin(11} chioride (Procedure 158)
or 2-mercapio-4, 5-dimethyithiazole (Procedure 161). If the former is used, add 1 ml of
hvdrochloric acid, and dilute to 5 ml {Note 1). Prepare the standard curve with samples
cortaining the same amount of antimony as was used for the rhodium separation. If
2-mereapto-4, S-dimethylthiazoic is used. first acidify the sample with 10 ml of hvdro-
chloric acid. then treat itin the usual way (Procedure 161), except to add twice the recom-
mended quantity of reagent and to boil the sciution for 2 hr. With either reagent for
rhodium. geod sensitivity can be obtained by diluting to cxly 50 mi, and measuring the
absorbance of a soiution 5-cmm thick.

To the iridium-anumony fiitrate, in a flask fitted with a dropping-tube and a thermo-
meter well, add 10 ml of concentrated suiphuric acid and 0'5 g of hydrazine suiphate.
Pass a current of nitrogen through the flask, and simultaneousiv heat the contents until
fuming. Whiie the iemperaiure is maintained at 160-200 C (Note 2). add dropwise 75 ml
of concentraied hydrochloric acid. ailowing inc cntimony chioride to0 escape. Fume the
soiution to about 2 ml, at which point 2 brown c¢olouration, net due to iridium, may be
coserved (Note 3). Dilute te about 50 ml, and add 50 mg of nickel chloride and S ml of a
10 per cent sodium bromate solution. Add a sodium hydroxide solution to approach
neutralization. and finallv aciuvsi to pH 6:7-7-5 using a dilutc sodium hvdrogen cartonate
otution aad Gilut: hydre chlor. acid. he aickel hydroxide turning black in this pH range.
Boit the mixture for 30 min. 4 d fiter Sarough a porous-bottomed S-ml crucible. Wash
with a fcw m!of a | per cent ammontumn chloride solution, and return the crucible 1o the
original beaker,
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Dissolve the precipitate in 8 ml of ayua regia, and then evaporate to 2 ml. Add 2 mi of
concentrated hydrochloric acid, and again evaporate slowly to 2 ml. Transfer the solution
to another beaker, and leach any residuc in the crucible, on the steam bath, with S ml of
shightly acidificd water. Then add this icach hquid to the main bulk of the solution, and
similarly leach the crucible a second time. Dilute the total solution to 100 ml, and pass it
through a 10-cm bed of Dowex 50-X cation-exchanger at about 2 ml per min. Wash
the column with 50 ml of water, and add 10 mi of concentrated hydrochloric acid and 2 mi
of a2 per cent sodium chioride solution to the ¢fMluent. Evaporate this to dryness, and
treat the residue with aqua regia and hydrochloric acid as described above. Then determine
the iridium spectrophotomctrically according to Procedure 163.

Notes—1. The dense precipitate of antimony oxychloride re-dissolves on heating.
2. Temperatures in excess of 200°C are to be avoided because low recoveries may result.
3. This colouration causcs no diflicultics when the iridium is subscquently precipitated.

THE SEPARATION OF RHODIUM FROM IRIDIUM USING METAL SALTS

The first acceptable analytical separation of rhodium from iridium was
recorded by Gilchrist.!''®) He converted the metals to their sulphates. and
then selectively reduced rhodium by using titanium(lll) chloride. Two
precipitations provide a quantitative separation from iridium. The most
serious criticism of the method is that it 1s nccessary to remove excess of
titanium from the filtrate before determining the indium. This is done by
precipitating the titanium with cupferron. The precipitate, being bulky,
encourages adsorption of iridium. Re-precipitation is difficult and time-
consuming, although with care very acceptable results can be obtained if
the amounts of iridium are about 100 mg or more.

Better methods, however, are available for the separation of very small
amounts of iridium and rhodium, A procedure for the separation of rhodium
from iridium using titanium(J11) chloride 1s included in an analytical scheme
for the determination of noble metals in decorative alloys (see Procedure 29).

Pollard!®*! recorded a separation of very small amounts of rhodium and
iridium which involved the reduction of rhodium by titanium(11I) chloride
in the presence ol 2-mercaptobenzothiazole, giving a reddish-brown in-
soluble compiex of rhodium. The filtrate was treated with thiourca to give
iridium sulphide. This was filtered, converted to sulphate by various acid
treatments, and then titrated with hydroquinone as described in Procedure
120. The method requires the prior formation of the sulphate solutions.

No procedure is included for the determination of rhodium. Also ‘ne
tendency to low results indicates adsorption of iridium by the rhodium com-
»lex or reduction to iridium metal by the titanium(III) salt. The substitation
of a meivbdenum salt rcduction offers few advantages.

Chromous chloride has been used as a scparatory reagent, and whereas
the recorded methods!!*3) for this reduction are not ucieptaole where high
accuracy is required. this reagent is potentially usefur because the sub-
sequent separation of chromium from iridium should be comparatively
simple.

Modifications of eariv methods are recorded from time to time: in one
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of these!'!®) rhodium is precipitated by sodium sulphide, ienited, reduced
to the metal, and weighed. Iridium in the filtrate is oxidized to the quad-
rivalent state, and may be precipitated as the hydrated dioxide. None of
these methods is recommended for small amounts of rhodium and iridium.

JON-EXCHANGE METHODS OF SEPARATING RHODIUM FROM IRIDIUMNM

Many jon-exchange methods have been proposed for the separation of
rhodium from iridium. Whereas most of these are useful under specific
circumstances, only a few have been developed to a generally useful degree.
In some instances these methods involve separations of platinum from
palladium as well as of rhodium from iridium, and in other instances
separations of a variety of combinations of metais. The procedures recorded
below for the separation of rhodium from iridium have in some instances
been extracted from the more widely applicable methods.

Various anion-exchange methods for the separation of rhodium from
iridium were proposed by McBryde and co-workers. Cluett, Berman an
McBrydel' 28} used the anion-exchanger IR A-400 Lo adsorb the rhodium(11])
and iridium(1V) chlorides; the latter valence is maintained by the addition
of bromine water to the 0:-1 M hydrochloric acid and 2 per cent sodium
chloride solution of the metals. Rhodium is eluted by the latter solution,
iridium then being eluted by a 5 M ammonium hydroxide-1 M ammonium
chloride solution, then with either 6 M hydrochloric acid or 8 M nitric acid.
The method proved acceptable for weights of the order of 10 mg, but was
objectionable because the determination of iridium required the prior
removal of much of the iarge amount of salts and acid used for its elution.
Also, losses of iridium in the feed solution indicated that attempts to use the
procedure for smaller quartities of the metal would lead to appreciable

~ quantities of iridium remaining with the rhodium. Furthermore. the author’s

cariy use of bromine was rejected because for small amounts of the metals
any procedure which would recover rhodium quantitatively resulted in a
loss of about 1 per cent of the iridium present: and because the loss was
more or less an absolute one, it thus becume significant when p1g amounts of
metals were to be separated.

An interesting exchange method for the separation of rhodium from
iridium was proposcu by MacNevin and McKay.l'?”! who precipitated
rhedium by using sedium nvdroxide. and dissolved the hvdrated oxide as a
species wiicn was iargely cationic. Berman and McBrvde!**%1 applied this
method by precipitating with 7 M ammonia solution. and subsequently
disselving in 2 M irvdrochloric acid. The dissolved rhodium constituent was
only partialiy retained on a cationic resin. Separations af rhodium from
iridium, however, were accomplished by treating the mixed solutions con-
taining 500 pg of each metal with ammonia, foliowed ov dissolution in

l:vdrochleric acid. ard finaily feecing into 2 column of the aricn-exchanger
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Amberlite TRA-400. The feed and water-wash effluents contained the
rhodiuni: the 50 mi of 6 M hydrochloric acid cluant contained the iridium.
Inexplicably, however, this quantitative scparation failed when applied to
[reshly prepared rhodium and iridium solutions. Complete recovery of the
rhodium from the iridium extract required the repeated passage of the
iridium fraction through the exchanger after the evaporations of the indium
extract. This method is worthy of further examination.

Berman and McBryde!! 28} preferred their later method (described below)
which involves the use of Amberlite 1RA-400, freshly converted to the
chloride form, and which can be applied to ug amounts. The samples, in
hydrochloric acid containing sodium chioride, are passed through the resin,
which has been previously treated with cerium(lV) solution to countcract
its reducing effect. The rhodium(lI1]) is eluted with 2 M hydrochloric acid;
the iridium(1V) is subsequently obtained by soxhlet extraction of the resin
with 6 M hydrochloric acid, which process can be accomplished in about
1-5 hr.

An Anion-exchange Method for Separating Rhodium from Iridium

Procedure 1211281

Equipmenr. A conventional column, 5 mm internal diam. and 12 cm long, adequate
for a flow rate of 50 m! per hr.

Amberiite IRA-400. analytical grade, ion-exchange resin. Convert to the chioride form
by stirring the resin for scveral hr with a large excess of 3-4 m hydrochloric acid. Then
soxhlet extract the resin for 1-2 hr with 6 m hvdrochloric acid. to avoid the colour throwing
of a fresh solution, and to extract contaminating tons. This cxtraction is importan: if
good accuracy and precision s desired. Whereas the resin can be used without grinding,
as originally recommended. a column 3 cm deep is preferable to that of 2:5 cm recom-
mended. Store the resin in 2 M hvdrochloric acid.

A microextractor, Corning No. 3860.

Make a thimble by blowing a small hole in the bottom of a soft-giass test tube, cutting
the tube to the appropriate length, and pulling some glass wool threugh the hole so that
liquids will pass through but not resin particles.

Procedure. Evaporate to dryness the hydrochloric acid solution of rhodium and iridium.
containing 6 mg of sodium chloride. Dissolve the residue in 2 ml of 0-8 m hvdrochioric acid,
and add this soiution by means of a dropper to a 3-cm bed of resin which has been pre-
viously wasned with 10 ml of water followed by 10 ml of a soiution containing | mi of
01 M cerium(lV) sulphate per 100 mi of 0-8 s hydrochloric acid (Note 1). Rinse the beaker
with 2 ml of 0-8 M hydrochloric acid, and transfer to the column. Elute with 90 ml of the
abuve cerium solution,  Evaporate the ciftuent to a few ml. and determune the rhodium
ustng tin(ll) chieride in 2 M hydrochloric acid. measuring the absorbance at 479 mu
tProcedure 158). To eliminate the slight interference from cerium, use blanks which nave
been carried through the complete process.

Wash the column with 0-8 M hvdrochioric acid to complcte the removal of cerium ions,
Remove the uprigint part of the column, and allow the bed to drain. Invert the column,
and, using a stirring rod. shove out the resin bed. along with the glass wool supporting
rad, nto a specially prepared glass thimble.  Place the thimble in a small extractor, add
IS5 ml of 6 » hvdrochloric acid to the pot, and extract for | hr. Transfer the pot liquid
to u 30-mi bezker, evaporate almost to dryness. and cetermine the iridium spectrophoto-
metnicaily, using the tin(l1) chloride~hydrobromic acid method P-ocedure 163) (Note 2).

Nores—1. Failure to wash with water mav result in Jow iridiur rosaits.
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2. Under normal conditions the iridium so!ution should contain no organic matter. When
this is present, it may he destroyed in the usuul way with nitric acid and a 30 per cent hyvdrogen
peroxide solution followed by evaporation in the presence of hydrochioric acid. Six cvapérauons

of this type will ensure the absence of such interfering substances.

A Cation-exchange Method for the Separation of Rhodium from Iridiumt!29)

Dowex 50-W-X8 was used by Berg and Senn!!??) to retain rhodium
seiectively in the presence of iridium. The method involves the formation
of the iridium(IV)-thiourea anionic complex and the corresponding
rhodium(Ill)-thiourea cationic species. After the passage of the iridium-
containing anion, the rhodium-containing cation is eluted with 6 M hydro-
chloric acid at 74°C. The method has been used for mg amounts of the two
metals. The supporting data concerns solutions containing 3 mg of rhodium
and 6 mg of iridium.

Procedure 13L12°]

Treatment of the resin. Wash the cation-exchange resin, Dowex 50-W-X8, in successive
operations as a batch process, with water, 3 M hydrochloric acid, and finally with more
water. Then slurry the resin and pack it in a coiumn so that the bed is 17-5 cm by 1-4 cm
diam. Wash the column with 3 m hydrochloric acid, and wash out the excess of acid with
witter. The above treatment serves 1o remove iron and other contaminants, and leaves the
resin in the hydrogen form. The treatment is unnecessary after the initial separation, which
involves a treatment with 6 M hydrochloric acid.

Procedure. Evaporate the rhodium-iridium solution to 2 few m!, and add a few ml of
agua regia. Fume to a moist residue on a steam bath, re-dissolve in 0-3 M hydrochloric acid,
and return to the steam bath. Add sufficient thiourea, and continue heating for 1 hr with
adcquatc additions of 0-3 m hydrochloric acid to keep the volume constant, the extended
heating period being required to ensure the complete formation of the rhodium~thiourea
complex. Cool the sample, and transfer the solution 1o the ion-exchange column at 2-3 ml
per min, the rhodium{111)-thiourea compiex appearing at the top of the column as a sharp
reddish-orange zone. Collect the first colourless fractions of the effluent, which contain
the iridium(1V)-thiourea complex. Wash the column with 100 mil of 3 M hydrockloric
acid at room temperature to ensure the complete removal of the iridium complex.

With the column maintained at 74"C, elute the rhodium complex with 6 M hydrochioric
acid.

Add 5 mi of aqua regia to both the rhedium and the iridium solutions, boil for 15 min,
and fume tc a moist residue. Repeat these treatments until the destructionr: of the thiourea
complexes is completc. To both solutions then add 12 M hydrochloric acid, and fume 20
drvness. Dissolve the resulting metal chloride in | M hvdrochloric acid. Determine the
rhodium gravimetricaiiy using thiobarbituric acid (Procedure 82) or spectrophotomeiric-
ally using tin(ll) chicride (Procedure ;58). Determine the iridium gravimetrically using
Z-mercuptobenzothiazole {Procegures 8Y. 90) or spectrophotometrically using tin chicride
in hvdrobromic acid (Procedure 63),

THE SOLVENT EXTRACT.ON SEPARATION OF RHODIUM AND IRIDIUM

While a variety of casuai references huve been made to the use of liquid~
liquid extractions for rhodium and iridium, only two have approached the
status of analvtical separations.

The Tin(II) Bromide-isoamy! Alcoiioi Method

This method for the separation of rhodium from iridium requires isoamyl
aicohol as a solvent for rhodiurz complexed with tin(ll) bromide in a per-
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chloric-hydrobromic acid medium at room tcmperature.  Microgram
quantities, 10-100 pg of rhodium and 7-5-73-8 pg of iridium, can be,
scparated and subscquently determined. Rhodium and irtdium are deter-
mined spectrophotometrically dircctly in the organic and in the aqueous
phase respectively.  Accurate and precise values can be obtained. and in
the present author's opinion, the method is superior to all hitherto pub-
lished methods from the point of view of time required and simplicity of
operation.

Procedure 1411301

Reagents

Tin(Il) bromide-hydrobromic acid. Dissolve 3 g of mossy tin in A.R. 48 per cent hydro-
bromic acid, and evaporate the solution to dryness. Cool the residuc, and dissolve it in
17:0 ml of redistilled hydrobromic acid. Dilute with water, filter into a 50-ml volumetric
Nlask, and make up to volume with water. This solution should be [reshly preparcd each
week.

Perchloric acid. D\ilutc 19-5 ml of 70 per cent (/ = 1-66) perchloric acid to 50-0 ml with
water,

Procedure. Transfer to a 30-mi beaker the solution of rhodium and iridium chloride
salts, containing no morc than 100 ug of each metal. Evaporate to dryness on a steam
bath in the presence of 2 ml of a 2 per cent sodium chloride solution, Add 4§ drops of
redistilled hydrobromic acid, allow to stand to clffect dissolution, and then transfer the
solution to a 75-ml pear-shaped separatory funnel with 5 ml of water. Wash the beaker
with § ml of the tin(II) bromide~hydrobromic acid solution, and then with 5 ml of the
perchloric acid (Note 1). Allow to stand for 30 min, with frequent shaking, to prcduce
the yellow rhodium complex. Add 25 ml of isoamyl alcohol. and shake for 2-5 min, thus
leaving the iridium in the colourless, aqueous phasc. Drain this aqueous layer into a
25-ml volumetric flask. Then add 3-3 ml of the tin(ll) bromidc-hydrobromic acid solution
to the separatory funnel, shake, and drain into the 25-ml volumetric flask (Note 2).

Drain the organic phase into a 50-ml volumetric flask, and wash the separatory funnel
3 times with 1soamyl alcohol. Add fhe washings to the 50-ml flask. Add isoamyl alcohol
to thz mark, and determine the rhodium immediately by measuring the absorbaace of the
solution at 429 mu in matched 1-cm silica cells (see also Procedure 159).

To the iridium-containing aqueous phase in the 25-m! volumetric flask add 3-3 ml of
perchioric acid, shake thoroughly, and place the flask in a boiling water bath for 3 min.
Remove. cool the flask in air for £ min, and then under the tap, and make up to the mark
with water. Determine the iridium spectrophotometrically by mcasuring the absorbance
of the solution at 403 mp in matched J-cm silica cells (Procedure 163). Determine
standards for rhodium and iridium simuitaneously.

Noies—i. These washings, placed in the separatory funnel, should produce a 1§ mi solution,
0-17 » in tin salt, 1'S m in hydrobromic acid, and 15 M in perchloric acid.

2. This washing removes residual traces of irxhium, cleans the organic phuse. and washes

the stem of the separatory funnel.

The Tetraphenyl-Phospionium—-Chloroform Extraction Method
In the absence of other platinum metals, iridium mayv be determined in
the presence of rhodium by a chloroform extraction of the brown tetra-
phenyl phosphonium chloroiridate(1V). From 30 to 80 g of iridium can be
determined in the presence of 1-2 mg of rhodium.
Procedure 15131

Add 3 mi of a 2 per cent aqueous solution of tetrapherviphocphonium bromidc to
15-20 m! of an iridium(IV) solution 0:1 M in hydrochiofic 2oy Add the same “oiume
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of chloroform and shake for 3 min. Separate, and filter the chloroform laycr through a
dry fluted filter paper. Measurc the absorbance at 500 mu or with appropriate filters.
Prepare standards similarly. Sce page 418, for the details of the spectrophotometric

method.

Other Solvent Extraction Methods

It has been stated that the ammonia-type compounds formed by chloro-
rhodites and chloroiridites with pyridine can be extracted to provide for the
separation of these two elements.[*32] Thjs method invoives the prior
separation of other platinum metals and a variety of base metals, then
fuming to produce a perchloric acid solution of rhodium and iridium. The
acidity is adjusted to 4 N, and pyridine is added followed by strong sodium
hydroxide to separate the dark blue pyridine layer. The latter is washed
three times with dilute hydrochloric acid, and intermittently separated with
6 N sodium hydroxide. The pyridine layer is then isolated, treated with a
few drops of 6 N sodium hydroxide and the pvridine is evaporated. Hydrogen
sulphide is passed into the residual basic solution, acidifying with hydro-
chioric acid during the process. The suiphides of rhodium and iridium are
dissolved in aqua regia and the solution is fumed with sulphuric acid. Finally,
the rhodium is separated using titanium(liI) chloride, and iridium is deter-
mined after the removal of titanium by cupferron. This method is cumber-
some and no data are available to ascertain its effectiveness. Anyway, any
other of the above methods is preferred for general analytical practice.

The Separation of Goid, Platinum and Palladium

PREC:FITATION SEPARATIONS

Practicallyv ail of the conventionai methods of separating and determining
the seven nobie metais invoive the initial removal of csmium and ruthenium,
follo 1 ( Ve ] / , 4
as in the hydrolvtic separation, the removal of osmium and ruthenium by
distillation, followed by the isolation of platinum from solutions containing
palladium, rhodium and iridium, in which scheme goid may be isolated
along with base metal impurities by the prior hydrolvtic precipitation in the
presence of nitrite. The applicaticns of both approaches to sucn complex
materials as native alloys and natural alloys obtain2d by fire assay tech-
niques will be discussed in the second section of this chapter. In the older
schemes, platinum was aimost aiways separated by precipitation with
ammonium chioride; for the separaiion of large quantties, or in instances
where the highest accuracy is not required, this method is undoubtedly
effective. in a few instances. palladium and platinum have been removed
simuitaneouslv as the hexachloride.l’*¥) but this procedure is not recom-
mended for quantitaiive determinations.
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Maynard!'>*) used tetracthyiammonium chloride to precipitate gold in
the presence of small amounts of platinum and paliadium.

Pshenitsyn and co-workers have rccorded various procedures for the
separation of platinum and palladium. When dealing with copper-nickel
slimes Pshenitsyn and Yakovleval'?3! used calomel at 90-95°C. A sccond
procedure! !¢ required reduction by acetylene following a period of boiling
with tartaric acid. Repeated treatments with acetylene were necessary.
Neither of these two methods is recommended for analytical application.

One of the earliest applications of the hydrolytic separation of platinum
from the remaining platinum metals was described in 1835 by Dobereinerl '™}
who used lime water to isolate platinum in an analytical scheme involving
osmium, rhodium, iridium, palladium and copper. Moser and Hack-
hoffert!*®1 used hydrolytic methods for the scparation of platinum from
iridium. The method involved hydrolysis from a ncarly neutral solution to
which is added successively sodium bromate and sodium bromide. Gilchrist
recorded procedures some fifteen years earliert! > 1% for the analysis of
alloys, minerals and solutions in which the platinum metals were the major
constituent. After the removal of osmium and ruthenium. the four re-
maining platinum metals, oxidized to their highest valence state, were
hydrolysed by sodium hydrogen carbonate (to pH 6-8), resulting in the
selective precipitation of palladium. rhodium and iridium.l'% Ryan('#!
used the hydrolytic separation of plaunum to remove as little as 5 ng of
platinum from solutions of palladium, rhodium and iridium.

The separational characteristics of precipitants for gold. palladium and
platinum are discussed immediately below. The gravimetric procedures for
these precipitants are inciuded in Chapter 3.

PRECIPITANTS FOR THE SEPARATION OF GOLD

Hydroquinone

Hydroquinone is an effective separating precipitant for quantities of gold
of the order of 1-50 mg. With larger samples the accumulation of the
organic reaction products in the filtrate becomes inconvenient when residual
metals are to be determined. For solutions containing up to 50 mg of gold
and 2 mg or more of paliadium, the gold-hvdroquinone filirate may be
treated directly for palladium by the addition of dimethviglyoxime.
Strangely, for less than 2 mg of palladium, the precipitation may be in-
complete. Table 7 illustrates the deleterious effect of the hyvdroquinone re-
action product on the subsequent precipitation of traces of palladium.

Concerning the effect of hydroguinone on 1-2 M solutions of hvdrochloric
acid containing rhodium. iridium. osmium and ruthenium. it has been
tound that precipitation does not occur on standing {or at "east several days.
With piatinum solutions at pH 6, there is alsc no evidence of precipitation.

[ 4
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However, with palladium solutions which have been adjusted to pH 6, and
to which just sufficient hydrochloric acid has been added to dissolve the
brown hydrated oxide, a grey precipitate will appear after the addition
of hydro-quinone, and subsequently boiling. Presumably this precipitation
is complete.
As indicated below, ,
al ; 1s therefore useful
for the determination of gold in alloys containing these base metals.

The determination of platinum in the gold-hydroquinone filtrate may
present some difficulties. The reduction products of the hydroquinone re-
action interfere to the degree that even precipitation by sodium formate or

TABLE 7. THE DETERMINATION OF PALLADIUM IN THE HYDROQUINONE SOLUTION
FROM THE GOLD PRECI®ITATION!'42)

|
Pailadium Loss of
No. added* paiiadium Precipitate formation
(mg) i (mg)

1 02 0-2 3

2 0-4 0-3 !

3 06 0-6 r None

4 0-8 0-6 J

2 i (5) 8 :; } After considerable stirring
7 3-0 | 0-05

8 10-0 | 0-0 ]

9 350 0-0 T Immediate
10 75-0 0-0
11 150-0 0-0 1J

* 25 mg of gold zdded in each instance.

hvdrogen suiphide is incompiete. As indicated beiow, the filtrate may
require evaporation and then some method of ‘removing crganic matter.
However, whiie no data are availabie te indicate the efficiency of the direct
ignition of the evaporated residue cbtained from the prior separation of
gold using hyvdroquinene and then palladium using dimethyiglvexime. one
may expect some loss of piatinum because its complex with dimethyl-
glvoxime may ignite with explesive violence. In the presence of this complex
it is advisable 1o use a wet cxidation prior te igaition. An aiternative and
perhaps prefzrable incthod for the determination of platinum after the
initial retmovai of pahauium, and goid as above. allows the precipitation of
piatinum by zine wilkout tie necessity of removing organic matter (s:2
Procedures 35 and 102).
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Suiphur Dioxide

The isolation of gold by using sulphur dioxide is one of the most effective
separatory methods, because the precipitation need not involve the presence
of a salt. In the presence of palladium and platinum. however. thesc metals
contaminate the precipitated gold. In this respect hvdroquinone is the
preferred reagent.  As might be expected. this contamination occurs both
with sulphur dioxide and sodium sulphite. Table § indicates the crror which
can be expected.

However, in those instances noted above when traces of palladium are
present with large amounts of gold, the hydroquinone precipitant for the

TABLE 8. THE OCCLUSION OF PLATINUM AND PALLADIUM
DURING THE PRECIPITATION OF GOLD(29%!

|
~ Added i Gold

Reagent : t !

. Gold } Platinum ° Palladium i Recovered | Error
oo dmgy b (mey L (mm) P (mg) (%
Sulphur dioxide 33-79 — — 1 3318 ) —003
3379 2575 — o345 +1-07
3379 — 2500 ! 3381 +0-:06
3379 - so00 | 3386 | +021
Hydroquinone 33-79 —_ — 33-81 i +006
33-79 50-00 —_ ¢ 3380 1 +003
3219 23-41 2295 | 3230 | +0-34
36:07, 2327 2104 3609 | +006
3357 2293 24-48 ' 3355 1 -0:06
33-79 - 50-00 3378 1 =003
168-97 2575 - ; 16873 i ~0-15
I

latter is not acceptable, sulphur dioxide being recommended. There is less
interference in such a situation with the dimethylglyoxime precipitate from
sulphur dioxide solutions than from hvdroquinone treatments. It is common
practice to treat the filtrate from gold-suiphur dioxide precipitations with a
few drops of nitric acid. after having boiled the solution vigorously, to aid
in the removal of sulphites. In so far as palladium is concerned. the addition
of nitric acid to the sulphur dioxide filtrate does not make the precipitation
of the dimethviglvoxime more complete. In accurate anzivses. the filtrate
should be evaporated tc remove sulphites.

Oxalic Acid
In some respects reduction by oxalic acid ought to be the most suitable
method for the precipitation of gold in the presence of other noble metals.
However, the sensitivity of the rcduction te the presence of nitroso com-
pounds, and the resistance to completc reduction by oxalic acid of verv

9
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small amounts of gold salts previously treated with aqua regia and sodium
chloride are deterrents to its application. The gold precipitated by oxalic
acid is finely divided, which makes quantitative filtration diflicult and un-
certain. Re-precipitation is also necessary because of the persistent tendency
of palladium to co-precipitate.

It is sometimes an acceptlable practice to use oxalic acid as a precipitant
following an initial isolation of gold by using suiphur dioxide. In this
application, the gold is redissolved in aqua regia, treated carcfully with
hydrochloric acid to remove the nitric acid, and the residue is then dis-
solved in hydrochloric and sulphuric acids. An oxalic acid solution is finally
added to precipitate the gold.

Tetraethylammonium Chloride

This was recommended by Maynard!!3#) as a substitute for oxalic acid
for use following the initial sulphur dioxide precipitation. The small amounts
of platinum and palladium accompanying the latter precipitation do not
interfere. Presumably the method requires less time for the determination
of gold in dental alloys, but the precipitate is impure, and its ignition to
gold requires a special treatment with sucrose in a sodium hydroxide
solution.

Sodium Nitrite

Reduction by sodium nitrite has also been recommended for the precipita-
tion of gold previously isolated by using sulphur dioxide. This method is
particuiarly suitable for a gold solution containing other noble metals, and
modifications of the method have been recorded for the determination of
gold in the presence of copper, nickel, etc., as well as in the presence of
piatinum metais. The efficiency of the method is associated with the ease of
formation of the nitrite compiexes of the platinum metais, which resist the
formation of hydrated cxides even at boiling temperatures. :

When base metals are present, they precipitate with goid in the basic
medium, and are removed by selective dissolution with mineral acids. The
subsequent determinaticn of platinum metais in the nitrite-gold filtrate
requires the pricr removal of nitrite.

This may be accomplished by boiling with hvdrogen peroxide,[! 43} which
simuitaneously ensares the oxidation of platinum to the quadrivalent state,
in which condition tng co-prezpitation of platinum dimethylglveximate
with the corresponding palladium complex is avoided.

Ferrous Saits and Other Precipitants

Whereas ferrcus sulphate is a very acceptabie reductant for gold, the
presence of iron in the filtrate may be an unnecessary inconvenience, for
many alternative separatory rezgents are availabic. Of these. however. none
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has proved to offer advantages over those cited above when subsequent
determinations of platinum mctals or basc metals are required.

THE SEPARATION OF PALLADIUM BY PRECIPITATION

The effects of acceptable reductants for gold on the subsequent determina-
tion of palladium and platinum have been discussed above.

A variety of oximes may be used for the separation of palladium from
platinum. In most instances the reports of new applicable oximes contain
little or no data concerning the efficiency of the platinum recovery from the
palladium filtrate. With many of these oximes, also, one may expect a
reaction with platinum comparable to that occurring between that metal
and dimethylglyoxime. When using the latter, platinum may interfere with
he separation of palladium.

Dimethylglyoxime forms a complex with platinum(Il). The crystals
ppear either bronze or blue, apparently depending upon the conditions
under which they are produced. Under the microscope, they are prismatic
and distinctly pleochroic. In refiected light the crystals are vellow to bronze
when the vibration of the light is perpendicular to the long axis of the crystals,
and dark blue to bluish purple when the vibration is parallel to the Jong
axis. Its extinction is paraliel. These anisotropic crystals, of composition
CeH,N,O,Pt, may be admixed with the vellow, palladium dimethyl-
glyoximate, giving a flocculent, green precipitate when the contamination
is excessive. This admixture almost always occurs when there has been a
prior fuming with sulphuri 1 ; )

, n. If there has been a prior treatment
with aqua regia this contamination may be slight, and due perhaps largely
to occlusion or adsorption by the low ‘palladium complex.
Anyway, for an accurate determination, a re-precipitation is advisable, and
this is most certainly necessary intin the palladium
precipitate. It should be stressed again that a mere dissolution of palladium
dimethylglyoximate in aqua regia is seldom effective. The complex should
be treated t : matter

When palladium is to be separated from gold it is generallv advisable to
remove the gold initially as indicated above. However, whereas dimethyi-
clyoxime will precipitate an unstable complex with gold, this reagent has
been used for the prior removal of palladium from gold which is then sub-
scquently precipitated by q “The method (Procedure 15)
requires a precipitation from a chilled solution by the addition of sodium
dimethvlglyoximate. The contamination by gold is insignificant. and there
is no platinum contamination.
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THE SEPARATION OF PLATINUM BY PRECIPITATION

As stated above, the determination of platinum usually follows the
separation of gold and palladium. One or both of the latter may be re-

huric acid; followcd by
evaporation to dryness, and thcn lgmtlon thhm the beaker to produce an
ash. Subsequently, dissolution is accomplished with aqua regia, and evapora-
tion with hydrochloric acid.

In general such precipitants as hydroquinone and the oximes provide a
filtrate containing platinum with organic products which do not interfere
with a direct precipitation using zinc. The application of zinc as the re-
ductant, however, requires careful attention to the amount of excess, the
method of addition, the acidity of the solution, etc. For maximum accuracy
with small amounts of platmum rc-dlssolutxon and n-prccxpnauon are
advisable, ¢ '

The most effective ar whlch tcnds to producc hlgh
results, formic acid, which suffers from poor precision with small amounts
of metal, thiophenol, which is unstable and has an offensive odour, and
‘ i que.

The details of precipitational procedures for the separation of gold,
palladium and platinum from one another, and from other metals are in-
cluded in the comprehensive methods for complex materials discussed in
Section II of this chapter. In principle, one metho
the precipitation of gold by hydroquinone, then the precipitation of
pailadium by dimethyiglyoxime, the removal of organic matter by wet and/or
dry methods, and subsequently the precipitation of platinum by a suitable
gravimetric reagent.

A second method (Proced: 5) involves the initiai removal of palladium
using dimethylglyoxime, then of gold, using nydroquinone, and finally the
precipitation of platinum by zinc without the prior removal of organic matter.

In a third method (Procedures 29 and 30).07%% 14%1 gold is first removed
by using scdium nitrite, which complexes the palladium and platinum.
After the dCStx uction of the mmtc n the filtrate by evaporation with hydro
chloric acid, by dimethylglyoxime T
‘ v hydroge the latter method requires
the aestructior of the organi: matter in the palladium filtrate. Alternnti-ely,
when rhodium and iridium u.¢ present, the platinum may be isolated 1rom
those metais by its oxidation to platinum(lV), foilowed by hydrolysis to
form the hvdrated oxides of rhodium and iridium.

The rejative efficiency of the separation of platinum. rhodium and iridium
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as directed by Gilchrist’s hydrolytic mcthod (Procedure 30) and Pavne's
absorptiometric method (Procedure 52) was discussed by Lloyd and
Morris.['#5] This examination was made with the zid of iridium-192 as a
tracer. They found that in some instances the weights of the precipitates
obtained through the formation of the hydrated oxides were 3 per cent
higher than were expected from the weights of the elements taken. This
crror was reduced somewhat by leaching processes. Furthermore. the
chromatographic method of separation devised by Rees-Evans er a/. (Pro-
cedure 51), and modified by Payne (Procedure 52), proved to be simpler than
the titanium method used by Gilchrist.t' ']

In connection with researches which claim to compare the efficiency of
hydrolytic methods with other methods, there exists the alternative view-
point that what is really being examined is the ability of the analvtical
chemist to use the method with the maximum efficiency. The effective
precipitation of the hydrated oxides, particularly with small samples, requires
a good degree of analvtical skill and experience.

THE SEPARATION OF GoLD, PALLADIUM AND PLATINUM
BY SOLVENT EXTRACTION

The isolation of gold, platinum or palladium by extraction into sclective,
immiscible solvents is frequently recommended for the removal of a single
metal. Few extractive procedures are available for the consecutive separation
of the three metals when they are present together or associated with the
remaining platinum or base metals. A considerable variety of thesc extractions
have been used for restricted separations of metal complexes prior to the
application of spectrophotometric methods for their determination.

Gold

The possibility of extracting gold from the platinum metals by using im-
miscible solvents was initially suggested by Myvlius and co-workers.[! 6 147]
These authors showed the effects of acidity on the efficiency of some extrac-
tions, noting that a decrease in the efficiency of these exiractions occurred
at low acidities. Lenher!'**) found that gold chloride could be completely
scparated by solvent extraction from the aikaline earths and many other
base metal chlorides such as chromium, manganese, nickel, lead. etc. Ethyl
acetate was considered to be the most efficient extractant. Lenher and
Kaol14%1 ysed ethvi acetate to extract gold from 21 base metals in a 10 per
cent hydrochloric acid solution. All of this early work involved 0-1-1-0 ¢
of gold. Recently Ducret and Maurelt?*®) used a trichlorethylene extraction
of the gold chloride-methvl violet complex. In the absence of platinum the
optimum pH is 1. and in the presence of platinum | M hvdrochloric acid 1s
used. NS e z

base metals are

he =ffects of other plati
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not known. The organic phasc is used directly for spectrophotometric
determinations.

The most effective solvent extraction is that of bromauric acid rather than
of chlorauric acid. The hydrobromic acid concentration in the aqueous
phase should be 2-5-3 N. At this acid concentration the efficiency of extrac-
tion is practically independent of the gold concentration. Isopropyl ether
is the recommended extractant, and with equal volumes of the ether and
aqueous phase, a single extraction removes 98-100 per cent of the gold
from solutions containing 0-1 mg in 10 ml of solution.

There is very little interference from the platinum metals except from
osmium. The latter, of course, need not be present because its removal
as the tetroxide is usually relatively simple. The co-extraction of iron is an
objectionable feature of this procedure, and this contamination increases
with the hydrobromic acid concentration. In the presence of iron it is
advisable to operate at hydrobromic acid concentrations of 2:0-2:5 M.
Because small traces of iron result in a rclatively intense colouration of the
gold extract. a few drops of phnsphoric acid are added to the agueous
solution used to extract the gold from its isopropyl ether solution. This
final aqueous extraction is made to facilitate the spectrophotometric measure-
ments of the bromoaurate ion.

Continued experience with this method of extraction and the subsequent
spectrophotometric measurement has revealed considerable difficulty in the
application of the determination to the aqueous extracts from the isopropyl
ether phase. The unacceptable precision and accuracy seem to arise from un-
known impurities in the isopropyl ether. No degree of purification from reduc-
ing constituents has eliminated the errors. The large decrease in the colour
intensity of the final aqueous phase is not an indication of incomplete
recovery of gold because an evaporation of the aqueous extract and a
subsequent gold determination reveals the complete recovery of the gold.
The data accumulated have proved that the extraction is effectively complete.
Because of this difficuity, the procedure proposed by McBryde and Yoel!51)
has been modified to permit the complete removal of the solvent prior to a
determination. By this method the extraction to separate gold from platinum,
palladium, rhodium, iridium and copper is quantitative and complete. The
modification (Procedure 16) involves the evapcration of either the ether
phase or the final aqueous extract. In general it seems advisable to eliminate
the final aqueous extracticn. By either method the evaporated residue may
contain ircn, 50 shosphoric acid is added to complex the iron after the
dissolution: in wque #.gia un.l removal of nitrate.

The Solvent Extraction of Gold Bromide by Isopropyl Ether

Procedure 16t'31
48 per cent irvdrobromic acid, reagent grade, distilled to remove bremine.
Isopropyl ether. 1f it contains peroxides, it produces a veilow coiour in both phases
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whick obscures the boundary between the two phases. To ciiminate interferences the
cther is shaken with ferrous sulphate. and distilled over this salt. Isopropyl cther which
contains reducing alcohols may sometimes be made satisfactory by treating it with sodium
wire. There can be little doubt that the commerciatly availuble 1sopropy!l cther contuins
a constituent which interferes with the spectrophotemetric bromide method when appiicd
to the aqueous extract as directed by McBryde and Yoe.!''3') Despite the various methods
of purification adopted by the present author, this interference has not been removed.

Procedure. Add 5 ml of concentrated hydrobromic acid to 10-12 mi of the pold solution
containing a minimum amount of hvdrochloric acid. Extract twice with 15 m! portions of
isopropyl ether. Combine the extracts, and shake with 5 ml of 4 M hydrobromic acid.
Discard this acid. Evaporatc the isopropyl ether 10 dryness on a steam bath. Add a few
ml of agua regia, evaporate, then add 2 ml of a 2 per cent sodium chloride solution and a
few drops of concentrated hydrochloric acid, and evaporate. Repeat the addition of hydro-
chloric acid and the evaporation in order to remove nitrate. Add 1 drop of hydrochloric
acid and 10 ml of water. Transfer, with suitable washing, 10 a volumetric flask of an
appropriate volume, add 5 m! of hydrobromic acid, and dilute to volume. For sampics
known to contain iron the solution should centain 5-10 drops of concentrated phosphoric
acid. Measure the transmittance at 380 mu.

-

The Solvent Extraction of Gold by Ethyl Acetate

Ether and ethy! acetate were used hy Yoe and Overholser!! 2 1o separate
gold from palladium. The method was designed for the ultimate determina-
tion of palladium, although gold can be determined simultancouslv. The
separation can be made from proportions of 10,000 of gold to | of palladium.
Ether appears to be the more suitable extractant. and gives the more accurate
recovery of palladium. Ethyl acetate. however, effects a more complete
removal of gold with a lesser number of extractions.

Procedure 170432

Add sufficient hydrochloric acid to the solution containing gold and palladium chlorides
to give a final acid concentration of ca. 3 N. Transfer to a smail separatory funncl, add 10
ml of ethyl acctate or ether, shake for a few sec, and drain off the acid layer. Shake the
organic layer with a few mi of 3 M hydrochloric acid and combine the wash soluticn and
the first acid extract. If necessary repeat the extraction with another 10 ml of cther or
cthyl acetate. Evaporate the organic layer to dryness on a steam bath, dissolve in aquu
regia, treat with hydrochloric acid as described above, and apply the appropriate analytical
method for gold. Repeat this evaporation process for the deterniination of palladium.

Table 9 indicates the efficiency of the palladium recovery as indicated by
the p-nitrosodiphenylamine method.

Other Applico:ions

Various schemes of separation for application to complex materials
include the use of immiscible solvents for the extraction of gold along with
other constituents. To isolatc gold along with thallium, Wada and Ishi;l! *3!
used an ether extraction from 1 M hvdrobromic acid. An cther extraction
for some 20 constitucnts, including gold, was used by Yosida.['*+

ror the determination of traces of heavy metals in water. Abrahamezik{'3 %!
separatzd them initially by adsorption on permutite. and then used chloro-
form te extract the dithizone complexes of 201d ard other metals.
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Palladium
The Solvent Extraction of Palladium Oximates

As would be expected, the high selectivity of dimethylglyoxime and other
oximes for pulladium has encouraged the use of these reagents for extractive
purposes. Strangely, these extractions have not been systematically studied,
and even the extraction constants for palladium dimethylglyoximate arc
not known.

Youngt!3®) used a chloroform extraction of this oxime complex to isolate
palladium from the sulphuric acid parting solutions of a silver-platinum-
palladium-gold bead (Procedure 36).

TABLE 9. THE RECOVERY OF PALLADIUM BY SOLVENT EXTRACTION(!S2)

Pd found
No. of Au Pd Ethyl |
extractions added added acetate Ether Au/Pd
(mg) (1) (1) (ug)

One 1 50 4-5 50 200
One 5 10-0 10-0 11-0* 500
Two 10 20-0 19-0 500
One . 5 5-0 5-0 6-0* 1000
Two 10 10-0 9-5 9-5 1000
Two 10 50 4-5 5-0 2000
Two 15 50 4:5 50 3000
Two 20 50 4-5 4000
Three 50 50 5-0 55 10000

* High results were due to the interference of gold.

Avres and Tuffly,!' 37 however, failed to apply successfully the method
used by Young, who dealt with small amounts of palladium. It was found
that with 10-20 mg of pailadium, the extraction by chloroform or amyl
acetate of either palladium dimethyigivoximate or cf paliadium dithio-
oxamide resulted in the collection of most of the precipitate at the liquids’
interface.

By using large amounts of chloroform, Fraser er al.158) were able to
extract compieteiy up to 1 mg of palladium as the dimethylglyoximate from
solutions containing as much as 15 g of lead. The chloroform was evaporated,
and the organic matter was destroved with nitric and sulphuric acids. Prior
to the spectrophotometric determination as the iodide complex, the nitric
zcid was removed by fuming several times, with the intermittent addition of
water.  Three extractiors with chioroform were usually sufficient for the
complete remeval of paiacium. \Vvith more than 250 ug of palladium, a
precipitate of palladium dimetirv.givoximate appeared, but this did not
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hinder the extraction. This method of extraction is applicable to both Jead
buttons and silver beads obtained from fire assay collections.

There is no interference from platinum, nickel or copper. iron being the
only associated metal to interfere.  As littic as 3 mg of iron prevents the
extraction of 60 per cent of the palladium present. This interference is
avoided by the addition of sodium cthylenediaminetetra-acetate, 0-5 g of
this reagent being required to complex 50 mg of iron. The method, as applied
to a lead button, is described in Procedure 40,

The palladium complex of phenyl-o-pyridyl ketoxime can be extracted by
chloroform. This separates palladium from a wide variety of metals (see
Procedure 177), including zinc, mercury(ll), lead, mangancse(ll), iron(l11),
ruthenium(VI), rhodium(lil), osmium(VI), iridium(ill), platinum(I1V) and
silver. Interference from copper(ll), iron(1l), cobalt(ll) and nickel(1l) is
eliminated by the addition of 0-1 M EDTA solution. Iron(lll) and
bismuth(IIT) cause some difficulty through the formation of hydrated oxides
which collect at the interface of the two phases. Gold interferes, and must be

rarsALIa
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Methylglyoxime!! *%) has also been used to form a palladium complex
extractable by benzene or chloroform. The extraction is free of inter-
ference from platinum(IV). The interference of iridium can be eliminated
by reduction with hydroxylammonium chloride. Whereas cobalt and nickel
do not interfere when present separately, their presence with iridium pro-
duces low results,

Salicylaldoxime!!*®] may also be used to form a benzene extractable
complex free of interference from platinum(IV), nickel and cobalt.
Iridium(1V) interferes.

The Solvent Extraction of the Palladium-Nitrosonaphthol Complexe:

The dimethylglyoxime extraction was rejected by Pantani and Piccard {160}
in favour of the extraction of the palladium complex with I-nitryso-2-
naphthoi. Acidities of 2 or 3 N were recommended.

Pollard!*®' also preferred 1-nitroso-2-naphthol to dimethylglyo<ime for
complexing the palladium. The naphthol complex can be extructed into
toluene to give an orange solution. The 2-nitroso-1-naphthol complex of
palladium gives a violet toluene extract. These extracts are -ecommended
for the spectrophotometric measurement of paliadium.t*®2]

An extraction with isoamyl alcohol has been used witn tin(I) bromide.
The results were 5-7 per cent low.

The Solvent Extraction of the Palladium-Paenyithiourea Complex
with Amyl Acetate
The extraction of the slightly soluble palladium-phenylthiourea complex
from slightlv acid solutions into ethvl or amyl acetate may be applied to
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10 to more than 20 mg of palladium.  When mincral acids other than
hydrochloric acid are used to acidify the sotution prior to the extraction,
the amount of palladium recovered is considerably less, for example, 50 per
cent less from sulphuric acid. The extracts cannot be used directly for
spectrophotometric measurements, a prior evaporation being required.

Table 10 indicates the degree of interference which may be expected from
associated metals.

TaBLE 10. THE EFFECTS OF DIVERSE IONS ON EXTRACTIONS OF
PHENYLTHIOUREA COMPLEXES INTO AMYL ACETATEs!!*7

% extracted Tolerance of
Ion (in absence of Pd) 100 ppm of Pd

(ppm)
Platinum(1V) 40 300
Iridium(1V) <1 150
Rhodium(1IT) <l 400
Ruthenium(IIT) 0 —
Osmium(1V) 0 —*
Gold(I1I) Trace 10
Iron(1II) <] 500
Cobalt(IT) 0 1000
Nickel(Il) 0 4000
Copper(il) 16 2500
Chromium(VI)t <l 4000

* Lost as volatile tetroxide during acid evaporation, hence no interference.
t Chromium(V1) reduced by phenylthiourea, but then oxidized by nitric and perchloric acids.

Column 3 indicates the tolerance to a foreign ion of 100 ppm of palladium
when they are present together and co-extracted when only one extractor
into the organic phase is made.

Procedure 181137

Add to the pailadium(Tl) soiution in a separatory funnel 20 mi of an 0-5 per cent
phenvithiourea solution (2-5 g in 25 ml of ethanol, and diluted to 500 ml with water).
Then add 25 mi of a 20 per cent ammonium chloride solution, and dilute to 100 ml with
0:2 m hydrochicric acid. Add 25 ml of amy! acetate and shake vigorously. Remove the
water iayer, and wash the organic laver with 25 ml of the 20 per cent ammonium chloride
sclution (this reagent hastens the separation of the two phascs). Evaporate the amy! acetate
and bake the residue at 150°C. Slowly add 6 M nitric acid to this residue until the vigorous
reaction ceases, then fume with a few mi of perchloric acid. Dilute to a known volume, and
determine the palladium gravimetricaliy.

The Solvent Extraction of ‘lie Palladium p-Nitrosodimethylaniline Complex
The orange to red coiour “ormed oy the reaction of a large excess of
p-nitrosodimcthylaniline and a paliudium salt may be quantitatively ex-
extracted into chloroform. Because regular chloroform contains unknown
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interfering constituents the fatier must be of purificd (C.P*) grade. The
extraction can be applied successfully to solutions containing pe amounts
of palladium, but for amounts exceeding | mg the method s not recom-
mended.  Under these circumstances a red film may collect at the
chlioroform-water interface. By this method small amounts of platinum
may be separated from large proportions of palladium. The aqueous phasc
is used for the platinum determination. after evaporation to dryness, ashing
with nitric acid and hydrogen peroxide solution and applying the p-nitro-
sodimethylaniline method (see Procedure 183).

The chloroform layer is similarly evaporatced and treated, and the palladium
is determined using the same reagent. It should be noted that p-nitroso-
dimethylaniline has not been used successfully {or the quantitative solvent
extraction of platinum; presumably the reaction is incomplete. This method
requires the prior isolation of other platinum metals.

Yoe and Kirkland!'®3? provide a second method (Procedure 20) which
simultaneously separates platinum and palladium from the commoniy
associated elements which interfere with the colorimetric determinations.

Procedure 19t1 931

Place in a small separatory funnel the 10-m! sample of pH 2-5, containing not more
than 0-5 mg of palladium. Add 0-:5 ml of a 5 mg per mil cthanolic p-nitrosodimethylanilinc
solution and 5 ml of 95 per cent ethanol. Shake for 5 min. Extract thc orange to red
colour with 10 ml of chloroform. Re-treat the aqueous phasc with 0-5 m! of reagent and
5 m{ of cthanol. Allow to stand for 5 min, and extract with another 10 m! of chloroform.
(If more than about 0-5 mg of palladium are to be extracted, two additional extractions
may be required.) Transfer the chioroform layer to a small beaker and the aqucous layer
to a second beaker. Evaporate both to dryness on a steam bath. If the residues, particularly
that from the aqueous phase, contain large amounts of reagent, heat carefully on a hot
plate to eliminate green fumes. Add to the residues 5 mi of fuming nitric acid, and heat
almost to dryness. Add a {urther 5-ml portion of fuming nitric acid, and cvaporate to 2 ml.
If the solution is palc yellow or amber, add dropwise a 30 per cent solution of hydrogen
peroxide to the incipient boiling mixture until it becomes colourless. Evaporate almost to
dryness and treat with three successive 5-mil portions of concentrated hydrochloric acid,
with intermittent evaporations.

To ensure the complete removal of oxidizing constitucnts, add to the cvaporaied residue
S drops of a | per cent sodium bisulphite solution, and again evaporate to dryness. Dissolve
the residue in a few ml of distilled water, with caretul heating, then cool. and add water to
adjust to almost the desired volume. Adjust 1o pH 2-23 with a bulfer prepared by mixing
50 m! of a3 4 M sodium acertate solution and 53 mi of 4 m hydrochloric acid, and make up
to the final volume with distilled water.

Note—Whereas the authors used p-nitrosodimethylaniline to determine both platinum (Pro-
cedure 183) and palladium (Procedure 168), other spectrophotometric methods are applicable.

The Solvent Extraction of Palladium Diethylditlioccrbamate

The simultaneous extraction of platinum and palladium from associated
plutinum metals may be accompiished by a chloroform extraction of the
metal complexes formed with sodium dicthyldithiocarbamate.t!®*? This

*Chemiculiv Pure,
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reagent was first used by Pollard!'®'! to produce a benzenc extractable
pro:Juct when added to a palladium chloride-tin(11) chloride soluliop.
Pollard used the carbamate as a titrant for tie palladium-tin(I1) complex in
a benzene medium.  Yoe and Kirkland!'*?' used a modification of this
method, which involved the addition, to a strong hydrochloric acid soiution
of palladium, of an amount of potassium iodide sufficient to form soltfblc
iodide complexes of hoth platinum and palladium. The addition of sedium
diethyldithiocarbamate then produced a chloroform extractable brownish-
yellow complex. This simultaneous extraction particularly lends itself to
the additive absorbance technique (Procedure 185).

Gold must be removed before the simultaneous separation. Osmium and
ruthenium are readily removed during the dissolution processes. A pre-
liminary separation of palladium is necessary when it is desired to determine
very small amounts of platinum in the presence of large amounts of pailadium
and more than traces of rhodium and iridium. In the presence of large
amounts of rhodium and iridium (10-20 times the palladium concentration),
it is advisable to provide-the necessary amount of 1odide by adding solid
potassium iodide. A large quantity of iodide is also required if more than
10 ppm of palladium are to be extracted. In the presence of 1 mg of each
of rhodium and iridium the extraction capacity for palladium is reduced
from 100 pg to about 60 ug, in 5 ml of solution. Up to 200 pg of platinum
in 5 ml of solution are completely extracted. The influence of the associated
base metals on the efficiency of extraction is not known quantitatively.

Whereas the method described in Procedure 20 js particularly suitable
for the application of the additive absorbance method, variations may be
used to allow for the separation and determination of both platinum and

palladium.

Frocedure 200 831
Transfer to the separatory funncl about 5 m! of the solution, conluining.ZOO nnd‘ 100 ug
of platinum and palladium respectiveiy, and {ree from organic or oxidizxpg species. (f
rhodium and iridium are present in large proportions, thc amount of pn“admm in the S mi
solution should not exceed 60 ug.) Large proportions of palladitm to pl.aunym requirce
the prior separation cf the palladium. Add § ml of concentrated hxdrochiorlc acid and 4 ml
of a 2 per cent potassium iodide solution; if the sampic contains more than 50 ug of
palladium or large amounts of rhodium and iridium, add sufﬁpxcnt_pqlassxum iodide,
as a solid or in solution, to prevent the precipitation of palladium iodide. Allow the
rose-brown mixture to stand for 5 min. with frequent shaking. Add 2 miofa 1 per cent
aqueous sodium diethyldithiocarbumate selution. and allow to stand fer 5 min, with
frequent shaking. ' i
Extract the white or cream mixture with two 5-ml portions of chloyofom.. chcat.lnc
reduction and extraction procedure with 2 mi of a 2 per cent petassium iodide sqluuon,
2 ml of a 1 per cent sodium diethvidithiocarbamate solution and two §-ml portions of
chloroform. Combine the chloroform extracts. add 5 mi of fuming nitric acid, and evaporate
“imost tn drypess: Add a further 5 il of the nitric acid, and evaporate to 2 ml. Jr‘the solu-
s.on iy then darker thaw 3 pide : ellow. repuat th treatment with fuming nitric acid. Then
add to the amber liguid & few drops ¢ .1 30 rur cont hydrogen peroxide solution. and warm
carefully until the liquid is colourless. Evaporate to a moist residue, and remove nitrogen
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oxides by at lecast three successive cvporations with concentrated hydrechloric aeid.
If there is any indication of oxidizing constituents remaining, add a few drops of a | per
cent sodium hydrogen sulphite solution, and QRN cvaporate (o incipient drvness. Add
distilled water, and apply the additive spectrophotometric method with p-nitrosodime-
methylaniline as described in Procedure 185.

Il it is desired to separate platinum and pulladium, the hydrochioric acid solution obtained
{from the above ashing process is treated with dimethylglyoxime, und the palladium is cxtracted
with chloroform as described above. Alternatively, the palladium may be extracied bv the
p-nitrosodimethylaniline method described in Procedure 19. ’

Other Extraction Methods for Palladium

Among the complexes potentially useful for the solvent extraction of
palladium are those formed with 8-mercaptoquinoline and thiocyanate.
Bankovskis and Ievenst' **) used the former in 4-6 M hydrochloric acid. and
extracted with chloroform. Platinum was masked by thiourea. Thiocyanate
was used by Przheval'skii er al.l'®®) to produce the red [Pd(SCN), )3~
extractable into isoamyl alcohol or butanol, at a pH below 5. There is no
interference from platinum(IV). Excess of thiocyanate prevents interference
from iridium; iron is masked by adding disodium hydrogen phosphate.

Corresponding to the large number of known. coloured palladium-~
organic complexes, there exists a wide variety of solvent extraction methods
for these palladium complexes. Unfortunately the cfficieney of these extrac-
tions as separatory methods in the presence of other platinum and associated
base metals has received relatively little attention. In many instances the
problem of co-extraction has been related to the degree of interference with
the colorimetric measurements, with little or no attention to the complete-
ness of separation from the other constituent(s) or to the subsequent isolation
and determination of these constituents.

Thus, in view of the substantial number of colorimetric reagents for most
of the noble metals, one may cxpect with confidence that good separations
of the platinum metals by a complete solvent extraction procedure will be
forthcoming.

Platinum

As indicated above the extraction methods for palladium frequently
accomplish a simultaneous extraction of platinum. When using diethvi-
dithiocarbamate, the two metals are retained in the organic layer. With
such reagents as the oximes, the platinum remains in the aqueous laver and
the required wash solutions. Although few of the recommended procedures
include detailed techniques for the determination of platinum 'n ihie cqueous
phase, the process requires only the unual evanoratios, ecompositions of
organie matter, et¢, Very few extracticn methods for the direct and specific
isolativn of platinum by the oreanic phuse have been proposed.
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The Solvent EExtraction of Platinim
Applied 1o Platinum Reforming Catalysis

Recently, Conrad and Evans!®) used a solvent extraction to isoiate
olatinum from platinum-reforming catalysts. The method involves the
chloroform extraction of the iron—cupferron complex, with a recovery of the
platinum from the aqueous phase. The recommended weights of platinum
are 25-150 pg. It may be suggested here that for the specific purpose of this
extraction ion-exchange techniques may prove at least equally efficient (see
Procedure 47).

Procedure 21163

Filter the chloride solution into a 100-ml volumetric flask. Make up to volume with
de-ionized water, and transfer an aliquot containing 25-150 ug of platinum to a separatory
funnel. Add 2 ml of concentrated hydrochioric acid, 15 ml of C.P. chloroform, and 10 ml
of a 6 per cent aqueous cupferron solution, in this order. Extract immediately, shaking
vigorously for 30 sec, and relieving the pressure several times. Draw off the lower, chloro-
form solution of the iron—cupferron complex. Add 15 ml of chloroform, and extract
vigorously for 15 sec to remove excess of cupferron. Run off the lower layer, and discard
ii. Add 2 drops of concentrated hydrochloric acid, and repeat the extraction with 15 mi

of chloroform.

The p-nitrosodimethylaniline method (Procedure 183) is recommended
for the spectrophotometric determination of platinum: the necessity of
adjusting the pH to 2-2 £ 0-05 is stressed.

The Solvent Extraction of the Platinum-Tin(1I) Chloride Complex

A solvent extraction method for the determination of platinum in cathode
slimes has been reported by Struszynski and Chwastowska.l'®®l  After
dissolving in aqua regia, and the removal of nitric acid by evaporations with
hydrochloric acid, then of lead chioride by crystallization, the platinum is
treated with tin(11) chloride. The solution of the yellow complex is extracted
into ethanol: the extract is then evaporated to dryness and taken up with
hydrochloric acid, and the tin(11) chloride spectrophotometric method applied
(Procedure 179).

The Solvent Extraction of Palladium and Ruthenium
as their Thiocyanate-Pyridine Complexes

A series of researches which may provide potentially useful methods of
separating and determining platinum metals was initiated by Wilson and
his associates.t?¢7- 114) Tlesc matiods invoived the repiacement of chloride
by thiocyanate in the pyridini. comp-ces of the platinum metals. Thus, by
the addition of pyridinc to a solution of pailadium(ll) chloride at pH 4-6
containing an excess of thiocyanate. a complex was formed whose composi-
tion was [Pd(py),(SCN),).  Extractions with hexone (iso-butylmethyl
ketone) or chioroform produced a vellow solution whose absorption spec-
trum shows a maximum at 345 myu.

[ .
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With the chloro complexes of ruthenium in 0-1 N acid solutions, an excess
of thiocyanate produced a red colour whici on heatine became a blue com;
plex of unknown structure. The authors poslulu}cd the existence of
ruthenium(ll) in the form of [Ru(SCN),}*~ or (Ru(SCN),]™ because pre-
sumably some reduction took place, as suggested by the evolution of hydro-
gen sulphide during the formation of the blue complex, and bccaus; the
complex was held by an anion-exchanger, but not by a cation-exchancer. In
conformity with the earlier acceptance of the formuia [Ru(SCN)]”yfor the
b]uc complex, the authors suggested that with lower thiocyanate concentra-
tions the composition tends to that of the above cation, because under these
conditions the blue complex was not completely held by an anion exchange
column. i

The following procedures were recommended for the separation and
determination of ruthenium and palladium. The absorptiometric methods
are relatively insensitive and are not applicable to less than 25 ng each of
palladium and ruthenium,

Procedure 2241141

To 20 ml of the solution, which should not contain less than 25 ug of paliadium and
25 Hg of ruthenium, and should have a pH of 1-5-2:0, add a 10 M sodium hydroxide
solution rapidly until the pH is 11-12 (Note 1).

T.runsfcr the solution to a scparatory funncel, and use an 0-05 m sodium hydroxide solution
to rinse the beaker, adding these washings to the main solution. To this pale green solution
add 0'§ ml (excess) of a 40 per cent solution of potassium thiocyvanate, followed by 5 drops
of‘ pyridine, the solution becoming pale vellow owing 1o the formation of the pvridine-
(hlgcyanatc complex of palladium. ’

xtract the solution twice with 10-ml porti i
extmnct 10 28 o (Mo 2. portions of hexonc, and make up the organic

Filter t.hc hexone extract into the absorption ceil of the spectrophotometer. in order to
remove tiny globuies of air or water which may be present. Measure the ak;sorbancc of
lhls'soluuon at 345 mu against hexone as a reference, and read off the palladium concen-
tration from the prepared calibration curve.

Transfer the pale green aqueous solution remaining after the extraction of the palladium
loa §0-m! »beakcr (Note 3). Add rapidly, and with stirring, | ml of concentrated hydro-
c_hlonc acig, and heat the solution to about 90 'C, when hydrogen sulphide is smelt. The
time taken to reach this temperature should be about 4 min. While still hot, pour a f.ur:hcr
5 ml of concentrated hydrochloric acid down the sides of the beaker, in order to intensify
the colpur of the blue compiex and. allowing for wash liquor. to make the solulioﬁ
approximately 2 M in hydrochloric acid. Cool the beaker and its contents to about 20 C

Transfer the solution to a separatory funnel. extract twice with 10-ml portions of hcxonc.
nnd_makc up the extracts to 25 ml (Note 4). ' '

Fiher the hexone extract into the absorption cell of the spectrophatometer. Measure the
absorbance of this solution at 570 mu, against hexonc s a reverense, and rcnd>o|T the
ruthenium concentration {rom the prepared calibration curve. ,
mf?),:‘iloc:*[l It is cssential that this adjustment should be made gquickly with a strong alkali

'2, The hexone ;oiu(ion contains ail of the palladium present in the original aqucous solution.
Under these conditions a thiocvinate complex ol ruthenium is either not tormed, or, if it is
tormed, is not extracicd. o

3. This solutior contains potassium thiocyanate (cxcess), a trace of pyridine, ruthenium, if
present, and nas a pA of approximately |1,

4. This solution contains all of the ruthenium present in the originai aqucous saumple.
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5. It'is necessary to carry out the extraction of [Pdpy (SCN).] at a pll above 11, becausc it
is not formcd below pH 4, whereas at pH 4-8 & hvdrous oxide of ruthenium precipitates. It
cannot be emphasized too strongly that the initial adjustment of the ruthenium-palladium
mixture to pH 11 must be made very rapidly, using a concentrated alkall soluiion, under which
conditions no precipitation is observed. The sume precaution is ulso necessary on later
acidification, i.e. the concentrated hydrochloric acid must ke added rapidly.

The Solvent Extraction of Palladium, Platinum and Rhodium
as their Thiocyanate-Pyridine Complexes

By methods similar to those used for the separation of palladium and
ruthenium, Wilson and co-workerst'¢7) separated palladium, platinum and
rhodium. The lower limits of applicable concentrations are 25 ug of

palladium, and 50 ug each of platinum and rhodium.
Procedure 2311871

To about 20 ml of the solution for analysis, which should contain not less than 25 ug
of palladium, 50 ug of piatinum and 50 ug of rhodium, and should have a pH of 2-5,
add pyridine dropwise, with stirring, until the pH reaches 6-0-6-5.

Transfer the pale yellow solution to a separatory funnel, add 0-5 ml (excess) of a 40
per cent potassium thiocyanate solution, swirl the mixture, and allow to stand for 2 min.
Extract the solution twice with 10-ml portions of hexone, and make the combined extracts
up to 25 ml (Note 1).

Filter the hexone extract into the absorption cell of the spectrophotometer, in order to
remove tiny giobules of air or water which may be present. Measure the absorbance of
this solution at 345 mpu against hexone as a reference, and read off the concentration of
palladium present from the prepared calibration curve.

Adjust the pH of the remaining aqueous solution (Note 2) to 2:0-2'5 using hydro-
chloric acid, and heat the solution, taking ¢ min to reach the final temperature of 90°C
(Note 3). Cool the beaker and its contents to about 20°C.

Transfer the solution to a separatory funnel, extract it twice with 10-ml portions of
hexone, and make up the combined extracts to 25 m! (Note 4). Filter the hexone extract
into thc absorption cell of the spectrophotometer. Measure the absorbance of this solution
at 385 mu against hexone as a reference, and read ofT the concentration of platinum present
from the prepared calibration curve.

To the yellow acueous solution remaining after the extraction of palladium and platinum
add 0-5 ml (excess) of a 40 per cent potassium thiocyanate solution. foliowed by concen-
trated hydrochloric acid until the acidity of the soiution is 34 N, Cool the beaker and
its contents to about 20°C.

Extract the solution twice with 10-ml portions of hexone and make up the combined
extracts to 25 ml (Note 5). Filtcr the hexone extract into the absorption ceil of the spectro-
photometer, Measure the absorbance of this solution at 380 mpu against hexone previously
saturated with 2 M hydrochloric acid as a reference and read off the concentration of
rhodium present from the prepared calibration curve.

Notes—1. The hexone solution contains all of the palladium present in the original aqueous
solution. Under these conditions, thiocyanate complexes of platinum and rhodium are either
not formed, or if they are formed, they are not extracted.

2. The colouriess solution remaining after the extraction of palladium centains potassium
thiocyanate, a litile pyridine. platirum and rhodium, il initially present, and has a pH of 6.

3. On first heating, a cloudiness appears at about 40°C, 2 golden yellow celour being de-
veloped. The reaction is complete at 0°C.

4 This hexone solution will contain all of the platinum present in the original aqueous
sample. Ur.de- these conditions th ¢ rhodium throcyanate complex. although present in solution.
15 not extradtad,

5. This hexers solution will con.a  all of tit: -nodium that was present jn the original aqueous
sample.

METHODS OF SEPARATING SEVEN NOBLE METALS 87

The Solvent Extraction of Palladium, Ruthenium and Rhodium
as their Triphenylmethyiarsoniunt lodide and $-Quinolinol C. omplexes

A solvent extraction method for the separation of palladium, ruthenium
and rhodium was recorded by Jasim. Magee and Wilson.[!¢8] [y 'this method
only palladium reacts with triphenylimethylarsonium iodide, to produce a
red constituent extractablc by chloroform. Rhodium and ruthenium, in th;
aqueous phase, are separated through the formation of their S-qux’x{oiinmc
complexes and a chloroform extraction. The aquecus phase, which contains
the ruthenium, is re-treated with buryicellosolve to remove traces of rhodium
The lower concentration limits are 23 ng each of rhodium and palladium.
and about 12 ug of ruthenium. ’

The absorbance measurements can be made directly on the organic
cx‘tracts. It should be noted that osmium does not interfere with the c;clcr-
mination of ruthenium.

Since 8-quinolinol is an analytical reagent for a wide variety of metals
many of the associated basc metals must be removed prior to ihe separalion

Procedure 241681

To about 5 ml of the solution of palladium, rhodium and ruthenium contained i
separatory funnel, and adjusted to be 0-1 M in hydrochloric acid, add 2 m‘l of a | per ::n ;:
aqueous solution of triphenylmethylarsonium iodide, then 0-4 ml of 2 3 m sodium El:lor?g
solution. Extract with two 5-ml portions of chloroform, the chloroform extract containi :
the palladium and the aqueous layer containing the rhodium and rulheni‘um‘ nne

Transfer the red chloroform layer 10 a separatory funnel, add 5 ml ofla 5 per ¢
chloroform solution of 8-quinolinol,-and shake vigorously. Loosen the stoppepx3 of tek?[
funncl, and warm the vessel in a water bath at 40°C for 10 min. Filter the solution throt ;
a filter paper holding 2 g of anhydrous sodium sulphate. Collect the dricd filtrate in aJSgO
mrl tgar_uduz;te;l ﬂa§k, and make up to the mark with chloroform. Measure the absorbancc-
Sa“b;:s“signutcnﬁ:v:x I.cm cells at 430 mp. pctemlne the palladium concentration from a

Add 5 ml of a 10 per cent chioroform solution of 8-quinolinol to the aqueous lave
from the paliadium separation, and shake vigorously for 3 min. Adjust the pH ofA ih:
aqueous layer to 6-4 with a 10 per cent ammonium acetate solution. shake for a furrhc;
3 min, allow the layers to settle, and separate them. Add a further 5 ml of reagent to the
aqucous layer, and repeat the extraction. Combine the organic extracts, and set them
aside for the determination of ruthenium. To the aqueous layer add 3 ml ofi)utvlccllosolvc
and ;hake vigorously for 3 min. Then extract with three 5-ml portions of the S-quinoiinoi
solution, and combine the chloroform extract with the previous extracts, giving Solution A

To the aqueous layer, containing the rhodium, which should have a volume of 5 ml-
and ghould contain not less than 25 ug of that metal, add 6 ml of a 2 per cém acetic aéici
su!uxgon of 8-quinolinol. Adjust the pH to 6-0-8-0 with a 10 per cent ammorium acetate
solution. Warm for 20 min on a boiling water bath, Cool, and transfer to a separatory
funncl. Extract with three 5-ml portions of chioroform. to remove all the co]ouyr from the
aqueous layer. Filter the combined extracts through a filter per aclding about 2 g of
anhvdrous §odium sulphate. Collect the clear liquid in a 50-m: wracuated ﬂ:mk nnd&dﬁute
to the mark with chloroform. Mecasure the absorbance of the solution at 425 mu, and
dclc.rmmc the rhodium from a previously obtained caiibratior cur.c., e

Filter the cqmbir:;;f chloroform and cellosoive extracis (Solution A) through a good
grade of quiatitative tilter paper, holding about 2 g of anhydrous sodium sulnhate E‘ollccr
the green filionte in 2 50-mi graduated flask, and make up to the mark wit;x chl.oroform.
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Measure the absorbance of the solution at 410 mye in {-cm cells. Determine the ruthenium
from a previously obtained calibration curve.

Adsorption and lon-cxchange Methods for the Separation of
Gold, Palladium and Platinum

The techniques invoived in the separation of all noble metals by ion-
exchange and adsorption processes arc of very recent origin. The methods
so far proposed have, by and large, been developed through empirical
approaches. This is largely the result of the lack of information concerning
the identity of the dissolved noble metal constituent, and to a degree, to
ignorance of the character of the exchange mechanisms. The eflects of
acidity, salt content, temperature, time of standing, order of addition of
reagents, character of the containing vessel, degree of prior exposure to air,
etc., may become significant under specific circumstances. It is surprising
that despite the long history of researches with gold compounds one cannot
predict with assurance the identity of the dissolved gold constituent as one
changes the acidity of the solution. These deficiencies in knowledge of
descriptive chemistry not only mitigate against an intelligent approach to
jon-exchange separation, but they also retard the development of new
spectrophotometric reagents and, in some instances, new chromatographic
methods. An outstanding example is the ion-exchange separation of gold.

The Separation of Gold by Ion-exchange

Perhaps the earliest adsorption methods for gold involved the use of
some form of carbon. As might be expected, the chief interests in the
application of such processes were concerned with monetary aggrandizement.
The removal of gold from sea water was accomplished by contact with bone-
black and wood charcoal.l’®®) The mechanism of this adsorption was dis-
cussed by Koch.['7%1 The rate of adsorption of gold was found to be rapid,
but its determination was complicated by a disturbance of the equilibrium
owing to some reduction to metal. Finely divided wood charcoal was found
to be the most satisfactory adsorbent. Kropachevt'”!) aiso recommended
wood charcoal for the adsorption of gold from sea water and gold solutions
prepared from animal and vegetable organisms.

For the determination of gold and other neavy metals in water,
Abrahamczik{!*%) applied an exchange reaction with permutite, and re-
moved the adsorbed metals by eluting with a sodium chleride soiution. Alter-
natively, a combination of resins could be used for the simultaneous
adsorption of cations and anions. The extraction of the adsorbed metals
could be made with chioroform or carbon tetrachloride solutions of dithi-
zones.

One of the latest applications of ion-exchange resins to the determination
of gold in wasie cvaride sciutions was described by Fridman,!! 7#) who used
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the cb]oride forms of the resins An-2F and EDE-10. The dissolved gold
constituent is {Au(CN),]™ and the gold concentrations were less than:O'Z
,u,r:} per ml. The process involves mixing 10 ¢ of the anionite for 2 l;r with 31
of the gold solution. The ion-exchange proceeds well at pHs 3:() and 8 ]().
The mcthoq is said to be superior to precipitation using zinc dust '

Concerning the quantitative scparation of gold rmm-u\-sociulcd.busc and
noble metals there scems to be a dearth of information, It 1s probab'lc ;h'xt
gold. along with platinum, palladium, rhodium. iridium and ruthenium m';v
be scparated from certain base metals by a cation-exchange resin suéh "I'S
Dox'vex 30W-X or Dowex 50W-X8. Published data SUL:‘.!CS[ that w’ni‘l.c
platinum metals may be thus separated from very large prov;;orlion‘s of iron
copper and nickel, a similar separation of gold is adversely affected by lhé
presence of iron. In the presence of the latter the rccovc;y of gold is low
by several per cent. This may be due to the presence of iro}(ll) salts
although the simultaneous usc of various oxidants gives little impro.vcmcnyt
in the completeness of the recovery.

The Separation of Gold from Iron, Copper and Nickel by Cation-exchange

Intgcncral, the conditions for the recovery of gold by cation-exchange
require a pH of 1:0-1-5. At the lower pH limit there is some compromi:e
between improved recovery of the noble metals anions and some leakage of
basg metals; for example, one may expect at pHs less than -0 some~con-
tammaFion of the eluate with traces of iron and nickel. The chioride con-
centration should be about 0-2 M.

The gold chloride solution may contain 0-5-10 mg of gold per 400 ml.
Undoubtedly these concentrations may be extended. The gxchange column
of 1 in. diameter should contain sufficient resin to retain 5 ¢ of base metal.
When a separation of larger amounts of base metals is req:iired the length
of the column and the amount of resin can be increased appropriately. ;

Procedure 2511731

Aqust the solution of gold and base metals to pH 1 with hydrochloric acid or a solution
of sodium gnrbonale. Transfer the solution to the exchange tower coniaining Dowex
50W-X8 resin and coliect the eluate in a 1-1. beaker. Wash the resin with abojt 500 ml
of water adjusted to pH 1 with hydrochloric acid. Evaporate the combined eluate and
washmgs to dryness, and destroy organic matter with a 30 per cent solution of hvdrogen
peroxide, and fuming nitric acid. Add 2 ml of a sodium chloride solution, and c\:aporinc
to dryness. Remove nitric acid by several evaporations on a steam bath with a fow 'n" of
strong hy@rochloric acid. Add water and acid to prepare for a spcctmphommctri; or
f,:.r:mmetnc determination. For a gravimetric determination the hydroquinone mcthod
‘ls recommended (!f’roccdurc 105): for a spectrophotometric determination.  the gold
bromide method is recommended (Procedure 16).

The Separation of Platinum Meials by !or-2xchange

In .thc present author’s opinion. a major contritution of ion-exchange
technigue in the field of platinum metals separations w il lic in the area of the
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en massc isolation of associated base metals in ores, concentrates and natural
and artificial alloys. The applications to separations within the platinum
group can be expected to supply new procedures, but in general they will
not, in the foreseeable futurc, displace the existing chemical and chromato-
graphic procedures. On the other hand it is not impossible, and perhaps not
improbable, that certain aspects of fire assay extractions will find scrious
competition, particularly for ores in which the amounts of platinum metals
arc suficiently small to require some¢ method of mechanical concen-
tration.

The ion-cxchange methods for the separation of rhodium and iridium have
been described above.

At the present time few exchange methods are available which will
efficiently separate each of the platinum metals. The increasing variety of
exchange methods are directed toward restricted separations among the
platinum metals or toward the removal of some or all of the latter from
base metals. A few procedures, however, allow for the selective isolation
of platinum or palladium. The latter, alone amongst the nobie metzais, 15
predisposed toward cation formation, and advantage has been taken of this
property for its separation. On the other hand this same property introduces
difficulty when one wishes to separate en masse the noble metals from
solutions containing base metals; such procedures require conditions for
the formation of noble metal anions. With some of the few relatively
effective ion-exchange methods, platinum is isolated initially by the hydro-
lytic precipitation of the associated platinum metals.

To separate platinum from palladium, rhodium and iridium, Stevenson
et al!'7* added nitric and perchloric acids to the solutions of the four
metals, and evaporated to near dryness. This was repeated to remove all
traces of chloride, finally giving a volume of 0-2-0-5 ml of fuming perchloric
acid. The solution was diluted to 10 mi. and passed through a column of
Dowex-50 resin. Platinum was carried through as an anion, and the retained
palladium. rhodium and iridium were washed with distilled water tc remove
all the platinum.  Palladium was stripped with 0-05-0-5 M hydrochloric
acid, then rhodium was eluted siowly with 2 M hvdrochioric acid, and
finally iridium was removed by 4-6 M hydrochloric acid. The report of the
method included no data, but the method may well find uscful application
where perchioric acid has been used to remove osmium and ruthenium from
alloys of nobie and base metals.

The separation of platinum from pailadium can also be accomplished
with the hvdroxide form of the basic exchanger Permutit (E.T.). Blasius
and Wachtei’* 757 used this resin to adsorb both metais, and then eluted the
pulladium with a 1 M solution of sodium hydroxide. and the platinum with
2:3 N nitric add.  Pannam(lV) chiloride can alse be separated from
iridium(l1) chioride. in which instance the iridium is eiuted with a | M
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sodium hydroxide solution. The authors were able to apply their method to
the guantitative removal of iron. copper and nickei. but they failed 1o cutc
piatinum and iridium from the anion-exchanger, and recommended imnition
of the latter (o recover these metals. )

Dowex-2 was used by MacNevin and Crummer({! 76 1771 to adsorb the
complex chlorides of palladium, platinum, rhodium and iridium, followed
by selective elution with an ammoniacal solution of ammonium chloride.
The elution of palladium was satisfactory. but the remaining separations
were ineffective. Better results were obtained with an ammoniacal solution
of the four metals, and a column of the cation-exchanger Amberlite JR-]00.
It is suggested that platinum should be first isolated by hydrolysis, then
palladium should be adsorbed selectively by cation-exchange, followed by
the separation of rhodium from iridium by an electroiviic process. On;z
may separate palladium as its ammonia complex from the complex iridium
anion by using Amberlite IR-100.

Procedures for the above separations are described in Section I of this
chapter.

The Chromarographic Separations of the Noble Merals

A second major advance in the analytical chemistry of the platinum metals
has been the development of chromatographic methods of separation. The
integration of these techniques with cation- and anion-exchange and fire
assay separations will provide a whole new series of relatively ;imple and
dccurate methods of extraction and of determination of the six metals. By
far the most difficult aspect of the analysis of these metals ljes in determining
the amounts present in ore deposits, and it is precisely in this area thz;(
chromatographic methods serve their most useful purpose. '

One of the first chromatographic methods for the separation of the
platinum metais involved the use of a column of carbon. The application
of this adsorbing medium has. during the past decade, received only de-
sultory attention, but in the present author's opinion carbon has considc’rable
separatory potentialities. One must expect difficulties in achieving selectivity
when the direct adsorption of platinum metals on carbon sites is expected.
Adsorption through the intermediate action of platinum metal reagents,
hgwcver, may yet prove profitable both on an analytical scale and pcrhaps
with larger samples.

Dubrisay!* "® stated that when a dilute solution of a noble meta! species
was passed through a column of finely divided carbon, the metals collected
m.lhe upper part of the tube, and could subsequently be cxtracted with
suitable solvents.  The method was proposed only for the approximate
evaluation of precious metais in dilute solutions. The single result given
Wis applied to silver. and indicated a moderately good recoverv. The use
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of carbon as a sclective adsorbent for group separations has received iittle
attention. Bauer and Nagell!7*) acquired a patent for thus removing gold,
silver and platinum from ocean water. The ash of the resulting mixture was
treated by conventional methods of isolation. Venturello and Sainit 189
used alumina for the adsorption, and subsequently applied various reagents
to reveal the presence of platinum, rhodium and iridium. The procedure
was applied with good results to dilute solutions of the metals and their
alloys.

Alumina was aiso used by Schwab and Ghosh!'®"! for the separation of
the complex chlorides of iridium, platinum, palladium and rhodium, in this
order. Both X-ray measurements and the colours of the various fractions
confirmed the separation. Ashizawal!®?) used a paper chromatographic
method for the separation of palladium, nickel, cobalt and copper. The
bluish-green adsorption band for palladium developed by dithizone occurred
between those for nickel and cobalt, and one could detect 0-0005 ug. Inter-
fering elements were eliminated by preliminary chemical treatments.

The most significant reports of the early researcnes with the platinum metals
were introduced by a note by Lederer,! '3 who used paper chromatography
for the separation of silver, copper, palladium, platinum and gold. He
correctly predicted the successful application of the method to the analysis
of a silver assay bead, making the claim that chromatographic methods
would supersede other methods of separation for this purpose. He used a
paper cylinder which, after the addition of the solution of the precious
metals, was placed in a dish of butanol saturated with 1 M hydrochloric
acid, and the whole was placed for 20-24 hr in a crock in which the atmos-
phere was saturated with hydrochloric acid and butanol. The detailed
method (Procedure 48) is included below.

In a later paper. Anderson and Lederer!'®*! recorded their use of an
electrochromatographic method for the isolation of as much as 20 mg of
copper from gold, platinum and palladium. The method required the use
of paper-pulp strips, the ends of which o {mmersed in a hydrochloric
acid solution of potassium chloride. Twelve volts were maintained between
the carbon electrodes. and a current of 0-2 amp was used. The sample was
added to the paper, and the spot was piaced in the anods compartment.
The paper was moistened with 1 M hydrochloric acid. and the whole was
set aside overnight. The copper moved to the cathode as a biue band. The
method will find restricted appiications to the separation of associated base
metals from the placinure metsl.. In a third paper. Lederert!®*} reported
a study of rhodium(l1l) complexes oy puper electrophoresis and ion-exchange
chromatography. Rhodium hydroxide. with hvdrochloric. hydrobromic or
nitric acids, produced unstable intermediate cations of Jow mobility. By
using these complexes, rhodium could be separated chromatographically
from platinum(1V) and palladium(II).
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Majumdar qnd Chakrabarty! ' *“! have indicated the possibility of limited
group separations of the platinum metals by electrochromatographyv. At
150 volts for 5 hr, ug amounts of at least four ions could be isolited. The
sequence ol separation for different electrolytes was included. but un-
fortunately no analytical results were provided.

An interesting and potentially uscful continuous separation of platinum

metals by paper clectrochromatography was described by MacNevin and
Dunton.l*®} The success of the method depended upon the fact that the
ratc. of diffusion of the four metals in descending chromatography and in
horizontal electrochromatography varied appreciably with ez;ch métul Up
to 100 mg of mixtures of two or three metals could thus be scpara[cc; put
the xfact that the conditions for separating rhodium required a sliuht!y'ucid
medium, under which conditions platinum was diffusely distributed pre-
ventc;:d its application to mixtures containing rhodium. pl-alinum pallzidium
an_d iridium. The procedure involved the use of cthyicnedinitrilo,lelra-ace!ic
ac1d.aF pH 9 to complex iridium and palladium, under which conditions
precipitation would otherwise occur. The equipment included suitable
paper, 11 x 13 in. held vertically, and notched at top and bottom. with
platinum electrodes interwoven at the two sides. !
. One must regret the lack of quantitative results. only a few of which are
mclu.dcd to prove the separation by horizontal electrochromatography of
rhodium(lIl), palladium(l1), platinum(IV) and iridium(IV). Thg medium
was Q-l Min EDTA, and was adjusted to pH 9, at which acidity the rhodium
remained stationary. . )

Bur§tall et alt*®® recorded the results of an extensive applicatio.: of in-
organic chromatography on celiulose to a variety of metals which included
the six platinum metals. This work formed the basis for the late: advances
described below, but no quantitative results werc included.

Fournier!*®%) separated platinum. palladium and rhodium chromato-
graphically by applying butanol with nitric and hvdrochioric acids as the
solvent. )

Kember, Wells and their associates have contributed the most useful
:?dvunces in the paper chromatographic separations of platinum metals so
far reported. In an informative article,l'*®) they described the separation
ql Hg amounts of platinum, palladium, rhodium and iridium, and to a

limited degree discussed separations from associated base metals present in
mg amounts. The detailed procedure is included in Section 11 (Procedure 49).

Rees-Evans, Ryan and Wells{'®*) have recently described a cellulose
colu'mn for the chromatographic separation of the four * non~volmilc~"
piulAmum metals. each present in 100-mg amounts, and in the presence of
limited amounts of associated base metals. The procedure involved 15-30
¢m cellulose columns pretreated with solvents; one of the latter consisted
of hexons with 3 per cent of concentrated hvdrochloric acid. and the other,
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to be used for the collection of iridium, a solvent similar to the first but
containing chlorinc dioxide as an oxidant. The preparation of the metal
sample involved evaporations in the presence of zinc chloride to prevent the
formation of insoluble compounds; sodium chloride proved to have a
deleterious influence during the chromatographic separations. The resuits
indicated that the addition of 20 mg of cach of copper, nickel and iron, 100
mg of zinc. and small amounts of mercuric chloride did not interfere in the
subsequent determinations. Details were provided for the separation of
various (wo component systems, the most useful of which was that of
rhodium from iridium. The separation of platinum, palladium, rhodium and
iridium required the removal of nitric acid by cvaporation with hydro-
chloric acid, with an intermediate addition of chiorine, and the addition of
hexone as a solvent. Platinum and iridium were collected as a single fraction,
and were later separated by column extraction under reducing conditions,
in order to decrease the mobility of the iridium. The palladium fraction
followed that of the platinum-iridium mixture, leaving behind the immobile
rhodium and nickel, which were subsequently removed by hydrochloric acid.
Iron(11l), copper and zinc were found with the platinum fraction, and mer-
cury(Il) chloride with the iridium fraction when that metal was separated
from the rhodium.

The above authors inferred that their method was superior to that of the
wet separations of base metals from the platinum metals by hydrolysis in
the presence of nitrite. They stated that ** the nitrite procedure for the
separation of base metals has been found to be satisfactory when the total
weigiit of platinum metals exceeds that of the base metals. but the accuracy
of the separation is lowered when the reverse circumstances apply " Apart
from the fact that the accuracy of the nitrite separation is not necessarily
lowered by the presence of higher proportions of base metals, the proposed
column procedure. as described. involves equallv iow proportions of base
metals, excluding the zinc. which is added as part of the procedure. While
the question of their general relative value must await the results of continued
appiication in the laboratory, the present author dees not anticipate the
abandonment of the existing methods of separations: rather, he believes
that the essential improvements provided by chromatographic techniques
will ultimately become irtegrated with the classical wet methods of fire-
assay and the ion-2xchange methcds 10 provide simpic and accurate methods
of isolating and separating the platinum metals. The detailed procedure
recommended by Rees-Evans er al.'' %' is described in Section Il (Procedure

51).
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SECTION 11

The Determination of Osmivm in Meteoric Iron

The following procedure is applicable to siderite metcorites of the Cunon
Diablo tvpe.

Procedure 260101]

Plgce 2 I-g sample of the meteorite in an Erlenmeyer flask. and add 10 ml of 6 N sul-
phuric acid. Heat until the reaction has ceased. Transier the supcrnatant fiquid to a sAui(-
able beaker, and add 10 ml of hot 6 M hydrochioric acid to the residuc in the flask Add
IQ ml of 6 N sulphuric acid, and evaporate 1o Tumes of sulphuric acid, Add w;ilcr to
d!ssolvc the crystallized salt, and repeat the fuming. Add 10 ml of water and heat to
dissolve all but the smali residue. Transfer the retained sulphuric acid cxlract' contained in
the beaker and the solution in the Aask to a suitable distillation flask (for this apparatus
sec Chapter 7, Equipm‘cm No. 8). Dilute to | N in acid. Add a solution of potassium
permanganate until | drop excess is present as indicated by the colour; avoid getting the
pcrmanganate on the neck of the flask. Add about 50 mg of ammonium ferrous suI;hatc
hc;ahydra(c to destroy the permanganate and the higher oxides of mangancse. The
volume of the solution at this point should be 35-40 ml. Add a few small grains of ;;umicc
connect the ﬂqsk to the condenser, and heat the solution slowlv 1o ncarLixs boiling poin;
to make certain that higher manganese oxides have becn completely dissolved. f)ip the
cpd pf the condenser into 10 ml of 1 - | hydrochloric acid freshly saturated with sulphur
dioxide, and contained in a 100-m! graduated cvlinder. the upper half of which has becn
cut off; a large vial or test tube marked to indicate 20 ml is also suitable. Add 15 ml!of
concentrated nitric acid through the inlet tube of the flask, and distil so that 10 mi of dis-
t{lla_tc are collected in 10-15 min. Transfer the distillate to a 25-ml volumetric ﬁask
rinsing the condenser and receiver with a fow ni of water. Add 0-50 ml of 2 10 per ccn{
aqueous thiourea solution, and make up 1o the murk with water. Determine the trans-
mutance of the solution after 5 min (longer standing does no harm), using a green ﬁlxc.r.

ln_construcxing the standard curve add 0, 25 and 50 1g of osmium(VIt1) oxide to distillates
obm!ncd from an osmium-free nitric acid mixture comparable in composition to that
obtained from meteoric iron. If the amount of osmium is likely to be less than 10 HE
use 5 ml of the hydrochloric acid-suiphur dioxide solution contained in a25-ml gradua[c&
cvlinder for collecting 10 m! of the distillate. Add 0-3 ml of the thiourea solut.on read
the volume of the solution in the graduated cylinder (which has been checked for JCCU'I‘(ICV)
and determine the transmittance as described above. v

Notes—1. The volume of the distillate in which the colour is to be developed cun be kept
as small as 15-25 ml. With a photoclectric photometer the limit of detectabiiity of osmium
is then lor2 y.ng‘hcn 4 layer of soiution | cm thick is examined in the green light. (A sofution
t C”m thick contaming [ ppm of osmium gives an ubsorbance of about 0-015 with the green filter.)

2. The usc of a visual colorimetric method is less satisfuctory than a photometric method
because thiourea gives a yellow colour with sulphur dioxide solution.

3. Because osmium(VII1) oxide is readily formed by the oxidation of osmium with nitric
acid, and because mcteoric iron is readily attacked by nitric acid, it may seem that a direct
dnshll:mor} from a nitric acid solution would be a simple procedure. Sandell!©8 found that
l.hncou.\: of 5 ™ nitric acid gave iow osmium vajues. Tiwe explanation for this anomaly is not
LN wn.

The Determination of Osmium and Ruthenium in Siderite Meteorites
(and in Tron-Copper-Nickel Assay Buttons)

Thc following method is applicable both to assay buttons which usuailv
weigh about 25 ¢ and to meteorite sampies from mg amounts tc more than
vy, ol N - o . . f ) : N Cegl :
0 2o The upper limit s deiermined by the mechanice or the distiflation,
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c.2. the size of the sample and Nask, and the volume of the receiving flasks.
ete.  With small samples the amount of perchlorie acid s reduced to an
amount appropriate for dissolution.  This distllation has been examined
only for determinations of mg and ug amounts of osmium and ruthenium.
One may expect that large amounts of these metals may alter the properties
of the iron ailoys to thc extent that perchloric acid may not complctely
dissolve the osmium and ruthenium. In these instances the size of the alloy
sample shouid be reduced. In its present state of development the collection
of osmium and ruthenium by the base mctal alloys is recommended only for
analytical purposes, and the method is best applied to samples containing
from about 25 pg to 20 mg of osmium or ruthenium.

A perchloric oxidation serves to remove both osmium and ruthenium and,
as indicated in Section I, a proper choice of receiving liquids will facilitate
the subsequent separation of the two metals.

Procedure 27t1°3)

Use the distillation equipment as in Chapter 7, Equipment No. 9.

Add 100 ml of water to the trap, 30 ml of a 3 per cent hydrogen peroxide solution to the
first recciver and 10 ml to each of the remaining two receivers. Immerse the receivers in
an ice bath. Pass a stream of cold water through the condenser, and apply a gentle suction
through the whole system from the exit tube of the last recetver. Add 100 ml of 72 per cent
perchloric acid to the sample of meteorite in the distillation flask. and boil gently over a
low flame. If the reaction becomes too vigorous, discontinue the heating to regain control.
Boil the solution for a total period of 2 hr. To ensure the complete distillation of the osmium
and ruthenium, add 50 ml more of the perchloric acid to the distillation flask, and hcat
for another 30 min. Then add 15 ml of the perchloric acid to the trap, and boil the solution
for 30 min. Transfer the recciving solutions containing the osmium and ruthenium to a
previously chilled second distillation flask as quickly as possible to prevent a loss of osmium
by volatilization, and wash the reccivers and the delivery tubes thoroughly with cold 3 per
cent sulphuric acid. Wash the tubes and reccivers thoroughly with waier to remove the
sulphuric acid.

Add 100 m! of water to the trap and 30 ml of twice distilled 48 per cent hydrobromic
acid to the first receiver and 10 ml of the same acid (o eacn of the other receivers. Chill
the receivers in an ice bath. Add 40 ml of a 30 per cent hydrogen peroxide solution and 5 ml
of concentrated sulphuric acid to the chilled distillation flask containing the osmium and
ruthenium distillates. Boil gently for 30 min. Add 15 ml of perchloric acid to the trap,
and boil for 25 min. Draw a stream of air slowly through the system (about 3-5 bubblcs
per sec). Transfer the contents of the receivers to a 150-ml beaker. and rinse both receivers
and tubes with i0 per cent hydrobromic acid. Evaporate the solution on a stcam bath to
5 ml, transfer to a 30-mi beaker, and evaporate again to 0-5-1-0 mi. Transfer the solution
to a 20-ml test tube by washing with water. and determine the osmium with anthranilic
acid as directed in Procedure 152.

For mg amounts of osmium, adjust the evaporated osmium distillaie to the required
acidity for precipitation by thionalide. as directed in Procedure 78.

To recover the ruthcnium in the pot liquid, add 100 mi of water to the trap, 30 ml of a
3 per cent hydrogen peroxide solution and 1 ml of 48 per cent hydrobromic acid to the
first receiver. and 10 ml of a 3 per cent hvdrogen peroxide solution to cach of the other
{~0 recgivers, Coo! the -ece.vers in an ice bath. Add 10 ml of concentrated sulphuric
acid to the distillation flask wnc ihen acc cautiously an excess of a 10 per cent sodium
bromate soiution (about 20 ml'. Appi 1 zentlc suction, and distil cautiously over a low
flame for | nr. Then add 15 mi of the perchloric acid to the trap. and boil for 25 min.
Disconnezt the reccivers from the water condenser, maintaining the connection betwee
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lh‘: two receivers. Add 8 ml of 48 per cent hydrobromic acid to the first receiver and 4 mi
of tl)'c acid 10 the second receiver, Boil the liquid Tor 10 min. Transler the cnnlcl‘\ls ol the
receivers to a 150-mi beaker, rinse the tubss and the receivers with 10 per cent hvdro-
pmnuc acid, and evaporate the combined solution (o S mi. 11 g spectrophotometric method
is to be used transfer the S mi of solution to @ 30-mi beaker and evaporale agiain 1o 0-5-1 E)
ml. Transfer to a 20-mi test wubc, and apply the anthranilic acid method ;s described in
Procedure 148. Other appropriate methods may be used. -

For mg amounts treat the evaporated r 1 i
' ' b uthenium sotution (0-5-10 ml) to prepare {
thionalide precipitation (Procedure 72). prepare for 1

The Determination of Csmium and Ruthenium in Lead Alloys

Despite the facts that the physical and chemical properties of lead are

little related to the noble metals and that lead is seldom associated with these
metals in natural deposits

However, whereas the extraction can be made complete. the subsequent
wet analysis of the lead buttor or regulus is complicated by partial reactions
of the noble metals with the parting acid: the latter is usually nitric acid.
The pertinent methods of analysis and the specific difficulties associ
with the partial corrosion of each metal are discussed in relation t

: ‘It may be stated here that whereas the lcad button is readily parted by
nitric acid and that this acid may simultaneously volatilize cctavalent

osmium, the complete removal of osmium may not be accomplished. Further-
more

tad

redy. This is usually done by fuming with ksﬁu.l.phuric acid,
but obviously this is not practical in the presence of large amounts of Jead.
Because of these difficulties the determinations of os

mium and ruthenium
lead buttons: ‘ ) :

b

chior istillation of both osmium and futheniu
in the presence of excess of perchloric acid. Here. as with the Iron~copper—
nickel alloys discussed above. the choice of receiving liquids should be
appropriate to the required separation of osmium and ruthenium. For this
purpose a cold hydrogen peroxide solution may be used to collect both
mctals, with a subsequent treatment with sulphuric acid and additional
hvdrogen peroxide to remove osmium selectively.

AlFerna[ivcly the receiving liquid may be sulphur dioxide—hydrochioric.
ac?d in which instance an evaporation to remove sulphur dioxide is required
prior to a second distillation with nitric acid. etc., to remove osmium. Bv
this treatment the nitric acid in the distillation flask can be removed by 3;1
c‘vuporation with hydrochloric acid.  Finally. in preparation for thc-dis-
tllation of ruthenium, sulphuric acid is added, and cvaporation to fumes is
carried out to remove the hydrochloric acid.

Receiving solutions of sodium hydroxide may also be used, followed bv a
second distillation with nitric acid and. as stated above. treatments of the
put liquid to secure a sulphuric acid solution of ruthenium.




88 ANALYTICAL CHEMISTRY OF NOBLE METALS

Other combinations of recovery liquids and oxidizing reagents will
suggest themselves. The author recommends the use of a cold hydrogen
peroxide solution for the collection of the combined tetroxides from a
perchloric acid distillation.

Procedure 28(102. 21]

Equipment. The distillation equipment is described in Chapter 7, Equipment No. 10.

Procedure. Transfer the lead alloy (20-50 g) to the distillation flask, and add 100 ml of
water to the trap, 25 ml of a 3 per cent hydrogen peroxide solution to the ﬁrst ru:civgr and
5 ml of this hydrogen peroxide solution to cach of the other two receivers. Chill the
receivers in an ice bath, pass water through the condenser, and apply suction to produce
2 or 3 bubbles per sec. Add 75 mi of 72 per cent perchloric acid, and heat very gently
until the lcad is completely dissolved and effervescence of hydrogen has ceased. Continue
the heating until the white fumes of perchloric acid have disappeared and a colourless
liquid is refluxing on the still wall (Notc 1).

Cool to about 60°C, and add 8 ml of 36 per cent perchloric acid. Heat again to the
removal of brown fumes. Repeat the addition of 8 ml of 36 per cent perchloric acid,
intermittent heating twice to ensure the complete removal of the tetroxides. A complete
distillation requires 0-5-1 hr. Add 15 ml of 72 per cent perchloric acid to the trap, and

boil the solution for 30 min. Transfer the chilled receiving solution to a second chilled

distillation flask as quickly as possible to prevent any Jqss of osmium, and wash thc
receivers and the delivery tubes with coid 3 per cent sulphurlc_ acid. Remove the suliphunc
acid thoroughly from the tubes and receivers by washing with water. Prooccd. with the
separation of osmium and ruthenium as discussed for the iron-osmium-ruthenium alloy
(Procedure 27).

Note 1—With amounts of ruthenium of the order of 10 mg, the brown ruthenium tetroxide can
be seen condensing in the trap and on the still wail.

The previous methods describe satisfactory procedures for the isolation
of osmium and ruthenium from base metals. By these methods both osmium
and ruthenium are collected in one liquid. The details of the various suitable
methods for separating osmium from ruthenium are described in Chapter 2,

Section [.

The Determination of Noble Metals in Decorative Alioys

The decorative allovs of the noble metals do not usually contain osmium
and ruthenium. In these instances, therefore, the processes of dissolution
do not require a coilection of gases, .

Hard alloys, however, may contain appreciable proportions of iridium,
ruthenium and osmium. These and alloys with rhedium require an excep-
tionally severe treatment. The preferred methods are chlorination in the
presen.ce of alts or wet chlorination in a closed system. Appropriate tegh-
niques are discussed in Chapter 1. In specific instances the dissolution
methods involving prior alloying with tin or zinc are useful. These pro-
cedures are aiso described in Chapter !,

The allovs amenable to direct acid attack contain high proportions of
plitinum, imiladi.xm and gold, ard frequently such associated metals as
nickel. copper, iron ard silver.
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In those instances where the composition of the alloy is unknown the
subsequent analytical treatment is promoted by @ qualitative examination,
For this purpose there is no better method than a carcfully prepared spectro-
graphic examination, by which, with a littic experience. the anulytical chemist
should be abie to make a reasonable gucss as to proportions of constituents.
With significant amounts of iron or nickel the spectrogram should be
obtained from an instrument with an appropriate dispersion. Descriptions
of pertinent methods are recorded in Chapter 6.

The following method is suitable for the analyses of metals in amounts
of the order of 50-200 mg each. It is not rccommended for amounts of the
order of a few mg.

Procedure 291" *3Y (modified)

Treat 0-2-0-4 g of the alioy with aqua regia until it is completely dissolved, or chlorinate
the alloy by an appropriate method. If the former treatment accomplishes only partial
dissolution, filter, burn, and chlorinate the residue.  Add the resuiting acid solution and
0-1 g of sodium chloride to a 400-m| beaker, and evaporate to dryness on a steam bath,
Add a few mi of concentrated hydrochloric acid, and evaporate to dryness. Repeat this
procedure to completely remove the nitric acid. Add 50 ml of water and a few arops of
concentrated hydrochloric acid, and warm to dissolve the residue. Filter through a 7-cm
Whatman filter paper, and wash well with water. Transfer the paper to a suitable crucible,
and ignite to an ash. Add a few mi of aqua regia, and evaporate in the presence of a fow
mg of sodium chloride. Add a few drops of hydrochloric acid. and evaporate carcfuliv
to dryness. Repeat once or twice, then add a few ml of warer and 2 drop of hydrochloric
acid, filter into the original solution, and wash to make up to about 100 ml.

The precipitation of gold and base metals. Heat the slightly acid filtrate to 60°C, and
add dropwise a saturated solution of sodium nitrite until the evoiution of gas ceases and
the solution becomes a light yellowegreen: insufficient nitrite will result in a subsequent
precipitation of rhodium. Boil the mixture for 15-30 min to ensure the coagulation of the
gold. At this stage precipitated copper may stain the beaker wall. Cool the mixture 10
60°C, add a few drops of phenolphthalein, and neutralize to a permanent pink by adding
2 10 per cent sodium carbonate solution. Continue heating on a water bath at 60 ¢ for
15 min, then filter through a Whatman No. 42 filter paper previously washed with a | per
cent solution of sodium nitrite made neutral to the biuc end-point of thymol bl: ¢ f1441
Wash the precipitate with 50 ml of the | per cent nitrite soiution. Then wash tho nushly
with warm water, in order to ensure (he absence of nitrite, which may dissolve scime gold
in the presence of acid. Rertain the filtrate and washings for the determinati:n of the
platinum metals. Add to the mixed precipitate of goid and base metal hydrates oxides a
solution of 01 N nitric acid, and allow to drain, Wash again with hot water 2nd repeat
the sclective dissolution with nitric acid until the base metals arc removed. The leaching
acid can be treated to determine base metals by any conventional method.

Ignite the gold residue and weigh as the metal.

Note—1f it is desired, the filtration of the mixed pold and base metals can be accomplished
by usting porous filtering crucibles with a suitable arrangement to collect the filtrate. 1t should
be noted that the procedure described here is based on the assumrien that the nitrite pre-
cipitation effectively removes gold and separates the palladium.  Giichrist**4) suated that tie
partial instabiiity of the paliadium-nitrite compiex at a pH of -9 resuits in the retention of
some palladium by the hydrated oxides of the base metais. ¢ .tiermcie it is stated that the
sciective dissolution of the base metals to isolate the gold J7Hm tive mined precipitate muay result
in some dissolution of the gold il the mitrite 15 not semoved comp.ech trom the mixed pre-
cipitate,

In order to recover co-precipitated platinum, rhodium and pailadium and the gold in the
acid extract of buse meta! oxides the lutter urc re-precipitated afier an evaporation ol the acid
extract, dilition. adjustment of the ac:dity to pH |5 (red-orance end-point of ihvmol blue),
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addition of sodium nitrite, and neutralizaticn of the boiling solution by sodium hydroxide to the
bluc cnd-point ol thymol blue (pH B). The second nutrite diltrate and washings are combined
with the first nitrite filtrate, and will contain the platinum metals. The second ucnd'(hssolunon
of the hydrated oxides of the buse metals allows the recovery of the traces of gold. This recovered
gold is added to the first pold precipitate. This second acid extract is treated \vglh dimethyl-
glvoxime to recover paltadium prior to the determination of such base metals as iron, copper,
zinc und nickel.

AL this stage one may use a choice of procedures for the separation and
determination of palladium, platinum, rhodium and iridium.

Holzer and Zaussinger!'“3) precipitated palladium with dimethylglyoxime.
followed by the division of the filtrate into two parts; one part was treated
with bromate, and a subsequent hydrolysis was made to produce a separation
from platinum.. The mixed precipitates of the hydrated oxides of rhodium
and iridium were subsequently reduced and weighed as mixed metais. The
filtrate from this hydrolysis was used to determine the platinum, in which
instance the bromate was destroyed, and the platinum was determined by
reduction to metal.

This second part of the divided palladium filtrate was hydrolysed as
described for the first part except that the oxides and paper were trans-
ferred to a flask, and the paper contents were treated with sulphuric and
nitric acids to effect dissolution. The rhodium was then separated by pre-
cipitation with titanium(lIl) chioride and finally precipitated by hydrogen
sulphide.

The above procedures, slightly modified, are described below together
with the present author’s comments concerning certain deficiencies. These
comments are interjected after the appropriate sections of the procedure.

After the description of the Holzer and Zaussinger!'*?I method the present
author’s preferred procedure is described. This procedure is based on the
method used by Giichrist,!' 92! but with several modifications.

The determination of palladium. To the filtrate from the nilrite—gold~base metals pre-
cipitation add 02 m hydrochloric acid to decompose the nitrite, as indicated by the gas
evolution. Boil carefully under a cover glass. Add a few drops of a 10 per cent hydrogen
peroxide solution to ensure the oxidation of platinum(Il) which wpuld othcrwisc_rcncl
with dimethyiglyoxime to produce a blue compicx giving a green tinge to the mixture

ote ).

(NAdd fo the oxidized solution, heated te 60°C, a saturated, boiling, freshly prcparcc_i.
aqueous solution of dimethyiglyoxime. Cool under flowing water, and allow Fhe precipi-
tate to settle for 30 min. Filter through an ashless paper, transfer to a porcelain crucnblc.
and ignite carefullv. Reduce the residue in hydrogen, cool in c;lrbo_n dioxide, and \yc;gh
(Note 2). Retain the fiitrate and washings for the determination of the remaining
platnum metals.

Nores—i. It is claimed that ine i.pocarance of “he pla(inum(}l) comvplex is avoided by the use
of an aqucous dimethviglyoxime solution rather han un alcoholic selution bcc:xu;e the fatter may
contain a reducing aidchyde. One may doubt this explanation of the contamination, and anyway
sodium dimcthviglvoximate can be used. With the aqucous soiution, vhowcvcr. thc;c 1s the
advantage that on' cooling the nuxture the excess of rcagent remains wn.(h the pulladium pre-
cipitute. but there is the disadvantage that direct weighing 1s practically climinated owing to the
difficulty in removing the precipitant. o )

2. This ignition procedure almost invariably viclds low results, and the preferred ignition is
discussed in Precedure 40.
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3. Holzer and Zaussinger recommended o re-precipitation ininstances wiere the palladium
dimethylgiyoximate is obviously centaminuted. The dillicultices inaidental to this precedure are
discussed in Procedure 94.

The precipitation of rhodium and iridium. Boil the filtrate from the palladium dimethyl-
glyoximate precipitation with hydroges: e to decompose the organic constituents,
and then divide into measured halves. To the first half add sodium carbonate, ncutralizing
to pH 7, dilute 10 200 400 ml, and add 20 ml ol a 10 per eent sodium bromaie solution,
Heat to 70°C, and add dropwise 10-20 mi of a 10 perocent sodiuny bromide solution,
Heat to boiling for about 30 min. and again add the bromate and bromide (Note 1),
Place the mixture on a water bath for about 30 min (Note 2).

Filter the resuiting mixed oxides through a suitable paper. and wash thoroughiv with a
hot 1 per cent ammonium nitrate solution. Transfer 1o o porcelin crucible, and dry at
HO'C. Place the crucible inside a second erucible covered by aomici plate that allows the
passage of a hydrogen current. (A rose crucible and tube would also be satsfactory,)
Heat in hydrogen at 160~180'C (Note 3). Ignite finadly in air. reduce in hydrogen. and cool
in carbon dioxide. Leach several times with a dilute solution of hydrochlone or nitric acid,
rinse into a small filter, wash well, ignite, reduce, cool in carbon dioxide, and weigh as
combined rhodium and iridium metals.

Nores—1. In the absence of bromine the required pH is attained, and boiling is continued for
I hr to obtain a coagulated precipitate, which settles rapidly.

2. The hydrated iridium oxide forms and coagulates rapidly; the olive-green hvdraied
rhodium oxide forms more slowly. Its formation is hastened by the addition ol a few drops of
a 10 per cent carbonate solution following the disappearance of bromine fumes, then neutraiizing
again with a few drops of dilute hydrochloric ucid. and again boiling. Holzer and Zaussinger! 431
prefer this method of achieving the required oxidation state and acidity to that of Giichrist.1'92]
The present author prefers the Giichrist method, which is described in Procedure 30.

3. Careful ignition in the presence of ammonium salt, u technigue used by Gilchrist, should
be equally satisfactorv. However, the ignition in hydrogen does ENCOUTUEE ACCUrucy.

The separation of rhodium from iridium. This may be accomplished using the second half
of the above palladium filtratc. Repcat the hydrolyvtic separation of rhodium and iridium
as described above for the first half of the palladium filtrate, retaining the filtrate and
washings for the determination of platinum. Transfer the filier and the washed precipitite
of mertal oxides to a 500-ml Erlenmeyer flask. Add 15 ml of concentrated sulphuric acid
and a few drops of concentrated nitric acid. Heat to fumes. cool, dilute with a few ml of
water, and fume again. Repeat 1o the complete removal of organic matter. Dilute 1o
200-300 ml, boil, and add 20-30 ml of titanium(I11) chioride. prepared by adding 100 ml
of 25 per cent hydrochloric acid to 50 ml of a 20 per cent titamuny 1) chioride sclution,
iron free, boiling for | min, and then adding 1-5 1. of boiled water, the so ution being
stored over carbon dioxide, and allowed to stand for 24 hr before use. Continue boiling
to coagulate the precipitated rhodium, and add a few drops of methylene blue to indicate,
by its decoiourization, the presence of an cxcess of the titanium salt. Add more of the
latter, and boil if required. Expel air from the flask by adding a small amount of sodium
carbonate. Place the flask on a steam bath. and allow the rhodium to scttie. Filter through
a suitable paper, wash with hot water, and transfer the paper and precipitate to a beaker.

Destroy the organic matier and dissolve the residuce by using sulphuric and nitric acids
as described above, and re-precipitatc with ttanum(lil) chioride. Treat this second
rhodium residue and paper with sulphuric and nutric acids to effect dissolution. Then add
to the fumed solution 20 ml of | : | hydrochloric acid, and boil to the appearance of a
rese pink (Note 1), Dilute the solution to 200 ml, and add 2-3 v of sulphosalicylic acid to
mask the titanium salt. Add a few drops of a bromocresol purple solut:on. ncutralize
carefully with sodium carbonate and then with a sodium carbonate solution to obtain a
distinct colour change. Filier the solution, and wash the paper thoroughly, the volume
being 500-600 ml,

Cover the beaker with a cover glass perforated to allow the passage of hvdrogen sulphide.
Hcat the solution to boiling, and puss a gentic current of hvdrogen sulphide through the
solution for 30 min. Allow the mixture to siand on a steam bath for a further 30 mun.
Filter through an 1-em Whatman No. 42 paper or its equivalent. and wash thoroughiv
with het 0-05 ~ sulphuric acid.  Transfer the paper and the rhodium sulphide 1o a rose
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crucible, and ignite in a strcam of hydrogen. Cool in carbon dioxide, transfer the conients
to a 5-cm ashless filter paper, and leach with hot 0-05 M hydrochloric acid. Transfer the
paper and residue to a second crucible, ignite in hvdrogen, cool in carbon dioxide and
weigh as rhodium metal. Subtract this weight from the combined weight of rhodium and
iridium, obtained as described above to give the weight of iridium (Note 2).

Notes—1. Attention is directed 10 the improved method of treating a rhodium sulphate

solution, as described in Procedure 87,
2. It should be noted that a method such as this may involve a high crror when the proportion

of rhodium 1o iridium is small. In gencral any of the separations of rhodium and iridium described

in Chapter 2 will produce greater accuracy. Holzer and Zaussinger state that if iridium is to be
determined directly, the removal of titanium with cupferron as described by Gilchrist!?%2) s

applicable.

The determination of platinum. Platinum may be determined in either of the two filtrates
obtained from the hydrolytic sepiaration of rhodium and iridium, or if desired the filtrates

may be combined.
Boil the filtrates, and add hydrochloric acid to remove the bromine. Neutralize with

sodium carbonate, and add hydrazine hydrochioride to precipitate metallic platinum.
Filter through an ashless 11-cm paper, wash well with hot water, and ignite in a current of
hydrogen. Cool in carbon dioxide, and leach with hot 0:05 m hydrochloric acid. Again
ignite in hydrogen, cool in carbon dioxide, and weigh as the metal.

Note—The platinum in the initial filtrate, after the removal of bromine, may he nrecipitated
by any of the methods described in Chapter 3. Hydrogen sulphide or thiophenol are recom-
mended. .

Alternative Procedures
Alternative methods for the determination of gold. palladium, platinum,

rhodium and iridium in mixtures of base metals are available. One useful
procedure involves a variation of the above method in the techniques of

precipitation, and is designed to provide for the determination in dental

alloys of silver, tin, gold, indium, copper, zinc, nickel, platinum, palladium,
rhodium and iridium, in this order of separation.!'**] The procedure

described beiow 1s a modification of this method and may = used for a~

variety of materials containing no osmium and ruthenium.

The method is not recommended when the proportions of base metals
predominate greatly. For obvious reasons the limits of proportions cannot
be stated with assurance. The amounts of plaiinum 'metais, however,
shouid be 25-300 mg, with approximately the same amounts of base metals.

This methed can be adapted to the liquid remaining after a sulphuric
acid—bromate or a perchlorate distillation of osmium and ruthenium. In the
Jatter instance the perchlorate in the soluticn shouid be removed by adding
a littie nitric acid and evaporating to dryness. The residue is treated with
aqua regia. and the nitric acid destroved by repeated evaperations with
hydrochloric acid. This process should be repeated until the removal of
perchloric acid is complete. It is recommended that the evaporation of

~ perchloric acid be carried out in stainiess steel chambers designed for this

purpose.
With the sulphuric acid-bromate mixture the residual pot liquid must be

treated with hvdrochloric acid to decompose the bromate. The solution is
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then fumed with suiphuric acid to remeve the chloride, and is diluted with
water (sez Procedures 30 and 31).

Procedure 30014+

The separation of gold. Add to the hvdrochloric acid solution of the metals (about 100
ml) sufficient 0-1 M sodium hydroxide solution to reach the red end-point of thvmol biue
(pH 1-2-2-8). Hecat to boiling. and add 10 ml of a 10 per cent sodium nitrite solution.
Boil the solution 10 coagulate the gold, and restore the red end-point of thymol bluce by
adding a sodium hydroxide solution. Add 20 ml of the 10 per cent sodiem nitrite solution,
and neutralize the hot liquid with the sodium hydroxide solution to reach the blue end-
point of thymol blue (pH 8-9-6). Boil the mixture, and il nccessary restore the bluc end-
point with the sodium hydroxide solution. Allow the precipitate of gold and basc metals
to settle by heating on a steam bath, and filter through an I1-cm Whatman No. 42 paper
previously washed with a | per cent sodium nitrite solution. Filter the supernatant liquid.
wash the residue with the sodium nitrite wasn solution, and set aside the filtrate and wash
the solution for the separation of platinum from palladium, rhodium and iridium.

Wash the gold-base metal precipitate with hot water to ensure the complcete removal
of sodium nitrite.~ Add to the mixture sufficient hot 0-1 M hyvdrochloric acid to dissolve
the base metals, continue this leaching to the compiete removal of base metals, and then
wash with hot water. Place the filter and the gold precipitate in a porcelain crucible.

Re-precipitate ithe base meials from the filirate by the procedure described above.
Combine this second nitrite filtrate with the first filtrate for the removal of platinum as
described below. Treat the re-precipitated base metals with hydrochloric acid as described
previously, and add any small gold residuc together with the paper to the first gold pre-
cipitate. Ignite to metallic gold, and weigh.

To recover traces of palladium that were associated with the base metal oxides, evaporaie
the hydrochloric acid extract, difute, acidify and precipitate with dimethviglyoxime as
described below. Add this palladium precipitate to the palladium removed afer the scpara-
tion of platinum.

The separation of platinum. To the platinum metals—sodium nitrite filtrate in a covered
beaker cautiously add 6 m hydroghloric acid to destroy the nitrite. Evaporaic to dryness
on a steam bath. Treat the residue with a few ml of concentrated hvdrochloric acid, and
evaporate. Repeat this treatment 10 the complete destruction of nitrogen oxides. Add |
or 2 ml of concentrated hydrochloric acid, and dilute to 200 m! with watcr. Heat to boiling,
and add 20 ml of a 10 per cent sodium bromate solution. Add slowly a 10 per cent sodium
hydrogen carbonate solution, and at the first appearance of a precipitate in the hot sofution
add the sodium hydrogen carbonate solution by mecans of a capillary. During this stage
observe the pH change by means of a bromocresol purpic solution (0-04 per cent), a
drop of which is added intermittently to the stirring rod that is so constructed as to provide
a glass globulc at the end of the rod. With a little practice the required change from vellew
to blue is readily detected (Note 1). Add a further S ml of sodium bromate soluticn,
boil for a fsw min, and readjust the pH. Repeat this until the bluc of the indicator is
pcrmanent.

Filter through a porcelain crucible with a porous filtering medium. A2 grade, and wash
well with a hot. ncutral, | per cent sodium chioride solution. Set the platinum frate
aside to be combined later with the filtrates from the re-precipitated hvdrated oxide:. The
hydrated oxides nced not be removed quantitatively from the beaker although the ~csidue
and the wall of the beaker must be washed thoroughly to remove the platinum. Tiuce the
filtering crucibie in the original beaker. Add to the crucible | : | hvdrochloric acic almost
sufficient to fill the crucible. Allow this to drain through the crucible. Add a fow ml of
water to the crucible. and allow this to drain into the bcaker. While holdine the crucible
with platinum-tipped tongs wash the outside of the crucible with water. anu iransfer it to
a suitable adapter fitted to a smail clecan suction flask. Add hot 1 : | h rochlonc acid,
and ailow it to drain.  Wash again with water, and repeat to the cor.picte removal of
latinum metals solution. Transfer the liquid in the suciien sk (o the main solution
¢ hvdrated oxides contained in the original beaxer. anc i the flask thoroughly
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with small amounts of water (Note 2). Re-precipitate the hydrated oxides of the platinum
metals as described above. and filter through the filtcring crucible (Note 3).

Combinc the platinum filtrates, unless the total volumes are excessively great in which
instance cvaporate singly to appropriate volumes prior to the additions. Add to the
combined solutions 10 ml of concentrated hydrochloric acid, and cvaporate to dryness
on a steam bath. Repeat the additions of hydrochloric acid and the evaporations until
the bromatc is completely destroyed. Add a few mi of hydrochloric acid to the evaporated
residue, dilute to about 100 ml, and filter. Wash the paper with 200 mi of 0-1 m hydro-
chloric acid.

Now prepare the platinum solution for a precipitation by one of the methods described
in Chapter 3. The reagents hydrogen sulphide (Procedure 100) or thiophenol (Procedure
101) arc recommended.

Notes—1. 1t will be noted that the progress of the hydroiysis is associated with a tendency
of the solution to become acidic. The success of the platinum metals separation is significantly
dependent upon the rate of ncutralization so that when the addition of the basic solution is
made with sullicicnt care the precipitation is a very satistactory onc.

2. The filtration of the oxides through filter paper usually involves difficulties with the sub-
sequent dissolution of iridium by the hydrochloric acid leaching solution. The explanation
for this persistent retention of iridium by paper is not known.

3. The number of re-precipitations of the hydrated oxides required to remove the platinum
will depend upon the relative proportions and the amounts of platinum and palladium,
rhodium and iridium. As wouid be expected, iarge proportions of ihe iatter threc oxides intro-
duce diflicuities.

THE DETERMINATION OF PALLADIUM

The solution of the chiorides of palladium, rhodium and iridium is pre-
pared from the mixed hydroxides in the porous filtering crucible. The
technique of dissolution is described above.

The selective precipitation of the palladium may be accomplished by one
of many reagents and procedures described in Chapter 3. The prescnt author
prefers precipitation by dimethylglyoxime. The precipitate may be ignited
or directly weighed. If ignition is used, the modified procedure in which the
combustion is carried out rapidly with a Mcker burner will produce the
most accurate results. This method is described in detail in Procedure 94.

In general the palladium dimethyiglyoximate is weighed directly. For
this purpose the asbestos filtering medium in a Gooch crucible may be used,
but the porous porcelain medium is preferabie. :

THE SEPARATION AND DETERMINATION OF RHODIUM AND [RIDIUM

Appropriate methods for the separation of rhodium from iridium are
described in Chapter 2, Section I, and suitable methods for their determina-
tion are recorded in the appropriate chapters. Among the suitable methods
for mg amounts the present author prefers the separation of rhodium from
iridium by a selective precipitation of the former using copper metal, with
the subsequent removal of copper from the iridium filtrate by cation-
exchange. The details of the method are described in Procedure 8. In
principle the procedure invoives the additicn of powdered copper metal,
freshly prepared from copper oxide. to a | M hydrochloric acid solution
of the mixed metal chiorides. The rhodium is freed from copper by dissolving
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the metallic precipitate in agua regia. with a chlorination if required, and
adding the solution to a cation-cxchange column to remove copper. The
rhodium cfMlucnt is treated to prepare for either a gravimetric or spectro-
photometric finish. In the former instance thiobarbituric acid (Procedure 82)
is recommended, and in the latter tin(11) (Procedure 158) is recommended.

Scheme of separation
Os. Ru, Pt. Pd, Rh, Ir
H,SO, + H.0,

(Procedurce 31)

i
i

Os Ru, Pt, Pd, Rh, Ir
Reagents: Thiourea (Procedure 153) or HBrO,
Z-phenyibenzothiazole

(Procedures 76, 77)

l

Ru Pt, Pd, Rh, Ir

Reagent: Thiourea (Procedure 146 or 147) Te dust
i__ - I ._I
Pt, Pd Rh, Ir

Reagent: p-Nitrosodimethylaniline :

(Procedures 183, 184) Sb (Procedure 1)

T
Rh Ir

Reagent: 2-Mercapto-4, S- Reagent: Tin(l)
dimethyvlithiazole bromide

(Procedure 161) (Procedure 163)

F1G. 2. Scheme of separation of the platinum mctals.t33)

The filtrate of iridium and copper chloride is also passed through a cation-
exchanger to eliminate copper, and the iridium in the effluent is deternuned
gravimetrically using 2-mercaptobenzothiazole (Procedure 89 or 90) or
spectrophotometrically using un(ll) chloride in hydrobromic acid (Pro-
cedure 163).

The above method for the separation of rhodium and iridium will allow
a determination of the metals on both the macro and micro scales. Some
variation in technique would be required for the enclvsis of ug amounts.
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In this instance, for 10-100 pg, the solvent extraction method (Procedurce 14)
is the most rapid and involves the simplest techniques of all the recorded
methods. By this method rhodium is compiexed by a tin(11) bromide and is
selectively extracted with isoamyl alcohol. Iridium is readily determined in
the aqueous extract.

The Determination of
Osmium, Ruthenium, Palladium, Platinum, Rhodium and Iridium

The following procedure was developed specifically for work on the pug
scale. The method has been tested for both mgz and pg amounts of osmium
and ruthenium, but has been proven only for ug amounts of palladium,
platinum, rhodium and iridium.

A summary of the method is given in Fig. 2.

Procedure 31133

Apparatns. The distillation equipment is described in Chapter 7, Equipment No. 9.

Reagents

Bromic acid. Prepared by adding a stoichiometric quantity of sulphuric acid to a
hot, nearly saturated solution of barium bromate. The latter 1s madef!®3! by dissolving
345-7 g of potassium bromate in 700 ml of hot water. To this is added a hot solution of
253 g of barium chioride dihydrate in 400 m! of water. Cool, and decant from the crystals.
Wash the latter several times with 100-ml portions of cold water. The yield should be
about 410 g.

Tellurium powder. Chips of tellurium ground to a fine powder in an agate mortar.
The particics should be fine enough to form a suspension in the boiling sample.

Procedure

The separation of osmium. Transfer the mixture of soluble piatinum metals salts or the
solution of these salts to the distillation flask. If the amount of osmium is sufficiently
large to allow a gravimetric finish add to the three receivers respectively 15. 5 and 5 mi of
40 per cent hydrobromic acid. If spectrophotometric determinations of the osmium are
tc be made, add 15, Sand 5 mlof a 5 per cent thiourea soiution in 1 : 1 ethanol-hydrochloric
acid to these receivers (these liquids must be chilled in ice). Add § mj of 70 per cent C.P.
perchioric acid to the trap and then 30 mi of 18 N suiphuric acid to the distillation Nask.
Heat the flask. and add dropwise a 10 per cent hvdrogen peroxidc solution. When the
temperature has reached 115°C continue the boiling and the dropwise addition of hvdrogen
peroxide solution for a further [5 min. A total of about 30 ml of the hvdrogen peroxide
solution is recommended. During the final 15 min reflux the perchloric acid trap solution in
order to transfer the osmium to the receivers. Allow the distiliation flask to cool to 30 or
40°C, add 25 ml of water and 5 ml of a 30 per cent hvdrogen peroxide sclution in this
crder. Boil the flask and trap solutions for 15 min.

To determine osmium gravimetricaily rinse the chilied receivers. containing hvdrobromic
acid, with 1 : 4 hyvdrobromic acid into a 250-ml beaker. Add 0-2 g of hydroxvlammonium
chioride. and place the bcaker on a steam bath for 30 min. Precipitate the osmium with
sutficient Z-phenvibenzothiazole tn provide 2 supernatant liquid coniaining at ieast 0-8 mg
of reagent per mil.  After at .xast 2« kr filter the precipitate. reduce, and weigh
{Procedure 76).

For a spectrophotometric finish, tiunkfcr .he chilled thiourca receiving solutions to a
50-ml volumetric flask, rinsing with 1 : | ethanol-hydrochloric acid. Make up to volume
with the same solution. and fiiter through an | I-cm, filter paper 1nte the transmitiance cell.
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Use the 1: 1 ethanoi~-hydrechlaric acid as a blank. Distil and prepare the osmium standards
in a manncr identical with the sampic. The spectrephotometric method is described in
Procedure 153,

The determination of ruthenivm. After the distillation of osmium, allow the solution in
the trap to cool, and dilute to 3 times its volume with water. Add 0 the trap 10 ml of
1 : I sulphuric acid, and to the three reccivers 15, S, and Smlof ] : | cthanol~hydrochloric
acid. Chill the receiving liquids in icc. Boil the liquid in the distillation flask to destroy the
hydrogen peroxide. Add 5 ml of 5 per cent bromic acid, boil for 15 min, then add another
5 ml of the bromic acid to the distilling liquid and also to the trap. Boil both the flask
and the trap liquids for }5 min. Boil the solutions in the three receivers for a few sec with
the air strcam passing through. Add 8 ml of a 5 per cent soiution of thiourea in 1 - |
cthanol-hydrochloric acid to the first reeciver and 2 mi 1o the second and to the third
receiver to reduce the bromine and to develop the colour of the ruthenium compicx. Place
a 600-ml beaker of water at 85 °C around each receiver, and continue to warm (he solutions
for 15 min. Transler the recciving solution to o S0-ml tlask, and muke up to volume with
1 = 1 cthanol-hydrochioric acid. Filter into a 2-cm cell, and determine the ruthenium as

‘described in Procedure 146 or 147.

For gravimetric determinations, cvaporate the recciving solutions to a fow mli, filter,
and adjust the acidityand volume for a precipitation by thionalide (Procedurce 72).

The separation of platinum and palladiunt. Transfer the liquid in the distillation flask
after the removal of osmium and ruthenium to a suitable beaker. and evaporate and fume
to I ml. Do not heat excessively at this stage, otherwise the phatinum will be compieacd
to a degree that appreciable proportions will pass into the filtrate from the tellurium
precipitation. Cool the solution, and dilute with 1 ml of water. Add 5 ml of concentrated
hydrochloric acid, cover with a glass, and boil for 30 min, adding hydrochloric acid 1o
maintain the original volume. Remove the cover glass, and again evaporate carefully to
just faint fumes of sulphuric acid. Dilute to 10 ml, cool, add approximately 50 mg of
tellurium powder, and boil vigorously for 10 min. Continue heating to reduce the volume
to 8 ml, add 3 ml of concentrated hydrochloric acid, a few crystals of sodium meta-
bisulphite (Na.S,0s) and 1 drop of 1 per cent hvdriodic acid to precipitate tellurium,
platinum and palladium (Note 1).

Stir the mixture of platinum, palladium and telturium for 1S min, and add a fow more
crystals of sodium metabisulphite. Filter the metals by decantation through a 4-cm paper,
and wash well with 2 02 per cent solution of sodium metabisutphite in 3 s hydrochioric
acid, so as to prevent peptizing the tellurium precipitate.

Reserve the filtrate for the rhodium and iridium determinations.

Transfer the filter and residuc to a 5-mi silica crucible, and char over a low flame. Then
place the crucible and its contents in a suitable Vycor combustion tube. and heat over a
Mcker flame for 15 min in a stream of hydrogen (Note 2). Continue heating the mixed
precipitate in air. Transfer the cold crucible and its contents 1o a beaker, and add o the
crucible a few ml of aguu regia. Heat to dissolve and then remove the washed crucible
from the beaker with a stirring rod. taking care not to remove any of the metal solution.
Transfer the beaker containing the leached solution to a steam bath. add 40 me of sodium
chioride, and evaporate. Repeat the evaporation thrice in the presence of a few m! of
hydrochloric acid. Dissolve the dry residue in a few ml of water.

Determine the platinum and palladium by the additive colormetric method. using -
nitrosodimethyvianiline as the colour reagent. In this method the solution is ac usted 1o
pH 2-2 and diluted to 10 ml. The method is described in Procedure 185 (Note 3).

Notes—1. The latter two reagents are added to precipitate the tellurium in solution. and
also the platinum and palladium, so as 1o avoid their interference in the subsequent determina-
uons of rhodium and iridium. The reduciion of the tellurinm by “ac sziphite is cataivsed by the
wedide; this species will interfere with the later determir Jtion = rh «dnT. however. il more
than o trace is present. The iadide in excess would also procuce prdre zen sulphide by reducing
the sulphuric aeid in the solution,

<. The heating perind should ensure the removal of mechanically admixed telfurium, which
would otherwise interfere 1n the determiration of palludium and piatinum,

In order to inerense the sensitivity one may use an aqueous solution of p-nitrosodimethyi-
aniline rat™- - than the cthanoic solution. The Incrense 1 sensitivity s attamed at the expense
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of colour stability. Becuuse of the low solubiiity of the reagent its solution must be prepared
hot, with the resulting later deposition of a solid.  Cansequently onc must prepare stindards
for cach lot of reagent. For this modification sce Procedure 184,

The aqueous solution is preparcd by adding 165 mg of the p-nitrosodimethy aniline to 160 m!
of boiling water, stirring for 30 min, and filtcring.

4. The tellurium separation ot platinum and pulladium from rhodium and iridium may be
adverscly affected by high proportions of palludium. Under these conditions the pulladium
seems to catalyse the precipitation of iridium, The present method has been proved for amounts
of paltadium ol the order of 20 ug. With furger amounts the separation of the palladium
dimethylglyoximale can be made by extraction with chloroform, as described in Procedure 40,
or by the usual precipitation, as deseribed in Procedure 94.  In these instances it would be
necessary to evaporaie the liltrate containing the platinum, rhodium and iridium, ard to destroy
the organic matter. This can be accomplished by the conventional method with nitric acid and
30 per cent hydrogen peroxide solution or with suiphuric acid and a few drops of nitric acid.
IT the latter mixture is used care must be excrcised to avoid excessive fuming. Furthermore, the
final sulphuric acid solution should be boiled with a few ml of concentrated hydrochloric acid.
Note that the prior history of a platunum metals solution is of significant influcnce on sub-
sequent determinations, particularly that of rhodium,

The determination of rhodium (sce also Procedure 11). Evaporate the filtrate from the
tellurium precipitation of platinum and palladium. Continue the heating to slight fumes
only, avoiding temperatures above 200°C. Cool the solution, and dilute to about 8 ml.
Add 75 mg of antimony dust of such a fineness as to provide a homogeneous mixture on
boiling. Boil vigorously for 30 min, adding water to maintain the velume. Filter through
a 4-cm paper, and wash with 5 ml of water. Set the filtrate aside for the determination
of iridium. Transfer the paper and precipitate to the beaker used for the separation from
iridium, and place it in a muffle furnace. Heat to 400-450°C for 10 hr, which period should
produce complete combustion. Cool, and break up the residuc with a glass rod. Add
0-5 ml of concentrated sulphuric acid, 1 ml of a 30 per cent hydrogen peroxide solution and
2 ml of concentrated hydrochloric acid. Cover with a ribbed cover glass, and evaporate to
1 ml (Notes | and 2).

Add to this rhodium solution 10 ml of concentrated hydrochloric acid, and treat as
described in Procedure 161 except add twice the recommended amount of reagent, and
boil the solution for 2 hr. Filter the coloured solution before making the absorbance
measurements (Note 3).

Notes—1. The spectrophotometric reagent 2-mercapto-4, 5-dimethylthiazole (Procedure 161)
is used for the determination of rhodium in preference to tin(Il) chloride because with the
latter there is a slight darkening due 10 the small amount of tellurium in the separated rhodium.
Il the mixture is allowed to stand the tellurium coagulates so that it can be removed by a fine
texture filter paper.

2. The tin(ll) chioride method (Procedure 157) can be applied providing a standard curve
is prepared from samples contarnming the same amount of dissolved antimony as is used to
effcct the rhodium scparation. This is necessary because the absorbance characteristics of the
rhodium complcx with stunnous chloride are changed in the presence of antimony. If tin(Il)
chloride is to be used the | ml of cvaporated solution must be treated with 1 ml of hydrochloric
acid, and the solution must then be diluted 10 5 ml. The dense precipitate of antimony oxv-
chloridc re-dissolves on heating.

3. It should be emphasized that the blank error is high if the solutions are not filtered prior
to making absorbance measurements. This error should not exceed 04 pg.

The determination of iridium. Transfer the filtrate from the rhodium-antimony pre-
cipitation to a 250-ml flask fitted with a dropping tube and a thermometer well. Pass a
current of nitrogen through the flask, and heat the contents to fuming. When the tempera-
ture reaches 160-200 C add dropwise 75 ml of concentrated hvdrochloric acid. the antimony
chieride then being readily voiatilized (Note 1). Fume to about | ml and add a few ml of
concentrated hvdrochloric acid contaming a few drops of hvdrogen peroxide solution.
For the dectermination of iridium the tin(1l) bromide method is recommended (Procedure
167).

vores— . Tempe-itares over 202°C will pive Jow iridium recoveries.

2. Anmtense red celour may :procar dotp ihe colour development with the bromide. This

o
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colour constituent should disappear when the samples are dituted to the recommended SO mi.
This dilution encourages the dissociation of the bromo conipiexes.

N

3. When the guantity of iriditm 1o be determined is large, and therefore u rei: itivelv small
abiquot is required, the antimony interference is correspondimgly reduced, and the distillation can
be omitted.

Tt is cmphasized that certain variations in the above procedure may bc
advisable depending upon the absence of some of the platinum metals.
Some of thesc modifications will be obvious in the absence of such con-
stituents as iridium. Furthermore. the analytical chemist may prefer the
introduction of different methods at the stage of the rhodium and iridium
scparation. Here, particularly. the copper separation (Procedure 8) or the
tin(I1) bromide extraction method (Procedure 14) may be preferabic.

Anyway. the complete determination of the six or seven noble metals is a
lengthy procedure; its satisfactory accomplishment requircs more than a
casual acquaintance with the recommended analytical methods.
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The mcthods dcscnbcd below are recommended only for silver-noble
metal alloys which contain at least 15 parts of silver to | of total platinum
metals. With much smaller proportions of silver the sclective dissolution of
silver by nitric or sulphuric acids may be ine

X‘ﬁmo THE ALLOY

for the silver beads which*contain platmum‘ memls and gold. The eﬁment
use of mmc acid as a parti id requires some prior knowledge of the

auon of
platinum and palladium in the nitric acid parting solution. Wi'h beads
containing appreciable proportions of the morc insoluble platirim metals
and a ratio of 15 parts total platinum metals to 1 of siiver. thr cas
cupellations and partings will not always dissolve the piatiiam

of phrmum in the bead dccrcaqes the echcnveness of the first nitric acid
trcatment on palladium.

The limited action of nitric acid on platinum in silver beads results in the
formation of a colloidal suspersion and not in a true <o wiion. This can be
made evident by allowing the nitric acid parting “olut:vi containing platinum
io stand for some time: a brown solid will settle vut
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TABLE 12, THE PLATINUM AND PALLARIUM IN THE SECOND NITRIC ACID SOLUTION!! 74!

. |
. . L Precious |
d . . : . | .
plete removal of platinum and palladium . : metals feft Silver | Silver ! Lossof ; Precious metals
: m are ic acid. This should not be interpreted to Sampie | after first added | recovered silver | in
mean that prg amounts of rhodium will not be corroded. In the absence of parting | : ' parting acid
appreciable amounts of rhodium and iridium, aqua regia will extract gold, (mg) (mg) ! (mg) (mg) | (mg)
: o . . ‘
platinum and palladium from the nitric acid parting residue. 1 311 4550 | asis 3.5 | 10 Pt
Parting with nitric acid is one of the most widely used techniques for the 2 107 1700 | 1644 E 5.6 5-4 Pt
3 9-1 140-0 129-1 | 10-9 I 43 pe
CID SOLUTION(!®4! 4 8-4 1400 1326 | 74 | a0m
TABLE 11. THE PLATINUM AND PALLADIUM IN THE FIRST NITRIC A 5 60 950 | 384 | 66 I 32 Pt 05 Pd
i 6 8-0 126-0 107-7 | 12:3 i 45 Pt
Other ! Precious metals 7 54 95-0 91-8 | 3.2 © 36PL, 1:0Pd
Sample Silver precious | Silver Loss of in 8 93 155-0 137'5 175 i 47PL 12Pd
added metal added recovered silver parting acid 9 178 < 270-0 2580 120 i 26 Pt
(mg) (mg) (mg) (mg) (mg) 10 76 130-0 123-8 E 62 P3P
11 82 125-0 1187 | 63 ! 5GPt
1 675-0 30-0 Au 6339 41-1 13-9 Pt 12 32-8 495-0 4839 i 111 P28 P
2 2550 20 Ru 242-7 12:3 63 Pt 16 172 85-0 822 | 28 L oaggm
3 2550 2-:0Rh 245-4 9:6 79 Pt | |
4 255-0 2-01Ir 246-8 82 8-6 Pt
5 255-0 2:0 Pd 240-6 14-4 9-SPt, 1-'5Pd
6 255-0 — 241-8 13-2 7-0 Pt
7 450-0 15-0 Pd 4369 13-1 10-7 Pt, 13-9 Pd TaBLE 13. THE PLATINUM AND PALLADIUM IN THE THIRD NITRIC ACID SOLUTION!!®%)
8 675-0 30-0 Pd 656-0 19:0 7-1 Pt, 28-6 Pd . ’ i
9 450-0 15-0 Au 4372 12:8 12-2 Pt | | ‘, ‘ Totai Pt
10 2550 2:0 Au 2415 135 9:4 Pt Precious ' | Precious | and Pd
11 2250 — 2130 12:0 6-8 Pt metals left Silver Silver Lossof | metals | recovered
12 675-0 30-0 Au 651-2 23-8 122 Pt Sample |aftersecond| added 1 recovered silver | in parting | after 3
13 4500 150 Ir ﬁg'é fg‘f’ f'g }}:: : parting | | ' acid | partings
14 450-0 150Rh ! . : 3 m m | o P g
15 4500 1SORu | 4300 | 200 51 Pt (mg) (mg) | m® | m9 | mg | (mp
16 275-0 15-0 Au 5 263-1 I 119 12-8 Pt 2 5.3 850 : 828 | 23 3.4 Pt l 15-1 Pt
: 3 4-8 720 ! 65-7 I 63 P 0LPto 123 Pt
15-0 mg platinum added in each instance. 4 4-4 66-0 } 65-0 } 10 | nil ; 126 Pt
4 : . 5 23 70 | 700 10 0 22P | 149Pt
analvtical treatment of silver-noble metal assay beads. | ! ' 00Pd | 20Pd
. T | i ' .
| ‘
; ; ’ 6 | 34 ss0 | 508 | 42 1 4P | 1a9p
| method” A procedure for the iatter method is 7 i 08 12:0 , 96 i 24 Logape | 150 Py
. . . .. - - | i
described below, Usually, nitric acid is used in the hope of a complete dis- | { E © 00Pd 149 Pd
futi i la a"adivm. Toward this end the recom- : | !
solution of silver. platintm ar?:l patadi 2 r end ‘ s | 34 00 | 966 | 34 1sm + 116m
mended procedures generaily involve muitiple partings, with intermediate ! | | [ 00Pd | 29§ Pd
inquarting* with silver. Tables 11, 12 and 13 indicate the resistance of both ] | | !
palladium and piatinum to a nitric acid parting of silver beads containing 10 | 39 25-0 | 24-2 ; 0-8 | 1-0 Pt | 14-1 Pt
various nobie metals. ool 26 400 | 382 | 1.8 L a0PL ! 144 e
l {

* The term inquarting really refers to the process of forming an alioy of 3 parts of silver 10 1
o gold. It is used throvghout the following discussion, however. to indicate the process of
ahoving sidver are noble metals irespective o1 their proportions.

AR e o e 2 M lae Bl



112 ANALYTICAL CHEMISTRY OF NORLE METALS

Tue NITRIC ACID PARTING OF SiLvir-Nosre MuTaL Beaps

Procedure 320193

The silver bead should contaun at ieast lSerts of silver to | of total noble metals.
Holding it with forceps, dip the bead int and then into water. Repeat
until the bead's surface is free of non-metallic impurities. Transfer the clcan bead to a
small beaker or to a lurge porcelain crucible. and allow the
reaction to proceed to completion, as indicated by the evolution of gas. Allow the residuc
to settlc, and transfer the supernatant liquid to a 200-ml beaker. Add to the residue 25 ml
of 1 :1 nitric acid, warm slightly for 15 or 20 run, and again transfer the supernatant
liquid to the 200- ml beaker. Repeat this leaching with 25 ml of 2 : 1 nitric acid
¥ ] Filter the residuc, which
will contain all of the gold ractical purposes all of the rhodium and iridium,
together with small amounts of platinum and palladium.
Inquart this residue with 15 parts of silver per 1 part of residue, and repeat the whole
he above parting procedure. Repeut the inquarting, cupellation and parting a second
me for maximum accuracy. Retain the filtrates.

Note—These procedures will result in a residue of gold, rhodium and iridium effectively free
of platinum and palludium, and also give two nitric acid filirates of silver, platinum and palladium
that together with the initial nitric acid parting solutions provide. a toial of three filtrates. The
treatment of these filtrates to isolate silver is described immediately below. For the maximum
accuracy, cach of the three resuiting silver chioride precipitutes shouid be dissolved and re-
precipitated to ensure freedom from platinum and particularly from palladium. The analytical
chemist may then combine all six filtrates from the silver chloride precipitations and evaporate
them, or evaporate singly and nux the soluttons at a suitably reduced volume. The residue of
gold, rhodium and iridium is treated as described later,

The separation of silver. To the parting acid filtrate add sufficient dilute hydrochloric
acid to precipitate the silver chloride. Allow to stand, filter the coagulated silver chloride
through a 7-cm filter paper, and wash with a little hot water. Set this filtrate (No. 1)
aside. Transfer the filter paper and silver chiloride to a 100-ml beaker, add 10 m! of con-
centrated suiphuric acid, and heat carefully to char the paper. Cool slightly, and add a
few drops of fuming nitric acid. Heat carefully to char, cool, and again add a few drops
of the nitric acid. Repeat this procedure to obtain a clear and colourless soiution. Con-
tinue to fume to a moist residue, avoiding excessive temperatures, which will interfere
with the subsequent separation of platinum. Add to the moist residuc of silver sulphate,
etc. 100 mi of hot water, and re-precipitate the silver chloride. Filter, and add this filtrate
to filtrate No. 1. Dry the silver chloride at 140 C, and weigh, if this is desired. Evaporate
the combined fltrates almost 1o dryness, and il necessary {fume to a few mi at as low a
temperature as possible.  Add 3 ml of concentrated hydrocnioric acid and evaporate.
Repeat this 3 umes. Add 50 ml of water and, drop by drop. 2 filtered 10 per cent sodium
hydrogen carbonate solution, using bromophenol biue as the indicator. The technique is
described in Procedure 30. Add 2 ml of a filiered 10 per cent sodium bromate solution,
and boil for 15 min. Add the solution of sodium hvdrogen carbonatc to reach pH 6, as
indicated by bromocresel purple.

Boil for about 15 min and filter the hvdrated oxides of paliadium and the traces of lead,
iron, etc. through a 7-cm filicr paper. Dissolve the precipitate with 4 ml of hot 1 : ]
hydrochloric acid, and wash the paper frec of solution. Rcpeat the acid trecatment and
washings if necessary. Repeat the precipitation of the hydrated oxides of palladium, and
combine this second filtrate with the first filtrate from the hydrated oxides for the determina-
tion of platinum.

The determination of palladium. Dissolve the brown palladium oxide in 4 ml of hot,
! ;1 hydrochloric acnd wish vell, and Jdilute the filtrate 1o 100 mi wxlh water. Precipitate
with dimethy. glyexire as gese i- d in Ty dure 94,

The deternanation of platinnar, gvap wuie the two filtratzs from the palluunum hydrated
oxides on a steam bath, and add concentraied hvdrochloric acid to destrov the bromate.
Continue this treatmen® to remove bromine, and finally add 150 mi of water. Filter the
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solution. and adjust the acidity to that required for a precipitation by thiophenol or
hydrogen sulphide as described in Procedures 101 and 100 respectively.

The deterninction of gold.  Add about 3 mi of uqua regia 1o the insoluble from the
scveral parting acid treatments. Warm o dissolve the gold. Repeat the extraction once or
twice, and combine the agua regia solutions.  Evaporate to remove nitrogen oxides, and
preparc the goid soiutions for a precipitation by hydroquinonc as described in Procedure
10S.

The Separation and Dcrermination of Rhodium and Iridium

In principle the separation of rhodium from iridium may appear to be a
relatively simple procedure. It is a fact that rhodium metal in various forms,
e.g. ﬂnely divided, is rather readlly soluble in hot concentrated sulphunc

Under rather exceptional circumstances aqua regia will attack iridium.
This mixed acid has no appreciable effect on cupelled iridium admixed with
rhodium. Also, notwithstanding the many published recipes, strong aqua
regia will not dissolve iridium. INone of these methods even approaches a
selective separation.

The various eflective methods for the dissolution of rivodium and iridium
are described in Chapter 2. The available methods for the quantitative
corrosion of this final ** silver bead insoluble ™ are

(1) a wet chlorination in a closed system,

(2) an open system chlorination in the presence of sodium chloride, and

(3) a fusion with sodium peroxide in a silver crucible.

The fusion method has been used successfully by the author. The details
are included in the description of the sulphuric acid parting method (Pro-
cedure 34), but in principle the procedure involves the use of a special thick
walled silver crucible, a fusion at dull red heat with sodium peroxide, an
extraction by nitric acid of the blue, iridium constituent, and the treatment
of the filter paper and the brown rhodium compound with sulphuric and
nitric acids. The combined solutions are evaporated. and the rhodium and
iridium are precipitated as the hydrated oxides at pH 6, this treatment
leaving the silver in solution.

The separation of 100-200 mg of rhodium and iridium may be accom-
plished by Procedures 8, 12 and 29. For micro amounts the separations by
copper (Procedure 8), by antimony powder (Procedure 1) and by solvent
extraction (Procedure 14) are recommended.

Rhodium can bc determined gravimetrically using hvdrogen sulphide
(Procedure 87) or thiobarbituric acid (Procedure 82 [.idium can be dcter-
mined gravimetrically using 2-mercaptobenzothiazole (Procedures 89 and 90).

The recommended colorimetric reagent for rhodium is tin(1l) chloride and
that for iridium 1s tin(11) chloride in hvdrobromic acid. These methods are
described in Procedurcs 157 and 163 respectively.
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Tie NiTric Acip PARTING METHOD NoO. 2

A nitric acid parting method followed by chromatographic separations
and spectrophotometric determinations was applied by James'!?31 1o silver
assay beads containing platinum and palladium. The method requires a
standard fire assay, and can be used for a few pg of platinum or palladium.
Thus it is applicable to beads obtained from an assay ton of an ore that
contains 1:5552 g (1 dwt.*) of piatinum per ton of ore.

Procedure 3311951

Reagents

Concentrated nitric acid.

Hydrochloric acid. C.P. acid passed through an Amberlite IRA-410 column to remove
iron, and diluted as required.

Sodium chioraie. A.R., 2 per cent aqueous solution.

Stannous chloride reagent. Dissolve 11:25 g of A.R. stannous chloride in 100 mi of
3-5 M hydrochloric acid. .

Thioglvcollic acid. A 2-5 per cent aqueous solution. )

Chromarography solvent. Pentanol 10 per cent vfv, hydrochloric acid (4. 1-18) 30 per
cent v/v, Hexone 60 per cent v/v.

Paper. 2-5 cm strips of Whatman No. | filter paper.

Apparatus. As in Chapter 7, Equipment No. 26. .

Procedure. Transfer the bead to a polished block of hard steel, and flatten it by hammer-
ing it carefully with a clean-faced hammer. Place the flake into the bulb of the vessel M
described in Chapter 7, Equipment No. 26.

Add 0-5 mi of concentrated nitric acid to the bulb, and place the bulb on a heated
sand bath, avoiding heating to the stems of the bulb. When the bead has been panqd
remove the bulb temporarily from the sand bath, and add 1 ml of concentrated hydrochloric
acid to the edge of the bulb. Rotate the bulb to mix the sojutions and. to dissolve the
platinum metals. Return the bulb to the sand bath, and evaporate the solution to < 05 ml
as determined by up-ending the bulo and allowing the solution to enter the marked tube.
Remove the bulb, and while it is still warm add 0-5 ml of the 2 per cent sodium ch]ogmc
solution, and mix by carefully rotating and tilting the contents. Then iransfer the solguon,
free from residue, to the graduated stem of the bulb. Place the vessel upright in a suitable
rack, and drv the bulb with an infrared lamp. Add Z-5 M hydrochloric acid to the stem
to reach the 1-0 ml mark. Rotate and tilt the bulb to dissclve all solublc matcerial.

The chromatographic separation. For routine work it is expedient to prepare a large

sheet of sraph paper witi fines drawn across to indicate the end of the paper strips, '1hc
spotting position and the position at which the fold to support the paper when hanging
will later be made. The principal graduatior marks on ine graph paper should be clearly
numbered, starting from zero at the spotting position.  This facilitates Vthe subsequcm
reading of such data as is related to solvent front and band travel. The sheet of paper is
then tacked to a clean working bench and completely covered with a sheet of polvethylene
flm. ) _
l Place in position a pair of strips of Whatman No. 1 filter paper l.m. x 18 :n._(2-5 cm X
45 cm), for cach sampie to be separated. Identify the sirips oy marking xhcm with a pencil
at the end remote from that to be spotted. Add 0-05 ml gf the solution in the bulb to ;hc
strip, distributing it as evenly as possible across the full width _of each strip at thg spotting
position. the solution peictrating to the polyethylene film, but being rcabsorbed com-
pletely by the piper. Foud vpproprivicly the ernds of ic paper, and dry by suspcn(hn_g
the papers fron a line by cle 1es pogs. In wet weather it may be necessary to dry them in
a desiccator.

* dwi. = pennyweight.
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Afier drying, place cach strip into its individual holder (figure N, Equipment No. 26,
Chapter 7).

Insert the unit into a tall cylinder. which may be a tall gas jar (figure P, Equipment
Ne. 26). Place in the bottom of the jar about 0-5 in. (1-3 cm) of the solvent mixture. Cover
the jar with a lid, and scal by means of a rubber band which may be cut from a bicycle
inner tube.  Place the Jar in a thermostatically controlicd temperature compartment
maintained at 25°C.

Allow the chromatograms to run overnight. Remove the holder and strips, and lightly
mark the solvent front with a pencil. Suspend the strips to dry, and spray one pair with
the tin(1l) chloride reagent to indicate the position of the plainum band (yellow) and the
palladium band (purple).

Place the paired strips in position on the covered graph paper to obtain the necessary
information regarding the solvent front and band travel and band width obtained. Cut off
the pertinent band positions from the untreated papers and transfer 1o 5-mi beakers. The
sprayed platinum band may also be used for a determination.

To the platinum section add 2 ml of 2-5 M hydrochloric acid. To the paliadium papers
add 2 ml of 0-5 M hydrochloric acid. Cover the beakers. and place on a steam bath for 15
min. Filter the macerated sections by suction through No. 4 porosity filter funnels into
S-ml standard flasks. Complete the extraction as follows:

For platinum. Rinse the beaker consecutively with 1 ml of the stannous chloride rcagent
and I ml of water, transfer each rinsc through the well-packed filter cake, and make up to
the mark with water.

ror palladium. Rinse the beaker consecutively with 1 mi of the thioglvcollic acid solution
and | ml of water, transfer each rinsc through the funnel. and make up to the mark with
water.

Transfer each extracted solution to a clean spectrophotometric cell, and read its ab-
sorbance as compared to a reagent blank. Use I-cm cells. Measure the absorbance for
platinum at 403 mp and for palladium at 325mpu. Then read the metal content of cach
solution from a standard curve in terms of pg per 5 mi of solution.

Note—If onc assay ton of sample is us=d. the assay in dwt. per ton may be obtained by multi-
plying ths figure obtained from the standard curve by 0-4.

THE SULPHI'RIC ACID PARTING OF SILVER-NOBLE METAL BEADS

A treatment of the silver bead with hot concentrated sulphuric acid has
the advantage of dissolving most of the silver, some of the palladium Sut
none of the other metals under consideration if the proper condition:. are
used. Two procedures are recorded in the literature for the separation and
determination of palladium and silver. The more classical mcthod i olves
an initial removal of silver chloride. The probiem here is one of adsorption
of palladium. With large proportions of the latter it is strongly adsorbed
on the silver chloride precipitate. Whereas it may appear inhat the re-
precipitation of the silver chloride following dissolution with ammonia is
an effective method, the practical appiication of this is associated with an
accumulation of salts and with the usual difficulties zssociated with the
presence of ammonia with the platinum metals. The procedure described
below incorporates a sulphuric acid varting and an initial removal of
palladium from the parting acid as the hvdrated oxide.

The Sulpluric Acid Pariing Method No. |
Two methods of appiving the sulphuric acid parting have been proposed.
In one the parting acid is boiled. and retreatments are used in an attempt to
14
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dissolve both silver and palladium completely. The difficulty here is associ-
ated with the simultaneous dissolution of some rhodium, platinum and
iridium, and with the occasional failure to remove either silver or palladium
completely from the main portion of rhodium, iridium and platinum. Thus
one must provide for the removal of small amounts of the four platinum
metals from both parting acid and insoluble residue.  In the presence of
ruthenium the scparations are further complicated. Osmium is seldom
found in the silver bead except in very small traces alloved perhaps with
iridium, etc. In large proportions osmium will cause a violent dccomposition
of the silver bead. The procedure recorded below provides for a dissolution
of minimum quantities of palladium, most of the silver but generally in-
significant amounts of rhodium, platinum and iridium.

Procedure 341113, 142]

Add to the clean bead in a 250-ml beaker, 30-40 ml of 95 per cent sulphuric acid, and
heat just sufficiently to easure a uniform and rapid rate of paniing. Heat only for 4-7 min
becausc the completc removal of silver is not neeessary  Cool, dilnte to about 175 ml
with hot water, filter through a quantitative paper and wash thoroughly with hot water
(Note 1).

Evaporate the filtrate and fume to 4-5 ml, then dilute to 200 ml. Add 3 ml of a filtered 10
per cent sodium bromate solution, and boil for 25 min. Reduce the acidity to about pH 4
with sodium hydrogen carbonate. Add 5 m! of the sodium bromatc solution. Boil for 10—
15 min, and now add sodium hydrogen carbonate solution to attain an acidity of pH 6
with bromocresol purple indicator added on the stirring rod as described in Procedure 88.
Boil to precipitate and coagulate the brown hydrated palladium dioxide. Filter, wash with
freshly boiled distilled water at pH 6 and transfer the paper and precipitate to a 125-mi
teaker fitted with a cover glass. Add 5 ml of concentrated sulphuric acid and a few ml
of concentrated nitric acid, preferably fuming nitric acid, and heat to fumes of suiphur
trioxide. Cool, and repeat both the addition of nitric acid and the fuming to destroy the
organic matter, about 5 min being sufficicnt for this operation. Ceo dilute to 40 ml
with water, and add a few drops of hydrochloric acid sufficient to i :pitate the silver
chloride. Filter and wash the precipitate. If much palladium is present in the bead, or if
the parting temperature was excessive, the silver chloride may contain adsorbed palladium.
If this is so. re-dissolve the precipitate in sulpnuric and nitric acids, and re-precipitate as
described in Procedure 32.

The filtrate from the silver chloride precipitation should now contain no more than
4 mi of suiphuric acid per 100 ml of solution. Precipiiate the palladium as its dimethyl-
glyoximate, and filter. Sct this washed precipitatc and paper aside to be added to the
palladium dimethyiglyoxintate recovered from the dissolution of the parting insolubic
(the detzils for this preciprnatisn are deseribed in Procedure 94). Wash thoroughly the
residuc from the suiphuric parting acid with ammonium acctate and water to remove
jead sulphate. etc. Discard thesc lcaching liquids.

Transfer the washed residue and the paper to a 125-ml beaker fitted with a cover glass.
Add 30 mi of agua regia, and place on a stcam bath for 2 hr. Dilute the solution to 20 ml,
filter. and wash with hot water. Sct the residuc aside for the deicrmination of rhodium
and iridium (Notc 2).

Add to the ugua regio exiract 100 mg of sodium chloride. and evaporate to near dryness
on a steam bath. Add a few ml of strong hvdrochloric acid. and evaporate to remove
nitric acid. Repeat this scveral times, three treatments being possible in 5 min if an excess
of hvdrochicric aeld Is aveided. Add 25 mi of water, and filier to remove the silver chloride.

inexpericnce with tiese oy soratiane sometimed causes small amounts of goid to be
baked out. If this occurs, burn the papzr and silver chloride precipitate. treat the residuc
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with aqua regiu, evaporate the solution with three additions of hvdrechloric acid, dilute
with water, and then add the filtered solution to the first filtrate from the silver chloride
precipitation.  Acidily the total filtrate of 50-60 mi. and prepare it for the precipitation of
gold by hydroquinone, as described in Procedure 105,

Notes—I. The residue contains essentially all the platinum, rhodium, iridium. gotd, most
of the palladium if much of this metal is present and o smalt amount of silver, The liltrate contains
palladium and silver.,

2. The agua regia filtrate should contam practically all of the gold and platinum, and ilso the
palladium unuattacked by the sulphuric parting acid.

The determination of palladimmn. The hydroquinone filtrate from the gold precipitation
can usually be treated dircctly to precipitate palladium dimethylglyoximate.  This is
filtered through the paper used to collect the patladium complex from the sulphuric acid
parting solution. The details of the mathod arc described in Procedure 94,

Note—13. 1t should be recalled herc that where the amount of palladium is of the order of
pg, the direct addition of dimethylglyoxime to the gold filtrate may produce no palladium
precipitate.  This eventuality is dealt with after the dissolution of platinum described below.

A further difficulty with the palladium separation is sometimes causced by the co-precipitation
of platinum with the palladium. The oxidation of the mixed complexes by agua regiv and the re-
precipitation of palladium is ineffective when high accuracy is required. The paper and pre-
cipitate should be treated in the usual manner with suiphuric and nitric acids. If much platinum
has been carried with the precipitate it sometimes appeurs as metal afier the treatment to destroy
organic matter. In this instunce the residuc is filtered, the paper is ignited. and the residuce is
treated with aqua regia. The nitric acid is then removed with one or two additions of hydro-
chloric acid,.and water is added. This is then filtered into the palladium solution and the latter
is diluted to 175 ml. Pulludium dimethviglyoximatc is then re-precipitated.

The determination of plarinum. Evaporate the filtratc and wash liquid from the palladium
precipitation to dryness, and fume ofl all the sulphuric acid. Ignite the residuc to an ash
by holding the beaker over a Mcker burner for | min. Add a few ml of wgna regia to the
cooled beaker, and warm to dissolve the platinum. Evaporate to dryness, and add a few
drops of concentrated hydrochloric acid. Evaporate, and repeat to remove the nitric acid.
Add about 25 mi of water, filier, and wash to a volume of JOO ml. If there is any evidence
of undissolved platinum in the above filtration, burn the paper and its contents, rreat the
ash with agua regia, remove nitric acid, and filter the agucous solution into the original
platinum solution.

If the gold filtrate obtained from the hydroquinone precipitation showed no evidence
of palladium dimethylglyoximate, test for palladium in the platinum solution as foliows:

Extract a capillary drop of the platinum solution, and remove the organic maiter and
nitric acid in the usual manner.  Transfer (o a spot plate, and add a few drops of a
saturated ethanolic solution of 5-p-dimethviaminobenzyviidencrhodanine.  1f u dcfinite
purple colour is produced the platinum solution should be treated with dimethvigivoxime
to remove the small amount of palladium wiose presence was indicated.

Determine the platinum gravimetrically with hydrogen sulphide (Procedure 100) or with
thiophenol (Procedure 101).

The separation and determination of rhodium and iridium. Place the final residue from the
aqna regia treatment in a silver crucible, and carefully burn to an ash,

Silver crucibles. The silver crucibles available commercially frequently contair copper;
they are prepared from spun silver and will allow about 12 fusions with sodium peroxide.
The amount of silver corroded during a 5 min fusion with 15 g of sodium r:roxide is
0'5 g or more. Thick-walled crucibles can be made by meclting pure silver +a a nickel
crucible of an appropriate size. The metal is then cooled siowly, and cut and drilled te a
size suitable for the fusion. Properiy made crucibles may allow more than 30 fusions,
The dimensions recommended for gencral work arc: height 2 em, top diam. 2-4 cm, bottom
diam. 21 cm, wall thickness 0-4 cm.

Add to the black tgnited residuc in the silver crucble 3 g of sodium peroxide, and
muuntain at o dull red heat for 10 min (if thin-walled crucibles are used. less time is required
to dissolve the residue).  Allow the crucible to cool. and transfer it to a 250-ml beaker
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fitted with a cover. Add water to the crucible. Following dissolution, wash the crucible
with water, and carcfully transfer it 10 a amall casserole: add sufficient 6 N nitric acid 10
clean the crucible, and wash it well with water. Transfer the casscrole liquid to the original
solution of the fusion, and add just sufficient niiric acid to dissolve the silver oxide.

 the heavy brown residue of rhodium oxide persists, filter this, and transfer the paper
and residuc to a beaker, Treat this with 6-7 mi of sulphuric acid and a few dreps of fuming
nitric acid to destroy the paper, and transfer the solution to the original beaker.

10 only a little rhodium s present, add 6-7 ml ol concentrated sulphuric acid dircctly
to the original beaker, and evaporate and fume to 4 ml. Add 175 mi of hot water, and
precipitate the hydrated dioxides of rhodium and iridium as directed above for the
separation of palladium from the sulphuric acid parting solution. Take care to avoid
acidities much above pH 6, otherwise hydrated silver oxide may precipitate (Note 5).

Dissolve the oxides with hvdrochloric acid as directed for the dissolutton of the palladium
dioxide (Note 4). '

Notes—4. Here one may encounter the usual difficulty of removing iridium from the filter
paper. Carcful washing with small portiuns of hot dilute hydrochloric acid should be satis-
factory. If desired, however, the filtrution ol the oxide may be made with o porous filtering

crucible, A2 gradec.

5. Avoid the introduction of the sulphuric acid solution to the indicator bottle by means
of the capillury used to transfer the indicator to the stirring rod; otherwise the scparation of
silver salts will result.

The determination of rhodium. Here the analytical chemist may choose one of several
methods for the separation and determination of rhodium and iridium. In general the
separation of rhodium by the selective precipitation of rhodium by copper, and the sub-
sequent separation of the copper by cation-exchange is recommended. The above two
procedures for the analysis of silver assay beads are recommended only for total amounts
of platinum metals of the order of 10-200 mg, however, so that the precipitation of rhodium
by titanium(l{I) chioride and the indirect determination of iridium described below is also
applicable. The procedure, here described and used by the author with success, is essenti-
ally the method proposed by Gilchrist.t''!

Dilute the hydrochioric acid solution of rhodium and iridium to 100-0 ml. Transfer
50-0 ml of this solution to a beaker, dilute to 100 mi, and boil. Add dropwise a 20 per cent
solution of titanium(l1l) chloride until the supernatant liquid appears purpte. Continue
botling for 2 min, and filter. Wash the filter and the precipitate with cold 1 N sulphuric
acid. Transfer the paper and metal to a 50-ml beaker, and add 2-5 ml of concentrated
suiphuric acid and a few drops of fuming nitric acid. Char the paper in the usual manner,
and take to heavy fumes. Repeat the additions of nitric acid and fuming until a clear solu-
tion is obtained. Wash the walls of the beaker with a small amount of water, and fume
again. Dilute to 100 ml, and repeat the precipitation by titanium(lIl) chioride. Filter,
wash, and redissolve the rhodium and paper as pefore with 2°5 mi of concentrated sul-
phuric and fuming nitric acids. Carcfully wash the walls of the beaker with a few ml of
water, and fume again. Add 20 m! of water, 2 ml of concentraicd hydrochloric acid, boil
for 15 min, and filter. If the residuce in the paper suggests the presence of rhodium, treat
again with sulphuric and nitric acids, ctc. (Note 6). Determine the rhodium gravimetrically
with hydrogen sulphide or thiobarbituric acid (Procedures 87 or 82 respectively).

Note—6. When very small amounts of rhodium are present, not an unusual condition with
ores. etc., the pink rhodium colour may noi appear.

The determinarion of iridinm. The following is an indirect method, and is of course not
recommended for less than 2 or 3 mg of indium if high accuracy is required.

Add to the second 50-0-ml portion of the rhodium-iridium solutton 5 ml of a 10 per cent
sodium bromate solution. Beil for 20 min (Note 7). Add a filtered 10 per cent solution
of sodium hydrogen carbonate to bring the pH of the solution to 4, as indicated exiernally
on the stirring rod by tromophenol blue. Add a few ml of the sodium bromate solution,
wnd boil. Add the sodium hydrogen carbonate solution to obtain a pH of 6. using a 0-04
rer cent soluticn ol bremocresel purple os the indicator.  Boti to coagulate the hydrated
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dioxides of rhodium and iridium. and filter throuch paper, or preferanly through a porous
poreelain crucible. Wash with a hot | per cent ammonium chioride solution. If a porcelain
filter is used, add a saturatcd solution of ammonium chloride 10 the filtered and washed
oxides. I paper is used, transfer the paper and the oxides 0 a porcelain crucible, and
moisten it with the saturated ammonium chloride solution.  fznite verv carcfully, an
indication of a suitable heating rate being the production of 2 thin line of ammonium
chloride vapour during the initial heating process (Note 8). Finally, ignite in air, then in
hydrogen. Leach the mixed metals with 2 s hydrochloric acid, transfer to a filter, and wash
with hot water. Dry, ignite in air. then in hydrogen, cool in hvdrogen. and weigh.

Th: weight of iridium is the difference between the weight of the combined metals and
that of rhodium (Note 9).

Notes—17. If the original liquid was bluc it will now turn ambcer. The identity of the blue
constituent is not known.

8. The ammonium chloride is used to prevent deflagration of the hvdrated dioxides.

9. As would be cxpected, high errors may result when the proporuon of rhodium is large.
The method is of acceptable value when the proportion of metals ure rougidy comparuble.

The Sulphuric Acid Parting Method No. 2

A new procedure for the determination of platinum, palladium and gold
in silver beads was proposed by Barefoot and Beamish.!'®*1 The method
requires standard methods of detcrmination for cach constituent but the
order of separation of silver, goid and palladium is reversed. After the
modified parting method of the bead using sulphuric acid (Procedure 34),
palladium is removed from the acid parting solution as its dimethyglvoxi-
mate, followed by silver if the determination of the latter is required. The
parting residue is dissolved in aqua regia. and then palladium is removed
as its dimethylglyoximate. followed by gold by using hvdroquinone. then
platinum by using zinc. The aqua regia insoluble. containing rhodium and
iridium, may be chiorinated according to Procedure 8, etc., and rhodium
and iridium separated by Procedures 8 or 14. For good accuracy it is desirable
to produce a blank silver bead by simultaneous fusion with lead. The full
procedure should be applied to the blank bead, and the blanks subtracted
at the appropriate places. This blank helps to account for

(1) the ash content of filter papers when these are burned,

(2) the presence of silica resulting from the corrosion of laboratory glass-

ware by the chemicals used in the analvsis. and

(3) the presence of small quantities of impuritics in the chemicals.

The time required to complete an analysis can be reduced by arranging a
series of weighings which result in the determination of one constituent by
differences.

Procedure 351961

Clean the silver bead by brushing it with a fine brush. then dipping it in acetic acid,
ibed tn Procedure 32, Transfer the bead to a 50-mi beaker. add 2 ml of concen-

trated wiphuric acid, and heat carefully on a hot plate unul tae r2o.d evolution of bubbles
ceases and the solution begins to turn oranee, thus indicatiny the presence of palladium.
Avoid continued heaung that may result in some dissolution o0 plctinum. Remove the
caker {rom the hot plate, and cool to room temperature. Add 25 miof cold water. and
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filter through a 7-em Whatman No. 42 filter paper.  Transler the residue (o the filter,
and wash with 50 mi of hot water. Combine the wash water and the ltrate in a 150-ml
beaker.  Sct this solution A aside for the determination of pallacium.  Wash the parting
residuc 5 times with a hot 20 per cent anmunonium acctate solution, and then 3 times with
hot water. Discard these washings.

Palladium. Dilute filtrate 4 to 100 m! with chloride-free distilled water.  Add 3 mi
of a | per cent aqucous solution of sodium dimethylgiyoximate, cool immediately 1o about
10 C and stand for 30 min. Transfer immediately the palladium dimethyiglyoximate to a
7-cm Whatman No. 42 filter paper, and wash with 75 ml of hot water. Dry the filter
under a lamp, transfer to a percelain microcrucible, and treat with 6 drops of mixed acids,
prepared by mixing 3 volumes of concentrated sulphuric acid, 3 volumes of nitric acid and
2 volumes of water, this treatment allowing the subsequent ignition of the precipitate
without any loss of pailladium. Heat the crucible slowly in a muffle furnacc to char the
contents. Then raise the temperature to 800°C, and ignite for 30 min. Cool, then heat in
hydrogen, cool in nitrogen, and weigh as palladium metal. Subtract a blank at this stage.

Notes—]. The palladium may contain ug amounts of silver which are accounted for by the
blank. This contamination is the result of chioride ion in the distilied water.

2. Il desired the silver in the parting acid may be determined after the removal of the palladium.
The above reversed procedure is preferred to the usual initial precipitation of silver followed
by that of palladium dimethylglyoximate, because sitver chinride is particularly susceptible to
contamination by palladium.

3. The amount of palladium that escapes precipitation by the above procedurc should not

exceed a few pg.

The rreatment of the parting insoluble. Transfer the filter and parting residue, partially
dried, to a tared porcelain microcrucible. Heat slowly in a muffle furnace at about 500°C
for 1-5 hr. Cool, heat in hydrogen for 5 min, cool in nitrogen, and weigh (Note 4). Transfer
this residue to a 50-ml beaker, add 5 ml of aqua regia, cover the becaker, and place it on a
steam bath for | hr. Add 5 drops of equa regia to the crucible, place the crucible in a
covered beaker. and heat on a steam bath for 30 min.  After this digestion period wash
the contents of the crucible into the main agna regia extract, and dilute to 15 mi. Filter
through a 7-cm Whatman No. 42 filter paper, and retain the filtrate in a 50-mi bcaker.
Transfer the soiids to the filter, and wash with 10-15 ml of hot water. Combine the
washings and filirate. Reserve the filter and residue B which is used as described below.

To the filtrate add 0-1 g of sodium chiloride, and evaporate on a steam bath to a moist
residue. avoiding any drying or baking. Treat the moist salis 4 times with 3 or 4 drops of
concentrated hydrochloric acid, with careful evaporations between the additions. Dissolve
the saits in 10 ml of 0-1 M hydrechloric acid and 10 ml of water, and heat on a steam bath
to coaguiate the small quantity of silver chloride. Filter this through the above filter con-
taining residue B, and wash with 50 mi of water, Place the filter and residue B in the original
crucibie. and heat slowiv 1o 600°C. Cool the crucible, heat in hycrogen, cool in nitrogen
and weigh as before, Subtract the blank. The resulting weight represents the quantity of
silver and agua regia insolubles, including rhodium and tridium, in the original parting
residuc. Subtract this weight from the total weight of the suiphuric acid parting residue
to obtain the combined weight of palladium. goid and platinum not dissolved in the
sulphuric acid parting solution. Add the weight of palladiun in the parting acid to obtain
the combined weight of platinum. goid and palladium present in the bead (Note 5).

Nores——4. After the subtraction of the blank this weight is made up of platinum, gold. rhodium.
iridium, undissolved padladium, silver and a «mall quaniity of other insoiubles.
5 This technique has provid 1o piovide accurate results as indicated by salted samples.

The senaration of palliding from zob! aaa latinum. Add slowly and with stirring to the
Altrate from the abave silver ehiorice Minten 10 mlof 0-1 a hydrochloric neid, | drop of
nitric acid and 2 mi of a | per cent ugueous solution of sodium dimethylglyoximate, Chill
for 2C min at i0 C. then filter immadiately through a 7-em Whatman No. 42 filter paper.
Retzin the filtrate in a 250-mi beaker. Wash the palladium dimethyiglyoximaie with 80-90
mi of ot water, adding the wasnings to the Altrate. Determine the calladium as previously

MLTHODS OF SEPARATING SEVEN NOBILE METALS 121

described.  This palladium will show only insignificant contamination by vold and none
by platinum. T

The separation of gold and plarinum. To the palladium filtrate add inmediately 1 ml of
concentrated hydrecnleric acid per 100 ml of filtrate. The sojution should be 0-1 i in
hydrochloric acid. Heat to boiling, und add dropwise 3 ml of a freshlv prepared | pcr.ccm
agucous solution of hydroquinons, stirring conttnuouslv, Boil for 15 r.nivn, place on a sicam
bath for 30 min to coagulate the gokd precipitate, cool. and filter immadiately lhrohch a
double filter composed of a 5-5-cm Whatman No. 44 filier paper supcrimposea ona 7-cm
No. 42 paper. Transfer the gold to the filter with the aid of small sections of tilter papc.r:
Wash the prccipitatc with 40 ri of hot water, setting aside the filtrate and washings I'or.
the q:lcrmm:nion of platinum. Partially dry the filter and residuc, place in a tarcd micro-
crucible, and ignite in a muffic furnace. Cool, weigh, and subtract the blunk. This gold
should reveal no significant contamination by platinum. ‘

The delerm:"nalian of platimun.  Evaporate the filtrate from the gold precipitation to
80 n}l, and adjust the pH Lo 1-3 by means of a | ~ sodium hydroxide solution, Determine
platinum as described in Procedure 103.

Nole—-ﬁ. As stated above, it is possible to obtain the weight of platinum by difference;
howcvgr, 1{' there is any doubt as to the accurucy of the results for gold and palladium, Lhc‘
detcr_mmauon of platinum should be carried out. Tabic 14 indicates the accuracy which can be
obl:unpd by the above method. Expts. 12-15 record the results of the analysis of a solution of
palladium, gold und platinum prepared by mixing known volumes of standard solutions.

'The‘ deternmination of rhodium and iridinm. The pubiished procedure does not include
directions for the determination of rhodium and iridium. This analvsis, however. is readily
n_1ade by chlorination and the subsequent separations, as described in Procedure 8. Atten-
tion should be paid to the identity of the constituents which contaminate the aqua regia
msolublc. Associated base metals such as copper. iron and nickel are readily removed as
directed in Procedure 8, and the appropriate treiiment of the chlorinated residue will
rcmove silica.,

THE SOLVENT EXTRACTION OF
GOLD, PALLADIUM, PLATINUM AND SILVER BY DITHIZONE

For the cansecutive determination of palladium, gold, platinum and siiver
in silver assay beads, Young!'®®) used a combination of extractive and
volumetric techniques. The method involves a sulphuric acid or aqua regia
parting of the bead and a sclective extraction of palladium dimethvlgivoxi-
mate by chloroform from the acid parting solution. The palladium 1s th.a
determined by a titration with dithizone in carbon tetrachloride. The cjia
regia solution of the parting acid residue is prepared for titration o. the
gold with the dithizone-carbon tetrachloride titrant, and subser uently
divalent platinum is similarly determined. A ’

The method is rapid and provides reasonable accuracy. It is ~oplicable
to beads containing pg amounts of gold. palladium and platmum. The
method should not be used indiscriminately. however. Whereas it has been
stated that the remaining platinum metals do not react veith dithizone. their
presence in significant amounts in the bead may introa.dee appreciabic
errors, because ol the resistance toward dissolution by aqua regia of the
plainum and palladium incorporated in the final insoluble. The most
accurate methods for assay bead or Jead button anaiysis require the complete
dissolution of the bead constituents prior o any separation.
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Expts. I-11, weight of silver taken

*0 1 mg Rh
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The Determination of Gold, Palladium and Platinum in Silver Beads
Using Dithizone
Procedure 360156

Reagents

Dithizone soiutions. (a) Concentrated stock solution: Stir thorouehly 45 myg of dithi-
zone (diphenylthiocarbazone) powder with 200 ml of carbon tetrachloride, and filter into
a 250-m! separatory funncl. Cover with 30-40 ml of sulphurous acid solution.

() Dilute standard solution: Dilute the stock dithizone solution 10 times with carbon
tetrachloride, and standardize against weighed quantities of gold. palladium and nlatinum
by the procedures described below. The solutions may conveniently contain 0-01-0-02
mg of gold. palladium or platinum per mi, and the factors of the dilute standard dithizone
solution will be approximately | ml= 001 mg of gold or platinum and 0-05 mg of
paltadium,

The standard metal solutions can be made by dissolving the metls in wqua regia,
evaporating to dryness, taking up in hydrochloric acid, and diluting to appropriate volumes
so that the hydrochioric acid concentration is about 1 per cent.

Stannous chloride. Dissolve 80 ¢ of SnCl,-2H,0 in 180 mi of warm hydrochloric acid,
and dilute with 300 ml of water. Place a stick of tin in the botde to keep the solution in
the reduced state.

Procedure. Weigh the silver bead il the weighi of silver is required, in which instance
it is determined by the difficrence between the combined weight of gold. platinum and
palladium and the weight of the bead. Transfer the bead to a 50-ml beaker. add § ml of
12 1 sulphuric acid, and fume strongly on a hot plate. In favourable instances the palladium
and silver will dissolve, and the gold and platinum will remain as a residue. In those
instances where parting is incomplete, apply the alternative procedure described below.

Cool, carefully dilute with water, and separate the soluble silver and patladium from the
remaining mctals by decanting the sulution into a 100-ml scparatory funncl. \ash the
insoluble residue with water by decantation. If the goid and insoluble platinum metals are
so finely divided that it is impossible to scparate and wash by decantation, filier through a
small Whatman No. 40 paper containing pulp; wash, dry. and ignite the paper and residue
in a small porcelain crucibie.

To the solution containing the silver and palladium. in about 50 ml in the separatory
funnel, add 2 ml of a | per cent aqueous solution of sodium dimethylglvoximate, Stand
for 10 min, shaking the separatory funnel occasionally to hasten the reaction. Extract
the palladium dimethyiglyoximate by shaking twice with 4-5-m! portions of chloroform
and drawing off the lower layer into a 50-ml beaker. Evaporatc the chloroform by placing
the beaker on the edge of a hot plate, add 3-4 ml of hydrochloric acid and 2-3 m) of nitric
acid, and evaporate to dryness.

Dissolve the palladium in 5 mi of hydrochloric acid with gentle heatirz, cool, and
transfer the solution to a 50-ml separatory funncl. Rinse the beaker with 15 ml of water
so that the final concentration of hydrochloric acid is 25 per cent. Add 0-2 ml of stannous
chloride solution, and run in the standard dithizone solution in small portisns from a 10-ml
burette. shaking vigorously between additions. and withdrawing the lower faver from the
separatory funnel. When all the palladium has been extracted the carbon tetrachloride
laver in the funnel changes from the dull olive-green of palladium dithizona'e to the
unmistakable brilliant emerald green of dithizone.

Notes—1. The volume of dithizone solution required to extract tite palladium is the measure
of the quantity of the latter present,

I the palladium titration shows a colour change from oiive-green to yeflow near the end point
it is probable that the reducing action of the stannous chloride has been exhausied and the
vellow oxidation product of dithnzone is appearing. The addition of a drop or two of stannous
chloride will restore the true green colour of unchanged dithizone or the grev-green of palladivm
dithizonate.

2. The dithizone is standardized against known quantities of ;o lu. umr by the procedure
used for the sample. The usual precautions regarding cicanliness of 2., sv..i¢ and reagent blanks.,
which apply to all dithizone procedures. musi be coserved.
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1. By a simple modification of the above procedure. pailadium may be determined not only
in the prescnce of silver, but also in the presence of gold and platinum.  This is of importance,
for instance, where the method used to decompose the samplc, or 1o part the assay bead, leaves
gold, platinum and most of the palladium unattacked.

Dissolve the mixed mctals in dilute agua regie, and to the resulting solution containing
silver, gold. platinum, palladium, ctc., and about 0-2 ml of hydrochioric acid and 0-1 ml of
mitric acid in a volume of 10 mi, add 2 ml of dimcthyiglyoxime solution, and proceed as described
above. The presence of the small quantity of nitric acid prevents the precipitation of gold and
the co-precipitation of platinum with the palladium dimethylgivoximate. After the withdrawal
of the two chloroform extractions, rettin the upper hiver in the separatory funnel tor the
determination of the gold and platinum as described below.

Gold. Dissolve in aqua regia the residue of gold and platinum ‘obtained in parting the
assay bcad, cvaporate the resulting solution (o dryness, and take up the chlorides in the
minimum quantity of hydrochloric acid. Dilute this solution, or the solution of gold and
platinum from which paltadium has been removed by extraction with dimethylglyoxime
and chloroform as described above, to 10-15 ml in a 50-mi scparatory funnel, add §-:2 ml
of hydrochloric acid and 0-1 mi of a 10 per cent sodium bromide solution (Note 4), and
titrate with a standard dithizone solution (Note 6) as in the palladium analysis, adding
0-2-ml portions at a time, shaking vigorously (Note 5) until the lower layer shows the
yellow colour of gold dithizonate, and then withdrawing the layer as for palladium,
Continue the additions, shaking and drawing off until the dithizone layer remains grecn.
This indicates that all the gold has been extracted.

4. The addition of sodium bromide prevents the interference of silver, which if present,
would also give a yellow dithizonate.

5. Excessively long shaking may cause a slight fading of the dithizone colour at the end-point
in the gold titration; reducing agents must be absent in order to keep any platinum present in the
platinic state.

6. The dithizonc is standardized against a known gold solution under the same conditions.

Platinum.  After removing gold, as described above, and drawing off any excess of
dithizone from the separatory funnel, add sufficicnt hydrochloric acid to bring the acidity
to 25 per cent that of concentrated acid, and then add 0-2-0-3 ml of stannous chioride
solution, shake, and allow to stand for several min. Now titrate the platinum with standard

dithizone solution as described above. until the carbon tetrachloride layer no longer

acquires the light yellow colour of platinous dithizonate, Determine the titration valuc of
the dithizone solution against a known platinum soiution under the sams conditions.

7. With materials like assay beads, silver is usually determined by the difTerence from the
initial weight of the bead. The other platinum mctals, viz. osmium, ruthenium, rhodium and
iriddium, do not react with dithizone under the conditions desertbed abaove. They will, therelore,
be counted as silver in any difference calculation uniess the gold and platinum metal residucs
arc weighed after the parting of the bead (sce discussion of ™ insoluble ™ beiow).

The Determination of Iridium in the Prescence of Lead

Each of the available methods for parting silver—noble metal assay beads
results in the isolation of what 1s {requently termed the ** insoluble . Not
infrequentiv, and always withoui evidence. iridosmine or osmiridium is
said to be a constituent of this insoluble. When, il ever, this mineral is
present onc cannot assume the absence of each of the remaining platinum
metals in the insoluble, for these are usually present in many of the Jarge
vurieiy of iridosmines. Aryway, any accurate determination of the platinum
metals in ores 0 conczatrit: shouwi ! nclude the compicte dissolution of the
insoluble, preferably prior to the deiermination of specific platinum mcials
(sec the discussion prior to Procedure 39).
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In general this insoiuble will contain rhodium and inidium and possioly
traces of other platinum metais associated with one or both of these two
metals. In addition to the platinum metals onc may invariably expect traces
of lead resuiting from incomplcic cupcllations. The removal of lead has
proved to be difficult because the usual methods of precipitation are in-
effective.  Giichrist was able to isolate 100 mg of lead from approximatcly
100 mg eack of platinum and palladium by adjusting to pH § with sodium
hvdrogen carbonate in the presence of nitrite a boiling solution of lead
chloride. The evaporated filtrates showed no evidence of lead when tested
with hydrogen sulphide. Barefoot er al.!'®7) were unable thus to scparate
I mg of lead from 10 mg of iridium. In this instance there was no evidence
of lead precipitation. The following method is recommended for the separa-
tion of 2 mg of lead from at least 10 mg of iridium. The method can also
be used to separate lead from platinum. palladium and rhodium. For
amounts of each platinum metal of the order of 25 mg or less, however,
the positive errors inherent in these hydrolytic precipitations can be appreci-
abie.

Procedure 3701°7)

Dissolve the impure iridium metal by any of the methods recommended in Chapter 1.
The author recommends ecither the exposed dry chlorination or the wet chlorination in an
cnclosed system.

Dilute the hydrochloric acid solution of the impure iridium to 20 mi with water, the pH
being about 1 or less. Heat to boiling, and add 5 ml of a 10 per cent sodium nitrite solution
for cach sample weight of 10 mg or less. Adjust the pH of the hot solution to 6 with a
10 per cent solution of sodium hydrogen carbonate, as indicated externally by a 0-01 per
cent solution of bromocresol purple. Add 1 ml of a 0-1 per cent solution of disodium
hydrogen phosphate per mg of lead present, and boil for 5 min. In order to coagulatc the
fincly divided lead phosphate, cool the solution. and add 10 ml of 95 per cent cthanol
and 1 drop of a 0-5 per cent calcium chloride solution. Place on a steam bath for 2-3 br.

Filter through a 7-cm gquantitative paper, and wash a few times with a | per cent sodium
nitritc solution adjusted to pH 6. Sct aside the filtrate and washings. Add to the tilter
containing the lead phosphate 2 ml of 6 s hydrochioric acid. allow to drain, and wash
several times with water.  Collect this extract in the original beaker, and re-precipitate
the lead with 5 ml of the sodium nitrite solution but oniy onc hal{ the volume of hvdrogen
phosphate solution. Filter, and combinc the two filtrates from the lead phosphate pre-
cipitation. Add 1 mi of 12 M hvdrochloric acid. and cvaporate the filtrates to near dryness
on a stecam bath. Add 6 ml of 6 M hydrochloric acid, and again evaporate to a moist
residue. Add 2 g of A.R. sodium chioride and 6 ml of 6 st hydrochloric acid, and again
evaporate to érvness. Do not overhcat the residue, otherwise losses of iridium in its
subsequent precipiiation may occur.

Dissolve the residue in a few mi of water. add a few drops of 6 st hvdrochioric acid,
and digest on a stcam bath (o coagulate the silica.  Filter through a small paper, and
wash the beaker wall and the residuc six times with 0-1 M hvdrochloric acid.  Precipiuate
the iridium as the hydrated dioxide as described for rhodium in Procedure 88,

The above procedure should climinate all but spectrographic traces of
lcad from the iridium. Table 135 indicates the accuracy which can be ex-
pected for mg amounts of iridium precipitated as the hydrated dioxide and
weighed as the metal.
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An alternative procedure for the determination of iridium in the presence
of lead involves precipitation with 2-mercaptobenzothiazole. The method
is described in Proccdures 89 and 90.

The Determination of Iridium in the Presence of Platinum

Alloys of iridium and platinum arc not readily attackzd by aqua regia.
The procedure, utilizing chlorination or fusion. involves a chemical separa-
tion and determination of the two constituents. Whercas this may be accom-
plished readily by an oxidation to form quadrivalent salts of the two metals,
in which condition the iridium may be selectively precipitated as the hvdrated
dioxide, the method is lengthy, and rcquires considerable experience.

Onc of the best known methods for the determination of iridium in the
presence of platinum and other platinum metals has its origin in the classical

TABLE 15. THE SEPARATION OF LEAD FROM IRIDIUM USING HYDROGEN PHOSPHATE(!27)

Average ; Error

i :
! f ‘ ! Average | deviaiion | of | Test on
Set | Iridium Lead No. of i iridium ! fromLhe average |  hydrolytic
No. ! taken I taken detns, f recovery | mean | recovery filtrates*
| (me) | (mg) Cmg) | mp) | (%
| §
1 1028 | 1, 8 | 1003 | x011 1 -2 | Strong colour
2 2:50 | S 2 b o280 ; 0 No colour
3 5-00 103 495 0 #0020 —1 | Nocolour
4 -5-00 2 i ] | 504 | ’ +1 No colour
s | 500 30 1 | aes | | —6 | Strong colour
6 4-99 . 1 ‘ 2 496 | -1 Trace of colour
7 499 1 2 4 1 499 | 002 ' 0 | Trace of colour
| ; : :

procedures developed by Deville and Stas in the middie of the 19th century.
In principle the early procedures involved the preparation of a lead alloy
by the dircct fusion at about 1000"C of the nobie metals with lead in a
graphite crucibie. The alloy was then parted with nitric acid. the residue
was treated with aqua regia, and the insolubie material was fused with
potassium hydrexide and nitrate. From this fused mixiure ruthenium was
the first to pe isoiated—Dby distillation—{ollowed bv a treatment of the hot
liquid to isoiate :ridium, iron. silica and gold bv a basic hvdrolysis. Con-
ventional methods were then used to purify the iridium. This method was
examined in detail at the National Bureau of Standards and modified by
Giichrist.t? 931 It was found that the treatment with aqua rezia of the lead
ailov containing iridium almost invariably produces some dissolution of
iridium. whose amounts are unpredictzble but sufficientiv small to be
ignored for most analvtical purposes. For high accuracy the iridium must
Se sepuarated from the cqua regia extract of the parting acid residue. The

*The fithitm st lphate-perchler ¢ acid st was used,
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optimum ratio of nitric acid to water was not critical. Strong acid solutions
produced a residue that was rather finely divided for clfective fillering:
a very weak acid (] : 8) prolonged the parung ume,

Because lead is the classical coilector of noble metals in firc assay pro-
cedures, some scatiered data are available which deal with the behaviour of
the noble metals when the alloy contining very hieh proportions ol lead s
treated with nitric acid or aqua regia.

In these assay procedures it has been determined that reasonable variations
in fusion time and minor variations in lead proportions have little effect upon
the recovery of noble metals, An inadequate fusion time results in a relative
non-homogeneity and very large buttons. ¢.g. 35-40 ¢, producing an in-
creasingly finely divided parting residue.  In the latter instance there is an
increased susceptibility to corrosion of the inscluble by nitric acid or aqua
regia. With properly prcpurcd lcad alloys the addition of aqua regia to the
parting insoluble will, in general, remove platinum, palladium. gold and such
base metals as copper, nickel, etc. With fire assay buttons the aqua regia
treatment will, in general, remove little ruthenium, osmium or rhodium.
Gilchrist!* °®! found that rhodium was removed from the iridium by aqua
regia. This difference in finding results, perhaps. from a difference in the
character of the rhodium constituents and the difference in the metallurgical
history of the parting residue from the lead alloys collected by fusion of
natural and artificially prepared materials. Anyway the analysis of alloys
of lead and noble metals other than those containing only platinum and
iridium, or palladium, platinum and iridium or osmium. is best accomplished
following a cupellation to remove the lead.

The method described below is recommended for the determination of
iridium only in platinum or palladium alloys; it 1s not recommended when
the latter two noble metals are to be determined along with iridium. The
removal of lead from platinum or palladium is not a simple analvtical
problem. and better mecthods of analvsis are available. In general the author
has successfullv used the method described below with allovs containing
20 per cent or Jess of indium.

It can be rcadily adapted to the massive forms of alloys such as sheet,
wire, etc.

Procedure 380 98]

Crucibles. The graphite crucibles may be constructed from 2 x 2 in. rods cut to lengdhs
of about 2 in.. drilled to a depth of 1+5 in. and tapered toward the bottom.

Procedure. Add 0-2 1o 1 ¢ of the platinum-iridium alloy to the graphite crucibl:, and
cover with assay lead, about IO ¢ of cranulated or folded lead shect being sufficient. Fuse
for 1 hr at red heat, remove the crucible. and place it on a copper bleck to cool. Transfer
the alloy, cicaned with a camel-hair orusit, to a2 200-ml beaker. Add 75 ml of 2 N nitric
acid, and heat on a steam bath to the complete parting of th: lcac tu ton. Add an equzl
volume of water, and aliow to scttle. Decant through an i [ -cm M aconar No. 42 filter paper,
and treat the insolubie with poruons of kot water cazh cecanied through the paper,
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Examine the filtrate for small particles, and re-filter if these are present. Transfer the
paper and residue to the beaxer contaiming the bulk of the msotuble, and add 20 ml of
water, 6 ml of hydrochloric acid and 2 mi of concentrited nitne acid.  Heat the mixture
on a steam bath for 2 br, at which time the residuce in the beaker should be distinetty
grey. Add an equal volume of water, and filter through o 7-em Whatman No. 42 (ilter
paper. Wash well with hot water and then with hot 01 M hvdrochloric acid, then again
with hot water. Transfer the paper and metal to a poreelan crucible, ignite carcefully in
air, then in hydrogen; cool in hydrogen. and weigh as iridium metal.

Note—In the absence of iron the results tend o be a little jow as determined by 2 caustic
fusion of the alloy and a subscquent wet analysis.  Iron, when present, will appear as an in-
soiuble alloy with the iridium. For the maximum accuracy the iridium should be dissolved, and
the iron determined by suitable wet methods. This may be accomplished readily by chlorination
and subscquently determining the iridium as described in Procedure 3.

The Analysis of Iridosmines

Before proceeding to the analysis of iridosmines the analytical chemist
should become familiar with what little information is recorded about the
physical and chemical properties of these complex minerals. Even fewer
data are available concerning the mineralogical relationships of the iridos-
mines.

From the point of view of analysis one should be prepared for the deter-
mination of all seven of the noble metals as well as such base metals as iron,
copper, nickel, etc. Generally the predominant platinum metals are iridium,
osmium and ruthenium. The following is a detailed description of a generally
applicable procedure and, because the mineral in some of its forms, e.g.
Tasmanian iridosmine, is exceptionally resistant to corrosion, the method
of dissolution is recorded in detail.

The apparatus is described in Chapter 7, Equipment No. 11.

Procedure 39151

Transfer a few mg of sodium chlonide to the positions in the reaction tube indicated
in the diagram by A, Equipment Nos. 2 and 11. Mclt the salt, and rotate the tube to
form the coatings as indicated in the above figures. Place the sampice in the indicated
position B with a spatuia, and cover with finely powdered sodium chioridec.

Add 10 mi of watier to the first receiver, and then to each of the remaining receivers add
concentrated hvdrocnloric acid tc a depth of 3 em. Pass chlorine through the tube at M,
inittally at a rapid rate, and then reduce the flow to | to 3 bubbles per min.  Allow the
sulphur dioxide to flow through the aperture M| indicated on Equipment No. [1, rapidly
at first to remove the chiorine in cach receiver, an insufficient rate resulting in a reduction
of pressurc sufficient to suck the Jiquids from the sccond and third receiver into the first
receiver. Reduce the flow of sulphur dioxide io about 5 bubbles per min or to a ratc
sufficient to ensure an excess at ail timss.

Heat the tutbe to 700-720°C, and maintain this temperature for several hr. Cool the
system, and displace the gases with nitrogen.

Remove the rubber tube leading 1o the chlorine supply. and detach the second and third
receivers. Tilt the reactic 1 Lobe toveerd the first receiver, and rinse with diluted hydro-
chloric acid into the first yeeener. Fo,ce this acid through the eatry orifice P using slight
pressure suppiied by a ruboer bulb, heat the tuve partiy fitied with the wash liquid to either
dissclve or disintegrate any difTicultly soiuble sublimate.  Repeat the heating and rinsing
to the compietc removal of the solids. 1f necessary carry out additicnal washings with the
ignition tube disconnected from the flask and inverted.
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Transfer the licuids in the sccond and third receivers to a teaker, evaporate to a few
m!, and then add the remiinder to the contents of the first recciver. Pour the solution
contiuning the roble metad salts into the distillation Nask deseribed in Fauipment No. Y,
and boil under reduced pressure 1o remose most of the suiphur diovde,  Separate the
osmium by oxidation with hydrogen perosade ina sulphunic acid medium, collecting the
ostiumi(VIil) oxide in cither hydrobromie acid or in o thiourca ethanol hyvdrochioric acid
solution. Then distil the ruthemum from o bromie acid -sulphuric acid medium and
colleet its volatile oxide 1n cthanol -hydrochioric acid. These methods! *3 are deseribed
in Procedure 3.

The resulting pot hiquid will contain the remaining nobic metads and associated base
metals. The latter may include copper, nickel, lead, iron. tin. cobult, silver, etc. A varicty
of methods are availuble for the analysis of this liquid in the distillation flask. For large
samples the methods proposed by Holzer and Zaussinger!'™** (Procedure 29) or by
Gilchristt!"2: 1441 (Procedure 30) may be used. These procedures involve an isolation of
gold and basc matals bv hydrolysis in the presence of nitrite, in which medium the four
platinum metals are complexed. Procedure 30, proposed by Gilchrist, provides for the
separation of silver and tin, the collective separation of gold. copper, zinc and nickel and
subscquently the platinum metals. The method used by Holzer and Zaussinger is some-
what simpler, and the details arc described in Procedure 29.

The analytical chemist should modify thc procedurc 1o allow for the type of iridosmine
to be analysed.

The two above methods!!*3 "4} have not been proven for sampies of
a few mg or less.

The following modification has been used successfully for a few mg of
iridosmines containing the platinum metals with iron. copper and nickel.

following the distillation of osmium and ruthenium as previously described.

Transfer the sulphuric acid solution in the distitlation NMask to a 50-m! beaker., and
evaporate on a stcam bath or at medium heat on a hot plate to about | ml. Add 3 ml of
water, 5 ml of concentrated hydrochloric acid, and boil for 30 min. Add hyvdrochtoric acid
to maintain the volume during the heating. Finally, boil down to 3 ml, add |5 g of sodium
chloride, and dilute to 30 ml. Transfer the solution to a small Dowex 50 ion-cxzhange
column., and proceed as described in the second exchange separation (Procedure 47).

Evaporate the effluent to about 20 ml, and determine platinum, palladium, rhedium and
ridium as deseribed in Procedure 31, Elute the column with 2 v hydrochioric acid. and if
desired determine iron, copper and nickel by conventional methods.

Concerning the above chiorinations it has been found that osmium is the
most easily attacked of the platinum metals. The reaction begins at a low
temperature and proceeds rapidly. Milligram amounts of the metal can be
attacked completely in a few min at 375-600°C. A sublimate of osmium
forms at various distances from the furnace. That nearest the source of heat
is often difficultly soluble in the wash solution, but when the reaction tube
containing the wash solution is heated the deposit will come free. This
blue-black sublimate of esmium is cntirely soluble in the hot sulphuric
acid distilling iquid. Concerning ruthenium, quuantitatve recovery depends
upon avoiding anv condensation of the chloride on the hotter, glass surface.
This means that the sodinm chioride coating should remain unbroken and
of such an exient that no glass is exposed over the sublimation area. This
condition is fulfilled if the dimensions shown in Equipment No. 2. Chapter 7,
are {ulfilled and the quantty of ruthenium is smali.
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Coating the inside of the tube avoids the formation of insoluble platinum
dichloride. Large amounts of platinum than ruthenium may be quantita-
tively chlorinated and recovercd. Whereas thc method of chlorination
described above is recommended only for small amounts of the platinum
metals there seems to be a good possibility that by modification of the tech-
niques, relatively large amounts of platinum metals can be uscd. This
extension of the method would be assisted by a heating arrangement in which
the temperature change along the tube is retarded; of course a heavier layer
of sodium chloride would be of assistance.

The Separation of Palladium from Lead Alloys

It is a surprising fact that no proven wet procedure has been recorded for
the determination of all of the platinum metals in a lead button, despite the
advantage that osmium is thus collected quantitatively and that a greater
accuracy can be attained for at Jeast the more insoluble platinum metals,
which do not alloy with the silver bead. The latter is a far from satisfactory
collector for osmium. Even small amounts of osmium(VIIl) oxide 2re
emitted from a silver bead with explosive force, and large amounts will
cause a complete and violent disintegration of the bead.

During the parting of the lead button with nitric acid most of the palladium
is dissolved. as are traces of platinum. The extent of dissolution of these and
other platinum metals has not been recorded. but one may expect that the
proportions dissolved will vary with the parting technique, the strength of
acid and the metallurgical history of each alloy. The lead-assay button will
generally contain small amounts of iron, copper and nickel. Irrespective of
the technique of parting, appreciable proportions of palladium are attacked
by nitric acid, and the separation of palladium from large proportions of
lead 1s always a necessity.

For amounts of paliadium between 107> and 107 * g one mayv use solvent
extraction by chloroform, followed by a spectrophctometric determination.
For larger amounts the seicctive precipitation by salicvlaldoxime is applic-
able.  With the solvent extraction method there is nc interference from
platinum. nickcl and copper. As littie as 3 mg of iron prevents the extraction
of 60 per cent of the palladium from a sample containing 250 ug of palladium.
The interference is masked by the addition of EDTA, 0-5 ¢ of EDTA com-
plexing 50 mg of iron.

Procedure 4011581

Transfer the clean button to a 250-mi beaker, add 90 ml of 1 : 2 ritric acid, and place
on a stcam bath until parting is complete. Evaperate to drvness, and add 100 ml of water
containing 3 or 4 drops of concentrated nitric acid.  Transfer the solution to a 250-ml.
pe.ar-shaped scparatory funncl, and add 0-5 g of EDTA. and 3 ml of a ] per cent aqueous
solution of sodium dimethy.gly oximatz, Shake well and alicw to stand for | hr. Extract
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the parting solution with four portions of chloroform (50. 25, 15 and 10 m! respectiveiy)
(Notc 1). Collect the chloroform extracts in a 125-ml conical flask. and evaporate on a
steam bati.

Add 12 mlof a I : 1 solution of concentrated nitric and sulpihuric acids. and evaporate
on a hot plate to fumes of sulphur trioxide. Add a few ml of water, and evaporate; repeat
this three times. Add 25 mi of watcr, cool, and filter into a 100-ml volumetric fusk. \Wash
the filter paper well with water. Add the potassium iodide reagent (500 g of potassium
iodide and 5 ml of concentrated ammonia per L), I ml per 100 2y of paltadicm. Add § m!
of a sodium sulphite solution (1-5 g of anhydrous soditm sulphite in 250 ml of water).
Dilute to volume with water (Note 2). Mucasurc the absorbunce of the solution at 408
mu, the optimum range of concentration being 1-10 ppm of palladium metal when the
solution is contained in 1-cm cells (Note 3).

Prepare the standard curve from blank lead buttons or the cquivalent lead nitrate
solution.

Notes—!1. Three extractions are usually sufficient but the fourth is inciuded as a pre-
cautionary measure. With >0-25 mg of palladium a precipitate of palludium dimcthylglyoximate
may form, but this does not hinder the extraction.

2. The sulphite effectively prevents the usual development of iodine in acid iodide solutions.
The stability of the iodide solution is thus exicnded to more than 1§ hr.

3. In general the iodide method is not 4 reccommended spectrophotometric procedure because
a wide variety of constituents will liberate iodine. This method, however, is particularty suitablc
for the determination of traces of palladium in lead buttons. After solvent extraction the maxi-
mum colour develops immediately for amounts of pulludium up to | mg.

A Gravimetric Determination of Palladium in Lead Alloys

This method is recommended only for jead alloys rich in palladium. In
general lead buttons from ores or concentrales will contain ug amounts of
paliladium so that the spectrophotometric method only is recommended.

Procedure 411138]

Transfer the Jead alloy to a 250-ml beaker, add 90 ml of 1 : 2 nitric acid, and place on a
steam bath until parting is complete. Add 50 ml of water, and filter while hot through
an 11-cm filter paper. Wash well with hot water, and evaporate the filtrate and washings
to dryness on a steam bath. Add 100 ml of water containing a few drops of concentrated
nitric acid. Fiiter while hot to remove any silica, the presence of silica being almost certan
il the lead alloy is an assav bution. .

Add 10 ml of a salicylaldoxime solution to the hot filtrate, the reagent being prepared
by making a hot saturated aqueous solution, and filtering 1t before use.  Allew the pre-
cipitate to stand on a stcam bath for 1 hr. Cool for 30 mun, and filter through a 7-cm
paper. Cican the beaker well with a small piece of paper, and add the latter to the filter.
Partially dry the paper and residue under a heat Jamp, fold carefully, and wrap the folced
paper in a 5-5-cm paper. Transfer to a Coors 00000 porcclain crucible, and place this
crucible inside a larger crucible. lgnitc over a Mcker burner at full heat without allowing
the usual preiiminary charring. Reduce the residuc in hvdrogen over the Meker tarner,
flush with nitrogen, and cool in the same gas. Transfer the crucible and its contenis to a
125-ml beaker, and add 30 ml of wgua regia. Wash the palladium salt from the crucible,
and rinse well with water. Evaporatc to dryncss, add a few mi of agua regia, and again
cvaporate. Repeat the evaporation. Remove the nitric acid by three evaporauons with
hyvdrochloric acid, and dissoive the finat residue in 8 mi of | : 32 hvdrochioric acid.

Dilute with 25 ml of water, filter while hot. and wash the r2edur vell with hot water.
Dilute the filtrate and washings to 100 ml, and re-preeipitat: 25 wscibed above,

Filter the palladium salicvialdoximate on an A2 poresity norcelain filtering crucible,
dry at 115°C, and weigh.
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Ion-exchange Separations
New methods for the separation of the platinum metals are becoming
available. In gencral these involve separations restricted to specific groups
ol the six metals. Procedures lor the separation of rhodium rom iridiem
by anion- and cation-exchanges are now relatively numerous: the few
acceptable methods have been described above. A varicly of exchange
methods have been proposed for certain separations such as the cationic

rctention of rhodium in the presence of platinum, palladium and iridium.[' 277

T TON-EXCHANGE SEPARATION OF PLATINUM AND PALLADIUM
FROM RHODIUM AND [RIDIUM

A method for the separation ol rhodium, iridium, palladium and platinum
by using Amberlite IRA-400 was recorded by Berman and McBryde.l! 24
The four metals were used as their chlorides. and were eluted sclectively with
various acids. Trivaient rhodium and iridium were successfully eluted with
2 M hydrochloric acid, followed by divalent palladium with 9 M hydro-
chloric acid. Attempts to clute piatinum with 2-4 M perchloric acid resulted
in Jow values. These losses are due to the presence of divalent platinum,
produced by the necessary reduction of iridium, and are recoverable from
the palladium eluate. Thus the method is applicable to mixtures of rhodium,
iridium and platinum or palladium. The subsequent separation of rhodium
from iridium is described above in Procedure 12.

The following procedure may be used to separate the platinum and
palladium from rhodium with iridium. 1t is applicable to mg amounts of
the four metals and involves the prior isolation of platinum by a modified
hydrolytic separation. The method has been tested for amounts of the
order of a few hundred pg of each of the four platinum metals but no data
are recorded for the application to a few ug. The use of cerium(IV) as a
carrier, however, should facilitate the collection of the oxides of rhodium,
iridium and palladium.

Procedure 420128

Transfer to a 30-mi beaker the platinum metals solution containing pg amounts of
each of the four metals. Add 6 mg of sodium chloride, and evaporate to drvness on a steam
bath. Dissolve the residuc in I mi of 2 M hydrochloric acid. and dilute to 5 ml with water.
Heat tc boiling, and add 5 mg of cerium(1V) suiphate, then 5 mi of a filtered 10 per cent
solution of sodium bromate. Add a filicred 10 per cent solution of sodium hydrogen
carbonate until the first trace of & permanent precipitate is formed. then add 5 ml more of
the sodium bromate solution. Continuc the addition of hvdrogen carbonate to the com-
piction of precipitation. add S ml of the bromate solution. and boil for 10 min. Cooal,
allow to settic, and filter though an A2 grade poreclain filter crucible. Wash the precipitate
with 2 01 M sodium chloride solution.

Boii the filtrate with a little hvdrochloric acid to destrov the bromate. and determine the
platinum spectrophotometrically.  The methods are recorded in Ch;\ptér 4: the un(ll)
procedure (No. 179) is recommeanded.

Transfer the percelain filtering crucible to a 150-ml beaker, and add a few m! of con-
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centrated hydrochloric acid. Allow the solution of patladium, rhodium and iridium 1o pass
through the crucible, and repeat with another addition of hvdrochloric acid. Then wash
the crucible clean with hot distilled water containing a few drops of hyvdrochloric acid.
taking care to clean the pores of the crucible with the wish water. Remove the erucible,
and cvaporate the phtinum mztals soiuton 1o dryness on a steam path. Add 1 mib of
witter, and reduce the iridiam with o few drops of a 1§ per cont hydroxylimmonmum chloride
sclution. Transfer the solution to a 3-cm bed of Amberlite IRA=400 in o coivmn of S mm
internal diam.. the 100-mesh resin being previousiv freed of small particles by shaking
with 2 M hydrochtoric acid and pouring ol the fines (Note 1) Liute the bed with SO mi
of 2 M hydrochloric acid to recover the rhodium and iridium. Then evaporate this efilaent
to dryness. Redissolve in 2 ml of 0-8 s hydrochloric acid 0-000 ar cerinm(1V) sulphate.
Feed this solution via o dropper on 1o smali columns containing 3-cm beds of Amberlite
IRA-400 (Notc 1) previously washed with the above cerium(lV) solution.  luie tihe
rhodium with the latter, then recover the iridium from the resin by soshlet extraction.
The details are described in Procedure 12,

After the clution of rhodium and iridium add S0 m! of Y s hydrochloric acid to clute
the palladium, Evaporate this eflluent to dryness in the presence of sodium chloride, and
determine the palladium by any of the many suitable spectrophotometric methods.

Note—Prepare the beds by washing with 2 s hyvdrochloric acid. Conversion to the chloride
form is ensured by prior stirring for several hr with 2 a hydrochloric acid.

THE JON-EXCHANGE SEPARATION OF PALLADIUM FROM IRIDIUM

A variety of separations of palladium and rhodium from mixtures of the
platinum metals has been proposed by MacNevin and co-workers. Whereas
certain separations together with procedures are recommended. it should
be noted that a combination of these exchange reactions and others recorded
elsewhere can accomplish many uscful scparations.

Initially MacNevin and Crammet"' "®! treated the anionic chloro complex
solutions of palladium. platinum, rhodium and iridium with conczntrated
ammonia, and passed these solutions through the cation-exchanger Amberlite
IR-100. Palladium was quantitatively retained as {Pd(NH;),1*" while
rhodium, iridium and platinum passed through the column guantitatively.
The addition of acid to the eluate and subscquent passage through the
anion-exchanger Dowex 2 resulted in the retention of the three metal
chlorides.  However, a solution of ammonium chloride and ammonia
(0-025 M in each) cluted a mixture of platinum and rhodium with the com-
plete retention of iridium. Here it is not unlikely that the adaptation of
Amberlite 1RA-400 for the retention of rhodium. iridium and platinum,
with the subsequent elution of rhodium and iridium by 2 M hydrochloric
acid as described by McBryde (Procedure 42) would have been successful.

The following is a suitable procedure for the separation of mz amounts
of palladium and iridium; with some modification the method may prove
suitable for more cxtensive separations.

Procedure 431177

The sample should contain not more than 10 mg of cach riz:al ' ) o
Evaporate the chioride sclution to dryness several tmes v, 0 bvdrochleric acid. avoiding
overheating during the final evaporation. Add 20 ml of water and § ml of concentrated
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ammonia solution.  Stir the mixture, and allew it to pass throuvgh the resin Amberlite

IR-100 at 10 ml per min (Note 1),
Wash the column with the ammonia-ammonium citloride solution, £0 ml usually being

suflicient to remove all the iridium (Note 2).

Cvaporate the iridium sofution, and prepare for precipitation by 2-mercaptobenrothia-
zole. The details are described in Procedure 89. Add 50 mi of 1 M hvdrochleric acid to
elute the palladium, then wash with 50 ml of water. Evaporate the palladium solution,
and prepare for precipitation by a suitable reagent as described in Chapter 3.

Notes—1. The resin is preparcd by allowing it to stand overnight in a 0-2 M solution of
hydrochloric acid. The mixture is stirred and poured into the exchange column previously filied
with distilled water. The resin bed is | em? x 10 cm. )

2. The colour of the eluate mav be used as a general guide to indicate the complete removal
of iridium. The usc of double the volume of wash solution over thut requircd for the dis-
appearance of colour in the cluate provides a wide margin of safcty.

THE SEPARATION OF RHODIUM FROM PLATINUM, PALLADIUM AND |RIDIUM

A potentially useful separation of rhodium from palladium, platinum and
indium is based on the rclative ease of formation ol cationic rhodium
species. The pink form of rhodium is considered to be anionic and the
yellow form cationic. MacNevin and McKay!'?7) prepared the yellow
chloride form by adding concentrated sodium hydroxide solution to the
pink rhodium chloride solution and then readjusting with hydrochloric acid
to pH 3-5.

Under these conditions platinum and iridium retained their anionic form
and, while pailadium in the basic medium initially became partly cationic, a
period of ageing prior to acidification reformed the palladium-containing
anion. Concerning each separation of rhodium from palladium, platinum
and indium, however, some leakage of rhodium occurred from the cation-
exchanger, this being attributed to the persistence of a small proportion of
the pink anionic rhodium species. The addition of hydroquinone to the
acid solution of the hydrated dioxide produced a constituent which was
retained quantitatively by the cation-exchanger Dowex 50X-8, 20-50 mesh.
The proposed procedurce for the scparation of rhodium from platinum,
palladium and iridium was tested for amounts of the order of 10 mg of
cach metal and does not include the details for the separation and determina-
tion of palladium, piatinum and iridium in the ciuate.

Procedure 441127

Transfer the hydrochioric acid selution of rhodium. palladium, piatinum and iridium,
previously evaporated in the presence of sodium chloride, to a 150-mi beaker. Add to
the volume of about 100 ml a | per cent agqueous sotution of hydroguinone until no further
colour change is observed. Add S micfal percent EDTA solution. boil, and make alkaline
with a concentrated soluticn of sodium hydroxide. Cool the suspension to room tempera-
ture. and add 3 v hydrochioric ac'd to attain a pH of 2-8. Bubblc chlorine gas through the
soluiton for 10 min to oxidize the iridium @2 the quadrivalent state. Add the solution to a
coluinn 50 ¢m x 14 mm con:aunin: about 2C g of Dowex 50 X-8 cation-cxchange resin
3 the hvdroeen varm. Wash the resn with 3¢ mi of 10 per cent chlorine water to remove
the platinum. palladium: anc ividivee Elue 1 ¢ rhedium with 3 v hydrochloric acid, and
prepare the cluate for precipitation tv thicharoituric acid (Precedure 82).
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The above mcthod of scparating rhodium merits 2 more extensive in-
vestigation.

A method analogous to that described above for the separation of
rhodium from platinum was developed by Coufalik and Svach.l'®%) Afer
dissolving the rhodium-platinum alloy in acid, a 20 per cent sodium
hydroxide solution was added until a permancnt precipitate was formed
and after 10 min the acidity was adjusted to pH 3-5 by adding dilute hvdro-
chloric acid. The solution was then transferred to a column of the strongly
basic anion-exchanger OHL. The latter was prepared by immersion in
water for 24 hr, and then conversion to the chloride form by hydrochloric
acid. The rate of addition to the exchanger was about 2 ml per min. Rhodium
was then eluted with 0-2 M hvdrochloric acid and finally determined with
tin(lI) chloride. Whereas this method allows an average recovery of only
about 96 per cent of the rhodium, it has some value for routine purposes.

JION-EXCHANGE SEPARATIONS WITH PERCHLORIC ACID

The analytical treatment of perchloric acid solutions of platinum, pal-
ladium, rhodium and iridium presents an important problem because per-
chloric acid is one of the most useful reagents for the simultaneous removal
of osmium and ruthenium from solutions of the noble metals. Thus, no
method has yet been proven for the treatment of the distillation liquid after
the removal of osmium and ruthenium. Whereas the removal of perchloric
acid 1s quite feasible and presumably is without danger of explosion in the
presence of nitric acid, there remain the problems of disposal of the
evaporated acid and the details of the ensuing separations and determinations.

One of the first attempts to use ion-exchange methods for the separation
of platinum, palladium, rhodium and iridium involved the conversion of the
chlorides of these metals to perchlorates to produce cations of all but
platinum. Stevenson er al.l' ") evaporated the nitric-perchloric acid solution
to remove the halide ion and to attain a volume of 0-2-0-5 ml of furing
perchloric acid. This solution was diluted and passed through a Dowex 50
resin, and the resin washed to remove the platinum. Palladium +-as then
stripped with 0-05-0-5 a hvdrochloric acid. followed by the slow eiution of
rhodium by 2 M hydrochloric acid, then iridium with 4-6 »m hvdrochloric
acid. Unfortunately no data were provided. One may hope. nowever, that
this investigation will continue.

THE TON-EXCHANGE SEPARATION OF PLATINUM fROM PALLADIUM,
RHODIUM, IRIDIUM AND ASSOCIATED BASL MITALS

The hLydroxide form of the basic exchaneer Permutit ES has been used
by Blasius and Wachtel'! "*) to separate mg amounts of platinum from cach
of paliadium, rhodium and iridium and from iron. copper and nickel



136 ANALYTICAL CHEMISTRY OF NOBLE MCTALS

collectively.  For amounts of mctal of the order of 25-50 mg. 6-8 g of the
hydroxide form of Permutit ES was sullicient.

In order to separatc platinum from palladium 10-20 ml of the solution
of the complex chlorides were added to the resin at 15-20 drops per min.
The palladium was eluted with 250-390 mt of | N sodium hydroxide, followed
by a rinse with 50 ml of distilicd water. The platinum was then ciuted by 300
ml of 2-5 N nitric acid, and the resin again rinsed with water. The deter-
minations of platinum and palladium werc made gravimetrically by con-
ventional methods.

To separate iridium from platinum Blasius and Wachtell!7*) treated the
weak hydrochloric acid solutions with sodium oxalate to reduce the iridium
to the trivalent state. The iridium was eluted by 250 ml of a | N sodium
hydroxide solution and the platinum again by 2-5 N nitric acid. Iridium
and platinum were determined gravimetrically. For iridium the present
author recommends 2-mercapiobenzothiazole (Procedure 89).  With this
reagent the eluate should be evaporated in the presence of hydrochloric acid.

The relative ease of eluting indium(ili) and thus separating iridium from
palladium and platinum was also discussed by Kraus ef alt2°%  These
authors used the anion-exchange resin Dowex 1, 200-230 mesh. Iridium(1V)
was found to be strongly adsorbed over the range of 0-1-11-5 M hydro-
chloric acid while iridium(111) showed negligible adsorption over the same
range. A few data indicated the feasibility of separating platinum and
palladium from iridium(111).

For the scparation of platinum and rhodium,['7*) the chioro complex
of rhodium was largely converted by the hydroxide form of the resin to a
hydrated oxide, which was eluted with a 1'N sodium hydroxide solution,
and the platinum again extracted with nitric acid. Rhodium may be readily
converted to the pink chioride form and precipitated by thiobarbituric acid
(Procedure 82). The separation of rhodium from iridium was incomplete.

Blasius and Wachtel!' 7°) were also able to use the same anion-exchanger
to separate platinum from iron. copper and nickel. Data for the recovery
of the base metals were recorded. This method of separation is capable of
wider application, and this possibiiity ought to be explored.

As a result of later and more extensive researches Blasius and Rexin{?°%
recorded bricf procedures for a series of limited separations of palladium,
platinum. rhodium and iridium. It should be noted here that none of the
descriptions of these separations included data to indicate the cfliciency of
recovery. The concentrations of the platinum metals were in each instance
2-4 mg of the respective metals in 1 ml of solution. In principle the methods
were based on the possibility of adsorption on the exchanger, not only
through clectrostatic exchange, but also through the in sin: formation of
orccipitates and conversions from antonic to neutral and cationic complexes
on the exchanger,
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With certain separations, c.g. the separation of palladium rom rhodium
and iridium or from platinum, Ambecrlite IRC-30, in its acid form, was
pretreated with salicyluldoxime, and the resulting palledium comipicx was
eluted with 7 M hydrochloric acid. The eflluent of rhodium and iridium or
platimum contained traces of pailudium. The exchangers applied by the
authors were: )

(1) Amberlite IR-4B, a weakly basic anion-exchanger. which provided
the strongest adsorption of anions;:

(2) Permutit £S wnd Dowex 1. two stronaly basic anion-exchangers.
With thesc two exchangers the binding strength of the anions is vonlv
partially related to the charges on the anion. The fineness of the
exchanger also influences the strength of the exchanger;

(3) Amberlite IRC-50, a weukly acid cation-exchanger, whose sodium
or ammonium form will retain palladium and aged rhodium con-
stituents as their hvdrated oxides with some leakages of rhodium.
The ammonium form will retain only palladium from solutions also
containing rhodium, iridium and platinum. previously treated to
form neutral ammine and nitrite ammine complexes. Furthermore
this resin pretreated with salicylaldoxime will provide the same
selective retention of palladium;

(4) Permutit RS; a cation-exchanger which, like Amberlite IRC-30, will
retain palladium and rhodium as their hydrated oxides.

Table 16 contains a summary "of the analytical applications of the various
exchangers.

A number of the proposed methods are particularly worthy ot further
examination. Some of the proposed exchanger separations for = two
platinum metals system would provide few if anv advantages ovcr pre-
cipitation methods. Furthermore, certain of the proposed procedi res fail
to provide a complete separation, e.g. the separation of platinum from
either rhodium or iridium by Permutit ES.

The Separarion of Rhodium from Iridium

Procedure 4512011

lE.rc/mnge cofumns. The counier current columns used are 10-15 em long and 1-2 cm
wide, with fritied disks. l

j{'ihc stock solutions of the chloro complexes are made up to be 0-1 a in hvdrochloric
acid.

T.hc nitrite complexes arc prepared by hcating the stock selution with a 25 per cent
sodium nitrite solution, and 2 ml being used for 10-20 my of the ~espective metal. The
chlor_ohydroxy complex solutions are prepared by the addition of 21 N sodtum hydroxide
solullqn to the acid stock solution to form a 0-1 ~ bhasic salation. The quz{mimmc
analvtical metheds used by the authors are unacceptaols, ang more stitable reagents are
recommerdzd in Chapter 3.
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For the separation of rhodium from cither palladium or iridium the exchanger recomm-
ended is Amberlite IR -4B, chioride form. The solutions are prepared as the chlorohydroxy
cornlexes in 0-] N sodium hydroxide.

Procedure. Transfer 15-20 ml of the sodium hydroxide solution of the two m=tais to
a column of the chloride form of Amberlite 1R-4B. Elute the rhodium with 100 ml of
I N acetic acid. If iridium is the second meral, clute with 100 ml of a | ~ sodium hydroxide
solution.

Note—The iridium will contain traces of rhodium.

The separation of palladium from rhodium, iridium or platinum may be
accomplished by converting their chloride solution to nitrito complexes, as
described above. The ammonium form of Amberlite IRC-50 is used to
adsorb selectively thz palladium, which is finally eluted with 100 m!{ of I M
hydrechloric acid.

In a second method for the separation of palladium from rhodium and
iridium but not from platinum the neutral solutions of the nitrito complexes
are adsorbed by the hydroxy form of Permutit ES. In this procedure the
palladium is eluted with ammonia solution, and either rhodium or iridium
with nitric acid.

The same separation can be effected by the acid form of the cation-
exchanger IRC-50 when the latter is pretreated with an ethanolic solution
of salicylaldoxime. Only the palladium complex is retained; it is then
eluted with 7 m hydrochloric acid. There is. however, some leakage of
palladium.

Blasius and Rexin{?°"included procedures for the separation of palladium,
iridium and platinum with either Amberlite IRC-50 (sodium or ammonium
form) or the weakly wetted chloride form of Permutit ES. By this method
palladium 1s first removed by the cation-exchanger and eluted with 1 M
hydrochloric acid. Rhodium and iridium in the effluent from the palladium
adsorption are separated by the anion-exchanger Permutit ES. Iridium is
eluted with iron(ll) sulphate-7 M hydrochloric acid whereas platinum is
elutea with sodium sulphate-7 m hydrochloric acid.

The above cation- and anion-exchangers were also used for the separation
of rhodium. palladium and platinum.

For rhodium, iridium and palladium the above authors used the chloride
form of the anion-exchanger Amberlite |R-4B. The chioro complexes in
solution were converted to the hvdroxychloro complexes in 0-1 N sodium
hydrexide. Rhodium was first eluted with 1 N acetic acid. then iridium with
I N sodium hydroxide and finally valladium with an ammoniacal dimethvi-
glvoxime solution,

None of the varietic: o exchange methods recorded by Blasius and co-
workers can be reccommendv. witheu. some reservations. Notwithstanding
the absence of confirmatory catu. seme of these procedures may find uselul
apphications, perhaps with some modifications. in the preparation of
*“ feeding ™ solutions or in the charzcter of the eluting reagents.
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THE SEPARATION OF PrLATINUM MITALS
FROM ASSOCIATED BASE MUETALS BY CATION-EXCHANGL

Cation-vxchange methods for the separation of mg amounts of iron.
copper, nickel and lead from the platinum mectals have been proposed.
Pshenitsyn and co-workers{2°%) used thc exchange resin KU-1 in either the
H* or Na* form for the chloride salts of the base metals and the corre-
sponding chloro complexes of the noble metals. The exchange method was
recommended especially for mixtures of base metais with rhodium and
indium. Generally gold, platinum and palladium were isolated by mercurous
chloride, then ruthenium by distillation with bromate. then rhodium and
iridiuin were separated from copper, iron, niclkzl and lead by the cation-
exchange resin KU-1. Several procedures were recommended for the separa-
tion and determination of rhodium and iridium. This report contains much
useful information; a description of one of the methods used for the
determination of platinum metals in tailings is described below.

In general the analytical procedures are a psculiar admixture of new and
effective, and antiquated and reiatively ineffective procedures. The amounts
of both platinum metals and base metals are of the order of mg. and the
accuracy of recovery is not high. The above authors confirmed the tendency
for fresh rhodium solution to assume the cationic condition and for aged
solutions to assume the anionic form: they also conflirmed the relative
difficulty of retaining mickel in the cationic condition. In general the prepara-
tions of solutions for the exchange reaction involved an evaporation of the
hydrochloric acid solution in .the presence of sodium chloride at a pH
adjustment between 1-2. The following procedure 1s designed for the
determination of combined platinum. palladium and rhodium in tailings.

Procedure 4612021

Transfer 1-2 g of the tailings to o 400-ml beaker. Add 50-70 mil of 1 1 hydrochloric
acid, and heat to slight boiling. Decant through a quanutative filter paper, and retain
the liquid. Ignite the paper at as low a temperature as possible. and treat the residu: with
a second portion of 1 : 1 hvdrochioric acid. Transfer the decanted hiquid to tne first
portion. Rcpcat this 4 times.

Add zinc (sec Procedure 103) to the combined decanted liquids. and set the metal
precipitate A aside to be combined with the residue B. insoluble in the late- uqua regia
treatment. To the insoluble residuc add 10 ml of 3 : ) aqgua regia, heat on 1 steam bath,
filter the residue through a small quantitative paper, and wash with hot 0-1 vt hydrochloric
acid. Sct the aqua regia extract M aside. Ignite the paper. and roast the residue. Transfer
the residue to a gold crucible, and treat with hvdrochleric acid to remove silica. Transfer
again with hot water to a filter paper. and combince this residue B with the zine precipitate
A, obtained from the zinc-hvdrochloric acid feach. Dry the rosd.c. ignite, transfer to an
agate mortar, and grind with 5 umes its weight of barium j 2roude. Heat the mixture
in a corundum crucible at 750-800 C for 2 hr. Cool, and add sullicicnt 1 @ 1 hydrochloric
acid to dissolve the medft, Repeat the fusion i necessary.

Combinc the solution with the vgna regia extract M, and evaporate with concentrated
hvdrochioric acid to coagulate the silica. Repeat the evaporation with hvdrochloric aeid
to remove the oxides of nitrogen. Filter the silica, wash, and add hyvdroenlonc acid untis
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it is S per cent by volume. Precipitate by boiling for 30-40 min whilst passing hydrogen
sulphide. Filer the sulphide precipituate, wash with 01 M hydrochloric acid. and dissoive
it in a minimum amount of agua regiu. Evaporate on a stcam bath in the presence of 1 g
of sodium chloride. Moisten the residue with 0-85 ml of concentrated hvdrechloric acid,
and dilute to 300 ml with water. Check the pH of the solution with methyl violet: it
should lie between 1-2. Transfer the solution, at -5 ml per min, 10 a column | ¢m diam.
and 35 cm long, containing the H* or Na* form of Cationite KU-1, particle diam. 0-5-1
mm,

After thus removirg the base metals, again treat the cluate to precipitate the sulphidces
of platinum, palladium and rhodium, and finally weigh tiie comdined metals after
reduction with hydrogen. ) :

Nore—Two further adaptations of the above method are described. In one the cffluent solution
from the exchange column is treated with mercury(l) to remove platinum and palladium simul-
taneously, and rhodium is dctermined as its sulphide.

In another, for low-grade tailings, these are treated to remove silica as described above, and
the solution is then taken to fumes of sulphur dioxide in the presence of sodium sulphate. The
sulphides of platinum, palladium, rhodium and copper are precipitated by using thiourca (see
Procedure 91). The sulphide precipitate is dissolved in aqua regia and prepared for the Cationite
column to remove copper. The three platinum metals arc then determined as described in the
above adaptation.

THE CATION-EXCHANGE SEPARATION OF PLATINUM METALS
FROM LARGE PROPORTIONS OF BASE METALS

The cation-exchanger KU-2 was used by Anisimov er al.[2°3) to separate
copper, iron, nickel, lead and zinc from the platinum metals. The material
to be analysed was treated with aqua regia and finally evaporated with
hydrochloric acid. Sodium chloride was added, and the solution was passed
through 2 g of the exchanger in a column of 15 mm diam. and 20 cm high,
at 50-60 drops per min.

Ion-exchange techniques to provide a concentration of the noble metals
sufficient for detection by spectrographic methods are discusse .l briefly by
Brooks and Ahrens.!?°#) The rocks bearing the traces of platinum metals
were treated initially with mineral acids and subsequently by adsorption on
anion-exchange columns. The resin was ignited, and tested spectro-
graphically. No quantitative data were included in the report, and whereas
the work was incomplete therc is impcrtance in the attempt to determine
the noole metal content without recourse to fire assay methods.

In a series of publications it has been shown that platinum, palladium,
rhodium, iridium and ruthenium in the form of chloro complexes can be
separated from Jarge amounts of copper. iron and nickel by selective ad-
sorption of the base metals on the cation-excharnger Dowex 50X-8 (acid
form). Specifically, the method has been applied to the base metal collec-
tion cf the platinum metals by a new fire assay procedure. This assay is
descrived in detail in Procedure 60. The base metal allovs. weighing up to
about 35 g. are parted with acids, and even pg amounts of the platinum
metals may be accurately recovered from the elfluent. The presence of
osmium in the collecting button gives no difficulty because the parting pro-
cedure invoives the use o hvdrochloric acid and @ final addition of nitric
ac:d. during wh ¢k prozess the ¢stmivm is removed as the tetroxide. Up to

-~
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the present time it has been generally assumed that a resin separation of
ruthenium or osmium is incomplete. and this has been attributed to such
factors as the easc of reduction and particularly to the casc of hvdrolysis
of the metal salts. There scems little doubt that the latter tendency is the
principal explanation for the failure of the exchange separation. Ruthenium
and osmium salts form hydrated oxides quantitatively at pH 4. There is
some evidence to indicate that ruthenium in a chloride solution at pH 15
may fail to pass quantitatively through the cation-exchanger Dowex 30.
Many attempts. under these conditions, have yielded 95-98 per cent recovery
of ruthenium. On the other hand the recent successful use of the above
exchanger for the quantitative separation of ruthenium and osmium from
base metals seems to be due to a shift in pH to about 1-0 and the use of
freshly prepared solutions. Furthermore. success in achieving complete
passage of ruthenium through the cation-exchanger scems also to be assisted
by a prior evaporation in the presence of both sodium chloride and hydro-
chloric acid. This guess is in agreement with other data and with opinions
expressed by various authors [202) Furthermore, the fact that the dissolution
of an iron~copper-nickel alloy of ruthcnium will produce a solution from
which the cation-exchanger fails to retain significant amounts of ruthenium
is probably also due to the presence of large amounts of base metal chlorides.
All of these data find an explanation in a reduction of the tendency for
ruthenium to hydrolyse.

Fragmentary reports have indicated that both anion- and cation-exchange
columns have been used to collect ruthenium from mixed constituents.
Solutions of Bikini ashes collected on board ship have been subjected to
exchange reactions in columns of the cation-exchange resin Dowex 50.120%]
An anion-exchange resin Dowex | was also used to separate ruthenium from
tzllurium. caesium and rare earth clements.[206]

The procedure recommended below for the separation of the five platinum
metals from base metals is an integration of the procedures used by: Coburn
er al1*°7) 10 isolate iron. copper and nickel; Marks and Beamish!2°®! for
the scparation of rhodium and iridium from basc metals: Plummer and
Beamish!' ®"! for the separation of platinum and palladium: Zachariasen! 20
for the separation of ruthenium.

If gold is present along with platinum, palladium, rhodium, iridium.
ruthenium and large amounts of iron, some difficulty is experienced in the
complete separation of gold by the cation resin. The cation-cxchanger
Dowex 50 will allow a quantitative passage of gold when in the form of
pure gold chloride. but in the presence of iron there is retention of about
I per cent of the gold content. This may be due to the rcduction to metal
in the presence of iron(I1) if the latter is a constituen. 3 . equilibrium in
the complex solution. The explanation for the sial® Lus- is not vet clear.

The success of the procedure described below encourages the prediction
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that the cation-exchange method may be vsed for a variety of useful analyrical
processes such as the separation of noble metals from ores, concentrates.
iron mcteorites, mincrals and other basc mctal products carrying large or
small proportions of noble metais.  The role plaved by osmium is not vet
clear, but there is good evidence to suggest that it too may be quantitatively
separated aiong with its nobic metal associates. There are few data to sup-
port the commonly expressed opinion that the case of reduction of osmium
compounds vitiates against passage through an organic ion-exchanger. One
nced not usce the salts in which osmium cxhibits a high valence, and the
lower valencies will provide a resistance to reduction comparable to that
shown by ruthenium.

Procedure 4712°°)

Transfer the alloy of noble m=tals-iron—copper-nickel to a 600-ml beaker. The weight
of alloy should not exceed about 35 g. Add 200 mi of concentrated hvdrochloric acid,
cover with a clock glass, and place on a steam bath out of direct contact with the stcam
to avoid an excessive rate of reaction. Allow to stand overnight, and then place in direct
contact with the steam for 24 hr. Add carefully 5 mi of coneentrated nitric acid, dropwise
if necessary, to avoid spattering. After the vigorous reaction has subsided add a further
5 ml of nitric acid. Foliowing the violent reaction, place glass hooks on the beaker edge,
and evaporate to dryness on a steam bath. Cool the residuc. add 8 mi of concentrated
hydrochloric acid, and then small portions of water, 10 ml at a time, in order to dissolve
the residue. Adjust the volume to 250 ml with water, filter into a 2 . flask, and adjust
to 15 1. with water, the pH now being 1-:2-1-5. Add this solution to the column of 20-50
mesh Dowex 50X cation-exchanger. The tower for the solution resulting from the dissolution
of'a 25 g button should be 70 cm long and 4 cm diam., filled with the exchanger. whose total
wet weight should be about 700 g Use a passage rate of 1-5 L per hr, Wash the exchanger
with water, collect the effluent and washings in a 4-1. beaker, adjust to pH 1-5 with hydro-
chioric acid. and evaporate on a steam bath to about 50 ml. Transfer the solution to a 150-ml
beaker, and evaporate to dryness on a steam bath in the presence of 2—4 ml of a 2 per cent
sodium chloride solution. Dissolve the residue in 30 m! of water. Adjust the pH to [-5 with
hydrochioric acid, and transfer the solution to a small tower of Dowex 50X, 4 ¢cm long and
10 mm diam. Wash the column with water adjusted to pH 1-5. Collect the effluent and
washings in a beaker of suitabic size, and cvaporate to drvness in the presence of a few
¢ of sodium chloride.  Add concentrated mitric acid and a 30 per cent hydrogen peroxide
solation, and evaporate to dryness (o remove organie matter, Repeat this oxidation 3
tumes. Add a few mi of concentrated hydrochloric acid, and cvaporate to dryness. Repeat
3 umes, then dilute o a suitable volume. The separition and determination of palladium,
platinum. rhodium and iridium may be accompiished by a choice of methods. For pg
amounts, and in the absence of ruthenium, the chromatographic method recorded in
Procedure 50 is reccommsnded. For mg amounts the mcthod recorded in Procedure Sl
is suitable. Here one may choose a combination of methods to suit the particular purpose
of the analvsis.

Chromatographic Scparations
THE CHROMATOGRAPHIC SEPARATION OF GOLD, PLATINUM. PALLADIUM AND
' ' » SILVER

Procedure 48018 Y

Onc drop of the noble metal solution should contain approximately 0-1 mg of each
metal.
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Weigh the alloy, and transfer it (o a 10-ml volumetric flask.  Add a few mi of agua
regia, and following dissolution add an cqua! volume of water and make up to volume.
Mecasure an appropriate volume of the solution with a cuiibrated pipetic. and transfer
to a small porcelain crucible; cvaporate carcfully under a lamp to about | drop.

Prepare a cylinder of Whatman No. | paper, 28 em biah and 26 cmowide, Transfer the
drop‘ of the evaporzted solution to a position 2:5 ¢m from the bottom of the cylinder,
previously marked with a pencil. Wash the crugible with water added by means of a -dmppcr
drawn to a capillary at onc end and contaiming 1 small rubber bulb at the opposite ed,
With care the washing can be accomplished with a few drops of water, IT necessary the
drops on the paper can be evaporated intermitiently by carclul exposure 10 a lamp prior
to the addition of Turther drops. Clean a S-gadlon (imperial) crock and place within it o glass
dish containing sufficient n-butanol saturaied with | m hvdrochloric acid. Add the n-butanol
so»iu(ion to the botlom of the crock to ensure an atmosphere sturitted with the giscous
muxture. Place the cylinder within the glass dish in g position to avoid any direct Lumuvl
of the stain with the butanol solution. Allow to stand for 20-24 hr (Notes | and 2).

Following the 24-hr period. expose the cyvlinder to ammonia, then o hydrogen sulphide
(Notc 3). )

To determine each constituent, cut out the areas of deposition. transfer each section to a
50-ml beaker, and kecp the latier overnight at about 400-C. Add a few drops of aqua
regia to dissolve the ash, evaporatc in the presence of hydrochloric acid to remove nitric
acid, and prepare for the desired spectrophotometric method. For silver, treat the ignited
ash with nitric acid, the subsequent treatment depending on the method of determination.

Notes—1. On ascent two liquid fronts are obscrved, onc being the front of the dehvdrated
butanol and the sccond being the {ront of the aqueous phase, about 5 ¢cm below the uppc.r front.
The aqueous phase has a dark front which docs not fade on drying, and is convenient to use as
a reference for Rrvalues. Extracted substanses in the upper butanol javer will thus have an Ry
value greater than unity. ’

2. Silver is deposited at the place where the drop is applicd (R = 0). Copper moves slowly.
(Rf = (?-I). Palladium has an R7of 0-6, platinum an Rrof0-72-0-80 and gold an Ryof 1-05-1 13,

3.‘ Silver and copper produce black spots which fade in about | hr. The spots of gold and
plulmum arc yetlow-brown and that of palludium orange-brown. A very small amount of eold
is reduced; it leitves a trail of purple colloidial vold. This snudt amount s usuilly m\'mnnicr;m(,
The spots of platinum, palladium and gold deepen on storage and cun be Kept as pérmunum
records of the analyses. N

The Chromatographic Separation of Rhodiun:. iridiuni. Palladium and
Plarinum

The most complete chromatographic methods yet recorded for rhodium,
iridium, palladium and platinum were developed by Kember and Welis,broel
and co-workers. These methods and their modifications will find increasing
applications where pg amounts of the noble metals are 1o be dclcrmincdi
and particularly when traces of base metals are associated with noble metals,
Despite this potential usefulness, however, one cannot use the methods
indiscriminately. Methods of dissolution and the proportions of the mectals
present can be significant.

Some conception of the limitations imposed by the separational methods
were discussed by Kember and Wells. They recorded the Jollowing data:

Platinum,  Qualitative tests with the hexone solvent see later) shc;\v that
when more than 1:5 mg of platinum are present on the sirip severe trailing
of the metal oceurs, particulariy along the extreme edges. With the n-butanol
solvents less piatinum can be tolerated. owing to the closeness of the platinum
and palladium bands. Excellent separations are obtained with the hexone
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solvent on a mixture of platinum (1-4 mg of platinum on the strip) containing
about 0-1 per cent each of rhodium and palladium.

Palladium. The width of the palladium band when the hexone solvent 1
used increases if the quantity of palladium exceeds 200 ug. but unlike the
other metals, both the leading and trailing edges of the band remain very
sharp. A mixture containing palladium (3 mg of pailadium on the strip)
and about 0-] per cent each of platinum and rhodium can bc analysed
successfully. With the n-butanol solvents. the same limitations apply as for
platinum.

Rhodiunt. With all solvents the width of the rhodium band increases with
an increase in loading by diffusion towards the palladium band. The upper
limits are 3 mg for the hexone solvent and 5 mg for the n-butanol solvents.
Mixtures ol rhodium containing about 0-1 per cent of platinum, palladium
and iridium can be successfully analysed.

Iridium. The upper limits for iridium are lower for both solvent mixtures.
With the n-butanol solvent the limit is 0-5 mg, and above this backward
trailing causes interference.

Base metals. Analyses have been carried out in the presence of large
amounts of commonly occurring base metals which remain comparatively
immobile in one or other of the solvents. Tests have shown that up to 5mg
of some of these metals can be tolerated before distortion of the palladium
band occurs. Sodium is only slightly soluble in the solvents and is regarded
as an immobile metal.

In the presence of large amounts of metals that move in the centre of the
strip, distortion of the platinum metal bands occurs. This can be avoided
by a change of solvent. :

Metals that move in or near the solvent front impose a similar practical
limitation. As their quantity increases the bands occupy more fully the
space between the wet and dry solvent fronts. increasing this area above its
normal limits. This reduces the space available for the platinum metal
bands. so that not more than 5 mg of basc metal can be present on the strip.

The procedure described beiow relies on the absence of osmium and
ruthenium. The chromatograms are unacceptable when the hexone solvent
is used and iridium is to be determined in the presence of more than 20 pg
of ruthenium. With the n-butanol solvent, however, iridium and ruthenium
are separated. Concerning rhodium, not more than 2 ug of ruthenium can
be tolerated with either the hexone or butanol solvents. Osmium will inter-
fere with platinum, both through its position on the strip and in the sub-
sequent determination. Jt should be noted here that these interferences are
usually disregarded with the claim that both osmium and ruthenium can be
removed as their volatile oxides, but this removal from chloride solutions
in which form the noble metals are separated chromatographically is not
generally recommended  The distillation of ruthenium(V1l1) oxide is usually
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made from a sulphuric or perchloric acid solution. and chromatographic
§cpfirations in these media have not been recorded. Recent researches have
1r:d1(?aled, however, that the distillation of at lcast pug amounts ol; both
osmium and ruthenium can be made successiuily fromzi hvdrochioric acid
medium. - ‘

Procedure 491 °9)

Solvents. The solvent used may be one of the following:

(1) 60 parts by volume of isobutyl methyl ketene (hexone), 10 parts of n-pentanol and
30 parts of hydrochloric acid, « = 1-18.  This solvent vields well-defined bands {i
yhodmm, palladiqm, platinum and gold in this order of decreasing Ry values Iri;ii z:
in Imy concentrations is reduced to the trivalent state, and in this cor:dilion it rér.nuins v:l h
rhodlum as a partially separated band. The solvent is therefore recommendced )‘b II( >
separations of either rhodium or iridiuin from the remaining noble metals or e

(?) n-ButqnoI saturated with 3 s hvdrochloric acid and containing hy;.l.roucn sroxide
This solvent is used for the separation of rhodium from iridium prcv;ously i(ol-n&j bA ‘th:
hexone solv;r}t. The peroxide effectively moves the iridium awayv from. tH‘c rh 5 ;
because the iridium is sclectively oxidized to the more mobile iridiuni(lV) . ocum
ERt)) 4n-Butanol saturated with 3 M hydrochioric acid. This solvent is UQC“‘II for separati
involving basc mictals because ihe basc metals are thus made rciativel)"immobife P one
N:afer. Whatman No. 1 ﬁl_tcr paper in 45-cm long, 3-cm wide strips is sa;isfactow.
adv.amgzgxs:r is faster, No. 20 is slower, and Nos. 3 MM and 15 are thicker but ofier no

Apparatus. A‘gla._ss jar, 50 cm high and 7-S cm internal diam. The jar is fitted with a
stoppcr.from whlch 1s suspended a 30-cm solvent container and two strip suplpons Dow
ward diffusion is generally used. but upward diffusion is cqually satisfactory ' "
_ Procedure. To the test chloride solution, free from cvanide, potassium ﬁna ammoniz
in 1-5 M hvdrochloric acid, add a | per cent w/v solution of sodium chloratc‘ and make :;L
toa suxxablg known volume (Note 1). Transfer accurately 0-05 ml aliquots (‘)f the solutiog
tp the required number of strips, drawing the tip of the pipette across thc strip along a
line ‘(cm.from one end of each strip of filter paper (Note 2). Set the strips aside to d %or
1 hr in air or for 30 min in a vacuum desiccator. desiccator drying being n;:ccssar friyr the
atmosphere is hgmid or if deliquescent salts are present in high broponio;s in the nimur;:

_Fpld each strip 4 cm from the sample end, and place it in the chromatographic j'u" con:
taining the regglred solvent for development by downward diffusion. Place the ‘;r In @
protected position in which the temperature can be maintained between 22 'm"d 215(3
un'd leave overnight (14-18 hr) (Note 3). Remave the strips from the jar .'1-nd sct lh‘n’l
am_dc to dry, preferably hanging in clips to avoid contamination (Note vdi)‘ Sﬁr'\ oan
strip wlth a stannous chloride solution (1125 g of A.R. material in 100 ml ol'.1-< M ‘hyvdr
chlor}c acid). Warm gently to indicate the position of the plaunum mcml;b'uﬁdq‘ \.i70-
rhodlum,_ yellow-‘orangc; palladium, brown: platinum, yellow; gold, yellow Lz;v th
o(her strip or strips on a glass plate and divide them into sections at guomts bétwce'n the
bands gnd 1 cm bpy‘ond the furthest detected position. using the control str\ip as a guide
The strip can be divided by placing a small piece of glass across it and lifting th-(‘ ‘frce cnd.
with a pair of tweezers, breaking it cleanly along the line. Transfer each section (o a
10-ml microbeaker, and carry out dcterminations on these sections as described below N.
ba}r:/g;fu«—l. The chilorate serves to oxidize platinum(Il) to platinum(IV). This avoids couble

2. The numbc‘r of strips depends on the analvsis required, e.g. il both iridium and rhodium
are to be dectermined. In general two strips are prepared for cach analvsis, one as a contr 'lu

3. Much lower temperatures encourage diffuse bands and double p>iau';1um h;xnds oni;y r
temperatures oﬁsr no adyamaq:s. Bv using strips of No. 4 paper the time ofslnnd:r.u: car% ;c
reduced to 6 or 7 hr. This gives shigntly wider bands and is not advisable when the quantity of
uni/ c%r:p:)[r:;; :Jrfcl\fllc mfixtu_rlc upp{roachﬂ the upper himit. ’ o

. e cry fragile at this stage i C : :n used,
o The stops e I Evamzr;:és&smgc t{ the hexonc selvent hq';‘an used, and thev become

r
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The Removal of the Meials from the Paper

The aqueous extraction apparatus, Chapter 7. Equipment No. 12, is used
to remove the metals from cach portion of the strip. The same general
instructions apply to all metals, the only variation being the type and order
of extracting solutions; these are given in the following scction. The volume
of the cabibrated flask 4 should be chosen to provide a concentration which
will give a reasonable light transmission in the final colorimetric determina-
tion, 5- or 10-ml flasks normally being used. The extract for the determina-
tion of iridium is collected in a tall tube (made from a specimen tube 7-5cm x
2:5 cm in diam.) provided with a lip.

Add the first extraction solution to the paper, cover the beaker with a watch-glass, and
warm on a steam bath for 10 min unless otherwise stated. Brecak up the paper to a coarse
pulp with a small glass rod, which is then left in the beaker. Do not allow prolonged
heating, otherwise a finc puip is formed that is difficult to filter. Allow the pulp to scttlc.
and filter the mixture through the funnel of the extraction apparatus directly into a cali-
brated flask A, applying gentle suction. Then transfer the pulp to the funnel, pressing it
into a wad with the glass rod. Release the vacuum D, and add the second extraction solu-
tion to the funnel, transferring it via the beaker. Leave to soak for | min, then filter into
the flask. Repeat this stage with the other extraction solutions. Remove the flask, make up
to the mark with water, and measure the transmittance using the spectrophotometer.
For iridium analyses remove the tube, and wash the filtrate into the titration vessel with the
minimum amount of waler,

Extraction solutions. The volumes given are for a 5-ml flask; alter the volumes in pro-
portion for other sizes of flask. .

Rhodinum (upper section),

(1) 1 mlof stannous chloride solution + 1 m! of 5 M hydrochloric acid. Heat for 30 min.

(2) 1 m! of 5 M hydrochloric acid.

(3) 1 ml of water.

Palladium (centre scction), by thioglycollic acid method.

(1) 1 ml of M hydrochloric acid + 1 ml of water.

(2) 1 ml of thioglycollic acid solution.

(3) 1 ml of water.

Palladium (centre section), by p-nitrosodimethylaniline method.

(1) 1 ml of sodium acetate solution + 1 ml of water.

(2) 01 ml of p-nitrosodimethylaniline + 0-9 ml of water.

(3) 1 ml of water.

Plarinum (lower section).

(1) 1 mlof 5 M hydrochloric acid + | ml of water.

(2) 1 ml of stannous chloride solution.

(3) 1 ml of water.

Iridium (upper or lower section accorging to solvent used).

(1) Add 0-2 ml of liquid bromine to the paper, leave to soak for § min with the beaker

covered, then add |-8 ml of watcr,

(2). (3) 1 mlof ] m hvdrochloric acid.

Determinarions.  Make all final measurements on a Unicam spectrophotometer or a
simiiar instrument, using -cn.ce ls (3 icr Jor patladium by thiogiycollic acid and glass for
the others), and making comparisons against reagent blanks. Preparce standard curves,
using the same reagents as were used in the aquecous extraction mcthod over the ranges
given below. In preparing the standard curve for palladium by the p-nitrosodimethyl-
aniiine method, add 0-5 ml of 01 M hvdrochloric acid to cach 5 ml of solution 1o give
the required pH. During the actual determinations the residual acid in the paper is
sufficient.
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The values of waveicngth and range involved are as follows:
Range in S mli

Waveleneth of solutien
(yeg)
Phodium 480 my 0--100
Palladium (thioglycollic acid m=thod) 325 mpu 0-50-
Palladium (p-nitrosodimzthylanilinc method) 525 mu 015
Platinum 403 mp 0-100

The Determination of Iridium

With the procedure described above and with the hexone solvent. iridium
and rhodium appear as two closcly associated bands. No method of selec-
tively separating these two bands has been developed. To determine both
rhodium and iridium two chromatograms arc necessary. By the volumetric
method described below for iridium there is no appreciable interference
from rhodium. Thus the combined bands from the hexone scparation may
be used for the iridium determination. A second chromatogram obtained as

the iridium in the trivalent state. so that the rhodium band is isolated.

To the bromine water extract of iridium add 0-4 mi of a lithium sulphate solution
(sce Procedure 120), and heat to fumes of sulphur trioxide. preferably under infrared
lamps, and in the titration vessel, although some charring will still probably occur. because
of traces of solvent and decomposed ccllulose present. Add 0-2 mi of perchloric acid, and
heat to fumes, repeating this until a clear ~lution is obtained. Add 0-2 ml of perchloric
acid, I drop of 3,3’-dichlorobenzidine solut::n as indicator, and heat to 300-320"C (Note 1).
Leave for 10 sec at this stage, then remove and cool rapidly. Add 2 ml of water, and cool
again. Transfer the vessel to the titration apparatus, and titratc with the hvdroguinone
solution (diluted 10 times from stock solution. i.c. 0-01 ml of hvdroquinone solution = 1
pg of iridium, see Procedure 120). Standardize the diluted hvdroquinone solution by a
series of titrations against known quantities of iridium. first to the discharge of the purple
colour. Then add one drop of indicator to produce a vellow colour, and add further
hydroquinone solution until this colour is just discharged.

The titration may be repeated afier evaporating the soiution again to fumes of suiphur
trioxide and repeating all stages.

Note 1—The temperature is fairly critical. If a lower temperature is used. a longer time of
heating 1s necessary; this must be determined by experiment. The solution first turns vellow then
brown. This colour is discharged and the final solution is colourless or purpic, according to the
amount of iridium present.

A MODIFIED CHROMATOGRAPHIC DETERMINATION OF
PratinuM, PALLADIUM. RHODIUM AND IRIDIUM

This method was designed to provide improved procedures for the
determination of platinum and palladium. and particularly improved methods
of determining rhodium and iridium in order to avoid the necessity of two
chromatograms.

To produce the chromatogram. sodium chilorate was replaced by sodium
chloride with the result that iridium was quantitativelv fixed in a band
adjacent to the immobile rhodium band. 1t is not unlikelv that this sub-
stitution s the cause of the appearance of a few ug of platinum with the
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palladium band. This contamination is of no significance because the two
bands arc combined. and may be analvsed for platinum and palladium by a
varicty of methods. The additive absorbance mcthod is described in Pro-
cedure 183, and the p-nitrosodimethylanilinc-chloroform extraction method
1s described below. In the present author’s opinion this approach provides
for rapid and accurate determinations.

Procedure 50

After the removal of the chromatographic strips from the jar (Procedure 49) leave them
suspended in air for at lcast 15 min. Spray the control sirip with the tin(1[) chloride solu-
tion, and gently heat the strip with a lamp maintained at an appropriate distance. Cut
the sample strip with scissors to isolatc rhodium together with iridium and platinum
together with palladium. Place the platinum-palladium band in a 30-ml beaker, and
ignite overnight in an oven at 400-450°C. Treat the ash with 8 ml of agua regia, and,
with a cover glass on, place on a steam bath and evaporate to near dryness. Repeat this
treatment. Trcat the residue 3 times with 5 ml of concentrated hydrochloric acid, with
intermittent evaporations to dryness, then evaporate 3 times with 12 drops of concentrated
hydrochloric acid. Cool the evaporated residue, and rinse the watch glass and the wall
of the beaker with a few mi of water whose acidity has been adjusted to pH 3 with hydro-
chloric acid. Transfer the solution to a 75-m!, pear shaped scparatory funnel, and wash
with 8 ml of water at pH 3.

Add 0-5 ml of the p-nitrosodimethylaniline solution to the 10 ml of solution (see Pro-
cedure 168), followed by 5 ml of 95 per cent ethanol. Shake for 5 min, remove the red
palladium complex by an extraction with 10 ml of chloroform. and return the extract
to the original beaker. Add to the separatory funnel 0-5 mi of chloroform, extract as above,
and add the extract to the original beaker.

For the determination of palladium, cover the beaker with a Specdvap cover glass, and
evaporate to a wet residue. Remove the beaker, and allow the residue to dry at room
temperature.  Cover with a watch glass, and destroy the organic matter with fuming
nitric acid and a 30 per cent hydrogen peroxide solution in the usual way. Convert to the
chloride form, and determine palladium by the p-nitrosodimethvianiline method (Pro-
cedure 168).

For the determination of platinum, transfer the aqueous phase from the paliadium
separation to a 50-ml beaker, covercd with a Speedvap cover glass. Wash the separatory
funnel thoroughly with water, and add the washings to the platinum solution. Evaporate
to dryness on & steam bath. and continue as with the chloroform-palladium extract.
including the destruction of orgamc matier. Determine platinum by the tin(I1) chloride
mcthod (Procedure 179).

The separation and determination of rhodiun and iridium. After the removal of the
platinum-palladium secction of the chromatogram, place the remaining strip with the
rhodium-iridium band over a Kleenex sheet of similar size, and fold carefuiiy to protect
the metal-containing bands. Place the folded paper in an A2 porosity porcelain filtering
crucible, and set the latter inside a larger porcelain crucible. Place the crucibles in a
furnace at 400-450°C as detcrined above. Place the filtering crucible containing the ash in
a Vycor tube, and heat for 30-45 min 3 st ut 600 C in a current of hydrogen. Remove
the crucible. add about 10 mg of wodium ¢t loride, transfer the erucible to n Vycor tube,
and pass chiorine over the residue at about 650-700 C [or 4 hr.

Raise the ievel of the {ube to ailow the crucible 1o siip into a 250-ml beaker. Rinse into
this beaker the inner tube surface with t M hydrochloric acid. Evaporate on a steam
bath to about 20 ml, and remove the crucible, washing thoroughly with 1 M hvdrochloric
acid. Filter the solution through the washed crucible, and wash with water to a volume
of 75 ml. Evaporate the filtratc on a stcam bath to a small volume. transfer to a 30-ml
beaker, and evaporatc to dryness. Add a few drops of 4749 per cent re-distilled hydro-
bromie acld, and treat by solvent extraction with isoamyl aicohol as described in Pro-
cedure 14.
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THE CHROMATOGRAPHIC SEPARATION OF
RHODIUM, IRIDIUM. PALLADIUM AND PLATINUM ON THE MACRO SCALE

This method allows the separation of cach of the four metals in quantities
of the order of 75 mg. The solvent mixtures are acid-hexonc and acid-
oxidant-hexone. The columns contain ccllulose powder. the volume of which
varies with the separation required. Both oxidizing and reducing conditions
are applied: under oxidizing conditions platinum and iridium move together.
A separation requires a second column and reducing conditions. The
reduction is accomplished by tin(I1) chloride. which allows the collection of
iridium as a first fraction, and subsequently platinum is eluted with the
acid solvent. Palladium is collected as a second fraction. Rhodium is
almost immobile with both oxidizing and reducing solvents, but is readily
eluted with water. The method of separating the four metals is about
comparable in speed and accuracy to the better chemical separations.

The authors of the method described below recommended a prior nitrite
separation of small proportions of such base metals as copper, nickel, tin,
etc. (Procedures 29 or 30). 1n the presence of large amounts of associated
base metais the present author recommends a prior cation-exchange scpuru-
tion at pH 1-3-1-5 (Procedure 47).

Procedure 5111911

Equipment

Cellulose. Fine grade Whatman ashless cclulose powder.

Columns. The adsorption tubes arc 1:8 + 0-1 em internal dinm. Columns 15 ¢cm long
are suitable for the scparation of two-component systems. Thirtv-cm colunins are used
to separate three- or four-component systems. The columns are treated by passing 5 ml
of acid solvent per cm of ccllulosc-column height. When oxidizing conditions are required,
a minimum of 50 ml of oxidizing solvents are uscd to treat the cellulosc.

The glass tubes may be widcned at the upper end to form a funncl. The lower end is
narrowed and closed by a short length of polyvinyl chloride tubing fitted with a tap. The
inside surface of the glass extraction tube ix treated with dichlorodimethylsitane (o
encourage walcer repeliing propertics.t2190!

Solvents. Acid solvent: Hexonc containing 3 per cent vjv of concentrated hvdrochloric
acid.

Oxidizing solvent (generator soivent): 100 ml of hexone containing 4 per cent v/v of
concentrated hydrochloric acid added to a mixture of 4 g of sodium chiorate and 12 g of
celluiose powder to abscerb the water formed by the reaction. the solvent then being de-
canted {rom the cellulose and mixed with an cqual volume of hexone containing 4 per cent
v/v of concentrated hydrochloric acid.

Procednre. Transfer the chloride solution of the four metals, preferably in their fully
oxidized states, 1o a 400-mi beaker. Add zinc chloride in an amount at lcast equal to the
combined weight of platinum and iridium. If nitric acid is present evaporate to dryriess
on a steam bath, add a few ml of strong hyvdrochloric acid, and again evaporate. P.epeat
this 3 times. Add 5 ml of concentrated hvdrochloric acid. In the absence of nitric acid,
evaporate to dryness on a steam bath in the presence of zinc chloride, and add about 5 mi
of concentrated hvdrochloric acid.

In either of the above instances saturate the solution with chlorine.

Evaporate again, avoiding any overheating of the residur, remove excess of acid and
condensate from the wall of the beaker at as low a emperature as possibic. Dissolve the
residue in 10 ml of concentrated hydrochioric acid saturated with chlorine. add 10 mi of
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generator solvent and then 10 ml of hexonc. Replace each withdrawal of sclvent by the
addition to the generator of the same volume of hexone containing 4 per cent v/v of con-
centrated hydrochioric acid, and stir the mixture (Notes |, 2 and 3).

Allow the fevel of the samnle solution to fall o the top of the cellulose column, and
then rinse the beaker with successive Y-4 mi portions ol oxidizing solvent, any agucous
phase being retained in the beaker. Keep the volume of washing solvent to 2 minimum.
Elute the mixture by the addition of oxidizing solvent, care being taken to ensure that
the level of the solvent does not fall below the top of the cellulosc column.

A wide diffuse band of iridium moves rapidly down the column, its brown colour masking
the presence of some platinum that moves with it, sometimes a little ahcad of but not de-
tached from the iridium band. The bulk of the platinum follows the iridium as an adjacent
merging band. As clution proceeds, the deep yellow platinum band moves completely
away from the fairly compact orange-brown palladium band. Palladium moves away
from the immobile rhodium, but at a much slower rate than does the wide platinum-
iridium band.

Collect the platinum and iridium as a single fraction of about 200-250 ml in a 500-ml
round-bottomed flask fitted with a ground-glass socket to facilitate the subsequent dis-
tillation (Note 4).

To avoid any loss of iridium from the platinum-iridium fraction, lct the palladium
band approach the bottom of the column before collecting the palladium fraction. Main-
tain fully oxidizing conditions to prevent any retention of iridium in the palladium band.

Collect the palladium fraction, 100-150 ml, in a similar 500-m! round-bottomed flask,
discontinuing the addition of solvent to the column as soon as all of the palladium has
been cluted.

Transfer any rhodium remaining in the sample beaker to the column with a jet of dis-
tilled water, and acidify the aqucous solution with a few drops of diluic hydrochloric
acid (Note 5). Collect the rhodium fraction, about 100 ml, in a 250-ml beaker, and
evaporate the hexone layer with an infrared Jamp.

Notes—1. The initial acidity of the sample solution is rather high, but it decreases as the
clution procecds.

2. It is important to limit the initial volume of the samplc solution and the soivent washings
of the sample beaker. If the total volume of sample solution is too great, chromatographic
separation commences before the fast of the platinum-bearing solution comes into contact with

the celluiose.
3. If a few drops of aqueous phasc separate from thc hexone solution of the sample, this

aqueous phase should be retained in the beaker by curcful decantation of the hexone and the
hexone washings. Some of the rhodium present in the sample will remain in the aqueous phase,
and is indicated by a characteristic rose red colour. The remaining rhodium is immobile at the
top of the column, and is indicated by a narrow red band. .

4. Any zinc, iron or copper present will move with the platinum and iridium, but any nickel
present will be rctained at the top of the column with the rhodium.

5. Because both rhodium and nicketl move rupidly down the coiumn, the major proportion
of the oxidizing solvent remaining in the column should be run either into the palladium
fraction or to waste, otherwise the aqueous rhodium fraction will be accompanied by an in-
convenientiy large volume of hexone. )

The separation of platinum: from iridium. Add water to the flask containing the first
fraction. and fit a Claisen head and condenser. Pass a current of air through a fine capillary
reaching almost to the botton of the flask. and distil thc hexone and a limited amount of
water. Transfer the remoiniig : quecus solution to a 150-mi beaker, and remove any
carbonacesur deposit (resuiting fi om b2 b-lown of the hexone) from the wall of the flask
with. hot agna regin. Add the yeid saiution to the beaker, and evaporate the mixture to
dryncss. finishing on 0 s@am buwn, Repaatedly treat the residue with small portions of
coneenirated hydrochlorie aeid, and evapurate to ensure the complete removal of nitrate
under conditions that avoid overhcating the residuc.  Dissoive the residue in 1-0 ml of
concentrated hvdrochloric acid, add 0-2 ¢ of stannous chioride, and dissoive the soiid by
gentle agitation.

Add 20 mi of hexcne to the solution. the latter becoming highly coioured (Note 1).
 Equilibrate a 15-cm ccllulose column with the acid-hexone. and decant the reduced
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platinum-iridium mixtere on to it. avoiding the transfer of any of the aqueous phase
Rinsc the beaker repeatedly with 3-4-mi pertions ol acid-hexone :'md transfer the wnshiﬁ"\.
to the column, still retaining the aqueous phase. Collect the platinum fraciion in a 500-;11
round bottomed flask, and distil off the hexone as deseribed above, iransferring the aqueous
sulution and acid washings of the Mask 10w 400-ml beaker.  Elute the chuccd iridiurﬁ
from the top of the column by adding the faintly acidificd water used 1o rinse the sample
beaker in the same way as that described for the chution of rivodium. Collect the iridium
soiution in a 400-ml beaker, and cvaporate the solvent.

At this stage. the four platinum metals are quantitativeiy separate, and the assay mcthods
selected will depend on the identity and concentration of any kase metals present .

Palladium is free of interference and can be precipitated by dim’:!hylglvoxime.or any
other of the many suitable precipitants. ’

Platinum may be contaminated with copper, zinc and tin. Evaporate the solution to a
few ml, and add concentrated hydrochloric acid. Boil ofl the tin chloride, with the inter-
mittent addition of brominc io assist the process. Evaporate to dryness, and dissolve in
water containing a few drops of hydrochloric acid. Remove the base metal impurities by
hydrolysis, nitrite being present to complex the platinum (Procedures 29, 30, 52). Evaporate
the nitrite filtrate, and determine platinum by using onc of the gravimetric recagents, ¢.g
thiophenol (Procedure 101). T

Iridium may be precipitated by 2-mercaptobenzothiazole (Procedure $9).

Rhodium may be precipitated by thiobarbituric acid (Procedure 82).

Na;f——f!‘hc colour is that of an orange-red tin=-platinum complex of unknown identity. This
complex is u‘nslubic in hexone, and tends to break down in the cold to form the required yellow
chloroplat‘n_nc acid. If this does not occur, heat the contents of the beaker to encourage this
decomposition,

Some restricted separations

The separation of iridium from rhodium. Add 0-25 g of mercuric chloride to the hvdro-
chloric acid solution of the metal chiorides contained in a 150-ml beaker, and cvup.nmlc
to dryness on a steam bath. Add a few ml! of dilute hydrochloric acid. saturate the solution
with chlorine, and again evaporate to dryvness. Dissolve the residue in 10 mi of concen-
trated hydrochloric acid saturated with chlorinc, add 10 ml of generator solvent and
then 10 ml of hexone. Use a 15-cm cellulose column cquilibrated with solvent, and pass
through a minimum of 50 ml of oxidizing soivent before decanting the samuie solution
on to the column. Retain any aqueous phase, and rinse the beaker with successive 3—<4-ml
portions of oxidizing solvent. Maintain oxidizing conditions throughout the separation
to prevent any retention of trace amounts of iridium. Collect the irid'um fraction in a
500-ml round-bottomed flask, and elute the rhodium with water.
_ The separation of rhodium from other platinnm merals. Usc the oxidizing solvent even
in thp absence of iridium, because it is desirable to repress the formation of any slower-
moving reduction product of platinum. Use a 15-cm column for the separation of rhodium
from piatinum or palladium, but a 30-cm column for the separation of all threc metals.

The separation of palladium from iridium. Use a 15-cm coiumn, and maintain oxidizing
conditions throughout to keep iridium moving away fronm the less mobiie palladium.

Note—A separation based on the retention of reduced iridium will fail because of the marked
¢ffect of reduction on the chromatogriaphic behaviour of palladium.

The separation of platinum from iridinmi.  This scparation has already becn described
above,

Note—I1t is noteworthy that, under the reducing conditions that apply in this instance. the
chromutographic behaviour of platinum differs from its behzviour under fully oxidizing con-
ditons. When the platinum-iridium minture has been reduced by stannous chlonide. and the
\(jl\'cnl solution transterred te the column. the platinum in\’;xru‘n-l_\' appears in two forms. A
wide, mobile, yellow band accounts tor most of 1t. and a slow-moving, dull pink band represents
the remainder. The two bands may separate, but both should be collected in one fraction. Sufli-
cient soivent should be used to remove all truce of the less mobile product hefore commencing
0 cluie the sridium with water. Water clutes iridium very rapidly. )
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102 relatively large amount of platinum is being separated from a trace of iridium, it may be
impossiblc to detect the presence of iridium at the 1op o!f the column by visual inspection. An
opcrutor unfamiliar with the characteristic colours of the various platinum metal complexes
could mistake the slow-moving platinun: band for iridium, and collect it as such in & sepurate
fraction. lIridium would then be rejected with the column packing, and part ol the platinum
wouid be reported as iridium, so that the value found for platinum wouid be less than the true
onc. If suflicient iridium is present 10 be plainty scen at the top of the column, its colour is a
dull greyish-green; it cannot be confused with the dull pink of the slow-moving platinum band.

The separarion of platinum from palladium. Use a 30-cm coiumn and oxidizing conditions
throughout the separation. )

OTHER CHROMATOGRAPHIC SEPARATIONS

Chromatographic methods for the detection of the seven noble metals
were recorded by Blasius and Fischer.l?'!)  The concentrations of the

TABLE 17. PAPER CHROMATOGRAPHIC SEPARATIONS!2!!!

. i
Separation ‘ Metal solutions ; Solvent solutions ’ Ry value
Ru Pd Pt Au Chloro complexes n-Butanol: 3-5 x ; Au> Pt> Pd > Ru
Rh Pd Pt Au in 1 M HCI HCl=7:3 Au > Pt > Pd > Rh
Ir Pt | 259, NaNOQO, solution | Ir > Pt
Os Ir Pt | ; Ir > Pt > Os
Ru Rh Pd Chloro complexes Mcthyl cthyl ketone- : Ru > Pd > Rh

(Rh, Pd), nitroso-
chloro complexcs
(Ru) in I ¥ HCI

HCI(1'19)y =7:3 !

Ru Rh Nitrito complex Ethano! : isopropanol :} Ru > Rh

Ru Rh Pd in 3*5 x NaNOQ, ] 259, NaNO; solution | Ru > Pd > Rh
Ru Rh Pt | solution C=6:1:1 'Ru> Pt > Rh
Ru Rh Pd | Chloro complexes ! n-Butanol : 3-S N Au> Os = Pt
, in I m HCI | HCl=73(for Ru, |Pd> Ru=Rh
Os Ir Pt Au . Rh.Pd. Os. Pt. Au

i
|
detection), 2594 !
NaNC, solution i
for Ir detection

Irx Rh~ Ru >
'Pd > Pt > Os > Au

mictals were of the orcer of 20 ¢ per |. and nitrito- and nitroso-chloro com-
plexes were used as well «s “ne custeinary chloro complexes.

Three types of soivent solutions were used. One contained bv volume 70
parts of n-butanoi and 30 parts of 3-5 M hvdrochloric acid. A second was
a 25 per cent aqueous sodium nitrite solution. and a third. used only for small
proportions of ruthenium in the presence of large proportions of rhodium,
contained, in parts by volume. 60 of ethanol, 10 of isopropanol and 30 of
the 25 per cent sodium nitrite soiution. Ruthenium and osmium deposits
were develaped by thiourca, rhodium. paiiadium, platinum. und gold by a
un(ll) chloride sciution con.ainiry sodium iodide. Iridium collected by the
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nitrite solvent was treated with concentrated hydrochloric acid to produce
a2 narrow brown zone. The use of these reagents preciuded any subsequent
quantitative applications. In order to detect each of the scven metals a
variety of chromatograms. solvents and feed solutions were required.
Table 17 indicates the various separations and the conditions required.
These are included to indicate potential methods for quantitative separations.

The Wet Determination of the Six Platinum Metals
in High Concentrates

The method recorded below is the first complete procedure for the direct
quantitative determination of the six mctals in concentrated natural deposits.
Paynel?'2! aiso applied the procedure to synthetic samples containing
amounts of the metals from a few mg to about 100 mg. The recovered
values indicate very acceptable accuracy.

The method involves the fusion of the sample with sodium peroxide.
acidification with hydrochloric acid, and oxidaticn 1 remeve osmium and
ruthenium simultaneously. The pot liquid is treated hydroiytically in the
presence of nitrite to precipitate the base metals. The mixture is made up
to a known volume. Half this volume is filtered and treated for the remzining
four platinum metals. This 50 per cent aliquot is passed through a cation-
exchanger, and the efflucnt is added to a cellulose column to scparate each
of the four platinum metals. The column and technique is simil:r to that
described in Procedure 31 except that a single column is used.

For a few mg of metal the original procedure directs the use of spectro-
photometric finishes.

The recommended gravimetric methods are a hvdrolvtic precipitation for
osmium, rhodium and iridium, a magnesium rcduction for platinum and a
dimethvlglyoximate precipitation for pailadium.  For ruthenium the
evaporated distillate is treated directly by ignition in hydrogen.

The absorptiometric reagents recommended are thiourca for osmium and
ruthenium and tin(lI) chloride for platinum. Palladium and rhodium are
determined as their chloro complexes.

The determination ol'iridium was accomplished bv measuring the difference
in absorbance between the oxidized and reduced forms of the chioro acid.
The method involved the use of two aliquots of the iridium solution. 50 ml
of I to 1 hydrochloric acid were added to each. the soiutions were boiled
for § min, cooled and each transferred to a 100-ml calibraied flask.

One solution was dijuted to about 90 mi with 1 to | hvdrochloric acid.
and 4 ml of freshly prepared chlorine water were added. The flask was
placed in a boiling water bath for 30 min, cooled. and 2diusted to volume
with the diluted hydrochloric said.

The second solution was treated with 2 drops of a 5 per cent hvdroquinone
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solution, and diluted to thc mark with the 1 to | hydrochloric acid. This
solution was used as the reference soiution. The absorbance of the first or
oxidized solution was mcasured at 4900 A in 4-cm cells.

It should be noted that if the method described below is applied to materials
with high proportions of iridium, the latter may contaminate the rhodium.
It is then necessary to determine the iridium in the rhodium extract. This
may be accomplished by the method described below. or that in Procedure
S1.

Absorptiometric methods were used by Paynel?!?] for amounts of a few
mg to about 10 mg. Over this range gravimetric methods remairn applicable
and these are recommended by the present author. The most suitable gravi-
metric method for each metal is indicated in the appropriate part of the
procedure described below. Although the procedure is not a suitable one for
ug amounts of the six platinum metals, a reference is included to indicate a
suitable spectrophotometric method for each metal. In general the pro-
cedure follows the original, but appropriate variations are integrated and

comments are interjected where they may clarifv difficulties experienced by -

the analytical chemist.
It should be noted that the procedure has been found satisfactory for

-concentrates containing high proportions of platinum metals and pre-
sumably of low sulphur content. One may expect some difficulty with
samples containing osmium and appreciable sulphur. In any case this
problem requires further investigation.

Procedure 5213121

Apparatus )

Rutheninm distillation train. This consists of a 500-ml distillation flask with a dropping
funnel, four 250-ml reccivers and a Drechsel bottle. Connections are made via Quickfit
& Quartz spherical joints. The complete train is snown in Chapter 7, Equipment No. 13A.

lon-exchange column. The column is made by joining a length of Pyrex glass tubing
(14 x 1}lin.. 35 x 3-1 cm) to the cut off top and bottom portions of a standard Quickfit
& Quartz CR/32/20 chromategraphy column (see Equipment No. 13B). It is filled with
Zeo-Karb 225, and prepared by acid washing. etc. in the usuai manner.

Cellulose column. A standard Quickfit & Quartz CR/32/40 column equipped with a
reservoir and tap adapter, The preparation of the column is described below.

Reagents

Hyvdrochloric acid. (1 + 1) solution.

Lthanolic sodium lydroxide solution, A 10 per cent solution of sodium hydroxide in 10
per cent industrial cthanol.

Hvydroquinone. Purc, as a 5 per cent w/v solution. o

Dimethvigivoxime solution. As its salt. 5 per cent w/v soiution in water. ' .

Acid solvent. Isobutvl methvl ketone containing 2 per cent v/v of hvdrochloric acid.

Reducing solvent. Acid soivent plus 0-05 per cent of hvdroguinone.

Owvidizing solvent. Freshly prepared (sce below) cclluiose powder. Whatman standard
grade.
Procedure -

The disso ution: of the sty le. Weigh the crushed sample (containing not more than 025
g of platinum meztals) irto a niz.el cruciaic, and moisten with a few drops of water. [ntro-
duce about £ mi of hvdrofluoric acid. and evaporate the mixture to dryness. Heat the
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crucible gently, and raise the temperature slowly to a bright red heat (under cover of
hydrogen if osmium is to be determined), taking care to avoid loss by spitting.

When cool, add 10 g of sodium peroxide, and mix the sample intimatcly with the aid
of a glass rod. Heat the crucibic siowly until the contents sinter. maintain in this state
for 30 min, and then raisc the temperature to bright red heat, swiriing the melt to cnsure
completc attack. Avoid prolonged heating at this temperature. to minimize attack on the
crucible, I or 2 min being usually sufficient.

Set the crucible aside to cool. then place it in a 400-m! beaker, and just cover the crucible
with water. When the violent rcaction has subsided, rinse the cover and sides of the beaker,
remove the crucible with a pair of forceps, wash it inside and out, clean the surface with
a rubber-tipped glass rod. and wash again.

Transfer the contents of the beaker, with washings, to the ruthenium distillation flask,
and connect the flask to the train. Place 150 ml of (I - 1) hydrochioric acid in cach
receiver and 150 ml of the ethanolic sodium hydroxide solution in the Drechsel bottle.
Meanwhile, place 20 ml of the hydrochloric acid in the nickel crucible, and heat to dissolve
any particles adhering to the surface. With a suction pump, draw a slow current of air
through the distillation train, and transfer the acid to the distillation flask. Rinse the
crucible with a further 15 ml of acid. and add the rinsings to the contents of the flask.

The distillation of-osnrium and rutheninm. Heat the flask slowly, and boil the contents
gently for about 10 min, maintaining a steady flow of air throueh the train. Add 10 ml
of a 20 per cent wfv sodium chiorate solution, a few drops at a umc, and then 35 ml of a
10 per cent wfv sodium bromate solution in 5-m! portions at intervals of 2 min. Boil the
solution continuousiy wniic the additions are made and then for a further 30 min to
complete the volatilization of osmium and ruthenium.

Some 15 min before the end of the distillation, heat the contents of the first receiver to
boiling to reduce most of the ruthenium to the tervalent state, any ruthenium still un-
reduced, together with osmium and oxides of chlorine, etc. passing into the second receiver.
Heat the contents of this in turn, and so on until the osmium and other volatile products
are finally absorbed in the ethanolic sodium hydroxide solution. Most of the ruthenium
will be in the first receiver, a little in the second and only a trace in the third. The
distillation is then completc.

Combine the distillates containing the ruthenium in a 1-1, beaker, cvaporate to a small
volume, transfer to a 150-m! beaker, and again evaporate to a small volume, but not 1o
dryness. Set the solution aside for the subsequent determination of ruthenium as described
beiow (p. 160). .

Transfer the solution containing the osmium to a beaker, and sct it aside for the
determination as described below (pp. 160, 161).

The treatment of the pot liquid fromt the ruthenium distillation. Transfer the residual liquor
from the distillation to a 600-m! beaker: rin:e the dropping funnel and flask with 50 ny
of hydrochloric acid, and cautiously add the rinsings to the main soiution. Rinse the
funnel and flask with hot water, cover the beaker, and boil the solution vigorously to reduce
the volume 10 about 100 ml, taking care to remove the beaker before crystailization of the
salts causes severe bumping. Transfer the beaker to a low-heat hot plate, and continue
the evaporation until the contents are almost drv. On no account allow the salts to bake.

The nitrite separation. Dissolve the salts in about 150 ml of water, boil for 5 min. and then
dilute to about 400 mi with hot water. To the boiling solution add sodium nitrite a little
at a time until the pH changes to 7 (measured with test paper), and then. after another
small addition of nitrite, boil for a further 5 min. \When cool. transfer the solution and
precipitate to a 500-ml calibrated flask, and make up to the mark with distilled water.

Mix the contents of the flask well, and filter through a Whatman No. 40 flter papcr,
rejecting tive first few ml of fihirate. Coliect 250 mi of the filtrate in u dry calibrated flask,
and set aside; then continue the filtration. and allow the filter paper and precipitate to
drain. Wash the precipitate once with celd water. and diser+¢ tae 1omaining filtrate.

Transler the filter paper and precipitate 1o a4 400-m1 beser. ada 2 ml of the hydro-
chloric acid and 20 m! of water, and bring to the boii. Boii fer 5 mir, dilutc to about
100 mi. and repeat the nitrite treatment as before. When cool. transfer the solution, pre-
vipitate and filter-paper to a 200-mi calibrated fask, and fiter as before, burt this time
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collect 100 ml of filtrate. Discard the remaining filtratc and precipitate, any gold in the
original samplc being in this precipitate.

Transfer the two filtrates (which now represent onc half of the original sample, Note 1)
to a 600-ml beaker, and rinse the flask with distilled water. Add 4 ml of hydrochloric
acid, and heat the solution to boiling. Boil for not more than | min to remove cxcess
of nitrous fumes, then cool as rapidly as possibic, and adjust the pH to about 3 with
sodium hydroxide (Note 2).

Notes—-1. 1t will be recognized that this method of providing an aliquot is in error by that
amount of platinum metals contained in the volume of solution displaced by the precipitate of
basc metal hydroxides. This error can be calculited from the densities of the solution and the
solid, and its significance will depend upon the proportions of the two mechanically mixed
constituents. For very small amounts of precipitate, and where good accuracy is not required,

this error can be ignored.
2. Excess of nitrate results in the disruption of the column owing to the liberation of free

nitrous acid. On the other hand if insuflicient nitrite is present some palladium may be lost in
the cationic form.

The remaval of base metals by ion-exchange. Regenerate the resin (Zeo-Karb 225) with
the (I + 1) hydrochioric acid, and then elute with water until the efMuent is at pH 7. Place
the reservoir in position, and fill with the solution of the nitrites of the platinum metals.
Pass the solution through the column at about 1 drop per sec, refilling the reservoir as
necessary. When all the solution has been transferred, rinse the beaker 2 or 3 times, and
add the washings in the same manner. Immediately before the last few ml of solistion
become absorbed, rinse the reservoir with about 20 ml of water, and allow this to pass
through. Repeat with several successive 20-mi portions, fill the reservoir with waler, and
continue the elution until the effluent is neutral.

The treatment of the ion-exchange effluent. Evaporate the effiuent (now free from
sodium, nickel, etc.) to a small volume, and then transfer to a 250-mi beaker; add 2 mi
of a 10 per cent wjv lithium chloride solution, and continue the evanoration to dryness.
Moisten the residue with a few drops of water, add 10 ml of 60 pér cent perchloric acid,
and evaporate until copious fumes are evolved. Continue heating until all the free per-
chloric acid has been expelied, and then set aside to cool. Rinse the wall of the beaker
with the minimum amount of water, and evaporate again until the evolution of fumes
ceases completely (Note 1).

Treat the cooled residue with 5 ml of (1 + 1) hydrochioric acid, and evaporate to
dryness. Repeat this treatment at least 6 times (up to 10 times for materials very rich in
iridium). Dissolve the residue in 20 mi of concentrated hvdrochloric acid, and bring to
the boil in a covered beaker. Continue boiling until the volume has been reduced to about
15 ml. remove the cover, and evaporate gently to 5-10 mi (Notes 2 and 3).

Notes—I1. Perchloric acid is required for the necessary destruction of the nitroso compiexes
of the platinum mctals. To remove the perchloric ucid and thus allow the formation of chloro
complexes an evaporation is necessary. Lithium chioride allows the evaporation under condi-
tions that prevent the reduction of the chloro compicxes of the platinum metals.

2. Evaporations to smzller volumes, e.g. 2 ml as stated in the published procedure, may result
in the extraction of rhodium and its transfer to the coiumn, especially when the rhodium vajue
is as high as 100 mg. In a privatc communication the author rccommends a 5 N acid concen-

tration at this stage. o
3. it is most importani not to allow the contents of the beaker te solidify at this stage, other-

wise the final trcatment with 20 ml of hydrochloric acid will have to be repeated. If, however,
the residual liguor tends to erystallize on cooling, add hydrechioric acid | drop at a time until

the solid redissoives.

The ciromatographic seraration, The cellulose column should be freshly prepared as
follows:

Prepare a quantity of acid solvent by adding 20 m! of : hydrochioric acid to 1 1. of iso-
butyl methvl ketone. Take 200 ml of this acid selvent, and add Whatman standard grade
cetluiose powder until a thin slurry is formed. Pour the mixture inte the column in the usual
manner, adding sufficient to form a bed of ccliulose about 35 cm deen. Allow to drain,
leaving about | cm of soivent over the cellulose, and then sct aside until required.
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Add to the cold solution of piatinum metals a small amount of solid hvdroquinone
and then 10 ml of reducing solvent. Stir vigorously until the iridium has been reduced,
adding more solid hydroquinone if necessary.

Begin the column scparation by oncning the tap fullv. Immediately the solvent has
drained, introduce the first extract by careful decantation, avoiding the transfer of any of
the aqueous phase. Repeat the extraction with a further 10 ml of reducing solvent. and,
as soon as the first extract has been taken up, transfer in the same way. Continue the
extractions in this manner, with 10 mi of reducing sofvent au a time. and avoiding the
transfer of the aqueous phase. Do not allow the column to drain at anv time to such an
extent that air is introduced between the column wall and the celtulose.

As the elution procecds the platinum band will move ahcad, with the palladium band
following somewhat more slowly. Collect the platinum fraction, however, as soon as the
extractions are begun, for an almost invisible platinum band moves ahead of the main
one, and may otherwise be lost.

As soon as it is evident that all of the palladium has been extracted and transferred to
the column, make a final extract from the beaker with the acid solvent not containing
hydroquinone, then place the reservoir in position, fill with reducing solvent, and continue
the elution. Meanwhilc, set aside the beaker containing the iridium and rhodium.

When the main plalinum band has reached the lower cnd of the column, a gap of some
inches should have appearcd between it and the following palladium band. Continue to
collect the platinum fraction until just before the palladium starts to come through.

At this point, change the receiver, and coliect the palladium fraction in the sanie way,
replenishing the reservoir with reducing solvent as nccessary.  Immediately the last of
the palladium comes through, remove the reservoir, and clute with two or three successive
portions of the acid solvent (non-reducing) to remove the hydroquinonc and render the
ensuing oxidation treatment fully cffective. The column is then readv for the sccond
stage, and meanwhile elution is stopped. ’

Extract the iridium by clution with an oxidizing solvent.  Freshly prepare this solvent
as follows:

Take 100 m! of the acid solvent, add 2 m! of hydrochloric acid and then 4 g of so.ium
chlorate. Stir thoroughly until the soiution becomes cloudy, add 10 g of cellulose powder,
and macerate. Decant the clear liquid into another beaker, and dilute 50 ml of tais to
250 ml with the acid solvent.

Add 10 ml of the above oxidizing solvent to the original beaker which cor-ains an
agucous rhodium solution, and shake. Add to the column. Repeat the extroction with
10 ml of oxidizing solvent cxactly as was done above for platinum and pallac,um. When
all of the iridium has been cxtracted, and the dark brown band is well clear of the residual
pink rhodium band (Notc 1), place the reservoir in position, and conrtinue cluting with the
acid solvent containing a fittle of the oxidizing solvent. When it is certain that all of the
iridium has been collected. dilute the residual rhodium-containing phase with a little
water, remove the reservoir, and transfer the solution to the column. Rinse the beaker
2 or 3 times. When these washings have almost been absorbed, fill the reservoir with water,
and continue eluting. When the pink band has almost reached the lov.er end of the
ccilulose, collect the rhodium fraction in a scparate beaker.

Notes—1. Despite care in avoiding any transfer of the aqueous phuse, a small amount of
rhodium vsually finds its wav on to the column.

2. In a private communication Payne states that the use of an acid solvent containing 1 vol.
of tri-n-butyl phosphate with 2 vol. of isobutyl methyl kctone containing 2 per cent of hydro-
chloric acid allows the use of a ccliulose column about 10 cm long. Platinum and palladivm,
however. cannot then be separated: this is convenientiy nccomplivhd by o ventional methods.
The technigue of reducing with hvdroguinone followed vy caidizing with the appropriate
solvent cnables pintinum and pailadium to be cluted togcther, ther the iridiunm, leaving rhodium
on the column us before. Also the platinum metals can be back-extracted from the solvent with
witler, provided that petroleur spirit (b.p. 60-S0°C) is added to the solvent in the proportions
ol 1 vol. of pctrolecum to 2 vol. of sclvent. The aqueous extract is then cleaned by extructing
svice with carbon tetrachloride.

The treatment of individual fractions. To the platinum and palladivm fractions add | g
ol lithtum cardonate per 100 mi of ketone. T the indium arc rhedivin fractions add 5§ m!
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of a 10 per cent wiv lithium chioride solution.  Evaporate the respective fractions by
gentle boiling on an clectric hot plate in a well ventilated fume cupboard. Continue the
evaporation to dryness, but avoid heating the residuc beyond the point necessary just to
remove the ketone.

When cool, add 10 ml of water to cach and then 50 mi of nitric acid. Cover the beakers,
and heat gently. When the first vigorous reaction has subsided, bring the solutions to the
boil, and continue boiling until brown fumes arc no longer evolved, adding more nitric
acid if required. Then add 25 ml of 60 per cent perchioric acid, boil until most of the
nitric acid has becn expelled, remove the covers, and evaporate the solutions until fumes
arc evolved. Continue fuming until the volums has becn reduced to 5 mi for iridium or
until the salts have begun to crystallize for the other metals. Sct aside the iridium fraction
for subsequent determination. Add 50 mi of (1 + 1) hydrochloric acid to the others;
heat the solutions to boiling to rcconvert the metals to the chloro compicxes, and treat
the rhodium and the platinum and pailadium fractions as described below.

Gravimetric methods. Gravimetric methods arc recommsnded for 2 mg or morc of
each metal. Whereas the method described above is not specifically recommended for g
amounts of metals, a suggested list of spectrophotometric methods for each metal is in-
cluded. These may be useful for quantities of metals of the order of 1 mg or less.

Rurhenium. Treat the evaporated ruthenium-hydrochloric acid distillates in the 150-ml
beaker with thionalide (Procedure 72).

Osmium, Acidify the sodium hydroxide-ethanol solution of osmium with hydrochloric
acid, and evaporate to a small voiume. Transfer to a 150-ml beaker, and precipitate
osmium by using thionalide, as directed in Procedurc 78.

Rhodium. Transfer the rhodium solution to a 150-ml beaker, and precipitate with
thiobarbituric acid, as described in Procedure 82. Alternatively the hydrolytic precipitation
described below for iridium may be applied.

Iridium. Dilute the perchlorate solution containing the iridium to about 200 ml with
hot water, and add a sodium hydrogen carbonate solution until the pH changes to about 4.
Add 10 ml of a 10 per cent sodiumn bromate solution, and boil gently for about 30 min to
coagulate the precipitate, adding more sodium bromatte solution if necessary to keep the
pH between 6-:5-7-0. Allow the precipitate to scttie, and then filter through a Whatman
No. 40 filter paper, washing well with hot water. Then wash with a § per cent ammonium
chioride solution to prevent deflagration during the subsequent ignition. Dry the paper
and precipitate, ignite carefully, and treat the iridium dioxide with hydrofiuoric and nitric
acids in the usual manner. Collect the precipitate once again, ignite, reduce under hydro-
gen, and weigh as usual.

Platinum. Treat the chloro complexes to precipitate platinum by using zinc, as described
in Procedure 103. Alternative procedures involve hydregen sulphide (Procedure 100)
and thiophenol (Procedure 101).

Palladium. Prepare the solution of the chloro complex for a hydreivtic precipitation, as
described for rhodium in Procedure 88. Then dissolve with hydrochloric acid and pre-
cipitate with dimethylglyoxime, as described in Procedure 94.

Spectrophotometric methods

Ruthenium. Dilute the original solution to 100 ml in 2 caiibrated flask. and extract an
aliguot equivalent to about ; my of rutherium. Transfer the aliquot to a 150-ml beaker,
add S mlof (I + 1) sulphuric ne'd, .ud :/1porate until copious fumes are evolved. Alfter
fuming for 2 or 3 nun, cool the solution. add 60 ml ol (i + 1) hydrechloric acid and boil
for 5§ min.

Cool the solution, and transfcr to 2 100-mi calibrated flask, rinsing the beaker with
water to bring the volume to about 85 ml. Add 10 ml of a 10 per cent thiourea solution,
mix well, and heat the flask in a water bath at 50 + 2°C for 30 min. Cooi, make up to the
mark with water, and measure the absorbance at 6750 4 in a 4-cm cell. Calculate the amount
of ruthenium by comparison with a standard.

The standard is prepared as follows: Add 1:00 m! of a standard ruthenium solution
] per cent in hvdrochloric acid and { per cent in ruthenium chloride standardized by
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thionalide) to a 150-ml beaker, then add S mib of (1 & 1) suiphuric acid. Evaporate to
fumes for 2 or 3 min, cool and continue as above.

Naote—In o priviite communication the author states that the thiourcu mcthod has been
repliced by the sodium thioevanate method (see Procedure 145).

Osmium. Boil the alkaline osmate solution from the distillation to expel most of the
cthanol, cool, and makc up to a suitabic volume from which an aliguot containing | mg
of osmium may be taken. Transfer the aliquot to a 100-ml calibrated flask. and neutralize
with hydrochloric acid, keeping the solution as cooi as possible. Add 30 m| of concen-
trated hydrochloric acid. then 10 ml of the 10 per cent thiourcea solution. and dilute to the
mark. Mix well, immerse the Rask in a water bath at 75 = 2'C for 30 nun, cool, and
measure the adsorbance of the solution at 4800 A in a 4-cm cell. Calculate the amount of
osmium present by comparison with the standard.

To prepare the standard add | ml of the standard osmium solution (a sodium hyvdroxide
distillatc standardized gravimetrically, and containing | mg of osmium per ml) to a 100-mi
calibrated flask, add 60 ml of (I + 1) hydrochloric acid and then 10 ml of the 10 per cent
thiourea solution, and dilute to the mark with water.

Add the small amount of iridium found in the rhodium solution (below) to this result.

Rhodium. The rhodium solution may contain a trace of iridium if the original material
contained a high percentage of this metal; it is necessary to determine it to correct the
main iridium figure.

Transfer a small portion of the previously oxidized and diluted solution (sce *“ The
Treatment of Individuai Fractions ™ above) to a dry beaker. and add a few crystals of
hydroquinone. With this reduced solution in the reference or water cell, measure the
absorbance of the oxidized solution at 4900 A in a 4-cm ccll. Calcuiate the amount of
iridium present by reference to the iridium standard. and correct the main jridium figure as
necessary. Then filter the reduced solution through a drv Whatman No. 540 filter papcr
into a dry beaker, and measure the absorbance of this flirate against water at 3150 A
in a 4-cmcell.  Calculate the amount of rhodium present by comparison with the
standard.

Prepare the standard from rhodium chloride to contain about | mg of metal per mi,
and standardize by thiobarbituric acid (Procedure 82).

Iridium. Adjust the perchlorate solution to a suitable volume from which an aliquot
containing 1 mg of iridium may be taken. Transfer 2 aliquots to 150-mi beakers. add 50 ml

. of (1 + 1) hydrochloric acid to each, and boil for 3 min. When cool, transfer cach solution

to a 100-ml calibrated flask, make the first solution up to about 90 ml with (] = 1) hydro-
chloric acid and add 4 ml of freshiy prepared chlorine water. Place the fiask in a boiling-
waler bath for 30 min, then cool, and adjust the volume with (1 + 1) hydrechloric acid.
Mcanwhile, treat the second solution with 2 drops of a $ per cent hvdroguinone solution,
and dilute to the mark with (I + 1) hydrochloric acid. With the reduced soiution in the
reference or water cell, measure the absorbance of the oxidized solution at 4900 A in 4-cm
cells.  Calculate the amount of iridium by comparing the abserbance witn that of the
standard.

Prepare the standard by precipitating hvdrolytically from an iridium-chlorine solution
(see above) sufficient oxide to produce a hydrochloric acid solution containing about | mg
of iridium per mi of solution.

Palladium. Measure an aliquot representing about 10 mg of palladium, and make up
to 100 ml in a calibrated flask with (1 = 1) hvdrochloric acid. Mix well, filier a portion
through a drv Whatman No. 540 filter paper into o dry beaker. and measure the absorbance
of the filtrate at 4700 A in 4-cm cells.  Calculate the amount of palladium prescnt by
comparison with the standard.

Prepare the standard from a palladium chloride solution standardized gravimetrically,
potassium iodide being an acceptable precipitant (Procedure 96). Transfer 10 ml of this
solution. which should contain about | mg of palladium per ml, 1o a 250-ml bcaker.
Add 5 ml of nitric acid and then 5 ml of perchloric acid. and evaporate to about 2 m! of
acid. Cool. add 50 ml of (1 + 1) hvdrochloric acid. and boil for 10 min. Cool. dilute
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to 100-0 mi with the (I + 1) hydrochloric acid. Measurc the absorbance at the same time
as that of the unknown.

Plarinum.  Transfer an aliquot representing about 0-35 myg of platinum to a 150-ml
beaker, add 5 ml of perchioric acid, and evaporate until fumes are evolved. While funies
arc being evolved, add about 10 drops of hydrobromic acid, and continue heating until
most of the excess of perchloric acid has been removed; then cool, add 50 miof (1 + 1)
hydrochioric acid, and boil to reconvert the platinum to the chioro complex. Cool again,
transfer the solution to a 100-ml calibrated flask, and dilutc to about 80 mi with (I <+ 1)
hydrochloric acid. Add 10 ml of a 20 per cent tin(ll) chloride solution, and dilute to the
mark. Mix well, set aside for 30 min, and then measure the absorbance at 4030 A in
4-cm cell; compare with a standard. :

Prepare the standard from platinum sponge and aqua regia. Remove the nitric acid as
usual, and dilute to provide 0-1 g of platinum per .

Fire Assay for Noble Metals

EXTRACTION FROM ORES

The classical method of assay for noble metals involves the preparation
of suitable fusion mixtures and a subsequent heating to provide a slag. In
general the extraction of noble metals from this fused mixture is accom-
plished by providing for the production in sitv of an alloving or collecting
metal, of which the most frequently used is lead. This practice has grown
out of an irrational assumption that the platinum metals are as noble as gold.
All of these metals will form oxides when heated in air by a bunsen flame;
platinum at higher temperatures suffers a loss of weight now known to be
due to the formation of oxides. There is also the fact that the reduction of
goid salts to the metal is accomplished with relative ease. It is surprising
that the fire assay for even the more common piatinum metals has been
acceptably successful.

Deville and Debray!??3} fused the ore with borax in the presence of
wood charcoal and silver to produce an alloy said to contain all of the
platinum metals. Perrv!?'#I fused alloys of the metais with lead and silver,

“cupeiled to remove the base metals, and then re-alloved with siiver. Deville

et clt*'%) applied fusion methods to larger sampies of ores and alloys
previously treated with agua regia. The residues were fused with litharge,
silica and carbon to produce a Jead button. Partition with nitric acid then
gave a residue from which a zinc allov was prepared. This ailoy on treatment
with acid produced finely divided iridium, osmium, etc., which could then
be satisfactorily corroded with fused nitrates. It 1s interesting to note that
the authors concerned used a fusicn with lead followed bv acid treatments
to preduce fairly pure iridium crystals.

It is significant that in 1885 Wilmt?'8) ¢riticized the contemporary methods
of analysis for the platinurm metais, and submitted that no satisfactory pro-
cedure had been recorded. In 1919, Duparct?' ™ stated that, prior to the
development of his procedures, it was difficult or impossible to obtain con-
cordant results from the same samole.
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Hamptont*"® drew attention 1o the ease with which vanadium. us
NH VO;, could be mistaken for {NH,),PtCly, and suggested that some
presumably dishonest assays may have arisen from this error. He charged
the U.S. Burcau of Standards with failure to draw attention to the sources
of error in the determination of platinum. Davis?'*! reported that the
results from various assayers for a concentrate containing 40-50 per cent of
copper varied so much that the U.S. Bureau of Mines was requested 1o devise
an analytical scheme.

As late as 1940 Lathe!?2% stated that so far as he was aware *“ no simple
and at the same time reliable methods for the determination of metals of the
platinum group in ores and concentrates have yet been published. There is
i the literature much that is uncertain, contradictory, or inapplicable to
any particular case .  Perryl?2'*l also criticized these ‘‘established ™
methods, and recommended an initial selective parting with sulphuric acid
to remove silver, followed by re-alloying with silver, parting with nitric acid
to remove platinum, and treating the residue with aqua regia to remove gold.
The insoluble residue was called iridosmine.

The U.S. Bureau of Mines, in 1921, published an extensive pamphlet
dealing with various aspects of platinum metals assaying. A significant
part of the publication dealt with the claim that platinum metals may occur
in natural deposits in forms which resist determination by the classical lead
collection. An array of evidence was marshalled by Davis to refute this
claim, and whereas the present author agrees with the conclusions in general,
one does well to remember that negative evidence is not conclusive evidence.

One of the questionable aspects of the firc assay concerns the influence of
the character of the platinum metals minerals. Because one cannot write
with assurance the mechanicallv mixed composition, the claim is sometimes
made that for certain ores the collection by molten lead is ineflective. To
avoid tnis possibilitv, wet treatments of the orc with various mixed acids
were sometimes appiied before the fire assay in order to convert platinum
metals to forms which were known to be amenable to fire assay procecures.
The fact that all of the platinum mectais except palladium and rnodium
resisted attack by single mineral acids suggested to the early unalytical
chemist the use of selective dissolution or corrosion to separate associated
base metals.

Wilmi=2") and others recorded methods that involved collective pre-
cipitations from solutions of ores by zinc or iron. and the subsequent re-
moval of base metals by nitric or hvdrochleric acid.  Seliverstovi??2) de-
composed the ores with concentrated sulphuric acid, and treated the mixture
with sulphur to form sulphides that were filtercd. roasted and then fire
assaved to form a bisilicate slag. For high valued ores, an alternative pro-
cedure was provided by which the roasted residue was treated with formic
acid, then with aqua regia to extract selectively “he black residue: after
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filtration the platinum and palladium wcre precipitated by formic acid in an
ammoniacal medium. The residues were treated to determine platinum,
palladium, gold, rhodium and iridium. Karpov and Fedoroval?23! ysed an
aqua regia extract of the orc, and digested the residue with ammoniem
acetate to extract lead sulphate and silver chloiide. The residuc was fused
with silver and borax. The resulting silver bead was treated with sulphuric
acid, the insoluble was fused with sodium peroxide and sodium hydroxide,
and the osmium and ruthenium were distilled from a chlorinated solution.
The procedure involved the separation of platinum and iridium by using
ammonium chloride, then roasting, followed by cupellation with siiver,
parting with nitric acid, and re-precipitation of the platinum with ammonium
chloride. The iridium residue was purified by fusing it with bismuth. then
treating it with nitric acid and aqua regia. Rhodium was separated from the
acid by using zinc, this process being followed by fusion with silver and
parting with acids.

Zhemchuzhnii er alt??%) described a somewhat similar modification for
the treatment of the aqua regiz recidue, and included a procedure for the
treatment of the agua regia extract. The method involved an oxidation by
chlorine and the precipitation of platinum and iridium with ammonium
chloride, followed by the removal of palladium and goid with dimethyl-
glyoxime from a portion of the filtrate, and by treatment of the palladium-
gold filtrate with zinc to precipitate rhodium and the remaining iridium.
Gold was aiso produced by a reduction with sodium nitrite of a second
portion of the filtrate from the platinum-iridium precipitation, and sub-
sequently palladium was precipitated by mercuric cyanide. The iridium
precipitates were coilected, and fused with soda to dissolve ruthenium
selectively. Lovely!??*] recommended a combination assay method which
invoived the conversion of ores or concentrates by fusion in a plumbago
crucible with iron, sulphur and carbon to form a matte: this was sub-
sequently ground, and treated with aqua regia, from which mixture osmium
and ruthenium were said to be evolved. Methods of separating platinum
thorium, iridium, polonium, actinium, palladium. gold and rhodium were
inciuded. A similar method of concentration was described by Griffith.[22¢]
He fused nickel-copper or:s of the Sudbury district, containing between 13
per cent and 50 per cent of suiphidzs; bevond these limits either sulphatc
blanks were added or the sulphide ore was partially roasted and silica added
to the charge. The fused matte was removed from the broken pot, and treated
with dilute sulphuric acid to produce a final residue of 20-30 g that was
assayed in the usual manner. Griffith did not prove that the matte is a
suificiently effective collector, and the low palladiim recovery was ascribed,
without sufficient evidence, 1o the iailure of sulphuric acid to extract all of
this metal. A somewhat comparable method for the analysis of platinum
concentrates was described bv Schwitter.!2?7) A series of aaua regia extrac-
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tions resulted in a residue that was then alloved with lead; the latter was
parted with nitric acid. and the ignited residue was erroncously termed
osmium. From the aqua regia extract the author removed platinum with
ammonium chloride, gold with ferrous sulphate and  paltadium  with
potassium iodide. In the final filtrate zinc was used to collect rhodium and
iridium.

In the present author’s opinion none of the above combination assays can
be considered cfficient: none has been proved accurate or precise. In many
instances the methods of determining individual metals arc outdated. In
practically zll insiances large samples of ore or concentrate arc required.
because each determination involves a precipitation reaction.  Adams(?3¥!
stated that prehiminary acid treatment  applied to South  African
flotation concentrates provided no advantage and proved extremeiy
tedious. -

The single recorded research which deals quantitatively with the merits
of leaching is of Hoffman er a/.122°) The authors used a technique involving
a preliminary treatment of the oxidized ore or concentrate with hydro-
chloric acid, followed by a hydrogen sulphide precipitation from the acid
extract or by a zinc precipitation. These authors’ results indicated that
* leaching processes do not, in general. provide values highcr than those
obtained by normal firc assay ™.

An cxtraction of platinum from ores by an amalgamation process was
described by Plaksin and Shtamova.l?2°! The 65-mesh ore was treated with
ditute sulphuric acid, and then ground with zinc amalgam, mercury, copper
sulphate and sulphuric acid. The ore was then washed with a caustic solution
which, the authors claimed. resulted in removal of 90-97 per cent of the
platinum. Unfortunately no further publications of this interesting extrac-
tion are known.

Aside from the classical lead collection, various procedures have been
considered for the analytical concentration of the piatinum metals. The
separation of noble metals in copper-nickel slimes was accomplished by
Pshenitsyn and Lazareva'?3!] through a fusion with borax. The piatinum
groups were sclectively removed from copper, nickel, iron and lead bv a
fusion at 1200°C for 2 hr. The fused mixture was boiled with hvdrochioric
acid, and the residue weighed as noble metals. Obviously this method could
not give good accuracy.

A method based on the fact that arsenic and antimony speisses are good
collectors of osmium, iridium and ruthenium. but less effective for platinum
and palladium. has been reperted by Ruscan cud Henderson. 2?2 The
fuxing mixture included arsenic as well as the conventional mixture. and the
fusion was carried out in the prescnce of an iron rod. These authors
fournd™*?) that the fused mixture solidified in distinct Javers—IJcad on the
bottom, then speiss. then matte and finally slag. The addition of iron filings
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assayer, and sodium (! : 2) borate, disodium tetraborate and sodium pyro-
borate, used by the chemist.

A further deficiency associated with all of the various nomenclatures is
that none allows for the difference in basicity between the various oxides
such as between K,O and MgO, or the relative acidity of the acid oxides
such as between B,O, and SiO,. Thus a bisilicate is Na,0-Si0, or MgO-Si0,.
By analogy with the relative fluxing ability of KOH and Mg(OH), on
aluminium one cannot expect that the time and temperature required to

TABLE 18. THE CLASSIFICATION OF SILICATES AND BORATES

H
1

sodium tetra- or pyroborate

[
; Nomenclature
Chemical Oxygen ratio 1
formula acid to base i Assaycrs Chemical
2Na,0-Si0; 1:1 { monosilicate sodium (2 : 1) silicate
! sodium orthosilicate
Na.0Si0: | 21 bisilicate . sodium (1 : 1) silicate
| sodium metasilicate
2Na,0-3Si0, 3:1 trisilicate sodium (2 : 3) silicate
i sodium mesosilicate
3Na,0'B,0, 1:1 1 monoborate ; sodium (3 : 1) borate
: ’ sodium orthoborate
2Na,0-B,0; 3:2 sesquiborate sodiﬁm (2 : 1) borate
sodium pyroborate
Na,0'B,0; 3:1 tricorate ! sodium (1 : 1) borate
i { sodium metaboerate
Na.0O2B.0; 6:1 ! nexacorate i sodium (1 : 2) berate
]
|

produce a fluid flux with all basic oxides or with ail acid oxides will be even
comparable. On the assumption. however. that in the period of fire assay
the rcactions procced to completion. the uitimate fluxing abilitv of the
oxides may be comparable. The assavers’ expressions for various com-
pounds, together witih the acceptablc chemical nomenclature, are recorded
in Tabie 18.

The assayvers’ expressions are used throughout the following discussions.

SLAGS
The above assayers’ nomenclature can also be applied to slag constituents.
~hus 2CuQ-SiC, is a mono. iiicate sing and 5Cu0-5i0.B,0; is also a mono-
silicate sleg.
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In general, for platinun fire assays the slags may be regarded as sificates
and borates of the oxides of copper, iron and nickel, mutually dissolved
with lead silicates and borates. The inctals present in the slag may some-
times be indicated by its colour subsequent to cooling. In general siags
from platinum assays should be clear. Assays of cupels and pots, however,
are sometimes required, and the resulting slags are very often opaquc.

White opaque slags are obtained with matcrials containing large propor-
tions of calcium, magnesium. aluminium and zinc. The base metals
associated with platinum, and appearing in the slag, are usuaily copper,
iron, nickel with traces of tin, cobalt, manganese, chromium. selenium and
tellurium. The traces have little influence on the colour of the slag. Lead.
of course, is present as a necessary addition to the flux and. as a fused silicate
with soda ash, it provides colourless glasses. In general shades of green
indicate iron(II).. The latter intcrferes with the normal colour of copper,
which is the brick red of copper([) silicatc or borate. In the presence of iron,
the slag becomes dark or black. Manganese, in large quantities, produces
a2 similar effect, although in small amounts. when present alone, the slag is
a light pink or purple.

After a fire assay one should examine the slag visually. If it is black, the
homogeneity of the slag colour can be determined on a thin chip.

Concerning the properties of a satisfactory slag Bugbeel??*] states the
following:

(1) 1t should have a comparatively low formation temperature, readily

attainable in assay furnaces.

(2) It should be pasty at and near its formation temperature, in order to
hold up the particles of reduced lead until the precious metals are
liberated from their mechanical or chemical bonds, and are free to
alloy with the lead.

(3) It should be thin and fluid when hcated to somewhat above its
melting point, so that shots of lead may settle through it readily.

(4) It should have a low capacity for noble metals, and should allow a
complete decomposition of the ore by the fluxes.

(5) It should not attack the material of the crucible to any grzat extent.

(6) Its specific gravity should be low, to allow a good separo:ion of jead
and slag.

(7) When cold, it should separate readily from the lead und be homo-
geneous, thus indicating complete decomposition of the ore.

(8) It should contain practically all the impurities of the ore.

Concerning the question of whether or not there is an optimum slag
composition for each ore Bugbeel?2#) states ** thal 0 two assavers working
on the same ore will agree exactly on the flux proportions to usc. so it is safe
to say that, for any given ore, there is a comparatively wide range within
whichthe four common flux constitueais mayv be varied.and still. in the hands
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of an able assayer. vicld practically identical results ™. Smith{235) srated
that the best fluxes to be used in each particular instance must be left to the
judgement and experience of the assayer. The present author agrees with
these opinions.

FusioN TeMpLrATURLS

The initial temperature, the rate of heating, and the finishing temperature
are important factors in a successful fire assay for the noble metals.
Obviously the degree to which these variables may be controlled will depend
somewhat upon the character of the heating cquipment, e.g. furnaces which
are heated by gas and air, by coke and air, or by electrical methods.

To the degree that heating can be controlled it is desirable to subject the
pot contents to an initial sintering temperature. At about 600°C the litharge
is reduced by carbon, and the resulting lead droplets are homogeneously
mixed with the charge. Simultaneously, a relatively slow chemical action
between the flux constituents and ore takes place. Carbon dioxide is evolved,
and provides some mixing during the reaction between the base and acid
constituents. This is an important phase of the assay, and may océupy some
15-20 min, varying beyond these limits with viscous slags.

After the sintering process the temperature is increased to a full red heat,
usually about 1100-1200°C for platinum metals assays. During this period
the mix continuously becomes less viscous, and the lead droplets with their
noble metal content drop to the bottom of the pot to form the button.

Some assayers suggest a high finishing temperature, e.g. 1200°C. The hope
is to allow the noble metals which do not alloy readily with lead to fall to
the button area. This is, of course, a reasonable precaution because such
metals as iridium and the alloy iridosmine do not react readily with lead.
These noble metal constituents have a density comparable to that of gold,
and should fall readily through the fluid flux. In those instances where
‘assays for a high iridium content are required the assayer may wisely choose
to finish at about 1200°C. It has been the present author’s experience that
in many instances the finishing temperature need not proceed much beyond
about 1100°C. With the type of furnace used bv the author (Chapter 7,
Equipment No. 16) the sintering process described above is accomplished
without any regulation of temperature. The pot charges are placed in the
furnace at about 900°C. Presumablyv the rate of heating from the cold charge
allows the simultaneous production of lead and a sufficient decomposition
of the ore. Becuuse the raie of teinperature rise is nermaily siow the controls
are immediately adjusted to allow an ultimate temperature of 1100-1200°C.
Normully this period varies between about 50 and €0 min. but may be
considerably extended as the heating bars become aged. The slag is quite
fluid during the final period of about 20 min. In various industrial labora-
tories the charges are inserted at ahout 950°C, and are 2llowed 1o remain at
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this temperature for 45 min before pouring.  Under these conditions the
slugs are usually reassayed. The problem of slag losses has been investigated
for cach of the six piatinum metals, and the variations of these losses with
the six metals and with slag compositions are discussed below.

Leap Burtons

No data have been recorded o ailew a prediction of the optimum button
size for any particular ore or type of sample. It has been stated that the
weight of lead button should be related to the amount of charge. increasing
somewhat from certain lower unstated limits. On the other hand the data
recorded for silver determinations by fire assay suggest that the collecting
power of a given weight of lead bears no precise relctionship to the amount
of the charge.

Undoubtedly, the amounts of the noble metals in the ore sumple will set
limits to the lowest weight of lead required for a quantitative collection.
This relationship has not been expressed numerically.

One may approach this problem from a reasonabie point of view, how-
ever. It is traditional that a generally satisfactory button size varies between
25 and 35 g. Evidence is presented below to indicate that 10 g buttons may
be ineflective for complete collection in some instances. One may guess that
with high values of noble metals some advantages may accrue from amounts
of lead in excess of 35 g, in that there may be some improvement in collection
during the fall of the larger lead weight. Anyway, if lareer amounts of lead
are desired this should not be accomplished at the expense of the litharge
added as a flux. -

Concerning the identity of the dissolved and mechanically mixed platiaum
metals constituents of the lead button there are practically no data. The
system of lead and the six metals is an exceedinglv complex one. : nd in-
formation about its character must be derived from guesses abor ¢ much
simpler systems. It seems reasonably certuin that iridium. in so ze forms
at least, is mechanically mixed. This guess also applies to at les: some of
the iridosmines. Because these constituents have a high density «lr = 12-42)
they will be found concentrated at the apex of the outton. “hus the tradi-
tional method of hammering the button to form a cube rannot be recom-
mended, because mechanical losses may well occur. Normally the button
should be bright, soft and malicablzc. ;

In thosc instances where slag adheres to the button it can be removed by
gentie tapping with a thin metal rod.

Buttons which are ~=~viously badly contaminated should be scorified.
This contamination ol buttons mav arisc from excessive proportions of base
metals such as copper or nickel in the ore, together vith an unsuitahle choice
of flux compositien. ** Dirty buttons " cannot be ci;npeijed etfectively because
the basc metals deposited on the surface of ihe cupkel may carrv ** values ™,
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and the cupelled bead will ulso be contaminated. Furthermore, when wet
treatments of the button are contemplated the presence of excessive amounts
of base metals will complicate the wet treatment, which is already usually
fraught with sufficient unavoidable difficulties.

SCORIFICATION

The scorification process may sometimes be used as a substitute for a
pot assay. It is used extensively for certain types of silver and gold assays.
In these instances it involves mixing the ore sample with lead, and covering
with borax. The reactions involved are similar to the pot fusion, but there is
also a series of reactions between air and the constituents of the charge.
The oxidized Jead forms part of the fusion mixture, and the residual lead
acts as a collector. The scorification assay is not, in general, recommended
for noble metal determination. The process is essential, however, for the
reduction of button size and, as stated above, for cleaning a badly con-
taminated button. In this instance the button is transferred to a scorifier
(sec Chapter 7, Equipment No. 14), and covered with a few g of borax,
the amount depending upon the degree of contamination. At the required
temperature of 1050-1100°C and in the presence of air the melted lead is
oxidized, and together with the borax forms a slag with the oxidized base
metal contaminants. The slag moves progressively to the periphery of the
scorifier, and the molten lead forms the centre or eye of the fusion. The
melt may be poured as in the pot fusion.

CUPELLATION

The classical fire assay with lead as a collector usually requires the presence
of silver. Thus the lead button includes. in addition to noble metals, an
amount of silver sufficient to collect the noble metals, and in proportions
sufficient to allow parting procedures. The process used to produce this
silver bead or prill is known as cupellation.

A second method of assay sometimes cailed the dry assay is best accom-
plished in the absence of silver, however, and involves a cupellation to
produce a mixed residue 0" noble metals. In this instance the residue seldom
takes the form of a spnerica, besid and is usually found in a non-coherent
deposit. Generally the method is used for the more common noble metals,
and when accurate results are not requircd. The subscquent method of
analysis involves the process of dissolution, c.g. chiorinaticn, and then the
application of one of the above separatory methods, the choice of which
depending upon the composition of the residue.

‘The techniques and characteristics of cupellation have been studied in
detaii for silver and gold, particularly for the former. Detailed descriptions
may be found in such standard texts as Bugbee,*3%) Smith,i%3%) Fulton
and Sharwoed!'“! and others.
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Relatively litile factual data have been recorded concerning the cupellation
of buttons containing the platinum metals. Some of the characteristics of
the cupellation for silver, however, apply also 1o platinum metals. As
would be expected, the temperature variations and control, which are
important factors for silver because of its volatility. are of relatively little
importance for the platinum metals.

The process of cupellation is accomplished in vessels called cupels. The
construction and desirable characteristics of these are discussed in Chapter 7.
Equipment No. 15.

Under suitable conditions of temperature and uir exposure the lecad
button in the cupel is oxidized to form litharge, which is liquid at its forma-
tion temperature. Differing from the noble metals constituents, the litharge
wets the cupel and is absorbed, carrying with it such base metals as copper
and nickel. In general suitable cupels will absorb about 98-5 per cent of the
litharge formed, the remaining 1-5 per cent being volatilized. The process
Is an interesting one; under the correct conditions the lcad melts quickly
and then forms a grey scum of icad oxide over the surface of the melted metal,
This fuses rapidly, and the melted alloy is quickly exposed. this phenomenon
being known as * uncovering ™ or ** opening . If this does not take place
during the initial stages after melting, the button is said to be ** frozen ™.
Sometimes the frozen alloy may be *‘driven™ or * cleared ™ again by
raising the temperature, and placing a piece of charcoal adjzcent to the
cupel. The present author prefers to discard frozen buttons.

Freezing is usually due to low temperatures prior to the transfer of the
button. It is also sometimes caused by a temperature dron during cupella-
tion. With the progress of the cupellation the liquid lith-:ge flows over the
surface of the melted lead and is absorbed by the cupel. This appears as a
dull red or black ring on the surface of the cupel. Feather-like crystals of
litharge may also appear on the sides of the cupcl above the lead. At
lowered temperatures these feathers accumulate and eventually cover the
melted alloy, and this process results in freezing. 1t is generally advisable to
increase the temperature toward the finish of the cupellation process.
Theoretically, this is justified by the increase in noole metal proportions as
the lead is removed. Whereas this precaution is an important factor in the
assay for silver and to a lesser degree for gold for the removal of traces of
lead, it is the present author's experience that lead is not thus entirely re-
moved, and in the subsequent wet treatment of the noble metal residue there
is nothing to be gained by merely reducing the amount of the lead trace.
Concerning gold and silver, but not always the piatinum metals. the final
stage of cupellation is marked by a sudden clearing of the previously driving
ocad. This brightening follows the removal of the final very thin layer of
litharge over the surface of the bead.

The resulting play of colours is followed in 2 few se:onds by a dullness in
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the bead and then a sudden brightening. With the platinum metals the final
stage of cupcllation is not usually clearly defincd. The platinum metals, if
present, will display a variety of effects on the surface of the cold silver bead.
These are discussed below.

Improper or hasty cooling of silver-noble metal beads will result in the
sudden expulsion of oxygen, which is quite soluble in molten siiver. The
result of this action is one or more protruberances of silver from the bead.
The process is called * sprouting ™ or * spitting . With gold-silver beads
the excrescences are objectionabie, because the necessary coherence of the
gold during the parting process is prevented. With the platinum metals
violent spitting may result in mechanical loss; the various processes of
parting, however, invariably produce at Jeast a partially disintegrated
residue, which introduces no particuiar difficulties in the wet methods of
determining the platinum metals. ,

It may be emphasized here that the silver bead collection and its sub-
sequent wet treatment, when properly applicd, serves as an excellent method
for the determination of gold, palladium and platinum together with traces
of rhodium, iridium and ruthenium. It is quite unacceptable for osmium.
For larger proportions of the more insoluble platinum metals, and where
the amount of osmium is required, the direct wet treatment of the lead
button is preferabie. Unfortunately the wet methods at present available
for lead buttons are complicated by the persistent presence of lead saits.
Precipitation of lead as its sulphate from a nitric acid parting solution is by
no means an effective procedure, because the evaporated filtrate yields
significant amounts of the lead sulphate mixed with the palladium, traces of
platinum and perhaps rhodium, etc. Furthermore, the re-treatment of the
lead sulphate to recover traces of platinum metals either by extraction with
ammonium acetate or by scorification is cumbersome and attended by un-
certain accuracy. Because the direct trcatment of the lead-noble metals
button oflers advantages over the silver bead method. one may hope that the
newer techniques will provide improved methods of separating lead from
parting acids. In so far as an immediate recognition of the presence of
platinum metals is concerned, however, the silver bead. as compared to the
lead button, is a much better basis from which to learn not only the prescnce
of the platinum metals bu:, within limits, to makc reasonable guesses as to
practical values.

Surface Effects of Platinum Metals in Silver Assay Beads

Several authors have sucgested that by a classification of the surface
effects of the platinum meta’« on the silver assay bead. a surface examination
might yield not oniy quaiitative but also approximately quantitative data.

Bannister and Patchint?*7! jnvestigated the binarv svstems platinum
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metals-gold and piatinum metais-silver, and not only dealt with the quali-
tative effects but also attempted to determine the minimum percentage of
cach of the platinum metals which would vield specific surface phenomena.
Bycrst?*81 described surface effects on the binary svstems platinum metais—
silver, stating that characteristic effects are visible in silver beads containing
as low as 0-1 per cent of platinum. The present author has made some onc
thousand platinum metais-silver cupellations with subsequent examinations
for surface phenomena, and has not been able to confirm this conclusion.
Byers{?381 described the effects of osmium on silver beads, but did not state
how the composition of the beads was determined; it is probable that the
proportions of osmium and silver stated to be present were those added to
make the bead. Full cupellation of silver-osmium beads will result in an
explosion of the bead if the osmium content is high, and the almost complete
loss of small proportions of osmium.

Byerst?*#) discussed also the surface effects of the binary systems platinum
metals-gold, and stated that the various members of the platinum group
are more often associated with gold than with silver. According to Langer
and Johnston,[?%! a Sudbury precious metal residue contained about 372
parts of silver and 13 parts of gold to 100 parts of platinum metals. Placer
deposits very often carry gold in predominant proportions mechanicaliv
mixed with native platinum, and in instances such as these the data given
by Byers{??#) may be of considcrable valuc. because unlike silver the surface
of a pure gold bead is normally smooth with a characteristic colour.

In the fire assay for platinum metals, silver is usually added to the charge
in the proportion of 15-20 parts per | of total platinum metals, in order 1o
facilitate parting by means of sulphuric or nitric acid. Therefore the data
given below are confined to the discussion of the surface phenomena of the
silver-platinum metals within these proportions.

In the examples reported below the proportions of platinum metals were
determined by the analysis of the bead. The reported compositions can be
considered accurate to about 0-5 per cent. The cupellation temperature
recorded was that of the wall of the bone-ash cupel, and was determined
by means of an optical pyrometer. No attempt was made to determine the
actual temperature of the cupelling bead. In each exainple, uniess otherwise
recorded, the cupellation temperature was 950 = 25°C. Afier completion
of the cupellation process the beads were removed slowly in order to avoid
spitting.

These salted beads were arranged in sets. associated with a number of pure
silver beads prepared under identical conditions. an: were examined by
three operators experienced in this work who had no previous knowledge
of the bead composition. The beads were brightly illuminated. and were
examincd by means of a microscope with a x 40 magnification.
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BINARY SYSTEMS
Platinunmi-Silver

For high percentages of platinum (Fig. 3) the surface character is a
somewhat regular pattern of pits with a continuously smooth surface. As
the percentage of platinum is decreased. these pits become less frequent.

The bead in Fig. 4, containing 1 part of platinum to 50 parts of silver,
shows very slight platinum effects, while in Fig. 5 the platinum effects are
more marked, in spite of the fact that this bead contains 1 part of platinum
to 60 parts of silver. This indicates that the intensity of specific platinum

Fic. 3. 1 Pt: 12 Ag. magnification x 40, weight 30 mg.

effects under the condition specified above could be only very roughly pro-
portional to the percentage of platinum present. When the proportion of
platinum to silver was less than about 1 part of piatinum to 90 of silver, the
operators were unable to distinguish such beads from siiver beads made up
to the same size and subiected to identical conditions. A comparison of
Fig. 6, a pure silver oexd, and Fig. 4, which is near the border area of sensi-
tivity, will indicate the difficulty in identifving beads which contain a much
lower percentage of platinum. Figure 7 is alsc a silver bead. The lower,
extremeiy rough portion of the bead is the area that was attached to the
cupel.
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FiG. 4. 1 Pt : 50 Ag, magnification x 30, weight 40 mg.

FiGg. 5. 1 Pt : 60 Ag. magnification x 30, weich® 40 :ng.
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FiG. 6. Ag, magnification x 30, weight 40 mg.

F1G. 7. Ag. magnification x 30, weight 40 mg.
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Palladium~Silver
When palladium is present in high percentages (Fie. 8) the beads resemble
those of platinum-silver in thit the surface is covered with smooth-surfaced
pits. These pits are much smaller than with platinum. and are less regular
in pattern.

Iridium=Silver
When iridium is present in high percentages (Fig. 9) the bead forms an
irregular, often elongated black mass spread over a considerable surface of
the cupel. Very often numerous small particles of the bead can be found

Fic. 8. 1 Pd : 10 Ag, magnification x 40, weight 30 mg.

scparated from the main body. As the proportion of the iridium is decreased
the bead assumes a more spherical shape, and projectinns of blue-black
crystalline clumps appear, scattered over the surface. The bead finally
assumes a form similar to low percentage platinum trads.

Rhodium=Silver
With large percentages of rhodium (Fig. 10) the bead assumes an irregular
shape and is coke-biack with an extremely roagh ~ur.oee.
Itis the present author’s opinion that under the conditions described above
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the presence of platinum and palladium can be detected with certainty only
when present in proportions of 1 or more parts of platinum or palladium
to about 70 of silver. Additional tests made on beads of about 500 mg and
10 mg indicate that the limit of sensitivity with respect to platinum is also
1 part of piatinum to about 70 of silver.

POLYCOMPONENT SYSTEMS

Buttons were made conla niny approximately the relative proportion of
each of the platinum metais often found in norite deposits, i.e. 8-3 parts of
platinum, 9-4 parts of palladium, 0-6 parts of rhodium. 0-6 parts of iridium
and 3-0 parts of gold. These buttons werc cupclled, and the beads examined
exactly as described for the pinary systems. :

Figure il illustrates the surface phenomenon, which is different from that
of platinum-silver. An examination indicated that under -the conditions
described above it was possible to detect the platinum metais when the
proportion present was about 1 or more parts of total piatinum melals to
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150 of silver. Figure 12 indicates the decreasc in the intensity of surface
effects upon reduction of the platinum metals content.

Beads containing the same percentage of silver and platinum metals but
weighing approximately § mg were prepared as described above: the limit
of sensitivity was about the same as with those weighing 40 mg.

Buttons were made containing the following relative proportions of
platinum metals: 23-1 per cent gold. 3-2 per cent iridium and 73-7 per cent
platinum. The beads were prepared and treated exactly as described above.
The surface phenomena characteristic of platinum could be detected when

FiG. 10. 1 Rh : 10 Ag, magnification x 17, weight 30 mg.

the percentage of platinum metals was high, but disappeared when the ratio
of platinum metals to silver was about 1 to 80: the operators were then
no longer able to distinguish beads containing platinum from pure silver
beads.

Bcecause so very iittle information is recorded about the properties of the
polycomponent platinum metals-silver systems. the present author feels
that more emphasis than is reasonable has been placed upon the value of
the surface effects on assay beads {or the detection and rough estimation of
their platinum metzls content.
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A number of platinum-silver beads cupelled with a finishing temperature
of about 1300°C gave surface effects of an entirely different character to beads

Fig. 12, 1 Prometedle 140 \g, nagnification x 30, weight 40 mg.

-

of similar composition cupeiled at 950°C. The rate of cocling also seemed
te exert a marked effect on the character of surface phenomena.
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The present author's experience has borne out Stanley's statement{?49)
that ** sometimes one bead will be frce from surface effect whilc others from
the same sample show signs ™.

By reducing the pcreentage of silver in the bead an experienced operator
can sometimes determine that the ore under examination is of commercial
value with respect to total platinum metals. but the absence of specilic
surface phenomena does not necessarily mean the absence of commercial
values of platinum metals. Only an analytical chemist thoroughly familiar
with the appearance of platinum metals-silver beads, as well as pure silver
beads, can make even approximate gucsses concerning the qualitative
composition of the platinum metals assay bead.

Slag Losses of Noble Metals

Considerable confusion arises from published assay procedures that
describe the acidfty and basicity of constituents of pot charges. Unfortun-
ately,some of the present author’s own procedural descriptions have added to
this confusior in that it was not aiways made clear that the losses of platinum
metals to the slags should be related to the acidity of the final slag and not
to the silicate degree of the added fluxes. Furthermore, the acidity of the
slag can seldom be calculated with more than approximate accuracy. To
accomplish an accurate description one must have knowledge not onlv of
all of the major constituents of the flux. but also of the types of reactions
between the acid and basic constituents of the complete charge. Because the
solution composition of practically all assay slags is very complex. and the
reactions are appreciably dependent upon the temperature attained and the
time and rate of heating, one can only approach within very approximate
limits the potential acidity of the full charge. Thus a reported ncutral slag
may actually be considerably acid or basic. In all of the discussions described
below an attempt is made to assign the terms acid or basic on the basis of
simple reactions between the acid and basic oxides of the complete charge,
e.g. ore and flux. The reader is cautioned here against a misinterpretation
of the terms basic, acid and ncutral. None ol the various definitions for these
terms used by the analytical chemist may apply to the slag constituents.
Thus a neutral slag is not one that reacts as a neutral salt, e.g. Na,0-80,
but one which contains an equal number of basic and acidic oxveens. e.g.
2Na,0-Si0,. To state that a platinum metal is readilv lost to a basic slag
does not mean that the slag yields the ordinary basic reactions, e.g. the siag
could correspond to 3CuO-SiO,. For those who wish to use other concep-
tions of acidity, re-calculation of the proportions of flux and ore can be
made. Tor this reason and others. the full composition of a recommended
charge should be included in published procedures for the fire assay methods.

In a scries of investigations the present author has attempted to find the
relationships between slag composition and the losses of each platinum
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metal to the fused slag. From the point of view of the most effective practical
applications, researches of this type require an accurate and extensive know-
ledge of the varieties of forms in which the platinum metals occur in ores.
Unfortunately, insufficient information is availablc about the mineral types
in even the commercially valuable ore deposits. For any given deposit,
general statements can be made about the mode of occurrence of the more
common platinum metals, but for a metal such as osmium it is a good
guess that the platinum metals producers are unaware of the mineral origin
of the metai. One need only examine the published literature concerning
the character and the analysis of iridosmines to realize this situation. The
mineralogy of this mineral is practically unknown, and in so far as other
natural sources of osmium are concerned, even less is known.

A further complicating factor in predicting slag losses is the possibility
that the degree of extraction by the slag for any one platinum metal may be
influenced by associated platinum metals, e.g. the amount of osmium in
the slag may be influenced by the presence of iridium in the slag.

These and other factors introduce difficulties in attempts to simulate ores
by the direct additions of platinum metals. Thus one cannot assume that the
losses of iridium to various slags from mixtures containing iridium added as
a mechanically mixed constituent will be quantitatively indicative of iridium
losses for ores containing iridium as iridosmine. In some instances at least,
however, the tendency to slag losses will be encouraged when the metal is
present in a form which provides for intimate contact with the fused slag.
In thesc instances, at least when the observed losses are small, one may
expect that the losses will represent the maximum losses for the assay of a
natural ore or concentrate. Also, the present author has found continued
confirmation that the losses observed in each of these invesiigations represent
the trend for each metal. Furthermore, there is value in those data that
indicate sources of loss.

In all of the fire assay investigations described below, the general heating
pattern involved piacing the charge in the furnace at 9757C, then raising the
temperature at the maximum rate to 1150° or 1200°C at the pouring. The
furnace used for all the classical fire assays was a pyrometrically controlled
Williams arnd Wilson 15 KVA Globar-type; see Chapter 7, Equipment

No. 16A.

Fii: Assav rorR RUTHENIUM

Thiers, Gravdon and Beamrish!4 '/ determined the sources of ruthenium loss
during the classical fire assay. The compositions of the slag varied from
acid to basic, and included slags irom the nitre and iron nail methods.

The acid fiux had an acidic oxidc to basic oxide ratio of 2 : 3, the con-
stituents being silica (20 g), borax giass (4 g), calcium oxide (5 g), litharge
(78 g) and fcur (3-5 g). Twenty-seven g of the lithargs was required for the
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button. The basic flux had an acidic oxide to basic oxide ratio of 0-62,
and contained silica (10 g), borax glass (2 g). calcium oxide (21 g), soda
ash (52 g), litharge (81 g) and flour (35 o). Twenty-seven ¢ of the litharge
was required for the button.

The second acid flux had an acidic oxide to basic oxide ratio of 1-. and
contained silica (17 g), borax glass (7 g), calcium oxide (3-5 g), soda ash
(23 g), litharge (52 g) and flour (35 g). Twenty-seven g of the litharge was
required for the button. Oxidizing fluxes were used for pvrite ores whose
reducing power was 9-5 on a scale where FeS, = 12:0 (see Procedure 54).
The composition of the flux was silica (19 g). soda ash (25 g), litharge (54 g),
potassium nitrate (26 g) and ore (05 assay ton). )

Iron nail assays were also examined. The authors determined the ruthenium
content of the gases from the pot fusion and the cupellation processes, as
well as that of the slags and cupels. The method involved the use of radio-
active ruthenium as a tracer, supplemented in some instances by classical
methods of analysis. It should be noted here that the mixing of active and
non-active ruthenium is not accomplished by simple shaking, two successive
distillations of the mixed solutions being required to produce homogcneity.
Tables 19 and 20 provide a summary of the data obtained. ) -

The above data indicate that even under somewhat idealized conditions
serious losses of ruthenium will occur. Surprisingly, there seems to be
little difference in losses for acidic, basic or other fluxes, except that the
iron nail assay is inadmissible. Slag losses seem to be reduced at the higher .
temperature and with extended periods of fusion. )

It is particularly important to note that cupellation Josses may e high.
They are not due, as is commonly assumed, to air volatilization. T raclicabllv
all of the loss is due to the cupel. These data suggest that the not ancommon
practice of partial cupellation of ruthenium-lead buttons i inadvisable.
In the present author’s opinion the only safe method of dete adning ruthen-
ium and osmium after an assay lead collection is a direct wet treatment of the
lead button, with no cupellation. A method is provid.d in Procedurc 28.
It is perhaps surprising that the gas losses for ruthen’um during both fusion
and cupellation are negligible, and furtherinore t*al the nitre assay, essenti-
ally oxidizing in nature, is applicable.

FIRE ASSAY FOR OSswuIUM

The various sources of loss of osmium during fire assay with lead as a
collector werc examined by Allan and Beamish.1?#!? As with ruthenium a
firc assay for osmium carried out under optimum conditions can result in
losses as great as 6 per cent. Contrary to the findings for ruthenium the
magnitude of osmium Josses varied with the composition of the slag and
with the amount of osmium present. Like ruthenium assavs the rate of
fusion scemed to affect the recovery. A variety of flux:s were used; they
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190 ANALYTICAL CHEMISTRY OF NOBLL METALS
METHODS OF SEPARATING SCVEN NOBLE MCETALS 19]

are recorded in Table 21. It should be noted that, for all except the oxidizing
flux and the iron nail assay, the flux composition would be approximately
that of the slag composition, e.g. no ore is added.

It was found that the osmium losses varied with the viscosity of the slag.
In those instances where fluxes of identical acidity were used, the slag of
lower viscosity provided the more complete recovery. Slow fusions with
acid fluxes tended to increase the losses, thus differing from ruthenium
assays. In general basic fluxes produced higher losses even though the slag S
was quite fluid. Losses by volatilization from basic pot mixtures were also '
higher than with most acid fluxes, particularly when the charge contained
much osmium. Fusions of the basic charge (No. 4, Table 21) for 4-5 hr
increased the losses of osmium, both as gas and slag losses. Viscous, slightly
acid fluxes (No. 2, Table 21) behaved like the basic flux No. 4, five re-assays
of the slag being required to recover the osmium.

There seems little doubt that under certain conditions osmium, like
iridium (see below), can enter into combination with slag constituents and
subsequently resist recovery by lead. Samples of osmium salt fused with
the basic flux No. 4 in the absence of a lead collection produced a slag from
which only 50 per cent of the osmium added could be recovered with three
re-assays.

Fire assay recoveries of osmium seem to be influenced by the presence of
silica in the slag. A neutral slag (No. 5. Tabie 21) containing no silica gave
the best recoveries of osmium on the initial lead extraction. The neutral
slag (No. 6, Table 21) containing silica also gave good recoveries, but was
less effective than the slag without silica. It is significant that of all the
siags used the neutral slag without silica was the superior one. The platinum
metals ores practically always contain silica, and furthermore, fluxes that
have a high borax giass conient as a substitute rapidly destroy the clay pots.

Unexpectedly, it was found that a nitre assay mayv be used for sulphide
ores. For small amounts of osmium (2 mg or less) this assay may allow a
99 per cent recovery. It is recommended that the charge be poured at about o
1200°C. As for ruthenium the iron nail method is inadmissible. Much of the
osmium is picked up by the naiis. and the iron is difficuit to recover becausc
some of it sticks to the pot wall as scale.

The weight of the Jead button seems to have little effect provided at least
25 g of lead are collected. In excess of this amount there is little or no im-
provement in coilection. With buttons cf less than 20 g there seems to be an
increase in gas losses. Cupellation of lead buitons containing osmium Is
inadmissible. The removal of as little as a few g of lead bv cupellation may
resuli in losses of osr uni. Mocst of the losses occur at weights of lead below
10 g. and compiete cupell._.ion (v a silver bead may result in the complete
disintegraiion of the bead and anyway an almost complcte loss of osmium. It
should be noted here that when the native source of osmium is an iridosmine
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200 ANALYTICAL CHEMISTRY OF NOBLE METALS

invariably, black particles of iridium oxide can be lound scattered about the
surface of the cupel, close to the bead itsclf. These phenomena may be
observed even when the ratio of silver to iridium is as high as 200 to 1.

Despite the fact that the cupellation of the lead button to produce a silver-
platinum metals alloy has been used at ieast for the past century, the method
is not recommended for the determination of iridium. osmium or ruthenium.
It is stated here again that one may hope for improved methods of analysing
the lead-platinum metals button.

TABLE 27. THE CUPELLATION OF LEAD-IRIDIUM BUTTONS®*{243)

Silver Iridium t Iridium
No. taken taken Ratio recovered Loss
(mg) (mg) (mg) (mg)
1 100 4-19 25 3-94 0-25
2 125 4-24 30 4-02 0-22
3 150 4-52 40 4-32 0-20
4 100 1-50 70 1-23 0-27
5 100 0-88 100 0-75 0-13
6 150 0-86 150 0-79 0-07

* 30-g buttons.

Firc AssAY FOR PALLADIUM

Fraser and Beamish!?#¢) determined the distribution of losses of palladium
during standard fire assay procedures. Table 28 describes the composition
of the fluxes used. These are also the compositions of the slags. For each
type enough litharge and fiour were added to produce a 25-g button.

Tables 29 and 30 indicate the amounts of palladium found in successive
lead buttons for samples of 5 mg and | mg of palladium respectively,

From these tabies it is apparcnt that no one flux or slag is preferable for
the over-all recoverv of palladium. There is a distinction, however, between
the recoverv made in the first button and the number of re-assays required
to give adequate collection. in Table 29 it can be seen that only acid fluxes
caused any appreciable quantity of palladium to come down in the third
butten.

With the very acid flux of only medium viscosity considerable palladium
remained even in the fourth ouit~n when $:00 mg were present in the flux.
For i-0 mg of palladium present originally, this acid flux was the only flux
in which virtually complete collection of palladium was net obtained in the
first button.

A flux of some interest contained no silica; the palladium recovery was
escclient: however, a fiux of this type is scarceiy practical because most
nebie metac ores will cor'din sicnificant amounts of silica and some
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associated base metals such as copper, mckel, iron, cte. Gencrally, these
basc meals are slagged off by a flux containing a hizh proportion of litharge.
Flux No. 8 is suitable for high iron-copper ores containing silica. The
slag, however, is corrosive, and a slightly lower finishing temperature is
recommended.

For the nickel ores there was a significant loss of palladium to the slag.
Two re-assays of the slag were found to give a totai recovery of 83 per cent
of the palladium present. As stated above, this loss to nickel slags is serious
for iridium also.

As the platinum metals are often encouniered in sulphide ores one should
note the results of the nitre assay with flux No. 7 (Table 28). Almost complete
recovery was obtained with only one re-assay.

The assayer must, from time to time, answer the criticism that the classical
lead collection will not respond to certain tvpes of ores. Various explanations
for this supposeéd situation are presented. It has been reported that slags
may bc made to contain certain platinum metals which are difficult to
recover by anv number of re-assays. 1{ this resistance to lead collection can
be demonstrated by artificial means then one can scarcely claim that natural
fusion processes could not produce a similar retention. At the present time
there is no positive answer to this probiem. From the negative point of view
the present author has not encountered noble metal ores whose valuc cannot
be determined with reasonable accuracy by the classical fire assay process.
In this connection some efTort has been made to learn the degree of resistance
to the collection of palladium from slags prepared by a pre-fusion in the
absence of metallic lead. Table 31 illustrates the distribution of palladium
in the various buttons obtained initially from pre-fused sariples of slag
containing palladium but no metallic lead.

It will be noted again that neutral flux No. 5, which coriained no silica,
was the only one which accomplished a reasonable recovery.

In the alimost complete absence ol descriptions ol these very complicated
systems any attempt to explain these phcnomena is most difficult. Whereas
experiments with slags pre-fused with a platinum metal have indicated a
resistance to a subsequent collection by lead. the low recoveries for such
re-assavs may be attributed to factors other than resistance to extraction
from slags of platinum metal compounds. For platinum. data are pre-
sented below to prove that. in some instances. the method of prepuring the
pre-fused slag encourages the migration of platinum to the pot wall. and when
this occurs simultancously with creeping to the rim of the pot one may
expect large percentage losses.

Because palladium lends itself so readily to fire assay collection it was
used to learn something of the mechanism of 'ead utraction during the
progress of the fire assay. Generally. it is considered that the falling of lead
through the molten slag is a necessary mechanism for the recovery of the
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206 ANALYTICAL CHEMISTRY OF NOBLE METALS

noble metal. To examine this theory Fraser!2*%! avoided the usual fall of
lead, and placed the Jead in the bottom of the pot. The only method of
collecting the palladium would then be by interfacial diffusion of the
palladium in the fluid flux.

Table 32 includes data to indicate that well over 50 per cent of the
palladium present can be collected by this method. This table also includes
data dealing with the recovery of palladium from prefused slags. One may
guess from the data in the above table that the in situ production of lead
throughout the whole charge is a required condition, and therefore in the
initial stages of the reactions between flux constituents and ores the viscosity
of the charge should be such that intimate contact between all constituents
is maintained until the noble metal has been freed. Furthermore, the charge

TABLE 32. COLLECTION BY LEAD THROUGH INTERFACIAL DIFFUSION{246)

Palladium found* (ug)

!
i
Flux No. '
i Normal flux ! Pre-fused flux
2 54 35
3 535 201
4 702 ! 261
5 ! 490 | 149
6 i 583 164
8 ’ 676 } 346

* In these assays 25 g of lead were placed in the bottom of the pot and salted flux placed above
the Jead. The fusions were made in the usual manner. 1-000 mg of palladium were taken.

should be suitably fluid during the collecting stage; this should assist in
the gravity collection of the lead alloy particles, as well as in collecting the
noble metals, which also have high densities.

A potentially important factor in slag losses in generai has received in-

sufficient attention. This is loss by adsorption onto the pot wall, which can
be of importance in specific instances. Nothing has been recorded which
would quantitatively relate these losses to the rate of heating or to the
viscosity of the flux. The discussion of platinum josses includes some data
dealing with this problem.
The marked difierence in the collection of paiiadium by interfacial
diffusion when fusing with a normal flux and fusion with a pre-fused flux
(see Table 32) mayv be duc simpiv to the absence of the stirring effect with the
fatter, because carbon dioxice is nut produced.

Fraser'?*®) ulso e¢xamined the riciency of the cupeilation process for
palladium. The data obtained indicate that losses to the cupel are not
significant and that good recoveries mav be obtained.

METHODS OF SEPARATING SEVEN NOBLL METALS 207

It is emphasized here again that the classical fire assay for gold, platinum
and palladium in ores, and the subsequent concentration by cupellation with
silver is far superior to any other analytical method with respect to speed
and simplicity of opcration, accuracy of rccovery and gencral reliability.
Improvements over the classical wet treatments of the silver-noble metals
bead are being introduced, and further improvements will be forthcoming.
Suitable methods of bead treatment are described in Procedures 33. 34, 35
and 36.

FiRE ASSAY FOR PLATINUM

Hoffmant?4") examined the effects of various conditions on the accuracy
of the recovery of platinum by fire assay. To determine losses of platinum to
the slag, the flux compositions recorded in Table 33 were used. These also
represent the slag compositions.

Table 34 records the platinum content of successive lead buttons: in some
instances as many as three re-assays of slags were made. In addition to
the re-assay of slag the nitric acid parting solutions of the first and second
buttons were assayed to produce additional buttons.

The data in Table 34 indicate that there is no outstandingly successful
type of flux or slag for the overall recovery of platinum. Nevertheless, it
was confirmed that a flux or slag such as No. 2, Table 33, having a high
silica content and being viscous during the fusion, is detrimental to good
recovery; although even in this instance the platinum may be recovered by
three re-assays of the slag. For sulphide ores the nitre assay may be 2pplied
successfully. ’

The effects of associated base metals on slag losses and on piatinum
recovery were also investigated by Hoffman.l?47] One must bear in mind
that these metals may influence the efficiency of parting processes as well as
the retention of platinum by the slag. Excessive copper in the icad button
may encourage the dissolution of platinum by nitric acid pa'.ing solutions.

In so far as slag losses are concerned, it has been found *.aat an excess of
litharge flux (No. 8. Table 33) is suitable {or copper a.id iron, but with
nickel the losses of platinum persist beyond two slag a<.avs.

An examination of the eflectiveness of recoverv tfrom samples of slag
previously fused with platinum led to a discovery witich can be of significance
with other platinum mectals. In the absence of ihe lead collecting techniques
platinum shows a strong tendency to migrate through the flux to the pot
wall and sometimes to creep to the lip of the poi. When this occurs losses
may be quite high. and a recovery by a washing flux mav fail to recover the
platinum. It is not inconceivable that this migration of platinum to the pot
wall may occur even during a normal assay where lead is produced in siiu by
the reaction of flour and litharge. In those instancecs where no creeping
has occurred the adsorbed platinum is probably rccovered by the ensuing
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208 ANALYTICAL CHEMISTRY OF NORLE METALS

fusion, but when creeping has occurred the adsorbed metal may be carried
beyond the fluxing medium. There is some evidence to suggest that creeping
beyond the meniscus of the fiuxing medium is at a minimum with such
acid fluxes as No. 2 or 3 (Table 33).

An examination of the cupellation process for platinum indicates that
under proper conditions losses are negligible. Whereas differences in the
size of beads do not appear to be an important variable, losses to the cupel
may become significant with small beads (e.g. 10 mg) when the ratio of
platinum to silver is incrcased much beyond that required for suitable
partings (e.g. 1 to 20).

In so far as fluxes of optimum efficiency for any one platinum ore are con-
cerned the results of the investigations support the opinion of some assayers
that there is no slag composition of maximum effectiveness. For each ore
one may expect a rather wide range of optimum proportions of constituents.
It is evident, of course, that viscosity plays an important role in the recovery
of noble metals, and viscous slags are to be avoided. The addition of borax
glass or sodium carbonate may eflectively regulate the viscosity. In general
excessively basic slags are to be avoided.

For ores low in sulphur, neutral to fluid bisilicate slags may be effective.
For oxidized ores a similar range of slags may be applicable.

In general a nitre assay is quite suitable for high sulphide ores, although
there may be some slight loss of ruthenium and iridium. It should be empha-
sized here that these losses were made evident under the conditions of
salting with platinum metals or salts; they may not occur, or occur only to a
lesser degree, in a normal assay of an ore.

In no instance can the iron nail method of assay be recommended. All
of the above researches indicated that platinum metals may cling to the
iron nail and to the disintegrated parts of the nail. Gray and Toombs{248]
stated that the iron nail method resulted in the retention by the iron of
70-80 per cent of iridium in an ore.

No fully acceptable explanation for slag losses has been recorded. It is
clearly evident that the complexity of the fused systems makes any guessing
an uncertain undertaking. It is not out of the question.that in sorme instances
the so-called slag losses may in reality be mechanical losses or losses by
adsorption on the pot. It seems obvious that this cannot fully explain the
detrimental effects of nickel. High nickel slags do seem to resist the trans-
ference of piatinum to the lead button. Additional support for this statement
may be taken from the success of the iron-copper—nickel recovery of noble
metals by the ncw method described in Procedure 60. Here the nickel is
almost completely removed from the stag, and losses of platinum metals to
the siag are negligiole. Arn,way, chemical reactions which could account
for these Josses in the preseace of nickel have not been postulated. The
whole probiem of siag losses has been examined empiricallv. and indeed.
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212 ANALYTICAL CHEMISTRY OF NOBLE METALS

cven agreement as to the cxistence of slag osses through chemical reactions
of the platinum metals 1s not conclusive.

In an informative article Adams!??81 dealt with the claim that platinum
metals may be dissolved in the slags, and that once in this condition they
are not recovered by a subsequent assay of the slag. . Among various methods
synthetic samples containing platinum and pailadium were assayed, pre-
sumably with no slag losses. Adams reached the conclusion that * when
good fusions are obtained no serious errors are caused by losses in slags .
This claim is somewhat vitiated, however, by the subscquent statement that
“ when the greatest accuracy is aimed at, slags and cupels are again fused
with a suitable flux”™. Anyway, only palladium and platinum were in-
vestigated, and furthermore, no results were provided.

Fire Assay Procedures

The preliminary approach to the problem of a fire assay of an ore for
platinum metals is of the utmost importance. In those instances where the
samples are derived from established mines, and the Jaboratories and staff
are relatively permanent, the successive steps involved in the preparation for
the assay are of a more or less routine nature. The only problems are tech-
nical, and no moral overtones are involved.

The situation may be quite a different one for a consulting institution. Not
infrequently the arrangements for the analysis are preceded by an interview,
In the present author’s opinion this can be, and usually ought to be, an
important part of the investigation. One must assume that the consulting
interviewer is one with a wide experience in the analytical chemistry of the
platinum metals. For the ultimate reputation of the laboratory this experience
is essential. A second factor involves the safety of the investing public. Not
infrequently, the need for a sense of moral responsibility is rejected as in-
compatibie with business success and competitien. There can be no doubt
that for a limited period the indiscriminate acceptance of consulting pro-
jects in this fieid will bring some considerable monetary reward. [t will also
bring. however, an ultimate Jack of confidence and in some instances the
elimination of the consulting service.

SAMPLING

The importance of proper sampling methods is nicely illustrated by
Bugbee!***) who states that ** when it is considered that the final sample for
fire assay usually weighs somewhat less than 15 g. and that each must truly
represent from 1 to 5 car-loads of ore weighing from 50 to 250 tons, the
enormous practical difficulty of the problem may bc appreciated .

The probiem of ore sampling prior to the appearance of the sample in the
laboratery is not considersd here. Excellent discussions of this important
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aspect of assaying arce given in such text-books as those of Bugbee!*3%)
Smith,123%7 cte. These authors and others also deal more adequately with
laboratory sampiing in general, which of course may involve techniques not
required for the assay only of platinum metals. The analvtical chemist more
or less permanently associated with an assay laboratory nced feel little or
no concern with respect to the sampling methods used in the collection
from field exploration. This comforting situation seldom applies to the
consulting assayer. In gencral he has little control over the origin of the
sample, and to avoid the possible complications arising from this lack of
information the assayer should only report values on the samples as they
have been received. In this instance the sampling technique is usualiy con-
fined to the crushing and mixing of the coarse sample and finally to securing
a representative sample by some process of selection.

Among the factors to be considered is particle size. Richards{2¢% stated
that the weight taken for an assay should be approximately proportional to
the square of the diameter of the largest particle, i.e. W = Kd?. By dctermin-
ing the proportionality constant K one could then calculate a suitahle sampie
weight for an ore of a specific fineness. The ore, of course, should be an
average type free from malleable minerals, etc. The constant for the above
equation may be calculated from the size of sample normally used for an
ordinary ore of about 100 mesh. This sample size is one assay ton. The
maximum diameter of a particie passing through a 100 mesh screen will be
the aperture of the opening. i.c. 5-5 x 107" in. Thus substituting I for W
and 5-5 x 10773 for d. K becomes 30.000 assay tonsiin?. By applving the
above rule Richardst?“®! provided the data in Table 35.

Columns | and 2 apply to low-grade ores and to ores in which the valuable
constituents are homogeneously distributed: columns 3 and 4 apply to ores
similar to | and 2 but of higher grade. Gold ores may be included under
the title of low-grade ores when the gold is combined with pyritic material
that is more or less evenly disseminated throughout the ore.

Columns 5 and 6 correspond to ores of the precious metals i which the
latter are present in a non-homogencous scattering of relativelv rnich parucles.
Bugbeel23*) has pointed out that the table leaves the infercnce that a
low-grade ore is necessarily uniform. This 1s not necessariiy so. This table
can be of value when the sample for examination weighs a huidred pounds
or more.

It has been generally accepted that the optimum size of sampie for assay
is related to the ratio of the relative proportion of the richest mineral to
the average value of the ore. As the ratio of the latter two values increases.,
the size of the samplc should increase. This means, of course. that a homo-
geneous deposit of piatinum mectals containing a high certent of indosmine
as compared to a low toral value requircs a refativaiy lerge sample for assay,
o ensure representative values. Bruntont™ "1 exanuned these relationships
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TABLE 35. WEIGHTS TO BE TAKEN IN SAMPLING ORE! 249!

Diameier of largest particle

Very | ! | : Very rich
low-grade | Low-gradc! Medium- 1 High- | Rich or or
Weight or very | or | grade ! grade f “spotted™ | excessively
————————— uniform | uniform | ores . ores | ores | “spotted”
(g) (b)) ores I ores ’ i I orcs
Imm | 2mm | 3mm 4mm | Smm ! 6 mm
| : |
— 120,000 207-00 ‘ 114-00 76-20 50-80 l 31-60 5-40
— 110,000 147-00 80-30 53-90 35-90 ,l 22-40 3-80
— | 5,000 104-00 56-80 I 38-10 25-40 15-80 2-70
— 2,000 65-60 35-90 24-10 16-10 10-00 170
-— 1,000 46-40 25-40 17-00 11-40 7-10 1-20
— 500-0 32-80 18-00 12-00 8-00 5-00 0-85
— 200-0 2070 1 11-40 7-60 5-10 3-20 0-54
— 100-0 1470 1 8-00 5-40 3-60 2-20 0-38
- 50-00 10-40 ! 5-70 3-80 2-50 1-60 0-2
—_ 2G-00 6-60 3-60 2-40 1-60 1-00 0-17
— 10-00 4-60 2-50 1-70 1-10 0-71 0-12
— 5-000 3-30 1-80 1-20 0-80 0-50
— 2-000 2:10 1-10 0-76 0-51 0-32
— 1-000 1-50 0-80 0-54 0-36 0-22
—_— 0-500 1-00 0-57 | 0-38 0-25 0-16
90-0 0:200 0-66 0-36 ! 0-24 | 016 0-10
45-0 0-100 0-46 025 | 017 | 0-11
225 0-050|  0-33 018 | o012 |
9-0 0020/ 021 o1 |
45! 0010|015 '
2'25‘ 0-005 0-10
| |
|

N.B. This table indicates measurement of 20.000 1b to the nearest 1/1000th Ib.

with a view to determining the fineness to which crushing must be carried
out in order to obtain acceptabie accuracy and to establish a formula by
which the optimum ratio of grade of the richest minerai to the average grade
could be attained. Initiailv Brunton found that:
WCp \?
d = 065{——r—
(fsn (K - C))
where
W is the weight of the sample in pounds,
K is the value of the richest minerai in ounces per ton.
C is tne averaze value o the ore in cunces per ton,
$ Is the specific gravity o "the richest mineral. and
n is the number ¢i ma mur:-i:zed particles of the richest mineral in
excess or deficit in the sample.
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[ 1s a factor expressing the ratio of the actual weight of the richest
mineral in the largest particles which will pass a screen of a given
size to the weight of the largest cubes of the same mineral which
will pass the same screen,

p s the allowabic per cent error in sample, and

d 1s the diameter in inches of the holes in the screen. or the nominal
diameter to which the ore is crushed.

n was determined experimentally by assaying one assay ton (W = 0-0064
1b) of two different lots of high-grade silver ore. crushed to 100-mesh
(d = -0055 inches) thus obtaining C and K. s and f were obtained from
tables. The allowable error p, 088, was taken as the average deviation
from the mean assay values. By substitution of these values, n was
found to be approximately 3. Using these values for nand p.

’ w o 108 f5d* (K = C)
C

Thus, after ascertaining the data required by the formula for a given ore,
the safe sample weight in Ib, W, may be calculated for any orc whose largest
particle is inches in diameter.

The above relationships of the optimum size of the sample to the phvsical
characteristics of the ore constituents can be of value when large ore deposits
are to be evaluated and a planned approach to sampling is required. A
concise description of these relationships is described in The Theory and
Practice of Ore Sampling.t?°°!

The assayer normally will have little need for this approach, however.
The size of sample, i.e. the multiple of the assay ton, is determined princi-
pally by the proportion of total platinum metals present, the proportions of
each platinum metal, the accuracy required for each metal and the availa-
bility of a suitable method of determination. A properlv trained analytical
chemist may work efficiently with a total of 1 mg of noble metals with
amounts of noble metal constituents as low as 5-10 pg. In general a total
weight of 10 mg of platinum provides for easier manipulation, and weights
up to 1 g may be treated with the efficiency and ease of a base metal analvsis.
For high grade. non-homogeneous samples the effectiveness of representative
sampling should not be sacnificed to allow for easy analytical techniques. and
in general not jess than one half an assay ton of sample should be used.

Ore samples in excess of about 100 Ib should b> rixed. crushed and
ground by standard methods with suitable il couiznt. This aspect of
sampling is described adequatelv in most texi-books on rfre.assaving.

If the ore sample presented for assaving v of tne order of 100 Ib or less
and consists of large pieces, the whole of the sample should be crushed and
ground to between 100 and 200 mesh. No residue should fail to pass the
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100-mesh screen. Prior to this process it is well to clean the crusher and the
grinding mill by processing a known blank rock. The mill should also
receive a prior cleaning by hand. The present author uses a crusher and
mill of the types illustrated in Chapter 7, Equipment No. 17. Ground
samples of more than 100 Ib are best mixed and sampled by a suitable
splitter or sampler. The present author uses the rolling technique, Procedure
53, for amounts of 100 1b or less. ground to pass a 100-mesh screen.

Procedure S3—AMixing
Place on the desk or floor a squarc sheet of cellophane sufficiently large to retain the
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example given below illustrates one approach (o the ealeulntion of an applic-
able flux.
The following is the composition of a sample which is an oxidized, sulphide concentrate:
copper 509
nickei 6:0°
iron 41-19%
siiica 519

The basic oxygens from the ore are derived from CuO. NiO and Fe¢.0,. The acidic oxygens
from the orc are derived from the silica. Assuming that onc assay ton is to be used, the
amounts of basic oxygens are:

from copper oxide,

TSI,

depending upon the size and homogeneity of the sample, should secure a suitably mixed
sample. Then spread the latter evenly over almost the whole sheet area by means of a
large blade spatula. Make divisions of about 1-5 in? through the layer of orc by a spatula
or any suitable instrument.

I the original sample is of the order of | 1b the assay sample may be measured dircctly.
Do this by transferring to a porcelain evaporating dish a small amount of ore from each
of the marked squares. With some practice this can be accomplished to secure an approxi-
mately equal amount from cach square to provide the fraction of the assay ton required.

IT the original sample is much larger than I Ib, transfer a relatively larger amount of
the sample, removed from each square, to a second cellophane sheet. By repetition of the
above process the required splitting may be accomplished.

THE CALCULATION OF FLux COMPOSITION

In this area of assaying there is no substitute for experience. The most
suitable flux for any specific sample is then a matter of good judgment.
There can be no doubt that the trained intuition of the assaver may, in many
instances, suggest a suitable flux composition through a mere visual
examination of the ore. This approach is assisted by the fact that there is
perhaps no single optimum flux for any particular ore. Rather wide varia-
tions in proportions of constituents may produce comparable results.
Obviously one can fall back upon such general principles that ores with
high nickei-copper contents require litharge. and other relationships can be
recailed from one’s own experiencc. Nevertheless. no competent assayer
should lack the knowledge of some methodical appreach to securing a suit-
uble flux or charge.

In order to calculace the compesition of a suitable flux some knowledge
of the proportions ot the ~asic and acidic constituents of the ore or con-
centrate is required. In gencral this is obtained by a chemical analysis. The

, sample spread over the centre of the sheet, with clear borders of at feast 16 in. Transfer 5-0 n CuQ
1§ a suitable portion of the sample from the disk pulverizer to a 100-mesh screen, and sift 100 * 29-166 x Cu X CuO = 0-023 g-atom
é'f,' il over the centre of the cellophane sheet. Repeat this to remove the complete sample from )
F q the pulverizer. Finally, allow the pulverizer 10 run dry for a few min, stop it, and lower the from nickel oxide,
','*Z N E grinding disc. If a suitable brush is available, brush off the disc into the screen with its 60 NiO
24 BN retaining pan in place. Then uncover the opening above the grinding disc, and with a Too X 29-166 x N XNO S 0-030 g-atom
¢ ' carefully adjusted air stream blow the adhering ore into the screen; then sift into the main . .
sample. from iron oxide,
Lift the four corners of the cellophane sheet alternately or in opposite pairs in such a 411 . Fe,0, 3 s
manner that the whole sample of ore is thoroughiy mixed. Several hundred full rollings, Too * 29-166 x Fe Fe,0, ~ U7+l gratom

total,
0023 + 0-030 + 0-32] = 0-374 g-atom

The amount of acidic oxygens, from the silica. is

51 2
Too x 29-166 x S0,

= 0-05 g-atom
From the data recorded above for fire assay slay losses. it is advisable to use a slag of
between neutral and bisilicate composition. In this instance, the use of a bisilicate slag
for the ore alone will require the addition of silica, for such a slag requires two acidic
oxygens per basic oxygen. In this cxample. thercfore, 0-374 g-atom of basic oxygens
requires 0-748 g-atom of acidic oxygens, i.e. an additional 0:698 g-atom to that already
present as silica. Such an amount of oxygen is supplicd by 0698 x Si0,/2 = 21-3 g of
silica. The total weight of sumple and added silica is then 292 + 21-3 = 505 g. To this
sample must be added a suitable amount of flux, and preferably a bisificate ux. The
basic relationship of | weight of ore to | weight of sodium carbonate has proved generally
acceptable. The addition of 29-2 g of sodium carbonate to 50-5 g of the samplc will require
additional silica to maintain the bisilicate relationship.
The number of basic oxygens in 29-2 g of sodium carbonate is
292 x —a:0 L o028
292 x ——=—— x —— = 0-28 g-atom
Na,CO; Na,0 e
The weight of silica required to react with the sodium carbonate to produce a bisilicate is
SiO,
I

028 x 2 x = 168¢g
Thus far, the charge contains, therefore, 29-2 ¢ of ore. 28-1 ¢ of silica and 292 ¢ of sodium
carbonate.

A second general rule which can be applied here involves the ratio of total flux to ore.
Formuny fusions 3 parts of Nux to 1 part of ore is quite sufficient.  Because the above ore
contuins appreciable amounts of nicket and copper it may be advisable to use a ratio of
410 1 to provide the litharge required to slag off the base metals.



218 ANALYTICAL CHEMISTRY OF NOBLE METALS

For the above 29-2 g of orc 67-3 g of fluxes have been added. Thus, for a ratio of 4 to 1
(4 x 29:2) — 673 = 49-5 g of flux are still required. This 49-5 ¢ of flux will consist of
litharge and silica; it shouid be noted herce that the choice of constituents is made arbitrarily.
In order to produce a bisilicate, in this instance PbO-Si0,, the proportion of litharge

will be
PbO

Pb0O-Si0,

The weight of silica will then be 49-5 — 389 = 106 g. Jn order to produce a 25-g lead
button the amount of litharge required will be

PbO

Pb

The oxygen derived from this portion of the litharge is lost during the fusion, and thus

need not be balanced by silica.
Thus far the charge contains:

x 495 = 389 g

-

x25=27¢g

Ore 292¢g
Sodium carbonate 292 ¢g
Silica 213 + 168 + 106 = 487 g
Litharge 27 + 389 =659¢
Flour* 10g
The above charge derives its acidic oxygens solely from the silica. This would probably
prcducc a slug whose viscosity was detrimental to the lead extraction of noble metals.

To increase the fluidity one may substitute borax glass for silica. The degree of substitution
is again largely a matter of experience.
Assuming that 10 g of the silica is replaced by borax glass, the acid oxygen ratio of
SiO. to Na;02B,0; is 2 to 6. Thus the borax glass required will be
Na,02B,0,
3 x Si0,
Borax glass also contains a basic oxygen. Whereas the amount of this oxygen can be
readily calculated, the amount is relatively small and will have little effect on the silica
degree of the above charge. Moreover, it will reduce the acidity slightly, a condition that is
quite acceptabie for noble metal assays.
The final charge for one assay ton of the above roasted concentrate is then
29-2 g of ore
29-2 ¢ of sodium carbonate
65-9 g of litharge
387 g of silica
11-2 g of borax glass
10 g of flour
If a trial of the above fusion indicates that the button is insufficiently free from copper
and nickel, or if the slag is non-homogeneous it will be advisable to increase the amount of
litharge. One may then proceed to calculate the additional-amount of both litharge and
siiica on the basis of a flux to ore ratio of | to 5, etc. For such a ratio, the addition should
be of 29-2 g of flux containing a litharge to silica ratio of one PbO to one SiO,, if the bi-
silicate is required. The calculation is made as above:
PbO
—— 2
PbO-Si0O;
and 29-2 — 23 = 62 g silica.

10 x =1lg

9-2 = 25 g litharge

* For non-cxidizing ores, 3 3 of flour will produce zbout 25 g of lead. For oxidized ores, the
10 g added 15 a guess fron: exaerienee. One cannot caiculate the flour to litharpe ratio for the
fusicn of this type of orc. The roason for (itis is, at least partly, the cxistence of some loczlized
oxidizing reactiens between flour and oxides other than those ef icad. The degree to which this
takes place cannet be calculetad. but it is gencrally sufficienty constent for any one tvpe of ore.
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For ores that contain very high proportions of nickel and copper, an
excess of litharge or basic charge is required. It should be recalled. as dis-
cussed above, that with this charge onc may expect losses at least of iridium
and ruthenium. Furthermore, the charge will damage the pot exiensively.
For ores of this type a preliminary wet treatment is desirable. Procedure S8
is applicable in these instances.

It is always advisable to make at least one assay of the slag.  This is
accomplished by grinding the slag to about 100 mesh, mixing with sufficient
litharge (27 g) to form a button, adding 3 g of flour. and returning the charge
to the original pot. The mcthod is included in Procedure 56.

THE CALCULATION FOR FLUX AND SLAG FOR A Fusion
OF AN IRON ORE

Assuming that the composition of the ore is 40 per cent iron (as Fe,03) and 60 per cent
silica, that a monosilicate slag is rcquired, and that one assay ten is to be used, the
number of basic oxygens is

40 2g.2 Fe,0, |

— % 292 x — x X

100 * 2Fc ~ Fe,0,
In the case of black sand the iron oxide is taken as Fe,Oy instead of Fe,0,.

3 = 0312 g-atom

The number of acidic oxygens is

|
x 2 = 0-584 g-atom
2

Thus the number of excess acidic oxygens is

0-584 — 0:3]12 = 0-272 g-atom
Accepting again the optimum ratio of sodium carbonate to ore as being | : 1, the addi-
tional basic oxygens from this source is then

Na,O !

it SR S
N81C03 Nazo
Thus the ore sample plus the added carbonate is now a monosilicate, with the total number
of basic oxygens being

29-2 x = (0-275 g-atom

0-312 + 0275 = 0-587 g-atom
as compared to 0-584 g-atom of acidic oxygens.
Assuming again that an acceptable ratio of sample weight to flux weight is about 1 to
4. the amount of flux to be added to the sample is then 29-2 x 4 = 1168 I
Therefore 116:8 — 292 (weight of soda ash)
= 87-6 g of flux are still required.
The additional flux will be made up from litharge and silica. The monosilicate will be
2PbO-Si0;. The weight of litharge to be added will then be
2PbO
2Pb0O-Si0,
and the weight of silica will be

x 876 =77-20g

876 — 7720 = 104 g

In order to provide the 25-g button the weight of litharge will again be
- PbO

Tl =2

~1

£
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The composition of the charge will then be:
Orc 292 ¢g
Sodium carbonate 292 ¢
Litharge 77-20 + 27 = 1042 ¢
Silica 10-4
Flour 4

If the fusion of the above charge is excessiveiy viscous, some or all of the added silica may
be replaced by borax glass. If the litharge proves excessive one may use a proportion of
charge to orc of 3 to 1, etc. instead of the 4 to | used above.

THE NITRE ASSAY

Ores of the platinum metals which contain high proportions of associated
base metal sulphides present a special problem. Unless the assay is properly
carried out the sulphides may form a matte that will be a third phase in the
final slag. The matte, made up of base metal sulphides, is an excellent
carrier of platinum metals. In fact, a reasonably good assay can be made
in which the matte is the sole collector. With lead as the collector the
presence of the matte must be avoided. This can be accomplished by the
use of various fusion charges. Not infrequentiy, excess of litharge charges
are recommended. These involve the presence in the fusion of relatively
large amounts of litharge with a deficiency of acid constituents. The result
Is a subsilicate or basic charge. Aside from the fact that these fusions may
involve losses of iridium, ruthenium, etc., there is the objectionable feature
that corrosion of the pot becomes excessive, and in fact a single fusion may
destroy the pot. :

In so far as the platinum metals are concerned the present author recom-
mends either of two methods for the assay of high sulphide concentrates;
the roasting procedure or the nitre* assay. The nitre assay involves the
partial oxidation of the sulphides by the addition of potassium nitrate;
the excess of base mectals sulphides 1s then used to produce the lead button.
In a nitrc fusion the formation of a mattc seems to be enccuraged by an
excess of acidic oxygens over basic oxyvgens and also by a slow fusion at a
low temperature. These suggestions may find support in the relatively low
formation temperatures of lead silicates and the higher temperatures required
for the oxidation of sulphides by the litharge or nitrate. It is desirable to
arrange the rate of heating so as to avoid reactions with the acidic con-
stituents until oxidation of the sulphide by nitre and by litharge has been
completed. In general it has been recommended that, with the nitre fusion,
the pots should be placed in the furnace at 800°C, heated rapidlyv for about
30 min, and then removed at abcut 1000°C.

The most generally suitable slag composition is a monosilicate. Prior
to the nitre assay one must determine experimentally the amount of the
sulphide ore constituents that must remain unoxidized by the nitre in order

*““Nitre " i< a triviel pame for potussium nitrate,
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1o provide for a lead button of suitable size. The methods used are described
below in Procedure 54. It should be noted that the weight of lead produced
by 1 g of suiphide ore, i.e. ** the reducing power ™, will depend to an appreci-
able degree upon the composition of the charge. Fulion and Sharwood!'*!
state that * the range of reducing power for pvrite is from about 9 to 12-2 g
of lead, according to whether the charge is acid and contains little soda or js
of the litharge-soda type . Thus it is essential that the conditions used for
determining the reducing power should be 2 close duplicate of the conditions
used during the assay.

Here there exists a strange anomaly. Whereas the above condition is
generally recognized, few text-books on fire assaying recognize the condition
in the proposed procedures. In some instances the compositions of the flux
used for the determination of the oxidizing and reducing powers differ only
in the addition of nitre but with no variation in compositions to allow for
the reaction products of the reaction with the nitre. In certain instances the
addition of nitreisaccompanied by an increase in the silica proportions despite
the accompanying claim that the addition of nitre requires an increase in the
proportion of soda ash, which reacts with a portion of the sulphatef234!
formed by the reaction between nitrate and sulphide.

It is in these areas of fire assaying that a discriminating knowledge of how
chemicals behave becomes of considerable significance. The reactions in-
volved during the fusion of these compiex systems present one of the most
fertile fields of research. Many of the recorded reaction equations are
derived from an integration of simple systems, and the variations in these
equations suggested for comparable sysiems and fusion conditions provide

_convincing evidence that stoichiometric calculations for reducing and

oxidizing powers are quite impractical. One must suspect that too many
of the proposed equations. while perhaps self-satisfving to the specific author,
have little basis in expcrimental data. The two following equations, pertinent
to the calculation of flux and slag compositions for nitrate fusions. were
suggested by Bugbee.[234]
(A) 2FeS; + 14PbO + 4Na,CO; + SiO, —

FeSiO, + 14Pb + 4Na,SO, + 4CO,

(B) 10FeS, + 28KNO; + 6Na,CO; + 55i0, —
SFeSi10, + 14K ,SO, + 6Na,SO, + 14N, + 6CO,
One must not conclude that the relationships in equations A and B can be
used indiscriminately or even that acceptable proof exists for their validity.
They arc included here because their use has provided sausfuctory fluxes and
slags.
In practically all instances trial assays are necessary to delermine the
amount of nitrate required for the flux, and ever with an experienced
assayer. re-adjustments of flux constituents are frequently necessary. Various
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methods may be used to determine the amount of potassium nitrate required
to oxidize the sulphide in excess of that required for the production of the
button.

The conventional procedure involves the determination of the *“ reducing
power " of the ore and simultaneousiy the * oxidizing power’ of nitrate
for the particular charge to be used in the assay. In principle the reducing
power of the ore is obtained by fusing a portion of the ore with the flux to be
used, and weighing the lead button. The reducing power is then the weight
of the lead button divided by the weight of the ore. The oxidizing power of
the nitre for the particular fusion is obtained by adding a suitable amount
of nitre to the charge used for determining the reducing power and thus
producing a smaller button, owing to the oxidizing action of the nitrate
on the sulphide. The oxidizing power of the nitrate is then calculated in terms
of the lead obtained, i.e. it is the differcnce in weight of the two lead buttons
divided by the weight of nitrate used. Obviouslyv the reducing power of the
ore, the oxidizing power of the nitrate and thus the amount of nitrate re-
quired could be calculated theoretically if the exact constituents of the charge
and the resulting chemical reactions are known. These data are seldom if
ever known for natural ores or concentrates. It should be emphasized again
that the conditions for determining the required data must approach as
closely as possible the conditions used for the assay.

It was stated above that, for the nitre assay, the development of a matte
is encouraged by low temperatures and prolonged fusions. There is some
evidence to indicate that under these conditions the data obtained for the
reducing and oxidizing powers results in excessively large buttons. This
may be the result of a low value for the reducing power. Anyway, some con-
siderable difficulty may be experienced when the reducing and oxidizing
powers are determined from prolonged fusions at Jow temperatures.

THE DETERMINATION OF THE REDUCING POWER OF ORES
AND THE OXIDIZING POWER OF NITRE
Procedure 54

Determine by suitable analviical methods the proportions of base metais and acid
constituents, including sulphur. in the ore sample.

Using S g of ore, calculate the proportions of the flux constituents required for a mono-
silicate, including the sodium carbonate required to form sodium sulphate, the silica needed
to form iren silicate, and sufficient excess of litharge to form i0 g of lead (Note 1). Fuse
exactiy as required for the final assay, and weigh the button (wt. = L,).

The reducing power is

Button weight (g)
5

Repeat the above procedure but in this instance add 3-00 g of potassium nitrate (Note 2).

Nctes—1. The weight of this litharge for a given sample may be determined by onc or two
preliminary trial fusions, Onc may arrive at a suitable amount of litharge, however, by calcu-

lating from the squation A, recorded above, and suggested by ngbcc“““’ for the reactions
between lithargze and sulphide, the sulphur being obsained by a prefiminary analysis.
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2. In general no adjustment of flux composition is mude to allow for the reaction products of
the nitrate that will afiect the acidity of the slug.  Bugbec! 24+! recognizes the presence of the
nitrate in the determination of tire oxidizing power by increasing only the silic content of the
flux used for the reducing power. Thisis in contradiction to the reactions recorded by equation B.
Assuming that this ecuation approximates the eflect of nitrale it is seen that some sodium
curbonate is used to torm sodium suiphate. The sodium carbonate thus used will therefore
Jeplete the proportions culculated for the flux. and if this shift toward acidity is inadvisable
one must provide additional sodium carbonate which in the calculations recorded below is
obtained from equation A.  Furthermore, additional sodium carbonate, as well as silica, is
also required to complete the reaction with the sulphate or suiphite arising from the oxidation of
the sulphide by the litharge in furming the lcad button. These additions are reccommended partic-
ularly in those instances where it is desirable to retain an optimum silicate degree.

Weigh the resulting button (wt. = L,).

The lead cquivalent of 3 g of nitrate is L, — L,. The oxidizing power of the nitrate ex-
pressed in terms of a lead equivalent is then

L, -1,
R 3-00
Assuming that one assay ton ol ore is to be used for the assay, calculate the nitre required
thus:

(&) Multiply the reducing power of ore by 29-2 g.
(b) Subtract the desired weight of the button.
(c) Divide the result of (b) by the oxidizing power of the nitre.

Now recalculate the charge for the monosilicate slag on the basis of 29-2 g of ore in place
of the 5 g used for the preliminary assays. These caiculations arc illustrated below.

Note—The present author has used a simplificd mcthod of determining the amount of
potassium nitrate required to sccure a button of suitable size. This method TCqUIres 4n experi-
mentally determined quantitative relationship between the increase in bution size and the
decreasc in weight of potassium nitrate for a particular charge.

An arbitrarily chosen amount of potassium nitrate is added to the properly calculated charge
of flux and ore, and, after the fusion, the lead burton is weighed. A suitable amount of potassium
nitrate may be estimated roughly from the per cent of sulphur in the ore (see equations A and B).
The charge must, of course, correspond in acidity and cxcess of litharge to the composition
used for the final assay.

A sccond assay is made as described above but in this instance a somewhat smaller amount
of potassium nitrate is added to produce a larger button. From the desired weight of the finul
assay button, the difference in the amounts of potassium nitrate used and in the lead produced
in the two preliminary assays, the weight ol potassium nitrate to be used in the final assay
can be calculated.

Thus if a 25-g button is required for the final assay and if:

(a) 45 g of potassium nitratc produce a lead button of 40 g and 40 g of potassium nitrate
produce 2 lead button of 50 g, a 10-g decrease in lead corresponds to an incrcase of 5 ¢
of potassium nitrate. Thus, a 25-g decrease of lcad (50 — 25) corresponds to an addition

25 )
of 5 x o 12:5 g of potassium nitrate. Therefore, the total amount of potassium
nitrate to be used is 40 + 12:5 = 525 ¢

or

(b) A 10-g decrease of lead corresponds to an increasc of 5 g of potassium nitrate. To produce
a 25-g button, a decreasc of (40 — 25) = 15 g of lead is required. Thus, a 15-¢ decrease

15 .
ol lead corresponds to 5 i 75 g of potassium nitrate.

The amount of potassium nitrate to be used is again 45 ~ 7-5 = 52-5 o

It will be noted thut these caleulations are based on the assumption that the oxidizing power
of the nitrate ard the lead produced is a straight line relationchip. This assumption s also
mude fer the ciassicul method of applving the oxidizing and reduciag power te arrive at the
required amount of potassivm nitrate.
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Thr CALCULATION OF THE FLUX COMPOSITION FOR A NITRE CHARGE

Whereas one cannot calculate in advance the acidity for a nitre assay, one
can calculate the acidity of the charge after finding the amount of potassium
nitrate required, and minor adjustments of the constituents can then be
made if they are desired. Furthermore, small variations from the gencrally
suitable monosilicate are not objectionable because equally good recoveries
can be made from charges slightly on the sesquisiiicate side.

It is gencrally accepted that in basic charges the result of the oxidation of
sulphur is the formation of sulphur(V1), whereas oxidations in the bisilicate
charge form sulphur(I1V). 1t is gencrally assumed also that the associated
basic metals in the more basic slag are converted to their higher oxides, and
the calculation included below is bascd on this somcwhat questionable
assumption.

A certain sulphide ore concentrate of platinum metals has the following
composition:

iron 40-7% silica 5-100,
copper 52% calcium oxide 2:00%;
nickel 6-14% aluminium oxide 4:50%,
sulphur 34-00% magnesium oxide 2-:00%

With this concentrate a 25-g button requires 52 g of potassium nitrate.

Onc part of concentrate to one part of sodium carbonate is the accepted ra;io. and ic
accepted ratio of flux to ore is 11 : 1. This large ratio is used to assist in slagging tht; hlg'h
proportions of basc metals and thus providing a relatively clean button, Ancnn_on 1S
directed again to the fact that during the nitric acid parting the dissolution of platinum
metals is encouraged by the presence of copper in the button.

Calculation .
Basic oxygens from the concentrate for one assay ton (29-2 g) are:

%7 x 292 x _F_%z:_(_:z x —F?;I—O: x 3 = 0-319 g-atom

75(-')% x 292 x Ccuf % Cio = 0-0239 g-atom

_6]:6%4 x 29-2 x I\—;\%) X 171115 = 0-0305 g-atom

276030 x 29:2 x 'C;l;“(; = 0-0104 g-atom

fO?) X 292 % AliO; K = 0-0387 g-atom

100 X 292 % ;\71;5 = 0-0145 g-atom

Total basic oxygens from the ore = 0-438 p-atom
Acidic oxygen from ore

1
x 56:7 2 = 0-0496 g-atern

Basic oxygen in cxcess = 0-388 g-atem
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Thus for a monosilicate, e.g. (2Na,0-Si0,), the werzht of silica which must be added
to the concentrarc is .

Because the 25 g of lead button is derived from an oxidation of sulphide presumably to
form sulphate, sodium carbonate may be added 0 react with this sulphate. Bugbeel 2341
states that in the presence of sufficient alkali carbonates the suiphur is oxidized to sulphur
trioxide, which combines witiv the alkali to form sulphate according 1o equation A,
described above. Thus the sodium carbonate reouired to react with sulpihate formed by
the reaction of sulphide with fitharge will be:

25 % m———= = 3.7 ¢
According to equation A the following additional silica is also required:

25 x 29 _ g5
X —— = (52 ¢
. 14Pb &

From equation B it can be seen that additional sodium carbonate is required as 2 result
of the reaction with potassium nitrate. Bzcause a 25-g button is produced from 52 g of
potassium nitrate, the weight of soda ash required is thus:

2BKNO, < 22 = 1163

Again additional silica is required to complete the reaction. This is also calculated for
equation B thus:

23 srass
28KNO, < 7T 0B
Accepting again the usual ratio“of 1 : | for sodium carbonate and the sample, the

weight of silica which must accompany the carbonate to produce the monosilicate
(2Na,0-Si0,) is

Si0.,
292 x ——— = 8§26
2Na,CO, §
Excluding the sodium carbonate used as a result of the addition ¢ Lassium nitrate,
the constituents added thus far to produce the monosilicate arc: 1164« of silica (equiva-

lent to the excess basic oxygen), 29-2 g of sodium carbonate (to maintain the ratio of 1 of
carbonate to 1 of sample) and 8:26 g of silica (to produce the monosilicate from the above
29-2 g of carbonate). Total flux thus far added = 49-12 g. To obtain the ratio of 11 of
flux to | of ore the total amount of flux added must be 11 x 292 = 321-2 g. The excess
flux needed is, therefore:

3212 ~ 4912 = 27208 ¢
If the flux constituents are litharge and silica the weight of litharge required to form
the monosilicate is:
2PbO
m x 27203 = 239:5 ¢
The weight of silica = 272:08 — 2395
2

= 12-58¢g
The weight of litharge required to form the 25-g button is
PbO
T 95 = 27
b x 25 27¢g
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The total charge is then:
Concentrate 2928
Silica, 11-66 + 826 + 0-52 + 5-5 + 32-58 = 5852¢g
Sodium carbonate 29-2 + 3-7 + 1168 = 44:5%g
Litharge, 239-5 + 27 = 2605y
Potassium nitrate 520¢g

PROCEDURE FOR NITRE ASSAY
Procedure 55

Add to the mixing sheet the properly sampled ore or concentrate. together with the
calculated fluxes, the excess litharge for the button, the potassium nitrate and its corre-
sponding weight of sodium carbonate and silica. It may be preferable to screen prior to
mixing.

Transfer the mixture to an assay pot of an appropriate size (see Equipment No. 18,
Chapter 7). When a silver bead is required, add the silver powder or sotution to the pot
mixture. Place the pot in the muffle at 1100°C, and fuse for about 45 min. Continuc as
described below in Procedure 56, pouring the fused mixture into the iron moid.

In general this nitre assay is comparable in accuracy of recovery of platinum metals

to any other type of fusion.

PROCEDURE FOK ASSAYING ROASTED SULPHIDE ORES
Procedure 56

Grind, mix, and sample the ore as described above. Transfer the weighed ore to a 6-in.
porcelain evaporating dish, and place for a few min at the front of the furnace with the
door open. The initial temperature should be about 600°C. Over a period of about 5 min
move the dish to the furnace centre, stirring intermittently. Partially close the door, and
allow to roast for 2 hr at 950°C, frequently stirring for the tirst 30 min to avoid agglomera-
tion of the concentrate. Remove the dish, cool, transfer the contents to a mortar and grind
to a fine powder. Take care to avoid any loss of powder.

From the nccessary analytical data calculate a suitable flux composition. In general
a bisilicate slag is a suitable medium for the collection of platinum metals in oxidizing
ores. For samples with high proportions of associated base metals—copper, nickel, etc.—
it may be desirable to increase the proportion of litharge. This can be done by using an
increased ratio of flux to ore. For ores of the non-oxidizing or non-reducing types a flux
ratio of 2 or 3 to | of ore is usually satisfactorv. This may be increased considerably to
provide a satisfactory siag. Decide on a proper ratic of lux to ore. If a silver bead 1s to
be prepared, add to the flux an amoun: of silver powder or silver in solution to give a
ratio of approximately 20 of siiver to ] of total piatinum metals expected.

Arrange a cellophane sheet in a suitable position. and pass the roasted ore through a
45-mesh sieve to the cenire of the sheet. Add a portion of the flux to the sieve 1o remove
any traces of ore. Transfer most of the remaming flux to the mixing sheet, and mix
thoroughly. Place the mixture in an assay pot of an appropriate size. Add the remaining
flux to the sheet, mix, and transfer to the pot, taking care to brush the sheet free of the
mixture.

Place the pots in the furnace at about 950°C, and raise the temperature at the maximum
rate to0 1200°C. This fusion period should be approximateiyv 1 hr. Remove the pots, pour
the mixture into conical iron moulds, and allow to cool. (The iron moulds. equipment for
handling pots and technique of pouring are illustrated in Chapter 7, Equipment Nos. 19,
19a and 20.) Remove the button. taking care to retain all of the slag. Free the button of
slag by gentle tapping with a mall iron rod. Set the button aside. Transfcr the slag to a
grinding mill or t¢ a mertar, griad to pass a No. 45 standard sieve. and place the sample
on the original mixing sheci. €lion tae il mortar and screen with sufficient litharge to
produce a sccond bution, ther traasfer ic :he slag on the sheet. Mix well as before, and
transfer the mixture tc the original pot. Fuse as before. and cizan the lead button as
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described atove. If necessary a fusion of the sceond slag can be made to produce a third
button.

Transfer the two or three lead buttons to a 3- or 4-in. scorifier previously heated to
abeout 3C0°C (see Chapter 7, Equipment No. 14), If there is evidence of copper or nickel
in the buttons, a few g of borax may be added to the buttons on the scorificr. Continue
the scorification at about 1000°C to secure a button of about 25-30 g. and then pour into
the iron meuld.

When the lead button is to be analysed for osmium and ruthenium, part and treat it
as described in Procedure 28, For iridium in the presence of plaunum or palladium only,
use Procedure 38.

When the noble metals are to be concentrated to form a silver bead clean the button
thoroughly by gentle tapping with an iron rod, and transfer it to a bone-ash cupel
which has been preheated at 900°C for at feast 10 min (see Chapter 7. Equipment 15).
Continue heating the cupelling button at about 1000°C, with a plentiful supply of air.
Remove the cupel over a period of a few min after the completion of the cupellation
process (see the description of the cupellation process in Procedure 57). The determination
of platinum metals in the silver-assay bead may be accomplished by anv one of Pro-
cedures 32, 33, 34, 35 and 36.

Nore—1I1t should be stressed here that the classical methods of cleaning cither a button or a bead
by hammering it to form a square button or to flatten the bead are not recommended. The more
insoluble platinum metals, c.g. iridium, are usually mecchanically mixed with the silver or lead
alloys, and losses will almost invariablvy occur through any interference with the shape of the
alloy.

THE IRON NAIL MrTHOD FOR GOLD

In the iron nail method the lead button is obtained through the reducing
action of iron nails. These also reduce lead minerals to metailic lead.

Because the proportion of litharge is reduced for the iron-nail assav the
proportion of sodium carbonate must be correspondingly increased to
provide sufficient basic oxygens.

The iron nail assay is quite suitable for the assay of gold in sulphide ores
of moderately high sulphur content. The method is not at all applicible to
similar ores for the assay of at least some of the platinum metals. In neral,
it is not recommended for ores containing high proportions of s:ch basc
metals as copper, because these tend to contaminate the lead butto.

Thiers et al.!?!7 state that the iron nail assay for ruthenium is completely
useless because substantial amounts of ruthenium will adhere t the nails,
and are then lost. Allan'?*!! stated that osmium is picked up ny the iron
nails partly because of the metallic lead which also adhered 1o the nails.
Much of the iron scaie adhered to the pot wall. and cou'd onlv be In-
completely removed. Whereas no data are available to indirate the efficiency
of the iron nail method for all of the platinum metals. on: may expect some
difficulty in achieving compiete recovery. owing to the presence of iron scale
and to the subsilicate slag that is usuallv required. Morcover, one may

suspect that the alkali metal ferrous sulphide comiplex i the slag may have
some solvent action on some of the platint.m mctuls.  With the iron nail
mcthc - particularly important to free the button from achering slag,
for the - .z, with its high sulphide content. causes the precipitation of lead
sulphide when the button s parted with nitric acid.
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Usually the amount of ore per assay is limited to one-half of an assay ton
in order to avoid the necessity of slagging off large amounts of sulphide.
With larger amounts of ore the probability of matte formation and the
resulting loss of noble metal is increascd. Under optimum conditions part
of the sulphide is converted to volatile sulphur dioxide, part is oxidized by
the litharge in producing the button and, when the fusion is effective, the
remaining sulphide is carried into the slag by sodium carbonate. Presumably
the FeS, is reduced by the nails to ferrous sulphide which forms the com-
plex sodium ferrous sulphide. The iron nail method involves a tendency
toward the formation of a matte or of a speise which must be decomposed,
because these materials will carry much of the platinum metal content.

In general a rather restricted range of flux compositions is used for the
iron nail method. There is general agreement that the slag should be no
higher in silica than a monosilicate, and preferably should be a subsilicate.
It should be noted, however, that most assayers use a borax or borax glass
cover in which instance, while the proportions of sodium carbonate and
silica may provide a subsilicate, the inclusion of the acidic oxygens from the
borax glass very often results in a slag in which the ratio of acidic oxygens
to basic oxygens is greater than unity. :

As stated above, one-half of an assay ton of the sulphide is recommended.
The ratio of sodium carbonate to ore is usually 3 or 4 to I. The amount of
litharge added is restricted to that required for a button, generally about
30-35 g. The flux described below contains an acidic oxide to basic oxide ratio
of 0-37-0-42. The acidity of the final slag will. of course, be influenced by the
basic oxides in the ore sample, by the borax cover and by the reactions and
destiny of the sulphur content.

THE IRON NAIL METHOD FOR GOLD IN HIGH SULPHIDE ORES

Procedure 57
Mix 0-5 assay ton of the sulphide ore on a cellophane sheet with 45 ¢ of sodium carbon-

ate, 35 g of litharge and 2 g of silica or other suitable charges. Add sufficient silver as a
powder or in solution to producc a ratio from 4 10 10 parts of silver to [ of gold. Transfer
to an assay ton pot, insert downward four 3-in. nails, cover the charge with 10 g of borax
glass, and place in a furnace at low red heat. Fuse for | hr at 1 000"C, and intermittently
move the nails through the fused mixture to remove adhering lead. If the nails disintegrate
during the fusion replace them with a few cican nails. Remove the nails at the completion
of the fusion, and pour as usual.

Remove adhering slag from the lead button by gentle tapping with a small iron rod.
Transfer the clean button to a bone ash cupel that has been preheated at 900°C for at
least 10 min (see Chapter 7, Equipment No. 15). Heat at about 1000°C for § min, and
then arrange a plentiful supply of air, but avoiding an excess that would causc the button
to freeze through excessive cooling. Ther continue heating at about 1000°C.

Nore—The lead button may contain a higher proportion of base metals than is normally
found with other methods of assay. In some instances the addition of about | g of flour to the
charge prior to {usion will assist in providing a clean fusion.

Add to a 5-20-ml! porceiain crucible about 4 ml of 1 : 4 nitric acid solution. Heat to
incipient beiiing. and transfer the bead to the acid. Continuc careful heating to the
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completion of the reaction. Decant the acid, add a few ml of 1 : | nitric acid, and continue
heating for 5-10 min. Dccant the acid, and wash with water to remove the silver nitrate.
Transfer the crucible with the gold to a cold muffle, and raisc the wemperiature o about
700°C. Cool and weigh the gold bead. The accuracy, as indicated by salied samples,
including both fusion and cupellation, is about 0-2 per cent.

Provided the cupels have heen properly heated the lead alloy will have
melted immediately and become quickly covered by a dark scum. This
should disappear within a few min, the melted alloy assuming a bright sur-
face. This process is appropriately known as opciing or uncovering.

As the lead oxidizes, the melted alloy takes on a convex surface with the
litharge  driving ™ over the surface. With a sufliciently high tempcrature
most of this litharge is absorbed by the cupel. small proportions being
volatilized. The absorbed litharge should appear a dark red. A bright red
indicates an excessively high temperature. The optimum temperature is
indicated by feather-like crystals of litharge forming on the surface of the
cupel just above the lead. If sufficiently high temperatures are not main-
tained these crystals may cover the cupei and eventually the driving bution,
resulting finally in a frozen button that should be discarded.

As the cupellation approaches completion the temperature of the alloy
will drop, owing to the decrease in the heat derived from the oxidation. and
care must be taken to maintain the furnace temperature at 930-1000"C. Onc
may notice a play ol colours over the alloy at the linal disuppearance of the
litharge. The silver-gold bead then becomes dull, and after a few sec one may
observe the phenomenon of brightening. The cupel may now be slowly
removed from the furnace. As the bead solidifies a flash of light is observed
that 1s called the ““ blick ™. This is duc to the latent heat of [usion, which for
a short period increases the temperature.

For gold-silver beads, as opposed to platinuny metais-silver beads. it is
important that the bead remains coherent. Too rapid cooling of the bead
will result in the process of spitting, arising from the rapid evolution of
oxygen dissolved in the gold-silver bead. Onc mayv avoid this by inverting
hot cupels over the bead, allowing the cupels to remain near the muflle
door, and then slowly withdrawing them from the furnace. The bead should
appear smooth and free of protuberances, because on subsequent parting
the gold is heated to form a bead which can be weighed directlv. The surface
of the bead adjacent to the cupel should appear frosted. If this surface is
smooth, a too low temperature is indicated, and the bead may contain lead.
This is of lesser consequence for platinum metals-silver beads because the
latter must be chemically treated to effect dissolution.

For a more detailed account of cupcllation, and the effects of impurities
such as associated basc metals on the recovery of gold,yne reader is referred
to text-books such as those of Bugbee!?**! and Sinint=?" ete.
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COMBINATION ASSAY FOR PLATINUM METALS

It has been stated at times that the fire assay with lead as a collector may
fail to revcal platinum metals values quantitatively or may even fail to
indicate the presence of platinum metals. Until recently the only alternative
procedure involved the prior wet treatment of the ores to convert the
platinum metals to constituents such as relatively simple chiorides that arc
known to respond to the usual fire assay icad coliection. These prior acid
treatiments are usually restricted to selective extractions by singie or mixed
acids, followed by somce precipitating process applied to the leach liquids,
and then a fire assay of the combined precipitate and leach insoluble.

A more thorough treatment requires a fusion of the leach insoluble prior
to the final assay. In gencral the selective leaching is considered to be
acceptable.

Reconnaissance surveys have been reported!??9) to indicate the relative
efficiency of the direct assay as compared to a combination of extractive
procedures and a final fire assay. Unfortunately these surveys have included
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% Composition
Ore No.
Fe Cu Ni S F Insoluble
1 2310 0:90 1'53 12:63 l
2 55-50 0-08 1:02 4600 336
3 3630 | 518 | 466 | 2775 I 16-80
|

the reiative recoveries of only platinum, paliadium and rhedium. The results
of these investigations indicate that prior leaching does not provide precision
or accuracy greater than can be obtained under optimum conditions by a
direct fire assay. More recently it has been found that there is indeed an
improvement in the values obtained for rhodium, iridium, palladium and
platinum by prior wet treatments and the chiorination of acid insolubles.
The values obtained by classical assay for the above metals were, respectively,
3-5. 08, 14°5 and 24-0 ug per assav ton. By wet assay the corresponding
vaiues were 4-3, 19, 15-6 and 28-8 ug per assay ton.

For any ons sample, large differences in leachable platinum metals are not
uncemmon.  Any competent sssiver can devise a suitabic wet extraction
procedure, the details o1 whicl: may .ary ccasiderably. In general. however,
only two types of extracting liquids are used, viz., hydrochleric acid and
various dilutions of aqua regia. The following procedures nave been used
with success for the ores whose compesitions are recorded in Table 36,
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Procedire 58

Weigh | assay ton of the ore sample, and place it in a shallow silica dish or a scorifier
(sce Chapter 7, Equipment No. 14). Roust overnigint at 675 C i an clectric muffie with the
door slightly open. Transfer the oxidized sample 1o a 4C0-ml beaker, and add 50 ml of
concentrated hydrochloric ucid. Place the mixture on a steam bath overnight. Add 50 ml
of water, and filter. Wash well with water, and repeat the hydrochloric acid treatment,
filtration and washing. Burn the residue and paper in a poreclam crocible, and set the ash
aside to be combined with the precipitate obtained by a precipitation from the leach
liquid.

Two methods for the latter precipitation may be used. Method A involves the removal
of metals by precipitation with hvdrogen suiphide. Mcthod B is a precipitation with zine.

Method A. Combine the filtrates from the hydrochloric acid trcatment, and evaporate
to about 50 ml. Add 200 ml of water, and heat to boiling. Pass astream of hydrogen sul-
phide through the solution while the solution is cooling to room temperature. Filter the
suiphides. and wash well with a I per cent ammonium chloride solution. Transfer the
paper and its contents to a porcelain crucible, and burn to an ash at 675°C.

Merthod B. Evaporate the filtrates from the hydrochloric acid treatments to dryness,
and add 150 ml of water, Heat to boiling, and add sufficient hydrochloric acid to dissolve
the residue. Add zinc dust to an excess of about 15 g. Boil the mixture for 30 min, filter,
and wash well with water. Transfer the paper and precipitate to a porcelain crucible,
and burn to an ash at a dull red heat.

The leached residue and the ash from the hydrogen sulphide treatment can be assaved
by a neurtral flux A.

The ash from the zinc treatment is best assayed with an excess of Jitharge charge B.
The recommended composition of A for each determination is:

Leached residue and ash xg
Sodium carbonate 37¢g
Silica 12g
Borax glass 6g
Calcium oxide Sg
Litharge 49 ¢
Flour . 28 ¢
Silver powder 10 mg
The recommended composition of B for each determination is:
Sodium carbonate 24 g
Silica k 48 ¢
Litharge 276 ¢
Flour ig
Silver powder 10 mg

Each charge is covered with the following mixture: 6 g of sodium carbonate, 12 g of
silica and 60 g of litharge. The lcad buttons may be cupclled according to Procedures
56 or 57, and the resuiting silver bead may be treated according to Procedures 32, 33, 34,
35 or 36. The characteristics of the combination assay as applied to ore No. 3 are indicated
in Table 37. Comparisons of the recoverics between a direct fire assay and the extractive

procedures are also included.

COMBINATION ASSAYS FOR GOLD

Assarsson. Peterson and Asklund{2°!1 used a nitric acid exiraction method
for gold. the value of which is well supported by comparative data. Pro-
cedure 59 involves a nitric acid extraction in a specially constructed apparatus.

This extraction removes the associated basc metals and provides a residue
containing the goid. silica. sulphur and traces of iron oxide. The goid in the
residue is dissclved in hvdrochloric and nitric acids. Mercurv(1]) chioride.
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hydrazine sulphate and sodium suiphide are added to the filtered gold extract.
‘L'f The mixed precipitate of gold and mercury sulphide is filtered, and the
S = . S . R
k5 S paper and residue are ignited. The ash is transferred to a lead sheet. and
fz:; o finally is cupefled. 1t is claimed that the method provides recoveries com-
3 + L . .

B = - o © — 0w o parabie in accuracy to thosc obtained by the classical assay. The method
~ o~ | H ..
S E, s g 38 g 2 8 I S l S 1s recommended for orcs containing pg amounts of goid per assav ton of
: m . - - ~ . N > e .
L = S o o © o oo ' ° ore, e.g. 30 g; however, with these amounts, because the final gold bead is
ks weighed, one must expect appreciable inaccuracies. 1t would seem that a
': modification of the method in order to apply spectrophotometric methods
; z of determination would be advisable. Errors will also result from the use
2 — ~ [ VY et ) e . . .o . o .
& 2 § 8 .2 532 § g of nitric acid containing chlorine, because the initial extraction of base
- o o o c o . . .
o 5_9: s 3 3 cos3ad metals may result in some dissolution of gold.
o . = The interference of silver, which may contaminate the goid bead. is also
& ! ~ . . N
g wif 2 § a serious objection to the method.
SR 2 =) .
O R g = .. e e e + Procedure 59t251]
S - Lo o = ) , .
] ; 2 5 § + g g g = 2 st ' T X Equipment. See Chapter 7, Equipment No. 21.
% . ; Zz ) e & & & o g | g g Transfer 50 g of the 100-20C-micshi orc o the dissolution flask, and connect the water
g : § 5 pump to the pressure flask. Add 70 ml of concentrated nitric acid, draw off the fumes, and
b ‘ £ allow the reaction to subside. Continue with intermittent additions of nitric acid until the
i x S volume in the flask is 200-300 ml. Hcat the mixture to complete the rcaction. Dilute
y | o5 - the acid to 6 N with water. Heat to boiling, and allow to stand overnight. Filter the
Z S 5 om0~ Ot m resulting mixture through a good grade of filter paper, and wash with cold water by de-
=9 = O e AL O - M A i igni
c¥ S c—boo= o282 cantation. Dry the paper, and ignite to remove the sulphur.
< £ = Sodode Soododo Transfer the ash he initial beak d add about 25 ml of d nitric acid
3z = EOOBOE oooosD ransfer the ash to the initial beaker and add about 25 ml of concentrated nitric acid,
' - 5 o - heat to boiling, filter, and wash thoroughly. Ignite in a quartz crucible, add about 10 ml
: © o of 1 :1 hydrochloric acid containing about 10 drops of concentrated nitric acid, and
5z g boil the solution (Note 1). Evaporate the filtrate to a volume suitable for the precipitation
2 é 4 of the approximate amount of gold present. Filter the gold solution, wash well, and add
e o 2 o ~ - w © o] e to the filtrate 100 mg of mercury(Il)Tchloride, 2 g of hydrazine sulphate and 5 g of
B ‘5= N ®x g o g ¥ v | = , o sodium sulphide. Boil the mixture to precipitate the mercuric sulphide and the occluded
o T . . . . .
[ a e o @ S gold. Filter, transfer the paper and precipitate to a small quartz dish, and ignite under a
] 8 o © o © o o |o | o X
f P w s . . good draught of air.
: = ; E Add the ash to a sheet of silver-free assay lead, fold, place on a cupel, and carry out the
; : = — — cupellation. In order to reduce the absorbing capacity of the cupel it is suggested that the
A . latter be subjected to a prior cupcilation with a small sheet of lead. After the cupellation.
= con — "~ — o oo A cool, and add a little water to the cupelled bead to facilitate its removal. Wash the bead
2 ==2 .2 vLaNoeg with 1 : I nitric acid, ignite and weigh (Note 2).
= eoe ‘o oo 8 o Presumably the method allows the simultancous trecatment of 6 to 12 samples, and a
o > coe © cecooco set of 6 determinations can be made in 2 days.
| Notes—1. The solution of gold will contain a trace of the iron oxide not extracted ir.tially
‘ : - by the nitric acid. This introduces no difficuity and, in fact, assists in the complete rem sval of
| i gold which may be adsorbed by the silica residue or the beaker wall,
Zo 1 < o i 2. Traces of silver may contaminate the bead; this mav be detected by the lighter cole or of the
i 2= = - S gold. 1t has bueen suggested that a correction for siiver may be obtaned through the prenaration
:-:a z ...E _—_’“: el = of standard gold beads contaming known amounts of silver, and 4 subsequent comrurison of
= o B A g3 colour. This method is unacceptable. Alternativeiy. the bead may be inquarted witr 4 1o | of
= © = = ‘TS silver. and parted with nitric acid in the usual manner (see Procedure 57).
! A A 213 A Now FIre Assay METHOD
= | - |z £ . L. . . .
g |=25822 325288 = 2 Because of the non-quantitative collection of the more in<.luble platinum
|_‘ ~ ~ 'J‘ 0 . ¥ . . N H . N
' -2 metals in the classical firc assay and because. in a fi2ld which involves
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extensive financial implications, other proven methods of isolating precious
metals from ores are required, the author has in recent years attempted to
develop a fire assay extraction that makes use of the naturally occurring base
metals associates. In the earlicr experimentst?®?] the iron, copper and nickel
in the roasted natural ore were reduced to form a button containing the
platinum metals. The reduction was accomplished by thc walls of the
carbon pot placed in a high frequency furnace at 1450°C. With ores contain-
ing insufficient base metals, or with synthetic ores, the base metals were
added in the form of oxides. Because the reaction time was short and
difficult to control. thus producing excessively large buttons, and because the
equipment was expensive and not readily available, efforts were made to
devise an assay method based upon similar principles but which wou!d allow
control of button size and would require furnaces and pots of standard
types. This aim was accomplished, and a procedure was developed!*°7]
that was comparable in character with the classical lead collection. The base
metal alloy button was prepared by reduction with mechanically mixed carbon,
sodium carbonate, borax and ore, with base meta! oxides added if they
were required. The standard clay crucibles were heated in a gas/air furnace
to 1450°C, as determined from the top of the melt by an optical pyrometer.
Button size was controlled by the amount of carbon with an efficiency equal
to that obtained with the lcad button. The base metal button was then
parted and treated as in Procedure 47.

In a series of papers, the above assay method has been proven for ores
salted with each of the platinum metals. For either osmium or ruthenjum!!°9]
the iron—copper-nickel button is parted with 72 per cent perchioric acid in
a standard distillation apparatus. The voiatile oxide is distilled from the
parting medium, collected in concentrated hydrochloric acid and precipi-
tated by thionalide (Procedures 72 and 78 for osmium and Procedure 72
for ruthenium). For rhodium, the button is parted with hydrochloric acid
and finally with a small addition of nitric acid. Base metals are removed
by cation-exchange as described in Procedure 47. Rhodium is determined
gravimetrically by precipitation with thiobarbituric acid (Procedure 82) and
spectrophotometrically with the tin(il) chioride reagent (Procedure 157).

Buttons containing iridium and platinum with palladium are prepared
and parted as indicated above. For iridium the gravimetric determinations
are made with 2-mercaptobenzothiazole (Procedure 89) and spectrophoto-
metric determinations are made with tin(II) chleride-hvdrobromic acid
(Procedure 163). Piatinum is determined gravimetrically with thiophenol
(Procedure 101) and palladium with dimethylglvoxime (Procedure 94).
Spectrophotometrically, palladium is determined with p-nitrosodimethyi-
aniline (Procedure 168) and platinum with tin(I1) chioride (Procedure 179).

1y additien to the successful collection of cach of the six platinum metals,
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recent rescarch has indicated that the most resistant iridosmines such as the
Tasmanian varicty, previously used for fountain pen tips. arc coliccted by
the iron—copper-nickel button, and, furthermore. that the alloy will dissolve
completely in the acidic parting solutions.

The method has not yet been applied directly to sulphide ores and con-
concentrates because the constituents of the charge would produce a matte.
These concentrates are subjected to a prior roasting, and thus there is the
possibility of losses of osmium and pcrhaps some ruthenium. Whereas the
extent of these losses has not yet been investigated it is not unlikely that
roasting under controlled conditions or under hydrogen will allow the
collection of any volatilized osmium and ruthenium.*

The flux constituents are carbon, sodium carbonate and borax. The ratio
of acidic oxygen to basic oxygen in the final charge will, of course, depend
upon the proportions of the flux constituents and the degree to which each
of the base metals is carried into the button. Because no method is vet
available which allows even a reasonable prediction to be made of the
distribution and destiny of base metals when they are in excess over the
amount required for the button collection, onc cannot calculate the final
slag acidity. In the present instance the flux used contains an acidic to basic
oxide ratio of 0-80 to 0-56.

While different forms ol carbon such as flour, cle. may be uscd. graphite
provides the most predictable weight of metal allov. Tlour s about 25 per
cent as effective as graphite. Initially the graphite was obtained by grinding
graphite rods, but aside from the dust problem the fineness ol the particles
made necessary some screening; commercially produced grade A-200
graphite proved consistently satisfactory, however. The reiationship between
the weights of the graphite and the button must be determined experimentally
as in the classical lead mcthod. The optimum button sizes or compositions
have not yet been determined. The detailed characteristics of cach of the
three base metals as collectors of each of the platinum metals also awaits
further research. Furthermore, there is the problem of the optimum tempera-
tures for the alloy collection. Obviously an increase in the copper content
of the button will allow lower fusion temperatures, but here again the relative
effectiveness of copper as a collector will have a determining influence upon
optimum conditions of assaying.t

The new assay procedure significantly effects the reduction of slag losses
of platinum and palladium. Nickel is a selective and persistent carrier of
platinum and palladium, and its presence in the slag from the classical
fire assay increases the risk of some loss of platinum metals.”***? With high
proportions of nickel this loss may be irrecoverable by fire assay with lead

*A successful application to sulphide ores hus recenily bt roportal by Van Loon (anwlvr.
Chem. 1934, 36,892 1965, 37. 117).
*Recent researches in the author's laboratories have provea ihatcopper collects quanutatively

indium  rhodium, palladium and platinum.
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as the collector.t?*% 247 Because nickel and copper are preferentially
reduced, the new method has the advantage of a practically complete trans-
ference of the nickel to the button. The slags resulting from the application
of the new fire assay to a natural ore concentrate revealed the complcte
removal of platinum and palladium. Fire assays made on synthetic ores
salted with platinum and palladium and containing very high proportions of
nickel resulted in slags containing both nickel and platinum metals. These
slags may be re-treated to remove completely the nickel and the remaining
traces of platinum and pailadium. With synthetic ores containing a high
proportion of copper but no nickel or iron, the slag losses were small.

Some data dealing with the character of the alloys formed in the iron-
copper-nickel button have been recorded by Plummer et a/.l?5*) The button
alloy with palladium appears to be a single phase solid solution. There is
also good evidence that platin: 1, rhodium and osmium form solid solutions.
The black residues recovered from buttons containing approximately 20 mg
of iridium or ruthenium suggest that collections of this magnitude may be
at least partly a mechanical process. This remains uncertain, however;
anyway, amounts of the order of 10 mg each of ruthenium and iridium in
iron—copper-nickel buttons are completely dissolved by the parting acid.

Procedure 6011°71

Transfer 100 g (3-43 assay tons) of ore or concentrate to a 6-in. porcelain dish, and roast
in the assay furnace at 980°'C for 2 hr. Stir intermittently to encourage the oxidation. Mix
the cooled calcine with 42-4 g of sodium carbonate, 27 g of borax glass and 9-S g of 200-
mf:sh amorphous graphite. Crush the mix if necessary to pass a 45-mesh screen, and
mix again on the mixing sheet (see Procedure 53). Transfer to a 30-g pot, and place in a
gas furnace preheated to 1200°C (see Chapter 7, Equipment 22). Turn off the gas and air,
the cooling period allowing the reactions 10 proceed without an overflow of the charge.
thn‘thc volume of the pot mixture is reduced to about one-third of the original volume,
re-ignite the gas—air mixture, and increase the temperature over a period of about 45 min
to 1250°C. Then raise the temperature over 15 hr to 1450°C, at which time turn off the gas,
and remove the pot. Break the cooled pot, separate the buttcn. and remove adhering slag
by gentle tapping with the end of a small iron rod.
47The method cf parting and subscquent analysis of the button are described in Procedure

A FiRE AssAY METHOD USING TIN AS THE COLLECTOR FOR
PLATINUM MgTALS AND GOLD

Its APPLICATION TO ROCKS, ORES AND CONCENTRATES

Procedure 611235

1. Sample pretreatment

Roasting. Place the sample (—200 mesh) in a shallow roasting dish, and roast at 750-
800°C for approximatelv 1 hr with intermittent stirring. '

The ieaching of the copper-nickel matie. To remove the bulk of the copper and nickel,
leach the sample in concentrated hvdrochloric acid. Experiments showing that the
platinum metals and goid remain insoluble during this treaiment because reducing con-
ditions prevail throughcut.

Place the samplie (up to I assav ton) in a i-l. beaker. and treat with 25 g ¢f ammonium
chloride and 100 ml of 12 M hydrechloric acid. Heat the covered beaker and its contents
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until the amount of insoluble matter appears to be reduced to 1-3 g. (Further additions
of hydrochloric acid may be required for large sample weights.) To avoid oxidizing the
sampic do not boil excessively after the evolution of hvdrogen sulphide ceascs.

Filter off the insoluble matter cn a medium paper. dryv for a short time in a drying oven,
then placc on a bed of silica (3-4 g) in a scorifving dish, and roast as described above.
2. The preparation of tin assay butions.

Mix the roasted samplc (up to 1 assay ton) thoroughly with a flux of the following
composition:

Tin(IV) oxide 5¢g
Sodium carbonate S0¢
Silica 10-20 g
Borax glass 10g
Coke 6-8 g
Adjust the quantity of silica and coke to the amount of silica and iron respectively in

the sample.
Placc the charge in a 40-g assay crucible, and fuse at 1250 °C for 45 min. Then pour

the melt into a comcal steel mould, and, when cool, separate the tin assay button from
adhering slag by tapping with a small hammer.

When it is known that the sample taken for fusion contiains more than 3 g of combined
copper and nickel, add 15-25 g of stick tin to lower the melting point of the resultant alloy.

Meclt the assay button under nitrogen (to prevent oxidation of the tin) in a Vycor melting
tube using an open flame, or in o Jelroe Fandv-mell portable furnace,  To produce i
spongy or granulated mass pour the melt into several . ol water in an enamel pail.
Dispergate any large lumps produced in this opcration with shears.

3. The analysis of the ussay button

(a) Parting the button. Transfer the dried alloy to a 600-m! beaker, add 150 mi of con-
centrated hydrochloric acid, and cover the beaker with a watch glass. Heat until the
excess of tin dissolves and the vigorous cvolution of bubbles from the black insoluble
residue ceases. After diluting to about 400 ml with water, stir the suspension with a motor-
driven polyethylenc coated stirrer, and add 7 g of powdered tin to precipitate the copper
and any rhodium present in solution. Estimate the amount of copper precipitated, and
when it is less than 0-3-0-4 g add 0-5 g of copper (as its chloride) to ¢nsure that sufficient
copper 1s present to act as an efficient carrier for rhodium. Stir the suspension for 20 min.
Decant the supernatant solution through a pad of paper puip {(frem Whatman No. 31
paper) supported on a filter disc. Wash the solids several times by decantation with 2 M
hydrochloric acid, and pass the washings through the filter pad.

When rhodium is not to be determined, omit the treatment of the parting acid solution
with tin powder and recover dircctly the parting residuc by decantation as described in
the preceding paragraph. Add about 50 ml of 12 a1 hydrochloric acid to the solids in the
beaker. Follow this by cautious addition of small portions of a 30 per cent hydrogen
peroxide solution until the solids appear to be dissolved and excess of peroxiue 1s present.
Heat the beaker for a few min to ensure the complete dissolution of the residue, place
it under the filter pad, and wash the pad with 20 mi of a mixturc of 3 parts of § m hydro-
chloric acid and 1 part of 30 per cent hvdrogen peroxide, and cdissolve any fines
deposited during the decantation. Add about 100 mg of sodium chicride to the soiution,
and evaporate until salts begin to crystallize and the vapours of t:n{lV) chloride appear.

To volatilize the tin, add I3 ml of a 7 : 2 mixture of concentrated hydrochioric and
hydrobremic acids. Place the bcaker in an aluminium evapcrator under an infrared
lamp. and evaporatc the solution to drvness. Repeat this operation several times with
further additions of the mixed acids until the removal of tin appears to be complete.

To ensure the complete dissolution of the precious metals treat the residue remaining
after the velatilization of tin with a 3 : ) mixture of 12 » hydrochloric acid and 30 per cent
hydrogen peroxide solution. 11 only platinum mctals are to be determined. evaporate the
solution on the hot plate to dryness, orto 2 mlif gold is ‘o bu sctermined. In the latter
instance, place the beaker in a water bath and, bv uiing o i of compressed air. gently
evaporate the solution to dryncss.



RTINS

238 ANALYTICAL CHEMISTRY OF NOBLE METALS

(b) The extraction and determination of gold. Takc up the salts in the beaker in 5§ m!
of 2 M hydrobromic acid, and wash into a 60-ml separatory funncl with a further 10 ml
of 2 M hydrobromic acid. Extract the gold according to the method of McBrvde and
Yoc!**'! (Procedure 16) by shaking the solution with two 15-mi portions of dicthyl cther
(doublc the volumes of hydrobromic acid and cther when samples contain large quantities
of base metals). Wash the combined cther extracts with three 5-ml portions of 2 M hydro-
bromic acid. Combine the washings with the aqucous phase, and reserve the whole for the
determination of the platinum mctals.
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Leach «n conc. HCL

Somple (- 200 mesh}
roasted
L]
[ Fuse in SnOzﬂun 7

1

L Tin ossay button ——-!
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F16 13. Flow sheet.

Strip the wasned ether phasc of its gold by shaking for 1 min cach with three 15-ml
portions of water. Treat the aqueous gold solution with about 50 mg of sodium chloride
and S mi of aqua regia. and evaporate on a hot plate to 2 ml. Using a water bath and a jet
of air. evaporate the solution to dryness. Determine the gold content of the residue cither
spectrophotometrically with o-tolidine according to the method of Clabaugh (Procedure
188) or gravimetrically with hydroquinone (Procedure 105).
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Nore—Attention is directed here to the discussion prior to Procedure 16. Littic or no advantage
i derived from the aqueous extraction of gold from the ether phase.  An evaporation ol the
cthereal gold extract and & subsequent dissolution prior to the determination of poid provides
excellent precision and accuracy.

(¢} The removal of base metals.  Evaporate Lo dryness the agueous phase from which
the gold has been extracted, and cautiously treat the residue with several § 10-ml portions
of a 3 ;1 mixture of 12 M hvdrochloric acid and 30 per cent hvdrogen peroxide solution
(bromine iy cvolved vigorously when large gquantities of base metal bromides are present),
and then evaporate the soiution 1o incipient dryness.

Take up the salts in either 025 or 0-50 ml of 12 v hydrochloric acid, and dilute to 50 or
100 ml with water (depending on the amount of base metals present) to give a solution
with a pH of about 1-5. Remove iron, copper and nickel by passing the solution through
a cation-cxchange column (Dowex 50 W-X8) of appropriate size (see Procedure 47).

(d) The separation and determiination of plasinum, palladium and rhodium. Evaporate
the effluent from the cation-exchange column to incipicnt dryness in the presence of a few
mg of sodium chloride, take up the salts in 1:5 ml of 12 M hydrochloric acid. and dilute
to 25 ml with water.

Separate platinum, palladium and rhodium from one another by the anion-exchange
method (Procedure™42) using columns of Amberlitc IRA-400 resin (0-3 x 2-5-3-0 c¢m).
For each batch of resin it is suggested that experiments be made to determine the optimum
resin particle size and column dimensions for the scparations to be considered.

The first fraction stripped from the column contains rhodium; determine this metal
spectrophotometrically with tin(I1) bromide (Procedure 158).

Next remove the palladium. If more than 100 pg is present, determine it spectrophoto-
metrically with potassium iodide (Procedure 40). Determine smaller quantities with
p-nitrosodimethylaniline (Procedure 168).

Platinum elutes last. If more than 100 ug is present, determine it spectrophotometrically
with tin(11) chloride (Procedure 179). A modification of this method involving the extrac-
tion of the coloured platinum complex into tributyl phosphate is used to determine less
than 100 pg of platinum (Procedure 181).

The flow sheet (Fig. 13) provides an outline of the whoic procedure.

THE DETERMINATION OF GOLD IN CYANIDE SOLUTIONS

Whereas a considerable variety of acceptable methods have been pro-
posed for the determination of gold in cvanide solutions, there Is a need,
not only for a critical comparison of these methods, based on experimental
data, but also for rescarches designed to apply some of the morz recently
developed separational techniques. It is not improbable that inv:stigations
such as these would add profitably to large scale separations.

In this context progress is being made towards the extraction of gold
from cvanide solution by ion-exchangers. Whereas no generlly appiicable
method has been proposed Fridman and Popovat?*¢) used S ¢ of the anion-
exchanger AN-2F to remove 230 ug of gold from 2 1. o solution. It is
significant that the presence of iron lowers the efficiency of the exchange.
An unusual application of ion-exchange, viz., to the determination of gold
in the filter cake from an extraction plant, was also described by these
authors.'?*71 The anion-exchange resin AN-2F, in the chloride form was
soaked in water for 2 hr and then mixed with a solution of the filter caxe for
3 hr. The mixture was passed through a set of 35- and 100-mesh sieves.
The material retained on the latter was mixed with a flux. and fire assaved.
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From time to time adverse criticisms have been directed toward even the
classical method of determining gold in cyanide solutions.!2*® and there can
be little doubt that some of the reactions involved in these methods are little
understood. Here. then, is a potentially fertile field for fundamental and
practical research.

Bugbee!***) stated that the Chiddy method with its numerous modifica-
tions is reported to be unpopular on the Rand on account of the care required
to obtain satisfactory results and because it requires heating.

Alternative procedures, used in the absence of thiocyanates, involve the
addition of copper(l) chloride in hydrochloric acid or the production of
copper(l) ion in siru by adding consecutively a saturated solution of sodium
cyanide, copper sulphate, sodium sulphite and sulphuric acid. Potassium
ferrocyanide is usually added in small amounts to provide a carrier and to
aid in filtering. With these two methods the gold is first precipitated as
CuAu(CN),, and the excess of cyanide is removed simultaneously as
copper(l) cyanide. The precipitations are accomplished in the cold. The
use of potassium ferrocyanide as a coagulant was rejected by Creed and
Clayton-Boxall'?*®! as unnecessary and leading to losses when excess is
present. These authors stated that, when the ferrocyanide was to be used,
the amount should be limited to 1 ml of a 5 per cent solution of ferro-
cyanide. The data provided indicated that the ferrocyanide reacted directly
with the precipitated gold to produce a dissolved product.

The Copper(I) Chloride Method

King and Wolfel?®%) provided the foliowing modified method together
with methods of making the copper salt solution, its effective storage, and a
method of dispensing the unsiable precipitant.

Procedure 621%9°)

Reagents

Copper(l) chioride solution. To a suitably large pvrex Erlenmever flask fitted with a
water-cooled condenser add crushed copper sulphate and concentrated hvdrochloric acid
in the proportion of | formula weight of the copper salt to 3 formula weights of hydro-
chloric acid. Into this mixture place a copper sheet extending to the surface of the liquid.
1t is preferable to use a large copper surface. Boil gently for a few hr to obtain a colourless
solution. Remove the condenser, stopper the flask tightly, and allow to cooi. The solution
may darken as the copper(I) sal- precipitates. but within 1 or 2 hr it will again become
ciear. Store the solution under kvirogen. and remeve the necessary aliquots through
an attached syphen.

An alternative method of preparing copper(l) chioride was described by Bette] (2611
The procedure, which requires the use of both a storage bottle and one for current use. is:

Add to the stcrage bottle an excess of high conductivity copper. and then fill it to the
neck with 111 hvdrochloric acid saturated with copper(l) chioride. Mix this solution
with an cqual voiums of concentrated hvdrochloric acid. When the resulting solution
becomes colourless transfer a suitable amount to 2 small bottle containing copper foil.
The solution is then avaiiable for current use. As the solution is removed from the stock
botue. refill the iatter with the saturated hvdrochloric acid-copper(l) chioride solution.
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Stock flux.,
Silica 8 parts
Borax glass 4 parts
Sodium carbonate 36 paris
Litharge 40 parts
Flour 1 part

Use about 90 g of the well-mixed flux for each fusion. Add silver as required. A 15-cm
paper will produce about 10 g of icad, hence only a small amount of fiour is required. This
flux gives a good slag at about 1000°C.

Coagulant. The CuAu(CN), precipitated by copper(I) chioride is pale green and some-
times very finely divided. Thus it may pass through filter paper. To assist the coaguiation
a dilute solution of potassium ferrocyanidec is added to preduce the flocculent copper
ferrocyanide. Excess must be avoided so as to prevent the redissolution of the gold.

A 10 per cent solution of sodium sulphide may also be used. Five drops of this solution
should suffice as a collector. There is the advantage with sodium sulphide that the forma-
tion of the copper sulphide indicates the necessary cxcess of copper(l), for the latter is not
formed in the presence of cyanide. Too great an excess of sulphide must be avoided
because the resulting excess of copper sulphide may produce high slag and cupel Josscs.

Filter paper pulp may also be used as a coagulant. The pulp should be added to the
filter paper to form a uniform coating before filtering. In all instances the first 100 ml or
so of the filtrate should be re-filtered.

Procedure. To 20 assay tons of ihe cyanide soiuiion add 10 mi of the clear copper(I)
chloride solution. If more than 20 assay tons are used add 2 ml of the copper solution
for each additional 10 assay tons. Mix thoroughly, and leave the rod in the solution.
Allow to stand for 5 min, and filter through a 15-cm No. 2 Whatman paper previously
treated with paper pulp. Clean the beaker with a small picce of filter paper that is then
added to the solid. Aliow to drain, and transfer the precipitate and paper, apex down, to
a 20-g crucible containing about 20 per cent of the ux. Add to the open cone the rest
of the flux and sufficient silver for parting. Fuse, transfer the button to a cupcel, and pro-
ceed according to the cupellation and parting technique described in Procedure 57.

Alternative Procedures (63 and 64) were given by Clayton-Boxall.[23%)

Procedure 6312591

" Pour 1-5-2-0 1. of well-mixed slime pulp, thinned down to 1-40 density, nto an enamel
bucket or Winchester quart bottle. Add 15 m! of copper(I) chloride snlution free of
copper(1l), and mix for at least 10 min.

Press off the liquor, and drv the sample in an enamel dish. Pass the d-icd sample through
a 900-mesh screen. add siiver for parting, mix well, and assay as descrioed in Procedure 57.

Because of the inconvenience of preparation and the instabiiitv of the
copper(l) chloride some assavers prefer the copper sulphate method (Pro-
cedure 64). in which the reagents are copper sulphate. sulphuric acid and
sodium sulphite,

Procedure 641259)

To a measured volume of solution, usually containing 10 or 20 assay tons, add 5 drops
of a saturated solution of potassium ferrocyanide and a slight excess of 10 per cent copper
suiphate solution. Stir or shake well. 1f the solution is low in cyanide it is advisable to
bring it up to about 0-05 per cent in potassium cyanide before the precipitation. Then add
in succession 10 ml of a 20 per cen: sodium sulphite solution and 10 mi of 10 per cent
sulphuric acid. Stir or shake well afier each addition. and aliow to stand for a few min
until sulphur dioxide is being freelv evolved and the precipittc i seitling readily. 20 ml
of the copper sulphate solution is usually sufficient, bu: 1 fmn: b'ue uinge 1o the filtrate is
an assurance of it being in slight excess.
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Filter through a 15-cm, rapid, folded filter. Wash out the beaker, then wipe the stirring
rod and the beaker with a picce of moistened filter paper to ensure the collection of cll the
precipitate, and add to the contents of the filter. Allow the solution to drain; then dust o
tittde mixed fQux over the precipitate, and transfer the moist filter and its contents o
glazed 20-g crucible containing a little flux, Place the remainder and larger norlioq of a
100-g scoop of flux (scc below) on top of the filter paper, add sitver il the assay is for
gold alone, and fuse, cupel, and part as in Procedure 57.

The following stock flux has proved satisfactory, although the flour content may need
to be varied somewhat to secure a lead button of suitable size:

Sodium carbonatc 15g
Litharge 55¢g
Silica 20g
Borax 8g
Flour 2¢g

Gold and silver are precipitated, and may be determined in the same assay. Assays
may be completed in 2 hr and with the reservations mentioned in the first paragraph the
results are good for both low and high grade solutions.

Notes—1. The potassium ferrocyanide acts as a coagulant, and as a precipitant for silver,
No more than the stated quantity should be added, however, because an excess leads to a loss of

gold. . )
2. The sodium sulphite, an active reducing agent, is added to ensure complete reduction and

the precipitation ¢f all the gold. o _ _ '
3. The precipitate consists mainiy of copper(l) cyanide; it is white, curdy and insoluble in

weak acids. )
4. If the precipitate tends to pass through the filter paper, pour a little suspcnd;d' paper pulp
into the latter. This will ensure rapid filtration and minimize the loss of fine precipitate.

In the determination of gold in oxidized tailings or siimes which may
contain ferrocyanide, Bettelt2¢!) obtained low values with the copper(Il)
sulphate-sodium sulphite-sulphuric acid method. This was attributed to
the production of auricyanides that resist reduction. In these instances
Bettel used a combination of the copper(I) sait and lead acetate-zinc methods,
the latter being applied to the filtrate from the copper(l) precipitation.

The modification requires the application of the copper(I) method, with
subsequent filtering and washing. The residue is opened up, and litharge is
sprinkled over the surface. The filtrate is treated with lead acetate, zinc
fume, and hydrochloric acid in sufficient quantities to dissolve the zinc after
the lead sponge has been formed. The latter, containing the traces of gold
and copper, is filtered off, washed, drained and added to the litharge-covered
copper(l) precipitate. The whole is covered with litharge, dried, carefully
heated to burn the paper and finally assayed with a suitable flux (see Pro-

cedure 57).
The Chiddy Method

This is one of the most widely used of the older procedures, and according
to Bugbeel*3#V it is used almost always in North America for the assay
of cvanide solutions. 1t works equally well on strong or weak, foul or pure
solutions. and almost any guantity may be taken. The method was first
reported by Chiddy in 1903 in a very short communication. with claims that
he orieinated the method and that it improved on the existing methods.
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The procedure has been changed very little during the past half century,
although somc modifications have been introduced.  Wogrinz{2¢2) rejecied
the method when the cyanide solutions contained ferrocyanide, but the
latter, however, could be destroyed by evaporating to a residue and then
fuming with sulphuric acid. Wogrinz rccommended the addition of leud
acetate, zinc dust and then hydrochloric acid until the mixture was strongly
acidic. Subsequently, the lead was dissolved and the gold filtered, washed
and weighed. Roodhousc!?? aiso slightly modified the Chiddy mecthod by
adding acetic acid to the reduced mixture, followed by boiling, decantation
and the addition of hydrochloric acid.

Procedure 651234

Heat a solution containing from 1 to 20 assay tons in a beaker or an evaporating dish
(Note 1). Add 10 or 20 ml of a 10 per cent lead acctate solution containing 40 ml of acetic
acid per I. Then add 1 or 2 g of fine zinc shavings rolled lightly into a ball, or an cquivalent
amount of zinc dust in-the form of an emulsion (Notes 2 and 3). Heat, but not to boiling,
until the lead is well precipitated. This usually takes about 15 or 20 min. Then add 10-20
ml of strong hydrochloric acid to dissolve the excess of zinc. Continuc hecating until
effervescence stops (Note 4). It is often found that action ccases while some undissolved
zinc still remains. This is entirely covered and thus protected from the acid by the spongy
lead. To be sure that all the zinc is dissolved, strokc the sponge with a stirring rod, and
drop a little hydrochloric acid from a pipette directly on it.

As soon as the zinc is dissolved (Notc 5) decant the solution and wash the sponge two or
three times with tap water. Next, moisten the fingers, and press the sponge, which should
be all in onc picee, into a compact mass (Note 6). Dry by squeezing between picees of
soft filter paper or by placing on a piecc of lead foil and rolling with a piece of large glass
tubing. Finally, roll into a ball with lead foil, puncture to allow for escape of steam (Note
7), add silver for parting, place in a hot cupel, and proceed according to Procedure 57.

Notes—]. The solution must be clear and (rec from slime or colloidal matter or the sponge
may break up. If not, add a little lime water. boil for a moment 1o coagulate the slime, and
then filter if necessary before beginning the assay.

2. Some assayers bring to boiling after adding the zinc and the lead acctate solutian, then
decant the solution as completely as possible, after which they add an equa! volume of dilute
hydrochloric acid to dissolve the excess of zinc.

3. The gold, silver and lead will immediately begin to precipitate on the zinc. At first the
solution may become cloudy, but will soon clear as more of the lead is precipitated.

4. When working with smail quantities ol solution it is best to add water occasionally to
maintain the original volume of solution or else the hydrochloric acid will become too concen-
trated and cause the sponge to disintegrate.

5. Because the lead sponge begins to dissolve and break up as soon as all the zinc is
dissolved, no time should be lost in decanting the solution after the zinc has disappeared.

6. In thosc rare instances where, becausc of special impurities or for other reasons, the
sponge cannot be successfully collected by the above-described method, the solutton may be
filtered through rapid paper and quickly washed. The filter paper with precipitate is removed
and the excess of water squeezed out. It is placed in a small scorifier with lead and borax gliss
together with silver for parting if gold only is sought. The filter paper is burned off, and the
assay finished 1n the usual way.

7. Somc assayers dry the assays before cupclling to avoid the danger of soitting causC by
retaincd moisture.

The Analysis of Cyanide-Gold Plaring Solutions
Whereas the problems associated with the determination of gold in mill
cyanide sclutions are somewhat comparable to thosc invalved »with plating
solutions, with the former material the degree of contaminniion is subject
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to less control. Obviously the classical methods used for mill solutions are,
in generai, applicable also to plating sclutions but are sometimes found to
be unsuitable because of their difficulty or length of time. Thus, Kushner{264)
recorded a relatively simple gravimetric method for plating solutions. The
method proposed by him included the removal of free cyanide by the addition
of silver nitrate and the subsequent fuming with sulphuric acid. In the
presence of base metals and palladium, etc., the collected precipitate may be
treated by an appropriate choice of wet methods to isolate and determine the
gold content.

Procedure 6612041

Use a 10-ml sample containing 0-5-20 g/l. of gold; for lesser conients, use suitably
increased sample. Transfer the sample to a 500-ml Erfenmeyer flask, dilute with 50 mi
of water, and add suflicient 01 N silver nitrate sofution from a bureite to combine com-
pletely with the free cyanide, as indicated by 5 ml of a 2 per cent solution of potassium
iodide. Place the flask in an efficient hood, and add cautiously concentrated sulphuric
acid until vigorous action ccases. Add 50 m! more of the sulphuric acid, and boil, avoiding
any violent reaction. Discontinue hcating when the gold becomes light brown and the
acid is quite clear.

Decant the supernatant liquid, treat the precipitate with an additional 50 ml of con-
centrated suiphuric acid, and boil to dissolve any silver sulphate. Decant the liquid,
leaving as little as possiblc in the flask. Dilute the remaining acid with 200 ml of distilled
water, and filter through a porcelain filtering crucible or a suitably prepared Gooch
asbestos crucible. Wash the precipitate with hot dilute sulphuric acid and then with hot
water to remove all acid. Dry, ignite to yellow gold, and weigh.

Evaporation Methods

With assay lead sheet. 0-005 in. thick, a boat suitable for the treatment of
two assay tons of liquid can be made from a section 4 inches square. After
the evaporation the folded boat is wrapped in a2 2 x 4'in. sheet of lead, the
total weight thus providing a button of 25-26 g.

In general two types of evaporation methods have been described. In
one. the liquid is evaporated directly in a vessel made of an amount of lead
sufficient to provide the vptimum button weight for cupeliation. In the
sccond. the evaporation is made after admixture with the fiux or its con-
stituents. A fusion is then required to produce the lead button. The latter
method is recommended oniy for rich liquids.

These methods provide the most accurate recoveries and may be used for
the platinum metals as weii as for gold. Thev are commoniy used as the
standards whereby one determines the effectiveness of new assay procedures
for the nobie metals. Whereas they are direct and simpie of operation. great
care must be taken to avoid losses by volatilization of the noble metals salts
or. in the liquid fusion method, losses by the mechanical transference of
the dried residues.

To apply the direct evaporation method. non-leaking lead vessels must be
prepared: this requires a bit of practice. Furthermore, the noble metal
soluticns should be made neutral or basic if the acid present may attack
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the lead sheet. Evaporations should bz carried out slowly at about 60°C, and
when large volumes are to be treated this may extend overnight. More
rapid evaporations will increase the probability of a loss of gold.

Procedure 67. The Direct Cupellation Method

Place the boat and the mcasured liquid in a good draught oven at 60°C, overnight
evaporations being usually suflicient for up to 2 assay tons. Cool the boat, add silver for
parting, and fold the vessel carcfully to protect the residue. Wrap with the 2 x 4 in.
strip of lead, cupel, and part as described in Procedure §7.

For the determination of platinum metals the evaporating solution should contain 20
parts of silver for each one of total platinum metals. The cupelied bead may be treated
according to onc of Procedures 32-36. 1T gold only is to be determined the methods of
cupellation and parting are described in Procedure 57.

Procedure 68. The Fusion Method

In general a monosilicate flux (e.g. 2Nu,0-Si0,) gives a clean button and a homogencous
slag. A bisilicate flux (c.g. Na,0-SiQ.) may also be successful.
Use 100 g of the following mixture:

Anhydrous sodium carbonate 8
Borax glass 10g
Silica Bg
Calcium oxide 5¢
*Flour 2-3g

Preparce a cellophane sheet 8 in. x 8 in., and place on this { 10 7 of the above flux.
Fold the sheet and mixture into a 4-in. porcelain evaporating dish and add a solution con-
taining 0-5 assay ton (for | assay ton about 150 g of the flux is recommended). If necessary
add a silver salt or solution to give a gold : silver ratio of 1 : 10. Place the dish in a stcam
cabinet or oven at 60°C, maintaining a good air drauzht. Allow 1o stand overnight,
then transfer the cellophane and its contents to a mortar, and grind carefully to a powder
(alternatively only transfer the contents to the mortar, adding the cellophanc scparately
to the pot.) Add the ground material to an assay ton pot in which has been placed 5 g
of the flux, and clean the mortar with the remaining flux. Use this portion as a cover for
fluxes which have been salted. Assay for gold as described in Procedure 57.

The Electrolytic Assay of Gold-Cyanide Solutions

This method has the advantages that, compared to other methods, rcla-
tively little attention is required during the course of the determination and
both small and large volumes of cyanide solution may be analysed. Gold is
quantitatively deposited as a bright yellow coating on the lead cathudes
which are then folded and cupelled.

Procedure 6912651

Use as anodes 5/16 in. arc lamp carbons held in place by clamps in the centre of the
beaker. Use as cathodes strips of assay lcad foil 2-S x 9 in., with the jower cdee notched
to encourage the mixing of the solution. Make the battery connection by cutting the upper
cnd of the cathode into a l-in. strip. The latter is then turned te make :he terminal.
Connect the two sides of the foil by folding the cdges to produce a cylinder 3 in. in diametcr.,

Add a 10-assav ton sample o a suitable beaker with the cathodes and anodes in place,
and cicctrolyse with a 6-V accumulator source. Following compie = deposition, which
should require about 4 hr. remove the anodes, disconnect tl.c catr~acs and dry them on a
hot plate. Fold the cathodes into a compact form with tF: g ' ;- otected within the fold,

* The cellophane used has a reducing value equiva’zrt to .ooui 1 g of flour.
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and cupel with silver added to obtain a go!d to silver ratio of 1 : 10. Part with nitric acid
as directed in Procedure 57.

Note—For cyanide solutions containing only traces of gold it is advisabic to add a small
quantity of cyamde solution to accelerite the deposition of the gold.  Precautions must be
taken against having the carbon anodes in contact with gold solutions in the absence of the
current.

Other Methods

A number of methods have been proposed which involve the precipitation
of gold from cyanide solutions in the absence of lead, followed by a
filtration of the metal, which is then either purified and weighed, dissolved and
re-precipitated, added to lead and cupelled or added to a flux and fused.

Fraser{2¢¢1 added hydrochloric acid to 5226 ml of a cyanide solution to
give an acid reaction with litmus, then 1-25 or 1-5 g of 200-mesh charcoal to
reduce the gold and to provide sufficient reducing power to produce a lead
button in the subsequent fusion. The suspersion was warmed, stirred, and
filtered through paper. The latter was burned in an assay crucible and fused
with suitable fluxes. Marenkov{?®7! used nitric acid to isolate gold from
cyanide shimes, subseyuently dissolving the metal in aqua regia and re-
precipitating by using hydrazine hydrochloride.

Seath and Beamish!2®8) used zinc to precipitate collectively the gold
tellurium and silver in mill cyanide solutions; the mixture was then dissolved
and treated with hydroquinone to remove gold selectively. Shah!2¢°! ajso
used zinc, the excess being removed in a suiphuric acid solution. The gold
was purified by nitric acid before weighing. Rochatf27% used aluminium
foil to isolate the gold, which was then purified by nitric acid to within 99-5
per cent purity. Cadmium sulphide powder has been used to precipitate
gold sulphide from an acidified solution- of cyanide electrolyte.l271] The
precipitate was then ignited, treated with nitric acid and finally converted
to gold at 800-900°C. Wilson!?72) provided simple details for the determina-
tion of gold in cyanide solutions by precipitation with ferrous sulphate and
oxalic acid. after the climination ¢f hydrogen cyanide by hydrochloric acid.

The Mercurv Amalgam Method

The simuitaneous precipitation of gold and mercury has been used as an
analyvtical method. In particular Caldwell and Smith!?7%) {reated a cyanide
solution with a large excess of ferrous sulphate tc form ferrocvanide, then
added mercuric chloride solution, magnesium powder and concentrated
hydrochloric acid. Presumably there was no Joss of gold, even in the presence
of large amounts of ferrocvanide. The probabilitv of such losses has been
emphasized by assayerst?*? 2337 who advised only minimum amounts of
ferrocyvanide to provide a carrier in the copper(l) chloride method described
above. Furthermere, Wogrinz/26?) rejected the Chiddy method!?74] as
inappiicable in the presence of ferrocvanide. Caidwell and Smith,[?73]
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however, provided data from their method which indicatad recoveries com-
parable in accuracy to both the copper sulphate and Chiddy mecthods.
The cyanide solutions used for the latter methods contained 20 assay tons
as compared to approximately 66-330 assay tons for the proposed method.
An objection to the mcthod is concerned with the difficulty of burning
the precipitated residue prior 1o cupcellation, because increury evolved may
well carry gold unless exireme care is taken. There are also the acknow-
ledged siightly low recoveries with 10-1. samples of the cvanide soiution. The
method described below can also be used to recover silver.

Procedure 7012731

To 2-1. samples (about 67 assay tons) of the cyanide-goid-siiver solution add a solution
containing ferrous sulphate about ten times the .weight of the cvanide in the sample.
Add 50 ml of a saturated mercuric chioride solution, 5 ¢ of magnesium powder and 60 ml
of concentrated hydrochloric acid, adding the acid in portions 1o prevent bubbling over.
If the volume of "sample taken is much greater than the 67 assay tons, double the
amount of mercuric chloride, magnesium and acid used. Allow to stand for 6-8 hr or
overnight. Siphon off the clear liquid, and transfer the residue from the bottle into a
beaker, rinsing out any residual material with small portions of water. Let it settle for
a few min, then filter, using a rough quantitative filter paper. As the bulk of the residuc
is being washed onto the filter paper, sprinkle in about 20 g of granular test lead so
that the two will become intimately mixed. Allow to drain and dry.

On a 60-g bone-ash cupel spread a layer of test lead, following the general concave
shape of the cupel. Remove as much of the dried residue from the filter paper as is con-
venient, mash the lumps. and place in the centre of the cupel. With a little lead, cover the
residue remaining on the filier paper, wad it up, and piace on top of the cupel. Cover
the residue with more test lead. The total weight of lead should not be much more than
45 g. Add silver to give a gold : silver ratio of 1 : 10.

Introduce the cupel slowly into the muffle so that the filter paper will be burncc and
mereury and its salts volatilized.” This last-mentioned step must be executed cautiously
and requires the close attention of the analytical chemist; otherwise, a too rapid voi:tiliza-
tion of the mercuricai residue wiil cause spitting and serious losses, or perhaps the sa.ting of
an adjacent cupellation. When the cupel has been placed in the hottest part of the muffle,
increase the temperature to nearly 1004°C, and create a reducing atmosphere b putting
near the cupel bits of wood, cork or like material. When the lead has * urzovered
as shown by its bright red appearance. cool the muffic to normal cupellation te aperatures,
and continue to the production of the bead. I gold only is to be determined, part and
weigh as in Procedure 57.

Even more accurate results may be obtained by the scorification ot the mercurv-noble
metal collection residue prior to cupellation. It is recommended that the ‘lter paper with
the residue be scorified in a 6-25-cm (2-3-in.) scorificr. Place in the bottoin of the scorifier
a 10-g sheet of lcad moulded to the form of the scorifier. This prever .« the absorbance of
water and subsequent spattering during scorification. Add appropriate amcunts of test
lead and a little silica~borax giass. The scorification can be cont'aued $o as to yield an
18-30-g button, in which instance smaller cupels may be used.

A mercury-gold collection was also used by Lundquist.'?7%) He treated

the cyanide solution with zinc dust and then witn mercuric chloride. After
warming the soiution, hvdroxylammonium chloride and ammonia were
added. und the excess of zinc was dissolved by hydrochloric acid. The gold
amalcam was treated with nitric acid to remove all traces of zinc and
mercury. and the gold was then anncaled and weig hed.
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Procedure 7113751

To the cyanide solution (29-2 ml, containing ! assay ton) add 300 mg of zinc dust. and
mix well for a min. Add 500 mg of mercuric chloride, and heat the mixture on a hot plate.
Add 5C0 mg of hydroxylammonium chioride and 3 m! of concentrated ammonia solution.
Boil the mixture for a few min. cool, and acidify with 5 ml of concentrated hvdrochloric
acid.  Boil until the solution is clear. If a flocculent precipitate appears add ammornia
untii the solution is alkaline to phenolphthalein and then 2-3 ml more. Add a further
500 g of hydroxylammonium chioride, and boil until the solution is again clear (although
mercury droplets will remain). Allow to settle, and decant the clear supernatant liquid.
Add 10 m! of hydrochioric acid to the residue, and boil. Dilute to 50 ml, boil for | min,
stir well, and collect the amalgam in a large globule with a stirring rod. Decant the clear
liquid, and repeat the acid treatment of the residue. Then wash the globule several times
with water, transfer to a porcelain crucible, and part with nitric acid (1 : 4). Cool and
decant the clear liquid. Add | ml of concentrated nitric acid, heat, dilute with wiater, and
decant. Repeat this process until the mercury and zinc have been removed. Wash with
water, decant, dry anncal and weigh.

CHAPTER 3

GRAVIMETRIC METHODS FOR THE
SEVEN NOBLE METALS

THE character of the natural sources of platinum metals and the require-
ments of the analytical laboratories involved in the determination of these
metals have encouraged the development of the more rapid cmpirical
analytical methods and the rejection of the relatively slow, but more accurate,
precipitation procedures. Nevertheless, the gravimetric methods not only
retain their status as the final arbiter of quantitative composition, but also
provide a pool from which refining processes may be improved. Up to the
present time, many of the large scale separational methods involve some type
of sclective precipitation and, of course, in most instances the isolation of
cach of the platinum metals requires an adoption of some gravimetric method.
Although the separational value of precipitation methods will eventually
give way to such techniques as ion-exchange separation, it is unlikely in the

“foreseeable future that either the platinum metals industries or the research

analyst will be able to dispense with the good gravimetric methods. It is
unfortunate that there are few available methods, either gravimetric or
empirical, for the rarer platinum metals, while for palladium the surfcit of
analytical methods is so great that cven the specialists in this ficld are quite
unable to choose with certainty the most generally useful procedure.

Ruthenium

Because no specific reagent is available lor the determination of ruthenium,
it is fortunate that this metal, along with osmium. may be isolated easily by
the distillation of its volatile tetroxide. Whereas the relative merits of the
various distillation processes are treated in Chapter 2, it may be recapitulated
here that the most generally used procedures involve (a) the treatment of a
caustic solution of the metals with chlorine; (b) the selective removal of
osmium by nitric acid followed by the oxidation of ruthenium by bromate;
(¢) the coliective distiilation of both metals into a hvdrogen peroxide solt tion
by oxidation with perchloric acid, and the subsequent separation of osryium
by selective oxidation with hydrogen peroxide. For very small amounts i the
metal. a condition almost invariably found in ores and concentrat:s. the
author prefers oxidation by perchloric acid. The use of nitric acid which
must be removed after the separation of osmium. sometimes cncourages low
values for osmium and ruthenium and introduces a greater nuaiber of
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technical difficulties into the determination of the remaining platinum metals.
For each of these distillations, specific collecting liquids have been recommen-
ded, and the composition of these determine the treatment prior to
precipitation and to a degree control the choice of precipitant.

Whereas caustic solutions are among the most efficient receivers for
ruthenium tetroxide, there is the difficulty that almost all of the gravimetric
reagents are either applied in acidic media or the preparation for precipi-
tation involves an approach to ncutrality from the acidic side.

In addition to the tendency for ruthenium and most other platinum metals
to pass through a colloidal stage when one approaches the optimum acidity
from the basic side, there is the inconvenience of the accumulating salts in
the subsequent precipitation.

Because of these facts, a receiving solution of hydrochloric acid and sulphur
dioxide is frequently used, but in this instance prior evaporation to remove
the acid is required. Recently,!®% an aqueous solution of hydrochloric acid,
without the addition of a reducing reagent, has been used successfully for
zg amounts of ruthenium, but in general this adaptation is inadvisable
because the range of metal concentration over which the acid alone can be
used has not been determined.

To avoid the necessity of complete evaporation, hydrobromic acid solu-
tions have been used effectively as collectors. In this instance the preparation
for precipitation requires only a sufficient evaporation to obtain the required
acidity. .

Hydrogen peroxide has proved to be a useful collector, requiring little or
no evaporation prior to the addition of the reagent. Specific difficulties
associated with each of these reagents are discussed in greater detail in
Chapter 2.

There exists for ruthenium the usual number of classical precipitants such
as hydrogen sulphide, zinc, magnesium, ethanol, etc. In addition to these
there are now available procedures for its gravimetric determination by
thionalide and by hydrolvsis to the hydrated oxide. In all instances the
weighing form is the metal, and its preparation invoives heating in air and
hydrogen.

THIONALIDE

NSNS A

During the development of this method the quantitative recovery of

ruthenium ‘was confirtned Zirectls by the examination of the filtrate by
distillaticn and by radivact : trzcer techniques.t?'? It was concluded that
the thionalide precipitation was, under the recommended conditions,
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compilete to less than ] part in 10,000 on 6 mg of ruthenium. Since that time
many hundreds of determinations of ruthenium by thionalide have been
made with exccllent precision and accuracy by the author’s colleagues.
Recent literature, however, contains several references indicating that the
determination of ruthenium may be attended by iow results. These references
have their origin in a statement!?”¢} that ** with semi-micro quantities the
results tend to be low—the maximum error amounting to about 10 per cent.”
It would seem that this estimate is not based upon experience with the
methods, but rather upon an indiscriminate use of vaiues provided in the
original publication!®® to indicate the adverse effects of certain dissolved
constituents. Obviousiy the use of such exploratory data should eliminate
any significance that may have been given to the above criticism. A second
claim for ineffective precipitation by thionalide, however, has also been
recorded.'?”7) In this instance the authors rejected thionalide for the
standardization of ruthenium solutions, and stated that “ precipitation with
thionalide using samples containing about 20 mg of ruthenium gave extremely
poor precision resulting from the rather high solubiiity of the precipitate;
ruthenium could always be detected both in the mother liquid and in the
solution . Despite these adverse opinions thionalide is an excellent quantita-
tive reagent, and the precision and accuracy are of a good order when the
directions are carefully followed. 1t is well to realize, however, that thionalide
is by no means a specific reagent and, in the presence of many associated
metals, ruthenium must first be isolated. It should be emphasized that, as
with most methods for the platinum metals, the presence of nitrates and
nitroso species provides serious interference. Some of the resulting nitroso
compounds have been described by Zvyagintsev.?781

Quantitative precipitation by thionaiide can be accompiished from
practically all of the media used for receiving the tetroxide. Distillations in
which the absorbing medium is a hot, acid-[ree solution of thionalide are not
satisfactory because of mechanical difficulties. Whereas aqueous soluticns of
sodium hydroxide may be used, the subsequent preparation for precipitation
is lengthy.©®¢1 A collecting medium of hydrogen peroxide is particularly
suitable, because by a proper adjustment of the volume and acidity of the
absorbent, quantitative precipitation can be accomplished directly without
evaporation. One should. of course, filter the solution prior to the precipi-
tation. The ruthenium-thionalide complex does not cuaguiate well if
hydrogen peroxide containing acetaniiide as a stabilizer is used. low results
always being obtained. In all instances a distillate must be heated to boiling
before the addition of thionaiide. I this is rot wcn. 2 residual hydrogen
peroxide reacts with the precipitant. The p-oduct of this reaction is a white
unidentified material with a melting range cf 175-]83°C.

The thionalide-ruthenium precipitate contains one atomic weight of ruth-
enium to two formula weights of thionalide. All efforts to use the precipitate
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as a weighing form have failed. There 1s some evidence to suggest that,
although the reagent is soluble in hot water, the requircd cxcess is not
selectively removed by washing. Alternatively the high results obtained by
direct weighing may be due to the presence of a partially decomposed
ruthenium(Ill) complex containing hydroxide. This would agree with the
customary trivalency of ruthenium in its complexes.

Procedure 72196)

To 50 ml of ruthenium chloride solution, containing from 2 to 20 mg of ruthenium, add
0-6 m! of concentrated hydrochloric acid. If the hydrogen peroxide collecting liquid is to
be used, wash the latter into a 150-ml beaker, similarly acidify, and then boil to destroy the
residual hydrogen peroxide. Weigh out the thionalide in excess of the calculated amount,
dissolve in about 3 mi of ethanol, and add to the ruthenium solution by means of a capillary
tube. (Note I).

Beil until the precipitate is well coagulated. (Insufficient boiling results in low values—
1 hr should be sufficient.) Filter through a 7-cm Whatman No. 42 paper or an A2 porcelain
filtering crucible. In the latter instance, ignite carefully in order to avoid losses by volatili-
zation. If paper is used, place the latter together with the funnel under an infrared lamp to
remove excess of moisture prior to folding and transferring to the crucible, a suitable one
being the high form, 1-3-ml capacity, 5/0 Coors poreelain crucible. Fold the paper carcfully
to protect the precipitate, and transfer to the crucible. Place the latter in a muffle, heat
slowly from the cold in order to char, and then to ignite the organic matter. In the author’s
opinion ignition is more effectively controlled with a micro gas burner.

Transfer the crucible (several may be transferred at one time) to a porcelain boat, and
place the boat in a Vycor tube, 750 x 25 mm (internal diam.) heated by a suitable tube
furnace (Note 2). Allow hydrogen to pass through the cold tube at 2-3 bubbles per sec,
as indicated by a water flow meter placed in scrics at the exit of the tube. Incrcasc the
temperature to 600-700°C over about 30 min, and continue the reduction for about 20 min,
aithough a much shorter time is sometimes sufficient. Allow the furnace to cool somewhat,
and replace the stream of hydrogen with nitrogen. Cool somewhat, move the tube from the
furnace, and place it on a metal sheet to cool, maintaining the nitrogen flow. Cool to room
temperature, transfer the crucible to a silver-plated brass block in a constant humidity
desiccator for 10 min, place it on a balance pan for 10 min, then weigh it. A suitable
humidity may te obtained by adding to the desiccator a saturated solution of calcium
nitrate,

" Notes—1. Itis preferabic to filter the enthanolic reagent solution; for a series of determinations
a standard reagent solution can be prepared. and suitable aliquots used for precipitation.
2. The split type furnacc allows visual observation, and is recommended.

Recently various organic thio compounds have been used for the
precipitation of radio-ruthenium.'?7°) Thioacetamide, thiourea, thiophenol,
fi-mercaptopropionic acid and 2,3-dimercapto-1-propanol precipitate ruth-
enium carrier from a 2-3 M nitric or hydrochloric acid solution. The mixture
is heated to 90-100°C for 30 min. The average recoverv of Ru’®¥ and Ru'%®
1s 94 per cent.

B-Mercaptopropionic acid and 2,3-dimercapto-1-propanol*®°) have also
bevn proposed as precipitants for ruthenium from a nitric acid medium.
Whereas these methods can b2 used effectively to provide a ruthenium carrier,
they have not been examined for geaeral gravimetric determinations, and
anyway will ofier no advantages over thionalide.
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HyDROLYTIC PRECIPITATION

The earliest hydrolytic method for ruthenium involved the absorption of
ruthenium tetroxide in a dilute solution of potassium hvdroxide containing
some ethanol, and the precipitation of ruthenium as an oxide by warming on
a steam bath. This method encourages the adsorption of the alkaii sall.
and continued washing of the precipitate 1s generaily ineffective for its com-
plete removal. Although the evolution of these hydrolytic processes has been
characterized by many contributions. a good degree of perfection has been
reached through the researchers at the National Bureau of Standards. These
advances involved the approach to neutralization from the acidic side, and
thus more effectively avoided the occlusion of silica and the adsorption of
alkali salts. The tendency toward contamination of precipitates formed in
nearly neutral solution, however, is apparent here also, and becomes signifi-
cant for very small amounts of ruthenium. A reduction in the weights and
volumes of reagents in proportion to the smalier weight of ruthenium is not
always feasible. Thus it would seem that a large proportion of the absolute
error associated with the macrodetermination also applies to the micro-
determination. The inaccuracies appear to be partly due to the inefficiency
of the final leaching process. Where good accuracy is required the method is
not recommended for determination of a few mg of ruthenium.

Procedure 731°°) (Modified)

Heat to boiling 100 ml of the ruthenium chloride solution containing 200 mg of ruthcnium.
If ruthenium has been distilled and then collected in a sulphur dioxide-hydrochloric acid
solytion (Chapter 2), evaporate the acid distillate to a moist residue. Repeat this procedure
3 times with hydrochloric acid, then add 25 ml of water, boil to the complete dissolution
of the ruthenium salt, filter, and wash with 0-1 M hydrochloric acid to about 150 ml.
Heat the solution to boiling, and add a 10 per cent solution of sodium bicarbonate to the
appearance of a precipitate. This addition should be carried out slowly, and it is best ac-
complished by the use of a capillary tube or by a small bore pipette. Continue ths heating
and addition of the bicarbonate to a pH of 6. The opumum rate of neutralization is
generally achieved only with some experience (Note 1).

Boil the solution at pH 6 to ensure coagulation. Filter the precipitate through an A2
porcelain filtering crucible and wash with 100 mi of a 1 per cent aqucous so's:icn of ammo-
nium chloride. Then add about 50 mg of wet, solid ammonium chioride to prevent
decrepitation during the ignition. Slowly remove the ammonium chioride by heating
in an atmosphere of hvdrogen, and continue the heating in this atmosphere for 20 min.
Cool the crucible for 20 min in carbon dioxide, and weigh the resiauc as metal (Note 2).

Notes—1. Too rapid an addition of the bicarbonate may result in local neutraiization or in a
final pH greater than 6. In both instances readjustment with an acid solution may result in low
recoveries. The pH may be determined instrumentally or tae usc of a suitable indicator.
A 0-04 per cent solution of bromocresol purple may be uscd, and it s effectively added from a
capillary onto the stirring rod after stirring the hot solution. A convenient rod is madc by
drawing the standard glass rod to provide a narrow neck, terminated by a knob about the
diameter of a pea. A Jittic practice allows an easy detection of the vellow to blue change.

2. The results are persistently a httle high, so it is sometimes advisable to wash the metal
with hot water before weighing. This leaching process may lessen the positive error, but it
does not climinate it. For the lareer amounts of ruthenium, i.e. 50-200 mg, the hydrated
ruthenium(l11) oxide can be filtered through a 7- or 9-cm Whatman No. 42 filter paper. After
its saturation with ammonium chloride, the paper is transferred to a porceclain crucible and
charred very slowly, preferably over a bunsen flame. With proper care with the rate of heating. a
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thin column of fume car be maintaincd Rapid burninz will result in decrepitation and mechinical
carry-over of somce prccmstlllc After charring, the precipitate is strongly ignited and reduced as
described above.

For the larger amounts of ruthentum the hydrolytic precipitation provides very acceptable
accuracy, and the precipitata is readily formed, fiftered and washed. In the presence of nitnic acid
the precipitation is not complete, and if the ruthenium solutions have been treated with nitrate
or nitrite, care must be takew to remove these completelv. This cun be accomphished by repeated
evaporations with hydrochldnc acid.

3
i

| HYDROGEN SULPHIDE

Although ruthenium is a member of the acid-sulphide group, hydrogen
sulphide is not an a'cceptablc gravimetric reagent for this metal. The
procedures included in various text-books direct that precipitation be made
in a hydrochloric acxd!medxum The brown ruthenium(II1) sulphide precipi-
tates very slowly and incompletely. The application of pressure improves the
precipitation, but in the opinion of the author the method is not a good one
under any circumstances. Furthermore, the ignition of sulphides and the
subsequent reduction to metal seldom provides a sufficiently pure metal.

Recently, a sulphide precipitation method has been recorded!?®!] that
offers promises of useful applications. The procedure involves the addition
of a large excess of sodium sulphide to a slightly ammoniacal solution of
ruthenium chloride, fqllowcd by the addition of acetic acid and ammonium
acetate. The precipitate of Ru,S,-2H,0, purified by successive washings with
water, ethanol and ether, and dried in vacuo, is weighed directly. The results
indicate high accuracy:and precision; the errors over the range 18-86 mg of
ruthenium were less than 0-1 per cent. An examination of the method by the
present author showed that the weight of recovered ruthenium is actually
40-55 per cent. No explanation for these discrepancies in both precision
and accuracy has been' recorded.l[282]

Thus, ncsulphide method canbe recommendedas a gravnmetnc procedurefor
ruthenium. On the other hand, the proposed sulphide procedure!2#!1 is poten-
tially a useful separatxopal method. To a degree it has been thus applied.(283]

REDUCTANTS

Ethanol has been u;sed as a reductant of ruthenium tetroxide in alkaline
solution. The methodihas practicaliv nothing to recommend it.

The usual selection of metallic reductants has been proposed for ruthenium.
Magnesium and zinc have been most frequently used. The problem presented
by these theoretically attractive methods is concerned with the quantitative
removal of excess of feductant. Because these metaiiic reductants are rela-
tively easily attacked by dilute acids, and because ruthenium metal is con-
sidered to be inert to n'pneral acids, it would appear that selective leaching is a
very simple purifying ‘process. Some aspects of this technique have been
discussed in Chapter 2, but aside {rem the susceptibility of finely divided
platinum metals to attacks vy acias, there is the diflicuity that at Jeast some
of the platinum me'alswyll form alloys with metallic reductants. particularly

|
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at ignition temperatures. One aspect of this difficulty is discussed with the
zinc precipitation ol platinum described in Procedure 103, Altheugh no
data have been provided to deal with this phcnomenon where it concerns
ruthenium, one may expect that the selective dissolution of zinc will introduce
difficulties comparable to those found with platinum.

Ayres and Young?”7) reject methods involving reduction by zinc or
magnesium. Their work indicated that the precipilated ruthenium was in a
very fine state that adhered to the beaker wall and contained the reductant
metal. Iron as a reductant was also rejected. Even though insufficient data
arc available concerning the efficiency of metallic reductants, one would
expect that magnesium would be relatively efficient. Even though both the
hydrolytic and thionalide procedures are to be preferred. the application of
reductants can be useful for preliminary separations and spectal adaptations.
Kennedy and Fitzgerald!?®#*) used magnesium to isolate ruthenium from
solutions of vggetable matter, and applied radioactive techniques for its
determination. Similarly, magnesium was used by Shannon!?8%! 10 determine
radio-ruthenium gravimetrically in organic matter with a subsequent measure-
ment of f-activity.

Magnesium was used by Pshenitsyn and Fedcrovi?8®l to precipitate the
ruthenium in copper-nicke! slimes according to the following procedure:
Procedure 74128¢]

To 150 ml of the slightly acidic solution containing 25-100 mg of ruthenium add an
cxcess of powdcred magnesium. Heat to dissolve the excess of magnesium, but note that
prolonged heating in a slightly acidic solution may result in some dissolution of the fineiy
divided ruthenium. Filter through an A2 porcelain filtering crucible, and wash with 0-1 n

sulphuric acid, then with water. Dry at about 100°C, ignite in a current of hydrogen, cool
in carbon dioxide, and weigh as the metal.

Osmium

In most natural occurrences of the platinum metals osmium forms a small
part of the relatively small proportion of the material that is usually termed
‘ the insolubles . In this residue osmium is sometimes assumed 1o exist as
some type of " iridosmium . This nomenclature persists despite the fact that
very little is known about the chemicai or mineraiogical properties of
iridosmines, and even less is known about the properties ol the assumed
iridosmines in the ** insoluble ™ encountered durir.g the analysis of platinum
ores and concentrates.

It is an astonishing fact that analvtical chemistry literature contains no
record of the successful application of any procedure for the direct determi-
nation of osmium i~ ores. It is a cood guess that those industiies concerned
with the recovery of osmium in ores do not xnow their percentipe recovery.
Extractive processes which involve roasting may weil infiuence adversely the
osmium recovery.

Obviously. gravimetric reagents for osmium can find ne direct application
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to the determination of the small amounts to be found in ores. From time to
time, however, one is required to ascertain the composition of minerals or
concentrates which do contain sufficiently high proportions of osmium.
Most fortunately, one‘may isolate osmium easily from associated metals by
the distillation of the tetroxide. and for such distillates gravimetric methods
may be useful. '

Various standard ré‘ducing reagents such as aluminium, hydrazine and
formaldehyde have been applied. The most effective gravimetric methods
involve precipitation by sodium hydrogen carbonate, strychnine sulphate,
thionalide, acridine and 2-phenylbenzothiazole. Hydrogen sulphide and
1,2,3-benzotriazole have also been used as precipitants.

STRYCHNINE SULPHATE, (C,1H,,0,N,),-H,80,

Whereas many orga;aic reagents have been found to precipitate osmium,
none of the precipitates could be used as weighing forms. Because ignition in
air is inadmissible, there has been little encouragement to seek quantitative
organic precipitants. Strychnine sulphate was used by Ogburn and Miller{287)
to quantitatively precipitate a canary-yellow complex that was used as a
weighing form; but because the Jatter was not a pure substance the authors
used an experimentally determined correction factor, a subterfuge that is
seldom satisfactory and was not so in this instance.

Further work on strychnine as a precipitant was reported by Hoffman
eral ,12*¥1 who were able to use this reagent for quantitative purposes through
their discovery that certain osmium-organic complexes could be ignited. An
ignition in hydrogen was made possible through the cataiytic influence of the
metal in producing volatile organic compounds, presumably methane, etc. The
red-brown complex of strychnine and bromo-osmate was produced quanti-
tatively in neutral media, ignited in hydrogen to the metal and weighed as such.

Some controversy has existed concerning the composition of the precipitate
and the effectiveness af strychnine as a quantitative reagent. Ogburn and
Miiier believed that thé precipitate contained neither chlorine nor sulphate.
and that 1t was probably composed cf one atomic weight of osmium and three
formula weight of strychnine. Giichrist!! °®? found the precipitation to be
incomplete. and stated that complexes formed from ammonium bromosmate
and chiorosmate were different, and that the precipitates were probably the
strychnine salis of the corresponding haio-osmate anions. The present
author’s data confirmed both the composiiicns reported bv Gilchrist and
Ogburn and Miller’s contention that precipitation was complete, but only,
however, with the bromosmate solutions. Inexplicably, the latter’s value for
the osmium content of tne strychnine chlorosmate was also confirmed
although these authorg bud rerories .2 absence of halogen in the precipitate,

Unfortunately, the methou has nol been suceessfully applied to either the
chlorosmate or to the o$mium distillates in sulphur dioxide~hvdrochloric acid
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solutions. In these media amounts of' the order of 0-1-0-2 mg arc found in
the filtrate.

A further difficulty with the strychnine precipitation is associated with the
requirement of a neutral or slightly acidic precipitating medium. Under these
conditions associated base metals and some of the platinum metals are
simultaneously precipitated. Even though osmium is always isolated before
its determination, small amounts of impuritics, such as iron derived from
reagents or glass-ware. may contaminate precipitates obtained in necarly
neutral solutions. and these become significant when mg amounts of precipi-
tate are involved. It is this same difficulty that detracts from the generally
useful hydrolytic method described below. In this connection one should bear
in mind that among all gravimetric methods only osmium determinations
may allow a direct determination of solid impuritics in the metal precipitate.
With few exceptions osmium may be removed in oxygen as the volalile
tetroxide, thus éxposing such impurities as iron. silica, etc. The few exceptions
are concerned with the unexplained failure to volatilize osmium from certain
silica residues, even at red heat.l'°2) There is evidence that this retention of
osmium will vary with the character of the precipitating medium. It is more
significant with absorbing liquids of hydrobromic acid than with hydro-
chloric acid-sulphur dioxide absorbants. As would be expected, however,
errors of this type become significant only with mg amounts of precipitate.

Procedure 7512881

Slowly evaporate the hydrobromic acid absorbing solution, after the distillation
of osmium tetroxide, to a small velume. Dilute, filter, and add water 10 a volume of about
50 ml. Add to this solution a hydrobromic acid solution containing 3-20 mig of csmium
(or a solution containing an equivalent amount of ammonium bremosmate) followed by
an excess of an aqueous solution of strychnine sulphate, B.P. or U.S.P. grade. The red-
brown complex forms immediately. Coagulate by heating on a steam bath for several min.
Cool, allow to settle, and filter through a tared A2 porcelain filtering crucible. Transfer
the last particles by repeated washing with smail amounts of 0-02 m hvdrochioric acid.
Place the crucible in a clear quartz ignition tube, and allow hydrogen to flow for 5 min.
Then ignite slowly over a low flame, and. after the removal of carbon. continue heating for
2 hr with the full heat of a Meker burner. Cool in hvdrogen. then in nitrozen, and place the
crucible for 10 min in a constant humidity desiccator containing a saturated soiution of
calcium nitrate, then allow the crucible to stand in the balance case for 20 min. Repeat
the ignition in hydrogen to constant weight. Place the crucible in a protected position 1n a
muffic at 750°C for 1 hr. Again ignitc in hydrogen. and weigh as described abose. Subtract
this weight from the initial weight to obtain the blank.

2-PHENYLBENZOTHIAZOLE

‘,’/" \\/L \\\ ,‘A\
P C—< ‘

SN - M’
. NS

By a procedure similar to that described above, 2-phenvibenzothiazole
can be used to precipitate an osmium complex from a bromosmate solution,
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but, as with strychnine, there is an inccmplete precipitation with the chloro
complex or the sulphur dioxide-hydrochioric acid distillates. The method of
ignition is that used for the strychnine complex. but with the thiazole there is a
tendency to liquefy during ignition in hydrogen. Possible losses. due to this
liquid passing through "the porcelain filter, can be eliminated by the use
of a small porcelain cap upon which the crucible is placed. The empirical
formula for the osmium complex is OsL,Br, (L = reagent). A corresponding
chloro complex 1s also 'formed.

Procedure 76(288)

Add the weighed sample of ammonium bromosmate, containing from 3-25 mg of osmium,
or the filtered hydrobromic:acid receiving solution from the distillation of the tetroxide,
to a 100-ml beaker. To the former salt add 25 ml of 4 M hydrobromic acid and an excess of
2-phenylbenzothiazole (m.p. 114-115°C) dissolved in 25ml of 4 M hydrobromic acid.
The dark red compound is formed immediately at room temperature. Allow the mixture to
settle, and filter through a tared A2 filtering crucible. Transfer the fine particles with a
feather or a glass rod drawn to a narrow stem, the end of which is fused to form a small
glass globule. Wash with-small amounts of 0-2 M hydrochloric acid. Place the crucible on a
small porcelain cap, both of which are tarcd, burn the organic mattcr in hydrogen, ignitc,
and weigh as described in Procedure 75. For greater accutacy deicrmine ihe blank by
ignition in air as previously described in Procedure 75.

In a later application of this reagent to the hydrobromic acid distillates
obtained from sulphuric acid-hydrogen peroxide oxidations and involving
amounts of osmium as low as 2 mg it was found that additions of hydroxylam-
monium chioride were required to initiate the precipitation'that then occurred
slowly; about 24 hr were required to ensure quantitative recovery.[®3 A
modified procedure is therefore recommended for this distillation. In this
connection it is well to note again the marked effect of the chemical history

of the p. \inum metal solution on the analytical method.

Procedure 771531

Rinse the reczivers with 12 4 hvdrobromic acid into a beaker of suitable size, and add
200 mg of hydroxylammoniym chloride. Piace on a steam bath for 30 min. Precipitate
with excess of reagent. Allow to stand for 45 hr, filter, ignite. and weigh as described in
Procedure 75.

'

THIONALIDE

(For formula, see p. 250.)

This precipitant, whose application to ruthenium is described above, is the
most generally applicable of the three organic reagents for osmium. Unlike
sirychnine and 2-phenylbenzothiazole, thionalide can be used for hydro-
chloric acid-suiphur dioxide distillates of osmium tetroxide. It is not recom-
mended for hydrogen peroxide-sulphuric acid distillations, however, because
the coagulation of the precipitate is incompiete. The cause of this is not
known with certainty, and its circumvention would be advantagecus. It may
be noted that the blank resicue from the thionalide precipitation obtained in
tae final volatilization of csimium may contain magnesium: the latter is
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present through its use as o reducing reagent for the preparation of
thionaiide. When thionalide cannot be readily purchased. onc may prepare
the reagent according 1o a recipe prepared by the present author.28%0 The
thionalide complex contains one atomic weight of osmium to three formula
weights of thionaiide, as opposed to ruthenium, which has one of ruthenium

to two of thionalide.

Procedure 7312881

Add to a 100-ml beaker either a sample of ammonium bromo- or chlorosmate con-
taining 2-30 mg of osmium or the osmium distillate in a hvdrobromic or hyvdrochloric
acid-sulphur dioxide solution. I the latter is used the sulphur dioxide must be removed by
the usual repeated cvaporations with hydrochioric acid. Alow the distiliates collected
by the sulphur dioxide-hydrochloric acid solutions to stand overnight berore evaporating
them. Adjust to make the 50 mi of solution 0-5 M in acid (Note 1).

Add an excess of thionalide dissolved in 15 mil of cthanol, The method of this addition
will contribute to the succzss of the determination. Gently boil the solution and inttially
add the thionalide effectively by means of a capillary (ube. or anyway in small drops.
over about 30 min. Altcrnatively, a burctic with the tip extending into a hole bored in a
borosilicate watch gluss is convenient for the slow addition. Boil the contenis of the
beaker for 2 br to give a well-congulated precipitaiv and a cicar supermatant liquid. Heat
on a steam bath for another hr. keeping the volume constant by adding water when
neeessary. Decant the supernatant liquid through an A2 porcclam crucible pres iously
heated in hydrogen to constant weight. Use the technique of filtration, ignition and weighing
as described in Procedure 75.

Note—This solution is not filtered prior to precipitation because true blanks mav be casily

obtained by dircct ignition in air of the osmium metal (see Procedure 75).

Comparing the above three reagents, the methods of determining osmium
with strychnine sulphate and 2-phenylbenzothiazole present greater ease of
operation and require less time than the thionalide method. The thionalide
complex, however, coagulates particularly well, and less care need be taken
with its ignition. The precipitation of strychninc sulphate has the disadvantage
of being made in neutral or slightly acidic media, in which instance certain
other trace metals may be simultaneously precipitated as their hydrated
oxides. The procedurc with 2-phenylbenzothiazole is made in a strongly
acidic medium, and hence this difficulty is overcome. It is interesting to note
that when osmium is precipitated by 2-phenylbenzothiazole from a weakly
acidic solution, a black complex of unknown composition is formed.

{t is unfortunate that nonc of the above three complexcs. precipitated as
described, are sufficiently pure to serve as weighing forms.

1.2.3-BExzOTRIAZOLE (CgHNjy)
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An osmium organic complex recommended as a weighing form was
recorded by Wilson and Bave.!??®) The method requires precipitation by
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1.2,3-benzotriazole from an acetic acid-sodium acetate bullered medium, and
involves the precipitation of Os(OH)(C H Ny, a beige precipitate: it is
washed with hot water and dried for 1 hr at 110°C. The method is applied
directly to osmium(VI11) distilled into 0-1 M sodium hydroxide. The results
reported by the authors on samples of 2-25 mg indicate excellent precision
and accuracy.

Because the above method, as presented, appears to be the most effective
of any recorded procedure, the present author has attempted its application
under a variety of conditions, including those assigned by the authors.
Unfortunately, neither the accuracy nor the precision indicated by the original
report has been verified. Indeed. all of the data so far accumuiated indicate
that, whereas the precipitation is complete, the complex formed is either not a
single substance or, more probably, it is admixed with an impurity not
amenable to the recommended washing technique. Although the method is
not recommended, one may hope that the failures experienced by the author
may have resulted from some unacceptable technique.

ACRIDINE
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Acetic acid solutions of acridine have been used to precipitate various
weighing forms of osmium. Spacu and Gheorghiu'?*') precipitated H,0sCl,
(acridine), and H,OsBrg (acridine), from hydrochloric and hydrobromic
acid solutions of osmium respectivelv. The methods are also applicable to
hydrochloric acid solutions containing ethanol. The weighing forms are
prepared by washing with ethanol, then with ether, and drying in a vacuum.
There is no interference from copper, chromium. cobalt or iron for the
chloro complex.

A third mcthod produced the weighing form |OsTu, ]| Cr(SCN),J* from
hydrochloric or sulphuric acid solutions. A hydrochloric acid solution of
thiourea and an excess of a concentrated solution of KICr(CNS)¢1 - 4H,0
were added, and the precipitate was dried at J05"C. The method required a
prior distillation to remove impurities. All three methods have been recom-
mended for mg amounts of csmium.

Procedure 79.12°'Y Acridine Method

Add to 10-15 ml of the hydrochloric acid solution containing 6:6-5 mg of osmium, an
excess of a 2 per cont acstic acid solution of acridine. Heat the vellow solution for a few
mur, cool. and filier the brown precipitate through a microfilter crucible. Wash initially

* Tu = Thiource.
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with very dilute acctic acid, then with distiled water, then with vs per cent cthanol and
finaliy with absolute cithanol and cther. Dry for 5210 min in a4 vacuum i room
temperature, and weigh as HLOsCl(acridinge) .

Note. For [OsBrg)® ™, the method of determination is comparable 1o the ahove procedure,
except that washing is accomphisized »oth acetic acid and water, and the precipitute s dricd
at 110°C.

The thiocyanate method requires the reagent K,[Cr(CNS)] - 4H,0.
Its preparation is included in the following proccdure.

Procedure 80.12°!! Thiocyanate Method

The Preparation of K,[Cr(CNS)e}'4H,0. Mix 15 g of potassium thiocyanate and 125 g
of chrome alum. The colour changes from violet to pink. Warm at 80 C lor 2 hr, then cool
to room temperature. Add cthanol to remove the suiphate, filter, and cvaporate to incipient
crystallization.

Procedure. Add to the hydrochloric or sulphuric acid solution of osmium tetroxide a
hydrochioric acid solution of thiourea, and after 15-20 min add an excess of the con-
centrated chromium thiocyanate reagent. Allow to scttic. and filier through an A2 or A
porous-bottomed filtering crucible. Wash with water, drv at 105 C, and weigh as [OsTug]
[Cr(SCN), .

HYDROLYTIC PRECIPITATION

The characteristics of this method have been discussed in Procedure 73.
Emphasis is given here to the necessity of a carefully made initial precipitation,
particularly when small amounts of osmium are to be determinced. One may
experience with the hydrolytic precipitation of osmium a phenomenon that
is recognized by analytical chemists of long experience, viz., difficulties

incident to inexperience with a method may be overcome with no clear

recognition of the nature of the technical improvement. Most assuredly,
once accomplished successfully, the hydroiytic precipitation is one of the
most satisfactory methods af analvsis. There is little doubt that some of
these difficulties arise from our ignorance of the identitics of the dissolved
platinum metals constituents.

As for ruthenium, ro method for osmium should be expected to apply to
all of the various solution compositions normally obtained during the
distillation and collection of osmium tetroxide. The receiving solutions used
for osmium are generally those used for ruthenium. and each tvpe requires
some variation in technique before the precipitant is added. The hydro-
chloric acid-sulphur dioxide solution is a useful receiving liquid, but all types
of following analytical gravimetric dcterminations require the removal of
sulphur dioxide prior to precipitation. Gilchrist! °°1 removed suiphur
dioxide by evaporation and subsequent boiling with kvdrochloric acid.
Various authors, however. have obtained low res il for osmium by this
process; these errors, although small. become sigr {'¢ .1t with mg amounts
of osmium. This error has been attributed by som.'? !0 the voiatilization’
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of osmium during evaporations, but other investigatorst' ¥ have found no
loss of osmium during evaporations. Anvway it has been found that if the
hydrochloric acid-sulphur dioxide distillates are allowed to stand fo
12-16 hr at room temperature no loss of osmium occurs when the sotution is
concentrated by boiling. It is also a fact that while the addition of thiourea
to fresh distillates results in the development of the intense rose colour of the

osmium~thiourea complex, distillates several hr old give a colour of reduced.

intensity and distillates 24 hr old may yield no colour.

These observations have received various explanations. It has been sug-
gested that the [resh distillates contain some dissolved osmium tletroxide that
is lost when the solutions arc heated before the reduction of the (etroxide is
complete. Geilmann and Neeb!'°* have shown that the evaporation of the
sulphur dioxide-hydrochloric receiving solution does not resuit in loss of
osmium. It is not improbable that the change in the thiourea reaction results
from changes in the identity of the dissolved osmium complex.

The hydrolytic method described below is recommended for amounts of
osrmum of the order of 15-50 mg. It is not recommended for a few mg of
osmium when high accuracy is required. By an appropriate adjustment of
volume and reagents, amounts of osmium as large as 200-300 mg may be
similarly determined. It may occur to the analytical chemist that the
hydrolytic precipitation, with its relatively grcat advantage in the favourable
physical characteristics of the precipitate, can be applicd to cven very small
weights of metal, despite the significant accumulation of impurities. The
application to mg amounts would merely require the determination of a
true blank by a final oxidation to remove the osmium as the tetroxide.
Some data have been recorded which bear upon this problem.[' 2} Spectro-
grams of these residues remaining after volatilization of the osmium revealed
the presence of iron, silica and osmium. The oxidation of the residues at
high temperature failed to remove the osmium. The treatment of these
residues with nitric acid was also ineffective. although fusions with sodium
carbonate released the osmium. The fact that osmium is sometimes retained
even after ignition scarcely encourages the indiscriminate use of the “ true
plank ™ method to achieve improved accuracy.

Procedure 811122

To 50-75 mt of the boiling dilute hydrochioric acid solution of the osmium salt or the
hydrochloric acid-sulphur dioxidc distillatc. trcated as descrited above to remove sulphur
dioxide. add. initially dropwise, a 10 per cent solution of sodium nvdrogen carbonate.
After the appearance and coagulation of the hvdrated oxide of osmium. cortinuc the
addiuon of the hydrogen carbonzie solution to a pH of 4, as indicated by adding a drop of
0-04 per cent bromephenol blue indicaio: solution to the stirring rod. as described for
ruthentum in Procedure 720 Beil 1oy compleic ¢ agulation. Add 10 mi of fiitered 95 per cent
cthanol (o ussist the coagulation. P e on o itcam bath for at least 2 hr. Decant the super-
natant liquid through a weigned porous AZ porcelain crucibie. Add to the o-ecinitate in the
beaker 25 ml of a I per cent ammenium chleride soiution and 10 mi of 95 per cent ethanoi.
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Return the beaker to the stcam bath for 1S min, and then decant as before. Wash the
precipitate 4 times with the 1 per cent ammonium chloride solution, transierring each time
to the crucible. Complete the transfer of the oxide with the assistance of a filtering feather,
wash with u few ml of ethanol, and then cover with reerystablized ammonium chloride.
Place the crucible in a quartz ignition tube through which hydrogen is allowed to Now.
After 5 min. heat with a Meker burner until the ammonium chloride is volatilized. Ignite
at full heat for | hr, cool in hydrogen for S min and then in nitrogen for 15 min. Place in a
desiccator with a saturated solution of calcium nitrate for 10 min, and weigh after standing
in the balance casc for 20 min. Obtain the blank by igniting the osmium metal in air and
repeating the heating and the weighing technique described above.

Tabie 38 indicates the cffectiveness of the determination when it is app-
lied to 5 mg ol osmium. Because the blanks are not proportional lo the
weight of osmium metal. but are dependent targely upon the amount of
reagents and the volume used. the accuracy obtained with large samples
can be very acceptable.

TABLE 38. HYDROLYTIC DETERMINATIONS OF OSMIUM DISSOLVED IN SULPHUR DIOXIDE-
HYDROCHLORIC ACID SOLUTIONS AFTER BEING DISTILLED FROM AMMONIUM BROMOSMATE
SOLUTIONS BY NITRIC ACID!'02]

i ‘
Sample Osmium | Total wt. 1 Wt. of residue ‘ Osmium : Difference
No. taken (as of reduced : after volatili- * volatilized ! between
ammonium | precipitate | zation of . osmium taken
bromosmatc) 1 osmium r : and
tetroxide | - volatilized
(mg) (mg) i (mg) : (mg) | (werght 97)
1 4-893 5441 | 0-716 | 4725 -35
2 5193 s686 | 0594 | 5092 | -20
3 5-051 i 0-704 | 4924 | -23
4 4-920 l 0-485 i 4821 | -290
5 5-236 | i 1-372 4-757 -9-2
6 5-321 i ! 1:042 5210 -2
7 5-219 | : 0-745 : 5-046 —-3-3
8 5-337 § | 0-986 ! 5-072 -5-0
| !

OTHER ORGANIC REAGENTS

A number of organic reagents offer some promise of gravimetric application
for osmium. One may entertain the hope that satisfactory directly weighable
osmium complexes will yet be forthcoming. Table 39 records the results of an
investigation designed to learn the functional organic group for a gravimetric
application.

OTHER METHODS
It is necessary to deal with a secmingiv obvious method for the determi-
nation of osmium in acid distillates. This procedure involves the evaporation
of the volatiie absorbent and the subsequent drving and ignition in hydrogen
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of the collected osmium. The difficulty with this simple procedure concerns
the accumulation of the impurities that arc not readily removed by selective
leaching. Whereas the method may be used for approximate determinations,
it has no advantages and is. of coursc. not recommended for accurate
analysis.

TABLE 39. ORGANIC REAGENTS 1OR OSMIUMI 2951

[
| Hydrochloric acid
Reagents strength of medium

i 005m ERY]
| .

Substitsed thiuzoles
2-Aminobenzothiazole
2-Aminothiazole
6-Amino-2-mercaptobenzothiazole
2-Amino-4-( p-diphenyl)thiazole
2-Ethylmercaptobenzoxazole
2-Hydroxyphenylbenzoxazole
2-Mercaptobenzoxazolc
2-Mercaptobenzothiazole
2-Mercapto-4,5-dimethyithiazole
2-Mercapto-4-phenylthiazole
3-Methylmercaptobenzothiazole
6-Nitro-2-mercaptobenzothiazole
2-Phenylbenzothiazole

[N e
Toeo
U "guoa

col

Q
ww a2anx

Subsrituted thioureas
1.3-Diphcnylthiourea
Diphenylthiocarbazide
1,3-Di-(p-tolyDthiourea .
1-Acetyl-2-thiohydantoin
5-Benzal-2-thiohydantoin
1-Benzoyl-2-thiohydantoin
5-Furfural-Z-thiohvdantoin
5-(2-Hydroxybenzal)-2-thiohydantoin

TWwwowogNan

Other reagents

Brucine
p-Nitrophenyvlazo-1-naphthoi
1-Nitroso-2-naphthoi
1,10-Phenanthrolinc
Strvchnine sulphate

A. S. Cand D refer to the quantities of esmium found in the Sjtratc. vi 1z.. A. nondetectable;
B, 20 tc 40 ug; C. 40 to 100 pg: D. > 100 ng: col. colour. .

A somewhat unusual approach to the determination of osmium is recorded
by Musil and Pictsch,292) who distilled osmium in a stream of oxygen into a
previously weighed bulb coniuinin. potassium hvdroxide. The mcthod may
have some value in specific instances where large amcunts of osmium are to
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be determined, but it is not recommended for gencral use. The difficulties
incident to weighing bulbs vitiate the application of the method.

Various standard reducing rcagents have been used for osmium.
Aluminium, 12230 hydrazine! 271 and form: ddehyde 71 huve been applicd,
but none of these is recommended. Hvdrogen suiphide has been used
frequently, but it also is an unacceptable reagent,

Rhodium

Rhodium is onc of the very minor constituents of platinum metal ores,
Its analytical isolation has fong been a most dillicuh process. Although the
metal resists attack by the usual acid and oxidizing mixtures. it is dissolved
under suitable conditions by sulphuric acid and by fusion with certain acid
sulphate salts. It was this property that was applicd until very recently to
the quantitative lcoiatxon of rhodium by a procedure that was laborious and
inaccurate,

It is unfortunate that this single aqueous dissolution method should
introduce an interference into most ¢f the methods {or determining thodium.
This interference is frequently accentuated when the sulphate solutions have
been subjected to fuming, a process that is sometimes required for the removal
of the associated elements ruthenium and osmium. These facts should be
recognized by those researchers who seek to find new reagents for the
quantitative determination of the platinum metals, particularly when the
extent of interference from associated metals is (o be determined.

At the present time there are few analviical methods for the determination
of rhodium. No gravimetric réagent is specific. In general, these reagents find
application to the isolation en masse of various groups of associated metais,
and are used for the quantitative determination of rhodium onlv in solutions
free of other heavy metal cations,

Limited separations of rhodium may be accomplished by a variety of
procedures, however, Certain base metals may be isolated from rhodium by
hydrolysis in the presence of nitrite,”'** '#*) 3 method which may become
increasingly difficult as the amounts of rhodium relative to the amounts of
base metals become smaller. Hydrolvsis to the oxide will also separate
platinum(IV).'#*} " Gold may be climinated by a variety of reducing
reagents,'?**) and dimethylglyoxime effectively scparates palladium. Ruth-
enium and osmium are usually separated by distillation.

Combinations of iridium and rhodium present the greatest challenge.
Selective corrosion by treatment with various acids. acid salts and oxidizing
mixtures has, until recently. been the only quantitative method avaiiable.
This process forms part of long-established w2t asay procedures. In some
instances its application is futile; in other instances it is laborious and
inaccurate. In general, particularly when smali amounts of metal are con-
cerned or when gonod accuracy is required, the process of selective extraction
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by corrosive reagents should be abandoned. Recently, the accurate
separation of pg amounts of rhodium and irdium has been effected by selective
reduction,!* > ' 24] but the reaction products introduce additional difficuities
in the subsequent determination of iridium, a problem that is sufficiently
onerous in itself. Fortunately, there are now available the processes of separa-
tion by chromatography,!!?°) jon-exchange!! 26 129 1741 4nd solvent extrac-
tion.l'3% These methods offer the greatest hope for those who must
determine accurately the proportions of rhodium and iridium in such
complex materials as ores and concentrates.

The reagents used for the quantitative precipitation of rhodium are
thiobarbituric acid, 2-mercaptobenzoxazole, thioacetanilide, ammonium
p-aminophenyldithiocarbamate, hexammino-cobalt salts, hydrogen sulphide,
sodium hydrogen carbonate and reducing reagents such as hydrazine
sulphate, formic acid and titanium(11l) chloride.

THIOBARBITURIC ACID
O

N
HN |
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Thiobarbituric acid is used successfully to precipitate an impure rhodium
complex that requires ignition and reduction to the metallic weighing form.
The brown precipitate contains one atomic weight of rhodium and two
formula weights of thiobarbituric acid, such a relationship suggesting the
unusual valence of two for rhodium. The reagent will similarly precipitate
palladium, but whereas copper, nicke! and iron do not readily form precipitates
under the conditions recommended for the precipitation of rhodium one
should not always expect freedom from interference from these metals.
Anyway, it is advisable to isolate rhodium. The thiobarbituric acid method
produces results comparable in accuracy to determinations using hydrogen
sulphide. In both instances the resuits tend to be a little high when ignitions
are not most carefully ‘made. This is a general characteristic of the precipi-
tation of the piatinum metals by organic reagents containing sulphur, and
these positive errors are not aiwayvs the result of ineffective ignition.

As with the hydrogen sulphide method, the dissoived rnodium constituent
should be in the chloride form. Although the reagent has not been used for
solutions whose history of preparation includes fuming with sulphuric acid,
it 1s unlikely in these circiunsiances 1o be found quartitatively satisfactory.
For these selutions the prypa-ation for precipitation outlined for the hydro-
gen sulphide method, Procesure §7, snould be followed.

GRAVIMETRIC METHODS FOR SCVEN NOBLE METALS 267

Frequently, the determination of rhodium is preceded by the destruction of
organic matter, and one of the most eflcctive oxidizing reagents for this
purpose is a hot mixture of sulphuric and nitric acids. This techmque
requires some experience when precipitation is adversely affected by small
amounts of nitric acid. Even strong fuming sometimes fails to remove the
last traces of nitrogen compounds. Intermittent evaporation with water
followed by strong fuming is effective, but a more satisfactory procedure
invelves the oxidation of the organic matter by hot nitric acid containing some
30 per cent hydrogen peroxide solution.

Procedure 8212°6)

Add to 200 m! of rhodium solution (in the chloride form) containing 2-25 mg of the metal,
3 ml of hydrochloric acid, 10 ml of a solution of a freshly prepared and filterced ] -4 per cent
w/v thiobarbituric acid in 95 per cent ethanol. and heat to boiling.” The pink solution of
rhodium becomes dark red-brown with a fine red-brown precipitatc appearing after 2-3 min
boiling. Continue boiling for 2 hr, which should be sufficient for good coagulation. If
bumping occurs, add a few cm? of ashless paper tablets. Transfer the supernatant hquid to a
7-cm Whatman No. 42 filter paper, wash the precipitate in the beaker with water. aliow it
to settle, and again transfer the supernatant liquid to the paper. Transfer the precipitatc
with a fine stream of water, and clean the beaker wall with a small piece of ashless paper
moved about by the stirring rod. Place the paper and contents in a porcelain crucible
(2-ml crucibles for mg-samples), and ignite at 650~700°C in a2 muffle. Reduce in hydrogen,
cool in the same gas then in nitrogen, and weigh as the metal. The ignition and weighing
techniques are as described above for ruthenium in Procedure 72.

2-MERCAPTOBENZOXAZOLE AND 2-M ERCAPTOBENZOTHIAZOLE

PAVZAN

| N
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Both 2-mercaptobenzoxazole and the corresponding thiazole *vere used by
Haines and Ryan'?®7) to precipitate compiexes of rhodium fiom soiutions
containing ammonium chloride. Complete precipitation in 0-¢:2 M nitric acid
occurs with the thiazole but low results are obtained in this medium with the
oxazole. The latter forms a compiex with rhodium containing three formula
weights of precipitant to one atomic weight of rhodium. The accuracy and
precision of this method arc comparable to that obtained with thiobarbituric
acid.

Procedure 83t2971

To the rhodium chioride soiution containing 5-20 mg of rhodium, add 5 mlof a | per cent
agueous ammonium chloride solution. and make up to about 50 mi with water. Heat to
boiling, and add 3—4 ml of the reagent solution containing 15 g of 2-mercaptobenzoxazole
or 2-mercaptobenzothiazole in 100 mi of giacial acetic acid. Cerntinuc the incipient boiling
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for at least 2 hr, cool, and filter through a 7-cm Whatman Ne. 42 filter paper. Wash well
with 0-1 M acctic acid, ignite in air, reduce in hydrogen, cool in carbon dioxide, and weigh
as rhodium metal. T'he technique of ignition, reduction and weighing is as described in
Procedure 72.

THIOACETANILIDE

A number of potentially useful precipitation procedures have been
recorded for the separation of rhodium from iridium and the subscquent
gravimetric determination of rhodium and/or iridium. These methods
involve the reduction of rhodium to the divalent state and the subsequent
selective precipitation by the addition of some organic precipitant. The
reductants that have been used successfully are chromium(Il) chloride,
titanium(11I) chloride or hypovanadous chloride; the precipitants include a
large number of organic thio compounds. :

Pollard precipitated rhodium with 2-mercaptobenzothiazole after a
reduction with titanium(II1) chloride, and then determined iridium in the
filtrate. The voluminous rhodium complex precipitate restricted the method
to micro amounts, and furthermore the subsequent determination of iridium
in the filtrate is an involved process and unsuited to micro amounts.

Jackson!!237 preferred to reduce rhodium with chromium(I[) chloride and
to precipitate rhodium with thioacetanilide. Iridium was determined in the
filtrate by a thiourea method (Procedure 91).

The rhodium complex has the composition Rh(C H~-NH-CS-CH,),Cl,.
Precipitation from hydrochloric acid results in contamination by iridium, but
a satisfactory separation is accomplished in a solution containing nitric and
sulphuric acids together with lithium sulphate that has been taken to fumes
and subsequently diluted with water. The ignited and reduced rhodium metal
is generally contaminated by a small amount of chromium. This is removed
by chlorination and then leaching with aqua regia. It is claimed that iron,
cobalt and nickel do not precipitate under the prescribed conditions for
rhodium, but there is no proof of their non-interferencs.

Procedure 84112

Evaporate the chloride solution containing about 1-100 mg of rhodium in 10 ml of
concentrated nitric acid and 10 ml of the sulphuric acid-lithium sulphate soiution (266 g
of lithium sulphate in.] I, of cond envrated sulphuric ccid warmed ic dissoive) until fumes are
cviived, Heat strongly, and ad.) )-S ml ol perchloric acid to easure complete dissolution.
Allpw the reaction 1o subside. a:i¢ ther. ¢l Dilute, boil, and cool to room temperature.

Dilute to between 200 and 3C0 in! with cold distilled water and add about 0-5ml of a
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filtered thioacetanilide solution (2 2 of thioacetanilide in 100 ml of glacial acetic acid)
per mg of rhodium present, followed by 25 mibof a 10 & chromium(tl) chioride solution.
During this addition stir the solution. and take care to avoid atmospheric oxidation of the
chromiumtll). Set aside for 2-3 hr, and stir the solution occusionally. Filier the solution
through an 11-cm Whatman No. 44 filter paper, wash the rhodium precipitate thoroughly
with (1 + 99) hydrochioric acid and sct the filtrate aside for the determination of iridium
as described in Procedure 91. Ignite the precipitate gently. heat it in a stream of hydrogen,
cool, treat with hydrochioric acid in a platinum dish. and evaporate to dryness. Moisten
the residue with (1 + 9) hvdrochioric acid. filter through a 9-cm Whatman No. 44 filrer
paper, wash with hot water, ignite, and reduce. Heat to a icmperzture of /50-700 Cin a
current of chiorine, cool, treat with (1 + 4) aqua regia. and fiiter through a 9-cm Whatman
No. 44 filter paper. Ignite the rhodium precipitate, reduce to metal, and weigh.

Note. The authors provided no direct evidence to indicate that the chlorination will remove the
chromium compietely, or that the rhodium is unattacked during chlorination. Data have been
recorded,!3*] to indicate that the chlorination of rhodium sponge at 600-710 C produces both
a soluble rhodium tube deposit and a soluble volatile rhodium salt.

AMMONIUM p-AMINOPHENYLDITHIOCARBAMATE

/S’NH:
\%/
S

This reagent precipitates both rhodium and iridium. The method involves
the evaporation to dryness of the rhodium(lll) solution containing about

10 mg of the metal in the presence of 1 g or less of sodium chloride.

—_ H
H,N— 3—

Procedure 851298 .

Evaporate the hydrochloric acid solution of rhodium, add water to the evaporated
residue, and again evaporate. Repeat to the complete absence of hydrochloric acid. Add
10-20 ml of water, heat on a water bath to incipient boiling, and add, with stirring. a
4-fold excess of a freshly prepared 1 per cent aqueous solution of ammonium p-amino-
phenyldithiocarbamate. The final volume shouid be 50-100 ml. Continue heating on the
water bath for 75 min, add an amount of mcthyl violet (0-002 giml) approximately equal to
the weight of rhodium expected, and continue heating for 15 min. Cool. filter, and wash
free of sodium chloride. Ignite slowly, reduce in hydrogen. cool in carbon dioxide and weigh.

Hexammino-coBaLT(111) CHLORIDE

A direct weighing form for the determination of mg amounts of rhodium
was reported by Dema and Voicu.l?°%! Hexammino-cobalt(1l1) chloride or
nitrate with an excess of sodium nitrite. when added to a warm weakly
acidic solution of rhodium(III) produces a veliow crystalline precipitate of
[Co(NH,)]* *[Rh(NO.)]* ~ that can be weighed after washing with ethanol
and ether and drying in a vacuum. In the presence of iriciam the results are
5-10 per cent high. Gold salts are simultanecusiy rzduces to the metal. and
cobalt interferes.

There is no interference from palladium. piatinum(lV), osmium(IV).
iron, copper or nickel.
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Procedure 8612991

Reagents. Sodium nitrite crystals.

A freshly prepared, saturated hexammino-cobalt(IIT) chloride solution.

Washing solution: Add 0-05-0-1 g of the hexammino-chloride to 5 m! of a 50 per cent
sodium nitrite solution and make up to 100 ml with distilled water.

Absolute ethanol.

Absolute dicthyl ether.

Procedure. Add 10 the neutral or weakly acidic solution containing 0-1-1 g of rhodium
(IT1), sodium nitrite crystals in sufficient excess to change the red colour to yellow. Then
add dropwise the warm saturated solution of hexammino-cobalt(Ul) chloride until the
colour changes to orange. A fire, yellow, crystailine precipitate is formed immediately.
Allow to cooi, and filter through a filtering crucible of suitable porosity (1G4) previously
weighed to constant weight after washing with ethanol and ether. Wash the precipitate with
the prepared washing solution, then with 45 ml of absolute cthanol, and then wash 2 to 4
times with ether. Allow the crucible and precipitate to stand in the vacuum desiccator for
10-15 min, and weigh to constant weight as [Co(NH;)s][Rh(NO;)].

Other organic precipitants of potential value for the gravimetric deter-
mination of rhodium are I-nitroso-2-naphthol, 1,2.3-benzotriazole and
thionalide.

Precipitation with I-nitroso-2-naphthol was proposed by Watanabe,[2°%}
who precipitated Rh(C,,H¢NO,); at pH 4-85-5:6. A large excess of reagent
is required, and upon ignition Rh,0; is said to be formed. It is unlikely,
however, that the latter will prove to be a satisfactory weighing form.

1,2,3-Benzotriazole was used by Wilson and Womack(*°") to precipitate
quantitatively Rh(C,H N,);-3H,0 from slightly acidic solutions. Whereas
the authors considered the method potentially useful for gravimetric purposes
no procedural data were included.

Thionalide was used by Kienitz and Rombock!?°?} {0 determine rhodium
titrimetrically (Procedure 118), and the reagent was recommended by Duval
et al'>°3 for gravimetric purposes. These authors include thermolysis
curves that indicate organic weighing forms for both the thionalide and the
2-mercaptobenzoxazole complexes of rhodium, the former remaining
constant in weight between 79 and 250°C. The analvtical chemist is cautioned
against interpretations such as this in which the sole evidence for weighing
forms is a constant composition level. In this instance and in some others,
no data are provided to indicate if the rhodium-organic complex can be
washed free of the precipitant, etc. In the absence of these data the present
author does not accept either of the above organic compiexes as weighing
forms.

HYDROGEN SULPHIDE

Precipitation by hvdrogen sulphide in acidic soiutions remains one of the
most useful methods for the determination of rhodium. Unfortunately,
sulphuric acid interferes. This effect is said to be eliminated by heat treatment
with sufficient hydrochloric acid, resulting in the conversion of the yellow
sulphate tc the pink chloro complex.t!®2: 2941 The efficiency of this commonlv
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used method has been disputed.[?*® however. and a more satisfactory
conversion to the pink solution is obtained by fuming to crystals in the
presence of sodium chloride or preferablv ammonium chloride. 2%
Presumably the sulphuric acid reacts with the added chloride providing
sufficient hydrochloric acid to accomplish conversions to the chloride. The
sodium salt may contaminate the rhodium metal. and for this reason the more
volatile ammonium chloride is recommended. Under suitable conditions
precipitation by hydrogen sulphide is a highly satisfactory process. The
precipitate has very suitable physical characteristics and is easily coagulated
and filtered. The rhodium sulphide thus prepared, however, is not easily
purified, and the washed precipitate is generally ignited to the oxide and
subsequently reduced to the metal.

Procedure 871242

If rhodium is present in a sulphuric acid solution, fume the latterto § mi. Add SO mi of
a 20 per cent ammonium chloride solution, and cvaporate until crystallization takes place.
During this treatment the solution should change from yellow to pink. Add 200 mi of water.
The solution should now have a pH o7 0-9=1-1. If rhodium chloride is the initial dissolved
constituent, adjust the volume to 200 mi, and add 0-5 m! of concentrated hydrochloric
acid.

Heat to boiling, and while boiling pass in a rapid stream of hydrogen sulphide until the
precipitate is well coagulated and the supernatant liquid is clear. Transfer the precipitate
to a Whatman No. 42 filter paper of a size appropriate 10 the weight of the precipitate.
Wash with 0-1 N sulphuric acid, then with 0-1 M hydrochloric acid. Remove any adhering
particles of sulphide from the beaker wall with a small picce of ashless paper that is then
added to the filter. The ignition, reduction and weighing technique are as described for
ruthenium (Procedure 72). When porcelain crucibles of the order of 15-20 ml are used,
cool in the constant humidity desiccator for 20 min. with the same period of standing in the
balance case before the first weighing. Prepare bianks similarly.

Note. The results from the hydrogen sulphide precipitation are generally slightly high; this

" error can be reduced somewhat by a very slow initial ignition.

Recently a method has been reported using rhodium sulphide as a weighing
form. Taimniand Salaria’?®") precipitated Rh,S;-3H.S from a sclution made
alkaline with an ammonia solution then treated with a large excess of sodium
sulphide. Subsequently, large excesses of acetic acid and ammoenium acetate
were added, and the mixture was boiled. The precipitate was said to be
purified by washing with organic solvents and drying in a vacuun: desiccator.
The results obtained indicate errors of Jess than 0-1 per cent for 18—5 mg
of rhodium. The various attempts by the present author to apply the method
according to the directions recommended resulted in positive errors of 10-20
per cent. Furthermore, no modification of the method succeeded in
effectively improving either the accuracy or the precision.

HYDROLYTIC PRECIPITATION

The hydrelytic precipitation of rhodium is ofter referred to the sulphide
method because. where re-precipitations are reqarad, the oxide is more
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readily converied to the soluble chloride. The technique of the precipitation
is simple, the physical characteristics of the oxide ure advantageous, and the
subsequent conversion to the metal ts not difficult. For the requently
encountered small quantities of rhodium, however, the method encourages
significant contamination. The near neutral solution required for the precipi-
tation allews the simultaneous precipitation of a wide variety of impurities
whose weight, although perhaps small, becomes significant in relation to a
few mg of recovered rhodium. This positive error can, of course, be reduced
somewhat by a reduction of the volume of the solution and the quantity of
reagent, but this precaution does not always eliminate a high relative error
with small weights of rhodium. With metals of this type, being insoluble in
mineral acids, the elimination of these contaminants may appear to be a
simple problem of selective dissolution of impuritics. These leaching processes
in general seldom effectively remove the impurity, and sometimes they remove
some of the required precipitate. They are last resort processes, and often do
not produce significantly improved accuracy or precision with small amounts
of rhodium.

Several procedures involving the principle of leaching have been proposed.
To determine rhodium in the presence of copper, Moser and Graber!3°3)
precipitated both metals as their sulphides, oxidized then reduced them, and
then removed copper with nitric acid. None of these methods is recommended
except for approximate determinations.

The existing hydrolytic methods are the products of a large number of
techniques. The early methods involved the use of both tervalent and
quadrivalent rhodium. Moser and Graber!*®*) used an oxidizing hydrolysis
using potassium bromate and potassium bromide. Reagents such as solutions
of sodium hydrogen carbonate in bromine water probably resuited in the
precipitation of the hydrated rhodium dioxide.[>°®) A variety of carbonates
would produce rhodium(I1I) oxide at the favourable pH of about 7.1307)
There 1s evidence to suggest that basic media. in the absence of oxidizing
constituents. encourage the formation of rhodium({IIl) even in the initial
presence of quadrivaient rhodium. Anyway. from the analvticai point of view,
the green, hydrated rhodium dioxide has the more desirable physical pro-
perties, and all acceptable modifications of the hvdrolytic method involve
the use of an oxidant during the neutralization of the rhodium solution.
Sodium bromate has become the accepted oxidant, and the technique for its
addition and of the method of neutralization are somewhat critical, In the
method by Moser and Graber,1>°%1 which uses potassium bromate in a nearly
neutral solution containing bromide, the completeress of precipitation
could be indicated by the absence of a bromine odour. The following method,
a modification of that recorded by Gilchrist,''®) has been used successfully
for the determination of 10-25 mg of either rhodium or iridium.
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Procedure 881!

Heat the 150-200 ml of rhodium chloride solution o boiling, and add 10 mi of a 10
per cent soiution of sodium bromate. Add dropwise 1o the gently boiling solution a filiered
10 per cent solution of sodium hydrogen carbonate uniil i he pHis about 6, as indicated by
bromocresol purple applied as an external indicator. This technigue can be managed by
dipping a slender stirring rod. drawn to a small zlass bulb. into the solution 1o obtain a
drop of the precipitating medium, then adding to this drop by means ol & capillury o drop
of the indicator. The colour change can be observed casily around the glass bulp. Alter-
natively, if a pH meter is used. cool the solution before immersing the clectrodes (Note 1),
At about pH 6 add another 5 ml of the bromate solution, and boi! for 5 min while the dark
suspension is coagulating. If necessary add the rcquired amount of sodium hvdrogen
carbonate solution to reach a pH of about 7-5 as indicated by a pH meter or by using
cresol red as an external indicator added 1o the stirring rod.

Filter hot through a 7-cm Whatman No. 42 paper, and wash with 200 ml of a | per cent
ammonium chloride solution. Unless this washing is thoroughly carried out, the results
will be exzessively high and inconsistent. Clean the beaker with one or two small pieces
of filter paper; use a third small piecc of paper to clean the funncl arca adjacent to the upper
rim of the filter paper, because there is some tendency for the dioxide to creep (Note 2).

Nores—1. With considcrable experience the operator should be able to arrive at the required
end-point through the physical appearance of the green rhodium dioxide assisted by the odour of
bromine that is evolved as the solution becomes basic. Anyway, the optimum pH lics between
6 and 8. Thus 2 or 3 mi excess of the bicarbonate solution scems to have no adverse effects such
as peptizing the precipitate.

2. Tear the three scraps of paper from the same filter paper to maintain a consistent blank.
This method of cleaning is preferred to the use of the feather.

For the determination of small amounts of rhodium that have been
isolated from a lead button and thus contaminated with boron, silica,
aluminium, etc., the modified hydrolytic procedure described for iridium in
Procedure 90 may also be used for rhodium.

REDUCTANTS

Few of the reductants for rhodium have been used gravimetrically. In
general these procedures are only designed to accomplish the isolation of
rhodium prior to a determination.

For gravimetric purposes hydrazine sulphate or hydrate was used by
Gutbier and von Muller,12°® and various text-books record procedures for
the reduction by formic acid and the subsequent purification by leaching the
ignited residue with aqua regia. Treatments such as the latter arc often
ineflective and are not recommended for accurate analytical work.

Reductions by zinc or magnesium formed a part of many of the carlier
procedures for the analytical treatment of assay beads or buttor:. Brief
procedures for the application of these metallic reductants 10 so ttions of
rhodium are described by Scott.!>%*) There are no data, however. known
to the present author, that describe the accuracy and precision of these reduct-
ion methods. Factors which militate against efficient recoeries are the
tendency toward redissolution of rhodium in the abscn:z 0 -xcoss of reduct-
ant and, with an excess of metallic reductant, the .22 itarie contamination.
Removal of the latter by the usual process of sewcct:.e dissolution by the
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addition of excess of acid may be ineffective because of the susceptibility of
finely divided rhodium to acidic oxidants.

Titanium(IIT) chloride has been uscd for the separation of rhodium from
iridium, followed by a precipitation of rhodium sulphide.!'°? In a similar
way chromium(ll) chloride!'?*} will separate rhodium from iridium. Of
these two separation methods the present author prefers the titaniwin(111)
reduction because the chromium(Il) salt is particularly sensitive to air
oxidation. It is not improbable, however, that the excess of chromium(l1)
salt in a filtrate containing iridium will be more readily removed than titanium
by cation-exchangec.

Antimony as a Reductant

For the precipitation of ug amounts of rhodium and the separation of the
latter from iridium, selective reduction by finely dispersed antimony powder
gives an accurately quantitative recovery.l' 24! [ridium is merely reduced to
the tervalent state. Either sulphuric or hydrochloric acid solutions may be
used. Antimony in the filtrate can be separated from iridium by the distil-
lation of antimony from fuming sulphuric acid. This reduction method,
however, has been proven only for quantities of rhodium and iridium below
the range to which gravimetric methods should be applied. The details are
described in Procedure 11.

Copper as a Reductant .

Finely divided copper can be used for the quantitative collection of rhodium
metal from solutions containing either ug or mg amounts of metal. Although
an upper limit of concentration has not been determined one may expect
applications of the method to gramme quantities of rhodium. The method
was devised!' ?2) 10 provide a simultaneous separation from iridium. The
removal of excess of copper salt from the iridium solution is readily accompli-
shed by ion-exchange, because copper is present as the cation and iridium as
an anionic complex. The method of separation s described in Procedure 8.

Iridium

The anaiytical difficulties associated with the determination of rhodium
apply also to iridium. In addition there is the fact that, unless it is very finely
divided. iridium is inert tc all mineral acids or mixtures of these acids. The
of hydrochieric and nitric ccids has been grossly misapplied. For example,
procedures that involve the quantitative dissolution of iridium contained in
silver bead residues by the addition of strong agua regia are quite unaccept-
able 1236

Conversion of the metal or its oxides to solubie iridium salts may be
accomplished by a variety of procedures; meoiten fluxes containing sodium
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peroxide may be used, with the relative disadvantage that crucibie marterial
and relatively high proportions of salt are added to the solution of iridium.
The inactivity of iridium is well illustrated by the very useful procedurct! 9¥1
for its determination in the presence of platinum by fluxing to form u lead
button and subsequently recovering the iridium by the sclective dissolution
of lead by nitric acid and of platinum by agua regia (scc Procedure 38).

A further difficulty in the gravimetric determination of iridium is associated
with the loss of iridium metal when it is heated in air. The chemical literature
fails to suggest the fact that such Josses may be a source of considerable
error, particularly with micro quantities of metal. In this connection the
following study was made by the authort®>*) to determinc the significance of
these weight losses. ‘

A set of crucibles was selected whose weights proved to be constant over
the range of conditions tested. Reduction residues from the hydrolytic
determination of iridium were heated at 650-675°C in the crucibles for 4 hr

TABLE 40. IRIDIUM LOSSES ON HEATING IN AIR(?#)

1 2 g 3 , 4

Sample{ Wt. Samplei Wit. Samplcé Wt. | Sample | Wi,

Time | Temp. wt. loss* wt. | loss* wt. | loss* ' wt. i Joss*

(hr) ) (mg) | (mg) | (mg) | (mg) | (mg) , (mg} , (mg) 1 tme)
o

0 — 12310 — [13-124)| — 16‘283% — I15-86~41 —

1-5 | 800-925 | 11-883 ' 0-427 | 12:929, 0-195 ! 16-087 ‘ 0-196 | 15-681 L0182

| |

1-0 | 850-950 | 11-689 | 0-194 | 12:774 ! 0-155 | 15-981 l 0-106 ; 15:525 I 0-156

10 | 850-950 | 11-504 | 0-185 | 12-625| 0:149 | 15-833 I 0-148 i 15-405 ; 0-i20
! 0185 | 1530 | 0:097

10 850-950 | 11-316 | 0-188 | 12:462, 0-163 ‘ 15-698

* Loss in weight after each ignition.

without appreciable decreases in weight. Above 800°C, however, significant
losses occurred, as indicated in Table 40. The ignitions were made in a
muffle furnace, with the door slightly ajar to admit air. and the residues
were reduced in hydrogen before each weighing.

It was concluded that excessively high temperatures during ignition must
be avoided in the gravimetric microdetermination of iridium. Temperatures
below 650°C may be used safely for the usual periods of heating.

During the ignition in air, the iridium always changed from grey to black
and increased in weight. If one attributed this gain to combination with
oxygen, the composition of the black material correspended approximately

~
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to the formula Ir,0,. The composition of the oxide resulting frem the air
oxidation of iridium is usually accepted as IrO,. The explanation for the
losses of iridium when heated in oxygen is discussed in Chapter 1, and is
attributed to the formation of IrQ, above 1000°C.

As for rhodium, there are few suitable gravimetric reagents, and none is
specific. Those which merit attention are: 2-mercaptobenzothiazcle, sodium
hydrogen carbonate, thiourea, p-aminophenyldithiocarbamate and tetra-
phenylarsonium chloride.

2-MERCAPTOBENZOTHIAZOLE!19 !

PAVAN
L

NN\

Although a number of organic reagents will form precipitates with iridium
none of the resulting complexes is recommended as a weighing form and only
one has been used for quantitative purposes.

2-Mercaptobenzothiazole forms a bulky orange precipitate from solutions
containing acetic acid and ammonium acetate. A 15-hr digestion period is
required for its precipitation, and high concentrations of mineral acids must
be avoided; their optimum concentration is 0-005-0-01 M. The method 18
suitable for small amounts of iridium, but amounts in excess of about
20 mg produce unmanageable quantities of precipitate. With these large
quantities the hydrolytic precipitation described later is advantageous.

Procedure 8911971

To a 5-ml sample of a sodium chloroiridate solution containing approximately 1 mg of
iridium per ml add 10 ml of glacial acetic acid. 1 mi of a 20 per cent ammonium acetate
solution and 25 mi of waicr. Hcat to incipicnt boiling, and add 10 ml of a freshly prepared
1 per cent solution of 2-mercaptobenzothiazole in 95 per cent ethanol, together with
2 smali glass beads to minimize bumping. (The precipitant is purified by crvstallization
from cthanol and has a m.p. of 180-5-181-0"C.) Boil the mixturc vigorously for | hr,
during which time the iridium separates as a bulky orange precipitate. At the end of the
hr (or before if the volume of the liquid becomes less than 20 ml) wash the cover glass and
beaker wall with a hot solution that is 2 per cent in ammonium acetate and 2 per cent in
acetic acid. The final voiume of the liquid shouid be 50-70 mi.

Allow the mixture to stand at Jeast 24 hr on a steam bath, filter through a 7-cm Whatman
No. 42 filter paper, and wash with 100 ml or more of the hot solution that is 2 per cent in
ammonium acetate and 2 per cent in acetic acid. Partially dry the paper (a heat Jamp is
suitable), and transfer to a tared crucible. Char the paper in a muffle at 350°C, heat for
45 min at 650-700°C, cool. reducs in hydrogen, cool in nitrogen, and weigh. An increase in
precision is obtained by cooling in a desiccator containing saturated calcium nitrate.
Determine a blank with the full procedure. This should not exceed 0-1-0-2 mg.

During the analytical recovery of iridium from natural sources by fire
assay, etc.. appreciable amounts of impurities such as siiica, aluminium,
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boron, etc. may be introduced. Under these circumsiances the foliowing
procedurc is recommended.

Procedure 90

After the preparation of an iridium solution as the cffiuent from an cation-cxchanger
(see Procedure 8), evaporate to dryness. To eliminate boron, add a few drops of hvdrochloric
acid and 10 m! of purc methanol, and evaporate slowlyv to dryn:ss: Add a few qrops of
strong hydrochloric acid and 50 ml of water. Precipitate hvdrolytically as described for
rhodium in Procedure 88 (Notc 1). '

Filter the hvdrated iridium dioxide onto a 2-mi filter crucible, ignite and reduce as
described for rhodium. Chlorinate at 700°C, dissolve the residue in the crucible and in
the tube with about 100 m! of 0-1 M hydrochloric acid. and filter. Evaporate the ﬁhrgtc
to dryness, add 5 ml of water, then 2 ml of a solution corntaining 70 mg'of tartaric acid,
and proceed as described for 2-mercaptobenzothiazoie (Procedurc 89) (Note 2).

Notes—1. Precipitation at this stage by 2-mercuplobcnzolhxuzul‘c has bgcn found 1o be
incomplete. The hydrolytic precipitation is made here only as an mlcrmcdl:x(_c‘slcp becausc
the accumulated blank may amount to 5 mg or more. Here, particularly, some difliculty may be
experienced in achieving a good hydrolytic precipitation. o ' o

2. After a fire assay separation, the silica, boron and aluminium arc derived from an admixture
of slag in the collection button.

TABLE 41. THE DETERMINATION OF IRIDIUM IN THE PRESENCE OF LEAD
WITH 2-MERCAPTOBENZOTHIAZOLE ! ° 7}

Set Iridium Lead No. of ‘ Average E Average | Error Tcs( of
No. taken taken | detns. | irdium | deviation | of ! filtrates
i recovery | | average
(mg) (mg) Lo(me) | (mg) | (%0
1 5-02 — 4 502 | =001 { — | Nocolour
2 10-03 — 3 1003 | -0-0t i No colour
3 15-05 —_ 4 1503 | -00t | =01 ' No colour
4 20-06 - 2 20-05 | — ! 1 No colour
5 25-08 — 1 25-04 | — t =02 | Faintcolour
6 —_ | 1 . =00 | —_ ;
7 495 | — 2 | aes | — 1 — ' Nocolour
8 4-95 1 3 498 =002 | +0:6 | Faint colour
9 4-95 2 2 496 | — 402 . No colour
10 4-95 3 4 493 | =002 | -0-4 '
11 495 7 3 495+ —004 : — . Fuaint colour
|
| |

Because the analytical recovery of iridium frequently involves an association
with lead it should be noted that the 2-mercaptobenzothiazole method can
be applied in the presence of limited amounts of fead. The efficiency with
which this precipitation is accomplished is indicated by Table 41. The
details of the separation are given in Procedures 89 and 90.

HybroLyTiCc PreciprTATION! " 34]

For general applications no procedure for the gruvimetric prempnauvon
of iridium is comparable to the hydrelvtic mothod. The most cffective
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modification of this method involves an oxidation to iridium(I1V) and a
carefully regulated adjustment to pH 6 to form the hydrated iridum dioxide.
The latter is then converted to the metallic weighing form by conventional
methods. As for other platinum metals, the method, when applied to very
small amounts of metal, produces high values that, as one would expect. are
only partially corrected by any direct leaching process. The procedure for the
hydrolytic precipitation of iridium is identical to that described above for
rhodium (Procedure 88). Table No. 42 indicates the accuracy that can be
attained with mg samples of iridium.

TABLE 42. THE HYDROLYTIC PRECIPITATION OF 1RIDIUM!'® 7}

! |

Sample | Metal taken, Metal Test of

No. as sodium recovered filtrates
chleroiridate
(mg) (mg)
Al 3 10-29 No colour
A2 j 10-07 10-28 No colour
Al } 10-26 No colour
{

BI 250 . No colour
B2 } 2:48 2:51 Trace
B3 5-00 No colour
B4 } 4:96 5-00 i No colour

HYDROGEN SULPHIDE

For accurate quaniitative work hydrogen sulphide is not recommended.
It 1s generally recognized that complete precipitation is difficult to attain.
In this connection it must be admitted that there is no unanimity of opinion,
and some analytical chemists do use this precipitation method. Various
methods of overcoming the resistance to the complete conversion to sulphide
have been advocated. Of these the use of pressure and repeated treatments
with hydrogen sulphide are frequently recommended. The present author
has vet to succeed in obtaining quantitative sulphide precipitation by any
of the procedures recorded prior to 1959. This is an experience very much at
variance with the recentlv recorded statement that * the most reliable method
for the estimation of iridium depends upon its precipitation as sulphide from a
hot solution containing 20 per cent hydrochloric acid by volume ".[281)
This proposed sulphide method involves the precipitation of Ir,S,-10H,0
obtained by the addition of a large excess of sodium or ammonium sulphide
followed by similar excesses of acetic acid and ammonium acetate. Purifi-
cation is carried out by washing successively with agueous ethanol and ether
and drving ir vecuo.
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Whereas the data reported for the methed showed errors of less than
0-5 per cent over the range of 1-38 ing of iridium. the present author found
positive errors of 6-14 per cent. Taimni and Salaria claimed that the iridium
sulphide (Ir,S;-10H,0) so obtained was stable up to 85C. A thermo-
gravimetric study by Duval ei a/.>°% failed to reveal the above compound
or any other weighing form of iridium sulphide.

The recognition of difficulties inherent in the quantitative precipitation of
iridium by hydrogen sulphide has resulted in the use of sulphide precipitants
other than H,S. Gagliardi and Pietsch!*!°! used thioformamide, and claimed
that with this reagent the platinum metals are precipitated in the order:
Pd, Ru, Pt, Rh, Os, Ir. Presumably one may thus separate palladium from
iridium, etc. These methods have little to recommend them.

THIOUREA

NH
S=C< ’
NH,

Pshenitsyn and Prokof’eval®!'1 used thiourea in a sulphuric acid solution
of the platinum metals to precipitate sulphides at elevated temperatures. The
authors recorded procedures and stated that therc werc no interferences
from copper, lead or low concentrations of iron and nickel. Thiourea was
also used by Jackson!'??) to precipitate iridium after the thioacetanilide
separation of rhodium. This method produced acceptable results for
0-5-100 mg of iridium. For very small amounts of iridium the latter is
determined titrimetrically. In general, both rhodium and iridium should be
isolated from associated base and nobie metals. The method is capable of
useful extensions.

Procedure 9101231

Add 25 ml cach of concentrated nitric and sulphuric acids to the solution of iridium
containing the thioacetanilide used for the rhodium precipitation (sec Procedurc 84).
Hcat on a hot plate to 250°C (indicated by a 360°C-thermometer in the solution). 1nd without
delay oxidize by adding a few drops of concentrated nitric acid and then perzhloric acid.
When the reaction has subsided. add 2-4 g of thiourca. and remove from thc hot plate
when the iridium sulphide has flocculated (after a few sec). Cool. dilute to 250 ml, and
separate the precipitate on an 11-cm Whatman No. 41 filter paper. If there is no evidence
of any iridium sulphide, dilute, boil (as it is precipitated, sulphur collects any small amounts
of iridium sulphide), and then filter the solution. Wash the precipitate ithoroughly with
hot water, and ignite carefully.

Treat with hydrofiuoric acid in a platinum dish, and evaporate to ¢ -vness. Moisten with
dilute hydrochloric acid. and wash the residue into a small beaker. *.c.d an equal amount of
concentrated hydrochloric acid. and boil. Filter the solution *hre .pha 9-cm Whatman No.
44 paper, ignite the precipitate. reduce to metal. and we. 3.

When the amount of iridium sulphide is extremecly sri..i’, “tturn the thiourea precipitate
te the beaker. and decompose it with 20 ml of ¢coaceriiates miiric acid and 2-3ml of a
suiphuric acid-lithium sulphate solution (sce Procedure X&) Evaporate until fumes are
evoived, oxidize anv remaining carbon with nitri acid en finally with perchicoric aaid.



