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476 M. Carey Lea—illlotropic Formns of Silver.

Results of comparison with Solar Spectrum —Tt will b
seen by inspection of the tabulated results that uine ont of
the eleven lines of ‘vopper are reversed in thy sun, and fonr of
the five of ziné..’ The eonclusion reached it eacl of theae
cases wps after repeated examination when the conditions
werd sl as to B'hm' aelear spacy between the components of
the E dide. The lawest availuble aunthority® gives dopper
amohg tho doubtinl clements jn a list of ‘thise found in the
sun, and on tha sune list zhue dogs not appearat all. The
present investizition makes it (quite pmhulhc that zine, anil
almost dompletely demonstrates that copper exi-ts in the solur
atmosphere,

Bowdoin Coilege, Murch 14, 1289,

ART. I‘.—()H .'1[']::[1'“ e }:‘H'IHR ::if' Sl "y l)_)' M. apey
A Pllil[l\lL‘ll)]lill.

SILVER is capable of existing in allotropic formns possessing
qualitics differing greatly from those of normul sitvgr. There
are three such forts, or vather three moditications of one forn,
differing from cach other in many vespects, but adl more nearly
related to cacli other than auy one of them to norwal silver.
One of these forms is solable in water, passing readily to an
= insoluble form, and this last may, by the the simple presence
“of a neutral subtance excreizing no ehemical action upon i,
recover its solubility.  Another form closely resembles gold in
color anl luatre. )

Whether metallie silver shall be redueed from its compounds
in its normal o inan allotropie form, depends upon the vedae-
ingagent applied, =o that it caunot be said witl any certainty
whether it exists in-its contpounuds i its ordinary normal form,
or in an atlotropic condition: the latter alternative scems at
least equally probable.

These allotropie forms of silver are browdly  distinguished
from normal silver by eolor, by properties, and by eliemical re-
actions,  They not impeolably represent aomore active condi-
tion of silver, of which common or normal silver may be a
polymerized form.  Something analogous has aleewdy Leen
observed with other metals, lead and copper.

Mueli having been written, especially within the last few
years, on the products of the rednetion of silver compounds,
8 bricf sumnewy of what has appeared may be desirable
before procevding further. The stwdy of this subject has led
to remarkable divergencies of opinton on the purt of the

. * Young's General Astronomy.
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} chomists engaged in e Almost all the views advanced have

| Bty sSteeess l\ll\ |||> it ]l_\' el >11|=-t"]llt'llt lllll)lil‘;l(iull.

| Tt follow s thit what lma obtained o place in the text books is
shine=t wLolly ncorrect.
The caclicst experinental work wus Faraday’s, but his
precluet has been proved to he a mixtire ® The nest was the
well kuown paper of Waoliler pul:li shed i =300 Jris not mv
Prirpose here to cnter upon i ernticisne of this memoir, - 1’1
this tllustrions cliemist suceceded in obtaining by the means
enrploved a true citrate of dlver hiemiosile,—aws would appear
Teemr e analvses- w6 chioni=t sinee his thoe sees to have
done soc The neve publication o Welder's was that of Von
Bl wlio weed Wobbe™s methiod and, whil-t aBiviing that he
olitained a stmilar citeate, found an l:lltilt‘|_\‘ diferent constira-
tion for the l}l']'t“\l‘u)lltlilll‘_’ chiloride.  For instead of uht;liuing
a hienitchioride A Ve O I, he [EC NIRRT the re=ult of 13 coneordant
aindyses, the constitution of his product o« e CL 4 A citrate,
to yiehl sneh o ebdartde, (GF woele a chloride exist)) by the
sinphe action of hvdvoelloric acils couldseneely have the con-
L0 .l‘-‘-l"lllil o 1t Ib\ both Waoliler and V. Biliea.

i fn =32 Pllie pdy Liahind 1avo papers t He commences by
dipunine the prohability of the existenee of Ve O on gronuds
of valenes s wanedy wsimplvine that ovveen may be t]llll][l- ¢
vatent. Abthoughon is very donhetul than any one has np tu
thie present e obtained \g.(), the .llj.:llllll.'nt ~eetns futile as
are nmy arguents dedueed from supposed laws of valeney,
Stk reasoning woubl wake Ag O imposable, which sub-
stance undonbte ull_\ exi~r2, and it \\nlil 1 ulso deny the existence
of K, C1 which stwnds upon =nch authority as that of [ose,
Kivelihoff, and Dunzeng Pillicz cavefully examined the so-

; caliiad lnumlu\uh- pu(‘l|n!1.ltm| Ly atkaline solntions of antimony

’ aned tin and could find wo trace of Ae, O iy of them,  He

i did not examine Wolter's products.

Thy first person to deny  categorically the existenee of
Wolder's serics of hemi-componnds of silver appears to have
beew Diee Spencer Newbary,  Intwo fateresting papers,| he
deseribes worepetition of Wobiler's methods and declares it to
he fnpossible to ohtiin praluets of constant composition.  The
red solution mken by Wollder to be rpentous eitvate, Dr

* o L Batdey wed GO T Foster, Chene, Soc. 1887, 416, Bericht I Ch. G, 11,
Rl 3t

f Erhiann, J.oprakt Chin, 1875, 126, 3% Von Bilira precedes hig paper with
8 brief sunnnary of the conclisions reached by previons clemists on the subject
of the otivo of Jight and chemival reduciag agents on =dver compounils,  The
coliaction 18 interesting o showing to what inconsigteut and even contrary opiu-
ot earelul ubservers have come on these reachons,

Zeit-chrifo fur Auw. Chemie, xxi, P25, p AU
Shimelin Ko, @, b 72,
I.\u], Chen, Jour, vi, 407 viii, 106,

hrees 1.9¢r DT 27000476 49 Cluse wor



478 M. Carey Lew—Aotropie Forms of Sdeer.

Newhbury concldes to be a suspension of finely divided silver,
Muthnaun® afrer a careful exonimation of Rantenlierg’s pro-
ducts concludes that that chemi=t wis wholly in ervor in assert
ing the formation of compounds of clivotuie, wolyvindic and
tungstic acids with silver hamiovide, e next stwdies the ved
liquid obtained by Wohler’s process and comes to the sane
conclusion us Newbury, that it cousiets of finely divided silver
suspended i water, :

ljshull nol dispute the corrcetness of this opinien i the case
of the litlllid examined l:)' these two ehemists, A the sane
time I cannot accept the tests of solution emiploved by Muthe
numn, That o substauee will nor pass thronghea dinlyser shows
that it is colloidal and i« no proof whatever that it i~ not in
solution.  Animal chareoul tillxt‘: ap many stibstanges from true
solutions.  Decolorization by animal clureoal 3= no proot what -
ever that the colur removed was not in troe solntion. By
freczing, the molecular condition of asulistance may e changed.
Muchmann found that when the ved liguid was mived with
gum water aud precipitated by aleoliol, the precipitated gum
carried down with it the red snbstunce, thenee dedieingr thar
it wasonly in suspeusion. This coucelusion Is seaveely jusiiticd.
A solution of Hitmus was mixed with g warer and precipi-
tated with aleohol: the mass of the Bt went dowa with the
gum, a trace only appeared o the filocate, Witk Hotfnam's
violet, the same result. Yot o one, 1 think, will wsserr that
these two substances do ot nake true solutions in water.
Even however. if these argmnents could be admitred they
would not apply to the solutions presently to he deserilaed,
whicli can be proved by optical weans to be true solutions, |
propose presently to show that silver may exist in o perteetdy
soluble form, diszolving casily and abundantly in water, Start-
ing from thiz, it may show all degrees of solubility down 1o
absolute in=olubility, st however, exiztdne v an alloiropic
form and quite Jistinet from vormal or ordioary cilver. The
solutions forned are as perfeer as those of any other =olubte
substunce, '

Woliler's process was next repeated by G L Bailey and G
J. Fyster, \\‘llu came to the conclusion that no citrat: of Lenii
oxide was formed, and that Wohler's results must e vejected.
A "Dll der l’fnrtl[ct‘.f condeavored to obriin ]!t'llli-t'nlulhul!lltla of
silver by acting on the nivvate with an alkadine solution of
sodivm tartrate, and also with phosphorons acid. i~ deter-
minations were mgpde volumerrieally, hased onan opinion that
& pernianganate olution aciditicd with =ulphorie acid would
dizsulve silver hemioxide, but not wetallic silver.  Previousty
to receiving his paper T had fowd that enlphnrie acid, even

* Bericht der B, Che Gies,, xx, 983, tlbid, xx 1338
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dituted with ten tines it2 bulk of water) was capable of aeting on
Huely divided normal silver and of dissolving an casily peeogr
nizendl -tllalnlit_\'. Voo Plovdeen’s conclusions were thus vititod
entirelv. Tt showdd however e renarked thae the ditlicaltics
of the subiject are extremcly wreat. Tu his Last paper* this
chiemi-t aliondons his views as to the existence of silver hemid
oxishe ; so bhat at the present tine the formation of A0 by
Wokiler's method, or by any other known metned, is admitted
by e omes Tt suehcan oxide aay exial apprars by no mieans
illl]illsll.tlllkt. Tl exiztence of .\L':J(__‘l ad iy U secins ahiost
tovedve that of Ao O and K0, This lutter produce Plavy
betioved it be dad obtaimed. The Dlack sub-tanee which V.
doProcdien formerdy regarded as Ap O he now Lades 1o be
sibver bovlmte Ag i,‘ 13

Tl eeduction ])l'utlm'ti duesertbud h‘\' V. oo Provlien are
stronedy distivgaiiched frome those which b oelall presently
de=crile l:)‘ twoe decizive reactions  —

1. None of his products conld be analgwnaed with mercury
(Lov, 2206), Al oD mine remdily amalganate,
20 None of my ]al'm!llx‘trv vive off the shebitest trace ol gas when

treated with dibute sulphuric acid, AfL ol his du s, (L ., 22ull)

Morcover, the difference of appeacanee is extremely great,

Farly in the vear 1356, [ took up the stady of the reduetion
products of sibver in conneetion: with that of the phota~alts, 1
counnenced with Wolilers proeess, giving it ap after a few
triads as affording no satisfactory reanlts, und sought for a moe
reliable means. Vhis b found, o Mareh 1836, a0 a yeaction
which | =till use; namety the reduction of silver eitrate by fer-
roue citkude. AL tirst, however, the results obteined were most
enigmatical, the products very unstable. and impossible to
pnri fy. Mueh time was Tt i the nilter was given up nore
thatr onee s impracticable. Eveatuallv, by wreat modilications
in the proportions, stable produocts, and capable of a fadr amount
of puritication were got. Bven the earlicr and less pure forms
were excecdingly heautiful ;) the puver are haedly surpassed by
any kuown chewiead prodosts.,

The forms of alloteopie silver which T have btained way be
clasailivd as follows:—

AL Soluble, decp ved iusolution, mat lilae, blae, or green whilst
moist, brilliant bluish green metatiic when diy.

B, Tisoluble, devived trom L\, dark reddishe brown while muoist,
when dry sumewhat vesembling A, ’

¢ Gaold silver, dark Lronze whilst wet, when dry exactly
resembling metallic gold in burnished Yamps, Of this form there

*lier 10 Ci Lies, ¥3, 2234,
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is & variety which is coppuer-colured. Tosolubile b water, appears
to have wo correspouding soluble torm,

Propertics posscased by oll the varietivs {n conimon wnd distin-
guishing thew all grom normal sileer.

All thesa forms bave several remarkable propertics in com-
mon.

1. That of drying with their purticles Lo optical conduet,
and conscquently, forniing o continuows filue —10 cither Qs
taken in a pasty condition and s sprewd eveuly over paper
with a fine \H‘lhh, it tikes on spantanconsly in deying a [n:n:r
as high s that of wetallic leat, € when s treated would he
taken for gold leat. Buot this property is wmueh Letter seen by
brashing the pasty substanee vver glass. When dry, analisos
hutely perfect mivror is obtained. The particles next the whiss,
seen throngh the glass, are s perfeetly coutinuons ws those of
a mereurial aowloan, and the wireor ds as good, A and B
form bluish-green mirrors, €, cold or coppercolored mirvors.

8 The hologen rewction.—When any of these allutropic
forms of silver are Lrushed over paper and tha vesoliing wetal:
lie filns are exposed to the action of oy laleid o solutio,
very beautiful colorations are ohiained,  The experimwent sue-
ceeds bust with substances that aistly give wp the badogen, such
as sodium hLypochlorite, fervie clilovide, fodine dizselved in
potassinm fodide, ete. DBur tndications are also obtained with
alkaline zalts such as ammoninn chloride ete, though mere
glowly and less beillivarly, With sodinin hypochlovite the
colors are often magniticent, inteiee slundes with metatlio reffee.
tions, reminding one of the colors of 4 peacoek’s tail. Blue is
the predominating tint. These are interference colurs, cansed
by tLiu filies, Lut whether of o nunal silver haloid or a hewi-
galt, cannot Lie said.  When sitver leaf (normal silver) is fastened
to paper atul acomparative riad is made, the conteast is very
striking. —This matter will be more partieafarly examined in
the 2d part of this paper, and i= mentioged here as one of the
reactions distinguizhing wllotropic from ordinary silver,

3. The activa of wcids.—The stronger acids, even when
much dituted, instantly convert the allotopie forms of silver
into normal gray ~ilver; even acetie acid, not tou mench difuted,
does this.  ft is important to remark that this clange takes
place absolutely withour the separation of gas. | have more’
than onee watched the whale operation with a lens and have
never seen the minatest Lulihie rEripe.

4. Lhysical cowdition— Al these allutropie forms of silver
are easily reduced to an impalpable powder.  One is surprised
to see what is apparently solid burnished metal break cusily to
pieces and by moderate trituration yield a fine powder.
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Aoosoleble Allotropie Sdoer,

A solution of ferrons citrate added to one of a silver sali
prodivees instantly a deep red diquid, (Ferrons tastrate gives
thee sasne veaction bt i3 less advantageous) These red solu-
tintis tuay cither exhibit tolerable permancuey or may decolor-
ize, lotsing full o black precipitine. Tt s not necessary to
prepare the ferrons salt inan fzolated form, a mistare of fuer-
rosis sulphate aned sosdie citiate anawers prrfectly,

Wheen, owever, concentrated solutions are need with a burgze
excess of Terrons sulphate wnd o il boger one of alkaline
citrare, the lgnid tiens whinost eonpletely Lluel. It shonkl be
elivred very ”l'll'“li_::]:]v\' for <everal mintes to make sure that
the whicle of the ill't't'i[lil.\[n-li silver citiate is ached LFER lr:\'
the trow. After standing for ten or filtecn minates, the liguid
iy be deeanted amd will leave a barge quanstity of a heavy pre-
('iili!;lll: of a tine Hlae-blue colers Tt s beat 1o adhere L‘lu.-L‘l_)’
to certain proportioes. OF a ten per cont =olntion of silver
nitrate, 200 coe ngy be placed inoa precipiating jars In
anothor vessel are mixed 200 00 of o thirty por eent selution
of pure ferrons sulplace and =0 coesof w oty per cent =ola-
tion of =adic eiteate. (Fhe sane quantity of ferrous sulplate
o of sodie vitrate inoa lrger llll.lllt'lt} of water will secasion
minel toss of the silver Iu-mhlt:(.} F ik =0 nll\':lll[;l;_’t: i3
gained by neutradizing thie fervous solation, which has a strong
aeid reaction, with solation of sudivn hydroxide: as mueh
uiy be added as will et canee a0 perianent precipitate. To
the guantitics abready given, abont 80 coeoof 1o per cent soda
solution, The reaction tukes place equally well without fhe
sodi, hut Ttlink the product s a litthe moee stable with i.—
The wixed solution is to be added at onee to the stlver solution,

The heautiful lilae shade of the precipitate is rather ephen-
eral. Tt rewains for some time if the precipitate is left nnler
the smother water, but when thvgwn wpenn a filter, 3t s seareely
uncovered before the ke shide disappears al the precip-
tate tukes a deep Blue color, without oninge its solubibicy. It
iy be washed cither ona dilter or by decantation, wide any
sadine solution in whicl it is insoluble and which docs not atfeet
W too el O the whole, sonpmde nitrate dova beat, but
sodiv nitrate, citrate, or sudphate way be used, or the correspond-
ing anunonia salts. Although in pure water the precipizate
instantly digsolves witls an intense blood red color, the presence
of live or ten per cent of any of these salts venders it perfectly
insoluble. 1 have nsually proceeded by adding to the precip-
tate (after decanting the mother water as completely as may be
and removing as wmuch more as possible with a pipette), a
woderate amonnt of water; for the above quantities about 154
¢ Much dess wonld dissolve the precipiiate bat for the

]

—+#



™

- F
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salts present: this muels will dissolve the greates part Lat wot
the whole, whicl s noet necessary, A dittle of & saturared
solution of anunonic nitrate s to be added, just cnough to ellee
complete precipitation,

As the naaterial appears continually to change, the armount
of washing necded st depead upon the objecr o view, If
wanted for analysis, thie wishing minst be vepeated many tines
uutil ferric salt ceases to come away, but no amount of wa-hing
will entirely climinate it. Af1cr seven or cight solutions in
pure witer and as many precipitations, the waterial s to be
thrown on a filter, the Tquid foreed out as conpletedy as pos
sible with a pump and then the wnmonie witrate washed ont
with 93 per cent aleolol uuril the blirate leaves nothing on
evaporation.  The sub-tanee at this poiut is =Gl =olnble in
water, thooeh snuels less so thawar st Druring the washing
the solubility slowly but steadily  dimiuishes, @ Gt rendernsd
uoticeable by less and less ammonie nitrate being vevded 1o
precipitate it from s solution.

Aaadlysisn—The prodact atter thorenah washineg s above
deseribed with aleohol, was defed at oedinary temperature: or
a little above, and was then redueed to o very tine powder and
washed again with water as long as anvtliny di-olved. Tt
wis then dricd at 100° Coin water bath, Thrce =ihver deter-
minations were made.

Ao cooaaa o o0 BT8L per eent silver,
A2 .. U7l £ bt
B _____ o o -l— ‘_,! i i
Al and A2 were made with different portions of e sione

material, D owith different waterial prepared in eanctly the

gale way.

The substance thevefore comtained o an avernge 9727 por
vent of silver, The natuee of the yesiduce wonld  decnde
whether the material was stlver with a coatain amonnt of
impurity firmdy ateaelied o it or whether we had o do with
silver in chienneal combination with other elenenta,

The filtrate from the sihver chiloride in analysi= A2 was
evaporated to dryness and wis found to contain chicthy ron
and citric aciil. The iron was thrown down s sulphide, sedis
solved in nitrie aciid, precipitated hot, wazhed with buiting
water and gave 00470 The residue therefure consisted of
ferric oxide and citvie acid, probably in the form of terrie
citrate and attached so stronely that even the very caoretul and
prolonged washing given failed 1o rewmove them, Stronger
means wonkhl be I‘Ullllii‘ul] than conld be wsed without ;l]h:ling
the econdition of the substuncee.  The econcluzion therefore
seeinied to Le Justiticd that the material consi-ted of o
bined stlver simply mixed with impuriry,

I

7

ks ¥ s

ErE s
o

ST TR e "‘w\j

e

gk
sl
atiy
\\‘t‘)ll
:_:'l'“
;f{.il*
1ot
.‘silh

"l\
witl
sl
b
o
Thi
}m‘-i
U
l‘\in
Lot
i“]l'
virly

R
~eqd
vl
Wl
Wl
Lhe:
trgd
ill)"
Tilii
il F
i
adly
the
sl
(R TBY
s
i
riad
1t
tha
wit
Wis
|ll‘:5
for
Ul'i‘:.
for



.
Ry

S S AT SIS A BT At Ay it BRI T 0 sy

1T S v IR P T --ﬂ-w'*mJ

1. (':H‘n'_-'/f foa - .H/uh'n[u": P r:f' Neleer, 483

’!‘An \i'ill.\ llli:: l‘\-il\'lli-\i!'il ]l‘\ ill!lliiiulL.lI Lf\itl!']t(‘t.‘? []Jc nulnv
stanee was examitned o to bs bebavior when heated, Poe if
any other clement were |l|t1|lll ally combuaed with the silver it
winild ouby e tin view of the Livh puereentage of silver) hyvide-
ceil or osveen, We migh lave o do with a hyvdeide, analo-
o Lo Warte’s hvdvide of copper, or possibily an oxide, but
T |m»1ﬁt|‘l) as A b would contain only s per eent ol
silver,

The presence of either Tyidrocen or ovvgen i cotbination
with cilver seems to e pretty certainly u.m\ui by the action
ol diluve =alphurie acid ou this Gad the teo otleer substanices,
Ut O o be deseribied Borthier oy They are adl conve cond
it ey metallic =ibver withons e -ll-flm-l vacipe of it
Fhi- ~cems tokerably conelusive i iself ;D and the vesult of ex-
iuhifl' aoreat minber of spechmens of all the forns X, B and
't thie aetion of heat Wil Cin ally s A5 the objeet wias to
eapoee the Tresh s s nuaterial toa gradually fnereasing
Leat teoan that orf botlineg water tooa low red heat wirhoat
interrpting the process the followime wrvanzenent wis fond
oty il

A |=in-nn ol Bohemtan oles tube abont =ix tnchies b was
~sealed Ta e i|l|||' ab one cieds thee vahier elosed with d il|| her
TR N {hwu_:l; whoch pacad o smadl s delivery mblie and
whinither tuln T to a =il test tihae |l|1[|\ tilledd with
Waler il ]m\lrl:: aethier Tl theanh the cork passing nnder
the zun Gace o the water, this preventing regnrgitation, The
mitberial v s 1t exposed for soane Lours 1o heat of
abont 150 o eldoride of caleinn bath ;s this was nexe
retneved wiad thie bt continned to low redness, Ohly traces
of gas o Were cvolved amld this was found to be in oall uf the
HIEEE TR Ilidt' llhl‘lk'. (\Iii)nlli\' .l<'lli. Ill'li\l'i 1ioni lln: (,‘ill'it‘ :l-'i't
adticnne Tlis eatient was vepeated ooy tines with all
the dutherenr varieties of the substunce and with the sne
result Phe tenperatire was adways vaised <atticiently high to
clisure the complete conversion of the wacerial into, worul
gray silver, bt s no ease was oxygen or Lisdrosen sel free.

It conld not be overtooked thar inall fhe-e trials the mate-
rial Lasd passed tnto an fasolubde form belore the ~ilver deter-
tthation was tbaode, There renanined thevefore this |lnn-lhllll)
that the silver, so tong as selnble, might Le o combination
with citrie acid and that its Lhmgu to the insohuble condition
was vatsed by s separating freme the citvic acid, Tt seened
destrable IL.I[ l}ljw \'it‘\\' honld Le h'alw|. As l}u: Uiljl,‘ci Wiy
teodetermioe the condition of the stlver o the substanee as
ariginally formed, avoiding as far s possible to change that
forus by afteinpls at puritication, the only course available was
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to determine the ratio between the silver on the one hand and
the eitrie aeisl on the other, cither exeluding from the deter-
mination, vr else removing, that portion of the eitrie aeid
which was eombined with sodinm (sodic ecitrate being used in
excess) or with iron. The first attempt was to exciude with-
out rewmoving it, by using Woleott Gibbs's ingenious method of
precipitating the hase by hydrogen sulphidesand determining
the aeid thus set free in a solution originally neatral. It was
ascertuined by earcful experiment on weighed quantities of
pure anliydrous citrie aeldl, that exaet titratton could be made
with the aid of phenolphthudein, The silver was next redis.
sulved and estimated as chloride. A laree nunber of deter
minations were made, but the method proved unsatisfactory.
It was fonnd that portions of the same material operated upon
separately gave ditferent (even wildely ditferent) results.  In
fact, this very discordance was in itself a proof that no stawehio-
metrical combination existed between the silver and the eitric
aeid,

The importance of the matter led me to take it up again
with differeut weans, estimating the citrie acid by Crense’s
wethod. I this wethod the solution, after being redneed to a
small bulk, i= exactly neutralized (with anmmonia or acetic acid),
is treated with a slight exeess of barium acetate and then
mixed with twice itz Lulle of 93 per eent aleohol, let stand a
day and filtered and washed with 83 per eent alechol.  In
iemiting, a fow drops of sulphuric acld convert the barium salt
into sulphate in which form the estimation is made. A pre-
liminary trial with a weighed quantity of eitrie acid showed that
this method gave fairly good resalts. T was obliged to vary
the method sotewhar: the precipitate of barian citrate earried
down with it enougl iron te render it ochirey in appearance,
It was, theretore, after thorongh wasliing with 63 per cent
aleohol till every trace of barium acetate was removed, dis-
eolved on the flter with dilate hydrochilovie acid (acid 1, water
10y in which Larimn eitrare s extremely soluble and washed
throngh, This was followed by still weaker acid and finally
with water. Lrom the filtate, sulphuric acid preeipitated
snow-wlite buriwn salphate. -

But this metlod requires that hoth the sulphates and the
excess Of =odic and ferrte eitrute shatl first have been perfeetly
removed.  The blue preeijptate was therefore washed with
dilate solution of smnioniv nitrate until this was etfeeted. The
necessity for this purification was regrettuble as introducing a
pe=sibility of o change duving the treatinent. It was, however,
indizpensable thar the ferrons, ferrie and =odie citrates present
should be gt rid of. The waterial after this treatment was
still freely =oluble in wuter, to & darkred solution.  An ex-
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amination of its absorption speetrum showed it to be still 2
true solution.  From this solution the silver was first removed
by H,S and then the eitrie acid was determined in the above
deseribed wayv., (If the silver were thrown down by hydro-
chlorie acid, the reliubility of the eitric determination would
be impaired.) Next, the silver sulphide was converted into
ehloride and weighed.  The result gave the ratio
1 gram silver to *031%5 gram eitric acid.

In this ease washing out the sulphates, ete, was an affuir of
several days.  The work was repeated, redueing the time as
much as pu-—slhlt The material was precipitated. decanted as
soon as settled, thrown upon a filter punup and the funnel kepe
constantly tull of ammouie nitrate in dilute solution by a wush
bottle. By wsing very thick paper and a puwerful pressare
the entire \m\hm(r wils mpul]x finishied =0 that in about =ix
hours from first p:cmplt.ltmn the material was thoronghly
washed, redissolved and again filtered and placed under the
action of H,3. The result was

1 gram silver to "0130 eitric acid.

When these relations are reduced from weizhts to equiva-
lents, they hecome:
No. 1, 1 equiv. eitric zeid to 5363 equivs. silver.
No. 2, 1 “ “1037 “
indicating both that the proportion of citric acid present ix
variable and that it is cert: ainly not in stoichivnwetrical conibi-
nation with the silver in the substanee exunined.

It huas been .1hmdv said that these solutions before being
acted upon by IS were examined optically and found to I)L
true sobutions, 'Uu, inferenee therefore sects to be very
strone that there exists an allotropic form of silver freely
soluble in water.  This is a propurty =o exceptional in a metal
that T have admitted it with mueh hesitation. The prineipal
argutnents are as follows:

Tle eontent of silver in the various products was very r'.ue-
fully, and I believe I may say quite neccurately, det ermined ;
was extremely vl ‘11\1.1\~. above U7 per cent. A= .llu\:(lv
remarked, this \lltlhl“\ exelddes the presence of all clements
exeept hydrogen aud ])U*-\l[)]\ oxvren,  These elements were
earefully searehied for, but their presence could not he dereeted,
To suppose that we had to do with a misture in which somwe
compound of silver was mixed with meratlic silver was not
possible, for as the whole was soluble we =hontd -till lave to
admit the solubility of silver.

We Lave cmhuinuntl\ to deal with a substanee unr.mmlg
over 97 per cent of =ilver, and neithoer hydrogen nor oxyueen in

&
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combination with it, the remaining 2 or 3 per cent {ully
aceomnted for by ferrie oxide and eitrie acid determined as
present as aceidental impurity; the substance itself readily
amalgamating with mercary by stimple frietion, nevertheless
abundantly soluble in water, It I had been able to tind any
other explaaation for these facts without admitting the solu-
bility of sitver, I should have adopted it.  But none presented
itself.

Whether in solution it exists as a hydrate, that is, in more
intimate combination with one or more equivalents of water,
eannot be said with entire certainty; but the easy amalguma-

== tion with merenry seems havdly to favor that view.  Nomcans

TN
i

could he found for sertling the question absolutely,  Certainty
at 1007 C, all water 1> expelled, hur this is of cour=e not an
arcument. Al the water is not expelled by indefinite expo-
sure to a vacuum over sulpliivie acid. DBut the proportion eft
is very small

The nnterial examined was in all cases as nearly as possible
the sune as thar orieimally preeipitated, bat absolute identicy
eoulld not be obmained, The puritication absolurely necessary
effeets some change. This is shown by the color. The frezhly
precipitated material dissolves to a blood yed liquid, by wreat
dilution vellowish ved. The puritied substunee gives o derker
red solution, which with dilution remains still ved.  Of the
nature of the substanees in the condition in wlhieh they were
analvzed, T can speak with =ome positiveness, and these inelude
a substance seluble in water and neverthieless appearing to be
nearly pure silver,

The constitution of the litae Dlue substanee at the moment
of tormation wwd whil=t still under irs mother water is a matter
of more ditticulty y it eould not be said with certainty thut it
was not in some way altered in the puritieation, Mucel time
and Lubor were spent in endeavoring to settle this point, with-
out entirely satisfactory result=, and I am at present engaged
inn the search for a better methol,

When thiz Dlue solulle substanee, puritied either by washing

very moderately by wmmonine: nitrate, or by washing with
pure water, using those portions which remain undizzolved
atter most las been earried throueh the tilter, s Dreashed over
paper and dries rapidly, it exbibits a very heantiful stecessiom
of colors. At the moment of applying it appears blood red;
when Ladf dry it hes a splendid blue “eolor with a lustrous
netullic reflection s when quite dry this metallic effeet disap-
wurs amd the eolor is mat blue.  Examined with o polarizer
1t shows the same characters as to two reflected beams of light
polarized in planes  perpendicular to each  other that are
deseribed further on under B
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When the blue substance prepared in eitlier way dries more
slowly in hunps the result is very variuble: sometimes it is
bright Dblaish metallic; sometimes dull lead culor, with o
metadlic retlection only where it has dried agaiust a smooth
surface.

B. Iusoluble Form of the Joreguing.

The solution of the blue produet Just deseribed is intluenced
in a remarkable way Ly the addition of almost auy neuntral
substance.  So far I have not found any that does not preeipi-
tate it.  Not only saline solutions do this, bat even u solution
of gum arabie,

Neutral sults may precipitate the silver in either a soluble
or an insoluble form. AIH\'a]im: sulphates, nitrates and citrates
throw down the soluble form, magnesinm sulplate, cuprie sul-
phute, ferrons sulphate, nickel sulphate, potassiut biclhiromate
and ferro evanide, barium nitrate, even silver nitrate and other
salts throw down a perfeetly inzoluble form.  The soluble form
constitutes a blue or bluish black precipitate 5 the insoluble, a
purple brown, which by repeated washing, by decantation or
otherwise, continually darkens,

What is very curious is that the insoluble form may he made
to return to the soluble condition  Many substances are capa-
ble of effecting this change.  Sudium borate does s0, producing
a brown solution, potassimn and sodium salphate produce a
yellowish red solution and ammoniam sulplate a red one.
None of these solutions has the same blood-red color as the
oririnal solution ; the form of silver seems to change with the
slightest change of condition.

The solutions used must he extremely dilote, otherwise the
silver, though rendered soluble in pure water by them, will
ot dissolve in the solution itself, a’ singular cotuplieation of
effects.  So that if a moderately strong solution of one of the
above substances is poured over the insoluble silver substance
it dues not dissolve, bat by pouring off the saline solution and
replacing it with pure water, the substance now dizsolves
readily. The insoluble substance is also readily soluble in
amnonia. The solution has & fine red color, and not the yel-
lowish red of the sodinm sulphate solution,

Mozt neutral salts act in one or other of the ways just
described, predipitating the solution of ‘the blue sabstinee A
in either the, soluble or the insoluble form, the latter soluble in
ammonia, but sodium nitrite iz an exception ; its solution
effects an entire change and renders the substance wholly
insoluble, probably reconverting it to normal silver.

A, Jotr. Ben—-Tutrp Serlgs, Vor. XXXVIIL No, 222 —Jusg, 1249,
31

R Ay,

RTINS v 1

S L TR

e~ T

PRI RE .

Pt N AT e L, T LR e g

R o e A

[,

Sy ———
B .



Rkl

COITRIII & O A 25

‘Eifel, ,desc\il,ed\b_{ sk, is given tor the\Kur LS e
MRica c:om}ws‘ltiou

parison, it cm'nﬂmnWrc clostly in che

torthe Jshawooa rock n ‘:\qi\'Jothc ) subliched “analveis. Jlt
o howeven like 1w st 3l te rucksy v woin atalies with
i3, howevery KC most jlens e &c/‘ pher in atalies with
potashidn cwcess of therata, -

s

Axrr. V.—On Allotropic Forms of Silver; by M. Caxey Lea.

[Contiuucd from page 491, sol. xxxvii]

r were deseribed certnin forms
of silver: among thew 8 ilac-blue substance, very goluble in
water with a deep red eolor,  After undergoing 1unﬁﬁ('ation it
was shown tou be pearly pure gilver.  During the lnuﬁﬁcntion
by washing st scomed to change comewhat, and conseguently
sopnie uncerfainty oxisted as to whether or not the puritied gub-
stance was essentially the samne 83 the first product: it seemed
possible that the extreme colubility of the produet in its first
condition might be due to a co Snation In some WAy with
citric acid, the acid separating during the wasling. Many at-
tempts were made to get & qjvation and twu scries of

decisive in
analyses, one & long one, o determine the ratio Letween the
silver and the citric acid present, without obtaining a wholly
eatisfactory rvesult, inasnuch as even these deterninations of
mere ratio involved & certain degree of previous purification
which might have canse

da Eepnmtion.
Thiz que.cti(m Lias sinee heen settied

1in an extremely simple
way, aud the fact estallished that the soluble blue substance
containg not a trac i

¢ of combined ¢itric acid,
The prccipitated Iilac-Llue snbztance (ohtained by reducing
gllver citrate by ferrous citrate) was tlipown on 8

filter and
cleared of motlier weater o8 far as ll(l.‘-!-inl

Tx the first part of this Y“PC

le with a filter puunp.
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solntions, under the influence of which the substance itself
slowly but continually ehanges. Next, the saline solution nsed
for \\".-mhing must he removed by aleoliol. During this treat-
mient, the substanee, at first very soluble, gnulua‘]ly Yuses ity
solubility and when ready for anualysis, has become wholly
insoluble. It is impossible at present to say whether it may
not iave undergone other change @ this is & matter as to whieli
I hope to gpeak more positively later. It is to be remuarked,
however, that these allotropic fors of silver uequire und lose
solubility from very slight causes, is an instance of which may
e mentioned, the ease with which the insoluble form B re-
covers its solubility under the influence of sodium sulphate and
burate wd other salts us deseribed in the previous purt of this
paprer.

The two insoluble forms of allotropic silver which T have
deseribed us Band C; B, bluish green, € rich golden color,
show the following cuvious renction. A film of 1, wpread on
grluas wid hieated in a water stove to 100° C. for a few minutes
bevomes superticially bright yellow. A similar tihn of the
goldcolored substance O treated in the same way, acquires a
blue bluon.  In botle eases it is the surface only that changes,

Senstbiveness o Light.—Al} these forms of silver are acted
upon by light, A and B aequire a brownish tinge by some hours’
exposure to sunlight,  With C the cuse is ;Juite different, the
color changes from that of red gold tw that of pure yellow gold,
The experiuent is an interesting wue, the exposed portion
retains its full metallie brilliancy, giving an additiona! prouf
that the color depends upon molecular arrangement, and this
with the allotropic forms of silver is subjeet to chumge from
almost any influence.

Stubel ity —These substances vary greatly in stability under
influences ditticult to uppreciste. I lhave two specimens of the
golld yellow substance €, both made in Dec, 1536, with the
satie proportions, under the same conditions.  One has passed
to duzzling white, normal silver, withont falling to powder, or
undergoing disiggeregution of any sort; the fragments lave
retained their shape, simply changing to a pure frosted wlite,
remssining apparently as solid as lefore, the other is unchanged
und still shows its deep yellow color, and golden luster,  An-
other specinien mucde Wiﬁlfll a few nonths and supposed to be
pernanent has clunged to brown,  Conplete exchusion of wir
and light is certainly favorable to permanence.

Dhysicad condition.—The brittleness of the substances B
and C, the facility with which they can be reduced to the tinest
puwder, mwkes a'striking point of differcnce between allutropie

As. Jotw Ser--Titew Sewies, VoL, XXXVIIL No. 223 —JuLy, lasy,
4



>

50 Branner and Brackett— Peridotite of Arlansas.

o1ud normal silver. It is probable that normal eilver, precipi-
tated in fine: powder and set aside moist to dry gradually. may
cohere into brittle humps, but these would be niwre aggregs-
tions of dizcontinuous material,  With allotropie gilver the
case is very different, the particles dry in opticn{ contact with
each other, the surfaces are brilliant and the waterial evidently
continuous, That this should be lrittle indicates 4 torally
different state of molecular constitution from that of normal
silver. 7
Sp{c{ﬁc Gravitics.—The allutropic forms of eilver show a
Juwer specifie gravity than that of normal silver.

In determining the specific gravitics it was fonnd essential to
keep the sp. gr. iotﬂe after placing the material in it for sume
houre under the bell of an air pump. Filme of air attach
themselves obstinately to the surfaces and escape but slowly
even i VGEUO. .

Taken with this precantion, the blue substance D gave spe-
cifiec gravity 998 and the vellow substance C. sp. gr. &3l
The specific gravity of normal silver, after inelting was found
by G. Rose to be 105, That of tincly divided silver obtained
by precipitation i« stated to be 10:62.% :

1 Lelieve these Qeterminations to be exact for the specimens '

employed.  DBut the condition of aggregation nay not improb-
ably vary somewhat in different speciniens. It seems however
clear that these forms of silver }m\'e a lower specific gravity
than the normal, and this is what would be expected.

Chestput Hill, Philadelphia, May, 1889,
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ART. NXN.——Notese on Allatropic Nilver; hy M. Carry LEA

Relations of the Yellow to the Dluc Forms—The cold-and
copper-colored forms on the one Land, and the blac. bluish.
creen and steel-gray on the other hand stand in close relations
to cach other.  In previous papers there has heen deseribed a
ervetalline state intermediate between these active forms and
ordinary silver, whicl intermnediate eondition. while retaining
the bright vellow color of the aetive form is nearly as indit-
forent to reagents as ordinary silver. Tnto this mtermedinte
state both the veliow and hine forms are capable of passing,
and apparently the intermediate states of both kinds of allo-
rropie silver are identical: e dnte ranediate form or bue silver
/s yeflore. Thus when lminps of blue silver are heated in a
test tube to about 1507 C. they assume a gold eolor and luster.
The same change takes place at the smne temperature when
tilms of hlue silver are placed in a hot air bath.

Iut relations much closer than these exist.  Dlue silver can
be converted into vellow at ardinary temperatures and conse-
quently with retention of it= active properties,  Thix is aecom-
plished throueh the agency of sniphuric acid.  When 1
solution of silver is obtained by the action of sodium hy-
droxide and dextrine on silver nitrate™ it appears to contain
the blue variety, for if allowed to precipitate spontuneonsly by
long standing, or 1f preeipitated by acetie acid, dilute nitrie
acid, or by many neatral substances, it gives a form of silver

which is dark red while moist and dries with a blue surface

* Forty prams each of sndium hydroxide aud of velinw ur Lrown dexfring (not
white) are Jizzolved in two litres of water andd 28 prinns of silver nitrate in solu:
Lion e added i small quantities at a time, with frequent stivcing, 20 that several
Tl ~nlation 1< alwabs
shivialy pebid when viewed by reflocted light, by which it <how= a beanriful
decp green enlor, By transnsitted light i = deep red. sk whien dilured. e
lutery teansparent, By dininizhing the propurtion of silver nisete to one-hall @
sofution nearly or nuite clear by retlected s well as by tran-mited lihut i ot
tained,
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esfor. (It is abwavs a little dithenlt to chaacterize these ub.
gances by their enlors sinee the surface eolor which thev <how
when dry—either in mass or in tilms—iz mostly complement-
ary to their eolor when wets Az the 2urface eolor iz mueh the
more characteriztie. [ have adapred the conrse of naming them
by that)
T The behavior of the red solution obtained by sada and
dextrine with: dilute sulphuric I very interesting and instrue
tive. When 100 c.e. of solution are poured into 100 ce, of
water to which 3 e of anlphurie aeid have Leen previously :
added, a dark red precipitate falls, which, when dry, especially
~ o films, is blue. The mixed lignid from wlhich the preeipi- '
tate is formed is acid.  Inercuzing the proportion of acid to 4,
5 and 6 cc. specessively, the substance obtained has a preen
surface color becoming more yellowish green in proportion as
the acid is increased in quantity. Wit 74ee. the saubstance- -
no longer dries green but vellow. Increased proportions of l
acid produnee substances drying with a coppery shade, - -
It will he seen that from a single solntion, and using one
gubstance only as a precipitant. we can obtain the whele range ‘
of different forms of allotropic silver, by simply varying the ;
proportiens of the preeipitant. ‘ {
hat these forms of silver shoull subsist in the presence of i
sulphuric acid in exeess ix remarkable.  Tor the most-part the i
presence of this acid tends to quickly convert allotropie to I;
: t
L

N

ordinary silver.  For example, bright yellow allotropie silver
obtained with ferrous tartrate was washed on a filter with
water eontaining 17500 its volume of sulphovie acid: in two
or three hours the entire mass was converted into gray ordinary
pilver, ‘ )

It is observable that the snbstances precipitated with the -
least acid, have a very splendid luster? und that this Juster B
diminishes steadily as the proportion of acid is inereased.  Up
to 6 c.e. to 100 the effect is hardly noticeable, after that it be-
cones more marked.

Bnt we can alzo obtain the eonverse of this reaction. Jnst
a8 the solution whicl naturally would yield the blue product,
ean be made to $ield the yellow by the presence of excess of
strong acid, so the solution which normally vields the yellow
substanee, may be made to produce blue (or rather green)
silver by adding alkali, Thos a mixture of dilute solations of
ferrous sulphate and of Rochelle salt added to mixed solutions
of silver nitrate and of Tlochelle salt, results in the formation
of gold-colored silver.  Dut if we add a little sodiun: hydrox-
e, either to the iron solution or the siiver mixture, we shall
get a Diuish green product, whose properties show that it
bel(}ngs to the bhie class and not to the vellow.  Evenif a

—
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solution of the hydroxide s added immediately after the irep
solution has been poured into the silver, the result is the same,

There iz thercfore a well marked tendeney of wcids to give
rvise to the formation of the vellow produet and of alkalies te
the Blue.  But this is w tendency only. Both substances can
be produced from neatral solutions, und slight clianges ure
sutticient to alter the product foried. Thus, ferrons tartrate,
in dilute solution acting an silver tartrate gives rise to the for.
mation of the gold-colored sulistanee, b when citrates are
substituted, the blue substanee is obrained,

Lrroduetion of Allotropic Silver by fnorgunic Substances,—
For reasons which will be mentioned presenily, the reduction
of zilver must take pluce gradually to produee the allotropie
form, and for a thne it scemed an Invariable condition that an
organie substance of some sort should be preseut. This, how.
ever. proves not to he essential. In a paper presented to the
Aneriean Academy and kindly read for me by Professor
Tlemscn at the meeting in April Jast, T allnded briefly to Laving
found a reaction depending upon inorganic agents only. 1t is
as fullows § Sodium hypophosphite added to silver nitrate doos
not effeet reduction, but when hivpoplosphorous acid is set
free. by the addition of phosplioric aeid, a red ecoloration
appears, indicating the prescnee of allotropie silver The
coloration is transitory, no doubt because of the strong tun-
deney of free minera acids to convert allotropie to normal
silver, but red and biune stains form ou the sides of the vessol,

Phosphorons acid gives similar results, thuugh perhaps less
well warked. : : )

Aeteon of Light on Blue Sitver.—This wetion ditlers with
different varietics : it was more especiallv examined with llhu
form that is obtained from the soda dextrine silver solution
already deseribed by pouring the solution into an equal bulk of
water to which sulphurie acid had been added in the propors
tion of 4 e to each 100 c.e of waier,  This form was sclected
Deeuse it 35 easy to ohtain with great constaney of result, and
hecause it is one of the forms of bine silver niost scusitive 10
ligrhit. )

Fxposed to light, this substance tirst beeomes more Jdistinetly
blue, losing a slight vreenish shade.  With continued exposure
it passes to a vellow-brawn shade. and finally to a perfecty
pure goldenyeilow of great Lrilliaey and luster,  The last 38
the intermedinte or erystalline form, .

The action of light on this form of silver is rem:n'k‘:zi)lc in
this respect, that irs first effect is to ¢nerease the sensitivenes?
to reagents.

This result was so unexpected und a prior o impmlm!nlf‘.
that it wus subjected to the most careful verification butol?
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vy secepted. The action is very casily shown by exposing
3y flm of the sulztance to licht, covering pare of the surface
,ém;h an opaque sereen.  Afrer twenty or thirte minutes of
Ww;,gpoaure to strongstmmer sunshine, the film may be plnnged
“stmto & one per cent solution of potassivin ferrideyanide, when
he part expused eolors mueh saoner and more strongly than
gat which wus covered. The offeet s shown still Letter Ly
phacing the filin in a frame, covering part with paper rendered
- yolutely opaque by coating it with thick tin foil, part with
< teauglucent paper (thick white writing paper or verv thin
+.apown paper) and leaving part whally exposed.  After four or
Ave bours action of strong swnmer snushine, the tilm is to bhe
traated with weak ferndeyanide. The part wholly exposed
hving passed into the gold-colored ervstalline condition (if
k. b exposure has been sufficient) is wholly nnacted upon, the
(" pirt covered Ly the translucent paper is rapidly attacked, that
abolly protected is attacked slowly. 8o that the portion
woderately acted on by light has very mawiedly inereased in
. wsitiveness thereby, . _

- (&It follows that upon this form of silver light has « reversing
B . * etion, first exalting its sensitiveness, then completely destroy-
- it.

It is impossible to overlouk the analogy which exists between
£ " s action of light, and that whicl light exerts on silver
+ - bromide, .
.. The latter substance though incomparably more sensitive to
uAight, is subject to the same reversing action, first graining in
misitiveness to reducing agents and then, by continued eXPOS-
‘W, becoming less sensitive than originally, a chiange  com-
*amnly known as solarization. .
2o pCauses determininy whether in the reduction of Silver,
dllotropic or the Normal form shall be produced.—1 have
_Mamined the phienvinena eounected with the reduction of
+ Blver under 2 great variety of conditicus. These for the most
E‘ndo ot deserve particular meution but seen tu lead up to
B generalization : that the reduction of silver may be diveet
=% indirect, direct when it passes from the condition of the
Mrmal salt or oxide to that of the umetal, indirect: when the
go is first to sub-oxide or to u corresponding sub-salt.  So
% 1wy ohservation has gone when the reduction is o7 et
% reduced silver alwavs appears in its ordinary form, But
W20 the reduction is indirect the silver presents itself in one
s ¥ Wallotropic states.
eale following reactions support this view.
waetliree of the prineipal modes of formation of atlutropic -
o are 1 (1) I‘O(‘uc[iull of =ilver citrate or tartrate by ferrous
3 % or tartrate: (2) acting on silver nitrate or oxide hy
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dextrine and fixed alkaline hvdroxide ; (3) acting on silver
nitrate or carbonate by tannin and fixed alkaline carbonate,
Now, if in either of these three cases we interrupt the action
before it is complete by adding an cxeess of dilute hydro.
chiloric acid we shall ohain a dark chestnut-brown or sone-
times purple-brown substance whieh on examination proves to
be a mixture of silver subehloride and phetoehloride. When,
after complete removal of the exeess of hydrochlorie acid b
thorough washing or better by boiling with distilled water, the
substanee is treated with eold dilute nitrie aeid that portion of
the sub-chloride which iz not ecombined with the normal
chloride is broken up and there remains photochioride of a
very rieh and intense rose-color.®

The production of silver sub-chloride in all these cases
would seem to indicate that the reduetion when the acid was
added was incomplete, and that in case (1) a subsalt, and in
cases (2 und (3) a sub-oxide was first formed ss an intermediate
step before complete reduction.  Either of these substanecs
wonld of course wive rise to the formation of subchioride
when treated with hydrochlorie acid. It is important to ob-
gerve that this resnlt’is to be obtained only by interrapting the
reaction hefore it is complete.  When, for example, allotropie
silver in solution is produced by the action of sodic hydroxide
and dextrine and after combplete rednetion, hydrochilorie acid i3
added, the liquid beepmes filled with gray normal silver, which
presently colleets to a cake.  When this cake is well washed
and boiled with water, and then treated with dilute nitrie acid,
solntion takes place: a trace of photochioride is left behind.
It has been mentioned clsewhere that hydrochlorie acid,
thougl without action on erdinary silver, is capable of forni-
ing u variable quantity of protoelloride when placed in contact
with allotropie sitver.

I have not met with any exception to this general prineiple
that when a reaction leading to the formation of allotropic
silver is interrupted by the addition of hydrochlorie aeid,
snbehtoride is abundantly formed as one of the produets.

In all such cascs the reduction is.evidently indireet.  The
silver dues not lose at once the whole of its oxygen, but
apparently passes through an intermediate form, probably
Ag0, the reduction of which tends to the formation of allo-
tropie silver.

These facts lead directly up to the guestion: does silver -

exist in its subsalts in the allotropie form ¢ There are s01Q

* This is a very beautiiul resction and deserves more particular Lention thas
ean be given here,  1U ds perbaps the best means for obtaining gilyer photechlor
ride, for which purpose have often cmployed it, both on account of je= fucllity
and certainty, aud the very beautiful color of the product.
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ArT. XXXIV.~The Propertice of Allotrapic Silver ; by "il,
. M. Carey Lea. H
THE three forms of allotropic silver whicl were deseribed 7 : f"_»“
in the June number of this Journal—the blue soluble and the s
Llue and the yellow insoluble—are not to be understood as the P 3!
~} only formne which exist, but as the best marked only. The ‘H
substance is protean, and exhibits other medifications not yet el
studied. No other metal than silver appears to be capable of 4 5}:
assuming such a remarkable variety of appearances. Every "f";
eolor is represented. I have obtained metallic silver blue, i),
green (many shades of both), red, yellow and purple. In H‘i'
enumerating these colors I do net refer to interference colors i J’|
produced superficially by reagents, also wonderfully brilliant, i _:§|
{mt to bLody colors.  As a single instance of coloration the _J L qif
following may be mentioned, recently obtained a solution i
r of allotropic silver of an intense 3‘0110\\' brown, A little solu- ‘1 NRE
| tion of disodic phosphate changed this to laight scarlet (like L4
l Bibericli searlet) presently decolorizing with formation of a Ri
. purple precipitate. Washed on a filter this ehanged to bluish ol
' yreen. The colors T have met with in this investigation can }

. only be compared with the coal tar products, of which one is l
C constantly reminded by their vividness and intense colorific -
power.
Two of the insoluble forms of allotropic silver, the gold-
zolored and the blue, show in many respects a close relation-
¢hip and ahmost identical reactions. There are other respects

1 in whicl they differ strikingly and amongst these, in stability.
Blue allotropie silver {dark red whilst moist, becoming blue n

1 drying} is very stable. It may be exposed for weeks in a -

e

(va, €49 )
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a pasty condition in g
corked vial and so Kept moist for inonthe, wirhont alteration,

The goldcolored form on the contriry, temls conistantly ty
revert to ordinary silver. . This i especially the case whifiy it
s omoist, 5o that from the thue of it formation, it must e
separated from its mother warer and washed s rapidly
poseible, otherwise it loses its brillianey aud purity of color
and clinees 1ooa dur) dull gray form of 1orl silver, (o
the liler, jts proper color is pure Llack with Y
shitmer (i yold color appearing as it drics) ofte
it allowed to beeome wncovercd Ly the water
it will clinge superticially to gray o Bue ity witstiingr by
dune rapidly with the aid of wtilier puip and 5 pressire of
tour or five iuclies of mereury, the allotropic silver abitiined,
when allowed 1o, deyin lamps, or Leuglied OVET PUper ur gk,
i5 at Jeast vqgual to pure gold in eolor and i1, I.:'iHium:y. Witly
the blue produee sneh Precattiong g wholty s perifiui,

OF the fucility with wlijel; the gold colored form
verted into norgl silver, T have vecently had a somewha
singular proof, | brought with me o my sunnner home o
nuniber of specimens in tubes, soine recently Prepared, some
dating buek us far as two wd a Ll years, together with otlyer
tubes containing specimens of whir n‘”\'l:l’S!Jl)lllél!l(:ul]biy foraed
from the gold colored. Oy apentng the box 1o toles of il
colored silver were to L found, alt Lad clianged o
But the same hox contained pieces of Paper and of glass o
whieh the sumg material had beey extended ; these woro
wholly wnchunged and had Preserved the gold ol perfecily
Apparently the explanution wis this, the miere vibratiog Calised
Ly the Jarring of o Jjourney of 60U iles by rail and stean,-
boat had had no etféet i changing the moleenlar torin, hut
the materiad contained jn the: partly filled tubes lLad been also
subjected to siriction of Pieees moved over encl othier, and
this had  cased  the change, Ty verify this cxplanation |
prepared  fresls wiaterial, filled theee similar tubes eacl; one
quarter full, Lut in one foreed i eotton wool very tightly to
prevent frictional motion.  These tuhes wore piacked iy oy
siadl box and sent over 2400 niles ot railway. " The tnles
with lavse muaterial eane buek 1nuch altered, one wag nearly
white, and us the chiange has been set np will probably in a fog
duys e entively so,t another witl, loose matria wis ale.
changed hat nol as mueh as the st mentioned, The tule
filed up with cotton eane bick unaltercd, S, that continued
friction of picces shiding vver cuch other will
o take phlice n oa fow days which

moist state on a filter, or be placed in
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requiced  years or aniglt not Lave oeenrred  at all.  The
permaniuney of thiy substance iy sreatly influenced by moistuie,
so that when simply aipadrie] hwtore placing in tubes it is lens
perianent thau when dricd at 500 o 50° Coinoastove, Tubes
placed i the eame Doy contiiing the Bhae form remained
Walteeted by thie totion, thougl only partly filled aud al.
lowed to iy e freely,

When goldcolorad allotropie silver s gently heated in o
test tube it underyroes o rewnrkalle change in cohesion.  Be.
fore heating, it is Lrittle ol casily reduced to fine powiler,
After Leating it has grestly inereuscd in toughness and cannot
be patverized at all,

Both the gold-vellow and the blue forms resemble unorinal
Bilver in discngugeing exygen fromn hydrogen peroxide,

These two fopng thonyrh difiering so much in eolor aml
stabiliny and ditfering aleo i) Mt preavity wod in their mode
of foruation, have Wy propertics i CHILUN, NOL posscssed
by ovdinary silver, and dillerentiating them strongly from it
They shiow o vaetly wrester sensitiveness to reagents, and are
also snsitive o bulit, Phe ability 1o form perfect metullic
mirrors by being siinply brashed in the pasty condition over
glass was mewtione] i o TeVious papor.,

Many sudetunees whia:k: react e if at all with ondi.
nary silver, attuck the goldeolored and the blue allotropic
silver witly production of very beautiful colors due to the
formation of thin film and resulting interference of twa
retlected rays. by Preevionus papers 1 ealle| this the “hal.,.
BUIL reachion ™ becanse st obtajned by the action of suly-
stances which easily parted witly o halogen,  But 1 Lave sinee
found thut faty uﬂ}u:r reagents will produce the same or gimilar
effeets. These ure .

Nwlphides. Paper hraghed over with either (lie gold, the
Copper colored, or the bluis), green substance exposed to the
vapor of sunoninm silphide, or immersed ina dithc solution
of ity wssmine heautiful hoes, though less brilliant than those
obtained in some other Witys,

Lotussivn petinunyanate in dilnte solution produces blue,
red and green colos.

Lotassivm Jervicyanide in moderately strong solution
{;r;uhmlly tttacks alloteapio silver witl, production of aplendid
i, Purple and gecon cotoration,

hosphorous wcid prodices gradually a rather dull color-
ationy, '

The color venction is produced finely by subst
readily parr winly o halogen sich as forde
sodiyn, hyimlrlduli[u, hydvochlorie aeid
dchvomnare Ly Been added, and

ances whicl,
anl cuprie chlorides,
to which potassinn
|)J.’ t:ul'l'uril:ulu“llg, |)l'ullli1u:
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and iodine compounds.  In sowme earlier experiments I ob.
tained effeets of the same sort, ‘but in mueh weaker degree
with alkaline haloids.  But with purer products, the results
have bLeen different.  There is at tirst sone darkening, but no
true color reaction and the allotropic silver appears to be
gradually eonverted into normal, so that it is no longer capable
of giving the lrilliant color reaetion with potassiume  ferrid-
cyanide, but, like normal silver, takes a pale and fuint colora-
tion only.

The perchlorides of platinum, gold and tin do not give the
color reaction, though by analogy one would expect that they
should, since they can lose chlorine with formation of a lower
chiloride,

<ction of Light—Iu a previous paper was mentioned the
remarkable fact that the gold- and copper- colored forms of
allotropic silver ean be converted Hrst into yellow and finally
into white normal sjlver by the continued action of light.
The earlier specimens of tle blue form became brown by
exposure, but purer ones since obtained are likewiso converted
iuto yellow by exposure, becoming continnally Mghter as the
action is continued. The conversion from the darker shades
to a bright yvellow with full metallic luster is very easy, but
when the previous paper wus written I had been only able to
obtain the white Ly Eccping the-paper, on which the silver was
coated, moist by u wet pad and by exposing for five or six
days. Since then I have obtained the gold-colored silver in a
more sensitive form, giving a perfectly white product by
exposure dry for half that time,

[I)‘(Le white silver thus obtained has all the character of
ordinary silver and dues not show the color reaction with
ferric and cuprie ehloride, potassium ferrideyanide, ete.  Just
I proportion to the exposure to light, the ability to give this
color reaction dininishes, so that after a day’s exposure, when
the exposed part has become bright yellow, the color reagents
scarcely affect this yellow, whilst the protected part becomes
intense blue, purple, or greew.  In this way it is easy to
observe the gradual effect of light as it changes the allotropic
silver, finally converting it into what resembles in every way,
and is undoubtedly, ordinary silver. ‘

July, 1489,

T AL SIS AN att o P A wigafie

w

-
i’ P Nt St

A

ART, X\
produc

Arror
brushed
iant coati
of iodine
of eonlored
bealer sh
by irregu!
produced
results, ]
window, t
affeets the
prineipally
shaped cul
the air ew
place a e
to set it w
a fire, ore

That i
(Nobili’s ri
Rohert I
normal sil
gumined p
gently ruh
and faded-
lustrous ar
striking, +
tion could
by photogr

Ag to th
with positi
for several
silver B, an
colored ig t]

July, 18849,

* Described |

H1 was desir
printing for th
found that he ¢

parent, aud ye
titate in print




..
.

-
P -

-

(29

L. Carey Lea— Properties of Allotropic Silver. = 941

Art. XXXV.—0)p Ling Systems and other Curpe Systems
produced on Allotropic Sitver by Todine ; by M. Carey LEex,

ALLOTROPIC silver, in its moist and plastie state, may he
brushed over paper and gives on drying 4 eontinuous and brill-
iant coating resembling nictallic Ieéuf.*  When o small crystal
of iodine is placed on paper that has been thus eoated, a system
of eolored rings of remarkable beauty is obtained. A funnel or
beaker should be inverted over the paper to prevent distortion
by irregular currents of air.  One foprm of distortion, however,
produced by a slight enrrent in one direction, gives interesting
results,  If the paper with the erystal on it s set near 4 closed
window, the slight corrent whicl, makes its way through,
affects the air under the zlass enough to carry the iodine vapor
principally in one direetion and there result oval or pear-
shaped curvos of great eleganee and mnel variety aceording g
the air currents are stronger or weaker  Another methog 18 to
place a bell glass, not fittingr too closely, over the paper and
to set it where it will be inflnenced by the dranght ercated by
afire, or even by a gaslight,

That iodine " is capable of producing interference rings
(Nobilv’s rings) on metallic surfaces hue long been known, and
Robert Hunt has deseribed their formation on surfaces of
normal silver, I have made these for comparison, pressing
gumimned paper on silver leaf, bringing to & emootl; surface by
gently rubbing after drying.  The contrast between the pale
and {aded-looking effects Pruduced on normal silver, and the
lustrons and glowing Lues given by the allotropie, is very
striking.+  One cannot help wishing that this splendid colora.
tion could be made to do service for obtaining natural eolors
by photograplic processes,

As to the durability of these products, I eannot yet speak
with positivencss.  Proteeted frone light and aiy they endure
for several months at least, Both the bluish green imsoluble

silver B, and the gold-colored O praduce these effects; the gold-

colored is the hettor siited of the two.
July, 1889,

* Described in this Jourual, June, 1389,

t T was desirouy of having some of these curve systums reproduced |n color
pristing for this Journal, but o conlerriug  withy an experivived color printer,
found that he could Kive nonssnrance of ;4 suceesstul reynlt. Phe colors are trans.
Parent, wik yet have a metalliy Lrilhaney, a combination aimust impessible 1o
imitate in printing.

/
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Sometimes the substance will spontancously pass into a
soluble form. A specimen, rendered insoluble by preeipitation
with  ferrous sulphate, after mneh washing began to ran
through, not only us @ snspensivn, which often happens, but as
a solution, clearing itself, after o day ov two, of insoluble por-
tions and furnishing a rosered solution. T have kept this
solution in a corked vial for eight months, during W]]ic\l tite
it has remained unchanged.

The general properties of this sulztance can be much better
observed in the thin films obtained Ly brushing the wwoist
substance over paper than in the lhamps.  The films thus
obtained are brizht greenish metallic, and this green evidently
results from a mixture of blue aund yellow, as in some li;_rht".s
the blue, in others the vellow, is most evident. When these
films are examined by light refleeted from them at a large
incidenee with the normal aud a Nieol’s prismn or an achroma-
tized pri=m of cale-spar is interposed between the filin and the
eye, it beeowes at once apparent that the blue and vellow light
are O}Ji)(]h‘lttl‘\' polarized. The vellow light 12 polarizeld in the

slane of incidence, the Line light pel'pcndiéulurly to that plane.
All specimens show the yellow light, but the quantity of Llue
et is very variable and is diveetly eonneeted with the amount
of‘ washing applivd to the preeipitate. The more it is washed
the more the yellow predominates. To see the blue form in
its full beauty, a little of the red solution may be precipitated
with a very litrle magnesivm ov alwminium sulphate gnd be
thrown on o flter.  As zoun as the liquid Lus drained off and
without any washing, the deep hronze-colored substance is to
be brushed over paper. On drying it has all the appearance
of @ brivht blue metal with a remarkable luster.  The mirrors
obtained by brushing the substance over glss are so beauriful
anid so pert‘ect that it sectns ax if this property might have
wseful applications, especially for silvering irregrular surfaces.
Mueh care, however, woulil be necessary in the preparation to
obtain a permanent product. -
Crystallization.—On one veension this substance was obtained
in a erystalline form.  Sonie erude red solation had heen set
aside in a corked vial. Some weeks after, it was noticed that
the solurion had Deeone dueeolorized, with a ervstalline deposit
at bottom. The bottle was carefully broken; the deposit,
examined by a lens consisted of short black needles and thin
prismis. Evidently the saline matters present liad haluneed the
silver in solution ~o nearly as not to cap=e an inediate pre-
cipitation, but 1 very cradual one only. The inother water was
drained off and a few drops of pure water were addcd. No
golutinn took place, the ervstals were therefore of the materfal
B, the insoluble form. The contact of pure water jnstantly
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destroyed the erystallization und the substance dried with a
bright green metallic luster.  Contact with pure water evi-
dently tends always to bring this form of silver into the col-
lotdal state, sometimes svluble and sometimes not: whilst the
contaet with certain neutral salts renders it crystalline.

The extraordinary sensitiveness which allotropie silver shows
to external influcnces contrasts strongly with the inertness of
normal (probably polymeric) metallie sitver.  When we place
this fact alongside of the well known sensitiveness of many
silver compounds to light, heat and {as I have elsewhere
sliown) to weclanieal foree,® we are led to ask whether silver
may not exist in this form in these very sensitive compounds.

~  To obtain the substance in a pure eomdition suitable for
analysis, it is necessary to choose a preecipitant not giving an
inseluble product with either eitric vr sulphuric acid.  Magne-
sium sanlphate or nickel sulphate answers well; I have generally

T - LA ’Jﬂ\'».'ﬁ'"h“

used the first named. A very dilute solution is made of it and | K
the red solutivn of A is to be filtered into it.  The precipitate
soon subsides. A large quantity of water is to be ponred on, .

and then washing by decantation can be continued to three
decantations, after which the substanee vemnains suspended. I
\ can be made to subside Ly adding a very small gunantity of

Tkl

magnesium sulphate 5 one four-thousandth part (025 gram to |« .
| one lizer) is suflicient. The substance may then be thrown on ‘ .
( a filter aud washed with pure water. M z
: Adnalysis.—A specimen dried in vacuo over sulphuric acid H
©, gave .
No. 1. 97-17 per cent silver. :

No.2. ... 9710 v “
A specimen dried first in vacuo and then at 100° C,, lost in i

the second drying "33 per cent water.

Se that the substanee dried at 100° contained 9796 per cent, ~ d
of silver. The remaining 2-04 per cent conzisted of ferrie -~ 1
oxide and eitrie acid. ’ 5
C. Gold- Yellwo and Uopper-colored Silver. 'A i
It has been lone known that golden-yellow specks would ,
oceasionally show themselves in silver solutions, hut could not !
be obtained at will and the quantity thus uppearing was inti- )
nitesimal.  Probably this plienomenon has often led to a sup- E
position that silver might be transmuted into gold.t  This yel- 4

* Production of an image on silver jodide capable of development by siwple
pressure,

t I have a little volume published in Paris in 1857 by a chemizt named Tiffe-
reau who was linmly convinced that in wany reactions, minute portions of silver
are converted into gold, especially with the aid of pewerful sunlight. In Maxico,
bhe affirmed, he bad artiticially produced severul grams of gold, a portion of
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low produet, however, is onlv an allotropie fur of silver, hut
it fus all the color and brillimey of gold, a faet whicll was
apparent even iu the minute specks hitherto obtained.

v the means presently to he deseribed, silver can be eon-
verted wholly into this form. It is a Tittle carious that ijts
‘permanency seems to depend entirely on details in the mode
of formation. I found nany ways of obtaining it bt in a few
months the spechacns preserved changed  spontanconsly o
normal silver This happened even in well elosed tubes,  The
normal silver produced in this way is exquisitely heautiful
It ks a purve and perfeet white color like the finest frosted
Jewelers silver, almost in fact exceeding the jeweler's Lest
products<. I found. however, one process by whieh a (uite
ermanent resalt conld he obtained.” Specimens miade by it in
&nvcmber of 1336 are now, at the end of thirty months, -
changud,

In forming the blue produet which T have ealied A, very

concentrated solutions were hveessary. C on the contrary 13
best ohtained from very dilute ones.” The following propor
tions give good results, ’

Two mistares are to be prepared s No. 1, containing 200 ¢. ¢,
of a ten per cent solution of silver nitrate, 200 ¢, ¢, of twenty
per cent solution of Nuchelle salt and s00 ¢, e of distilled

gwater. No. 2, eontaining 107 ¢ ¢, of a thirty per cent solution
f ferrous sulpliwte, 2000 of u twenty per cent solution of Ro-
hetle salt and =00 of distilled water. The second solution
which must be mixed inunediately before using only) is poured
nto the first with constant stirving, A powder, at first glitter-
ng red, then changing to black, fall® which on the tilter has a
peautiful bronze appearance.  After washing it should be
removed whilst in a pasty condition and spread over watch
glisses or Hlat Lazins and allowed to dry spontaneonsly, It
will be seen that this is a reduction of silver tartrate by
ferrous tartrate. The wetalie silver formed by reduetion
with fervous eiteate and ferrous tavtrate is in an allutropic
condition ; with ferrous oxalate this result does not seew to be
produced.

Although the wold-colored silver (into whieli the nitrate used
is wholly converted) is very permanent when dry, it is less so
when wet.  In washing, the filter must Le kept always full of
water: this ts essential. It dries into [nmps exactly rescuibling
highly polished gold, especially the surfaces that Lave dried in
contact with gluss or poreclain,  Fur this substance has in a
wlieh he presented 1o the Freneh Academy with one of his papers. To Lis great
dizappointment he did not suecced in repeating these experimcuis in Paris, with
more than &n infiolteximal reaule. Al Zolt o his epinion haid been originally

silver, and this belief. he atirms i3 universa amougst Mexican miners. The
book has for title * Les Metuug sont des Corps composes.”

—————
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high degree the property already described in forms A and B
—that of drying with the particles in optical contact. Wlhen 1, .
the thiclk pasty substance is extended over gluzed paper. it drics i
with the splendid luster of gold Jeaf, with this essential differ- i !
ence, that these allotropic furms of silver B and C assunie ‘
spontancously in drying the hich degree of brillianey which f' 5-
other metallie surfaces aequire by elaborate polishing and bae- I {
L
%
r
|

A T RN s S o g e T

nishing. By brisbing a thick paste of this substunee evenly -
over clean glass, beautitul gold-colored mirrors are obtained ;
the filin scems to be entively eontinuens and the mirror is very
perfect. : ii

By continned washing the preeipitate changes somewhat, 0 13
that in drving it tukes on a coppery rather than a golden eolor,

Lo IRt R T i

i’

and is rathier less lustrous, thutgh still bright and permanent. f
Two silver determinations Ly evnversion into ehloride made b
i Nov, 1836, gave i

i W

L

No. 1......__. 07-31 per cent silver,
No. 2. __.. 9785 . o« b

Recently these experiments lave been repeated and the "

washing was more suceesstul.  Ferre tartrate adheres very 3

obatinately and after a time washing with water ceases to v

remove it.  Stronger means cannot bhe emploved  withoat

affeeting the sulstance itself,  These last determinations gave:

Nooloo....._. 93730 per cent of sitver,
Noo2 ool 95-740 S

The residue of No. 2 was examined and eonsisted almost
wholly of ferrie citrate
Chestnut ILill, Phila, April, 1350,

Note.—The editors have received, from the author of the aliove
paper, samples of the three allotrepic forms of silver which le
deseribes, and also steips of glass and paper coated with them.
Mr. Lea is to be congratulated on his very important resuls.
The coated strips, ineluding the gold eolored mirror made with
the “ golilsitver,” answer fully to his deseription.  The mirrar is
remarkable for its perfection and brillianey.,

Y RS S r‘-“ ]
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Anr INT. —Notes rin 1\‘1‘7(‘('/',' I)L\ M. Cargy LEA

Action or” Luinon e —Xqueous ammonia is stuppused to be
withott aetion on normal silver hut this s not so o under favor-
abile vonditions, «ilver is gradually taken up by this solvent,

The divst experinents were made with silver reduced fromn
the nitente by the sedon of sodbuon hydroxide and wilk sugur.
The silver wis very carcinlly purified from any possible trcee
af oxides Phiced o contacr with anlnnoni tor a fow Lones,
siver wis ruken up. Tts presence eould be recognized cither
by atsonium sulphide or by adding a drop or two of Iivdeo-
ehilorie acid and then supueraturating with dilute sulphuric avid;
a dense elond of silver ehloride forms and this result can be
obtained any number of tmes in suceession by acting with
ammonia on the sume portion of silver, '

Acctmilur reaction was obtained with silver reduced from
clilovide by cadmim and hydroellorie acid removing afterwards
all traces of cadminm. Silver reduced in thiz way is lable to
contaitt traces of chloride.  These were removed by covering
the silver with strong warmonia, letting it stand over night and
thoroughily washing out. This was repeated tive times, From
tis silver, annnonia by twenty-fonr Liours contuct alwavs took
ap enoneh to vive wodense white ¢loud when treated ws above,

Portions of solutions obtained in the lust mentioned manner
were evaporated to dryness over the water bath and loft brown-
ish black filnis, These were noneexplosive and therefore did
not consist of silveramine: they viclded a large proportion of
Hver to acetic acid, leaving hohind a little wetallie stlver,
The atmionia therefore, does not dissolve the <ilver as metal
but w oxides The presence of a little metallic silver in the
residue TeTU iy evaporation was probably duc to slight traees of
oxidable orcanic watter contained in the amnroni, Thiz wpin-
ot was contirned by the taet that the solution when heated
acquired arnsparent red color,

Ieappears therefore that in the presence of ammonia, silver
s tendeney 1o oxidize, for when the siver wus placed inoa
vial withan aieteht tiving stopper, filling it about alf fall,
and wis then corapletoly filled with liquid wnmonia and tightly
closed, it was found that in tweaty-fonr hours o mere trace of
silver was tuben up. Onthe other hand when the silver was
placed in a Hat basin and merely moistened with anunonia
more siver was taken npoin five nninutes thaa in the preceding
cise in twenty Four Lours.

This action o ammonia in promoting oxidation recalls its
bohavior with cobultous salts aml with copper. Lt is probably

[x]1 Yy ({16351#'”‘5’ (7



B~ (Wev 1572 ) -~

M. Curey Leau—Notcs on Nilvor, 145

the only case in which silver is oxilized (at ordinary tempera
tares) by atmosplerie oxyvaen,

Aetive o FHiiud »\-Hfl'!/'ti"l'(.f' el 21t s ;_"t'Il(fl}lH'\' hedd that
silver 1= fnsoleble ineold dilote sulphuric acld, N hoost any
Forme of sifver, providing it s finelv divided, is Slightiy soluble
in sulphorie acid diluted with four ar five tises ite hull of
witer. . With nere dilate aeld ditferent varicties of silver ae
very ditferentiy. The most casily attacked 05 that which s
obtuined by reducing the oxide with alkaline bvdroxide and
milk swgar: from this o distinet tace is dissolved by sulphuric
acld diluted with 100 times its hulk of water, From silver
redueed from the chloride Ly cadisinm this very dilnte acid
takus up nothing.

Notree aend spyors V40, diluted to ten volumes and allowed
to stand for an honr with tinely divided silver, took Upan ex-
trensely Taint trace,

Hydrochloric eeeded, wpoers 130 was totally withont aetion.
The silver after being well boiled with water to renove every
truce of achis dissolves completely in nitrie aeid.

Aeetie wedd Las no action upon metallic silver,

Vurinus Reactions of Novmal Sileor,

Normal metallic silver even in o state of very tine division
docs not abstract the slightest trace of nitrie acid Trom perfeetly
neutrul cupeic nitrate obtained by acting on pure cuprie =nl-
phate with burium nitrate.  After tilteen hours of con et Hot
i rraee of =ilver had been dissolved.

Bat stlver easily reduees cuprie cldoride with formation of
parple photochloride. If the copper salt is present in szl
exeess the silver is w0 thoronghly aeted wpon that nitvie acid
does not extrace a trace of it from the purple photoehloride.

Mutdlic wmereury instantly reduces =Uver nitrate but ezl lie
silver tihes clilorine fran corrosive sublinmte, The precipl-
tute contains calomel and blickens with wmmonia,

Silver iu fine division slowly reduces a neutrad solntion of
potassinm pernsoennate,

Silver nirrate, a~ is well koown, is redueod by ferrous sul
plutte, or winnonia ferrous sulphate, the ivon at the same tioe
becoming perasidized and the silver assuniin. the rray metallic
torm,  On the other hand sitver powder rapidly rediees a neu
tral solution of ferrie silphate, 4 =olution of fron alug
readily dizssolves metallie silver without the aid of Lot % in o
few seconds the selution striles o blue color witl, Potissitng

e stitement iu the new Enevelopddin Chitigee tou et i reguived aon!
Bt the bl sepurates again oy coolig (Tomy i, calivr 1, P2 uppears tu
be fucorrect.
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ferricvanide and if the iron alum is in exeess the whole of the
silver is dissolved. It has been before notieed that the reac-
tions between silver salts on the one hand amd jron salts on the
ather are to sonie extent veversible, the observations just
deseribed pliee the matter in a somewhat elearer Helt,  With
a view of ascertining whether ferrons sulpliite: conld be com-
pletely oxidized by arcentic oxide a portion of the ferrous solu-
tion was treated with suceessive portions of the oxide until the
latter wis no longer atleeted by it But when this stagre was
reached the solution no longer” contained a trace of iron, the
whole of it bad entered into eombination with the silver.
This combination iz perfectly black and may probably huave con-
sisted of the compound deséribed by H. Rose, as Ag 0, 21%0
Fe, O, and obtained in the sume Wiy

When wmmonia ivon slun is placed in contuct with tinely
divided silver in considerable excess in a tightly elosed vial
the solution after a few duys standing with frequent shaking
aciuires a deep red eolor, This may last for a week or more.
The solution then decelorizes and hecomes greenish hue still
contuins abundunce of fervicsalt.  Thusit appears that although
silver hax a powerfal reducing action on fervie salts the action
i~ self-Hmited and couses long before complete reduetion is
effeeted for after many weeks contact in a elosed vial there are
abundant indications of the presence of ferrie salt, although
silver has been present in large excess.

<(f\]’.1‘. LVIL— Notes on Silver Cllorides ; by ML Carey LEas.

Exvrrivests made by o). Acworth® ut the suggestion of
E.Wicdeman showed that by Leating silver elijoride to a tem-
perature of 2207 {0, it Peses into o modilication that was
Imsensitive to ligrhit,

I thunk this ehange may be due to the complete driving off
ot moisture. Abney showed by & well-known experiment that
silver chiloride whew exposed perfeetly drey in vacuo in a gliss
tube wis totally wnadfected by light, but 1 lave shown that
fused silver chloride ronred into petrolewm and pliced in the
sun-light without removing it from the Hinid, was instautly
durkened.

These three experiments faken together lead to the following
conelusgions

< LoSilver ehloride dry and perfectly isolated is insensitive to
lige

it (Abney's experiment.)

* Wil Relerate, 1590, p, 318,
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2 The presenee of atnnesphieric air does ot restore e
st veness, i the =ilver oo Lis heen ihaolutely deliv
drated a0 2207 C0 (N ewort]) s ChNpurinent )

A The presciee of OXViren ik not TECC==ary or inporint for
the nl.‘!l'];t'li}lllg of ~lver (‘]Jinl‘ilil'. T!Jl: Jiresetie: ol mnistlll‘l' T~
hot cssential oot place may be taken Ly anarher subi-rimeg
capable ol taking wp chlorine,  This follows trou my exper-
tent ahove nientioned,

There i< no doubt that silver chloride vetuins the Just portion
ol water with ereat obstivaey, 1 Juve frequently tricd to dry
siiver ehiloride in hot aip s that it =hould [ nothine further
by fusion, but never quite soeeceded. There is adways o loss
which nray be roughly taken at o half wmilligram und from
thenee upwards to newly one milligrm, in o grans, When
the water i thoroughly driven off it s probuble that the sjl-
ver ehloride is left in msensitive condition, Acworth's
experiments seem to show this,

Solonr wsimoisture is present the molecule of silver chluride

( casily breaks up, not merely Ly the action of light but by the
application of any forn of coergy. The part played iy
moisture in chilorine reactious is somewhat remarkable. ™ Tt jiae
been Lutely stuated that abrolutely dev elilorine has no aetinn
Rpuli copper foil. Az soun as a tree of mMoksture is introduceed,
ehergetic aetion sets i,
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Auwr, XLI—eow Neleer .![f:n?d'-.\'h’]‘_l’/,ﬂfft’ N l}}‘ M. Carey Lia.

Tite existenee of those substanecs which |1 dezeribed some
Years ago wnder the name of photosalts of ilver® necessarily
mplied the existence of the Lemibaloids of silver also, as
these latter entered into the conposition of the photosalts.
Similar infercnees, though less definite, hag long been drawn
from the action of light on silver haloids.  Two of these, the
ehloride and bromide, lost by the action of light their com-
plete =olubility in aoimonia withont hecoming completely sol
uble in nitrie ueid Evidently there was indicated an inter-
mediate eompound between the normal Laloid and metallic
silver. During the last ten or twelve vears I have devoted
mneh thme to the attemp! to i=solute these lower compounds of
silver and to gain somce certain knowledee as to the hemioxide,
whose existenee seemed almost o Lecessary inference from that
of the hemibaloids  Some eight vears ago, T obtained a sul-
staniee having all the propertics which one would he dirposed
to aserive to Ag,Cl and a large nunber of analyses made
seemed to confirm the view. T hesitated, Lhowever, to publizh
a deseriptiong of it not fecling entire certainty rhat it migrht
not be a mixture, as to which o concordanee of the proportions
found of Ag and Cl with theury gives no suthicient informa-
tion.  Sinee then M. Guntz has deseribed g subehloride ob-
tained by acting on silver hemitluoride wiel pliosphorus penta-
ehloride and a hemioxide derived from it Up o the present
time 1o combinution of silver hemioxide with an oxyucid has
been known.,

Suclt a combination I have been able to obtain as a deuble
salt of hemisnlplate und nornal sulphate containing one mole-
eule of eacl, The new =alt las a light Teight Drown eolor, and
exhibits o stability wlich in view of its Composition, Is sonie-
thine remarkable. 1o s no tendency either to oxidation op
to reduction.  Nitrie acild, uuless very strong, has bat little
aetion upon it. Neid of 1o putred over it in farge excess
andd let stand for several davs graduallyv dissolves it completely,
but the sume acid ditured with with two or thice times ity vol-
wme of water Las ao lirtle setion that it forus a convenient
weans of puritieation.  On the other leod, ferrous sulpliate
which instantly reduces wreentic swlphate has no aetion what-
ever o the new substanee even with severul days’ contaet,
Hot steomge saiphurie aeid has no action, [ might alinost he
expected that under its tfuence, the argentous sali would
gradnally take up oxyeen and e converted it argeatic sul-

* This Jouroal, xxxiil, My and June, 1337
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pliate. But a specimen which was coverdd with a large excess
of undilnted sulplanrie acid ina task and was kept wnder Ll
ing water for ten hours wis ot altered therchv, Aoty
strong praof of s stability ix found in it resistance 1, hieat,

The upplication of Leat procluces @ sonwhat eurion. «uce
cession of colors. The term cotta or warin heown <lide o
the moist substanee chianges by drving above Toos 1, padde
Hlae, af 163°~1707 it becomes sravish, at o somewhie hichier
temperature, vellowish Qreel. (Junsi(itr:lm_\‘ below red Dieat it
acquires a fine vubv red eolor.  In cooling, this red divkens
ahnost 1o Dlaek. then heeones lichter agnin and when eold the
color ix lizht olivegreen. The chanzes are vepeated a- oty
ax the sulstanee 1 heated and cooled. Ny sulpliaric aeid
vapors are disengagred even at a low reid Lieat.

It was mentioned i o previons paper that when silver
nitrate s redueed by solutions of phosphoraus cr hyvpophios.
phorous acid or by aciditicd solurions of their alkaline ~alre,
tratsient colorations were produced that seenicd 1o sugrerest the
preseiee of some form of allotrepie silver. Sinee that Paper
was published this reaction has been raken up for furtier
studyv. It soon appeared that when the silver salr was (reated
with @ =olution of alkaline lll\'l}()l)llw-l)]litt. aviditicd with syl
phuarie seid, the result abtained swas cutirely ditferent fron,
that whieh presented  itzelf npder any other cireumstinees,
It became clear that sulphurie acid did not act solely by setting
free the Ii_\'puphus])hm'(.l:s aeid, hat also acted on the silver
with formation of a double sulphate,

A remarkable though linited analozy hiere presents jrself
betwueen the substaneo Just deseribed and  the plotosalts of
sitver. The silver heniluloids are very unstalile subsianees,
but aequire staliiity by nniting with the novmal baloid-. 1
the ~une wiy the iwmixullsh;\[c. which is nwot kuown te he
eapible of sepantte existence, hecomes ]ui‘l‘l\’(‘t]k\' =rable by
union witl the normal sulphate.  The lmitution 1o this
analogey lies in the fuet that the Last mentioned combination
oecurs in definite proportions, which does not seem 10 Le the
aEe wWith tie halogen componndds,

The new substuuce then iz formed by the juint action of
sulphurie and I;Hnlpimsphnmus achl o w silver <alr Hypo-
phospliorous acidd las Lot e action on ~ilver sulphate
alrcady precipicired, hut it i~ diiYeront when the silver ~ulpliate
s formued tu piesence ot h__vl}umn;n‘phc»I‘ulH avid,

Several slver salts may be used. 1 Lave at ditteronr tlines
eimployed the niteare, phosphate and carhonate, . lutter i
perhups the best, heequse the action with the nitpare ix (oo
rapid, and witly ¢he phosphate, too slow, and for other reasons,



324 J O Lea—Silver [l isul phate.

A weighed gnantity of silver niteate is precipitated with an
excess of alkaline carbenate and washed, The carbonate, as
well as all the other reanzents emploved nmust be absolutely free
from chlovides, otherwize the produet hecomes contaminared
with silver ehloride swhich eannot be removed.  The silver
carbonate i+ then treated with a solution of alkaline livpophos-
plire acrditied  awith sulphurie acid. AN the alkaline Livio-
phesphite of commerce contains mueh more than a trace of
cliforide s this is best ot vid of by adding to its solution a
litthe solution of silver nitrate, stiveing well at intervals, letting
stand for twentv-four hours and tilterine. This filreare with
addition of sulphorie acid s 10 he poured over the moist sliver
carbonate and eonstantly stirred. The reaction is comnplete in
twenty or twenty-tive minutes. when o Duoishe-black til of
rediiced  silver begins to form on the surfuce. Further ae-
tion is then ent short by neatralizing the liguid with alkaline
carbonate.  The preeipitate s next to be washed several tinmes
by decantation. Very pure distilled water is, of eourse, needed
thraugliout.

Convenient proportions are: 49 grams silver nitrate pre-
cipitated with excess of aikaline carbonate. Of sodium hypo-
phosphite, 100 grums, dissolved in 6oh e e. of water are
treated with a little silver nitrate, and after standing aud tirer-
ing, b eoe of sulpharie aeid are to be added aud the liquid
poured over the silver carbonate.  After a fow minutes, 6 ¢ e.
more of sulphuric acid; diluted with o little water, are added
Ly degrees. With this sceond quantity of sulphurie acid the
characteristie reddizb-brown color of the aubstance first ap-
peirs.

This proeess may he variesdl by preeipitating with disodie
phiosphute (which must be perfectly free from eldoride) instead
of alkaline carbouate. Tlie action is wueh slower, about 24
bours Dieing needed. Silver nierate itself may be used, but
the netien is too rapid and the product is Jess in quuantity.

The erude prodoet obtained in either way is to be purified
with nitrie werd. Acid of 1442 iz dilated with three times its
volurme of water, and of this dilute acid o gquantity is taken
about double incvolunie to that of the precipitate und of the
water left after decunting closely.  After a time some elfurves-
cence takes place, but the mixture dues not Lecome warm,
Atrer stunding for three or four hours over the precipitate, it
i to be pourcd off and the precipitate wushed. This treat-
ment with aeid s applicd three tines 1 the tivst removes a good
deal of silver, the second alittle, the third o traee. Each tine
the weid Is Lett three or four Lhonrs i contact. The product is
then wazhed by pouring on it a large quantity of boiling
water. This Is repeated four or five tines, vach time (exeept
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the first) placing the vessel in a water bath kept at 100° (5, 1o,
several Liours,

The produet is either dried in the ajr or (for unalysisy ut
HOO® Co Tt forms a bricht brown substunee, pernanent in e
airc changing to violet when kept for some time ar oo .
It has the peculiarity that when water = potired on it it nikes
wsharp hissing uolse, This takes place with the air diied sl
stance as well as that dried ot higrher temperatures and us muels
with the former as with the latter.

The substance after purilication hus shont one haif the
welght of the silver nitrate takon,

These proportivns und this mode of operatine are those e
I have found to give the best result. -~ But the substance iy
formed under u great variety of conditions, 1t seeins inpos-
sible to bring a silver sult into contact with alkaline ypoplios-
phite ucidified with sulpharie acid withont produeieg morg or
less of i, Tts prescnee is often completely ahsceured by re-
duced silver. Bat a mass which looks perfectly Llack” and
wight be supposed to contain nothing bhut metallic silver wil|
leave, when treated with nitrie acid, @ bright Lrown residue of
the double sulphate. We have here, as before, an anidogy
with the photosalte. For it will often happen that a blackish
mass, containing metallic silver and wixed or cotnbined silver
chlorides will, when tregted with nitrie acid, resolve itsclf
mto bright purple or rose eolored photochloride.

All the specimens of this new substance contain a little.
phosphorie aeid which cannot be removed.  Reckoned as
phosploric anbydride it wnounts to a little over two per cent,
Three determinations guve respectively, 2:30; 2.0y, 2-15, mean
214,

Itis apparently anited with silver and this silver phospliate
is united wo tirmly with the doubic salphate that it cannot e
detached.  If it were not go mnited it would be dissolved i
the nitrie acid with which the substanuce is three thies trogted
if it were normal pliosphate, and if it werc hemiphosphate it
would he converted (if in a free state) to normal pliosphate
and dissolved,

Another attenipt to remove this phosphate was made by
heating the substance with sulpliurie acid to 1007 C. for ten
hiours, followed by copious treatinent wit botling distilled
water to wash out the snlphate which it was hoped would be
forned at the expeise of the plosphate. [t seews dillieult to
believe that a silver phosphate could resist this treatinent, hot
L quantitative determination showed  that the proportion of
pho=phorie arhydride is not even diminished by it

Other modes of formation than those dezeribied here were
experiniented on with the view of obtaining the substance
free from plosphate, hut without goud result, '
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ARt XX —On Gold-colored Allotropiec Silver ; by AL
" Carey Lra. (Part I, with 3 Plates)¥

THE object of the present paper (which may be considered
ag a continuation of that published in this Journal for June,

P 1559) will be:
- 1st. To describe the reactions of gold-colored allotropic
silver,
- 9d. To sliow that there exists a well characterized form of

mlvu‘ intermediate between the allotropic silver previously
escribed and ordinary silver, differing in a marked way from
both
~ 8d. To prove that all the forms of energy act upon allotropie
'L gilver, converting it either into o.rdmar) silver or Into the
intermediate form. Mechanical force (hearing stress) and
Ligh tension electricity convert it directly into ordinary silver.
Heat and chemical action convert it first into the intermadiate
form, then into ordinary silver. The action of light is to pro-
duce the intermediate form only, and even the most prolonged
action at ordinary temperatures does not carry it beyond this.
4th. To show that there exists a remarkable parallelism
hetween the action of these forms of force on allotropie silver
; and their action on the silver haloids, indicating that. it is net

pighy

improbahle that in these haloids silver may exist in the allo- 2R
tropic condition, i
- ReacTIONS. 1
- . - 1. H
The most characteristic reactions of gold-colored allotropic bt
silver are those with the strong acids. When norwal silver o
. i
* Xumbered T, IT, TII, being Plates X1, X 11, X111 of the volume. ‘#EE
Aw, Jovr Sci,—TeieD Series, Vor XLI, No. 243 —MarcH, 1881, THE
12 {
i

s
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reduced with milk sngar and alkaline hydroxide is left in con-
ract with strong hydroehlorie acid even for several hours there
is no action, and the silver after thorongh washing dissolves in
warm dilute nitrie aeid without residnes  With allotropie sil-
ver rimtlarly treated chloride ig always formed. - Dot strong
Lydroelilorie acid instantly conver ts,_aflntlopl(, to ordinary sil-
ver aml consequently only a trace of ehloride is produced. Iy
largely dituting the acid the conversion is retarded and the
pmpmtmn of chloride is greatly inereased,  Thus for example
whon ordinary hydrochlorie acid is diluted with fifty times its
volume of water and is made to act on allotropie silver, about
one-third of the latter is converted to chloride. Probably the
whole would be but Tor the simnltaneous conversion to normal
silver.  This doulle action is very curious and strongly differ-
entiates allotropic from ordinary silver.  Kven with the same
acid diluted with o hundred times its volume of water, there is
a gradual but complete eonversion to white silver .wcomp.unul
hv the production of a not inconsiderable quantity of silver
chloride

\cntr.ﬂ chlorides also act strontﬂy upon allotropic silver
even whenoinneh diluted.  So sensitive s this form of silver to
the action of chlorides that if in washing it on the filter, river
wuter containing u mere tracs of chlorides is hy un oversight
nsed instead of distilled water, a thin gray filnn of normal silver
will form on the surface.

The reactions above deseribed were obtained with the moist
precipitate freshly prepured. By standing for some time even
if kept moist it appears to undergo & change.  When freshly
prepared it is slightly soluble in acetic acid but after standing
for a week or two ceases to be so, _

Sulplinrie acid diluted with fifty times its volume of water
has no action npon normal sitver.  When made to act upon
allotropic silver, it quickly converts it to normal hut at the
game tune dissolves a littlo of it.

[t is rather enrions that the dry film of gold-colored allo-
tropic silver seems to be more easily acted upon by somne
reagents than the moist precipitate. I have noticed for exam-
[)IL that oxalie, citrie and tartaric acids do not convert the
moist plemlnmte to noral silver, but tilins on pure paper are
gradually whitened by these - acids. It is not a gnestion of
strcnrvth of solution, for the moist preeipitate remained wn-
L]uuwed for twenty- four liours nnder the same solution which
whitened the same material as a dry fitm,

Ammonia scems to be withont converting action but dis-
solves a trace, It will be shown in a future paper that there
exists a form of allotropic silver abnndautly soluble in
ammonia,

' i
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In those reactions in which allotropic silver sets the part of
a reducing agent, as for example with potassium ferricyanide
andl permanganate and with ferrie ehloride, ete, its heluvior
differs from that of ordinary silver chiefly in showing greater
activity,  The difference is rather of degree than of kind.
The formation Ty these reagents of eolored filns will Le de.
seribed at the end of this pajer.

e : InTiErMEDIATE FoR)M,

Allotropic silver presents itself in an almost endless varicty
of forms and colors, gold-eolored, eopper-colored, Llue aned
bluish green (these last in thin filns red or purple).  Most of
these vurieties secm to be capable vt existing in two conditions,
of which one s more active than the Other, '

If we coat a chemieally elean grlass plate with a film of gold-
colored allotropie silver, let it dry, first in the air, then fop an
hour or two in a stove at 100°.C.,, and then leat the middle of
the plate carefnlly over a spheit-lamp, we shall obtain with
sullicient heat a cirele of whitish pray with a Dright, lustrous,
golden yellow ring round it, somewhat lighter and brighter
than the portion of the plate that has not been changed Ly
heat.  This ring eonsists of what [ propose to cull the “intep
mediate form.” - :

Its properties are hetter seen by using a film formed on pure
paper, one end of which is heated over a 8pirit lamp to a tem-
pevature just below that at which paper scorches.  The change
is sndden and passes over the heated vortion of the surface like
a flash. Fxamining the changed part, we find :

Tst. That it has changed from a deep gold to a hright yellow
gold eolor, -

2d. When suljected to a shearing stress it does not whiten
or change color i the sliyhtast degree.

$3d. 1t is el harder, ag is readily perceived in burnish-
ing it.

Ath. Tt no longer shows the color reaction with potassinm
ferricynnide and ferric chloride, charging only by a slight
deepening of color, .

Of these characteristie changes the second ig the most
remarkable.  The gold-colored silver in its original condition
changes with singnlar facility 1o white silver: almost any
toueh, any friction, effects tho conversion.  If the Paper on
which « filn is spread, is creased, the crease is found to e
gray.  Jixposure to heat or to light destroys this capacity for
change, and it is often lost by mere standing {(even thongh pro-
tected from light) for a few weeks., This evidently indicates
some remarkable molecular change, It will be noticed that

the anomaly lies in this, that pressure instantly effects the
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l complete change from the original form to normal silver, heat
. offects the sume change but with an intermediate stage at
m. which stage presgure 10 longer produces any action.

The intermediate form is distinguished from normal silver
almost sulely by its bright yellow volar and its higher luster.
This last difference 18 very striking when a film on glass 18
heated in the manner above described. The contral parts in

changing tu white silver become wholly Insterless, while the
cirele of «intermediate” retaius all its original luster. Tts
continuity is still complete, so that i viewed through the glass,
it still acts as a mirror.
- This change may e either molecular or depend on dehy-
dration,

The latter seems doubttul for the change can not be bronght
about Ny desiceation. Films on paper, on pluss and also solid
material were kept over sulpharic aeid in vacuo for twelve
days*® without Dringing about this modification (they were of
conrse thoronphly protected from light).

Light is also capable of effecting™to some extent this change,

as witl be deseribed farther ons

Correr-UOLORED ArLeTROPIC SILVER.

- The coler of allotropic silyer depends to a remarkable extent
repared material
With a short washing the material dvies to a bright
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Snbstances of a character nearly related to those that T have ™

descrillad in this and the previous paper, uare obtained by
acting on silver tartrate with stannous nitrate. The method s
more troublesome and givea inferior results, the gold-colored
product is less give: A beautiful steel-bine substance obtained
in this way waflound to contain a congiderable quantity of tin,
probably present as, stannic oxide, 10-47 per cent of tin corres-
ponding to 13-30 8nt), was found by analysis,  Another analy-
sis gave 10:66 per cent correspoiding to 1361 Sn0,. In the
first case the quantity of silver found was 83-61, in the seeond
3412 per cent. These results do not lead to any satisfactory
formntn,  The tin Is no donlt present as an impurity and as
the iron process gave far Letter results, the examination was
not carried farther.  Silver citrate gives similar results,

ACTION OF DIFFERENT FORMS OF ENERGY ON ArLoTroric SILYER.
, )
V. Action of Electricity.

High tension electricity instantly converts gold-colored sil-
ver to the ordinary forin,” Wlhen paper covered with a film of
gold-colored silver is held between the conduetors of a Topler-
Holtz machine, each spark formns a gray dot of ordinary silver.
A powerful discharge is ot necessary 5 an inch spark from a
small macline is effectual, even when the condensers are eut
off.  There is also a lateral action which is best seen when
several slips of such paper are hield loosely together and placed
between the conductors, When the slips are opened a little
the lateral branches are‘beautifully seen, playing through the
silver,  Their fine emeraldgreen color contrasts with the
purplish shade of the spark.

When several picces are in this way held between the con-
ductors togethen, theve is a trausfer of silver from one piece to
the other, so that the back of each pieee of paper is bluckened
by silver earriod over from the one behind it.

That the branching gray spots in this wuy formed, are nor-
mal silver, is cusily proved by immersing the piece in a dilute
solution of potgssium ferrieyanide, The part acted upon b
efectricity fs not aflected Ly the reagent, while the rest of the
fihn shows the coloration characteristic of allotropic silver. In
Plate 1 the upper fignre shows a slip of paper, at one end of

which electricity hus Leen transmitted, and the figure below, a

similar slip that has been subjected to the action of the fer-
ricyanide, showing that where electrieity has passed the silver
has become normal and is not affected by the reagent.

-
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y. Action of heat,

Allotropie silver is converted by leat to normal silver in
either the wet or dry state.

Diry heat—When films of allotropic silver on glass are
placed in a water desiceator and are kept at 100 C. for eight or
nine hiours the central portions are converted into the interme-
diate forn, while at the edges there is a border of grayish
white ordinary silver. In fact the change to white silver at
the edge commences before the central part is folly converted
to the intermediate form, -

At higher temperatures the change is mueh more rapid and
hetter marked, At 180° C. the first effeet is to darken u little:
(this is nsually the first effect of heat) this eontinnes about five
minutes.  Continning the heat for ten minutes more the slight
darkening disappears and the fihn s a bright pure gold color
sometinies with a slight salmon tinge, The change to the
intermediate form is now complete, the film burnishes vellow
andd dves not react with potassinen ferrigyanide, . It s of in-
terest to remark that tlse color reaction persists as long as there
is a trace of unconverted material, so that a film may bhurnish
yellow and yet show a well-marked color reaction.  This is be-
cause most, Lut not all of the material” has undergone conver
51Ok,

At 200° C. the film begins in about ten minutes to show a
white horder and in half an lour or thereabouts it whitens
completely,  In these experiments the Lest support for the
film is chiemically eclean glass, ILxcept that for testing the
burnishing a film on paper is needed. The puper shouid be
very pure,

Allotropic silver in the solid form heated to 180° or 190° for
ahout fifteen minutes undergoes a similar change: whereas
hefore it was easily pulverized, it is now almost impossible to
rednce it to powder and the powder is yellow instead of being
grravish Dlack. :

Maist Heat.—A film spread on pure paper and placed in
distilled water maintained at 99° or 100° without actually boil-
ing, at the end of half an hour-is eonverted alinost wholly to
the intermediate form. 1t burnishes pure yellow but still
shows traces of the color veaction,

A better plan of operating is to immerse a film spread on
glass in distilled water and to place it in a desiceator with a
water jucket. After keeping for twenty-four hours close to

100° C. the film has become pure white, It is net disin-
tegrated by the ehange but may be detached from the glass
in tilms exactly resembling ordinary silver leaf,

The effeets of heat are shown in Plate I, Jower pair of
figrures,
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3. detion of Bleehanical Force. (Sheuring Stress.)

The slightest application of foree suftices to instantly convert
gold-volored allotropic silver to normal silver. A glass rod
witha'rounded end drawn lightly over the surface of a film
on geper, leaves o white trace behind it.  The foree snfficient
tgfause this change is so slight that one might doubt its reality
were it not for the decisive proof immediately at hand,  First,
there®is the eluracteristic change of color: the film is as yellow
andk as brilliant as gold.leaf; the line drawn by the glass rod is
of pura white silver. Tmmersing the film tn a solution of
potassinm_ferrieyanide the white lines simply ehange to gold
color, whilst the film surface on which they are drawn passes
through a Drilliant succession of eolors.  (These effects are
represented in [’late 1, the uppermost figures.y  For this use,
freshly-made material should be employed, and the film itself
should have been freshly spread on pure paper or eard and
used within a few hours after drying. This hecanse of its
easy partial passage, especially in thin films, to the intermedi-
ate state, in which it gives a yellow streak,  (See also remarks
as to partial conversion anfe.)

Wlen the experiment is performed under proper conditions
the effect is very striking by reason of the fnstant conversion
of the pure, deep vellow metal to perfect whiteness without a
trace of color,

In an earlier communication to this Journal it was mentioned
that, having taken with me on a journey several small vials
containing gold-colored silver, they were found at the end of
the journey to be all converted into white silver without hav-
ing undergone any disaggregation, and retaining the original
shape of the framments.  The white silver formed had the tine
frosted white color of pure silver, This change was attributed
to the friction of the fragments againat cach other, occasioned
by the, motion of the journey; a conelusion that was confirmed
by finding that when cotton woo! was forced into the empty
part of the vial in saeh a way as to prevent all internal move.
ment, the substance could be sent over a four-fold distance
without alteration.

It was also obscrved (and this is a matter of special interest)
that when « partinl change had been effeeted by friction, this
alteration went on, although the substance was’ left perfectly
at rest, unti! it heeame complete.  With time, all solid speci-
mens of allotropie silver undergo this spontaneous ehange to
bright white silver, apparently normal silver, even when
thoroughly protected from Light.

Out of over twenty specimens in tightly corked tubes,
packed in a Dox and left in a dwk closet for a year, not one
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1%6 A, ¢ Lea— Gold-colored Adlotropic Silver,

eseaped conversion. Spread on paper or on glass and duly pro-
tected, the change ir slower.

4. Aetion of Strong Acids.

The action of acids upon allotropic silver has been already
deseribed 3 it remains onuly to add here that thie conversion to
normal sitver is entirely nnaceompanied by the escape of guse-
ous matter ; not a bubble ean be detected by the closest obser-
vation.

By acting on dry films with dilute sulphuric acid it is easy
to make the conversion gradual and so to trace its passage
through the intermediate form.

With sulphurie acid diluted with four times its bulk of
water and allowed to cool, an immersion of oue or two seconds
converts a film on glass or on pure paper wholly to the inter-
mediate form. It is then bright gold-yellow but ghows no
color with the ferricyanide reagent. With sulphuaric acid
Jilnted with twice its bulk of water amd used while stilt hLot,
the netion is instantaneous and the allotropic silver is converted
into light pray normal sitver.  The silver obtained in this way
is very indifferent and gives no reaction with potassinm ferri-
eyanide, whereas even ordinary sitver leaf gives a pale-colored
reaction.  (See Plate 11, lower pair of figures.) The same
acid after cooling acts more slowly; the product is more yel-
Jowish, owing to the presence of a certain quantity of the
intermediate formn,

5. Action of Light.

When allotropic silver is epread as a thin film on glass or on
pure paper it muy be preserved for a length of time apparently
unchanged.  This appearance is deceptive. From the momeut
that the film is formed a slow but steady chapge commences
which can be best explained by supposing that a gradual poly-
merization takes place. Bven after eight or ten liours' ex-
posure to ordinary diffuse light a distinct loss of activity can
be detected by careful testing with potassivm ferricyanide,
The change which occurs is in the natare of atendency to a
very gradual passage into what I have called the intermedinte
form in which the gold-yellow color remains unchanged while
the chemical activity is lost or much diminished. Although a
commencement of this ehange can be detected in a few hours,
it goes on very slowly. By exposure to one or iwo days of
summer sunshine (a much longer time is required in winter),
the change is nearly complete. The exposed portions are
lighter and brighter, and in golution of ferricyanide they eolor
very slowly.

#
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M. . Leu—Gold-colored Allotropio Silver. "~ 18T

The question naturally arose whether light by a sufficiently
long continnedr exposure could complete the change and con-
vert allgfpic fo ondlinary white silver. o obtain a decisive
answerflie Tollowing experiment was made:

At 2 wigpdow having a southeastern exposure and unoh-
structed light there were placed (iims on gloss and on pure
papers Some of these were pleeed in n printing frame under
an opaque design.  The others stood side by side with the [irst
but uncovered. The exposure was continued for four months
from the end-of January to the end of May., At the expira.
vion of this time the uncovered paper and glass films were still
bright yellow. - But of those in the printing frame the exposed

portions had become nearly white, while the protected parts |

retained their full deep gold color. It may at first seem strango
that the urcovered picces were less aflected’than those exposed
in the frame. .But this difference was always observed, namely,
that if two films were exposed side by side, the one in & print-
ing frame under glass, the other simply fastened to a board,
tiie last mentioned was always the less aflected.  The explana-
tion of this seeming anomaly lies in the fact that allotropic
silver is' always much more easily affected by heat than by
light. The glass in the printing frame by exposure 10 sunlight
becomes hot to the touch, and thus the {ilm- under it 18 kept at
a temperature many degrees higher than that of the other film
that is freely exposed to the air: the higher temperature aids
the effect of the light* .

Tt appears, therefore, that the agency of light is somewhat
gimilar 'to that of the other forms of energy but very snuch
slower, Bxperiments made for the purpose demonstrated that
it is the more refrangible rays that effect the change.

With light, the production of the intermediate form is never
vety sausiactory. Long exposures are necded, and Lefore the
change to the intermediate form i3 complete, the farther nlter-
ation to white seems to commence.  With heat the changes ure
much better marked.

When a film on pure paper has received an exposure ol one,
or two days of summer sunshine under an opaqne design, the
exposed portions are sufficiently changed 1o have lost much of
their chemical activity, so that when the film is plunged into n
bath of potassium ferrieynnide, the effect given in the lower
figure of Plate 11T is obtuined. 'The color represented is one
of an immense variety of tints produced by this reagent on the

* Since this was written T find that both Herschel and Hunt neticed an analo-
gous fuct in the cage of silver chloride, viz: that paper prepared with it darkens
more Tapilly pndeg gluss than when freely exposed; without, however, anggest-
iug the canse, which is the sawo in both cuses. I have observed thut silver
chloride darkena more rapidly when exposed uader warm waler thap under cold
to the rame light in voesels side by side.
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unaltered or active form. The upper figure of the same plate
sives the effect of a very protracted exposure (as above de-
scribed) on pure paper (or glass) under glass. With some
kinds of sized paper, this effect is produced by a much shorter
exposure; appurently owing to the presence of traces of a
hiyposulnhite ;® whicﬂ}wr appears to aid the action of light,

These seam to be not merely new facts but to belong to a
new class of facts. No instance has been lhitherto known of
an element existing in so great a variety of forms and passing
so readily under the influence of any form of euvergy from one
to another of them,

Tuis evident that a connection must almost certainly exist
between these varied transformations and the changes whicl
many silver salts undergo through the action of light and other
forces. Mhis connection will form the subject of the second
part of this phper. The present part will be concluded by o
somewhat {uller deseription of the color reaction which is espe-
cially characteristie of allotropie silver.

MTne Coror ReactioN.

Wlhen allotropic silver is immersed in a solution of a sub-
stance readily purting with oxygen or sulphur or with a halo-
gen, a film is formed which exhibits the colors of thin plates.
Sueh phenomens are familiar and are seen in the blueing or
yellowing of steel in tempering and the coloring of other metals
when covered with films of oxide or sulphide. With allo-
tropic silver the colors are very brilliant, probably because
silver is the best of all reflectors for rays having a nearly per-
pendicalar incidence, sending back about 90 per cent of such.
Light gold colored stlver gives the most-brilliant effects,

The sulstances which produce these reactions are potassinm
ferricyanide and permanganate, feryic and merenrie chlorides,
alkaline liypochlorites and sulphides, mixtores of potassium
bichromate witli hydroehloric.or hydrobromie acid, solution of
iodine, cte.

Potussinm ferricyanide in a Hive or ten per cent solution is
the best of these reagents because its.action is more distinetive.

* The behnvior of theso vareties of paper led me to make inquiries of an intel-
ligent paper manufucturer from whom 1 learned that every sort of paper pulp ia
now treated with chlorine.  As any pertion of the blauching material left in
the peper would eventually destroy its strength, it becomes novessury to add
Lyposulplite iu excess to remove it,  Accordingly every specimen of sized paper
thit T luve examined coutained lyposulphite, even the purest photographic
paperd wora uot free from it, though coutaining grently less thun most others.

Appareutly, the only ditlerence is that with plotegraplic puper more caro is
wken to avoid any consideralle excess of hyposulplite.
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In partienlur the blues which it gives are of great purityand
the purgles very rich. | Ferrie ehiloride gives beautiful tints, es-
peciall gh peculiar glittering vose color, It must be very much
dilutef until the solution loses its yellow color and takes a
straw shade. [t often happens that the ehareteristic color
doce not appear whilst the flim is in the solution hut a bronze
shade only, the permancnt color appearing only after the film
has Deen dipped into water and Dlotted off, ~Potassinm per-
manganate. also gives rise to a heautiful suceession of colors
ou allotropie silver but is somewhat uncertuin in its action.

A ferrieyanide is therefore the hest reagrent.  As to the
substance constituting the film which is formed, it is diffieult
to say whether it is silver syhoxide or ferrocyanide.  When
potassium ferrieyanide is allowed to act on moist allotropic
silver suspended in it, and the aetion of the ferrieyanide is
carried to its lmit, the silver is entirely converted into a
yellowish white powder, consisting almost wholly of silver
ferroeyanide mixed with a little silver ferrieyanide,

Of the many varieties of ordinary silver whieh exist allo-
tropie silver is eonvertible into two only.  The high tension

-apark, heat, aud acids convert it to dull gray silver: on this

variety potassitun ferrieyanide has no action wlatever, as will
be seen by an inspection of the plates, Light under glass und
pressure each convert, allotropie to Lright white silver, and
this form potassium ferricyanide acts slightly, converting the
silver color ta gold. It is needless to say that this gold color
has nothing to do with allotropie silver: it seems to be pro-
duced in the following way. ,

When . potassinin ferricyanide acts on films of allotropic
sitver, its first effect is to deepen the gold color to a gold
brown, passing rapidly on to other shades. The action on the
bright wlfite silver is very glight and apparently just reaches
this gold stage, whieh corresponds to an air filin having a
thickness of from 0-000150™" to 0000 160w,

The snecession of colors obtained on allotropie silver with
potassinin ferrievanide is as follows: .-

First Order.

IRusset hrown,
Brown red.

Second Order.

Rich and deep purple.

Dark Liue,

Bright blue, )
Pale blue,

Green russet,

Red,

—A

Ao Syt
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! fhird Order. ’ _1
Reddish purple, s

Bluish purple. ' o
tich green. .

The fourth order is not reachied, for after this the colong
Lecome mueh mixed, probably the action s no longer sufl #
ciently uniform. The otlier differences, heside the absence of
the fourth order, as will have been ohsorved. are that in place -
of the yellow of the second order corresponding to a thicknes
of air of (-0004327", tliere is a green. though of a more russet
ghiade than that of the third order. -

In the third order there i& at 1o time a pure bLlue correg =
ponding to 0:000602, hut only a sncveessior of beantiful red ang
blue purples, gradually passing into green, :

There are gew more beautiful experiments than to watel,
these changes. Purity of ecolor, however, depende much ¢ =
the purity of the paper employved. Want of this purity wil] -
often cut sliort the changes at the pale blue of the secong
order.

I bave endeavored to give some idea of these colors in the |
Plates whicli accompany this paper, but it has proved to be g
most difficult task. The colors represented are, .

Plate I. purple and blue of the 2d order. i

{ Plate I, purple of the 2d order and green of the 3d order,
f Plate II1. brown red of the 1st order.

It hias not, Lowever, been fonud possille to correctly repro-
duce the brillianey and depth of color of the originals.

Pliladelphia, Jan. 24, 1891, o

{To be continued.)

EXPLAXATION ©F THE PLATES.

r In each pair of figures the upper ome represents the effect of exposing alle * 4

tropic silver to some form of energy. The changes are in all cases’ similar in -
.character. - . )
In the lower of each pair of figuret the effect is represented which would be
produced by immersiog the upper one in & solution of potassium ferricvapide.
This affords proof of the completeness of the change by showing that gold-colored *
silver in passing into the ordinary form has lost its power of reacting with &
ferricyanide. In these lower figures an attempt has been made to’show some of
ihe colors produced in thie way. But they fall far short of the origingls in bril-
liancy and inteosity” These last are so remarkable that the lithographer who
executed the work remarked that eves an artist with a brush and palette of .
colors could not imitate them. and tbat therefore it was hopeless to expect W
reproduce them by lithography—in other respects the Plates represeént fairly well
the changes that take place. : - - =
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ARt XXVIIL—0On Allotropic Silver ; by M. CAREY LEA.

Part II—Relations of Allatrapic Silver arith Silver as it exists
in Nilver Conpounds.

TuE first part of this paper® was devoted to the examination
of one of the well muwrked forms of allotropie silver, —the gold-
colored.  The Ulue form in its soluble and insoluble varicties
will be wmore ]mrtimﬂarly deseribed in a future paper. The
subject at_present to he considered is the relation existin
between the allotropic forms of silver taken generaﬂy an
silver as it exists in its componnds and more especially in the
silver haloids.

It 5e a well established law that when a gubstance is capable

’ of existing in two forms, of which one jz a polymer of the
other, the polymerc form possesses greater density and less
cliemical activity. Combination is usually accompanied with
Yoss of activity, and the po}ymerization of 2 body consiste in ite
combination with itself. YWhen g substance is capable of exist-

ing in two allotropi: forms and of being converted freom the
one to the other by pressure, the body resulting from pressure

is always the more denee of the two and is 2 polymer of the

. first.t In the case of allotropic silver these laws appear to be
verified. I have shown elsewliere that gold-colored silver has

a specific gravity of &35, while that of normal silver is 10°6 to
10:6. The greater chemical activity of the gold-colored form

16 demonstrated by ite greater affinity for oxygen, gulphur and

*p the March number, pp- 179-190. .
} See examination by Spring of the effect, of pressure, Ber. D. Ch. Ges., xvi, P.
1002, 1008,

—— AM, JOUE. Qc;. —THIRD SERIES, vor. XL1, Ko. 944 —APRIL, 1891,
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the hlogens.  Also it is conspienous by the remarkable facility
with which it passea from the one stute to the other.  Spring,
in the examinations above referred to, nsed pressures of many
thousands of atmospheres,  Allotropie silver is changed readily
to normal by the mere pressure of the finger or by a tempera-
ture of 1 .

One forn of allotropie silver Las the }nopm ty of solubility
in water.  The solution of a solid in a lignid is often accomn-
panicd by change to a more simple moleenlur structure,
Hitherto the unlv solvent known for a-metal has been another
metal, and the belavior of metals when so dissolved has been
the subject of late vears of very interesting examinations by
several chemists,  Llamsay® examined the lowering of the
vapor pu-wmu of merenry by other metals dissolved in it
Meveock and Neville examined” the falt in the freezing point
of wetals, more especially of tin, eansed hy the golution in it
of other metals.t Both of these investigations led directly to
the conclusion that in the ease of a dilute solution of one metal
in another, the dissolved muetal existed in the atomie form. (In
eaeh case a few nctals gave eu'vptiun'\l results, but silver was
not amonz these)  Tammann’s H!\'L’Htl“‘ltl(}lls on the ailoys
of mercury led to precisely similar nglL]d] deductions.  Great
weirht atfaches to conelnsions supported in these several ways,

The fact that a metal in dissolving in another metal appears
to assnme the atomie form atfords na positive proof that it does
the same in dissolving in water.  In fact the solution of a
metal in water is ~,omuhmw 8o new that we have little ground
for argmment by comparison. 8o fur, however, as the above
mentioned analogy may be considered to go, it rather tends to
the view that the mlubllltv of silver may be due to its having
assmine! avery simple and perlaps an atomic form. It may
he kaid therefore that all considerations tend to show that tho
allotropie forms of silver taken as a whole have a more simple
molecular nature than what 1 have described as the interme-
diate form, and that this weain is more stmply constituted thd‘ll
ordinary silver. .

In tie present case we have to consider three distinet forms,
(1) allotropie, 2) intermediute, (3} ordinary silver.  We notico
that {1} can with the utinost faeility and in several ways be
converted into (23 and (3); and that (2) ean always he converted
into (33, but that these transfor muhmis can by o possibility
he reversed. Mo convert unlnmw silver into allotropic we
must as a fivst step dissolve it in an acid: that is, convert it
Jrome a polymerized to an atomnde form, and only from this
atomie forne ean allotropie silver be obtained.

* R, Trans., 1884, p. 521, atso Wiedemann, Refernte 1889, p. 993,
t Jour. Chew, Sove, 1590, p 376.—-Nature, Jan. 1891, p., 262
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Bearing this eapital fact in mind and considering the respec-
tive properties exhibited by the three forms of silver, it may
be allowable to adopt as a working hypothiesis the view that
they may represent the three possible moleenlar forms of silver,
viz: atonde, molecwdar and polymerized,

As silver in ity componnds and in its saline golutions exists
i the atomie form, it is cusily conceivable that wlhen it sepi-
rates from such solutions hy reduetion, the atoms MAy or may
not unite to molecules, Usually elementary atoms do so unite,
but the phenomena of nuscent zetion indicate that this union
does not take plice at the instant of separation, and it js at
least coneeivable that under pirticniar eireinmstances this union
may be prevented. In some casesmlo such union takes place,
At least four metals exist in the form of vapor in the atomic
state.  Whether this stute continues after condensution we do
not know, but there is no inpossibility but what snel) may he
the case. ~ Similarly allotropic silver may represent an atomie

form: if this were so it shonld exhibit more active affinitiog’

for oxygen ard the halogens than the ordinary form ¢ also
it should readily puss into the ordivary form. And " these
properties are undoubtedly exhibited by allotropie silver.

There i no braneh- of chemical statics in which our knowl-
edge- is so defective as it is in relution to the molecular con-
stitution of solids and more espeeially of the metals. Al that
can be gaid is that in inetals, ay we ordinarily know them, this
constitution is probably very complex, the molecules containing
many atoms.  When substances assume a variety of forms dif-
tering from each so muel s do the forms of gilver, we must
either adopt a theory of the character now sugrested or else we
must suppose that the different forms are differently poly-
merized.  To decide whieli is the most probable of these two

, views it is best to examine as to whether an analogy ean he traced
between these wllotropic forms of silver an silver where it is
known to exist in an atomic form, namely, in ity compounds,
For this comparison the silver laloids (and chictly silver
chloride) will he taken.

*

detion of Forms of Fonergy on Silyer Pluloids, }"urallelism with
“Hlotropic Sitver.

It is a familiar fact that certain forms of energy, lieht
especially, ailect the silver haloids. dn view of what hus heen
already said as to the action of all foriis of energy on allotropie
silver, it scemed desirable to make 4 general examination as to
their action on the silver Laloids and thus to determine how
far a parallelism conld be traced.

. .
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1t is to be observed that the action of different forms of
energy on the silver laloids is apt to be partial : the influence
coctns to be antagonized by opposing and almost equally
matehed forees. Thus in the case of light, its tendency to
condense the atoms of silver to molecules is lurgely counter-
acted by the strong aflinity of ehlorine for atomie silver.  The
action of high tension clectricity.as will presently be scen is
aimilar to that of light in that it produeces & visible effect. In
the ease of heat and of contact action on these silver haloids, it
will e shown that there is at first a meve indication of effect,
invisible to the eve, hut readily brought out Dy the action of a
reducing agent, as deseribed bhelow. The action of each form
of energy seems to he alnjost connteracted by apposing aftini-
ties  DBut in every case action does take place and alwaysin a
direction corresponding to the action of that form of eneryy
wpon allotropic sileer, _

High tension elcetiieity it is well known impresses sensitive
fils of silver haloids, which on development exhibit remarka-
Lle mumitications  When cleetrie sparks are passed through
paper on whill a eoating of silver elloride has been made, the
point of passage of each spark s marked by a minute circle of
Yiolet color indicating a visible change, probably to a sub-
chloride. ; :

Mechanieal force—More than twenty years ago I noticed
that by a slight pressure, an invisible eftfect, capable of develop-
ment, conld be impressed on silver iodide. Lines drawn with
a glass rod or any other havd, neutral substance were repro-
dueed.  An embossed card prssed gently on the film, give an
image of all its details on development. These experiments
were extensively repeated by others with eoncordant results,

[ have reeently repeated them with silver hronide with
similar effect. - -

Jeat.—To determine the effect of heat on silver bromide,
pieces of bromide paper were placed in a desiceator (of course
using inactive light} and heated to the extent indicated.  For
each pieee so heated. o corresponding piece cut from heside it

i the same sheet was preserved, and these two pieces, that
heated (after complete cooling) and that not lieated, were
placed side by side in an oxalate developer, Comparison
Letween these developments indicated the effeet of the heat.
The following results were obtained. :

A piece kept for 3 minutes at 1457 (. was strongly affected

and hlackened uickly in the devcloper, the eompanion piece
remaining white. o

A pieee kept for 15 minutes at a temperatnre commencing at
131° C. and ending at 136° was still more thoroughly affected
than the foregoing, the longer exposure more than making up
for the lower temperature.  Compauion picce remained white,

-
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A picce kept for 8 minutes at a temperature 107° to 108°
was distinctly hut not strongly afteeted. Companion picee as
hefore.

A piece kept fqr 1T minntes at a tetnperature of 100° to 1022
was almost nnaffected. A long and eareful developrient
brought ont a faint difference between the picee so heated and

its conrpanion picee,

It was found that to obtain accuracy in determinatio® such
as these, the paper must rest on a glass, and not a metal, shelf
in the desiceator, us the meta) shelf is alwuys hotter than the air
by ‘whicl the thermometer is affected,  Tn using 1 metal sheltf,
it the paper Surled by reason of the heat, the part that rested
on the shelf developed durker than that which was situply acted
on by the air. By substituting a elags shelf this difference of
effect disuppeared, 7

The result of the forevoing and other experiments was that
the effect of lieat on AgDr commences at abont 100° €., that
up to 108 it is still slight and nets slowly, hue thaf at 120° to
126° a strong action commences, which further increases as the
temperature s raised.  The analogy with allotropic silver is
well marked.,

Tt may at first scem strange that a temperature of 100° C.
should produce a perteanent change in a suhstance whicl will
bear a high heat withont decom position, hut the explanation
lies in the presence of water in the former case, When sifver
bromide is formed in puper and deied fn the wir it stl] retaing
moistire.  Even at 100° C. this moisture ix not driven off.
A silver haloid requires to be heated to a temperature butween
130° and 140¢ for several hours hefore it ceases th lose
weight.  Therefore in all the foregoing cases moistnre must
have been present,

It remains to be shown that by a suﬂicielaly long exposure
to a moderate heat in the presence of moisture a visible decont.
position Tesults, ‘ :

For this purpose silver elloride was precipitated with an ex-
cess of hydrochlorie acid, after thorough washing wad placed in
a glass tube of ahout a eentimeter in interna! dinipeter and one-
half a meter lond, and was sealed up with a blust lamp,  During
all these operations the ¢!Mwride was thoroughly proteeted from
light.  Iive of six eubie centimeters of pure witer were first
added to the chloride: Tt was intended to exelude completely or
almost completely theeffeet of pressure and 1o act on the eliloride
as far as possible by leat only, and for 1¥® reason a longer tube
was wsed and ona end only was immersed i the ehloride of
ealeinm bath, the other cend remained cold thronghout the
operation. . _ i

The silver ehloride “formed itself into a compaet plug and
was foreed by the steam which generated helow it up to the
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widdle of the tube. This effeet, though net intended, answered
very well as the elloride was kept constantly under the infla-
enee of steam at about 100°. Tt soon hegan to darken and at
the end of three or four hours a]l the luwer part was violet
brown, the upper part gray, the change taking place entirely
through the mass.  Sowme thin sinears of silver chloride on the
lower iside part of the tube were completely blackened.

On opening the tube next day there was no escape of gas,
The water sealed up with the silver ehloride had acquired a
faint but distinet alkaline reaction showing that enough allalt
had been dissolved from the glass to overcome any acidity aris-
ing from docomposition of the ehloride.  The water contained
traces of alkaline ehloride, . )

A similar examination was made with silver bromide pre-
cipitated with exeess of hydrobromie aeid and thoronglly
washed with distilled water. The aetion of diffuse light on
silver bramide is very different from that on silver chloride.
A portion of that prepared ws above mentioned changed in
diffuse light very quickly from yellow to areenish yellow, hut
after that first changee the alteration was extremely slow and in
an lour hidd only reached to adirty greenish gray. The action
of direet sunlight was quite different; tifteen minutes’ ex-
posure changed the greemsh gray.to durk ¢hocolate brown,

[ the tube the silver hromide did not form a pluge like the
chloride bt separated into halls wliieh remained in the hottom
of the tube. By keeping the ehloride of enleinnt hath con-
siderably ahove 1007 CL the watein the tube was kept actively
boiling: it condensed in the upper part of the tobe and
returted.  Six honrs of this treatiment only bronght the hromide
to the sune greenish color whielr it would Lave aequnired by a
few minutes’ exposure to diffuse tight,

The conclusion to he drawn as respects both the silver
haloids is that they nndergo actual decomposition by the actioi
of moist heat, but that this effect is much more marked in the
case of ehiforide than that of Lromide®

Chemical wetioe.—Dilute snlphurie acid quickly changes
allotropie silver to normal, and thevefore if the parallelism
which I have indieated veally exists, marks made on hromide
paper with ditute sulphurie aeid should be capable of develop-
ment. e B

The experiment was made by drawing characters on silver
browide with a glass veed dipped into salphuorie acid diluted
with twiee its bullk of water  Afrer lowing the acid to

* Light and heat act differently on gilver chloride  Heat con not decompose it
in the absence of moistnre Lut Light van, This was proved by an investization

made Ly the writer in 1549, in which it was shown that fused silver chloride

poured nto petroleuns utn! exposed after cooling to the sun’s mys was instantly
Llwekened,
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remair in contact for two or three minntes, the paper was
imnnersed in cunning water and was washed for an hour or
two

Oun applying the oxalate developer nothing appeared.  Feel-
ing contident that effect must he produeed, the experiment was
repeated several times and the resnlts were closely examined,
Onone specinien it was found that the characters liad appeared,
bt reversed, that is, lghter than the ground whiell had
darkencdaby the development being pashed. This at onee
gave a cluey it showed that traces of the acid adhered too
strongly to be removed by washing und by loeally cheeking the

development, interfered with the reaction. Aceordingly, next
time afrer o very short washing, the paper was innnersed in,
water to which a trace of winmonia hud heen added, and after,
ten or fifteen minutes’ action the wmmonia was thoroughly,
wishied out.  The result was striking: as soon as the developer,
wis applied the charactefs which had lheen traced with aeid
cane ont strongly as hrown niivks on w1 white surface,

Cold sulphuric acid even nndiluted is gererally held to have
no action on silver haloids, hut it is well known that the liot
strong acid decomposes them.  The forcgoing  experiments
ieave no doubt that the colil ditute acid produces an initial
effect invisible to the eye hut revealed by grreater tendeney to
give wuy under the action of a reducing agent. This action of
the aeil ecomes therefore exactly into line with that of light
and hieat.  Inoall three cases un cffect is produced inapprecia-
ble until o reducing agent is applied.  DBat in all three cases
the agent which produced this invisible gffect is capable by
continued aetion vuder favorable conditions of hringing ahont
a visible ehunge withoutsthe aid of a reducing agrent,

Lieglt.~"The silver haloids in their sensitiveness to light,
show an Important relationship to that of allotropic silver,
When for exanmple silver ehloride precipitated with an excess
of liydrochlore acid'is exposed to liwht, the darkened product
containg :tmnutntly no-metallic silver® (it is probable that the
trace of silver wiven up to nitrie acid may arise from the de-
composition of a very sinail quantity of subebloride),  Iow-
ever this may be the subelloride and” not metallic silver s the

cessential produet, -

This has always soemed a very enigmatical result.  Two eom-
binations of silvar and chlorine exist ; the one very stable,
capable of tusion without decomposition, the other so unstable
that it can hardly exist isolated, and yet the stable eompound
is rapidly broken Ap by light, even by o weak diffuse ligght,

¥ In somg (unpublished) sxperiments made some years ago to test this point,
[ found that sitver clioride exposed for sevoral dnys o strong sanlight ander

water, with frequent slivnig up, and subsequent washiog yielded only n tracu of
silver to slrong cold nitrie acid after n contact of i hour.
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while the unstable compound resists many days' exposure to
the stroneest sunlight,

In examining the action of light upon allotropic silver (see
Part 1y an equally remarkable etfeet was deseribed.  Although
all the other forms of energy applied readily and quickly con-
vert allotropie to ordinary sitver, light {(at ordinary tempera-
tures), fuils to effeet this change even by exposures lasting for
several months.  If we conceive that the atomie form of silver
which exists in AgCl corresponds to the allotropie form, and
that the more eondensed form of subeliloride corresponds to
the “intermediate furm,” we shall obtain a reasonable explana-
tion of the action of light. h '

- The inability of light to earry the change whicl it produces
in allotropie silver hevoud the “intermediate form ” exactly
corresponds to its inahility to carry the deeomposition of silver
ehloride further thun to subelitoride or rather to photochloride.
(It is understood that the silver ehloride here spoken of is that
which is formed by preeipitation with execess of hydrochlorie
acid). TWis explanation appears to remove & real dithienlty,
and at the same time establishes a perfect parallelism between
that action and the action of light on allotropie silver.

Although the foregoing study of the silver hialoids was made
for the purpose of fixing the relations which exist between themn
and allotropic silver, the results nevertheless hiave mueh inter-
est in relation to the haloids themselpes snd plice their nature
in a somewhat new light,  For it is shown that these haloids,
thougl sibstances in some respects of very great stability have
their equilibrint so balanced as to respond to the slightest
influence, not merely of light, but of any form of energy, not
reeciving a momentary hut a periianent impression which,
thongh so slight as to be invisible, still greatly increases the
tendeney of the molecunle to fall to pieces under the action of
a reducing agent.  Further, foar of these forms of energy,
light, heat, electricity and chemical action, when more strongly
applied totally disrupt the noleenle,  One form of energy,
mechanical foree, thongh capable of prodneine the invisible
effeet makes an apparent execption in respeet of this ability to
disrapt.  This matter is now nunder examination and it will
probably be shown hereafter that the analogies are complete
atd without exception, .

The same completeness holds with regard to the analogies
which form a principal subject of this paper, namely, those
existing hetween allotropie silver and the metal as it exists in
the salts of silver.  No other salts bt those of silver show
this wonderfully halanced equilibrivin, sensitive to all forms of
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energy. Dut allotropic silver also shows an almost exactly
similar capaeity to respond to the influence of energy in all its
manifestations by undergoing changes of a like eharacter,

The inferences to he drawn from the foregoing seem to be
as follows.  That sitver may exist in three forins: 1st. Allo.
trapic silvemwhich is protean in its nature ; may be soluble or
insoluble in water, may he yellow, red, hlne or green, or may
have almost any color, but in all its insolulls varietics always
exhibits plasticity, that is, if brughed N4 pasty state upon a
smooth snrface its particles dry in optieal eontact and with
brilliant wetallic Tuster, It is chemieally active.  2d, The in.
terntediate form, which may be yellow or green, always shows
metallic Tnster, but is nevey plastic and is almost as indifferent
chemieally as white silvet. J8d Ordinary silver, | | | Further,
that allotropic silver can always he converted, either into the
intermedinte form, or directly into ordinary silver; that the
internmediate form ean always be converted into ordinary silver,
but that these processes can never be reversed, so that to pass
from ordinary silver to allotropic it must first he rendered
atomic Ly combination, and then bhe brought back to the
metallic form under conditions which eleck the atoms in unit-
ing. That allotropie silver is affected by all forms of cnergy,
and that this effect is always in one direction, namely, towards
condensation.  That the silver hauloids are similarly affected by

" the same agencies.  That a remarkable parallelism is notjee-
able hetween the two actions, especially if we take into account
that in the haloids the influence of energy is to some extent
restrained by thie strong attinity which flic lulogens shiw for
atomie silver,  There is therefpre’ reasonable gronnd to sup.
pose that in the silver haloids silver may exist in the allotropie
form. - -
Philadelphia, March, 1891,
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ArTe LVIIL—Alotropio Silver. Part I11.  Blue Silver,
woliuble and insoluble Forms; by M. CAREY LEA.

Wiey my first paper on the subject of allotropic silver was
published about two years ago, that substance seemed to be the
resuly of a very limited nmwnber of reactions closely allied to
ench other. Further study has shown that it is a mueh more
common produet than at tivst appearet] to e the ease. Wher-
ever in the reduetion of silver a peddish color shows itself,
that may be taken as a probahle indication that allotropie silver
s heen formed, even althougl it may be destroyed before it
can he isolated. :

What s rather remarkable is that allotropic silver is pro-
dnead abundantly in eertain very familiar reaetions in which
its presence has never lLeen suspeeted 1 so abundantly in fact
that some of these reactions, constitute the lLest methods of
ohtaining silver in the soluble form. In photographic opera-
tions siiver has often heen redneed by taunin in the presence
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of alkalies. Tt has not been imagined that by slightly varying
the eonditions, the whole of the silver may be made to pass
into solution as a soluble metal with its characteristic Intense
blood red coler. :

Some of these new reactions will he here deseribed in detail.

Allotropic Silver obtained with Dextrine and cAlkaline Hydroxide,

When dextrine is dissolved in a sglution of potassimm or
sodinmn hydroxide and silver nitrate i added, keeping the
Lydroxide in moderate excess, the silver is at first thrown
down in™he form ‘of the well known hrown oxide.  This
Drown eolor presently changes to a reddish chocolate shinde
and at the same time the silver hegins to dissolve.  In a few
minutes the whole las dissolved to a deep red color, 8o intense
as to be almost black. A few drope poured into water give it
a_splendid. Ted color of perfect. transpareney.  Pxamination
with the spectroscope laves no doubt that we have to do with
a true solution, -

[t is interesting to-observe that silver eun he held in solntion

“in hentral, acid and alkaline liquids. In the first process which

I publishied, in which silver citrate is reduced by a mixture of
sodic citrate and ferrous sulphute, the latter may be used either
in acid solution or it may De first nentralized with alkaline
hydroxide, so that,that form of silver is held in solution in
either a neutral or au acid liguid,  The form that is obtained
with the aid of dextrine dissolves most freely in the strongly

alkaline liguid in which it is produced, and when ditute nitrie.

or sulplurie acid is added the silver is precipitated, But with
acetic acid the precipitation is very incomplete @ the solution
rotaing & brown colbe and contains silver.  Even the addition
of alarge excess of strong acetic acid fails tu throw down auy
wore silver. Tt follows therefore that while this form of
silver s most freely soluble in a strongly alkuline liquid it is
also soluble to some extent in one that is either neutral or aeid.

The ]_‘Jl'ecipitnfe when onee formed appenrs to he alinost
insoluble. A .&mall portion of it sticred np with distilled
water gives no indication-of solution.  But if a ynantity s
thrown on a filter wmM® washed, as soon as the mother water is

" washed out the lignid runs though of a muddy red, and if this

filtrate be allowed to stand it Qeposits an insoluble portion and
then has a fine rose-red color and perfect transparency. Not-
withstanding the beautitul colov it contains a trace of silver
only, so great is the coloring power of the metal. Sometimes
i the alkaline solution stawds for a month or two the silver
becomes spontancously insoluble; most of it falls to the hot-
jom o a deep red substanee, bhut part remains in suspension
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with a bright brick red color.

M. Cavey Lea— Allotyopic Silver.

The difference hetween this

and the trne solution as originally formed is extremely well

marked.

Dextrine is a very variable substance and different speci-

mens act very differently.

do better than the purified forms.

Conecnient proportions are as follows
forty wrams of sodimn hydroxide niay be dissolved

Common brown dextrine seems to

in two liters of water «
and an

equal quantity of dextrine, filtering 1f necessary. “Twenty-
ecight gratns of silver nitrate are to be dissolved in a small

quantity of water and added by dv
plete solution readily takes place.

drees at intervals,
Although the ligquid con-

Comn-

tains less than one per cent of metallie silver it appears
ahsolutely Dlack, when diluted, red, by wreat dilution yellowish,
With some speeimens of dextrine the solution remuains clear,
with others it soon heecomes a Jittle torbid,

Perhaps the wost interesting reaction whieh this solution
shows, s that with disodie phosphate.
aulicient to throw down the whole of the silver althongh buth
soltitions are alkaline.  When a gram of phoesphate in solution
is added to 100 e of silver solution the color becomes bright
red, sonetimes searlet, and the whole of the silver is prescutly

precipitated,

A little phosphate is

This precipitate on the tilter has a color like that

of raliv copper, which eolor it retains during the first washing,
Lut after a few hours' washing with distilled water the eolor
eliamgres to a deep Nile green-and -at the same time it becomes

sliehtly solable, giving a port wine colored solution

With

more washing this solubility may disappear.
It is a general fact that all these forms of silver, however
various their color, have both a body and a surface color and

these two colors tend always to be eomplementary,

The body

color is that shown hy the precipitate while still moist; it 13
also visihle when a thin coat is brushed over paper, a coat so
thin that light passes through it, is reficeted Dy the paper and

returned again through the film,

3t when a thick and opaque

film is applied, the body color disappears and only the comple-
mentary surfuce color is visible. ’

So in the case of the precipitate Dy phosphate, when the
substanee resembling ruby copper is spread thickly on paper it

dries with a hright green metallic snrface color

But when

the substunce itself "becomes green by continued washing it
assimes on drying a dark gold or copper color, the surface
color changing with the body color and maintaining its com-
In observing these effects one is con-

lementary relation,

stantly reminded of certain eoal tar co

lors, both Dy the great

intensity of coloration and by the metallie surface color. [
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not aware that any other inorganic substance shows this resem-
blanee to a similar extent. hd

These forms of allotropic silver have 1 great tendency to —&- .

attach to themselves foreign matters,  Although the dry sub.
stance s all the appearance of w pure metal it may contain as
much as 8 or L0 per cent of organic matter which 3t is utterly
Jmpossible to detach, T have taken much trouble to eliminate
this substance. In one attetunt Lot distilled water was foreed
through with the aid of a filter pumyp forover 100 hourswith-
out effeet.  The presence of this organic substance hecomes
evident when the metal is Leated in a tube. A vapor arises
wlich eondenses into small brownish drops having an et e
renmatic odor.  The residue of lright white etallic silver,
when dissolved in nitric acid, leaves belind black flakes of *
carbon.  When tht allotropie silver is dissolved in dilute nitrie
acid and the silver preeipitated by hydrochlorie acid, on evipo-
ration w small residue of a yellowish gummy substance is ob-
tained, r
Analyses. —Four silver determinations were made of mate-

rial rendered 5 pure as it was found possible to obtain it

Results—
' . Nool ... ..... 83:77 p. e Ag.
Noo@ ool 0y
No.os .o o .. .. 0286 ¢«
Nooy ..., 0604 ¢ @

_ 'S Allotropio Silver obtained with Tannin &id alkaline Carbonates. Ql

Tannin (gallotannic acid) in alkaline solution reduees silver

| mitrate to metyllic silver in the allotropie form.  Tunnin acts
more strongly than «dextrine and thercfore doves best with e
Bonated alkali, dextrine best witly alkaline hydroxide, although

& either substand® will prodnee the reaction with either form
of alkali and, though less advantageously, with ammonia,
Tannin with sodium carbonate sives a very perfeet solution of
silver, quite free from the turbidity that is apt to characterize
the dextrine solution.  The color of this solution is likewise
very intense : oug,containing one per cent of silver is quite
binck, by difutioli deep yellowish ved. It has very much the
st characters as the preceding, but is rather more stalle.
To obtain it, 24 grums of dry sodimin earbonate may be dis-,
solved in 1200 ce. of water.” A 4 per cent solution of tunnin
i3 to bt made and filtered, of this 72 ce. are to be added to the
kolntion just named : of silver niteate, 24 grams dissolved in a
little water are to le added by degrees.  Solation tukes place
almost instantly as each suecessive portion is added.  The solu-
tion after standing « day or two may he decanted or filtered

from a small quantity of black precipitate. : ._{
' —t
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When the solntion is treated with a very dilute acid, af for
example, nitrie acid dileted with, twenty times its mlk of
water, allotropie silver is precipitated in the solid form. Tt
dries with a brilliant metallic surface color of a shade different

froms the foregoing and somewhat diffienlt to exactly charae-
terize, a sort of hluish steel-gray.

I'do not find that blue allotropie silver (in which is inclnded
the green and steel-gray varieties) ean be redueed to any one
defivite type.  On the contrury,.its variations are endloss,
Slight differences in the conditions under which the solutions
are farmed or in the mode of precipitation give nuite different
produets. For example, of ten products ohtained with tannin
and sodinm carbonate in Jifferent proportions, several were
easily and completely soluble in ammonia, some were slightly
soluble and some wot at all, Some speciniens rot at all solable
i water heeame so by moistening with dilute phosphorie acid
they did ot dissolve’in the acid hut when it was removed they
Bad hecome saluble in water,  On other speeimens phosphorice
acid liad no suel effect. Some solutions are searcely atleeted
by aectic acid, others are partly precipitated, others almost It
not quite whollv,  The films spread on paper vary very much
m their relations to light : some are readily converted Into the
yellow intermediate form, whilst others nre very insensitive,
The Teast sensitive specimens seemed to be those for whiely
dilnte nitrie acid had heen used as a precipitant.  They had a
steclgray color. Preeipitation Ly acetic acid seems to tend to
a greenish metallic surface eolor and greater sensitiveness,
Different specimens also vary very much as to permaneney;
this character is also affected by the amonnt of washing re-
ceived @ thorough washing tends to permanency.

In some way the blue, grav and green fortns seem more
closely related to the black or dark gray forms of normal silver,
for they tend in time to pass'into thent, while on the contrary,
gold-enlored silver, if pure, tends "with time to change to
bright white nortal silver on the surface, with dark or even
Wlack silver underneath.

Aetion of other Carbonates,

pable of producing allotropic silver, not only in
the presence of the earbonates of potassinm and sodium, hut
also with those of lithinm and ammoninm and also with the
carhonates of caleinm, magnesinm, barinm and strontinm, The
action of the last named carbonate has been more narticularly
examined. It yields allotropie silver of a dark red color while
moist, drying with a rich bluish green metallie surface color in
thick tilns, in very thin flms transparent red. Tt is probable

Tannin i3 eca
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M. Carey Lea— Allotropic Silver. . g 7
that the substances with which tannin produces these reactions
wonld be further inereased by investigation.

I have found some additionad modes of produetion of these
forms of -silver, modes which are very curions and interesting.
They wre now heing stirdied and will be reported ou hereafter.

-

Nature of the intermediate substunce.”’

Tt has been mentioned in previous papers that wh,l allo-
tsopic silver is convented into norpal silver by the aclion of
heat it passes through a perfectly well marked intermedinte
gtate.  In this state it retains the gold-yellow eolor and high
tnXer but none of the other properties of the original form,
Oxidizing and chlorizing agents show nearly the same indif-
forence as with ordinary silver.  While allotropie silver is soft
and easily reduced to powder the intermediate substance is
hard and tongh. When a gles vod 'is drawn over a fitm of
allotropie silver it leaves hehind it a white trace of ordinary
gilver, The intermediate sunstance glows no such regetion :
the trace of n glass rod does not differ from the rest of -the
film and even hard burnishing produees nochange in the color.
Clontinnéd exposare to sunlight brings about the sane altera-
tion to the intermediate fornund it takes place spontaneansly
with time. _ ‘

At that time no explanation conld be found as to the natnre
of the change. It proves however to be a passage into a erys-
talline forma.  Some films.spread on paper were exposed to the
action of very dilute solution of fervie chloride, It chanced
that one of these films had wlergone w partial change into
the intermedinte form 3 the nnchanged portion was darkened
by the ferric solution, while the portion that had passed into
the interprediate form retained its bright gold-yellow color and
tuster, rendering it thus distinpuishable. The tigares whieh it
exhibited were strikingly erystalline.  One portion showed a
foliated® structure such as is formed hy interpenetrating erys-
tals, other parts showed ramitications with something of a
plant-like form.  Anaother purt exhibited a sheaf of acienlar
“erystals nearly parallel in direction, half an ineh to an inch
long and as fine as-hairs,  These appearances indicated with
certaintygerystalline streeture,  Other specimens lave been

‘ * . . . -
! obtained though none so well defined as that just mentioned

* which happencd to be taken at exactly the right stage of spon-
tancous alteration to make the strueture manifest. The altery,
tion is not apparent to the cye as the color does not ehimge,

This e¢hanwe to the ervstalline condition does not seem to be
peculiar to gold-colored silver. The blne form when gently
leated in a tube becomes yellow. By continned heat 1t
changes to white normal silver. A film on glass begau to



"

M. Carey Lea—ANotropic Silver.

change from Dblue to yellow at about 180° C.  Light also pro-
duees this ehange on blue silver,  The specimens obtained by
different processes act very differently ; some change with a
fuw hours of strong sunlight, others require many dwys.

From what has been written in this and preceding papers it
appears that allotropie and even soluble silver may be formed
in a great variety of reactions, The reducing agents may be
either a ferrons or a stannous salt or any one of a variety of
organic substances of very different constitutions. [From the
solubility und activity of this substance and the parallelism
which many of its reactions show to those of silver in combi-
nation,, I have been disposed to think that silver in solution
wight, like silver in eombination, exist in the atomic form. It
is certain that up to the presont titne we liave no positive
knowledge of the existence of any clement in the atomic form
as a solul. We know that fonr or flve metals ave atomie in
their vapors and that in iodine vapor at a certain temperature
the moleeules separate to atoms.

But it may be questioned whether we have not seen solid
elements in the atomie form without recognizing them ag such,
There are forms of iron, nickel, eobalt and lead which exhibit
very remarkahle properties, properties-that have heen hitherto
verv unsatisfaetorily explained.  Lead tartrate redueed by gentle
irvition in a nearly closed tube and allowed to cool and then
shaken out into the air forms a stream of tire. The oxides of iron,
nickel and cobalt reduced in elosed tubes by hydrogen show
similar properties. It is customary to explain this “action by
affirming that the metals are left i an extremely fine state of
division. This explanation is not_satisfactory.. Sulphnr, for
exatiple, is far more inflarmnable than any of the metals just
mentioned and may be obtained in a state of exceedingly fine
division, ecither by sablimation or by precipitation, hut does
not in conscyuence show any greater tendeney to spontancous
inflmnmation. 1t scems more natural to suppose that these
metals are reduced in the atomie form, and this view of
the watter scems to bhe mueh strengthened by the following
considerations, '

The experiments of Rumsey, and of Heycock and Neville,
ecited in a previous paper, lead to the conclusion that in the
eace of  dilute solution of one metul in another the dissolved
metal exists in the atomie form, But still morve the experi-
ments of Tammann on amalrams indieate that in these alloys
the disselved metal is atomie, and it is stated that Joule by
distilling off the mercury from an iron anmalgam found that the
ivon was left in a pyrophorie condition.  The amalgum of man-
panese, carefully distilled, gives a pyrophorie powder.  Chro-
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minm amalgam, distilled in a enrrent of hydrogen, gives
similar result if the temperature s not raised too high. The
enormous aflinity which these forms of metals exhibit for
oxygen remders their study very difficalt. 1t has not beeri
befure sngpested that theiractivity is due to their heing atomic,
but this wbuld secm to be a much mwore rational explanation
than that of extreme division.*  A~Dbroad distinetion must of
course be drawn hetween chemical and mechanical divisiong a
suhstance may be #tomic and yet appear i masses : may blin
the finest mechanical division and yet be moleenlar or poly-
merizedl. - 8ilver being a metal with a very low afinity for
oxygen conld not e expected to show in the atomie state the
satne ingummability as more oxidahle metals,

Tu corclusion it may be said that there is much reason to

suppose that elements may exist in the atomic form and that-
allotropie silver inay present such a case.  This s of conrh
far from Dbeing proved and is offered only as & “working
lypothesis.”  As sueh it may afford a useful aid in forther
investigations.

Philadelphia, April, 1891,
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{ber Losungen von metallischem Sitber,
Yon
M. Carey Lga.

Alle Losungen von metallischem Silber, welche ich friher be.
gchriehen habe, sind kollordal, und seit Verdffentlichung jener Be.
obachtungen habe ich alle dje beztiglichen verschiedenen Priparate
weiterhin untersucht und gefunden, dals keines derselben durch
Membrunen diffundiert, Eine Silberic‘;’wsung. welche dureh Einwir-
kung von Ferrocitrat erhalten wird, st auch von Herrn Praxcr,
sawie von Herrn Dr. Barvs untersucht worden und zwar mit den
gleichen Erfolge.

Die Silberlésungen sind kollotdal; ob sich jedoch das Silber iy
denselben im Zustande der Polymerisation befindet, ist durchaus
nicht sicher. Polymere Korper sind im allgemeinen indifferenter als
die entsprechenden Kérper mit einfachem Molckil. Nun werden
aber alle Formen des allotropen Silbers, einschliefsiich der loslichen
Form, leichter oxydiert und chloriert, als das Silber in gewihn-
lichem Zustande, so dafs dieses Verhalten durchuus nicht auf Po-
lymerisation hinweist.

Es sind diese kollotdalen Lésungen von Silber zum mindesten
so vollkommene Lisungen wie diejenigen irgend welcher anderer, voli-
kommen l8slicher kollordaler Korper. Kine gute Methode, um die
vollkommene Lislichkeit testzustellen, besteht darin, die Flussigkeit
im Licht von oben derart zu hetmchten, dals man das puffullende
Licht rechtwinklig zur Gesichislinie die Fitissigkeit durchstralilen
lafst. Viele Substanzen, deren Lésungen im einfachen, durchfalien-
den Lichte nicht nur durchsichtig, sondern glinzend klar erscheinen,
weigen bel Untersuchung in der soeben beschrichenen Weise nichit
pilszuverkennende Tribung,

Die Losungen des Silbers halten diese Probe jedoch vollkommen
sus, und es scheint dieser Versuch gegen die Ansichten von Bagrs
wnd von SCHXEIDER zu sprechen, dafs diese Modifikation des Silbers
feine allotrope ist, sondern gewihnliches Silber in feinverteiltem
Zustande darstellt,! Nagch sorgfaltiger Bereitung sind diese Silber-
losungen sehr bestindig; so besitze ich eine Lisung, die durch Kin-

! Zeitschr, phys, Chem. 8, 298.
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wirkung von Alkalihydroxyd und Dextrin bereitet wurde und welche
trotz dreijabriger Aufbewshrung noch stark gefarbt ist. Ein be

trichtlicker Teil des Silbers hat sich aus derselben allerdings aus- k

geschieden; da jedoch die Abscheidung in Form von glinzendweilsem,
metallischem Silber stattfand, gerade da, wo das Licht am starksten
auffiel,! o scheint diese Verinderung prinzipiell, ja vielleicht ledig-
lich durch die Einwirfung des Lichtes bedingt gewesen zu sein.
Gerade diese iiberstehende Ligsung, welche sich so lange g

halten hatte, schien nun eine besonders giinstize Gelegenheit zu '

strengen Nachweis ihrer kollotdalen Natur zu bieten. Sie wurde iD

einen Dialysator gebracht, und es zeigte sich nach zwei Wochen, dals ;

keine Spur diffundiert war.

Diese Ergebuisse missen uns also wohl zu der Anschauung
fiibren, dafs die Silberlésungen kollordal sind. Die Loslichkeit ist
aber eine vollkommene, so dals Mliese Losungen diesetben Proben
auf Durchsichtigkeit wie die Losungen von Krystalloiden aushielten.

t Die Flasche stand auf dem Tische in einem helierleuchteten Zimmer.

Bei der Redaktion cingegangen am 16. September 1894,
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! Stabilititsverhiltnisse der Fraktionen.

Uhne Zusatz von Koagulatoren sind die Fraktionen sehr gut halt-
bar und scheinen ihren Dispersititsgrad nicht merkbar zu verindern,

Aus den Beobachtungen obiger Tabelle geht die verminderte Teil-
chengrosse der Fraktionen bei den grossern Schwellenwerten deutlich
hervor. Es wurden auch einige Versuche ausgefilrt, um die Einwirkung
verschicdencr Koagulatoren auf die Fraktionen direkt zu untersuclien.

Als Ausgangsmaterial dienten die gereinigten Fraktionen, welche
in der Konzentration von 1g Schwefel 0-085g NaCl per 100 ecm Sol
verwendet wurden. Die freie Salzkonzentration betrigt bei J7 (— 0.25)

00Lh g

100 cem sol
ein wenig mehr. Zu 5 cem dieser Sole wurden nun im l’lubmrgldachen
4 cem Wasser gesetzt, und unter Umschiitteln Krnistalloidlisungen be-
kannter Konzentration bis zur beginnenden Ausflockung hineingetropit.
Die Konzentration der Kristalloidlosung wurde so gewdhit, dass die
hierzu erforderliche Menge zwischen 1 und 2cem betrug. Aus der zu-
sesetzten Kristalloidmenge und dem totalen Volumen der Flissighkeit
kounte somit die Schwellenkonzentration bestimmt werden. Derartige
Bestimmungen sind ja nur annédhernd, denn die beginnende Ausflockung
lisst sich nicht scharf bestimmen. Die in folgender Tabelle angefihrten
Zahlen hesitzen jedoch relative Bedeutung.

ca. und somit nur ca. 0-0025-norm.. bei den grobdispersen

Tabelle 2.
hnmlrkunw der ho‘lgulatoren auf ‘s(‘)mof: “l}dl(h()lﬂ wn(‘h;edvnen IJ1~pera|tAtsgrﬂdﬂ.

o g £ . = S 05 -~
FOI S | = s 0 2 |
Fraktion = ‘ | [ : | Py
L5 8 2 = | 2 | e
2 2,32 23
l'ulcheudnamum inue ; — 0 = P fea 25) | ca, Y0 - ca. 140 Lca "IU
Schwellenwert fiir JI(T7 480 ! 375 340 185 } 1.00 | 065 | o
" . NHNO, 102 035 ;067 | 046 (082 | 0-25 [
. . Null 030 U 24 (IS T VS ) 0-11 0 0y ] U o7
" . RO Y0034 0009 0026 0025 (0-020) ¢ i 00201 !
(000108 -~

" 3

Ba(NOgy | Uuuh 00014 00012 000121&(;010

Bewmerkungen zur Fahelle
Die Schwellenwerte sind in Molen per Liter angegeben. Die Schwefel
tration betragt bei Ausflockuung ca. Y/, %,. Die in Klammern gesetzten Wer
dur bch“:cnghelt wegen, die Koagulation zu beobachten, sehr unsicher.

konzen-
te sind

1 H(I wirkl in kKleinen Konzentrationen zuerst stabilisierend, um bei grossern

Koagulation hervorzurufer.
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Fraktionierte Koagulation.

4us diesen Untersuchungen gelit hervor, dass bei grosserer Koa-
wulierfihigkeit des Koagulators die verschiedens Empfindlichkeit der
Fraktionen weniger scharf hervortritt, Freundlich!) hat gefunden, dass
nicht nur die Endkonzentration, sondern auch die Stiirke der zugesetzten
Lisung von Bedeutunyg ist. Dies wurde auch bei den intensiveren Koa-
gulatoren HCY BaCl, beobachtet. Es treten hier jedoch irreversible nebst
reversiblen Zustandsinderungen auf, weiche die Ergebnisse viel kom-
plizierter gestalten. Die niikern Untersuchungen hieriiber hiegen ausser
dem Rahmen dieser Mitteilung.

Fraktionierte Koagulation von Siiberhydrosolen.
Koagulator: (NIT[)NO,.

Das als Ausgangsmaterial verwendete Silberbydrosol wurde nach
der von Carey Lea? entdeckten Methode durch Reduktion von Silber-
nitrat durch Ferrosulfat bei Gegenwart von Natriumcitrat dargestellt.
Es ist mir gelungen, dus so erhalteno kaffeebraune Hydrosol durch
fraktionierte Koagulation in eine Reihe von Fraktionen zu zerlegen,
deren Farbe sich mit abnehmendem Dispersititsgrad von Gelb iber Kot
und Lila nach Graugriin erstreckt.

Die Silberhydrosole bieten in mancher Hinsicht Verschiedenheiten
gegeniiber den Schwefelbydrosolen dar. Die Teilelen der letztern be-
halten eine lingere Zeit ihre Grisse, und von selbst eintretende Dis-
persititsverminderungen finden nicht statt, oder auch sie verlaufen sehr
langsam. Die Hydrosole des Silbers dagegen vermindern stets ihren Dis-
persitiitsgrad schnell, so dass die erhaltenen Fraktionen mcht stabil, son-
dern nach einigen Tagen vhrindert sind; die Farben verschiehen sieh
nach Griin, amikroskopische Sole lassen Submikronen erscheinen usw.

In diesem Zusammenhang mag darauf hingewiesen werden, dass
. W. Woudstra® gefunden hatte, dass Silberhydrosole mit der Zeit
gegen Koagulatoren mehr und mehr empfindlich werden. Er hebt auch
hervor, dass die Ursache hierzu in der Anndherung an den freiwilligen
Koagulationspunkt zu suchen ist, Ultramikrosk#pische oder auf andere .
Methoden gegriindete Feststellungen der Dispersititsverminderungen
wurlden jedoch nicht ausgefiihrt,

Die Silberhydrosole lassen sich nur mit grosster Yorsicht reversibel

Y Zeitschr, f. plysik. Chemie 44, 129 (1903).

%) Amer. Journ. of Science [3] 87, 476—491 (1889 und folgende Abhandlungen,
gesammelt in Carey Lea-Lilppo-Cramer: Kolloides Siiber und die Photwhaloide.
Dresden 1908, A
"#) Diesertation Leiden 1UUDH; Zeitschr. f. physik. Chemis 81, bUT--632 . 140~). ‘?LX;
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-
koz_xguiieren. Am isten hierfir geeigneto Salze scheinen Ammonium-

nitrat und -citrat zu sein. Das erstere wurde stets verwendet. Man muss
sich bei totalen Koagulationen immer hiiten, grissere Uberschiisse an
Kozgulator zu verwenden, da die Koagulation dann irreversibel verliuft.
In dieser Hinsicht scheinen eigentiimlicherweise die griibsten graugriinen
Fraktionen weniger empfindlich zo sein als die hiehst dispersen gelben.
Die erstern scheinen den allmiihlich eintretenden Dispersititsverminde-
rangen auch weniger zu unterliegen.

ﬁtriumcitral
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pine starke ¢
(fegenwart v
nicht durch
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lieren.  Zn(.
jedoch fast

lie Silberhydrosole sind auch, besunders wenn sie gereinigt sind, braungriiner
segen Kinflusse verschicdener Art sebr cmpfindlich. So erleiden sie Bei der
durch Stehenlassen in gewdhnlichen Glasgefissen irreversible Verinde- Farbeniiberg:

dagegen dire
AINO, - Lissu
hineindiffund
purpurne Tri
in Griin, well
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Dass da
befindet, geh
Flissigkeit z

rungen und werden undurchsichtig, schmutziggran. Man muss daber
stets gereinigte Jenaer Glasgefisse verweuden. Gegen Spuren von (-
Ionen sind die Sole besonders empfindlich; wenn die Glasgefiisse .in
gewibplichem, schwach chlorhaltigem Wasserleitungswasser ausgespilt
waren, und die nachherige Reinigung mit destilliertem Wasser vernach-
lissigt wurde, wurden die Scle zerstort?). :

iogen Temperaturschwankungen sind die Schwellenkonzentrationen
dagegen weniger empfindlich; die Temperatar betrug 17-5° + 0-5.

Trotz Vorsichtsmassregeln geschah es oft, besonders bei totalen

Koagulationen, dass durch irveversible Verinderungen die Sole ver- Koagulatoren
dorben wurden, und es erwies sich als schwierig, die bei Schwefel Zusatz zahlre
durchgefiibrten Reinizungen in bezug auf die Gleichkornigkeit durch- Ich geb
cufiibren, Wie fri

mit reinem
in verdiinnte

Diese F
NH, N, unt

Fr (— 0-25),

Nach den Vorschriften Pranges?) wurden folgende drei Lisungen

bereitet:
125g AyNO, in 125 cem Wasser gelost;
375 FeSO, in 125 cem Wasser gelost;
70 ¢ Natriumeitrat in 175 com Wasser gelost.

Die Natriumecitratlisung wurde der Ferrosulfattosung zugesetat und
dann dieses Gemisch unter Ribren schnell in die Siibernitratlosung ge-
gossen.

Der sich ausscheidende schwarzhraune Niederschlag von kolioidem
Silber wurde durch  Zentrifugicren schnell von der Lisung getrennt.
Die iiberstehende, griingelbe Fliissigkeit seheint voun frihern Forschera
nicht niher untersucht worden zu scin. Ausser dea Kisensalzen und

1y Dies wurde schon von Carey Lea beolachtet |Amer, Journ. of Science (8]
37, 476—491 (1889, Vgl Carey lea-Lippo-Cramer, loc. cit, 5. 3L
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ﬂtriumcitrat enthitlt sie betriichtliche Mengen Silber, welches bear-
wirmen mit konzentrierter HNO, und Zusatz von Chloriden sich als
eine starke Chlorsilberfillung kundgibt. Wahrscheinlich verursacht die
Gegenwart von Citrationen, dass die hochdispersen Silberteiichen sich
nicht durch die Kationen koagulieren lassen), Auch durch Zusatz von
konzentriertem Ammoniumsulfat gelingt cs nicht, dioselben zu koagu-
lieren.  Zn{NOp,, Al(NGg), lassen ein Koagulum ausfallen, welches
jedoch fast irreversibel ist, denn es lost sich nur schwer und mit
braungriiner Harbe auf.

Bei der Koagulation mit Zn"-Ionen bemerkt man cinen deutlichen
Farbeniibergang ins Orange — Rot -~ Braun — Olivgriin, mit A4/ lonen
dagegen direkt eine olivgriine Farbe. Schichtet man jedoch tber eine
AINO,-Losung eine verdiinnte Losung des Sols und lisst die .1 - lonen
hineindiffundieren, so bemerkt man in der Grenzschicht anfinglich eine
purpurne Tribung. Die C!'-Tonen verursachen cinen Farbenumschlug
in Grin, welcher, wenn Sol und Koagulator verdiinnt sind, einen hellen
grasgriinen Farbenton besitzt.

Dass das Silber sich in sehr disperser Form in der Flussigkeit
befindet, geht aus der ultramikroskopischen Beobachtung hervor. Die
Flussigkeit zeigt nur sehr schwachen Lichtkegel, durch Zusatz ven
Koagulatoren wird dieser Lichtkegel heller, bliulich, um bei starkem
Zusatz zahlreiche Submikronen erschbeinen zu lassen.

Ich gehe jetzt zu den Untersuchungen iiber das Koagulum iber.

Wie frithere Autoren gefunden haben, entsteht beim Behandeln
mit reinem Wasser eine dunkle, wie Brom aussehende TFlissigkeit, die
in verdinntem Zustand kaffecbraun ist

Diese Flissigkeit wurde nun der fraktionierten Koagulation mit
NHNO, unterworfen, und in folgende fiinf Fraktionen zerlegt:

Fr{—025), Fr (025 —013), Fr (015 — 0.11), &7 {011 — 0.08).
Fr (008 —)

Hier wurde im allgemﬁinen mit einer Silberkonzentration von 5—3879,
gearbeitet.

Die Bezeichnungen sind denen bei den sehwefelhydrosolen analug
und die Arbeitsmethode ist im Prinzip dieselbe. Sowohl die oben er-
&iihnten Nehwierigkeiten als auch die stindigen Dispersititsverminde-
rungen machten es jedoch notwendip, die wiederholte Koagulation bei
jedem Schwellenwert zu inhibieren,

1} ¥gl. O. Gengou, Arch. intern. de physiclogie 1908; ref. in Koll. Zeitschr.
9, 88 (1911).
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Uber das Bindungsvermigen des Koagulums.durch den Koagulator
wurden keine Versuche angesteilt, und die Schwellenzahlen in obigen
Bozeichnungen beziehen sich auf:

zugesetzte Menge Koagulator im Mol

 Volumen des Sols im Liter
Die Sole eunthalten geringe Mengen Eisen und Natriumcitrat. Spe-
zielle Reinigungen wurden im allgemeinen nicht vorgenommen. Eg
wurde jedoch eino orangegelbe Fraktion durch wiederholtes Fraktionieren
so weit von Eisen befreit, dass sie beim Uberfiihren in Eisenrhodanid
nur eine schwache Rosafirbung ergab, und an dem so gereinigten Sol
festgestellt, dass die Farbe nicht vom Eisengehalt herriihrte. Inwieweit
die Citrationen fiir die Reversibilitit des Koagulatlonswrgangs not-

wendig sind, wurde nicht niher untersucht?). .

Die Eigenschaften der Fraktionen.

Nach Beendigung der Koagulation wurden 0-1Yyige Losungen dar-
gestellt und einer niheren Untersuchung unterworfen.

Wie erwihnt, vermindert sich stets die mittlere Teilchengrosse,
indem einzelne grissere Teilchen nach einiger Zeit erscheinen. Man
kann sich von diesen Teilchen befreien, wenn man vorsichtig den ihnen
entsprechenden Schwellenwert entstehen ldsst und das meistens sehr
kleine Koagulum absondert.

Ultramikroskopische Untersuchungen der Silberhydrosole liegen von
R. Zsigmondy?), J Reissig® und H. Siedentopf!) vor. Die ge-
nannten Autoren baben immer Submikronen beobachtet, welche oft bunt
(rot, gran, blay, violett) gefirbt waren. Nur aus Amikronen bestehende
Losungen schejnen bis jetzt nicht beschrieben worden zu sein.

In folgender Tabelle sind die bei den fiinf Fraktionen gemachten

Beobachtungen zusummengestellt.

Die Farbenvariationen stimmen mit den von Wo. Ostwald in
seiner Monographie: ,Uber Furbe und Dispersititsgrad kolloider Lo-
sungen“?’} zusammengestellten Beobachtungen verschiedener Forscher
uberein und verschieben sich mit abnehmender Dispersitit von Gelb
rach Gringrau, eine nach Wo. Ostwald allgemeine hlgen:.chaft dis-
perser Systeme.

"' Ygi. O. Gengou, loc. cit.
= %) Zur FErkenntnis der Kolloide, 147, 148 (Jena 1905). .
£33 Dissertation Erlangen 1908. Ann. d. Phys. [4] 27, 166—212 (1908).
*) Verh. d. d. physik. Ges. 12, 43ff, (1910}
) Koll. Leiheits 2, 409—486 (1911,
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Fraktionierte Koaguiation.

Herr Pr-Doz Dr. The Svedbery liess mich freundlichst die Farben

meiner Fraktionen mit den von Litppo-Cramer!) durch Reduktion von
Stlbernitrat in Gelutine durch Hydrochinon bej Gegenwart variierender
Keimmengen dargestellten Serie von kolloiden Silberpriparaten vergleichen.
Es ergab sich eine gute Ubereinstimmung zwischen meiner Serie und
der von Liippo-Cramer; nur ist es mir nicht gelungen, die blauen
Hydrosole Lippo-Cramers zu erbalten. Mit Recht hebt Lippo-
Crawmer hervor, dass bei grossern Keimmengen sich grossere Teilchen
bilden miissen?). Kine ultramikroskopische Feststellung wurde von ihm
nicht ausgefiihrt, Tabeile 3,

~ Die Eigenschaften von Silberhydrosolen verschiedener Teilchengrosse.

Bezeichnung
der Fraktion

Das allgemeine Ausschen in
1 can dicker Schicht

f Ultramikroskopische
Charakteristik

I i
Fri—023)

11
Fr(0.25—0.16)

111
Fr(0-15—0.11)

Iy

i sicht

U-2%,ige Lisungen tief braun-
gelb. Vailig klar in der Durch-
In der Aufsicht schwarz.
Bei 001°, heligelb und in
Durch- und Aufsicht vollig kiar.

005 %,ige Lisungen dunkelrot
00

" " scharlach

bis orange.

Konzentrierte Lisungen in der
Aufsicht schwarz.  Verdiinnte

keine Tribung,

"U-1°,ige  Lsungen mit sehr

schwachem Lichtikegel von blau-

" licher Farbe. Koagulatoren machen

_ die Lichtkegel stirker und lassen

dann Submikronen von Waulicher
Farbe erscheinea.

0-1*,ige Losungen mit starkem

Lichtkegel, welcher infulge Ab-

sorption ritlich erscheint. Beim

Verdinnen wird der Lichtkegel

gelblich. Koagulatoren wirken
I wie bei Fr(— 025

0-05 %, ige Lisungen tief purpur |

001, " starke Pur-
purfarbe
0-002 |, " blassrosa.
Eonzentrierte Lasungen in der
Aufsicht schwarz  Verdiinnte
etwas trith.
|
0-01 %, ige Losungea undurch-
sichtig
o0u2 |, " rot bis
braunlila.

Fr0-11—~0.08)

ki
. Fri008 —)

1+ Koll, Zeitschl;. 7, 99—103 (1910);

Losungen in der Durchsieht kiar,
in der Aufyicht trib.

0002 “/otge Lisungen graugriin, |

heim Verdinnen mehr blaunlila,

Kounzentrierte Lisungun schwarz,

verdiinnte sowohl in Durchsicht
als in der Aufsicht triib.

1910y, 8. 143—14¢,
"1 Vel The Svedburg, Koll, Zeitschr, 6, 233240 (1010

¢ 002 ¢, deutlicher und starker
Lichikegel, dessen einzelne Teil-

! chen an der Grenze ultramikro-

i skopischer Sichtbarkeit liegen,

i Die Teilchen von gelber Farbe,

j

\

Sichtbare gelbweisse Teilchen von

lebhafter Bewegung.
durchmesser ca 40 .
-

1
i
|

Die Teilchen erscheinen grosser
als bei Fr 1V, schwach votlich.
Teilehendurchimesser ca. 75 Hu.

Gedenkboek van Bemmwelon (Helder

Teilchen-
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. Anmerkungen zur Tabelle

Die Farben wurden im direkten Tageslicht beobachtet. Die ultramikroske-
pische Untervuchung wurde im Spaltultrami.kroskop ausgefillirt unter Verhiiltnissen,
die unter Tabelle 1 niher mitgeteilt sind. Das spezifische Gewicht des Silbers
wurde gleich 1047 gesetzt und die Teilchen auch hier als Sphiiren betrachiet. Zu
bemerken ist, dass man die Sole nicht lingere Zeit als zur Observation nbtig ist
in der Kiivette stehen lisst, da durch das guwohnhche Glas (Kittung usw) leicht
Dispersititsveranderungen eintreten.

Durch Zusammenschlagen der Fraktionen entsteht eine Flissigkeit,
welche beimVerdiinnen die kaffeebraune Farbe des Ausgangsmaterials zeigt.

Die verschiedenen Lichtabsorptionskurven der Fraktionen wurde
anch (von Herrn Magister phil. N. Pihlblad!) gemessen, worliber or
bereits berichtet hat. Die von Svedberg?) fur viele kolloide Lisungen
gefundene Verschiehung des Absorptionsmaximums mit steigender Teil-
chengrosse nach den grussern Wellenlingen hat sich auch hier bewihrt.

Einige Bemerkungen zur Polychromie der Silbersole.

Wie erwihnt, haben friihere Autoren, R. Zsigmondy, H. Siedeu-
topf, I. Reissig?), im Ultramikroskop stark gefirbte Teilchen beob-
achtet. Einize von mir gemachte Reobachtungen tiber die Polychromie
Bei frisch dargestellten und gereinigten

mogen hier erwihnt werden.
Zwar ist das

Yolen habe ich keine gefirbten Teilehen sehen konnen.
von den kleinsten Teilchen ausgesandte Licht bliulich, um bei grissern
Teilchen eine mehr gelbe oder ritlichgelbe Nuance anzunchmen; aus-
geprigte Farben treten jedoch nicht auf. Lisst man aber diese in der
Aufsicht fast schwarzen Sole in Bechern aus schlechtem Glas stehen,
oder werden sie mit kleinen Mengen chilorhaltizen Wasserleitungswassers
versetzt, so verindern sie sich und werden in der Aufsicht grau, wilirend
die Farbe in der Durchsicht ein wenig mehr schmutzig aussieht. Be-
trachtet man diese Sole im Ultramikroskop, so kommt das von Lsig-
mondy*) beschriebene tarbenpriichtige Bild mit blauen, roten und grilnen
Teilchen zum Vorschein. Man kann diese polychromen, grauen Hydroe-
sole auch dadurch bekommen, dass man sie mit kleinen Mengen ver-
dilnnten Bromwassers versetzt; grossere Mengen fithren die Sole in die
spgenannien Photohaloide iiber.

Die Versuche, diese Sule reversibel zu koagulicren, um die ver
schiedenfarbigen Teilchen in Fraktionen von nur einer Farbe zu iso-
7 .__:j_}{ull. Zeitachr. 9, 156-~158 (1911), daselbst wurde auch ein Auszug obiger
Tabelle publiziert.

.4%—»‘ 1, Zeitachr. f. physik. Chemie &1, 613—036 (1910).

3 % Vgl §.698, Anm. 2, 3, 4.
4y Zur Erkenotnis der Kolloide (Jena 1903}, S. 147, 148,
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:n, sind ohine Brivlg geblieben, da die Koagulation gri’isst.s
rreversibel verldutt. '

Bedenkt man, dass das von Siedentopf beobachtete Sol durch
Lichtreduktion von AgDr entstanden war, und duss Zsigmondy und
Reissig ihre Sole nicht selbst dargestellt hatten, diese also wahlrschein-
lich lingere Zeit aufbewahrt gewesen waren, so erscheint es nicht un-
wahrscheinlich, dass die Polychromie durch chemische Oberflichen-
verinderungen  an den Teilchon hervorgebracht ist.  Besonders die
Beobachtung Siedentopfs, nach der, wenn man die imi Kardioidultra-
mikroskop vorgenommene Bestrablung nach Ausscheidung der poly-
chromen Teilchen weiter fortsetzt, Aushieichunyg eintritt, und die Poly-
chromie verschwindet, verdient Beachtung. Es scheint mir wabrsehein-
ligher, dass bei fortgesetzter Belichtung die Reduktion bis zum Silber
fortschreitet, und nicht, wie Siedentopf aunimmt, die gelben Teilchen
darch Oxydation entstanden sind?!), speziell wenn man die grosse Los-
lichkeit des Silberoxyds [bis 2.16.107+4 normal bei 2592 bedenkt, in-
folge deren ein Oxydteiichen nur voriibergehende Existenz besitzt und
sich im Dispersionsmittel auflost.

In welchem Grade die kristallinische oder andere Gestalt der Teil-
chen zur Polychromie beitragen konnen, lisst sich zurzeit nicht sagen?).

Die Trockenfarben der Fraktionen,

An diesen Betrachtungen mogen sich einige Ergebnisse itber die
Farben beim Eintrocknen der Sole anschliessen.

Von F. Kirchner und R. Zsigmondy*) ist beobachtet worden, &

dass gelatinehaltige rote Siibersole beim Lintrocknen blaue Farhe an-
nehmen. - Dasselbe wurde auch an den hier dargestellten gelatinefreien
Solen wahrgenommen.

Lisst man einige Tropfen der Fraktionen auf gereinigten Glas-
platten sich ausbreiten, so verdunstet das Wasser allmihlich, und es
bilden sich Silberspiegel, bei den grossten Fraktionen in der Aufsicht
von schwach gelber Nuance,

y Es ist Herrn cand. phil. H. Nordensson gelungen, durch Bestrahlung
vor Sitberhydroxydlosungen Sitbersele darzustellen. (Privatmitteilung an den
Verfasser.)

%) Noyes und Kohr, Zeiwchr. f. physik. Chemie 42, 336G (1903).

Y Vgl The Svedberg, Koll. Zeitschr. 9, 49—53 (1911}; zu beachten verdient
Jedoch, dass man atle moglichen Farbenibergdnge (vgl. Zsigmondy, loc. cit zwi-
schen den polychremen Teilehen beobachten kann, was sich miglicherweise durch
vorschledul grosse Ilaloidschicht (falls Bromzusatz) erkliren lasst.

y Ann. d. Phys. [4] 1D, 73 (19(4).



702 . Sven Odén

Betrachtet man diese Platten in der Durchsicht, so treten Furben
hervor, die mit denen der wisserigen Sole nicht libereinstimmen, bzw.
sich nicht aus dem kaffeebraunen Ausgangssol herstellen lassen.

So erscheint:

die Fraktion {— 0-25) rosenrot,

” " {0-25-—0-15) himnielblau,

" ” (0-15 —0.11) tief dunkelblau,

» . {0-11 — 0-08) unbestimmte schwarze Farbe.
Die Farbe der Kraktion (+:25 — 0-15) stimmt mit der bluuen Gelatine-
probe in Lippo-Cramers oben erwilhnter Serie iiberein. Trotz zahl-

reichur Versuche ist es mir nicht gelungen, in Ldsung Fraktionen zy ,

isolieren, welche mit den in Trockenpriparaten auftretenden Farben
ubereinstimmen. Die Farben der Sole und die der Trockenpriparate
stellen zwei Farbenserien dar, welche in keinem Falle ibereinstimmen,
Feuchtet man sofort nach dem Eintrocknen die Platten mit Wasser an,
so treten die Farben der Sole wieder auf. Nach lingerem Stehen zeigen
sich die Durchsichtsfarben der trocknen Platten mehr und mchr schmutzig
und gehen schliesslich in unbestimmtes Grau iber. Durch Anfeuchten
lassen sich aus diesen alten Platten die Sole nicht wieder herstellen,
die Zustandsinderungen sind irreversibel goeworden,

it den Fraktionen ausgefiihrte Koagulationsversuche.

Die Fraktionen wurden nun mit moglichst geringer Ammonium-
nitratmenge koaguliert, das Koagulum durch langwieriges Zentrifugieren
von der Flissigkeit getrennt und in Wasser gelost.  Es wurden daun
Losungen bereitet, die auf das Liter 0-1 g Ay enthielten. Mit diesen
Soles: wurden dann Koagulationsversuche ausgefilhrt. Ks erwies sich
hierbei .chwer, fir die Fraktionen vergleichhare Werte der Schwellen-
konzentrationen zu bekommen, Am deutlichsten tritt die verschiedene
Stabilitit hervor, wenn man den Fraktionen dje gleiche Kristalloidmenge
beigebracht hat und den zeitlicken Verlauf der Koagulation beobachtet.

Eine solche Versuchsreihe ist in Tabelle 4 wicdergegeben, wobei
die A4/ (N@,),-Konzentration 0-000 025 -norm. betrug,

Wenn man den Koagulator sehnell bis zur Ausflockung zutrépfelt,
0 entsteht eine Schwierigkeit dadurch, dass schon vor der Ausflockung
Veriinderungen in der Farbe eintreten, die fiir verschiedene Fraktionen
nicht viilig gleich verlaufen. Meistens verschiebt sich die Farbe bis
zu schmutzig Graugrin. Diese graugriine Farbe ist jedoch fiir die
verschiedenen Fraktionen von verschicdener Nuance, und es ist schwer,
einen gemeinsamen Endzustand festzustellen, Bei den in folgender Tabelle
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" Fraktionierte Koagulatioy), . 703

Tabelis- 4.
Zeitliche Beobachtungen iber die Keagulation vop Ag-Hydrosolen
versehiedeoner Teilchengrﬁsse.
Trer Dispersititsgrad nimmt ven 1-—V g, Es wurde 2 com Adg-50t von 0lg Ge-
balt per Liter mit 7 com H,0 versetzt und dang vom Koagulator AUNO,), 0-6 cem
einer 0-0004 - norm. Losung zZugegeben,

Fraktjon Sofort beobachtet Nach 10 Minuten Nach 1 Stunde
I _ keine Verdnderung keine Vertnderung  keine Versinderung
II keine \'erﬁnderung dunklere Farbe zarte Triibung
111 keine Verinderung deutliche Tritbung dentliche AusHockung
1% schwache Tribung starke Tribung deutliches Koagulym

mitgeteilten Versuchen it das Auftreten vop Koagulationsflocken als Kri-
terium der Koagulation benutzt und von den Farbenéinderungen ganz
abgeschen worden, Dje erhaltenen Zahlen sing daher betriichtlich hiher

als die von Woudstra‘) gefundenen, wo alg Koagulationskriferium die
Anderung der Farbe benutzt wurde,

Tabelle 5.
Koagulationskonzentrationen einiger Salze bej Ag-Hydroselen ver-
schiedener Teilechengrosse.

Der Dispersitéthgrad nimmt von Fraktion I—¥ ab. Es wurde zu 10 cem Ag-Hydrosol

ivon (.1 ¢ Gehalg per Liter) unter Schiitteln von der Salzlésung zur Ausflockung

Zugetropfelt. Die Henzentration der Salzlgsung war so gewhhit, dass hierzy 1.—2 cem
ndtig waren. Die Schwellenwerte sind in Mol per Liter angegeben,

Fraktion 1 II Ir Iv Y
Schwellenwert fijr NH, N0, 0-30 0-20 014 010 0-06
" » Ba NO,, 0-0020 0-0013 0-0010) 0-009 0-008
" n AUNO,), 0-00006 G-00004  0.00004 0-00004  0-00003
“ w NaCl 00005 bis 0.0003

Wie beim Schwofel gefunden wurde, zeigt sich die Verschieden-
heit in der Stabiljtyt Weniger ausgesprochen bej der Anwendung von
starken Koagulatoren alg bei der von schwachen,

Besonders fiir NaCl, welches irreversibel koaguliert, ist og schwierig,
einige Verschiedenheiten festzustellen,

Die Na(?- Koagulation weist auch die Eigentiimlichkeit anf, ddsy
die Farbe ohne Zwischenfarben in Grig umsehligt. Diese griine Farbe
ist fiir Sole verschiedener Dispersitit eine verschiedene; bei den hochst
dispersen ist sie mojst tebhaft klargriin {grasgriin), um bei dep grob-
sten sehmutzig olivgrin zu werden, Nyr bei weiterer Steigerung der
NaCl- Konzentration flocken die Sole, wie schon von A, Lottermoser
und B, v, Meyer?) beobachtet worden ist, herays,

‘}\—*T) Zeitschr. £, physik. Chemie 61, 619 (1908},

A U Journ. £ prake. Chewie 2] 56, 241 —pg1 U89755 (2} 57, 540545 ([nus,,
4

¥
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Irreversible Koagulationsversuche mit Solen verschiedener
Tellchengrisse.

Im vorstehenden wurden einige neue Verwendungen der fraktio-
nierten Koagulation auf reversible disperse Systeme besprochen. An
den dadurch dargestellten Fraktionen, von denen jede einem gewissen
Dispersitiitsgrad entspricht, wurden Koagulationsversuche ausgefihrt. Es
zeigte sich, dass, wenn man die Konzentration der dispersen Phase in

Masse . N . - . .
Vilimen rechnet und die Sole von gleicher Konzestration vergleicht,
die héchst dispersen gréssere Schwellenkonzentration brauchen als die
weniger dispersen. Will maa Sole von gleicher Teilchenzahl pro Yolumen
vergleichen, so ist fiir die erstern die hichste, fir die letztern dje
geringste, bzw. gar keine Verdinuung erforderlich. Da ganz “aligemein
mit steigender Verdinnung der dispersen Phase die Schwellenkonzen-
trationen wachsen, so sieht man, dass, wenn die Konzentration der
Zahl der Teilchen . .

. ~ -~ berechnet wird, man noch grissere

Volumen
Verschiedenleiten bei den Schwellenwerten bei verschiedenen dispersen
Solen bekomint,

(leichzeitig wurde auch gefunden, dass, wenn die Intensitit des
Koagulators gruss ist und wir jrreversible Zustandsinderungen vermuten
oder konstatieren kdnnen, die ausgesprochenen Verschiedenheiten der
Schwellenwerte weniger scharf hervortreten.

Es scheint daher von grossem Interesse, die Stabilititsverhiltnisse
einiger typisch irreversiblen Sole in dieser Hinsieht niiher zu untersuchen.

Wie vermutet, treten die verschiedenen Schwellenkonzentrationen
bei den versehiedenen Teilchengrissen wenizer scharf hervor und lassen
sich schwer zahlenmiissig bestimmen, Es scheint mir daher iiberfliissig,
die ausfithrlichere Beschreibung der Einzelheiten in den Darstellungsme-
thoden und Versuchsergebnissen der Sole wiederzugeben. Es wurden stets
Methoden zur Erzielung der verschiedenen Dispersititsgrade verwendet,
die als Schlussresultate Sole mit gleichen Mengen von Fremdstoffen ergaben.

Goldhydrosole. Lin Reaktionsgemisch aus HAwCl 4 K,C0, wurde
tn finf Portionen geteilt, diese mit verschiedenen Mengen eines nach
Zsigmondys Phosphormethode  dargestollten Keimhydrosols versetzt
und unmittelbar mit einigen Tropfen H,(), reduziert!). Nach voliendeoter
Reduktion wuarden solche Mengen der Keimlisung zugesetzt, dass dov
totale Zusatz der Keimidsung in alien funf Lisungen derselbe war.

"
dispersen Phase in

" .\'gl. The Svedbery und K. Inouye, Zeitschr. f. physik. Chemie 77,
1501, (1411
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Fraktionierte Koagulation. . 105

Dus erste mit grosster Keimmenge dargestellte Hydrosol enthielt nur
Amikronen, das fiinfte ohne Keime dargestelite war blau und onthielt

grosse Submikrogen.

Bei den mit- K¢ ausgefihrten Koagulationsversuchen  tritt die
vorher bei den Silbersolen erwiihnte Schwierigkeit zutage, dass man

als Kriterium fur die Koagulation der
meinsamen Endzustand bestimmen kann,
den hochst dispersen Veriinderungen he

verschiedenen Sole keinen ge-
Kleine Salzmengen rufen bei
rvor, die sich als Dispersitits-

verminderungen kennzeichnen, ohne duss Koagulation eintrirt,
So viel lasst sich jedoch deutlich sagen, dass eine Salzkonzentration,

0-020-norm. A°CI, welche Sol V nach

10 Minuten villig ausgeflockt,

noch nach mehreren Tagen Sol | {Amikronen) kaum beeintlusst hatte,

Die zwischen diesen Dispersitiitswer

ten licgenden Nole kaagulierten

bet 0-020—0.025-norn.. KL ohne dass sich Verschicdenheiten nach-
weisen liessen. Fir Sol 1 liegt der Schwellenwert zwischen 0-024—0.028.

Bei diesen Solen zeigt es sich somit
der dispersen Phase pro Volumeinheit

» dass auch bei gleicher Menge
die hochst dispersen Sole eine

deutliche, aber verhilltnismiissig weniger ausgesprochen grissere Stabilitit

besitzen als die weniger dispersen.

Einige ultramikroskopische Untersuchungen von {ioldhydrosol-
koagulationen durch Elektrolyte, die von G. Wiegner!) ausgefiihrt

sind, scheinen dics auch zu bestitigen,

Die von ihm untersuchten Sule wa
aldehydmethode2) dargestelit und enthi
auch Amikronen. Ohne Elektrolytzusatz
248 + 016 Teilchen. Dann wurde inw
Zugesetzt, bei 0-001-norm. H,50, war d

ren nach Zsigmondys Forn-
elten sowohl Submikronen als
enthielt das Sol pro 10710 cem
achsender Menge Schwefelsiiure
ie Teilchenzabl auf 224 + Q.11

gesunken und bei 0-0022-norm. auf 2.01 014, Dies scheint mir die

Koagulation der grissern Teiichen za |

edeuten.  Es zeigte sich, duss

sich fortwithrend Amikronen im Sehfeld befanden. Bei 0.005-norm, hatte
sich die Teilchenzahl auf 2644007 vermehrt, und die Amikronen
waren verschwunden, bei weiterm Zusatz vermindert sich stety die

Teilchenzahl, was man auf die jetzt eintr

etonde Koagulation der kleinern

Teilchen zuriickfihren kann., In einer zweiten gleichfulls mit f,50,,

aber mit anderm Ausgangsmaterial au

sgofiihrten Versuchsserie tritt

ebenfalls zuerst eine Verminderung und sodann eing Vermehrung

der Teilchenzahl auf, die entsprechende
cinander niher,

1) Koll. Zeitschr. 8, 231 1911,

* Zeitschr, f. Elektruchem. 1, 546 (1898;;

Zeitachrift . plysik. Chemia, LXXVI

n Konzentrationen liegen lier

Lieb, Ann. 304, 2954 L1898,
40
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Interess st es auch, dass beim Verwenden des viel inteusiver

'_ wirkenden Koagulators BaCl, das erste Minimum nicht becbachtet wor-

den zu sein scheint, es tritt sofort Vermehrung der Teilchenzahl ein
.und sodann stetige Verminderung. Dies steht gut im Einklang mit
meinen oben erwihnten Beobachtungen, dass sich die verschiedene
Empfindlichkeit der kleinen und grossen Teilchen bei starken Koagu-
latoren weniger bemerkbar macht.

Sb,S;-Hydrosole. Es wurden nach der von W. Biltz!) gefun-
denen Methode &b, S,-Hydrosole von verschiedener Teilchengrisse dar-
gestellt.  Eine als Ausgangsmaterial dienende Kaliumantimonyltartrat-
lésung vom Gehait 25 g pro Liter wurde in finf gleiche Portionen
goteilt; V wurde unverdinnt mit /S bis zur Sittigung behandelt, 1
wurde zuerst auf das 20fache verdinnt, II—1V auf zwischenliegende
Konzentrationen, ‘ )

Nach beendigter Einleitung von [f,§ wurde zwecks Entfernung
des Schwefelwasserstoffs Luft durch die Loésungen gesaugt und durch
Wasscrzusatz die funf Sole auf gleiches Volumen gebracht. Die ultra-
mikroskopische Untersuchung der Sole bestitigte die von Biltz ge-
fundenen Tatsachen?): Sol I zeigte nur Amikronen, Sol V nur Sub-
mikronen. .

Gegeniiber den Koagulatoren konnte hier bei gleicher Mengen-
konzentration der dispersen Phase keine Verschiedenheit im Schwellenwert
boi den finf Solen konstatiert werden. Nimmt man an, dass die Teil-
chen von Sol V mindestens doppelt so gross sind (was natiitlich nur
eine Minimalgrisse ist) als bei Sol I, und verdinnt man dieses zur
Hiilfte, um gleiche Teilchenzahl pro Volumeinheit zu bekommen, S0
liegt jetzt die Schweilenkonzentration fir Sol T hoher als far Sol V.

Man konnte vermuten, dass aus einer Mischung der Sole | und V
durch vorsichtigen Zusatz ven Kuagulatoren die grissten Teilchen zum
Koagulieren zu bringen seien, und dass sich dann ein nur aus Ami-
kronen bestchendes Sol gewinnen liesse. Versuche in dieser Richtung
sind ohne Erfolg geblichen. Zwar kanu man dureh vorsichtigen Zu-
satz von Koagulator ( NH, Nt} eine particlle Koagulation zustande
bringen: die Restflissigkeit enthielt jeduch immer Submikronen, die
wahtschieinlich durch Polymerisation der Amikronen entstanden sind.
Die fraktionierte Koagulation bleibt daher bei irreversibler Koagulation
wahrscheinlich ohne Bedentung.

') Nachr. d. Kgl. Akademie d. Wissensch, Gottingen, math,-phys. Klasse 1904,
141 —1bu.
Y Loc. cit 5. 150
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Mastixsuspensionen. Auch fiir Mastixsuspensivnen vem;.mer
TeilchengiGsse *konnten keine Verschiedenheiten im Schwellenwerte
vuchgewiesen werden.

Die Resultate sind somit fiir irreversible Koagulation zweifelhaft.
Es gelingt nicht, durch die gewihnlichen Methoden die Schwellenkon-
zentration mit einiger Genauigkeit zu bestimmen. Ob sich bei Ver-
teinerung unserer Methoden in dieser Hinsicht der fir reversibie Koa-
gulationen gefundenen Gesetzmissigkeit, wie sie hier fur Gold gefunden
wurde, bestitigen wird, lasst sich zurzeit nicht sagen.

Zusammenfassung,

1. Es wurde die Bedeutung der Auseinanderhaltung ungleichkisr-
niger und gleichkirniger disperser Systeme, sowie die Methoden, die
*letztern zu bekonimen, besprochen.

2. Die Resultate der fraktionierten Koagulationsmethode und ihre
Verwendung in der organischen Chemie wurden kurz erwihat.

3. Es wurde die Verwendung der Methode der fraktionicrten
Koagulation zur Darstellung von Schwefelhydrosolen verschiedenen Dis-
persititsgrads  beschrieben und die Eigenschaften der Fraktionen in
einer Tabelle zusumniengestellt.

4. Dieselbe Methude liess sich auch zur Zerlegung von Silber-
hydrosolen in Fraktionen verschiedenor Dispersitit verwenden.

5. Die gelben und roten Silberhydrosole erwiesen sich bei ultra-
mikroskopischer Untersuchung als nur aus Amikronen bestehend, erst
in den purpurn bis lila gefirbten troten Submikronen auf. Die Eigen-
schaften der Sole wurden in eciner Tabelle zusammengestetit.

6. Es wurden ecinige Beobachtungen tber die Polychromie der
Silbersole sowie tiber die Trockenfarben der Fraktionen mitgeteilt.

7. Die Koagulationsversuche mit sowohl Schwefel- als auch Silber-
hydrosolen verschiedenen Dispersitiitsgrads orgaben, dass unter sonst
gleichen Verbiltnissen bei reversibler Koagulation grossere Elek-
trolytkonzentrationen zur Ausflockung uétig sind, je hoher dispers das
Sol ist. Bei intensiv wirkenden Koagulatoren tritt dies Verhiiltnis
weniger deutlich herver als hel schwach wirkenden.

8. Versuche, die angestellt waren, um die Gultigkeit dieser Regel
auf irreversible Koagulationen zu priifen, ergaben keine unzweideutiy
sicheren Resuaitate, '

Upsala, Chemisches Universititslaboratorium.
November 1911,
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Myrtnow Cacey Liea died at his restdence an Sunset Avenae,
Chestunt il Philadelplia, on the 15 of March, 7207, e
was horn in P2dand wis the eldest son of Ixie Tea, the pube-
fisher, well krown as g grolorist and mineralogist, but erpecnally
asoaconchiclagist, in o ebunection witl bis Investizations on the
geras Unio. Mec Lea was a member of une of the ol Cheker
familics of Plitadelphia, Bis ancestor John Lo who wasan aetive
member of the Soclety of Pricnds having come o this country
with William Penn in 1700, Crrey Lew was eduenred at hom
e private tutors and studicd law i the office of the e W
Mo Meredith., hobug subscouently admitted 1o the har. O
aceount of chirouie 1l health, however, he never rractised his pros
fession. His carlv associntions sivine lim o sprecial interest in
setentific matters, he entered the Iboratory of Professor Jnmes O,
Booth wnd thore acquired great proficieney in chemistrv, Po this
~cienee he devoted s Lite, his ehiemicon) researches heine pnierons
and important, by far the greater inmber having Loen pblished
1 the pages of thisJonrnal,  1e was clectod to membersiip in

Mo XL

the National Aeademny of Seiciees i P~ and the Tist of his Vo
more dmportant pagers the pubiished contained tifty fonr titles, . Artongic,
Tlicse investisations for the most part rebated to the chemistey of .

photography, and eapecially o the action of liwrht s otk or férns T nem
of eniergy upon silver sits, e deserthed plictoheomide Pron G the
photododide of silver al i =<7 pablishied o pitper on the Nowvi Seoris
cldentity of (he photessalts of sitver with the matesind of (he Strietlv vy
Ptent Photoeru i Loncvge™ 0 Tis phose remarkable diseovery Dordire of
hosvever, made i 1ssn) was that silver is vapable of existing in spite of Ot

three allotropie states,  The firsg e allotropic silver proper, Nevert el
“awliiel i protean in e ture, may be soluble or ipsaluble i forust “_]I;("'Ii'
water, may be yellow, el hlue or grecn or gnay liave almost any N ']' - ] '
color but i all it osoluble variotios abwavs exhibits phasticity ML o
that is 3f brushedd inoa Py slate upron 1osmooth surlaee irs pair- ) .
ticles dry n optical contiuet and witl, brifliant mietallie fe=ter, Ti . _“,“'-\ !“f s
= chemieally active.”  The secoud is mtermediate in cleoneter, Mt or s o
may he yellow or creen, alwavs shows metallic Thsier, is never Hteution g
pristie, and is ehemieally ndifferent,  The third i ordinary silver,
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B dsex Carey Lea published w® Masual of Pliotoseaplie ™ which celscane o
reached o sccond edition in 1x7] atinitios of g
Henry Clarles Lea the eminent historical writer, was 4 hrotier [t rese o
of Carey Lea. His first wife wis a Miss Dakewell of Cinenmati craliv Pitecend
who died in i85 leaving a son, Georoe Ho Lea s who still sprvives, tWorandeod 1
Hixsecond wite was Kyy Lovering, a daughter of the 1a1, Professor Hiese e,
Lovering of Harvard, _ i G the distiner!v
Fosivn Foodaves died on tie 2o day of Marel at Llinehn, Dhicloihive,, 1.

Mass. I, Janies publishied severad Tapers on hotanienl, padee- .

. . . . ) . (f,’,“r I EEN i!H‘l
tological and geologienl subjects, was a fellow of the American Correer. L
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fellow of the Geologieal Socivty o Anmerien, L
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