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r .  1 he indicator described emits light in the presence of an  oxidant. When a 
minute excess nf oxidant is added beyond the stoichiometric point, the entire 
liqiiid emits light. This is taken as the end point. Highly colored components 
such as cohaltoirs i o n  do not interfere in the titration of ferrous ion with ceric 
slllfate ao lu  I ion. 
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the solid crystal. Kautsky has estimated (6) tha t  100 mg. of silos- 
ene have a reactive surface of about 2736 square feet. The hydro- 
gens in it are replaceable analogously t o  the hydrogens in benzenr. 

The silicon 6-ring is a chromophore and a luminophore (4). 
The colors of the silicones depend upon the number and extent of 
substitution of the hydroxysiloxene rings present. The pure 
hydrosysiloxenes have the following colors: Si6H601 (colorless), 
Si,Hb03(0H) (yellow), si6H4o3(oH), (brown-red), SieHaOa(OHh 
(red 1, Si6HzOa(O-H)4 .-(brown-violet), and Si&(OH), (black). 
Kautsky states (4,9,10) that  the colors, fluorescences, and chemi- 
luminescences of the silicones depend on the number and extent of 
substitution of the hydroxysiloxene rings present, and that these 
properties are more pronounced for silicone than for a pure speci- 
men of an individual hydroxysiloxene. H e  states further that 
silicones possibly contain small areas of hydroxysiloxenes stir- 
rounded by oxidized siloxenes and tha t  these hydroxysiloserie 
areas function as chemiluminescence centers when energy reaches 
them as a result of oxidation of another part of the silicone net- 
work. The energy for the activation of the chemiluminescence 
centers can be supplied by  treating a suspension of silicone in 
dilute acid with strong oxidizing agents such as chromic acid, 
potassium permanganate, nitric acid, ceric solutions, and per 
compounds. 

The “oxidation-potential” required for light emission of silicone 
has not heretofore been determined, bu t  should be rather high, as 
strong oxidizing agents are required. The oxidation reaction 
appears to be strictly nonreversible; once oxidized, the reduced 
forms cannot be regenerated. 

“Siloxene indicator” is the name applied in this 
research to Wohler’s silicone. I ts  preparation is extremely 
simple. 

Calcium silicide (Eimer & Amend, technical grade) was well 
powdered with a mortar and pestle. Five grams of this powder 
were placed in an 800-ml. beaker in a hood. The  room was not 
darkened. Concentrated hydrochloric acid (50 ml.) was added 
and the mixture wm agitated and stirred for several minutes 
Eith a long stirring rod. A vigorous reaction gradually de- 
veloped, with spontaneous heating, foaming, and evolution of 
much hydrogen chloride vapor. -4fter i t  subsided, 25 nil. more 
of concentrated hydrochloric acid were added, and the mixture 
was boiled gently and stirred for 5 minutes. Then 150 ml. of 
water were added, and it was boiled 5 minutes longer. The 
suspension of yellow silicone wus decanted from any gray, 
unreacted calcium silicide onto a Biichner filter funnel. I t  
was washed on the filter n-ith water, then with 95% ethyl al- 
cohol, and finally with ether. The yellow product was spread 
out on a porous plate to  dry, and stored in a brown bottle. 

It is stable for only a few days when dry, bu t  for a longer time 
if kept unddr dilute hydrochloric acid. If prepared by this 
method, the material obtained is neither spontaneously flammable 
nor explosive. The time required for preparation of 5 grams of in- 
dicator was 20 minutes. 

Use and Advantages. There are many situations in the field 
of analytical chemistry in which a titration cannot be made 
because the color of the solution makes i t  impossible to observe 
the color change of any indicator which might be selected. The 
authors have demonstrated that in such situations chemilu- 
minescence can be used to locate the end point. Several types 
of titration are possible. 

One situation in which the chemiluminescent siloxene indicator 
can be used to advantage is the oxidimetric titration of solutions, 
the  color of which would interfere with the detection of the end 
point of any of the known redox indicators or with the end point of 
potassium permanganate. 

When a very slight excess of oxidant is present in the solution 
being titrated, light is emitted by  the  indicator. If the excess is 
merely local, a momentary bright spot is produced in the solution. 
A minute excess of oxidant beyond the stoichiometric point will 
cause the  entire solution to emit light. When the titrations are 
carried out in the dark, the end point is taken as the point a t  
which the outline of the entire liquid is visible. 

Preparation. 

For the research in hand the amount of siloxene indicator used 
in each titration was approximately 100 mg. Titrations employ- 
ing different amounts of indicator showed that variations of 
several milligrams had little or no effect upon the end point. The 
effect on the end point of ertremely small or extremely large 
amounts of indicator is being investigated and will be reported 
later. 

A desirable feature of silosene indicator is its prompt reaction to 
excess of osidant. Consequently, no indipator catalyst is re- 
quired. 

EXPERIMENTAL 

Use of Siloxene Indicator in the Titration of Ferrous Ion with 
Ceric Sulfate Solution. Approximately 0.1 M solutions of 
ferrous ammonium sulfate and ceric sulfate were prepared and 
were compared by titrating 25.00-ml. portions of the ferrous 
solution with the ceric sulfate. A vacuum tube potentiometer 
of the type described by Garman and Droz ( 2 )  was used to 
locate the end point. The  meter readings could be made to  
within 2 niv. on a scale which had been carefully calibrated 
against a series of potentials measured with a Leeds & Northrup 
7660-A vacuum tube potentiometer. A sahra ted  calomel 
reference electrode and a gold indicator electrode were used. 
The cell temperature was not controlled thermostatically. 
The maximum variation of the laboratory temperature, however, 
wa9 about 2”,  which corresponds to  a variation of about 2 mv. 
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Figure  3. Average Curve  Showing R a n g e  of E n d  Points 
w i t h o u t  Cobalt and w i t h  Cobal t  Using Siloxene 

in the voltage of the cell. The darkroom in which the titration 
waa carried out was equipped with a convenient light which 
could be turned on or off as the occasion demanded. 

The  results of eight titrations of the ferrous solution with the 

Because the curve for the reaction 
ceric solution are given in Figure 2. 

F e + t  + C e + + + +  + Fe+++ + C e f + +  

is symmetrical with respect to the stoichiometric point, the mid- 
point of the nearly vertical portion of each curve was taken as the 
end point. The  results of this graphical method are given in Table 
I, together with the corresponding potentiometer readings and 
oxidation potentials. The latter are referred to the normal hydro- 
gen electrode. 

With respect to  the buret readings, the average deviation of a 
single observation was thus 0.01 ml., which for the case in hand 
yields a precision of 0.50 part  per 1000. 

The  mean end point potential of 1087 mv. agrees fairly well 
with theoretically calculated values and with the results of numer- 
ous experimenters. 

Because the jump in potential near the stoichiometric point is 

Tab le  1. Volume of Ceric Solution Equiva len t  to 29.00 
Ml. of Ferrous Solution 

(At 30" * 2' C. and corresponding potentials) 
Ceric Deviation Potential Oxidation Deviat ion 

Titration Solution from Mean Difference Potential frutn Mean 
M1. M1. MU. Mu. . l lJ , .  

s1 26.47  0 . 0 1  886 1128 41 
52 26.48 0.00 845 1087 0 
S3 26 .48  0.00  84 5 1087 0 
s 4  26 .45  0 . 0 3  833 1075 12 
S 5  26.48  0 .00 832 1074 13 
S6 26 .48  0.00 834 1076 1 1  
57 26 .48  0.00 834 1076 I I  
S8 26 .43  0 .05  85 1 1093 6 

Mean 26 .48  0 . 0 1  845 1087 12 

Table  11. Volume of Ceric Solu t ion  Equivalent to 2.5.00 
MI. of Ferrous Solution 

(Siloxene indicator at 30° f 2' C. and corresponding potentials) 
Potenti- 

Ceric Deviation ometer Oxidation Deviatiun 
Titration Solution from Mean Reading Potential from Alean 

M1. MI. MU. Mu. .If!, 
1 26 .50  0 . 0 2  980 1222 11 
2 26 .50  0 . 9 2  850 1092 71 
3 26.55 0 . 0 3  920 1162 1 
4 26 .55  0 . 0 3  925 1167 4 
5 26 .50  0 . 0 2  970 1212 49 
6 26.50  0 . 0 2  955 1197 34 
7 26 .45  0 .07  920 1162 1 
8 26.56 0 . 0 4  920 1162 1 
9 26 .55  0 . 0 3  950 1192 27 

Mean 26 .52  0 . 0 3  932 1174 25 

about 30 mv. per 0.02 ml. of ceric solution, the precision of the 
potential measurements in this region is not high. This, of course, 
can be improved by control of temperature and by the use of a 
microburet. 

From the  results shown in Table I, the average curve shown in 
Figure 3 was plotted. 4n order to test the performance of siloxene 
indicator in the titration of ferrous ion with ceric ion, eighteen 
25.00-ml. portions of ferrous solution were titrated. In  each case 
the end point was determined in the dark, the indicator being 
a d d e d h  a lighted room about 2 ml. prior to  the end point. 

In  order to test the effectiveness of the indicator in the presence 
of a highly colored solution, half of the titrations were of the 
ferrous solution alone and half were of the same ferrous solution 
to which 5 nil. of 0.5 :lf cobaltous nitrate solution had been added. 
These solutions were approximately 0.10 M with respect to co- 
baltous ion and a t  the end point they were approximately 0.05 JI. 
The depth of color due to cobalt at the end point was decidedly 
more pronounced than the usual permanganate m d  point and suf- 
ficiently drep to prevent the use of permanganate or the use of the 
comnioii redox indicators. The concentration of cobaltous ion 
eniploycd was purely arbitrary and is not to  be construed as th? 
upper limit of concentration permissible. Work is in progress to  
determine this upper limit, if any, and also to determine the 
application of chemiluminescent indicators to  other titrations in- 
volving the presence of various colored components. 

The results of the titrations of the ferrous solutions containing 
no cobalt are shown in Table 11 and those of the solution eontain- 
ing cobalt are shown in Table 111. The potentiometer readings 
and corresponding oxidation potentials are given for each titra- 
tion. The intensity of the light emitted a t  the end point did not 
seem to be materially affected by the presence of the cobalt. To  
test a more extreme case of interference with light emission, a 
titration was carried out on a ferrous solution containing 10 ml. of 
India ink. A satisfactory end paint was obtained in this solution. 

The limits between which the end points lie for ferrous solutions 
tha t  contain cobalt and for t,hose tha t  do not contain cobalt are 
shown in Figure 3 .  

With respect to  the buret readings of Table 11, the average 
deviation of a single observation was thus 0.03 ml., which for the 
case in hand yields a precision of 1.1 parts per 1000. The indicator 
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In Table IV i t  is seen that  exposure of the indicator to  the solu- 
tion throughout the entire titration increased the time of exposure 
by about 3 minutes but had little or no effect on the end point. 

A determination was made of the p H  of the iron solution at the 
end point of the indicator, as well as the p H  of a suspension of the 
indicator in 50 ml. of distilled water. These measurements, made 
with a glass electrode and B Leeds & Northrup 7660-A vacuum 
tube potentiometer, yielded 0.23 for the p H  of the former and 3.59 
for the p H  of the latter The p H  at the end point of the iron solu- 
tion would, of course, vary with the acidity of the ferrous and 
ceric solutions and the volumes of each used. Attempts by the 
authors to obtain satisfactory light emission of siloxene indicator 
in neutral or basic solutions have failed. Experiments to deter- 
mine the minimum acidity necessary are in progress and will be 
reported on later. However, preliminary results indicate that  the 
value is in the neighborhood of p H  2. 

The decidedly acid pHof the suspension of siloxene indicator in 
distilled water probably results from the presence of residual 
hydrochloric acid in the indicator as well as hydrolysis of the 
chlorosiloxenes present. 

A direct determination of the indicator correction was carried 
out by preparing a solution of sulfuric acid having the same pH 
as that  of the end point solution-namely, 0.23-by diluting 
5 8  ml. of 18 M sulfuric acid to  250 ml. One hundred milli- 
grams of indicator were added to  50-ml. portions of the solution 
and titrated with ceric solution from a microburet, the readings 
of which could bc estimated t o  0.001 ml. Half of the solutions 
tested were also 0.05 M with respect to  cobaltous ion, whereas 
the other half contained no cobalt. The  results are shown in 
Table V. 

I n  Table I1 the indicator correction was shown to be 0.04 ml. 
for solutions containing no cobalt, which is substantially the 
same as the directly measured value of 0.035 ml. given in Table V. 

I n  Table I11 the indicator correction was shown to be 0.03 ml. 
more in a solution which is 0.05 M with respect to  cobaltous ion 
than in a solution containing no cobalt. Thus, the total correction 
is seen to be 0.07 ml. This is substantially the same as the directly 
measured value of 0.068 ml. shown in Table V. 

Table 111. Volume of Ceric Solution Equivalent to 25.00 
M1. of Ferrous Solution 

2O C. and corresponding potentials) 
( 5  ml. of 0.5 M cobaltous nitrate added, using siloxene indicator at  30° 

Potenti- 
Ceric Deviation ometer Oxidation Deviation 

Titration Solution from Mean Reading Potential from Mean 
M1. M1. M r .  MU. M u  . 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Mean 

26 .60  
26 .55  
26.56 
26 .55  
26 .60  
26.54 
26.50 
26 .55  
26.55 
26.55 

0 . 0 5  895 1137 36 
0 .00  940 1182 9 
0 . 0 1  970 1212 39 
0.00 935 1177 4 
0 .05  965 1207 34 
0.01 960 1202 29 
0 . 0 5  910 1152 21 
0.00 940 1182 3 
0 .00 860 1102 71 
0 .02  93 1 1173 27 

error-namely, 26.52 - 26.48 or 0.04 ml.-corresponded to  less 
than 1 drop from the buret, and for the case in hand amounts to  
1.5 parts per 1OOO. 

The potential at which the indicator emits enough light to  give 
the end point appears to be about 87 mv. higher than the stoichio- 
metric potential. 

I n  the titrations of Table I1 and in all subsequent titrations the 
volume of solution at the end point was approximately 55 to  60 
ml. 

With respect to the buret readings of Table 111, the average 
deviation of a single observation was thus 0.02 ml., which for the 
case in hand yields a precision of 0.75 part per 1000. The indica- 
tor error is 26.55 - 26.48 or 0.07 ml., 0.03 ml. more than in the 
absence of cobalt. The end-point potential appears to  be 
about 86 mv. above the stoichiometric potential. 

Table IV. Volume of Ceric Solution Equivalent to 25.00 
MI.  of Ferrous Solution 

(Siloxene indicator added prior to titration and at 2 ml. before end point) 
Indicator Added 2 M1. 

before End Point Prior Addition of Indicator 
Time Dev. Time 
of ex- Ceric from of ex- Ceric 'bev. 

Min. M1. M I .  M t n .  M1. Ml.  
Titration posure solution mean posure solution from mean 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

4 
6 
5 
6 
5 
8 
5 
8 
5 
6 

27 .05  
27.10 
27 .05  
26 .98  
26.94 
27.03 
27 .01  
27 .00  
26 .95  
2 7 . 0 6  

0 . 0 3  
0 .08  
0 . 0 3  
0 . 0 4  
0 . 0 8  
0 . 0 1  
0 . 0 1  
0 . 0 2  
0 . 0 7  
0 . 0 4  

3 
3 
4 
3 
2 
3 
2 
3 
7 
2 

27 .00  
27 .05  
27 .02  
27 .02  
27 .00  
26 .98  
26.97 
26 .98  
26 .96  
27 .00  

0 .00 
0 . 0 5  
0 . 0 2  
0 . 0 2  
0 . 0 0  
0 . 0 2  
0 . 0 3  
0 . 0 2  
0 . 0 4  
0.00 

Mean 6 27.02 0.04 3 27.00 0 . 0 2  

If the results of Table I11 and Table I V  are combined, the 
eighteen samples yield an  average deviation of 0.02 ml., an end 
point of 26.54 ml. of ceric solution, an  indicator error of 0.05 ml., 
and an accuracy of 1.9 parts per 1000. With samples requiring 
40.00 ml. of ceric solution instead of 26.54 ml. the accuracy would 
be 1.3 parts per 1000. If, of course, the indicator error was applied 
as a correction, a decidedly higher degree of accuracy would be 
obtainable. I n  many instances i t  would be possible to  use 
siloxene indicator in the standardization of the ceric solution and 
thereby eliminate most or all of the indicator error. The potential 
required to give the light a t  the end point is approximately 86 
mv. above the stoichiometric potential. The oxidation potential 
at the end point appears to he about 1173 mv. 

I n  order to  determine what effect, if any, is produced on the end 
point by adding the indicator at the beginning of the titration in- 
stead of a t  a point 2 ml. prior to  the end point, ten titrations of 
each sort were carried out on 25.00-ml. portions of a ferrous solu- 
tion. The time of exposure of the indicator to  the solution was 
noted in each case (Table IV).  

SUMMARY 

This paper describes a new method of titration which employs a 
chemiluminescent material as indicator. When siloxene indicator 
is used in titrating ferrous ion, a precision of 0.02 ml. is obtained 
which corresponds to 0.75 part per 1000. 

An indicator error of 0.04 ml. was determined for solutions con- 
taining no cobalt. Without the use of this correction, iron was 
titrated with an accuracy of 1.5 parts per 1000. This would cor- 
respond with an accuracy of 1.0 part per 1000 if sufficient ferrous 
solution were taken to  require 40.00 ml. of ceric solution. By 
applying the indicator correction or by using siloxene indicator in 
standardizing the ceric solution, a more accurate result could be 
obtained. 

The presence a t  the end point of 0.05 M cobaltous solution in- 
creased the end point by only 0.03 ml. and had little effect on the 
end point potential. 

Table V. Direct Determination of Indicator Correction 
with Ceric Solution 

(On 100-mg. portions of indicator in sulfuric acid solutions having end point 
pH, with and without 0.05 M cobaltous ion) 

Ceric Solution Used 
Srlutions Solutions 

containing containing 
no cobalt 

MI. M1. 
0.05 M cobaltous ion Titration 

0 .035  
0 .035  
0.038 
0 .039  
0 .030  

0 .071  
0 .075  
0 .067  
0 .066  
0 .060  

Mean 0 .035  0.068 
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So iiidicator catalyst is rtxiuired 
I’otrntial measurrmcnts in the vicsinity of the stoichiometric 

p i n t  yivldcd an osid:ttion potential a t  the end point of 1173 * 
2ti niv. ,  referred to the normal hydrogen electrode. 

Tlie silosrne ind iu tor ,  to function properly, must be used in 
:ivi(I solution. 

.\I(sthods described may be applicable to many determinations 
iiivolviiig the prcsrnce of a highly colorrd or opaque component. 
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Determination of Boron in Magnesite and 
Fused Magnesia 

WALLACE M. HAZEL A N D  GER-ALDINE H. OGILVIE 
Norton Company Research Laboratory, Chippawa, Ontario, Canada 

A method for the determination of boron in magne- 
site and fused magnesia is described. The method is 
direct, requires very little time, and is subject to no 
interference from the usual impurities found in 
magnesite. Data are presented showing the accu- 
racy and precision obtainable. The method entails 
the solution of the sample in hydrochloric acid under 

AGSESITE from some foreign deposits, especially India, 
hLgnesite 

from some domestic deposits contains boron, and magnesites 
produced from the extraction and calcination of magnesium 
hydroxide from sea water contain very appreciable amounts of 
boron. 

The increased use of high grade periclase for the embedding 
medium of resistor elements in hot plates, immersion heaters, 
stove units, etc., has resulted in an investigation of the various 
factors affecting the conductivity of this embedding medium. 
It has been found that the presence of even small amounts of 
h r o n  is detrimental to periclase used for this purpose. 

The presence of boron in the periclase gives a marked increase 
in the slope of the curve of resistance versus temperature at the 
higher temperatures of operation. At  low temperatures the 
effecst is not so great. The change of the slope of this curve 
incans tha t  as the amount of boron increases, the conductivity 
o f  the periclase becomes greater. It actually becomes dangerous 
:rnd undesirable as an  insulator material, especially when used 
i n  household appliances. When boron is present in this material 
i t  :ilso has a tendency to glaze over t’he individual grains, causing 
siiitcring of the insulating medium. During sintering the resistor 
itself is attacked,‘resulting in early failure of the element. 

I3ec:tuse many of the available magnesites contain appreciable 
boron, it has been necessary to develop an accurate and reliable 
incthud for determining boron in all concentrations in incoming 
ni:ignesitc, and in all the resultant fusions of this material. 

l u  the :iuthors’ laboratory, i t  has been the practice to  determine 
t I i c  Iiorori content of these products by spectrographic methods 
~ v l i ~ t i  t t w  concentrations are low, and by wet chemical methods 
\vlic~ri the horon is high. Boron determinations up to 1000 p.p.m. 
(0. l o  yo boron) :ire carried out spectrographically by a method 
d~~vclopct l  in the laboratory, which is intended for publication 
: \ t  : I  I&t?r date. 

contains only a few parts per million of boron. 

a reflux condenser, and precipitation of the iron, 
titanium, calcium, and magnesium with sodium 
carbonate and sodium hydroxide. The solution 
containing the precipitate is made up to a definite 
volume and filtered, and an aliquot is taken for the 
boron titration. This is made with 0.1 N sodium 
hydroxide after the addition of mannitol. 

An accurate determination of boron is not a simple test for the 
analyst. Many methods have been proposed (1,2,6,8), but  most 
are subject to long tedious separations in which boron is lost, 
to high blanks from the reagents used, and to volatility of the 
boric acid in aqueous and acid solutions. The  classical method 
of Chapin (2)  is perhaps the most widely used procedure, bu t  the 
high unreliable blanks obtained by this method make the deter- 
mination of small amounts of boron exceedingly difficult and 
mreliable. These high blanks are occasioned, no doubt, by the 
fact that  the calcium chloride, which is used as a dehydrating 
agent before the distillation of the boric acid as methyl borate, 
contains appreciable amounts of boron. The  large amount of 
the dehydrating agent necessary makes this method rather 
inaccurate, especially for smaller amounts of boron. 

Many thousands of boron analyses have been made in this 
laboratory on all types of materials including elemental boron. 
The authors have consistently tried to develop fast, accurate, and 
dependable methods for boron. From their experience in this 
type of work, the method here described has been worked out. 
They feel tha t  i t  satisfies all the above requirements for the 
determination of boron in magnesite and fused magnesia prod- 
ucts. 

EXPERIMENTAL 

A sample of very high grade India magnesite was selected as 
the starting material. .’his sample contained less than 0.5 
p.p.m. of boron by spectrographic analysis, and was a part of the 
magnesite from which spectrographic standards are prepared. 
Besides the boron, the material contained as impurities about 
1.50% silica, 0.06% ferric oxide, 1.70% calcium oxide, and 
traces of minor constituents such as alumina, titania, manganese 
oxide, sodium oxide, and sulfate. This material, because of its 
negligible boron content and the noninterference of the other 
constituents, made an  excellent starting material for preliminary 
study. 

A standard solution of boric acid was made from recrystallized 
J. T. Baker’s reagent grade boric acid. Chemical analysis 


