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exposure. Even after complete dehydration at 105 °, there was very little 
evidence of^decomposition. When working with pure solutions, no evidence 
was found to indicate the separation of the compound NaZnCy3.2 VaH2O 
as obtained by previous investigators. 
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Introduction. 
Of the many electrochemical reactions which may theoretically be 

employed to determine the Faraday, i. e., the quantity of electricity as
sociated with a chemical equivalent in any electrochemical change, that 
of the deposition of silver from a solution of silver nitrate is the only one 
that has been extensively investigated. The values which have been 
accepted for the Faraday from time to time, have almost entirely been 
based upon results with the silver coulometer. This naturally resulted 
from the fact that the international ampere is denned in terms of the silver 
deposited under more or less rigorously fixed conditions and, hence, this 
instrument has been the subject of many thorough investigations, both 
by the National Standardizing Laboratories and by private individuals. 
As a result of these investigations it has been possible, for the past few 
years so to define the conditions to be used in connection with the silver 
coulometer that a reproducibility of i or 2 parts in 100,000 may be ob
tained. Until recently no other coulometer had attained anything ap
proaching such a degree of precision. 

A little over a year ago, however, Washburn and Bates3 published the 
results of a study of an iodine coulometer which they had devised and 
which was found to have a reproducibility of the same order as that of 
the silver coulometer. The apparently complete reversibility and purity 
of the electrochemical reaction in the iodine coulometer, coupled with the 
fact that no solid deposit is obtained, made it a particularly valuable 

1 Published by permission of the Director of the Bureau of Standards. 
2 Although the word voltameter is still in quite extensive use, and on account of 

the decision of the London Conference is employed in the Bulletins of the Bureau of 
Standards, the name coulometer is employed throughout this paper. This word ap
pears more appropriate because it is coulombs which the instrument directly measures, 
and because of the possibility of confusion between the words voltameter and voltmeter. 

3 T H I S J O U R N A L , 34 . 1341, 151S (1912)-
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reaction to employ for determining the Faraday, and warranted very 
exact electrical measurements. Since the Bureau of Standards had, 
as a result of recent work on the silver coulometer, exceptional facilities 
for such measurements, arrangements were made for the comparison 
of the silver and the iodine coulometers at the Bureau of Standards during 
the summer of 1913. 

I. Description of the Electrical Circuit. 
The methods of determining the strength of the currents and the ar

rangement of the circuit were in principle the same as those previously 
employed at the Bureau of Standards in the investigation on the silver 
coulometer.1 Certain modifications were necessary, however, owing to 
the high resistance of the iodine coulometers and the smaller currents 
to be employed. An electromotive force of 240 volts was used to pass 
a current of one-fourth of an ampere through the circuit containing the 
coulometers and the ballast resistance of about 400 ohms. This neces
sitated particularly high insulation, owing to the damp weather which is 
prevalent in Washington in summer. Fortunately this was obtainable 
by mounting the galvanometers and all apparatus on paraffin and using 
paraffin insulators to support all wires pertaining to the circuit. The 
circuit is shown diagrammatically in Fig. 1. The current was measured 
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Fig. I. 

by means of a Wolff potentiometer (P), and also by directly balancing 
the electromotive force of a Weston standard cell (No. 109), maintained 
at 28° in oil, against the fall in potential across two 2-ohm resistance 
standards (R) through a second galvanometer, similarly to the method 
previously described.2 To eliminate the errors of the potentiometer, 
however, the dials were set to the voltage of the cell as nearly as possible 
and balanced with the standard cell on the same terminals to which the 

1 Rosa and Vinal, Bull. Bur. Standards, 9, 152 (1912). 
2 Ibid., 9, 179. 
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electromotive force of the standard resistance was applied. To facilitate 
this, a double pole, double throw switch (S2), with all joints soldered and 
embedded in paraffin, was used. (Q) is a series resistance for quick 
adjustment of the current, (A) is an ammeter, (C) the compensating 
resistance, usually about 590 ohms, and (K) is a Kelvin rheostat for fine 
regulation. In the case of those runs in which the standard cell and re
sistance were used to measure the current, the time was accurately de
termined by means of the arrangement previously employed.1 The quick, 
double pole, double throw switch (Si), which serves to throw on or off the 
circuit through the coulometers, simultaneously closes another circuit 
which operates one of the pens of the chronograph. 

As a test of the circuit, a comparison of the two methods of measuring 
the current was made when the humidity was 75%; they agreed to within 
two parts in a million. AU of the experiments were made under lower 
humidity conditions; when necessary, refrigerating coils were used to 
reduce the humidity of the room. 

As the potassium iodide solution in the iodine coulometers has a high 
temperature coefficient of conductivity, and was subject to considerable 
heating by reason of its high resistance, some trouble was anticipated in 
maintaining the current at constant value, but this was avoided by im
mersing the iodine coulometers to a little above the V-tube in large water 
baths. At the beginning of an experiment the drift in current, due to 
heating in the coulometers, was rapid for about five minutes. After this 
time it decreased and finally became surprisingly steady during the greater 
part of the experiment. 

Some of the experiments were at 1Zi ampere for four hours. In all 
of these, except the first two, the current was maintained constant during 
the experiment. In the other experiments a current of Vso ampere was 
used for 20 hours but the current was not measured against the standard 
cell and resistance. For the purpose of computing the value of the Faraday 
it is not necessary to measure the current by means of the cell and resist
ance. I t was, however, deemed advisable to do so in some cases at least 
so that the silver coulometer determinations might be compared with 
previous work at the Bureau of Standards. For this purpose the same 
standard cell and resistances as were employed in the previous investi
gation were used. Comparisons of these with the standards maintained 
at the Bureau showed only very slight changes to have taken place. 

II. The Coulometers. 
A. The Iodine Coulometers. 

i. Apparatus and Manipulation.—The three iodine coulometers used 
were of the same type as those previously employed by Washburn and 
Bates. The apparatus, which is shown in Fig. 2, consists essentially of 

1 Bull. Bur. Standards, 9, 177. 
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two upright limbs connected by a V-tube. At the bottom of each limb 
is an electrode (M). The anode consists of a platinum iridium alloy, 
it having been found that iodine is without appreciable effect on such an 
electrode, though one of pure platinum is attacked. Since the cathode 
solutions were not to be analyzed in the present investigation, it was per
missible to use platinum electrodes for the cathode. The electrodes were 
sealed into glass tubes (K) through which ran the electrical connections 
to the outside. These tubes, as well as the capillary tubes (J) through 
which the solutions were poured around the electrode, come out through 
small openings in the caps (I) at the top of the limbs. The joints between 
these tubes and the caps are'made air-tight by means of short pieces of 
rubber tubing. 

In order to prevent diffusion within the coulometer, and also to prevent 
rapid changes in the resistance of the coulometers due to heating, they 
were placed in large battery jars filled with water. The coulometers are 
filled and the solutions removed for analysis in a manner similar to that 
employed in the previous investigation.1 A 10% solution of potassium 
iodide is poured through the side tube (N) into the coulometer until it 
is filled to a little above the V-tube (L). There is then poured under this 
solution and around the anode (M) 25 cc. of a concentrated solution of 
potassium iodide (1 g. of salt to 1 g. of water), which is admitted through 
the bulb (G) and the capillary tube (/). In a similar manner, about 
10 cc. of this concentrated solution, followed by 20 cc. of a concentrated 
solution of iodine in potassium iodide solution, are placed around the 
cathode. During a run the iodine in both limbs remains well at the bottom. 
After the first weighing of one of the silver coulometers at the conclusion 
of a run the approximate amount of iodine formed, and then the approxi
mate amount of arsenious acid solution required for the titration, was 
calculated. About one drop less than this amount is weighed out into 
a liter Erlenmeyer flask, and disodium phosphate solution added to con
trol the hydrogen ion concentration. The flask is then fitted to the de
livery tube (C) so that the tip of the tube is below the level of the liquid 
and the anode solution quietly pulled up the capillary tube and over into 
the flask by applying a gentle suction to the latter. The solution is then 
mixed and the titration completed in the manner described below.2 

2. Chemicals and Solutions.—The water employed for all of the solu
tions used in connection with the work of the iodine coulometer was 
obtained by redistilling the distilled water of the laboratory from alkaline 
permanganate, the first and last fractions of the distillate being discarded. 

The potassium iodide was obtained by recrystallizing J. T. Baker's 
product until it was no longer alkaline to phenolphthalein. Because of 

1 T H I S JOURNAL, 34. 1359 (1912). 
1 Page 924. 
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the damp weather prevalent during this investigation, the potassium iodide 
was kept in desiccators over calcium chloride. 

The concentrated iodine solution which was used for surrounding the 
cathode electrode was prepared by dissolving 910 g. of iodine and 585 g. 
of c. P. potassium iodide in 320' g. of water. The dilute standard iodine 
solution was prepared by diluting the concentrated solution till it was 
about 0.01 normal. Its strength was determined by titrating it against 
the dilute standard arsenious acid solution. 

The standard arsenious acid solution was prepared by dissolving 240 
g. of Kahlbaum's arsenious acid, which had been recrystallized from con
ductivity water in a solution containing 120 g. of J. T. Baker's c. P. sodium 
carbonate. The solution was then made up to approximately five liters 
and kept in a five-liter glass bottle. The bottle was fitted with a delivery 
tube containing a stopcock and with a three-way tube through which 
hydrogen passed as the solution was withdrawn by means of the deliver}' 
tube. This three-way tube was attached to a manometer to indicate the 
pressure of hydrogen within the bottle and to Geissler bulbs which con
tained some of the same solution that was in the bottle and through which 
the hydrogen bubbled before entering the bottle. 

It had been discovered in the previous investigation that the arsenious 
acid solution slowly oxidized. Hence, before beginning this investiga
tion, the solution was practically freed from dissolved air by slowly bubbling 
hydrogen through it. This was led in by means of the tube which after
wards served as the delivery tube, and which reached to the bottom of 
the bottle. After hydrogen had been bubbling through the solution for 
24 hours, the stream of hydrogen was attached to the Geissler bulbs, 
care being taken that no air was permitted to enter the bottle. The 
pressure of hydrogen within the bottle was then raised to and maintained 
at a pressure of 4 to 5 cm. of mercury above atmospheric pressure. 

The hydrogen which was used for this purpose was prepared from c. p. 
zinc and sulfuric acid in a Kipp generator. It was passed through 
a wash bottle containing alkaline permanganate and then over reduced 
copper contained in a quartz tube. This tube and the copper were kept 
red hot throughout the course of this investigation by means of an electric 
heating device. From the quartz tube the hydrogen was led to the bottle 
containing the standard solution by means of flexible copper tubing. 

The bottle was kept in a large vessel of about 20 liters capacity. This 
vessel was filled with water to prevent condensation of moisture on the 
upper part of the inside of the bottle as a result of temperature changes 
in the surroundings. The whole was mounted on a turn-table in such 
a manner that the delivery tube might be swung directly over the mouth 
of a flask resting on the pan of a large Ruprecht balance. 

The dilute arsenious acid solution was prepared by diluting about 10 g. 
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of the standard solution to ioo times its weight. This solution was not 
protected from the air and since it slowly oxidized, a fresh lot was prepared 
every week or ten days. It was compared with the dilute iodine solution 
every 3 or 4 days. In this way it was possible to determine the strength 
of the solutions, so that no error greater than 5 parts in a million was 
introduced because of a change in their concentration. 

j . Methods of Standardization and Analysis.—For the careful standard
ization of the arsenious acid solution, it was necessary to prepare a quantity 
of pure iodine. For this purpose, potassium permanganate was added 
to a dilute sulfuric acid solution containing an excess of potassium iodide 
and the precipitated iodine, after having been washed by decantation 
till the wash-water was practically neutral, was dried in the centrifuge. 
It was then distilled from a retort and caught in a molten condition in a 
flask. The iodine was broken up in a dry mortar and kept in a desiccator 
over sulfuric acid, being sublimed as needed. The sublimation apparatus 
(Fig. 3) consisted of a tube of Jena gerateglas about 100 cm. long and 3 
cm. diameter. Into one end of it fitted a ground glass stopper through which 
a current of air could be passed. This air was bubbled through a solution 
of alkaline permanganate, through two wash bottles containing sulfuric 
acid and then passed through a tube containing phosphorus pentoxide 
which had been recently sublimed into it. At the end nearest to the sub
liming apparatus this tube was closed by means of a stopcock, which was 
joined with Khotinski cement to the glass stopper of the subliming tube. 
During the course of the experiments very little moisture reached the 
phosphorus pentoxide and that only at the end farthest from the subliming 
apparatus. 

Fig- 3-

The iodine in a porcelain boat is placed inside the sublimation apparatus 
just ahead of the glass stopper (S). Movable heating coils of manganin wire 
serve to sublime the iodine from this position down the length of the tube. 
The rate of sublimation could be conveniently controlled by regulating 
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the temperature of the heating coils and the current of air passing through 
the tube. In passing from one end to the other of the sublimation apparatus 
the iodine was sublimed at least three times. It was then transferred, 
without exposure to the atmosphere of the room, into a previously weighed 
quartz weighing bottle, (B), by means of a rake, (R), which was operated 
through a narrow tube some 40 cm. in length sealed onto the subliming tube. 

The iodine was weighed in the constant temperature room on the 
Oertling balance which has been previously described.1 When empty 
the weighing bottles were always left on the balance pan at least four hours 
before a weighing was attempted; when they contained iodine they were 
left over night. The weighings were made by substitution, an empty 
weighing bottle serving as part of the counterpoise. The set of weights 
employed had been compared with the standard weights of the Bureau. 
It is believed that the weight of iodine was known to 0.02-0.03 milligram. 

For the first week or two of the present investigation, the iodine coulom-
eters did not check well and the arsenious acid solution could not be 
accurately standardized. I t was found that the trouble lay in the method 
of weighing the solution. Up to June 26th the method was that employed 
in the previous investigation at the University of Illinois. Liter Erlen-
meyer flasks were balanced on the two pans of a large Ruprecht balance, 
the desired amount of solution run into the flask on the left-hand pan, 
a rubber stopper which had been weighed with the flask inserted into 
its mouth and the weight of the added solution determined. The previous 
work had been done during the spring of the year in a basement room 
which was not heated artificially. The room was quite cool and the varia
tion in the amount of evaporation of the solution during the time re
quired to draw off the solution and stopper the flask was not sufficient 
to introduce an error greater than 0.002%. The temperature of the room 
in which the weighings for the present investigation were made was between 
29 ° and 31 °. This caused an uncertainty in the weighing which depended 
upon the length of time it took to transfer the proper amount of solution 
to the flask and to stopper it. This time was somewhat variable, since 
toward the end of the addition of the solution to the flask it had to be added 
slowly, in order to get the weight within 0.1 g. of that required for the ti
tration, before the final weighing to a few tenths of a milligram was at
tempted. 

This uncertainty in the weight of the standard solution was greatly 
reduced by the following modification in the method of weighing. About 
25 cc. of water were added to both of the flasks on the balance pan, they 
were then balanced and it was determined whether or not the rate of evapo
ration of water from both of them was the same. The mouth of the counter
poise flask was somewhat larger than that of the flasks in which the solu-

1 Bull. Bur. Standards, g, 174 (1912). 



924 STUART J. BATES AND GEORGE W. VINAL. 

tion was weighed, so it lost weight more rapidly. However, by adjusting 
the size of the opening by means of a small piece of paper the rate of 
evaporation from the two flasks could be practically equalized. 

The required amount of solution was then added, both flasks left un-
stoppered and the weight determined as soon as possible. The rate 
of evaporation was again investigated, and if it were not the same as 
it was before the solution was added, an allowance was made for this. 
The uncertainty in the weight of solution taken was seldom over 0.5 
milligram but is probably the greatest source of error connected with 
the iodine coulometers in this investigation. With practice this error 
was reduced since towards the end of this investigation both the coulom
eters and the standardizations checked to 1 or 2 parts in 100,000. 

After the arsenious acid solution was weighed out, the required amount 
of disodium phosphate solution was added to the flask. In the case of 
the standardizations some 30 g. of potassium iodide were also added, and 
then the quartz weighing bottle was introduced into the flask and opened 
below the level of the liquid to prevent any loss of iodine vapor. When 
the iodine had completely dissolved, water was added till the volume of 
the solution was 250 to 275 cc. The dilute arsenious acid solution was 
then run from a buret into the flask, till the iodine color all but disap
peared and the solution was set aside for 3 to 5 minutes for equilibrium 
conditions to be attained. For the completion of the titration the flask 
containing the solution and another containing the same volume of water 
were set side by side on a large sheet of unglazed white paper before a 
north window. The arsenious acid solution was then added drop by 
drop till the color of iodine just disappeared. It was possible by proceed
ing in this way and by comparing the appearances of the liquids in the 
two flasks to detect the effect of a single drop of the arsenious acid solution 
upon the iodine color. After determining the end point about 1 cc. of 
the dilute iodine, solution was run in and the end point again determined. 
In this way three or more observations were always obtained for each 
end point; with practice and with favorable illumination it was possible 
to decrease the uncertainty in the end point to'0.02-0.03 cc. of the dilute 
arsenious acid solution. This corresponds to an uncertainty in the ti
tration of 5 or 6 parts per million. 

4. Strength of the Standard Arsenious Acid Solution—The data obtained 
for the standardization of the arsenious acid solution are given in Table I. 
This table is divided into two parts, corresponding to the two methods 
of weighing the solution. The first column gives the date of the standard
ization, the second the number of g. of iodine (corrected to vacuo by add
ing 0.0099% of the apparent weight) taken. In the third is found the 
number of g. of arsenious acid solution used in the titration; the fourth 
gives the g. of iodine corresponding to one g. of the standard solution; 
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this value will hereafter be referred to as the factor. The value for the 
factor, as calculated in the manner described below, is given in the next 
column and in the sixth is found the difference in percentage between 
the value of the factor as found and as calculated. 

TABLE I. 
Factor. 

Arsemous , • . Difference. 
Iodine, acid solution. Found. CaIc. in percentage. 

(a) First Period. 

June 4th 4 . 8 1 6 0 5 4 4 . 5 1 0 0 0 .108201 0 . 1 0 8 1 9 3 + 0 . 0 0 8 
June 7th 5 .11905 4 7 3 0 5 8 212 190 + 0 . 0 2 0 
June n t h 4 . 9 7 6 5 8 4 6 . 0 0 0 3 186 186 0 . 0 0 0 
June 14th 2 . 8 9 0 4 3 26 .7085 221 183 + ( 0 . 0 3 5 ) 
June 16th 5 . 9 6 1 2 6 5 5 . 1 1 3 6 163 180 — 0 . 0 1 6 
June 19th 4 . 1 3 7 3 0 3 8 . 2 3 9 5 220 178 + ( 0 . 0 3 9 ) 
June 21st 4 . 7 8 2 2 2 44 .2131 163 176 — 0 , 0 1 2 

Average deviat ion 0 .011 

(b) Second Period. 

June 30th 5 . 8 0 1 5 0 5 3 . 6 5 0 2 0 .1081356 0 .1081352 + 0 . 0 0 0 4 

July 1st 5 -7307I 52-9967 334 343 — 0 . 0 0 0 8 
July 3rd 5-39535 49-8957 326 323 + 0 . 0 0 0 3 
July 9th 4 .50081 4 1 . 6 2 5 8 254 266 — o . o o n 
July 10th 5 .41817 5 0 . 1 1 1 0 233 256 — 0 . 0 0 2 1 
July 12th 4 .64987 4 3 . 0 0 4 8 244 237 + 0 . 0 0 0 6 
July 16th 5 3 7 6 3 0 4 9 . 7 2 5 6 197 199 — 0 . 0 0 0 2 
July 17th 5 9 8 2 9 4 55-3427 071 189 — ( 0 . 0 1 0 9 ) 
July 19th 5-78941 53-5518 086 170 — ( 0 . 0 0 7 7 ) 
July 21st 4 . 93161 4 5 . 6 1 3 9 163 151 + 0 . 0 0 1 1 
July 22nd 5 . 0 0 6 3 9 4 6 . 3 0 6 4 344 141 + 0 . 0 0 0 3 
July 23rd 5 . 3 1 2 2 4 4 9 . 1 3 4 2 169 132 + 0 . 0 0 3 3 

July 25th 5 .15089 47-6395 222 112 + ( 0 . 0 1 0 1 ) 
July 28th 4 . 9 1 6 7 4 4 5 . 4 7 8 7 108 083 + 0 . 0 0 2 3 
July 29th 4 . 7 0 9 0 7 4 3 5 5 9 0 078 074 + 0 . 0 0 0 4 
July 30th 5 . 7 7 4 8 0 5 3 . 4 1 8 8 042 064 — 0 . 0 0 2 0 
July 31st 4 . 3 1 2 1 3 3 9 . 8 8 8 3 051 054 — 0 . 0 0 0 3 
Aug. 1st 5 .18195 4 7 . 9 3 6 1 012 045 — 0 . 0 0 3 0 

Aug. 2nd 5 5 5 9 0 3 51 -4236 027 036 — 0 . 0 0 0 8 

Average deviation 0 . 0 0 1 2 

The results show that even with the precautions taken the standard 
solution was oxidizing. In order to compare the standardizations and 
to determine the strength of the solution at any time, the values of the 
factor found in Column 4 were plotted against the corresponding days 
upon which the titrations were performed. It was found that for the 
period during which the second and more accurate method of weighing 
was employed, a straight line could be drawn through the points in a 
satisfactory manner. From this line the strength of the solution for 
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any particular day may be read off or the factor may be calculated from 
die equation of the line. The value for the factor F on the rth day after 
June 30th is given by F = 0.1081352 — 0.00000096*, and, therefore, 
changes at a rate less than 0.001% a day. The values for the factor given 
in the fifth column of Table I were calculated by rneans of this equation. 

Of the standardizations obtained by the second method of weighing, 
those of July 17th, 19th and 25th were not considered in placing the line, 
because they deviated widely from the . other observations. That of 
July 17th is farthest from the calculated value, the difference being 0.011%. 

The average deviation of 0.0012% is about what would be expected 
from the uncertainties in weighing the iodine, in weighing the solution 
and in determining the end point. 

For the first period, during which the method of weighing was unsatis
factory, it is extremely difficult to draw a line, in a manner similar to that 
drawn for the second period. The slope of such a line, however, should 
be the same as that for the second period, since the change in the method 
of weighing could not have influenced the rate of oxidation of the solution. 
Having thus obtained the slope of the line, its position was chosen so that 
the positive and negative derivations were equal. The value for the factor 
for this first period was determined graphically. 

B. The Silver Coulometer. 

1, Forms Used .—Two forms of silver coulometer were used in all ex
periments—Smith's new form and the porous cup form. Both of these 
have been described in detail elsewhere.1 In the tables that follow in 
the next section, it will be seen that the results of the absolute runs made 
with these coulometers are in good agreement with the best previous work. 
As in the case of the third series of experiments published by Rosa, Vinal, 
and McDaniel,. where the mean value of the Weston normal cell is given 
in terms of both forms of coulometers, so here, we have included in the 
mean both forms of coulometers in order to obtain the value of the silver 
with which to compare the mean iodine deposits. 

2. Materials, etc.—-The details of the manipulation of the coulometers 
and the preparation of materials have all been described before. The 
electrolyte was prepared from double distilled water and silver nitrate 
especially prepared and tested for acidity by iodeosine and for reducing 
agents by potassium permanganate as described by Rosa, Vinal and 
McDaniel.2 The anode and cathode acidities of each voltameter were 
measured at the conclusion of the experiment. The mean acidity of the 
electrolyte at the beginning of the experiment and of the cathode acidity 
at the end of the experiment were thus determined for each voltameter, 
and corrections to the deposit could be made for the acid present according 

1 Bull. Bur. Standards, 9, 172 (1912); 10, 480 (1914). 
2 Ibid., 9, 524 (1912). 
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to the equation Y = 4.5X, where Y is the amount to be added to the de
posit in parts per million and X the acidity of the electrolyte in parts 
per million. This correction was determined by Rosa, Vinal and McDaniel 
and is described by them.1 In the present case the electrolyte was always 
very nearly neutral, so that the corrections are very small in all cases. 

III. Tables of Results. 
The details of each experiment made or attempted are given in Table 

I I ; a summary of the results is found in Table III. The experiment of 
June 6th which is designated as No. i we have omitted from Table III 
since, during the run, iodine from the cathode was seen to have migrated 
up this limb and over into the anode side, coloring the liquid in the con
necting V-tube quite distinctly.2 Before starting the experiment it had 
been suggested that the first run would be largely of a preliminary nature. 
Aside from this run the only silver coulometer measurements omitted 
in computing the results are those enclosed in brackets. One of them 
on July 22nd deviates from the mean by about four times the average 
deviation of the others and hence may be called a gross error. Two 
others on July 30th were found to be alkaline at the close of the experi
ment, which is sufficient reason for discarding them as was shown in pre
vious investigations.3 Owing to a miscalculation which resulted in much 
too little arsenious acid solution being weighed out for two of the coulom-
eters of run No. 9, but one accurate analysis of the iodine formed in this 
experiment was obtained. 

In the column of remarks the experiments designated as "absolute" 
are those in which the current was maintained constant during the entire 
time of the run and measured in terms of a standard cell and resistance. 
In the "comparative" experiments this was not done. 

In Table III are contained the summarized results and the computed 
values for the ratio of silver to iodine, the electrochemical equivalent 
of iodine and the value of the Faraday. Column 1 gives the number 
of the experiment corresponding to the numbers given in Table II. Col
umns 2 and 3 contain the mean deposits of silver and iodine for each ex
periment. Under "calculated coulombs" we give the number of coulombs 
as calculated from the silver coulometer deposits, using the value 1.11800 
mg. per coulomb as defined by the London conference. These are, there
fore, in international units. We also give the coulombs as calculated 
from the measurement of current and time when the absolute runs were 

1 Bull. Bur. Standards, io, 482 (1914). 
2 This movement was prevented in subsequent runs by the addition of the few 

cubic centimeters of concentrated potassium iodine solution which was run into this 
limb just before the iodine solution. With this procedure, it was never possible to 
detect any coloration due to iodine more than one-third way up the cathode limb. 

3 Report of Int. Tech. Com., p. 157 (1912). 
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TABLB II.—GSNSKAL TABLB O» RESULTS. 

Silver voltameters. 
Iodine voltameters. 

Acidity. 

Date 
of run. 

1913. 
June 6 

No. 
of 
run. 

1 

Mean. 
Pts. 

Form.i in 10«. 
LNF 0.8 
LNF 
LPP 
SPP 
SPP 

2 LNF 
LNF 
SPP 
SPP 

3 LNF 
LPP 
SPP 
SPP 

0.8 
0.7 
0.9 
0.9 

0.4 
0.6 
1.2 
1.7 

0.2 
0.7 
0.3 
0.1 

Correc
tion. 
Mg. 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.02 
0.03 

0.00 
0.01 
0.00 
0.00 

* Deposit 
• corrected 
for acidity. 

Mg. 
4079.20 
4079.51 
4079.16 
[4078.68] 
4078.90 

4105.98 
4106.10 
4105.52 
4105.69 

4104.70 
4104.79 
4104.65 
4104.61 

Average 
devia-

Mean tion. 
value. Pts. 

Mg. in If*. 
4079.19 3i 

4105.82 5. 

4104.69 I1 

Date of 
titration. 

1913. 
June 7 

Factor. 
0.108190 

14 0.108183 

20 0 108177 

Deposit. 
Mg. 

4799.35 
4799.82 

4828.76 
4830.24 
4829.77 

4828.38 
4828.86 

Mean 
value. 

Mg. 
4799.58 

Average 
deviation. 

Pts. 
in 10>. 

4 i 

4829.59 11« 

4828.62 

Remarks. 

Trial experiment, 1A amp., 4 hours-
Discarded experiment because mixing 

occurred in the iodine voltameters. 
Current not maintained constant. 

Comparative experiment, 
hours. 

V* amp., 4 

Absolute experiment, 
1A amp., 4 hours. 

current steady 

3 
C > 

> 
S 
> z 
D 
O 
ffl 
O 

O 
M 

LNF 
LPP 
SPP 
SPP 

0.6 
1.2 
0.9 
1.8 

0.01 
0.02 
0.01 
0.03 

4099.10 

4099.17 

4098.89 

4098.93 

4099.03 28 0.1081371 4822.22 

4822.42 

4822.08 

4822.24 2t 
Absolute experiment, current steady 

l/t amp., 4 hours. 

July 1 5 LNF 
LPP 
SPP 
SPP 

1.1 
1.0 
1.3 
2.2 

0.02 
0.02 
0.02 
0.04 

4397.16 

4396.99 

4397.15 

4397.. 16 

4397.11 I. July 3 0 1081323 5172.58 

5172.87 

(5169.851 
Comparative experiment, 

20 hours. 



L N F 

L P P 
S P P 
S P P 

L N F 

L P P 
S P P 
S P P 

L N F 

L P P 
S P P 
S P P 

L N F 

L P P 
S P P 
S P P 

L N F 

L P P 
S P P 
S P P 

L N F 

L P P 
S P P 
S P P 

0 . 9 
1.1 
1.3 
1.7 

2 . 0 
2 . 5 
3 . 5 
5 . 0 

1.9 
2 . 0 
3 . 7 
4 . 0 

3 . 5 
1.2 
1.2 

O. 1 
O J 
0 . 0 
0 . 1 

AIk. 
AIk. 
0 . 5 
0 . 1 

0 . 0 1 
0 . 0 2 
0 . 0 2 
0 . 0 3 

0 . 0 4 
0 . 0 4 
0 . 0 6 
0 . 0 9 

0 . 0 3 
0 . 0 4 
0 . 0 6 
0 . 0 7 

0 . 0 6 
0 . 0 2 
0 . 0 2 

0 . 0 0 
0 00 
0 . 0 0 
0 . 0 0 

0 . 0 1 
0 . 0 2 

4 1 0 5 . 3 2 
4 1 0 5 . 3 3 
4 1 0 5 . 2 0 
4 1 0 5 . 0 8 

4 1 2 2 . 8 6 
4 1 2 3 . 2 9 
4 1 2 3 . 1 5 
4 1 2 3 . 0 8 

4 1 0 4 . 7 8 
4 1 0 5 . 0 9 
4 1 0 4 . 6 0 
4 1 0 4 . 5 4 

4 1 8 4 . 2 7 
(4184 .94) 
4 1 8 4 . 3 5 
4 1 8 4 . 1 0 

4100 .27 
4 1 0 0 . 2 0 
4 1 0 0 . 1 4 
4 1 0 0 . 4 7 

[4105 .35 ] 
[4105 .24] 
4 1 0 5 . 1 7 
4 1 0 5 . 1 5 

4105 

4123 

4104 

4184 

4100 

4105 

23 

10 

75 

24 

27 

16 

' T h e forms used were t he large n u n - s e p t u m form ( L N F , S m i t h ' s 

U 0 .1081247 4 8 2 8 . 5 4 4828 Sl 2 . 
4 8 2 8 . 6 9 
4 8 2 8 . 3 0 

Abso lu te e x p e r i m e n t , c u r r e n t s t e a d y 
V« a m p . , 4 h o u r s . 

16 0 . 1 0 8 1 1 9 9 4 8 4 9 . 3 5 4 8 4 9 . 4 ? 3j 
4 8 4 9 . 6 7 I C o m p a r a t i v e exper imen t , '/aft a m p . , 
4 8 4 9 . 2 4 I 20 h o u r s 

O 
O 
S 

19 0 . 1 0 8 1 1 7 0 4 8 2 8 . 6 3 4 8 2 8 . 6 0 O1 

4 8 2 8 . 5 3 I A b s o l u t e expe r imen t , c u r r e n t s t e a d y 
4 8 2 8 . 6 3 I l / i a m p , 4 h o u r s . 

24 0 .1081122 [4920 .91 ] 4921 30 
(4920 .99 ) 
4 9 2 1 . 3 0 

C o m p a r a t i v e expe r imen t . Van a m p . . 
20 h o u r s . 

J O m i t L P P d e t e r m i n a t i o n . 

53 
O 
SI 

O 
*1 
Ut 

M 

26 0 .1081102 4 8 2 2 . 3 6 4»22 4 / I1 

4 8 2 2 . 4 8 I Abso lu te exper imen t , cu r r en t s o m e w h a t 
4 8 2 2 . 5 7 J u n s t e a d y , ' /« a m p . , 4 hours . 

31 0 .1081054 4 8 2 8 . 5 5 4828 .44 1? 1 Abso lu te e x p e r i m e n t , c u r r e n t b e c a m e 
4 8 2 8 . 3 6 I u n s t e a d y d u r i n g a n electr ical s t o r m of 
4 8 2 8 . 4 0 J u n u s u a l v iolence, y « a m p . , 4 h o u r s . 

J T w o la rge c u p s a lka l ine , omi t these . 

t y p e ) , t h e large p o r o u s p o t ( L P P ) a n d the smal l p o r o u s p o t ( S P P ) types . 

O 
O 
HI 
PJ 

O 
O 
C! r 
0 S 
% 
PS. 

«0 
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TABLE III.—SUMMARY OF RESULTS. 

N
o 

of
 r

u
n

. 

2 

3 
4 

5 1 

6 

71 

8 

91 

IO 

I i 

M
ea

n 
si

lv
er

 d
e

po
si

t.
 

M
g
. 

M
e

a
n 

io
di

ne
 

de
po

si
t.
 M

g
. 

4 105 .82 4 8 2 9 . 5 9 

4 1 0 4 . 6 9 4 8 2 8 . 6 2 
4 0 9 9 . 0 3 4 8 2 2 . 2 4 

4 3 9 7 " 5 1 7 2 . 7 3 
4 1 0 5 . 2 3 4 8 2 8 . 5 1 

4 1 2 3 . 1 0 4 8 4 9 . 4 2 
4 1 0 4 . 7 5 4 8 2 8 . 6 0 

4 1 8 4 . 2 4 4 9 2 1 . 3 0 
4 1 0 0 . 2 7 4 8 2 2 . 4 7 

Calculated coulombs 

_ . t. c 
B g S E-S 
0 StJ o g ta.5 

3 6 7 2 . 4 7 

3 6 7 I . 4 5 3 6 7 1 . 5 3 
3 6 6 6 . 3 9 3 6 6 6 . 5 5 

3933 01 

3 6 7 1 . 9 4 3671-84 
3687 .92 

3 6 7 1 . 5 1 3 6 7 1 . 6 1 
3 7 4 2 . 6 1 

3 6 6 7 . 5 0 3 6 6 7 . 6 5 
4 1 0 5 . 1 6 4 8 2 8 . 4 4 3 6 7 1 . 8 8 3671 .82 

A r i t h m e t i c a l m e a n (Nos . 4 - 1 1 ) , , 

W e i g h t e d m e a n (all obse rva t i ons ) , 

— 22 

— 44 

T 2? 

— 2 j 

— 41 
-T 1« 

W
ei

gh
t. 

1-3 
3 - o 

2 5 . 0 
2 2 . 2 

2 4 . 4 
16 .2 

2 0 . 0 
2 0 . 8 

4 5 - 5 
100.0 

R
a

ti
o

 
si

lv
er

 :
 

io
di

ne
. 

0 . 85013s 

O.85OO75 
O.850026 

0 .850055 
O.85O2O6 
O.850224 
O.85OO91 

O.850230 

0.850242 

0.850204 

0 . 8 5 0 1 6 

0 .85017 

g e 
"•3 
" •go 

i » 5 

B.Vc 

I -31508 
1.31518 

1.31526 
1.31521 

i . 3 1 4 9 8 

i -31495 
1-31515 

I - 3 I 4 9 4 
1-31492 
i . 3 1 4 9 8 

i 31505 
1.31502 

V
al

ue
 

of
 

th
e 

F
ar

ad
ay

 
(I

 =
 

12
6.

92
).

 

9 6 , 5 1 1 
9 6 , 5 0 4 

9 6 , 4 9 8 
9 6 , 5 0 2 

9 6 , 5 1 8 

9 6 , 5 2 1 
9 6 , 5 0 6 

9 6 , 5 2 I 
9 6 , 5 2 3 

9 6 , 5 1 9 

9 6 , 5 1 4 

9 6 , 5 1 5 

made. These also are international unit coulombs since they have been 
computed on the basis of the Weston normal cell taken as 1.0183 volts 
at 20 ° and the international ohm. The differences between these are 
given in the next column. On the average, the coulombs calculated from 
the coulometer are 1.5/100,000 smaller than from the measurements of 
current and time. This is as it should be, since the coulometer measure
ments at the Bureau of Standards recently have given a value for the cell 
about 2 or 3 parts in 100,000 lower than the adopted value 1.0183. The 
slight ambiguity that arises in the term "international coulombs" due 
to the possibility of measuring them in terms of the silver coulometer 
and time, or in terms of the international ohm, volt and time is fully ex
plained in Part IV of the series of papers by Rosa, Vinal and McDaniel.2 

For the present purposes this difference is immaterial because, in computing 
the value of the Faraday, the international atomic weight for iodine is 
involved which is expressed only to five significant figures. 

The system used in weighting the several experiments was purely mathe
matical, based upon the fact that for each result the error is due to the 
combination of experimental errors entering from the value of the factor 
for the arsenious acid (21), from the titration of the iodine deposits (22), 
and finally from the determination of the silver (03). The final result 
Z is then a function of these three quantities, Z = /(Z1Z2Z3). 

We may easily compute the possible errors of each of these factors from 
the average deviation. If we designate them as ru r2, rs, the probable 
error, R, of the result of an experiment is given by 

1 The current strength for these runs was 0.05 amp. For the others it was 0.25 
amp. 

s Bull. Bur. Standards, io, 478 (1914). 
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"-(S)WDWS)** 
These calculations have been carried out and weights computed inversely 

as the square of the probable error. Some system of weighting seemed 
to be necessary since the later experiments were deemed more reliable 
than the earlier ones. The experiments numbered 2 and 3 have small 
weights owing to the difficulties in weighing out the arsenious acid at this 
time so that they may practically be disregarded. We give also the arith
metical mean of Experiments 4 to 11 for comparison with the weighted 
mean. The two means are practically the same. 

IV. Discussion of Results. 
.4. The Silver-iodine Ratio.—In Table III the results of this investi

gation have been presented in three ways: (1) as the ratio of silver to 
iodine, obtained by dividing the mean silver deposit by the mean iodine 
deposit; (2) as the electrochemical equivalent of iodine, obtained by divid
ing the mean iodine deposit by the coulombs as calculated from the silver 
voltameters; and (3) as the value of the Faraday, calculated from the 
electrochemical equivalent of iodine and the international atomic weight 
(1914) of iodine, 126.92. The ratio has been given chiefly because it 
possesses certain advantages for discussing the results. If the increase 
in weight of the platinum bowls used as cathodes represented only the 
weight of silver electrolytically changed from the simple Ag + ions to 
metallic silver, and if the only reaction taking place at the anode of the 
iodine voltameter is the formation of iodine from iodide ions under the 
action of the current, then according to Faraday's law the amounts of 
silver and of iodine so formed are in the ratio of the atomic weights of the 
elements. 

Baxter,1 who has made a very careful study of the atomic weights of 
silver and of iodine, as the result of early work gave 0.849997 as the value 
of this ratio. As a result of further work he arrived at the result 0.849930,5 

and more recently from a series of very concordant experiments he found 
the value 0.849906.3 That calculated from the international atomic 
weights (1914) for silver and iodine, which are largely founded on Baxter's 
results, is 0.84998. The only other investigation of recent years which 
is comparable with the results of Baxter is that of Kothner and Aeuer4 

who determined the silver iodide : silver chloride ratio in eight closely 
agreeing analyses. Their result, on the basis of chlorine 35.457, gives 
0.850013 as the value of the silver iodine ratio. 

I t is not our purpose to discuss these atomic weight determinations. 
1 PuU. Carnegie Inst., 135, 101. 
2 Ibid., p. 108. 
3 T H I S JOURNAL, 32, 1591 (1910} 
4 Ann., 337, 123, 362 (1904). 
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It is evident that our result, expressed as a silver-iodine ratio, is from 
0.015 t o 0.030% higher than that calculated from purely chemical methods. 
It seems unlikely that further work employing the same chemical reactions 
as have been hitherto used would cause this discrepancy to disappear, 
although Baxter considers that further evidence upon the silver-iodine 
ratio is desirable. 

Our consistently higher results are in the direction of too heavy a de
posit of silver or the formation of an insufficient amount of iodine. It 
may readily be suggested that the difference may be in part accounted 
for by inclusions of liquid in the silver deposit, but the conflicting results 
of previous observers do not permit us to estimate the amount. The 
last work by Laird and Hulett1 indicated that deposits from pure solution 
probably do not contain more than 0.005% inclusions. The whole question 
of inclusions has been critically discussed by Rosa, Vinal and McDaniel.* 
Their opinion is that the deposits so perfectly crystalline as those formed 
from the purest silver nitrate do not contain significant inclusions. It is 
hoped that the work being carried out on this important subject in several 
laboratories will definitely settle the matter shortly. Until then the 
application of an inclusion correction to the value of the Faraday calculated 
from the silver coulometer can not be made with any degree of accuracy. 

In connection with the iodine coulometer three possible sources of error 
suggest themselves. First, the main reaction which takes place at the 
anode resulting in the formation of iodine from iodide ions may have 
been accompanied by another electrochemical reaction, such as the forma
tion of oxygen, which then remained dissolved in the solution. Second, 
sufficient iodine may have been formed, but a slight amount of it reacted 
with the water or with the metal of the electrodes. Third, the iodine 
used to standardize the arsenious acid solution may not have been suffi
ciently pure. 

In the first place there is no certain difference between the results ob
tained using the current strengths of 0.05 ampere and of 0.25 ampere. 
The arithmetic means differ by 0.002% while the weighted means differ 
in the opposite direction by 0.003%. This shows that there is no ap^ 
preciable error arising from such a reaction as the electrolytic formation 
of oxygen, for such a reaction would evidently be much greater with the 
higher current densities. 

Secondly, had any of the iodine been lost by reacting with the platinum-
iridium electrodes, this fact would have been immediately noticed, for 
it was found in the previous investigation that the presence of the slightest 
trace of platinum—less even than that corresponding to a loss of 0.001% 

1 Trans. Am. Electrochem. Soc, 22, 345 (1912). 
1 Bull. Bur. Standards, 10, 516 (1914). 
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iodine—so affected the color of the solution that the end point in the ti
tration was quite uncertain. 

All of the iodine solutions which were employed in this investigation 
contained in addition potassium iodide. In such solutions the iodine 
exists in a large measure as the triiodide ion, I3-. Iodine may react 
with water in two ways; these may be conveniently expressed in the ionic 
forms, 

OH- -i- I ,- = HIO + 2I-
and 

6OH- + 3I3- = 1O3- + 81- + 3H2O. 
The equilibrium constants of both of these reactions have been calculated.1 

By decreasing the concentration of the hydroxyl ion sufficiently, it is 
evidently possible to prevent the reaction of, and hence the loss of, any 
appreciable amount of iodine. The concentration of the hydroxyl ion 
in the solutions which were analyzed for iodine was so regulated by means 
of the addition of disodium phosphate that the loss of iodine due to either 
or both of the above reactions was less than 0.001%.2 

The best evidence that the combined effect of errors due to the formation 
of electrolytic oxygen and to the loss of iodine through side reactions is 
negligible was obtained in the previous investigation on the iodine coulom-
eter. The reaction which takes place at the cathode of the coulometers, 
is the formation of iodide ions from iodine, being just the reverse of that 
occurring at the anode. Hence in order to determine the silver-iodine 
ratio, or to calculate the Faraday, it is just as feasible theoretically to 
employ the amount of iodine used up at the cathode as it is to employ 
the amount formed at the anode. In the previous investigation both of 
these amounts of iodine were determined and it was found that they agreed 
with one another within the experimental error of 0.003%. That is, 
within this limit no side reactions, resulting in the formation of too little 
iodine at the anode, occur; the reaction taking place at the electrodes is 
strictly reversible. The amount of iodine used up at the cathode was not 
determined in the present investigation because the analysis of the cathode 
solution is much more difficult experimentally than is that of the solution 
at the anode. 

Thirdly, if any of this discrepancy between the silver iodine ratios is 
to be ascribed to impurity in the iodine, this impurity would have had to 
consist of some oxidizing substance having a smaller equivalent weight 
than has iodine. The presence of an inert substance such as moisture 
would have caused a deviation in a direction opposite to that actually 
found. Special precautions were taken to eliminate from the iodine any 
oxidizing substance such as bromine. As described above the iodine was 

1 Washburn, THIS JOURNAI,, 30, 31 (1908). 
2
 THIS JOURNAL, 34, 1352 (1912). 
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precipitated by means of potassium permanganate from a solution con
taining an excess of potassium iodide. The partly dried iodine was then 
distilled from a retort and caught in a molten condition, and finally it 
was repeatedly sublimed in a current of dry air. Any one of these three 
procedures should have practically eliminated any trace of chlorine or 
bromine which might have been present. The last step, the fractional 
sublimation, was carried through each time the arsenious acid solution 
was standardized. The procedure was not always the same, occasionally 
but three sublimations were employed, but more often five or six. I t 
is scarcely possible that under such circumstances an amount of volatile 
impurity sufficient to account for an appreciable part of the discrepancy 
(0.015 t o 0.03%) should have remained so constant in amount that the 
average deviations of the standardizations (see Table I) were but 0.0012% 
—an amount easily accounted for by experimental error. 

Taking these various sources of error into consideration, it is probable 
that the amount of iodine calculated to have been found at the anode is 
within 0.005% 0 1 t n a t corresponding to the electrochemical change of 
iodide ions to iodine. The calculations of the value of the Faraday from 
this involves the atomic weight of iodine and the electrical measurements 
of the present investigation. It seems unlikely that the mean value for 
the Faraday (96.514 international coulombs) given in Table III is in 
error by more than 0.015%. 

The possibility of electrical leakage on the coulometer stands being a 
source of error was also considered, but tests easily made showed the 
insulation to be ample. 

B. The Faraday.-—If the increase in weight of the platinum bowls 
of the silver coulometer be assumed to represent only the metallic silver 
formed from silver ions, then taking the atomic weight of silver as 107.88 
the Faraday is equal to 107.88/0.00111800 or 96,494 international cou
lombs. From the iodine voltameter we obtained the value 96,514; the 
mean 96,504 probably represents within 0.01% the true value, in inter
national units. 

Value in Absolute Units.—For theoretical purposes it is desirable that 
the value of the Faraday should be known in absolute units. We do not, 
however, think it advisable to emphasize this value at the present time 
for the following reasons: (1) Electrical measurements are almost uni
versally made at the present time in terms of the international units as 
maintained by the several national laboratories. (2) Recent absolute 
measurements of the electrochemical equivalent of silver made in several 
countries differ somewhat among themselves and, therefore, it is neces
sary to state explicitly what is the basis of any computations that one 
might make. This is not the case with the international units. (3) It is 
probable that the difference between the absolute electrochemical equiva-
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lent of silver and the value i. 11800 adopted for the basis of the international 
ampere is as small as the uncertainties in the atomic weights of silver 
and iodine which are involved in the computation of the Faraday. 

A recent investigation at the Bureau has given for the electrochemical 
equivalent of silver 1.11804 mg. per absolute coulomb. Hence, the ab
solute coulomb is 0.004% greater than the international coulomb, or the 
Faraday in absolute units is less by this amount. In absolute units the 
rounded off figure 96,500 seems the best value to assign, for the present, 
to this constant. 

V. Comparison with Previous Investigations. 
A. Silver Goniometer.—The present results with the silver coulometer 

are most easily compared with past work by considering the values com
puted for the Weston cell at 20 ° for the experiments in which the current 
was controlled. These experiments are called "absolute experiments" 
in Table II . In Table III we gave the coulombs as calculated from the 
silver deposits and also from the measured current and time. We noted 
in the discussion of this table that the first method gave a lower value on 
the average than the second by 1.5/100,000 which is significant of the dif
ference between the exact value for the cell 1.01827 recently found by the 
voltameter and the figure adopted for use by the International Committee, 
1.0183 volts. It is evident, then, that the present work has given 1.018285 
for the cell value. This is perhaps more readily seen by computing the 
cell value for each silver deposit in an absolute experiment and taking the 
mean. Having done this we find the average value from Smith's new 
form of coulometer to be 1.018289 and from the porous cup coulometer to 
be 1.018280 whence the result 1.018285 as given above. The value 1.01827 
given as the result of previous work is based on 211 deposits made with the 
greatest care by Rosa, Vinal and McDaniel.1 It thus appears that the 
present work agrees with the past to 0.0015%. 

B. Iodine Coulometer.—In their investigation, Washburn and Bates 
made a preliminary comparison of the silver and iodine coulometers. 
The relation between their results and ours is more readily discussed in 
terms of the silver-iodine ratio than by means of the value for the Faraday 
calculated from the iodine coulometer. This is because their value for 
the Faraday involves Smith, Mather and !,owry's absolute determina
tions, using the filter paper coulometer. The results of W. & B. give 
for the silver iodine ratio the value 0.85045, which is 0.033% higher than 
that recorded here. This difference is due to the fact that following the 
specifications of Smith, Mather and Lowry, they employed the filter 
paper form of silver coulometer. Recent investigations at the Bureau 
of Standards have shown conclusively that deposits obtained in such a 
coulometer are too heavy, because of the action of the filter paper. Hence 

1 Bull. Bur. Standards, 9, 493 (1913). 
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in order to compare the previously obtained ratio with that given here, 
it is necessary to compare the filter paper coulometer with those forms used 
in the present investigation. 

The silver coulometers we employed were of the porous cup and non-
septum types. The electromotive force of the Weston normal cell at 20 °y 

calculated from deposits made in such coulometers, is 1.018271 volts. 
If the filter paper form is used the value 1.018662 is obtained, that is, 
the deposit in such a coulometer is about 0.038% heavier than that ob
tained in the types used in the present investigation. Making this per
centage correction to the silver-iodine ratio determined by Washburn 
and Bates, the value 0.85013 is obtained, which agrees within 0.005% 
with our final value. This agreement is probably in part accidental since 
the filter paper coulometer is, in the hands of various investigators, scarcely 
capable of such reproducibility, and since in the previous investigation 
an accuracy better than 0.02% was not claimed for the final value, which 
was founded on but four comparative runs. It does, however, confirm 
the belief that our results are not in error by more than 0.01%. 

VL- Summary. 
We have made a careful comparison of the silver and iodine coulometers 

using them in series, so that the deposits of silver and iodine should be 
strictly comparable. The best procedure learned from previous investi
gations has been followed in each case. Our results are as follows: 

i. Ratio of silver to iodine 0.85017 
2. Electrochemical equivalent of iodine 1.31502 
3. Value of the Faraday (I = 126.92) 96,515 
4. Value of the Faraday (Ag = 107.88) 96,494 
5. Value recommended for general use 96,500 

Nos. 2, 3 and 4 are calculated on the basis of the international ampere, 
using 1.11800 mg. per coulomb as the electrochemical equivalent of silver. 

The preliminary work in connection with the above investigation was 
carried out at the University of Illinois in the fall and winter of 1912-13. 
It was the original intention to make a careful comparison of the silver 
and the iodine coulometers there, employing the Bureau of Standards 
type of silver coulometer. This would, however, have necessitated con
siderable labor in preparing materials and especially in acquiring the prac
tice and technique necessary to insure an exact reproduction of the Bu
reau's coulometer and methods of manipulation. Clearly the most de
sirable method of conducting the final series of comparisons was to take 
advantage of the experience in the use of the silver coulometer which had 
been gained at the Bureau of Standards. On taking the matter up with 
Dr. Rosa of the Bureau an invitation was extended and was gladly ac-

1 Bull. Bur. Standards, 10, 486 (1914). 
%IUd., 9, 197 (1912). 
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cepted to carry out the final series of measurements in the laboratories 
of the Bureau. The authors wish to thank Professor Washburn of the 
University of Illinois, who first planned the above investigation, for sug
gestions which have contributed in a large measure toward the success 
of the work. We also thank the Director of the Bureau and Dr. Rosa 
for assisting in making the arrangements for completing this investi
gation and for making available for this determination the excellent facili
ties of the Bureau. 
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THE ELECTROLYTIC REDUCTION OF IRON FOR PERMAN
GANATE TITRATION.1 

BY H. C. ALLEN. 

Received September 2, 1913. 

The following work was undertaken to determine the possibility of 
utilizing the oxidation-reduction effect of the electric current in certain 
analytical operations where it is desired to quantitatively oxidize or 
reduce a substance before its titration with a standard solution. Numer
ous studies have been made of the proper conditions for the deposition 
of the various metals by. the electric current and the oxidizing effect has 
been utilized in a number of cases, especially with sulfides, where, after 
oxidation, the substance is precipitated and determined gravimetrically. 
The oxidizing and reducing effect of the electric current has also claimed 
much attention in both the organic and inorganic fields and in many of 
these latter studies it has been common practice to follow the reactions and 
determine the quantities of substances formed by titrating with some 
suitable standard solution. However, these titrations have been made 
for the purpose of obtaining the current or energy efficiency of the pro
cesses and very little work has been done along the line of producing a 
quantitative yield of the substance, in a strict analytical sense, regardless of 
the electrical efficiency of the process. 

The rotating electrode, when employed in oxidations or reductions, 
should make the electrolytic method, in some cases at least, a successful 
competitor of the chemical methods of producing the same results, since 
it is possible to reduce small quantities of iron, for example, in from five 
to fifteen minutes by means of a rotating cathode under proper conditions. 
Further, the method has many advantages over the usual chemical methods 
of reduction. Some advantages that are at once apparent are that there 
is no danger of getting an excess of the reducing agent into the solution 
which must later be removed, and no foreign material is necessarily in
troduced into the solution before the titration. 

1 Presented at the Rochester meeting of the American Chemical Society, Sep
tember, 1913. 


