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INTRODUGTIOH

SU?,iI'.IAHY OF PREVIOUS INVESTIGATIONS ON TH E IODINE
GOULOKSTER.
The investigation of the iodine ooulometer was
begun by Herroun1 in 1895.

He eleotrolyzed zino

iodide between a platinum anode and a zino oathode.
The amount of iodine liberated at the anode was deter
mined by titration with a standard solution of sodium
thiosulphate.

The sodium thiosulphate was standard

ised against a standard solution of iodine.

Among the

advantages of the iodine coulometer he pointed out the
fact that dissolved oxygen, which diminished the yield
at the oathode in other voltameters, will have no such
action in a neutral solution of iodide; as the titra
tion vdth standard solution of thiosulphate is a
process of greater accuracy then the perform enoo of
the average balance, the exact determination of the
amount of iodine liberated is both easy and rapid;
the high electrochemical equivalent of iodine is also
advantageous.

Since he gave the results of only one

electrolysis, the reproducibility of the method was
not demonstrated.
o
As a part of another problem, Danneel* made a

comparison of Herroun's*** zinc iodide oouloraeter and a
silver eoulomoter.

The amount of iodine liberated

was determined by titration with standard thiosulphate.
He does not state how the thiosulphate was standardized.
The results of the four determinations which he reported
show variations between / 0,5 to - 1,0 per cent,

Ban-

neelg regards the high electrochemical equivalent of
silver and iodine as an advantage, so one would infer
that he probably standardized the thiosulphate solu
tions against free iodine, by making up an appropriate
iodine solution,
Ereider3 discredits Horroun'e^ remark by the fol
lowing statement, "Herroun rather erroneously points
to the high electrochemical equivalent of iodine as
its chief advantage; this is obviously "immaterial in
a volumetric method".

When thiosulphate solution is

standardized against any substance except free iodine,
Kreider*^ statement would be valid.

But when thiosulphate

solution is standardized against free iodine, as Herroun^ did, then the high electrochemical equivalent of
iodine is an advantage,

Kreider3 used potassium iodide

in piece of zinc iodide since the former is commercially
froe from iodates and therefore can be acidified without

tho liberation of iodine except for the notion of
atmospheric oxygen*

Eydrochloric aoid was used as the

oatholyte which prevented the accumulation of hydroxyl
ions v/hioh upon migration to the anode region would
produce a loss in iodine*

Tho iodine was titrated with

sodium thiosulphate which was standardized against arsenious oxide by means of an iodine solution.

By means

of a blank determination, he made a correction for the
iodine liberated by atmospheric oxygen* in the acidi
fied solution*

Ho reports comparative tests with a

filter-paper type silver oculomotor*

The iodine was

from 0.06 per cent to 0.09 per cent high as calculated
from the silver deposit.

Kreider^ did not state the

atomic weights used in his calculations but since his
work was published early in 1906 he probably used tho
atomic weights of 1904.

In 1904 the accepted atomic

weight4 of arsenic was 75.0, that of oilvor was 107*93
and that of iodine was 126.85.

Using these values

along with the present (1934) atomio weights- of ar
senic (74.91), silver (107.880) and iodine (126.92)
the iodine liberated was 0.10 per cent to 0.13 per
oent high.

This error may be due to the uncertainty

of the correction made for the liberation of iodine
by the atmospheric oxygon.

Part of the error may

also be due to the use of arsenic trioxide in the
standardization of the sodium thiosulphate solution,
Baxter and Shaefor0 conclude that the composition of
arsenic trioxide varies with the oxygon concentration
prevailing during the sublimation and therefore is
not suitable for use as an analytical standard of
high precision,

Tho error is probably not due to the

use of the filter-paper type silver coulornater for
the deposit in suoh a coulomotor is abnormally high71
which would tend to make the equivalent amount of
iodino liberated too low.

The position of the

platinum electrodes employed by Kroider® probably
caused tin current density on the edges of the elec
trodes to be very high, thus accounting for the early
liberation of gas at the anode,
D
Gallo used an iodine coulomotor to determine
the atomic weight of iodino.

The platinum cathode,

4 square millimeters in area, was placed in tho bot
tom of one limb of the apparatus and surrounded by
solid, iodine, whioh prevented the formation of the
hydroxyl ion during the electrolysis.

The platinum

anode, 4 square millimeters in area, was placed
half my up the other limb of the apparatus.

The

electrolyte was a solution of potassium iodide.

Con-
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taot between the two limbs was mad© by means of side
arms which dipped into a wide mouth bottle.

A current,

density of 0.1 ampere per square centimeter was used
and the electrolysis was continued until 0.3 grams of
iodine had been liberated.

This was titrated by means

of sodium thiosulphate solution.

Gallo<J used porous-

cup silver ooulometers and made a correction of 0.018
per cent for inclusions in the silver deposit.

Using

the atomic weight of silver as 107.93, he found the
atomic weight of iodine to be 126.89.

The average

deviation of 24 trials was 0.021 per cent and the
maximum deviation was 0.076 per cent.

Calculated on

the basis of the accepted atomic weight of silver as
107.880 and making a correction of 0.004 per cent for
inclusions in the silver deposit as recommended by
final and Bovard^, the atomic weight of iodine would
be 126.81, a difference of 0.088 per cent from the
accepted value 126.92.
Among the recent and more precise investigations
of the iodine oouloimter is that by Washburn and Bates10.
Washburn and Bates used 10 per cent potassium iodide
solution as electrolyte and surrounded the anode with
a concentrated solution of potassium iodide and the
cathode with a solution of iodine.

They showed that

within the limit of error of the analysis, the
same amount of iodine is formsd from iodide at the
anode as is converted into iodide ions at the oath ode.
Since identical amounts of iodine are involved in the
reactions at both electrodes under varying oondltions
of concentration and current density, the only reac
tion involving electricity which ooours at the anode
is represented by the following equation,
SI"—s- Is / 20,
or a reaction or a set of reactions whloh are ultimate
ly equivalent to this in the final analysis, whioh is,
of course, 3ust as satiefaotory, for the value of the
faraday does not depend upon the mechanism of the
reaction but only upon the final result*
The reaction at the cathode would then be
Is

2 ©->-31",

+

or some reaction or set of reactions whioh are equiv
alent to this*

Several iodine Goniometers v/ere used

in series and the average deviation among the various
ooulometers and also the anode and cathode reactions
was 0.002 per cent, thus indicating that the iodine
coulometer is comparable to the silver couloirs ter in
the determination of the fundamental constant, the
faraday.

They used a current density of 0.0015 am-

pore 8 per square centimeter.
was 50 square centimeters*

The area of the anodes
Elliott1* oalls attention

to the high internal re si stance of this iodine coulometer, which is obvious from the form of tho coulometer*
Vinal and Batee12 oontinuod tho work of Washburn
and Bates*

and determined the value of the faraday

by tho use of the ooulometer*

Birge1'^ used the value of

the ratio i/jfig* as dote mined by Vinal and Bates12* to
compute a value for the atomic weight of iodine and ob
tained 126*092, a value differing considerably from
126*932 which Birge aoooptod as oorreot to within 2 in
tho last place*

Eo commented upon the work of Vinal

3 2

and Bateby saying, "This appears to be a relatively
inaccurate determination of In*

However* this work was

never intended to be a determination of the atomic
weight of iodine*

The work of Vinal and Bates12 gave a

direct determination of the ratio of the iodine and
silver deposits, but tho agreement of calculated values
for the Faraday from tho iodine and silver deposits will
evidently depend very largely on the valuo ultimately
adopted for the atomic weight of iodine*

It now appears

that at least part of the discrepancy pointed °u-t by
Birgein

1929t

was due to the value which he accepted

as the atomic weight of iodine, since the present (1934)

accepted value of the atomic v/eight of iodine^ is
136*92.

Should additional ohomioal research show

that the atomic weight of iodine is about *02 per
cent lower than the present accepted value, the
calculated values of the Faraday from the iodine and
siIvor deposits would be thrown into very close agree
ment*

The value of the Faraday (96,515) obtained by
12

final and Bates'* , by using the atomic weight of iodine
as 126*92, is about 0*02 per cent higher than that
found by using the silver ooulomotor (96,494) and
calculated by using the atomic weight as 107.880*

In

other words, the amount of iodine liberated in the
iodine Goniometer was about 0*02 per cent lower than
the iodine equivalent of the silver deposited in the
silver couloirs tor*
In the discussion of their apparatus, Vinal and
12

Batos " state, "The anodes consist of a platinumiridium alloy, it having been found that iodine is
without appreciable effect on such an electrode, though
one of pure platinum is attacked",
are given to verify this statement,

Ho experimental data
in electromotive

forca of 240 volts was used to pass a current on onefourth of an ampere through the circuit consisting of
4 silver Goniometers, 3 iodine Goniometers and the bal
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last resistance of about 400 ohms.

Prom this statement

one can estimate the approximate resistance of the
iodine ooulometer by assuming a reasonable resistance
of the silver Goniometers.

The total resistance of

the ooulometers was about 560 ohms®

Assuming 20 ohms

as the resistance of the 4 silver coulometers (it is
probably much lees than thatA^) would make the resist
ance of the 5 Iodine coulometers about 640 ohms# or
about 180 ohms each*
1
TH
Cady * designed a more practical iodine ooulometer.
The anode and anolyte were the same as thoso used by
Washburn and Bates10.

A 10 per cent solution of sodium

chloride was used betv/een the anode and the oathode
regions in place of a dilute solution of potassium
iodide.

He introduced the use of a copper oathode in

place of a platinum cathode and discontinued the use
of iodine around the cathode to prevent the formation
of hydroxyl ions.

By changing the form of the apparatus

the effect of the hydroxyl ions in causing a loss of
iodine was minimised (if not entirely eliminated) and
at the same time the resistance of the ooulometer was
reduced very materially.

The author of this paper found

the resistance of one of these coulometers to be about
57 ohms.
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PURPOSE OP THIS IIJVE ST IG JIT I OH.
Hue to tha convenience of use of a titration
coulometer and the capability of precision of this
instrumentt more information concerning suoh a
coulometer would he desirable.

Rarely is it neces

sary to use a coulometer with the precision attained
10

by Washburn and Bates

t

but a more convenient and

less expensive form of ooulornetor than the silver
ooulomater with a precision of 0.1 to 0.01 per cent
would be a valuable instrument.
This investigation included a study of the follov/ing factors bearing on suoh a coulometer:
1.

The anodic behavior of platinum and platinum-

iridum alloys in iodide solutions.

Vinal and Bates3"2,

pointed out that platinum dissolves anodioally in
potassium iodide solutions, but an alloy of platinumiridium does not.

Suoh factors as the effect of con

centration of iodide, current density and temperature
upon the loss of platinum were investigated.
2.

Speoifications of an iodine ooulornetor which

will permit at least 0.05 farad ays to pass.

The size

of the anode, the volume of the anolyte end the per
missible current densities ware investigated.
3.'

Variation of the form and size of coulometer

-11-

with reBpeot to a reduction of the internal resistance,
economy of electrode materiel and simplicity of oper
ation,
4,

A study of the analytical factors involved in

obtaining the desired precision,

Comparative experi

ments ware made by using three iodine coulometers in
series,

The analytical procedure was varied until

the desired precision was obtained,
5,

Comparison of the re-designed iodine ooulometer

with the silver ooulometer as specified by the Bureau
of Standards^,
6,

The temperature coefficient of the iodine

c oulome to r •
7,

Variation of the nature of the catholyte,

8,

Use of so-called C, r. materials in place of

specially purified substances,
9,

Range of current densities permissible.
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PUBIFICATIOH OF MATERIAiS
WATEB.
Water from whioh the several salts were recrystallized and which was used in making up all
of the solutions used in this investigation was
prepared and stored in the following manner:
Distilled water from the stock tap was first
distilled from potassium permanganate solution whioh
was acidified with sulphuric acid, and then from a
solution of harlum hydroxide.
was used.

A b lock tin condenser

The distilled water was stored in pyrex

flasks whioh had been used for that purpose for
several years.

These were fitted with tin foil

covered cork stoppers.

In no case was water used

which had been storod longer than three days.

The

conductance of the water was about 4 x 10~^ mhos.
The water used was in no oase aklaline to phenolphthaleln nor acid to methyl red.
POTASSIUM IODIIE.
The potassium iodide used was obtained by recry stall! zing Merck's C. P. crystals until it was
no longer alkaline to phenolphthaleinf

The re-

IS

crystallized salt was dried in an electric oven at
150° 0 and then heated to slightly above 400° 0 for
4 hour8.

It was stored in glass stoppered bottles

which were kept over calcium chloride in a desiccator
which was placed in a dark desk.

The above product was

shown to be free from iodates and other interfering
oxidizing agents and reducing agents by the tests which
are discussed below.

Some of the salt was kept over a

year and still met the above mentioned specifications
when the following tests were repeated.

When protect

ed from strong light a 60 per cent solution of the
iodide remained colorless for at least twenty-four
hours, thus showing the absence of oxidizing agents
in the neutral solution. Enough iodine was added to
a freshly prepared 60 per cent solution of the iodide
to produce a faint coloration.

This coloration per

sisted for at least twenty-four hours, thus showing
the absence of interfering reducing agents.

Ho

Iodine was liberated from an acidified solution that
had stood in diffused light in an atmosphere of nat
ural gas for two hours, thus showing the absence of
17
iodates • If iodates had been present, iodine would
have been liberated according to the equation
SHI

/

HI03 —> 3 12 /

3 %0.
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The above mentioned natural gas was washed before
being used by passing it, in succession, through
pyrogallio acid, water, potassium permanganate and
water.
If the test for iodates is attempted in air,
iodine might be liberated by the oxygen of the air
17
according to the equation"**
4

HI

-f-

Og —^ 2 HgO

/

2 I2.

The latter reaction was verified in the following
manner.

After iodatos had been shown not to be

present in a sample of potassium iodide solution,
air was admitted to the apparatus and after a few
minutes iodine began to be set free.

Upon bubbling

air through the solution, the rate of liberation
of iodine was increased.
During the summer of 1934, MallinokrodVs,
analytical reagent, potassium iodide was used in
place of the above mentioned Bample.

It was puri

fied and tested in the above mentioned manner and
gave just as satisfactory results.
SODIUM CHL0RI3E.
Two commonly used and widely advertised samples
of C. P. quality sodium chloride were recrystalllzed

•15

in one oase aa often as four times, until solutions
of the samples were no longer alkaline to phenolphthalein nor aoid to methyl red.

In each oase the

recrystallized samples were free from oxidizing
material as shown "by their failure to set iodine
free from a neutral solution of pure potassium
iodide.

They were also free from reducing agents

as shown by their failure to reduce the free iodine
in a solution of iodine in potassium iodide.

But

when a few drops of a fifty per cent potassium
iodide solution were added to the above samples a
traoe of a very finely.divided yellow precipitate,
which remained suspended, was obtained.
peared to be an iodide of a heavy metal.

This ap
For this

reason the above samples of salt were rejected.
One of the five methods which Richards18 used
to obtain pure sodium chloride was by fractional
crystallization of selected transparent colorless
crystals of Strasfurt halite.
source of sodium ohloride.

This suggested another

Transparent colorless

natural crystals of sodium ohloride were obtained
from the Carey Salt Mine, Hutchinson, Kansas.

After

one recrystallization, this sample of salt gave a
neutral solution free from oxidizing and reducing
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agents.

Solutions of this salt did not give a

yellow precipitate when a few drops of a fifty per
cent potassium iodide solution were added,

For this

re as on, the natural crystals of Kansas salt were
used as the source of sodium chloride.

This was

recrystallized until it gave a neutral solution free
from oxidizing and reducing agents,
HYDROCHLORIC ACID,
Baker's analyzed, special arsenic free, concen
trated hydrochloric acid was diluted down to about
two normal.

Ho acid was used which gave a test for
17
oxidizing material , that is, produced free iodine
when it was mixed with a Solution of potassium iodide
in an atmosphere of natural gas.
This test was hardly necessary when one romembers
that the acid never came in contact with the anode
solution.

However, pure acid was needed in the test

for iodates in potassium iodide,
SODIUM TB IOSULPBATF..
Merck's C, P, crystals (alkali free) were dissolved
in conductivity water.

The solution was alkaline to

methyl red and acid to phenolphthalein.

An approx

imately H/2 solution was made up and filtered through

17

a fritted glass filter and stored^ in a "bottle which
was painted black and had been used for that purpose
for several years.

Speoial precautions were taken

to avoid a change in concentration of this solution
due to vaporization.

When necessary it was standard

ised against iodine as discussed below.

Bear the end

point the titration was finished by using a dilute
solution prepared by properly diluting the H/2 solu
tion as is disoussed below.
During the summer of 1934, Mallinokrodt1s# analyt
ical reagent, sodium thiosulphate was used in place
of the above mentioned sample.
IODINE.
Mallinokrodt#s, analytical reagent, iodine was
ground with potassium iodide (purified as described
above) and sublimed.

The iodine and potassium iodide

were mixed in the ratio of 6 grams of iodine to E
19
17
grams of iodide • Then the sublimation was twice*
repeated without the use of potassium iodide.

The

final product was placed in a glass stoppered bottle
and kept over calcium chloride in a greaeeless desiopo
cator, although from the work of Foulk and Morris
this hardly seems necessary.

-18-

19

The apparatus recommended by Ifellor
in eaoh of the sublimations.

was used

Immediately before

sublimation was begun the entire sublimation vessel
was heated to 150° 0 in an electric oven for at least
SO minutes to make sure that it was dry.

if tor cool

ing the apparatus in a large dessicator, it was as
sembled end the sublimation was begun.
SILVER UITRATE.
A s aturated solution of silver nitrate was
prer
i

pared at about 100° 0.

The solution was made slightly

aoid with dilute nitric acid.

The hot concentrated

solution was decanted off of the excess crystals
and filtered through a fritted glass filter.

Then a

clean pyrex test tube (6,f x 1"), which was kept oool
by a stream of water flowing continuously through it,
was inserted into the hot filtered solution.

Immediate

ly the silver nitrate began to crystallize out upon the
test tube.

The crop of crystals thus obtained was

washed by deoantation and then it was reorystallizod
from conductivity water a second time.

This time the

solution was not acidified.
The reorystallized silver nitrate from the second
re crystallization was fused in a platinum dish, which

-JLi#-

was lifted out of the oven as soon as the last
trace of solid salt had molted.

The temperature

of the electric oven was kept between 230° 0 and
300° G, as recommended "by the Bureau .of Standards3*6,
this being high enough to drive off the moisture and
the excess of acid.

Under these conditions the salt

retains from 0.001 to 0.003 per cent of nitric acid
whioh is more suitable than neutral salt.

After the

dish of fused salt was placed in a desiooator and
permitted to cool it was tested for reducing impurl21
ties . The salt met the specifications of the
1 fi
Bureau of Standards
since it failed to reduce
N/1000 potassium permanganate solution under the
conditions specified by Hose, Yinal and Mo Daniel^3*,
and it gave a crystalline deposit free from striations.

The silver nitrate was stored in a ground

glass stoppered bottle in a desiccator over calcium
chloride.

Black paper was wrapped around the glass

bottle to avoid decomposition due to light, and the
desiccator was placed in a darkened desk.

ANODIC BEHAVIOR OH PLATINUM A ND PLA TINUM-IRIDIUM
ALLOYS IN POTASSIUM IODI DE SOLUTIONS.
DESIRABILITY OH INVESTIGATING THIS PHENOMENA.
Vinal and Bates^ pointed out that platinum
dissolved anodically in potassium iodide solutions,
hut an alloy of pi at inum-i ri dium did not*

Since no

data were presented on this point, it seemed desirable
to investigate the effect of suoh factors as the con
centration of iodide, current density and temperature
upon the loss of platinum*

It was thought that such

a study might reveal the conditions under which pure
platinum could be used without being attacked*
METHOD AND APPARATUS.
A f ull size diagram of the electrolytic cell which
was used is given in figure 1.

The container (M) was

a test tube 15 centimeters in length and 4.5 centimeters
in diameter.

The anode (H) was a piece of thin sheet

platinum or pi at inum-i r i diumalloy which was placed
near the bottom of the container.

Contact between the

platinum anode and the external source of potential
was made by means of a glass rod Co) which had a plat
inum wire (p) sealed into the lower closed end and was
filled with mercury*

This rod (o) dipped down into the

Figure 1. (Full size).

container in such a manner that the closed bent
end of the rod was beneath the anode and the upper
open end (R) extended above the top of the container#
The anode (u) rested upon the wire (p) sealed into
the lower closed end of the rod (o)•

This made it

possible to remove and weigh the anode accurately and
detect any change in weight with use.

.Anodes 1 and S

were made of platinum which was obtained from Bishop
and Company in May, 1930.

Anodes 3 and 4 were of

platinum-iridium alloy which was obtained from Bishop
and Company in Hay* 1930.

Anode 0 was made of plati

num which was obtained from Bishop and Company in June*
193E.

Anodes 3* 6, 7 and 8 were too small to make good

contact by merely laying them upon the wire which made
contact to the outside sources of potential so they
were sealed to this wire.

These anodes were of pure

platinum* but sinoe they oould not be removed separate
ly their weights could not be obtained.

The cathode

(S} was a piece of coiled copper v/ire which was placed
near the top of the container and was held in plaoe by
inserting it through the rubber stopper which partially
closed the container.
In assembling the cell* 100 oo of 10 per cent sodium
chloride solution was introduced.

Then the anode and
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oathode were put in place, being held firmly by the
rubber stopper through vhioh they passed.

A third

hole in the stopper, formed by out ting away a sector
equivalent to about one-fourth of the stopper, per
mitted the electrolyte to be introduced by means of
a pipette.

With care, a definite vriLume of potassium

iodide solution (usually 25 oc of 50 per cent) was
pipetted beneath the layer of the previously intro
duced sodium chloride solution.

Sinoe the iodide solu

tion is the more dense it formed a dietinot layer in
the bottom of the container, and sinoe it has a dif
ferent ihder of refraction than that of the sodium
chloride 'solution, a sharp meniscus (B) was fornsd
between the layers of the solutions.

Oare was taken

to have the anode entirely surrounded by the iodide
solution.

Above the top meniscus (C) of the chloride

solution a layer (50 oc) of 23J hydroohlorio aoid was
carefully pipetted,

lastly, the oathode was lowered

so that it Just touched the top (l) of the aoid layer.
A diagram of the electrical circuit used in this
part of the investigation is given in figure 2.

B

represents a number of storage cells placed in series.
She our rent, indicated by the ammeter (A), could be
varied by changing the value of the resistance (R) in

24

the circuit.

A v arying number of electrolytic cells

(0) were used in the different runs.

Figure 2.
The weighings of the anodes, "were made upon a
Yoland and Sons chemical balance.
graduated to 0.1 mg.

The beam was

The sensitivity was such that

weighings of the anodes could be estimated to about
0.05 nig.

The set of weights used had been calibrated

by the Bureau of Standards.

In this part of the in

vestigation t the weighings were not corrected to
vacuum.
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I.TAUJ PULA3? I OH*
The solutions used in this part of the investiga
tion wore always freshly prepared on the day they were
to he used*

Usually, at least four cells wero connect

ed in series end electrolysis was permitted to proceed
either until 0,05 faradays had passed or until gas be
gan to be liberated at the anode.

As soon as a oell

began to gas it was shorted out and the electrolysis
was continued until the other cells in turn began to
gas or until 0*05 faradays had passed.
As soon as the electrolysis was concluded the
©nodes wero removed and any adhering iodine was iemoved from the anodes by dissolving it in potassium
iodide solution,

Then the anodes were washed v/ith

potassium diohromato cleaning solution and rinsed v/ith
conductivity water.

The anodes wero dried in an oven

at 200° 0 for at least one and one half hours and then
cooled in a dessioator over conoentrated sulphuric
aoid for two hours before weighing.
During the entire washing, drying and oooling
processes the anodes were kept in Goooh crucibles,
Shus it was not necessary to touch the anodes with
anything except the Goooh crucible, which itself
went through the cleaning process, until the anode
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touched the v/eight pen of the "balance in sighing•
Washburn and Bates10 used current densities
ranging from 0.0004 amperes per square centimeter
to 0.005 anperes per .square centimeter and per
mitted the current to flow until 0.05 faradays -had
passed. Yinel and Bates1 2 used current densities of
0.005 amperes per square centimeter and 0.001
amperes per square centimeter and permitted the
current to flow until 5600 coulombs had passed.
Since higher current densities would be more ef
fective in attacking the platinum anodes, it was
decided to use much higher our rent densities and
permit at least 0.05 faradays to pass in each trial.
Washburn and Bates10 and Vinal and Bates1^ used E5 cc
of 50 per cent potassium iodide solution as the anolyte.

Table E will show that in most of the trials

in this part of the investigation the amount and
concentration of the anolyte was the same as that
just mentioned.

Table 1.
Anode

fo of
Iridium

C. D. In
amps* per
sq# cm.

Ten?), at
end of
run

Tims of
run

Weight of
anode
before

Weight of
anode
after

e.

0.02

o
o

Trial

C

tt

«

0.2

40

n

80

n

1.7577 »

1.7577 "

9

w

tt

0.2

40

it

87

ft

1.7559 "

1.7559 "

12

tt

n

0.2

40

it

83

n

1.7559 "

1.7559 »

16

tt

u

0.3

60

it

40

n

1.7559 "

1.7559 "

25

»t

I?

0.3

80

tt

60

it

1.7559 "

1.7559 "

3

#2

«

0.02

30

tt

487

«

1.7724 "

1*7724 "

6

ft

w

0.2

40

n

80 tt

1.7724 "

1.7724 "

10

ft

n

0.2

40

n

78 it

1.7711""

1.77105"

11

#0

«

0.2

40

tt

81 n

1.821o/"

1.8210/"

15

ft

w

0.3

60

w

33

tt

1.8210/"

1.8210""

24

VI

tt

0.3

80

n

70

«

1.8210""

1.821o/"

1

#1

5

487 mln. 1.7577 gm. 1.7577 gm<

Table 1 (continued).
Trial

Anode

fo Of

iridium

C. D. in
amps, per
sq. cm.

Temp, at
end of
run

Time of
run

487 min. 1.8279 gm* 1.8279 gra.

Weight of
anode
before

Weight of
anode
after

3

#3

0.1

0.02

30° C

7

If

tt

0.2

40

"

87

it

1.8279 "

1.8279 "

13

If

ti

0.2

40

"

86

i»

1.8274""

1.8274 "

17

If

tt

0.3

60

"

41

it

1.8274 "

1.8274"""

23

ft

t»

0.4

6

IT

1.8274 "

1.8274*""

26

tt

it

0.3

60

«

30

ti

1.8274""

1.8274 "

4

H
t»

0.45

0.02

30

"

487

t»

1.8167 "

1.8167 "

ti

0.2

40

"

84

IT

1.8167 "

1.8167 "

£

91

It

1.81595"

1.8159^"

"

36

ft

1.8159^"

1.81595"

1.81595"

8

n

»

0.2

18

tr

it

0.3

21

n

II

0.4

7

It

22

n

Tt

0.4

10

ft

27

it

ft

0.3

33

ft

O

14

60

60

"

1.81593"
1.81593"

1.81594"
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Th© data in table 1 indicate that the loss in
weight (if any) of the platinum of the platinumiridium anodes would be negligible where accuracy
not greater than 0.003 per cent is required.
In the case of the platinum anodes the highest
current density used (0.3

anperes per square centimeter)

was 60 times as high as the highest current density
(0.005 amperes per square centimeter) used by Vinal and
12

Bates

•

The lowest current density used was 4 times

as high as the highest current density used by Vinal and
Bates.12
Apparently ordinary temperatures

have no effect

on the phenomena, since at the beginning of each
electrolysis the cell was at room temperature (about
30° 0) and at the end of several trials the tempera
ture of the cell had risen to 80° C.
In trials 24, 25, 26 and 27, 60 per cent potassium
iodide solution was used.

In the other trials 50 per

cent potassium iodide ablution was used as anolyte,
this being the concentration employed by Vinal and
12
Bates**
,

As electrolysis proceeded the concentration

of the anolyte steadily decreased.

In nearly every

trial listed in table 1 the electrolysis proceeded
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until over half of the original potassium iodide in
the anolyto was used up,

This would moan that at the

end of nearly every electrolysis, the concentration
had fallen to about 25 per cent.

Furthermore, the

solution in immediate contact with the anode probably
was muoh less concentrated than 25 per cent after the
electrolysis had proceeded for a time,

Shis would

lead one to conclude that the concentration of anolyto
would not effect the anodic behavior of platinum.
The change in weight of each of the electrodes
between trials 5, 6, 7 and 8 and trials 9, 10, 13
and 14, respectively, was due to polishing of the
electrodes and not due to any electrolytic action of
any sort.
On July 1st the cells were run at a current
density of 0,3 amperes per square centimeter.

When

the anodes were removed it was found that some of the
iodine was adhering firmly to the anode.

This could

not bo washed off with water, nor by dipping it in
cleaning solution, so a gentle abrasive (bon ami) was
used to loosen the iodine.

Thereafter, the anodes we re

found to have lost weight to varying amounts.

Since

this was thought to be due to the polishing with bon
ami, electrolysis at a current density of 0,3 amperes
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per sonar a centime tor was repeated t "but this time the
iodine was removed by dissolving it off with e sat
urated solution of potassium iodide.

Trials number

15# 16f 171 18 # 241 25) 26 and 27 show that there is
no loss of platinum due to electrolysis at a current
density of 0.3 amperes per square centimeter.
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S0I3 FAGTOBS IEFLUKlICim THE SKOIKOASIOHS OF THE
IODI1E COULOI^ETFH.
In the comparison of the iodine couloinetor and
the silver ooulomoter about 3600 coulombs^ should
pass through the oells,

This would cause e deposit

of nearly 4 grams of silver which would be enough to
permit a high degree of accuracy in weighing if the
usual size of cathode is used in the silver ooulometor.
Ordinarily, loss than this quantity of electricity
passes during usual laboratory experiments.

In the

trials listed in table 2 an attempt was made to de
termine the specifications for a cell which would
permit 0,05 faradays (ahout 4825 coulombs) to pass
before gassing began at the anodo,

The cell was

designed to permit at least 0,05 faradays to pass
so that in the comparison of the iodine and silver
ooulomotero it would not be necessary to stop the
electrolysis at the exact moment that 3600 coulombs
had passed,
Tho trials listed in table 2 are the same as
those tabulated in table lf with a few additions.
The additional trials in table 2 are for anodes 5, 6,
7 and 8 which could not be weighed and therefore these
trials have no essential, place in table 1,

Table 2

contains data that have a bearing on the sjjeoifi cat ions
of an iodine coulometer.

Table 2.
Bate

Trial

8/25

Anode

ifc

Size of
• C . D. in
anode in
amps, per
sq. cm.
sq. cm.
8.25

0.02

Amount
of KI
soIn.

of
KI
soln.

Time for
0.05 F.
to pass

25 oo

50

487 min.

50 oo

"

48.7 min.

Time for
gassing
to begin

t?

2

#2

tt

tt

ft

3

#3

tt

tt

tt

4

#4

tt

tt

5

#1

tt

0.2

tt

6

#2

tt

«

"

n

"

80 min.

ft

7

«

n

tt

n

w

07

u

tt

8

#4

«

tt

rt

tt

n

Q£

tt

7/2

9

#1

n

n

n

5T

87

n

tt

10

#2

tt.

tt

tt

rt

tt

7/6

11

#0

tt

tt

ft

n

rt

81

"

It

12

#1

tt

tt

tt

m

tt

83

"

6/27

25 co

80 min.

n

Table 2 (continued)
Date

Trial

Anode

7/6

13

#3

ft

14

H

7/7

15

#o

ft

16

ft

17

ft

18

7/8

19

#5

ft

20

#6

ft

21

#4

ft

22

ft

7/9

Size of
anode in
sq. cm*
8.25

C. D. in
amps. per
sq. cm.
0.2

*

Amount
of KI
soln.

J& o f
KI

soln.

Time for
0.05 F.
to pass

Time for
gassing
to "begin

25 oo

50

48.7 min;

86 min.
91

n

33

«

n

40

n

tt

tt

41

tt

t»

tt

n

36

tt

0.2

n

tt

97.4 min. 105

«

n

t»

«

8.25

0.4

tt

n

#4

n

tt

tt

n

23

//3

tt

tt

tt

n

24

#0

tt

0.3

n

60

#3

tt

t»

«

n

tt

0.3

tt

»

n

tt

n

tt

tt

tt

n

tt

tt

4.125
n

32.5 min.

tt

110
7

tt

n

10

«

tt

6

tt

50

tt

24.4 min.

32.5 min.

Table 2 (continued).
Date

Trial

Ano de Size of
anode in
sq. cm*

7/9

25

ft

26

#3

ft

27

if4

ft

28

//5

It

29

#6

It

30

»»

31

8.25

n

4.125
tt

C. D. in
amps, per
sq. cm.

n

$ Of
KI
soln.

Time for
0.05 F.
to pass

Time for
gas sing
to begin

32.5 min.

60 min.

0.3

25 co

60

ti

15 oo

n

it

30 "

tt

ii

33

n

0.2
t?

1.74
#8

Amount
of KI
soln.

ft

T»

25 co

50

ti

«

n

TI

n

«

n

97.4 min. 116 "
110
231 min.
n

n

242 "
234 "

The cells for trials 1, 2, 3 and 4 had the same
anolyte as those used by Washburn and 3atos^°.

In

these trials gassing had not occurred at the timo
0.05 faradays had passed.

It would have been of

interest to have known how long these would have
continued before gassing occurred.

This ouostion

did not occur to the author until after the anodes
were weighed and it was found that the platinum had
not boon attacked.

It was more important to investi

gate the effect of higher current densities so trials
1, 2# 5 and 4 wore not repeated.
The colls for trials 9, 10, 11, 12, 13 and 14
difforod from those for trials 6, 6, 7 and 8 only in
the volume of anolyte used.

It will be noticed that

the tire until gassing occurred was essentially the
sarin oven tliough cells for trials 5, 6, 7 and 8 had
twice the volume of anolyte.

25 oc of 150 per oent

potassium iodide solution contain an amount of iodine
equivalent to about 11,000 coulombs.

At the current

density used in the above trials, in 48.7 minute3
about 4825 coulombs (0.05 faradays) will have passed.
At the tire gassing occurred in all of the above
trials, a ouantity of potassium iodide was still pres
ent.

Since the anolyte was not stirred local dople-
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tion of potassium iodide around the anode probably
occurred and diffusion of potassium iodide from the
surrounding regions was probably too slow to replace
the potassium iodide which was used up,
The cells for trials 15, 16, 17 and 18 and those
for trials 21, 22 and 23 were made up exactly the same
as the cells for trials 9, 10, 11, 12, 15 and 14,

Tho

trials differed though in that a current donsity of
0*3 amperes per square centimeter was used in trials
15, 16, 17 and 18 and a current density of 0*4 amperes
per square centimeter was used in trials 21, 22 and 23*
Thus when the current density was inoreased to 0*3
amperes per square centimeter the time until gassing
occurred was essentially the same as the time until
0.05 faradays had passed,

When the current density

was 0,4 amperes per square centimeter 0,05 faradays
had not been passed before gassing occurred;

At the

higher current density the depletion of the potassium
iodide around the anode occurred more rppidly and it
soon became impossible for diffusion of potassium
iodide from the surrounding regions to replace the
potassium iodide which was used up.

-38-

The calls for trials 34 and 85 were made up like
the cells for trials 15, 16, 17 and 18 except that 85 oo
of 60 per cent potassium iodide solution was substituted
for 85 cc of 50 per oent potassium iodide.

Hot ice that

the same current density was usod in these trials.

In

creasing the original concentration of anolyte increased
the time until gassing occurred*
The cells for trials 86 and 87 were run at the
same current density as those in trials 15, 16, 17
and 18.

The time until gassing occurred was about the

same when 15 oo of 60 per oent iodide solution was used •
as when 85 oo of 60 per oent iodide solution was used.
From the above faots, it would appear that for a
oell of the physical dimensions specified, when 85 oo
of 60 per oent anolyte is used, the upper limit of cur
rent density is near 0.3 amperes per square centimeter.
Since the anode was 8.85 square centimeters in area, the
total current was about 8.47 amperes.

For the sake of

comparison, let it be remembered that the specifications
16
for a silver coulometer
state that the current density
at the cathode should not exceed 0.01 amperes per square
centimeter, and that in the ordinary silver ooulometer
a current of not more than 1 ampere should be used.

Trials 19, 80, S8 end 89 are of interest since
all of the conditions were exactly the sans as in
trials 9, 10, 11, 18, IS and 14 except that the anodes
were just half as largo (4.125 square centimeters).
In these trials the time until gassing began was much
nearer the tine until 0.05 faradays had passed.

iOLso,

in the cells of this design the upper limit of current
density is somewhat above 0.2 amperes per square centi
meter.
In trials 30 and 31 all of the conditions were
exactly the sans as in trials 19, 20, 88 and 29 ex
cept that the anodes wore less than half as large
(1.74 square centimeter).

In these trials at a cur

rent density of 0.2 amperes per square centimeter, the
time until gassing began barely exceeded the time for
0.05 faradoys to pass.

In order to be perfectly safe

a current density slightly under 0.2 amperes per square
centimeter should be used if 0.05 faradayo are to bo passed,
although a current density of 0.2 amperes per square centi
meter would be permissible in case smaller quantities of
electricity ere to be passed as will be the case in the
comparison of the iodine and the silver ooulometers.
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VARIATION

OF

THE

FOR'.

OF

TEE COUiOLETlSK,

FACTORS TO BE COITSIDEKEB.
A n umber of factors have tended to keep tho
iodine Goniometer as do signed by Washburn and Bates*0
from being generally usod.

Chief among these probably

is the high interne! resistance as mentioned by Hulett**.
Another prohibitive factor is the cost of electrode
material.

A casual reading of the precise work by

Washburn and Bates*0 would lead one to believe that the
form of the ooulometor they used was too inconvenient
for general use.
It is possible to vary the form and sine of the
iodine Goniometer and out down the internal resistance
until it is comparable to that of the silver Goniometer.
The cost of tho electrode material can be reduced until
it no longer is a prohibitive factor.

Tho form of the

coulometer can be simplified so that it can be assembled
in any ordinarily equipped laboratory.

Rarely is it

necessary to uso a ooulometer with tho precision at
tained by the investigators mentioned above#

Only with

the utmost care could one attain such precision with
the silver coulometer.

By varying the form of the

iodine coulometer it can be made more convenient and
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easier to oporato than tho silver ooulomoter and yet
have a pro oi si on of at least 0.02 per cent, which ex
ceeds the preoision necessary in most laboratory ex
periments®

As used in the ordinary laboratory it is

doubtful if greater precision is usually attained
with the silver oculomotor.
TEE IODIKE COULOIRTEKT
A f ull size diagram of the iodine couloraeter,
used in this investigation, is given in figure S.
The outer containing vessel (V) was a glass jar about
12 centimeters high and 8 centimeters in diameter.

A

balcelite ring (A) had an outside diameter greater
than the outer vessel and an inside diameter just
large enough to admit the glass jacketing cylinder (IC).
This was hold in position by the flange (p) which
rested upon the balcelite ring (A).

The inner vessel

CM)t a large test tube (15 centimeters by 4.2 centi
meters )t was held in position by some rubber wedges
(W).

The anode {U) was a piece of thin sheet of plat

inum which was arranged exactly as the anode in the
electrolytic cell in figure 1 except that in this
case the anode (if) was sealed to the wire (p).

(T)

represents a layer of sealing wax which was put on
the glass rod (R) before it was inserted through the

stopper.

This layer of wax passed through the stopper

and oxtondod about 3 centimeters above and about 2.5
centimeters bo low tho stoppor.

During tho comparison

of the iodine coulometor with the silvor ooulometor
it was found nooessary to introduce the use of tMs
layer of wax, as is discussod bolow, to prevent
short-circuiting through tlio coulometor.

The cathode

(S) was a heavy piece of copper v/ire vhioh was
wrapped 01100 around tho jacketing cylindor and then
oxtondod up through the bakolite ring.
In assembling the coulomotor, tho jacketing
cylindor and tho inner vessel wore placed in posi
tion.

About 300 oc of 10 per cent sodium chloride

solution was thon introduced by way of the mouth
of the inner vossel.

Part of tho sodium chloride

solution passed from tho inner vessel to tho outer
vossel by way of the holes (K) in the side of tho
inner vessel, and filled both vessels to tho level
of the lower edge of tho holes (H).

There wore

three holes (H) of about 1.5 centimetoro diameter
around tho tube about 6.5 cen'imetors from tho
bottom^

Then tho anode was securely fastened in

the inner vessel as is shown in figure 3.

In case

an air bubble happened to cling to the anode when

it was inserted, it was removed by shsJdng the
anode, since it might have risen later end carried
iodine with it, thereby causing a loss in iodine.
V/ith care, a definite volume of potassium iodide
solution (usually 25 oo of 50 per oent) was pipetted
beneath the layer of the sodium chloride solution in
the inner vessel.

The tip of the pipette was drawn

to a small size so that the potassium iodide solution
would run out slowly and thus avoid undue mixing.

It

required about 10 minutes for the potassium iodide
solution to drain out of the pipette.

A sharp menis

cus was formed at the junction (B) of the iodide and
chloride solutions.

By inserting a pipette through

a hole in the bakolito ring, 50 oo of 2 IT h ydrochloric
acid was carefully pipetted above the sodium chloride
solution, outside of the jacketing cylinder.

The tip

of each pipette used here (one for each coulometer)
was drawn out to a small siso and was turned at right
angles to the stem of the pipette.

It required about

25 minutes for 50 cc of the aoid to drain out.

The

pipettes were supportod above the coulometers, by means
of ring stands and clamps, while the acid was being in
troduced.

Y'hen this was carefully and slowly done a

distinct meniscus (0) was formed between the acid and
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sodium chloride solutions.

If the proper amount of

sodium chloride was used the cathode extended just
beneath the top surface (D) of the acid layer.
REDUCTION OF THE INTERNAL RESISTANCE.
The form of the oouloneter eventually used is
about the same as that designed by Cady16, but the
size has been changed in order to cut down the inter
nal resistance.

The internal resistance of this cell

would be approximately that due to the sum of the
lengths of the columns of liquids extending from the
cathode down under the jacketing cylinder, thence up
to the holes (H) and then down to the anode (N).

By

increasing the cross sectional area of any or all of
these and by decreasing tho lengths of these columns
the internal resistance should be decreased.

The

jacketing cylinder should not be entirely removed as
the acid must be kept in the region of the cathode.
The above mentioned columns of liquids were
longer and of less cross section in the ooulometer
designed by Cady^ than in the one diagraned in
figure 3.

The internal resistance of the Oady

coulometer was found to be 37 ohms whioh is
certainly an improvement over the one used by Wash-
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burn and Batos**0 whioh had a resistance of ah oat 180
ohms.

The resistance of the coulometer diagramed in

figure 3, was 5,9 ohms and remained practically con
stant during the passage of 3600 coulombs.
A jacketing oylinder which was long enough to
reach the bottom of the outer containing vessel was
put in the coulometer in figure 3.

The resistance

of the coulometer was moasured when the jacketing
oylinder v/as at different distances from the bottom.
As is obvious from the results in table 3, the re
sistance decreased noticeably when the cylinder was
raised so that the distance between the cathode and
the anode was shortened.
Table 3.
Height of cylinder
above bottom.

Resistance of
coulometer.

0.1 cm.

9.4 ohms

1.5

n

8.2

"

3.6

"

6.5

11

4.2 "

5.9

"

6.3 "

5.0

"

3.7

"

Cylinder removed
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EQONQm OP EEE CTROIE MATERIA!.

Wa8h"burn and Bates10 used a platinum oathode
which was surrounded "by iodine to prevent the forma
tion of hydroxy! ions*

In order to economize on

material, a copper oathode surrounded by 2 N h ydro
chloric acid v/as used.

By increasing the current

density at the anode it is possible to use a much
smaller anode.

Washburn and Bates10 used a plati

num anode of 50 square centimeters and a maximum
current density of 0.005 amperes per square centimeter,
which corresponds to a maximum current of 0.25 amperes.
In the comparative experiments on the iodine coulometer
discussed below, an anode of 4.125 square centimeters
was used at a current density of 0.2 amperes per square
centimeter, which corresponds to a current of 0.825
amperes.

Thus it is possible to economise on electrode

material and yet pass a larger current than v/as used
10
by Washburn and Batos •
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COMPARATIVE EXPERIMENTS OH TE E IODINE GOULOMETER.
PURPOSE.
Before comparing the iodine coulometer to the
silver coulometer, it was dooided to run several of
the iodine ooulometers in series and compare them
with eaoh other.

Such comparative experiments

indicated the precision of the instrument and also
helped develop the technique in manipulating the
cell after the electrolysis was finished.

The pro

cedure of carrying out the titration was changed
slightly during the several experiments.

The pro

cedure described below seemed to be the most satis
factory.
MANIPULATION OF THE OOULOMETERS.
Three iodine ooulometers, such as the one dia
gramed in figure 5, except that the Wax layer (T) was
omitted hero, were assembled in the manner discussed
above, 25 cc of 50 per cent potassium iodide solution
being used as tho anolyte.

The anodes were 4.125 square

centimeters in area and a current density of 0.2 amperes
per square centimeter was used.

According to table 2f

this arrangement should be permissible, especially
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since the electrolysis was oontinued until only
5600 ooulombs had passed.
The coulometors were connected in series, in
serted in the electrical circuit diagramed in figure
2 and the current was adjusted to 0,825 amperes.

The

current remained practically constant during the
course of the experiment which lasted 72 minutes and
43 seconds.

Ho attempt was made to control the tem

perature of the coulometors.

At the beginning of each

run their temperature was that of the room (about 50°
0),

At the end of the experiment their temperature had

risen about 5 degrees above room temperature.

The

manipulation of the coulometers was the same in each of
the three series listed in table 4,
ANALYSIS OF THE ANODE PRODUCT,
When 3600 ooulombs had passed through the coulom
eters the current was interrupted and the analysis of
the anode product was begun.

In turn, the inner ves

sel of each of the three coulometors was removed, a
portion of the clear sodium chloride solution was
carefully poured out of the holo (H) and it was then
placed aside (preferably in the dark) to await analysis.
The analysis of one of the anode solutions was immed
iately begun.

This required about one and one-half
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hours,

Then the anode solution of the second cell

was titrated in about the sane tins.

Thus the anode

solution in the third cell stood at least three
hours before it was titrated.

The anode solutions

were titrated with a solution of sodium thiosulphate,
in the following manner,
A l iter of approximately normal sodium thiosulphate was made up and kept in a dark bottle,

A p or

tion of this solution was diluted to exactly onohundrodth the concentration of the approximately nor
mal solution.

This was done by woighing 3,82595 grams

of the concentrated solution from a weight burette and
diluting it with 578,770 grams of water.

The weight

burette was weighed on a Christian Booker ohainomatio
balance.

The water was weighed on a Sartorius bal

ance of large capacity.

The set of weights was cal

ibrated by the Bureau of Standards and weighings were
corrected to vacuum.

The specific gravity of the

diluto solution was determined by means of a Barker
and Parker 2P
" pyknometer and found to be 1,0009 at
30° 0.
The titration was carried out by using a def
inite amount of the concentrated solution, and then
finishing the titration with the dilute solution.
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The concentrated solution was added from a weight
burette and the dilute solution was added from a
volume burette which had been calibrated by the
Bureau of Standards.

Since the specific gravity of

the dilute solution was known, the amount of sodium
thiosulphate in grams of conoentrated solution
could bo determined by multiplying tho volume by
the specific gravity and dividing the product by
100.

These are tho amounts tabulated in table 4.
Since 3600 coulombs were passed through the

solution, an amount of iodine equivalent to about
37.3 co of normal thiosulphate should have boon
liberated.

Approximately 30 cc of thiosulphate was

introduced into the titration vessel (a 500 oc Erlenmeyer flask) from a previously weighed weight
burette.

This was diluted with about 30 cc of

conductivity water.

Then the iodine solution was

slowly siphoned from the inner vessel of tho ooulorn
ate r under the layer of thiosulphate solution in the
titration vessel, by means of the arrangement dia
gramed in figure 4.
The end of the capillary tube (D) was drawn to
a fine tip and was bent so that it fitted snugly
against the bottom of the inner vessel (A).

The
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tube (0 ) T.'as attached to a suction filter pump.
The bottle (C) was Inserted to make the filtering
proceed more uniformly and also to act as a trap.
The rubber tubing (?) was merely loosely attached
to the tube (E) so that it oould be detached easily
and rapidly as soon as the siphoning had begun.
Siphoning must proceed slowly to avoid spattering.
V-*hen all of the iodine solution had been siphoned
from the vessel (A), some of the cloar chloride
solution still being present, the process was in
terrupted.

About a gram of potassium iodide crystals

was introduood into the vessel (A).

The resulting

iodide solution dissolved any iodine v/hioh romained
in the vessel.

This was thon siphoned ovor into tho

titration vossol (B).

Thon the vessel (A) and the

anode, v/hioh was still in place, were rinsed by
introducing about 20 co of conductivity water into
tho vessel (A) and then siphoning it into the titra
tion vessel.
several times.

This washing process was repeated
Then the siphon was removed from the

titration vessel, being rinsed off as it was removed.
The liquid in the titration vessel was stirred
by rotating tho flash and titration v/as continued
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"by adding thiosulphate solution from the weight
burette#

Extreme care was exercised at this

point not to overstep the endpoint.

As soon as

the color of the iodine solution "began to fade
(at this point the color was a little darker than
the shade of a solution of potassium ohromate) the
addition of thiosulphate solution from tho weight
"burette was discontinued#

The solution was now

transferred to a 1000 co beaker, a mechanical stir
rer was introduced and the titration was continued
by the addition of dilute thiosulphate solution
from a volume burette#

The end point was detected
11j
by moans of the electrometric method .
Prom tho volume of dilute thiosulphate solution

added until the end point was reached, tho equivalent
number of grams of concentrated thiosulphate solution
was known#

This adtlod to the woight of thiosulphate

solution added from the weight burette gave the num
ber of grams of approximately normal thiosulphate
solution equivalent to the iodine sot free in the
ooulometer#

Since the sane thio8uli>hate solution was

used in all of the analyses, the amounts used should be
the same for the different ooulometars of a given
series#

The agreement with which these amounts checked
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was a measure of the precision attained,

Thus it

was not necessary to know the actual concentration
of the thiosulphate solution to attain our purpose.
In titrating the iodine solution care was taken
not to dilute the solution too greatly. According
17
to Popoff and Whitman
the final concentration of
potassium iodide in the solution should he at least
g<5
two per cent, Chapin "* found that the concentration
of potassium iodide in the solution at the end of the
titration should bo at least four per cent#

The

amount of potassium iodide in the original enolyte
was 19,23 grams,

during electrolysis 6,18 grams of

potassium iodide were decomposed.

This left 15,1

grama of iodide in the solution.

At the end of the

titration 19,83 grams of iodide were again present.
At the beginning of the titration the volume must
not exceed 528 co and at the end of the titration
the volume must not oxooed 432 co in order to meet
the specifications suggested by Chap in23.

Accord

ing to iopoff and Whitman*11 the dilution may be
carried twice as far or to 964 ce.

Apparently the

end point could be determined more precisely at the
higher dilution, so Just before electrode trio ti
tration was begun, the solution was diluted to about

900 oo with conductivity water.
The detection of the end point at the different
dilutions is illustrated he low by giving data taken
near the end point at each of the dilutions.

In a

preliminary trial made during the summer of 1952 the
solution which had "been titrated to near the end
point by adding concentrated thiosulphate solution
from a weight burette, as is discussed above, was
transferred to a beaker and diluted to about 450 oo
before finishing the titration by adding dilute
thiesulphate solution from a volume burette.

Hear

the end point the folio wing data were talcs n and the
end point was chosen according to tho method sug17
goatod by Pop off and V/hitman .
cc reagent

54.56

34.51

34.67

34.83

54.99

35.15

E relative

.1690

.1608

.1518

.1420

.1535

.1253

ciE

.0082

.0090

.0098

.0087

.0080

Since dE from 34.67 to 34.83 is greatest, the end point
is somewhere between these values.

Since dE (.0090)

from 34.51 to 34.67 is greater then dE (.0087) from
34.83 to 34.99 the end point was chosen nearer to 34.67
and in this case was chosen one third of the way from
34.51 to 54.67 or at 34.56.

The change in volume as
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road on the burette (about 0.16 oo) re pre sants
the withdrawal of three drops from the "burette.
A similar iodino solution, after being titrated
to near the end point by adding concentrated thiosulphate solution from a wight burette, was trans
ferred to a beaker and diluted to about 900 oo before
finishing the titration by adding dilute thiosulphate
solution from a volume burette.

Hoar the end point

the following data wore taken and the end point was
ohoson according to the method suggested by Popoff
and Vvhitrnan17.
oc roagont

47.46

47.52

47.57

47.62

47.67

33 relative

.1787

.1735

.1672

.1605

.1555

dE

.0054

.0061

.0067

.0050

Since <3E from 47*57 to 47.62 is greatest, the end
point is somewhere between these values.

Since dE

(.0061) from 47.52 to 47.57 is greater then dE (.0050)
from 47.62 to 47.67, the end point is nearer to 47.57
and in this case was chosen an 47.59.

The change in

volume as read on the volume burette (about 0.05 cc)
represents the withdrawal of one drop from the burette.
it the higher dilution, tho end point can probably
be chosen as precisely as a volume burette can be read,
that is, to within about 0.03 cc.

At the lower dilu

tion the end point oannot be chosen nearly so pre
cisely.

It is doubtful if it can bo chosen to within

two drops or about 0.10 co.

Ilattors v;erc equally as

bad at the lower dilution when the solution was added
drop by drop, or two drops at a time for in either
of the latter oases the change in the successive values
of &F was so small that tho end point could still not
be do tooted any moro precisely.

IJear tho end point,

several readings of tho potontiomoter (after a given
addition of thipsulphate) varied as much as 0.0003
volt3 which was about as ranch as the ohango in dE
for the addition of one drop.

Honco it was found to

be necossary to add three drop3 at a timo in ordor
to bo cor tain of having tho values of dT> g radually
increase to a maximum and then dooroasa again.
At tho highor dilution tho value of dh for three
dro; s is 0.0178 volts or nearly double tho value of
&E for three drops (0.0090 volts) at the lower dilu
tion.
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Table 4.
Date

Series
number

Cell

Sodium
thiosulphato
solution

p variation
from mean
value

7/23

1

#2

47.795 gms.

7/23

1

47.704

7/26

2

#3
jit
rr1

48.703

It

40.035

7/26

2

#3

48.686

It

-0.035

7/29

3

trl

48.887

tt

+0.012

7/29

3

#3

48.872

ft

-0.018

7/29

3

#3

48.883

t!

tt

+0.095
-0.095

+0.004

In the first two series some difficulty was ex
perienced since the method of handling the cells v/as
being worked out.

Reference to the table will show

that oell #1 in series 1 and cell #2 in series 2 v/ere
not carried through the method successfully.

The

decrease in error in passing from series 1 to 3 is
attributed to improvement in technique In handling
of the coulometor after electrolysis was complete
and to improvement in the method of transferring the
iodine solution from the inner vessel of the coulom
etor to the titration vessel.

-60-

C0HPARIS01I OF THE I GDI IIP COUL03.ETER Y.:ITH TEE
SILVEjR C0UL02IETFB.
THE SILVER C0UI0M3TEH M D ITS LtAIIIPULATIOII.
The two a liver coulonetors used wore approxi
mately the same size and were mado according to
the specifications of the Bureau of Standards16.
The cathodes woro 350 cc platinum bowls which
weighed approximately forty grams each.

A third

platinum bowl of about the same size was used as
a counterpoise in weighing.

After the silver de

posits had been weighed, they were removed by elec
trolysis, being simultaneously plated out on the
bars of silver which served as the anodes in the
silver coulometers.

When practically all of the

deposit had been removed, the platinum bowls were
washed in hot dilute nitric acid.

After boing

thoroughly washed with conductivity water, they
were baked in an oven at 300° C.

Then they were

removed from the furnace with platinum tipped tongs
and placed in a dessicator over sulphuric acid
to cool.

They were kept in the same desiccator

while not in use.
The anodes were round bars of pure silver,
about 1 centimeter in diameter and 6 centimeters
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long, which were coated with electrolytic silver.
Each time the Goniometers were used the anodes
were plated again during the removal of the previous
silver deposit from the platinum "bowls.

A f resh ten

per cent solution of silver nitrate was used during
this plating process which was carried out at a low
current density in order to get a good, adherent
crystalline deposit.

The anodes were then thoroughly

washed with conductivity water and then "baked at
300° 0 or more to expel any acid that may have come
from the solutions.

They were then placed in a

desiccator over sulphuric acid whore they remained
while not in use.
A porous cup, 8 centimeters long and 3 centimeters
in diameter was placed around each anode.

This porous

oup was suspended from the anode by passing a small
glass tube through holes in the upper parts of the oup
and anode.

In preparation for use in the Goniometer,

these cups were boiled in nitric acid, washed thor
oughly with conductivity water and then baked at 300° C.
Thereafter, they were kept immersed in ton per cent
silver nitrate solution which was kept in the dark.
The electrolyte was a ten per cent solution of
silver nitrate.

This was freshly prepared before

each electrolysis by dissolving 28 grams of the pure

62-

8811 (prepared as described above) in 252 grans
of conductivity water.

This solution was equally

divided between the two couloraeters.
The coulometer was assembled by placing the
platinum bowl (the cathode was handled with plat
inum tipped tongs) in position on the stand of the
coulometer.

Then the anode was hung on its support

immediately above the cathode bowl.

The porous cup

was placed around the anode and the anode and por
ous cup were lowered into the bowl.

Then the

electrolyte was poured into the bowl, a portion
of it being pipetted into the porous cup.

The

base of the coulometer was made of bakelite.

For

convenience, two binding posts were mounted on the
base of the coulometer, one of these was connected
to the cathode bowl and tho other was connected to
the anode support and consequently to the anode.
During an electrolysis the entire coulometer was
covered with a large glass $ar in order to keep
foreign material from dropping into the eleotrolyte.
Ho attempt was made to control the temperature of
the coulometer since the temperature coefficient of
the coulometer between 20° C and 50° 0 is negligiblex^.
During an electrolysis 3600 coulombs were permitted
to pass, that is, a current of 250 milliamperes
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wes permitted to flow for four hours#
Immediately after electrolysis was interrupted
the anodes and porous cups were removed and set
aside in the dark to await cleaningt which was done
after the cathode had been properly treated#

Then

the electrolyte was slowly siphoned out of the
platinum bowl.

The silver deposit was repeatedly

washed by adding conductivity water to the bowl
and siphoning it out until the wash water did not
give a precipitate when tested with potassium
bromide solution.

Several wash waters were used

after no silver nitrate oould be detected with the
16

potassium bromide solution

•

Care was taken not

to loosen the silver deposit during the washing
process nor to siphon off any loose silver***6 which
was seldom present.

After thorough washing, the

cathode bowls v/era dried at about 90° 0 in an elec
tric oven and then baked at 300° C#

They were re

moved from the oven with platinum tipped tongs and
placed in a desiccator over sulphuric acid to cool
before weighing.
While the cathodes were being cooled the anodes
were removed from the porous cups and washed with
conductivity water.

Then they were baked at 300° 0
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and placed in a desiccator until it was convenient
to plate thorn with silver.

They were plated when

the silver deposits were being removed from the
platinum cathodes after they had been properly
weighed.
Then the porous cups were oleaned, as desoribed
above, in preparation for the next electrolysis.
They were not used around the bare of silver when
the silver deposits were being removed from the
platinum bowls.
The cathodes were not handled with the bare
hands neither while assembling the apparatus nor
after the eleotrolysis was finished.

The weighings

were mado on a Volands and Sons chemioal balanco.
The beam of the balance was graduated to tenths of
a milligram and the sensitivity of the balance was
suoh that it was possible to estimate the weight
of tho platinum cathodes to 0.05 milligrams.

The

weights of the silver deposits listed in table 6
are the actual weights corrected for inclusions as
suggested by Vinal and Bovard5 of the Bureau of
Standards.

They found that on the average 0.004 per

cent of the weight of the deposit was due to in
clusions.

IODIIIE OOULGI.ETER ADD IT S IhUJIPULATIOIT,
Daring the course of the comparison of the
iodine coulometer with the silver Goniometer, it
was found that the form of tho coulometer as well
as its manipulation had to be varied somewhat,
Honce# it is nooessary to discuss the form end
manipulation of the iodine coulometer with refer
ence to table 5,
Tho first 6 eerie a listed in table 5 were
run during tho summer of 1935,

The iodine ooulorn-

eter used in series 1, 2 and 3 was the same as tho
one diagramed in figure 3, except that the wax layer
(T) was omitted and tho rod (R) extended only about
2 centimeters above tho rubber stopper,

A wax layer

(T)# which passed through the rubber stopper and ex
tended less than a half centime tor above and below the
stopper, was put on tho rod (R) before series 4, 5 and
6 were run.

The remaining series listed in table 5

were run during tho summer of 1934,

Before those

series wore begun the rod (R) in tho coulometer was
replaced by a longer ono whioh extended about 4 centi
meters above the rubber stopper and had a layer of
sealing wax on it which passed through the stopper
and extended about 3 centir/aters above and 2,5 centi
meters below the stopper.

The purpose of this layer
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of was is disouesod below.

In all of the series

listed in table 5, the iodine eoulometers were as
sembled in the manner diseussed above, in connec
tion with figure 3.
During an electrolysis, two iodine eoulometers
were connected in series with the two silver eoulom
eters discussed above.

In order to insure good in

sulation the silver eoulometers wore placed on as
bestos boards (l centimeter thick) which were in
turn placed upon celotox boards that had been soaked
in paraffin and the wire connections wero all sus
pended in the air*

In series 1 to 6 inclusive; the

iodine ooulometors wero placed in a constant temper
ature mineral oil bath (30° C) since the temperature
coefficient of the eoulometers was to be do tor mined
as is discussed below*

In serios 8 and 10 the iodine

eoulometers were placed in an ice bath at 0° C.

In

series 7 and 9 the iodine eoulometers (at room
temperature) wore placed on asbestos boards ( 1 cen
time tor thick) which were in turn placed upon celotex
hoards that had been soaked in paraffin*

In each

run the wire connections between all of the eoulom
eters were suspended in the air*

In all of the

series, except sories 3, a current of 250 milliamperes

was permitted to flow until about SGOO coulombs
had passed.

The source of the current was several

storage batteries connected in series with a bal
last resistance, an amine tor, two iodino coulonoters
and two silver oouloraoters.

The ammeter was a

standardised Weston milliamir©tor, model 1.

The

current seldom fluctuated more than 2 milliamperes
during an electrolysis.
Immediately after electrolysis mo interrupted,
the silver coulonoters were oared for as discussed
above.

While tho silver nitrate was being siphoned

out of the platinum bowls of the si Ivor coulonoters,
the inner vessels of the two iodino ooulomotere were
removed, a portion of tho clear sodium chloride solu
tion was carefully poured out of the holes of tho side
of the vessels and they wore placed aside, (in the
dark) to await analysis.

Tho treatment of the silver

Goniometers required about two hours, so one of the
iodine coulomoters stood at least two hours bofore
boing titrated and tho second iodino coulometor stood
an additional one and one-half hours while the first
titration was being made.
Tho analysis of tho anode product v/as made by
the method discussed above, in connection with figure
4*

The only variation was that, in this case, a
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standardized solution of sodium thiosulphate was used
in place of the approximately normal solution*

The

standardization of this solution is disoussed below.
Thus It was possible to determine the amount of iodine
which was set free during electrolysis.

Then the

equivalent amount of silver was calculated and listed
in table 5.

The amount of silver deposited during

the same electrolysis is also listed in table 5.

The

last column in this table lists the per cent varia
tion of the calculated amount of silver, equivalent
to the iodine liberated, from the ire an of the amounts
of silver deposited in the silver coulometers.

The

series are numbered in the order in which they were
run.
The large relative variation observed in series
number 1 might have been due to one or more sources
of error.

It was thought that the ourrent efficiency

of the iodine ooulometer might not have been 100 per
cent at the ourrent density used; that the iodine
coulometers might have been shorted; or that the stand
ardization of the thiosulphate solution might have
been in error.
Series number S was run exactly as the first series
except that the ourrent density was decreased from

Table 5
Coulometer
number

Temp,
°C

Amps, per
sq. cm.

Silver
deposit

Mean Ag.
deposit

Ag. equiv.
of iodine

Per cent
variation

1

1

30
30

.0606
.0606

4.05495
4.05499

4.05497
4.05497

4.04045
4.03958

-0.36
-0.38

z
z

1

30
30

.0303
.0303

4.09216
4.09177

4.09196
4.09196

4.07765
4.07610

-0.35
-0.39

3
3

1
2

30
30

.00606

.00606

2.06939
2.06957

2.06948
2.06948

2.06145
2.06192

-0.39
-0.37

4
4

1
2

30
30

.1212
.1212

4.03884
4.03870

4.03877
4.03877

4.03660
4.03775

-0.05
-0.03

5
5

1

30
30

.0606
.0606

4.11833 4.11823
4.11813 4.11823

4.11444
4.09848

-0.09
-0.48

6
6

1

30
30

.0606
.0606

4.06535 4.06536
4.06537 4.06536

4.06146
4.03411

-0.10
-0.77

1

2

2

2

2

Table 5 (continued).
Series
number

Coulometer
number

Temp.
°C

1

31.5
31.5

*0606
.0606

4.03206
4.03198

0.
0.
1

1

2

8
8

2

10
10

2

Amps, per Silver
sq. cm.
deposit

Mean Ag.
deposit

Ag. equiv.
of iodine

Per cent
variation

4.03202
4.03202

4.03037
4.03160

-0.04
-0.02

.0606
.0606

4.05816 4.05819
4.05821 4.05819

4.06071
4.05977

/0.06
/0.04

32.5
32.5

.0606
.0606

4.07824
4.07840

4.07832
4.07832

4.07846
4.07783

-0.01

0.
0.

.0606
.0606

4.04224
4.04217

4.04221
4.04221

4.04117
4.04201

-0.03
-0.005

/0.003
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0.0606 ampere8 per square centimeter to 0.0503
amperes per square centineter.

Series number 3

was similar to series number 1 and 2 except that
the current density (0.00606 anperes per equaro
centimeter) was near the upper limit (0.005 amperes
per square centimeter) used by Washburn and Bates10
and only about half as much electrolysis oo our red in
this case.

Since the results in series lv 2 and 3

were practically the same, the per cent variations
listed in table 5 V7ere probably not due to a varia
tion of current efficiency with current density.
The thiosulphate solution was titrated against
another sample of iodine in order to determine
whether or not an error had been made in the stand
ardization of this solution.

The results listed

in table 6 for sample 2 indioated that 1 gram of
thiosulphate solution was equivalent to 0.07801 grams
of iodine.

This was about 0.038 per cent lower than

the value obtained by using sample 1.

This variation

might have been due to chlorine or bromine in san^ple
2, since it received no special treatment before use
as is discussed in connection with table 6.

In order

to account for the variations in series number lf 2
and 3, (table 5) one gram of thiosulphate solution
would reed to have been equivalent to about 0.07835
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greras of iodine.

In view of the results lisfced in

table 6 this was considered very unlikely.
As stated above, in series lf 2 and 5 the rod
fR)» in figure 5, extonded about 2 centimeters above
the stopper end there was no layer of wax (T) around
the rod.

It was thought that a small fractional part

of the current might have leaked over the surface of
the rod, through the electrolyte (sodium chloride
solution), over to the cathode (S).

Suoh a short

would cause the amount of iodine liberated to be
low.

A l ayer of wax (5?) was put around the rod in

order to prevent such a leak.

In series 1, 2 and 3

the Goniometers were connected in series so that the
current passed in turn through iodine oouloraetar 2,
iodine ooulorneter 1, silver ooulorneter 2 and silver
ooulorneter 1.

(Thus there might have been en external

short circuit across the two iodino ooulomoters which
would permit thorn to check oaoh other and yet not check
the silver ooulometers.

£his was considered somewhat

unlikely though as the connecting wires botwoen the
coulometer3 were suspended in the air.

However, the

results obtained in series 1, 2 and 3 indicated that
there must have been an external short circuit across
the iodino ooulomoters or otherwise the internal leaks
within the ooulometers must have been of about the
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same magnitude.

In trying to locate a source of

error, it was observed that the stirrer in the
constant temperature hath and in turn the hath it
self were ghort-circuited to the 110 volt line which
was used to heat the hath end also drive the stirrer®
Oare had "been taken to keep all leads leading to
the ooulometers well insulated from the hath itself
hut it is barely possible that a leek might have
occurred®

The possibility of the same external short

oirouit across the two iodine ooulometers was elimi
nated in series 4, 5 and 6 by passing the current
in turn through iodine ooulometer 2§ silver ooulometer 2, iodine ooulometer 1 and silver ooulometer
1.

In series 4 the agreement between the ooulometers

was fair so it was thought that the source of error
had been removed®
The ooulometers v/ero placed in the same relative
positions in series 5, but the variation in iodine
ooulometer 2 was greater than over.

The author

suspected some gross error in the titration of this
iodine sample and failed to examine the anodes as
oar©fully as he did after a similar error was ob
tained in series 6.

On inspection of the wax layers

it was observed that the lower edge (next to the
sodium chloride solution) of each of the wax layers
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had been attaoked.

The wax in ooulometer 2 was at

tacked even more than that in ooulometer 1,

The

lower edge of the wax had turned a sort of grayish
white and crumbled off when it was rubbed#

Evident

ly a leak had occurred within the ooulometers even
over the wax layer and the wax had been attacked
electrolytic ally#

In series 4, the surface of the

wax might have been loss contaminated and thus
prevented the internal short circuit during this run#
The remaining series wore made during the
summer of 1954#

In each of those runs the our rent

passed in turn through the silver ooulometer 1#
iodine ooulometers 1 and 2 and then through silver
ooulometer 2#

Before these runs were begun the

rods (K) in the ooulometers wore replaced by longer
ones wliioh extended about 4 centimeters above the
rubber stoppers and had layers of sealing wax on them
which passed through the stoppers and extended about
5 centimeters abovo and 2#5 centimeters belov; the
stopper#

After each of the following runs, the lower

edge of the wax was inspected and was found not to
have been attacked. Evidently, the layer was long
enough to prevent a leek over its surface for the
iodine ooulometers checked each other better and were

in mach "bettor agreement with tho silver ooulometers.
It will "be observed that in series 7, 9 and 10
the silver equivalent of tho iodine set free in the
iodine ooulometers was lower than tho no an silver
deposit in the silver oonions tors.

In sorios 8 the

si Ivor equivalent of tho iodine was higher.

This

was accounted for at the time of the experiment.
.After the electrolysis was begun, tho room became
filled with ohlorino gas from an adjoining labora
tory where a chlorination of some organic compound
was being made on a rathor large scale by using
ohlorino gas from a cylinder of chlorine.

So much

chlorine gas was escaping that caio could scarcely
remain in tho room.

The chlorination was continued

during the greater part of tho day, honoo tho room
was filled with chlorine gas during the oleotrolysis
and the analysis of series 8.

Before any more runs

were made, methods of proper disposal of tho exoo3s
chlorine, in the adjoining laboratory, were introduced,
and the room in which this investigation was continued
remained free from chlorine.
The mean per cent variation of tho 8 iodine
ooulometers, used in series 4, 7, 9 and 10, from the
silver reference ooulometers was -0.025 per cant.

The
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nasi mom v ariation was -0.05 per oent.

The mean per

cent variation of the 6 iodine ooulometers, used in
series 7, 9 and 10 (1954), from the silver reference
ooulometers was -0,017 per cent and the maximum
variation was -0.04 per cent.
One vrf.ll observe that of the 8 iodine couloinotors, use a in series 4, 7, 9 end 10, the value, of
the silver equivalent of the iodine liberated in
7 of them is less then the me en silver deposit.
In calculating the silver equivalent of the iodine
the atomic weight of silver was used as 107.8JO
and that of iodine was used as 126,92.

If the atomic

weight of iodine wore lower, tho above values would
be thrown into closer agreement.

Sovoral of the

more recent atomic weight determinations have givon
lower values than that recommended by tho Committee
on Atomic Weights of tho Internatianal Union of
Chemistry0, Guichard2- obtained 126.915, Baxter and
Op
Butler*"*3 obtained 126,905, and Uonigschmidt and
Striohol*"13 obtained 126*917 for the atomic weight of
27
iodine, Recently, Guichard" recommended the use of
126.91 as the atomic weight of iodine for the pice sent.
She Committee on Atomic Weights of the International
5
Union of Chemistry" recommends the use of 126.92,
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STiUTDAHD SODIU11 THIOSULPHATE! 50LUTI0II.
Tho method used, during the summer of 1954t in
the standard!cation of the sodium thiosulphato
solution was tho sas that usod during tho stun
ner of 1953*

The method of storing and using the

thiosulphate solutions was the same throughout the
investigation.

Hence a dotailed disoussion of the

standard thiosulphato solution used in 1935t and
merely the results of tho standardization of the thio
sulphato solution used in 1954 will he given hero.
Two and one-half liters of approximately N/2
solution of the thioeulphate was made up and trans
ferred to a dark bottle.

This bottle was kept sub

merged to the neok in a large tank of water at
50° 0 to prevent condensation of moisture on the
upper part of the inside of the bottle due to
IP
temperature changes in the surroundings • The
bottle was fitted with a siphon eo that solution
could bo withdrawn without removing the stopper.
This solution stood for 24 days before being stand
ardized.

A portion of this solution was diluted to

exactly one-hundredth the concentration of the ap
proximately 11/2 solution.

This was done by weighing

20.40744 grams of the concentrated solution from a
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weight burette end diluting it with 2020.537 grams
of water#

The weight burette was weighed on a

Tolsnd and Sons chemical balance.

The water was

weighed on a Sartoriu3 balance of large capacity.
The set of weights was calibrated by the Buroau
of Standards and weighings were corrected to vacuum#
The dilute solution was stored just as the concentrated
solution was.

The specific gravity of the concentrated

solution was found to be 1.0817 at 30° 0 and that of
the dilute solution was found to be 1.0009 at 30° 0.
These were determined by means of s Parker and •
Parker22 pyknoraeter.
The concentrated solution was standardized agalnst iodine as follows.

About 4.7 grams of iodine

{4.7352 grams are liberated by 3600 coulombs) woro
weighed out in a glass stoppered weighing bottle.
This was immediately dropped Into a glass stoppored
Erlenmeyer flask which contained about 13 grams of
potassium iodide in about 150 co of triple distilled
water.

The stopper of the weighing bottle was loosened

but not removed before dropping it into the Erlenraeyor
in ordor not to lose any iodine as vapor.

This is

similar to the nsethod used by Faulk and Morris20 and

that {riven by TreadleII28.

When the sighing bottle

was introduced, the Erlenmeyer was tilted so that
the solution came near the mouth of the flask.

In

this maimer the bottle would slide in so smoothly
that the stopper would not bo re novod.

She weighing

bottlo was weighted with an agate marble so it would
sink in the solution.

Then an amount of the thiosul

phate solution, which was a little less then the
amount equivalent to the sample of iodine, was added
to the Erlenmeyer flask from a weight burette.

By

rotating the flask the stopper of the weighing bottle
came out readily and the iodine was beneath the sur
face of tho solution.

YJhen the iodine was oil dis

solved the titration was continued by adding thiosulphate solution from the weight burette.

As soon as the

color of the solution began to fado, the addition of
thiosulphate solution from tho weight, burette was
discontinued and the solution was transferred to a
1000 cc boeker and diluted to about 900 oc.

A mechan

ical stirrer was used to stir the liquid in tho- titra
tion beaker and titration was continued by the addition
of dilute thiosulphate solution from a volume burette!
which had been calibrated by tho Bureau of Standards.

The end point was do tooted by moans of the elec
tron© trie method*17.
jProm the volume of tho dilute thiosulphate
solution added, tho equivalent number of crams of
oonoentrated thiosulphate solution viae known.

This

amount added to the weight of thiosulphate solution
used from the weight burette gave tho number of
grams of oonoontratod solution which was equivalent
to the number of grans of iodine used.

Thus it was

found that 1 gram of tho concentrated solution was
equivalent to 0.0780595 grams of iodine (atonic weight
126.93) end 0.066532 grams of silver (atomic weight
107.880).
Tho results of tho standardisation of the
thiosulphate solution used during tho summer of 1935
are listed in tablo 6.
Table 6.
Trial

Sample
iodine

lodino
equivalent

1

1

.078039

-0.0006

2

1

.078038

-0.002

3

1

.078059

-0.0006

4

1

.078042

+0.005

5

2

.078009

6

2

.078012

fo v ariation
from mean
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Sample number 1 was purified (1955) according to
the method disoussed above, under the heading,
"Purification of materials".
given no special treatment#

Scnple numbor 2 was
It was a sample of

llallinkrodt's, analytical roagent, chlorine and
bromine free iodine*

Column 5 of tablo 6 lists

the number of grams of iodine equivalent to 1 .
gram of tho standard concentrated sodium thiosul
phate solution#

trials 5 and 6 wore not included

in computing the mean iodine equivalent of 1 gram
of concentrated thiosulphato solution mentioned abova#
• Tho results of tho standardisation of tho
thiosulphato solution used during the summer of
1954 are listed in table 7*
Table 7.
Trial

Sample
iodine

Iodine •
equivalent

fo v ariation
from mean

1

3

*0898113

^0.003

2

3

.0897991

-0.014

3

3

.0898108

/0. 003

4

3

.0898117

yo.004

5

2

.0397608

6

2

.0397724
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Sample number 3 was purified (1934) according to .
tlie method disoussed above, under the heading,
"Purifioation of materials'1*

Samplo number 2 was

given no special treatment#

It was some of the

same sample 2 used in 1933*

Column 3 of table 7

lists the number of grama of "iodine equivalent to
1 gram of the standard concentrated thiosulphate
solution.

The mean iodine equivalent, obtained

by using the values for trials 1, 8, 5 and 4, only,
was found to be .0890085.

The specifio gravity

of the concentrated thiosulphate solution at 30° C
was found to be 1.0940 and that of the dilute so
lution was found to bo 1.0008.
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3EEEESAIUES CQSmCIBIiT 01? !D H3 I OBHIS OOUIOMETER.
In tha comparison of the iodine QOUIOHBtar
with the silver coulometor, the temperature of the
iodine ooulometer was maintained ^proximately
constant during any given run®

Column 5 of table

5 lists the temperature of the bath surrounding the
iodine ooulometer to within 0.6° 0®

She temperature

of the solution in the outer vessel, outside of the
3 GO be ting cylinder, of the iodine coulometor was
measured at the end of every run and was found to
be from 1° 0 to 1*5° 0 higher than that of the sur
rounding bat ho
Reference to table 5 shows that at 0° 0 (series
10) the mom value of the silver equivalent of the
iodine liberated was about 0.02 per cent lower than
the silver deposit®

Series 8 was made at 0° 0 too,

but as is stated above, it is unreliablo due to the
presence of chlorine gas in the room while this run
was being made.

Series 7 at 51.5° 0 gave a silver

equivalent which was about 0.03 per cent low®

Series

9 at 32®5° 0 gave a corresponding value which was
0.006 per cent low®
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The variation of the amount of iodine liber
ated, duo to a temperature change of about 32° 0,
appeal's to be within experimental error*

Thus we

may oonolude that for temperatures from 0° 0 to
32*6° 0 the temperature coefficient of the iodine
ooulometor is negligible at the current donaitios
here employed.
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VARIATION OF TEF HATURE OF THE 0ATH01YTE.
The iodine ooulooeter used in this investi
gation has heen discussed in detail in connection
with figure 3#

Reference to that disoussion will

show that hydrochloric acid was used around the
cathode to prevent the accumulation of hydroxyl ions
which upon migration to the anode region would pro
duce a loss in iodine#

Ho doubt s number of other

chemicals would serve the purpose as well# Gallo8,
10
13
and later Washburn and Bates ' and Vinal and Batos
used a solution of iodine in potassium iodide around
the cathode#
%drochlorio acid served the purpose well#

The

specifio gravity of G 2 U solution of hydrochloric
acid4,9 at 30° 0 (1.0283) is less than that of a 10
30
o
per cent solution of sodium chloride" at 30 0
(1.06676).

Therefore, when the acid is Introduced

carefully, a distinct meniscus is formed betvjeen
the two solutions#

Greater care must be exercised

in introducing the acid than the potassium iodide
solution, since the specific gravity of a 50 per
cent solution of potassium iodide°x at 30° 0 (1.63822)
diffors more from that of a 10 per cent solution of

-86-

sodium ohlorid.8 than the sodium ohloride solution
differs from a 21 solution of hydrochloric acid®
Undue mixing must he avoided, for tho acid must not
reach the anolyte®

Oxygen of the air will liberate

iodine from an acid solution of potassium Iodide®
No trouble was experienced in this respect® however,
and one would hardly expect to, since the hydrogen
ions tond to migrate toward the cathode as soon as
the electrolysis is begun.
16
Cady" made no attempt to prevent the accumu
lation of the hydroxyl ions at tho cathode, but in
creased the length of the path between the anode end
cathode to such an extent that during the period of
electrolysis the hydroxly ions did not have time to
migrate over to the anode region®

Increasing the

length of this path increases the internal resistance
of the ooulometer.
In attempt was made to determine the effect of
omitting tho acid from tho ooulometer diagramed in
figure 3.

If it were possible to omit the acid and

still attain the desired precision it would bo desir
able, for the proper introduction of the acid into the
Goniometer requires special care.
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IH each run made in this part of the investi
gation four iodine ooulometers were oonneoted in
series®

Current from the source (Edison cells)

passed in turn through a "ballast resistance, an
iodine reference oouloraeter (number l)v two iodine
test ooulometers (numbers 2 and 3) and then through
another iodine reference ooulometer (number 4)® She
same precautions rare

talien to insulate tho ooulom

eters as are discussed under the heading, "Compar
ison of the iodine oculomotor with the silver ooulom
eter"®

A c urrent of 250 miHianrperes passed for the

length of time indicated in table 8®
rare

made at room temperature®

These runs

Series 1 and 2 rare

made at 55° 0 and series 3 was made at 50° 0®
Iodine reference ooulometers wore used in place
of silver reference ooulometers since they are much
more convenient®

The minimum time required to proper

ly care for two silver ooulometers and get them ready
for another electrolysis is about 24 hours, while the
author found that he could determine the amount of
iodine liberated and have two iodine ooulometers
ready for another electrolysis within 6 hours after
an electrolysis was finished.
Tho results of three series are listed in table 8®

Table 8
Series
number

Ooulometer
number

1

1

••1437

4.

50.9855

1

2

.0606

4.

50,7181

-0.51

1

3

• 0606

4.

50.9034

-0.15

1

4

• 0606

4.

50.9690

50.9773

-0.02

2

1

.1437

1.5

19,2021

19.1981

/0.02

2

2

.0606

1.5

19.1880

-0.05

2

3

.0606

1.5

19,1850

-0.07

2

4

.0606

1.5

19.1941

19.1981

-0.02

3

1

.1437

4.

51.0024

51.0004

/0.004

3

2

•0606

4.

50.6624

-0.66

3

3

,0606

4.

50.6727

-0.64

3

4

.0606

4.

50.9983

Amps.
per
sq. cm.

Time
Sodium
in thiosulphate
bra. soln. (gins.)

Mean of
referenoe
ooulometer
50,9773

51.0004

Per cent
variation
fran this mean
/0«02

-0.004

Since iodine reference calls were used, it
was not necessary to use a standardised solution
of sodium thiosulphate.

The thio sulphate solutions

used here were prepared and used similarly to the
method discussed above, under the heeding, "Standard
sodium thio sulphate solution".

Column 5, table 8,

lists the grams of thiosulphate solution used in
titrating the iodine liberated in the various Goniom
eters.

iny variation in these masses would repre

sent a corresponding variation in the iodine liberated
in the Goniometers.

Those variations ere indicated

in column 7, table 8*
In each series, coulometcrs 2 and 5 were made up
just as the reference coulometors 1 and 4, with the
exception that the octholyte (hydrochloric acid) was
omitted in ooulometors 2 and 5.
In series 1, couloneters 2 ana 5 did not check so
well.

Honoo this series was repeated and the results

are listed as series S.

This would indicate that when

S600 coulombs are permitted to pass, the conloraotoro
can not be used without the hydrochloric acid if pre
cision of 0*1 to 0.01 per cent is desired.

In series

2 the Goniometers v-ere assembled in exactly the same

manner as in series 1 end 3.

Series 2 lasted only 1.5

hoars instead of 4 hoar3, that is, only about 1350
coulombs passed instead of 3600 ooulombs, as had boon
used in most of the series throughout this investiga
tion#

The results of series 2 indicate that one might

use the iodine ooulometer without any oatholyte (other
than sodium chloride) end still attain greater precis
ion than 0.1 per cent if the duration of the electrolysis
is short enough not to pormit the hydrosyl ion to mi
grate over to the anode region.
At the end of the electrolysis some of tho sodium
chloride solution from the inner vessel, just above
the enolyte, was tested for alkalinity.

In series 1

and 3 it was found to be distinctly alkaline to phenolthai©in, indicating that tho hydro^yl ions had migrated
to the anode region#

In series 2, it was very slightly

alkaline to plienolthalein, indicating that 1.5 hours
Is near the limit of the tirre necessary for the hydroxyl
ion to reach the inner chamber.
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USE 0? SO-CAUED 0. Pt IMRIALS.
As a matter of convenience, it would be ad
vantageous to be able to use so-oailed Ce P. mate
rials in placing of the specially purified substances
used above.

An attempt was made to determine

whether or not 0. P. materials can be used and still
attain precision of 0»1 to 0.01 par cent.
In each run made in this part of the Inves
tigation four iodine ooulometors were connected in
series.

Current from the source (Edison cells)

passed in turn through a ballast resistance, an
iodine referenoe ooulometor (number l), two iodine
test ooulomoters (number 2 and 3) and then through
another reference ooulometer (number 4).

The same

precautions were taken to insulate the ooulometers
as was discussed above uador the heading, "Compar
ison of the iodine ooulometor with the silver ooulom
eter".

A c urrent of 250 milliamperes was passed for

4 hours, that is, 5600 coulombs were permitted to pass
before the electrolysis was interrupted.
were made at room temperature.
at 32° C.

These runs

Series 5 and 6 were made

Series 4 was made at 36° 0 and series 7 was

made at 30° C.
The results of four series are listed in table 9.

Table 9
Series
number

Goniometer
number

Amps*
per
sq. cm*

Time
in
hrs.

Sodium
thio sulphate
soln. (gms*)

Mean of
reference
Goniometer

4

1

.1437

4.

51*0694

51.0652

4

2

•0606

4.

51.0537

-0.02

4

3

.0606

4.

51.0419

-0.05

4

4

.0606

4.

51*0608

51.0652

-0.009

5

1

.1437

4.

51-0122

51.0133

-0.002

5

2

.0606

4*

51.0001

-0.03

5

3

.0606

4*

51.0205

•/0.01

5

4

.0606

4.

51.0143

51.0133

-/0.002

6

1

.1437

4.

51.5229

51.5149

-/0.02

6

2

.0606

4.

51*5155

^0.001

6

3

.0606

4.

51.5186

•/0.007

6

4

.0606

4.

51.5069

51.5149

Per cent
variation
from this mean
/Q.009

-0.02

Table 9 (continued).
Series
number

Coulometer
number

lisps. Time
per
in
sq. am. hrs.

Sodium
thiosulphate
soln. (gms.)

Mean of
reference
coulometer

7

1

.1437

4.

51.1509

51.1467

7

2

.0606

4.

51.1813

/0.07

7

3

.0606

4.

51.1932

/0.09

7

4

.0606

4.

51.1425

51.1467

Per cent
variation
from this mean
/0.008

-0.008

Since iodine reference cells were used, it was
not necessary to use a standardised solution of
sodium thiosulphate.

The same thiosulphato solutions

were used in these series as were used in the series
under the heading, v*Variation of the nature of the
catholyte"«

Column 6, table 9# lists the grama of

thiosulphate solution used in titrating the iodine
liberated in the various ooulometers.

Any variation

in these masses would represent a corresponding varia
tion in the iodine liberated in the ooulometers.
These variations ere indicated in column 7, table 9*
SODIUl! CELQBIIF..
In series 4, l.lallinokrodt^s, analytical reagent,
sodium chloride was used in making up the 10 per cent
solution of sodium chloride for ooulometers B and 3.
In every other respect these ooulometers were similar
to the iodine reference ooulometers 1 and 4.

It is

interesting to note ho re that the sample taken directly
from the bottle, without any special treatment, mot
the tests applied to the specially prepared sodium
chloride discussed under the heading, "Purification
of materials"•

It did not give a precipitate with

50 per cent potassium iodide solution as the commercial
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samples used during the summers of 1932 and 1953 did
(Purification of materials)»

This commercial sample

was not available in our laboratory during the sum
mers of 1932 end 1933,

The results of series 4 in

dicate that on© may use this guslity of commercial
sodium chloride and obtain precision of 0*1 to 0*01
per cent.
PGGJASSIU:! LODIRA.
The tests lis o
t d under "Purification of materi
als", wore applied to Hallinokrodtfa, analytical
reagent, potassium iodide.

It was alkaline to phen-

olthalein and contained iodatoo or some other oxidizing
material which liberated enough iodine to color a 50
per cent solution of the sample, which was placed in
the dark, distinctly within 8 hours.

A s anplo of this

potassium iodide was heated to slightly above 400° 0
for four hours.

After being heated it still tested

alkaline but appeared to have loss, if any, oxidizing
agents remaining for It gavo a negative tost for iodatos
(Purification of materials).

A 5 0 por cent solution

of this sample did not become colored while it stood
in the dark for 24 hours.

Since the solution was alka

line any liberated iodine would tend to be used up.

In series 5, MaUinokrodtf8, analytical re agent ,
potassium iodide, whioh had been heated, was used in
making up the anolyte for oouloneters 2 and 3.

In

every other respeot they were similar to the iodine
reference ocolon©ters 1 and 4,

(The results indicate

that one may use such a sample and still obtain pre
cision of 0*1 to 0,01 per cent.
In series 7, Mallinokrodt's, analytical reagent,
potassium iodide, v/hich had not boon heatod, was used
in making up the anolyte for couloir©tors 2 and 3,

In

every other respeot they were similar to the iodine
reference ooulomoters 1 and 4,

The variations

of

these ooulomoters from tho referenoe ooulometers
were greater than in series 6, in whioh the iodide
was first heated,

While the variation is still with

in the limits of the precision (0,1 to 0,01 per cent)
aimed at in this investigation, coulometor 3 approached
the limit rather closely,
SODIUM IODIDE.
The tests which were applied to the above men
tioned potassium iodide san^ple were applied to a
sample of Mallinckrodt1 s 0,P, sodium iodide.

The

results wore identical to those obtained for potassium
iodide in every detail.

In series 6, a sample of this sodium iodido t which
had "been heated to slightly abovo 400° 0 for four hours
was used in maiding up tho anolyto for oouloneters 2
and S.

In every other respect they wore similar to

the reference ooulometers 1 and 4#

She results in

dicate that one may use such a sample and still obtain
precision of 0*1 to 0.01 per cent.
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RMSE OS* Q URHBET DENSITIES PERMISSIBLE*
Reference to the discussion foilowing table 2
will show that the permissible oar rent density depends,
among other factors, upon the physical dimensions of
the ooulomster, the total quantity of electricity which
is to pass through the coulonBter and the volume of
anolyte used.

For a o onions tor as is diagramed in

figure 5, when 25 oo of 50 per cent potassium iodide
solution is used and for a total quantity of electric
ity of 0,05 faradays the upper limit of ourrent density
is near 0,3 amperes por square centimeter for an anode
of 8,25 square centimeters,

Under the same conditions,

exoept for an anode of 4,125 square centimeters, the
upper.limit of the current density is somewhat above
0,2 amperes per square centimeter, . Under the same
conditions, except for an anode of 1,74 Bquare centi
meters, the upper limit is near 0,2 amperes per square
centimeter.
The above (table 2) somewhat qualitative data
proved valuable in designing the ooulometer for the
quantative experiments, the results of which are
listed in tables 5, 8 and 9,

In all of the cells

listed in these tables 25 oc of 50 per cent potassium
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iodide was uood as anolyte,

The physio si dimensions

of the ooulomoters used were the same as the one
diagramed in figure 3.

In esoh electrolysis, to he

considered hero, 3600 coulombs were permitted to
pass before it was interrupted.

In table 6, series 4,

an anode of 4*125 square centimeters was used*

In

this case 0*1212 amperes per square centimeter was
successfully used.

This is not the maximum indicated

in table 2 but it happens to be the highest current
density used in this investigation, with this sise
anode#

In table 5, series 7, 9 and 10, an anode of

4*125 square centime tors was used.

The current

density in these sories was 0.0606 amperes per square
centimeter and the results show that such a current
density is permissible.

In oaoh of tho series listed

in tables 8 and 9, roforonco oculomotor 4 had on
anode of 4.125 square centimeter's, and tho ourront
density was 0.0606 amperes per square o on time tor.

In

the same series, reference coulomotor 1 had en anode
of 1.74 square centimeters and the current density was
0.1437 amperes per square centimeter.

Since it is

known (Table 6) that a current density of 0.0606 am
peres per square eentimotor is permissible, the re
sults in tables 8 end 9 justify the use of a cur-
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ront density of 0.1437 amperes per square centimeter
even vdth as small an anode as 1.74 square centimeters#
The variation of reference ooulonBter 1 from referenoo
ooulomator 4 v/as r/ell rftthin the experimental error
in each series listed in tables 8 and 9#
12
final and Bates
have sho\m that current den
sities of 0.005 and 0.001 amperes per square centimeter
are permissible.

Since oxygen is more liable to be

liberated at a higher current density, it seems safe
to oonoluda that \7hon 3600 ooulombs or less pass
through the above designed iodine oculomotor current
densities from 0.001 to 0.1437 amperes per square
centimeter, at least, are permissible.

The data in

table 2 indicate that even higher current densities
are permissible.
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SUMLIAK?
A

review of previous investigations on the

iodine ooulometer has "been made.
Platinum and platinum-iridiura alloy were not
attacked whan used as anodes in potassium iodide
solutions, when current densities ranging from 0,02
to 0.31 amperes per square centimeter were used.
Specifications for an iodine ooulonBtor which
will permit 0.05 faradays to pass were determined.
By varying the form of the oculomotor, its re
sistance was reduced to 5.9 ohms, a marked oconoity
of eleotrodo material rosuited and the oouloneter
was simplified until it can he used in about one
fifth of the time required to operate a silver
ooulomoter.
By manipulation this ooulometer ?;as varied
until precisions lying between 0.1 to 0.01 per
cent were obtained.
In the direct comparison of the iodine ooulom
oter with the silver ooulometor the moan per cent
variation of 6 series of electrolyses was -0*017 per
cent and the maximum variation was -0.04 per oant.
The mean variation was within the desired experimental
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error,

Hoover, it should be noted that in 5 of the

6 eerie a the iodine couloirs tar was low.
The temperature coefficient of the iodine
coulometer was found to be negligible for temper
atures ranging from 0° 0 to 32,6° 0 at the current
densities hero employed.
When 5600 coulombs were permitted to pass
through the iodine ooulorooter disoussed above, it
was found to bo essential to use a oatholyte (hy
drochloric acid or sons other reagent whioh would
servo the sans purposo) to prevent tho accumulation
of hydroxy1 ions around the cathodo.

When the hy-

drosyl ions did not have tins to reach the anode
region during tho period of electrolysis, the
spocial oatholyte was not required.
When iialllnokr odt' o, analytical reagent, sodium
chloride was used as electrolyte, tho desired pre
cision was obtained,

Mallinckrodt?s, analytical

reagent, potassium iodide caused the amount of iodine
liberated to be too high by nearly 0,1 per cent.
When this iodide or Malllnckro&t1s C, P, sodium
iodide was heated to slightly abovs 400° 0 for four
hours before being used to prepare the anolyto, the
desired precision was obtained.
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It was found that when 5600 coulombs or less
pass through the ah ova designed Iodine ooulometer#
our rent densities of 0*001 to at least 0*1457 amperes
per square centimeter are permissible*

Qualitative

tests indicated that even higher current densities
are permissible*
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