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INTRODUCTION AND HISTORY

Coulometric analysis is a method of analysis which depends
on the measurement of the quantity of electricity necessary to
complete a chemical oxidation or reduction. The relationship
between the amount of current passed and the quantity of
material oxidized or reduced was first enunciated by Michael
Faraday. The two laws which bear his name are:

(1) The mass of a substance involved in reaction at
each electrode is directly proportional to the
quantity of electricity passed through the
solution.

(2) The masses of different substances produced
during electrolysis are directly proportional
to their equivalent weights.

It is on the foundation of these two laws that coulometric
analysis rests.

Szebelledy and Somogyi (17) have pointed out that coulo-
metric processes may be divided into two types:

(1) Those in which the desired reaction takes place
directly at a suitable electrode.

(2) Those in which an intermediate half-cell
reaction takes place at the electrode and the
material produced by this reaction then reacts

quantitatively with the substance being analyzed.



Further, the process may be divided as to oxidation or reduc-
tion, oxidation taking place at the anode or positive pole,
and reduction taking place at the cathode or negative pole.

Coulometric analysis is generally considered to have had
its origin with the two European workers, Szebelledy and
Somogyi. In 1938, they reported that they were able to
determine thiocyanate in solution by electrically generating
bromine and then allowing the bromine to oxidize the thiocy-
anate (18). The excess bromine was titrated with a standard
sodium thiosulfate solution using a starch-iodide indicator.
Throughout the titration the potential was held constant and
the amount of electricity passed was measured with a silver
coulometer. Using this same method they also determined
hydroxylamine (19) and hydrazine (20).

Szebelledy and Somogyi (21), (22) also determined hydro-
chloric and sulfuric acid by electrolyzing them in a cell
consisting of a platinum cathode and a silver anode.
Fotassium chloride was added to the acid and the solution was
electrolyzed to a bromo-cresol green end point.

Recently Lingane and Small (11) developed a method for
the determination of the halides. In their method, the halide
solution was placed in a cell containing a silver anode and a
platinum cathode. By proper adjustment of the applied volt-
age, the potential of the anode remained constant and at a
value such that the reaction Ag+ X —)AgX + e , where X

denotes chloride, bromide or iodide ion, proceeded



quantitatively. As the halide concentration decreased in the
sclution, the current dropped exponentially, and became
virtually zero when the electrolysis was conpleted. The
quantity of halide in the solution was found employing a
coulometer to measure electricity used in the reaction.
Faraday's laws were then used to calculate the amount of
halide present. They report that the ions may be determined
either singly or together, the iodide being deposited first,
followed by the bromide and chloride.

In each of the above determinations the voltage was held
constant while the current was allowed to decrease, the amount
of electricity passed being measured by means of a coulometer.
It should be noted that while the results obtained by this
method are satisfactory, there is a considerable amount of
trouble and time involved in the use of a coulometer. It
would seem plausible that if a constant current could be used,
the procedure would be simplified since a simple multipli-
cation of current times time, in seconds, would give directly
the number of coulombs of electricity passed during the
electrolysis.

In 1948, Meyers and Swift (13) reported such an analysis.
Instead of a constant voltage they used a constant current,
with an appropriate timing device. In this method, bromine
was generated at the anode and then allowed to oxidize arsenic

(III). The end point was determined amperometrically. Later,



Farrington and Swift (6), (l4) showed that chlorine and iodine
could also be used in the same type of analysis.

Seas, Nieman, and Swift (16) have used the constant
current method to generate bromine which in turn was used to
oxidize thiodiglycol. The end point was amperometric and was
based on the fact that when a suitable potential was applied
to an electrode in a solution containing bromide ions, the
indicator cathode became polarized and current would flow only
when there was a very small excess of free bromine in the
solution.

Very recently, Furman, Cooke and Reilley (8) used a large
platinum anode to generate ceric ions which then were allowed
to oxidize ferrous ions. An electronic circuit supplied the
current and its magnitude was determined by measuring the
voltage drop across a standard resistor with a potentiometer.
In their apparatus the anode and the cathode were separated,
the cathode being placed in a cylinder with a porous bottom
through which electrical contact could be made with the
anolyte. The level of the catholyte was maintained above that
of the rest of the solution so that diffusion of ceric or
ferrous ions into the cathode would not occur.

It was mentioned earlier that the coulometric processes
could be either anodic or cathodic. All of the constant
current methods mentioned to this point have been anodic but
coulometric analysis is not limited to this. Cooke and Furman

(2) used a 10 square centimeter platinum cathode to generate



ferrous ions from a ferric ammonium sulfate solution. The
ferrous ions were then used to reduce chromate or ceric ions.
The end point was determined potentiometrically and the
method proved to be very satisfactory. Furman, Cooke and
Reilley (7) also used electrically generated ferrous ions to
determine metavanadate in the presence of large amounts of
uranium.

"/ Meier, Meyers, and Swift (12) determined chromates and
vanadates by the electrical reduction of cupric copper to
cuprous and the subsequent chemical oxidation back to cupric
by reduction of the chromates and vanadates. A divided cell
was used and the end point was determined amperometrically. -

Carson and Ko (1) have used the coulometric method for
determining organic acids in the presence of large amounts of
mineral acids. It has been shown that the organic acids could
be titrated directly by a standard alkali in a 70% isopropyl
alcohol solution. The difficulty with this procedure was that
such small amounts of alkali were required for the organic
acid in comparison with that used for the mineral acid, that
carbonate-free alkali had to be used to eliminate the high
blanks that would result. In the coulometric procedure, the
OH™ ion is generated at the cathode, used immediately, and
thus the storage problems are eliminated.

This year, De Ford, Fitts and Johns (3) introduced a new
innovation, in the field of coulometric analysis. Heretofore,

the intermediate reaction took place in the cell containing



the substance to be determined. However, in this new method,
which was used for the determination of acids and bases, the
intermediate reaction took place externally and the product
was then titrated into a cell containing the substance to be
determined. In this procedure a sodium sulfate solution was
allowed to flow through a Y-shaped tube. In one arm of the Y
was the anode and in the other arm was the cathode, acid
being formed at the anode and base at the cathode. Thus by
using one solution, either acids or bases could be determined.
They also pointed out that in this method there was no danger
of impurities in the sample being oxidized or reduced at the
electrode, and thus causing an error in the amount of current
required for the oxidation or reduction of the substance in
question. They (4) have also perfected an automatic instru-
ment for use with this method.

~"In searching the literature, Mr. John Donahue (5) found
that the strongest reducing couple which had been reported
was the cupric-cuprous couple used by Meier, Meyers and Swift.
This couple had been used for strong oxidizing agents such as
chromates and vanadates. Also it was used for micro samples
and at rather small currents. During the course of his re-
search, Mr. Donahue showed that the stronger couple, the
titanic-titanous couple, was suitable as an intermediate. In
his work, Mr. Donahue used macro samples and considerably
larger currents than are usually reported. The purpose cof the

larger currents was to facilitate the use of larger samples
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the circuits, current source, etc., remained the samne as those

used by Donahue. £



REAGENTS

All reagents used were C.F. or reagent grade. Solutions
were prepared as follows: '

Ferric Sulfate (0.5M solution). Approximately 28 grams

of standarizing-quality iron wire were placed in a liter
beaker together with 250 ml. of concentrated hydrochloric acid
and 150 ml. of distilled water. The beaker was covered and’
warmed until all of the wire had gone into solution:; then 65
ml. of concentrated nitric acid were added and the solution
was evaporated to half its original volume. It was then
cooled somewhat and 150 ml. of concentrated sulfuric acid
added slowly. Tpe solution was then evaporated until the white
fumes of sulfur trioxide appeared. After cooling, it was
diluted with 200 ml. of distilled water and allowed to stand
until all the ferric sulfate had dissolved. The solution was
then diluted to a final volume of 500 ml. after which it was
stored in a brown, glass-stoppered bottle.

Sulfuric Acid (1N solution). To 500 ml. of water were

added 55 ml. of concentrated acid. This was then made up to
one liter.

Potassium Chrome Alum Solution. Enough of the salt was

added to a quantity of water so that on standing several days

there was still an excess in the bottom of the container. It



was found, however, that this excess would dissolve over a 2
to 3 week period and thus a completely saturated solution was
not obtained. For the most part, the results reported in
this thesis were obtained using measured portions of one par-
ticular three gallon stock solution. The concentration of
this solution was determined by measuring its density and
reading the concentration from a graph prepared from data
found in the literature (9). As a check on the validity of
this data, three volumetric determinations were made, the
values obtained being found to agree favorably with those read
from the graph. The three gallon stock was found to contain
250 grams per liter and an additional one gallon supply pre-
pared later contained 287 grams per liter.

Sodium Hydroxide (4N solution). Forty grams of sodium

hydroxide pellets were dissolved in a minimum quantity of
water and the solution, on cooling, was made up to 250 ml.

Chromic Sulfate Solution. Solutions of varying concen-

trations were prepared and used during the early part of the
experimental work. The most concentrated solution used con-
tained 143 grams of the salt in 250 ml. of solution.

Titanium Tetrachloride Solution. Following the procedure

used by Donahue, (5) five hundred ml. of this solution were
prepared by adding water to 200 ml. of pure TiClh until
hydrolysis ceased and then adding enough water to make the
final volume 500 ml. This solution was stored in a one-liter

glass-stoppered bottle.



Azar-Avmonium Hitrate Jel. A guantity of this material

was prepared by adding 3 grams of aszar to each 100 ml. of 1H

ammoniuvm nitrate solution and heating on a steam bath with
stirring uatil all the agar had dissolved. It was found that
the azar-apmonium nitrate sclution should be neither less, nor

much zreater than 3% agar by weight. This zel was prepared

and stored in a 250-rl. Brilenneyer flask.



11

AFFARATUS AKD EXFERIMENTAL

The direct current source for this research was supplied
by a bank of eight 6-volt lead storage batteries., These
batteries were connected in series and supplied approximately
48 volts. The purpose of using this large number lies in the
fact that by using a comparatively large voltage and corres-
pondingly large external resistances, small changes in cell
resistance would cause only negligible changes in the current.
It was found that this arrangement gave a very satisfactory
current though perhaps not as steady as might be obtained with
an electronically controlled source. The batteries were
connected to the electrolysis circuit by means of a D. F. D.
T. switch S, (See Figure 1). This arrangement was used so
that the batteries could be charged by a D. C. generator with-
out removing the connections to the batteries.

The current was controlled by means of two 500 ohm, 50~
watt variable resistors and one 10-ohm, 25-watt variable
resistor (Rl, Ry and RB)' These resistors were connected in
series with each other and with the batteries. Switch 84
provided for cutting the cell out of the circuit and replacing
the cell with a variable resistor R# so that current could
flow through the resistor without flowing through the

electrolysis cell. The purpose of this resistor was to
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provide a "warm-up" circuit for the batteries so they could be
allowed to attain a stable state before electrolysis was
started. Thus when electrolysis was begun a steady current
would be available.

The amount of current flowing was indicated by a Weston
multi-range direct current milliammeter (Model No. 430) (A).
It was necessary to tap the instrument several times during
the course of a run to prevent "sticking" of the needle and
insure a proper reading. The milliammeter was standarized by
measuring the potential drop across a standard one-ohm
resistor (Leeds and Northrup Co., Cat. No. 1006954) by means
of a potentiometer. For readings of 0.1, 0.05 and 0.2 amps.,
the actual current flowing was found to be 0.1019, 0.0491 and
0.1910 amps., respectively.

For the early part of this research, a Gra Lab Universal
Timer (Tl) was used. The timer was controlled by one side of
a D. F. S. T. switch S, while the electrolysis circuit was
controlled by the other half of this same switch. Consequent-
ly, when the circuit was closed, the timer and electrolysis
started simultaneously. Switch 83 was provided so that the
electrolysis circuit could be closed without actuating the
timer.

It was found after a time that the timer did not stop
immediately after the current was shut off, but instead kept
moving for a fraction of a second. A Precision Scientific Co.

Timer (Tz] was then obtained and was connected into an outlet
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vided by the magnetic stivrer was insuificient and also

the mercury pcocl was teo larze. / It was thought that if
A
size of the pool were reduced, the tendency for hydrogen

be eveolved would be lessened due Lo the increase in cur
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tube (L), Into the side of this tube was ssaled 3 bLube
long (B} containing a 20 mn. fritted glass disk (C), eof

sorosity, in its center. To the other end of this tube

i 4 5-mm. piece of H-mm. tubing (&) was sealed inte the
hamber to provide an opening through which carbon dioxid

.to

y and the consequent incrzass in hydrogen overvoltaze. /

50 nmme
moadiumn

WaS

nitrogen could be passed. The cathode chamber was closed with

a rubber stepper, through w

pon

PR

1ich openings were made for Lhe

stirrer {(F), the side arm {G) of a saturated calomel half

c2ll, and the indicator electrode (H) which was a shors

plece

of nlatinum wire sealed into a piece of 7-mm. scoft glass

tubinz. Contact with the mercury cathode {(J}, which was

appreximately 2.1 cm. in diapeter, was made by a platinum

wire (X) sealed throusgh the bottom of the cathede chamber.

The ancde (L) was the same as descri

bed previously. The

stirrer (F) was a glass propellor-type stirrer driven by a

variable-speed stirring motor.
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salt bridge into sthe catholyte. To sliminate thls, an agar-
awmonium nitrate wlug was substituted for the agar-potassium

chloride plug used at vhat time, and this trouble immediately

begun using the chronic-chromous

©

When experiments wer
couple, a soluticn of potassium chrome alum was the Tirst
salt used as a source of chronic icﬁs." Hydrogen evolution was
at once encountered and it was thought for some Gime that
these poor resulits were caused by an unfavorably low concene-

2=

= P - 12 . b}
iong provided by this sclubtion. ” Since

je
Q

tration of chrom

0

chromic sulfate is considerably more scluble than the potassium

P

CORpOUNG,

L
(4]
&

ries of runs were made using this salt. The re-
sults obtained were nc better then thogse with the potassium
compound: consequently, sinece & larze supply of the potassium

chrome alum was available the use of chrowic sulfate was dis-
continued. ¢ In light of later findings, namely that the pH of

the sclution must be controlled rather carefully, it is now
theoughit that the chror sulfate might be just as useful as
the potassium compound. lNo determinations have been made with

chromwic sulfate, however, in which the pH has been centroliea.ﬁ

it was found after a great number of poor results that the

¢t

-

pH of the solution must be rather carefully controlled if

oy

hydrogen is not to be evolved. The hydrogen overveltage on



mercury changes cons Wierag7y with hydrogen lon concentration

and theoretically it would seem best to make the determinations

sractical limitations on

"

in sclutions of higher pll. There ars

oy

[
s

this, however, since ferric hydroxide precipitates at a pH of

arcund L. In order to determine the maximum pH which could be
used, a sclution of the chrome alum and ferric sulfate was
prepared as it was to be used in the actual electrolysis, then
the electrodes of a pH meter were placed in this solution.

The pH was found to be about 1l.4. Small increments of LI

sodium hydroxide were then added until precipitation resultsd.
It was decided that a pH of 3.5 was as high as could be safely

used. FRach time a new solution of scdium hydrexide or
potassium chrome alum was prepared, the guantity of sodium
hydroxide necessary to produce the above pH was determnined.
The base was added from a graduated pipette and this guantity
of base was used as long as these stock sclutions were avail-
able.

After a larze number of determinations had been made, it
was feound that the voltage readings obtained were beconing
somewhat erratic. This was the cause of considerable con-
sternation until it was suggested by Dr. Faul Arthur that per-
haps the calowmel cell was not functioning properly. On close
examination of the cell, a slight green coloration was noted

n the surface of the mercurous chloride. When the cell was

O

rerade, the voltage readings were found to be greatly ilmproved.

It was decided that due to prolonged contact with the chromium



solution, chremie ieﬁsfhad diffused through the agar plug into
the cell. From t%is éolnf on, & new side arm was prepared
every week or two.” IT was found, however, that alter several
weeks the readings would again become erratic and it was
decided to make a new side arnm every'day. Since the agar
solution was prepared in a large quantity, it was necessary
only to heat the flask and, by means of a short piece of
rubber tubing, draw the solution into a previously prepared
rlass tube which served as the side arm.

It will be noted later that runs were made using various
concentrations of the chromium solution. It was thought that
at lower concentrations of chromium, hydrogen would be
evolved. This, however, was not found to be the case. The
factor which seems to limit the concentration of chromium used
is the time invelved for the 1indicator electrode Lo reach
equilibrium and produce a steady voltage reading. One runm -7
using 40U ml. of the solutiom diluted to 100 ml. was made and

though the error in the determination was reasoconably small,

the time required for the voltage readings to become constant
was far too great Lo make this low concentration feasible, It
rould appear then, that time, and not hydrogen evolution is
the limiting factor insofar as chromium ion concentration is
concerned.

T

{ It was thought possible that the potassium chrome alum
solution might contain enough iron or other reducible impurity

L5 ey

to cause a significant error. This was indeed found to be
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true. ' For the different solutions used, the blank time ranged

P

from 50 to 70 seconds for 100 wl. of the seolution. In the
tableg of results, this blank time has been subiracted from
tal run time in calculating the guantities of ircn.

In Mr. Donahuets work with titaniuwm, a streaw of carbon
dioxide was passed over the sclution during the electrelysis.
This procedure was followed throughout this problem, and in

process of eliminating possible errors in the method, the
zas was also passed throusgh the solusion for a short period
before performing the electrolysis. This was found to reduce
the errcr by an lePeCiable amount and so was continued
through the rest of the experimental work. The carborn dioxide
was used without purification. At one point when it was
thought that perhaps the CO Jo which was being use d (from a new
tank) contalned an appreciable amount of oxygen, nitrogen was
substituted. The nitrogen was purified by passing it throu
concentrated sulfuric acid, alkaline pyrogallol, and finally
distilled water.

flthough nitregen provided an inert atmosphere above the

"‘-.. 13

solution and thus prevented oxidation of the reduced iron by
air, it is perhaps not as effective as carbon dioxide due to

the lower deusity of the nitrogen and 1ts consequently less

gifficient blanketing action,
In the construction of the cell, a fritted glass disk of

medium porosity was used to separate the anode from the

cathode. Vhen tests were made it was found that the sulfuric



to decrease this seepage, very ifinely powdered pyrex glass was
drawn through the frit to partially clog the pores of the
disk. This proved to be satisfactory, though the process had
to be repeated occasionally. It should be pointed out that

»

diffusion was caused by the difference in the 1ﬁve¢s oi the
two chambers. It was necessary to keep the level of the

anolyte somewhat above that of the catholyte to prevent

M3

seepage or diffusion of the iron ocut of the cathode compart~

ment which would cause an error in the deterpination.
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mounted on the shaft of the motor. The stirrer was started
and while the iron and chromium solubtions were being mixed,

a

ired amount of sodium hydroxide was drawn into a
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The stopper was then raissd just enough to permit
the entry of the pipebtte and the base was added slowly to pre-

vent a large concentration accumulating at any one point in
the solution. When the base was well xad with the rest of
the solution, the stirrer was stopped and a tube which was

connected to either a carbcn dioxide or nitrogen supply was

placed in the solution. PThe zas was allowed to bubble through

the solution for 15 minutes

While the soluticn was being degassed, the flask con=-
taining the ammonium nitrate-agar gel was placed in boiling

ed. A short piece of

w

waber until most of the gel had melt
rubber tubing was attached to an L-~shaped zlass tube, 7 nnm.
in diameter {which served as a detachable salt bridge to the
calomel electrode), and the liquid gel was drawn into the tube
until it was filled. The side arm of the calomel cell thus
pfe@ared was held under cold water uniil the gel had hardened.
The side arm was then connected to Lhe satu ed calormel
electrocde by means of a short section of rubber tubln

then the soluticn had been degassed for 15 minutes, the
bubbling tube was removed from the solution, held above the
surface, and washed with distilled water sc that the wash
water would go into the solution. The gas supply was then

connected to the cell by the glass tube (E) provided for that



purpose and the gas (Co2 or ﬁz) inmediately turned on. The
stopper was pressed tightly into place and the stirrer again
started.

The timers were both checked and set at gero. The plat-
inum ancde was placed in the anode compartment and bebh it and
the platinum wire leading to the mercury cathode were connected
into the electrelysis circuit. The side-arm from the saturated
calomel electride and the platinum indicator electrode were
ingerted inte the cell and connected to the potentiometer.

Ynen all connections were rade, and the timers set, the by-pass
circuit was opered and the electrolysis cireuit closed. The
milliammeter was immediately tapped and the current adjusted

te the proper value by means of the variable resistors.

The electrolysis was pernitted te procede for five minutes
and at the end of this period the circuit was opened and a
reading taken of the potential difference between the indi-
cator electrode and the 3. €., E. The potentiometer was always
standardized against the Eppley cell during the electrolysis.
The voltazes reading and the time to the nearest second, as
read from the Precision Timer, were then recorded. The
electrolysis circuit was again closed, the ammeter tapped and
the current adjusted if necessary.

Yoltage readings were taken at 15, 2%, 30 and 31 minutes
when O.1 amp was used. After the 31 minute reading, voltages
were taken as often as seemed necessary in order to determine

the end point.



Yhen a large drop in potential indicated that the elecw
trolysis was complsted, the by-pass circult was closed and

3 Py

The cell was thoroughly

®
L

the cell was removed and emptl
washed and rinsed as before and set up for the next run.
The end point for each of the determinations was found by
"'1

plotting time, in seconds, against voltage (See Figure 3).

The wid-peint of the steepest portion of the curve was taken

as the end point. ?A though care was used in plotting these
\ :
curves, it was frequently found that the best end point could

not be located more closely than to plus or wminus two

seconds--and ocecasionally the possible error was greater.
This, fortunately, did not happen very oftengé

%o atbempt was nade to use a dead-stop end point, i.e. to
electrolyze to a pre-determined potential. Vary recently,
however, when several curves were plotted on the same plece of
sraph paper, it was found that perhaps 0.12 volts would serve
ag a dead-stop end point for runs perfarmed under the cone-

i the belief of

<k
&

ditions described for line on in Table 6. 1

the auther, however, that more trustworthy results are

+

rally obtained by the curve plotting method, for siluggish

[Sdivy g

electrods behavior or other troublesome factors show up better

-....x.

this way and give warning of possible error.
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iron, in grams, {rom the electrolysis tinme,
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where 55.8L is the equivalent weight of iron, I is the current

-

in aoperes, £ is the time in seconds corrected for blank time,
and 96,500 is Faraday's constant.

To calculate the amount of iren when using, .., O.1
amp. {actually ©.1019 amp. by calibraticn), the constants may

be combined and the following logarithmic functieon derived:

log gm. iron — log time + 5.7705%

This equation was used in making calculations oi the results
shown in Table I.

The same type of calculation may be used lor C.05 and 0.2
axp. (or accurately, 0.0491 and 0.13910 amp., respectively).
The constant nmust, of course, be changed accordingly.

In the tables which follow it will be noted that three

gifferent concentrations of potassiuvr chrome alum sclution

were used (Tables 1, 2 and 3). The purpose of this was to
investigate any effect changes in concentration of chromic ion
might have on the results obtained. 4s mentioned before, the
only limitation on concentration seems te be the time involved
in making a determination. Two other bables (Tables 4 and 5)
have been prepared showing data cbtained {rom runs using 100
ml. of the chreomic ion solution at currents of 0,05 and 0.2
ampe., respectivelye.

It will be noted that all of the 0.05 amp. determinations

were somewhsat short of the theoretical (assuming that the



standardization of the iron was accurate). This may be due to
reduction of some of the iren by the mercury itself in the

presence of large quantities of sulfate ion.
L
.‘L() \,

\"his explanation may immediately be questioned when cone

notes that chromous ion is used as a reducing agent for
mercurous sulfate. It wounld seem then that the explanation
could be valid only if there were a rate process iavelved,
is.28., if the mercurcus sulfate is not reduced as fast as the
mercury is oxidized. Since at no time does more than minute
concentrations of kab form in the solution and since a long
veriod of time is required before the iron is all reduced,
such a slow heterogeneous reaction between CfFl and solid
mercurcus sulfate is quite possible. In order to test this
heory, one run was made in the following manner: 100 ml. of
the chromium solution, 2 ml. of the ferric sulfate, and the
required amount of base were placed in the cell. The
solution was degassed but then, instead of the electrolysis
being started immediately, the solution was allowed to stand,
with stirring, for 35 minutes. The sclution was then electro=-
lyzed at 0.1 amp. In this manner the total time of contact
between the sclution and the mercury was approximately the
same as that required for the whole analysis at .05 anmp.
Vhen results were calculated, it was found that the actual end
point occcured 26 seconds before the theoreb 1oal.¢%This would
indicave therefore, that time of contact, and probably

reduction of iron by mercury, was the direct cause of error.
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In Table 5 are shown the results of five runs using C.Z2
amp. The time required for the electrolysis is, in each case,
greater than the theoretical time. At least part of the
reason for this error was obvious for, at this higher current,
hydrogen was observed to be evolved at the cathede: thus anot
all of the current was used to reduce the iron as should be
the case. It is believed that little can be done to alleviate
this situation. The pH of the solution has been adjusted as
high as is believed reasonable and unless different cell and
electreode dimensions were used, it would seem that currents
not far in excess of 0.1 amp. should be used. On the other
hand, if conditions are held constant it is possible that a
percentage correction could be applied and the accuracy thus
be made quite acceptable, for the precision of the determi-
nation is good.

Table & was prepared to show the comparison between the

results obtained using the various methods described abovs.



fable 1

Results Yith (.20 Potassium Chrome Alum
at 0.1 ampere

Time Graws of Tron Deviation

31 Ogw 0.1100 —0.,0C01
31t CO» 0.1097 —0. 0004
31 11# 0.1103 +0.0002
31t 04" 01099 —0.0002
E RN 0.109% —(£.0002

31 17w 0. 1167 +0.0005
EAR NN 0e1143 +0.0002

31t O5% {.1100 —0.0001

31 11¥ 0,1103 0.0002
31 Qo 0.1100 —0.0001

Average — U.1101 g.
Averagze deviation — 0.0002 g. = 0.209
Actual welight of iron = 0.1102 z.

Brror = 0.0001 z.= 0.09%

Times given here are values after the blank r
is subtracted.

¢
£
B



Table 2

ts With 0.21Y Potassium Chirome Alum
at O.1 anmpere

Time” Grams of Iron Deviation

31t 11= 0.1103 +0.0001
31y Gan C.109¢ —0.0004
31v 100 0.1103 +0,C001
33iv 13¢ 0,1105 —+C.C003
31T OGn 043100 —0.0002
Averaze — 0.1102 gZ.
Average deviation = (.0002 = 0.18%
Aetugl weight of iron = 0.1102 g.

Zrror = 0.0000 z. = C.00%

ires glven here are values after the blank run
s subtracted.

T
4
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Results Uith 0.10K Fotassium Chrome Alum
at U.l ampere

forere et

Time™ Grans of Iron Deviation

31 11w 0.1103 +0.0001
31 11® 0.1103 +0. 0001
31 10% 0.1103 +C.0001
31y o4 0.1099 —0.0003
31 11w (e 1103 +0,0001
Average = D.1102 .
Average deviation = 0.0001 g. = 0.137
Actual weight of iron= €.1102 g.

4 o oy

2
b

Times given here are values after the blank run
is subtracted.



Resultbs

Table L

With 0.20 Potas

sium Chrome Alum

at 0.05 anmpere

p7o

Times

ziven here are values

is subbtracted.

- Tipe™ Grams of Iron Deviation
63 30v 0.1G83 —0.0008
G631 56 0.2090 —{,0001
Gt 029 0.1092 -+, 0001
LhY 11w 0.1094 +0.0003
Gt 10% 0.1094 +0.0003
fverage — 00,1091 z.
Average deviation = (0.0003 = 0.27%
Aetual weight of iron = 0.1102 z.
Brror = 0,001l g.= 0.99%
s

after the blank rgn



b
oy

¢ 2 ‘ £ oY
sassiwe Chrome Alun
o
&

Grais oy Iron - Deviation

16t 56% Celli3 +0.0001

e
w3

' Oy 0.1125 | +0.0007

w,\ —0 . GQC’A;,

o
)
-*

Ty

hd

]
L ]
i—n
-
o]

16 s2= 0.11185 —{.0004
Average = 0.1122 «,.
E3Yi

—— I
\iuLJ

% ""v’?
b g.= 0,36%

bveraze deviation

)

Actual welisght of iron= 0.1102 =,

6

Brror = 0.0020 g.= 1.81%

Y Tires givean here are values after the blank run
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Table &

Statistical Summary of Results

Molarity No. of Current Ave. Ave. ﬁ%gfn ¥ax. Trercent

Cr soln. runs (amps.) Cms. Cms. FPercent Dev. Error
0.26 10 0.1 0.1101 0.0002 0.20 +0.0006 0.09
0.21 5 0.1 0.1102 0.0002 0.19 —0.0004 0.00
0.16 5 0.1 00,1102 0.0001 0.13 —0.,0003 0.00
0.26 5 0.05 0.1091 0.0003 0.28 —0.0008 0.99
0426 4 0.2 0.1122 0.,0004 0.36 +0.0007 1.81 /.
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CONCLUSION

* The chromic-chromous couple has been shown, by the re-
sults obtained in this research, to be effective as an
intermediate in coulometric analysis. This couple, while
cnly tested for the reduction of iren, might well be applied
te the analysis of other substances capable of being reduced
by chromous ion. Certainly work along this line should be
carried out. A

While this problem was not directed primarily toward the
development of a new method of analysis {for iron, the results

*

indicate that it might well be s¢ applied. The time involved
is, of course, somewhat prohibitive. If an electronically-
controlled current source, such as the one suggested by

Reilley, Cooke and Furman (15) could be substituted for the

storage batteries and variable resistances, an operator would

»
v . , N i s ¥
be required only near the end point. With several cells in I
cperation at the same time, the average time for an analvsis ~ . 7
5

could be made as short as that required for standard
volumetric or gravimetric procedures.

nile this aspect was neot investigated, it seems probable
that the determination of several samples of iron with one
sample of the intermediate is a definite possibility. This

would reduce the cost of the analysis considerably and



w
G"‘

elirinate the necessity of empbtying and washing the cell after
pach run. A dead-stop end point would probably be necessary
if this procedure was to ve followed.

While the field of coulometric analysis is yet corpar-
atively nsw, it appears.that in the future it will definitely
take its place as an acceptable method of instrumental

analysis.
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