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I. INTRODUCTION

Electrolytic conduction differs from metallic
conduction only in the nature of the carrier of the
current. In the case of metallic conduction the
carrier 1s electrons. The_passage of an electric
current through an electrolyte occurs only by the
movement of ions of opposite charge moving in
opposite directions under an applied potential. The
current carried by a partidular ionic specles is a
direct function of the concentration, the charge on
the ion, and the ionic mobility. A transference
number 1s the fraction of the total current a given
ion carries in a particular electrolyte undergoling
electrolysis. The sum of the transference numbers
of all the ions present in a solution must therefore
add up to unity.

Transference numbers are involved in many phy-
sical chemical considerations., Calculations of ionic
mobility, equivalent ion conductivities, dissociation
of electrolytes, effective ion "diameters," hydration,
and the electromotive force of concentration cells
involve transference numbers. The presence of complex
ions can be detected 1in solutions by the appearance of

"abnormal® or negative transference numbers.
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At present there are three practical methods
of experimentally determining transference numbers:
the electromotive force, the moving boundary, and the
analytical Hittorf., The advantage of the first 1is
speed, but it is based on rather tenuous assumptions
The moving boundary method gives high precision
results, but it is useless at concentrations above
one molar. Therefore, the analytical Hittorf method
was used in this investigation.

The oﬁjectives of this investigation were: (1)
to determine transference numbers in solutions of
one molar concentration and stronger; (2) to design
and construct a suitable constant voltage source;

(3) to assemble and make operative a coulometer for
the precise measurement of faradays; (4) to determine
the cation transference number of one molar potassium
chloride using Findlay transference tubes and the
Hittorf method, and to compare with accepted values
found in the literature; (5) to find the cation
transference number of manganous chloride at con-

centrations of one molar and higher.



II. LITERATURE REVIEW

The theory of solutions as accepted today has
developed almost entirely without the use of trans-
ference data., This 1s due to the fact that
experimental measurements have been of doubtful
accuracy and validity, and also because available
data has been scattered all over the literature and
has appeared under improbable titleé. A perusal of
two good literature compllations by HcBain(“3) and
LeBoy(Bz) will show the wide divergence of sources
for the transference data. The experimental methods
available have not permitted precision work and are
difficult to carry out even for the most careful
workers, The effect has been the proffering of
theories of solutions in the face of contradictory

transference data. MaoInnes(ul)

points out the case
of Arrhenius whose theory of dissociation clalmed 1ion
mobilities as independent of concentration even after ‘
Hittorf showed twenty years previous that transferen#e
numbers change with concentration,

The most accurate data avallable has been presented
since 1931, after the theory of solutions was well on
its way to its present development. Moving boundary

measurements by MacInnes (#0) Dole(lo) and Longsworth(3u)(35)



of transference numbers (considered the most precise
available) are in accord with the present theory of
solutlons,

Ion Mobilities. Conduction of an electric
current through a solution of an electrolyte is
accompanied by a transport of matter. Under an applied
potential the random movement of the ions becomes
directed, and at the electrodes a transfer of electrons
takes place completing the electric circuit and a
chemical reaction. The ability of a solufion to trans-
port current and therefore its conductance is determined
by the number of ions, the charge on each, the actual
velocity of the ions through a solution, and the
resistance offered by the solution to movememnt., If no
oxidation or reduction occurs in the solution the
charge on a given ion is constant, so the variation in
conductivity with concentration means that there is
either a change in the number of 1ons (dissociation)
or in thelr veloclty, or in the resistance of the sol-
ution, or in some combination of the three. When a
substance is 100 per cent ionized the values of conduct-
ance a various concentrations must be a function of iom
mobility only. The value of the conductivity measure-
ments glve only the sum of the ion mobilities and not



the individuzal mobilities. Figure 1 clearly shows
the change in conductivity with concentration; the
case of these two salts is quite typical. The
figure tells nothing about the amount of current
carried by each ion, only that it is a function of

concentration.
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Methods of Measurement. The first transference

number measurements 6f any account were made by
Hittorf in 1853. His work was extended by Jahn(za)
MacInnes and Dole(39) and many others. The change in
equivalents of an ion is measured by chemical analysils
at an electrode and divided by the number of Faradays
passed through the system. Transference numbers meas-
ured in this way are limited to the accuracy of the
(33)

chemical analysis, The reference stationary
point 1s the average solvent molecule. Although this
method is the simplest in theory, it is the most
difficult to use because of the extreme precision
required in the analytical measurement,

A moving boundary transference number system was
devised by MacInnes and Longsworth(ul) and used with
conslderable success. The values obtained in this
manner are the best now avallable. It is limited to
solutions below one molar concentration in most cases
and to systems where sultable indicator ions are
available.(BS) Attempts to operate the moving boundary
apparatus with solutions of one molar concentration or
stronger fall because the current required to move the
boundary heats the system to the point where convection

currents destroy the necessary boundary. The reference

stationary point is the wall of the tube rather than the
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average solvent molecule. The difference in refer-
ence point is the reason for the discrepancy between
"Hittorf" and moving boundary values for the same
concentration of solution.

Another relatively successful method of obtalning
transference data 1s the electromotive force method.
Two concentration cells are constructed, one with and
one without a liquid junction, and the potentials
measured. The ratio of the two potentials obtalned
glve the transference number of the ion to which the
electrodes are not reversible.(uz) It has never been
declided conclusively with which concentration the
transference number is involved. Attempts to get the
two concentrations close together reduce the voltage
output to values not accurately measureable.

Solution Effects. Of the many influences that

may be exerted on a moving ion in solution only a few
have been seriously considered or measured, and the
effect of many 1s a hypothesis at best. Washburn(58)

has attempted ionic hydration measurements by including
a soluble sugar in the transference apparatus. After
electrolysis the sugar concentration changes are believed
to be due to the water carried along on the hydrated '

lons. The amount of sugar transfered then 1ls a function



of the relative hydration of the ion. The presence
of the sugar in the solution also reduces the dielect-
ric constant of the solvent, increases the viscosity
of the solution, gets in the way of ions traveling in
opposite directions, and reduces the relaxation effect.
In general, the systems are not the same or equivalent
when sugar 1s added to the pure salt solution. Roblnson
and Stokes(53) consider viscosity effects, electro-
phoresis, and the relaxation effect in a quantative
manner for the dilute solutions. These effects are
consldered negligible for dilute solutions but not for
concentrated solutions. Their studies do not attempt
quantitative discussions for concentrated solutioms.
The influence of tempefature on the transference
number is relatively small, Figure 2 shows the
variation of transference numbers of the chloride ion
as a function of temperature. For a temperature change
of 40 °C the transference number changes only eight
parts in 500. Most of the work on temperature effects

has been done by Gordon(l)(z)

and assoclates. The
evidence obtalined by Gordon seems to contradice the
general rule by Noyes(“6) that the anlon and cation
transference numbers tend to become equal as the temp-'

erature is increased.



1

50

40

K

350

{

20

EMPERATU

| { l
DL !,_
' 1

R

|

o oS3

R@,E, i

|

2 5L i .. i
| [ et et S AL
¢ _ | |
Pl | ! @
| ! ] f
{ | { |

8 P i B Ml
{ i

i

_'NUMBER OF THE CHLORIDE

FERENCE

‘famsv

{
I

KCI | AT INFINITE DILUTION

i

FUNCTION OF TEMPERATURE

|

IN AQUEOUS! _

|

|
|

.

nh -

{

and R.A.ROBINSON:

t

ELECTROLYTE SOLUTIONS

) ML

NTIFIC PUBLICATIONS,

}

WORTHS  SCIE

R
LONDON (19 55)

TTE

L

P-f'?z '

|
1
|

!
|
Aelels LBSSC vh




-lle

Concentrated Solutions. There 1s a great void 1in

the literature concerning concentrated solutions. The
work of Debye and Onsager, along with that of Kohlrasch,
in developing equations to predict the variation of
transference numbers with concentration was for extremely
dilute solutions only. The concentrations involved

were of the order of magnitude of 6.01 molar and less,
even to infinite dilution. Figurg 3 shows a typlcal
case. Conslderable varlatlions between.measured trans-
ference numbers and those prédicted by theoretical
equations occur at concentrations of 0.04 molar and

are worthless for the consideration of solutions above
one molar. ﬁﬁo experlmental_work in the range of solutiomns
of one molar concentration appeér except in rare and

(43) No theoretical considerations

isolated cases.
have appeared concerning the ionlc atmosphere, the
interionic attraction, viscosity, and degree of
dissociation involved in ionic mobilities of concen-

trated solutions.
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III. EXPERIMENTAL

It was decided to use the Hittorf method for
concentrated solutions., This method was chosen over
the moving boundary method because of the strong
heating that would be involved in moving the boundary.
The moving boundary method was attempted at the State
College of Washington and then discarded.(7)

The electromotive force method was not elected because
1t was desired to find the transference number as a
function of concentration and to know the concentration
precisely.

The ultimate use of the equipment and knowledge
galned by this lnvestigation was to suppliment the
work of Dr. G.E. Brand, who was making studies on the
electromotive force of manganous chloride cells under

(6)

the influence of a strong magnetic field. Transference
data 1s almost nonexistent at concentrations involved
in the cells under study. The apparatus set up was to
be made rigid and convenient in order that the work
could be extended into different systems, provided
sufficlient precision was obtained.

The plan of experimental work required the

construction of a constant voltage source from the

diagrams shown in figures 4 and 5,
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Then a modified version of Washburn's
coulometer was made, Figure 6. Since the Hittorf
method was to be used, reactive electrodes (Figure 7)
were prepared for the Findlay tubes (Figure 8),
because potassium and manganese were unable to be
plated out of solution. Two of the iodine coulometers
and the Findlay tubes were placed in series with the
voltage source and a one molar solution of potassium
chloride was electrolyzed. The analytical work was
performed on the chloride ion because 1t 1s more
easily determined with precision by standard methods
than either the potassium or the manganous ion. The
potassium chloride transference number was to be
determined until it agreed ﬁith values found in the
literature. When it seemed that the apparatus was in
working order to give reliable transference numbers,
manganous chloride was substituted for the potasslium
chloride., Starting at 0.5 molar and ending at four
molar, transference numbers were determined for the

manganous chlorlde.
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APPARATUS

Findlay Tubes. The transference tubes were the
Findlay tubes commonly avalillable and shown in Flgure
8. When it was'deslred to stop the electrolysis
the tygon tubing was pinched together with clamps
and the anode and cathode compartments drained into
welght burettes. The clamps were removed and the
middle portion also drained; It was necessary to
measure the middle portion and compare it with the
original solution.

The direct current voltage sourde was made from
standard radio power supplies, and the electrical
constants are not critical. The large load resistors
permit almost any desirable voltage output from full
100 volts to nothing. The filtered direct current
was free from harmonics and pulses, and could be held
constant for the period of time (10 to 20 hours)
needed. The ammeter (0-50 milliamperes) and voltmeter
(0-150 volts) were switched in and out of the circuilt
when necessary and were a check on the power belng
drawn by the system. The usual current load was 14
milliamperes drawn by two coulometers and the Findlay
tubes. The meters were also used as a check to

determine 1f'the apparatus was operative. A bubble
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or leak might break the eircuit and not be readily
apparent. Excessive currents would mean that a short
circuit had developed and current was by-passing part
of the system. When the electrolysis of a solution
was terminated the number of faradays was determined
from the iodine coulometer, The meters read only
instantaneous values and were not high preclsion
instruments. The coulometer also integrated out all
the variations that might have occurred during peak
and light loads on the city mains,

Iodine Coulometer. The ilodine coulometer was
developed from the coulometer of Washbunn.(59) It was
desired to have a precision instrument that was more
convenient to operate than the one described by
Washburn., The accuracy of the coulometer, the arsenic-
lodine titration, and the reversibility of the
electrodes was proven by Washburn in his article. As
long as the electrodes were equivalent only the anode
compartment where iodine is formed from potassium
iodide was analyzed. This relieved the necessity of
preparing a standard lodine solution. The only standard
solution was arsenious acid, which reacted with all V
the iodine found in the anode. Starch was not used

for observing the end point because ﬁhe ionic strength
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was too strong for starch and one drop of 0.25 normal
arsenious acid completely discharged the color at the
end point.

The coulometer was assembled as shown in Figure 6.
The 600 milliliter lipless anode beaker was filled with
about 250 milliliters of ten per cent potassium iodide.
The rest of the apparatus held about 200 milliliters.
A four molar 1odine in potassium l1odide solution was
introduced into the cathode chamber through the thistle
tube by the threeway stopcock in the base. The turb-
ulent flow became smooth in the space between the two
stopcocks, and if the boundary was allowed to rise
slowly, all the bubbles were forced out without mixing
the 1odine solution with the ten per cent potassium
iodine. The iodine was allowed to rise until 1it
covered the electrode and about half an inch of the
glass tip. It was desireable to have an interface
between the iodine and the potassium iodide solution
above it. A colorless space must exist between the
anode and cathode compartments for all the iodine in
the anode must have been formed there. The experi-
ment was worthless if l1odine diffused into the anode
chamber. Generally, after 15 hours the interface

at the cathode became diffused about two inches above
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the platinum electrode plate; the rest of the solution
was clear and colorless. When the current was stopped
the threeway stopcock on the top of the "H" tube was
turned to let the ligquid drain out of the salt bridge.
The Junction of the anode and salt bridge was geparated
at the rubber slieve., The top of the anode was removed
and the glass leg of the salt bridge and the platinum
electrode rinsed with a wash bottle. The l1odine solution
was then titrated with arsenious acid. This coulometer
proved to be most convenlient and was easlily manipulated
without spilling concentrated iodine solutions. Both
coulometers agreed to within.the limits of experimental
accuracy, or about 0,2 per cent.

Electrodes. The i1odine coulometer requires an

inert electrodes of platinum. A plece of seven mlillimeter
glass tubing was welded shut at one end with a two cent-
imeter plece of platinum wire protruding. The platinum
wire made contact with mercury inside the tube and copper
wire was used as an electric lead from the mercury. The
terminal was made by wrapping the copper wire around the
top a few times. A drop of glue on top prevented the
mercury from falling out if the electrode was ever
inverted during cleaning, rinsing, etc. The 2.5 cent-
imeter square platinum plate was welded to the platinum

wire so that a larger reactive surface would be avalleble.
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The plate 1s very necessary because the wire alone will
reduce the 1odine so0 quickly that the iodine would be
exhausted near the electrode and hydrogen would be given
off. This causes mixing and destroys the boundary, and
usually invalidates the determination, In order to
weld platinum wire to platinum plate, it was necessary
to heat the wire and plate together on an anvil in the
flame of a bunsen burner. When the two pieces were red
hot at the point of contact, they were struck a blow with
& hammer, Four welds of thls nature took normal abuse
for 18 months without separating. After welding, the
electrodes were cleaned in aqua regia and thereafter
required almost no attention,

The Findlay electrodes had to be the reactive type.
Since it was not feasible to plate out potassium and
manganese 1n aqueous solution, these cations had to be
in effect neutralized upon reaching the cathode. An
electrode with chlorine on it would give up the chloride
to the cation upon arrival, thereby only increasing the
concentration in the vicinity of the electrode without
slde reactions taking place., If this one reaction would
take place alone, 1t would be accounted for in the '
calculations.

The electrodes were made of silver wire and were

spiraled up the stem about three centimeters, They were
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cleaned in nitric acid a few times and rinsed with
distilled water. Then they were plated with silver for
a few hours until the surface became pebbled. The
cathode was electrolyzed as an anode in a 600 milliliter
beaker with one holar potassium chloride over a silver
chloride mud about two centimeters thick serving as a
cathode. Thls allowed more silver chloride to be put

on the surface of the electrode than was neceasary for
the transference tubes. The experiment would be worthless
if all of the silver chloride came off and the cathode
compartment started evolving hydrogen. The anode was
used as 1s. When an experiment was completed, the anode
was covered with bare spots on it. These electrodes
were then electrolyzed to remove the chlorine from the
anode and to replace it on the cathode in the 600 milli-
liter beaker with the one molar potassium chloride/
When the anode was bare agaln it was removed and the mud
was used as the cathode to put excess chlorine on the
cathode electrode., The electrodes were rinsed several
times with distilled water. Before a determination was
made on a manganous or potassium chloride solution, the
electrodes were allowed to soak for several hours 1n a
sample of the solution. The surface area of these elect-
rodes was consliderable and if taken immediately from

distilled water and placed into the Findlay tubes with a
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solution in them, the solution would be diluted.
Convection currents were obsepved when the electrodes
were placed in the solution for the first time.

Analytical. The analytical apparatus included

the usual 50 milliliter burettes, and analytical
balance, four 50 milliliter welght burettes, and
assorted glassware, The weight burettes were necessary
because the basis of analysis had to be molallity due

to the density changes in the Findlay transference
tubes. All reagents used were chemically pure ana-

lytical reagent grade chemicals.



27

PROCEDURE

The coulometers were filled with solutions as
described being careful not to destroy the iodine
boundary. The Findlay tubes were filled with the
chloride solution to be examined and the prepared
electrodes placed in their compartments. There is no
difference between the anode and the cathode compart-
ments so the placement of the electrodes is arbitrary.
The system was placed in series with the voltage
source and electrolyzed with 14 milliampered at 80
volts for 15 to 20 hours. At the end of the electroly-
sls the Findlay tubes were drained into welght burettes
and the anode was separated from the rest of the iodine
coulometer., The solutions were then analyzed’and the
transference humber was calculated.

Method of Analysis. Arsenious oxide was used as a

primary standard. A weighed sample was dissolved 1in
sodium hydroxide, neutralized with hydrochlor{c acid,
and then buffered with dibasic sodium phosphate, and
then diluted in a volumetric flask., This solution of
known concentration was titrated into the anode beaker
with the solution additionally buffered with sodium
bicarbonate., The chemistry of the titrations is descri-
bed by Washburn in his original article. This method
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glves excellent results with a minimum bf analytical
manipulations and more than the required precision.

A weighed sample of the electrolyzed chloride was
pPlaced in a volumetric flask and diluted. This
dilution was necessary because it was desired to
titrate the sample with one burette full of 0.2 or
0.1 Normal silver nitrate. The weight of the sample
of‘conoentrated solution was adjusted such that when
diluted to 500 milliliters the concentration of the
resulting solution was slightly less than that of
the silver nitrate solution, Fifty milliliter
aliquots were withdrawn froh the volumetric‘flask
and analyzed by the Mohr (50) method, The silver
nitrate was standardized against weighed samples of
sodium chloride, 4 |

Table I, II, and III show the results of the
experimental work and a comparison with the available

similar work found in the literature.



TABLE I

Potassium Chloride Experiments

Change in eq. t of C1 in KC1 Deviation
Molal Faradays Anode Cathode Anode Cathode Average from 0,510
0.9941  0,01029  0,00562 0,00536 0,547 0,534 0.540  4,7%
0.9840 0,01070 0.00536 0.00535 0,500 0,500 0,500 0.2%
1,0269 0,006819 0,00315 0,00353 0,462 0,518 0,495 2.9%

I.C.T., vol VII p,310 Gravemetric method ¢ of Cl in KC1 0,510
I.C.T, vol VII p,311 EMF method t of C1 in KC1 0,504
Chem Rev 11, 209 (1932) Moving Boundary ¢t of Cl in KC1 0,512
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Nominal
Molar
0.5

1.

2,

3.
b,

Molal
0,7025
1,005
1.763
2,480
3.070

Faradays
0.,011786
0,01260
0,00990
0.01228
0,01972

TABIE II

Manganous Chloride Experiments

Change in eq.

Anode

0.008306

0,01040
0,00745
0,01079
0.01972

Cathode
0,008587
0,00845
0.,00871
0.01169
0.01456

t of C1 in MnClz

Anode
0.704
0,825
0.753
0.879
1.000

Cathode
0.729
0,671
0,880

0,952
0,810

Average
0,716
0.748
0.816
0,916
0.905

-IC-
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TABLE III

Manganous Chloride Transference Numbers as Found in the

Literature (43)
Molal Name Year Transference No., of Cl
2.41 Hittorf 1859 0.758
0.0419  Hittorf 1859  0.682

0.0568 Beiln 1898 0.613
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Sample Calculations. The necessary data is listed

below as a starting point for the nominal four molar
determination.
Total weight of the solutions from the Findlay tubes:
Cathode Anode Middle
57.2334 grams 66.6203 grams 21.5046

Faradays passed through the system = 0,01792

Welght of sample analyzed:
Cathode Anode Middle Original
13.1452 grams 19.3408 grams 6.,6702 grams 18,5496 g
Diluted to:
500 ml 500 ml 250 ml 500 ml

Milliliters of silver nitrate required, 0.19578 normal.
30.22 ml L3,87 ml 30.38 ml L1.98ml
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The grams of manganous chloride per gram of water
must be found for the middle compartment and compared
against a sample of the original solution. The diff-
erence should be negligible,

Middle Compartment

Weight of sample diluted to 250 milliliters 1is
6.6702 grams.
Chloride analysis shows:

(0.03038)(0.19578) = 0,005948 equivalents of
silver nitrate which is the same as the equivalents of
manganous chloride per 50 milliliter aliquot,

Then per 250 milliliteré of solution there are
0.02974 equivalents or 1.872 grams of manganous chloride.
The total grams of salt in the middle compartment:

1.972 2 grams

; = 6.0
6. 670 21.51 Rrams £

which is also 0.09588 equivalents. Then there are
(21.505) - (6.037) = 15.468 total grams of water in
the middle compartment,

Original Solution

Weight of sample diluted to 500 milliliters is
18.5496 grams.
Chloride analysis shows:

(0,04198)(0.19578) = 0.008219 equivalents of
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silver nitrate which are the same as the equivalents
of manganous chloride in a 50 milliliter aliquot.

Then per 500 milliliters of solution there are
0.08219 equivalents or 5.1730 grams of manganous
chloride in the weighed sample.

BRatio for original solution 5173 0.390
13.38

Ratio for middle solution 6.037

Difference = 0.8%
Cathode Compartment
Welght of sample diluted to 500 milliliters 1s
13.1452 grams.
Chloride analysis shows:
(0.03022)(0.19578) = 0.005917 equivalents of
silver nitrate used in the titration which are the
same as the number of equivalents of manganous chloride
in a 50 milliliter aliquot.
In the 500 milliliter solution there are then
0.05917 equivalents or 3.724 grams of manganous chloridé.
The total number of grams of salt in the cathode ‘

compartment is:

3.724 grams E
13.1452  57.2334 ; grams = 16.213
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which is 0.2576 equivalents, The number of grams of
water in the compartment is:
(57.233)-(16.213) = 41,020
The original number of equivalents in the cathode
compartment is calculated on the basis of grams of

water in the middle compartment.

0.00588 _ _equivalents ; equivalents = 0,2542
15.4700 41.020

The number of equivalents from the chemical analysis
is too large by the number of faradays passed through the
system. The manganese, instead of plating out of the
solution, removes an equivalent amount of chloride from
the silver chloride electrode.

Therefore, the corrected number of equivalents 1is
(0.2576)-(0.0179) = 0.2397 equivalents remaining in
the compartment after electrolysis.

The difference between the original number of
equivalents and the corrected analyzed value is the
number of equivalents transfered out during electrolysis,

(0.2542)-(0.2397) = 0.0145
The transference number is then defined as the

change in equivalents per faraday of electricity:

0.0145

= 0.810
0.0179
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Anode Compartment. The anode compartment is

calculated in the same manner as the cathode. The
only difference is that the correction for the
analyzed value of equivalents requires the number
of faradays to be added because an equivalent amount

of chlorine plated out on the silver electrode,
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VI. DISCUSSION

The theory of the Hittorf method requires that
the number of equivalents of a given ion that dis-
appear from one electrode appear at the other. The
transference number of the chloride ion as calculated
from the anode and then from the cathode analysis
should be the same, This condition was not met 1in
the case of manganous chloride and only approximately
in the case of potassium chloride for this work. The
ultimate basis of the Hittorf method 1s that iomns
move from one compartment to another under a potential
gradient producing no effect other than a change in
concentration., The ideal case 1s where the anion and
cation plate out on their respective electrodes. In
most cases this 1deality is denied and reactive
electrodes must be prepared where quantitative reactionmns
take place to effectively neutralize the presence of the
migrated ion. In the case at hand, silver and silver
chloride electrodes managed the chloride ion concentra-
tion in such a manner that metallic potassium or
manganese were never formed.

Side Reactions. If hydrolysis, electrolyslis of

the water, or more than one reaction occurs at an
electrode, the basis of the experiment 1s violated

and the results rendered worthless.
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Chemical Analysis. Standard methods of chemical

analysis were used throughout this work. The arsenic-
iodine titration and the Mohr method for chlorides are
well written up in almost all quantitative analysis
text books. Analytical precision was usually of the
order of magnitude of one part in 1000 or better,
Although much of the vaiue of the results rests upon
the technician type analytical abllities of the
experimenter, there are othef factore that influence
the findings of the transference measurements.

Oxldation-Reduction. It is assumed that the

chloride ion i1s the more stable of the ions and least
likely to change in valence except for the quantitative
reaction at the electrodes. The manganous ion 1ls very
easily oxidized to another valence state, and belng

in the presence of an oxidizing eléctrode brings it
under suspicion. This ion is also capable of non
quantitative cathodic reduction. If these effects
occured quantitatively at eilther electrode, the result
could be accounted for in the calculations. It was
expected that the silver and silver chloride electrodes.
would prevent any change in valence. These electrodes
are reported everywhere in the literature as being
reversible., If, however, manganese were oxidized at

the anode instead of chlorine plating out (as silver
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chloride) then the anode solution would have more
chloride in it than supposed. The electrode
correction by faradays, assuming an equivalent of
chloride plated out per faraday, would have the
chloride concentration too high., Subtraction of

the original from the "corrected" analyzed value
would have the change in equlvalents too low and
therefore a transference number would result.
Conversely, 1f manganese plated out on the cathode,
the difference between the original and "corrected"
analyzed value of equivalents would be too large and
the transference number would appear higher for the
chlorlde ion. The anode values obtained are higher
than the cathode values of the chloride ion corresp-
onding to nelther of the above arguments.

Another effect of oxidation is the possible
hydrolysis of the highly poslitive manganese ion.

This results in a mixed solution of ions and makes
the results worthless.,

The wide divergence between the calculations from
the anode and cathode measurements suggests that unacc-.
ounted for side reactions are in fact taking place, at
least to a limited extent.

Recommendations., In the opinion of the author the

value of the transference numbers obtained in this work

in themselves is small and there is no point in extending
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the present experiments further under the conditions
at hand., The results speak rather clearly for them-
selves that more is involved than only the movement

of ions, which is the basis of the method used. The
excessive quantity of labor and time required to
produce the results obtained lead to a strong rec-
ommendation to forsake the Hittorf method as presently
employed. If a new analytical devise or method can
be developed which has much greater speed and accuracy
than the standard analytical techniques presently
available, then perhaps a modified form of the
Hittorf method can be develobed to obtain useable
results.

Limitations.,. The Hittorf method is recommended

only for solutions less concentrated than 0.5 normal,
and limited to ions with only one stable valence state
in aqueous solutions. This method should only be
attempted where reversible electrodes are avalilable
with only one chemlcal reaction which takes place
quantitatively. Furthermore, due to the great pre-
cision required, only ions capable of such precise
analysis should be studied., At best this method has
an accuracy of about three to five per cent when

compared to the moving boundary transference measurements.,
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V. CONCLUSIONS

Hittorf transference number measurements of the
chloride ion in one molal potassium chloride and 0.7
to 3.0 molal manganous chloride in the Findlay apparatus
have led to the following conclusions:

l. The ion which carries more than half of the
current may be determined by this method.

2, Potassium chloride measurements may be relled
upon for a precision of about three per cent,

3. Manganous chloride measurements may be relied
upon to show that the chloride ion carries about 66 per
cent of the current during electrolysis.

4, As the concentration of the manganous chloride
ls increased the chloride ion transference number
increases,

5. This 1s not a precision method of determining
relative lonic mobilities.

6. A method of analysis that is superior to the
standard methods at hand is required to find the small

changes in concentration of the pure salt solutions,
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Vi. SUMMARY

The chloride ion transference number was determined
analytically in a one molal solution of potassium
chloride with an agreement to within three per cent
of the values found in the literature. Three per
cent 1s about the accuracy accepted in other literature
reports. The moblility of the chloride ion in potassium
chloride does not change with concentration up to one
molal. In manganous chloride solutions stronger than
0.7 molal the chloride ion becomes more mobile as the
concentration 1s increased. Dilute solutions of mangan-
ous chloride were not examined, and only three manganous
chloride transference numbers could be found in the
literature., It was recommended that a different
method be developed to find ionic mobilities in order
to avoid the complicating side reactions found in
the Hittorf method.
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