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I. INTBODUCTION 

Electrolytic conduction differs fro metallic 

conduction only in the nature of the carrier of the 

current. In the case of metallic conduction the 

carrier is electrons. The passage of an electric 

current through an electrolyte occurs only by ~he 

movement of ions of opposite charge moving 1n 

opposite directions under an applied potent~al. The 

current carried by a particular 1on1o species is a 

direct function or the concentration, the charge on 

the ion, and the ionic ob1lity. A transferenc 

number is the fraction of th total ourr~nt a given 

ion carries in a particular electrolyte undergoing 

electrolysis. The sum of the transference n bers 

or all the ions present 1n a solution must therefore 

add up to unity. 

Transference n bers ar invol ed in many phy­

sical chemical . considerations. Calculation of ionic · 

ob111ty, equivalent ion conduct1v1t1es, dissociation 

of leotrolytes, effect1 e ion •diameter ,• hydration, 

and the electro ot1ve force of concentration cells 

involve transferenc n bers. The presence of co plex 

ions can be detected in solutions by the appearance of 

•abnormal• or negative transf renee n ber • 
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At present there are three practical methods 

of experimentally determining transference n · bers: 

~he electromotive force, the moving boundary, and the 

analytical Hittorr. The advantage of the first is 

speed, but it is based on rather tenuous assumptions 

The moving boundary method.g1ves high precision 

results, but it is useless at concentrations above 

one molar. Therefore, the analytical Hittorf ethod 

as used in this 1nvest1_gat1on. 

The obJectives of this inv stigation were: (1) 

to determine transference numbers in solutions of 

one molar concentration and stronger; (2) to design 

and construct a suitable oonstant voltage source; 

(J) to assemble and make operative a coulometer for 

the precise measurement of faraday ; (4) to determine 

the cation transference number of .one olar potassium 

chloride using Findlay transference tubes and the 

Hittorf ethod, and to compare with accepted values 

found in the literature; (5) to find the oat1on 

transference number of anganous chloride at con­

eentrations of on molar and higher. 
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II. LITERATURE BEVIEW 

The theory of solutions as accepted today has 

developed almost entirely without the use of trans­

ference data. This is due to the fact that 

exper1 ental measurements have been ot doubtful 

accuracy and validity, and also because ayailab1e 

data has been scattered all over the literature and 

has appeared under i probabl titles. A perusal of 

two good 11teratur co pilations by McBain{4J) and 

L Boy<J2 ) will sho the wide divergence of sourc s 

for the transf renee data. The xperi ental method 

avai lable have not permitted prec.ision work and are 

difficult to carry out even for the ost car ful 

worker • Th effect has been the proffering of 

theorie of solutions in the face _of contradictory 

transference data. Maoinnes<41 > points out th case 

of Arrhenius whose theory of d1 soc1at1on cla1 ed ion 

ob11it1es as independent of concentration even after 

Hittort showed t enty years previous that transference 

numb-ers change w1 th concentration. 

The o _t accurate data available has been presented 

since 1931, ~fter the theory of solutions was well on 

its way to its present development. Moving boundary 

mea ur ents by Macinnes<4o) Dole(lO) and Long orth()4)(35) 
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of ~ansference numbers (considered the most precise 

available) are in accord with the present theory of 

solutions. 

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 .electr1c circuit and a 

cbe 1cal reaction. The ability of a solution 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 movement. If no 

oxidation or reduction occurs in the solution the 

charge on a given ion is constant, so the variation in 

conductivity with concentration eans that there is 

either a change in the number of ions (d1 soc1at1on) 

or in their velocity, or in the resistance of the so~­

ut1on, or in some combination of the three. When a 

substance is 100 per cent ionized the values of conduct­

ance a various ooncentrations ·must be a function of ion 

mobility only. The value of the conductivity measure-

ants give only the sum of the ion ob111t1es and not 
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the 1Dd1vidual obilities. ·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 ot' 

concentration. 
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Methods of Measurement. The first transference 

number measurements of an7 account were made by 

Hittorf in 1853. His work was extended by Jahn( 2S) 

Macinnes and Do1e(39) and many others. The change in 

equivalents of an ion is measured by chem1oa1 ana1ysis 

at an electrode and divided by the number of Faradays 

passed through the syste • Transference numbers meas­

ured in this way are li 1ted to the accuracy of the 

ehe i.cal a~1ys1s. (JJ) The reference stationa-ry 

point is the average solvent mo1ecu1e. A1though this 

method is the si plest in theory, it is the most 

difficult to use because of the extre e precision 

requ~red in the ana1ytica1 measurement. 

A ov1ng boundary transference n ber -system was 

devised by Macinnes and Longs · orth<41 ) and used with 

cons1derab1e success. The va1ues obtained in this 

manner are the best now ava11ab1e. It is 11 1ted to 

solutions be1ow one olar concentration in most cases 

and to systems where suitab1e indicator ions are 

ava11able.<35) Attempts to operate the moving boundary 

apparatus with so1utions of one molar concentration er 

stronger fa11 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 wa11 of the tube rather than the 



-8-

average solvent oleou1 • The d1~ferenoe in refer­

ence point is the reason for the discrepancy betwe n 

•Hittor~u and ov1ng boundary va1ues for the same 

concentration of solution. 

Another relat1ve1y succ sstu1 ethod of obta1~ng 

trans~erence data 1s the electromotive ~orce ethod. 

Two concentration cells are constructed, one with and 

one without a 11qu1d Junction. the potent.ials 

measured. The ratio of the t o potentials obtained 

g1 e the transference n ber of the ion to which the 

electrodes are not revers~ble.<42 ) It has never been 

decided conclusively ith which concentration the 

transfer nee n ber 1s involved. Atte pts to get the 

t o concentrations close together reduce the oltage 

output to ·values not accurately m asureab1 • 

Solution Effects. 0£ the any 1nfluenc s that 

ay be xert don a ov1ng ion 1n . solut1on D1y a few 

have been s r1ously considered or easured, and the 

eff ct of any is a hypothesis at best. Washburn(5S) 

has atte pted io~c hydration asure ents by inol.ud1ng 

a soluble sugar in the transferenc apparatus. A~ter 

el.ectrolys1s the sugar concentration changes are believed 

to be due to the ater carried a1ong on the hydrat d 

ions. The amount of ugar transfered th n is a function 
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of the relative hydration of the ion. The presence 

of the sugar in the solution also reduces the dielect­

ric constant of the solvent, 1ncreases . 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 is added to the pure salt solution. Robinson 

and Stokes<5J) consider viscosity effects, electro­

phoresi , and the relaxation effect 1n a quantat1ve 

manner for the dilute solutions. These effects· are 

considered negligible for dilute solutions but .not for 

concentrated solutions. Their studies do not attempt 

q~titat1ve discussions for conQentrated solutions. 

The influence of temperature on the transference 

number is relatively s all. Figure 2 shows the 

ariation of transference n · bers of the chloride ion 

a a function of temperature. For a temperature change 
0 of 40 C the transference number changes only eight 

parts in 500. Most of the work on te perature effects 

has been done by Go~on(l)( 2 ) and associates. The 

evidence obtained by Gordon seems to contrad1ce the 

general rule by Noyes<46) that the ~on and cation 

transference numbers tend to become equal as the te p-

erature is increased. 
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Concentrated Solutions. There is a great void in 

the literature concerning concentrated solutions. The 

work of Debye and Onsager, along with that or Kohlrasch, 

1n developing equations · to predict the variation of 

transference numbers with concentration was for ext . ely 

dilute solutions only. The concentrations 1nvo1ved 

were of the order of ma~tu~e _or 0.01 molar and less, 

even to infinite dilution. Figure J shows a typical 

case. Considerable variations b~tween measured ~rans­

ference numbers and those p_redioted '!'Y theoretical 

equations occur at concentrations o·f o.o4 molar and 

are worthless for the consideration of solutions above 

one molar. No expe-rimental ork in t ·he range of solutions 

of one molaP concentration appear except in rare and 

isolated oases.<43) No th tical considerations 

have appeared concerning the io~o atmosphere, the 

interio~c attraction. viscosity, _and ~egree of 

dissociation involved in 1o~o mobilities of oonee~ 

trated solutions. 



-12-



-13-

III. EXPERIMENTAL 

It was decided to use the H1ttorf method for 

concentrated solutions. This method was chosen over 

the moving bound~ry method because of the strong 

heating that wou1d be involved in moving the boundary. 

The moving boundary ethod was attempted at the State 

College of Washington and then discarded.(?) 

The electromotive force method was not elected because 

it was desired to find the transference number as a 

function of concentration and to know the concentration 

precisely. 

The u1t1mate use of the equipment and knowledge 

gained by this investigation was to suppliment the 

work of Dr. G.E. Brand, who was making studies on the 

electromot1v force of manganous chloride cells under 

the influence of a strortg magnetic field.< 6 > Transference 

data is a1most 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 . 

sufficient 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 od1~ied version o~ Washburn's(5?)(59 ) ~od1ne 

cou1ometer was made, Figure 6. Since the H1ttort 

ethod was to be used, reactive electrodes (Figure 7) 

were prepared ~or the Findlay tubes (Figure 8), 

because potassium and anganese were unable to be 

plated ou~ of solution. Two of the iodine cou1ometers 

and the Findlay tubes were placed in series with the 

vol ge source and a one mo1ar so1ution of potass1 

oh1or1de was e1ectro1yzed. The analytical work was 

perfo ed on the chloride ion because it is more 

easily determined with precision by standard ethods 

than either the potassium or the anganous ion. The 

potas•1um ch1or1de transference number was to be 

determined until it agreed with values found in the 

literature. When it seemed that the apparatus was in 

working order to give reliable trans~erence numbers, 

ang~ous ch1or1de was substituted for the potass1 

chloride. Starting at 0.5 o1ar and ending at four 

o1ar, trans~erence numbers ere determined ~or the 

anganous ch1or1de. 
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APPARATUS 

F1ndl.az Tubes. The. trans :rerenoe tubes were the 

F1nd1ay tubes commonly a~a1lab1e and sho~ in Figure 

a. When 1t was desired to stop the e1ectro1ys1s 

the tygon tubing was pinched together with c1aaps 

and the anode and cathode co•partaents drained into 

weight burettes. The claaps were removed and the 

a1dd1e portion a1so drained. It was necessary to 

aeasure the middle portion and compare 1t with the 

original solution. 

The direct current volt&ge sourde was made £rom 

standard radio power supplies, and the e1eotr1ca1 

constants are not cr1t1ca1. The large load resistors 

permit a1aost aD7 desirable vo1tage output rrom full 

100 volts to nothing. The t11tered direct current 

was free from har.ao~cs and pu1ses, and cou1d be he1d 

constant £or the period of tiae (10 to 20 hours) 

needed. The aDUDeter ( 0-SO a111i8lllperes) and vol taeter 

(0-1SO volts) were switched 1n and out of the c1ro~t 

when necessary and were a check on the power being 

drawn by the systea. The usual current 1oad was 14 

a1111aaperes drawn by two cou1ometers and the F1nd1&7 

tubes. The aeters were also used as a check to 

determine if the apparatus was operative. A bubble 
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or leak might break the circuit and not be readily 

apparent. Excessive currents would aean 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 precision 

instruments. The ooulometer also integrated out all 

the variations that might have occurred during peak 

and light loads on the city mains. 

Iodine Coulometer. The iodine ooulometer. was 

developed from the ooulometer of Washburn.<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

iodine 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 potassiua 

iodide was analyzed. This relieved the necessity of 

preparing a standard iodine solution. The only standard 

solution was arsenious acid, which reacted with all 

the iodine found in the anode. Starch was not used 

for observing the end point because the ionic strength 
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was too strong for starch and one drop of 0.25 normal 

arsenious acid completely d1seharged the color at the 

end point. 

The coulometer was assembled as shown 1n Figure 6. 

The 600 milliliter lipless anode beaker was filled with 

about 250 milliliters of ten per cent potassium iodide. 

The rest or the apparatus held about 200 milliliters. 

A four molar iodine in potassium iodide solution was 

introduced into the cathode chamber througll the this·tle 

tube by the threeway stopcock 1n the base. The turb­

ulent flow became smooth in the space between the two 

stopcocks, and if the boundary was allowed ~o rise 

slowly, all the bubbles were forced out without mixing 

the iodine solution with the ten per cent potassium 

iodine. The iodine was allowed to rise until it 

covered the electrode and about ha1f an inch of the 

glass tip. It was des1reable tq 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 worth1ess if iodine diffused into the anode 

chamber. Generally, after 15 hours the interface 

at the cathode became diffused about two inches above 



the p1at1num electrode plate; the rest of the so1ution 

was clear and colorless. When the current was stopped 

the threeway stopcock on the top o~ the •a• tube was 

tur.ned to 1et the 11quid drain out of the salt bridge. 

The Junction o~ the anode and salt bridge was separated 

at the rubber s11eve. The top of the anode was removed 

and the glass leg of the salt bridge and the platinum 

electrode rinsed ~th a wash bottle. The iodine so1ut1on 

was then titrated with arsenious acid. This cou1ometer 

proved to be -most conve~ent and was eas11y aa~pu1ated 

without spilling concentrated iodine solutions. Both 

cou1oaeters agreed to within the limits of experimental 

accuracy, or about 0.2 per cent. 

Electrodes. The iodine cou1ometer requires an 

inert electrodes o~ p1at1num. A piece of seven millimeter 

glass tubing was welded shut at one end with a two cent­

imeter piece of p1at1num 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 sur~ace would be available. 
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The plate 1s very necessary because the. wire alone w111 

reduce the iodine so quickly that the iodine would be 

exhausted near the electrode and hydrogen would be given 

o~r. This causes mixing and destroys the boundary, and 

usually invalidates the determination. In order to 

weld platinum wire to platinum plate, 1t was necessary 

to beat the wire and plate together on an anvil in the 

~lame o~ a bunsen bur.ner. When the two pieces were red 

hot at the point of contact, they were struck a blow with 

a hammer. Four welds of this 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 in 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 vic1n~ty of the electrode without 

side reactions taking place. If this one reaction would 

take place alone, it would be accounted ~or in the 

calculations. 

The electrodes were made of silver wire and were 

sp1ra1ed up the stem about three centimeters. They were 
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cleaned 1n ~trio acid a few tiaes and rinsed with 

distilled water. Then they were plated with silTer for 

a few hours until the surface became pebbled. The 

cathode was electrolyzed as an anode 1n a 600 milliliter 

beaker with one molar potassium chloride over a silver 

chloride mud about two centimeters thick serving as a 

cathode. This allowed more silver chloride to be put 

on the surface of the elect~ode than was necessary for 

the transference tubes. The experiment would be worthless 

if all of the silver chloride came off and the cathode 

compartment started evolving hydrogen. na._·:_.anode was 

used as is. 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 potassi'UDl chlor1dei 

When the anode was bare again 1t was removed and the mud 

was used as the cathode to put excess chlorine on the 

cathode electrode. The e1ectrodes were rinsed seYeral 

t1aes with distilled water. Before a determination was 

made on a manganous or potassium chloride solution, the 

electrodes were allowed to soak for several hours in a 

sample of the solution. The surface area of these elect­

rodes was considerable and if taken ·1mmed1ately 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 observed 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 ;o milliliter weight burettes, and 

assorted glassware. The weight burettes were necessary 

because the basis of analysis had to be molality due 

to the density changes in the Findlay transference 

tubes. All reagents used were chemically pure ana­

lytical reagent grade chemicals. 
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PROCEDURE 

The cou1ometers ere f111ed 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 co part­

ments so the placeme~t o~ the ·electrodes is arbitrary. 

The system was placed in series ith the voltage 

source and electrolyzed 1th 14 1111ampered at 80 

volt for 15 to 20 hours. · At the end of_ th~ electroly­

sis th Findlay tubes were drained into weight burett s 

and the anode as separated rro the rest or the iodine 

ooulometer. The solutions were then analyzed and the 

trans~erenoe h ber was calculated. 

Method of AnalYsis. Arsenious oxide as used as a 

pr1 ary standard. A e1ghed sample was dissol ed in 

sod1 hydroxide, neutralized 1th hydrochloric acid, 

and then buffered ith dib io sodium phosphate, and 

then diluted 1n a ol etrlo ~lask. This solution of . 

known concentration was titrated into the anode beaker 

1th the solution add1tionall7 buffered ith sodium 

bicarbonate. The che istry of the t1trations is descri­

bed by. Washburn in his original article. This ethod 
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gives excellent results ith a 1n1 of analytical 

~pulat1ons and ore than the requir d precision. 

. A eighed sa ple of the electrolyzed chloride as 

placed in a volumetric flask and diluted. Thi 

dilution as necessary because it as de ired to 

titrate the sample 1th on bur tte full of 0.2 or 

0.1 Normal silver nitrat • The eight or the ·sample 

of concentrated solution as adjusted uoh that. when 

diluted to 500 milliliters the concentration of the 

resulting olut1on was slightly less than that or 
the ilver nitrate solution. Fifty 111111t~r 

aliquots were 1thdrawn from the volumetric flask 

and analyzed by the Mohr (50) ethod. Th silv r 

nitr t ·as tandardized against . e1ghed samples of 

sodi um chloride. 

Table I, II ~ and III show the result of the 

experimental ork and a comparison with the a ailable 

si 1lar work found in the 11teratur • 



TABLE I 

Potassium Chloride Experiments 

Change in q. t of Cl in KCl Deviation 

Molal Faraday a Anode Cathode Anod Cathod Average from 0. 510 

0. 9941 0.01029 0. 00.562 0. 00536 0. 547 o.sJ4 o.s4o 4.?% 
I 

0.9840 0. 2% 
N 

0.01070 0. 00.5)6 0. 0053.5 o.;oo o.soo o.;oo \0 
I 

1.0269 0,006819 0. 0031.5 0. 00)5) 0,462 0. 518 o.4.9S 2.9% 

I.c.T. vol VII p.JlO Gravem trio method t of Cl in KCl 0, 510 

I.C.T. vol VII p.J11 EMF m thod t of Cl in KCl 0, 5o4 

Cham Rev l!• 209 (1932) Moving Boundary t of ·Cl in KCl 0. 512 
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TABlE II 

Manganous Chloride Experiments 

Nominal Change in eq. t of Cl in MnC12 

Molar Molal Faradays Anode Cathode Anode Cathode Average 

0.5 0,7025 0,011786 0,008)06 0,00858? 0.704 0.729 0.716 

1. 1,005 0.01260 0.01040 0,00845 0.825 0.671 0.748 

2. 1.763 0,00990 0,00745 0.00871 0.753 o.8ao 0,816 

2.480 0.01169 0.916 
I 

). 0.01228 0.01079 0.879 0.952 \N 
t-' 
I 

4. ).070 0,01972 0.01972 0.01456 1.000 o.s1o 0.905 
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TABLE III 

Manganous Chloride Trans~erence Numbers as Found in the 

Literature <4 3) 

Molal 

2.41 

0.0419 

0.0568 

Name Year 

Hittor:f 1859 

Hittor:f 1859 

Be1n 1.898 

Transference No. o~ C1 

0.758 

0.682 

o.61.3 



I 
\N 
\N 
I 





I 
\A) 
\J\ 
I 
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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 

Weight of sample analyzed: 

Cathode 

13.1452 grams 

Diluted to: 

Anode Middle Original 

19.)408 grams 6.6702 grams 18.5496 g 

500 ml 500 ml 250 ml 500 ml 

!'111111i ters of silver nitrate required, 0.19578 normal. 

30.22 ml 43.87 ml 30.38 ml 41.98ml 
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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 is 

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 milliliters 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 

6. 670 
= grams 

. 
' 

grams = 6.073 

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 ~trate which are the same as the. equivalents 

o~ manganous chloride in a 50 milliliter aliquot. 

Then per 500 milliliters of solution there are 

0.08219 equivalen~s or 5.1730 grams of manganous 

chloride in the weigh~d sample. 

Ratio for original solution 5.173 
1).)8 

Ratio for middle solution 

Difference = 0.8~ 
Cathode Compartaent 

6.037 
15.47• 

:: 

- 0.390 

* 0.387 

Weight of sample diluted to 500 a1lliliters is 

1).14 .52 grams. 

Chloride analysis shows: 

(O.OJ022j(0.19578) c 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 m111i1iter solution there are then 

0.05917 equivalents or 3.724 grams of manganous chloride. 

The total number or grams of salt in the cathode 

compartment is: 

3.724 - grams 
57.2JJ4 

• I grams = 16.21:3 
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which is 0.2576 equivalents. The number of grams of 

water in the compartment is: 

(5?.233)-(16.213) = 41.020 

The original number of equivalents in the cathode 

compartment is calculated on the basis ot grams o~ 

water in the middle compartment. 

0.09588 
15.4?00 

equivalents 
41.020 

j equivalents = e.2542 

The number or equivalents from the chemical analysis 

is too large by the number of faradays passed through the 

system. The manganese, instead or plating out of the 

solution, removes an equivalent amount of chloride from 

the silver chloride electrode. 

Therefore, the corrected number or equivalents is 

(0.25?6)-(0.01?9) = 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)-(0.239?) = 0.0145 

The transference number is then defined as the 

change in equivalents per faraday of electricity: 

0.0145 
0.01?9 

= 0.810 
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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 o~ 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 in 

the case of manganous chloride .and only approximately 

in the case of potassium chloride for this work. The 

ultimate basis of the H1ttorf method is that ions 

move from one compartment to .another under a potential 

gradient producing no effect other than a change in 

concentration. The ideal case is where the anion and 

cati on plate out on their respective electrodes. In 

most cases this ideality is denied . and .reactive 

electrodes must be prepared where quantitative reactions 

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, electrolysis of 

the water, or more than one reaction occurs at an 

electrode, the basis of the experiment is 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 a11 quantitative analysis 

·text books. Analytical precision was usually o~ the 

order -or magnitude of one part in 1000 or better. 

Although much of the value of the results rests upon 

the technician type analytical abilities o~ the 

experimenter, there are other :faotore that influence 

the findings of the transference measurements. 

Ox1dat1on-Reduot1on. It is assumed that the 

ehloride ion is the more stable o:f the ions .and least 

likely to change in valence except for the quantitative 

reaction at the electrodes. The manganous ion is very 

easi l y oxidized to another valence state, and being 

1n the presence of an oxidizing electrode brings it 

under suspicion. This ion is also capable o:f non 

quantitative cathodic reduction. If these ef~ects 

occured quantitatively at either electrode, the result 

oould be accounted ror 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. I~, 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 faraday-a, 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 equivalents too low and 

therefore a transference number would result. 

Conversely, if 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 

chloride ion. The anode values obtained are higher 

than the cathode values of the chloride ion corresp­

onding to neither of the above arguments. 

Another effect of oxidation is the possible 

hydrolys is of the highly positive 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 1s no point 1n 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. ~he 

excessive quantity of labor and time required to 

produce the results obtained lead to a strong rec­

ommendation to forsake the H1ttorf 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 

H1ttorf method can be developed to obtain useable 

results. 

Limitations. The Hittorf method is recommended 

only f or 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 available 

with only one chemical 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 o~ about three to five per eent when 

compared to ~he moving boundary transference measurements. 
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V. CONCLUSIONS 

Hittorf transference number measurements of the 

chloride ion in one molal pot.assium chloride and o. 7 

to ).0 molal manganous chloride in the Findlay apparatus 

have led 

1. 

current 

2. 

upon for 

J. 
upon to 

cent of 

to the following conclusions: 

The ion which carries more than half of the 

may be determined by this method. 

Potassium chloride measurements may b~ relied 

a precision of about three per cent. 

Manganous chloride measurements may be relied 

show that the chloride ion carries about 66 per 

the ·current during electrolysis. 

4. As the concentration of the manganous chloride 

is increased the chloride ion transference number 

increases. 

5. This is not a precision method of determining 

relative ionic 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. 



-46-

VI. S~M~Y 

The chloride ion trans~erence 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 is about the accuracy accepted in other literature 

reports. The mobility o~ 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 is increased • . Dilute solutions o~ mangan­

ous chloride were not examined, and only three manganous 

chloride trans~erenoe numbers could be ~ound in the 

lite rature. It was recommended that a d1~~erent 

method be developed to find 1o~c ·mobilities in order 

to avoid the complicating side reactions ~ound in 

the H1btor~ method. 
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