








GLOSSARY OF ABBREVIATIONS AND SYMBOLS.

LListed below are the abbreviations used througt

the the text. O0Others which are used only in one place

are defined as they are introduced.
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activity of lonic apecies 1i.

mean lonlc activity.

molgr-concentration

concentration in gram-molecules per litre of
golution.

base of Nap#erian logarithms
2.7183%,

total electreomotive force of a cell in
absolute volts.

liquid Junction potential estimated by meanc
of the Bjerrum extrapolation method.

total electrode potential of a cell.

sum of the ideal single electrode potentiale
of a cell.

contribution to E of departures from ildeal
solution behaviou¥:

liquid Jjunction potential
diffusion potentlal.

1deal junction potential.

contribution to E. of deviations from ideal

gsolution behavioﬂr.

diffuslion potentia. at a 3.5N salt bridge.
diffusion potential at a 1,7HN salt bridge.
molal activity coefficient of ionic species
mean ionlc activity coefficient.

Faraday.

free energy.

lonal concentration of bridge solution,
molal concentration

concentration in gram-molecules per 1000

gram solution.

mean ionlc molal concentration.

































A second group ol practical methods makes use of
the fact that the diffusion potential decreases, as the
two solutions become more alike. Thus, the Jjunction pot-
ential is reduced by adding to both the solutions large,
equal awounts of an indifferent electrolyte., Many modi-
fications and extensions of thlis method have been srzgestea.
In the most accurate of these, which 1s due to Owen and
Brinkley (17,18), the errors due to the diffusion potential
6t111 remaining, and to the salt effectz rauged by the
presence of the indifferent electrolyte are eliminated
by extrapolations. This procedure has been applied with
guccesg 1n solubility product and dissociation constarn
determinations, but 1s too long and exacting for all but
the most accurate work, The methods in this class are not
of very general application, for the addition of large

quantities of electrolvte 1s in many cases not permissible.

3.3. THE MEASUREMENT OF LIQUID JUNCTICN POTENTIALS.

From an experimental polnt of view liquid junc*tn
potentiale have presented no less of a ﬁroblem. The con-—
flicting methods and techniques used bty the early workers
(e.g. Blerrum(1l6) ,Cummings and Gilchrist (19),Takegami (P0)
Lewls, Brighton and Sebastian (21} )may be taken as an
indicatlion of the complexity of the difficulties facing
them,

It was agaln Guggenheim (6)who placed the subject
on a sound footing, and who was able to separate from the
mass of contradictory evidence the essentials governing the

behaviour of diffusion potentlals. He rejected the widely
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determined by the quantities B and §. Now, ae ¢, decreases,
it is obvious thet ¢ will increase and B decrease,
numerically. (cp(us+vso) will be much greater than
e;(ug+vy) ). Ae C is a logarithmic term, it will
change more slowly than B, and thus the nett effect
will be g decrease in the numerical value of Ej.

In the case where The bridge io not completely
equitransferent, A changes very eglightly with ci, angd
i8 much greatér than B, except for the greatest values
of Cq -

Hence, the change 1in EJ with increasing c¢q is -
determined by the produect AC, and ig, therefore, an
exponential numerical increase.

h.2. CRITICAL REVIEW OF PREVIOUS WORK ON
MIXED ELECTROLYTE BRIDGES.

It 1s convenlent at this stage %o consilder
previous work on mixed electrolyte salt bridges. The
literature containg some important contributions, but
the subject is, in general, much neglegted. In few
books on electrochemistry 1is it mentioned, in none is
it treated in any detall, and nowhere is there a com-
plete review of the field. 1In these circumstances, it
was felt To be deslirable that the discussion presented.
here 1e both detailed and exhaustive.

The use of mixtures of electrolyte in attain-
ing equitransference was inltially suggested by B Jerrum
in the firet of his papers on salt bridges (15). He
did not develop the idea which he credited to
Professor Robert Luther of the Leingsig Physiecal
Chemisiry Insti..te, as he d4id not consider the trans-

port data then available to be sufficiently accurate.
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obtained from the Henderson equation,and hence cannot
be relled upon to any great extent as a criterion

of the practical value of the method. Thus Grove-
Rasmussen's Jjudegment of the Bjerrum extrapolation

cannot be accepted without reservation.

An lmportant polnt emerging from the above
review 1s that too great a reliance has been placed on
the predictionsg of the approxlmate equations by workers
In the fleld of mixed electrolyte salt bridges. The
factors involved are extremely complex, and one ca..not
extend to them, as has been done, relations which even
under the most favourable conditions are approximate.
It must be reallsed that, whlle these relations may
prosslbly iIndlcate general trende, clear experimental
verification 1s necessary at every stage. Furthermors,
any quantity required such as the composition of
equitransferent solutlons must be obtained experi-

mentally.

L.z, QUTLINE OF THE PRESENT INVESTIGALICON.

4.3 1. THE AIMS OF THE INVESTIGATICN.

4.2 1a.The General Aim.

In the light of the review given above of
previous work 1in the field of mixed electrolyte salt
bridges, 1t 1s evicéent that present knowledge of the
sub ject 1s very limited, and hardly extends further
than an appreciatior of the possible advantages of the
uge of eguitransferent solutions., C(ertainly the
fundamentals of the subject have not been established.

The purpose of thig investigation was to

eetablish these fundamentals, as far as possible, by a
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gtiudy of the varlation of liguid Jjunctlon potentials
with the compocition of the mixed electrolyte bridge

eolution,

%.3. 1lb.More Specific Aims.

The followving cell was used: -

J(1-x)KC1
Heg-He,Cl,|HOL (m,)) S — KC1(m,) |Hg C1,-Hg
{a) by ........ %.3(1)

1
solutions are much less than J, the concentration of

in which the molslities m. and m2 of the electrolyte

the ktridge solution, and are so chosen that the nett
electrode potential of the cell is zero. (see section
4,3 2¢.) The potential,E, of the cell will thus glve
the algebralc sum of the potentials at the junctlons
a and b directly.

Teing the cell the general purpose of the
investigation was pursued with the followlng more
definite ends 1In views:

{1} To show how the cell potential, E,, varies

3
with the proportions of the two constituents
of the bridge solution at constant lonal con-
centration.

(11) To provide a clear, practical proof that the
residual potantials at salt bridres can be re-
duced to zerc by the use of the correct mixture

of two electrolytes whose predominantly conduct-
ing ions have different sjigns,.

(111) To ascertaln whether thirs elimination of

potential occurs in all cases, and, if not,

what the factors are which govern 1t.
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(1v) To obtain an eetimate of the equltransferent
ratio of the potassium chloride-potassium
nitrate mixture.

(v) To show whether the use of equitransferent
bridges does, indeed, 1mprove the accuracy of
the B jerrum method of estimating residual
diffusion potentlials. (Thls topic 1g dlscuss-

ed in detall in section 4.3 3.)

In addition, it 1s considered that this would
be an excellent opportunity of comparing the values of
the experimental potentials with those calculated from
the Henderson equation, as the experiments being
carried out involve direct measurements of diffusion
potentials. It wili be recalled that the need for
such a comparison in the case where concentrated
solutions are involved,was stresgsed in section 3.1,

above.

4.3 .2, DETAILED DESCRIPTION OF THE CELL,

The cell will be discussed here with reference
to the reasons which led to its cholce, both in relation
to 1ts general form and to details such as the electrodes
and sclutions used. The practical aepects of the cell

are described in the experimental sectione 4.4 and 4.5,
4.3 2a General.

The essential characteristic demanded of the
cell wasg that 1t allow liquid Junctlon potentiales %o
be read directly. In much of the previous work errors
were Introduced, and a good deal of the information
contalned in the mezsuremente obscured, by the fact

that the potentlals glven by the cells used were a
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The moet serious criticism of the method was
made by Kline, Meacham, and Acree (13%) on the
bagls of potential measurements which they, themselves,
as well as other workers had carrled out. A previous
investigation, presumably unpublished, led these
authors to the conclusion that, when x=4.12, the
potential across the Junction
HCL ¢+ (0.1N).....4.3(1ix)

HC1 (0.1N) | KOl (xN)

is "practically completely annulled." They therefore
assumed that a 4.12N K01 bridge reduces to zero the
potential between 0.1W HCl and 0.1N KC1 solutions.
Other measurements taken in this former invesgstigation
agree with the determinations by other workere that
the difference in the potentials, when x=3.5 and when
x=1.75 was about L4.3mV. According to the BJerrum
extrapolation, therefore, the actual diffusion
potential in the case of a 3.5N bridge should be
L.,Zmy, Further, since the diffusion potential
acrose the chain 4.3 (ix) is =zero, when x=U,12, the
difference in the potentlals betwecn the cases when
x=3.5 and x=4.12 should be equal to 4.7mv, As their
measurements showed thig latter to e only about
1.3mV, Acree and his co-workers reasoned that the
cxtrapolation was in error by about 330 per cent. They
applied this method of reasoning to other systems, and
in each case were able to demonstrate an error of
gimilar magnitude.
As general conslderations indicated that the

assumption of zero potential across the chaln

HOL (0.1¥) | KCL (%.120) | ko1 (0.2N)..... A3 (%)
was 1invalid, measurements weée performed during the
present investigatlon to test 1t. These showed that
this potential is, in fact, 1.67mV {see section 4.6 %),

On the basis of this value the error in the Bjerrum
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delay a short length of teflon rod had been procured,
it wae found to be extremely inhomogeneocus. As thils
precluded the precise machlning necessary to prevent
leaking, there was no alternative bhut to use glaes.
The condition that nym,, NO, and ML form a stralght
tube of uniform bore makes the construction of an
,all-glass tap a problem of great technlcal difficulty,
since 1t necessltates,

(1) that there be no constriction at the seals
ny and my ;

(11) that nym, be so placed that after grinding and
greasing N and ny, and M and my can gimultaneously
coincide.

Thanks to %t @ skill of the University instrument
maker, Mr., F. van der Water, these difficultles were
overcome. The palir of taps used had no detectable
irregularities at the seals, and satisfled the second
reguirement almost completely. The bore of these taps
was 3 mm, and the plug was firmly held in the barrel
- by means of spring-loaded washers. (see Figure 3).

To the handle of each tap was attached a perspex
disc from which prolected two short lengths of brass
rod. These could be adjusted so that they came into
contact with ML or PQ, respectively, when N was
Joined to M or P, and ensured that the tap wzs operated
with a precislion commensurate with the accuracy of 1ts
construction, For convenlence the taps were manipulated
by meaneg of knobs fixed to the frame above the water-
line, and connected to them by means of nylon lines,

The complete Junction assembly is shown in
Figure 4. JGHK which includes the vertically meunted
Junction taps G and H, i1s made of 3 mm internal

diameter thick-walled tubing. A reservoir identical

with those forming part of the electrode units fits
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the varliation of diffusion potential with the
position of a concentrated solution, cross ot
another line representing potentlals at the ¢
concentrated solution, Thlis megns that in r
these exampleas can diffusion potentials be el
by varying the composition of the bridge solv

The examples shown are widely distribute
embrace extremes as regards the solutes of bc
and adjacent solutions, Furthermore, althoug
discussion has been developed on the baslis of
potentialg, 1t should be borne in mind that 1
complete agreement with the experimental evié
obtained during the present investigation. C(
ly, 1t 1g felt that the reliance placed on tt
precictiong of the Henderson equation is in t
stance justified.

It can thus be stated as a general rule
case can the residuzl 1liguld junction potenti
full galt bridge be eliminated by the use of
of electrolytes as the bridge solute.

This conclusion ig directly opposed to t
held widely both by workers in this field, ar
electrochemists., The followlng examples supr
statement:

Acree and his co-workers recommended repeatedly
(1%,31,32) a mixture of KNO} and KGl in a molar
ratio of 1 to 3 as being more efficisnt as a "contact
potentiél eliminator" than pure KC1l solution, for
solutliong of pH between 3 and 10. Admittedly this
mixture was cometimes mentionefl in context with half
bridges, when, of course, the clalms made for it

might possikly be justified. Other cases can only be
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construed as applying to full brifges. Furthermore,
this solution is quoted by reviewers as teing an im-
provement on the conventional saturated potassium
chloride salt bridge, (e.g. see Rates! "Electrometric
PH Determinations” pege 188 (60) ).

Grove-Rasmussen, on page 456 of hisg second paper
(33) states that ",..by using an equitransferent brifge
solution we gain partly the adventage.....that we are
workling on the whole with smalier diffusion potentials
AR ", On page 422 of his third paper (26), he claims
that".....an equitransferent sclution of KC1l and KNOB
wlll probatly be better sulted for the elimination of
the Aiffusion potential than the saturated potassium
chloride solution usually used for this purpose.l

The root of this misconception almogt certainly
lies in the failure to recogniese the necesglty for dis-
tinguishing between single Jjunctiong and full salt
hridges. It appears that, once workers have reallsed
the advantages of using mixturegs in the former case,
they have without cuestion extended the technlique to the
latter,

From this dlscussion, therefore, we must conclude
that no reduction in the residual llguid Junction poten-
tial at full salt bridges is, in general, affected by
the use of mixed electrolyte bridge sclutions, al-
though there probably are considerable advantages in
using equitransferent solutions at half bridges. As
a result, it 1s not poseitle to determine the com-
position of equltransferent mixtures by measurements

of the diffusion potentlials at full bridges.
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stated that in the case of the chaln
HCl (0.09917m) | Bridge solution | KG1 (0.10000m)

the accuracy of the Bjlerrum extrapolation method can be
greatly increased by the use of mixed electrolyte salt
bridges.

The theoretical curves 1in Figure 11b do not
intersect, Thus , the Henderson equation has here fail-
ed to show even fthe qualitative tehaviour of the diffusion
potentials, although it demonstrated clearly the superior-
ity of equitransferent solutlicns in the case of half
bridges. (See section 4.3 3.) We have here a clear in-
stance of the need ~ a need which has teen gtressed
throughout this thesls ~ for theoretlical predictions to
be supported experimentally,tefore too great a reliance
1s placed on them.

What significance can be attached to the value of
the ratio Kgl KNOy (=13 2.2 ) at which EBJ is
equal to E3‘5? Tt is unlikely that it defines the equi~
transferent mixture of the salts, as 1t 1s probatle
that the adl)a ant solution will have had some influence
in determining the point of intersgection of the two
graphs. How great this influence will have been is
difficult to estimate. No prediction based on the
Henderson equation ig, of course, admigsible in vie of
its fallure in this matter, It 1s to ke expected,
neverthelegs, that the intersect wllil lie in the
general vlicinity of the equitrarsferent mixture, and,
therefore, we can use the value of this ratio to obtain
a tentative estlmate of the composition of t he mixture,
Tn the opinion of the present guthor, the equitransferent

mixture will lie between 50 and &0 moles K@l per cent.

































