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The extrapolation of EMF data to infinite dilution
in non-aqueous and mixed solvents

1. INTRODUCTION

The standard electromotive force (emf) of a voltaic cell, E°, is of fundamental importance in
both theoretical and applied electrochemistry. It is well known that E° is strongly dependent
on the solvent of the supporting electrolyte, and this fact was rationalised in terms of the
so-called primary medium effect (refs. 1-4). Among the various solvents, needless to say, wa-
ter has the greatest importance and aqueous electrolyte solutions take the lion's share of pra-
ctical cases. The need and convenience of reading and quoting ion-responsive electrode poten-
tials Ei versus some reference electrode potential Eref prompted the introductionof the (con-
ventional) standard electrode potentials E; . The convention which IUPAC promulgated in Stock-
holm, 1953, of E°(H+/H2) = 0 in water at all temperatures (refs. 5,6), has become generally
accepted and used. Parallel electrochemical series could be set up to each and every nonaque-
ous or mixed solvent, by repeating the convention that E°(H+/H2) = 0 in it, but with no ther-
modynamic basis of intercomparison. Several experimental schemes have recently been combined
with extrathermodynamic assumptions for the intercomparison of Ez 's in different solvents

with ultimate reference to the conventional aqueous scale (refs. 7-10). This problem of the
intercomparison of E; 's is, however, outside the scope of the present document and has been

dealt with in specific separate documents (ref. 11).

1.1 The determination of the standard emf E° may be required for cells of the types presented

below.

1.1.1 The general cell can be represented as:

Pt M| Mi:xi:, m, in an appropriate solvent s | X | Pt (1
and its emf E can be expressed by the Nernstian equation as:

E = E° - (VET/v 2 F)1n(Zmy,) (2)
where m /(mol.{kg solvent}™?) is the molality of the electrolyte Pé:xi:, Y, is the corre-

sponding mean molal activity coefficient, v =v, +v_, vz, =v_|z_|, Z = (v:+ vf_)1/v,

R = 8.31451 J-K *'mol™! is the gas constant, F = 96485.3 J-V *-mol~' is Faraday's cons-

tant, and T is the absolute temperature.

1.1.2 The Mz+/M electrode, or the X/XZ' electrode, or both, may be gas electrodes, in which
case the partial pressure of the gas/gases involved in the measured cell emf F must be
normalised to the standard pressure so that in the emf expression any term in gas pres-

sure is eliminated.
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Determination of E° for cells in low permittivity solvents 1649

1.1.3 If the M /M electrode is an amalgam electrode MZ+/Mng1_x, then E depends alsoon the
mole fraction x of the metal M in the amalgam, and this dependence must be dealt with by

an extrapolation to x = 0 (ref. 12).

1.1.4 The X/X*” electrode may be a halogen electrode with X = Cl2 (gas), Br2 (1iguid), or 12
(solid). Since the reactions X, + X =X, and X3 + X, = Xy (with the respective equi-
librium constants X and X5) occur in the solutions, the ions X; and X; must be accoun-
ted for in addition to M°' and X . Methodswere described to obtain simultaneously E° and

K4 (ref. 13).

1.1.5 If the cell is of the type:
Pt | H, | H,S0,, m | Hg,S0, | Hg | Pt, (3)
the electrolyte of this cell has three ions (H+, HSO, and SOZ') due to the incomplete se-

cond ionisation (of constant Kz) of HZSO although HZSO4 is formally regarded asabina-

4
ry electrolyte as far as its vy, is concerned. The HSOZ ion rust be accounted for by pre-

liminary knowledge of K, in iterative calculations, to obtain E° (ref. 14).

1.1.6 The buffered cell (refs. 15-17):

Pt | H, | HA (mz) + NaA (mz) + NaX (”’3) | AgX | Ag | Pt (4
which is extensively used to determine the ionisation constant X of a weak acid HA, has
an emf expression of the type:

E =E° - (RT/F)]n(mH+YH+mX_YX_) =E°- (RT/F){'In(mX_mHA/mA_) + 1n(YX_YHA/YA_) +1nk}  (5)
where the vy; and y_ are single~ion activity coefficients that cannot be combined in an
expression of the form

Yo Yo =i (©
to give the mean activity coefficient y, of some strong acid HX. The ionisationconstant
K can be obtained from the measured E's_through a simple elaboration and extrapolation
of equation (5) to infinite dilution of the mixed HA + NaA + NaX electrolyte, provided
that E° is already known. But the procedure can well be reversed do determine E° from

preliminary knowledge of X. This is indeed occasionally done (ref. 18).

1.2 The procedure described in the present document is applicable when the simple expression
(2) holds, with v . of the general binary electrolyte Ivi :Xi:, namely for cell (1) in the
general case 1.1.1 and for the subcases 1.1.2 and 1.1.3 . The extrapolation to m = 0 of

E!' = E + (\)k/\)+z+)1og(2m) = E° - (\)k/\>+z+)1ogyi , N
where k = (In10)RI/F, should give E° as the intercept, since at infinite dilution logy,
= 0. Such an extrapolation is, however, seldom linear and is, hence, impractical. It i;
preferable, therefore, to express logy, as a function of the molality m, and include in
E' that part of logy (times the fa,c‘co;~ vk/v_z ) that does not involve unknown parame-
ters, and leave on t};e right-hand side of equation (7) that part of logy, that does. It
has long been common practice to invoke the Debye-Hiickel theory of activi’zy coefficients
to express the dependence of logy, on the concentration.

Such theory, in its extended form, spec_ifies that:

1ogyi= —1z+z_|AIZE/(1 +aDBI%) - log(1 +vas) +b,I (8)
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where 4 and B are parameters given by the theory, @, is an adjustable parameter related to

0
the distance of closest approach of ions, b is a second adjustable parameter related to short-
-range ion-solvent interactions, M, is the molar mass of the solvent (the contributionof the
log(1 +\)mMs) tern becomes negligible at sufficiently low molalities m), and I is the (molal)
ionic strength of the solution:

I=0.5%2 (mizé) (9
where m, is the molality of the ionic species 7 and z; its charge number. (A parallel ionic
strength I,= 0.52 (cizi) defined on the molar scale (ci’ in mol-dm™*) is very popular, espe-
cially in conductimetric studies, and here will be used in commection with equation (19)).
BEquation (8) fits activity coefficient data very well in the range of molalities that is re-
levant for the extrapolations discussed here, at least in aqueous solutions where it was te-
sted extensively. The extrapolation is then carried out according to:

E" = E + (vk/v,z){10g(Zn) - |a,z_|AT¥/(1+a,BI¥) - Tog(1+vmt)} =
E° - (Vk/vz )b I (10)

where E” is a linear function of I and, covering a relatively large I range, lends itself
much better for the extrapolation than E’ in equation (7). Equation (10) was employed in many
studies, now classical, that established standard electrode potentials in aqueous solutions.
For its application, values of the adjustable parameter a, were tried until satisfactory li-
nearity of E” with I was attained. Such studies are described, for instance, in the books of
Harned and Owen (ref. 19) and of Robinson and Stokes (ref. 20). This equation is, in princi-
ple, not limited to aqueous solutions, provided that the electrolyte remains fully dissocia-
ted into ions and that the dependence of 4 and B on the nature of the solvent, through its re-
lative permittivity e s and density p,, is taken into account. When the provisionof full dis-
sociation of the electrolyte breaks down, as when organic solvents or aqueous-organic solv-
ent mixtures with low permittivities are used, then equation (10) no longer yields satisfac-
tory results. Whereas there have been no noteworthy attempts to replace equation (10) withal-
ternative expressions to extrapolate E° in aqueous solutions, several alternatives were pro-
posed for organic or aqueous-organic solvent mixtures. These employ expressions for logy + ap-
pearing on the right-hand side of equation (7) that differ from equation (8), examples being
shown in Table 1. These expressions do, however, not take explicit cognizance of the ion as-
sociation that takes place in solvents of low relative permittivity at the concentrations u-
sed in emf measurements. Harned and Owen (ref. 37) replaced equation (2) by:

E = E° - (Vk/v,z,)10g(Zomy,) an
where o is the degree of icnisation, ¢.e. the fraction of the electrolyte dissociated into
ions, and y, the mean molal activity coefficient of the solute as a strong electrolyte at an
ionic molality M Janz and coworkers (refs. 38,39) used equation (11), with amy, replaced by
aey,, (e is the concentration of the electrolyte and y, the corresponding mean activity coef-
ficient onthe molar scale, mol-dm™3) to obtain E; on themolar scale [E‘; =E;;1 + (Vk/v 2 )logp,
where Py is the solvent density, and the subscript m denotes the usual molal scale, mol-kg'lj.
The Gronwall, LaMer and Sandved's extension (ref. 35) to the Debye-Hiickel activity coeffici-
ent e>cpres$ion was used (refs.38,39) to calculate Ygr and an experimental value for the (mo-

lar scale) association constant X, to calculate a, in an iterative procedure. This approach
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has, however, not seen extensive used since then.
Ion association to ion pairs has been recognized as a phénomenon that takes place in soluti-
ons of highly charged electrolytes (|z,z_| 2 3) even in water and of even 1:1electrolytes in
solvents of low relative permittivity. The dependence of the degree of association (1-a) on
the concentration is given by the mass-law expression

(1-0a) = Kcazcyé (12)
Equation (12) can be solved for a in terms of the product x = chyg

o= {1+ 40¥ - 131/(20 (13)
However, y, depends on a, so that equation (13) is an implicit equation, and , furthermore,
there is no general agreement on the dependence of X, on the nature of the solvent. Table 2
shows that o values appreciably lower than unity are obtained for relatively low concentrati-
ons, ¢ > 0.01 mol-dm™®, at moderately low values of the relative permittivity, gy < 35 .

The distance of closest approach of ions, a,, that appears in equation (8) and in several of

)
the expressions shown in Table 1, was generally used as a free parameter. This is true for
the simpler expressions and for those that involve the terms ext, Z.e. the extended terms ex-
pression according to Gronwall, LaMer and Sandved (ref. 35), which is very complicated. The
recent trend in one branch of electrochemistry, that of pH measurements, isnot topermit such
freedom in @ . This pertains both to aqueous solutions (ref. 40) and to water-rich aqueous-
-organic solvent mixtures (ref. 41). [ The burden of fitting individual experimental data can
be left to the second adjustable parameter, b0 , in the activity coefficient expressionj .
Rather than employ the theoretical value of B and a free choice of a in equation (8), the
product Ba was fixed to have the value of 1.5 kg%-mol'% exactly in aqueous solutions at all
temperatures 273.15 £ 7/K £ 373.15 . In other solvents this quantity was consequently assi-
gned (ref. 41), at the operating temperature, the value:

. 1.5{ewos/aspw}% (14)

where the subscript . stands for water and s for any solvent, including aqueous organic mix-

Bao/(kg%-mol

stures.

2, SUGGESTED PROCEDURE FOR CELLS INVOLVING A 1:1 ELECTROLYTE

It is suggested that international agreement be sought on an extrapolation procedure to ob-
tain the standard emf E° from the measured emf's EF of reversible cells under conditions where
appreciable association may take place. For the sake of simplicity, the case of cells invol-
ving a 1:1 electrolyte (£.e. one where z, = |z_| = 1, hence Z = 1 in equation (2)), is dealt
with first. This is a very common case, and much work was reportedon acell suchas (ref. 42) :
Pt | H, | HC1 (m, in solvent &) | AQC1 | Ag | Pt (15)
or similar cells involving other hydrohalic acids and the corresponding sparingly soluble
salts, among others (ref. 43). The following three facts are taken into account: a multitude
of extrapolation procedures have been used in the past (see Table 1), ions association pre-
vails under the conditions of many of these studies (see Table 2), and some consensus has
been reached on how to deal with water-rich organic solvent solutions involving a 1:1 elec-

trolyte [see equation (14):1 .
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TABLE 1 - Alternative expressions for the mean molal activity coefficient
v, used for the extrapolation of standard emf £° values in the

case of 1:1 electrolytes, where z, = I,z_l =1,and Ir=mandI, = ¢

for the molal-scale and mo1ar-scaTe jonic-strength, respectively.

Expression for References
logy, =
-4m¥ + b'm 24,34
-Acm%/(1 +aoch%) 23
~An%/ (1 +m¥) + blm 23
-am¥/ (1 + a Bn¥) - log(1+2mM,) + b m 25,26,27
-Am¥/(1+ a Bn¥) - log(1+2mM,) + b m + ext 30,31,35
-a,c¥/(1+a B,c%) - log(1+2mMy) + bm 28
-Acc%/(1 +aoBcc%) - log(t+2mMy) + b c + ext 29,35
-4c¥/(1+ a Bo¥) + log(e/moy) 36
—4*m% + B*m + C*m + ... 32,33
-4*c¥ + b*c + log(e/me,) 21,22
N.B. A=4d,o¥, B=B o, 4%, B*, ¢*, a , b, b!, b and b* are
concentration-independent constants, M, is the molar mass of the
solvent (kg-moL"l) and p, its density (kg-dm'a), and ext are fur-
ther terms in the extended Debye-Hlckel equation as proposed by
Gronwall and coworkers (ref. 35).

TABLE 2 - values of the degree of dissociation, @, of a 1:1electrolyte at
298.15 K in solvents of specified permittivities, ¢, , and at

specified molar concentrations, ¢/{mol-dm~%), in terms of the asso-

ciation constants X, (according to equations (19) and (23) to (30)).

Eg 50 45 40 35 30 25 20 15 10
logk, 0.251 0.55% 0.912 1.131 1.434 1.794 2.248 2.917 4.306
a
e

0.001 0.997 0.995 0.995 0.983 0.965 0.921 0.807 0.547 0.1500
0.002 0.995 0.991 0.979 0.964 0.928 0.848 0.682 0.405 0.1032
0.005 0.988 0.975 0.944 0.907 0.827 0.689 0.499 0.259 0.0616
0.01 0.973 0.947 0.886 0.826 0.702 0.541 0.356 0.177 0.0411
0.02 0.942 0.888 0.785 0.695 0.553 0.399 0.249 0.119 0.0272
0.05 0.846 0.743 0.596 0.496 0.365 0.248 0.147 0.068 0.0154
0.1 0.719 0.591 0.445 0.352 0.253 0.167 0.093 0.044 0.0100
0.2 0.562 0.437 0.314 0.242 0.172 0.109 0.062 0.028 0.0064
0.5 0.365 0.271 0.188 0.141 0.097 0.061 0.034 0.015 0.0035
1 0.249 0.182 0.124 0.092 0.063 0.039 0.021 0.009 0.0022

The present state of electrolyte theory does not provide compelling reasons for the choice of
any expression for the activity coefficient logya or for the dependence of the association

constant X, on the nature of the solvent. The criteria for the choice of the semi-empirical
extrapolation procedure should therefore be its conformity with accepted practice, as far as
possible, and convenience. The procedure is described in terms of molar concentrations, e, ra-

ther than molalities, m, since the theoretical expressions at the basis of the semi-empirical
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procedure involve the number of particles per unit volume. The relationship between the two
scale is:

e =mp/(1 + md) (16)
where o is the density of the solution (not of the solvent) in kg.dm™® and ¥ the molar mass
of the solute electrolyte in kg-mol~!. Also,

By = E5 - 2k1ogp, (17)
where for the 1:1 electrolyte v = 2 and Z = 1, and Og is the density of the solvent. The
measurements reported in the literature or obtained in the laboratory as a function of =m are
first submitted to the m to e conversion by equation (16), then a suitable function of F is
extrapolated to obtain E;’, which is finally converted to E,;, if so desired, by equation (17).
The Nernst equation is now written in the form:

E = E; - 2k1og (0e) - 2klog Y, (18)
and the mean ionic activity coefficients ¥, are written in analogy with equation (8) ‘in the
form:

Togy, = -4,()¥/01 + B g} + co % (o)

where, on the molar scale, 4, = Apj, B, = Bp's' and for the ionic strength of the partly as-
sociated 1:1 electrolyte I, = oc. The parameters 4, and B, are given their values according
to the Debye-Hiickel theory and the quantity B ,q 1s given its value according to the Bjerrum
theory of ion association. Reasons have been presented (ref. 44) for giving preference to this
theory over others. The Debye-Hickel expression (19) is seen to apply to the ionized part of
the electrolyte beyond the distance g = e?/(8me 0sskBT) that replaces the distance of closest
approach a, which applies for completely dissociated electrolytes. The extrapolation function
is, therefore:

B =E+ (k'DTogac) - ('DA’ e, 3 20)¥ 1+ B (e,n 3 2(0) 1 = ES-ce (20)
where ' is a free parameter (the only one in this treatment). It takes care of the linear

term in electrolyte concentration in equation (8), of the activity coefficient of the unioni-

zed part of the electrolyte, and of the conversion from molal tomolar activity coefficients:

y = +mpyy,/o =moy,/e zn
The above parameters have the following values:

k' = 2(In10)R/F = 3.96845x 10™* V.K? (22)

At =4, (e 03 = W s/e k)32 /(rIn10) = 1.82482% 108 dmd/2.K3/2 o1 (23)

B' = 4'(In10) = Bye?(e,D) ¥ (e ky) 2x102/81 = 4.20179% 105 dn3/2.K3/2.mo17%, (24)

(the values of the fundamental constants employed are from ref. 45), and ¢' = (k'T)C is the
fitted slope of the linear extrapolation. The characterizing variable in equations (19) and
(20) is o which can, through equation (13), be obtained from the value of the association con-
stant Kc. Frequently, experimental values of Kc are unavailable, and in these cases Kc can
be evaluated as a function of solvent properties by the following procedure.

According to Bjerrum's theory,

X, = K'(e,0)7°Q) (25)

c

where

KI

N,e®(10/e k) */(4m)? = 3.53101x 10*° mol™*-dm? K® (26)

and
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TABLE 3 - values of some properties of water as a function of temperature

and 273.15 £ T/K £ 373.15

property value ref.
€ = 78.46 at 298.15 K and 0.101325 MPa 46
ow = 0.997045 kg-dm™® at 298.15 K and 0.101325 MPa 47
(e,/e,) = 178.46 - 0.3595x4T - 0.0007x (AT) 2}/

/{0.997045 -~ 0.0002564%xAT - 0.000004812x(aT)2 +
+ 2.8736x1078x(aT)® - 1.4456x1071x (41"} am®.kg™?

(where AT = T/K - 298.15), valid at 0.101325 MPa pressure

48

TABLE 4 - The standard emf's E° of some cells of the type Pt|H,|HX (more) in solvent s
|AgX|Ag|Pt, obtained by the proposed extrapolation procedure, compared with

the 1iterature values

X solvent €g T/K X, E°/NV ' E°/V ref.
(mass % in HZO) this work Titerature
Br (m) methanol (43.12) 59.4 298.15 none 0.0565%0.0015 0.0560 25
(m) monoglyme (30) 87.1 - 278.15 none 0.0771£0.0000 0.0774 49
(m) monoglyme (50) 45.8 328.15 none 0.0156%0.0001 0.0163 49
€1 (e) methanol (90) 37.91 298.15 4.7 0.1034x0.0006 0.1030 29
(m) ethanol {40) 66.2 263.15 none 0.21395+0.00007 0.21395+0.00009 52
(¢) ethanol (90) 29,92 288.15 21.4 0.0997+0.0006 0.0957 29
(m) 1,4-dioxane (70) 20.37 273.15 130.9 0.1066=0.0006 0.1058+0.0003 50
15.37 323.15 235.0 0.0177:0.0007 0.017520.0003 50
(m) 1,4-dioxane (82) 10.52 278.15 334.0 -0.0066+0.0003 0.0025:0.0010 51
9,53 298.15 434.0 -0.0525+0.0002 -0.0415%0.0010 51
8.62 318.15 600.0 -0.10330.0004 -0.0925:0.0010 51
b
Q®) = t™" exp(£)ds 27

. 2, . cqs

The integrand contains ¢ as an auxiliary variable, and the integral is
merically to the limit of integration ». This quantity is given by the

b = (e%/e kg) (e,1) " 2 102/ (4m)
and depends on the properties of the solvent via €4 and also a,, which
(14). The explicit form of b is:

b = b'p%€'1a'%ﬂ“3/2

ws w

with

b’ = WEe® (5/e, k)% 2(1.5m)7) = 5.60239% 105 mo1!.dm3/2.K3/2

readily evaluated nu-
theory as:
(28)

is given by equation

(29)

(29

Input data required for the calculation are the temperature T/K, the solvent density Py /(kg-

«dm~*%), and the relative permittivity €g

of the solvent at this temperature. The ratio of the
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relative permittivity of water to its density, (e, /p,) at the temperature I is obtained from
the expression given in Table 2. These data enable b to be calculated from equations (29) and
(30), hence the integral Q(») numerically from equation (27), and then the association cons-
tant X, from equations (25) and (26). Further input data are a set of correspondingvalues of:
m, the molality (mol-{kg solvent}™) of the 1:1 electrolyte in the cell, to the ionsof which
the electrodes are reversible; p, the density (kg-dm™3) of the cell solution; and E, the mea-
sured emf (in V) of the cell. From the related m and p data the corresponding molar concen-
trations ¢ (mol.dm™®) of the cell electrolyte above are calculated by means of equation (16).
The cycle of iterative calculations involving these concentrations can be summarized as fol-
lows: (1) From X, (whether experimental or calculated from Bjerrum's theory throughequations
(25) to (30), and setting initially y, = 1 and x = K¢, a first value of a iscalculated from
equation (13); (ii) This value of o is inserted into equation (19), ignoring the ¢ term, to
obtain a first value of logy, , from which x = Ky, and a better o value are obtained from
equation (13); (iii) This calculation is repeated iteratively until a pair of o and logy,
is obtained of a desired level of constancy. This cycle of iterations is repeated at each
concentration e¢. Since equation (19), and hence equation (20), is semi-empirical, any inade-
quacies in the o values (and logy, ) due to the neglect of the term in ¢ at this stage are
covered up by the final regression_ analysis of E', as calculated from equation (20),as a li-
near function of e. Finally, equation (17) is used to obtain E, , the standard emf of the
cell on the commonly used molal scale, from E‘c’ and p,. Of course, if the measured E values
for the cell are directly available as a function of ¢, then the densities p of the cell so-

lutions at the various concentrations are not needed.

3. EXAMPLES OF APPLICATION OF THE PROCEDURE

The procedure was applied to several examples of emf data from the literature, as shown inTa-
ble 4. The accuracy of the E° values obtained is at least as good as, and generally better

than, that of the original authors. Particularly severe tests of the procedure are the cases
of 82 mass per cent of 1,4-dioxane in water, where extensive association takes place, due to
the low relative permittivity. Vhereas Harned and coworkers (ref. 51) obtained a curved ex-
trapolation, the one obtained by the present procedure is a good straight line of minimal

slope.

4. SUGGESTED PROCEDURE FOR CELLS WITH ELECTROLYTES OF
HIGHER CHARGE TYPE

Minimal changes have to be introduced for symmetrical electrolytes (to the ions of which the
electrodes are reversible) where vy =v_ = 1and z, = |z_| > 1. Here v = 2 is still valid,
but the number of electrons involved in the cell reaction for the electrolyte M\z) :'Xi: is grea-
ter than unity, so that the value of k' in equation (22) should now read k'=2(Tn10)R/(z F) =
= 2(In10)R/(|a_F|) = 3.96843 x 10'“/z+ V.K"!l. In turn, both A’ and B’ (equations (23) and

(24)) must be multiplied by z2 ; this also applies to g since gq = [z+z_[e2/(8ns:oeskBT) =
= z%e?/(8me,egkgT) . Furthermore, X' in equations (25) and (26) should now be multiplied by
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|2,2_|°. For unsymmetrical electrolytes, where z, # |z.|, a further complication is introdu-
ced, in that the ion pair formed at low relative permittivities is itself charged. Hence its
activity coefficient cammot be ignored in equation (12), as is justified for symmetricalele-
ctrolytes forming an uncharged ion pair. The quantity |z,z.| should replace 22 in the parame-
ters 4’ and B' , and a factor y' should be introduced on the right-hand side of equation (12).
This may be calculated by means of equation (19), ignoring the C-term, with a factor of
zi(zj-zi) multiplying 4 on the right-hand side, the suffix : pertaining to the <don having
the lower absolute charge mumber. Whether the cell electrolyte is symmetrical or not, compli-
cations would arise in the presence of foreign electrolytes in the cell solution, since the
activity coefficients of the ions to which the electrodes are reversible must be calculated
by equations pertaining to mixed electrolytes. This is obviated in the caseof 1:1 electroly-
tes by the specified activity coefficient equation, where all ion-specific terms are collec-

ted into the slope ¢ determined by the regression.

5. CONCLUSIONS

It is desirable that the determination of the standard emf E° of the cell (1) in non-aqueous
or aqueous-organic solvent mixtures, which is of great importance in both fundamental and ap-
plicative areas, be carried out according to more uniform criteria. In particular, E° values
for a cell of the type Pt|H,|HX (m, in solvent s) [ AgX | Ag|Pt are needed for the deter-
mination of pHs standards according to the IUPAC-recognized procedure.

For solvents of moderate to high relative permittivities (e > ~30) the extrapolation proce-
dure described here provides a sound independent basis for verification of E° values as ob-
tained by the variety of existing procedures.

At low relative permittivities (2 < & < ~30), Harned's method wherein the emf E measurements
on cell (1) are supplemented by conductivity measurements on the electrolyte Mizxi:to obtain
its degree of ionisation o for insertion in the extrapolation function of E, is seento cover
down to € ~ 10. The results can be verified by the present, independent procedure which co-
vers the whole € range and thus is the only hitherto available method applicable to the cri-

tical range of relative permittivities below e ~ 10.
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