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INTRODUCTION

Glass electrodes which respond to monoyeﬁenstwgﬁ-
tions such as Na* and K* are now commercia y. e
able. Such electrodes have been psed to tpeasing 5
activity coefficient of NaCl in various mledla g i{él ir;
In the present work the activity cqefﬁment o e
aqueous solution has been measured in tzle range 0.0! :
to 2.5 m at temperatures from 15° to 55° using a cation
sensitive glass electrode. The study was undertaken tgl
determine how well the activity coefficients so measure
would agree with those measured by other methods.

EXPERIMENTAL

The glass electrodes used were Beckman cationic
39137 electrodes, while the reference electrodes were
Ag,AgCl electrodes of the thermal type. The reference
electrodes were shorted together and allowed to equili-
brate in KCI solution prior to use.

A vibrating reed electrometer, in conjunction with a
Rubicon K-2 potentiometer and a Brown recorder, was
used for measurement of the emf of the cell. The pre-
cision of individual measurements was of the order of
a few hundredths of a millivolt, but reproducibility
between experiments was sometimes no better than a
millivolt. Equilibrium was attained in a few hours with
solutions of low concentration and in 6-8 hours with
the solutions of high concentration.

The solutions were prepared by weight from reagent
grade KCl and triply distilled water. The emf cell was
immersed in a constant temperature bath controlled to
a few hundredths of a degree. The entire bath and
electrode assembly were surrounded by an aluminum
shield to minimize external effects on the emf readings.

ResurLts AxD Discussion

The fundamental equation relating the measured emf
E of the cell, the “standard potential” E° of the elec-
trode couple, and the activity a of the KCI in solution is

. RT
E=E —?ln a. (1)

Since agc) may be expressed as myg. vg+ mg- v,
where vi+ and v~ are the activity coefficients of the
K* and the CI” ions and the m’s are molalities, eq. (1)
may be written

. 9RT 9RT
E=E ---—F—In m —Tlﬂ g == (2)
where v = \/vg+ v¢-is the mean ionic activity co-
efficient of the KCl It is assumed that the concen-
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tration dependence of In v is given b
Debye-Huckel equation of the type

ST\/m
In 'yi:——m‘i‘B m+ C m2,

(3)
then substitution of eq. (3) into eq. (2) gives eq, ()
2RT ‘_?‘BE[ —Stym B
E:EU_—P—1—IH m— F 1+ A\/m+ m+C m2] (4)
in which the temperature dependence of the B apq c
coefficients may be expressed as

b
B=b1 +T2 (5&)

¥ an extendeg

and
C=c¢ +%'2_' (5b)

The form of eqs. (5a) and (5b) is consistent with the
assumption that AC, = 0 for the KCI in solution over
the temperature range studied.

Since the E° values of many cell combinations vary
quadratically with temperature, we may further assume
that

E°:al+32 T+33 T2 (6)

In treating the data the individual emf values (meas-
ured with a given electrode combination) at each
temperature and concentration were averaged. The
averaged values for each electrode combination were
then fitted by the method of least squares to eq. (4),
with the temperature dependence of B, C, and E° given
by egs. (5a), (5b), and (6) and with the appropriate
Debye-Huckel limiting slope S 1 used at each tempera-
ture. In carrying out the calculations all the data (at
all temperatures and concentrations) were used simul-
taneously in determining the values of ay, G, 4y, by, by,
¢i, and ¢, for each electrode combination separately.

Three different glass electrode-reference electrode
combinations were used in this study. It was found
that, whereas each electrode pair had a different E°
value, all three pairs gave essentially the same activity
coeﬂ.icient values for the KCI solutions. The average
maximum deviation between the E°—E values for all
concentrations and temperatures for all three electrodes
was 1.6 mv, while the average deviation was 1.0 mv.
Since the activity coefficient values obtained with the
three different glass electrodes were not significantly

di_ﬁrerent, only the values obtained with one electrode
will be presented here.

In carrying out the calculations it was found that
when the value of A in eq. (4) was taken as 1.45 the
best overall fit of the data was obtained, i.e., that the
average deviations between the observed and calculated
values were the smallest. The activity coefficient values
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