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Previous papers in this series have 1desc(?hgc§h:
thermodynamic properties of HCleaCl , HC1- sen;
HC1-RbC1%, and HCI-CsC1? mixtures. The pre ;
paper completes the series describing the p_ropert}l;s a(;-
mixtures of HC1 and the alkali metal chlorides. ]jCl
urements of the cell Pt-H, (p=1) | HCI (my), Li :
(my) | AgCl, Ag have been combined with measu:l:
ments of the activity coefficient of LiC1 to calculate the
thermodynamic properties of both HCI and LiCl in
the HCI-LiC1 mixtures.

EXPERIMENTAL

The experimental apparatus and the preparation of
electrodes and solutions were the same as described
prviously.®? In all cases the emf measurements were
carried out in the temperature range 25-175° in solu-
tions of total ionic strength 0.5 and 1.0 in which t.he
ratio of HCI to LiCl was varied. No drift of emf with
time was observed after three to five hours. In general,
the values were more reproducible in the solutions con-
taining a higher fraction of acid, and values taken at
the same temperature were reproducible to at least
= 0.5 mv.

RESULTS AND DISCUSSION

The treatment of the results in the present paper was
the same as that followed in the study of the HCl-
NaCl mixtures.! Each emf value was corrected to 1.00
atm. of hydrogen pressure by subtracting (RT/ 2¢) In
Hy, where the hydrogen fugacity, fH, was taken equal
to the hydrogen pressure. The corrected emf values
E at each ionic strength were plotted as a function of
temperature and the values corrected to the round
values of temperature, 25, 60, 90, 125, and 175°. These
values are given in Table I.

The activity coefficient y= of HCI at each tempera-
ture and set of concentrations in the mixtures was eval-
uated by using the Nernst equation and previous values*
of the standard potential E° of the Ag, AgC1 electrode.

E=E° -?’lﬂ [mz(mz*'ma).] -%lﬂy! (1)

In this equation m, and my are the molalities of HCI
and LiCl, respectively, while T is the absolute tempera-
ture, R the gas content, and  the Faraday.

* Research sponsored by the U.S. Atomic

Energy Commissio
under contract with the Union Carbide "

Corporation.

Plots of 1n y=ycy vs. the ionic strength fraction of
salt were made at each temperature and total ionic
strength for each of the three systems. In all cageq the
plots were linear wnth'm experimental error and Within
the deviations of the ionic strength from the “Constant
value” in conformity with Harned’s rule, as Previously
observed in the case of the HC1-NaCl mixtures,
Expressions for y= of HCl and LiCl in the Mixtures,

The activity coefficients of HC1 were smoothed g to
HC1 and LiCl concentrations and temperature in the
same manner as described previously.! Hence the
rithm of the activity coefficient of the HC1 was ass
to be given by

loga-
umed

n gz = - pljawf.[/(l +1.5VI) + 21 [Bzz + (Bag - Baa) Xa)
+ 312 [Co22 + 2 (C22a = C222) Xal, (2}

while the corresponding equation for the LiCl was as-
sumed to be

Inys e .;/91/2-/'1/(1 + 1.54T) + 21 [Bas (Bas - Bas) Xa)

+31% [Cass + 2 (Caas - Caaa) X2 + (Caza + Coma = zaa) Xa'), (3)

where S is the Debye-Hiickel limiting slope, p is the
density of water, and I is the total ionic strength. In
these equations, Bj; and C,y, are interaction coefficients,
while the subscript , refers to the HCI and the subscript
3 to the LiCl. Note that in equation (2) thgre is no
term involving X?2; corresponding to the term involving
X,? in equation (3), since Harned’s rule was observed
to hold for the HCI1 in the mixtures. Hence Cypp +
Cogz — 2Coyy = 0.

The coefficients By, and Cy, are, of course, tempera-
ture dependent. If the coefficients are expressed as
130" '1gq * 1y W
they are consistent with temperature-independent excess
free enthalpies and entropies, i.e., excess over the mo-

lality and Debye-Hiickel parts. If the coefficients are
expressed as

= Bt {0
Byg Biqf-Biq/'I‘u.ndc

(s)
Big =B+ B"iq/’l' +B'Yy log T

and

" (5"
Cagq ™ Cygq ¢ Oy yqfT + 011 1yy Tog T,

then they give rise to excess enthalpies varying linearly
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Smoothed Activity Coefficients

t°C
mgy mg 25 60
3762 1274 2781 .2592
—3 —28
2518 2611 .2881 2725
—4 —6
1254 .3880 .3076 2943
+9 +9
7678 2717 .2399 .2180
+2 —6
5064 5110 2513 2322
+4 +13
.2530 1756 2676 .250(1)
—7 -

90 125 150 175
.2429 .2171 1977 1742
-9 —8 +8 +4
.2542 .2303 —_ —
—16 -9
2778 .2560 .2383 .2156
+1 +8 +15 -9
.1985 .1696 1484 1239
+11 +2 +8 -5
.2105 .1838 .1648 1444
—4 —7 +9 +23
.2326 .2072 .1890 .1682
+7 -2 -3 —14

aThe deviations are given below each reported emf as obsc;ved emf values less the values cal-
culated from smoothed activity coefficients. Thus, a positive deviation indicates that the emf

reported here is algebraically larger.

with temperature and excess entropies varying linearly
with In T. It was found that when equation (2) was
used to describe the variation of 1n y=ycy in the HC1-
LiCl mixtures, it was possible to express the Bj, as in
equation (5) and the Cj;, as in equation (4). Con-
vergence difficulties in the least squares fit were en-
countered when an attempt was made to use both
equation (5) and (5’). This probably means that in
the ionic strength range studied (to 1.0m) the contribu-
tion of the B terms is much more important than that
of the C terms (hence the difficulty in determining as
many parameters in the C coefficients). This same be-
havior was reported in the case of the HC1-NaC1 mix-
tures.

'The value of B'y9, B, B" 32, B33, B 53, B"s3, C'aoa,
C”550, C'y54’, and C"593 were obtained directly by the
least squares fit of equation (2) while the values of
C'ag3 and C”y4, were obtained by the application of
Harned's rule: Cyyp + Cygy — 2Cy53 = 0. The addi-
tional parameters needed for calculating the 1n vs
values (equation (3)), namely the coefficients B,y and

Cygy for the pure LiC1 solutions, were evaluated by the

method of least squares using activity coefficient data®
on these solutions at 25°,

The parameters for calculating the various B and C
coefficients are given in Table II. As mentioned before,
the activity coefficient of HC1 in the HCI-LiC1 mix-
tures obeys Harned's rule, i.e., varies linearly with the
ionic strength fraction of salt in the mixtures, just as
observed previously in the case of HC1-NaCl mixtures,
Since plots of the activity coefficient of HCI in the
mixtures calculated using the parameters in Table II
are similar to those in the HCI-NaCl mixtures, they
are not shown here.

Figure 1 shows how the log yric1 Vvaries with total
ionic strength and fraction of acid at 25° for the various
mixtures. The log y values are lower at I = 1.0 in the
pure salt solutions and then cross the I = 0.5 curve.
This same behavior was also observed in the other HC1-
alkali metal chloride systems.2

Values of the emf E were calculated, using the pre-
viously determined E° values and the B and C values
for the smoothed activity coefficients (Table II), for
each experimental point. The algebraic difference be-
tween the observed E values and those calculated are
given below the observed E values in Table I.

The relationship between the B and C coefficients as

TABLE 1I

Parameters of the B and C Coefficients (equations 2 and 3)
on a Common Logarithm Basis

B’y = 4.80663 B”y = —192.292 B3, = —0.716243
B'oy = 7.87968 B”a3 = —370.094 By = —1.15556
Bss = 0.0184969 at 25°

C'ass = 0.0481675 C”9na = —20.0283

C'a03 = 0.0247978 C”503 = —10.3258

Clagy = 0.0014281 C"a33 = — 0.6233

Caas = 0.0009198 at 25°
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