HigH-PRESSURE COEFFICIENT OF IoNic CONDUCTANCE

Normally, deviations from eq 3 occur at concentra-
tions above about 2 mA in most aqueous solutions.
Hence a different form of f(c,) is required at higher
concentrations. The most elaborate and sophisticated
of such formulations is that due to Fuoss and On-
sager.?0:2t  Here, the simplified form suitable for use to
~ 10 mM for an unassociated salt??is

f(c,) = Spv/e, — Ey'cyInc, + Jy0p (4)

An alternative equation, variously attributed but
mostly propounded by Robinson and Stokes,?* is per-
haps less accurate (~0.059, at 50 mA/) but is easier
to handle analytically, vez.

SpV/¢p
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Here x, is a collection of universal constants and sol-
vent parameters and a, is the distance of closest ap-
proach of the ions.

Our approach has been to explore the predictions of
the limiting-law equation (3). It will appear that for
simple 1:1 electrolytes the data to 20 mAM never depart
from this formulation by more than 0.19;. Data at
higher concentrations, where significant deviations
oceur, are then treated according to eq 5.

Comparison of FExperimental Data with the Debye—
Hiickel-Onsager Limiting Law. Combiningeq 2 and 3,
and recalling that A,/A1 = (k/x1)(p1/p,), Where p =
density, yields
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higher terms in (\/c_l)"] (6)

f(cn) =

The variation of water viscosity,?* 5, of dielectric con-
stant,® ¢ and of density®* with pressure is known.
Ay is also known, and if A,° can be determined, the
variation of «,/x with ¢ can be predicted. The method
of determining A,” was as follows: «,/x; varies approxi-
mately as /¢ (see below). Data were graphically
extrapolated to 4/¢ = 0 and the value of A, so derived
was used to determine the predicted slope d(k,/ki)/
dv/c;. This new slope was then used with the data to
yield a new value of A,?, which could be used to recalcu-
late the slope, and so on. In practice, the original
graphically extrapolated value of A,° was always ade-
quate for slope prediction.

The important result from eq 6 is that x,/x1 (un-
like A itself) should 7ncrease with increase in concen-
tration.

Typical results are shown in Figures 1-5 for LiCl,
NaCl, KCIl, RbCl, and NH,Cl at 1000 and 2000 atm
and 25°. Similar data were obtained between 3 and
55°. Data were taken above 3 mAM. This was to
ensure that an accuracy of 0.19, could be achieved,
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Figure 1. Concentration dependence of the pressure

coefficient of conductance for LiCl solutjons at 25°%;
i, limiting law; ii, eq 8 with a; = 5.75 A and a,/a; = 1.00.
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Figure 2. Concentration dependence of the pressure
coefficient of conductance for KCI solutions at 25°: i,
limiting law; ii, eq 8 with a; = 5.65 A and ap/a; = 1.00.

using the procedures described previously.!? We were
not able to obtain results consistently this accuracy
below 3 mM. Despite this high concentration range,
above the normal expectation of limiting law behavior,
&,/k1 is found to increase approximately with 4/¢; in the
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Figure 3. Concentration dependence of the pressure
coefficient of conductance for NH,CI solutions at 25°: i,
limiting law; ii, eq 8 with &y = 5.75 A and ap/a = 1.00;
iii, preliminary slopes.
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Figure 4. Concentration dependence of the pressure coefficient
of conductance for RbCl solutions at 25°: i, limiting law:

ii, eq 8 with a; = 5.55 A and ap/a; = 1.00;

iii, preliminary slope.

concentration range explored, 3-20 mM. We have
noted that the limiting-law prediction is that x,/x
should increase with v/¢;. We see that the deviations
from limiting law are small (~0.19%) even at 20 mM.
In addition, the preliminary hand-drawn slopes of the
kp/k1 vs. A/c1 plots (constructed without benefit of
limiting-law predictions) are more often than not
somewhat lower than required by limiting law.

Our results are in contrast to those reported by Kor-
ber's and Ellis.® The good agreement below 10 mM
with the predictions of limiting law, which itself predicts
the ,/x1 should increase with ¢, speaks in favor of our
findings. We believe that the previous workers did
not find this dependence for the following reasons.
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Figure 5. Concentration dependence of the pressure coefficient
of conductance for NaCl solutions at 25°: i, limiting law;

ii, eq 8 with @, = 6.1 A and a,/a = 1.00;

iii, preliminary slope.

Korber found that x,/x: decreased as ¢ increased from
very low to high concentrations. The trend at the
highest concentrations is certainly correct. The results
at low concentrations were too high, almost certainly
because of impurities. Our previous results'? show
that impurities, which affect the results most at low
solution concentrations, invariably lead to high «,/x
findings. Ellis’ data showed much secatter, after large
solvent corrections, and this concealed the concentra-
tion effect at high dilutions. At higher concentrations
(~ 0.1 N), «,/x1 deviates considerably below the limit-
ing-law behavior (see later) and takes on values approx-
imately the same as at lower concentrations. This,
combined with his scatter, accounts for Ellis’ results.

Deviations from Limiting-Law Behavior. We have
noted that the data fit limiting-law predictions to
within 0.19, out to 20 mA. This is well outside the
normal expectation of this theory. Thus at 25° and 1
atm, 10 mM NaCl solutions have a conductance 0.89,
greater than the limiting-law predicted value. The
fact that the «,/x data follow the limiting law so well at
these higher concentrations is due to the cancellation of
deviations in the ratio. Thus at 10 mM in eq 2 f(c)
~ 0.8%, and f(ce0) ~ 0.759%; what we see is their
difference, 7.e., 0.059, at 2000 atm.

Despite this tendency to cancel deviations, it is
evident that data at higher concentrations do deviate
systematically below limiting-law behavior. It is of
some interest to attempt to describe these deviations.
The most sophisticated approach is that of eq 4. How-
ever, this is not suitable above 10 m3. A semiempiri-
cal modification of this equation which has been pro-
posed is??

f(cp) = Sp\/g; = EpCp log Cpo ApCp = chpl/a (7)

Aside from difficulties of analytic treatment with this




