[Reprinted from the Journal of Physical Chemistry, T1, 819 (1967).]
Copyright 1967 by the American Chemical Society and reprinted by permission of the copyright owner.

Effect of Pressure on the Dissociation of the (LaSO,)* Complex Ion'

by Frederick H. Fisher and Douglas F. Davis

Unaversity of California, San Diego, Marine Physical Laboratory of the Seripps Institution of Oceanography,
San Diego, California 92152 (Received June 30, 1966)

Electrical conductance as a function of pressure up to 2000 atm has been measured on
aqueous solutions of lanthanum sulfate at 25° at seven concentrations from 0.0002 to
0.0082 equiv/l. The effect of pressure on the dissociation constant of the (LaSO,)* com-
plex ion pair was calculated using three different methods. At atmospheric pressure
AV® ranged from —21.2 to —26.2 ml/mole and at 2000 atm AV® ranged from —6.8 to
—11.8 ml/mole depending on the method used and concentration. Based on the atmos-
pheric pressure value of 7,° = —23.8 for Lay(SO4); the partial molal volume of the (LaSOy)*
ion at the lowest concentration is —0.9 to 0.2 ml/mole.

The very small partial molal volume assigned by

Owen and Brinkley® to the La®+ ion, 7.° = —383 Table I: A,/A; for Aqueous Solutions of Las(SO4); at 25°
ml/mole relative to the H* ion for which 7;° = 0 B , ccrtelh
ml/mole, suggested to F. H. . that there might be an atm 0.2 0.3 0.6 1.2 2.4 3.1 8.2
even greater effect of pressure on Lax(S04); than was 250 1.036 1.044 1.056 1.064 1.072 1.074 1.078
observed for MgSO,*» or MnSO,.? 500 1.063 1.078 1.102 1.119 1.135 1.139 1.147
Measurements of the electrical conductivity were 750  1.082 1.106 1.140 1.166 1.190 1.198 1.213
made on aqueous solutions of L&)(SOD:; at 25° in es- 1000 1.096 1.125 1.169 1,206 1.239 1.249 1.274
sentially the same manner as for MgSO,. It was pos- 1250 L8 L. i 1145 1‘23? 1,202 1200 L.08
1 1500 1.107 1.149 1.209 1.263 1.314 1.330 1.372
sible to use Pyrex connected electrodes throughout the 1750 1.107 1.153 1.222 1.283 1.342 1.361 1.411
measurements with a small correction (10—% atm—1) 2000 1.103 1.156 1.231 1.299 1.365 1.387 1.447

for the coefficient of linear compression of Pyrex.*

Lanthanum chloride was prepared from Lindsay
lanthanum oxide in the manner of Nathan,” while the
lanthanum sulfate purchased from K and K Labora-
tories was recrystallized once, also after Nathan.
Reagent grade potassium chloride and potassium
sulfate were obtained from Mallinckrodt and Mathe-
son Coleman and Bell, respectively. All solutions
were within 0.2 pH unit of the conductance water
(pH 5.8).
Results

Ratios of equivalent conductivities as a function of
pressure are shown in Table I. By making use of
earlier data’” obtained at 1 atm, values for equivalent
conductance as a function of pressure were calculated
using the ratios in Table I and are shown in Table II.
In Table III measurements to 2000 atm on KCI
solutions obtained in the 30-ml cylindrical Teflon cell
show agreement to within 0.19, with those obtained
in a 12-ce spherical Pyrex cell.

If ¢ is concentration of the solute in equivalents, then
the dissociation constant for the reaction

LaSOs+ == La3*+ + SO42- (1)
may be expressed as follows®

K = [(¢/3 — 2)(¢/2 — )/z]x" ©)
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Table II: A, Equivalent Conductance for
Aqueous Lay(S04); Solutions at 25°

P; mequiv/I.
atm 0.2 0.3 0.6 1:2 2.4 3.1 8.2

1 119.0° 109.5° 94.7° 80.7° 67.1° 63.3" 48.8
250 123.3 114.3 100.0 85.9 71.9 68.0 52.6
500 126.5 118.0 104.4 90.3 76.2 72.1 56.0
750 128.8 121.1 108.0 941" 79.8 75.8 ' 59,2

1000 130.4  123.2 110.7 97.3 83.1 79.1 62.2
1250 131.4 124.8 113.0 100.0 86.7 82.0 64.7
1500 131.7 125.8 114.5 101.9 88.2 84.2 67.0
1750 131.7 126.3 115.7 103.5 90.0 86.2 68.9
2000 131.3 126.6 116.6 104.8 91.6 87.8 70.6

“ I. L. Jenkins and C. B. Monk, J. Am. Chem. Soc., 72, 2695
(1950). " F. H. Spedding and S. Jaffe, ibid., 76, 882 (1954).
¢ Interpolated graphically from combined data of a and b.

Table III: Comparison of KCI Conductance Ratios A,/A; for
Two Cells at 25.00 == 0.02° and 10-ke Bridge Frequency

P, Teflon Glass

atm cell® cell?
250 1.0090 1.0094
500 1.0145 1.0147
750 1.0175 1.0178
1000 1.0177 1.0180
1250 1.0167 1.0168
1500 1.0133 1.0134
1750 1.0086 1.0087
2000 1.0028 1.0025

* Ap/A1 average over five concentrations of KCI from 0.0005
to 0.02 M measured in 30-ml cylindrical Teflon cell with parallel
Pyrex-spaced platinum electrodes coated with platinum black.
" Ap/A; for 0.02 M KCI measured in 12-ml spherical Pyrex cell
with parallel shiny platinum electrodes.

where 2 is the concentration in equivalents of the (La-
80,)* complex ion and =’ is the activity coefficient
product.

Calculations were made using the mixture rule in
which the solution is regarded as a mixture? of a 1-2
salt, (LaS04).80,, at equivalent concentration x and
the 3-2 salt, Lay(SO4);, at equivalent concentration
¢ — 3x. The observed equivalent conductance of the
solution is written then as

Aovs = (x/c)Arz + (¢ — 3x)/cAgs (3)

where the Aj; and Ay are caleulated from theory and
is solved for by successive approximations. The
activity coefficient product is®

= (o) /()] )

where
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—log fy. = (Alzzi|\/D)/( + BaN/I) (5)

and the ionic strength I = 2.5¢ — 6z.

Calculations of x and K were made using three dif-
ferent methods as follows.

Method a: The Davies—Otter—Prue equation with
appropriate modifications for pressure-dependent
terms?P

A = A° — [(RA°/{1 + BaVI/2}) + E] X
(WI/{1 + Ba/I}) (6)

was used to calculate the equivalent conductance.
Bjerrum distances (at atmospheric pressure) of 21.4 A
for the 3-2 and 7.14 A for the 1-2 salt were used for
d and the same pressure dependence was applied as in
the MgSO; work.

Method b: Equation 6 was used but distances of d =
5 A for the 3-2 and @ = 3.6 A for the 1-2 salt were
used; these are the same values that Spedding and
Jaffe used.

Method ¢: The Onsager equation?

A =A° — [RA° + EIWVI )

was used to calculate the equivalent conductance and
the @ distances of 5 and 3.6 A were used in the activity
coefficient calculation.

The pressure-dependent forms of eq 6 and 7 were
used to calculate x and K as a function of pressure in a
manner similar to that described earlier,®® and the
results for z in molar units are shown in Table IV.
The molal dissociation constant, K., shown in Table
V was obtained by dividing the values of K in molar
units by the ratio of the density of water at pressure P
to that at atmospheric pressure.

From the equation?

(0In Ku/0p)r.m = —(AV°/RT) (8)

values of AV® are calculated corresponding to the
three different methods and are shown in Table VI.

The pressure dependence of infinite dilution equiva-
lent conductivity, A°,, for the La(SOs); was deter-
mined from the equation

Ap® [Laxs00s1 = Ap’ acn) + Ay’ gson — Ap’ ey (9)

The A,° values for the La®t and SO4*~ ions were cal-
culated using the KCI transference number data of
Wall and Gill.? It was assumed that their transference
number data to 1000 atm could be extrapolated linearly
to 2000 atm. The Jenkins and Monk? value for
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N.Y., 1962.
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