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Internal mobility ratios by, /b,, in molten (Na, Ag)NO; have been measured with the column-

method. From these, the densities and conductivities the internal mobilities have been calculated.
Contrary to results obtained with other methods, over the investigated range of concentration and

temperature, b, is greater than by, . The various methods are discussed.

Introduction

The molar volume of molten NaX is appreciably
greater than that of molten AgX (X =NO, [1, 2],
X =Cl [3], X =Br [4], X =1 [4]), whereas the ionic
radius of Na* is slightly smaller than that of Ag™ [5].
Evidently the interaction of an Ag-X pair is stronger
than that of an Na-X pair, the polarizability of Ag™®
being much greater than that of Na™. The internal
mobility of Ag’ in molten AgNO,, however, is
greater than that of Na* in molten NaNO,.

The ionic mobilities in molten (Na, Ag)NO; have
already been measured by five groups using different
methods [6-10]. The agreement among their results
is, however, poor, which prevents a fruitful discussion.

The column method [11] was originally invented for
enriching isotopes and thus enables one to measure
very small relative differences in internal mobilities of
two isotopic ions. With LiCl at the cathode to prevent
the formation of silver dendrites, the method was ap-
plied to enrich '°”Ag in molten AgCl [12].

We have previously improved the column method
for nitrate systems by using molten NH,NOj in the
cathode compartment [13, 14]; this enabled us to
study molten nitrates containing Ag™ without any
problems with dendrites.

In the present work we have remeasured the internal
mobilities of molten (Na, Ag)NO, by the column
method.

Reprint requests to Professor I. Okada, Department of Elec-
tronic Chemistry, Tokyo Institute of Technology at Nagat-
suta, Midori-ku, Yokohama 227, Japan.

Experimental

The electromigration cell was of the type used in
[14, 15]. The catholyte was molten NH,NO,. The
large vessel, in which the separation tube was inserted,
contained a molten mixture of (Li, Na, K)NO; (30-
17-53 mol%), so that a low temperature range could
be covered. The separation tube of Vycor of 4 mm in
internal diameter was packed with alumina (150
180 pm) over ca. 200 mm from the bottom and was
filled with the anolyte, a mixture of NaNO; and
AgNO; of the desired composition. The chemicals
NaNO; and AgNO; of reagent grade were melted and
dehydrated in a small vessel by bubbling dry Ar gas
before use. The small vessel was shielded from light,
kept at relatively low temperature, and the mixture
was used within a few days. No decomposition of
AgNO, was detected throughout the experiment.

The temperature of the separation tube could be
kept constant within +1 K with a temperature con-
troller. After a few hours of electromigration at a con-
stant current, the separation tube was taken out and
cut into pieces of 10—15 mm length. The content of
Na*® and Ag* was analysed by flame spectrophoto-
metry and atomic absorption spectrophotometry, re-
spectively. Since Ag" was apt to be adsorbed on the
glass wall and the diaphragm material in neutral solu-
tion, the pieces were dipped in diluted nitric acid solu-
tion for 2 hr. The alumina powder was separated by a
G-3 glass filter washed beforehand with diluted nitric
acid solution. Each portion was first diluted to
100 cm?®. Then, 2-5 cm? in accordance with the ap-
proximate concentration of each portion was further
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Table 1. The relative difference in the internal mobilities.
The errors given are those due to the chemical analysis.

Table 2. Internal mobilities by, and b,,. The errors given are
those due to the chemical analysis onfy.

T/K Xag Q/C ENaAg

543 0.551+£0.002 2039 —0.098 +0.001
0.746 +0.003 2491 —0.101 +0.003
0.904 +0.002 2036 —0.138 +£0.004

563 0.321 +0.002 1308 —0.124+0.003
0.487+0.003 1666 —0.139+0.004
0.716 +0.003 2517 —0.146 +0.004
0.874 +0.004 1176 —0.166+0.016

583 0.127 +0.001 2540 —0.058 +0.002
0.332+0.004 2419 —0.064 +0.006
0.4264+0.003 1756 —0.075+0.002
0.688 +0.002 2633 —0.085+40.002
0.896 +0.003 2075 —0.103 +0.005

603 0.119+0.001 2642 —0.053+0.002
0.322+0.003 2309 —0.067+0.005
0.589+0.003 1815 —0.065+0.003
0.675+0.002 2552 —0.072+0.001
0.900 +0.002 2077 —0.084 +0.005

623 0.130£0.001 2490 —0.040+0.001
0.301 +0.001 1309 —0.081+0.002
0.504 +0.002 1249 —0.094 +0.003
0.696 +0.003 1297 —0.101 £0.004
0.894 4 0.005 1206 —0.092+0.014

diluted to 100 cm?® for the spectrophotometric analy-
sis. The concentration of nitric acid in the solution for
the analysis was ca. 0.16 mol dm ~? for the samples
with x,,> 0.5 and ca. 0.14 mol dm > for x,, <0.5
(x4, mole fraction of Ag).

Results

Relative differences in the internal mobilities b are
defined as

bag)/b. (1)

ENaAg = (bxa —
where b = Xy, bx, + Xa, bag- The ¢ values, given in
Table 1, have been calculated from [15]

z“Nu/\g = (F/‘/Q) (xNu N/\g -

where Q is the transported charge, F the Faraday
constant, x,, and xy, are the original mole fractions
(Xpq + Xn, = 1), and Ny, and N, are the molar quan-
tities of Na™ and Ag* in the anolyte after electrolysis:
in the present case the anolyte refers to the salt from
the anode to the fraction where the initial composition
remained unchanged.

The internal mobilities of Na™ and Ag™, given in
Table 2, are calculated from the ¢ values and data on
the conductivities [1] and densities [1] by

baa = (2 V/F) (1 + Xyq Enang)

xAg NNa )/ XNa '\‘Ag' (2)

(3a)
(3b)

bag = (2 V/F) (1 = Xy, Exang)»

Xaq T X V bxa b,

K SmTY) (10°md — =
‘mol™!) (107 ¥m2V~ls™

0 543 0.792 43.59 3.58 =

0.551 0.851 43.72 3.654+0.00 4.03+0.00

0.746 0.880 43.65 3.6840.01 4.084+0.00

0.904 0.904 43.54 3.574+0.02 4.134+0.00

1 0.918 43.49 4.14

0 563  0.886 43.92 4.03

0.321 0911 44.09 399+0.00 4.514+0.01

0.487 0.933 44.05 3974001 4.564+0.01

0.716 0.965 43.93 393+0.01 4.5740.01

0.874 0.986 43.83 383+0.07 4.574+0.01

1 1.003 43.74 4.55

0 583  0.979 44.27 4.49 —

0.127 0.986 44.36 4.50+0.00 4.76+0.01

0.332 1.005 44.42 4.53+0.01 4.83+0.02

0.426 1.015 44.39 45240.01 4.87+0.01

0.688 1.047 44.26 4.5240.01 4.93+0.00

0.894 1.073 44.08 44540.02 4.95+0.00

1 1.084 43.99 495

0 603 1.073 44.62 4.96

0.119 1.076 44.69 49540.00 5.214+0.01

0.322 1.092 44.73 4954+0.01 5.29+0.02

0.589 1.120 44.62 498+4+0.01 5.324+0.01

0.675 1.129 44.55 496+0.01 5.334+0.00

0.900 1.153 44.35 49040.02 5.344+0.00

1 1.164 44.24 5.34

0 623 1.165 4495 543 -

0.130 1.168 45.06 5424000 5.6440.01

0.301 1.176 45.08 5.36+0.00 5.80+0.00

0.504 1.194 44.99 531+0.01 5.83+0.01

0.696 1.212 44.84 523+0.02 5.80+0.01

0.849 1.228 44.63 5214007 5.74+0.01

1 1.238 44.49 5.71

where x is the conductivity and V' the molar volume
of the mixture.

The molar volumes of the present system at 543 K,
583 K and 623 K, calculated from the density mea-
surements of Brillant [1], are shown in Figure 1. If the
values recommended in [2] were adopted, the molar
volume of (Na, Ag)NO; would decrease linearly with
e

El'hc obtained isotherms of by, and b,, at 543 K,
583 K., and 623 K are shown in Figure 2.

Comparison with the Results by Other Methods

The isotherms at 573 K obtained with the EMF
method by Richter and Amkreutz [9] and with the
Hittorf method by Connan [10] are shown in Figure 3.
A comparison of Fig. 2 with Fig. 3 reveals that our
results are essentially different from theirs.
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Fig. 1. Theisotherms of the molar volumes based on [1]. The
values for the pure melts obtained from the recommended
values [2] are also shown for comparison ().
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Fig. 2. Isotherms of by, and b, at 543 K, 583 K, and 623 K.
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Fig. 3. The isotherms of the internal mobilities at 573 K ob-
tained by other methods. ( ): EMF method [9], ( )
Hittorf method [10]; in the latter study the external mobili-
ties were measured, from which the internal ones are ob-
tained.

0.8 1

Aziz and Wetmore (6] applied the Hittorf method
with a silver anode and evaluated a function

¢ = (F/Q) (xx, NAg — Xag Nxa) 4

from the data obtained for the anode compartment.
Since during electrolysis Ag" ions were produced at
the anode while in our case the anode was inert, for a
comparison of their ¢ values with our ¢ values, given
by (2), N, in (4) has to be replaced by N,, — Q/F. One
thus has

I‘.\'uAg = ((t) - '\‘Na) XNa '\.Ag' (5)

The ¢ values obtained by (5) from their ¢ values differ
much from those in the present study, though there is
qualitative agreement.

Similar experiments were performed at 578 K by
Duke, Laity, and Owens [7]. From their four ¢ values
one finds, using (5), éx,4,=0.37. —0.05, 0.00 and 0.05
for x,, = 0.09, 0.30, 0.50 and 0.71, respectively. With
the exception of the ¢ value for x,, = 0.30, these ¢
values are far from those given in Table 1.
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Hittorf type experiments of this kind may be unre-
lieable for three reasons:

1. The necessary region (not point!) of unchanged
composition between the cathode and anode com-
partments probably does not exist, the separating
membrane (plug) being too thin (short).

. The voluminous anode compartment prevents
large changes in composition.

3. The production of AgNOj at the anode may be

incomplete, gas being produced.

(8]

The EMF measurements of Richter and Amkreutz
[9] were performed with a cell consisting of two elec-
trode compartments connected by a liquid junction,
each compartment containing a silver electrode and
molten (Na. Ag)NOj, the mole fractions of AgNOj; in
the compartments differing by dx,,. i.e. the chemical
potentials differing by dp, o, This brings about an
EMF (= d¢y) of the cell which is given by [16]

Fd¢B = (1 + '\‘/\g {;Na!\g) d:u/\gNOz' (6)

Evidently only the small deviation of F d¢g/dueno,
from unity yields the information about ¢. This is a
weakness of this method.
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