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ADSORPTION OF IONS ON PALLADIUM
m. ADSORPTION OF SODIUM AND CESIUM CATIONS
FROM ALKALINE SOLUTIONS

Kulezneva and N. A. Balashova UDC 541.135.52.98

M. L.

Burshtein et al. {1] investigated adsorption of Na* and Cs* cations on palladium powders from the
change in the electrical conductivity of NaOH and CsOH solutions. They observed a decrease in the ad-
sorption of these cations with an increase in potential toward the positive side from the reversible hydro-
gen potential, with preferential adsorbability of Cs* throughout the range of potentials. In [2] these authors
showed that Cs* has a greater effect than Nat on the amount of hydrogen adsorbed on the surface of palla-
dium powder. To elucidate the mechanism of jonic adsorption and to determine the structure of the double
electric layer on palladium, it was of interest to make a further investigation of adsorptionof singly charged .-’
cations on palladium. .

Using the method of radioactive indicators, we have investigated the adsorption kinetics of Na‘t and
Cs* cations and the kinetics of their exchange with these ions in NaOH and CsOH solutions at different
electrolytic palladium potentials; we have also determined how the adsorption values depend on the potential.

Adsorption was determined from the radioactivity of the electrode without withdrawing it from the
solution during the experiment [3]; Na~-22 and Cs-134 isotopes were used for this purpose. The procedure
used for the adsorption and exchange experiments is described in [4, 5]. The conditions for obtaining elec-
trolytic palladium deposits and for their preliminary treatment were the same as in [4]. Before the ex~
periments the solutions of cp NaOH and CsOH were subjected to electrochemical purification on a large
platinized platinum electrode for several days. . : .

The curves of Na* and Cs* adsorption vs time have the same character. In both cases a constant
adsorption value is reached in 5-7 min and no change is observed for many hours (12-15 h); this indicates
rapid establishment of adsorption equilibrium. It will be seen from the kinetic curves (Fig. 1a) that for .
Na* at a reversible hydrogen potential, adsorption reaches 5.8+ 107" g-eq/ cm? of true surface, which is .-
double that for adsorption from an acidified Na,SOy4 solution of the same concentration [4]. Adsorption of
Cs* under analogous conditions is 8.6+ 107 g-eq/ cm?,
i.e., 1.4 times greater than adsorption of Na*. This -
ratio agrees closely with that for adsorption of these

Fig. 1. Kineticsof ad sorptidn (2) and exchange (b)
of Na*cations, adsorbed from 110~ N NaOHata
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Tm-/ﬂ,”g-eq/cmz
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' ,/z’/ |<\ : Exchange between adsorbed Na* cations and Na*
2 il ; ‘°\\ 7 jons in the solution takes place at the reversible hydro-
r WA _gen potential at virtually the same rate as their adsorp-
77 e n ‘}—ﬁ% in tion. More than 90% of the adsorbed amount is ex-
. T — L I " changed in the 7 min required to attain a steady ad-
d A z -719}', e sorption value (Fig. 1b). Exchange is completed in

15-20 min. The kinetic curve of exchange of Cs* with
Cs* ions of the solution for a period of 2 min or more
coincides with the curve for Nat. It is not improbable

. that in the very early stage of the process differences
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Fig. 2. Simultaneous adsorption of Na* and Ccs* from a mixture of NaOH ang
CsOH solution with an overall concentration of 1:1073 N at the reversible hy-
drogen potential,

Fig. 3. Adsorption of Cs* vs palladium potential in 1- 103 N CsOH. The po-
tentials are given with respect to the reversible hydrogen potentialinthe same
solution,

are manifested between the adsorption and exchange kinetics of these two cations, but they cannot be accu-
rately recorded by the procedure used,

If T is plotted vs log 7, the kinetic curves of adsorption and exchange have linear sectors (curves 2,
2', Fig. 1) and are therefore described by the equations: 6 = g+ (1/af)In 7 and g = b=(1/8f)In 7, char-
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particles [7]. Calculation of the constants in these equations is, however, impossible because saturation of

the palladium surface by Cs* and Na* cations has not yet been reached in this concentration range (1+107-
1-10"2 N).

Despite the absence of kinetic differences between adsorption of Cs* and Nat and their exchange with
the same jons in CsOH and NaOH solutions, the adsorption values at the reversible hydrogen potential indi-
cate preferential adsorbability of the cesium fon. This is also seen from the mutual competition of Cs* and
Na* cations during simultaneous adsorption from a mixture of NaOH and CsOH at this potential (Fig. 2).
Curves 1 and 2 were constructed from the equilibrial values of jon adsorption for each solution composition,
the overall concentration of which was 11073 N in all cases. Curve 1 was obtained by adding a Tadioactive
; solution of CsOH to a stable NaOH solution, curve 2 by adding stable CsOH to radioactive NaOH, The same
B adsorption value of both cations is obtained when the Cs* content of the mixture is 6.5%. For the case of
: adsorption of these cations under analogous conditions on platinized platinum, Kasarinov et al. [6] have
shown that the same adsorption value is observed at a Cs* content of 49%.
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Preferential adsorbability of Cs* in comparison with Na* may also be inferred from data on mutual
exchange of these cations. At the reversible hydrogen potential, exchange of Na* for Cs* is completed in
~10 min, whereas exchange of Cs* for Na+ ig much slower., In this case, ~70% of the initial amount of ad-

sorbed Cs* for Na* takes more than 30 min. The amount of rapidly exchanged Cs*cations is approximately
equal to the total amount of adsorbed Na*,

To determine more closely the potential dependence of adsorption of Cs* cations and of the strength
: of their bond with the palladium surface, we plotted the adsorption curve in Fig, 3. It will be seen that ad-
s sorption of Cs* is maximal at the reversible hydrogen potential and falls as its is displaced toward the pos-
: itive side. A marked decrease of Cs* adsorption is observed in the potential range 0.0-0.05 V, i.e., in the
region of g-phases. The small maximum in the range ¢y = 0.4-0.8 v may be attributed to the appearanceof
adsorbed oxygen [2], which changes the adsorption properties of the palladium surface. However, the rate

of exchange of Cs* cations, adsorbed in this region of ¢y, does not differ from that at the reversible hydro-
gen potential,

Our data on the adsorption values and their dependence on the solution concentration do not complet_ealy
agree wit_hz the data of Burshtein et al, [1]. With a change in the CsOH concentration from 1-1073 to 5'}3
and 1-107° N, adsorption of Cs+ at the reversible hydrogen potential is respectively 8.6-107", 9,5-107",
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and 11,0+ 1071 g-eq/cm? and varies by a logarithmic law. In [1] this dependence was much stronger. With
2 change in the CsOH concentration from 1-107% to 1-10™! N, adsorption of Cs* increased at this potential
grom 3+10710to 11+ 10~19 g-eq/cm?, i.e., it increased by a factor of 3.6. These discrepancies cannot be at-
tributed to errors in the determination of the true electrode surface, because they were calculated from hy-
drogen adsorption by Burshtein's method [8]. It may be postulated that one of the causes of these discrep-
ancies is the different adsorption activities of palladium obtained by different methods. In {4] we observed
differences between palladium deposits obtained under different electrolysis conditions and kept for differ-
ent periods after preparation. A second cause might be the possibility of changes of the electrical conduc-
tivity of solutions in [1] not only due to adsorption of cations, but also fo auxiliary processes, for example,
solution of palladium in alkaline solutions. '
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