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For a number of years we have investigated the mechanism of the reduction of oxygen-containing anions
on a dropping mercury cathode, The data obtained by one of us on the reduction of NOg~ {ons in the presence
of singly, doubly and wiply charged cations have already been published [1—4],  The present communication
1s devoted to the reduction of NOgy~ fons in the presence of ThCl, and the effect of the nature and concentration
of the base electrolyte’s cations and also the temperature on the reduction of BrO;" foms.

1. REDUCTION OF THE NOg ION IN THE PRESENCE OF ThCl,

An analogy was observed between the reduction of NOg~ in the presence of ThCl, and LaCly. The polari-
zation curves of ThCl, solutions containing KNOgshowed jumps (Fig. 1) and hysteresis loops, but these were much
narrower than in the case of LaCly solutions, On acidification of the ThCl, solution, the NO;g~ wave was dis-
placed toward more negative potentials (Fig. 2) and, as is known, this indicates the autocatalytic nature of this
reaction. This gives grounds for considering that the mechanism whereby the current jumps and hysteresis arise,

developed for the reduction of NOg~ with LaClg as the base electrolyte [2], is also true in principle for the case
examined,

The distinguishing characteristic of the reduction of the NOs"™ ion in the presence of ThCl, was the growth
of the wave with acidification of the solution. In the initfal solution of ThCly, which was slightly acid due to
hydrolysis, the limiting current (i ) was considerably less than the diffusion current (Curve 1, Figs. 1 and 2). As
the concentration of ThCl, (Fig. 1) or acid (Fig. 2) increased, the NO;~ wave grew [in propartion to the amount
of acid added in the latter case (Fig. 3)] and reached a limiting height. Under all conditions studied, i g was
proportional to h*/# (h is the height of the mercury column), which indicates its diffusion nature.

The reduction potentials of NO,™ in the presence of LaClg and ThCl, practically coincided; this indicates
that in the presence of ThCl, the process is caused by the presence in solution of at least triply charged thorium
cations. The difference in the polarographic behavior of NOg™ in LaCly and ThCly solutions examined is explained
by the great tendency of ThCl, to be hydrolyzed. In the reduction of NOg", the pH at the electrode surface (pHg)
actually increased due to the consumption of H fons, for example, by the reaction :

NOj™ 4- 8¢ 4- 10H* — NHF - 3H,0 . (1)

The rise in pHg with an increase in cathode potential must lead to slowing and then cessation of NOg™ reduction
as a result of a fall in the charge of the thorium ions close to the electrode. The higher the acid or ThCl, con=-
centration, the greater the current strengths which may be reached before the reduction of NOj;~ ceases. Under
the given conditions, 1, must be determined by the rate of diffusion of H' fons to the electrode and its increase

with acidification of the solution according to (1) must be 0.8 of 1 of H" fons, which was confirmed by experi=
ment. : ‘

The effect of the charge of the thorlum cations on the kinetics of the process in which H* fons do not
participate was demonstrated from the reduction of the anion 5,03*~ (Figs. 4 and 5). The acceleration of the
process in this case is indicated by the disappearance of the specific minimum from the polarization curve. As
Fig. 4 shows, acldification of the ThCl, solution led to appreciable acceleration of the process, while in the
presence of LaCly similar acldification of the solution hardly changed the polarization curve.
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Fig. 1. Effect of ThCl, concentra=-

tion on the reduction of the NOg~ 10
fon [NOs“1 = 10™°M; [KCI] = 0.1
M; ['ThCl): 1) 6.56+ 1074 M; 2)
13:107% M; 38) 1.94- 102 M; 4)
2.58+ 103 M; 5) 3.82- 10~3 M;
6) 7.35- 1073 M. In curves 2=5
observed cwrrent jump. Hystere=
sis loop not shown,

Fig. 2. Effect of HCI1 addition on the reduction of
NO,~ ion in the presence of 10~* M ThCl,; [KCl]=
= 0,1 M; [KNOg] = 103 M, HCI was added to give
the concentrations: 1) 0; 2) 3.26- 1074 M; 8) 9.7+
©1074M; 4) 1.6- 10~ M; 5) 2.24-107° M; 6)
2.86- 10" M; 1) 3.48. 10~3M.
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’ Fig. 4. Effect of pH on the reduction of

10~* M 8,04 in the presence of 1.6 1074
M ThCl; 1) 10-° N KC1; 2) 10~% N HCL
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Fig. 3. Relation between the in-

crease in {; of NOy™ in the pres- Experlment showed that the nature of the polari~
ence of 107% M ThCl, and the zatlon curves of NO;™ in the presence of ThCly depended
amount of HCI added (from data on the previous treatment of the ThCl, solution. The

in Fig. 2). The disturbance of data presented were obtained with a solution of ThCl,
proportionality with the addition which was prepared from -Th(NOg), by 2 to 3 evapora-
of the first portions of acid was tions to dryness with hydrochloric acid. Fig, 6 shows
produced by the displacement of polarization curves of NOg~ fn ThCl, solutions prepared
the hydrolytic equilibria of by solution of a sample of ThCl,- 8H0. This case
thorlum. , showed the following peculiarities: 1) current jumps

and hysteresis were absent; 2) the wave was at more
p ositive potentials; 3) on acidification of the solution,
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Fig. 6. Effect of pH on the reduction of 1074 M §,0%"
in the presence of LaCly. 1) 10~° N LaClg+ 107*N HCl;
1') 1075 N LaClg+ 10~% N KCl; 2)2-107% N LaClg+
+ N HCL; 2')2.107% N LaCly+ 1073 N KC1; 8) 3- 107
N LaCly+ 10 N HCl; 3') 8- 10™% N LaCly+ 10"3NKCL

the position of the wave remained practically unchanged ‘ /—//// /

up to 10~% N HC1. A displacement of the NOg~ wave in

-10 -15 =20
a negative direction was observed only at higher acid o
concentrations. The reasons for the different behavior of
Fig. 8. Effect of the concentration of ThCly
the NOg™ fon in ThCl, solutjons of different origin de- & nee 4

d by solutfon of ThCl,. 8H;0, on the
serve further study. It seems to us that available data l::ziz:on g’f 10‘:3 M §0 . [‘;< cn z=0 0.1 M
indicates that the reason for this lies in the higher charge [ThCL: 1)0; 2) 3 283- ]:0“4 N 1 . ;
Of thori L ' . H .
Thel grgzgations in solutions prepared by solution of . 107 M; 4)2.25-10"° M; 5) 3.19- 103 M;
! ' 6) 4.7-10"M; 7) 6.2 1072 M; 8) 7.6
1073 M; 9) 1.03- 1072 M; -10) the same +

Curve 9 (s . " -
(see Fig. 6) shows two NOg~ waves of + 10”2 M HCL

which the second disappeared with sufficiently strong
acidiffcation of the solution. The value of 1 of the sum
of the two NOg™ waves was approximately equal to 1 of
NOg™ with LaCly as base electrolyte. Since the ratio of the heights of the NOg™ waves in the presence of ThCly
and LaClg also coincided approximately, the first NOg~ wave should be ascribed to the reduction of NOg™ to hy-
droxylamine and the second, to the reduction of hydroxylamine to ammonia, Apparently, in the presence of
ThCl,, undissociated NH¢O molecules are reduced to ammonia more readily than NHgOH' cations and,due to
.this,the second NOg~ wave disappears on acidification of the solution. Hydroxylamine was detected in an acld
solution of ThCl,, containing NOy~, after prolonged electrolysis at potentials at which NOy™ s reduced [6].

Data analogous to those presented in Fig. 6 were obtained by A, M. Vasil'ev and V. L Gorokhovskaya-
-Proukhina in acid solutions of ZrO(NOg), [5]. The authors considered the NOg~ wave as a catalytic hydrogen

wave because it increased in proportion to the concentration of HF fons and it was not observed in the absence
of NOg™ {ons. |

2. REDUCTION OF THE BrOj; ION*

At pH > 5 in the presence of singly and doubly charged catlons, BrOg~ gave one wave corresponding, s
microcoulometric = measurements showed, to the irreversible reaction

BrO3” - 6e + 3H,0 — Br~ 4 60H", (2)

The nature and concentration of the base electrolyte had a considerable effect on the kinetics of this process.

* These data were presented in detail in two articles sent to the Journal of Physical Chemistry, Academy of
Sclences USSR.
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When the concentration of the base electrolyte (c) was Increased and also on going from LIC1 to CsCl at a glven
concentratfon, ¢;/, became less negative. A linear relation was found between ¢y, and 1g c.

The rate of BrO," reduction was independent of pH at pH > 5. ’

In acid solutions, together with the wave already described, another one was observed at much less nega-~
tive potentials, With a large excess of H' fons, 1, of this wave was proportional to the BrOg~ concentration. The
value of ¢/, was independent of the BrO;~ concentration, indicating that the reaction was first order with respect
to the BrO3~ fon. With an increase in the acid concentration, ¢/, became more positive according to a semilo-
garithmic law, With excess BrO;”~, the wave height was proportional to the concentration of H' fons. In this case
¥3/2 was independent of acid concentration (indicating that the reaction was first order with respect to Ht fons),
but became more positive with an increase in the BrO4~ concentration.

All these phenomena may be explained satisfactorily according to the theory of slow discharge, taking into
account the structure of the electrical double layer, with the assumption of equiponderant formation of electrically

active ion pairs:

Me* -+ BrO;™ = [Me*. . .BrO;] (3)

or equiponderant formation of undissociated acid molecules, capable of ready reductfon at the cathode:

H* + BrO;” = HBrO,.
(4)

It can be shown that the semilogarithmic relation between ?y /2 and the base electrolyte concentration at
pH > 5 or on the H fon concentration at pH < 5 agrees with this theory. The equations from the theory of slow
discharge, applied to this case, give the number of cations incorporated into the fon pairs. It was found that over
the range of base electrolyte concentrations investigated, the fon pairs had the simplest composition (3).

The large difference between the kinetics of BrO;~ fon.reduction in neutral and acld solutions also indi-
cates that in the first case there is discharge of fon pairs and in the second, of undissociated acid molecules.

The acceleration of the process at pH > 5 in going from LiCl to CsCl, noted above, agrees with the data
of Grahame [T}, according to which the differental capacity of a mercury electrode with a negative charge on
the surface increases in the series Lf* ~ Cs*. This indicates that Cs* is closer to the electrode surface than Lit
or, in other words, there s a displacement of the ¢;-potential in a positive direction on going from Lf* to Cs*.

At pH >5, a rise in temperature produced an increase in i; of BtOg~ and a displacement of the wave to-
ward more negative potentials. The current strength at a given potential decreased in the presence of singly
charged cations and increased in the presence of doubly charged cations, These data apparently cannot be in-
terpreted unequivocally since the potentials cannot be referred to the reversible oxidation-reduction potential
of BrOs~/Br™ as the latter is not known with sufficient accuracy and were measured relative to a normal calomel
electrode at the same temperature as the polarizable electrode. Only certain conjectures may be made on the
basis of these data. SinceBrOj; tons are reduced with a high overvoltage (n) in the presence of singly charged
cations, then the actfvatfon energy of the process according to ‘

A= A0 ol (5)

fs considerably reduced. In this case, the fall in concentration of the fon pairs due to their dissociation probably
has a determining effect when temperature is raised. It is possible that in the presence of doubly charged cations,
the importance of the change in activation energy prevails since the process proceeds with a lower overvoltage

in this case.

APPENDIX

If the hypothesis that the accelerating action of the OH"™ fon on the reduction of NO; in the presence of
La® is explained by a displacement of the equilibrium NO;™ + OH™ «HNO?;” to the right under the action of
La%* [1] 1s correct, then one would expect that the addition of lanthanum nitrate to an aqueous solution would

accelerate the exchange of O% between water and nitrate.
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Some .data on {sotope exchange between H,0% and KNO,, which were obtained in cooperation with V. N',
Vasil’ev, are presented In the table. The exchange was carried out in sealed quartz ampoules for 3 days at 150°.
2 gof H,0% and 1 g of KNO4 was used for each experiment. The degree of exchange was calculated from the

results of mass spectral analysis of the oxygen liberated by thermal decomposition of the salt after the experi-
ment,

18
As can be seen from the table, the addition of LaClg produced considerable exchange of 0% petween H,0
and KNOy. With acidification in the presence of LaCl,, the degree of exchange increased srongly and reached
almost 100%, while with the addition of alkali, it decreased.

Data on the Exchange of O™ Between H,0% and KNO, in the
Presence of LaClg

Concentration, M Degree of
Lacl, HC ko prehange.
- OIo

_ _ _ 0
0,816 - B o
0,780 3,6.10-3 . po
0,625 1,8.10-2 - N
0,780 — 2,8.10°* 29
0,625 — 1,4.40-2* 26

* Precipitates were formed.

The acceleration of exchange on the addition of LaCly seemed to confirm the hypothesis at first. Howew;er
the results of experiments with the addition of acid and alkali contradicted this. It is most likely that ttllle af? Otn
of acid consists of the formation of free HNOjy and the more rapid exchange of the latter with water. Thee e;i
of the addition of alkall may be explained by a reduction in the charge of the lanthanum fons [1]. Howeve;x'.i
Is possible that the hydrolysis of LaClg proceeded so far at 150° that the alkali added was actually consumed in

neutralization of the free acid.
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