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1. Catalytic Hydrogen Discharge by
Cycloserine in Metal-Ion
Containing Ammonia Buffer

Li Qi Long, C. Luca, A. Cilusaru and F. G. Banica
National Institute of Chemistry, Spl. Independentei No 202, 77208-Bucharest, Romania

Catalytic hydrogen discharge was studied in ammonia buffer containing cycloserine
and Ni**, Zn**, Cd** and Cu’' ions. It has been found that the catalytic wave is en-
hanced in the presence of these ions. There is no essential difference on the species of
metal ion, but the half-wave potential of the catalytic wave increases in the above-men-
tioned order of cations. The effect of the characteristic parameters was studied and it has
been concluded that the catalytic wave is very similar to a wave of pre-sodium type. The
enhancement of the wave can be explained by the convective transport of the metal ion due
to electrolyte streaming as in the case of maxima of the first kind. Cycloserine transport
toward the electrode in ligand form also plays an important role.

The heterocyclic compound D-4-amino-3-isoxazolidone is an important substance from
the standpoint of its use as an antibiotic. It is called also cycloserine, oxamycin, seromy-
cin or orientomycin. Among these commercial names the first is the widest used.

In a previous work the polarographic properties of the cycloserine in the presence of
cobalt ions was studied.’ Although this compound has a formally simple structure in the
presence of cobalt it shows complex properties in polarography.

In buffer solutions, cycloserine alone forms a catalytic hydrogen wave of the pre-sodium
type. In cobalt-containing solution the behaviour of this substance depends strongly on
cobalt concentration. At 107°M Co®* the hydrogen wave produced by cobalt-cycloserine
complex is diffusion-controlled and separated from the pre-sodium wave., Within the cobalt
concentration range 107° —2.5X107% M, the pre-sodium wave is progressively displaced
towards more positive potentials and over these concentrations only one wave can be
found, which is identical with the so-called Brdigka wave. This process was called the
“superposition effect of catalytic hydrogen waves”;' its particular importance for the

mechanism of the catalytic hydrogen discharge consists especially in explaining the inde-

FHF Rev. Roum. Chim., 1982, 27(5): 443—451
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pendence of the Brditka wave of the mercury reservoir height. This apparent indepen-
dence is due to the composite character of the Brdiéka wave, which contains a diffusion-
controlled and a pre-sodium component. Therefore the invariance of the Brdiéka wave
cannot be ascertained to the kinetic character of the discharge, although the chemical reac-
tion occurs at the same time with, or before the discharge of the proton proper.

The aim of the present work is to study the catalytic hydrogen discharge in ammonia
buffer containing cycloserine and metal ions: Ni?*, Cd?**, Zn?' and Cu®'. It has been
found that there is no essential difference in the presence of one or another of the above-
mentioned ions. In contrast to the Co-containing system, no catalytic hydrogen wave due
to metal ion-cycloserine complex forms; as a consequence, the effect of metal ions on the

pre-sodium wave can be studied without any interference.

EXPERIMENTAL PART

The purity of cycloserine, determined potentiometrically, was found to be 98%.
The melting point of 154 “C and the dissociation constants pK,, =4. 45 and pK,,=7. 45
correspond to the values given in the literature. >~ * The other substances were of analytical
grade.

The polarograms were recorded under nitrogen atmosphere with a LP 7 e polarograph
using a cell with a saturated calomel electrode as anode. The constants of the capillary
were: 11 =4.60 s and m=2.44 mg ¢ s ' in 0.1 M ammonia buffer, open circuit at h=
50 cm.

EXPERIMENTAL RESULTS

1. Effect of metal ion concentration on catalytic hydrogen wave

In 0.1 M NH;-NH,CI solution containing 2 X 107* M cycloserine and 107* M Me*"
(Me is Ni, Cd, Zn and Cu), two polarographic waves are formed: (1)a diffusion wave
of Me** reduction and (2) a catalytic hydrogen wave. The half-wave potential of the cata-
lytic wave depends on the nature of Me?" as follows: Ejco=—1.72 V'; E, e+ =
—187V; Eype*=—191V; Eipzev =—1.92 V and Eic2r =—1.96 V.

In Fig. 1 the polarographic wave of catalytic hydrogen discharge of cycloserine both in
the absence and presence of nickel ions is shown. In the absence of nickel(Fig. 1, Curve
1), the catalytic wave is not defined well enough. When the nickel ion concentration in-
creases, the height of the catalytic wave also increases and the corresponding limiting cur-
rent becomes more clearly defined(Fig. 1, Curve 4). A similar behaviour is observed in
the presence of Cd**, Zn** and Cu**t ions.

The variation of the catalytic current with nickel ion concentration is shown in

Fig. 2. At higher nickel ion concentration, the catalytic current tends towards a limiting
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value, as in the case of other systems, where this kind of discharge was studied. *

I,pA
40 HA B
l 301
20
4
10 L
3
2 0 1 1 1 [ 1
1 1100 miVi=e 0 2 4 6 8 10
cM-107
Fig. 1 Effect of nickel ion concentration on cata- Fig. 2 Variation of catilytic current with
Iytic hydrogen wave of 2X 107> M cycloserine nickel ion concentration
in 0. 1 M NH; —NH,Cl buffer. Ni2* concentration: in0.1 M NH;-NH,Cl and 2X1073 M
1—0; 2—8X107%; 3—3X107%; 4—1073M. cycloserine
Start potential, —1.60 V

The catalytic current is enhanced not only by metal ions but also by several non-me-

tallic depolarisers like oxygen, quinone and phenolphthalein. As in the works of Biezina

and Kiitova,®” this fact proves the lack of specific effects of complex formation.

2. Effect of cycloserine concentration

One of the most characteristic behaviours of the
catalytic currents is that the relationship between the
limiting current and the catalyst concentration is not
linear., This kind of variation was found also in the
present case. In Fig. 3 the variation of the catalytic
hydrogen wave with cycloserine concentration is
shown in 0. 1 M NH,-NH, Cl solution at three nickel
ion concentrations; (1)5X107*M; (2)1X107*M
and (3)2X107*M. In all cases the height of the cata-
lytic wave increases with the catalyst concentration,
but only at higher cycloserine concentrations the cur-

rent does not vary linearly with this parameter.

3. Effect of mercury reservoir height

The effect of mercury reservoir height on the
polarographic waves gives valuable information on

the pracess which is rate determining in the overall

i, pA
80

4 6
c,M-1073

Fig. 3 Variation of catalytic hydroegen
current with cycloserine concentration

in 0.1 M NH;-NH,Cl buffer.

Ni?* concentration: 1—5X 1074,

2—1X107%; 3—2X107*M
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reaction. The Brdigka-type catalytic waves are independent of the mercury reservoir
height, but in the cycloserine-cobalt system it has been shown® that this behaviour is pro-
duced by the superposition effect on catalytic hydrogen waves. In the presence of nickel
ions the catalytic current formed by cycloserine decreases with the increase of the mercury
reservoir height, showing the influence of the adsorption process of the catalyst on the
mercury surface. This behaviour is always encountered in the pre-sodium type waves and

therefore also in the cycloserine nickel system the catalytic wave may be of this type.

4. Effect of buffer capacity

Since the catalytic wave is formed by the discharge of the proton, the increase of the
buffer capacity produces in general a visible increase of this wave height. This behaviour
is considered to be one of the most peculiar concerning the catalytic hydrogen discharge.
In the case of the cycloserine-nickel system, the variation of the catalytic current with the
buffer capacity is given in Fig. 4. The increase of the limiting current with the increase of
the buffer capacity shows the determining role of the protonation reaction. The same be-

haviour was found in cycloserine-cobalt system. *

I, pA
60

201

1 1

0 0.2 04

oM

Fig. 4 Effect of buffer capacity on catalytic wave
NH,CI/NH;=1; 1073 M Ni¢t; 2X107% M cycloserine

5. Effect of temperature

The catalytic current increases sharply with the rise in the temperature. Experimen-
tal measurements were carried out within the temperature range 25 °C ~35 °C only, owing
to the instability of cycloserine at higher temperatures. For this temperature range the
temperature coefficient is 10. 4% /°C. This high value is characteristic to the currents
where the chemical reaction is the rate-determining step. In the present case the most
probable chemical reaction is the protonation of the catalyst. It has been found, the same

as in other systems, that the rate of protonation reaction is faster as compared with the
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catalyst adsorption. ® However the effect of temperature depends on the cation present in
solution. In the same conditions in the presence of Cd’* the height of the catalytic wave
reaches a maximum value at 27 °C; for the higher temperatures, the wave height decrea-
ses. This complex behaviour can be explained by the concurrence of the reaction rate and

the rate of adsorption. The latter becomes rate determining over 27 °C,

6. Effect of ammonia concentration

In solution of ammonia buffer the increase of NH; concentration produces also an in-
crease of the pH. This is why the height of the catalytic wave decreases with the increase
of NH; concentration. This variations is of a general character in the case of catalytic hy-
drogen currents.

In Fig. 5 the variation of the limiting current is given as a function of NH; concentra-
tion. The polarographic catalytic wave decreases sharply in the initial part of the curve and

then reaches a low limiting value.

7. Effect of ammonium chloride concentration

The increase of the ammonium chloride concentration results in two effects: (1)the
decrease of pH; (2) the increase of the proton donor concentration. Both these effects
contribute to increase the height of the catalytic wave. The variation of the catalytic wave
in the presence of nickel ions as a function of ammonium chloride concentration is given in
Fig. 6. The catalytic current increases with the increase of NH, Cl concentration and tends

to a limiting value for higher concentrations.

60
b
60 501
s
1 40}
451
) 30F
o
— o
20 2 1 —_
0L 55 02 0 0.1 0.2 0.3
- M buffer concentration M
Fig. 5 Variation of catalytic current with ammonium Fig. 6 Variation of catalytic wave
concentration with ammonium chloride concentration
Solution: 1073 M Ni#* ; 2X 1073 M cycloserine; 10~!M NH,Cl Solution: 1073M Ni2*+; 2X10™3M

cycloserine; 107'M NH;

8. Effect of ionic strength

The ionic strength modifies the structure and the pH of the electrical double layer.

Therefore the discharge process is influenced by the variation of ionic strength, especially
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when the catalyst is adsorbed on electrode surface, as it occurs in the case of cycloserine
containing system. The variation of the catalytic wave as a function of concentration of
several alkali chlorides is shown in Fig. 7. The same variation is shown in Fig. 8 for the al-
kali-earth chlorides. In the first case(Fig. 7)the character of variation is influenced by the
cation species in a rather complex manner. A similar variation has been found in other sys-
tems. "*In the second case the height of the wave is increased at higher concentrations of

the alkali-earth ion(Fig. 8)due to the increase of adsorption via the salting-out effect.

60 80t

i pA
Th# A

0 04 0.6 20 0.06 0.08
cM cM
Fig. 7 Effect of ionic strength on the catalytic wave Fig.8 Effect of ionic strength on
in the presence of alkali chlorides. Solution: catalytic hydrogen wave
0.1 M NH;3-NH,Cl; 1072 M Ni?t; in the presence of alkali-earth chlorides.
2X1073 M eycloserine. OLICl; Solution: 107! M NH;3;-NH,Cl;
[JKCl; HNaCl; @CsCl 1073 M N+ ; 2X10~% M cycloserine.

OBaCly; [JCaCl,
9. Effect of surface-active substances

Among the surface-active substances the effect of gelatine, Triton X-100 and tetra-
methylammonium cation was studied. As it has been shown previously, the catalytic wave
produced by cycloserine in the presence of nickel is influenced by adsorption processes.
The presence of another surfactant can act by a concurrent adsorption; in this way it is
possible to explain the opposite effects found in the presence of each substance.

The height of the catalytic wave increases in the presence of gelatine. This means that
the cycloserine molecules may be bound by the gelatine which is stronger absorbed at the
electrode surface. By this process a higher cycloserine concentration participates in the hy-
drogen discharge. Unlike the gelatine influence, both Triton and tetramethylammonium
ion produce a decrease of the wave height. This effect can be explained by the partial co-
verage of the electrode surface by the added substance and no binding with the cycloserine
molecules. In the presence of tetramethylammonium cation the half-wave potential of the
catalytic wave is displaced towards more positive values, It is possible in this case that the

character of the current changes by transition from surface into bulk catalytic current.®
10. Electrolyte streaming

Electrolyte streaming around the mercury drop is a salient feature of the pre-sodium



