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The effect of various amines on the electrochemical parameters of the Au rotating
disk electrode in alkaline Co(II)-glycine solutions was studied. Addition of ethy-
lenediamine (EN), 1,2-propylenediamine (PDA), 1,3-propylenediamine (7MDA) in
mM levels shifts the open-circuit potential to more negative values by 0.3-0.5 V and
enhances dramatically the anodic Co(II) oxidation current, as a result of Co(II)
complex transformation to more stable and electrochemically active Co(II)-diamine
species. The effect of diamines on the open-circuit potential changes in the line
PDA > EN > TMDA and on the anodic current — in the sequence EN > PDA >
> TMDA. The anodic oxidation of cobalt(II) complexes with diamune is accelerated
by the bromide ion. The effects of diamines on the electrochemical behaviour of
Co(II) may have analytical applications.
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INTRODUCTION

The redox potential of the cobalt(Ill)-cobalt(II)
couple varies in a wide range of values (from 1.8 to
ca. -0.6 V), depending on the degree of complexa-
tion of cobalt(Il) and cobalt(III) which is controlled
by selection of ligands, changing their concentration
and the solution pH. Many cobalt(Il) complexes with
amines are rather strong reducing agents and are
capable of reducing some metal ions to the metallic
state [1] and therefore are used in electroless plat-
ing systems for the deposition of metallic coatings:
cobalt(II)-ammonia complex is used for electroless
silver deposition [1-3], and cobalt(II)-ethylenedia-
mine complex for electroless copper deposition [1,
4, 5].

The anodic oxidation of a reducing agent — a
cobalt(Il) complex with amine in our case — is one
of two partial electrochemical reactions of the auto-
catalytic electroless metal deposition process, and
its rate is usually the main factor determining the
overall electroless process rate.

The rate of anodic oxidation of various Co(II)-
amine complexes is known to be different. For
example, the oxidation of cobalt(Il)-ammonia com-
plex on a rotating Pt electrode was shown to be
very slow, the oxidation currents were only of the
order of 1% of the expected value for the Co(II)
concentrations [6]. Recently [7] the ligand effect on
the oxidation rate of Co(II) has been demonstrat-
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ed — the oxidation rate of Co(lI)-ethylenediamine
complexes was shown to be higher than that of
Co(II)-ammonia species at comparable conditions
by a factor of 10-40.

The electrochemical oxidation of cobalt(Il) com-
plexes has not been given thorough studies until
now, possibly because of the lability of these com-
plexes. They exist only in the alkaline solutions
containing rather high free ligand concentrations, in
contrast with inert cobalt(III) species, which are stab-
le enough in various acidic and alkaline solutions
and whose cathodic reduction was extensively stud-
ied. Besides the mentioned investigations, the char-
ge transfer kinetics for several Co(I1)-Co(I1I)-ami-
ne systems was studied on Pt electrode [8-11], and
the anodic oxidation of the Co(II)-ethylenediamine
complex on Cu was investigated in relation to auto-
catalytic copper deposition [12, 13].

In this work, the electrochemical response of Au
electrode in alkaline Co(II)-glycine (Gly, aminoace-
tic acid) solution to various amines was studied. This
system was selected for several reasons:1) gold elec-
trode is more stable in amine solutions compared
with silver and copper used in the recent investiga-
tions, 2) Co(II) forms complexes with glycine, stab-
le enough to prepare alkaline solutions in a wide
pH range, 3) the anodic oxidation of cobalt(Il)-
glycine complex is very slow and the effect of vario-
us amines added can be compared easily.
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EXPERIMENTAL

The voltammetry with a rotating disk electrode and
standard electrochemical equipment was used to
study the Au—Co(Il)-amine system in glycine solu-
tions.

Voltammetric measurements were carried out us-
ing a 1 cm? platinum disc electrode which was elec-
troplated with gold (10 pm) from a standard cyanide
bath before each series of measurements. The disc
rotation rate in the main experiments was 930 rpm. A
closed cell was used, solutions were purged with Ar
before introducing Co(Il) to avoid oxidation by at-
mospheric oxygen; the Ar atmosphere was maintained
over the solution during the measurements. The po-
tential sweep rate was 10 mV s, the potential was
measured and its values are given with respect to the
Ag|AgCl|KCl_, reference electrode.

The main solution contained (M): CoSO, - 0.01,
Gly - 0.04; solution pH was changed by adding
NaOH solution. Reagent grade chemicals and bidis-
tilled water were used to prepare the solutions, ami-
nes were from Aldrich. All experiments were car-
ried out at 20 = 1 °C.

RESULTS AND DISCUSSION

The open-circuit potential of the Au electrode in
the main solution containing cobalt(II)-glycine com-
plex depends on solution pH and its values are not
far from 0 V (ca. 0.05 V at pH 6 and -0.05 V at
pH 11). At the anodic potential scan no appreciab-
le current was observed in a wide potential interval
of the Au electrode up to 0.8 V. The conclusion
can be drawn that the cobalt(Il)-glycine complex is
not electrochemically active in anodic oxidation on
a gold electrode.

The electrochemical response to various amines
added to the main solution was different. The ad-
dition of ammonia, monocthamolamine, triethano-
lamine, Quadrol (N,N,N’,N’-tetrakis(2-hydroxypro-
pyDethylenediamine), tris-hydroxylmethylamine etha-
ne to the Co(II)-glycine solution changed little the
open-circuit potential of the Au electrode and no
appreciable current was measured at the anodic po-
tential scan in a wide range of potential values. Evi-
dently, all these amines do not form electrochemi-
cally active cobalt(II) complexes or form too weak
complexes and cannot compete with glycine for co-
balt(Il) ions.

Great changes in the electrochemical behaviour
of the Au electrode were observed in the presence
of diamines: ethylenediamine (EN), 1,2-propylene-
diamine (PDA), 1,3-propylenediamine (TMDA) — the
open-circuit potential shifted to more negative va-
lues by 0.1-0.5 V (Figs. 1, 2) and the considerable
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Fig. 1. Effect of amines on Au RDE open-circuit poten-
tial. Solution contained (M): CoSO, — 0.01; Gly — 0.05;
pH 11
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Fig. 2. Effect of solution pH on Au RDE open-circuit
potential. Solution contained (M): CoSO, - 0.01; Gly -
0.05; KBr — 0.01; amine — 0.1

anodic currents appeared at positive potential scan
(Figs. 3-5).

The open-circuit potential. The greatest effects on
the electrode potential are observed for the amine
concentrations up to 0.015 M (Fig. 1). At the ami-
ne concentrations over 0.05 M there were practical-
ly no changes in the electrode open-circuit poten-
tial. These facts are compatible with the formation
of cobalt(Il) complexes with the diamines added,
these complexes being more stable than those with
glycine, and electrochemically active. Indeed, the sta-
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bility of the cobalt(IT) complex with glycine CoGly,
is characterized by the stability constant logP, =
10.76, while the corresponding logP, values for EN
and PDA complexes are 14.9 and 14.7 (for TMDA
there are no such data available).

The transformation of cobalt(Il) complexes oc-
curring in the solution upon addition of diamines in
the general form can be described by the following
equation (for EN addition, the equations of the same
type are valid for the other two diamunes):

CoGly > + mEN - Co(EN) ** + nGly, (1)

where n, m = 1-3.

The open-circuit potential changes are largest for
PDA with EN effects being close to it, and conside-
rably lower for TMDA (Fig. 1). The open-circuit
potential shift appears at solution pH ca. 6.5 and
increases with rising the pH (Fig. 2); the most ne-
gative open-circuit potential values are reached at
pH 9-10 with constant potential values at a higher
solution alkalinity in the case of PDA and EN, and
at pH values close to 11 in the case of TMDA.

The differences in open-circuit potential values
for diamines under study apparently reflect diffe-
rences in redox potentials of the cobalt(IIl) | co-
balt(II) couple in the presence of those compounds;
neither the influence of the difference in the kine-
tic activity of the corresponding cobalt complexes
can be excluded. It is impossible to calculate the
Co(IIT)/Co(II) redox potentials for PDA and TMDA
solutions because of the lack of stability data for
their cobalt complexes; from the open-circuit po-
tential measurements it is possible to conclude that
in the simplest case the redox potentials of Co(IlI)
| Co(Il) in PDA and EN solutions are similar (the
difference in open-circuit potential values are 30-
40 mV), while the redox potential in TMDA solu-
tions is considerably more positive (by 150-180 mV).
This is in agreement with the behaviour of the cor-
responding cobalt(Il) complexes as reducing agents:
the complexes with TMDA are not as strong redu-
cing agents as the complexes with PDA and EN
and are able to reduce to metallic state only Ag(l),
in contrast to other two amines — their cobalt(II)
complexes reduce copper(Il) to metal also (this pro-
cess takes place at more negative potentials compa-
red to silver deposition) [14].

The observed great changes of the open-circuit
potential of the Au electrode upon addition of dia-
mines to alkaline cobalt(Il) solutions (they reach
500-550 mV for EN and PDA and 350 mV for
TMDA) can be used for determination of these ami-
nes, e.g. by potentiometric titration.

Anodic oxidation of Co(Il). The introduction of
diamines (EN,PDA or TMDA) into Co(II)-glycine
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solution even at mM level, alongside with the shift
of the open-circuit potential of the Au electrode
to more negative values, gives rise to the anodic
current in the potential range from —0.55 to 0.2V,
this potential range negative limit depending on
the diamine, — the largest potential range is ob-
served for PDA and the most narrow for TMDA
(Figs. 3-5). The anodic current increases with an
increase in amine concentration, but the current
response is different for different amines — the
highest currents are obtained in EN solutions
(Fig. 4), slightly lower— in PDA solutions (Fig. 3),
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Fig. 3. Effect of propylenediamine on Co(II) oxidation
on Au RDE. Solution contained (M): CoSO, - 0.01; Gly -
0.05; PDA - from 0.01 to 0.1 (curves I-10) and 0.1 (cur-
ves 11-16); KBr: 11 - 0.001; 12 — 0.002; 13 — 0.003; 14—
0.004; 15 - 0.007; 16 — 0.01; pH = 11
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Fig. 4. Effect of ethylenediamine on Co(II) oxidation on
Au RDE. Solution contained (M): CoSO, — 0.01; Gly -
0.05; KBr - 0.01; pH=11. EN (mM): 1 - 25; 2 -5; 3 -
7.5, 4 - 10; 5 - 12.5; 6 - 15; 7 - 17.5; 8§ — 20; 9 - 25;
10 - 30; 11 — 35; 12 - 40; 13 - 50
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Fig. 5. TMDA and bromide effects on Co(II) oxidation
on Au RDE.

Solution contained (M): CoSO, — 0.01; Gly — 0.05;
TMDA - from 0.01 to 0.1 (curves I-10) and 0.1 (curves
11-19); KBr — from 0.001 to 0.009 (curves 11-19); pH 11

and much lower — in the solutions of TMDA
(Fig. 5). The shape of voltammograms depends on
diamine concentration: the current maximum is ob-
served in the potential range from 0.2 to 0 V at
higher amine concentrations.

The observed amine effects on the anodic cur-
rent are obviously related to Co(II) complex redist-
ribution in the solution: cobalt(II)-glycine comple-
xes transform into cobalt complexes with amines ad-
ded (see eq. (1)). The more readily oxidizable, both
thermodynamically and kinetically, Co(II)-EN,
Co(II)-PDA and Co(II)-TMDA complex species are
formed due to their higher stability as compared to
Co(II)-glycine complexes.

Therefore, the anodic current observed should
be a result of the anodic oxidation of cobalt(II)
complexes with diamines:

Co(DA) ** + (3-m)DA — e - Co(DA).;*, (2)

where DA is diamine (EN, PDA or TMDA), m =
= 1-3.

Cobalt(II) complex species with a different num-
ber of coordinated ligand molecules are of different
activity regarding oxidation process both by thermo-
dynamic and kinetic reasons. An analysis of calcu-
lation and experimental data for Co(II)-EN solutions
[7] allowed to presume participation of complexes
with m = 2,3 in reaction (2).

The Co(Il) oxidation current in the initial part
of the dependence “anodic current-amine concen-
tration” is linear (Fig. 6). At higher amine concen-
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Fig. 6. Effect of amines on Co(Il) oxidation currant on
Au RDE. Solution contained (M): CoSO, - 0.01; Gly -
0.05; KBr - 0.01. pH = 11

trations (over 0.05 M) the current reaches the cons-
tant values; it corresponds to a complete transfor-
mation of the Co(Il)-glycine complexes into active
complexes with diamines. The current response
strongly depends on the diamine and changes in
the sequence EN > PDA > TMDA (Fig. 6).

The data of Figs. 3 and 5 demonstrate also the
enhancing effect of the bromide ion: addition of
only 1 mM KBr increases the anodic current con-
siderably. An especially great current enhancement
is observed for TMDA solutions, where 1 mM bro-
mide addition leads to a more than twofold increa-
se of the anodic current and the current rise con-
tinues at the further increase of bromide concentra-
tion — at 9 mM the enhancement is ca. fivefold
(Fig. 5).

The current enhancement by bromide is a rather
universal phenomenon in the systems under study:
it is observed in the whole range of amine concen-
trations (Fig. 7), and in the entire solution pH inter-
val where the anodic currents are measured (Fig. 8).
Acceleration of cobalt(I) complex oxidation by bro-
mide ion is most impressive for the system where
Co(II) ligand is TMDA; in that case, cobalt(Il) oxi-
dation in the absence of accelerator is rather slow,
and the accelerator — bromide ion — apparently re-
moves some important kinetic barriers. In the case
of kinetically more easy cobalt(Il) oxidation of PDA
complexes, the oxidation process enhancement by
bromide is more modest — only 20-30% (Fig. 3,
curves 10-16). The effect of bromide ion on co-
balt(II) oxidation in the presence of EN is lower
than in TMDA solutions, but it is rather high

(Fig. 8).
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Fig. 7. Effect of TMDA on Co(II) oxidation current on
Au RDE in the solution containing (M): CoSO, - 0.01;
Gly - 0.05; pH 11. KBr (M): 1 - 0; 2 — 0.01
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Fig. 8. Effect of solution pH on Co(II) oxidation on Au
RDE in the presence of EN. Solution contained (M):
CoSO, - 0.01; Gl - 0.05; EN - 0.1. KBr: 1 - 0; 2 - 0.01

The considerable enhancement of the anodic
Co(II) oxidation current by bromide ion allows to
achieve a higher sensitivity of our system to amines,
and addition of KBr in mM levels was applied in
most experiments.

The electrochemical response to diamines de-
pends on solution pH: the anodic current appears
at pH ca. 7.5-8 (Figs. 8, 9) and increases with inc-
reasing the pH values, reaching the maximum valu-
es at pH 9.5 for EN and 10-11 for PDA and TMDA.
The pH effects are compatible with the diamine
protonation and cobalt(Il) complex equilibria in the
solutions under study; the rise of the anodic cur-
rent with solution pH is related to the increase of
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Fig. 9. Effect of solution pH on Co(II) oxidation on Au
RDE in the presence of TMDA, PDA and EN. Solution
contained (M): Co(II) - 0.01; Gly — 0.05; amine — 0.1;
KBr - 0.01

the concentration of the free (unprotonated) amine
and of the higher-coordinated cobalt(II) complex
species. A detailed analysis of solution pH effects
was done for the Co(II/III)-EN solutions [1,7].

CONCLUSIONS

1. The effects of ethylenediamine (EN), 1,2-propy-
lenediamine (PDA), 1,3-propylenediamine (TMDA)
on electrochemical parameters of the Au rotating
disk electrode in alkaline Co(II)-glycine solutions:
the shift of the open-circuit potential and enhance-
ment of the anodic Co(II) oxidation current are a
result of Co(II) complex transformation to more
stable and electrochemically active Co(II)-diamine
species.

2. The effect of diamines on the open-cirvuit
potential changes in the line PDA > EN > TMDA
and on the anodic current — in the sequence EN >
> PDA > TMDA.

3. The anodic oxidation of cobalt(II) complexes
with diamune is accelerated by a bromide ion.

4. The effects of diamines on the electrochemi-
cal behaviour of Co(II) may have analytical applica-
tions.
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ORGANINIU DIAMINUY POVEIKIS Au SUKAMO
DISKO ELEKTRODO ELGSENAI SARMINIUOSE
KOBALTO(I) TIRPALUOSE

Santrauka

Istirta jvairiy aminy jtaka elektrocheminiams Au sukamo
disko elektrodo parametrams Sarminiuose Co(II)-glicino
tirpaluose. Parodyta, kad diaminy: etilendiamino (EN), 1,2-
propilendiamino (PDA), 1,3-propilendiamino (TMDA) mM
eilés priedai pastumia atviros grandinés elektrodo poten-
ciala 0,3-0,5 V | neigiamesniy verciy pus¢ ir labai padi-
dina anodinés Co(II) oksidacijos srove. Sie pokyciai pa-
aiSkinami Co(II) kompleksy su glicinu transformacija |
stabilesnius ir elektrochemiskai aktyvesnius Co(II)-diami-
no junginius. Diaminy poveikis elektrodo atviros grandi-
nés potencialui mazéja eiléje: PDA > EN > TMDA, o
anodinei srovei — eiléje: EN > PDA > TMDA. Kobal-
to(I) kompleksy su diaminais anoding oksidacija gero-
kai greitina bromido jonai, kuriy veikimas yra kitokios
prigimties, negu aminy, ir susijes su procesais elektrodo
pavirSiuje, o ne tirpalo tiryje.

Gana placiame diaminy koncentracijy intervale anodi-
nés Co(II) oksidacijos srové tiesiSkai priklauso nuo amino
koncentracijos; Sis désningumas ir selektyvus diaminy po-
veikis Au potencialui sudaro galimybe panaudoti rastus
efektus cheminéje analizéje.
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