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Abstract The stability of the process for electrodeposit-

ion of CoPt alloys from ammonium citrate electrolytes

containing [Pt(NO2)2(NH3)2]0 as the source of Pt was

studied. Voltammetric monitoring of the anodic oxidation

of the electrolyte and deposition of CoPt on the cathode

showed the effect of the changes of the nature of the Pt

complex on the performance of the plating bath. Anodic

oxidation of the Pt complex was shown to involve mainly

the oxidation of NO�2 and to some extent NH3 ligands. The

cathodic process is accompanied by reduction of free NO�2 :
The reduction of this anion in the bound form is highly

inhibited. In contrast, its oxidation at the anode proceeds

almost as readily in the bound form as that in the free form.

Keywords CoPt alloys � Magnetic alloys �
Alloy deposition � Bath stability � Metal-films

1 Introduction

A stable process for electrodeposition of hard magnetic

alloys is of great importance for manufacturing of magnetic

micro-electromechanical systems (MEMS) and magnetic

recording elements [1, 2]. Among several possible electro-

deposited alloys, CoPt alloys are the most promising, as

annealed equiatomic alloys possess very high magnetic

parameters [3–5]. Furthermore, as-deposited CoPtP alloys

exhibit magnetic properties acceptable for some applications

[6–19] where high temperature annealing is forbidden or

limited. These CoPt and CoPtP alloys can be deposited with

current efficiencies and deposition rates up to 20% and

12 lm/h, respectively, from citrate electrolytes containing

[Pt(NO2)2(NH3)2]0 as the source of Pt.

Intensive exploration of the electrodeposited CoPt and

CoPtP alloy films for application in magnetic discs started

more than a decade ago [6]. During the following years, the

films were studied mainly in terms of their thickness,

structure and magnetic properties. The importance of epi-

taxial growth, substrate material and its structure for the

deposition of films with high magnetic parameters was

shown by Zangari, Cavallotti et al. [7–18]. The results

of these investigations pointed to the great potential of

electrodeposition for manufacturing CoPt and CoPtP

permanent magnet films. Nevertheless, no industrial

application of this process has yet been reported.

The main problem encountered with the CoPt and CoPtP

deposition processes is the so-called total-charge effect

[19]. It was observed that the current efficiency (CE) and

the characteristics of the CoPt film formed by electrode-

position change with total charge passed through the

electrolyte in previous runs. It has been suggested that

partial decomposition of the [Pt(NO2)2(NH3)2]0 complex

led to this behavior. Replacement of some or all the ligands

in the Pt(II) complexes by water was shown to be

responsible for the increase of CE in the deposition of

platinum by itself [20–24].

The electrodeposition of Pt from its tetra-chloro-comlex

[PtCl4]2- has been practised for about a century, for the

preparation of platinized platinum electrodes as reversible

hydrogen reference electrodes. A review of electroplating

of Pt on base metals was given in 1988 [25]. A new plating

bath, employing the tetrammine complex [Pt(NH3)4]2+ as
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the source of Pt, in a phosphate buffer at pH 10.0–10.6

(referred to as the ‘‘Q-salt’’ bath) was developed at Johnson

Matthey Corp. [26]. This bath was studied in detail in a

series of papers by Pletcher et al. [20–24]. Other baths,

employing [Pt(NO2)2(NH3)2]0 (the so-called ‘‘P-bath’’) and

even the aqua-complex [Pt(H2O)4]2+, which is fairly stable

in strong acidic solutions, were considered. An interesting

alternative bath that has been suggested [27] is that con-

taining [Pt(NO2)2SO4]2-, or its analog using sulfamate

instead of sulfate as the ligand. A review discussing the

plating of the platinum-group metals was published

recently [28].

Considering the high positive standard potential for

deposition of divalent platinum, (E0 = +1.118 V vs.

SHE), it should be easy to electroplate this metal with high

CE (similar to silver, for example). This is not the case,

however, since the aqua-complex of Pt is generally

unstable, and a suitable complexing agent is required. The

choice of the ligand is difficult, since it should have two

properties that are inherently contradictory. On the one

hand, the resulting complex should be thermodynamically

stable in the solution, ensuring long-term stability and

good reproducibility of the performance of the bath. On

the other hand, the kinetics of the equilibrium between the

complex and the free ion in solution should be fast,

allowing satisfactory deposition rate. The tetrammine

complex operating at high pH (the ‘‘Q-bath’’) seemed to

satisfy this requirement only at temperatures very close

to the boiling point of water, making it rather difficult to

operate the bath. Pletcher et al. [20–24] found that the

performance of the bath is improved if it is treated first, to

replace at least two of the NH3 ligands by water. Similar

behavior was found also for other complexes of platinum,

such as the tetranitrito and the diammine-dinitrito-plati-

num (II) complexes.

When electroplating of an alloy such as CoPt is con-

sidered, the above problems may be further complicated by

the need to consider the stability and complexing properties

of the alloying elements as well. Thus, the aqua-complex

[Pt(H2O)4]2+ may be a good source for Pt when plated by

itself. However, since it is stable only in strong acid, it

cannot be used to form the CoPt alloy, which might cor-

rode in this medium. Similarly, the tetrammine complex

[Pt(NH3)4]2+, which can yield a good plating bath in

phosphate buffer at pH 10.0–10.6, may not be suitable,

since another complexing agent (such as citrate) would

have to be added to keep the Co2+ ions in solution. As the

[Pt(NO2)2(NH3)2]0 complex can be used in mild alkaline or

mild acid solutions, it seems to be the most suitable for

preparation of CoPt plating baths. This complex together

with citrate is used by most investigators. However, adding

citrate could change the nature of the Pt-containing com-

plex, possibly replacing its ligands.

In order to develop a stable electrolyte, it is necessary to

understand the way by which the total charge passed changes

the chemical properties of the electrolyte and, hence, the

quality of the plated film. In the current work, the changes in

the behavior of citrate electrolyte for CoPt deposition during

long operation were studied by cyclic voltammetry (CV) and

linear sweep voltammetry (LSV). These changes are possi-

bly associated with the decomposition of the [Pt(NO2)2

(NH3)2]0 complex or replacement of some of its ligands

during electrolysis. The effects of anodic oxidation and

cathodic reduction of the Pt complex on the stability of the

CoPt deposition process were shown. Process stability was

found to be improved by pre-oxidation of the electrolyte in

the anodic compartment of the cell and using it subsequently

as the catholyte.

2 Experimental

Deposition of the films was conducted at pH 8 at 50 �C,

from electrolytes containing 0.1 M (NH4)3 Cit, 50 mM

CoSO4 and 10 mM [Pt(NO2)2(NH3)2]0. The electrolyte was

stirred with a magnetic stirrer and plating was conducted in

both one- and two-compartment cells. Two-compartment

cells allowed good isolation between the anolyte and the

catholyte and separation of the effects associated with the

electrochemical processes occurring at the anode and the

cathode. Deposition in two-compartment cells was carried

out from as-prepared and pre-oxidized electrolytes. The

deposition was conducted on Cu foils in a 50 ml baths. A

Pt gauze (200 mesh) with an area of 12 cm2 was used as

the anode. The cathodic current density was 30 mA cm-2

(total current 15 mA).

The CE of CoPt alloy deposition was calculated using

the data on film composition and the added weight of the

sample following deposition. The Co and Pt contents in the

film were determined by EDS analysis using JSM-6300

Scanning Electron Microscope, equipped with Oxford

Energy Dispersive Spectrometer.

For the cyclic and LSV experiments, an ECO CHE-

MIE lAutolab electrochemical instrument was used. The

working platinum disc electrode was polished before each

scan with Buehler polishing cloth and suspensions of alu-

mina powders, particle size 0.3 lm. The electrode area in

these experiments was 0.031 cm2. All potentials were

measured with respect to saturated calomel electrode

(SCE). The potential limits of CV were from +0.15 to -

1.2 V and from +0.15 to +1.7 V in the cathodic and anodic

regions, respectively. The scan rate was 100 mV s-1. LSV

measurements were taken from -0.4 to -1.2 V, while the

disc electrode was rotated at 500 rpm and the potential was

scanned at 1 mV s-1.
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3 Results

3.1 Total charge effect

The effect of total charge on CE and Pt concentration in the

deposits is shown in Fig. 1. The thickness of the films

deposited was in the range 1–10 lm. When deposition is

conducted from an as-prepared electrolyte in one- and two-

compartment cells, the initial CE is close to zero. It

increases gradually during operation, leveling off when the

total charge passed exceeds about 2 Ah dm-3. This amount

of charge is equivalent to the formation of some (yet

unidentified) species, at a concentration of about

0.04 mol dm-3 (assuming n = 2). In deposition from a

pre-oxidized electrolyte, the CE starts at about 6% and

increased gradually, leveling off faster, at a total charge of

0.7 Ah dm-3, and reaching values close to those found for

the as-prepared electrolyte, following long electrolysis.

Similar phenomena were observed earlier for the elec-

trolyte containing 100 mM CoSO4 [19]. The maximal values

of CE observed for the electrolytes with 50 mM CoSO4 were

8–10%, while those for electrolyte with 100 mM CoSO4

were 18–20%. The initial Pt content in the deposits was

about 35–37 at % (vs. 20–25 at % in the case of 100 mM

CoSO4), tending to decrease with total charge passed. This

indicates that the increase of CE observed with doubling the

concentration of CoSO4 in solution is caused mainly by an

increase in the partial current density for Co deposition, with

little or no effect on the rate of Pt deposition.

3.2 Monitoring the electrolytes by voltammetry

The results of monitoring the behavior of the electrolytes

during long operation in one- and two-compartment cells

are shown in Figs. 2–4.

3.2.1 Characterization of as-prepared electrolyte

The CV in the cathodic region in an as-prepared electrolyte

(0.0 Ah dm-3, Fig. 2a), showed a small wave starting at

about -0.6 V tending to form a plateau in the range of

-(0.65–0.75) V (see inset for more details), followed by a

high wave rising at -(0.75–0.7) V.

The LSV is characterized by a small wave starting to

rise also at about -0.6 V, followed by a high wave starting

at potentials negative to the reversible potential for

hydrogen evolution at pH = 8 (-0.72 V vs. SCE). Since in

this system the CE for deposition of both metals is only

1–2%, the observed polarization current must be associated

mainly with hydrogen evolution (0.0 Ah dm-3, Fig. 2b).

The CV in the anodic region exhibits a wide wave with a

peak near +0.9 V SCE. The height of the peak is about

12.5 mA cm-2, as seen in Fig. 2c (for 0.0 Ah dm-3). This

wave is associated with the presence of the [Pt(NO2)2 (NH3)2]
0

complex, since no such peak was observed in its absence.

The CV observed in the anodic region could be the result

of superposition of several processes: oxidation of the

[Pt(NO2)2 (NH3 )2]0 complex, of ammonia and of citrate. It

was shown in the literature [29] that the anodic oxidation of

ammonia and citrate are both highly accelerated in the

presence of Co2+. Part of the current observed in this region

may also be due to oxygen evolution, since the reversible

potential for this process is +0.51 V, SCE at pH = 8.

3.2.2 Effect of total charge for operation

in one-compartment cell

In the CV conducted in the cathodic region, the small wave

rising at about -0.6 V decreased with total charge passed

and almost disappeared when it exceeds 1.4 Ah dm-3.

Although the general shape of the large wave did not

change significantly, noticeable polarization was observed.

This effect increased with the total charge passed and after

2.8 Ah dm-3 reached about 100 mV as seen in Fig. 2a.

The changes in the cathodic LSV as a function of the

total charge passed become noticeable after it has reached

1.4 Ah dm-3 (Fig. 2b). The shape of the LSV is rather

similar to that shown in [9]. Three different regions can be

distinguished. In the first region, from about -0.6 to

-0.9 V, the current observed is very small. The second

region presents a sharply rising wave starting at about

-0.95 V. In this region deposition of CoPt alloy has been

Fig. 1 The effect of total charge on current efficiency of CoPt alloy

deposition (CE) and on the Pt concentration in the film. Deposition

was conducted at pH 8, 50 �C and at 30 mA cm-2, from electrolytes

containing 0.1 M (NH4)3 Cit, 50 mM CoSO4 and 10 mM

[Pt(NO2)2(NH3)2]0. d—Pt; s—CE Deposition in one-compartment

cell from as-prepared electrolyte, m—Pt; 4—CE Deposition in two-

compartment cell from as-prepared electrolyte, j—Pt; h—CE

Deposition in two-compartment cell from the electrolyte after

preliminary oxidation in the anodic compartment at a potential of

+1.2 V, and at 25 �C. The total charge passed in the anodic oxidation

is 1.7 Ah dm-3
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observed. In the third region, -(1.0–1.2) V, the slopes are

similar to those observed for as-prepared electrolyte, and

are mainly associated with hydrogen evolution.

The CV in the anodic region exhibits a very strong

dependence on total charge. The current density decreased

with total charge and the peak at about +0.9 V totally

disappeared when the total charge passed reached

2.8 Ah dm-3. Additionally, a short plateau appears at

1.1–1.2 V. It should be noted that the effect of total charge

passed is much more pronounced in the anodic than in the

cathodic region. This is consistent with the observation that

the electrochemical properties of the electrolyte are chan-

ged dramatically during anodic pre-oxidation, as will be

shown below.

3.2.3 Effect of total charge in two-compartment cells

Operation of as-prepared electrolyte. When the total

charge passed increased, the CV in the anodic and cathodic

regions and cathodic LSV changed in the same way as

observed for deposition in one-compartment cells (Fig. 3).

However, the changes observed were slower in the two-

compartment cells. For the CV in the cathodic region, the

small wave starting at about -0.6 V disappeared only after

2.8 Ah dm-3; polarization of the high wave reached about

0.1 V only after 4.2 Ah dm-3 (Fig. 3a). After 1.4 Ah dm-3,

the shape of cathodic LSV was still similar to that for as-

prepared electrolyte (Figs. 2b and 3b), the peak at +0.9 V in

the CV in the anodic region decreased to 8 mA cm-2, as

Fig. 2 Cathodic (a, b) and

anodic voltammograms (c) for

different total charges passed.

Deposition in one-compartment

cell from as-prepared

electrolyte. (a, a0 and c) cyclic

voltammograms; (a0) inset in

Fig. 2a; (b)—linear sweep

voltammograms. The calculated

potentials for hydrogen and

oxygen evolution in the

electrolytes used are -0.72 V

and +0.51 V vs. SCE,

respectively. 0.0 Ah dm-3;

— 1.4 Ah dm-3,

- - - 2.8 Ah dm-3
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seen in Fig. 3c, compared to 12.5 mA cm-2 in Fig. 2c for

0.0 Ah dm-3.

Behavior of electrolyte pre-oxidized at the anode. The CV in

the cathodic region, the cathodic LSV and the CV in the

anodic region for the electrolyte pre-oxidized in the anodic

compartment are shown in Fig. 4a–c, respectively. The

results for electrolyte after pre-oxidation are designated as

0.0 Ah dm-3. Anodic pre-oxidation changed the voltam-

mograms in the same direction as the electrolyte operation in

the one- or two-compartment cells (Figs. 2 and 3).

The increase in total charge up to 4.2 Ah dm-3 caused

the same changes in the voltammograms (Fig. 4) as in

operation of as-prepared electrolyte. In all cases, the

increase in total charge passed in the deposition process, as

well as the pre-oxidation of the electrolyte in the anode

compartment, led to the following changes:

– Decrease in height of the small wave starting at -0.6 V

and polarization of the high wave in the CV in the

cathodic region;

– Decrease in current density, disappearance of the peak

at +0.9 V and the appearance of an additional wave

around +(1.1–1.2) V in the CV in the anodic region;

– Appearance of three regions in the LSV. The position

and height of the characteristic wave in the second

region changed with total charge passed.

The data indicate that both anodic and cathodic processes

lead to changes in electrolyte composition, associated with

Fig. 3 Cathodic (a, b) and

anodic voltammograms (c) for

the different total charges

passed. Deposition in two-

compartment cell from as-

prepared electrolyte. (a, c)

cyclic voltammograms; (b)

linear sweep voltammograms.

— 1.4 Ah dm-3,

- - - 2.8 Ah dm-3,

.... 4.2 Ah dm-3
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transformations of the Pt complex. The changes of the

characteristics of the deposition process with total charge

are associated with these transformations and are accom-

panied by an increase of CE.

3.3 Processes occurring during transformation

of the Pt complex

In order to understand the anodic and cathodic processes

occurring during transformation of the Pt-containing com-

plex, we investigated voltammograms for solutions

containing [Pt(NO2)2 (NH3)2]0 in comparison with solutions

containing only the ligands in this complex, NO�2 and NH3.

Figure 5a shows CVs in the anodic region for 10 mM

[Pt(NO2)2(NH3)2]0 (solid line) and for 20 mM KNO2,

which yields the same concentration of NO�2 (broken line).

A solution of 0.1 M Na2SO4 served as the supporting

electrolyte in both cases. The two voltammograms contain

similar wide waves rising from +0.6 V with peaks near

+0.9 V. The potentials of the peaks are in the range of the

oxidation potentials of NO�2 at Pt, +(0.80–0.95) V, repor-

ted for different experimental conditions [24, 30]. The

oxidation peak for the solution containing the Pt complex is

almost of the same height as that for the solution containing

free NO�2 (11.5 mA cm-2 vs. 10.7 mA cm-2), indicating

that it is due to the two-electron oxidation of NO�2 to NO�3
[24, 30]. The similarity of the waves unambiguously

demonstrates that oxidation of NO�2 ; which is a part of the

Pt complex, takes place. The NO�2 anion is oxidized

directly inside the complex and a fast equilibrium with the

same species in solution does not have to be assumed, in

agreement with existing literature [20–24]. The small shift

Fig. 4 Cathodic (a, b) and

anodic voltammograms (c) for

the different total charges

passed. Deposition in two-

compartment cell from

electrolyte pre-oxidized at the

anode. (a, c) cyclic

voltammograms; (b)

linear sweep voltammograms.

0.0 Ah dm-3,

—— 1.3 Ah dm-3,

- - - 2.7 Ah dm-3,

.... 4.2 Ah dm-3
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in the peak potentials is indicative of the difference

between oxidizing a free NO�2 moiety in solution and the

same species bound in the complex.

Changing the nature of one of the ligands in the complex

(from NO�2 to NO�3 ) changes its stability constant and this

could explain the change of properties of a plating bath,

which has been pre-oxidized at the anode, compared to an

as-prepared electrolyte containing [Pt(NO2 )2 (NH3)2]0.

The sharp rise in current starting at about +1.4 V is due

to oxygen evolution (Erev = +0.51 V vs. SCE). The rate of

oxygen evolution is slower in the presence of the Pt

complex, possibly because of its adsorption on the surface,

blocking sites for intermediates involved in the electro-

chemical formation of molecular oxygen.

In Fig. 5b Na2SO4 has been replaced by (NH4)2SO4.

This has little effect on the shape of the curve in the

presence of [Pt(NO2)2(NH3)2]0 (solid line) but in the

absence of NO�2 in the system (dotted line) the peak at

+0.9 V, SCE disappears. This peak can therefore be defi-

nitely associated with oxidation of NO�2 ; whether it is part

of the complex or free in solution. In the voltammogram

for (NH4)2SO4 (dotted line), a small wave with a peak of

about 1.35 mA cm-2 at +1.1 V is observed. The oxidation

of ammonia in this potential region may account for the

higher values of the oxidation current for the Pt complex

compared to that for NO�2 in the range of potentials of

+(0.8–1.4 V), as well as to the shift of oxidation potentials

(Fig. 5a). The suggestion that oxidation of both NO�2 and

NH3 occurs is consistent with the presence of two waves in

the CVs in the anodic region for the electrolytes after

electrolysis (Figs. 2–4).

The CVs in the cathodic regions for 20 mM KNO2

both in Na2SO4 and Na3Cit as the supporting electrolytes

contain a small wave rising from -0.6 V with peaks at

-(0.8–0.83) V and heights of about 2 mA cm-2, as shown

in Figs. 6 and 7. These peaks shift to about -0.7 V in the

presence of (NH4)2SO4. Addition of 20 mM (NH4)2SO4 to

the electrolyte results in the appearance of a wave rising at

-0.75 V and tending to form a plateau at -(0.9–0.95) V.

The height of this wave increases with the concentration of

NHþ4 ; as seen in Fig. 7, but no significant increase of the

small wave rising at -0.6 V, associated with NO�2 reduc-

tion, is observed.

The CVs for Pt complex (10 mM) are very close to

those for KNO2 (20 mM) in {0.1 M Na2SO4 + 20 mM

(NH4)2SO4} and {0.1 M Na3Cit + 20 mM (NH4)2SO4}

supporting electrolytes, as seen in Fig. 6. In voltammo-

grams for Pt complex in Na2SO4 (Fig. 6b), a small wave in

the potential range of -(0.6–0.8) V is barely noticeable,

while in the case of citrate supporting electrolyte it is seen

rather clearly (Figs. 6a). The wave rising at -0.6 V is also

observed in the CV for as-prepared citrate electrolyte

(Fig. 2a). This indicates that there is some interaction

between the Pt complex and the citrate, possibly with some

degree of substitution of NO�2 in the complex. An ion of

NO�2 removed from the Pt complex can be reduced at the

cathode. The reduction of the same ion, while it is bound as

a ligand in the complex, seems to be inhibited, while there

is only a small difference in the oxidation of bound and free

NO�2 : Enhancement of cathodic reduction of free NO�2 by

high-temperature hydrolysis of [Pt(NO2)4]2- was reported

by Pletcher et al. [24].

In the CV in the cathodic region for as-prepared elec-

trolyte, the small wave rising at -0.6 V disappears after

deposition in a two-compartment cell, where the anolyte

and catholyte are essentially isolated from each other

(Fig. 3a). In the CV in the anodic region, after operation in

two-compartment cells, the peak at +0.9 V, associated with

the oxidation of NO�2 also decreases and disappears with

increasing total charge (Fig. 3c), indicating the decrease of

Fig. 5 Anodic cyclic

voltammograms for [Pt(NO2)2

(NH3)2]0 complex compared to

voltammograms for (a) KNO2

and (b) (NH4)2 SO4 at pH 8.

Sweep rate 100 mV s-1 (a)

—— 10 mM Pt complex and

100 mM Na2SO4, - - - -

20 mM KNO2 and 100 mM

Na2SO4, (b) —— 10 mM Pt

complex and 150 mM (NH4)2

SO4, - - - - 150 mM (NH4)2

SO4
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NO�2 concentration. These observations show that the

reduction of NO�2 occurs during CoPt deposition. It should

be noted that the possibility of NO�2 reduction during Pt

deposition from nitrite-aqua-complex to NHþ4 has already

been discussed in the literature [24, 27].

The wave starting at about -0.75 V and increasing with

ammonium concentration can be associated with hydrogen

evolution, with the ammonium ion serving as the source of

protons

2NHþ4 þ 2e� ! H2 þ 2NH3 ð1Þ

Although during electrolysis, removal of NH3 can occur

as a result of evaporation, the decreases of the wave under

discussion with total charge can also be associated with

reduction of ammonium ion during deposition, as shown in

Eq. 1 (cf. Figs. 2–4).

In alkaline (pH 10–10.5) and acid (pH 0–2) electrolytes,

[Pt(NH3)4-x(H2O)x]2+ and [PtCl4-x(H2O)x]2-x, respectively,

were formed [20–22]. Electroplating of Pt occurs in such

solutions by ligand displacement, followed by reduction of

[Pt(H2O)4]2+. Substitution of ligands (especially NH3) pro-

ceeds extremely slowly and does not occur significantly on

the time-scale of voltammetric experiments, even at 95 �C.

The complex [Pt(H2O)4]2+ is stable only in highly acidic

media. In the baths containing Pt complexes with ammonia,

it was postulated that the electrode can catalyze the ligand-

substitution reaction, forming [Pt(H2O)4]2+, which is con-

sumed immediately by reduction to metallic platinum. This

is consistent with the fact that Pt deposition from alkaline

electrolyte occurs only at temperatures close to the boiling

point, where NH3 is substituted by H2O as the ligand.

The results of the present work indicate that formation

of new electroactive Pt-containing complexes may result

from transformation of [Pt(NO2)2(NH3)2]0 on both the

cathode and the anode. The exact nature of the electroac-

tive species formed as a result of electrolysis has not yet

been identified. However, it seems to be stable, since long-

term storage of the electrolyzed solutions does not cause

any change of the CE for deposition of the CoPt alloy.

Fig. 6 Cathodic cyclic

voltammograms [Pt(NO2)2

(NH3)2]0 complex compared to

voltammograms for KNO2 and

simultaneously presented KNO2

and (NH4)2SO4 at pH 8. Sweep

rate 100 mV s-1 (a)

Background: 100 mM Na3 Cit

—— 10 mM Pt complex,

- - - - - 20 mM KNO2, .......
2 mM KNO2 + 20 mM

(NH4)2SO4; (b) Background:

100 mM Na2SO4 —— 10 mM

Pt complex, - - - - - 20 mM

KNO2, ...... 2 mM KNO2 +

20 mM (NH4)2SO4

Fig. 7 Cathodic voltammograms for KNO2 in different background

electrolytes at pH 8. Sweep rate 100 mV s-1 —— 100 mM Na2 SO4,

- - - - 100 mM Na2 SO4, 70 mM (NH4)2SO4, ...... 100 mM Na2SO4,

150 mM (NH4)2 SO4
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4 Conclusions

The total-charge effect during deposition of CoPt alloys in

one- and two-compartment cells from the as-prepared

electrolyte containing [Pt(NO2)2(NH3)2]0 and from the

electrolyte pre-oxidized in the anode compartment was

studied. Monitoring the electrolyte during operation by

means of cyclic and LSV in anodic and cathodic potential

regions showed the impact of total charge on the nature of

the Pt complex and on the characteristics of the deposition

process. The total charge effect is associated with trans-

formations of Pt complex during electrolysis, as indicated

by voltammetry. New electroactive Pt-containing com-

plexes result from transformation of [Pt(NO2)2(NH3)2]0 on

both the cathode and the anode. It was found that, at the

anode, the main reactions were oxidation of NO�2 ; and to a

lesser extent of NH3, while at the cathode the main reac-

tions were the reduction of NO�2 in addition to deposition

of the alloy and hydrogen evolution.

Using anodic pretreatment of solutions containing the Pt

complex as part of the preparation of an electrolyte was

found to stabilize the process significantly. However, the

optimization of the procedure for electrolyte preparation is

beyond the scope of the present work.
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