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Electrochemical reactions involved in the electrodeposition of PbSe and the electrochemical behaviour of the

related precursors, HSeO3
2 and Pb(EDTA)22, have been studied for the ®rst time by combined electrochemical

quartz crystal microbalance and cyclic voltammetry measurements. Formation of PbSe was found to occur by

an induced codeposition mechanism via a six-electron reduction reaction. HSeO3
2 is reduced by a four-electron

reaction but the electrode becomes passivated. The reduction and oxidation of Pb(EDTA)22 occur via two-

electron mechanisms, on the other hand, during the oxidation adsorption reactions are also observed.

Introduction

PbSe is a narrow band gap photoconductor which is used in IR
applications.1 PbSe thin ®lms have been grown by chemical bath
deposition,2 molecular beam epitaxy,3 vacuum deposition,4

successive ionic layer deposition and reaction technique5 and
recently by electrodeposition.6±8 Mechanistic studies on the
electrochemical formation of PbSe have so far been restricted to
cyclic voltammetry.6±8 In this paper we have examined these
reactions by combined electrochemical quartz crystal micro-
balance (EQCM) and cyclic voltammetry measurements.
EQCM is a method which has been used to examine, for
example, deposition of a metal onto another metal, i.e.
underpotential deposition mechanisms, redox reactions in self-
assembled monolayers9 and, more recently, electrodeposition of
some semiconductors, such as CdTe, CdSe and CuxSey.10±13

EQCM gives additional information when combined with cyclic
voltammetry; it is a very valuable tool when, for example,
cathodic stripping reactions of chalcogenides are studied.

The electrodeposition of PbSe is proposed to occur by an
induced codeposition mechanism6 which means that the
deposition of the more noble component, which in the case
of PbSe is selenium, induces the deposition of the less noble
component, i.e. lead. The results in the present paper con®rm
that the reduction and deposition of lead on selenium occur at
more positive potential than on lead itself, and that the
electrodeposition of PbSe from Pb(EDTA)22 and HSeO3

22

precursors occurs via total six-electron reduction reaction.
Also, it was found that the deposition of PbSe occurs at more
positive potentials than the reduction of Se0 to Se22 which
suggests that the deposition mechanism involves Se0 induced
reduction of Pb(EDTA)22 rather than precipitation of
Pb(EDTA)22 by Se22.

Experimental

EQCM experiments were carried out in solutions which
contained dissolved SeO2 (Merck), Pb(CH3COO)2 (Riedel de
Haen p.a.), Na2H2EDTA (H4EDTA~ethylenediamine-
tetraacetic acid) (Riedel de Haen) and Na(CH3COO)
(Merck) in deionized water. The concentration of
Pb(CH3COO)2 was 0.1 M, that of EDTA{ ca. 0.11 M and

that of SeO2 0.001 M. When selenium was studied without lead,
0.1 M Na(CH3COO) and 0.1 M EDTA were added to the
solutions. According to our previous studies on electrodeposi-
tion of PbSe,6 the experiments were carried out at a pH of ca.
3.5. All the experiments were performed at room temperature
and the solutions were deaerated with nitrogen prior to the
experiments. The solutions were not stirred during the
measurement unless otherwise stated.

The electrical equipment consisted of an Autolab
PGSTAT20 potentiostat combined with EQCM14 with an
AT-cut 5 MHz quartz crystal. The quartz crystal was covered
with a 10 nm Cr adhesion layer and an evaporated 100 nm gold
layer which served as a working electrode in the conventional
three-electrode cell. The surface area of the working electrode
was 0.236 cm2. A platinum foil was used as a counter electrode
and a 3 M KCl/Ag/AgCl electrode was used as a reference
electrode. A Fluke PM6680B frequency counter was used to
monitor the frequency changes. The voltage scan rate was
10 mV s21.

According to the Sauerbrey equation the resonant frequency
changes Df of the quartz crystal are correlated with the mass
changes Dm [eqn. (1)],

Df ~{�2f0
2=A�mr�1=2�Dm~{KDm (1)

where f0 is the resonant frequency of the quartz crystal, A is the
piezoelectrically active area, m is the shear modulus of the
quartz and r its density.9 However, because the characteristic
constant of the crystal, K, is affected by, for example, the
crystal roughness and surface area,15,16 its value is better
determined experimentally. Our crystal setup was calibrated by
electrodepositing Ag from a solution containing 0.001 M
AgNO3 and 0.1 M HClO3 at a potential of 20.2 V vs. Ag.
Using the Faraday law [eqn. (2)],

Q~zDnF (2)

where Q is charge consumed during the deposition, obtained by
integration of the current, z is the number of electrons, and F is
the Faraday constant, and considering that the Ag electro-
deposition process is 100% ef®cient, the mass sensitivity of the
quartz crystal was determined from the recorded frequency and
charge changes. The value obtained for K was 226 MHz g21

(18.7 ng Hz21 cm22). This value was used in subsequent
calculations.

Electrochemical reactions possibly involved at the substrate
surface were examined by plotting the observed frequency

{Here EDTA refers in a general sense to HnEDTA (n~1±4) species
present in solution.
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change (Df) as a function of the consumed charge (Q). By
combining eqns. (1) and (2), and noting that Dm/Dn~M, we
have [eqn. (3)],

Df ~{ KM=Fz� �Q (3)

where M is the molar mass of the deposit. If the slope of the
curve Df vs. Q is assigned as S, then the ratio M/z can be
calculated from eqn. (4),

M=z~jSjF=K (4)

The value of M/z can be exploited in identifying the reaction
mechanisms and examining their ef®ciencies. The slope is
positive if a reductive current (negative Q) is accompanied by a
frequency decrease (mass increase, deposition) or an oxidative
current (positive Q) is accompanied by a frequency increase
(mass decrease, dissolution). If no deposition or dissolution
occurs in the electrochemical reaction (M~0), the slope is zero.
On the other hand, for pure non-electrochemical (Q~z~0)
deposition and dissolution reactions, including also adsorption
and desorption, M/z is in®nite.

Results and discussion

Fig. 1(a), (b) and (c) show cyclic voltammograms at an Au
electrode for current, charge and frequency changes, respec-
tively, measured in a solution containing 0.1 M Pb(EDTA)22

at pH 3.5 (solid lines), and in a Pb2z solution without EDTA
complexation at the same pH (dotted lines). Lead is reduced
according to reaction (5).

Pb�EDTA�2{�aq�z2Hzz2e{ /? Pb0�s�zH2EDTA2{

�Theoretical M=z~207:2=2~103:6 g mol{1� (5)

The complexing agent EDTA moves the reduction potential of
Pb to a much more negative value and also differences in the
oxidation behaviour are observed. During the reverse scan
several oxidation waves are seen only in the presence of the
complexing agent [Fig. 1(a)]. The ®rst oxidation peak could be
due to oxidation of Pb0 which is immediately complexed by
EDTA since the oxidation occurs at more negative potential
than where Pb0 oxidises in the absence of EDTA. The second
wave could be due to oxidation of Pb0 but without the
immediate complexation with EDTA which could be delayed if
the surface concentration of EDTA was diminished.

Formation of a Pb±Au alloy could explain one of the
separate oxidation waves; indeed, signs of this alloy were
observed in an X-ray diffraction (XRD) measurement
performed after the negative scan. However, the XRD peaks
corresponding to the Pb±Au alloy were rather weak and largely
overlapped with the peaks which corresponded to Au or Pb
themselves. Several oxidation waves have been observed also in
the study on the underpotential deposition (UPD) of Pb on
gold.17 In this instance the different oxidation waves were
ascribed to the different crystal faces of the substrate. However,
the frequency change for the deposition of one monolayer of
Pb0 would be only be ca. 6 Hz17 and thus in our case the
amount of Pb0 deposited during the cyclic voltammogram was
much more. Also in the oxidation of Pb0 on the top of SnO2 at
pH 918 several waves were observed which excludes Pb±Au
alloy formation as the only reason for the multiple oxidation
waves. On the other hand, the reoxidation of the previously
reduced tin in the SnO2 substrate may have also been involved.

A notable increase in the mass was observed during the
oxidation in the presence of EDTA at ca. 20.30 V vs. Ag/AgCl
[Fig. 1(c)]. When the cyclic voltammograms were measured
between different potentials it was found that the more
negative the end potential, the larger the mass increase
during the reduction of lead but at the same time also the
mass increase during the oxidation became larger. Thus, it is

proposed that the oxidising lead reacts with some species in the
solution, most probably free EDTA, while still on the surface
of the substrate. At a potential of 20.28 V vs. Ag/AgCl, the
mass starts to decrease again, but this decrease continues even
when the current has stopped to ¯ow, which is most probably
due to a rather slow desorption of the soluble species from the
substrate surface. For comparison, EQCM and voltammetric
measurements were also carried out in a stirred solution where
the transportation is accelerated (Fig. 2). It can be seen that
there is no mass increase during the oxidation and the
frequency returns close to zero as soon as the current stops
to ¯ow. Clearly, the slow diffusion of the desorbing species
away from the surface is responsible for the observed mass
increase during the oxidation as well as one of the multiple
oxidation waves in the non-stirred solution.

Fig. 3 shows the Df vs. Q curve as evaluated from Fig. 1(b)
and (c). The M/z value between the potentials of 20.95 and

Fig. 1 Cyclic voltammograms on an Au electrode for current (a),
charge (b) and frequency (c) changes measured in a solution containing
0.1 M Pb(EDTA)22 at pH 3.5 (solid lines), and in a Pb2z solution
without EDTA complexation at the same pH (dotted lines).
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21.0 V vs. Ag/AgCl calculated from the slope of this plot is
103.3 g mol21 which is very close to the M/z value correspond-
ing to the two-electron reduction of lead, i.e. 103.6 g mol21

[reaction (5)]. Between the potentials of 21.00 and 21.05 V
and during the reduction in the reversed scan from 21.05 to
20.85 V vs. Ag/AgCl, the M/z values are larger, 112.6 and
113.2 g mol21, respectively. Since the ef®ciency of the reduc-
tion cannot exceed 100%, the large M/z values during the
reduction seem to be caused by the adsorption and incorpora-
tion of e.g. EDTA during the deposition of lead. This could
arise from the porous morphology of the depositing Pb ®lm.
The reduction of Hz, which most probably also occurs at such
negative potentials, would diminish the M/z value. On the other
hand, since Df returns to its original level at the end of the scan
while Q does not, it appears that some Hz reduction occurred.
At the beginning of the oxidation, between the potentials of
20.5 and 20.4 V vs. Ag/AgCl, EDTA appears to desorb
together with the oxidising lead since the M/z value is high,
122.8 g mol21. The M/z value closest to the two-electron
oxidation reaction was reached between the potentials of 20.4
and 20.32 V vs. Ag/AgCl (108.4 g mol21). When the mass
increased during the oxidation between the potentials of 20.32
and 20.28 V vs. Ag/AgCl, the M/z value was large,
360.7 g mol21, which also re¯ects adsorption effects.

The M/z values obtained for the reduction of uncomplexed
Pb2z solution were 104.1 g mol21 between potentials of 20.42
and 20.46 V vs. Ag/AgCl, and 81.9 g mol21 between potentials
of 20.46 and 20.5 V vs. Ag/AgCl. For the oxidation during the
reversed scan 78.9 g mol21 (20.42 to 20.28 V) and

102.3 g mol21 (20.28 to 20.26 V vs. Ag/AgCl) were obtained.
Thus during the reduction of Pb2z the M/z value is closest to
the theoretical value at the very beginning of the reduction and
during the end of the oxidation.

In the case of selenium, which is in the form of HSeO3
22 at

pH 3.5,19 the preliminary experiments revealed that the
oxidation of Se during the reversed scan started at a potential
of 0.5 V vs. Ag/AgCl but it was not studied further since the
Au/Cr substrate started to oxidise before selenium was fully
oxidized. In order to imitate the deposition conditions of PbSe,
the measurements were performed in two 0.001 M HSeO3

22

solutions containing either only 0.1 M Na(CH3COO) (Fig. 4
dotted line) or both 0.1 M Na(CH3COO) and 0.1 M EDTA
(Fig. 4 solid line) on the Au surface. Since Se0 reduces further
to H2Se [eqn. (6)] complicating the interpretation of the
HSeO3

2 measurements, this reaction was examined ®rst by the
measurement made with a previously deposited selenium ®lm
in a solution which contained 0.1 M Na(CH3COO) and no
HSeO3

2 (Fig. 5).

Se 0�s�z2e{z2Hz©H2Se �aq�
�M=z~78:96=2~39:5 g mol{1� (6)

The reduction reaction which leads to the mass decrease begins
at a potential of 20.45 V vs. Ag/AgCl. The corresponding M/z
value is 34.3 g mol21 which refers to reaction (6). When the
measurement was made in a solution also containing 0.1 M
EDTA the stripping reaction was found to begin at the same
potential.

From Fig. 4 it is seen in both solutions that on an Au
electrode at potentials more positive than 20.4 V vs. Ag/AgCl
there is small current with a small increase in the mass
(frequency change of ca. 10±20 Hz). This so-called predeposi-
tion wave was observed only during the very ®rst cycle. It is
proposed that it is due to a phenomenon similar to the metal
UPD process where the ®rst monolayer is deposited before the
bulk deposition. A difference, however, is that under these
conditions the reduction of selenium has a very large
overpotential, which the metals do not have and are deposited
at underpotentials with respect to their equilibrium potentials.
If this Se monolayer is not dissolved before the next cycle, such
predeposition current and mass changes are not observed
subsequently. The same type of predeposition has also been
found in earlier studies on tellurium and selenium.20,21 At a
potential of 20.4 V vs. Ag/AgCl a large reduction wave is seen
to arise. Between potentials of 20.5 and 20.7 V vs. Ag/AgCl,
M/z is 19.9 g mol21 [Fig. 6(a)] corresponding to the four-
electron reduction reaction (7) though the same M/z value is
obtained if reaction (8), or the successive reactions (7) and (6),
are quantitatively followed by the chemical reaction (9).

HSeO3
{�aq�z5Hzz4e{©Se0z3H2O

�M=z~78:96=4~19:74 g mol{1� (7)

HSeO3
{�aq�z7Hz�aq�z6e{©H2Se �aq�z3H2O

�M=z~0 g mol{1� (8)

2H2Se�aq�zHzzHSeO3
{�aq�©3Se0 �s�z3H2O (9)

If reaction (9) is fast enough, the overall reaction will be a four-
electron reduction reaction.22 H2Se is most probably involved
in the formation of Se0 since it is formed at this potential range
(Fig. 5). At a potential of ca. 20.7 V vs. Ag/AgCl, the M/z
value decreases to from 9.9 to 3.1 g mol21 as the reduction of
hydrogen begins and possibly reaction (8) occurs simulta-
neously. In the solution containing EDTA the current starts to
increase at somewhat more positive potential than in the
solution without EDTA (Fig. 4).

During the second scan, only at the very beginning of the

Fig. 2 Cyclic voltammogram on an Au electrode (solid line) and
corresponding frequency curve (dotted line) measured in a stirred
solution containing 0.1 M Pb(EDTA)22 at pH 3.5.

Fig. 3 The Df vs. Q curve plotted from the cyclic voltammogram in
Fig. 1 in a solution containing 0.1 M Pb(EDTA)22 at pH 3.5.
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reduction wave, between potentials of 20.37 and 20.47 V vs.
Ag/AgCl, the M/z value (17.3 g mol21) is fairly close to the
four-electron reduction reaction value but in the potential
range 20.47 to 20.65 V vs. Ag/AgCl the M/z value is lower at
13.5±14.9 g mol21 [Fig. 6(b)] probably due to simultaneous
reactions (6) and (8) in addition to reaction (7). Also
passivation of the surface was observed since both charge
and frequency changes were smaller during the second scan
than during the ®rst scan. Passivation appears to be more
ef®cient in the solution containing EDTA since the deposition
of Se has been suppressed already during the reversed scan of
the ®rst cycle (Fig. 4).

Fig. 7 shows the M/z values obtained when selenium was
deposited at different constant potentials in solutions which
contained either only Na(CH3COO) or both Na(CH3COO)
and EDTA on the gold surface. When selenium was deposited
at a constant potential of 20.3 V vs. Ag/AgCl, the M/z values
were 19.1 and 19.9 g mol21, respectively, but the deposition
stopped after 10±20 Hz. At a potential of 20.4 V vs. Ag/AgCl
in both solutions the M/z values of 20.6 and 19.9 g mol21 were
very close to the theoretical value of the four-electron reduction
reaction (7). At a more negative potential of 20.65 V vs. Ag/
AgCl, the deposition was suppressed; in the solution containing
no EDTA, M/z was 24.2 g mol21 for the ®rst 10 s and then fell
to 16.2 g mol21, while in the solution containing EDTA the

Fig. 4 Cyclic voltammograms on an Au electrode for current (a),
charge (b) and frequency (c) changes measured in a solution containing
0.001 M HSeO3

2 and 0.1 M Na(CH3COO) (dotted lines), and in a
0.001 M HSeO3

2 solution containing 0.1 M Na(CH3COO) and 0.1 M
EDTA.

Fig. 5 The frequency (solid line) and charge (dashed line) curves
measured in the solution containing 0.1 M Na(CH3COO) with Se ®lm
deposited on a gold electrode.

Fig. 6 (a) The Df vs. Q curve plotted from the cyclic voltammogram
in Fig. 4 in a solution containing 0.001 M HSeO3

2 and 0.1 M
Na(CH3COO). (a) The ®rst scan and (b) the second scan.
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M/z value for the ®rst 10 s was 18.7 g mol21 and then decreased
to 4.3 g mol21. This can be explained by the fact that at this
potential the formation of H2Se is also involved in the reactions
leading not only to the chemical reaction (8) but also to
stripping of the Se0 ®lm. Also the reduction of hydrogen
diminishes the M/z value.

From the results above, it can be concluded that deposition
of Se occurs via a four-electron reduction reaction between
potentials of 20.4 and 20.7 V vs. Ag/AgCl but that also other
simultaneous reactions exist. At a potential of 20.45 V vs. Ag/
AgCl, Se0 is reduced further to H2Se and at a potential of ca.
20.7 V vs. Ag/AgCl hydrogen is evolved.

Fig. 8(a), (b) and (c) show the cyclic voltammograms for
current, charge and frequency, respectively, measured in a
solution containing both Pb(EDTA)22 and HSeO3

22 precur-
sors on a bare Au electrode (solid line) and on a PbSe ®lm
deposited previously at a potential of 20.7 V vs. Ag/AgCl for
60 s (dotted line).The corresponding Df vs. Q curve is shown in
Fig. 9.

The M/z value of 46.9 g mol21 between the potentials 20.3
and 20.7 V vs. Ag/AgCl corresponds well to the six-electron
reaction (10).

HSeO3
{�aq�zPb�EDTA�2{�aq�z7Hzz6e{©

PbSe �s�z3H2OzH2EDTA2{ �aq�
�M=z~28=6~47:69 g mol{1� (10)

Another possibility for the six-electron reaction would be
reaction (8) followed by reaction (11).

Pb�EDTA�2{�aq�zH2Se�aq�/?
PbSe�s�zH2EDTA2{�aq� (11)

On the other hand, reaction (11) does not occur if HSeO3
2 is

not reduced to H2Se but only to Se0 which is most probable at
potentials more positive than 20.45 V vs. Ag/AgCl (cf. Fig. 5).
Reaction (11) could in principle be a simultaneous reaction
pathway at more negative potentials (in the range 20.45 to
20.70 V vs. Ag/AgCl), since the formation of H2Se was
observed in this potential range (Fig. 5).

At potentials more negative than 20.7 V vs. Ag/AgCl the
M/z value increases to 88.8 g mol21, which implies that the
reduction of Pb(EDTA)22 to Pb0 [reaction (5)] starts to
compete with the formation of PbSe (Fig. 9). The reduction

of Pb2z to Pb0 has moved to a more positive potential, as
compared with Fig. 1, so the deposition of Pb is more
favourable on the PbSe surface than on the bare Au surface.
During the reversed scan, the ®rst oxidation wave is
observed between potentials 20.55 and 20.45 V vs. Ag/
AgCl [Fig. 8(a)], the M/z value being 122.5 g mol21. This
wave arises from the oxidation of metallic lead and possibly
simultaneous desorption of EDTA since a similar oxidation
wave and M/z value were observed when the voltammogram
was measured without selenium (Fig. 1). Between potentials
of 20.45 and 20.20 V vs. Ag/AgCl the reduction reaction
continues but the M/z value is reduced to 38.0 g mol21 owing
either to inef®cient formation of PbSe or deposition of an Se
rich ®lm. A PbSe ®lm starts to oxidise at a potential of 0.0 V
vs. Ag/AgCl and between potentials of 0.0 and 0.1 V vs. Ag/
AgCl the M/z value is 143.8 g mol21. This value corresponds

Fig. 7 The M/z values calculated from the different constant potential
measurements in the solutions containing 0.001 M HSeO3

2 and 0.1 M
Na(CH3COO) (&), 0.001 M HSeO3

2, 0.1 M Na(CH3COO) and 0.1 M
EDTA ($) and Pb(EDTA)22 and HSeO3

2 (+). The depositions were
made on an Au surface. The theoretical M/z values for the six-electron
reduction reaction for formation of PbSe [reaction (10)] and the four-
electron reduction reaction for Se [reaction (7)] are indicated by the
arrows.

Fig. 8 Cyclic voltammograms for current (a), charge (b) and frequency
(c) measured in a solution containing 0.1 M Pb(EDTA)22 and 0.1 M
HSeO3

22 measured with Au (solid line) and PbSe ®lm deposited at
20.7 V vs. Ag/AgCl for 60 s (dotted line).
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to the two-electron oxidation of PbSe which can occur if
only Pb is oxidised and the resulting Se0 is detached from the
surface as a consequence of the reduction of the underlying
PbSe [reaction (12)].

PbSe�s�zH2EDTA2{�aq�/?
Pb�EDTA�2{�aq�zSe0�colloid; aq�z2e{z2Hz

�M=z~286:16=2~143:1 g mol{1� (12)

The M/z value between potentials of 0.1 and 0.2 V vs. Ag/
AgCl is 103.6 g mol21, which is the same as for the oxidation
of Pb0. At more positive potentials of 0.25±0.45 and 0.5±
0.7 V vs. Ag/AgCl the M/z values were 71.6 and
101.5 g mol21, respectively, which do not correspond to the
theoretical values for the oxidation of Pb, Se or PbSe
probably owing to the fact that several oxidation reactions
occur simultaneously. Also oxidation of the substrate is
possible between potentials of 0.5 and 0.7 V vs. Ag/AgCl.

When the measurements were made with a previously
deposited PbSe ®lm the deposition of PbSe starts at a slightly
more positive potential than with a bare Au substrate. Also the
deposition of elemental lead seems to be greatly suppressed on
PbSe as compared to Au but this is due to the different turning
points in the potential scans. Otherwise the changes in both
current and charge are quite similar.

In order to further study the induced codeposition of lead, a
cyclic voltammogram was also measured with a previously
deposited selenium ®lm in a solution containing only 0.1 M
Pb(EDTA)22 starting from a potential of 20.1 V vs. Ag/AgCl
(Fig. 10). The current starts to ¯ow and the mass increases at
20.3 V vs. Ag/AgCl, i.e. at much more positive potential than
for the reduction of lead on Au (Fig. 1). The M/z value between
potentials of 20.3 and 20.7 V vs. Ag/AgCl was 99.7 g mol21

which is close to the M/z value of the reduction of lead [reaction
(5)]. During the reversed scan, which was measured up to a
potential of 0.6 V vs. Ag/AgCl, oxidation starts at 0.0 V which
is the same potential where the second oxidation wave, i.e. that
attributed to PbSe, was observed (Fig. 8). The M/z value during
the oxidation is 134.8 g mol21 which corresponds quite well to
a two-electron oxidation of PbSe [reaction (13)]. In addition,
since the oxidation wave of Pb0 was not observed between the
potentials of 20.6 and 20.2 V vs. Ag/AgCl (cf. Fig. 1), it is
concluded that all the lead deposited formed PbSe. These
results con®rm that Se0 induces the reduction of Pb2z leading
to the formation of PbSe.

In the constant potential growth experiments, PbSe was
deposited at potentials of 20.2 and 20.8 V vs. Ag/AgCl for
1 min and the M/z values evaluated from these experiments are
presented in Fig. 7; these results support the voltammetric

results. At a potential of 20.2 V vs. Ag/AgCl, Se rich PbSe is
deposited, while between the potentials of 20.3 and 20.7 V vs.
Ag/AgCl six-electron formation of PbSe occurs, and at 20.8 V
vs. Ag/AgCl the deposition of a lead rich ®lm is observed. In
our earlier study where PbSe ®lms were grown on an SnO2

surface, the potential range of stoichiometric PbSe ®lms, as
analysed by energy dispersive X-ray spectrometry and
Rutherford backscattering spectrometry, was 20.4 to
20.75 V vs. SCE6 which correlates well with the present
EQCM results.

Conclusions

EQCM measurements complete the cyclic voltammetry studies
on the electrodeposition mechanism of thin ®lms of PbSe. The

Fig. 9 The Df vs. Q curve measured in the solution containing 0.1 M
Pb(EDTA)22 and 0.001 M HSeO3

22 at pH 3.5.

Fig. 10 Cyclic voltammograms for current (a), charge (b) and
frequency (c) measured in a solution containing 0.1 M Pb(EDTA)22

with Se ®lm deposited at a potential of 20.4 V vs. Ag/AgCl for 180 s.
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deposition of PbSe occurs by induced codeposition via an
ef®cient six-electron reduction reaction, whereas the oxidation
of PbSe is via a two-electron reaction. The reduction of
Pb(EDTA)22 to elemental lead occurs via a two-electron
reaction with simultaneous adsorption reactions. Selenium
deposits via a four-electron reaction also involving the
formation of H2Se.
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