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Voltammetric investigation of Cu(II) and Sn(II) reduction was carried out in
sulphate solutions containing laprol 2402C as a surface-active substance. No
pronounced effect was detected in Cu|Cu(II) system at laprol concentration
(c,,) ranging up to 10 mg dm.

Only a slight increase in overvoltage was observed in the region of low
cathodic polarizations at ¢, = 100 mg dm=. On the contrary, a strong inhi-
bitive adsorption was found to occur in Sn|Sn(II) system. A simplified mo-
del involving the Temkin isotherm gives a satisfactory agreement between
the experimental and simulated current densities in the region of voltam-
mogram plateau. Characteristic minima were found to develop on the vol-
tammograms obtained for Cu(II), Sn(II) and laprol containing solutions.
Adsorption layers resulting in strong inhibition seem to be formed of laprol
and products of Sn(II) reduction.
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INTRODUCTION

Investigations aimed for developing plating baths al-
lowing to obtain bronze coatings of high quality are
of considerable interest. Since the difference betwe-
en the standard potentials of Cu|Cu(II) and
Sn|Sn(Il) electrodes is significant (ca 0.5 V), opti-
mal conditions for Cu and Sn codeposition may be
achieved using special additives such as ligands and/
or surface-active substances (SAS). Various polyet-
hers may be mentioned among the latter group of
additives.

Bronze plating bath containing laprol 2402C (pro-
duct of polycondensation of ethene and propene oxi-
des with average molecular mass of 3200) has been
developed and introduced into plating industry [1].
Some data on voltammetric characteristics of the pro-
cess reported in [2] showed a strong influence of
laprol on partial processes.

Similar SAS have been investigated in different
systems [3-14]. An inhibitive behaviour of polyethy-
lene glycol (PEG) in Cu/Cu(Il) system was descri-
bed 20 years ago [8]. According to [9], two adsorp-
tion states of PEG on Cu electrode are possible: 1
nm thick layer containing Cu**, PEG and CI- forms
at equilibrium potential and exhibits a strong inhi-
bition. The latter effect has not been found to oc-
cur at higher cathodic polarizations where adsorp-
tion of neutral PEG was suggested.
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Comprehensive reviews concerning the influence
of PEG on Cu(Il) reduction were reported by Sto-
ychev [10, 11]. It has been stated that the adsorp-
tion of this substance may be strong or weak de-
pending on the electrode polarization and solution
composition. Polymer molecules may lose their elec-
troneutrality due to formation of complexes with Cu*
or Cu?*. Chloride anions enhance the PEG adsorp-
tion.

An inhibitive adsorption of similar SAS is also
known for tin and its alloys [2, 12-14]. For instance,
adsorption of syntanol DS-10 decreases tenfold the
double layer capacitance of Sn electrode [14].

Since literature data concerning the adsorption
behaviour of laprol are few in number, we made an
attempt to fill some gaps in this problem. This pa-
per deals with voltammetric study of laprol adsorp-
tion on copper and tin as components of bronze
coatings.

EXPERIMENTAL

Triply distilled water, CuSO, - 5H,0O, SnSO, and
H,SO, (analytical grade) were used to prepare solu-
tions. Laprol 2402C with the average molecular mass
3200 was used as received. The concentration of
Cu(Il) and Sn(II) was controlled by complexometric
and iodometric titration, respectively. Deaeration of
solutions was carried out by pure argon by passing
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the stream through the solution before measurements
for 0.5 h and over solutions when the curves were
recorded.

5 um thick copper or tin coatings deposited on Pt
substrate served as working electrodes. The following
solutions were used for this purpose (g dm~): CuSO, -
- 5SH,0 200, H,SO, — 50 (for Cu deposition) and
SnSO, - 50, H,SO, — 160, laprol — 1 (for Sn deposi-
tion).

A saturated Ag|AgCl, KCI electrode served as
reference. To protect the working solutions from CI
ions, chloride-free electrolytic junction was used and
changed after each experiment. All potential values
were transformed to the hydrogen scale.

A conventional rotating disc technique was used
with a 5 mV s™' potential scan rate. All experiments
were performed at 20 °C.

RESULTS AND DISCUSSION
Electrodeposition of copper

The voltammograms obtained under forced convec-
tion conditions for SAS-free solutions are shown in
Fig. 1 by solid lines. An equilibrium potential (E, )
of Cu / Cu(Il) electrode resulting from Nernst equ-
ation at y = 0.07 [15] was calculated to be equal to
0.245 V. Experimentally observed open-circuit po-
tentials (E, ) are in good (£2 mV) agreement with
above the E, value. Some irregularities of the vol-
tammograms were found to occur in the vicinity of
—0.1 V for the solutions which were reliably protec-
ted from CI" ions (see Experimental). This effect
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Fig. 1. Voltammograms of Cu(II) reduction obtained for
0.01 M Cu(II) solutions at different rotating velocities of rde
indicated on the curves (rpm). Levich plot of current density
determined at —0.45 V is given in the inset. Data for laprol-
free solutions and for those with ¢, = 100 mg dm™ are dis-
played by full lines and symbols respectively
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seems to be conditioned by consecutive charge trans-
fer and needs a special analysis. A plateau of limi-
ting current density (i,) observed at sufficiently high
overvoltages follows Levich equation (see inset in
Fig. 1), which yields the diffusion coefficient of Cu?*
ions D = 55 x 10° cm? s

Addition of laprol up to ¢, = 100 mg dm>
exerts no detectable effect on E , which remains
unchanged within the limits of experimental error.
The same statement is valid for entire voltammog-
rams at ¢, < 10 mg dm=. Only a comparatively
high amount of the SAS (100 mg dm=) produces
some changes in the voltammetric behaviour of the
system (symbols in Fig. 1). The main effect is ob-
served at low cathodic overvoltages (0 < E < 0.245
V) and manifests itself in a moderate shift of elec-
trode potential towards more negative values. A si-
milar effect was found to occur in solutions contai-
ning polyethylene glycol [8]. The results obtained
suggest that laprol has no pronounced effect on the
kinetics of Cu(Il) reduction in chloride-free solu-
tions.

Electrodeposition of tin

The open-circuit potential of Sn|Sn(Il) electrode
(-0.24 V) in SAS-free solutions is consistent with
E  at y = 0.5. Voltammograms (Fig. 2) flatten out
at lower cathodic polarizations as compared to the
similar data obtained for Cu|Cu(II) electrode
(Fig. 1). This suggests that the equilibrium charge
exchange process at Sn|Sn(II) interface is more
rapid.

As in the case of Cu electrode, i, also follows
Levich equation (see inset in Fig. 2), which yields
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Fig. 2. Voltammograms of Sn(II) reduction obtained for
0.01 M Sn(II) solutions at different rotating velocities of
rde indicated on the curves. Levich plot of current den-
sity determined at —0.3 V is given in the inset



Voltammetric characterization of laprol 2402 C adsorption on copper and tin electrodes

D =62 x 10° cm?® s'. However, the influence of
laprol is quite different. An inhibition of Sn(II) re-
duction takes effect even at a very low ¢, and ap-
proaches the limit at ca 100 mg dm> (Fig. 3). At
the same time the system ceases to obey the regu-
larities of diffusive mass transport. If a certain ef-
fect of forced convection intensity can be revealed
at ¢, = 0.5 mg dm=, this is not the case at Clpp =
=10 mg dm™> (Fig. 4). All these data are indicative
of strong inhibitive adsorption of laprol on the Sn
electrode. The adsorption layers affect not only the
partial process of Sn(II) reduction, but also the evo-
lution of hydrogen increasing its overvoltage.
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Fig. 3. Effect of laprol on voltammograms obtained for
0.01 M Sn(II) solutions at 440 rpm. Laprol concentra-
tions are indicated on the curves. Simulated i values (see
Table 1) are shown by symbols
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Fig. 4. Effect of forced convection intensity on voltam-
mograms obtained for 0.01 M Sn(II) solutions containing
0.5 mg dm= (full lines) and 10 mg dm= (dotted lines) of
laprol

To account for the influence of laprol adsorption
on Sn(Il) reduction rate, a simplified model was
used as follows. Let us assume that the current den-
sity may be described by the relationship

i=1i_(1-06)+i_ 6 1

where 6 is the surface coverage, i,_,and i,_, are
current densities at ¢, = 0 and ¢, — o<, respecti-
vely. The latter quantity may be obtained by the
extrapolation procedure. Thus, the 0 values may be
calculated from experimental data (Fig. 3) at a cons-
tant potential. To determine a relation between ¢,
and O, a certain adsorption isotherm should be used.
According to [16], a simplified Temkin isotherm was
found to give the best results for the systems con-
taining some polyethers. We used this isotherm as
given in [17]:

_ exp(ag)-1
~1-exp[-a(1-0)] )

where B is a potential-dependent adsorption cons-
tant, a is a parameter accounting for an interac-
tion between adsorbed particles. A fitting proce-
dure was applied to the experimental data obtai-
ned for E = -0.4 V (Fig. 3) with i{_, = 5.86 and

6=0

i,., = 0.76 mA cm™ The best fit was obtained
at B = 50.30 mg"' dm’® and a = 6.558. The data
listed in Table show a satisfactory agreement

between the simulated and the experimental data.

Table. Results of fitting procedure
Coap 0 i, mA cm?
mg dm?
Eqn. (1) Fit Exp. Fit
0 0 0 5.86 5.86
0.5 0.45 0.49 3.57 3.35
1 0.72 0.59 2.16 2.85
10 0.86 0.87 1.45 1.44
50 0.96 0.96 0.96 0.95
100 0.98 0.98 0.86 0.86

Codeposition of copper and tin

Some experimental data relating the solutions con-
taining both Cu(Il) and Sn(II) have been reported
previously [2]. A deep well-defined minimum of cur-
rent density has been found to develop at certain
potentials. According to [18, 19], instability pheno-
mena prevailing in the region of the negative slope
of a voltammogram give rise to current oscillations.
A closer examination of the solutions shows that a
rather small amount of Sn(Il) is sufficient to origi-
nate the minimum under discussion (Fig. 5). The
onset of current decrease occurs at a potential which
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Fig. 5. Voltammograms obtained at 790 rpm for Cu elec-
trodes in solutions containing 0.01 M of Cu(II), 50 mg
dm= of laprol and different amounts of Sn(II) indicated
on the curves

is close to E, of Sn|Sn(Il) couple. This means that
electroreduction of Sn(II) is probable at this point.

Some optional data are available from Fig. 6 whe-
re the influence of forced convection is also shown.
Voltammograms may be arbitrarily subdivided into
two parts. At E > —0.28 V, they actually coincide
for different ¢y, and ¢, but differ from voltam-
metric data obtained for Sn(II) — free solutions (cf.
Figs. 1, 5 and 6). The mechanism of such behaviour
is not yet clear. On the contrary, both Sn(II) and
laprol retard the net electrochemical process at a
more negative E. As can be seen from Figs. 5 and
6, the depth of the minimum strongly depends on
Sn(II) concentration.
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Fig. 6. Voltammograms obtained for Cu electrodes in so-
lutions containing 0.01 M of Cu(II), 50 mg dm= of lap-
rol and 0.6 mM (full lines) or 1 mM (symbols and dot-
ted lines) of Sn(IT). Rde rotating velocity (rpm) is indi-
cated on the curves
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Let us consider, for instance, data for a solution
containing 1 mM of Sn(II) and 50 mg dm of laprol
(Fig. 6). A sharp current decrease takes less than
5s at E = -0.28 V. According to Figs. 3 and 4, the
partial current density of Sn(II) reduction (/g ) is ca
1 mA cm? for ¢y, = 0.01 M. Assuming that [,
varies linearly with cg . we have a charge of ca
0.5 mC which may be employed for Sn(II) reduc-
tion. The further estimation shows that the amount
of Sn(II) to be deposited should be less than one
monolayer.

According to the results obtained, the top inhi-
bition of the electrochemical process is attained at
Cgoay = 1 mM. Laprol contains -CH-(CH,)-O-CH -
and —-CH,-O-CH,- chains with the average molecu-
lar mass of ca 50. This means that 1 mM of such
chain exists in the solution under discussion. It fol-
lows further that the ratio of oxygen and Sn** is 1:1
when the state of inhibition saturation is achieved.

Polymers similar to laprol are known to form
complexes with Cu?** and Cu* [10, 11]. It is not
unreasonable to suggest that Sn’*—laprol complexes
may be also formed. Then the adsorption layer re-
sulting in strong inhibition might be considered as a
product of full or partial reduction of the above
complexes. It might contain Sn ad-atoms or Sn* ad-
ions. The possibility of formation of Sn* interme-
diate has been reported in [20]. More definite conc-
lusions on the composition of adsorption layers are
not available from the presented data. This problem
needs further investigation.

CONCLUSIONS

1. Laprol exhibits no pronounced effect on the ki-
netics of Cu(Il) reduction at ¢ = ranging up to
10 mg dm=. Only a slight increase in overvoltage was
observed in the region of low cathodic polarizations
at ¢, = 100 mg dm™.

2. Strong inhibitive adsorption takes place in
Sn|Sn(I) system. A simplified model involving the
Temkin isotherm gives a satisfactory agreement bet-
ween experimental and simulated current densities
in the region of voltammogram plateau.

3. Characteristic minima develop on voltammog-
rams obtained for the solutions containing Cu(Il),
Sn(II) and laprol. It seems probable that the ad-
sorption layers resulting in strong inhibition might
be formed of laprol and the products of Sn(II) re-
duction.
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LAPROLO 2402 C ADSORBCIJOS ANT VARIO IR
ALAVO ELEKTRODU VOLTAMPEROMETRINE
CHARAKTERISTIKA

Santrauka

Atliktas Cu(I) and Sn(II) redukcijos voltamperometri-
nis tyrimas sulfatiniuose pavirSiuje aktyvios medziagos —
laprolo 2402 C - tirpaluose. Sistemoje Cu|Cu(II) jokios
zymesnes laprolo jtakos nenustatyta, kai jo koncentraci-
ja (¢,,) nevirsijo 10 mg dm. Tirpaluose, kuriuose Clap=
=100 mg dm™, pastebétas tik silpnas virSvoltazio padi-
dejimas mazy katodiniy poliarizacijy srityje. PrieSingai,
sistemoje Sn|Sn(II) vyksta stipri inhibiciné adsorbcija.
Supaprastintas modelis, kuriame panaudota Temkino izo-
terma, duoda patenkinama apskaiciuoty ir eksperimen-
tiniy srovés tankiy sutapima voltamperogramos plato sri-
tyje. Cu(II), Sn(II) ir laprolo tirpaly voltamperogramo-
se atsiranda charakteringas minimumas. Adsorbciniai
sluoksniai, salygojantys stipria inhibicija, gali buti suda-
ryti i§ laprolo ir Sn(II) redukcijos produkty.

A. CypBuia, 3. Moukye, C. Kananenkaiite

BOJIBTAMIIEPOMETPUYECKAS
XAPAKTEPUCTUKA AJCOPBIUU JIAIIPOJIA
2402 C HA MEJJHOM U OJIOBSAHHOM
JIIEKTPOJAX

PeszwowMme

ITpoBeneHO BOIBTAMIIEPOMETPUUIECKOE UCCIEIOBAHUE BOC-
cranopienns Cu(ll) m Sn(Il) B cynpdarHBIX pacTBopax,
conepkamux jarnpoia 2402 C B kayecTBE MOBEPXHOCTHO-
axtuBHoro BemectBa. B cucreme Cu|Cu(ll) He oOGHapyxeHO
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