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Abstract

Effects of sorbitol concentration on the deposition of tin on to platinum were studied by cyclic voltammetry. It was
observed that sorbitol affected the tin-plating rate and also the thermodynamics of the deposition process. Rotating
disk electrode studies showed that the deposition rate is controlled by mass transport and that the diffusion
coefficient of the Sn(II) complex decreases with increasing sorbitol concentration. The presence of sorbitol in the
plating bath was beneficial since a plating current efficiency of ~70% was obtained, while in its absence it was
~19%. Scanning electron microscopy showed that sorbitol works as a brightener since tin crystallites were much
smaller than those obtained from alkaline solution in the absence of sorbitol. Also, at 1.0 M, sorbitol produced a

very smooth film. X-ray spectra showed that -Sn was deposited.

1. Introduction

The relevance of studying tin electrodeposition lies in its
application in the electronic and food industries where
good solderability and non-toxicity are important,
respectively. The baths for tin electrodeposition are
alkaline or acid. Tin acid baths (fluoboric, sulphate,
chloride or methanesulfonic) [1-6] generally contain
additives such as: naphtholsulfonic and cresolsulfonic
acid to inhibit the oxidation of Sn(II) to Sn(IV) in
solution and f-naphthol, gelatin, etc, as levellers [7].
The tin alkaline plating bath containing stannate
[Sn(OH)g)*™ has the advantage of not requiring additives
since its deposition occurs at a very negative potential
and the hydrogen evolution in parallel with tin deposi-
tion acts as a leveller [4]. However, the disadvantage is
the diffusion of hydrogen inside the tin deposits.
Whereas, tin deposits obtained from stannate are
uniform, those obtained from stannite (HSnO,)™ are
spongey and non-coherent [1-4, 7], showing the need for
leveller additives in the plating baths. Also, another
negative aspect of this bath is the oxidation of (HSnO»)™
by oxygen in solution to (SnOs3)".

Molenaar et al. [8] observed that polyalcohols inhibit
the growth of tin crystals in tin autocatalytic deposition
solution.

Previous studies in our laboratory on lead, copper,
copper—zinc and copper—tin deposition processes

showed that sorbitol has brightening and leveling
characteristics [9-12]. Encouraged by these findings we
evaluated and analyzed the effect of sorbitol on the
deposition process and morphology of the tin films.
Cyclic voltammograms of plating solutions in the
absence and presence of various sorbitol concentrations
were investigated to elucidate the effect of additive on
the deposition. Diffusion coefficients of the Sn(II)
complex in the presence and absence of sorbitol were
obtained through rotating disc electrode (RDE) studies.
The morphology and structure of deposits were ana-
lyzed by scanning electronic microscopy (SEM) and
X-ray diffraction, respectively.

2. Experimental details

The electrolyte used in all experiments was 3.0 M NaOH
containing 0.10 m SnCl,, plus various sorbitol concen-
trations (0.15, 0.20, 0.30, 0.45 and 1.0 m). Analytical
grade chemicals and double-distilled water were used. A
Pt disk (0.196 cm?), a Pt plate and an appropriate
Lugging capillary containing Hg/Hg,Cl,/KCl1 (1.0 M),
were employed as working, auxiliary and reference
electrodes, respectively. Where indicated, an Sn disk
electrode (0.28 cm?) replaced the Pt disk electrode.
Immediately prior to the electrochemical measurements,
the working electrode was ground with 0.3 um alumina
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and rinsed with double-distilled water. Potentiodynamic
measurements were performed with an EG&G model
366A bipotentiostat. Measurements of deposition and
dissolution charges were made with an EG&G model
179 coulometer. All experiments were carried out at
25 °C. The current efficiency (¢,) of tin electrodeposit-
ion was obtained from the stripping/deposition charge
ratio. The tin films were obtained chronoamperometri-
cally from 0.0 V to various deposition potentials (Ey),
at a charge density (gq) of 1.5 C cm™. The anodic
stripping was done in 3.0 m NaOH. SEM micrographs
were taken with an FEG X L 30. X-ray diffraction
patterns were produced with filtered Cu—Ka radia-
tion (1.5406 A), using a goniometer Rigaku Rotaflex
RU200B. The diffraction experiments were in 26 scan
mode with o fixed at 2°.

3. Results and discussion

3.1. Electrodeposition of Sn on platinum
in the presence of sorbitol

Figure 1 shows voltammograms for the stationary Pt
substrate in the 0.1 M Sn** +3.0 M NaOH plating bath
at various sorbitol concentrations. The main feature of
these voltammograms is the cathodic peak, character-
ized by a sharp increase in current density, after which
the current density decreases less steeply, owing to mass-
transport limitation. Moreover the tin-plating rate is
affected kinetically by sorbitol concentration, since
current density (j,) magnitudes are significantly lower
as sorbitol content rises, being highest in the absence of
sorbitol. The fall in j, in the presence of sorbitol is
probably due to mass transport control of the deposi-
tion process, as can be seen later (Figure 6). Moreover,
the presence of sorbitate anion in the double layer may
hinder the discharge of stannite so that the system enters
mass transport control sooner, leading to decreases in ji,.
As a result of these processes, the morphology of the
deposit is modified, as can be seen later in Section 3.2.
The latter effect was observed during lead [9] and copper
[10] electrodeposition from an alkaline plating bath in
the presence of sorbitol, when inhibition of crystallite
growth took place. These results are very significant
since the presence of sorbitol in the deposition bath may
lead to a better quality tin deposit than in its absence.
Also, it can be seen from Figure 1 that the presence of
sorbitol leads to displacement of the deposition potential
to more negative values than in its absence. This probably
occurs because the sorbitol stabilizes the stannite anion by
hydrogen bonds between sorbitol and the anion [8]. Thus,
the breaking of these H-bonds at the metal-solution
interface and the slow sorbitol diffusion and the corre-
sponding changes in the composition of the solution layer
near to the electrode contribute to high polarization.
Moreover, it can be verified from Figure 1 that at higher
sorbitol concentration E4changes to more positive values,
probably due to association among sorbitol molecules.
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Fig. 1. Voltammetric curves for platinum substrate in 0.1 M

Sn(Cl),+3.0 m NaOH at various sorbitol concentrations: (m) 0.0;
() 0.15; () 0.20; (w) 0.30; () 0.45 and (=) 1.0 m, at 10 mV s\,

Then, stannite anions may be less stabilized by sorbitol,
leading to discharge atless negative potential,i.e.,—1.08 V
for 1.0 M sorbitol. Also, at this additive concentration the
plating bath showed significant viscosity, which decreases
the mobility of the stannite—sorbitol complex [13].

The hydrogen evolution reaction (HER) region on
platinum and tin electrodes was investigated further and
the cathodic voltammograms for these substrates show
no current up to approximately —1.0 and —-1.8V,
respectively (Figure 2(a), (b)), suggesting that HER is
the only significant competitive reaction in the initial
part of the deposition process.

The presence of sorbitol proved to be very useful,
since solutions are stable over time. Indeed, in its
absence it was impossible to prepare stable solutions of
stannite in 3.0 M NaOH. In the presence of sorbitate,
stannite decomposition to SnO», caused by absorption
of carbon dioxide from the air [1], was not observed,
because sorbitol stabilizes Sn(II) in solution [8, 14, 15].

Figure 3 illustrates the effect of sorbitol concentration
on the current efficiency (¢,.) of tin deposition. Tin films
were obtained potentiostatically at various potentials
and sorbitol concentrations in the plating bath, respec-
tively, at charge density of —1.5 C cm™.

For sorbitol concentrations lower than 0.20 M, ¢,
values decrease significantly as the Sn films did not
totally cover the Pt substrate. Thus the contribution
of HER to the deposition current is more significant,
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Fig. 2. Voltammetric curves for platinum (a) and tin (b) substrates from NaOH 3.0 M in the absence (=) and presence of sorbitol 0.15 M (1)
or 1.0 M (2 at 10 mV s~'. Potential values were referred to the calomel 1.0 M KClI electrode.

Current Efficiency /%
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Fig. 3. Values of current efficiency (¢.) as a function of sorbitol

concentration Eg=-0.97; —1.30; —1.26; —1.25; —1.21 and -1.09 V
and at charge density of 1.5 C cm ™.

leading to low ¢, values. Also, for sorbitol concen-
trations higher than 0.20 m, ¢, values were ~70%,

deposition process, as can be seen better in Figure 2(a)
and (b).

The plating bath containing 0.10 M SnCl,+3.0 m
NaOH and 0.3 M or 1.0 m sorbitol was chosen for
subsequent studies.

The reverse sweep technique was applied during tin
deposition from 0.10 M SnCl,+3.0 M NaOH at a
sorbitol concentration of 0.30 m (Figure 4). When the
sweep was reversed at a potential of —1.26 V (Fig-
ure 4(a)), an increase in cathodic current and a
crossover were observed, suggesting that the metal
deposition occurred by 3D nucleation [16]. After the
crossover, the cathodic current decreased quickly before
the formation of an anodic peak. When the sweep was
reversed at —1.30 V (broken line, Figure 4(b)) and
at —1.45V (dotted line, Figure 4(b)), the current
decreased, indicating that the plating process was under
diffusion control [13].

Figure 5(a) shows a set of voltammograms obtained
at various sweep rates from a bath containing 0.10 m

due to the HER in the initial moments of the SnCl,+3.0 M NaOH and 0.3 M sorbitol. The current
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Fig. 4. Voltammetric curves for platinum substrates in 0.10 M SnCl,+3.0 M NaOH +0.3 m sorbitol; effect of the limit potentials: (a) (=)

~1.26 V; (b) (=) —=1.30 V and () —1.45 V.
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Fig. 5. Voltammetric curves for platinum substrate in 0.10 M SnCl, +3.0 M NaOH (a) and 0.30 m sorbitol at various sweep rates (v/mV s™'):
(es2) 1.0; (=) 10.0; (=) 20.0; (e>¢) 50.0 and (- - -) 100.0. (b) Variation of j, with v'/2 at various sorbitol concentrations: () 0.0; (@) 0.30 and (A)
1.0 m. and (c) variation of E, with v at various sorbitol concentrations: (l) 0.0; (O) 0.30 and (O) 1.0 M for tin electrodeposition.

density at the cathodic peak exhibits a steep increase
with increasing sweep rate. It can be inferred from these
voltammograms that the rate of tin deposition is
probably controlled by mass transport. Figure 5(b)
shows that peak current density (j,,) increases with v'2,
but is not proportional, suggesting that the tin electro-
deposition process is quasi-reversible in this region [13].
Figure 5(c) shows that peak potential (E,) shifts
negatively with increasing v, confirming the results of
Figure 5(b). Similar results to Figures 4 and 5(a)—(c)
were obtained from the tin-plating bath containing
1.0 m sorbitol.

To confirm the results obtained with the stationary
electrode concerning the mass transport control of the
deposition process, studies with a rotating disk electrode
(RDE) were made from Sn plating baths in the absence
and presence of 0.3 M and 1.0 m sorbitol. Figure 6 shows
that limit current densities (j) increase with /'/>. These
results corroborate those obtained in Figure 5, since
deposition current densities are dependent on the speed of
rotation. The diffusion coefficient (Dy) of the tin complex
in the presence of the 0.3 m and 1.0 M sorbitol and in the
absence of sorbitol was obtained from these RDE studies.
Assuming a kinematic viscosity of 0.01 cm?s™', and a
roughness factor of ~2.0 (Pt substrate) [12, 17, 18], the
value of the diffusion coefficient was 1.84 x 107 cm? 57!
in the absence of additive and 0.83 x 107 cm? s™' and

0.55x10°cm?>s™' for 0.3m and 1.0 M sorbitol,
respectively. The latter values, as expected, are smaller
than for the stannite ion. This is because the size of the
stannite—sorbitol complex is greater than that of the
stannite ion, and consequently the former has lower
mobility. Also, the increase in viscosity due to addition of
sorbitol contributed to the decrease in D,.
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Fig. 6. Curves of density of limit current vs. /2 for tin electrodepos-
ition on to platinum substrate in 0.10 M SnCl,+3.0 M NaOH and
concentration different of sorbitol: (W) 0.0; (O) 0.30 and (A) 1.0 m.
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Fig. 7. SEM micrographs of Sn films obtained at various Eg (a) —0.97 V; (b) -1.30 V; (¢) -1.26 V; (d) —-1.25V and (¢) -1.09 V
qa=15C cm 2 Electrolytic solutions 0.1 M SnCl,+3.0 m NaOH and at various sorbitol concentrations: (a) absence; (b) 0.15 m; (c) 0.2 M;

(d) 0.3 M and (e) 1.0 m.

Finally, it can be verified from the potentiodynamic
curves for the platinum electrode in the Sn baths in the
presence of sorbitol that initial deposition rates are high,
but lower than in its absence (Figure 1). As a conse-
quence, deposits with refined crystallites occur and also,
at a certain sorbitol concentration, smoothing can
occur, as seen later (Section 3.2).

3.2. Morphological study of tin film

Figure 7(a)-(e) shows SEM micrographs of Sn films
formed from solution containing 0.1 M SnCl,+3.0 m
NaOH in the absence and presence of various sorbitol
concentrations and at a charge density of 1.5 C cm™
and various deposition potentials. As sorbitol concen-
tration increases, the size of Sn crystallites decreases.
Moreover, for 1.0 M sorbitol the Sn films are smooth.
These results indicate that Sn deposition from an
alkaline bath containing sorbitol leads to better quality
deposits, since sorbitol acts as a brightener.

3.3. X-ray analysis of the Sn film

Figure 8 shows typical X-ray diffraction patterns of
some deposits. The observed crystallographic distances,
dops: dy (hkl), d> (hkl) and d; (hkl) are compared with
expected values (dexp) described in JCPDS [19] in
Table 1. Some diffraction lines was easily assigned to
d(Pt), SnPt; and d(f-Sn). Also, it is possible that tin
oxides (SnO) were produced during the electrodeposit-
ion of the Sn films.

4. Conclusions

Sn alkaline plating baths were successfully obtained with
sorbitol as an additive since the solution was stable and
bath decomposition was not observed during the
deposition. From cyclic voltammograms it was veri-
fied that sorbitol affects both the kinetics and the
thermodynamics of the deposition process, decreasing
the tin-plating rate and shifting the deposition potential
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Fig. 8. X-ray diffraction patterns of deposits obtained from SnCl, 0.1 m+NaOH 3.0 M in: (a) 0.0 m; (b) 0.3 M and (c) 1.0 M sorbitol, at dif-
ferent potentials —0.97 V, —=1.25 V and —1.09 V, respectively, and a charge density of 1.5 C cm™>. Potential values were referred to the calo-
mel 1.0 M KCl electrode. -Sn (*, JCPDS — 04-0673); SnPt; (#, JCPDS — 35-1360); SnO (+, JCPDS — 24-1342); Sn;0,4 (%, JCPDS — 20-1293);

Pt (-, JCPDS - 04-0802).

to more negative values. The electrochemical efficiency
of Sn deposition was ~70% in the presence of sorbitol,
while in its absence it was ~19%. An increase in current
was observed when the Sn deposition voltammetry was
reversed in the initial moments of the process, suggesting
3D nucleated deposition in this region. Hydrodynamic
studies of Sn deposition showed that the deposition
process is controlled by mass transport and that the

diffusion coefficient is 1.84 x 107° (absence of sorbitol),
0.83 x 107® and 0.55 x 107 cm” s™' for 0.3 M and 1.0 m
sorbitol in the plating bath, respectively. SEM analysis
showed that the presence of sorbitol leads to high
quality films which totally coat the substrate and for
1.0 M sorbitol, are smooth. The X-ray analysis of the Sn
films obtained in the absence and presence of sorbitol
indicated the occurrence of f-Sn.
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Table 1. Observed interplanar distances, d(h k 1), of X-ray diffraction patterns of tin deposits obtained at (Ey): (a) —0.97 V, (b) —1.25 V and
(¢) =1.09 V, with gg=1.50 C cm2, from various baths: (a) 0.0 M Sorbitol, (b) 0.3 M Sorbitol and (c) 1.0 M Sorbitol

dy (hkl) (@)  da (hkl) (b) ~d3 (hkl) (¢)  dexp(B-Sn)  dexp (SnPt3)

dexp (SNO)  dexp (Sn304)  dexp (Sn203)  deyp (PY) dexp (SnO2)

4.76

2.99

2.92 2.92 2.92 2.916 (100)

2.79 2.79 2.79 2.794 (90)

2.26 2.26 2.26 2.254 (30)
2.06 2.06 2.06 2.063 (34)

2.02 2.01 2.01 2,019 (74)  2.014 (50)
1.96 1.96 1.96 1.967 (20)
1.85

1.65 1.65 1.65 1.659 (17)

1.48 1.48 1.48 1.484 (23)

1.45 1.458 (13)

1.44 1.44 1.44 1.442 (20)

1.38 1.38 1.38

1.29 1.292 (15)

1.18 1.18 118

1.13 1.13 113

0.98 0.98 0.98 0.982 (5)

0.90 0.90 0.90 0.895 (35)

4852 (10)  4.842 (30)

2.990 (100) 2.985 (100)
2.901 (80)  2.917 (35)

2781 (80) 2794 (30) 2774 (25)

2256 (12)  2.266 (100)

2.068 (1)

2.020 (40)  2.646 (50)

1.961 (30) 1.962 (53)

1.800 (10) 1.850 (2)

1.660 (50) 1.649 (12)

1.382 (20) 1.387 (31)

1.297 (20)

1.175 (6) 1.182 (33)
1.132 (12)

0.985 (2) 0.981 (6)
0.900 (22)

The expected values are from JCPDS [19]. Potential values were referred to the calomel 1.0 m KCl electrode.

dops: di(hkl); da(hkl) and ds(hkl).
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