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SUMMARY 

Voltammetric studies revealed that under transient c o n d i ­

tions in neutral pH gluconate so lu t ions , the e lec t roac t ive species 

are Sn(GH^) . The formation of monovalent species i s s l o w . 

Gluconate prevents the formation of Sn(OH)^. In h igh a l k a l i 

solut ions, the adsorbed monovalent species obey to a non ac t iva ted 

Temkin adsorpt ion isotherm and the f i r s t electron transfer i s s l o w . 

The gluconates interact wi th SniOH)^ and hinder the pa r t i c ipa t ion 

of OH ions in the deposi t ion process . 

INTRODUCTION 

The search for ecofr iendly and economical p la t ing baths 

for the development of t in p la t ing on steel resul ted in the gluconate 

as the complexing agent for t in p l a t i n g . Tin was deposi ted on steel 

from gluconate bath in the neutral pH range wi th a throwing power 

comparable to stannate baths [ 1 ] . The potent ial -pH diagram of t i n -

H^O reveals that SnO or SniOH)^ are the predominant species 

formed in the pH range of 3 to 10 [ 2 ] . Gluconic ac id i s 

represented by HGH. [3, 4] where the f i r s t H refers to the 

c a r b o x y l i c ac id hydrogen and refers to the four hydrogen on 

the secondary a l coho l s . The anion of the gluconic ac id i s 

represented ' a s GH^ . The d i s soc i a t i on constants of gluconic ac id 

and the s t a b i l i t y constants of d iva len t and tetravalent t in gluconate 
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complexes was found to be Sn(GH 4 ) [ 5 ] . Th i s paper presents the 

electrochemical behaviour of t in in gluconate solutions in a wide 

range of pH 3 to 10 and also in higher a l k a l i so lut ions . 

EXPERIMENTAL 

Triangular potent ial sweep voltammetric experiments were 

ca r r i ed out in Bio A n a l y t i c a l Systems 100A, USA using a conven­

t ional three electrodes c e l l assembly of glassy carbon as working 

electrode, platinum as counter and S . C . E . as reference electrodes 

r e s p e c t i v e l y . The solutions under study were deoxygenated for one 

hour using pu r i f i ed hydrogen. The temperature of the c e l l was 

kept at 30 ± 0 .01°C . 

Solutions were made from analar chemicals SnSO^ solutions 

-2 -1 (2.5 x 10 M to 2.5 x 10 M) and sodium gluconate solutions 

-2 -1 (2.5 x 10 M to 7.5 x 10 M) were used. The pH of the solutions 

were adjusted using d i g i t a l pH meter (±0.01 accuracy) . The a l k a l i 

concentrations were es tab l i shed by t i t ra t ing against standard 

mineral a c i d . 

RESULTS 

(i) Neutral pH Solutions (6.4 to 7 . 2 ) 

t 
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E ( V) vs SCE 
F i g . l T y p i c a l C y c l i c Voltammogram in 1.25x10 SnS0.+ 

-1 4 

3.75 x 10 M sodium gluconate at pH 7 .2 . 
E ^ > a = -600 mV; E

A c = -1500 mV; v = 5 m V s " 1 
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Figure 1 presents the e lec t rochemical spectrum of 

deposi t ion and dissolut ion of t in from 1.25 x 10 M SnS0 4 containing 

gluconate solutions at pH 7 .2 . The forward scan e x h i b i t e d a 

cathodic peak at -1153 mV vs S C E . The reverse scan intersected 

the forward scan. The cathodic peak potential v a r i e d wi th log 

sweep rate wi th a slope of 120 mV decade 1 and wi th pH a value 

of 30 mV/pH change was observed (Figures 2 and 3 ) . 

i e loo 
V ( m v s - 1 ) — 

F i g . 2 Var ia t ion of cathodic peak potentials (E ) wi th sweep 
p , c 

rate in different gluconate so lu t ions . 

C - -C-G 1 -25 x 1 0 _ 1 M SnS0 4 + 3.75 x 1 0 _ 1 M sodium gluconate 

• — - 1 -25 x 10 - 1 MSnSO 4 + 3.25 x 1 0 _ 1 M sodium gluconate 

A - ^ a - A 1.25 x 10~ M SnSO + 5 x 1 0 _ 1 M sodium gluconate 
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F i g . 3 Var ia t ion of cathodic peak potentials w i th pH at different 
sweep rates 

O-O-O 10 m ^ s *—#>25 mVs ; 

A - i W \ 50 m V s " 1 ; D-O-a 1 0 0 m V s 5 

The cathodic peak currents were invar iant w i th p H . Gluconate 

concentrations d i d not influence the cathodic peak currents and 

potentials at a l l sweep rates from 5 mVs 1 to 100 mVs . 

- 109 -

(ii) Higher pH solutions (pH ^ 8.2) 

— J I I I _ L l _ _ J _ . _ I i — _ L L • I I 

-0-3 -10 -17 

E (V) vs SCE — • 

F i g . 4. T y p i c a l c y c l i c voltammogram for the deposi t ion and d i s -
- 2 

solution of t in in 2.5 x 10 M SnSO^ + 1M NaOH solu t ions . 

1, 2, 3 scan numbers. 
E v = -300 mV; E v = -1700 mV; v = 10 m V s _ 1 

y\ , a /A, c 

When po la r i sed from -300 mV, the forward scan e x h i b i t e d 

a cathodic peak at -1100 mV (Figure 4 ) . Beyond -1700 mV, 

hydrogen evolut ion takes p l ace . The reverse scan e x h i b i t e d an 

anodic peak at -960 mV. Increase of scan rate sh i f ted the E 
p ,a 

to move negative values suggesting that the d i sso lu t ion was favoured 

wi th continuous c y c l i n g . 

The charges f lowed under the cathodic peak (Q c ) w a s found 

to remain constant wh i l e the charges flowed under the anodic peak 

(Q ) decreased wi th c y c l i n g . The E v a r i e d w i t h sweep rate a ° p , a r 

with a slope of . 60 ± 5 mV decade ^ and 60 mV decade * was 

observed from E vs log v plots (Figure 5 ) . p , c 
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F i g . 5 . Var ia t ion of anodic peak potentials (E ) and cathodic 
P >a 

peak potentials ( E ^ ^) wi th sweep rate in different SnSO^ 

solutions in 2 M NaOH solut ions . 

D-D-n 2 . 5 x 1 0 ~ 2 M 

^ — 5 x 10~ 2 M 

A->k-A 7 . 5 x 1 0 ~ 2 M 

n-a-o I O _ 1 M 

The cathodic peak currents were found to increase w i t h 

Sn(II) concentration w i t h a slope of 1, wh i l e they decreased w i t h 

log OH ion concentration w i t h a slope of - 2 (Figures 6 & 7 ) . 

[Sn ( l l jJ iM/L) 

F i g . 6 . Var ia t ion of cathodic peak currents w i th Sn(II) concentra­

tion in 2 M NaOH solutions at different sweep ra tes . 

cVO-P> 5 m V s " 1 ; « » » 70 m V s _ 1 ; 

25 mVs 1 
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5XW 

[OH"J (M/L) *-

F i g . 7 . Var ia t ion of cathodic peak currents wi th h y d r o x y l ion con-
-2 

centration 5 x 10 M SnSO. so lu t ions . 
-1 -1 

O - O - O 5 mVs / W v -A 25 mVs 
-1 _2 

10 mVs 50 mVs 
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(iii) Higher pH solutions (pH ^ 8.2) containing gluconates 

A\ I / 

i i i i i i i i i i i i 
- 0 - 3 -0-5 -1-0 

E C V ) Vs SCE 

F i g . 8 . T y p i c a l c y c l i c voltammogram in 5 x 10 M SnSO. + 
-2 

2.5 x 10 M sodium gluconate in 2M NaOH solutions 
E . = -300 mV; E . A, a A , c 
1, 2, 3 scan numbers. 

•1700 mV; v = 10 mVs -1 

The presence of gluconates has no effect on the e l ec t ro ­

chemical spectrum (Figure 8 ) . The anodic and cathodic peak 

potentials v a r i e d wi th sweep ra te , each wi th a slope of 60 ± 5 

mV decade *. Gluconate concentration increased the cathodic peak 

currents wh i l e increase of OH ion concentration decreased them. 

DISCUSSIONS 

In aqueous solut ions , t in forms simple hydra ted ions S n ^ + , 

4+ - 2-
Sn and the complex ions l i k e HSnO^ , SnO^ in a lka l ine solutions 

[ 2 ] . The assumed e q u i l i b r i a in the potent ia l -pH diagram of Sn -H 2 0 

ceases to e x i s t i n the presence of ions which could react w i th 

t i n . 
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In neutral pH solu t ion , the deposi t ion of t in under transient 

conditions (5 to 100 mVs ) may invo lve the formation of adsorbed 

S n + i on , e . g . 

S n + , + e ^ Sn . . ( 2 ) ads ^ 

If the f i r s t electron transfer i s s low, 

-> 2 + ***** 
i = k , [Sn J exp -

1 c RT 
Where <JC i s the cathodic transfer coefficient; A / i s the interfa-

2+. 
c i a l potent ial difference; k j i s the rate constant; [Sn ] i s the 

„ _ 2+ . , . concentration of Sn ions in so lu t ion . 

Th is suggests that 

d l o g i 
[ ~ - — ] = order of the reaction w i t h respect to 

d log (Sn ) 

S n 2 + ions = 1 and the cathodic currents were independent of OH 

ions and of gluconate concentrat ion. 

For an i r r e v e r s i b l e process [6] 

RT K° o C F v 
E = E° + [In 0.5 In -0.78) . . ( 3 ) 

P F \ZTT RT 

i = nFA C° D ( o C ^ v / R T ) X ( <*F/RT) (E. - E) . . ( 4 ) 
p ox ox F l 

Where E. i s the i n i t i a l po ten t ia l ; C° i s the concentration of the 1 ox 

species undergoing reduct ion; D q x i s the diffusion coefficient of Sn 

ions ana K " i s the spec i f i c rate constant. Therefore one can d e r i v e 
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the dependencies of peak potentials on sweep rate and var ious 

dependencies e i ther on OH ions concentration or Sn(II) 

concentrations at constant sweep ra te . The observed cathodic Tafel 

slope of 120 mV decade ^ (Figure 2) confirms the f i r s t electron 

transfer to be slow in the reduction p rocess . 

In order to prevent the p rec ip i t a t i on of Sn(OH)^ and to 

obtain c lear solutions t i n : gluconate concentration ra t ios of 1:3 were 

used. T h i s excess gluconate caused the invar iance peak currents 

and potent ials in the range of sweep rates s t ud i ed . However, one 

may assume the reduction to take p l l ace as 

S n ( G H 4 ) + + e > S n < G H 4 > a d s ' - { S ) 

S n ( G H 4 } a d s + e ^ Sn + G H ^ " . . ( 6 ) 

In the solution there ex i s t s a dynamic equ i l i b r i um between Sn(OH),, 

and Sn (GH^) and th i s was seen by the dependencies of cathodic 

peak potent ials on the p H . 

In high alkali solutions 

A rev iew on the d isso lu t ion of t i n and cathodic processes 

occurr ing on t in was pub l i shed [7 ] , and the nature of the stannite 

ion ic species resul t ing from the d i sso lu t ion of t i n in NaOH solutions 

was found to be Sn(OH)^ . The mechanism of d i sso lu t ion was found 

to invo lve Sn(OH) and Sn(OH)., as adsorbed intermediates 'on the 

electrode [ 8 ] , The anodic d i sso lu t ion of t in in a lka l ine solution 

was found to" have a Tafel slope of 57 mV decade * and the 

reaction order w i th respect to OH ions was 2 . A q u a s i - r e v e r s i b l e 
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charge transfer fol lowed by a chemical reaction to form HSnO^ 

was proposed [ 9 ] . Under transient conditions (5 to 100 mVs ) 

the observed cathodic Tafel slope of 60 mV decade 1 suggests the 

fol lowing mechanism: 

Sn(OH) Q . S n ( 0 H ) o + OH . . (7 ) 

S n ( 0 H ) o + e —> SnOH , + OH~ . . ( 8 ) 
L ads 

SnOH , + e .A Sn + O H _ . . ( 9 ) ads v 

In the reduction of Sn(OH) 2 would be slow and the coverage of 

the surface by adsorbed SnOH to be negl ig ib le (© 1) , one would 

obtain a cathodic Tafel slope of 120 mV decade ^ for adsorbed 

Sn(OH) obeying Langmuir isotherm [10] . The observed Tafel slope 

of 60 mV decade * suggests that &• 0.1 and the in teract ion 

between adsorbed monovalent species become apprec iab le and 

different s i tes on the metal may have different free energies of 

adsorp t ion . Hence in terms of the non act ivated Temkin isotherm 

one would obtain a cathodic Tafel slope of 60 mV decade ^ and 

the reaction orders w i th respect to Sn 2 + of +1 and wi th respect 

to OH ions of -1.5 r e s p e c t i v e l y . 

In the presence of gluconate, the anodic and cathodic Tafel 

slopes remain unaffected. These cathodic peak currents increased 

wi th gluconate ion concentration wi th a slope of +1.0 suggesting 

the fo l lowing mechanism: 
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[Sn(OH) ] _v S n ( 0 H ) 2 + OH . . (10) 

Sn(OH) + GH ~ + e SnOH + GH 2 ~ . . (11) 

Sn(OH) j + e Sn + OH~ . . (12) ads > 

The presence of gluconate influences the pa r t i c ipa t ion of OH ions . 

For the adsorbed Sn(OH) obeying non act ivated Temkin i so therm, 

d l og i 
the [ B ± £ _ ] a 2+ a „ „ - = 0.5 

d log (OH") v ' S n ' G H 4 

T h i s was observed expe r imen ta l ly . 

CONCLUSIONS 

Voltammetric studies revealed that under transient 

conditions in neutral pH gluconate solutions the e lec t roac t ive species 

i s Sn(GH^) . The formation of monovalent species i s s l o w . 

Gluconates prevent the formation of Sn iOH)^ . In h igh a l k a l i 

solut ions, the adsorbed monovalent species obey non ac t iva ted 

Temkin adsorpt ion isotherm and the f i r s t electron transfer i s a 

slow s t ep . The gluconates interact w i th Sn(OH)., and h inder the 

pa r t i c ipa t ion of OH ions in the deposi t ion process . 
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