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Abstract:

Electrode kinetics and complex formation of Zn(ll) using doxycycline,

chlortetracycline, oxytetracycline, tetracycline, minocycline, amoxicillin, chloramphenicol and
cephaloglycin werereported at pH = 7.30 + 0.01 in = 1.0 molL-1 NaCl O, used as supporting electrolyte
at 25.0°C. Kinetic parameters viz. transfer coefficient (o), degree of irreversibility (\) and rate con-
stant (k) were determined. The study showed that ‘ Transition state’ behaves between reactant (O) and
product (R) response to applied potential. The stability constants varied from 2.14 to 10.31 showing
that these drugs or their complexes could be used against Zn toxicity.

Keywords: Electrode kinetics; zinc-antibiotics-cepha oglycin system; binary and ternary complexes.

Introduction

In voltammetry, both mass transfer and
charge transfer reactions are important [1-2]. In
normal chemical reactions, the free energy brings
the reactants from their initial position to the transi-
tion state. In electrochemicd reactions (oxidants
and reductants), the potentia difference applied,
affects the eectrokinetic reactions and hence, the
summit of the energy barrier (transition state) is
affected but the energy barrier adjustsitself in such
away that it always lies in the mid way between
oxidants and reductants between dropping mercury
electrode and solution interface [3-4]. A small vari-
ation in potential not only affects the rate of the
reaction but also rate constant grestly. The electri-
cd double layer formed in the vicinity of d.m.e. is
an interesting topic of discussion [5-6]. On the
other hand, antibiotics like doxycycline, chlortetra:
cycline, oxytetracycline, tetracycline, minocycline,
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chloramphenicol and cephaloglycin are important
drugs used against serious diseases [7-8] ; there-
fore, the author has studied the ternary complex
system [Zn — antibiotics — cephaloglycin] and its
kinetics on the basis of sability constants and
kinetic parameters for which no reference is traced
out so far in the literature.

Experimental details

Apparatus and reagents

All the chemicals used were of A. R. grade
and their solutions were prepared in doubly dis-
tilled water. Antibiotics were purchased from
Fluka, Aldrich and Sigmaand used as such without
further purification. The concentrations of Zn(ll)
{ZnCl,, Fluka}, NaClO,.H,0O (Fluka) and Triton
X-100 (Loba Chemie) in the andyte were 0.5
mmol L-1, 1.0 mol L-1 and 0.001% respectively.

59

o



EQ9- AF

21/8/14 6:12

Page 60

Pure hydrogen gas was passed through the anayte
for deaeration before recording the current - volt-
age data. Zn(I1) and ligands were taken in the ratio
of 1: 40in case of binary complexesand 1:40:40in
case of ternary complexes and current — voltage
curves were drawn a pH 7.10 — 8.80; it has been
observed that the maximum shift of E;, was
observed at pH 7.20 to 8.50 but pH = 7.30 = 0.01
was selected on account of studying the complexes
in human blood pH [9]. u pH meter (Systronics
Modd — 361) was used to measure the pH of the
analyte at 7.30 + 0.01 adjusted with dilute solutions
of NaOH or HCIO, (both B.D.H.) as required.
Current — voltage curves were obtained on a
Polarographic analyzer (Elico CL — 362). The cap-
illary was of 5.0 cm in length with diameter 0.06
mm with m23tl6 = 240 mg?3 s¥2, Three elec-
trodes system was used. Potassium dihydrogen
phosphate — sodium hydroxide buffer was added in
the anayteto stahilize the pH of the analyte at 7.30.

Results and discussion
Zn(ll) and its complexe10] gave wdll

defined two electron quasireversible reduction
wave in 1.0 mol L-1 NaClO, (SEE.) and 0.001%

—p—

Triton X-100 as suppressor a pH = 7.30 = 0.01 at
25.0°C. Devariesand Kroon method [11] was used
to determine the number of eectrons involved in
the reduction [Zn — cephal oglycin] system.

The concentration of cephaloglycin in the
analyte was varied from 5 mmol L-1 to 20 mmol
L-1. The E,;, values increased with increase of
concentration of cephaloglycin to Zn, showed
complex formation. Gellings method [12] was
used to determine E,reversible yalues from E;,au&
sreversible yglues. Lingane method [13] confirmed
the formation of 1:1 and 1:2 complexes with sta-
bility constant log f¢; = 2.14 and log fq, = 3.22
respectively [Zn —antibiotics — cephaloglycin].

In this system, the concentration of antibi-
otics varied from 0.5 mmol L-1 to 30.0 mmol L.
The haf wave potential values became more nega-
tivewith the addition of 0.025mol L-1 and 0.05 mol
L-1 of [cephaoglycin] to [Zn — antibiotics] system
showed the formation of ternary complexes [Zn —
antibiotics — cephaloglycin]. Gellings method was
used to determine the E,.reversble vgues from
E,,ouesireversible vglues. The current — voltage curves
(polarograms) of [Zn-doxycycline — cephaloglycin]
system at [cephaloglycin] = 0.025 mol L-1 are given
in Fig. 1. The plots between [E — RT/nF log (i4i)/i]
vs. i are given in Fig. 2. Schaap and McMaster

Table 1. Polarographic characteristicsand F;[X,Y] valuesfor [Zn —doxycycline - cephaloglycin] sys-
tem*, Supporting electrolyte = 1.0 mol L-1 NaClO,, pH=7.30 = 0.01, T = 25.0°C. [cephaloglycin] =

0.025 mol L-1; [cephaloglycin] = 0.05 mol L-1.

[Doxycy.]  logTmflc  Eip Fo[X,Y] Fio[X,Y] Fao[X.Y] Fao[X,Y] logImilc Byt Fe[X,Y] Fio[X,Y] Fao[X,Y] F3[X,Y]
X 10°mol  L'** -V vs SCE X100 X100 X10° -V vs SCE X100 X100 X10°
0.00 - 0.9850 - - - - 0.9850 - - -
0.50 0.00706  1.0215 1658 22,19 1588  162.18 0.01424 1.0350  52.07  80.04 3098 162.18
1.00 0.00706  1.0275 2848 2299 1596 162,18 002153 1.0425 9365  81.60 3106 16218
2.00 0.01424  1.0355 5473 2462 1612 16219 002896 1.0505 18153 8474 3122 16218
3.00 0.01424  1.0415 8434 2628 1628 16217 003651 1.0560 27579 8791 3138 16217
4,00 002153 1.0455 11740 2797 1644 16217 0.04420 1.0595 37652 9111 3154 162.19
5.00 0.02153  1.0490 15401 2970  16.61 16220 0.04420 1.0630  483.82 9435 3171 162.16
6.00 0.02896  1.0515 19427 3146 1677 16216 005202 1.0655 59779 97.62 3187 16220
8.00 0.02896  1.0565  286.11 3507 17.09 162.18 0.05999 1.0695  846.11 104.25 3219 162.18
10.00 0.03651  1.0605 393.70 3882 1742 162,18 0.05999 1.0730 112226 111.02 3232 16218
20.00 0.04420 10745 119523 5948  19.04 16218 005999 10855 294779 14678 3414 16218
30.00 0.05202 1.0835 250734 8339  20.66 162.17 0.05999 1.0935 35585.93 185.79 3576 162.18

logA =0.74,lo0g B=4.33,logC=6.20,log D = 7.21,logA =1.08,logB =4.89, log C =6.49, log D =7.21
** {[doxycy.] =1.00 x 10-3 mol L-1, therefore; 1.00 = [doxycy.] x 103}

*(The data for other systems can be obtained on request.)
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method [14] confirmed theformation of 1:1:1, 1:2:1
and 1:1:2 complexes. The data and plots for
Fi[X,Y] vs. [X] for [Zn — doxycycline — cephalo-
glycin] sysem{where X andY are doxycyclineand
cephaoglycin and i and j are their stoichiometric
numbers respectively} were given in Table 1 and
Fig. 3 respectively. The values of stability constant
of complexes are given in Teble 2.

For comparison of the stability of binary
and ternary complexes, the values of mixing con-
stant log K,,, were determined as follows

log K, = 10gB1; — 1/2[10gB,0 — 10980, [14]

for the reaction 2[Zn (doxycy.) (cephaogly.)] <
[Zn(doxycy.),] + [Zn(cephalogly.),].

The values of log K, were 0.25, -0.79, -
0.51 and -0.43 for [Zn — doxycycline — cephalo-
glycin], [Zn — oxytetracycline — cephaloglycin],
[Zn —etracycline — cephaloglycin] and [Zn —
minocycline — cephaoglycin] respectively. The
positive values of log K ,, showed that ternary com-
plexes are more stable than their binary complexes
while negative values showed that binary com-
plexes are more stable than their ternary complex-
es. The complexes 1:1:1 in case of [Zn — chlortet-
racycline — cephaloglycin], 1:2 in case of [Zn —
amoxicillin — cephaoglycin] and 1:1:1 in [Zn —
chloramphenicol — cephaloglycin] system was not
formed therefore; the values of log K, were not
calculated for these systems.

The trend of stability constant of complex-
es was doxycycline < chlortetracycline < oxytetra-
cycline < tetracycline < minocycline < amoxicillin
< chloramphenicol. The structures of doxycycline,
chlortetracycline, oxytetracycline, tetracycline and
minocycline are same except in the difference in
R;, R, and R; positions[15]. They all coordinate to
the Zn ion through two oxygen atom, one of them
the oxygen atom double-bonded to the carbon ring,
and the other the oxygen atom belonging to the
neighbor amide group. The stability constant of
[Zn-doxycycline — cephaoglycin] system has the
lowest valuesamongst dl other complexes because
this system has the lowest values of E,;, shift. The
fact that the stability constants of chlortetracycline
complexes are lower than those of oxytetracycline
complexes is attributed to the presence of elec-
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tronegative Cl at R, in former complex, whereasin
the latter one the R, position is occupied by the
electropositive hydrogen in place of CI[16]. The
stability constants of [Zn-oxytetracycline-cephalo-
glycin] complexes are lower than those of [Zn-
tetracycline-cephaloglycin]; fact that is attributed
to the presence of OH- group in oxytetracycline at
R; position. In case of tetracycline, H is present
both at R; and R; therefore; there is less electronic
disturbance in tetracycline complex when com-
pared to the complexes formed by substituted
tetracyclines. This order of stability constants of
tetracyclinesis aso supported the order of their pK
values [17].The fact that the stability constant val-
ues of minocycline complexes are lower than those
of amoxicillin complexes is attributed to the pres-
ence of thiazoline ring and Beta-lactum ring in
amoxicillin. An increase in the number of rings
within a chelate results in greater stability of
chelate]18]. In case of amoxicillin, the N and oxy-
gen of -COOH of thiazolidine ring may take part
in coordination with Zn while the bonding in
minocycline complexes is the same as tetracycline
complexes making six membered ring with two
double bonds. Asthe number of ringsincreases, the
stability constant of complex increases [18]. The
chloramphenicol made complexes of the maxi-
mum stability is due to the fact that this complex
system has maximum shift of E,, that might bethe
result of the formation of one 4 and one 5 mem-
bered ring with Zn[18] . In case of cephaoglycin,
O of the COOH and N of the f3-lactam ring may
take part in bond formation with Zn making 5
membered ring. The structure of [Zn —doxycycline
— cephaloglycin] systemis given in Figure 4.

The values of Schaap and Mc Master
functions can be determined as follows:
For ternary system
M+iX+jY=MXiYij.
The values of function
FoolX,Y] can be caculated by the following
equation :
FoolX,Y] = [0.438nF/RT{ (Ey)s — (Ey)c} | +
logl,/Icand
Fio[X,Y] = Foo[ X, Y] =A/ [X]
FaolX,Y] = Fyo[ X,Y] = B/[X]

I-:N,O[XvY] = Fy.1 [X,Y] = const./[X].
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The function Fy[X,Y] can be expressed as:
FoolX,Y] ={Boo+ Boal Y] + Boal Y12 + Baal Y13} [X]°
+{B1o *+ BulY] + B[ Y]Z [X]

+{Bo *+ BaulY]} [X]?

+{Ba0 } [X]3

The function Fy[X,Y] can be factorized
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and written as Fop[X,Y] =A + B [X] + C[X]2 +
D [X]3, Where A, B, C and D are constants and
I, and Ic are the diffusion currents for metal and
its complex respectively.

By knowing the values of B at two differ-
ent concentration of Y, the values of ,, and B4,
can be calculated.
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Figure 1. Polarograms of [Zn-doxycycline-cephaoglycin] system, [cephaoglycin] = 0.025 molL-1, X axis = (-
V) volts, Yaxis = current (i) uA.
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Figure 2. Plots between -[E-RT/nF log(i4-i)/i] vsi for [Zn - doxycycline — cephaloglycin] system.

Table 2. Stahility constants values for [Zn — antibiotics — cephaloglycin] system. pH = 7.30 = 0.01,

Supporting electrolyte = 1.0 mol L-1 NaClO,, Triton X- 100 = 0.001%, T = 25.0°C.

Ligands logBor  logPo2  l0gPyg  logPsy  logPzy  logPyy  logBgp  logPyg
Doxycycline - - 331 4.90 7.21 431 7.48 7.78
Chlortetracycline - - 4.40 7.61 9.50 - 7.81 9.68
Oxytetracycline - - 4,50 7.81 9.86 4,72 8.10 9.87
Tetracycline - - 4.80 8.01 9.91 5.10 831 -
Minocycline - - 4.85 8.13 9.98 5.24 8.43 10.00
Amoxicillin - - 4.88 - 10.01 5.48 8.49 10.13
Chloramphenicol - - 4.70 8.21 10.13 - 8.60 10.31
Cephaloglycin 214 3.22 - - - - - -
[Cephaloglycin]=0.05 molL-1 [Cephaloglycin]=0.05 molL-1
400 400
350 350
300 300
——FOO0[XY] ——FO0[XY]
— 250 — 250
> >
. 200 —a—F10[XY] X 2,200 —a—F10[XY] X
i 150 103 i 450 103
—a—F20[X Y] X —a—F20[XY] X
100 105 100 105
%0 —— F30[XY] X 50 —F30[XY] X
07 105 04 105
[Doxycy%Pme]x103 40 [Doxycytzzﬂne]x103 4
Figure 3.[Zn - doxycycline — cephaloglycin] system.
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Table 3. Kinetic parameters of [Zn — doxycycline

— cephaloglycin] system. Zn (11) = 0.5 m mol L-1

pH =7.30 £ 0.01, Supporting electrolyte = 1.0 mol L-1 NaClO,, T = 25.0°C. [cephaloglycin] = 0.025

mol L-1;[cephaoglycin] = 0.05 mol L-1.

[Doxycy.] Egpf Slope o A Dx103 Kkx
x103 -Vvs mV secl2 cm2st 108

Eyr Slope a A Dx103 kx103
Vvs mV sec¥2 cm2sl cms?t

mol L-1  SCE cnsl SCE

0.00 1.0000 36 047 120 408 5.08
0.50 10350 38 045 135 401 543
1.00 10400 36 042 170 401 6.84
2.00 10550 37 051 151 395 525
3.00 10600 37 048 151 395 6.00
4.00 10650 37 050 135 388 525
5.00 10700 37 051 120 388 468
6.00 10750 37 059 120 382 4.60
8.00 10750 36 052 1.07 382 410
1000 1.0800 37 057 135 375 5.08
2000 10900 38 057 151 369 5.60
30.00 11000 36 042 135 362 852

10000 36 047 120 4.08 5.08
1.0500 37 047 107 3.95 4.24
1.0600 38 053 135 3.88 525
10700 36 048 135 3.88 524
10750 36 051 151 3.75 5.70
10800 38 051 151 3.69 5.60
1.0850 38 057 1.07 3.69 3.96
1.0850 38 057 0.9 3.47 3.47
1.0850 38 042 170 3.62 6.17
10000 36 057 1.07 3.55 3.82
11000 36 055 0.95 3.55 3.40
11150 37 054 0.95 3.55 3.40

OH Il C —HC—
© |
H Hy,C HO| H |N(CHs):2 CH,
A2
v Y
Ry R2 Rs |
. OCOCH;
doxycycline
H (@]
| [ cephaloglycin
cC—C—
|
NHa
G

Figure 4. [Zn — doxycycline — cephaloglycin] system.

The values of stability constants (logp)
varied from 2.14 to 10.31 which are reasonable
[19] values; therefore, either cephaloglycin or
[Zn — cephaloglycin] or [Zn — antibiotics] or [Zn
— antibiotics — cephaloglycin] could be used
against Zn toxicity.
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For all complexes, Tamamushi and
Tanaka methods [20-21] were used to determine
the kinetic parameters. The plots between log (Z
-1) vs. (Eyp®- E) for [Zn — doxycycline —
cephaloglycin] were given in Fig. 5(a) and 5(b)
respectively. The value of Z was calculated by the
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0.5 N 0.5 /
k) ¢} B o
05 002 004 05 *501 002 003 004
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= 05 / - ;
N 0 N /
= = 05
(=2
) -0_5% .4)1 002 003 g o -
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Figure 5(a). [Zn - doxycycline - cephaloglycin] system, [cephaloglycin] = 0.025mol L.

following equation [20]. The values of kinetic parameters were

Z = antilog [nF/2.303RT (Ey,re- — E))] + given in Table 3. In al the cases, the vaues of
log (i41)/i, whereiy isthe diffusion current of the  transfer coefficient (o) varied from 0.41 to 0.57
polarogram whileiisthe current at E of thesame  (0.50) confirmed that the ‘Transition state’
respectively. behaves between oxidant (O) and reductant (R)

Ecl. Quim., Sdo Paulo, 33(3): 59-68, 2008 65

o



EQ9- AF

21/8/14 6:12 Page 66 $
[Doxycycline]=0.00 mol L-1 [Doxycycline]=0.005 mol L-1
3 2
s 2 s
N g / g /
[=2]
o 0 g o «
1 JJ'/ 0.02 0.04 0.06 » 4) 0.02 0.04 0.06
(E1/2r-E) (E1/2r-E)
[Doxycycline]=0.0005 mol L-1 [Doxycycline]=0.006 mol L-1
1 2
? 0.5 / ? 1
N o N /
2 -0.5*) 001 002 003 2 01+
1 -1 0.02 0.04 0.06
(E/2r-B) (E1/2r-E)
15 [Doxycycline]=0.001mol L-1 [Doxycycline]=0.008 mol L-1
- 1 ~ 2
NO° / N /
> > 0
S g -
0° + " oo 0.04 2 o 002 004 006
(E1/2r-E) (E1/2r-B
[Doxycycline]=0.002 mol L-1 [Doxycycline]=0.01 mol L-1
1.5 1.5
— 1 f— 1
N 05 / N os
g o+ S ol —«
-0.5 0.02 0.04 -0.5 0.02 0.04 0.06
(E1/2r-E) (E1/2r-E)
[Doxycycline]=0.003 mol L-1 5 [Doxycycline]=0.02 mol L-1
15 =
s 1 N 4 /
"‘? 05 go
= OJ) + 0 002 004 006
-05 0.02 0.04
(E1/2r-E) (E1/2r-B)
[Doxycycline]=0.004 mol L-1 [Doxycycline]=0.03 mol L-1
15 ~ 2
e 1 N 1
% 0.5 8 ol
= (o]
) o1 002 005 oo 0 002 004 006
(E1/2r-E) (E1/2r-E)

Figure 5(b). [Zn - doxycycline - cephaoglycin] system, [cephaloglycin] = 0.05mol L.

response to applied potential and it lies aways
between dropping mercury electrode and solution
interface. A small variation in potential affects
not only the rate but also the rate constant (k) of

the electrochemical reaction greatly. The values
of k varied from (2.21 — 8.52) x 103 cm / sec.
confirmed the quasireversible nature of the elec-
trode processes.
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The oxidant Zn (I1) or complex species)
reduces at d.m.e. can be given by the following

equation:
[R]

The rate constant of the above reaction can be
given by the following equation [20].

O +ne

R 1)

Ko, = KO e-ct nFIRT (E - E0) @)

Where, kO isthe specific heterogeneous rate
constant and E° being the standard redox potential
of the system. In the present case, the concentration
of depolarizer is 0.5 mmol L-1therefore; no specif-
ic adsorption of ionsis a d.m.e [2]. The values of
rate constant k are also of the order of 10-3cm/sec.
therefore, the eectrode processes were quasire-
versible [20]. When the concentration of electro
active species is high (1.0 mmolL-1 or more)[2],
adsorption of ions becomes appreciable and the
Helmholtz planeisnow caled the inner Helmholtz
plane remains at the locus of adsorbed ions and the
outer Helmholtz plane corresponds to the closest
approach to the electrode outside the range of
adsorption forces. Thereafter, Gouy Chapman dif-
fuse double layer is present. In the present case, no
adsorption of ions is there a d.m.e. because the
concentration of Zn(I1) is0.5mmaol L-1[1-2]. When
some potential is applied between d.m.e. and solu-
tion interface, the residud current is observed as a
result of continual charging of mercury drops and
also the electrical double layer is formed in the
vicinity of d.m.e. This current is a sum of Faraday
current observed due to the reduction of impurities
(if present) and non Faraday current as a result of
theformation of eectrical doublelayer inthevicin-
ity of dropping mercury electrode. At d.m.e,
Helmholtz layer is formed due to the presence of
cations such as Na+ and Zn2+ and complex species.
After the Helmholtz layer, there is a diffuse double
layer of Gouy Chapman. When the applied poten-
tial became equal to the deposition potentia of the
electro active species (here complex species), the
€l ectroactive species started to reduce at d.m.e.ina
guantum mechanical tunneling zone which is about
2 nm from d.m.e. The depletion of the concentra-
tion of electro active speciesis compensated by the
complex species moving from bulk of the solution
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to dm.e. by diffuson. But diffusion is a dow
process - therefore, a concentration gradient is
established at d.m.e. (Heimholtz layer is now diffu-
sion layer). When al the oxidant reaching the
d.m.e. getsreduced, the current observed isthelim-
iting current.

Conclusion

In this study, kinetic parameters viz. o, A
and k have been determined. The values of trans-
fer coefficient varied from 0.41 to 0.55 (0.50)
confirmed that the ‘transition state’ behaves
between reactant and product response to applied
potential and it adjustsitself in such away that it
always located in the mid of dropping mercury
electrode and solution interface. The exact nature
of electrode processes was quasireversible which
was confirmed by the values of rate constant (k).
The values of D and A were also as expected [21-
22]. The values of stability constant (logp) con-
firmed that these drugs or their metal complexes
could be used against Zn toxicity [19].

Acknowledgement

The author thanks the Head, Department
of Chemistry, Dr. H. S. Gour University, Sagar,
M. P, Indiafor providing the laboratory facilities
and MAPCOST, Bhopal and DST, New Delhi for
financial support.

Received July 21 2008
Accepted August 29 2008

References

[1] M. Breiter, M, Kleinerman, P. Delahay, J. Am. Chem.
Soc. 80(1996) 5111.

[2] L. Meites, Polarographic Technique, Interscience Pub.,
New York, 1965.

[3] F. Khan, Oxid. Commun. 28 (2007) 937.

[4] P W. Atkins, Physical Chemistry, Oxford Univ. Press,
Oxford, 1986.

[5] F. Khan, J. Chin. Chem. Soc. 54 (2007) 673.

[6] H. A. Latinen, E. I. Onstott., J. Am. Chem. Soc. 72 (1950)
4565.

[7] L. S. Goodman, A.Gilman, The Pharmacological Basis of
Therapeutics, London, MacMillan, 1975.

67

o



EQ9- AF

21/8/14 6:12

Page 68

[8] C. R. Dawson, H. B. Ostler, L. Hanna, |. Hoshiwara, E. J.
Jawetz, Infect. Dis. 124 (1971) 255.

[9] F. Khan, F. Khan, J. Chin. Chem. Soc. 52 (2005) 569.
[10] A. Kesharwani, F. Khan, Bull. Electrochem. 18 (2002) 413.
[11] T. Devries, J. L. Kroon, J. Am. Chem. Soc. 75 (1953)
2484.

[12] P. J. Gellings, Electrochem. Ber. Bunsenges Phys. Chem.
66 (1962) 477.

[13] J. J. Lingane, Chem. Rev. 29 (1941) 32.

[14] W. B. Schaap, D. L. McMaster, J. Am. Chem. Soc. 82
(1961) 4699.

[15] F. Khan, L. Tantuvay, J. Pharm. Biomed. Anal. 27 (2002)
933.

[16] F. Khan,. L. Tantuvay, Trans. SAEST. 35 (2000) 79.

68

—p—

[17] C. R. Stephens, L. H. Conover, R. Pasternack, F. A.
Hochstein, W. T. Moreland, P. P. Regna, F. J. Pilgrim, K. J.
Brunnings, R. B. Woodward, J. Am. Chem. Soc. 76 (1954)
3568.

[18] A. E. Martell, M. Calvin, Chemistry of Metal Chelate
Compounds, London: Prentice Hall, 1953

[29] M. D. Walker, D. R. Williams, J. Chem. Soc. (Dalton)
1974 1186.

[20] R. Tamamushi, N. Tanaka, Z. Phys. Chem. Neue Folge.
39 (1963). 117.

[21] R. Tamamushi, K. Ishibashi, N. Tanaka, Z. Phys. Chem.
Neue Folge 35 (1962) 209.

[22] P. Delahay, Double Layer and Electrode Kinetics,
Interscience Pub., New York, 1965.

Ecl. Quim., Sdo Paulo, 33(3): 59-68, 2008



