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ABSTRACT

A simple and accurate method for dataanalysis and evaluating the rel evant
chemical and electrochemical parameters (homogeneouschemical rate con-
stant k, the equilibrium constant K, the diffusion coefficient D,and the
standard reduction potential E°) of the EC_, mechanism were done using
new convolutive voltammetry and digital simulation methods. The experi-
mental data were combined with digital simulation to ascertain the nature
of electrode reaction aswell as the verification of the electrochemical pa-
© 2010 Trade Sciencelnc. - INDIA

rameters estimated experimentally.

INTRODUCTION

Itiswell known that val ues of the homogeneous
chemical rate congtant, k , and the equilibrium constant
(K) of thechemical step coupled with chargetransfer
areusudly determined fromtheratio of i i Ji Sy of acyclic
voltammogram. The obtained vaues by thismethod
have some errors arising from the inaccurate
measurement of theratio i pb/i o incyclic voltammetry
experiments. Convol ution-deconvol ution voltammetric
trestmentd?® wasusad to overcomethelimitaionarising
from thecyclic voltammetric measurements.

The present work aimed to analyse and
characterizethenature of the el ectrodereaction (EC )
vi al, convolution at the end of the backward sweeps,

| ey andtheratio of the hei ght of theforward sweep
to the backward one of deconvoluted current versus
the square root of scan speed. (dI /dt)/(dl /dt), vs
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(V)2 plots. The determination of E% k , K and D via
new and simple convol utive method was carried out.
Thesdlected experimenta exampleof EC_ mechanism
isthe el ectrooxidation of pcym-ruthenium carborane
complex [pcym-closo-1,2,4-RuC BH, | in TBAP/
CH,Cl, a glassy carbon electrode. Digital smulation
was combined with experimental work to verify our
proposed method for cal cul ating the e ectrochemical
parameters as well as identification the nature of
electrodereaction.

EXPERIMENTAL

The experimental data were obtained using an
electrochemica cdl connected to apotentiostate M odel
273 PAR (from EG and G). [pcym-closo-1,2,4-
RuC,B,H, ] in 0.1M TBAP/CH,CI, solution as
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supporting el ectrolyte at glassy carbon el ectrode was
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selected asan exampleof EC_ scheme. Ruthenium
carborane complex were prepared by and provided
from Dr. J Kennedy!, LeedsUniversity.

Convolution-deconvolution voltammetry were
performed according to the method established in
literature®%3l, Thedigital simulation of thegenerated
cyclicvoltammogramswascarried out on PC computer
using EG and G Condesim package.

RESULTSAND DISCUSSION

Hourelashowsthes mulated cydicvoltammogram
of EC_, system at sweeprateof 0.2V/s, T =298K,
while figure 1b represent the experimental cyclic
voltammogram of [pcym-closo-1,2,4- RUC BH, |
complexin0.1M TBAP/CH,CI,, solution assupporting
electrolyte at glassy carbon electrode, scan speed of
0.5V/sand temperature 298K.

It was noted that, the reverse sweep of the I,
convolution at al sweep rates does not return to the
starting point. Figure 2 indicatethe plotsof 11(end) and
(diL/dt)f/(dIL/dt)b vs (v)¥2 of the theoretical and
experimental ECrev mechanism. Figure 3agivesan
exampleresponseof |, convolution of [pcym-closo-
1,2,4-RuC,B.H, ] complex at sweeprateof 0.5V/s.
At extreme potential the |, convolution reaches the
limitingvalug 1, _=nFS(D,)"*C’,. Asshowntheplot
of 1, and (dl,/dt)/(dl /dt), vs (v)¥? was found to
increase then decrease with increasing the square root
of sweep rate. Thisbehaviour can beused asasmple
procedurefor thediagnosisand andysethetype of the
electrode process.

Estimation of k , K, and E°

For areversiblechemical reaction following the
chargetransfer (EC ) thefollowing equationishold:

kO,EO,a k]_
A-ne=< = B= =C @
R K.a(ki~kq)
(ke=kqt+k.q)

Theconcentration of thespeciesA (C°, ) & B (C)),
at dectrode surface can be detrmined and defined as:
Cs, =C ~(I,/nFS(D,)*) )

(1L 15K | s
T@+K) 14K nFS(Dg)Y? ®)
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Figurel: (a) Smulated cyclicvoltammogramof ECrev sys-
tem at scan speed 0.2V/s, n = 1.0, redox potential (E°). 0.5V,
diffusion coefficient (D) 5 x 10*®m?/s, standard heter oge-
neousr ateconstant (ks) 1 x 102m/s, transfer coefficient (o)
0.5, bulk concentration (C°21 mol/mé, homogeneous chemi-
cal rate constant (kc) 4 per s. (b) Experimental cyclic
voltammogram of of pcym-closo-1,2,4- RuC B,H, in 0.1M
TBAP/CH ClI, at glassy carbon electrode (GCE), scan speed
0.5V/s,n =1.0, redox potential 1.04 V diffusion coefficient
(D) 4.25x 10° m2/s, standar d heter ogeneousr ate constant
(ks) 2.5 x 10° m/s, transfer coefficient (a) 0.45, bulk con-
centration (Co) 5mol/ m3, homogeneouschemical ratecon-
stant (kc) 0.09 per s.

where D, and D, is the diffusion coefficient of the speciesA
and B respectively, K isthe equilibrium constant =k /k ,, and
the other terms have their usual meaning. By substituting the
vauesof C°,, C,, forward (k,) and backward (k,) heterogeneous
rate constants of the electron transfer process in the Butler-

Volmer relationships one obtains the following expression:

i0,)" A

k© 1+K 1+K

The true value of homogeneous chemical rate
congtant (k ), equilibrium constant (K) and thestandard
reduction potential (E°) weredeterminedvial andl,
convolution using suitable time-scale for the cyclic
voltammetry experiments. So, onthereturn of thewave

exp—ag =l iy, 41(
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Figure2: 1 endand (dl /dt)/(dl /dt), versussquarer oot of scan speed of thesmulated (aand b) and of theexperimental (cand

d) datacof ECrev
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Figure3: (a) I, convolution of ECrev, (b) I, convolution of
ECrevattruekcvalue

totheinitid potential £ — infinity, | =1, andtheleft
hand side becomesvery small and can be neglected,
and hence, eq(4) givesthefollowing form:

1K o)
1+K 1+K

Thismeansthat |, =-1, K, and at thisextreme, K
can becal culated for thevarloustest valuesof k_from
the ratio | 1, ../l | The 1, convolution of Ru-
Carboranecomplex a sweep rate of 0.5V/sareshown
in figure 3b which indicate the equality of |, and I,
convolution at the end of sweep Vaues of k_and K
estimated from thismethod arefound to be 0.09 s* and
1.0respectively. Vauesof |, convolution at theend of
thebackward sweep | e and |, convolutionat theend
of thebackward sweepl, . , & variousvaluesof k were
reportedin TABLE 1. It wasfound thet for Ru-carborane
complex | ey = N ogengy A tTUE k. value(0.04s%).

Also, at potential corresponding to the formal
reduction potentia, i.eat E = E°, theleft hand side of
eg. 4isvery small and can beneglected, and eg. 4 can
bewritten asfollowing:

L, 1K
1+K  1+K

5=00 (6)

llim_ll_

| K
Lim = 11— (1+1K+1 K)e—nF/RT(E Eo)=0.0 (7)
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Figure4:Ilim-I andl,versustheapplied potential of experi-
mental work of ECrev system

reduction potential (E°) of the EC_, scheme from
combination between |, and |- 1, vs. the applied
potential (E). Identification of the nature of chemical
step which following the charge transfer viasimple
method wasillustrated and discussed. Theapplication
of convol ution-deconvol ution procedureintregting the
data gives a better accuracy in the mechanism
determination. Theobta ned detaof thetheoretical work
werefound to compare very well with those obtained
intheexperimental one.
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