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ABSTRACT

Nickelocene is investigated as an electrochemical

mediator in glucose oxidase amperometric electrodes. The

formal redox potential of nicKelocene /nickelocenium obtained

in adsorbed state on electrochemically pre-treated (activated)

pyrolytic graphite electrode,is -0.1 V (vs. Ag/AgCl). Adsorbed

nickelocene mediates the charge transfer between the electrode

and glucose oxidase. The steady-state amperometric response

of nickelocene mediated enzyme electrode is investigated as a

function of the glucose concentration, applied potential and

pH of electrolyte

INTRODUCTION

Ferrocene/ferricenium and their derivatives are Known as

electron donors / acceptors for various redox enzymes [1,2].

Much work has been directed toward the construction of

biosensors consisting of an enzyme, most commonly glucose

oxidase immobilized on ferrocene modified electrodes [3-5].

In this electrodes ferrocene operates as an electrochemical

mediator - it can react with the active centre of GOD as well

as with the electrode surface. The following scheme describes

the reactions which take place on the mediator electrode [3]:

B-D-glucose + GOD°X ————» gluconolactone + Gopred /1/

Gopred + am+ ————> Gop°X + eM /2/

2M >.2M* ‚+ de /3/ 

where GOD°X and Gop red is the enzyme in the oxidized and in
the reduced form of its active center; Mt and M are the

oxidized and recuced form of the electrochemical mediator.

The conjugation of the enzyme catalyzed steps /1i/ and /2/ is

accomplished through the electrochemical reaction /3/.

Amperometric response of the mediated enzyme electrodes based

on reaction /3/ is observable at potentials higher (more

anodic) than the formal redox potential E°’ of the

mediator. Ferrocene and its derivatives possess E° in the

potential range +0.2 V =: +0.5 V vs, Ag/AgCl.
The present communication describes a structural analog

of ferrocene - nicKelocene as an electrochemical mediator of

the enzymatic reaction /2/ possessing E°’ significantly

lower (more negative) than commonly used ferrocenes.
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EXPERIMENTAL

Glucose oxidase - GOD (E.C.1.1.3.4) from Penicilium

Chrysogenum ( “Pharmachim - CBS", Sofia, Bulgaria ) with

activity “of” "200"U/ms (purification degree 957, molecular

weight 150 KDa) and nickelocene - dicyclopenthadyenyl nickel

(purification degree 987, obtained from "ALDRICH", USA) was

used in this work. D-glucose ("reagent grade" class) was used

as 0.1 M solution in 0.1 M phosphate buffer (pH = 7), after

overnight stay for mutarotation. Other reagents - KpHPOy,

KOH, acetone, etc. were of "reagent grade” of purity

A Disk of pyrolytic graphite (USSR) with diameter 5 mm

was pressfitted into a Teflon holder. Prior to use it was

polished on fine emery papers and washed in bidistilled water.

The electrode was subjected to an electrochemical pre-

-treatment (electrochemical activation). The electrode was

polarized at +2.0 V (vs. Ag/AgCl) in 0.1 M phosphate buffer

solution for 6 min. followed by a polarization at -0.8 V for

25 3h, EST, Under this procedure the pyrolytic graphite

surface is oxidized and oxygen - containing quinoidalic

groups are generated on it [7]. Previous studies [5,6]

showed that GOD and ferrocenes are firmly adsorbed on the

electrochemically activated pyrolytic graphite electrodes.

The enzyme electrode was prepared by the application of

20301: “of: 10) me nickelocene solution in acetone on the

activated pyrolytic graphite surface. The solvent was

evaporated at room temperature and the electrode surface was

covered with 20 pM of 10 pM GOD solution in phosphate buffer

fpr 7.0). After drying at room temperature the electrode was

washed in buffer solution £O% 15 eo. In-between the

measurements the enzyme electrodes were Kept at eG Arh

ary State,

The electrochemical measurements were performed in a

three-compartment glass cell ( volume 10 ml ) with Ag/AgCl

reference electrode and Pt counter electrode in

potentiostatic and potentiodynamic regime. The electrolyte

was 0.1 M phosphate buffer solution.

RESULTS AND DISCUSSION

 

 

  
  

pH 7.0,argon

[pHZ0,argon

keweeprate a0svs" | Pig cd juxtaposes the cyclic volt-

aNickelocene 2Ferrocene ammograms of an electrochemically

activated pyrolytic graphite

electrode with adsorbed nickelocene

5 [192A (curve 1) and an electrode with

w adsorbed ferrocene ( curve 2 [5] )

= (both curves obtained prior to GOD

o adsorption). The broad maxima in the

potential range -0.1 V + +0.1 V are

due to the redox transitions of the

quinoidal surface groups of the

electrochemically activated pyro-

graphite electrode [6]. Each of the

a Dr “Oz Te0ß  *06 ra exhibit also two
POTENTIAL cl, V

" 5 Aufbau d additional redox peaks corresponding

Pigs to electrochemical reaction /3/.
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From the peak potentials of this maxima the calculated

format redox potential (E07 of the nickelocene‘ /

nickelocenium is obtained to be -0,105 +0.007 V. Compared

with the EP of the ferrocene / ferrocenium (+0.230 V [5])

the nickelocene / nickelocenium formal redox potential is ca.

0.3 V more negative ( cathodic ) than that of ferrocene /

ferrocenium obtained under the same conditions.

The values of the nickelocene / nickelocenium peak

potentials are independent of the sweep rate up to 0.25 V/S.

The peak current depends linearly on the sweep rate up to

0. '8° VAS. Both results indi cate...a...fast-). charge-transfer

and immobilized state of the mediator on the activated

pyrolytic gtraphite electrode. The obtained E°’ values

for nickelocene are independent of the pH of the electrolyte

in’ 8.02 =* 87 0+ pH- range
Ten adsorption: ofr-* GOD on the nicklocene modified

pyrolytic graphite electrode changes the cyclic voltamograms

of the electrode (Fig 4). The observed decrease of the

dynamic double-layer capacity of the electrode is due to the

adsorbed enzyme. In the potential range from -0.5 to -0.4 V

not very intensive peaks due to the adsorbed GOD are observed.

 

pH 7.0,argon Cyclic voltamograms of an prepared enzyme

sweep rate 005Vs‘ electrode (GOD adsorbed on electrochemi-

mMglucose cally activated pyrographite with adsorbed

> nickelocene) in the absence ui sine)

and in"the." presence (dotted line) of

iqua glucose (3 mM/l)are presented in Fig. 2
It is seen that in the presence of glucose

the anodic peak of nickelocene (-0.105 V)

a increases whereas its: cathodic peak
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decreases. The additional amount of

electricity in the anodic zone of the

voltammogram is equal to the missing amount

of electricity in the cathodic one. These   
 -06 - =
POTENTIALnAAgakı.TV PeSules wane. Lie accordance with the

sequence of reactions in mediator enzyme
FIR. Ve electrodes 71-37,

Polarization curves of the nickelocene mediated enzyme

electrode show an increase o f the steady-state current at

potential more positive than -0.150 V, which tend toa

plateau at potentials in the range from 0.0 Vto 0.3 V.

At potentials higher than +0.3 V some irreversible

changes of nickelocene are observed, the mediator is removed

from the electrode s ur face and the electrode loses its

catalytic activity.
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 Fig. 3a presents the

dependence of the steady-

state amperometric

response of the enzyme

electrode with mediator

nickelocene at a potential

0.0 V on the glucose concen-

tration in the electrolyte.

The: removal’ ofi, the dis-

a. b solved oxygen in the cell
1 ‘ 1 1 IM u; a by bubbling with argon (20

GLUCOSE CONCENTRATIONIEG Yalatecurrent (ua) Min) results in a small
ne] increase (less than 10 7)

of the steady-state current

in the whole investigated

Big... 43 interval of glucose

concentrations

The obtained calibration curves possess a linear part

from 0.05 mM up to at least 1.0 mM glucose. The elapsed time

to reach the steady-state value of the current ( response

time of the enzyme electrode) does not exceed 30 s. From the

Slope of the electrochemical Eadie - Hofstee plot (Fig. 3b)

the apparent Michaelis constant (K@PPy) is optained
to: Ber17m

The amperometric response of the nickelocene mediated

GOD electrode depends on pH af the electrolyte and shows a

broad maximum between 5.0 and 7.5 pH.

The investigated enzyme electrodes are stable while
Kept at Ae, C for more than two weeks with intermittent

measurements during this period
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CONCLUSIONS

Similarly to ferrocene the nickelocene possesses the

ability to accept electrons from GOD. The formal redox

potential of nickelocene / nickelocenium (E°’ = - 0.105 V)

makes it possible to use nickelocene as an electrochemical

mediator in GOD electrodes operating at low potentials. T'S

may be of some importance for the elimination of the influence

of interfering species in the real glucose assay
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