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Improvement of Output Character istics of
Amperametric Enzyme Electrode by Using
the Powder M icr oelectrode Techn igue

Cha Chuanxin” Chen Jian L iu Peifang
D et o Chen. , WuhanUniv. , Wuhan 430072)

The unique selectivity of the enzyme reactions hasmade the enzyme electrodes highly
progective for the detection of bioactive molecules However, the anperometric enzyme
electrodes also have their inherent problen's, egecially the relatively low output current den-
sity, the unavoidable gradual deterioration of the enzyme activity, and the non-linearity of
the regponse of the electrode

W e have found that the pow der microelectrode technique is a very effectivew ay of m-
proving both theoutput current density and the linear range of reponse of the anperometric
enzyme electrode T he general agpectsof the pow der microelectrode technique have been pre-
sented in detail in [1]

The performance of the pow der enzym em icroelectrode can
be analyzed w ith the schematic diagran shown in Fig 1 On
the surface of the current collector (1) is theporousmatrix (2)
composed of an electron-conducting matrix of particles surface-
modified w ith mmobilized enzymemolecules and an intervening
liquid matrix of electrolyte containing substrate of enzyme reac-

tion The enzyme reaction takes place at the interface betw een
the olid and liquid matrices, and the current is collected via

the olid matrix and the current collector. Fig 1 The pow der microelec-
Starting from the M ichaelisM enten equation and assum- trode
ing that a fixed proportion of the reaction product can react at L current mlle,Ctor
o 2 porousmatrices
the surface of electrode to create the anperometric signal (1), 3 glass capillary
then the reponseof the electrode in term of current density can

be expressed as
0

_ o
|= Imag (1)

inw hich Imac is the limiting current density, ¢ is the concentration of substrate at the sur-
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face of the electrode and K is the 0-called " apparentM ichaelis constant . U sually Km is
singificantly snaller than Km of the sane enzyme systan in bulk of solution, probably due
to thepartial deactivation of the mmobilized enzym e and the restriction of mass transfer pro-
cessesw ithin themodifying layer From Eq (1) it isclear that the relation betw een | and c?
can be approximately linear only in concentration range ci< Km. Therefore, the reponse of
the conventional enzym e electrode can be linear only in low concentration rangemainly in the
sub-mM region

A ssuming that Eq (1) isapplicable at the solid/liquid interfacew ithin the porous layer,
then, by co bizn'ng itw ith the Fick's second lav of steady-state diffusion, we have

T% S S|max—cﬁ—K;q+ ) (2)

inwhich D s is the effective coefficient of diffusion of substratemolecules in the porousma-
trix, S isthe ecific surface area of the porousmatrix, defined as the total area of slid/lig-
uid interfacew ithin unit volume of porousmatrix (am?/an®), ¢ is the local concentration of
the substratew ithin porousmatrix, and n is the

nFD 4

nunber of electrons involved in the St a 3
electrocham ical oxidation of the reaction product i Eq. (5) #'*=3.0
2
of one substrate molecule Since ﬂ‘% = 1d *6 [
dx 2dc §r
dg| 3
. ~
4x|  Ed (2) can be transformed into 3 Eq. (4  8S=2.5 ,
dof * _ 2Slna _cdo Eq. (1) ]
dx NFDs) Kn+ G - . .
5| , , , 0 2 4 6 8 10
= . mt G- Km m+ cS/Kal
—m‘nFD ] [K cs- Km In(K S
Cs) ]
+ constant (3 b
There are o extreme cases of the concen- T,;
tration polarization of the substrate within the §2a
porous matrix Firstly, for sufficiently thin 3 I
. . L~ ]
pow der electrode, there ispractically no concen- a :
tration polarizationw ithin the pow der matrix, L
. (Ku')™?
the regponse of an enzym e pow der m icroelectrode ™!
can be directly derived from Eq (1) as
& Fig 2 (a) Theoretical regponses of the anpero-
| = Slnad b (4) metric enzym e electrodes
Km+ Cs 1 Planar enzyme electrode(Eq (1))
inw hich ¢ is the thicknessof the pow der layer. %4)Thsir(15:p02r05tisenmeelectrode (Eq
The other extrane case will be realized if 3 “’Sufficienﬂy thick” porous enzyme

electrode (Eq (5), kY= 3 0)
(b)The (d1°/dcd) * vs () * plot, and
the estimation of Kn

the porous layer is sufficiently thick s that the
substrate is totally consumed before it can reach
the innemost layer of the porousmatrix adjacent
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to the current collector. A ssuming that concentration polarization of the substrate occurson-
ly within the porousmatrix and all the generated product of enzymatic reaction w ithin the
porous layer can be collected anperometrically (i e no lossof signal due to leaching-out of

reaction product), the reponse of the porous en e electrode can be expressed as
' /2
| dcs 1/2 _Cg_ _Kn '
= 9 = P o p
| = nFD [dx 7 ek I (5)

inw hich the dimensionless constant k= 2nFD K S /Imax

In Fig 2 the theoretical reponses of the planar enzyme electrode (Eq (1)), the thin
porous enzyme electrode (Eq (4)) and the thick porous enzyme electrode (Eq (5)) are com-
pared From Fig 2 it isclear that, by using the thick porous electrode technique, both the
output current density and the range of quasi-linear reponse can be very effectively im-
proved

Besides, Eq (5) can be squared and differentiated w ith respect to ¢ to obtain:

di’_ loak  _loak or di? -t
def” Km  Kn+ & deg) =
|
- :
Lo Sy L (6)  T1200
ImaxK Cs Imaxk :::1000-
Tk o 1 <
Eq (6) showsthat the| ;o vs () " plot 2
S "
' [~
is a straight linew ith slope s= Kn’/(17xk) and -8
intercept a= Km/(I5ak). Since = Kn when 8 .
a? 5’0102030405060708090
P 2a, 2 Kn can be easily estimated from Glucose concentration/mmol « L~

theplot (see Fig 2(b)).

Eq (5) and Eq (6) were tested with two 8 b
types GOD powder microelectrodes Type 1, - 6f
carbon black modified with glucose oxidase &3 T .
(GOD) enbedded in polyurethane (PU) (the C- .34: °
PU -GOD electrode). Type 2, carbon black mod- 32—_____":»
ifiedw ith GOD and dibutylferrocene (DBFc) en- ol
bedded in Kodak AQ polymer (theCAQ-DBFc-  ° 005 0.1 0.15 0.20 0.25

D7/ mmol™' - L

GOD electrode). The typical repponses of the

two typesof pow der enzymem icroelectrodesand  Fig 3 (a) Reponsesof the PU-GOD modified
enzyme electrodes

the planar electrodes modified with analogues 1 Planar Pt microdisk electrode
procedures are show n in Fig 3(a) and Fig 4(a). ér‘]j('ja GgDS qﬂ‘igqu‘eosg'fo'?dmwo'gi‘fng
From these figuresit isclear that very significant layer 2 um

] ) 2 C-PU-GOD powder microelec
increase of the output current density and exten- trode (dia Q@ 5mm, & Q 5mm)

(b) The (d1°/ded)"* vs () ' plot,
and the estimation of Km

sion of the linear range of regponse curve can be
achieved by using the powder microelectrode



technigue Themaximal obtainable current den-
sity for both typesof modified pow der microelec-
trodes can bew ell above 1mA /am?, significantly
higher than the output of glucose sensors an-
ploying smilar modifying layers [2- 6] The
linear range of the reponse of both typesof elec-
trodes isabout 0 15mM, and the current re-
gonse does not reach itsmaximum value at glu-

cose concentration of ca 60, 70mM. Fig 3(b)

di?l -t
and Fig 4(b) show that the g Vs () !

plotsare linear in the low er concentration range,
aspredicted in Eq (6). The apparent values of
M ichealis constant Km estimated from the Fig 3
(b) and Fig 4(b) by method shown in Fig 2(b)
are gpproximately 26 mM for the C-PU-GOD
electrode and about 14 mM for the C-AQ-DBFc-
GOD electrode These estimated Kn values are
somen hat higher (egecially in the case of C-
AQ-DBFc-GOD electrode) than Km values ob-
tained from the regonse curves of the planar
electrodesmodified w ith smilar procedures, and
they aremore close to resultsmeasured in lu-
tion, (for example, Kn= 33mM in air-saturated
lution[7]).

Thepow der GOD electrodes regpond rapidly
to the change of glucose concentration in lu-
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Fig 4 (a) Regonsesof the AQDBFc-GOD

(b)

modified enzym e electrodes

1 GC planar disk electrode (dia 4
mm) modified w ith AQ-DBFc-GOD,
thickness of modifying layer 2 um

2 C-AQDBFc-GOD pow der micro-
electrode (dia Q@ 5mm, 6= Q 7
mm)

The (d1?/ddd) * vs () ' plot,
and the estimation of Km

tion Steady-state current can usually be reached in less than 20 s The long-tem stability of
the porous GOD electrodes is also fairly good The interferencing effects of electroactive
gecies such as asoorbic acid, uric acid, L -cystein and acetam inophen on the output of the
pow der enzyme electrodesw ere also found to be less than in the case of planar enzyme elec-

trodes
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