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Abgtract :In this paper aplanar titanium oxide electrode wasfabricated by standard microelectronic technol-
ogy and its electrochemical propertiesin phosphate buffer solution was investigated. According to the cy-
clic voltammetric results, both hydrogen peroxide and oxygen can be cathodic reduced at titanium oxide e
lectrode, while the reduction of hydrogen peroxide is preferential. The amperometric measurement of hy-
drogen peroxide at the planar titanium oxide electrode in air saturated phosphate buffer solution at - 300
mV showsfast responses. The amperometric response to 0.1 mmol/L hydrogen peroxideis 0.44 A while
the resdual current due to the reduction of oxygenisonly 14 nA. Gucose oxidase has been immobilized on
the surface of titanium oxide film to explore the possble applications of this electrode in biosensng. The
experimental results show it is difficult to immobilize enzyme on titanium oxide surface.
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The electrochemical detection of hydrogen like platinum. The main drawback of thisapproach
peroxide (H20:) plays a key role in the develop- is the high anodic potential required for the oxidar

ment of biosensors based on oxidase enzymes. Up tion of H202(>700 mV vs Ag/ AgCl). Some com-
to now , the most success ul approach is the elec mon materialsin physological fluids such as ascor-
trochemical oxidation of H20. on anodic electrodes  bic acid and uric acid can also be oxidized at this
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potential and it resultsin error sgnals. An alter-
native to detect H20: is the electrochemical reduc-
tion of H20:.
will be the disolved O:. Karyakin, et al developed
a Prussan Bluemodified platinum electrode,
which permits the cathodic reduction of H:0: at
180 mV vs. Ag/ AgCl reference electrode in the
presence of O: in the buffer solution of pH =
6.01"%.
Prussan Blue modified electrode is drastically de-
creased in neutral solution, the latter being most
important in bioanalyss. Wang, et a reported that

In this case, the main interference

However , the reduction of H-0: on the

carbon-paste electrodes dispersed with ruthenium,
rhodium , or iridium particles show preferentia re-
duction of H.0.!**!,
bon paste electrode doped with glucose oxidase of-

The rhodium-dispersed car-

fers detection of the glucose over the potential
rangeof - 200 mV 900 mV vs. Ag/ AgCl refer-
ence electrode. All these approaches need compos
ite materials as electrodes to preferentially reduce
H20:.

Titanium oxide is a trandtiomrmetal oxide
with a variety of applications®® . Inthefield of e
lectrochemistry , titanium oxide has been mainly
tested as an electrode for use in photoelectrochemi-
cally induced water splitting. Only few researches
focused on its electroanal ytical utility. lkeda, et al
investigated the electrocatalytic reduction of dioxy-
gen on titanium oxide electrode'® . Titanium oxide
was prepared by anodic oxidation of the surface of
a Ti wirein a dilute H2SO4 solution. Ulmann, et
al reported that titanium oxide film may act as an
electrocatalytic material for the reduction of H20:

in the presence of dissolved O,

. Furthermore,
Cosnier , et al developed a mesoporous titanium ox-
ide film for the cathodic detection of hydrogen per-
12 Inthis

case, titanium oxide film was prepared by depos-

oxide in air-saturated aqueous solution

ting a colloidal suspenson of particles, produced
by the hydrolyss of titanium isopropoxide by ace-
tic acid. In thispaper , we investigated the electro-
chemical reduction of H20: in the presence of oxy-
gen on sputtered titanium oxide electrode. Unlike
traditional wet chemical processes, sputteringisa

standard microelectronic process. Taking the ad-
vantages of the microelectronic technology, it is
possible to fabricate electrodes or arrays of elec
trodes with complex or fine pattern that would be
very difficult to fabricate with conventional tech-
niques. Jucose oxidase was also immobilized on
the surface of titanium oxide electrode to explore
the posshble applications of this electrode in bio-
sensing.

1 Materialsand Methods

1.1 Reagents

Gucose oxidase (GOD) , (EC 1.1.3.4, 139
U/ mg, from Aspergillus niger) was obtained from
Fluka. (3 glycidoxy-propyl-di-methy-ethoxy) s-
lane was obtained from ABCR ( Karlsruhe, Germar
ny) . Phosphate buffered solution (PBS) was pre-
pared by dissolving 45 g NaCl , 11. 8 g KH2POs
and53g Kz HPOsin10literDIwater (pH =7. 3) .
All other chemicals were of analytical
grade.
1.2 Fabrication of Titanium Oxide Eectrode

Figure 1 shows the fabrication processes. A 1
M m thick thermal dlicon oxide layer was grown on

reagent

the 3-inch dlicon wafer for electronic isolation (a) .
Negative photoresst (SC180) layer was spun and
patterned (b) . A stack of 50nm Ti/ 100nm Pt layer
was sputtered on the wafer (c) . Here the Ti layer is
used just as an adheson layer between slicon oxide
and Pt. Then, by subsequent dissolution of photore-
sst, and thereby removal of the Ti/ Pt layer on top
of the photoresst, the Ti/ Pt pattern was obtained
(d) , which formed the Pt electrodes and bonding
pads. Another negative photoresist (SC180) layer
was spun and patterned (e) . The waer was covered
first with a Ti film (2 minutes of sputtering) and
then with 65 nm thick titanium oxide layer , sout-
tered from a titanium target in oxygen atmoshere
(rf power: 400W; oxygen: 7 U bar) by Balzer
BA E370 coating system (f) . Finally, by dissolution
of the photoredst, the titanium oxide dectrode was
patterned on the top of platinum electrode(g) . The
dimenson of one titanium oxide electrodeis 2 mm X
7 mm.
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Fig.1 Fabrication of the titanium oxide electrode on the
slicon wefer.

1.3 Enzyme Immobilization on Titanium Oxide E
lectrode

The enzyme imnohilization is based on the s-
lanization of the surface of titanium oxidefilm with the
b-functional dlane. The titanium oxide dectrode was
first hydroxylated in 5 % NaOH slution. The g-
lanization was performed with 4% (v/v) solution of
(3 glyddoxy-propyl-d-methy-ethoxy ) dlane out of
95 % ethanol/ 5 % water mixture. After dlane absorp-
tion, the éectrode was rinsed and dry. Fndly, it is
dipped in GOD solution for 15 min. In this way, a
monolayer of GOD wasformed on the surface of titani-
um oxide e ectrode.
1.4 Measurement

Model 273 potentiostat/ galvanostat from
EG& G Princeton Applied Research was used for
both potentiometric and amperometric measure
ments. The measurement control and data collec
tion were done with a dedicated program in Lab-
Windows" environment through the connected PC.
The external Ingold Ag/ AgCl reference electrode
and platinum counter electrode were used. The ap-
plied voltage or biasisthat of the titanium oxide e
lectrode with respect to the reference electrode. A
magnetic stirrer and a stirring bar provided convec-
tive flow during measurement. All experiments
were carried out at room temperature.

2 Resultsand Discussions

2.1 Hoectrochemical Examination of the Sputtered
Titanium Oxide Electrode

Figure 2 is SEM picture of the sputtered titar
nium oxide film. It is shown that titanium oxide
filmis amorphous and a 0 quite porous. The por-
ous structure can enhance the surface active area of

the film and it is beneficial to electrochemical de-
tection. Figure 3 show the cyclic voltammogram of
the sputtered titanium oxide electrode under the
podtive biasin 0.1 mmol/L H202 PBS solution. It
is shown that thereis no anodic current in this po-
tential range and titanium oxide electrode f unctions
as a capacitor. Titanium oxide is an ntype wide
bandgap (ca. 3.0 eV) semiconductor'™ . On the
contact of titanium oxide with the electrolyte,
some electrons in the conduction band of titanium
oxide go into the electrolyte and a depletion layer
of electrons is formed on the surface of titanium
oxide. Due to the separation of postive and nega
tive charge, a potential barrier forms between tita
nium oxide and the electrolyte, which prevents the
further movement of electrons between semicon-
ductor and electrolyte. In the absence of UV illu-
mination, the hole concentration in the valence
band of titanium oxide is very low. Therefore,
there is no appreciable anodic current flow for the
oxidation of H20:.
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Fig.2 The SEM picture of the sputtered titanium

dioxide film.
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Fig. 3 Cyclic voltammogram of the sputtered titanium
oxide electrode in 0. Immol/L H:0. PBS slu-
tion in the postive potential range. Reference e
lectrode: Ag/ AgCl; scan rate: 35mV/ s.

Figure 4 shows the cyclic voltammograms of
the sputtered titanium oxide electrode under the

negative bias in N2 purged, air-saturated and O:



1490

2008

purged PBS solution respectively. Under the nega
tive bias, the potential barrier between titanium ox-
ide and electrolyte is reduced and €electrons in the
conduction band of titanium oxide may move into
the electrolyte. In this way, the oxidantsin the e
lectrolyte can be reduced. It is shown in Figure 3
that O: starts to be reduced at titanium oxide elec
trode when the potentia is more negative than
- 300 mV. S the sputtered titanium oxide elec
trode is capable to be used as cathode in electro-
chemical analyss, which is exactly we need for
H202 measurement.
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Fig.4 Cyclic voltammograms of the sputtered titanium
oxide electrodein PBS solution in negative poten-
tial range. Reference electrode: Ag/ AgCl; scan
rate: 22.5mV/s.

2.2 Detection of HO. at the Sputtered Titanium
Oxide Hectrode

Figure 5 shows the cyclic voltammograms of
Sputtered titanium oxide electrode under negative
biasin Oz purged PBS solution and 0. 1 mmol/L
H202 PBS solution, respectively. Titanium oxide
electrode shows the preferential reduction of H20:
The reduction of H20:
starts at more postive potential than the reduction
of O2 and meanwhile the response of H20: is a0
much larger than that of O; at the same potential.
So it should be possible to detect H20- at sputtered
titanium oxide electrodein the presenceof O.. Fig-
ure 6 shows the amperometric response of titanium
oxide electrode on the addition of H>O: at the po-
tential of - 300 mV in air saturated PBS solution.
Theinlet isthe calibration curve. The resdual cur-
rent due to the reduction of dissolved Oz is around
14 nA. On the addition of 0.2 mmol/L H:0:, the
current isincreased to 0. 44 A immediately. At low

in the presence of O:.

concentrations of H20: , the responses are larger ,

but the regponse is saturated when the concentra
tion of H20: is higher than 0.5 mmol/L. Working
at more negative potentials may extend the linear
range more or less but the price of larger resdual
current due to the reduction of Oz hasto been paid.
At this moment , the mechanism of H:O. reduction
on the titanium oxide electrode is not clear. Ac
cording to the report of Guerin, et a™' | the film
sputtered from titanium target in atmosphere of
oxygen and argon is composed of combinations of
metallic titanium and three oxides. We suppose
that metallic titanium element and titanium ele
ment with the low valence values ( < +4) are re-
spondble for the preferential reduction of H20:.
The linearity range of H20: reduction at the titani-
um oxide may also related to the concentration of
those elementsin the sputtered film.
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Fig.5 Cyclic voltammograms of the sputtered titanium

oxide electrode in PBS solution in negative poten-
tia range. Reference electrode: Ag/ AgCl; scan
rate: 22.5mV/s.
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Fig.6 Current vs. time curve on the successve addition of
0.2 mnol/L H202 in PBS slution on the puttered
titanium oxide dectrode. Reference dectrode: Ag/
Agd ; operating potentid : - 300 mV. Insgt: cdi-
bration curve.

2.3 Application of the Sputtered Titanium Oxide
Blectrode as Biosnsor s

One of main applications of H:0: electrode is
the detection of H.O: released during enzyme cata
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lytic reactions for biosensng. Figure 7 shows the
amperometric response of GOD immobilized Titar
nium oxide electrode to the glucose in PBS snlu-
tion. The responses on the addition of glucose are
not large. Snce sputtered titanium oxide electrode
is quite senstive to H20: , it suggests that thereis
no enough enzyme on the electrode. In our case,
the enzyme immobilization is based on the dlaniza
tion of the surface of titanium oxide film with the
bi-functional slane. For a good slanization, there
must be plenty of hydroxyl groupson the surface.
However , titanium oxideis a hydrophobic material
itself. So for the applicationsin biocanalyss, other

immobilization method should be developed.
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Fig.7 The cdlibration curve of the amperometric re-

sponse of enzyme immobilized the sputtered titar
nium oxide to glucose at - 300 mV vs Ag/ AgCl
reference electrode.

3 Conclusions

In this paper we fabricated a planar titanium
oxide electrode by sputtering process and investi-
gated its electrochemical properties in phosphate
buffer solution by cyclic voltammetry and amper-
ometry. Under the postive potential , there is no
anodic current at titanium oxide electrode. Under
the negative potential , both hydrogen peroxide and
oxygen can be cathodic reduced at titanium elec
trode, while the reduction of hydrogen peroxide is
preferential. The amperometric measurement of
hydrogen peroxidein air saturated phosphate buff-
er olution showsfast response. The amperometric
response to 0. 1 mmol/L hydrogen peroxide is 0. 4
M A while the resdua current due to the reduction
of oxygen isonly 14nA. ducose oxidase was im-
mobilized on the surface of titanium oxide film to
explore the possble application of this electrode in
biosensing.
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