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In this work a new organic-inorganic nanocomposite has been introduced for enzyme immobilization. The com-
posite consisting of graphene oxide (GO) and titanium oxide nanoparticles (TiO,) modified with 2, 2’-dithioxo-3,
3'-bis (3-(triethoxysilyl) propyl)-2H, 2'H-[5, 5’-bithiazolylidene]-4, 4’(3H, 3'H)-dione as Organic-Inorganic
Supporting Ligand (OISL). The OISL was covalently attached to TiO, nanoparticles and employed for obtaining
a suitable solid surface to enzyme attachment. The glucose oxidase (GOD) was irreversibly loaded on the GC/
GO/Ti0,-OISL using consecutive cyclic voltammetry. The enzyme immobilization and the enzymatic activity
were determined by electrochemical methods. The cyclic voltammogram displayed a pair of well-defined and
nearly symmetric redox peaks with a formal potential of —0.465 V and an apparent electron transfer rate con-
stant of 1.74 s~ !. The GO/Ti0,-OISL can catalyze the electroreduction and electrooxidation of hydrogen peroxide.
The GC/GO/TiO,-OISL/GOD electrode was used in the hydrogen peroxide determination. The fabricated
nanobiocomposite shows dramatic photoelectrocatalytic activity which evaluated by studying the electrocatalyt-
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ic activity of the fabricated electrode toward hydrogen peroxide in darkness and in the presences of light.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Enzymes are important components of electrochemical probes due
to their selectivity for catalysis and sensors. As the redox center has
been buried in the biological matrix deeply the electrochemical com-
munication between the electro-active groups of redox proteins and
electrode surface is very difficult. On the other hand, activity and stabil-
ity of loaded enzyme are extremely affected by using materials and their
surfaces and immobilization strategies. Most of the surfaces tend to de-
nature enzyme structures, therefore, direct electron transfer between
enzymes and electrodes is rare and typically their rates are slow. The
use of different nanostructures has been demonstrated as an excellent
surface and a transducer to enzyme loading. As a consequence of their
unique physical, chemical, large surface area, good adsorption capacity
electrical, catalytic and optical properties and biocompatibility, nano-
structures materials have been developed for immobilization of en-
zymes [1]. Within last two decades, thousands of reports have been
published on different nanostructures materials and their applications.
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Various types of nanoparticles [2], nano-pores [3], nanotubes [4], nano-
wires [5], nano-fibers [6], and quantum dots [7] have been used in im-
mobilization of enzymes and biomolecules. Modification of the
unfavorable orientation is one of the effective approaches to facilitation
of direct electron transfer between the electroactive centers inside
redox protein structures and the electrode surfaces [8]. Enzyme immo-
bilization has been always a critical step to employ the enzymes as an
industrial biocatalyst. Many researchers have endeavored to improve-
ment of enzyme properties during the immobilization process [9-11].
In addition, simultaneous immobilization and purification of enzymes
without sacrificing activities, is very important in the functionalization
and immobilization protocol [12-14]. It is well known that only after
several enzymes-support interactions, the active site successfully
keeps the loaded enzyme under the immobilization conditions. In fact,
the multipoint attachment is the critical key to improve enzyme stable-
ness with a better orientation [15,16]. On the other hand, the immobili-
zation mechanism on the various supports may open new strategies to
reach this purpose. Several metal multiporous film oxides, such as co-
balt oxide [17], zinc oxide [ 18], nickel oxide [19], iron oxide [20], and ti-
tanium oxide [21] have been investigated in the respect of biomolecule
electrode interactions. Owing to the inherent advantages of the TiO,
nanomaterials, including biocompatibility, large surface area, low cost,
high photocatalytic and electrocatalytic activity, TiO, nanomaterials
are favorable and have been used to construct a large variety of novel
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catalysis and photocatalysis based devices and electrochemical sensors
and biosensors [22]. Direct electrochemistry of several biomolecules
and enzymes such as hemoglobin [23], glucose oxidase (GOD) [24-26]
horse radish peroxidase (HRP) [27], cytochrome C [28,29] were studied
onto the surface of TiO, nanostructures as a supporting material. It has
been proven that the modification of TiO, on the electrode could en-
hance the enzyme catalytic performance for promising biosensor appli-
cations [30,31]. Furthermore, different organic and inorganic materials
used in surface modification of nanostructures, because, it's obvious
that, the interaction between supporting materials and biomolecules
have been considered for successive loading, and their corresponding
performance. Numerous ways have been investigated aiming the load-
ing and shortening of the distance between the enzyme redox sites and
the electron transfer mediator [32-34]. It is well known that immobili-
zation strategies of enzymes have a critical role in enzyme activities and
enzymatic biosensors stability. These immobilization strategies are
based on biospecific interactions, cross-linking and covalent attach-
ments used in enzyme immobilization [35,36]. Repetitive cyclic volt-
ammetry used as an effective protocol for enzyme loading. This
strategy could be help to coupling the functional group and alignment
the enzyme molecules onto the electrode surface [37]. of structure, bio-
logical activity of enzymes, and their functions extremely corresponded
to loading methods. Therefore; the ability to adjust the surface proper-
ties and surface modifications to match the biomolecules and support
for anchoring electrochemically active compounds onto electrode sur-
faces is very important. Various functional materials are widely used
to the specific immobilization of enzymes through their functional
groups and multipoint attachment. For example, surface modification
of antibacterial TiO,/Ag™ nanoparticles by grafting, g-
aminopropyltriethoxy silane [22], surface treatment of titanium dioxide
(TiO,) powder using methacryloxy propyltrimethoxy silane [38] and
adsorption of 1, 10-bis (4-carboxybenzyl)-4, 40-bipyridinium di-
bromide compound (H,BpybcBr,) onto the surface of a nanocrystalline
TiO, [39] were reported previously. In this work a new organic-
inorganic supporting material was prepared and used in immobilization
of GOD onto TiO, nanoparticles. The remains of immobilized GOD activ-
ity are essential for direct electrochemistry, which is evaluated by elec-
trochemical and spectroscopic methods. Direct electron transfer at the
surface of bio-electrode is of great interest in both fundamental knowl-
edge of the redox proteins behaviour and the development of novel bio-
sensors and biofuel and bio-electronic devices [40].

2. Experimental details
2.1. Chemicals and apparatus

Anatase titanium oxide (TiO,) nano-powder, with average particle
size of 15-20 nm, was commercially purchased from MTI Corporation.
Glucose oxidase (GOD) was purchased from Sigma and used without
further purification. The buffer solutions (0.05 M) were prepared form
of H3PO,4, KH,PO,4 and K,HPO,4 and adjusting the pH were regulated
with HCl and KOH solutions. H,0, (30%w/w) was from Merck, its dilut-
ed solution was prepared daily. All solutions were prepared with double
distillated water. Pure N, was passed through the solution to avoid pos-
sible oxygen action during the experiments. Carry 1A UV-vis spectrom-
eter (Perkin-Elmer instruments) has been used to record the Ultraviolet
and visible (UV-vis) absorption spectra on an ITO glass electrode. A
mira3-Tesacn electron microscope was used in imaging and morpho-
logical studies of the surface. Electrochemical experiments were per-
formed with a computer controlled p-Autolab modular
electrochemical system (Eco Chemie Ultecht, The Netherlands), driven
by GPES software (Eco Chemie). Also a typical three-electrode cell
using an SCE (sat KCl) as a reference electrode, a Pt wire as a counter
electrode and a glassy carbon disk as a working electrode was used.
All experiments were carried out at ambient temperature.

2.2. Preparation of organic-inorganic support ligand

Organic-inorganic supporting ligand (OISL) was synthesized by fol-
lowing procedure [41]. To a stirred solution of carbon disulfide
(0.36 g, 4.8 mmol) and dimethyl acetylene dicarboxylate (0.28 g,
2 mmol) was added drop wised 3-(triethoxysilyl) propan-1-amine
(0.88 g, 4 mmol) in 5 min. The reaction mixture was allowed to stir
for 2 min. After completion, the addition of EtOH to the reaction mixture
generates product as orange crystals. M.p: 330 °C (decompose).

2.3. Preparation of GC/GO/TiO,-I0SL

The graphene oxide was prepared according to a modified Hummers
method [43-44].

Briefly, first 5.0 g natural graphite powder and 2.5 g of sodium ni-
trate were mixed in 115 ml of concentrated sulphuric acid, and the mix-
ture was cooled to 0-5 °C using ice bath. The mixture was stirred for
30 min at the same temperature and 15 g potassium permanganate
was added very slowly. Then the mixture was stirred at 35 °C for
30 min. The resulting solution was diluted by adding 230 ml of water.
After this step the color has changed to brown and the reaction temper-
ature rapidly reached to 98 °C. After 15 min the mixture cooled with
water-bath for 15 min and the reaction mixture was diluted with
500 ml of water and treated 5 ml of hydrogen peroxide (30%). After
air cooling, the mixture was purified by filtration, and multiple rinsing
with 10% hydrochloric acid and then the deionized water, centrifuga-
tions, and decanting followed by a final vacuum drying. The inorganic-
organic nanocomposites were prepared as following procedure. At
first, 10 mg of dried TiO, nanoparticles, dispersed in 2 ml of ethanol so-
lution which contained 1% of IOSL, with the aid of sonication for 1 h. The
excess of IOSL was removed by successive washing with ethanol. Next,
after discarding the supernatant, modified nanoparticles were washed
by centrifugation with ethanol for three times [42]. The TiO,-IOSL nano-
composite dispersed in ethanol and sonicated for 30 min. 10 pL of
resulting mixture was casted onto a glassy carbon electrode (GC) in
preparation of GC/GO/TiO,-10SL and subsequently used in immobiliza-
tion of Glucose Oxidase. Surface modification of TiO, nanoparticles
showed in Fig. 1 schematically.

2.4. Enzyme immobilization on the TiO,-IOSL

The high surface area and a large number of functional groups on
TiO,-10SL are good matrixes for the immobilization of enzymes. The
fabricated GC/GO/TiO,/films were dried at 50 °C under vacuum for
2 h. Next repetitive cyclic voltammetry has been used for immobiliza-
tion of glucose oxidase onto nanocomposite films. The electrode was
immersed in fresh phosphate solution containing 5 mg ml~"' glucose
oxidase and the potential was repetitively cycled (30 scans) from 1.0
to — 1.0 Vat scan rate 50 mVs ™~ !. Finally, the modified electrode was re-
moved from enzyme solution, washed with deionized water, and stored
at refrigerator temperature (4 °C) before being used in experiments. Re-
corded cyclic voltamograms of the GC/GO/TiO, in 0.07 M fresh phos-
phate buffer solution (pH = 7.4) containing 5 mM of glucose oxidase
depicted in Fig. 2. As shown the well-known redox couple corresponded
to glucose oxidase was displayed after a few scans and was grown dur-
ing the cycling, indicating the glucose oxidase loading onto the GC/GO/
TiO,-I0SL-electrode. The electrochemical properties of GC/GO/TiO,-
IOSL/GOD were evaluated subsequently.

3. Results and discussions
3.1. Characterization of TiO,-IOSL

The new synthesized organic-inorganic modified TiO, shows very
distinctive characteristics.
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Fig. 1. Schematic fabrication of GC/GO/TiO,-I0SL/GOD nanocomposite.

Field-emission scanning electron microscopy (FE-SEM) shows
graphene nano-sheets (Fig. 3A) and uniform modified nanoparticles
with a diameter of 15-20 nm (Fig. 3B), aggregated heavily. The
graphene oxide helps to the construction of porous and uniform nano-
composite with lower degree of aggregations. As can be seen (Fig. 3C)
GO/TiO,-I0SL nanocomposite is composed of graphene nanosheets
and nanoparticles. These nanoparticles appear to anchor on the surface
of the graphene nanosheet. Fig. 3 D&E shows the TEM image and the
XRD pattern of prepared graphene respectively. The diffraction pattern
shows obviously, the peak at 26 = 10.6 which related to the (001) re-
flection of graphene oxide, typically. The FTIR spectroscopy is consid-
ered to be used in confirmation of condensation reaction between the
ethoxy group in IOSL and the TiO, surface hydroxyl group. Fig. 4
shows FTIR spectra of alone IOSL, TiO,-IOSL and unmodified TiO,
nano-particles. The bands which assigned to alkyl groups [-(CH2)n-]
are shown at region 2920 and 2850 cm™ ' and a Stretch vibration
band of Ti-0-Si, appeared in the spectrum around 928 cm™ ' [45,46].
Also, O-Si asymmetric flexible vibration and main characteristic peaks
of Si-0-C bonds shown in 1000-1300 cm™ ' and 1455-1555 cm™ ' re-
spectively [46]. These results implied in successful modification of
TiO, nanoparticles whit IOSL.

3.2. Characterization of GC/TiO,-10SL/GOD

As a powerful tool, electrochemical impedance spectroscopy was
used in characterization of interface properties of the modified surface
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Fig. 2. Consecutive cyclic voltammograms of a GC/GO/TiO,-I0SL in phosphate buffer

solution (pH 7) containing 5 mg-ml~! GOD, scan rate 0.1 V s~ . Inset shows the
expanded cyclic voltammogram indicated enzyme immobilization.

of an electrode. It allows following the surface coverage, deposition of
insoluble product and loading molecules. Fig. 5 indicates the faradic im-
pedance spectra (Nyquist plot, Z;, vs. Z.) in the presence of 5 mM
[Fe(CN)6]>~/#~ in 0.1 M KCl Solution. The polarization potential applied
in impedance measurements was 220 mV vs. Ag/AgCl which was deter-
mined from recorded CV curve of redox species. The faradic impedance
plot of the bare GC electrode has been shown as a straight line indicating
domination of the mass diffusion limiting effect over the electron trans-
fer process. Furthermore, corresponded curve of GC/GO/TiO, shows a
trouble in charge transferring and a small semi-circle at high frequency
is shown for GC/GO/TiO,-0ISL which corresponds to the electron trans-
fer limited process. On the other hand, this modified electrode demon-
strates the formation of a much larger semicircle after further
modification with GOD, due to the inhibition of the electron transfer
to the redox species on the GC/GO/TiO,-OISL/GOD-electrode.

3.3. Direct voltammetry of GC/TiO»-I0SL/GOD-electrode

Electrochemical properties of GC/TiO,-I0SL/GOD-electrode has been
used to investigate the amount of adsorbed GOD. Fig. 6A illustrates the
recorded cyclic voltammetry of different electrodes in 0.1 M blank phos-
phate buffer solution (pH = 7) at 100 mV/s. The GO, GO/TiO, and GC/
GO-IOSL modified electrodes did not show any obvious redox peak, sug-
gesting that Graphene oxide, TiO, and IOSL are electro-inactive in this
potential windows. After immobilization of GOD onto GO/TiO,-10SL,
the GO/TiO,-I0SL/GOD modified electrode shows a pair of well-
known redox peak at —0.465 formal potential, corresponded to direct
electron transfer of loaded GOD for the conversion of GOD (FAD) to
GOD (FADH,). These potentials are very close to standard electrode po-
tential (0.46 V) for FAD/FADH, at pH 7 (T = 25 °C) [47] indicating suc-
cessful impregnation of enzyme at IOSL. Since the GO/TiO,/GOD
modified electrode doesn't show any peaks, which may be related to in-
effective enzyme immobilization or denaturation of GOD at GO/TiO-.
Thus, the IOSL is very effective in GOD loading as the most GOD mole-
cules retain their native structure after immobilization. On the other
hand, the separation of anodic to cathodic peak potentials is 50 mV
and ratio of anodic to cathodic peak current is about one. This result in-
dicates that GOD undergoes a quasi-reversible redox process at the sur-
face of organic-inorganic nano-composite. The good electrochemical
behaviour of GOD arises from biocompatibility of fabricated nano-
composite with GOD. The biocompatibility of bio-composite should be
related to mesoporous structure, conductivity and large number of
functional group [48]. The modified electrode was verified by monitor-
ing the remaining amount of active enzyme (GOD) using successive
sweeps of cyclic voltammograms, 100 cycles with scan rate of
100 mV s~ ! in potential range 0.0 to —1 V. (Fig. 6B). The GOD
corresponded peak height was almost 96% of its initial value after
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Fig. 3. FE-SEM images of A) Grox B) TiO, nanoparticles with a particle size 15-20 nm C) and GO/TiO, nanocomposite D) TEM image of graphene oxide nanosheet E) XRD pattern of

graphene oxide.

100 cycles and peak potential remained nearly unchanged implies to
the remaining of GOD on the electrode surface.

Based on our finding, the fabricated Nano-composite has great effect
on the kinetics of electrode reaction and provides a suitable environ-
ment for the GOD to transfer electron with underlying GC electrode.
To obtain the kinetic parameters of GOD at GC/GO-IOSL the effect of
the scan rate on the electrochemical response of loaded GOD is shown
in Fig. 7A. As it has been shown in inset plot (Fig. 7B), the peak current
increase linearly with an increase of the scan rate from 10 to 100 mVs~'
(R? = 0.9982), which indicates that the GOD redox reaction Is a surface-
controlled electrochemical process. At scan rate below 100 mVs ™! the

TIO/IOSL

10SL

Transmittans

2400 2900 3400 3800

Wavenumber (cm 1)

1400 1900

Fig. 4. FTIR spectra of (a) untreated nano-TiO,, (b) pure IOSL, and (c). OISL-grafted TiO,
nano-particle.

peak to peak separation is lower than 60 mV, suggesting facial charge
transfer kinetics over this range of sweep rate. On the other hand, it is
found that the anodic and cathodic peak potential of the immobilized
GOD, shifted to positive and negative direction respectively, possibly be-
cause of the resistance of the modified layer. As observed in inset for
higher scans rate (>2000 mVs~!) the peak to peak separation is propor-
tional to logarithm of scan rate, implied to charge kinetic control pro-
cess. Based on the Laviron theory, the transfer coefficient (o) and
heterogeneous electron transfer rate constant (ks) can be estimated by
measuring the variation of peak potential with scan rate [49]. The fol-
lowing Egs. (I), (II), (Ill) and (IV), used to calculate of o and K.

Ec=E°+ (1_R§)HF In {(1;0‘)} 0
Ea:E°+% In {%] (IT)
logKs = alog(1—a) + (1—) loga— log (%) - % Q)
m= (7)) ™

In these equations, m = (RT/F)(ks/nv), n is the number of electrons
transferred, v(Vs~!) is the scan rate, R, T and F are constants (R =
8314]Jmol — 1K —1,T =298 K, F = 96,485C mol — 1) and E,, is
the peak potential. From Fig. 7. the plot of E,, versus log v yields two
straight lines with the slopes of 2.3RT/acn and — 2.3RT/(1-a) n for the
anodic and cathodic peaks, respectively. Using the slopes of these
plots, the values for o and can be estimated as 0.53 and based on Eq.
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Fig. 5. Nyquist plots of (a) GC, (b) GC/GO/TiO,, (c) GC/GO/TiO,-I0SL and (d) GC/GO/TiO,-I0SL/GOD electrode with supporting electrolyte solution of 5 mM Fe(CN)2 /4~ and 0.1 M KCl.

(1) and from the values of AE,, (for scan rates > 200 mV/s) the average
value of ks is determined to be 1.75 4 0.1 s~ . The obtained k; value is
comparable or greater than the corresponding values observed for GOD
immobilized on self-assembled monolayer (0.026 s~ ') [50], on CNTs
(112s7 1) [51] and (1.44 s~ 1) [52].

For the reversible redox reaction the surface concentration of glu-
cose oxidase (I') on the GC/GO/TiO,-IOSL electrode can be approximate-
ly calculated from the slope of peak currents vs. scan rate, using eq. (V).
Estimated value is 1.23 x 10~° mol cm™2 which suggests the formation
of an approximate monolayer of GOD on the surface of the GC/GO/TiO--
IOSL electrode.

_ 2R oAr
R (V)

where A is the surface area (0.0314 cm?) of the modified electrode and
other symbols are well known constant. The obtained I value for the
amount of immobilized glucose oxidase is much larger than that report-
ed for NH,-Ti0,~CNT/GC (1.50 x 10-10 mol cm~2) [53], GOX-SWNTs/
GC electrode (2.85 x 10-13 mol cm™2) [54], MSCF/GOD/Nafion-
modified GCEs 8.33 x 10~ 1 mol cm ™2 [55]. The electrochemical behav-
iour of GO/TiO,-I0SL/GOD-modified electrodes shows strong depen-
dence on the pH value. The recorded cyclic voltammograms of
modified electrode shows with increasing pH, the formal potential
shifts negatively, exhibiting a linear relationship with a slope of

25 1 4 coeomioznosLGoD
20 —c: GC/GOITIOZ

—b: GC/GO
w—a: GC

A
07 05 03 4 05 0

Potential(V) vs.Ag/AgCl

Fig. 6. (A) CVs of glassy carbon electrode in PBS pH 7, scan rate 100 mVs~!, (a) GC/GO,
(b) GC/GO/, (c) GC/GO/TiO, and (d) GC/IOSL/GOD. (B) The 1st (a) and 100th
(b) recorded cyclic voltammograms of modified GC/GO/TiO,-I0SL/GOD electrode.

54.1 mV pH™ ! over a pH range from 2 to 11 (Fig. 8). The pH depen-
dences of peak potential can be expressed as follows:

E' = —54.1pH—0.1058 (RZ = 0‘9984) (V1)

GOD (FAD) + 2e + 2H"—-GOD (FADH,) (VII)
This value is close to the theoretical value of —59 mV pH~ "' at 25 °C
for a reversible two proton coupled with two electron redox reaction

process (VI) reported previously for immobilized GOD onto nanostruc-
tured TiO, [56].

4. Electrocatalytic activity of the GC/GO/Ti0,-I0SL/GOD-electrode

4.1. Electrocatalytic activity of modified electrodes toward oxidation and
reduction of H,0»

Electrocatalytic activity of nano-biocomposite modified electrode
was evaluated by recording the cyclic voltammogram of the GC/GO/
TiO,-10SL/GOD-electrode in the presence of H,0,. The results implied
considerable electrocatalytic behaviour of GC/GO/TiO,0ISL/GOD elec-
trode toward oxidation and reduction of H,0,. Fig. 9A shows the elec-
trocatalytic response of GC/GO/Ti0,-OISL/GOD-electrode toward
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. ' P V‘
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15
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10 E'“' = 0.1913x- 2,002
' G25] Re=09994
- 5 35 +
3 ] 0 ® 100
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E - J -03 0.14x- 1.0646 c
8 9031 Ri-0s998 7 .
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5 & |
05 o “~
20 06y m-012x+ 02181 *¥,
Ri=0.0087
26 T v T 0T #
07 08 05 04 03 02 05 15 25 A5 45
Potential(v).vs.Ag/AgCl Log ( Scan rate(mV/S) )

Fig. 7. (A) Cyclic voltammograms of GC/TiO,-I0SL/GOD electrode at different scan rate in
pH 7.0 PBS, From inner to outer, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mVs~ !, Insets are
plots of anodic and cathodic peak currents vs. scan rate (B), Plot of peak potential
separations vs. log (scan rates) (C).
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Fig. 8. Recorded cyclic voltammograms of GC/GO/TiO,-10SL/GOD modified electrode in
different pH solutions, from 2 to 12, scan rate 100 mVs~ . Inset plot of formal potential
vs. pH values.

different concentration of H,O, at +0.4 V and —0.25 V (vs. Ag/AgCl)
potentials corresponded to electro-oxidation and electro-reduction of
H,0, which is explained by following reactions respectively.

H,0,-2H" +2e~ + 0, (VI

H,0, + 2H" + 2~ =2H,0 (IX)

The activity of TiO, toward electro-oxidation of H,O, and the activity
of GOD (FADH,/FAD) toward reduction of H,0O, are well investigated
[57,58]. These two properties can be seen simultaneously in GC/GO/
TiO,-OISL/GOD electrode. The inset plots in Fig. 9B shows the current re-
sponses of electrode were recorded for different concentrations of H,0,.
The catalytic peak currents are proportional to the concentration of
H,0, in the range of 2.5 to 17.5 pM. The linear current responses indi-
cate the effective catalytic behaviour of GC/GO/TiO,-OISL/GOD elec-
trode toward oxidation and reduction of H,0,.

N. Haghighi et al. / Materials Science and Engineering C 73 (2017) 417-424

4.2. Photo-catalytic activity of GC/GO/TiO»-OISL/GOD electrode

One of the most unique characteristics of TiO, nanoparticles is their
optical properties. In presence of light the photoexcited electron-hole
pair is generated in the modified TiO, nanoparticle. Fig. 10A shows the
cyclic voltammograms of GC/GO/TiO,-OISL/GOD electrode in the dark
and under light. As can be seen under light the anodic and cathodic cur-
rents are significantly larger than theirs dark currents. On the other
hand, the oxidation and reduction over-potential are clearly decreased
in the presence light. The larger response current and lower over poten-
tials are good symbols for the biosensors. The following reaction indi-
cates the mechanism for photocatalytic oxidation and reduction of
H,0, by fabricated bio-electrode.

Tio, %

eg +hi (X)

h{y + Hy0,-0, + 2H' + 2 (XI)

2es, +2H" + H,0,-2H,0 (XII)

The H,0, was oxidized by valance band hole of TiO, (hv*) and the
reduction of H,0, catalyzed by conducting bound electron of TiO,
(cb™). As a model chronoamperometric technique was used to study
the photocatalytic activity of biosensor toward oxidation H0,.
Fig. 10B shows the cyclic ON and OFF formation of light induced photo-
current during the oxidation of H,0,.

5. Amperometric detection of H,0, at GC/GO/TiO,-OISL/GOD-
electrode

Amperometry under stirred condition used to evaluate the perfor-
mance of GC/GO/TiO,-0ISL/GOD electrode toward oxidation and reduc-
tion of H,0,. Fig. 11A shows the steady-state current response H,0, for
constant electrode potential of —0.45 and + 0.6 V during the successive
addition of 1 pM and 20 uM subsequently. It can also be seen that the
current response increases (for oxidation) and decreases (for reduc-
tion) with increasing H,0, concentration and the calibration plot was
linear for concentration range 1 to 120 uM (Fig. 11C). Based on recorded
chronoamperogram for addition of 1 uM (Fig. 11B) and also at signal to
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Fig. 9. (A) CVs of GC/GO/Ti0,-0ISL/GOD electrode in the presence of different concentrations of H,0, in PBS (pH 7) at 20 mVs !, from inner to outer 0, 2.5, 5, 7.5, 10, 12.5, 15 and 17.5 mM.
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Fig. 10. Cyclic voltamograms of GC/GO/TiO,-OISL/GOD electrode, PBS (pH 7), at
100 mVs~' (a) in free from H,0,, (b) in 1 mM concentration of H,0, in dark and (c) in
1 mM concentration of H,0, under light.

noise of 3, the calculated detection limit for oxidation and reduction of
H,0, are 46 and 52 nM, respectively. Also the calculated sensitivity for
oxidation and reduction response was 0.33 and 0.35 pA uM ™~ .

6. Photo-enhanced effect of GC/GO/Ti0O,-OISL/GOD modified electrode

Amperometric response under stirred condition used to study the
photo-induced current response of modified electrode under light
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illumination. Fig. 11D shows recorded chronoamperogram of GC/GO/
TiO,-OISL/GOD electrode in 1.0 pM H,0, solution, without and under
light irradiation at a bias potential of 0.6 V. As can be seen, the photocur-
rent ascent and descend periodically with light-on and light-off alterna-
tively and the recorded photocurrent is about 2 times higher. The
repeatability of photocatalysis response is crucially important in practi-
cal application. The cyclic “ON” and “OFF” formation of light-induced
photocurrents used to evaluate the repeatability of photocurrent. The
results implies to stable and repeatable photocatalytic current.

7. Conclusion

In this work a novel supporting ligand developed to chemically mod-
ification of Titanium oxide nanoparticles and effective immobilization of
glucose oxidase. FT-IR, and SEM studies used to characterization of
modified electrode. The GC/TiO,-OISL/GOD is stable at least for
3 months when stored at refrigerator. The studies indicate the con-
structed bio-composite is a biocompatible and helps to prevent the en-
zyme from denaturation. This enzyme loading method has
advantageous when compared to other immobilization procedures
such as simple, short immobilization time and good performance for
electrocatalytic reduction and oxidation of H,0,. The good performance
of GC/Ti0,-0OISL/GOD electrode indicates this nano-biocomposite is
strongly recommended for immobilization of many other enzymes
and proteins for fabricating of biosensors and bioelectronics devices.
Also, it is expected that the GC/TiO,-OISL/GOD electrode with good bio-
compatibility and photocatalytic activity will greatly promote their in-
dustrial applications in the enzyme loading and enhancement
photocatalytic effect.
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Fig. 11. (A) Amperometric response of rotating GC/GO/TiO,-0ISL/GOD electrode to H,0,, conditions —0.45 V and 0.6 V constant potentials, pH 7.0 and rotation speed is 2000 rpm,
successive addition of H,0,, and corresponded insets plot (C) of chronoamperometric current vs, H,O, concentration. Inset shows the expanded Amperometric response of rotating
GC/GO/TiO,-OISL/GOD electrode to H,0, for addition of 1 uM (B). (D) shows recorded chronoamperogram of GC/GO/TiO,-OISL/GOD electrode in 1.0 pM H,0, solution, without and

under light irradiation at a bias potential of 0.6 V.
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