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The titanium dioxide (TiO,), mixed different ratio tungsten oxide (WOs3) hybrid film WO3-TiO, was
prepared on indium tin oxide (ITO) electrode. TiO,:WO3=9:3 (v/v) group current value was 5.44 mA
under irradiation conditions. This group showed highest photocatalytic activity than others, we selected
to optimization us in follow-up experiment. In this paper, the electrochemical oxidation and reduction of
norepinephrine (NEP) and riboflavin (Vitamin B2) as multi-functionalized biosensor. The TiO, exhibited a
promising enhanced photoelectrocatalytic activity toward analytes. Surface morphology of the modified
electrode using atomic force microscopy (AFM), which revealed that WO and TiO, were coated on ITO.
The presence of TiO, enhances the loaded and stability. Electrochemical impedance spectroscopy (EIS)
applied diffusion coefficient values and some information about the kinetics of electron transfer during
theredox reactions. Cyclic voltammograms (CVs) and differential pulse voltammetry (DPVs) were used for
the determination of analytes. DPVs not only increased the electrocatalytic current linear concentration
range, also lowered the overpotential to oxidation or reduction the interferences in the measurements.
We simulated more complex system if both norepinephrine and riboflavin are present simultaneously.
It also exhibited oxidation and reduction peaks for norepinephrine injection and B complex tablet’s real
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samples determination in pH 7.0 at WO3-TiO, modified electrode.
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1. Introduction

Titania (TiO,) has attracted much attention as a photocatalyst
for degradation of organic contaminations, due to its low cost,
strong oxidizing power, non-toxicity, photo-stability and chemical
inertness [1,2]. TiO, is one of these semiconductors which only
exhibits its photocatalytic properties under UV illumination due
to its relatively wide band gap (~3.2 eV). Its wide band gap means
that it only absorbs in the UV region of the solar spectrum which
represents only 4% of the incoming solar energy. It is necessary to
alter TiO, surface structure and composition in order to improve
its photoactivity under visible irradiation, because UV irradia-
tion cannot be applied for a long time in practical applications.
However, practically technological application of pure TiO, film
is limited by easy recombination of photo-induced hole-electron
pairs. In addition, its relatively high recombination rate of e~-h*
pairs adversely influences the photocatalytic activity [3,4]. Cou-
pling TiO, with other semiconductor is considered as a good way
because coupling two semiconductors with different redox energy
levels can increase the charge separation for their correspond-
ing conduction and valence bands [5]. A number of researches
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have been focused on the formation of TiO, films because of its
reusability. Different solutions have been proposed to increase
the absorption capacity of TiO, under the visible illumination and
decrease the e~-h* recombination rate. One of the most important
solutions to defeat the suggested problems is coupling titania with
other semiconductors, metallic, and nonmetallic species [6-15].
Tungsten oxide (WOs3) is an n-type semiconductor material,
which has been regarded as promising applications in the informa-
tion display devices and highly sensitive optical memory materials,
since its photochromic properties were discovered [16]. WO3
coatings have attracted vast interest for their possible application
in catalysts [17], electrochromic (EC) devices [18-22], gasochromic
coatings [23,24], gas sensors [25,26], photocatalysis [27-29] and
batteries [30,31]. Recently, the synthesis of nanostructured W03
including nanoparticles, nanoplates, nanowires, nanorod bundles,
nanoclusters and so forth [32-40], has been widely studied because
of the obvious improvement in various properties. However, much
less attention has been paid to the morphology improvement
of WOs3 particles by small molecular organics so far. Therefore,
to achieve fast and sufficient intercalation of ions, high surface
ratio of films such as nanostructured or porous films is required
[41-44]. Just as many fundamental properties and applications of
materials depending not only on their shape and size, but also
on their spatial orientation and arrangement of the nanocrys-
tals, the morphologies of WO3 units determine the performance
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of these devices to a large extent [45]. Actually, a high surface
ratio is also very helpful to applications such as sensors and
photocatalysis. It is of great importance to prepare W03 with
well-controlled dimensionality, sizes and crystal structure for basic
research, so that many researches have been devoted to the fab-
rication of WO3 nanostructures with various morphologies by
different methods, including sol-gel [46-55], template method
[56,57], anodic oxidation [58,59], gas evaporation, chemical vapor
deposition (CVD) [60,61], thermal or electron beam evaporation
[62-66], electrospinning [67], atmospheric pressure plasma jet
[68], sputtering [69-73], electrodeposition [74-79], etc. and so on
[80,81].

In recent years, several approaches of W doping have been
developed to improve photocatalytic activity of TiO,, it was found
that the photocatalytic activity in visible light of TiO, nanopowders
produced by flame spray synthesis (FSS) was enhanced significantly
by the W-doping as well as by additional thermal treatment of
those nanopowders [82]. It has been already demonstrated that
the photocatalytic activity of the TiO, layers is enhanced when it
is combined with WOs. Three reasons have been put forward for
this behavior. Once optical excitation takes place in the WO3-TiO,
composite layers, the photo-generated electrons can be transferred
to the lower lying conduction band of WO3, while the positive
holes moves to ward the valence band of TiO, and accumulate
there resulting in reduction of the electron-hole recombination
rate and consequently photocatalytic activity enhancement. WO3
is an appropriate material to couple with TiO, because WOs3
has a suitable conduction band potential to allow the trans-
fer of photogenerated electrons from TiO, facilitating effective
charge separation [83]. It has also demonstrated that the surface
of WO03-TiO, layers is more acidic than that of pure TiO,. The
increased acidity can generate a higher affinity of WO3-TiO, lay-
ers for species with unpaired electrons; therefore, these films could
absorb more OH™ or H,0, and create more OH radical necessary for
photo-oxidation reactions. Furthermore, due to the lower band gap
energy, the light absorption capacity of the WO3-TiO, systems is
higher than that of the TiO, layers. It results in generation of more
e~ and h* pairs [84-87].

In this study, we focus on the preparation of WO3-TiO, compos-
ite film. The different concentration of WO3 on the microstructure,
photophysical properties and photocatalytic activity of the oxide
films were investigated. We discussed the electrochemical of
WOs-TiO; films on various electrodes, and the enhancement of
the photocatalytic reaction by WO3; modification of the electrode
surface as showed Scheme 1. It was interesting to study the elec-
trochemical oxidation in different pHs and conditions. The formed
films were classified and recognized by cyclic voltammograms
(CVs) and atomic force microscopy (AFM) images. They were
compared with bare ITO and WO3-TiO,/ITO for determination of
norepinephrine (NEP) and riboflavin (Vitamin B2).

2. Experimental
2.1. Materials

P25 TiO, powder, Triton X-100 solution, acetylacetone, PEG
20000, norepinephrine (NEP) and riboflavin (Vitamin B2) were
purchased from Sigma-Aldrich (USA). Indium tin oxide (ITO)
(7 /cm~2)was purchased from Merck Display Technologies (MDT)
Ltd. (Taiwan). All other chemicals used were of analytical grade
and used without further purification pH 7.0 (0.1 M Na;HPO4 and
0.1 MNaH;PO4). Phosphate buffer solutions (PBS)and pH 1.0 H,SO4
solutions were used as supporting electrolyte. Aqueous solutions
were prepared using doubly distilled deionized (DI) water and then
deaerated by purging with high purity nitrogen gas for about 20 min

Scheme 1. Photoelectrocatalytic reaction of WO3;-TiO, modified electrodes.

before performing electrochemical experiments. Also, a continuous
flow of nitrogen over the aqueous solution was maintained during
measurements.

2.2. Apparatus

Cyclic voltammetry (CVs) was performed in an analytical sys-
tem model CHI-1205A, differential pulse voltammetry (DPVs)
were CHI-900 and CHI-410 potentiostat. A conventional three-
electrode cell assembly consisting of an Ag/AgCl reference electrode
and a Pt wire counter electrode were used for the electro-
chemical measurements. The working electrode was Indium
tin oxide (ITO) (area 1x1cm?2). In these experiments, all the
potentials have been reported vs. the Ag/AgCl reference elec-
trode. The morphological characterizations of the films were
examined by atomic force microscopy (Being Nano-Instruments
CSPM 5000). Electrochemical impedance spectroscopy (EIS) mea-
surements were performed using an IM6ex Zahner instrument
(Kroanch, Germany). The power output measurements system by
KEITHLEY 2400 with full sunlight of 100mW cm~2 (AM 1.5) con-
ditions. All the experiments were carried out at room temperature
(~25°C).

2.3. Preparation of WO3-TiO,/ITO modified electrodes

Nano TiO, films on ITO substrates were deposited as follows,
9g P-25 TiO, powder with different ratio of W03, 25 ul Triton
X-100, 1g PEG 20000, 50 ] acetylacetone and 18 ml DI water
were mixed well in a dried agate mortar for 1h. The final mix-
ture was stirred for an additional 2 days to obtain the desired
WO3-TiO; paste (TiO:WO03=9:0, 9:1, 9:3, 9:5, 9:7, 9:9 and 0:9
v/v). In prior to modification, ITO surfaces were cleaned and ultra-
sonicated in acetone-water mixture for 15 min and then dried. The
above obtained WO3-TiO, paste solution was spin-coated on an
ITO glass substrate at 1000 rpm for 10 s and 2000 rpm for 30s. The
formed film was annealed at 450°C for 1h in atmosphere. These
WO3-TiO; film coated on ITO were dried at room temperature for
cooling several minutes.
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Fig. 1. (A) Cyclic voltammograms of catalytic activity with WO3;-TiO, /ITO modified
electrodes embedded with different contents of WO3 in TiO, film were examined at
same time. The insert displayed different concentration WO3 and response current.
(B) showed that CVs of TiO,:WOs3 =9:3 groups under different irradiation conditions
from 0 to 30 min. The insert displayed all groups of response current and different
irradiation conditions.

3. Results and discussions

3.1. Electrochemical characterizations of different ratio
WO3-TiO,

To investigate the effects of WO3 content on the performances
of sensor, a series of working electrodes were prepared from the
mixtures with different contents of WOs. The electrocatalytic effi-
ciency of WO3-TiO,/ITO modified electrodes in the presence of
different concentration WO3 (TiO5: W03 =9:0,9:1,9:3,9:5,9:7,9:9
and 0:9 v/v) in pH 1.0 H,SO4 solutions using cyclic voltammetry.
Fig. 1(A) showed that the performances of the catalytic activity
with WO3-TiO,/ITO modified electrodes embedded with different
contents of WO3 in TiO, film were examined at same time. The
insert displayed different concentration WO3 and response current.
Initial reaction, TiO,:WO03=9:0 and 9:3 groups of current value
were 3.12 and 3.42 mA. These groups were exhibited higher current
then others. TiO, showed broad background current under 0 min
conditions. In the same conditions, TiO:WO03 = 9:9 group of current
value was 1.17 mA. This group was unfavorable to next experiment.
Fig. 1(B) showed that CVs of TiO,:WO03 =9:3 groups under differ-
ent irradiation conditions from 0 to 30 min. The insert displayed all
groups of response current and different irradiation conditions. All
groups of current in each irradiation conditions reveals that the cur-
rent value increased as the irradiation time was increased. Under
irradiation 30 min conditions, TiO;:WO3=9:0 current value was
3.95 mA. Compared with current previously, TiO,:WO3 =9:0 group
of irradiation rised to slight breadth. However, TiO,:WO03=9:3
group current value was 5.44 mA. This group showed highest pho-
tocatalytic activity than others, we selected to optimization us in
follow-up experiment. All results showed individual current value

Table 1
Different irradiation conditions with variance ratio TiO,/WOs.

TiO, (ml) WOs3 (ml) Irradiation/current (mA)

Time (min)

0 5 10 20 30
9 0 3.126 3.645 3.754 3.926 3.957
9 1 1.412 1.615 3.848 4.909 4.985
9 3 3.422 4.231 4.836 5.302 5.447
9 5 1.582 2.243 2.883 3.699 4.526
9 7 1.66 2.432 3.029 3.547 3.838
9 9 1.172 1.781 2.35 2.935 3.416
0 9 1.477 2412 3.329 4.186 4.566

in different irradiation conditions with variance ratio WOs3 as in
Table 1.

3.2. Morphological characterization of WO3-TiO, modified
electrodes

The surface morphology of WO3;-TiO, modified electrode has
been examined using AFM. Here the AFM studies could furnish
the comprehensive information about the surface morphology of
nanostructure on the ITO surface. The AFM parameters have been
evaluated for 13,000 x 13,000 nm and 19,000 x 19,000 nm surface
area. Further, three different films; TiO,, WO3 and WOs-TiO,
modified electrodes have been prepared on ITO electrode were
characterized using AFM. From Fig. 2, it is significant that there
are morphological differences between both the films. The top
views of nanostructures (A) shows uniformly deposited homoge-
neously dispersed TiO, on electrode. We observed the existence of
nanostructures in obvious manner with the average size range of
76.2 nm. By AFM section analysis, the other amplitude parameters
such like roughness average (sa) for TiO, film (13,000 x 13,000 nm)
was found as 1.09 nm. The root mean square roughness was found
as 1.53 nm. The WO;3 film in Fig. 2(B) showed average size range
of 224 nm. From section analysis, roughness average (sa) for W03
film (190,000 x 190,000 nm) was found as 5.55 nm. The root mean
square roughness was found as 8.47 nm. WO3 exhibited more
large particle size than others. Fig. 2(C) showed WO3-TiO, film
(110,000 x 110,000 nm), average size range and roughness aver-
age (sa) were 51.5 and 1.26 nm. The root mean square roughness
of WO3-TiO, was found as 1.78 nm. Comparison of only WO3 (B)
and WO3-TiO; (C) reveals, these results in could be explained as
the small particle size of WO3 in presence TiO,. We can clearly see
that the WO3-TiO, have been gathered together.

3.3. Electrochemical impedance spectra (EIS) of WO3-TiO»
modified electrodes

Electrochemical impedance spectra (EIS) can give useful infor-
mation of the impedance changes on the electrode surface between
each step and apply to monitor the whole process of the elec-
trode modification. The EIS included a semicircular part and a linear
part. From the shape of an impedance spectrum, the electron-
transfer kinetics and diffusion characteristics can be extracted. The
respective semicircle parameters correspond to the electron trans-
fer resistance (Ret) and the double layer capacity (Cy4; ) nature of the
modified electrode. The semicircular part at higher frequencies cor-
responds to the electron transfer limited process and the diameter
is equivalent to the electron transfer resistance (Rct). The linear part
at lower frequencies corresponds to the diffusion process. The plot
of the real component (Z’) and the imaginary component Z” (imag-
inary) resulted in the formation of a semicircular Nyquist plot. This
type of impedance spectrum is an analytic of a surface-modified
electrode system in which the electron transfer is slow and the
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Fig. 2. AFM images and section analysis of (A) only TiO5, (B) only WO3 and (C) WO3-TiO; on ITO electrode.

impedance is controlled by the interfacial electron transfer at high
frequency. Open circuit potential was applied for this investigation.
Fig. 3 showed the results of EIS for different modified electrodes in
the presence pH 7.0 PBS of equimolar 5mM [Fe(CN)s]3~/4-. Fig. 3
showed the Faradaic impedance spectra, presented as Nyquist plots
(Z" vs. Z') for the TiO,, WO3 and WO3-TiO, modified electrodes.
The TiO, exhibited almost a straight line (curve c) with a very small
depressed semicircle arc (Re; =213 (Z'/2)) represents the character-
istics of diffusion limited electron-transfer process on the electrode
surface. At the same time, the WO3 modified electrode showed
like a depressed semicircle arc with an interfacial resistance due

Fig. 3. Electrochemical impedance spectra (EIS) of different modified electrodes in
pH 7.0 PBS containing 5 x 10~ M [Fe(CN)s]~3/-4, amplitude: 5mV. (a) WO3-TiO,
(b) W03 and (c) TiO; on ITO electrode. The insert displayed equivalent circuit.

to the electrostatic repulsion between the charged surface and
probe molecule Fe(CN)g 3/~ (curve b). This depressed semicircle
arc (Ret =323 (Z//2)) clearly indicated the higher electron transfer
resistance behavior comparing with the TiO; electrode. WO3-TiO,
(curve c) modified electrodes’s Re; had been found as 465 (Z//S2).
The insert displayed the equivalent circuit (Randles model) was
used to fit Nyquist diagrams. It constitutes a distributed element
which can only be approximated by an infinite series of simple elec-
trical elements. From AFM results, the TiO, and WOs electrode of
average size range were 76.2 nm and 224 nm. We supposed that the
increased in the value of electron transfer resistance (Re¢) due to the
embeddedness of WOs. In contrast, the dispersed WO3 adversely
influences electron transfer resistance performance, since its pho-
tocatalytic activity is significantly weaker than that of TiO,.

3.4. Electrochemical characterizations of WO3-TiO, modified
electrode in different pH

Fig. 4(A) showed the cyclic voltammetric of WO3-TiO, modi-
fied electrode transferred to various pH aqueous buffer solutions.
This was displayed that the WO3-TiO, modified electrode had
highly stable in the pH range between 1 and 13 (curve a-g). All
showed one reversible redox couple at potentials between —0.4
and —-1.6V (vs. Ag/AgCl). The values of Epa and Epc depends on
the pH value of the buffer solution. From different pH, a peak of
WO3-TiO;, shows a pH-dependent response, which indicates that
protons were involved in the electron-transfer reaction. WO3-TiO,
modified electrode on ITO that surface nanoparticles layers instead
of direct current improves the protons efficiency. Fig. 4(B) showed
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Fig. 4. (A) Cyclic voltammograms of WO3-TiO, modified electrodes transferred to
various pH solutions (a) 1, (b) 3, (b) 5, (d) 7, (e) 11 and (f) 13. Scan rate 100mVs~'.
(B) The inset showed the plot of formal potential (E°") vs. pH.

the potential of WO3-TiO, plotted over a pH range from 1 to 13.
In low pH (pH 1.0, curve a) response of oxidation process resulted
in irreversible oxidation peak about —0.79V. Curve (b)-(g) in pH
3.0-13 showed that the peak potentials shifted to the negative
potentials by increasing pH. As increasing pH the peak current
declined. Exhibited of oxidation process produced reversible redox
peak. It has also demonstrated that the surface of WO3-TiO, layers
is more acidic than that of pure TiO,. The increased acidity can gen-
erate a higher affinity of WO3-TiO, layers for species with unpaired
electrons; therefore, these films could absorb more OH~ or H,O,
and create more OH radical necessary for photo-oxidation reac-
tions. Furthermore, due to the lower band gap energy, the light
absorption capacity of the WO3-TiO, systems is higher than that
of the TiO, layers. It results in generation of more e~ and h* pairs.

3.5. Photoelectrocatalytic detection of norepinephrine and
riboflavin at WO3-TiO, modified electrode

The electrocatalytic reaction of norepinephrine was examined
at WO5-TiO, modified electrode with the potential range of
0-1.0V and the scan rate of 100mVs~! in 0.1M PBS (pH 7.0).
Fig. 5(A) showed the cyclic voltammogram of WO3-TiO, modified
electrode obtained in the absence (blank, curve a) and presence
(curve b) of the 3.88 x 10~ M norepinephrine. Compared with
TiO, (curve c¢) and bare (curve a’) ITO electrode examined in the
same concentration of norepinephrine, the W0O3-TiO, modified
electrode (curve b) exhibited a redox couple (E%=0.83V) and a
higher peak current response to norepinephrine. It was obvious
that the WO3-TiO, modified electrode showed higher electrocat-
alytic activity then TiO, and bare ITO electrode for norepinephrine.
This peak current response occurs due to the reaction mechanism
of norepinephrine oxidation. Whereas Fig. 5(A) the insert displayed
the CVs obtained at the same WO3-TiO, modified electrode after

Fig. 5. (A) Electrocatalytic detection by cyclic voltammograms of (a’) bare ITO
electrode, (b) WO3-TiO, and (c) TiO, examined in PBS (pH 7.0) containing
3.88 x 10~* M norepinephrine, (a) WO3-TiO, in the absence of norepinephrine, scan
rate=100mVs-!. The insert displayed WO3-TiO, modified electrode after vari-
ous norepinephrine concentration additions. (B) A typical photocurrent response of
WO3-TiO, modified electrode in PBS (pH 7.0) containing 3.88 x 10~4 M norepineph-
rine with scan rate 100 mVs~! under (a) dark and (b) illumination (light source, Xe
lamp 100 mW cm~2). The inset showed the bare ITO electrode in the same condition
absence (a) and presence (b) illumination.

various norepinephrine concentration additions. The catalytic
current response can be directly proportional to norepinephrine
concentration if increasing the norepinephrine content in the
system. Above these results validated that the WO3-TiO, modified
electrode was capable for the electrocatalytic response of nor-
epinephrine with detection limit of 1.07 x 10-6 M (S/N=3). From
this calibration plot, the linear concentration range was obtained
as 3.23x 1076 to 3.88 x 10~* M, respectively. As the result, this
electrode is found stable and electroactive for the electrocatalytic
oxidation of norepinephrine.

The photoelectrocatalytic activity of WO3-TiO, modified elec-
trode towards norepinephrine has been investigated using CVs
experiments in Fig. 5(B). A typical photocurrent response of
WO3-TiO, modified electrode with scan rate 100mVs~! under
illumination (light source, Xe lamp 100 mW cm~2). As the fig-
ure indicated, a broad background current was first observed
for the response of TiO,. With the injection of a higher nor-
epinephrine concentration, the photocurrent increased with the
increased of analytes. Curve (a) was WO3-TiO, modified electrode
in 3.88 x 10~* M norepinephrine in pH 7.0 PBS under dark con-
ditions; curve (b) was under irradiation conditions. Comparison
of them, it was found increased the photocatalytic effect of peak
currents under illumination. The inset of Fig. 5(B) showed the bare
ITO electrode in 3.88 x 104 M norepinephrine pH 7.0 PBS absence
(curve a) and presence (curve b) illumination. It was obvious that
the WO3-TiO, modified electrode showed higher electrocatalytic
activity then bare ITO electrode for norepinephrine. WO3-TiO;
modified electrode in the presence of norepinephrine showed two
anodic peak, we supposed that norepinephrine was photosensitive.
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Fig. 6. (A) Electrocatalytic detection by cyclic voltammograms of (a’) bare ITO elec-
trode, (b) WO3-TiO, and (c) TiO, examined in PBS (pH 7.0) containing 4.0 x 10-> M
riboflavin, (a) WO3-TiO; in the absence of riboflavin, scan rate=100mVs~'. The
insert displayed WO3-TiO, modified electrode after various riboflavin concentra-
tion additions. (B) A typical photocurrent response of WO5;-TiO, modified electrode
in PBS (pH 7.0) containing 4.0 x 10~> M riboflavin with scan rate 100mVs~! under
(a)dark and (b)illumination (light source, Xe lamp 100 mW cm~2). The inset showed
the bare ITO electrode in the same condition absence (a) and presence (b) illumina-
tion.

From inset indicated bare electrode in the presence of norepineph-
rine showed two anodic weaker current at 0.4V and 0.8 V despite
under dark conditions. More specifically, the enhanced electro-
catalysis of WO3-TiO, modified electrode can be explained in terms
of higher peak current and lower overpotential by TiO, under illu-
mination.

Fig. 6(A) displayed the CVs of catalytic reduction at different
types modified electrode, WO3-TiO, modified electrode without
addition of riboflavin (blank, curve a); WO5-TiO, modified elec-
trode (curve b), TiO, (curve c) and bare ITO electrode (curve a’)
presence of 4.0 x 10~> M riboflavin in pH 7.0 PBS at the scan rate
of 100mV s~'. It can be seen that a small response was observed
for bare ITO electrode (curve a’) at potential range 0 to —1.0V
in the presence of riboflavin, but the WO3-TiO, modified elec-
trode (curve b) showed a remarkable increase current in the
same condition. The reduction catalytic current of riboflavin at
potential of —1.0V. TiO, can dramatically enhance the electro-
chemical response of WOj3, resulting in increasing redox currents.
Whereas the insert obtained of CVs at the same WO3-TiO, mod-
ified electrode after various riboflavin concentration additions.
The reduction catalytic current response increasing by riboflavin
concentration increasing in the system. Above these results val-
idated that the WO3-TiO, modified electrode was capable for
the electrocatalytic response of riboflavin with detection limit of
1.87 x 10~7 M (S/N=3). From this calibration plot, the linear con-
centration range from 3.23 x 10~7 to 4.0 x 10~ M, respectively. As
the result, this electrode is found stable and electroactive for the
electrocatalytic reduction of riboflavin. Fig. 6(B) showed photoelec-
trocatalytic activity of WO3-TiO, modified electrode reduction of
riboflavin by CVs. A typical photocurrent response of WO3-TiO,

Fig. 7. Cyclic voltammograms of electrocatalytic oxidation and reaction of mixture
was obtained in the absence (blank, curve a), bare (curve a’) and presence (curve
b-f) of various concentration mixture at WO3-TiO, modified electrode with the
potential range of —1.0 to 1.0V and the scan rate of 100mVs-! in 0.1 M PBS (pH
7.0). The inserts displayed various concentration mixture additions.

modified electrode with scan rate 100mVs~! under illumina-
tion. With the injection of a higher riboflavin concentration, the
photocurrent increased by the increased of analytes. Curve (a)
was WO03-TiO, modified electrode in 4.0 x 10~ M riboflavin pH
7.0 PBS under dark conditions; curve (b) was under irradiation
conditions. Comparison of them, it was found increased the pho-
tocatalytic effect of peak currents under illumination. The inset of
Fig. 6 (B) showed the bare ITO electrode in 4.0 x 10~4 M riboflavin
in pH 7.0 PBS absence (curve a) and presence (curve b) illu-
mination. It was obvious that the W03-TiO, modified electrode
showed higher electrocatalytic activity then bare ITO electrode
for riboflavin. More specifically, the enhanced electrocatalysis
of WO3-TiO, modified electrode can be explained in terms of
higher peak current by TiO, under illumination. This observation
illustrated that TiO, played significant role to photoelectro-
catalysis of norepinephrine and riboflavin on the modified ITO
electrode.

3.6. Complex system and real samples determination of
norepinephrine and riboflavin simultaneously

We simulated more complex system if both norepinephrine and
riboflavin were present simultaneously. The electrocatalytic oxida-
tion and reaction of mixture was examined at WO3-TiO, modified
electrode with the potential range of —1.0 to 1.0V and the scan rate
0of 100mVs~1in 0.1 M PBS (pH 7.0). Fig. 7 showed the cyclic voltam-
mogram of WO3-TiO, modified electrode obtained in the absence
(blank, curve a) and presence (curve b-f) of various concentration
mixture. Compared with bare (curve a’) ITO electrode examined
in the highest concentration of mixture, the WO3-TiO, modified
electrode (curve f) exhibited a higher peak current response. It
was obvious that the WO5-TiO, modified electrode showed higher
electrocatalytic activity then bare ITO electrode for mixture. The
inserts displayed the CVs obtained at the same WO3-TiO, mod-
ified electrode after various concentration mixture additions. It
also exhibited oxidation and reduction peaks for norepinephrine
and riboflavin real samples determination at WO3-TiO, modi-
fied electrode. CVs of electrocatalytical values obtained for the
norepinephrine injection and B complex tablet’s determination
in pH 7.0 Normal Saline (0.9%). Norepinephrine injection were
obtained from Levophed®. The injection labeled composition is
1 mg/mL norepinephrine HCl. B complex tablet were obtained
from Nature Made®. The tablet labeled composition is 24 mg of
riboflavin, protein 0.12 g, fat 0.02 g, carbohydrate 0.22 g, vitamins
B1 24 mg, vitamins B6 20 mg, vitamins B12 30 mg, vitamins B5
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Table 2

Cyclic voltammograms of electrocatalytical values obtained for the norepinephrine
injection and B complex tablet’s determination in pH 7.0 Normal Saline (0.9%) at
WO3-TiO, modified electrode.

Analytes Added (L.M) Found (M) RSD (%) Recover (%)
5 5.02 1.98 102
25 25.17 2.76 105.6
NEP? 100 100.46 1.28 107
200 201.8 234 108
300 307.6 1.76 109
0.5 0.5011 1.98 100.5
2.5 2.508 1.73 102
B2 10 10.73 2.82 103
20 20.61 2.44 103.8
30 30.85 2.57 105

2 Norepinephrine injection from Levophed®.
b B complex tablet from Nature Made®.

20 mg, folic acid 400 mg, biotin 60 mg and others. In these experi-
ments, the concentration added, found and the relative standard
deviation (RSD) were given in Table 2. From these results, the
recovery of norepinephrine was ~105% and riboflavin was ~102%.
These above results show that WO3-TiO, modified electrode was
efficient for real sample detection. Above these results validated
that the WO3-TiO, modified electrode was multi-functionalized
biosensor.

Fig. 8. (A) Differential pulse voltammetry (DPVs) of different concentrations (a-o0)
norepinephrine at W0O3-TiO, modified electrode. They demonstrate the calibration
curves for analyte, which are almost linear for concentrations range 1.89 x 10~7 to
3.18 x 10~* M as shown in inset, respectively. (B) DPVs of different concentrations
(a-e) riboflavin at WO5-TiO, modified electrode. They demonstrate the calibration
curves for analyte, which are almost linear for concentrations range 3.12 x 10~% to
2.0 x 107> M as shown in inset.

3.7. Differential pulse voltammetry (DPVs) of norepinephrine and
riboflavin at W03-TiO, modified electrode

The Differential pulse voltammetry of have been obtained differ-
ent concentrations (a-o) of norepinephrine at WO3-TiO, modified
electrode, as shown in Fig. 8(A). The DPVs had been recorded at
a constant time interval of 2 min with nitrogen purging before
the start of each experiment. Interestingly, the peak currents for
norepinephrine increased linearly with the increased of analyte
concentration. They demonstrate the calibration curves for ana-
lyte, which are almost linear for a wide range of concentrations as
shown in inset. From this calibration plot, the linear concentration
range was obtained as 1.89 x 10~7 to 3.18 x 10~* M, respectively.
The electrocatalytic activity exhibited a redox couple at 0.75V.

Fig. 8(B) showed the DPVs of different concentrations riboflavin
(a—e)at WO3-TiO, modified electrode. The reduction of current for
riboflavin increased linearly with the increased of analyte concen-
tration. They demonstrate the calibration curves for analyte, which
are almost linear for a wide range of concentrations as showed in
inset. From this calibration plot, the linear concentration range was
obtained as 3.12 x 108 to 2.0 x 10~ M, respectively. The electro-
catalytic activity exhibited a redox couple at —0.65 V. DPVs not only
increased the electrocatalytic current linear concentration range,
also lowered the overpotential to oxidation or reduction the inter-
ferences in the measurements.

4. Conclusions

We have demonstrated application of the WO03-TiO, mod-
ified electrode for determination of norepinephrine (NEP) and
riboflavin (Vitamin B2) simultaneously. This feature provides a
favorable clinical diagnosis for multi-functionalized biosensor.
TiO,:WO03 =9:3 group showed highest photocatalytic activity than
others, researcher can select to optimization as sustainable model.
High stability and convenient together with very easy preparation
WO3-TiO, modified electrode as promising candidate for con-
structing simple electrochemical biosensor for norepinephrine and
riboflavin determination. The experimental methods of cyclic vol-
tammetry (CVs) and differential pulse voltammetry with biosensor
integrated into the WO3-TiO, modified electrode which are pre-
sented in this paper, provide an opportunity for qualitative and
quantitative characterization, even at physiologically relevant con-
ditions. The AFM results showed the difference between W03, TiO,
and WO5-TiO, modified electrode morphological data. Therefore,
this work establishes and illustrates, in principle and potential,
a simple and novel approach for the development of a biosensor
which was based on the transparent electrode or ITO electrode.
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