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A glassy carbon and indium tin oxide (ITO) electrodes have been modified with the nano TiO2–Au–KI
film by the adsorption of TiO2 nanoparticles on the electrodes followed with the electrochemical deposi-
tions of nano Au and KI film. Further the nano TiO2–Au–KI film modified ITO was examined by scanning
electron microscopy (SEM) and atomic force microscopy (AFM) techniques. From the microscopic results,
the adsorbed nano TiO2 particles size were found in the range of 70–100 nm. Here the electrochemical
depositions of nano Au were formed as a flower shape were in the size range of 230 nm to 1 �m. Next the

m.cn

ano TiO2

lower shaped nano Au
I film
2O2 oxidation

electrochemical behavior of nano TiO2–Au–KI film has been examined in different pH solutions. The nano
TiO2–Au–KI film modified glassy carbon electrode (GCE) showed good electrocatalytic activity towards
the oxidation of H2O2 in phosphate buffer solutions (pH 7.0). The linear range of detection for H2O2 oxida-
tion using nano TiO2–Au–KI film was found as 1 × 10−5 to 1 × 10−4 M and 1 × 10−9 to 1 × 10−7 M in CV and
differential pulse voltammetry (DPV) techniques. The practical applications of nano TiO2–Au–KI film was
evaluated by analyzing the real samples such as antiseptic and contact lens cleaner solutions containingm.co

H2O2.

. Introduction

Hydrogen peroxide has been used as antiseptic and anti-
acterial agent for many years due to its oxidizing effect. It was
sed by hospitals, doctors, and dentists in sterilizing, cleaning, and
reating everything from floors to root canal procedures. Further
2O2 acts as a powerful oxidizing agent, so it could be applied in

o many organic compound synthesis reactions [1]. The biological
ystems will be directly affected by hydrogen peroxide; therefore,
he central nervous system diseases could be formed [2]. Accord-
ng to these reasons, there is a need of a sensor to detect the H2O2
n clinical and environmental applications [3]. Further the detec-
ion and determination of H2O2 can be done in several methods
ike spectrophotometric [4], titrimetric [5], fluorescence [6], phos-
horescence [7] and chromatographic methods [8]. Although these
ethods exhibit obvious result for the determination of H2O2, they

till have their own technical drawbacks and some of them were
uite expensive. Generally in electrochemical analysis, the reduc-

www.sp
ion or oxidation of hydrogen peroxide is not applicable at bare
lectrodes. At the bare electrode, it shows the slow electrode kinet-
cs and high over potential required for this redox reaction. To
vercome this problem, the modified electrodes have been widely
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applied [9]. Further the modified electrodes have shown interest-
ing ability toward hydrogen peroxide detection. But they exhibited
with many problems linked to the film deposition process, its tox-
icity, poor repeatability, and stability. Also the sensitivity of the
modified electrodes was restricted to micro molar concentrations.
For these reasons, there is a need to develop a simple and reli-
able methods for fabrication of novel sensor for hydrogen peroxide
detection at nanomolar or in lower concentration range.

The self-assembly method is one of the experimentally sim-
plest and cheapest one for the fabrication of nanoparticles from
the solution to electrode surface. In self-assembly techniques, the
electrostatic adsorption based oppositely charged materials was
developed and has been a promising method for the fabrication
of thin films [10]. The self-assembled nano particles have been
widely used in the modification of surface properties like mate-
rials, sensors, microelectronics, and molecular devices [11]. On the
other hand, the metal and metal oxide particles in the form of nano
size exhibited in higher surface area to reduce the cost and very
easily immobilized on electrode surfaces, having their potential
applications in the relative biomedical field. Various metal oxide
particles have been used for the determination of H2O2. For exam-

ple, nickel oxide [12], iron oxide [13], zirconium oxide [14], tungsten
oxide [15], manganese oxide [16], and cobalt oxide [17] have been
successfully used for their applications in fabrication of hydro-
gen peroxide sensor. Likewise, the titanium oxide nano particles
became apparent and fascinating in the electrochemistry field. It

http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
mailto:smchen78@ms15.hinet.net
dx.doi.org/10.1016/j.snb.2008.11.009
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as higher reactivity, good biocompatibility and can be applied in
wide range in life science and medicinal fields. Further it has

een reported as an electron acceptor and transport material for the
ybrid polymer/TiO2 cells [18] and dye-sensitized cells [19]. In the
xtended view, the attractive nature of the electrode by using TiO2
ere in wide range of applications such as long time chemical sta-
ility, insertion host capacity and conductive properties [20]. TiO2
aterial was also used in catalysis [21], solar energy conversion

22], electro chromic devices and in biological applications [23]. In
elf-assembly method, the positively charged TiO2 nano particles
ere reported [24]. Further the self-assembled polyaniline/TiO2
anocomposite ultrathin films were applied for the photoelectro-
hemical applications [25].

The electrodes modified with other metals such as; ruthenium
26], silver [27], platinum [28], gold [29], and rhodium [30] have
een used for micro molar detection of H2O2. In these methods,
he gold nano particles play an important role in nano structured
ssemblies. Nano structured Au showed higher electro catalytic
ctivity than the bulk Au [31,32]. At present the desired shape
nd size of the nanoparticles ascertained obvious changes in their
atalytic activities [33,34]. For instance, the flower-shaped Au
anoparticles exhibited obvious electrocatalytic catalytic proper-
ies for the oxidation of methanol and oxygen reduction reactions
35]. In particular, the modifications of TiO2 with gold nanopar-
icles were applied for the photo catalytic degradation reactions
36]. TiO2 nano tubes with supported gold and copper particles
xhibited efficient catalytic performance for CO oxidation [37].
he Au/TiO2 catalysts for the selective oxidation of glucose [38],
he TiO2–Au nano composite film for nitric oxide oxidation [39]
ere reported. The TiO2 nanoparticles and gold nanoparticles based

mperometric immune sensor [40], potentiodynamically formed
u/TiO2 composite surfaces for oxygen reduction reactions [41]
ave been reported.

Next in halogens, the iodine has an important role in the elec-
rode modification process. It has the highest polarizability and
inds strongly with transition metal electrodes. Further the I−

dlayer modified electrodes were applied for the enhanced elec-
rochemical oxidation [42], reduction [43,44] and the cathodic
etection of H2O2 [45]. Thus, the modification of nanoparticles
ith iodide layer will show good electrocatalytic properties for
2O2 detection. In this study, for the first time, we are reporting

he adsorption of nano TiO2 with electrochemical depositions of
ower shaped nano Au and KI film modified glassy carbon electrode
GCE), for the electro catalytic oxidation of H2O2. Further the elec-
rochemical properties, stability, pH effect, and kinetic parameters
f the proposed film were evaluated. The surface morphologi-
al analyses of the proposed film were done by using scanning
lectron microscopy (SEM) and atomic force microscopy (AFM)
echniques. The proposed film modified GCE showed good electro-
atalytic oxidation reactions of H2O2. Furthermore, the proposed
lm has been examined for the detection of H2O2 in real samples,
espectively.

. Experimental

.1. Reagents

KAuCl4·3H2O was obtained from Strem chemicals (USA). Nano
iO2 suspension was purchased from Ever light chemicals (Tai-
an). KI was obtained from Wako chemicals (USA). H2O2 (30%) was
urchased from Sigma–Aldrich (USA). Other chemicals were of ana-

www.sp
ytical grade. The commercial contact lens cleaning solutions (3%
2O2) and antiseptic (30% H2O2) were purchased from local drug

tore. Double distilled deionized water was used throughout the
xperiments. All the experimental results were obtained at room
emperature. Phosphate buffer solutions (PBS) (0.1 M, pH 7) for the
tuators B 136 (2009) 464–471 465

electro catalysis reactions were prepared from NaH2PO4–NaH2PO4
containing 1 × 10−3 M KI. Pure nitrogen was passed through all the
experimental solutions.

2.2. Apparatus

Electrochemical measurements like cyclic voltammetry (CV),
differential pulse voltammetry (DPV) were performed using CHI
410a and CHI 900 potentiostats (CH Instruments, Austin, TX). A
conventional three-electrode system was used throughout the
experiments. The BAS glassy carbon electrodes (ϕ = 0.3 cm in diam-
eter) were in the form of disks sealed in a Teflon jacket having an
exposed geometric surface area of 0.07 cm2, respectively. The work-
ing electrode was a bare or nano TiO2–Au–KI film modified GCE.
The auxiliary electrode was a platinum wire and an Ag/AgCl elec-
trode was used as a reference. All the potentials mentioned in this
paper were referred to this reference electrode. The morphological
characterizations of the film were studied by using SEM (Hitachi
S-3000H) and AFM (Being Nano-Instruments CSPM-4000). Here
for the convenience, indium tin oxide (ITO) thin film coated glass
electrodes were used for SEM and AFM analysis.

2.3. Fabrication of nano TiO2–Au–KI film modified GCE

Prior to electrode modification, the bare GCE was polished with
the help of a BAS polishing kit with aqueous slurries of alumina
powder (0.05 �m), rinsed and ultrasonicated in double distilled
deionized water. After this process, the nano TiO2 particles mod-
ified GCE was obtained by dipping the pretreated GCE in nano TiO2
suspension (methanol solution) for 5 min. At this stage, a layer of
nano TiO2 was adsorbed on the GCE surface. Further the adsorbed
nano TiO2 modified GCE was washed carefully with double dis-
tilled water to remove the partially adsorbed nano TiO2 particles.
Next the gold nanoparticles were electrochemically deposited on
the nano TiO2 modified GCE from 0.5 M H2SO4 solution contain-
ing 1 × 10−3 M KAuCl4·3H2O by applying a repetitive potential scan
between 1.1 and 0 V (vs. Ag/AgCl) at a scan rate of 100 mV s−1 for
30 cycles. Next, the electrochemical deposition of KI film on nano
TiO2–Au modified GCE was performed in pH 1.5 H2SO4 solution
containing 1 × 10−3 M of KI by applying a repetitive potential scan
between −0.75 and 1.2 V at 10 mV s−1 for 30 cycles. Finally, the nano
TiO2–Au–KI film modified electrode was fabricated. All the electro-
chemical reactions for nano TiO2–Au–KI film were carried out in the
buffer containing 1 × 10−3 M of KI for the electrochemical activation
of the KI film.

3. Results and discussion

3.1. Characterization of nano TiO2–Au–KI film modified GCE

In the past decade, the self-assembly method for nano TiO2 film
via alternative adsorption of oppositely charged substance mate-
rials has been developed [46–49]. Further on GCE, the adsorption
of TiO2 on hemoglobin/colloidal gold nanoparticles [50], manual
coatings of nano TiO2 have been reported [51]. Also, TiO2 nanopar-
ticles are readily adsorbed from aqueous acidic sols onto ceramic
electrode surfaces such as tin-doped indium oxide (ITO)-coated
glass electrodes [52–55]. In this study, the nano TiO2 particles were
adsorbed by dipping the pretreated GCE in methanol solution con-
taining the nano TiO2 suspensions. The time duration (5 min) is
sufficient enough for the adsorption of nano TiO2 on the GCE elec-

.co
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trode surface. Next, Fig. 1 shows the cyclic voltammograms (CVs)
of nano Au particles deposition on the nano TiO2 modified GCE
surface. Here the electrochemical depositions of Au nano particles
occur with the growth of reduction and oxidation peaks at 0.6 and
1.1 V for 30 potential cycles. Further the significant growth of these

zhk
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In most cases, the solution pH is an important influence factor
for the electrochemical reactions. Fig. 3 shows the influence of pH
on nano TiO2–Au–KI film modified GCE. As it can be seen that differ-
ent cyclic voltammograms were observed for nano TiO2–Au–KI filmm.c
ig. 1. Consecutive cyclic voltammograms of Au particles growth on nano TiO2 mod-
fied GCE from 0.5 M H2SO4 containing 1 × 10−3 M KAuCl4·3H2O in the potential
anging from 0 to 1.1 V. The inset shows Au particles deposition on GCE in the same
xperimental condition (Scan rate = 100 mV s−1).

eaks confirms the deposition of Au particles on the surface of nano
iO2 particles modified GCE. To verify the presence of adsorbed
ano TiO2 on GCE, the cyclic voltammogram of Au particles depo-
ition on nano TiO2 modified GCE (Fig. 1) was compared with only
u particles deposition on GCE surface (inset of Fig. 1). For Au par-
icles deposition process, the reduction peak of Au was appeared at
.78 V. But, the reduction peak of Au at nano TiO2 modified GCE was
ppeared at 0.6 V. Therefore, the shift in the reduction potential of
u authenticates the modification of the GCE with nano TiO2 film,
espectively. Hereafter the deposited Au particles will be denoted
s nano Au particles. Finally, the electrochemical deposition of KI
lm was carried out on nano TiO2–Au modified GCE. Thus, the nano
iO2–Au–KI film modified GCE was fabricated.

Next the fabricated nano TiO2–Au–KI film modified GCE
as transferred to phosphate buffer solution (pH 7) containing

sp
× 10−3 M of KI for the different scan rate studies (50–500 mV s−1).
ere the broad peak in reduction side attributed to the nano Au and
I film reduction and the oxidation peaks at 0.6 and 0.8 V attributed

o the presence of KI film (Fig. 2). The electrochemical reduction

ig. 2. Cyclic voltammograms nano TiO2–Au–KI film modified GCE in pH 7.0 PBS
olution containing 1 × 10−3 M KI for different scan rates (a–j); 50, 100, 150, 200,
50, 300, 350, 400, 450 and 500 mV s−1.

www.
tuators B 136 (2009) 464–471

mechanism of nano Au is as follows [56,57];

AuCl4− + 3e− → Au0 + 4Cl− (1)

Further for KI film, in anodic scan, it was oxidized first to triiodide
(anodic peak 1) and then to iodine (anodic peak II). Further in the
cathodic scan, the reduction of I3− and I2 occurs to I−. Previous lit-
eratures report that this type of mechanism was verified by UV–vis
spectroscopy in conjunction with cyclic voltammetry experiments
at a thin gold mesh electrode [58,59]. The proposed electrochemical
reaction mechanism of iodide is as follows;

3I− → I3− + 2e− (2)

2I3− → 3I2 + 2e− (3)

Furthermore, the presence of iodide layer is more electronega-
tive and highly polarizable than nano Au and both the two redox
couples were quasi reversible in this film. The peak to peak separa-
tions were slightly decreasing in higher scan rates. Furthermore, the
plots of anodic and cathodic peak currents vs. scan rate (�) were lin-
ear in the range of 50–500 mV, suggests that it was surface-confined
(figure not shown). At faster scan rates, the relationship becomes
linear when the current values plotted vs. the square root of scan
rate (�) (figure not shown), indicates the mass transport limited
within the composite film. This is specifically true in a regime of
high surface coverage, as it happens in the case of nano TiO2–Au–KI
film, and high sweep rates. Under these high sweep rates, the dif-
fusion step dominates the procedure. Finally, above these results
clearly illustrate the electrochemical activity of TiO2–Au–KI film.

3.2. Influence of pH on nano TiO2–Au–KI film modified GCE
om

.cn
Fig. 3. Cyclic voltammograms of nano TiO2–Au–KI film modified GCE in various
buffer solutions in presence of 1 × 10−3 M KI (Scan rate = 100 mV s−1).
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n various pH solutions. The nano TiO2–Au–KI film exhibited two
bvious redox couples at pH 1.5 which corresponds to the presence
f KI in the film. In addition, the clear view of KI redox peaks shows
hat KI is more active in pH 1.5 solutions. Further In pH 4 buffer
olutions, the film exhibits the two quasi reversible redox couples
f KI film. Next in pH 7 solutions, the redox peaks of KI was not
o active, exhibited as quasi reversible. At the same time, we could
dentify the sharp oxidation peaks of nano Au particles in this pH
olution. Here the peak to peak separations of KI redox couples were
ery low comparing with pH 1.5 and 4 solutions. Next in pH 9 buffer
olutions, it shows one quasi reversible redox peak at 0.3 and 0.8 V.
urthermore, in pH 11 it shows one reduction peak at 0.2 V and one
xidation peak at 8.8 V. In pH 13 buffer solutions, it shows only two
xidation peaks at 0.66 and 0.95 V. From these pH studies, it reveals
hat in pH 1.5, 4 and 7 buffer solutions nano TiO2–Au–KI film is elec-
rochemically active. For real sample analysis the physiological pH
ondition was required. Hence, pH 7 PBS solution was chosen for
he electro catalytic reactions of nano TiO2–Au–KI film.

.3. SEM studies

Fig. 4A–D shows the typical SEM micrographs obtained for the
dsorption of nano TiO2, electrochemical depositions of flower
haped nano Au and nano TiO2–Au–KI film fabrication on the ITO
urface. Here the SEM Fig. 4A shows the 60◦ angle view of the
dsorbed TiO2 nano particles which were aggregated as a group
f particles on the ITO surface. Further, Fig. 4A clearly authenticates

he adsorption of nano TiO2 particles as a group of aggregated par-
icles on the ITO surface. Next, Fig. 4B shows the 90◦ angle view
f the flower shaped gold nanoparticles electrodeposited on the
TO surface. This result validates the electrochemical deposition of
old nano particles formed in the flower shape and size varies from

ig. 4. (A) SEM image of the nano TiO2 modified ITO (view angle 60◦), (B) flower shaped n
lose view of the same film (view angle 90◦).

www.sp
m
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230 nm to 1 �m. Especially, during the electrochemical deposition
process, the individual Au nanoparticles will get together to form as
a flower shape and exhibit the nano scale properties. In particular,
the flower shaped gold nanoparticles will exhibit as active centers
on the nano TiO2 film surface. At the same time, Fig. 4C shows the
60◦ view angle of nano TiO2–Au–KI film on ITO. Further from Fig. 4C
and D, we could clearly identify the adsorption and electrochemi-
cal depositions of nano TiO2 and Au particles, respectively. Here the
KI film, which was electrodeposited as a thin layer cannot be iden-
tified from the nano TiO2–Au–KI film surface. In addition, Fig. 4D
shows the magnified view (90◦ angle) of Fig. 4C (20 �m). From these
SEM results, the presence of nano TiO2, and flower shaped gold
nanoparticles were authenticated.

3.4. AFM studies

The AFM studies could furnish the comprehensive information
about the surface morphology of nano TiO2, flower shaped nano Au
and KI film, respectively. Here the AFM parameters were evaluated
for 20,000 nm × 20,000 nm surface area. The surface morphology
of nano TiO2–Au–KI film was examined by using the tapping mode.
Fig. 5A illustrates the tapping mode image of nano TiO2–Au–KI
film. Fig. 5B–D shows the amplitude, phase and three dimensional
view and Fig. 5E shows the cross-sectional view graph of the nano
TiO2–Au–KI film. From Fig. 5A, we could see the existence of nano
TiO2 and flower shaped nano Au particles in obvious manner. At the
same time the electrochemical deposition of KI was fabricated as a

m.cn

thin layer on the nano TiO2–Au film. Thus, the analysis of KI film is
not obvious in the SEM and AFM analysis.

Furthermore, the morphological characteristic results of nano
TiO2–Au–KI film observed in AFM were consistent with their SEM
results. Here the size of the nano TiO2 and flower shaped Au

ano Au on ITO (view angle 90◦), (C) nano TiO2–Au–KI film (view angle 60◦) and (D)

.co
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ig. 5. Tapping mode AFM images of nano TiO2–Au–KI film on ITO. (A) Topographic
ross-sectional graph of the nano TiO2–Au–KI film.

anoparticles observed were similar like in SEM. In addition, the
ther parameters such as the roughness average (sa) for nano
iO2–Au film (20,000 nm × 20,000 nm) was found as 52 nm. Like-
ise, by using a combination of skewness and kurtosis values, it
s possible to identify the film surfaces which have the relatively
at top and deep valleys. The skewness (Rsk) measures the sym-
etry of variation of the surface about its mean plane. The positive

kewness value (1.02) of nano TiO2–Au–KI film shows that the sur-
ace comprised of disproportionate number of peaks indicating the
mplitude, (C) phase, (D) three dimensional view of TiO2–Au–KI film on ITO and (E)

uneven allocations of nano TiO2 and flower shaped nano Au par-
ticles, respectively. Moreover, the kurtosis (Rku) is a measure of
the unevenness or sharpness of the surface. A surface that is cen-
trally distributed has a kurtosis value greater than 3. In this film, the

kurtosis value was found as 3.53. The other functional parameters
like the core roughness depth (Rk), surface bearing index (Rbi), and
reduced valley depth (Rvk) were found as 109 nm, 0.941, 17.3 nm.
Finally the above AFM results clearly illustrate the surface nature of
the nano TiO2–Au–KI film.
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Fig. 6. (A) Cyclic voltammograms of (a) nano TiO2–KI, (in presence of 1 × 10−3 M
KI), (b) nano TiO2–Au, (absence of 1 × 10−3 M KI) (c) nano TiO2–Au–KI film modi-
fied GCE in pH = 7 PBS (in presence of 1 × 10−3 M KI) with the concentration of H2O2
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The inset of Fig. 7 shows the current vs. concentration plot for the
electrocatalytic oxidation of H2O2. In addition, the linear regres-
sion equation from the calibration plot for the oxidation of H2O2
is expressed as Ipa (�A) = 0.0576C (10−9 M) + 10.072 with a correla-

m
× 10−4 M. (B) Cyclic voltammograms nano TiO2–Au–KI film modified GCE in pres-
nce of 1 × 10−3M KI in a pH = 7 PBS solution with various concentration of H2O2

a–k) 0, 1 × 10−5, 2 × 10−5, 3 × 10−5, 4 × 10−5, 5 × 10−5, 6 × 10−5, 7 × 10−5, 8 × 10−5,
× 10−5 and 1 × 10−4 M (a′) bare GCE and H2O2 1 × 10−4 M (Scan rate = 100 mV s−1).

.5. Electrocatalytic oxidation of H2O2 on nano TiO2–Au–KI film
odified GCE

The electro catalytic oxidation of H2O2 on nano TiO2–Au–KI film
odified GCE was investigated by CV. According to the remark-

ble effect of pH on the peak potentials of nano TiO2–Au–KI film
nd considering the physiological condition for real sample analy-
is, we have selected pH 7.0 PBS solutions for the electro catalytic
xidation of H2O2. In order to evaluate the electro catalytic activ-
ty of nano TiO2–Au–KI film, it was compared with the other two
lms (nano TiO2–KI, nano TiO2–Au film) for H2O2 electrocatalytic
xidation process using CV (Fig. 6A). As shown, for H2O2 concen-
ration (1 × 10−4 M), the anodic peak currents of nano TiO2–Au–KI
lm was significantly higher than the anodic peak currents of nano
iO2–KI and nano TiO2–Au films, respectively. From these results,
he need, purpose and the importance of nano TiO2–Au–KI film was
uthenticated.

Further, Fig. 6B shows the cyclic voltammograms of nano
iO2–Au–KI film modified GCE in the presence of H2O2 at pH 7.0 PBS
uffer solution. Here the concentrations of H2O2 were in the linear
ange of 1 × 10−5 to 1 × 10−4 M, respectively. As shown for bare GCE

www.sp
curve a′), no redox response of H2O2 (1 × 10−4 M) can be seen in the
otential range from 0.8 to 1.2 V. However, at the nano TiO2–Au–KI
lm modified GCE, the oxidation current of nano TiO2–Au–KI film
as greatly increased due to the electro catalytic oxidation of H2O2

0.8 V), while the reduction peak of H2O2 appeared at −0.6 V. Fur-
tuators B 136 (2009) 464–471 469

ther the increasing peak currents of H2O2 oxidation confirms that
the flower shaped nano Au particles have the higher catalytic abil-
ity together with nano TiO2 and KI. From this result, it is evident
that the presence of flower shaped nano Au will increase the elec-
tro catalytic activity of the film and act as active centers for this
film [60]. Therefore, the nano TiO2–Au–KI film are suitable media-
tors to transfer the electron between H2O2 and working electrode
to facilitate the electrochemical regeneration of oxidized H2O2 in
the reduction potentials. Further from the inset of Fig. 6B, the cat-
alytic peak currents are proportional to the concentration of H2O2
in the range of 1 × 10−5 to 1 × 10−4 M. The linear regression equa-
tion for this concentration range is obtained as Ipa (�A) = 0.1357C
(10−5 M) + 34.467 with the correlation coefficient of R2 = 0.9986.
Finally, these results prove the efficiency of nano TiO2–Au–KI film
for the significant detection of H2O2.

3.6. Differential pulse voltammetric studies

Generally in biomedical diagnostic applications, enzymes were
employed to produce the redox active compound, such as H2O2.
According to this point, there is a real challenge for the elec-
trocatalysis of H2O2 in nanomolar concentrations. In this report,
we examined the nano TiO2–Au–KI film modified electrode for
the detection of H2O2 in nanomolar concentrations. The differ-
ential pulse voltammetric technique could provide a better peak
resolution and current sensitivity and most suitable for the elec-
trocatalytic oxidation of H2O2. Since the DPV technique has been
more sensitive than cyclic voltammetry, it has been employed to
prove the film’s performance for H2O2 electro oxidation reaction.
Fig. 7 shows the DPVs of nano TiO2–Au–KI film (pH 7 PBS) for the
different concentrations of H2O2. Here the DPVs were recorded by
sweeping the potentials in the range of 0–0.9 V at pulse amplitude
of 50 mV, and a scan rate at 50 mV s−1. Here the DPVs were recorded
in the concentration range of 1 × 10−9 to 1 × 10−7 M H2O2, respec-
tively. Fig. 7A, curve a–g shows the well-defined and stable anodic
peak current curves for H2O2 oxidation. These anodic DPV curves
confirm the H2O2 oxidation process on the TiO2–Au–KI film mod-
ified GCE. Further the oxidation peak currents of H2O2 increases
linearly with the increasing concentration of H O , respectively.

.co
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Fig. 7. Differential pulse voltammograms of nano TiO2–Au–KI film modified GCE in
pH = 7 PBS (containing 1 × 10−3 M KI) with various concentration of H2O2 (a–g) 0,
1 × 10−9, 5 × 10−9, 1 × 10−8, 2 × 10−8, 5 × 10−8 and 1 × 10−7 M.



470 S. Thiagarajan et al. / Sensors and Actuators B 136 (2009) 464–471

Table 1
Comparison table of nano TiO2–Au–KI film for H2O2 oxidation with previous literature report.

S. No. Type of film modified electrode H2O2 oxidation in linear r

1. Pt nanoparticle-CNT modified GCE 25 × 10−9 to 2 × 10−6

2. Nano TiO2–Au–KI film modified GCE 1 × 10−9 to 1 × 10−7

Table 2
H2O2 detection in real samples.

S. No. Real samples H2O2 detection (�M) Recovery (%)

Added Found

1. Contact lens cleaner solution 2.6 2.7 103.8
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2.9 2.8 96.5

. Antiseptic solution 3.2 3.1 96.8
3.5 3.6 102.8

ion coefficient of R2 = 0.9393, respectively. From the above results,
t shows that the nano TiO2–Au–KI film modified GCE is effective
or the electrocatalytic oxidation of H2O2 in nanomolar concentra-
ion range by using DPV techniques. Furthermore the comparison
able 1 could explain the performance the nano TiO2–Au–KI film
odified GCE with other modified electrodes.

.7. Repeatability and stability of the proposed electrode

Ten replicate measurements (n = 10) were performed with the
ano TiO2–Au–KI film at the given H2O2 concentrations within
he linear range displayed high reproducibility (2%). Further the
tability of the film modified GC electrode was investigated by mon-
toring the higher concentration of H2O2 (1 × 10−4 M) solution for
h. In all these cases, the cyclic voltammograms and in particular

he current signals appeared were stable (within 3%). Further these
esults show that the nano TiO2–Au–KI film modified GCE possess
ood repeatability and stability.

.8. Real sample analysis

To investigate the real applicability of nano TiO2–Au–KI film for
easible usage, the concentration of H2O2 in two different types of
eal samples like contact lens cleaner solutions (3% H2O2), antisep-
ic solution (30% H2O2) were examined. Here the dilutions of real
amples were employed with distilled water and pH 7.0 PBS to bring
he H2O2 content with those shown in Table 2. The real samples
nalyses result for both two different types of samples (using stan-
ard addition method) are listed in Table 2. The agreeable recoveries
ere obtained by using the TiO2–Au–KI film modified GCE confirms

hat the proposed film is suitable for the real sample analysis.

. Conclusion

In conclusion, we have fabricated the nano TiO2–Au–KI film
ensor at GCE and ITO electrode surface by adsorption and elec-
rochemical deposition methods. Further the fabricated nano
iO2–Au–KI film, which was found as stable and electrochemically
ctive in pH 1.5, 4 and 7.0 solutions. The surface morphology of
ano TiO2–Au–KI film was examined by SEM and AFM techniques.
urther the nano TiO2–Au–KI film showed good catalytic effect
or H2O2 oxidation by using CV and DPV techniques, respectively.
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n particular, the present DPV investigations showed the higher
lectrocatalytic activity for the detection of H2O2 in nano molar
oncentrations. Furthermore, the proposed film showed sufficient
esults for the detection of H2O2 in the real sample analysis. Finally,
his work illustrates a simple and novel approach for the hydrogen
eroxide sensor fabrication based on nano TiO2–Au–KI film.

[

[

ange (M) Electrolyte (phosphate buffer (pH)) Ref.

7.2 [61]
7.0 Proposed method
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