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P.-H. Lo et al. / Colloids and Surfac

oltammetry and amperometry have been used for investiga-
ion of electrochemical properties of nanocomposite modified
lectrode. Using amperometry, linear range and detection limit
f H2O2 were explored. In addition, we report electrocat-
lytic reduction of oxygen (O2) using TN/DNA/nano-TiO2 coated
lectrode.

. Experimental

.1. Materials and apparatus

Deoxyribonucleic acid sodium salt (17.5 A260 units/mg), thionin
ye (dye content >95%) and titanium oxosulfate TiOSO4 were
urchased from Sigma–Aldrich (St. Louis, MO, USA). H2O2 (30%,
/w), potassium ferrocyanide, sulfuric acid (H2SO4, assay 95%),
itric acid (HNO3, assay 60%) and sodium hydroxide (purity 93%)
ere purchased from Wako pure chemicals (Osaka, Japan). Potas-

ium nitrate, sodium acetate and sodium dihydrogen phosphate
ere received from E-Merck (Darmstadt, Germany) and other

hemicals were of analytical grade and used without further
urification. Double-distilled water was used in all experiments.
iluted H2O2 standard solutions were freshly prepared directly
rior to use. The commercial antiseptic and contact lenses clean-

ng H2O2 solutions were purchased from a local drug store in
aipei.

Electrochemical measurements were performed by a CHI750A
lectrochemical Work Station (CH Instrument Inc., USA). Glassy
arbon electrode from BAS (West Lafayette, USA) and indium tin
xide-coated glass (ITO) electrodes were purchased from Merck
isplay Technologies, Ltd. (Darmstadt, Germany). ITO thickness and

esistance were 30 ± 10 nm and 80 �, respectively. Size of the glass:
00 mm × 350 mm × 0.7 mm. ITO or GCE are used as working elec-
rodes. ITO substrates were cleaned by using detergent, diluted
itric acid and then finally rinsed with distilled water. Platinum
ire is used as the counter electrode. All the cell potentials were
easured with respect to an Ag/AgCl [KCl (sat)] reference elec-

rode. Amperometry measurements for H2O2 were performed on a
i-potentiostat Model CHI750A (TX, USA) having an analytical rota-
or model AFMSRK with MSRX speed control (PINE Instruments,
SA). Hitachi scientific instruments (London, UK) model S-3000H

canning electron microscope was used for surface image measure-
ents. The AFM images were recorded with a multimode scanning

robe microscope system operated in tapping mode using Being
ano-Instruments CSPM-4000, Ben Yuan Ltd. (Beijing, China).
lectrochemical impedance measurements were performed using
mpedance measurement unit, IM6ex ZAHNER, Messsysteme
Kroanch, Germany). All experiments were carried out at room
emperature.

.2. Electrochemical synthesis of TiO2

Electrochemical synthesis of TiO2 nanoparticles were carried
ut onto ITO electrode from the bath solution containing 0.02 M
iOSO4, 0.03 M H2O2, 0.05 M HNO3 and 0.05–0.25 M KNO3 (pH
.4). The deposition was performed at room temperature (25 ± 2 ◦C)
nder potentiostatic conditions (−2.0 V vs. Ag/AgCl). This led to the
ormation of a white colored gel film on the electrode surface. Each
eposition has been conducted for 30 min. For the preparation of
ultiple TiO2 layers electrosynthesis was repeated three or four
imes, with drying steps at 150 ◦C in between, after which the final
nnealing step takes place at 400 ◦C for 1 h to obtain crystalline
iO2 film. The substrates were weighed prior to coating and after
nnealing to determine the amount of deposited TiO2. Nearly 20%
ass reduction was observed after heat-treatment at 400 ◦C for 1 h,
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ue to water elimination from the film [30]. Thereafter, crystalline
iO2 particles were scratched from the ITO surface and collected
n 10 mL brown colored vial and later used for modification
f GCE.

Cathodic electro-deposition of TiO2 film from
iOSO4 + H2O2 + HNO3 + KNO3 (pH 1.4) solutions involves the
ndirect deposition of a gel of hydrous titanium oxo-hydrides (Eq.
3)), resulting from the reaction of titanium peroxo-sulfate Eq. (2)
ith hydroxide ions produced by nitrate electrochemical reduction

30–32].

O3
− + H2O + 2e− → NO2

− + 2OH− (1)

iOSO4 + H2O2 → Ti(O2)SO4 + H2O (2)

i(O2)SO4 + 2OH− + (x + 1)H2O → TiO(OH)2·xH2O2 + SO4
2− (3)

nnealing of the gel at 400◦C for an hour, results in the formation
f crystalline TiO2.

iO(OH)2·xH2O → TiO2 + (x + 1)H2O. (4)

.3. Preparation of modified electrodes

2.5 mg of synthesized TiO2 NPs was added into 5 mL double-
istilled water and then ultrasonicated for 10 min to create a
uspension with a concentration of 0.5 mg mL−1. After being
iluted five times, the mixture of 10 �L TiO2 NPs suspension was
pread evenly onto the surface of the well cleaned GCE which was
ried for 6 h in the absence of light. Finally, the modified electrode
as thoroughly rinsed with double-distilled water. The deposition
f DNA layer was carried out under constant potential of +1.5 V
or 30 min in 0.1 mg mL−1 DNA solution [25,33]. This electrode was
escribed as DNA/nano-TiO2/GCE. For comparison, the DNA depo-
ition was made on a bare GCE to prepare a DNA modified GCE,
enoted as DNA/GCE.

Consequently, DNA/nano-TiO2/GCE electrode was cycled in
.1 M phosphate buffer solution (PBS) containing 1 × 10−5 M
hionin (between −0.45 and 0.2 V) for 20 cycles. Afterwards, the
lectrode was thoroughly rinsed with double-distilled water and
hen dried at 4 ◦C for an hour in the absences of light. When
ot in use, the electrode was stored in aqueous solution of 0.1 M
BS (pH 7.0) at 4 ◦C. It was named as TN/DNA/nano-TiO2/GCE and
hen used for further studies. For comparison, TN/nano-TiO2/GCE,
N/DNA/GCE and TN/GCE coated electrodes were prepared and
sed for further investigation.

. Results and discussions

.1. Electrochemical deposition of TN

Fig. 1 shows the consecutive cyclic voltammograms (CVs) of
N adsorption onto DNA/nano-TiO2 bi-layer modified electrode
n pH 7.0 PBS containing 1 × 10−5 M TN. The CVs of the electro-
hemical deposition of TN film onto a DNA/nano-TiO2/GCE was
haracterized by the TN redox couple in the scanning poten-
ial region between 0.0 and −0.4 V. The continuous increase
n anodic and cathodic peak currents of the TN redox couple
ndicated the surface deposition of TN molecules (Fig. 1). After
he 20th cycle, TN adsorption reached saturation. According to
he literature reports, DNA is negatively charged [24–26] which

ould be firmly attached onto biocompatible nano-TiO2 layer [7].
he irreversible doping of TN occurs onto DNA/nano-TiO2 layer
ue to the interaction between negatively charged DNA and the
ositively charged TN from its solution (pKa 7.8) [34]. In this
xperiment, during the electrochemical deposition process, TN
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ig. 1. CVs of TN monomers deposition onto DNA/nano-TiO2 modified GCE from PBS
pH 7.0) containing 1 × 10−5 M TN.
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Fig. 2. SEM and AFM images of nano-TiO2 (a and d), DNA/nan
iointerfaces 66 (2008) 266–273

onomers were adsorbed (not polymerized) onto DNA/nano-TiO2
i-layer.

.2. Surface characterizations

Fig. 2 shows the SEM and AFM images of nano-TiO2 (a and d),
NA/nano-TiO2 (b and e) and TN/DNA/nano-TiO2 (c and f) coated
lectrodes. From AFM image analyzer the size of the TiO2 particles
as found to be 40 ± 20 nm (a and d). Topography of DNA/nano-

iO2 bi-layer films confirmed that nanocomposite evenly covered
he electrode surface, as seen in Fig. 2(b and e). The TN/DNA/nano-
iO2 film layer surface is highly porous and almost uniformly
overed the electrode surface (c and f). The average surface rough-
esses of nano-TiO2, DNA/nano-TiO2 and TN/DNA/nano-TiO2 film
lectrodes are 1.6, 4.4 and 1.7 nm, respectively. Fig. 3 shows the X-
ay diffraction images of TiO2 particles. The experimental spacing
ere compared with those reported for rutile (1 1 0) (2� of 27.45◦)
nd anatase (1 0 1) (25.24◦) to identify the particle structure [32].
RD results revealed that synthesized particles are mainly com-
osed of anatase.

Electrochemical impedance studies: A Nyquist diagram of elec-
rochemical impedance spectrum is an effective way to measure the

o-TiO2 (b and e) and TN/DNA/nano-TiO2 (c and f) films.












