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The present work describes sensing application of modified TiO2 nanotubes having carbon-Pt
nanoparticles for simultaneous detection of dopamine and uric acid. The TiO2 nanotubes electrode
was prepared using anodizing method, followed by electrodeposition of Pt nanoparticles onto the
tubes. Carbon was deposited by decomposition of polyethylene glycol in a tube furnace to improve
the conductivity. The C-Pt-TiO2 nanotubes modified electrode was characterized by cyclic voltam-
metry and differential pulse voltammetry methods. The modified electrode displayed high sensitivity
towards the oxidation of dopamine and uric acid in a phosphate buffer solution (pH 7.00). The
electro-oxidation currents of dopamine and uric acid were linearly related to the concentration over
a wide range of 3�5×10−8 M to 1×10−5 M and 1×10−7 M to 3×10−5 M respectively. The limit
of detection was determined as 2×10−10 M for dopamine at signal-to-noise ratio of 3. The inter-
ference of uric acid was also investigated. Electro-oxidation currents of dopamine in the presence
of fix amount of uric acid represented a linear behaviour towards successive addition of dopamine
in range of 1× 10−7 M to 1× 10−5 M. Furthermore, in a solution containing dopamine, uric acid
and ascorbic acid the overlapped oxidation peaks of dopamine and ascorbic acid could be easily
separated by using C-Pt-TiO2 nanotubes modified electrode.

Keywords: TiO2, Nanotubes, Pt Nanoparticles, Carbon, Dopamine, Biosensor.

1. INTRODUCTION

Dopamine (4-(2-aminoethyl) benzene-1,2-diol, C8H11

NO2� is a catecholamine neurotransmitter present in a
wide variety of animals, including both vertebrates and
invertebrates. Molecular studies revealed the existence of
five different dopamine receptor subtypes in mammalian
species.1�2

Dopamine (DA) is produced in several areas of the brain
and is also a neurohormone released by the hypothala-
mus. So it is an important neurotransmitter molecule which
is widely distributed in the central nervous system for
message transfer.1–8 It influences a variety of motivated
behaviours, neuronal plasticity and plays a critical role in
learning and memory.2 Low levels of DA may cause seri-
ous neurological problems such as Parkinson’s disease and
schizophrenia.2�7�8 In the extra-cellular fluid of the central
nervous system the basal DA concentration is very low
(0.01–1 �M).9 Electrochemical methods have been always
powerful tools for detecting low level of DA in solution.

∗Authors to whom correspondence should be addressed.

However there are some major problems and difficulties
in the determination of DA. The most important one is
the presence of ascorbic acid (AA) and uric acid (UA)
with similar oxidation potentials and concentrations much
higher than DA.9�10 Considering the above conditions, it
seems that for detection of DA in the presence of UA and
AA, a sensitive and accurate electrode should be required.
It has been known that the bare electrode is not sen-

sitive enough for simultaneous detection of DA, UA and
AA. Therefore there are several works on using modifier
materials such as carbon nanotubes,11–13 metal oxides,14–16

graphene,17 polymers10�18 and metal nanoparticles19�8 to
improve the sensitivity as well as selectivity and stability
of the bare electrode. Among them, metal nanoparticles
modified electrodes have attracted much attention due to
their high surface area, effective mass transport and catal-
ysis. However, the metal nanoparticles at the electrode
surface are not conductive enough so that the electrode
surface could be modified with some conductive stabiliz-
ing materials such as ligands, carbon nanotubes and con-
ductive polymers.20 Therefore a mix structure of metal
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nanoparticles and carbon can result into a more effective
structure on the electrode surface. According to the recent
publications, the most widely used electrodes are GCE
(glassy carbon electrode)19–22 and Metal electrodes such as
Au and Pt.16

Titanium dioxide (TiO2) as a semiconductor metal oxide
has attracted great attention in the past decade. Nanotubu-
lar structures of TiO2 with high surface area have shown
potential use in several applications such as biocompat-
ible materials, photo-electrochemical solar cells, optical
coatings, photocatalyts and different type of sensors.23–28

These properties are much more improved when the TiO2

nanotubular structure is modified with modifiers such as
metal nanoparticles and/or carbon nanotubes. There are
several reports of using such architectures in electrochem-
ical biosensors.29–31 However, to the author’s knowledge
this is the first report on using the vertically oriented
anodized TiO2 nanotubes (NTs) as the base electrode for
detection of DA.
In this work a modified TiO2 nanotubes electrode was

prepared by electrochemical deposition of Pt nanoparti-
cles and then vapor deposition of Carbon. After check-
ing the conductivity, C-Pt-TiO2 NTs modified electrode
was used for sensitive detection of DA individually,
and in the presence of UA and AA by using dif-
ferential pulse voltammetry method. Comparing to the
other electrodes, this new electrode offers a very good
selectivity of these three compounds without using any
other modifiers which is an opportunity for an easier
fabrication.12�18�19�32

2. EXPERIMENTAL DETAILS

2.1. Reagents and Apparatus

Titanium foil (99.8% pure, 0.127 mm thick) was purchased
from Aldrich (Milwaukee, WI). Dopamine hydrochloride
(purity> 99.0%), Uric Acid (purity> 99.0%) L-Ascorbic
Acid (purity> 99.7%) and Polyethylene glycol 6000 were
used as received without any further purification. Aqueous
solutions were prepared with double distilled water, and
other chemicals were of analytical grade.
A ZAHNER IM6ex (Germany) working station was

used for electrodeposition of metal nanoparticles in three
electrode configuration in which a Pt sheet (Aldrich,
99.9% purity, 1 mm diameter) was used as counter elec-
trode and SCE (Saturated Calomel Electrode) as reference
electrode. Electrochemical investigations were carried out
in a CHI 660D (CH Instruments Inc., Austin, TX) elec-
trochemical working station in accordance to the previ-
ous configuration. The schematic of detection setup has
been shown in Figure 1. The final topography of the elec-
trode was studied using a scanning electron microscope
(HITACHI S-4800). An Energy Dispersive X-ray (EDX)
spectrometer fitted to the scanning electron microscope
was used for elemental analysis.

CHI 660D
workstation

Counter
electrode

Working
electrode

Reference
electrode

Glassy
cell

Processor

Fig. 1. Schematic of electrochemical detection setup.

2.2. Fabrication of C-Pt-TiO2 Nanotube Electrode

First, a pure titanium foil was cut into 1× 3 cm pieces
and cleaned in HF solution. The cleaned Ti sheets
were immediately anodized in an electrolyte containing
0.1 M NaF and 0.5 M NaHSO4 at the constant volt-
age of 15 V for almost 2 h. Anodizing cell was a two-
electrode configuration with Pt and Ti sheets as cathode
and anode, respectively. After the anodization, samples
were rinsed with distilled water several times and dried in
the air.
Second, Pt nanoparticles were electrodeposited onto

titania nanotubes using pulse electrodeposition method at
the voltage of −3�5 V for 60 s in an electrolyte contain-
ing 2 mM H2PtCl6. A three-electrode configuration with
TiO2 nanotubes/Ti as working electrode was used (hav-
ing effective surface area of 1 cm2). The Pt-modified TiO2

nanotube electrodes were then checked for the conduc-
tivity in a solution of 2.5 mM Fe(CN)4−6 /Fe(CN)3−6 and
0.1 M KCl using cyclic voltametry method at 100 mV s−1.
On the Pt-modified TiO2 nanotubes electrode, carbon
was deposited by carbonizing polyethylene glycol 6000
at 600 �C for 5 hours according to the papers.33�34 In
this condition carbon were deposited through decom-
position of polyethylene glycol in a vacuum tube fur-
nace purged with N2 gas. The final electrode was then
checked for conductivity in the same solution as mentioned
before.

2.3. Detection of DA and UA

The supporting electrolyte in all electrochemical investi-
gations was 0.1 M phosphate buffer solution (PBS) with
pH 7. Cyclic voltammetry (CV) method with voltage
sweep rate of 100 mV s−1 was utilized for individual
detection of DA or UA from 1 mM solution. The sensitiv-
ity of the electrode towards DA and UA was then exam-
ined using differential pulse voltammetry (DPV) between
−0�1 V and 0.4 V with pulse amplitude of 50 mV and
20 mV s−1 scan rate. The oxidation current of each suc-
cessive addition was measured in comparison to the DPV
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curve obtained in PBS. Solutions of DA, UA and AA were
prepared daily by using double distilled water and then
directly applied for the detection. All the experiments were
conducted at room temperature.

3. RESULTS AND DISCUSSION

3.1. Characterization of C-Pt-TiO2 NTs

Scanning electron microscopy (SEM) was used to inves-
tigate the microstructure of the prepared C-Pt-TiO2 NTs
electrode as shown in Figure 2. Here, Pt nanoparticles
with less than 10 nm in diameter have been uniformly
deposited onto the TiO2 NTs (Fig. 2(A)). The presence
of uniformly dispersed Pt nanoparticles is essential for a
high catalytic activity. Figure 2(B) shows the top view of
C-Pt-TiO2 NTs electrode. It seems that carbon has suc-
cessfully deposited from inside of the tubes by decompo-
sition of EG at 600 �C. The corresponding EDX spectrum
in Figure 2(C) shows the presence of Pt and C in the
electrode structure with atomic percent of 2.70 and 6.37,
respectively. It was expected that C-Pt-TiO2 NTs modified
electrode would act effectively as a sensor for detection of
electrochemical reactions. It is due to the large surface area
of the tubular structure which is filled with carbon from

Element

C K

Atomic%

6.37

O K

Ti K

Pt M

Totals

(A) (B)

(C)

38.77

52.16

2.70

100.00

Fig. 2. SEM micrographs of C-Pt-TiO2 NTs electrode showing the morphology of (A) Pt-TiO2 NTs prepared at −3.5 V for 60 s. The Pt nanoparticles
are less than 5 nm in size. (B) Carbon deposited on the Pt-TiO2 NTs electrode. (C) EDS spectrum of the C-Pt-TiO2 NTs modified electrode.

inside of the tubes, and covered with Pt nanoparticles on
edge and surface of the tubes. Such architecture facilitates
the electron transfer due to the enhanced conductivity of
carbon and also improves the catalytic activity due to the
presence of Pt nanoparticles.
Figure 3 illustrates the results of cyclic voltametry

on (a) bare TiO2 NTs, (b) Pt-TiO2 and (c) C-Pt-TiO2

nanotube in the presence of redox solution of 2.5 mM
Fe(CN)4−6 /Fe(CN)3−6 and 0.1 M KCl. It could be seen that
there was no obvious current response on the bare TiO2

NTs electrode indicating that the TiO2 NTs alone pos-
sessed low conductivity to be used as an electrode with
good performance. However, the Pt-TiO2 NTs modified
electrode had strong electrocatalytic activity toward the
redox reaction of Fe2+/Fe3+. This is due to the effective
presence of Pt nanoparticles onto the tubes which have sig-
nificantly accelerated the redox reaction of Fe2+/Fe3+. A
huge increase of current could be observed after deposition
of carbon onto the electrode surface. In this case, not only
the anodic current increased but also the anodic voltage
shifted to less positives, suggesting the catalytic character-
istic of the C-Pt-TiO2 NTs electrode and good character-
istic of reversible reactions. It means that the C-Pt-TiO2

NTs electrode could effectively work in electro-activated
reactions.

6670 J. Nanosci. Nanotechnol. 11, 6668–6675, 2011
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Fig. 3. Cyclic voltammograms of (a) bare TiO2 NTs, (b) Pt-TiO2 NTs
and (c) C-Pt-TiO2 NTs in 2.5 mM Fe(CN)4−6 /Fe(CN)3−6 solution with scan
rate of 100 mV s−1.

3.2. Electro-Oxidation of DA and UA on
the C-Pt-TiO2 Nanotube Electrode

Figure 4(A) shows the cyclic voltammograms obtained for
1�0× 10−3 M DA in 0.1 M pH 7.0 PBS at three differ-
ent electrodes: (a) bare TiO2 NTs, (b) Pt-TiO2 NTs and
(c) C-Pt-TiO2 NTs. Obviously there was no electrochem-
ical response to oxidation of DA on the surface of bare
TiO2 NTs electrode. However, a pair of wide redox peaks
was observed after modification of the electrode with Pt
nanoparticles, representing the electro-catalytic activity of
Pt towards DA oxidation. In this reaction, the oxidation
and reduction peaks (Ep) appeared at 0.26 V and 0.04 V,
respectively with �Ep = 0�22 V and oxidation current peak
of 0.3 mA. This enhanced current in oxidation reaction of
DA can be attributed to the catalytic activity of Pt. The
performance was much more improved by modification of
the electrode with carbon. Since carbon could be deposited
from inside of the tubes and increased the conductivity
of the electrode accordingly. Curve (c) in Figure 4(A)
shows the electrochemical response to the catalytic reac-
tion of DA on the surface of C-Pt-TiO2 NT electrode.
Obviously, two pairs of well-defined redox peaks could
be observed with the oxidation and reduction potentials at
−0.24 V, 0.19 V and 0.1 V, −0.31 V respectively. These
findings confirm the results proposed by Zhao et al., where
two pairs of redox peaks appeared from cyclic voltamme-
try of DA in range of −0.6 V to 0.4 V.35 Furthermore,
the oxidation current peak (Ip) had sharply increased to
1.6 mA, which was 5 times that of Pt-TiO2 NTs elec-
trode. The peak potential differences (�Ep) were estimated
to be 0.07 and 0.09 V for the first and second redox
peaks respectively. This indicated that the electrochem-
ical oxidation of DA on the surface of C-Pt-TiO2 NTs
electrode was almost reversible with sharp oxidation and
reduction peaks. It is reported that DA oxidation under-
goes a two-electron reaction at the surface of modified
electrode. As shown in Eqs. (1) to (3), dopaminequinone,
a product of two electrons oxidation of DA (Eq. (1))
undergoes follow-up ring closure reaction (Eq. (2)) lead-
ing to leucodopaminechrome, which in turn is oxidized to

Fig. 4. Cyclic voltammograms obtained for (A) 1×10−3 M DA and (B)
1×10−3 M UA in 0.1 M pH 7.00 PBS with a scan rate of 100 mV s−1.
(a) Bare TiO2 NTs, (b) Pt-TiO2 NTs and (c) C-Pt-TiO2 NTs electrodes.

dopaminechrome (Eq. (3)).3�8�35 Zhao et al. has claimed
that the right pair of redox peaks is corresponding to the
redox process of Eq. (1) and the left one is corresponding
to Eq. (3).35

Cyclic voltammograms obtained for 1�0× 10−3 M UA
in 0.1 M pH 7.0 PBS at (a) bare TiO2 NTs, (b) Pt-TiO2

NTs and (c) C-Pt-TiO2 NTs are shown in Figure 4(B).
Similar to DA, no catalytic activity towards UA could be
observed on the bare TiO2 NTs electrode. However the
oxidation peak appeared in case of Pt-TiO2 NTs and C-
Pt-TiO2 NTs modified electrodes at 0.45 V and 0.32 V
respectively. It seemed that the significant role of carbon
towards UA oxidation caused a sharp rise in oxidation
current up to 0.94 mA. While comparing to DA, a small

J. Nanosci. Nanotechnol. 11, 6668–6675, 2011 6671
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cathodic peak appeared at 0.22 V representing a semi-
reversible behaviour in UA redox reaction. As a whole, it
could be concluded that the C-Pt-TiO2 NTs modified elec-
trode had a significant electrocatalytic activity toward the
oxidation reaction of DA and UA.
The modified electrode has been also examined in dif-

ferent concentration of DA. Figure 5 shows the cyclic
voltammetry at C-Pt-TiO2 NTs electrode in the presence of
1×10−3 M, 0�5×10−3 M and 0�25×10−3 M DA in 0.1 M
pH 7.0 PBS. It was found that the oxidation peak current
had decreased to fewer amounts as the DA concentration
decreased in the solution.

3.3. Sensitive Detection of DA and UA by
Differential Pulse Voltammetry

In order to achieve a sensitive detection of DA and UA
at C-Pt-TiO2 NT electrode, differential pulse voltammetry
(DPV) was used to record anodic peak current of the reac-
tion. This method offers much higher current sensitivity
and better peak separation than cyclic voltammetry.
Figure 6(A)(1–11) shows the DPV results of DA at C-

Pt-TiO2 NTs electrode in 0.1 M pH 7.0 PBS contained
various concentrations of DA. In this examination the best
parameters obtained were pulse amplitude of 50 mV, pulse
width of 0.2 s, scan rate of 20 mV s−1. Under these
optimised condition the oxidation peak of DA occurred
at 0.115 V for all the concentrations of DA in range of
3�5×10−8 M to 5�0×10−6 M. As shown in Figure 6(B),
the electrocatalytic oxidation currents of DA were lin-
early related to the accumulated concentrations over this
range with slope of 2.648 �A�M−1 and coefficient deter-
mination of 0.997, suggesting a very good sensitivity
in comparison with other modified electrodes.36 Further-
more, another series of DPVs were carried out in con-
centration range of 0�5× 10−10 M to 2�0× 10−10 M DA
in 0.1 M pH 7.0 PBS to determine the detection limit
(Fig. 6(C)). Considering such a low concentration of DA,
each experiment was repeated for three times to make
sure the reliability of obtained current responses. Under

Fig. 5. Cyclic voltammograms at C-Pt-TiO2 NTs in the presence of
(a) 1×10−3 M DA, (b) 0�5×10−3 M DA and (c) 0�25×10−3 M DA with
a scan rate of 100 mV s−1 in 0.1 M pH 7.00 PBS.
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i (
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(C)

2.0*10–10 M DA
1.5*10–10 M DA
0.5*10–10 M DA
0 M DA

Fig. 6. (A) Differential pulse voltammograms of DA at C-Pt-TiO2 nano-
tube in 0.1 M pH 7.00 PBS with scan rate 20 mV s−1 and pulse amplitude
50 mV. The total concentration of DA in each step (1–11): 0, 3�5×10−8,
6�0× 10−8, 3�0× 10−7, 5�5× 10−7, 8�0× 10−7, 1�0× 10−6, 1�5× 10−6,
2�0× 10−6, 3�0× 10−6 and 5�0× 10−6 M. (B) The calibration plot of
current response versus accumulated concentration of DA in each step.
(C) Limit of detection of DA in concentration range of 0�5×10−10 M to
2�0×10−10 M DA in 0.1 M pH 7.0 PBS obtained by DPVs method.

this condition the limit of detection (LOD) found to be
2×10−10 M for S/N= 3 which was much lower than the
previous reports 11�12�14�19�36�37. Table I shows a compari-
son between the previous LOD results and the present one.
Similar studies were carried out for the sensitive detec-
tion of UA in concentration range of 1�0× 10−7 M to
2�0× 10−5 M (Fig. 7(A)). Under the same conditions as
DA, the oxidation peak of UA occurred at 0.255 V. As
shown in Figure 7(B), the calibration curve indicated a
linear relation between oxidation current of UA and accu-
mulated concentration, with coefficient determination of
0.996. Using DPV technique under optimum conditions
as the above, the relative standard deviation (RSD) for 8
successive measurements in 5�0× 10−6 M DA and 5�0×
10−6 M UA were 3.20% and 3.24%, respectively, indi-
cating a very good reproducibility for the C-Pt-TiO2 NTs
modified electrode.

3.4. Simultaneous Detection of DA and UA with
C-Pt-TiO2 Electrodes

In order to study the sensitivity for the simultaneous deter-
mination of DA and UA, DPV was applied to measure the

6672 J. Nanosci. Nanotechnol. 11, 6668–6675, 2011
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Table I. Comparing the estimated LODs for sensitive detection of DA obtained from different modified electrodes.

Electrode Limit of detection (M) Year of publication Reference

Carbon-Pt NPs‡ modified TNTs∗ 2×10−10 Present study
Cu NPs-Polypyrrole modified GCE∗∗ 8�5×10−10 2010 S. Ulubay, Z. Dursun15

DHBPD∗∗∗-TiO2 NPs modified CPE† 3�14×10−8 2010 M. Mazloum Ardakani9

CNT†† paste electrode modified with Melanic polymer 1�1×10−8 2010 M. D. Rubianes et al.7

Single-wall CNT 1×10−8 2009 S. Alwarappan11

Multi-wall CNT/PEI††† modified GCE 9�2×10−7 2008 M. C. Rodríguez36

Choline-Au NPs modified GCE 1�2×10−7 2007 P. Wang et al.30

‡Nanoparticles, ∗TiO2 Nanotubes, ∗∗Glassy carbon electrode, ∗∗∗Dihydroxybenzylidene-1, 4-phenylenediamine, †Carbon paste electrode, ††Carbon nanotubes,
†††polyethylenimine.

anodic peak current on the C-Pt-TiO2 NTs electrodes. The
electro-oxidation processes of DA and UA in the mixture
was investigated when the concentration of one species
changed, whereas the other was kept constant.
Figure 8(A) shows the DPV obtained for the different

concentrations of DA in the presence of a large excess of
UA i.e., 5�0× 10−5 M in pH 7.0 PBS at C-Pt-TiO2 NTs
modified electrode. The oxidation peaks for DA and UA
obtained at 0.115 V and 0.255 V, respectively, indicating
the same oxidation potential as their individual detection
in Figure 6(A) (for DA) and Figure 7(A) (for UA). It
could be seen that the location of the peak current for UA
was almost constant during the oxidation of DA. However,
there was considerable deviation in oxidation peak current
of UA as DA was added continuously to the solution. It
is believed that this was due to the effect of DA oxida-
tion peak, as it happened before for that of UA and shifted
the baseline to higher cathodic currents. Furthermore, the
calibration curve in Figure 8(B) represented a linear rela-
tion between the oxidation peak current of DA and its
accumulated concentration in range of 1�0× 10−7 M to
7�0×10−6 M with coefficient determination of 0.995.
In a Similar experiment, voltammetric determination of

UA was carried out in the presence of 5�0×10−5 M DA in

Fig. 7. (A) Differential pulse voltammograms of UA at C-Pt-TiO2 nano-
tube in 0.1 M pH 7.00 PBS with scan rate 20 mV s−1 and pulse amplitude
50 mV. The total concentration of UA in each step (1–10): 0, 1�0×10−7,
5�0× 10−7, 2�0× 10−6, 5�0× 10−6, 6�0× 10−6, 8�0× 10−6, 1�0× 10−5,
2�0×10−5, and 3�0×10−5 M. (B) The calibration plot of current response
versus accumulated concentration of UA in each step.

pH 7.0 PBS. As shown in Figure 9(A), oxidation current
of DA remained almost constant as the concentration of
UA was increasing. It was also found that the peak cur-
rent of UA was proportional to concentration of UA in
range of 1�0× 10−7 M to 6�0× 10−5 M with coefficient
determination of 0.996 (Fig. 9(B)). From these results it
could be concluded that the responses to DA and UA at
the C-Pt-TiO2 NTs electrode were relatively independent.

3.5. Differential Pulse Voltametry of DA and UA in
the Presence of AA

It is known that simultaneous determination of DA,
AA and UA has been always a great problem due to
their similar oxidation potentials which caused overlapped
peaks for the most common electrodes. Especially in case
of AA and DA, the oxidation peak potentials were very
close to each other that even using modified electrodes
were sometimes useless. Therefore, the oxidation of DA
and UA was examined in the presence of AA at C-Pt-
TiO2 NTs modified electrode using DPV technique under
the same conditions as per the previous experiments. In
order to compare the DPV results of oxidation of DA, UA
and AA individually and simultaneously, a series of exper-
iments obtained in 5�0× 10−5 M DA, 5�0× 10−5 M UA

Fig. 8. (A) Differential pulse voltammograms of DA in the presence of
5�0×10−5 M UA at C-Pt-TiO2 NTs in 0.1 M pH 7.00 PBS with scan rate
20 mV s−1 and pulse amplitude 50 mV. The total concentration of DA in
each step (1–11): 0, 1�0×10−7, 3�0×10−7, 5�0×10−7, 8�0×10−7, 1�0×
10−6, 1�5×10−6, 3�0×10−6, 5�0×10−6, 7�0×10−6 and 1�0×10−5 M. (B)
The calibration plot of current response versus accumulated concentration
of DA in each step.

J. Nanosci. Nanotechnol. 11, 6668–6675, 2011 6673
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Fig. 9. (A) Differential pulse voltammograms of UA in the presence of
1�0×10−5 M DA at C-Pt-TiO2 NTs in 0.1 M pH 7.00 PBS with scan rate
20 mV s−1 and pulse amplitude 50 mV. The total concentration of UA in
each step (1–11): 0, 3�0×10−7, 5�0×10−7, 1�0×10−6, 3�0×10−6, 6�0×
10−6, 1�5×10−5, 3�0×10−5, 4�0×10−5, 5�0×10−5 and 6�0×10−5 M. (B)
The calibration plot of current response versus accumulated concentration
of UA in each step.

and 5�0×10−5 M AA in 0.1 M pH 7.00 PBS (Fig. 10(A)).
At the same concentration, the oxidation current response
of DA was much higher than the others’ oxidation current
response. It suggests that that the C-Pt-TiO2 NTs modified

Fig. 10. Differential pulse voltammograms obtained (A) in the individ-
ual presence of 5�0× 10−5 M DA, 5�0× 10−5 M UA and 5�0× 10−5 M
AA. (B) in the simultaneous presence of (a) 5�0× 10−5 M DA+ 5�0×
10−5 M UA+ 5�0× 10−5 M AA at C-Pt-TiO2 NTs electrode in 0.1 M
pH 7.00 PBS with scan rate 20 mV s−1 and pulse amplitude 50 mV. (b)
The same conditions but 1�0× 10−5 M DA+ 1�0× 10−5 M UA+ 1�0×
10−5 M AA.

electrode had more sensitivity to DA detection comparing
to other two species. Furthermore, the oxidation peaks of
DA, UA and AA in individual oxidation reactions were
obtained at 0.115 V, 0.255 V and 0.1 V, respectively. How-
ever, an obvious shift in oxidation potential of AA and UA
could be observed as they coexist with DA. This could
be more obvious as the concentration of these species
increased. Figure 10(B), shows the DPV of simultaneous
detection of (a) 5.0×10−5 M (DA+UA+AA) and (b)
1�0× 10−5 M (DA+UA+AA) in 0.1 M pH 7.00 PBS
at C-Pt-TiO2 NTs modified electrode. Although the oxida-
tion peak of DA and AA were very close to each other,
the C-Pt-TiO2 NTs modified electrode could successfully
separate their signals. However, the oxidation of UA was
shifted to more positive potential.

4. CONCLUSIONS

In the present study, the C-Pt-TiO2 NTs modified electrode
was used for sensitive detection of DA for the first time.
Taking advantage of extended surface area of TiO2 nano-
tubes which was loaded with C and Pt, the modified elec-
trode represented high sensitivity towards detection of DA
and UA individually and simultaneously. Electrocatalytic
activities of the bare TiO2 nanotube as well as its con-
ductivity were improved by Carbon-Pt modification. Using
DPV method, the detection limit of DA was determined
as 2× 10−10 M. C-Pt-TiO2 NTs modified electrode not
only improved the sensitivity towards simultaneous detec-
tion of DA and UA, but also could directly distinguish the
oxidation response of DA, UA and AA in mixture solu-
tion. Comparing to the other electrodes, this new electrode
offers a very good selectivity of these three compounds
without using any other modifiers.
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