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Abstract

Pt nanoparticles

Poly(3,4-ethylenedioxythiophene)-Pt nanoparticle composite was synthesized in one-pot fashion using a
photo-assisted chemical method, and its electrocatalytic properties toward hydrogen peroxide (H,0,) was
investigated. Under UV irradiation, the rates of the oxidative polymerization of EDOT monomer along with the
reduction of Pt*" ions were accelerated. In addition, the morphology of PtNPs was also greatly influenced by the
UV irradiation; the size of PtNPs was reduced under UV irradiation, which can be attributed to the faster nucleation
rate. The immobilized PtNPs showed excellent electrocatalytic activities towards the electroreduction of hydrogen
peroxide. The resultant amperometric sensor showed enhanced sensitivity for the detection of H,O, as compared
to that without PtNPs, i.e, only with a layer of PEDOT. Amperometric determination of H,0O, at —0.55 V gave a limit
of detection of 1.6 uM (S / N=3) and a sensitivity of 19.29 mA cm 2 M up to 6 mM, with a response time (steady
state, tos) of 30 to 40 s. Energy dispersive X-ray analysis, transmission electron microscopic image, cyclic
voltammetry (CV), and scanning electron microscopic images were utilized to characterize the modified electrode.
Sensing properties of the modified electrode were studied both by CV and amperometric analysis.
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Background

Research on the quantitative detection of hydrogen perox-
ide (HyO,) received considerable attention because H,O,
is widely used as an oxidizing agent in chemical and food
industries [1]. It is an essential mediator in food, pharma-
ceutical, clinical, and environmental analysis. In addition,
H,0, is produced during some chemical and enzymatic
processes [2,3]; its detection can be used as an indicator
for the progress of such processes. Among the developed
methodologies [4-7], electrochemical technique is an ap-
propriate alternative or a complementary choice since it
has been proved to be an inexpensive and effective way
for quantitative determination owing to its intrinsic
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sensitivity, fast analysis, high selectivity and simplicity.
H,0, can be detected anodically at a platinum electrode
at around +0.7 V vs. SCE; it can also be detected cathodi-
cally at a copper electrode at —0.25 V vs. SCE [1].

Many electrode materials, including Pt [8,9], Ag [10],
Cu [11], and Prussian blue [12], have been explored as
electrocatalysts for the detection of H,O,. Among these
materials, Pt shows excellent electrocatalytic activity to-
wards H,O,. Recent studies [13-15] show that the im-
provement in electrocatalytic activity of Pt, in terms of
overpotential and sensitivity, can be achieved by the use
of the nanosized or nanostructured Pt as compared with
its bulk counterpart, owing to its extraordinary surface
properties and larger specific surface area. In addition, it
has also been reported that the size and shape of Pt play
an important role in determining the electrocatalytic ac-
tivity for H,O, [16].
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The use of conducting polymers as electrode materials in
the field of electrocatalysis [17-19] has been a hot research
topic not only because they, themselves, exhibit electrocata-
lytic properties toward many important analytes but also
act as effective electrocatalyst support. Regarding the latter,
conducting polymers not only can provide sufficient access-
ible surface area, low resistance, and high stability but also
induce uniform distribution of metal nanoparticles and fa-
cile electron transfer between electrocatalysts and electrode.
Poly(3,4-ethylenedioxythiophene) (PEDOT) has become
one of the most intensively studied conducting polymers
due to its excellent conductivity, chemical stability, and
electrocatalytic properties. In addition to its potential ap-
plication for the detection of important analytes, such as
dopamine [20], nitrite [21], and ascorbic acid [22], the
pristine PEDOT and its composite with Pt have also been
explored in the fields of fuel cells [23-25], photovoltaics
[26-28], and super-capacitors [29,30].

This study reports the preparation of a modified elec-
trode and its application as a sensor for the amperometric
detection of H,O, based on a screen-printed carbon (SPC)
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electrode using a composite film of PEDOT and PtNPs
designated as PEDOT-PtNPs/SPC electrode. Although
there have been reports on the composite film of PtNPs
with PEDOT for fuel cell applications [23-25], there is no
report on the synthesis of the composite of PEDOT with
PtNPs by photo-assisted chemical method and its applica-
tion for sensing hydrogen peroxide. PEDOT-PtNPs/SPC
electrode was prepared firstly by synthesizing PEDOT-
PtNP composite in one-pot fashion using a photochemical
polymerization method and, subsequently, depositing the
composite onto the SPC electrode via the drop-coating
method. Cyclic voltammetry (CV) technique was used to
study the catalytic reduction of H,O, on the PEDOT-
PtNPs/SPC electrode. The potential use of the PEDOT-
PtNPs/SPCE electrode for the amperometric detection of
H,0, was discussed.

Methods

Chemicals and instruments

3,4-Ethylenedioxythiophene (EDOT, 98%) and chloro-
platinic acid hydrate (>99.5%) were purchased from
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Figure 1 Scheme for electrode preparation. (a) Flow sheet for the preparation of the PEDOT-PtNPs/SPC electrode. (b) The photograph of the
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Figure 2 UV-vis spectra. UV-vis spectra of the solution containing
PEDOT/PtNP composite prepared (a) without and (b) with
UV-irradiation for various periods. The absorbances in the range
from 400 to 1200 nm are enlarged for both samples and shown as
insets in (a) and (b).

Sigma-Aldrich Corporation (St. Louis, MO, USA) and
used as received. Dimethylsulfoxide (DMSO, 99.7%;
Sigma-Aldrich) was dehydrated with molecular sieves
(4 A; Acros Organics, New Jersey, USA) before use. H,O,
sample solution (50 mM) was prepared before each ex-
periment by direct dilution of H,O, (35%; Sigma-Aldrich)
in deionized water (DIW) and deaerated by purging it
with nitrogen for 20 min. Other chemicals were of analyt-
ical grade and used without further purification. DIW was
used throughout the work.

Electrochemical measurements were carried out using a
CHI 440 electrochemical workstation (CH Instruments,
Inc., USA) with a conventional three-electrode system; A
SPC electrode with a geometric area of 0.071 cm? (Zensor
R&D, Taiwan), Ag/AgCl/KCl saturated, and Pt foil are the
working electrode, reference electrode, and counter elec-
trode, respectively. All electrochemical experiments were
performed at room temperature and all the potentials

®

Figure 3 TEM images. The TEM images of the PEDOT/PtNP

composite synthesized (a) without UV irradiation for 480 min and
(b) synthesized with UV irradiation for 120 min.

N

J

are reported against the Ag/AgCl/KCl saturated refer-
ence electrode.

The nanoscale image of PEDOT-PtNP composite was
obtained using scanning electron microscope (SEM, Nova
NanoSEM 230, FEI Company, USA); elemental analysis
was made using the same SEM with an additional
provision of x-sight light element energy dispersive X-ray
(EDX) spectrometer (6560 INCA, Oxford Instruments,
UK). Transmission electron microscopy (TEM, H-7100,
Hitachi Ltd., Japan) was also used to obtain the image of
PEDOT-PtNP composite. The oxidation state of PtNPs
was determined by X-ray photoelectron spectroscopy using
an X-ray recorded on a PHI 5000 VersaProbe (ULVAC-
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Figure 4 XPS spectrum. The Pt 4f XPS spectrum of the
PEDOT-PtNP composite synthesized under UV irradiation for 80 min.

. /)

PHI, Inc., Chigasaki, Japan) system using a micro-focused
(100 um, 25 W) Al X-ray beam. A Wien-filtered C§, ion
source (IOG C60-10, Ionoptika Ltd., Chandler's Ford, UK)
was operated at 10 nA and 10 kV. The angle between the
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Ar* and C{, ion beam was 33°. The ion-beam current was
measured with the target current of a Au foil. The base
pressure of the main chamber (<1 x 1077 Pa) was main-
tained using turbomolecular and ion-getter pumps.

Preparation of the PEDOT-PtNPs/SPC electrode

The synthesis of PEDOT-PtNP composite was carried out
by putting a glass bottle, containing 0.01 M of EDOT
monomer and 0.001 M of H,PtClg aqueous solution, in a
photochemical reactor (Panchum Scientific Corp., Taiwan)
followed by irradiation with UV light (power density, 0.14
W cm™% main wavelength, 365 nm) for a specific period of
time under forced air convection and mild agitation. As the
reaction proceeded, a black-colored suspension was
obtained. After UV irradiation, the glass bottle containing
black suspension was removed from the photochemical re-
actor and kept in the dark place at room temperature over
2 days for the precipitation of the composite; after which,
the supernatant was removed, and the precipitate was sub-
jected to vacuum dried at 90°C. After being dried, the pre-
cipitate was dispersed in DMSO solution at a concentration
of 1.0 mg mL™". To prepare the PEDOT-PtNPs/SPC elec-
trode, 1.0 pL of the dispersion was drop-coated onto the

-

was prepared under UV irradiation for 80 min (PEDOT-PtNPsgg min)-

Figure 5 SEM image and EDX spectrum. (a) SEM image and (b) EDX spectrum of the PEDOT-PtNPs/SPC electrode. The PEDOT-PtNP composite

~
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Figure 6 Cyclic voltammetry. Cyclic voltammograms of the (a) bare SPC, (b) PEDOT/SPC, (c) PEDOT-PtNPs/SPC electrodes (one layer),
(d) PEDOT-PtNPs/SPC electrodes (two layers), and (e) PEDOT-PtNPs/SPC electrodes (three layers) in 0.1 M phosphate buffer solution (pH 7.4) with

and without adding 0.1 mM H0,. Scan rate is 25 mV s~

J

SPC electrode, and the coated SPC electrode was dried at
60°C. The scheme of the preparation of PEDOT-PtNPs
/SPC electrode is showed in Figure 1.

Amperometric detection of H,0,

For the amperometric detection of H,O, with amperome-
try at constant potential by using PEDOT-PtNPs/SPC elec-
trode as the sensor, a suitable sensing potential in the
limiting current plateau ranging between 0 and -0.7 V was
determined by applying linear sweep voltammetry in a solu-
tion containing deaerated 0.1 M PBS (pH 7.4) and 0.5 mM

H,0, (not shown). Considering the sensitivity and the
steadiness of the PEDOT-PtNPs/SPC electrode, the sensing
potential was chosen to be —0.6 V. Current densities in the
concentration range of 0.4 to 6 mM were collected, and the
pertaining calibration curve was constructed for the detec-
tion of H,O,.

Results and discussion

Characterization

Figure 2 shows the UV-vis spectra of the PEDOT-PtNP
composite prepared with and without UV irradiation for
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Figure 7 Amperometric diagram. The amperometric current
responses of the PEDOT-PtNPs/SPC electrode in response to various
H,O, concentrations, ranging from 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,
4.5,50,55 to 6 mM, in 0.1 M PBS solution (pH 7.4) at the applied
potential of —0.6 V (vs. Ag/AgCl/KCl saturated). The inset shows the
calibration curve for H,0.

various periods. The UV-vis spectra were recorded using
PEDOT-PtNP composite dispersion prepared by disper-
sing a 0.1 mL of the reaction solution in the DMSO
solvent with the help of sonication. It can be found that
the absorbances at wavelengths between 310 and 380
nm, and at wavelengths higher than 700 nm increased
monotonically during the time course of the reaction.
The increase in the absorbance at wavelengths higher
than 700 nm was assigned to the polymerization of
EDOT [31]. Therefore, the polymerization rate of EDOT
film was catalyzed in presence of UV irradiation as evi-
denced by observing a faster increase in the absorbance
at wavelengths higher than 700 nm. In addition, the in-
crease in absorbance at wavelengths between 310 and
380 nm was assigned to the formation of Pt2* [32]. As a
result, it was inferred that the polymerization of EDOT
was accompanied by the reduction of Pt** to Pt**, and
then to Pt. The kinetics of the polymerization also
affected the morphology of the prepared PtNPs. As
revealed in Figure 3, PtNPs with smaller size were
obtained under UV irradiation, which can be attributed
to the faster nucleation rate of PtNPs.

The formation of metallic PtNPs from chloroplatinic
acid hydrate was further confirmed by XPS analysis. As
revealed in Figure 4, the Pt 4f spectrum consists of a spin-
split double, i.e., Pt 4f;5 (714 eV) and 4f;,, (74.9 eV),
which is consistent with the presence of metallic oxidation
state of Pt [33].

Figure 5a shows the SEM image of the PEDOT-
PtNPs/SPC electrode. As revealed in Figure 5a, the
morphology of the PEDOT-PtNP composites is sphere-
like, uniform in size (ca. 100 nm), and well distributed. In
addition, the assembly of nanoparticles creates a 3-day
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microstructure and nanopores which are beneficial for the
diffusion of analytes and would provide highly accessible
surface area for the electrocatalytic reaction. Furthermore,
from the EDX result, as shown in Figure 5b, the existence
of signals for O, S, and Pt confirms that the nanoparticles
in Figure 5a belong to PEDOT-PtNP composite.

Sensing behavior of PEDOT-PtNPs/SPC electrode

The electrocatalytic behavior of the PEDOT-PtNPs/SPC
electrode towards the electrochemical reduction of H5O,
was studied using cyclic voltammetry. Figure 6a,b,c shows
the CV responses for the bare SPC, PEDOT/SPC, and
PEDOT-PtNPs/SPC electrodes in deaerated 0.1 M phos-
phate buffer solution (PBS, pH 7.4) containing 0 and 0.1
mM of H,O,. In the blank phosphate buffer, no faradic
current was detected for all electrodes. However, an obvi-
ous change in reduction current density was noticed after
the addition of 0.1 mM of H,O, in the case of the
PEDOT-PtNPs/SPC electrode, while there were no obvi-
ous change in current density for the cases of bare SPC
and PEDOT/SPC electrodes. It has been reported that the
electroreduction of H,O, on PtNPs involves a rate-
limiting chemical step (Equation 1) followed by the elec-
tron transfer step (Equation 2) [34]:

H202_)2OH;ds (1)
OH;, +e —OH (2)

As a result, we can infer that the enhanced catalytic
current of the sensor can mainly be attributed to the
presence of the large number of nanosized PtNPs on the
electrode [13]. Furthermore, the effect of the film thick-
ness on the sensing performance was also investigated.
Here, the film thickness was controlled by adjusting the
times of droping-coating. As revealed in Figure 6¢,d.e, a
higher film thickness reduced the current response to
the H,O,, which could be attributed to a higher diffu-
sion barrier, induced by a thicker film, for the hydroxyl
radicals diffuse to the electrode surface.

Amperometric detection of hydrogen peroxide

Figure 7 shows the transient current densities at various
H,0O, concentrations. The current density responses of
the PEDOT-PtNPs/SPC electrode as a function of the
H,0, concentration, with a sampling time of 200 s at each
concentration level, are measured and shown in Figure 7.
The current density increases linearly with the increased
H,0, concentration up to 6 mM. The sensitivity and de-
tection limit (S / N =3) for the PEDOT-PtNPs/SPC elec-
trode are 19.29 mA cm™> M ™" and of 1.6 pM, respectively.

Conclusions
The PEDOT-PtNP composite was successfully synthe-
sized in one-pot fashion via a novel photochemical
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method, and its application for the detection of H,O,
was investigated. The polymerization of EODT accom-
panied with the formation of PtNPs was confirmed by
SEM, TEM, UV-vis, and XPS. In addition, as revealed
from the TEM results, the PtNPs were formed and em-
bedded in the nanosized PEDOT, indicating the forma-
tion of PEDOT-PtNP composite. As compared with the
bare SPC and PEDOT/SPC electrodes, the electrocatalytic
activities of PEDOT towards H,O, were enhanced by in-
corporating PtNPs. A linear relationship could be obtained
between the current density and the concentration of
H,0, up to 6 mM, suggesting the successful fabrication of
a sensor for the detection of H,O, in the concentration
range of our interest. The sensitivity of the sensor was
determined to be 19.29 mA cm > M, and the limit of de-
tection (LOD, with S / N =3) was 1.6 uM. The response
time for reaching steady-state current (tos) was 30 to 40 s.
Although the conditions for the photochemical reduction
of PtNPs were not optimized, the low LOD (approxi-
mately 1.6 pM) in this study renders the PEDOT-PtNP
electrode attractive for the determination of H,O,.

Competing interests
The authors declare that they have no competing interests.

Author's contributions

Y-HL and C-YL designed the photosynthesis experiments. L-CC and H-NW
carried out the photosynthesis experiments. L-CC carried out sensing
experiments and drafted the manuscript. SEM and XPS were carried out by
C-WH. K-CH supervised the project and was responsible for the accuracy of
the data reported. All of the authors discussed and analyzed the data. All
authors read and approved the final manuscript.

Authors' information

LCC received his BS degree in Chemical Engineering from National Taiwan
University, Taipei, Taiwan, in 2011. His research interests mainly surround
organic-inorganic hybrid materials for chemical sensors. Currently, he is in
compulsory military service.

HNW received his BS degree in Chemical Engineering from National Taiwan
University, Taipei, Taiwan, in 2011. His research interests include
nanomaterials for chemical sensors. He is in compulsory military service now.
CYL received his BS degree in Chemical Engineering from National Cheng
Kung University, Tainan, Taiwan, in 2003. He received his MS and PhD
degrees in Chemical Engineering from National Taiwan University, Taipei,
Taiwan, in 2005 and 2010, respectively. Now, he is a postdoctoral fellow in
the Department of Chemistry, University of Cambridge. His research interests
mainly surround nanomaterials for chemical sensors and energy related
applications.

YHL received her BS degree in Chemical Engineering from National Cheng
Kung University, Tainan, Taiwan, in 2007. She received her MS degree in
Chemical Engineering from National Taiwan University, Taipei, Taiwan, in
2009. Currently, she is a PhD student in the Department of Chemistry,
University of Cambridge. Her research interests focus on dye-sensitized solar
cells and photoelectrochemical water splitting.

CWH received his BS and MS degrees in Chemical Engineering from National
Chung Cheng University, Chia-Yi, Taiwan, in 2004 and 2006, respectively. He
received his PhD degree in the Institute of Polymer Science and Engineering
from National Taiwan University, Taipei, Taiwan, in 2011. Now, he is a
postdoctoral fellow in the Department of Chemical Engineering at National
Taiwan University. His research interests mainly surround conducting
polymers for electrochromic, sensors, and solar cells applications.

KCH received BS and MS degrees in Chemical Engineering from National
Cheng Kung University, Tainan, Taiwan, in 1978 and 1980, respectively. In
1986, he received the PhD degree in Chemical Engineering at the University
of Rochester. That same year, he joined PPG Industries, Inc, first as a Senior

Page 7 of 8

Research Engineer and then, from 1990 until 1993, as a Research Project
Engineer. He has worked on the electrochemical properties of various
electrode materials with emphasis on improving the performances of
electrochemical devices, including chemical sensors, electrochromic devices,
and dye-sensitized solar cells. Following a six-year industrial career at PPG
Industries, Inc., he joined his alma mater at National Cheng Kung University
in 1993 as an Associate Professor in the Chemical Engineering Department.
In 1994, he moved to the Department of Chemical Engineering at National
Taiwan University. Currently, he is a Distinguished Professor jointly appointed
by the Department of Chemical Engineering and Institute of Polymer
Science and Engineering at National Taiwan University.

Acknowledgment
This work was sponsored by the National Research Council of Taiwan under
grant number NSC 99-2221-E-002-183.

Received: 29 November 2011 Accepted: 30 March 2012
Published: 20 June 2012

References

1. Somasundrum M, Kirtikara K, Tanticharoen M: Dual electrode signal-subtracted
biosensor for simultaneous flow injection determination of sucrose and
glucose. Anal Chim. Acta 1996, 319:59-70.

2. Wang J, Lin Y, Chen L: Organic-phase biosensors for monitoring phenol
and hydrogen-peroxide in pharmaceutical antibacterial products.
Analyst 1993, 118:227-280.

3. Darder M, Takada K, Pariente F, Lorenzo E, Abrufia HD:
Dithiobissuccinimidyl propionate as an anchor for assembling
peroxidases at electrodes surfaces and its application in a H,0,
biosensor. Anal Chem 1999, 71:5530-5537.

4. Hurdis EC, Romeyn H: Accuracy of determination of hydrogen peroxide
by cerate oxidimetry. Anal Chem 1954, 26:320-325.

5. Matsubara C, Kawamoto N, Takamura K: Oxo[5,10,15,20-tetra(4-pyridyl)
porphyrinato]titanium(iv)—an ultra-high sensitivity spectrophotometric
reagent for hydrogen-peroxide. Analyst 1992, 117:1781-1784.

6. Nakashima K, Maki K, Kawaguchi S, Akiyama S, Tsukamoto Y, Imai K:
Peroxyoxalate chemiluminescence assay of hydrogen-peroxide and
glucose using 2,4,6,8-tetrathiomorpholinopyrimido[5,4-d]-pyrimidine as a
fluorescent component. Anal Sci 1991, 7:709-719.

7. Abbas ME, Luo W, Zhu L, Zou J, Tang H: Fluorometric determination of
hydrogen peroxide in milk by using a fenton reaction system.

Food Chem 2010, 120:327-331.

8. You TY, Niwa O, Tomita M, Hirono S: Characterization of platinum
nanoparticle-embedded carbon film electrode and its detection of
hydrogen peroxide. Anal Chem 2003, 75:2080-2085.

9. Yang MH, Yang YH, Liu YL, Shen GL, Yu RQ: Platinum nanoparticles-doped
sol-gel/carbon nanotubes composite electrochemical sensors and
biosensors. Biosens Bioelectron 2006, 21:1125-1131.

10.  Lin CY, Lai YH, Balamurugan A, Ho KC: Electrode modified with a
composite film with ZnO nanorods and Ag nanoparticles as a sensor for
hydrogen peroxide. Talanta 2010, 82:340-347.

11. Wang Y, Wei WZ, Zeng JX, Liu XY, Zeng XD: Fabrication of a copper
nanoparticles/chitosan/carbon nanotube-modified glassy carbon
electrode for electrochemical sensing of hydrogen peroxide and
glucose. Microchim Acta 2008, 160:253-260.

12. Ricci F, Palleschi G: Sensor and biosensor preparation, optimisation and
applications of Prussian blue modified electrodes. Biosens Bioelecron 2005,
21:389-407.

13. Evans SAG, Elliott JM, Andrews LM, Bartlett PN, Doyle PJ, Denuault G:
Detection of hydrogen peroxide at mesoporous platinum
microelectrodes. Anal Chem 2002, 74:1322-1326.

14. Yang M, Qu F, Lu Y, He Y, Shen G, Yu R: Platinum nanowire nanoelectrode
array for the fabrication of biosensors. Biomaterials 2006, 27:5944-5950.

15. Hrapovic S, Liu Y, Male KB, Luong JHT: Electrochemical biosensing
platforms using platinum nanoparticles and carbon nanotubes.

Anal Chem 2004, 76:1083-1088.

16. Karam P, Halaoui LI: Sensing of H,0, at low surface density assemblies of
Pt nanoparticles in polyelectrolyte. Anal Chem 2008, 80:5441-5448.

17. Jiang Y, Wang AY, Kan JQ: Selective uricase biosensor based on
polyaniline synthesized in ionic liquid. Sens Actuator B-Chem 2007,
124:529-534.



Chang et al. Nanoscale Research Letters 2012, 7:319
http://www.nanoscalereslett.com/content/7/1/319

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Bello A, Giannetto M, Mori G, Seeber R, Terzi F, Zanardi C: Optimization of
the DPV potential waveform for determination of ascorbic acid on
PEDOT-modified electrodes. Sens Actuator B-Chem 2007, 121:430-435.
Hutchins RS, Bachas LG: Nitrate-selective electrode developed by
electrochemically mediated imprinting doping of polypyrrole.

Anal Chem 1995, 67:1654-1660.

Vasantha VS, Chen SM: Electrocatalysis and simultaneous detection of
dopamine and ascorbic acid using poly(3,4-ethylenedioxy)thiophene
film modified electrodes. J Electroanal Chem 2006, 592:77-87.

Lin CY, Vasantha VS, Ho KC: Detection of nitrite using
poly(3,4-ethylenedioxythiophene) modified SPCEs. Sens Actuator
B-Chem 2009, 140:51-57.

Vasantha VS, Chen SM: Synergistic effect of a catechin-immobilized poly
(3,4-ethylenedioxythiophene)-modified electrode on electrocatalysis of
NADH in the presence of ascorbic acid and uric acid. Flectrochim Acta
2006, 52:665-674.

Kuo CW, Huang LM, Wen TC, Gopalan A: Enhanced electrocatalytic
performance for methanol oxidation of a novel Pt-dispersed
poly(3,4-ethylenedioxythiophene)-poly (styrene sulfonic acid) electrode.
J Power Source 2006, 160:65-72.

Paltras S, Munichandraiah N: Electrooxidation of methanol on Pt-modified
conductive polymer PEDOT. Langmuir 2009, 25:1732-1738.

Drillet JF, Dittmeyer R, Juettner K: Activity and long-term stability of
PEDOT as Pt catalyst support for the DMFC anode. J App! Electrochem
2007, 37:1219-1226.

Hong WJ, Xu YX, Lu GW, Li C, Shi GQ: Transparent grapheme/PEDOT-PSS
composite films as counter electrodes of dye-sensitized solar cells.
Electrochem Commun 2008, 10:1555-1558.

Xia JB, Masaki N, Lira-Cantu M, Kim Y, Jiang KJ, Yanagida S: Influence of
doped anions on poly(3,4-ethylenedioxythiophene) as hole conductors
for iodine-free solid-sate dye-sensitized solar cells. J/ Am Chem Soc 2008,
130:1258-1263.

Saito Y, Fukuri N, Senadeera R, Kitamura T, Wada Y, Yanagida S: Solid state
dye sensitized solar cells using in situ polymerized PEDOTSs as hole
conductor. Electrochem Commun 2004, 6:71-74.

Liu R, Lee SB: MnO,/poly(3,4-ethylenedioxythiophene) coaxial nanowires
by one-step coelectrodeposition for electrochemical energy storage.

J Am Chem Soc 2008, 130:2942-2943.

Lota K, Khomenko V, Frackowiak E: Capacitance properties of
poly(3,4-ethylenedioxythiophene)/carbon nanotubes composites.

J Phys Chem Solids 2004, 65:295-301.

Kumar SS, Kumar CS, Mathiyarasu J, Phani KL: Stabilized gold nanoparticles
by reduction using 3,4-ethylenedioxythiophene-polystyrenesulfonate in
aqueous solutions: nanocomposite formation, stability, and application
in catalysis. Langmuir 2007, 23:3401-3408.

Kinyanjui JM, Wijeratne NR, Hanks J, Hatchett DW: Chemical and
electrochemical synthesis of polyaniline/platinum composites.
Electrochim Acta 2006, 51:2825-2835.

Moulder JF, Stickle WF, Sobol PE, Bomben KD: In Handbook of X-ray
photoelectron spectroscopy. 2nd edition. Edited by Chastain J. Eden Prairie,
MN: Physical Electronics Industries, Inc; 1992:235-236.

Ji'S, Guo Q, Yue Q, Wang L, Wang L, Zhao J, Dong R, Liu J, Jia J: Controlled
synthesis of Pt nanoparticles array through electroreduction of cisplatin
bound at nucleobases terminated surface and application into H,0,
sensing. Biosens Bioelectron 2011, 26:2067-2073.

doi:10.1186/1556-276X-7-319

Cite this article as: Chang et al: One-pot synthesis of poly
(3,4-ethylenedioxythiophene)-Pt nanoparticle composite and its
application to electrochemical H,O, sensor. Nanoscale Research Letters
2012 7:319.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Methods
	Chemicals and instruments

	link_Fig1
	link_Fig2
	link_Fig3
	Preparation of the &b_k;PEDOT-&e_k;&b_k;PtNPs&e_k;/SPC electrode

	link_Fig4
	link_Fig5
	Amperometric detection of H2O2

	Results and discussion
	Characterization

	link_Fig6
	Sensing behavior of &b_k;PEDOT-&e_k;&b_k;PtNPs&e_k;/SPC electrode
	Amperometric detection of hydrogen peroxide

	Conclusions
	link_Fig7
	Competing interests
	Acknowledgment
	References 
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


