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The AuNPs/PEDOT nana@omposite consisting of poly(3,4thylendioxythiophene)and Au
nanoparticlegAuNPs)can be easilgynthested on electrode surfacét. was studied talevelopa new
NaClOsensor with improved performance withspect to barelectrodeand to pure metalliCAUNPS)
modified electrodesThis nanocomposite can be performed by electrochemicdkposition using
ionic liquid 1-butyl-3-methylimidazolium tetrafluoroboratBMT). It was further characterized by
surfaceconfined and linear ptdependence -60 mV pH?Y) in the electrochemical system.
AuNPs/PEDOT exhibits graitike structure and the significant average diameter between PEDOT and
AuNPs, which is due to AuNPs covered over PEDOT surface. The composite of AUNPs/PEDOT was
analyzed by XRD and the AuNHgction was estimatedin 60.29 wt% The significantelectron
transfer resistandde) is found between PEDOT and AuNPs due to it maintains the partial property of
PEDOT and AuNPs. It also exhibits gosensitivity 0f208.8mA M™ cm™ (S/N = 3),detection limit

of 1 andlifearrangeof 10% 9.32x10* M (correlation coefficientR? = 0.9975 for hypochlorite
detection Moreover, the proposed naswmposites suitable to be a hypochlorite sensor and found no
interference even in the presence of hydrogen peroxide and ethanol.

Keywords: Poly(3,4-ethylenedioxythiophene gold nanoparticles ionic liquids hypochlorite
electrocatalysis

1. INTRODUCTION

lonic liquids (Ls) are compounds consisting entirely of ions that exidiquid state around
room temperature. The investigation of lhas gained increasing attention because of their unique
chemical and physical properties such as negligible vapor pressmne toxicity, wide potential


http://www.electrochemsci.org/
mailto:smchen78@ms15.hinet.net

Int. J. Electrochem. SciMol. 6, 2011 267<

window, high ionic conductivitand good solubility. ILs had been widely used in extractiore(lal.,
2007) and noraqueous biocatalysts (Shan et al., 2008cently, ILs were also investigated as
biocompatible materialfor the fabrication of biosensors (Shangguan et al., 2808;et al., 2009; Tu

et al.,, 2009). These researches have confirer@yme carmaintain high activity and stability in a
suitable IL. However, IL lacks enough film forming ability to immobilizatienzyme on the
electrodes and strongly requires adfditional material to aid forming film such as CS (Ragupathy et
al., 2009).

Conductirg polymer incorporated metallic or semiconductingnoparticles provides an
exciting system and theseaterials hold potential application in electronics, sensorsatadysis [1
6].

Sensors fabrication based on nanoparitt®rporated polymeric matrice are of recent
technological interest [78]. Metal nanoparticles can be grown inside the polymer matrix by
simultaneouselectrodepositing of polymer along with metahnoparticles. Arrays of gold (Au)
nanoparticles have beetlized for electrochemicaensors as they exhibit excelleatalytic activity
towards various reactions-[H].

The advantagesf electropolymerization are that: (a) thin, uniform adltherent polymer films
can be obtained; (b) films cdoe deposited on a small surface area wiltligh degreeof geometrical
conformity and controllable thicknessing a specific number of growth cycles in potentiodynamic
cycling. Among the numerous polymeric materidéveloped and studied over the past few decades,
polyaniline (PANI), polypyrrole PPy) and poly (3thylenedioxythiophengPEDOT) constitute an
important clas$§l12]. PEDOT has received a significant amount of atterdan electrode material for
a variety of applicationgl3-15]. It shows remarkable stability, provides homogendooss, and can
be synthesized electrochemicalfyom both aqueous and n@gueous media @GL18]. The
conductivity of the PEDOT film does not chargignificantly with the counter ion f]. Studies on the
behavior of PEDOT in phosphate buffer solutions slagowigh level of stability when compared to
other conductingpolymers, suggesting that PEDOT may be a potertd@ididate for sensor
applications and hence it is chodware for sensinijaCIO.

Fabricatingsensors based on nanopartizieorporated/embeddegablymeric matrices are of
recenttechnological interesf7[13]. Arrays of Au nanoparticlesave been utilized for electrochemical
sensors athey exhibit excellent catalytic activity towards varigeactions 10, 20i 22]. In these, the
Au nanoparticles foctione f f i ci ent | y as 28.PeVicescwonhealtaken advaatage a e 0
of (a) thehydrophobic/hydrophilic nature of the polymer filemd (b) the signal enhancing character
of the embeddedu nanoparticlesApplied a premise that thpolymer flm contains a distribution of
hydrophobic (reducedand hydrophilic (oxidized) regions?4]. In the present investigation, we
attempt to study effect of Au nanoparticles in conjunction with PEDNG@M the aim of achieving
NaClOdetermination aliow overpotential

Considering the electrolyte applied in electrochemical system should bigieradly. lonic
liquids employed synthesis of nanoparticles emerged as a new interest in the field of green chemistry.
Nanostructure materials have been synthesized umnng liquids as green electrolytéSuch agyreen
synthesis ofgold nanoparticles AuNP9 stabilized by amingéerminated ionic liquid and their
electrocatalytic activity in oxygen reduction5]2and green synthesis of highly stable platinum
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nanoparticlesstabilized by amingerminated ionic liquid and applied for oxygen reduction and
methanol oxidation [@ arefew examples. In particular, the chemical and electrochemical synthesis of
silver nanostructures using ionic liquids as green electrolytes haddag®d as interesting one in the
green chemistry. Some chemical synthesis of Au and Au nanostructures like nanopatrticle, cluster anc
nanowire formation47], preparation of AgX (X = ClI, 1) nanopatrticles using ionic liqui@8][ one
step synthesis of condting polymeinoble metal nanoparticle composites using an ionic liceef [
ionic liquids of bis(alkylethylenediamine) silver(l)) salts and the formation of silver (0) nanoparticles
[30], structure and morphology controllable synthesis of Au/carbonidhysing ionic liquid as soft
template B1] and partially positively charged silver nanoparticle® [3ave beemeported.

Hypochlorite is a household cleaning agent and as disinfectant for treatments including
drinking water, swimming pool water, treatedstewater for nopotable reuse and othefdormally
it is handled as concentrated aqueous solutamts needgeriodical control of its concentration to
adjust dosageslue to the possibility of decomposition (Bmula 1). Numbes of methods for
hypochbrite determination (e.g. the normalized and well known iodometric titrati@h [Bany
colorimetric methods based on reaction of hypochlorite with organic reagents as methyl ofgrmge [3
tolidine [35], N,N-diethylp-phenylenediamine [837], thionin [38], 3,3-dimethylnaphtidine 39], and
chemiluminiscent methods such as that based on fluorescein tes#4@iBpth some of the reagents
and their chlorederivatives are potential toxic and carcinogenic agents that must be cautiously used.

CIO' d3 CI' +1/20, (1)

It is efficiently catalyzed by several metal oxides agdzoNiO, CuO R1], which have been
applied to dechlorination of treated waste water2[443]. The analytical usefulness of such
heterogeneous catalytic decomposition has been explored in the research by selecting cobalt oxide du
to its higher catalytic activity4[l].

In this work,we performedAuNPs incorporated PEDOT filran electrode surface and it was
used assensing matrixo determine NaClO. Because the electrocatalytic reduction was seldom to
study, we proposed a simple system to prepardPs/PEDOTnanoparticle to electrocatalytically
reduce hypochlorite. le proposed namompositewas characterized bygyclic voltammetry,atomic
force microscopyscanning electron microscopysray diffraction and electrochemical impedance
spectrometry tauinderstandts electrochemical behaviors, surface morphology, and comptisitas
also studied with the sensitivity and tihéerference

2. EXPERIMENTAL

2.1 Reagents

The potassium tetrachloroaurate (KAwChnhydrous, 97%and 3,4ethylenedioxythiophene
(EDOT) monomer were purchased from Sigmaldrich (USA). lonic liquid 1-butyl-3-
methylimidazolium tetrafluoroborat8MT) (purum > 97 % HPLC) was purchased from Flukall
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other chemicals purchased fromMerck) were used of analytical grade (99%). Double distilled
deionized wate(DDDW) was used to prepare all the solutions. A phosphate buffer solution (PBS) of
pH 7.0 was prepared usitgeHPO, (0.05 mol L) and NaHPO, (0.05 mol LY.

2.2. Apparatus

The CHI 1205a potentiostats (CH Instruments, USMas applied to perform lla
electrochemical experimenis this work The glassy carbon electrod®8AS GCE d = 0.3 cm; A=
0.07 cn?, Bioanaytical Systems, Inc., USA) was uses working electrodeThe larger electrode
(BAS GCE, d = 0.6 cm; A= 0.2826n) was used for amperometric experimeftonventional three
electrode systerwas used in this work and éonsists of a referenadectrode(Ag/AgCl (KClsy)), a
working electrode,and a counter electrodéplatinum wirg. Particularly,the ionic liquid filled Ag
electrodes (Ag/ionic liquidyvere used as the reference electrodehen prepared the gejobly(3,4-
ethylenedioxythiophenefilm modified electrode All buffer solutiors were entirely altered by
deaeratingusing nitrogen gas atmosphgr&he electrochemical cells were properly sealed to avoid
the oxygen interference from the atmosphétemic force microscopéAFM, Model Name:Being
Naro-Instruments CSPMO000, China was usedin tapping mode. Scanning electron microscope
(SEM, Model Name:HITACHI S-3000H Japan) wsalso usedo obtainimagesof electrode surface
For our conveniencethe indium tin oxide (ITO)glass was used as the s to immobilize
different films for X-ray diffraction (XRD)analysis. Electrochemical impedance spectroscopy, (EIS
Model Name:ZAHNER impedance analyzelGermany) vas used to analyze the resistance of
electrochemical system

2.3.Prepanation ofthe malified electrodes including AuNPs/GCE, PEDOT/GCE,
and AuNPs/PEDOT/GCE

Prior to the electrochemical deposition process,glagsy carbon electrod&CE) was well
polishedby BAS polishing kit with aqueous slurries of alumina powder (@.0% )After washing the
electrode indouble distilled deionized wat¢bDDW), it was furtherinsed and ultragonicatedo be
used

The gold nanoparticles (AuNPs) modified glassy carbon electrode (AuNPs/GCE) was prepared
by adsorption method. The bare eftede was immersed IBMT (pH 1.2)containing D M KAuCl,
for one hour. It was further dried out to be used.

The poly@,4-ethylenedioxythiophenefilm modified glassy carbon electrode (PEDOT/GCE)
was prepared by electrochemical method. The bare electrasienmersed iBMT solution (pH 1.2)
containing 0.0IM EDOT by cyclic voltammetry (30 scan cycles) fret5 to 1.1 V (scan rate = 100
mV s%).

The gold nanoparticlegoly(3,4-ethylenedioxythiophenemodified glassy carbon electrode
(AUNPs/PEDOT/GCE) wasalso prepared by electrochemical method. The bare electrode was
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immersed iBBMT (pH 1.2)containingl0® M KAuCl, and0.01M EDOT by cyclic voltammetry (30
scan cycles) frord0.5 to 1.1 V (scan rate = 100 mW)s

3. RESULTS AND DISCUSSION

3.1. Electrockemicalcharacteristics of AUNPs/PEDC3ectrode

AuNPs/PEDOTnhanocompositevassuccessfullymmobilized on electrode surface by a simple
method. A cleaned electrode was immersed in the BMlition (pH 1.2)containing D> M KAUCl,
and 0.01 M EDOT by cyclic voltammetry. The cyclic voltammogran(curve a,Fig. 1) of the
electrochemical depositias involving oxidation process @lectrode surfacgl4] andthe anodic peak
can be observedt 1.1 V. ltindicatesthat PEDOT went firstly to form on electrodeirface by
oxidationof EDOT monomersElectrochemical caleposition might be performed by the interaction
between the formed PEDOT and AuNPsbadly redox couplevas foundwith an anodic peakf
0.716 V and a cathodic peak0.131 V. These redggeals exhibit more positivepotentialthanthat of
AuNPs electrode Ep, = 0.670 V,E,c = 0.110 V; as shown in curve b of Fig. The PEDOT is an
oxidation state as shown in scheme 1.

Current

-0.8 -0.4 0 0.4 0.8 1.2
E/V vs. Ag/AgCl

Figure 1. (a) Cyclic voltammograra of the AuNPs/PEDOTpreparationusing GCEwith 30 scan
cycles inBMT (pH 1.2)containing 0° M KAuCl, and0.01M EDOT:; and (b) AUNPs/GCE
(prepared by adsorption of immersing GCEBMT containing D M KAuCl,) examined in
BMT solution(pH 1.2) scan rate = 0.1 ¥™.
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Scheme 10xidation sate of PEDOT film.

As previous PEDOT study B# the gold nanoparticles were incorporated within the polymer
backbone through possible geddifur (thiophene) interactions (as shown in Scheme 2). In order to
confirm that theAuNPs/PEDOThad been modifiedn the electrode surface, the voltammogram of
PEDOT film was checked and understood that it had almost no redox couple as compared to bare
electrode in0.1 M PBS (pH 7)From Fig. 1, lhe significantcurrent development dhe redox peaks
was found similarto AUNPYGCE. So thatwe can confirm thathe AuNPs/PEDOT filmwas
immobilized on electrode surface by proposed method (electrochemical syntBgsisg way the
constructionof conducting polymer/nanopatrticles (CP/NPs) was accomplished by-teposiion of
AuNPs ircorporatedvith PEDOT.

Scheme2. Structure ofAUNPS/PEDOTiIm.

AuNPs/PEDOTGCEwaselectrochemically characterized in variacsn ratein PBS solution
(pH 7). Fig. 2A shows the cyclic voltammograms of the modified electrode atreiffescan rates in
the scanrangeof 0.27 1.4V. As increasing thescan rate AUNPs/PEDOTwas foundwith a broad
anodic pealof 1.017 1.23 V anda sharp cathodic peadf 0.4B 1 0.4 V. Peak currentvasdirectly
proportional to scan rate up 1000 mV s' (asshown in thenseta of Fig. 2A) as expected for surface
confined processlhe linearity between peak current and scan rate indicates that the electron transfer
was very fast and this system was not diffusion controgakithmic regressingquationof anodic
peak currentlf,) and scan ratev) can be expressed as Ihg( € A ) 73%lodl)(mV s 1 0.609, B
= 0.9955 (as the inset b of Fig. 2A). It was also noticed that the abtragihtline of logarithmic
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result between anodic current andrscate. This means that both the current was increasing stably as
theincreaseof scan rate.
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Figure 2. (A) Cyclic voltammograms oAuNPs/PEDOTGCE examinedin 0.1 M PBS (pH 7)with
different <an ratefrom 0.01to 1 V s?, respectively Inses: (a) pld of anodic and cathodic
peak current vs. scan rate; (b) plot of logarithm correlation of anodic and cathodic peak current
vs. scan rate(B) Cyclic voltammogramsof AuNPs/PEDOTGCE examined invarious pH
condition including pH= (a) 1, (b4, (c) 7, (d) 9(e) 11,and(f) 13, respectively, scan rate = 0.1
V st Inset: plot of formal potentidE™) of AUNPS/PEDOTGCEVvs. pH.
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Figure 3. Tapping mode AFM imageof (A) bare GCE, B) AuNPs/GCE (C) PEDOTGCE, and D)
AuNPs/PEDOT/GCEand the SEMmages of (A0 ) b ar B6 AGNPPEGCE,(CO6 ) PEDO
T/GCE and D6 AuNPs/PEDOTGEGCE, respectively
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AuNPs/PEDOTGCE was also examined in various pH conditions. Fig. @Bplays the pH
dependent voltammetric response tbé AUNPs/PEDOTelectrode.In order to ascertain i the
voltammetric responses @&uNPs/PEDOTelectrodewere obtained in the solutions of different pH
valuesvarying from 1 to13. This resultdemonstrate that theformal potential(E® of the redox
couples were pH dependent and negatively shifted drngasing pHsalue ofthe solution. The plot of
E®versuspH yields straight line with a slope about-60 mV pH™ (as shown in the inset &ig. 2B).

This resultwas very close to the anticipated Nernstian values®fmV pH* for processes in which

equa numbers of electrons and protons were involved in the electrode reactions. The pH dependence
suggests that the electroactive sites on Ab&lPs/PEDOTelectrode behave as true surface active
groups influenced by specific solution conditions and not sédeldthin the electrode interior.

3.2. Morphology studiesf AUNPs/PEDOhanocomposite

Surface morphologpf the nana@ompositewas studied by AFM and SEMFig. 3A-D shows
AFM images estimated irhé average diameter of 174 nm, 34.5 nm, and 54.9on®REDOT film,
AuNPs film, and AuNPs/PEDOT film, respectivelyhe average diameter é&fuNPs/PEDOTwas
found between PEDOT and AuNP# the formation process cAuNPs/PEDOTnana@omposite
PEDOT was firstly performed on electrode surface and funtitleicad gold to form goldsulfur of the
nana@omposite It meansthat the averagesize of AUNPs/PEDOTbetweenAuNPs and PEDOTis
extremely likeAuNPscovered over PEDOT dduNPs/PEDOTnan@omposite The partial weight of
AuNPs and PEDOTwas estimated witkaverage thickess(ta, = 9.7 10° cm, teepor = 8.23 108
cm),d e n s ht $9.32 g/lcm, pegor= 1.5 glend [46]), andoccupiedarea (A, = 007 cnf, Apepor
= 007 cnf). We had calculated the partial weight18.12 ng and 8.64 nfpr AUNPs and PEDOT
respectivelySothe partialfraction of AuNPswas evaluated b§0.29 wt% (W./(Wau + WpepoT)) in the
nana@omposite.

3.3. XRDanalysis of AuUNPs/PEDOT nanocomposite

Fig. 4 shows the XRDresult of AUNPs/PEDOTnana@ompositeprepared by the proposed
method The diffraction &atureswere foundat 2 theta as35.1% 38.2% 43.47% 44.6% 50.63% and
56.2& These patterns correspondedfin(222), Au1l), Au(331), Au(420), Au(422)and Au(511)
planes of the standard cubic phase of Au, respecti8elye peaks were found in.693and 21.34for
PEDOT. And the others were found in 33&0.0% and 72.44for the ITO substrate. The elements
of AUNPs/PEDOThana@ompositenvere known by the XRD result.

3.4. ElSanalysis of AUNPs/PEDOT nanocomposite

Electrochemistry impedance spscopy(EIS) technique is an effective method to probe the
features of surface modified electrodes. From the shape of an impedance spectrum, the electron
transfer kinetics and diffusion characteristics can be extracted. The respective semicircleeparamet
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correspond to the electron transfer resistancgg éRd the double layer capacity)Cnature of the
modified electrodes.
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Figure 4. X-ray diffraction patteraof AUNPs/PEDOTiIm modifiedon ITO glass substrate.

The electrochemical activity of UWPs/PEDOT modified GCEvas examined using EIS
technique. Fig 5A shows the Nyquist plos for bare GCE AuNPYGCE PEDOTGCE and
AuNPs/PEDOTGCE, respectively As comparedo bare GCHR = 1154q, Fig. 5A(d)) these film
modified electrodes shotihe smaller semicircle parameterBhese modified electrodes obtained the
Ret Of 72.39(q 1 88 . 3abn d q 4ov BEDQTBGCE(Fig. 5A@), AUNPs/PEDOT/GCHFig.
5A(b)), and AUNPs/GCE(Fig. 5A(c)), respetively. PEDOT/GCEwas found aralmost straight line
(Fig. 5A(a) with a very small depressed semicircle arg R 7 2 . \8h&h ngeanghatthe PEDOT
accelerates the electron transfer rate and provides a nettwockureto disperse nangold particles
Moreover, it was noticethat the Re; might be lowered by PEDOT in thelectrochemicakystem.
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Particularly,the AUNPS/PEDOT/GCE hdble R value between PEDOT amdiNPs It means that the
AuNPs/PEDOT nanocomposite maintains the partial nature AofNPs and PEDOT due to the

composite distribution. It can be concluded tREDOTnot only can help the edeposition ofAUNPs
but also can lower thge; in the electrochemical system.
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Figure 5. (A) Electrochemical impedance spectra of (a) PEDOT/GCEAUNPs/PEDOTGCE, (c)
AuNPYGCE, and (d) bare GC&aminedn 0.1 MPBS(pH 7). (B) Cyclic voltammogramsf
(a) AUNPs/PEDONGCE, (b) PEDOT/GCE, ¢) AuUNPSGCEand (ad) bare GCE

0.1 M PBS (pH 7kontainingl0* M NaClO, scan rate = 0.1 Vs All teds were carried ouh
the absence of oxygen
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Figure 6. Amperometric responses &uNPs/PEDOT/GCEn 0.1 M PBS (pH 7)with sequential
additions of(A) standard NaClGand (B)real NaClO samplerespectively (Btating speed:
1000 rpm Eapp. = 0 V Insets (a) & (a9 are scalaup of current response for (A) standard
NaClO and (B) real NaCIlO during 0200 s; (b) & (8 areplot of concentratiorvs. catalytic
currentfor (A) standard NaClO and (B) real NaClO duringl@00 s). (C)Amperometric
responses AAUNPS/PEDOTGCE examinedn 0.1 M PBS (pH 7rontaining(a) 0 (blank), (b)
1010° M NaCIO, (c) 20L0° M NaClO + 1010° M H,0, + 1010° M C,HsOH, (d) 3U10° M
NaClO + 110° M H,0, + 101L0° M C,HsOH, and (e4U10° M NaClO + 1010° M H,0, + 10
10° M C,HsOH, respectively (Rtating speed 1000 rpm Eapp. = 0 V. All tests were carried
outin the absence of oxygen



