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ABSTRACT

The electrochemical behavior of catechol at the multiwall carbon nanotubes
(MWNTSs)/paly (3-methylthiophene) (P3M T)/glassy carbon electrode (GCE)
was investigated by cyclic voltammetry (CV) and differential pulse
voltammetry (DPV). The experimental results suggested the modified el ec-
trode combined the advantage of PAMT and MWNTS, they exhibited
electrocatal ytic effect onthe oxidation of catechol, and resulted in enhance-
ment of rate of charge-transfer. In 0.1mol L*phosphate buffer solution (PBS,
pH 6.4), the peak currents of DPV were linear with the catechol concentra-
tionintwointervals, viz. 0.2-0.6pumol L*and 0.6-1.0umoal L1, with the corre-
lation coefficients were 0.9996, 0.9967 mentioned above respectively. The
detection limit of catechol can be estimated to be 5 x 10%mol L-1(S/N = 3).
Theeffectsof scanrates, pH for the voltammetric behavior and detection of
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catechol were also discussed.

INTRODUCTION

Catechol asimportant phenolic compound in na-
ture, itisoften used inindustria processes, such asde-
veloper, depressor, antioxidant, secondary coloring
mattersand so on. Meanwhile, most of themarehighly
toxic to the environment and the human*3. Therefore,
the detection, identification and quantification of cat-
echol haveganed Sgnificancein environmenta protec-
tion, food safety and human hedth. Sofar, severd meth-
ods have been applied to determine phenols, including
liquid chromatography™, gas chromatography/mass
spectrometry®, spectrophotometer’®, and synchronous
fluorescence”. However, some of these mentioned
methods havethe disadvantages of expensive, low sen-
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sitivity, time-consuming and complicate pretreatment.
Inrecent years, polymer-modified € ectrodeshave
attracted extensvely interest, because of their good re-
producibility, stability, more active sitesand so on®.
Poly (3-methylthiophene) (P3MT) isan e ectronicaly
conducting polymer, whichiseasily deposited onto dec-
trodes by €l ectro-oxidation of itsmonomer, and many
reports about its preparation and characterization have
been published®®. Asfar aswe know, PSMT modi-
fied e ectrodeshave been extensively reported and have
shown excellent € ectro-catal ytic effect on some com-
poundswhi ch have conjugated doublebondin molecular
structure, such as phenolic compounds?¢2, dopam-
ing?, 8-Hydroxy-2’-deoxyguanosine (8-OH-dG)?2.
Carbon nanotubes (CNTSs) havereceived moreat-


mailto:j-s-zhao@hotmail.com

ACAIJ, 9(2) June 2010

Jinsheng Zhao et al.

287

tention sincetheir discovery in 199123, dueto their
exceptiona mechanica and electrica properties. Gen-
erally, therearetwo kinds of nanotubes: single-walled
carbon nanotubes (SWNTSs) and multiwall carbon
nanotubes (MWNTS). MWNTshavehigh surfaceares,
specific conductivity formation, stable chemica prop-
erty and the character of mechanica strength, so
MWNTsattract scientists’ extensive attention in sen-
sorsresearch?+%, Recently, polymer/MWNTsmodi-
fied electrodes have excellent el ectro-cata ytic ability
for somebiologica moleculesbecause of their adsorp-
tion onto the surface of the MWNTsthrough strong -
n stocking forceto themodified filmfY,

Inthiswork, we prepared the modified glassy car-
bon e ectrode (GCE) by coating the MWNTsonto the
eectrochemica polymerized PSMT surface. Thismodi-
fied electrode combined the advantage of PSMT and
MWNTSs, exhibited dramatic €l ectro-cata ytic effect on
the oxidation of catechol, and resulted in enhancement
of rate of charge-transfer. Theeffectsof scanrates, pH
for thevoltammetric behavior and detection of catechol
werea so discussed.

EXPERIMENTAL

Apparatus

Cyclicvoltammetry (CV) and thedifferentid pulse
voltammetry (DPV) wereperformed usngaCHI760C
electrochemical workstation (CH Instruments, Shang-
hai, Chenhua Equipments, China). The conventional
three-e ectrode system was employed with abare GCE,
aP3MT/GCE or aMWNTs/ PSMT/GCE asworking
electrode, aplatinumwireasauxiliary eectrode, andthe
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Figurel: CVsof 1x 10°mol L catechal at thebare GCE (a),

P3MT/GCE (b) and MWNTYP3M T/GCE (c)in0.1mol L*pH
6.4 PBS. Scan rate: 100mV s?
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referencedectrodewasasaturated Ag/AgCl.
Chemicalsand reagents

3-methythiohene (3MT) wasobtained fromAcros
and 3M T wasused without further purification, MWNTs
waspurchased from Chengdu Organic ChemicasCo.Ltd.
(Chengdu, China), Acetonitrile(LC grade), NaClO, and
catechol wereall obtained fromAldrich. All other re-
agentswereanalytica reagent grade, and all solutions
wereprepared usingtwicedigtilled water.

Fabrication of modified glassy carbon electrode

The preparation of PBMT modified GCE (P3MT/
GCE) has been described in previous workg1921.22,
Briefly, prior to the polymer electro-synthesis, the sur-
face of the GCE (diameter 3.0mm) was polished with
0.05um aluminadurry and cleaned by ultra-sonication
intwicedidtilled water. PSM T was el ectro-deposited
on a GCE surface from asolution containing 0.1 M
3MT and 0.1M NaClO, dissolved in acetonitrile. Both
CV and the potentiostatic mode were adapted for
P3MT film preparation. Cyclic voltammograms(CVs)
wererecorded between 0.0and 1.7V vs. Ag/AQCI at
ascan rate of 20mV s* for three cycles, and then the
filmwasgrown in potenti ostatic mode at apotentia of
0.7V vs.Ag/AgCl for 10 s. After the polymerization,
the electrodewastreated in pH 7.0 PBS by repetitive
scanning inthe potentia rangeof 0.0and 1.7V vs. Ag/
AgCI for 10 cycles and then between -0.2and 0.5V
vs.Ag/AQCI at ascan rate of 100mV st until astable
background was obtained. Thus, the P3M T-modified
GCE wasachieved.

The MWNTsweretreated by the mixture of con-
centrated H,SO, and concentrated HNO, (1/3, v/v), it
iswell known that thistreatment causes segmentation
and carboxylation of MWNTsat their terminuses?.
1.0 mg/mL MWNTsdispersionwasmadeby 1.0 mg
solubilizingMWNTsin 1.0mL twicedidilled water, and
sonicatingfor 100 s. Following thisstep, 5ul MWNTS
dispersion were scrupul ously dropped onto the surface
of PBMT/GCE. Theelectrode wastreated in pH 7.0
PBS by repetitive scanning in the potentia range of -
0.2-0.6V vs. Ag/AQCIl at ascanrate of 100mV stuntil
astable background wasobtained. Thus, the MWNTs
/ P3BMT modified electrode was achieved. The pre-
pared el ectrodeswere stored in adry chamber before
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Figure2: CVsof 1 x 10°mol L * catechol at the M WNTs/P3M T/GCE with variouspH values(4.5-8.5) in 0.1 mol L *PBS.
Scanrate: 100mV s(A). Therelationship between Epaand pH (B), relationship between o and pH (C)

useto keep their surfacedried.
Electr ochemical experiments

TheDPV and CV experimentswereperformedin
0.1 mol L"* phosphate buffer solution (PBS, pH 6.4)
containing certain concentrationsof catechol. Under the
variousconditions, theDPV and CV wererecordedin
aguitablepotentia range. All experimentswerecarried
out at ambient temperature (about 25°C) under ani-
trogen atmosphere.

RESULTSAND DISCUSSION

Electr ochemical behavior sof catechol at themodi-
fied electrodes

CVsof catechol at threedifferent electrodeswere
showninfigure 1. Atthebare GCE (Figure 1, curved), a
coupleof broad, ill-defined redox waveswereobserved
with AE, (80 mV vs. Ag/AgCl). However, acoupleof
well-defined redox wavesaswell asenhanced el ectro-
chemicd responseof catechol gppeared at PAMT/GCE,
MWNTSP3MT/GCEwithAE,, 60mV vs Ag/AgCl and
40mV vs. Ag/AQCI, respectively. Figurel, curve(c) sug-
gested that thefilm of MWNTs/P3M T/ GCE can com-
bined theadvantage of PBMT and MWNTS, which can
effectively caidyzethedectro-oxidation of catechal, im-
provethe peak shape and accelerate el ectron transfer;
moreover, result inincreased responsetowardsthere-
dox of catechol incontrast to PAMT or GCE done. That
isto say, theMWNTs/P3M T/ GCE had better e ectro-
cadyticactivity for thecatechal.

Effect of pH on theresponseat themodified elec-
trode

The pH vaue of the supporting electrode has a
Hnalytical CHEMISTRY o

ggnificant influenceontheCV of catechol atheMWNTs
/IP3MT/ GCE asshowninfigure2 (A). It can beseen
that the anodic peak potential shiftstoward negative
valueswiththeincrease of the supporting el ectrolyte
pH from 4.5t0 8.5, indicating that the el ectrochemical
process of catechol was associated with aproton-trans-
fer process. There ationship between the anodic po-
tential (Epa) of catechol and the pH waslinear and a
linear regression equation Epa(mV vs. Ag/AQCI) =
0.4042-0.03999 pH can be obtained over the 4.5-8.5
with thecorrelation coefficient of 0.9986 (Figure2 (B)).
Thedopeof dEp/d(pH) =0.03999 implied that the up-
take of electronswas accompanied by an equal num-
ber of protong?*2,

0-HOCH,OH = 0-C H,0,+2H"+2e
Figure 2 (C) showed the higher peak current ap-
peared at pH range of 6.0-7.0, we used catechol pH

vaueat 6.4 throughout thework.

Effect of thescan rateon eectrochemical response
of catechol at the MWNTS/P3MT/GCE

Theeffect of the scan rateson the el ectrochemical
behavior of 1 x 10° mol L* catechol at the MWNTY
P3MT/GCE in 0.1 mol L pH 6.4 PBS was investi-
gated by CV andtheresultswereshownin (Figure 3(a)).
It can be seen that the anodic peak current increased
and the peek potential shiftstowardsmore positiveval-
ueswith theincrease of scan rates. Theplot of log |,
againgt log Vv waslinear over therangeof 20-200mV st
and thelinear regression equationlog |, =-0.1668 +
0.640610gV (I, inpA andVinmV s*) withacorrela-
tion coefficient of 0.9996 wasobtained | againgt square
root of V, which suggested that catechol undergoesan
adsorption-controlled processat the MWNTSYP3MT
modified glassy carbon € ectrode surface.
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Figure3: CVsof 1x 10°mol L catechol at theMWNTs/ P3M T/GCE in 0.1 mol L pH 6.4 PBSwith scan ratesof 200, 150,
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Figure4: (a) DPV (background correction) of different concentrationscatechol at MWNT/P3M T/GCE. Concentrations. 0.2,
0.3,0.4,0.5,0.6, 0.8, 1.0umol L. Potential range: -0.2-0.4V (vs. Ag/AgCl); Incr E (V): 0.004; Amplitude (V):0.05; Pulse
Width (sec): 0.2; Samplewidth (sec): 0.02; Pulseperiod (sec): 0.5; Quiet time(sec): 2. (b) Thelinear reationshipsin different

concentr ationscatechol at theMWNT/P3M T/GCE

DPV for detection catechol at theMWNTSP3MT
modified electrode

DPV wasused for the determination of catechol,
because of itsmuch higher current sengitivity and better
resolution than CV. Figure 4(a) showed the DPV of
different concentrationscatechol at MWNT/P3MT/
GCE. A preconcentration time of 300swasneeded for
thedetermination. Therd ativedeviation was2.1%for
7 successive determinationsat 0.2umol L catechoal,
whichindicated that the modified € ectrode hasagood
reproducibility for catechol. After each of determina-
tion the electrode was treated in pH 7.0 PBS by re-
petitivescanning until astablebackground was obtained.

Figure4(b) showed thelinear relationshipsin dif-
ferent concentrations catechol at the MWNTS/P3M T/
GCE. Two linear relationshipswerefound differentia

pulse peak heights of catechol withitsdifferent con-
centrations, thelinear regress on equations, respectively:
l../uA =-0.1019 + 2.105 ¢/(umol L)

R =0.9986 (0.2-0.6 umol L)

| ../nA =0.8086 + 0.61 c/(umol L)

R =0.9967 (0.6-1.0 umol L)

The corresponding d opes (sengitivity) were 2.105,
0.61uA /(umol L) inthetwo linear regression equa-
tions, the correlation coefficientswere 0.9986, 0.9967
mentioned aboverespectively, thedetection limitwas5
x 108 mol L1 (S/N = 3).

CONCLUSION

A glassy carbon € ectrode modified with MWNTS/
P3MT filmwasfabricated. Compared with PSMT/GCE
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and MWNTs/P3MT/GCE, the MWNTs/P3MT/GCE
can combined the advantagesof PSMT and MWNTS,
which can effectively catayzethe el ectro-oxidation of
catechol, improvethe peak shape and accelerate el ec-
tron transfer; moreover, result inincreased response
towardstheredox of catechol. Themodified e ectrode
al so showed better reproducibility and stability. In0.1
mol L pH 6.4 PBS, the peak currents of DPV were
linear with catechol concentrationintwointervas, with
thedetectionlimit of 5x 10® mol L catechol (SN = 3).
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