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ABSTRACT

The electrochemical behavior of aC, /CdSfilm cast on GC electrode in the acetonitrile solution was investigated.
Subsequent cyclic voltammetric scans transformed the precursor to a C,-CdS composite film which exhibited
quasi-reversible electron-transfer reactions. The formation and structure of the C_-CdS composite films were
characterized by UV-Visand TEM. To explorethe biological activitiesof the composite films, the electrocatalysis of
Hb(hemoglobin) at the C_-CdS composite film was also studied. Moreover, the preferable catalytic activity of C_-
CdS/Hb composite film towards hydrogen peroxide(H,O,) was demonstrated.

© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

C,, asnovel al-carbon n-electron system hasin-
creasingly invited expl oration of its outstanding new
physical and chemical properties3. Among various
particular properties, itselectrochemical behavior is
specid. C,, canbecathodically reducedingorotic el ec-
trolytesolutiontowardsC,;,C, 7, ...,C > insixre-
versibleonedectron steps?, whilethin solid films of
C,, exhibit irreversiblereductions, with areconstruc-
tion of thefilm structurg?,

Electrochemica sudiesof fullerenefilmshavebeen
very richin nonaqueous solution®!, however, theelec-
trochemigtry of fullerenefilmshasbeenvery limitedin
an aqueous solution!*>*3, and that both the reduction
and the oxidation werecompletely irreversibl ¥, To
solvethe problem, the e ectrochemistry of supramo-
lecular complex filmsof fullereneswith cyclodextrins
and cdlixarenesin solution containing water wasinvesti-

gated*>21, and a series of reversible el ectroreduction
waveswereobtained. Ontheother ways, C_ wasem-
bedded in cationic surfactant lipids, such astetraoctylphos
phonium bromide, tetraoctylammonium bromide,
ditetradedecyl dimethylammonium paly(styrenesulfonate),
and didodecyldimethylammonium bromide, etc., and
these composite films also exhibit reversible
electroreduction character in an aqueous solution'?,
Semiconductor NPs (nanoparticles) have been ex-
tengvely studied inthe past two decadesdueto unique
optical and electronic propertieswhich are not avail-
ableineither discreteor in bulk solidg? 4. TheseNPs
exhibit quantum size effects such asablueshift of ab-
sorption onset, achange of eectrochemicd potentid of
band edge, and an enhancement of photocatal ytic ac-
tivitieswith decreasing crystalitesize. Among theNPs,
CdSisthemost promising materia for detectingvisible
radiation duetoits primary band gap of 2.42¢eV &t the
room temperature. Meanwhile, CdS behaved asn-type


mailto:izfan@bnu.edu.cn,

134

Electrochemical preparation and electrocatalysis of hemoglobin

BCAIJ, 1(3) October 2007

Regular Paper

semiconductor, and it can be used asan e ectron accep-
tor. These dectrons can transfer to the surface of par-
ticlesrapidly because of the quantum sizeeffect of CdS
NPs, resultingin higher charge detaching efficiency!®!.
At present, thereisakeeninterestinthecompostefilms
of fullerenesand semiconductor NPsfrom both funda-
menta and practical pointsof viewg?27, Our research
isfocused on the el ectrochemistry of filmsformed of
fullerenesand semiconductor intheacetonitrilesolution
andtheir biological activitiesin anagueoussolutionin
order to produce€ ectrochemicdly stablefullerenecom-
positesfor further gpplication of biosensors.

In this paper, we report on the creation of aC_-
CdScompositefilmby cydicvoltammetry. Electrochem-
istry of thefilm madefrom CdSNPscontainingC,,on
aglassy carbon electrodewasinvestigated in the ac-
etonitrilesolution. It wasfound that the compositefilm
exhibited quas-reversblemultiple-step dectron-transfer
reactions. To explorethe possiblebiologica applica
tion, electrocatalysisof Hb at C, -CdSfilmswasalso
studied. Subsequently, the C_ -CdS/Hbfilmwas dem-
ondrated to exhibit preferable cata ytic activity towards
hydrogen peroxide(H,O,).

EXPERIMENTAL

C,(>99.9%) was purchased from Peking Univer-
sity. CASNPswere synthesi zed according to literature
but with someimprovement'?., In atypical procedure,
0.25g sublimed sulfur(0.007812mol) wasdissolved in
200ml DM SO at 100°C for about 1 h, then increased
t0 150°C. At thistemperature, apreheated sol ution of
2.5g cadmium acetate(9.398mmol) in 200mL DM SO
was added. The reaction solution waskept in 150°C
about one hour and then cool ed to ambient tempera-
ture. Adding 100mL acetoneto the solution, the pre-
cipitant was collected by centrifuging, and then washed
with acetonetwo times. After dried under vacuum at
room temperature, the CdS powders were obtai ned.
The prepared CdS NPswere stored by keeping away
fromlight. TBAPF,(Aldrich) wasdriedfor 6hinvacuum
before use. Acetonitrile(CH,CN)(HPLC grade,
Labscan AsiaCo., Thailand) was used as purchased.
Toluene(C,H.CH,)(Park Co. Dublin, Ireland) was
dried with sodium, refluxed for 6h, and then distilled.
The purified toluenewas stored in the presence of so-
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dium. Hb was purchased from Sigma. Other used re-
agentswere analytical grade. Water wasdoubly dis-
tilledfroman al-quartz till.

Immediately before use, aglassy carbon electrode
(3mm diameter) was polished toamirror finished with
emery paper and aluminadurry (1.0 and 0.3um), ul-
trasonicaly cleaninginwater for ~5min, anddriedina
high-purity nitrogen stream. C_ wasput into tolueneto
create asaturated solution. At the sametime, CASNPs
were added into ethylenetetrachlorideto create aso-
|ution with the concentration of 0.1M(mol-L%). Then,
0.1ml CdS NPs(0.1M) solution were dispersed in
0.75ml ethanol, added into 0.03ml C_ saturated solu-
tion, and then ultrasonicated for 10?15minto createa
suspension. Topreparethe C,/CdSmixturefilm, 15p
of the suspension was directly cast on a glassy
carbon(GC) electrode surface and the solvent was al -
lowed to evaporate at the room temperature.

UV-Vis spectrum was done on aCintral0e UV-
VisSpectrometer(GBC, Audirdia). TEM(transmission
€l ectron microscopy) measurementswere conducted
on PhilipsCM20 and JEOL 2010F transmission elec-
tron microscopeswith an accel erating voltage of 200kV
and SEM (scanning el ectron microscopy) wascarried
out withaKYKY 2000 SEM instrument in the second-
ary electron emission mode. Cyclic voltammetry
scan(CHI610B, Inc., Austin, USA) wasperformed with
athree-eectrode configuration . Themodified GC elec-
trodes were used asthe working el ectrode. A Pt wire
electrodewas served astheauxiliary electrode, and a
Ag/AQCI dectrodewas used asthereference. All dec-
trochemica experimentswereperformedinahigh pu-
rity N, atmosphere at ambient temperature.

RESULTSAND DISCUSSION

Thecyclicvoltammetric (CV) scanswerecarried
out onthefreshly cast filmsof C_/CdSonthe GC elec-
trodeinthe acetonitrile solution of 0.1M TBAPF,be-
tween 0 and -1.8V. After two or threescans, atypicd
CV profileof the C,-CdS compositefilmisobtained
asshowninfigure 1. Somedifferencebetweentheini-
tial scans(seefigure S1in supporting information) and
subsequent scanswas observed. The current response
increased alittle and the peak shapewaswell-defined
withincreasing CV cycles. Noticethat adistinctionis
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Figurel: Cydicvoltammogram of C_-CdScompositefilm
on GC dectrodein acetonitrilesolution containing 0.1mol
I"TBAPF,, and (inset) C,, film on GC electrodein acetoni-
trilesolution containing 0.1M TBAPF . Scanrate: 0.1V s*.
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Figure2: UV-Visspectraof: (a) C /CdSmixturefilm, (b)
C,-CdScompositefilm, andinset C_film

Figure3: TEM imagesof (a) C,/CdSmixturefilmsand
(b) C,-CdScompositefilms

made here betweenthe C, /CdSmixtureand the C_ -
CdS composites: theformer ischaracterized by feeble
physica adsorption, whereasthelatter involvesstrong
interactions between C,, and CdSinduced by the CV
scans. Namely, thecompositefilm exhibitsquasi-re-
versible multiple-step € ectron-transfer reactions cor-
responding to C,/C,,C /C ?and C_?/C, 3>,
which resemblethose of C_, dissolved inan acetoni-
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trileftol uene sol vent mixtureonaGC working e ectrode
(seeFgure2insupporting information). Thisisin con-
trast with thereductionwavesof C_ filminan acetoni-
trilesolution containing 0.1 M TBAPF, wherethere
arelargesplitting betweenthefirst two reduction waves
and corresponding reoxidation waves (seeinsetinfig-
ure 1), Theseindicated that €l ectrochemica response
of C,,embedded in cast filmsof CdASNPson GC elec-
trodewasdifferent from that of the pristine C_ film.
The ethanol suspension of aC, -CdS composite
film obtai ned after anumber of CV scanstogether with
the C,/CdSmixturefilmand C_ film were character-
ized by UV-Visabsorption spectroscopy(seefigure 2).
Compared withthetypical absorption peak of C_ at
326 nm(seeinset in figure 2), besides the absorption
peak of CdS between 420 and 510 nm, the absorption
peak of C,inC, /CdSmixturefilmisunchanged(curve
a), whichisincomparisonwith ared shift of about 8hm
for C,-CdS composite film(curve b). The phenom-
enon indicates theinteraction between C,, and CdS
NPsin C_-CdS compositefilm after theinducement
of CV scans. Similar observationswerereportedinthe
functionalization of C_ previously, but herethefunc-
tiond substanceisCASNPs. It followsthat, inthe C_-
CdScompositefilm prepared by CV, C_ ismost prob-
ably attached to the CdS by covdent interaction, which
isinlinewiththeexigtingliteraturereportg®-32,
Inorder to understand theroleof CV scansinform-
ingthe C,-CdS compositefilm, TEM wasemployed
to examinethe surface morphologiesof C, /CdSmix-
turefilmand C_-CdS compositefilm (Figure 3). For
the C/CdSmixturefilm, crystal structured CASNPs
and black NPsof C, existindividually. Many aggre-
gatesof C_ arealso observed (Figure 3a). However,
the TEM image of the C,-CdS composite film ob-
tained after several CV scans shows that the
nanoparticlesof C_ areuniformly dispersed onthe CdS
NPs (Figure3b). Itislikely that the C_-CdS compos-
itefilmsareformedinthefollowingway. CdSisann-
type semiconductor, which can be used asan el ectron
acceptor. To begin with, C,,molecules are adsorbed
on the surface of CdS NPsby e ectron affinity. How-
ever, because C moietiesarereactive, the additional
free C,, moleculeswill tend to aggregate with the al -
ready adsorbed C_ on CdSNPsto form C, clusters.
Conceivably, the CV scansto negative potentials pro-
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Figure4: Cyclicvoltammogramsfor (a) C,-CdScompos-
itefilmand (b) CdSfilmon GC electrodein 0.1M PBS
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Figureb: Cyclicvoiltammogramsor C,-Castiimsin the
absence(a) and presence(b) of 1.0x10°mol-L*Hbin 0.1moal
L1PBS. Inst: cyclicvoltammogram of CdSfilmin 1.0x10

Smol-L*Hbin 0.1mol I* PBS, Scan rate: 0.03V-s?
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videan dectron-rich environment onthe CdS surfaces,
for nucleophilic additiontothe électro-deficient C_ to
formacovaent bond. Thisleadsto uniform dispersion
of C,,on CdSsurfaces. Furthermore, itisfoundthat the
resulting C, -CdScompositefilmwasstable. Although
morethan 50 complete CV cycleswere performed, no
ggnificant changein cathodic and anodic pegk potentias
and currentswas observed (asshowninfigure1).
Thestable C_-CdS compositefilm promisesthe
potentiad gpplication asnew materia. Toexploreitshio-
logical application, theelectrochemicd propertiesinan
aqueous solution wereinvestigated. When the potentia
was scanned between -0.25 and -0.65V, the C_-CdS
compositefilm showed acoupleof reduction/reoxidetion
peaks positioned at E= =-0.443V, and E. =-0.383Vin
0.1IM phosphatebuffer solution(PBS) in f| gure4 (curve
a), while CdS NPsfilm showed no peaks under the
same condition(curveb). Namely, thecompositefilm
exhibitsquas-reversibledectron-transfer reaction cor-
respondingto C_/C, . The CVsfor the C,-CdScom-
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postefilmsat different scanratein 0.1M PBSareshown
infigure S3in supporting Information. Furthermore, the
anodic currentsfor redox coupleshavealinear rela
tionship with thescanrateintherange of 0.01-0.05Vs?
(seeinset of figure S3), asexpected to athin-layer eec-
trochemical behavior and atypica surface-controlled
quasi-reversibleprocess.

Wehavereported that C inC_-MWCNT (Mul-
tiple-walled carbon nanotube) compositefilms could
be as an excellent el ectron-transfer mediator for the
heterogeneous electron transfer of Hb*3, Asaresuilt,
thevoltammetric behavior of Hb at C_-CdSfilmwas
asoinvestigated. CVsobtained with C, -CdS com-
positefilmsbetween-0.3and-0.6V in0.IMPBSwith
(curve o) and without(curveb) added Hb areshownin
figure 5. The C,-CdS compositefilm showed anin-
creasein the height of the reduction current and the
oxidation current after added Hb and a small peak-
potential shift towards positive direction was also
observed(cvrveb). In contrast, CVsfor the CdSfilm
on GC e ectrodein 0.1 M PBSwith added Hb shows
no any redox peaks(seeinset infigure5)*4. Thesere-
sultsindicatethat the C_-CdS compositefilm should
have catalytic effect with Hb. Furthermore, the cata-
lytic reduction peak current for C_ waslinearly pro-
portiona to the concentrationsof Hbintherangefrom
2.0x10°mol-L*to 1.0x10°mol-L?, thelinear regres-
sion equationisexpressed asl/uA=0.355+0.627c/(10
®mol L) (R=0.9993, N=5). These are characteristic
of cataytic reductionof Hb by C_ inthefilms, indicat-
ing that the C, -CdS composite films are capabl e of
mediating the electron-transfer rate of Hb and theem-
bedded C, is an electron-transfer mediator. Then a
possi blemechanismfor thed ectrocata ytic reaction was
proposed asfollows:

Cso- CdS+e :CGO-' Cds
HbFe(l11) + C60 -CdS C60-CdS+Hbfe(l 1)
HbFe(ll) === HbFe(lll)+e

where C_in the C_-CdS composite film on GC electrode get
electronfirstly, then, asamediator, C,-CdStransfer the elec-
tronto HbFe(l11) to form C_ -CdS and HbFe(l1), respectively,
followed by oxidizing HbFe(I1) to HbFe(l11), at reversible po-
tential scan.

To attest that Hb molecules have penetrated into
the C,-CdScompositefilms, themorphology of aC_-

CdS/Hb compositefilmwascharacterized by SEM (see
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Figure6: Cydlicvoltammogramsot C_-CdS/Hb compos-
itefilmin theabsence(a) and presence (b) of 15umH.,0O,
in 0.1mol-L-*PBS, Scanrate: 0.05V-s?

igure 4 in Supporting Information); The SEM shows
some snowflake crystal sin comparison with the mor-
phology of C_-CdScompositefilm (figure 3), suggest-
ing that Hb moleculesexistinthe C, -CdSfilms.

Further studiesrevea that Hb also exhibits cata-
lytic activity towardsH,O, after itsinteractingwith C -
CdS compositefilm. In blank PBS, the C, -CdS/Hb
film gaveapair of quasi-reversibleanodic and cathodic
waves (seefigure 6a). When 15uMH,O, was added
into the solution, the cathodic peak current increased
sgnificantly and the oxidation peak current decreased
(Figure6b). Theincrease of cathodic peak current and
asmall peak-potentid shift towards negativedirection
withtheincreaseof H,O, concentration were observed.
Thesephenomenad soindicated that Hb moleculesexist
inthe C,-CdSfilmsand the C, -CdS/Hb composite
filmmodified €l ectrode might be developed asaH,O,
sensor inthefuture.

SUMMARY AND CONCLUSION

Insummary, uniform C, -CdScompositefilmshave
been prepared by dispersing C,,on CdSNPsthrough
CV scansintheacetonitrilesolution of 0.1M TBAPF,.
The composite films present quasi-reversible redox
behavior whichisvery different fromthepristineC,
film. Onthebasis of the spectroscopic and TEM re-
sultsobtained, it ispresumed that these novel proper-
tiesscomefromtheinteraction of C, withthe CASNPs
inauniformfashion. Toexplorethebiologicd activities
of the C,-CdS composites, the el ectrocatalysis of Hb
a C,-CdS compositefilm wasaso studied, whichin-
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dicate that the embedded C,, is an electron-transfer
mediator. Meanwhile, the C, -CdS/Hb compositefilm
can exhibit nice catalytic activity towardsH,0,. The
compositefilm might bedeveloped asaH, O, sensor in
thefuture. Researchiscontinuinginour laboratorieson
further applicationsof C_ compositefilmsfor devel-
oping biosensors.
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