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ABSTRACT KEYWORDS
Inthiswork, platelike Ni(OH), nanocrystalswere synthesized withasimple Nano-Ni(OH).;
hydrothermal synthesis method. The pretreated el ectrode was prepared by Poly(thionine);
electropolymerizing thionine with Cyclic Voltammetry(CV) in phosphate Phenol;
buffer solution (PBS) containing thioninefor 40 cycles. Then the next film Electroanalysis;
was prepared by dropping nano-Ni(OH), solution onto the Electrocatalytic.

poly(thionine)(PTH)/glass carbon electrode(GCE) surface. Additionally, the
as-prepared nano-Ni(OH),/PTH/GCE showed awell electrocatalytic oxida
tion property towards phenol in0.1 M PBSpH 7.0 viaCV. Under the optimal
conditions, the electrocatalytic response current of this sensor was pro-
portional to the phenol concentration in the range of 0.08 uM ~ 180 uM
with a detection limit down to 0.02 uM (S / N = 3). The phenol sensor
exhibited low detection limit, fast response time, high selectivity. In conse-
guence, the paper provided a quite effective and sensitive method for
phenol detection. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION phyt43 liquid chromatography'®, liquid chromatogra
phy coupled with mass spectrometryi”®, fluorescence,
Among organic pollutants, phenol anditsderiva-  ultraviolet™, capillary electrophoresis*Y, and so on.
tive compoundswere considered to bevery toxicto  Although the classica techniqueswerevery powerful
humansaswell asto theenvironment evenat low con-  for monitoring toxic anaysis, they wereknownto be
centrations*2. Phenolic pollutantscamefrom plastic, ~ expensive, time-consuming and require highly trained
oil, food, codl, etc., which frequently discharged them OH 0
in effluent wastes. Dueto the carcinogenicrisk for hu-
mans, the quantitative detection of phenolic compounds — + H 4 e
washighly rlevantinenvironmentd sciences®. Class -
cal methodsand techniqueswere used for determina- o)
tion of phenol quantification such asgaschromatogra-  scheme 1 : Reaction equation of phenol on thedlectrode
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personnel 3, Among these methods, €l ectrochemical
techniques appeared to bevery promising becausethey
ensured reasonably good ana ytical performance char-
acterigticswith essentialy no need for sophisticated in-
strumentation. Furthermore, € ectrochemica detection
wasextremely dtractiveintermsof itspotentia for min-
iaturization™*344,

Spataru et a.[*¥ reported acomposite obtained by
depogiting platinum nanopartid esinapolytyramine (PTy)
matrix, el ectrochemically formed on graphite substrate,
wasused as e ectrode materid for theinvestigation of
phenol oxidation. A rapid method for the determination
of phenol within aconcentration range of 0.3 ~10 mM
was obtained. It should be noted that the porous struc-
tureof the polymeric matrix resultsin anincreased sus-
ceptibility. Arecchi et al.*® fabricated amperometric
bi osensor on atyros nase-modified el ectrodefor the
detection of phenolic compoundsinfood. Theenzyme
hasbeenimmobilized on aglassy carbon dectrode cov-
ered by the pol yamidic nanofibrous membrane prepared
by dectrospinning. Large specific surfaceareaand high
total porosity of nanofibrousmembranes have enabled
stableand highly sensitive performancefor the sensor.
These materialswere also used as e ectrode modified
materialsfor phenolic compounds el ectrooxidation.
Thus, much work had been carried out in order to ob-
tain and characterizethemodified materiasand it ap-
peared that the materialscould not only improve ana-
Iytical performances(mainly dueto higher active sur-
face area) but also reducethe overpotentia*”. In par-
ticular, Ni(Il) macrocycleshave been shownto begood
electrocatalysts for the oxidation of phenols and
chlorophenol 9819, For instance, Obirai et a reported
€l ectropolymerization of thesynthesized nicke tetra-4-
(pyrrol-1-yl) phenoxyphthal ocyanine. The poly-
Ni(OH) TPhPyPc showed abetter anti-fouling ability
and stability inthe presence of phenolsand itsderiva-
tives. That could be attributed to the structure of the
ring substituent on the phtha ocyaninemacrocycleand
to the particular O-Ni—O bridged architecture of the
nicke phtha ocyaninefilm,

Thechemicd structureof thioninewasasmal pla
nar moleculewithtwo amino groups (-NH,) symmetri-
caly distributed on each side’?Y. Both thioninemono-
mer and thed ectrogenerated poly(thionine) had excel -
lent el ectrocata ytic activity toward theredox of small
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molecular compounds. Inaddition, poly(thionine) asan
excellent electron transfer mediator betweentheelec-
trode and the redox centre had been widely used in
many sensorg?223, Recently, the combination of inor-
ganic nanomaterialsand organic polymersto modified
electrodewasattractivefor the purposeof creating high
performance?.

The present work reported on the electrochemical
oxidation of phenol, whichwasoxidized by aninterest-
ing and relatively new approach on plate like nano-
Ni(OH),/PTH/GCE. Direct el ectrochemical behavior
of phenol onthe modified GCE wasexploredin 0.1 M
PBSpH 7.0 asthesupporting e ectrolyte. Theresponse
dependencesand amperometric characteristicsinclud-
ing sengitivity, linear range, detection limit and stability
of the electrodeswere examined. Theinterrelated re-
sult was noteworthy becauseit provided uswithim-
proved performancesfor phenol anodic oxidation. Such
astructured complex-based coating wasat theorigin
of itsparticular dectrocata ytic efficiency for theactions
cited above.

EXPERIMENTAL

Reagent and materials

If not specified, dl thechemica swereof anaytica
grade and used asreceived without any further purifi-
cation. Phenol was purchased from Sinopharm Chemi-
ca Reagent Co., Ltd. Stock solution of phenol waspre-
pared. The thionine solution (0.2673g, 0.02 M) was
prepared with dissolving thioninein ethanol completely
andthendilutingwith water. The supporting eectrolyte
was 0.1 M PBS. It was prepared by 0.1 M K_HPO,
and 0.1 M KH,PO,, and the various pH valuesfrom
5.0to 10.0 were adjusted with 0.1 M H,PO, and 0.1
M KOH. Moreover, doubly distilled water was used
throughout theexperiments.

Appar atusand measur ements

All thed ectrochemicd measurementsincluding cy-
clicvoltammetry and amperometric response (i-t) were
carried out with CHI660-A el ectrochemica worksta-
tion (Chenhualnstruments Co., Shanghai, Ching). A con-
ventiona three-electrode system was employed. The
working el ectrodewas abare glassy carbon electrode
(GCE, ©3.0 mm), poly(thionine)(PTH)/GCE, nano-
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Figurel: SEM image (A:scalebar was1pm) and XRD pat-
tern (B) of theas-prepared platelike Ni(OH)2 nanocrystals
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Figure 3: Cyclic voltammogramsof bare GCE (a) and first
redox coupleof nano-Ni(OH)2/GCE (b), PTH/GCE (c), hano-
Ni(OH)2/PTH/GCE (d) in 0.1 M PBSpH7.0 containing 0.1
mM phenal. Scanrate: 0.10V s-1

Ni(OH),/PTH/GCE, respectively. TheAg/AgCl (KCl,
3.0M) electrode and aplatinum wire were used as
thereference el ectrode and the counter el ectrode, re-
spectively. Scanning €l ectron microscopy (SEM) was
performed on S-4800 field emission scanning e ectron
microandyser (Hitachi, Japan). X -ray diffraction (XRD)
was obtained with an X -ray diffractometer (Shimadzu,
Japan) usngaCuK _source(l =0.154060 nm) at 40
kV, 30 mA intherangeof 10°<26<90° at a scan rate
of 6.0° min™.

Preparation of thenano-Ni(OH),/PTH/GCE

Thesynthetic method of thenano-Ni(OH), inthis
work waslisted asfollows: inthefirst place, 24.0 mL
doubly distilled water and 24.0 mL absol ute ethanol
were poured into a beaker with stirring, 0.8838 g
cetyltrimethylammonium bromide(CTAB), 0.3886 g
NiCl-6H,0 and 0.134 g NaOH were orderly added
into the above solution. Ten minutesafterwardsit was
tardily transfered intoa60 mL telflon - lined stainless
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Figure2: Electrochemical impedancespectraof (a) bare GCE,

(b) PTH/GCE, (c)nano-Ni(OH)2/PTH/GCEin 1mM [Fe(CN)6]

3-/4-+1M KClI
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Figure4: Cyclicvoltammetric curvesat different concentra-
tionsof phenol in 0.1M PBSpH7.0: (a) 25uM; (b) 50 uM;; (¢)
100 uM; (d) 130 uM; (€) 150 uM ; (f) 170 pM

stedl autoclave. Completing all the above steps, it was
necessary to make suretheautocl avewastightly seal ed.
Meanwhile, the temperature of autoclave stayed in
180°C for 24 h and then cool ed to room temperature
naturally. The precipitate was centrifuged and washed
with doubly distilled water and absol uteethanol severd
timesover and over, thendried invacuum at 70°Cfor
severa hours.

Prior to € ectrooxidation process, theworking GCE
wasmechanicaly polished with duminapowder (Al O,
0.05 pm) up to a mirror finish, thoroughly rinsed with
doubly distilled water and sonicated i n absol ute ethanol
and water (eachfor 5 min) and dried. Further the GCE
wasoxidized by performing 10 cyclesin0.1M H,SO,
between0and 2.0V at 0.10V stby CV®!, Thepre-
treated GCE was prepared by el ectropolymerizing
thioninewith CV between -0.50 and 0.50V at 50 mV
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Figure5: CyclicVoltammetric curvesof nano-Ni(OH)2/PTH/GCEin 0.1 M PBSpH7.0 containing 0.1 mM phenol at different
scan rates(FigureA), thescan ratesfrominner (a) toouter (j) were0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10 Vs

1, respectively. FigureB showed | pavs. squareof scanrate

stin5.0mL 0.1 M PBSpH 6.0 containing 0.5 mM
thioninefor 40 cycles. The obtained PTH/GCE was
washed with doubly distilled water and dried a room
temperature. Next, thelast filmwas prepared by drop-
ping acertain volume (10 uL) of nano-Ni(OH), (1.2
mg mL*) ethanol solution onto the PTH/GCE and then
dried under ambient conditions. The nano-Ni(OH),/
PTH/GCE waswashed with doubly distilled water.

RESULTSAND DISCUSSION

Surfacecharacterizations

Viascanning el ectron microscopy, the morpholo-
giesand structuresof the surfacefilm of themodified
GCE was characterized. Figure 1A (scalebar was 1
um) showed typical SEM images of the as-prepared
nano-Ni(OH),. Fromthefigure, it wasclearly seen that
theplatelike product was evenly distributed. And the
diameter of the nanoplate looked like about 200 nm.
Thenano-Ni(OH), nanocrystal stook onlarge specific
surface area, very thin thickness and other advantages
so astoimprove sensitivity of themodified GCE. The
crystalinity of the as-prepared Ni(OH), nanoparticles
wereanaysed viaX-ray diffraction. Figure 1B showed
the X-ray diffraction pattern (20 scan) of the
nanocrystals. By means of comparing with the stan-
dard graphs, the XRD pattern of these nanocrystals
was consonant with theoneof Ni(OH),. No other im-
puritieswere detected by XRD analysis, so verifying
that the Ni(OH), products were high pure phase.

A Nyquist diagram of el ectrochemical impedance

spectrum was an effective way to measure the el ec-
Research & Reotews On

tron-transfer resistance. Figure 2 exhibited el ectro-
chemical impedance spectraof bare GCE, PTH/GCE,
and thenano-Ni(OH),/PTH/GCEin 1.0M KCl inthe
presence of 1.0 mM[Fe(CN) ]*** astheredox probe.
Asshowninfigure2, curveawasanyquist plot of a
bare GCEin 1.0 mM[Fe(CN) ]**. It exhibited an al-
most straight line, whichimplied anextremely low el ec-
tron-transfer resi stanceto theredox probe. And then
by dectropolymerizingthionineonthe pretreated GCE,
the electron-transfer resistanceincreased (curveb, R
=4 kQ), owing to the poly(thionine), the product of
€l ectropolymeri zation which hindered e ectron transfer
onelectrode surface. Thenextinterfacia R (curvec,
R, =21kQ)increased once again, which was due to
theimpediment of electron transfer in the presence of
thenano-Ni(OH), film. Itindicated that the platelike
Ni(OH), nanocrystalswere modified on the GCE suc-
cesstully.

Electr ochemical characteristicsof the sensor

Inorder to explorethee ectrochemica behavior of
phenol on the nano-Ni(OH)./PTH/GCE, the cyclic
voltammetric experimentswere performedin 0.1 M
PBS pH 7.0 in the presence of 0.1 mM phenol with
scanning potential from 0.40t0 0.90V using different
modiified electrode asbel ow, bare GCE, nano-Ni(OH)./
GCE, PTH/GCE, and nano-Ni(OH)./PTH/GCE. The
obtained cyclicvoltammetric curveswereshowninfig-
ure 3. Asthe figure seen, there was aweak € ectro-
chemical response to phenol at 0.72 V on the bare
GCE. And onthenano-Ni(OH)./GCE, theanodic peak
valueof phenol was grester than the oneon bare GCE

. -
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Figure6: CydlicVoltammetric cur vesof nano-Ni(OH)2/PTH/
GCE (vsAg/AgCl) to0.1mM phenol whileusing different pH
(0.2 M PBS), including 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0. | nset
figureshowed I pavs. pH

under the same optimi zed conditionsand the oxidation
peak potentia of phenol shifted alittletowardspositive
potential . Moreover, the peak current onthe PTH/GCE
wasfurther increased. Whilethe surface of the above
PTH/GCE was coated with nano-Ni(OH), film, the
peak current increased obviously. Furthermore, the
oxidation peak potential shiftedfrom 0.72V at bare
GCE100.68 V at as-prepared nano-Ni(OH),/PTH/
GCE. And sotheoverpotential reduced. Accordingly
wechosenano-Ni(OH),/PTH/GCE binding onthe best
electrocataytic activity to phenol. Asfigure4 displayed,
the catal ytic oxidation peak of phenol could befoundin
the potential rangefrom0.40t00.90V in 5.0 mL sup-
porting € ectrolyte sol ution contai ning phenol within-
creasing concentration. As can be seen, upon the addi-
tion of phenol, itsanodic peak current of themodified
GCE dsoincreased.

Based onthe obtained resultsand figures, wefound
that the poly(thionine) and synthetic nano-Ni(OH),
materialshad not participated in thefollowing reaction,
thereaction of phenol onthenano-Ni(OH),/PTH/GCE
could be described asfollows. In the context of this
work, themechanism of phenol anodic oxidation had
only asubsidiary connotation.

Fgure5 showed thecydic voltammogramsof nano-
Ni(OH),/PTH/GCEin5.0mL 0.1 M PBSpH 7.0 so-
lution. Thefigure5A manifested the el ectrochemical
behavior of thefirst € ectron reaction containing 0.1 mivi
phenol solution at various scan ratesintherangefrom
0.01t00.10V st Thefigure 5B emphasized therela-
tionshi p between scan rates and the anodi ¢ peak cur-
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Figure7: Current responseof nano-Ni(OH)2/PTH/GCE for
0.1mM phenol insidetheelectrochemical reactor asvarious
modification amount of Ni(OH)2 nanocrystalson the GCE per
unit area; electrolyte: 0.1 M PBSpH7.0

rent of phenol. Theanodic peak current (| pa/ HA) was
proportional to the squareroot of scanrate (v/ V s?)
(I,,=-35.19v"2-1.356, R? = 0.9986). The linearity
dependence of the anodic peak current to the square
root of the scan rate was observed over anarrow range
of sweep rate. Such behaviorsreved ed that theanodic
oxidation of phenol on the constructed el ectrode sur-
facewasdiffusion controlled.

Optimization of theexperiment conditions

Theeffect of pH on the oxidation of phenol was
studied by CV using nano-Ni(OH),/PTH/GCE. Figure
6 presented Cyclic Voltammetric curvesfor themea
surement of 0.1 mM phenol with variouspH that were
adjusted using 0.1 M PBSintherangeof 5.0~ 10.0.
Asthefigure shown, with pH rising, the anodic peak
current value was greater. As up to acertain degree,
the peak current achieved the best value. Subsequently,
it cametoagradual decrease. Besides, it wasobserved
that the peak current response wasthe best while adopt-
ing pH 7.0, roughly the physiologica pH. Under the
higher acidity, thenano-Ni(OH), particlescould not exist
steadily inthe acidic medium, resultingin anodic peak
current of phenol decreasing. As the akalinity was
stronger, the PTH was unsteady becausethe NH,*in
thestructure could convert to NH, group, and thestruc-
ture of poly (thionine) could be destroyed probably.
The anodic peak current of phenol also decreased.
Accordingly, during this experiment we chose0.1 M
PBSpH 7.0 asthe supporting el ectrol yte.

FImthicknessof themodified e ectrodemight dso
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TABLE 1: Comparison of performancesof proposed sensor for phenol detection with other methods

Method Linear range(uM) Detection limit(uM) Sensitivity Reference
Immobilizing Hemoglobin (Hb) in a sol—gel matrix onto a carbon electrode 5~50 0.8 365pA mM™ [1]
Electropolymerized PTS-doped polypyrrole film 3.3~220 0.8 17.1 pA mM™* [26]
Hybrid titania sol-gel matrix 0.025~6 0.01 1605 pA mM™* [27]
Colloidal gold-modified carbon paste electrode 4~48 0.0061 23 pA mM? [28]
Gold nanoparticlesmodified GC electrodes 1~40 021 82 uA mM™* [29]
Nano-ZnO/chitosan 0.15~65 0.05 182 A mM™* [30]
ZnO nanorod microarrays on the nanocrystalline diamond electrode 1~150 0.2 287.1pAmMtem?  [31]
nano-Ni(OH)2/PTH/GCE 0.08~180 0.02 132pAmM?t  thiswork

affect the performance of the phenol electrochemical
sensor. Figure 7 presented the peak current response
differenceamong variousnano-Ni(OH), filmthickness
t0 0.1 mM phenol. We made up aseriesof concentra-
tionsincluding 0.4, 0.8, 1.2, 1.6, 2.0 mg mL* nano-
Ni(OH), ethanol solution. Thediameter of the glassy
carbon electrodewas 3 mm. Thus, we calculated the
amount of nano-Ni(OH), ontheelectrodeper unit area,
which was respectively 0.056, 0.113, 0.170, 0.227,
0.283 mg (cm?). From thefigure, we could seethe
anodic peak current became greater at the outset and
after dropping off with thefilmthicknessincreasing. The
phenomenon manifested that the el ectric current re-
sponsewas optima asweemployed 1.2 mg mL* nano-
Ni(OH), solution. The masstransport and chargetrans-
fer rate of the sensor might decrease when the nano-
Ni(OH), filmwastoothick.

Depending ond| above studies, weobtained proper
experimentd conditions.

Amperometricresponsetophenol and thecalibra-
tion curve

To shed morelight on theroles of poly(thionine)
and Ni(OH), nanocrystals, the amperometric response
of nano-Ni(OH),/PTH/GCE upon adding phenol little
by littlewastested at the applied potential 0.68V in
0.1 M PBSpH 7.0 with continuous stirring under the
optimal conditions. Thefabricated sensor yiddedarapid
and sengtiveresponseto eachinjection of phenol (within
39).Aswasexhibitedinfigure8, well responseswere
observed during the successive addition of 0.08, 0.2,
0.6 and 1 uM phenol, respectively, the phenomenon
demonstrated an effective catal ytic property of nano-
Ni(OH),/PTH/GCE. The addition of phenol was
marked by arrowsat the concentrationsmentioned. The
Research & Reotews On

plot of |, versus Cphenol (inset, Figure 8) depicted alin-
ear relationship over therangefrom 0.08 uM to 180
uM. Theregression equationwasY (uA)=-0.105 -
0.132X(uM) with the correlation coefficient being
0.997, and thedetection limit was computed to be 0.02
UM at a signal-to-noise ratio of 3. The sensitivity was
calculated as 132 pA mM™* at a potentia of 0.68 V.
Therefore, thissensor was of high sensitivity. In addi-
tion, this electrochemical sensor has displayed both
catalytic performance and high sensitivity dueto the
synergy of someactive groupsresulting from oxidation
process on el ectrode surface, good conductive nature
of eectrochemical poly(thionine) and thelarge surface
areaof the Ni(OH), platelike nanostructure. Varied
methods regarding phenol detection could resultindif-
ferent effects. TABLE 1 summarized the performance
of the proposed sensor for phenol detection based on
different methods. By thistoken, our work was poten-
tid.

Anti- interferenceability of the sensor

Inreal samples, someco-existing € ectroactive spe-
ciesmight affect the sensor response. And so the pos-
sibleinterferencessuch as catechol, hydrogquinoneand
o-nitrophenol ontheresponse current to phenol at the
potential of 0.68 V werestudied at the developed sen-
sor. Asillustrated in figure 9, when 100 uM catechol,
100 uM hydroquinone and 100 uM o-nitrophenol were
orderly addedin 0.1 M PBS, no significant interfer-
encewasfound at thispotentia. Resultsilluminated that
those compoundsdid not interferewith the calibration
assay. It was clear from above resultsthat the as-pre-
pared sensor could offer high selectivity.

Sability and recovery test
The stability of the sensor wasinvestigated inthe
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Figure8: Amperometric current—timecurvesfor phenol oxi-
dation at theplatelikenano-Ni(OH)2/PTH/GCE. Electrodes
wereheld at an applied potential of 0.68V (vs.Ag/AgCl) and
rotated at 1000rpmina5mL 0.1 M PBSpH7.0. Thecurrent—
time curvesfor adding 0.08, 0.2, 0.6, 1 uM of phenol. Inset
figureshowed | pavs.Cphenal
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Figure9: Effectsof catechal, hydr oquinoneand o-nitr ophenol
inter ferences on the amper ometric response of the nano-
Ni(OH)2/PTH/GCE tophenol in5mL 0.1 M PBSpH7.0. Op-
eratingpotential: 0.68V

working solution containing 0.1 mM phenol. Whenthe
sensor wasstored in arefrigerator at 4°C for four days,
no obvious decrease of the response current was ob-
served. Then after the storage of threeweeksat 4°C,
the sensor retains 85.3% of itsinitia current response.
Theseresultswere satisfactory with the decent stability
of the sensor.

For the sake of verifying the applicability of the
nano-Ni(OH),/PTH/GCE for environment andysis. The
recovery of phenol inwater samplewasperformed on
the sensor utilizing standard addition method. All the
measurementswere carried out threetimes. Inthe best
conditions, the sensor was al so tested by the phenol

—= Pyl Peper
TABLE 2: Recovery of phenol sensor

Phenol added (10*M)  Found®(10*M)  Recovery (%)
0.01 0.0107 107%
0.05 0.049 98%
0.1 0.093 93%
0.5 0.52 104%
1 0.96 96%

aAverage of three detections

recovery experiments in the water samples, which
showed satisfactory results, with average recoveries
from 93t0 107 %, aspresented in TABLE 2, suggest-
ingthat it wasfeasibleto apply the proposed method to
quantitatively detection of thecertain concentration range
of phenol inwater sample.

CONCLUSIONS

A nano-Ni(OH)./PTH/GCE wasfabricated, and
was gpplied to detect the concentration of phenol. The
as-prepared sensor had good catalytic ability for the
oxidation of phenol, which greatly facilitated theelec-
tron exchange between phenol and GCE owingtolarge
surface-to-volume ratio of plate like Ni(OH),
nanomaterials chiefly and high efficient e ectron trans-
port property of poly(thionine). Under the optimized
conditions, the sensor with multilayersdemonstrated
successfor the detection of phenol with high anal yti-
cal sengitivity and fast response. Theelectrocatalytic
response current of the sensor was proportional to
phenol concentration intherange of 0.08 uM ~ 180
uM with a detection limit down to 0.02 uM (S/ N =
3). Theoverpotential of the proposed el ectrode for
the oxidation of phenol waslower thantheoneof bare
GCE. In addition, catechol and hydroquinone exhib-
ited no interference to the detection. The nano-
Ni(OH),/PTH/GCE promised avast range of appli-
cation for the detection of phenol contaminant from
wastewater.
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