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ABSTRACT

Thiswork aimsto investigate the electrolytic oxidation of glucose on Ni-
natural phosphate modified electrodeinvestigating the cyclic voltammetry.
The electrodes were obtained by depositing the Ni-natural phosphate onto
substrates. The Ni-natural phosphate modified iron electrode display high

electrolytic acitivity for the glucose oxidation.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Themodification of an € ectrodes by inorganiques
filmshasbeen broadly studied dueto their potentials
applications. Variousinorganic such asclays¥, zeo-
lites?, metd oxides®, metal phthal ocyanines”, metal
porphyrines¥, transition metal§, polyoxometdlates”,
and polynuclear ransition metd cyanides®%, havebeen
used to prepareinorganic film modified e ectrodes.

Natural phosphates™ areappedling host materids
owingto theability of their open crystallitesto selec-
tively exchangeand incorporate both charged and neu-
tral speciesand incorporate withinthevoid spacesand
interconnecting channels. Modification of dectrodeswih
phosphate has evoked considerableinerest in the past
decade?.

Sincethe pioneering work of Neff and Itaye'“ on
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Prussian blue modified el ectrode, the preparation and
electrochemical investigation of variousmodified elec-
trodes have been reported based on different transition
metal hexacyanoferrate such as chromée*®, nickel 2,
cobalti*¥, copper®, palladium?, molybdenum!2t,
cadmium®, and zind®.

In order to extend the fuel cells based on the
el ectrocata ytical oxidationinthe modified el ectrode,
someresearch activitieshave been oriented on theel ec-
trochemica synthessof new materids, suchmixedtran-
sition meta naturd phosphates?.

The e ectrocatal ytic oxidation of glucosehasonly
been the subject of afew investigations. The chemica
oxidation of sucrose was firstly mentioned inf2-91
analysed the oxidation products of fructose, glucose,
glucono- -lactoneand sucrosein0.5M NaHCO,. The
author concluded that themain reaction productswere
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CO, and H,0. Bockriset a.* investigated the el ec-
trochemica oxidation of different carbohydratesat plti-
num electrodesfor their possibleuseinfuel cdls. They
noticed that the el ectroactivity was better in akaline
medium than inacidic medium, and that thereactivity of
the molecule decrease with increasing molecular
weights. Court®® used cyclic voltammetry for compar-
ingtheactivity of different catal ytic metd stowardsthe
el ectrooxidation of sucrose. However, in spiteof some
attemps, theandytica techniquesavailadleat that time
did not dlow theidentification of thereaction products.
Other studies®> 3, dthough they werea so carried out
by cyclic voltammetry on noble metal €l ectrodes (Pt
and Au) and on nickel electrodes, aimed toimprove
theamperometric detection of carbohydratesand were
thusnot directly related to our purpose.

Shabd and d.* compared the hydrodynamic prop-
erties and the el ectroosmotic permeability of D-fruc-
tose, sucroseand ureathrough Pyrex sinters. They found
arelation between the phenomenological coefficients
and thestructure of themolecule.

Thecarboxylicacidsderived from sucrosemay find
someusein pharmaceutica and agricultura chemistry.
Theuronic and 2-keto-aldoni c acids obtai ned by hy-
drolysisof these compounds represent agreat indus-
trial interest for the production of detergents, foods,
emulsifiersand pharmaceuticals. Edyeand d . stated
that with acatalyst consisting of platinum deposited on
carbon, the chemical oxidation by oxygen, at 100°C
and at acongtant neutral pH, washighly specificfor the
production of carboxylic acids at the 6-and 6’-posi-
tionsof sucrose.

Thereaction kinetics of theglucose oxidationin
known to be sensitiveto electrode materid sand crys-
tallineorientations of e ectrode surface®*. Gold dis-
playsintersting reactivity towards el ectrocata ytic oxi-
dation of glucosein alkaline solution’® %, Gold el ec-
trodesmodified by submonolayer silver underpotentid
deposition display higher electrocatalytic activity than
bare gold el ectrodesfor the glucose oxidation, result-
inginabout 0.1V negetiveshiftin oxidation potential
41, Ontheother hand, platinum el ectrodes show seri-
ous salf-poisoning in the glucose oxidationl“> 43, Sur-
face modification was carried out by depositing asec-
ond meta onthe platinum el ectrodesto decease sensi-
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tivity of the el ectrodestowardsthepoisoning, and bis-
muth modification wasreported effective, but the glu-
cose oxidation on thed ectrodes showed pesksa much
higher potentids.

In thisregard we reported the prepation of nickel
natural phosphate film modified electrode prepared by
electrodeposition of modifier (nickd, naturd phosphate)
inironsubsrate. Thegtability of thismodified electrode
inasoincreased.

Thed ectrocata ytic oxidation of glucosewasstuded
by voltammetric measurements. The advantage of
voltammetric measurments about the redox transfor-
mation of an anayeincluding thermodynamic, kinetic,
and mechanisticinformation. An additional advantage
of voltammetric measurementsisthat many andytesare
extremdy sensitiveto the chemicd environment at the
electrode surface. For exemple, analyte/surfaceinter-
action (adsorption and el ectrostati c interactions) can
result in changesin thethermodynamicand kinetic be-
havior.

EXPERIMENTAL PART

Reagents

A natural phosphate (NP) used in thiswork was
obtained in the Khouribgaregion (Morocco)“. Prior
to usethismateria wastreated by techniquesinvolving
attrition, sifting, calcination (900°C), washing, and
recal cination®,

Prepar ation of thenatur al phosphatemodified iron
electrode (NPI-electrode) and Ni-Natural phos-
phatemodified iron electrode (Ni-NPI -electr ode)

The modified el ectrodes were obtained by elec-
trodepositing of NPand Ni-NPintoiron plate (1cm?).
Prior to use, the iron plate was polished by smooth
paper. Electrical contact was established by awire of
cooper. Theresulting electrodeis hereby denoted as
Ni-NPI-€electrode.

Instrument

Cyclic voltammetry, Square wave voltammetry,
chronoamperommetry and colommetry werecarried out
with avolalab potentiostat (model PGSTAT 100, Eco
ChemieB. V., Utrecht, the Netherlands) driven by the
generd purposedectrochemica sysemsdataprocess-

. -
A Tudéan Journal



RREC, 3(3) 2012

A.Chtaini et al.

117

ing software (Voltalab master 4). Thee ectrochemical
cell was configured to work with three el ectrodes; us-
ing NPI-electrode or Ni-NPI-electrode as the work-
ing, platinium plate (1cm?) for counter and saturated
caomel (SCE) asreferencee ectrodes. The pH-meter
(Radiometer Copenhagen, pH-M210, Tacussel,
French) was used for adjusting pH val ues.

Procedure

The glucose oxidation on the prepared el ectrode
was performed in sodium chloride containning glucose
by using platinium counter e ectrodeand calome refer-
enceelectrodeat ascanrateof 10mV/s. Thescanwas
started at -1.5V inthe positivedirection and retraced
at 1.2V. All potentialswerereferred to calomel elec-
trode.

RESULTS

Natural phosphatecharacterists

Thesurfacestructure of natural phosphatewasob-
served using scanning e ectron microscopy (Figure 1).
Thetreatment of NP descibes abovelead to afraction
beween 1000m and 400 'm that isrichin phosphate
and as can be seen that compact natural phosphate
appeareance wasevident. Thetreated NP hasfollow-
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Figurel: Scanning electron micrograph of natural phos-
phatemodified iron eectrode
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(34.24%), F(3.37%), SIO, (2.42%), SO, (2.21%),
CO, (1.13%), Na,0 (0.92%), MgO (0.68%), Fe,O,
(0.36%), K, 0 (0.04%) and several metasintherange
of ppm.

Figure 2 shows IR spectraof NPand Ni-NP. We
observethe presence of the very broad bands. These
bands phosphates are characteristic of amorphouscal-
cium phosphates. According to X-raysdiffractionand
the IR spectrawe notethat the network of phosphate
isvery tolerateto varioussubstitutions.

In the spectrum IR corresponding to the Ni-NP
composite, wenotealight displacement of the bands
963, 1029 and 1092 cm'™. This phenomenon can be
allot to subgtitution of Ca?* by Ni?*.
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Figure2: Infrared reflection absor bancefor NP and Ni-NP
composites

Behavior of Ni-NPI electrodein HCLO, media

Figure 3 showsacyclic voltammogram in the po-
tential range-1V to 1.5V recorded, respectively, for
iron (IE), Natural Phosphate modified iron electrode
(NPIE) and Nickel-Natural phosphate modified el ec-
trode (Ni-NPIE) in0.1M HCIO, at 50 mV/s.

Thevoltammogramstakedifferent forms. no pesk
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Figure3: Cyclicvoltammogramsrecor ded for |E, NPIE and
Ni-NPIE, In 0.IM HCIO,at 50mV/s.
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Figure4: Cyclic voltammogram of aNi-NPIE electrodein
0.1M HCIO,, duringrepetitivescansat 50 mV/s.

is observed in the case of Ni-NPIE el ectrode, how-
ever, alight resemblanceisobservedinthecaseof |IE
and NPIE dectrodes. Thevoltammogrammerecorded
for Ni-NPIE electrode remains stable after severa
cycles, the current densities decrease, probably, be-
cause of the reduction of variousions present in the
matrix (Figure4).

Cathodic and anodic polarization curvesfor thetree
composites(IE, NPIE and Ni-NPIE), recorder in 0.1
M HCLO,, are shown in Figure 5. We note that the
three curvesare amost confused, which lets suggest
that the studied composites present the same el ectro-
Research & Reotews On

chemical behavior inmedium HCLO,. Thecorrosion
kinetic parametersderived from these curvesareshown
iINTABLE 1. Thecorrosion current dengtieshave com-
parablevauesfor thethree composites.

25
3]
24 e
5 151 Y
% N - /
= 051 v
o 0 T A T T
g "
4 -05g00 /00 ¢ -400 2200 0
y
Potential (mV)

Figure5: Curvesof global polarization of | E, NPIE and Ni-
NPIE electrodes, enregistredin 0.1M HclO,.

TABLE 1: Electrochemical parametrsobtained from Tafel
curvesof treecmposites.

o lcorr/mA.

Ecorr/mV Rp:KQ.cm o ba/mV bc/mV
IE -529 3.78 119713 326.9 -260.5
NPIE -137.3 2.70 142918 409.1 -195.1
Ni-
NpiE 210 231 18.7602 268.3 -271.9

Impedance measurements were made under open
circuit conditionsfor variousdectrodescongdered. The
Nyquist plots obtained showed awidely open arc at
high frequenciesfor IE, but intheother e ectrodes(NPIE
and Ni-NPIE) the Nyqui st plots changed from capaci-
tivesemi circleto ainductivesemi circledlotstoadif-
fusion phenomenon.

Electrocatalytic oxidation of glucose

Glucose oxidation on theiron e ecrode

Theglucoseoxidationonirondectrodeisshownin
Figure 7. Thevoltammogrammesrecorded for theiron
elecrode, in HCIO, medium containing or not glucose,
areamost confused what |ets suggest that theiron does
not have any activity towardsthe oxidation of glucose.

Glucose oxidation on the NPI E elecrode

Onthecontrary the NPIE €l ectrode present acon-
siderable activity for glucose oxidation. The
volammogrammerecorded in the presence of glucose
inelectrolytic medium keepsthe same paceasthat re-
corded in absence of glucose but the current densities
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Figure6: EIScurvesof |E, NPIE and Ni-NPIE electrodes
enregisredin HCIO, media.
aremoreimportant. (Figure8).

Thesquarewavevoltammogramsobtained for vari-
ous concentrations of glucose present only oneredox
peak. From Figure 9 and TABLE 2, it was obseeved
that peak current versusglucose added into el ectrolytic
solution increased linearly. aregiven by Figure9 and
TABLE2.

The glucose oxidation on the NPIE electrode
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Figure7: Cyclic voltammogr amsof theelectrodeof ironin
0.1M HCIO, (a) wthout gucose, (b) in presence of glucose.
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Figure8: Cyclic voltammograms of the NPIEelectrodein
0.1M HCIO, (a) wthout gucosg, (b) in presenceof glucose.
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Figure9: Squarewavevoltammogramsat NPI E electrode,
recordedin 0.1M HCIO,.(a) OM glucosg, (b) 2.10°M and (c) 3.
102M.
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TABLE 2: Evolution of theoxidation peak with glucosecon-
centration.

NPIE elect E (V) di (OA.cm™)
OM glucose -0.637 5.809
2.10°M -0.4235 15.2
3.10°M -0.3985 19.34
3.8.10°M -0.3609 20
4.4.10°M -0.5062 15.38
5.10°M -0.4135 12.26
5.5.10°M -0.3859 12.74

showed arapid current increase for the weak concen-
tration. At high glucose concentrationswe note ade-
cresseof current, whichisattributed to thefurther oxi-
dation of gluconolactonethat was produced inthefirst
oxidation“ and remai ned being adsorbed on the el ec-
trode surface.

Glucoseoxidation ontheNi-NPI E eecrode

Surface modification of an € ectrode by anotther
composite is an effective method to improve
electrocata ytic activity of an electrode. For the appli-
cation to the glucose oxidation, theamount of nickel
introduced i nto phosphate matrix should be controlled
to get higher cataytic activity. Figure. 10 shown cyclic
voltammograms recorder for Ni-NPIE electrode in
0.1M HCIO, solutionin presence of theglucose. The
modified e ectrode exhibited ahigh reactivity towards
theglucose oxidation.
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Figure10: Cyclic voltammogramsof the Ni-NPI E€lectrode
in0.1M HCIO, (a) wthout gucosg, (b) in presenceof glucose.
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Figure 11 : Squarewavevoltammogramsat Ni-NPI E elec-

trode, recorded in 0.1M HCIO,, in the presence of various
concentrationsof glucose (from 2.102M t09. 102M).

Figure 11 shows the square wave voltammetry
(SWV) of glucose oxidation on Ni-NPIE electrode.
The oxidative peak increased aong with theincrease
of theamount of glucosein e ectrolytic solution.

CONCLUSIONS

TheNi-NPIE e ectrodedisplay high eectrocatayic
activity for the glucose oxidation. Thiselectrode can
el ectrocatal yse the oxidation of glucose. Theproposed
modified electrode was very attracive for the
el ectrocalaytic oxidation of glucose. Compared with
the other studied electrodes (IE and NPIE), the Ni-
NPIE e ectrode do not show any effect of surface sur-
face. Theseresultsrevealed that Ni-NPIE modified
elecrodeisquitepromising for theanodeof theglucose
fud cdl.
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