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ABSTRACT

Electrochemical solid phase nano extraction (ESPNE) of melaminefrom aque-
ous solution on bismuth hydroxide colloidal modified carbon paste elec-
trode was studied by cyclic voltammetry. The extraction kinetics under
optimal conditionsfollowsaGaussian model. Theinitial potential servesas
the pre-concentration of bismuth cations by negative electrode field with
an apparent first-order rate constant of 0.0749s?, and is favorable for the
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find reduction of bismuth. The extraction thermodynamicsfollows Langmuir
adsorption model with adsorption constant of 1.2852. The initial potential
in the ESPNE process controls the oxidation state of the the extractent,
bithmus hydroxide nano particles, and is fovorable for the extraction and

monitoring processes.

INTRODUCTION

Meamine(2,4,6-triamino-1,3,5-triazine), asanim-
portant chemica raw materia, hasbeenwiddy usedin
the production of plastics*, of finishersfor papert,
of flameretardant’®, and inthe manufacture of wrinkle-
freetextiles” aswell asnanomaterid 9. Recent cases
of thediscovery of melaminein pet food, animal feed,
milk and protein sourcesincluding wheat gluten, rice
protein concentrate, and corn gluten created an urgent
need for rapid methodsfor detecting med amineinfood™
33, The common methods for detection of melamine
has been recommended as GC/M S, LC/M S*>16,
aswell asthe specific antigen-antibody reaction and
immune chromatography analysis technology!*-%9,
Medamineisdectrochemicaly inactive, and cannot be
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directly determined by eectrochemical method. Thekey
step in the el ectrochemical detection isthe separation
and pre-concentration of melaminefrom the complex
systemson electrochemically active substance. Solid
phase micro extraction (SPME) offersagreen sample
preparation method for the separation and pre-con-
centration of analyte?® 24, The combination of SPME
with Electrochemistry and nano maeriasiscaled eec-
trochemical solid phase nano extraction (ESPNE)®2Y,
and had been used in the detection of inorganic and
organic compoundsin complex systems.
Electrochemically deposited bismuth electrodes
have beenwiddy used in dectroandytical chemistry!?,
thewd | defined oxidation and reduction peaksof bis-
muth offersachancefor theindirectly determination of
electrochemical inactive substance® 4,
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Inthe present paper, The ESPNE of melamineon
the Bi(OH), colloidal nanoparticle modified carbon
paste electrode was studied by cyclic voltammetry
based redox behaviour of bismuth hydroxide. Some
interesting resultswerereported here.

EXPERIMENTAL

I nstrumentsand agents

Thedectrochemica experimentswere carried out
on an Electrochemical Analyzer (model CHI620,
Shanghai Chen Hualnstrument Co.) with three-elec-
trode system, apieceof platinum wireas counter elec-
trode, ahome-made solid state graphite-epoxy com-
posite e ectrode astheworking e ectrode, aK Cl satu-
rated calomel el ectrode (SCE) asthereference elec-
trode. All potential swerereported herewasrespect to
thisreference dectrode.

Bismuth nitrite, analytical pure, wasprepared into
1.0mM stock solution for themodification of eectrode.
Potassium nitrate, analytical pure, was prepared into
1.0M stock solution asthed ectrolyte solution. Graph-
ite powder (spectroscopy pure), silicon oil (analytical
pure) were used asworking el ectrode raw materials
without further purifications. Disodium hydrogen phos-
phate and citric acid, analytical pure, were prepared
into 0.2 mol/L for pH buffer solution in the range of
2.2-8.0. All solutionswere prepared with ultrahigh pure
water (>18.2 MQ frommili-Qwater system). All elec-
trolyte solution was dearodezed with high purity nitro-
gen gasto remove oxygen prior to use.

Thepreparation of working electrode

Thebasic e ectrode was prepared asthe previous
described?!.

Bismuth nitrate colloidal solution was prepared by
hydrolysisof 10 mM bismuth nitrate agueous solution
withdowly heatingintoacollosol.

The 1.0 mL collosol was diluted with water, and
mixed with 1.0 g graphite powder in 50.0 mL beaker.
Thewater in mixture was evaporated by heating the
beaker and stirring with glassrod into apowder again,
thebismuth hydroxide colloida modified grgphite pow-
der was obtained.

Themodified graphite powder wasmixedwith sili-
cone oil at theweight ratio of 1:1 into a paste. The
paste wasfilled into the cavity inthe basic el ectrode,
and polished on aglassy paper into mirror like-surface
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astheworking electrode. The el ectrode can be easily
renewed by replacing the used pastewith new one.

RESULTSAND DISCUSSIONS

Cyclicvoltammetric behavior of themodified elec-
trode

Thed ectrodesincluding bismuth hydroxidecolloi-
da modified carbon pasteeectrodeweresetintoa0.50
M KNO, éectrolytesolution (pH 5.0). Thecyclicvolta-
metric experimentswereperformedinthepotentia range
of -0.4V—-1.6 V at accumulation time of 130 s and
quiet timeof 100 s, and theobtained CV curveswere
showninFigure 1. Themodified e ectrode showstwo
irreversiblereduction peaksat -0.72 V (with the peak
current of 64.81 pA) and-1.39V (with thepesk current
of 375.0uA) incurvel of Figurel. Thelater belongsto
thereduction of bismuthin bismuth hydroxide, theformer
bel ongsto the bismuth ion adsorbed on the bismuth hy-
droxide during the preci pitation process. Thedissocia
tion congtant of bismuth hydroxidecan becd culaed from
thereduction peak potentid sof bismuthion and bismuth
hydroxideas 3.2x10*. Theformation of thehydroxide
needs the hydroxideion the solution pH isabout 6.0.
Thereduction pesk current (ipc/uA) at-1.39V wasplotted
againg scanrate (v/(V.s?), agraight linear wasobtained
with aregression equation of,

i /uA=-12.40+531.8v/(V.s?) )

The correspondence coefficient of R=0.9986, and
standard deviation of SD=1.22 were obtainedinthe
regression. Thisresult indicatesthat thereduction pro-
cessisasurface controlled one, and the bismuth hy-
droxide particleswerewd| distributed on the surface
of theed ectrode, whilein an eectrolyte solution includ-
ing 1.0 uM melamine, asimilar CV curve with two
smdller reduction peskswas obtained asshownin curve
2of Figurel. Theoneat -0.72 V belongsto bismuth
ionin solution decreases about 9.26 pA, but theone at
-1.39V decreasesgreatly about 166.7 pA.

Meamineisapolar moleculewiththree—N=atoms
and three—NH,, groups, and itspk =5.35%. at pH 6.0
themainformof melamineisnutrad one, whichislikey
to be interacted with hydroxide group by hydrogen
bondings, and adsorbed or extracted on the surface of
bismuth hydroxide nano particle surfacesfrom sol ution.
Thisadsorption of melamineresultsintheinhibition of
thebismuthin thebismuth hydroxidenano particlestek-
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ing part in the e ectrochemical reduction, and resultsin
the decrease of thereduction pesk current at -1.39 V.

But the bismuth ion adsorbed at the bismuth hy-
droxideprecipitate particleswasonly dightly influenced
by the melamine. So the reduction peak current at -
0.72V only smaller decreased. Sothe éectrochemical
solid phasenano extraction mechanism of melamineon
bismuth hydroxide nano particlesmay bedescribed as
thefollowing,

Theinfluence of theamount of extr actant

Theamount of nano particlesof bismuth hydroxide
inthecolloidd solutionistheimportant factor influenc-
ing the extraction, which isdetermined by thevolume
or concentration of the colloida solution. In practice,
1.0mL of thecolloidd solution wasused inthemodi-
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Figurel: TheCV curvesof bismuth hydroxide modified carbon

paste electrodein 0.50M KNO, electrolyte solution with (2) and

without melamine (1). The at the accumulation time of 130s

initial potential of -0.40V for 100s;, and the melamine concen-

tration of 1.0uM; solution pH: 5.0.

fication of 1.0 g graphite powder. The concentration of
colloidd solutionwascontrolled by dilution of theorigi-
nally prepared colloidal solutionwith ultrapurewater
asratioof thedilution. The CV experimentswere per-
formed at 0.10V/sscanratewith the carbon paste el ec-
trodeof different ratio of dilutionindectrolyte solution.
The obtained reduction peak current at -1.39V was
plotted against thelogarithm of dilutionratio. A one-
peak curve with the peak point located at logR=4.0
was obtained asshowninFigure2.

Thisresult indicatesthat theorigind colloidal solu-
tionwasdiluted for 10* times, and then modified on 1.0
g graphite powder surface for the extraction of
mel amine, which can givesout effectivereduction pesk
current of the bismuth hydroxide nano particles. The
increase of R will decreasesthe amount of nano par-
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Scheme1: The mechnism of melamineadsor ption and bis-
muth redox reactions

ticlefor the solid phase extraction, but decrease of R
will increaseof nano particles, which may increasethe
amount of sitesfor solid phaseextraction, but decrease
the efficiency of the reduction of bismuth hydroxide
during theinteraction and aggregation of the nano par-
ticles. In practice, R=10* was chosen as the optimal
amount of extractant.

Theeffect of solution pH

Solution pH isanother important factor, especidly
inthe case of metal hydroxide asthe solid phase ex-
tractant. The solution pH was controlled by phosphate
buffer system (PBS) intheranae of 3.0-8.0. TheCV

AN
/ \
\

4 0 1 2 3 4 5 6 T 8
log R

Figure 2 : The relationship between reduction peak current and

diluted ratio of bismuth hydroxide colloidal solution. The other

experimental conditions were the same as those in Figure 1.
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experimentswere performed asbeforein the solution
with different solution pH, the obtai ned reduction peak
current was plotted agai nst solution pH, and acurve
was obtained with the peak point at pH 5.0 as shown
inFigure3. In practice, pH 5.0 was chosen asthe op-
tima solution pH.

Theextraction dynamicsof melamine

Themodified electrodewas setin 0.50 M KNO,
B Research & Reotews On
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(pH 5.0) eectrolyte solution including 1.0x10° M
melamine, and CV experimentswereperformedat ini-
tia potentia of -0.40V for quiet time of 100 sand scan
rateof 0.10V/safter extractionfor different time. The
obtained reduction peek current plotting against extrac-
tiontimewasasigmoidia curveasshownin Figure4.

The curvewasregressed asaGaussian modd with
aregression equation of,

(t+7.704)°
3428

@

I e =58.96x exp[—

R=0.992, SD=2.15

Thismeansthat the extraction of melamineon the
surfaceof bismuth hydroxidepartidesfollowsaGaussan
model, and was controlled by interaction energy of the
adsorption sites. Inthisstep melamineand bismuth hy-
droxide strongly interacted by *“NH,-OH or OH-NH,
hydrogen bandings, which decreasesthe reduction ac-
tivity of bismuth hydroxide, and corespondence with
theresultsinFigure 1. In practice, the optimal extrac-
tiontimewasset at 40 s.

Theextraction dynamicswith initial potential
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Figure 3 : The relationship between reduction peak current
and solution pH. The other experimental conditions were the
same as those in Figure 1.

Quigttimeisthetimeinterva betweengoplyinginitid
potentid tothe e ectrodesand thebeginning of potentia
scan. If theextractionisrdaed totheinitid potentia then
thequiet timewill greatly influenced the pesk current of
bismuth hydroxide. Themodified dectrodewassin 0.50
M KNO, (pH 5.0) dectrolytesolutionincluding 1.0x10°
6 M medamine, then CV experimentswere performed
fromtheinitid potentid of -0.40V for different quiettime
of 2-110 sat scan rate of 0.10V/s. The obtained reduc-
tion pesk current plotting against quiet time, and a
sgmoidia curvewasobtained asshownin FHgureb.

The curvewasregressed aboltzman function of,
Research & Reotews On
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Figure 4 : The relationship between reducion peak current and
extraction time. The other experimental conditions were the
same as those in Figure 1.

41.1
—(t/s— 54.7)] (4)
13.35
X2=1.027. Theapparent first order rate constant
was obtained as 0.075 s*. From Figure 1, it can be
seen that thenegativeinitia potential of -0.40V isbe-
forethefirst reduction peak at -0.72 V, which may col-
lect the bismuth cation aroound graphite powder by
electricfield, and increasethe reduction peak current
a -1.39V. Theoptima quiet timewas chosen as 100s.

Thethermodynamicsof theextraction

Under the optimal conditions, the extraction of
melamine on the surface of bismuth hydroxide nano
particlesat different melamine concentration wasmoni-
tored by cyclic voltammetry. The surface coverage at
ith step can be obtained from the reduction peak cur-
rent at different melamineconcentration as,

ipe /WA =58.4—
1+ exp[

i (5)

Herei  wasthereduction peak current without
melamine(375A), i wasintheithstepwithmeamine
concentrationof c. Theextractionisothermal equation
wastheplot of 6 against concentration of melamineas
showninFigure®6.

The curvewasregressed asan extended Langmuir
adsorption equation'®,
0 1

(0.3859+ 1.2852¢*%%6-1))

R=0.9993,SD=6.07x10?

From theregression equation (7), it can be seen,
theadsorption constant, b=1.2852>1, which meansthe
adsorption of melamineon bismuth hydroxide surface
isthermodynamic favourabl e adsorption, and occurs

(6)

A Tudéan Journal



RREC, 3(2) 2012

Yongchun Zhu et al. 71

0 20 4 & 80 100 120
tls

Figure5: The relationship between reducion peak current and

quiet time . The other experimental conditions were the same

asthose in Figure 1.

automaticaly.
CONCLUSIONS

Asasummary of thiswork, acarbon paste elec-
trodewasmodified by bismuth hydroxidecolloidd asa
solid phase nano extractant extracting melaminefrom
aqueous solutionwiththehel p of eectrochemistry. The
melamineextractionwascarried out in pH 5.0 agueous
solution. Theextractionincluding diffusion controlled
phys cd adsorption and hydrogen bonding rel ated chemi-
ca adsorption, and followsextended L ongmuir adsorp-
tionmodd intheisotherma equation. Theinitid potentid
servesasthe pre-concentration of thebismuthion, and
increasestheactivity of thefinal reduction of bismuth
hydroxide. The chemical carbon paste electrode was
proved asanew plantformfor dectrochemica solid phase
nano extraction and e ectrochemical determination of
eectrochemicdly inactivespeciesin solutions,
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