Trade Science Ine.

04)20.4//:640.[ CH

|SSN : 0974-7419 Volume 10 Issue 12

EMISTRY
A Judian Joaraal

s Pt P aper

ACAIJ,10(12), 2011 [781-791]

Using multiwalled car bon nanotubes/ferr ocene nanocomposite paste
electrodefor sensitiveelectr ocatalytic deter mination of isoprenaline

Sajjad Damiri, Hamid Reza Shamlouei”
Department of Chemistry, Engineering Building, | damic Azad Univer sity Branch of Gachsaran,

Gachsaran 75818-63876, (IRAN)
E-mail addr ess. shamluel @iaug.ac.ir

Received: 13" June, 2011 ; Accepted: 13" July, 2011

ABSTRACT

A novel voltammetric sensor for the determination of isoprenaline (1SP) was
fabricated based on a ferrocene-multiwalled carbon nanotubes (Fc-
MWCNTS) composite paste electrode. Then the electrochemical behavior
of this sensor was investigated in detail by cyclic voltammetry (CV) and
electrochemical impedance spectroscopy (EIS). Thekinetic parameterssuch
as electron transfer coefficient, a,, and apparent rate constant for the redox
reaction between ISP and the Fc-MWCNTSs paste electrode were also
determined using electrochemical approaches. The sensor displayed highly
sengitive electrocatalytic activity towards the oxidation of ISP, and under
the optimized conditions, its el ectrocatal ytic oxidation peak current showed
two linear concentration rangefrom5.0t0 50.0 umol L* and 500.0 to 2000.0
umol L-twithadetectionlimit (S'N=3) of 0.1 umol L ISPusing thedifferentia
pulse voltammetric (DPV) method. The proposed method was applied for
the sensitive and selective determination of ISP in the pharmaceutical
formulations and human urine samples with satisfactory results.
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INTRODUCTION

Isoprendine (1SP) or isoproterenol 4-[ 1-hydroxy-
2-[(1-methylethyl)-amino] ethyl]-1,2-benzenediol isa
catecholaminedrug and asympathominetic agent which
actsamost exchustively on beta-adrcnergic receptors.
Catecholamines play amgor roleasneurotransmitters
inthefunction of brain and nerve signal transduction
and arewiddy usedin thetrestment of bronchid asthma,
hypertension, in cardiac surgery etc. ISP stimulates
the centrd nervoussystem, and it hasapowerful stimu-

lating action onthe heart and increases cardiac outpu,
excitability, and rate. The cardiovascul ar effectsof iso-
prenalineare compared with the epinephrine, adrena-
lineand noradrenaline, which canrelax amost every
kind of the smooth musculaturethat receivesadrener-
gicnervous, but thiseffect ispronouncedin themuscu-
lature of bronchusand a so inthe gastrointestinal tract.
Isoprenaineisbetter absorbed when dispensed by in-
halation. It isused for the symptomatic relief of bron-
chid asthma, inthetreatment of bradycardiain patients
with heart block*2,
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Thetherapeuticimportanceof 1SP required thede-
velopment of sensitiveand rapid method for industrial
qudlity control and clinicad monitoring. Variousanalyti-
cal methods have been reported for the separationand
determination of isoprenaline based on spectrophotom-
etry®®9, spectrofluorimetry'®®l, chemiluminescence® 19,
capillary electrophoresig**¥, high-performanceliquid
chromatography*+1¢ and el ectrochemical methodg*”
18, HPL C hasbeen the most widely used techniquefor
determination of thisgroup of drugs, but presentssome
disadvantages such asnecessity to thelarge amount of
high purity organic solventsand long equilibrationtime.
Electrochemica methodshave been very useful for the
determination of e ectroactive speciesin pharmaceuti-
casand body fluidsdueto their smplicity and low cost.
However, in éectrochemical detection of ISP, there-
ported voltammetric methods may suffer from low sen-
sitivity and selectivity that leads to an inactive
overpotential duetotheirreversibility of voltammetric
behavior of catecholamines. However, compared to
other techniques, modified electrodes provide certain
advantages such aslong term stability and suitable sen-
gtivity, sdlectivity and responserepestability.

Carbon nanotubes (CNTs), dueto their high el ec-
trical conductivity, strong adsorptive ability, good me-
chanical strength and excellent biocompatibility, have
received enormousattentionin biological applications,
particularly for constructing e ectrochemical biosensors
becauseof utilizing the high e ectron transfer ability be-
tween biomoleculesand CNTsmodified el ectrode sur-
faceacting asnanowires'® 29, However, theinsol ubil-
ity of CNTsin most solventsand their hydrophobicity
limit their application in the design of CNT-based
biosensing devices?l. The challenge of solubility of
CNTshas been addressed by chemical oxidation and
functionalization with carboxylate or sulfonategroups,
whichfacilitatescovaent binding to pecifictarget mol-
ecules?, However, thecovaent functiondization can
often destroy the 5 structuresthereby diminishing their
pristinemechanica and eectronic properties® 29, Thus,
non-covaent functional strategies, such ashydropho-
bic or van der Waal sinteractions, seemto beamore
moderate and effective aternative for this purpose
through non-covaent interactions?*, SincetheCNTs
exhibit aspecia sidewall curvature and possessan—
conjugative structurewith highly hydrophobic surface,
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which alow them to interact with aromatic ringssuch
asporphyrin, pyrene dueto effective stacking and van
der Waal sinteractiong®-*1, Thehighratiowithlarge
surfaceareaof MWCNTsmakesthem possibletoim-
mobilizetethering moleculesmediatorswith high den-
Sty either viacovaently bonding or viavan der Waals
Interaction and show enhanced el ectrochemical detec-
tion capability>s33,

Ferrocene (Fc) and itsderivatives arewell-known
mediatorg® 4% duetotheir variousvery desirable prop-
erties, e.g., relaively low molecular mass, reversbility,
regeneration at low potential, and generation of stable
redox forms“y. In this study, the carboxilated
multiwalled carbon nanotubes (MWCNTS) weresim-
ply mixed with ferrocene e ectrocatalyst and thiscom-
positewasfabricated asahighly sengtive dectrochemi-
cal sensor for the detection of ISP,

Theobjective of the current work isto develop a
smple, selectiveand sensitive method for the determi-
nation of isoprenaine, based ontheunusua properties
of carbon nanotubes such as strong adsorptive ability,
huge specific area, subtleelectronic propertiesaswell
asexcellent e ectrocatal ytic activity, and itssynergetic
effectswith ferroceneelectrocatalyst. Thusasimple
mixing method was used for the preparation of the ho-
mogeneous compositeof carboxylated MWCNTsand
ferrocene. Then, thedectrochemical behavior of ISP
onthe Fc-MWCNTs paste e ectrode was investigated
by voltammetry and el ectrochemica impedance spec-
troscopy techniquesto determinetheinteraction be-
tweenisoprendineand themodified electrode. There-
sults showed that thismodified electrode strongly en-
hanced the el ectron transfer rate of 1SP oxidation and
the determination sengitivity of theanadytewassignifi-
cantly improved. Consequently, an ultrasengtivediffer-
ential pulse voltammetric method based on the Fc-
MWCNTSs e ectrode was devel oped for the quantifi-
cation of ISPinthe pharmaceutica and human urine
samples. Thisnewly proposed method possessessome
advantagessuch ashigh sengitivity, rgpid response, low
cost andsimplicity.

EXPERIMENTAL

Chemicals
All chemicas, unless mentioned otherwise, wereof
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analytical grade and were used as received. The
MWCNTswerebought from Iran’s Research Institute
of Petroleum Industry and synthesized by chemical va
por deposition (CV D) with adiameter of 8-15 nm, a
length 50 wmol L-* and the purity of 95%. Also, High
viscosty paraffin oil (density = 0.88 gcm®) from Fluka
were used for preparation of carbon nanotube paste
electrode, and isoprendinewas purchased from Huka
All aqueous solutionswere made with demineralized
water, whichwasfurther purified withaMilli-Q system
(Millipore) withtheresstivity not lessthan 18.0MQ at
25°C. Universal buffer (boric acid, phosphoric acid,
acetic acid and sodium hydroxide, 0.1 mol L) solu-
tionswith different pH va ueswere used for the study
of thepH influence.

Apparatus

Electrochemica measurementswerecarried out in
aconventiond three-dectrodecell, powered by anelec-
trochemica system comprising theAutolab sysemwith
PGSTAT 12 and FRA2 boards (Eco Chemie B. V.,
Utrecht, The Netherlands). The systemwasrunona
PC using GPES and FRA 4.9 software. For imped-
ance measurements, afrequency range of 100.0 kHz
to 10.0 mHz was employed. The AC voltage ampli-
tude used was 5 mV, and the equilibrium timewas 20
minutes. The Fc-MWCNTs paste el ectrode, agraph-
ite electrode and asaturated Ag/AQCI reference el ec-
trodewas employed asaworking, auxiliary and refer-
ence e ectrode, respectively. The Fc-MWCNTs com-
positeswerecharacterized by scanning € ectron micros-
copy (SEM) withaPhilips XL Mode 30 microscope.

Preparation of theFc-MWCNTspaste Electrode

To eliminate metal oxide catalysts within the
nanotubes, multi-walled carbon nanotubeswererefluxed
inthe2.0mol L-* HNO, for 15 hours, and then washed
with twice-distilled water and dried at room tempera-
ture. Ferrocene (0.05 g) was dissolved in 20 mL ac-
etone and homogenized with ultrasonic agitationinthe
presence of 0.950 g of carbon nanotube, then it was
hand mixed by amortar and pestle, until the solvent
was evaporated. Using asyringe, 0.1 g paraffin was
added tothemixture and mixed well for 30.0 min until
auniformly-wetted pastewas obtained. Thepastewas
then packed into aglasstube (geometric surface ares;
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0.0434 cm?). Electrical contact wasmade by pushinga
copper wiredown the glasstubeinto the back of the
mixture. When necessary, anew surfacewas obtained
by pushing an excess of the paste out of thetube and
polishing it on aweighing paper. The unmodified car-
bon nanotube paste el ectrode (CNPE) was prepared
inthe sameway without adding ferroceneto the mix-
tureto beused for compari son purposes.

Prepar ation and analysisof Real samples

Thefresh human urine sampleswerecollected in
dark glass containers, filtered through 0.22 um pore
size membrane, stored in refrigerator, and analyzed
within 8 h after collection. Without any pretreatment,
sampleswerediluted with ultrapure water to thework-
ing range of the determination of 1SP, and then used for
andyss Liquidformulationsof ISP, |abd ed withamount
of 1.0 mgmL per ampule, were gppropriately diluted
to 10mL with 0.1 mol L* universal buffer solutionwith
pH 6.0. No other treatment of the samples was re-
quired. Thestandard addition method wasused for the
determination of isoprendineinreal samples.

Thecyclic voltammogramswererecorded by cy-
cling the potential between-0.1 and +0.5V (versus
Ag/AQCI) at ascanrateof 50 mVs?. Differentia pulse
voltammetric andysisof real sampleswere performed
intheuniversa buffer solutionwith pH 6.0, by scanning
thepotential between 0.0and0.5V a 10mV s'anda
50 mV pulseamplitude. The percent content of ISPin
these sampleswas determined by the standard addi-
tion method.

RESULTSAND DISCUSSION

Characterization and Electr ochemical Behavior of
Fc-MWCNTsdectrode

Thedispersing state and homogeneity of the car-
boxylated MWCNTs and their composites with fer-
rocene were examined by scanning el ectron micros-
copy.AsshowninFigurel, SEM micrographsshowed
that ferroceneagglomeratesand particleshaveuniformly
adsorbed on the nanotube structures.

Cydicvoltammetry wasemployed for investigeting
the e ectrochemica propertiesof Fc-MWCNTsinthe
pure buffered aqueous solutions (pH 2.0t0 10.0). A

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



784

Multiwalled carbon nanotubes/ferrocene nanocomposite paste electrode

ACAIlJ, 10(12), 2011

Full Paper —=—

typical cyclicvoltammogram (seeFigure2) inpH 6.0
and thepotential scanrate 50 mV s?, exhibitsan an-
odic and corresponding cathodic peakswith Epa:O.33
V and EpC:O.15 V vs. saturated Ag/AgCl reference
electrode. The experimenta resultsshow well-defined
and reproducible anodic and cathodic peaksrelated to
Fc/Fc* redox couplewith quasi-reversible behavior.
Because the peak separation potential, AE = (Epa—
Epc), IS greater than that 59/n mV expected for are-
versible system. Also, the obtained result from cyclic
voltammetry of thismodified € ectrodeinvarious buff-
ered solutions does not show any shift in the anodic
and cathodic peak potentias. Therefore, the electro-
chemical behavior of theredox process of Fc/Fc*in
Fc-MWCNTs s independent on the pH of agueous
solution.

Theeffect of varying the scan rate on the perfor-
mance of theelectrodewasa so studied. Withincreas-
ing the scan rate, the CV peak currents of the Fc-
MWCNTsmodified e ectrodeincreasedinthescanrate
rangeof 10.0-100.0mV s?, and AE, wasslightly de-
pendent on the scan rate, indicating that all of Fc me-
diatorswerenot efficiently connected ontheMWCNTS
surfaces. The cathodic and anodic peak currentsin-
creased linearly with theincrease of the squareroot of
scan, and the following equation obtained: | / pA=
14.3940 x Y2/ (V s1) — 56.0380, R?=0.9929, sug-
gesting that theelectrochemicd reactionof MWCNTs-
Fcmodified dectrodeisadiffuson-controlled process.

Figurel: Typical SEM images of ferrocene-MWCNTs
composite.
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Figure2: Thecydicvoltammogramsof (a) thebare MWCNTs
pasteeectrodein the presenceof | SP,and Fc-WCNTspaste
electrode in the absence (b) and presence of | SP (c). I nset
showstheeffect of modifier fraction, w/%, on theoxidation
peak current of | SP. Other conditions; pH 6.0, 1.0 mmol L*
ISP and thescanrate50.0mV s?.

Electrocatalytic oxidation of isoprenalineon the
modified electrode

Figure 2 showsthetypical cyclic voltammograms
of ISPinapH 6.0 buffer solution at abare CNPE and
aFc-MWCNTs (w(Fc) = 4.5 %) paste €l ectrodes be-
tween -0.1to0 0.5V at the scan rate 50.0 mV s* for
1.0mmol L I1SPsolution. ThisFigureillustratesthe
cyclic voltammetric responses of a bare carbon
nanotube paste € ectrodein the presenceof 1SP (curves
a) and Fc-modified MWCNTs (curvesb and ¢) with-
out and with |SPanayte, respectively. At the surface of
theunmodified el ectrode, the direct oxidation of ISP
producesan anodic peak at the potential of 310.0mV
and a depressed cathodic peak at near to 100.0 mV.
Under theidentical conditions, theferrocenemodified
MWCNTsgivesincreased peak currentsfor ISP. Thus,
by using Fc asan € ectron mediator in thematrix of the
modified el ectrode, the overpotential for theanodic
oxidation of isoprenaline becomes considerably lower
and therate of the heterogeneouselectron transfer is
increased. Thissuggestsan efficient electrocatayticre-
action of ISP onthe Fc-MWCNTs paste el ectrode.

Theamount of ferroceneintheFc-MWCNTspaste
electrode hasasgnificant influenceonthevoltammetric
response of the modified el ectrode. Asshown inthe
inset of Figure 2, whichisaplot of peak current and
peak potential vs. the modifier massfraction, w(Fc),
the oxidation current for 1.0 mmol L ISPincreases

Au Tudian Yournal



ACAIlJ, 10(12), 2011

Sajjad Damiri and Hamid Reza Shamlouei

785

gradualy with modifier, and at w(Fc) =4.5% the oxi-
dation current achieves amaximum and then become
constant with afurther increase of the modifier mass
fraction. Also, the oxidation peak potential of ISPre-
ducesdlightly with adding modifier. Thisoccurs may
be, duetoincreasing of interactionsbetween theandyte
molecules and el ectrocatalyst. Therefore, theroleof
modifier isto enhancethe peak current and also to de-
creasetheoverpotentia for theoxidation of ISP, It was
found that the best carbon nanotube paste composition
for an electrodeiswith w(Fc) = 4.5%, wW(MWCNTS)
=86.41% and w(paraffin oil) = 9.1%.

Kinetic studiesby chronoamperometry confirmthe
electron transfer ratein the presence and absence of
1.0mmol L1 ISP, At theintermediatetimes, the cata-
lytic current (l.) is dominated by the rate of
el ectrocata yzed oxidation of isoprenaline. Sotherate
constant for the reaction between ISP and Fc-
MWCNTsisdetermined according to themethod de-
scribedintheliterature®?:

I C

= ,Yl/z[ul/zerf (4"2) + exp(=y) /71/2]

L

@)

wherel _and|_show currentinthe presenceand
absence of ISP, respectively. y = kC t (kis the cata-
Iytic rate constant ((mol L) s?), t thetime elapsed
(s), and C isthe concentration of isoprendine) isthe
argument of error function. Where yexceed 2, theer-
ror functionisamost equd to 1 andtheaboveequation
can be considered asfollows:
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Figure3: Chronoamper ogramsobtained at thepotential sep
of +300 mV on the Fc-M WCNTspasteelectrodeand inthe
absence(a) and presenceof 1.0mmol L2 1SP (b). I nset shows
the related plot of I/l vs. t¥2 driven from the
chronocamper ogram data.
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According tothe Figure 3, the slopesof thel /I,
vs. t¥2for 1.0mmol L ISPwasdetermined and kwas
calculatedto be(4.21+0.11) x10* M1 st

In this study, we used the above process on the
Fc-MWCNTSs paste dectrodefor the determination of
isoprendinein pharmaceutica and human urinesamples
and optimi zed thevarious parametersthat can affect on

theamount of that electrocataytic oxidationsignd.
Effect of pH

The peak current closely depends on the pH of
buffer solution. Experimenta resultsof 1.0mmol L*
ISPin 0.1 mol L*buffer solution at different pHsfrom
2.0to 11.0areshownin Figure4. It can be seen that
the oxidation peak current enhancesasincreasing pH,
and decreasesafter attaining amaximum. Also, thepo-
tential peaksgradudly decreaseinthepHsfrom 2.0to
10.0. Thecalibration curveof E versuspH hasasope
of -6.2 mV pH. Thisslope approximately indicates
therdatively dight participation of hydrogenionsinthe
oxidation reaction of ISP. The e ectrocatalytic oxida
tion of isoprenalineat the surface of modified e ectrode
ismorefavoured under pH 6.0 conditionthanin highly
acidic or basic mediums. This appears as agradual
growthintheanodic peak current and asimultaneous
decrease in the cathodic peak current of cyclic
voltammograms. Therefore, pH 6.0 waschosen asthe
optimum condition for the el ectrocata ytic process.
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300 1 -~ @) T0%

1 034
25.0 1 1032
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Figure4: Effect of pH onthepeak current (a) and peak poten-
tial (b) of 1.0mmol L-*1SP on themodified electrode, at the
scanrateof 50.0mV stand pH 6.0.
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Effect of scan rate

The effect of the potential scan rate on the
electrocatd ytic property of Fc-MWCNTséd ectrodeto-
ward | SP oxidation was studied by cyclic voltammetry
inthepresenceof 1.0mmol L andyteat pH 6.0 buffer
solution. Theresults showed that with increasing the
scan rate, the pesk potentid for the el ectrooxidation of
isoprendineshiftsto more positive potentid's, suggest-
ing akineticlimitationinthereaction between theredox
sites of ferrocene and ISP. In addition, the cathodic
current would increase with increasing the scan rate,
because in short time-scale experiments, thereisno
enough timefor thecataytic reaction totake placecom-
pletely. However, the oxidation current of ISPincreased
linearly with the squareroot of the scan rate of poten-
tials, and the following equation obtained: | / pA=
17.2310 x »¥2/ (V s1) + 39.1620, R?=0.9955, sug-
gesting that at sufficient overpotentialsthe processis
diffusion rather than surface controlled. In order to get
theinformation on therate determining step, thevalues
of an_(wherea.isthetransfer coefficientandn isthe
number of electronsinvolved intherate determining
step) were calculated for the oxidation of ISP at pH
6.0 at both modified and unmodified MWCNTs ac-

cording tothefollowing equation“?:
an, =0.048/(E, —-E,,,)

3

Fe-MWCNTs® + e m

Fe-MWCNTs

2 Fe-MWCNTs* Om\ /k
+ 8] N 2
L i 2)
HO
I -
HO N
OH

Schemel: Theedectrocatalyticreaction for theoxidation of
| SPon theFc-M WCNTselectrode

Where, E,,, isthepotential correspondingtol ..
Thevauesfor an werefoundtobe0.44 and 0.36 for
the oxidation of |SPat the surfaceof the Fc-MWCNTSs
and unmodified CNPE, respectively. These values
clearly show that not only the overpotentid for |SP oxi-
dationisreduced at the surface of Fc-MWCNTS, but
alsotherateof the e ectron transfer processisgreetly
enhanced, this phenomenon isthus confirmed by the
larger Ipavd uesrecorded during cyclic voltammetry on

+ 2 Fe-MWCNTs

themodified e ectrode.

Theoveral oxidativereaction process, similar to
other reports*”, can be attributed to the contribution
of two electrons and two protons. Finally, the
€l ectrocata ytic processthat iscompatiblewith the ob-
served behavior isgivenin Scheme 1.

Chronoamperometricstudies

Theagpparent diffusion coefficient of ISPontheFc-
MWCNTswas a so studied by chronoamperometry.
Chronoamperograms obtained at a potential step of
+300 mV aredepictedin Figure5. For an eectroactive
materia with adiffusion coefficient of D, thecurrent for
the electrochemical reaction (at amasstransport lim-
ited rate) is described by the Cottrel | equation(“?;

_nFADYC

n1/2t 1/2

| @
whereD_ and C* arethediffusion coefficient (cm?
st and thebulk concentration (mol cn®), respectively.
Under diffusion control, aplot of | versust¥2will be
linear, and from its slope, the value of D can be ob-
tained. Wehavecarried out such studiesat various|SP
concentrations. Inset () of Figure 5 showsthe experi-
mental plotswiththe best fitsfor different concentra-
tion of 1SO. The dopesof theresulting straight lines
werethen plotted versusthe | SP concentration (Figure
5, inset b), from whose s opewe cal cul ated an appar-
ent diffusion coefficient of 4.06x10° cm?s™.
120.0

100.0 4

8001 100 /"’l P o 1200
i " . : . lz-u.wlur o] (b)
-~ 60.0 1 t] 015 018 om 034 g 80.0 - e
~ 21 E_ 6004 ¥ R,_‘m'
40.0 L —
08 10000 20000 3000.8
ISP} / wmol L
20.0
0.0 T T T T T
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fls
Figure5: Chronoamper ometric responsefor different con-
centration of ISP in 0.1 mol L buffer solution (pH 6.0) at
potential step of +300 mV. The number sof a-f correspond to
0.0, 100.0, 500.0, 1000.0, 1500.0, 2000.0 and 2500.0 pmol L-
11S0. Insets: (a) Plots of | vs. t¥2 obtained from the
chronoamper ograms, and (b) plot of thedopesof thestraight
linesagaingt thel SP concentr ation.
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Electrochemical impedance spectr oscopy studies

El ectrochemica impedance spectroscopy wasa so
employed to investigate the oxidation of isoprenaline
on both bare CNPE and Fc-MWCNTS electrodes.
Figure 6 showsthe Nyquist plotsof theimpedance (Q
cm?) the mentioned electrodesrecorded at 0.1V as
dc-offset for .0mmol L ISPinpH 6.0.

Theequivaent circuit compatiblewith the Nyquist
diagram recorded in the absence and presence of ISP
isdepicted in Scheme 2. Inthiscircuit, R, CPE, and
R, represent sol utionresistance, aconstant phase ele-
ment corresponding to the double-layer capacitance,
and the chargetransfer resistance associated with the
oxidation of ISP species. Wisafinite-lengthWarburg
short-circuit term coupled to R, which accounts for
theNernstian diffusion. Inthe presence of 1SO, thedi-
ameter of the semicircle decreases, confirming the
electrocatalytic capability of the mentioned
electrocatdyst for the oxidation of isoprendine. Thisis
duetotheinstant chemica reaction of ISPwiththehigh-
valence ferrocene species. The catalytic reaction of
oxidation of ISP that occurred viathe participation of
MWCNTsand Fc electrocataystsvirtualy caused an
increasein the surface concentration of low valence
species of Fc, and the charge transfer resistance de-
clined, depending on the concentration of ISPinthe
solution. Thisbehavior isconsistent with theresult of
cydicvoltammetry and chronoamperometry (See Fg-
ures 2 and 5). Impedance of CPE and Welementscan
be expressed ag*® 44

Zepe = Yo_l(j o)™

(5)
Zy=Yo (jo)™* (6)

where 'Y, (the admittance parameter, Scm?s") and
n (dimensi onless exponent) aretwo parametersinde-
pendent of frequency; j = (-1)¥?2 and w=angular fre-
guency = 2xaf. “n” reflect the roughness of the elec-
trode surfaceor any inhomogeneity inthereaction rates
anditisrelated to o (phase angle) by o = (1-n) 90-.
Smooth el ectrode surfaces and homogenousreaction
rates show a perfect capacitor withn=21and a. =0,
and increas ng of microscopicinhomogeneitiesinthe
chargetransfer processes|ead to thereduction of “n”.
When n =0, CPE isreduced to aresistor. Whenn =
0.5, itisequal to aWarburgimpedance.
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Inthementioned circuits, thecharge-transfer ress-
tance of the electrodereactionistheonly circuit ele-
ment that hasasimpl e physicad meaning describing how
fast therate of chargetransfer during € ectro-oxidation
of isoprenaline changeswith the e ectrode potential or
anal yte concentration. Themost widely accepted ex-
planation for the presence of constant phase elements
and the appearance of depressed semicirclesin the
Nyquist plotsisthe microscopic roughnessontheeec-
trode surface®!.

TABLE 1 showsthevauesof theequivdent circuit
elements obtained by fitting the experimental results.
Thegoodness of thefit can bejudged by the estimated
relativeerrors presented in the parentheses. According
tothevauesof theelectrica equivaent el ementsre-
portedinthisTABLE, uponincreasing the concentra-
tion of ISPonthe Fc-MWCNTséelectrode, the charge
transfer resistances (R,) decreased dueto thefacile
occurrenceof thefaradic processrelated to theelectro-
oxidation process. Moreover, the concentration of iso-
prendineshowsreatively little effect on CPE, related
tothe double-layer capacitance. Theelectron transfer
resistance, R, for the 1.0 mmol L* ISP ontheunmodi-
fied nanotube paste e ectrode and Fc-MWCNTs el ec-
trode, equa sto 4790.7 and 462.3 ©2 cm?, respectively,
indicatingthevery faster chargetransfer ratefor oxida
tion of isoprenaline on the modified el ectrode surface,
due to the electrocatalytic effect of ferrocene and
nanotubes on the el ectro-oxidation process. The ap-
parent electron transfer rate constant k___ can be ob-
tained from thefoll owing conventiona equation*?:

« - _RT
app nzFZARdC (7)
wherenisthenumber of dectrontransferred (n=1),
Aisthe microscopic area of the electrodes, Cisthe
concentration of the el ectroactive species (inmol cm
%), R, Tand F havetheir usud meanings. Thus, thevaue
of kapp for the Fc-MWCNTsisabout 10.36 timeshigher
than that of the unmodified electrode, demonstrating
enhancement of chargetransfer reaction kinetics.

The dependence of drug concentrationon R, and
CPE eements has been illustrated in Figure 7 and
TABLE 1. Itisinteresting that the concentration of iso-
prendineisrelaedtoR, of Nyquist diagrams Theequa-
tion(7) may explainthereation between bulk concentra-
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TABLE 1: Thevaluesof theelementsin equivalent cir cuit
and thecorrespondingreativeerrorsfor theoxidation of ISP
ontheCNTPE and Fc-MWCNTselectrodes.
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Figure6: TheNyquist diagramsof theimpedance (Z, _vs.
Z.) for theA) CNPE and B) Fc-MWCNTspasteelectrodesin
theabsence(a) and presenceof 0.1 mmol LI SP (b) by apply-
ingabiasof 0.1V and acvoltagewith 5mV amplitudein a
frequency rangefrom 10.0Hzt0 100.0kHzin pH 6.0.

decreaseuponincreasing of 1SP concentration (seeFig-
ure7and TABLE 1). Theextent of thedecreaseinR
dependsonthee ectrocatal ytic activity of theworking
el ectrode and the magnitude of the applied DC poten-
tid, provided theAC potentid issmall and thediffuson
layer produced by the DC potentia isnot perturbed by
theAC potentid.

CPEg
R, <<
—AANAA Ra (A | —o
—N N
CPEy
R S
-1 (B)
— AN Ry Zuw S
AN L W)’

Scheme2: Theequivalent cir cuitscompatiblewith theNyquist
diagramsrepresentedin Figure®.

tion of theredox probeand chargetransfer resistance.
We canreplace Cwithk [1SP], wherek, isaconstant.
Becaused| the other parametersarea so constant, sm-
ply alinear relation of theform 1/R = k[I1SP] is ob-
tained, inwhich kincludesal constants. Results show
that theva ues of the chargetransfer resistanceslinearly

800.0
L ]
700.0
“(a) 5
- 600.0 b s
e 500.0 a(e) ¢ .
4 x(d) . °
- E
t;: 400.0 & s g =
£ 300.0 1 ¢t an it cml (@) -
N L. | 'y 3 158 //,-ljluouln
" 2000 ogtat ¥ % e oz
o Sox <
100.0 4 o e e g
|18P] { o] L1
UC‘ a T T T T
0.0 300.0 600.0 900.0 1200.0 1500.0
Zpe 1(Q em?)

Figure7: Complex plane plotsobtained on themodified elec-
trodefor different concentrationsof | SP: a) 100.0b) 500.0 c)
1000.0 and d) 1500.0 umol L* I1SP. Theinset showscalibra-
tion curveobtained using /R asafunction of I SP concen-
tration. Other conditionsaresimilar toFigure®.

Per formance of the system for thedeter mination
of isoprenaline

Becausedifferentia pulsevoltammetry (DPV) has
amuch higher current sengitivity than cydicvoltammetry,
it wasused for the determination of isoprenalineinrea
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samples. Thecalibration plot of ISP determinationis
linear in two concentration region of 5.0-50.0 and
500.0-2000.0 umol L*with detectionlimit of 0.1 umol
L (seeFigure8). Using DPV under the optimum con-
ditionsweresdected as: pH 6.0 (universal buffer) by
scanning the potentia between 0.0and 0.5V at 10mV
standa50 mV pulseamplitude. Equationsof linear
least square calibration curvesover thisrangesare: | /
A =028 xC + 150 (RP=0.9983) and | / pA =
0.012 x C,, + 18.92 (R*= 0.9987). The detection
limit, linear dynamicrangeand sensitivity of thismethod
aresignificantly better than other e ectrochemica meth-
odsreported by Adanoglu*”? and Fatibello-Filho*® and
provide useful routefor the detection and determina-
tion of ISP in the human urine and pharmaceutical
samples.

To provethe precision and practicability of the
proposed method, the reproduci bility and storage sta-
bility of the sensor were examined. Therelative stan-
dard deviation (RSD) of the modified electrode re-
sponseto 1.0 mmol L ISPwas 2.6% (n=5). The
RSD for fivedifferent € ectrodes using the same con-
ditionsresponseto isoprenalinewas 3.6%. Thesere-
sults showed that such kinds of el ectrodes exhibited
good reproducibility. Furthermore, thelong term sta-
bility of the Fc-MWCNTswas tested over athree-
week period. The cyclic voltammetry of ISP at the

450
40.0 1
35.0
30.0

g 2501

~ 20.0
15.0 -

10.0 A 00—
@ 01 02 03 04 0% 06
5.0

Eiv
0.0 T T T T

0.0 500.0 1000.0 1500.0 2000.0 2500.0

[ISP] / pmol L
Figure8: Calibration curvefor thedeter mination of | SP by
DPV ontheFc-MWCNTspasteelectrodein pH 6.0 buffer
solution. Inset shows the related differential pulse
voltammograms containing different concentrationsof | SP.

—— Fyll Peper

surface of Fc-MWCNTs after themodified electrode
was stored in an atmosphere at room temperature
showed that the oxidation peak potential of ISPwas
unchanged and the anodic peak current wasonly de-
creased lessthan 2.5 % of theinitia oxidation peak
current.

Interferencestudies

Under optimized experimental conditions de-
scribed above, the effects of someforeign species
on the determination of ISP at 1.0 mmol L level
wereevauated in detail. Thetolerancelimit wasde-
fined asthe maximum concentration of theinterfer-
ing substance that caused an error lessthan 3% for
determination of 1SO. 800-fold of Na*, K*, Ca?*,
Mg*, NH*, stearate, Cl-, SO,>, CO,*, NO, and
urea; 250-fold of glucose, sucrose, lactose and fruc-
toseand 5-fold of Fe** have almost no influence on
the current response of 1SO. All theseindicate that
the peak current of isoprenalineisnot affected by all
conventiona cations, anions, and organic substances,
presenting in the mentioned real samples, but other
electrochemically reducible materialssuch asiron
cations can beinterfered.

Application

To evaluatetheapplicability of proposed method,
the recovery of ISP was determined in the ampule
and urine samples by adding the standard val ue of
ISP to them. The standard addition method was used
for theanalysisof prepared samples. Thedatagiven
iInTABLE 2 show the satisfactory resultsfor analyti-
ca determination of isoprenalinein thereal samples.
TABLE 2: Determination of | SPin phar maceutical formula-

tionsand urinesamplesby DPV techniquein pH 6.0 buffer
solution.

No. Sample (uﬁ\w(?)(ljid”) (pI?nOlojlnl(_j ?1) Recovery (%) IZ/SO?
Urine
1 100 98.0+0.1 98.0 0.3
2 500 480.8+0.5 96.1 18
3 1000 1020.4+1.0 102.0 2.6
Ampule
4 100 101.6+1.7 101.6 2.6
5 200 196.5+2.9 98.25 0.8
6 300 294.6+ 3.8 98.2 0.4
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CONCLUSION

In conclusion, we have demonstrated that the Fc-
MW CNTsnanocomposite can beeffectively employed
for thefabrication of isoprenaline d ectrochemical sen-
sor inthe pharmaceutical and humanurinesamples. The
synergetic effects between the MWCNTsand Fcin
the nanocomposite enhancethe e ectrocatalytic action
of Fcto the oxidation of ISP, resulting in asensitive
voltammetric sensor for thisdrug. The proposed sen-
sor exhibitswidelinear detectionrange, acceptablere-
producibility, and high sengitivity and selectivity for the
detection of ISP in the clinical and pharmaceutical
samples.
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