Journal of Physical and Theoretieai Chemistry
of Islamic Azad University of Tran, 7 (2 127-134: Summier 2010
(). Phys. Theer, Chem. 1AT fran)
IS&5N, 1733-2126

A New Hydroxylamine Eleetrochemieal Sensor Based nn an Oxadiazol Derivative and
Muiti-wafl Carbon Nanotubes Modified Glassy Carbon Electrode

Navid Nasirizadeh'#, Mohammad Saber Tehrani®, M. Reza. Shishchbore’, Ali Karimi' and
Mahammad. A. Shirgholami'

"Department of Chemistry, ¥aml Branch, lslammc Azad University, Yazd. lran

“Department of Chemistoy, Setence and Research Branch, Islamic Azad Universily, Tehran, Tran
Recorved Augost 20007 Accepied Augost 2010

ABSTRACT

A new hydroxylamine sensor has been fabricated by immebilizing vxadiazal denvative ai the surface ol a
ilassy carbon electrade (GCE) modified by muii-wull carbun nanntube {(MWCNT). The adsorbed 1hin {ilms of
oxadiazol dervative on the MWCNT meodified GCE show a pair of peaks with surfiuce confined characienisies.
The oxadiazol derivative MWONT (OMWCNT) modified GCE shows highly calalvtic aclivsly Tsand
electrooxidation of hydroxylamine, The results show that the peak potentind of hydrovylamine at OMWONT
modified GCE surface shined hy about 331 and 346 mV oward negative values compurcd with those of
MWINT and activated (iCE surface, respectively. in addsion. the sensitivity of bydroxylamine delerminueen
i improved remarkahly by DMWONT medified electrode. The kinetic parameters, sugh as Lhe electron transder
caefiicient, @ the standard helerogencous rale constant, k', and exchange cument iy, [or oxidution ol
hydroxylamuine at the CMWINT modified GCE (OMWCNT-GCE) were deterruined by cyclic velammuiry
tmensurements, Also deffusion coefficlent of hydroaylamine was determined as 405 « 107 cn’ s ' by usine
chtnnoamperametry techmque. Furthermore, the fincar dynamie range (2 0-600.0 M}, seasitivity and detection
liomit (061 pM) for hydroxylanine determination was evaluated using differential pulse voltammetry, Excellent
glectrochetmical reversihility of the redox cauple. technical simplivity, good eleclrocatalytic activity lur
hvdroxylamine and good reproducibility are the advantages af this modified elecirode. Fimally. the actviy ol
OMWONT-COE wat also investigated for hydronylamios determinatian in bwo natural waler samples.

Kevwa rds; Hydroxylamine, Multi-wall carhon nanotubes; Oxadiazol de nvatives: Ditferential pulsc
villammelny

INTRODUCTION

Hydroxylamine is knawn as a kind of reducing agert  been shown te inactivate or inhibit a number of
widcly used in indysiry and pharmacy. It 15 onc of the  ecllular cnzymes and some wiruses i vitro, (tis
imermediate products of nitrogen-cycle and plays an  also a skin imitant and sensitizer. Until now,
important role in life scienec [1]. Hydroxylamine 152 a number of methods have been developed
natura] product found in mammalian cells and bacteria,  for the determination of hydrexylamine
In the former, WNH:OH may he formed from [4-14]. For cxample, chromatographic [4.5].
decomposilian of mitrosothiols [2]. Morcover, some  speetrophotometric [6.7] and cleelrochemical
hydroxylamine dervatives also eonstitule a great part  [8-13] methods have Deco suceesstully applied
of anticancer drugs [3]. Inaddilion, hydroxylaming has  to the determination of hydroxylamine.
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Unfortunately, hydroxylamine with a large
overpotential for oxidation at ordinary elcctrodes is
ool a suitable amalvic for clectrochemical
measurement lechmques. One promising approach
for minimizing overvoltage eifects is the use of
carbor modified electrodes (CMEs) containing
specifically selected redox mediatars immobilized
In conventional electrode surfaces. In recent yvears,
various CMEs have been prepared and applied for
determiration of hydroxylamine [14-14].

Carbon nanotubes, as @ now kind of pomnus
nanestructure material which are 10000 trmes
thinner than a human hair and 160 times sitonper
than steed {17], exhibit several unique clecincal,
geometrical and mechanical properties. Thus, they
can be used for promotivn of electron transfer
rcachions when used as cleetrods  matcral in
elcctrochenucal devices. Dircet electrocatalytic
activity nf wumportant chemical and biochernical
compounds, stuch as bydrazing [18]. epincphrine
[19], cholestere] [20], micotinemidc adenine
dinucleotide NADH and hydrogen perovide [21],
ascorbic acid [22), unc acid [23], proteins [24],
mne oxide [25), hydrogen suifide [26] and glucose
[27.28] on the surface of differcnt clectrodes
modified with catbon nanotubes have been
investigated. Thos, these nonomaterials can be used
as electrode materials for a wide range of important
chernical and bislogical species [29-35]. {wing to
the importance of para-hydroquinune ring
substitucnts on the reactivity of the mediator, in this
paper we o report the characteristics of another
modificd  electrode,  prepared  from the
electrodepasition of an exadiazol derivative {aee
scheme 1 for structure) on the MWCNTs modified
GCE (OMWCNT-GCE). The reactivity of this
modiicd electrode is also examined toward the
efccrovatalytic oxidation of hydroxylaming with
the aim of finding its capabilitics as an clectron
transfer mediator. In this report, we also investicate
the clectrochemucal oxidation of hydroxylamine at
the MWCNTs modified GCE (MWCNT-GCE)
and the oxadiazol denvative modified GCE
(OMGCE) The resuits show that the sensitivity of
h¥droxylamine deterrmnation at an
OMWCNT-GCE is remarkably improved und also
its overpotential is redoced, when compared to
MWOUNT-GCE  and OMGCE. Fimally, the

analytical application of OMWONT-GCE s
descnbed a5 o voltammetric  detector  for
hydroxylamine  dotermination  in o water
sarmples.

|
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Scheme 1. Structure of the oxadiazol dervative,

EXPERIMENTAL

Electrochemical apparatus and chemicals
An Autolab potentiostat—golvanostat PGSTAT 30
(Eco Chemig, Ultrecht, the Nethetlands) eqoipped
with GPES 4.9 software, in conjunction with a
threeelectrade system and a perscoal computer
was osed for electrmchemical measorements. A
saturated calomet reforence electrode (SCE), a
platinom wire counter electrode, an okadiazol
derivative elcetrodeposited on a GCE {OMGCE},
melti-wall  carbon  nanotubes modified GCE
(MWCONT-GCE). and an oxadiazol densative
electrodeposited on multi-wall carboo nanotubes
modified  GCE ~ (OMWOCNT-GCE) ' were
empioved  as  working  clectrodes  for  the
clectrochemical studics. The pH was mcasured
with a Mctmihm model 631 pH/m¥ meter. ]

The mult-watl carbon nanotubes with diameter
of 1020 am, leogth of 5-20 . and purity of
>95%  were purchascd  frem Narolab  Ine.
(Brighton, MA}. Hydroxylamine, the chemicals
osed for preparation of buffer solutions, and other
reagents were of analytical prades from Merck
and were wsed as recowved, The oxadiazol
derivative (3-phenyl-1 Sd-oxadiazele-2-thiol),
(scheme 1 for structure). was synthesized and
punfied accarding to the procedurc described
recently [30], In the prescnt paper, we refer to this
oxadiazol derivative as oxadiazel for convenerice,
Dooebly distilled water was used to prepare ali the
solutinns, Buller solotions ((.1 M) were prepared
from H;POu and the pH was adjested with
saturated NaOH sofution. Hydroxylamine solution
was freshly preparcd just prior to use and alf the
EXpERimcnts were carmied not at room temperature,

Eiectrode preparction - ! I

The procedure for preparation of thé working
clectrode was as follows. At first, the GCE was
carclully polished mechamcally with 0 05 tim
ALDy slurry oo a picee of polistung cloth and
then rinsed with drobly distilicd water, For the
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electrochcmical activation of the electrode, it
was immersed in 0.1 M sodium bacarbonatc
solution and was activated by a continuous
potential cycling from 1.4 to 1.7 ¥V at a sweep
rate of 100 mV 5~ until a stable voltammogram
was obtained. For the preparation of oxadiazol
mndified GCE {OMGCE). the activated GCE
{AGLE) was rinsed with doubly disulled water
and wuz modified by 0 cyeles of potential
sweep 300 to 500 mVY at a scan rawe of 50 mV ™!
in a 0.1 M phosphate buifer solution (pH 7.0)
contatning .10 mM  oxadwzol. For the
prepuratwn of the MWOCNT modified GCE
(MWCNT-GCE), 3 uL of MWCONT-OME
suspension {1 mefl mL) was placed directly nnto
the activated GCE surface ard dned al  minm
temperature to Mrm a MW CNT film at the GCE
surface, The nxgdaznt MWOCNT nwdified GCE
{(OMWONT-GCE) was prepared by immersing
of MWENT-GCE noa (.1 M phosphate buifer
(pH 7.0} contaming 0.1 mM oxadiaznl by 8
continuous potential cycles from 300 to 500 mV
at scan rate of 50 mV 5™,

RESULTS AND DISCUSSION
Factors influeneing the eurrent response
of OMWONT modified GCE

The cifect of number of potential cycles and
MWOUNT  walue, used fir GCE  surface
modificatinn, nn the current response of the
OMWONT-GCE were investigated tn nptimize
test performance.  Current response of  the
modified electrode 15 cxpected to be affected by
the amimunt of oxadiazol on the surlace of
MWENT modified GCE, whwh ean be
contriilled by number of potential cyvcles during
the modification of the efectmde. The resuits
show that with 1ocreasing the number of
potential cycles, the current response increased
and higher current was ound arnund cight eveles
of potential. However, eight eycles of poicntial is
considered as the optimum sioce for mire than
cight cycles a decrease In current respansc is
abserved, probably, doe to the [Rrmation ol a
thick and compact film, which do not facilitate
the electron transfer. Curtent response of the
OMWOCNT-GCE iy also affected by the amiunt
ot MWOUNT on the surfiee of GCL, which can
be contrulled by using the same concentration of
MWONT  with  ditferent  volume ol  the
suspension. Aftcr the oxadiazol fitm was formed
on MWOCNT inoditited GCE. the cument
respunscs of the moditled electrode  were

recorded. The relationship bemween the current
rcsponse and the MWCNT wvalue was shown
with the mercment of MWONT  value, the
curtent response mereased, which implies that
higher MWOCNT value results in higher
scasitivity. However 1t was observed in the
expernment that the background current also
increased with ncreasing the MWCNT valug,
which did not facilitate the determination of the
hydroxylamine., Therefore, m this work. a
mnderate MWCNT value of 3 pl. of DMF-
MWCNT sobutinn (I mg/l mL} was sclected thr
fabrication of OMWUCNT-GCE.

Eleetrneatahytic nxidation of hydrexylamine ai
an OMYCNT medified GCE

Fig. 1 shows the cychic voltammctric responscs nfa
0.1 M phosphatc buffer solution (pH 7.0}
cortaining 3.0 mM hydrixylamune at OMWCNT-
GCE (curve b), MWCNT-GCE {curve ), OMGCE
{curve d), and actrve GCE {curve ). In the absence
nf hydroxylaming (Fig. §, curve ¢}, a well behaved
tedny  response  comesponding o the
electrodepnaited nxadiazot can he observed. Upon
the addition of 5.0 mM of hydroxvlaming. there is
an enhancerment ni the anndic current peak and a
very small current « ohscrved in the cathndic peak
{Fig. 1, curve ). This is indicative of & very sting
efectrocatalytic efftct. As illustrated, the anodic
peak potential for hydroxylamme oxidation at
OMWUNT-GCE (curve b 15 about 241 mV which
15 cinsc to that of the surface conlined mediator
anndic peak potentiai  in the absence of
hydrosyvtamine. Moreover, MWONT-GCE {curve
) and OMGCE {curve d). peak potentials are abnut
572 and 347 mV respectively, and at the bare GCE.
no current 15 obsorved in the presence of
hydrosybammine, Table | shows the electrochemical
charactenistics 0 hydroxylamine oxidation on
varinus electrode surfaces at pH 7.0. FFrom Table I,
it is concluded that the best elcotrncatalytic cffect
for  hydroxvlamine  oxidation s a
OMWONT—GCE. For example, according o the
tesults, there is a dramatic cohancement nof the
anadic peak current at OMWCNT-GCE {curve b)
relavve to the value obtained at the MWCONT-OCT
{curve ¢) and OMGCE (vurve d). Also, the peak
potential - of  lwdroxylammne  ovidation ar
OMWOCNT-GCE {curve b shifts by about 331 m¥
and 106 mV toward the negative values compared
with that at a MWONT-GLE (eurve ¢) and
OMGCE (curve di respectrvely. In other words, as
the data nhtained clearly show, the combination of
MWCNT and a mediator (the uxadiazol) definitely
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improves the characteristics of hvdroxylamine
oxidation. It can be seen that for the oxadiazol film
attached 1o MWOCNT, there exist a pair of well
defincd redox peaks. Compared to the bare
electrode, and considering the porous interfacial
laver of the MWCNT-modified GCE, an clectron
may penetrate through the conductive porous
channels onto the elcetrode more casily, leading 1o
a highcr sensitivity. Thercfore, MWONT can be
used as & nmow matenal for immokilization and
clectron transter reactions of oxadiazol

i

i
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Fig. 1. Cyviic voltammograms of the OMWCNT-GCE
in 0.1 M phasphate buffer solution (pH 7.0 at scan rate
20 mV 3 in (a) absence and (h) presence oi’ 5.0 mM
hydrxylamine {d). (e) and {F) as (b) for OMGCE.,
MWOCNT-GCE and activeted GUE respectively. (c) as
(i} tor OMGCE.
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The cffeet of scan rate on thlt: clectrocatalytic
oX1dation of hydroxylamine at OMWCNT-GCE
was used to get infurmation about the rate
determining  step. Fig. 2 shows the cyclic
voltammugrams of the moditicd electrode in a
0.1 M phosphate kuffer (pH 7.0) mnta:ining 1.5
mM hydroxylamine at diffcrent scan rates Tnsct
of Fig. 2 shows that a piot of the uamflytic prak
current versus the square root of scan rale is
lincar, This result indicates that, at an appropriate
overpotential, the provess is diffusion rather thai
surface controlicd. which it is the ideal case for
quantsatrve applicatinns [37]. Also, from this
plot, one can caleviate an approximate total
number of electrons in the overall oxidation of
hydroxylaminc (n) using the following equation
for  diffusion  controiled
wreversibic reaction [18]. .
L=3.01x10°n[(i-0n ) *AC,D 'S " )y

cleetrochemcaily

Table L. Comparison of electrocutalytic oxidativn characteristics of bydrexylamine (5.0 miD oh vanoums
electrode surfaces at pH 7.0) |

Name of electrode”

Oxidativg peak polential fmV)

Oxidation peak current {iz4) |

AGCE 587 348
MWCNT-GCE 572 3.85 -
OMGCE 347 119
OMWCNT-GCE 241 310 r

"AGCE: activated glassy carbon electrade. MWONT-GCE, multi-wall carbon nanutubes modified elasy

carbon elecirode, OMCCE: oxadiazol modified Blassy carbon electrode. OMWONT-GCE:
multi-wall carbon nanotuhes modified glassy carbon electrode.

oxadiazol
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Fig. 2. Cyche voltammogrums of the OMWCNT
modified GCE in 0.1 M phnsphaie buffer solution {pH
7.0) conlaining 1.5 mM bydroxylamine at scan rates:
() 5. (b) 7.5 () 10.0, id) £2.5 and (e} 15.0 mV »™".
Inset; Vanatian of the electrovatalviic cutrent versus
the square rool of sean rale.

where D is the ditfusion coefficient of
hvdroxylamine {D=4.05x107 cm” s™ obtained
by chronoamperometry}, ©p is  the bulk
concentration of hydroxyvlamine (1.5 mM). and A
18 the electrode surface area (0 0314 cm®). Valucs
for o and n, which are dedoced from Tafel plots
{see below) are 0.30 and ! respectively, This
praduces an approximate value, 0 = 2,122, for
the total number of electrons wnvolved in the
anodic oxidation of hydroxglamine. Thus, the rate
determining step is given in Eq. {3) with a raic
constant k. 1In above conditions, for EC; catalytic

{ECi} mechanism, Andreux and Savcant

theorcircal model [39] can be used to calculate the
catalytic ralc constant, k. Based on this theory, the
average value of the cntabytic rate constant
between hydroxylamine and oxadiazol. k, is
calculated tobe {6,340 1)x 10 ems™.

Dﬂadiﬂﬂl.mmd Fior) = ﬂxad{uzul(ax;d,xd forme) +

H + 2 {2)
2 Oxadinzol pudued form ~2NHZ0H — 2
Oxadiazeledoed togm T N0 O {3}

The overall oxidation of hydrexslamine by the

modhfied clectrode is given m Eq. {4).

TN, — N2O + H.O + 40" +4e 4
In order to obluin wfonnation ahout the rate

determining stcp, Tafgl plots were drawn {Inset

of Fig. 3), derived from points of the Tafel
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region of the lincar sweep veoltammograms in
Fig. 3. The results of polarization studies for
electroonidation  of  hydroxylamine  at
OMWONT-GCE show that, for all potential
sweep rates, the average Tafel slope is 12,6 V7,
Referring to equabion (5) [37], the average Tafel
slope of 126 V' agrees woll with the
involvemen! of onc clectron in the mte
determining step of electrode process, assuming
a charpe transter coctficient of o=0.3{.

Tafel stope = {1 — ain,F¢ 2.3RT (M
=17
g M 1
i /“ ! °
L] tl F]
i3 =
I
My a2t // |
131
-1
ous L1 g
B
L |- r |
01 1.6 042 058
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Fig. 3. Linear sweep yvollammogtam of fhe
OMWONT modified GCE in 0.1 M phosphate buffer
sobution {pl 7.0) cootamning 1.5 mM hydoox ylamime
at sean rates: {ad 5. (B 7.5 §¢) 12 Sand (dy 150 mV
57", Inset shows the Tafel plod denved from the linear

sweep voltammoygram.

In addition, the cxchange curreat, 4, 15 obviousky
readilv aecessible from the intereept of the Tarfel
plots [37]. The averape valuc of the cxchange
current, dy, of hvdroaylaomine al OMWCNT is
found to be 00021 pA

Chronoamperametric studies

The catglytic oxidabon of hydroxylamine at
OMWONT-GCE surface was alse studied by
chronoamperometry. Chrongampetagrams  were
vbtained  at  diffcrent  concentrations  of
hydroxylarmne at a potential step of 270 1V (Fig.
43, For an electroactive matena! {hydroxylamune
in this case) with a diffusion coctficient, T2, the
current correspoading to the  electrochemical
reactivn {under ditfusion contrel) is desenibed by
Catrell cquation [37f

I=nFAD"Cim'? (6)
where D and € are the diffusion coefticient (co
sy and bulk concentrmtion {mol em ) of the

,
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analyte respectively,  Fig. 4A,  shows  the
experitnental plats of T versus 177 with the best
fits for diflerent conecntratinns of hydroxylamine
cmployed. The slopes of the resulting straight
lines were then ploited versus the hydroxylamine
caneentration, from whose slope and using the
Cuttrell equation [37] we calculated the average
diffusion coefficlent of 405107 em® ' for
bydroxylamine.  The  calenlated  diffusion
coctlicient is in a good agreement with that
previously reported for hydroxylamne [1],
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Fig. 4. {A) Chronoamperomeire respouse of the
OMWONT-GCE in 0.1 M phosphate huffer solutan
{pH 7.0) ar pownual step of 270 mV for different
concentrations of hydroxy lamine 7 he number of 1 to 12
correspand o (LB, 001, 002,004, 006, .08, 0.e, 0.2,
04, 06,08 and L0 mM hyduavdamine. loset A P]an
of t versus 17" ohtained from the chroncamperograms
(B) Shows plot of the slope of straight lines against the
hy droxvlantine conceniration,

Differential puise voltammetry insestigatinns

Fig § shows the diffcrential pulse voltammoyrams
(DPVs) of  sanous  coneentratinns of
hydroxylamine 1 & 0.1 M phosphate builer (pld
T0) at OMWCNT-GCE. The plot of the
electrocatalytic peak current of hydroxylamine at
the surfisce of OMWONT modified GCE, corrected
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for any residual current of the mudiﬁcdl electrode in
supporting clcclmlyte YCrsus hydmwlamme
concentratinn s shown in msct{of F:g 5 Thms
fipure shows clearly that the cahbmtmn plat is
linear. between 2.0 to 6600 p,M hrvdrody lamine.
The lower detectian lunit of hydmxylamme Cos
wias obtained using the cquannn]cm ,3S|-!,.'II1 {40],
whire sy 15 the slandard deviation dof the blank
tespinse {pA} and m1s the slope bf th ealibration
plot 7.84 pA mM™. In this exﬁ:crirﬁmt, eleven
replicate measurcments were preformed on the
blank solutioy and the resulting datz were then
treated staiishically to shtain st,;—'[l 'I}'I}Iﬁ pA. From
the analvsis of these duta, we csl;mmte that the limit
o[ detectinn ol hvdroxvlamine is 061 pM Alss the
average  voltumetne  peak cﬂrrentl’ and the
precision estumated m terms of thE mcH’ cient of
vartation for repeated IHEEH‘UT‘E[’[ICHI.S (= 15yl 100
M hydraxylamme at OMWCONT- GCE were (1,463
(01T pA and 2.38%, respccmely Thc value of
variation cocficient tadicates that ‘the Cll"vm CNT-
CGiCE 15 stable and docs not undc:rgﬂ xuﬂ"ar:c Touling
during the valammetric m:.dxun::mcnis It alsn
demonstrates the fact thal the n::sult nhtamed at the
OMWCNT-GCE is reproducible. md 15 a proof af
the OMWOCNT-GCE rcpmdumbjhw m analytical
applications ] | |

55—
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Fig. 5. {A) Dufferenval pulse wimmmogmms at
OMWUNT-GCE in 1.1 M phﬂ‘?[‘!hdlﬂ bhuffer solution
(pH 7.0) containng difTernt Luncemml:uns of
hvdmxwlmmm: The numbers 1 o 13 cuncspnnd Lo
20.40,60 8.0 100,200 dei), ﬁﬂﬂ &0 0. 1000,
2000, 4400 and 6000 uM by drux} lumimne, Tnset
shows Plot af the clectracarniylic peak furrent,
corrected [orany residual current. as a fuhchon of
hydraxylamine concentration, .|
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Determination of hydrexylamine in tap and
well water sampies

From the resuits that are mentioned in the
previaus secuon, 1t 1 apparent that OMWCNT-
GCE possesses a high sensitivity and a good
detection limit to determine hydroxylamine in
rcal samples. In order to test its practical
gpplieation. the moditied ciectrode was used to
determine hydroxylamine n two natural water
samples. For this propose, 4 mL of natural water
sample was diluted to 10 mL with 2 01 M
phosphate buffer solution (pil 7.0). Then, certain
amaounis of hydroxylamine were added and their
recovery were determined by differential puise
voltammetry. The results (Tahie 2) show that the
recovedes are within the range from 99.2 to
103.7%. The results that were obtained using the
propused mcthyd were  vaildated  against a
calibration graph for hydroxylamine within a

range of 2.0 to 600.0 puM {see section 3 4). The
results of the proposed mecthad proved to match
will with the calibrutton graph.

CONCLUSIONS

The resuits of this study show thal oxadiazol can
be immolized casily on the surface of muiti-
wall earbon panotubes (MWCNT) modtfied
glassy carbon cicctrode (GCE). The oxadiazol
MWCNT modified GCE {(OMWONT-GCE)
presents a stable and excellemt clecuwocatalytic
activity for  hydroxylamine. The diftusion
cocffietent of hydroxylamine is calculated for
cxperimental conditions, LsIng
chronoamperometric results. It bas been shown
that differentiai pulse voltammetry can be used
as analytical method  for determination  of
hydraxylamine it varinus soiutions.

Tabie 2. Delerminalion of bydroxylamine 1n water samyples using calibration plots obtzined by

OMWCNTGCE,
Sumples Recovery Y
Added (uM) Found (uM) RSO (%)
Drinking water _ <DL _ _
150 15,3 21 1020
300 i 2.7 1037
Tap waler - =D - -
250 248 32 Ga.z
3.0 a7 b7 101 4
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