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Abstract In this study, an oxadiazole multi-wall carbon
nanotube-modified glassy carbon electrode (OMWCNT−
GCE) was used as a highly sensitive electrochemical sensor
for hydrazine determination. The surface charge transfer rate
constant, ks, and the charge transfer coefficient, α, for electron
transfer between GCE and electrodeposited oxadiazole were
calculated as 19.4±0.5 s−1 and 0.51, respectively at pH=7.0.
The obtained results indicate that hydrazine peak potential at
OMWCNT−GCE shifted for 14, 109, and 136 mV to
negative values as compared with oxadiazole-modified
GCE, MWCNT−GCE, and activated GCE surface, respec-
tively. The electron transfer coefficient, α, and the heteroge-
neous rate constant, k′, for the oxidation of hydrazine at
OMWCNT−GCE were also determined by cyclic voltamme-

try measurements. Two linear dynamic ranges of 0.6 to
10.0 μM and 10.0 to 400.0 μM and detection limit of
0.17 μM for hydrazine determination were evaluated using
differential pulse voltammetry. In addition, OMWCNT−GCE
was shown to be successfully applied to determine hydrazine
in various water samples.

Keywords Oxadiazole . Hydrazine . Electrocatalytic
oxidation .Multi-wall carbon nanotubes

Introduction

Hydrazine is a compound of interest in both chemical and
pharmaceutical industry because it is a reagent for the
preparation of several pharmaceutical derivatives [1–4]. It
is also a strong reducing agent used as oxygen scavenger
for corrosion control in boilers and hot water heating
systems [5]. Hydrazine is used in agriculture as pesticide,
pharmaceutical intermediate, photographic chemical, corro-
sion inhibitor, antioxidant, catalyst, emulsifier, and reduc-
ing agent [6]. Despite the wide use of hydrazine in various
areas, it has been known to be harmful for human life.
Hydrazine is volatile, toxic, and readily absorbed by oral,
dermal, or inhalation routes of exposure. Acute exposure
can also damage the liver, the kidneys, and the central
nervous system [7, 8]. Due to the environmental and
toxicological significance of hydrazine compounds, the
development of sensitive and selective analytical methods
for the determination of hydrazine is necessary. Different
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methods have been proposed for the determination of
hydrazine such as spectrophotometric [9–12], chemilumi-
nescence [13, 14], fluorescence [15], and electrochemical
methods [16, 17].

Among these, electroanalytical techniques have been
proven to be relatively direct and effective for the detection
of hydrazine and its derivatives [18]. Nevertheless, direct
oxidation of hydrazine has been limited by a substantial
overpotential at conventional carbon electrodes. Besides,
ordinary carbon electrodes have a low sensitivity and also a
reproducibility, and slow electron transfer. One promising
approach for lowering overpotential to facilitate the determi-
nation is via the electrocatalytic process at chemically
modified electrodes [19]. Compounds which improve anodic
oxidation of hydrazine are chlorogenic acid [20, 21], rutin
[22], caffeic acid [23], pyrocatechol violet [24], hematoxyline
[25], coumestan derivative [26], and catechin [27].

Carbon nanotube (CNT) electrodes have recently drawn
great attention in electrochemical research owing to their low
electrical resistance, high accessible surface area, chemical
stability, and enhanced sensing properties [28, 29]. CNTs are
adsorbed on the surface of the electrode and comprise a
three-dimensional and porous network. As shown in the
SEM photograph of some previous studies, the stem-like
structure of the coating confirmed the presence of CNTs on
GCE surface [30, 31]. The unique structure of carbon
nanotubes makes it possible for them to be used as a new
support for catalysts [32, 33]. These properties of CNTs have
been used to promote the electron transfer reaction for a wide
range of molecules and biological species, especially when
applied as electrode materials in electrochemical devices [34,
35]. In most reports, deposited modifiers on CNT-modified
electrodes were used for the electrocatalytic determination of
the various analytes [36, 37]. In this study, the preparation of
an oxadiazole derivative multi-wall carbon nanotube-
modified glassy carbon electrode (OMWCNT−GCE) and
its application for the electrocatalytic oxidation of hydrazine
are reported.

Experimental

Chemicals

An oxadiazole derivative, 4-(5-phenyl-1, 3, 4-oxadiazole-2-
thiol)-5-methylbenzen-1,2-diol, (see Scheme 1 for the
structure) was synthesized, purified, and characterized
according to the procedure described before [38]. In the
present paper, we refer to this derivative as oxadiazole for
convenience. Hydrazine and dimethyl formamide (DMF)
were purchased from Merck and used as received. The
multi-wall carbon nanotubes (>95% purity, 10–20 nm
diameter, 5–20 μm length) were obtained from Nanolab

Inc. (Brighton, MA, USA). The immobilizing solution of
MWCNT was prepared by introducing 5 mg of MWCNT
into 5 ml of DMF. All other solutions were prepared with
twice-distilled water. The buffer solution (0.1 M) was made
up of H3PO4+NaH2PO4, and the pH was adjusted by using
0.1 M H3PO4 and 2.0 M NaOH.

Instrument and procedures

Electrochemical measurements were performed with an
Autolab potentiostat/galvanostat Type III (Eco chemic
Utrecht, Netherlands) and GPES 4.9 software of at
laboratory temperature (25±1 °C). A three-electrode elec-
trochemical cell was employed for all electrochemical
measurements. The working, counter, and reference electro-
des were oxadiazole multi-wall carbon nanotube-modified
glassy carbon electrode, platinum electrode and Ag/AgCl
(sat.), KCl (3 M), respectively. The differential pulse
voltammetry (DPV) was used with an amplitude of
25 mV, a modulation time 0.05 s and a step potential of
50 mV in the 0.1 M phosphate buffer solution (pH 7.0) and
scanning the electrode potential between 0.03 and 0.22 V.
All potentials in the text were reported with respect to this
reference electrode. The pH measurements were done using
a Metrohm model 827 pH/mV meter.

Preparation of oxadiazole-modified GCE,
MWCNT-modified GCE, and OMWCNT-modified GCE

Prior to the modification, GCE was carefully polished
mechanically with 0.05 μm Al2O3 slurry on the polishing
cloth and then rinsed with doubly distilled water. After
being cleaned, for electrochemical activation of the elec-
trode, it was immersed in a 0.1 M sodium bicarbonate
solution and was activated by a continuous potential
cycling from −1.45 to 1.75 V at a sweep rate of
100 mV s−1, until a stable voltammogram was obtained.
For the preparation of oxadiazole-modified GCE
(OMGCE), the activated GCE (AGCE) was rinsed with
doubly distilled water and was modified by ten cycles of
potential sweep between −180 and 580 mV at 50 mV s−1 in
0.2 mM solution of oxadiazole in 0.1 M phosphate buffer
(pH 7.0). The fabrication of the MWCNT and the

Scheme 1 Structure of oxadiazole derivative
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OMWCNT−GCE is described as follows. A 3 μl of
MWCNT−DMF solution (1.0 mg ml−1) was placed directly
onto a GCE surface and dried at room temperature to form a
MWCNT film at a GCE surface and preparation of the
MWCNT-modified GCE (MWCNT−GCE). The effective
surface area of the MWCNT−GCE was estimated from the
cyclic voltammograms of 1.0 mM K3[Fe(CN)6] solution at
various scan rates. For a reversible process, the Randles-
Sevcik formula was used [39].

Ipa ¼ 2:69� 105n3=2ACOD
1=2
R v1=2 ð1Þ

where Ipa refers to the anodic peak current, n the number
of electrons transferred, A the surface area of the electrode,
D the diffusion coefficient, CO the concentration of K3[Fe
(CN)6], and ν is the scan rate. For 1.0 mM K3[Fe(CN)6] in
the 0.1 M KNO3 electrolyte: n=1 and D ¼ 7:6�
10�6cm2s�1 [39], then from the slope of the Ipa versus
v1/2, the effective areas were calculated as 0.03 cm2. The
OMWCNT−GCE was prepared by immersing the
MWCNT−GCE in a 0.2 mM solution of oxadiazole in
0.1 M phosphate buffer (pH 7.0) and using ten cycles of
potential sweep between −180 and 580 mV at 50 mV s−1

(Fig. 1, inset A). After the formation of oxadiazole film on
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Fig. 1 Cyclic voltammetric responses of OMWCNT−GCE in 0.1 M
phosphate buffer (pH 7.0) at different scan rates (5–200 mV s−1).
Insets: A cyclic voltammograms of a 0.2 mM oxadiazole solution at
AGCE in 0.1 M phosphate buffer solution (pH 7.0) at scan rate
50 mV s−1. The number of 1–12 corresponds to the sweep number of

potential cycles during the modification step. B Plots of anodic and
cathodic peak currents vs. of scan rate. C Variation of the peak
potentials vs. the logarithm of the scan rate. D Magnification of the
same plot for high scan rates

J Solid State Electrochem (2011) 15:2683–2693 2685



MWCNT−GCE surface, the modified electrode was rinsed
thoroughly with water and was dipped into the buffer
solution to test its electrochemical behavior.

Results and discussion

Electrochemistry behavior of OMWCNT-modified GCE

In recent years, reports regarding the electrodeposition
mechanism of o-hydroquinone derivatives onto an electrode
surface have been published [40–42]. The electrodeposition
mechanism of these compounds was explained on the basis
of the nucleophilic attack of functional groups of the
electrode surface against the o-quinone ring which formed
from oxidation of the o-hydroquinone moiety of the
modifier [40], formation of a polymer layer on the electrode
surface [41], or adsorption of the modifier at the electrode
surface [42]. For the nucleophilic attack or polymer
formation, it is necessary that one of the positions 4 or 5
of o-quinone ring of modifier is unoccupied. Since the
positions 4 and 5 of the o-hydroquinone ring of the
oxadiazole derivative are occupied, it is rational to conclude
that the deposition mechanism of oxadiazole is based on its
adsorption at the electrode surface.

Figure 1 shows the cyclic voltammograms of the
OMWCNT−GCE in 0.1 M phosphate buffer solution
(pH 7.0) at various potential scan rates. The plots of the anodic
and cathodic peak currents versus the scan rate exhibit a linear
relation (Fig. 1, inset B) as predicted theoretically for a
surface-immobilized redox couple. Further, the ratio of Ipa/Ipc
was found to be almost constant in the studied range.
Moreover, because of the facility of charge transfer kinetics
over the range of 5 to 1,000 mV s−1, the formal potential, E0′,
was almost independent of the potential scan rate for sweep
rates at this range. The peak-to-peak potential separation
(ΔEp) was rather low, ca. 48 mV for the sweep rates below
2,000 mV s−1. According to the method described by Laviron
[43], the electron transfer coefficient, α, as well as the
heterogeneous rate constant, ks, for the charge transfer
between the electrode and the surface confined redox couple
can be calculated from the slope of variation of Ep versus log
v. Figure 1, insets C and D, show that the values of the anodic
and cathodic peak potentials were proportional to the
logarithm of scan rate for scan rates higher than
4,000 mV s−1. Using the slope of plots in Fig. 1, inset D,
the values of α=0.51 and ks ¼ 19:4� 0:5 s�1 were obtained
at pH 7.0. This ks value is greater than these previously
reported for modifiers of pyrocatechol violet (ks=5.3 s−1) [24],
catechin (ks=3.77 s−1) [27], and tetrabromo-p-benzoquinone
(ks=3.8 s−1) [44]. The high electron transfer rate constant
makes our oxidiazole derivative an excellent electron
transfer mediator for electrocatalytic processes. It is to be

noted that the scan rate inevitably induces the increase of the
ohmic drop which, in turn, makes the shift of peak potential in
larger value dependent on the ohmic drop as well as the slow
kinetic electron transfer. In this respect, there appears to be an
unavoidable error in the ks value computation. Also, there are
different errors in the reported ks values of various deposited
modifiers, because the error values dependent on the ohmic
drop values of the used systems.

In the present case, the values of α and ks were pH
dependent. The values of α and ks were obtained at four pH
and the results are summarized in Table 1.

Since oxadiazole has an o-quinone moiety, it was
anticipated that the redox response of the oxadiazole film
would be pH dependent. Therefore, the cyclic voltammet-
ric responses of an OMWCNT−GCE were obtained in
buffered solutions of various pH from 2 to 10 (Fig. 2a). As
shown in Fig. 2b, the formal potential, E00 ¼ Ep:a �
a Ep:a � Ep:c

� �
[45], shifted to the less positive potential

with the increasing of the solution pH value, indicates
that proton participates in the redox reaction of oxadia-
zole. The slope of the variation of E0′ as a function of
solution pH (0.058 V/pH unit) is close to the Nernstian
slope of 0.059 VpH−1 unit at 25 °C and indicates that the
number of electrons and protons involved in the electrode
process is equal. The redox reactions in oxadiazole
aqueous solution as one of ortho-quinon derivatives occur
with the participation of two electrons. Hence there are
two protons transferred in the redox reaction in the pH
range of 2.0–10.0.

Electrocatalytic oxidation of hydrazine
at an OMWCNT-modified GCE

In order to evaluate the electrocatalytic activity of the
oxadiazole film electrodeposited on GCE toward the
oxidation of hydrazine, cyclic voltammograms of bare
GCE (BGCE), AGCE, OMGCE, MWCNT−GCE, and
OMWCNT−GCE were obtained in the absence and
presence of 0.2 mM hydrazine (Fig. 3). In the absence of
hydrazine, a pair of well-defined redox peaks of OMGCE
(curve a) and OMWCNT−GCE (curve c) can be observed.
Upon the addition of 0.2 mM hydrazine, there is a drastic
enhancement of the anodic peak current, and no cathodic
current was observed in the reverse scan for the both

pH α ks/s
−1

3 0.51 3.5±0.09

5 0.52 4.6±0.1

7 0.51 19.4±0.5

9 0.55 17.7±0.5

Table 1 The surface charge
transfer rate constant, ks, and
the charge transfer coefficient,
α, for the electron transfer be-
tween MWCNT–GCE and the
oxadiazole at various pH
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modified electrodes (Fig. 3, curves b and d). This behavior
is consistent with a very strong electrocatalytic effect [20–
27, 46]. To approve the electrocatalytic effect, the depen-
dence of the voltammetric response of OMGCE on
hydrazine concentration in pH=7.0 is shown in inset of
Fig. 3. As it is shown, the anodic peak current increased
and the cathodic peak current decreased with increasing of
the hydrazine concentration which it indicates the electro-
catalytic oxidation of hydrazine at OMGCE. According to
the catalytic current responses of voltammograms b and d,
there is a dramatic enhancement of the anodic peak current
at OMWCNT–GCE (voltammograms d) in relation to the
value obtained at the OMGCE. In fact, the higher current
responses of OMWCNT–GCE or MWCNT as compared to
other modified electrodes (OMGCE or AGCE) are due to
the increase of the surface area of OMWCNT–GCE and
MWCNT–GCE. Also, the peak potential of hydrazine
oxidation at OMWCNT−GCE (curve d) shifted by about
14, 109, and 156 mV to more negative values compared
with the OMGCE (curve b), MWCNT−GCE (curve e), and
AGCE (curve f), respectively. Comparison of curves f and b
shows that the current response of hydrazine oxidation at
AGCE is higher than at OMGCE. Indeed, during the
modification of AGCE by oxadiazole modifier, some of its
active sites (no all of its active sites) occupied by
oxadiazole molecules. Thus, it is rationalized the current
response of hydrazine oxidation at the OMGCE surface
which appears at less positive potential (Ep=270 mV)
decreases as compared with the current response at AGCE

-1.5

-0.5

0.5

1.5

-0.2 0.1 0.4 0.7

210

y = -0.0575x + 0.5895

R2 = 0.9992

0

0.3

0.6

1 6 11

a

b

Fig. 2 a Cyclic voltammograms (at 50 mV s−1) for OMWCNT−GCE
in buffered pHs of 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0,
respectively. b Plot of the formal potential, E0′, vs. pH

-1.5

1.5

4.5

7.5

0.02 0.48 0.94 1.4

-0.4

0.4

1.2

2

0.03 0.21 0.39 0.57

E / V

I /
 µ

A

a

b

c

d

e

f

g

h

20

1

Fig. 3 Cyclic voltammograms of
an OMWCNT−GCE in 0.1 M
phosphate buffer solution
(pH 7.0) at scan rate 20 mV s−1 in
the absence (c) and presence of
0.2 mM hydrazine (d). a as c and
b as d for an oxadiazole-modified
GCE. e, f, and g as d and h as c
for MWCNT−GCE, AGCE, and
BGCE. Inset: cyclic voltammo-
grams of an OMGCE in 0.1 M
phosphate buffer solution
containing various concentrations
of hydrazine at 20 mV s−1. The
number of 1−20 correspond to
different concentrations of
0.0–0.2 mM of hydrazine

J Solid State Electrochem (2011) 15:2683–2693 2687



surface (Ep=392 mV). When the hydrazine oxidation at
AGCE (curve f) and MWCNT−GCE (curve e) surfaces
were compared, it was observed that the current of
hydrazine oxidation increased and the peak potential was
shifted to lower values in the presence of MWCNT. This is

probably due to the MWCNT dimensions (of the tubes, the
channels that are inherently present in the tubes), the
electronic structure, and the topological defects present on
the tube surface [47]. Also, as it can be seen, at BGCE no
current is observed in the presence of hydrazine (voltam-
mogram g). The electrocatalytic oxidation characteristics of
hydrazine at various modified electrode surfaces at pH 7.0
are summarized in Table 2. This stands to the fact that the
electrooxidation of hydrazine is greatly improved at
OMWCNT−GCE. Therefore, MWCNT can be used as a
new material for immobilization and electron transfer
reactions of oxadiazole.

Figure 4a shows the cyclic voltammograms of the
OMWCNT−GCE at various scan rates obtained in 0.1 M
phosphate buffer solution (pH 7.0) containing 0.2 mM
hydrazine. The peak current for the anodic oxidation of
hydrazine is proportional to the square root of scan rate
(inset of Fig. 4a). The results also indicate that at a
potential higher than the peak potential the reaction

Table 2 Comparison of electrocatalytic oxidation of hydrazine
(0.5 mM) on various electrode surfaces at pH 7.0

Name of electrode Oxidation potential (mV) Oxidation current (μA)

OMGCE 270 1.2

AGCE 392 2.0

MWCNT−GCE 365 3.4

OMWCNT−GCE 256 3.8

OMGCE oxadiazole-modified glassy carbon electrode, AGCE activat-
ed glassy carbon electrode, MWCNT−GCE multi-wall carbon
nanotube-modified glassy carbon electrode, OMWCNT−GCE oxadia-
zole/multi-wall carbon nanotube-modified glassy carbon electrode
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Fig. 4 a Cyclic voltammograms
of an OMWCNT−GCE in 0.1 M
phosphate buffer solution (pH 7.0)
containing 0.2 mM hydrazine.
The numbers 1–7 correspond to
scan rates of 5.0, 7.5, 10.0, 12.5,
15.0, 17.5, and 20.0 mV s−1. Inset
shows the variation of the elec-
trocatalytic peak current vs. the
square root of scan rate. b Linear
sweep voltammograms of
OMWCNT−GCE in 0.1 M
phosphate buffer (pH 7.0) con-
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and c 15 mV s−1. The points are
the data used in the Tafel plots.
Inset shows the Tafel plots
derived from linear sweep
voltammograms
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involves mass transport. Under this condition the peak
current depends on hydrazine concentration, which is an
ideal case for quantitative applications. According to the
following equation for a totally irreversible diffusion
controlled process [48],

Ip ¼ 3:01� 105n 1� að Þna½ �1=2ACbD
1=2v1=2 ð2Þ

and considering (1–α)nα=0.8 (see below), D ¼ 6:6�
10�6cm2 s�1 (D was determined by chronoamperometry),
and A=0.03 cm2, it is estimated that the total number of
electrons involved in the anodic oxidation of hydrazine is
n ¼ 3:8 ffi 4. Thus, based on this result, the catalytic
mechanism can be expressed as shown in following
scheme:
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Andrieux and Saveant theoretical model [49] can be
used to calculate the catalytic rate constant between
hydrazine and oxadiazole, k′. According to the theoretical
model of Andrieux and Saveant and using Fig. 4 in their

theoretical paper [49], the average value of k′ was
calculated to be (2.8±0.06)×10−3 cm s−1.

Figure 4b shows the anodic linear sweep voltammo-
grams recorded at 5.0, 10.0, and 15.0 mV s−1. The points
shown are from the rising part of the voltammograms which
corresponds to Tafel behavior as affected by electron
transfer kinetics between hydrazine and OMWCNT−GCE.
In order to obtain information on the rate determining step,
the anodic Tafel plots were drawn (inset of Fig. 4b). The
average of the anodic Tafel slopes of the different plots was
obtained as 13.6 V−1. The kinetic parameter of the anodic
transfer coefficient, aa ¼ 1� ac, is equal (1−αc)/0.059.
Thus, the evaluated value for the αc is 0.2. In addition, the
exchange current density, J0, appears to be readily
accessible from the intercept of the Tafel plots and
geometric area [39]. The average value of the exchange
current density, J0, for hydrazine oxidation at the modified
electrode surface was found to be 0.5±0.01 μA cm−2. The
value obtained for J0 of hydrazine at OMWCNT−GCE is

Table 3 Comparison of some of the analytical characteristics for
hydrazine determination in non-electrochemical techniques and those
obtained in the present study

Method Linear range
(μM)

Detection limit
(μM)

Reference

Spectophotometric 0.3–32.0 0.08 [10]

Spectophotometric 0–21.9 0.7 [11]

Spectophotometric 0.6–15.6 0.3 [12]

Spectophotometric 4.7–31.0 3.1 [13]

Chemiluminescence 0.5–100.0 0.2 [14]

Fluorescence 0.2–9.3 0.08 [15]

DPV 0.6–10.0 0.17 This work
10.0–400.0
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Fig. 6 Differential pulse voltam-
mograms of an OMWCNT−GCE
in 0.1 M phosphate buffer solu-
tion (pH 7.0) containing different
concentrations of hydrazine. The
numbers of 1–15 correspond to
0.6, 0.8, 1.0, 2.0, 4.0, 6.0, 8.0,
10.0, 20.0, 40.0, 60.0, 80.0,
100.0, 200.0, and 400.0 μM
hydrazine. Insets show the plots
of the electrocatalytic peak
current, corrected for any residual
current, as a function of
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higher than the exchange current density at coumestan films
(0.4 μA cm−2) [26] but it is lower than the J0 value of
hydrazine at catechin films (0.8 μA cm−2) [27].

Furthermore, chronoamperometry in pH 7.0 phosphate
buffer (0.1 M) containing different concentrations of
hydrazine was used at OMWCNT−GCE to estimate the
diffusion coefficient, D, of hydrazine. Hydrazine diffusion
occurs in diffusion layer which located between the
electrode surface and the bulk solution. Chronoamperomet-
ric data obtained at a potential step of 260 mV are shown in
Fig. 5. For an electroactive material with a diffusion
coefficient D, the current response under diffusion control
was described by Cottrell equation [39]:

I ¼ nFAD1=2cp�1=2t�1=2 ð3Þ

Inset A of Fig. 5 shows the experimental plots of I verses t–1/2

with the best fit for different concentrations of hydrazine
employed. The slopes of the resulting straight line were then
plotted versus the hydrazine concentration (inset B of Fig. 5),
from which slope we calculated a diffusion coefficient of
6.6×10−6 cm2 s−1 for hydrazine.

Differential pulse voltammetric studies of hydrazine
OMWCNT-modified GCE

Differential pulse voltammetry, DPV, has a much higher
current sensitivity than cyclic voltammetry, and it can be
used to determine the linear range and to estimate the lower
limit of hydrazine detection at OMWCNT−GCE. Figure 6
shows the voltammetric response of OMWCNT−GCE to
the different hydrazine concentrations. Insets A and B of
this figure clearly show that the plot of the peak current
versus hydrazine concentration, corrected for any residual
current of the modified electrode in supporting electrolyte,
is composed of two linear segments with different slopes,
corresponding to two different ranges of 0.6–10.0 μM
(inset A) and 10.0–400.0 μM (inset B) hydrazine. The
decrease of the sensitivity (slope) in the second linear range
(Fig. 6, inset B) is likely to be due to the change in catalytic
reaction conditions arising from the formation of nitrogen
gas bubbles at the surface of OMWCNT−GCE as has been
reported elsewhere [32, 33]. In fact, the change in the
slopes of the calibration plots arises from the change of the
apparent diffusion coefficient of hydrazine, which is
smaller when the electrode surface is almost covered by
nitrogen bubbles. In other words, the appearance of
nitrogen bubbles results rather in lower effective electrode
surface. A calibration plot of average differential pulse
voltammetric current of three replicate measurements
versus hydrazine concentration, in the range of 0.6 to
4.0 μM, was used to estimate the lower detection limit of
hydrazine at an OMWCNT−GCE. Having analyzed the
data, we estimate that the lower limit of detection of
hydrazine is of the order of 0.17 μM according to the
definition YLOD ¼ YB þ 3sB [50]. The average voltammet-
ric peak current and the precision estimated in terms of the
coefficient of variation for repeated measurements (n=18)
of 8.0 μM hydrazine at OMCNT−GCE were 0.41±0.02 μA

Table 4 Comparison of the analytical parameters of several modified electrodes for hydrazine determination

Modifier Method Linear range (μM) Sensitivity (μA μM−1) Detection limit (μM) Reference

Rutin Amperometry 2.0–190.9 0.0656 0.61 [22]

Caffeic acid Amperometry 2.5–1,000 3.16 0.40 [23]

Pyrocatechol violet Amperometry 5.0–500.0 – 4.2 [24]

Hematoxylin Amperometry 2.0–122.8 0.0208 0.68 [25]

A coumestan derivative DPV 1.0–40.0 6.1 0.61 [26]

Catechin Amperometry 2.0–58.4 0.0084 0.16 [27]
58.4–237.2 0.0052

A porphyrin derivative Amperometry 0.25–250 – 0.03 [51]

An indenedione derivative DPV 0.6–8.0 0.167 0.29 [52]
8.0–100.0 0.014

An oxadiazole derivative DPV 0.6–10.0 0.0513 0.17 This work
10.0–400.0 0.0107

Table 5 Determination of hydrazine in two water samples using
OMWCNT−GCE

Samples Added
(μM)

Found
(μM)

RSD
(%)

Recovery%

Auxiliary cooling
water

– 2.7 2.9 –

2.5 5.1 3.2 98.1

5.0 7.9 2.4 102.6

Drinking water – >DL – –

20.0 20.6 2.7 103.0

40.0 40.7 1.8 101.8

J Solid State Electrochem (2011) 15:2683–2693 2691



and 4.9%, respectively. This coefficient of variation value
indicates that OMWCNT−GCE is stable and does not
undergo surface fouling during the voltammetric measure-
ments. This also demonstrates the fact that the results
obtained at OMWCNT−GCE are repeatable.

In Table 3, some of the analytical characteristics in the
present electrochemical technique for hydrazine determi-
nation are compared with the value achieved by non-
electrochemical techniques. As the results show, some of
the values obtained in this work are better than reported
for other techniques. The main advantages of the
procedure are the enhanced sensitivity, low cost, fairly
easy operation, and speed of analysis. Most importantly,
identifying the hydrazine oxidation mechanism with
other substrates and determination of thermodynamics
and kinetic parameters would be made possible via the
use of electrochemical methods. In Table 4, some of the
response characteristics obtained for hydrazine oxidation
on OMWCNT–GCE are compared with those of other
modified electrodes and electrochemical techniques ap-
plied by other groups [22–27, 51, 52]. As can be seen, the
proposed modified electrode is somehow worse in some
cases and superior in most others, as compared with the
previously reported modified electrodes.

Real samples analysis at OMWCNT−GCE surface

The hydrazine concentration in two aqueous real samples
of the auxiliary cooling water, from Yazd Power Gener-
ation Management Company (Yazd, Iran), and the
drinking water, from Yazd city, were determined on
OMWCNT−GCE using the differential pulse voltammetric
method. The auxiliary cooling water was diluted five
times with 0.1 M phosphate buffer solution (pH=7.0)
prior to measurements. Based on the currents of the
voltammetric method (n=4) and using the calibration plots
which are shown in Fig. 6, insets A and B, the hydrazine
concentration in the diluted solution was obtained as 2.7±
0.06 μM. To authenticate the validity of the results, the
auxiliary cooling water and the drinking water were spiked
with different concentrations of hydrazine. As can be seen
in Table 5, the RSD% and recovery rates of the spiked
hydrazine were acceptable.

The reliability of the proposed method was also
evaluated via comparing the results with those obtained
from the standard ASTM method [53] to quantify hydrazine
in the same real sample. The total concentration of
hydrazine in the cooling water sample was found to be
0.44±0.02 ppm, which is in close agreement with the value
of 0.43±0.01 ppm obtained by the present voltammetric
method. Based on the t test [54], it can be concluded that
there is no evidence of systematic difference between the
results obtained by two methods.

Conclusions

In this study, we have demonstrated a new oxadiazole
derivative electrodeposited on a MWCNT-modified GCE
(OMWCNT−GCE). The redox response of the modified
electrode is what was anticipated for a surface-immobilized
redox couple. The pH dependence of the redox activity of
the oxadiazole is 57.5 mV pH−1 unit. This modified
electrode exhibits an electrocatalytic behavior to hydrazine
oxidation at a much lower overpotential compared with the
oxidiazole-modified GCE, MWCNT-modified GCE, and
activated GCE. The kinetic parameters, such as the catalytic
rate constant, k′, the charge transfer coefficient, α, and the
exchange current density, J0, for oxidation of hydrazine at
OMWCNT−GCE were determined as (2.8±0.06)×
10−3 cm s−1, 0.2 and 0.5 μA cm−2, respectively. The
diffusion coefficient of hydrazine was determined as 6.6×
10−6 cm2 s−1, using chronoamperometry. The calibration
curves for hydrazine determination were obtained in the
ranges of 0.6–10.0 μM and 10.0–400.0 μM with differential
pulse voltammetry. Finally, OMCNT−GCE has been applied
for hydrazine determination in water samples with satisfactory
results.
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