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In this research a novel nickel complex was used as electrocatalyst for electrooxidation of hydrazine. 
A nano-structured nickel-complex was electrodeposited on a bimetallic Au-Pt inorganic-organic 
hybrid nanocomposite modified electrode. The electrode possesses a three-dimensional (3D) porous 
network nanoarchitecture, in which the bimetallic Au-Pt NPs serving as metal nanoparticle based 
microelectrode ensembles are distributed in the matrix of interlaced 3, 3′, 5, 5′-Tetramethylbenzidine 
(TMB) organic nanofibers (NFs). Surface structure and composition of the sensor was characterized 
by scanning electron microscopy. Electrocatalytic oxidation of hydrazine on the surface of modified 
electrode was investigated with cyclic voltammetry method. The results showed that the nickel- 
complex films displayed excellent electrochemical catalytic activities towards hydrazine oxidation. 
The hydrodynamic amperometry at rotating modified electrode at constant potential versus 
reference electrode was used for detection of hydrazine. Under optimized conditions the calibration 
plots were linear in the concentration range of 0.2-85 µM and detection limit was found to be 0.1 µM. 
The modified electrode exhibited reproducible behavior and a high level stability during the 
electrochemical experiments, making it particularly suitable for the analytical purposes. 

Keywords: 3, 3′, 5, 5′-Tetramethylbenzidine; Hydrazine; Nanocomposite electrodes; Nanofiber 

Citation: Azadeh Azadbakht and Amir Reza Abbasi, “Fabrication of a highly Sensitive hydrazine electrochemical sensor 
based on bimetallic Au-Pt hybrid nanocomposite onto modified electrode”, Nano-Micro Lett. 2, 296-305 (2010). 
doi:10.3786/nml.v2i .p296-305 

Hydrazine is a highly reactive molecule that can be used in 

agriculture as pesticides, blowing agents, pharmaceutical 

intermediates, photographic chemical, water treatment for 

corrosion protection and textile dyes [1]. Hydrazine is also an 

ideal fuel for a direct fuel cell system because its fuel 

electrooxidation process does not bring about any poisoning 

effects [1, 2]. There are several reported techniques for the 

determination of hydrazine, such as titrimetry [3], potentiometry 

[4], fluorimetry [1], spectrophotometry [5] and chemi- 

luminescence [6]. Voltammetric method possesses many 

advantages such as high sensitivity, good selectivity, rapid 

response and simple operating procedure. Because of the large 

overpotential of hydrazine oxidation at conventional electrodes, 

various inorganic and organic materials have been modified on 

the electrode surface to enhance the electron transfer rate and to 

reduce the overpotential for the oxidation of hydrazine [7-9]. In 

the electrochemical oxidation of hydrazine, the electrode 

material is clearly an important parameter where a high efficient 

electrocatalyst is needed. Hence, finding new electrode material 

for hydrazine determination is still of great interest. Nickel 

macrocyclic complexes can be easily electrodeposited onto an 

electrode surface in alkaline solution to form modified electrodes. 

This kind of modified electrode shows high catalytic activity 

toward electro-oxidation of organics containing OH and NH2 
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groups, such as methanol, carbohydrates and amino acids [10, 

11]. 

Over the past decade, one-dimensional (1D) inorganic- 

organic hybrid nanomaterials have received much interest 

because of their intriguing properties and potential applications 

in chemical or biochemical sensors, catalysis and nanodevices 

[12-19]. These hybrid materials based on the combination of 

organic and inorganic species exhibit the advantages over 

organic materials such as light weight, flexibility and good 

moldability, and inorganic materials such as high strength, heat 

stability and chemical resistance [20-22]. Such features of (1D) 

organic-inorganic hybrid nanomaterials make them ideal 

building blocks for a new generation of electrochemical sensors. 

Recently, Gong, and his co-workers developed a hybrid of 

bimetallic-inorganic-organic nanofibers (NFs) for the stripping 

assay of Hg (II) [23]. Decoration of organic nanowires with 

metal NPs could be an attractive route to fabricate inorganic- 

organic hybrid nanomaterials without compromising the 

functions of the nanowires or nanoparticles [14]. Nanoparticles 

frequently display unusual physical and chemical properties 

depending upon their size, shape and stabilizing agents. 

Nanoparticles also facilitate the electron transfer and can be 

easily modified with a wide range of biomolecules and chemical 

ligands. Electrochemical behavior and applications of 

nanoparticles have witnessed a significant growth in the past few 

years. Therefore combination of nanowires and metal 

nanoparticle have received much interest because of their 

intriguing properties and potential applications in chemical 

sensing [24, 25]. A 3,3,5,5-Tetramethylbenzidine (TMB), much 

less hazardous than benzidine and more sensitive as a 

chromogenic reagent, has been investigated for many years [26]. 

Doping of TMB-based organic nanofibers (NFs) with in- 

corporating of metals ions is of particular interest. In this paper, 

we report the electrodeposition of Nickel-2, 6-Diaminopyridine 

(Ni-DAP) on bimetallic Au-Pt inorganic-organic hybrid nano- 

composite glassy carbon electrode in alkaline solutions to form 

stable modified electrodes in order to catalyze the oxidation of 

hydrazine. Due to the excellent properties of selected hybrid 

nanocomposite the sensor exhibits a remarkable and stable 

current response. 

Experiments 

Chemicals and reagents 
TMB and H2PtCl6 were purchased from Merck. HAuCl4 

was obtained from Aldrich. Hydrazine was obtained from Sigma. 

KOH, NaOH, KCl and other reagents were analytical grade from 

Merck. All other chemicals were of analytical-reagent grade and 

used without further purification.  

Instrumentation 
Electrochemical experiments were performed via using an 

Autolab modular electrochemical system (Eco Chem. Utrecht, 

The Netherlands) equipped with PSTA 20 model and driven by 

GPES software (Eco Chem.). A conventional three-electrode cell 

was used with a saturated Ag|AgCl as reference electrode, a Pt 

wire as counter electrode and a modified glassy carbon electrode 

as working electrode. All experiments were carried out at 

ambient temperature of 20 ± 1°C. A Metrohm pH-meter (model 

691) was also applied for the pH measurements. The surface 

morphology of modified electrodes was characterized with a 

scanning electron microscope (SEM, Philips XL 30) with gold 

coating.  

Synthesis of gold nanoparticle  
In this study, colloidal gold nanoparticles were prepared in 

accordance with the literature published before [27]. 0.5 ml of 

1% (w/v) of sodium citrate solution was added to 50 ml of 0.01% 

(w/v) of HAuCl4 boiling solution. HAuCl4 and sodium citrate 

aqueous solutions were filtered through a 0.22 μm microporous 

membrane filter before use. In this procedure, all glass wares 

used were cleaned in freshly prepared 1:3 of HNO3/HCl solution 

and then rinsed thoroughly with doubly distilled water. The 

mixture was boiled for 15 min and then stirred for 15 min after 

removing the heating source to produce colloidal gold 

nanoparticles. The solution was stored in a refrigerator in a 

dark-colored glass bottle before use. The synthesized colloidal 

gold nanoparticles show maximum absorbance intensity in 

UV-Vis spectra at 520 nm. In the current paper, colloidal gold 

nanoparticles were stable for 10 days and their colors were 

constant, approximately. 

Electrode modification 
To prepare an Au-PtNPs/NF modified electrode, glassy 

carbon electrode was polished with emery paper followed by 

alumina (1.0 and 0.05 µm) and then thoroughly washed with 

twice-distilled water. Then electrode was placed in ethanol 

container and used bath ultrasonic cleaner in order to remove 

adsorbed particles. TMB-based NFs were prepared according to 

the previous work [28]. Briefly, 2.5 ml of 2 mM aqueous H2PtCl6 

solution was added into 4 mL of 1.25 mM ethanol TMB solution 

at room temperature. Several minutes later, doped nanofibers 

(NFs) were formed with a large amount of blue-violet precipitate. 

Then, the precipitate was collected by centrifugation, washed 

several times with water, and dried at 60°C. The suspension of 
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TMB-based NFs (0.75 mg�ml-1) was prepared by dispersing the 
resulting powdered NFs into the ethanol solution under 

ultrasonication for 2 h. Subsequently, 10 μl of the NF dispersion 

was dropped onto the surface of the GCE and was kept at room 

temperature until dried (labeled as NFs/GCE). Further 

modification of AuNPs onto NFs/ GCE was conducted by cyclic 

volammetry (CV) scanning from 0.2 to -1.0 V at a scan rate of 50 

mV�s-1 for 16 cycles in 0.1 M KCl solution containing 0.125 mM 
HAuCl4. During the electrodeposition process, a part of doped Pt 

(II) ions were simultaneously reduced to Pt atoms, thus leading 

to a bimetallic Au-PtNP/NF inorganic-organic hybrid nano- 

composite [23]. After that, the electrode (denoted as Au-PtNPs/ 

NFs/GCE) was thoroughly rinsed with water and kept at room 

temperature for further use. For comparison, the modification of 

AuNPs was also carried out by immersion of NFs/GCE into a 

suspension of colloidal gold NPs to obtain AuNPs/NFs/GCE, 

where the doped Pt (II) ions were unchanged. To further 

modification, Au-PtNPs/NFs/GCE was placed in 0.1 M NaOH 

containing 10 mM 2,6-diaminopyridine and 4 mM Ni(II)– 

ammonia complex and the electrode potential was cycled 

between 0.1 and 0.9 V at a scan rate of 50 mV�s−1 for 50 cycles as 
demonstrated in Scheme 1. After the modification procedure, the 

electrode (denoted as Ni-DAP/Au-PtNPs/NFs/GCE) was 

thoroughly rinsed and cycled between 0.1 and 0.9 V in 0.1 M 

NaOH until a reproducible cyclic voltammogram was obtained.  

Results and discussion  

Characterization of the modified electrode by SEM 
To investigate the surface structure and the morphology of 

the modified electrode, we performed SEM. Figure 1 shows the 

SEM images of as-prepared NFs (A), Au-PtNP/NF/GCE (B) and 

Ni-DAP/Au-PtNPs/NFs/GC electrode (C). It can be seen that the 

as-prepared NFs have diameters of ~150 nm and lengths up to 

several micrometers. Results show that these nanofibers 

interlaced together. After the subsequent deposition process, one 

can see that uniform Au-PtNPs aligned along the surface of those 

NFs. The generated NPs were homogenously distributed in the 

matrix of interlaced NFs, constructing a 3D interlaced network 

(Fig.1B). Figure 1C shows the SEM image of Ni-DAP/Au- 

PtNPs/NFs/GC electrode. As can be seen, the film has a globular 

structure with relatively homogeneous distribution. The presence 

of small nanoparticles leads to an increase in the surface 

coverage for more adsorption of hydrazine and OHads. This 

observed structure indicates that the hydrazine can penetrate 

through the deposit and access the underlying layer and it can be 

fully utilized. Therefore, this surface morphology and porosity of 

modified electrode can result in an improved response for 

electrooxidation of hydrazine. 

Properties of the nano-structured Ni-DAP/Au-PtNPs/NFs/ 
GC electrode 

The Ni-DAP/Au-PtNPs/NFs/GC electrode was prepared as 

described in experimental part. Consecutive cyclic voltammo- 

grams using the Au-PtNPs/NFs/GC electrode in 0.1 M NaOH 

solution containing 10 mM 2,6-diaminopyridine and 4 mM 

Ni(II)-ammonia complex showed a couple of anodic and 

cathodic peaks corresponding to the Ni(II)/Ni(III) redox. Film 

growth is accompanied with increasing current of both peaks, 

indicating a progressive deposition of the electroactive material, 

which forms a film as a result of the electrodeposition of the 

DAP complex. By increasing the number of scans, the anodic 

and cathodic peaks turned to be more positive and more negative 

potentials respectively, which may be due to increase in the 

electrical resistance of the polymer film [29]. Thus, to overcome 

the resistance, more overpotential is needed. The anodic and 

cathodic peaks current did not alter upon further potential 

cycling (more than 50 cycles). The effect of pH on the 

electrochemical behavior of the Ni-DAP/Au-PtNPs/NFs/GC 

electrode was investigated. The CVs of the modified GCE were 

examined at pH ranging from 9 to 13. With the increase of pH 

values, the anodic and cathodic peak currents increased. Both 

reduction and oxidation peak potentials of modified electrode 

became to lower (less positive) potentials and the anodic and 

cathodic peaks separation decreased. These results indicate that 

hydroxyl ion plays an important role and thus, in this compound, 

nickel oxyhydride species act as redox mediator in 

electrooxidation processes. The same results have been reported 

for many electrooxidation processes [30, 31]. The redox process 

of the modified electrode was expressed as follows,  

Ni(II)(OH)DAP+2OH-→ Ni(III)(O)(OH)DAP+H2O+e-       (1) 

 
Scheme 1. The overall preparative process of the Ni-DAP/Au-Pt NPs/NFs/GC

electrode. 
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Moreover, the voltammetric behavior of Ni-DAP/Au- 

PtNPs/NFs/ GC electrode was examined and the result was 
compared with those of Ni-DAP/AuNP/NF/GC, Ni-DAP/ 

AuNP-GC and AuNP/GC electrodes. Figure 2 shows cyclic 

voltammograms of modified electrodes in 0.1 M NaOH solution 

at a scan rate of 50 mV�s-1. As shown in Fig. 2 at AuNP/GCE, 
there is no electrochemical response observed (curve a). A pair 

of well-defined redox peaks with peaks potential separation (ΔEp) 

of 91 mV was observed when Ni-DAP/Au-PtNPs/NFs/GC 

electrode was used (curve d). The observed anodic and cathodic 

peaks are due to redox reaction of the Ni(III)/Ni(II) couple at the 

electrode surface. For comparison, Ni-DAP/AuNP/NF/GCE was 

also fabricated by directly immersing the NFs/CNT-GCE into the 

colloidal gold suspension for ~10 min. Then the Ni-DAP 

complex was electrodeposited on the AuNP/NF/GC electrode. 

Compared with the Ni-DAP/Au-PtNPs/NFs/GC, at the surface 

of Ni-DAP/AuNP/NF/GCE, not only the peaks potential 

separation increased (ΔEp = 140 mV), but also the sensor 

response decreased about 2 times (curve c). This observation 

indicates that the electrode/solution interface became accessible 

to electrochemical probes with the modification of PtNPs. This 
fact was confirmed with the SEM results. According to the 

Randles-Sevcik equation [32], the surface area of the 

Ni-DAP/Au-PtNPs/NFs/GC electrode was calculated to be 

0.0895 cm2, 3.1 times larger than that of Au-PtNPs/NFs/GCE 

(0.0286 cm2). Furthermore, the surface area of Au-PtNPs/ 

NFs/GCE was 2.2 times larger than NF/GC electrode (0.0125 

cm2). The generated Au-PtNPs were homogenously distributed 

along the interlaced NFs, constructing individual elements of the 

electrode. Owing to the smaller spacing between each individual 

“microelectrode” compared with the size of the NPs, the 

construction of electrode interface with micro/nanoscale 

chemical architectures could result in the overlapping diffusion 

zones and resultant planar diffusion to the array [25]. Similar 

behavior with lower sensitivity was observed when hydrazine 

was oxidized at the surface of Ni-DAP/ AuNP-GE  electrode 

(curve b). As it is seen from Fig. 2, the anodic and cathodic peaks 

potential of Ni(III)/Ni(II) couple at Ni-DAP/Au-PtNPs/NFs/GC 

and Ni-DAP/AuNP/NF/GC elec-trodes transformed toward 

positive values relative to those obtained by Ni-DAP/AuNP-GC 

electrode, which may be due to the increase of path length of 

electron transfer between redox center and the surface of the bare 

electrode. 

Electrocatalytic oxidation of hydrazine at Ni-DAP/Au- 
PtNPs/ NFs/GC electrode 

Hydrazine did not undergo oxidation at AuNP/GC electrode 

in the potential window between -0.5 and 1.0 V in 0.1 M NaOH 

solution (Fig. 3A). However, Ni-DAP on bimetallic Au-Pt 

inorganic-organic hybrid nanocomposite had a catalytic effect 

for the oxidation of hydrazine. The voltammetric behaviors of 

Ni-DAP on the different modified electrodes in the absence and 

presence of 8.5 mM hydrazine are shown in Fig.3, respectively. 

As shown, a pair of redox peaks corresponding to the 

 

FIG. 1. Typical SEM images: (A) the as-synthesized TMB-based NFs; (B) Au-PtNP/NF inorganic-organic hybrid nanocomposite onto GCE; (C) Ni-DAP/Au-PtNPs/NFs 

inorganic-organic hybrid nanocomposite onto GCE. 

 

FIG. 2. Cyclic voltammograms of Ni-DAP/Au-PtNPs/NFs/GC (curve d), 

Ni-DAP/AuNP/NF/GC electrode (curve c), Ni-DAP /AuNP/GC (curve b) and 

AuNP-GC (curve a) in 0.1 M NaOH solution at a scan rate of 50 mV�s−1. 
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Ni(III)/Ni(II) couple was observed in the absence of hydrazine 

(curves a, c, e and g). As it can be seen, upon the addition of 

hydrazine, an enhancement in the anodic peak current is 

observed and the cathodic peak current tended to decrease 

(curves d, f and h). This observation indicates that, along with the 

anodic potential sweep, hydrazine reduces Ni(III) to Ni(II), 

while the simultaneous oxidation of the regenerated Ni(II) 

causes an increase in the anodic current. For the same reason, the 

cathodic current is smaller in the presence of hydrazine, 

indicating that Ni(III) is consumed during a chemical step [33]. 

Moreover, the oxidation peak current of hydrazine at 

Ni-DAP/Au-PtNPs/NFs/GC electrode was (Fig. 3B), 282 μA, 

which is 2.2 times larger than that at Ni-DAP/AuNP/NF/GC 

electrode (Fig. 3C) of 125 μA. As it is seen from Fig. 3, the 

similar behavior with low sensitivity was observed when 

hydrazine was oxidized at the surface of Ni-DAP/AuNP-GC 
electrode (Fig. 3D). The result indicates that the presence of 

bimetallic Au-Pt inorganic-organic hybrid nanocomposite in the 

modified electrode supplied a larger surface area to allow more 

deposition of Ni-DAP complex to oxidizing hydrazine. 

In order to optimize the electrocatalytic response of the 

modified electrode toward the electrocatalytic oxidation of 

hydrazine, the effect of pH on the peak current and peak potential 

was investigated. The cyclic voltammograms of the Ni-DAP/ 

Au-PtNPs/NFs/GC in 7 mM hydrazine at different pH values 

(8-13) were recorded. As can be seen from Fig. 4, the peak 

current gradually increased with the increase of pH and reached a 

wide maximum at pH 13. 

The peak potential shifted to the less positive value with the 

increase of pH. Since more reproducible results and high 

catalytic activity of the modified electrode was observed at pH 

13, this pH value was chosen as optimum pH for hydrazine 

determination. The same results have been reported for 

hydrazine electrooxidation processes [34, 35]. 

Cyclic voltammograms of different concentrations of 

hydrazine (ranging from 2.1 to 64.7 mM) at the modified 

electrode in 0.1 M NaOH solution were recorded. The 

calibration curve based on the anodic peak current was linear 

with the concentration of hydrazine in the range from 2.1 to 64.7 

mM with a correlation coefficient of 0.995. Examination of the 

resulted cyclic voltammograms showed that hydrazine oxidation 

onset potentials increased when increasing hydrazine 

concentration. The onset delay followed from higher Ni-DAP 

electron transfer resistance as hydrazine absorbs on the Ni(II) 

active center. By this model, high hydrazine concentrations 

resulted in great numbers of Ni(II) active centers with absorbed 

hydrazine, with increasing onset delay following from increasing 

hydrazine concentration. Also, the current amplitude of the 

cathodic peak showed significant decrease with the increasing 

hydrazine concentrations, which indicating that Ni(III) was 

consumed during a chemical process. The possible mechanism 

of hydrazine electrooxidation on Ni-DAP/Au-PtNPs/NFs/GC 

electrode may be as follows, 

 
Ni(II)(OH)DAP+2OH-→ Ni(III)(O)(OH)DAP+H2O+2e-      (2) 

 

FIG. 3. Cyclic voltammograms of AuNP/GC electrode (A) Ni-DAP/Au-PtNPs/NFs/GC electrode(B), Ni-DAP/AuNP/NF/GC electrode (C) and Ni-DAP/AuNP/GC (D) in 

the absence (curves a, c, e and g )and presence (curves b, d, f and h) of 8.5 mM hydrazine in 0.1 M NaOH solution at a scan rate of 50 mV�s−1. 

 

FIG. 4. Cyclic voltammograms of the Ni-DAP/Au-PtNPs/NFs/GC electrode in 

the presence of 7 mM of hydrazine in various pHs at a scan rate of 50 mV�s−1. 
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2Ni(III)(O)(OH)DAP+N2H4→ 

N2+2Ni(II)(OH)DAP+2H2O                   (3) 

 

Figure 5A illustrates cyclic voltammograms of 6.7 mM 

hydrazine using modified electrode recorded at potential sweep 

rates ranging from 5 to 200 mV�s-1. The oxidation current of 
hydrazine on the modified surface increases linearly with the 

square root of the potential sweep rate (Fig. 5B), which indicates 

the mass transfer controlled process. Also, it can be seen that, 

with the increasing scan rate, the anodic peak potential tend 

toward positive potentials, suggesting a kinetic limitation in the 

reaction between the redox sites of the Ni-DAP/Au- 

PtNPs/NFs/GC electrode and hydrazine. The α value of the 

electrodic reaction can be evaluated from the following equation 

[36], 

 

Ep=(b/2)log(ν)+constant  (4)                                                               

 

where b indicates the tafel slope. Using the dependency of 

anodic peak potential on the natural logarithm of the potential 

sweep rate (Fig. 5C), the value of electron transfer coefficient (α) 

is estimated as 0.47. Also, the obtained value of transfer 

coefficient from the recorded I-E curve of electrocatalytic 

oxidation of hydrazine (slope of log I vs. E plot) confirms the 

above reported value (0.508). 

Rotating disk electrode (RDE) voltammetry 
The electrocatalytic activity of the Ni-DAP/Au-PtNPs/ 

NFs/GC electrode toward the oxidation of hydrazine was also 

evaluated using RDE voltammetry technique. The steady state 

I-E curves were recorded for the oxidation of hydrazine at 

modified rotating GC disk electrode. Typical examples of the I-E 

curves (RDE voltammograms) for hydrazine concentration of 

9.8 mM at the Ni-DAP/Au-PtNPs/NFs/GC electrode are 

presented in Fig. 6A. The limiting current obtained on the 

modified electrode increases with rotation speed of the electrode 

increased. The linearity of the Levich plots at low rotation rates 

indicates that the limiting current is mass-transport controlled 

(Fig. 6B). The Levich plots deviated from linearity at high 

rotation rates, suggesting a kinetic limitation. Under these 

conditions the Koutecky–Levich equation [37] can be used to 

determine the rate constant. The limiting current is given by Eq. 

(5), 

  

l /Ilim = 1 /I Lev +  1 /IK                                        (5)                    

 

where ILev is the Levich current and IK is the kinetic current. ILev 

and IK are defined by Eqs. (6) and (7), 

 

 

FIG. 5. (A) Cyclic voltammgrams of the modified electrode in the presence of 

6.7 mM hydrazine in 0.1 M NaOH solution at various scan rates: (1-10) 5, 10,

20, 30, 40, 50, 75, 100, 150 and 200, respectively. (B) The variation of anodic 

peak currents vs. square root of potential scan rate (C) the dependence of the 

anodic peak potential versus log (υ). 

 

FIG. 6. (A) Rotating disk electrode voltammograms recorded at Ni-DAP/ 

Au-PtNPs/NFs/GC electrode for 9.8 mM hydrazine in 0.1 M NaOH solution at a 

scan rate of 50 mV�s−1. The rotation speed is in rpm: (1-6) 200, 400, 600, 800, 

1200 and 2000, respectively. (B) and (C): Levich and Koutecky-Levich plots 

(respectively) for various concentrations of hydrazine. 
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I Lev = 0.62 nFAD2/3 υ -1/6ω1/2c0                                 (6) 

  

where n is the number of electrons, D is the diffusion coefficient 

of the substrate (hydrazine), F is the faradaic constant, C0 is the 

bulk concentration of the substrate, A is the electrode area, v is 

the kinematic viscosity of the solution and ω is the rotation rate. 

 

Ik=nFAc0KГ                                  (7) 

     

where K is the rate constant (dm3�mol−1�s−1) governing the 
reaction of the catalyst with hydrazine, and the quantity of the 

catalyst on the electrode surface (mol�cm−2). In the case of a mass 
transfer controlled electrochemical reaction, the relationship 

between the limiting current and rotating speed should obey the 

Levich equation (Eq. (6)). Based on the Eq. (6), the plot of the 

limiting current as function of the ω1/2 should be a straight line. 

This occurred in the case of low rotation speed of electrode and 

corresponded to the initial part of Levich plots. The diffusion 

coefficient of hydrazine in the solution can be obtained from the 

slope of Levich plot. The value of D in this medium was found to 

be 1.75×10−6 cm2�s−1. According to the Levich plots (Fig. 6B), 
the current increases when increasing electrode rotation speed, 

but are found to be non-linear, indicating kinetic limitations. In 

this case, the catalytic current Icat related to the mediated reaction 

is a function of both Levich current (ILev), and kinetic current (IK). 

Therefore mass transfer of hydrazine in the solution and the 

electron cross-exchange between hydrazine and the Ni-DAP 

redox sites become dominant, and the Koutecky-Levich equation 

may be used. According to Eq. (5), the plot of Il
-1 versus ω-1/2 

gives a straight line (Fig. 6C). The value of the rate constant for 

the catalytic reaction, k can be obtained from the intercept of the 

Koutecky-Levich plot. The value of k was found to be in the 

range 6.51×102 to 3.86×102M−1�s−1 for hydrazine concentration 
in the range of 3.9-8.7 mM. Diffusion coefficient of hydrazine, D, 

may be obtained from the slope of Koutecky-Levich plots. The 

mean value of D was found to be 4.51×10−6 cm2�s−1, which is in 

agreement with that obtained from Levich plot. An average value 

for D was calculated equal to 3.13×10−6 cm2�s−1. 

Amperometric detection of hydrazine at modified electrode   
Since amperometry under stirred conditions has a higher 

current sensitivity than cyclic voltammetry, it was used to 

estimate the low limit of detection. Figure 7A displays a typical 

steady-state catalytic current time response of the rotated 

modified electrode (2000 rpm) with successive injection of 

hydrazine, at an applied potential of 0.35 V vs. reference 

electrode. (The initial potential for hydrazine oxidation at this 

modified GCE was about 0.2 V vs. reference electrode. At this 

potential, hydrazine was not yet electroactive. By setting the 

working electrode potential at 0.25 V, hydrazine was reduced, 

but not so effective that its surface concentration was zero; thus, 

the peak potential (0.35 V) was chosen to be at a constant value 

where the surface concentration was zero. Hence, hydrazine 

arrived as fast as diffusion could bring it, and the current was 

limited by this factor [32].)  As shown, during the successive 

addition of hydrazine, a well-defined response was observed, 

demonstrating stable and efficient catalytic ability of the 

electrocatalyst immobilized on the bimetallic Au-Pt inorganic- 

organic hybrid nanocomposite film. The response current is 

linear in the range of 0.2-85 µM of hydrazine (Fig. 7B). The 

calibration plot over the concentration range of 0.2-85 µM has a 

slope of correlation coefficient of 0.998 and the detection limit 

of 0.1 µM at signal to noise ratio of 3. Detection limit and linear 

calibration range of the proposed method were compared with 

those that obtained in other reports, and the results are 

summarized in Table 1. As seen, the analytical parameters are 

comparable or better than results reported for hydrazine 

determination at the surface recently fabricated modified 

electrodes [38-46]. 

Interference effect for hydrazine determination 
To apply this modified electrode to determine hydrazine in 

environmental water samples, the influence of common ions for 

the determination of 7 × 10-6 M hydrazine was investigated. If 

these interfering ions cause a relative error of less than 5% for the 

determination of 7 × 10-6 M of hydrazine, the interference of 

these species are negligible. The results are summarized in Table 

 

FIG. 7. (A) Amperometric response at rotating modified electrode in the 

presence of different hydrazine concentration: 0.2, 5, 10, 15, 22, 30, 43, 68 and

85 µM, respectively. Conditions: 0.35 V constant potential, pH 13 and rotation 

speed is 2000 rpm, (B) plots of current vs. hydrazine concentration. 
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2. It is shown that most of the investigated ions did not interfere 

for determination of hydrazine. 

Analytical applications  
Since the present amperometric method is very sensitive 

and a small volume of the sample is adequate for the hydrazine 

determination, the standard addition method is suitable for 

simple and rapid evaluation of hydrazine. The reliability of the 

amperometric determination of hydrazine in photographic 

developer was verified using an iodimetric procedure described 

in the literature [47]. For this purpose, a 0.05 M iodine solution 

which was standardized in the usual way with a primary standard 

of As2O3 or titrisol thiosulfate solution was used. The result of 

statistical calculation shown in Table 3 indicates good precision 

and good agreement between the repeatability of the proposed 

and official methods. 

Stability and reproducibility 
The stability and the reproducibility of the Ni-DAP/ 

Au-PtNPs/NFs/ GCE were studied in 0.1 M NaOH solution .The 

results indicated that after 80 continuous cycles at 50 mV�s−1, the 

peak heights of the Ni-DAP/Au-PtNPs/NFs/GCE decreased less 

than 5%. In addition, a set of 15 replicate amperometric 

measurements for 5 µM hydrazine yielded a relative standard 

deviation (R.S.D.) of 2.9%. Thus, the Ni-DAP/Au-PtNPs/ 

NFs/GCE exhibited acceptable stability and reproducibility for 

hydrazine detection. 

Conclusions 

A new composite material modified electrode as Ni-DAP/ 

Au-PtNPs/NFs/GCE was prepared by electrodepositing of 

Ni-DAP complex on the surface of bimetallic Au-Pt 

inorganic-organic nanofiber hybrid nanocomposite glassy 

carbon electrode in alkaline solution. Compared with Ni-DAP/ 

AuNP-GCE and Ni-DAP/AuNP/NF/GCE, the properties of 

bimetallic Au-Pt inorganic-organic nanofiber resulted in 

improvement of both the reversibility and current responses of 

Ni-DAP/Au-PtNPs/NFs/GC electrode. The Ni-DAP/Au-PtNPs/ 

NFs/GC electrode also enhanced electrocatalytic activity toward 

the oxidation of hydrazine. Some kinetic parameters such as the 

electron transfer coefficient, the diffusion coefficient of 

hydrazine and the catalytic rate, constant kcat of the catalytic 

reaction were calculated. A sensitive amperometric method was 

proposed for the determination of hydrazine with the advantages 

of fast response and excellent reproducibility.  
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