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A facile hydrazine sensor based on Au nanoparticles-MnO2 composite on the glassy carbon electrode 

(Au/MnO2/GCE) was directly obtained by electrochemical deposition approach. The prepared 

modified electrode presented good oxidation peak currents of hydrazine in a wide linear range from 5 

μM to 2.0 mM with a correlation coefficient of 0.9998. The sensitivity was 694 μA mM
-1

 cm
-2

 and its 

detection limit was 1.7 μM (S/N=3). 
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1. INTRODUCTION 

With the development of science and technology, there are more and more attentions of 

electrochemistry analysis in the field of agriculture, industry, medicine and environment [1-2].
 
Among 

of them, hydrazine has increasing applications in the field of industrial and agriculture, such as 

pharmacology, photography chemicals, explosives, fuel cells, corrosion inhibitors, and so on. However, 

it is well known that hydrazine is also toxic and adverse to human health, especially being embodied in 

the brain and liver toxicity [3]. So it is very important to accurately detect the concentration of 

hydrazine in a practical sample, which could protect people from a feasible poisoning. Among various 

analytical methods for determination of hydrazine, electrochemical techniques have received widely 

attention due to good efficiency, high sensitivity and low cost [4]. However, in order to minimize 

overvoltage which can be encountered easily at glassy carbon electrodes in hydrazine detection, 
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different nanomaterials or composites, such as Au [5-7], Pd [8-9], Ni [10], Ni–B [11], AuCu3 [12], Pd-

Au [13], Au/TiO2 [14], ZnO [15-16],
 
CuO [17-18],

 
Fe2O3 [19],

 
Ni1-xLax [20],

 
PEDOT-CuxO [21],

 
Ag-

polymer [22-23], PB/SWNTs [24], Co(II)MTpAP [25], Graphene/metal [26-28], have been used to 

modify the working electrodes. In addition to the above catalytic materials, MnO2-based nano-

composites have been found to be a type of very promising material for detecting hydrazine due to low 

toxicity, inexpensive, and high electrochemical activity. There are many attempts to enhance the 

response range and detection limit for hydrazine amperometric sensor by the construction of some 

complicated nanostructures, such as Mn7O13·5H2O/α-MnO2 nano-hybrid [29],
 
MnO2/GO composite 

nanosheets [30], Ni (OH)2–MnO2 hybrid materials [31], MnO2/ MWNTs [32], Ag–MnO2 [33], Cu–

MnO2 [34] and so on. Though some attempts have been carried out to fabricate MnO2-based modified 

electrodes, most of them obtained by dropping the mixed suspension of nanomaterials and Nafion onto 

the surface of the GCE, and which could result in reduction of the conductivity. Moreover, the relation 

synthesis methods of the MnO2-based nanomaterials modified onto the electrode surface are not simple. 

So the development of a facile, fast, direct, sensitive, and stable analytical method for hydrazine is still 

greatly demanded.  

In this work, we present a very useful hydrazine electrochemical sensor based on the nano-

Au/MnO2/GCE by a simple and direct electrodeposition method using CV scanning. The prepared 

modified electrode shows a good amperometric response for hydrazine due to the synergistic electronic 

effect of Au nanoparticles and MnO2 film.  

 

 

 

2. EXPERIMENTAL 

2.1. Chemicals 

KMnO4, NaCl, NH4Cl, HAuCl4, NaH2PO4, Na2HPO4, HNO3, anhydrous ethanol and hydrazine 

were purchased from Shanghai Sinopharm Chemical Reagent Co., Ltd, China. All chemicals were 

analytical grade without any further purification. Deionized water (18.2 MΩ cm) used in all 

experiments was obtained with the Cleaned Ultra pure water system (KNT-III-10). 

 

2.2. Apparatus and electrochemical measurements 

The morphologies and microstructures of the as-prepared different modified samples on 

electrode surfaces were presented by scanning electron microscopy (SEM, Japan, Hitachi S-4800). The 

chemical compositions of the resulting modified electrodes were also characterized by energy 

dispersive X-ray spectrometer (EDX, Japan, attached to Hitachi S-4800) and X-ray photoelectron 

spectroscopy (XPS, American, Thermo ESCALAB 250XI, using Al Ka line as the excitation source, 

hv = 1486.6 eV). 

All the electrochemical measurements were performed with a CHI 660E electrochemical 

workstation (Shanghai Chenhua Instrument Company, China). A typical three-electrode system was 

used with a glassy carbon electrode (GCE, diameter 3.0 mm) as working electrode, a saturated calomel 
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electrode (SCE) as reference electrode, and a platinum wire as counter electrode. 0.1 M phosphate 

buffer solutions (PBS) solution with pH 7.0 was used as the electrolyte at room temperature. 

Electrochemical activities of the samples were recorded by electrochemical impedance spectroscopy 

(EIS) in a 0.1 M PBS (pH=7.0) quiescent solution in the presence of 2.5×10
−3

 M [Fe (CN) 6]
4−/3−

 and 

0.1 M KCl. The frequency range was from 0.1 Hz to 10 kHz, the signal amplitude was 5 mV, and the 

scan rate was 100 mV·s
-1

.  

 

 
 

Scheme 1. Schematic illustration of the preparation of Au/MnO2/ GCE 

 

2.3. Preparation of the Au nanoparticles-MnO2 modified electrode  

The Au/MnO2 nanocomposites modified electrode was directly fabricated by an easy 

electrochemical method. The preparation process can be shown in Scheme 1. Firstly, bare GCE was 

polished successively using 1.0, 0.3 and 0.05 μm alumina slurries, followed by rinsing with 1:1 nitric 

acid. The electrode was then washed with deionized water and anhydrous ethanol under ultrasound 

conditions (each for 5 min), and allowed to dry in air at room temperature. MnO2 films was 

electrodeposited on a bare GCE surface by cyclic voltammograms (CV) scanning from −0.2 V to +1.2 

V at 20 mV·s
-1

 for 6 cycles in 0.1 M PBS solution containing 10 mM KMnO4, 0.5 M NaCl, and 0.5 M 

NH4Cl
 
[35]. Subsequently, Au nanoparticles were electrodeposited on the MnO2 film by CV scanning 

from −0.2 V to +1.2 V in 5 mM HAuCl4 solution at 100 mV·s
−1

 for 2 cycles, followed by washing 

with deionized water. As a result, the nano-Au/MnO2/GCE was obtained, and stored at 4 
◦
C in a 

refrigerator when not in use. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Characterizations of the Au/MnO2/GCE 

As can be seen from Figure 1a, there is a porous and continuous pure MnO2 film at GCE 

surface after electrochemical modification. Au nanoparticles were easily obtained by CV scanning 

with HAuCl4 aqueous solution (Figure 1b), demonstrating the bright and spherical shaped particles 

with an average diameter of about 25 nm and uniformly spreading on the MnO2 film. Figure 2a shows 

the presence of Mn and O, which preliminarily proves the presence of MnO2 at the electrode surface. 

The appearances of Au peaks (shown in Figure 2b) further reveal the successful construction of 

Au/MnO2/GCE.  
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Figure 1. SEM images of MnO2 (a) and Au-MnO2 (b) modified on the surface of electrode. 

 

 

    
 

Figure 2. The EDX spectrum of MnO2 (a) and Au-MnO2 nanocomposites (b) at the surface of GCE. 
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Figure 3. XPS survey spectrum of Mn 2p (a) and Au 4f (b) peaks of the nano-Au/MnO2 composite. 
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In order to confirm the formation of MnO2 not other manganese compounds, XPS was further 

employed to characterize the valence states and the surface chemical compositions of Au/MnO2 

nanocomposite. However, the prepared product on the GCE surface couldn’t be directly characterized 

with XPS [34] ， ITO glass was used as a simulative substrate for deposition for Au/MnO2 

nanocomposite under the same electrochemical conditions as the working electrode. As shown in 

Figure 3a, The Mn 2p XPS spectrum exhibits two typical peaks with binding energy values at 653.8 

eV and 642.0 eV respectively [36-37], corresponding to the Mn 2p1/2 and Mn 2p3/2 spin-orbit peaks of 

MnO2 with a spin-energy separation of 11.8 eV [33]. This result can also be approved by the previous 

report, in which one binding energy of Mn 2p can vary within the range of 642.0 ± 0.2 eV in the 

MnO2-based composites [38].
 
Figure 3b presents the peaks with binding energy of 83.8 eV and 87.5 

eV and peak distance of 3.7 eV, which can be respectively assigned to the binding energies of 4f7/2 and 

4f5/2 for metallic Au
0
 and indicate the presence of gold nanoparticles [39-40],

 
though there maybe some 

shift of two Au
0
 4f peaks toward lower binding energies comparing with Au standard values (84.0 and 

87.7 eV) due to the strong metal-support interaction [41]. So the XPS results well indicated that the 

nano-Au/MnO2 nanocomposite was electrodeposited successfully onto the surface of GCE.  

 

3.2. Electrochemical properties of the Au/MnO2/GCE 

As can be seen from Figure 4, the Nyquist plots for three electrodes include a semicircular part 

and a linear part. As is known to all, the semicircle part at the higher frequency presents the electron 

transfer limited process, and its diameter equals to the electron transfer resistance (Ret). There is almost 

no semicircle part of the GCE, showing a very low Ret. However, MnO2/GCE presents a higher Ret of 

about 443 ohm than the value of bare GCE, indicating a poor electron transfer maybe due to the 

insulation property of porous MnO2 film.  
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Figure 4. EIS of bare GCE, MnO2/GCE, Au/MnO2/GCE in 0.1M PBS (PH 7.0) at a bias potential of 

0.2 V.  

 

Contrarily, modification of the MnO2 film with Au nanoparticles lead to a smaller semicircle 

and decreased Ret (~ 215 ohm), which indicates that high electron transfer took place at the nano-
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Au/MnO2/GCE. The result could show that the continuous distribution and high loading of Au 

nanoparticles in MnO2 film can create necessary conduction pathways in promoting the electron 

transfer on the resultant film electrodes. By the synergistic electron effect between Au and MnO2, the 

electrochemical performance of the modified electrode can be dramatically improved [42].  

In order to evaluate the eletrocatalytic performance of the nano-Au/MnO2/GCE, other 

electrodes (bare GCE, Au/GCE, and MnO2/GCE) were also examined in pH 7.0 PBS as comparative 

experiments. In the absence of hydrazine (Figure 5a), there is a pair of very small peaks located at 

about +0.39 V and +0.69 V for the nano-Au/MnO2/GCE, which can be assignable to redox process 

between Mn
4+

 and Mn
2+

 [30]. Furthermore, no obvious redox peaks are found in the potential range of 

0 V to +0.8 V at the bare GCE, MnO2/GCE and Au/GCE. On the contrary, in the presence of 1.0 mM 

hydrazine, the CV curves of bare GCE, Au/GCE, MnO2/GCE, and nano-Au/MnO2/GCE detected in 

PBS are shown in Figure 5b. As shown from black curve, no obvious redox peaks could be observed at 

the bare GCE in the potential range of 0 V to +0.8 V. When using the MnO2/GCE, there is an 

increasing current response of hydrazine in the oxidation zone and a large overpotential with a very 

down out peak at about 0.533 V (blue curve) comparing with that of bare GCE. At the Au/GCE 

electrode, a catalytic oxidation peak at 0.413 V is observed (green curve), which confirms that Au 

nanoparticles-modified electrode also has eletrocatalytic response for hydrazine [5-7]. However, there 

is a well-formed sharp catalytic oxidation peak at 0.214 V with a larger peak current (−6.065×10
−5 

A) 

at nano-Au/MnO2/GCE (red curve). In contrast, the oxidation peak potentials shift in the negative 

direction more than 200 mV, which may indicate that the catalytic activity of the electrodes is in the 

order of nano-Au/MnO2/GCE > Au/GCE > MnO2/GCE > bare GCE. Moreover, the increasing current 

response can be partly attributed to the increase of reversibility of the electron transfer process. The 

substantial increase in the oxidation peak height at nano-Au/MnO2/GCE also confirms a faster 

electron-transfer reaction between electrode and redox probe, which presents better eletrocatalytic 

performance for hydrazine. 

 

0.8 0.6 0.4 0.2 0.0
-15

-10

-5

0

5
a

 

 
C

u
rr

e
n

t/

A

Potential/V

 bare GCE

 MnO
2
/GCE

 Au/GCE

 Au/MnO
2
/GCE

 

0.75 0.60 0.45 0.30 0.15 0.00

-60

-45

-30

-15

0

 bare GCE

 MnO
2
/GCE

 Au/GCE

 Au/MnO
2
/GCE

b

C
u

rr
e

n
t/


A

Potential/V
 

 

Figure 5. Cyclic voltammograms of bare GCE (black), MnO2/GCE (blue), Au/GCE (green), and 

Au/MnO2/GCE (red) in the absence (a) and presence (b) of 1.0 mM hydrazine in 0.1 M PBS 

(PH 7.0) at the scan rate of 100 mV·s
−1

. 
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Differential pulse voltammetry (DPV) was often selected to estimate the detection limit and the 

linear range for amperometric sensor [43].
  

Figure 6a displays the DPV response of hydrazine with 

various concentrations at the obtained nano-Au/MnO2/GCE carried out in N2-saturated 0.1 M pH 7.0 

PBS (Incr E 0.004 V, amplitude 0.1 V, pulse width 0.05 s, sampling width 0.0167 s, and pulse period 

0.5 s). The peak potential is about 0.18 V which is close to that in CV. However, the peak potentials 

gradually move to positive direction as the concentration of hydrazine successively increased, 

suggesting that the response of the nano-Au/MnO2/GCE originate from its high adsorption toward 

hydrazine.  
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Figure 6. Differential pulse voltammograms of various concentrations of hydrazine at nano-

Au/MnO2/GCE in the presence of 5-100 µM (a) and 0.2-3.1 mM (b) in 0.1 M PBS individually. 

Inset: the linear dependence of Ipc of hydrazine with concentration. 
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Figure 7. Amperometric response of nano-Au/MnO2/GCE to 0.3 mM hydrazine and 3.0 mM different 

interferences. 
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The Ipc of hydrazine increases with the increase in concentration (Figure 6a). As seen in the 

inset of Figure 6a, the response currents at the nano-Au/MnO2/GCE are proportional to the 

concentration of hydrazine in the range of 5-100 μM with a correlation coefficient of 0.999. The 

regression equation is I (μA) = -0.1273 + 0.04906C, its sensitivity is calculated to be 694 μA mM
-1

 cm
-

2
 and detection limit is assessed to be 1.8 μM at a signal/noise ratio of 3. When increasing the range of 

concentration (0.2 - 3.1 mM, see Figure 6b), the calibration plot for hydrazine determination shows a 

wide linear response from 0.2 mM to 2.0 mM with a correlation coefficient of 0.9999 (Inset of Figure 

6b). It can be clearly seen that the nano-Au/MnO2 nanocomposites modified electrode is a very simple 

candidate for an efficient hydrazine sensors. 

The selectivity was a very important factor for electrochemical sensors. As the electroactive 

species, such as heavy metal ions, glucose, epinephrine and ascorbic acid, the hydrazine response of 

the interfering species was examined at the nano-Au/MnO2/GCE with the potential of 0.2 V in order to 

evaluate the selectivity of the as-prepared sensor. As shown in Figure 7, the addition of 0.3 mM 

hydrazine results in an immediate increase of the oxidation current about 25 μA, while subsequent 

addition of the high concentration (3 mM) of Cd
3+

, Cr
3+

, glucose, epinephrine and ascorbic acid did not 

show any obvious current response compared to hydrazine. After successive additions of the above 

interfering species, a further 0.3 mM hydrazine was added into the solution, causing a similar current 

increase (~20 μA) to that at the first addition. The results can show that the nano-Au/MnO2/GCE has 

good selectivity for hydrazine detection.  

 

 

 

4. CONCLUSION 

In summary, a very simple electrochemical sensor for detection of hydrazine was successfully 

obtained based on Au/MnO2 nanocomposites electrodeposited directly on the GCE. The nano-

Au/MnO2/GCE exhibited good electrocatalytic activity to the oxidation of hydrazine, which maybe 

attribute to the synergistic effect of Au nanoparticles and MnO2. The hydrazine sensor also showed 

high sensitivity, excellent selectivity, large detection range and low detection limit, which presented 

another easy analytical method to detect hydrazine. 
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