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ABSTRACT 

Reduced graphene oxide (RGO)-NiFe2O4 nanocomposite was synthesized by one step hydrothermal approach.  The 

structure and morphology of the as prepared nanocomposites were characterized by Fourier transform infrared 

spectroscopy (FT-IR), X-ray diffraction (XRD), Ultraviolet-visible spectroscopy (UV-Vis), Thermogravimetric analysis 

(TGA), and Transmission electron microscopy (TEM). These results demonstrate the successful decoration of RGO 

sheet with NiFe2O4 nanoparticles. The TEM image obtained for the nanocomposite shows that NiFe2O4 nanoparticles 

with ~100 nm length and ~10 nm diameters are homogeneously distributed on the surface of RGO. The electrochemical 

activity of RGO-NiFe2O4 nanocomposite towards the electrooxidation of hydrazine was further investigated using cyclic 

voltammetry. The cyclic voltammetric result demonstrates that RGO-NiFe2O4 based electrode has an excellent 

electrocatalytic activity in comparison to NiFe2O4 and RGO-based electrode.  This excellent electrocatalytic activity of 

the RGO-NiFe2O4 nanocomposite was ascribed to be originated from the collaborating effects of NiFe2O4 nanoparticles 

and RGO. 
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1.0 Introduction  

Graphene is a 2D monolayer of carbon atoms patterned 

in a honeycomb networks. All over the world 

scientifically fascinated increasing interest for its 

potential applications in electronics, sensors, catalysis 

and energy-storage system, etc. [1]. The graphene have 

novel properties such as electronic, mechanical, and 

thermal than any other materials in the world [2] 

Graphene has ideal candidate for supporting materials 

of catalysts due to its high specific surface area. 

However, control the both size and spatial distributions 

of metal nanoparticles (NPs) on the surface of graphene 

is very important. Therefore, noteworthy effort has been 

enthusiastic to educating the deposition and control the 

size of metal NPs on the surface of graphene [3]. 

Graphene based nanocomposites have been rewarded 

more and more attention because they combine the 

advantages of graphene and other components, which 

have potential applications in catalysis, sensor and 

energy-storage devices. Consequently, the use of 

graphene as substrates of catalysts delivers a new 

opportunity for manipulative and constructing catalysts 

in next-generation [4]. The nature of synergistic effects 

between NiFe2O4 magnetic nanoparticles and carbon 

based materials. However, the electrical properties of 

carbon nanotube-NiFe2O4 composites and polyaniline 

coated multi-walled carbon nanotubes/NiFe2O4 have 

been reported [5]. It is well known that the combination 

of two semiconductors may provide an approach to 

improve the conductivity and electrocatalytic activity. 

Therefore, numerous metal oxides and graphene have 

been used to improve the catalytic activities.  

In recent times many research works have been focused 

electro-oxidation of hydrazine hydrate (N2H4)  using 

gold nanoparticles supported on a TiO2 nanotube [6], 

titanium supported Ag electrode [7], metal electrodes 

[8], carbon nanotubes/Ni–Fe alloys [9], carbon-

supported metalloporphyrins [10], iridium [11], 

palladium–polyaniline nanocomposite [12] and nickel–

palladium nanoparticles [13] as catalytic materials. 

Chinchilla et al. described that the use of Ni–Co alloy as 

an electrocatalyst for the oxidation of N2H4 [14]. 

Electro-oxidation of hydrazine using in-situ growth 

ceria nanoparticles over reduced graphene oxide, which 

is reported by Manish Srivastava et al. [15].   

 

Especially the transition metal nanoparticles (NPs) have 

fascinating structural, better electronic and magnetic 

properties, which helps to encouraging the catalytic 

properties [16]. To control the size and morphology of 

metal NPs is essential to optimize their performance of 

the catalyst [17]. Metal NPs have strong van der Waals 

force interactions and high surface energies, fancying 

aggregating in the absence of self-protective agents. 

Therefore, the metal nanoparticles is commonly 

deposits them on solid supports to improve their 

morphology and performance of the catalyst [18] 

 

In this study, we have successfully synthesized RGO-

NiFe2O4 nanocomposites through facile single step 

hydrothermal method. From the present investigation, 

we obtained the good conductivity and electrocatalytic 

activity of the RGO-NiFe2O4 nanocomposites.  

Therefore, RGO-NiFe2O4 nanocomposites could be a 
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worthy candidate for the application in electro-oxidation 

of hydrazine. 

 
2.0 Experimental Part 

 

2.1 Materials 

Natural graphite flakes, Nickel (II) chloride hexahydrate 

(NiCl2.6H2O), iron (III) chloride hexahydrate 

(FeCl3.9H2O) and sodium thiosulfite (Na2S2O3.5H2O) 

were purchased from Sigma Aldrich. Sulfuric acid 

(H2SO4), hydrochloric acid (HCl), hydrogen peroxide 

(H2O2), potassium permanganate (KMnO4) was 

purchased from Samchun Pure Chemical Co. Ltd. The 

above purchased all chemicals were used without 

further purification. 

 

2.2 Synthesis of graphene oxide (GO) 

Graphite oxide was synthesized from natural graphite 

flake (crystalline, 300 mesh) by a modified Hummer’s 

method [19]. In detailed procedure, 1 g of graphite flake 

was taken in a round bottom flask and 46 mL of 

concentrated H2SO4 (95%) was poured into the flask 

and it was placed in an ice bath. 6 g of potassium 

permanganate was added slowly to the above mixture, 

while being vigorous stirring for 2 h. It was observed 

that during addition of KMnO4 the reaction mixture was 

maintained temperature below 20 C. After complete of 

KMnO4 addition, the mixer was stirred at 35 C for 6 h 

in preheated oil bath. While the reaction time, the 

reaction mixture color changes from black to light 

brown. 92 mL of double distilled (2D) water was added 

slowly into the above mixer. The above mixture was 

vigorously stirred for another 1h. Followed by 10 mL of 

30 % H2O2 was added to the above mixture until the 

mixture turned in to the golden yellow color. 5% HCl 

was added to the mixture to remove the excess of 

manganese from the final product. The above 

suspension was purified by 2D water several times 

using high speed centrifugation. After filtration and 

vacuum drying GO was obtained. 

 

2.3 Synthesis of RGO-NiFe2O4 nanocomposite 

The RGO-NiFe2O4 nanocomposite was synthesized 

using superficial hydrothermal method. The detailed 

synthesis procedure as follows: 50 mg of GO was 

dispersed in 40 mL 2D water using ultrasonication for 

30 min. 0.250 gm of FeCl3.9H2O and  0.125 mg 

NiCl2.6H2O was dispersed in 40 mL 2D water. The 

mixture of the metal salts was added drop wise into the 

solution of GO with vigorous stirring to obtain 

homogeneous suspension. Consequently, 0.1 g of 

sodium thiosulfate (Na2S2O3.5H2O) was added to the 

above mixture and stirred for an hour. 5 M of NaOH 

aqueous solution was added to the above solution to 

adjust the pH to ~11. The mixture was transferred into 

the 100 mL Teflon lined autoclave. The reaction 

mixture was aged at 150 C for 20 h and then cooled to 

room temperature. The obtained black precipitate was 

collected and washed with 2D water followed by 

ethanol. Then the final product was dried at 60 C in 

vacuum for 72 h. The obtained final product was labeled 

RGO-NiFe2O4.  

 

3.0 Results and Discussion 

 

3.1 FT-IR spectroscopy and XRD analysis  

Fig.1 (a) represents the FT-IR spectra of GO and RGO-

NiFe2O4 composites. The peaks of GO that appeared at 

3355, 1733, 1623, 1388, 1241, 1084 and 1034 cm
-1

 were 

due to the vibration and deformation bands of O–H, 

C=O stretching vibrations from carbonyl groups, C=C 

configurable vibrations from the aromatic zooms, C–

OH stretching vibrations, C– O vibrations from epoxy 

groups, and C–O vibrations from alkoxy groups, 

respectively. However, all these bands related to the 

oxygen-containing functional groups some of vanished 

in the FTIR spectrum of the RGO- NiFe2O4 composites. 

New absorption bands that appeared at 1470 and 1114 

cm
-
1 were attributed to the skeletal vibration of the 

graphene sheets. Moreover, an additional peak at 

591cm
-
1 could be ascribed to the lattice absorption of 

NiFe2O4. Fig.1 (b) show the XRD patterns of GO, RGO 

and RGO-NiFe2O4. GO pattern showed a (001) 

characteristic peak at 2θ = 11.8, corresponding to an 

interlayer spacing of 0.76 nm. The increased d-spacing 

of GO sheets was due to the presence of abundant 

oxygen-containing functional groups on the graphene 

sheet. In case of RGO peaks is disappear due to 

complete exfoliation and formation of RGO.The broad 

peak comes at 2θ = 26.4
 
due to agglomeration of 

graphene sheets and formation of graphitic structure. 

The graphene -NiFe2O4 composites can be indexed to 

cubic spinel NiFe2O4,due to crystal panel of spinel Ni-

Fe and graphitic structure. 
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Fig1. (a) FTI-IR of GO and RGO-NiFe2O4 and (b) XRD 

patterns of GO, RGO, RGO-NiFe2O4 

 

 

3.2 UV-Vis spectroscopy analysis 

The optical properties of the synthesized GO, RGO and 

RGO-NiFe2O4 composite were investigated through 

UV-Vis spectroscopy. Fig. 2 (a) shows that the UV-Vis 
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spectra of GO, RGO and RGO-NiFe2O4 composite. The 

UV-Vis spectrum of GO exhibits a broad absorption 

band at ~235 nm corresponding to the π → π* transition 

of C=C, whereas the small band at ~300 nm is attributed 

to the n → π* transitions of C=O, suggesting that the 

presence of oxygen-containing functional groups in GO 

[20]. Fig. 2 (b) shows that the optical energy band gaps 

of NiFe2O4 and the RGO-NiFe2O4 nanocomposite are 

investigated from the absorption spectra. The direct 

band gap was demonstrated through plotting the graph 

of [(αhυ)
2
 vs. hυ]. The energy band gap was calculated 

to 2.57 eV and 2.61 eV for NiFe2O4 and RGO-NiFe2O4 

composite, respectively. It is well known that the band 

gap of semiconductor nanoparticles increases as the size 

decreases (quantum confinement) [21]. A little higher 

values of band gap in the case of RGO-NiFe2O4 

composite as compared to the bare NiFe2O4 may ensue 

due to some extent smaller size of the nanoparticles, 

which was confirmed from the previous report [22]. 

 

 

Fig.2 (a) UV-Vis spectra of GO, RGO and RGO-

NiFe2O4   and  (b )the Tauc plot  for NiFe2O4  and RGO-

NiFe2O4  

 

3.3 Thermogravimetric analysis study 

 

The thermal properties of GO, RGO and RGO-NiFe2O4  

nanocomposite were examined with TGA in Fig.3. The 

TGA of the samples were analyzed in nitrogen 

atmosphere from room temperature to 800 ºC at a 

heating rate of 5 ºC min
-1

. GO is thermally unstable and 

start to loss below 100 ºC due to the loss of humidity in 

the samples. The major weight loss was occurred at 

about 200 ºC due to the pyrolysis of labile oxygen-

containing functional groups, yielding CO, CO2 and 

steam [23]. The weight loss (55 %) in GO was observed 

at 700 ºC, which indicate that graphite was extensively 

oxidized. On the other hand, ~ 43 % weigh loss was 

observed for RGO at the same temperature, this results 

indicates that GO was effectively reduced by 

hydrothermal treatment and the oxygen functionalities 

were removed during reduction process. We observed 

that the RGO-NiFe2O4 composite displays the weight 

loss processes. The weight loss below 100 ºC is 

attributed to the evaporation of absorbed water. The 

gradual weight loss occurs from 100  290 ºC, which 

can be assigned to the removal of the labile oxygen-

containing functional groups and H2O vapor from the 

sample caused by the destruction of oxygenated 

functional groups. The significant weight loss occurs 

between 590 and 700 ºC, which is about ~ 15 %. This 

result clearly reveals that RGO acted as a matrix to 

support the metal nanocomposites and behaved as a 

limiting reagent to constraint further accumulation of 

the metal compounds. 

 

 
 

Fig.3 TGA analysis of GO, RGO and RGO- NiFe2O4 

nanocomposites 

 

3.4 TEM analysis 
The morphological features of the RGO-NiFe2O4 were 

further examined by TEM and high resolution TEM 

(HR-TEM). It can be seen from Fig.4 (a) that NiFe2O4 

particles existed homogeneously on the whole graphene 

sheets without aggregation. Both the edge of graphene 

and the structure of the NiFe2O4   particles were clearly 

observable. The SAED pattern of graphene showed in 

Fig. 4(b) well-defined diffraction spots, confirming the 

crystalline structure of the graphene obtained via the 

hydrothermal reduction of GO. HRTEM images RGO-

NiFe2O4 composites shown in Fig.4 (b) The GO showed 

a completely amorphous and disordered structure. The 

visible graphitic lattices revealed that the GO sheets 

only consisted of multi graphitic layers. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 (a) TEM images and (b) HR-TEM images and 

SAED patterns of RGO-NiFe2O4 composites 

(a) (b)
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3.5 Electrochemical studies 

 

3.5.1 Electrode fabrication  

Glassy carbon electrode (GCE) was first carefully 

polished using alumina paste (0.05 ml). The polished 

GCE was rinsed with acetone and water consecutively 

by ultrasonication. The cleaned GCE was dried in a 

vacuum oven at room temperature. 2.5 mg of the 

catalyst was dispersed in ethanol (100 µl) as the solvent 

and nafion (3 wt. %) as the binder, followed by 

ultrasonic treatment for 30 min. The prepared solution 

(20 µl)  was carefully dip-coated onto the surface of 

GCE and was dried at 30 
o
C in a vacuum oven to obtain 

the modified GCE. All the working electrodes were 

prepared to the similar procedure. The GCE electrodes 

were modified by RGO, NiFe2O4 and RGO-NiFe2O4 

composites, respectively.  

 

3.5.2 Electrochemical measurements    

The catalytic activities of the synthesized materials were 

investigation by potentiostat/galvanostat CHI660A 

using a three-electrode system. A platinum wire and 

saturated Ag/AgCl (sat. KCl) were used as the counter 

and reference electrode, respectively. Otherwise, the 

modified GCE was used as the working electrode. The 

measurements were established at room temperature 

using the aqueous 1 M KOH as an electrolyte solution. 

 

3.5.3 Cyclic voltammetry analysis 

The electrocatalytic activity of the RGO-NiFe2O4 

nanocomposite for the oxidation of hydrazine was 

investigated by cyclic voltammetry (CV).The Fig. 5 (a) 

shows the CV results of the RGO and RGO-NiFe2O4 

nanocomposite GC electrodes.As compared to the 

RGO- GC electrode, the RGO-NiFe2O4 - GC electrode 

demonstrated the highest current response with an 

obvious peak corresponding to the oxidation of 

hydrazine in the potential range of (0.40–0.50 V). This 

phenomenon suggests that the RGO-NiFe2O4 

nanocomposite shows higher catalytic activity towards 

the oxidation of hydrazine than the RGO.  It was found 

that the catalytic current for the RGO-NiFe2O4 - GC 

electrode was much higher than that of the RGO -GC 

electrodes. It can be seen in Fig. 5(b) that the gradual 

addition of hydrazine causes an increase in the oxidation 

current, and this increase was found to be linear .These 

observations further suggest that the RGO-NiFe2O4 

nanocomposite displays a good response towards the 

oxidation of hydrazine. 
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Fig. 5 (a) CVs of, RGO and the RGO-NiFe2O4 

nanocomposite.(b), CV responses of the RGO-NiFe2O4 

atalyst in 3 M KOH containing different concentrations 

of hydrazine  

 

4.0 Conclusions 

NiFe2O4 nanoparticles were effectively growth over 

RGO through simple in-situ hydrothermal approach. 

The TEM studies revealed that NiFe2O4 nanoparticles 

were well dispersed on the RGO sheets with an average 

size of ~100 nm length and ~10 nm diameters. The 

electrocatalytic activities of RGO-NiFe2O4   

nanocomposite were studies through the cyclic 

voltammetry towards the electro-oxidation of hydrazine. 

This study confirmed that the RGO-NiFe2O4 

nanocomposite exhibit enhanced electrocatalytic 

activity compare than that of NiFe2O4 nanoparticles, due 

to the synergistic effects between the NiFe2O4 

nanoparticles and RGO. To conclude, the facile 

approach for synthesize of efficient and cost effective 

RGO-NiFe2O4 nanocomposite as a potential candidate 

for the electro-oxidation of certain hydrazine derivatives 

as well as hydrazine and promising electrocatalysts for 

the potential applications.  
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