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In this work, a green and facile synthesis of a reduced graphene oxide/Cu 

nanoparticles hybrid Cu-rGO is presented by using extracted pure limon juice. 

Characterization tools confirmed the reduction of graphene oxide. Copper 

nanoparticles were successfully decorated over the rGO sheets with average 

crystallite size 34 nm. The Cu nanoparticles are uniformly distributed on 

graphene sheets except few aggregates. X-ray diffraction proves the formation of 

single cubic phase of the prepared Cu-rGO nanoparticles and reduction of 

graphene oxide into its reduced form. Raman spectroscopy shows its vibration 

modes. Morphological characterization by atomic force microscopy (AFM), 

scanning and transmission electron microscope (SEM) and (TEM) photos are 

also provided, as will as Brunauer-Emmett-Teller (BET) measurements, the pores 

dimensions of Cu-rGO nanohybrid may find applications in supercapacitors. 

 

1. Introduction: 

Year by year, energy demands increase and most of it comes from 

burning fossil fuels which causes harmful effect on the environment. This 

motivated the scientist all over the world to developing a new technologies 

regarding renewable energy. Various methods, tools and devices has been 

reported to generate sustainable forms of energy that is efficient and affordable 

[1-5]. 
 

Graphene as a 2D carbon material [6], showed intense potential for 

applications in high efficient supercapacitors [7-13], solar cells [14], energy 

[15,16], photoelectric technology [17,18] and catalysis [19-21] owing to its 

excellent electrical and optical properties. The graphene oxide (GO) is the main 

precursor for the preparation of graphene through chemical reduction or thermal 

annealing [22,23] or microwave assisted synthesis. Moreover, carboxyl, hydroxyl 

and epoxy groups as the oxygen functional groups are released [24,25]. The 

generation of defects on GO surface during oxidation stage acts as anchoring sites 

for deposition of nanoparticles of the used metal as reported [5,26,27]. Graphene- 

metal nanocomposites were explored and showed great potential in some catalytic 

reactions. Cu-rGO was used for oxidation of benzyl alcohol and other substituted 
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benzyl alcohol in water [28-30]. Another route is the use of Cu-rGO nano hybrid 

in the carbon dioxide reduction since it is the main gas produced by human 

activity and the main reason for greenhouse effect [5]. The synergistic effect 

between copper nanoparticles and graphene sheets enable potential such 

multifunctional applications. 
 

The present work provides a green and fast synthetic route of Cu-rGO 

nanohybrid for multifunctional applications. The synthesis time took about 75 

min where a simultaneous reduction of GO and Cu(SO4) by pure lemon juice 

takes place. The formation of Cu on the surface of graphene sheet is confirmed by 

X-ray diffraction XRD, Raman spectroscopy and morphological characterization 

was done by scanning and transmission electron microscope. The isotherm of 

Brunauer-Emmett-Teller (BET) is discussed. 

 

2. Experimental Procedures: 

2.1. Synthesis of Graphene oxide: 

Chemicals used in the synthesis process are purchased from Sigma-Aldrich 

with purity exceeds 98% and used as received without further purification. 

Graphene oxide synthesized from graphite powder by using the Hummer’s 

method [6] as reported in our previous work [12, 13]. Details of the synthesis 

summarized as follow: 5 g of graphite powder and 2.5 g of NaNO3 were dispersed 

in 125 ml H2SO4 (98%) as intercalating agent and stirred for 120 min. Then to the 

above solution, 15 g of grinded KMnO4 was added gradually. The temperature of 

the solution was kept under 20°C by keeping it into ice bath where the resulting 

solution had deep oily green color. Then the mixture was stirred at 35-37 °C for 

90 min. The resulting solution diluted gradually by adding deionized water under 

vigorous stirring. The suspension is treated further by adding 30 ml of 30% H2O2 

solution and 350 ml of distilled water. A bright orange color of graphene oxide 

suspension was appeared after adding the peroxide solution. The resulting 

suspension was washed several times with deionized water until the pH of the 

solution became neutral. The solution was dried in temperature not exceeds 60°C, 

ground and finally the silver brown powder of graphene oxide was ready to use. 

Fig. (1)  show that the three stages of preparation of graphene oxide [12]. 
 

2.2. Synthesis of Cu-rGO/ Nanohybrid 

100 ml of lemons juice were add to 100 ml of deionized water and heated 

to 70ºC for 45 min. The solution was filtered and 25 ml of extracted solution was 

added to 0.30 mg of graphene oxide and 0.3 M of CuSO4 solution. The solution 

was stirred for 1 h at 60ºC then alternated by a probe sonicator of 75% amplitude 

and 0.5% cycle for 1 h until the black rose color appeared. The precipitate was 

washed using deionized water several times and then centrifuged at 14000 rpm 
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for 30 min. Finally, the precipitate was dried using oven at 40ºC. The powder of  

Cu-rGO nanohybrid was ready for characterization. 

 
Fig. (1): Steps of preparation of graphene oxide from graphite. 

 

2.3. Characterization 

The X-ray powder diffraction (XRD) data are collected using a computer 

controlled Bruker (D 8 discover) diffractometer with CuKα radiation k = 1.54056 

Å. The measuring range from 5º to 100º and the instrumental resolution was 

0.004– 0.005º. Data collected in step-scan mode with steps of 0.02º. Morphology 

of the produced nanohybrid investigated using a scanning electron microscope 

(SEM) model number JSM 6510 LV JEOL and transmission electron microscope 

(TEM) model number JEM 2100 JEOL. A computer controlled Raman spectra 

between 100 cm
-1

 to 3000 cm
-1

 were obtained on an HORIBA JOBINYVON. The 

atomic force microscopy (AFM) was obtained on AFM-Agilent Technologies. 

The specific surface area was obtained using BET measurements on NOVAtouch, 

and the data of pore diameter were calculated from the Barrett-Joyner-Halenda 

(BJH) method. 

 

3. Results and discussion 
3.1 Structural characterization 

3.1.1 X-ray diffraction 
 

Figure (2) showed the XRD patterns of Cu-rGO nanohybrid and GO. The 

diffraction peaks are assigned to the cubic structure, (COD 5000216). Unlike the 
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XRD pattern of GO reported before [12, 13] the graphene nanohybrid of Cu-rGO 

doesn’t show any peak at 2θ = 10° in the XRD pattern. These results ensure that 

the oxygen functional groups of GO are removed and GO are reduced to graphene 

nanosheet GNS by ascorbic acid of limon juice. The diffraction peak of GNS 

observed at 2θ = 24° (002) and shown in the inset figure in the XRD patterns is 

relatively broad and weak. The crystallinity of Cu diffraction peaks is strong and 

sharp as appears in the figure. Where the (111) peak intensity is 65 times more 

than the broad peak intensity of rGO which prove its non-crystalline nature. 
 

The diffraction peaks of Cu-rGO are observed at 2θ 43.32°, 50.44°, 74.12°, 

89.93° and 95.14° are assigned to the Cu (111), (200), (220), (311) and (222) 

crystal planes, respectively [5, 27]. The above results proved that Cu-rGO 

nanohybrid is successfully prepared. 
 

 
Fig. (2): X-ray diffraction of Cu-rGO nanohybrid and GO as inset. 

 

The average crystallite size D is calculated using Debye-Scherrer’s 

equation [12, 31] will be applied to the peak (111): 
 

DfW
D





cos

94.0
                                                          (1) 

where Wf is the width at half maximum intensity (FWHM) of the Bragg reflection 

excluding instrumental broadening in radians. is the wavelength of the X-ray 

radiation (Cu = 1.54056 Å) and D is the Bragg angle. The average crystalline 

size of Cu-rGO is equal to 34 nm. 
 

The crystallites size and the average lattice strain ε can be estimated from 

the Williamson-Hall equation [32, 33]: 
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where W is the full width half maximum of the XRD peaks, Wstrain is the strain 

broadening which is uniform in all crystallographic directions and K=0.94 is a the 

shape factor. When multiplying Eq. 2 by cosθD, it gives: 
 

D

K
W DD


  sin4cos                                         (3) 

 

Then the relation between WcosθD and 4sinθD will be a straight line  

(Figure 3), the strain ε of the Cu-rGO nanohybrid is deduced from the slope of 

linear fitting data (gradient) whereas the D is determined from the Y-intercept 

(Kλ/D). 

 

 
Fig. (3): Williamson-Hall equation 3 and its linear fit for Cu-rGO nanohybrid. 

 

 

The estimated values of D and ε deduced by using Williamson-Hall 

equation are 60.7 nm and 0.0013. It is clear that, the D value as calculated using 

Williamson-Hall technique is higher than that obtained using Scherrer equation 

where Williamson-Hall equation takes into consideration all diffraction peaks and 

assumes the brooding of it. That is related to the crystalline size as well as the 

lattice strain, which is not considered in Scherrer equation [32, 33]. 

 

3.1.2. Raman Spectroscopy: 

Figure (4) showed the Raman spectrum of Cu-rGO nanohybrid and GO as 

inset. The typical graphene peaks that containing well-recognized D and G bands 

are found at 1360 and 1590 cm
−1

, respectively. The D is sharp band reflects the 

disordered sp
2
 carbon in graphene and the G band is due to the in-plane C−C 

stretching [34, 33]. The Cu bands were appeared at 204 and 705 cm
−1

. This 

indicates the formation of Cu-rGO nanohybrid during the synthesis process. The 

ratio ID/IG = 0.85 indicating single layer reduced graphene oxide. This is also 
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proved by the sharpness and position of the G band. The XRD prove the presence 

of graphene by broad beak centered at 2 theta equals 23 degree 

 

 

 
Fig. (4): Raman spectrum of Cu-rGO nanohybrid and GO as inset. 

 

3.2. Morphological Characterization : 

The SEM and TEM images of the rGO and Cu-rGO are given in Figure (5 

a,b) for SEM images and Figure (6 a,b) for TEM images, respectively. The 

graphene sheet appears as transparent films with crumpling on the surface and the 

copper nano particles appears as isolated islands specially in TEM images. 

Obviously, the typical wrinkle structure still existed from the image of Cu-rGO, 

which indicates the reduction process only reduced the oxygen functional groups 

without destroying the layered structure. Moreover, a number of Cu nanoparticles 

are distributed on the surface of the rGO. It was obvious that the obtained Cu 

nanoparticles had a size distribution in the 40-70 nm range with an average 

particle size of 60 nm. The result is also consistent with the SEM image shown in  

Figure (5 a,b). 
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Fig. (5): (a, b). SEM images of Cu-rGO nanohybrid 

  
Fig. (6): (a, b). TEM images of Cu-rGO nanohybrid. 

 

One of the AFM pictures taken to the surface of prepared Cu-rGO 

nanohybrid is presented in Fig. (7). The analysis of these protrusions results 

showed a distribution of Zmax and Zmin to be 119 nm and 16.5 nm, respectively, 

and the mean is around 33.5 nm. These results are consistent with that illustrated 

before in XRD, SEM and TEM techniques. 
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Fig. (7): The AFM surface analysis of Cu-rGO nanohybrid. 

 

3.3. BET Measurements and BJH Analysis: 

In order to evaluate the specific surface areas of the Cu-rGO nanohybrid, 

the N2 adsorption-desorption isotherms analysis and BJH pore size distribution 

were further carried out. The Cu-rGO nanohybrid showed a very narrow 

hysteresis loop at the relative pressure (P/P0) range of 0.30-0.90 (Fig. 8a), which 

indicated its mesoporous nature. The BET surface area is 59.17 m
2
g

-1
, which 

might lead to enhanced electrochemical property [35]. BJH analysis further 

illustrated that the obtained Cu-rGO nanohybrid has a mesoporous distribution 

with a pore radius of about 1.67 nm (Figure 8b). The porous characteristics of Cu-

rGO nanohybrid are beneficial to the migration of ions and the progress of the 

Faraday reaction [35, 36]. 
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Fig. (8) :  (a, b). N2 adsorption-desorption isotherms and the pore size distribution curves 

of the as-prepared Cu-rGO nanohybrid. 

Conclusion: 

The Cu-rGO nanohybrid is successfully prepared by green synthesis via 

reduction effect of limon juice. The characterization tools proved the nanohybrid 

formation. The crystalline size calculated from Scherer equation is about 34 nm 

which in a good agreement with that obtained from AFM images. The BJH 

analysis gave a pore radius of 1.67 nm which can be used in supercapacitor 

applications. The crystalline strain according to Williamson-Hall equation is 

0.0013. This green synthesis method demonstrates a new approach for synthesis 

of graphene nanohybrids materials with multifunctional applications. 
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