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Magnesium-Zinc oxide/Reduced Graphene Oxide (MgZnO/rGO) nanocomposites

have been successfully synthesized by the Co-precipitation process .Obtained 

materials were characterized by the X-ray diffraction (XRD)  shows both the 

hexagonal wurtzite structure of ZnO crystal planes and cubic structure of MgO. 

This fact shows that the prepared samples are not a single phase but a composite. 

Peak broadening indicates that the smaller crystallites size of the prepared 

MgZnO/rGO nanocomposites .The structural morphology was studied by Field 

emission Scanning electron microscope (FESEM) shows that the nanoparticles are 

connected with each other to form agglomerated granular structure which may be 

due to the high surface to volume ratio that results in high surface energy  and the 

elemental analysis is confirmed by Energy dispersive X-ray analysis (EDAX) 

shows four strong peaks correspond to carbon (C), oxygen (O), zinc (Zn) and 

magnesium(Mg) with different weight percentages by doping Mg at different 

compositions. The functional groups of the samples are confirmed by the Fourier-

transform infrared spectroscopy (FTIR) observed in the spectra at nearly ~3685 

due to the O-H Stretching vibrations, peaks observed at ~2860 due to the C-H 

stretching vibrations,1596-1545 due to the C=O stretching vibrations. The strong 

bands located at 746 and 530 cm
−1

 indicate the stretching vibration mode of Mg–

O and Zn–O, respectively, which confirm the formation of MgZnO/rGO nano 

composites. The optical properties of the prepared MgZnO/rGO samples are 

characterized by the UV-visible absorption to determine the band gap of the metal 

oxide nanocomposites. It can be seen in all the spectra that the strong absorption 

peaks were appeared at around 350 nm, which is attributed to the band gap 

absorption in MgZnO nanocomposites. The calculated values of the band gap 

energies of MgZnO nanocomposites are 3.47, 3.48 and 3.51eV respectively, at 

wavelengths 357nm, 356nm and 352nm which are good agreement with reported 

band gap values of MgZnO nanocomposites. Most studies have been concentrated 

on thin films; synthesis and study of MgZnO nanocomposites are rare. 

MgZnO/rGO nanocomposites are mainly applicable in various electrical, 

optoelectronic and photo catalytic applications. In the present study, Mg-doped 

ZnO/rGO with different Mg compositions was prepared by Co-precipitation 

method with subsequent calcination at high temperature .Crystalline structure, 

morphology and optical properties were investigated and discussed according to 

the experimental results. 
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1. Introduction 
Now a days the world demanding a material that should 

possess inherent properties like larger band gap and higher 

electron mobility. So on making investigation about such a 

material the name of the compound comes out i.e.  Zinc 

Oxide (ZnO) which is a wide gap semi conductor material 

well satisfying the above required properties .Recent works 

on Mg doped ZnO nanoparticles shows the immense 

potential of the ZnO based  devices in future. Mixed metal 

oxides have found increasing research focus and 

applications in physics, chemistry, materials science and 

engineering. The combination of two or more metals in an 

oxide matrix can produce materials with a novel physical 

and chemical properties leading to relatively higher 

performance in various technological applications. During 

the last few years, synthesis of metal oxide nanocomposites 

materials have been attracted considerable attention [1–4]. 

The metal oxides nanocomposites are important 

technological materials for use in electrical, optoelectronic 

and photonic devices and as catalysts in chemical 

industries. A wide range of various metal oxide 

semiconductors have a great potential in practical 

applications [5]. Recently graphene oxide (GO) has gained 

a lot of interest as an alternative and efficient way to 

produce graphene. In the nearly 20 years since fullerenes 

and carbon nanotubes, scientists found later, three-

dimensional diamond, two-dimensional graphite, one-

dimensional carbon nanotubes, zero-dimensional fuller ball 

full carbon-based family[6] [7]. Therefore, A. K. Geim and 

K. Novoselov also won the Nobel Prize in Physics in 2010, 

because the graphene was discovered [8-9].Besides its use 

for graphene production, its large surface area and presence 

of oxygen containing functional groups [10], [11], [12] 

have also raised interest for various electrical, electronic, 

optoelectronic and photo catalytic applications . Graphene 

oxide consists of few layers of graphene with epoxy and 

hydroxyl groups attached to the carbon atoms in the basal 

plane while carboxyl and carbonyl groups are attached to 

the edges of the sheet [13]. Graphene oxide is thus 

hydrophilic due to the presence of the functional groups 

and it can be easily dispersed in aqueous or organic 

solvents [14]. Despite the fact GO is considered to be an 

insulator, the conductivity can be partially restored by 

removing the functional groups through several reduction 

processes extensively reported in the literature [11],[12] , 

[14], [15], [16], [17] . Among them, reduced graphene 

oxide (rGO) has been successfully produced by chemical, 

thermal and electrochemical reduction [11], [15]. In the 

chemical reduction process, hydrazine is the most 

commonly used reducing agent; however it can 

contaminate the final product and is also harmful for human 

beings and the environment. The thermal reduction process 

requires high temperature, which makes it not suitable for 

flexible substrates. The Hummers method, even though 

quite cheap and environmental friendly, makes large scale 

production of graphene. Nano crystalline zinc oxide (ZnO), 

an n-type metal oxide semiconductor, is one of the metal 

oxides which comprises wide band gap energy of 3.37 eV, 

large excitation binding energy of 60 meV along with good 

optical, electrical, and piezoelectric responses [18]. Zinc 

oxide (ZnO) is a wide band gap n-type semiconductor with 

an energy gap of 3.37 eV at room temperature. It has been 

used considerably for its catalytic, electrical, 

optoelectronic, and photochemical properties. MgO is 

typical wide band gap semiconductor; it possesses unique 

optical, electronic, magnetic, thermal, mechanical and 

chemical properties due to its characteristic structures [19]. 

These two oxides have been widely used in almost the 

same application areas. Developing a new composite 

material by combining them into one could open up a new 

direction for research and applications [20-22]. It is well 

known that graphene sheet possesses unique two-

dimensional layer structure of sp2 -hybridized carbon 

atoms [23], which exhibits novel electronic property as a 

zero-band gap semiconductor and highly electronically 

conductivity for storing and transporting electrons. 

Nowadays, graphene-based nanocomposites have attracted 

significant attention because of these unique properties [24-

30]. Compared with the pure ZnO material [31], ZnO-

reduced graphene oxide (ZnO-RGO) nanocomposites can 

improve numerical applications. In recent years, 

researchers have focused more on the synthesis of 

nanocomposites of MgZnO/rGO due to their application in 

advanced technologies. Various physicochemical 

techniques have been employed to construct nano sized 

MgZnO/rGO nanoparticles [32-40].  The previous studies 

indicated that Mg-doped ZnO-RGO nanocomposites had a 

huge potential application of photoelectric device [41, 42], 

[43]. Several techniques have been also developed to 

prepare nanocomposite of MgZnO/rGO. This 

nanocomposite has attracted much attention because it has 

a larger band gap than ZnO [44-46]. However, most of the 

techniques need high temperatures and perform under a 

costly inert atmosphere. Our goal in this research is to 

suggest an easy method to synthesize magnesium zinc 

oxide/reduced graphene oxide nanocomposites. 

Considering the importance of semi conducting materials in 

materials science and future battery applications, the 

present work is focused on the synthesis of magnesium 

Zinc oxide/reduced graphene oxide (MgZnO/rGO) 

nanocomposites. They have attracted increasing interest in 

fabricating nanostructures with the size and the optical 

properties could be achieved. With this motivation, 

MgZnO/rGO nanocomposites were prepared by simple Co-
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precipitation process and their structural, size and optical 

properties were studied. The synthesized samples are 

subjected to the different characterization techniques such 

as the powder X-Ray Diffraction (XRD), SEM, the Fourier 

Transform Infrared (FTIR), the Ultraviolet-visible (UV-vis) 

absorption studies. Most studies have been concentrated on 

thin films; synthesis and study of MgZnO nanocomposites 

are rare. In the present study, Mg-doped ZnO with different 

Mg contents was prepared by Co-precipitation method. 

Compared to other physical and chemical-based synthesis 

methods the Co-precipitation process advantages and 

disadvantages are mentioned below 

CO-precipitation advantages 
Simple and rapid preparation 

Easy control of particle size and composition 

Low temperature 

Energy efficient 

Disadvantages 
Trace impurities may also get precipitated with a product 

Time consuming 

Batch-to-batch reproducibility problems 

Several factors, such as pH of the reaction mixture, 

calcinations temperature, reaction time, stirring speed and 

concentration of metal precursors, greatly affect the 

properties of the zinc oxide nanoparticles and ZnO/rGO 

nanocomposite. Reaction time, reaction temperature and 

calcinations temperature influence the crystallite size of 

ZnO nanoparticles. Crystalline structure, morphology and 

optical properties were investigated and discussed 

according to the experimental results. 

 

2. Experimental Part 

2.1. Synthesis of Graphene oxide (GO) and reduced 

graphene oxide (rGO) 

For the graphene oxide preparation, the modified 

Hummers’ method [47] was followed.3g of natural graphite 

powder, 1.5g of NaNO3 (99%, Sigma Aldrich) and 100 ml 

of H2SO4 (99%, Sigma Aldrich) were mixed and the 

mixture was stirred for 5 hours at 450 rpm in an ice bath. 

Then, 6g of KMnO4 (99%, Sigma Aldrich) was added 

slowly to the above mixture and stirred at room temperature 

for 36h. The large amount of heat evolution was observed 

during this reaction. After stirring, 250ml of double 

distilled water was added below 25 degrees. Then, 5ml of 

H2O2 was added to the solution. The color of the solution 

was changed from dark brownish to light yellow color. 

Then the combined mixture was stirred for 6h and aged for 

24 h .The slurry was washed using 5% HCL to remove 

impurities. Then they obtained product was washed with DI 

water several times to obtain the neutral pH.The slurry was 

washed with ethanol for 2-3 times. The washed product 

was dried in a vacuum oven at 333 K for 24 pH.The dried 

powder was ground using an agate mortar to get fine 

powder of graphene oxide (GO).A mixture of 1.5g of GO 

powder and 500ml of DI water was prepared. The mixture 

was stirred for 30 minutes to form the GO dispersion. Next 

1ml of hydrazine hydrate was added in to the dispersion. 

The mixture was heated to 80 degrees and stirred for 72 

hours. After 72 hours the mixture was transferred in to 6 

different 50ml centrifuge tubes for cleaning. The cleaning 

was done by adding DI water and centrifuged at 5000rpm 

for 15 minutes. These steps were repeated twice before dry 

in an oven at 80 degrees for 24 hours. Finally the resultant 

product was obtained (rGO). 

 

2.2. Synthesis of MgZnO/rGO nanocomposites  

The magnesium zinc oxide/reduced graphene oxide 

nanocomposites were prepared by the co-precipitation 

process. All the chemical reagents were purchased from 

sigma Aldrich and used directly without further 

purification.MgxZn1-xO powders with (x=0, 0.03, 0.06, 

0.09) grams were prepared using 100 mL of distilled water, 

metal nitrates and sodium hydroxide. 100 mL of zinc nitrate 

mixed with magnesium nitrate solution was stirred well for 

30 minutes at 70 degrees .Further 3.8 grams of sodium 

hydroxide was dissolved in 100 mL of distilled water and 

added to the metal nitrate solution slowly till it reaches the 

pH ~8 and stirred at 70 degrees at 550 rpm for 3 hours, the 

obtained solution was washed and filtered and dried in an 

oven at 160 degrees for 3 hours and calcinated at 250 

degrees. The obtained powder was ground using mortar and 

pestle and collected. In the same procedure the other 

samples of different compositions were prepared. The 

obtained MgxZnO(1-x) (x=0, 0.03, 0.06 and 0.09) 

nanocomposites are added to the GO solution (0.02 grams 

of reduced graphene oxide is added in a 100 ml of distilled 

water) and stirred at 30 minutes on a magnetic stirrer, the 

obtained solutions were washed and filtered and dried in an 

oven at 160 degrees for 3 hours .Then, ash colored 

MgZnO/rGO samples was obtained, was dried and calcined 

at 250ºC for 3h. The same procedure was followed for the 

preparation of MgxZnO(1-x)/rGO nanocomposites in 

different compositions. Here, we can observe the structural, 

morphological and optical changes by changing the 

magnesium doping concentrations. 

 

3. Characterizations 
The characterization of metal oxide nanocomposites is 

essential for understanding of their structural and optical 

properties. Development of novel tools and instruments are 

one of the greater challenges in nanotechnology. The 

prepared samples were characterized by using various 

physicochemical methods namely XRD, SEM, EDAX, 

FTIR, and UV-vis. The prepared MgZnO/rGO samples 
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were characterized by using the powder X-ray   (λ=0.15496 

nm). The structures of the samples were studied by using 

the FESEM .The presence of elements in the compound 

was recorded using the ZIESS ULTRATM-55 Instrument 

attached to the FESEM. The FTIR spectrum of the prepared 

sample was recorded, with Cuk resolution of 4 cm–1 over 

the range 4000–400 cm–1. The absorption study of the 

prepared samples has been carried out using the UV-vis 

spectrophotometer.  

 
3. Result and Discussion 

3.1.XRDanalysis  

X-ray diffraction (XRD) is an analytical technique mainly 

used for the phase identification of a crystalline material, 

and it can provide information on unit cell dimensions. This 

method uses a monochromatic source of X-rays and 

measures the pattern of diffracted radiation, which is a 

result of the constructive interference due to the crystalline 

structure of the powder. The crystallite size can be obtained 

either by direct computer simulation of the X-ray 

diffraction pattern or from the Full Width at Half Maximum 

(FWHM) of the diffraction peaks using the Debye-

Scherer’s formula [48].  

 D = ��/� cos �       

 Where, λ - Wavelength of X-rays, or β - FWHM in radian,  

θ - Peak angle. Figure 1 shows the XRD patterns of 

MgZnO/rGO nanocomposites. All the peaks in the patterns 

could be indexed to the MgZnO/rGO nanocomposites. The  

values located at 31.80º, 34.48º, 36.44º, 47.53º and 67.96º θ 

existence of strong diffraction peaks at  corresponding to 

(100), (002), (101), (102) and (112) hexagonal wurtzite 

structure of ZnO crystal planes (JCPDS Card No.79-205) 

and peaks at 42.06º, 47.6º , 62.84º and 77.01º, 

corresponding to (001), (100), (102) and (110) cubic 

structure of MgO crystal planes (JCPDS Card No. 45- 

0946), respectively [49].The three prominent peaks are 

observed at 2θ=31.80º, 34.48º, 36.44º as per JCPDS card 

no. 36-1451.The lowest intensity peaks are observed at 2θ= 

47.6º , 56.7 º ,62.84º and 67.97 º .The characteristic XRD 

peaks of MgZnO observed in our studies are well in 

agreement with previous reports. This fact indicates that the 

prepared samples are not a single phase but a composite. 

Peak broadening indicates that the smaller crystallites size 

of the prepared MgZnO/rGO nanocomposites. Addition of 

magnesium has not produced any additional peak showing 

the formation of single phase. However, intensity of the 

peaks has fairly reduced particularly in the composite. In 

any preparation of nanomaterials, the solvent is an 

important parameter for determining the crystal size [50-

51]. In the present work, the figure 1 shows a slight 

broadening of peaks. As the magnesium composition is 

increased from 0.03 the 0.09 the crystallite sizes are 

observed to be decreased.  Using Scherer’s formula, the 

average crystallite sizes of the MgZnO/rGO samples 

synthesized are found to be 28.2, 28.0 and 25.4 nm 

respectively. This can be explained as the radius of Mg
+2 

 

being smaller than that of the Zn
+2

. Increasing of Mg 

content decreases nano particle size of the products. The 

average crystallite sizes of MgZnO/rGO nanocomposites 

are smaller than that of the ZnO. Whereas the average 

crystallite size of the ZnO and ZnO/rGO are 8.46nm and 

8.563nm.Figure 1 shows the major XRD peak shift for ZnO 

nanoparticles with different contents of Mg dopant. When 

Mg2+ ions substituted for Zn2+ ions in ZnO lattice, the 

lattice constant tends to decrease owing to the smaller ionic 

radius of Mg2+ comparing with Zn2+ radius. Thus the 

diffraction peaks shifted towards the higher diffraction 

angle. The intensity of all the diffraction peaks decreases as 

the doping concentration of Mg increases with peak 

broadening and there is no additional peak of MgO was 

observed. This indicates that the presence of Mg 

concentration in impurity level. 
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Fig 1. XRD of MgZnO/rGO nanocomposites 
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Table 1 shows the crystallite size, strain and dislocation intensity of MgZnO/rGO nanocomposites 

S.No Sample code 2θ FWHM Crystallite size 

(D) (nm) 

Strain Dislocation 

Intensity 

 

1 rGO 24.20027 14.54722 1.0 56.896 96.22967 

2 ZnO 36.36403 0.19539 78 0.742 0.01639 

3 ZnO/rGO 36.31973 0.17843 85 0.678 0.01367 

4. Mg0.03Zn0.97O/rGO 34.6811 5.37555 2.82 20.68 0.1275 

5. Mg0.06Zn0.94O/rGO 34.7060 5.41679 2.80 20.52 0.1257 

6. Mg0.09Zn0.91O/rGO 34.57745 5.96833 2.54 22.79 0.1550 
 

 3.2.Field Emission scanning electron microscopy (FESEM) 

The surface morphology of the prepared nanomaterials was 

studied using field emission scanning electron microscopy 

as shown in Fig.2. FESEM images of MgZnO/rGO 

nanocomposites a-b shows MgxZnO(1-x) /rGO at x= 0.03, c-d 

shows MgxZnO(1-x) /rGO at x=0.06, e-f shows  MgxZnO(1-x) 

/rGO at x=0.09 g shows ZnO/rGO h shows ZnO and i 

shows rGO FESEM. It is observed that the nanoparticles 

are connected with each other to form agglomerated 

granular structure which may be due to the high surface to 

volume ratio that results in high surface energy. FESEM 

images show the disordered irregular nanoscale spherical 

aggregates with a narrow size distribution. However, these 

nanoparticles are well interconnected that helps the 

transportation of charge carriers over the surface [52]. The 

ZnO (Fig h) sample shows the formed large spherical 

shaped structure due to the agglomerated ZnO 

nanoparticles. These micro particles are formed due to the 

agglomeration of nanoparticles. The rGO sample is 

severely agglomerated because of its high specific surface 

area. In ZnO/rGO nanocomposite, it is observed that the 

ZnO nanoparticles are less agglomerated with very small 

amount of ZnO rods like structures [53] Due to the 

agglomeration of the ZnO nanoparticles, the average 

diameter size of the ZnO nanoparticles in pure sample is 

relatively larger than the composite. In the presence of 

rGO, the ZnO nanoparticles are anchored onto the rGO by 

interacting with the residual functional groups of rGO 

thereby the agglomeration of the particles is relatively 

decreased in the composite compared to pure ZnO material. 

In addition, some of the ZnO nanoparticles entered into the 

interlayer of GO sheets form a sandwich composite 

structure preventing the stacking sheets. Hence, a large 

number of ZnO nanoparticles were observed to be densely 

distributed on the GO surface. When we add 3% of Mg (i.e. 

Mg=0.03 g) dopant we can observe the flake like structure, 

if we go on increasing the Mg composition the we can 

observe the spherical like structure which shows the 

formation of the MgZnO nanocomposites at different 

compositions .At 9% Mg dopant we can see the clearly 

spherical image formation of MgZnO nanocomposites 

within the range of 100nm and we can see that in all 

nanocomposites the image formation is seemed to be those 

are closely packed. 

 

 
Fig 2. FESEM images of MgZnO/rGO nanocomposites a and b shows MgxZnO(1-x) /rGO at x= 0.03,c and d shows  MgxZnO(1-x) /rGO  at 

x=0.06,e and f shows MgxZnO(1-x) /rGO  at x=0.09 g shows ZnO/rGO h shows ZnO and i shows rGO FESEM images. 
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3.3.EDAX analysis

The elemental composition of MgZnO/rGO 

nanocomposites was confirmed by FESEM with energy 

dispersive X-ray analysis (EDAX). The EDAX spectrum of  

MgxZnO(1-x) /rGO at x= 0.03 shows four strong peaks 

correspond to carbon (C), oxygen (O), zinc (Zn) and 

magnesium(Mg).The EDAX spectrum confirmed the 

presence of C, O, Zn and Mg with 23.72, 30.84,31.21 and 

14.23wt%, respectively. Moreover, there are no other peaks 

were found in the spectrum as shown in Fig. 3a, which 

confirms the purity of the prepared nanocomposite 

material. The EDAX spectrum of ( MgxZnO(1-x) )/rGO  at x= 

0.06shows four strong peaks correspond to carbon (C), 

oxygen (O), zinc (Zn) and magnesium(Mg).The EDAX 

spectrum confirmed the presence of C, O, Zn and Mg with 

37.32, 23.47,37.56 and 1.65wt%, respectively. ). The 

EDAX spectrum of MgxZnO(1-x) /rGO  at x= 0.09 shows 

four strong peaks correspond to carbon (C), oxygen (O), 

zinc (Zn) and magnesium(Mg).The EDAX spectrum 

confirmed the presence of C, O, Zn and Mg with 25.27, 

23.72,48.45 and 1.57wt%, respectively. The  

EDAX spectrum of rGO/ZnO nanocomposites shows three 

strong peaks correspond to carbon (C), oxygen (O), zinc 

(Zn) and two peaks related to Zn were observed at high 

energy region. The EDAX spectrum confirmed the 

presence of C, O and Zn with 49.13, 28.92 and 13.28 wt%, 

respectively. Moreover, there are no other peaks were 

found in the spectrum as shown in Fig. 3, which confirms 

the purity of the prepared nanocomposite material. The 

EDAX spectrum of ZnO nanocomposites shows two strong 

peaks correspond to oxygen (O) and zinc (Zn). The EDAX 

spectrum confirmed the presence of O and Zn with 52.02 

and 47.98 wt%, respectively. From EDAX we can see that 

as we increase the dopant composition the atomic and 

weight  percentages of the sample varies according to it and 

it shows the presence of all the elements indicates the 

formation of MgZnO nano composites .There are no other 

impurity elements are observed in the formation of MgZnO 

nanocomposites. 

 

 

 
Fig 3. EDAX analysis of MgZnO/rGO nanocomposites a shows MgxZnO(1-x) /rGO at x= 0.03, b shows  MgxZnO(1-x) /rGO  at x=0.06, c 

shows MgxZnO(1-x) /rGO  at x=0.09 d shows ZnO/rGO e shows ZnO and f shows rGO EDAX analysis. 
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Table 2 shows the elemental composition of MgZnO nanocomposites. 

S.No Sample code Zn Mg Oxygen 

 

Carbon 

(at%) (wt%) (at%) (wt%) (at%) (wt%) (at%) (wt%) 

1 rGO - - - - 36.25 38.8 56.33 45.27 

2. ZnO 81.58 52.02 - - 18.42 47.98 - - 

3 ZnO/rGO 3.19 13.28 - - 28.97 28.41 64.18 49.13 

4 Mg0.03Zn0.97O/rGO 16.64 48.45 1.45 1.57 34.69 23.72 47.23 25.27 

5 Mg0.06Zn0.94O/rGO 11.01 37.56 1.30 1.65 28.12 23.47 59.56 37.32 

6 Mg0.09Zn0.91O/rGO 9.62 31.21 11.79 14.23 38.82 30.84 39.77 23.72 

 

 

 
3.4.FTIR Spectra 

FTIR is a powerful tool for identifying the types of 

chemical bonds (functional groups) in a molecule by 

producing an infrared absorption spectrum that is like a 

molecular "fingerprint". The wavelength of the light 

absorbed is characteristic of the chemical bond as can be 

seen in this  spectrum. Figure 4 represents the FTIR 

spectrum of  the peaks observed in the spectra at nearly 

~3685 due to the O-H Stretching vibrations, peaks observed 

at ~2860 due to the C-H stretching vibrations,1596-1545 

due to the C=O stretching vibrations. The band appeared at 

1054 cm−1 was assigned to the C–N stretching vibration. 

The prominent peak observed at 581 cm−1 corresponds to 

weak Zn–O stretching. The FTIR spectra show the 

prominent peaks which correspond to MgZnO as reported 

in the previous work [54]. Generally, the metal oxides give 

absorption bands below 1000 cm, arising due to the inter-

atomic vibrations. Further, the strong bands located at 746 

and 530 cm
−1

 indicate the stretching vibration mode of Mg–

O and Zn–O, respectively, which confirm the formation of 

MgZnO/rGO nano composites. 

 

Table 3 shows the Band assignments of MgZnO/rGO nano composites. 

S.No Wave number (cm
-1

) Band assignment 

1. ~3685 O-H stretching vibration 

2. ~2860 C-H stretching vibration 

3. 1596-1545 C=O stretching vibration 

4. 1054 C-N stretching vibration 

5. 746 Mg-O 

6. 581 Zn-O 

7. 530 Zn-O weak 
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Fig.4 FTIR analysis of MgZnO/rGO nanocomposites 

 

3.5. UV- Vis Spectra Figure 5 shows the UV-vis absorption 

spectrum of the ZnMgO/rGO nanocomposites prepared in 

different compositions respectively. It can be seen in all the 

spectra that the strong absorption peaks were appeared at 

around 350 nm, which is attributed to the band gap 

absorption in MgZnO nanocomposites. The addition of Mg 

as dopant shifts the absorption wavelength towards the 

lower side. The calculated values of the band gap energies 

of MgZnO nanocomposites are 3.47, 3.48 and 3.51 eV 

respectively, at wavelengths 357nm, 356nm and 352nm 

which are good agreement with reported band gap values of 

MgZnO nanocomposites. This indicates the stronger 

interaction between the dopant and the ZnO nanoparticles. 

The intensity of absorption also increases with increase in 

the concentration of dopant. Band gap energies of the 

synthesized nanoparticles were calculated by the following 

relation,  

  Eg= (1240/λ) eV  
  λ- Wavelength of nanoparticles. 

Moreover, MgO is more ionic compared to ZnO, because 

of 3s energy level in Mg and 4s energy level in Zn. 

Consequently, the energy difference between these s levels 

and O 2p level is smaller in ZnO and larger in MgO. Thus, 

ionicity is lowest in ZnO and largest in MgO. This is now 

consistent with larger band gaps for MgZnO as compared 

to ZnO where the band gap of ZnO is 3.14eV at wavelength 

of 394 nm. It can be found that the absorption intensities in 

the visible ranges for the nano hybrids doping with or 

without Mg, are higher than those of pure metal oxide 

nanoparticles, indicating that rGO is helpful for electrons of 

conduction band transferring from ZnO nanoparticles to 

RGO itself. In the ultraviolet part, there is a slight blue-shift 

caused by the hybrid of RGO sheets, which is considered as 

the electrons accumulated near the conduction band 

[55].Fig 5 describes the absorption spectra of MgZnO/rGO 

nanoparticles with different Mg-doped concentrations. 

With Mg-doped concentration increasing from 0.03, 0.06 

and 0.09, the absorption peak sequentially shifts to blue, 

similar as authors’ earlier study [56]. This phenomenon 

indicates that doping Mg
2+

 into ZnO increases the width of 

the band gap effectively. In the visible range, among the 

samples with different Mg-doped concentration, the 

absorption of MgxZnO(1-x) /rGO   at X=0.09 shows the 

highest absorption properties in the visible range. From the 

UV-vis analysis when the Mg composition is increased we 

can observe the change in energy band gap and wavelength 

as the Mg composition increases the band gap energy 

increases and the wavelength decreases. 
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Fig 5. The UV-vis absorption spectrum analysis of MgZnO/rGO nanocomposites 
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Table 4 shows the Band gap energy of MgZnO/rGO nano composites. 

S. No Composition Wavelength (nm) Band gap energy(eV) 

1 ZnO 385 3.20 

2 ZnO/rGO 394 3.14 

3 Mg0.97Zn0.03O/rGO 357 3.47 

4 Mg0.94Zn0.06O/rGO 356 3.48 

5 Mg0.91Zn0.09O/rGO 352 3.51 

 

3.6.Taucplot 

Figure 6 shows the Tauc plots for the UV-vis absorption 

spectrum of the ZnMgO/rGO nanocomposites prepared in 

different compositions respectively. It can be seen in all the 

spectra that the strong absorption peaks were appeared at 

around 350 nm, which is attributed to the band gap 

absorption in MgZnO nanocomposites. The calculated  

 

 

values of the band gap energies of MgZnO nanocomposites 

are 3.47, 3.48and 3.51 eV respectively, at wavelengths 

357nm, 356nm and 351nm which are good agreement with 

reported band gap values of MgZnO nanocomposites. From 

the Tauc plot we can observe that when the Mg 

composition is increased we can observe the change in 

energy band gap, as the Mg composition increases the band 

gap energy increases. 

3 4 5

Energy (eV)

Mg
0.03

Zn
0.97

O/rGO

Mg
0.06

Zn
0.94

O/rGO

(a
h
v
)̂
2 Mg0.09Zn0.91O/rGO

ZnO/rGO

ZnO

 
Fig 6.   Tauc plots of the UV-vis absorption spectrum of MgZnO/rGO nanocomposites 

 
4. Conclusion  
Magnesium-Zinc oxide/Reduced Graphene Oxide 

(MgZnO/rGO) nanocomposites have been successfully 

synthesized by the Co-precipitation process. Obtained 

materials were characterized by the X-ray diffraction 

(XRD), Field emission Scanning electron microscope 

(FESEM), Energy dispersive X-ray analysis (EDAX), 

Fourier-transform infrared spectroscopy (FTIR) and 

Ultraviolet-visible spectroscopy (UV-Vis) analysis. XRD is 

used to determine the structure, crystallite size and the 

phase of the synthesized MgZnO/rGO nanocomposites. The 

XRD of MgZnO/rGO nanocomposites shows both the 

hexagonal wurtzite structure of ZnO crystal planes and 

cubic structure of MgO. This fact indicates that the 

prepared samples are not a single phase but a composite. 

Peak broadening indicates that the smaller crystallites size 

of the prepared MgZnO/rGO nanocomposites .The 

structural morphology was studied by FESEM and the 
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elemental analysis is confirmed by EDAX. FESEM shows 

the nanoparticles are connected with each other to form 

agglomerated granular structure which may be due to the 

high surface to volume ratio that results in high surface 

energy. It shows the disordered irregular nanoscale semi-

spherical aggregates with a narrow size distribution 

However, these nanoparticles are well interconnected that  

 

helps the transportation of charge carriers over the surface 

.The EDAX spectrum of  MgxZnO(1-x) /rGO at x= 0.03 

shows four strong peaks correspond to carbon (C), oxygen 

(O), zinc (Zn) and magnesium (Mg) with 23.72, 30.84, 

31.21 and 14.23wt%, respectively. MgxZnO(1-x) /rGO  at x= 

0.06 shows four strong peaks correspond to carbon (C), 

oxygen (O), zinc (Zn) and magnesium(Mg) with 37.32, 

23.47,37.56 and 1.65wt%, respectively. MgxZnO(1-x) /rGO  

at x= 0.09 shows four strong peaks correspond to carbon 

(C), oxygen (O), zinc (Zn) and magnesium(Mg) with 25.27, 

23.72,48.45 and 1.57wt%, respectively .Where EDAX for  

rGO/ZnO nanocomposites shows three strong peaks of C, 

O and Zn with 49.13, 28.92 and 13.28 wt%, respectively 

and for ZnO shows two strong peaks correspond to  oxygen 

(O) and  zinc (Zn) with 52.02 and 47.98 wt%, respectively. 

The FTIR spectrum of  the peaks observed in the spectra at 

nearly ~3685 due to the O-H Stretching vibrations, peaks 

observed at ~2860 due to the C-H stretching 

vibrations,1596-1545 due to the C=O stretching vibrations. 

The band appeared at 1054 cm−1 was assigned to the C–N 

stretching vibration [26]. Generally, the metal oxides give 

absorption bands below 1000 cm, arising due to the inter-

atomic vibrations. Further, the strong bands located at 746 

and 530 cm
−1

 indicate the stretching vibration mode of Mg–

O and Zn–O, respectively, which confirm the formation of 

MgZnO/rGO nano composites. The optical properties of 

the prepared MgZnO/rGO samples are characterized by the 

UV-visible absorption to determine the band gap of the 

metal oxide nanocomposites. It can be seen in all the 

spectra that the strong absorption peaks were appeared at 

around 350 nm, which is attributed to the band gap 

absorption in MgZnO nanocomposites. The calculated 

values of the band gap energies of MgZnO nanocomposites 

are 3.47, 3.48 and 3.51 eV respectively, at wavelengths 

357nm, 356nm and 352nm which are good agreement with 

reported band gap values of MgZnO nanocomposites. From 

the UV-vis analysis when the Mg composition is increased 

we can observe the change in energy band gap and 

wavelength as the Mg composition increases the band gap 

energy increases and the wavelength decreases. 
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