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ABSTRACT

	The Carbon-doped ZnO is one of the most studied semiconductor materials. In this work, of ZnO / C nanocomposite were synthesized by a simple and fast low temperature method the solid product was calcinations temperature at 100°C to 400 ° C. The ZnO / C nanocomposite obtained was characterized by the X-ray diffraction patterns indicated a high crystallinity and a nanocrystalline size of the ZnO / C nanocomposite hexagonal structure of wurtzite. The absorption peaks were obtained to show the present of O-H and C=O functional groups, respectively. The morphologies of the particles were studied with scanning electron microscopy (SEM). The band gap energy of ZnO/C nanocomposite increase from 3.301 eV – 3.545 eV with increase in calcinations temperature from 100°C - 400°C. 
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INTRODUCTION
Materials based on zinc oxide are the most interesting from a technological point of view, mainly because of their remarkable properties, such as the wide direct band gap of around 3.37 eV, a semiconductor material with a high exciton binding energy 60 meV at room temperature [1], crystallizes in the typical hexagonal wurtzite structure with lattice parameters a = b = 0.325 nm and c = 0.521 nm [2]. All these properties make them widely applied in several fields, such as light-emitting diodes [3], solar cells [4], photocatalysis [5] and photovoltaic applications [6]. Recently, the majority of reports on the synthesis of carbon-doped ZnO or ZnO-carbon composites have improved the structural, morphological and vibrational properties of ZnO. Doping with a non-metallic element reduces the band gap of broadband semiconductors [7].There are different synthesis methods are used to produce a ZnO/C composite, such as sol-gel method [8], a hydrothermal method [9], micro-emulsion method [10], thermal decomposition [11] and microwave-assisted method [12]. The Thermal treatment, for example, calcinations would remove impurities and the second chemical phase, used as a capping agent, would give a pure product. In addition, calcinations effectively modify the crystalline phase to obtain a homogeneous one. Therefore, the combination of the two methods, chemical and thermal, makes it possible to produce nanoparticles of better size and better crystalline phase [13, 14]. In this work, we report synthesized the ZnO / C nanocomposite using the colloidal method. It is a simple and inexpensive method and does not take much time to prepare the nanoparticles [15] and citric acid is used as a source of carbon. The aim of this research is The ZnO / C nanocomposite was then calcined at different temperatures (100, 300, and 400 ° C) to study the influence of heat treatment on the morphology and size of the ZnO / C nanocomposite. The structural properties, the particle size, the morphological and optical properties of the synthesized ZnO / C nanocomposite were characterized by infrared (IR) X-ray diffraction spectroscopy (XRD) and scanning electron microscope (SEM) and UV-visible.
EXPERIMENTAL SECTION
Materials	
 Zinc Nitrate Hexahydrate (Zn(NO3)2, 6H2O, Panreac, Espagne), citric acid (C6H8O7, H2O, Panreac, Espagne) and sodium hydroxide (NaOH, Prolabo, Suisse).
Instrumentation
The structure and particle size were characterized by X-ray diffraction (XRD) with CuK( = 0.154 nm). ). The existence of carbon indicated by the infrared absorption spectra was recorded over a range of 4000 to 400 cm-1, on an infrared spectrophotometer with Fourier transform. The morphology and the particle size of the product obtained were analyzed by scanning electron microscopy. The structure and particle size were characterized by X-ray diffraction (XRD) with CuK(= 0.154 nm). The existence of carbon indicated by the infrared absorption spectra was recorded over a range of 4000 to 400 cm-1, on an infrared spectrophotometer with Fourier transform. The morphology and the particle size of the product obtained were analyzed by scanning electron microscopy. The optical property was analyzed by UV-visible. The optical property was analyzed by UV-visible.	
Procedure
The used procedure was prepared by our previously reported method but with the introduction, modification [5]. ZnO/C nanocomposite was prepared by the colloidal method; this method is relatively easy to prepare and inexpensive. This process was carried out using Zinc Nitrate Hexahydrate Zn(NO3)2, 6H2O, and citric acid (C6H8O7, H2O) was fully dissolved in distilled water using a magnetic stirrer at room temperature for 30 min, Zinc Nitrate Hexahydrate to obtain 0.7 M and 1 M of citric acid. Sodium hydroxide is also dissolved in distilled water to get 1.4 M of NaOH. The two aqueous solutions with a molar ratio (6: 1) were added to each other directly and rapidly at room temperature. Then the white colloidal was recovered by centrifugation and washed several times with distilled water. Then, the resulting products were placed in an oven at a temperature of 40 ° C for 3 days. Finally, the powder obtained by the above process was thermal treatment at a different temperature such as 100 ° C, 300 ° C, and 400 ° C in air for 1 hour.
Sub procedure
	For theoretical or computational work, this EXPERIMENTAL SECTION may be modified into Computational Details, which may include the Software, Algorithms, Equations, etc. It is not necessary to include the Materials or Instrumentations for a sole theoretical/computational work.
The average size D can be calculated debye –sheerer formula [16]:
  .                                                                                                                      (1)
were D is average crystallite size, λ the wavelength of CuKα1 taken as 0.1546 nm θ is the diffraction angle and B the width of the peaks ( FWHM) in radians.
The lattice parameters (a and c) have been determined by using following formula [21]:
(2)

The lattice constant 'a' is derived for the peak in the form of (100) should be chosen (3):                                                                                                                          (3)
The calculation of c constant, the peak in the form (002) should be chosen, the following equations (4):
                                                                                                                              (4)
Where d is lattice spacing, a and c are lattice constants, h,k,l are miller indices, θ is the angle of corresponding peak and λ is the wavelength of X-ray used(1.5402 Ǻ). 
The volume of the unit cell for the hexagonal system has been calculated by using the relation given below (5): 
(5)

RESULTS AND DISCUSSION
FT-IR analysis
The FT-IR spectra of the products gained after calcined at different temperatures for 1 hour are presented in Figure 2.This indicates that the calcinations of the products presents the absorption peaks that are related to OH stretching and bending vibrations of the -OH bond. It shows the product is the mixture of Zn (OH)2 and carbon. The absorption bands in 3380-3600 cm-1 range is due to the stretching vibrations of the water molecule OH group, whereas the absorption band which appears at 1600 cm-1 characteristic of the bending vibration of water molecules. The presences of corresponding to citrate are clearly seen at, 1380 cm-1 is assigned to CO2. The peaks at 350-600 cm-1 range is due to the bending vibration of zinc-oxygen bond [17, 18]. In table 1 shows the type of vibration IR bands for ZnO/C nanocomposite at different calcination temperatures.
Table 1. The type of vibration IR bands for ZnO/C nanocomposite at different calcination temperatures.
	type of vibration
	Wavenumber /cm-1

	
	ZnO/C at 100°C
	ZnO/C at 300°C
	ZnO/C at 400°C

	assigned to O-H stretching vibrations [19]
	3407
	3413
	3400

	assigned to O-H bending vibrations [19]
	1600
	1600
	1590

	assigned to C-O stretching bond [17]
	1250
1385
2350
	1260
1400
2430
	_
1385
_

	assigned to Zn-O bending vibration [18]
	447
_
650
	440
567
_
	453
_
670



       [image: ] 
Fig. 1.   FTIR spectra of the synthesized ZnO/C nanocomposite calcined: (a) ZnO/C at 100°C, (b) ZnO/C at 300°C and (c) ZnO/C at 400°C.
X-ray analysis
 
Figure 2 shows the XRD diffraction patterns ZnO / C nanocomposite calcined at 100°C, 300°C and 400°C for 1 hour. It shows peaks indexed in the wurtzite structure of ZnO with (JCPDS card No.36-1451). The peaks intensities increase with the calcination temperature until they reach the maximum value at 400°C.
The average crystallite size, lattice parameters and the lattice volume for all samples are resuming in table 2.
Table 2. Crystallite sizes, lattice volume and lattice parameters (a and c) for ZnO/C nanocomposite.
	
	D
	a(Å)
	c(Å)
	V (nm3)

	ZnO/C at 100°C
	25.23
	3.251
	4.955
	0.0454

	ZnO/C at 300°C
	22.80
	3.241
	4.938
	0.0449

	ZnO/C at 400°C
	20.40
	3.241
	4.939
	0.0449


 
[image: ]
Fig. 2.  XRD spectra of the synthesized ZnO/C nanocomposite calcined: (a) ZnO/C at 100°C, (b) ZnO/C at 300°C and (c) ZnO/C at 400°C.
Scanning Electron Microscope (SEM)

Figure 3 demonstrates the correspondent morphology and the size of calcined at different temperature ZnO/C nanocomposite samples as investigated by SEM. Image of ZnO/C nanocomposite samples calcined at 100°C shows the sphere is of flakes aggregated in the common nucleus like a grid in Figure 3a. The particles are about 1 µm diameter. Whereas the ZnO/C nanocomposite samples calcined at 300°C showed of the sphere is consist of the spindle in the common nucleus (Figure 3b). These microstructures have an average particle diameter of about 1-2 µm. The samples ZnO/C nanocomposite calcined at 400°C showed well-defined the rods aggregated formed flowers like with a diameter of 2-3 µm (Figure 3c).     
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Fig. 3. SEM images of the synthesized ZnO/C nanocomposite calcined:  (a) ZnO/C at 100°C (b) ZnO/C at 300°C (c) ZnO/C at 400°C.
[image: ]
Optical properties: UV-vis

Figure 4 shows UV-visible transmittance spectra of the samples ZnO/C nanocomposite calcined at 100°C, 300°C and 400°C for 1 hour. The optical transmission in the visible region (300-800 nm) for the ZnO/C-100°C, ZnO/C-300°C and ZnO/C-400°C samples is high 86%, 65% and 62% respectively. It is seen that the optical transmittance of the ZnO/C nanocomposite decreases as calcinations temperature increase.
[image: ]
Fig. 4. UV-vis Transmittance spectra of the ZnO nanocomposite calcined: (a) ZnO/C at 100°C (b) ZnO/C at 300°C (c) ZnO/C at 400°C

The optical band gap values for all samples calcined at different temperatures were deduced from the following equation (1):
         (1)
Lead to energy gap. This equation (2) is derived from

Where  is the absorption coefficient, C a constant, E the optical band gap, A the absorption and d the thickness of the sample.
The graph of as a function of the energy hv is plotted as illustrated in Figure 5. The slopes and the intercepts at the axis of the linear variation in order to determine the optical band gap values of ZnO / C nanocomposite calcined at different temperatures table 3. It was observed that an increase in the bandgap with increasing calcination temperature from 3.301 eV at 100°C to 3.545 eV at 400°C. It indicates the combustion of carbon with the increase in calcination temperature.
[image: ]
Fig. 5. energy Eg of the ZnO/C nanocomposite calcined: (a) ZnO/C at 100°C (b) ZnO/C at 300°C (c) ZnO/C at 400°C 

Table 3. Crystallite size, band gap energy and transmittance of the ZnO/C nanocomposite calcined at 100°C, 300°C and 400°C
	sample
	Crystallite Size(nm)
	Eg(eV)
	Transmittance %

	ZnO/C-100°C
	25.23
	3.301
	86

	ZnO/C-300°C
	22.80
	3.321
	65

	ZnO/C-400°C
	20.40
	3.545
	62




Comparison of size and morphology with Other Literature

The results of ZnO / C nanocomposite calcined at different temperatures are compared with those reported in the literature. Table 4 below shows the morphology, size, optical band gap and carbon source of the ZnO / C nanocomposite calcined at different temperatures and other publications.
Table 4. shows the morphology, size, optical band gap and carbon source of the ZnO / C nanocomposite and other publications
	Method
	Carbon source
	Calcined temperature 
	Size ( nm)
	Eg(eV)
	Morphology
	Reference 

	Colloidal method
	Citric acid
	100°C

300°C

400°C
	25.23

22.80

20.40
	3.301

3.321

3.545
	- the sphere is of flakes
- the sphere is of spindle 
- flowers like
	
This work 


	Sol gel method
	sucrose (C12H22O11)
	400°C
	27.07
	-
	Sphericalparticles
	[20]

	Thermal decomposition
	glucose(C6H12O6)
	350°C.
	60-80
	3.221
	nanorods
	[21]

	Combustion Synthesis
	dextrose
	650° C
	35-85
	-
	spindle-like shapes
	[22]

	assistedpyrolysis
	Pluronic F127
	500°C
	21.8
	2.98
	hexagonal shape
	[23]



CONCLUSION
The carbon-doped ZnO nanocomposite synthesis by using colloidal method followed by calcinations at different temperature of 100°C, 300°C and 400°C for 1 hrs. In conclusion, it is mentioned that The for FT-IR all the carbon-doped ZnO which calcined at 100°C, 300°C and 400°C contains hydroxyl groups. Besides that, it found that the powders recorded the presence of C=O and Zn-O. The spectrum can be observed by using XRD pattern which shows the formation of a crystal phase Wurtzite crystalline structure of ZnO can be determined. The crystallite size lies in the range 20-26 nm as obtained from Debye Scherrer method. Crystallite size decrease as calcinations temperature increases. For SEM pictures reveal the morphology the sphere is of flakes aggregated in the common nucleus like a grid, the sphere is consist of the spindle and flower-like structures. We have observed an increase in the bandgap with increasing calcinations temperature which can be correlated to the reduction in the size of the particles. Therefore, we can conclude that the combustion of carbon in the ZnO/C nanocomposite with an increase in calcinations temperature
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