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Abstract  
        In this work ,zinc oxide nanoparticles(powder) with diameter 12.1 nm was prepared using 

Solvothermal Method. The structural  and  optical properties of ZnO nanoparticles was studied 

by  X-ray diffraction, atomic force microscopy AFM, EDS, FTIR, UV-Visible absorption 

spectroscopy and Flourometer spectrum. X-ray diffraction reveal the formation the purity of 

prepared phase of ZnO particles with hexagonal wurtzite structure . The energy dispersion 

scattering ( EDS)  examination explains the ZnO nanoparticle is purity. The Atomic Force 

Microscopy ( AFM) shows the spherical shape of nanoparticles with diameter around 60 nm. 

The optical absorption spectral study identified the blue shift of the sample in comparison   to 

bulk ZnO in three dimensions .  fluorescence  spectrum  at  room  temperature  confirms  the  

strong  UV emission around 397 nm and its indicate that the zinc oxide nanoparticles is a purity 

and don’t contain on a defects.  
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 الخلاصت: 
Solvothermal   2واوىمخش حضشث باسخخذاو طشٌقت  1621فً هزا انبحذ ،جسٍماث اوكسٍذ انضوك )باودس( بقطش         

 X-rayانخىاص انخشكٍبٍت وانبصشٌت نجسٍماث اوكسٍذ انضوك انىاوىٌت انمحضشة  دسسج بىاسطت حٍىد الاشعت انسٍىٍت 

Diffraction  ومطٍاف انقىة انزسٌت ،AFM ،EDS،FTIR ،UV-Visible absorption spectrophotometer   

2حٍىد الاشعت انسٍىٍت اظهشث ان  جسٍماث اوكسٍذ انضوك   Fluorescence Flourometerوجهاص قٍاط طٍف انفهىسة 

    energy dispersion scattering (EDS)( انسذاسً 2فحض  wurtziteانىاوىٌت انمحضشة حكىن  وقٍت و راث  حشكٍب )

 )   Atomic Force Microscopyٍماث اوكسٍذ انضوك انىاوىٌت هً وقٍت اٌضا وخانٍت مه انشىائب 2كزنك قٍاطاظهش ان جس

AFM)  واوىمخش 2دساست طٍف الامخصاص انبصشي  26بٍه ان جسٍماث اوكسٍذ انضوك انىاوىٌت  راث شكم كشوي بقطش

 bulk zincمع اوكسٍذ انضوك الاساسً فً رلاد ابعاد ) بانمقاسوت  blue shiftصسقاء  نهجسٍماث انىاوىٌت  بٍىج وجىد اصاحت

oxide (( 2طٍف انفهىسة  عىذ دسجت حشاسة انغشفت اظهش اوبعاد قىي عىذ انمىطقت فىق انبىفسجٍت ( UV-region 353حىل 

 واوىمخشوهزا ٌشٍش انى ان جسٍماث اوكسٍذ انضوك انىاوىٌت انمحضشة هً وقٍت وغٍش محخىٌت عهى شىائب2 

 

 

1-Introducton: 
     Zinc oxide, is an important semiconducting and piezoelectric material with a direct Bandgap of 

3.37 eV and a large excitation binding energy  60 meV and exhibits near UV-emission and 

transparent conductivity [1,2]. ZnO nanostructure is an emerging optoelectronic material in large 

area electronic application [3].several methods are available for growing ZnO nanostructures some 

of them are Sol-Gel method[4,5] , simple solution  route ( by reaction zinc acetate dehydrate with 

sodium hydroxide and  polyethylene glycol-2000  (PEG2000) at 180      for 4 h in solution ) [6] ,  a 

simple wet chemical method  [7],  metal-organic chemical –vapor deposition [8],      ultrasonic 

synthesis   [9]  ,  citric acid assisted microwave solution combustion method [10], precipitation 

method from zinc nitrate[11],micromulsion        rout[12],electrochemical deposition technique 

[13],microwave irradiation [14],spray Pyrolysis [15],vapor-phase transport using the mixture of 

ZnO and graphite powder in air [16],chemical path deposition [17],pulse laser deposition [18],the 

Pyrosol method [19],hydrothermal technique [20,21],solvothermal  technique[22,23,24].a variety of 

zinc oxide nanostructures such as Nanowires ,nanospheres,nanorodes ,flower –like ,tubules and 
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tetrapods[25],nanoparticles[26]. ZnO is widely used in a number of application like solar cell 

application [27], with light  emitting diodes  were fabricated by combining n-ZnO Nanorods and 

hollow Nanotube with    different  p-type material to form  hetrojunction [28] , Photocatalyst  [29 

],UV-absorbers[30] , development of gas sensors[31] and nanolaser materials[32].                                                         

         In this work  Solvothermal technique was used to produce ZnO  nanoparticles because it have 

several advantages :large surface area, high crystallinity and high thermal stability [22].power with 

nanometer-size can be obtained by this method, the reaction is carried out under moderate condition 

,power obtained with different morphology by adjusting the reaction condition and the prepared 

powder have different properties, and the prepared ZnO nanoparticles can be used as active medium 

when it deposition on a substrate . 

 

2-Experimental Method: 
2-1:Preparation of ZnO Nanostructures: 

                                                    
Solvothermal technique were used to synthesis ZnO  nanoparticles using tree stages(stage one 

and stage two make at the same time): 

 Stage  one:  5 g of Zinc Acetate  Dehydrate        COO        (SCR-INDIAN)  is used  

as a source of zinc was  added slowly  to 100 ml  of distilled water under stirring for 1.5 h at  60  

   at this interval time 2ml of concentrated hydrochloric acid was added  slowly in  this mixture.                                                                                  

Stage tow:  2 g of Oxalic Acid           O (DIDACTIC , Panr. -ESPANA) dissolved in 

100 ml of distilled water under stirring for 1.5 h at 60                                                  
Stage three: the mixture of the stage tow added slowly to mixture of the stage one under 

stirring for 3 min. , then the final mixture was transferred into Teflon lined sealed stainless steel 

autoclave and maintained in oven at temperature 150         for 24 h. then  it was allowed to cool 

naturally to room temperature .The resulting product was washed several times with distilled  water 

and dried at 50- 60         for overnight.   

                                                                                                                                    

2-2:Characterization : 
The resulting products were analyzed by X-Ray diffraction (XRD) using Cu Kα  radiation 

(λ=1.5417 A) at scanning angle (10-80) deg.  and scanning speed of 8 deg/min over  2θ range  

(Shimadzo XRD-6000-Japan) . the  morphology  of  the obtained ZnO nanostructure was observed 

by atomic force microscopy  (AFM).Energy Dispersive  Spectroscopy (EDS )( Angstrom  advanced 

Inc. USA ) ,it was characterized the element composition of the sample .UV-Visible absorption 

spectroscopy  (CECIL ,CE7200,Korea)  in the range from (200-1100)nm   is widely being used  

technique to examine the optical properties  of nanosized particles .the quality and composition of 

the synthesized ZnO nanostructure were characterized by the Fourier transform infrared 

spectroscopy (FTIR-8400S-SHIMADZU) in the range of(                The 

photoluminescence study was done using fluorescence spectrophotometer ( F96pro-Chaina)                                                                     

   3-Results and Discussion :     
3-1-X-Ray Diffraction : 

Fig.(1) represents the x-ray diffraction pattern of ZnO nanoparticles .   A definite line 

broadening of  the XRD peaks give an indicates that the prepared material   consist of particles in  

Nanoscale range . From XRD patterns analysis , peak  intensity , position and  width (full width  at  

half maximum ) (FWHM)  data can be determined. the diffraction peaks  located at 2ө:  31.82 , 

34.44 , 36.28 , 47.58 , 56.63 , 62.86 , 66.38  , 67.99,69.04,72.51 and 77.00  corresponding  to  the  

following  lattice  planes  (100), (002),(101) , (102), (110) ,(103),(200),(112), (201),(004) and (202) 

respectively ,Keenly indexed as a hexagonal wurtzite phase of ZnO as reported in many research 

works[33,34]and agreeing with reported in ASTM file card.inexistence of any peaks related to the 

impurities indicate high purity of the grown ZnO nanostructure .the sharp peaks indicate that the 
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product was good crystallinity [35]. the intense   (101) diffraction  peak  indicate that the  

preferential orientation is along c –axis  because it is stronger and narrower than the other peaks   .   
Scherer's  formula has  been  used  to  calculate  the  particle  size of ZnO nanoparticles [36].                                                                                                                       

 

  
   

      
                

 
Where D is the particle size ,K is a constant (0.9), λ is the X-Ray  wavelength  used , (θ) is  the 

Bragg angle and (β) is the full width at half maximum of diffraction peaks (expressed in radian ).the 

value of particle size which calculated using the above formula is 12.1 nm).                                                                                                                                                        

 
 

 

Fig.1:X-ray diffraction of ZnO nanoparticles 

  The lattice parameters (a) and (c) estimated using braggs law [37]: 

  √
 

 
  

 

    
            

  
 

    
              

Where  (λ) is the X-ray  wavelength of the incident  Cu Kα radiation  (0.154056nm ) .the values  

obtained  for the unit cell of the  ZnO is  a=b=2.85863     and             . these  values  

exhibit a  good agreement with  the bulk  ZnO  (             )  and             [38]  

with error percentage                   and       for ( c )these simple mistake can be 

attributed to the increase in temperature  decreases the lattice constant of ZnO[38].                            

                          
 
 
 
 

 

 

 

 



Journal of Kerbala University , Vol. 13 No.3 Scientific . 2015 
 

635 

The Dislocation Density (δ) which represent the amount of defects in the crystal ,is estimated from 

the following equ.[37] 

δ  
 

  
            

The dislocation density for the ZnO nanoparticles  synthesis by Solvothermal is equal to 0.0076 

      . The strain induced in powder due to crystal imperfection and distortion was calculated 

using the formula[39]: 

£  
 

      
            

The calculated strain  was to be 0.09545 
 
3-2-EDS Examination: 
Fig (2) show the energy dispersion scattering of ZnO nanoparticles .the pattern indicates that No 

evidence of other impurities was found and the prepared ZnO nanostructure has high purity and 

exhibit a good agreement with X-ray diffraction    . 

  

 

Fig.(2):EDS Of the ZnO nanostructure 

 

3-3-Surface Morphology  (Atomic Force Microscopy) (AFM) 

Fig.(3)  illustrated the topography of the ZnO nanostructure in  3D Dimensions  .the AFM analysis  

exhibit  a growing of grain particle  in  a specific direction (to the top ).the particle size of the 

prepared sample was  60 nm. 

 

Element Weight% Atomic% 
 

O K 67.88 89.62 
 

Zn K 32.12 10.38 
 

Totals 100.00 
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Fig.(3): :the AFM of the  prepared ZnO nanoparticles 

 

4-FTIR Spectroscopy: 3- 
   FTIR measurement was performed in order to verify the bond structure for ZnO nanostructure 

using optimized parameters. fig.(4) shows the infrared absorption spectra of ZnO nanostructure  in 

the 4000-400                                          

 

Fig.4:FTIR of ZnO nanoparticles 
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 Fig.(4) shows that the band located at 460-560       is correlated to the stretching mode of Zn-O 

this indicate the presence of ZnO nanoparticles in calcined  compound  [39]  . the absorption  peak  

in  the  range of 3200-3600      corresponding to the stretching  vibration  of  intermolecular 

hydrogen bond (O-H) existing  between the adsorbed  water molecular and indicates the higher 

amount of hydroxyl group[40 ] . 

  

3-5-UV-Visibile Spectrum of ZnO Nanoparticles: 

Fig.(5) depicts a UV- visible spectrum of the ZnO Nanoparticles  ,which was obtained by dispersing 

of  ZnO powders in a chloroform alcohol and  using  chloroform alcohol  as  reference . an 

excitonic absorption peak is found at about 262 nm,  due to the ZnO nanoparticles which lie much 

below the band gap wavelength of 322 nm (strong absorption band ) and its corresponding the 

energy gap            .A clear shift towards blue light wavelength compared  with that of  bulk 

because of the quantum confinements[11]  

 

 

Fig(5):UV-visible absorption spectrum of ZnO Nanoparticles. 

 

the blue shift indicate the synthesis of ZnO nanoparticles in Nanoscale. The energy gap can be 

calculated too by tauc plots as shown in fig.(6) and its equal to             
 

 

Fig.(6):determine the energy gap of ZnO nanoparticles by using tauc plots 
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3-6-Flouresence Spectrum of ZnO Nanoparticles : 

The study of photoluminescence spectrum is an effective way for investigating the defect structures 

of ZnO nanoparticales,fig(7)shows the fluorescence spectrum obtained for the sample with 

excitation wavelength 400 nm  with high emission band centered around 397 nm in the UV-region 

.the UV emission peak is strong as well as sharp, this strong luminescence is an indicator of good 

quality of the ZnO nanoparticles .the UV emission of the  sample can be  attributed to the Near 

Band-Edge Emission    (NBEE ), coming  from radioactive recombination of electrons in the 

conduction band and holes in the valance band [41] 

                                                                                                                                     

 
 

Fig.(7):fluorescence intensity as a function of wavelengths of ZnO nanoparticles 

 

4- Conclusion 

ZnO nanoparticles with wurtzite shape was  successfully prepared by solvothermal method 

with diameter 12.1 nm.this process is a simple, low cost ,friendly environment  and lead to high 

crystalline particles(high purity) with controllable morphology. the blue and energy gap shift  occur 

because of the quantum confinement and it indicate that the prepared ZnO Nanoparticles in 

Nanoscale and  low defect .                                                                                                                     
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