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Abstract  
Zinc oxide nanoparticles are well-known to be one of the multifunctional inorganic compounds 

which are widely used in medical applications. This study aims to prepare ZnO nanoparticles with 

particle size ranging from 23-29  nm. In the present study, surface modification of ZnO nanoparticles 

was performed, and influence of modification on the structure and morphological properties was 

investigated. The resulting  nanoparticles were characterized by Fourier transform infrared 

spectroscopy (FT–IR), X-ray diffraction (XRD), scanning electron microscopy (SEM) and atomic force 

(AFM).  

 Zinc oxide nanoparticles with the average diameter of about 29 nm were modified with oleic 

acid, as coupling agents, in order to modify their surface properties and make them more hydrophobic  

dispersible in the organic area. Results showed that the surface modified ZnO nano-particles were more 

dispersible in the examined organic media indicating better compatibility, ZnO modified with oleic 

acid exerted more compatibility.  From the results obtained it is suggested that modified ZnO-

nanoparticles could be used effectively in safety environmental applications and also can be used in  

future medical applications. 
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 ƕƬǘƢǁä 
èƓǆȻƪƞ üǈðǃå íǒƪǂá ǊȻāǈƓǈǃå  ǏǄƵ þíƤƙƪƙ Ǒƙǃåā ɄƑƓöāǃå çííƶƙǆ ƗȻāưƶǃå ïǒƹ èƓȺɜïǆǃå ÿǆ çíơåā ÿāǂƙǃ åíǒƞ ƗƼāïƶǆ

 ïǒươƙ Ǐǃã Ɨƪåïíǃå ǉîǋ úíǌƙā .ƗȻƕõǃå èƓǀȻƕõƙǃå ǑƼ ƴƪåā ûƓõǈ èƓǆȻƪƞ ɏāǈƓǈǃå üǈðǃå íǒƪǂáȺ ëāåïƙǒ ǑǆȻƪƞ þƞơ)23-29 (
ǑƼ .ïƙǆāǈƓǈ Ɨƪåïíǃå ǊȻǃƓơǃå æǒɜïƙǃå óƑƓƮƤā ɆɜȻǋ ǏǄƵ Ɇǒíƶƙǃå ïǒƛƋƙ  Ɨƪåïíā Ü ɏāǈƓǈǃå üǈðǃå íǒƪɜāá Ơõƪ Ɇǒíƶƙ ßåïƞã þƙ Ü

ßåïǆơǃå èơƙ ƗƶƬǕƓȺ ǑƽȻõǃå ɆǒǄơƙǃå þåíƤƙƪƓȺ èƓǆȻƪƞǃå óƑƓƮƤ èƪïí .ɏïāǄƕǃå (FT- IR)ƗȻǈǒƪǃå ƗƶƬǕå íāǒơ Ü (XRD) Ü
ƠƪƓǆǃå ǑǈāïƙǂǃǗå ïǌƞǆǃå (SEM)  ā ïǌƞǆƗɂïîǃå çāǀǃå .(AFM)  

  Ɇǒíƶƙ þƙèƓǆȻƪƞ   üǈðǃå íǒƪǂáȺ Ɋƪāƙǆïõƿ Ǒǃåāơ 29 ïƙǆāǈƓǈ ƴǆ ôǆơ ÜüȻǃāǕå ɆǆƓƶɜ ɊɁï Ü ÿǆ Ɇƞá Ɇǒíƶƙ 
ƮƤßƓǆǄǃ íïõ ïƛǂá ƓǌǄƶƞā Ɠǌơõƪ óƑƓ .ÿǆā ƝƑƓƙǈǃå ƓǌǒǄƵ ýāƮơǃå þƙ Ǒƙǃå  Ơõƪ Ɇǒíƶƙ ÿáèƓǆȻƪƞ   üǈðǃå íǒƪǂá ǊȻāǈƓǈǃå  ɏíâǒ

 ýāƮơǃå þƙ Ǒƙǃå ƝƑƓƙǈǃå ÿǆ .ɆưƼá ɏāưƵ ɖƼåāƙ Ǐǃã ïǒƬƙ Ǒƙǃåā ƗȻāưƶǃå ɊƑƓƪāǃå ǑƼ èƙƬƙǃå ÿǆ íɂðǆǃå Ǐǃå ƓǌǒǄƵ   íǒƪǂá Ɇǒíƶƙ
üǈðǃå-.Ɇƕǀƙƪǆǃå ǑƼ ƗȻƕõǃå èƓǀȻƕõƙǃå ǑƼ þíƤƙƪƙ ÿá ƓưȻá ÿɜǆȻā Ɨǆǚƪǃåā ƗȻƑǒƕǃå èƓǀȻƕõƙǃå ǑƼ ýƓƶƼ ɆɜƬȺ þíƤƙƪƙ ÿá ÿɜǆȻ ƗȻāǈƓǈǃå 

 çƑǄǂǀǁä:ƕȹƟƑƗƻǄǁä ïǒươƙ ,üǈðǃå íǒƪɜāå ǃå ɆǒíƶƙüȻǃāǙå ôǆơ ,ƗȻāǈƓǈ èƓǆȻƪƞ ,Ơõƪ . èƙƬƙ , 
 

Introduction 
Nanoscience promises to provide a broad range of novel uses and improved 

technologies for medical applications. One of the reasons behind the intense interest is 

that nanotechnology permits the preparation of materials where at least one dimension 

of the structure is less than 100 nm. This small size is comparable to naturally 

occurring proteins and molecules in the human cell [Becheri, 2008].The reduction of 

materials to the nanoscale can frequently alter their electrical, magnetic, structural, 

morphological, and chemical properties enabling them to interact in unique ways with 

mailto:shahad_zaid83@yahoo.com
mailto:mhalmaamori1954@yahoo.com
mailto:nb200320022000@yahoo.com


Journal of Babylon University/Pure and Applied Sciences/ No.(2)/ Vol.(25): 2017 

498 
 

cell biomolecules and enable their physical transport into the interior structures of 

cells. Nanoscale particles typically possess a larger percentage of atoms at the 

material’s surface, which can lead to increase surface reactivity [Fan Zhang, 2009], 

and can maximize their ability to be loaded with therapeutic agents to deliver them to 

target cells.   The important use of ZnO in biomedical and antibacterial applications is 

gaining interest in the scientific and medical communities, largely due to the physical 

and chemical properties of these nanomaterials.Coupling of organic to inorganic 

substrates, where they enhance properties such as adhesion and surface di-electric 

properties. Crosslinking of polymers or resins to improve weathering and mechanical 

properties. Interfaces involving such materials have become a dynamic area of 

chemistry in which surfaces have been modified in order to generate desired 

heterogeneous environments or to incorporate the bulk properties of different phases 

into a uniform composite structure.  The average crystallite size, D, was calculated by 

the Debye–Scherrer formula (D = Kλ/β cos θ), where K is the Scherrer constant, λ the 

X-ray wavelength, β the full peak width at half-maximum, and θ the Bragg diffraction 

angle. From the Debye–Scherrer formula [Marcos, 2014] we obtained the crystallite 

diameter. 

Experimental part 
A. Preparation of ZnO nanoparticles: 

Using zinc acetate 22g; oxalic acid 25.2 g and ethanol 1000 ml as the following 

procedure: solving zinc acetate with 600 ml ethanol and heated to 60 C  ̊ for 30 

minutes, oxalic acid was solved with 400 ml ethanol and heated to 50 C̊ then mixed 

with the solvent above on continuous stirring for 4 hours lastly drying the thick 

solution at 80 C̊ for 24 hours  to obtain nano powder ZnO. 

B. Modification of ZnO nanoparticles: 

We  used  oleic acid as coupling agents for the surface modification of ZnO 

nano-particles  decrease the surface energy which cause particle agglomeration. 

Typical  9 ml was dissolved in 300 ml o-xylene to form an oleic acid solution. Then, 

recently  prepared ZnO nano-particles of  6 g were added to the above solution and 

allowed the reaction to perform at 50 °C under stirring for 1 h. Finally, the particles 

were separated by centrifuge at 15000 rpm for 15 minutes  and washed four times 

with toluene, to remove the un-reacted coupling agents and then dried at room 

temperature for one night [Honga, 2006]. 

   

Analysis results of nano-ZnO:  

 Scanning Electron Microscopy (SEM): 
     Figure (1) shows different magnifications of ZnO pure and modified nanoparticles 

surface. The results of this analysis showed the highly agglomeration of ZnO 

nanoparticles because it has surface energy that tends to clump together in large 

particles and this  agrees with the results of [Xin, 2003].  It was found that the surface 

modified ZnO nanoparticles by coupling agent has reduced the agglomeration by 

reducing the energy of the surface. After modification the results showed that the ZnO 

nanoparticles were dispersed  homogeneously. 
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     Fig. (1) SEM   images of A,B pure nano-ZnO, and C,D modified nano-ZnO 

SEM/Energy Dispersive X-Ray Spectroscopy (EDS): 

    Figure  (2) shows that spectrum of crystalline  ZnO nanoparticles. One can 

conclude from the fig.(2)that the purity of ZnO is 100% since there is no elements 

appears in the spectrum and element analysis agrees with  the research 

 [Kamellia, 2011]. 

 

 
Fig. (2)   EDS spectrum of A: ZnO unmodified nanoparticles, and B: ZnO modified 

nanoparticles    

Atomic Force Microscopy 

 Figure (3) shows the AFM (3-D) images of ZnO unmodified nanoparticles and 

ZnO modified nanoparticles. AFM images prove that the grains are distributed 

homogeneously within the scanning area (1518x1514)nm.The average diameter of 

pure  and modified  synthesized ZnO is measured from AFM analysis using software 

and is found to be around (47.69-85.62) nm depending on preparation conditions.  

A B 

C D 

A B 
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Fig. (3) AFM image of the (a) ZnO unmodified nanoparticles and (b) Modified 

ZnO nanoparticles 

 

The surface morphology of the ZnO unmodified nanoparticles obtained from 

the AFM analysis in Fig. (3A), Fig. (3 B) shows the AFM images of ZnO modified 

nanoparticles. It was mentioned above that the ZnO  modified surface is very smooth 

as shown  in Fig (3b),   the average roughness of modified ZnO is  6.45 nm while in 

the case of unmodified ZnO the average roughness is 21.09nm. This result agrees 

with [Spolenak, 2010] 

 

Table (1): The grain size of  pure and modified ZnO 

Sample Grain size 

(nm) 

Roughness 

 (nm) 

Pure ZnO 85.62 21.09 

Modified ZnO 47.69 6.45 

 

X-Ray Diffraction Analysis (XRD): 

   From the X-ray test figure (4A) of   ZnO unmodified  nanoparticles at a diffracted 

angle (30˚ to 70  , a cr stalline pea  appeare  which in icate cr stalline structure at 

(2θ = 34 .  Also, a pea  for  mo ifie  ZnO at (2θ = 36.569 .  This indicates that 

crystalline material is prepared which agrees with the results of  [Zhang, 2009, Hong 

2006].  

     It is noticeable that the spectra of  ZnO modified nanoparticles with olic acid 

coupling agents were the same as those of the ZnO unmodified nanoparticles, 

meaning that the modification process had not changed the crystalline structure of the 

ZnO nanoparticles. After modification, the characteristic peaks have been slightly 

broadened, however,  and were still in accordance with the standards ZnO XRD 

pattern  and did not influence the crystalline structure  as shown in figure (4B).  

 

A B 
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Fig. (4)  Analysis of X-ray diffraction for  A. ZnO unmodified nanoparticles, and 

B. ZnO modified nanoparticles   

  

Fourier Transform Infrared Spectroscopy (FTIR): 

    The FTIR spectrum of crystalline  ZnO  shown in figure (5 ) in which indicated 

these several transmission bands. The spectrum is matched with the standard spectrum 

of crystalline  ZnO and in a good agreement with [Kahn, 2005]. Figure 5 shows the 

FTIR spectra of ZnO unmodified  nanoparticles,  and ZnO modified nanoparticles. 

FTIR spectrum of ZnO nanoparticles showed a broad peak at 3419 cm
−1

 for pure and 

3386 cm
-1

  for ZnO modified nanoparticles due to the  vibrations of the (–OH group) 

on the surface of ZnO nanoparticles, and a high intensity broad band around 559.79 

cm
−1

 for unmodified and 560.56 cm
−1

 for modified  due to the vibration mode of zinc 

and oxygen bond [Jagdish, 2006]. FTIR indicated that coupling agents and the 

modification of  ZnO nanoparticles caused permanent changes in the intensities 

producing a new transmission band at 1500 cm.
−1

 

A 

B 
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Fig. 5  FTIR spectrum of nano-ZnO (upper line =pure, lower line=modified) 

 

Conclusion 
The results showed that it is possible to: 

1.  Prepare nano ZnO by a chemical method which it is easy and non-costly 

way and the resulting nano ZnO in acceptable quantity.  

2. It is easy to modify the surface of ZnO nano-particles with oleic acid with 

the aid of toluene and o-xylene.  

3. The surface modified nano-particles are able to be uniformly dispersed in 

different organic media such as medical polymers. 

4.  Surface modification of ZnO nano-particles makes their surface more 

hydrophobic and makes them compatible with organic media. 

5.  Oleic acid, as coupling agent was more efficient to modify the surface of 

nano-particles.  

6.  ZnO nano-particles modified with an oleic acid coupling agent showed the 

same crystalline structure and morphological properties of pure ZnO 

nanoparticles but with ultrahigh surface area and disagglomeration 

acceptable range.   
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