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

Preparation and Surface Modification of Zinc
Oxide Nanoparticles

Noor Hadi Aysa Mohamed Hamza Al-Maamori
College of pharmacy College of material engineering
Babylon university
shahad zaid83@yahoo.com mhalmaamoril954@yahoo.com

Nehad Abdul Ameer Al-Maamori
College of Science/Babylon university.
nb200320022000@yahoo.com

Abstract

Zinc oxide nanoparticles are wddhown to be onef the multifunctional inorganic compounds
which are widely used in medical applications. This study aims to prepare ZnO nanoparticles with
particle size ranging from 239 nm. In the present study, surfaenodification 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 (FHR), 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 thenydnopadbic
dispersible in the organic area. Results showed that the surface modified Zn@ani#ies were more
dispersible in the examined organic media indicating better compatibility, ZnO modified with oleic
acid exerted more compatibility.From theresults 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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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 &atleri, 2009.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
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cell biomolecules and enable their physical transport into ritexior structures of
cells. Nanoscale particles typically possess a larger percentage of atoms at the
mat eri al ' s andead ta inceeassuMabe reattivitgFan Zhang, 2009],

and can maximize their ability to be loaded with therapeutic agemksliver 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 nanomate@alspling of aganic to inorganic
substrates, where they enhance properties such as adhesion and stefaceidi
properties. Crosslinking of polymers or resins to improve weathering and mechanical
properties. Interfaces involving such materials have becomeyaamic area of
chemistry in which surfaces have beemdified in order to generate desired
heterogeneousnvironments or to incorporate the bulk propertiedifierent phases

into a uniform composite structurdhe average crystallite sizB, was calculated by

the DebyeScherrer formuldD = KA/f cos6), whereK is the Scherrer constaritthe

X-ray wavelengthj thefull peak width at hatfnaximum, and) the Bragg diffraction
angle. From the Deby&cherrer formuldMarcos, 2014] we obtainecthe crystallite
diameter.

Experimental part
A. Preparation of ZnO nanoparticles:

Using zinc acetate 22g; oxalic acid 25.2 g and ethanol &0@® the following
procedure: solving zinc acetate with 600 ml ethanol and heated © & 30
minutes, oxalic acid was solved with 408 ethand and heated to 50°Ghen mixed
with the solvent above on continuossirring for 4 hours lastly dryinghe thick
solution at 80 Cfor 24 hours to obtain nano powder ZnO.

B. Modification of ZnO nanoparticles:

We used ole acid as coupling agenfor the surface modification of ZnO
nanoeparticles decrease the surface energy which cauaeicte agglomeration.
Typical 9 ml was dissolved in 300 mixylene to form a oleic acid solution. Then,
reently prepared Zn@anoparticles 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 thanreacted coupling agents and then dried at room
temperature for one nightipnga, 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 showethe highly agglomeration of ZnO
nanoparticles because it has surface energy thas tendlump together in large
particles and this agrees with the results pXin, 2003]. It was found that the surface
modified ZnO nanoparticlesby coupling agent haseducel the agglomeration by
reducing the energy of the surfaédter modification he results showed that the ZnO
nanoparticles werdispersedhomogeneously.
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Fig. (1) SEM images of,B pure naneZnO, and C,D modified narsnO
SEM/Energy Dispersive X-Ray Spectroscopy (EDS):

Figure (2) shows thaspectrum of crystalline ZnO nanoparticlé8ne can
concludefrom the fig.(2)that te purity of ZnO is 100%ince there is no elements
appears in the spectrumand element analysis agrees withthe research
[Kamellia, 2011].
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Fig. (2) EDS spectrum of AZnO unmodifiedhanoparticlesand B:ZnO modified
nanoparticles
Atomic Force Microscopy
Figure (3)showsthe AFM (3-D) images ofZnO unmodified nanoparticlesnd

ZnO modified nanoparticles. AFM images prove that the grains distibuted
homogeneouslyvithin the scanning area (1518x1514)fime average diametarf
pure and modified synthesized ZrgOmeasured from AFM analysis using software
and is found to be arourfd7.6985.62 nm depending on preparation conditions
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Fig. (3) AFM image of the (a) ZnO unmodified nanoparticles and (b) Modified
ZnO nanoparticles

The surface morphology of ti#nO unmodified nanoparticlezbtained from
the AFM analysisin Fig. BA), Fig. (3 B) shows the AFM images &nO modified
nanoparticles. It was mentioned above that2h® modified surface is very smooth
as shown in Fig3b), the average roughness of modified 46@5.45nm while in
the case of unmodified ZnO the average roughme24.09nm This result agree
with [Spolenak, 2010]

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

Sample Grain size Roughness
(nm) (hm)
Pure ZnO 85.62 21.09
Modified ZnO 47.69 6.45

X-Ray Diffraction Analysis (XRD):
From the Xray testfigure (4A) of ZnO unmodified nanoparticlest a diffracted
angl et o( F®° , a c¢cr stall i nestallne structumepgte ar e v
(26 =AlI3%lo, a pea for mo . iTHisiimgicateZthaD a't (2
crystalline material is prepared which agrees with the resul{Zbéng, 2009, Hong
2006].
It is noticeablethat the spectra ofZnO modified nanoparticles with olic acid
coupling agents werghe same as those of th#nO ummodified nangatrticles,
meaningthat the modificatioprocesshad notchangedhe crystéine structure of the
ZnO nangarticles. Ater modification, the charaetistic peaks have beesiightly
broadened, however,and were still in accordance with thetandardsZnO XRD
pattern andlid not influence the crystalline structues shown in figure (48
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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 igufie (5 ) in which indicated
theseseveratransmissiorbands. The spectrum is matched with the standard spectrum
of crystalline ZnO and in a good agreement wilatin, 2005]. Figure 5 showshe
FTIR spectra of ZnQunmodified nanoparticles, andnO modified nanopatrticles.
FTIR spectrum of ZnO nanoparticles showaebroad peak at 3419 ¢ifor pure and
3386 cntt for ZnO modified nanoparticlesiue to the vibrations of thHeOH group
on the surface of ZnO nanoparticles, and a high intensity broad band around 559.79
cm* for unmodifiedand 560.56 cit for modified due to the vibratin mode of zinc
and oxygen bondJagdish, 2006]. FTIR indicated that coupling agentnd the
modification of ZnO nanoparticles causpdrmanentchanges in the intensities
producing a newransmission band at 1500 cm
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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 chemical method whiclt is easy andon-costy
way and the resultingano ZnO in acceptable quantity.

2. It is easy tanodify the surface of ZnO narmarticles with oleic acidvith
the aid oftolueneand oxylene

3. The surface modified narumarticles are able to beniformly dispersed in
differentorganic media such as medical polymers.

4. Surface modification of ZnO narmarticles makes their surface more
hydrophobic and mak¢hem compatible with organic media.

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

6. ZnO naneparticles modified witran oleic acid coupling agent showed the
same crystalline structure and mioofogical properties of pure ZnO

nanoparticles but with ultregh surface area and disagglomeration
acceptable range.
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