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ABSTRACT

Antibacterial activity and uniform dispersion of zinc oxide(ZnO) had been studied and applied widely. But the
property of ZnO was involved with particle size. The aim of this study was to further investigate morphology of ZnO
prepared by sol-gel technology at different pondus hydrogenii(pH) value. By XRD analysis, ZnO particles were high
purity under different pH value. In addition, the particles size of ZnO were minimum and uniform dispersion when
the pH valeu was 8.5, and the mass ratio of polyethylene glycol (PEG) and zinc acetate was 1:2 by TEM analysis.
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INTRODUCTION

Nano ZnO had been widely used in microelectrordesamics, catalytic chemistry and medicine andrsalue to
small size effect, surface effect, quantum sizeaffthe macroscopic quantum tunnel effect, couldmatkade
effect and dielectric confinement effect, etc[1pwadys, the property of nano ZnO was studied widdlpver the
world[2], including four aspects of preparation,croistructure, macroscopical physical properties amplcation.
But the main important key was preparation techgpld®ecause it was important influence that therasicopic
and macroscopic structute of particles were cdetichrough preparation process. Sol-gel methoakvbompared
with other methods was easy to control and thetimat¢emperature was low. It could prepare in hmhity or
ultrapurity oxide, doped oxide, film fiber and defimn of materiasl and so on.

Nano ZnO was susceptible to reunion when it wapamaed. Therefore, many scholars tried to solh& pihoblem
with kinds of methods. Khizar Hayat et al[3] foutitht Nano ZnO synthesized by sol gel and calcirneaba -C

was found to be more active for photocatalytic ekish of phenol as compared to all other photogatalemployed
in this study. The main reason for high photonficefncy and higher degradation rate of phenolifano ZnO-500
was the smaller size, better dispersion and honseaf nanoparticles. Yidong Zhang et al [4] sedlithat The
glucose additive could not only improve the surf&dS roughness and microstructure of ZnO thin fjlimgt also
enhance the transmittance and the energy band gap @asily. PAN Peng et al [5] found that nano Zn&s

nuiform dispersion when the concentration of stanas 0.5%. The nano-diameter of ZnO was singletdigr

50-60 when the different surface modifications wesed[6].

In this study, in order to solve the problem of laggeration of nanometer ZnO, ultrasonic, pH valdispersant
were used, and the results were better.
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EXPERIMENTAL SECTION

Materials Zinc acetate(China, AR); Polyethylengcgl(China, AR); Anhydrous ethanol(China, AR); 25%
Ammonia(China, AR).

Methods Firstly, 2.86g zinc acetate and 1.43g BgGlissolved in 130ml of anhydrous ethanol under the
magnetic stirrer. And the pH of solution was cole by ammonia. Then the formation of nano-sizetDZ
precursor was Zf0H)g(Ac),*2H,0. After it was stirred at 70 for 2 hours, the mix solution was centrifuged and
dried. The white powder was abtained. At last,wingte powder was sintered ati2per minute to 800[7], then it
was been heat preservation for 30 min at/d3). According to the experiment, the experimensvaivided into
five groups. Group ApH=5.5 PEG:zinc acetate=1:2; Group BH=6.5 PEG:zinc acetate=1:2; Group §H=7.5
PEG:zinc acetate=1:2; Group:DpH=8.5, PEG:zinc acetate=1:2; Group: BpH=8.5, PEG:zinc acetate=0:2,
respectively.

RESULTSAND DISCUSSION
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Fig. 1. XRD pattern of nano ZnO prepared with sol-gel
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Dental composite resins were widely usely resteeathaterials. Nanotechnology application of narmsiters had

improved the performance of advanced dental még8ja Therefore, inorganic nanoparticles were widgsed in

polymer filling because of their nano propertied amonodispersed spherical nanosilica fillers thateasuitable for
fabrication of dental nanocomposite and could bett®sized via sol-gel process[9]. In the powdemparation

process, particles could be produced reunion dumi¢teation, crystal growth, drying, calcinatioe.€the methods
of dispersing nanoparticles were mainly mechanidaiasonic, high-energy treatment and chemical[10]

It could be seen from the fig. 1. The XRD main wdiftion peak position of group A, B, C, D and E evbasically
consistent with the standard XRDspectra of grodpaid no impurity peak. It was demonstration thaDpowder
was high purity. In additon, diffraction peak wasdden. Because of small particle diameter of ZAGO
nanometer powder with high purity could be prepdngdol-gel method.

TEM of ZnO
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Fig. 2. TEM of prepared ZnO nano particleswith sol-gel
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Figure 2 (A) showed that commercial available Zrebaparticles were uneven distribution. They hadstiape of
granular, short rod, and agglomerated obviouslguifé 2 (B) was the group A: pH=5.5, PEG: zinc aeeth 2.
ZnO nanoparticles agglomerated obviously and weegular shape. Figure 3-12 also was such. Fig(Bg ahd (C)
showed that ZnO was granular and agglomeratiomtyligGroup D (Fig. 2(E))showed ZnO nanoparticelsrav
despersed and uniformity.

The results of Figure 2(B) to Figure 2(F) showeat the diameter of ZnO nanoparticles was 100 nsopb0 nm or
s0, 40 nm or so, 8-20 nm or so, and 70 nm or gzectively. The direct reason for this was relatonltrasonic, pH
value, surfactant dispersant, especially the ply datl dispersing agents. Variables of solutioneiaction process
had pH value, temperature, organic impurities, eatration of reactant ratio, and veaction rateoAs of important
factors pH value was ofter ignored. The pH valusafinfluenced sol hydrolysis and condensatioral&r when it
changed which altered the structure of ZnO nanagest In additon, pH value controlled* Hind OH in the
solution. Then it determined the metal oxygen bfumchation. When the pH value was 5.5, Was more existence
in the solution, which might be reacted with OMPEGy, So that the activity of PE&owas decreased. With the
increasing of pH value, when the pH value was &%) nanoparticles were Spread evenly and diametexr w
smaller. The reason was that the number of @lhe solution could improve the activity of Pgg The pH value
was considered to be an important parameter toraotite sol-gel phase formation, particle size &nel final
molding[13, 14].

Surfactant PEggowas put in the experiment. It could selectivelydaroe strong hydrogen bonding and electrostatic
effects on ZnO in the growth process of nanomete®.ZThus it could produce relaxation effect on talys
ionterface, and cause the change of interface ateibrational entropy, decrease the interfaciak femergy, and
show crystal interface easily. Finally, the formatiof ZnO nanoparticles were dispersed. Xichangggarch[11]
showed that PEfgcould disperse intermediate precipitates. So Znfvparticles had good dispersion, the particle
size distribution was narrow, and the mean particneter was 40-60 nm. However, the obtained Zia® eoarse
particles and the particle size was distributionge without adding PEfg. In addition, PEGqgwas a kind of
non-ionic surface modifier. Its chain polymer exted to the solution as much as possible and ther etid tightly
adsorbed on the patrticle surface which had chatigedature of the ZnO precursor surface, had #ricdtindrance
effect, and prevented agglomeration of particldsth& same time, PEgocould also form template with inorganic
substances and control the morphology of powder[i}his study, OHthe end of PEgyy extended as far as
possible, which combined with every ZnThe surface energy of Znwas reduced. Thus the diameter of ZnO
nanoparticle was decreaced. The results of Figur2 $howed that the diameter of ZnO nanoparticles ¥ nm or
so, and particle size was not uniform because efatisence of PEg, However, its diameter was smaller than
figure 3-8. The possible reason was that the agtdfiZn’* was decreased in the alkaline environment.

When ammonia was alkali agent,’Zaxisted with the form of Zn(OHand [Zn(NH,)4]?*in the solution. Their ratio
determined the morphology of ZnO crystals. Whengbleition pH>7, ionic crystal ZnO was anisotropiowth.
The result was in agreement with He ying's res¢aBhMoreover, Qin xiujuan showed that the pH \eahf the
solution had some influence on the quality of Zradoparticles[16].

Firstly, the particles were uniformity when pH valwf the reaction process was maintained stablelyas
generally believed that the dispertion propertynahoparticles related to the surface potential.aBse every
surface potential corresponded to a pH value. Byrotling the pH value of the solution, it couldestively reduce
the particle size of precursor, improve the dispersf nano ZnO, improve the quality of ZnO nandicies.

CONCLUSION

Within the limits of this study, ZnO nanoparticleere preparaed via sol-gel method, and dispersiédronty. The
results of XRD showed that ZnO powder was hightguAnd the results of TEM showed that ZnO nandpls
had different particle size in different pH valugeO nanoparticels were despersed and uniformitynwbH value
was 8.5 and the mass ratio of PEG and zinc acetdel:2. PEGygoplayed an important role.
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