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Abstract. ZnO nanoparticles were successfully synthesized via the co-precipitation rnethod usingzinc nitrate and sodium hydroxide as raw materials. Size and shape of znonanoparticles were wellcontrolled by varying the ratio of sodium hydroxide sotrtions (0.5-0.9 mole) and the synthesizedtemperatures (65, 75 and 85 "c). Zno nanoparticles exhibited a high a"g;." crystallinity withwurtzite hexagonal stucture for all conditions carried out using sEM, xRD, EDS and Raman. Itwas clearly observed that both sodium hydroxide solution and synthesized iemperatures stronglyaffected on the size and shape of zno nanoparticles. The smallest Zno nanoparticle was observedto be 47 nm with 0'7 mole of sodium hydroxide solution at 75 "c. uniformld Zno nanoparticleswere obtained at synthesized temperatures above 65 'c. opticar properties of znonanoparticleswere also studied and carried out as absorbance spectra. ro dauor, 
"pti.J 

*e.gy uana gap of znonanopaticles was in the range of 3.24_3.35 eV.

Introduction

Due to their significant electrical and optical properties, a requrement for the de,elopment ofnanoctystals semiconducting materials is rising ir,"r. note*o.tty properties are greatly useful forirrvention the electronic devices. owing to their unique and advantage properlies of Zno n-typeoxide semiconductor nanocrystal.; a r"ry small in ,ir", rrigh surface-to-volume ratio, non-toxic andenvironmental friendly, it has been usedin widely rppli#;"s such as a gas sensor device [l], dye-sensitized solar cell t2]. uv detector [3] and opio"i"rto*, d.',ir", [4]. These potenrially deviceswers culrently found in commercial marlet. Many syrthesized techniques have been developed forachieved the zno nanocrystals' co,sequently, ,u.i"ty shapes of zno nanocrystals so-callednanowires' nanorings, nanobelts, ,*orodr, nanotetrapods, o*oslreets and naloparticles wereobtained' These unique nanocrystals showed promisingirof..ti", as report .Ji., [5-7]. However,Zno nanoparticles (zNPs) have some advantage o.r", otrr"r'ra'ocrystars shape. N. yarnazoe and K.Shimanoe reported that a sphere-like nanocrystals (nanoparticles) exhibiLJ nign". gas sensingresponse over plate-like (nanorods) and also coiumn-hke (nanosheets) [6] This useful evident couldbe applied for the developnrent ofirv detector and dye-sensitized solar cell applications.In this work, zNPs were synthesized-via 
"o-pr..ipioi., technique .int" ii is a low-cost, noadvance apparatus needed and simply technieue f*, ,i. The effect of synthesized temperatures andratio of starting material. on gro*th ir zxp, *"r" .*i"d out.

Experimental

ZNPs were successfirlly synthesized via the co-precipitation me&od using zinc nitrate(Zn(No3)2' 99'9% sigma-Aldrioh) and sodium hydroxide (NaoH, 97% Sigma-Aldrich) as raw
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materials. Using distilled water (DI) as the solvent, 0.1 M h(NOr), solution (500 ml, l5 sets) and
2 M NaOH solution (500 ml) were separately prepared. Zn(NO3)2 solution was stirred at desired
temperatures (65, 75 and 85 "C) for 20 min in glass container. Then, amount of NaOH solution was
slowly added drop-wise into a mixed container and successively stirred for 20 rnin. The mole ratio
between Zn(NO:)z and NaOH solutions was set to be l:0.5, 1:0.6, I :0.7 , l:0.8 and l:0.9. After that,
the mixed solution was allowed to cool down naturally in air and precipitated for 24 h. The white
product on the bottorn of the container was collected, washed Uv nf *ui., for 4 times, dried in the
air for 24 h and following by annealed at 600 oC for 6 h under air atnosphere to receive ZNps.

ZNPs were chalacterized using scanning electron microscope (SEM), energy dispersive X-ray
spectrometer (EDS), X-ray diffractometer (XRD), Raman spechometer (Raman) and UV-Visspectrophotorn eter (tJV-Vi s).

Results and Discussion

Fig. I sEM images of zNps synthesized at 65 "c (a-e), 75 .c (f-i) and g5 "c (k-o)

Fig' I showed sEM image s of ZNPs synthesized frorn different NaoH contents; (a-e) for 65 oc,(f-j) for 75 "c and (k-o) for 85 'c' It was observed that the ZNps greatly affected by bothtemperatures and NaoH contents, and the best condition was observed at 7-s "c.Smallest zNp.s wasobtained with 0 7 mole of NaoH solution for all synthesized temperatures; lls.z, 4? .0 and 172 nmfor 65' 75 a,d 85 oc, respectively. At 65 oc, it was crearri #ffi.;rr,".-"a zNpswere notuniformed' Parricle size increar.d frorn.,r5s; r--iF;:ia)) to 202.r nm(Fig. l(b)) and, then.dereased to 115'2 nm (Fig. 1(c)) with the increasi,rg irN)orr contents. After that, particle sizeincreased' It should be noied thut ,ru"-on-like ZNp-swere clearly observed i, rig l(b) and Fig.l(e)' The similar tendency was also observed at g5'c, 15g.g,1g6.3, 172.1,210.1 and 235.1 nm fbr0'5-0'9 mole NaoH 
19lu!i9ns as displayed in Fig. r6-o1. Th" ave.ag e ZNpssize was shown in Fig.2(a)' 65 > 85 > 75 "c' c-hemical .oorpo.itlon ir zttpi *as investigated, and zn ando atom weredetected in EDS data co-nfirmed that synthesized products were zttpswith the mole ratio about l.xRDspectraof zNPs synthesized at75ocwasdemonstratedinFig 2(b). Thosepeaksi,thespectra were correspo,ding to (r00), foz;, (101), troii, tlr0I (r';r,1xoi,012) and (20r)diffiaction planes in accodance'with irt"-uiionar a"rh-; ro. oiirrr"tio, outu (79-0206). Noimpurities peaks were detected in the XRD spect'a. All ,rrf", exhibited similar peaks patterns andshowed a high degree- crystallinity with a pure hexagonal wurtzite structure ar"rug" crystallite sizewas in the same trendency with average .ir" tt ut ,t"ow, rig.^z("; In addition, a lattice parameter cof ZNPs was presented in Fig. 3(a), diresing with the ri.e ff wuoH contents; however, it increased
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at the highest NaOH contents for 65 and 85 "C. This result was in contrast with at 75 .C. The
change of the lattice parameter c coresponded to a shift of (002) peak as presented in Fig. 3(b) apd
Fig. 3(c). The higher the shift degree the more contract the lattice farametei c.

Crystal defect was investigated using Raman technique. Vibration modes observing in the
spectra were corresponded to.E2(H)-E2(L) -332 cm-,, A,1To) -3sg cm-r, E,1To) _412.*,,, ErlH;
-438 cm-r, Ar(Lo) -533 cm-r and E1(Lo) -585 cm-i, respectively (not shown). No defect or other
irnpurities peaks were detected in the spectra. This result confirmed that ZNp.s were a high degree
crystallinity
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XRD pattern of ZNPs qmthesized at 75 oC.

fig I !") lattice par:rmeter c of all samples, and
the shift of (002) peak in XRD spectr a'for ZNps
synthesized at (b) 65 oC and (c) 75 "C.

Formation of zNPs could be explained.as following. Firstly , zincnitrate solution acted as thesource of Znz*: while aqueous .oai*, hydroxide alkal"i salt was used to supply oFr ions in thereaction' Secondly, the reaction of those two solutions resurted in a formaiiin or Zn(oH)2. Byhydrolysis and condensation pro""rr.. of zinc nitrate wittr ttre help of sodium hydroxide in DImedium at low temperatures, finally, ZNPs could be rormJ tl0l. It was noticed that Zn2*and oH-concentrations played as key factors on growth of zNPs,rlulu value. At low oFf ions, ahiglt zn2*concentration presented which strongly influenced o, irr" ro.ration of iipr't this state, moreZno nuclei could be produce a md zionuclei might fused together forming large znocores whichcould be resulted in large particles. As the rised ,aoli iorr,- Znll?oi.?rt rtron graduallydecreased reached a Iowest value at 0.7 mole NaoH, ,.srlt"d_io smallest nanoparticles [9] and pHof the mixture was also reduced from 5.8-5 .5 at 65 "c. with highest NaoH iontents, pH of themixture increased up to^6'1. Therefore, particres size was enrarged.ln addition' effect of s5mthesized temperatures on aqueous pH was observed; 65 > g5 > 75 oc,closely related to ZNPs siie- The influence of synthesiz.d t..p.ruffi;;il;; size was obviouslyobserved in good agreement with previously wtrk f r rt. gesioes, uniform ed, zNp,swere received athigh temperature, and the effect oi NuoH 
"ort"rts 

*rs diminished as shown in Fig I. Moreover,the optical property of zNPs was investigated in term oi ub.o.burce spectra (not shown). All
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samples showed the absorption band edge around 370-384 nm, and optical energy band gap was
calculated tobe3.27-3.33 eV,3.3l-3.35 ev and 3.24-3.2g ev for 65,75 and g5 "c, respectively.

Summary

ZNPs were synthesized via simple and low-cost co-precipitation method. The size and shape of
ZNPs were successfully tuned by varying the slmthesized temperatures and NaoH contents. ZNps
exhibited a pure hexagonal wurtzite crystal structure. It was evidenced that NaoH played a key role
on zNPs size tlu'ough pH value by adjustin g zn2*lo]H- ratio. The synthesized temperature, anotherkey factor, also tuned solution pH in the reaclion process impacted on zNps size and also prevented
a change in zNP's size at high temperature The unique morphology so-called macaron-like shapezNPs was found. These results are beneficial to achieve the nanoparticles.
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