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Flower·like _nanoSlruCluresf()rmed by ZnO nanorods were synlhesized and deposited on seeded silicon and 
glass subslrales by a hexamelhylenelel~añ'¡jne(HMtAFassisleo hydroihermal melhod-ar low lemperature -(90 'C) 
with melhenamine ((CHa)6N,) as surfactant and calalysl. The subslrales were seeded wilh ZnO nanoparticles, 
The slrUclure and morphology 01 lhe ZnO nanOSlruClures were studied by X-ray diffraction (XRD). high resolulion 
lransmission electron microscopy (HRTEM), and scanning electron microscopy (SEM) lechniques. Influence 01 

lhe seed nanoparticle on lhe lormalion 01 lhe flower·like ZnO nanoslructures is demonslraled , The influence 01 
lhe organic oxygenaled chains on tIle cryslalline habit during lhe growth process is also observed. 
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1. INTRODUCTION 
Zinc oxide is one of lhe mosl sludied oxide semiconduclors and 
rc<,;ently has attracled attention due 10 lhe possibiliry of pro­
clucing several complex nanostructures, 1, 2 These nanoslruClures 
mighl be applied for the fabricalion of blue emitting la~ers due 10 

dll~ ir wide band gap (3.37 eV) and high excilon binding energy 
(60 meV),.l transparenl semiconductors,4.S piezoelecuic devices,ó 
,;hoI1·wavelength lighl-emitting devices,7 blue emitting LEDs,8 
chemical sensors,9 solar cells, 10 magnetic structures 11 ele. Several 
IlJcthods such as, electrodeposilion,ll evaporaúon,11 vapor-liquid­
~ulid (VLS) growlh,14 meta!organic catalysl assisled vapor·phase 
epitaXy,lj aqueous therma! decomposilion,ló microwave aClivaled 
chemical balh deposilion (MW-CBD),17 chemical bath deposi­
LÍon (CB D),IX hydrothermal·assisled method,I9 elc. have been 
rCf'lH'ted for lhe produclion of this kind of nanomalerials. How­
~\er, hydrolherrhal-a~sisled (HTA) method is more convenienl 
(JI er olhers as il is less expensive wilh ea .~ier composilion con­
trol, large area deposiúon, and works al lower lemperalUres. 
Ol'! the other hand, small changes in any hydrothermal param· 
"Il'rs, such as temperalure, pH, molar ralio of the precursors, 
o.f even reaclion úme. generale profound inftuence on the final 
pl'oducts. Moreover, using HTA method. ZnO nanosrruclUres of 
differenl morphologies could be synlhesized,20 In this work, we 
.n.·f"'rl on lhe producúon of ftower-like nanostruclures of ZnO by 
a Iwo-slep surfactant assisled hydrothermal melhod on differenl 
'ubslrales. The nanoslruclures were deposiled on pre-trealed sil· 
icon and glass suhStrales by seeding ZnO nanopaI1icles on lheir 

wAuthor 10 whom (.:OfTt.!sr)()fl(kr~.:c shoolú ~ addrl.!ss.cu. 

surfaces. Jt is shown lhal lhe pre·trealmenl of lhe subslrales has 
a great inftuence on lhe growth of lhe ftower-like nanoSlruclures . 

2. EXPERIMENTAL DETAILS 
2.1. Materfals 

The chemicaJ reagenl.'; used in lhis study were anaJylical reagent 
grade (Sigma-Aldrich) and used as received WilhoUl furrher 
purificalion. Silicon wafers (Virginia semiconduclor. inc) wilh a 
(1 (0) onentalion and glass plales were used as suhslrales. 

2.2. Pre-Treatment of the Substrates 

The process 10 oblain a coJloidal soluúon 10 deposil lhe ZnO 
nanopaI1icle seeds on lhe substrales surface (ZnO ,eeded sub­
strales) has been described elsewhere.11 The procedure is based 
on the sol-gel melhod, Briefty, zinc acelale [Zn(CH,COOhJ and 
ceryluimethylammonioum hydroxide (CTAOH) were taken as 
precursor malerials. [nilially 0.01 M ofzinc acelale was dissolved 
in ethyl alcohol and magnetically slirred al 60 oC for 1 h. Then, 
ceryluimethylammonium hydroxide was mixed inlo lhe solulion 
with ZnlCTAOH molar raúo of lII.6 and then reftux.ed al 60 oC 
for 2 h. By direcl immersion of silicon and glass substrales inlo 
the colloidal solulion, the ZnO nanopmicle seeds were depo,;iled 
onto the substrale surfaces. Su hsequenlly, the substrales were 
healed in dry air al 300 'C for 12 h. 

2.3, Preparation of Flower·Like Nanostructures 

Zinc nitrale [Zn(NO, h ·6H,OJ wa.s used as precursor and hexam· 
elhylenelerramine, abo caJled methenantine I(CH1JóN41 as sur­
factanl and catalysls. The precursor solulion was prepared by 
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Flg. 1. X-ray diffraction pa"ern of the Hower-like ZnO structures grown on 
silicon substrate (a). on glass substraJe (b) . and of the precipitated white 
powder (e). The diflraetion pa"erns In all cases show Wurtzite crystalline 
strueture. 

dissolving 3.0 g of zinc nitrate and 2.8 g of methenallÚne in 
de ionized water undú vigorous stimng :ii' 50' oC foro1 h io fol-m 
a 0.0 1 M equimolar solution. Then, the seeded silicon and glass 
substrates were inunersed in this solution at 90 oC for 2 h. !t was 
observed tha! a white Zno powder precipitated at the Aask bot­
tom, Finally, the substrates were Ihoroughly washed with deion ­
ized water and allowed to dry in air at room temperature. The 
real:tion mechanisms proposed for the hydrothermal synthesis is 
already reported by Zhung and coworkers.11 Based on Zhung 
analysis, the [Zn(OH)4j2- role is welJ established and Ihe cor­
responding chemical reaclion for lhis particular hydrolhermal 
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synlhesis is a.s folJow : 

(C H\ )6''l" . 'KJ oc 
Zn(NO,h +2H10 ' , Zn(OH)l +2HNO¡ 

Zn(OH)l ~ Zn1~ + 2HO -

Zn 1+ + 2HO- B ZnO + H10 

Zn(OH)¡ + 20H- B [Zn(OH ).J¡- \.1) 

In reacl ion (1), Zn 1 
+ i(lns are combined with OH- radical;¡ 

in Ihe aqueous solulion to lorm a Zn(OHh colloid through ÜIe 
reaclion Zn1+ + 20H- ~ Zn(OHh . Later, in the hydrNJICrIn;¡J 
process, the Zn(OH), is separated into Znl+ ions and OH- md~ 
icals acc:ording 10 reaclÍon (2) . Then , ZnO nuclei are form.:u 
according 10 Ihe reaclion (3), when the concemration of lo: ' 
ions and OH -- radicals reaches a supersaturation grade. FinaUy, 
the growth units of [Zn(OH).jI- radicals are obtained thrnugh. 
the reaction (4). The dissolution-nucleation cycle according. ~\l 

reactions (5) and (6), respeL'lively produces: 

[Zn(OH).f - ++ Znl- +40W (5) 

Znl+ + 20H B ZnO + H¡O (6) 

3. CHARACTERIZATION 
Morphology 01' the sample was studied using a JEM5600-LV 
scanni ng electron microscope. The si ngle-crystal slfUcture of lhe, 
ZnO nanorods was studied using a JEOL FEG 2010 Fa.st TEM 
eleclron microscope wilh a 2.1 Á resolulion (point 10 poinl). 
The X-ray diffraclion (XRD) pattem of the ZnO nanorods wa,¡ 

oblained with a X-ray diffraclomeler (SIEMENS O 5(00) using 
Lhe CuKa (1.5406 Á) radiation, with a scanning speed 01' la pcr 

min at 35 KV and 30 mA, 
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Flg. 2. SEM mierographs 01 (a) ZnO seeds en glass subslrate, (b) ZnO nower·like stnuetures en si licon. At the inset is possibte lo observe an enlargemenl 
of e flower-like strueture, and (e) on glass substrates. (d) SEM image 01 the precipitated powder. 
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Ag. 3. SEM mlcrographs of (a) ZnO structures in an eariy stege of Ihe 
1I",,,m process. (b) Flower~ ike structures with hexagonal hab~ coexist wltn 
p:"nJr and ftatted morphologies . 

.- . .;':.: ,".".. "' . . 

4. RESULTS ANO DISCUSSION 
Figure I shows the XRD pattems 01' the ftower·!ike ZnO nano· 
struetures prepared by the HMTA-assisted hydrothermal method, 
grown on silieon (Fig. I(a» and glas~ (Fig. I(b» (pre-treated) 
substrates along with lhe white preeipitated powder at the bot­
tom of the reaeuon ftask (Fig. I(e», respeetively. Jt is elearl)' 
ohserved lhal the XRD pattems are silTÚlar for the lhree samples; 
therefore, lhere is no evidenee of vanalion in lhe relative orienta· 
tions of the malerial. The XRD pallems of lhe samples grown on 
silieon (Fig. I(a», glass (Fig . J(b») and precipitated powder eon­
firrn lha! all of Ihem eOlTespond 10 ZnO with Wunzite strueture. 
AII diffraction peaks of the three samples were indexed to the 
hexagonal phase of ZnO having lattiee parameters a = 3.249 and 
e =5.206 Á (JCPD file No 36-1451). The XRD resulLs indicate 
that the nature 01' the substrates have no effeet on the erystalline 
strueture of the deposited material. 

The SEM lTÚerograph of the gla~s substrale afler immer­
sion imo the eolloidal soJution is shown in Figure 2(a). The 
panorarnie view in Figure 2(a) reveals large agglomerations of 
ZnO seeds while Ihere are olher zones with a1most no malc­
rial. Sueh inhomogeneities in seed distribulion are refteelcd in 
Ihe growlh of ftower-like struelures on lhe seeded substrates 
(Figs. 2(b and e». Figures 2(b and e) show the Iypieal low mag­
nifieation SEM images of Ihe ftower-like ZnO nanOSlruelures 
deposited on seeded silieon and glass substrates, respeetively. 
They consisted of nanorods emerging from a eommon point in 
all directions (inset of Fig. 2(b». The nanorod sizes are between 
200-300 nm in diarneter. and 1-2 JLm in lenglh . Figure 2(d ) is a 
SEM image of the prccipitated white malerial. TI is clcarly seen 
that the ZnO nanoroos exhibit hexagonal habit of the Wunzite 

. Flg.4. (a) SEM micrographs of cross and L ZnO rods configuration . (b) Flower-like struclures w~h hexagonal habit and flatted rods. (e) T configuratlon 
INtHch confirr¡1S the aceta te role ()(l the grown pfDcess. (d) Cnoss configuration arrnngemOOI of ZnO rods . 
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Ag. 5. (al SecItOO dfffraCÓOl'\ pattem trom 8 -single r¡anorod. (b¡ HRTEM 
Ull.l~ Or SI "al)()rO(J beÍoIl\Iing to thie /Iow1lf·HJ(e l1an06tNctJre. TOO (\lIncrO<! 
orQW'8 ¡¡long (0021 diroclion. . 

pha,.:. Tho: po"uer ,:unpte ccvcilb TInnnrüc:b wilh morph"IO'¡,!')' 
l:ulTe:. p<)mb lu ~ ~'()ndlllll)U' hush-likc predpill'ltl! wllhmJl Ihe 
prc ...: nl'c of J1(Jw~r·hkc n-,lO\lslrUcfurcs. Thi.' r.:\uh ínwc,¡IC:,., lh..l 
rhe Zno nannp;mi·t:!c scclh ¡ICl a.. preCUI'ur fl)( tn.: growrh of 

/]¡m t:r·tik· ZnO l\:\I1();¡lm.:turcs 3.\ \w"':~ in Ihc SUbslr.IlÓ . 

In ;) ,Iu,cr vicio\' fO( lhe. , ¡I.iculJ sup¡xlltl.'u \umplc., 11 i, 1X1,;,j· 

"le ID ,'l......:n·c LhlTcl'\!Jlt ZnO 1\0lI~ IllorrhologÍl:.\ . 111 Figuro: )(¡¡J, 

1'\ lr ~\ amrl ·. Ilnwcr-l ikc m<ll'phologie.\ <.n,:!\'i.';( \\'il.h p(atlar hdl 
, h¡¡pc" Th SE."1 miaogr..lph Jb Sh"\l' "lfllé ZI10 ni!h wilh 
el id':lI l he. :!gon:l.! ha";¡ (pointl-d Wi lh whÍle affi)W,¡. Hnw, 
cwr. In Figur.: -lí al íl i .. f,xníbl.e 10 UCLL't.1 ';lnll:1urcs Wilh pi a­
n:.lr fIl ílrpholt'l);'ic" \4IlCn: Ihe óloglc Pél\\CCn IllC nllh j, ' Kr 
l'orlJl ing un "\." nmfignrntiof1, The,.: tl~' uf :. lnJct.url~ ar~ 

fh't I'""inlc 10 grow \\ flh h~~;Il?llll!l1 h:¡hit. llH:r<.:fol\"., ÍI h 
l i l..d~ Ih"l Ih.: high ¡)f'JimÍl:: ~'úIlt'':fllr;lIion inhihit lh.: 'pc.:.iri c 
gnm n plan.:' in th.: ZnO naJllJlll,h t!cncrnling ¡ho,,' mmphllln, 
~¡ l" . l'hi, \':(lnllrm, Jh.: role uf ;)<.','Iull: in Ih~ gr.)wlh pn..::c', . 
\\ hl.'l~ Ihe ,'!),,¡ allngrophic indc;pcn(1l!n! Z11(tli ;Il0im ¡;¡J.:c. un 

di'f"t,' 1Il n"'lrdjll ;IU'JO murpltlll"giú.~' : , Th",d~ IF~ , it ¡, pn...'-Í ­
bk (u " I>'':l'\C anl1lhi' r tlllnurity pha".: c-.:hlbllinjt h'!) di lTel '111 
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1111 rplll-lk'gí.::ll ch3f';)I.·tclÍ ;. IJes ~L, .in FigU!C"i 3 ;u¡d ·t rile -ooc­
,lInmino CI1I·irllDIn<:nt:. ,1f mClill nlOlllS imhK'C tlilláen.\ "oordi. 
n;llil)n ~lrU':'lur.: ,. . l1Jcrerore • .::rch Zn(l) !110m a d ¡ pIs ;¡ di~lol1\:d 

nccah.:ur:iJ gcoin¡:try wh~n il is cootdlnalC:1! h fuur c.u:hoxylate 
u~ygl!n otnms. whilc ZO!) :UOln gCIlt'r.lll!-' :¡ di,\r)rtcd I.ng¡¡IJIII 
gí'l.1met!)· whlln ir U. lignl.:d 10 Iht~ dilft'rc.11I , 'urhllX'}'I31e o1\)', 
g'1l ;uorm.:l. :: l1}{)u¡:J1 OHlllc am.I .:uwtlrk.:r,~\ h:nc rq)(lrtí.'d a 
di,mrt.:d ocI:\h~dr~¡j geolJ1etry of loO. ¡he rol.: ol'lhe ~'e';¡IC un 
Ihe rnorphdogy is lBI umkr ~lUdy. How.cvc-r. i1 is- well I;I\0w\I 
¡ha\ Zn! ': can C¡l,j]y ülllnJUl:IlC with ·i.l:!.yge-n:\I~d sptties ¿I frord­
ing llrganollll!!ullic compountb \\ ¡m ditrrrcl11 georneml>S arolllld 
¡hc merol ccnt.er,!l.:J Wilh thi.~ in lIund. we- C"ú.n pmposc !ha¡ tbe 
high conten'" uf rg:mic oxyg~n:ltcJ dmin) ~' ;HI m,¡oJjfy lhe crys­
lallin.: hahil uu ri ng ¡JI.: gmw\l! 11I'()<':.!"' . TIlis ....an cxploín lhe: high . 
ung\\: hCl \\I!CO Ihe ZnO ro;];.. Ou lhe OIh<!l' hand, lhe abscru::c of­
orgunornctalJic compoulld in Ihe ¡;rowlh pr[..:: ... s~ 01' How\!f,like 
rnorphuJogle:, ntinm (he ;iL't."talc rok io its e:u-Iy slag.... Fmm 
lhe mkrogrJph, jI í" p(l,sihlc lO oh:o,cn'C' 'rh;lt Ihl!re is ¡¡ prt:Jom. 
inanl Wunzilc ph:t.~e ....'ilha CbülllCteris\iC hexagonoJ hahii :l~ IVe 
I!lCpc':li!d in Ihc Ilowcr-lik'e S!ll.IClUrcs, 

Figures 5(a und bj :m: tbe (:)t:l:tron diíf r.ll'lion pullero nnd 
HRTEM imuge Or!l nanorods hélonging 10 lbe llol\'tr,like 'Iroe< 
IUI1!S, re~¡x.'t.'1i\'cly, The...e result~ uliliC1lIC :t 1!ood cl')'$lcllinc <¡ual­
¡¡y 01' ¡he- obmílll!d maleMl. whkh j;; cOfl1> !J;lenl ",¡tI¡ ¡he X-ray 
results sllown in Flgure 1. 1l\C HRTEM imnge rew.:ús th;¡1 the 
imcrpl:lt1ólt 'i.¡r,¡cing in Ihe CT)7ól.allíne nanO(ods h 026 nm, which 
t't,'rre,ponds 10 \he dil,l:Ioce belwec:n IWQ {OO21 planes of !he 
l\cxa~'Ínnl ZnO pha.'oe.• iollk liling In prercrent1'11 growth ·alon!!: 
l'be {002] LlirccliCln (C-:L>Ce.~), A prollllble C:tpllln.-uion fOf 'lile rol.e. 
pl:tyed :~y ' Ihe ~eed ZoO · naooptlrlic}es on ¡he nucle:lIjoo and 
gtowlh ni' Ihe Ilowc!r-likc IlnnlhlJUcl1Jf'\:S ha.~ bécn .;uggC:S1.cd b~ 
Zhnu el al Y lñllS, lile: ZnO nanop:u:tide .. ptOm(lte l~ nuclcru.ion 
prrx.;:: · of :lIlO nonorods in the ll ower· li'ke wuclure:s. MOte­
ov.:r, lhe as-prepan.'jj ZnD nanopaC1Íclc, ~f\'C ¡-¡~ nuclei sine.: Ihey 
hnve ¡he same cryslaUine ~1JU.;:turc nnd :.ilJÚIOU' Itlflicc paramc~ 
as of me ZnO nl1llorods, 

5. CONCLUS10NS 
In Ij¡i~ work flower-likc Zno n;lnoslr\)r(WCS wa.: ~YI1Th<-'17.cd 

oy the 1·IMTA "¡¡.üi,tcd hydrlllhemlllJ metlnxi 011 .,cc,kd ..iJicOIl 

llntl glu-,~ sllb"IrotC.'. The 11nwcf-likc O:lf1l1SIrU\:Iur'Cc, CIlO,'j, ¡ oI 
nonortxi, cmcfglng (mm ¡¡ (.'(lfllllWn Pllínt, TI1C Zno nUOHmJ.s 
are highly cQ~larlint: :md r hC!l~T()nal wurl1J tc pha..,c. Th..: pre-
1ft'¡(lllCnI (ji lhe SIlb!>lr.u h)' ::¡dding ZoO llal1oparlid~, is a. 
!;u: i1 ilullng -1':1' 10 (lblaio 11~lwer,likc ZnO nUIlú.,lroClIJr..,~ . bll~ 
jon~ tuo eJ.,il)' cüO;UII1:lH: wilh n:o;n;l!n;llcd Sfléries ¡¡fkmling 
Ofg:Uh11l1C1:1 llit compound.\ Wllh t\iff.:rclll. g-C\lt!ll' lri,:_ :lrllunJ lhe 
llI.:t¡¡] ..:cnl.:r. gc:ncr.lling ZnQ 1l¡¡llIhll'lJ\;¡U n:..~ of d, n· ' r..:nl mm:­
phj)II'~h!' . I·h).... c\"cr. (he pr¡lC~" m:c~h funlll~r in\ c " ig-alinn \() bO 
l ' llnll Il1W¡!. 
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