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ABSTRACT

This research has focused on the synthesis of F-doped ZnO nanostructures
via hydrothermal process with variation of hexamethylenetetramine (HMT)
concentration and F-doping contents starting from zinc oxide thin film used as seeding
layer. The zinc oxide seeding film was deposited by sol-gel spin coating on glass
substrate using zinc acetate precursor and annealed at 500 °C for 2 h. The
nanostructures of F-doped ZnO were prepared by hydrothermal process operated at
90°C for 4 h wusing zinc nitrate with designated concentration of 0.05M. HMT
concentration was varied from 0.01 to 0.10M and ammonium fluoride used for F
doping precursor was varied from 0 to 10%. The properties of F-doped ZnO nanorod
structures were characterized by field emission scanning electron microscopy (FESEM),
transmission electron microscopy (TEM), X-ray diffraction (XRD), energy-dispersive X-
ray spectroscopy (EDX) and UV-VIS spectrophotometer. Corresponding results
indicated that the prepared samples possessed good crystallinity and their crystalline
sizes increased as HMT concentration increased up to 0.05M thereafter decreased at
0.10M. These results indicate that HMT concentration has significant influence on
physical properties and morphologies of ZnO nanorods. F-doped ZnO nanorods
exhibited the enhancement in crystallinity, preferential (002) plane growth direction
and crystallite size with increasing F-doping content. Moreover, increasing doping over
specific content resulted to the imperfection in rod structure and decrement in size
of the samples. The transmittance spectra revealed that the band gap energy of the

sample tended to gradually increase from 3.28 eV to 3.33 eV with increasing F-doping



content. This feature may be due to the substitution of F atom at oxygen site in ZnO
lattice causing defects and generating more carriers leading to significant increase in

its band gap energy.

Keywords: Hydrothermal process; Zinc oxide; F-doping; Nanorod.
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NOUHUATNANNIS

2.1 AuUANUgIUYBITIABaNlYA (Zinc Oxide; ZnO)

Ferpanlydduaseduvsd fgnslassadramaeiife Zno dnsiiluussendldly
useq WesmnaudiflanruvesadesnleiatUsenns wu fanuadosnneanuden
a9 audAauas audAnislafhfia udu auditugruvesdsdoanles uandunaad 2.1
waziegrinsihdsdeanledlulssendldiduaunsaivsediuUsznouresgunsalingg 1wy
es wulgesaeall IwugeinIsas wadkawefing [Wudu dnuuslassadwesdiesn

o wuseenidu 2 dnwuglugq Ae Wurtzite way Zinc blende

4‘ uady a 13 13
f19719N 2.1 ﬁNUmWUﬁWU%@ﬂ%@ﬂ@@ﬂiﬂ]ﬂ

GHAIE
gasluana ZnO
waluana 81.408 n3u/lua
anwuziuIsng YOI
AUNUULY 5.606 NIU/ANUIANLIUFALUAT
ANABULAD 1975 aaFnLyaLTea
1 o/ v t%4 a & i3
ATLAUNASUADIWINY 3.3 Bidnaseulias

gﬂﬁ 2.1 (n) lAs3a31e Wurtzite [26] wag (¥) Zinc blende [27]



2.2 NSTUIUNISIARDUNANUNY

NI¥UIUNISARBUTALUIS (Thin film deposition method) @ssalus3sn1svinle
ponu 235Ingq s A8n19n18018 (Physical deposition) waz3sn1aiadl (Chemical
deposition) Ineusaznszuunsunisinliezneunisluianavesaisiadoulinofiuy
ﬁuﬁwaﬁa@gmiaﬁu

2.2.1 ASEUIUNTATOURANUNAIBITNIINIBA N

nIguIUAdaUlanuIIMIINEAINeIdnann1vIn e neunI o luLaNavatEIT I
iwdouuntangusesiu waznednfutuiiduiuninieldannzayyinia sunsunsiadeu
flsushenszuaunsmamen muszneudie 3 tuseu fell [1]

1. lovesansindeuasiinaInnIsAuMsesEMEaNUIEveIaARaY

2. levesansindovazindounluditaggiusesu

3. levesansindouiinnismuntuiuvesdeiinvesiangusessu

Frudsiimuaioulvresmaado uilanuismenszuaunismianisnm Laun
WAUNUSZTZNI 0ROV QunnTivesTangIusessu 8nsnsszmeans mnudu
gy e WUy feg1InIEuIuNISAROUTANUINNINIEAIN LU FTSTEETRIEAITY
Sou uazISnsatameds (Dusiu

Wazwarsmemusau wisnsiedeuiiauuisienisiibiaisiadeuszmelu
leshomnufeulugaayinia (AwduUszinm 10° fadud) Feguvnlinldszimeansinet
Tugas 200-600 serwaides Tuivrinvesasindou lagn1sanALsuluv g INIA v
Tluianavesansiiszmerduleindounlunediduilduiangusessu

Bnsalaness WIsnsedeuilauunsienisiibiosneungaainiivesianlag
MsvuveseymAndanugilneinisuaniuasundssunarTunusilusznindoynaiiadi
yuivernoufituinvesasiade Tnsflsrvuatmmeiazeglussuugyaniafiinisdou
fedes uaziidalwihegfiduuuuasduesiesayane Wefmdosunniafulesauns
villessugniddasaunlinlunuthiudh idutanamsiedeu sihliiasindeungauazly
LAFOUMIUUTANTIUTBISU (2]

2.2.2 N3zUIUNTATIUNANUNAEITNILAT

nswnaeuilduuisssnisanindeulewndl Tnenislilevesansialviufisewalliuay
Ifansuszneuiidions wasduiidureadsliindevatuugiusesiu Bnsnadeulomaind
iinfifeidede leasindfiltindisunseuaziuiiv Uiiseatidninglinmdoudeutisgs

(700-1100 A waLY8d) [3]
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Y 9

U55891N1AUNR NANUNNLALANNUIBALALNEND FUUIZANNILUNNTIUINUIFeT 1D

ilUlddutunandnlunszuiunisialasmesuea Tnsvnlunssuiulea-laa As NSzUIUNITT

A O ”
d1902218VDILUAINLIYNIN Isﬂa

143
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Waruan 1wzl UuaIIAMUNUAGITUTILIENIT “1a8

Imaﬁﬁ’umaummﬁmLaaL‘ﬂumﬁmﬁsmu:dmmmL%’m%’usuaqmﬁazawimmsizma@]’aﬁwazma

panlUunaiumeLAIaInIuaIsazatestausdnndaulrmiudou vdsantultaantaun

wissulauUImeIBnsuyuedey Wseunaaliussgndldlunisudaianuiindule [4]
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thickness substrate
manitor % g
shutter
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PUMP

coLp
TRAP
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PUMP
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ANODE @
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®, 4
@ S=el & C
SPUTTERING 4
GAS \ =) @
® ® ® ®
X g —\é PLASMA. @

CATHODE SPUTTERING TARGET ©

1]

5U# 2.2 (n) szuuszmeansmeausou [28] uay (v) szuvalnine3s [29]

Vil

gas quart;tube
inIetE ) ! )g_aﬁ_uuilei
/ — L] I'..
J ¥ N “sample
e n, ezt $1 11
2 2 2 poat
oven
720°C

UM 2.3 Bsefeuilduumenissemeansieisniaai [30]



xerogel film dense film

s . |
metal
alkoxide
solution
evaporation heat
—_—

hydrolysis

polymerisation gelling

l

extraction of

aerogel

uniform particles

/

precipitating

sol A\ % 2ol

spinning

furnace
- ceramic fibres
\~FF '

JUN 2.4 nszuiunsieSenansaratelea-iaa [31]

Applying the i ; Repeating to prepare
solvent solutions Retating rihg multilayer structura
2 :rd-E-&L | Colfor— DD el L R . 4

Substrate Subsirate Substrate Substrate

T A T T

JUN 2.5 nszviunswieuilauunameisnisvyuaiou [32]



2.3 NITUIUNITAUATIZU AU Y
fanlassaraunlutuarunsoutsoonliidu 4 Ussian Yaqulugudia (Zero-

dimension) Yaguiluniladid (One-dimension) Faguiluaesiif (Two-dimension) wag¥an

uluauiid (Three-dimensional) sudnuaiznsirdeudivesdidnnsou lnefidivuinvesian

IalafAndseglumievosmunluwms (1-100 uiluns) [5)

faa

2.3.1 ’3’66)1‘14’111.!@14&1&61 (Zero-dimensional nanomaterials)

<

Fanulugudda JWuianndibdnasouldawisandouilavis 3 unu deograduy

q

aunAwIlY (Nanoparticle) Aaudiunav (Quantum dot) Wusiu

2.3.2 5’aquﬂuwﬁﬂﬁa (One-dimensional nanomaterials)

[

Fanulunihfia {Jutagndidnaseuaiunsandounlaiiosud 1 Aiavng faegeu
Wuanauilu (Nanowire) uviaunlu (Nanorod) 1iusiu

2.3.3 ’3’66}14’111«!6805?5 (Two-dimensional nanomaterials)

'
% v aa

Tanuluaeadis L UuTangndidnaseuaiunsandouilalu 2 firm1s degrau Wdy
UM (Thin film)

2.3.4 Yaauluauli (Three-dimensional nanomaterials)

[

Faquiluaudia Juiagauialugfdidnnseuaiunsandaudleyniiannnig i

[

annyviEEn (Polycrystalline material)

*¢ g » \
\ S
e \ et .

r "

Clusters Nanotubes, fibers and rods Films and coats Polyerystals
12 11D 4D ™

&

sUT 2.6 fAvosTanuilu [33]

Tun1sdaseiiaquiluniedfitu awnsarilanaledsnisiau n1ssemesisaiy

Soulugayeyrniale] nsmnadeulewnd [7] waznislalasinesuea (Hydrothermal) (8] 1lu

[
[y

Ay FeluauIdeiiaeniay

[

dunsnziianuviaunlusmenszuiunisialasnesuea Wesanndu
Gl

9

a1y 1y S 16 v a < =
nszviunlidesnisaneayyinia lddleasindidunsie luldoungias Wunszuiunsy

ee
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nszuunslalasimesuaa (Hydrothermal process)

nsrurunislelasmesueaausaionnliin nsiauifsevesasidenaslugih
avanvesvasefazauussmaeliann: Seulvifawiunargamaiige wielAnans
axansuaziianantulu dilelasmesueaiisnndmiunanniwindn inennissaud 2
# o “hydros” wUaini uay “thermos” fuwdadimnufeu delduiuani Byrappa Wag
Yoshimura [9] I8lsieuaumsnsvesditlelnsmesueatn mafnuffsenadvesaaiie
wenilusivihazans Tuanzfiflgumniigsninenmgiiviosuazausuannndy 1 vsseinea lu
seuudn wilunszuunislalasmesueaiifinsdsundasivhanedusviasareuiildly
11 snfregradu nuea wvuea (udu sxiiunnszuiunisian lealumesuea
(Solvothermal)

dnwarvemlioufnsaifililunsruiumslelasinesueainasidnwus dunszuen
amuaaialvnusaussunazaudou meludunssuenmasudfiolimusenisiansey

A A o o o o v a ¢ ) N
VDIANTILAUNTDAINIATANY aﬂwmgﬁﬂaﬂiﬂiﬂﬁﬁqﬂﬂﬂaﬂaﬂimu‘U‘ULWW@@ULL&@Q@QEUW 2.7

Stainless steel
lid

[ '?m T M TR g

Fiala Water
(or other solvent)

RN

Solid reagents
Stainless-steel shell

Uil 2.7 Tassahansfeufnsaluuummany [34]



= = =
2.4 ‘I/Iﬁ]‘l&lﬂﬂ'ﬁl;ﬂ&lﬁ"l'iw@
wildlunszuaumsiinuszdninmvesTanansieiaditdunde n1side fe n1siiy
ayRauvRsETattuaINaiINUIavE WelmAnaudinuaeuly nmswhldeglulassasiandn
=l a v U ‘é’
VIFTLUANWULANU [10]
2.4.1 N15LLUUNITHNTNAT (Interstitial)
= o oA A A < a v |
NSIFBLUUNITUNINGD Ao avmeNvataslalinuiadnneizausailuunsnag
Tur99711952 1190 MDUVDIANT NG
2.4.2 N15L9UUNSENUN (Substitute)
& A a P ) a a Y
N5 FOUUULNUN Ao B¥noNDdanRRvL luNUNavnouva s fululATIEsNe
NANVDIEN5NP1UY TngasnauMinnIsknuntnasiisaliaymausanuluiy 14%
2.4.3 ANSABLUUNISHUINUNYDI74
AN9LIBBUUNITHNUTTB9919 AD N1SNBLMBUVDIA15HDLI L UkNUNTUTDI319

°

(Vacancy) ¥8sagnonlulaseasawanvesansnsaii

f U f

%

?
O &

sUN 2.8 (n) MITBUUUNTUNINA (V) NMTIBLUUNSIITUT Uag (A) NM15ITBLUUNTIAN
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O
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T
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LNUNYBIIN

2.5 \nTesilolanziaudilanizma

2.5.1 Sasfiofnneiiddassadandndaemadamaieawuvasiidisng

(X-ray Diffractometer : XRD)

MsiATgnIaeUuressdiing Wumedaildlunsdnwlassadawdnuesans
wazifunisfigaliendnuasiliidunshaieasiegng Tngodendnniaiiuuyesssd
Sndfinnnsgvuiavthasfedadiyusingg fu lnedessddndannsgnuiavivewdn Tne
v 0 viduvesfadindazifinmanssids SndauasknuluSiudl 2 vesesnou YedSnd

MeulUluusas tuvesesneusziinnisideauunuuiedtuinesneunaglundnediuegiy

Wuszilouuasiisyesiiasing fu was19a1niuaeesaddndMiasuuniuoynoufinanid

wazasmnauludud 2 vasudn Ao 2d sin @ laskaulun1sunsnanuULEsUAUISIAAT UL
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NARIINIIL ALY ARIlAWINAY nA 1aeN # WusuIufY was A Ao AINNIAAU
v a @ & @ I3 y [ d' d' 1 a
1935580nd \Julumunguaawusni (Bragg’s law) Asaunish 2.1 wazilosnnansumasyiln
AUANVULNITINLSYIAILATVUIAVDINANNLANA19A Y gULmeiLﬁmwwuaa%’qatﬁﬂeﬁ
AMeraInNAsAnNsEnUIRTusnwuE eIz YR INENTBIENTIUY Han1TIATIEYNLaaziinly

Wiguiiguiuguteyauinsgiu (JCPDS) 1ieseyssuIuveInanuas i 1AYeiiegid

2dsin @ =nl (2.1)

ACB = 2d sin®

Ul 2.9 nguesuusnA [35]

nsAnSaddng tedulalasnisirnszualnirduiduaiailaiuus (Filament) Nag)

Y

[ ¢ A v 1%

Tunnzayyinidlunasniiidasidiond WeduaadouiunasiinnisuanUdesdiannsou
90N11INEUAIN BLannsownailiasgniseiieaiuadndas viliAnnisiniouiae
<@ v a ca & 5 1 £ 5 A o a a A
AuEIgeNdumIailaniundutualng Wadiwutiueluaiivinainlae Blanaseuis
rurinlididnaseusslugnvetaznonvedlans (Kshel) Feiindutosing danalw
a PN 1 5 [ a v [y A 1
aanaseuneglududau (L uaz M Shell) LAANITAENTNIULAL AATEAUAILIUNUNTDIIN
:’1 = % a ~ [ (% gj [l v a @ 1
Uy mwawummaLWaammuwaqqmaamuu%agiugﬂ%aamma% [11]

- e Glass envelope
Filament and tungsten target P

electron cloud Vacuum

_f] T e N Copper
\ ) stem
= —
(\ @—»/ | 4
Electronic ||~ 5:‘/ j
focusing -~ i
cup
Cathode (-) Tube/ \ Anode (+)

window Useful x-ray beam

JUN 2.10 aearillnSdand [36]
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Specimen Atom — Characteristic X-Rays

. X-Ray (La)
(KB) X-Ray o Q.
sl
P
@ ) = 9 K o
G Q - :
i B 4 *-Ray (Ka)
Y Ray (Ka o
2N o o b o ® : & Characteristic
. i . cof X-rays
o vame ~ =
° ’\ ;{A’” B AN 5 Kp
PRI AP Pt B DR SN ~ o e X-rays from a
e " ~ =
_ L o Tw_ 5 molybdenum
° tHHe) @ il 1 target at 35 kV
@ 9 ° s oo Brehmsstrahlung
a L qu Ne) from continuum
- * 1to Ne SEM
x 2 & 5 1 \\
@ & from M
wom 9 MNawhn o 02 .04 .06 .08 .0 .12
] Te }
Nk to kr) Wavelength (nm)

Ul 2.11 maiAnssd@idnd [37, 38]

2.5.2 \p3psilodianzdanvasiuiaflendesganssAudianasauluudansia
(Scanning Electron Microscope : SEM)
ndesgansmidiinnseuiuudensin Wundesqganssauildadianaseulunis

7192980V INITIUANYIANWUENURITDIa15H19819 Taeundnn1sinausuanddnasauan

&

4
o a & =

Udegoanunnunasniile (Electron gun) anntudsianaseuszgninialviiainuduiy

waeddurugudnanaiinadlae Condenser lens antuaglnialinnasiuuiiavesiiogng

a Y '

1me Objective lens ifuRIv89fI98 197DIANATOUANNTENUILIR A QI UBLANATOUTY
ANV FULUUTIAG 8T UNITNLENANNTENUIRGLALAEYIBUDBNAINKIVOTING NAIFADEN
anwaziuivesiageuiazansaasvioudianaseulds wimnivesianiinuugszidu

waudnfvzlifinsasvieunseaeyiouldtos FedldnnsouiiaeiiousenintuazgnnsIaTuiY

a o

o U a a Y g A v & aa a
'N]TJQQ‘U@Laﬂ@]i@uuﬁgl,ﬂﬂﬂ']sai']ﬂLUUﬂ']WVlI@uusﬂz ANWULLUUNIN 3 HE Iﬂﬂ@Laﬂ@]i@u

v v o b LA an | &

MAnTuazilUnfTudygasenidiannseunfentd (Secondary electron) [12]

Y

electron gun

electron beam

magnetic lens

backscattered

electron delector—\\&g secondary
_— electron detector

specimen ,:%}}/ stage
_‘——_-—“_-—_(:#_- :

JUN 2.12 dulszneuteindesganssaidianasaunuudensia [39]
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2.5.3 p3asdiadAstanvuiulinfiendesganssAudianasauluudainsia
YuaNadladu (Field Emission Scanning Electron Microscope : FESEM)
ndesganssaudidnasouluudainsinviiafladfadu daruwand19ainndes
qanssAudianasauLuUdeInsnUng Ao urasniidadidnaseu lnefiunasiniladiannseu
¥ fa < ! a a o < ' a & v
YaandegansIandidnaseuluudeansiaviinung dinvsilunisvanddesdianasoulagls

al 1

mueu 13831 Thermionic emission AngluagUsznaumeriamuiianuuidedidnvas
Huanagusnd dengnnsldauuszana 30-100 $alus 138091 Tungsten hairpin electron
gun wazdnuuutdunisuanUaeedlannsouRIgAINNS P ULYULAEIAULAITHENYD
Lanthanum hexaboride (LaB,) @49z lrinmainavesdidnaseugeninviavinanuuasileny
n1sldeuienauaunin 138091 Lanthanum hexaboride electron oun WALUAIAILERA
3LanAIaUTBINADIYaNIIALBIANATaURULdBINT InYlnladaty sxidunisldaunlniinly
nauienididnnseunnuaslansuvaslivanoonun dalavgdusiniiunainudnves
viaaau nsUanUdesdidnaseuiiinainnisisdidnnseuseninanuandmeauslniiingg
Uinava1edadsaiuseunn 100 wiluwes wietiesnin 3unin Field emission gun 34
anwaginavilvauainisalunisuensigazidenvesnInginiinassganssay

SLlANMTOULUVERINTIAUNG [12]

Electrode

N

W filament LaBs FEG
(a) (b} (c)

U or ][ or
9

JUT 2.13 dnuuzlasasnuaevesunasdiinaseuvaindesganssaudiinaseu [40]
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2.5.4 \pFaslainneidnunrlasiaisiiendasganssmiianaseunuudeni

(Transmission Electron Microscope : TEM)

n&osganssuddidnnseunvudesin (Hundesganssmifiiudnnsiugiuienty
ndesgansiminuulduas TneldduamsariuiegsideanisnsiadeuiiieAnudnvy
Tassafranmeluvesansiiedns nsnmitlsagidudnuazvesnm 2 47 uwindesgansset
Bidnnsounuudostiutuuandanndesganssmilduasuuuitilufeldg Bidnaseuuny
nslfuasund iesanddidnaseuiianueneaduiiduauaiuenuasnnisannsaldf

AmATifdResLazaLazdeanuINnIl B1aNATEUVEINABIFANIIALBIANATOULUUHDS

! ) = v & o a & Y s < = o Y v o
NWUUUQSQﬂUUIV]L‘UUﬁW@Laﬂmi@u@nEJLa‘UﬁLL@JLﬂaﬂ‘lﬁ/\]ﬁqsﬁﬂﬁquqﬁﬂﬂiUl@mqﬂJG]ENﬂ’]i an

BLannToUITNZaNILMBYN Laudlnddn Fsazgnuenewassulidn Mntunmillaazasneas

9 Y

d‘ v = ¥ ¥
VURINLIDILLEILAEUUNNAIYNADI [13]

Sample
Objective Lens

Ohbjective Aperture
Select Area Aperture

First Intermediate Lens
Second Intermediate Lens

Projector Lens

Secreen

JUN 2.14 dudsznevveindesqanssaididnasounuudeani [41]
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2.5.5 1A3991071AT12909AUTENIUVRISINUUNUHIAELATIIIATIZHTINLTS

WA99U (Energy Dispersive X-Ray Spectroscopy : EDX)

¥ (3

MaAillagagsoadiundegans e

Y

& a a &

LPS0IIATIENEN TN L Tumedadias e

<

a < | ¢ ! v ! ! dl
awanaseu lavazidun1insiadusedidndiuanldeseanainuiasiied19seningd
Biinasaunsznuivalsiied e ieigatienanvuzaossntudwesusuia Tuvueiia
didnaseuINNABIanIIALBIaNATEUNSENURUA1IA0E1e BidnaseuIna1Bianasouy
lundndidnasoufiiuiavesasiieg e nafedesinsvesdidnasoutiuazgnunudiaie
BlanmseuIINTUTEAUNGIUNgINTT SadidndiignuanUdeseenuiiiesnuaninaunaves

o aa o ¢ v ad ed i & a ¢ o v
NANUTENIBENATEUN 2 TU SsABndUaenUdegaenunlazausaigliondnwalla

IluvessinlafivanUdeseenun [14]

Electron Beam

Schematic of o Energy
Dispersive Spectrometer

3UN 2.15 1A5983 900904 0LAT I 0IAUTENOUDIT WL IINAIIU [42]

OKa

Fe Ka

0 2.0 4.0 6.0 8.0
EeV

JUN 2.16 F39813an5MNAAINNTIAMELATTIATIEREIRTING Y [43]
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2.5.6 FesliadeneiauiinmzqruvesasideLATa s Tan MzasuMIaLES

(UV-Vis spectrophotometer)

in3esinnismzgrnuvaanas luedesdlefldnrainuiinauuasinggriruniogn
gandu Tutsdanshlelanuazuassfinueaiiuld ndnnisinnmzaruuaznisganau
yosuas fe efinsansuaduivansiegslutasdmdanuiimunzan Sidnasouniely
ozmaniinagandunaidifinnisudsuanuglveglussduiundanuigand dotanw
duvesuaaitnuvieavisusenainasiiegausuiisufuuasainuvasindaaiue1
aduAwiee Wulunungueadesuazuamdsn Beer-Lambert law) ilouassinutiluluans
fetna fie I, wazanudaduuasimzgriuseninde I awnsadeuduaunisnismeqriiy

Y9auad (Transmittance: T) lagadl [15]

1
Azlog[—oz—logT (2.3)

TnglunsuansAnangariuvasiasiuguves %T

%T:£ x100 (2.4)
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'
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5UN 2.17 NsifiuneveLaruasiedns [44]
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Tuaslugisariueniady 320-2500 uiluuns dquunasnnidavasiiouldiiodu

wrasnwilanadlutlanaudansililewen A aennisen FeaglradluyianinuenIniy
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2.6 NUNIUITIUNITU
Tul A.A. 2012 Ling Ling Wang wagauy [16] Lavinn1sdauasigilasAneinisid

lulpsiaumenisgedulagldnszuiumslalasmesuea lneldnszuiumsduasigsineisnis
lelnsimosueaiigamail 95 ssmnwaidoa iunan ¢ lus ngldansazaneBsdlunsmuas
wnezfiduimnsziiuanududu 50 fadluand mndusinislelnsmesueasnadely
asavanefifansdelulasau 7 90 ssrwaleaduna 24 $2lus Ineldenaswfidunnse
fumnundudy 10 fadluans mendinszuiunislelnsmesueaiogiasdredeinvaon
Useq ouwisfigamadl 60 asenwaidea Hua 24 $alus nduilerluenafigamgd

450 perwaea 1Wunal 5 ud

JUT 2.19 uadiasziiuiinsagndesganssaidianasounuudensia (n) wiswluddeen
lydidelulasian, (@) wiwludedeenleanliriiunisidelulasiau uay (A) N15iTeeuasi

AMNYNIAAY 380 ULULUAT VBN LRIRRanlondolulnsiau [16]
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JUM 2.21 nadiasnesiesdusenauressinieauninsalalvesaunindidnaseuiign

UanUaoemessd@ond (n) N 1s wag (v) Zn 2p veauisuludsroenlendolulnsiau [16]
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JUN 2.22 nadnseintsiasasuaaniauntugadeanlaniialulasau (n) Aeamall 10 g

U wag (v) Ngunniivie [16]
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JUN 2.23 nadnesimsliihveswriaunludereenlenidelulnsiau [16]

1ud 2013 Jonathan M. Downing wagmug [17] ledaasizsiuieunludeneanlanlag
= = 6t 1 1 a 6 L3
Anwunumvedlnuna@euaaslsalunismivaususiaresurisuiludsdeenles laens
WasukUasrnuuduaalnwadsueaslsawaziialunisdnnsizy lnesuainnismsey
3 1 = v = o a & A a a
FUADNANAIENTTUIUNITULUAFOUAIUUFIUTRIN TN I Tiueanlyndedufey
niulalasmesueanoungll 95 eamwaldea ANNAILATIZINITLALWUUVDISIALD NG

A A A P ~ ¢ o ' P ¢ '

NUIMBAUSUIUAN U UTUT DI N NATENAaLSAAINIT 100 Tadluans danulanauyad

52U (002) wWikdlaUSuaANUNTUTB NN AT suAaslsANINNI1 100 Hadluais naudl

ANMULAAPAUNLANTUYDITEUIU (100)
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JUN 2.24 nywluansenueniadeisuiunalunislalasmesuea fnnudutudealunsg
wiulenwziiduiensziu 25 Jadluads Maunwedienaudlun 10 fadluats uay

Inunadeuraslss 100 fadluans [17]
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JUTN 2.25 N1NAINNADIRaNIIALUBIANATOULUUEABINTIA AIARATING (UL) waz WURD (879)
LAALYIIUNIUTIABNlYA1NN15EalASIMBsUDa NUAIIULTNTUTIALULASALINAULENY S L3
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P lumenshdlnwnadeuaaslss n) 0, v) 10, A) 50, 9100, @) 200, @) 300, %) 400 LAy %)

o

500 logldiaan 120 il (WauTnsrezkanavuiIn 200 UILULIAT) ATNIINNABIANTTAY
didnaseunuvdesinukansUasuiaunly MiuTnunadounaslsn a) 10 way @) 300 1ad
Tuans [17]
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ANULTUYa AR suAaalsa [17]
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Inwnadeumaslsa [17]
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JUN 2.28 Mnuanddnarvatiiuluiviulsdaenmsiddlnuvadeunaslse n) 0, v)

o8N 100 kag A) UINN31 100 Hadluans [17]

Tud A.e. 2014 Xiaobin Dong wazAne [18] laduasgiianurisuiludedaenlunme
nszvrunslalasivesuoaiigumagiisufunisrdnduledenssuiunsmsliiaind
dieldlunsasretunendn faquisuludsdoonludiidaamedlddivundurinugudnan
\ad8 100-130 wiluuuns wuindlelinailunisdnamedturendnuu vl fanuianly
Fefoonledfidnaneilaiaumuuiunniulugae Tnoisuandetan grusesiu aantdu

WSUUATAZAOTIADETLAN ANUINTY 5 Tuais azarslueniusawnaztAululueniusate

(%
(Y 1 =

Tu mnduildadrstudondnlnensrandulogionssurunismsliiiaing Tngldaiu
fafndd 20 Alalaad dasnsanans 1 lulasansdounit Wunan 20, 80 way 160 Jund
wagyin1seuiigungll 400 ssmuwaidea unm 20 wid nnduilldadlumsaraneded
lutesm 0.05 luans wnggluiaumasediy 0.055 luais way wedediatiiu 0.44 nsu

FeazarsegluinUaoausey 40 fiaddns anduiilulalnnvesueafiguugd 95 oean

warded Wua 6 9lue Mntudeiaetl lenuea uazeuwiiigamall 60 esrmialdyd
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< High - ZnO nanorod arrays
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T D e (i e
£ - 400 C, 20min / 95 C, 6h
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JUN 2.29 TunpuMsdnaswtianuisuludiaeniun [18]

-
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zi= s §
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= a ced a v % fa & ! S
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?n(ﬂll'h gl I'tp“!* 780 seed

Za() nanarods

‘J.-’ = Eaf)?

.-.-. “ﬂ-/uﬂ-_

(lass substraic
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JUN 2.32 nadlaseriiiuinmendeqanssaudianaseusuudensin Mnattunisdaunsiz

YUABKANLANAAY (1) 20 U9 (V) 80 FUT waw (A) 160 U [18]

Tudl 2016 Khyati Gautam wazaeg [19] lavinsAnwunuimassnisiienassuly
uwisludsAeenled Tduagidenszuiunislalasmesuea Tnensiasuulas3ana
anududuresanaide lnsSuninieutunandnasuugusesnsyaniiwihiiveenleside
Suioudneimsvuadou uaziwnfigamgil 350 ssrmaidioa Wua 20 i 9Nty
lelnsimesusaiigumnd 90 ssruwadea Wunan 5 $alus Ingldadlumsauasianas iy
Aduanseii Adudu 0.025 luand nuidnvarveseynauiludsuluiduindaiile

WNAMUTUTUIBIUSUUESLI0AADT Y
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JUN 2.33 MNANnaeegansIAtBIanmTeuLUUdeINTINTesTIfeenleddenasiu nels
WaulunisiasuluasuSunamnudutureswalluiielnaslsnuasiegne n U wag A o,

25, 50 Way 100 fadluans mua1au (2) Nan15ATIEnsmdeIuIauesieg e n-a [19]
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Tul A.A. 2016 Hock Beng Lee wazaniy [20] bavinn1sAnwinisaivaudaunnges
yosgeauiiinluluwisuudioenlediilefinyssavsamdmiugunsaifiudsundesnuy
pasliidundeaulain dsnsidevigessurinluilidnvasveawisuludsdoanled
Wasuuadly Teewdermnududuasionnturinlisusavesuiunludsdeanlediidnume
figeanntu Tesnawdsunamesuaundsnusiesiundulusuusngmssivedlat-uea
MnuanInaaeInITied 10% TussAvsuesgunsnigeiian annisvaaeiviliiaaiu
drlaieafuntifiverigesiude (1) Wufia fu lensenled (2) n1sBansesdesinees

20NTIU (3) Miunuieandaululassasiavemdn Auudvilvigunsaliiussdnsamiigedu

JUN 2.34 nadinsigiiiuinsiendesganssmiBianaseusuudeansinuiniladiatu ndnas
wWaguwlasauidaduansiengeaiu (n) ZNR, (¥) 5% FZNR, (A) 8% FZNR, (1) 10% FZNR,
() 12% FZNR, (2) wnun1mnisaveawisunlugadeanlenilengesiu Insnuauinssesuans

YR 100 wULAT wae (1) nszmuvdndainmaudunsanisunsgiu [20]
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dnasoukuudesituauLentdage Loz (A) NMINYBIEHATIATIZERIENTBITANTTAL

dianaseuluudesinuNLeNdngs Lay nadesein1siieauLvesdlannseu [20]
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a

wazlvanuSauianmnil 90 aermwaldua Wuwial 4 Falud

9 Y

[
a

7. Woasaunszurunislalaswesuea diinuiduunanalesldiesesdansilata way

LDUBA

a

8. vhbiuuiduwilagaumaiasiunuaseiawivdnndenliauiounioamal

Y

100 a9ALYATYE

3.4 M1FIATITRaNEULLANITVRINaNUIY
3.4.1 MIINATAASENHENEIBIAS TN SIAEULYDSEENT (XRD)
nsasaaaoulAsIad 1NN deIAT IS BuLYes3aELE g (XRD) Aoszuuiily
nEnnsiaeIvessdisndmungueuuind Sansmiildsunuduiusssninannuds
vosdsdindsonuidnuy FednvessmviomsUsznevusazelnaelidnuasianizuednis
Aeauuesdadidndfiunndeiull lusmidseiismeaeulasiadrediduundagldindes

XRD ¥83U3M PANalytical 3u X’pert Pro Wagu3¥ Bruker AXS u D8 DISCOVER @4l Cu

<

Ko Wusaaniiinsadidndunaylisaddngniianue1nnay 1.504 99ansau



U 3.3 eI InMILAE LTI ABnduasUTIY Bruker AXS Ju D8 DISCOVER [47]
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Y

3.4.2 Msesizianeuziuiaflendasganssaldianasaukuudesnsiauia
Wadliddy (FESEM)

melnesiasimiuiiunsnaseuinvas Ui naiiuinresioga Aildnas
Yosuvaiidndidnaseunaninaninndosqanssmididnaseuluudonsaund Faidmene
fldlun1s@inuilanegit 50,000 i lusidedieseidnvusfiuiafondosganssa

3LANATOULUUABINTINVBIUTEN JEOL Ju JSM-6340F waz U3Ew HITACHI Ju S4700

sUT 3.4 NA919aNTIAUDLANATIULUUADINTINTTANASNatuvoIUSEn JEOL

u 9

U JSM-6340F

9

JUN 3.5 ndpsganssmididnaseunuudetnsinvinfladlatuvesu3en HITACH Ju
S4700 [48]
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3.4.3 msdanzianeazlasiadieiiendasganssAudianasaunuudasiiy

(TEM)

1 Y 1

nFRTzianvazlasai1ave e e Juinainnisldadianasounzariuiiegns
inliaunsafnwanvaurlasadanigluvesdiegranilgiinisiasigila Tuswideil
AaszianvauzlasiasniendeganssAuBLanasouLUUADINIUYBIUTEN FEl Tecnai Ju
GZ

5

U7 3.6 ndpsgansIAUBLanAseULULdDRUYRIUSEY FEI Tecnai 3u G2 [49]

3.4.4 N13ATILNBIAUTENDUVDITINUUNUHIAILLATDIILATIZNTINLTINGI9TY
(EDX)
MR eiUsnuvesndniuduyszneuresasiiagsuuiuiivesdiay Jaaios

asizismilinizreegiundesganssaudianaseu Felusidedinseiuinnanesis

lngldinIasvaausen Oxford Instrument Ju X-Max"

JUT 3.7 1A3090LATILYITI0TINANUYDIUTEN Oxford Instrument Ju X-Max" [50]
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3.4.5 nMsieseiauiinmzgriurasuasiieiaiasiansnsgiunauas (UV-
Vis spectrophotometer)

Bnsfansmzariuvesuaniuidieneiasiaglindnnnsgandunasiiogludas
dansillewan uastisiieadiuld uazdursisn Srsemeneduiiiesgildussana 190-
1,000 uluiums Insia3esazuanansmeuduiusvesimavosuasiggriuieeeiu
arugnaduiUAsuly Tusmddeiinsginmegriiuresasieeios innisme grinures

WFYBIUIEN Thermo Scientific 1 Helios Gamma

JUN 3.8 LASR4IANISNEARUYBNAIYBIUTEN Thermo Scientific Ju Helios Gamma [51]

®  NIFWIAAUNGNIUABIIINIINAUNATUNINLAHIUVB LGS

nsganduuadluansisiiiiinannisfididnnsoulssundanuuadisiiigenind
woundssudesii wiunUdsuaniuzainuauaeustulugauaunisi awnady
YoensgeandunaIUInaindsuasiiiosazidnwaziduvounansiannsanas
UBINITAANTUBY NN WU 138NT1 YOUN13AANAU (Absorption Edge) WH1911
wasiirounsganduLasidlinAUAINLANA1IYDIgAR AT LI UNITILAL
9ngegAUBILaUILALT gaTidunsdinduunuuouaz A waundsudewig (E,)

WMsWrunsmLUUReNI MATgUNTIMLUUING (Tauc’s plot)

1

ochz)zA(hu—Eg)E (3.1)
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NAaN1INAadLaranusIuNa

4.1 asiaseaudRnugIuvasiauuIsisunlugefaanlen
4.1.1 wWan1maasduaTziauuIisunludneanlandienszurunislalag

¢ v a Y v ac =
N23UdaA ﬂ']EJF[,VINEJ‘L!I?Jﬂ']'iLUaEIULL‘Ua\‘iU%quﬂ'J']SJL‘U&I‘U‘U“U'e)\'iLaﬂ%gtﬂﬂ'SiULﬁ@l'igﬁJu

o0
- 8<% g///8/ 8
..........._.........JL....‘)LAL A . 0.10M HMT
- _._._Juu A Ml 0.07M HMT
s
=
w
|
4]
£
LA : ' I 0.05M HMT
A 0.01M HMT
" I ! I V I ' I 2 I £ |
20 30 40 50 60 70 80

20 (degree)

UM 4.1 N5INNITUATIEALATIASINENAIEN1TLRSIUUVDITIALD NV INALUN LT 11N T

U

a 13

% v a v v aa a
%Qﬁ@@ﬂl"?ﬁ@ ﬂ']fﬂﬁ]LQ@UVLGUﬂ']iLUaE’JULLUaQﬂTuJLGUlIGUUGUENLaﬂ%gLNWGULWWiﬁmu

Mrzilassadwanvesiiduunsuisunludedoonles MdsunlasSunamiy
duduroasnesmfitunnsgiiu fensidenuuresdididng wansdsgy 4.1 wusluuunis
BeUuresd Al ndTidums 26 = 32.23, 34.89 uay 36.71 9aen FeduRUSAUTTUIUNS
AsLuu (100), (002) wag (101) Auddu Feidnunrlassadranuunenleienayneta

[21] AlfiTnn1eaudevy warliiamdlumsiinndniuunu C-axis :NN1snaaesUdsulas

[% '
= U

USUNUUBIENBLLUNAULAATEHU AILAAILLTUTY 0.01-0.1 TUAIS WUINTANUDIUTY 0.01
Tuans e nUNISRLIUUYRITI A NG e BANTasLanslAiuLeaanTos Waleuiudiogis
AU WaiuAuTNTuILenszLRauLnaseiwdy 0.03 waz 0.05 luais AwNUAMULAUTS

YDINTRLUVUNTEUIU (100) wag (002) Tuszaudiving du Iinanurisdsreanlsnaunlng



40

MauSssiiueguudranlenuiaunlunnasniongd 1NNTLUIUNITENY NISLTUYEY
52U (002) WILTY 9NANUTLTY 0.01 ugean? 0.05 T3 wazanasdnaAailaiiaay

Wy 0.07 wag 0.1 MUARU WaRIINAAMUTNTY 0.05 Tuans Hausunluderoanlas

Aa I3 = PP = A o i = v s s PN
V]iJﬂ'J']ﬂJLﬂumaﬂl@ﬂV]q@ FIULUDANUIUANVUIAVDINANAIYEUNTURILYDILTDT (AUN15N 4.1)

p="29% @.1)
pcosd

A a = & a v o & ¢ - ] ~
i D As vwinvendn, A Ao Arueipduessedond, B e anuninweigasend

ALVLANINANYBILeNUGYR (FWHM)

NEILASIZRANNISAILIUFIANNSV LD SIS e sNUTIAI LI AYEIRANTALTiLA U N
57.48, 56.69 uay 58.49 u"luLNAS WistuAId T uveLsnTidwAnsEiiuaIn 0.01,
0.03 uaz 0.05 Wwand muddu uazanandy 55.60, 48.66 utluwns domuaudutudu
0.07 war 0.10 Tuand Feusinamududuvessnssiiidunassiuiiiuiudmatunisie

fvesuaunludsroantas fsauns [21]

(CH2)eNg + H,O — 6HCHO + 4NHs; (4.2)
NH; + H,O — NH;* + OH (4.3)
Zn(NOs), — Zn*" + 2NO5 (4.4)
Zn%* + 4NH; — Zn(NH5), 2* (4.5)
Zn(NH;); 2 + 4dOH — Zn(OH), % + 4NH; (4.6)
Zn% 4+ AOH — Zn(OH), * (@.7)
Zn(OH),  — ZnO + H,0 + 20H (4.8)

naunsEananuinideusunanenesuiidumeseiluiinanndudenalissuud
wouluiflenfisanniy (aun1si 4.2) Fedawaliiindsduenluionlonoulduniy (@unsi
4.5) ylvAnduidedlensenladlosaudsaziiniludsioonlasldiiumnTunuddu @unns
7 4.6 uaz 4.8) nalpfidullalunsnesvesuisunludedeonles Ao nanuisdsroonlaonas

(%
a v

fiszunu (002) Wuszuuiduiuiafidtivan asfeluanavesdedlansenladlooeuds



41

Y
T A a

fiennudutnau wazignyzufiduansziiunmdeduduluanaildfdaluinizeginuiy

Y
Autavesuriedsdeantas vibiAnnstavewisdadeenlenluszuiu (002) niehreiduy
wisgaAeanlenfiendtu WeiiuuSuaanududuressnsemiunnseiiy daanalugui
4.2 [22, 23]

[ 1]
+ 4+
+ + +
_ + t+
(9]
§ | o ir/B

Ui 4.2 nalamsiAauwisnludsdesnlasiidullle

nATzREnuzIuRafendoanTseisidnasounuudesnsnuiaiadia
Fu wansluguil 4.3 :nam 4.3 (n) Reamvesiiduundsdeanledilliiiie dudunondn o
wuhdadoenlusiildannisnisiea-laa wuumuedeu fdnvazidueyninvesndndsdeen
lodsunmdusiuguinatsszann 43 wiluues delfnfuenesnidunnssiuuas iy
nszurumslelasmosuen Amnududu 0.01 lwas nueyaeuiludsdesnlediizusng
nanesfuuannivasudug uazam 4.3 -1) arndudy 0.03-0.07 luans Waduuviann
widsuTifaugnuwarruIndur uaudnaniuintu Ineflouiaduriugudnansve s
uluBsdoonles 40-90 unlutums uaziloiiuaandudulud 0.1 Tuan§ wuiwisdsdeen
loadnnugnIvseann 620 uluwns MgneenaNgIUToUarINTEsRIBguLLTIUITUTA

oonladdug fsui 4.3 (@)
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008 1

JUN 4.3 D MEENURIAINADITaNTIAUBIANATEULUUADINTINTR T AN lgALTIINTY 7
ANTNTUYRLBNT I TRuAnSEiuLANANS Y (n) Funendn () 0.01 (A) 0.03 (1) 0.05 (1)
0.07 uae (2) 0.1 Tuans
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108 rnﬂtl Bmm

TISTE 5SEI S.AKY 0B, 000 188 rm WD Brm

JUN 4.3 (sid) nmaneiuRIeNdesganssAUBLanasouwUUdeInsnveIdeRoen taiuriau
U NANUUTUYDUTNFLLUNAUMA TELULANANGAY (1) Funoran (1) 0.01 (A) 0.03 (1) 0.05
(3) 0.07 waz (@) 0.1 Tuans
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(o =i/ e SIS 58KV =50, AR 108rm WD Srm

(2)0.10 ldgas

TISTE 5SEI 58KV x5R, AR 108rm WD Srm

JUN 4.3 (D) nmEeNuRIfInapsganssAuBanAseuLuUdeINIInveITIRoan Luduviaw
Ly Nenudndurasengziaumnseiuuanaeiu (n) Junexdn (v) 0.01 () 0.03 (1) 0.05
() 0.07 uaz (@) 0.1 luans
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JUN 4.4 n9nFIRTIEinIsnsEefvesduuALgNaseawitulugadeanlen neld
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waz 0.07 luans mudisy wlefineudududu 0.10 wans swnduiugudnaisves
uwisuludsdeenlesdvuaianandu 85 unluwns willuuafisnuazngaeeniaz o

PYUUFIUTOITY
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| Seed
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4.2 MsATeaURnugIuvasdauuIuisunlugeneanlunlavigaaiy

4.2.1 wansnaaasduasizinanulwisunludefeanluniiangeaiuiay
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0%y + F*5 <> 1460, (g) + Fo + € (4.11)
Vi + 284 F 5> Fosel (4.12)
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Abstract. F-doped ZnO nanorod structures were synthesized via hydrothermal process with
variation of doping content starting from zinc nitrate solution and zinc oxide thin film used as
seeding layer. The zinc oxide seeding film was fabricated by spin coating on glass substrate using
zinc acetate precursor and annealed at 500 °C for 2 h. Relevant properties of ZnO:F nanorod
structures were characterized by scanning electron microscope (SEM), X-ray diffraction (XRD),
energy-dispersive X-ray spectroscopy (EDX) and UV-VIS spectrophotometer. Corresponding
results indicated that ZnO:F nanorod array, grown in (002) plane, has the characteristics of good
crystallinity. In addition, this study showed that ZnO:F nanorod with exceptional structure can be
obtained by hydrothermal process, operated at proper treatment time, temperature and F-doping
content.

Introduction

Zinc oxide is one of the most well-known oxides, which has a direct wide band gap (3.37 eV)
at room temperature. This material has many outstanding properties that allow it to be used as a
transparent conducting oxide, dye sensitized solar cell, chemical sensors, photocatalyst and UV
photosensors [1, 2, 3]. One-dimensional (1-D) zinc oxide can be produced by various physical and
chemical methods such as chemical vapor deposition (CVD), thermal evaporation and hydrothermal
[4, 5, 6]. Many works have claimed that the doping of representative and transition element, such as
Ga, Al, Cs, Ni, Cu, Co and Mn, into the ZnO system can provide much better properties, e.g.,
conductivity, optical and gas sensing properties. However, there are few studies on synthesis and
properties of fluoride (F) doped ZnO by hydrothermal method. In this work, one step hydrothermal
process was used for the preparation of F-doped zinc oxide nanorod structure on glass substrate.
Moreover, effects of fluoride dopant concentration and treatment time were also investigated and
reported.

Experimental Details

ZnO:F nanorods were synthesized by hydrothermal process. Firstly, glass substrates were
consecutively washed using deionized water, ethanol, acetone and isopropanol in an ultrasonic
cleaner. The precursor solution used for spin coating was prepared by dissolution of zinc acetate
dihydrate (Zn(Ac)2-2H2O) and diethanolamine in absolute ethanol and stirred until the solution
became clear. After that, the substrate was annealed in a furnace at 500 °C for 2 h to form ZnO
seeding film layer. The solution for growth of ZnO nanorod arrays was prepared by adding 0.05M
zinc nitrate hexahydrate (Zn(NO3)2:6H20), 0.05 M hexamethylenetetramine (HMT) and ammonium
fluoride (NH4F) into 40 mL deionized water. The concentration of fluoride dopant was varied from
0%, 3%, 5% to 10%. The coated glass substrate was dipped into a solution in a Teflon autoclave for
hydrothermal synthesis. ZnO nanorod arrays were obtained by steady ambience system at 90 °C for
4 h. Finally, the as-prepared samples were dried in air at 100 °C for 24 h. The morphologies of as-
prepared sample were observed by a SEM (ZEISS EVO MA10). EDX (Oxford Instruments X-
Max™) was used for confirming existence of fluorine content in the samples meanwhile the crystal



structures of all samples were characterized by XRD (Shimaszu XD 6000). To find the energy gap,
UV-VIS spectrophotometer was used in transmission mode and converted to Tauc plot.

Results and Discussion

Figure 1 displays the SEM images of ZnO nanorod arrays with various fluoride doping
contents after hydrothermal growth. The average diameters range of nanorods for all samples are
approximately 50-150 nm dispersed randomly on the substrate. Firstly, the morphologies of sample
with F dopant at 0% and 3% (Fig. 1(a) and (b)) exhibit densely aligned hexagonal ZnO nanorod.
However, its morphology has gradually changed to be needle-like structure or thin vertically-
aligned nanorods with the increase of F dopant to 5% and 10% (Fig. 1 (c) and (d)).

Figure 2 (a) shows the big cluster of giant ZnO rice-grain-like structures horizontally aligned
on ZnO nanorod arrays. When F dopant was increased to 3% and 5% (Fig. 2 (b) and (c)), there are
considerable amount of small ZnO rods with diameter in the range of 200 nm to 400 nm mixed with
big ZnO rod clusters. Moreover, at the maximum F dopant (Fig. 2 (d)), its morphology completely
changed to hexagonal thick rod structure consisting of stack of hexagonal pallets.

The XRD patterns of F-doped ZnO nanorod are shown in Fig. 3 (a). All diffraction peaks are
nicely matched with hexagonal ZnO (JCPDS no. 36-1451) and no phase of impurities can be
detected. It can be clearly seen that the intensity of (100) diffraction peak greatly increases with the
increase of F content. This result confirms that giant hexagonal ZnO rod growth orientation along
the a-axis. In addition, the EDX analysis of F-doped ZnO rod structure (Fig. 3 (b)) indicates that Zn
atoms still are the major element with small amount of F atoms.

Fig. 1 SEM images of ZnO nanorod arrays with fluoride doping content of (a) 0%, (b) 3%, (c) 5%
and (d) 10%.



Fig. 2 SEM images of giant hexagonal ZnO rod with fluoride doping content of (a) 0%, (b) 3%, (c)
5% and (d) 10%.
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Fig. 3 (a) XRD patterns of hexagonal ZnO nanorod arrays with various fluoride dopant and (b)
EDX analysis of F-doped ZnO nanorod film.

In order to obtain the energy gap of F-doped ZnO nanorods, their UV-Vis spectra were
converted to Tauc plot as shown in Fig 4. It can be noticed that the energy gap of F-doped ZnO
sample tended to continually increase with increasing F content and found to be 3.15, 3.22, 3.24 and
3.26 eV for 0%, 3%, 5% and 10% of dopant, respectively. This feature may originate from the
increase in carrier concentration in ZnO due to F dopant well substituted at O site. The increase of
carrier concentration consequently induce the wideness of its optical band gap [7].
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Fig. 4 Tauc plot of F-doped ZnO nanorod film.
Conclusion

This work reported on the hydrothermal growth of ZnO nanorod array onto glass substrate
with a ZnO seeding layer prepared by spin coating. The physical structure and size of ZnO:F
nanorod significantly changed with increasing F doping content. After hydrothermal process, the
undoped ZnO was rice-grain-like array with diameter of 50-150 nm. However, at 10% F-doping
content, the array possessed small and well-defined vertically aligned ZnO nanorods on seed layer
in combination with giant hexagonal ZnO rod structure horizontally aligned on them. Moreover, the
energy gap of each sample tended to gradually increased with increasing F dopant.
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Abstract

F-doped ZnO rod-like structures were synthesized via
hydrothermal process with variation of processing temperature starting
from zinc nitrate solution and zinc oxide thin film used as seeding layer.
The zinc oxide seeding film was fabricated by spin coating on glass
substrate using zinc acetate precursor and annealed at 500 °C for 2 h.
Ammonium fluoride was used for F doping precursor and fixed at 10%.
The properties of ZnO:F rod-like structure were characterized by
scanning electron microscopy (SEM), X-ray diffraction (XRD), energy-
dispersive X-ray spectroscopy (EDX) and UV-VIS spectrophotometry.
Corresponding results indicated growth of ZnO:F nanorod with
preferential plane and good crystallinity. The morphology of ZnO:F
showed significant change when the processing hydrothermal
temperature was increased .
Keywords: Hydrothermal process; Hydrothermal temperature; Zinc
oxide; F-doping; Nanorod structures.

Introduction

Zinc oxide (ZnO) is one of the most well-known metal-oxide
materials, which has a direct wide bandgap of 3.37 eV at room
temperature and a large exciton binding energy of 60 meV. This
material has many outstanding properties that allow it to be utilized as a
transparent conducting oxide', dye sensitized solar cell?, chemical
sensors’, photocatalyst* and photosensors®. Up to now, a number of
physical and chemical methods such as chemical vapor deposition
(CVD)®, thermal evaporation’ and hydrothermal® were employed to
prepare well-aligned ZnO nanorod. More recently, many kinds of ZnO
structures such as nanoparticle’, nanowire'’, nanobelt!!, nanoflower'?
and microsphere'® have been synthesized by hydrothermal process.
Many works have additionally claimed that the doping of representative
element for substituting Zn, such as Ga and Al, into the ZnO system
could provide much better properties of ZnO, e.g., conductivity, optical
and gas sensitivity. Furthermore, Non-metal elements such as boron
(b)'%, nitrogen (N), carbon (C) and sulfur (S)'> '® have been chosen as
potential dopants for enhancing crucial properties of ZnO. Fluorine is
considered as a proper doping ion that can adjust both optical and
electrical properties of ZnO. When F is doped into ZnO matrix, F has
possibility to substitute in oxygen site in ZnO crystal structure due to
ionic radius of F(~1.36 A) is close to O* (~1.40 A)'. This non-
stoichiometric structure of ZnO can create oxygen vacancies leading to
the generation of free electrons that can enhance its conductivity and
optical property. However, there are few studies focusing on synthesis
and characterization of fluoride (F) doped ZnO by hydrothermal
method.

In this work, we report one step hydrothermal process used for
preparation of F-doped ZnO nanorod on glass substrate. The influence
of hydrothermal temperature on its physical properties was also
investigated.

Experimental

Materials

Zinc acetate dihydrate (Zn(Ac),2H,0), zinc nitrate hexahydrate
(Zn(NO3),-6H,0) and diethanolamine (DEA) analytical reagent grade
were purchased from Ajax Finechem Pty Ltd. Hexamethylenetetramine
(HMT, C¢H2Ns) was purchased from Sigma-Aldrich. Ammonium
fluoride analytical grade was purchased from Quality Reagent
Chemical. The glass substrates were consecutively cleaned using
deionized water, ethanol, acetone and isopropanol in an ultrasonic
cleaner.

Synthesis

The zinc oxide seed layers were prepared by dissolution of zinc
acetate dihydrate and diethanolamine in absolute ethanol and stirred
until the solution became clear then coated on glass substrates. After

spin coating, the films were annealed in a furnace at 500°C for 2 h to
form ZnO seeding film layer.

The solution for growth of ZnO nanorod was prepared by adding
0.05M  zinc nitrate  hexahydrate  (Zn(NOs),"6H,0), 0.05M
hexamethylenetetramine (HMT) and ammonium fluoride (NH4F) into
40 mL deionized water. The concentration of fluoride dopant was fixed
at 10%. The coated glass substrate was dipped into a solution in a
Teflon autoclave for hydrothermal synthesis. ZnO nanorod were
obtained by steady ambience system for 4 h. The hydrothermal
temperature was varied from 80 to 120°C. Finally, the as-prepared were
dried in air at 100°C for 24 h.

Instrumentation

Morphologies of as-prepared samples were observed with a
scanning electron microscope (SEM, ZEISS EVO MA10). To confirm
existence of fluorine content in the samples energy-dispersive X-ray
(EDX, Oxford Instruments X-Max") was used. The crystalline
structures of all samples were characterized by X-ray diffraction (XRD)
analysis by CuK o with a PANalytical X Pert Pro. The energy gaps were
evaluated by using UV-VIS spectrophotometer in transmission mode
and were converted to Tauc plot.

Results and Discussion

Figure 1. displays the SEM images of F-doped ZnO nanorod
synthesized at various hydrothermal temperatures from 80°C to 120°C
(Fig.1 (a)-(e)) and undoped ZnO at 90°C (Fig.1 (f)). The average
diameter ranges of nanorod for all samples are approximately 80-200
nm dispersed randomly in the substrate. The morphologies of the
samples are found to be in form of hexagonal rod structure and needle-
like structure depending on hydrothermal temperature. It is further
noticed that the density of nanorod tends to increase with increasing
hydrothermal temperature. The density of rods as shown by designated
red frame area were found to be ~28, 35, 39, 40 and 47 rods/um? for the
samples synthesized at 80°C, 90°C, 100°C, 110°C and 120°C,
respectively. Figure 2. ((a) and (b)) shows the big cluster of giant
hexagonal ZnO rod structures horizontally aligned on ZnO nanorod.
After the hydrothermal increases to 100°C (Figure 2. (c)) the structure
of giant ZnO rod has a hole in the middle of hexagonal cross section. At
110°C, there is a cleavage at the center of the giant ZnO rod (Figure 2.
(d)) and its shape becomes rice-grain-like structure. When temperature
increases to 120°C, the giant ZnO possesses further step of nanorod
growth at the end of hexagonal cross section (Figure 2. (e)). Figure 2. (f)
shows 4 times higher magnification of the giant ZnO at 120°C
exhibiting the bundle of nanorod structures at the end of each big rod
structure. Figure 2. (g) shows undoped ZnO prepared at 90°C exhibiting
the structure of giant ZnO rod combined between hexagonal and rice-
grain-like structure. Figure 3. shows the EDX analysis of F-doped ZnO
nanorods synthesized at 110°C indicating that Zn and O are the major
elements of the sample with small content of F atom.
The XRD patterns of F-doped ZnO nanorods are shown in Figure 4. All
diffraction patterns are nicely matched with hexagonal ZnO (JCPDS no.
36-1451) and no phase of impurities can be detected. It can be clearly
seen that the intensity of (002) diffraction peak is maximum at 80°C.
This result confirms that ZnO nanorod growth orientation is preferably
along the c-axis at 80°C. As hydrothermal temperature increased, the
intensity of (100) diffraction peak increased drastically due to the cluster
of horizontally-aligned ZnO structures lying on the top of vertically-
aligned ZnO nanorod layer. Possible growth mechanism of ZnO is
proposed for aqueous chemical solution deposition. Oswald ripening
process could be responsible for explaining the growth of larger particle
from a single crystal. During the hydrothermal process, the nuclei for
the growth of ZnO can be initiated and agglomeration of the ZnO
nanoparticles can further occur in different growth direction that can
reduce the surface energy depending upon hydrothermal condition
during growth.'$1°



Figure 1. SEM images of ZnO nanorod synthesized at hydrothermal temperature of (a) 80°C, (b) 90°C, (c) 100°C, (d) 110°C, (e) 120°C and (f)
undoped ZnO at 90°C.

Figure 2. SEM images of giant hexagonal F-doped ZnO rod-like structures synthesized at hydrothermal temperature of (a) 80°C, (b) 90°C,
(c) 100°C, (d) 110°C, (e) 120°C, (f) 4 times higher magnification of giant hexagonal ZnO rod synthesized at 120°C and (g) undoped ZnO synthesized
at 90°C.
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Figure 3. EDX analysis of F-doped ZnO nanorod film synthesized at
110°C.

keV|

(100)

58 g 8
120
3
@
e 110°C
z R i
s P
g 100°C
— o L _— %0 %cC
. 80°C
i A
; r y - ; y

20 80

26(degree)
Figure 4. XRD pattern of hexagonal ZnO nanorod synthesized at
various hydrothermal temperatures.
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Figure 5. Tauc plot of F-doped ZnO nanorod film synthesized at hydrothermal temperature of (a) 80°C, (b) 90°C, (c) 100°C, (d) 110°C, (e) 120°C and

(f) transmittance spectra of F-doped ZnO nanorod film.

In order to obtain the energy gap of F-doped ZnO nanorod, their
UV-Vis spectra were converted to Tauc plot as shown in Figure 5. It can
be noticed that the energy gap of F-doped ZnO sample are steady with
increasing hydrothermal temperature and found to be 3.14, 3.12, 3.09,
3.12 and 3.18 eV for 80, 90, 100, 110 and 120°C, respectively. It is
additionally noticed that their energy gaps are lower than the typical
value of bare ZnO (3.30 eV). This feature could be influenced by the
incorporation of F dopant into ZnO lattice causing impurity or defect
level and inducing the reduction of optical band gap of the matrix.?
Figure 5. (f) shows transmittance spectra of F-doped ZnO nanorod film
indicating moderate transparency of the film (<70%) in visible region.
This inferiority in transparency may possibly due to thick nanorod layer
grown on seeding ZnO thin film layer that can act as light scattering
layer.

(ahv)=A(hv-E,)"* (1)

Where, o is absorption coefficient, hv is photon energy, A is constant
and E; is optical band gap.

Conclusions

This work reports the hydrothermal growth of ZnO nanorod onto
glass substrate with a ZnO seeding layer prepared by spin coating. The
physical structure and size of ZnO:F nanorod are steady with diameter
range of 80-200 nm. After hydrothermal process, the nanorod possessed
small and well-defined vertically aligned ZnO nanorod on seed layer in

combination with giant hexagonal ZnO rod structure horizontally
aligned on them. In addition, at 120°C the giant hexagonal ZnO rod has
a nanorod growth from hexagonal cross section. It is additionally
noticed that hydrothermal temperature has insignificant effect on the
variation of its optical band gap of the sample.
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Abstract— General synthesis of ZnO rod-like structure via hydrothermal process by using zinc nitrate as Zn’>" donator and
hexamethylenetetramine (HMT) as OH™ donator has been conducted. In this work, the effort has been made to investigate the
effect of OH donator concentration on physical properties of ZnO rod-like structure. The process started from zinc nitrate
solution and zinc oxide thin film used as seeding layer. The zinc oxide seeding film was fabricated by spin coating on glass
substrate using zinc acetate precursor and annealed at 500°C for 2 h. The properties of ZnO rod-like structure were
characterized by scanning electron microscopy (SEM), X-ray diffraction (XRD) and UV-Vis spectrophotometry. Results show
ZnO nanorod with diameter ranges of approximately 40-90 nm dispersed randomly on the substrate for all samples. At the
HMT concentration of 0.1M, ZnO nanorods are lifted off and aligned on the substrate. The transmittance spectra of the samples

show moderate transparency (<70%) in visible region.

Keywords— Hydrothermal process, Zinc oxide, Nanorod structures.

1. INTRODUCTION

Zinc oxide (ZnO) is a typical n-type semiconductor
with wide band gap 3.37 eV and great exciton binding
energy of about 60 meV. Because of suitable properties,
ZnO-based materials have been utilized for various
practical applications including transparent conducting
oxides, photodetectors, gas sensors and solar cells [, Up
to now, ZnO can be synthesized with various physical and
chemical methods such as chemical vapor deposition
(CVD), thermal evaporation and hydrothermal processes.
1571 More recently, many kinds of ZnO nanostructure such
as nanoparticles, nanorods and nanoflowers with
exceptional properties have been synthesized by
hydrothermal ~process 1%, hexamethylenetetramine
(HMT), a high water-soluble, is a weak base and pH buffer
that can be used as general precursor for OH™ donator.
HMT can be hydrolyzed for producing HCHO, NHj3 and a
large amount of OHT!2l The effect of HMT
concentration on ZnO structure produced by hydrothermal
process is therefore of interest.

In this work, we report one-step hydrothermal process
used for prepare ZnO nanorod on glass substrate. The
influence of concentration of HMT on its physical property
and structure was also investigated.

2. Experimental details
The zinc oxide seed layers were prepared by
zinc acetate dehydrate (Zn(CH3COO);2H,0) and
diethanolamine (DEA) in absolute ethanol and stirred until
the solution became clear then coated on glass substrates 8
times. After spin coating, the films were annealed in a
furnace at 500°C for 2 h to form ZnO seeding film layer.
The solution for growth of ZnO nanorod was prepared
by adding 0.05SM zinc nitrate  hexahydrate
(Zn(NO3)26H,0) and HMT into 40 mL deionized water.

The concentration of HMT was varied. The coated glass
substrate was dipped into a solution in a Teflon autoclave
for hydrothermal synthesis. ZnO nanorod were obtained by
steady ambience system for 4 h. The hydrothermal
temperature was fixed at 90°C. Finally, the as-prepared
were sonicated in ultrasonic cleaner to remove white
cluster on the substrate and dried in air at 100°C.

Morphologies of the samples were observed with a
field emission scanning electron microscope (FESEM,
JEOL JSM-6340F). The crystalline structures were
characterized by X-ray diffraction (XRD) analysis by
CuKo with a PANalytical X’Pert Pro. UV-Visible
transmission spectra were recorded in range 300-800 nm
using Thermo Scientific Helios Gamma.

3. RESULTS AND DISCUSSION

Fig. 1. displays the SEM images of ZnO seeding layer
(Fig.1 (a)) and ZnO nanorod synthesized at various HMT
concentration from 0.01M to 0.1 M (Fig. 1 (e)-(f)). The
average size diameter ranges of nanorod for all samples are
approximately 40-90 nm dispersed randomly on the
substrate and average diameter of ZnO nanoparticle for
seeding layer is approximately 43 nm.

As observed in Fig. 1 (f), at HMT concentration of 0.1
M the ZnO nanorods are lifted off from glass substrate and
align horizontally on other nanorod. The average length of
ZnO nanorod is approximately 620 nm.

The growth mechanism of ZnO nanorod from
Zn(NO3); and HMT can be explained in details. When the
HMT concentration increases, OH"~ concentration
consequently increases leading to the increase in Zn(OH)*
. Increasing amount of this intermediate product could
result to the further growth the ZnO nanorods with longer

length than the rods synthesized at low HMT concentration
[13-14]
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Fig. 1. SEM image of ZnO nanorod synthesized by various HMT concentration (a) ZnO seeding layer, (b) 0.01M, (c) 0.03M,

(d) 0.05M, (e) 0. 07M and (f) 0.1M.
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Fig. 2. XRD patterns of ZnO nanorod synthesized by various
HMT concentration.
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Fig. 3. Transmittance spectra of ZnO nanorod film.

Possible reactions during hydrothermal process of ZnO
nanorod growth using HMT as OH- donors can be
described as follows:

(CH2)6Ns + H,O — 6HCHO + 4NH; (1)
NH; + H,O — NH; + OH- )
Zn(NOs); — Zn2* + 2NO5” 3)
Zn*" + NH; — Zn(NHs)4? (€))

Zn(NH3)42Jr +40H — Zn(OH)42' + 4NH;3 (5)
Z0%* + 40H" — Zn(OH)s> (6)
Zn(OH)>— ZnO + H;0 + 2 OH- %)

The XRD patterns of ZnO nanorod are shown in Fig. 2.
All diffraction patterns are nicely matched with hexagonal
ZnO (JCPDS no. 36-1451) and no impurities phase are
detected. This result confirms that ZnO nanorod growth
orientation is preferably along the c-axis.

At HMT concentration of 0.03 to 0.05M, the XRD
patterns exhibit that the intensity of (100) peak is in the
same value of (002) diffraction peak. This feature may be
due to the fact that the samples have a number of
horizontally-aligned ZnO rods on the top of vertically-
grown rod structure.

Fig. 3 shows transmittance spectra of the ZnO nanorod
film indicating moderate transparency of the film (<70%)
in visible region. For the samples prepared at HMT
concentration of 0.05 and 0.07M, transparency of the film
is less than50%. This inferiority in transparency may
possibly due to the giant ZnO rods aligned on the top of the
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filmand thick nanorod layer on the ZnO thin film layer that
can act light scattering layer or light trapping layer.

4. CONCLUSIONS

This work reports the hydrothermal growth of ZnO
nanorods onto glass substrate with a ZnO seeding layer
prepared by sol-gel spin coating. The average diameter of
ZnO nanoparticle for seeding layer is about 43 nm. After
hydrothermal process, the nanorods possessed small and
well-defined vertically aligned ZnO nanorod on seeding
layer with average diameter range 40-90 nm. In addition,
at HMT concentration, 0.1M the ZnO nanorods are lifted
off and horizontally align on the glass substrate.
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Abstract

F-doped ZnO nanorods were synthesized via hydrothermal process with variation of Fluorine doping contents (0-10%) starting
from zinc oxide thin film as a seeding layer for nanorod growth. The zinc oxide seeding thin film was prepared by sol-gel spin
coating at 2000 rpm on glass substrate using zinc acetate precursor with annealing at 500°C in air for 2 h. Ammonium fluoride
(NH4F) was used as F doping precursor. The properties of F-doped ZnO nanorods were characterized by field emission electron
microscope (FESEM), X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy (EDX) and UV-Visible
spectrophotometer. Corresponding results indicated that growth of ZnO:F nanorods with good crystallinity and grown in (002)
plane in undoped ZnO and F-doped ZnO 5%. The average size diameter of undoped and F-doped ZnO nanorods at 3%, 5% and
10% are 56, 96, 70 and 103 nm, respectively. From cross section images the average length of undoped and F-doped ZnO
nanorods at 3%, 5% and 10% are 400, 375, 199 and 478 nm, respectively. The transmittance spectra shows moderate
transparency (<80%) of the ZnO nanorod film in visible region with corresponding band gap range of 3.25-3.28 eV.

© 2016 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of 5th Thailand International Nanotechnology Conference (NanoThailand 2016)
Keywords: Hydrothermal process; Zinc oxide; Nanorod structure.

1. Introduction

Zinc oxide (ZnO) is well recognized wide band gap metal-oxide based semiconductor regarding to exceptional
properties including wide optical band gap (3.37 eV at room temperature) with large free exciton binding energy of
60 meV [1], high optical gain [2], high thermal and mechanical stabilities [3]. Various morphologies and
architectures ZnO nanostructures such as nanoparticle [4], nanosheet [5], nanoflower [6] and nanowire [7] have been
extensively synthesized and reported. Owing to one-dimensional structure with high crystallinity and preferred
orientation upon growth conditions, ZnO nanorod has been widely used in various applications such as transparent
conductive oxide [8], solar cell [9], chemical sensor [10] and UV photosensor [11]. ZnO nanorod can be produced
by various physical and chemical methods such as thermal evaporation [12], chemical vapor deposition (CVD) [13],
vapor-liquid-solid (VLS) [14] and hydrothermal processes [15]. Many works have claimed that the doping of
transition and representative element, such as Ni, Fe, Cu, Al and Ga [16-18] into ZnO can provide much better
properties, e.g., optical, conductivity and sensing properties. However, there are still few studies focusing on non-
metal element doped ZnO by hydrothermal process.

In this work, we report a facile one step hydrothermal process for synthesis of F-doped zinc oxide nanorod
structure onto glass substrate. Effect of F incorporation on physical and optical properties of ZnO nanorods is
investigated.

2214-7853 © 2016 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of 5th Thailand International Nanotechnology Conference (NanoThailand 2016)
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2. Experimental
2.1. Seeding layer

The =zinc oxide seeding film layer was prepared by sol-gel spin coating. Zinc acetate dihydrate
(Zn(CH3CO00),-2H,0) and diethanolamine (DEA) in absolute ethanol was vigorously stirred until the solution
became clear and was aged for 24 h to obtain the starting gel precursor. The prepared precursor was coated on glass
substrates 8 times with baking process for each coating. After spin coating, the films were annealed in a furnace at
500°C for 2 h to form ZnO seeding film layer.

2.2. Hydrothermal

The solution for growth of ZnO nanorods was prepared by adding 0.05M zinc nitrate hexahydrate
(Zn(NO3),-6H0), 0.05SM HMT and ammonium fluoride (NH4F) designated as F doping source into 40 mL
deionized water. The concentration of fluorine dopant was varied from 0 to 10%mol. The coated glass substrate was
placed upside-down into a solution in a Teflon autoclave for hydrothermal synthesis. The hydrothermal process was
conducted for 4 h at 90°C in steady ambience system. The same process of hydrothermally grown ZnO nanorods
could be found elsewhere [19-20]. Finally, the as-prepared products were washed by ethanol for several times in
order to remove white cluster on the back of substrate and finally dried in air at 100°C.

2.3. Characterizations

Morphologies of the samples were observed with a field emission scanning electron microscope (FESEM,
HITACHI-S4700). Existence of fluorine content in the sample was monitored by an energy-dispersive X-ray (EDX,
Bruker AXS Quantax 4010). The crystalline structures were characterized by X-ray diffraction (XRD) analysis
using CuK, wavelength (Rigaku SmartLab). UV-Visible transmission spectra were recorded in range 325-800 nm
using Thermo Scientific Helios Gamma.

3. Results and discussion

The XRD patterns of F-doped ZnO nanorods are shown in Fig. 1. All diffraction patterns are nicely matched
with hexagonal wurtzite phase of ZnO (JCPDS no. 36-1451) and no impurity phase is detected. It evidently shows
the domimance of (002) diffraction peak for all samples. The result confirms the preferable growth orientation along
the c-axis of as-grown ZnO nanorods. Moreover, undoped nanorod sample exhibits the superiority in c-axis
preferential growth direction to the others. As the F doping content increases, the deterioration in c-axis growth
significantly appears. This feature indicates that the incorporation of F atom may cause the inhibition of (002)
direction. In additional, as the F doping content elevates to 10%, the samples exhibits no preferential growth
direction accompanying two peaks of (002) and (101) with comparably peak intensity [21].

Fig. 2 displays the FESEM images of as-hydrothermally grown ZnO nanorod films. The morphology of ZnO
seeding layer is shown in Fig. 2 (a) and ZnO nanorods synthesized by various fluorine doping concentrations from 0
to 10% are illustrated in Fig. 2 (b-e). The average size of ZnO nanoparticles as seeding layer is approximately 33
nm. The undoped ZnO nanorods as observed in Fig. 2(b) show hexagonal shape with average size in diameter of 56
nm. For 3% and 10% F-doped samples as shown in Fig. 2 (c) and (e), average diameter of ZnO nanorods increases
to 96 and 103 nm, respectively. The morphologies of F-doped ZnO nanorods with doping concentration of 3 and
10% reveal the incomplete growth of hexagonal ZnO. However, at 5% doping content as noticed in Fig. 2(d), the
corresponding sample exhibits the relatively good hexagonal ZnO nanorod with average diameter of 70 nm. In
addition, diameter size distribution of F-doped ZnO nanorods with various doping contents is shown in Fig. 2(f). It
is noticed that the diameter size tends to increase with increasing F doping content.



The thicknesses of ZnO nanorod film were evaluated by cross section images as seen in Fig. 3. It is clearly seen
that the average thickness of film ZnO seeding layer, undoped ZnO and F-doped ZnO with doping content of 3 to
10% are found to be 75 nm, 400 nm, 357 nm, 199 nm and 478 nm, respectively. This variation in rod size of ZnO
during hydrothermal growth with F-doping content could be due to incomplete growth of hexagonal ZnO nanorod
depending on the ratio of zinc nitrate hexahydrate and HMT. This ratio of precursor is no longer at 1:1 when adding

W. Sinornate et al./ Materials Today: Proceedings 00 (2016) 000-000

F dopant leading to the difference in size and shape of as-synthesized rods.
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Fig.1. XRD patterns of hydrothermally grown ZnO nanorods with various fluorine doping contents.
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Fig.2 FESEM images of (a) ZnO seeding layer, (b) undoped ZnO, (c) 3%F-doped ZnO, (d) 5% F-doped ZnO,(e) 10% F-doped ZnO and (f) size
distribution.
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Fig. 3 Cross section image of (a) ZnO seeding layer, (b) undoped ZnO, (¢) 3%F-doped ZnO, (d) 5% F-doped ZnO and (e) 10% F-doped ZnO.
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Fig.5 Transmittance spectra of ZnO seeding layer and F-doped ZnO nanorods with different doping contents.
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Fig. 6 Tauc plot of F-doped ZnO samples with estimated optical band gaps.

Fig.4. shows the EDX analyses of F-doped ZnO nanorods indicating that Zn and O are the major elements of the
sample with small content of F atom that confirms the good incorporation of F into ZnO matrix. Fig.5. shows
transmittance spectra of ZnO seeding layer and ZnO nanorods indicating moderate transparency of the ZnO film
(<80%) in visible region. For the samples prepared at F doping content of 3 and 10%, Transparency of the ZnO film
is less than 70% in blue visible region. This inferiority in transparency may possible due to sloping of F-doped
nanorods with irregular shape that can act light scattering layer obstructing the light penetration through the ZnO
nanorod film. The band gap of all samples can be interpreted from the absorption edge of their transmission spectra
using Tauc equation as expressed in Equation (1),

(ahv)=A(hv—E )" (1)

where, « is absorption coefficient, 4 v is photon energy, 4 is constant and E, is optical band gap. As seen in Fig.
6, the corresponding band gap of seeding layer thin film of ZnO is approximately 3.25 eV. As compared to undoped
ZnO nanorod film with band gap of 3.28 eV, the doped sample exhibits slightly decreasing band gap of about 10
meV. The decrease of band gap with incorporation of F dopant may be attributed to increasing of the defects or
impurities when doping [22].

4. Conclusions

This work reports the hydrothermal growth of F-doped ZnO nanorod onto glass substrate with a ZnO seeding
layer prepared by sol-gel spin coating. The average diameter size of undoped and F-doped ZnO nanorod are range of
60 to 120 nm. From cross section images the average length of undoped and F-doped ZnO nanorod are range of 190
to 500 nm. The well-defined nanorods and growth orientation along the c-axis on seeding layer could be influenced
by F dopant. The transmittance spectra of the films with F doping content of 3 and 10% show less transparency to
the other due to the ill-defined rod structure that can increase the light scattering of the film.
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