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ABSTRACT

This thesis work focuses on the preparation of NiO:Zn thin films by sol-gel
spin-coating method based on nickel acetate tetrahydrate (CH;COO),Ni-4H,0 and zinc
acetate dehydrate (CH,CO0),Zn-2H,0. The concentration of Zn content was
controlled at 0%, 5%, 10% and 20%. AU films were spin-coated on borosilicate and
FTO substrates for several coating repetition followed by annealing process at 300-
450 °C for 2 hr in air. The structural and surface morphological properties of
as-prepared films were characterized by X-ray diffraction (XRD), field emission-
scanning electron microscope (SEM) and atomic force microscopy (AFM). Results
indicate that structural of all films are still cubic phase NiO with uniform nanoscale
grain size. The results reveal that the crystallization quality of the films significantly
improves with increasing annealing temperature. On the other hand, the
crystallization quality of the films degrades when Zn concentration increases. Optical
properties of the films were investigated using UV-Vis spectrophotometer. The
comresponding results exhibit that as-prepared films are highly transparent in the
visible region with optical banél gap in range of 3.74-3.76 eV. Coloration of NiO:Zn
film was generated by UV/ozone treatment and electrochromic processing. The
coloration efficiency of thin films increases as the amount of Zn content increases
but decreases when annealing temperature increases. It can be deduced that
annealing temperature and Zn concentration content significantly affect on
structural, grain size, surface morphologies and coloration efficiency of NiO films.

Keywords: NiO:Zn thin films, Spin coating, Chromic thin films
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2.1 amﬁﬁugwumﬁmﬁaaanhﬁ (Nickel Oxide; NiO)

Tnifasenlesiduiiinumaenmssn wazlimahluusegndliluausneg Wewnaud
lanruvesiinfiasenlesmansyszns wu Tarmuaiiosmaniige audEmalnih audneua
autBnawimdniia udu autRnugiuvesiinficeanled wanadansidl 2.1 uardesnms
thilniiaeenlesluyssgnaldiiugunsaiviediutsenatvesgunsainnieg 1y H1veuummel
wuweiniall uouRinelsuuniudn uazdidnlaslasiin (Dudu dnvurlasaivesdnia
sonlesiiulaseainauuy Face-centered | cubic isdidnasewanasiiniinsanlyaiing
Wasuwas 10 Ni° 1Ty N WEe NE T iRsmnmaedeuiiveaszy dwansenuspaiaviaua
Tnslangnsganduuastugiuinineaiiu dmaliiianswasud wazthluussgnalilu
gUnsaiddnlnslasin Faudiusingrasaivisssdineniees o

a1l 2.1 autiARugiuvasiiniiaeenles

Properties

Molar mass 74.6928 g/mol
Density 6.67 o/cm
Melting point 1955 2¢

lonic radius 0.69 nm (Ni")

P | | 24 - - (3 .
gll'n 2.1 Taseasavestiniiasenlenuwuu Face-centered cubic
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Properties Properties

Atomic number 30 lonic radius 0.74 nm (Zn™)

Atomic mass 65.37 g¢mol’ Isotopes 10

Electronegativity 1.6 Electronic shell [Ad 3d" a5’

Density 7.11 gem > (20°C) Energy of first ionization  904.5 ki.mol "

Melting point 420 °C Energy of second 1723 ki.mol”
ionization

Boling point 907 °C Standard potential 0.763 V

Vanderwaals 0.138 nm

radius

2.2 am':‘ﬁi‘w'unguaﬁeﬁ (Zinc; Zn)

FrmsedanzAaliusmlunswdty Tdnvaniulansdeniu finzdliavesntinduiiown
fen fie zn”t (3d) dissnndesiiBdnaseursududily d eestva asuszneures Zzn”
wadosnnuarliild dnzddulansiieshreufndenadl luemmstuiontivesdinsdeziin
Wuudndaka13veiun ZnCOo,-Zn(OH), UnpauluutiuRanuig Ussfiunainniou uazd@n
gnesniladaziinliuiioenlys (zno) Unequinwinduindeuliswauindeumdniietiostu
afly s nsaves dereenles fdvnainuinit Jltidudunailudnesdrmuaslu
dlwans Taoviwiiduialni @eu) dumiRfugumeded udniiesi 2.2

mAfeihmswserRduuniinfesenlefiednyauiansidsudvedfiduuiie
nssuUNMsMaWasud 2 wuu fe mseuleleu waz dnlaslasiin uasyimaRudssansam
nswasudfemsiieansied ssndediiautRfisvanaysznis ua zn’' (0.74 uilums) i
saillosaulndidseiu N7 (0.69 wiluwms) FklumAdoiisadendedduasilideluiinga
senluiiatiinsy@nsnmeny vedinfaeenlus

2.3 msusuiudvsaing

mMsusaiuingiidneg fu esnuasdfiasiiouddiodmin Suditedondn 3 Usznm
oun uaensenuing uasainingasvieuiingm uasddfiegluing uanduduiisewdu
wimdnlvih Faduedumuiifiemansiedeuisarniunsdu dwdutaiiGendiuaniy
avaglutfimueaiudedinnuemaduussana 400 § 700 wiluums Fguil 2.2 Uszneuss
7 818U 3 s iRy 1T widies du uns vdaidend uasm (visible light) Tageneq 163y
uasslimieaiy usinduiiuingiidiisieiusenly Ansnasiiuasysinumsg iaguis Tagifu
pMgANAULA NI RAIEIRUYEsganBuauavelifimssaniu SuagivauTRveusias
Yo Ingitlaifinisgandu uasneamsonsqinlinningiidediden Snqfigandunnaiu
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\Tedougandusduuadlutismusaiiu Sidnmseuvedlessulansiiagluszfundanum t, 1in
mswasusEAuNSlUSsEA RS e, Wussdundsnuiigenit Famdanuuadigandul i
fififumsssnitmdanu t,,  uay e, 8a30via wievuin 4 vedlessuFFouiiuies

o o [ - - - -
ANUAUNUSTEVINNAINU ﬁ'J’lUﬂuﬂﬁﬂ'J']ua'l'lﬂauuﬂﬁlﬂu'lﬂﬂ'luauﬂ'ﬁﬂ 2.1

AE = hv =€

Wio AF = AUUANANTITLAUNTIIININ t5, UL e, 805UV

h = AT INaIn

v = ANUIvRmTiganay

A = NuEMYBIRgANGY

C = ANusIusuas

1h1ng]m1nm'Jnquﬁmmwnrmﬁmﬁnnnauumm'iwmmaﬂnammnummmam A
NN 2.1 ﬂu’;'maﬁnnnauuaemmmam (uammmauau) uaammmaﬂnau
WAW AN WWUﬁ?WiTﬂ??ﬂuﬂﬂMﬂ&ﬁﬂﬁU“ﬁ'@m:M']"N ty Uoy e, 293Ua wie A fifm

v W w L) o ae o - = i - W
un 11m'1~!ﬂﬁuﬂun'lﬁ'l'mmnmiQﬂﬂaumﬁ‘lm “aﬂﬁquﬂﬂ'ﬁﬂﬂﬂﬁuuﬂzﬂq Adauan

i

[

1l

1l

X

nas @A)

6,

o @ = @ a o w v - e & -
FUN 2.5 MIIALTBIMTDIBENATOUTBINIDYNGNIUTTUT (1) an1Iwwu uay (1) anmzn

()

AANAVNIA

t

18

1

1l

111

2g

()




25 Us'mgmsainmﬂﬁaua (Chromic Phenomena)

JnguansulisdlaniAnisdoud Yaquasudnindduiuivn fadulld vSendeunnd
wilufiudndviis mswdeuiivariausedunaiumsdsunadéfmenuyviviensoeaey
é’oam“}:aaﬁai'ﬁwnuaa madsdtuinnniagiinsdensumsganduasmsnzgiuteius
Fedsneq sstuify mniEnmenmussautimand unswisudvadiagefensnssdun
dnszfuaeuen dumsidenisusngnisanswisuiuluiusisvesdianssdu (2] 1w
Usngmsailnlalasiin (Photochromism)  Aemsildsudaindladuilid Amemsansuas
fammlaleian Usingnisidnlasiasiin (Electrochomism) wWaudaneldujizenssndiedu
wioisndu laonsinenszualwin Usingaisalineslulasiin (Thermochromism)  wWieud
maldnuiou Wudu Tullaglunswasudvesinglinuddglunnisi mszaunse
iluuszandlilananasu sedwiiviuléia Ae dygngiiesnes wiuduuen wivesades
Wusu nsudaniuiuees ardendnnisnisidendiunisgandunasnisnzgriuuaseeding
Frfusasiruwiutuunsssindanuiosss nszwiuiuueeiinisaaniundieiluuidn ms
\denusingnisainisiAsuivsegndlifuguasal Fufuainumizanyesguasaiinly
Uszgnald fwegeitandumiseit 2.4

< © & < & ar & ]
AR 2.4 mahunngmsansieudludssgnalifugunsalegnavensan

Usingnisel FINTTHY mailudssgnd
rllalasiin ua wuwed  Aufudeyavnuay  laud
wiua

o » s » : -
waslulaslin AT Fnistigamail
Bidnlwslasiin nszualnin MNEN N5ZIN IDUARIA

- d a

lesaululasiin laaou winwmaiulesuvaslons

a o o
2.6 Uingnsaididninslasiin
rghiimaasuauitnuamiedueringaeldnsnssiusmsaunliit  uazannsa
< w Y va a v & - A o &
wWasundulunduinladeiimsadutiaunlii 15i3enusingmsalitin “Usingnsadanias
a ., o v o o - P &
Taslin”  damsdsudveringiinnnmsfiimgimssenduuadlugfinueaiudauudaly
LﬁaLﬁﬂmsumnuazmsmﬁauﬂaan'nawsuQma'lﬁamu'lﬂﬁ'n [3] SK Deb [4] WuEiSufinm
Weduusngnsel  Sidnlasiasiin Tutae A.e. 1960 #u3EM American Cyanamid 'lutls.,mn
andgeuisni uanwuusnvaamﬁnmma'm'u'd‘mngmmlmanimﬁﬂiunwmmamuaan‘lﬁn
uazweunsremssuzlul aa. 1969 Japiniunlfidududidniasiasiinivs ssdunid uas
a e @ - o s o - <t - & o a
aveliunid uardvesimquideuandla (Judenq wleawdeunndniialuddug Jusgivuina



vosTagininlfidutudidniaslasiin 1Wu Aveniamusenledudsusndladuimhiu dves
fnfasenlsdwdsurndladudthma Wudu msiiesnswdsuduulassainresgunsaisiin
Toslesiin aarsadsuuiiisuddnisslasiniefievuasazaeddninslos Swdnsazns
Wedulaswaiwesdidnlaslasiniinademiliussgndldnuiiuandniy  Jusgiueau
winzanvesgunsal  uazanuiilumathlulszgndld  dusnnezifeaiugunsaimaua 1oy
Fnmesiln-Dauas (Lisht shutters) nszanuiuiUdsunisazyiou (variable-reflectance mirrors)
waznszanmisoous Wudu  Tuthalszana U 1984 dnidelihauiRuesdidnlaslasiin
finam  Uszgnalifumeluladiieniumsuseudandanumelueas meldundn wisn
9a3eg (Smart windows) [5] Ai-ammsndiiatSimmua uasndanueuieunnmaeing #
suthnsludeimsle semsteuauailiih  dwmaliludieansiiuasainined wazannns
Ynureaeieniiuaimea Wesmnmmeuiidigsnaisanar. tenanfmemsud nsan
audnlnslasiinannsablulfusesust Wisamimaug fiinssanduseiuszneu fegnmath
Usingmisalsidniastasiintuuszgnalduanidasui 2.6

ﬂl{“ﬂi(l [T 8]

whaname

Ui 2.6 Fegiimsiasangnsddinlastasiinluuszgndld
(#iu7: http://www.isr.umd.edu/~austin/ence200.d/software.html wazC.G. Granqgvist / Solar
Energy Materials & Solar Cells 92 (2008) 203-208)

2.6.1 szuunMuYegUnsaidianiasiasiin

Tnssadiuguvesgunsaididntaslasiin - Mguii27  wamimisdaossdusenautes
gunsal  Sadulassadresunuuilflumsesuiessuumsvnanuvesgunseididntaslesiin -+ 3
dulszneuiiddyy 5 %u Ao Futansesiy tusnhlusda dudidnlaslasiin dudmilesou
wazdufiulsyy Saudazdndinihiiead (6]
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® YudanI8diu (Substrate Layer) Wusuildidmivsesdutudnhlusidlavasduitdy
adnlmslasiin  WutuuengavesgunsaididnlaslasiinUsznuegimuuenisassiu  ukazAu
..l a -t » : 3 :’l : 1 ar » .
vortuTagsasiuenssdszneumetiannnd 2 du Buegiumesenuuulasiainresgunsal
- g o (Y & o Y| = 1LY of ct ] - o »
duanlaslasiin Anvavestuiansediudnannlisuliianiitinuluslaieihluvssgnaltam
iR Jaafideuld iy nszan nanadin Wusu

- W o

o Susmilussla (Transparent Conductor Layer) wie #alwilusela dwihiidu

uvdsienszuauasBidnasawingiuidudidniaslasiin - autRvesdudnilusda Ao A
Tusdla e wavauamu iy Sufsuiiusenlen (in,05:5n, IMO) Hiusenlunliasms
NgeeTuSn,0,F, FTO) Fweenlvaliemeduidsn (ZnOdn, 1Z0) wiedwesnlvmiiems
sgiifien (ZnOAL, AZO) \Judu Fasdnamidianvamewsvesionuasiodouaniaiu
gnfiegn MO fimsihlwihia willmdmmudeuings deswnswdudsudusgimen
vie FTO wuslgniidusesisgumpiignusesiugs deatidimeianundusmilusdalitien
ganguge Inensugniduasuugiusasiunuunatain 1iu polyethylene terephthalate (PET)
wemmhluuszgnalsnulsmanuany

e tudidnlaslasiin (Electrochromic - Layer) iusuiiinusingmsaididniaslasiin
FappinnliFasimiAnnuiudidniasiasin Ao Tagamnsodsudvisidsumniinaua
aeldnisdtwauiii Tagidauadidnlaslasindnsarsduniduazarseiiunis 1y
Waaueenlua dniasenlen Lilelawy uaumilus wie mialvenlund Wusu

o Juimiilessu (on Conductor Layer) Wutuduiinlossu visdusriures
lossudiaireauniwinirgiudidnlasiesiin uiuilagnsinarvasgunsnl audhvastudanh
lesuasiinminlessuiifuazlessuiinnlfnuasiifungeig fvnadn iu v L
oH iusu Tunmirgunsaisiniaslasiinluuszgndldfumisedeniesiu Susnilessums
firuiafiesretedyiae iaiumgnsldnruremivsieie: fuinilesuiivasdmn
arsefiunid awasauualaidu 2 wuuAe wuuiluveunad Sondy ddninslad  (Liquid
Electrolytes) wazuuuvaauda Sunih Tudadudninslad (Solid Electrolytes) wiatusmilassu
dmiumsihgunsaididnlasiasiinlyussgnaliludisusydndu ssuuvesgunsdidnlasiasin
msiureadaiaszuy uastidnilesudussimimdudsinlessuvinfulilsandidnnsey
Wy Ta,05  Cr03 wie TIO  (Judu dwdidninslasuuuvsamaimnziumslaly
vamnaanienuide ewinauamuiitiesnididninsladuuurewd venvniigadinsih
a"mhzmwmsﬁuw‘%éw‘%awa‘éLuai‘u'\'l'iﬂflui’aq%’uﬁ'xﬁw'laau Ae Indlatiaywmesa (poly vinyl
buteral, PVB)

o #utﬁuﬂ'ssq (lon Storage Layer) am‘:‘d‘waa'ﬁ"’wﬁuﬂszq fio 1l uazeniiniohi
fieimddnlsTastingoudne uituAuysseliandasidnlaslasiindause fufulssyinns
WisuAuuuassiwsutuddniaslasinndn Tutuivussauisautiondiil {u 2 nsd Ae
nsi 1 Fudnivlessuliilfnanlessulifududidniasiasin Suifuuseaiinthidudivisy
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uazdrslessuldtududidniaslasiin uaznsdin = 2 Fudnilessundnloseuliiutu
diudnlaslasiin fuiiuuszaiimiitidunisinavesnszuaniesenia inniimeididninse
(couter electrode)  TummiiluuszgnAliany Fufuussyfesiimmalusidagutudeni
safUszneUdu vesgunsal Bidnlaslasiin

stuumainuesgunsaididniasiasiin Busnnisileuussduluszdudliiusasani
Inilusalavisaesinu Sudnaumiliiisswindaiindiniaes lossuviegludidninslassa
indouiil-ansewintuddniaslasiinfutuivisyy ammandeuiidwilossnedlessuluiu
danlaslasiinduwusiunsiin charge-balancing counter flow vasdidnasauiivdesaanun
nntasnhlnilusidla dwadensidsuarmmnuivvesddnaseuluiuddnlssiasin
'ﬁ'atﬁﬂn'mﬁ'uujﬁﬂuauﬁm‘sgﬁnﬁumiuam"z‘an'riulﬁﬂuﬁ'lué"u“aﬁnhﬂﬂiﬁn uazdianaseu
waseglutu Sidnlaslastindasulailoasufncey Afushgunsaifadmginssuuuasesidn
(open circuit memory)  auiAMILATSRwgludaziisalY uAiTNIsMINIEAUTIN
meusndsuwlad Ae Inmsieunseduliilufiansding wetinn1sdnaees ( shortcircuiting)
aunliihesiienisnduiin dwaldeauiBnisaandumtanduganiesusy wiodveatu
dianlaslasfinnduganmidu

= v & fa a
UM 2.7 Tnssaswnuguvesgunsadidniaslasiin
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Anedic Coloration

— .

electrotyvie electrofvte §
| %)
=
5 2 : .
Cathodic Coloration ON OFF
[—. & r. - .‘l

JU 2.8 msdefiemsmateuussilifuiuTanBidninslasiniauuuualninuazueludin

nsideudvesianBidnleslasiintuamnsouwtiold 2 wou mumsirdsuiivedlesou H T
Hudidnlaslasiin As

e mswasuduvuualnfin (cathodic coloration) fie Haudianlmslasiin aglu
anusd vde insnzgriuvanaw meldnsideuiivadlessuuiningtu
adnlaslasiin (insertion, intercalation)

o mswasuduvuusludn (anodic . coloration) Aefiddidnlaslasiin aglu
donuzd w3e finmsvzadmvowasdi maldnisiadeuiivedlessuuineanain
duanlaslasiin (extraction, deintercalation)

msdafiamanisiounsstunienisretalifutuiasBidnlasTasinauuuuualninuas
usludn luanued (color_state) ‘Wazanuzla(bleach state) A13Udi 2.8 Tandidnlnslasiin
wuuuelnanudsuuanusdileretaaulitususinlasiasiin lessuanandidninslan
iwdeusinluunsnlutuidudidniasTasin Rdudauvdsuananudladuaniusd waziiosde
Favanlifusuiaudidninslasiin lessuidluunsniidsuiinnisindoud Fuidu
idnlaslasindavdsunduiuaniurladnads viinvesdidninsladiideuldfuian
ddnlaslasiinuuy uelvin fe Bidninsladdmannin dwdandidninslasinuuuueludn
Asemssimsuuuuusingn Aewdsuiuanusddledetuanlitutuidusidnlnsiasin
losauvaniadouseenainduiidudidnlaslasin uasdetraulifutuiidudidniasiasiinge
doamswasuduaniuzla faguil 28 Tandidnlmslasiinuuuuelundamnziudidninslas
swanwua lesnndidninsladgdmaniiiuasiisulusneusinansdu sufunsideniinves
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2.6.2 amiminngmsaiddnlaslasiinvesatslanzeanlen

svieanseiiuv3dlussiszneuveseanly AmniRddnlaslasintudunnaglusn
nsuddu lugudl 29 uanssrgmswdtuiitiautadudidniaslasinuazseyviinves
dudnlasleatin fieunsawiddidiu 2 Ussinfe ualninuasuelufn switliaudssdnlastasiin
wvuualnnwulusenledvessialniniden (M) Tulewles (Nb) Wudfidn (Mo) ummndu (Ta)
waz ey (W) Wusu lunmiNereddnlaslasiinvessiadmanualnan Mawulaiuanu
alauazanuiismnguansuseanauiallagiu wessgiitauiaddnlnsiasiinuuuueludnw
lusanleAvessalasidisn (Cr) wuanila (Mn) wian (Fe) Tavea (Co) Tintiia (Ni) uas SaiAey (i
swiieuliluns@nwuazideveanguusludn fe dnfasenleduazdiifen dusmmuidsy
(v) fautBnswdsuiiualninuasuelufniuagiumsdudduesndiau - sansfinses
Baba ua® Yu [7] wui senlefvessimundannsaliuamsarinulavun wisRauiinnw
sdla 100% 1dun lmndien dniiaseniys Nb Luamin unuma (Ta) 3dey uaz Neawau
W) UanasamIyIm 2.5

nnsiaUfisnmsiasudvesianuuunalnAnuazusludn fAaLuUAsIT WUt
aumminmszgnAiaissanEnm fguil 2.10 endednuty Tawusenladuianiil
avtmsidnlnslasiinuuuuslnan uaziinifasenludiuianiifiant@sidnlasiasinuuunelufn
dedansznuiudutudidnisTasinndnuazses Wellimsnavduiolnih Samiasainns
wandnieutunelinmaedouiinainuedasy Maunsalannsaganduuaddiiuiu uadi
doritupsnindwiosns uandlewdeuiinnisnszdu Janasuudeuiualanfouiu laen
mstimigisenfinsedieiudennsminnissgndiaianszansnmuesgunsalbidnisslasiin
aulAiirvesgUnsaididniasiasiin A AMuuAnABdsENiaaIanuzdlefinsnsz Uiy
ndufimnisnszduge ewnslianunisinnunmugs wasnalumswdoudves 2 aaus
HagUuiinideiimiuaulaieafuguasadidnlasiasindelinsusuleauiasnages
gunsaididniaslasiin Frznamsehlvidemammmunamiieiifietes
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= woa @ = ar
JUR 2.9 mansuansaunaianiaslasiinuassianiuddu

e
N
:

< o wr = a vy o A oa a
JUn 2.10 s Tanuuuialninuasuelufiniuszgnalisaumuieiudssaninm

Cathodic EC film

Anodic kO

] ‘ i oo Y d et asc
ATNN 2.5 A IANNIIYRINTIVERHIYTEINAmar st mTUasudve TanillauTR
adnlaslasiin
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Tan mswapud Tusala 100% laseain
WO, C v F
Ta,0s C v F
TiO, C v F
V,0s C/A x L
NIO A v L
Ir0, A v F
MnO, A x F
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2.7 UnngnmsainmanldsudveManuiiniiassnlun
maAmmMsuasudvesduuniinfasenledlasuanuaulannuaengumids Unide
TinsAnmaunsmswasudvesiduuinifseenles  lasguuvuilivesnsuideudves
Fsuvwiinfiasanledde Ni(OH), iy NIOOH Wdudinfasenlsddourndlath@iwna vie
TumajiSeninend eglugu Ni°* 1y N7 (8] TumadeilldvinsAnnmswdeudvediay
uniinifiasenlesmonszuiunswdoud 2 35 Ae Bnmatoyileley uasTeaidntaslasiin

2.7.1. mswasudvaduuniinfasenludnieldussenagi/laleu

(UV/Ozone-induced coloration)

NIMAYBT8I A Azens uaz E. Avendario Ssweglungiidorazidaiu wuiiduum
finfaeanlermunsawdsudld maldussenaleley  wasmsAnsmswisudme i
Hudiuwsvaneluiiegtiu uaznalonswdnudslifinmieouivumenaide inideaiitlg
swsndeyarmninsiulunsiianisdsudvaiduiinifasenlednieldusseninleleu
nnnsAnymuigUiuumsiisudvesiid@uniiniiasenledlaeialy As NIOOH wazaunsh
inldgsuneusngmisaliife:

NiO+OH < NiOOH +e— (2.2)

wuimdainfasenlessannsawdsuiuanusdlddeing on 91 Wiluunsauuuinves
Nauuniniasenled whidulusmaumsit 2.1 arsinduudnfasenledannsonfeudls
vatenaiisnnan senduuluusisnialaunssiufeuaginiindnug iansuandauiu
2EABNTBIBNTIIY 2 M1 uasinnissindivesntiauluyssemeananaiuleley nawiniine
Telmulaunseauimsuag’ elelauwsndaidu fesendlaunaresnsursissniioy iveznen
vesenBuinudiuiienduluussena naediu OH [(10] faunnsii 2.2 Anfudle
induuniinfiasenledagmeliussenialaloy wj OH fimannsaeyi/lelou Judqly
unsnuuRuRITeRdUTiniAaeenles uazzluuuiussnaediu NIOOH  wiuitd@iinida
senlATuAnnsUREE

0, +hv——>20
O,+hv—>0,+0
0+0,——>0,

O+ H,0——20H (2.3)
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2.7.2 nmwasudveMandinfassnlviuuusianinsiasin

msfnmnszuIunsWasudvediduuniinifassnlenmeiBaidniaslasiin aumswents
WisuameisituegiunsrunswsRRauaswenguImATelimeneiigninanns
Afrundululdvesnszuiunisidsudvaiduuninifasenled lnsfiarsanaafiduun
finfiasenlusfiguasluansazaedidninsladlaifoulensenles  (KOH) wuimdmniduun
finifiasenleajuluarsazaredidninslad Rauiinfasenlualijuuuuiussnanedu NKOH),
NiO+ H,O0«— NiOH), lungu3dewas KK Purushothaman, G. Muratidharan [11] AinwnTs
Wandvesiduniinfasenledseisddniaslasin uasldmumuansmsudaudveidn
vniinfasenleivmarinnnguanidedug Guduaunnsil 2.4 mswdsudvsdiduuniinga
senlwdlinanlusnauasBiinasou ndeufisansnfididinifineenlen uasidsupuuuiuss
fiu NIOOH uazwdsunduiiiuanusladiefizuuvuiuszidu NKOH), Fuduguuuuiussiiid
fidla FanrswdsuzuuvuRuszan NiO iy NIOH), WaTamsasaRussvuRuRIM& NG
vniinifesenlesjuatluarsasaedidninslodinsunadelonsenles aunsit 2.5 (sain
Ml O #ldnasazameddninsladinsunadelonsenlediluunsnauiuiiialaswdn
vaduasirInMsIndoufioenuasdidnaseu duaumsii 2.6 iesnngulensendaindou
iilunsnluuaniiveesiniasenles wasRdubifinsasugluuuRussnianuasundug
aouzla snaunsnwasudvesiduuniiniasenlvdfilizutvuaumsivannuaneiddail
PLiusuvalatmsIuAnsnauntsle uilasaumsiliiiduiiseuuanniigareaumsii 2.4

Ni(OH), «> NiOOH +H” +e- (2.9)
Ni(OH), +OH ™~ ¢ NiOOH +H,0 +e—- (2.5
NiO + OH™ & NiOOH +e- (2.6)

2.8 ASTUUNSIARBUNANIUNR

FowdeuRdauun (Thin fitm deposition method) annsadala 2 Folvgq fie Tomaall
(Chemical method) uagimRand (Physical method) [12] lasusasSidumsvinlnessneu
wisluanavesnaideulunedithmduuiansesy  ddmasiifertesiunsmelessuy
nsdanefvesasUssney uazﬂﬁﬁ‘%mswiwﬁ'mvﬁa-uaammf‘\'u’faqsm%'uﬁ'u

2.8.1 asndisuiduuIdILTinaail

mMsiAReUNdIUNLUUTEIMEENSTEIIMLATT (Chemical vapor deposition: CVD) 13
indeuihsasindauluanmzieliludaGssnuuiansesiunantuizdwydmiuarsiinh
Tngundansindeuazifiuesdusvneuvivesansuszneudslunniadeuuuinvesiansesiula
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nanwany 1].;‘]ﬁ'%mﬁmwa‘hLﬂuatha?ia'lun'ﬁmumamunﬁ fnvushiawee: (VD Aeld
gamglige dienszuiumstiunndla drsmanniadeudeuing uwiteidve aviadeusvive
g Hnssuisreuingen waniewnfneilliiie dnfussuuedesdiodeiadimuniaands
6Y
dudnlmsiwaniy (Electroplating) wiemsiadeufduunmeBinduail Wunsiedieuin
Tanssaelans Tnsasindeudesagluannislessuuinluasasasdidninslad ddleseuuani
andlususmtuiUssgniauiiminauasBadadianinaty Aafuainedaduianiideants
\ABBURN
ddnlnsiaa wwand (Electroless plating) viemsrdauwuuliinduall Wunmsindeuin
Tamznivelanzilalashidaldauwininmeusn nanfearseiiviiisnelmnsujiseniu
Adnndlalaghifiauainih Hilflaruvenvaisun witmuaulden witimnsdmiuagsy
Hdreuuielans uasfnfifesnaadeuiiduusuuinelavs wasfinfidesnisiadieuRiduun
fuavnauvialuanarsuindluieldmnsieldisuuuiu
2.8.2 msindiaunfuunRI8ISNaREnd (Physical vapor deposition: PVD)
mstadeuiduumeTimenandlilalunuivanvansuasiivesintiooninisnaed
LidsRinsanitsedeu wiatansesiu mundauRdusmeisneiandaWandnmaili
avABUMARBENAINENTRNsIAAsUUSIARauR LU nRnuuRavesTansesiy uaswenmuduty
Aanmmeldanzagnne masieuRduiheTmiandUszneues 3 uney Ao
1. aianadeuliiiuezeey lana viseynmaninuvesiniia
2. \ndeuiwanedeuludiiansesiy (Substrate)
3. Wliasiafeumuuiu waziianswemuiudufiduun
nas R UsTIEINeTABNTRIAsIATBUAUTARIETY uazqumglivesiansesiusniu
dimusaEselununs Tt sIrdsuUURTesansessuiy nidsuitdneig®
aRdnd UseneumeasyiondnAe Toalaneia uarisssveans
alaneda (Sputtering) Wuweiiansiedouiduundnviianilsderadulan: s
s wieawuila 'lus.,uuuLmumusaequmaguuuaiuquﬂnsmmmmsauag'm'lnma
wugamgiliudusuguses lusasdeuduildn (gumgi 150 - 250°C) wasmetunlnaesdi
W FaduTasiiesvinisindevasuutkiuguiineg vinnsgeeimasenanuuuiues auld
ATFUALNTIRBINTT (background  pressure Bl 10°-10° Tom) Mimiuszimsllou
usasuArgeliszuingauelun - ualva uazuiuauduvesindes fevdunlussuulid
ywmudeis (egluti 0.02 - 0.2 Tom) wiwiniufwdesszunndidulessuiiscin
aunilwihengailiviuth Soihlerseuvienguesmautasianfenaringannfowintunehn
VFOLARBUBIUULHUFIUIEN
Feszimeans (Evaporation) Mstedaufiduunheiasumeansisuadusnlul aa. 1875
a5 und (Faraday) Wieiiamsusyueaduaindniludesgyeinie desnlull aa. 1887

121429
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umiiiant (Nahrwold) annseaisiarunlanslniosgggnalalul) a.a. 1888 AuAi (Kundt)
\ndeuiidunmaneviln uaxTardviinmvesiidiiniy udaesulanadiiiaeiudd an.
1946 lalimsudaRauunmeisssmeasiulsanugeamnssy msedsuiauunmeissve
amdumsiimaedeussmaduledesruiauluaggnia (Arusulszan 10° mbar &
1 bar = 10° N/m’) qamiifilifineglutie 200 - 600°C AsasAusunsmilngliiesgu
pmAsBnIYBRAINABEailaLe v‘h'tﬁmaqa‘uaaamﬁﬁauﬁizmaLﬂulatﬂﬁauﬁlﬂfia
Fuduidueduminaueiitvediansesiy uazTufudwniuarnsindeciansesiuii

2.8.3 mundeuduniienszurun1slea-aa uuumpnaasy

nszrunEwisuNaNURGIEElYa-19a uwumpadieu unsrurunswisimaaiivuy
Jen Assuemadsnduegiann dewmnidunssuunisiiiussansamiia Ae mssuives
wnimanatﬂumammnu aﬁﬂsunauv'ﬂnuﬁmusansga aqmnmmmana siBomn dwalil
NuREmnn aansawouléfiussemeund duildimuukuasaitaue uashesenisdn
Auflunaeieuid@nanugiusesiu Samnsadiinnlilumidondsd

Tagvilunsruaunislea-aa fe nssviunsidsuaniuzanteaaifdenit “lua” &
aglugUvansansssiidvuneymalsznm 0.1-1 lulasuims wWasuduasidienumiing 3
Sund “1a” mswieulva-waannsovildlasmseauansasiusiiasieg lulSinafvnsay
uiniliesymawaiinszaesegluguvesasasasiianmiiuneaassrosaaios uasns
Aasadiutursumsiisuwlarudviuresmsazans Tasmssvaveunmsentiung
apiasmuansazaeviiawiminnieuldiannuieu (Magnetic stirer with hot plate) ¥dsan
thnilva-ea Aldunisaiduvisieiinuadou Fudunssuaunsugnitduusiiends
S wesmsmugusasduieWirtuRGITY visiunussgndlitfunisuiiaTanlsedn
vannvane LU wiiin uezdilolwsidin FanszuumskBRuanIRegUR 2.11

FumaumswsRdneiis ety uanwigui 2.12

1. vepasazanslva-aniwisuliiielflunsiAsoaiidy awuutansaesuiignanliii
aIMAVUTINIBISY (Wefalamsassullunmnaiivanza

2. Gumsmyugusesiumeanuniimii evilimsazarslva-isanszagluiaian
sesfuuarfuduiiivesnaniowihvesiansediu

3. uEiveamsmususesiuiugetu Tudsusie uasdnnusevvesmvyuili
arumdnilenimmuvilaveasavarolvatea vihldduvesansavaroleaiaa Aosq unas
naneihiduuneiisounasimuminaneinigusessu

4. hiansesfuiiedeuiiduuniieuiesuds gnszurumssaimaewnitazangeen
nenefuwhMdunniideveguuiiawifansesiy
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JUN 2.11 nssvumswisansazanslea-wa Mhldussgnaldiunsnaniansneg

\
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JUM 212 nszsuauntsiAieuiduunmg oy

Film Thickness sy

Film Thickness sy

Spin Speed m—— Spin Time  e——

(n) (v)

J ar ar & i & ar
JUN 2.13 namuasmuduiusssninaamueesiiduiu (n) Ammuialunsvu
waz (1) awlglunsmueiou
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Heduiifiruddgsonumnuediay uandguil 2.13 (nuax(v) fis Sasusa szezinm
dlumsmu  nessmevesans  frdesualunsmunieng  wasssesnaniildlunmsmu
wisuu  AmvunveamlsTianyuze  uslumesstiwidasidlumsmpuiesn
wazszpzalHlummuedoudu Amumnvesiduldidnyusmn venvniimnumiinves
ansavanslya-leaiinasion) uuvesila Ay

2.9 wuinsAvasfenunatuInvetesnauuaslesau [13]

2.9.1 mudsuvunsidunuil (substitute solid solution)

lunsdifesmenvesnsiiosiiliaglusaniitloenisunuiiernealuleseadrudnuasans
A faguil 2.14 (n) Tesozmeuvesasilelulasiaiifiasgnunuiivsfesdinusdondaiu
fio

1.1 Snliovmeuiivuwmanaiubiiu 14%

1.2 IR iaudivinfiu

1.3 finussnulwiuadiElectronegativity) aedudntesvilvlitinanusndngnalii

2.9.2_mufBuuun1sunsni (Interstitial solid solution)

lunsdiiiozmeuvisloveuresansiionsiodivwindnweiisraunsounsnidiluagluiiing
sewihgevseyasansfisth daguil 2,14 (1) Yililesseardnesansiaitigmihmenieiin
msfsgUludniun@easfananiseuisodelalulFnution

Substitutional Atom Interstitial Atoms

(n) (v)

= kg - ar
wﬂ 2.14 M50 (N) WUUWILNUN Ua (U) WUUUNINAT
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a a a s ey
2.10 1AT2IUDAATIEVAUUALANIZN Y
‘ - - - : -

2.10.1 nasiinTsisalasamandsmatindannasauuYesSItand

(X- ray Diffractrometer : XRD)

lumsiersimsnsianisidomwuresiddnd Wumelianteuldlunisfnmanwus
Iﬁﬂa%'wnﬁmma'ﬁu.azLflun’mmaﬁQaﬁmné’nvrﬁv’?l:.iv‘i'\awmsﬁ’mti'n (Non-destructive

ar - - - € o a wr |
method) lewadevdnnis msianisideauuresididndiannsenumhaanvesarssieeaan
' w - ar " ' - e @ e @ - o " -

AN WewnasmssusarsiainsinEsiiwarruisvemaniunndniuy suuuunms
- o ol ¢ e Y et e o & - P
WWeuuressidldndudinnannssnumihmanindudnvuziamizresasiug - ke RATII
laszgminlunSsuisuiuguteyainassiu JCPDS) wasyy ignmasAusznautesasietn
dnwazaulundnuasian Ao exseumelulasahainmsiaiswniuesiusniou uavdl
dnvasiiussunudussmnuiussasssnusvegieiuduszer d dwandluguil 2.15 e

[ -4 8 " - 4’ . - el il' - 3 . - -t d'
sTEevii d A uanmanulUTuAUsISLTATOmEaN Wei @ endnnAsENUNUSSUTUTEIHANN
97 D uaz B i 0 fuszuiy udaviousenuneinssnuiiuv 0 rasmuAvresiidiong
4 -y " # [ - - o - - & wva
Vagaadigwiniu AB + BC Fuvianu 2dsind lssmsuvsnaeauvuiasurasiadweiisntulidle
NaR AL EIERaNEiAIYIIY A Tee n dudnudin was A A mnusmAduYesdeng
Julumunguesuusni (Brage’s law) Aaumsin 2.7

2dsinf =ni 2.7)

—e—0 - . © @ @

1
]
.

Ui 2.15 ngueauusnd
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fdrmroumftng ~ 40 keV ;
. Intensity
oinlfxaon all alily 4;___ K___
"i % % 3 ;3-}"“_
Insfnwuzsiawi:
| ; ; :g wrtlilidham Cu
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118
. “ 2 0 :g
VWA K,
1T e W\

U 2.16 (n) mapsidinisddng uas (v) msiisdadting

nMiuTaunlasinnsidguuresfiddnd Sedldndnroluieisafisainnisli
nszualnihAuiduan - Nt (flament) fognslianizaygmealuvaeaided dind
dlodumedoutusaziianisiantdesdidnasoussnsinidume dudamseumaniiszgniseie
museAndgs vidliadeuiitasarmiiamnduaaianuuiidudauelng fadivu
tauelupivinnnlansviesuns dldnmseuinaiinilididnnsourlugnveterneuvaun
(K-shell) Suimiugavine denalvdidnasourcusniiegimn (L Gaz  M-shell) iinn13an
sriufundinuannunmdsviniuiarmendiuesnnlugUiiadnddigui 2,16 Sddndd
Udeseeninanuasaiidefididndlusnassmuvuasiedn uardiddndiidenuusensin
a13%1981999nR513TUMBUNIaing9duTdend  nguesuuInAluntndnine,
(Crystallography) @315040IHANIITNDUMIBITUIVTDIDTADNAN UATTUIUANYLUKEN
LildreliAansidsvuansly ssuwlaiisididndannssnuudanszidieennaenadesiung
vauUsNA 138nd1 sTuuUsnA  (Bragg  plane) uiisdasviouiiussunuiivuruiuisdan
ns¥ny Gondh yudeauy (Diffraction angle) Faiirnidu 2 wiwewmasiou dethidiundi
wisntunlUinfeiinmsdauuresiaddnddaenies X-Ray Diffractometer aannduvosisd
Bndfdeuuaryudeiuuingzgnanam Antassssthlvinssilasaiasdnvedidy
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ar ar & ' kel - v = ] -
U nTATIduRuSsEninaMusLazudeIuuild endt jukuunisiadeiiuy
w . o - - - & - a - w
(Diffraction pattern) AygU¥i 2.17 Saeslidnwauziamzdmiusmwieasussnousianednu
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2.10.2 dssionTieiuinfendagansimidinnssuuuudsunsn
(Scanning Electron Microscope : SEM)
ndesyanssmididnmauuuuidounsia undeswanssmimlédianaseundanugalu
nImsIvaey uasiivssAvsamuaaiidinenegs ndesanssmididnaseutuuidsunsialéfng
Fugnuasdnuariufinvesnsiesnivhmsasisaeuluguuuunm 3 §id Inoerdesidnaseu
fazFeuninianiesansfeglunisaiianmm nénmsiureandesganssmidiinaseu
wuidsunsn Ansanguit 218 Gunnundiiulisvesdidnaseu (electron gun) Fuiuth
uslna ¥imhiindadidnaseusin Rawi (flament) waslfaunalvifiluta 140 kv Tunts
angudidnaseu winfungudidnaseufiintugniuliifuddiinasaume condenser
lens annsaviulirnstasddidnaseuiinaluguiednlanudeanis windesnsnaniis
anuaudn Arsuuliddidnaseulivuindn wazuiulniavessdinasoume objective lens
FuddidnmseuiinnnsznuRnremtihasdegelivumidnn scan coll Jnimihiimuuns
nmiavesddilnasaulinaneindiglue vussuy xy  auAsuRuT Aitwuelinideuuda
dyanamesididinaseuliazisussnumuingiia wanriadudyanaiasieunniimines
a3 niawimswlasdyniuiimdudygalnihdmoyeszuundidnmsetlind ms
zv’fau'uaqﬁmmwmﬁuﬁuagiﬁ’ué’nvmzﬁ'mﬁ'maqmsﬁ"aazha MRwihmegusey sldnaseu
sviawmTusandyuin uazessimiharsdediaiunquan Sildnsseuacvieussnidu
dyaalates wis Miasudygralalss anuuAnATBInsdsdygail Wuasadenm
dudeyamsawviounniawihanssednvasdBiinaseau AMiARTuRLaRE B URIYed
e
293 issiishnnniduiindsndasganssmivvuusissaan
(Atomic Force Microscope : AFM)
ndesqanssmivuuustezaey (Tueiesdiaflilunsnsirasudnvmusiufioveans
fagraviafduunlussiuinly laserdodunsienveusessninesaeu  (atomic  force)
sswhaaduisfuiuinvensimetuiieadadunm duguil 219 aunsossaviauuiuioi
Duauruwazi A lg 1wy #ula Indwes wsndia eeulndn nszan Tuanamedanmmene
Dudu wdnmminureandesansimiuvuusesaey  wanawesfidlufdulaevesnu
(cantilever) i (tip) Anagdnuargvesnu Wedwdygrumsinfvesn Whgrin dla
msthuuaiawe Sl uaerasruiifivunassivesaenluszerlng Snlamefuiianeg
fuvesrmuivasludufauuunsyanlufiantusasasfuiuiovesing usaiituiinssilu
wndniiniuszninesasuresiuinasiegsiutmedussirm viliaulnsei
mu'ﬁuﬁgoﬁ;waaﬁuﬁ'x uawawefiagviousneu linnsAsufiTnenisasiousunisin
uaslniwesvesni dnfufsanseiannnuesusadufiuius sswinaudniusiBeiumia
vasdnlaeSuuaziuinvesing uashuuuasdygiasuiuieiinaiadunmituion
Wudnwauzdalasairsssiussmeuiifiirdimsvenegs
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FBnIninurendssganssaididnaseunvuliusiezaey Miwildumiesiunis
- - L) : — 5 . - caach - ]
JnseaniFvmanuiinT aunsouteenlaiu 2 35 Teun
1. msdudauuudales WunsdudanuiiwiaununmsanUanaituuvaylyuuiuiiug
v PP ¢ ° v oo » - -t w & e
AaDALIaT Tolduvedictfe wvhiMisuswuluLuvesmsirdeuntivuuiuiuin wazens
o L4 & & ar - " ar - - o : -i » oo Ll nﬂ
Wuanmmvilieuvesiwsuiliiaiianisinsedmisietaiely leeniladannusdgad
- -~ - ¥ - & o W e L o s & S
Uaneliesnnusslunndmminiiseiiadey  Jailiteyannugemuiriinlimuerefinly
PMATIUGITIUNITT
L) d ar W : - L 4 -y - - z =
2. asdudawuvlideias Wunisdudanuiialrelwlansuvnaududanuiuanlu
& 5 ar 3 - ¥ -:’ - ar L ar
srozianduqlusuisndunuiy (rdeiun1sidvasinaslanduime) Modnwausms
al ar ; L = - : i ‘. ar x - Ivl - o
dudauuviiuswnilusuaenaz ety wildsswnUarsumandudanuinlussezdug Juih
LA q" : [] ™ 1 ci' - l’z L] J ] . L) »
Tiiiensduvesru sRrdmalnmidyiunnsrsislaulinymiebiuinugla

o o ° v ¢
i‘m 2.19 uﬂuﬂmﬂann’l'in'lmﬂiﬂﬂi)slilﬂ'ﬂﬁﬁuu'uvuﬂazﬂim

2.10.4 wInsilpdwszimmzgiuTsiaiIniassanl laanuazidida

awninsalnd (UV - Vis spectrophotometer)

\A383 UV-Vis spectrophotometer Lﬂum‘saqﬁaf’ﬁﬁunﬁnﬂﬁnﬂ?mmua-ﬁ'iw::qshw?a
gnaenau Tuguisdgiuasuasnmisuadlugisiouiiu lnsmsietn fnmeneduuas
duWusiu Ui warviiavesans arsiediideunsisasudiedsi fnduarsdunsd
ansUsneuldteu wavansetiunsd Wewnilmiuannsalunsgenauuaduguiidgivazta
waswmlé vannsmsiamsmeqriunarnsganauTeLas Ae Weiinsareuadliiuluanaves
assetilutididgivisuammiidmdnuiininzan Sidnaseunidluszneudinisgandu
uaudfnnsiasuanusleglussdutundanuiigindt devinisiauiuuveaiinu
viearviousennnansietafisuiuuannunasiidafinnueniadudisiigg mungueades



26

uazuauiiiin (Beer-Lambert law) Anispandunasvesansazuysduiudnnubianaiitin
aandu SaSnanmseenduiidtuegiumuiiiiursimsaaneuazammmresHIsE N

dioduacudhlumsiedn fe I uazBinauasiiaansonzqrisenin fe 7 fgy
il 2.20 amnsodsuAuMINISYEARTUYBIAR (Transmittance: T) 6]

7=l (2.8)
I
aun1sMsganaY (absorbance: A)
Ly (2.9)
A=log—1—=—logT .
Lt L TR
g W
N Y
o ) AR
tinvident light) Transmisted lighty ¥
Ciavtie

A - ] ) a
FUN 2.20 MSAUNIRTBILEVIZHIUETSHIOE N

Tnailunnsuammarmmmegsiuvauadluzuves %T

1
%T =— x100% (2.10)

(1}

Tneduusznoufidifgueain3es UV-Vis  spectrophotometer Tdur undaiiiinuag
Tululasiures wazindesnsiain Jagiteulfifuundsdniouas Ae vassiawusilaiou
msvesmisaauslauinliuates wdaiilssitasnnuemedu 320-2500 wiluums Feog
Tudnmnuemadureuastm dufasiteminnlfiduundsindauadlugy’ fe naen
lelasauvdenaiiGen Faliuadlutnaruenadu 160-375 wiluaes ssnundarindinua
thilrwsnadusing fnuiaihlululesusesunlfifeduinszesuasesniduuasiii
anuepdusdsmuiies ndendusaiinnueneduAiisdsnlugnsiedn
uAsusTMERruasegiy Wumaddeiaimsiain e tamnudivesidiignaandu Tag
nswamdsrusduiididundinulnih savesaanduild wanduguvesnsamsswing s
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aanduvIan Mgy fuAmMuBTIAGY FrfudsannsossyrliauazUSuiamesansanae il
aglumeeale 1A3ee UV-Vis spectrophotometer anansouwialéiiiu 2 szuu fie

1. wwususaRE ( single beam type) Wehuad ey deimntsasmeauazans
61989 faguit 221 (MnsUFurnuduvensvzgrinureuas 1y 100 %T Wewausumasi
a13dads ndmniuiarimsmrqriuvienisganauresasieenaiisuiuarséneds Tunsin
wuduandniiifoanseiiesdusneutiosuazuaannsoiuluimsieiannniuuudu
uilifaidenseiifiatiosnmlumssurduazduiansudsuuadsie

2. wuuduadg ( double beam type) uasainunasiniiausneeniiu 2 &1 lasuasd
wiliazsiuens$ede vauriBndsesEsHIEI faguil 2.21 () dwaliranduuadisuans
Fregnaanainiamile uanmnﬁmﬁauvuﬁﬁumg:ﬁ?ﬂ'mﬂwé'ﬁgm'tmﬁﬁmnm’s;ﬂ?ﬂmﬁ&lu
é’zyﬁnvniv'ﬂﬂ’%’umnmiﬁ’aadwﬁ’umss'J'Nﬁewznaaﬁnm FuiuTadliaiesnmwlunsinady
waaiisn uataidevenniassiinduace Ao desiusznaududou Wemnlimluadudn
weslinsiaenindygiu uazlﬁvraaﬂ‘lﬂﬁwﬁ'nﬁmaqﬁmﬁ’aeimm"nqa

(n)

Cell Detector

Tungsten Reference Cell Detectos 2

}’-

l d Beam 2
Splittar
Sample Cell

Detectoz i

< ° o et Cr -
zﬂﬂ 2.21 WUUIRAMIIALIERPUNIUTBAATEY UV-Vis spectrophotometer
(n) wUUAUAIAE) WAz (1) WUUA N

E a -
2.10.5 psasiiadiasemidauniilninfasiasadliaunuwnsuuusau
(Cyclic voltammogram)
Taunauues  [14]  Wunisfinwanuduiusseninnszualwiinudnglwdilvnu
- a o o e o . - - Uﬂiq (=1 L | J
dianlnsavinau Ujasendinnsareloudidnaseuaunsaiinlansianinsalaonfidnglidm
v aoa a ' ° v ad a = e ar
manzay Fwjisendenangnimualasaududuninuinvesasidandinaliiuiei
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nszuaietuIsindIvsuianatet s mEududgud vennniinalnuesiesiiliiin
msnudasluiiuiaidninsnesnreaiiios uaznalniisdeiuideannsoidandniusives
Uﬁﬁ%a'laanﬂ'lm';uﬁﬁ'mliuﬁu Turifeilalshaunulunivsiianszuansauvusey (u
iwdadiadsisialiAnenalnusiszuvuinend (redox reaction) lasawizlunisrimvuauas
nMsmAuanTBvesdsaend defvadlaunuueiuvuseu Ae uisnlideyafideanshivisan
smIaTIRmfugavmaiamaniusInTELIuNTInend wartaumanivejitedisinisone
Toudidnaseudiurnaneiy UfnTousfiuuugnionszuiuntigady uasannanssydumives
#ndlriir3nenduatalfdntigninlnihldasusad Jududnsusddyredaummusiuuy
50V

winmsiausabaunuamiuuusey  [15] WunistiAndindudaduasiuuuniu
anumden FgUi 222 () Wiiussuusadinfiaiuvvandidningg Tasimmuiesausmin
wihiimuaudndlafiuas fanszuaiinandndwihiliiuged uasuanseanyiduninion
s:m'"nqns::uaﬁLﬁniuﬁuﬁneﬂﬂﬁw'ﬂﬁnﬁsmuauaa'?iaq'lugﬂnszuauaamsaunu'tﬂﬁwmﬁw fagu
#1 2.22 (v) mstnsusavlumsialasnsteudndinddaduassuuuaiuaivisy 9‘\’431]’71‘
2.23 FawrsiimeidAgyraansnseRuauusauliun dngludadudiu (initial  potential)
fiEMaNInISusu (initial  sweep  direction, +/-) #ndlnrasan (maximum  potential)
FndlaA1mian (minimum potential) dndiwdaaing (final potential) dasIn1saunu (scan
rate) FIsEnAmIiweinlilunsTauanAiulinaransnsiiasisEIenssuaiy
ANFlWAn wanadesUil 2.24 (n) waz (1) WARINATEIN SRUANBATINMIALNLUASARASAIIN
auny auaiu

() )

= ™ - W - - . ™
JUN 2.22 (n) MmstAndlWiuadusssuvurdiuanmdey uar (1) nskamIATIRWNE
WwInhawvIIeTUUUTaU
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3UN 2.24 nsmikamsiiasizinsaiadlaunuwsiuuusey ivdsuwlasdasinsaunu
(n) IRuAERTINSAUNY UaT (1) anA1dRsINTsaLnY

2.10.6 wieddiefnssiussafivazasivdeumiflidusieniosswmanisalad

(Raman Spectrocsopy)

sunuawntnsalnd [16] Wuadedleimsiilianugsslasainlana fukusuad
ATINEIUMITATY AvvaeuasAUsznouEnnaHmmtudeu IirTsiEiSinamesans
funsd  anselluniduazanstibuana  MWAnvuRemdnuszney  lassaduaruadosves
amlsznoutdon wassnruawnedulisnudiusiviursweanady  udlWieyad
venilannfildnndunsiseanaii winnsmsiessimnaiosuannsalnd ande
msTamsnsvdwesrdusamdnnlfsuiuluanadimddusasyueg iiesnnluanafisings
duuuvamnesesbiamnsognnszduieniudunsnse swianalifimswdsuuyas
Tuusudtagnesluluana sgnlsimuiuszyesluianadinandinainsduuaswuinnading
wansosslianaiusdlianadiingnldl Tnensiuedunatenseilugilmanafiinsdu
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wuudmeNAs fedunassuiilanauuuBamguatlinduuasdinssidmdmansvuudadl
namhiunduuresaiuuadinnnssuliana msnsaisludnuasuuuiienrinmnsai
wuuisla (Rayleigh scattering) wathmsvufuluanaiunswuuuulifiangu sxlanauuadd
nisRmdnmruudenindiuginintemnimitnursinduumiisnnznubiana a3
nssRdudnvusuuuiidonds nsassRauuusanu fguil 2.25 ()

Virtual
ehergy A
states A
Vibrational
eneirgy states
4
3
2
—1iY
1
f 1 Yy .
infraved  Rayleigh Stokes  Anti-Stokes
absorption scattenng  Raman Raman

(n) o)

T v T L L]

500 1000 1500 2000
Raman Shift (cm')

] w a ¢ v o
U 2.26 MedenimnTiiensimeaaiesunuaUnlaalal
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Ul 2.25 (1) uamwdnmUTBEIssstuANAnsalnD enderdunaitrLE
guinluilbuanaleslirduuainawes  ewnaudures  nsnssRuuusnu 8
Anlsana 10 -107  wimwewduuadirnnszmibianadonlimavinen  Swwthmdeds
pduuaATimiig Weuamnnszmibinanasuianistiaien (distortion) Swileunmnms
ns.memaanziwuanﬁtﬁnmausau‘] Wuszeilubuana musemsnsufuassaenduganme
#u Imanamzaq'lugﬂumum tﬁuﬂau'mnm'sﬁiuLanann‘[wm'lsma-'Lnﬁn'ﬁmumm'lmna
anmianandanem amwmavma'lﬂmaimanamnemmﬂﬂauuaaaanm'[mnﬁﬂaunms
(relaxation) AmNsERuatuagirilublanaiuiivusseiifiannsassgnibidanstiaden
Tunndumisasannioadisds SndnlF medsanmituniasmvesiuszed fiua
sensnsudauasiliiia Raman shift animaAnuuailundiog  fedknsmsan
Woedn Fuwandluguil 226 Tesfitawadu (wavenumber) WiemmuihiwenBiomiHeidunls
Usslamimumuaunwitesw dauanand (intensity) ssyiuTmannnteeyesansuazly
Usgleninuauinaiiasie

2.10.7 inaflafiesivinussuasnieidusoaniacBeinsuraiuauningalad

(Fourier Transform Infrared Spectrometer, FTIR)

WiErisumesuaninlasalel Wuelediodinseiidinmuam ienisiudugaslaseain
vBIaIFIBEN WeMIRIsn Wisuwiguandursise awariuvesasuszneunmssuiy
e inluinaneiiadetu dethuSsuiisuiu fndefin fnssiumilsuiudsuuans
Juduansviindeaiu TasTasinAinisganduuas (absorption) w39 n1sliuadnu
(transmission) %38 Ansazviouua (reflectance) Forveusias Wiiainsnumefuanlasalad
aanseienzidmedulaslinanifernnuaslifundeansiall JuduedesdioTinsizvivigns
Trsadreiillaniantd

Wizsmsmasumunlasalad  uirdadiodnnsitugeiianununn  e3er R
Spectrometer ielWaunsaiamldsanditu  fdewaunsalunisuengs uasanmlage
awnseleTeimsieeiiilusinaliosqd undiifinrdudunsisatennien WiEeinsu
Nefuawnlnsalel Wuuiassiinfndsunainnmiou FliAnsdsunsusn gnszentit
vivnalanediniu asvieusduuasddiuddyfesusnuas ( Beam Splitter) iRousnAfiuua
saniugesdiuningiu duvilnuiumzaeenly 8n muvmaazasnaunauansvanmmauﬁln
ToefluanaweUsussusnindouiivasnssan Wiissesuasfimniinduuaniassdnansiui
Hudwandearinuiluiiassetne Fa3onsyuuiiin The Michelson Interferometer Fauandtu
Ui 2.27 dieamfegnldfundinuaneiuiddunsusaiinammnsasiamsduniensugu
veviuszvasbuanaviliinnsdsuuuasdluaudiidueduana vliluanaiamseaniu
um udrinuasiidwinusanin wanwaliuaudiiusvesmndiviewave number Audins
dwinmewas Sondh Sunsuse aweni MUl 228 leefidususeananiuduteys
wwwiresasuiacyiln dwandrnnanseiindu luanafitiusesiviadussiinuiveins
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annduadusneiy ilimsuisyaiindulaswaieediuanavesasiuidingilaiduszlste
Tuswnisluy WiuasnquUBaneses wxfinwaniuse O-H agiiuszanas 3,300-3,600 wu. wiie
fiu fifmiusz N-H agil 3,500 o m3wame’ finves wC-O egifszanal 1,000-1,300 w.
usu dlefnsanlunsasdeaiiisinglu IR spectrum iyt 1,350 - 4,000 w3z 1y
TurudveuaunIaanduniuuasteiusuremfisitui ireutnenl Suimundu
gruariiveamyieridy (Group functional region) warlutavszana 910 - 1,350 wa.” wxl&
uﬂumsgﬂnﬁunﬁ'uum Attdnvasiuendnwaiiaonzd Senirdusesfaniinie (Finger print

region)
Mirror 1
Input > Beam splitt:r_ > l
<«——>
ample Moving Mirtor
OQutput
24 4
3UN 2.27 ununiiszuu The Michelson Interferometer
Wivssumber. om-! )
SO00.4000 30007500 2000 IS00 MUV IO 1NN LIy 1000 OR0 R0 0
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2.10.8 idpaiiadnsziauiimaniitszauinvesianfuinissaalasalatives

symmdianaseuiignuanudssdisiidiong

(X-ray photoelectron spectroscopy : XPS)

awalmalalvaseymadianassuiignuanudesfeiidiindg  Huedadisinneid
punmilideyaauiAmaeiiiseduinvesianlunansudyy Wy viisuazdnnusmesszney
lassainmanall sliewuszvaall wavanuvesndindureseraey Wusu lesendewdnms
MugvemngneaiWlidnnin  delrounmuivdidneseulussesssinmstiom
nisnubifudidnaseusume  dwaliBidnaseuiindaugusraansowaannusidamie
vosornould Jmgeeanvinezaeaiiudifinasoudass (photoelectron) usdidnaseusioude
wwminauiineussmgesenlunnesaey Fonwdimuidn. work function (¢) By
FrAdivausaresAaa figuR 229 aadl XPS iumedaiilisi@Sndluvilibidnaseunn
poiiveatesEimEutuly (inner-shell orbital) vaseeni wisnuesisdSndiield
A MK, (1253.6 ev) Uaxy AlK, (14866 eV) SuituAmdauinnnimdsrudamie (£,
vosdidneseulusziundesnidy K Bilnasuiingresnnazgnsiusulifigmdsnuenla
\wes (energy analyser) waziimsiaAmasnusaiveslnlndiiinnsou (B wwunmmsyinau
uAnfagUR 230

E =hv-E,-¢ (2.11)

E¥=hv-BE-®
T emitted core elelctron

Vacumnim
valence bands
& ! E 3 L23
E(L1) L 4 © L1
emitted photon
mcedent x-ray Ex =EE)-E(LL)
how
EE) & - K

U 2.29 msiinilslossluiwdu



Photo-Emitted Electrons (< 1.5 k¥)
escape only from the very top surface
(70 - 1104A) of the sampie

Focused Beam of
X-rays (1 5 kV)

S0, /8i"

Samoke
Sampies are usually solid because XPS Si(2p) XPS signais
requires ultra-high vacuum (<10" sorn) from a Sificon Wafer

JUA 2.30 uun WA MINILTEAAIDsatrlmsalAlveseyNABLANASEUTIgUamIdesme
Fedand

NN3UiE 229 uamamsiininlalons iy deddnaseuiissdmanutiu K waeeenly
vlifedarindlussmmasniu K weviondineseusnimantiat 1s nladdneseuvielnln
Sdnpieulgugdl Fddnaseuluszsmduty K weiiFeniunudi@nasey (core electron)
frmdnulessluedu - Aduanfemizmsreasazmmnnirmasnuleslueiusly
Tuana dndinaseuimanesnsndniudeniy - usiiaveendiatuseiuasyibilalnla
audneseuanaitudumisiil £, sefu Sendufie chemical shift w3 energy resolution
vy nfuen 15 Bulinaseuliin £, Tuanmeiuniiy 284.5 eV uiluanmiziimiveuszaeugn
ooniladvisiiaveanfindugetu M £, vomdianaseussiadoul Uil 289.0 eV illudu mstiin
chemical shift asviliimadeulusemasusamiisnissinn 0.1 51 10 eV friumeiia XPS
Jliduaninssiawrieusassmiluasuszaoundsilansaay

2.11. NUNULVIAIMIRE

KK. Purushothaman uag G- Muralidharan. 111 Ainwisanssnuvesgamgiiusuiiaiisa
soauR Budnlaslasiin MenszuIUNSEREIRAIUNLUmUAGEY wargumpliuputiaGud
us 250 -450 °C Usingi1 vwevesleswdningiusiosgamgiiueviiaiugtu uasiinanszny
seautAdidnlaslasiinnuin iguugiiueutia 300 °C fuszansnmianan mszdlegamail
gty mwanselunswasudanas esnnfiduuadudsuma uaziivuiaveslasiudn
Tngitu Falaswadednvariarminisindeuiiveslessufindouiivin-aen dwalvszamsnm
nswasudanas E. Ozkan Zayim [17] uashwu ymsanemaessuiauuiiniasenlen
n1ﬂﬂ5“U'J‘Im1ﬂ1iﬂ-t‘-iﬁ muuuqmﬂaau wazmyuwadou (14 nickel (1) ethlhezanoate \Juans
fagiu) (ieAnwmaNsEUYEI 2 nAliilinadeautRBidntasiasin wud1 duilwdeusni
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2 il fidnvazndnadedy fe finuedugiu (amorphous) udnuaslaswaswiumRIYY
Aduwmsusnmaliauvuiueiou  Gauvyeszuinnd uatlimiiaue Wafisuiums
whsmdumnaliruuumueiey nnmsAinsainadninsiasiinvesiduuniindiasenlen
Hufisdounnnetiauuumusdauiivssansnminii Ae finswdsudvedidumia uasiinom
amunaniMdiwIsnnnmatiauuumuAGsy Xianchun Lou uazaz [18] msuFuus
anladidiniaslasiinvesiinifiasenlyamensiieluseu laawisumenszuiumslva-ea wuu
wyuedeu laiinBinumsideluseu fmsmsaruvswuaniissgluanusd fdanas Fudu
mstansEAnsnmmsasudvesiduuniiniasented Wesrnluseudite wlusaminn
wulmvamdniiniasented dumalilossuinfioudiin-esn l9he vszAniammsuideudves
Aéuuniinfasenlyadaiuty Lili Zho uasamz [19] Anwimninusuasaniimanives
FSwun Cu-doped NIO snsrrumsddnissaiinea wuit deviinamside cu Rt
dvarlaswaireddanninfssenlediduudeudiuanaeiiy nanorod Runntu duwa
Tirnvsgiuveuasluiduniinifasenlvsfianuzdanas uisnismzakiwvsauandy
Wadusaedudleviinamade  cu diniisg wils vennilnaiflilunswdsudiitu e
Weuiisuiuiduilifinmde cu mnamsAnwunmmaAdemai agulédn msiiRduuias
fawiRdudniaslasiinfiavu Susgfunareilads ddesmsiduitinsaoudiia Adnfudesd
dnwazlassaiiiirniugngu Auiifadudmnn viewuwlnseitwdndn dunnilvie
narilélunisideud Snvazlasiainresfidunsidasedenisindeuiiveslassu uis
Fnwuzlassainilessuaunsandeuiiiih-aan avean
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Tuilgtunssurunsugniduun annsauvsssanlaitu 2 Yssian fie maRanduas
mardl feeaziBenderuastadsldndnuiluumii 2 AnfumATemsugniduuninia-
senlededi Sadenlinssumummignidmand wuulva-ea semadimmuindeu Weewn
nszvaunsll aumadiinumsderudeuliiideinsldie nessmda msdaszuuli
gapn waz awrsorilussuudeld mswdeniiduuniiniasenled Sedlusideils
finfaezfemividestiomiumnsiiu malddeulvswdsuumeamaiiveatiouas B
nsideded uenansAnyransenuetsuvgiiteuliauas B ununsidedWiiiiseauianig
Tassainuaziufvesiduuniiniasenled Sl Meadeuntariamsidmiuresiididng
ndasqansimididnaseunuu@aunsin ndesganssminvunsiszas Wioinsueiu
awnlasaled suuannlnsaled uazaelasalaiiveseynindidnaseufignuanudesse
$@snd eneianiBmaummetadasdimaianmsgrurenas uazauiimaniiinihie
wninslraunueiuvuseu luaddsilévintsdnwiautinnisiudsudvesianuie
finifiaeanles-8 Menszurunsiasud 2 3 Ae Bnseugi/lelvunassidnlng

3.1 dmaimlslunimagss
1. inifassdiananszlanm (nickel acetate tetrahydrate, (CH;COO),Ni-4H,0)
2. Farazdiem lalawmsy (zinc acetate dehydrate, (CH;CO0),Zn-2H,0)
3. lemuea (ethanol, C;HsOH) U3awis 99.9%
4. Tawemueaelud (diethanolamine: DEA, HN(CH,CH,0OH),)
5. Tolulwswuea (2-propanol, CHsCHOH)CH;)
6. ax@lau (acetone, C;HO)

3.2 gunsaiitlflunisnaaes

. e3aui

. indardans

. i3eedansleiia

. wnaugilelvy

. WwBUATINSOU
iwdsamumsavarssiawimdnwioulinnudounazuiawindntuniu
\wiommuiedeuRduun

AUHIENS

® NV A BN e
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inSBmyuIAREY s wneuyy/loley

UM 3.1 gunsaiilslumavnaes

3.3 YuseuNIIRUDULTY

3.3.1 ‘manssudsavaelva-ea

Wnswasuansazantlsa-an eseuan dniiassdinnuazddsssmmduansasu 7
USun1siiesad 0% 5% 10% uax 20%. \ieAniransznuvesmsiladddelanaiuas
avtBnswasudveMauystinifasenled Tneirumeuntsiesadsiifai

1. Faas NICHCO0); AH;0. uax Zn(CHCO0),2H,0  “ifiarudiadiu 0.3 M Tu
SosndumsiToqan 5% 10% 20% suSinm fMnswei 3.4

2. tharsmsuiniould azarsluenuoavians 99.9 % USuims 50 Hadans

3. \fu DEA 2.5 fiadans adluasasarauss e ueauasan s Ay

4. muasasaneiiwisulismoirismuasuuuwimaniigumai 70 swvaldea

Wunan 2 12lan vdesliiduasigamgiiviendunm 24 4ol



A1 3.1 USunansiessuansiinifaszdiavuas@ifesdiom # 50 liaddns

- m Anifaostien Farastian
YSuunisiieten
(© ()]
0% 3.732 0
5% 3.546 0.164
10% 3.359 0.329
20% 2.986 0.658

33.2 mawlsugusssuililumsugnidy
mmAdeilldnszanluladainmuaznszamilai FTO (fluorine doped tin oxide, SnO5:F)
Weltidugsesiulumsugniidutiniiaeenledded feunmssauRdarudenimmazen
FrusBUMBNsTUIUNSA
Fnlangusesiulilinnsmasiaints

1.

0 ~N & AL N

. ihiangusessuluauliuieiigamadi 100 °C
. audangusesiumatasas Uv/leleu Wuaa 10 ui

. ihiangusesiuumhamaseanasneanasuleliu
. AnTangwsesiumenilivsey lngldinsesdansleda Wua 10 nd
. anlangusesiumeezdlau (acetone) lneltinsssdanlyda tuim 10 i

. anvalelylnsmiuea (isopropanaliPA) fsiAiessansleln iuna 10 i

. auTaggsesiumenaiatsy figamall 100 °C Wuian 30 um

3.3.3 masssandviinfiaesnlef-3ifeismmuisateu
mawssuiauRiinfasenledgirmeBmsmuuedoy IesihRduuniiniiaesnlyn:
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FaA 5% eAnwReulimadsuudasgungiinsueaiia wazwisuiduunnisuluns

wasuwlawTinansiletn leAnwmansenurasgungiivarUinansietrsensnen

Wurdnmediduiiduuniiniasenlene Ttuneusil
1. ihiangusesiuiwseulineuigumall 100 swwngadia dunan 30 i
2. iiasgusesiuieuiaiud nasuuuiiuwgu

3. WassuuggmAiedauwiiangusessuiuutumu

4. vealva-ealvinauuszunm 90 Wesidusveusiuui
5. wjuAtisuMeAIIluNIMYY 2500 SoURBUNT
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6. dlawiwimniriangsesiuiunindeumemsazansle-aa Weuiigamail
Uszanm 100 asrwaidea Wunan 10 wi

7. vnmsmuadeush [udnnu 8-10 seu

8. thusiuRduimuedeuiaswud Tuueutiatigumail 300, 350 , 400 uaz 450 BIm
wadea Wunm 2 il

3.4 sumeunmswasudvesiduursiinfiasanlys:ded
34.1 nmwasudvesiduuniinifiasenled:8e #enszuiunseuyi/leleu

msfAinyHavesswWasuimanninfiasonivaaiisaenszuunsevyilelvy  figunsal
ﬁﬁﬁﬁmﬁam?aqﬁwtﬁng'ifh'[ﬁu #unaumsﬁmﬁumwaamumi’qgﬂﬁ 32 Buanmaiwa
ueSeariulingd/delunasdunaitunisey Fmvie 3.2 uansudslunsAnsmswdoud
vesidussmMssIuNseugilolsu lumsveasdniiiswasuslaiiomiseugi/ ety &l
510 15 da¢ 20 Wil (HeAmIMsABVAURIM WA suATeaLUnalunaulaloy wiaa
Wisuiisumswanudvesiiannstiniaeanlended MSnaumaiesng saeiasiantmeg
FuveRua UnsAnyidnensAuEmosamd s ndunseugidelvy Mendesanssruuuld
TORGHE MY

| | Coloration
XN : S| P
NiO-Zn film ' o f NiO-Zn film
; 1
~ 7
UV /Ozone
generator

o - = b = L 4
JUN 3.2 wunmnwdsud@iduuniinfaeenlen:ge Mmensruuntsevyi/leleu



M1 3.2 Jeulunszuiumswaeudmeiinseuyi/leluy

) nansaulalou
| Weu NOZn (i)
mMBununsiIeten

5 10 15 20
0% v v v v
5% v v v v
10% v v v v
20% v v v v

3.4.2 nmawasudvasiidaruniinfasenled:e Menscuunisdidninslasin

msAnwnsisudveidnuniniaesnled- 3w denseununsailnlasiasiin annsa
woaasnmanuENEu i singuastingUil 33 IneslgunsoiiididiRe undeeln
(3V) anspzawednlaslasi (KOH st 0.1-M) Fasmilifalusauas (FTO) uasRdui
Foanrmageunisasud  winnviamswasudienssuumseidntaslesin  lumAdeils
AnyImswdsudnnmyissmegsurena Lasiasenmnsiimliiieifendvedauie
LA BI AL TR IFILUUSOY

=i i I - - [ ¥
UM 3.3 wnunmuammmeasunsiasudmenssuiunisdianleslasiinetnediie
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343 tureumsiammegtinusvedniinfiasenle:Sed wasiunszuauns
wasudfeisaianiaslasiin

myiamamzgruuaveiauninfasenlede wamnwdsudmenszurunstian-
Toslasiin  TewinFnsmsasiunamdmnmsaunusenszuaualudnfeaisdlamusiuuy
59U NAENANGRILA 0.2 B 0.8 V fisumisanvesludniidiiensidsudini
Neufideud Jasmeiniasinmmanzarinuuanionsisaeurmmegsnuasiasuly uazin
nswanudndureidmdmnmsaunuiensruaualnin MnATARANGRE 0.8 §1 0.2 V
wmraiIasnszgiuLamaIINMsaLnuNsEuaLsluAnuazuAlnAnierLaBARdBITUNA
MYIATIERaITAN Al

3.4.4 nszvnumsianamldlussuausiniswasuaonzlauazanusdves
nszuumMsaianinslasiin

gtd

Y ™
_-'_t 4

P o ar ] - v
Jun 34 miaﬂqﬂn‘stﬁﬁaﬁwmﬂnaw'ﬂ'&‘lum'snauaummimaﬂuamuzmuns:mum‘s
adnlmslasin

myianaiililuniswevatertsanswisuanur nnannsladuanusd wazananuy
dduanusla nsdegunssimsisnmevaueslisiegUii 34 winmsvessruumsianamlélu
nseeuaussasmsdsuanuz Tesltuanawesiduduuvdiiilioua Weswnuanawesi
anusaleslimsdesainauasiifnsisduuaegiundrgunsaididniaslasiin - Huanawwes
dowiugunsaididnlaslasiindieiinswdsuaniuniniy uaiinzarusgunsaididnlaslasin
rusenniBinutiesas dlegunsaididnlaslasinfianswAsudviewasuanus fasiedy
uaEINsaRsIRTULANiRNnsEMUVURUNsaifessdulisAnl  wanihdygrameseduld
uanswanwoaadalaalay Fauvdsieiniiselitugunsaididnieslasiinde 3V uas undeingln
v dwsuunaridiawanawes laogUfl 3.5 wansnmnoukazsaIMIANSARUALBINS
WasuamuzvemMauinifiasenle 3



42

(")

¥)

ol ' & o s w = -
JUN 35 am.(n) newmiia uas (1) vaiiimIsisnsesvaues nswasuanuzyesay
iniiasanlys-8eA

2 '3 QA [ 3
3.5 NI5IATINAUVALRNIZVDINANUNY
- ‘¢ a v v ad . P [ | a < &

3.5.1 MIIATEMBIATIE NAIuIATaAAT SN T IRREI UL SEanY

M3R329aUlATIATNNANMIESEU U IANSIAEANTRIIAENY (XRD) Aeszuunlivanns
@ENUURUNGUTBUSINA NS MALATINMIATIIaeURaNUIATuNs MUARIA AR IS IENIN
putureidiandreyuasnvunelunin Basmwieansusznauurasviiniinuuasdnwns
AsidenluuredlanTuAnAusanlU AiudannsavenanenzlAsdai NLarTinveINau
18 lusmAdetiisansivasulasiadveiduunlagssuunsiaeluuresiidiandg Aowasen
XRD v8IUSEW Bruker ju D8 #l¥ Cu K, Wuuwasiilesduididnduaziinmenaau
1.5046 93ansau
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o & s - o . - e '
EUVI 3.6 tﬁiaqjﬂn'ﬁlamLUWQQ?Q‘HVSHT“@QUW“ Bruker u D8

352 myimrsimiimiuiafondenamssmiidnaseutvuidaunsin

m3iesenautRmsiuiadunsasanasunvaesRuiive et annnmsvedy
sudnesouline luuRuRIuS uanaULes TEnsuzveswDun METIA mdseneilily
nsANeWaLAB 100,000 1ih wasviinsedeuvasuuinmihyesidfewmiTlU e liRanin
ms i Tusnddedieneiaifinmuicvesuduiidadendasanssaibidnaseuuvy
[@OUNI MBI Hitachi 3u S-4700

i w - - o = .8
JUN 3.7 ndaeganssAmiBlanATouLuUIAUNTIAYBIUIEM Hitachi Ju S-4700



UM 3.8 ndPITANTIAILUDLIIBLAALBBA Seiko Instruments U SPAGO0

3.53 nsieresTAmeuRlussiuuludendasganssatiuuuusiazaey

nipeanssmikuuuserany Huaeloilflunsasdevdnsuruinreasiedn
ieNanunlusziynlu lngofudussilonveussssnitesnen (Atomic Force) sewin
iuinfunuinvesarsiegiaiieadaiusn luniddsdidenssuunisinguauy non-
contact ¥8IU3EM Seiko Instruments Ju SPA400

3.5.4 mynIRMULIUUNISERIBATa i uNB SuaUnTAsAleY

Wasinsiesuawnlasalel WumsanamiAniseandu wis msbiuasiu wie A1
nsazvieuua Tadldiddurinsatutanlszana 400 - 4000 cm - Insmstifduueiednly
Mliisumisve msegunsal wasyimsiaememnsdsinuuasihuiidan e uas
reanuniiunsmemadniudsarindnmsasnu fuiaeedu Tunmddeiieee  Mmeowie
insemiiGeimsmmesuarnlasdlrlivasuism Thermo SGENTIFIC 3u Nicolet 6700

3.5.5 myiwszigluuuiusTvaRduIBaIasanuanlasalast

sunuawnlssalastidumeieildinsizigaslaswailuana fuwusuiedl aseasumy
Haridu TasTasannisnszivesrduuamasladunsnssqusmeouadugudunsuse luns
neapsiildAanwluTR 200-2000 cm” smATviwTITIRsRIsnuanTasalasTveauTn
Thermo Scientific 3u DXR Raman Microscope
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U 3.10 iw3essumuaiunlpsalasivuesuisv Therms SCIENTIFIC 31 DXR Raman

Microscope

356 msiesiautamaaiilniadssisdhamuasiuuusey

hamusiuvuseuduedssiofnautivunillni eguifteninend lasiigunsai
dfty 3 a8 Ae TlH91u (working electrode) $181484 (reference electrode) uaztlwin
2 (counter electrode) TnpthlisuAeRauiisosnimadeu $18199e7e Ag/AeCl uastlniin
7 Ao unmatit Tuansazanedidnlasley KOH fimudutu 0.1 M lutae -0.2-0.8 v #idan
msaunu 20 mv/s luamAdeiinssimoweisslamuweiuuusou vessn Autolab
U PGSTAT302



JU 3.11 i3l iaunnusiuUyseY Y8 Autolab U PGSTAT302

357  niRTIsdUssnauLRLEITaNGN - MeiATasawalasalalivesounia

adnasaungnUanudeeauidiang

awalnsaladveseymaddneseufignuaadesdoeiasdtdng 1uaseciiedinsisn
asfUsEnauUUR U TeIANLaRAD UYaaNET Ut ety luRTIAS IRy wdeUTIR Y
Uszaa 5x10  torr Teslesedidniscdumdany 15 KV 150 W uaziasiavunmdidnsseu
wu  45°0 fuansden lwddeiiessinoed os TR uuusey v8aU3ET Kratos
analytical $u AXIS ULTRA

o - a - ' v e “ a e
FUN 3.12 inesandalasalalivesoynndianaseunignuanidessmiesdand vaausm Kratos
. " DLD
analytical 3u AXIS ULTRA
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358 mMeaTsiaURTiusdIsaiaianTMEgt I ILAITINRIUN

Fmsiamamzasiureaa Wumelamsiinnsiasieslivinnsgenduuatiieglutia
sanslalean uazta9i9ila TasmuenAduTiannsedeITRszINA 190-1000 uiluwas
Tashansmegrilusinalndunaaiiliouam a1ssmegezaanausad visuawndnli ua
#linanauszitussnndunissinuas (Photodetector)  1A3BYiALAIzYiIIMS TAUSIIMLAT
sanun lasmsvindniulBinareuanougandy 1nfuasrinsussananmidunsmuana
aruduRussEnieAmegiuiuinmenedy Tumddsiiensinmegiureuaie
Lﬂ%‘aﬁﬁmiquwwmuﬂa (UV-Vis Spectrophotometer) 183U3¥v PG Instruments u T90
Tutanuemady 300-800 wilums

JU# 3.13 1A383 UV-Vis Spectrophotometer 18au3t1 PG Instruments 3u T90

* MIMAWNUNARFRVLIMAUNRSIM TN AR YBIUEN

nsgendunattuarsisstinfinnnamavsiEnaseuldfundsminuasifindanulaey
grhemuoundieudenig adsuanuzanuauiausiuligunuaeudindy awnedums
panduuasnuindsmilinguiidfeseiidnesa uvetuaniiinisanasasnspanduua
atanzuiy  veudnwariisend YBUNIPANAULAY (Absorption Edge) wasulnmeu
(Photon Energy) ﬁ;'uaumsqﬂnﬁuu.m ﬁPiWtﬁwﬁ'um’mwhwmigﬂﬁ'lqﬂ'umunuﬁauﬁ'ﬂ'ﬁ'uuaz
WGATBWAVINAUS YeiildumsadatuunuususifuaUNIURBIL (E) Temstily
nsfusAtesiauNITeEsi ek Sainsdunstuiiiiendt mydeunsmiuuy
W (Tauc’s plot) 'Tiam'igﬂnﬁuumuazmsLﬂé"ﬂuamuwaaﬁtﬁamau’luuﬁnms'r"iqﬁ"lﬁ'wf]u'lﬂ
mungmseyineluwud Insliszdundnureididnaseuduilaitureaavaiuvedidnmsou
(Wave number) wanaseianaes k TULHUATWLAMSNYUZTEIMOUNGNIY WUILNUUBY AB
@URAN k uazuILNURIAENdNuYeddnaseu ewnTuauiivesdiinaseuliAniniu
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p = hk Fnfunnunuusuiiferluudvesdiinaseu wedsuusunmesauaumdmilugy
faridues k sldusunmaaguil 3.14
dnsAanAuLALAnIINNSIUABULUAIEN UL TBIBLENRTBUSENINIAGIGATBLOUN
lauduazyedngrraauRausniuiiiidn k Wity Sennegenfulaiieiin magenduia
w34 (Direct absorption) WANIAZIGATBIOUILAUE LazyangRTBILOY  euRnFuliAT k
Limsefu  lunswasuwlasaaruzvesdidnaseuiieganduuaaziotefolnneutis  Tao
dlnaseudisdimigaruiaunnlaswdnuiemenuiauliudlaswdn Senniseaniuua

wiiairin Msganiuriinling (indirect absorption)
wisn
L 3

-

uovseilsamin
ususaelsann

wisnufusn

< e a
JUT 3.14 nrwAsuamusyesdidnaseu

' ar Lé g o 1 ar a £ -
AMIMATBINURG N URBIMINRIs AN AN AENSRRNAuTRILA (OD) vaNaEs
o o o a ar o " oer o £ 1 o
ﬂﬂﬂ'}ﬂﬂzﬁﬂﬂﬁﬂﬂﬂ"ﬂﬂﬂizﬁ‘ﬂﬁﬂ'ﬁﬂL’QN’\'LHIENU.EN (T) syauns

T=e™ (3.1)

Wie a = a'uﬂizﬁwémigﬂnﬁwmum ( Absorption coefficient)

T = dnlszAvinmegeuveuas (Transmittance)

I, = ATIITULAIANASENULHUAANUN

I, = ANBuLAMEgRIY

d = szesyainaadunelunkiuidun

nnfinanBumsnnamndussavsmsgandureuanindnssavsmmsgeires

ualaghifsfemsaiouteua dwiunsaimssnnuduisyvinseenaureuaniiewnan
AswasuuUasaniusndiureddnaseu  wanudunsmanuduiudsenindulssaninis
gﬂnﬁuﬂmuaaﬁudﬂwé’q:nuunuv’t'auﬁmﬁqﬁé’nvmstﬂumﬁﬁumuauwé’amuﬁaaﬁm LGN
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1 '3 o - ‘ <l d' -3 4. ‘i
wiuRduusEInalalrensAmnadseansnisaanfurewamsissgnaaniuliiBuaiinn
ASTMUUUWILRGNIUN TAMERUINABUNNTIATBIOUNS R TUABIAYB U TN TIARNA AT
ar - { o =4 B
dundszavonsganaussim

ahv~(hv-E, )" 3.2

dmiuuausugauMmin1saneMaandlTULUUAR (Direct allowed transition)

Es

)
-3

I

AMIVuaURBIMUNIINSaNENaAaNaIULUURSA (Direct forbidden transition)

dmSunaudugsuniinsoneneandauuuuse (Indirect allowed transition)

aAmiunaussuniimsaenaandsnuLuUssu (Indirect forbidden
transition)

NAIABALISOAUIUMIATTBIOUNSINUABIIUTILaUAB LRI N SNavoANaI

»” =) [ J L7 ar & J -« - 4

wuuase (Y = 1/2) laanmsiunsmivuummd uasAnnamaa Sumussenindulszans
» «r = 4 <% ar 13 1 475 d”
AINZQHIUTBIAR SLUszavisnsgantutes wasndsulineu laensunum Y lanil

172

ahv=Ahv— g) (3.3)
® MIMAINIMLLUNNUES (Optical Density : OD)

Myin OD femyipmmannuiuvmumyswsiuiae ndnnmas wliuashuhmay Tre
rrutLasioufumLiamAEmarbiviniy - ermannuiuusTsshARINN  Wa
sussnaneslieradiiosny  vniuAnAsutueiifud  eanduild  Semhe oD
Fagui 3.15

Opacity mnafia Sasduresrnuiuuasinnnssnuitdy (1) Aermduuasineasitu
Wau (0 viiewmneivdunduvamntmegrinreis Taoazla

O= (3.9)

~ |~
~N| -

\die O Ae Opacity 19U &1 T = 10% f O aziiy 10 1Hudu
Density et A1 log 184 Opacity avlé



OD = logll—o (3.5)

Wie OD Ao optical density WiaAIUTULAYBILELREL

AUdIRUSITNINMINEgRUTBILAAUAMUA UL RAuT s AIANUTIULEITeS
wsuRduduIngilFegluta 0.3 f1 2 Fiaeandeaiy mmzariureuas Tutaa 509% &1 1%
Fansadi 3.3

I
e
Io u

Light Sonrce

JUR 3.15 nsesaNATIIVLATD AN

M3 3.3 nsiuiiisud Transmission, Qpacity Way Optical density

Transmission (%) Opacity Optical density
S R o G
50 _ 0.3
2 N 0.6
10 1.0
1 20
0.1 3.0




o
um 4

Nan1IMAasdLazanue

4.1 HAaMTIATIVEIUANIIALSBuATaTaolYa-19a vasiniinasdinnuasden
adian

100 DTG o
-/W/\//
L
P 5
293.24°C e
155.21°C » g
/ $
S e -
- =
£ s
b
£ |10
28 40 B
S £
. I
£
2 b r-lsﬁ
TG
0 -4 ‘—
Y0 AV AV A& AT LUl =% 20

160 200 300 400 500 60 0 200
Temperature (°C)
P | - < s [ Y v : <
3\]“ 41 ni"ﬂn"i?kﬂsqzﬂaﬁuﬂ'ﬂ"Nﬂ')"lllsﬂuvaqaqiaga']ﬂiﬁa‘“ﬂaﬂQﬂu ﬁlﬁlnmn'l‘itﬂa
TerezBiem 10%

mamllesmianiinenuieureasasanslinfassfiamiihnamadedderdiem
Uszana 10% uamﬁ'agﬂ'ﬁ 4.1 nymimsiensianiinieuiou waninisidsuniaes
18815 2 ¥ A gamgiivszinar 50-150 °C uaz 230-290 °C 424 1 Higamaiitszanm
155 °C fimspandundanuanifeuisliluaaiefivesamswiahanismeluveninnin &
sumgiifinasglutimsameivesiniazaisluarsiiu dunmngasluanave
InfaesBiamuasdsioriom uaninisihinfiussdussneuvesansnsiu Aa NiCH,COO), 4H,0
UL Zn(CH,C00),2H,0 117 2 ﬁq:wgﬁ Uszunee 293 °C n'ﬁwm'lﬂﬂa«fwﬁ’niquﬁwa
winiulifinswdsuulameadunsm Ausiunmsamevsmssunidismndvegl
arsazaslya-ea 897 msueu lalasiou Wudu sngastuanavesansisduuaznsmingg
AnseiauiEneauiourasmsazaslva-sansu ashmwandurddinisaned wasiiu
Wasuwladaswehadulinifneenles figamgll Ussina 300 °C [20] YINHaNIVIAGE
FananvilimsuhgumgiinmsusuiiafimnzauvesiiduiinfasanlysSed Jadudus 300 °c
Wusiuly
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g : o] <
4.2 mMylrTaNURNugNTeINauUNiniaeanluA: B

4.2.1 wammassngnitdauiinifasenlud: g aslddeulundsuules
gamaiintsusuila

(i  (200)

Intensity (arb. units)

26(deg)

= -3 124 ¥ [ | & ay - L~
U 4.2 nevinsliesilanaivmesididndvemduuniinfcesnleden 5% vunszan
e v - = =
Wls@hina meldReuluniswdouwdasgumginsueuiia

msensilesiaiveid@nndniasenletd  meldteulinmAsuwaigama
weuiia MSnamsiTeten 5% Merdesiansiaeuuressediing uansiaguii 4.2 wugluvy
nsiRBwuTessdBndiisumiy 26 = 37.2° uax 43.0° FedmusRusTUS@eTuY (111)
uaz (200) mudwu Fszuwdnan Tdnvalasauuuiiiinvesiinfasented (211 uaz
temsdsuuvesi@dndisuonis 20  Usana 1535° uamsdnvsns@EEIVY wuY
suniidiufusuuuumadeussguseasiunszaniulstaine  Seliidugusesiuid
uniinfiasanlesded MnnvmasaAsugamgiinisusuiia A 300-450 °C wansiess
semsdenvusding uamguuunadewuiidunis 20 = 37.2° uax 43.0° iR
%'utﬁaqquﬁmsuauﬁaw‘iuqﬁu dnvasdyanuieuimnntu ssyldh nsedadusdnves
AuAtuslogumgiinuauiiniugety asnnsldundiueruiounniudwarensne
silunBnvesiinifasenles  udeiumsesaaeunmsaiaiussvesiiduiinfasenles . 8en
MuSemiSumimumesuaninlasalasd Tnguil 4.3 uammsasieasunmsadeiusz ey
fimiiaeenlenden 5% Migamafiueuiia 100 °C, 300 °C, 350 °C waz 450 °C wuiigaumai
ueuila 100 °C dunmiiu Wussneq uidlagamgiiveutiadiauti 300 °C fnsadefusyszwring
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NiO athedamuimuminuszane 490 cm’ [22] sunseigamgiliRstuda 450 °C msadn
Wuszininmanwidgiuiigaumgliveuiia 300 °C FwamsiieswimetniemiSeinau
eoin awnlpsalasl dimuaesadesiunamsiesesiiBwmaieuiissyhmsmsuilinio
Neuweiindasenled Budinsaiussiulinfasenlvsidiegamafiveutia vszana 300 °C

mylenzidnyuslasansiuiafendenanssmibinassunuuideunsinrasiidy
vniinfieeenledder 5% melddeulvmsdsuagamgiiveuila fguil 4.4 snamdie
gamaiiueuliafUszana 300-350 °C Anvasvedmnniinifasenledfediinnavedasnin
@nuasiimnasdnuszainm 510 wluaes windingamgiiveuliaiiudy 400 °C Mnaves
wEnlugtu  Fediniusiumyiiansissniesianmdwusidisnd degamaligitudnvus
nsnafdundnuasmmammanivredunsinesovesdniuty Tasfnnadiesdasan
20-30 wiluwms Jnmil 4.5 wamnmMAdRTIYTBNAWTnBasenlus-Bwigamall
wouila 350 °C MANMSEYAMIMUTYBITAEINISEINA 200 Wluwes uaziiarmmiiminaus
uamsliiuisnswssfddnfasenledded  Menssumswuedauaunsoaia Nl
rumnaiianstasiinun MR
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T=350 °C
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al - ar < - < fa ¢ P o =h
JUM 4.3 namimsiiassiiusrresiduuniinifiasenled-ded 5% guugiiveuiia 100 °C,
v o a_ ¢ <
300 °C, 350°C uay 450°C mursaaiseimsunesuanlasalasd
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(M) 300 °C

~ 200 nm- .

22200 i =

o ' ¢ a a fal - a o v v fa
JUR 4.4 amdeRduuriiniasenledfiviinumsidedd 5% Mendeansimididnaseu
wuuidsunse vunszanlulsdding neldgumniiveutia (n) 300 °C () 350 °C (p) 400 °C uas
(3) 450 °C
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= ' ' « a a € e - o ¢ » w «
JUM 4.4 (o)  amdreRduuninifiaeenleAiuiiunisiiesed 5% Mendesganssa
dldnmseunuuideunsm vunszanlulsddine neldgamaiiveutia (n) 300 °C (1) 350 °C
() 400 °C uaz (3) 450 °C
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Ni( .’:/n 10%

v

| 1200 nm

o ' o - a a i o o & » »
JUN 4.5 awmansmadavinaveidauuniniiasenteafiuuimnsideded 10% Mendes
NI IAUBENATOULUUEBUNTIA VunsEaNLUlsTaNg Vigamgiinisusuila 350 °C
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U 4.6 (n) uamnsMiAMMEgFUTRLArh NG WTinfasenlendW molddeuly
nswsuulasgamgiiveutia vugsessunszanlulsBaing nnsmsziiuh Ananegsi
vowadiAmiszin 80-90% lutnmusmeduiuiinweniiu wanddiiuiNasinia
oonluddeifimmilusdaguasumannsonzginlda  uansmiusmamzaiureaiTes
Réufieehan Agamagfineutia 300 °C mmuluidavedididitosniRduigumagiiueuliafoun
350 °C U ewdesnnseduiundnveddinifaeenludiigihiaysavildiyaunnies
et YiliAsmsnseiReveuasresgaunniomiereunsuannai nsdadeiveminidl
rasenlUidlavedidy Tutnrmeniedy 300350 wiluwes wandiihifisweunsgandu
voamsiuldddidnvazfulaniutn  uandWidhfddnsussuoundinuieniunuy
psefiAvesNaIU NI LazausoAMNAAOUNEIUFB N IAIANMS

ahv=AW-E,)" @.1)

A' L4 1 [ 3 ) £ = -~ & 0 al' J
W E, fiof1 WOUNSNIUABWY, AV AD WAINUUM, 4 Ae AwMI, o fAB AuUsTAVD
msqﬂnﬁuihﬁwmu'lﬁmnaumi:

W,

7 = —F:%ln% (4.2
lile d fis mmMNTBINAY uas T fie AmInsaruteua Wetharuduiusfindmnideu
NIMSININ (ahy’ MU Ay EARUNU X AD AILOUNNNUABIIIY ﬁ"qgﬂi'i 4.6 (1) uamfl
uaundnuseniuveisuninifassnledde 5% firgamgliueuiiadi 300 °C 350 °C
400 °C waz 450 °C suaundrusesiudimsAsuwanfigadnies 10 3.76 3.75 3.71
uaz 3.70 eV iy Frusundinudoriudiunlibenauilogamgiinsuoutiaiuty &
Ui 47 msfuoumdeudesiuenasiidlegumaiiiuty lesnmsiuvuavesiasdn
dewalvirnuunwissraduniinfasenlesdidanas Anfunsiiaturesunacdnvilia
WUUUYBEY grain boundaries amad WAz in13nIeidf grain boundaries asaa TN
Moo SR Nalage uazpmz [23] leAnwinsmismauuniinfiasenlurmeiolya-1ao
uaswudnwauzn1sanaTeIRuaUNENURBTlsgamTinTsueTiaf TuREIfY ave
mnmsiimunvedessndnuistuiy 41-51 wiluwes wisgumginsueuiiadiumn 400 fa
700 °C yhbidnvazaubidundnvediduanas nswnsiugamgliueuiiadwmasenisain
Taswinvesidy  sufunsanaswesiuaundiruderiuluierinnsfiviuresnalas
HANUATAMUUNWIBITRINENLURGLARAY
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< ' Y v  w <
UN 4.6 (N AYMNMINTQRILTBIA  UaT (1) NTIMNITUAUNANIURBITIITEIRANUN

a a fa aa ] > a -
findiaeenlen8ed 5% vunszanluls@dne meldfeulvmsbsuwlasgamaiiveuiia
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3.76 a NiO:Za 5%
]
3.75 4 L
S 374
2
&
08 373 -
o
£
&
3.72 4
3.71 =
3.70 -
E 4 = | ¥ ) 1§ d L}
308 3% 20 458
Temperature (°C)

Uit 47 asmimnaduiusvesruaundinudesiuivgamaiinsueuiiavesiduuna
inifiasenlen:8A vugiusesiunszanlulsdting

4.2.2 pamamsaesigniduuniiniiasenlvA:3A mel&idaulvmaasuudas
Yuaunaidedd

mylaneilasaivreiduunsiinfiasenludded AdsuuanSinunisideddnimieeg
vugnsesiunszanlulsdaing uaneiyuil 4.8 Tnsgampiinltueuiiaiefinynansenurants
Refedfe 350 °C idlosmnmanmsinssilasainmeniorianisideiuuresididng nams
Anssidnunslraianaiuifmendonanssmididnaseutuuidounsa sy ansin
NMEgEIUTBILAY Sy Ranniueutiasasgamad 350 °C fimnudusBnfinnsauuasi
MamzqEuTeaTiRndY gamgll 300 °C MnnAmyieyadnsalasiaveRd@Amiy
aswasudvediduunsiinifasenled  wumudmussawinlesaiwwediduiunsadeui
vowlszy Wil AeNdufiansowdsudlFadedidnsasdesaiwildesniedenadoud
vawsey lossu Wiedidnaseu mmpaiiliiFengamgiiueuiia 400 uar 450 °C fawFirexdins
TQHIUTRATIATUAY UAkaNS AT IZYvaINdBIgansIMIBENATOULUUIERUNTIA WaAMMS
InSueiroutimmiutasrnalasadurewdnilugnd 350 °C Teradhuguasiely
maedeuiives Usyy leseu viedidnaseu dudinarenawdsudveiidy Uil 4.8 wu
sUuumsdsiuuresiddndiimumia 26 = 43.0° dfudfussuu (2000 Wuspnuves
Trssadnuuuitnessiinifasenled  uistuuumsdmiuiivangrenBinumsidedeianeg
iuvesiiniAaesnludiamn Livnngguuuumsdeauuvedeivieddeanteduunsm
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uanmnf"fﬂumimﬁauuﬂawmgﬂu'u'un’mﬁvmwmﬁlmﬁmmmst‘ia%ﬁtﬁu%u ATIRAUERYEY
Fyagnamsi@oauuiisumia 20 = 43.0° apmvesinulatn uaniinsReBRlilaivn
Trsadnreriindiasenleidou  medyapamsdmuuiwmaiiuredinieesnlofused
dhludamnnanmnedudundnuediinfasenled Swandiifuninuavasdygauidumi 20 =
43.0° anad uazgﬂuuuﬁ’tytmmmstgmtmmﬁnLﬁaaan‘lﬁn'uwu'lﬁﬂs'mg dleviinainsiie
Faffude 20% msfincuiindasenledSiidnvasnsdoulentuil Wewnndaiilleseu
vae Ni** (0.69 A) uaz zn”* (0.74 A) fivuwlndifesiu zn™ enadluunsawisumisumia
lpsadedmes N dnvadlasadredduuninfasenledsadounaniivadntion
dlavinamsiFetedifiss 5% uar 10% Wetinumadetediiuds 20% dnvarlasadnres
Rsanmiinfnsenledwdsueiadiulétn  Sworasliaghiiasainvesdinfaenlefifuiu
whdwadensidsulrsaiuarirmnmsiesudundnvesiinfasenleds  Fwasinanl
pruaenAdestuIAdedu Wy Xianchun Lou uazamz [18] WAnmmsmaedeuiidun
finfasenlediidedesmlusen  mansAnwilastadmioiaiey  Jansmiuuheiidsng
wui Tuseudnludnmumsdesiiundnvesiduiinfaeenles  dovsinanisidsluseuiin
ity dnsazanuduninvesisuiiniasenlusanas uanmnﬁniju%’mm ibrahim Y.
Erdogan [24] AnWNSRSEURANIENUTEINISIIadsARealUANNlATIAS TuaTa AN NLEIYDY
Fuuninfasenlsd  wuiniledededludsinaiiutudmadenndivesaniin  tiswn
nnnvesiniilosuves cu”'(0.73 A) uax zn”'0.74 &) Svwelndifesiu zn Jermnsaundidn
Wulaswdnees Cu WWie Fedwaliidiadivesaniindimsidsuulas uslaswaitevawdn
femgUifurer Cu wAnSinumsfedirrmiduiusngstunmes Zno Tungiideves
Zuopeng He [25] Anwiaud@wasidy CuNiO fiwsuminnszuiunslua-iaa uuumyu
wdeu wuindleviina Cu Wutu PmuLdui'maaé':yimmn'mgmwuﬁv'hl.mﬁe 20 = 3374
uay 43.0° anavecnaiuléda esnnmstindorvedaswdniinfasenled Swansiased
waniinadenndeaiunsinssilasiainvemduuniinfasenleddiesouls

msieimsieisaplasaladveseynindidnaseuignuamidesime’didng (X-ray
photoelectron  spectroscopy: ~ XPS) uﬁam’maawﬁmaamqluméﬂssnau'nmﬂéuﬁnLﬁa
oonlusided  20% MnmsTassimeeissianmdmuuiidndieglasainradidnli
Usingasunuresdid ualunisasasaeusnenaiin XPS wusiasdiiudumiliatesduszney
Tuildy fquit 4.9 uameansmimsleszisnemedn XPs lumsleswiiiduiinfosenlud-de
ﬁﬂqﬁtﬁuaaﬂ‘ﬂiznamaﬂé:uﬂiznauﬁ'w finia 38 waresnBiou MNNIMNUEYQIUYEI
finfafidmdndnanile 854.4 uaz 8729 ev HurmSuBamiisrrenaestussiuu L
AR 2py, WAL 2p;, MudAU [26] Amdsuliamilenveseeniounuii 5294 uaz 532.0 eV
voxlaes 1s Tusedudu K waswurmdsnuBamilsivesdedd 10204 ev Wudmdumling
1A95 2ps, MNNTMNSIASIEIMIBINATA XPS tesRdufiduiinfiaoenlenger 20% 1Wums
pswifiaansodusuliilunswieuiiduinfasenled 8 f8efiiuesivseneuluiidy



Intensity (arb. units)

NiO:Za 20%

NiO:Za 10%

i

20

20 (deg)
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al - o =i - 3 - >
U 48 asminslesmilasainmeiidiindvedtauuniinfasenienderd aeldteuly

nsRgunanRinunsidedn vunszantulsdding gamgiinmsusuila 350 °C
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<l o £ -« [$ & o - LSS
FUN 4.9 nsminsiiessiawlpniu XPS veadiiduiiniiassnlus 8w 20%
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asmmsiesidomeiia xPs lussdudu Ni 2p veRdulinifasenled-Suifiase
F9A 0% waz 20 % uaRAIFUT 4.10 (M) uae (1) mud ey iegranseuvesNsetedTiliie
pfUsEneuratiiniasenlen nuhdmdsnBamiisrvenilaes 2p,, vesfiddinfasenls
fanvardygranivasindaiu SusiudmasuBamie 853.6 uas 855.1 eV #ainan
Tussdudumdanu 2ps;, fin5as1avuse 2 aaur Ais NiO waz Ni(OH), [27] uanviWauiinida
senlesigamgiineuila 350 °C finmsaiaiusziiiuuuy N0 uazgUuUURUSE N(OH), Tufhe
wilunlAses 2py, vesRduiinfiasenlydnded Snvaurfinfiusniuassiiminnissadadwm
fuRsuduiadedioRduudiniasenlysiinadetedidilu fuguil 4.10 (1) dlesnniisesu
W&t 855.1 eV Wusedundseniiiimsiadeuitluanszin core ionized AU next-neighbor
cluster [28] Fserafnannisfitsddlufidusnlulasastvesdinfasenled uddwalding
asranusrvesduiinfasenles fidwdsudavilen 534.6 eV anas WenSeudsuiuns
vasRduiinfasanted 3R 7 20 % Fnmdsrudndrndunisaioiuszuuy NiO

MG 4.1 uanmaawpssumsiessiiussluiduuinifasenludde Menies
sunuaninalal wusumiinsadiuiuserinesendn Ni fu O 7 55191 cm’ usliin
fumisiusesswing Zn fu O TasundRusesswin Zn fu O wuflawnedulszanm 580
em” waloRersannsilugae 400-700 cm’ wunswasuwdasrmadsasdyguiivumia
551.91 cm - Budusumisnisdunuy longitudinal opitcal (LO) 989 NiO $19Bsmnnaums
38v99 D.Y. Jiang uasAmg [29] wun Adumissinamiiunisduuuy LO disamsnsuda
Tuiduiinfiasanles fitadirnunnsasluiidiitinanasmaluvesesreusesiinia
(nickel vacancy) figamafiueuiia 700 °C uasndiegamgiineutiaiutuiy 900 °C dumimns
dusinananaesnadaiou uidumidiidygradutiuie dumisd 425 cm” Wumsduuwy
transverse optical (TO) svydsrmuniuninvesiiduiunniuuazasnismelivetsaouyes
tinifa 'lumu%ﬁ'ﬂi':wui'lm'mu‘fmaaé’tyzmm’v"iﬁmmiq 55191 cm’ dnndudeviinams
\Fedediint dguil 4.11 Mnmwduiustesmsduuuu 1O FissyBemmunwiaduiidaniy
aumadeulsuiduiinfasenlus 3 iiwienld fe Inmammelutetesseiinfiasenled
Wunnfudevhinaumsdediimnnty  wWuAniunsiesifaeiemGemimmeiua
wWiilasaled &3uil 4.12 Fwuawiziussues Ni fu O Fiduminissanas 490 cm™ wimbu i
UsngiusEsEwIn Zn A O whBinmnsiBedsdiiudy 20% uwanvinmsiJededliinnsaing
wusriveendimluiiduuiinfaeeniended  uidsdaradnluunuiivieunsnsewinlaswdn
vesfiniiasenludiviniiu Ssaesndestuntsiléinneil Hhedu
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Ni2p

Intensity (arb. units)

T T v — T r— v 1 T — T
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3UN 4.10 nsmimyueseviaaniu XPS Tuszdutu Ni 2p ves (n) Rauuwiinfiasenled uaz
(v) Rdwuniinifassnlended 20 %



NiO (LO) : e
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d - L - - - L di
JUN 4.11 namimsiessiussmeaaes T uaUnlasalallvesiduueiinfiasenled 8 7
WemedAns1e Nigamgiiueutia 350-°C (pwifin: 919839 1nHaUNsId8Y8e D.Y. Jiang
uavAe [29] )
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—NiO

=-=-Ni0:Zn 20%

Intensity (arb. units)

Wavenumber (cm)

<l a s v Y o <
U 4.12 asmmdienninsainiussmeinismBeinsuneiiannlasalall veaauun
inifasenleduasiduuniinfiasenled B 20%

Uil 4.13 uamamnsiessidnsaslesaimiuiveddainfesented uas
fauunilinfasenledGen 10% vugusesiunsyanlulstane dnvasrnudundnuedfiduun
finasenlesanamiinnmadeted  dwanmsiensidnuaslasaivmiuiveddaun
Tiniiaeenleduugwsesiunizamiilwih FTO  fguil 414  wanamswasuwlasdnves
Tassadumeiuillumadsiuuususesunsyanlulstinn  Siusiuramsiasizise
wdesiansiaruuuresiidiing Awenhidnluimnnsdesdudnresdniaoenion
vilimudundnvesid@iiniiasanlesanas  uidnvusniuiveddEsisugnuugusesiy
nszamitlwi FTO Aufnvesidiisnwasuan enilsmnssuueanszantulsdainaunnde
ynssuuTeInszamirlii FTO Swdwasennerudiuadnueiidy fudunavinmmunnsn
vorvuwlaswansswiaNaufugwsessilinTunaon (strain) fsesradwarentaiasnes
W 3U7 4.15 wananmmsianedaredidnnsiinfasenledded 109% wudnuozves
i 3 Fuilusnduediimay Fudnan Ae nsvaniiugusessuresduiidinhini Fro feg
'B"uﬁ'ﬁmnﬁ'lusm%'u uaz'??uuuqﬂﬁa fuvesRdaruiinfosenled S 10% VINANIZYAI
vuwesdszng 168 uiluwns uatlasaomeiuinvesidulunadar windidnvy
routhaudn JU 416 uamnmmTieTsiBeuinlussduuTudendesganssmituuuse
svmeuvatRdIUNiinAasenlysuunsranlulsFAnmiitunsusuliafigamail 350 °C Mnam
wamsdnvaziuRIireui s uasiimurgrssiuiy WerlinunmFedediiuti Amna
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= W v ca - - a = «
Jun 4.13 AMEIBFIBNBIaNTIMIBIANATEULUVIADUNS ALY (n) Rauuniinifasenled
uay (1) Wavuniinifaeenlen-8w 10% vunszanluls@dng meldgamaiiveuiia 350 °C
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JUN 4.14 amenessndeganssmiBidnaseunuuideunsnvemanuniiniasenleseh 7
YSuunsidedanmnag (n) 0% (1) 5% (A) 10% uwaz (4) 20% vunszamitlii FTO aela
gaumqiiuauiia 350 °C
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melagamaiiueutia 350 °C
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vprsruuRuiesAnRiinfasenled-BWAvEIMNMIEe 0% 5% 10% uas 20% UaRIAIRY
157 4.1 TR 0.36 0.50 0.47 uay 0.66 A mdi ﬁauuﬂﬁnmwn;ww"ﬁmﬁuﬁuaéﬂa
vhuldda  enudlssnmsitsidlvuvsnlulassdnesdinifasenled  uidwaresarw
vyrszvesiuin meirilleseuresieilngniesindaintes fe zn” ©.74 A) uaz N
0.69 A) msaTsifendsransimituuLerasuvaRanunlinifiasenlyd-Sefuunizen
FTO wdwnmssniiguugil 350°C Snvnriuinveiduinfosenlviiduuiades i
é’n'utuzﬁruﬁ'mnnvi'mnnmsﬂgnﬁénuunszﬂniu‘[ﬁﬁLfm ollaannnsununielasai e
g'msaa’s'u’v’iunnﬁwﬁuﬁqﬁﬁnvmzﬁuﬁaﬁagﬂ devhnunsdetediiutuiu 10% was 20%
dnvarlasaonauiaAsuwmeiiuldh uanigui 4.17 wsmarrssesiiuin
dannrnissnuns@ed s 42 snchuldundhBinumsdetdi 10% e
deanvnlanaimaiuivedid@un Bulimswisuanaiiiasenledituldeanld
visorinnnnisiisefidluunmilulasminuesinfaeenlsfiiutu . udniludirrrenisne
sulundnvesiinfiasenles

msirrnsnzgruuaesAdiniasenluided AleulvnswAsuuanSnuie
BeA 7 0% 5% 10% Uaz20% vugrwsesiunszanlulsdainauaznszamitlii FTO Migamgl
suautia 350 °C uanedegUil 4.18 (n) uae 4.19 (n) MWy Usngin Amanzgsutes
uauugsasiunssantulstang  uaznssamilwihdidnisvsaruvemeglussiuiig
Uszum 90%  Tutasemueniaudiud 400 uiluwes Suly wipluuumavsguveaes
Wéuvniiniiasenledes vunszanmitlwih FTO fidhwuniivia suilewnanusngnisaims
umsnagauuudmumealuidiuly  emmnananuvuilaesineeiduuug iy
nszanmiiind FTO wnndivunszanlulsdanm msﬂ"m'mwm-naﬂaumuanaé’zgsg'\mmiwva
ruveuas MimaudindasenledSsduunssamiluih FTO U‘sunaumawﬂau 2 $u Ao Hu
voslinfasenlesuastuvediduiiusanlediiiosengooiu  Anfudygumsmzgsinraia
Fuanseguil 4.18 (0) uenmnimuidishma@eteilluidniinfiaesnlen dualy
Amsnsgiutswaniutudnties vweniid@dmalusdanuty fuluiervesniseden
'Wéuumﬁaﬁnmauﬁ’ﬁmiL\Jé‘auﬁﬂaﬁéumaﬁntﬁaaan‘l'uﬁv‘lw’euuuauq%ﬁa‘lw uazuuuBian
slasiin wdwminiuhdimvsgrnursitannAnpunAuaunsInudsusalsIng
FununduFswhsdiniswisuwasfisudnties Fufuihhififuddy mewiuounda
FonmunAsuuwadussfutionnnn fagul uamsudl 4.18 (1) uaz 4.19 (v) AudWy uaz
aunsanSsuiiguramanuioundsudsuiuresiduuninifasenlented  vugusesdu
nszanlulsfanmuaznszan FTO fideulvnnsidsuuwanBnanisideded dguil 420 wu
unliunsiutudntosveuaundufeniuuuguiui 2 v
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(N) NiO (V) NiO:7Zn 5%

-
PR

(M) NiO:Zn 10% (1) NiO:Zn 20%

<l a S A v v « « - ey o 6 e
JUn 4.16 A3 AATIVINURIAIBNAIRaNTIALLUULS Iaspanvasiduu i liniiagenlyd:3a #
USummsiinden 0%, 5%, 10% uag 20% vunszaniulstidng anelagamgiluauiia 350 °C

=l ' - - o a - ¢ = -
A3 4.1 UARIAMATINYTYTEIRINURT (rs) Yasiduutinifiapenlen MiudsuwlanSunm
msIederuunsyanluls¥dian

YSuunsioden fAnuvguse (A)
NiO 0.36
NiO:Zn 5% 0.50
NiO:Zn 10% 0.47

NiO:Zn 20% 0.66




(%) NiO:Zn 5%

(R) NiO:Zn 10% {2) NiO:Zn 20%

= t: [ < - e fa &
JUM 4.17 My miufamendeansmivuuusernouvedianniinfaonnlyd-Sed
USuamaidaden 0%; 5%, 10% wag 20% vunszantirliia FTo melsgamgiiueuiia 350 °C

' & o - a -
ATNA 4.2 LARIRIAINTTYTEYBINLAD (rms) vaditnedinifagenlyd MAsuulanFina
nsdedsruunszanmitlwih FTO

Usmamaieden ANIMYTVIE (hm)
N~ ——~ 48
NiO:Zn 5% 5.23
NiO:Zn 10% 4.08

NiO:Zn 20% 5.76
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Ni(OH), «> NiOOH +H™* +e- (a.6)
Ni(OH), + OH ™ «> NiOOH + H,0 + e~ (4.7

NiO + OH~ & NiOOH +e- (4.8)
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Abstract

Nickel oxide (NiO) thin films were deposited onto glass substrates by sol-gel spin-coating technique. The coating
solution was prepared by reacting nickel acetate tetrahydrate as precursor and absolute ethanol as solvent. The as-
deposited films were annealed in air at 350°C. The color of the film can be changed from bleach color to be dark
brownish after UV/ozone treatment. The change in optical density of more than 40% can be achieved after 5 min of
treatment. The colored films can be readily recovered by thermal treatment at 150 °C within 30 min. Further
increasing ozone exposure time leads to greater change in optical density. The presence of ozone-induced hydroxyl
groups causes the color change of the films. The unique behavior of this chromic material can be applied as novel
tunable neutral optical density filters and related devices by ozone-assisted methed.

© 2011 Published by Elsevier Lid.
Keywords: Nickel oxide; Sol-gel; UV/Ozone treatment; Optical density.

1. Introduction

Over decades, Nickel oxide (NiO) has received a great deal of attention in industry and academia as a result of
their potential applications in fuel cell electrodes, electroplating, thermistors, high-power ultra-capacitors, miniature
batteries, and optical switching devices [1]. NiO has been also recognized as a functional electro chromic (EC)
material since it performs strong optical property alternation upon both ions and electrons insertion-extraction
induced by external applied voltagef2]. Additionally, NiQ could be colored and bleached by the presence and

* Corresponding author. Tel.: +66-42-772-391; fax: +66-42-772-392
E-mail address: russameeruk@gmail.com

1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.03.039
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absence of ozone exposure induced by UV irradiation, respectively. This process is an interesting technique that can
be utilized for facile device assembly and large-scale production.

This present paper reports on simple technique that can control the coloration NiO thin films by ozone exposure.
The growth process of NiO thin films based on sol-gel spin coating is introduced. The crystalline and surface
morphology of the films were characterized by X-ray diffraction (XRD) and scanning electron microscope . The
relevant optical properties were interpreted by transmission spectroscopy. The effect of ozone exposure time on the
optical density change of NiO films was also investigated.

2. Experimental

Nickel oxide films were deposited by sol-gel spin-coating from a nickel(Il) acetate tetrahydrate
(Ni(CH;C00),"4H,0) percursor. Absolute ethanol and diethanolamine (HN(CH,CH,OH),,DEA) was used as the
solvent. The precursor was vigorously stirred at 100°C for 6 hr. The precursor was coated on glass substrates by a
spinner at speed of 3000 rpm for 50 sec, followed by dry process at 100 °C. The process was repeated 8-10 times to
reach the designated thickness. Finally, the deposited films were annealed at 350 °C for 2 hr. The structural
properties of NiO films were characterized by XRD (Rigaku Mini Flex). The surface morphology and film thickness
were examined by SEM (Hitachi S-4700). The Optical properties of the films were investigated using UV-Vis
spectrophotometer (Thermo Electron Corperation Heliosa). Coloring of NiO films were conducted by expose the
samples to ozone using UV/ozone processing unit at various exposure time. Bleaching of films was obtained after
thermal heating in oven at 150°C for 30 min. The transmittances of colored and bleached state were measured by
UV-Vis spectrophotometer in range of 300 - 560 nm.

3. Results and Discussion
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Fig.1 (a) XRD pattern and (b) SEM image of the spifi-coated NiO thin film annealed 350°C.

Fig.1 (a) show the X-ray diffraction pattern-of NiO films annealed at 350°C. The noticeable diffraction peaks
positioned at 26 = 37.2°, 43° and 62.5° attnibute to-(111),(200) and (220) orientation plane of NiO with cubic
structure, respectively[3]. All characteristic peaks of XRD patterns are prominent, suggesting that as-prepared films
have good crystalline structure. The surface morphologies of post-annealed NiO films with was investigated by FE-
SEM as shown in Fig. 1(b). SEM image of the film shows quite uniform distribution of its grain suggesting that the
well-defined crystallite NiO thin film can be obtained by this growth method. The spectral dependence of
transmittance (T) on wavelength ( A ) of NiO thin film annealed at 350°C is expressed in Fig. 2. The result shows
that NiO thin film presents more than 80% of transmittance in visible region of the electromagnetic spectra, and cut-
off the fundamental absorption edge near 300 nm is observed. In addition, sharp transmission spectrum is clearly
observed in the wavelength region of 300-350 nm reflecting the excellent semiconductor behaviour with direct
optical band gap of about 3.8 eV.
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Fig.2 Optical Transmittance of NiO thin film annealed at 350°C.
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Fig.3 Optical transmittance of NiO film after ozone exposure for 0-15 min.

The color of the NiO film was changed from bleached state to colored state after the film was exposed to ozone.
Fig.3 shows the corresponding spectral transmittance of the annealed NiO thin film under various ozone exposure
time from 0-15 min. It is clearly seen that the transmittance decreases as the exposure time increases. The
transmittances in visible region decrease rapidly by over 40% reaching approximately 50% after ozone exposure 5
min. Further increasing exposure time up to 15 min leads to further decrease in optical transmittance and remains
unchanged afier extending exposure time. The color of the film can alter from transparent to dark brown color
depending upon exposure time. During UV/ozone treatment, combination of ozone and absorbed water molecules
originated from incomplete baking or moisture in ambient air could produce functional hydroxyl groups on the
surface of the film [4]. The possible photo-reaction resuiting to the generation of hydroxyl group is originated from
following expression [5],

O,(H,0)+hv—>20H +0, )

The mechanisin proposed for the ozone-induced coloration of nickel oxide with the presence of hydroxyl groups
can be summarized by following reaction schemes{6],

NiO+OH™——> NiOOH +e~ (73]
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In addition, as the exposure time increases, more hydroxy! groups are introduced into the film reflecting to the
decrease in its transmittance. The coloration of the film can be also represented by corresponding optical density
change (A0D) calculated from equation (3):

AOD=log—17-:9-. ®

Where 7, is the bleaching transmittance and 7, is the coloring transmittance. The calculated value for the 40D
with respect to wavelength of NiQ film with var is illustrated in Fig. 4. The change in optical density of the colored
films reflects to the chromogenic performance of the film. The change in optical density the film reaches the
maximum in the UV region with corresponding wavelength of 340-350 nm. This feature may be related to the
wavelength dependent behaviour of optical absorption property of the film.
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Fig.4 Optical density change of NiO thin film as function of wavelength after 5-min ozone exposure.
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Fig.5 Optical density change of NiQ thin film as function of exposure time.

The optical densities measured at 350 nm of the colored NiO films as a function of exposure time is plotted in
Fig. 5. It is obviously noticed that the change in optical density of the film increases rapidly after 5 min of exposure.
AfterSmm,theophcaldensltychangegradually increases and tends to remain constant afier the exposure time of
15 min. The feature may be resulted from the saturation of absorbed ozone molecules on the film surface after
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sufficient ozone exposure time. The recovery of colored-NiO film to bieached state of can be also obtained by
heating treatment. The experimental result showed that the colored-film could be recovered to be as-prepared
condition after treatment at 150°C for approximately 30 min. Under heating or drying treatment, absorbed water
molecules with their hydroxyl groups can be extracted from the films leading to the recovery from colored state. The
characteristic phenomena of ozone-induced coloration of this NiQ film can be forwardly applied as the feasible one-
step method for optical density filter applications.

4. Conciusion

Nickel oxide ( NiO) thin film was deposited onto glass substrate by sol-gel spin-coating technique. The color of
the film can be changed from bleach color to be dark brownish after UV/ozone exposure. The functional hydroxyl
groups originated from the interaction of water molecules and UV play a key role on the coloration of the film. The
change in optical density of more than 40% can be achieved after 5 min of treatment. The film annealed at 350°C
exhibited a rather good coloration property with the variation of transmittance up to 80%. Further increasing ozone
exposure time leads to greater change in optical density. The colored film can be easily recovered by thermal
treatment at 150 °C within 30 min. The unique behaviour of this material can be applied as novel tunable neutral
optical density filters and related optical elements.
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Abstract

NiZnO thin films were prepared from 0.3M nickel acetate and zinc acetate precursors by sol-gel spin-coating
technique. The precursors were dissolved in ethanol and diethanolamine. The solution was stirred at 100 °C for
2 hr and then cooled down to the room temperature for 24 hr. The precursor was coated on glass substrates at
speed of 2000 rpm and annealed at-350 °C for 2 hr. Under UV/Ozone exposure for few minutes, the color of the
film drastically changes from transparent to deep brown color. The roughness and phase of NiZnQO thin films
before and afier treatment were characterized by Atomic Force Microscopy (AFM). The AFM results exhibited
distinguishable altemnation in surface morphology and the increase of surface roughness afier the films were
under ozone exposure for specific time duration. The functional groups playing crucial roles on the change in
color and surface morphology 'were additionally investigated by Fourier Transform Infrared Spectroscopy
(FTIR). The FTIR spectra of NiZnO thin films showed insignificant change with respect to the change of Zn
composition and UV/Ozone treatment time. ;

properties [8]. It was found that the increasing
boron = doping content could prevent the
crystallization of NiO resulting in the enhancement
of \[EC performance of the films. Furthermore, it

Background
Nickel oxide and its related alloys have
attracted  considerable  interests due = to,  their

importance in many applications in science and was found that color of NiO ¢an be changed by the
technology. NiO has been used in wide range of resence. of ozone_cxposare induced by UV

applications such as p-type transparent conducting. di Hobh b telboihches
film [1], chemical sensors [2]. and clectrchromic uvmz;:; ool NiO-basid faducrials are
dcvnce [3]. NiO_ films have been prepared by

still very limited.
Ly ; :ulsl =8 ene ;Illllig This present paper reports on effect of
[4]. S ical deposition ]S, <pul UV/Ozone treatment on the coloration, physical
deposition _[6]‘ and sol-gel melbod _[7].. Among § st Bologiés of NiZnO thin
thesc techniqigshthegbl-gel spin cqsig 9 oge 10§ films. The crystalline and surface morphology of
well suited routes for the preparation of metal oxide ; 2 " :

g 3 2 the films were characterized by X-ray diffraction
thin films because of ‘comparably inexpensive XRD) and o 4 AFM)
experimental arrangement. ease of adding dopant. ( = - Py (

. = - respectively. The chemical bonding and functional
high homogeneity,  relatively ' low process :

groups of NiZn) films were characterized by

temperature, reproducibility and mass preduction

bility for uniform largehegd ings. NIQHi$ Fourier Transform Infrared Spectroscopy (FTIR).

typically one of potential materials for Materials and Methods

electrochromic (EC) applications. EC materials can NiZnO thin films were deposited onto the glass
be changed the optical properties upon both ions substrates by sol-gel spin coating technique. 0.3M
and electrons insertion-extraction induced by nickel(ll) acetate tetrahydrate and zinc acetate
external applied voltage. The general model for dehydrate powder was dissolved in absolute
transition from colored to bleached states is ethanol and then 5mi-diethanolamine was added as
reversible transformation between NiOOH and sol stabilizer. The Zn/Ni molar concentration was
Ni(OH), phases. The EC properties are mainly controlled at 0, 0.5/10 and 2/10 corresponding to
dependent on the structure of the films. Recently, x=0, 0.05 and 0.2, respectively. The precursor was
many efforts have been devoted in order to improve stirred at 100 °C for 2 hr and then aged for 24 hr at
the EC properties by replacing traditional EC layer. room temperature. Before deposition, the glass
Xianchun Lou etal reported on the influence substrates were cleaned ultrasonically in acetone

boron doping into NiO on electrochromic and isopropanol for 15 min, respectively. The
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Figure 1 The XRD patterns of NiZnQ thin films
with different Zn contents (0, 0.05 and 0.2).

precursor was coated on glass substrates by spinner
at speed of 2500 rpm for 50 sec, followed by dry
process at 100 °C. Afier that, the deposited films
were annealed at 350 °C for 2 hr. Coloring of
NiZnO thin films was gencrated by exposing the
samples to ozone for 20 min using UV/Ozone
generator. The crystalline and structure of the
NiZnO films were characterized by XRD
(Panalytical, x’ Pert Pro MPD). The transmission
spectra of NiZnO thin films in the colored and
bleached states were investigated using UV-Vis
spectrophotometer (Thenmo Electron Corporation,
Heliosa). The surface morphology and roughness
of as-prepared “films were examined by AFM
(Seiko Instruments, SPA400).The  chemical
bonding and functional groups of NiZnO films was
characterized by FTIR

Results and Discussion

The XRD spectra of the NiZnQ films with
different Zn-doping content of 0, 0.05, and 0.2 are
exhibited in Fig. 1. A broad XRD pattern of all
samples in the low 28 region extending from 20° -
4(° is a typical diffraction pattern of glass substrate.
The noticeable diffraction peaks positioned at 26
~43° is attributed to (200) orientation plane of
cubic NiO. The XRD patterns reveal that the
crystallinity of the films significantly decreases
with increasing of Zn content. This behavior is
associated to Zn”" substitution of Ni** resulting in
distortion of its structure [9].

The photographs of NiZnO: thin films in the
before and after UV/Ozone treatment. states with
different Zn content are illustrated in Fig. 2 (2) and
(b), respectively. The photographs show that the
color of NiZnO thin films under UV/Ozone
treatment can alter from transparent (bleached
states) to dark brown (colored states) color. The
color of the alloy film is changed to deep brown as
Zn doping content increases.  The optical
transmittance spectra of NiZnO thin films in the
bleached and colored states are exhibited in Fig.3.
(a) and (b), respectively. The results of bleached
states show that all films are highly transparent
with corresponding transmittance of 80-90 %,

Journal of the Microscopy Society of Thailand 4 (1), 28-31 (2011)

Figure 2 The photographs of NiZnO thin films with
different Zn content: (a) bleached states (b) colored
states.

while the colored states show transmittance of 20-
60 % in the wvisible region. During UV/Ozone
treatment, combination of ozone and absorbed
water molecules originated from incomplete baking
or moisture-in ambient air can generate functional
hydroxyl groups on the surface of the film [10].
The transmittance-of the colored film decreases
drastically ~with increasing Zn doping content
implying that the colored state of NiO film was
strongly affected by Zn doping. Duc to the Zn-
induced crystallinity deterioration of NiO films,
meore hydroxy! group is able to insert in NiZnO thin
film than bare NiO thin film resuiting to the darker
colored state of Zn-doped film.

The AFM images of NiZnO thin films with
different UV/Ozone exposure times of 0, 10 and 20

‘min are shown in Fig. 4 (a), (b) and (c),

respectively. The surface morphology of post-
annealed NiZnO thin films with Zn content of 0,
0.05 and 0.2 were rather smooth with rms surface
roughness of 3.65, 5.05 and 6.6 A, respectively.
The rms values imply that the roughness of the film
increase slightly with increasing Zn composition.
This AFM results display good correspondence
with ' decreasing_crystallinity revealed by XRD
results. The surface roughness of NiZnO thin films
increases rapidly after ozone exposure 10 min as

Transmitiance (% 71)

« %3 ¥ & 3 % 3 4 0 8 @

Wavelength (am)

Figure 3 The transmittance of bleached and colored
states of NiZnO thin films with different Zn contents



Figure 4 The AFM images of NiZnO thin films with
different UV/Ozone exposed times: (@) 0 min; (b) 10
min and (c) 20 min as various Zn content.

shown in Fig. 4(b) and 5. However, the surface
roughness decreases again afier further exposure
time up to 20 min. During ozone exposure, The
presence of free hydroxyl group leads to the
coloration of the film and the comesponding
reaction can be expressed as follows,
NiO+O0OH ™ ——> NiOOH +¢e . m

The formation of NiOOH on the surface of the
films can alter the surface roughness of the films as
seen from AFM images. This behavior may be
associated with -a function of the amount. of
chemical change into short-range ordered result
from insertion of hydroxyl group into NiZnO thin
films [11]. At certain exposure time, the absorption
of hydroxyl groups on the film surface tends to
reach the saturation resulting to the observable
decrease of surface roughness.

The FTIR spectra of NiZnO thin films with
different Zn compesition are shown in Fig, 6. The
bands occurring at ~418:cm are attributed to the
stretching vibration of the Ni-O bond [12]). The
band at ~763 cm™ gave the information about the
vibrations of C=0 stretching vibrations {13]. The
bands in the region of 912 cm™' is assigned to CO;™
[14]. However, the FTIR spectra of NiZnO show
insignificant change with Zn composition and
UV/Ozone treatment.

Conclusion

The NiZnO films were successfully prepared by
sol-gel spin-coating method. The XRD patiern
revealed that the crystalline of the films decrease
with increasing of Zn content. The photographs and
their transmittance obviously indicated that the film
with x=0.2 performed the superior chromogenic
efficiency comparing to the others. The AFM result
suggests that the surface roughness of the film
increase slightly with increasing Zn composition.
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Figure 5 The root-mecan-square (mms) roughness
value of NiZnO with different Zn content.

After UV/Ozone treatment, the surface roughness
increases resulting from hydroxyl group insertion
into NiZnO- thin  films. From FTIR results, the
bands occurring at ~ 418 cm™ of all films are
attributed to the stretching vibration of the Ni-O

bond. The FTIR spectra of NiZnO show
unobservable alternation with Zn-doping content
and UV/Ozone treatment time.
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Zn,Niy— O thin films were prepared by sol-gei-spin coating method onto glass substrates in combination
with annealing process. Effect of zinc content on the structural, optical and ozone-induced coloration properties
of as-prepared films was investigated by X-ray diffraction, field emission-scanning electron microscope, atomic
force microscopy and UV-VIS spectrophetometer, respectively. X-ray diffraction results reveal that the struc-
tures of all films are still cubic NiO structure. Average graim-size of Zn,Ni, - O film increases with increasing
y anpealing temperature and its crystallization is strongly affected by Zn content. Coloration of the films was

Nickel oxide obtained after UV/ozone exposure due (o.a presence of ozone-induced hydroxyl groups. Significant enhance-
Zinc oxide ment of coloration efficiency of the films is achieved as content of Zn increases.

Ozone-induced coloration © 2011 Elsevier B.V. All rights reserved.
Sol-gel deposition

Optical properties

Surface morphology

1. Introduction and Ce0,-Ti0; layer. These two layers took the main responsibility

Over decades, nickel oxide (NiO) has been extensively investigated
because of its particular properties including excellent chemical stabili-
ty and interesting electrical, optical and magnetic properties. Recently,
NiO has been used in wide range of applications such as photocatalyst
| 1], antiferromagnetic material [ 2], gas sensor | 3], p-type semiconduct-
ing layer [4-5], smart window [6] and electrochromic device {7]. NiO
films have been fabricated by various physical and chemical techniques
such as RF magnetron sputtering {8], pulsed laser deposition |9}, chem-
ical bath deposition [10], and sol-gel method |11]. Among these pro-
cesses, sol-gel route method is an attractive process because of its
simplicity, safety, inexpensive experimental arrangement, ease of doping.
high homogeneity, relatively low process temperature, reproducibility
and mass production capability for uniform large area coatings.

NiO is typically one of the potential materials for electrochromic
applications since it exhibits strong optical property alternation
upon both ion and electron insertion-extraction induced by external
applied voltage [12], good cydlic reversibility and excellent durability.
Many efforts have been devoted in order to improve coloration per-
formance and functionality of NiO films. A. Al-Kaholout et al. [13]
reported on an adjustment of electrochromic performance of NiO-
based devices by two sol-gel-processed coating of anodic NiO-TiO,

* Corresponding author. Tel.: + 66 816116884; fax. + 66 23264733.
E-mail address: kpewisan@gmail.com (W. Pecharapa).

0040-6090/3 - see front matter © 2011 Elsevier B.V. Al rights reserved.
doi:10.1016/j.t5£.2011.12.010

on significantly improved EC properties and highly reversible behavior
of the devices. An ideafor improving the coloration performance of NiQ
film by doping with variety of elements has been recently proposed as
one of the effective techniques. N. Penin et al. [14] gave a report on
the influence of tungsten addition on electrochromic performance en-
hancement including durability and cyclability of laser-deposited NiO
thin films. E Avendano etal [15] showed that an enhancement of
short-wavelength transmittance in bleached state of NiO films was
achieved by wide variety of metal additives such as Mg AL ZrorTa X
Lou et al [16] prepared boren-doped nickel oxide electrochromic
films by sol-gel route and acknowledged that the increasing boron con-
tent prevented the erystallization of NiO, resulting in the enhancement
of electrochromic properties of the films. Besides the mentioned addi-
tives, Zn is a promising transition metal element that can be used as
anappropriate additive for NiO due to close ionic radius parameter. Fur-
thermore, it was reported that NiO-based films could be colored by a
presence of ozone exposure induced by UV irradiation [17,18]. This
process is an interesting technique that can be utilized for facile de-
vice assembly and large-scale production. Nevertheless, researches
on ZnyNi; — 4O thin films are still very limited [19,20] and no informa-
tion is available in literatures on the study of its coloration performance
under ozone exposure. In this work, an attempt was made to prepare
Zn,Ni; — O thin films on glass substrate by sol-gel spin coating method
and to control color of the films using ozone induced by UV irradiation.
An influence of Zn composition on the physical, optical and coloration
performance of as-deposited films was extensively investigated.
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2. Experimental details

Zn,Ni; ;0 thin films with various Zn compositions (x =0, 0.05,
0.1, 0.2) were prepared by sol-gel spin-coating method. Nickel ace-
tate tetrahydrate and zinc acetate dehydrate was used as Ni and Zn
source, respectively. Nickel (I} acetate tetrahydrate 98% (Ni(CH;.
C€00),-41,0} and zinc acetate dihydrate {Zn(CH;C00),-2H,0) was
purchased from Aldrich and Ajex Finechem Pty Ltd, respectively.
The stock solution was prepared by mixing of 0.3 M nickel(ll) acetate
and zinc acetate dissolved in absolute ethanel and then 5 mi-dietha-
nolamine {HN(CH,(H,0H),) was added as a sol stabilizer. The pre-
curser was vigorously stirred at 70 °C for 2 h and then aged for 24h
at room temperature. Before deposition, glass substrates were
cleaned ultrasonicafly in acetone and isopropanol for 10 min, respec-
tively, The precursor was coated on the glass substrates by a spinner
at speed of 2500 rpm for S0 s, followed by dry process at 100 °C. The
process was repeated 6-8 times to reach reqguired thickness. Finally,
as-deposited films were annealed at a different temperature in the
range of 300-450 °C for 2 h. Differential-Thermal Analyses (DTA, Per-
kin Etmer Pyris) of the sol-gel was conducted in air with a heating
rate of 2°C/min to imvestigate thermal behavior of this solution.
Structural properties of Zn,Ni, _ ;O thin films were characterized by
X-ray diffraction {XRD, Panalytical x'Pert Pro MPD) using Cu-Ka radia-
tion, operated at 40 kV and 30 mA over a 28 in the range of 15-65°. The
diffraction patterns were recorded with a scanning rate 2°/min. Surface
morphologies and film thickness were examined by field emission-
scanning electron microscope (FE-SEM, Hitachi S-4700) operated at
10KV after coating with gold. The surface topoegraphies and roughness
were monitored by atomic force microscopy (AFM, Seiko Instruments,
SPA400) using non-contact mode. The optical properties of the films
were investigated using UV-vis spectrophotometer (Thermo Electron
Corporation Heliosat). Coloration of Zn,Ni, _ 0 film was generated by
exposing the samples to ozone using UV/ozone processing unit for
various exposure times. Bleaching process of colored film was con-
ducted using conventional thermal heating at 150 °C. The transmit-
tances of colored and bleached state were measured by UV-vis
spectrophotometer in a wavelength range of 300-800 nm.

3. Results and discussion

Differential-Thermal Analyses were conducted on nickel (I} ace-
tate tetrahydrate and zinc acetate dihydrate stock solution to investi-
gate its thermal behavior. Two steps of weight losses in temperature
regions of 50-150 °C and 230-290 °C are shown in Fig. 1. The first
weight loss observed by an endothermic peak position situated at
155 °C attributes to the dehydration of water in the mixed solution
§21,22]. The second stage which is exhibited by distinct endothermic
peak centered at 293 °C is ascribed 10 the decomposition of residual
organics prior to the formation of nickel oxide {2324]. No further
change is observed as the temperature is above 300 °C. The XRD pat-
terns of as-prepared films annealed at various temperatures and with
various Zn contents are illustrated in Fig. 2(a) and (b), respectively. A
broad XRD pattern appeared in all samples in the low 29 region
extending from 20° to 40° is typical diffraction pattern of a glass sub-
strate. The noticeable diffraction peaks positioned at 20=372° and
43° correspond to (111), (200) orientation plane of cubic phase NiQ
{25}, respectively, indicating the formation of polycrystalline Zn,Ni,
0 films afier annealing process. A growth along the (200) plane
is likely to be the preferable orientation of these films. In Fig. 2(a),
the XRD peak intensity becomes stronger as annealing temperature
arises suggesting that the crystallinity of the film significantly im-
praves with increasing annealing temperature. This feature is attributable
to the removal of residual organics or interlayer water from the trans-
formation of Ni(OH), to NiQ [ 26] and the decrease in strain and disloca-
tion density {27] during heat treatment at higher temperature.
Meanwhile, Fig. 2(b) shows the XRD patterns of Zn,Ni, - O thin films
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Fig. 1. DTA curves of pickel acetate and zinc acetate sol-gel precussor with Zn conteat;
x=01

with different Zn contents at annealing temperature of 350 °C. As seen
in the patterns, the crystallization quality of NiO evidently degrades
when Zn concentration increases, accompanying the deterioration of
the diffraction intensity of (200) reflection with increasing Zn composi-
tion. At this stage, it is conceived that the introduction of Zn into NiO
plays a key role on a decrease of its crystallinity due to a distortion of

Intensity (arb, units)

Intensity (arb. units)

Fig. 2. XRD patterns of (a) ZnggsNipssO filin annealed at various annealing tempera-
tures and (b) Zn,Ni, _ O prepared with different Zn contents and annealed at 350 °C.
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the lattice | 28]. However, the location of (200) peak exhibits ignorable
change as Zn content increases implying a good compatibility of Zn? *
jon for Ni* * ion in the lattice without alteration of its structure. This fea-
ture is in good agreement with previous literature conducted by Park
and Kim |[19] who reported that the aystalline structure of NiO
remained cubic phase as Zn composition was less than 31%.

Fig. 3(a) shows a cross section image of as-prepared film with Zn
content; x=0.1, indicating the consistence of the film formation on
glass substrate. Its average thickness evaluated from SEM image is ap-
proximately 200 nm. The surface SEM micrographs of Zn,Ni, 0
thin films annealed in air at different temperatures are shown in
Fig. 3(b)-(e). All SEM images exhibit the uniform grain distribution
implying that well-defined crystalline ZnNi; _ O thin films can be
attained by this deposition technique. The grains of as-prepared
films exhibit significant increase in their size with increasing anneal-
ing temperature from 300 °C to 450 °C. These SEM results are in good
accession with the results analyzed from XRD data.

The optical transmittance spectra of Zn,Ni, 0 films prepared at
different annealing temperatures and various Zn compositions are
represented in Fig. 4(a) and (b), respectively. The results show that
as-prepared films are highly transparent with comesponding trans-
mittance of 80-90% in a visible region. In addition, all transmission
spectra indicate sharp absorption edge in the wavelength region of
300-350 nm suggesting a good semiconductor behavior with direct
optical band gap. The corresponding direct optical band gaps of
Zn,Ni, — 4O films can be calculated by following equation {29];

ahv = A(w—E, )", (1)

2 om

- 400°C

where E; is optical band gap, v is photon energy and A is constant. a
is an absorption coefficient which is typically extracted from the fol-
lowing expression;

1.0 1

a:—lﬂ—:— ln (2)

]

where d is film thickness and T is its transmittance. The correspond-
ing optical band gap energies interpreted from the interception of
{(ohw)? versus hw are depicted as an inset of each figure. The results
indicate that the optical band gap energies of Zn,Ni, — O films pre-
pared at different annealing temperatures and different Zn contents
are in the range of 3.74-3.76 eV and show insignificant change as ei-
ther annealing temperature or Zn content varies. These optical band
gap values are good agreeable with corresponding results reported
in previous published work [30].

The photographs of as-prepared Zn,Ni; — ,O thin films with differ-
ent Zn contents and their coloration under UV/ozone exposure are il-
lustrated in Fig. 5(a) and (b), respectively. The photographs show
that the color of Zn,Ni, __ O films expesed to UV/ozone atmosphere
for 20 min can be altered from transparent to dark brown color ( colored
state). Color of the film further changes to deep brown as Zn composi-
tion increases, reflecting the enhancement of coloration efficency
(CE) of the film by the accompaniment of Zn additive. The colored-
state transmission spectra of NiD film and ZngNig 20O film exposed to
UV/ozone for 0-20 min are exhibited in Fig. 6(a) and (b), respectively.
After exposure for 5 min, rapid decrease of transmittance in visible re-
gion was clearly observed in both films. Further decrease in optical
transmittance was attained for further exposure time up to 20 min. In

200 nm

200 Yoes

8]

450 52

Fig. 3. (a) Cross-section image of as-prepared Zn,Ni, _ 0 and SEM images of Zn,Ni; —,O films annealed at (b) 300 °C, (c) 350 °C, (d) 400 °C and (e} 450 °C.
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Fig. A Transmittance spectra and optical band gap (inset w figure) of (a) Zng gsNig o0
films prepared at different annealing temperatures and (b) Zn,Ni, _,0 filgrs annealed
ar 350 “C with different Zn contents.

Fig. 5. Photographs of Zn,Ni, — ,O with different Zn contents, (a) as-prepared films and
(b) colored-stated Zn,Ni, _ 4O films after UV/ozone exposure time of 20 min. (all films
were annealed at 350 "C).
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Fig. 6. Transmittance specira at different UV/ozone exposure time of Zn,Ni, _ .0 films
with Zn content of (a) x =0and (b) x=02,

addition, Zn, ;Nig 20 film displayed superiority in color changing rate to
NiO film. During UV/ozone treatment, involved mechanisms leading to
the generation of functional hydroxyl groups can be summarized by the
following reaction schemes;

Os # hu—20

0'+02‘"0;

0; + v—0,+0

O + H,0—2011. 3)

First, an oxygen molecule (0:) can split into two free oxygen
atoms (O, free radicals) by high energy ultraviolet. One of these
atoms combines with another oxygen molecule in air and forms a
molecule of ozone (03). This ozone molecule absorbs UV radiation
and breaks down into a free oxygen atom and a molecule of ordinary
oxygen and it reacts with several atmospheric molecules. The reac-
tion of free oxygen atom with water molecule or moisture can gener-
ate a hydroxyl radical (OH) which is key reactive in coloration of NiO
film [31]. The presence of free hydroxyl group consequently induces
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to the coloration of the film and the corresponding reaction can be
described by following equation {32};

NiO + OH—»NiOOHL )

In addition, as the exposure time increases, more hydroxyl groups
are introduced into the film guiding to further decrease in its trans-
mittance. The CE of an electrochromic film can be also represented
li:bz‘E:gr)rmspnvndingoptic:aldensitychmge(AOD) calculated from

40D - log 2, ®

where T, is the bleaching transmittance and T is the coloring trans-
mittance. The calculated values for AOD with respect to wavelength
of Zn,Ni; ;O films with different Zn composition are illustrated in
Fig. 7{a). The results shown in Fig.7(a) obviously indicate that the
Zny;Nig 50 film performs higher CE than the others. However, further
increasing Zn composition results to insignificant improvement in CE
of the film (data not shown). This result suggests that the optimized
condition of Zn composition in the film is important for the enhance-
ment of coloration performance. Furthermore, in Fig. 7(a), the change
in optical density of the film reaches the maximum in a wavelength
region of 340-350 nm, showing that the ozone-induced coloration
of Zn,Ni; _ 0 film is highly sensitive to ultraviolet. This characteristic
manner may be attributed to the wavelength dependence of optical
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Fig. 7. Optical density change of Zn,Ni, — 5O films as a function of (a) wavelength and
{b) time at 550 nm,with various Zn contents after UV/ozone exposure time of 20 min.

absorption property of Zn,Ni, _ O films [30]. Fig. 7(b) shows the op-
tical densities measured at 550 nm of the colored Zn,Ni, _ 0 films
with different Zn compositions as a function of exposure time. The
optical density changes of all films rapidly increase after exposure
time for 5 min and thereafter linearly increase. it is dearly noticed
that the greatest change in optical density of Zng Nip 20 film after ex-
posure for 20 min can reach 0.25, which is much larger than that of
NiO film. Possible mechanisms anticipated to the influence of Zn addi-
tive on the enhancement of CE are proposed. Due to size difference of
ionic radius of Zn? *(0.74 A)[33] and Ni2* jon{0.69 A) {34}, Zn>* ion
diffused into NiO crystal lattice may degrade the crystallization of NiQ
or reduce the size of NiQ particles accompanying the XRD results.
Similar behaviors were found in B,Os-doped and Cu-doped NiO thin
films {1635] This alternation can probably fumish greater surface
area and more open lattice, leading to the ease of the OH insertion
and diffusion through the NiO lattice and the CE improvement
[35,36].

The AFM images of as-prepared and colored Zn,Ni; . O thin films
by UV/ozone treatment for 10 min are shown in Fig. 8(a) and (b), re-
spectively. The surface topographies of as-prepared films with Zn
composition; x=0, 0.05, 02 were rather ragged with root-mean-
square (rms) surface roughness of 3.65, 5.05 and 6.60 A, respectively.
The values imply that the roughness of Zn,Ni; .0 film increases
slightly with increasing Zn content. As seen in Fig. 8(b), the surface
topographies of all colored Zn,Ni, O films were changed signifi-
cantly after ozone exposure for 10 min. The corresponding rms
roughness of color state considerably increases up to 14.05A for
Zny>Nip 0 film. During ozone exposure, the presence of free hy-
droxyl groups results to the chemical change and the formation of
short-range ordered NiOOH on the film surface, which can modify
the film surface morphologies [37]. The increasing surface rough-
ness of colored film was observed as the Zn concentration increased
indicating the amelioration of chemical change amount on film
surface.

The recovery of Zn,Ni, _,O films from colered state to bleached
state was readily carried out by conventional heating treatment at
150 °C. The corresponding transmission spectra of bleached state of
Zng ;Nip 20 film are exhibited in Fig. 9. The transmittance in visible re-
gion gradually increases in accordance with increasing heat treat-
ment time. The transmittance result additionally displays that the
colored-film is recovered to be as-prepared condition after treatment
for approximately 15 min. Under heating treatment, NiOOH or short-
range ordered phase can be thermally decomposed and eliminated
from the films leading to the recovery to the bleached state. Longer
baking time results to the befter bleaching of the film and then back
to original state of as-prepared condition after sufficient treatment
tumne.

4. Conclusion

Zn,Ni; O films were prepared by sol-gel spin-coating method.
DTA results suggest that the precusor changes to NiQ structure at
about 300 °C. The XRD and FE-SEM results reveal that the average
grain size of Zn,Ni, _ ,O films increase as an annealing temperature
increases meanwhile the increasing Zn composition causes the dete-
rioration of the film crystallinity. As-prepared films are highly trans-
parent in visible region and the corresponding optical band gap
energies insignificantly change as Zn compeosition varies. The colora-
tion of Zn,Ni; _xO films caused by the presence of hydroxyl group
was attained by exposing the films to ozone atmosphere. The results
interpreted from optical density change indicate that the Zng;Nigs0O
film performed superior coloration efficiency. Over-all results indi-
cate that Zn additive into NiO film has strong influence on the en-
hancement of coloration performance and crystallization of the
films.
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annealed at 350 °C).

15 mim bleached state
A

Transmittance (%)

Wavelength (am)

Fig. 9. Transmission spectra of bleached state of Zng »Nig 20 film with different heating
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