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ABSTRACT.

This thesis*foclisesron the, synthesistof Zn-CUsE. nanescale Mmultisfunctional
compounds/Via the ég-precipitation methodite ephange their functionality with both
ZnO and CQLO Using/ZriGls=and-Luc\,: 2H40 'as startifie fmatenats, “The molar ratio of
Zn:Cu were designated 99.5150.5;, 99 ¢ 159555, 900410, 707730 and 50 +-50; followed
by calcinatiopseprocess_gt | 500" SCH6E2HEGIobialn Zn-CuO coMpgunds. The
structures and\merphologies,f the.cempounds were analyzed, Using X-ray diffraction
(XRD) and manitored\by seanning, etectron=microscopy (SEM). ThéwesUlts indicate
the formation &f‘thexagonal wurtzite) of “zinesoxide/phase_and mipnaclinic phase of
copper oxide in\the ®ompountds. L the=Tesulfs show thdt® thé/structure and
morphologies of the“edmpatihgs significantly vary with Zf&Cu satié. The synthesized
compounds were utilizeGhdssphotoeatalyists) for ' dégradation”of Rhodamine B dye
solution under both ultraviolet W\, EMmp)-amd=XEner™lamp irradiation. The results
show that pure ZnO compound possesses better activity than the others while the
compound with Zn:Cu ratio of 99:1 has a superior photocathalytic performance
under visible light activation. The compounds were used for antifungal activity via
agar dilution method. 1t is found that the compound with certain Zn:Cu ratio of 70:30
exhibits superiority in partial inhibition of strain Trichoderma spp. comparing to either
pure CuO or ZnO. Finally, the compounds were applied as the working electrode of
dye-sensitized solar cell. The results indicate that the compound with Zn:Cu ratio of
99:1 considerably enhances the performance and efficiency of the solar cell.
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2.7 msdaaseiayniauluedeanlud

nsdaaszveyneuniudedsenlea [22,23] aunsaduaseRldvainrateinaslune
avistusfiiidenuastedeiiunnsneiu Seiduuduiiihmsifesndeneteiuas
foideduquuiulflucuiteldodls Flumuitedldunmegnitnmsduaneoynia
uludedoenledumwedaaudsil

2.7.1 Flalasmasusa (Hydrothermal Method)
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2.7.3 F5ufjisensanuzuaauds (Solid-state reaction)
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2.8 aszuraumsivlauanlala (Photocatalysis Process)
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h*+OH ™ OH’ (2.9)
h* +H,0 —> OH +H* (2.5)
& +0, 0" (2.6)
H* 40, — 2HO 2.7)

2H,0+0"2 = 2H,0, (2.8)
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H,0, — 20H?2 (2.9)
H +e” —H (2.10)
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2.9.2 ATYEWRUTVI

yweneRuldvuuuadema warliedome widnilvgarvnewuiuuul
e fhemsaiadesiliondeoins
sreeiuilaensainaves avesuaesfdnne wu g wies W ih
5 LLNE‘I“LJ?J'S‘U?NS’]LLUQB?JNU‘U 2 Ngx Ap ’
1) avesfiadoume (sexual spore) leud
o lalnaves (zygospore)
e uadlaauai (ascospore)
o idleauss (basidiospore)

2) aleinlilonduiiiaeeual spore) thua
o” o3l (conidiospore)
» auasusudlaaes/(sporansiospore)

- ot e : a
2.9.3 ﬂ%ﬁﬂﬂﬂﬂﬂdaﬂqikﬂiﬁlﬁﬂﬂ'fl

i‘]%wmawem*smmyuam‘lummfimﬂuam'a e e
1)/ U3nafids mLﬁuﬁmaﬂnmgmaﬂTs.mmamﬂammm’tuamﬁ Tataaae
A (maisture content) LiarANIaLAD S URAYRF (Watel-activity @y) FFosmsinite
maeiqAulAeenis San et u A IUAREE Bacters) Sammasn gt Tal Lo s
fianatiy uasariom e o piIgan >,

- A dwiuoa R v U LS adale el sty 0198-0.99 ud
AIeLneSUeATIANIRR (MIRIMUM. a5 Wil (93mlsan 0062 pautinsgusue s
(food preservation) #38Q1IILAS (dehydratuon) mam}ﬁnm ToLn03LoAfFR luD IS
s Adinaaietie i SlRupreTesT

2) g gl Tau et 530 Ahiaidua
3) anudasigpenttod nduulugdemiBengldioninasaiula ans
LIYPLAULNVDITIRINUUSIRIVITIEIDMAS

- mafivinvewnsluanmsilidesntiau wisanmegyanna (vacuum)
WWUNMTUTTYIUGEYEYINTA (vacuum packaging) szdedosiumswiyivlnveadosild
8 amewns sidemnslévanesiia walusiu (protein) ailulawmsn (carbohydrate)
lusfu (lipid)  Teslassadreegnedne uasiiillasiadredudou senawsodunsien
toulal (enzyme) leiviaeuiia 1w szluaa (@mylase) lusfiea (protease) latud (typase)
iaduqduvddiduavmuesmsidendevsiawns (food spoilage) vaneailn
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2.9.4 suFe7lnslawmadan (Trichoderma spp.)

v g .
2.9.4.1 dugIMEI1YBUYD Trichoderma spp.
Trichoderma spp. tum¥aswan Mitosporic Ascomycota 15333
. v = .
WUV saprophyte Wag parasite 3MNNISANWIBNBULIWIED Trichoderma spp. U84 Gams
uag Bissett wuhildnwaemedaugiu fall
lalail (colony) vEngvuInetesInGl nszaneluia Snumsadevudnd onalilld
vedinaes dunady uasdilunvaes dneslinduuswviiondudeus
Tnfiflewes (conidiophore) umnfsainiuvdn fivesinesradussideou uasuan
| G-: ‘J U i ar I as ] U
wrpenluisesq aulisUawgn Neiuangenlisaunzunnseiusvstdudevsontidug
as o o & = ar o 2 - - 27
dnvarlaenvialuraundn wadaetfloslan (phialidde) mﬂﬂmmaﬂaﬁtummﬁ
Tadifie (conidia)ABe Trichodelmid\$pp. Imﬂmlﬂmuawm woeddug 1wy A @
¥hana AVSTEEIRNTE T
a < = -
AanelndUds (chtamydospore)munszaasnntinsrndalenuniguumisvans
a v = gj ar - ar . | ] e b b e L DR 2/ =4 =]
uuiiuiiuendtyeaduledsey dRsasmilunsinarvioguly Lilanadrouihades vie
Wee9u nINTYU WaTRBLT NN
weule ¢ vegetatwe hyphae) nin ke uﬂﬂumv'la RiEsu P Az 1-
10 lalasiung maﬂ‘saawuamaae‘lutﬁﬂuﬂmcy

2942 mﬁL%";ﬁwmauazmﬁ;zumﬂaﬂL%ai%%’m Trichodérma lspp.

- luisnunignislininig e nisisnRseunauddteueaia wagnisaia
toulan] L‘ﬁaamm%amLﬂt”'lmamsma%zg'lﬁ'ﬁn'i'tLE’iu'ltm'a&Lﬁm ﬁ'}'ﬁﬁl.ﬁu’la’uaatﬁmﬂ%m‘lﬁ%ﬂm
mnuunﬁ]vmmﬁasmgulﬁm satpuiipEogBawe 1o ptadhmiany mﬂmmmugﬂua
thaa guiaae 1R asn ilod Sy uinBidsienatin

T. harzianum ‘g31dieulall Chitindse Aaminarimdse Lagieellulose idivinisuen
astaeslaunlansW (Chidmatoephic) Newld exoglucahase’ e B-1, 4-D-glucanase
cellobiohydrolase wagaiNaTINES ﬂduﬁ'ﬁﬁ

@3ngu trichothecence laknaTS trichedermin kas 2,3 — epoxytrichodermin i
grislunistananamsvhavesevles] peptidyt transferase iuL%aa'wﬂ'Isﬂﬁ’ﬁ uazdading
lumsdaasumsiasyresiivme

msnzju cyclic peptide 1@un alamethicine, trichotoxin, trichopolyns uag
trichozianines ﬂﬁiﬂﬁmﬁ’ﬁqwéﬂﬁﬁugﬁﬂﬁkﬁﬁ@‘ﬂ@ﬁﬂﬂ%é prokaryotes Wag eukaryotes
Tngagluvhanedeviumad iliisadunanaae

asngy isocyanide IR trichoyiridin - ansnguiiidaldluunaniis wuvbans
Puniiaunsadeaaeiwaglaa vilieadunnaany

Tsasudealuiia adnarudsnisungaamassy mendsdaduduauuin Tul
2548 wsfal udlane uasamue ‘Vl’lmiﬁ’li')‘ﬂiﬂi'lL"UEJ’JmﬂW'ﬁm‘MﬂW.lﬂiumﬁlﬂﬂ Jwunla
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U 7. harzianum, T. virens, T. virens-like, T. atroviride Wagwul 7. harzianum U1
° w o
haneuinldquussnan
vV e L o = J Y o [l J‘ <
Julsl dnwgnisidinyinans fe Wwoastazwvinansludiuves iWeidanisalaun
[ = 1 J L v v [ v [ -l as
(parenchymatous) lngrumesinusadmdugvesiulll udmdwmalvliinnssunasiisnvay
4 ] 1 " - L . J ar
wasudl dewasienuanasugiaveslsl Trichoderma spp. \Wuidesiiddgiianlunis
° & v w - v & ahlv ° £ a € [V Y &
vatewialsl lnenizegndsluliiitessunldvinnesiass udu fdnvazysadasd
. a v e [ o
Trichoderma spp. Mdivhaneldiuanatiluguin 2.10 [25-27)

dudnlnslas) uavmlﬂﬂ'\ lnganunsitveanaiiitiaee, mamﬂuwamuiﬂﬁﬂlﬂqaamm
12 Wodidud  FuwaduasoriinduiniléiTummanlestrannluemsuaemdeg
Wesniwnhiniisrdniansdldlisinuagsmgnnineaduateingiiaannansis
fnhaaneufiineegluiesmaintagiiy

2.10.1 duusznauves waduaweiindviiaddonlues
« a € o oy v 'S = I | I
waduasevingviaddeuliuas Uszneumesasrusznaundifgy Ae 1alwdh aynie
« [ - & @ =
Tavwoonlen ddeuluas uazansdidninslad fagui 2.11

1) Ml luiraduasevindetinddoulinas i 2 97 Usenaumevalwiueluauay
& ¥ ' ' v ' o v o
ualne Nindwslusidutalwilusas Wuaruuszneuli uasituwazyihuiionslay
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difinnseussnuaniead dedenld fluorine doped tin oxide (FTO) Tiadausguunszaniiiu
Hlihi dutalihuelnaviadond Salwinsednu (counter electrode) yhwiiiiene
Toudidnnseunduaudundusad Jeiiouldlavsunaniidinsounsindindousguunsean
Hutalwini

2) symelanzenled Huashwthiviwihiduiulilanavesddesluadn
e TaiuBidnaseuninddeuuazdaindidnaseuludauelun Sanrsdueyniailil
Muiifasnnuasindidnaseuldd dexldoynevedaveeanlediifiuoundssuniie Gnnni
3 Bidnmseulian) 1wy mnideulasenlen (Ti0,) Fsreenles (ZnO) uaviiueenles (SnO,)
s Tuduuszneuil

3) dfaulauas Wuds Aduiuyed péviiail lnsdaunnzog
fifnvessynelanzoanlss SNATOUBRNITAU WadwriY
Sidnmsauludreypiplavzasy ' nlunaee
AeRdu i S5-uasUaLD i 50! i

=g
MnthusinaiormiveBianaserlyuilanadtatit keslngofedi

2 20202

vvvvvv

yre n

Wil

oumnlanzoontua

L
~— -

\
@ ____—..g -

o a ¢ a & o= 3/
JUR 2.11 uamdusznau waznisivarasBidnasaulugaduatenfindyinddeuluas
(DSSO)
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2.10.2 ¥anN159119UT9N (wadndaindviaddauluas (DSSC)

deuasmnnsznuwaduaseiing luanaddeuluadiiinmsuuioveseynalane
senled (ZnO) awganduuas (hv) udrBilnnseufiogluanneitu (ground state, So) awgn
L%'ﬂﬁfzj”!ulﬂag’luamasnssé:u (excited state, S¥) AdAUMIIRANGULES 2.13 nTuBEnnsau
Tuanmznszduasgrdsinilufiununshlvih (conduction band, CB) weseynelans
sanledtsaumsdeinudiinaseusiaunis 2.14 u§Biinaseussiadeuiinuainansiein
Tanzeenledludsiuslunudrsengrnsmeusnisad nssudlniiifstuliddnaseundoud
lunesniguenigad nnmudiinaseusrinduiingivadiidaunlng firiiarssidnlnglad
(Fregradulelalad/lnslelas) awifnufiieaiasnd Inelvdidnmseutuddonlnasiigayde
Bifnmseu (8 vilWlmanadgesawdamuzny (G sadmmas 2.15 Tuvusiferuans
3udnlnsladesiudidnnspiaitauelun (ARaEhaulavsuwaviTiin, fauns 2.16 usly
msgvumseeiu e binadou tssnevigmsaiilmive Biignseuiimaandng
waunsihinihugdefinatanyoenirintadesiluataidotidnmsouligigliddenlouas
nduganminliaghifisEnneyeniltunwag sdinanstualitfi fiaunty .17 uazas
wufuveBidnpgeuad TR indan U iRt we sevmRlefBenl RftsasBidRLns lasivh
TWandedidansauiilsifelviiags<land Aaunis 208

TR0y -y P ZA0l5! (213)
ZROIS | =>-ZnalSs # 6 1y 2.19)
7rQ|S V287 A= 7n0JS, L A/2), (2/15)
5 + 2%y T3 (.16)
ZnO|S. +e iy, T 2Z00i5, (2.17)
LA 2 o > (2.18)

2.10.3 nMsAsuaNaugdad Baspiindullafdsatana e (05s0)

| 1u DSSC #iFoumauluTiasvuau-aedtanasouldsunisnsefuanuas o
wisuiludeumauludug erdeulussialvihueused udsewinmaadouiitulesas
lfAnnsgadevedlinaseuluiisesdaseninmdnvaseyniauily msléfanualud
dulalu 1 SRvwmeyniauiluesduaseinduuuiveilididnaseuasandoud
ufaululdfuaziretu Ssmaiesviliusednsnmues DSSC Huity

usnanusifimieideuasiauiterfiuussAnBam aamumuniu uazeyms
Tamwes DSSC  Tuvaedu iy mswamda i dsaliuws msfaunoynialans
sonledilduiudidnaseuldfnasifuiiionn msimunddeuliuasiigandunaseniing
ntuludsnruemaiuiini iy nesiaunmsdidniasladiblsveananieliiinny
wafessionisldary uasnisimunssuumIysEnuIead (sealing) tiednengmsldnuvenead
Wudiu
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2.11 a59siindaTeiauufaniznag

2.11.1 Thermogravimetric Analysis (TGA)

ada

mum'ﬂLﬂﬁwuwunmﬂaauuﬂawamaﬂ sedraUTeuiiuiugumgiindntg
vty Welésuraudeu Bilmnsdwiunaudeuwamnm Adedestunspadufine
Wioszmerenh Fufnannaideuta vie AILANEIYeITag (Decomposition) a@wnsa
Az ﬁLﬂ mﬂuﬁmmﬂﬂm wazuTITMERety aandau reelulasiau Wudu mevhau
yaundesilell Ao indesdietvelimdsilinnueziBenun waelinnalaeninudeuntasge
(anansasida 1 Tulasn$y) Weldmsadluaziinistiuding uasillelimnusou indasaziuiin
Ansasuulasesiminesgieiss uascﬂ%’mmmﬁwﬁﬁﬁn’mﬂé‘ﬂuuﬂaeﬁu 10
nsmitlinsinseandfiseinusousesian Wundumanagisadudmiunsiinsiey
dnvasiawizvesTangfid Wy wedlnas AvvauyigvSedsetiunsidsiin Tany uasiag
hludu 9 meingfaiiuengiodduni@ngiinaudaunatdiad mamenm
viemaiaiives idgiausvemniiadial man s hsevRE i danmaen i\ diRineno
fou afusniiioradetl EnaIaieSine USRS ponTntu-iarah¥aznsHIY
nIvUIUMIAIP NS aR e viRe TSN AN BIL WD AR LU asLie sgnmad
mm%’éuﬁ‘i’ﬁ@@ﬂﬁ%@ma lﬁaLﬁﬂﬂ'1'51.11?1’3%1]?\@@43&@1&?31333 tagh)siuBetlasuin
vae¥an %umu,ﬂw&r‘tﬁmimawuﬂaaamwnﬁﬁﬂiﬁm \~

2.14.% ‘UﬂﬁJﬁﬁ]’lLﬂ"l“' (Spec:f‘cat:ens)
- FegaivganmDRatS 1,600 aamwawsja
. amswmﬂwmms_aumumgquwm = 1,100 sivadia 107
SRR A AE) 1,000 100 Diralvatden.2s Wi
- ATADAABYIBRMINR 05 BsEAGALIE
« M NENRS MR E 0,3 aurtiluaiia

2.11.1.2 anuansalunistioimsaeseifingay
. 83AUsENEUYBIANS (Composition)
« @HEIAIIIANSBY (Thermal stability/decomposition)
» USanmuansduiusiiAnufizen (Stochiometry of reaction)
- YanaMmansYINAnUHATe (Kinetics of reactions)
. ﬂizuuuﬂ'\'iqﬂ/ﬂwwé'«'\u (Desorption/adsorption processes)

» NM338W1e (Evaporation)
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gﬁlﬁ 213 wansunufinsianusanaisaandisdainursndu Taaduan
wiiauvasnszudlniiusaiuga (High-Tension Transformer) ¥imiiuasenszualitndily
Fadunlnavilildfeuiudidnaseuludufumuivudinald fofu Aanusmedndsening
'lﬁ'auﬂ'[muasuaelumﬁuqqﬁuﬁﬂﬁﬁLﬁnm‘sauﬁlui"mul.ﬂ'\ (Target) fituslua finmsvaaudes
Hediondeanuniumindivindasuediden (Be Window) vasaidiend fivarewie
Fundemuviinveslansiliviuelun 1wy Mo W Cr Cu Co Ag Fe Sweilisadionditiien
mmTIAAEN 9 fu dnfuSimndenliivnsauivansiigenisinseyt uilaovaludin

- v < q W - [ ar - a
flould Cu #alvirnamueniaau (A) winiu 1.542 Saanseu wiivia K, uag Kg dwiums
- cd o Ve « d 5 v & o v 3
Aaseisndusesldiidiendminsnadudel (Monochromatic X-Ray) savudasesldy
' o e wy o o g . = ' - - ' 5 - [
wiunsasuaiisinda K Welvideies K; atwidier msdenukunTsiuMmAIndanty
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onzautuviavesvaseisdiond lasganeduysransniseaduina (Mass Absorption
Coefficient) Mniusdiend K, sxgnividuduavadaglanesiouain d1¥sdendiiriiu
lanasinuadreannsznuasuushadedbalituunurasiailafives (Goniometer) $4di
avveundurinieginsiludiiwisadauazdludmnmheSudygraioulasdygin
saninluguanuwsnle- unsu (Diffractogram)

Detector
Tubeshield J
(o]
C?-f—:j i Gromeometer
0 Sample
U=
~NI7 o

-

—
N AP e N R
5%‘“‘ el h e R e ', ?J
o e | T APy

ATl 2.20hurfe -

o P (1171 i

P

AN A NIE'J e @ /

Wnase e (x- »
nasn R

ANt

u,m'uﬂim %ter) 5093980 9T dLond
ﬁ'ﬁi‘ NITNUMBEN was

UMTUEN WAy ALY
Sity) 909398 [inunzay

laesiauadn (Diver

§ 5 =) !;
lwiaedata (Soller Slit) AIUANAINAINTOIUN TLENTAIMN
S s o USuanuanselunsuenuasainudy
39W33ada (Receiving Slit) G
Y3 sd innzay
& = o .I‘ s
auAmmaIadn (Scatter Slit) anwuvas (Background)
Tululasunres (Monochromator) aniuvds Lavnses K 3

L v [ 4 J o v
Sufdindvinmuuazuadvidu
wisSudyg i dyagnalwiudsdwisludamioe
Uszanana
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ar ] Q ol o d (=3 o
2.11.2.2 paswissudiagrsdmsuiasisidensoudndisdfnunsndu
LY} ' o at = 'S’ P2 & '3 € LY o.'l
El'l'i@\’laﬂ’\\‘la’miim’ﬁ’lLﬂi']s‘wﬂ’wLﬂ'ia\‘it’e)ﬂ‘dLiEJﬂWLLWiﬂ‘UuIﬂEWl’ﬂﬂilelEﬂugﬂ
vosvednduduniazidaavuiaidnnin. 45 ‘Luﬂsau wazdasausInseiasiiauswiiunn
Famnausnafivive et easieassvaiiaue fegiinazdoiinisinSuiivemdn
98198458 (Random Orientation)

1. TURBUMTASBUFAIDEN
1) ﬁ'ﬁmﬁ’aasmmumﬂumavLﬁﬂﬂﬁwﬂiﬂumf_}ﬁm (Alumina Mortar)
2) SBUNIASIBEANTUASIATIUBT 325 1Y

......

0a's's
¢‘r'f§'¢§nm\w

' V \J
L - ] d
urasiindianasa Bl o@& urce) ¥ise Uyat.angiw@ﬁl o

wnaarintinesgniislinaouliag @mmﬁﬁl‘a‘}\iﬁ dpalugag 030 kv (mam%:m
219vilagedia 50 k) wanislaaeuTazatugulneiaudusndnlni
(Electromagnetic Lens) 2 ‘Qﬂ%‘iﬂll’mﬂ'j'l wazUSuavesdidnaseussaiunulnsuemnes
1903 (Aperture) 3o Fealn Felivinarng 9 fumsdneasmside




32

A/
AEANw

I

L TS

BldnmsounaInnag ss&@mumnimammqumaq@k I lndlannsousas
i'itaﬁmmwuazmﬂﬁ’ﬁ 3 °'?53@ﬂﬂﬁﬁé1m“§1 ‘ q lullagUuannsauus
uwf}'qﬁ':tﬁﬂ&ﬁnmsaulﬁﬂu u (Tungsten Filament) w@n
LaBs (Lanthanum Hexaboride Crystal) unasiiiadidnaseunuulpanianadvtu (Cold

- " I o - - ;ﬂ L= s .
Field Emission Source) wazuwasiiiindidnnseuluuiennianonsdu (Schottky Field
Emission Source)

2.11.3.1 dnwzn1slderu SEM (SEM Operational Modes)

- A o 2 1} & J L. 4’
TumajuRanwarnisleau SEM erauvaléilu 4 nguvdndsil
. a ot o v o as = W
1) High Resolution Mode : @3UNUNRBINITANAWEIBEIY JINBINTTYA
‘I I A‘ U ar ar B
annsznuswnidn Fanquilasidunguudndmiunmsusaiulasaiiaunly
ar = v W e - v

2) High Depth of Field Mode : dmiusuiinein1saudnangs Iwmenis

THunnaunosiaudvesdBiannseudn 4
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3) High Current Mode : dmiumsiiAsigiesAavsznaumarilagly
BndisdieanisuSinmunszuainn q deiuaula (Sensitivity) demsnsaiaviuinves
579

4) Low Voltage Mode : usnimiioluainansazn1slgau SEM Tunuusingg
Hreiulutiogiy SEM Tnelamizuuuiianafiodu (FE-SEM) Ssanansavinuld@iten kv o (s
"1 5 k) iilesenmsld Sem Tudnwarilorlddayaiuindtudniisdanysinuysyqasan
Ui (Charging) 3silaunsadnwdateitlithinildlas bideuadoudeaiusunie
Tane

U 2.15 maiRndunsiderseninedBidnaseunasiuau [31]

2.11.3.2 dgygymuuuunng 9 (Various Types of Signal)
ar = 44: - Y 1 v 3
dwiumalia SEM  Afiuaumuiunididnasouszneariuld v
ammﬂmuuumq']mﬂmu'i"m*naaumnsm‘svmwmaﬂmaunu'uumumuam'luﬁﬂw 2.15
Fuvumiletun g uiidaguarldnuiulundes SEM Mluldun
3 o
1) Sidnmyoumiendl (Secondary Electrons): Titeyadnwasiuiia uazilu
= o L4 - - - = ol ool " =
dyanaiisnihunaianwanniigs Sidneseunisglidiivuudes | Snvatauvuniunaln
uazuviaanuiia
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2) Bidnnseuiinszi3endu Backscattered  Electrons): »‘Lﬁ‘%gmﬁ‘mﬁ’u
dunauaeinerdnuarvlnnsilve il

3).\8ndL56. (X-Ray):. Witeyannturilavessigesiussnou Wudyanaiald
Tumadia EDS wag WDS

uanmﬁa‘lﬁmné’mmﬂmwé’nﬁ”’a 3 wuuiingnaundelidygiady 4 Sniduniuy

witndnlwirdu 9 (Electromagnetic Wave) latadidnnseu (Auger Electron) 3eades
(Acoustic Wave) uagnszuaiingindegns (Specimen Current) Jusu ﬁ’tycgnmmz—hﬁ
anmsalitoyavansadiufnfuiunuitinduhnmsdnld

2.11.3.3 nsinpatusudandumainsem

mawstupelimTaudviumatia SE M luzu 2.16 Sy
azfesiahosnantuiatlvmalind iuiieg rivgaglusstudnanauazasielgm
Tifuszuu uenyhiltunimeseahliih (Bidansetau menahlagadoufilugua)
iisllsiiAailgyiahnseeiuibssidnpseulud thnuiiliblisnsasudnaelndidnasaun
adrennlaigisenda, syt Eléctrdnit Charsind mﬂ*ﬁumut.ﬂuc?{'aﬁ'lhﬂ!ﬁmq-u,é"a
asaidiedse SEMEIRag Minialniiaysendietesdiniaos (Sputter) 1ilo
\nBoUTANU 1T et vaaREALNEY I oL dEniw A S IR A TR WL uA W
Foe

v
o

T

Specimen stub

F7ad
S

Specimen holder
Specimen Stagé

‘J ar L4 i = el ' (] o =
JUN 2.16 dnvmdedpsamtiiunnm i heesdaizuinaiia SEM [31]

2.11.4 Energy dispersive x-ray spectrophotometry (EDS %38 EDX)

MsRTzisIgaIesidendiiemaia EDS Wuszuundeuldiuuinlundes
qanssenluvudsinsn GEM) lssnanunselinsgvisgiiiuesiussnauresinquasld
natbiunlunsiinmed laemada E0S fdnmslianevine iledBidnasoundsaug
iefpuiidmuiidneseulualresiuluresesnon Wy $u K vde L uduRennsdieley
wisnuliuididnasou shlididnaseulutuiildsundsnusindnimdenuganii wdade
wiles (binding energy) vesdiilavs BidnmseulmganimdlassihliAnitinwesdidnasou
Tutulaes  udsnifuszmeniiegluannsgnnssfuasansiundsnuasganneunily
draardudu lnedidnaseurendaastudneeniuazanssdunderuaunlivinfundaey
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Samilenvendasiiniidiwesdiinasou lnsnsdeendaudiuiuooniluguvessed
ond  ufBidnasussiduunuindsnududuiiinduurihfuauusnenaws sy
wirrnBamilsnamediulaasvesdifnasou LLazLQWﬂz.maﬁﬁﬂ@;ﬁu.q. dwsunsiesienisns
meSiEienduvy EDS asnsanseyila 3 5Ae

1.mM5IAseRdonTmEwIziLg (area scan analysis) ySeiSendnasraniiein
endisdusuie (xray mapping) Fwsdunisinseilagldddidnnseudesnsinuuiiuiia
shegradufuiiing Tnsaunirwediuituiuidweeild dnvazmsdesnmadiuu
nndelien waranuuasans amdlldnmsiieneasiansdnunznsnssanevess
vty

2. MIVATIBVdBINTIA NN (e sean analysis) [Wunsiasieilaeldnig
daansnddidnnseunuwBetiiegenseiunianatias s e faauduvessdiend
lewizsh fealdluns@ifiaginmsassiaunusiTabsarseiaTdNaswE

3 MIAEAE e TEg- AR SR e nmsuns By tatuiiuuiuia
fedhe  nsaghiresnsithsaeitiladee) Rudfdiendanizn saaisesnsSadiend
WmeiiReRini e weiNE s R 05

F.=hv 2.19)

4‘ Qs o = £
i E = wasuadesearnny

h-= Fhﬂd‘?'i%mmm (Planck’ s constant ™~ 61626+ X_10-304ss)
vV = mfuadessdend

2.11.5 s wanlpsalnl (Raman Spettiosespy)

g - 20 & oo @ 1 o
Raman scattering33hunntuilileel 48 @eslalulpssfiammilainudugs wWu dwas
duawwes (laser beam) suithUimenaalisilaswaviiulngasiunzaluld uivsiuas
dwdesundiuinnianszleluyniianidenseusuudaney (elastic collision) wsiilnig
1 97 o ] & 34 H . . . d! I ni
wuduesdndiuniisae nsyuuuulibangy (nelastic scattering) Fadfimsiudeuuuas
ruludnies Bendt nNITRUUTINY (raman scattering)

P 1 <2 a a = 5 a do o o v
LﬂJE]ﬂﬂ’]’Jﬂ\‘l‘lJi’lﬂ{]ﬂ']'iﬂj‘UE]\‘Iﬂ’liLﬂﬂﬂizLﬁN lunszurunisnssidaiu GRGRRBYTRHEON

v & P o a v VYaa o a a4 '
SUUAD -ﬂ'-'li-@ﬂﬂﬁuLLﬁ-\‘l%iﬂlWﬂ@-ULiuﬂu : LLﬁ-&:’ﬂ'—'lil%@-llﬂ’ﬂu-‘ﬂﬂx‘iﬂqiﬂ-i-n":’-LﬁNLLU-UINUﬂﬂqu

= ' o a a a W an =1~ (o =
LﬂuﬂﬁyuquﬂqiLﬂﬂaﬂ'NﬂﬂLug\‘i Uisa'ﬂﬁﬂqweﬂa\jﬂ']iLﬂﬂi]u@ﬁﬂiE]']u"UuaQﬂU@Laﬂﬂiamﬂu

s L= J

luanagnsuniu w3e distorted  ladreiiiasle auaudfsuilienda polarizabitity
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L . s < ' y e ' =
01 polarizability vesluanawdeululusenitinisduvesluana selinasenisiia raman
shifted 184INRABUINNNSIAINBUATNIEMIBINABUSUAUMBWAINU hy,

v & o o - - - - i i

sy Tuianaimiibiuaslilulasunfniinn1snszidauaaiin Raman shifted lines 19

& v oa ¢ vV o§v . - ] o v -
Luanauuazdpuinn1sduudvinlvl polarizability vesansuudeuly uansladagun 2.17

Incident 4 Scattered
L'ight‘ * el .

.......

y ;M v
f G ﬁﬁ.m}ﬁ fpailindaaiaz

aa’um hgaumasiniie

afnumum %,
?rﬁw PR -

9 svuu“l?ims
3, meamﬂimsmma MMITAT

2.11.5.2 YofvaunatinTIuIy

1. ilesnumngmasirunudunszuaunisnssidevesuas fudu ansieti
Terveedigunsmviesunalaq Al

2. annsalifaanssetnaiitimnudituvieuiinaniels

3. annsaliessiasienaiazansludild ieswnluanahdsdianinda
gaazliifndygrusuniuaaniusui

4. Wldansiaegna (sample holder) WuTanusziamui Failsmbiunadleiie
U IR window UN9#1 19U ZnSe

5. aansalFiasesildiludemunmuas i
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2.11.6 n1siesizautAniwuasdreiniegIdqidaanlnsalall WV - Vis
Spectrophotometer)

msgandunaniedidfegludidanithlonnuazsumusaiiu Geeglutasn
g1AduYTEINN 190 — 800 wiluwns vesasiaitu dailvgldudwinanssunds (Oreanic
Compound) n38a15UszneuLledou (Complex Compound) wseaisefiun3g (Inorganic
Compound) siitfiAuaslifid autRvesmsdenanildiunldituisiemeiiludgunm
wagidaiinasegeniiernne sgasilinrunieasuiud uasianinla (Sensitivity) ge
Tagaravhmsiaszviegluguvessimieluanaflduslunsaifesihluldfgaiiarsieting
udumseslsillassaiwednls onazfadldimainevtuddemeielmiAnnmuile
i Tdimalianng IR 38 NMBSPeetrocopy LULAY

2.11.6.1 ngSaNugI

gl dorttiadlugaeaags TlemayAaETan 10-380, uiluims) uae
tiiusaity(rienadu-380 700 luamsragnd mualman i idlunisiased
Tneendunsgtuarpanaitar )st divyatiias IR InGlouat Rl wa g drotes
fimsgeniutagdn Hiaeiasilignganaundeaihioiamer esaldls  doyaills
MntedansBloms Wliraviowdt- V) iavdnsii o Visibiey Jip 5 iluniste
Sududeypidldanyiidumaisa-(Marcd IRIBBINRIRRARSI B Winemelindy 1
satuustelighnsalissimaiaisidediigne, faluntattunslddguimmune
gnldlunsdipsenadisim S namisinle gs isasdinsedlosgenaing o 3
Tnevhluegluguasazand (m 2.18)

N ~
incident absorbed fransmitted
P, > - b
radiation radiation
reflection (P, ) scattering (P, )

A = a aa Q) e
3Un 2.18 mafindunsiSevesenaalifunmaunisivieuas [33)

v § P & o 1 < 4 a

lasnnegeanluiuriuduasensEIBua (W UsTy vie i) asuiiu
1 s 1 = 1 = =1 1 . @ o L=y
Tanesumeludunis dufivneluiiusndn Absorption Spectrum wisungnaanauly
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& - = W w & @

WuazvihlilianavioeznouiUdsuseAuyandsnuananiugiu (Ground  State) Tuds
. w <

AnuLnI¥eU (Excited State) Auandluguit 2.19

E, (excited state)

AE = E,-E=hv

Ejy (ground state)

NMTAUATIYIE / OnannIs gungues Wes - uay
-6 =1 = T o4 o J ] s o
\0$m (Beer-Lamb . srabrlys-aaiitonndei “dadiuvossedn

U 2.20 msifndumsiSensewialineuvssnduuasiulianavesans [33)

T=— (2.20)
I

dgj I dl ¥ o s k24 4‘ =% I 3}, 1 ¥ o 8/ 5 ¥ b4
wnanstiluenarsanulidmdunsldamuienisdnvininy Weuaalihlulduselevdimunism

lnsdlagvedu Snviviudlvidawdasiion uasdesdwdadadvesenarsynasandniniluly
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I .
A=log—=¢8&bC (2.21)
|

0

ile A #e Absorbance w3e Optical Density
T A9 AINsERULEsYesans (Transmittance)
] Ao mnaduvesedftuiinanuda (Intensity of Transmitted Light)
I Ae Anuduressdiinsgmudana (Intensity of Incident Light)
b fs Amnuvuvesasazate ey wufiums
(Path Length of Sample %38 Cell Length)
C Ao anaduduesasazats et mol/dm’ wis molL wie

Molar

: P LT0Y [ - . 1 55’ ]
£ e MlarAbso l‘{wl RedmTaglnana flivsssyi a9
A D o1 s \\d |
—_— \Q:\\ 7, Z
B - = 0O = -l c—

Cle ‘-i- e sitian Fi‘l £ agi U9 0-106 a1

g Ll 1. 1 ._ 1 \ ¢ -
VA VIFITUISAL
TN AN F oY

— 5 1. ,

ier _! y 1
e (Abs ,‘I o
5

g I I
AIUY A=log—=log—=E€bC (2.24)
1 T

o ) = ) o ' = o '
AN A Wasua13n 0 a9 0-d T wsidasua’n 0 8s 1 uas %71 aeiasua
37 0 89 100 S WTsUaNATHARIANUAURUSIZNING Abs waz %T Iy

100

A=log (2.25)

%T
LA %A =100-%T (2.26)
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ol v ¢ o ' ' v 3 v v
lunsdifansiegradufiduivunuasliannsanzaruldegldnisiniosas
o v w a W =
'umuamazﬂauaanﬂ'ma'1'imatmTﬁﬂwmitu'1m§1Jﬂ 221

Fatuannsaulade %R Wurn Absorbance telagldruduius
Abs =—log %R/100 (2.30)

UV-VIS Spectroscopy Lflun1'sﬁ’ﬁwé'~muﬁqnqﬁnﬁutﬂaﬁtﬁnmauqnnwo‘;’u’lﬁtﬁau

sysutundrnlueglusesusundsanuitasiy  (Electronic t“[ml, fdosmdu
LOAANTULULENEITNENIU AT USRI UL SAN WL WY LJJ@UZU'WW ‘U’U‘U'ﬁ YYURTUNITAN

liinsdlagiedu Sntaiuilidaudandom wasdosdridsdadmanenaamnadsidnisilld
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Usngnisainisnszhudianmseu fafuunandisaden UVAIS Spectroscopy 91 Electronic
Spectroscopy Un@itsdanilileian awilmueniaduuszana 10-380 nm winsiesev
ToeiA3ns UV Spectrum aeldmmemadulutng 200380 wiluwms Fadsndn “Near-
Ultraviolet Region” Tuthsmnugmadudingt 200 uiluwms exmeesaandusedlutaeg 3o
peainaansumeldayainig 13usenanugneduvesdanilleian Tugaeildn
“Vacuum-Ultraviolet Region”  d@rumugnipduiiisannsasesiulddenudmie
3onin “Visible Region” azifluawaniiilutisuszana 380-780 unluwins Jsazusngdiu
dins 9 fauamdluguit 2.22

< [ncreasing Frequency (v)

ull-" w " u'l" ™ e L |P“ w' |'¢’ l'n’ I'l-" ¥ {Hn)

Mhcrowave .."r\,‘ Lowg radio waves

TR -

e

.h:-n-- Iy Ly Iryer
YA A T

aoviern waV )

U VI(“
st ananslusUy

U 2.23 Taseainmaaiaina UV-VIS Spectrophotometer [33]
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wndsriinged (Source) unasriiingedly UV-VIS Spectrophotometer Aifleald
fuunsnanglaun
1) vaoslelasaunazmasnmiiGouaududt Huuvasiuiedddeledia
fanksurdrsnrmemadulssan 160-360 ululuns fivtsussavildanusadndlniinge
(2,200-6,600 Tas) uazUseLnnlddndinsing Usyanm 40 Toad) waenrlndlRsd ity
ugeaufemuemaiutssina 360 wiluwns vdwndumdiessdazanasetis
5937
2) viaaavidaLau UﬁznauéfqammﬁaaLmuaq"luwaaﬂqmum'mﬂé’iﬂﬁ%’aﬁﬁﬁmm
prnauRuTIssanitliloen Inddruadiuaiulfouiisdadursise
) ululasuunes (Moneehrormaton-iilytudiuiidwrlunisdmussamnm
84 UV-VIS SpectrophotomBter avnwiinfluandniaanimimignaduseliediosnuiiy
§1%efarue1aalifio Jusudeui g dgiunns AMURAMAINY BT UV-VIS
Spectrophotometer” FaimirAuEng NN Rpausoiiledhoapundudfsdany
emﬂaummaw‘lumaaamqlﬂaLﬁmmaﬂumm‘lwwwmmﬂﬂaawﬂﬁwmu WVAVIS
Spectrophofometer Fiispmnin) LD Monochromator LWUY DJFFraction Grating Faudu
guns X oo 0% i M e R R E e N W o e Gk A
1) gUnyelUuBndgyain(Recorden) mﬁ'wun’ﬁﬁ"i%’qﬁﬁuﬂuaaqﬂﬁutﬁaamuaﬁﬁ
deamsianisganaiEaisiaeel ufigyn seisudy ynadasiideiaminanaupsnundm3u
UV-VIS Spectiophotormetex ﬁﬁﬁﬂ’aﬁﬂ%ﬁnﬁﬁmzﬁmﬂgaaﬂm’lugﬁmmhawwawﬁmu
Vtmi‘]r.amm@wsﬂﬂﬁ’mgmuﬁ":tamﬁlﬁﬂuﬂmmuummuuﬁnmagamamﬁwwu.mavmma'n
adulunidnains Tdu L Dasian Rl pag alvapdt tuLhdimiuuvvis
Spectrophotometen wa’nmﬁmaﬂumwuawﬂauLaﬂmﬂé'miummuaﬂnmﬂumnamzymaﬂ
mammmuwnaanuﬂtﬂuauﬂﬂmﬂﬁiﬂﬂmsw\ 57 Vis Spectrophotometer yiliiiisan
WS |
5) waduigatitisasny  Wesnufssauaganauiedlutisaniillean
Feduudesddivadiidhdmaendiviliipann sy AnausEldgedinan Faunudamaiu
aefedifusauanduguil 2.24 |

Detector and
Wavelength rcadout

S(\’“icc selector Cuvette

3‘1}“7'} 2.24 Block Diagram of a Spectrophotometer [33}
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2.11.6.3 Uszinmvas UV-VIS Spectrophotometer

1) Single-Beam Spectrophotometer JUi 2.25 uandlifufiomafuvessdly
Spectrophotometer wuuduaNREIannsainanasdlutidansililoanuasyaeiin
endudledddeannnunasiiiiniiddsenvenunasemiiiGeuvieonasaiiawuaz
gnAndendrruenndulneiuUIFuvIeinais Monochromator sintud¥editinameT
pausatuIziuindamsset i Iadndgunsainmeiudyg unaenidumneyedn dis
¥ diediendaden  Spectrophotometer  Uszianiiinwuudrfidideadlessan
Spectrophotometer Ussuamillddn$edifissdnuiariuan Monochromator lugansazans
wmaqmimmsqﬁuﬂﬂﬂqqﬂnmmwwé’zymmman'rnﬂuma.,ﬂsammaa'lﬁwaa 2 [wadalv
arsdiuaduiueadunrusing Wwadvaaussyansazaneiinesnisin

S do w var et 1 - : f Vet @ Vo woa ¢
nnATINInnedlvisdnuigadiant uumw'lwa'mﬁmuwaa
YayannuuanenITy s sitgrUuiiniduaiany

N\

////f:i”

/)

i, A3
wwv

_h

- a D . ° =
JUN 2.25 WU MULARIMAALYDINEALU Spectrophotometer Wuuauawdaen [33)
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TR
« N39ANAY ng?ﬁ@\gsor

AN
* $DHATVDIN Y %k@ﬁ%\a :
- SovazUpINTATioUTDMme
- $ovazvnsduUsvavimsdwminureeuas (Diffuse %T)
- Sovavvasdulssansnisasiouveauds (Diffuse %R)
- Souazrye3 Variable Angle (%T)
« $9YAYYDIANTATYIDULATBIALUNAIANS (Specular %R)
« fayazraINMsAYiouLaIsIu (Total %R )

ptance) o
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o a e = Y} an a o
2.11.7 Asesliodnszvaulanisuas aaunsasdansitalatan I8idalieleand
anlasiilnditmas (Ultraviolet-Visible-NIR Spectrophotometer)

Ultraviotet-Visible-NIR Spectrophotometer iluin3asiislunisnsiaianisasiion
vaauasTvuuUSauRIvasm et uduRnmaasiousanin Fsmsazviounasaziio
2 dau Aensazvisulaaliauass (Specular reflection) agnsagvisulasnszane (Diffuse
reflection) Fnnsazvieunauniiousss Ae nsasviounainduaningiivilou uasiloun
TndiAsstufuuasiinnnssnu uiiiamsiinsefudn asindulunsdfiiuiavesingd
dnuasiiFeu Tuduremsasvioungasssasasiunisasouuasivinuiuiisnuue
yyusy yhlvifmwesn sedilerlasnsy e lUluyimmasdinisiinsesinsasounas
nszane Anfieenngpdfnsandadweiiusniasiiow R) Fipqauenadu () Tudw
YedgiuazuampfiEtuaduduimnadadiu falgssrosimTneigediuguues F(R)

Tneldamunsvgykulbetia = Munk siarimsin 2.3 L italwlaen Tramaduilad, (Absorbance)
NTU Kutbelka-2 Mk

(ARY:

R g

2.31)

e B(R) it kdiBetka — Mink VTBANisanndL (Absorbance, A)

R Zenmisazvsusasilas

ar =
2.12 LaﬂﬁqﬁLLﬂSﬁﬂUQQBWLﬂﬂﬁaﬁ'

a15Usznaudsdednldd (Zn0) lasuaruaylaegfandowareelumunisdnen Auadn

° o = - = s = = ey ] I

waziluUszendldeus tndpRasufedNill e winlafuflansunateusenis wudl

UsgAvnmnsganiunasgs LUuinmeaslanaes-enesn1mniaedl uaznadasaings

2 at : [ Qs 5 c!i’ = =4 b2 [ 1 v 1 b

Alpseasressavunlufilaaeuy anunsadudaudesmasuuainels wisegralsiany ZnO g

174 1 'Y @ - @ 'Y ' . . . Ao

FRUNNIBINNATULES DULLDININTUOUNAIIUATNN LaeeumINBaiiU (Visible light) vy

) o < ) Y a v e o

wasnuidianansanssdudidnaseuliiafouiannuauitaud (Valence Band) Tudwmau

1§71 (Conduction Band) wsidiadlguasdansnlilowas (UV) Wil weluanuduaSawdeau 45
Il o o ~ 1 a! A

Woasidud nnsurSEnmeindiinanuasumLsuiudiniueady 400 — 700

13 > d H U 13 5 L - Y3 L]
UluLums wakaIganstalaasnidaiiueiadutssndrdunauilngsnuiosnida 10
wWasidud [42,43] wenantudnsinissiudiuvesddidnnseu-leaves Zno dulusm
a a < b (7] 5 %] s [ dl =Y 1
aANBUYIEANTAIWNNUENENATY AsuMsTRIuTERUTENaUYeY ZnO fusInBY D19k
o o . Il PR S Y Y = Yas

AlZnO, CuznO ialHiin1snaudusranadludlniuenduindunduiedasuainu
' & aw o o 97 1% of vo &
aulauegann FsinAdeiferdomaznmsussandldnuitannsaagulas
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Srikanth wavAm (28] IdvinisAnwimansemusesnisldmsheiuiiulszgay
(Cl,, SO, NO, uaz CH,CO0) lumsduasizndadeanles (znO) lasnszuiunis
anmgnou Tunmddeifmsidudenldmssuwiuiibu zinc salt ity Ssdinaslsd, Sarly
3, Ferdane war Jwrerden Teeiimsdsunlasannen1sveass 1wy Wasuwas
Audiuiuee zine salt, WaBuLUANWTINMYEIYISH (Urea) wazanlumsdunsiest wui
symavasarsnaduynadiailslunuideiazdudtudunguiou asdeuildanded
paolsd Tguiamilausymauuuwiy assuilldandadlumsm uazdsddamn figuss
synaiiliminans wararsaduiildain %aﬁav?ﬁmmﬁ'sU's’ﬂqlnélﬁﬂqﬁuaumﬂWianau
dausaete ZnO fﬂmn'1awaamnmimmﬁmamuhjmum FUUNMIMIAITOUNUT ZnO T
innFednaslad dguineyniay

nau‘ﬂmimmaﬂ way ZnO 7

Precarsar-3 Precursar-4

' - cad w -
Eﬂ'ﬁ 2.27 aneney SEM 'ﬂﬂﬂauﬂ'}ﬁ?ﬂﬂaaﬂl‘ﬂﬁﬂﬂqun38U1Uﬂ'ﬁ?l"lﬁﬂ'nu'5au‘[ﬂﬂkﬂiﬁmﬂqﬂ

asnenuseriinnufAe Fenraslse, Ferlumse, FRdan uaz FeAezdiam
AuaIRY [35)
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Samaele uavaniz (36] ldvihnsduasevidsreenlesdananshiy Ssiesdinn lale
w30 lagldasanussians lodien 1adda dama (sodium dodecyl sulfate ; SDS) wag
Twifieslensenlest (NaOH) figamgil 70 ssrniwaidea meldmsAny pH Tutas 8-12 91n
KANISNABBINUTY Zn(OH), annsanedadu zno  1¢ 9 nkansideauuresiedisnd
ANNINTIINU Zn(OH), 1aw1edl pH=8-10 Tuwniedl pH=12 laimuinasanann wuiitbue
Wawes Zn0  winfu Fadusasnendle pH unntudsmaiilyt Ranmsudniuvesta
wilmaAnini (electrostatic  repulsion) s¥winauszgavvesngulelasiaaves SDS fu
Zn(OH),” vilithianansawuinases Zn(OH), uarluguit 228 () # pH=8-10 wiirdde
enlesiidnvazdagninenduuuuuiduiivunelng wasil pH=12 fdnvazzuiraduue
Tuvaeiidlon pH unniusenalis QunLEnas F99InnIsMaanefeng?

Filasiasnigenoanlgn

SDS
\ 'r(.-.
& 00D e o) v o7 . GO0 l &
UM 2.28 (7 Ag g’sm Bng Vi 9o sanud¥ighd SDS 7
— \L ‘J = I
PRSI0 uag sHETD & Wi (& \SF M e NIUNTZUIUNS
1N %ﬂﬁmj Q2N =40, (c) pH=12

wasoiindlumsldidudissgisemnnas womsae Mg aslulu ZnO #vsum 0.02 ,
0.05, 0.1, 0. 2 Wasidusd Fe9nns M XRD Siliannsansanuialevuiiiuees Me wuus
Woaraves zno  Fednvarlasaiadunvuieneslnueaioinles wasTugu 230 (@)
fnnautAimauaiiasuludleodedms Mg Tasmailuldidudnssduuiizennels
wasenfing lunisgevaaieddon methylene blue wuin lefinisidedae Mg 7 0.1
Waedidust srliussavsnmmstesaaeiuuliudituinn dewieudieutu zno Alifing
Fo Mg Winlu FelusmAdeilidldesuneysvansnmiiitures Zno Miinennside Mg as
TWuddwalyt Huiifaduda surface area 83 ZnO 1NnTu war Mg Teruthevilililide
mssasiulmiszwing g e-hole dwmaviliuszavnmmsneuaussreuaseiingaiy
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Yol @t Jolane Sn

71 surface barrier
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l H ‘ n,,s'n (102
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20000
1%Sn 8

Decoloriztion (66)
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ore,
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] 23 45 60 83 100 20

liradBation §me (Menutes)

Uil 231 Apsiinsaaedfae?”n0 ifeds Cu WesassUiizemuadlasnnstey
aaneddoar{a Methy(ene btue \ny /(1) MettiyLorandehaelduastiunusaiiy
[39]

uanfiu JanyantiEtazafs(40) Idfninndn s vasYa g LA usdnuly
ZnO Lﬁagmﬁaﬁ’mmﬁﬁaﬁﬁwﬁwﬁ 59/L5Ns, - Mg/ i By Tuniseillgviims
duanwridanuiu Zn0 wWesay Wi/ NepMd, Cuuag Prdneltiaanawn.(selid-state) wuin
InssasegeinannirZn0 Tiani s saentiod T inssesrmanve was fdlesiiuumn
widey (hexagbnal Wurtzitestnucture] FrlaNas R luugninanves MgO Falu
nATeill§ndnuieditsinisihsensanaatnmivat| Zho 13 @dhsifeannse
s luieezn0 JeRuuevinpIsasuuUaeadua premagasinasi Wipaeeoilad
ranunEngly T snadfnneh inteosisy=todaosifaeiuvonisuiiguuasiuan
fawnsfinesngieyfudnd friiasnes ome. (@dis) Tosansietudfflndidueiuse
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Zn-Cu-O + hv Byt (a.41)
h* +oH — oH® (4.42)
h* +H,0—0H +H" (4.43)
e +0, 0" (4.44)

491 & 4‘ v o L2 k% ‘ﬂ‘ =¢ 1 gj 1 vV o k%4 L b4
wnansiiluenansnanulidviunisldanuienisfinyivinty ldoygreliilulddsslevdaunis

Linnsdllagnsdu dnvaiudlvdaudanien uazdasdndadadvesenarsynasaminisuiluly



108

0°; +H,0 —>HO; +OH (4.45)
HO, +H,0—>H,0, +OH’ | (4.46)
H,0, —>20H" (4.47)
OH + organic compound — CO, +,0 (4.48)
. € +h" — heat (4.49)
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AT nstudaimseigiuinteadion (%)
(Tans) ZnO:CuO | ZnO:CuO | ZnO:CuO
control Zn0O CuO 9:1 3 5:5
5 0 42.40 10.73 46.83 55.82 33.94
10 0 51.47 14.11 59.44 62.85 36.06
15 0 59.07 15.86 62.12 64.35 37.62
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A19797 4.6 wansrvnslwinve wwadndtuLaseinduinddenluaslneldd donnles
- @ ' P I3 w ' - ' Y
Wisusunuansuseneuternalileseanles ludnsidiunaunumnseiy

Sample Open circuit Short circuit Fill factor Energy conversion
Zn : Cu (%) voltage,V,. (V) current, J,. (FF) efficiency (1)
(mA/cm’)
Pure ZnO 0.51 13 0.39 0.34
99.5:0.5% 0.43 0.74 0.43 0.14
99 1 % 0.57 1.96 0.37 0.42
95 :5 % 0.50 0.41 0.46 0.09
90 :10% 0.37 0.62 0.50 0.12
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1. Introduction

Copper oxide (CuQ) is one of potential p-type semiconductors and gains considerable attentions due to
its excellent optical, electrical, physical, and magnetic properties. CoO with narrow band gap of 1.2 &V is
extensively used in various applications such as catalysis [1], solar energy conversion [2], gas sensor {3]
and field emission [4]. However, these novel properties can be improved by synthesis in CuO
nanostructures that shown excellent performance comparing to bulk counterpart. Different nanostructures
of CuO are synthesized in form of nanowire, nanorod, nanoneedle, nano-flower and nanoparticle. In the
past decades, various methods have been proposed to produce CuO nanoparticles with different sizes and
shapes such as thermal oxidation [S], sonochemical [6], combustion [7] and quick-precipitation [8-9].
Among these processes, precipitation method is a facile way which -attracts considerable interest in
industries because of low energy and temperature, inexpensive and cost-effective approach for large scale
production and good yield.

In the present work, the main objéctive is to mvesngate the effect of staftingprecursors on structural
properties of CuO nanostructures’ synthesized. via precipitation/nrethiod-and annealing process. Copper
nitrate and copper chloride was chosen as starting presursors./The as-prepared precipitates were analyzed
by scanning electron microgcepy, X-ray, diffractroneter and Fourier Transform Infrared\Spectroscopy.

2. Experimeﬂtal

CuO nanostructures wete synthesized by precipitation method using. éopper_chloride~(CuCl,) and
copper nitrate (Cu(NQ:)x3H, Q). Fitst; ¢ach precursor was dissolvedrin 100-ml deionizedswater to form
0.1 M concentration, NaOH solution0: M) was slowly dropped under=vigorous stixring until pH
reached to 14. Black precipitates were-obtainedsand repeatedly washed by-delonized-water and absolute
ethanol for several timestjll pH.réached 7. Subsequéntly: the washed precipifatés Were dried-at 80 °C for
16 h. Finally, the precirsorsiwere calcimed at 500 € for 4 h. investigated |by/ X-Ray Diffractrometry
(XRD). The morphology-was mionitored, by scaniing electron amicroscope (SEM): Chemlcal properties
were investigated by Foutier transform mﬁared spectmscopy &

3. Results and Discussion

The XRD patterns of as-synthesized and ealcined CuOnangparticlessusing diffefent precursors are
shown in Figure 1. XRD peaks confirm thatthe formation.of GuQ from gdeh/precursor was it monoclinic
phase. The characteristic peakSilocated at 20="82.58%,8547°938:974nd 48. 74paredssigned to (110),
(002), (200) and (202) plane‘erientatioi of CuO (JCPDS 80-1268)Faor. Cu(NQOy), gnaterial, the basic
crystals with 4 main peaks of CuOniras-synthésized sample were-obvidusly geeturéd. After calcination,
the increase of intensity peak was obtaingdhand XRD'pattern is'still identi€alsto as-prepared precipitate
pattern. This result indicates that the crystallinity of GuG-was-enhanced by sufficient nucleation energy
from thermal treatment. For CuCl, material, the basic crystal of as-synthesized CuO was indistinctly
appeared but the presence of CuO peaks was stronger occurred after calcinations process. XRD results
suggest that the formation of CuQ can be obtained by co-precipitation method. Good crystallinity of CuQ
is received by Cu(NO;),, comparing to CuCl, precursor and the increase of crystallinity and its size can
be effectively achieved after annealing treatment.
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4. Conclusions

In summary, CuO nanostructures were successfully synthesized by precipitation method using
different precursors including copper nitrate (Cu(NO;),) and copper chloride (CuCl,) with post-heating
treatment. XRD and FTIR results suggest that the better formation of CuO nanostructures can be attained
by single-step precipitation of Cu(NO;), precursor without annealing treatment. Calcinations process can
effectively remove residue and lead to the better crystallization of CuO. Furthermore, it is notified that
different precursors used in the precipitation process has strong influence on shape, size and morphology
of CuO nanostructures.
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Abstract. In this work, series of CuO/ZnO- functional nanocomposites were synthesized through
co-precipitation method using CuCly-H,0 and"ZiCly.as.startifig'materials with various molar ratio of
copper:zinc, followed by annealing” proCess at 600 °C forw=Z2™hours to obtain CuO/ZnO
nanocomposites. The structures of e compasites were /ahdlyzed usingsXsgay diffraction and field
emission scanning electron miCroscopy.~Eor XRD result, diffraction peaks'ef'the composites reveal
the well-crystalline charactéristic indicating the mixture phase-of CiO and ZnQNSEM results show
different morphologies of GuO, ZnO/and Cu-Z1 oxideé nanddomposites) appearing in quasi spherical
structure.The composites weretised for antifungal-activity via agar disk diffusion method. It is found
that the composite with certain ¥atio of-Cu:Zn -exhibits ‘superiority. in partial inhibition of strain
AspergillusflavusTrichoderma comparing to either pare CuO orZnO.

Introduction

At the present time; nanopattictes;inwatd to the size range,of 1 06-anhave attracted great interest
due to their rather high-surfacest0.volume ratio’ with' unique imorphologies, leading to practical
utilizations in various potential applications of seience and technology. Amiong them, metal oxide
nanoparticles such as Cu0;:Zn0, 10, -and MgQ:are well recognized-beeatise of their'good physical
properties suitable for,wideéspread applications includifig optoelectronic, semiconduetor technology
and fungal inhibition\[1-4].c Copper oxide/, has(been extenSively wutilizedcas antifungal agent
accompanying low cost), abundant resource, simple preparation 5] However, Some fungi strain
cannot be inhibited by Cu@. Thérefore, contposite form with-compatible.clemenis or compounds is
one of effective method for Mmproving CuO functienality. It is.known ghat ZnO has been
comprehensively advertent owing fe.its fastinating properties such a8 highvexciton binding energy of
60 meV, strong chemical-thermal“stability ‘and most of all, its-ablility for resisting microbial
activity[6].In  consequence, the advantdge—eof-CuO” _eotipled with ZnO is easy
incorparation,improvement of antifungi propertieS™ and similar physical-chemical properties
comparing to other metal oxide materials[7]. Moreover, both material are rather cheap and
environmental friendly. CuO/ZnO composites with different sizes and shapes can be synthesized
various methods such as electrodeposition [8], hydrothermal process [9], electrospinning [10] and
co-precipitation [11]. Among these mentioned processes, precipitation method is a facile way which
attracts considerable interest because of low temperature process, inexpensive and cost-effective
approach for large scale production. The practical applications of CuO-ZnO composite in solar
energy conversion applications, photocatalysis and gas-sensing have been recently reported [12-14].
Nevertheless, few literature has been so far focused on the study of antifungal properties of CuO-ZnO
nanocomposite. In this study, we reports antifungal property(dspergillus flavus Trichoderma
agents)of CuO-ZnO nanocomposite synthesized by co-precipitation method with various molar ratio.
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Experimental procedure
Synthesis of CuO/Zn0 nanocomposite

In typical procedure to synthesize a series of the composites, copper chloride dehydrate
(CuCl;:2H,0) and zinc chloride (ZnCl,-2H,;0) were used as starting precursors of Cu and Zn source,
respectively. The composites were prepared with various molar ratio of Cu:Zn as followed; 1:9, 3:7,
5:5, 7:3 and 9:1. First, mixed precursors were dissolved in 100 ml deionized water by magnetic
stirring. NaOH solution was slowly dropped under vigorous stirring until pH reached to 12 and kept
at room temperature for 2 h. The precipitated products were filtered and washed several times by
water until pH reached to 7 and washed twice by absolute ethanol, then dried in an oven at 80 °C for
24 h. After that, the as-prepared precipitated powders were calcined at 600 °C for 4 h to obtain
powders of CuO/ZnO nanocomposite.

Material characterization

The crystallinity and phase compesifion of the material~wgere,_investigated using X-ray
diffractometer (X’ Pert PRO) with_mOnochromatit sourge o£Cu K, (A=0, 16405 nm operating at 40
kV with a scan speed of 2s/step,ahd recordedin the 28 rarige from.20° to 608, ‘Surface morphologies
of the composites were monitored by scanning electron microsegpe(ZEISSEVQ-MA10) operated at
15kV.

Antifungal activity

The fungi use in experiment iniwas Frichoderma sp.(were,obtained from the Department of
Biology, Faculty of Scicnce, King-Mongkut’s Institute of Technology-Ladkrabang. The antifungi
activities of CuO/ZnQ composites-wete-estimated by'agar disc diffusiontmethod. Inhibition has been
measured after 3 days of incubation at 37 °C. All experiments Were repeated three tinfes and found the
arithmetic mean by measuring the diameter-of fiingal that showed-the value in-centimeters. Nutrient
agar slants that contain24g ofpotat¢ dextrose broth'dissotved in/800 ml distiled water under heating
and adding agar dissolved:in200°ml distilled ‘water , then poured into petri-dish. All glassware and
nutrient used were sterilized,in an autoclave 120 °C ford 5/ min.

Results and Discussion

10000 -, .  ofls
A r.JUL il ~, \{g).Cu0/2h0 9:1
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Ty -
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Figures. 1 X-Ray diffraction patterns of a) pure CuO, b) pure ZnO, c-g) Cu-Zn oxide compounds
with varieus melar ratio of 1:9, 3.7, 5.5, 7:3 and 9:1 respectively.
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Figures. 2 SEM images of a) CuO, b) ZnO, c) CuO/ZnO composite with Cu:Zn ratio of 5:5.

Fig.1 shows the X-Ray diffraction patterns of the.samples after calcined at 600 °C for 2 h. All
diffraction peaks of the composites are profminent-indicating.tieformation of monoclinic phase of
copper oxide and hexagonal wurtzife-6f zinc oxide phases in thewcomposite.The XRD peaks of
mixed phases of copper oxide and zihc oxide for a{l samples dre similar bug tensity of CuO is sharp
and intense with mcreasmg of €u0 content bm conversetv decre'lsmb Jnlenslty of ZnO.

The morpho!ogles of, CuO ZnQ. and (,uOIZnO nanoccgmposuz at ratlo 5 5 are dlustrated in Fig.2.
Formation of CuO is ig form of nangred-Iike’ Siricturéas seed in Fnga Meanwhile\as observed in
Fig. 2b, pure ZnO saniple show§the sbapt, andsize of umfocm tiny pameles srithhigh agglomeration
to be in big clusters. Fig. 2¢ illistratesibic morphology of COQ/ZA0 nanocomposite With molar ratio
5:5 indicating less aggromerayon gf- CuO and Zn() and mgmflcam change to be smail clusters of
uniform quasi-sphefi¢al’ nanopartlcles ' . .

c.) ZnO |— d.) CaO/Zn0O 73

Figures. 3 Agar plate diffusion picture of antifungi after incubation for 3 day by a) DI water b) CuO
¢) ZnO d) CuO/ZnO nanocomposite with molar ratio of 7:3.
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Table 1 Zone of partial repression of fungus growth using CuO, ZnO and CuO/ZnO with different
molar ratio.

No. Material CuO/Zn0 with various  Average diameter of
‘ molar ratio partial inhibition zone
1 CuO pure 3.35
2 ZnO pure small
3 composite 1:9 2.67
4 composite . 3.7 2.70
5 composite .55 3.03
6 compesite 73 4.35
7 composite 9:1 . 3.67

Fig. 3 shows the photograph of agar plate diffusion results after 3 days of incubation. As shown in
Fig. 3a, controlled condition using DI watgr-indicated the abselute growth of fungi. Fig.3b presents
partial-inhibited zone of pure CuO, designating the diameter of inhibited fungus growth as 3.35 cm’®
that is able to damage the partialéted of fungal eéll membrane. On contxary, as seen in Fig. 3¢, it is
noticed that ZnO nanoparticleSdnsignificantiy inhibit  the fungal growth.ln‘the case of CuO/ZnO
nanocomposite with various miolar ratios;t is found thatthey partially inhibit{imgus because of the
high reproduction of spor€/The regenerated spores result to'thie partial repressionof. 7richoderma sp.
growth. High efficiengy/of fungi inhibition,Using CoO/Zn0" composite was obtained from the
composite with the ratio/of Cu/Znat 7:3 as shewn in/Fig. 3d 1 is imhplied that.the existence of ZnO in
CuO matrix can enhance antifiingal properties of CaQ; This feature may.be, due'to the greater and
better in charge transferbetween CuO and ZnQ that can assist. the fungi inhibitién functionality of
CuO. Transition of electrons-within Co0 stitkoecnrs, while puré ZnQ itself cannot be activated due to
its broad-band-gap that.could beallude of the antifungal activity. It-isconceived that electrons or
correlated functional/groups is responsibie. to'initiate the cell membrane damage of the fungal. In
such a case, the mechaniSm for-antifungal activity charges transfer between the two semiconductor
materials is different for.the compesites, that conid be more effective thameither CuQ or ZnO. The
obtained results are summarized mTable. 1'and all the experiments'were repeated three times with
the average value were présented. '

Summary

A series of Cu-Zn oxidescompounds “with \yarious fiolar ratios0of gépper and zinc were
successfully prepared via cosprecipitation process. The obtainedresults/were summarized as
followed: '

e Diffraction peaks of the composites_are distinci=stiggeSting well-crystalline forming
between CuO and ZnQ in the compOsitess

o SEM results revealed the morphologies of rod-like CuO and particulate ZnO and
quasi-spherical nanoparticles of Cu-Zn oxide composite.

e CuO/ZnO composite with Cu/Zn molar ratio of 7:3 repressed the optimum antifungal
activities against of all samples.
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