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Abstract

TiO,-Graphene oxide particulated composites (GOT) were prepared by
microwave technique. An amount graphene oxide was dispersed in deionized
water to 2, 4 and 6 mg.mLf1 containing 0.5 ¢ of TiO,. The morphology of TiO,-
graphene oxide composites are also characterized by scanning electron microscopy
(SEM). It showed that the TiO,-graphene oxide composites seem to consist of TiO,
particles aggregated on the top of graphene oxide layer. Energy dispersive
spectroscopy (EDS) spectra of all investigated TiO,-graphene oxide sample have
revealed peaks of Ti, O and C. X-ray diffraction (XRD) shown patterns of graphene
oxide and TiO,.graphene oxide composites. The strong peak in the XRD pattern of

pristine graphite appears at 20 = 26.6, corresponding to the interlayer spacing of

0.335 nm while the graphene oxide pattern shows a characteristic peak at 20 =
11.8" s assigned to (002) inter-planar spacing of 0.75 nm, indicating the presence of
oxygen-containing functional groups formed during oxidation. The groups cause the
graphene oxide sheets to stack more loosely, and the interlayer spacing increases
from 0.335 nm to 0.75 nm. Clearly, all the peaks for the TiO,graphene oxide
composites at 20 = 25.3° can be ascribed to the (101) corresponding to the
interlayer spacing of 0.35 nm planes of anatase from of TiO, (JCPDS 21-1272),

which is significantly different from the pristine graphite.

Titanium dioxide (TiO,)-graphene oxide (GO) nanocomposites have been
successfully prepared through microwave technique at power of 500 W for 10 min.
The XRD results revealed only anatase phase of TiO, without detection of the GO

peak. By using FTIR, the oxygen functional groups and Ti-O-C were also detected,



including two broad bands of G and D by Raman analysis. When GO was doped
with TiO,, energy band gap of the nanocomposites became lessened with better
conductive materials. The nanoconposites were composed of the anatase phase of

TiO, particles with well dispersed across the GO sheets.

Keywords: graphene oxide, titanium dioxide, nanocomposites, optical properties
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i GO = 0.04 ¥y

nMNdonsEnIng (OhV)’ fu hv wesagwes TI0,GO

i GO = 0.06 N3y

sunuanaiuvesTanuan Ti0,GO 7 (7) GO = 0.02 n3u

(@) GO = 0.04 n3u waz (A) GO = 0.06 ASY
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uni 1

Ui

1.1 anuddguazanuduinve sy

377U (Graphene; GR) 1luanadluilunisldmansnisnuiidnd i wazdan
manssufundndunuriounlunsuounazdaiuead (C) GR Wuwduezmomfen 3
laseasneluanauy sp’-hybridized vosazneuniuau TlAsiEs1aUy hexagonal Bnvi GR

[ o

wansanUmng anudau was wagliinia Jag GR 3lasumuaulaagredalunisunly

'
A

Uszgndld 1wy gunsal nanoelectronic Yagua fuseuFAzouardus [1] amsususdysudug
Fatu unslast s yataeu viewluasusuuazniiiu 91nmed 1 aziuldimaniae
vosniuilandRidanaiinidon fe flriuegdanimdangu 1.0 TPa uazamiumuvesian
sensidegunglausanseyvitlugadangu 130 GPa nsder ukasUTEIM 97.7% (@Anau
uaadY1 2.3%) wazdAinisiauou 5000 W m K (Uszana 100 wivesmedauns) 3

antAnslniuazanuBanguid (2]

M19199 1 uaasauURvesnIukazarfuauludysudug [2]



nitueenlest (Graphene Oxide; GO) Wudnwaizianzues GR Aildannisiiaufizen
pondaduzowwnsiig Ineluilfunisdunseideismaniivessuues [3,4] ﬁmgﬁqﬁ%’u
y93998nBLau 01y wyjlansonda (-OH) uaza1$uanT (C=0) IN1z30U7 STURURILALTOU
193 GO ¥ilusazdures GO nslunansasuil 1 Sefland@mdu hydrophilic avanelddly
1 uallsitilai Ty GO azgnuiuAarandunsa-rsvesasuviuasslutlfivengaudou
GO fawvruaetluhiiannzarudunaislisn anmsitenuiiidanudunse-sasit

7 Juanngiunzauiign (5]

JUN 1 uanslassasramnaaiives GO [6]

nnmsidslmmdenlasenled (Tio,) adluiilednuandiniauasuesian Ti0, GO &
Juiidiin Tio, dedhdeuawililiandimaasimiden Wesaniduansuendin (Active
Species : 'OH, ‘0) MAnanUFATe 3T ureteanTiau (Oxygen Reduction) lngdidnnseu
(Photoexcited Electron) uazanufjiseneendiatuvesir (Water Oxidation) Inelea
(Photoexcited Hole) agdinnuanunsneendladansduvsdlan awandluaunisinlawaailasin

(-3

TiO, + h*V  —» ey +hy (1)
02 + € —> Oiz (2)

HO+h'y, —» OH +H (3)



= ' = v ¢ -34 a A
g h AD AIAINYBINAIA (Planck’s Contant) = 6.625x10 ", 38-3UM
A al' 4 a ¢ A a a1
v AB AUDVDIAAULLEN, LITAT 19D TUMN

h'y, A lgaiauduuus (Valence Band Hole)

ey Ao DlANATEUNABUANTUILULA (Conduction Band Electron)

OH  fe lansondailsimea (Hydeoxyl Radical)

nainfAzeTnlauanlafinues TIO, Hu dUfAsemdniiin e leasendaish
AvafUasBuN3d drunaiinufidensening h' Auansdunidlaenss iuufasenses dain
Igfosndn 7] eghslsimumsdunsiwifanuan Ti0,GO az@nwinisdesinudidnasouile
IasgvianUiniuawesiagray Anwinsaanfuvesuamsenisdesituveuaiiginailag
FAaTaawnlnsalnd (UV-VIS) Anwmyiladduresniniu GO Tu Tio, semadiemiSesnsua
wesudunlsnsnaninsalnd (FTHR) Anwilasadundndewmaianadonvuresisdidng
(XRD) Anwdugnuinesiendesqanssaudidnasouluudeinsin (SEM) insiziesrussnay
YOIFIILMATANTIANIINTEAENS 10T IEENG (EDS) (8]

TuthsvaneUiinuunilnuidednnumnvihnsne Ufudguasinnnmsdansiz
faouay TI0,-GO TATudefunasds enfiviu mawTeutanuauulu TI0,GO 21ninale
mswndumueiadesiulasion [9] msduaseiuariineidnuazianzvesaguanuily

TiO,-GO anmsiintnlauaniladnmelaneiies [10] wagmsdunsigniaguauuily TiO,GO

¥ aa ¥ < L
AIYITNANNTOU LUURU



1.2 IQUsza9AUINISIY

1. WeAnwIn1sinIuNLanIanwazlan1zueInI Wuesnlea (Graphene
Oxide, GO)
2. \eAnwINMSesELLagmANYzlaNzrasiagNau i luns i ueanlyd

waylnndleulaeenlys
3. WaAnw wa 1aTeainam199a01n 03AUTENoUNILAL LagaNEAENI

[

dougninewesiaguauuluniiuesnleduazlnmieulneanled

a. Wefnwaudiniwawewasiaguauuilunsusenleauazlnmdeyle

oankua

1.3 Usglgvinmndnazlasu
1 ldfnwinszuiumswssnveansiiiueenlenuaz Jaguauunlunsiiueenlya

wazlnmioulpeenledlngadardululasiw

2. lednwidnuaganizvenisifiama ssdusznaumaadl nyilenduniaad
1A39851911998010
3. lefnwaudinieuasvesnitfiueenleduaziagnanunlunsiueanlenuay

Tndleulaesnlunlasendardululasyn

1.4 YBULYAYBINTIVY

= [ ¢ | [ (% = (3 =

Anwinisdaasieinaflusenten wagdaguanurlunsueenleauazlmnilleuls

I3 1 o = a a a o | =~ 1%
ganlys lnerunaululasion InefinwBnsnavesnisiiugnsdveslnmilloulaeanlynly
Tanuauwlunsiuesnleauazlnmieulasonlandonisiinma lassadandnuazautminig
wa lnen1sanwnanazlassasamanmemaia XRD Anwilaseaseganiakagdugiuine,

Mmenaes SEM Anwmiilenduniaeiimemaiia FT-IR uaz Raman spectrometry Anwiauy?

VAIFIELATEY UV-VIS spectrophotometer



uNni 2

o

LPNEITHAZINUIFYNNYIVDY

2.1 unsina (Graphite) [11]

JUN 2.1 uanauuudnaedlasiasiaawnshia [12]

N3l (Graphite) Wiausziululaseneg 2 36 sUssuunnivdsusesdiiudu

Hue) wannaguil 2.1 Inefinnsueuusazozmeuduniodianaseuniaudly p-orbital Nl

'
a

slunisifnsiuse Snnilsozaemdunuendidnnsouiilivszdfiegsznitaszuruuaslu
unRInfusruernoua fuswhliussfagassviassuutiosniiussisganelussuny
pg191n wnslwdladoulnalunuissuivezseuldirondinsdoulnalunuifsaindsld
unsldvidusvaedu ilesnnuendidnaseulivsydriazannsandoudlulilunuvuy

fuszuIvazmaumsuau wnsiddadudit il lanefianisnisiuavesnseualiiiazvunudu

JTUTUDEABNAITUOY

va A a IS IS o aaa [ % a A
AaudRlNe fie dyavaeuivial 3700 asmwaldya dn1sviujiseniuesndiaud
gaunniiusvan 450 earlgalBud UaziiloaanunsnAlgnsIN1TueNefIRITnusenis

WagukUaskuudunaule



2.2 57U (Graphene) [13]

UM 2.2 wandlassaiansituluwuissunu 2 G# [14]

'
% =

n317u (Graphene) AoiaaNillATIas198ULANINNITIAEEITUYDIAITUDUDTADY

q

WUUIIMINIABY (Hexagonal Configuration) lukuissuiu 2 fif nanee aweiu adnefum
Penselafaduiunsfivauaunly Jagiulddinsihnsfuanldusslenitiuagiiniiais
msrzauEnsanam sl wezdiauunduseiudide 2630 msraunsdendy
firumnudunnnimaseasusnwluuLIRRgnndesi fatudedinisiinsiiuan
Uszgnaldiuanuneinudidnnssiindvaisau o1y nsudanes (Transistor)  gunsal
JuiinAud (Memory Device) Lwaanasa1ying (Solar Cell) uwaviduwasymaaiiliin

(Electrochemical Sensor) 1ugu

219150 WaLAWIYNISARE dUAT N3l (Andre Geim) warAdUALAUAY TulLaaan

[
a A

(Konstantin Novoselov) g@inwiagifiuunsle :1ideves 2 vinuill Suufnfiuausziseuity

'
a

Ao nenewibiunsindusasnngavinfasdulule sgnsildnanlidneduin Tassad1aves

(%
[ VEREY)

wnslAdidnvaziludug douduey duluiwunevedlnduazlulivasn Fsagfinsvinli
wnslild "ueasudiiestuRed” wiednaununenilinfe "Tanuvuivinduesnouiie
a¥naulAeY" dninermanidlngluvastuieiinisaiisianilanuvuiiseznouisen

Judosiluldluld imszaianisaliuitezneuszdulunuitu-as vililassasisvesanly



ates aenailernauruaszwedule wilud 2547 Induarlulawaey lafaadinainy

Y

Folliln naeinausaadraunsidnfiaununiisterneuieilddiie wazTaniiiaay

12
a1

@i seg19n I3endaniin "ns1iu (Graphene)' nmsaunuilyinlvlnduagluliasnlasieda

9

Tuwatil (2010) WWases

dnsuunshidilassadeifidnuvasduiy wastuiifiswsouy Mnusiiunes

g2 N o vy 1 O 4 o oA va a o § v s
Madgawiernulivinny daluanvgindesldfiuvaelindsuuunseawasyiliunslidgn
nsvinzeanuazlufnaguunsearmudimiede dumnldusinafuaetioeuing a1z

A5V IATULNS AL ST ULA BN DB NINWAILNS LA LR

2.3 lnnilleulagenled (Titanium Dioxide) [15]
Inmlleulaeenled fdnvazilundvnn dansluana fe Tio,  dwlnginy
Innifledlasenlenazeglugveesuina (Anatase) warslng (Rutile) azliinulnimidey

[

UIAVENAATULDINIUSTTUYIR wirIN15aNN0aNU1INUS ilmenite %30 leuxocene 61

Fosmsliegluguuiavdfignazdedld rutile beach sand nuduussisdu Tunsadnlnien

lnoenleddnafmils lneddunoudielud

Fupouhlndunsandon

- n3rUIUMSFaLe (Sulphate Process) lagldnsadansn

- nsrUIUNMIARBLIA (Chloride Process) neldnaslss

Tnssadeudndifouanlddmiunszuaunistidaansdunadluhlaeisnsedusiouas

fio lassaiandnuuueruimauarsind deinsdniFesnvesezneulmmionduiuvoeils
seudin (Orthorhombic) wanssguil 2.3

mnmsiilnmideulneenledilasiadrswdniunnseiuiy dwalilasadadnu
avlassaiefinuandiiunndiatusng dvsulnnidoulaoonledifidnunrlasiadiamandy

WuvBruIWaTY HAanuvnwduiiiiy 3.894 nSusegnuianigudiuns Tuvagilnnitlele

oonludnilassamdnuuugindtuidanumunuiuwindy 4.250 n3usognuIAdluRILng



Joihllnndeulaeenlenniilassairsuuvesuinaiinnuiadalun1siinufisengen

Tnnifleulasenlennillassasimdnuuuginduas usalay

& 5
g'lna DEUNNE vinlad

JUN 2.3 dnwarlassaiindnveseunalnmieulasenlyd 1 3 sUuuy A 5lng evun

wiakarusalay dadazgluuumangdunisidauluimuisineiu [16]

nsussenaldeuvesinaiieslasanlad [17]

dnihluldaumenurineuess wazaunisaulnda (Electrocatalysis) n1sunluly
NUILUURS wazthiiuaaaudinisnuwaslviiuian

. =l o o o [~ v % [~ 1 ad

1. Pigment danudAguazdndunes Aunsldenunvuduns Inenuinagiden,

nsunlulgasldarunserdauiiu navaslunatain nseanw in w@ule 91915 wag
o o a P ¢ Y a a . . &

WA30981919 NeFvveslnmilsnlaeanlen 0189w179zliAN reflective  index 110 34
Anuargntunsivltnuiusiddansliloan

2. Photo Catalysis vhumtihfidusiissnsnevausnsuaslas (Photosensitizes) Tu
Twawad (Photovoltaic Cell) wazlidudianinsm (Flectrode) Tunszulrunisuwenylsiuan
panu HAv O

3. Oxygen Sensors Miuuieldanusuansgaydeeendauluusseinialan
ieliianiiauduansiesian (Semiconductor) wazdinausuniuluih

4. Antimicrobial Coatings athluindiauiiaTan aslinaaudfnaiuisariimiy

avownmiedls uarlinuaudinaneliuaed nanfeanaaautimail Jailuldnudiuh



g1 waeuRems Wusdndulwesesihanudy uasihluedeuingunsalifietesiunisdn

nS8U

A15199 2.1 auvinienignnaznwdnavaslnmitisulaasnlan [18]

AUNUANIINIYAINLAZLTING

Density 4gcm”
Modulus of Rupture 140 MPa
Compressive Strength 680 MPa
Poisson's Ratio 0.27
-1/2
Fracture Toughness 3.2 MPa.m
Shear Modulus 90 GPa
Modulus of Elasticity 230 GPa
Microhardness (HV0.5) 880
P o 12
Resistivity (25°C) 10~ ohm.cm
Resistivity (700°C) 2.5x10" ohm.cm

Dielectric Constant

(IMHz) 85

Dissipation Factor

(1MH2) 5x10°

Dielectric Strength 4 KVmm''

Thermal Expansion (RT-

1000°C) 9x10°
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Thermal Conductivity

(25°0) 11.7 WmK '

2.4 '3’69}84631 (Composite Materials) [19]

Saopamdutaniiiivan 2 siatuluibussdvsenou hldldasfiaudfiindy uas
anunsaihluldenls Tneviludssneudng 2 dufidifey e wndnd (Matrix) wazslasuus
(Reinforcement)

2.4.1 wnsng (Matrix)

Husuitseiilos (Continuous Phase) iaionin wwidndaadusnanslidulevio
oyMALAANIINSEANEM LaztiBaemusInszianeuendinszydetanuausndadule
1308UNA

vihilvasmsnd

1. WhélevideaynianszneiuasBamgmuficmaiideanis

2. Seostulilliidulevtesynainmnudemesuilesandandey

3. sihwhisnemusenssshannneuenlugidulevideeynia

4. gAmungusT1uea TanNa

5. AU UM ETULTILA

2.4.2 ALE3ULse (Reinforce)

Judruiiliseiiios (Discontinuous  Phase)  ududiufigreifiuninuudauss
(Reinforcement) lniftuan e1veglusUveaduly (Fiber) visoaunia (Particles)

WinTivnadaSuws

1. dnAuuSlAi U Tanray
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2. @wnsasunsinszinainneueniinseyidedaanauls YreldlitAanis deanin

wsen1singunelausanseyiniug lneusanseviniuavgnatemenlunudule

2.5 nsfnwlassainsganiadiemalinganssaidianasauuwuudasnsin (Scanning

Electron Microscopy, SEM) [20]

JuwmadiafiinainnisAnduietmuidszaniamlunisuoaiuvesingueinass

JanssauliaIntsananuwassisazidonveaninlauintuniniu lneni1sussanduiied

SannsaulvalunsonankaIs18azdunvraIn WlALINTUNINAL NEYARUAUNINAAULAINLY

wnurdulaswarldiaudaunlaiuiunuiaudnszan wagdmnsiaianazuidudyyiu

S

dudnaseuiiinainnisiiddidnaseulunsenuiindiegne anndufasiigunsailunisuas
fuoadlalidudyarunmiusnguuseiunmeely wpdaiiinsldauetan el
vanea1n 1wy Jagmans lulasdidnnsedn ssdlinen 323ne1 waznsunnd Jallgaiaud
dAey 3 Usens laun (1) mmmlﬁmwﬁﬁmm%’mﬁaga (High Depth of Field) (2) @13l

[

Maalenuezlegs (High Spatial Resolution) (3) ansaldsmAuwmatindu U Energy

Dispersive Spectrometry (EDS) iag Wavelength Dispersive Spectrometry (WDS) Wi

Toyaiaall lnawnsoallenld 15anin ndesganssAudanAsaULUUABINTIA (Scanning

Electron Microscope)

NANNIINNIUVBINABY SEM
addnaseulguginnnunasiiiadianaseu (Electron Gun) meldnnizagainie

AUYALALATINLES (Condenser Lens) aviwiifiusudidnmseu (Electron Beam) lnifivuin

1%
| 1

wauad Weunsiiuanuduvedidnaseuaintuadidnaseuagisgilesaaiuauding
(Objective Lens) &adiniiniilun1susuadianaseutguniilvisigalniauurifieg1aned wagean
a o =i a o o o ! = ! =2 =

AinasaufiannseNURTIngrIefiegtsivualugie 5 89200 wiluues laelgaunadn

AIUANNIABINTIA (Scanning Coil) Vosa1BIaNAToU YInTTIluN1TAIVANTIANIINITAR DU
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- a

YoeBlanasouUuNuRafiszAuiee) inbiAnnsUanUaesdyaavinda eonu wanwiagy

24

JUN 2.4 uansilnvesdunsisenseninedianaseuiuianiusnaiovinves

(%

FUIU [21]

a &

Tanadildndyanadidnaseusiindige FinTu fe

1. dyaunmaindidnaseunfegll (Secondary Electrons, SE) Wungudiannseu
wiudUszaa 3-5 Bidnaseuliad iAaiRasedulaidn (afu 10 wiluwnes) eedafusg
AussBamieafimndidnasous

2. dyerunmaInBiannseunszidenau (Back Scattered Electrons, BSE) tlunau

ddnasounidenadnulitivessenlugunuiissunsdiunaznszinduseny Falindanugs

Y
a a a [y

ndianmseuRendl anituiszaudnndt 10 wiluues naialafdusigifievesnougs

Y

@ v a & 6

3. dyaaunmainiddnd vllafdudiondiangsn [Wuaduwludnliifida

=

yndanaseuantulasialliduiuui wazdesanndsunigluliosndidnnseudignis
wuniindugndi lnensdaalasendanudriuesnunluguaiuudantalii wievi
TifeadindsnuunnnesungnesnaIniseseenin Mbisianmaseusasdnyaunavedlasasg

nelusznau lnen15aadlannsouaNTulAasanl Ut 1u LNud Lazdasannassnunielu
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HesnndianaseuignisuiunuifissAundsnugenit lnen1sUanudosndaud 1iy
d‘ 1 < d‘ o Y o = v v & S v P d‘
sanunlusuaduualmdnliin iievinlvidesdindanuirdudulaasiidiuiunui Jeniiu
o Sy a ' = ° v a ¢
wlwanlihideuenaduamzluusazsg Jeaunsadunldusglovilunsinsegism

q

AINEIRUNE N UVDIFIRE T AT UT Az AN I

daulsznauvaindad SEM

1 1% fa @ ] % a

d71UUENOUVBINADIFANTIAUBIANATOULUVADINTIA Aakanlugl 25  uasdl
dwlsznauddgegluvieayyinia lnemihivesdiuusenouwsarduilseazidenmal

1) uwasnidadianaseunuududianaseu (Electron Gun) laeiluldunalndisanu
dianmnsoudldlundesqanssaudiannseunuudsinsia fe Sidnaseuiinszidndunas

a

ddnnsouniegl

[y

2) 1audsnus (Condenser Lens) yhuthitdadulidinaseudauin wazaiy
dudumunzaniusiedns elildnmidafigaiiidavensfidosnis nsanvuIn e
3.8nnsourztefinvLIAYeIdEY

3) YAAIRdIMUNITERINTIA (Scanning Coil) vhwthiidadulididnaseuadouly
LNUDULATLNUSIULEUN U YD I0ENS

4) wuding (Objective Lens) (JuaudfiviliBidnmsoudnnmiudiu endesung
aulfuavauuwimdn ausaviudsumsmensanuautavesninls Tnenisusy

Usunanszualninluvealtaudindninia wWislminn1siasuniadndunui b uuuoLauLs

1 <
bbLVARIN

megeildlunisimsisidesduiegiemihlii wazdesiliuisieniseuld

= VY ' o v ° o = - v o d 1
AT afmegaliinidenihuvinedeuieliinlii nsindeulstisannisazaues
UsguasiiuUsinanesdianaseunfonll duunnldvenlulansndou nallanfewldlawn

nsatawmes (Sputtering)
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e E|ectron Gun

Electron Lens
_— (1st Condenser)
e

. <« Spray Aperture

Y
/ Scan Coils
Magnitication| Scan
Control Generator

Final Lens Aperture

|

Display
ctor |~*{ Amp |- CRT I
Specimen
to
Vacuum
Pumps

JUN 2.5 WU NTBIBIAUTENDUNADITANTIALBIANATEURUUADINTIA [22]

a (Y (Y v a & 4 . .
2.6 MAUANITINNITNITIIYNANNIUVDI9ALdNY (Energy Dispersive

Spectrometry, EDS) [23]

[

=~ a ¢ A aa o 41' a v a &

UVANNITIATINCY AD LM@@LﬁﬂGﬁ@UWﬁNWUQQLﬂa@u‘VILGUW‘EJuaLaﬂﬁiﬂquU'NIﬂﬁ]ﬂu
& 1 ) =) Y a ! [ b4 a o ya < &
YUVDIDENDU LYY VU K 138 L LLa'JLﬂ@ﬂ'ﬁﬂ’]&li@uwaﬂﬂiﬂﬂ/ﬂm@Laﬂfﬂiau mimamnmauiwuu
A v [ [ ! a v £ a [ = N . . ] =
wlm‘uwaqmumﬂanmwaqmquum@ WS udaniled (Binding Energy) vasulaasiavian

o Y a al a ] ] Y]

@E]ﬂf\]'m’NIﬂﬁliLL’ﬁSVI’]I‘MLHGWI'JNGU@Q@Lﬁﬂmi@UIU%UIﬂﬁliﬁ]Wﬂuuag@@M%@Q?QTQQi%Uﬂ@lU‘\]%ﬁW

SEAUNEIUAN AN AUNS 1 UD ALTIE1U999 AT AN B8RS eU faen1sUdes

v
IS v ]

waarudiulugvessdiond udBidnasourzdnuunuiindsnudiiuiindanuiiu

%
U = a

ANUUANAIUDITERUNG ATz dulaasreBiannTou waslanzvessIntuY Judl

a 1 [ Y

! o o v NG e & o g« ) Y g va oad ¢
ATNANIULANIEAT LIYNIIFLDNYVUAUIT IIFLDNYLRANIE A %ﬁLLﬁ@ﬂﬂiSQuiwLﬂﬂiﬂﬁL@ﬂ%

RN WaRdRagu 2.6
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JU 2.6 nsnszauliinssdandnizilagldddidnasou [24]
Tuszuumsiasizisiaiiesadidnduuy EDS Wiinsadnfeuldludagiu fe Wite
v . N ) [y v v A x 1 o aa 1Y 1 = a a
$eduuu SiLi) Bavunzdmiumsinfdidndianegiinindsaulugie 1 8 30 Aladidnaseu

s

Thad w3e Winvliaesuiouninuu3gnsas (High Purity Germanium, HPGe) &4@1115039

Y

o [
(% v v v 6

v a o 1 v =Y = a a '3 r-:qu a <
Sydanzelug9ndng fis 3 09 200 Aladanmsauliad Mt TnSIALeNTNIEBIL U A
Wasuwlaandsnuvessedlmdu Foyarauliiluguvesdndlui Insvunnvesdayarailiiag
711999099 INLWUSAUATINUNSIIUYBISIFNANATENUUUIIIA ANNUUINITVENULUUT D
= & 1 @ (v Y'Y ] o r-:l' 1 dl'
Wemseratevesziudyaraliinaniialuniiganuinnegnelueies uasuaniua
n1viATeivuan nlusuretailansy nfeuniman1siaseiidliunauazauninlay

Wswnsudnsagy
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2.7 MFPIATTANMTELIULVESEEND (X-ray diffraction, XRD) [25]

walansiaguuresddnddumaianmsinsziuuulivhatsaisseds (Non-
Destructive Analysis) Ssinldlunsasadinseisdsvoanaivsnglutagdesiudeyad
Fnnsnmatinssidmaiansiienuuresididndazdseneudeteyaresyadt do-
spacing Azt uvesSidTinsaduld Fsanunsathluldnisfuamid uanfionis
fines (Lattice Parameters) laseadandn (Crystal Structure) e813a3139 fiavesmadi
Us1n4) IURY8wnIU (Grain Size)

Yadidndidunduusimanisliniifidnausnadueglutis 0.01 fs 10 wiluwns e

Fddndiindunsnienduaanseeyiiiiinusingn1salane wu nsaseas n1sgandu n1s

(% 5%
[

a = & = | ] Y Y | ' a
nsziduamson1sideauy FusingumatiaslidnvazianisNtusgivansiiegausazyile
= 2 o = = v A ! [ = aa =
\eannvesudanilundnaziindnisesezneneduluseilsuluauiifuaziivareyaszuny
o5 EdNdUINNNTENUUURITEYATEUIUANNY MsyuTimgauasinliiangfnssunis

= =
LAY VUYWL NYUU

[
[y

ALY (Intensity, 1) voa5addnd Jutunseualnild (Current, ) Ausnadng

(Votage, V) uaziavasmonvess1aidud (2) duusiouadenuduiusaaunis 2.1

| = kizV dle k HuAmsii 2.1)

[

] a v a 3 [ 3 [ a 6
ﬁ?ﬂﬂ'ﬂWNQ‘U@QiQﬁLEJﬂSULL‘U‘ULQW’]ST\]SL‘UU‘WQﬂﬂUﬂULﬁ“UEJSG]EJlIG]’]ﬂJﬂJ;]‘UENlIEJﬁaEJ

(Moseley ‘s Law) feaun1y 2.2

v = k(Z-1) dle k (Wuanesii (2.2)
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& v @ & < A A4 o v o 1 dg
nstaeRUuYeIstddnd uwuseanluaesviinfe dmiudiegreimduny (Powder X-
ray Diffraction) wagdmSudeegsidundninen (Single-Crystal X-ray Diffraction)
1. Powder X-ray Diffraction #4a111503LAT18M9UAY04I9 ALEBIIINNITAANTT

Beuuvessiddng arliaunesuniludnuazanzasusazsn aunsavenigaialandn

[

voiaglaindianudundn visedygiu wedaliivsslevilun1sinszidnvauzaodiang

v ¢

UfAze M isiusimszannsavensiavesasioglusasefiten iauﬁ'ﬁgmmaﬁaaﬁ

2. Single-Crystal X-ray Diffraction %3® X-ray Crytallography @nusanilassasns
vasluanald fio @1115aUeNN1IIASBIveBEREN AIUEIINUSE YuTENINenaNlY
lwanala Ae anunsauenMIdnisessinuetesney ANUEINUSE Yuserivesnaluluanald

(%
[ YY)

= o o 1 ° Y} a Ay I3 = a ] =% = o w
Luaﬂmma@mamﬂmmuLwﬂmumuﬂumam@m mumumummmammmmymas[,u
= U | aaa aa U o’gj
ﬂ?iﬁﬂ‘l&ﬂ@]?Lﬁﬂﬂaﬂiﬁl’]?ﬂﬁwuquu
d' v a « s I 1 a [y | 1 =3
YUINAINNYIIAAUYDIINE LD NY agﬂumﬂLﬂEnﬂ‘Uiz&JWNiszawaﬂumaﬂmaq

2 &% o vy o & ¢ a & v o
VOILLU ?jﬂﬂﬂiwiﬂaL@ﬂ%ﬂﬂu’limﬂﬂmimmL‘U‘L!IG] NLLENI‘UEU 2.7

wave 2

'n' \.
.
wWave 1 [ J
incident A g reflected
A angle angle
- - o i
atomic \_ o
plane /Q, 818%,
d ol .’Y ~ "F-“.-". [ h=?
atomic . 4 :
S
plane I C:’ [ fl
o |

g
o sing
€1 998 Encyclopaedia Britannica, Inc.

5UN 2.7 MIAgUUTRIIEENGAAINATINTLRMALUNINADAYBISIA [26]
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NMSLELIUUUTZNBUAIY 2 TURDU TUADULIA AB N1TNT2LTT (Scattering) UBISIEAN
nsEnuTaingu 8 Auimivesweds yuuessidnsyidsazuinduyuvessidnnnsznu Jeluws
ArIYUIUVRIlATIAS1IHNAN2EAN19NTEIR1w0e3IENG Junsufans Ao n1siAnnIsuUNINABN

(Interference) 959N TLIRIMANTUIINTLUIUAIY d1n15UnsnaemduluuLasy

(Constructive Interference) LHp491nAILAUIVDIARUIINANTZUIUATINUY AEVNLASIANTLLR

[
a1

fifnaswaspduiindu Jadethilduunsesiuasiiudugeaindug@u dnsunsnaeadunuy
#nana (Destructive Interference) Lilesannsuvisvasnausitanaiy Ssdnseideasiaen
wagnanas dnihfiduusesiuasiudugeiidnimseliviuaedninnsindnsegrsanysal
< @

lngAUFURUSTENINeAIANNE1IATUYRITIAINGAUTEEMITENINTEUIUNANLAZLUAN

nsgnu aunsnesunslaglingueawusni (Bragg’ Law) Asaunis 2.3
nA = 2dsin® (2.3)

lag n fie Srunuduniionindusuvesmsasyiou X Ao ANNEIAAUYRITIENILY d
B TLEEUNTENINTPUNUNEN Uae 6 D yuTeninesad@nnnsenuiusEuIUNan
4 A do & U N & ea 44' ¢ _¢a a ¢
LASDIHONTANISLA8LUUYRITIELDNGAOLATOILNTLTIANULNTALATILADS (X-ray
. A o ° a A ! v v I = & Y] v
Diffractometer)  Iaailundnnisvingiude ievassnszuadiludwaualne daduiduainli
1% r-ﬂll v o £ A A o o § va & Y o
Anufou abildvasniouduvseindsnuaine vilviBianaseundnuamansanuIINTa
Y = & A o % va aa v &
walvauazadivuelun Jadulaveminnuoulas (anenlouldlutiuelunfie noduns
a ao g v I3 I o a a o o= I3 A o
wazluauAty Tnevasanldnesuasaziluwnasnidauwaanunzaudunanauiaannis i
wihewadivy duludvitumunzdmsuninuualvgvsenaniinisgandussdiandlan) 39
o § va o A4 a g o A 1% c{' 5 a a
inldianasewsslungaeenyi Wedidnasoutududiluununessineaning uelunazany

1%
°

) v a2 ¢ v v ~ | < ) v oa @ € a X
naaueenuluguTediand wazanuiouasdesdumaaidu lne Mlussdidndaziiniulay

o
A v o [ 3

USud 1%  VDINENIUNAE0NUITINLA SIFDNGNANEDNUITINISTIALDNTUUULANILF
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(Characteristic) MUu Ka wag Kg ntuidldununsanuasdadudiganiuninueniniuiily

[

Ao Miaefiaves Kg eenluielilnieid@andninisiienuuazgnasivialagiivn
1mo3 (Detector) TanusainSednseidale oy yusinee vinlvivan 20 e Jeyanduiinuasenin
wanslugunsmlanuduiusseninedinnudy (Intensity) uagaAsy 20 lngansusazyiinagln
JULUUNSEE YR @O ndAunnsneiuly Tnganunsainnsnssdeuukuunsiae iy
o o & ed ° = = Y A P . .
vosfadiandilalaemsihldiuTeuiieuiudeyauinsguiegluuiludeya Joint Committee

'
v a o w

on Powder Diffraction Standard (JCPDS) @nuuszneufiddnfiddnyvenaios (X-ray

o

Diffractometer) LLaméﬁgUﬁ 2.8

5UN 2.8 uansdiusznaunddguenases (X-ray Diffractometer) [27]

2.8 maAszvivygilsidulnemadayiGeimsuanasudunsisn awnlnsalnd
(Fourier Transform Infrared Spectroscopy, FT-IR) [28]
watlayisesnsuanesudunsuse awnlnsalntl (Fourier Transform  Infrared
Spectroscopy) \Jundldlumadanisdy infrared spectroscopic fifiuszansanlunissuun
U3eLAnve9a1sdunsd arsetunid wasiussiailuluana swudsaiunsavanisusunan
osrusznavitlegluluianavesansuausegailinsuain lngsimsnsiainnisgandused

dunssavesogennunnngeg Fududnvusianzusiusaziicy
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v

N13ANANSIEBuNI IR laInIngamgiiaudesrauysal sznaunnally

v a

luanavziinisduegnasniian Wenuiveansdullanviiuanudvessed@dunssaianey

a0 1 I

indslaana luanafazaandussd Suiunounisganduimuaiidunaldazdalividunms
Fugaguveduanaun lneasdatanas Madmsmzasduuaundsnuiliinimevauss
sowdsnulutieisd@dunsnsn  egslsfinm ansidvyilsddulssinniAetusinliadnniu
dnwaradendsiulutisnnudlndifesty whnaslinnuunnsiiwesdiuduvesluanasgtng

'
o

UniaddaldunsisaaninsalnUlunisvenudilanduddyq Tuluanavesarsnaulala

|
v da o

WAAIRIUN 2.9 UAEM1319 2.2 5IUTIANUDVRINSRANAUTIER UL sAvemTlaAduT

ddgyureiiall

- Wavelength(um) -t
2.5 3 4 5 & 7 8 g 10 1 12 13 14 15 16
[
I
C=N - I
0-H, N-H C=C oo ;
o ~@-H - 9=
C-H <> c=0 |
I

s e (C-C,C-0,C-N) 7
g 0°0 A —
0-9-0 |
AR Ny
! o °
I
| 1 | 1 | 1 | 1 L L | 1 L 1 | | 1 I 1 1 1 L 1 | 1 | 1 | 1 L
5000 4000 260034003200 3000 2800 2600 24002200 2000 1900 1800 1700 16001500 1400 1200 12001150 11001050 1000 950 900 850 800 750 700 650
PR Frequency(cmt) ————
Group frequency region Fingerprint region

5UN 2.9 ANURNINTAANGUYIBUNTUIA (Infrared Absorption Frequencies) [29]



21

M13199 2.2 AUDYRINIIRANaUSIEauNs v HsidundAyurssiia [30]



An519% 2.2 (6i0)

22
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AN519% 2.2 (6i0)

wSesnseidedunsnsn Tussuu FTR  Sduusznoundndaedu 3 du fe
wiaeifinged w3aediolunisnsiadumrdu (Interferometer) waziA3o9n5793M

Lﬂ'%laqmmi’@ﬁﬁaﬂ%’mmﬁqmﬁm%’u FI-TR f® Deuterated Triglycine Sulfate
(DTGS) wag Mercury Cadmium Telluride (MCT) natlunsnevaueenAiewmsIvTalay
diﬂiﬂajmﬂu Dispersive Infrared Spectrometer L% Thermocouple %38 Thermistor 2341

N8 Interferometer vinsauAuNn DTGS 1WuiASeansaainuseian Pyroelectric 91

Y

anusadsdygIanIsnauauedlie1sIngg nszgunsalfal

o

1N15M529IANSL VAL LU A

Yosgaunnll dmsu MCT Wun3osns9dalnnauds@udu quantum nature v9939d wazlving

a

NMINBUALBINTINGINN Vaue?l DTGS vinuiigamgivies usngaungivedulasiauman (77

Y

]
a

Pa3u) MCT azvihnuldd laeviald MCT azdinduwaziinnnulinnnndy DTGS uansiegy

2.10
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SUN 2.10 @uUseNaUYawAIad FT-IR Lazion15yN9IuY8LAIeInsIadn [31]

v

NANNISNIUVD9 FT-IR [32]

Faddurlsusanuuasinlinazgnaiglud Interferometer Fesafdeuld Ao
Michelson Interferometer FsuUsgnausenszaniiannninieuiild nszaniindsegiuilngiia
apwmndeiunasiu uaziusnuadadugunsniisasviounas Tnedulnaianainnia
Hduursvenasunden (Ge) Msasuulnunadouluslus (KB fiduenuas a15sdasmilans

'
=2 =%

qruluanszaniindsegiuil uazdnasenilsezaviieuludnszaniiarnisandoudls

=
ee

vV

PHINTUSISIFAL ALV OUIINNTLANNAULITINAUNAILENLES LARNITUNTNFDATU NEIRN
gj 0 v A® I YY) I a I3 a [
UuaFadnaziuludainedns wazlungaiennasuuniansivin

Path difference SewinadSadia ﬂLLEJﬂEJEJﬂLﬂWU‘LJT\]’mi“ YENIFUNNSTEMININTEAN

(%
v a v

a@q ﬂqLLsﬂuaﬂﬂﬁu"ﬂﬂWQa@\‘isﬂqﬂma\i Interferometer EJ'TJL‘V]"Iﬂu ﬁ']ﬁ\‘i?ﬁ/]ﬁﬁ@ﬂﬂ"ﬂ L@‘LW]']\T@'JEJ
A 1 v o« o o § Yo av e d' v a c{' = d' a
srggnanuiiu Suanseiu inlidyaranlldsesewsiaialinunnian Wensgannioud

Wuszeenia M4 ssoemaduveddidazivdswdu V2 Sadnsaasiivaniaty 180 2961 N3
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[

WNINAoAITaLlURIULNUNATY Wardaunszanidussesniedn Va4 s2eemuiuvessiday

(%
o

Wasudu A Sedsassdraznduanimansaiu

] IS

donszaniAdeuinignuinegg anududuresdygiuieaiem siaininlaagdl

dnuauzae Interferogram Wuguadu sine lnansnagndenIzninanIsnoUaLINiAToINTIY

v v (%

adufinlakazafinszandnisndeun a1dregrufinn1saanausdnaaudl aunves
wennagnvzanaslagduiudiuuinnanesinegns ndsniuld Fourer Transform &adu

HasFunadinaanslunisulasmaniaauduian naeduainnuduiuaiug

n1suszandldeuvesnaila FT-IR

(%
&Y

lagnaly IRFT-R  Wuagldlunisdnuunyssianvesalsdunsgynussianuas

% =

a1susgnaveliunidunauseian saudagilanduluansdiegng wu dunsedng & lave Ind

q

a3 WanaRn 5B asAdeuen e1euwuas iseansUuleu WWudu lnevihinisdugaansy

Ya3asUsENaUNRRINSvaUAn U IR/FT-IR daldlunisasiadnlaseaiauasdugiu
yaslolowes ldlunisusvenssnusznouvesarsiiludninujisevseldlunis@nwinig

waeulmvealisen uenanldildlunisnsaeudsunavesaisuay asiliuiansvseans

A lUUszaa 1 wWesidud wazluuransdituaiunsansiaaaulasing 0.01 wWasidua

gﬂﬁ 2.11 WAMINISYINIIUYDY interferometer [33]
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29 mseszinisganduuanaiecgi-Aadaauninsinsiaiiinad  (UV-vIS
Spectrophotometer) [34]

UV-VIS Spectrophotometer Liuin3aaflofilifinsgiaslagendonannisgandu

Ssdvesansiaglumag Ultra Violet (UV) uag Visible (VIS) Aus1anauUsza8s 190-1000 11

(%
Y

Tuiwns dulngfuansdunss arsusznoudedou wioanseflunss Mafifauagliid arsusas
%ﬁmz@mnﬁu%’aﬁiuﬁmmmmm%uﬁLmﬂm"mﬁ’uLLazU%mmmmmn%u%’ﬁﬁ%uagj TuAY
daduresansdu nsganduuasuesansiieg Wudndiulnensafuauduturesans Ta
annsaineildludsnunmuazuiina Wumededlanwldif wazldfueg sunivans

v a ¢ v a & v o e ! ! a
Nﬁﬂl@]ﬁﬂﬂmi’sLﬂi’]z%@’;ﬁlLﬂﬂUﬂu%LLamm’lllﬁmWUﬁiz‘WJ’Nmm’i@JmﬂaULLm (Absorbance)

wazAIAINLNIAAUL (Wavelength) F3138n71 Spectrum

daudsznaundAyvaanTas UV-VIS Spectrophotometer Landsagui 2.12
1. Light Source wnasnnilassdidudunlvsadlurisnindeniaduffesniseani

281950 UBILALAIT TIUNITAMUTULEINLINND VaANWLASIFLNa18TTANIUAIUENIARY

[

SeENaseani Wy Y39 UV agldvaen H, and D, lamp Wiauegninaueglugu 160-380

nm wazYaa Visible T9naan Tungsten/Halogen linnuenaduluyie 240-2,500 nm (Hudu
2. Monochromator Judufildmunuuasiaeazyiliuasfioanunainauiniauas

= & a a v a = & & o S %

Fadunwedlasudn Tiduuaslululasuin Faduwauuasuaue wisiianuginaulfely

WamesUsTumrIoInInms

3. Cell Sample WadNltUIIFETALAIUAIDEI U1IATIBIAFENT Cuvettes NTU

mldlaunadmimeuiiazldloanzdiddda mszuizganiusedlugiedle wavivad

o
1%

NYA8TANALAIDSHY Tl LA

1 a

P98 kazIaua

Y

o

4. Detector vihwmthilumsinanuduressidngngandulagnisiuaingnunau

v aa a

Fdfundsnulai irdesinsdivareaiafidon laun Photomultiplier tube waginsosin

wasvindanaulalen Silicon diode detector
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gﬂﬁ 2.12 93FUsTNOUVBNATEI UV-VIS Spectrophotometer [35]

1389 UV-VIS Spectrophotometer fildlneluutsonnidu 2 Uszinn Leun

[

1. Single-Beam Spectrophotometer ipansidanainunasninddavriuaud

Tlulasunesidu Grating Wuasmegn udrdndrgaunsalnsiasudyaya Weswin aa

a A o a

nsllafiwesussnnilldaSsdiivsdfsrinaniululasumesivdarsazarefidenising

o v a1

sddiazlideunsalnsiadudyniaias n1sinudarasedeneddioad 2 wadlvaFeduu

o

[

2. Double-Beam Spectrophotometer d13s@azaulululasiunes 2 assneiu vin

Tleans98ANue1IAaULAE798190USLANT NNLALANNALLDEAUINTY L¥1apanaIn Exit Slit

v a

L d15989zludaunsnlfingnsed (Beam  Chopper)  Nazawsieuluiiuaisfiegia lu

o w [

YouzLfgInuaTdazulUiIuaN591989 MeTsd drFeddaad nriulululasimeiavgn

' [
o w a o Y]

gunsalfindSsdusnesnifudSdassarniiaudurindunasaia Wea5sdiaesillunn

Ly

1 14 [ (% 1 1 % ¢ =
n3gNU phototube  ANUANAIIYBIANUTNINANeL T udyaadsialudsgunsaidudin

| [

Fryanausialllunisldaalnsiiladimesuuudsads wanadaguin 2.13

Y
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g‘tJ‘ﬁ 2.13 Double beam spectrophotometer [36]

2.10 Mmsmsizingilendulaawmaiiasiuiy (Raman Spectrometer)
Tul .7, 1982 UnT@ndvy1a8ulie Jo 3.3, 391U leAunuUsngnsaliinain
A 1 13 1y Y] 1 . o v oA 1 @

nsvuvssrdulimaniniiudanatslussla (Transparent Medium) vinliadulaian
Iitwinnisnszidaeiinisasundasanuiuagid Ga3en3n Raman Scattering #se
Raman Effect @in1snszifauasduiueiinvesans waglihunlddulsslevilunismans
1AT9A1INNLATIUDIENT ANYATTDITIUAUNATUARIY) AUBUNTUIAFUNAS LATUI99EI
Aunnsteiu lnelanigegnedeasieg1emdutagldiinssuniuaeildnaianiesuua

Walnsalal vilvazadinlunsinsigviniedeniuinaueg wazldidyvifeiiuwad uay

windows wilaudunsusaaninslulaiwes

ngufuuaUnnsalnd
Raman Spectroscopy 3iudnn1sNlgnansaLansm19a1nnaasUsziny Rotational

Spectroscopy L@y Vibration Spectroscopy LLG]'%mﬁEmﬁﬂmﬁﬂﬁzL%W@QLLaﬂmﬂmimguma\‘i

[
= a

Funumegnfundudill FBmsilgnAndulagdniidndyidusiede CV. Raman @9

Anculalud a.a. 1928 aulesusiaialutuaanvila@ndlud a.a. 1930 legsauanuduldlsves
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NsAULaENINYUYRuUMeg it IMe iy lnendinureduanaignnseiuasiinnisauy

LAZNISUYUYDILUENADBNYUT WHNUNAEBNLITUBIAILUINNTINTODIIALURYNTINGIIY

maufignnsziuTuegiunsdilunisusums Raman Spectroscopy azdidnwae detector 1Uusn

TAAIUAVDINITNTLLIUTEAIT N19NT2LTIV0IT10U (Raman  Scattering)  aaviauniiLia

wasufizyiliunluanaszseatu monochromatic radiation w3sluuansdensldiawes

LanaRagun 2.14

Source

Scattered

radiation

Detector

sUN 2.14 uansinwaznTInN1sNTEdewessuu [37]
nsnszlRwessutuisduInmsiluanaflasundsnudildudgnaseaulnay

leglusgaundenuigadunaimendanusanuitugliuuveddnnou F4n15A8naaey

gonudnsAuWUAlUINTEAUNS W UAY WanafsguR 2.15

5UN 2.15 uanansidguseaunadanuuadldianaduiilewnainnsduy
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seAundsuauUeandu 3 szau Ae E;, E, uay E; szaundsnulnfvedluana

aglunnvaunanTsdundsnu £, widislasundsnulineuainneuenidinsequluanalasu
o I3 o I vy o i i G a N Y]

Wity hy vaenniulaaendsnuesnuntugiulnmney wilunismedulinisideusedu
naaulUaniu Tnefseaunasnuinaieeenil hv, SuNesnI1neuntasundsnuanluvinti
TegluszAundeanu E; uanad hv; < hv lun1siiamsnisaliiisendn Stoke Transition s
luananlasundsnudrludumendsusanuiuinniabasuidluilvseaungaanu
WasulUagluseAundanuidininsgdunadsnuiui £, Lawinsaenasanueeny hy, uwan

1931 hv, > hv 138nU51n)N15048131 Anti-Stoke Transition IagisgAuNasay E; uag E5 Uy
a X A cs' Y o § Ya ) d
Anuiesanluanangnuulaglinauainaiguen wanhliinnsdunsenismyuvedluana

fuadl Fansdunsenisnyuienantuazduanenzvesiussiniiagluluanavesansusas

v
IS U

a = o [ v 1 il [y = .
wiin Feanunsadinnluiivadauandane) vesian saulufisnism Crystallographic ves

(%

TUNUMDYRAIY [38]
2.11 waeuiseiiieadas

X. Pu wagane [39] nsduasiziiaguaunsifiueantad-lnmdaulaeenlen (GO-
TiO,, GTHs) 91n3an1swdusumeesaslulasinfingseu 700 W dunan 8-60 wadl an
nstewaanEsnY methyl orange LileAnwidg A uardnuuzianzYesTagHaN TiO,-GO
Tun15§0ATIZA GTHS HATBINITNAABILENINTIFNTY GO anmadla FT-IR Wudmyjﬂqﬁsﬁ"u
vaseendaulaaasly iWisuisunisgaduinglulasiauves TiO, way GTHSs Tnedaituiinn
(BET surface area) ¢ 54.197 m’/g wag 94.258 m’/g AuaIfiu Wu71 methyl orange gog
aaneldiiios 55% Aangimeiianinieiuuwesisdisnd (XRD) wudifyn 20 = 10.5° &
58UV (002) H58ugrasenineman 0.84 nm LLaﬁLﬂiwzﬁwyjﬁaﬁﬁﬁuwﬂamﬁimﬁiﬂmuawﬂim

salnUues GTHs wUIUSIMM uMLLaYAaY 1330 cm ' (D-band) wae 1588 cm  (G-band)

Fadudumisvedassasruwnslng
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S. Ghasemi wazAg [40] Anwiaananuilulnndeulasenled-ns1fly (TIO,-GR)
figndaiasziseiTmsidndusmeufzevesuas Yanwauunlu TiO,-GR dsanifulansi
AesdonisiinufAsenad (Pt uwaz Pd)  a1nnsidndumiaeiifleseuvinuiloudy
Snwazlanzyashogndnszimemaiaiiunnsisiu madfivves TiO, Tu GO 2zdinasdonis
ANAIYRIVUIAKEN TIO, dewalviiinsnszanefiivedayniauilu TiO, uuuiy GR wazlasiu
msTudatureseyniauly Tio, lunszuiunsdanszst lunsifa TiO, vufiuia GR ann
Bty wulavefidosdennfnufitonaddietoatunssudiureausu GR uazayniauly
TiO, Ra1sanAuemAiutekasiiianisnisnevaussdoulumauasiunsdemuste fanuam
Wil TiO,-GR uaz M-TIO,-GR 91nn15a78ues UV uuayniawily TiO, wanenissaag GO 1Ju
GR Btz C-OH, C=0 way O=C-OH l¢aagluunsdu ifaiusy Ti-C uaz T vuiiufinves
WY GR 91nN153As1esimalia XPS Msiinufiizevnawasussudanalaainnisgesaans Ty
miazmﬁl‘ﬁ@ 2 vilafe 2,4-dichlorophenoxycetic acid wag Reactive Red 195 anglinisany
Y48 UV wa visible wuinianuanulu M-TIO-GR wansautfivnauasldegnaiifon vidludau
993 UV Uag visble Hudunaves GR annmsiialansiinszgalueymauily Tio, #finsla
Bidnmsousndedy

Y. Fan uazAug [41] Anwin1swauisnswseuiannanssning Tio,GR Iaglv

a

o 1 A [e] 3 ) a ¢ v a
ANUIDULNFNTATAYVIQEUNNU 170 Cwluan 24 T8 AT NYULLANIEVDINTLAS UL

Y

[y

TanuauaIn FT-IR, XRD way SEM 31nn11395399@ TiO,-GR misdaluinatadmaisueu (GCE)
wansn1saneloudianasouilaniuaznssfulianujize PaNTLATUYRIENTlATIITY
o A oo’ = a fa o Qv a aa S a <

fupduwlmantniln Wesnmsidunsauweanstnyiviiindidnaseulutididninsaiamin
Ju wafldnuiasiasnfiuianuiedhseluiluafing uansirTaauay TiO,-GR Sanuduld
lanaguszenaldluandinisliihvesiieueesuasiingiainn1e®inin (o990 GR in1si

ARl USEUIURET FaINSERNTUAIENUSLIALILAUGUDIAISUDUDLA DY



32

J.Shen uwazamy [42]  AnwiAnndeshinazUszd@nsninainnisaing poly

(diallyldimethylammoniumchloride) (PDDA) %183a3%UaNY  GO-TIO, TuUa1TaALTIAIE?

Y

PDDA T4 Hussmduas i liuiuunly GR dn1snedives TiO, IATIERENEMLIanIaINNT

W38 TIO,-GO 9naiandi FT-IR WU peak Miavadu 1450 cm Wag 3450 cm wansdany

[

#Haduves C-O wag C=0 mudiu wmatla XRD NUNITEEILUUYRISIEDNDNYL 20 = 26

o

wardszuu (002) HA1S2eEr195EMINGGEUIU 0.3 nm WATA XPS TUSeAUTUNAIIUYD

mfueu 1s wumfilaidu C-C, C=C way C-H indssnudaivilen 2860 287.7 uay 289.2 eV

a

walla TGA WUl TIO,GO Insgadetmdnly 80% veshmidnvianus fiaamgidl 700 °C

)
nmAtia TEM wansdagiuinegrveseuniauily TiO, ﬂizaﬁaﬁaa@juuﬁuﬂwaumu GO uag
Ansziauge-iesiuinogmeudaewaia AFM wutoyaauly TiO, fanugeszaio
10 nm viiuinTes GO Asfithaulafie Januan TiO,GO uamimaAnUfRssuediinideude

nszRusguas UV lunisgaduielelasiau

J. Guo uazAny [43] Uszaumudisalunisldiniasdansilednaununissausiu
YaeaUNIALILY TIO, Uutuvatiy GR lagldian 3-4 Hlus audinanasvesianuay GR-
25%wt TiO, AN TiO, U3gW5 aun1AuIlY TiO, Huu1aanunuasnszaIefiog ULWNLNT

Hu n1slidiannseuves TiO, 3INNNSSABLARNSTINFNUYeIBLaNRAToU-18a Navawnaila

' v
3 = = o o

XRD wanin1siaeaiuuvessididndiiyn 20 = 25.5° nalla TGA wui1 GR-TIO, gayduinmnd

o

a

U 75% vosdmninvisnue igaumgd 700-900 °C wedla SEM uay TEM wansaunaunluves

Y

[
=

TiO, NIzAMIBgULLHY GR Huuineun1Auluves TiO, WwasUseana 4-5 nm InHUARY
. | ad Ada 2 a | 1Y) A

GR- TiO, WUIHNUNHITO0UAA 49 m/g wavdnmala FT-R wunyilandu C-OH iav

a -1 a a | PN A -1 | )

AR 3419.7 cm UalinN1IAANAY peak VBdWHY GR MavAdY 1569.6 cm wunyilandu

Ti-O-C

BY. Sze uavany [44] Anwiniswsendaguanlnnitleulaeanled-nsfusenlen
(TI0,-GO)  PIEITNAINTU LiBANYIFUFIUINe wardNYMzIRNIEYRTAgNAY TIO,-GO

NFIATINNTAANAULES (UV-Vis) nudrdanuas TIO,GO aunsaganiunalaluyisning



33

[

gMAAU 227-300 nm anaiuvesianNan Ti0,GO anmadiamaidsnuuyesssdidndfi
20 = 26° 53U (002) M39TU JCPDS Muetay 71-11673nseiduguingmnaila TEM
NUIIAANE 120 RGO/TIO,, 150 RGO/TIO,, 180 RGO/TIO, ﬁsummmgmma?{s 20.4 + 3.9,
20.5 + 4.7 wag 21.3 + 3.5 nm AuEAU nAda TGA wansiaanauuily TiO,GO Madesnn

nemufeunniy GO ilegumgiiiingsdu lasanweau 120 RGO/TIO,, 150 RGO/TIO,,

(%
= o CY [y

180 RGO/TIO, imsgaydetminludosas 14.1, 7.9 uay 3.5 swdidu Afanuan 180

o

1% '
=) ) LR A4

RGO/TIO, iinmsgayidetmtinies 1i18931niin15iN12NEUY880nTIUNTUUTIINVDUVBIUNY

<

GO



uni 3

A5AIUN153Y

awv & X A = ) Y ) a & ~
nTeasstiiefnwnsdunseiiaguandaquanulunsusenlenuaslnmillele
panlwalaso1furdululATINANSI91Y 500 Y96 1ual 10 ui AnwIn1sRNsnI1dIUT9
Tnnilleulasenlealudanuauulunsiuesnleduazlnmieulnoanlyd
a o dyd a v oA = 7 'S = L2 o
ns3delfiveaulunnisiTefe n1sAnwinisduaszinsiueanlyd wayJaguauuilun
srfueanlantaztnimiloulaeanlesd Tnsriurdululasin Tnednw1dnSnaveanisiiy
dnsdnveslmnllonlaeanledluiaguanuilunsiueenleduasninieulnoanlydsdonis
na TASIas1NANwaLaUURNI9WES ANy lNawazrlASIASNHANA8NATNA XRD Anwn
lassasnaanialazdugIuing1nienaes SEM Anwmdilsddunisaiisiginaia FT-IR uag
Raman spectrometry AnwauUANIuaInIBLAIos UV-VIS spectrophotometer Welinig

VA v = LY (Y

asiunmsivedulunuingUszasduoinisive Bivedldnniuniside del

5

\3asdio

1. ATlATENNTAsULSaEEng (X-ray Diffractometer, XRD) Ju D8
ADVANCE 1@nlneu3ev BRUKER AXS Useinaleasiiu

2. Nd9I9ansIAUBLAaNATOURUUADINTIA (Scanning Electron  Microscope,
SEM) §u JEOL JSM 6335 F wanlaeu3sm JEOL Useimadiu

3. Lﬂ%ﬁLﬂswﬁaaﬁﬂizﬂamaaﬁm (Energy Dispersive Spectroscopy, EDS)
$u JEOL JSM 6335 F wanlaeudtm JEOL Useinadiiu

4. m?faqmmaawﬁzmmaﬁaaé’ammﬁmwmu (Raman Spectrometer) §u
T64000 HARlALUSEM HORIBA JOBIN YVON Useineisuaa

5. 1A3097LATITRAITAI8BUNT S (Fourier Transform Infrared

Spectroscopy, FT-IR) Ju TENSOR 27 wanlagu3em Bruker Oprik Ussine

aniusIgLeasiy
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6. Lﬂ%aﬁﬂm'ﬁ@mﬂauum (UV-Visible Spectrophotometer, UV-VIS) iq'u SPE

CORD 40 wanlaeUS® Horiba Jobin Yvon UseinanSaea

answadinlglunisnaass

1. uansliel (Graphite Powder)  waalaguiew Sigma  Aldrich  Uszina
anigelsn

2. nsagaiasn (Sulfuric Acid, H,S0,) 98% Wanlaausem RCI Labscan

Uszinalng

3, Inuva@esUasuueniiug (Potassium Permanganate, KMnO,) Hanlag

USEN Ajax Finechem UseinAinguaun
4. lmdsuluese (Sodium Nitrate, NaNOs) wanlagussn Quality Reagent
Chemical Product (QReC) Useinanigewisnn
5. lglasiauleseonlan (Hydrogen Peroxide, H,0,) 30% WaRlasUSE
MERCK Usgimnaniusansisausgieostiu
6. 1usAnlossy (Deionized Water; DI Water) namlagu3tv RC
Labscan Usewndlng
7. nmdsulesenlen (TIO,)
8.  nsalglasmassn (Hydrochloric Acid, HCL) 37% wanlaausen RC
Labscan Usewndlng
9. w@nuea (Ethanol, CHsOH) 95 % WANLALUEMaIANITETT NTX
assnaniin Usenalneg
10. mﬁmmw%qwé (Sodium Chloride, NaCl) 99.9% H&nlagUTENUTITINE

Uszinalng

11, 1l



[

10.

11.

12.

13.

14.

15.

16.

17.

36

Yanaunsalinldlunisnaaas

NADANAADY

firuans

Janasuunm 20, 80, 100 kay 1000 Tadans

YoumAnans

WYIILAIANENS

\SestiRanoanIuazden 0.0001 NS WARlALUIEM Denver

Instrument U TP-214 UsginAansgaiasn,

\3asdansiladin (Ultrasonic)

fauans (Oven) WARlABUTEM Binder Ju ED53 UseAaviusaIsnsnsy
RREG!

wadlalasiam wanlaguTen Sumsung Ju MWT1B Useinelne
\3esnuansaraeuilauaivan (Magnetic Stirrer) Hanlnguish IKA Ju C-
MAG HS 7 Usginauniaide

ATNUENAIMTUUAANT (Agate Mortar)

53888Qﬁu1 (Alumina Crucible)

NTLUDNAIVUIA 10 Uadans

PIngUTLYINIA 500 Hadans

naanven (Dropper)

NILAWNTO

1 1 < o o .
LVILANANNIUNIUATT (Magnetic Bar)
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A5N151Nang

NIUNTING 2 N NIATANIIN 350 ARRAAT

| |
v

a

a:mmﬁqmwnﬂw 0 AIALTRLTYR

a = [ a
L@]&IIWLL‘Y] STYNLYDIULUINLUA 6 NTN

a

o &l a a
Vnﬂf]ial,@]ai'ﬂqmﬁﬂll 30 dANLTRLDYR LﬂuL'gﬂ'] 20 ¥ N

¢

W@uiinlaannlaaan 350 JaRAT ﬁqm‘mnﬂﬁ 98 AIFNRLTALDE &

'

Wusnyazane'lalasiautlasaanlod 25 Jafaas

}

Wunsalalasaaasn lwoasaaw 1:10

ya31idsaantesan RTAN pH winnu 7

|

N309ANAUYBIRIIN Lo LLa:auﬁqm%gﬁ 60 BIALTALTE &

e 24 Flag

!

weinnIAnaan ke

SUM 3.1 UHunINLEAINTEUINNSAuATIEinTuR N lYs
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wHuNs Hueanlen 0.02, 0.04 waz 0.06 N34 azareluiusiAantessu 10

1a. dusgdansleinidunal 1 vy

'

a ~ 2 ) 1% Y 1% a .
L@]ﬁJlVlLV]Lu‘EJiJi@@@ﬂIGUW 0.5 A3y &LUﬁqiazaqﬁJsﬂqﬂﬁ]u LaEAUMIYLATDY stirrer

WWuan 15 w1l waganudiedansiladn 30 Ui

'

Pharsazanseunaulalasind 500 0 Wuan 10 wd

'

Tanuanwilunsiueenlsduazlnmiielnoanlyd

JUN 3.2 UNUNTMLAAINSEUIUNTRUATIBTTRNAL TIO,-GO




39
nsfneanzlanIzvasIaaNas TiO,GO
nsaszianazlaseaananlaeldimaian1sagauuvaeseddng (XRD)

wansiednduasgilauiualasiden anuuussyadludeddasdioging

(Sample holder) ¥041A394 X-ray Diffractometer udthnszanalanuiuiniantives
arsiegnliiiousdniluimseilugiau 20 fAeus 10-80 aeen drdeyanle

W3guieunu The Joint Committee for Poeder Diffraction Standards (JCPDS)

N153AT12AFUFIUINEIMaT0IAUIENBUSIA InendasganssAudiannsau

LUUHD9NTIA (SEM) LLZ‘I$Lﬂﬂﬁﬂﬂ’1§’3’ﬂﬂ’1§ﬂ§$%’1EJW%\NTU‘UEN%\?%L%WZ? (EDS)

wansiregnnduaszilausnaaniesldadluansazarsieniuea duoynia
Youdibinsrateiiiieasesdansledn wisuasu (Stub) seasuansiegi nen

WHUNBILANTARIUUNURIAAU 21NTUAAAITAI0E1UINYARIVULEUNDILAT 1-2

a

wen 11ANUToUIULIINRAMN 60 BIAYALTEA WAIRTUNIATATDE1MEBNNIA

Y

o9 Ingldin3es Sputter Coater Wuian 30 3wl Wisliannisualai andutily

1% [

AATIZRAIBNAB99aNIIAUBLIANATOURUUERINTIA NEouTRdanyans ol unluNIg

o

ATvdeUstaLavdndLUSIMEMmemALlA EDS
nsaaTeilagmatayisesmsuanasudunsisaaninsalnd

o o 1 Q{'q./ Y a I3 v v a [

118156108197 d0AT18A e US UL ANt RE LN UA L asLdun Naudu KBr  Tu
o | P a Y W Y o v & | v oA o
9M571dU 1:40  ualiazldunauNaN N A1ndutuda Uiy Taeldesesdn
lalasaannusu 10 @ wadunludesieviaeLnsae Fourier Transform  Infrared

Spectrophotometer §u TENSOR 27 n@nlagu3em Bruker Oprik Ussinaleasdiu
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nsaaeilagmaiagI-iGilanuninsivslaines

thansfegeiidunnesildvinandntesunliaziden azanegluasazarsiom
uea uardulvionnmaveaudnszarsifeniosiansledn Mntuharsazaneiils
Taluiwad (Cel)  Taslsidulafulunsinasndouiiiiy Sadnisganduuadludis
ANENIAGUIIN 300-1000 U lutuas Tula3esiaszs UV-Visible Spectrometer §u

SPE CORD 40 tanlngu3em Horiba Jobin Yvon UseinanSaea

nsaaeivgisidunsaiilagmatasiuiuauninsalnd

° ) I Ao Y a & v I s v ey 5=t
u’]a’ﬁ@?@EJ'N‘V]E‘NLﬂi’]8'1/1‘1@‘1.133{]mLaﬂuaﬁlN’]'}qﬂ‘UULLNuaia@ LLa’ﬂGULLaQLaLSU'Qﬁ%Q

(% o (3

JA10871AaU 514.5 W luuns wasdanigs 7.5 Iad Wdaaslduuiuingeanis

e 1mgld Microscope Wudusullia
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NAN1539¢

4.1 IATevnsaguuSIaLdng (X-ray Diffractometer, XRD)

AnwerUsznauanazlasiasandn alewmAlAnIsIagLUUYeISIALENg (XRD)

PMNNIsENASITIINTTLeanlafmIeds Hummers method Insflnawnsindduanssanu
4.1.1 unslié (Graphite) uazns1ilueanlan (Graphene Oxide)

HAN1TIATIEINSIREN VLTRSS sEDngvaannsiidwaznTTiusenlan (GO) LanaFs

€aN
c
=b.
inN
—

(002)

(002)

JUN 4.1 awnesunisideauuresssdondvesunsinduasniniiueenled



a2

13U 4.1 awnedunsdnuuewnsliifiyy 20= 26.6° assfuszuiu (002)
dlofwanlagldaunis Brage’ Law wuiniflszozuneseninessuiundn 0335 wilwwns
awnasunmsdeuunes GO fiuu 20 = 11.8° nssfiuszuny (002) Sszepvieseninawdn 0.75
wlulns denndedfunuiddeves S. Ghasemi uazanlz NdUATIZLALIATITRENBAILIANY
vosTaguauuilu TGO anmsifalalauamladnselanzides [10] Usuandsnsiniznga
fuveseendlauegseu’ uiunTueenlesogimaing vdnmaiAnUjiseieendindu 4
luau3deves TA. Pham  uazAne LAvUIAU8ITEEEYI9TENINTEUIUNANNEIRINNIS
Anuffseneendindulndidsstu (3] Tesvogreseninstuasuan 0335 uiluwns 1y
0.75  uiluums dawithifanadsnvuanudnveaunslid aannisdeusuegislidu

seLJ8UVBIEY GO MLaUAIlASIAS1aNTING
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4.1.2 lnmillealasanlad (TiO,) wazdaanay TiO,-GO

AnwopUsenauWanazlasIas19anadn AlewAtlANISIagLUUYRISIALNG (XRD)

=

v84 TiO, wagdannas TiO,GO 7 GO Wiy 0.02 N%u 0.04 N3u way 0.06 N3 wangeagy

4.2

(101)

() (004) 9 108) 211) (204

(P)
(1)

(n)

JUT 4.2 awnesunsifenuuisdidndues (n) TIO, waraguas TiO,GO 7

(n) GO = 0.02 N5y, (¥) GO = 0.04 NTU wag (A) GO = 0.06 NSY

JUKUU XRD 84 TiO, wazannausening TiO,GO laedl 0.02 N3y 0.04 N3U wag
0.06 N3 wansaUnpsuNTAs UL Taguaudanaiiyy 20 = 253, 37.8, 48.0 uay 54.5°
A3anuTEUIU (101), (004), (200), (105) wae (211) awlnniuvanilseegyinesenineman 0.35 U1
Tuiing Famsefugduuunisidenuures TiO, iflassaisosuina asafu JCPDS maneiay
21-1272 @oArdaeiuauITevud Y. Fan wavany n1swnssudanuauuly TiO,-GO #e35%19

ANTeU [41] wagnuiliusngainasuves GO wesnnUsuiu GO Mdiuluianuay Tio,-

[
v o

GO flUSinaies Snvisdsliounipruinidn mnwuanasuves GO avdsingiiyy 20 = 10-

12° A13duves V. Stengl wazmmy FednwauUAvisaswosTanuauunly TiO,-GO [45]



aaq

4.2 AinzingilaidudeiaesBesnsuarasudunsisaannsalnd
(Fourier Transform Infrared Spectroscopy, FT-IR)
AnwmyilaidusneindesilasgiansmelniasiFeinsuanasudunsisnanln
salnd (FT-IR) a1nmsdansien nilueenlenlneds Hummers method wagnsdauasien

[y

Jaowau TiO,-GO nsondepaululasaniingsay 500 a6 Wuan 10 wiil

4.2.1 unslié (Graphite) uaznsiilusanlan (Graphene Oxide)
aAUNASUNSIATIEE1A18 FT-IR 989uwnshils wazns Ausanlon (GO) LLamﬁquﬁ

4.3

€aN

JUN 4.3 awnafuvesunsinduazniitueenlen
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N3V 4.3 aansu FT-R w83 GO flawadu 3384 selwufiluns denndeaiuvy
flafdulensond (-OH) uazfiauady 1616 way 1053 selwufiums aenndesiunyilsdduns
1anT (C=0) uax (C-0) MuAIRU FeasAnTuuTiuourosu GO fnanuiduues X. Pu
uazAuy Anwufsfunmsnisntaguauuly TIO,GO  animadianisndunusmeinios

Talasuan [9]

4.2.2 QNN TiO,-GO
alUnadu FT-IR vestanuan TI0,-GO 7iU3anm GO Wwinfu 0.02 n3u 0.04 nfuuay

0.06 N3 Amszilagedeadululasianiingsu 500 Jad Wuial 10 uil uanaguil 4.4

(P)

sUTl 4.4 arlansuvesianuay TiO,GO 1 (n) GO = 0.02 3, (¥) GO = 0.04 Ny

ke (A) GO = 0.06 N5Y



a6

9N3UR 4.4 adnafu FT-IR vestagua TiO,-GO Tlavadu 1653 wag 1457 e

wURns Usnguyilendumisuend (C=0) uag (C-0) mudsu wilsuiuiyu GO Mauaiu

'
Y U Aa

3648 sowruRiuns Usinguyilaidusads (O-H) uavanafuiliavaiu 515  selgufiung
AnusesEnINg Ti-0-Ti FeUsuanienisiogvesiuse Ti-O 1nM1siA TiO, asluianuay
AINETT @OAARBINUNANILITEUDY X. Pu lazAne Anwinedfiuniswseudanuauuily Tio,-

GO MAMARANSHIFUANUM eI aalulASIN [9]

4.3 ndpeganssABanAIaULUUEBINTIA (Scanning Electron Microscope, SEM)
AnwanvaensduguIne vuiuiaunstduaznifusenlen fiendegansse
BLaNATEULUUADINTIN (SEM) Wainenagul 4.5

4.3.1 unslilé (Graphite) waznslusanlan (Graphene Oxide)

(n) ()
JUN 4.5 NeeRIendadanIsAuBianAsouLUUEeINTIA

(n) wWASNA waz (1) ns1fluesnlan



ar

[

HANITIATIERAINAEANSIVEY 20,000 1911 V89UNTINALAE GO WUITLHY
wnshdiianwagiduunuuieg dewuiududug diuunu GO fanwusidusi wileunsyany

78U e nUiseeendnduainunsiidilunsifiusenles ¢7e35 Hummers method

4.3.2 YeaWaN TiO,-GO
AnwanuagduguinervuiuiinnmaiansduniunislulasiinvesTanuas
TiO,-GO 91 GO windu 0.02 5u 0.04 nSu wag 0.06 N3u lagonduadululasan?ngssu 500

[

Fod Jua 10 wifl fendeanssmiBianaseunuudainsin (SEM) uansfaguil 4.6



a8

EMSc CMU. S 5 15.0k¥ 320,000 Tum WD 15.0mm

(n) ()

d 7 1 i
EMSc CMU. £ 15.0kY  X20,000 1um WD 14.7mm

(R)
JUN 4.6 nmanemendesganssmiBianaseuwuudeinsiavedianuay TiO,-GOM (n)
GO = 0.02 n3y, (v) GO = 0.04 n3U Lag (A) GO = 0.06 N3u
HANITILATIFNINENEANGIVE1E 20,000 i1 vasTaguas TiO,-GO Ay GO
Wiy 0.02 0.04 waz 0.06 31 dunausnauiiludvnfe eynia TIO, nszatefiNIzUY

WUR83 GO wazgdunawiuuay GO Unaguaun1a TiO, nmsdunumemnaiialulasim
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4.4 WATATATIEVBIAUTENOUVRISA (Energy Dispersive Spectroscopy, EDS)
AnweeAUsEnauUsYseRAUsENoUNMALATRIEINATANITIANIINTEAENEINUTDS
$980nd (EDS) vosunslwls uansiaguil 4.7

4.4.1 unslna (Graphite)

Cu
()

Au
|
C A cu Cu

u

Au Au

‘,,,,,,.&’\,,,
0 1 2 3 4 5 5] 7 8 9 10 11
Full Scale 1167 cts Cursor: 0.000 keV

o i Y v fa & | I3
EU‘VI 4.7 (n) ﬂ']‘Wﬂ’]E’J@I'JUﬂa@fl"qamﬁiﬁu@Laﬂfﬂi@ULL‘UUﬁ@flﬂiq(ﬂ“U@flLLﬂ{LW@

ez (V) aUnATUUDIE1NTDINT NG
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M19197 3.1 uansFegazlngumtinuazioaslnganauvaisnnoIAUTENaUVaY

N5 b6

516 Sasazlasivin  Youazlauozmaw
CK 6.82 36

CuK 50.33 50.21

Au M 42.85 13.79

37U 100

[

13U 4.7 HANITIATIERNNAIENAEIWEI 10,000 W1 YowNTLHe WU
wnslladanwasuwiuuia fudunaisg 9u 91nn153A31R0AUITNOUTDI516 WUSIH
& = & & v = & ° ) =~ iy =% a
A15UU (C) FuTuUa1IAIRU NaAd (Cu) FUAUUNUENRTURTIUTUIU Laznad (Au) F9Lnn
91nN15 coat VURALNSINALNaTRAANITUN AN waza1nm1s19 3.1 WuInSesarlneulnues

AISUBUALIUTUUGIIAR AB 6.82
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4.4.2 n517ueanleyn (Graphene oxide)

£ 6 = & = 13 = (3 a v
PnAsduATIEins iueenlen ﬂﬂ‘b"]E]\‘iﬂ‘US%ﬂE]Uﬁ’]@!‘iﬁi’e)ﬁ]ﬂﬂﬂi%ﬂ@‘lﬂ/]’]ﬂLﬂllﬂ'JEJ

wallan1sinnsnsgendanuresssdiand (EDS) vesuiunsiusenled uansiagui 4.8

Cu (GH)
ft
C Cu
Au
0 1 2 3 4 5 6 7 8 9 10 1

Full Scale 1285 cts Cursor: 0.000 ke

JUN 4.8 (n) NMaefIendeIganIAuBanATouLUUARINTINTaINT Y

ponlen war (v) alunasuvessginuuunsueenlen
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M19197 3.2 uansFegazlngumtinuazioaslnganauvaisnneIAuIENauvaY

wHuUns Nuaanlyn

516) Sasazlasinvin  Souazlauezman
CK 451 75.78

O K 8.09 10.21

CuK 42.81 13.6

Au M 4 0.41

PRV 100

[

313U 4.8 HANTIATIERANENENMRIVETE 10,000 1311 Y83 GO WUIMHY GO i
anwardouiududug 9nn1s3nseiesrusznaueesis wusnA1sueY (C) Faduaisaasii
99nTLau (0) FuAnanUfisereendndureswnsivd vesuwas (Cu) Wumddmiumion

f79819 asyad (Au) FWAAINNANG coat UUNURI GO LialiAnn s Wi wazaInmi1sns

'
= A

3.2 wuifesaslasuminvasaniveuasivsunaganan fe 45.1

q
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4.4.3 YgWad TiO,-GO (3 GO = 0.02 n3u)

nsduAsIEETanNas TiO,GO laell GO windu 0.02 n3u neerduadululasiav 7
WA 500 0 Wwan 10 wiil AnwssduszneusianiessAusznauniuaiisewmaianig

Fansnszanendanuvessididnd (EDS) vesTanuan TiO, GO wanwiazud 4.9

Cu (1)
C

I O

Ti

, Au Ti ) Cu Cu

l Au. A [\ Ti )\AuA Au

0 1 2 3 4 5 6 7 8 9 10 1
Full Scale 955 cts Cursor: 0.000 keV

JUT 4.9 (n) MmanedendosganssauBianaseukuudensnvesanway

TiO,-GO 71 GO = 0.02 n§u wag (v) awnm3uvessinuuiagsea TiO,GO
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M13197 3.3 uansdegazlngumtinuazioaslnganauvaisneIAUTENaUVRY

Yauaw TiO,-GO Taeil GO = 0.02 Ny

516 Sasazlasinmin  Youazlasezman
CK 17.06 46.77

O K 7.53 15.5

Ti K 3.36 2.31

CuK 66.58 34.51

Au M 5.47 0.92

PR 100

v

N5 4.9 HANNTILATIERANEBTiiSIene 10,000 1 YoudanNaw TiO,-GO
0.02 nfu nuirdioynia TiO, nszefuNIzULiuAITes GO INNTATIefosdUsEnouTes
579 WusmAIsUaU (O) Fauansdedu oondiau (0) FuAnanufAseneendinduveaunsl
Tundley (T1) G?faLﬂuaﬁi&’jﬂé}’uﬁLﬁulﬁaﬁumwﬁi’aawau TiOGO newund (Cu) uwidmsu
W3BAF9EN Wazed (Au) BuANaINNS coat VuRNYBITaRNAN TIO,-GO tlelAnn151i

Tl TneAsnnsduasiedt TiO, GO avofumaululasiinfingasnu 500 ad 1Wuan 10 wi

'
= A

La¥a1NANT N 3.3 wudrfesazlagimiinvesaniueulziiusunngnian fie 17.06

q



55
4.4.4 YeaWed TiO,-GO (3 GO = 0.04 n3u)

nsduAsIEETanNa TiO,GO laedl GO windu 0.04 n3u lnsandurdululasiini
WA 500 0 Wwan 10 wiil AnwssduszneusianiessAusznauniuaiisewmaianig

FANINTEeNaanuYesssdiond (EDS) vesTanuas TiO,-GO uanwiazu 4.10

Cu (1)
(&
il
o}
Ti
; Au Ti £y &y
k AU A Ti )\Au_ﬂ AU
e A e e o e A T e B i e S G
0 1 2 3 4 5 6 7 8 9 10 1
Full Scale 955 cts Cursor: 0.000 keV

JUN 4.10 (n) AMENefeNdeIgansIAuBIanATouLUUAeINT A VDI TankaY

TiO,-GO 71 GO = 0.04 nfu wag (v) awnmuvessinuuiagueay TIO, GO
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M13197 3.4 uansFegazlagumtinuazioaslnganauvaisneIAUTENAUVRY

Yaauaw TiO,-GO Taeil GO = 0.04 Ny

516) Sauazlasinmin  Sosazlagazman
CK 21.78 49,95

OK 12.7 21.87

Ti K 7.86 4.52

CuK 53.12 23.03

Au M 4.54 0.64

PR 100

[

103U 4.10 WaNITIATIERAMEEAMaeTY 10,000 W1 veeiaaHaN TIO,GO
0.04 n3u wuirdeunmalnmllsulaeenlednsyaredinisuuiuiivauiy ns1ilusenled
NNITIATILNDIAUTENOUTBI NUsIAISURN (O) Faduarsaadu eenTiau (O) Taia

aaa a ) I3 P . = & S v aa A o Iy

PnUisereendiatuveaunsind lnnllen (M) Faduarsasiuiifuieduasisiagua
TiO,-GO eawas (Cu) Fuduwmudmsun3anduau wazned(Au) FuAneInnIs coat VLAY
YaadanHay TiO,-GO aliAnnisilui nsduasieniaguas Tio,-GO a1dumdululasv
nas1u 500 06 1Wuian 10 wid waza1nansne 3.4 wuindesazlaeumidnvesmsuouasd

= =

USinasgedign Ao 21.78

9
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4.4.5 YgWed TiO,-GO (3 GO = 0.06 n3u)

nsduAsIEETagNas TiO,GO laedl GO windu 0.06 n3u lnganduadululasiing
WA 500 0 Wwan 10 wiil AnwssduszneusianiessAusznauniuaiisewmaianig

FANINTEeNAesTIdand (EDS) vesTanuas TiO,-GO uaneiagui 4.1

Cu
()
C
M
i Au Ti Ti Cu
0 1 2 3 4 5 6 7 8 g 10 11
Full Scale 1564 cts Cursor: 0.000 keV

JUN 4.11 (n) A MENEMIENA0IaNTIAUBIANATOULUUADINTIAVDI TaRHEY

TiO,-GO 71 GO = 0.06 n§u (¥) alnasuvessuuTanuas TiO,-GO
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M13197 3.5 uansFegazlagumtinuazioaslnganauvaisnneIAUIENauVaY

Yauaw TiO,-GO Taeil GO = 0.06 nTy

516) Sasazlasinmin  Youazlagezman
CK 24.03 62.23

O K 2.39 4.65

Ti K 0.7 0.46

CuK 63.8 31.23

Au M 9.07 1.43

PR 100

9105y 4.11 NANISILATIZANNA18NNE9Ve18 10,000 49N VeeiaANaY TiO,-GO

0.06 n$1 nudeynalnimidlulneanlennszatefiuneuuiuRivedwiunsiueanlyd a0
a ¢ I3 ¢ PR o v a =2 a

NTILATILNDIAYTZNOUVDIEIH WUT9AITUaY (O) Baduarsansnu 9analau (O) FunNnan

Ujfseneentinduvesunslid ey (T) aduarsdssuiiduiioduasziiagueay TiO,-

GO M29uAd (Cu) Fudumudmsunsoudiogns waznad (Au) F9UAAIINNTT coat VURIVBA

Taauay TiO,-GO welmfanisualuiy nmsduasieiiaguan TIO,GO oduadululasiani

WEIU 500 Toe 1 Dunan 10 UM 1azaInnnse 3.5 wuinSevazlasuintinuesnsuauaLll

I A

USinaugedian e 24.03

9
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4.5 Aszvimsganduuasdeiaiasyi-Adaaninsinslagines (UV-Visible
Spectrophotometer, UV-VIS)

o

AnwantAinuasieniesgi-dadaadninsivsledivwes ved TiO, uae  Janmuay
TiO,-GO TnediUsunuwes GO windu 0.02 15U 0.04 n5U wag 0.06 n5U lneandumaululasiin

ANS997U 500 06 1uan 10 w1
4.5.1 MIAATILNNITAANAULEN

WATINYRNNMTAANTURADL TIO, Uagdannay TiO,GO IneiluTuia GO LAy

10U 0.02 n$u 0.04 n$ uaz 0.06 N3 uaRIFaFUR 4.12

()
(9)

(2)

guﬁ 4.12 awnesumsaanauuasues (n) TiO,, Jannas TiO,-GO 7 (9) GO = 0.02 N3y,

(M) GO = 0.04 n5u waz (9) GO = 0.06 ASU
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aUnASuLARINITNTITIANITRANAULAS TUYINANETIAGY 300-800  UILULUAT
WU TiO, uagdanuay TiO,-GO 11 GO Wity 0.02 n3u 0.04 n3u uag 0.06 NI wAANHY
waslugienueInaulaend1 400 WIlLLUAT FINTINUNAWITEVDI 2.5, Wu havaue &9

Anwianuan naflusazlavzeanled Wedninundsnuludali (2]

4.5.2 N1TAATILINENIUVDYDII19Y4 TiO, wazdaanas TiO,-GO lawil GO

WinAU 0.02 NS4 0.04 NS4 wag 0.06 NSY

TATIANSIUYDIYRIIN9Y04 TIO, wazianHay TIO,GO lasd GO iy 0.02
9 Y o v W i 2 o {
N3u 0.04 N3U war 0.06 NTU IMNATMANUEUTUSTENIN (V)" kae hV (eV) kansisgul

4.13-4.16 MUAIAU

g‘th'?i 4.13 nsmindenszwing (OhV) waz hV 789 TiO,
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SUTl 4.14 nsmindenszning (OhV) wag hV ves¥anwas TiO,-GO 7l GO = 0.02 n3u
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Ul 4.15 nmindenszning (OhV)’ wag hV vesiagwas TiO,-GO 7l GO = 0.04 n3u
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SUTl 4.16 n319nEenszning (OhV) uay hV ves¥anNas TiO,-GO 1 GO = 0.06 N3y

LY v 1 2 [} $% LYl ::1' 1
ATINLAAIANUFUNUSTENINE (ALhV) AU hV Tegnisaindunssvaansinludniien
@mﬂﬁm“ﬂu@ué WARINENUYRIING (Band Gap, Ep) ¥8¢ TIO, wazianuay TiO,GO # GO
WINAU 0.02 A3U 0.04 N5Y WAy 0.06 NS NUINLNAIIUYDIYDIINITENINVUINLAUTLUUA
(Valence Band) wazmausndunkuus (Conduction Band) winfdu 3.2, 4.05, 3.25 way 3.05
a 3 o w (% v (% 1 1 [ . P a
didnasauliad Mua1eu sdunaladnnasnutesinvesianuan TiO, GO uauaniloUsunm

GO LTU UIUDNIINISNBLENATOUaINITaNTEIANNTUINAUTLUUA MUEIPDUANTULUUA LeY
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NPUY UagAINEIUTDIINVRTARHAN TIO,GO 1 GO Wiy 0.04 n3u TndiAesriuen

= 1 (% 1

WHIUYDII19989 TIO, WINTEA FIANMNEIIUYDIINTENINTUINAUGUUUALALABUANTY

9

(Y]

LUUA denndesiu TIO, uwazdannau TIO,GO Uszum 3.2 uaz 3.15 ddnaseuliad
MNAIU AIHAUIILVRA V. Stengl waganly Fadnwaudinaiasvasiannauuly TiO,-GO

[45]

4.6 Ansgvmgivlantudlsmailasiunuaiuningams (Raman Spectrometer)

Ansenlasiasivesaguan TIO,GO laedl GO winiu 0.02 n3u 0.04 NTU uaz
0.06 n$u TngodemdaululasNANgsu 500 06 Wuan 10 wdl mewada s1u1uan

nsalnd LLamﬁqgﬂﬁ 4.16

(P)

(n)

gﬂﬁ 4.17 &nasusuuvesdaaNas TiO,-GO #i (n) GO = 0.02 N3y,

(@) GO = 0.04 n5u way () GO = 0.06 NSy
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awnesusuuvesdaanay TiO,-GO lawil GO Wiy 0.02 NSy 0.04 NFU uaz 0.06
NSU LARIAMNFUNUGTENING Wavenumbers AU Intensity fia1sanmunisvesaiunnsu D-
band uaraUnafu G-band vesTanwaL TIO,GO agnuinuinuiwmisavnauUszIN
1,339 uag 1,589 sowuiluns auddu Faduduniswesdasiaiownslud ddumis G-
band aeiinsdniEeafuun sp” vesiusyAIsUDL (C-O) Muvtsvesanmia E, By, Ay, By,
uay E, Mavady 146, 395, 512 wag 637 sowufuns duduiuvisues TiO, ilassaiis
Duesuva uazA1dns1dues Intensity 52139 D-band wag G-band (Ip/le) vosianway
TiO,-GO ity WiouSunm GO 1Nty denndesiuauidees LL Tan uasAns 39Anwn

N153A% CO, ludanuauunly GO-TIO, wWislmAnanuiathinenisinuisenmauas [46]



uni 5

#3UNan15Y

5.1 d3UNan15Y

ayunan1TIdefeIfunIsdLATIEkasManyslanzvesTaaNay TIO,GO Mg

(3

maulalason Aindsay 500 3ad Wuna 10 ud TnglduSuna GO wihiu 0.02 n¥u 0.04

[

n3u way 0.06 N3N agunan1sIdelansil

1. aUnATU XRD veIuNsINATisseen1aEnINTEUIUNGN 0.335 WLWNAT Uel
GO fisvgvinsszminaszurundnnine@udu 0.75 wiluues Weswndnguilsidusandiaudn

TUwnINLaznNISHNTEUNUNURIVOY GO

2. wasl TiO,-GO filpssadeesunnavos TiO, §9n5eiu JCPDS  wiaeiaw 21-

1272 waghivsngawnedives GO esanuiina GO Mdslufanua TIO,GO fsanm

4 O o [ i (e)
oy Bnvisdalioyniavunadn wmnnuaUnasuves GO azUsingiiyu 20 = 10-12

3. awnmdu FTIR 989 GO Usinguyilsddulensend (-OH) asuend (C=0)

waroamend (C-O) Mavumdu 3384, 1616 way 1053 ABLYURLLAT AINA1INU

4. awnnu FT-IR vastaguay TIO,GO Usnguyilsitulansend (-OH) fiia
Adu 3648 segnuIALUALLNT WaziAniuseseiing TiO-Ti TlauAaw 515 AegnuiAn
LURLLAS

5. duginenvesiky GO fdnvamnduwiuue Faedenseanuiisu

6. douguIng1vesiannay TiIO,GO  wuinloynia TiO, NIEANLFUNIBU

<9

USNUNURIVDIEY GO
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7. AATevisdUszneuvessinued GO wusmariueu (O) sendiau (O) Judn
NnUFFTeeendInduvesunslnid euas (Cu) Fadumudmiumioudiogns uazmes (Au)
Fainannns coat vuResTaguas TIO,GO WisliAnmstluih Snitadanusglnmides
(Ti) %QLﬂuawsﬁqﬁuﬁLamﬁaﬁamiwﬁ%@mau Ti0,GO wuidoUiinm GO iy Ui

Y035 mATUaN (C) NAgLiiuude

8. TiO, wawdanuay TiO,-GO agusuias GO wifu 0.02 NSy 0.04 NTu way

0.06 NTY rgAnduLadluYIAUEIATUTDENTY 400 UIWUAT

(Y]

9. Tanwas TiO,GO  WaUTuI GO LiiNAY danalviAInga1uYesing (Band
Gap, E) wAuas Jausvenfenisndidnaseuaiunsanslanainduinauduuudludneu

'
YY)

v X
FNTULUUA LA

10.  &wWnesusunuvesIanNas TiO,-GO Lansiinieres D-band wag G-band
d' a 1 a o w [ . a 1 )
MaVAAY 1339 way 1589 Aalyufums aua1au wansdunasuees Tio, nilassastaduey
YINE MaVARU 146, 395, 512 LAY 637 FOLUURLUAT LATA1ORTIAIUAINUINTLIAING D-

band AU G-band (Ip/lc) WUINTLWIULANTU 1HoUSU GO LN
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ABSTRACT

Graphene oxide (GO) and titanium dioxide-graphene oxide (TiO,-GO) composites were prepared by microwave
technique at power of 500 W and for 10 min. The crystalline structure, chemical structure and morphological of graphite,
GO and TiO,-GO were investigated in this study. The morphology of GO and TiO,-GO composites were characterized
by scanning electron microscopy (SEM). It showed that the TiO,-GO composites seem to consist of TiO, particles
aggregated on the top of graphene oxide layer. The strong peak in the XRD pattern of natural graphite appears at 20 =
26.6°, corresponding with the interlayer spacing of 0.329 nm while the GO pattern shows a characteristic peak at 20 =
11.8° is assigned to (002) inter-planar spacing of 0.736 nm, indicating the presence of oxygen-containing functional
groups formed during oxidation. These groups cause the GO sheets to stack more loosely, and the interlayer spacing
increases from 0.329 nm to 0.736 nm. Additionally, XRD pattern for the TiO,-GO composites at 20 = 25.3° can be
ascribed to the anatase phase of TiO, (JCPDF 21-1272), which is significantly different from the natural graphite and
graphene oxide.

Keywords. Graphene oxide, GO-TiO,, Composites

1. INTRODUCTION

Graphene is a new star on applications of condensed-matter physic, electronics, and material science after carbon
nanotube and Cg. Because graphene is a single-atom thick sheet arranged by sp?-bonded carbon atoms in a hexagonal
lattice, which shows outstanding mechanical, thermal, optical, and electrical properties [1]. Graphene oxide (GO) a
perfectly functionalized graphene from chemical exfoliation, is a single-atom-thick sheet arranged by localized sp®
defects with in the sp>bonded carbon atoms in a hexagonal lattice with two-dimensional planar sheets, and has received
considerable attentions as a novel cousin of graphene [2]. Titanium dioxide (TiO,) photocatalysis has emerged as a
highly promising advanced oxidation technology that could decisively contribute in the abatement of environmental
pollution based on the utilization of solar energy [3]. Most importantly, significant enhancement of the photocatalytic
activity has been frequently observed when GO is combined with TiO,. In this study, the GO and TiO,-GO prepared by
microwave technique, which is inexpensive and environmentally friendly, which open new opportunities for using GO
and TiO,-GO in a wide range of potential applications. The crystalline structure, chemical structure and morphological
of graphite, GO and TiO,-GO were characterized by XRD, FTIR and SEM, respectively.

2. EXPERIMENTAL
2.1 Graphene Oxide Synthesis
GO was synthesized by modified Hummer's method [4]. First, graphite powder (2 g) was added to cooled (0°C)
H,S0O, (50 mL) with stirring to aflask. Then, KMnO;, (6 g) was added slowly to the mixture. After that, the mixture was
stirred at 35°C for 2 h. De-ionized water (350 mL) was slowly added and the temperature was increased to 98°C. The
H,0, solution (25 mL) added to the mixture. The mixture was stirred and washed with HCI solution (1:10) and deionized
water for several times with until the pH 7. The final product was dried at 60°C for 24 h to GO.
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2.2 TiO,-GO Composites Preparation

TiO,-GO composites were synthesized by microwave technique at power of 500 W and for 10 min. In a typical
process, 0.02 g GO well dissolved in 10 mL of deionized water was achieved by ultrasonication for 1 h. The resultant
aqueous dispersion of brown GO sheet was stable. Then, 0.5 g of as prepared TiO, powder was added to GO solution.
The mixture was first put under stirring for 15 min and then kept ultrasonic condition for 30 min. Finally, the mixture
was kept in the microwave at power of 500 W and for 10 min. The TiO,-GO composites were obtained in the form of
black powder.

2.3 Characterization

The phase and crystalline structure of graphite, GO and TiO,-GO composites were analyzed by X-ray Diffraction
(D8 Advanced, Bruker Co., Karlsruhe, Germany) with Cu K«-radiation. Fourier Transformed Infrared Spectroscopy (FT-
IR) was recorded on a Nicolet 460 Spectrometer (Thermo Fisher Scientific Inc., Wisconsin, USA.). Field-Emission
Scanning Electron Microscopy (FE-SEM) was performed with a JEOL JSM 6335F instrument at a voltage of 15 kV.

3. RESULTSAND DISCUSSION

XRD patterns of graphite, GO and TiO,-GO composites are illustrated in Fig. 1. In the XRD pattern of natura
graphite appears sharp peak at 20 around 26.6° which corresponding to the interlayer spacing of 0.329 nm while the GO
pattern shows a characteristic peak at 20 around 11.8° is assigned to (002) inter-planar spacing of 0.736 nm, indicating
the presence of oxygen-containing functional groups formed during oxidation. These groups cause the graphene oxide
sheets to stack more loosely, and the interlayer spacing increases from 0.329 nm to 0.736 nm. The XRD patterns of
TiO,-GO composites clearly showed peaks of anatase phase structure of TiO,. The planes of (101), (200), (004), (105)
and (211) at 20 around 25.3°, 48.1°, 37.8° 53.9° and 55.06° respectively, which indicate that patterns are in good
agreement with JCPDS number 21-1272. In patterns of TiO,-GO composites, GO peaks were not observed because of
the structure of TiO, was nearly unchanged in composites [5] or low content of GO. The results indicate that the GO or
TiO,-GO is attributed to the stacking disorder of GO for the intercalating of TiO, into stacked GO layers.

Fig. 1. XRD patterns of graphite, GO and TiO»-GO composites.
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Characteristic FT-IR spectra of natural graphite, GO and TiO,-GO composites were shown in Fig. 2. All spectra
present a broad peak around 3384 cm™ belongs to the bending and stretching modes of O-H groups, and the peak at 1616
cm! is assigned to the C=0 stretching vibration on the GO surface. Also, the peak at 1053 cm™ band is due to the C-O
stretching vibrations. These surface oxygen-containing functional groups render the possibility of covalent linkage of
TiO, onto the GO surface. As for TiO,-GO composites, the broad absorptions at low frequencies below 1000 cm™ were
ascribed to the vibration of Ti-O-Ti and Ti-O-C [6,7]. This demonstrates that the TiO, particle were strong chemically

bonded on the GO.

Fig. 2. FT-IR spectra of graphite, GO and TiO,-GO composites.

3.3 Field Emission Scanning Electron Microscopy (FE-SEM)

The morphological of graphite, GO and TiO,-GO composites were characterized by using FE-SEM. The FE-SEM
images of graphite, GO and TiO,-GO composites are shown in Fig. 3 (a), (b) and (c), respectively. Graphite shows thick
platelets, while GO exhibit thin crumbled structure morphology. The TiO,-GO composites evidence the binding of TiO,
particles onto the GO sheets. The TiO, particles are likely to interact with GO sheets.
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Fig. 3. FE-SEM images of (a) graphite, (b) GO and (c) TiO,-GO composites.
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4. CONCLUSIONS
In this study, GO and TiO,-GO composites were successfully prepared via modified Hummer’'s method and
microwave technique. The results showed that the GO is alayer of graphene with hydroxyl groups and carboxylic groups
attached it. During process, the combination of anatase TiO, particles and GO sheets were achieved. FTIR spectra
showed vibration of Ti-O-Ti at frequency below 1000 cm™. The morphology of GO and GO-TiO, composites had a flake
like structure with wrinkles and TiO, particles dispersed onto the GO sheets, respectively.
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30 Abstract

33 Graphene oxide nanosheets have been successfully synthesized through a modified
Hammer’s method by oxidation of pure natural graphite powder. The crystallinity, structure
38 and morphology of the as-synthesized product were characterized by X-ray diffraction,
40 Fourier transform infrared spectroscopy, Raman spectrophotometry, X-ray photoelectron
42 spectroscopy, Scanning electron microscopy and Transmission electron microscopy. The
44 analysis results revealed the presence of oxygen-containing groups in the as-synthesized
graphene oxide nanosheets. Additionally, the graphene oxide nanosheets synthesized by
49 exfoliation of graphite were very thin layers with transparency and similar to wrinkled and

51 crumpled silk veils.

54 Keywords: Graphene oxide, X-ray diffraction, Spectroscopy, Electron microscopy
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1. Introduction

In recent years, carbon nanostructures have attracted a great deal of attention due to
their unique optical and electronic properties, which lead to open up a new research area for
nanomaterials science and nanotechnology. These nanostructured materials are very
important for a wide variety of technological applications, when the exciting graphene carbon
material was discovered in 2004 by Nonoselov and Geim [1, 2]. Among all of the present
graphic forms, graphene has been emerging as a material of great interest. It is a hexagonal
arrangement and a two-dimensional (2D) single atomic layer of sp® bonded carbon atoms. In
addition, graphene oxide is highly oxidized sheets of sp” hybridized carbon bearing oxygen
functional groups on its basal planes and edges. It consists of 2D network of sp® and sp’
bonded atoms, in contrast to an ideal graphene sheets which consist of 100 % sp* hybridized
carbon atoms. Graphene oxide has the potential to be used as suitable semiconducting

materials with band gap about 1.7 eV at room temperature [3, 4].

In this study, graphene oxide nanosheets were synthesized by a modified Hammer’s
method. The crystalline structure, morphology, graphitic arrangement and the presence of

different oxygen functional groups were discussed in this report.

2. Experimental procedures

Graphite powder was purchased from Sigma Aldrich Co. LLC, potassium
permanganate (KMnQ,) from Ajax Finechem Pty Ltd, sodium nitrate (NaNO3) from QREC
Chemical Co. Ltd, and hydrogen peroxide (H,0,), sulfuric acid (H,SO4) and hydrochloric
acid (HCl) from Merck & Co Inc. All of these chemicals were analytical grade and used

without further purification. The graphene oxide was synthesized from graphite powder by a
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modify Hammer’s method [5, 6]. Typically, 1.0 g graphite powder and 0.5 g sodium nitrate
were dissolved in 23 ml sulfuric acid in a 500 ml flask placed in an ice bath with constant
stirring for 5 min. Then 3 g potassium permanganate was slowly added to the solution
mixture with 2 h continuous stirring, which was transferred to a 35° water bath and stirred for
30 min. Subsequently, 46 ml deionized (DI) water was slowly added to the solution of which
the temperature was raised to 98° for additional 30 min. In the end, the reaction was stopped
by adding of 140 ml deionized water and 10 ml hydrogen peroxide to the mixture. Its color
was changed from dark to bright yellow. The final product was filtered, rinsed with
hydrochloric acid and deionized water several times until the rinsed water was neutral, and
dried in an electric oven at 60 °C for 24 h. The graphene oxide was dispersed in deionized

water by ultrasonic vibration for 1 h to generate graphene oxide nanosheets.

The crystal structure of graphene oxide and graphite was characterized by an X-ray
diffractometer (XRD, Rigaku Miniflex II) operating at 20 kV, 15 mA and Cu-K, line of
1.542 A; a Fourier transform infrared (FTIR, Bruker Tensor 27) spectrometer recorded over
the range of 400-4000 cm’'; a Raman spectrometer (T64000 HORIBA Jobin Yvon) using 50
mW and 514.5 nm wavelength Ar green laser; a scanning electron microscope (SEM, JEOL
JSM-6335F) operating at 15 kV and a transmission electron microscope (TEM, JEOL JEM-

2010) operating at 200 kV.
3. Results and discussion

The X-ray diffraction (XRD) is an effective method used to investigate the interlayer
change and crystalline degree of the as-synthesized graphene oxide nanosheets and graphite
as illustrated in Fig. 1. The space between two layers is an important parameter to give the
structure information of graphene oxide nanosheets and graphite. The XRD pattern of

graphene oxide nanosheets shows the diffraction peak at 20 = 10.2° and the corresponding
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interlayer spacing of 0.86 nm which are mainly due to the oxidation of graphite and the
presence of oxygen-containing functional groups during oxidation. The diffraction peak of
graphite was detected at 26.5°, corresponding to the interlayer spacing of 0.33 nm. The
disappearance of the graphitic peak at 26.5° and the appearance of the graphene peak at 10.2°

showed that the as-synthesized graphene nanosheets were completely oxidized [7, 8].

Structured properties of the as-synthesized graphene oxide nanosheets and graphite
were further characterized using FTIR spectroscopy (Fig. 2). In the spectrum of graphene
oxide, the broad band at 3418 cm™ could be assigned as the O—H stretching vibration arising
from hydroxyl groups on the graphene oxide surface, while the band at 1622 cm™ and 1399
cm™ are associated with the stretching of the C=0 and C—O bonds in carboxylic groups,
respectively. These peaks were able to identify the chemical structure of the as-synthesized
graphene oxide nanosheets, which were in accordance with those detected by other
researchers [9, 10]. Raman spectra of carbon materials with the G and D bands are sensitive
to defects, disorder and domain size. The intensity ratio of D to G bands (Ip/Ig) could give the
information of disorder degree and average size of the sp2 domains [11, 12]. Fig. 3 shows
Raman spectra of graphene oxide and graphite. An obvious D band at 1340 cm™ and typical
G band at 1589 cm™ were detected in the graphene oxide. For the graphite, the D and G bands
were detected at 1334 and 1564 cm™, respectively. There was a strong intensity peak at
around 1564 cm™ in the spectrum for graphite, which could be assigned to the G band. The G
band is common to all the sp” carbon vibrational atoms. A lower intensity peak at 1334 cm™
of the D band was specified as the presence of sp” in graphite. The G band of graphene oxide
was broadened and slightly shifted to the higher wavenumber. The intensity of the D band
was obviously increased which induced by structural disorder after oxidation. Additionally,
the higher of the Ip/Ig was detected in the spectrum of graphene oxide, which was ascribed to

contain oxygen functional groups.
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XPS is one of the surface analytical techniques, which can provide useful information
on the nature of the functional groups and chemical state of element. The survey spectrum
clearly indicated the existence of Cls and Ols for GO nanosheet was shown in Fig. 6 (a).
Additionally, the high resolution XPS of Cls revealed in Fig. 6 (b). The Cls spectra of GO
nanosheet can be deconvoluted into three Gaussian peaks centered at the binding energy of
284.9, 286.9, and 288.3 eV, corresponding to carbon atoms in different functional groups: C-

C, C-0 in hydroxyl or epoxy forms, and C=0, respectively [13-15].

The surface morphology of graphene oxide nanosheets (Fig. 4) was analyzed by SEM
and TEM. For the SEM image, the graphene oxide nanosheets were uniform throughout the
surface. Some wrinkles were also detected, due to the randomly aggregated and crumpled
thin nanosheets. Large graphene oxide nanosheets were also detected by TEM. The graphene
oxide nanosheets were similar to wavy silk veils. They rippled and entangled with each other.
They were transparent and stable under the electron beam, which confirmed the existence of

two dimensional nanosheets of graphene oxide.

4. Conclusions

The graphene oxide nanosheets were successfully synthesized and confirmed the
existence of oxygen-containing groups inside to create layered structures of graphene with

different attached oxygen, hydroxyl and carboxylic groups.
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Raman spectra of graphene oxide nanosheets and graphite.
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(a) SEM and (b) TEM images of graphene oxide nanosheets.
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Abstract

Titanium dioxide (TiO;)-graphene oxide (GO) nanocomposites have been
successfully prepared through microwave technique at power of 500 W for 10 min. The
crystalline structure, chemical structure, surface morphology and optical properties of TiO,-
GO nanocomposites were studied using X-ray diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR), Raman spectroscopy, field emission scanning electron microscopy
(SEM) and UV-vis spectroscopy. The XRD results revealed only anatase phase of TiO,
without detection of the GO peak. By using FTIR, the oxygen functional groups and Ti-O-C
were also detected, including two broad bands of G and D by Raman analysis. When GO was
doped with TiO,, energy band gap of the nanocomposites became lessened with better
conductive materials. The nanoconposites were composed of the anatase phase of TiO,

particles with well dispersed across the GO sheets.
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1. Introduction

In recent years, graphene and graphene-based materials have attracted tremendous
attention due to their novel electronic, optical, mechanical and chemical properties, which
have a number of potential applications. Graphene oxide (GO), a perfectly functionalized
graphene from chemical exfoliation, is a single-atom-thick sheet arranged by localized sp’
defects within the sp”-bonded carbon atoms in a hexagonal lattice with two-dimensional
planar sheets. It has received considerable attention as a novel family of graphene. As a
starting materials, GO has been increasingly applied into inorganic and organic hybrid
nanocomposited systems. Furthermore, GO itself is considered as a candidate for use in
composited materials that exhibit good electrical and gas-adsorption properties. GO has
various oxygen functional groups, which can interact with many different functional groups
[1-5]. Among different semiconducting materials, TiO, has been recognized as the most
common use for widespread environmental applications due to its long-term stability,
nontoxicity, controllable structure and morphology, and economical excellence. However, the
rapid combination of electrons and holes is one of the main reasons to reduce the
photocatalytic efficiency of TiO,. Its wide band gap of 3.2 eV confines its application to the
ultraviolet (UV) region, which makes up only a small fraction (~5%) of the total solar
spectrum exposing on the Earth’s surface [6, 7]. In recent years, increasing interests have
been focused on constructing visible-light driven TiO, owning to its obvious advantage on
utilization of solar energy. One method is metal-nonmetal doping, which introduces an
impurity level in the band gap and increases visible-light absorbance. Thus, through
combination with semiconductor nanomaterials, graphene and GO can promote the diffusion
of reactants to the surface of photocatalysts due to their high specific surface areas. The
excellent electronic conductivity of the semiconducting materials can be improved by the

combination with graphene or GO which can promote the transfer of photoelectrons [8—10].

In this paper, TiO,-GO nanocomposites were successfully prepared using microwave
technique. The effect of the concentration of GO on phase, chemical structure, morphology

and optical properties of these nanocomposites has been intensively investigated.



2. Experimental method

In this research, graphene oxide (GO) was synthesized from graphite powder by a
modified Hammer’s method [11, 12]. Typically, 1.0 g graphite powder and 0.5 g sodium
nitrate were dissolved in 23 ml sulfuric acid in a 500 ml flask placed in an ice bath with
constant stirring for 5 min. Then 3 g potassium permanganate was slowly added to the
solution mixture with 2 h continuous stirring. The mixture system was put in a 35 °C water
bath and stirred for 30 min. Subsequently, 46 ml deionized (DI) water was slowly added to
the solution of which its temperature was raised to 98 °C for additional 30 min. In the end, the
reaction was stopped by adding of 140 ml deionized water and 10 ml hydrogen peroxide to
the mixture. Its color was changed from dark to bright yellow. The product was filtered, and
rinsed with hydrochloric acid and deionized water several times until the rinsed water was
neutralized. The final product was dried in an electrical oven at 60 °C for 24 h. The graphene
oxide was dispersed in deionized water by ultrasonic vibration for 1 h to produce graphene

oxide nanosheets.

In the next step, mixed aqueous solutions containing different contents of GO
nanosheets (2, 4 and 6 mg/ml) in deionized water were firstly ultrasonicated for 1 h. Then,
each 500 mg of TiO, was added to the solutions with 30 min stirring and followed by another
1 h ultrasonication. Each solution was irradiated in a 500 W microwave oven for 10 min at a

time. Finally, TiO,-GO nanocomposites were synthesized.

The crystal structure of TiO,-GO nanocomposites were characterized by an X-ray
diffractometer (XRD, Rigaku Miniflex II) operating at 20 kV, 15 mA and Cu-K, line of
1.542 A; a Fourier transform infrared (FTIR, Bruker Tensor 27) spectrometer recorded over
the range of 4004000 cm™'; a Raman spectrometer (T64000 HORIBA Jobin Yvon) using 50
mW and 514.5 nm wavelength Ar green laser; and a scanning electron microscope (SEM,
JEOL JSM-6335F) operating at 15 kV, including UV-visible absorption spectrophotometer
(Perkin Elmer Lambda 25).

3. Results and discussion

Fig. 1 shows XRD patterns of graphite and GO. The XRD pattern of pure graphite
exhibits sharp peak at 20 about 26.6° corresponding to the (002) plane with the interplanar

spacing of 0.33 nm and a small intensity peak at 20 around 54°. Due to the oxidation process,



the XRD pattern of GO reveals a reflection peak at 20 = 10.2°, which corresponds to
interlayer spacing of 0.82 nm. The interlayer spacing of GO is much larger than that of
graphite due to the introduction of oxygen-containing functional groups during oxidation.
These groups cause the GO sheets to stack more loosely [13]. The XRD patterns of pure TiO;
and Ti0,-GO nanocomposites were recorded and analyzed. Those of pure TiO, and TiO,-GO
composites with 0.04 and 0.06 wt% GO are shown in Fig. 2. All XRD patterns of TiO, and
Ti0,-GO nanocomposites can be specified as anatase phase of TiO, (JCPDS no. 21-1272). In
this research, concentration of GO was so low that no characteristic peak assigned to GO at

20 ~10-12° was detected, including very tiny particle size of GO [14].

Structural properties of the TiO,-GO nanocomposites were further characterized using
FTIR spectroscopy, as shown in Fig. 3. The band around 3648 cm™ belongs to the stretching
modes of O—H groups on the GO surface, while the band at 1699 cm™ and 1457 cm™ are
associated with the stretching of the C=0O and C-O bonds, respectively. Furthermore, the
absorption peak at 1541 cm™ can be assigned to the skeletal vibration of unoxidized graphitic
domains. The spectrum also showed strong absorption bands at 515 cm™, indicating the
presence of Ti—~O—C bonds in the nanocomposites, indicating the chemical interaction

between functional groups of GO and TiO, [15-17].

Raman spectroscopy has been accepted to be a powerful and nondestructive tool used
to characterize the vibration modes of chemical bond and quality of graphitic materials
because the G and D bands are sensitive to defects, disorder and carbon grain size. Fig. 4
showed Raman spectra of nanocomposites with various GO contents. A well-resolved TiO,
Raman peak was detected at about 146 cm™, which was attributed to the main E, anatase
vibration mode. The detection of the vibration peaks at 395 cm™ (B, ), 312 cm” (A, ¢t Big)
and 637 cm” (E,) indicates that the anatase crystallites were the major species [18]. All
Raman spectra exhibited two broad bands of GO at around 1339 cm™ and 1565-1589 cm™,
which were attributed to disorder amorphous carbon (D band) and graphitic sp” carbon (G
band), respectively. It should be noted that G band of TiO,-0.06 wt% GO is broadened and
shifted to 1589 cm™ (red shift) due to the presence of isolated double bonds that resonate at

higher wavenumbers [19-21].

The direct band gap (E,) of TiO, and TiO,-GO nanocomposites with various GO

contents were determined by fitting the absorption data to the direct transition equation:



ahv = B(hv-E,)"?

where o, h, v, E, and B are the optical absorption coefficient, Planck’s constant, photon
frequency, direct energy band gap and a constant, respectively [22]. The band gaps of TiO,
and TiO,-GO nanocomposites with various GO contents were determined by plotting the
(ohv)” as a function of photon energy (hv) (Fig. 5) and extrapolating the linear potions of the
curves to zero absorption. The energy band gaps were found to be in the range of 3.1 and 3.3
eV. The effect of GO contents on the optical properties of TiO,-GO nanocomposites was
investigated and it was found that the band gap of TiO,-GO nanocomposites decreased with
increasing of GO contents. The increasing of GO contents in TiO,-GO nanocomposites is
ascribed to the formation of Ti-O-C bond, which cause the band gap of the nanocomposites to
become narrower and the composites became better conductive materials. This supported the
qualitative observation of a red shift in the absorption edge of the TiO,-GO nanocomposites
as compared to pure anatase TiO,. GO has a band gap between 1.7 and 4.3 eV, depending on
the preparation method [14]. The narrowing of band gap could be ascribed to the chemical

bonding between TiO, and the specific sites of carbon. [23, 24]

FE-SEM images (Fig. 6) show the morphology and microstructure of pure anatase
Ti0,, GO, and Ti0,-GO nanocomposites. Fig. 6(a) shows an FE-SEM image of pure anatase
TiO; particles. The detail morphology of TiO, was sphere aggregates of densely arrangement
with diameter about 100 nm. Fig. 6(b) reveals that the GO sheet consists of wrinkled and
crumpled sheets. Additionally, Ti0,-0.04 and 0.06 wt% GO nanocomposites shown in Fig.
6(c) and (d) clearly indicate that the surface and interlayer of GO sheet are decorated by Ti0O,

particles, which revealed the dispersed TiO; particles cover with GO wrinkled sheets.

4. Conclusions

In conclusion, the TiO,-GO nanocomposites was successfully prepared using
microwave technique. Only anatase phase of TiO, without the detection of GO, due to the
very low content of GO. The presence of various oxygen functional groups in GO and Ti-O-
C bonds were also detected. By increasing of GO content in the TiO,-GO nanocomposites,

the energy band gap became lessened due to the formation of Ti-O-C bond. The



microstructure characterization indicates that the anatase TiO, were well dispersive across the

GO sheets.
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Figures captions

Fig. 1
Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

XRD patterns of graphite and GO.
XRD patterns of (a) pure TiO,, (b) Ti0,-0.04 wt%GO and (c) TiO,-0.06 wt%GO.

FTIR spectra of (a) Ti0,-0.04 wt%GO and (b) TiO,-0.06 wt%GO, comparing with
Ti0; (inset).

Raman spectra of (a) pure TiO,, (b) Ti0,-0.04 wt%GO and (c¢) TiO,-0.06 wt%GO.

The plots of (ahv)” versus photon energy (hv) of (a) TiO,, (b) TiO,-0.04 wt%GO and
(c) Ti02-0.06 wt%GO.

FE-SEM images of (a) anatase TiO,, (b) GO, (c¢) Ti0,-0.04 wt%GO and (d) Ti0,-0.06
wt%GO.
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