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Study on Nanoparticles Formation and Photocatalytic
Efficiency of TiO: Thin Film Fabricated
by Photo-Induced Method

Jae-Hoon Jeong

Department of Electronic Engineering, Graduate School,

Pukyong National University

Abstract

This paper is about nanoparticle formation and photocatalytic
efficiency of TiO: thin film fabricated without water and annealing by
photo-induced method. TiO> sol was prepared with titanium
tetraisopropoxide(Ti(OCH(CHs)z2)34), acid-multiplication(BTSPC), photo-
initiator(UVI 6990), and cycloaliphatic epoxide(or dry toluene) as
solvent. Organic acid was formed in acid- multiplication and
photo-initiator by white light. The crystalline, optical properties and
nano structure of TiO:> thin films were observed by XRD, UV/Vis,
TEM and SEM. In case of the analyzing difficulty of nanoparticles in
thin films, thev were analvzed in sol.

From these experiments, the following results are as obtained ;



1. Spherically shaped TiQ: nanoparticles were showed in sol by TEM.
Networked TiQ: particles were formed in especially 40 wt26 of
titanium tetraisopropoxide solution. TiQOs nanoparticles were obtained
from the TiO= sol by speed centrifuge with water and ethylacetic
acid. Electron diffraction ring patterns and crystallographic spacing
of TiQ» nanoparticle were observed by TEM. As a result,
crystallographic  spacing was observed about 3.6A by high-
resolution TEM micrographs.

2. The absorption peaks of the thin films and the sol were observed at
360 nm by UV/Vis. The absorption wavelengths of the thin film
were a little shifted to the red-wavelength region with increasing
amount of titanium tetraisopropoxide. Transmittance of TiO: thin
films was over 90 % in visible-ray regions.

3. Thin films fabricated in the room temperature were observed
amorphous TiO: by XRD. But the sol annealed at 100C for 2
hours was anatase TiQO. with the particle size of 3.7 nm. Thin
films with 40 wt% of titanium tetraisopropoxide were annealed at
300°C for 30 minutes, and had a particle size of 20 nm. Thin films
were crack—free, and TiO: nanoparticles were observed uniform
particle by SEM.

4. Squarviium dve was doped with a ratio about 1/300 of the solvent
in TiO- thin films. Absorbance peak of squarylium dye was reduced
after 5 sec and squarylium dye completely disappeared after 30 sec
by white light. As a result, particles of TiOz in thin film were very
fine, and photocatalytic efficiency was excelled by anatase TiO:

nanoparticles.
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dluke A MG, Aol AFREe] FU1ES A7 & upEd s
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21 Tio:9 274

TiO, ¥F= A= rutile(tetragonal), anatasc(tetragonal) 12 1L brookite
(orthorhombic)®] ZAFxE 7FA 3 Utk A8 02 rutile} anatase’t
HdEo 2 A AREE A anatase’l S0 BAHoE ¢ £2 Ade=E o
24 QoI5 Tiowo) Ax7zE FHrd 72t T o2& o4l e
Oroleo® S Mo Qou] anatase FEAA Ti-Tirteld 7l
379A 8 3.04A°lH Ti-OAtele] A= 1.934A 9 1980A & 4749
0% ool uwixl T siRg shgA AgE Avk & e TiOs
octahedron-2 o] %3t 8702 octahedrons 7FA™ Yl 70¢] octahedron
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Table 2-1 Properties of rutile and anatase phase of TiO-.

Property of matter Rutile Anatase
Crystal structure tetragonal tetragonal
Lattice constanst a 4593 A 3776 A
Lattice constanst ¢ 2598 A 9.486 A
Specific gravity 4.2 39
Dielectric constant 114 31
approximately 700C
Melting point 1838°7C under form anatase
to rutile
Band gap 30 eV 3.2 eV
Ti

Rutile

Anatase

Fig. 2-1 Crystal structure of rutile and anatase.




2.2 &) o] &3 e
Axo] AEZ AlL3DE wide band gap WHEH = @A &= TiO: ZnC,
CdS, WO: %°l dem oF FolAd T2t 7hg 3% & v
[21,22]. 2 ol TiOwol &4 =7 &3 7FFo] Adstn AA FaH
sEoln saH gL i
A =7 ol el AzE & A geel dol ojefArt shEsteh L
A Bgols Aelde A7)t ddide s efstnz gk A
o] vk Ti0: mHe| W= ode] dixlE 7t 4 380 nmolst
o #e) g ZAEE TiO. BH 7hdadie] WAt ARz defrt
QojubA Hu, shAel A FFol . oA AR dxer A
T2 TiO: EU o Btete] ol gatA grh Ti0: o Fxd =olvt

OH 9 %Fol wgatel OH @ulzg A4sd, F2e 2

A7 etk S WEARe] Hiw

J

gde] 3" B4 wddd o w& OH duZS AAsta, Tio: #W
of 'ol 9 HUIEA S& BHsA Hid ofs FEFW e
(photocatalytic ~reaction)olehx @k o714 H.0%e]  abshire
hydroxyl radical(OH)S, 0299 #helubgel A superoxide (O )7F 44
sjo] o] Agoe] g BAFOoZA TiOo ETFE K72} @& vt
[20 23). 1 HHL Fig. 2-2¢] Yep o TiOel <& FFvf bspub
S0l mAEE Fig 2-2 obdlel vehiivh



Conduction Band

Photon Eloct \
(hv <380 nm) g, Execci:t;(t)ign | 32ev Recombination
h+

. Valence Band

OH

h+

h+
H,0

Fig. 2-2 Schematic diagram for the photocatalytic reaction.

TiO; — h' + e (by light)

Excitation
Adsorption O’ + Ti" + HO — OH + Ti*-OH
Ti¥ + H.0 — Ti"-H:0
Site + R <« Rlads.
-OH + Ti*" <« Ti* | OH -
Recombination h' + e — heat
Trapping Ti*-OH + h” « Ti'' | OH -

Ti"-H.0 + h' - Ti" JOH- + H

-+ +
Rlads. +h < Rlads.



4 3
Ti" + e < Ti"

Ti* + O, = Ti" O, -

Hydroxyl Attack

case | Ti" [OH - + Ry aae. = Ti'" + Ro aas.
case I -OH + Ry ags. = Ro ads

case T Ti" JOH: + Ry — Ti" + R

case IV -OH + Ri — Re
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PR
0 ; CH;
o CH,

~
Ti(OCH(CH3)2)4 —» TiOp+ (CH3)chOH

Fig. 2-3 Mechanism of photo induced reaction.
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(a)
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PF, +S —@—S—< — S+ PF,

(c)

Fig. 3-1 Structure of (a)Acid multiphicator{BTSPC), (b)Cycloaliphatic
epoxide(UVR 6100), (c¢)Photo-initiator{UV] 6390).
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Darkroom

ITO/glass

Glass holder I4

Power supply

Fig. 3-2 photo-inducing system for thin film.
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Spin coating WWHeo i AFRg wubel FAE surface profiler(Tencor,
ASH00) o2 ZAstela, = vhate] A e, EHEd ¥ A 2
7] & XRD(Philips, X'Pert MPD), AFM(Digital Instruments,
MMAFM)Z  SEM(HITACHI, S 24000e2  ##Zstgtt. UV-Visible
spectrophotometer (HITACHI, U-2001)% vt} A 59 &8 F3

S ZAslg o, 83~ 3 E 2 (Photoluminescence: PL), #el7] 285 E
S(PLE)S &3t Al(Perkin-Elmer, LS-50B)2 =353t dPF~HE

2g 23 o o7Bel o7 Foe AANT N4 delay timeg 0.0]

o2 (oluene EYolA #AFE TiO. YA E 4 FHE
TEM(JEOL, JEM-2010), XRD, UV-Visble spectrophotometer, &#3=
A o %A Fig 335 AAHA FzAbgel 9F Tior 94

2 A4EE $79 2P S AEHos yehd Aot TEM

244 AR ALe BEAAOE FH® T NRE AYT F YNE
2710 Wol 8000 rpm, 3¥7F ANEAF T W ok FolH 5 miB A

3 F e G2 1009 HAARG o) Pl T olfi wlFe] §7]
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| Epoxide or Toluene i I BTSPC

| THOCH(CH,);)s | Glover box |

| Sol |
Xenon lamp
l— (White light) TEM
) Speed I
Centrifuge ||

(ITO and Pyrex glass J PLE

Spin coating }—’

Xenonlamp |
(White light)

<
<
h

[ Thin Film |

| | |
|0 —step || xRD || Uvvis || AFm || sEm |

Fig. 3-3 Flowchart and research of the TiO: formation by

photo-induced reaction.
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& o= A4 TiO: dAtel 2717F Febrnh 4] el
Fdazhe A A v F%7F 30 wi, 40 wt%ed w7t 7
g ol TiOyel F=7F 40 wt% TiO: 4AHFig. 4-1d)e HE -

g wekom derdh ol AAd" TIiO: dATE AuE AFH
3

R
rob
M
r)«

ABpA AN 3 ke A8E § ZA FEVE 40 wi%d! A sl

network7} ¢FAE A #E59th £ dry toluenedl tigk TIPe] F A H] 7t

Table 4-1 Particle size and distribution in TiO2 sol.

Sample | DS 27| EmERA wEdd/a)
(nm) (nm} (94}

10 wt% 24 3 3

20 wt% 53 ] 16

30 wt% 130 15 1o

40 wtoe 73 g 13

20 wtPo 49 11 T 01
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Fig. 4-1 TEM photographs of TiO: sols. (a)10 wt%, (b)20 wi%,
()30 wi%, (d)40 wt%, (e)H0 wt%.
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Aoz Az TiO FlA TiO: 4xE sttt Fig 4-2¢

-

e A AT TiOr o B3 2ACYES @ EFE § EEdurl

4 2ol wiE wiep gol e Av)E 9F 20~40 nmAP =i o
a7e lAge]l A2 FAA JSS ¢ 5 drh Fig 4-2@¢ 9% 4
th BRel AL TiO, YA electron diffraction ring patternse]™ 1
A3 dxte AAHAAE VAL US4 F 2Ad Fig 4-20)= TiOr
Azte] AAZFAL high-resolution TEM image® #9153 ch 2.8% 4
R B gl AAE BuEe TiOPAre] ARTHAE et L
A3 o 36A9 AR AE 7HA I A TH291.
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} d=3.6A TIO2

N

“

E—
X120K

(a) (b)

Fig. 4-2 TEM photograph of (a)TiO» nanocrystal formated by light
and electron diffraction ring patterns of TiO: nanoparticle

(b)Crvstallographic spacing of high-resolution TEM.
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Absorption(O.D.)

T
350

Wavelength(nm)

1
450

Fig. 4-3 Absorption spectra of TiO: sols.
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TiQ: &9 PL ~=EA3} PLE ~HMER L Fig. 449 2ok &gl
dry toluene® BH e @zl F9E2 dry toluened TIPE 20 wi%

TEs Qe FHpAwHEZS Edras Z g vl stg k. TiO. &9 S

o]
280 nm, 971#& ZAFSEZ 001 msoll FAsIAT & e
o] 375 nm ~ 305 nm ol Ti0.9 FE7F ARSE HAQGA7 Y =
o] Folx]= 7S B £ ¢l Ti0: €9 PLE ~HE#LE Fig. 4-4(b)

w22 9ltH31]. TiO» D= vlAAelw =Z7|7F 20 nm ~ 130 nmg! ¢
ztelm 2 wolg(bulk)del WHEAZE EbE e Add dE A

olgta FZ o,

_24_



PL Intensity(a.u.)

Excitation(a.u.)

14 TiO, scfl
] excitation: 280 nm
12 ] .y delay time: 0.01 ms
¥y —— 10 wt%
10- H
CF |
8 f ;’J
4 B ’.’ ."
6 ; “" ‘,"
4- i
2.
0 femmmast T T =
300 400 500 600
Wavelength(nm)
(b}
2800 - Tio2 sol
monitoring: 410 nm
delay time: 0.01 ms
— 10 wt%
8001 20 wi%
30 wt%
= 40 wit%
400 - ~ 50 wt%
200
0 f;;g.,;a.;;;s.‘-[af-'-f’; ‘ . ,
275 300 325 350 375

Wavelength(nm)

Fig. 4-4 (a)PL and (b)PLE spectra of TiO: sol.
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Relative Intensity

20 -

151

10 -

TiO, sol(10 wi%)
—— Absorption
. Luminescence
L Excitation

T T 1 T 1
400 450 500 550 600

Wavelength(nm)

Fig. 4-5 Absorption, PL. and PLE spectra of TiOz sol.
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413 TiOx F2) €Az

Ao BFAHO T FAE TiO, 50 wt% 9 F-8 reflux tubeel %
]

100 ChA 24 ok dAGsG AR @ TS AWRHT, 2

Fd

Foll A Azsle] Barz vtk A% TiO. 249 XRD 423
= Fig. 463 #Zv} Anatase® XRD pattern®} % ¥ &} anatase %
ot} F el 28=2534°9 uwtx|E pE P33T Scherrer & A[32]&

ol-gate] Ae AMYel W =77} 3.7 nmelH

6: 5ze] 915
A XAl s

TiO, sol(100T , 2hr)

1|| ’ || III n

anatase (JCPDS:79-2265)

Intensity(a.u.)

20 ' 30 40 50 60 I 70 80
29 {degree)

Fig. 4-6 XRD patterns of TiO: sol at 100 C for Zhr.
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Fig. 4-7 Change of TiO- film thickness with spin rate and solvent.
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Fig. 4-9 AFM images of thin films vs. amount of TiO: (a)10 wt%,
(h)20 wt9%, ()30 wt%, ()40 wt%, (e)b) wtos.
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Fig. 4-12 SEM micrographs of TiO- thin films (a)room temperature,
(b)300C, (c)200TC, (d)B00T cross—section,

Fig. 4-13 SEM micrographs of thin films vs. amount of TiO:
annealed at 300TC (a) 40 wt%, (b) 50 wt%.
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