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ABSTRACT

Transparent TiO, thin films prepared by sol-gel process using the modification of Titanium(IV) alkoxide showed improved
thermal stability and high refraction index. Compared to the pure TiO, film, the modified TiO, films show the increased index
of refraction under proper condition at pH 2.5. Transparency of these TiO, thin films were more than 80% in the visible region.
It has been demonstrated that the reaction occurs in the amorphous phase; an exchange of phase results in anatase before and
after 400°C, in rutile over 700°C from the XRD results. The particle sizes, shapes and structures of these nanoclusters in the
TiO, films have been identified through a SEM and XRD. The physical properties and structures of their powders have also
been studied through a SEM, XRD, TGA and DSC. The thickness and index of refraction have been determined by the analysis
of ellipsometric spectra.
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Fig. 1. Particle size distributions of TiO, and modified TiO, 5ol
with different organic additives.
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Fig. 2. Variation of viscosity of TiO, sol as a function of time.
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Fig. 3. X-ray diffraction patterns of TiO, thin films obtained
after heat-treatment.
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Table 1. Refraction Index and Film Thickness (A) of the TiO, Thin Films Depending on Composition of Samples

Sample Temp. Index pf Film Thickness Sample Teornp. Index pf Film Thickness
(°C) Refraction A °C) Refiaction A)
300 2.013 3482 300 2.092 4521
- 500 2.174 436.1 - 500 2.215 473.1
(Ti) 700 2.187 468.2 (Ti+Etac) 700 2242 344 4
900 1.904 834.5 900 1.984 717.5
1100 1.801 879.5 1100 1923 816.4
300 2.307 486.2 300 2.057 1639
3 500 2.169 4975 4 500 2.201 183.8
(Ti+ Acac) 700 2.220 486.5 (Ti+TTAI) 700 2.246 369.5
900 2.041 653.2 900 2.004 685.5
1100 1.976 762.3 1100 1.561 1526.2
= DA FE) dohbre $7)7) olfe] tiE E7Y 7} 8-o8o)) thaf Ubbelohde viscometer (Schott Gerate-52510,
FHe TR ol EA Y SUISAEIAL old] iE & App. nr. 909558) & o] &3] FAXE A3l Hea W A
dEo] A4S & 7 UYL 3, solvent?] FAPEE 1, 2L sol FH] HHEE n}
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Fig. 49 e}t FA= & §d9 A= vz s
7HrEES S vhee) R wEt FE7 A,
Newtonian liquidso|* B57 he 2422 vehfof
A
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& el BigsiA FA7E F7lshH ZEmelth 20~40 nm
7V dpate] w7 SUKES & o AUTH(Fig. 4). E3
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Fig. 4. Film thickness of TiO, thin film.
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Fig. 5. Transmittance spectra of Ti0, thin film.

A1394 A3 5(2002)



256 Au)gl .

dofl et F+ L uRP} gEes sgd g9l 400
nmellA] 800 nm7HA} 3 S =] =pol7h A7 A e
= 80% o9 FEE UERAITE ol TiO, wete] At
EUr e %fa@r Pt mﬁ F=TE de 3
2 Urﬁ}kﬂ_ 293 9=<l 200 nmellA 400 nm
e w2 —%4:%:2_— ! x}ﬁm AR ZME 94
& 27t A5S e

Y ol ek SEM ARIS &Aste] Fig 69 e
Wi, wheh gRie] gde] glom &éé}l R

, —E
H
r°*'

3.3. TiO, powdere] M&E

TGA-DSCE ol8ste] £e] x4 WHsle] ofgh 4]
4 E|al Fe A e AHe S ¢ “%%ﬁ%
A5k Fig. 73} 8l UehHIth TGA 274 A89]
°f 5mg, $2&2 10°C/min, 12]3 F¢ ol= e 001;9_
30 m/minSith. 271l YERE 100~400°C Alo)2) 40%7}

0 JIN‘ ofh

Fig. 6. SEM photograph of TiO, thin film.
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Fig. 7. TGA curves of TiO, gel powders.
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Fig. 8. DSC curves of TiO, gel powders.
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Fig. 9. X-ray diffraction patterns of TiO, gel powders obtained
from different temperature.
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Fig. 10. SEM photograph of TiO, gel powder.
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Fig. 11. Particle size distribution of TiO, gel powder obtained
from Ti alkoxide and modified Ti alkoxide with different
organic additives.
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