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Part 1. 23 AlglE 34 @ 5

1. Ao & #4717
(1) Al eF

SUELAZ F5 oMAHE ofMHCEE  tin(lV) his(acetylacetonate)
dichloride®} titanium diisopropoxide bis(acetylacetonate) solutions, &0l 2=
ethanol¥} 2-propanols A A glo] AFR3}STh. Hao] AL&SH A <k&2 Table
o] vrER AT

Table. 1 Starting materials for experiments.

Purity
Starting materials Chemical formular M.W. %) Source
%
Tin(IV) bis Aldrich.
[CHsCOCH=C(O-)CHsls
(acetylacetonate) 387.82 98 Chem.
SnCly
dichloride Co., Inc.
Titanium

Aldrich.

diisoproxide bis |[CH3COCH=C(O-)CHsl- Towt% in
364.30 Chem.

(acetylacetonate) TilOCH(CHs)zl» 2-propanol
Co., Inc.

solution

Aldrich.
Ethyl alcohol CoHsOH 46.07 95 Chem.
Co., Inc.
Aldrich.
2-propanol (CH3)2:CHOH 61.10 99.5 Chem.
Co., Inc.




2) £4717]

* Thermal Analyzer (TG/DTA) =4
o] AW ste] o)dk Ao fAda wrlEe] EedAed wE AW F
& 2 Aguss 24317 98] TG/DTA(Thermogravimetry/Differential
thermal analysis) SDT 29605 AF&3t9th Az %2 °F 10 mg, o5
2 10 C/min, +%7-7H F2o25H 1100 T7HA| o] Fojx e #7] =
ol A =3t

*
B

T-IR Spectroscopy 54
ool whE HgEe) Fause g FHaAE dotu] 95

Mo

to
x

354 (Fourier Transform Infrared Spectroscopy, Nicolet Impact
A10)s 39 KBri AEE 7Zh7h 1004 12 Egste] Haagos
uhEo] 4000~500 cm | WSl A ZA AT

B9 wut)] O 249 FAs] Askel X-4 34 A7 (X-ray
Diffractometer, Philips X'PERT-MPD X-ray Diffractometer)& A3}
th, 2AZAL CuKa, 40 kV, 30 mA, FAHH9 20= 20~80°, scan step

0.04° 12 3L scan time 0.08 sec®= 4319t}

E-SEM &4 :

spoupshel QA7) RE, ARG & Fohs) AsA FA AR

*
=

e
=)

u] A (Field-Emission Scanning Electron Microscope, JSM-6700F, JEOL,
JAPAN)& Ap&3te] &322 759 10 kVell Al 50,000 wi&2 130,000 v

_6_
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| | | |

v v
v

[ Hydrolysis and Polycondensation

v

[ Evaporation of solvent ]

!
. !

|

[ Drying for 15 h at 150 °C ] [ Spin-coating ]
[ Gel powder formation ] [ Thin film formation ]
A 4 A 4
Heat treatments (500~1100 °C) Heat treatments (900~1100 °C)
(FT-IR, TG/DTA, XRD, FE-SEM) (XRD, FE-SEM)

Fig. 1. Flow chart of experimental procedures.

* Acac = Acetylacetone
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Table. 2 Starting materials for experiments

. . ) Purity
Starting materials Chemical formular M.W. %) Source
(0]
Tin(IV) bis Aldrich.
[CH5COCH=C(O-)CHsl:
(acetylacetonate) 387821 98 Chem.
. . SHClQ
dichloride Co., Inc.
Titanium Wt _
. ) ) ) Aldrich.
diisoproxide bis | [CHsCOCH=C(O-)CHsls in
_ 364.30 Chem.
(acetylacetonate) TilOCH(CHs):l: 2-propa
. Co., Inc.
solution nol
Aldrich.
Ethyl alcohol C.Hs0OH 46.07 95 Chem.
Co., Inc.
Aldrich.
2-propanol (CH3).CHOH 61.10 | 995 Chem.
Co., Inc.
EDOT Aldrich.
(3.4-ethylenedioxythi CsHgO2S 142.18 Chem.
ophene) Co., Inc.
Towt% _
DBSA ) Aldrich.
n
(dodecylbenzenesulfo CrollosCelLSOsL 326.49 Chem.
) ) 2-propa
nic acid) Co., Inc.
nol
Aldrich.
Iron(Il) Chloride FeCls 162.21 | 97 Chem.
Co., Inc.




Babo]  tfa AAAS 391dr] Yt X-A F§A" B47)(X-ray
Diffractometer, Philips X'PERT-MPD X-ray Diffractometer)E AF&319)
o 2A4x2H1e CuKa, 40 kV, 30 mA, FAEE 20= 20~80°, scan step

0.04° 18] 3 scan time 0.08 secz =4 &%t}

el AAd dAFx WEsS Fdsr] fsted FaAAEn A
(Transmittance Electron Micrometer, Philips CM 12)& A28} 120 kV 9

Aoz 2389,
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v
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Y
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[ Tydrolysis and Polycondensation
v

[ Fvaporation of solvent

Y

[ Drying for 15h at 100°C
Y

[ Gd powder formation ]
Y

Heat treatments (300-900°C)
(XRD TEM)

Fig. 2. Flow chart of experimental procedures.

* Acac = Acetylacetone
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(a) starting tin solution (b) starting titanium solution (c) after mixing
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Fig. 4. FT-IR spectra of Sng2TipsO2 solutions.

(a) after mixing 2h (b) after refluxing 6h (c) after refluxing 8h.
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Fig. 5. TG/DTA curves of Sng2TipsO2 gel powder.

Calcination is completed at ~550 C giving 5.0 mg weight loss
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Fig. 6. TG/DTA curves of SngsTipgO2 gel powder.

Calcination is completed at ~520 T giving 7.9 mg weight loss.
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Fig. 7. TG/DTA curves of SnogTiosO2 gel powder.

Calcination is completed at ~533 C giving 4.2 mg weight loss.
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Fig. 8 FT-IR spectra of Sng2TinsO: gel powder obtained from different

heat treatment.
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Fig. 9. X-ray diffraction patterns of Sng-TiosO2 powder after different heat

treatments. (Miller indices refer to ref. 20, 21)
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Fig. 10. X-ray diffraction patterns of Snp.TipsO2 powder after different heat

treatments. (Miller indices refer to ref. 20, 21)
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Fig. 11. X-ray diffraction patterns of SnpsTi94O2 powder after different heat

treatments. (Miller indices refer to ref. 20, 21)
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Fig. 12. X-ray diffraction patterns of (a) SngzTigsOz (b) SngaTipeOx

(c) SnpsTip«O2 powders calcined at 1100 C/1h.

(Miller indices refer to ref. 20, 21)
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Fig. 13. FE-SEM micrographs of Snp2TipsO2 powder calcined at (a) 500 C

(b) 700 T (c) 900 T (d) 1100 CT/1h.
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Fig. 14. FE-SEM micrographs of SnpsTinsO2 powder calcined at (a) 500 C
(b) 700 C (c) 900 T (d) 1100 T/1h.
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Fig. 15. FE-SEM micrographs of SnpgTipsO2 powder calcined at (a) 500 C

(b) 700 T (c) 900 T (d) 1100 CT/1h.
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Fig. 16. FE-SEM micrographs of (a) Sng2TipsOs (b) Snp4Tis0:
(c) SnpsTio402 (260 nm) powders calcined at 1100 T/1h.

*Average particle size was (a) 230 nm (b) 250 nm (c) 260 nm.
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Fig. 17. X-ray diffraction patterns of Snp2T19s02 thin films calcined
at 900 C and 1100 C/1h.
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Fig. 18. X-ray diffraction patterns of Snp4TigsO2 thin films calcined
at 900 C and 1100 C/1h.
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Fig. 19. FE-SEM micrographs of Sng2Ti9gO02 Thin films calcined
at 900 C and 1100 T/1h.
(a) surface (900 C) (h) surface (1100 C)

(c) cross section (900 C) (d) cross section (1100 C)

*Average particle size was (a) 68 nm (b) 83 nm and

thickness was 86.2 nm and (d) 86.3 nm.
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Fig. 20. FE-SEM micrographs of SngsTi9602 Thin films calcined
at (a) 900 C and (b) 1100 C/1h.
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Fig. 21. FE-SEM micrographs of SnogsgT10402 Thin films calcined
at (a) 900 C and (b) 1100 C/1h.
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Fig. 22. X-ray diffraction patterns of Snp2Ti0gO:-PEDOT powder after

different heat treatments.

_46_



Sn Ti O-PEDOT

02 08 2

Intensity(arb.units)

20(degree)

Fig. 23. X-ray diffraction patterns of Snp2Ti0sO.-PEDOT powder after

different heat treatments.
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Fig. 24. X-ray diffraction patterns of (a) Sno2TipsO2 (b) Snp2TipsO.-PEDOT

powders after calcined at 500 C/1h.
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Fig. 25. X-ray diffraction patterns of (a) Snp2TipsO2 (b) Snp2TigsO.-PEDOT

powders after calcined at 700 C/1h.
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Fig. 26. X-ray diffraction patterns of (a) Snp2TipsO2 (b) Snp2TigsO.-PEDOT

powders after calcined at 900 C/1h.
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Fig. 27. TEM images of (a) Sng2TiesO2-PEDOT powder after calcined

at (a) 100 C and (b) 400 C/1h.
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Abstract

Synthesis and Characterization of SnxTi1 xO2(x=0.2, 0.4, 0.6) by

Sol-Gel Process

Hyunjung Kim
Department of Chemistry
Graduate school of

Sungshin Women's University

The powders and thin films of SneTi-xO:0x=0.2, 04, 0.6) were
synthesized by sol-gel process. Tin(IV) bis (acetylacetonate) dichloride and
titanium diisopropoxide bis(acetylacetonate) solution were dissolved in
ethanol and 2-propanol at room temperature. The progress of reactions
were monitored by FT-IR Spectroscopy.

The obtained SnxTi<O2(x=0.2, 0.4, 0.6) gel powders were annealed in
alr  with different heat treatments. The structural changes were
investigated by FT-IR and XRD. The thermal analysis, particle size,
structure of SnxTi1-x0xx=0.2, 0.4, 0.6) gel powders were studied by
TG/DTA, FE-SEM. The average particle size was increased as heat
treatments were increasing.

The films of SnxThi-x02(x=0.2, 0.4, 0.6) made through the spin coating

method on silicon wafer were calcined with different heat treatments. The



coated layer became dense but was not homogencous. The phase

separation was observed by TEM.
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* FE-SEM micrographs of SnpzTipgOz Thin films calcined

at (a) 900 C and (b) 1100 C/1h.
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