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3 ¥ TiO, THA S Aoz mdyAY, F AAFx9 Ao
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of, anatase TFX oA = ZF ZHAT 8/ ©E ZHA N Heta Atk o

_10_



i)
e
-
BN
2

Z}o] 7} anatase®t rutiled] WE e W7 A AT xpolo o FF

o
=)
2
Y

8

TiOz(anatase) TiOx(rutile)
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j
_

W B4 Frhel A4 aoledn AW

Table 1. Structure of anatase and rutile TiO-

Division Anatase Rutile
3 0 ) 2 3=
" s va me e (R 2H)
=3 (g2 2A)
5 9 = ¥ 5 9 z v
% 33 tetragonal tetragonal
T 5494 = £ 2} )
band gap °l %] 3.28 (eV) 3.02 (eV)
¥) 3 3.8 ~ 3.9 4.2
A 2 R F39 A= ANE 8, L&
2 "3 A ekl Ao
A A% g 4.58 (A) 3.78 (A)
A A% o .95 (A) 9.49 (A)
2 2 3 2.71 2.52
s A & 114 31
5 ) 1858 32294 Rutile’do2 Ao
Tiomi 33 3.57 (zoa) .94 (zoa)
3.79 (A) 3.04 (A)
Pi—0 13 1.949 (zoa) 1.980 (zox)
1.934 (A) 1.980 (A)
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(Sol-Gel method)
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Table 2. Proposed advantages

Advantages Disadvantages
. Better homogeneity 1. High cost of raw materials.
2. Better Purity 2. Large shrinkage during
3. Low temperature preparation: processing.
Savings in energy. 3. Residual microporosity.
Minimize evaporation losses. 4. Residual hydroxyl and carbon.
Minimize air pollution. 5. Health hazards of organic
No reaction with container. solution.
Bypass phase separation. 6. Long processing times.
4. New non-crystalline solids. 7. Difficulty in producing large
5. New crystalline phases from amounts.

new non—crystalline solids.
Better glass products from
the special properties of gels.
Special products, e.g., films
and fibers.
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SUHEAE F5 dFAol=9l tin(IV) bis(acetylacetonate) dichloride$}
titanium diisopropoxide bis(acetylacetonate) & %¥S, &vjZ3+= ethanol¥}

Table 3.°]

flo

2-propanols A A glo] AFGeA Tt Aol AFET A s

EFW 2 T
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Table 3. Starting materials for experiments.

Starting materials Chemical formular M.W. | Purity(%) | Source
Tin(IV) bis Aldrich.
[CH3COCH=C(O-)CHsl>
(acetylacetonate) 387.82 98 Chem.
San
dichloride Co., Inc.
Titanium diisoproxide | [CH3COCH=C(O-)CHz]- 75wt% in
364.30 Aldrich.
bis (acetylacetonate) TilOCH(CHs3)2l- 2-propanol
Ethyl alcohol C2Hs0H 46.07 95 Aldrich.
2-propanol (CH3):CHOH 61.10 99.5 Aldrich.
Poly(ethylene glycol) H(OCH->CH>),OH 400 99 Aldrich.
Poly(ethylene glycol)
H(-OCH2CH>-)«
-block-
[-OCH(CH3)CHz-1y
poly(propylene glycol) 5,800 99 Aldrich.
(-OCH.CH>-),0H
-block—
EO:PO:E0=20:70:20
poly (ethylene glycol)
Quinacridone C20H12N202 312.32| >93% TCI
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(2) £4717]

Spectroscopy =4

EAEFo] e FFE FxHse e FUHGAE dotr 7] 9
Aol EFEAM(Fourier Transform Infrared Spectroscopy, Nicolet
Impact 410)% F3dstA ot 22 &4 A KBr¥t A&+ 42 300 1=

EEsle] gaag oz S0 4000~500 cm | WSl A =A s G}

* Thermal Analyzer (TG/DTA) =4
B AWMt g Ao FAHA fFrl= FalAAd wE A
THF 2 d%uzE SASH7] st TG/DTA(Thermogravimetry/
Differential thermal analysis, SDT 2960)5 A}-&3F3tt. A 89 & oF
10mg, 5% 2 A%H 1100 CT7HA & 10 C/min &= W 3}A|

now, 571 FolAM s

« XRD =4 :

o whde] i AAGS Fdstr] el X-d IE 247 (X-ray

Sh

Diffractometer, Bruker D8 Focus)E& AF-83te] CuKa, 40 kV, 40 mA, +
AP ] 20 = 20~80° scan step= 0.02° L¥] il scan time< 2 so %4

SRR LT

* FE-SEM =4 :

M

wah here) QiAa), BRI, GAFE 5 Gobuy] AsHA FA AR

d 1] 4 (Field-Emission Scanning Electron Microscope, JEOL JSM-6700F

_19_



HITACHI S-4200)5 Ab&3ste] 7F&Ed9 10~15 kVel A 100,000 vi-&

2 24%9

Mob el x4, sedd Ad 2 FHYLE Folrs] sk X4

BA 2 EFA(X-ray Photoelectron Spectroscopy, PHI 5800 ESCA

ok gl odlurol g A W opore sizeE Yol 7] ¢35l BET(Brunauer

~-Emmett-Teller surface analyzer)ZS A}§3to] =43

« UV -visible spectroscopy =4

FEo) W AT LdBP RAYEE Gohns) Aol A9H B3P

41

T A (UV-visible spectroscopy, Sinko UV 2100)Z o] &3}o] #23dt}.

Viscosity =4

et
o,

& o HArs dotEiu IHe HH2AE dotRy] fd A

= Al (viscometer, Fungilab V60003)S A}-&3lo] =A 3},
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2-1. SnO2-doped TiO2

Aol g AHFAA A Fig. 60 =A6

[ Sn(acac),Cl, ] [ C,H;0H J [ Ti(acac)z[OCH(CH3)2]2J [(CH3)2CHOHJ

A 4 |

[ Hydorlysis and Polycondensation ] 10M HCI

A

[ Evaporation of solvent }

A

A A

[ Drying for 15 h at 150 °C ] [ Spin coating (3600 rpm, 60 s) ]
y y
[ Gel powder formation ] [ Thin film formation ]
y A 4
Heat treatments (450, 700 C) Heat treatments (450, 700 C)
(FT-IR, TG/DTA, XRD, FE-SEM, BET) (XRD, FE-SEM, BET,)

Fig. 6. Flow chart of experimental procedures.
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(1) AT &= A 5 4sts & A

SnOs-doped TiO, & XS A zxst7] YA No E#7]elA titanium
diisopropoxide bis(acetylacetonate) solution 7.73 mL (16 mmol)¥ tin(IV)
bis(acetylacetonate) dichloride 0.15513 g (0.4 mmol)S 2-propanol 30 mL
9} ethanol 15 mLel z}ZF =< H, tin & Yol titanium & H4L 3 LEH
Hojregln] T3 3 10 M HCIS 7Fsto] pH 252 ZFu ALo|A 1 h

>=
o

&

WAl T 9l 2 2-propanol 100 mLE 7}&te] 80 ColA 6 h ¢t
BF A7 A4S HA71A] Yz A7 FH, SulE FEAA A =T
AL7E e & §9& dAn. oo digh w§gY IAPAHEE FT-IR

spectroscopy = F 4 sto] ol H 9k},

(2) SnOs-doped TiO; & A=

AT E FAY SulE THUAA AR WE F 150 C vacuum oven
oA 15 h T AEAA 2 22E o
mortarg °]&3to] wASA T F F2
700 CellA 1 h &2t &7 FolA dA2 vk, B2 454, 244,
#HA G AT EE dotr 7] st TG/DTA, XRD, BET, FE-SEM &
= ol &3t
(3) SnO2-doped TiO, ¥BF Al %

10x10x1 mm® silicon wafer® %= TCE(trichloroethylene), %% o} 4



Atk 3 mL FAE Agstel 1Y g

E

olll & 0.2 umel pore size
2 2= 9HE 5347 H silicon(100) wafero] 3600 rpme] 3 AE==2 1
B Fot BEAsv. #®E wafers 275 ColA 108 %<t pre-heating 3
H, Al 293" e 3t HFAHOoR 450 IEE S Az
450, 700 CollA ztzk 1 h &t dx2 g , wae] A4, WA 3 m

ATFxE golr7] 9sted XRD, BET, FE-SEM% & ©| &3} % t}.
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2-2. SnO2-doped TiO2 with PEG

/\E]

o2

o i

o

MeFA el A4S Fig. 79 =A 89t}

[ Sn(acac),Cl, J [ C,H;OH ] [ Ti(acac),[OCH(CH,),l, ] [(CHa)ZCHOH]
| | | |
|

»
| L

y
10M HCI [ Hydorlysis and Polycondensation } PEG400

A

[ Evaporation of solvent ]

A

A

[ Drying for 48 h at 250 °C ]

A

[ Spin coating (3600 rpm, 60 s) ]

A

[ Gel powder formation ]

A

[ Thin film formation J

A 4

A 4

Heat treatments (450~1100 °C) Heat treatments (450, 700 C)
(FT-IR, TG/DTA, XRD, FE-SEM, BET) (XRD, FE-SEM, BET )

Fig. 7. Flow chart of experimental procedures.
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1]

(1) PEG(poly ethylene glycol)7} 7} & &3 A3 &E &

=5

i
o

PEG7F #7} ® SnOs-doped TiO; €95 A Z3H7] YA Ny 7]
A1 tin(IV) bis(acetylacetonate) dichloride 0.15513 g (0.4 mmol)¥} titanium
diisopropoxide bis(acetylacetonate) solution 7.73 mL (16 mmol)E& ethanol
15 mL¢} 2-propanol 30 mLel Z+7} =91 H, tin & 9o titanium £ 45
g e "oy £3g ¥ 10 M HCIE 7hsto] pHE 252 95t
10 mL (30 mmol)®] PEG (molecular weight = 400)2 &vj¢l 2-propanol
100 mLel =] 4o A8 doll H7lstar A4 1 h &t wwkAzl F

80 CellAd 6 h st g7 A FH5 H27bA W7 A0 H

ANA Qg =AM Arryt g = 95 A}, oo thak wk$o X3
A X Z FT-IR spectroscopy® 3 # sto] <ol H gk}

ok £ gAo SjE FHAA AR vwE S 250 C vacuum oven
ol ] 48 h F AEAA A EHS Ay, Azxd A EZS agate

mortarE o] 35t HAMSA B F S245E 5 C/mine 2 ko 4503
700 CAlA 1 h F &7 FoA A A, 22 d454, 244
EHA 9 nAFRE dolr 7] ¢35t TG/DTA, XRD, BET, FE-SEM%

% ol gatarh,

(3) PEG7} &7} © SnOs>-doped TiO, B2 A %

Al A g silicon waferdl 3 mL FAZIE AF&3te] Z®W &98 BHold
% 0.2 um2 pore sizeE Zt+= ZHE T 3HAA 3600 rpm9 FAEHSEE 1
B Fob BAedY. ZEH I wafers 275 ColA 108 F<F pre-heating 3F
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FSA e 450

]

A Z

ol

2]
}ed XRD, BET, FE-SEM

)

1

=2

<t

Cl

I 700 CTollA 2t7+ 1 h

TEE Loty 9
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2-3. SnOz-doped TiO2 with pluronic P123

/\E]

o2

o i

o

MeFA el A4S Fig. 8o =A<t}

[ Sn(acac),Cl, ]

[ C,Hs0H ]

[ Ti(aCaC)z[OCH (CH3) 2]2 ] [ (CH3)2CHOH ]
| |

P

A 4 |

[ 10M HCI ]

[ Hydorlysis and Polycondensation ] P123

A

[ Evaporation of solvent ]

A

A

[ Drying for 24 h at 200 °C ]

A

[ Gel powder formation ]

A 4

Heat treatments

(450, 700 C)

(FT-IR, TG/DTA, XRD, FE-SEM, BET)

y

[ Spin coating (3600 rpm, 60 s) }

A

{ Thin film formation ]

A

Heat treatments (450, 700 C)
(XRD, FE-SEM, BET, XPS)

Fig. 8. Flow chart of experimental procedures.
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1)

(1) P123 (EO2PO7EO2)7F 7} € &3 AtstE &9

o

P1237} A7} ¥ SnOs-doped TiO: & N& #|Z37] HsiA No &9 7]9
A1 tin(IV) bis(acetylacetonate) dichloride 0.15513 g (0.4 mmol)3} titanium
diisopropoxide bis(acetylacetonate) solution 7.73 mL (16 mmol)E& ethanol
15 mL$} 2-propanol 30 mLel| Zt7F =<1 ¥, 10 M HCI& 7Fste pHE 25
2 gEFu A& 1 h T AHAZAY. 2 g (0.34 mmol)9 pluronic
P123 (molecular weight = 5,800)% 2-propanol 60 mLo] *=o 40 C=Z

o
.
AN A FAS AT AT A nRA Foo] TFH

4

spectroscopy & F 74 stof ol B ok},

(2) P1237F A 7F ¥ SnOz-doped TiO; &2 Az
b £ gAo SjE FHAA AR wrE S 200 C vacuum oven

oA 24 h ¢ AEAA 2 2L o

mortars ©°]&3to] HASHA £HF F TLEE 5 C/mine 2 ko] 4503

700 CellA 1 h &<t &7 FolA dAe vk 229 9454, 244,

9 O AT EE dotr 7] st TG/DTA, XRD, BET, FE-SEM &

% ol gatdrh,

(3) P1237F 7} ¥ SnOs>-doped TiO, v A %

Al A g silicon waferdl 3 mL FAZ]IE AF&3te] Z®W &9S5 BHold
% 0.2 um2 pore sizeE Zt+= ZHE T 3HAA 3600 rpm9 FAEHSEE 1
B Fob BAedY. ZEH I wafers 275 ColA 108 F<F pre-heating 3F
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A, A 2REYS ol HEHOT 450

I 700 CoAA 2 1

-1

TEE Sobus] 95

h
o

XRD, BET, FE-SEM, XPS &< o°]
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2-4. SnOz-doped TiO2 with Degussa P25

Age] g MFAQ #AF S Fig. 99 = Ao
[ Sn(acac) ,Cl, ] [ C,H;OH ] [ Ti(acac) ,[OCH(CHy),], ] [ (CH,) ,CHOH ]
I I I I
I I
I v
10M HCI [ Hydorlysis and Polycondensation ] Degussa P25
\ 4
[ Evaporation of solvent ]
A
y y
[ Drying for 24 h at 200 °C ] [ Spin coating (3600 rpm, 60 s) ]
A 4 A
[ Gel powder formation ] [ Thin film formation ]
A A 4
Heat treatments (450, 700 ) Heat treatments (450, 700 C)
(FT-IR, TG/DTA, XRD, FE-SEM, BET) (XRD, FE-SEM, BET,)

Fig. 9. Flow chart of experimental procedures.
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o,

(1) Degussa P257} #7F €& 53 2tstE &9 3

P257} #7F ¥ SnOs-doped TiO: €945 A Z357] YA No 719
A1 tin(IV) bis(acetylacetonate) dichloride 0.15513 g (0.4 mmol)3} titanium
diisopropoxide bis(acetylacetonate) solution 7.73 mL (16 mmol)E& ethanol
15 mL$} 2-propanol 30 mLel| 77 =<1 ¥, 10 M HCI& 7Fste] pHE 25
2 g3y A2 A 1 h 59 wHAI AT 3 g9 P25& 2-propanol 100 mL
of o] FAEHo] Hrbeta A2l A wRkAZ F, 80 CTellA 6 h

G BF AN §AS A2 W A A, S FUAA G e

1

(2) P257F A 7F ¥ SnOs-doped TiO; &% A%
AT E FAY SulE FTEAA AR UE F 200 C vacuum oven
oA 24 h ¢ HAEAA A 2L o
mortarE ol &5t P ASHA T F L% 5 C/mine = sho] 4503}
700 CellA 1 h &t &7 FolA dA2 vk B2 454, 244,
#9HA G AT EE dotr7] st TG/DTA, XRD, BET, FE-SEM &
= ol &3t
(3) P257F A 7F ¥ SnOz-doped TiO: ®He; #) %
Al A gk silicon waferl 3 mL FAH7]1E Ab&dto] ZH® & 45 Hopdl
%, 0.2 um®| pore sizeE Z+= ZHE FHAA 3600 rpme] FHAEEZ 1
B Fot B, #®E wafers 275 ColA 108 %9t pre-heating 3

9, A 2RTES dho] HEH o 430 muW wurs Azl 450
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700 CollA 742k 1 h st EAg 3 H, @ 244,

TX2E ¢olr7] fsted XRD, BET, FE-SEM%& <& ©| &
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2-5. SnOz-doped TiO2 with Quinacridone

/\E]

o2

o i

o

MeFA el 3}A S Fig., 100 = A] a9t}

[ Sn(acac) Cl, ] [ C,H,OH ] [ Ti(acac)z[OCH(CH3)2]2] [(CH:,)ZCHOHJ

| £ |

10M HC1 [ Hydorlysis and Polycondensation J

y

[ Evaporation of solvent ]

A

Drying for 12 h at 230 °C
in autoclave

A 4

[ Gel powder formation ]

y

Heat treatments (150 °C)
(FT-IR, TG/DTA, XRD, FE-SEM)

Fig. 10. Flow chart of experimental procedures.
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_g_ oH 1—/\6]

(e
o

(1) Quinacridone (QC)o] H7} ¥ =3 43}

QC7F #7F 2 SnOs-doped TiO: &< AlZ=3k7] HeiA Ny &9 7]l A
tin(IV) bis(acetylacetonate) dichloride 0.15513 g (0.4 mmol)¥  titanium
diisopropoxide bis(acetylacetonate) solution 7.73 mL (16 mmol)E& ethanol
15 mL9} 2-propanol 30 mLel Z+7}t =<9l H, tin & 9o titanium £ 45

e wolmeln] £ F 10 M HCIS 7bshe] pHE 252 @37

o

Ao A 308 H<oF kA #H T 0.031 g (0.1 mmol)9 QCE 2-propanol 10

E

mLol o] A& Aol H7bsta Aol AFshAl mwakA Rl F 80 Tl A

al
6h B BiF A SAL AL WA A F, §HE FUANA 4B
nebde AEsl g 92 Ak oo W@ W AYYEE

FT-IR spectroscopy® 7% alo] <o}x okt

A AR WE $ autoclaveol ¥ o] 230
=

AA A EES 4. dxd 2

o

C vacuum oven©olA 12 h %<t A

S agate mortarg ©] &3] H M A Eaet & 150 CTollA 1 h &<t

ol

7] oA EAY ST, 22 A5, 244, 294 2 vAT=E

oo
ol
S5
32
o

otol® 7] ¢5te] XRD, BET, FE-SEM% & ©
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2-6. Photoactivity of SnO2-doped TiO; Powders and Thin Films

ol

(1) Al A el o8 {7189 F&

Zrzvel HA7MAE 9L SnOs-doped TiO: % 50 mg¥ B9H(10%x10 mm
x 12 ea)S Z1Zt 7199 &4 25 ppmY indigo carmine & Yo H7}
3 % UV lamp (Philips, 253 nm, 20 Wx3) sloll A FEs] Ad& 33},

edEA] HaE e AL AgH EFF =4 (UV-visible spectroscopy,

|

Sinko UV 2100)& o] &3} #Z o4

(@) ANBA oo wel @ /1 B

Quinacridone2 #H7}3 SnOs-doped TiO; 2% 50 mgs #7129 =32

a
ol

ol 25 ppm9 indigo carmine & Aol H7}3 FH fluorescent lamp 3} ol A
d AYge sAT. LdEdel EIHE HAHALE A EHFTA

b

ol
M

ol

(UV-visible spectroscopy, Sinko UV 2100)& o] &3}o] o3+
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V. 2% 3 uz

1. A7FAl o @2 SnO:-doped TiO: & €4 A

Fig. 11914 Fig. 16> Azt wWsle] w2 W&o APAHEE A2
FT-IR spectra¢]t}. Fig. 119 (a)+= &%357] A tin 99 ~HAE-HS
(b)= EFst7] A titanium &4 2HAER S (o) We 7] £F8 A9
2~ EPS YEbdTh 3460 em | Rl A FE F4 uE RS #A
ol A A7 0-H719 2% % g =01 2800~3000 cm ol A& C-H 9=
7b FEHoR #EHAT. ()9 900 cm 'F (b)9] 5517 819 cm ‘o] 5% A
Jd HAELE 77 Sn-0(x)9F Ti-O#) 7]ol 3l F = =Hl, Fig. 129 /A1t

of g AHAELdS dyry wgo] JAPd5F ojg vAEL FH Ha

e A & 5 JnPM Fig 129 (& 2 h B FF AN F #ED
A2 Fig. 11(c)oll A F&EAEE Sn-07]9] 93 900 cm ‘¢ =7t A 7

=
23893, 551 em 't E 29 Ti-0 I3 EF FAEASS ¢ F T F
AlZbol F7tekel wel 7] FREAY Jae HAH 050 6 h T
7 AR (s AL ARt SRAIEE 12 h 7HA] o B ™ (o)$ ¥
wako] whgo] T o4 WA ki, 24 h 7HA sorRW o3y =2
=42 Azt Frtste Aubgol dojwtth weEkM SFANFS 6 h o=
DAL TS GAR . Fig. 13914 Fig. 162 tin #} titanium <]
TFEAS FAHste AAd oAy HIMAE AR §H ##FFT FT-IR
spectra®]t}. o] & H7FA| 7} o)X &2 f Ao FT-IR s
Hlae] BW yeiys dJase] daf 2 AoldS Edg s v 1
U PEGY #H7F ¥, 6 h &7/ Azl &9 FT-IR spectra?l Fig. 13(c)&



AeS ou gt P123E H7bs g Ao FT-IR spectra?l Fig. 142 X4

T4 F 24 h et g A b)I 24 h T ASA §H(c)e] WS

e
= P25E HMAA FAHT = &9 FT-IR spectraz thE
A7FAE 7Fsll= Aol ¥ Ti-0719 d=a#)7F o & Ao] #zdn. vt
Aagro g F7] 97 AE9 quinacridoned H7Fd = fH9 FT-IR
spectra?l Fig. 160 A% A dbgo] o] Qlo] W EA vart 7

S O 2~
2% & & A9
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- #1i.0
@) CH,Asym. I-
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C-H Str. *
C=0 Str. Sn-0O
O-H Str.
" 1 " 1 " 1 " 1 " 1 " 1 "
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm®)

Fig. 11. FT-IR spectra of precursors (a) tin, (b) titanium, and (c) after

mixing.
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(c)
Q) W
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o I N e N 2
= #
(7]
g [@
|_
*!
#
O-H Str.  C-H Str. CH,Asym.
bend
X 1 X 1 X 1 X 1 X 1 X 1 X
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm™)

Fig. 12. FT-IR spectra of SnOs-doped TiO, solutions obtained after
refluxing (a) 2h, (b) 4h, and (c) 6h.
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Fig. 13. FT-IR spectra of SnO2-doped TiO: solutions obtained after

(a) adding PEG, (b) refluxing 2h, and (c) 6h.
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O-H Str.  C-H Str. CH_Asym.
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Fig. 14. FT-IR spectra of SnO2-doped TiO: solutions obtained after

(a) adding P123, (b) stirring 24h, and (c) concentration 24h.
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CH,Asym.
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Wavenumber(cm®)

Fig. 15. FT-1IR spectra of SnO2-doped TiO: solutions obtained after
(a) adding P25 (b) refluxing 2h, and (c) 6h.
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Fig. 16. FT-IR spectra of SnOs-doped TiO: solutions obtained after

(a) adding quinacridone, (b) refluxing 2h, and (c) 6h.
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Fig. 17. TG/DTA curves of SnO>-doped TiO: gel powder.

Calcination is completed at ~500 C giving 6.0 mg weight loss.
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Fig. 18. TG/DTA curves of SnOs-doped TiO: gel powder with PEG.

Calcination is completed at ~550 T giving 6.0 mg weight loss.
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Fig. 19. TG/DTA curves of SnO>-doped TiO: gel powder with P123.

Calcination is completed at ~520 C giving 10.5 mg weight loss.
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Fig. 20. TG/DTA curves of SnOs;-doped TiO: gel powder with P25.

Calcination is completed at ~550 C giving 6.5 mg weight loss.
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Fig. 21. X-ray diffraction patterns of SnO2-doped TiO2 powder with
(a) non-450, (b) non-700, (¢) PEG-450, and (d) PEG-700.

_58_



Intensity

(b)

) 1 ) 1 ) I
1.0 1.5 2.0 2.5 3.0

20(degree)

Fig. 22. Small angle X-ray diffraction patterns of SnO:-doped TiO2

powder with P123 after heat-treated at (a) 450 and (b) 700 TC.

_54_



R(220)
R(110)

R(200)

R(112)

R(002) R(310)

>
»
c
o
c
R
A A
() A R
A(101
(101) A R
@JWW\/\J\
. | . | . | . | . | .
20 30 40 50 60 70 80

20(degree)

Fig. 23. X-ray diffraction patterns of SnO2-doped TiO2 powder with
(a) P123-450, (b) P123-700, (c) P25-450, and (d) P25-700.
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Fig. 24. FT-IR spectra of SnOs-doped TiO2 powder with quinacridone

after heat-treated at 150 C.
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Fig. 25. X-ray diffraction patterns of SnO:-doped TiO: powder with

quinacridone after heat-treated at 150 C.
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Fig. 26. FE-SEM micrographs of SnOs-doped TiO: powder with PEG
heat-treated at (a) 450, (b) 700, (c) 900, and (d) 1100 C/1h.
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Fig. 27. TEM images of SnOs-doped TiO: powder with PEG (a) 100 K
and (b) 250 K heat-treated at 700 C/1h.
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Fig. 28. FE-SEM micrographs of SnOs>-doped TiO2» powder with (a) non
(b) P123 (c) P25 heat-treated at 700 C/1h, and (d) Quinacridone
heat-treated at 150 C/l1h.
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Fig. 29. X-ray diffraction patterns of SnOs>-doped TiO: films with PEG
heat-treated at (a) 450 C and (b) 700 TC.
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Fig. 30. X-ray diffraction patterns of SnO:-doped TiO: films with P123
heat-treated at (a) 450, (b) 600, (c) 700, (d) 900, and (e) 1100 C.
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Fig. 31. X-ray diffraction patterns of SnOs-doped TiO: films with
(a) P25, (b) non, (¢c) PEG, and (d) P123 heat-treated at 700 C.
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Fig. 32. FE-SEM micrographs of surface (a

treated at 700 C/1h, respectively.
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33.

FE-SEM micrographs of surface (a) P123, (c) P25, and cross

section (b) P123, (d) P25 of SnO:-doped TiO: thin films heat-

treated at 700 C/1h, respectively.
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Fig. 34. EDS analysis of SnOs-doped TiO2 thin film with pluronic P123

heat-treated at 700 C/1h.
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Fig. 35. XPS spectra of SnO2-doped TiO2 thin film with P123 heat-treated
at 700 TC.
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Fig. 36. XPS spectra of O 1s of SnOs-doped TiO: thin film with P123

heat-treated at 700 C.
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Fig. 37. XPS spectra of Sn 3d of SnOs-doped TiO, thin film with P123

heat-treated at 700 C.
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Fig. 38. XPS spectra of Ti 2p of SnOs-doped TiO: thin film with P123

heat-treated at 700 TC.
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Fig. 39. Absorption spectra of indigo carmine solution with SnO2—doped
TiO: powder heat-treated at (a) 450 Tand (b) 700 C, depending

on the irradiation time.
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Fig. 40. Absorption spectra of indigo carmine solution with SnO2—doped
TiO2-PEG powder heat-treated at (a) 450 C and (b) 700 T,

depending on the irradiation time.
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Fig. 41. Absorption spectra of indigo carmine solution with SnOs-doped
Ti0»-P123 powder heat-treated at (a) 450 C and (b) 700 T,

depending on the irradiation time.
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Fig. 43. Absorption spectra of indigo carmine solution with SnOz-doped

TiO2-quinacridone powder heat-treated at 150 C depending on

the visible light irradiation time.
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Table 4. BET results of powders and thin films heat-treated at 700 C

surface area (m%g) | pore diameter (A)
non 48.00 113.22
PEG400 108.77 78.19
Powder
PEG400(0-) 168.61 57.99
P123 68.87 105.74
non 4.46 51.36
PEG400 4.36 28.43
Thin film
P123 3.83 35.85
P25 6.76 40.53
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Fig. 44. Absorption spectra of indigo carmine solution
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Fig. 45. Absorption spectra of indigo carmine solution with SnO2—doped
TiO: thin films (a) P123 (b) P25 heat-treated at 700 C,

depending on the irradiation time.
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Fig. 46. Photodegradation curves of indigo carmine solution with different

thin films.
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Abstract

Synthesis and Characterization of SnO2-doped TiO2 by

Sol-Gel route and their Photocatalytic Activities

Yunjung Kwak
Department of Chemistry
Graduate school of

Sungshin Women’s University

The powders and thin films of SnOz-doped TiO: with adding various
structure—directing agents(Polyethylene glycol, Pluronic P123, Degussa
P25, Quinacridone) were prepared by sol-gel process. Titanium diisopro-
poxide bis(acetylacetonate) solution and tin(IV) bis(acetylacetonate)
dichloride were used as precursors with HCI catalyst. The structure
evolution of the reaction mixture was monitored by FT-IR spectroscopy.
Hydolyzed sol were spin coated onto Si(100) wafer and it was pyrolyzed.
The SnO2-doped TiO2 powders and thin films were annealed in air with
different heat treatments. The thermal analysis of SnOs>-doped TiO: gel
powders were studied by TG/DTA. The surface morphology, crystal
structure, chemical composition and states of the powders and thin films
has been observed by FE-SEM, XRD and XPS. The photocatalytic
activity of powders and thin films were investigated by using indigo

carmine solution as an unconsumed dye in the wastewater.
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