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WeAEE TR LIF THF), £720L 2-A ¥ = H /) —/L CH30CHOHFR Al T 35 o
W EEEEE L, £ LLIORTHRO 2 —T7 ¢ > 72K 1.1 IR T FIRTHRE L=,
bbb, WHICHEE S, acac, F X T Ivaxy RElzokm L, — 7 TREIK &



HCI 2N 7=V & Yl L. A& ICHEEZ LT L, 24h L Ca—7 1 V7K
& L7, Si(100) (%9 40X 20mm?) % Fap & L, 51 & BIF A 05 - 50 cm mint o ¢ & T
T AT aA—=T 4 T EITV, FVEERER LT, VI E | EIRZERH T 24 h #E, 10%
T =T OKFDEHIEE T5N20 g LT 24 hIRBAFT 5, &5 W/ NEEET v o —
(ESPEC #, STH-120)% I\ T 120°C ZE5H T 24 hfiE L, & kt& Lz, 72720, T+ >
Ta—7 4 T ERKIC, BEEREOTZOICFHTH A A(7 = —HL Surgical blade No.20) %
AW TT A O—H 2 FHIEEL 72,

Table 1.1a Compositions of the starting solutions without organic polymers

Solution Mole ratio Chemical species
TTIP HCl H:0 Solvent Solvent

PFree-iP 1 0.3 1.13 7.83 CsH70OH

PFree-THF 1 0.3 1.13 6.53 THF

Table 1.1b  Composition of the starting solutions with organic polymers

Solution Mole ratio Weight ratio  Solvent volume Chemical species

TTIP HCl H:O acac TTIP Polymer (mL vs. HPC 1g) Solvent Polymer
HPC-iP 1 0.3 1.13 0 1 0.0703 90 CsH7OH HPC
HPC-THF 1 0.3 1130 1 0.0703 90 THF HPC
HPC-2Me 1 0.3 1130 1 0.0703 90 CH50C2HsOH HPC
HPC-iP-ac 1 0.3 1131 1 0.0703 90 CsH7-OH HPC
PVP-iP 1 0.3 1130 1 0.0703 90 CsH7-OH PVP
PVP-THF 1 0.3 1130 1 0.0703 90 THF PVP
PMMA-iP 1 0.3 1.13 0 1 0.0703 90 CsH7-OH PMMA
PMMA-THF 1 0.3 1.13 0 1 0.0703 30 THF PMMA

2-2 e K OMBLER
fiph AT ML S BHOINROFFERTRL, SE-3400) 2 T\ 5l & LT & el S AY) S b

TR & HBET OB ZEZRE L, BEE Lz, HFHEMB(KEYENCE ., VHX-200)% H
WO R Z2BIZ L, BEO VIR E M 2 EMERICRIME T2 & & bic, AROFEIC
DNTHRART,



BEE L OESTHFELEZ Y 7Y A—4%(ULVAC 8, ESM-1T)E 72137 Y X L7177 (Metricon
. model 2010) = HWWCTHIE L7z, =V 7Y A= |ZXHHEICEBNTIE, HFHE LTH
} 632.8nm @ He-Ne L —H— & i\ £ D AKAIF 70°L L. Si Ftk OWILERE A 0.020,
JEHTE% 3.850 & L7z, F£7o. EAERICEE Lo 10 i CRIEE T 7c, TV AL B TT
X DHEICIBNTIE, Sl E LT 6328 nm @ He-Ne L —¥—,
#200-P-1(prismcode 1048.9, JEHT=E N,=

FYRKELT
1.9648) ¥ 7= 19#200-P-2(prismcode 4341.9, JEHTH N,
=2.8654)% i\ 7=,

AR E - PMEEJEOL B, JSM-6060LV) % H W\ THSHiItEE DBlIEi 21T - 7=, 7272 L. #
BN T, A A I 7 b a—H—(MEIWA FOSIS #, Neco-ST)% AW CibEl O FHEIZ A4

AI LA 10s AE LT,

3. fhiRk

3-1 Bt o448

i DFEE ST L EIEOMAEDEDL ETIER LI a—T7 ¢ TR A FR 1.2
(27”7, PVP-THF, PMMA-IP IR TiE, Atm 1 2B iped, WHER=a—T 4
Y ITWEBGEONIR 0T, FTo. HPC-THF ¥k, TTIP O Tk > TrmfbLiz, %
LS DR ITN T S EA THE Th o7z,

Table 1.2 Appearance of the coating solutions

Solution Appearance

PFree-1P Transparent and colorless
PFree-THF Transparent and colorless
HPC-iP Transparent and colorless
HPC-THF Gelation

HPC-2Me Transparent and colorless
HPC-iP-ac Transparent and yellow
PVP-iP Transparent and colorless
PVP-THF Polymer was not dissolved
PMMA-iP Polymer was not dissolved
PMMA-THF  Transparent and colorless
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Figure 1.2 Optical microscopic images of the films prepared on Si(100) substrates from (a) — (c)
Solution PFree-iP and (d) PFree-THF by dip-coating. The withdrawal speeds were () 1, (b) 1, (c)
3 and (d) 10 cm/min. The deposited films were (a) dried at room temperature for 24 h, (b)
exposed vapor evaporated from 10 wt%NHs aq. for 24 h, (c) and (d) dried at 120 °C for 24 h.

ST 55 E R VERCFIMEHE 21X 1.2 1R 3, 72720, HIRA=IR T 24h i
B, 7B =T K BT 24 EIRALER B 5N 120°C T 24 h Lk Lz, SR O E L2
fEE(IX 1.2(a))<° 120°C TRz U723 IE(X 1.2(c),(d) D FEITEN - WEMEEZ R LTS, 7
F =7 K ECHUER U 7= 3B 1.2(0)) DR I IR RO M3 B S a, Rl O EIc %
5 ENbhrolz, HPC A, PVP AR, PMMA S AMIROSMEZ T2,
1.3-16. 17,18, K 1.9(Z~"7, HPC &A% 120°C T 24 h #ot§ L7256, B
FE¥EC acac DF )b BT, TOEREITENT-WEMLEZ R L= (X 1.4-1.6), 7 F
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Figure 1.3  Optical microscopic images of the films prepared on Si(100) substrates from Solution
HPC-iP by dip-coating. The withdrawal speeds were (a) 1, (b) 3 and (c) 7 cm/min. The deposited

films were exposed vapor evaporated from 10 wt%NH;z aq. for 24 h.

=T K ECHEE L7256 1.3), HPC LSO AR 7 F. 770 H, PVP ° PMMA &
A (R 1.7-1.9)1%, BB T (L T B R b, REOBEMICS D Z L Rbhoiz,
GRS % G e SEM 44 X 1.10 12773, PMMA & A 1212207 B 3SR T &,
SEM 21T\ T b K DOFBMEIZS D 2 L Ao 72 (1% 1.10(c), (d)).

3-2 (RN & JE

TR LRI A R 1.3 17T, 5l& EIFHERRKEWVIEEBRENRKE 2D 2 L3 bh
D (F13), £51& LFHE EAICKBEEOHEIMCE e, BROIEELL, 772D
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Figure 1.4 Optical microscopic images of the films prepared on Si(100) substrates from Solution

HPC-iP by dip-coating. The withdrawal speeds were (@) 0.5, (b) 1 and (c) 3 cm/min. The
deposited films were dried at 120 °C for 24 h.

B BRABEEITBAN A LI OEE & | BREBFEAE L 2D > 2B O REDMIZH
L2 ENOND, AEESTEEERVGS, ERTRHETLZLICLD, B ORME
JEIT#) 200-400 nm Thd 528, —J7, MEFEFES 120°C TRz 5 Z L2k BRAIEEIX
#J 100-200 nm (Z{8d Lz, A0 FaAmEICR W T, Am s OREHIC L - TIRA
T3 572 0 2 ORRFUEIEIL HPC,PVP,.PMMA Z i ] L 7= & & | Z 124Uk 700-850 nm,
350-450 nm, 100-200 nm To o7, F7- HPC B EEOH A, WIHEOFEEIC X - THRAUE
JEIZE e . ZOfEI i-PrOH 252 Z 12K Y KO 700-850 nm T&H Y, F7- acac
ZETHEAII3I0Mm LT TH 5,
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Table 1.3 Thickness and refractive index of the coating films.

Samples Treatment Withdrawal Cracks Thickness/nm Refractive index
speeds/cm’! Surface Ellipsometer Prism Ellipsometer  Prism
profiles coupler coupler
Free-iP Dried at RT. 1 No 80 83.9+ 2.6 — 1.729+0.007 -
3 No 185 194.4+ 9.3 — 1.727+0.050 -
________________ e Yes A0 T
Exposure” 1 No 76 91.9+ 1.8 — 1.795+0.004 —
3 No 160 97.1+17.2 —  2.699+0.266 —
________________ R R .
Dried at 120°C 3 No 93 99.6+ 3.6 — 2.001+0.005 —
3 No 85 96.2+ 3.2 — 2.016+0.004 —
R Yes ________ 160 ____________ P e _
Free-THF Dried at 120°C 3 No 45 — — — —
10 No 90 88.7+ 4.1 — 2.018+0.004 —
20 No 150 140.2+ 9.2 — 1.951+0.042 —
80 Yos . 10 . P e .
HPC-1P Exposure” 1 No 530 583.8+41.1 653.9+12.0 2.483+0.324 1.62241+0.00618
No 1100 1058.7+24.8 1274.8£11.4 2.0524+0.120 1.64099+0.00371
e Mes T e .
Dried at 1200C 0.5 No 210 — — — —
No 290 316.9+ 3.8 — 1.859+0.007 -

(continued on next page)



Table 1.3 (continued)

Samples Treatment Withdrawal Cracks Thickness/nm Refractive index
speeds/cm’! Surface Ellipsometer Prism Ellipsometer  Prism
profiles coupler coupler
HPC-iP Dried at 120°C 3 No 560 — 575 16 — 1.874 +0.003
4 No — 707.3+ 7.7 — 1.821+0.008 —
.- B Yes . 850 . P e .
HPC-2Me Dried at 120°C 3 No 185 267.5+ 6.1 — 1.854+0.003 —
5 No 215 342.8+ 4.6 — 1.916+0.042 —
7 No 410 454.1+20.0 — 1.832+0.021 —
e 0 Yes ________ 66b . P e _
HPC-iPac _Driedat1200C 3 . Yes ... 370 . ] e .
PVP-iP Exposure* 1 No 190 258.2+24.7 — 2.365+0.191 —
3 No 340 376.2+23.8 — 1.624+0.071 —
e T No_ 540 45594228 6330:582 1.920:0.069 _ 1.62813:0.00120
Dried at 120°C 3 No 140 128.5+ 5.0 — 1.886+0.023 —
10 No 320 331.1+16.4 — 1.836+0.042 —
20 Yos . 60 P e .
PMMA-THF Dried at 120°C No 140 99.8+ 4.3 — 1.883+0.029 —
7 Yes 170 — — — —
10 Yes 370 — — — —
30 Yes 900 — — — —

* The samples were exposed to the vapor from 10 wt% NHs aq.
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Figure 1.5 Optical microscopic images of the films prepared on Si(100) substrates from Solution
HPC-2Me by dip-coating. The withdrawal speeds were (a) 3, (b) 5, (¢) 7 and (d) 10 cm/min.
The deposited films were dried at 120 °C for 24 h.

B ZRBAILT 5 2 LI Lo T, BT ROEERFRENKRE S Rotz, A& T525 %
PRVGREHZ DWW T, SR TEE T 5 2 LIS L W EITERIZ 173 TH o 72748, 120°C THaffEd
52 EIZE D ZOEITEITN 20 FTEA L, £, AEES TEAEEETIX, 120°C
THMET 5 Z LI K0 RITERITH 185 55 2 L NbinoT,

4. B

TED N BEIE RS . A 15 & VIS BT, Fd Lo R S X
RV 23 (K 1.2 (a), (c), (d)). MREEALER L 7O R EEEMHEITENZ L2V - 72 (X 1.2(b)).
WRERALEE D Z LT K o TREEMDSEL o572 DIF, FIVIEH THE & SOS 2 202 1t
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Figure 1.6 Optical microscopic images of the films prepared on Si(100) substrates from Solution

HPC-iP-ac by dip-coating. The withdrawal speeds were (a) 3 and (b) 5 cm/min. The deposited
films were dried at 120 °C for 24 h.

TLEONREKREEZEZOND, TRbLH, QHRHEEIGIZ L > T Ti-O-Ti fENLRD
By NT—7 BB L EIET TO TiO, OFIE D ER BN E i oy & B35 0
N ThdEEZLND,

Elo, AEE S FEETIEICRWTE, A& ST & LT HPC 26 Lz Rm Y
PEIZR W23 (X 1.4-1.6), PVP, PMMA Zffi [ L 72O R m L EMEITE N2 &b 7o (¥
1.7-1.9), R CHBE S+ FZ T axy RICHET 5 EEE S 08301 L-UL T
BEEDZLICKVESEL, ZOMEITAKES FO~T v i 2% OH A & Lk
B3O Ti-OH MO KF B L BEABND, $72bD5L, PVP DO & NJEF. PMMA @ O
JiF. HPC @ O JR ¥ LT OH EDAFFESICHE L TWb EE X b5, TNENOEK
B DF )~ —HBALD[ ~T v JfiA+ KFERF]OBITPVP TiX2+9,PMMA Tl 2+8,
HPC TiX@+3m)+G+m)(7=7Z L, m iFt e 7m0 /) ~—b7- 0K TH
D.R3LNB 942N THD, Lo T, KFMAICHEEGT D EE2LNH~T viT
DEIETIR YA AD/NES W HIFE A2 895 & PVP T3 0.18, PMMA Ti3 0.20, HPC
TIX 039705 031 L ZNENFHETE D, 2D Eh 5 PVP S PMMA & Bl L C, HPC
I Ti-OH & LW KFERELZ L TWDLZ LRERLBND, E72, HPCIX OH HEa b o7z,
Ti-OH @ O JFii - & HAKFEHEATE, TIUXPVPOPMMA L8725, ZOHRIZENTH,
HPC X Ti-OH & LV AKFME L TWH I ERBERX ML, UL ED 2 506, A&+ &
Ry T OKEREEB AL &I, AES T & LTPVP L PMMA M L7256
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Figure 1.7 Optical microscopic images of the films prepared on Si(100) substrates from Solution

PVP-iP by dip-coating. The withdrawal speeds were (8) 1, (b) 3 and (c) 7 cm/min. The
deposited films were exposed to the vapor from 10 wt%NHs ag. for 24 h.

IZIX HPC 2 L7248 £ 0 bKFR-E TE WD, HOBENAE L, ZTORE L LUK
DEEMNEL polzbD EBEZ HND, Fi2. PMMA & L CTER LBV T,
SEMBRIZA LN LM b T X ME, MoEED 720 LB 2 515 (K 1.10(c), (d)),
ARG T2 B ERVBICON T, R IIBRELB E 72 3B 5 Z L2 KD
A U7 (3% 1.3), [A LB & B CHERLL 72 IIC DT, 120°C TRz L 72 OB IE
SRR CHR L7 7 VIR L L LT 45% T D, ZaU, 120°C CTHURT 5 2 LIC kDA
IEDZEHE - TV axy FOEMERISHEIT L, FVEBIGHE Lo e EX b, 7
JVIRDIGHEZ & S 22WENOT HBAE T, mNGIRISDBEM L, #iRke LTRANET
elBEZBND, Thbb, |RTEE L TERLZSVEIZS W TE, 5272 Ti-O-Ti
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Figure 1.8 Optical microscopic images of the films prepared on Si(100) substrates from Solution

PVP-iP by dip-coating. The withdrawal speeds were (a) 3, (b) 7, (c) 10 and (d) 20 cm/min. The
deposited films were dried at 120 °C for 24 h.

BEDOFy NT—I PR L TR LT, ZFIVEOHGREAS 120°C Tzl L CIER L 7= i
L0 b oipnicd, HHNGERIGNEDS/NES < BRPECIZ W), REEIZR
EWnEEZ NS, Flo, BELR L5, T-OTifa0ry MU — 27 3R E
L. 0%, MANOTHBEL, BEPECCT 2D, RABE SR T L CER
L7eREE D b/hSL<polctEZ NS,

F7o, RS T2 ETEORSRE IR S 72 E ER 0L i LT, HPC %
A L7 CIIRE SHI L, PVP 2] L7 CHIEM L7223, PMMA Z i ] L 72 C
HFEAEEDL RN T, AlES a2 G 0RO TRABEES T 5Dl 7 v
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Figure 1.9 Optical microscopic images of the films prepared on Si(100) substrates from Solution
PMMA-THF by dip-coating. The withdrawal speeds were (a) 3, (b) 7, (c) 10 and (d) 30 cm/min.
The deposited films were dried at 120 °C for 24 h.

FESINAET D & & RRRWEE 2R OAKS D TORICEC 20 FHEEM L, D5,
HNBIRIS BB T 2006 Th D, LovL, PMMA Z A H L7230 TIERFUBEIE o
BINTR ORI T2, ZOREIZ. PMMA 05y BB AN B S L7272, REERERICH
KT DO0THOBRPETE A LAETT, RABEREIN Lo fcb D e figsngd, L
DU S, PMMA @ Tq (116°C)i% PVP @ T4 (168.6°C) & Fhifii L TIRWZ LA E &S T
W5[23,24), L= - T, BRFVBIE OB JFK AN 5y F-3EB) O BRAE 2SI 2> & 9 2R
Th oD,

5. A&
VN NAEENTF X =T FVEZRIE L 10%7 =7 K ECIREBLFT 5 Z &
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Figure 1.10 SEM images of the films prepared on Si(100) substrates from (a) Solution HPC-iP,
(b) PVP-iP and (c) and (d) PMMA-THF by dip-coating. The withdrawal speeds were (a) 3, (b)7,
(c) 7and (d) 30 cm/min.  The deposited films were dried at 120 °C for 24 h.

(R0 BBREIIIRL RO MMA R S0, REFEENES 2D 2B bhote, £
DIFFIFAZGE 2285 A SIS OHEITIZ X - T Ti-O-Ti fE5A DB RESy & B ST5 Tz )
beEZDND, £7o. 120°C THIRET 2 Z &L TREHWEMEO BWEEIR G LT,

FRES T LT Frd Yok o—ZX(HPC), AU E=/1trl K (PVP),
WU AL T ) LfEA T IVPMMA) 2 GG -T2 =T A 7 U v REEERL L 72, HPC %
Giend 7V v REOREEEMIZR VA, PVP, PMMA 2 & oA 7Y v RIEORKE Y
BMITENZ Ebhote, REHEMENE o2 HIKIZ, PVP ° PMMA ZfE L7z
R CIIM D BEN E L T2lzd & E 2 bbb,

PR U725 & =7 HE o JE 1349 2.0, FRAUEIRZ 133 &% 100-200nm TH v . HPC %
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Mz5Z I L>TERILTZ HPC-FZ =7 A 7 U w FEEOEITRITF 1.85, FRAEE
1% 700-850 nm T&H > 7-,
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wWo2E b lRrF oL a—R - FHF=TNAT )y NEEOHE

1. =

F2ETIT L8 UL EOJEHTR & mWEEM, & 512700 nm Bl EORFYERE 2 6ok R
F 7 m Lk m—A(HPC)-TiIO A 7'V v RERICHER L7z, #8212 Nagpal 513> /L
-FMAEIZE D HPC-TiO /A 7 ) Rl Z {ERLL | HPC/(TiOz + HPC)H & bt 0.48 {235\
T, P 300 nm LU F OSEAE A SE RN T 5 Wi 2 15 T 5 [3], Kusabe & 1X Y L-77 0
B KD HPC-TiO2 ™A 7V v REIREAER L SBRIURRE, TR, BEEE, KITRT 2
ENMEEZTHR, ZN5ICKIET HPC &7 5 TNT HPC DSBS B O B AFH~T-[4], F
1ETIE, YA-ZEICE D HPC, R =t nul R, WU RAZT VIERAFILE
GLAEMETIO A 7Y » REEAERI L, HPC-TIO, N1 7'V v RIS\ CTOHEH
REFEPGOND Z LM OEMNI LT, £o, TONA T Y RN TiO, 7V & Ehig
LT, ErRMES, RAREEN K& nole, ZOXIIT, FHIETIIAEREDFTHD
HPC 7% HPC-TiOx A 7' U v RO Ja 4R e OPRFUIRIEIZ KT IR A BT Lz,
HPC-TiOy /A 7' U v FEIROYPELIRAIRIZIZ (T, HPC D RERLT /L =3 & ROFEH,
T ax Y ROMKDREEORO &, o &, WEHOFE) G F 72085 KF 3 araetEn
bbb, TIT, H2ETIE, HPC, FH T/ aFxL R, HCL, H0, RIS 72 IRk &
HRER & T2 -7 EIZ KD HPC-TIO, ™A 7V » RERAZ(ERI L, BRAEE,
Pras, FBEME, B ST KIET HPC &, HCI &, H0 &, WO fE, 712k o ROME
DR ERLNCTHZ 2 AL L,

2. EHIE

2-1 B O1ER
FH=TRELTTFH T b7 hF ¥ K Ti(OCHs)s(MERCK #, LIF TTIP), 7%
T T4 YT aRF T R Ti(OCH)(FIEMBE T3 IR TTE), %7 F7n-7 %
2 B Ti(OC4Ho")4(FGHESE T8 LIF TINB)Z VY, A& L LTE Raks 7o
v a— R (HAREER, HPC-M : K514y 1 & 540,000 - 760,000) % HV ., #EIEE L
TAH ) —)L CHOH(FEMIZE T 38 =% / — /L CoHsOH(FEHiZE T3EN) n-7' m L
7 v 2— b n-CsHOH(FEREE T8, 4 v 7 a v T L2 —)L i-CH,OH(FR Gl T3¢
), n-7F LT L3 —/b n-CyHeOH(FNYEAIFE T38| sec-7 F /L7 /L = — L 5-C4HeOH(FN
FeAEE T RN, Y 7 F T b 32— L i-CyHOH(FIEHIZE TR tert-7 F /L7 /L a—)L
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t-CaHeOH(FYEHIEE T3 AN D WFhumn g V=, 2K, Bl & U CHERE HCI(Fnoetisk
T3 35-37%) % HV, 3£ 2.1 IR TR D 2 —F ¢ > 7R (Solution 1-V) % X 2.1 (27”3
FIETHFHE L7z, T7bb, WHICEKE S . T T axy ReMzOokmL, —
5 CHBETK & HCl Z2 N2 7 iR 2 YR L, BT IC%E 2 LIS oM T L, 24h L C
a—T 4 7k E Uiz, 7272 L. Solution | 1% HPC ™ &, Solution Il i% HCI @&, Solution Il
I% H0 @&, Solution IV (X7 /L2 2 ROFESE, Solution V 1E 7 /L 20— )L (I OFEH 2 28
b SHTIER L7z, Si(100) & 721390 7 A (K 40x20mm?) & Fapl & L, FEAF| & T EE
1-20cmmint Db & TF 4 v Fa—TF 4 v Fh E 2 3HEAREELEEE 6000 - 8000 rpm
bETARAEya—T 4 T AT T MREARIL U T, 4 /M SRS v /3 —(ESPEC
B4, STH-120)% VT4 120°C TH VIR A 24 h §fiE L, 3B E L7z, 7272 L. BRE
EDTDI, T4 v T a—T 4 T HEHZICFHRHAA(Z = —%L Surgical blade No.20) %
RAWTH AO—ER% REEL 7=,

3/4 ROH 1/4 ROH
HPC-M < H.0
< Ti(OR)4 < 35% HCl aq.
Keeping in ice water

Stirring in ice water for 10 min and

at room temperature for 23.8 h

v
Coating solution ROH = CHsO0H, C2Hs0H, n-CsH7OH, rCsH7OH,

n-C4HoOH, sec CsHoOH, 1-C4sHoPOH, tert-CsHsOH
Ti(OR)4 : R = CoHs, -CsH7, n-C4Ho

2.1 Flow chart showing the preparation of the coating solutions

2-2 JE K O3

fil gt 23R o S FH N RFZERTERL, SE-3400)% FVNC, Bl & RS U5 & B ELCRRY) D8 1
T, RN & RIBES Sy OB EARIE L, & LT,

T 7Y A—H(ULVAC ., ESM-1T)x O8I X A4 77 F (Metricon L, model 2010)%
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Table 2.1 Composition of the starting solutions
Solution Ti alkoxide Solvent HPC/(TiO2+ HPC) HCUTi(OR)4 H2O/Ti(OR)s  Solvent volume

mass ratio, Iypc mole ratio, ry;e;  mole ratio, g, (mL vs. HPC 1 g)

Solution] TTIP  iPrOH 002 03 113 0t
Solution M TTIE ___  yPrOH 02 00303 L8 A
Solution Il TP iPrOH 02 00 038188 90
Solution IV TTE EtOH 0.2 0.3 1.13 90

TTE i-PrOH 0.2 0.3 1.13 90

TTIP EtOH 0.2 0.3 1.13 90

TTIP i-PrOH 0.2 0.3 1.13 90

TTIP n-BuOH 0.2 0.3 1.13 90

TTNB i-PrOH 0.2 0.3 1.13 90
. TINB___ nBuOH 02 03 113 0
Solution V. TTIP MeOH 0.2 0.3 1.13 90

TTIP EtOH 0.2 0.3 1.13 90

TTIP n-PrOH 0.2 0.3 1.13 90

TTIP i-PrOH 0.2 0.3 1.13 90

TTIP n-BuOH 0.2 0.3 1.13 90

TTIP ssBuOH 0.2 0.3 1.13 90

TTIP i-BuOH 0.2 0.3 1.13 90

TTIP t-BuOH 0.2 0.3 1.13 90

* Solvent/Ti(OR)4 mole ratio was 7.83 for Solution I of ryypo =0



WTHIRE R OB RZRE LTz, = 7Y A—=ZIZXHHEICBNTIE, e L TR
632.8 nm ® He-Ne L —#— &\ ZDOAH M2 70°& L. Si Ft ORI FRE % 0.020,
Pr% 3850 & Lz, 7z, EAEAITRALHE Lo 10 @ CHEEZIT o7z, U X LT
T EDMEITBN T, I E LTHEE 632.8nm @ He-Ne L —H#—, 7'J XL & LT
#200-P-1(prismcode 1048.9, JEHT3 Np=1.9648) % 7= |3#200-P-2(prismcode 4341.9, JEHT% N,
=2.8654)% 7=,

FIAR-SEIM Y EERH(A AR LB V-570) % VT IO YRR A~ 7 R V& BIE LTz,
B KA IE 200 - 800 nm, L AR X TRast), /32 FiE 2.0 nm O F THEZ{T- 72,
el L, V77 Ly AL LT SIOH T AHMRE H =,

BTN | - H & 1 SR BR M (2 RSP U E T . B53-M1)%& FH T B OD SRl 4
FE LTz, i 1000 g O F CHIEZATV, RIERATZ A X, 5RIH 2 [ _E 0o RIS L2
B CHERR SRR\ R DRRE & SR & LT,

AT FE 7 IHMEBEOEOL B, JSM-6060LV) % i\ Tt OBlE 21T o 72, 72721,
BRIz > T, AAI Y La—H—(MEIWA FOSIS %, Neco-ST)% FV Calkl& w4
AI T L%E10s A LTz,

B )T 2 B (KLA-Tencer B8, FLX-2320)% VN T, Z VIO R s T4 U5 miN
IS DFEDOEEEIT T2, 7272 L, 5°Clmin OHEE THEE T2 v s T Lxik
L, iR 5 120°C £ CTHIR L, 120°C T24 h{#&FF L, 120°C H 5 EiR £ TRHR L7,
Z OIHBFE TEMR D 342 % FBIRREZ 12 30 s f:12, 120°C TORFFREIE 10 min (2@
Lic, HEWERZ L—P—HTEETDHZLICL0 ., FKRIRATE RIS QIR O R %
HIE L, LIS RS FIETENIC A Z R Lz, 72720, b—%—JN& L THE 670 nm
® 4 mW GaAlAs L — —(RED) & % £ 780 nm @ 4 mW GaAlAs L —%—(INFR) % [q] B2 fif
ML,

SR OD FotR D g F 8 % Re, AR IZPITE DIREE CHIE L 72 AR D Ml 5% % Ry &
5 &L I KD RO L E AR ITIRATE A 6D,

Z®D AR ZLLTF® Stoney OX[BNARAT HZ L2k, JnSio xR LT,
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E.t2
Y (2)

o=——""+—
6(1—- v,)ARt,

7272 L. Bl 3R OBMELREL, v (ZFERDORT V U, 6IFERORE S| I3 EOEE T
bbH, Filo, R E LTHEH L7z Si(100) 5K 0 sl LR35 Bd(1-vs) i 1.805%x101 Pa & L
[6]. HUEHE THICHE %2 A A TRIBE L., RIBER D & RERT > DB EZRET 2 2 LICk b
Bt & L7,

&
X50,000 WD 100 nm

NONE sov  xsoooo wo 100 Nm

(b)
Figure 2.2 FE-SEM images of the films prepared on Si(100) substrates from Solutions I of r,pc =
(a) 0 and (b) 0.2 by spin-coating.  The spinning rate was 6000 and 8000 rpm for rpc = 0 and 0.2,

respectively.
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3. fhik
3-1 HPC ED%hE

2 DD HPC &4 % Solution | DIMBLZ # 2.2 1Z7R"F, HPC BIZH D0 b TRk
ITEHE I T o 7, FatiElis i 6000 — 8000 rpm CERL L 7= s O SEM %[ 2.2
(R, B HPC/(TiO2 + HPC) (LT rgp) 8 b G REIXEE TH 0 | Wi (2 i3hE
ER 30 nm 2> 6 72 HAEAEMBLER S 7o, HRS I & BIFHEE 0.5 - 7 em mint TYERL L 72 i
RO ATR-SRANBI A7 VB 23128 T, Typg (2037030 B I AT B ©
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o
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Figure 2.3 UV-visible optical absorption spectra of the films prepared from Solution | on silica
glass substrates by dip-coating, followed by heat treatment at 120 °C for 24 h. The substrate
withdrawal speed was 7 (rypc = 0), 0.5 (rpypc = 0.1) and 4 cm min (rype = 0.2).

Solution | > & K& 5| & B HE 0.5 - 10 cm mint TR U 7= MR O JRE 2 (%] 2.4 (20K
T 2L P OXITRROECTEDES | @ITAKRDEL THARWEDESTHY |
EH 5 b iR E M S G A2 HOWTRIE Lz, RAEREITRREOE U RWIRE & Ao
CDBEEDRICH D E VDA, rype DEINE & BT, BRFBEE IS L7,

Solution 1 7> & HeAk [l#i58 6000 — 8000 rpm CTERL L 7= IR O RIS /%X 2.5 127
T Tpe X0 BT, FIRCTHEHANGIRIGAEAEL TEY . FiREfE CrEi g 5RiG /123
BAINL . 120°C COSRMARFHERE K ORRRIBRICIS WO CENG RIS NTIZE—ETh - 7,

27



8¢

Table 2.2 Appearance and gelation time of the coating solutions

Solution Ti alkoxide Solvent  rgypc Iyey o Appearance Gelation time/h
SolutionI  TTIP 1-PrOH O 0.3 1.13  Colorless and transparent  >168

TTIP 1-PrOH 0.1 0.3 1.13  Colorless and transparent  >168
oo IR FPYOH 02 0.3 113  Colorless and transparent >168
Solution II TTIP 1-PrOH 0.2 0.03 1.13 White and opaque >168

TTIP 1-PrOH 0.2 0.05 1.13 Colorless and transparent  >168

TTIP 1-PrOH 0.2 0.1 1.13  Colorless and transparent  >168
oo IR PPYOH 02 0.3 113  Colorless and transparent >168
Solution III TTIP 1-PrOH 0.2 0.1 0.38 Colorless and transparent  >168

TTIP 1-PrOH 0.2 0.1 0.75  Colorless and transparent  >168

TTIP 1-PrOH 0.2 0.1 1.13  Colorless and transparent  >168

TTIP 1-PrOH 0.2 0.1 1.32  Colorless and transparent  >168

TTIP 1-PrOH 0.2 0.1 1.51 Colorless and transparent <48
oo IR PPYOH 02 0.1 188  Colorless and transparent <24
Solution IV TTE EtOH 0.2 0.3 1.13  Colorless and transparent  >168

TTE i-PrOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP EtOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP i-PrOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP n-BuOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP i-PrOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP n-BuOH 0.2 0.3 1.13  Colorless and transparent  >168

(continued on next page)
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Table 2.2 (continued)

Solution Ti alkoxide Solvent  rype Iyey  rpo  Appearance Gelation time/h
Solution V. TTIP MeOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP EtOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP n-PrOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP 1-PrOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP n-BuOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP s-BuOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP 1-BuOH 0.2 0.3 1.13  Colorless and transparent  >168

TTIP t-BuOH 0.2 0.3 1.13  Colorless and transparent  >168

* Solvent/Ti(OR)4 mole ratio was 7.83 for Solution I of ryypo =0
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Figure 2.4 Dependence of thickness on HPC/(TiO2 + HPC) mass ratio for the films prepared on

Si(100) substrates from Solutions 1.

The films were cracked (multiple sign) and not cracked

(crack-free) (filled circle) during drying at 120 °C.
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Figure 2.5 \Variation in in-plane stress of the gel films prepared on Si(100) wafers by spin-coating

from Solutions I of rpc = 0 (open circle) and 0.2 (open square) during drying process.

spinning rate was 6,000 and 8,000 rpm for rypc = 0 and 0.2, respectively.
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Figure 2.6 Relationship between refractive index and HPC/(TiO; + HPC) mass ratio of the films

prepared from Solutions | on Si(100) substrates.

Table 2.3 Pencil hardness of the films deposited on Si(100) substrates.

Solution I'ype THCl  THLO Pencil hardness
Solution I 0 0.3 1.13 3B

SolutionIII 0.2 0.1 038 F

Mpe = 0.2 DU B AR L 7230 O T B RIS AL, ape = 0 DRI B (ERY L7230k
NGRS & e L TREVLEERRIC B WL T/hE o T,

FR 5 &= B 0.5 - 7 em mint CERL U 72 RO R TR A [X] 2.6 2R T, 7272 Ly
R Y 7Y A — 2 2N THE LTz, fpe DRI E & B0, JEITERNMET Lz, %
HlRIHRIHE 6000 — 8000 rpm THERY L 7= MUBGEAR DS Emi 2 K 23 1R T, ype =0 O
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(b)
Figure 2.7 FE-SEM images of the films prepared on Si(100) substrates from Solutions Il of rc =
(a) 0.1 and (b) 0.3 by spin-coating at 8,000 rpm.

Wem HAERL L 7= 30E K D B rype = 0.2 DV & 1EBL L 7230 778 SRR HE A K 2 V2 =
ERDIND,

3-2 HCl D% #:

fli 2 O ED HCl 2 & A9 % Solution Il DAME A 3 2.2 1Z~7, E/LEH HCITI(OCsH7')4 (B4
T rye) =0.03 LT THHE ¥ L., ryg =0.05 UL - CIRRITIEAEH Th o 72, ElalEE
FHPE 8000 rpm THREEY L 72 KD SEM B 2 X 2.7 1R T, ryg (8203 BT ik 13
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Figure 2.8 UV-visible optical absorption spectra of the films prepared from Solution Il on silica
glass substrates by dip-coating, followed by heat treatment at 120 °C for 24 h. The substrate
withdrawal speed was 7 (ryc = 0.1) and 4 cm min (ryq; = 0.3).

B TH Y Wil ITRAEK 30 nm 2> 6 72 DRk DBIER S AT, kG & L3 4 KOV 7 em
min CYESRL U 7 HERSTR0RE OO RTS8 AN B A 7 RV [ 28 1R T, g (S0 &7
JRIZ A CHZATH Y | AT FVITIFIRIEORE WY » TR LN, 1y =03 D
VIR D> B AR U 72 B O AME COBBBROWANT, [FIEL 0.1 OWEIK ) B 1ERL U750k &
L ThTnicaTdhoTo,

Solution 1l 7> 5 £k 5| & _EF I 1 - 10 cm mint TYERL U 7= R O R 2 1 2.9 (2R
T 2L MR OXITRREOECREORES | @ITBHDOAELT THARWFEOESTHY |
L 5 b R EHL & 32 O THIE L7z, g PRI E & 10, IRFUSE AN Lz,

Solution 11 7> & FEARBIHESEAE 8000 rpm TR L 72 #ifERUB O NG /) 2211 2.10 (2779
M \CRED B IR CRNBIIEISANIEE L TE Y | SRS TR 5 885/ 23 m L
120°C TOSERMAFRREL K ORIRIREEIZB W CHNS RIS NTEE—ETH o7, ryg =
0.3 DI S AER L 72 3UB O =R TORMN G IRIEINE, ryey = 0.1 DIRHED HIER L 723K
BHOEMNBIIEIS A L B LT/ S D o7z, Ln LR b, rye = 0.3 O bR L 73
BEO T DA AIRIERR I W TR E VIS IR Z R Lc, R & LT, £ 40°C TSI K/)
BRI ALV | 40°C LL E Tl ryg = 0.3 DIEIRD HAERL L 72300 538 K & Wi N5 |
RIS 1% bDZ Lol
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Figure 2.9 Dependence of thickness on HCI/Ti(OCsH7")s mole ratio for the films prepared on
Si(100) substrates from Solutions 1. The films were cracked (multiple sign) and not cracked
(crack-free) (filled circle) during drying at 120 °C.
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Figure 2.10 \Variation in in-plane stress of the gel films prepared on Si(100) wafers by spincoating
at 8,000 rpm from Solutions Il of ryc; = 0.1 (open square) and 0.3 (open circle) during drying
process.
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Figure 2.11 Relationship between refractive index and HCI/Ti(OCsH-")4 mole ratio of the films
prepared from Solutions 11 on Si(100) substrates.

FEMBIE B 1 - 9 cm min TYERL L 72 et o R R &2 X 2.1 12Rd, 72720,
EHREIE T Y XL T 5% AOTRHIE Lz, fag OHME & B IS EFTRN LT, HEA
[F]di5s A 8000 rpm CERE U 7o i IRRURE DSl L 2 5% 2.3 127, ryg) = 0.1 OISR HAE
U730 K D 1o = 0.3 OWEIN B IEBL L 72 30BH D 5 SR EERRFE VK 3 N 2 & Vb B,

3-3 H,0 D3

fill 2 DED H0 %5 A9 2 Solution 1 DAL A 3 2.2 1T, /L B HO/Ti(OC3H7Y)4 (A
T o) = 151 BLEDVERIZZ AL L. 1y o= 1.88 OB 24 h INIZEIRIZ Y Ak LTz,
FAR[E1850A 6000 — 8000 rpm THERL L 72 ik SEM A 21X 2.12 IZ7R T, 1y o (2070
OOPRENT G TH Y Wi lZIZTREK 30 nm 2> 5 72 2N BIR ST, BRGIE b
FEREEE 1 -7 cm mint TYERE U 72 IREURE O FIAL-SRAbdi A <7 b L2 X 213 1SR T, ry
22300 BT PRI CEATH Y . A7 FVZIRIBORE WY v Z AR E L
72

Solution 11 75 FAk 5] & EIFE#E 1 - 10 cm mint TYERL U 72 SR O FE 2 X 2.14 12
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Figure 2.12 FE-SEM images of the films prepared on Si(100) substrates from Solutions Il of
N,o = (@) 0.38, (b) 1.13 and (c) 1.51. The spinning rate was 6,000, 8,000 and 8,000 rpm for r,

=0.38,1.13 and 1.51, respectively

R, 2L, MHAOXITRHEOEUEEOES, @IFAXDAELT TV RWEOEXTH
. EH 5 bMEERERE S #HE O THIE Lz, ryo ORIINE 2 HIT, rue = LLET
PRFVEIEZIIHIN L7223, ryo = 11 COMKMEEEE L LT, ryo OHINE &b [T IRRE
I LT,

Solution 11 7> & FAk[A1#55HE EE 6000 — 8000 rpm CTERL L 7= skl oo NS ) % 14 2.15
(CRT Y Tyo A hvb B SR CHE NGRS A RAE LT Y, SRR CEi i3 35 /)
DAL, 120°C CTOZRAFRRR K OPERIBRICB O CHNS RIS IXIEE—ETh -
720 Tyo = 0.38 DI HAFR L7 EIRICH W Tl b RO NS RIS 2R L, &
TSR W RIS H NS RIS S 2380 L 7223 8 45°C IS 1 OEMA R b 7e < 72 o
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Figure 2.13 UV-visible optical absorption spectra of the films prepared from Solution 111 on silica
glass substrates by dip-coating, followed by heat treatment at 120 °C for 24 h. The substrate
withdrawal speed was 7 (ry, o = 0.38), 7 (ry,0 = 1.13) and 1 cm min (r, o = 1.51)

72o ZAUTKE L CIAlLL 1.13 KON 1.51 DR b ER U7 30RH T, RV i NG ) & 2BIR T
DHOO, FHREERICEBO TRRSCHRENG RIS OHMZ R L, ryo = 113 OWEEN D
PRI U7 R0BHEHY 120°C T\ ry o = 1.51 O b AER L 72 5UBH A 95°C T, ry 0 =0.38
DY HIERL L7308 - AR ED NGRS N % b o7, ZORE, o = 1.13 ORIK
BRI L7Z30BHT, 1y o = 0.38 DI D B AR L 730k & [RIFREE O N 5 9RIE ) 2 5
(REBEE, MERBRTH B, — 7, ryo= 151 OIS ER L= 30EHT. £9 95°C T ryq
= 0.38 DR HAFR U 72308 L mNG RIS ) O KR/ NBIRA A L, b KE WG
%&b BTz, E72. ryo=113 & 151 OWRN OIER L 723k & i 5 & il
M B#) 60°C FE CTIEFRRREOHENIIRIG N Z b o738, 60°C AL Tl ry o = 151 DR S
TERUTZRB O DR E VISR EZ B H, TORR, ryo = 151 OWEN HIER L7
REFD T B 1 0= 1.13 DA HAFRL L IZ3EE L bR EWENSIRIE & b o7,

G E BTEEE 1 -9 om mint TR U 72 SR O JR TR 2[4 2.16 (ZR”d, 7272 L.
TR T U XA T T % FANTHIE LTz, fyo KDL PRITRITZ—E Ch -7, MK
[F]58 5 6000 — 8000 rpm CERY U 7= SRt O gnaE i i 2 3% 2.3 12 ¥, SR L ry o
= 0.38 DR DAER L7238 TR b R & <\ ry o =113, 1.51 OEHEH b AR L7125k T
IZ6B LT E/hENZ LNz,
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Figure 2.14 Dependence of thickness on H,O/Ti(OC3H")s mole ratio for the films prepared on

Si(100) substrates from Solutions I11.

The films were cracked (multiple sign) and not cracked

(crack-free) (filled circle) during drying at 120 °C
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Figure 2.15 \Variation in in-plane stress of the gel films prepared on Si(100) wafers by spincoating

from Solutions 111 of r,, 5 = 0.38 (open square), 1.13(open circle) and 1.51 (multiple sign) during

drying process. The spinning rate was 6,000, 8,000 and 8,000 rpm for r,, 5 = 0.38, 1.13 and 1.51,

respectively.
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Figure 2.16 Relationship between refractive index and H,O/Ti(OC3H7)4 mole ratio of the films

prepared from Solutions 111 on Si(100) substrates.

3-4 TaFxy REROVEBE OO F

FaDOFH T akxy RHL/ER L7 Solution IV OB % 2 2.2 (12”5, YA HE(C.HsOH,
i-C3H7OH, n-C4HgOH) & 7 /L =1 % 3 F(Ti(OC2Hs)a, Ti(OCsH7)a. Ti(OCsH"a) DA A A o
WZ0b B9, WIRITEAH TH - 72, Solution IV 7> 5 HE#k 5| & EIF3#EE 3 - 20 cm min
TIERL U725t O R L R TR 2 (X 2,17, 218 122N d, PO XITRADEL =
HEOEE, @IFAHDAEL TWRWEDEXTHY, &6 5 bif#tFRKm S F% HnT
HEL7, ARVSTRRDEL TCWRWEDFEER NEITRTHY . zhthxz) 7Y
A= RORT YN ZLN 7T % HWTHRIE Lz, I (CoHsOH, i-CsH/OH, n-C4HgOH) & 7
Jb 2% R(Ti(OC2Hs)a, Ti(OC3H7)a, Ti(OC4Hg"a) DFAFA A HHIZ 23030 & 950D BRI
JEIRIZFEZE L < 600nm LD HA L/NE o7z, BITERIZ, CoHsOH F 721% Ti(OCoHs)s % i
L TERL72BHI B W TORE Do T2,

e OT v a— L EEEEE UTIERLL7- Solution V OB 2 2.2 1273, WTIhoT
N — )L EFEEE L THIRRITEAEN CTh o7z, 7272 L, t-CiHOH Z A& L a—7
A ¥ ZHEOREEITIER 25 < | RiERE O R TRIBED A U A FRIE 21T 2 8o T,
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Figure 2.17 Dependence of thickness on various alkoxides and alcohol (solvent) for the films
prepared on Si(100) substrates from Solutions 1V. The thickness of crack-free films were
measured by surface profilometer (filled circle), ellipsometor (filled triangle) and prism coupler
(filled diamond).  The thickness of cracked films were measured by surface profilometer (multiple

sign).

Solution V 7> & HArg] & EIF3E 3 - 20 cm min? TYERL U 7= B O I & TRk %2 X
219, 220 1T 7, MHFOXITRAAEOAEUIZFEOE S, @IFARDA L TWRWEDE S
Tho, EH0HMHAREMIFZHNTHE L, ARUDOITRRADAE T TV E
DFEEXR WVEFETHY  ZnEh=) Y A—=Z2 N T Y XLH 77 2 HWTHIE LT,
sec-C4HoOH S 1Y i-CaHoOH Z¥aht & L CTHERY L 73RO BRFVELRIE 700 nm T v M ¥
BEZ A U ORI U 72 3R) & el L TR & o 72, 7772405 CoHs0H, i-CsH7OH, n-C3H70H,
n-CaHOH Z st & U TR L 72 5B0E D IRFUBE 35K 600 nm, CH3OH Z it & L TR L
T FBED FRAIRE 13T 500 nm & /NS o7z, CoHsOH ZEsE & U CERE L 7230BHE s s

40



N
N ol
|

=
O
T

>

Refractive index
>
>
>
>

=
(00]
T

=
\]

Ti(OC_H,),/C,H_OH
Ti(OC_H,),/C H.'OH
Ti(OC_H_}),/CH_OH
Ti(OC_H.),/C H_'OH
Ti(OC3H7i) ,/C,H,"OH
Ti(OC H 9”) 4/C3H7'OH
Ti(OC H 9”) ,/C,H 9”0|—|

alkoxide/alcohol

Figure 2.18 Relationship between refractive index and various alkoxides and alcohol (solvent) for
the films prepared from Solutions IV on Si(100) substrates. The refractive indices of films were

measured by ellipsometer (filled triangle) and prism coupler (filled diamond).

Rz b b, ZRLSOREIO BT RITIEZR CTh o7,

4. B5
4-1 HPC & D%

Solution | 7> & A/EHRL L 72 HE DR FUEIEIL rype OGN E & HITHIN L72(1X 2.4), T 72b
B rype PHANE & H1T, 120°C TOHEEFE TRAEPFELIZ o7z, 120°C £ T
DOFIREFE, DV ML 120°C THREFT 28R CHRAET 2 ENG RIS BNAZREDHKF T
HD, M25 RN X DIZ, FRERICEITDISOERE, 7o b I H ISR & F
RSB TOR AL, rype = 0.2 OYETEH B IERL L 72 7 D518, Fope = 0 OYETEH
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Figure 2.19 Dependence of thickness on various solvent for the films prepared on Si(100)
substrates from Solutions V. The thickness of crack-free films were measured by surface
profilometer (filled circle), ellipsometor (filled triangle) and prism coupler (filled diamond). The
thickness of cracked films were measured by surface profilometer (multiple sign).

(ER L 7= 7B E 0 /NS <, SO T LD, rype OHIINC & B 72 5 IRREE O K D JFK <
b5 EHWTE D,

NG RIS, BEARFR IR S AV IR BRI D 7638 & KM BOSIZ K 0 . NI
FTHIHEL & 5 & T B720IC LT H[7], HPC IZAHEE DT T 5 72 DI M @ <
EOREERER AR T 2% % >, £7-, HPC ® OH ®dH 5\ L C-0-C ik, 74 /%
YR —bDWNITF ¥ =7 F /KA RED SO Ti-OH £ & KHEREA L, Ti-OH JE# T
DR S IEDEATE Y ET HBE 2 b0, ZThHDBEIZL - T, FEERICHITS
WS DERER T & N AR & FRRFFBFE T OIS DAEAY HPC DIRANT K - T
SINTbDEEZX LD,
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Figure 2.20 Relationship between refractive index and various solvent for the films prepared from
Solutions V on Si(100) substrates. The refractive indices of films were measured by ellipsometer
(filled triangle) and prism coupler (filled diamond).

AT, ZHMEICE AR E S OB AT X > THBEOMEE X35 & —RIIET
BENDH, AFZETIER L2 BV TIE, fype & 0 205 0.2 [CHE0T & SRAERs L 3
AR L72(3% 2.3, Solution 1), Kusabe % % HPC-Ti(OCsH7)s—H,O-HCI-C3H/OH 1A 7> & 1
BENDNA TV v NEBEOSER L rype = 0.2 TRAMME 725 2 L 28M LT 5[4
ZOJREIZIA S 3TV, HPC RO I EZ b o>F & =7 F Jhif bkt %
LERTH LD L, HPC 2V EIRINT 5 Z L2k > T, FH =7 F /hifMoT M
Z HPC 23D | ZOfER, HIROBINE NI R LI fREMED & 5, Zhao HIE IR I A Y
R VEIELZ &> T, Ti(OC4He")s-HPC-HNO3-H,0-CoHsOH ¥4 1 ¢ HPC D77 /L =1 % B 7%
BRER L. TiJRFICENLT D 2 & ZORER, TiO b+ DOEEN T HiLd Z & ZH H)NT
L7z, B, 25 OmiEm» H/ER L, 500°C ThERL L7-IRICIS 1T D RifkiE, HPC & &
HIZWA L72[8], Zhao HDLLEDFERIT, 74 =7 & HPC DA 7V v NMEOiafE TF
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S =7 F 2 RF ORI U Z ORLFR O+ & B HPC 2T TET 2 ArREME 2 3R 2,

4-2 HCI s D 2h R

Solution 11 2> & VESL L 7= RO BRABIE T ryq ORI E & B I2hd L7 (K 2.9), X2.10

ZROND & 9IS, FIVIROFEIEIE TOmNGIHRIE ORI rye = 0.3 D7 ryg
01i@%k%<\:Mﬁnm@%mmﬁ9ﬁﬁﬁﬁ®ﬁ9®ﬁﬁf%é&%méhéo
FARARFRIZ I D NS BRI OB rye DEEINE & HITH KT D2D1E, ryg AR E
WHD, FREFE CIRABE L LT We EHEII SN D, 2o Lid, JEITE, S
JE. SRR ARZ FLb bFH RS, T8 5, 120°C THzME L 72RO JE iR & 6
SRR LE L ryg O¥INE & BITHIR L(X 2.11, % 2.3, Solution 1), HZEIED JERIL ALY
RNV DEEINTIZIN T, ryg =03 DD ryg =01 KV b al/emd 2 Rr L7z(X28), =
NODHEEL, ryg BOKXWVHREBEOBENEND &, S 50T, HEERE TR
BEALDOEITEAS VR E VAR S 5 2 L AR LT\ 5,

Mol K & W DS FAREFR I 35 1F B IO BELASENT Lo & AU, 2 RN
73 Kallala 5 (3 Ti(OC4Hg") % ff & DI D HCI % & Tk T TR R « Ma B s T 5 2
LI TN LB &S T4 SAXSHIET S Z LIk - T, HCHREDHEMZ & b 72
W, BRSSO A RE T T 7 ZARGENED T H T L EHE L TVWAL9, 10], FEEE,
R D SERIL A A7 BV 2.8) 1238V T ryey = 0.3 DFidd ryq =0.1 £ 0 b @k e %
AP &R, TIO KL TR HCL & & & I35 2 L 2R LT D, BB /hE N
ERARD/IESL, SHIT, RFERmO Ti-OH ZOBRE b K& < b7, FRiERE T
BEOCHET LT W, Thb b, BEAEEN LS TR DR H 5,

S HIZ, HCl BEDINE & BIHBENHD LR AV v 7 bD LD eEXD L,
FSEIRF DB L0 A 72 b D L IR D RIRENVED B D, FHRIEHRE CHREOE NG I FHAET Dk
HE, BEOHEMNIZEET B OTHREBED Y > VROETHH -0, BERL D E TH- T
Y 7RNETIUE, D5, FRIERICET 2ICOHMRIIREL 8D, ZOZLEb
F7z. HCl EOHINE & & IZHIBFRIC BT DS OHEIMENREL R FRD 1> L%
bbb,

4-3 H,0 B D% R
Solution NI 2> & fER U 72 IR D BRABIZIE, 1o OIIIME & BT, 1y =038-113 T—

HIIR L, ryo=113-151 THA L72(X 2.14), RIEED Z 0 & 5 78 ry o ke E, 7
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JVIRDFIR, « SRR FRERE TO WIS ZILOBLE N BT 2,

ET o DHEIME L BIZIRFFRENHIR LT ry o = 0.38 - L13 DHEPHIZHOVWTTH D
M\ o =038 35 KT 1.13 O DA L 7= 7 VRO FRIETR T DG D2 b % Fige 9
% & (14 2.15), ryo=0.38 TIZAI 45°C F TOFIERE TRIRIE I OHRAAB RS20
UL ryo = 113 TIEFREE TOI OHMDBFES» Th > 7, SRR TORERIE
HOBMB, 10 = 0.38 DN B ER LTz S MBEORFBIEE /NS < LI b DL EZ S
ND, rho B/ hSWnE | TIO BRI ALV IRIFEED/NSWRY AV v 7 72bD L7210 &K
LENNEL ZORER, FHRIERICE T DM ISHERRLT K RN H D, 2
S 10 = 0.38 DI O AR L 72 7VIES . SRR T & 0 287 O¥NZ =7
KThHdHLEXLLND,

WA, o PEINE & HIZIRFYEIRDSHER L7z ry o = 113 - 151 OISOV T TH D
P Tho = 113 38 KLU 151 ORI HAERL 72 7 VIO FREFE TOIS AL 2 i %
Y\ o = 151 OWEH S EM L S0 48, FHRIBR TORIRMERKE <,
72, 120°CIZBITF DIENBRENT ERPHN L (K 2.15), ZDZ LD, o= 1.51 DEE)
OIFR L DIRAEEN NS S o T F R Th D LHERE SN D, K22 ITABND LD
(2. WO T AR RIE ry o O E & BICH LS e oTo, ZHUE, ry o DIINE & 62T
NAXy ROMKRZEORENRE <Y, TOGMEEIICOEITES W RE DT
HEEZBND, TIVEZENTH, ryo BREL<, OH £ROBALTHE, FiiEfkE T
M PUSSHEIT Lo K R D ATREMENR D D, £z, KIZT Vv a— L I 0§ REWRERS
ZHoled, WEHAERETRAETLIBENZRS ST DI EZ LN, ryo BKE
FIVUT T NERI AT T D KO BES L R0 | TR D OEEZIBRE CTRAET 2 EE
HIKE 72 B AR B By ZIUDH 1y o = 1LEL OFHEA B (ERL L T2 Z L0 SR
TRATDIENB, ryo = 113 OWEEN HIER LI A ABOETN LY K E o 7 FIE T
T EHEER SN D,

4-4 TR O V23X v ROFEO R

WL 7 v a3y RORA OfAEE % $ - Solution IV 2> 5 /ERL L 72 #1550 [R5 S
X, IR T L 3 v ROFEIZ X O TURIEE Lo 72(X 2.17), £7-. Ti(OCsH7)s & fii 4
DA R AEH 72 Solution V 2> b VERL L 72 MR O BRFUBIE 13, sec-CaHgOH X i-C4HoOH
RIS UCERL L7854 . CH3OH, CoHsOH, i-CsH7OH, n-C3H7OH, n-C4sHoOH % ¥t & L
TERL7ESGE X0 b RED-T2(K2.19), [RABIZD K E WEEH 2 7V O Bz 7>
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Figure 2.21 Litarature data of the sutface tension of methanol (blue line), ethanol (red line),
n-propanol (green line), isopropanol (orange line), n-buanol (purple line) and isobutanol (black
line) [11].

LEZDHE, TAIT—LOEWIEILT LT — VDR EFFERLINT L, T a—
HIKDIEFEE G H LT D, KiZTa—Lkn b REWERENZ o0, IBHAS
WETRETLIEENEZRELLTDITL6EE LD, ThDL, T/a—LOWEREN
EET N T— VOB T HRKOEREMEE SN D T2, (T va—v + K)OFEH
AN ESL B EZLND, £ LT, T/a—/LOREEND/NIWIE EEBEOFRE
RN EZNEZ ZHID, X 220 AL T L 72 7RI (CHsOH(F #1). CoHsOH(RAR).
N-CaH;OH(fEAR). i-CsHOH(FEHR), n-CaHoOH(2R#R). i-CaHeOH(EEAR)) D £ 3R /1 & 7737 [11],
221 MHbnb Xk oz, E#EOT V3 —/1(n-C3HOH, n-CaHeOH)IXEE T 7L =
—L(i-CsH/OH, i-C4HoOH) & bt L CREIE IR K EZ VY, Fo, FHOEINEWIZLE,
T A=) O RIEE, TRbE, REENPES BEPEWEETH 5 i-C4HOH
A LR U 72 D[RR 1T R & <, —FH T, REEDDE S PR MRV BT
Td % CHsOH i ] L TR L 7o D RIS < o Tc b BEX b D,
JEPTERIE CoHsOH X° Ti(OCoHs)s 235 Z L1 L W K& < 7o o7z (X 2.18, 2.20), —fi%
W7V ax Y RTi(OR), E BT ax v VER 2657 /b a—/LR OH ZiE & 45
&L RQITARTENL T RBSENAET D,

46



Ti(OR)s+ R OH — Ti(OR)3(OR ) + ROH: -+ -veurererineiiniineinnn, (3)

Bl ZIE, CoHsOH ZEIEE T 23K P CIZ7 v afy RO, Trax v Eo—#HiRz b
VEE(OCH)ICEE#a D, T ax VRO A ANRRAEEA L EO )/ hEIWEET ¥ =
TRAFHO THREIImVEWVR, T205, HEEhO TiRER, = PR &2 00
THRbmEm<RDLEBEZLN, INBEFEICEWVETREZ 52 5FKTH D LHEINLD,

fix O E b HOFZ T axy -k Fux 7 e /lb/L i — % (HPC)-HCI-H,0-
TV 3 —VEEHE S HPC-TiOz A 7'V v R Z ERL L | [RAUEIE & TR 2 i~ 7,
Ti(OC3H7)4-HPC-HCI-H,0-i-C3H;OH ¥R 70> H AF R S 41 2 IR I 35U VT L ¥R 0 HPC &
e & HITEDORAMZ I L. JRHT=RITME T L, HCl &N E & HITIED BRI
JEIXREA U, JErRI3iin Uiz, £72, Wi o H0 0¥ E & b ITIEDOBRAEEEIT—
HgmL, 2o%Ed L, £, BEORETRITIIE—EThH o7, RIFEEOHEMII, H-
{RLRF S O 120°C TOMREFRF IS 1T D I G IRIG ) AR MELH IR OIK TIZ L - T, IS
BADECIZ S ol EZX bID,

F B LT L% L R(Ti(OCHs)s, Ti(OCsH7Y)a, Ti(OCaHg")4) & 7 /b =t — L (CH30H, C2HsOH,
i-CsH7OH, n-C3H7OH, sec-CsHgOH, i-CsHoOH, n-CaHeOH) % fHL Aot 7= iR 0 HAERL S
% HPC-TiOx A 7Y v REEICIW T, [RFVEIEIX, 70 =% > ROFBIZIIEAE S
DTS K> TORIW L 7o, £ DIRAFFEIEIL sec-CaHoOH K VY i-CaHoOH Z it & L
T CRbLREL, 700 nm THhotz, iz, 7/haxy KELTTI(OCHs) 2. &
X LT CoHsOH M L 7= & XTI D Em o T,
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BTN L mOVEITR A A D b OMEIOERIZREECH D,

FI3E TR, EITROBEWARE S TE2EA SED Z &< Bz b o8 L
PrRAHE - it 7Yy FMEZ RS 2 2 L2 RIS LTe, ZOHM - B ~( 7
v MMEHE, A FICE > TEMiSNERIAF Y A X L— bbb bDT, KU A
FYAZ L= EPREWETEEZM S, RUAXY A XL — NOREEZ AW+ TES Z &
2L o T, RYAFYAZ L — MNEOHEA OS2 IHl L, IR Ok Z2 ET 5 & &b
IC RV A% Y AZ L— MDA ZB V(T 7 > T AT — LA E L, FRIC L - T,
B AZ FREL 35, ZORIZBWTARETIRET 54 7 U » FHEHIFT LV,
5 3 BT, EHIR ORI MR 2 0 D AR OREEEDS AR - BN T
U REPEFOBAATEME DA A IRRE L 5 2 DR 2D & & bic, ZOEICD
WTHET 222 E Lo, RBEMRE S L CEETER/IFTCEL2F &, Y=
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2-1 Bt /ER

BRI E LCFZ T b T4 Y Frix s R Ti(OCH ) (FIOEHMSE T3, 5225 b5
-N-7 hF 2 R Ti(OCHMa(FIEHIZEE TN Z TiJH, Vv a=U AT b 7-n-7vRF2 K70
Wt% 1-7 1178 ) — LG Zr(OCsH ) a(Aldrich )% zr i, S 2> b U A YV FaREs |
La(OCsH7)s(iili AL AR JE T HY), AiE 7 > & o () A/KFn4) La(NOs)s + 6HO(Ft i T
i % Ln R, FERRHER —/KFI4) Zn(CHaCOO)2HO(F ik T 3640) . Rl M dn /< K Fnd
Zn(NO3)s=6H O(FOEHISE T 2 Zn Y & L. AHIIN & LT, Frle (Frot sl T2 8)
L RAEBRFDCMEETHR), ¥ 7 = = VFR(FDOEMERE TR, 72 F 7 & b o (Fahis
T8 DIF Pen24 %7213 acac), 3,5-~7"% > A (Aldrich ., LLF Hep35), 1-7 = =/L
A3-7H U (RS TR U PhBul3 £7-1% BzAc), 13- 7 = =/L-13-F /3
VI (BFALEE T3 LUF DPhPri3), 1-E /LR U/ -1.3-7 % o VA o (B bk T3
LI MphBul3), X LB TEEM), 13- 27 a~FH o P o R T35,
R A NVEEER TV FEUER TR RFBEFEDEMIETER), oLy MO bR T3
), vm 7 I FORUER L¥ER), 7 = KR TR N-E=1-2-t' 1
U Ry FnehigE TR, =F Lo 7 ) a— L (FIeisE TR, 15-7 7 7 v -5-m—F )L (K
FALR R, ~ v R Y -tert-7 FOL(RDEHEE TR, 4V FAT7 /7 b FEDEHEE T
RN E Nz, REK, 10%E 720 28% 7 =T AKFEDEME T3 2 Hv, A% ) —
Jb CH3OH(FEHE T35 = % /) — )L CoHsOH(FIYGHIBR TR, 4 Y Fr e T L a—
IV i-CsHOH(FIS MR T3EMY) | 2- 2 b F > & / —)L CHsOCHsOH(FIEAiE T3 8Y) & 72 1%
7t k¥ CHsCOCHs(FIEAIE T3 D W2 falt s L, & 3.1-3.6 [T HRKD 2 —
T4 WA BLITRTFIAT, o, 37T KO8 ITRTHEDa—T 1 7K AKX
BT FIRTENENHAH LTz, T7200, WEICHERIR L GRIRINMEINZ, 78K
FAIT =T AKRE A THEE L, BIBRIKR & U, BB T CHTE O - RERIIAE L |
a—T 4 U TRE LT, T2E L, U NV A YT aRR Y R HO & ORISHEDFIER
2N HLE Ny T AT o 72, Si(100), A9 T A, YV —H[IRHT T A% HMRE L,
=7 o TR RIS RIS, E2iEL Si(100), ATEA T A A HAE L, Ak
[Al#AE FE 1000-3000 rpm D & TAE Y a—7 ¢ > 7 L, /NUEIRT v > /N—(ESPEC #,
STH-120)% T 100 — 200°C D225 HC 10 min §#i& L. alkl& Uiz, LAE, ik HbIcim
TUTERLUZZELZ TETEE, Avra—TF7 4 7 T/Roneilblz a—F70 07
ek &R T D,
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Table 3.1 Compositions and concentration duration for the titanium alkoxide solutions with various organic additives.

Solution Ti(OR)4 Organic additive Solvent Mole ratio Concentration
Ti(OR)s Organic additive H2O Solvent  duration at 80°C/min

Ti-a Ti(OCsH7)s  N-Vinylpyrrolidone None 1 2 1 0 0

Ti-b Ti(OCsH7)s  Acetic acid CsH7OH 1 1 1 4 0

Ti-c Ti(OCsHg»)s  Benzoic acid CHsCOCHs 1 2 0 20 20

Ti-d Ti(OCsHg»)s  Benzoic acid CHsCOCHs 1 2 1 20 10

Ti-e Ti(OCsHo»)s  Diphenylacetic acid C2H50H 1 2 1 40 0

Ti-f Ti(OCsHo»)s  Diphenylacetic acid CH:COCHs 1 2 1 20 30

Ti-g Ti(OCsHo»)s  Diphenylacetic acid CHsCOCHs 1 3 0 20 20

Ti-h Ti(OC4Ho")s  Benzil CHsCOCHs 1 2 1 20 0

Ti-i Ti(OCsHo»)s  1,3-Cyclohexane CHsCOCHs 1 2 1 20 50

Ti-j Ti(OCsHo»)s  Ethyl benzoylacetate CHsCOCHs 1 2 1 20 40

Ti-k Ti(OC4Ho»)s  Urea CHsCOCHs 1 2 1 20 0

Ti-l Ti(OC4Hen)s  Urea CH;O0H 1 2 120 0

Ti'm Ti(OCsHem)s  Biuret CH;COCH3 1 1 1 20 0

Ti-n Ti(OCsHgn)s Malonamide CHsCOCHs 1 2 1 20 0

Ti-o Ti(OCsHgn)s Malonamide CHsOH 1 2 1 20 0

Tip Ti(OC4Hg")s  Citric acid monohydrate CH3COCHs; 1 1 1 20 0

Ti-q Ti(OC4Hg)s  Ethylene glycol CH:COCHs 1 2 1 20 0

Tir Ti(OC4Hon)s  15-Crown-5-ether CH;COCH; 1 1 1 20 0




Table 3.2 Compositions and concentration duration for the titanium alkoxide solutions with various p-diketones.

Solution B-Diketone I [-Diketone II  Mole ratio Concentration
Ti(OCsHgn)s  B-diketene I B-diketone II ~H2O CHsCOCHs duration at 80°C/min

Ti-1 Pen24 None 1 1 0 1 20 70

Ti-2 Pen24 None 1 2 0 1 20 60

Ti-3 Pen24 Hep35 1 1 1 1 20 70

Ti-4 Pen24 DPhPr13 1 1 1 1 20 40

Ti5  Hep35 | None 1 s 0o 1 20 e
Ti6 _ Hep35 | DPhPris . LS Ll L s LS. .| F
Ti-7 PhBu1l3 None 1 1 0 1 20 50

Ti-8 PhBu1l3 None 1 2 0 1 20 50

Ti-9 PhBu13 MphBul3 1 1 1 1 20 40

Ti10  PhBul3  DPhPr3 1 L L 120 50
Ti-11 DPhPr13 None 1 1 0 1 20 30

Ti-12 DPhPr13 None 1 2 0 0 20 50

Ti13  DPRPri3  MphBuld 1 L Lo L2030
Ti-14 MphBul3 None 1 1 0 1 20 40

Ti-15 MphBul3 None 1 2 0 1 20 60




€¢g

Table 3.3 Compositions and concentration duration for the zrconium alkoxide solutions with various B-diketones.

Solution B-Diketone I [B-Diketone II  Mole ratio Concentration
Zr(OCsHm™): PB-diketoneI B-diketoneII =~ H20 CH3COCHs CsH»OH  duration
at 80°C/min

Zr-1 PhBul3 None 1 1 0 1 20 2.33 30
Zr-2 PhBu13 None 1 2 0 1 20 2.33 30
Zr-3 PhBu13 Pen24 1 1 1 1 20 2.33 30

Table 3.4 Compositions and concentration conditions for the lanthanum alkoxide solution with BzAc.

Solution Solvent Mole ratio Concentration condition
La(OCsH7)s BzAc Solvent H:O NHs; Temperatire//C  Time/min
La-Al CH5COCH3 1 2.5 25 1 0 80 30
La-A2 C2Hs0H 1 2.5 50 1 0 175 120
La-A3 CHs0H 1 2.5 50 1 0 175 120
La-A4 CH3;0C2H50H 1 2.5 25 1 0 150 120
La-A5 CH3;0C2H50H 1 2.5 25 10 1.2 175 120
La-A6 CH3;0C2H50H 1 2.5 25 10 3.7 175 120
La-A7 CH3;0C2H50H 1 3.5 25 1 0 175 120
La-A8 CH;0C2H50H 1 4.5 25 1 0 175 120
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Table 3.5 Compositions of the lanthanum nitrate solutions with various organic additives.

Solution Organic additive Solvent Mole ratio

La(NOs3)3*6H20 Organic additive Solvent H:O NHj;
La-a Di-tert-butyl malonate CHsCOCHsz 1 2.5 25 10 3.7
Lab _____] Di-tertbutyl malonate CoHsOH ___ 1 _______________ 2.5 . 50 ______ 10 3.7 __
La-c Benzoic acid CH3COCHs 1 2.5 25 10 3.7
Lad ____Benzoicacid C:HSOH 1 . 25 s 50 ... 10387 .
La-e Diphenylacetic acid CH:COCHs 1 2.5 25 10 3.7
Lat ____] Diphenylaceticacid = CoHsOH 1 25 s 50 ... 10387 .
La-g Salicylaldehyde CH3COCHs3 1 2.5 25 10 O
La-h Salicylaldehyde CH3COCHs3 1 2.5 25 10 1.2
La-i Salicylaldehyde CH3COCHs3 1 2.5 25 10 3.7
La-j Salicylaldehyde C2Hs0H 1 2.5 50 10 O
La-k Salicylaldehyde C2Hs0H 1 2.5 50 10 1.2
La’l ___ Salicylaldehyde | CHOH 1 25 s 50 ____.: 10 37 .
La-m Ethyl benzoylacetate = CH3COCHs 1 2.5 25 10 3.7
La-n Ethyl benzoylacetate = C2Hs0OH 1 2.5 50 10 3.7

Concentration temperature: 80°C

Concentration time: 30 min
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Table 3.6 Compositions and concentration duration for the lanthanum nitrate solutions with BzAc.

Solution Mole ratio Concentration duration
La(NO3)3*6H20 BzAc H:0 NHs; CH3COCHs; C:Hs0H at 80°C/min

La-N1 1 1 0 0 10 0 30

La-N2 1 1 10 0 10 0 30

La-N3 1 2 0 0 20 0 30

LaN4 1 3400 34 0 0
La-N5 1 2.5 10 0 25 10 30

La-N6 1 2.5 10 0.59 25 10 30

La-N7 1 2.5 10 1.2 25 10 30

La-N8 1 2.5 10 2.4 25 10 30

La-N9 1 2.5 10 3.7 25 10 30

La-N10 1 2.5 12 4.8 25 10 150




Table 3.7 Compositions and concentration duration for the zinc nitrate solutions.

Solution  Solvent Mole ratio Concentration
Zn(NO3)3*6H20 BzAc Solvent NHs time/min
Zn-N1 H20 1 0.2 20 0 60
Zn-N2 CHsCOCHs 1 2 20 0 60
Zn-N3 CHsCOCHs 1 2 20 1 60
Zn-N4 C2Hs0H 1 1 20 0 60
Zn-Nb C2Hs0H 1 1 40 0 60
Zn-N6 C2Hs0H 1 1 40 1 60
Zn-N7 C2Hs0H 1 1 40 2 60

Table 3.8 Compositions and concentration duration for the zinc acetate solutions.

Solution Mole ratio Concentration duration
Zn(CH3COO0)3+2H20 BzAc C:Hs0H acac at 80°C/min
Zn-C1 1 1 30 0 60
Zn-C2 1 1 100 0 60
Zn-C3 1 1.5 200 0 90
Zn-C4 1 1.6 200 0 120
Zn-C5 1 1.7 200 0 120
Zn-C6 1 1.8 200 0 95
Zn-C7 1 1.9 200 0 95
Zn-C8 1 2 200 0 60
Zn-C9 1 2 200 0 120
ZwCl0 1 420 0 e
Zn-C11 1 2 200 1 85

2-2 JIE K OVBl22
[EHRENRCKE E S (L — B, B xa X4 b VM-1G) & AW T, BIBRIK DR % =il
THIE LTz, BEREEE n (mPas)iZLA FORUT L » TR T,

Z 2T, pIEEHEIREVADRE RS R L7 AREE(mPas), d IXRITBRIE D% B (glem®) Th 5,
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Solvent

Organic additive

A

A

Inorganic source

< H20 or NH3 aq.

’ Stirring for 60 min

Precursor solution

| Concentration

Coating solution

Figure 3.1 Flow chart showing the preparation of the coating solutions containing Ti, Zr and La

sources

Solvent
< Zinc source
& Organic additive
< H20 or NH3s aq.

i1l Stirring for 60 min

Precursor solution

! Concentration

Coating solution

Figure 3.2 Flow chart showing the preparation of the coating solutions containing Zn sources.

i AR kL S GO INRAFZERT L, SE3500) & H W T, 22— 1 > ZEEEL DRI 77 & A
A THIEE L 2H o OBZELZE L, HEL L,

PR E O R R4 7Y X2 7 F (Metricon $2, model 2010)% W CTHIE L=, G
& LT 632.8nm @D He-Ne L—H —Z A L, 7'V XA & L T#200-P-1(prismcode 1048.9,
JEHTER n = 1.9648) % FV 7=,

=T ¢ VT EERE ORI ALY S V& WA SR EERH(B ARG Y, V-570) % H
WCHIE L7z, JEHPHIT 200-800 nm, L AR A TFast], /N> R 2.0 nm O Z:4F T Tl
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ExITol=, T2, V77 L AL LTSIO T AR E W,

a—F ¢ T EERRI ORI AR NV RS E G (A AR5y a8 FT/IR-410)%
WCTHIE L7z, 72720, V77 Ly AL LT, AEL TWZ20 Si(100) 5k & e,

T FEEAEI D T <= AT R V&R T < 4363 E (HORIBA JobinYvon, T64000)%
WTHIE L7z, K 532 nm, H 77 10 mW O =B R EhL [E A L — 3 — > 2 B 300 um
FEPHICHRST L7,

a—T 1 T ERREO X BREHT /N2 — 2 2R X #REHTEE (Y 727 8 RINT2000) %
WTCHIE L7z, X #RJR & L C CuKa FR({% R 0.15405 nm) % FV, 7T 40 kV, & 7 300 mA
Db ETHUEEITTZ, 72720, FHA Y » b 1/2°, FEHERIBRA Y » b 10 mm, #ELA Y
v h12°, =AY >y 015 mm, B/ 7 xR v b 08 mm T, AF¥ ¥ AT v
0.02 deg, A ¥ ¥ > A &'— K 4 deg mint, A2 20/0, A=A #HIPH 5-65°D & & THIEZIT 72,

FEENVEDR SR E () 4 7 B TG8120) % FI W T /R BT (DTA) K OEAE B /34T (TG)
BATo 7, M PR 2 2 A (7 =% —8L Surgical blade No.20)% F VN CHAR M & HIBEL |
AEZHOTHSATHARRIZ LI b D2 e LT, BEHEME & LT ALOs FykzE Hu,
RLJRZE KK FC, 5°C /min TER 25 1000°C & CTHR L7-,

2-3 BARTEE DRERE

Bty PTHRBIAES Z LI BRI LT, bbb e e ot
v FTRE, [ar arv) EEPRoTE S ITITRABAHEWEHE L, vty TR
Iz & EITRBH I E Y MEmRBTEAIATe, EEE Sy MIEBRAET D LI
TFE R S 2 E T LTe, ZOFEIZ L > TEIRTH S O 217 - 72 %ic, k%
FEDIE T 3min iIEA L, ZOME TOMS 25 i L7z, Zo& &2, BT, Hi%
L TRD b & S TRBHI BT 5 5 LIk LT,

3. AR
3-1 K% - TiO, A7 U w R

F 39T Ti 7vaFx v K EFEA DABIRING % &1 VRIR OB Z 3 VIR Tiqj Z2BR<
LTOWIRTIE, LT 3 2OBED S BA7e &b 1 OBNAE U, OFBEINY S I
IR 720 (A Tisk, Ti-m, Ti-n, Ti-0), @Ti 7ba %y REZIT H0 2 Mz 5 2 Lick
0 RIS A EIE T 5 (W Ti-a, Ti-b, Ti-d, Ti-e, Ti-h, Ti-i, Ti-l, Ti-p, Ti-q. Ti-r), ®
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Table 3.9 Appearance of the titanium alkoxide solutions with various organic additives.

Solution Appearance of the solution after the addition or concentration

Organic additive

Ti alkoxide

H20

Concentration

Ti-a
Ti-b
Ti-c
Ti-d

Ti-e
Ti-f
Ti-g

Ti-h
Ti-i
Ti+j

Ti-k
Ti-1

Ti-m

Colorless and transparent
Colorless and transparent
Colorless and transparent

Colorless and transparent

Colorless and transparent
Colorless and transparent

Colorless and transparent

(A part was insoluble in solvent)

Yellow and transparent
Light yellow and transparent
Light yellow and transparent

(Most part was insoluble in solvent)

Colorless and transparent

(Most part was insoluble in solvent)
(Most part was insoluble in solvent)

(Most part was insoluble in solvent)

Colorless and transparent
Colorless and transparent

Colorless and transparent

Colorless and transparent
Colorless and transparent
Colorless and transparent

Colorless and transparent

Light yellow and transparent
Light yellow and transparent
Light yellow and transparent
Deep yellow and transparent
Yellow and transparent

Light yellow and transparent

White and opaque

Colorless and transparent
Colorless and transparent

White and opaque

White and opaque
White and opaque

Pale white and opaque

White and opaque

Light yellow and transparent

Deep yellow and opaque
Yellow and opaque

Yellow and transparent

White and gel-like perecipitation

White and opaque

Yellow and particle like precipitation

White and opaque
Film formation
on surface

White and opaque

Gelation

Yellow and

transparent
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Table 3.10 Appearance of the titanium alkoxide solutions with various p-diketones.

Solution Appearance of the solution after the addition or concentration

Organic additive

Ti alkoxide

H20

Concentration

Colorless and transparent
Colorless and transparent
Colorless and transparent

Light yellow and transparent

Yellow and transparent
Yellow and transparent
Yellow and transparent

Yellow and transparent

Yellow and transparent
Yellow and transparent
Yellow and transparent

Yellow and transparent

Deep yellow and transparent
Deep yellow and transparent
Deep yellow and transparent

Deep yellow and transparent

Colorless and transparent

Light yellow and transparent

Yellow and transparent

Yellow and transparent

Yellow and transparent

Yellow and transparent

Deep yellow and opaque

Deep yellow and transparent

Colorless and transparent
Colorless and transparent
Colorless and transparent

Light yellow and transparent

Yellow and transparent
Yellow and transparent
Yellow and transparent

Yellow and transparent

Yellow and transparent
Yellow and transparent
Yellow and transparent

Yellow and transparent

Deep yellow and transparent
Deep yellow and transparent
Deep yellow and transparent

Deep yellow and transparent

Light yellow and transparent
Light yellow and transparent
Light yellow and transparent

Yellow and transparent
Yellow and transparent

Yellow and transparent

Yellow and transparent
Yellow and transparent

Yellow and transparent

Deep yellow and transparent
Deep yellow and transparent

Deep yellow and transparent

Colorless and transparent

Colorless and transparent

Yellow and transparent

Yellow and transparent

Yellow and transparent

Yellow and transparent

Deep yellow and transparent

Deep yellow and transparent




Table 3.11 Hardness and refractive index of the samples prepared from titanium alkoxide solutions with various f-diketones.

Solution  B-Diketone I f-Diketone II  Hardness Termoplasticity  Refractive index
At room temperature At drying temperature(The temp./°C).

Ti-1 Pen24 None Hard Hard (120) No

Ti-2 Pen24 Pen24 Hard Hard (120) No

Ti-3 Pen24 Hep35 Hard Hard (120) No

Tid ] Pen24 ___DPhPr13 Haed __ _ _____SoftQ20 . Yes o LT2
Ti-5 Hep35 Hep35 Hard Hard (100) No

Ti6 ] Hepds __ DPhPr13 Hard _ _ ___ Soft(120) Yes LT
Ti-7 PhBu13 None Hard Soft (120) Yes

Ti-8 PhBu13 PhBu13 Hard Soft (120) Yes 1.70

Ti-9 PhBu13 MphBul3 Hard Soft (120) Yes 1.66

Ti-10 __PhBul3 _ DPhPr13 Hard _ _ ___ Soft(120) Yes LT
Ti-11 DPhPr13  None Hard Soft (200) Yes

Ti-12 DPhPr13  DPhPri3 Hard Soft (120) Yes

Ti-13 ___DPhPr13  MphBul3  Hard _ _ Soft(120) Yes 169
Ti-14 MphBul3 None Hard Soft (120) Yes

Ti-15 MphBul3 MphBul3 Hard Soft (140) Yes




BRI £ 0 RSB, 7 AET 5 F IR RIR R 38R 5 (Ti-c, Ti-d, Ti-f, Ti-g).
@M CToIRIZIE, Z D% 1200C CTHEET 2 2 LI X 0 il FRGEUR A /ER L. AR
ERERLIEA, WTOaES R, 120°C Tl < VLA LTV iho e, oL,
VAR Ti-j % I U 72 VRIS OV L% 120°C TR 2 2 LIS L 0 /ERL L 723 P D3
NHEATHY | Fo ST 73RN TR R BT,

7% 3.10 12 Ti(OCaHo")s K UMl 2 D -4 b v B E etk DML 2 7~ §, iR Ti-5 ZFr< &
TORRKITIRMEER S EPTHY . TORITEENLEBE~LB LT, 72, WK Ti-5
(TS D 2 LIS X RBEIUE L7z, %311 XV, WK Ti-l, Ti-2, Ti-3, Ti-5 Z§4% LT
PSR U 72 BOBHT I BT MR 1T R, 2R W DS E VLASA DOFEHZ I B TS R b D 2 &2
bhotz, T7bb, B-¥4 bk LTPhBul3, DPhPr13 % 7-i% MphBul3d O\ % 1
mol LA EEFH3 2 Z LT L 0 BBHT BV AT DS R b Tz, E70, BV a A L 7okt o i
Pr#iT 1.66-1.73 TH o7z,

# 3.10 OWEK Ti-8 Z M7 5 Z & 72 < |IRTHEE LFLT 72356, T oMU HAEY] C
ol 48h RICERBEERIC/Y | 161 h RICEARERNIC o7z, FIRIROREIL
#1100 h ORENIZIEF—ED 0.6 mPas ThH o7z,

1.5
S 1}
@
2
(@]
3 (a)
<
(b)
O ] ] ] ] ] ]
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm ™t

Figure 3.3 IR spectra of (a) the sample prepared from solution Ti-8, and (b) PhBul3. The sample
was prepared on Si(100) substrates by spin-coating at 3,000 rpm using the solution concentrated for

20 min.  The spectra of PhBul3 were measured by KBr method.
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Figure 3.4 XRD patterns of (a) PhBul3, (b) the sample prepared from solution Ti-8 on a silica
glass substrate and (c) a silica glass substrate. The sample was prepared by spin-coating at 3,000

rpm using the solution concentrated for 20 min.

7 3.10 ORI Ti-8 % 20 min i+ 5 Z LTk a—F 4 V7 ERT-, Z ORISR
BTz a—F ¢ v VIR ORI A S B XRD /84— AHR-ERANRIL A~ b
NA[X 33, 34, 35 ICENEIURT, o, X33 IIFAEIRIIE LTHER L B- 7
k2T % PhBUL3 DFRIMNRINL AR RV b TRT, 7272 L. PhBul3 DFRIMEIL A~
7 MVORIEIE KBr 5% VT T 272, 1,590 & 1,520 cm™ (23 L — R BR D C-C HffEHRE) &
O C-O hfEHREN R 8 S DRSNS /L 5 41[3-5]. 1,371cm 1 PhBUl13 & (87 h %3 450D CH;
DIEAIREN6, 7].1,556 K % 1,487cmt (2 PhBUl13 @ 7 = = /)L ££[7].2,975.2,930 K& O* 2,870cm?
(27 h O C-H EIRENCIRE Sh o B — 7 BR o [8], X 34 ITITAMRIY &
LTHEMLIZ -7 b THD PhBUL )R, U7 AHARD XRD < F — | ROT T4 —
. AT, Ty A RO ICPDS B— KD/ s = & TR, B34 L0 FEHC
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Figure 3.5 The optical absorption spectra of 5 um and 200 um thick film samples prepared from

solution Ti-8 on silica glass substrates.

-

Intensity (a.u.)
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. -1
Raman shift/cm
Figure 3.6 Raman spectra of the sample prepared from Ti-8 on an Si(100) substrate by dropping

the solution Ti-8 concentrated for 50 min.

3K 8°L 2007 m— R — 27 NHE 5, PhBuld, #J AR, 7F&—FE, LF,
TN A POTROE—7 b~ LARNWZ ERxbnroT,
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Figure 3.7 TG-DTA curves of (a) the sample prepared from solution Ti-8 and (b) PhBul3.

% 3.10 DIFWK Ti-8 2 50 min 245 L Ca—7 4 » 7R a5, & OIRIERN H/ERL L 7= 22—

T 4 o 7 B O ARSI A R 7 S v G T IRREL D T < o AR Rov il T R
P T L 72RO TG-DTA it 2 X 35, 3.6, 37 IZZNLIRT, w44

65



INART RSB 35), WTNOEIOREIbmWEZBREL O Enbrol, 7+
AN R UZEBT([X3.6), 970, 620, 523, 485, 304 cm o> £ — 7 [ Si(100) & S 5 [9],
%7-. 1596, 1,497, 1,453, 1,367, 1,185, 1,160, 1,030, 1,000, 851, 619, 407, 309cm™ ® t"— 7 |%
PhBul3 (2l s 5[7], LarL, =/ — L%l PhBul3 @ C-C=C X#iEENIRE SN D
1,272cm KOV Mo C=0 IRENCIRIE &5 1,680cm™ O B — 7 (3R bz o 7z, 1,316,
1,297 cmM 2 A B DO E— 7 ITHE RO W TR ORIIZ b RE S L. FL— FRO
C-C=C {HIRENIRE S D L EZ BN, TG-DTA a5 (K 3.7). 3B 200°C K
N450°C TREWEERD 27T 2 LN bo 7z, K37 121% PhBul3 @ TG-DTA #hifit &R
7, PhBul3 DL 57°C TH V| @FFIZ L b7 9 WML — 7 B 3T ITR L5038, 3k}
21X 2 DIRE TRE Y — 27 XL b o T,

32 At - ZrlO, A7V v R

# 3.12 12 Zr(OCsH")s & & TR IR DAMELZ - WML DR C & RIS A HE IR & N
2T TIREGCHHTH 7208, Zr(OCHM g 125 Z LI L 0 EEEAEHICZR Y, 1B
Mo D2 LIc X EHEBWIC/ o7, #3143 XV, K Zr-1 2§08 L C/ER L 723k
ENATYRMEDS L DAV DS VRTR Zr-2 BN Zr-3 R fi U CERE U 72 30RHZ I X BV RT A ME S AL &
N5 ERbhrotz, T7bb, Zr(OCHMN ZH L7z & %, B-27 h v & LT PhBuUl3 %
Tmol 72EH LCh ., UBHIEAIEMET R B 720 &0 9 5T, Ti(OCaHe")s % fif I L CHE
I N D00k LT D3 (FK 3.2 L 13.11), PhBul3 Z 1mol iz, B-T 7 Fr &S HITh
9 1mol Iz % Z L iC & » CREHCETBIER LS5 2 & Nbhvo iz, Bl mifrs
1% 1.65-1.66 TH 7=,

3-3 f#% - LaOs A7V v K

3T H MU A YT aRF Y R La(OCH )z 2 Giea—T 4 ke XD a—T
A 2 TR AR U723 TR OB K OBVAT M 2 n -, W OBSIR ., T T IRECE
bEE L, REHTITBAEMELR S h g o 7z,

* 315 (TR T v & L ONKI L2 DRI 2 Sea—T 4 ik ZDa—T
o TR BAERE U T2 TR SMBL KR OB AT % 2R3, IR Lasj 2> O AR L 723k}
ZER< . ATOM FEABHIB W TREWRBEA SO, £72, 3K La-e NHIFRLT-
ABHT D HEVRTEB D B & T,
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Table 3.12 Appearance of the zrconium alkoxide solutions with various p-diketones.

Solution Appearance of the solution after the addition or concentration

Organic additive Zr alkoxide H-0 Concentration
Zr-1 Colorless and transparent  Light yellow and transparent Light yellow and transparent Yellow and transparent
Zyr-2 Colorless and transparent  Light yellow and transparent Light yellow and transparent Yellow and transparent
Zr-3 Colorless and transparent  Light yellow and transparent Light yellow and transparent Yellow and transparent

Table 3.13 Hardness and refractive index of the samples prepared from zrconium alkoxide solutions with various B-diketones.

Solution p-Diketone I B-Diketone I  Hardness Thermoplasticity = Refractive index
At room temperature At 120°C

Zr-1 PhBu1l3 None Hard Hard No

Zr-2 PhBu13 PhBu13 Hard Soft Yes 1.66

Zr-3 PhBu13 Pen24 Hard Soft Yes 1.65
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Table 3.14 Appearance of the concentrated La-A1 - La-A8 solutions (Table 3.4), and the appearance , hardness and thermoplasticity of
the dropped samples prepared from these solutions.

Solution Appearance Hardness Thermoplasticity
Concentrated solution Sample At room temperature At 120°C
La-Al - Reddish brown and transparent Hard Hard No
La-A2 Light yellow and transparent Light yellow and transparent Hard Hard No
La-A3 Light yellow and transparent Light yellow and translucent Hard Hard No
La-A4 Dark Brown and transparent Reddish brown and transparent Hard Hard No
La-A5 Light yellow and opaque Light brown and translucent Hard Hard No
La-A6 Dark Brown and transparent Reddish brown and transparent Hard Hard No
La-A7 Dark Brown and transparent Reddish brown and transparent Hard Hard No

La-AS8 Dark Brown and transparent Brown and transparent Hard Hard No
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Table 3.15 Appearance of the concentrated La-a - La-n solutions (Table 3.5), and the appearance , hardness and thermoplasticity of the
dropped samples prepared from these solutions.

Solution Appearance Hardness Thermoplasticity
Concentrated solution Sample At room temperature At 120°C

La-a White and opaque (The solution solidified.) White and opaque Hard Hard No

Lab ____ White and opague _(The solution solidified.) White andopaque _ _ ~_ Hard __ _ Hard __No
La-c White and opaque (The solution solidified.) White and opaque Hard Hard No

La-d ____White and opague _(The solution solidified.) White andopaque _ _ ~_ Hard __ _  Hard __No
La-e White and opaque (The solution solidified.) Yellow and opaque Hard Soft Yes

La-f ____ White and opague _(The solution solidified.) White andopaque _  _ _ Hard __ _  Hard __No
La-g Dark green and transparent Black and opaque Hard Hard No

La-h Deep yellow and opaque Black and opaque Hard Hard No

La-i Yellow and opaque Yellow and opaque Hard Hard No

La-j Light yellow and transparent Deep green and transparent Hard Hard No

La-k Light yellow and opaque Light yellow and opaque Hard Hard No

Lal ____Reddishbrownandopaque ___________ __ Darkbrownandopaque _ HMard ______~ Hard = No
La-m Yellow and opaque Deep yellow and opaque Soft Soft No

La-n Yellow and opaque Light yellow and opaque Hard Hard No
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Table 3.16 Appearance of the concentrated La-N1 - La-N10 solutions (Table 3.6), and the appearance , hardness and thermoplasticity

of the dropped samples prepared from these solutions.

Solution Appearance Hardness Thermoplasticity
Concentrated solution Sample At room temperature At 120°C

La-N1 White and opaque Hard Hard No

La-N2 White and opaque Hard Hard No

La-N3 White and opaque Hard Hard No

LaNd4 - . Paleyellowandopaque Haed ___ ___Hard = No
La-N5 Colorless and transparent Pale yellow and opaque Hard Hard No

La-N6 Colorless and transparent Yellow and opaque Hard Hard No

La-N7 Light yellow and transparent  Yellow and transparent Hard Hard No

La-N8 Yellow and transparent Yellow transparent Hard Soft Yes

La-N9 Yellow and transparent Orange yellow and transparent  Hard Soft Yes

La-N10  Orange yellow and opaque Reddish brown and opaque Soft Soft No




# 3.16 (R 7 v Z v Sk R La(NO3)s » 6H,0 & BzACc 2 &iea—T7 4 ik & D 2
—T o TR AR U T T ERUR O SMBL K OB T B ME 2 7R3, TR La-N1 725 La-N4
FTO NHz &5 FERWIEIE D OAER L7 BHIARZERTH Y | Wt b =ik, 120°C T <
BVRIVBME S L D572, LU, NHe/La E/VEEOEIIMC & b 720y, 120°C TO#k LA
Rodu, BAATERMEDS B DAL 72 23 (P La-N8 75 La-N9), & 5|2 NHs/La E/VEEAMEMNT 5
LR o TERTHEKD 2 BAATEIEIL R H a7 < 72 o 72 (IR La-N10), F7-. &K
La-N9 7> & {EHL L7231 FIEGEREI O BT 1% 1.62 Th o7z,

34 G- ZnONA 7V v R

7% 3.17 ICHEBR TSN /S/AKF) Zn(NOs)ze6H,0 & flfi 2 DA HAERL LIz a—F 4 v Tk &
D aA—T 4 TR OAFR U T FIREURE O SMEL I OB RTYEME 22 7 97, Zn-N1 SR I T I
& LT L7z HO 1T BzAC 23 & A B L 72 o 7, BSIEIZ CH3COCHs % i I L 72 %
W Zn-N2 KOV Zn-N3 TiE, =2—7 1 > 7S KNS HvHE L. NHs &5 ToVA Zn-N3 1355
Th V. B HIER U7 FREEHC OB BFTHIMED L & 417z, WIEC CoHsOH % ff
L7288k Zn-N4 725 Zn-N7 Tid, NHz % 1 mol & ¥k Zn-N6 DA 1—F ¢ > 7 A A
WZBEL . 2D B OIER U 72 TIEEEHT O B BTN R B 72,

# 3.18 (ZHERE TSN —/KF¥ Zn(CH3CO0),2H0 % &de 1 —T ¢ L ZR /s HAERL LU 7276
BEFEL O SMBL K O BTV 2", 7272 L, 8K Zn-Cl (3= —7 o« & ZIRICIEER VA LT
T, REBIEET T 5 2 SIS X il AR A 572, BzAc & 1.8 mol L FE Ty —7
o > TUWR(ATR Zn-C3 726 Zn-C6) 7> B AVERL L 7= 3 EHZ B AT M /L 5 7243 BzAC % 1.9
mol UL k& Tea—7 ¢ > (AR Zn-C7 7> 5 Zn-CO) > HAERL U 72 3BT IX B AT S ME DS L 5
. FERIFICEGAS RO, £72, BzAc & 4 mol & 1K Zn-C10 7> HAERL L 7o 3k X
FRTHO 2 BATEBEN L b 2o T2, IR Zn-C3 725 Zn-C11 Tid, #EHIWVTH
b M) D AE Th o723, 1.9mol LN D BzAc 2 & e 2 —7 1 ¥ 7KK Zn-C3
25 Zn-CT) HAERL L 7250kHT 11 H#12.BzAC % 2.0 mol & e = —7 ¢ > ZIR (AR Zn-C8
KO Zn-CO) 7> B AERL L 72 388HE 7 B #12.BzAC % 4.0 mol & = —7 1 > 7K (K Zn-C10)
POIER U 7230EHE 2 BRRICENZNEREIDS AEAREIIC/R Y . Zn-Cll 2 HAER L 73k}
1% 40 H#% HBEWIMEZHERF L 72, Zn-C9 K O Zn-C11 M BAEHRL L7230t D JEST=RITW T B 49
1.66 ThH o7z,
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Table 3.17 Appearance of the concentrated Zn-N1 - Zn-N7 solutions (Table 3.7), and the appearance , hardness and thermoplasticity of
the dropped samples prepared from these solutions.

Solution Appearance Hardness Thermoplasticity

Concentrated solution Sample At room temperature At 120°C

Zn-N1 (BzAc was insoluble in solvent(H20)
Zn-N2 Top phase: Pale yellow and opaque

Bottom phase: White and opaque Brown and transparent Soft Soft No
Zn-N3 Top phase: Yellow and transparent Light yellow and transparent Hard Soft Yes
Bottom phase: Colorless and transparent White and opaque Hard Hard No
Zn-N4 Colorless and transparent White and opaque Hard Hard No
Zn-Nb5 Colorless and transparent Brown and opaque Hard Hard No
Zn-N6 Top phase: Light yellow and transparent Light yellow and transparent Hard Hard Yes

Bottom phase: White and opaque
Zn-N7 White and opaque




€L

Table 3.18 Appearance and hardness of the samples prepared from the zinc acetate solutions.

Solution  Appearance of samples Hardness Thermoplasticity
At room temperature At 120°C

Zn-C1 Light yellow and transparent Hard Soft Yes
Zn-C2 (BzAc was insoluble in solvent)

Zmn-C3 Colorless and transparent Hard Hard No
Zn-C4 Colorless and transparent Hard Hard No
Zn-C5 Colorless and transparent Hard Hard No
Zn-C6 Colorless and transparent Hard Hard No
Zm-C7 Light yellow and transparent Hard Soft Yes
Zn-C8 Light yellow and transparent Hard Soft Yes
Zm-C9 Light yellow and transparent Hard Soft Yes
Zn-C10  Light yellow and transparent Soft Soft Yes

Zn-C11 Light yellow and transparent Hard Soft Yes
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Figure 3.8 Possible structure of the hybrids with van der Waals interaction between chemically

modified titanoxane polymers or clusters.
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Resin-like solution

Spin-coating or dropping on a substrate

Drying at 140°C for 30 min under N gas flow
\ 4
“120°C-dried” sample

il Drying at 200°C for 10 min
“200°C-dried” sample
il Drying at 250°C for 10 min
“250°C-dried” sample

Figure 4.1 Flow chart showing the prepration of samples.
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B edEWEEI GO,

Figure 4.2 Appearance of the 120°C-dried sample prepared on a soda-lime glass substrate. The
sample was prepared by dropping the concentrated solution on the substrate.

Figure 4.3 Appearance of (a) 120°C-, (b) 200°C- and (c) 250°C-dried samples prepared on SiO;
glass substrates. The samples were prepared by spin-coating at 3,000 rpm using the concentrated

solution.
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Figure 4.4 UV-visible absorption spectra of 120°C-, 200°C- and 250°C-dried samples prepared on

SiO, glass substrates. The samples were prepared by spin-coating at 3,000 rpm using the

concentrated solution.
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Figure 4.5 Refractive index plotted versus heat treatment temperature for 120°C-, 200°C- and

250°C-dried samples prepared on SiO- glass substrates using the concentrated solution.
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Figure 4.6 TMA curves of 120°C-, 200°C- and 250°C-dried samples prepared on Si(100) substrates
using the concentrated solution. Each sample was prepared twice. One of the two samples was
subjected to one time measurement, which is denoted by ““(1/1)”. The other sample was subjected

to the first measurement [denoted by “(1/2)”’], followed by the second measurement [denoted by
6‘(2/2)7’].
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T2o WTFNROBS BRI L 2B TITARR R LNV OO JRBEMBHEI I 722
BANA LN, AOZITAHENFZR AT MU b, fEERE O ERIZE b
RN, ATHU T OB RNEEE TR Uiz, Si(100)Eetk LI T L CERL L 7238kt JE 4t
R A5 IR T, FRREO LAICE b0, BITRIT 170 725 175 FTLEHF L,

Si(100)HeAk 1z F L CfESRL L 7= 120, 200, 250°C 20RO TMA Bh#R 21X 4.6 (2777,
7272 L. 120, 200, 250°C ¥zl k A2 22N 2 EER L, 2D 5 H 0 LEIZSWTIE, TMA
WEZ LIEL o LEIZOWTIE 2 FfT> 72, TMABIE % 1 [E11T - 7230EHAIE 2 (1/1). TMA

WEZ 2 [F T 723t 9 B 1A H ORIEZ (12), 2 [8H ORIEZ (2/2) L5tk ¥+ 5, 1EH
OREIZFBT, 120°C HzEEEHTA) 30°C THUBHRE M RIMICIE L (K 4.6, 120°C (1/1) K Y
120°C (1/2)). 200°C ¥zt EHIK 70 - 85°C TRAEHR 23 EIIC I L7 (X 4.6, 200°C (1/1)
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Figure 4.7 (&) TG and (b) DTA curves of 120°C-, 200°C- and 250°C-dried samples, and of BzAc.
The samples except for BzAc were prepared on Si(100) substrates by dropping the concentrated

solution.
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Figure 4.8 TG-DTA curves of a 120°C-dried sample prepared from a solution of mole ratios,
Ti(OCsH9")4 : BzAc : acetone = 1 : 2 : 20, without water. The sample was prepared on Si(100)
substrates by dropping the solution aged at 40°C for 24 h without concentration.

JTR200°C (1/2)), —J7 T, 250°C # A BH T 100°C 22 & #EHR 23R 2SIl L 7= (1K 4.6,
250°C (1/1) }2 O 250°C (1/2)), 2 [A1 B OFEIZIS T, 120°C st IR 30°C TrlBHE A A
B L, 20T 1R H XD RS TH - 7-(1X 4.6, 120°C (2/2)), 200°C #z
1349 110-120°C TrlkEHE 2322 L (X 4.6, 200°C (2/2)), — 5. 250°C iz)gatEHE 250°C
F e FWEHENED Lo 72(X 4.6, 250°C ((2/2)),

BzAc 72 & TNT Si(100)Fk Bz F L CER L 72 120, 200, 250°C #z)atkl 2 TG-DTA
WL L7, TG #ifR 2 4.7(a)lz, DTA B % X 4.7(b)I =3, BzAc IZ DWW Tk, 57°C |2
HEAEZ L BRDRWREAE— 7 3 E b, £ORBIRIZEENEA L, 200°0C TEHEN
0%IZ 72 > 72, 120 J% O} 200°C #280EHT 13, 200°C & T OfEeh 722 H Ejsi/) | 200°C 7> & 250°C
TRRLRERRD DR O, 20K, R EERD &/ 480°C THEAE &b 7e 5 Sk
REEPON RO, FERO TG-DTA HifE2Y, H0 &5 7220 Ti(OCsHe")s @ BzAC :
CH3COCHz = 1:2:20 72 2¥FiEN HAERL L 7= 120°C #zfEalBH & B b 7= (X 4.8), — 77,
250°C HzMEEETIX, 460°C £ THE< 1 BRSO HERAD AR 47z,
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Figure 4.9 IR absorption spectra of the as-deposited sample, the 120°C-, 200°C- and 250°C-dried
samples, and BzAc, presented at wavenumber regions of (a) 400-4,000 and (b) 400-2,000 cm™.
The samples were prepared on Si(100) substrates by spin-coating at 3,000 rpm using the
concentrated solution. The spectra of BzAc were measured by KBr method.
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Figure 4.10 IR absorption spectra of the 120°C-dried samples prepared with or without water or
BzAc from solutions of mole ratios, Ti(OCsHg)as : BzAc : H,O: acetone =(a) 1:2:1:20,(b)1:2:
0:20,and(c) 1:0:1:20. The samples were prepared on Si(100) substrates by spin-coating at (a)
3,000, (b) 1,000 and (c) 2,000 rpm.  Spin-coating was conducted using (a) the concentrated solution,
(b) the solution aged at 40°C for 24 h, and (c) the as-prepared solution.
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BzAc 72 5 TNT Si(100) 247 112 3,000 rppm T2 &> =t— | L7247V, J O 120, 200, 250°C
RCIERR DRI A~ T bV 2 49 12RT, 72721, BZAC IZ DWW TIE KBrikiZ & 0 ]
E LTz, K490b)i, K4.9@)ZEBD M TILR LI D TH S,

TV KON 120, 200°C REIERAEL O ARIMEIL A ~7 R UWZiE, 1,590, 1,520 cm? (2% L—
FERD C=0, C:C {HfgiE@Eh[20-22]ic/mB S b e —7 ., 1,371 cmt 2~ & V55 BzAc O
CH3 ZAIREN[23, 242w S H B —2 | 1,556, 1,487 cm™ |2 BzAc O 7 = =)L} 8b, 19a
DORE[24, BNIHBEIN DL E—I BENENH BNz, EHIT, TVIEORIMRIL A7
R UiZiE, 2,975, 2,930, 2,870 cm™ {27 b F 2D C-H HifEREI26]ICIRIE &b B —27 2
Hoiiz,

TVIER Y 120, 200°C #ZIEFRE ORI A~ 7 Fuiid, 750 & 850 cmt 27 U —d
BzAcIZb A OND ANV FEbH, —J7 T, 810emtIZH B 53 Rik, 120°C #2/gakt
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Figure 4.11 XRD patterns of the 120, 200 and 250°C-dried samples prepared on Si(100) substrates
by spin-coating at 6,000 rpm using the concentrated solution.  Patterns are also shown for a bare
Si(100) substrate and BzAc powders.

(ZHIAL, 250°C WEMREAEE CIZIEE LT, 2D RiZF L— MROBW b XTI E SN 5 [27]
ZOJEEIE. LFTOFERIZL > THIFEIND, 77205, HO ZE 720 Ti(OCsH"); :
BzAc : CH3COCHs = 1:2: 20 72 2 ik 7> HAFEE U 72 120°C R fEaEHT 810 cm™ /32 R3Sk
H &, —J5., BzAc &5 £ 720 Ti(OCqHg"4 : Ho0 : CHsCOCH3 = 1:1: 20 7 2 IFiE»» 5 /EHY
L 72 120°C #2880 T I3 & v 7p v (X1 4.10),
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Figure 4.12 Chromatographic profiles of (a) the 120°C-, (b) 200°C- and (c) 250°C-dried samples

measured before and after one or two time TMA measurement. (A) Before TMA measurement, (B)

after the first TMA measurement, and (C) after the second TMA measurement
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Figure 4.13 (a) Number average (My) and (b) weight average (Mw) molecular weight obtained from

Polydispersity (MW/Mn)
O P N W d O O
[

chromatographic profiles on the basis of polystyrene standard and (c) polydispersity for the 120°C-,
200°C- and 250°C-dried samples before TMA measurement (filled square), after the first TMA

measurement (filled circle), and after the second TMA measurement (filled triangle).

RLMRIEE & 120 705 200°C 12, F72 200 705 250°C (2 BFH- &2 &, RIS K23
ETNENET L ORI L2(K 4.9), = LT, 1,370 & 810cm™* d 3 KX 250°C iz
A CIIERICR N o T,

BzAc, Si(100)3#k, 725 ONZ Si(100)EMK 112 6,000 rppm TA B > =— k L7= 120, 200,
250°C HzERAEFD XRD /N4 — 2 %[ 411 |ZR" T, BzAC IZIFZE OB — 7 BR L5 D3,
120°C CHfE L7723 EHTIZRI 80 & 190122 D7 n— R — 27 OBIN R b T, fRiRE
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Figure 4.14 Chromatographic profiles of the (a) 120°C-, (b) 200°C-, and (c)250°C-dried samples
prepared by dropping on Si(100) substrates. Refractive index (blue signal) and right angle light

scattering (red line) signals and moleculer weight (green line).
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MEFLIEEE, 8 OT7u— FRE— 27 XRAEMICT 7 b T 5L & BITE DOIREDHEN
L., 5, 19907 a— Rt =273y 7 b5 2 L ZOMENRED Lz,

120, 200, 250°C HzEEAEHZ DU T 1 B 721X 2 [1d TMA JIE DR IZ GPC JIE 1T -
o RIV T TNV EFHER ) A F L U EHED 3+ BOMBRLE LTRLIEGPC T u Y 7 A L &
X 412 1277, 2TOREHIWLS DO E—7 BRIV, REDESE DR H{bFFEIC
Ko THRENTWDL ZEnbnbd, £7o, K412@) - )&ttt 52 iz k> T, i
BENEWVIZE, B2 T 2PN TEPRE LS DT Enbrol, X 4.12(a)
K ONO)DZNEIUTIBWTHIFRA). (B). (C)Z i L Thhsd &0, 120, 200°C #kE
EHZB W T, TMABIERBOBINIC E v, By FROE—7 MDD L, o TEor
— 7 DI T,

GPC T a7 7 A NG HNE, RN AF L U BEECEE 15 My, [RIE R 5y 1
My B 2 53 BUE M/ Mn D RZER R A% X 4.13 127797, 250°C FEEEEEHI R E VY My,
Mw Z & H, —J, 120, 200°C HZMEaEHI/NE W Moy Mw 2 HD, L LR35 X 4.14
R R oIS, EEELR RS & RUBRIEERD 15 b D5 FEITREBRE D EAIZ L bk
BN U7, S5 T EE o EFIC L 2200 L 72 (X 4.13),

4. BEZ
4-1 WEMSBRRICAE U DAL

120, 200°C #lsd Bt DARANRIN A~ Rzt 1,590, 1,520 2 18810 cmt |z C=0, C:=C
RIS O L — FEROBRWW b ETRE S LD B — 27 DA HN[20-22,27]. Zh oD —
27 1% 250°C RZMEERENCIEIEA (1,590 K O 1,520 em™)E 7213 142<(810 cm?) L 7=(X 4.9), 810
emi(F L— MRODOERD 6 )O3 RIFVIEIZIZR 537203, 120°C RzalEHZ TR &
iz, Zhud, ROICFET LI, FL— MR 1-7 % ) —LOERIC L > TGETFLIZZ
LERTRELTND,

0

Ti(OC4Hq") 4 OH . ;

(OCH"a{ O+ C\c’/C\cH3 é‘mn,/é
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)
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120, 200°C #ZHEFAEHT 1 180°C & TIT 7% D H WD A B b, FEFEY PEE LTV 5
Z xR T(X 470), LU 6, 120°C #efalehicix, 1,730 cmtirfFic 7 & o C=0
FEIREN )RR S LD B —2 3,400 cm 3T 512 OH ffEHRE) D ' — 27 28 B H 472V (1K 4.9),
TOZ LR, BB LIEREIC HO RBWIETH LT hr b 172 ) —Ahfko Tz
LTHIKAETHDLZLARELTND,

120, 200°C FZiERUEHZL, 200 725 250°C TR TR EWHEEHAD . £ O%EH /R EHE
AL 480°C THRBA L b7 RIMREERD 2R Lic, £ LT, HO A FI/ER L
72 120°C 25k b IZIERER O ZE & /) L7223, BzAc @ TG-DTA HifRIZ 2 b & 1d4a<
72o7=(X 4.7, 8), ZiiE. 200 75 250°C TOEME AR E B D KERY N F XV JRAI2F
L— MELT % BZAC DERFENFRICE DD TH D Z L2 Rt 5, —F. 250°C #%
BN, 1 BRPE O E B 2R L, ZHUIREIRFBOBILIC LD b D THL EEZBND,
REJREE O EAIC K DR 0 EAIZ(X 4.5), BzAC T ¥ L HEOMLEE - /0fif - ZEFIC &
LR OEEDBEIC LD D EEZI DD,

120, 200, 250°C #zfgadktd XRD /X4 — i ma—2 bbb, ZHOBNERETHDH Z &
R LTo(X 4.11), 8 I 7 v— R — 7 3R o B & & HITIRAEMIIZ > 7 R
L. BREEDSHIN Lz, Zhud, BzAc 07 b VIO - /0fif - 2R3 Ko TRILA AR
Licle bl S LD, —H, 199 D7 u— R E— 27137 RRRLARNT &b,
ZOE— 7 3N EREO R ICER T2 b0 L RIS DS, Fo, 199D/ m—|Z
FRBRHRE D EFRIZE bR IBEORA VRO DA, ZIUTEIEBERR PO XL 5
HOTHY, FIREERRTFEORAILT FR TV EELITFL— FROBAICED bbb
TbDEZEZBILD,

4-2 FNRIIRME

RL[E R D X BRIEHT/ % — \Z1E BzAc OEHTE— 27 A 503 (X 4.11), F7-, DTA Hiff
\Z1E BzAC DREMRIC & 2 W — 7 (BT°C)M RS2 03> 7= 4.7(D) ZHDHD T LA,
RO RICBIER ST IEMEIL. BZAC DRMIRIZ E 2 5 DO TIERLS . "7 v FEH DO
AEAYECH D Z E MBI BN TH D,

120, 200°C RZMERUEHZIL, FRIERICHE W TRMRREHR O S A 6, —J7, 250°C
HEBEREH I, B Rl R DB PR OEN D DB Th > 7-(X 4.6), A 1B I
FoTERLIEZLDTHY, —H TEREIIMEDBEMOWRTHDL LEALND, 41H
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Tiam L72 &k 912, 120, 200°C #EFEHIIZT # VR L— ML L TV 5 BzAc 43
FRREHID M, 250°C #FRUBHTIZ A By, T2 6 BATIPEIIR Y A% Y XA &
— MIBNLT D BzAc 3 FRDKEE B3NV Z L ITERT 5 L B2 b b,

200°C RZAERRE DOAKIREE 1% 120°C #EBEEE OWAKIEE LV & ®IRTh 7=, ZAUL, iz
BERED EFIZE b7 o TBZACR T MR VENBA L, ZO/RER, RV AF YV A XL — |
MOMEESIEDEITL, RUIAF I AZL— R OGTENHEKRLIZTEDTHDLEEZI LR
5 (F41, X414), F/2, F—0EZ2 TMARIEIZED KL L2 & X2, L0 &0
FETHAL LB b . RARIC D FEOHRKNEKN TH D LE 2 bND, —F7, 250°C #ifgEa
BHOBAVATYBME S B D2 v o T2 DI, T ES S BITHK L, 3T B BER S iz
hEEZLND, ZOZLiE, FL—MIORERY AFY A H L— FDsyFEOHIH
(ZE o T, BRIV BN 2 IR Z il T & 5 AlREME 2 "R 2

Table 4.1 Number (M) and weight (M) average molecular weight and polydispersity,
My M, obtained by GPC on the basis of polystyrene standard for 120°C-, 200°C- and

2500C-dried samples before and after subjecting to the TMA measurements.

Drying Number of TMA Average molecular weight Polydispersity
temperature/° measurements M, M, (M IM,)
120 0 54 154 2.82
1 57 178 3.13
2 61 202 3.30
200 0 51 192 3.79
1 56 207 3.95
2 54 220 4.09
250 0 96 477 4.98
1 118 629 5.32
2 113 592 5.21
5. i

Ti(OCaHg")s X2 A VT & b 2 (BZAC)DILAF T THIARGME L. & DE KA 80°C T
L, B ElcAvra—7 ¢ 7 F72030 F L. 120, 200, 250°C CHEKEZET 5 Z L1Z &
S THBZ R L 72, XRD MIEIZ LY, BBERETH L Z & 3bio7z, 120, 200°C
R HERUEHT TMA JI7E TEARTYEME 27 L7z, 200°C #248adkhd 120°C #2tgadkl X v b siE T
HALE Z V. F4UT BZAC R X VEOBANC & b2 D MEA IS OEITIZE D . RY A
XVAZ L= D TEDRES RSN EZZ HiILD, 250°C gl IE iz & b
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EMA, BEELRNS H0 2Nz, ERTLh## L, Z ORI % 80°C T 50 min i L
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aA—T 4 T E LIz, A a—T 4712k Ta—F 0 U UREREH &, B~
RIS E Y T FEEE 2 ER L7, =2—7 ¢ > 7 HEEEHE, Si(100) & 721% Si0, #'F A
R E U, HoalsEE 3,000 £721% 6,000 rpm O b & TRAFTAY Y a—T 4 7%
TV, B/XT 77 T 2 a N THIKEE N 7 AKX HC 140°C C 30 min #2488 L, RIS T=
RETHHT LI LTIV ER L, BN, 78 N KUt C 140°C D37 7 v
77 AaNIZEE L7z SI(100)EK Eio, BT TN T7 7 2a0HE X T La—T 1 7K
LM T LEBICEL AL, [FISHH T 140°C T 30 min #28 L, RSt CERE T
WHTHZ LI LV IER LT,

Fo, LTOFIAIZE D SV 7 REB 2 ER LT, AT A R T ZAEMRICa—T 4 7K
% T L. 120°C T 23 min #2: L, 120°C O ¥ U > IZ#R{bal k4 it LiAZ, 120°C T 3 min
rfF L7z, £D%, 120°C D U 2 I AOTREALECE 2 1A L, 120°C T 10 min frFF L
Too TIVEFLE N T AW MEEENTHL L, Z0%, BRTHEZ Y a0 T L0 GHf

L7,

CH3sCOCH3
< Benzoylacetone
< Ti(OCaHg")4
< H>O

v Stirring for 1 h

Starting solution

i1l Concentrating at 80°C for 50 min

Coating solution

Spin-coating or dropping on a substrate
Drying at 140°C for 30 min under dreid N2 gas flow
y

A
Sample

Figure 5.1 Flow chart showing the preparation of the samples.

2-2 JE K OVBlER
SiO; W7 AHM BITHERL U= —F ¢ > ZIEaE 2 x5 & U TSR e E R H(H A
S IEEL VB70) & F D CRIRERANRIR A7 ML & IE LT, 72720, 77027 L LT SIo;
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T AEMREMH Uz, E7o, RIREHOMRE 2 fitgt A& ikl S 5+H(/NRpFZERTEL,  SE-3500)
ZAWTHIE L7z, bR EH SFHI X 2HEIZB W TE, FIRH A 22 BV CTREL D
—EB IR L TR EAED . BEZHE LT,

Si(100) AR LI/ L7z 3 —TF ¢ o VIR &b e & L. RN IR (B A i i
FT/IR-410)% FH W THRAMRIN AT MV ZJlE LTz, 7272 L. Si(100) ka7 7 v 7 & LTz,

Si(100) ik I VERL U 723 FREaE &2 3t G & U CIRITRIIE, Wil o T (TMA)EIE, 24
AR AEBGHT(TG-DTAIE, s va~ 8777 4 —(GPO)MIEZIT T, BT
I%. He-Ne L — (& 632.8 nm)Z i & 5257 U X L% 77 (Metricon #, model 2010) %
WCHIE Lz, 72720, MIEICIZESITE 1.9648 D7 U X AZMEH L1z, TMA JBIE 3Bk
B ATEEE(Y 7 L TMA8310) % vy, ZEHZRE F. F-IREEE 5°C/min, i E 98 mN @ %
ETHIEE T T2, 1272 L, BEBGIEDTZ0 7 0 S =7 LB 2 A # s L 3Bt o ik
. PEICHE L7, TG-DTAHIEIZEIATEEE (D U 7 B, TG8120) & vy, Z25&&ifH 5°C
Imin OEETHRIE L TIT o7, 72720, BHA A X THIBEL . L TRIEICHE L 72, GPC
AEE, 3B E THR ICIE S & TYT o 72, Bl 1 mi/min, 77 LR 35°C Db & U T A
& LT TSKgel GMHXL-L % 2 AV, b U 7 Vg (~ /L3 — 8L TDA305) % AV Tl
E LTz, JEHGELRR RIS & D v 7 Vs RALSsig 1. (1)D X 512, BRI (dn/dc) D
2%, REc. 7 TFEMOMEIL>TREDS, —FH, EIrEBRHERIZ XK 52 7 F /VHEE Ry,
X, KQD XSz, EITEHS EREORICL > TRED, T7hbb, & M IEK()
ERQOHNLE LK@ L THEATE 5,

2
RALSSig. = (%} x M x C x Kl ..................................... (1)
Rlsigl:%xcx K2 ..................................................... (2)
RALS . -
M = SIg9. % (d_nj % ﬁ ....................................... (3)
Rl dc K,

TR LL KB O Ke 32U LR 88 B OF R B B OB ES T B,
3. AER

3-1 Bt OB L R P
HRRIR, 3—T 1 > 7RI DWW LS 23 BzAC . H0 B2 )b b3 i tadk
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B Cdh o7z, SiOp T AEM FIHER LT 22— 1 o VB O SMEL & TR SRR A~
7 MK 5.2() - (€), 5.3 IZENEINRT, 2—T 1 ZIEREOBEEITA 10 pm T,
52T EOICHABEH TH L, LLens, B/XF 7077 2 aNToORHIPIIHE
RBARNAE U, B3 ITRT X HIZ, BzAC &, H0 &I 59, BBHI Ak %
BT, ORI 425nm Th o7,

PR HEBHTH Y, Fo, RIRTHE 140°C TRRO 2o 7o, bkt E 254
CHMET 2 & R NRD D3, FlE No A F TR L7z BHIIZ 2 0 L 5 A ok
U ONRD 0T, X AT 4 I Lo THERL L 72 v 7 (B O SMBL A [X] 5.2(d) I8~ T
AEHTERK 10 mm, &S5 mm OMEERTH Y | ZOABLUIRBEATHY | BHILDOT
TREFEH Th 7z,

Si(100) Ak FIZ AR L 72 FRRGAEI O JEITR 23K 5.1 1R, #UBO EJTE:I3 BzAc &0
H.O B2 L FIEIE—ET, 170 ThoT-,

Figure 5.2 Appearance of the film samples prepared on SiO; glass substrates from the solutions of
Ti:BzAc:HOmoleratios=(a)1:1:1,(b)1:2:1and(c)1:2: 10 by spin-coating at (a) 6,000,
(b) 3,000 and (c) 6,000 rpm. (d) Appearance of the bulk sample prepared from the solution of Ti :
BzAc: H,O moleratio=1:2: 1.

Table 5.1 Refractive indices of the samples prepared by dropping the concentrated

solution on Si(100) substrates, followed by drying under the prescribed condition.

Mole ratio Refractive
Ti(OC,Hy"), BzAc HyO Acetone index
1 1 1 20 1.70
1 2 1 20 1.68
1 2 10 20 1.69
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Figure 5.3 UV-visible absorption spectra of the samples prepared on SiO- glass substrates from the
solutions of Ti : BzAc : H,O mole ratios=1:1:1 (greenline),1:2:1 (blue line)and 1:2:10 (red
line) by spin-coating at 6,000, 3,000 and 6,000 rpm, respectively, the thickness of which was ca. 10
pm.

3-2 BzAc &DZNF:

H.O/Ti E/VER A LIZEE L, BZACTI BV 1 e OV 2 DA Z /ERL L 72, Si(100)FE:Hk I
WAERL U 7= TR D TMA #i#2 [X 5.4 12”4, TN ENOREHZ W THIE A 2 [FT
VN, 1[EIE Z7First”, 2 [l H Z7Second” & K3 %, 1EIE, 2EIHOWTHORIEIZIBNT
by IKLICIES S ORMAB RO, REOOTHEIECDIE TR OBIE, b1
HIEBARIREE 1S3 1T A IEIE) S -1 X107 st & 72 HIRE i biREE & % L7z, BzAc/Ti kic
23 53 2 H OREDFH A LA H ORE XV & @ VIRE TR ol T70b b,
WLIREE X, BzAC/Ti = 1 OFENTIE, 1EIE ORIEICIVT 27°C, 2 [BIH OREIZIHNT

57°C, F72. BzAc/Ti £/ 2 OFRELTIE, 1HIHOREICINT 23°C, 2 mIHORIEICSS
VT 35°C Th o7z,

Si(100) Ktk BITHERL L 7= o —F ¢ o VIEERE D IR I 227 M L% K 55 12577, &b
B OFEHZ S 1,590, 1520 K TF 810 cm? 2 C=0, C:C LU L— FMREDERWD & XTIHE S
% B —7[1-4].2,975.2,930 % (O} 2,870 cm™ |2 C-H i fRENC RS & 5 v — 72 [5], 1,371 cm'?
IZ C-H AAREIRB IS E—2[6, 7], 1,556 & 1,487 cm IC< 2 B 8b KON 19a
REIE— NICRB SN B — 2 [7, 8] L b vz, BzAc/Ti =1 OFELL U b BzAC/Ti =2 O
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Figure 5.4 TMA curves of the dropped samples prepared from the solutions of Ti : BzAc : H,O

mole ratio = 1 : (1 (green line) or 2 (blue line)) : 1 on Si(100) substrates. The samples were

subjected to the first measurement (solid line), followed by the second measurement (broken line).

Bt 573, 1,520 & 810 cm™ ORIV B — 7 3K & < 2,975, 2,930, 2,870 cm? DML E— 2
DINS oz, Flz, BzACTi = 1 OFEHI IV TIE 900-400 cm™ 12 TiO, * > R T —27 D
Ti-O-TiHEENJfE S D 7 v — RN RS B A3 BzACTi = 2 OFEHZ IR 5
2o 7-[9)

Si(100) K FIZfERL U 7=3 TR D TG-DTA #iff % X 5.6 12~ d, EHL0EHC G,
200-400 J T 400-500°C (2388 A & b7 5 R&E WEERA & 2000C F TOFECH 2 T 7
DREBNTZ, BzAcTi =1 OFEHE BzAC/Ti =2 kL Y $ 200-400°C O FE &3 L 0
BN AT, 56 0OEHT b | £ D% Feh e R 23 /L b L7211 F 460-470°C
(ZHEEE &b T D R B R8BS Tz, BzAC/Ti = 2 DFRERD 1,000°C (23651 558k} H
H(24%)13, BzAcTi=1 OB OZI(33%) & W /hNSiroTe,

Si(100) i FIZ/ERL U 73 FIEEED GPC 71 7 7 A VA 5.7 12773, EH 5 ORErE 2
DO RIE—7 RALS B'—7 Z 6 H A (3)IZ L ¥ Rlsig & RALSsig 7> B FHE L7250 78 M 1%,
BzAc/Ti =1 O&k L 0 b BzAC/Ti =2 OFREL DO F /N E Do Tz,
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Figure 5.5 IR absorption spectra of the film samples prepared by spin-coating at 6,000 or 3,000

rpm on Si(100) substrates from the solutions of Ti : BzAc : H,O mole ratios = 1 : (1 (green line) or 2
(blue line)) : 1.
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Figure 5.6 TG-DTA curves of the dropped samples prepared from the solutions of Ti : BzAc : H,0O

o

mole ratios = 1 : (1 (green line) or 2 (blue lineg)) : 1 on Si(100) substrates.
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Figure 5.7 GPC profiles of the dropped samples prepared from the solutions of Ti : BzAc : H,O

mole ratios =1 : (1 (green line) or 2 (blue line)) : 1 on Si(100) substrates. The RALS signals are

200 times magnified in intensity.

3-3 H.0 D& R

BzAC/Ti BV % 2 (Z[EE L, HO/Ti E/VEES 1 N 10 OIRHE 2 VERL U 7=, Si(100)F:A4
FICER U7 TSRO TMA BifR 2 X 5.8 IR T, £ ENOFEHZ DWW THIE % 2 1]
ATV . 1[EIH 2 First”, 2 B H A2”Second” & K7L T 5, 1HIH, 2EHOWTFHORIEIZIBW
Th, BILIZESEZORD BN R S, HOIMi iZhnb 53, 2 BHOMED A 1
A1 H ORE L 0 @R T LA R a7z, 3-2 #iCESR LI KIREIX, HO/Mi =1 o
BFCIZ, 1[EHOHEEIZFNT 23°C, 2 [BIH OBPEIZIWT 35°C, F7-, HO/Ti = 10 Ok
BFCIiX, 1EIEOREIZINT 51°C, 2 [BIH OREIZIBWT 69°C Th -7,

Si(100) bl FIT/ERL e a—F ¢ » ZTEREL O IR A7 ML &K 59 12”77, M55 &
[FERIC, HoO BT DO, FL— MRET MR EICHRT 2RI E — 7 DAL LT,
LxL723 5, HO/Ti = 10 OFEHTIE 1,720 em? |2 C=0 fifEiRENCIRB I b B — 27 2
R oh, HOM = 1 ok kv 1520 cmt WL B — 2 (35 L — FERD C=C fiffEHIRED) A3 /)N
IhoT,
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Figure 5.8 TMA curves of the dropped samples prepared from the solutions of Ti : BzAc : H,0O
mole ratios = 1 : 2 : (1 (blue line) or 10 (red line)) on Si(100) substrates. The samples were
subjected to the first measurement (solid line), followed by the second measurement (broken line).

Si(100) AR I RS 7= 3 FIsatkl o TG-DTA #ift 2 [X 5.10 ITR3, WIFnotklbiE
A EREED TG HifRZ 7R L, 200-400 2 UF 400-500°C (25 # A & & 72 9 K& B &R &
200°C % TOFEC)RE RN A5, 1,0000C 1281 5 EEITEH 6 ORE B 24%
ThoT,

Si(100)Fet _EICER L 73 FIEELD GPC 7'u 7 7 A L& X 511 123§, WIFh ok
H 2 OO RIE—7 L RALS B'—7 % £, Rlsig & RALSsig 73 B — 7 % & DN T HLDIEHEIC
BOTH HOM b 5T, T EMITITIEE LY, LML, RlbgliZion5 250
E— 7 BB DHITEND B D . HO/Ti = 10 OFELD 573 H0fTi = 1 OFEL LV & 55 F 2D
REWMAOE =T NI D KREDoTz, THUT HOMi =1 OFEL D HOMi =10 Ok D 7
N, REWSTEME L ULEEOEENRKENI LE2RBRLTND,

4, BEL
4-1 ZERXI F CTORBEON R

FIFE, FAETEHa—T 4 TRERKTP T L CGREAERLL 7228, 35 5 =TI
B Ny 7 A Tzl U CaB A ERL U 7=, T Rkl 2 R P Ol % & Rl
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Figure 5.9 IR absorption spectra of the film samples prepared by spin-coating at 3,000 or 6,000
rpm on Si(100) substrates from the solutions of Ti : BzAc : H,O mole ratios =1 : 2 : (1 (blue line) or
10 (red line)).
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Figure 5.10 TG-DTA curves of the dropped samples prepared from the concentrated solutions of
Ti : BzAc : H;O mole ratios =1 : 2 : (1 (blue line) or 10 (red line)) on Si(100) substrates.
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Figure 5.11 GPC profiles of the dropped samples prepared from the concentrated solutions of Ti :
BzAc : H,O mole ratios =1 : 2 : (1 (blue line) or 10 (red line)) on Si(100) substrates. The RALS

signals are 200 times magnified in intensity.

DI 2708, Bl No W AKHE FCHlEd 5 E BB L 722 hh o 72, 2L, 22K oK
BRI > TT N axy RONMKGENET LM RE LTELREZ L2 RRT 5,

4-2 BzAc EDZhF:

S8 Np 77 AR T CRZEE L7 W OREHZ B W TH 1 EIHO TMARIE L Y & 2 [HIH
O TMARIEIZBNT, K0 EWIRE TEHIEA R 57 (X154, 58), FA4ETH, 1EHED
TMARIE XY & 2EIHO TMARIED LV @i Tk L, £ DJERILGPC 7' v 7 7 A
A EY TMARED 1[a1H OFIEEE THIASUSHET L, 2 FESHEM LI TH D &
E T, BEIOBREBOGIIREOHEINE Zn R TH D LB BN D,

IR WL AT [ AT I T C=0 KUY O-H #REN D ' — 7 (1,730 K T 3,400 cmr) 3 L 5 4172
W2 END, REHICIRATE(T B b, 17 % =, KNRIZEAEES T ARNE D &
MW cx H(X 55), LiL., TG HifRIZEUVIT 200°C F TSR BB AR b7,
ZOEERAIL, REPICHEGRISIC X > TER LT 1-7 4% ) = RKOEFBIZL DD
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LEZBND, TG HIHIZIT 200-400 & 400-500°C I K. &7~ B & 13 (X 5.6), BzAC
F VT b & S HDPRBE L TR IR R DOBBEIIRB S D,

H20/Ti = 1 Dkt TMA #ifRIZIV T, AL L BzACTi = 1 OFKENL Y & BzAC/Ti
=2 ORELO T IMEN - 72(K 5.4), 4318 BzAc/Ti=1 ORELL Y & BzAc/Ti =2 OREID
TS, END, BAER LIV IERWVRECTALERRF EE 2D, — IS, B-27 b
NIV TRBIE TSRO Ly MUK AR - 6 6 SOG 2 304 5 [10, 11], IRBILA~T K
JUZEWT, BZACTI BV ELZ 1006 2 12N E 5 & FL— FRICHKT 5 B — 27 (1,520
SO 810 e hyZs# N L, Ti-O-Ti f5 & IR )@ S 41573 R(400-900 cmY) s R b/ < e 7
(X 55), ZDOZ B, BZAUTI AN ELZ LIk FL— FROBRSZ, T2
X FOMEGISPIHI S D Z L bnd,

4-3 H,0 EDZHE

BzAc/Ti = 2 DFED TMA #h#RIZ T IBIREZ 1T H0Mi = 1 OfKEHL Y H0/Ti =
10 OB DI 23 2o 72(K 5.8), 25 FEIF H0/Ti = 1 OFRE L W & HO/Ti = 10 DRk D 5
MREL, 2D, HAEDR LY ESWIRETELEFRETHL LB HD, HOIMi =10 D
B D FEDRE VDL, MARDGREOETORREN LV REWTZDTH D, IR WA
7 RZEBWT, HOITi E/LEE 105 10 I2HMSED &, FL— FMRIDFESIND B —
7 (1,520 cm YD &L 7 V) — D4 M BzAC IZ 3k % C=0 MifiEHRE o v — 7 (1,680 cm)
DHBER RSN (X 5.9), H:0 BEZHMEELHZ LIV AONTEZ DX 572 IRWIRAR

7 SV OZAIE, RANTRT KGOS L > THEL L EBEZ BN D,
(C')Ctl;-lQn)j%—x
_AOH), He
il

PN
C|)’ C‘) + H,0 ‘—>Ti(OC4H9“)3,X(OH)K+1+

C -~
Coo”C ~Cc¥ SCH
(4)

T b, HOMMi = 10 DFREIDIE 5 23, FF T aFx > ROMKGMEEISHEIT LT
LT ENTRERIND,

ERECRERR L 72 & D 1S, BZACTI & 2 ICHHE L7c & & H0/Ti=1 DKL Y b HOfTi =
10 DFREFD H D33 FEITRE < (AL LY SWIRETEL 5, Lo L.BzAC/Ti b & HO/Ti
oW N2 % Ti i BzAC : H,0=1:1:1&1:2: 10 OB &2 BT 5 &, TR EHK
CIREOR/PNBERA ST S, 7785, BB TEW o7& & IROIILIRE, #EITE
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(TN Z L2 R 5, BRFELZHIRORAEL, ZHEAEOH SR, BEEEROSIROR
EaageR) Ax Y AZ L— hOHIES £72, BUUREICZEEZLKITTLOLEZILND,

5. i

MR (FE/VH) Ti(OCaHe"a : BzAC : H20 : CHsCOCHs = 1 : (1 £7213 2) : (1 £7213 10) : 20
DT T Ti(OCsH")s ZNIAKSHE L, ks, A a—F 4 V7T T, icky, %
720 - BN 7 Uy R 2572, HolR No U A0 T CHolE 2 & aBR I B8
R L2 T ER Do, 2TOREHIIB W T TMABIHR EICEIC X 2L R S
BzAc BNV 7aWNEE, F72 H0 ENRZWIEE, BILIBENEWZ b7, GPC I
FOEILIRE D ERIZEAROS FEOHEKICEI > Thiaband Z LR brolz, -,
S REOMERIL, BzAc O, H0 EDIIINT K27 /v 2% > ROMAKGE « #i SO
DIREIZE>THTEbINDLZ EEZHLMNI LT

SCHR

1. M. S. M. Saifullah, K. R. V. Subramanian, E. Tapley, D. J. Kang, M. E. Welland, M. Butler,
Nano Lett., 3, 1587 (2003)

2. K. Nakata, K. Udagawa, T. Ochiai, H. Sakai, T. Murakami, M. Abe, A. Fujishima, Mater. Chem.
Phys., 126, 484 (2011)

3. H.R.Kim, O. H. Park, Y. K. Choi, B. S. Bae, J. Sol-Gel Sci. Techn., 19, 607 (2000)

4. J. Sokolnicki, J. Legendziewicz, W. Amirkhanov, V. Ovchinnikov, L. Macalik, J. Hanuza,
Spectrochim. Acta A, 55, 349 (1999)

5. M. J. Valasvo, F. Rubio, J. Rubio, J. L. Oteo, Thermochim. Acta, 326, 91 (1999)

6. J. Madarasz, A. Braileanu, M. Crisan, G. Pokol, J. Anal. Appl. Pyrolysis, 85, 549 (2009)

7. S.F Tayyari, J. S. Emampour, M. Vakili, A. R. Nekoei, H. Eshghi, S. Salemi, M. Hassanpour, J.
Mol. Struct., 794, 204 (2006)

8. E.B.Wilson, Phys. Rev., 45, 706 (1934)

9. S. A Abbas, S. G. Morteza, H. Fereshteh, M. Shamsoddin, J. Mater. Sci., 43, 1723 (2008)

10. F. Ribot, P. Toledano, C. Sanchez, Chem. Mater., 3, 759 (1991)

11. U. Schubert, J. Mater. Chem., 15, 3701 (2005)

111



BT NATYy FMEOME - PEREHEES

=
=
i

B I3IETIE, ARED TEEA LRVWERKRT, flixD -7 b OFE N TCTFZ 7 b
ST FFXYREDAAZT AT FTn-TRRFY REMASR L, AR S, &
EARZER L, 2ORRE, @A CERCTEAD -7 hr2 T2 L1280, &
B, BV A R AR - RN T )y RMEIME LR Z e boTs, ToNA
7 Uy RMEHIFERE TH Y . B-V7 FATBBI FICF L— ML L TR Y . DTA HhifR
IZBWT B-U7 b ORI ST DWW — 7 R & o de, TIvHIE, BRI
B-7 N ORFRICHKT 2O TIHRL RV A XY AKX L— NEORESGN B-2 7 b UMD
A ThHoTHNI LIZHRLTND Z La2ReT 5,

B-U7 b THDHRUANTE FBZA)DIFETFTF X T FT7-n-7 X RE
KGR L THERL L 7oA 70w RMBHZ DWW, 55 4 3 CIREERRE S BTk IC 5 2 5
K% %5 HETIL BzAc & & HO ENEAIMEIC B2 220 A THE L, £ OREE. §
BRREED E5-. BZAc DA, H,0 BEOMIIZ & b 7RWARY A% Y A X2 L— kDo f- &)
ML, ALIRENR EH Lz, T72bb, RV AF Y AZL— DG FRIZLS>THAAT
Uy RMEIOBILIREAHIHCE 2 2 & 2R LTz,

LED X DI, BZAC DIAFFTF X T FT7-n-7 Fx ¥ RENAKRGHRE L TER L 7oA
7Yy RMEHIR Y XY FEZR— R PoREMB, R AXFYFEZR— NElT 5F 4
Vo FESRBAL S TR DOREESCZ ORI G2 T, 2T, 6 T, XM MK
SIARFRERTIC H &SN T, BzAC TiO /N1 7' U RAEIORL - hilERiS & 23R L7z, $72,
BzAC * Zr0, N1 7' U v RMEHCOWT b [RIBRICAE - FPIREERS S & Fa L7z

2. RBRIGIE
2-1 FEOIER

FH T FTn-7 FF T R(TI(OCH" ) (FYEAISE TR, o va=y L7 FFn-7 R
X ¥ R(Zr(OCsH7")s) 70 Wt% 1-7" 1 /X 7 — ViR (Aldrich ), BzAc(Ftlidi T34, 7 &
k> (CH3COCH3) (Fneifisk T3aO) A2 et L, ¥ 6.1 2/ T FIEIC L - T, TV
(Ti(OCaHg")s & 7213 Zr(OCsH:"4) : BzAC : HoO : CHsCOCHz =1 : (1 £72132) : (1 £7213 10) :
20 725 MBIEHEER LTz, $70bb, BzAc 27 & b A S, Ti(OCHy"), E721%
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Zr(OCsH/M, 70 Wit% 1-7 1 /% ) — VIR &2 Nz, B L7235 HO0 2z, =R T 1 h
L 72, 80°C T Ti(OCsHe")4 & & Te¥aif 1% 50 min, Zr(OCsH:")4 % & T oAk I% 30 min J24E L.
I—T 4 U WRERS T, R Ny W A &7z LTz 140°C O® XTIV T F 2 aNicy —4ha
JRAT T AEREHEL, XTIV TITRAaDEEEY, a—T 4 VTR —ZAIRA T
ZHMR LT LT OHERLRNVEDICK 0BT L, BT T VT TR anELHEL,
R N 7 25 HC 140°C T 30 min #2458 L, RS Tl £ TmAIT 2 2 LI L0 ket
FVERL L 72, £7245 60 7=k % 200°C, 250°C TIEYK 10 min 225 T2 Z L1c kv
200°C J U 250°C Hzfialobt & 1572,

2-2 JiE

SPring-8 ® E'— A7 A BLO4B2 (2B W T RV F—X BT 21T - 72, 7272 L. il
Si(200)E / 7 B A—H EHNTHELNS 614 keV DT FNLFX—% b0 X MEMHEH L, Bk
L7-RB A EEZ 2mm OATEN T A/MOF v ©°F ) —|ZFE L CHlEIcft L=, 72770, &
BE2FHELTWARNWFY TV —%2 7T 7 & L,

Acetone
< Benzoyl acetone
P Ti(OC4Hg")4 Or
A Zr(OC3H7")4 70Wt% 1-propanol solution
< H20

Stirring for 60 min

v
Precursor solution

Concentrating at 80°C for 50 min for Ti(OC4Hg")s-solution

and 30min for Zr(OCsH;")s-solution
A 4

Coating solution

Dropping on soda-lime glass substrates
Drying at 140°C for 30 min under dried N gas flow
A 4

Sample

Figure 6.1 Flow chart showing the preparation the samples.
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3. fhiRk
3-1BzAc - TiOx ™A 7' U v REPEL

140°C J OV D14 200°C THzME L CER L 72 3UEHI W AL b BV 8P E 279728, 250°C C©
HEHE U IR U 72 aRH B B 2 R S T o T,

F9°. Ti(OC4Hg")s : BzAC : Ho0 : CH3COCH3 =1:2: 1: 20 /5722 DI B AERL L 7238
BHZDOWTRLRT 2, HIER T OBGEL~ T M RAFNE & IR mBa A X 6.2(a). (b)72 T
[2). (IZENFId, ARSARBEIEITIE 1.40, 1.94, 2.43, 2.94, 353, 4.35, 4.76, 5.50,
6.10. 637 AlcE—27 2, F£72381AICY a A —E— I RNALNE(XK6.2(d), S 5HIC,
TR A BIERD 7 A LI E O B IREEERIC BV T 10 ARBRE O A Z RS & 2 OIS
B BITZ(K 6.2(c), HEER T2 0.6 ALIZHV IRV E— 27 28 /L 572 (1K 6.2(D)),

Z OFEE 200°0C, X 512 250°C C 10 min HLE L7, WEREEO EFIZE B0, 1.40,
23A A LN D E— 7 WBEN A L, 194, 294, 353, 476, 6.10, 637 A TR LNLH
— 7 BREEHEAN L 7=, RFIZ 200°C 75 250°C ~D EFIZE (720 2SO E— RO
BT k&<, £/, 294, 353 AR OND E— 7 [ ZEIEEEMICS 7 b L72(K 6.3(b).
R S(Q)D 1 ALLL T Ok Q fEIIE, FMRIEENEmVIE L, TREAHML, XV QM
=7 NRLZ(X 6.3@1), EMARMICIE 120°C T 0.6 AR b —27 A3, 250°C T
0.35 ALIZ AL B, Z DD 200°C Tl 0.35 LN 0.6 AL Dl Flc v — 27 BE. LTz,

Ti(OC4Hg")s : BzAC : HO : CHsCOCH3 =1 : x : (1 £721% 10) : 20 22 B A S fERL L 7=3&
BHD RS AR BIERIC DWW T BzAC B x O AR5, BzACTi B x 2 2 05 11
WS L BRSO AR L RIS, 140, 243 A ICRLND B — 7 BN L, 1.94,
294, 353AICA LN E— I HREITIIN L, 294, 353 AICR LD B — 7 X R IR
7 R LT(K 6.4(b). 6.5(b), HEEK T 1 ALTLITF O Q fElkICF5\ T b REBRIRE &[R4k
DOER RO L, T7bb, HHER T S(Q)IL. BzAc &/ 7WVNI E, JRENHML, LV
ik Q MBI 7= (1X] 6.4(a). 6.5(3)).

WIZ, Ti(OCsHo"4 : BzAC : HoO : CH3COCH3 =1: (1 7213 2) : x: 20 025722 5kt —
R ARBAEUZ SV T H0 B x ORIRETLIRT 5, BzACTi=2 OHE. HOMi T4 x % 1
25 10T ik, 381A /I EVWE—2 BNAE U (K 6.6(b)), —J7. BzAc/Ti=1
DA, HO 8 x 3L TH RS MBEEITIE & A BT R B 72 (K 6.7(b)).
F 70 HEER F12130.6 ATLUF O 1K Q I T H0 BiC L 5V AR b7~ (X 6.6(a). 6.7(a)).
BzAC/Ti =2 O34 (X 6.6(a)). HO/Ti E/VEEZ 105 10 IZHMSE5 Z &1k 0.3A1L
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Figure 6.2  Structure factors in (a) wide and (b) low Q regions and pair distribution functions at (c)
long and (d) short distances for the 140°C-dried samples prepared from the solution of mole ratios,
Ti(OC4H9n)4 : BzAc : HO : CH3COCH3z=1:2:1:20.
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Figure 6.2 (Continued)
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Drying temp. : 140°C 3
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1t
15 |- N
~ 0
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3| : 200°C
: 250°C
2
1
0

o 1 2 3 4 5 6 7 8 9 10
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Figure 6.3 () Structure factors and (b) pair distribution functions of the 140°C- (blue line), 200°C-
(green line) and 250°C- (red line) dried samples prepared from the solution of mole ratios,
Ti(OC4Hg")s : BzAc : H,0 : CH3COCHz=1:2:1: 20.
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BzAc/Ti =1
8 | =2
~~ 6 B
&
n 4
2 |
0 |
-1 | | | | |
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Q/ Angstrom'1
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3 4 5 6 7 8 9 10
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(b)
Figure 6.4 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples

prepared from the solutions of mole ratios, Ti(OCsHg")4 : BzAc : H,O : CH3COCHz =1 : 1 (red line)
or 2 (blue line) : 1 : 20.
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Figure 6.5 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples
prepared from the solutions of mole ratios, Ti(OCsHg")4 : BzAc : H,0 : CH3COCH3; =1 : 1 (red line)
or 2 (blue line) : 10 : 20.
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H:0O/Ti =1
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05
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Figure 6.6 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples

prepared from the solutions of mole ratios, Ti(OCsHg")s : BzAc : H,O : CH3COCHz; =1: 2 : 1 (blue
line) or 10 (red line) : 20.
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HO/Ti =1
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Figure 6.7 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples
prepared from the solutions of mole ratios, Ti(OCsHg")s : BzAc : H,O : CH3COCHz; =1:1: 1 (blue
line) or 10 (red line) : 20.
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TH S(QDH HFEEDIREEN R S, F7z, BzAc/Ti=1 DA (K 6.7(a)). HO/Mi £/ 1
PH10ICHEINEESZ ik E—r N0k, KVIEQMlicy 7 F LT,

3-2BzAC * ZrO, N1 7 U RiFk}

140°C THzfE L CIERL L7z BzAc » ZrO /~A 7'V v RMEHI DWW T, H0 EIZDDo 5
BzAC/Zr = 2 D & EEANFWEMEZ R L, BzAC/Zr = 1 D & S BRI 2 R & 72 o 1o, RIS,
BzAc/Zr = 1 025725 a—TF 4 V7% 140°C IZIR O TR Y — F KA T A HM I
TT2e, a—T 4 VMR LB L, HHICAGRENREKRE o7,

Zr(OCsH7")4 : BzAc : H20 : CH3COCH3 : CsH"OH =1 : 2 : 1 : 20 : 2.33 72 B IR )~ B /E L
U 7ol ORISR F O BEEL 7 M ARAFE & AR A BAE 2 (X 6.8 177, R4 BT
I3 1.38, 2.18, 3.45, 3.98, 453, 4.79, 571 Alcv'— 7 NAL(X 6.8(d)), &Ik
AiBE% D 8 A LL EO RIFBEIRICE W T 15 AREORMZ L S8 L ZoEN RO
7=(1%1 6.8(c)). MEIER 1-121% 0.3 AL IZIER BRI B — 7 D3 5 72 (X 6.8(b)),

BzAcC/Zr BV 2 005 L~ S/ D & ARSAIREE D 138 A IR b5 B — 7 BRI
DA L, 218,345 AIC R BN D B — 7 BRI L7 (X 6.9(b). 6.10(b)). —J7. H0/Zr
EHE 1D 10 IZHR LT R TIE & A E R 6 N7 h o 72 (X 6.11(b),
6.12(h)).

4. B
4-1BzAc * TiO2 A 7 U v RAPEL OB L R DR

WOBRIREE O LA BzAc BEOWANZ & b7 IR AR 140, 243 A IR LD E
— 7 SREEIEIED L 7= (X 6.3(b). 6.4(b). 6.5(b)), 1B EROBEE: C-C X 140A TH S
LW Tnd, £/, ZCC-C % 1200 LET 2D & RILEHN B Ui C-C HEitI
2B2A LEETED, L5 T, 140, 243A D — 27 13F L— MO C-C Ofgilr#, 5
B TRERECRE SN -7 LEX BND,

T - RFEBNLZL ROV T, Kaur SIFHERET ¥ =7 F /KL FHIicis VT 4 fifir
A D Ti-O BT 1.63-1.82 A [1]. Cormier &1 KoO-TiO,-SiO; 47 AHIZFNT 5 Bz Y
D Ti-O PHEEIL 45D 1.96 A & 15D 1.68 A [2]. Frangois H & KoO-Ti02-Si0, ' 7 A th
(2T 5 EAZPU A HED Ti-O FEEEIL 4 S0 1.94-1.95 A & 150 1.70 A[3]. Prasai & I13FE 5
BT 5 =T RONT I, TF 2 —2fERTIC BT 6 BT Z ko Ti-O B 1.91-2.00 A
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Figure 6.8 Structure factors in (a) wide and (b) low Q regions and pair distribution functions at (c)
long and (d) short distances for the 140°C-dried sample prepared from the solution of mole ratios,
ZI’(OC3H7n)4 : BzAc : H,O : CH3COCH;3 : CsH"OH=1:2:1:20: 2.33.
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Figure 6.8 (Continued)
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Figure 6.9 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples
prepared from the solutions of mole ratios, Zr(OCsH7")s : BzAc : H20 : CH3COCHs : CsH"OH=1 :
1 (blue line) or 2 (red line) : 1 : 20 : 2.33.
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(a)

10 BzAc/Zy i %

o 1 2 3 4 5 6 7 8 9 10
r / Angstrom

(b)

Figure 6.10 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples
prepared from the solutions of mole ratios, Zr(OCsH7")4 : BzAc : H20 : CH3COCHs; : C3H/"OH=1 :
1 (blue line) or 2 (red line) : 10 : 20 : 2.33.
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Figure 6.11 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples
prepared from the solutions of mole ratios, Zr(OCsH7")4 : BzAc : H20 : CH3COCHs; : C3H/"OH=1 :
2 : 1 (blue line) or 10 (red line) : 20 : 2.33.
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Figure 6.12 (a) Structure factors and (b) pair distribution functions of the 140°C-dried samples
prepared from the solutions of mole ratios, Zr(OCsH7")s : BzAc : H20 : CH3COCHs3 : CsH"OH=1 :
1 : 1 (blue line) or 10 (red line) : 20 : 2.33.
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BICTHDHZ et HE L TVA(F6.1), ULEOFENS, 1.94A DE— 71X Ti-0 O
IHER TR IR R S, SRR O F # BRI LR DI & A ED 6 B\ AT
bHEEZOND, o VT ABEICH B D Halr i K O 3lrHe Ti-Ti O JR [ BRI
B T296 A, THAIA TIE3ATHH(F£6.2), Lih-T, 294, 353ADE—7 1%,
FNENBEILA R NEAIA TO Ti-Ti O FHBEEICRE SN B2 b, 2D &
bE, FZUBBRNZEAD 6 BANFEKTHD Z L2 3FT 5, 2L, VT
WX 2.96 A © 0-0 B> 345, 355 A O Ti-O il b fFEL, ZhbbA— =T v 7L
TWDHAREMEN B 5 (£ 6.2), S BT, F L— MENZ L7z Ti-BzAc D fcilr# Ti-C B35 3.0
ATHY[BlL. b 2ADE—7 LA —nN—F 97 LTS alREMEN S 5 (£ 6.3), Kaur
BIZIERE TiO, 7 /KL HIZE\ T, 2 3rHE Ti-0 DR 1 [MEEEEN 3.78 A Th v | 74 v
-FRFEBONL Z AR DK 55% 23 6 BT \FHRGI 7, 32, 5%B3ZEhEh 4, 5, 7B ZHEE))
LRSI TS Z EAREL TWA[L], 381AICALNDIFIZZ OF i Ti-O OJR
FHIEBIRBE SN D LB b, ZORR S F ¥ - BBERNLERD 6 BA\HEATH D
ZEHRIFFT D,

Table 6.1 First nearest Ti-O distance in titanium-oxygen

coordination polyhedra [1-4].

Coordination number Ti-O distance/A

4 1.63-1.82
5 1.68, 1.96
5 1.70. 1.94-1.95
6 1.91-2.00

Table 6.2 Atomic distance in TiOz rutile crystal.
Atomic distance/A

Ti-Ti Ti-O 0-0
1st nearest neighbor 2.96 1.94, 1.96 2.50, 2.75, 2.96
2nd nearest neighbor 3.53 3.45, 3.55 3.29
3rd nearest neighbor 4.54 4.04 3.88, 3.92

4th nearest neighbor 5.42, 5.48 4.46, 4.54, 4.61 4.42, 4.54

Table 6.3 Atomic distance in a chelating ring of Ti-BzAc [4].
Atomic distance/A
Ti-O Ti-C 0-C
1st nearest neighbor 1.98-2.08 3.00-3.05 1.27-1.31
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435 ALLEIZR OGN D E— 27 3R FREBA R URBEZALNCT 5 Z L ITEH L VWA,
55 S5ITHE Ti-C BREESC, TiO, DV FUEE I 1 5 Ti-0, 0-0, Ti-Ti Hiff)s 4.3-4.6 A (C&E
FICHFET D Z Linb, ZbA 435 AFRMICKREVWE—2 252 T0n5bDEEx b
D, BT, S HBIR O 7 A L EORIEHEEICI WV CIT 10 ARREO A A S O RS
EEDOBWENRD HILDD(X 6.2(c)). ZAuE, BN AL LOREH COBEDH X%
b OAREME A R 5,

REMRIRE & 200°C 7> 5 250°C (2 BiF 5 &, 140, 243 A IC R b5 B — 7 (C-C DIt K
OV ST REEREE) OB 28 L. — 5, 1.94, 294, 353 A ICRHND B —7 (Ti-O, Bk
A Ti-Ti, THSHA Ti-Ti FEEE) O TR X80 L 72 (K 6.3(b)), T4 5 D & — 2 SREE DN & ik
DI, EERREO EFICE b0k L— FRIDSHBEL . RIS TiRERE L Ro72728)
WAL LD LT 5 LN TE D, £/, BZACTI E/LLLE 205 LIZHSG LTER L
ToRBHZ b RO B — 7 SREE Db A H4L(X 6.4(b). 6.5(b)). Zivh £/, FHXBIIC Ti
BRENEWEZEDIZELELDEEZ BILD,

RLJRIREE & 200°C 7> 5 250°C (2 LiF %, BzAC/Ti B/LLEE 2 05 LIZL T &, 294 A
Rons e —r (A Ti-Ti ) 28304 Alcs 7 F L72(K 6.3(b), Z#ux, ko
B OFIG O X > T TiOs NEHROOTHBEMLIZlzb L E X bivd, LT A
TiO, LV b LA OEIEDZ N, T X —EH TiO, D1 MiFlEA % 6.4 (TR T, 7
— B TiO 28I 2 BEILA Ti-Ti Bl 3.04 A TH Y | TiOs NEARDOT I L » THESL
A Ti-Ti BEEEAHIIN L7z 2 & Z2on g, NEIRIZI T 2B IE ORIGOHEMORIAIT, f2EE
FEDOHINIMZ L 5 BzAc OiEfE, 3725 BzAc B IZ & - T TiOs \ AR [E L A3 112
BETELEO o EEILND,

353 Alchions ' —r (THmIA Ti-Ti BHEE) L 381 AlchAohns v —r (BF i
Ti-O FERE) 1%, 250°C TORMRIZ L > T, 7 u— R 1 AKDE—27 221k L= (K 6.3(b)),
ZHUE, REWTITI EEEOBIE ORREZ KM LTV D, ¥ L— MIOBBEHC > T, TEMR
AT L o THEE L7z Tios NEAD LKA 2B E O B BN L. Ti-Ti BRAEO K & VAL E
DOEIEGNIE L, &R E LT, Ti-Ti BB O AN K LIz AIREMEN & 5, F 72, BzAC/Ti /L
FeZ 2 6 LIZHD LIS A b IREROZE(LA Ao 7= (X 6.4(b). 6.5(b)), BzAc 23720
gy TEASEAIC &0 Uiz TiOs \FHADNZARR 22 BLE o H DS L2 2 & SRR & 5
ZHID,
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Table 6.4 Atomic distance in TiO2 anatase crystal.
Pair distance/A

Ti-Ti Ti-O 0-0
1st nearest neighbor 3.04 1.94, 1.96 2.45, 2.80, 3.04
2nd nearest neighbor 3.79 3.87 3.72
3rd nearest neighbor 4.85 4.25, 4.26 3.79, 3.93
4th nearest neighbor 5.35, 5.46 4.74 4.51

BzAC/Ti =2 DG, HO BEINESEDZ L2k, 381A I/ hEVWE—7 3 U (X
6.6(b)). Z Dt — 27 3E arHE Ti-0 HEHIIC T2 b DO TH D LRETIIE, Zor—7
DOHHIT, H0 BEHICTZ L2 L - T, TiOs JNERD R 2B E O3 A 03 Te L Al
THZEERLTWDHAMREMNEDNH D, 72720, BzACTi=1 OH%AE. H0 XML TS
EROAMBIEUICIEE A EEIT R SN2 o 72(1X 6.7(D)).

HEER T S(Q)UE, WINOFREHZEB W TH 06 AL FIZHWE —27 26 5, FEEEN
EWEE| BzZAC 23D 72T SRR HIIN L, X VK Q Ml HLAL 7= (1X 6.3(a). 6.4(a). 6.5(a)).
REMETEE DEABIZEB VT, 140°C T 0.6 AT IC R Hui= B —2 73, 250°C T 0.35 At 28,
Z DD 200°C TiX 035 K06 AL, —HoDE—7RR6NT-(K6.3d), ZiiE, Hk
HEDOLEFIZE b0, EEROSFEMERLIZZEZMML TWLIHDLEIBND,
FRZ, HZBRREE A 200°C 725 250°C I 1D & A AYREE L. Ti-Ti MBI RN S iz
72O BRENEIM LI DL EZ B D, BZACTI B/ E 2 05 LIZED L72HA D, S(Q)
IZBWTIRIEFRERDO DN L 50X 6.4(0), 65()). T70bb, B—27 MK Q NZELN D
FEGERDOFEDER LIS E 2L, AHEM D720y, Ti-Ti AHEDSER S D T2
O, E—ZENEMLIZbDEZZDND, HO EDOZNIRIT BzZACTI £/ TRZR L 05,
WTNOGE LS FEOENICL LD THDL EEZXLND, TR H, BZACTI =2 D5
A (X 6.6(a). HO BEAHEMEEDZ EI12ED 03ALLITTY S(QD b HFLEDIRE IR
. ZHEFHEEICREWSDFEEZOOEGEROFEICL b O LHEIND, LT,
BzAc/Ti=1 O%A (X 6.7(@), HO BZHEMSEL LIV E—7nE iR, LVIKQ
fNC> 7 R LT3, Zivh, HEERORKHRERICE D bD LHER SN D,

4-2 BzAc * ZrOx ™A 7 U v REPEF OB Z R O i

TROATRASICIE 1.38, 2,18, 345, 3.98, 453, 479, 571 A lc¥—7 BELHH, BzAc
BOBDICE 720, 1.38 AICALND B —7 OE XD T 5 (X 6.9(). 6.10(b)), L7z
BT, TiO K ERIERIZ, 138 ADE—2 1%, F L — MO C-C DBl 7 HlE 7
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BEnbEEZLND, £, $9243 ATE ITB C-C BN H D EHEHI S D08, %k
T5218ADE—7(Zr-O) e A— =T v 7 LTV L HEEMER S 5,

U a=y AEERENLZHEARIZ OV T, Yoshino 51X SrZrOz v 7 A B A MRS RIC
BT 5 6 BNAL/\EARD Zr-O BEEfEE 2.07-2.09 A [6]. Sugiyama HIIIEEE UL a =7 ® Zr-0
EE%E(@B&%}& N=58)7%214 A Zr-Zr BN 341 AT TH D Z L 2T NERHE L TS (FE
6.5), FT7o. WARINI S ZrO 2B 5 8 B Zm KD Zr-O BElfEIE 2.22 A, Zr-zZr BT
362A THH(#6.6), LhEDZ Enn, 218, 345A DY —27 1% Zr-O, Zr-Zr DR 1
MR 2 EivmE S, BB LV a =0 A-RBRENLZ KT 6 BAL/\EHETH S
EEZHND, 398 ALEICA LMD E—Z 12OV TE, Sugiyama H DG 2 BEICT 5
&, 398 A1 0-0, Zr-zZr iiffE, 453 A X zr-zr HiffE, 4.79 A1 O-0 HiEfICREC&EE S T
0D, Fiz, Ti-C23 43BAITIHE I D D L FERIC, Zr-C b 45-48 A ITHHET D L HEHI &

Table 6.5 First nearest Zr-O distance in

zirconium-oxygen coordination polyhedra [6, 7].

Coordination number Zr-O distance/A

5.8 2.14
6 2.07-2.09
8 2.22

Table 6.6 Atomic distance in a fluorite type cubic ZrO2
crystal calculated from the date given in JCPDS 27-997.

Atomic distance/A
Zy-Zr Zr-O 0O-0O
1st nearest neighbor 3.62 2.22 2.56
2nd nearest neighbor 5.12 4.24 3.62
3rd nearest neighbor 6.27 5.58 4.43

Table 6.7 Assignment of the atomic distance in the

pair distribution function obtained in the present study.

Atomic distance/A  Assignment

1.38 C-C

2.18 Zr-O

3.45 Zr-Zr

3.98 Zy-Zr, O-O
4.53 Zr-Zr, Zr-C
4.79 0-0, Zr-C

132



o, ULEDOREEZFE6.7I1CFE LDHD, 8 AL EORFBEEKICIHWTIX 15 ARE DAY 4
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FHFX— FOFEPHEML, A Z R TREN A T2 26N LT, &6
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FDFICL o TEfMicNTZRI AR A X L — b0 EEETH- T, BIM
RN A B O Z D LS M EHE. BEICHIN R, b OMEHZR N T, AU A F
VAKX L— MO BEER X, BRI -7 b [ @ van der Waals 71 TH D |
FWETTHD, LIen->T. b DOMEMEFRIMAMEICEND Z L1372 <, 3 )
BEWEHERI SN D, LLARRD, 2o OMEHZEREMEREL L U TR 2 Al REME & B8
DT DI, ALFERIMAME & NPT AEZ B O L TEBLS 2 ERRETHLH, 2D X
INTHEA, HTETIE, BZACIC I VLM S NN Y A Y F AR — FInbRoNAT
U REPEF ARSI A & R 2~ T,

3

2. RBRIGIE
2-1 FEOIER

FH T b T-n-7 b F L R(TiI(OCsHg"4). BzAc, 7 k2 (CHCOCHs) (W 9°h & Fntl
) ARk U, ) 7.0 1R FIEIC X - T, E/LEE Ti(OCsHg")4 : BzAC : H20 : CH3COCH;
=1:2:(1F£71310): 20 2 5B AER LT, 77205, BzAc &7 & h RS
., Ti(OCsHo"s Z MM %, B LMD HO 2%, IR TLhEE L=, Z OEiE%E 80°C

135



T50 minEfE L7z, ZOEIICUTHERLEWIRE 2—7 « > 7k E LT, Si(100)%AK E
123,000 rppm, 30 s DEAETAE > =— kL, 120°C T 10 min §243 % = L2 X 0 #E K%
15, % ORLE{A % 200°C, 250°C THEVK 10 min #2f5: U7z, DL EOEEIZ S TESHF TITo 72,
IS OB LUT TIE 120°C 2kl 2000C #2MRakk, 2500C HokRAE & RRik 95 23,
IS ORBHIOW LR AME 2 Gt LTz, £70, IBiisikE 2 —7 4 v 7k LT
Si(100) 54K 112 3,000 rpm, 30 s D TZELAHFTAE  a— L, 140°C DENT T LT
T A PR Np 7 A T 140°C T 30 min #z 8 L, RIS F TR E TWAIT 5 2 LI &
D HLERZ ST, 2 ORLEIRIZ OW TR AN 2 Et L7,

CHsCOCHS3
< Benzoylacetone
< Ti(OC4Hg")4
< H20

v Stirring for 1 h

Starting solution

| Concentrating at 80°C for 50 min

Resin-like solution

Spin-coating on Si(100) substrate
Drying at 120°C for 10 min in the ambient atmosphere
or at 140°C for 30 min under dried N, gas flow

A 4 \ 4
“120°C-dried” Sample “140°C-dried” Sample

il Drying at 200°C for 10 min
“200°C-dried” Sample
il Drying at 250°C for 10 min
“250°C-dried” Sample

Figure 7.1  Flow chart showing the prepration of the samples.
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2-2 AL A ORFEAT 5 1

B2 50 mL @ H20 FE721% CoHsOH (23R L, 30°C T 24 h #iE L, sEt DR S D247
N5 L L BT, BIERO AHRENRIN A7 MV O Z R BB O LRI AN & iR
FfLiz,

AREIOE X%, fib$tFR i S FH(NRITZEFTRL,  SE-3500)Z IV THIE L7z, Tt A
A W THABIO —E 2 FIBE L TBRZEZIEY | TOBREZHE LT,

B A G L U, ARSI R (B ARG e V-570) % Fl O T RIRER SN A 2
7 MVERIE LTz, 272 L, RIEE ORI (S 7oz, B e — 2 2155
N5 ETRERZ HoICmIR LT, £72.0 HO £721E CHOH &2 7 5 7 & L=,

2-3 )R ANE O REAT 7

B ATy o R MEEE R (EHEERYERTR. DUH-W201S) % FI W TRl Ol S 4 3FAf L 72,
115° D = A4 $EJE 1% T A -BRATERBR A 308 ) 2-7 mN, Af#EE 1.4220 mN s, REFRE
M5sDbETITolz, 7L, WEICEELT, JEFNBRHE Y62 NEIITERL,
IEAEIRATES FETCITo70, XAy 7S Hpld, #BR) P RO LIARIRE D %
AT TE£END,

H, = 3.8584 x 5 ......................................... (1)

Z I T, 38584 [TETFIRIRICE D EETH D,

Table 7.1 Thickness of the samples measured before and after soaking

Drying temperature/cC  Soaking media  Thickness/nm

Before soaking  After soaking

120 Water 9298 + 153 9121 + 207
200 Water 7766 + 64 7834+ 86
250 . Water _______ 5201+220 ___ 55ll% 111
120 Ethanol 9624 + 177 0

200 Ethanol 7347 £ 159 0

250 Ethanol 4995 + 159 ~1000
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HT, ZOWRETOMUIARREOLELZRE L, BBREOWTILORHILER & A
HmA o, K761 Bk ERRFUAARRI OBREZ RS, 7272L. K 75@)D 3 A&
H (1) B ONC) D 2 A H (JRFR) D BEFRD B3RO T e K LIABIR ST OWTI, il 4 Kk
PRl U TR LIABRIR S 3072 W /NS W2 sh, Goodwin 1512 X » THIEE 2 281 L=, Bk
DI & b ARV B RIT LIARRS DM 5 Z & Bbinoiz, 72, HOMi=1
OFEFEL Y & HOMMi =10 OFED A3, A CRER B W THRRI LIAGEI VSN2
EWDIole, MTTICH AT Iy 7S M LIARRS OBfRZRd, 72721, HO/Ti=1
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10 DB X DT 1y MDOFBRREVEHMA A ST, £o, fLIARBERREWZEX A
TR IWENNEL eote, T2 BESMMOFEL DT T AF v 7 AMEIOF AT
IS EFRT2107T, BBOLA T I v I/ HESIE, WThOT T AF v 7 2580 b LH/h
SWNWZ EDBbroT,
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BB IX, K~DRBIC L > TUEE A EEET, =& 7 —/WZRIE L7255, 250°C
H R TIER 80 %D . ZFLIARENCIE 100 DI M A b T-(E 1), =& —)b
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Water

Ethanol

120°C 200°C 250°C

Before

After

() ©)

Before

After

() (9]

500 um

Figure 7.2 Optical microscopic images of the (a) and (d) 120°C-, (b) and (e) 200°C- and (c) and (f)
250°C-samples prepared on the Si (100) substrates from the solution of Ti : BzZAc : H,O=1:2:1
by spin-coating at 3,000 rpm before soaking and (prime;’) after soaking. The samples were soaked
in (a), (b) and (c) water or (d), (e) and (f) ethanol at 30°C for 24 h.
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Figure 7.3 UV-visible optical absorption spectra of (a) water and (b) ethanol measured after
soaking the 120°C-dried (blue line), 200 °C-dried (green line) and 250 °C-dried (red line) samples.

The spectra of BzAc solutions are also shown (black line).
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Figure 7.4 Load-displacement curves of the sample prepared on Si(100) substrates from the
solution of Ti: BzAc: HoO =1: 2 : 1 by spin-coating at 3,000 rpm.  The maximum loads were (a) 2,
(b) 3,(c)4,(d) 5, (e) 6and (f) 7 mN
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Figure 7.4  (Continued)
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Figure 7.5 Load-displacement curves of the sample prepared on Si(100) substrates from the
solution of Ti: BzAc: H,O = 1: 2 : 10 by spin-coating at 3,000 rom. The maximum loads were (a)
2,(b)3,(c) 4, (d)5, (e) 6and (f) 7 mN

143



, A |

Load/mN
OFRLPDNWPMOIO
|

0 0.5 1 1.5 2 2.5
Penetration depth/um

(d)

Load/mN
OFRLNDWHrOOIOON

sl

0 0.5 1 1.5 2 2.5
Penetration depth/um

(€)

A |

Load/mN
OFRLNWDRUUIOONO
| [ | | | |

o

0.5 1 1.5 2 2.5
Penetration depth/um

®
Figure 7.5 (Continued)
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Figure 7.6 Penetration depth plotted versus load for the samples prepared on Si(100) substrates
from the solutions of Ti: BzAc: H,O =1 : 2 : (1 (blue line) and 10 (red line)) by spin-coating at
3,000 rpm.

(CRE L2 A, R BMEES 5, 120°C, 200°C FEMEREHI e ICIAfE L, 250°C Lt
HEFCIRIZEA D5 LOEDR R L7202 b 7-(K 7.2(d). (e). (). —7F. KIZiR
E L= A, 120°C W slEHTI 3@ A U2 A%, 200°C, 250°C Rzt kHZ T2 ki /S
n7zmo72(" 7.2@). (b). (©)e ZDZ ik, RENHDREDNAMEZ 652 & &R,
FThebb, H 4 ZORELADED E 2000C FEEREHI B AT S i KEZ A DE L D2
ENbhrol,

REARBRS OIRIEIR O ATREEINRIN A7 S UIZE W T, =& ) — /L2 F 355 nm (2
e —27 R 572 (¥ 7.3(b), Z DWW E— 7 1 BzAc & TilR 226725 F L— MRD n-1*
EBRICRE S, 2], BzZAc =¥ J —/UIZENLTE & ZIZR 65 310 nm ORI E— 27
MEEEMNZY 7 NLEEbDOTH D, 7206, BzAC 23 Ti Il FIZEAL L7z F EWMEL T
DT ENRBEIND, 7, KERERE L2356 RIERICIE BzAc 2 KICHED LT 86
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Figure 7.7 Dynamic hardness of the samples prepared on Si(100) substrates from the solution of
Ti: BzAc: H:O =1:2: (1 (open square) and 10 (multiple sign)) by spin-coating at 3,000 rpm. The
maximum loads were (a) 2 (blue), (b) 3 (red), (c) 4 (green), (d) 5 (orange), (e) 6 (purple) and (f) 7
mN (black)

Table 7.2 Dynamic hardness of the samples and

various plastics. The maximum loads were 7 mN.

Sample Dynamic hardness/GPa
H:0=1 24.7+ 2.1
H20 =10 29.4+ 1.8

PE 212.1+29.9
PP 393.2+47.6
PMMA 323.5+ 36.3
PC 3563.0+£92.7
PET 379.1+ 85.7
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H5HZ LXK T.6)02H BRI, NEICEROLDWERH D Z & 2RIgd 5,

BzAc D347 T T Ti(OCsHg")s Z NI L, #RffE, A& a— b, FRIZ L - T, BzAC -
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