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Sl sl & A HEL T, WA TS A w2 Y A 7 L L TR E R
D52, TS OEM Ao -t EFigure LR TS TE Y = —/L 418 L T4k
Ehd, —hH. TAAT LA REITBW L, B ORRBIEZ W LS E 25720128
L TORF KBS TRPEN TS, Table WRT LI ICBED Y V7T —
N=RaA—= R CET A AT VA RBEICATF LN EEDOEERFATHZ LI
RHEME T T2, ThTxt L, KADEEARRT 5 515 & U CERE T 7 M Lk
BT D2 LS L0 A2 BEL S HE o~ OB Y AR & B9 5 Anti-

AG/LR layer —> o
<— Polarization plate

Substrate —>
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Figure 1T Constitution of LCD.



Table 1 Classification of the display surface.

CHC AG LR(AR)
Type (Clear Hard Coat) (Anti-Glare) Low-Reflection AGLR
Structure \ / Low Ref.
CHC CHC
TAC TAC
. . . Scattering Low reflection
Properties High reflection Low contrast High contrast AG+LR
Application PC, monitor TV, monitor High-cost TV High-cost TV
Touch panel
Out-Cell On-Cell In-Cell
Touch panel

Polarization pl:ma

Polarization plnfn

Polarization plnfn

Glass

Glass

Glass
Polarization plate

4

LCD Panel

LCD Panel

LCD Panel

Figure 2 Constitution of touch panel.



Glare(AG) R EIT R L EEZHIH L @A BE T2 2 L1k, Ko hofifE
ZFIH LT B LA 9 Low Reflection(LR, AR)R ENH VI, & 5742 % mihE(L
LLTENDLEZHEAILIZAGLRZ: ER St H DT 4 A7 LA I3 ST
Do ZYTFNRME, AT A AT VARBIZWMO T 27 7 M AL AT «
AT VAT D24 vAA BLOA AR S 5 (Figure 2), 4> & AR
DH v FRXFE, R E D T —T AN F—FFR T T=H T AR OMIZEE L

A4 B AFNITFT-LCDEALRNICHE L= D Th 549, HERBERDE v F /3%

VTR MRS AN — = 7 S ER A B LICAE TS Z LIk o T, R
TN I ALEOFBEREOEE R LIALEXFET 59, EREMICECHNS
R0
Rl

\\//ﬁ ITO ITO

Optical Adjust Layer
Hard Coating
PET
Hard Coating

R,—R,<0.7

Patterning OCA NN

Figure 3 Optical adjustment layer of the touch panel.



NAHITORRIT RN E LS. & v F RN EOENLSOIHE & TIE S LR EEZ 725
WAECEBOERANEL S, ZhzEET 572D, ITODO FEICEMIZIITWVE
TROA T v 7 A~y F U V@ a2 T EmE AT 2 8RB STV D

(Figure 3).

3. BEEMH
TITAF Y VI ORGIRMIMEN DL R THEA S TEY . flxiEr s
RZBNWTHH T AL ARFL LTEIETIIRIE R =T %2555, 7T AF v 7
IHMETHLZETEIEEZRET L0, RV A X7 VVEEAFL(PMMA) D X 95
72BN OLAM BB IXEITRNER WD, L X L THREESE D 720123
TEIMLTL2MERNDH D, T T7AF v 7 ~OEIFR[FEOHHIZ, Lo AT 4
AT LA ABREIZ LD & T HHFERESFICB O CEERERERTH LD, Hix
T 7 —FRINETIATORTCEL, "e e HnleR) v—& LTix
2,2°EA[3,5- 7 BEA4Q2AX 7 VA NFTF U hF )T o] T aRER
F L OEHIA(TS-26)0320F 515 (Figure 4), TN E TIHEHENTWE=TF T
AF v I L RE, TINY TV a— A h—FRRx— R eT UV HNVEGLERY v—
(CR-39)TH DM, 7 v _HMNE8L HWN b DDEITHEMNL50L H< N edil Ly
AWGEL 720, HIAEHWRTTIAF v 7 OFRTHLBERELEZELR S DT
&> 1=(Figure 5), TS-261FRHFFF L FHFRZEAT D Z L THEITFELE0, 7 v
$32%FEBL L TEBY ., CR-39UIX L T25%IEE D[, HT AL v XK+ HHE
HEFW LY, L L, iSEMSCBREAROEIZE VT e F VR 2
EREFRETEOEVMFEHIN T, iR FE28 AL E LTix, BT
FNRLTEBZ DG RE SN TWD, FEE X, JRFEI 28 < 2R F5
BMEWZ LD @EEITRE & T v EEBDL LN TED, RATIE, YALT 4

REGEHATE ALY 4 FMEAYOBEMESIKCHEITERLTT-1.81, 7 v ~$31-27



WNHE SN TV 59(Figure 6), TOMMIZH, i L HFERZIH LAY 2L
R UMEHEL.73-1.78, KRl € =V AR B & HFEFERNAZAIHE R > T2 R
U7 2= AT ¢ RIFEIERNLTISERE ST 5219(Figure 7,8), Z DX
T T AF v 7 OEmBIRIICIE, FEROEAN, ~a b VA (7 v ZLUS) O

BA. BILOHEIEFOBEADNERTH L, —F. 77 AF v 7 OMEEiER; &

Figure 4 TS-26
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Figure 6 Episulfide containing disulfide bonds.

Figure 7 Aromatic polysulfone.

O

Figure 8 Polyphenylene sulfide.
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Figure 9 Estimating equation of the refractive index (RI)
by the Maxwell-Garnett theory.
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Figure 10 Scattering coefficient in the composite particles.
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ENTWD, EERBILHOFHTIZT X =7 ORITRN IS @V, 0L T
PEIC L DR ~ =L E 2> TR I RIEITROFH WYL =TT
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Figure 11 Comparison of the scattering coefficient of silica and zirconia.
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LT, YU IDOEIFIENL46, YL a=T OmITHENR2.17E LTHHE L, 100 nm
DUV I OBEURE ERIZED Vv a =7 OR1£81340-50 nmTH D Z E RNbnd,
TP b, 100nmD > Y B EEEG LR ~—0FEPE LV a =7 Ofls THS

TeOIZiE. BEEFmOY A XTHIET 2 LE R H D,

4. My THIVEIRE BT/ RFDHEBUEDIER

F BT D43 Figure 1212 X 9 IR M AT v FiEE by 7 H 7 kIS
KBIEND, B RLAT v AEFFEA, T OFEE» DR &2 AR T2 HIETHY
KO IRAEHAERT H I ENTE D, JHETITERIFE, (bFRE, L —F—
W, NT T X=EREBRDH DN, VRKF KT/ A= THEBRTRICE VTR
R v OEERE R D, BT, Ik, LSV & TR, KB
FRIEZR EDOFERH Y . WHTF R L LTRELSNEMEBEE STV D,
PEknD . R RAT v FIETF R OAERICHE L= FEE LTHBR TV,
KEAFEL VO BEND TEMICHRENH D &SR TWD, —F, by 7 XYk
TER LD 3B TRV L T2 EIT CTH 0 . BRI BRER IR & iR 9~ 5 715 & LT
HNTWVD, WEERBIROBE LT 2HEEI 7 n A —F—0a8Thy, F ki
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Ultra-atomization of substance

Top down Bottom up
Disintegration of solids by energy Generated from the atoms and molecules
I | | I I
Dry ground Wet crushing Gas phase method  Liquid phase method

Aggregates of Nanoparticles I
EEres . P Aggregates of
nanoparticle

nanoparticle

Figure 12 Classification of the techniques of fine particles.

T Separator
Motor

Rotor
(11
Co0liNg =——)
water Media beads
<@/
Stirring tank Feed pump

2

Figure 13 Structure of circulation type beads mill.
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<4— Primary particles

Figure 14 Schematic diagram of milling by using media beads.

T OSBIIFAB/ELE SN TR, I —XBEATE L E—XINVOBLIZ L -
T, T/7RADOTBBEAIIHRFTIND LD oTe, E—=XINIE, T/ hiF%
KREBARTDZENARETH Y, R FAT v FIEICHA_RTEMICEN E SN TNW5,
B =X I VORI L, mER I L, 7T =2 7 — R IMTHES
NTWD, JdEMOER A I LTI, AMUINIHRIR Y 7 25k1T 5 2 & TREMRER
DAEREIC/R D . T MR T 2R FOAERIZEBWTERTH S, MR OEER I v
OIS X % Figure 1312789, AT 4 7 B —XANE A SNSRI, xS & 7
DR EEERICRA LT AT U — %8R v 7 CHET 5 Z LI Ko Th O
WL EHED D ZENTED, E—RAIMTE—F—IC L H2lEECEEI L, o—% —
EUOERETAT 4 7 B —ANEBT 518, AT 17— RTAHE Gl FE
B, PR, EfR oz x X —%2 5252 L TRLEED D

(Figure 14), B LT 20 BIRE/LT-DITIE, E—XINVDEKE, AT 47—
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AOME., AT 47 E—ADH A X1920 35 L OGB4 fic (b LB 7o 5 A B )
TRET 52 EBRETHH22, Az @< $52 8T, WHghEs EiFs L
WTE DM, FFHCHEOEO ) A7 20k b BB RE LR DA v M ERWE
TILEREETHDH2Y, £/, RETHERIATA AL =X %fliolzar I LR
RE—XINRE L HE RS LD mPERRIC L7228 o B — X I L ST

YN % 24.25)

5. 2axAl

F KT ST T S B A 12012, BT & IR OIS A & VD
VRV . FREIEMERCR Y ~ — RO R ENZ L HRSNTWD, O
TR ~DOREB L OIS A b & LTKEEEE, IARFI N Trax ik,
T U UBRRORNL TR &L R RETCTRBEIEN O & HAKEEFE Y A & LT

IRV = 2T )L, RYz=—F )L, RUTLZL, =RXS U a—r 78 TR

Dispersant

Steric hinderance site
(main part)

Reaction site

Figure 15 Function of dispersant for nanoparticle.
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STV 5 (Figure 15), BB ZHICB W TIX, 2O K 9 2pfl 2 O 4 HHID 53T
L2 THBIELZENHMETHLN, BEIZu YA XTHLDT, kY
BHTHD, LinL, 7/ A XORAHEICTB VTR, IEFICKRE RRmFEIC
LChFREEZREL TS BERD DD, L0 R RELE T X 58BN
ROHNTWD, Ty 7V THENE, RPN OBEORELIIH D22 &
DHLNTEY, TR T2 0I5 OORIMUEICENTHANTHDL &F
Z 552629,

6. FARICAWCITERE

)L (Dynamic Light Scattering : DLS)IZ X 2k T2 O HIE X,
Microtrac UPA150( H ##H)JF L ONRIZSRAL 14T ) 7 « ¥ —FPAR-1000(K &%
FEYZHOWTHIE LTz, WRPICOBLIERHI37 7 v vidE# 2 L TR0 | R0
VARG CTT IV v EBORS BERRD, £ ZICv—Y ezl 524LT
BGELYEA AR L. BLFBIDS T BEDEIRE OFF b & 2 g TR 5 2 & Thz
TREBEF LIS, Microtrac UPA150IE~T 1 & A AERIZ K o TN 217 5 25 T
bbH, ~TaLAARIE, BMEREGELEE L — I X R ARG LbRitER
ICEVEREZELTRVHL, ZOREED RNT—RANT bR 8RR
ZATHO L TRTFBEEBRLZENTE D, £ RERKFET 77 4 ¥ —FPAR-
1000(IREX A AL KD ZAT O ME TH D, REX A LT, HEDEO %
JeE s TEAUE SICAH L H EHBREEZ RO T, ML L VR FEE2G
% Z L mT& % (Figure 16),

T ROy BRI TE R E - B (Transmission  Electron Microscope -
TEM, JSM-2100, HABFE)ZHNTHEL, A7V v FEEOTEELILE
SR A B - P SE(Field Emission Scanning Electron Microscope @ FE-

SEM. JSM-6700F., AAREFHE)ZHWTHIE L, BEFHEEEEIL. BB
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Heterodyne method Homodyne method

Particles Particles
Laser light J QQ Laser light & QQ
o Y0 o Y0
Base light 0 Q 0 g
Scattering light Scattering light
Detector Detector

Figure 16 Method of DLS measurement.

LU R EONFERPAMAIAENTEY , IME LB FREBAT 5282 T B%
/D LN TE D, TEMIZ, SREBHIE 2B L, Fil LE T 2853 5012
xt L. FE-SEMiZ, B4R CEAEIEL 2T, Ao ithsns2
WETEHNTHRER TS, TEMOREIZIX, XFEAE 7D v K R8s
T L. WHRE LB 2 W TiT > 72, FE-SEMORIZEIZIE, T T A EIZ
KU~ —nA 7Yy NlBEEUVEL S &, HEHIEOELDICEE Ay ¥ LR
BtZ2 AW T 1o 72,

FT-IR (Fourier Transform Infrared Spectroscopy) A~<2 ki, 77— =75
RN S EFH (NICOLET-4700, —F=a L —8)ic¥ 4 ¥E> RATR
(Attenuated Total Reflection) Z AV THIE L7z, W& & @#EHiAIIC 210 S B2 R
EOTICHRET 2 &0 T OEARE) & F CRERORMEE RIS 52 Lk,
ST REEICIR U AT ARG, BERO AR ML E T 5 2 & ThH 1%
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EEFRIETDHZENTE D, X4 VEY FATRICAHK T R4, 5B T4
BT 2708, =TI ORE TRINEN D720, BEREOH pmOES L TOD
WEEITO ZENTE, TRl E %A YE RATR EClRliRET 52 &
THIE LTz,

B B OWEICIE, BAVEESHTEE(TG/DTA320, BA 22—« 4 LAY LR
v N OWTI T o 7o, BT o IR, MBVFEN CREHE —E OB E CHIE S
R G, MEOEBEZ LA ERGHICHE T 52 b D TH D, HEIL, T/ R 55 R
HHODDBECT AT — 2 a U LTE RIS A RE L, SR S EREEIR S 2157214,
10 mgD[EF 4y % Huy, 80°C-600°C, FE#E10°C/min, EFHRFHK T OEMT
117,

CHRT K O A ZEORE TS AT O EERH(V-560, HAZTEED (I
60mmDFENERL =~ N2 #E LIIE Lz, YR, EAHEZ »7(190-350 nm) B
FO w5 F 2 7(330 nm-900 nm) & HVy, 3B A 3 L 72 1% DR EE 2 BLHIS 2
KETHD, DB EEBIZIBO TR, FRELO BN 2 % L CHRETC
ol &, FEFEG)=I)X100 TR END, Elo~A XX, MPEKICL->TE

WG A ATE IR & LEOE R AT B L. 2RE IR R & RS = &
T A R(%)=(PEHEIE R/ 2 IARE IR FR)X100 TR D 5 Z £ N TE 5 (Figure 17),

JEITROWPEFTEIIERAIE, TV XL 0T T, WL ERH D, K
WFFE TII TR  IVE D AT 3 SR G2 W7o, I3 JEIEIE R L, #asxt RO R
AT M ERGE L, /b ZRIEICE o TRITR EBEE L2 KiE{bT 54EE ThH 5,
R ICTATIE ST VA HEERAIRRRHE LA /3 T A — & DR GE DS R 72 I E 515 T
H5,

IH-NMR (Nuclear Magnetic Resonance) 227 ~/Li, KRR LB E (AL-
300, HARBFHE)ZHWCHIE Lz, T HOFRFEIZIZ2ODE A E L (+1/2 & -1/2) 5

FIEL., BFEEESEOPIZAND Z L TEAE L NIZNENRE S - R F—
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Measurement of total transmittance Measurement of scattering light

Sample beam (lo) Sample beam (lo)
Sample Sample

Total transmittance (l) Scattering light (Is)

White diffusing material v

Is
Haze = (T) X100

Figure 17 Method of haze measurement.

BEAZRM T 5, ZHICEBKEZRA TS Lo x A F—0ORINAEZ D, EAE
1223121270 D72 ZORMGEW IR E RIS 5 2 &L T & T 5 2 &
MNTE D, AFIETIE, EZ vadR/LAERS 32 O CllE Lz,
R HREOHTEHIMS-600H, HATE 15 & v TR A E &7 (Field
Desorption Ionization Mass Spectrometry : FD-MS)., &5 1 88 &5 H7
(Fast Atom Bombardent Mass Spectrometry : FAB-MS) CHIE L7z, BEE&/OHTD
AERBEE, ®mEZE T TMESIL LB FICERMR EDORE VRV F—7%

DTHZETHTDAT AL TVHNNNREEL, SHICHAREZEZTZ L TN
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(m/z) DK E XD RS NTZ AT "WV %EGS, FD-MSIZY 4 A0 —Zilkl %
BAAL, MEBRICTHILETAAMSEDLZETHET S, TD®H, I
PR OREHIH L THWS RIETH D, £72, FABMSIE, 7V kU vRED~ |
Uy 7 AR ZIRY, MEO TR FEERIE 52 L TRV FE2A T kT
7o, e K L S LB R PR ORER EERVEITR L THR R
FHETH D,

7. XHAROEMN

AIFFRIE, THFREFT A REH SN2 T 7 1 v L OE BT E T T
NR—arvb L, &RBIYT kT OR) ~—HTONBLEORE L E%E
WEx, E—XINVENNE by T T AR K DR Bk L AN X D
T KLF oy BAR DBAZE 72 & NS @R ITRANA 7 U v R & U COMEREREAL & fat
L7z, 70, TR ZzELTHELNDY T Iy TV U THIOY Va=7F
JRITRECTOEEERY v —~ FU v 7 AL DOHBMEICONTELR L, BRG]
HAREe A 7Y FEBEOER AT,

HIETIX, BB ikic ko na=7F 2R+ oo EfE 4 o7
R—=F &N A=T OROSHEIZOWTHE LTz, by a=77 R+ 7i
WA HNT, EANA 7Y > REROERIZAE) LT,

F2E T, EAT 2= VT NF L UHERORIGIZT Vv aFx v UL EEEA
LCERLTET 27 v A NI Ty T o TRIERWTCTF 27 vaxy R
& DEBER A 7V v FERAER L | 8 R00 % 2 5 L 72,
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HIETIEL, EAT ==V I N L UFERE D G LTcEmET Ry 7 o
TV TRl TN a=TF iAok aER L, ZERET 7V L—hLD
AT Yy FMea a7,

AR TIX, ZHANVB AT VR OVFEE LT 27 VA ML Z o0y 7Y v
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Figure 1.1 Fabrication of zirconia nanoparticles by a two-step procedure.
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Figure 1.2 Preparation of transparent hybrid thin films.
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(left) monolayer, (right) two-layer.
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Figure 1.4 Schematic representation of the preparing hybrid

particles and the film formation.
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Figure 1.5 Appearance of ZrO2z dispersions (particle conc. T wt
%) prepared by different treatment, (a) bead milling in
MEK, (b) bead milling with 2 wt% VTMS in MEK, and
(c) sonication with 2 wt% MOI after (b).
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Figure 1.6 Particle size distribution profile by DLS, (a) dispersion after
stepwise treatment with 2 wt% VTMS and 2 wt% MOI, and
(b) dispersion liquid after treatment with 4 wt% VTMS.
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Figure 1.7 Presumed diagram of zirconia nanoparticles
aggregation by using commercial silane
coupling agents.
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Figure 1.8 TEM image of dispersed ZrO2z prepared by
VTMS and MOI stepwise treatment.
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Figure 1.9 FT-IR spectra of ZrOz dispersion, (upper) immediately after
addition of MOI, and (lower) after 30 min sonication with MOI.
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Figure 1.10 FT-IR spectra of ZrOz and MOI in MEK, (upper) mixing for
1 min, (middle) mixing for 5 min, (lower) mixing for 10 min.
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Figure 1.11 FT-IR spectra of hydrolyzed VTMS and MOI in MEK, (upper)
mixing for T min, (middle) mixing for 5 min, (lower) mixing
for 10 min.
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Figure 1.12 FT-IR spectra of SiO2 particles and MOI in MEK, (upper)
mixing for 1 min, (middle) mixing for 5 min, (lower)
mixing for 10 min.

34



BAITR LN T-, —F, P a=7 L MOLIZEM T B2 SMEA =~ 2
e, Figure 1.5 W)D VL a =T EKICBWTCIE, BEE CLFETHZ L TR
T LizEEZBND,

1.8.3 Sk L= a =7 ki O E SR

SR OER Y Zm LB L VT h T —va L, ENEROTRTED
DR OEVE Bl 2 il L7z (Figure 1.13), 2 wt% OVTMSZ T E— X3
JVTRMW L T2V v a=T {13, FMTHLVVa=T OEERLE LKL T
100 CUL F COERBADHER SN hoTe, T, Vv a=T7REIIHFET D
WA KNBVIMSD kU 7 vaf v D ERIGL, BRESNTZLDOEEZ LR
%, EHIT, MOIZHMUL ., HEHKZ B L7z ioh F OB\ &R 1L, MOIDRN
ANCHERTREL polz, TNHICEIVVTIMSThHIREA# LS Yva=T

92— — Aggregated ZrO,

4 e Surface-treated ZrO, with 2 wt% VTMS

— Dispersed ZrO, with 2 wt% VTMS and 2 wt% MOI
90 . . | .

|
0 200 400 600
Temperature (°C)

Figure 1.13 TG of dried ZrO2 dispersion, aggregated ZrOz, surface-
treated ZrO2 by 2 wt% VTMS, dispersed ZrOz by 2 wt%
VTMS and 2 wt% MOI.
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Figure 1.14 TG of dried ZrO:2 dispersion, aggregated ZrOz2, dispersed
ZrO2 with 2 wt% VTMS and 2 wt% MOI, dispersed ZrOz2 with
2 wt% VTMS and 4 wt% MOI, dispersed ZrOz with 2 wt%
VTMS and 8 wt% MOI.
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Figure 1.15 Appearance of ZrOz-polymer hybrid thin film on PET film.
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Figure 1.16 UV-vis transmission spectra of ZrOz-polymer hybrid thin
film, O wt%, 20 wt%, 40 wt%, 60 wt%.
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Figure 1.17 HAZE value of ZrOz-polymer hybrid thin film.
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Figure 1.18 Refractive index of ZrOz-polymer hybrid thin film,
ZrO2-DPHA hybrid, ZrO2-PETA hybrid.
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Figure 1.19 Anti-refrection coating, substrate, monolayer AR coating,
two-layer AR coating.
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JRLF IR AR L@ R ITRAR ) ~—ndg 7V R E 7 o FR ORI
B O TR B 2 (e L7, Figure 1.19ICHJE (7 v ERMED . 2/8
(BRITRR Y ~—nf 7V R E 7 o TR ED O RO SO % 7,
ATA RH T ADKFFHEITF50 nm TR L E5.0% TH 5 DICx L, RIEIT=RE % k&
MR EAR LT B RO B IR T IE2.7% ., e BicEE T EiE . (KRR E % e
L7228 B IR TIE0.7% Th o 7o, BB~ mETrREZHE 52 L1
Ko TRHBIIEDOMERERmM EL, T4 ATV AMELE LTOICHPEIGFTE L2 &
BohoTz,

1.3.7 "7V v RTT v 7 AR5 IR OMYE

@Rt T ) KA IA TR ) ~ =R FiX, T /RN LIZE ) ~—
HI=mx~v)ia M BRTAHAZEICRVAEKLTE, 727U Lb—FE/~—IZHME
HHEDALZ T VNLVETEM LYV a=TF itz AW n, —E o mKER

Table 1.1 Properties of zirconia nanoparticle (20 wt%)-dispersed monomers.

Mixture of monomer and metal Molar ratio of monomer Appearance
oxide nanoparticles BMA Phosphorus

compound
BMA/ZrO2 1 - Opaque white
BMA/vinyl phosphonic acid/ZrO2 1 0.2 Opaque white
BMA/isodecyl phosphate/ZrO2 1 0.1 Opaque white
BMA/PGMP/ZrO:2 1 0.2 Translucent white
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ENBRHFELTWD ZERTPRENDTED, UV UBEBIOKRAR UV BELZHTLE
Jw—ZMHAL T, HhebEMERF Lz, 20 wt% DY)V a =7 EF R TORGT
X, VVBESCKAR UVBEEHVWZVWBMAE Y Va =7 F ki ORE

(BMA/ZrO) 1Z R BB AEOSBIK TH-72, £7-. BMA/E =LK AR g/
ZrOz £ BMA/A VT Y VIR AT = — NZrOo X RO FIETHRE L, Wih b RiFEH
RABDOSKE TH T, T, B/ ~—HTOINa=TF )R OEENE
KEEBEZLND, HRAYIC, BMA/PGMP/ZrO:DIRAWIL. 3050 OE¥R%ICHEH 2
FLEAICRY | BESET 2 Z R TIaBENTZI L &R Lz, 20
STHRE SR, PGMPORY 7Yu L 27U a— L lIcERNT I EEZ N5,

Figure 1.20 TEM image of polymer/ZrOz2 hybrid particle prepared from
BMA/PGMP/ZrOz2 (15 wt%).
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T 7 U IVIRIIRERR DN DK L, B VR AR UL YT UNLHRAT =2 — R T
IZoNa=TF JRFOREIHES LA AR BT EmRETHY . BMALE O
TEMEITAR < . ARt ds L OMERRME D By I OFE ST T 2 R -3 e DRIR & 72 B,
—J. BMA/PGMP/ZrOsTiZ, PGMPO 7 m L > 27 Y = — L8 A5G35 I QMR
PERC o I OARYEYE 2 ) L S5 7D OB &L LTIER L, Yva=77F /K
TNE )~ — I I LT A R o ik & 4572 (Table 1.1), BE T T
MEKVAM 2B S8 E L-1% . BMA/PGMP/ZrOsli I =< /Ly g VEAIZ
FEHL., 77 UNAKRY ~—12r0s2 A 7V v RTT v 7 AWK ESTZ, ~A7
U v PR OTEMBEi# (Figure 1.20) 1%, AL F£72310-20 nmD /v 3 =7 F / K+
DRV ~—hiFNICHABIAEN, 77T v 7 ARFOIATINMEL TWNWDHI EERL
TWb, TNHDTT v 7 ApHiRE T 7 AR EICF ¥ 2 ML, Mgz L 7= &
A BT 4 NARNELNT, P a=T 215wt e AT EEIL, FBiRE
91.6%. ~A X0.8% L WEITR1.49D6 PRtz 7R Uiz, BMABE D 8 #7313
1L4TTHLOT, Pha=TORNBENRHBETHY . Yva=7E/E&0HMNIC

Ji UCER DM 2 el L7z,

1.4 £&&

Uva=7F R, VIMSZRM L E— X I VB L, X 5ICMOIZEIL
AF LIRS 5 Z L2k > T, MEKHFICHBESED 2 &N TE, ZO2BMEDSy
BFEIL, DVva=TRARE LTIy T U7k Hbe ek L
KB LOWEKDOERE, MOIE DT L UAEEDIBRICE > THED Z LN TE
7o YNV a=TF JRiFOERIL, Bk, A7V VETEMiSNTRBY, 2
nWoHOF 2 Ri1x, KEEET 7 U b— b E@IBITERANA 7Y v RHEEZ AT D
TOOMEE LTRHTEE, 26D, T Yy REFEII Va=T5ieE T
UL — FOMIZEZ 2 Z LI ko TErREHIHT 52 T, GWHEEST
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XYV AR T2 )R H )= VT NF LT VN T =T E DN, T
U RMBHI R AR Z R Lz Yeh 74 v EE TER L, B BN IS FTEE
BRBEWADLOBmBIHERNN— Ra— MR B LN Z LB NTW 5, BT
WFRMEE AT LA T == VI NF VAL EW Z @B R e ERIb & A T
Uy MET 252 &T, L0EETIRLHBZARSTL2HENRTELb0LEEALND,
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BT axy ReDIERENAREAERAT Lax v U e E Sk L. F
B AT NRY REDIY VTR TEBITRE R T IR A RER N T
REBERL L e/ O e 21T - 72,

& O O VNV _/OMe Et3N room temparature go°c

+ HS Si—OMe —> > >

Q'O "OMe THF 6h 3h

m=n=1 :EO2
m+n=5 :EO5 MPTMS
m+n=10: EO10

MeQ, OMe
MeO-Si Si—-OMe
MeO’ _\_\s —\_%o (3%_/_ s/_/_ OMe
o} o®

N\ o\

m=n=1 :BSF2
m+n=5 :BSF5
m +n =10 : BSF10

Scheme 2.1 Syntheses of BSF2, BSFb, and BSF10.
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Michaelff IS &2 1T o 7o, BEZEREIC L VAR ARSI L ORI 2 BrET 5
Z LT, BSF2& A& L7-(Scheme 2.1), B2 7 = /%4 A(=FLFFI)70
FLeYT7 7V b= MKRRFZA7IDNAEDAEICEENR LT L7 ) a—La
=y FDBLOI0DE DE L ENEO5, EO10E W L, RO F{EIC TMichaelfs
IS ZATV, oIS & =2 BSF5, BSF10& L7, BSF2, 5, 10D
AT 7 — ) =B HIRA S E R (NICOLET-4700, #—%F =2 L—H)% A
T, FT-IRA~Z M A2 JIE LR ZITo T2, F1o. BRI E(AL-300, H
ARETE)NCE Y, TH-NMRAXY M ERET D Z L TR LT, BSF204 7 &
X, EEOHEHIMS-600H, HA®E )2 H CEMBBEE &4 (FD-MS), &

-1 B & 53 A (FAB-MS) THIIE L 72,

222 INFAVLU-FH=T AT Y v RiEROER

NAT Yy REBEOERT, e Lyl a—LE ) AF AT AT T —
NPGMEA, HA LB CIRME L= 7 v h v 71U > 7 KI(BSF2, BSF5,
BSF10) & F % 7 F7-n-7 F &% ¥ FROEMIET3ER) 2 £k~ 7Bl G L TIRG L
SR CTHR L72141280 CCTIMF B L7z, ®iZ, KBEELEF(PAG) THDH VT

Y —a— R=v AE(SILCOLEASE UV CATA 21D L. 34 L7,
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BSF2 | H,O 80°C
BSF5 + T 0o-Ti-0OYYY —— > —h)
BSF10 c|>/\/\ PGMEA 1

Titanium tetrabutoxide

® R_F 1o
oD P e Fl o
R™” R FF Spin-coating hv 160°C organic-inorganic
3min > > omin.__1h . hybrid thin fiims

Scheme 2.2 Preparation of organic-inorganic hybrid thin films.

BoNTINVFV-FHZ=TNAT7 Yy FEKIZ, A yra—2—z2H\TA7
A RAZALRICa—=T o7 L, BHRGEEKELT) R (1610 md/cm?) % 2757 4
ITo 72112, 160 °CTIRFEMEANT 5 2 L TINF L - F X =T A7 U » R
%1372 (Scheme 2.2), /A 7' U v REROTELIZ, 7 — U =B BRI 6 EE R
(NICOLET-4700, ¥#—%F==2 L —8)%ZH T, FT-IRAZ7 FVEHIE LKIGED
WREIT o1z ™A TV w REROBEER KO A LRI T 5 0 B 5 H(V-
560, HAZGEIZ LV MIE Uiz, WIS EEERH(FE-3000, K&
) 2 W CHIE L7z,
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DENVHEREOPTHEEA R PSR TV A1, AREHIB W TIE220
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VI TV TR THEL AT Y ML VA L UFERE G LT, KIGOHE
X, RINART RV THEGR L7, BSF2i%. Figure 2.1 (@IZ/"7 X 512, EO20D
A7 RV THR BN TVNZ1630 e UL D C=CED WU H KT 5 B — 7 M HK
L. MPTMSTH 54TV 722840 cm™, 1100 cm 3T D Si-OMe S DWLINIZ 35
HE—=IMWBSF2DO AT FATHERONTWD Z &L RISOFMERN TE T,
Figure 2.2 ()27~ L7=BSF2DH-NMR A2 ~%~7 L CiE. 6 (ppm)=6.6~7.8 (Ar-H,
m, 16H), 4.2~4.4 (Ar-O-CHg, t, 4H), 4.0~4.2 (CH:-CH3-O, t, 4H), 3.6 (Si-
OCHs, s,18H), 2.6~2.8 ( (CO)CHq,t, 4H), 2.4~2.6 (CH2-S-CHj, m, 8H), 1.6
~1.8 (CH2-CHy-CHy-Si, m, 4H), 0.6~0.8 (CH>-CHy-Si, t, 4H) & 72 572, OMeZE
IZHXT D —7 EHHDS-CHo-CH2-C=0IZH 2k 5 & — 27 N A 541, Michaelff
MBS DOHEFT 3R T & 72, BSF2O B E &IIFIHEIEA938TH L DXt L,
Figure 2.3 (a) OFD-MSOHIEEN 938 TH V|, #HERTEICE N 7=, BSFsH L
BSF10iZ5W T %, FT-IREH-NMR ALY kL3 T RED HIE R 535 5 4L
7= ((Figure 2.1 (b), (c), Figure 2.2 (b), (c)), BSF5& BSF100OFAB-MSHIE D& 3.

BSF5 CIEFHFAME OB ERE107012% L CHIEME 10713 R S v, BSF10 Tl E A
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Figure 2.1 FT-IR spectra of (a) EO2 (upper), MPTMS (middle), BSF2
(lower), (b) EO5 (upper), MPTMS (middle), BSF5 (lower),
(c) EOT0 (upper), MPTMS (middle), BSF10 (lower).
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Figure 2.2 "H-NMR spectra of (a) BSF2, (b) BSF5, and (c) BSF10.
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Figure 2.3 MS spectra of (a) BSF2 (FD-MS), (b) BSF5
(FAB-MS), and (c) BSF10 (FAB-MS).
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A, WHERNREWZ ETRAT S, BSFCIZ=F L) a—la=y hDOHY
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Figure 2.4 FT-IR spectra of organic-inorganic hybrid of
BSF2 (upper), and BSF2-TiOz2 hybrid (lower).
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Figure 2.5 Transmittance of BSF-TiOz2 hybrid thin films.
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Figure 2.6 Refractive index of organic-inorganic hybrid
thin films of BSF2-TiO2 hybrid, BSFb-TiO2
hybrid, and BSF10-TiOz2 hybrid.
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BSF10TiIn7e ) RERAR—=ZRZ LT 6T ENTRIN, FX=7T7 20 iAL
LB, BITRETOBERKERLEREZFHEO LD EEXBNDL, S HIT,

Figure 2.7 Length of terminal side chain of (a) BSF2, (b) BSF5,
and (c) BSF10.
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¥NT = ) BB L. BCF-allyle MPTMS%5 F5k Fu>7 5
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Scheme 3.1 Synthesis of BSFT.
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72 (Scheme 3.1), £7-. BSF2IZFHE2EICRA LTV L) ICHR L, BbhizK
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INWVEERETDHERA T 2=V TIAF LU EEKR L, =T A — IV RISICE » T
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EFEEDFT- IR AN Fvid, 7 — U =88R 53 6O EEFHINICOLET-4700,
P—F=alL—H)THEL, 'H-NMR A< FL(AL-300, HAEFH) S HE
L. EXVUMMETINA L U FEROARE R LT,
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Figure 3.1 Preparation of ZrO> NP/BSF.
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3.2.2 YNa=TF )R 1orEiR O VER
10 wt% D )V a =7 F ki ok, TRO U a =7 (Lkk+£5 : 10-20
nm)ZBSFN3 wt%d A F /L =F /L4 b MEKEKR T T13055 B — X 2 (w1
N7 7 Xy 7 ZI)VUAM-015, FLER) TS5 Z LI2 X0 ER L 7= (Figure
3.1) ZOXolcLTHEbNLYIVa=TF ki {-oiiiiL. ZrO: NP/BSF L g L
oo BEIRDLEELEE (DLSIC & 2K EE 53 Al iE (X Microtrac  UPA-150( F B2 8Y) T
. RLF-DBIER TR 1A% (TEM, JSM-2100M, JEOL) % H\ 7=,
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= >
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Figure 3.2 Preparation of high refractive hybrid thin film.
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T A RIZBA Lz, 3080 *CTHAE S Hi=th, T b OMBIL, FIRREIZ X
D i b X 72 (Figure 3.2), /™A 7 U v R TR+ X E R B A E 7

BAMEEISM-6700F (FE-SEM, JEOL#) A HWCHEIZE LTz, AtiiFimEsis LU
A AL, IV S EFH(V-560, AAS HEDIZ Lo TRE L7z, BRI, X
H R FHEE-3000, K& ) 2 HCTHIE L7,

3.3 BREEE
3.3.1 HHlL T LMy T Vv THDERK

SHGNL., Pva=T7F KA OEE AR IET D KA LER A R BT
b2, TOMET, SBRBRIYRE~DOWERLCKUGNE L GHR Y ~—~DBFPED
2ODERETHE SN TNDIDOT, MENTRAEKLT THLEARAT ==L T LA L
VHROBH TN AT T UNEBRB L, AT 2= T VLT IV R
W EREEN DR RNAEEEZ A L TRY, 200K HSICT v U v
KAEBAT L Ta=—I Ry Iy T D TRIEERTHZ ENTE S,

T T T T I T T T T I T T T T I T
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Figure 3.3 FT-IR spectra of (upper) BCF-allyl,
(middle) MPTMS, (lower) BSF1.
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Scheme 3.112777 X 92, BSF1/3BCF-allyl : MPTMS % = > —F A4 — L&
BSF2iXBPEFA £ MPTMS ®Michael fHIEEIZ & 0 G pk L, THFRBEZBRE L7z
%, Iy TV THITHSBSF1B L UBSF252 157, 26 Db PG s
FT-IRE L OMH-NMR A~ b LIC k0 iR L=,

BSF1DOFT-IR A7 kL TiE, BCF-allyld> 227 FL TR 54 TV-1630 em'’?
FHEIZH BN S C=CEDWIUZH KT D2 — 7 "BSF1D A~7 ~LTIZIHK L,
MPTMS® A7 KL TR G TV 21100 em MF UL 2 & 541 5 Si-OMe2k D WL IZ
HkT 5 =27 BBSFIO AT A THH LD Z END T —F F— )V DR
WA TE = (Figure 3.3), £7-. B v d/L LA L7ZBSFIOH-NMRA ALY
FLEZRIEL, RO XS ERT U NMALT VA L B8RO A 2 R LT,
BSF1D'H-NMRA X7 LT, 8(ppm)=6.6~7.8 (Ar-H, m, 16H), 4.0 (Ar-O-
CHo, t, 4H), 3.5 (Si-OCHs, s, 18 H), 2.6~2.8 (S-CH2-CH2-CH>-0, t, 4H), 2.5~

2.6 (S-CH2-CH2-CH2-Si, t, 4H), 2.1 (Ar-CHs, s, 6H), 2.0~2.1 (S-CHs-CHs-CHos-

................................

Figure 3.4 'H-NMR spectrum of BSF1.
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Table 3.1 Refractive index of silane coupling agents.

Silane coupling agents Refractive index
3-Acryloxypropyltrimethoxysilane 1.43
3-Mercaptopropyltrimethoxysilane 1.44
Phenyltrimethoxysilane 1.47
Methyltrimethoxysilane 1.37
BSF1 1.57

O, t, 4H), 1.6~1.8 (CH2-CH2-CH2-Si, m, 4H), 0.6~0.8 (CH:-CH2-Si, t, 4H) &
72 o7z (Figure 3.4), £7-, BSF2IH2FIT/RLTWw B X ) ICAK L7, ZD LD
WCLTAR LRI VML E AT 2=V TV F L AIERDY T oy 7Y 7
A&V bIESTEIE <, BSFIOJREHTEIT, Table 3.10 L S IZH kD> T o H v 7
U Z7HE bIFEFIZEWVEZRL, 1.57TTHh o7,

3.3.2 Vva=7F ) K15 BUR D5

F R OERITITIRBNT D ER AT v Tk by TE T ERD DL, LA
ST R F 2 AT DA N ATy VEIZHS hy TE T RIS RO KR
BERNFRETHD, Ko Thy ¥y BT LENCAMR T e ATHY, Z
ITRHE—XINCRY O va=TF RO ERE L, BE—XI I, &
HAoxry hen—2268FT5 Xy EBARNELLTHEEINTEY, @I Eee
BTN LTRE YA EHSE D Z LISV T VBT 255 2 LN TE 51522,
NRyBLVNOAT 47 E—RFEE LTI-F ki o, WA, BB, B X0
RN EDEG L= RNF—%2 525, DML IIXyBLrAOE A L—X
IZ Lo ThHBESh, |y o7 I S5, Figure 8. 1ICRT Loy va="7

T R QWRBIF£E : 10-20 nm) & BSFAMEKH TIERA L. F0%, fBHZ2 7
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Ry BEASNDAT Y —DIFRE R 7T TiT1o72, AT U —308LBE N HEielz>
NTAREHRAEILEHEOH 5 A I L TWD Z ERER SN, 20Dk
I LT BMNTZrO2 NP/BSFIZ, ZOHERY T 0y 7V » 7 Hl % REER S
D52 Lo TRESHT, Figure 3.71%, WBHEDOAZ Y —DNElZ R L T
W5, T KA IR OFAMEIIRFBICEKFE L TR . A U —ELoEE £ T
ST D 2 & CEWAM AR 5, SMBICIZZrO2 NP/BSF2IZH~ZrOs NP/BSF1
OFEREDRE S, SHEDR RG22 N TPREIND, o, FESMIZBNTSH,

BSF20D B #50%HK: £%1%35.6 nm Td» 5 D (2%t L (Figure 3.9), BSF10D Rf50%%:

F1L14.6 nmTH YV, BSFI1OFRBEBHRpEERGELNDLZ ERDro T2

Figure 3.7 Appearance of (left) ZrO2NP/BSF1 dispersion,
(right) ZrO2 NP/BSF2 dispersion.
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Figure 3.8 Particle size distribution of ZrO2 NP/BSF1.
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Figure 3.9 Particle size distribution of ZrO2 NP/BSF2.

68



(Figure 3.8), AETHEK LZBSFEHIZ, R U 7 raxr v ULt e x
Tz AF L EALTED, BSF2TIEHERLLOMIC=T Lo 7Y a—Lg
BB IO AT VERGFET D, DHECEVABENZOI, =F L7 ) a—L
BLOZ 2T U0 R 73y v U LVIEO MK RY T H 5 SiOH M Lk FERE S
AR L. ¥ T ) = VEORLF~DRAZL T 5720 B b5, Lo TR -
FOSHA b ESLEREEY A ML AHER2BSFITRE LR SBIENRHFEL Z LN TE
7o FEz bbb, Figure3.10i%, ZrO: NP/BSF1OTEME T, Zhnbd vz
=T F RPN AL SN TND Z ERDNY | BEXT7 =L 7 VF L TRE
RS 5 2 & THBIEICEN D AT ) —2FRCX 5 Z L3R S vz,

Figure 3.10 TEM image of ZrO2 NP/BSF1.

69



3.3.3 JeEE{b A T U v ROJLFHIMEE

Uxy ha—7 4 B LUOREIC X DRI, RSB TER O e A (R
THEOOAEMRTFETH D, ZrOs NP/BSF1% & 1BPEFAD YT ¥ A LB AT &
HANA TV REBEOERLIZ E Lz, BPEFAIX, 42D EHFBROS HMERELEIC

b) OMTRI  OMTA ¢ ¢

OMTRI MTR SITRI  OMT

Figure 3.11 Appearance of BPEFA with ZrO2 NP, (a) Mixture of
before curing, (left) BPEFA with ZrO2 NP/BSF1, (right)
BPEFA with ZR-010, (b) Curing film of BPEFA with
ZrOz2 NP/BSF1, (c) Curing film of BPEFA with ZR-010.
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Figure 3.12 Transmittance of hybrid thin film of BPEFA with ZrO2 NP/BSF1.
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Figure 3.13 SEM image of hybrid thin film of BPEFA with ZrO2 NP/BSF1.
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F o THEFR L IEERTOEEDCERME L > =—r 7 7V L— &/ ~v—
Th b, ZrO2 NP/BSF1IX, PV a=7F kfOREICEAT =)L T VA L
#AALTEY, BPEFAL DA 7 U » FMEIZEB W TRAI R 72 0 e e K OMHE
EHENBIFTHLEZZbND, EEEICZBPEFA & ZrO2 NP/BSF1DEAGWIX, £kx
IRRHE TS S Z L 3T E | Figure 3.20 X Y IZEEITENA 7 U v NiEE%E
T CANERICEIVED Z LN TE, Figure 3.111FBPEFAICX L TZrOz NP/
BSF1z il e L7ct(a, o) ELEAMERESA TES L 72ZrO2: NP (NANON5 ZR-

010, Y — 7 —#) %40 wtwlild L7=ha OB EREROIREY (a. 47) &k o

Refractive index

0 20 40 60 80 100
Zr0, content (wt%)

Figure 3.14 Refractive index of hybrid thin films of
BPEFA with ZrO2 NP/BSF1.
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E SO (b), () TH %5, ZrOs NP/BSF1Z KA L7-BPEFAIZH & /s FREEMELS
B, 100 nm/EOEE) TIXEI Th o772, £, 80 wt% DZrO: NP/BSF1% 5
LZONAT Yy REREIL, 1.5 pmOES TER L, 77 v 7 O WERZ AR L
72, Figure 3.121%, FHHFE AT ML THY |, BWHFRIOB L ETH-T2, T2, ~

A X H0.3K0MDIRVMETH Y, BENTZERAMEELZ R LT, WIZ, 80 wth DT /La=
TR E2 AT D b NA 7Yy REROSEM # Figure 3.131278 L7z, %
HIZOVVa=TRNEREINTWHDITE 0L T, ZOEBEIXIEFICEN CThH -
DT, F/RTRILEPEBEETIHFEL TVWDLI D EEX LN, SETTHET/
KWFaEGH T LOR) ~v—nA 7Yy BHEHE, —&IZ, RV ~v—~ )y 7 LD
BT RO L > THELDE Z VLT v, L, 2085461213, BPEFAL O
EYEIC R0 ERERER STV b &2 6 b, BIrRIE, /B L OAEH
R Y~ — ORI RIC L > TERIIHNT 5 EHEE SN D, Figure 3.141R7 &
N, INHDONA T Yy RERIIBPEFARKRD1.620°580 wt% D /L2 =7}
JRLFH TGN A T Yy FERTLISORFTEREZ R LTz, 170282 58EIE. &
JEPTEMELE LTHRREBECH D, ZNODOMENS, Yrva=TF  hitrodE
ARG L TLE2 D LT3DM THITHRNHIE TE 5 2 EnmnoT,

34 Lo

T U FF— VUG, Michaelif MBS THM LIZEA T == V7 VA L e
IR T oy T o TRITEM LY v a =T kiR, BE—XI LT
WBEF 5 Z K> TMEKHIUCT /A XA THSEHZ LN TE7z, BSF1%H
W B O RFEB0 %KL 1-£81314.6 nmTEHMO S 248l ThH o7, BiF7250HK
PEIZ, Vv a=7F 2R FREICEAT 2= V7 VA L URFEEL, DI EOEE
(ZHRT D NRFEFIC L > THFRIEDEER T2 2 L2l Lz & B2 b,
Vva=7F kit EBPEFAONA 7Y v FEFEIL, BT PO NVESIZE > TE
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ERiO0- VT UL T X L — Ko-DAP, ¥4V —8)EALBT R TarEL RY AR
¥ 7 U (MPTMS, Alfa Aesarf)O > -F 4 — VNI K » TER L 7=
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XU NERIOOHIEEFFOV IV A N T U h 7Y > 7 FI(AB-S1)
X, ZRBEBET UV V(AB, ALk TER) L MPTMS D« -F 4 — /L UGIC K -
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Scheme 4.1 Synthesis of o-DAP-SI.
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Scheme 4.2 Synthesis of m-DAP-SI.
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Scheme 4.3 Synthesis of AB-Si.
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Figure 4.1 Preparation of nanoparticle dispersion by
beads milling process.
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Figure 4.5 "H-NMR spectra of (a) o-DAP-SI, (b) m-DAP-Si, and
(c) AB-Si.
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Figure 4.6 TEM image of aggregated ZrQOz.

DAP-Si (0.010mol)/ZrOs2.

Figure 4.7 TEM image of o
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Figure 4.8 TEM image of m-DAP-Si (0.010mol)/ZrOz2.

Figure 4.9 TEM image of AB-Si (0.020 mol)/ZrOz2.
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Figure 4.10 Particle size distribution, (a) o-DAP-Si (0.010mol)/ZrOz,
(b) m-DAP-Si (0.010mol)/ZrOz2, (c) AB-Si (0.020 mol)/ZrOx.
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Figure 4.11 Median size of every dispersing time, (upper) o-DAP-Si/
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Figure 4.12 Appearance of dispersion every dispersing time, (upper)
0.010 mol o-DAP-Si in dispersion, (middle) 0.010 mol AB-
Si in dispersion, (lower) 0.020 mol o-DAP-Si in dispersion.
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Figure 4.13 Image of surface appearance using single site
silane coupling agent.
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Figure 4.14 Image of surface appearance using dual site
silane coupling agent.
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RN, NAT Yy MET 252 & THEIME L RITREMOMRELIT > 72, o-DAP-
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Figure 4.15 Appearance of hybrid thin film, (a)40 wt% of
aggregated ZrO2in PMMA, (b)50 wt% of
aggregated ZrOz in TMPTA.
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Figure 4.16 Appearance of hybrid thin film containing 80 wt%
of 0-DAP-Si/ZrO2, (a) PMMA, (b) PS, (c) DPHA, (d)
TMPTA, (e) PETA.

96



Table 4.1 Transmittance (%) of hybrid thin films using o-DAP-Si/ZrOz2.

ZrO2 content

wtoe) PMMA PS DPHA TMPTA PETA
0 92,6 90.6 91.4 905 92.0
10 923 88.0 91.9 93.4 91.4
20 923 90.6 92.1 90.9 92.9
30 89.1 90.0 935 92.0 913
40 89.9 90.0 91.7 93.4 92.7
50 88.4 89.2 93.1 917 917
60 90.0 913 92.6 91.0 91.3
70 89.2 91.9 91.9 91.2 91.1
80 8838 8838 89.0 86.8 90.6
90 86.0 - 90.0 87.0 88.6

Table 4.2 Haze (%) of hybrid thin films using o-DAP-Si/ZrO2.

Zrofvft‘z/gte"t PMMA PS DPHA TMPTA PETA
0 0.1 03 03 0.2 0.1
10 0.1 03 0.1 0.1 02
20 0.1 03 0.2 0.1 0.1
30 0.2 0.3 0.1 0.3 02
40 0.3 0.6 0.1 0.2 02
50 0.2 07 0.2 0.1 0.1
60 0.2 0.8 0.2 0.4 0.1
70 0.3 0.7 0.1 0.1 02
80 0.2 05 0.2 0.2 03
90 0.1 - 0.1 03 0.1
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Figure 4.17 Refractive index of hybrid thin films using
thermoplastic resin with o-DAP-Si/ZrO2, (a) PMMA,
(b) PS.
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Figure 4.18 Refractive index of hybrid thin films using photo-curable
acrylates with o-DAP-Si/ZrOz2, (a) DPHA, (b) TMPTA, (c) PETA.
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4.18), 7z, PSIZBWTIHL6 L mEITRORNY ~—TH LI HHEbLT Y La=
T EDNAT Yy MMz W CERIB RO 3G b,

4.4 XL

AEFIE LTCHOHWOND 7 ANV AT VOEERFOT 27 VA MMy Z
> 5w 7V 7 Hl(0-DAP-Si. m-DAP-S)% = —-F A —/VIISIZ I D GRT 5 2 &
NWT&E=, A L7Z0o-DAP-Si, m-DAP-Si, ¥ > 7 WA NI Ty TV T
FI(AB-SD Z 23 #iH & L TRV, MEKBIEH TE— X I M KD LB ZITV, Db
=7 B OVERL A 1T 5 7=, AB-Sito-DAP-Si. m-DAP-Si% l#: L= 854, I’
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