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High refractive index organic/inorganic hybrid films prepared by
carbazole based random copolymer and titanium alkoxide

Min Kyo Jeong

Department of Display Science and Engineering,

The Graduate School, Pukyong National University

Abstract

A novel high refractive index hybrid films were produced by combination of
carbazole phenoxy random copolymers and titania. The random copolymers
were prepared first by copolymerization of carbazole phenoxy based
methacrylate(CPBM) and 3-(trimethoxysilyl)propyl methacrylate (TMPMA),
subsequently a titania precursor, Ti(OBu)s, and the random copolymer reacted
together to forma high-refraction film through no acid, in—situ sol-gel process.
The HNMR and T-IR results indicated that CPBM and the CPBM random
copolymer/titania hybrid materials were successfully prepared. The hybrid film
using CPBM had a high refractive index in the range 1.6871.77, proportional to
the content of the titania precursor in the hybrid, which was higher than the
film prepared from MMA. The CPBM based hybrid solution produced a much
smooth film by spin coating compared to the hybrid from MMA, which could
be attributed to a low glass transition temperature of CPBM. The TGA results

of the hybrid materials revealed good thermal stability.
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Material Refractive index (n) Absorption coefficient (k)
400nm | 500nm | 620nm 400nm 500nm 620nm
Ge 4.14 4.34 5.59 2.215 2.384 0.933
GaP 4.20 3.59 3.33 0.275 2.5x10™ | 2.8x107"
InP 4.42 3.82 3.55 1.735 0.511 0.317
PbS 3.62 4.35 4.19 2.015 2.238 1.773
ZnS 2.50 2.41 2.37 1.46x107° | 4.71x107° 1.0
TiO. 3.00 2.71 2.59 0.008 - -
C-Si 5.57 4.30 3.91 0.387 0.073 0.022
A-Si 4.38 4.47 4.23 2.02 0.992 0.461
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3.1 Al eF

3 =4 aRAE AZFSEr] 918 Carbazole (95%), Epichlorohydrin
(99%), Triethylamine(TEA), phenols Sigma-Aldrichel A +3Fe] H=
o AAAA glo] axE AFEE ATt &1 tetrahydrofuran (THF, 99.9%,
Acros)v= AARAES AX FH AFEHAT  triphenylphosphine (99%),
methacrylic anhydride(94%6), methyl methacrylate(MMA), Potassium
hydroxide= Alfa Aesaroll A rjste] AA2d §lo] AREH AT #F-F7I
slolH = N8 s A| 23} 7] $13ko] titanium(iv)  butoxide
(Ti(OBu)4,97%),  3-(trimethoxysilyDpropyl  methacrylate (TMPMA),
Dimethylaminopyridine (99%)+% Sigma-Aldricholl 4] T+ 3ke] AF&3F 2L
Benzoyl peroxide, (75%)< Samchun Chemicalsol A F+3te] = A}
&3tae. A8¥ 81 14-dioxane(99%)> TOKYO CHEMICAL
INDUSTRY CO., LTD.(TCDellA st AAds A FH AHEH A
t}.

3.2 carbazole epoxide ¥4

Carbazole epoxide™= ¥ 500mle®] THFS} 40ge] Carbazoles &< Hf
o} Zebao] gafsta 131mle epichlorohydring & wyka} 37 3
%3]

Aatatgith. 1 ¥ 34ge] KOHE HH3] #atsti 80790 ColA 14
AZE B A E97)eA wutekdvh ¥hgo] ghnw g3 EYES §
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sy Zu71E ol &iA @& A7t THF= AlFstAth ol 38 &40
25EH SulE AlAste] A ol S AA AT AdE nAE s
Hgadle] gafjetal, B2 AlHete] Ax3 5 HEEs o]&ste] A2t
AlA W Alol =423l Carbazole epoxideE <Qitl. 18 5% carbazole

epoxided] A RAEE e

i
N o]
Carbazole Epichlorohydrin

KOH, 80-80°C, N, 10-12 hours

Carbazole epoxide
9-{2,3-epoxypropyl)-carbazole

[1¥ 5] Carbazole epoxide ¥4 #3A
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3.3 Carbazole phenoxy % ZHA|

Carbazole phenoxy A= 27 Z2t2~=9 16.6g2 Carbazole epoxide
¢} 21g9] phenol, 18] 31 98mg triphenylphosphineE 120 CT=Z A4 #9¢
718kl 14-19 AI7F E<F WA H T AAE WEE 2 NaOH 8947 &
iz 7|2 b Al F et ] Hiss AlAsEATE 74 2= HCL
A A

gl B2 Az & Ax3] Carbazole phenoxy %7k

=

3.4 Carbazole based methyl methacrylate (CPBM)

CPBM< 250ml 2+ &< vY Z#k2&=39 11.8g2] carbazole phenoxy
1Ak 100mle] AAE DCME =olal €53 A3HERS o8 &
g2 &5 0 C nwroes gao] v} 183l triethylamine(TEA)E
FAeHEA HA E97]stel wwrste] F£oh 2§ 11.12mle methacrylic
anhydride® 3] A3}3}al 228mg2] dimethylamino pyridine(DMAP)Z
DCMoell o Fdstdnt. o] uvw d53 dfHEFS AAst
oA 4R o dhgS HaEd Tt dojxl &AH2 Di water, HCL
T8 NaHCO; 89, Di water £o.2 ¥ Zu7|E o] &3] Az F
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3.5 In-situ, Sol - Gel& ©]|$£3 hybrid nanocomposite

Fr=%7] dte]B el = nano B A= Titaniumel 3ol wel Al /72 A
25 A o} 2 ZglTo) CPBM 3-(trimethoxysilyl)propyl
methacrylate (TMPMA) Z12] 31 benzoyl peroxideE A A ¥ 1,4-dioxane?l
S AT 2E A 2AF B AA E97IEtel 60 TelA whgAIAE
ot 283 &3 Ti(OBukE ZH7t 14-dioxaned] o] F &

gk A8 Aststal 60 CollA 241%F &<t wyk kA th.

[e)
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il

3.6 - 7| Hybrid film® A %
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o
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41 CPBM ¥ &-%7] dolrd= A5 F2EH

Carbazole ¥ phenol methacrylate @A 7-%o] =stogxn 11 =
A aFEAE A XA 719 acrylate ©FaFA| o] W] 8| A carbazolelH &
M @3 e 9 =2 2488 7Y 1% 82 carbazole phenoxy
based methacrylate(CPBM)2] 1H-NMR ~#E &S e carbazole?]
ek 7] ¢ phenol 128G, 1, k, g, )¢ peaki= 6.99F 8.28 ppmol A 7
98 & F Ao olF ZE’d2] methylene ¥4 #H(b)E 6.15ppmeoll 1A
st 7hukE 2 HE OFe d24" '@A& AE A9 methyne %
methylene YA A= 5.6, 4.8, 46, 41 2 40 ppmol A A=ES & + o

o agla ME FAAAE 19 ppmel A SR1 & 5 v mEbq 1=

gro 2 -4 ES carbazole phenoxy”’]| & E=Yste] 1L
B2 24 2 H4ES %9957 A9 TiOE nEA A&y 3tets A
= Fote 1 =4 stolEg = ARE ALt FA ol AHEE = silane
w9 dFAE TiO, A4S ERA o= Aot TiO, HAA=EA
Ti(OBu),®l %7} 1.71x10* mol / mL °]3td wf AF FHuj §lo] kA g
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Ay dd A3t FAA peaks 1 7 2ppm Ftol A HEH T silane ©
G F-EANA propyle] FAA peaks oF 4.2 ppmolA #HES 4= 9l
carbazole, phenyl®] peak &3+ 6.9, 828 ppmolA HE=H HFH oz 3t
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ppm
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[Z#9 fF-F7] stolBg|= 8¢ H-NMR 2 EH]

a9 102 o= AjRe FT-IR 2FEg@S vehddt. CPBM %
TMSPMA®| FT-IR 23 1630cm | o140 methacrylates] C=C °]% 2

3 5 peakE % 9t} 1730em ! ol E C=0 &5 peakE EFITH
stolBgl=3t ® T-5050wt% Ti(OBu)y)-& 2900cm ' &4 W=7} o3

il CPBM3+ TMPMA® Bl peak”} izl A &3 = 5 vk F7t=
3400cm ' F-Zl M FEFANNE B £ fle WS FF peak’t BAW
th o] & peak SiOx¢F TiO.ol 93l ¥ ¥ OH 287l o3 Ay
At}
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