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She EAS wRAUE BIAE 2] A wdg Budith v BA gAl6] 7] e ibe BT
J_X} N-hydroxysuccinimide(NHS) esterg ©]83l= AEH W& &8sl =2 FH45E XY= BaTiOs(BTO)

¥Hol| EA3 ITERII poly(1H,1H,2H,2H-perfluorodecyl methacrylate)(PFDMA)E 2]7t=2 =353t 344
A4S §/57] U EFAE(BTO-PFDMA)Y = EAA SA9 gist #4F 54 vepfisien, 1848} 27

U Fo=
B2 7H3A1520 P(FDMA-r-GMA)9F IEA-F7| 44 B3Rl g BArS A5t ARe)d A B3l 10 um+
Se Qo] TFrEe meAFT.

Abstract: We report a study to develop ‘highly fluorinated polymer-inorganic hybrid materials’ and their dispersions in
materials-and-environment-friendly fluorous solvents. Because of their limited interactions with conventional organic
materials, the fluorous solvents are regarded to be advantageous processing media in constructing multi-layered organic
electronic devices by solution processing. With the help of an efficient coupling reaction between amine-functionalized
BaTiO; (BTO) and poly(1H,1H,2H,2H-perfluorodecyl methacrylate) (PFDMA) chains modified with N-hydroxysuc-
cinimide (NHS) ester group, it was possible to recover the highly fluorinated organic/inorganic nanocomposite, BTO-
PFDMA. The dispersion of BTO-PFDMA with highly fluorinated negative-tone photoresist polymer, P(FDMA-r-GMA),
in a hydrofluoroether solvent, HFE-7500 or PF-7600, showed sufficient dispersion stability and spin-casting properties.
Thin films of polymer-inorganic composite materials were fabricated by spin-casting method, and patterns as small as
10 pum could be built by UV exposure and rinse with a fluorous solvent.

Keywords: organic-inorganic nanocomposites, photopatterning, highly fluorinated polymer ligand, fluorous solvents,
NHS-ester coupling reaction.

A 8-S 22 i ot
2t Bt oMM E B8 e PHEE AW
2Z&go] 5ol a7EIL g
=) _Or]sH »}L HELZHEOﬂ F7HH oz Y

M B

FEASE 77 WeiAlZ A s Sl Ee
ZAd) we} theksl B3, 31ekd EAL 7AE

13

53] AAgete] W] o
AR AR}, §-
o] o tq o]

}\-] o

Uztet, &938e ol 4 T e s ofshs A7k gho] X E L ok Marques-Hueso —1
—/—.—X} ANEE G5, Axd Aolth!? F o] ABE7F A Folrle el ZAEE AR 2-diazo-2H- naphthalen—
Lm FId 93] =EH FHold EAL wEE 4= A 1-one(DNQ)-novolacell & YA+ 52 & Y=Y2A=
wo] HAE njo] 98 T3 FEHAN F ofg] F-8-Lof] 5 vpola® XENEYS sl Y=zt 37101] &
o 54 wsjol ofs) SIsiRen, 54 setE ) o
T C R 1 P e P
E-mail: jk136@ir51a.ac.kr ' RAES] SU-8S 28, de7h A 2k ol FA] A
©2017 The Polymer Society of Korea. All rights reserved. A=Yt R gl Y FAE Fdste] 72 4 R

769



770 Aupd - g8 - &5
=7t 71 10 pme #E o] FA4H —% gkolst vl "‘li‘r12

7] WWedA s A el X E
o 1A A e B EAts Xﬂ—-—OV | -r]sﬁ’ﬂ
Y] atat gollol] gk -3t Eado] SR E o)
= j—ﬁ‘/} W d Yol ARS-E= &A19F 771 YAk stst
Zdolatar, gk A 7] o] e YAE ARE-St
}4 Trbdo] AAsA Hase EAZE T
=s5eb7] flal 771 Akl EHe] A8 &
11]9}4 steha J88e Fodske 2 AEl g A7t
Zhits] 11535]‘31 o tiEA o2, AR} Bl EA Ak
Il Y=E =1 f?_ FojAd Fxo| f/77] Wi A
S5 Az =¥ dAke] 43S dAsHA A" S
TLI2 7] 4A; 1) EAE B7ER EYshe ol
£ ‘grafting-from> 7193} “grafting-to> 71He] Ut}. ‘Grafting-
from’?] 73, YA FHoBRE wekAr) 78R g7ieg A
g = 7]”4—E, 71 dAF FHol| S-S AL 7Fs
g 715 BT & Ak} wh-s KdskA |k
‘ﬂ‘%’i, graftmg—to 7R 71 YRR} ofw] FAE A} 2
Y We-5 Fal stk o m AdATl=
/4\0]‘:]'222425 olF 3l FHE e HFAE= AL Al
o] #AF BAE Aslehe Al Eit=e] EAIR Qs Bk
golsH & FA 382 F AU
FEl= 719 A9 dFE ELZ}EE 0 A 52184, 2
Z18HAQ1 aEAA §AIE o8-8l TEIEYO| 7Fseh AL
Ea3t AR B AR S AXE AlEs] B
AT HEAS F7)A 88 AT FEAEE Hole Ik
2A SAE FEFAE EAtelo] mxof A8k = sh-
F71 Amapeke] vby] e o A AT F o] ¢
T3 ZZ 9] vt v E dAE= 2 E80] € Flo]
2t 7]EH'5‘}°i‘jr 207 B =M, 7] e A=A T—:L%“‘J
sk= & SRl BaTiOosE, ¥ /IS 913 elfl=2= AL
43} IEARI poly(1H, lH 2H 2 H-perfluorodecyl methacrylate)
(PFDMA)E A7gsle] 232 2185191t} Reversible addition-
fragmentation chain-transfer(RAFT) $3171H2- ©]4, PFDMA
£ sl A ThS BaTiOse] Wl “grafting-to’ 7]
HE B3l AFAIA EaA] 8AIQ1 3-ethoxy-1,1,1,2,3,4,4,5,5,
6,6,6-dodecafluoro-2-trifluoromethylhexane (HFE-7500) &=
1,1,1,2,3,3-hexafluoro-4-(1,1,2,3,3,3-hexafluoropropoxy) pentane
(PF-7600)°l =42HA1Z = Sl 2% BTO-PFDMA 5%
ANEE 7tnd el FA o] 7Hs gk, glycidyl methacrylate
(GMA)E Z3tel= 72248 727212l PEDMA--GMA)SH
o] aEAS IRATY] B E BS99
SIATE? v ete R FAkNS & 3 7Pl S
< o3l Brero® AYeIaL, Ao A ¢ EAT
AL ol &g A¥AEE T3l 10 umeo] I EAS}E EA}-
771 ezt B E sEs AT o UTh
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ME H AlSf. Benzotrifluoride(>99%, anhydrous), BaTiO;
(nanopowder, cubic, 50 nm), glycidyl methacrylate(GMA,
>98.0%), N,N-dicyclohexylcarbodiimide(99%)= Sigma-Aldrich
of| X a1, N-hydroxysuccinimide(>98%), 4-dimethyl-
aminopyridine(>99%)= TCIoI|A Full3}AT}. 3-(Aminopropyl)
trimethoxysilane(95%)+= Acros®ll A, 1,1,1,2,2,3,4,5,5,5-deca-
fluoro-3-methoxy-4-(trifluoromethyl)pentane (HFE-7300), HFE-
7500, PF-76002 3MA}ol A Full 3FA T ©] £]o| = iodine
(Yakuri Pure Chemicals), 1H,1H,2H,2H-perfluorodecyl metha-
crylate(FDMA, Fuxin Hengtong), Z2]3 Irgacure® CGI 1907
(BASFy> 7+ fAlollA Fsisdleh. Be AE B Aok
$9] Z7} AR Qlo] athE ARSIt ¢ 2,2-azobisiso-
butyronitrile(AIBN, Junsei Chemical)2 CHCly/MeOH® 4|
ANAA T ARESIAT Aol EAIR] 4-cyano-4-[(dodecylsul-
fanylthiocarbonyl)sulfanyl]pentanoic acid(CDSTSP)= X3l
AL vhgow Fyste] A gaginhy

=M. 'H NMR 2~ZHEH-2 Varian Inova-400 spectrometer
(400 MHz)Z CDCly(8=7.24 ppm) IIE W EFEZZ 9]
g3t AF2olA] SA AT EAE 2 EAEREE(PDDE
315l A} Asahiklin AK-225G"S 057402 A8k gel
permeation chromatography(GPC, §3717])& o]-&353it}. o]
u] Agilent TechnologyA}e] PMMA #E-E-2 83} 717]
£ Atk

BaTiO; 4 #He] 1 7id o725 &ler] flal Fad#t
& u] 7 (Philips CM200, 7154 200 kV) #4] ‘;‘ FTIR
(Bruker VERTEX 80V) #4]-& X831, IRe] 7
g Mgl RS A U AL T 54 oPiE} 7

7] Vh=gAF ti] Ejzk=e] vle-s SRl el E R
21(Q50, TA instrumentsyS I8P} EAA] 84 UlollA]
BTO-PFDMAS®} P(FDMA--GMA) &322kl o] Babrgs- 3t
o182 A|E & PF-7600(Refractive Index: 1.33, viscosity:
1.64 cPell FAMAA JERA7|(ELS-2)E o843 9474 BE
=2 23S AA SR}

A BPAES] EEAEYS % A4 2Ake
365 nm«] T ve WEshe SMT UV TechnologyA <]
spot-type UV-LED curing system % X Er}AIE AR5}
2135kt HAE E3As He 9 gjeld ¥3tE A=
Hitachirle] FAPAAFE R 7 (S-4300SE) 2 o]ol] ZAgte]o] Q)
= oMYA E5342497] (energy dispersive X-ray spectro-
scopy, EDS)Z #4319t} Si-waferel] Bf2o 2 AJwe &
-y B FE e F7+= BruckerAl2] surface profiler
(DektakXT)E AHg-slod =731

Poly(1H,1H,2H,2H-Perfluorodecyl Methacrylate) (PFDMA)
of B4, PFDMAS] §Hie £ A7de] A9ATE upgo.
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Scheme 1. (a) Synthesis of PFDMA by RAFT polymerization
employing CDSTSP as a chain-transfer agent; (b) modification of
the terminal carboxylic acid functional group of PFDMA with N-
hydroxysuccinimide; (c) synthesis of a statistical copolymer binder
P(FDMA-r-GMA).

2 2133}tk 25 cm® Schlenk tubedl] AIBN(0.03 g, 0.18
mmol) 22|32 CDSTSP(0.15 g, 0.37 mmol)Z Hol& 3, wt
$71 WHE A= A3s). 1H,1H,2H,2H-perfluorodecyl
methacrylate(FDMA)°l| H71=o] = SEAAE A AstH
7] fl8ll ALOs= FX1E AHS 3t FDMA(4 g, 7.5
mmol)2} benzotrifluoride(5 cm®)E ZHz}; wfo| ol Wi A4
£ Eo] ¥olEth o|& oA 7=t vkg-9] JRAIAI7E EA
AE Schlenk tubedl] 2}l 2 WolFIL Al M2 freeze-pump-
thaw #8-& 1831 tube SHS A4 2702 X33, ©]
< 80°CAlA 13A17F &9t A7) kS-S X8t} vk
S0l TAEH vRkg O], S B o] BAHE F
< AAH] $18te] MeOHell 3 W48 A 7Fste] A1
H IEAE 3)eit) A3E IAE AR
Z3tH A= I A FEH ] PFDMA 3.7 go] dojxith
(Scheme 1).
PFDMA-N-Hydroxysuccinimide(PFDMA-NHS)2| X|=.
PFDMAS] ¥t 21870l p-hydroxysuccinimideE =9 3}=
k-8 idlS arste] FdYsEATE! 19 250 cm® 5
Zgt2a30] oA A E PFDMA(4.0 g, 0.31 mmol), 4-

)

4
)

‘]

Py W 5

7} 771

I
J

dimethylaminopyridine(0.03 g, 0.25 mmol)yS I3+ 5 benzo-
trifluoride(40 cm’)& 2o &3l A171th. CH,CL(20 cm®)el] =
¢l N-hydroxysuccinimide(0.1 g, 0.86 mmol)E F712 £}
3, 93719 25F 5°CE YWtk NN-dicyclohexylcarbo-
diimide(DCC)E CH,CL(20 cm’pl] 53] =<2 § HH3] 4
7Fgktt, o] W, CH,CLe] Tl ¢Ja] PFDMA7} 313 =™
benzotrifluorideE F7F3Hc}. 5°C9] &%ollA] oF 1057+ awt
ey &, AF2ox 2-3d wHkghc), whgo] xlsige] w2l 8
Al A FEje] FhHEo] AEEM, vhE TR § o] o3
sto A AT ksl A &l E A AL Aojxl IAE
benzotrifluoride(5 cm®pll 28417 CH,CL(100 cm®pll 713}
o JHE FANT IAVY Ak A3Ete] 3)5Ea,
ol g 71z Al AP R dojxitk(35g
3)4%). 'H NMR (400 MHz, CDCly, ppm): 8= 4.51-422 (br,
40H, -COOCH,CH,-), 2.88-2.75 (br, 4H, -COCH,CH,CO-),
2.75-2.42 (br, 40H, -COOCH,CH,-)

BaTiO2| Hydroxylation& S8t BTO-OH2| HM|Z=. BaTiO,
A&}l hydroxylation 78-S Harste] 28gsiich? 1
T 100 cm® 52 Z8F230l BaTiO; YAKS5.0 g, 21 mmol)E
F43TH H,0, 8N (30% ww) 40 cm® H7H3E & 308
7V ZoE2AL slolA o] & WA|gITE. BaTiO; AR] 4t
oS AwRHElS w9, o] F 105 °ColA 4r17E FF
ettt 255 R0 YRy "ol 25 E o] &g AlH S
F315 452 (4000 rppm, 10 min)E Fal AE UAE 3
£ "ol At YAREEE T 3 vEs
o] ZA =S AATT Ao YAE 80°CY] 2=o0A 24
AlZF &9t 21F AZSHBTO-OH 4.1 g 3]5).

BTO-OH At EHojo| ofal X87| =2I(BTO-APS A
=). 5g° BTO-OH®} 50 cm®] toluene 17+ 100 cm’ 52
kAo Yal 30% 71 22318 AR 3-aminopropyl
trimethoxysilane(2.5 g, 13.9 mmol)S F st ¥, 80 °Col| A]
24X 7 S WHKSH, 225 4202 YT tolueneS F
7t2 FYste] 343 & 441382 (4000 rpm, 10 min)E &
3] A= 3|5gtt. BTO-APS UAFE toluenedl] A4k, 3
A H IFE g 2 RS zldsit) ol Eo] AlA" 4R}
£ 80°Ce] &=ollA 24A17F Bt Xg 7AZSHHBTO-APS
4.0 g 31).

BTO-APS IET0{2] PFDMA 1&£Xt 2[Z2t= =(BTO-
PFDMA HM|=). 32| 3-aminopropyl trimethoxysilane 2.2
*]%+E BaTiO,°l n-hydroxysuccinimideE =Yl ¥H3-2
3 sle] Y 3FATEL 50 cm® Schlenk tube]] BTO-APS
(0.5 g), benzotrifluoride(20 cm’)yS YL, oF 10 ¥7F 253915
ZAYett}, Benzotrifluoride(10 cm®)el] =<1 PFDMA-NHS(0.5 g)
£ 8] TS &, A2olA 15417 o) wnkeitt, #EF
9] acetones FYU3I] UAE HHA71L DAEE] (4000 rpm,
10 min)E 3l 3573t} v]uks- PEDMA-NHS7}F 4A} Ale]

¢

El
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of ZANT 4 o, o]F A AsL7] {13l benzotrifluoride(5
em’yS F7H o R FQAgH & 3087 223F A2 si) A
2] acetoneS ¥l FAEE] (4000 rpm, 10 min)dt] YAk
£ 3]F3it) o] & 3] REESE § 3)E YRS Ad2olA
7% 7%3te] BTO-PFDMAE AE=TH0.45 g 3]57).

IEAH DEX ZEMZE [P(FDMA--GMA)R| M=, 375
2 A 78R} A RE 7RSS Fyske] EAT?
25 cm® Schlenk tube®] AIBN(0.05 g, 0.30 mmol)S ¥ o=
F ukg7] WHE FA4r7 X33t FDMASE GMAS 37
ol = FEHFAAE AASH] 28l ALOE FX1E ZH
< E3A171t} FDMA(4.00 g, 7.51 mmol)2} GMA(1.00 g,
7.03 mmol)Z Hio|Yol] ¥ AALE Eojyo] AAE xﬂﬂ
st} vl A2 benzotrifluoride(6 cm’)= A4S Ho] ¥
A2 A AT} AIBNS B3 = Schlenk tubed]] FDMA,
GMA, benzotrifluorideE =} 2 WolF 3L A H 9 freeze-
pump-thaw #4-& F8)ste] RES7] kS HA o= v
© F, 80°ColA 13A17F &3F wRA I, whEo] FAEH
HgkS ek, S2jae 9 zhe] Faks 58 A|AE] 9
3to] hexaneol| JEARE FAAIRIGH AR IEAE o5
sk, oA 2F Hxskd 24 A Jei] P(FDMA-r-
GMAY’} LoiXIth(3.8 g 3).

Xte|M =ALE S§t ojo|aRIHEH 8N, 7523 7824}
2 7F=21 PFDMA7F =9 € ZEA-Ue 53] 5(BTO-
PFDMA)¢} Hl¢IE] 7 E-A¢] P(FDMA--GMA)9}t 37 &
27 &A1 PE-760001 s&4HA ZAth. "4 BTO-PFDMAS
10%(w/v) Bl&= PF-76000 ¥ ¥, BTO-PFDMAS%} 54
3l oFo] P(FDMA-~-GMA)S Yo] faiA Tt} AlxH 24t
N FAMI O] ZpolE FRlstarat F 7R FH] ST o)
ball-mille AR&-3le] oF 2447k 350 rpm o2 H4 = 2
galom, o shie of 3087 2395 AR 9]
% gakabg A ol Irgacure® CGI 1907° Hiele] 2 g2l
P(FDMA--GMA)2| 5%(w/w) BI &2 F EAikebo)] H7}a}o]
S AZ Tt ZF FA S ©]& Si wafer Hoﬂ 1500 rpm©-2
1 27F 2588 28t ar, A R; 59 vheto] 3
ZAE AT IR E AIHE 90 °ColA 327F Mt ko AL
B4 8AE AA 1’ T, XERRATE ARSI 480 m)/ecm?
o] M712 =338k & 90°CollA 3E7F 7FE eI o] &
A 918 PE-76000 3037 @7} & 51, HFE-73000] 15%
7F @7t 2e9E AR Al ST

ol

.

Z o EE

B ATl e o abere] Alxrt 7t sl Ak
A ZAE B3| vlola2 el FAT Qs aEAs 3
A7) YeBdA g Batde] Alxs HRE St £
Hol| the] o171 E 7= BaTiO; YA+ EH| “grafting-
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B3 78210 PFDMAS 7=
TAsto 2 IEAA SAol g EAMS SRE 4 Q)
o

s} ZE 9PN E A
s dHelsA 5 sl CDSTSP= Zﬂ,%okﬂ RAFT 5
S F13Y 3} tHScheme 1(a)). CDSTSPE= methacrylate 7]11F
A o] Sl Aetsh, e Ak A 3
(polydispersity index) B3 27| 2T 4= Qo] 4L &5
T 545 AYe PFDMAE Algd & s Z10= oy
Ath. CDSTSPE= Hard #3128 Fhxste] e & 285
ATt CDSTSPE Aol EA| & AIBNS 2tr]Z JHAIA| =
AM&3) benzotrifluoride ol PFDMAS @43+ A3}, 34
H AR gi=F e EARH(M,) 13000, EAFREE(PDI)
= 1.16 Fxlo] SR ATHFigure 1(a)).

=% 8 olF PFDMA ¢l =¥ COOH7 = #H
o] ol1712 7|& = BaTiO; YAI}E] WA SUE EHo
2 N-hydroxysuccinimide(NHS) ester(PFDMA-NHS)Z 7 3}

(a) —— PFDMA-CDSTSP
—— PFDMA-NHS

Refractive index Response (mV)

T T v T v 1
12 14 16 18

Time (min)
Polymer M, PDI
PFDMA 12,800 1.16
PFDMA—-NHS 12,400 1.13

()

40.30 4.00 40.49

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
Chemical shift (ppm)

Figure 1. (a) Gel permeation chromatogram of PFDMA and
PFDMA-NHS, and summary of M, and PDI values; (b) 'H NMR
spectrum of PFDMA-NHS.
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21t} Figure 1(b)2] 'H NMR 2 E#Ho|4 PFDMA &
A} 2] =]E succinimidezH8718 1T 4= U, &=
3 GPC A¥}(Figure 1(a))= PFDMA-NHSZ H$he]= 74

X aEAe] EARF 5/do] FA HsleHA] e HofFirt.

BaTiO; §4AFe] ) ofR1zrg-715 E4sh7] 918l ofr]
=A% F2A F syl 3-(aminopropyl)trimethoxysilane
(APS)E A-gste] FHNE HFS A3+ &, BTO-APSE
3|alqith. o] wl BHUNAES] 288 Fuislstaal A4d A
O 2 7947k BaTiO; YA 973 50nm) £HE ¥
A kst R SAdsIAZTH(Scheme 2(a)).” o1 F2A A
0171 BTO-APSE Scheme 2(b)2} Z¢] benzotrifluoride Wl
»] PFDMA-NHS9} WH-3-A1A 32322} 2]7k=2) BaTiO; YAk
Alole] 818FAS S 5519 BTO-PFDMAS #1238 4=
AT}

BaTiO; YAt et st 72a) gj7k=e] =9 o5
A7) 9sked, BTO-OH, BTO-APS 2232 BTO-PFDMA
£ 717} FTIR, TGA 283 TEMS o]-&38to] 241813 t).
FTIR 29 E & © & B E] BTO-APSO| = 1130, 1040 cm™ ol
siloxy Aol 28k 37}k, B3 1560 cm™ o] o}Rl7]<]
bending = 22|37 2930 cm™ol] Y719 2Tt W=7} A=

(a) . P
- OH /o-?_)- NH,
» = :
—_ HO OH s
105 °C Toluene, 80 °C
HO OH
OH
Pristine
BTO-OH
BTO
(b) NH,
H,N NH,
H,N PFDMA-NHS
NH, >

Benzotrifluoride, rt

HoN NH,

HN J
BTO-APS ™, =\

Y P
7 Yo N
SN
|~ = PFDMA

BTO-PFDMA

Scheme 2. (a) Functionalization of the BaTiO; surface with an ami-
nosilane reagent; (b) anchoring of PFDMA ligand onto the amine-
functionalized BaTiO; particle.

4
ol

3

o

P 9

7} 773

d

o] AdE A& ER1T  AUATHFigure 2(a)). BTO-PFDMA
2FEHME 1730 em? S1ZolA estere] 7hRd =39},
1100-1250 em™ oAM= 28438} ARl ERlsk= C-F 29
stretching®l] i@ sh= 925 1T = YA, o] & S5
BaTiO; YA} ol 7E43F 784} g7iert AF3zos
AT AT 5 ASITh

(a)

=
S
[
Qo
8
=
1]
c
i
[
——— b.BTO-APS
c. BTO-PFDMA
¥ T = T x T v T v T v T v T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm’)
(b)
105 -
O — 97.02%
95
= 95.08%
£
° 90
[
3
85
—— BTO-OH =
—— BTO-APS LiE UL
804  BTO-PFDMA
75 T T T 1
200 400 600 800
Temperature (°C)
(c)

20 nm 50 nm

Figure 2. (a) FTIR spectra of BTO-OH, BTO-APS and BTO-
PFDMA; (b) TGA thermograms of BTO-OH, BTO-APS and BTO-
PFDMA,; (c) TEM images of BTO-PFDMA.
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T3l TGAS EsAEe F7] Q=) ] Bde] EAjsl= 7
Eash it gzee] thekAel $He wHetsielth(Figure
2b). TGA 2 == AR BTO-APSE BTO-OH thH] F
2%9] 5% A4S B3O, BTO-PFDMAE 350 °C 2%
Eﬁ oA gzl gelof ol o 14%°] % A4S

B3t 0|5 Fall APSOl o3 T AE EPS W X
2} g7k=e] o] oF 129% HEo] o2& AL &
ATt

AzE ZEAsE WeERE BN A3 Ear 29

%—2 g1a}7] flal Faarn g o= AEsIeT vl

-8 glo] aLEAA 8AI%] HFE-75005 o83t Alxdk 9
X]' HAkNS copper grid 910 3F W-e Hojm T 24A17F
AZAA WES AZSFAT. Figure 2(c)olA] E.L"’L%WF T A
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Figure 3. Pictures showing the dispersion characteristics of BTO-
OH, BTO-APS and BTO-PFDMA in HFE-7500.
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Figure 4. Size-distribution of BTO-PFDMA dispersed in PF-7600
with P(FDMA--GMA).
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Figure 5. Optical images of photo-patterned P(FDMA-r-GMA)/
BTO-PFDMA nanocomposite films. Photo-patterning was carried
out using (a) ball-milled dispersion; (b) ultra-sonicated dispersion.
The regions marked with boxes are magnified.
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Figure 6. (a) Scanning electron micrograph of the photo-patterned
nanocomposite film (scale bar is 20 pum). (b) Energy dispersive X-
ray (EDS) spectrum taken from the region marked in red box; (c)
summary table of contained elements.
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