%5 =

2013 5 H

ACTA POLYMERICA SINICA

% j:li No. 5
May, 2013

B 7 R B A - T WL K S 5 AL R B
Bt SHERERR

KEE KER #H M7

(EMRE MO TENSHEEZREGERE KE 130012)

B E RENETTHRRSYOUAOR, T LG R G W G — 855 B, B AT LA R SRS Y
FoAfth v 2R T 2 5 B S WA PR BT S R (EUR E B R A BT 5 SRR R, 3K 2 Sl R 5 W D' A A R B 5
R AR T 1. 8. TR BA w8 R THLGOKRAL T 5T A B R S b, ) & 19 23R & W0- T WL 90 KOt 22 41 k)
BT S AR BB A F 1. 8 LA k. T ELIX 2w T S SRR 5 W -TE AL AN K O 2 R AL b [) I B AT 20 T Ol 2 RN
FEALA B WU DIt i, EAT I B T B S T T S R A - LA KO 2 A R 2 L A
HAF R 5 TP A W 2, IF 455 B AT E NSRBI 52 IR A SO e 7 5 3 55 W - T AL 90 oK Sl 2 A A1 R Y B
T 1 B A DG B B — A~ HeBE R G A 2 TR] I X 3 2 BA A8 A R R B 5 BT N T A R A R T

(ISR =gy

REIR mITHR, BAWMRL, JTHLAURBIRL, SaiE R R

BE& BB 7 B B TSR A D6~ i R
BB, B o A%, 5 3 oz iy LA K I B 4 T A i
ELIRE IV RIS SV ATV N N (R AP S
TEE Z W TERE IR & W) L2 M RE b i 3T 5 SRR
HAT H B SE B D A 6L, 8032 B B e
BB OLIE S ROt A (LED)
PR DL AR ARG AR D6 T A
DA KIS 3 % 2 45 U, 1 T AT A F 5 Y
etz —

T LI i It 3 RO A AR A A L 7 74
FEANTCALAS R PR 2. A LS 2 1 48R A R
JE ey LB B i T A AL AR, O ELRE % 5L )
Pr it A AR (H R i T 32 B A B Al 2 25 1Y
FIR ), SR (L L R e i AT A A 7 — > A X A
/ANTEFEI N (1,30 ~ 1.70) A2 4k, o i — 284 DL 1Y
RS R A YRR 5P LN AR R P T (PMMA) (5
KON (PS) RBR IR B (PC) s TN 2k — H B R I
(CR-39) T & R 43 3 2 1.49,1.59,1.58 FI
1. 50. X F— 26 LU A AR IR Y 2R 5 WU AT RL i ANl A7
FEBHAEROESGY (n=1.70 ~2.00) , Y

Mr(n=2.12) A K FHFHLIRMWBEY (n =
2.70) HAT G R B AR T 1,70 {H )2 H FixX
L S LR SN NS T 3 i N
FLL S o LS54, (45 3k 26 R A ) B RS
P T AR 25 1 LT G WA 3R 8, ] B 3 4 5 A K
LRSS Y B A W AE T WO XE AT B
I, 33X PR 3R M R R BR Al 13X 2 R A o 2E k)
TEG 2 AT i S BR s L R T, AT S o —
S ELAT i AR TR, 05 R, B
AL, S LS F At i 2 1 DA M & SR T RS A
FIRA Y E R RE LR B S T SR B
(1, B T — 2 B9 AR . X 28 43 1 25 # F
AL R ) R A5y T 450 5 R 44
S — i A% = AT 5 2R B DSORGB
M 3B LA T — 2 SR R AW LA I
H IR A ok 1 R ARG WA R 2, 1 B X 23
R REG W EA B (165 ~
1.76) " ° (R A SOk R B X s A
PLER AW 3 58 5 — AR AR T 1. 80. 177 5 4 Bl
G F B OREAR L, TCBL AL R R LA T R

* DRAL E AN BE 1 80 AEHE % 5 ;2012-12-20 WK ,2013-02-05 &5 ; B K H AR % 3L 4 (345 91123031, 20921003 F1 50973039 ) % B

WiH.
w% 1l IL/E# , E-mail : byangchem@ jlu. edu. cn
doi;10.3724/SP. J. 1105. 2013. 12412



590 ¥

=

?

i 2013 4F

%

(2.00 ~5.00) B0 5, (H 75 245 A9 0= TCHLA R
[F] B i LA 2 8 (> 2.50 geem ) (RIFER
TR A LA % A S 3 A B i 5 T 9 9 R L D I
il 25 A A AL ALE = AR AL A, BGE DA
A R T RO AR L AR TR BT T
PR BRI B R —.

TEAR B2 5 ORI K B R 5T, 9
KA AR I 328 T A=, JFC DR ) A R S i e AT
SrASes e R M T — AP B BT AR E
ATHs EL A 25 3 55 232 (0 T AL 8 KORE 13 ok 4y B Ak
ST A B o T RS A TR
R T I AR G W - T LA KOG 2 Z AR 3 A
KA A B RE B AT TR A S R
R MR AL TR N SR T AT HL R o 1 AR S
AT e AR D EL 3 G 9 T LA RS A
BL 735 R 6] B B B, al LAAS 2 — &R 50 3 G
A JH R G W -TOHLAK e A A RE. AR SO
KT H AR AL BRI BT G T IR L R SR
I H 3 A4S 75 T X X Bl 3R A - T LA KO o
AR A7F 58 BRAR 5 2 8 0 — A T 2 i

1 SHHEREGY-TNHAXEFE
0 B BRI T R & 7Tk
1.1 SHHERSYW-TNARELEZRZRLTBEY
it

M H BB 58 BUIROK B F BAT 3 3 R 50
TEHLAN KL T B 2R B A DL 7 TR R 232 B b
FeAL A RHIT S 30 09 S5 A RO . R e A 3 1Y
A B 5> TR RN TC ML KL 7 J2 1 4 e A 5 R
G W -THLA KRG Ze A b B B 1 32 55 18 A4
Zimmermann 2 1Y AIF 35 45 AT DL & R, 9 K 2 1k At
CRNET RN | AL VA R 4o/ R 2 e R DR A
SERPER R AR B E T A HL R4 TR 25 R
Zh, Bl A LR TR R TP LI A S S
14 T HIL 44 K 4 ok 48 1 3R S W - TE LA KO 2 4k
Ca p ORI S i R N [ S S
AR B RPTH R (KT 2.00) , 107 H & ZEAE AT WG
K H ARG OLE & R 12 LR I 5
THLF S AR BHTE 3 Fh AR AT WG TR (4 5
RN W 2250, R b n] LA HH R 28 BAT & 4

Table 1 Refractive index and absorption coefficients at different wavelengths in the visible range for some inorganic materials'?>! ( Reproduced by

permission of The Royal Society of Chemistry)

Refractive index (n)

Absorption coefficient (k)

Material

400 nm 500 nm 620 nm 400 nm 500 nm 620 nm
Crystalline Si 5.57 4.30 3.91 0. 387 0.073 0.022
Amorphous Si 4.38 4.47 4.23 2.020 0.992 0.461
Ge 4.14 4.34 5.59 2.215 2.384 0.933
GaP 4.20 3.59 3.33 0.275 2.5x10 73 2.8x10°7
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 ( sphalerite) 2.50 2.41 2.37 1.46 x 10 ~° 4.71 x10°° —
TiO, (rutile) 3.00 2.71 2.59 0. 008 — —
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Fig. 1 Refractive index variation of PDMAA and the
nanocomposite films with different weight contents of
GNPs!'") (Reproduced by permission of The Royal Society

of Chemistry)
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Fig. 2 Refractive indices of TPGDA/ZrO, nanocomposite
coatings as a function of ZrO, content ( Reprinted from Ref.

[26]; Copyright (2010), with perinission from Elsevier)
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Fig. 3 Hybrid synthesis ( Reproduced with permission from Ref. [24]; Copyright 2010, Wiley-VCH)
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Fig. 4  Preparative scheme for transparent ZnS/polymer bulk nanocomposite materials with high
nanophase content by the one-pot in situ polymerization route'>’ ( Reproduced by permission of

The Royal Society of Chemistry)
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Fig. 5  Preparative scheme for transparent GNPs-PDMAA nanocomposite films via in situ polymerization route

(Reproduced by permission of The Royal Society of Chemistry)

1.2.3  HE#EsEUE

BRI RO PR R e % oy ik s AR IR i, B
A AR A I FH AT R 1 2 i 4 10 A5 AOB S
(AR5, Rl o & Fh O X S RE WA S (.
RESREY) Z A T REW-ToHL KOt 4
Lo I I 1 B S VA il = S = 1 T U YA R
BHEREG W HE T & A AR, H R kTR
23 0% F B I 55 H A /Y B sE ALVE . BRI 4 fer
PRAE G KA 75 2R G W 5 o1 b (19 34 59 43 b 2 X
Py i SC B B LT, 38 = T AL KR F 1
AHLE TR P BN Tk T EA  EER
B 1y 3 700 X 40 KO T 1) 2% T 0 AT A8 i 5 X
REW AT, PEHEG 8 00 & 7 T BT 9Kk
T 1 22 B Ui — A v] DUAE G0 KR T il 5l 5 2 4b
B R o A b 2 R B A ) B B S R L A
&R E ALY 3 2 A a5 5 HL SR T A R 3
0 P S T U IS I S TR X 49 K R 1 2 T b
WAL W 4 Kk 7 40 PbS, ZnS 25 % & 55 3k B 1
KA Yk . T2 W X Tl & s 3T
SRR G Y -TCOLNK A A B 5, 2834 1 Ak 2R
16 i I 1) 9 KL AT B AT 3 e T AT S R R AR
8, BRI T I, S AT SR FH 4 v A S 238 1Y) 0 7 ) 2 X
TCHLAN AR T AT 2. Zhou 54 T — &R ¥
T e 8 06 0B M 11 ZrO, 40 KK T, R i FH 3k 26 i

pe— Glass substrate

/
1 I
1) UV-curing

2) Thermal-curing

Colorless
transparent solution

Transparent
GNPs-PDMAA film

[19]

PEJG 1 98 KR T 2047 BH S 1 R A 1 & T AT R
E1.63 ~ 177 Z [ 0] & () 44 K &2 & B JE M
BT IRAT R A L A TS 2B
ZnS YKL T, B M I 90 KR T B T 5 R 5 18 i
RUAH2E RN il 5 2R 20, = IR IR DL K
N,N-Z W NGB IR &, & T & ZnS & it
MRAH R & P-TCHL A0 K %t b R}, o 39 R 7
1.54 ~1.58 Z Ja) mf 3% 1L 3 AT A X A
i £ BB Y ZnS 9K T R R AWk &
T A5 B SR A - TE AL K 2= A R AT S 3R
16 1.59 ~1.64 Z A A" . Schadler 25 438 it
Ve I A T IR R Y BLAR T TIO, 4 K KL
T, R I B 2R b i 1 B R 4 3 e AR 38 e
R B AE TiO, 44 K - 3% 1T, 3 i 25 280 8 i 1) 40
KRLF AT LA A7 W I 19 A HIL R 4 1 k2B e k-
B AL, BT il 2% 1) 3 6 W0 06 2 MR I T G SR A
1.5~ 1.8 Z A SE PRl 3, I ELAE v 06 X 2 A
ARG 336 3, AR 45 i R N 181 6 R
5838 B i il 2% 08 6Bk TiO, 44 2K ki f ik 7]
L3 18025 1 FH 1 B S AR B 2 40 KOk 7R A A
B IS H  2 ik 5 30 wi% B, il 45 R A 24 Ak
MR BT T R B 2R BE Y 1. 51 $25 & 1. 62.



51 B A AT SRR G W - WL K G 2R 2 A R B B S ) A AR A 595
N, N,
01?; 012;
O, 0
»—Ci7H3;3 HO—f:’-O L _ﬁ_ @)
OH ; /(')
TiO,—OH — - To,
NP CHClx/reflux at 75 °C
O
Cy7Hs3 Fl
N;w, ‘ #Ns
NI \/O )K@ TiO,
N rd ’ \
N, e CuB1/PMDETA/THF/55 °C

Fig. 6 Surface ligand exchange with phosphate-azide ligand and subsequent grafting of PGMA polymer
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Fig. 7  Variation of the reflectance with wavelength: optical
glass and the three-layer antireflection coating

The insert figure shows the structure of the three-layer
antireflection coating ( Reproduced with permission from Ref.

[24]; Copyright 2010, Wiley-VCH)
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Fig. 8 (a) Photographs and (b) optical transmission spectra of the phenyl hybrimer (PH) sample before and after aging; (c)

Changes in transmittance and yellowness index at 450 nm wavelength depending ( Reprinted with permission from Ref. [34]; Copyright

(2010) American Chemical Society)
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Fig. 9 (a) AFM images of P( MAdMA-co-GBLMA) and P(MAdMA-co-GBLMA) + HfO,-TDHT (8.0 wt% ) spin-

coated films on Si wafer; The scan area is 1.7 mm x 1.7 mm; (b) SEM images of P( MAdMA-co-GBLMA ) /HfO,-TDHT

(8.0 wt% ) nanocomposite photoresist patterned by electron beam lithography!2®! ( Reproduced by permission of The Royal

Society of Chemistry)
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DESIGN AND FABRICATION OF HIGH REFRACTIVE INDEX
POLYMER-INORGANIC OPTICAL HYBIRD MATERIALS
AND THEIR PRACTICAL APPLICATIONS

Guo-yan Zhang, Ji-bin Zhang, Bai Yang

( State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, Changchun 130012)

Abstract In the past decades,researchers fabricated high refractive index (n) polymer optical materials by
introducing aromatic rings, sulfur-containing groups, halogens except fluorine and organometallic moieties.
However, the refractive index of these pure polymer materials is usually below 1. 80. Incorporation of high-n
nanoparticles into polymer matrices seems to be a more promising strategy to achieve a refractive index higher
than 1. 80. And these high refractive index polymer-inorganic optical hybird materials have many promising
applications in optical design and advanced optoelectronic fabrication due to its excellent performance
combining the properties of polymer and inorganic materials. This article summarizes the general design
principles, different fabrication approaches of high RI nanocomposites and reviews recent research advances
and some important optical applications of these nanocomposites.

Keywords High refractive index, Polymer materials, Inorganic materials, Optical hybird materials



