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Synthesis and Evaluation of Hyperbranched Aromatic Polyamide

with Ferrocene Moiety Exhibiting High Refractive Index
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Abstract

To develop a woodpile-type photonic crystal consisting of an organic polymer material, we have attempted to prepare a novel

polymer with a high refractive index of over 2.0. For this purpose, the synthesis of hyperbranched aromatic polyamide

containing a ferrocene moiety at the chain ends (HB-PA-Fc) was carried out, and the refractive index was evaluated using a

confocal microscope and compared with that of aromatic polyamide containing ferrocene in the main chain (L-PA-Fc).

HB-PA-Fc was prepared by the polymer reaction of ferrocenylmethanol with the starting hyperbranched aromatic polyamide
(HB-PA), which was easily prepared by the polymerization of AB,-type monomer. It was found that HB-PA-Fc exhibited a high
refractive index of 2.03, which is higher than those of L-PA-Fc and HB-PA. Therefore, the hyperbranched structure and the
introduction of the ferrocene moiety were effective for improving the refractive index. In addition, the degree of branching of

HB-PA was calculated as 0.367 using a Frechet-type equation based on the model compound.
Keywords: Ferrocene, Hyperbranched Polyamide, Photonic Crystal, Refractive Index.
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Fig.1 Schematic illustration of woodpile type

photonic crystal.
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DHOHMBIL L TAER SN EHERB I FTHY ., BRF
EDR—LHIZ one-pot THIETHDIZ &hD, LEMNREEM
BENEERTVWBEY, L, =7V T7ELTOIRAFI
BT oMENST LN ER3B2TLNR3,
FZTCERFRETIE, N =T 5 FRRY v —DHE % FH
BALT, ARFRERTRYv—<TF U TLOFHREEL LT
AVWBZeERF L, TLT, FREBRIEGR) N
AVaZ itk v ERMEFEBETLE. ZRTV Y K1
NMNUT 4+ 2y VR EERNTEIOTERVNEERL, &
BFRERTRY) v —DOERERA T, MBHRERTRY <
—EFEHRTHEDIE, BTREORVWRY ~—%24RT 54
BRHD, NAN—T I FHR) v —13EL ORIKHEKRE %
HLTWAZ 0D, ZLOEBRELRIBCEATIZLNT
EHFEEHLTEBY, RU~—@RTRERLADEEAT
hid, BIFEXKIBImET A3 HHENE, —RICER
FEMBEHRRT 2RI REAERCBVTERERTHS
IEBERENDZR, AFRICBVCRBABCAVLRLEH
1.5nm BEORAEREROHEEEHE LTS, A
KR TEAER THEILERRY, LoT., ETUDICETF
FEOBVWHBEREEARGRL L, IVEXF U VEE SRR
BICAHTBNANRN—T 5 FREFERERRIT I REARL, 7
2R AY )V ERATMEERED LKLYV BRI
ETHRY-—DARERAL, T, Bbhitvzuk &
BNAANR—T S FREERERR) 7 I REBRRE2 BT 5
D HETHE 7zt EFEHBEFFERERY T INEERL.
R v —HEOEVVNIIZENBORELZEE L, LI,
SEARLIENANR—TFUFRRY) v —ZHIETBET VL
AMEESR L. AEERLVIC 7=t OBARERTF L,
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21 PAFLSERrRL ALY T7EL—FOHDAR

5-BE Fex 4 Y7 Z /U8 30.0 g(0.164 mol), A ¥/ —/L 300
ml, EE S ml 2+ R 7F RAalz Ah, 110°CT 24 BEBHK & &
fro O, 1000 ml OEFHKICKISEREEE AL, P
RHECHRMKET P Y AKBREMA 2, THLEERY
ZEAHL, BEEERBIC IV AKERELE, EHIT, Zaakib
AINFY UREBENCBHEKETRI>ZEICLY VAT
5.8 Rodif Y78 bv—1)&B7(Yield: 29.0 g, 85.1 %),
'H-NMR, J(400MHz, CDCls, ppm) : 3.94 (6H, s), 5.51 (1H, s), 7.72
(2H, s), 8.26 (1H, t, J=1.34 Hz)
IR, v (KBr, neat, cm™): 3360 (OH), 3012 (arom. CH), 2963 (ariph
CH), 1726, 1705 (COO0), 1599, 1499 (C=C)

22 PAFNLS =T zmuxi L VT HL— FRDER
fbA¥ 1 % 100 g (47.5 mmol), REEH Y 7 A 6.56 g (47.5
mmol)B LY AF NV RANAEFL F (DMSO) 95 ml % 200 ml
FRTIFARAZAN, 4-T7Fa=barXrE Ll 500 ml (47.5
mmol)Z M 72, TATL A ABRART. BIET 24 BEEEs
Wi, BERETH, RIGEEE 800ml OB KICHEE AL AR
YERFHIEEN L, EEERICTKERELLE, 708
RV AIAZYVVBABRENOERRETRIZETIYITLA
FA S-=haTZz=uaFifL YT L—-bQEEAHELL

T 7 (Yield: 13.1 g, 83.4 %),

'H-NMR, J(400MHz, CDCl;, ppm) : 3.96 (6H, s), 7.05 (1H, d,
J=2.20Hz), 7.07 (1H, d, J=2.20Hz), 7.94 (2H, d, J=1.47Hz), 8.25
(2H, m)

IR, v (KBr, neat, cm™'): 3098 (arom. CH), 2955, 2849 (ariph CH),
1730 (C0OO0), 1606, 1520 (C=C), 1342 (NO,), 1238, 1110 (COC)

235-=hurvz=uaFif YT I VEBA)DARKR

300ml F A7 T X2{bEH2 % 7.00 g (21.1 mmol)FEE L,
FRFE RFr75 (THF) 100 ml M TR HER LI L %
RER% ., AKEB{LF FY T A 6.00g (150 mmol) & A F J —/L 150
ml KA E S EHE AN 90°C TR Lz, 30 Rk, 7
H U2 800ml DEBEK~EERLAERYEZEMHR ST, BR
WERMIC 72 B E THIER % I X AR 24T H S %R L7,
HEHBRIZEIVAKERELEEZ, 5-o b TdzonFi /Y7
ZLVERG)YE AREEKER L L TE(Yield: 6.21 g, 94.4 %),
'H-NMR, 6(400MHz, DMSO, ppm) : 2.52 (2H, d, J=0.773Hz), 7.22
(2H, d, J=8.55Hz), 7.84 (2H, m), 8.25 (2H, m), 8.38 (1H, d,
J=0.977Hz)
IR, v (KBr, neat, cm’'): 3080-2837 (arom. CH), 3080-2554, 1701
(C=0), 1610 (C=C), 1411 (OH), 1491 (C=C), 1585, 1342 (NO),
1317, 1256 (C-0), 1103 (COC)

245- T/ 7xz=uaxA4 Y7 VEBADER

300 ml F A7 5 2 2{LEY 3 & 2.50 g (8.25 mmol)FFA L |
THF 100 ml & A % / —/V 100 ml DBABEICERITERE L
L ERHER%. NTFV LI —RUBE 0351 g (0.165 mmol)
EMrle, RISEBRETE P RIALTAZABTRLESGH
Lictt, S5I230 0MBR L CTKRBHEEZITRVEIRT 24
s, €94 BRIV RI VAR ERE
L, =ARV—F CRIERBRESR, BBHEEKRHERD -7/
TzmaX A YT ¥ ARG EBT(Yield : 2.20g, 98.2%),
'H-NMR, J(400MHz, DMSO, ppm) : 6.64 (2H, d, J=8.30 Hz), 6.81
(2H, d, J=6.84 Hz), 7.55 (2H,s), 8.12 (1H, s)
IR, v (KBr, neat, cm™"): 3422 (N-H), 3871 (arom. C-H), 2571 (OH),
1701 (C=0), 1587, 1506 (C=C), 1304 (C-0), 1252 (C-0O-C), 1204
(C-N)

25 NANR=TZ UFRFEFERRY T I F (HB-PA) OFHR
ER7FRATiAW4 A 8.00 g (29.3 mmo)FE L, 304
BRARLTTAIVBRETo%, I-AFL2-Fal K
(NMP)% 29.3 ml ANERWHEMRT DI L2 MR LE, 20K,
EHAXE LTHEY VB MY 7 = =/L(TPP)I6.1 ml (58.6 mmol)
L B Y Y (Py) 4.75 ml (58.6 mmol) & AL, 100°C T 24 Wi
Lic, B8%, A4/ —NVIZHEB Sl 2 MALBEBERICITH
WEETR, WAL TEEGBRERY 4.7 /) Tz=mF
A Y7 % NVEE (HB-PA) ZWBEKHRKE L THI(Yield: 6.77 g,
97.1%),
'H-NMR, & (400MHz, DMSO, ppm): 7.08-8.54 (16H, m), 10.4-10.6
(1H, s)
IR, v (KBr, neat, cm™): 3315 (N-H), 3069 (arom. C-H), 1719 (C=0),
1589, 1504 (C=C), 1458 (OH), 1408 (C-N), 1296 (C-0), 1213 (COC),
687, 503 (OH)
GPC-RI: M,=2.68 X10° , M,= 4.32X10°, M, /M= 1.48
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GPC-LALLS: M= 7.50X10*

26 720 BANAN—T T UOFREFERERRY T IR
(HB-PA-Fe)D &R

HB-PA 0.760 g (1.54 mmo)& 7 =& ¥ A ¥ ) —/L 0.500 g
(2.31 mmol) & R Y U B> R 5 L (PPE) 1.66 g (15.4 mmol)% =
A7 22l ANT, I EEABEKLTTASCHRATRELE,
£ D% NMP % 19.3 ml i1 X .80°C T 72 BER#E#R Uiz, Bk,
AL =N THUWERE2IT W, REEBTH I EICLY
HB-PA-Fc % KK & L T 72 (Yield : 0.720g),
'H-NMR, J(500MHz, DMSO, ppm): 3.99-4.03 (m), 6.57-8.46 (m),
10.4-10.6 (1H, s)
IR, v (KBr, neat, cm™): 3412 (N-H), 3078 (arom. C-H), 2920 (CH,),
1654 (C=0), 1589, 1506 (C=C), 1213, 1105 (COC)
GPC-RL: M,= 2.59 X 10* , M,= 3.08 X10%, M, /M= 1.18

277 vt EEFEERRY T IR (L-PA-Fo) D&
ZA7IRAak 11-7=uky REFB 0500 g (1.82
mmo)& 4,4°-PT /3P VAFAS T 2= AF L 0413 g
(1.82 mmol) & AL, 30 SRR T RVWT AT T RATERL
oo WICHHY VBR DY 7 2=/% 1.00 ml (3.65 mmo) & Y ¥
Y% 0.296 ml (3.65 mmol): NMP % 3.65 ml # A, 100°CT
24 FEHIB¥ LT, TO%, A¥ ) -V TCHLBREZITRW,EZ
Ht . BEEEB RO L-PA-Fc % 8 72(Yield: 0.401 g, 47.3 %),
'H-NMR, J(400MHz, DMSO, ppm) : 2.25 (6H, s), 4.10 (4H, s), 4.94
(4H, s), 7.02 (2H, d, J=7.81 Hz), 7.09 (2H, s), 7.23 (2H, d, J=7.81
Hz), 9.21 (2H, s)
IR, v (KBr, neat, cm™): 3566, 3292 (N-H), 3101 (arom. C-H), 1653
(C=0), 1611 (N-H), 1589, 1508 (C=C), 1412 (C-N), 1299, 1271,
1144 (COC), 492 (N-C=0)
GPC-RI: M,=7.31 X10°, M,,= 8.19X 10, M, /M,= 1.12

28 HFEHEBERY 7 I F (L-PA) DAL
S0mIDZAT7IRalNE#TAT U FEEGTIRBVLT, 12.5ml

DNMPIZ 4,4'-PF I ) 33-PAFAL T 2= A F (198 g,

10.0 mmol) R, A4 V7 Z/VEE (1.41 g, 8.48 mmol) 2 IRfE S ¥,

WmAFMELTEY P2 (1.09 ml), TPP(B.40 mhE ML, 100CT

—BHEEEL, COBRKRESEOAZ ) — L THLBHENL

7o (Yield: 2.45 g, 64.4 %),

'H-NMR, d (400MHz, DMSO, ppm): 2.13 (6H, s), 3.83 (2H, s), 7.01

(2H, 4, J=9.28), 7.07 (1H, t, J= 1.31Hz), 7.12 (2H, d, J=8.30), 7.97

(2H, d, J=8.54), 9.76 (1H, s).

IR, v (KBr, neat, cm™): 3429 (N-H), 1729 (C=0), 1652, 1595 (C=C),

1488 (CH,), 1242 (COC).

GPC-RL: M,=1.65X10%, M= 4.46 X 10*, M, /M= 2.70

2.9 &5 WALE % (ABs monomer) DA R
291 PAFNSTI ) 7a=nFxi AV T7F L —hEDER
CVAFNL S.mhuTzouaFi LY THL— F(2) 500
g(15.1 mmoly& /XF LU A — R UK 0.643 g(0.302 mmol) %
500ml FR7 5 X A, EHIC100ml D ¥/ —/L & 200
ml O THF 2%, BIRCT—BEBPIELE, 74 MR
Thot, ZARV—Ya TV REERBREL, HELERE%
THILREVDVAFNSTI ) Tz=aFxs 4V TH L—

FEYEFZAAREKE L TE7(Yield: 4.00g, 87.9 %),

'H-NMR, d (500 MHz, DMSO, ppm): 3.91(6H, s), 6.70(2H, d, J=
8.75 Hz), 6.87(2H, d, J= 8.73 Hz), 7.75 (2H, s), 8.33 (1H, ).

IR, v (KBr, neat, cm™): 3450, 3369 (N-H), 2951 (arom. C-H), 1726
(C=0), 1595, 1510 (C=C), 1259 (COC).

292 {LEW 6 DER

100ml 7 A7 5 22 Z{bA# 3 0.60 g (1.99 mmol) X {LE¥ 5§
1.50 g (4.98 mmo)Z AN, LK L CT NIV BREITR o 11k,
NMPIZ6.97 mlZ AN, BY VB I) 7=z=113T ml &Y
TV 0404 ml M Z Tz, 100CT—BREER L%, A¥2/—1
CRISHEREE T L CHLRERT2VEI L, BELEuB+s 2
LICKViEEW 6 ABKHEK L L THE(Yield: 0.799 g, 46.2 %),
'H-NMR, d (500 MHz, DMSO, ppm): 3.84 (12H, s), 7.05 (4H, d, J=
8.97 Hz), 7.21 (2H, d, J= 9.18Hz), 7.67 (4H, d, J= 1.37 Hz), 7.84
(4H, d, 8.97 Hz), 7.93 (2H, d, J= 1.08 Hz), 8.20 (2H, s), 8.25 (2H, d,
J=9.22 Hz), 8.53 (1H, s), 10.5 (2H, s).
IR, v (KBr, neat, cm™): 3368 (N-H), 3076, 2951 (arom. C-H), 1728
(C=0), 1583 (NO,), 1655, 1506 (C=C), 1329, 1234 (COC).

293 LB T OB

1A% 6 0.70 g(0.806 mmol)% 200 ml 7 X 7 5 X alz A,
THF 20 ml Z M2 CAARBM ST, SORKBLT Y T A
2.62 g (65.5 mmol) % A & / —/V 65.5 ml \Z ISR &/ 7 IR &N
X CT—BEHE#L L, HBKETH., 600ml OFRBAKITHT
LCHBTEBEIL, T3 itk ik T 2 %860
K& L THB7k(Yield: 0.523 g, 79.8 %),
'H-NMR, d (500 MHz, DMSO, ppm): 7.06-8.53 (21H, m), 10.4 (1H,
5), 10.5 (1H, s).
IR, v (KBr, neat, cm'"): 3368 (N-H), 3076 (arom. C-H), 1709 (C=0),
1655, 1504 (C=C), 1593(NO,), 1230, 1198 (COC), 972 (COOH)

294 {LEH 8 DEM

&% 7 0.500 g(0.615 mmol) & {LA# 5 0.833g(2.77 mmol) %
100ml T A7 F AR ANRBR LT, TV BHREITR -
#%.NMP % 339ml Az, EHHY VB MY 7 x=/1 0.760
ml&EY0224ml &Mz, 100 CT—BRFEFRR LK, 2 ¥
I NVBERRCTHERRET o, HHl%R, BEERBEIT
ROZEIKY (LB EFRBAEKHEL L TH(Yield: 1.04 g,
86.7 %),
'H-NMR, d (500 MHz, DMSO, ppm): 3.84 (24H, s), 7.07-8.53 (49H,
m), 10.4 (4H, s), 10.5 (2H, s).
IR, v (KBr, neat, cm™'): 3368 (N-H), 3076, 2951 (arom. C-H), 1728
(C=0), 1676, 1504 (C=C), 1589 (NO,), 1328, 1236 (COC).

295 {tLEWI OARK

&% 8 0.900 g(0.463 mmol)% 100 ml F A7 5 A3z Ah.
THF 25 ml ZMX CRAMBHM ST, T HRKEBEF Y T A
1.48 g 37 mmol)Z 37Tml DA F ) — VICEM S BRI Z,
YOCT—Hef#R Lz, HEKTH, 600 ml OFEBFAKICHT L.
HEB OB L-%EN L, EEEBEE T 2L 0{beD
9 EFRBAKK L L THR(Yield: 0.694g, 81.7%),
'H-NMR, d (500 MHz, DMSO, ppm): 7.08-8.36 (49H, m), 10.39 (2H,
s), 10.49 (4H, s).
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IR, v (KBr, neat, cm™'): 3398 (N-H), 3072 (arom. C-H), 1701 (C=0),
1655, 1502 (C=C), 1589 (NO,), 1204 (COC), 970 (COOH).

2.9.6 7 VALA Y (ABg monomer) DA R

L& 9 0.500 g (0.264 mmol) % 200ml R 7 F R 2T A,
50mlDTHF & 50 ml D= ) —vEMx, RTVUAL—R
UMK 0.225 mg(5.28 pmo)k AN, TE RS FIALT AR
WICRGEBRER LSRR 21T 2o 2k, BRI T—BRiR
SEl, KR THRETA MBRBZITRV, = ARV —F TH
WEBEELT, HEGBRTHIZLTENLTB3ETVLEY
(ABg monomer) % B EMEK & L TR/ (Yield: 0.257g, 52.3%).

'H-NMR, d (500 MHz, DMSO, ppm): 7.08-8.36 (49H, m), 10.33 (2H,

s), 10.45 (4H, ).
IR, v (KBr, neat, cm™): 3337 (N-H), 2963 (arom C-H), 1719 (C=0),
1655, 1504 (C=C), 1204 (COC), 802 (COOH).

210 RVw—DFxF 7% V¥ —vav

'H-NMR A2 h/LiX, JEOL 4 NM-TH5SK 400MHz FT-NMR
¥ 721X BRUKER Ultra Shield AVANCE 500MHz FT-NMR % F \,
BEDYEELTCT P IAFAVTI UV EMIRE L, R <w—
OHFEIX, BHY— (B) BAFAV R~z —v gy ru<w by
57 4— (GPC) Y AT h (R 7 : CCPD, # 5 A : TSK gels
Multipore HXL-M x 3 &, # T AA—7 2 : CO-8010, REEHT
IR AR : RI-8010, JEHCELEBE# @ LS-8000) % AV, NN-¥
AFNENLT IR (DMF), 7 hJt Fu 75 (THF) &
PELTRELE, B, FEOEMEYHEL L TIIERER)Y
AF Vv AWz,

2.11 BITROPEF &

RY=w—%PAFNVKRNVALT I ROMPREAEMRL, V) v
ERETRY) v — R E BB X v 2 METHERM L, KEYENCE
i VK-8510 LM MM Z AV TERDOR oM BNL L E
NEWRY) v —BERE, vV arER, RV ~—@EE2N LK
VYV arvEER»Lov—F =K (& :685nm) OKHEREE
WE L., B AR Y ~—BEE) & BEREB(R Y v — D HENIKE)
b BYTRJEITR= B A / BEME B)RHEMH 1,7‘:o B E D LR

K% Fig2 & ¥, £, Y TALELT, BY AF LR

% 7 Y L— h(PMMA: POLYSCIENCE, INC. M= 133,500)® J& #T
RAE ST R 2T,

A : Film Thickness B : Optical Thickness

Y tB

B Laser

Laser

Laser

\

\
\

\
\ \/ Polymer
R

Silicone Substrate

Fig. 2 Principles of the measurement of refractive index by using

confocal microscope.
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3 NANR=TFUFRFEFBFERRY 7 I FHB-PAYD AL
Scheme 1 (27" L7z & RARBEICHEV N, VR ¥ 2V B % 4y I 85
KICH T DNANR—=T 5 U FRERERY 7 I FOAREIT
Role, ¥F. B/ ~—OHE R THS 5-t kaxv a7
ENVEBDANREIVNEERAFANZRATNNT S Z L CTEREE
R#Z1TRV, LAWMW1 ZER LTz, KRIC, Williamson = —F
NMERISCEVE/ = baftEd®m 2 2R L. EbIL{LEY 2
EBRAFNMMELTILAEY 3 218z tk,. KBHRALEARATVT LD
— RN LB EMBITTIEICE VLAY 4 2B, Zofkic, 1
DFFI2EHEULOBEREZ 3 SATEIE ) ~—i, — &I
NANR=T G FRRY) ~—%ARTDHED AB, € /) ~v—
EREER, LAY 4 DBAEIXABEE ) v — L IRITh D, B
niftedha e /)~—L LT, Y VBIN) Z7==0LEY
VVEMBBRICHAWTEARIEETV., N =T F v FHF
FIERY 7 I FHB-PA)ZARK L2,

COOH COOCH; °1N F COOCH;
H,S04 / CH;0H _ NaOH / CH;0H
H —=23 e )N _ >
. 110°C, overnight DMSO °CTHF
COOH COOCH, r. t. overnight COOCH, 90C, 0.5 h
1 2
(I? -
COOH COOH C—1—OH
_ HaPd/C TPP /Py
N SR ke N o
EtOH /THF NMP }ll
r.t. overnight COOH 100C, 72 h ﬁ__
(0]
3 —n

HB - PA

Scheme 1 Synthesis of HB-PA.
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(I? - (0]
1l
C—1—OH 10— Ch—C 0y
Fe
— )~ = ) -
I'II Fe l—ll
(]'I,‘—-- @ cC——
> I
o | PPE / NMP Y
" 80°C, 72h L J.
HB - PA HB - PA - Fc
Scheme 2 Synthesis of HB-PA-Fe.
COOH

IR o S

HOOC, COOH

(S

HyC CH,
AT
Fe O H H

TPP/Py
T NP C
1l
100°C, 24h o
n
L-PA-Fc
H,C CH;
i & Z )—ct < S )
__TPPPy 0 O H H
NMP
100°C, 24h
n
L-PA

Scheme 3 Synthesis of linear type polymers.

32 7xu b UEREFEBRRY T I FOAR

Scheme 2 27”3 & 9 12, HB-PA DAY KSR IR A LR ¥ L 5
ORGHEFAL T, TATNVALHERFTHDEIRY Y o #x R
FTIVEPPEYERAWT =AY )= VBT AT NLEE R D
CIREY, DIEEEBIT T o n R BT AL NN—T T F
MEBFBBRRY T I NEERLE,

—h, RY v —HOBRBEDENCLIBITROZER LI
BIHDIC, 720 r8B8NARX—T T U FRERRRY
TIROBEBY L IALELT, 7ot S EHBEERS
V7 I ROERET R, £, 7z OFEICL3RE
FROLBERFT D720, HB-PA O FBB/EEICEE L
TznbrERERCEHBEEERERI T I FOEREITR-
oo WFR Y, Scheme 3 WART LI XHGTHE ) ~—FHWN
EMARKRICLIVEBENET AR v —2AR LT,

3.3 BY v — O

BonleR ) v —OBEEBRBEICH 3 5 BARME % Table |
R L, EHBRY v — L AR Y < — 134k iZ DMF,
DMSO, NMP 2 ¥ D7 o b v RBERBIC AR TH o 8,
THFE IZH L CIRIDIEER Y ~—DBBFEE 2o tn, — iR
SUEEIR Y = —ik, HETHHREY = — ([l _EER R E
TAHB, THENEERY - —BEEH T3ROS FHD
BRYEZRETHOBBERTTRELIES W2y T r—2 -3
VEEVEVWEDTHIEEILNS,

3.4 BEFAACLEYMOEARE NANR—T 5 U FERY < — D55l
ERLUT7zubw  BAROHRE

AB, e ) v —DO el ENDINAN—T F U FRRY = —
i, MERmEPRRGETHEIF—IFT o=y MTa=v b )
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Table 1  Solubility of polymers in the organic solvents™.

Code H,0 EtOH CHCl; THF DMF DMSO NMP
L-PA X X X X O O O
L-PA-Fc X X X X O O O
HB-PA X X X O O O O
HB-PA-Fc X X X O O O O

* Solubility was determined in the concentration of 1.0 wt.%. O: Soluble at room temperature, X: Insoluble.
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Scheme 4 Synthesis of ABgy monomer.
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Table 2 Refractive Indices (RI) of polymers.

Polymer RI
L-PA 1.63
L-PA-Fc 1.80
HB-PA 1.85
HB-PA-Fc 2.03
PMMA 1.56
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