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Sk RE L B4 T IVl R A 1 T P R Y R . 45 R SR W, IR RO A 2 DT T B AR R ) R T R
At SRR 2 HN BB SmC AR, MRS W B A BN SmA M. K =IRR LU E.OAEERTRGY 4 LE
J A B SE RN, (45 2R &4 PHASTP(0C6)2 1 PHAITP(0C6)2 ELA7 /& (g #4443 it R i (T, = 370°C ) Il R 4f 19
RICHERE , HAEBUR M R A LA 410 nm. WF588 K B, 4 32 M 1) B 2 T A B 1 458 o 3R & 1 1% VL4t M

e fE.
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L1 FEFEH

6-BEHR-1-1 10- — F-1-BEF0 ( 3R [ 2,2,
1]oER-2,5-20 ) A Ak#E (1) R A{K { [Rh(nbd) -
Cl], | D\ Alfa Aesar 24 & W 3. DU &0 Wk g 1 H 2R 7
5 A PR 0 T4 13, = 0 e R — 4 B e 7 i
R S A5 8 10T, B AT A R0 0 DA R i T
KRBl 3K, 2,5- (47-C AR AR AL ) R
FHR B & iR DL IR R USRIy JARIE O e %5
R, 2k Bk Ak B2 AL | Suzuki R R
(L =R ATTEC S
1.2 FEMNSH

SHIMADZU IR Prestige-21 £T 4P 634X (IR) ;
Bruker Vance 400 MHz %I 4% i 3t 35 4% ('H-NMR
J2"” C-NMR ) ; Waters Breeze #f Ji¥ 18 & 8 3 X
(GPC); TA Q600 SDT F4 %% 43 #r{L (TGA ) ; 4
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InstecHS 400 #4 1 Nikon E600POL U i ¢ i i
5 (POM) ; SHIMADZU DSC-60 2 7% 41 i 5 #{X
(DSC) ; Bruker D8 Focus X-ray fit 4 1% ( XRD) ;
PerkinElmer Lambda 750s % £5 4} A] UL it £1 4 Y6 1%

COH

{2 (UV) ;Shimadzu RF-5301PC %% ¢ 5614 (PL) .
1.3 BEREBEEUHNER
R R REWH AR EL I E 1 frs.

Ox_O0—(CHy),=

TsOH, DMAP, DCC

N\—(CH,), 0H :
CeHy30 OC¢Hy3 CeH 130 OCgHy3
H

} n
(C HZ) m

[Rh(nbd)C1], (l)

m =35 HASTP(OC6)2
9 HA9TP(OC6)2

0
CeH 130 O O O OCeHy3 m =35 PHA5STP(0C6)2

Fig. 1

13,1 BK7-12,5-2(4'-C A B A 5L ) 25 H ot
AL -1-PE (HASTP(0C6)2) HI 11-{2,5-—
(4'-C A B %I ) IR Ok SR -1 — R
(HA9TP(0C6)2) 14 1%,

HASTP(0C6)2 . FrHX 0. 336 ¢ (3.0 mmol) 6-
BEH-1-WE,0.122 ¢ (0.673 mmol ) X B 2% filf fig
(TsOH) ,0.0625 ¢ (0.5 mmol) 4-— F 53 J it e
(DMAP) ,0.919 g (4.35 mmol) N,N'-— 3¢ 3
ik — e (DCC) &) 250 mL Jz i), 78 &S
BRI ANA 100 mL 50 e, HIK oK ¥4 B i
JEEEHIAE OC I, o] Se W i fm 1,19 g (2.5
mmol) 2,5-7 (4'-C A IR L) KPR & H
B 50 mL, i nSE I FHEHE 1.5 h 5T ==,
PEFE . R W) 225 0% e T O R P e AL
B CARBUE Y 1) SR IT R A 5, AR
Fooh 4 1Y W/ 7K S W E 45 il , A 30 10 0 4 7
$1.30 g (2.29 mmol) , 7= Jy 89.0% . ¥4 5 N
54 ~55C. IR (KBr,v,em ") : 665 (=C—H 25 fifj
J ), 1710 (C =0), 2215 (C=C), 3260
(=C—H f# 45 ¥& 3 1% ). "H-NMR (400 MHz,
CDCl,,8) 0.85 ~1.00 (t,6H,—CH;),1.13 ~
1.64 (m, 18H,—OCH, ( CH, ),CH, Fl—CO,—
(CH,),CH,—),1.74 ~ 1.87 (m,4H, —CO,—
CH,CH,—#1—CH,CH,C=CH ),1.88 ~1.95 (s,
IH, C=CH), 2.06 ~ 2.17 (m, 2H,—CH,C
=CH ),3.68 ~3.78 (m,4H,—O0CH,—) ,3.98 ~
4.17 (m,2H,—CO,CH,—) ,6.88 ~7.06 (q,4H,
Ar—H wortho to —OCH, ),7.23 ~7.62 (m,5H,
Ar—H meta to —OCH, and Ar—H meta to —CO, ),

9 PHA9TP(OC6)2

Ilustration of procedures for synthesis of the monomers and polymers

7.65~7.73 (d,1H,Ar—H para to —CO,),7.93 ~
8.0 (s,1H,Ar—H ortho to —CO,).

HA9TP(0C6)2: & i R IF b, 7 i S 11 £
EAA, 77k 88. 1% , 45 5 h 60 ~62°C. IR (KBr,
v,em™'): 665 (=C—H Z#E30),1701 (C=
0),2115 ( C=C), 3243 ( =C—H {1 45 Ik zh
I&). 'H-NMR (400 MHz,CDCI,,8): 0.85 ~0.95
(t,6H,—CH;),1.20 ~ 1.85 (m, 30H,—OCH,
(CH,),CH; f1—CO,CH,(CH,),—),1.90 ~1.94
(s,1H, —C=CH),2.13 ~2.20 (m,2H,—CH,C
=CH ),3.65~3.77 (m,4H,—O0CH,—) ,3.94 ~
4.09 (m,2H,—CO,CH,—) ,6.88 ~7.01 (q,4H,
Ar—H ortho to —OCH,),7.22 ~7.57 (m,5H,
Ar—H meta to —OCH, and Ar—H meta to
—C0,),7.63 ~7.69 (d, 1H, Ar—H para to
—C0,),7.92 ~7.95 (s, 1H, Ar—H ortho to
—CO0,).
1.3.2 4% PHASTP (0C6) 2 FI PHA9TP-
(0C6)2 MIH I

BT A K B e B Te K AR B e B A LU KR
LT e . MR B SO A R AT

PHASTP(OC6)2: FE WS AEP T ,% 9.3 mg
[ Rh(nbd) Cl], % F A 21.2 mL U5 0k R
A A 11,0.568 g (1.00 mmol) i {k HASTP
(0C6)2 T A 0.62 mL PY & LR A1 2. 8 mL
LR SH B L 7E 60CHEHEZ) 15 min J5,
B A B W A B I, 60°C it $¥ S I 24 h
Ja A S mL GP5 & 1k SR R SRR 300
mL FEEop B, P ) 2 UL TE G Uk L SR
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BBOR, A TR 2 & 15548 0k, =%
72.6%. M, =10919; M /M, =1.90 (GPC). IR
(KBr,v,em™'): 1710 (C=0)."'H-NMR (400
MHz, CDCL,, 6): 0.67 ~0.95 (t,6H,—CH,),
1.06 ~ 1.48 (m, 18H,—OCH, ( CH,),CH, f0I
—CO, (CH,),CH,—), 1.50 ~ 1.85 (m, 6H,
—CO, CH,CH,—f1—(CH, ), C=CH), 3.61 ~
4.07 (m, 6H,—OCH,—f1—CO,CH,—) ,6.62 ~
7.98 (m,11H,Ar—H).

PHAITP(0C6)2: 5 A0 SR 7] b, K54 €6 [E 44,
PR T5.8% . M, =12033;M /M, =2.09 (GPC).IR
(KBr, v, em™'): 1715 (C=0)."H-NMR (400
MHz,CDCl,,8) : 0.76 ~0.94 (t,6H,—CH,),1.02
~1.50 (m,28H,—OCH, (CH,),CH, and —CO,-
(CH,), (CH,)y—), 1.60 ~ 2.20 (m, 4H,
—CO,CH, and —CH, C=CH ),3.63 ~4.10 (m,
6H,—0CH,— and —CO,CH,—), 6.72 ~ 7.98
(m,11H,Ar—H).

2 HR5IE

2.1 BEEREYMNEHRIE

PSSR RN E eI AR D e AL W RN
HASTP(0C6)2 F1 HA9TP (0C6)2 (141 Hh ik [&]
Al ] W 28 3] C=C 1 fift 45 I 2y 1 , =C—H 1 fif
44 3h 0 5 25 it BR 2l 0% 43 ) A T 2110, 3250 Fi
660 cm "' A7 1 7 A B 4 5 A 0 14 41 S 3
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Fig. 2 IR spectra of the monomers and polymers

MR (HASTP(0C6)2 Hil HA9TP(0C6)2) K
A4 W) (PHASTP (0C6) 2 il PHA9TP (0C6)2)
f9  H-NMR 38 b (B30 0 0L 5296350 20 ) , B T /K
VG R A2 LR A, B AT SR R R A )
R I 2 S AN DA NS U R N AT
Wik — #4535 77 C-NMR 1% (9 3F 52 (&l 3). Bik
HASTP(0C6)2 H L H i b # i i T 6 =
84.0 1 68. 8,5 Z WA 4 1 B P4 He ik 19 124 A 5%
T & = 18.05, 1ij X L& 0 7F & X W i R & )
PHASTP(0C6)2 " C-NMR it ) 52 4= W 26 . 1F
HiK HA9TP (0C6)2 FI A4 PHAITP (0C6)2
9" C-NMR 3% [&] th ] L% 21 A1 ] 1) B0 42 .
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Fig. 3 " C-NMR spectra of monomers and their polymers (in CDCl,-d)

2.2 ABTEMRERKAMERORIE

FIH TGA Xt & & 4% PHASTP-(0C6) 2 Hl
PHAITP(0C6)2 WA & TE AT T HE5E. REW
() A3 it TR B B i ik 370°C A b, 5 & (1-24)
MR RS T 152, (R(-2 5 B4
FRRUR ALK 150°C ") AR A W off = IE A LA 0
BT R O 58 L% B B 52 808, X

F o B AR AR 1.

A K R AW D ' B s R (POMD) T ] 4
e E FHR A R B, SR R A 2B
H AR O 2 45 1) S 0 I = R A A 3 O TR
TU AR KR A Y R0 W M BE. 2 R
HASTP(0C6)2 1 HA9TP ( 0C6)2 M 4[] [d] 74 ik
B3 W IR 22 40. 0°C 1 47. 2°C I, 48,7 #4 Tl 14 WY
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mn S BT P i B (AN & 4 (a) (b)) BT
78) L3 XRD JESE H K f A Y2 SmCAH. 2R,
MR R G LS 15 2 0 AE N Y R A& ) PHASTP-
(0C6)2 F1 PHAITP(0C6)2 KI5 91 i1 SmA #H (41
Kl 4(e) f(d) pron), H R G YW 800 A o i
RS8P BE R 1 T NI Y S o A X VA S
JCHIHESN A — B TR T 4R 25 A
X (DSC & 5) F1 POM J3Hr & 3, 55 %) PHASTP-
(0C6)2 F1 PHAITP (0C6)2 1YW & vi BBl 43 5l =&

72 ~155°C 1 52 ~ 130°C. Y 4, BLA &K Z2 14

=

B L H 5 PHAOTP (0C6) 2 AHX T H A7 B Je
I B 25 9 2R 45 ) PHASTP (0C6) 2 5 BH H B 4f Y
W RE IR R TR SR ) B R BE S A S
IR T BE 5 0 2 18] B8 5 15, AR T 1804 2R 00
(9 HES . FRATT3E B = I T B T A
Y T RE B K B R, AT RO R RS YA
JPRESE, B 4 (e) 2R G ¥ PHAITP (0C6) 2 7
100°C T ik 12 h J 9 G L, N ml LA
AL 5 B9 5 W AN B AT DAY 3% O 1) ey, i EL

HXE TR BEAL 9 2R G 4y, FLIRC e e R T A 6 o

Fig. 4 Mesomorphic textures observed on cooling (a) HASTP(0C6)2 to 40.0°C,(b) HA9TP(0C6)2 to 45.6°C, (c) PHASTP(0C6)2 to
100°C and (d) PHA9TP(0C6)2 to 62°C from their isotropic melts and observed on magnetizing under 100°C for 12 h (e) PHA9TP(0C6)2

859 PHASTP(OC6)2-cooling

PHA9TP(OC6)2-cooling

z
éé SmA 55"8 i __..-——-—/
) PHASTP(OC6)2-heating
jan)
g SmA
71.9 PHA9TP(06)2-heating
g Y Sma
529
40 60 80 100 120 140 160 180 200
Temperature (°C )

Fig. 5 DSC curves of mesomorphic polymers recorded under

nitrogen during the first cooling and the second heating scans at a

scan rate of 5 K/min

P16 e R 2T SRR S W i X R
R85 (XRD ) 3% P& 5 A 1 3R & W A6 MK AR 38 A 2 A7
WY 9 AT S 0, 0 B BBk DR Y A i T TE 43 1 N O
WIRCE A JZ AR G54 193 A AR ] Bragg 75 R iH 5

A5 BRI 1Y dy LI /N T SRR 1 TR ) B e
KPR 5y FRBE LR d, /1 < <1(F 1),
W R A SmC M TR G d,/1 =1, B3R
BRI EHES A SmA AH. I s ] LLE
LA K 2 R I BR JE 1 & ) PHAOTP (0C6) 2
I B A Y i S 0 Lt B e R B R A
PHASTP (0C6 )2 T 5f AR H , WL R AW

Table 1 X-ray diffraction analysis data of the monomers and

polymers
T d, I8 Ratio
Compounds® Phase
(C) (nm) (nm) (d, /1)
HASTP(0C6)2 40 2.021 2.72 0.74 SmC
HA9TP(0C6)2 45 2.007 2.72 0.737 SmC
PHA5STP(0C6)2 73 3.009 2.72 1. 11 SmA
PHA9TP(0C6)2 55 2.534 2.72 0.93 SmA

* The mesophases patterns in the liquid crystalline states were frozen
by rapid quenching with liquid nitrogen;" Calculated from molecular

length of monomers in their fully extended conformations
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Fig. 6  X-ray diffraction patterns of the monomers and

polymers quenched from their liquid crystalline states

PHAITP(0C6)2 N or FINHEMI E N A7, X 5
POM 1) /3 #r &5 5 A — 2%
2.3 ZMRBREBE MR

MR A YIHAT W B K R TR
TN B B A RS T R 8 4B
ARFIIR A W AE THE ¥ 80P (14 52 40 1% P R ¢
T B B R IR A Wy EL AT R Y 58 A W RN
FEABL ) 58 Z1 WSCE &1, B2 AT 14 die R I AL Ak % 4 34
9300 nm A2 Ay, PR IHG, T2 A 1 IR ST 0 SRy = B R R
AnETC I mem T ERERIE SR . AN R G W R
WA U R R R T A L A AR ) IR AR B, EL R KUk
5 ) T A7 E — R R W, RN R A K R
(] s H 1 2R 5 ) PHAOTP ((OC6 ) 2, H: 1 i e m SiE
fHE] 400 nm , 5k B IR B M 4% 21 F 1) F 58 3000
PER TR oM A 0 A RO B i KR, BT
BT AR R T I R 2 T [ i 5
JEROGHM HIL R AW B R4 & ottRe, R
&%) PHASTP(0C6)2 F1 PHA9TP( 0C6)2 752 3¢
HTRCR @ 5350 17.0% T 24. 7% . 56t
Wb A LA L, R A W PHASTP (0C6) 2 Fi
PHA9TP(0C6)2 1Y 5 K A& 3t il K AR AE 410 nm /2
4, H PHA9TP (0C6) 2 f) % &} i 3% F PHASTP-
(0C6)2, XM FRMFEREEA (AR T E
B PO PR K, I T A SO RIS A
B2 8] A AH BLAE L B AR PR E A W T B, AT

Wavelength (nm)

Fig. 7 UV spectra of THF solutions of the monomers and

the mesogenic polyacetylenes (0. 05 mmol/L)

SR A KR

A — PHASTP(0C6)2
D =17.0%

- - PHA9TP(OC6)2

Dy =24.7%

Intensity (a.u.)

400 500

Wavelength (nm)

Fig. 8 Photoluminescence spectra of the mesogenic

polyacetylenes in THF solutions (0. 05 mmol/L)

Excitation wavelength: 325 nm
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RSO AT A [a] 18] B 54 R A9 38 = IR
SETTHY B FE RUI & 2R £ B BRI H R MY LR Y
SmC AH, MR G W) HA B8 K SmA AH. T W 58
RO, A HAT AR i AR E M (T, =370C) |
ARSI 1) 58 SOOI D' B R e . AR SR 1)
B 2 1) 3R 5 ) PHASTP (0C6) 2 A Xt T B AT H
[ B 25 19 3R 5 ) PHASTP (0C6) 2 H A7 B4 1)
A VE RE A1 & G PR RE .
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SYNTHESIS AND PROPERTIES OF MESOGEN JACKETED
LIQUID CRYSTALLINE POLYACETYLENE BEARING
LATERAL TERPHENYL WITH DIFFERENT SPACERS

CHEN Lie', PENG Hongxia'>, CHEN Yiwang'**, LI Fan'

(" Institute of Polymers, * Department of Chemistry, Nanchang University, Nanchang 330031

Abstract A group of novel mesogen jacketed mesomorphic polyacetylene containing terphenyl pendent groups
with varying spacer lengths (—{HC=C—[ (CH, ), 00C-terpheyl-(OC,H,;),]|,—,where m =5, PHA5STP-
(0C6)2; m =9,PHAITP(0OC6)2) are synthesized by polymerization using [ Rh(nbd) Cl], catalyst, and the
structures and properties of the polymers are characterized and evaluated by IR,NMR,GPC,TGA,POM,DSC,
XRD,UV and PL analyses. The effects of structural variations on the thermal , mesomorphic and luminescent
properties were investigated by tuning the spacer length. The results show that the terphenyl mesogens endow
the monomers and their polymers with good liquid crystalline behavior,and the monomers exhibit enantiotropic
smectic C phases, while the polymers possess enantiotropic smectic A phases in the heating and cooling
processes. The “jacket effect” from terphenyl mesogenic pendants at the waist position linked to the main chain
contributes to the two polymers with high thermal decomposition temperature and excellent photoluminescence,
which can lose almost no weight when they were heated above 370°C and emit strong blue light at 410 nm
when they were excited by the photons of 325 nm wavelength. In comparison with PHA5STP ( 0C6) 2, the
polymer with longer flexible spacer, PHA9TP ( OC6 )2, exhibits better liquid crystalline behavior, stronger UV
light absorption and higher photoluminescence.

Keywords Polyacetylenes, Liquid crystals, Photoluminescence



