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J5 7R B 5 WAL W 4 (CuBr) i F AT 28 UK Bt R
PR B i s . HC At 1 5R) 349 Oy 0 B 4l s A 2
afi. qnok W AR AR b H
1.2 50
BRI A W 1 Ak 2 A5 4 R ] Bruker
ARX 400 MHz #% #% £ = 4%, ¥ 77 KL CDCL, b %
F,TMS Sl N A5 5 B4R 1 I8 2 40 B R H Elemental
Vario EL JC & 43 #7145 B A4 19 43 &= I 3R
Finnigan-MAT ZAB-HS J& % 1%, B T4k J5 % % H
EI 8, 4y T & K F 800 B}, i MADLI-TOF ll] %2.
REWR A XS 7 F i1 DL R sy 5 43 A i R
Waters BI85 3% (435 (GPC) , {X#F BL A Waters
515 & \Waters u-Styragel ( 10? ,103 ,104 nm) 3%k
LA K Waters 2410 7 22 47 Gk AL . I3 2% 7 < A
& 35°C, DU &k iRk 9k R R, Ui E O 1.0 mL
min "', DL ISR K 20 B RE X 4 T B R AT AR
1E.
FE i P J3 B (TGA) 2R ] Q600 SDT 4
DA R 22 491 4 1 JAE G D 2 A3, R BE 43 Y 1L Ry
30 ~600°C , FHi# F Jy 20 K min ', E I E K
100 mL min =", BE AR LY 2 ~ 3 mg. FE 50 41
F WL %% K A Nikon LV100 16 8.5 88 , id A Insetc
HCS 302 A 65 B 0 v BB Y, 5 B 4% 4l 7

FIAAR 2 Philips X7 Pert Pro fif A%, X 5 £k I
(CuKa) B 8O0 ™ 4, X BF &Ky 0. 154
nm, [ ESECA X celerator 5 M #% . Anton Parr TTK
450 K £5 LI Je TCU-100 §fk B2 2 i %¢ B, B i 65 °F
P, 49 35 B o 2. 5° 2 30°. K 4 7
R 258 T K N R U T AR A R R o R
JH U K e 8 5 IR D 92 L A R R IS
291 mm, FE 5820 30 mg. 4B X AT
(2D WAXD) fif Y 28 & Bruker D8 Discover X
SR AT S AR LA GADDS [ il 2% . R &9
TE W it A T BE 5 U0, TR B 3 IR S DN A8 . AR A S
TERES & b, SO Bl 2 1 AT T 5 U0 5 ).
— 4/ X ST B (1D SAXS) 3% | Anton Paar
SAXSess HUFF L. X GFL P Ky 0. 154 nm. X 25
2t Kratky BEHHEATHE A, 15 B 20 R M2 X GF 2k, T
SHE S O B (IP) L 5%, 70 $E R 42.3
pm x 42.3 pum. (L EFECA TCU 300 B 2 ) 3
.
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Vinylterephthalic acid
DCC. DMAP, CH,Cl,
RT

—
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nCbiPCS: n =4,6, 8,10, 14

Scheme 1 Synthesis of nCbiPCS

ELARE AT L 8ChiPCS g ] .

(1) 1-2¢ S 4B R ) 19 & . ¥ 18.60 ¢
(1.00 x 107" mol) 4,4 -Bf 4 — iy 8.14 g(1.50
x 10" mol) E A AL % T 120 mL 2 %,9.60 g
(5.00 x 107" mol) IF {5~ b i i £ [ iR % W
TEEPE A P I 24 he B2 45 5 %50 i g,
153 R B AS R TE 21 b E 45 ROk L 15
N E A ARER S. 80 g, 77 F 40% .

(2) 2,5-Z (4" R E R B ) A 2
W 1A . K 2.98 g(1.00 x 10 7% mol) 1-3¢ 4 JL-
4- A 2.06 g(1.00 x 10> mol) N,N'-— 3¢

R W (DCC) 1.20 x 107" g(1.00 x 10~°
mol) 4-— H 4 JL ik iE ( DMAP) .9.60 x 107" g
(5.00 x 10 mol) Z /& IR — H R T 60 mL
AW BE, O 12 h JE g, U O BRI
Pl | T iy, A5 30 0 T AL BT A AR G i A
TWEHEATHE— 2D R A (S o R IE ) AR B
oA 1.20 ¢, 75 %K 31% .

8ChiPCS. '"H-NMR (CDClL,,8) (E1(A)):
8.48 (d, 1H, Ar—H), 8.27 ~8.23 (m, 2H,
Ar—H), 7.63 ~7.61 (q, 4H, Ar—H), 7.61 ~
7.54 (q, 1H, —CH = CH,), 7.54 ~7.51 (q,
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4H, Ar—H), 7.31 ~7.26 (q, 4H, Ar—H),
6.99 ~6.97 (d, 4H, Ar—H), 5.89 ~5.85 (q,
IH, —CH=CH,), 5.53 ~5.50 (q, 1H, —CH
=CH,), 4.04 ~3.98 (t, 4H, —OCH,CH,),
1.83~1.78 (m, 4H, —OCH,CH,C,H,), 1.50
~1.30 (m, 20H, —CH,C, H,CH;), 0.91 ~
0.88 (t, 6H, —CH,CH,). " C-NMR (CDCL,s,) :
14.21 (CH,), 22.77 ~31.94 (—(CH,),CH,),
68.21 (Ar—OCH,), 114.94 (aromatic C ortho to
—OCH,CH,), 118.66 (—CH =CH, ), 121.89
(aromatic C ortho to —0—C = 0 ), 127.88
(aromatic C meta to O = C—0—), 128.20
(aromatic C meta to —OCH, ), 128.82 (aromatic
C ortho to —CH = CH,and —C = 0), 129.28
(aromatic C para to —CH = CH, ), 131.14
(aromatic C meta to —CH = CH, and ortho to —C
=0), 131.99 (—CH=CH,), 132. 63 (aromatic
C para to 0 =C—0—), 134.75 (aromatic C—C
=0), 139.16 (aromatic C—CH =CH, ), 140.75
(‘aromatic C para to 0 =C—0), 149. 73 (aromatic
C—0—C = 0 ), 158.99 ( aromatic C—O
CH,CH,0CH;), 164.41 ~ 165.17 (C = 0).
found ( calc.): C 79.43
(79.75), H7.52 (7.50). MS (EI): M" = 752.

4CbhiPCS.  'H-NMR (CDCl,,5):8.48 (d,
IH, Ar—H), 8.27 ~8.23 (m, 2H, Ar—H),
7.63 ~7.61 (q, 4H, Ar—H), 7.61 ~7.54 (q,
IH, —CH=CH,), 7.54 ~7.51 (q, 4H, Ar—
H), 7.31 ~7.26 (q, 4H, Ar—H), 6.99 ~6.97
(d, 4H, Ar—H), 5.89 ~5.85 (q, IH, —CH =
CH,), 5.53~5.50 (q, 1H, —CH=CH,), 4.04
~3.98 (t, 4H, —OCH,CH,), 1.83 ~1.78 (m,
4H, —OCH, CH,C,H,,;), 1.50 ~1.30 (m, 4H,

Elemental analysis,

—CH,C,H,,CH,), 0.91 ~ 0.8 (t, 6H,
—CH,CH,)."” C-NMR ( CDCl,, &): 13.78
(CH,), 19.20 (—CH,CH, ), 29.10 ( Ar

—OCH, CH,—), 67.74 ( Ar-OCH, ), 114.76
(aromatic C ortho to —OCH,CH, ), 118.51 (—CH
=CH, ), 121.71 (aromatic C ortho to —O0—C =
0), 127.74 (aromatic C meta to O = C—0—),
128. 06 ( aromatic C meta to —OCH, ), 128.66
(aromatic C ortho to —CH = CH,and —C =0),
129.07 ( aromatic C para to —CH = CH, ),
130. 98 (aromatic C meta to —CH = CH, and ortho
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Fig. 1 '"H-NMR spectra of 8ChiPCS (A) and P8ChiPCS (B)

to —C =0), 131.85 (—CH = CH,), 132.52
(aromatic C para to O = C—0—), 134.59
(aromatic C—C = 0), 139.04 (aromatic C—CH
=CH,), 140. 61 (aromatic C para to 0 =C—0),
149.46 ( aromatic C—0—C = 0 ), 158.83
C—O0—CH,CH,0CH; ), 164.30 -~
165.01 (C = 0).
(cale. ): C78.52 (78.73), H 6.28 (6.29). MS
(EI): M* = 640.

6CbhiPCS.  'H-NMR (CDCL,,8): 8.48 (d,
1H, Ar—H), 8.27 ~8.23 (m, 2H, Ar—H),
7.63 ~7.61 (q, 4H, Ar—H), 7.61 ~7.54 (q,
IH, —CH = CH,), 7.54 ~7.51 (q, 4H, Ar—
H), 7.31 ~7.26 (q, 4H, Ar—H), 6.99 ~6.97
(d, 4H, Ar—H), 5.89 ~5.85 (q, 1H, —CH =
CH,), 5.53~5.50 (q, IH, —CH=CH,) , 4. 04
~3.98 (1, 4H, —OCH,CH,), 1.83 ~1.78 (m,
4H, —OCH,CH,C,H,,), 1.50 ~1.30 (m, 12H,
—CH,C,H,CH, ), 0.91 ~ 0.88 (t, 6H,
—CH,CH,)."” C-NMR ( CDCl,, &6): 13.98
(CH,), 22.20 ~31.56 (—(CH,),CH;), 68.07
(Ar—OCH, ), 114.78 ( aromatic C ortho to
—OCH,CH,), 118.52 (—CH =CH, ), 121.74

( aromatic

Elemental analysis, found
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(aromatic C ortho to —0—C = 0 ), 127.73
(aromatic C meta to O C—0—), 128.06
(aromatic C meta to —OCH, ), 128. 67 (aromatic
C ortho to —CH = CH,and —C = 0), 129.08
(aromatic C para to —CH = CH, ), 131.00
(aromatic C meta to —CH = CH, and ortho to —C
=0), 131.85 (—CH=CH,), 132.50 (aromatic
C para to 0 = C—0—), 134.61 (aromatic C—C
=0), 138.98 (aromatic C—CH =CH, ), 140. 61
(‘aromatic C para to 0 =C—0), 149. 50 (aromatic
C—0—C 0), 158.85 ( aromatic C—O0—
CH,CH,0CH; ), 164.28 ~ 165.03 (C = 0).
Elemental analysis, found ( calc.): C 79.16
(79.28), H6.92 (6.94). MS (EI): M" = 696.

10ChiPCS.  '"H-NMR (CDCIl,,8): 8.48 (d,
IH, Ar—H), 8.27 ~8.23 (m, 2H, Ar—H),
7.63~7.61 (q, 4H, Ar—H), 7.61 ~7.54 (q,
IH, —CH = CH,), 7.54 ~7.51 (q, 4H, Ar—
H), 7.31~7.26 (q, 4H, Ar—H), 6.99 ~6.97
(d, 4H, Ar—H), 5.89 ~5.85 (q, 1H, —CH =
CH,), 5.53~5.50 (q, IH, —CH=CH,), 4.04

~3.98 (t, 4H, —OCH,CH,), 1.83 ~1.78 (m,
4H, —OCH,CH,C,H,;), 1.50 ~1.30 (m, 20H,
—CH,C,H,, CH, ), 0.91 (0.8 (t, 6H,
—CH,CH,)."” C-NMR ( CDCl,, &§): 14.028

(CH,), 22.59 ~31.81 (—(CH,),CH,), 68.02
(Ar—OCH, ), 114.77 ( aromatic C
—OCH,CH,), 118.46 (—CH =CH, ), 121.67
(aromatic C ortho to —0—C = 0 ), 127.67
(aromatic C meta to O C—0—), 128.01
(aromatic C meta to —OCH, ), 128. 62 ( aromatic
C ortho to —CH = CH,and —C = 0), 129.03
CH, ), 130.00
(aromatic C meta to —CH = CH, and ortho to —C
=0), 131.80 (—CH=CH,), 132. 50 (aromatic
C para to 0 =C—0—), 133.09 (aromatic C—C
=0), 138.94 (aromatic C—CH =CH, ), 140. 56
(aromatic C para to 0 =C—0), 149. 50 (aromatic
C—0—C 0), 158.79 ( aromatic C—O0—
CH,CH,0CH; ), 164.22 ~ 164.99 (C = 0).
analysis, found ( calc.): C 79.80
(80.16), H 8.01 (7.97). MS ( MALDI-TOF)
(M +Na) " = 831.

14CbhiPCS.  '"H-NMR (CDCI,,8): 8.48 (d,

ortho to

(‘aromatic C para to —CH

Elemental

1H, Ar—H), 8.27 ~8.23 (m, 2H, Ar—H),
7.63 ~7.61 (q, 4H, Ar—H), 7.61 ~7.54 (q,
IH, —CH=CH, ), 7.54 ~7.51 (q, 4H, Ar—
H),7.31~7.26 (q, 4H, Ar—H), 6.99 ~6.97
(d, 4H, Ar—H), 5.89 ~5.85 (q, 1H, —CH =
CH,),5.53~5.50 (q, IH, —CH=CH,) , 4. 04
~3.98 (i, 4H, —OCH,CH,), 1.83 ~1.78 (m,
4H, —OCH,CH,C,H,;), 1.50 ~1.30 (m, 44H,
—CH,C,H,, CH, ), 0.91 ~ 0.88 (t, 6H,
—CH,CH,). "C-NMR ( CDCl,, &6): 14.06
(—CH,), 22.63 ~ 31.87 (—(CH,),CH;),
68.07 (Ar—OCH, ), 114.77 (aromatic C ortho to
—OCH,CH, ), 118.45 (—CH =CH, ), 121.70
(aromatic C ortho to —0—C = 0 ), 127.73
C—0—), 128.06
(aromatic C meta to —OCH, ), 128. 67 ( aromatic
C ortho to —CH = CH,and —C = 0), 129.08
(aromatic C para to —CH = CH, ), 131.00
(aromatic C meta to —CH = CH, and ortho to —C
=0), 131.85 (—CH=CH, ), 133. 10 (aromatic
C para to 0 =C—0—), 134.61 (aromatic C—C
=0), 138.98 (aromatic C—CH =CH, ), 140. 61
(aromatic C para to 0 =C—0), 149. 50 (aromatic

(aromatic C meta to O

C—0—C = 0), 158.80 ( aromatic C—O
CH,CH,0CH, ), 164.28 ~ 165.04 (C = 0O).
Elemental analysis, found ( cale.): C 79.20

(80.83), 8.55 (8.75). MS ( MALDI-TOF): (M
+Na) " = 943.

FATRME 5% A RS (ATRP) Jr ik
R HARR A Y. L PChiPCS 2 i, B A £ 4F
W AEREEPRKIMA 1.60 x 107" g(2.00
x 107" mmol) B {& 8ChiPCS.7.40 x 10" mg
(4.00 x 10~° mmol) BEB 6.90 x 10" mg(4.0
x 107’ mmol ) PMDETA #1 8 g K. &3l ¥ %i—
B —FRRAA2 MEFRHER AT, A 6.00 x
10 ' mg(4.00 x 10 ° mmol) CuBr, 25551 ¥ i—
B — AR 3 WA R R EL28 50 T
SATEAE 7E 90°C fHEMB H R G ,24 h J5 U
REE,AHBE R JFE. H 10 mL Py &0k i 7
BR GV, & i A AR AR B L3, I8
JiE T J5 A5 20 0 [ s T 507 TERCHE N 218 m A
A EE, B i B A UONE, B0 5 S B
AN s 52 B0 R 2 oK I 1 B A BRI SR G
K 87% .
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2 HR5IE

2.1 BERBEAMBHER
BRER A RS AR T — 25 b
K AR 9 AR 4R nChiPCS(n = 4, 6, 8, 10,
14) , 3 ' H-NMR | EI f1 MS % 3% fiF 77 ¥ i A X
L B 1) 4 A D 4 B L L M SR 1SR T ATRP 1
FERAEEE T HRER AW PnCbiPCS. | T HL{K
TEHE WA DTVE R i AR, B R AT 2R F 48475 ¥ 17
I I BV s BT R 2 R R
&, "H-NMR (& 1(B)) L J& GPC( &l 2) ik £ MW
RINEFEEATHRREY, TARGWFSN
ISTFETE 2 x 100 ~4 x 10*, 480 BEAE 1.20 £ 4
(R 1) AT AR X475 25 O B dle WL 2% 1.
——P4CbiPCS
- — P6CbiPCS
- - - - P8CbiPCS

—-= P10CbiPCS
---=P14CbiPCS

Elution time

Fig. 2 GPC curves of PnChiPCS (n = 4, 6, 8, 10, 14)

Table 1  Polymerization results and properties of PnChiPCS

Sample M, x10~* PDI*  Liquid crystallinity” 7,(C)°
P4ChiPCS 2.60 1.20 Yes 298
P6CbiPCS 2.52 1. 18 Yes 315
P8ChiPCS 3.74 1.24 Yes 325
P10ChiPCS 4.69 1.20 Yes 315
P14CbhiPCS 4.73 1.25 Yes 324

*Molecular weights and polydispersities were measured by GPC, using
tetrahydrofuran as the eluent at 35°C , and monodispersed polystyrene

as the standard ;" Determined by PLM;° Determined by TGA

2.2 REMRBRBITHARR

TGA BT R W & 1) PnCbiPCS ¥ HA R 4f
PR E M, 1 wi%e $ % T I B R AE 300°C K iT
(K3).

P8ChiPCS #E4T PLM i i A B AE = iR & il
AT LAVLEE 2 W] 5 A RUHT S AR B IR T ) L TR
B IS RE 0 WAL B, AEATE AR PR A s B 3
JECE 4), FHiE E 300°C 3T 45 5K 4R FE

100

< 80

=]

8

£ 60

L

o

= 40 —P4chipcs

=) - - P6ChiPCS

2 .- P8CbiPCS
20 —— p10CBIPCS

—-= P14CbiPCS
1 1

1 L 1
100 200 300 400 500 600
Temperature (°C )

Fig. 3 TGA curves of PnChiPCS (n = 4,6, 8, 10, 14)

PnChiPCS £ 41 KAt R & (19 PLM Il L 25 R 5
P8ChiPCS &bl , #BH A A2 E I f 1R o

S T

Fig. 4 PLM micrograph of P8ChiPCS at 250°C

X i 6 5 A W R 4T DSC IR I % B0 AR M A
N3] 33 26 545 ) 1) B 3 A0 AR R B, OF H 5 PLM
WLZE 25 B — B, FoATT7E DSC It 3 6] P 15 A 6 il
FI B WAL AR X T R 5 AW B BRI R
PN 3 5 B 24 1932 B 2 B G

T iE— 25 B 58 P8CHIPCS Y fh AHAT N, &
IR HEATFAS I 1D SAXS f I3k . BE 5 5% FH v W
DE B LB I Jr 2 i A5 I3 A v T R R R
10 K min ', FFA3 45 R anE 5 pros. El| T, 1%
£ RE T A s S S AT S 0 I IR B Y T AT O
g AR 32 32 T 1A o, I 1 B 22 AT S 06 A B 22 T
ek 3k v A5 A S W VA R AR B B AR A A A
SFPUE S L 1) g (BT AT B AT S I R B d (L, R
YITE 200°C i (14 A7 565 06 X 2 1) d (B 43 391 Ry 4. 34
2.17 F11.45 nm, K AEEZR K 1:1/2:1/3, W
RE YT RL T T S A T 2 0 R B I /N )
IR TR (KR 2).

AT HERAE WA FFEZETT T 1D SAXS
1D WAXD #y i (&1 6) ,1D SAXS Z5 R 4nf&l 6
(a) JJi7R, 5 P8ChIiPCS ZE I, ixX 46 & 5 W) ¥ TE 1
T A T I it R VR 5 R IR A R DX B — R
FIATE 5k W Sy 3T AR JZ AT ST, 1D WAXD 45 51 4
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a Heating Ui FE B A BE AN, o (BB Z 3G NS5 18 16 n g 4
6 I, d B 500 L1 B AR 2, oK s R T 8
U . TR BT (UL T G K. 1D
Z \Mﬁwzzo XRD i = 7 [ B i) 5805 5L, FATT J0 0k H10 e 98 A 2
AN JEAE 2 9 5 HE B 5 16, B AR 2D WAXD
=
H\ et 10 VAT R A MR R R T — 35
A B 7.
\\..N""'}j"” 120 Table 2 d-Spacing (d) of PnCbhiPCS and corresponding calculated
M‘____‘_, 2|5 side-chain length (L)
2 4 6 8 10 12
q (nm‘l) n d*(nm) d" (nm) L (nm) (calc.)
Cooling 4 3.62 3.61 3. 64
4.16 4.17 4.10
8 4.34 4.34 4.56
. 10 4.59 4.59 5.02
; TCC) 14 4.63 4.62 5.94
‘2 200 * Determined by 1D SAXS;" Determined by 1D WAXD
8 180
= 160 Jg T ik — 4 BN B A W PBCHIPCS F 4 45
/\ 140 g, RE A 7E 200°C TR BEAT 39 U1 5 A% = %, 15 5
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Fig. 5 1D SAXS profiles of P8ChiPCS during the first

heating (a) and subsequent cooling (b) processes
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1D SAXS (a) and 1D WAXD profiles of PnCbiPCS (n = 4, 6, 10,14) at 200°C (b) and the enlarged patterns in the high-angle
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Fig. 7 2D WAXD patterns of P8CbiPCS
The X-ray incident beam was parallel to shear direction (a), shear vorticity direction (b), shear

gradient direction (c¢); Part (d) shows the schematic representation of P8 ChiPCS.
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Fig. 8 2D WAXD patterns of PnCPCS (n = 4(a), 6(b), 10(c),14(d) ) obtained with the X-ray

beam perpendicular to the shear direction and the schematic representation of PnChiPCS (e)
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SYNTHESIS AND CHARACERIZATION OF A SERIES OF
MESOGEN-JACKETED LIQUID CRYATALLINE
POLYMERS WITH LONG MESOGENIC SIDE CHAINS

LIANG Xiaochao', CHEN Xiaofang', LI Christopher Y.?, SHEN Zhihao', FAN Xinghe', ZHOU Qifeng'
(" Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and Physics of Ministry of Education ,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

(*A. J. Drexel Nanotechnology Institute and Department of Materials Science and Engineering ,

Drexel University, Philadelphia, Pennsylvania 19104, USA)

Abstract A series of mesogen-jacketed liquid crystalline polymers, poly [ 2, 5-( 4’-alkoxybi-
phenyloxycarbonyl) styrene] (PnCbiPCS,n = 4, 6, 8, 10, 14) with long mesogenic side chains, were
prepared by atom transfer radical polymerization ( ATRP ). Molecular weights and molecular weight
distributions of the polymers were measured by gel permeation chromatography ( GPC). The liquid crystalline
(LC) behavior was studied by a combination of differential scanning calorimetry ( DSC), thermogravimetric
analysis (TGA) , polarized light microscopy (PLM) , one-dimensional (1D) and two-dimensional (2D) wide-
angle X-ray diffraction ( WAXD ), and small-angle X-ray scattering ( SAXS). All the polymers had good
thermal stablility and exhibited stable LC properties, and no isotropization temperatures were observed before
the onset temperatures of thermal decomposition. 1D SAXS and WAXD studies revealed that PnCbhiPCS could
form smectic structures with the long mesogenic side chains aligned parallel to each other. The d-spacings
increased with increasing aliphatic tails. 2D WAXD results showed that the sheared samples exhibited Smectic
A structures with the layer normal perpendicular to the shear direction. Comparing with the results of poly{2,
5-bis[ ( para-substituted phenyl) oxycarbonyl ] styrene | s, one may indicate that the length of the mesogenic
group is crucial in determining the LC structure.

Keywords Mesogen-jacketed liquid crystalline polymer, Long side chain, Smectic A phase



