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IR 1) 5% 3 B 40 o T R RO BE AL, R BE R PIJE
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B ME A BRZS 7)) (DMMDA (52562 F i) 7 482K
THIE I e (i R 2l S AT R A R ) L OE SF B
( bl Sl A RS /) (3, 5- 60 k28 H T 4
(DNBC, i sl g4k TA FRA R ) . N-H kg ke
T (NMP) Z8 1 B K J5 i . = 2 % (TEA) (U &
WemRg (THF ) (5845 (TCM) (N, N-— & Hl [ 7 fii
(DMF) Jo/K B3R AR ], ) 5] B & E7
(ny=1.521,An=0.22, T, , =60 °C , i FJE 58 i
b ARG AR .l PAT-20 155 £ 0 3
O R 25 £0. 10, K FBRIMALES A BRAF)
DA TR & T AL XPe e % B B ( I
(5% NS /NN IS U 2 3 Tl R [ VNS
Nicolet560 {8 HL it A% 6 43 % 5% B 11 6 2 PT (14 25
. DURARSE T (CDCL) Fi i AR = HY i S X
(DMSO) H ¥ #1E Unity INVOA400 43 9% 9% B 3
400 MHz F i & o) BE M — e 1 PL Al 45 44, 4 FH)
DSC 204 (NETZSCH /8 w)) 22 #4491 U
PL R (R i THIR 3228 10 K/min) By #A Pk gE. ]
FEEHL (R AIA R | ) BE#E PT IR, ] UV-
Vis1810 PC #Y (b5t 3 A il A &R 22 |) ) 565043
JEOGEE TN PT BE A B k. REW A =
H Agilent 1100 B¢ i 1535 (k4L (GPC) 52,
W2 i >R B THE S Y6, 3R 2R 2 & (PSt) Ry
BE TN RE St v BEFE I AE 2 ~ 3 mg/mL, Jii Oy 1
mL/min, M3 16 # h 40 €. A Hyperchem 7.5 i}
S N 1 TR A% A

1.2 IfeeE—BREBIE

1201 A-FH S48 2K — HBEW B 09 & A (1)

250 mL BRI o A AR R O T i 22,1 g
(0.15 mol), P205 14.20 g (0.1 mol). 98%
H,S0, 10.9 mL(19.6 g,0.2 mol) E¥% #I, vk KB
WHZEO0~5 C, 2120 Mk HNO, (65% ~68% )
12.6 mL(18.9 g,0.3 mol) 1 98% H,S0O, 8.2 mL
(14.7 g, 0.15 mol) IR ER. T Af L #% 10 C LA
LMo S, AR R, R ZIBERE 10 h.

W8 €0 S N R AR UK, BB Ok, 4
x50 mL PK7K Ve G IEDE, 108, 15 2R 8 5 4.
AT RIS, 200 mL 245 95% £ BEFE 45 i, 15
SR 20. 74 g, PR T2% K05 215 ~217 C.

'"H-NMR (CDCI,,8):10.9 (s, 1H, —NH);
9.06 (s, 1H, Ar—H); 8.64 ~8.68 (d, 1H,
Ar—H); 8.39 ~8.35 (d, 1H, Ar—H).

1.2.2  N-2F BE-4-fif 40 % — Wk 0 B% 19 & i
(2)

250 mL Befff o A 4-fif 5546 o8 — H G I A
7.68 g(0.04 mol) , Z, [ 60 mL. [ il & & {55/
HEE7E R [ KOH 2.8 ¢(0.05 mol), 5 mL H,0;
CH,OH 28 mL] , 1 h Ni#5E, e i 3 h. Hligg, A
TooK BEGE 2 i, B T8 M 20 68 4-fg BE PR — 1
Bk B P AR 7 g (773 T76.1% ).

100 mL = U - 4-1ii K& 4 4 — WY Ik 0. Jiie B
££ 5.8 g(0.0252 mol) ,DMF 30 mL,80 °Cifii&,
PR ACIE 2 £E 4. 83 ¢(0.025 mol) , i 3 h 5%
BB R WV B S Al g BRIV A K R B A
ik 2 L. e T T Tk A TR B A, K B
WL 6. 77 g RE A FOIR AR, 7= % 89% , 14
164 ~65 C.

'"H-NMR (CDCI,,5):9.12 (s, 1H, Ar—H);
8.90 ~8.85 (d, 1H, Ar—H); 8.67 ~8.60 (d,
IH, Ar—H); 3.92 ~ 3.90 (t, 2H,—N—
CH,—);1.77~1.69 (m, 2H, —CH,—); 1.43

~1.27 (m, 10H, —CH,—); 0.89 ~0.86 (t,
3H, —CH,).
1.2.3  N-2¢ FE4-5 FL 48 28 — Wk e 09 &

(3)

] 200 mL %EAF H i A 0. 066 mol SnCl, |54
mL ¥ HC1(36% ) F1 58 mL H,0, $KJ5 7F H Wi 4
FET A 0.02 mol N-3F&-4 - F 4B 2% — 1 ik
iz, BT IR AR 40 C, W 3 h. B HIEE,
Br i A, o BE K B, TR AR B o AR
CBEHEZE G, 158 5.3 g TR G405 IR AR, 7 %
96.2% . i1 62.5~63.5 C.

'"H-NMR (CDCl,,5):8.10 ~8.21 (d, 1H,
Ar—H); 7.59 (s, 1H, Ar—H); 7.08 ~ 6.99
(d, 1H, Ar—H); 3.96 (s, 2H, —NH,); 3.93
~3.91 (t, 2H,—N—CH,—); 1.74 ~1.68 (m,
2H, —CH,—); 1.42 ~ 1.25 ( m, 10H,
—CH,—); 0.89 ~0.83 (t, 3H, —CH,).

1.2.4  N-2E5E-4(3,5- 7 368 B e 36 ) -2 L 4R
R R A (4)

Bt N B -4 - B4R — H I % 0. 01 mol,
10 mL THF D) K3 f 69 TEA fil A 250 mL B [142
A P P, TE VK T 2208 T N i 7E THF
Y 3,5- A AR HIBESA 0. 015 mol , i fin5g 54 J5
K Ak SN 10 he KE RN TR 8 8 TR
WAL E Na,CO; KW Y IBRE WAL
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VEF A R, 2R ORI DR Ve 2 ~3 IR, T
K CREH LS GG B 8 K. 772 83% L IE MR
205 ~207 C.

'"H-NMR (CDCI,,5):9.38 (s, 1H, Ar—H);
9.27 (s, 2H, Ar—H); 8.51 (s, 1H, Ar—H);
8.11 ~8.09 (d, 1H, Ar—H); 8.07 ~7.99 (d,
1H, Ar—H); 3.92 ~ 3.90 (t, 2H,—N—
CH,—); 1.74~1.68 (m, 2H, —CH,—); 1.43
~1.27 (m, 10H, —CH,—); 0.91 ~0.84 (t,
3H, —CH,).

1.2.5  N-SEHE-4(3,5- 2 2 He o8 H Ik R ) -2 4R
H_WEEW M (D8) WA (5)

I N-F 564 (3, 5- il J O H i 3 ) -2 35 268
WG 4. 68 ¢ (0.01 mol) it A AT 4+
T By R A, FRI0. 23 ¢ Pd/CL ] THF fif
AL A Hy 78 70 CF b . 1790 FE A% S W
PiPE, HE H, KA TR 8 2 . %3
ERAR = AN i R 0 VA A i I VA O L )97 4
AZEBK PR A DivE. ik, K 2 g
WG 3.63 g AR (D8). ™3 89% , I
1R 201 ~203 C.

'"H-NMR (CDCI,,5) :8.51 (s, 1H, Ar—H);
8.11 ~8.02 (d, 1H, Ar—H); 8.07 ~7.94 (d,
1H, Ar—H); 7.93 (s, IH, —NH—); 6.62 (s,
2H, Ar—H); 5.91 (s, 1H, Ar—H); 3.97 (s,
4H, —NH,); 3.92 ~ 3.90 (t, 2H,—N—
CH,—); 1.73~1.67 (m, 2H, —CH,—); 1.42

~1.25 (m, 10H, —CH,—); 0.87 ~0.81 (t,
3H, —CH,). C,,H,N,0, JLZE4r#r, i15 1. C
67.65% ,H 6.86%, N 13.73% ; L4 ff. C

67.88% , H, 6.91% , N 13.62% .
1.3 BEBITENER

AL I A R 5 Fh R mE W e, PTL, PL, PL,
PI, F1 PIy, 2% S ME Y e ST L DL & 1. LA P,
Shy 18] 156, P SR Tk S Jee 1 o) L R

Table 1 Mole ratio of monomers of Pls synthesized

Dianhydride Diamines
Samples

(ODPA) DMMDA D8
P 10 10 0
PIL, 10 9 1
Ply 9 8 1
PL, 10 8 2
Pl 10 7 3

TEHA WE T BEFE R 100 mL = HBE IR A

0.408 g (0.001 mol) Ty g — K& D8, it A NMP i#
fi#J5 , A 3.07 g (0.01 mol) ODPA, £ 58 4%
i J5 PR 2. 03 g (0. 009 mol) DMMDA | [& & &
H15% . FERIRP FERRN 4 h G, MAL
TR IEF AN E (n( ) /n( STREF) /n(HE0E) =4/
36/9, FEIR LL ) Bt A Ak, TR 28 80 °C, [ml it )2 S
16 h. ¥ &) 2 % 05, B B A TS K Y e oL
UE A LR FNBROIR @ AR O U8 R AR AR
oK CBE A B, Bk R WUE TR AR P, R
91% . £ W 2R LR E 1.
1.4 HRENHE

K HI NMP A0 7], B i 2 0 PTG & 4% (1)
VSV, SR 5 VR AE T 1 0 ITO 3538 | 4% 120 C 1Y
HEAE MRS 2 bl PR EE S8 ML R H0R B
HONEERE & 40 pm (8] B8 096 [ Ak B F
F B BV AT PE 45 7 o) R 2 B, 4 A 1) [ Pk
RAEBW A E7 B8 AWM & S
A AB e &5, BIAS 200 A &

2 HRSIE

Thee M —RREI B AT
IREPE M i) A B 9 K B i Ak BN
% A B T M A S I LA R D R AR W)
1,2,3 W25 SCHR (18 ], AR A1 WL iR &
By LA B A L 2.

f P B H 2R L HL, SO, B0 771, P, O i 1 44
FR IR, BT L A T e A, o S 7 B M) o 1)
D7l #EAT. 5 B bR A 2 SR A O RO il Ak
14 2B Uk A R NO, T AR R 1Y 4 5T T BE )
FUAA R 5 & ) LR A TR R R A NO, T AR
Jir LA R R (n (H,S0,) /n (HNO, ) =172, FE/R
FE) S i A 1)

B IV fH A S5z 2 AT S A 4~ 2 408 O — Y I I
Pz ) S 4 - i 48 4 I I JHe 0 4, 4k T E DMF
V8 70 v R L T M B R T TR 6 S T AT IR AR
BB IRACKE R Y C—Br BT 2, Br-Bg 2%,
NI EIR A

TE T e Al B 17 v, >R JH THE A0 70, TEA £
AR R PR 590 o It S8 09 THF 3 W0FE VKR 19 2%
PETT A8 2 S SR X R T % B R T
I, A5 AN UK T AR 2 A B ) A R

i BRSO R R R g R AR T A A SR
B2k A SnCl,/HCL 3% F1 Pd/C LIS k. Pib
FRARER A 90% K UL L. AT w2 T 8K

2.1
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Scheme 1 Synthesis of PIs

0
NN
NH HNO3/HZSO4 - Br
KOH/DMF 80°C
o
NO,

2

SnCl/HCI/H,0
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Scheme 2 Synthesis of functional diamine
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Fig. 1 'H-NMR spectrum of functional diamine D8 X‘T gg gﬁ\}ijﬁ ﬁﬁEl: Plﬁ ﬁjﬂ GPC 63\ ﬁ , ;H\:ﬁj\% % er‘
19
Q 2 o, 2 OH;C |5 Q12 o, 12 o ;
*N N N, N *
14 14
4 ” 21 2]22 0 17 16 4 13 13 O 10 10
O m
9NH
5,18 8
9 3
7,8,13,22 H,0 6 7
11,12,20
21,14
© 15,16 DMSO 1 07>\ 0
6105117 l 4[ 2 2 3 3 s
§ 7 6 5 4 3 2 1
6
Fig. 2 '"H-NMR spectrum of polyimide
PEULEE 3. N a LUA & A R 2 — i
100 PLAS 3 T 4 R HE it 7 % 55 (40 NMP, DMSO
55) W 5 ¥ TR IR AR P AR R TCM R THEF .
€ ool baem BOR AR, B Kb SRR EE R B B T 4y T
3 N—H =1 7] o NS 1152 3 o
: T amCow BB B T 43 T 0 HE 0 5 L 3R 4 R
: - FHSEE A )7 25, 2 B v ] AE I L
g 60 = - — . = , -

= DI W BT, T B 1 WL 5 I 0 P O e

P NITEGEIFEREay (RE R U 4/

—N's
35IOO 3OIOO 25IOO ZOIOO ]5IOO IOlOO 500 Table 2 The molecular weights of polyimides

Wavenumber (cm ™)

Fig. 3 IR spectrum of polyimide

F2. NERPEIETLE L, SR ODPA 5
DMMDA #7345 R Bf, i 45 094> F & e . 4
AT BETE — e D8 45 i, 4 & 5 90 F B
kA, X &R D REE K D8 Hh B A T
ORIRIE AL, [F] s D8 Shy A ik = i, 4 Jit Pl o7 B
RN, BEAR T 4 R BRI M. BT LA
D8, PI J3F & REAR.
2.3 PIRIAMEIERE

W TR e A AN [R) 375 50 v BC B R 5% 1%
W ,30 min Ji5 W5 FL0A A 15 OO, S50 T 45 Pls ¥

Samples M, x107* M, x10* M,/M,
PL, 1.81 3.46 1.91
PI, 1. 60 2.90 1.81
PI, 1.37 2.27 1. 66
PI, 1.15 2.06 1.79
Pl 1.01 1.92 1.90

Table 3  Solubility of polyimides in different solvents

Pls NMP DMSO DMF DMAc m-cresol TCM THF
PIl  + -  +-  +-  +- 4=t 4t +°
P12 ++ ++ ++ ++ ++ ++ ++
PI3 ++ ++ ++ ++ ++ ++ ++
P14 ++ ++ ++ ++ ++ ++ ++
PI5 + - + - + - + - ++ ++ ++
“( + —) Partial soluble upon heating;” ( + + ) Soluble at room

temperature;° ( + ) Soluble upon heating
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2.4 PIEEHIE 4R

FRE S PL, (PL, P 7 ki1 76 6 (8 JEE 42 1 7
50 ~60 wm) 755443506 BE B R, 48 4 A)
VLGS UL 4. 7E 400 ~ 700 nm 3 [l A AE i 3
U 33 YR RE L 15 3 R TE 80% ~90% . X &
P PL 32 v | A 2 Mk Tk S R PP 35 BELAS T 4%
TR F MR EBE AW (CTC) Mk
IR, U5 TR T SRR T, AT A5 B A S A O
T A D REE ik D8 I, 5 Ot R A AT
B3R PR I B T2 LB B AR T 4
T B R 3, 059 T 40 T A Y S D % R A
gk S 3 — B B AR T CTC 1 T, AT 45 31 2
R PLRE, W 2 3 I 0 e 7 Tk e 1 A7l v X

s o R 2R
100
a
b
80| ¢
S
3 60f
g
£
E ol
Z 40
=
a) Pl
200 b) PL,
o) PI,
0

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 4 UV-Vis spectra of PI, , PL, and PI; films

2.5 PImER[EHE&E

SR B A VR TR RIS 58 5 J3E X6 VAR i L T ) 5
W, Fe AT S A PURIAE T & 7, 0FH 4 T A
[F) BE 4500 B2 T p P A . PR SR T S H LR
N

RS = NM(2mrn/60v — 1)

A RS SRR RSO0 L s N R RS UCRG M 3R
R 5 R A Y & m a) A, g E 0.3
mm;r KRR T AR, 22,5 mm;n RRIE T
e, S 700 v/ min v 7 B ) I [ 5E R
MzshdE, N 17.2 mm/s 27

WE s s, HUHE ik D8 & ik 11. 1%
IR, AE % S B BB  (H 280 1 IR R S, U
i1 2 BIREAL ;24 D8 Fritik 20% K LA b, PIJEEAE 5
TR E 45 N AT RE B8 (8 Fr UL A1 7 89° LA L.

M RE e B BRI, (06 5 B /N i 2R
B YRR IR 8 B BE D, R BEAR 4F % 5 A )
TICIA] PRI AR A 1 SO N 5 BE AR, N B 15

100
90 — P}
80 1 ——PI,
i —o—PI,
_ 70 ——PI,
= 60t ——Pl,
B —~— Pl
g 50
= a0l
2
& 30+
20F o—u
10} T
0 1 1 1 1 T 1 sl 1 :] 1
0 50 100 150 200 250 300
Rubbing strength (mm)
Fig. 5  The relationship between RS and pretilt angle of

different Pls

PR, TR A B 2 REEAIG . 224 2 Rl e & et g s 155, )
e R R 0 B A R e P P e 45 g i
i A 3 M S 4 R o K ot LA TR T R RE RS, K
ot FE B 550 /N4y A AR O SR o R
TLHR ] 5 [RVESE 0% v i B 2 M e B 3 43 R W
R IR 1 A Tk e 25 440, i N D A 1 R
fi (AL, A2, A3, A4) 3K 90°LL |, 7 — & T2 I fig
g BH 1k e JE B O HHL % L ULIRT 6, [RTiE, 2 PTJE |

JE B BE AL IS AT e O = T 89° Y TRAW A
SV ENEYEE

A2 S

Fig. 6 The energy minimized structure of the functional

1

diamine D8 (calculated by using Hyperchem 7.5)

2.6 PI{T, ik

15 2R Bk IV e [ 4K 7E 200 °C #Ab 3L YR/
FOR G A E AR T, 100 CTHR =
350 °C, FHiE 3 % 10 K/min. DSC i1 £ WL & 7, 52
g TR Sy PLCPL AT PL B 3% 5 Ak B AR i
JE. REh PL R BE 38 46 5% 20 IR B B W AR T P A
PL, , 33 J2 R o &0 4% — R ST g ol % 1y 5 | A 386 hm
Sy FEENIBE DS T o FHE R e B R AR
Toranizsh 15 T, Wi, MEE S & 5w
PL7E T REMS PRI AGE , U8 B A 52 06 i 75 179 L SR A
PI 7E B A Tt 52 458 50 ) 1 i 9 ) B, 30 R 37 R4 1Y
FRREE P, 3X O I 28 B 1] S VA S s A B R



1382

é_}

T

it 2013 4E

0 N N B W

10

12
13
14
15
16
17
18

19
20

Heat flow (mW/mg)

PI,
284

PI,

Endo

_—

"7
Pl

\,—/262\

180

220 240 260 280

Temperature (°C)

200 300

Fig. 7 The T, values obtained from DSC experiments

PR T 0 B2 A 14 R AL
3 #it

BT — b B AR 2R O R e Y e PR R
D8, Jf- 5 ODPA Hl DMMDA 3t 45 5 il % 1 5 Mt 1
. TAE PTIE6E 51 A X BR800 2 2
T 5 LA R Bt V. g R, BT A5 1 PT BAT RLAF A9
fipPERE , BEVR TR 22 BN VA 77 5 2 1R B BE AN R
R GIASE R T P 5 [ i B 55 04 i
PR RE , B AL e AR iR 2 I B 260 °C DAL 5 25 %
KT 20% I, B A 64 P 28 TR EE B
U A AT O 15 7E 89° S LA b, HA I S B0 i JBE 4
PEBE. 1t b 3R Mt V. 4 90 b BB 1] I 7 R R A9 LCD
KT FLA T 4 1 R S
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SYNTHESIS AND CHARACTERIZATION OF POLYIMIDES WITH IMIDE
SIDE CHAINS FOR LIQUID CRYSTAL ALIGNMENT LAYERS

Sen-lin Xia, Long-fei Yi, Zhen Sun, Jie-ran Xiang, Ying-han Wang
( State Key Laboratory of Polymer Materials and Engineering , College of Polymer Science and Engineering ,
Sichuan University, Chengdu 610065)

Abstract A functional diamine, 3, 5-diamino-N-( 2-octyl-1, 3-dioxoisoindolin-5-yl ) benzamide ( D8 )
containing imide unit and an assistant diamine monomer 4, 4’'-dimethyldiphenylmethane ( DMMDA ) were
molecularly designed and synthesized successfully. Polyimides ( PIs) containing asymmetric units in the main
chain and imide pendant groups were prepared with the copolymerization of DMMDA , D8 and commercial
aromatic dianhydride 4, 4-oxydiphthalic ( ODPA ) by chemical imidization. Five PIs were obtained by
controlling the mole ratio of diamines and dianhydride. The structures and properties of the resulting co-
condensation type Pls were characterized by nuclear magnetic resonance ( NMR) , Fourier transform infrared
spectroscopy (FTIR) , gel permeation chromatography ( GPC) , differential scanning calorimetry ( DSC) and
ultraviolet analysis (UV-Vis) etc. The Pls obtained were favorably soluble in aprotic polar solvents,such as N-
methylpyrrolidone (NMP) and N, N-dimethyl form amide ( DMF) ,and even in common organic solvents such
as tetrahydrofunan ( THF) and trichloromethane ( TCM ). The molecular weights of the soluble copolyimides
obtained were high and influenced by the mole ratio of the functional diamine monomers. The molecular weights
of PIs decreased with the increment of D8. Creasable PI films could be attained by casting from PI solutions.
The liquid crystals (LCs) alignment ability of PI films was investigated and the pretilt angles were measured
by the crystal rotation method using a pretilt angle tester. It was observed that the pretilt angle increased with
the increasing content of functional diamine D8. When the content of D8 was greater than 20% , the Pls
obtained high pertilt angles above 89°even after five-times rubbing and showed outstanding rubbing-resistant
ability. Moreover, the transmittances of the PIs were more than 80% , and their glass transition temperatures
were above 260 °C. This kind of Pls containing imide side chains could be promising materials in vertical-
alignment-mode LC displays.

Keywords Polyimides, Solubility, Rubbing resistance, Vertical alignment



