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Synthesis of a new polyimide liquid crystal vertical
aligning agent substituted with adjacent long side chains and
its performance in liquid crystal displays
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Abstract: The synthesis of a new polyimide liquid crystal vertical alignment agent substituted with ad-
jacent double long side chains was reported, and its performance for liquid crystal display elements
was investigated. First, 2,3,4-trifluoronitrobenzene, 4-(4-heptylcyclohexyl)-phenol, phthalimide po-
tassium salt and other raw materials were used to synthesize a functional diamine (1.-14) substituted

with adjacent double long side chains. The diamine 1.-14 was characterized by NMR and HPLC-MS.
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Then a kind of polyimide liquid crystal vertical alignment agents were prepared using 1,2, 3, 4-cy-

clobutanetetracarboxylic dianhydride (CBDA), p-phenylenediamine (PDA) and L-14 with variant

ratio of L-14/PDA. The liquid crystal display elements prepared with thus obtained polyimine film as

the aligning layer were subjected to performance tests such as pretilt angle, liquid crystal aligning

time, steepness, and contrast. The results show that the liquid crystal display elements based on the

newly synthesized polyimide liquid crystal vertical aligning film possess strong abrasion resistance,

short liquid crystal aligning time, excellent orientation performance, and clear display image.

Key words: substituted with adjacent flexible long side chains; polyimide; liquid crystal display ele-

ment; liquid crystal
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2.2.1 BALR B A L-14a

] 500 mL A9 = FOR P ANA 2,3, 4- = FUhH 5
ZK(19.47 g,0.11 mol) ,4-(4-JF 23R & ) -4 I
(27.4 g,0.1 mol) \JL/KBREREF (20.7 g,0.15 mol)
150 g R B4k TR 2 105 °C ), TLC )
B E OB 4-(4-B IR O ) -ZR 8 0 R 4y f
WRERER AT, VR 2 50 W
S ke E P E A HLZE 60 °C BEBR A R L 15
B E AR INA 119.58 ¢ 2K 79.72 g LK Z
Bdid £ 30 min il 38, HE T U8 DF 44 8 A & 1K
37.17 g ,HPLC:99.79 % . F= ¥l HPLC-MS, m/
2 =398, %' H-NMR # ik K B 4579 L-14a, LA
253, A== A 3 2K R bR E TS B0 R HROR N
86.24% ,"H-NMR (400 MHz, CDCl,) &: 7.85
(dqs ] = 9.4, 2.5 Hz, 1H), 7.23~7.10 (m.,
3H), 6.90~6.80 (m, 2H), 2.43 (tt, J =12.1,
3.1 Hz, 1H), 1.94~1.75 (m, 4H), 1.47~1.14
(m, 15H), 1.10~0.95 (m, 2H), 0.95~0.82
(m, 3H) .,
2.2.2  AAE R AR B A R L-14b

] 250 mL = A4 5 im A L-14a(30 g,
0.069 6 mol) 4 2% — H kW % # £k (19.31 g.
0.104mol).78.8 g DMF. fif# . FFiR & 105 C [
N E L-1da TR AFIE RN . 2R R
B AW 35 i A R R R KV TR IR 3
A o R K AR . 1R A DR B 2 B R
JB AR 39 g ¥ A R K, HPLC:90.78% A
35 g W2K,35 g LR TR IR F 45, 12 0K, U
DI < 1R & TRk ¥k, 6 T 15 33 g B [ 1K,

HPLC:99.76 %, /¥l HPLC-MS, m +1 =
559, %' H-NMR #iiAk N H b5 ¥ L-14b, LI L-
Lda 2 b5 E 11 5, 06 R R Y 26k 84.97% ' H-
NMR (400 MHz, CDCl;) ¢:8.03~7.95 (m,
2H), 7.95~7.90 (m, 1H), 7.88~7.80 (m,
2H), 7.40 (dd., J = 9.0, 6.3 Hz, 1H), 7.19~
7.11 (m, 2H), 6.91 (dd, J =11.4, 3.0 Hz,
2H), 2.42 (tt, J=12.2, 3.1 Hz, 1H), 1.96~
1.77 (m, 4H), 1.47~1.14 (m., 16H), 1.11~
0.94 (m, 2H), 0.94~0.79 (3H),
2.2.3 B3 REMA R L-14c

] 500 mL = FfH A L-14b(27.9 g,0.05
mol) .83.7 g THF, il & R4, FFHLB 4 4 L 25
CHMmK AW R R D ER R, A
TN A AT AR Z 77 A R i B B 00k, R 25 °C
R 2.5 h 2R R W EEE L-14b JEF 4%, 45 18
A R =l o L AR ) | NS P VA N R VU S O
b uE U8 VA THE WOk 38 7% 2 0 W 3|
LA R SR KB HUA B R 15 20.24 ¢
B (@ [ &, HPLC. 99.30% /= & I HPLC-MS.
m—+1=429,%"'H-NMR ik K BFr =4 L-14c,
DL L-14b S FndfE it 5, b 5w ey 94.6 %' H-
NMR (400 MHz, CDCl;) 6:7.86 (dd, J =9.3,
2.0 Hz, 1H), 7.18~7.06 (m, 2H), 6.91~6.77
(m, 2H), 6.68~6.55 (1H), 4.72~4.05 (m,
2H), 2.57~2.29 (m, 1H), 1.99~1.76 (4H),
1.51~1.14 (m, 15H), 1.09~0.95 (m, 2H),
0.89 (t, ] =6.8 Hz, 3H).
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2.2.4 MR BALR B4 & L-14d

] 500 mL = FR A 43 50 in A ] i 40 H
iz (34.4 g,0.2 moD) 5 103.2 g Z i B AR,
TP P R K R R A FL A M. TR
2 65 C RN, A Z H L 68 00 A28 S IR B A
W, $ L-14c(21.4 g,0.05 mol) M A I & &,
PRIR N AR R N JFRE L-14c R 4Y . 45 1F 0
PR 2 20 K AR AR A (10,08 2.0.08 mol) /K
VAS VB A i g e A R b A R R A
B 11,2 g SR AL B K O A R AR &R
Pl R R Sy b 07 W, BRUFE N PH{E R B P
HPLC:66.567 % . %W %% 2 730 W -, in A
TR K Ve A A AL B AU e A TR
JEIKAH S K VAT MU S R 15 26 g 48 €5 [ 44,
AN G R Z2 78 Ry Ay €60 O i A3 30 min,
1t uk L UEDE I N Uk B VR T8 18 g i
44, HPLC:71.68% , J2 4, i i 57 15 5% 5 4
&k 16 g, HPLC:95.19% . 7= i il HPLC-MS,m +
1 = 459,4' H-NMR #ikk HAr= 9 L-14d, Lk
L-14c Jbr #EIE 5, b & N U %k 69.87% . H-
NMR (400 MHz, CDCl;) 8: 8.00 (dd, J =9.1,
6.6 Hz, 1H), 7.84 (dd, J =9.3, 2.2 Hz, 1H),
7.22~7.11 (m, 2H), 6.87 (dd, J =11.5, 2.9
Hz, 2H), 2.45 (tt, J =12.1, 3.0 Hz, 1H),
1.99~1.75 (m, 4H), 1.46~1.16 (m, 15H),
1.12~0.95 (m, 2H), 0.89 (t, ] =6.9 Hz,
3H).

2.2.5 ABARFE MK 4R L-1de #496%

M 500 mL = [ m A L-14d (16g,
0.0349mol) | 4-C4-B¢ % 3 & FH-K B (10g.
0. 0368mol) HRAE 1 (5.76 g,0.04 mol).160 g H
A AR TF U B TR BEK R R Ry i
WP ., THEE 105 C M. TLC g, HE
J5oRE L-14d JC % 4% 45 1k ) . HPLC: 80.31% .
TR Z A0 T R 2 5 R o IR A RS o W <
B AL, o345 B E KA K WA HLAH . 23 KA S A AL
AR A A B R A5 22 ¢ B 68 [E 1R, HPLC.
99.52%, r= & M HPLC-MS, m + 1 = 713,
Z'HNMR #A8 BFr =9 L-14e, % 1-14d &
T, 06 2 B U % 88.61% ' H-NMR (400 MHz,
CDCly) &: 7.84 (s, 1H), 7.10~6.90 (2H),
6.65~6.38 (m, 2H), 2.48~2.31 (m, 1H),
1.84 (d, J =10.7 Hz, 4H), 1.45~1.13 (m,

15H), 1.10~0.94 (m, 2H), 0.89 (t, J =6.7
Hz, 3H) .
2.2.6 AL R L 1-14

435 3.4 g Pd/C.1.-14e(20 g,0.0281 mol)
i) THE WA 1 L mEEd . 78 45~55 C,
S~8PRAESZM T MEAMEA 15 h, BOE, 38
B A A 790 15 R 20 £ YA, DB VR R V5 ¥ L 45 18.47 ¢
R E R HPLC:97.81% ., JNA 36 g IFC %,
18 g WK, #2485 /b, UEDF FH ¥ 09 1E C be bk vk, 15
17.2 g R ¥y @ [& &, HPLC: 99. 92% ., 7= f il
HPLC-MS,m = 652,24 H-NMR #fik A H 5 7=
YoL-14, & L-lde i it M & W ik X
93.89% ,'H-NMR (400 MHz, CDCl;) §:7.12~
6.93 (m, 4H), 6.75~6.53 (m, 6H), 4.21~
2.60 (m, 4H), 2.37 (t, J = 12.2 Hz, 2H),
1.83 (d, J =11.2 Hz, 8H), 1.50~1.12 (m,
30H), 1.01 (dd, J =23.0, 10.9 Hz, 4H), 0.94~
0.81 (m, 6H) ., =&l R E SN 2 fros .,
2.3 WREIEF AR B B R E PAA &KX

TERSABE T, T 250 mL 9 = 18 S B
P A L-14(13.04 g,20 mmol) , %7 — i (8.64
2,80 mmol) fll 103.7 g B NMP, #F: &% . K5
$# 19.6 g(100 mmol) 1.2,3,4-FF T %% DU R 2 — BF
F1103.7 ¢ NMP IMAMRR . W R, % i 4 4
4 /NEF TS 3] L-14 5 X6 28K — e (1) B8 JK EL 1) Ry
20 = 80 IR B €5 Y o B 1) ) O AR R A R
PAA RAEW . GRS ECW 5D I B2 W B ) 55
il B R e 1.
24 BRENEFRBETENEREERETT

41 #I1E

Prtie 2.3 BTk il 45 00 L-14 5 X5 58 e iy g
IR ERAG] SR 20 = 80 14 ¥ A R 1) 90 i SR A4 SR &40 5 LA
FARFE A S A B O 4 L-14 528
Jiiz 4 EL 451 43 ) 2k SR 40 ¢ 60,60 ¢ 40,80 = 20 FIF 1l
A5 Y08 B 1) 591 SR T IV e 144 T K A FH e ik 1) T K0
BAEW R BA TTO H AR i 3% 58 3L Al b, DUE Wi #il
W2, gad #iE AL (.80 °C L, 10 min) , F [E 1k
(IEFRBEAR L 220 °C .50 min) , fff FH BE 45 HIL JBE 452 B
i) R — ol A [ B T A 7R 5 — B AR 5 R
B3 SR Horh — B 3 K 3.5 pem 4 1] B -
T — R B b, SRS A PR A B I A Al L 5 R
] J7 0] R B P47 19 07 AT W 5, 8K 5 ik 7 1
A b R E AL . T AR A R 58 A0 O B Ak i
FEVR A, I LSRS08 2% A1 e A Ak i i L
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Fig.3 Preparation route for targeted polymer PI

JEE 488 81 W1 T 7 A B S (BRI AL L X 500 pm X
500 pem [ DRI N 1) 5 9 5 R AT 0 o, S 1 8K
e /L U Y T EE A R L. B R AR IR
R H A SRS RS T R B . R, 3R
fITFIA RETS-100 i fii £ 0] 343 e 4G A [A] 6 s
B I A Y SR e R B T A 4
1,

F 1 ANERR ST K EE 2 g 1 T A&
Tab.1  Friction resistance and pretilt angle of different

liquid crystal display elements

EEARE 0.4 mm EFEAR 0.8 mm

T

WON - Sy Wiks/ SwE Bilsifm/
ol A Q) A )
£1 2 89.70 4 89.49
#2 1 89.68 6 89.42
£3 3 89.67 7 89.46
4 1 89.69 4 89.46

ply TG 7 03 45 SR T R, A A B AR R 4R AR
89.4°~89.7° A A7 » ¥ A AR A< Sk 1 W A S 7R OT
P2 Fr LA A7 3 LM, AT BB 2 B o P AN A 4 1
SCEERA P HES A SRR AR TR A
3T HEGVAE A S BE AP AL BT, R T B 4 R ) Y
S KO HES K S BE S AR R A T HES W

A o TS PR S R Y K S AR A LR L AT
WM Frr A R, — R, KT
AT 8 2 (0 TR AR /0N T O A BT 7
Tl B P Y At R T A TG B AR O RS AR  Hn]
PERE R, I FLH B SR L S B A, e
JEE 62 B 1] 5 341 2% 8 T EE MR BB AR S . X AT g
SRR MK S HE AR FEAR KR R T
T AR 43 1 DR AR 4 BB ) T 4065 O T
AN B = I8 (g [m] R2, R 3 T e b o 4
F18 T 2 1 T

34 BEBEBRITHEMNREEEERE

ROk R R T TN DA = 5]
18 Y A T B TR A D0 25 ) A DD 4 1 A B v
B R HEEERL, L ER KN R
S5t 3 7 T B v o SRy g i . DL O R
eV AT R JT AR B e R K T e R AR TR A E
M. K E i 1 kg, ELAEH 10 mm
1R i A A A0 M TR R R e A BT DR AR
1~2 s; B JF 5505 IF JF f 31 B, 30 5% WA B s ot
PR 2 5 JFCIR BT 5 25 A IR . K 2 BT A (]
ST e K A2 P B R G VR A e B DB &
RIWE 2,

SRR LI G E O SIS R NI o
£ 5~8 s IWIRTRWK Z JFAR , N AR AE 32 B R 2 )
ARSI L 36 BIAZ R A S T I i R R R
PEBEDLF5 . AT UL, R S BE O A7 AR IR T AN
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Tab.2 Press recovery time of different liquid crystal dis-

play elements

WA R JT 17 SIS/ s

#1 5.28, 5.91. 6.22, 5.15
#2 5.37, 7.81, 7.47, 5.16
£3 5.22, 5.22, 6.85, 5.51
#4 5.46, 5.37, 5.89, 7.21

3.5 RREBTRTHRNEFERE

TE W B, A 15 0 R Bk LCD R A6, Bk
% LR AR, 7R IE R SR B A o AR L X DD FE R T
B XL EOR LCD 1Y (B HL R A5 W7 L TR A 22
BN, BERE S W % TR 5 BE R A A R
FH R 7R 0t 27 e 1 il e 1 e i 2 B2

BERE = W7 % A/ 8 {EC A R X< 100 %

B FE R G T 1, 150 P R 5 R B R
FEAT L 3K B U b T OC TR T AR B B 28
4 30K 21y 5 BSORE B 22, D BRI 1 T 1Y I st T
WBF . TG E S LCD B g L — R se
5T 5 B I T R A B L (EL L 38 R LR (R K, TR
T WoR RO BAE . WA R e R A B
X LB 5 R A B R Dtk FRATT SR A V=T
KRG (S pww-V-T) W 2 W & 7R 76 14 19 XF
bR 2R FHW A 2 8000 Y (Instec, &5 ALCT-
EOL) I & % &b @on JeF Y BEFE . S5 R B4 TR
3. LA 4 FE 5 s

x3 AEARBERTHEHLEMELE
Tab.3 Liquid crystal orientation time of different liquid

crystal display elements

W i R Tk I B2 XF L BE
#1 1.706 9 877.167
#2 1.738 11 243.058
%3 1.732 13 020.809
=4 1.730 16 120.242

T ER P REEE 4 TTO AP &t , B S Rty
A PR ST O JE 27 22 5 o (E R LA A0S HE BE I 25
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Fig. 4 Steep curves of different liquid crystal
display elements
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