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B E RHHERT—BHEH _MAKSBE 1, 3-E%EZFE_(2-8 &) Z %[ Di(2-hydoxyethyl) 5-
hydroxyl isophthalate, DHHIT, # H & # F R H# T T R .DHHI 5 X EP K44 - " FABB(MDDERE
SHB—-FANESERSENEEESY PU-OH, & i1 /I H B F AT T o8 1k 55 3 & i 3 RO & R J il (PU-
CI) . 2 H5 B #8447 (DSC), £0 40 Y B (FI-1R) , 36 4001 W36 3% (UV-Vis) 3 PU-CIL#AT T FIC AR RM,
PU-CIZE R4 B H TR RAER 2+ 2) MR K AL . PU-CI £ R RIRICE 55 R (LPP) 48 B % B B ah 76 7E 19
B, RAANEBERSCBALXERGA EMABRMBTTUARIAKR MR RE N, EVZEEYHRE
RFNBERERAED. E—XAAHENAMENFREAXEREHN .

EBA LERE, BERE, BEE, KERELES

WAEHHEARBRZERFTHEPHOXBEA
Zz— BRI L Er R AEVMER S, FH
X AREER T EMM e F B (STN) . ¥
BAEN(TF) MR MARFEINER.H
XHEEREAPXENEN T ZRITEREMES
i, LCD MBG, e ¥ mEB R B R M LCD
RS REE B, FEEEFNBEREREAR
M A XFHE M &L

1992 4F ,Scadt SV RE T B Z M A B R K
(PVCH AR H MR/ (LPUV)WER T, BH
{98 & 7 F 5 RO BE 7, AT FF 8 T i & W AR ok
EMEHNRERELRSEAR(LPP) . I ER
BHANEM L. EE R R E R E
BOEE G, T A SR TR R T E.
BRAERMEMRERXA T EAXE B,
EAus kAR TFE T —RABRITAE" .

HAEREMBRALCENEMNHXEZREEE
HEAYHBY AT ARKEABAN,
HXESYAR BB E MR R
MARATR ZRCHAUTKRERAREGS
HENEEREY, ASBLRMEXSERES
W 5 AVIET B M B, R %R ] % BRI
Mt EB R RERERE AR HEGBRT
—FFRMN MRk SRR 3 MECHR
(2-2 &) 2 B [ Di ( 2-hydroxyethyl ) 5-hydroxyl
isophthalate, DHHI] , i it DHHI 5 MDI R R &,

BIN-—FHMESHEEENEERESY PU-OH, A
Jo PR R i e IR 3R S B E AT D RB AL R,
HETRAAREREMENFHBLREAR(PU-
CD.7TEMERM E, RAKMEMELESHEALPP)
HEHH SRS E W2, B RS RA, FHAT
Wt B MBS, AT PU-Cl MR E
BES.

1 M

1.1 FEEEBLRE

PIEER, LA A A, ¥ ST
B(socL), b FE#RFAKERER LA, ot
- MM, b EARE LT aa; ZRER
4,4 - " REMAE(MDD) , HEAREL
A N, N-ZH R Z B (DMAC) b4 ),
S¢ 87 4 5-F E-1, 3-8 & Z B B (5-Hydroxyl
isophthalic acid, HIA), ® R B2 &l ¥ 1T, 4 H7 44
MERE , P R B 24 B AL R WAL R, A BT A, i
AGFF B K ; — B R (DMSO) , 3b ¢ 5 R 4
¥ BAEBAT, S8, IR ERRK .
1.2 BT &ENE A E

MRS RIS EB R MR TP ORRR
AR KW-A4A RGO E . EMTRRATI# R
1000 W B ERIT W EMNAR . REAMBRS
¥ (DSC) Al TA Thermal Solutions MDSC 2910 7R
EHBERLN, £,10 K/min FHESHITHE.
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{8 37 i 41 5 363 (FTIR) K A Nicolet 560-1R {837 -
AP 4T Hh O P . ¥ R S R PR MR TR AL
(KBr)ib i £ TR B S BE BRIt iR S
#%('H-NMR) £ DU A — B K W (DMSO) A 7
7,3 T™S PR, B T 4E Varin 22 7] Unity-200 #
P b A b AT
1.3 ZM¥{ DHHI &R

# 6.0 g(0.033 mol ) HIA % F 15 mL DMSO, il
A—PREVEBEH ARBTNERSEERN
100mL =0, FERHBHETHHMA 6.6 ¢
{0.066 mol) M EF M 8 mL(0.132 mol)2-RL
B ARFERHEREER WCHRAFATRM
10h, 7ESOCH KRG FRE 24 h. RME KNG, ¥
EEMEZRE DMSO, BRIV HAKERBAEY
A, i, R AREREA, BRI ERE
2.5g, W % 28%. mp: 145C; EA: Found
(Calenlated), C 52.97% (53.34%), H 5.23%
(5.22%), O 41.80% (41.44% ); IR (KBr disks):
3400 ~ 3250 (OH, str.), 3000 - 2800 ( C—H,
stir.), 1720 ( C—0, str.), 1600, 1580, 1500
(Benz. ring) ; "H-NMR ( d,-DMSO): § 10.33 (s,
1H), 8.00 (s, 1H), 7.63 {s, 2H) 4.98 (s, 2H},
4.30 (t, 4H), 3.72 (t, 4H).
1.4 ABEREA&WPU-OHMER

# 0.8158 ¢(3.021 mmol ) DHHI KT 4 mL
XK N, N-_HEZ BB (DMAC) , A — 1 3H
PLBEE N, BFTHRES N, HARBEIFRS
BEMI100mL SO HERABE T, 53
WHA 0.7629 g (3.050 mmol ) ) MDI, {£$% st 6 ¥
KA 2h, BFRE 80CK A 5h, 18 Pl A %N
BB IE . R RS, P B A 100 mL R B

HOOC COOH

NaHCO

+ 2CICH, CH, OH

ol
( DHHB) + OCN@%HI—@NCO —

Pk, e, U R XK PEME, BIESY
0.9 g, "& 57%. T, = 129C, R RBEH
250°C . FTIR ( Polymer film )/em™': 3300 ( OH,
str.), 3000 ~ 2800 ( C—H, str.), 1720( C—0,
1650 ( C—0, sar.), 1600, 1580, 1500
(Benz.ring} .
1.5 BXEAH PU-CIHAR
AEAERASEETN = ORE PMAKEE
B4 % PU-OH 0.6913 g (E BEH—OH X 1.27
mmol) , BAIA 2 mL JE7K DMAc Fii 5 mL FE 7K Blt B
MR SEE, RIEMA1.0g(6 mmol) HERS, 7
BESSCTRE 17h, GiFEAKNBEER. RA%E,
BEBRBEAKEFESIRE, 208 k. TH,
BREAKEARRE K 0.85 g, ™ F 98%. FTIR
{Polymer film)/cm™': 3300 (Unreacted OH, str.),
3100 ~ 3000 (—C—H, str.), 3000 ~ 2800( C—H,
str.), 1720( C=0 , str.), 1650 ( C—0 ,
1635 ( C==C,str.) 1600, 1580, 1500 ( Benz.ring).
UV-Vis (Polymer film): A,., 268 nm.

2 ER5itie

2.1 “HE{ DHHIMER SR

— Rk DHEI 8 BUR T HIA 71 2-/ 2
R EBRAA N EHA, MR REHR
BiRx. BT HAS THEGERENSRE, Mit
HE B TPERS HA PHBEE WK E
WERMIBPEFHIMIREPHNRELZAE
EBRA. . mMA—TREERFEAE A PHREAT
FERMAEHNEENFEN ZERBEERTHR
" AREHERN pHEKERES S5 10 ZH
B}, B2 L % L f A 0 B L B O, R 4K

str.),

str. ),

HOCH, CH, 00C COOCH, CH; OH

(DHHB) (1)

OH

| i
—(OCH,CH,00C_ _ COOCH, CH, OCNH@—C H,@NHC%.— (PU-0m) @

OH

DMF
PU-OH +@-C%CHCOCI _ @CH:CHCOO-PU (3)
Pyridine

Scheme 1 The synthetic route of monomer and polymers
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A pHEEBLYUEARRAAEHMXR &
B -FHH=EH MERRMOEETRE, K
AF B R ) 6 I B, 28 4 B E 4% B2 N I (8], 38 T R
WERE WERANSRKNBESFER BAT
AT A R

T FREfK DHHI B B IE B R 1S A i 1
iR 01033 (N AMBETRTFHEENS,
54.98(c) AR R MWLM B, XU W R EBAL
REHEEEMMREL MUBEEELFE
At aEwm MEFREEMT R 68.00(e)
87.63(d)AHIHRBR A ER LR FH¥ELB, N
B 1 BRAE I RAUERRE B M, EF
FHRFEAEARSLENS o H, B ENZH
MEREASE 1 2H0XR XRAWEA T ™Y
DHHI 825 # PR .
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Fig.1 The 'H-NMR spectrum of dicl monomer DHHI

2.2 REAWMMNERSRIE

EWESGYPU-OH WA RRAMERRE
& HF - MAKDHHI HA=FEE . BEES
MEERAASRARERMOEE. HEBH
Wit S EMEENEEESY PU-OH, 44
EANBREARMENSBEPRAREEESS W
MEERFEE. B A MR R N EE— B
REBEATHRSE", B, of LB &R
EHEAARNEANELSEREGEERANEER
£ Y5 [ W . A PU-OH 9 FTIR, DSC 1 TGA &R,
RARMNBB TAAERS TENSEHREENT
Y PU-OH, H B S Y EHRIFH R AHRE.

53 Fi B PU-OH 5 P9 B2 B E A Th BB 4L I
NLOCEABRRSYTIAREREED . FBREY
PU-OH i FTIR M, BXE &Y PU-CI & 1670
em™ AR 1635 em ™ Ab H BT B TR A kR, 3 B A A
H MBS B C—0 M C—C 45 1E 3 3 R o . i

7E 3300 em ™" AL EEHE B B 3H IR O K L X IR
HEZBATSARAERENENESY PU-
Cl. A 4% PU-CI By DSC i B 43 17, v] LA 18 3 B
BALFEARE(T,) R 101C, L HR$ PU-OH ¥
T,(120C) A B 1K X 2 FMER S AFRE
YR EREEm, AT e B EEEN, R
Y98 BLiE s A B S 5R . R BT, MR Tk R R A 45 R
kR PHRERE AR D, #5FRNE
REHES EAWMNEAES S G RAEMREN
EMEEY PU-CIH T, .
2.3 PU-CI A9 & 1EBE M
2.3.1 5T HRBRAEESY PU-AI
ASURR A A ERN N EEG EBEN
XEARBE -—EHONE FENERE . £%54%
EEARTE, RHESYAE 250 ~ 300 nm P KM
EANREREMEELCBOETTERHEEL 90
HEHEEHNTHE,400s 5RIEBEERAEFT
ik..

mMFPUCIE UVREBBTRETAZER
R EBMERA FMRBREFQ+2) ML I
HE8 rXBEENBERBE TRk B EN
DMF.DMAC. &5 .DMSO &, L XA R4 T B E
A 63T BE R . o BE G AR o i e A -] OGS B
A 2 B .

Irradiation time
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400 s

Absorbance
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Fig. 2 UV.-Vis spectra of PU-CI belore and after UV
irradiation

B 2 o i T LA B O IR 2 B A PYEERR TR
WG Wy e K B R AF 268 nm b, FF AT IR R E K
b B % A1 TR KSR B R O B R i 2k (B
IFR) ERNMABHERH B, RWAEKENT
R RAE HTREEAHES, Bl 400 s TR
BT — 1B ERE.
2.3.2 @4 sh b (FTIR) ¥ PU-CI A
SRR AEKBr#RAIRE-EHONE &%
SPAER 20 min. KA B AEWEF A 1635 em ™',
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Fig.3 Change of the maxinm absorption with the iradiation
time

980 em WM B EBRBMEEBEN TR, #
—~SEARSYRERE TR, EBOEEAT
FafiEEmRBR AT RBEREHZA, W
B4fm AR, EEITELMEEFH C—CR
W A R D, BRI B R A T LA .

[\ U

1635 cm™!

980 cm-!

Fig.4 FTIR spectra of PU-CI before (a) and after (b)
UV irradiation

i PR MK SRRATERNRS
Y PU-CILEA REF M ESHCEA A, T BBtk
BB HBRXAERASYPUIAEZERTRAELHGT
BEBA A WEN 82, 8 45 T K
SRR WA B B B 4, SO B BT A R R R
AREHPU-C RARFNBEER, B8 EK
W

3 PU-CIHBANERERERI

BABRMEEESY PUCIL A REE N
0.3g/SmL FEGBE, S BH KRS 5 KM
MBEZE BURR RSN, R AR 1000
r/min 15 s + 2000 r/min 30 s, 7 SOCH B 24 h #t T
ERL.XHEVMUEMOBEHEEFRAMER —EY
S EHEBR AHZAEREEAESDEAR
(LPP) ¥ L RFEN RSB EERY BN
H,#MERBRtEME. . ELRHERET.H
My FEXAEZERENRET USSR EE,
mES R EREBHET BARBREH I
e H A 4L, v DL 3 40 0 4G o aE 4.
UBRALSHECHER 45°68  BREHTEK
M5 & R BE

Fig.5 Bright and Dark polarized microscopy of liquid crystal cell
a) Dark; b) Bright

ERAEHBRT . AEBOHYNBRAEN
ZHEUTAX,

é = sinz(Zx)sinz(i;)

Ay HRRESHBEMZEMAR, 6 AR

BB, I R EMNEMER, I, A

WXE. T & M1, EELREATRIEEE,
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W 1 RERN BT y B9 4L, B8 B K ih 2 N

E3Z 2k sin” (26) RBITE R .
31t
Q 1-
2251
o
g L
2 19r
3L
-
13f
1 L 1 1 1 ¥l 1
0 60 120 180 240 300 360 420

Rotating angle (7)

Fig.6 Plot of the normalized intensity as a function of angle of
rotation of the LC cell { y} kept between crossed polarizers

MERREEDIHBEYE EHNER . BER
HEXEMELDE 6 fix, B &%E SRR 90°,
AFEEEBR L REIEE SR EEL,
BEERIA i’ Q) NBHRIER, AT FHRY
T PU-CI #8 E92E W 3% %6 S 0 F Wl LA & 7 F
SH S AHER, R B0 08 U P RE

5 HIE 6 M REM, B TEL PU-C
HEMBEHEMBRSENERTHIMARE T
HiP IEBAH A BRI LR A Y PU-CL M Bl &
MBS ERBEYEATTFERIFOEER ML,
HERm s,

SGERR, ARG R T - Rk
DHHI, 3 | A 8 (& 5 MDI R L3 B —Fp 0 sE &
EMERENAERESY PU-OH L PU-OH 5 W
ERERIEARLN, W THECEEREAR
(PU-CI) . R A T & F J7 #£ I DSC.FT-IR,UV-Vis
EERMAFANBREYHT TR . TIRERH,
B & BB Lt B 2N PU-CLTE S0 RS F T
EAEFQ+2)MB R, 2R ERRAERSEAR
(LPPYALFEfG , AT LA B S OG0 2, I 5E 19 2
AABEFNBERTEESN. LRRRES R EHAR
SR PUCIE—REFEENANMENHYEK
mERZEHE .
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SYNTHESIS AND CHARACTERIZATION OF A NOVEL POLYURETHANE-BASED
PHOTO-ALIGNMENT LAYER POLYMER FOR LIQUID CRYSTAL DISPLAYS

YU Haifeng, JIANG Hongzhou, LIAN Yanqing, WANG Xiaogong, LIU Deshan
( Department of Chemical Engineering , School of Maserials Science ard Engineering , Tsinghua University, Beijing  100084)

Abstract A diol 1,3-di(2-hydroxyethyl) 5-hydroxyl isophthalate (DHHI) was synthesized through the nucleus
substitution reaction of 5-hydroxyl isophthalic acid (HIA) . The monomer was characterized by 'H-NMR, FTIR,
elemental analysis and differential scanning calorimetry (DSC). Then a precursor polymer (PU-OH) coentaining
hydroxyl groups was prepared by step polymerization of DHHI and 4, 4’-diphenylmethane-di-isocyanate {MDI} . By
PU-OH'’s functionalization with cinnamoyl chloride, a polyurethane (PU) with cinnamate side-groups {PU-CI) was
obtained. The polymers synthesized were characterized with 'H-NMR, DSC, IR spectroscopy and elemental
analysis. The photosensitive polymer PU-CI was found to be cross-linked under the irradiation of UV light through a
cycle [2 + 2] reaction. After processed by Linear Polarized Polymerization {LPP), the spin-coating films of PU-CI
were changed into photo alignment layers. Then sandwich-type liquid crystal cells (1L.C cells) of a 50-pm-thick were
assembled via a capillary action using nematic liquid crystal SCB. The microscopic photographs were obtained which
showed the LC-aligning ability of PU-CI photo alignment layers. Therefore, the photosensitive polymer PU-CI
synthesized has potential application as photo alignment layer in liquid crystal cells.

Key words  Photo-alignment layer, Polyurethane-based polymer, Liquid crystal displays (1CDs ), Linearly
polarized polymerization ( LPP)



