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ROl SRS EA-TRAAE ASFTACEINTSEFRSEAYNSHMERERT T RIE.
7E 488 nm BOIRTR A" BOEMEHT . REYHMEPHNERFRECART REXLBRE REEFEFH % 0.12
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1.2 BEREMNASHA

1.2.1 N-ZE-N-QEZEXENHER N-
CE-N-BZE-FHS =R E8(POCL) K&
LW E A W& 102 ~ 104°C/399 Pa FUIE & . 7
MAEXEBEMWIK. IR(KBr),v (em '): 2970
{C—H), 1600, 1500 ( Benz. ring), 720 (C—Cl);
'"HNMR (CDCL, ), 8: 1.16(t, 3H,—C H,), 3.40
(m, 2H, —C H,CH,), 3.60(s, 4H,—NC H,C H,
CD, 6.68(m, 3H, Ar-H, ortho and para 1o N),
7.22(t, 2H, Ar-H, meso to N).

1.2.2 3,5-[2-(N-ZRERE) ZERIEXENE
(BABAYWI AR, N-ZR-N-(2-HZE)XKM3,
5- AR MR A R BRI B AE OB
A_fAHRnm am8BiE. =Y hEaBEik.
IR(KBr), v (em™'): 3400 (O—H), 1600, 1500
{Benz. ring); ‘H-NMR(CDCL ), &: 1.16(t, 6H,
—CH;), 3.42(m, 4H, —C H,CH,), 3.70(t, 4H,
—OCH,C H, N—), 4.00 (1, 4H, —OC H, C H,-
N—), 4.58(s,2H, HO—C H,—), 6.34(s,1H, Ar-
H, para to —CH,0H), 6.48(s, 2H, Ar-H, ortho to
—CH,0H), 6.68{(m, 6H, Ar-H, ortho and para to
NY, 7.22(t, 4H, Ar-H, meso to N).

1.2.3 @ icRRaPER(3,5-Z[2-(N-L
RENRM) ZCER | XFEASRE - AHER]
(PBA-AC)HI & HE BABA 5B W HE R A& 4Bk
R H S ERENAHAMMLL T TEY
FESHIR (G E A XA REREBREAN
A R S8, B BMMERE R 1.3 A ™
WEpH=3~4 HKPIRE JEEZTERET
#JE Al CH,CL, 47 W-FE 3B, 2E B R i B 4
MTETOC T EZE T4 24 h. IR(KBr),v(em ')
1700 ~ 1750 ( board, C=0), 1600, 1500
(Benz.ring); 'H-NMR (DMSO-dg ), 8: 1.04, 1.20
~2.40, 3.62, 4.0, 4.90, 6.30, 6.47, 6.70,
7.14; T,=1127C.

1.24 EEEHEBERE3,S-Z[2-(N-ZH4-
(A-BEFEBIERR)ZEL)AFERRK
Rols-4t - TIM R 1(PBACT-AC) &AL #5 0.202 ¢
(& 0.481 mmol # 3 ) PBA-AC i T 25 mL
DMF, B F 0CiK/K & H .48 0.06 g, 0.866 mmol )
NaNO, 7§ F 0.18 mL /K, B H F 0~ 5C . [Fl#T ¥
0.0989 g,0.722 mmol X HEFXF B MM E T

NaOH 7K % ¥ ( NaOH 0.029 g, K 1.08 mL) 1, ¥%
W mET Rk o 28 mL. A AR PR
fR iR STRBT U S, ) 3P ¥R 69 NaNo, # #,
BEFOC,HTERMARMN,  BIHMFRAOHE
HEBRH FHEAERERMATEREREASN
PBA-AC 1) DMF % # P, R 45 o C FBig #, K/
10 h, B 2IBE 20 675 W 15 1 75 WA A 500 mL /K
S BIRE LB ILIE . L8R, BEF A T L ) 10 mL THF
VAR ,200 mL f7 TR (60 ~ 90°C) TLIE, 1L 0E, BB
70CH %= T4 24 h 1§ 7 & . 'H-NMR (DMSO-4d, ),
&: 1.05, 1.20 ~ 2.40, 4.10, 4.90, 6.30 ~ 6.47,
6.80, 7.78,8.08; T, =1597C.

1.2.5 BEERMER(3,5-Z(2-(N-L %4
(4-BEEERAFKE)ZERIXHEAR
BifS-3E- P ER | (PBANT-AC) SR SR EH#
435 PBACT-AC {0l . il & 45 R /9 X 6 2
R B9 B B i 5 PBA-AC {84 %118 . H-NMR(DMSO-
dg),8: 1.08, 1.20 ~ 2.40, 4.10, 4.90, 6.30 ~
6.47, 6.80, 7.78,8.24; T, =139C

1.3 HEE&MAEMNT

BESYWO.1g BT | mL DMF P, H B W
FO.2uemTuEddak SR HEKN.RE
FAAFERE, EEMEE TR B ERBERER
B LR AL ES 70 C T8 h, BRI REE
HHRSYHEE(BEES 1 m) . BER A RER
BER S DMF 758051 % 5 B 5 R0 R i IR (AR
£ 100 am) A F LB ST 5T .

AT SCEOR 7] ) Y IR F 2% I U5 1Y) 488 nm Ar”
e, 2 (R BT 633 nm Y He-Ne BOL G B
AHSEMERIEECR IR R FELR
SIS, P S -] B R R S R R i ok
S i A

HME SN AFE SRR IS] AR T
o1 R R M H S A TR 488 nm Ar® BOOE.H
B p WMIRBOL AR REIEE T &8, 8L
BER B 150 mW/em , AR SEERELN
S 6 % 21.5°.F 633 nm 1 He-Ne 3% 55 B 85 10
MR — SR AT R

2 HR5WR
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FHE@EMARBENTERNER DR K



6 % ERS B RS AIAEI0F -8 LN Fib s U NER U E R 771

R E] =y RS W L0508 38 . H-NMR 3¢ 5h-
AREAEEH TR EFRITTRIE RETE
R

EABBEIANS RN TENLNTES R
XERL14 ) RNBBAERRA AR EEN

CH;CHNCH,CH;OH CHyCHNCH;CH, Cl
POCH

THF

HO

DCHon

CH,CH;

()CHZCHZN@

FEA4TFR . ER -AFHENRFAERIAPRE T
SHBEMEREN,EBEARRPRE . NE T
BAYHBHIREE S, AR K 1.3. K
SO HTEERMN . ATGAR, BREBRELR
BABA RNiRt B A EESAE.

HO
HOCH.
DMSO, K,C0;. KI 2 T“Hzcm
OCHZCHZN@

CHaCH;

OCH;CHN

BABA
—fcH,—cHd;
o, ++CH1—(‘7114M—|—CIIQ—CIH%"
H,0
—_—
DMF BN COOH COOCH;

PBA-AC

_———

CHyCH;

|
OCHZCHZN@

CH,CH;

OCH2CH2NON=N@&'
—{-Cllzﬁc‘mﬁ—{-cnz—clu%; '
Y N2 coon COOCH; CHLCH,

< > v

|
0CE!3C[[2NON =N

¥ =NO,
COOH

PBANT-AC
PBACT-AC

Scheme 1 Synthetic route for the branched side-chain azo polyelectrolvies

A RAEBRE T BEEA 2 LR R
MaEREXHERE(DF) EFxHESP . RAT
EOVHETA™Y PBAAACRHERE. RS
PRELTRNOE 0 FBMETRENXFENT

72.06N
DF = 5201 — 416,56~ (1)

Hb ¥V IHETENESEE . A XPE M PBA-
ACHIERBE N 17% .

HRERALBEREP RIEXAEKESY
PBA-AC P EMB RN S RITAGTERLNER
e . Eid PBAAACHHMNWERL A4 FTAMR
AR N 18 B & #2 ¥ . PBA-AC. PBANT-AC 0
PBACT-AC ) & # R 0 4% i P 700 5y & ) 35 A I
B B R Rl AR IR, R e R B A 5 R B
HiERE(BlafF =7 4 EEEB/BER
MEREESG(E 1D b s=7.78 BHL); EH
1(b)KY 6 =8.24 FIE 1{c)6=8.08 &b T H K

MR SRR T RS EHERRESUNE
Hg At iR . PR RS EEO CRE S
PEATERMAERMABOEER 100%. 5 X
AR —RMERESY PBAAC TR ERLES
R BBMHMAEEREGYBEEEAAOANS
EaTLLIN R HREL I EREHN 172 BNE -1
B IHAMTEAECH, BEAGHM
EBAWE W EITHE 4 L 34% . DSC 447
SR A H PBAAC MEBUETERE T, &
12C, 5l ARIfERSERHENBREREEACRE T,
F % PBANT-AC I T, 3 139°C ,PBACT-AC K T,
2} 159°C . i F PBACT-AC FF SR 44 G H MR
REFHBE BT EE AR, HIL PBACT-AC
i T, . PBANT-AC (& .

PBANT-AC il PBACT-AC W EHEHEKW
BEER ENAFARKHNREREAH, £6
Hrmmt A RERAER R FEA . X EWE
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Fig. 1 'H-NMR spectra of PBA-AC (a), PBANT-AC
(b) and PBACT-AC(c) in ds-DMSO

ATEREELEARMERRELE ZER --BE£
&1 oAb, PBACT-AC B8 18 U3 A4 66 B 19 IR AR
EARE REHFFENARLESE W H-BE£E
MNAEEES EMAIBRAEMEEAHENES
ERe B TESYAERBPNEFEEE SRR, 7
EEERERNAHESER AXHRELAS
T LARGE .
2.2 ARFENFHH_—_mE

PBANT-AC 1 PBACT-AC 19 DMF 5 # 0 58 8%
RS R W E i m A 2 BF /5. PBANT-AC &

DMF 7 ¥ 049 B X W I 4K 9 488 nm, 75 B 35
) B K TR I K i 470 nm. PBACT-AC 7 DMF
B PR R RKBW KA 433 om, EHESR P Ay
B AR H A 425 nm. 3R 40 B 4b ¥ 40F 5 i 2
BEFLECHMN ox” B TFRTRNE. HREE
ESVERFHRKENE S ERBRPHFRL
BEBEETHEEE XHUHEEEECHAER
FESEET H-EEM
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Fig. 2
polyelectolytes PBANT-AC (a ) and PBACT-AC (b)),

UV-Vis spectra of the branched side-chain azo

respectively in DMF solution (solid line) and in the spin-coated
film (dotted line)
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Point A and A': writing beam off
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Al s % 4T W€ 5 4T PBANT-AC HI
PBACT-ACHER B fTHMEREZW . BB+ F
Tk (6. (0 90 B B [5) . PBANT-AC Hil PBACT-AC
BB TE 488 nm Ar” R RIRMAKES T ,ABE
A & B BT & A B B AR B, o BT 5
e AR R R WA 3 B B 3 RE AR
EFHEZE A RETHEHAHLR

[T
An = a0 I, (2)

HE R d HEIE(= 100 nm) ;A KK 8RB
K (633 nm); I, ¥ 1 53 5 5 A ST 06 FE 2 K2 AR 25
HLE NBERSYEARS HRERHIER
B, T8 R A AP R SR BN £ P AT LAGE &
R R RO SH N N B AT LLE 2R R
#OLHE 30 s 22 IR -G W IR P e BT 8T
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EETEE BRI BREREF T REWB R
— I EENEE BREEAH—-1THEH BREWH
BEEP R HHETH S MM ER
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HORBUR M S W G AT AR E T BOMR
TWHERES -] WEKE . NERETLE L, &
BEBEPrEL£ 7 —mad, 85 TROERERY
1] £ O v F - A7 O ) B TR AL . X EE A MR S B
MEEXECHEABERERETIOURKRE K
HEEATEmE . BEXERI7TIEXHNEREEF
FEROH 8 77 ik, PBANT-AC B B9 BLIR A5 1 B K 49
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Fig. 4 UV-Vis spectra of 100-nm-thick samples of PBANT-AC(a) and PBACT-AC(b) after irradiation

Curve 1 and 3: perpendicular to the polarization direction of laser beam; Curve 2 and 4: parallel to the polarization direction of laser beam

2.3 kEFFREmERAH

MEEFE AR &S0 R (B )7L
FR . EEKN3 mm EHEHESYHBEEAR
A Wl R A B K R 633 nm IR AU B
WY, HEA—RATHBRE S AH MM LS
—HIAHHCE B NI ARP FHHEREAR
YR REREZ R — RS 3EELR
REKEKEE AFXEEHFES N
150 mW/en’® . ) LA B fE42 13 90 min ISR BESS ,1
HRENBKESATERAN DAROEERT
Mg W6 MR AFM MEFME S B R
mIE A RR M = E s AR MEEERA.
PR S R E AT B T AR AR BT R
L SR #8667 nm. PBACT-AC B 2% Lt
F R % 4 80 nm, PBANT-AC 7 45 nm.
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Fig. 5 Diffraction efficiency of SRG of PBACT-AC and PBANT-AC
films as a function of irradiation time

The thickness of both films is about 1 pm.
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FEHSBEEHEY Do TFRAFSRNSH
MXEEBEY . LR3I HRELEE—ERELH
BTRAEAXWANES N, HRE AR
RHEEENRBECHANTRAL . FM, EREMH
ERSHEN MR FMARAKELE, BRXEEBS
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HEALSSBEMIEZEMNE EEZNNES AR
B 15 PBANT-AC 1 PBACT-AC B9Be 2% B it
FMITHAEREEEREM, XREBRT —H
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WA RSP M T HET RN, EREEL
GHS RN L&A HFHER T, PBACT-AC
B9 R K % E K F PBANT-AC B8, HI 5 77 §f
MR RN TR L RN EE
ERLYBETERABOTRLED TXHM
g2 EEfdaHNENSESYREIER
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Fig. 6 AFM three-dimensional view {a: PBACT-AC, c: PBANT-AC) and surface profile (b: PBACT-AC, d: PBANT-AC) of the grating on the

polymer films
The thickness of both films is about 1 um.

THREZIMSEERASAAEANERRR
PBANT-AC 1 PBACT-AC, R AR TR APYHE
I FIPERE . 76 488 nm MIRIR A BOEREH T,
FRHEADERTHBEAEREGHY T RE R

B, B H 4 A1 0.12 0 0.09. Rl T8 ¥
FRXEEYHBHTRS BB T RN IEZK
R EEERLE.
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PHOTO-INDUCED DICHROISM AND SURFACE RELIEF GRATINGS OF
TWO NOVEL BRANCHED SIDE-CHAIN AZO POLYELECTROLYTES

WANG Haopeng, HE Yaning, WANG Xiaogong
( Department of Chemical Engineering and School of Materials Science and Engineering ,
Tsinghua University, Bejjing [00084)

Abstract Novel polyelectrolytes { PBANT-AC and PBACT-AC} functionalized with branched side-chains containing
electron donor-acceptor type azo chromophores have been synthesized through a post-polymerization azo-coupling
reaction route and characterized by ' H-NMR, FTIR and UV-Vis spectroscopy. The degree of functionalization ( DF}
of PBANT-AC and PBACT-AC were 17% measured by elemental analysis. The degree of polymerization and its
distribution were determined by GPC to be X, = 588 wilth a polydispersion index 1.3. Glass transition temperatures
of PBANT-AC and PBACT-AC were estimated from DSC thermogram to be 139 and 159°C, respectively.
Dichroism was optically induced in the spin-coated films of the two polymers under the imadiation of a polarized Ar’
laser beam at 488 nm. The resulting dichroism was detected from UV-Vis spectra, which exhibited a long-term
stability at room temperature. The orientational order paramelers cbtained were 0.12 and 0.09 for the PBANT-AC
and the PBACT-AC films. Surface relief gratings were optically inseribed upon exposure to an interference pattern of
Ar” laser beams at modest intensities. The surface modulations were about 45 nm and 80 nm for PBANT-AC and
PBACT-AC films estimated from their AFM data.

Key words Azo polyelectrolyte, Branched side-chain, Photo-induced dichroism, Surface relief grating



