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SR AL 4R 3% ("H-NMR) f Jff JEOL JNM-
ECA600 7 % i 45 4% 1% A 3F 17 I3, 43 2%l 600
MHz. JU3€ B f PO R 3 Ak doe ( TMS) A R N e,
FHATAR = 3857 AR Sk 35 591

21505615 (IR ) ff ] Nicolet 560-IR {df 57 i A%
e 21 SIS AT . K R 5 TR B R R TR
G MBS R R A

22 H8 3% (UV-Vis ) ffi F Perkin Elmer Lambda
Bio-40 158 Sh ] WL 5 i A 47 0 4k

3% (MS) ffi Fi§ Agilent 6300 B35 JJF Wi A €2 3%
J i I AN A7 I

BEIE 5 3% 3% (GPC) Tl i & 48 i 15 LC-
20AD B S50 AH 635 72, Plgel 5 pm mixed-D %I
5 FE , Wyatt Optilab rEX 7R 22 756 321 & 1 B2
B2 AR 35°C T, A0 33 4l DU 400k 1R Sy 37 3
AL LB AR 1 mL/min, R H 2B R K M bn B
Xt o AL DR AT b, P I R 22460 BT AR
N e+ 005 =1 0 T

/N ZEF A G (DSC) 43 BT 2k H TA DSC
2920 7R 22 40 SO IR AT I BB AL AR IR
IR 251y AR AR B R B ek R TR &
RS AL AR R E DL AR 1 min, DI BRI
SRIG VRV FRIR LA 10 K/min (4 38 2 FF i ) 4

I H (TGA) 43 H1 2k H TGA Q5000 #4 & 43
BEASCHEA Tt Wt 4% 1, 78 a5 SR B, B 10
K/ min {4 -k 2 B2 R A 5 il 2 600°C Jf i s
Ipigrtay o

JEF 11 B 5% ( AFM) {fi | Nanoscope Ila 7l
FARE B ET WA AE tapping BN A
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FE T IR R SR A A R
HU A RS E 1 TR A A A R
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Ferk BB TR R &Y, Rl s &/ ME
A A A B A W) PEP-AZ-CF3 il PEP-35AZ-
CF3.
L.3.1 /N F iR A

2 s A TR SR P B S e /N 43 F SR Pl 2
5 3,5- ORI S 3-50-1, 2- 30 S TN ot S5 g ]
. NON-Z(2,3-FA 5 N 3L ) R e (2a) (194 R n
T 4% 9.31 g(0. 1 mol) &A1 27. 76 g(0.3 mol)
3-G-1,2- TR NS IR G, A D = R RAE S A Ak

HI T 40°C R RPN 4 h. HUE AR R T A
DU SR IR, 08 BEZE WA A Ak P DOUE L
U8 LA B R 1 A F R R e A T U AR
Wi, [ o g2 g A 18 g AL R, T &
P RO 3 h. SN A5 S g i EZE R
77 i FHRE AT €3 4 B 4 40, DL TR & TR RN A T
BE(V,:V, =1:10) IR A B FIERB AL >89 T
50C T FL.25 T4 24 h 15 23R B 0% W AA , 7= 2
54% .MS: m/z [M] " 204.97; Caled. 205.11. 'H-
NMR ( DMSO-d,,8): 2.57 (m,2H),2.73 (m,
2H),3.11 (m,2H),3.38 (m,2H),3.66 (m,
2H),6.65 (m,1H),6.83 (m,2H),7.17 (m,
2H).3,5-Z W BN, N-Z (2, 3-FR 460 19 3 ) R i
(2b) B S N,N-Z (2, 3-FR AN 38 ) 2RI &
AL, B 3,5- ORI 5 3--1, 2- R N
TR 4, 7R 47% . MS: m/z [ M7 233.04;
Caled. 233. 14. '"H-NMR (DMSO-d,,8): 2.19 (s,
6H),2.56 (m,2H),2.72 (m,2H),3.09 (m,
2H),3.39 (m,2H),3.61 (m,2H),6.30 (s,
1H),6.45 (s,2H).
1.3.2 HiAREGWE K

A & ¥ PEP-AN (& B Je ok 4.1 ¢(20
mmol ) N, N-—(2 ,3-FRE N ) FKBEFI 1. 86 ¢(20
mmol) AR5 5] AR R SRY T T 110°C i
10 he. 74 LA DY S0k e 355 1 , LA & Bt/ ik (V)
V, =1:3)PliE , 5k LR WA A3 2 M E Y & T
60°C B2 HEA b T4 48 h, 45 3 €8 0 IR [ 44
W, PR % 31%. GPC; M, = 5000, MWD =
1.56. "H-NMR ( DMSO-d,,8): 3.25 (1H),3.40
(1H),3.45 (1H),3.60 (1H),4.03 (1H),5.28
(1H),6.49 (1H),6.60 (2H),6.99 (2H). [k
KRG PEP35-AN (& 5 PEP-AN 1y & p 2%
W, 3,5-Z I JE-N, N-Z (2, 3- 3R SN BE ) R i
H53,5-TH AR RN 3 h il &, "% 27%.
GPC: M, =2400, MWD =1.48. '"H-NMR ( DMSO-
d,,8):1.96 (6H),3.18 (1H),3.37 (1H),3.39
(1H),3.60 (1H),4.03 (1H),5.30 (1H),6.12
(2H),6.17 (1H).
1.3.3 AREGYWHA K

A B A Y PEP-AZ-CF3 (4 2% 0. 81 ¢
(5 mmol) 4-( = P &) Kk T 6 mL £ 2.3
mL N2 0. 8 mL W B R AITR & 1K R, & T VoK
.44 0.41 g(6 mmol) W fiFf B2 £l LA /b i 25 85 1 K
VS ARSI FE S T AR A R R I I
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|>/\ /\<J )
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2 a:R=H,b: R=CHj

1) CHy;COOH 0°C
2) H,S0, ,NaNO, 0°C
3) DMF 0°C

CF,

3 PEP-AN: R=H
PEP-35AN: R = CHjy

R
PEP-AZ-CF; H
PEP-35AZ-CF, CH,

Fig. 1 Synthetic route of the azo polymers

5 min, S8 HEAILER. B LR ER B REE
WA 0.6 g(4 mmol) PEP-AN f#j 100 mL DMF %
W, PRAFUKIK T B A0 P 25 A SO 12 . 4 S
U I A KK T UCTE , Sl KGR 2=
TR A5 M A R R LI SR e A Gk
UE DR A AT R UTTE B uEIT TR 1R B R
L8 [ 4K 72 W, 7 % 84% . 'H-NMR ( DMSO-d, ,
8): 3.60 (2H),3.81 (2H),4.23 (1H),5.50
(1H),6.94 (2H),7.72 ~7.76 (6H).IR (KBr,
em™): 3385,2912,1601,1512, 1446 ,1396, 1323,
1163,1142,1065,849,822,598. {4 & 4 PEP-
35AZ-CF3 & i 5 PEP-AZ-CF3 & 25,
4-( =M E) KR EH A SR S PEP-35AN Sz i il
#%, 77 % 84% . 'H-NMR ( DMSO-d,, 6): 2.37
(6H),3.57 (2H),3.81 (2H),4.22 (1H),5.51
(1H),6.55 (2H),7.72 (4H).IR (KBr,em™):
3388, 2960, 2920, 1601, 1493, 1443 | 1358, 1323,
1273,1169,1120,1099 ,1065 ,847.
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55— 25 TF IR o5 A UK R L B T A 0 8 1 R
5B 5 P8 S0k P 1 B AR 5 R e B 3, 5- 0
KIEHAT B REGRE 2 Al REY. BRER
N il AE 110°C R #EAT, LAk G0 JF 36 77 A= 1 8 L
5 R I 0 0 I A & A IR

P2 SR i 2R A W 0 SR G L AR 5 R 2
(a) MHTAR R AW PEP-AN By S LR 1E K. 6
=6.49,6.60 F1 6.99 &b 43 il > 7R i 5k 5k v 41 gk
XAV I8 A7 R[] 47 S A% o M R g 0, HC A B R
MALZ R 1:2:2.6 =5. 28 4b Sy & IF 36 77 AR 1
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Fig. 2 "H-NMR spectra of two precursor polymers: (A) PEP-
AN and (B) PEP-35AN
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Fig. 3 "H-NMR spectra of two azo polymers; (A) PEP-AZ-
CF3 and (B) PEP-35AZ-CF3

3 Ry 2 ey = 0 3w A e 1A 2 AR
S ARG, K3 (a) MBAREY
PEP-AZ-CF3 (W& HE LRI . ST AR &Y
PEP-AN [y 0% 6 JL 4% 1% & L ¢, PEP-AN 1 § =
6. 49 b A% R IR WY i 7E PEP-AZ-CF3 113 [&]
SEASTH IS, Uk B AR 3 G 0 2K i 3% 35 b 11 4 3 0o
058 A AR . R e 3% i e B B 408 A7 A [ 7 &
8 A G 3k R W W e 3 N T AR S T m B B & S =
6.94 F17.74 kb, 8] {3 & 5 W L 7 B 3 i 78 R
P 1 = G P R B v B ] v W i e X e A T
DA b 28 W e R T AR Z L 123 & 3 (b)) oy
B % 4 Y PEP-35AZ-CF3 [ & 1% 1 3L 7 3 .
ik B4 ¥ PEP-35AN 1 S &% B L 9% % 18 1
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2 5=6.50 gb. W HyL 5 OB BT FE R 3R | =
LB AR, A% W IR W W i T 6 = 7. 72
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H Wl g AR A T AR AT LU R S Y E Re AL
H3E 100% .
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e RS AR A7 T 7] WO X, 28 B0 W 8 1 i
BE AR AR A 8 A M B, L e R R S B K ke

{88 A o ) - B, TR . PEP-AZ-CF3 il PEP-

35AZ-CF3 1y d5c KW e 3 K 43 0l oy 436 F 423
nm. PEP-35AZ-CF3 [ & KW W% 1 8/, 24 8 A
REWNA B h R R gL 3.5 (& A H
W, B AW R K kA R R A6
P 5] A JE R — O T H T A R0 BH 23 B AR AR
o A S R B A AT A R R A I K R A
B 5 o — 1 P A B B s S VR T L Bl A
PH 22 [ 1 SR 4 0 />, fiff A 8 1T o R I WA U8 K & A
LLA%. B W1 5 LA 0 2R AR 0 AT e R W AT U8
KR AR IE L 2 Ry 3L F M g 1. -
TR 2 SR B, 7RV Wb B R o A e A e B A
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PEP-35AZ-CF3 [ Jié v B fie < W WiC % < 43 00 ok
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Fig. 4 The UV-Vis spectra of the azo polymers in
DMF solution

9 85 W 3 K T DM 37 306 9 5% 10 i
5 W R 5 S TR VA R R €
A e DA I3 20 7

1 DSC 40 M7 15 50 5 45 0 3 B AL 6 25 LB .
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He e P i 5 A 1Y 3.5 A5 TR IRAG, ph
BOAR B A0 5 AW/ T A 6 A 2 i 0 - A
AR, M AR AN T, (R FMARAY
PEP-AZ-CF3 [y T,. t TGA 43 H7 15 B 3 4 M) #44>
IR . T8 2R 5 T A AL AR 1 R
AW T, BT AW T, 45 BT KA. 24 18
LA I 0 T TR R BRI S 35 i o
L), B4 W) PEP-35AZ-CF3 [ T, [+ PEP-AZ-CF3
A1 T REAER . 45 58 2 ) #4079 2 AF B8 910 T 3 1
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Table 1 T,s and Ts of the prepared polymers

Polymers Tg( C) T,(C)
PEP-AN 87 288
PEP-35AN 80 287
PEP-AZ-CF3 158 245
PEP-35AZ-CF3 151 236

2.3 REYXBREBEHHRR

2 B AR G Wi T O Sk g G ) R v
2920 10 wt% (W, B ] 0. 45 pum 11 38 5 aot
UE TR R IR U, T 70°C B2 T4 24 h,
A5 300 JEL B 24150 ) B 4 BE. LA 3 R K IO
SEUE LA ik K 488 nm B R T IOG, K
532 nm 1 589 nm [E{RBOE. L& e g
W R I S A B B — 0 e R A (2 D iR
Stk R R AR G ) 58 o 200 mW/em® 34 4) )6
IR B A7 o e 1 R B RS W R I, S
HOGHEER M A 45 4.

&5 g H AFM W52 E (1 2R 5 ) PEP-AZ-CF3
TEP A 488 nm (194 i o6 S Bl 56 F #5530 min
JE B B T B A5 A A s A = 4
LI LA Je 2D il B v 2 46 1] 7 2k A i 30O IS
T, RAE YR TIE R B 7S 0 4549, JF 7 5
AR R J7 18 i + 60° B9 PN T 1] b A B A K AH B
B, R0 5EEF ¥R R &R 59 nm; 7R
(5] i $ ' BESR, 3R 18 45 4 A SR A IO T8 R
He By e 3 AR HES TC — 2 /Y O, 3R 5 R
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Fig. 5 AFM images of the photoinduced self-structured surface patterns formed on PEP-AZ-CF3 . (a) linearly polarized ,2D-view, (b)

linearly polarized ,3D-view, (c) linearly polarized ,2D-FT image, (d) circularly polarized,2D-view, (e) circularly polarized,3D-view

and (f) circularly polarized ,2D-FT image

AR By 108 nm , T [RAE A6 18 T 2k i Ot [
IR B 2 T 2R AR AR R . TRT 6 O T AFML LK
FH R AW PEP-35AZ-CF3 78 )% K 488 nm Ay £k
i 6 B 8 i O R BB 5 30 min J5 I R A 2 1E H 45
ISP, A48 e AL P = 4R LI LA K 2D i B
AR 4 K] 1 R oe] LU B R S 9) PEP-35AZ-CF3
WA AT LB B PEP-AZ-CF3 v 28 (L fY) 2 T
HEHIE AL, B B 45 0 3 1 588 1 278 AR v
BN A A AR SO 0B i 41 O BR S R, HS T
FE S KR AR = B 2 50 O 52 nm Al 78 nm. 5
PEP-AZ-CF3 vy 45 B 250l , PEP-35AZ-CF3 7&
(EBIRE W A AR TR E ALY (2 R VN = N R
i 6 IR SHSTTE RLR A R AR v B T i D't S AT
TR WA S5 B K. 5 PEP-AZ-CF3 A b,
PEP-35AZ-CF3 7E [/ B 2 11 1 O BT H IE Al i
FAM A 4507 2R AR BN FE R G 1) PEP-

35AZ-CF3 ¥l S0 A o AT rp 2R e 3% 38 3.5 oA
FEHAR, BRI A 51 A BELAT T 18 A 6 AT B I
SEAL A BEA P NP T B, AT (5 e T 45
P AR e B R AR

KUK 532 nm B8 BE 200 mW/em® 1 26 1
PE%, X {H A B 4 4 PEP-AZ-CF3 il PEP-35AZ-
CF3 ) 3 5 1R 55 30 min J7 , AFM M2 5 /% 3 JIK 26
1 ST LA K I €8, JF To I B B A 250 %
S B TR [FRE S5 R B 589 nm UG BRI T, 2
ol 3 260 2R 5 W v 3 T[] R 00 %€ 31 ) 45 4 T
B UL 2SRRI A SO R AR AR E Y
AL IE B AEE I B, i RE WM
ST DLW T (B 4) AT LA 3,2 M AR &
¥J PEP-AZ-CF3 % PEP-35AZ-CF3 7F 488 nm 4b E.
A BRI, T AE 532 nm 2 589 nm 4b,2 Fh IR A
W B W SRR RS . AR A R AR A
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Fig. 6 AFM images of the photoinduced self-structured surface patterns formed on PEP-35AZ-CF3; (a) linearly polarized ,2D-view,

(b) linearly polarized,3D-view, (c¢) linearly polarized ,2D-FT image, (d) circularly polarized,2D-view, (e) circularly polarized,

3D-view, (f) circularly polarized ,2D-FT image

3 #ig

MM ERM SR INES T 2 MEmEa
P % 2 = 9 TP il 2R B T R SR SR IR R R 2 )
PEP-AZ-CF3 # PEP-35AZ-CF3. X} 2 M A R &
YrAe 3 MR B SO T BOETE & R W A 4P
I BEFE R B, X 2 A SO 5 W AR Bk 488
nm {9 2 5) i R FOE BUHT BEIE R T A 254, 7R

PR 532 J 589 nm i Ik #0'E MU T H L5 A 3]
R A SHIE B, A HOLR B KX B AR &Y
il A 45 H TR AT A8 B 2 R . 5 2 A AR Ot
VB A 1Y 2 TS5 44 AR L ARG 4R OG5 S 7 AR
{1 2 ThT 45 AR AR v BE R, (EON By KR Il Ay
Pl JA W vb Az (0 DAL f S0 6 4T 407 Y PR R AR
FEXF AT A5 R A48 i 2 BE A A
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PHOTOINDUCED SELF-STRUCTURED SURFACE PATTERNS ON FILMS OF
EPOXY-BASED POLYMERS CONTAINING TRIFLUOROMETHYL-
SUBSTITUTED AZO CHROMOPHORES

WANG Xiaolin, WANG Xiaogong

( Polymer Research Institute, Department of Chemical Engineering, Laboratory of Advanced Materials, Tsinghua University , Beijing 100084 )

Abstract Two epoxy-based azo polymers ( PEP-AZ-CF3 and PEP-35AZ-CF3) containing trifluoromethyl-
substituted azo chromophores with high density were synthesized by using post-polymerization azo-coupling
reactions between two epoxy-based precursor polymers ( PEP-AN and PEP-35AN) and diazonium salt of 4-
(trifluoromethyl) aniline. The structures and properties of these two azo polymers were characterized by using
'"H-NMR,FTIR,UV-Vis and thermal analyses. The self-structured surface pattern formation of these two azo
polymers was studied by irradiating the polymer films with laser light at three different wavelengths (488,532,
and 589 nm) under a normal incident condition. The incident laser light was linearly or circularly polarized.
The intensity of the incident laser light was 200 mW/cm’ and the irradiation time was 30 min. The results
indicate that the photoinduced self-structured surface patterns could be formed on films of both azo polymers
only when the azo polymer films were irradiated with the laser light at 488 nm. The photoinduced self-
structured surface pattern formation showed close correlation with the wavelength of incident laser light.
Compared with the linearly polarized laser light, the circularly polarized laser light could induce the patterns
with higher saturated amplitudes. The methyl substituents in anilino moieties of the azo groups in 3,5 positions
showed steric hindrance to the self-structured surface pattern formation.

Keywords High chromophore density, Epoxy-based, Azo polymer, Photoinduced self-structured surface
patterns, Trifluoromethyl-substituted



