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HA B 5L gy B ol b 2 R B (A A 25 B IR 3R
THT AE I B 4 ) & AR AR R A AT
PSR MG BAFAE > T IT ¢ VB RE B L0 S
BEC i FR T 2 26 480 A 26 R A R G
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-5 74 5 79 05 T8 i ( NIPAM)) |, TCI, HI 2/
CobeHE 245 fh, il H 2 T4 24 hy o- WA (-
CD),ffiE Wacker 28 F], & g, K E 45 & 2
W ,90 °C 3% T4k 24 hy B — 5% Ty (AIBN),
R A2z a0 T, o v 2l , OB 45 4, =
25 TR 24 h; St ke dE-S - (a, o' - 1 3o/
SRR AR ) - =B AU IR g ( TTC-AZO) i 52 4%
AR PR kg, O IE Sk LB LA
¥ R oA sl B K 3 o IR KK,
R TR 25 50 5

1.2 2BEXmENE N-FRER KM
(PNIPAM-AZO) H9 & &

1E 100 mL = B mA 13.7 mg ( 0.083
mmol) AIBN, 136.2 mg (0.25 mmol ) TTC-AZO,
11.3 g (0.1 mol) NIPAM #1 50 mL PY & Wk g, 155
SR I TR AR B 30 min, ALK
S 60 CHEA I 24 h. RAWATE LBk b i e 3
W ,50 CH 2 T4 24 h, 15 3.05 g ¥R 8 @ [F A K
K. AW AR ) TTC-AZO f74E T R A& K131
W) PNIPAM. A M5 803 1.

Table 1  Conditions and results of the polymerizations

Polymerization

Molecular weight

Sample code [NIPAM]: [CTA]: [ AIBN] Yield (% )
time (h) M, M, /M,
PNIPAM 24 1200: 0: 1 75 46800 1.52
PNIPAM-AZO1 24 1200:3: 1 27 36800 1. 16
PNIPAM-AZO02 48 1200:3: 1 45 43700 1. 15
PNIPAM-AZO3 24 1200:3:1 50 43200 1.25

PNIPAM-AZO3 was polymerized at 65 °C and other polymers were polymerized at 60 °C .

1.3 BREHENK G E

K HI TU-1901 BUGHCEE AN AT WL 3560 B3, A
TR AR IR A A R R B, W AE 650 nm 4b SR G )
TR W% 1ok 2 B B 1) 78 A 37 o R B B DR 1
50% I 1) I J3E A G kg AR e A2 IR BE (LCST) |, K I TR
FEREWIHEZ N 5.0 /L, JHEEE N 0.5 K/min.
1.4 segenirsiE

K AME s AT UL B PNIPAM-AZO2 %
B YK, AR S 5 AT =2 8] Y E B [ E AE 60
em , REYRIE 1.0 ¢/LIREH (24 £1)C, HE[7]
B — 7 R R] 00 7 4% A0 v] UL WA i . 48 A1 S ]
WY IRARAT . 78 S00W 2L AHM 2k i HOR AT (db it K
ik T 5 L 28 A BR A F] L, GY-500) T #E4T, SR H
B PR R (B AR 2O A R A F), ZWB2) 3k
3 A =(365 = 30)nm 550G, AL N
2230 wW/em® (UV365 #5:3k ), % F 1k 4 3 % Fr
(B 2O A B2 F] L, JB420) 315 A > 420
nm {4 A7 056, BB G 6 5RO 1355 pW/em’
(UV420 #3k).

2 #RE5iT

2.1 2BAXHENRE N-RRERGBZMNE K
PLAIBN S 5] %57, S-+ — ke -S"-(a, 0'-
-~ TR M A R R ) - = B AQ B AR IR (TTC-

AZO) 2y RAFT 35 , 76 DU 00k W 75 W H o NIPAM
Wk RAFT R4 K45 & 8 A 8K o BL 0 R N-5 N
FEN I BE e (PNIPAM-AZO) . W] 0 B4 T R G
N7 YEk BT[] XoF 2R A B2 L 5 ), 45 R 8 TR 1
H ORI RAFT 258 & R 5 3K 45 1 PNIPAM [ )
T8 K H AT HE A5 RAFT Il A7 T, R
G W) 57 BRI B5 A0 BN 5 B 7 R BRI
Bl 3R G IR Y A K, BT S Y PNIPAM-AZO (1)
B oy R0y B R BRI, 4 & 4 A AR
116 DLW, 2 A5 88 % 5 I B T 5 , PNIPAM-AZO 11y
Lol e B W S B | I (25 s o 0 o T
P (1.25) , 3 B0 B B AR 09 18 JE T A R T 550 HOR
EE/IVEIER
2.2 EBREFHENEN-RRERGEBIZMNRE
3 i 58 A -] WSO LT AR G R A R 3
P ST 0 2 ) R0 g R 1 3R V- T N M T
(PNIPAM-AZO2 ) i 45 4 3 47 T F fiE. PNIPAM-
AZO2 75 DY K L 2, T R K R R AT TR A O K
4314 320.6, 322.1 f1323.5 nm (& 1), Kl
FEOEH TRAEW P MA RGN m-r " BT ER
TEWC, 3 A = A e T2 1 i J2k A, A5 DT 5 ) B 7
430 nm PR AF7E AR AU O B 1Y n-ar " HL IR GE TR
W F T KA A A AR A, X AR e K g I 2K A R
AraEE, 53 PNIPAM-AZO2 1 7K H A7 £ it
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E Y A8 AR o L 5 1R 430 5 322 nm Kb YK
JCRE LU H A BG 0. X U B Gl O RAFT R G755 N-
SN BRI BE G h BN T AR R i — 2D %)
. TTC-AZO .PNIPAM 54 f1 PNIPAM-AZO2 (¥
LA otk (B 2), & B PNIPAM 3 R ¥ fl
PNIPAM-AZO2 E. A4 A [F] 9 £L A W i, X 2 i T
PNIPAM-AZO2 5y F 58K e R B Y h &
ARG, 5 3% PNIPAM-AZO2 [ 4T 40 % 3% h % A
BRI R TR AR d AR T S S
b RAFT 3 #| ( TTC-AZO ), PNIPAM Al
PNIPAM-AZO2 fyt% i 2Pk S5 IESE T R G0
45 K A A i &R 1Y fE AR (18l 3). 7E PNIPAM-
AZO2 i S IR Ak K e (K 3 (¢)) , 7E 6 =
7.95,7.51 F17.28 b 55 14 W AC e I 1 SO i AR
S, S = 1. 25 Ib (1% /N 9 0 U] 2 o Bk 1 e AR
A A ,6 =5.6 ~7. 1 4b [y 55 16 J& PNIPAM-
AZO2 H NIPAM HocH it e b i &0, 6 =4. 0 fffix
ERHEEPRK LW ,6=1.95~2.6 ERKEY
FEERE FR A ,8=1.5 ~1.95 RER AW L5
R —CH,— FE,6=0.9 ~1.5 RN
RIS L B AL R SR R, R A TTC-
AZO £ RAFT i, 8 &f RAFT G 9 i Dy
8 A SR i T SR V- S T R A A T G
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Fig. 1 UV-Vis absorption spectra of 0.4 g/L PNIPAM-

AZO02 in different solvents
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Fig. 2 FTIR spectra of TTC-AZO (a), PNIPAM
homopolymer (b) and PNIPAM-AZO2 (c¢)
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Fig. 3 "H-NMR spectra of TTC-AZO ( A), PNIPAM
homopolymer (B) and PNIPAM-AZO2 (C) in CDCI,

4(a)FE S (a) PAf UL, 22k H 365 nm 1 48 40O
4T PNIPAM-AZO2 7K ¥ W B, B 2 56 55 B 18] /9
B, 7E 323.5 nm b HJE T RAMA R 7-77
IR A W WS R AR, O L O A A R AR U K R
%, 7E 425 nm (n-7 " B BRIE W) Ak A 08 5
Wk, R0t 80 s Ji 548 b i =08 /R R 3,
K FDCTAE IR s i — 2 AR OLHR IR 1 h 41k
PR A AE 301 nm , W' B B G REAIG, 33X AT BB 2
RAE WA vy — B AR Bk BR 1R 3L A1 8 55 A1 6 o i e
B R KT 420 nm (0] WG B, K
Nk 160 s J5, FFAE I K B 301 nm 20 7% &
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323.5 nm, AN B9 W S B 0. 243 #5 K F 0. 526
(E4(b)) , it 2 2] R BR A (fo Ul A
), k2L 3T AT UL O R S R TR] R AR U K
WERE B AL (B S5 (b)). Zad iIX— 8 5841
AT UL HR SIS, 3R & W ST A2 ) ok Y i A
RAAR A, AT Z 40 18 F WO & %A Ik 2 3
0. 554, 31X 2 1 2R & W A S — i A g TR T i 141 A T
WG RS AT R — 2B AT S A AT

DLOGAE 5 B, PNIPAM-AZO2 K5 1) 4 52 41 AT DL
M SO S B A 2 e B BT AR (] 4 ()
FIPE 4(d)) . b7 AT Lo Y i B 4R T 52 /PO Y o
J& ,PNIPAM-AZO2 3 & ¥y v fify 20 7K v 5 1) 5 -
S5t Ay BT - S ¥ S PR (PR 5 ) . ok 4 S 0 245 2R 3R
B, 7K % W PNIPAM-AZO2 3R & W) RE %6 it 17
PRIE Al A6 S Al BB
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Fig. 4 UV-Vis absorption spectra of 1. 0 g/L PNIPAM-AZO2 aqueous solution as a function of

irradiation time using UV light irradiation ( a), visible light irradiation (b), UV light
irradiation (¢) and visible light irradiation (d) in sequence
0.60
055 UV light Visible light UV light Visible light
. » L
0.50 i "~
§ 045 m [} ! o
S
‘é‘ 0.40 H / /
S . .
< 035}
0.30 '\ '\
25+
. A S—
0.2073 1 1) ) b 1 1 Ic 1 1 Idl 1 1
[
0 100 200 3600 100 200 300 50 100 150 100 200 300
Time (s) Time (s) Time (s) Time (s)

Fig. 5
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Absorbance at 323.5 nm of 1. 0 g/L PNIPAM-AZO2 aqueous solution as a function of irradiation time
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RS2 15, A R il B 0 3R -5 BTN I
Tk e Tl S PE I X R B, S B AR uR SR R V-5

B DY TR i 2 — 28 HL A A I SR R O 2 (LCST)
R R A Y. K 6 Fal DL i A& R A
T S K I A 5] (A 1 SR g 3 11 2R
N-5¢ P9 LN s Tk B () LCST it BE [k PNIPAM I ;
B 5 5 9 R0 i 3 10 3R V-5 T 35 04 I Y 1)
T8 (4 3G KL LCST il B2 W 1l AR 8038 o 7 i
HH3E i) PNIPAM-AZO2 #il PNIPAM-AZO3, 4> T &
4y i 5 1) PNIPAM-AZO3 () LCST ¥ fF & F
PNIPAM-AZO2. PNIPAM A9 iiE 850t 32 3] 7K i AL 4] |
WRE Sy RS TR 2 B R T i
() PNIPAM [y i 80P 32 7K s 5 AT 45 461, 0 38 1 43
T B PNIPAM ) IR v = 2 Z 34y 1 = %
m AR SO A B R A Yy TR BOR, LCST |
JE 2 BEAZ B o - Al S 0 U o B Y 2R V-
S5 TN TN T e v 1 8 K o ik A HL B % B ke A A
3 ZRI K LCST & BE e PNIPAM fI%; [F] B 2R &
Yo PRI KRR REMEMESER, FH
LCST itk J3 B 43— et 184 0 i B3 A0 4 () 23R & 4 v B
MBI o F 8 F 5 F ko A A8 9 23 45 5 4 1
W RA YRR TR ARG R e B
) B AL RN 23 4 1) BRI 0 el 43 LCST I B2 T e

335¢F

33.0F
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Fig. 6 LCST value of different polymers aqueous solutions

(5 g/L) measured by transmittance

Hk G5 T S AR m B n R N- RN EN
IETE e K W W e BE SR B O R B A
PNIPAM-AZO2 5 ¥ /K 5 W e 2 i1 0.5 g/ L 3%
Jng) 25 g/L, H LCST i i 36 C &K% 30 C
DI s HWEAEIR S 2.5 o/L UL B, AW
AR DA AT R 7). XA RE R o T
1R A R R (AR IR B 2 T ) i LR IS R, A
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Fig. 7 The change of transmittance of PNIPAM-AZO02 aqueous
solutions as function of temperature in different concentrations
The insert graph shows the effect of concentration on LCST of

PNIPAM-AZO2.

BE— 3BT T a-CD X 55 {8 80 4 3 3 i 5B V-
S TN R TN T e L M 1 5 L &5 R 3R B (1]
8) , T 8 i () PNIPAM-AZO2 7K ¥ W e FE R (25
110 g/L) , b & «-CD Jit AR A3, A& YW
LCST {5 B 5 B AR 0T IS 32 5 T s TR IR R &
KW E R (2.5, 1 f10.5 ¢/L) , /L& o-CD
I A R A Wi LCST 35 B2 T &, aF — 25 1 Jn
a-CD [y it LCST il B 3 A% AS 48 5 1 o [8] ¥R B2 11
PNIPAM-AZO2 /KA (5 g/L) iy LCST A | Ff
& a-CD i S Y 18 i 2248 AR X RO R R G
Yk R ARl -CD A B X A4 LCST i
H A v AR G W KT a-CD = 3 2 (0] A B 1E
FHR MR R AT A A, a-CD J2& — 25 B 4 7K 25 s
FISE K A1 BB 285 4 16 AR R 3R A6 & 40, B 08 1 4% b
Bl RF JEAR BRI HLY T R g
£ PNIPAM-AZO2 R 45 W) /KW T, a-CD BEHE A
REWhBK I RAFT 5 5t (2 R L f 1+ —
BEFE) TE B R e AL A5, RS 5 R A Wl
$iE S T R TE A A 0 T R A vk
T, h a-CD B LT 3R A R
T RA W 8 K 3 A B K AL 45 4, S 30 LCST F&
;B %A «-CD AR HE— LN, REW T a-
CD Z WA EAE S £, BEY 0 T HEg SN
FIKH a-CD 3L, B AW K M4 5, LCST
T Bk R 2 O P R 3R A W PR 2R
WL AR R R S W E T B AW T
FEAK AR % AR ST, 2 2 1) «-CD (3 i A B
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SRSV B K RAFT 53 R 459, R & [ ———
. L ‘ 100 UV light irradiation
Wy oE K M3 5, LCST JF &5 M — 25 # i «-CD At e
AR, TR A W R B, M R R, - _sor
; N S S T
CD MFERHE AN BeS | LOST AR AR, 5 |
= o o g
36008 —a——a——— é T Visible light irradiation
N 2 0 e
E Cycle times
Mp gl —o——o——0——0—0 20}
&) % v
< 33k 25¢gL_~V 3
= V/ OF =
8 0l 5 g/L L L 1 ! ! ! ! 1
s - A/L\A N A N Ao~ 30 32 34 36 38 40 42 44
31k go\ O/O Temperature (°C)
_—g—"1
/
30+ 25 gE{L\O—O/g7B Fig. 9 The effect of UV/Vis light irradiation on the
29 (l) '}"—_’?2 zi I6 §I§ 1‘6 thermosensitivity of 1 g/L PNIPAM-AZO2 aqueous solution:

[a-CDJ/[PNIPAM-AZO2]

Fig. 8 The effect of @-CD on the LCST of PNIPAM-AZ0O2

aqueous solutions

S IEIRTEE AP TS e PO R R
R i R P SR N -5 DAY DAY T % 11 3 1 114 5 )
A9 WL, Mk E R 1 ¢/L ) PNIPAM-AZO2 R &
YooK i WA 225 25 A0 06 IR B i, R 23 81X Jsl 1)
il A2 8l LCST i T i, X E 2 ih TR &%+
P14 A 20 i B T 5 PO IR AN T e AR I — e 44
T AL K P A 11 5 4 4 2 Al DAy 2 AP 5 5 4 T
NG5, AN 4R @ T RS WA K P
518 LCST Jt 5 B Jm il i o) OO MR 4, LCST i
JEE SR [n] 52 2 40 4 A9 AR A 1R il TN AY 4
R S HEAE AT LG B S b Al S B sk g P
B0 Z2 SRS 6 R AT UL 52 B A, LCST i &
I B RT3 Y T AR AR i T PNIPAM-AZ02
REWH) T, T EUR G Y b 8 ROR i
F 5 AR, 1 R4 i 6 114 T 5 S5 A o 3R 0 ) A
PEBCE A R, B 28 5 USRS R R] DL 0l 52 8 A 4
FIE 5y LCST I EE i A2 i BE #5271 (0.7 K . gk 4t
JE L AU PNIPAM-AZO2 G B AL
R R
3 #Hig

SR FH 8 A 08 B = B A B PR i ( TTC-AZO)
YE RAFT 150, 3 i RAFT 53045 1 % 70 fii

{14 FL A i R ' XEE SRR i R i 11 2R
-5 P 5 A 05 Tt e ( PNIPAM-AZO) | Jf: i b %% 4~

(1) no light irradiation; (2) UV light irradiation for 1 h; (3)
visible light irradiation for 10 min based on 2; (4) UV light
irradiation for 10 min based on 3; (5) visible light irradiation
for 10 min based on 4; and (6) UV light irradiation for 10 min
based on 5

Full symbols represent irans state and open symbols represent cis

state

A DLW W1 L0 A0 O 1 R0 A% i e AR S X H 2
FHEAT T i A PNIPAM-AZO 24 W) 76 K 3 W h
fE A R A7 DR | AT 3 A 56 SO S S M S . FR T A
RORM 2B SR K i 5] A, i 15 PNIPAM-
AZO [y LCST i FF It PNIPAM i, R & ¥4 T &
FUHe BE 038 ¥ A R F A AW R A R EY
LCST i B T B, 43 F o 40 A 48 58, J LCST i &
F 5. a-FIKS (a-CD) X PNIPAM-AZO 447K
VW) LCST JE M MR 2  E R m R AW
KA E TR, HE a-CD B9 A, AR T
R BEIR T IR A W i K S A KA S5 R
Gl LCST B MK B & «-CD fin A& i F — 2 3
I, -CD 23] T 5 3 s R R E R, 5 5
LCST b Ft. M7ERARM R EGWRE T, D i o-CD
A, 52 E W K 1 RAFT 5% 3L JE Al 44 45
Yy, B AWK 5, LCST T+ 524 o-CD B
HE— BRI, TR A W AR, o-CD /Y 3R
TP RO 5 55 , LOST JEAS b A e 2. i T4
HMEFNA] UL 56 52 5 B G i 13 PNIPAM-AZO R &
) Hp A GRS R A A ] I R S 5 R A
YRR P Y W] 3 B R A ) LCST L 2 8 T
T T R , LA O AT A Y IR R
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STUDIES ON AZOBENZENE-TERMINATED PNIPAM WITH
THERMOSENSITIVITY AND PHOTOSENSITIVITY

Chun-hua Luo, Qiu-jing Dong, Wen-bao Zhang, Cai-hua Wang, Hong Zhang, Yu-min Cui
(School of Chemistry and Chemical Engineering, Fuyang Teachers College, Fuyang 236041)

Abstract  Azobenzene-terminated PNIPAM ( PNIPAM-AZO ) with temperature and light dual-sensitive
properties was synthesized by reversible addition-fragmentation chain transfer ( RAFT) polymerization of N-
isopropylacrylamide ( NIPAM ) with azobenzene-containing trithiocarbonate ( TTC-AZO) RAFT reagent, and
the structure was confirmed by UV-Vis, FTIR and 'H-NMR spectroscopy. The thermosensitivity and
photosensitivity of PNIPAM-AZO aqueous solutions were investigated. The results show that PNIPAM-AZO
aqueous solutions have rapid and reversible trans-cis photoisomerization properties. The lower critical solution
temperature ( LCST) of PNIPAM-AZO is lower than that of poly( N-isopropylacrylamide) ( PNIPAM) ,and the
LCST of PNIPAM-AZO decreases with the increase of both polymer number molecular weight and aqueous
solution concentration,and increases as the molecular weight distribution broadens. The LCST of PNIPAM-AZO
aqueous solutions of higher concentrations first decreases and then increases when the addition amount of o-
cyclodextrin ( @-CD ) increases. However, for lower concentrations of PNIPAM-AZO aqueous solutions, the
LCST first increases and then remains fairly constant. When subjected to ultraviolet (UV) and visible light
irradiation alternately,the LCST of PNIPAM-AZO aqueous solution increases and decreases reversibly with a
temperature amplitude of 0. 7 K,which shows light-tunable thermosensitivity.

Keywords Poly ( N-isopropylacrylamide) , Thermosensitivity, Photosensitivity, Azobenzene, Molecular

recognition



