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Abstract: Azobenzene-terminated poly(dimethylaminoethylmethacrylate) (PDMAEMA-AZO) with pH,
temperature and light triple-sensitivity was synthesized by reversible addition fragmentation chain transfer
(RAFT) polymerization of dimethylaminoethylmethacrylate (DMAEMA) in the presence of azobenzene-
containing trithiocarbonate chain transfer agent (CTA-AZO). The structure of PDMAEMA-AZO obtained
was characterized by UV, FTIR, "THNMR and GPC, followed by investigation on its photo-thermal-pH triple
response. The results indicated that PDMAEMA-AZO, with controllable relative molecular mass and a
polymer dispersity index (PDI) <1.78, could undergo reversible light-induced cis-trans isomerization
rapidly in water, ethanol and chloroform, while achieve quick photostability under the alternating irradiation
of ultraviolet and visible light. Meanwhile, in comparison to PDMAEMA, PDMAEMA-AZO exhibited a
reduced lower critical solution temperature (LCST), which decreased along with the increase of polymer
concentration, and narrower phase transition temperature range. The LCST of PDMAEMA-AZO remained
unchanged when pH=9.44, increased when pH dropped from 9.44 to 7.34, and the polymer no longer
showed thermo-sensitivity when the pH<7.34. Moreover, The LCST of the polymer reversibly increased
and decreased under the alternating irradiation of UV and visible light, indicating that PDMAEMA-AZO
had pH and light-controlled thermos-sensitivity.

Wi BHEE: 2022-01-18; EAHEH: 2022-06-17; DOI: 10.13550/j.jxhg.20220065

EEWH: ZHEREFEFEAA LRATRE (gxyq2020027 ); AHKFAERFILINE (5202010371054, S202010371070 )
EEEN: BT (1995—), 4, WitH:, E-mail: 1497851574@qq.com. BREAN: BFE (1979—), B, #HZ, E-mail: 1ch197919@
163.com; #RKHFF (1980—), %, EIH#%, E-mail: dongqjl980@163.com,



511

BE A, 55 pH. AL = FHEURK PDMAEMA-AZO HIIF5E

© 2283

Key words: poly(dimethylaminoethylmethacrylate); RAFT polymerization; light sensitivity; thermosensitivity;

azobenzene; functional materials

SR ORI 1Y 3R A W RE S i L AN IR SR (pHLL
HREE . OGS F RS ) MR INVElE, RIBY
HE S5 Ak 2 235 48 A DR R AT 53 AR AR AR B 2
JCHAR AR . BRe i . BB AR 25 R
SR AT AN S A A T R R R
IR —H 2 s (PDMAEMA ) J2& /i H 3%
PIIR — W 5 21 ( DMAEMA ) {545 1 i
HA pH FHREMUERMERSHU, i, hFHA
AN, AR EE 2 AR R
el qu M@ RAFT BARIIH& T —%
G pH i N AR 7 ) 3R R R DA 1R T IR -k B - SR
NIRRT (PMMA-b-PDMAEMA )
HEIRY) . HUANG S5V £ 1) 22 1 (A T A i e A b -
FRHIENER AR LER (POSS-PDMAEMA ) 7
pH=1~12 B} FHH B 47 B a5 F ] 336 49 pH i B 17
N, FE 20~60 °CHEFIL MmN TR, £ Y&
¥ PDMAEMA 5 y-FeOOH 4Kk 17454, 345
f) y-FeOOH-g-PDMAEMA E.A {Kilfi A1 (LCST),
HLXF pH I ELAT S RN o LT 2P0 4R 2 M -
RANE-BE K (F127) Ml PDMAEMA Mk,
B Ty il £ O IR RE AT pH UL W) R Y F127-b-
PDMAEMA B . (5 E AN i) iz OG5
FERICRUEE AT, AT DUAE S8 40- 1T UL B SR AT 336 b
AT R R 2 A A 12T )R A SRR OB
Wi fz SRRt FER G W sl AMB ARG,
AU T A Yoem B At 7E ER IR EAE T
AR 205 KA WA R B 404 37 3 ARk &2 1)
3"%?35[22-23]0

AU S AR =HilE (CTA-AZO ) SAw] i
TR T 248 55 7187, DMAEMA MRk, B4 H
5 B R K I K PDMAEMA( PDMAEMA-AZO ),
IEX HEER AT T FAE . SE—LWF5E T pH. ¥ S
JEXF 2R WK R A T P e ROG B RE A 5

1 SEIGER S

11 ##, KFE5EE

DMAEMA, G440 99%, i A R gifb# 5
RAEMRAFA; MA S THS(AIBN), AR, EHZ54EH
e R A BRA F, T2 QB LS i ISk
W (THF ), JoKZBE. KKZEE, AimBE. =&F
Jot S5 349 Ry T 43 B 4R o RAFT (5] CTA-AZO
P SCER 241105, BT B

Avance AV 400 MHz U8 S 04 3L 4R I 5543
5% Bruker /2] ; Nicolet iS50 BILT AR GEE A #rAY,
FEH Thermo A ] ;7508 #4484k 1] UL -3 2T 46t
J#it, 2E Perkin Elmer 23 7] ; LC98 I RT BRI 5
BEEIEAL, AR AT IR AR T A PR H]
1.2 PDMAEMA-AZO Kyl &

# DMAEMA (7.85 g, 50 mmol ), CTA-AZO
H1 AIBN A [R5 1) it FE A E 10 mL 375
o H AP 5 8 U< 15 min, %3, 60 °CHi
FERON 12~48 h AR FHPRE AR, FFHH 20 mL THF
5 10 mL Jo/K BRI A R TR RS, TE
200 mL Jo/K ZEEUITE, HHUETS AR AR,
FHH 20 mL THF Bk R %A, 7EIC/K Sk (200 mL )
HLUE, FHUETS B A=), 50 CEZS T 24 h
153 5 (0[5 14 PDMAEMA-AZO., 21 4 J5RHAD
L RA S5 TR R G WA o i LA A
mzE 1 iR,

# 1 PDMAEMA-AZO R & WA B A A X 7 T
it

Table 1 Synthesis conditions and relative molecular mass
distribution of copolymers

2R BORHLY  BAWE/MA M, MJM,
PDMAEMA 100 : 0 : 0.1 24 142400 1.99
PDMAEMA-AZO1 100 : 0.5 : 0.10 12 29100 1.50
PDMAEMA-AZO2 100 : 0.5 : 0.10 48 30700 1.55
PDMAEMA-AZO3 100 : 0.5 : 0.10 24 29400 1.56
PDMAEMA-AZO4 100 : 0.3 : 0.10 48 37600 1.78
PDMAEMA-AZOS 100 : 0.5 : 0.15 48 27400 1.77

OF kLA n(DMAEMA) : n(CTA-AZO) : n(AIBN),

1.3 PDMAEMA-AZO S84 E

3B H PDMAEMA-AZOT JRRWE ] 1 g/L
FIK . ZE WS OB, S SR AN R
KT (GY-500 %Y ) FRGS (SR ZWB2 7847 g #il
JB420 # 1E B P8 B, 430 3k 365 nm AN 4>
420 nm A WO ), (25+1) °CFA1220~550 nm
70 FB] PN AE — 22 B[] 0 2 2R 5 0 1) 5% A1 - T DL IR A '
% (UV-Vis ),
1.4 PDMAEMA-AZO 884 E

A3 HITCH#H PDMAEMA-AZO!L ik EEHR 3. 5.
9. 15 g/L 7KW . %%5 7 PDMAEMA-AZOI Jit
et v T L A TR R B P R )

FIF Britton-Robinson J5 #2153 — £ %] pH=
1.90~11.49 [HZ& vhia ik, P AT pH B 2% higs i



© 2284 -

A% 4m 4 T FINE CHEMICALS

%39 %

ficili] PDMAEMA-AZO1 R &4 /K % ( PDMAEMA-
AZO1 JEEWE N 10 g/L), %% T PDMAEMA-
AZO1 ) pH #UEM:

fic il AL EE } 0~1 mol/L ) PDMAEMA-
AZO1 KW (PDMAEMA-AZO1 JFHHe i 10 g/L ),
5L AN X PDMAEMA-AZO1 LCST M52

fifi F1540-0] WL-3E 2T AR e T, R Sk
TR B R, FHEEE N 0.5 °C/min, 7E
KN 550 nm B R A P RS ANE R 5 R E
AR R R, W RAWIEBRNEINE LRI E )
UR1E 50%HT i B 8 L LCST,

2 H#HR5E

2.1 PDMAEMA-AZO W%l &
AHEREGHEARRESEMWRSGEX, TZE
TRk g G0 @ i A B4 RAFT H5k
PIRFIRBE SRS 00 AT LA LR ARG i . T AE N 21
RS R R AW, AL CTA-AZO K
RAFT {5 . DMAEMA Nk}, 4 RAFT B4, W
14w T PDMAEMA-AZO B4y (gL
FER o BIFE 1AL, Ahn RAFT 357 i R A 345 1)
PDMAEMA [ AHX 73 ot 121 8 K H AR 43 i 53

\f CTA-AZO
O

(0] >

H AIBN
N

TN
DMAEMA

2.2 PDMAEMA-AZO W4 RIE

FI SN T | 2040 518 A% i e ik ik X
PDMAEMA-AZO W25 4T T 3R1AE, 455 WK 1,
PDMAEMA-AZO1 43 5IHEK . =5 H be il 2 BEE TR
Hr, DL CTA-AZO fE L) UV-Vis 35K WA 1a
Jii 78 o CTA-AZO Jr Xf R 9 8 i 28 A0 W U0 38 K 7E
317 nm 4t , PDMAEMA-AZO1 7 &% . KA =4/
ot TS 7 P A1 2R i SRR AR 55 AR AL U8 K 43 il A
317,317 #1318 nm 4b, [f] CTA-AZO 43 THHE 22 4h
WS K S5 —B, BT RAFT A% RAFT ik
# (CTA-AZO) 5| A% T PDMAEMA-AZOI i,
fEREGY BT s A R I 5 R AR A A
HEMAY - i B P, 4, 430 nm Fitie
B Wi, JEh CTA-AZO Hl PDMAEMA-
AZO1 AL n-m* B T BT WS Y .
B 4G Y PDMAEMA-AZOL [R4E4M Ik £ 55k A

[¢)
O
aver
CioHas —S

MEESE, M RAFT IFATE T, REWHXT o+ s
KA AN, XU RAFT 3850 A A REB 45 4
bz T 2R A RN T SR ARG 43 o e KN B H 4y
fio BERAWRIMEL, T4 RE PDMAEMA-
AZO PR o F i (M, ) 85, FXF 5375
M My /M, OTE 1.60 AN, 53 Fi %575 ;76 DMAEMA
il CTA-AZO W HLBIAZEE LT, #m AIBN H
i, A RA YA X5y Bl i i PDMAEMA-
AZO2 1] 30700 [%{% %] PDMAEMA-AZOS5 4] 27400,
AIXE 4> B 43 A i PDMAEMA-AZO2 i 1.55 7
$5 %] PDMAEMA-AZOS (¥ 1.77. 4 DMAEMA
AIBN #BHHARZERE, B CTA-AZO &, &)
REAW A > T i i PDMAEMA-AZO4 1
37600 {3 PDMAEMA-AZO2 (¥ 30700, FHXJ 4>
TR i i PDMAEMA-AZO4 14 1.78 72 % 3|
PDMAEMA-AZO2 [/ 1.55 R4k [ i 3L 5 A (4R 5 28
AL, SRR FEE AL RN, F= Pk x5+ i
EYIREAL; RARTEE N, AT S BT .
FREER K], CTA-AZO 1£4 RAFT X7 . AIBN
ERGIEFIEEA R 5] % DMAEMA 24 BA 54
PR, RIS RARAE XS 7 F I A A MRS
Y, RS S RAFT [ 3R A P,

S
ClZHZS\ )’L O
Sy O
o
Y

N
PN

PDMAEMA-AZO

AR S = HiBR A I A ) - B T BT, U
it RAFT B4 7F PDMAEMA H15| A T {H & s L .

¥1 ¥ PDMAEMA Fl %R &% PDMAEMA-
AZO1 WIZIAMEIE VLA 1b, 2820 F1 2768 cm ' At
PDMAEMA-AZO1 4% C—H B9 XFFR {45 45 3 %
Wi, 1723 em™' b PDMAEMA il 3k b =0 ( fig
FREL ) B TR SN , 1267 cm ™! 45 PDMAEMA
M FH C—0—C (ke ) MaaHR s iiE, 1099
F1 1058 cm ™' 4k S C—C AYMR4E 4R S W lie g . i T3
BYAEX TR, AT T RA Y RS
KA, LEAMETE R INAS 2 2R -G W 55 A RR AR I AU
ik PDMAEMA-AZO1 R &Y E# 5 PDMAEMA
Y BRW)— LR 2T FN R HE I i

CTA-AZO. PDMAEMA &)l PDMAEMA-
AZO1 WG AR A 1c Frn. mIK 1c i, B4
) PDMAEMA-AZO1 7£ 6=1.8~2.0 Abh F:4%—CH,



511

BE A, 55 pH. AL = FHEURK PDMAEMA-AZO HIIF5E

© 2285

H 5506, 6=2.29 4b yfilEE — W 2k rh 5 AU 5 A1
#—CH; t H 155104, 6=0.9 &b F 55 FikEE—
CH; I H M550, 55, 6=7.0~8.0 Z[a)55 09I
I h 3R 55 ) PDMAEMA-AZO1 FR il E R FERAIRER |
H M550, 6=127 AL55IEREAY) PDMAEMA-
AZO1 ¥iHe (C,Hys) H#84r CH, | H W5 51,

6=0.90 4b 1Y /Mg TR 4 9 PDMAEMA-AZO1 A i 2

(C,Hys ) I CH; /' H {5 51

a

TSGR /au.

PDMAEMA-AZO1

PDMAEMA

3500 3000 2500 2000 1500 1000 500
BHUem™

a—CTA-AZO ) LW A )2 PDMAEMA-AZO1 [/ L BE( B ).
=&FE (C) RMUKBEW (D) B UV-Vis i ; b—PDMAEMA-
AZO1 }2 PDMAEMA (¥ FTIR i% & ; ¢c—CTA-AZO. PDMAEMA
YIE Y F PDMAEMA-AZOI 1£ CDCl; H1#% '"HNMR & &
1 PDMAEMA-AZO1 ., PDMAEMA #il CTA-AZO F%%
M FAE
Structure characterization of PDMAEMA-AZOI,
PDMAEMA and CTA-AZO

Fig. 1

ity B ral A, R RAFT RGBTl T
AR ANILN PDMAEMA R4,

2.3 PDMAEMA-AZO 38t

T S S AT WA RS N PDMAEMA-
AZO1 BAYIN B . =G0 H b5 7K 7 e 1 22 b -]
WG, BF9E PDMAEMA-AZO1/5 A 16
PR, ZEHVLE 2, I8 2a T, TEE IR M
HEAFFI, Bt 28 40 A B it R 936, PDMAEMA-
AZO1 BEWYTE 317 nm &b B9 RFAE W IS0 i 25 FAIG,
430 nm Ak 1 W ISC I B S TG, S8 AP BRES 5120 s
KRR, 8%, X PDMAEMA-AZO1 R4
W] LB RS (B 2b), R 80 s giikstia
A, HREEIOCIFPIRERATE, FEAE I
WA H 317 nm 2082 % 325 nm, [ij B ARNF 3 K AL
Y EE R B IHE A 70%4E 47 o E4h, 430 nm 4b
W BE WS TR AR . B, FRUCR SRR RITT
LGB B[R —# i (&l 2¢ #1d), PDMAEMA-
AZO1 BAYEMAE 325 nm &b (W i 2 O B8 i
(i) F10y A 7 T T il R A s T s (&1 2¢ F d), L
FHRTE 80 s JE IR BDERAAS , i ELAFAE D KARFEAZE
AR H LU SR AE , SN IR ST R i R
M LB FE AL IR S5 4, T DO B BE K 10
RN 25 AR A 3 o #2500 R R A
HEATERAMEIRGS, I EMERT, REWH R
A U g B TG S S T 2 4, I L = A s e
SRR, S8 317 nm MHE R A b R
RORNREL CEHEVEK 325 nm ) FI = Hiflgsm st (4R1E
WA 309 nm ) B A AN IIEREAR, T
BB AL O C R RS, NILTRE 5120 s AR FDE
B, BERMATWOEIS, i =Hifgmitc s
TEE RSN E T 52 26, REMBRAY
T 2K 2% ) 8 20 i 3 1) e S5 44 ) R i S A A
T 80 s BLikFDERE, FRIEME KB 2 {A X
FAH I EE WL Y 325 nm &b o 1 T ARFELE =Bl
Uity 3 ) B SN, R R R Ak ) W G B R A B
WARZLZEINEIBGIIT ) 70% 440, BHE, Kk
K FH 2R AR S FAT UL S BEGT [R] — % W, PDMAEMA-
AZO1 AW 32 B A UK Ui 2k 1) PR ] 39 5 3
JIGE J5z 54 o

N ! 0s
08l AL 5s a
. 0.6
2
p
—% 0.4
=
0.2 |
O -




- 2286 - A% 2m /& T FINE CHEMICALS %39 %
08 b e 0| g © L4
—=— L
—e— 7K
5 06f —a— =
= =5 U
= o
£ 04 il 2
= ié N \
02t - o & i
Y IV N S E S
250 300 350 400 450 .
K /mm [ N B L L L L ! L 1 1 L
02000 4000 6000 400 800 1200 400 800 1200 400 800 1200
08l HIE IR c [}/ fa]/s fa]/s i E]/s
0 -
Se 3 PDMAEMA-AZO! 48 #|7EZ B 317 nm ).7K(317 nm )
5 00 aos =AU (318 nm ) [F)— VA o WO 5 1)
= 405 X Z M 2%
é 04 160 s Fig. 3 Absorbance of the same PDMAEMA-AZO]1 in
320s ethanol (317 nm), water (317 nm) and chloroform
02} ?;gos (318 nm) as function of irradiation time
S
R TR I e 24 PDMAEMA-AZO KyiRE &
W Ke/om i 32 2 PDMAEMA-AZO /K& 7E 550 nm 4k
ool E———— p IR (9% 5B, BEIE TR A PRt
LERANE 4 PR .
06
3 100, .
=
204 g0l
= —=— PDMAEMA
X —e— PDMAEMA-AZO1
0.2 A 607 —+— PDMAEMA-AZO2
) —v— PDMAEMA-AZO3
ok # 40 —e— PDMAEMA-AZO4
250 300 350 400 450 —+~ PDMAEMA-AZOS
P /am 20f
/2 [fl— PDMAEMA-AZO1 JFEERAES 1 MG or , , , .
(a). 5 1IRATWOE (b)), 55 2 IEIME (¢) Al 30 40 ) 50/0 60 70
55 2 VAT (d) R 69 UV-Vis B e
Fig. 2 UV-Vis absorption spectra of the same PDMAEMA- Kl 4 10 g/L PDMAEMA-AZO /K& &K NE N R 5B E
AZO1 ethanol solution under the first UV light (a), IEES

the first visible light (b), the second UV light (c)
and the second visible light (d)

K45 PDMAEMA-AZO1 fEAR[RNE Iyt
HRMAAT IR 3 s, MR 3 Al FERAME
AT OCRERT , REWMMARGELEK. &
P 0 = G e v A BB 8 A T T st R 4 I s S 4
HUCEIMDEIR R & AR T R AW — Bl 3 1ok
R, AN TR 350 0T A8 SR AR i o ) LS5 S A e AS V0
oM, R 20 A1 d DA R 3b AT d A FL, W
W] WY RE S R A BDERRAS Y, B TR RR G BE A [
K, ZEEEFBE K SRS YR B i e
55 2 YT LY B S I8 B RR S IR A I Y B s
B LA, BAY PDMAEMA-AZOL 767K . 2,
PSRN = S F B b BB HEA T PR | RT3 ) R SO R S
PR S

Fig. 4 Transmittance of 10 g/L PDMAEMA-AZO aqueous
solution as function of temperature
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Fig. 6 Transmittance of PDMAEMA-AZO1 aqueous solution
as function of temperature at different pH
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Fig. 7 Transmittance of PDMAEMA-AZO1 aqueous solution

as function of temperature at different concentration
of NaCl (pH=8.75)
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Fig. 8 Effect of UV/Visible light irradiation on the
thermosensitivity of 10 g/L PDMAEMA-AZO1
aqueous solution
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