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Fig. 1 Chemical structure of PMAPB,P-AA

1.2 BREFHFE

PR — & &= /) PMAPB,P-AA % 1E THF v,
e B AN 7] Ve B 1) S R, O 72 h DL B TR i
BULO mL G YW W PR, 7E 78-1 BRI
TIBEPERSBEFE T, A8 FH VR 5 5 DA — S R ) i R
A 4.0 mL 17K (K R K& 80 vol% ), H
THF /water iy 1/4 (V/V) IR S B RFERZE 12
mL, i F 5 & DLBR 25 8% B8 1 57 THF , THF /) 4%
KRR 0.2 mL/h.

1.3 ERE R N 56 5%

A A A -2 20 57 4 92 55 R A Cole
Parmer /3 7] L-97600-05 long wave UV lamp il L-
09819-23 filter fy Y& , U K 4 365 nm , Xf £ 5
730 B BB TR 38 em Ak Ay YEERE R 7000 pW/
em’  BIGYE S em ALY E5R K 21000 wW/em’. B
mnCE A E B R 15 em 4b PREEIREE A 30
°C. S5 o A B — a2 i R [ ) o B 5 1% 48 40 -]
DL S S 3% BT FH AX 28 & Perkin Elmer Lambda
Bio-40 28 4 n] Wt A
1.4 BEMEKPRTRIE

AL R H A% E ALV A &) DLS/SLS-
5022F RIFR A/ S A OB X (B A CGS-8F
W £R A 2R G5 1 ALV/LSE-5003 # multi-r i 52 i
[ A 5 2% ) U470 %2 , Y6 VR & JDS Uniphase [ {4
WO H B DR 22 mW P K 632, 8 nm. &
RN 15°, 5008 R BF (25 £0.1) °C. K Millex
v 0.45 pm B¢ 1.0 pm BEFL L U8 A% 76 M L A
XiF BT AT 3R A R A2k Y VR it o 00 DA R R AR R P i K
4.

1.5 BEFNERRIE

FIH JEOL-JEM-1200EX % §f i %% ( TEM ) Wi
SEBAEMOIE B, sk o FR Ol 120 KV FF 38 ik
BV INAE A R A W R ™ T R AR R,
To G e fa kb B 4 1 B8 (SEM) B8 Rk 1] Hitachi
S-5500 AU AS45 3, fn sk By R 30 kV.
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2.1 THF/H,0 BE&BRKP H-BEFKBEK

S Hh-AT L O 4% 43 A 3R W], PMAPB, P-AA 7E
THF/H,0 WA W bl JE g H-R K. K 2 K
PMAPB(P-AA 7£ THF ¥ LA & THF/H,0 R & ¥
W 58 Ah-A] UL O 3% PMAPB, P-AA 7E THF %
IR W) 46 He B (¢,) 24 0.6 mg/mL. PMAPB, P-
AA TE THF vhdge KW W i i & (A, ) 4 365 nm
(M4 a), i F THF 28 &4 @B M RE R, KW
1,365 nm W AT 04 Sk by 925 9 T < 43 I A AR €8
A -7 " B BRAE. A K& /N T 80 vol%
it , PMAPB,P-AA %53 (1) W O3 5 78 THF b
AHFE AL, 8 365 =1 nm. 2 /il AJK & &3k 5] 80
vol% I} , 58 A1 -a] WO b gt 3™ (i b)
Bk 365 nm Ab, 7E ca. 330 nm B 3T HY BEET AY W 0k
. AR O % R AR 2R B I IR R R AR AR
7T H-5R A A A 8 AT 2K & iR Gk #] 90
vol% I (£ ¢) ,365 nm B 3T (1% W Wi g 5k A 9
&, PR ca. 330 nm (1) W USC0G . 10 BH A% OK i
TR R4 R 2B A A U F DL H-REERIE S
FETE.

——a) THEF solution
----b) Water content: 80 vol%|
- = ¢) Water content: 90 vol%

Absorbance (a.u.)

300 400 500 600 700
Wavelength (nm)

Fig. 2 UV-Vis absorption spectra of PMAPB,P-AA in the
mixture of THF and H,0: (a) THF solution, (b) water

content of 80 vol% and (¢) water content of 90 vol%
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AR AR A H-RAEMAE ) AR5 5 B i A K &=
IRV T N SR AR AR G548 K Bk Ax 1) THF 4 &
J BIAT A5 3 520 B AR Bk (18T 3 a6 . 3 2806 i
S5 I A5 JE AR K ) U AR g 2k AR ( <Ry, > ) O 140
nm, 43§ E (PDI =,/ < H >7) 2l 0. 06. JiZ A Bk
8 e KW WSO 1) A, 24 R 340 nm (8] 3) , & W] A
LR ARER N TRA EB 4y H-SR AR A . il 3 5 1 2
PONEACIP S | & % 0 QU R 1197 e R e i e
H-R 4.
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360 460 560 660 700
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Fig. 3 UV-Vis absorption spectra of PMAPB(P-AA colloidal

spheres

Preparation condition: the water addition rate was 0.5 pwL/s;

¢, (polymer initial concentration in THF) was 0.6 mg/mL.

Insert: typical TEM image of the PMAPB, P-AA colloidal

spheres
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{1 8 Ton s 1 S BIRE 7K 248 955 i 2 80 vol% (I
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Fig. 4 Typical TEM images of the PMAPB, P-AA non-spherical hollow aggregates formed in the dispersions with different ¢, values: (a)

0.4, (b) 0.6, (¢) 0.8, (d) 1.0 and (e) 1.2 mg/mL

The water addition rate was 0.5 pL/s.
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300 X I PR BRI S0 AR BR (S W IR 0.4 ~ 1.5
Wateroasdclililgn rate: 1360 mg/mL B, JEARER B A, K 338 ~346 nm). & H]
2501 ’ X -
_ FEBRIE v 2k 7 A8 SR (0 AT R H-SR A 7R B
g = . Ve
g 1340 E T T AR ER.
A 200F o — ";
= <
$ € Table 1  Kinetics parameters obtained from the curve fitting for the
150F 1320 dispersions of PMAPB,P-AA non-spherical hollow aggregates
cp(mg/mL) <R, > (nm) A, Ay T, (s) XZA
100 L L L L1300
0.4 0.8 12 1.6 0.4 126 0.82 0.17 96.8 9.9x107°
¢, (mg/mL) 0.6 155 0.8 0.14 126.8 5.4x10°°
0.8 180 0.838 0.12 127.1 1.0x107°
Fig. 5 Relationship of the average hydrodynamic radius 1.0 209 0.89 0.11 131.0 2.5x10°°
( <R, >) and A, of the PMAPB,P-AA non-spherical hollow 1.5 282 0.92 0.08 132.1 2.5%x10°°

aggregates with ¢,
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Fig. 6 (a) Plot of the relative absorbance (AI/A"“gi“) of

PMAPB,P-AA non-spherical hollow aggregates in water versus

(b)

photoisomerization degree at the photostationary state versus ¢,

the irradiation time period and

plot of the

WAL E (A,,) SR EWPIHWEE (¢,) XK.
TEM W52 7, 3 #6477 35 5 45 BR 78 I 55 AN [F]
TR v 23 254 . B OGO 45 R R B ) U6 vk
BE R RGN, BRAER ) < R, > B Wik, X 5 TEM

WLEL S5 A — B e Ah, BAEMAKD A, T 324
nm 1 335 nm Z [8]. A, (0055 72 B B B K F AH

“ Here y” is the mean squared error of the fitting.
Sk FAE B2 3 R F 52X A A ) S R B R

K H 365 nm < 19 52 40X PMAPB,P-AA 75 (>
RAE R FEATAS[R] B[] 1) i B, O 3 o TS 1 52
Hh-1T W A I R A /A AR
e B IE B R R AR B . A /A, B BE
B R] ¢ AF A6 SC R R T G B M Ak RN 11 3h ) 2
M. B 6(a) 4 T R [E W) 4R ik £~ PMAPB, P-
AA il £ 175 0 TR SR AR R 8 A1 - 1T LG 33 4R X6 Rz i
5 55 Bt 5% AR R IR ) g AR fb i 4. A /A B o
4 A5 fb LA AT B — G048 B0 W R 2K

Al/Aorigin = AO + Alexp( - t/T1> (1)
R T (A/A,,) B ¢ 09728 40 LA

Tl &2 m S %8Rs m TN
A/A i = A ETCH IR 1/ I i X6 7 ) B[]
T, 52 W T SE U AR A /N, T L R AR AR
A2 S48 2 2B A BRI T LU 3k 86 3R AR
RS (1 =5 TI A I A S = ) A S [T =
PMAPB,P-AA /) T 7€ THF W 1y T, {L K 6.9
s. R AT i H-SR AR, 200/l A A B 1A
Ji Bl ) 225 D6, Aol S g A B 7 R A A8 A5 48 A TR M kg
Hh, ikl 7 Y BEAD 1R e B BORL T RT3 R, I A
AT T, AN W ok, R R AT B, kL 1 R
SIS AR AR S 04 B Sy T X R A T
PRI BT RN, PRI AR A AT Y D' e

WF o8 R AR KO0 BO e S ke Ak RO
(isomerization degree) , 7] DL 4 F AT $2 H4L 3 £ 4
AR S5 H B A5 B G BN 53 4 A0 72 BE AT 4% F =X
BT

Isomerization degree = (A()rigin -A)/A (2)
A A, FOCRERT A, B8R KW, A O RS
AR 2538 B D1 2 285 I 78 AH [ 1 Ak i W Wi (L. 5T 6

origin
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(b)) PMAPB,P-AA JEERTE 5 4 AOEBUN 2 544
PR B B ) b e B 7B fL i 28 P LU, R AR 1A
oA A SR R R Y L AR, B R AU
18.2% , HL I 38 45 7R RUSF A% 338 K AS Tk /)N . S 44
LR B R AR AT 8. 7% , B{LAT 8. 7% KB A
P TGS S R A R . BT LA Sl BRI s
AR AR A K AR SR 2 A 2 R A
(0. B T A £ P R BB el A BRI A A
RHE P 22 0] B H-3R 4 2 4 24 A 0 T 2 AR DI I
St E R
2.3 FKF BB EMAT R R MR

USSR Ry 2% 1 1) K 4 K 5 ] DA
5B M0 1) SR AR AR 4. AR i A5 AR b, ) b
W 0.2 mg/mL PMAPB, P-AA 9 THF W (1
mL) H AN 0.3 mL K (f& R K & & 23 vol% ,

LB R G Yoy F i R IF R s K REE) R 5 K
B 23 vol % ) THE/H, 0 1B A& W WK1k & 7 B
£ 18 mL, Jfwi O #E & AR R T THE. XA 53 F
UK S RN+ 218, RE W BKRE S H-
RAEARA 780 W B RLEEAT. B 7 45 T i 45 45 5
MR T BB IR o B 7 (a) R
) TEM & )5, 18 7(b) &y SEM B Ji. NE 7 (a) 7]
LA R A LRI A 4549 , 76 TEM K 5
Tl A A R e, 22 3R AR DA K TP BT s O 7 i T b
B AR RR B, DR 8 56 7K 2K S 5 4R 1A 26 1R 1) Y
KA BATE SR 4% . /2 &7 (b) i SEM R Jy
0] DAE 2 1Y B B 3 SR8 A an SR o R G R A
TRAE WL 3 0 BE 7 5 6 ok 1) 25 51, 7T DAAR 530 1
W RE Y R K250 6 ~ 8 nm.

Fig. 7 (a) Typical TEM image and (b) typical SEM image of the PMAPB,P-AA “vesicle-like” aggregates formed in the dispersions

H-RER 7-m LM EAER, LA Y4 @
Fo 53 5 B A BE & AL PR, AH T K R S
FLOH-RAEE — B8 0 B 6 1A e o R
Mapr R, A Y H-RERER & KR A
RBTE WL rh s AR AR B B 25 0. 72 6 T 2 40
TR RA Y S0 AR BRI 5T b, fE B 4R < B
K FEAE ML BIOR A B S0 BRI B A
N FE A KK HEAT K 1T, ARG W e
THEF/H, 0 YR 5 W W T T8 B T — i 4 235 48 1) 43
T RAENR. F5mi /K 1) 5% B 4 A A6 AR 8, AN
T 2 S B B g K M 2 AR 25 M A K R K
RF B 7K B T i) v 35 B, DA T B B0 Y
WA FEA SO IR B & 200 T i TR R R
KK T 1k THF 2218 4% % (K & & 5%
1 ETb) , PEE AN 298 0 E0% 1 . TR i H-
RALR N Az B, (o 2R A P 25 4 78 A5 W, 0 LA 33 46
BCELA /N B3 T B A BRI $. T LA R 5 Fif
s BRI 25 K 8 R H-RAE 5 Bk RA4E
S LRI 5 . SR U % L B AT R 2

— 5T 5 SR R L

500 -

400 -

<R,> (nm)

300 |

UV irradiation time (min)
Fig. 8 Relationship between the average hydrodynamic
diameter ( < R, > ) of the PMAPB; P-AA * vesicle-like”

aggregates and the UV irradiation time

Insert; TEM image of the PMAPBg P-AA “ vesicle-like ”

aggregates after 1 h of UV light irradiation

TESSNCRR IS 0 A AF T 2R 45 M ] % 2
KA ffp R AR AE . ] 8y PMAPB P-AA JE B 192
PEUETH A RSMT S AR R <R, > #9728
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ARt B0 T LA Y, Bl B [a] 3G SR AR < R, > 3 g

BTN Bl A G — PR BOE W
<R, >=A4, +Aexp (- t/T)) (3)
21t 60 min 5 I, RAERM) <R, > H 502 nm
W/NE] 284 nm. [&] 8t < R, > Fifi @ BR [) 22 1 4
AR AR SE R B R > 0. 99 FRAE € D i ) T, 4
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Ot BT e 2R AR A R A R AR R AT S S R AT A I
KRG R AT G, K 8 dfi K 45 T R KRBT
WAEZEHMT T BRAS 60 min J5 , RAE{K K TEM
A ATLAE 5 IR R 38 OK 90 - 9800 i
RN Z RATILE 9K )RR . X A2 4l
WERE K, KA T fe i H TOb Bk R F
At

AL FEAE R R, 1 H-R 4 5 ik R 4R
BrIE) A R, S A O Bk R4 A M 3L R Y
(PMAPB(P-AA) 7& THF/H, 0 & & i W h P i
Hh s SR A R AR 1A H-SR AR IR iP5 TR & K
R REY), HXh e & R AR IE 5™ A
(R IR 2 2 1 38 i 2 oK & g, H-SR AR IR
(4 Bl PMAPB, P-AA [ 4148 AR 5RO ==
RARNR. AW RS AT LU 9855 R S W i W)
U B HEAT PR . 3R A AR 0 Ol B A 1 AR OR S
ey AT JEE Bt A0 B J3E 14 46 o i i /1. SR B Ry
18 1 7K 5 B B R R AT B HAT S R AR A
X ol A RE Y S 98 0 45 H 28— I [R] 9 55 Aot
MBI, 23 et Ml TR AR
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HOLLOW AND VESICLE-LIKE AGGREGATES OF AN AMPHIPHILIC
AZO RANDOM COPOLYMER BEARING BRANCHED
AZOBENZENE SIDE CHAINS

Nan Li, Xiao-gong Wang

( Department of Chemical Engineering, Laboratory for Advanced Materials, Tsinghua University, Beijng 100084 )

Abstract The self-assembly and photoresponsive properties of an amphiphilic azo random copolymer bearing
branched azobenzene side chains (PMAPB,P-AA) are reported. The aggregates of PMAPB,P-AA in THF/H,0
dispersion were obtained by slowly adding deionized water into a THF solution of the polymer to the water
content of 80 vol% . Instead of quenching the aggregates with excess water to form solid colloidal spheres, the
dispersion was diluted with a THF/H, O mixture (THF/H,0 =1/4,V/V) and then THF in the medium was
slowly removed through evaporation. The procedure could generate a series of hollow-structured aggregates with
different sizes simply by adjusting the preparation conditions. The hollow aggregates were characterized by
transmission electron microscopy (TEM) , scanning electron microscopy (SEM) and dynamic light scattering
(DLS). Photoisomerization behavior of the azobenzene units was studied to detect the local environment
surrounding the molecular probes in the hollow aggregates. Results showed that hollow aggregates possessed the
non-spherical morphology at relatively high increasing rate of water content. The size (hydrodynamic diameter)
of the hollow aggregates was determined by the polymer initial concentration in THF. The photoinduced
isomerization rate and the photoisomerization degree of the hollow aggregates decreased with the increase of
polymer initial concentration in THF. The vesicle-like aggregates with a thin shell were formed by diluting the
polymer disperse at 23 vol% water content with THF/ H,0 (THF/H,0 =10/3,V/V) and slowly removing
THF through evaporation. For the vesicle-like aggregates, photoinduced disaggregation was observed when
irradiated with the 365 nm UV light. The understanding obtained from this study can be used to develop new
functional materials from photoresponsive random copolymers.

Keywords  Branched side chains, Azo random copolymer, Hollow-structured aggregate, Vesicle-like

aggregate, H-aggregation, Photoresponsive behavior



