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Preparation of hollow nanospheres: photolysis cross-
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Fig. 2

links CPEMA shell; ozonolysis decomposes the PI core'®
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Fig. 4 A schematic illustration of the formation of the

hollow spheres for PI and P4VP 2!
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Fig. 5 Morphologies of discrete cross-linked hollow
spheres of PAE/PVPy observed by SEM the inset for the
hollow spheres before cross-linking'??! ( Reprinted with

permission from Ref. [ 22 ]; Copyright 2004 American

Chemical Society)

FERBFEERT , BB 4> F A B0 08 48 HoAE PAVP &%
e SRR A N S, T Y R R 88— s 0 Bk
P W TR A S IT-TIHEm S
LRIV 18 43 T S 0 1) BE N IR SRR 43 B8 T T 2 HR
SEK . YA R FBE R P e T B3 B 43+ Fil PAVP
(AR X EG A, 4 B T 43 1 B IR, 48 7 BE AR HLAR
WL R S S e 7E TEM R R BEFR 21 48 i 45
AR AAIRIRGE R . b, AT B 1 PAVP 4t
BEAT T AC BRI AL X BE N TEM [R5k 37 i s 5 21) 7
PR AR 2 1 S 25 T 0 B OB 4 F i, B
SRR, AT ON 38 Bk TEM B 42 00 4% 5] 44 3
() B0 IR S5 48, BV B 28 85 22 2 TR RE 4 0. It
Gb TEFTAR ST 9 N — AR ZE AR (G1-G4) Fi IE 4 F
W G2 il G3 BESEEL Y PAVP [ H 412, 1M GI
G4 WAHE, R HAE T G1 R/, A R TT-
TTYER, T G4 W SR K, H A i R IR 2 1%
(AR A L4 B 3] PAVP 55 I

AT AR Zou % 4Rl T A £ &1k
£ 285 2% 4 A O sl 1) o i 1o 44 360 1) O B 3 L 1Y

\

B0 Ll nl

2.2
ca. 6 nm

23]



9 S I 75 455« 725 43 3 0 R 23 0o R 14 71 45 RS B 5% 28 1011

4 %< BT Frechet "W kAU i /K B 4R 23 5 (Tt
WA ) Mok oKk iy R N- N N
(PNIPAM) %%, it 4% iy 2 b4 A B-25 Wi AG (B-
CD) . & 7K g e i o 1l Z L A B-CD i g &5
258 AR £t B & WK 4B P ((non-covalently
connected amphiphile, NCCA) , & I 1 15 22 4 %

OBn

BnO

BnO OBn

e L E OB K B E T I R B
MANMI 2R K PNIPAM 2 BT A3 %€ . 48 1 R~ £ 100
~200 nm, UNEN 7 Fir 7. e S A R A R 0 A 9 A
SR i T RSB RO AL I, Kk T
L5 RE T, B8 U AR 1A 5 P 28 T DO B R S oK
[ Z T, 8 9 5 S A

Fig. 7 Schematic illustration of the vesicle formation from NCCAs!2*!

DL BTk NCCM [ 26 # J2 i W0 #h i 2 1 4
e PR T TE VS W T 42 ) 0 8 9 RN 5 0 K. SE PR |
P R -5 G5 A ) NCCM By iR AR 1R &2, It & AT w]
PLid i NCCM (1 52 28 Bk P 25 4% 1 O il i 3k 19
A5 0Bk T T bk B R AR e A

AR NCCM 345 145 — AN 250
BoARATHERFARREY (REBHERAEL
M-PS(OH) ) g B F1 Jit F 3Z f& PAVP 7% 11
NCCM, %57 Jy il 3 H Be. PAVP 58 38 Bk 5 , B A I
th PS(OH) WU TE 7 il 55 B be sl ¥ o4 DMF, & &
PS(OH) 1 P4VP [y JL [ 5. #£ DMF v % 2
Vi) F U R R0 55, 51T 3C K 1) PAVP 7 25
FATE K Mg PS(OH) H T Rl A i
EEE, SR B L R OT YO Ok, B R 1R B L
PAVP 22 Bk W K4 B 0 25 O BR , RRAN K 8. R
T B A Ok S B as Ak e 2 TR B
W e SR R AT A 27 5 it 1) 20 BB 2% 1 IR R
fEAR Z . X Bl o7 b B S E v, AT T2 R
Fo Izt g, v 3 A A R Rk S R N
A BT DL BoO BR . &l 8 R 0. e X e
WAL PCL M — R R RN IR R R EY

VaVm | . mON
VaVa | BN
NS .w N
Ve | | 2%
AV .- A,
AV “m S g
350 650
300F 4600
250F 4550
:
£ 200+ {500 2
S psok daso =
A
1001 4400
50l 350

1 1 1 1
0 500 1000 1500 2000
Time (min)
Fig. 8  Average hydrodynamic diameter ( < D, > ) and
scattering light instensity (I, kilo-counts per second) of the
micelles MAF/PCL (1:1, W/W) at 25°C as a function of

degradation time2°/

(MAF) Jy52 ) NCCM wf i A i Je , B e 5 1
PRI [ AIE, R B NCCM kL 7~ 8 & B A%, PCL B 02
AR SR, 83X — 5 e kL RO B A BRI
1M+ 7, #1100 nm F+ % 300 nm , 3 52 38 5K 14 4
FeAE A% 25 B i A rp A W i ik 19 245

Tl % NCCM #9 2 F i 42 f, & 2R 4
Zhang %77 % J () JEU B A O TR AR A R, A



1012 E

EE ¢

2011 4¢

9 FroR R 51 &5 AIBN B3R (e-C MR ) (PCL)
9 DMF ¥ ¥ 5% 3 T I 27K b 4 2 T8 4l K 43
W SR P AR R B N-S5 DR 045 Tt e ( NIPAMD) 711
SEHRFN N, N7 (PR BERE ) (MBA) A,
M T 51 & R K, 778 T PCL KT+, T B 44
SEHRFNAAAE T KA, R Tt ) 3R R A R

o* .o.
PCL . AT
g MBS 88 s it ;
i Sl“-?' L ¢ NIPAM :"u"}'\'}\ Q:-: Polymerization f&q

F 4 OMBA A/ ) g0 76C
AIBN WS .?Jdgnfa:

Fig. 9 Schematic illustration of the preparation route to thermosensitive hollow spheres of crosslinked PANIPAM |

Jei A 1) A 22 B 3k — 5 vk HLoA 858 o, B X
TR TAE T K, KREWERGIRE T A%
TR B HS AT GE T Rk R A R A O
¥§‘28N30‘.§'i‘ £ 745 Chang F1 Kuo %5 MR T —
Jrik & T & F 4 ZnS ) PNIPAM 2% 4k 25 0>
B A AT RE FH 51 &5 AIBN f) PCL 44 K kL1,
FEA NIPAM F1 MBA () [&] i} in A ZnS. 5 #1351
& NIPAM % & J5, H B % f# PCL 15 2| ZnS/
PNIPAM 750 BR. JIr 45 21 1 & 7 o5 2% b 1) 25 o0 R
AL TR A T T LA VR AE 1 1 R AR

F g NCCM 95K 3h g AS BRS04 AH B R .
AR Wang 2508 32 % 0K 60 45 4% & 1F
FHgE: NCCM. 2y il 28 170 5 2 4 W Be 119 8 7K
15 43 RV 3 5 FRRORG (14 5% K 3 4 F. 2E K 7
T FOMIORG R AR 537 & WIS 1] 1 G 45 4%
YERIBKZ) T, 75 5] NCCM. Ji 5 78 38 I 5 oo 28 1%
% DMF [ N A%, (8 153 3] 25 0 BR. B F 28 0 Bk

XS
x° ®
N ol /@ & )

) BF,

Om (8] ISI e

OH 5
0 /P“d N/
S
PAA-[Pd]-PS \O

A F PCLOKL T F T, A4 i) 22 16 PNIPAM K]
A6 5 I B K T 8 0 R 25 7 PCLORE T . B
I HE AT, PNIPAM 55 J2 4 2% 580 |, 5 #F 3t 15 3
“HEHLEE A A LA NCCM. ¥ PCL A% fiff f ok o Ax
T 18 20 B

%y 300
7 32C

27

Shoe AR Z RN, ATk — 20 TR N A R
T AR A A, F AT J T 4 X 3 — [) R i A 7 s

TEAR VR B T35 T 28 E A i NCCM
T AR [, BRI A JLAS BTSN 5 % i T A
FH 42 i -BC AR AR B AR TG A2 AR SR B i ik B 3
Ry Itk — AR BV R P A NCCM. X
FoRE AR P B U0 R AT R TG LT R
YT 4 B T AT A Y A X R B Y
0’ Reilly 257" 338 Tt PAA H1 PS i 1T & J& -fic
TRAE FHJE iR 8 43 i Be 2L R 1. PAA ik B 1Y) i
FERAR S PACID) MBC AL RE AR5, 17 PS % BL i
M e FEFC AR 5 PA (D) (4 BC AL BE T AR A 3585 . 31X —
VBT 3 AN X 0 7 3 i B e SR W K v T 21 2
k1 PS 4% PAA SH 32 1% NCCM. 388 PAA J5 24 pH
B4 S I, i T BEM BT A, kK5 Pd( )Y
e 57 6 1 , PS ik B i b %5 M7 43 85 i ok (1: 4 THE/
H20) , AT 45 8 44 K 58 (&1 10) .

Self-assembly

Fig. 10 Chemical structure and self-assembly of PAA-[ Pd] -ps(37]

1.4 HEEEHE
VEAF S i B 2% % Kim XF 3 2 BRAVE 321K 4y
TH BRI R H 2 RGNS, R E

T — Pl A R A AR B kT
AT R T B R SR TTan P 1L o, e — g
Wk , 1653 51 %k (periphery ) H A 12 >4 9 S %



9 S I 75 455« 725 43 3 0 R 23 0o R 14 71 45 RS B 5% 28 1013

HZ0h —hi B AL & ) (HS-L-SH) . 18 5 41l i
T, TR A - 0 O RS PR H 2R
BT P IR AR B 4 ST i S R R AR I
W L. AR U 18 TS il S B A S5 A (] i
St AR S ST AT B A 99 5 S8 25 ) 23 )
2929 150 nm 1 600 nm. [&] i 4% 3 19 R F 5 40
WEor TR A O AR — 26 0F T R B
TAF BN R A BE Y BB TS B/ 2.
PR SRR T X — 9 (9 ) A A2 A 0 e, B XS

O

N7 N

RO OR
N-CH,
N\n/ P

0O

O-w=

CH‘! +

HS-L-SH ———

TAEM & Ra B BB MR T2 5 HE
NG T IR A T 3 R RE Y A oK B 49 R
7 i 22 16 A A 5 DR R R R AL ) 2 [ 1Y
T g 5 P9 52 7 A T AT 4 K B Y. X T X A% B
eS8, Kim 58 T E R IO L BRI — 2
7R A FAT A P A R, 35—k R
PR AR B . AT X — Ik e T
X A0 BRI B = 5 A B [ i A Y, T
W LA SO AR A T

hv

1 R=CH,CH=CH, 2. L=CHyCHy(OCH,CH,), 3a
° 2b, L =CH,CH,(OCH,CH,), 3b
2¢, L = CH,CH, 3¢

Fig. 11  Synthesis of polymer nanocapsules 3

Disulfide loops protruding from the surface of polymer nanocapsules are omitted for clarity!*®
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from Ref. [ 45 ]; Copyright 2009 American Chemical
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(a) Chemical structures of the PEG-b-PBD and PEG-b-PMAzo copolymers; (b) The
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conformation of both copolymers within the bilayer of the vesicle before and after UV irradiation" ™"
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PREPARATION AND SOME RESEARCH HIGHLIGHTS OF
POLYMER VESICLES AND HOLLOW SPHERES

LIU Xiaoxia, JIANG Ming
(Key Laboratory of Molecular Engineering of Polymers of Minisiry of Education, Department of Macromolecular Science,

Fudan University, Shanghai 200433)

Abstract Polymer vesicles or hollow spheres as macromolecular self-assemblies are of great importance in
theoretical studies as well as broad applications, especially in medicine fields. In this article, discussions on
different routes of preparation of polymer vesicles or hollow spheres were presented. The traditional preparation
methods for the assemblies include self-assembly of block copolymers, shell crosslinking and core removal of
copolymer micelles and synthesis on the templates. The methods wvia non-covalently connected micelles
(NCCM) ,as well as the one-step synthesis from monomers to polymer vesicles were reviewed in detail. These
methods have overcome the laborious multistep processes including using a preorganized structure and
subsequent removal of the core or templates et al. Recent progresses in functional block copolymer vesicles,
such as the micelle-vesicle transition, “breathing” vesicles, bursting of sensitive polymersomes and surface
modification of polymeric vesicles have been highlighted.

Keywords Polymer vesicle, Hollow sphere, Preparation method, Functionalization





