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VEE R T & /DR 75 1 s K §E7E K R SR AT 7345 T4 SEBS B R — B8 K BL., SEBS
e P EBILERY), & PS DY Mk B LM 1T TR Y oy b e ik B . HE SR PS kB b
EHVERRIE, FE KB 24 SEBS BRI TEDU SN IR B0 AR -5 R KR & I IFA T AETTE, T

B3 R — e ko7 3HL PS R EB HER#D
L TR KA S AR/ B B R A SRTIT T SR AR 4 2
HRER DR T AR AEE X TR T RARR, 1FE
AT LAA [ SR AL B FIRE AL 5 1 SR 205 (CPS) i 7e vt %, B
KT BT & BRI AE YA S o B T RP et H
BARMY R, BT R B DR B R Y 1 A
1L AR IR H 2R R Lk SEEE ., Ak
2k B e TR I — Rk

VEZ B T TSR YIR LR 246 (CPS) 1R 58
Y BR 2 B 0 915 B PR E K b S B 3R R Y TR S 1 AR 4L
& 6 8% T IR MR AL I A 205 (CPS) 7E K P ) B 4R 15
B MR AR R S K FR A B R A
) RSTAZ /N e 3 SRR /D, 4 BR AL B I 31— o 2
JEE (= 25mol V0) I}, TR AR RS AL A K, BEAR IR RT R T 2SR,
SEBR b X 5 ER TSR Y BT Bl B — R, 24 CPS
NFK PG ab T TR 3 2 A BB K PS 4 B e K vh ok A= 58
A5, T SR KRR L U 1) 10N K e, 4 3240 FE B AIE R 3 B 1]
PS HEBURMGKC, PR BOR T2 2 IR 254 . B FR AL L B B4
SEIKMERIERR T HED A S8 SRR R 1 S A5 — 3543 7S 7 38 4 b 43
HTEFL B, TERO R 7S IR AR A 1 2 LR 0k, i T a4 T
e e SR KPR TR T K AR 55, B AR R AR WK SR R
W, A E AT . <R, /<R, 0.8 Mt 1.2, FIHHR
AR B S BROR G5 M 7S A AL 4

A b, BRI IR Y I RESR S R KR

<Rp>/nm

Negain / 104

75.0
D-._\
60.0 } \
45.0 ¢ \ o
\
30.0 ¢ =
450} A o
\\ & o
. (A /
3.00 + \\ ;:J.UO ﬁ.n_.,a
v s’
\ 0.80 %
9 00 150 300 45.0
1.50 [-COOHJ/{mol%)
\(}_."‘—Q—a

0.00 — N
0.0 10.0 20.0 30.0 40.0 50.0 60.0

[-COOH]/(mol%)

B 6 BRALEIE LM (CPS) FE K I AL TR

IR TR DR (= R =)

HEREHGRILER KR,
Figure 6  Carboxylation extent dependence of

the average hydrodynamic radius (<R.>)»

the average number of CPS chains (Nchain) and

the ratio of average radius of gyration to the

average hydrodynamic radius (<< Ry >
[< R,>>) of CPS aggregates -

LK 2 SRR A3 B 725 3 TR0 SR S 30T U 5 4y BH D 454 . R R SEIRIERH 1% 5 0 TRER R

—EEn

1994 48, FEF R ATIEVER B2 A0 LI 7 S ot — AT LAY JL AR R (L 7)

ST Y T RER SRR R CRAKHR ) RS W) (K ER Y ) Z B B B R SR PR 2 RAEENE”
T TRTASERS DL 4138 o SR A MAORE T R S VT A SR TRV P50 8 1 2R A K I PE v 20 T- S SRR 9



. 86 . = i + biiil 1R 200548 A

SER, BRI A @0 TR TrHREA N AMRER SMRER <R | L R
AT S, R e R E M TR EEITHDy ws A W, I

_ AR, (W W) 3R (W T W)

(43)y 7R’ P oR’ S
G A 3RuMs W W @)
Ns  ON,R Ws

st R Ry 3 BB SRR TG L BRI R 00 BIR SR ) 1
fo 7 RGN T RAVHE My BRSO AR R B0 4 T R 1 P
AR=R— Re<R. HFE(2) 0[5 L. e .
W Tt V[ 3540 ﬂ O w1 mprrmaTs
MTHEIRR TR G) P . 0 R M BE AL W W W 5 R BETEE.
R AR ABHIATR S F1 AR BOM. HFRIRLMHS AR B ()R, g,y e, A0
XMF R R AR Wel Ws 55 R RAHEER, AR A PRGN RTR s WO TARNTIHE.
. . Figure 7 Schematic representation
H—HEH. of stabilization of polymeric
18 4 thy T SHCRL W A o BT ) s R = YR (CTAB B panticles where the stabilcer
FEAY PS BETLED Ry A1 Wel We BT, Soodn, Ry S DEMOG BN,y on be sufacant o goups
BARE) S0 18’ VRS HAAE K2 TR B B TR o
AT A2 BT T BRI TR 1T AT LUJEEN tH CTAB TEEF PS IRl
LTSRSt —EL, RIS AR Onm, SBEH] CTAB AR SUGER A PS BERLAY, T A2
ST, &I AR RIZER,

ON, A

6.0 12.0
- PMMA /
n 40} 8.0F
= o P
gn' g -% a Ps
S Bu' 40t o —7
P
e ”(Kﬁ/
0.0 - L A - 0.0 1 s .
10 20 30 40 50 60 0 100 200 300 400
Ry / nm Ry, / nm
8 ket = PSR R R 0 Z R W, Ws B9 PEO FE A PS A PMMA ek T
LRI IR 522 <<R, MR R, Figure 9 Typical plots of Wp/Ws versus R for
Figure 8  Typical plot of W,,/ W, versus R for the PS and PMMA particles stabilized by PEO

emulsion polymerization of styrene with CTAB as the stabilizer

&1 9 2 20 (S, ) 3 TP ZE DT R VS (MMA) 767K T 5 PEO A B4 T TC B L3R L T T e R e 11 8 4
TR T H AR TR T (4 PEO BT ok i fa e /R, 1B 9 32 % T5X P Fh R AR AORL T
Wol Ws 5 R HIBZRMESE 2, Hoop, 3T PMMA KT B AR T X T PS R FHY B LA, X &
(K PMMA HTH A ERIE L PS H A2 A SR KPE. PMMA R 1A e e . N A4S PEO 4EFTHE
FRER PMMA FHFAEL PS K,

AN, AR R PEO KHLK 5 St F MMA 238, %3 Wo/Ws 5 R ¥IZMEE &, H PEO HEK
(Rexo) 5, S U2+ SO° Roso AT ReoC Micor HATE BS 5% PMMA, FIE A9 PEO f5 2 T4 4. B4R, 3%
5Ny FFREEER] CTAB 16X PIFh B &R R M HET IR . X2 CTAB 1 35 K FEANB K VK 4%
TEHAY F—3it CTAB TEBK V5 20 T B Sk 57K i J T HE B 532 /K S 1) N K R T G K P



4 1 [= IS N SERS R .87 .

B A HEN R 1 BT CTAB 43— Wi 5 7K 73 R K 7777 11 AR S - e & 25 R ARS8 CTAB FEEL TR TR
R EHES ., (2 PEO HEEE N HITHRZ PIRIERY B AR BEAL T 20K N BRI S E 2 . FETCHE
SIS, PEO 4T B i A JEORE 26 T ARG HE AR U3 B RN O, I8 B o P35 Y PEO RE SE A R0 AR E & 138
ESU

L RN A RS A T i B R R R L BRI TV A RURIEYE B 4LR0AY BT EYE AB BT i
Bl ABA —iRBOLRY), ARV, B LA Jg5e i RN, HorR kB A FIHREX B (3R &
FET RN na R s ABGE B PTEEPEIRBL A BITER E A A2 00 22 i AU — 3 40 T

4mR? o< SN 4)
N
f% TR0, O Nn (5)
RE A BT, .
S o I (6)
ESHTiTE
R, ©C anﬂA (7

SCHUENT, X PEO-b-PPO FE/KH TR SRAER  J5 R (7) B TN 45 R -5 553 45 R — 2L

LA LR R p 32 s o T KIS RO R & A PLE R Mo TR R E, SiSh
G T IS TRER GE R AT S LA RO A A A LR | O L S T B e ) TR ARy
5555 AEE D = AR 20 T e o) TR R RE R SR AR IR

R

F T B SRR RGUKVE N R R e S0 TAREAE N, e X0 TAE . fEE C ol
T HEAE RN & TR B S REFT VR BET TP IRER. A B ia SR A AR T
BAEFIN SR T 0 & 1 BFRS AR > TAHEAE N Sm 0 T & 5 REN K FR . TR A
[RIEAEE T X LR ] B SEAS KL MBI AR T BESR S PO A R 84+

ot AR T EE B RRHERE G BB BN RIS R B, IR,

5 Sk -

[1] Stockmayer W H. Makromol Chem, 1960, 35.54.

[ 2] Lifshitz I M- Zh Eksp Teor Fiz, 1968, 55,2408.

[3] de Gennes P G- J Phys Lett, 1975, 36,55.

[4] ChuB. Park I H. Wang Q W. Wu C- Macromolecules, 1987, 20,2833.
[5] YuJQ. WangZ L, Chu B- Macromolecules, 1992, 25,1618.

[6] ChuB, Ying Q G, Grosberg A Y. Macromolecules 1995, 28,180.

[7] Tanaka F, Ushiki H- Macromolecules, 1988, 21,1041.

[81 Grosherg A Y. Kuznetsov D V. Macromolecules, 1993, 26,4249.

[9] Kubota K, Fujishige S, Ando I- J Phys Chem, 1990, 94,5154.

[10] Meewes M, Ricka J, de Silva M, Nyffenegger R Binkert Th- Macromolecules 1991, 24,5811.
[117 Wu C, Zhou S Q- Macromolecules, 1995, 28,5388 and 8381.

[12] Wu C, Zhou S Q- Macromolecules, 1996, 29,1574.

[13] Wu C, Zhou, S Q- Phys Rev Lett, 1996, 77.3053.

[14] Wu C, Wang X H. Phys Rev Lett, 1998, 79,4092.

[15] Wang X H: Qiu X P, Wu C- Macromolecules 1998, 31,2972.

[16] Zhang G Z, Wu C- Phys Rev Lett, 2001, 86,822.

[17]  Zhang G Z] WAIC? () A CHentSoch 20016 (123 1376

[18] Siu M H, Zhang G Z, Wu C. Macromolecules, 2002, 35,2723

[19] Khokhlov A R, Khalatur P G- Phys Rev Lett, 1999, 82,3456



.88 . EO4  F  O® W 2005 4 8 f

[20] BiggsS. Hill A. Selb J. Candau F- J Phys Chem, 1992, 96.1505.

[21] Zhang G Z, Winnik F M, Wu C- Phys Rev Lett, 2003, 90,35506.

[22] Halperin A- Macromolecules, 1991, 24.1418.

[23] Urakami N, Takasu M- J Phys Soc Jpn, 1996, 65,2694.

[24] Semenov A N Joanny J F» Khokhlov A R Macromolecules: 1995, 28,1066.
[25] de Gennes P G- Isr J Chem, 1995, 35.33.

[26] Li M, Liu L. Jiang M- Macromol Rapid Commun, 1995, 16.831.

[27] YLHH. X8 B T4, 1997, 4,480.

[28] Li M, Jiang M: Zhu L. Wu C- Macromolecules, 1997, 30,2201

[29]7 Li M. Jiang M: Wu C- J Polym Sci Polym Phys, 1997, 35,1593.

[30] Zhang G Z. Niu AZ. PengS F. Jiang M: Tu Y F. Li M, Wu C- Acc Chem Res, 2001, 34.249.
[31] Zhang GZ. Li XL, Jiang M, Wu C- Langmuir. 2000, 16,9205.

[32] Wu C. Macromolecules, 1994, 27.7099.

[33] Wu C, Akashi M, Chen M Q- Macromolecules, 1997, 30,2187.

[34] Wu C, Gao J- Macromolecules, 2000, 33.645.

Folding and Aggregation of Polymer Chains

ZHANG Guangzhao » JIANG Ming » WU Chi"’
1. Department of Chemical Physics. University of Science and Technology of China, Hefei 230026, Chinas;
2. Department of Macromolecular Science: Fudan Unwersitys Shanghai 200433, China:
3. Department of Chemistry, Chinese University of Hong Kong)

Abstract : This review summarizes our work on folding and aggregation of polymer chains in water- We started
with the folding or coilto~globule transition of linear poly (N-isopropylacrylamide) (PNIPAM) homopolymer chains in
water, and then studied the folding of hydrophilically or hydrophobically modified PNIPAM copolymer chains- The
roles of hydrophobic and hydrophilic interactions in the folding were investigated- The intermediates in the folding
process; i-e-, the molten globular state and the “ordered-coil” state between the random=coil and compacted globular
states were observed- On the other hand. the aggregation and stabilization of amphiphilic polymer chains in water
were also studied- Our results revealed that if the polymer chains form aggregates with a core=shell structure, the
surface area occupied per hydrophilic moiety is a constant- Such a relation does not hold when some hydrophilic
moieties are buried inside the aggregates, and the aggregates would develop into hyperbranched clusters as the amount
of hydrophilic moieties increases -

Key words :Folding; Aggregation; Polymer Chain; Molecular Interaction



