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Self-assembly Behaviors of Comb-Coil Poly(styrene-isoprene)
Copolymers in Alkanes
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(Key Laboratory of Molecular Engineering of Polymers, Ministry of Education, Department of Macromolecular Science,
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Abstract The self-assembly of the comb-coil poly(styrene-isoprene) block copolymers (S-graft-I)-block-S
in polyisoprene (PI) selective solvents was investigated using dynamic light scattering (DLS) and atomic
force microscopy (AFM). The copolymers of this architecture can only micellize into spherical morphology
in heptanes. And these spherical micelles exhibit an unexpected bimodal size distribution. Besides the tradi-
tional polystyrene(PS)-PI phase separation mechanism, a comb-coil phase separation mechanism is pro-
posed. And the formation of these bimodal micelles is suggested originating from the coexistence of these
two mechanisms. Furthermore, the effects of selectivity, branch number and branch length on the
self-assembly behaviors were studied using DLS and transmission electron microscope (TEM).
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StEFEREMPRBEARYT S, HWRBZE—
N EEMIRI R, 82 R ABH S, A5 EYLHIAE N M
KA. Nap SRS HEBIRT comb-coil #
A-B WA MR BRI AR (A-graft-B)-block-A HIAHST
BITH. GRETCEENEHRERENERKESE
i, SHRFARENHESBLFRERILE, —ME
coil 55 comb Z R RAEMAE, —F& A-B RALZIA
RAEKSE. BITOERT —FF comb-coil BIHRE
IR IE R B LR (S-g-1)-b-S, ST EHME 1.
b L A AR BRI R DA BB 3R 2K LR R VR A
B, RAAEHAS NG FRREARMNHIBEAR,
BRI B B AL B A3 5 —HE, ERER
FERN B REER, RNEEEERNFEXRESER
SREMMETIER. B, EAXY, BIEEERS
R IBPDEREEER-—ER R TR T XREH S
FHIBARITH, FEGRELR LB RAE S B
HIF, mEIA R B AR,
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Figure 1 (S-g-I)-b-S molecular structure. The bolder line is the
PS chain, the slimmer line is the PI chain, and the whole
branched part is the comb part

HAEEET 5 FEFERI(S20-8-Las0)-b-Sy BIET
BEft(heptane) 1, FHECH] T REVREMN 0.1 mg/mL F
10.0 mg/mL KA. SNBSS OLS)MEREF I BMERE
(AFMPE R B R R RZ P RAFERERR, HEXL
BRI RS 404 RO HARIR I XS 5. IR S5
SRR SRR Y B AR TR B 20 A VS B B R A R R AR R A
ERaSENG, MREZE-RREZEHEA SRS
B DL R GBS A AR BRI PS MR Z R
S EHER RN -SERTHTERAKN
comb-coil BI(S-g-I)-b-S KB ILEMEARR PI EBHH

i) ——1F B %% (heptane) . 1F 2 %t (decane). IE + — 4%
(duodecane) 1 1E + [ %% (tetradecane) H F) & 2H 34T 4,
HITT comb-coil BRERILTR PP P1 EB 8 4 B Rtk
KN ZR Y B AT RN, DLS HuEH &
HTEMMEREREA comb-coil 4+ FEMIIHRBIL
RYAE— € %A T HRETE B RT A X4 A7 BTG RS IR
S8 00 ) 3 R Ak R R i A R AT B A R R
A )T R AR~ XU 58 42 53 5.

1 KEHS

1.1 (i

(OBHENEEHDLS): #S Autosizer 4700s, ¥ H
KB Malvin A5 BobEK Kk 532.0 nm, BEAEEN
90°, JIRBBEREFAE 25 C. B REMH PCS i,
Fl CONTIN 7535 i 4.

Q)E T H BEMEAFM): S Multimode Nano-
scope IV, ) HEE Veeco A 7. Fra MR S
(tapping mode). ¥ KR E A AN ERE, WA
Veeco, 815 TESP. FiEHH#SH I EH LIS HE &
PR ATIR. (3)1E 8T HE(TEM): &S H-600, W H
H4HIZHITACH)A . B EN 75 kV.

1.2 EZUFRF

RA: EBEFR(AE >99.0%), HFEE Tedia AR
fit; IEZEL(AE >99.0%), HILE Alfa Aesar 247 4,
E+ ke, D05 >99.0%), H13¢E Acons A
4, SAEE>99.0%), i E¥EIER T =4t L
LRFIE AT RSP Ak,

RED: (S-g-D-b-S BEVXAMNEFRE 5HM
HHERGE AN TEH&, AATREAS". A
PR B =M BN (Swgles)b-Sy,
(S20-8-L43x0)-b-S27 F(So-g-la6x1s)-b-Sz7, A HIEL GA, GB
M GC L. BL (Sao-g-Tr6x13)-b-Sa7 A, eRLEREL(coil)
A PS, - FEHR 27000, FREHEKE(PS-g-PI comb)H 13
A PLEERCEE, BB N2 T84 2600, XL AHE
BERAESY T BN 20000 B PS EEE L. =RILRBINS
FESME, mgRaidf 'HNMR B KB
7E 1.15~1.20 2 J].

1.3 BRRBERHE

FREUE BRE R MR T PS A PI WL B L9 &
fH(CCLYTF, B 1.0 mg/mL HESWEEWR. KIEHR
EWE, BARBRAOREUTHBEREBRE R
. FRTEAERE, BEGEMODETERAS
AL, BLESHESMETRIARRRENESY.
G [ BRI E IR HER), B, % 50
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CIHEABPIELBIRE 54, B85, Pk, FEH
¥X. DLS SEIR&TRUESE, FmKii B ee e & o T8
TR H A detk. HEERRE RS, BROTRI M/KBEE
KF 50 CH, FEMEFTHBR G THER, FREAY
WEEAREHE. Wik, WATEFET 50 CHEHKBEE.
XEHBAEER TREFR—AR, HPERR©SHA
KA BT

1.4 BRRTFERF&

BB ERB MBS =K LH&HT ARM
PR TR, o RE R ABRE — EHR
TR A MRERESEBRTERER 4 h AHEIETHK.
W, BT RERGERGPIRE T BASEKNESR, K
XL RAE BIR A TR, WA S THSMAB BRI
BB RRAER TR NN, BEJE SRR e
WEIER b Gl DLS /i, 45 53R 05 76 55 0 TR 9 g
BB BN LR AR RIS E B
.

F-T- TEM KX (3 REAE & 2 v 5 B BT IR TE O
M _EHI&TTEE. £ TEM SR80, XEEHFELT N
FAR(OsO) R E L HUNT. RIS FFEIEAT
TR R IE AR

2 HREWE

21 GB#EERKTHBEEITA

(S20-8-Lu3x9)-b-S7(GB) 7 T E ML B IE . R
Nap BIRWIFL, HBFT PIFPAE 2 B LA IR SL A7,
BEgext T PLE R ME RS, [ABXT PS 5 — 5 IV AK1E .
RIS FATE e % GB WA bt T AN R LRI R &
IR, HRBEE FahA LA OLS) Tk, 4R 8
XL A B Ak, BRI FERARRE
B2, FN 2o EEREERC0.1). #—FaH
W B AR BRI e, Tl 2. X—RAI
EiEE R E: BT 1.0 mg/mL, 7EAI4EBEESWIK
BER, W B HEARRRR S A 2SS AT, 7
R (<1.0 mg/mL)FIEWRE(>2.0 mg/mL)TEH, #i
B SETERNE, BIERE. XM HERER
FECRIG nA ris3e, B b X B 3 VR BE B8 I R B
AR BNFEG. /N RFWEFEARIR BN e R B I #8737
7 27.5 nm P, TR ST BE A U R A 85 iR A
%7 K% 20 nm.

FRAG X T R B (1 W T 8 K 35 4 R R AR FE SRR
MEW, mMBRER. BX—FBNEYHERE
(AFM)AIIE & L85 (TEM)ME I 45 3R 755 52

EBYIRF 0 BRI R H AR R TR

{ \ / \ 10.0 mg/mL
8.0 mg/mL
’ / \/ \ 50mgmL

Intensity/%

10 100
Dy/nm
B2 REKRER GB BFH K AI3IAL HUR K2 CONTIN 43
Wk &
Figure 2 CONTIN analyses from the DLS correlation functions
of comb-coil GB heptane solutions at various concentrations

. B3 BT AFKKE T GB BT MM H AL
RIS, HP(a) 0.1 mg/mL, (¢) 1.0 mg/mL, (d) 2.0
mg/mL F(e) 10.0 mg/mL. & 3a FiF 2 BRI SRR HhAH
%, NESIE RS2 uE. i, AFM HEE 3b)F#
5 5% 12 5 0] LLEE BhBRATT 4 % AN TR R T B e SROBURL
HTRIEWIRLR, ElRREEW, Hhlszm X s
TNAZIX, BEMRKIBARK. XEREHHEERE
MR AR R A B, BN 7ER 3c~3e /) AFM JESi
B, AR RO e B IR RN A RST (ER TR
R, B IRR ST b 22 S5 B A VR E 1) 184 n v R B B
B 3f 2 3e WMV E, NEEEUREGVIRE D
10.0 mg/mL B, W B AR RS & A5
7£ 13 126 nm BATEME. BT 10X 10 pm® W FTH BRI
R (AN $0 > 1000) 19 /5 BEH, RILIX LLI R = B T
B, Gl 4 Fras. sk AR R AT LAy
NP, MEPERE, MEMMENETREG. Xk
B AT EAE 2 DLS P mNE 2 g R —
.

tbi DLS Rl AFM 45 %, HATRIH AFM £l
3 BRI 1 = /N T DLS MR pokiss. RS, it
T DLS W, AL THAY, Zagmx, msan
WA RSERE, FNETAE SRR, TR LR
REB BT, TaMEE R IE RN RSE 2R
b, B JEUAR B R A IR % U B 7 KR ) Y AR R
¥, XFEHN—FHERETE-ZHHRREENER,
— 7 2 T B e i B R M B A IR R A ).

A, RA MR R Z —/ZLE B RIRE, XM
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R, XA LR 2 RN F T 848 PS B PI #
HEMR, NS coil-PS #EBL 2 [E =4 S22 BRI
Z5. B T SIS RGN 7 ReB i iRl
AT AR 2 B, BRS04 43 DA R W 45 4 R1A
A8, BE—E&GTXHMIERILE. RATATHIN
SEICESEIX P FAE 2 B e R A, B SCE MBI F R
% EXE, RITELERANT PS #BEAHEB KB,
RAE S WM E] PS-PL ZAIK(#%-52) 50 B, Wl 5a fizs.
XA, PLEEBRM R, PS KEEMIEZ, T4
EH, W comb #41 PS HBRASREK-FHAE. B
— 751, T Pl #EBREBF MM AL 4 (1) PS #EB, BRIk
A~ comb FA FHERE R AT PS FEFAHG M.
XFPEFIEH T RIERERMELF coil-PS TERIRE
FE, TR —FISFRI comb-coil HFE45H, WA 5b
B, EMEMEEE — N RENR, PS EHNFTEKX,
7E PI IfRIP T, RAEBRKMMERS, HibhELRA
51.4 nm(FRASE). Ft, RAVENXHF B ARAHSE
BUEIZTE B R A3t E, 2EBRT ERESR. 23
WAEI 25 A K, Wang ST (A-g-B)-b-A X LS
MTE B HIEEME NS AT W H BT E#AT T ot
BHUERL, B3] THEBGEH, BIEHR SRR

Bs mRZ-TEWTEE

Figure 5 Models of two core-corona structures for comb-coil

copolymer
String line stand for PI branch, while thick line stand for the PS chain; the dark

grey region is the corona, and the light grey region resembles the core area

MR TR D, SRATM LM BEEAH—BL
22 HFEMMBRNER

SCRRIRIEG R B AT A IR, WP B IL R
YIIRE AT X R I A A BT R R B AT YRS
FEBERW. AT EZRREFRNOEREW, FLUT
R, RATBRERSYWIREEEZ 0.1 mg/mL,
FLBA IR BN | PI L S K R B B B 41363
).

22.1 BERGFEHGIR

IELCEERE n=T)—RR IR _IGHEFRMER, K
WM E e R B B T S . e ERE (B R K
TTHRE-VER] BB A E AR, AR
HASAMBI. BODER TIEFEER KA EMIESR
B ERGE. EZRfE. E+TrUREDISE, 72734
# 7T GA, GB il GC MR, WEH 0.1 mg/mL.

DLS #;#& ] CONTIN 4r#1(8 6) B R 7ERME R 1Y
BARAMRT M MERRK. 446 TEM &RE 7
Mr: Bt A%, BREEREKEREN GA TR
SHIIE B IE R F P AR 5 B4 %, DLS 7F 100
nm AR 2 BE B 4 2 An (B 6a), 4F 2000 nm(iF B
$E)F1 500 nm(IEZ50) 7 MR BT E(E S A& REH
gy ) (HEBLVEE T AR B I B A R I 5 4, DU
BIEEHWH S TIE, BRTHRRAATE, 1HER
MR, SWEARE, ENERPEBRTHEIRE
B, XM RERRE IR, AEIRIEFR M IE+ T,
B AR 7 Y B BE(30~300 nm), F EIRXUE
. ARBEXS R R T o fa e v A, e ERRR
HAARKT 165 nm; [FRT, TEM B 15 W0 B BRI
RRA—, UFREME 7a). XEREERHE 5+
ISR S BN L. BT IE-H A R, R
REHEATAHR G DLS W&, {HAEAHM A TEM B (8 7b),
IR FEMT, KRR T ZRHE, BARSTH
REER L, FORRIG. BERGRY, 7TERER
HRFIMEHAT, GA 2 THHEERTIRR, THE
FERE T LA comb pFEHIA R R,

BN ERIE, AEEREKEKN GB, 3)
BB B B7R, GB EARRLERE W P REE 5T
FIRH, HR T fREEEE R AR E 2. GB
FEBRE TR AU A /D BOR; FEIEZ 5T, GB FE LAY
B 435k DLS $idE 7 R, MM TEM &5 R 7] LLBA
BEH, KABRORTERAHEE 7o). EE+ 8
#1, GB {] DLS ##E XU RS2 ke b A —48. TEM W
=] WA IR 45 M e, [AES /N R BOR B &8 (M
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B 6 GA,GB Ml GC ZEAR R R KZ S BN AR 8 REEE MR A 0.1 mg/mL)
Figure 6 CONTIN analyses of DLS results of micelles formed from GA, GB and GC in selective solvents (the concentrations are all at

0.1 mg/mL)

200 nm

B 7 SHh B AR ARE S R (2) GA T 50 (b) GA UKW () GB REHH (d) GB + 5t () GC %he

YR () GC + Zhedl; HAREWIRIEA 0.1 mg/mL

Figure 7 TEM images of micelles in (a) GA-dodecane, (b) GA-tetradecane, (c) GB-decane, (d) GB-dodecane, (¢) GC-decane, (f)
GB-tetradecane and (g) GC-dodecane and the concentrations are all at 0.1 mg/mL

7d), BEBREEGE D, WE+ Tk, TEM TR
WERBIRR, 18 /R WU 2 B 25 W R ST R Ay —
R

ERE R, BREREKEKN GC, RN
MEFEE WA B9 5 AR AT N B BRI i AR Ak %
Ha(A 6b). BORRT I Mg seasy i, M RIRE S
Phag, rAgRR, BIBET A RM R T S e
HOREIR. AR I TR o e 7 (LM A DS, T L0

AR Y REUMRR R, YL UIVE AR EES, KIR
R comb kB 1 PS EHATR R HRE, BMRER
W ROE BV AR LR e s e, AT
fiE PI SEAF IR PS L BEAMEFIATEAL, PS R4,
RELR/D; T-FEZ 7 RER B I AR E T
TR R RO IR PR 5 9 B g, TEM BB
Te~THUESK B H B RR BB S, HEEEBFN LS
PERE N, BREE D, HE AR RHER.
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BEE BRI BRI 8, AR S BRI AT
AR, RORZS R Z RIS mK 1% m, AR T4
SEMRTR AN BAERRESERRPREFE.
222 PlE#EBEEKERBEBEGTH

REVYNE WS E — B EREKNERER
BEXTRR R 1 B A ZT LB e e,

GA BRI B EN T GB M GC Z0d, BT84
HIBEKE GB, GC 8%, TERMRE T RERILEE
HRE, BREENMT comb-coil BB LR UK
W4 EE. i GB f1 GC #:4h, GB HER#ER#K
5 GC #Hift, 1A GC W4 & GB IIFf%. DLS 4R
o, BB GCHRATBAMARR. XEF BT GC
BRI R, HNRRRERNHFRIERK BETRE
FHsem, BRRRTBUTED, KBRS w25
B, REMERD, REHFEMRT R, RERE,
FRHRRAERE R, FMRTHIAEIRES. B
It GB 7RSS+ ZHe il P U BUY K/ ROGR, 78 DLS
THESGES. WBAFKNZ GB BB
IR BB R R T A AR e th 58440 85, W RER i T ekt
Xt PS H —E ISR AL 1, RECRFTH 1 PS 7] ALLEL
g, BERmsA—L MRIKRAE L PS WA
DU R TR ANBIRRELRHE/D, BERAD,
B LA & Rt g se 45 3.

B, BREEKNTEEERER+2EE, 34
B B R KR, B B G R T B A R IR
TR N A I SE A 57 .

3 #Hit

HHEBHFFEMK comb-coil R ZIF-FIL
TR I RYIER R TECEDEEEE R EE TR E
MEATHIRERIR. EREHNLRFEND TERSET
H, XRLEHEIRAYE EFRET B AR
R, RERRRERBEBAR, BERRKARZEZIL
ARG, KPR ER TR LR LRI AR, 35180 P
BEBCNFERILL comb HRER(S-g-T B4 M58, MM FIXE
SRR M A EHLE. BT TERRERE, &
R BEE B ER AR ES R WA ARKRRR S
G, FABEIE, RIS, WK R RR
HEmRR RS BETE, BT EE, R
F MR BB KRB, AT M R BIBR
X DL ) 53 A s 0 .
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