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Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures
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Table 1 Thermal analysis data of the copolymers with different contents

Sample P2 P-3 P4 P-5
ABA: TPA: 1A6: DOPO-AHQ 60:15:10:20 60:10:10: 20 60:5:15:20 60:0:20:20
M/ (dL - g71) 0.55 0.69 0.44 Insol.
Tg/"C 164 161 161 161
T 1%/ 185 195 192 201
T,2/C — — — 330
Ty50/C 413 434 440 437
T4/ C 485 492 488 485
Char residues(% ) at 700 °C 39.3 45.6 42.8 39.8

Fig.1 Polarized light microscope photographs of samples P-3 and P-5 at

different temperatures( magnification 500 x )

(A) P-5(250 C); (B) P-5(340 C); (C) P-3(230 C); (D) P-3(280 C).
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Fig.2 DSC curves of copolymers
(A) Second heating; (B) cooling.
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A Novel Phosphorus-containing Thermotropic Liquid Crystalline
Poly ( ester-imide) with High Flame Retardancy

YANG Mi, CHEN Li, ZHAO Cheng-Shou, WANG Yu-Zhong"~
(Center for Degradable and Flame-Retardant Polymeric Materials, College of Chemistry,
Sichuan University, Chengdu 610064 )

Abstract A novel thermotropic liquid crystalline poly (ester imide ) ( PN-TLCP) was prepared by melt tran-
sesterification. The chemical structure, the mesophase behavior, and the thermal properties of the copolymer
were investigated. PN-TLCP exhibited a nematic mesophase at a low and broad mesomorphic temperature, and
a low initial flow temperatur. PN-TLCP has also good thermal stability, high char residues and excellent flame
retardancy (LLOT =71 and UL-94 V-0 rating).

Keywords Thermotropic liquid crystal; Poly( ester-imide) ; Flame retardancy
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Manipulation and Detection of Chain
Orientation in Polymers

XUE Gi (8 %) "
(Department of Polymer Science and Engineering, National Lab of Nanjing Microstructure

Studies Nanjing University, Nanjing 210093)

Abstract  Chain orientation of a liquid crystalline film before and after rubbing was studied by surface enhanced Ra-
man scattering( SERS) and Optical second harmonic generation( SHG). SERS combined with WXRD were used to
detect and manipulate chain orientation of conducting polymers. We demonstrate that highly oriented a-crystalline
polypropylene can be obtained with ultra high strength by rapid crystallization. Ultra fast scanning DSC and 2-dimen-

sional WXRD were used for the studies of oriented a-crystalline polypropylene.

# JHTHIE R A, E-mail: xuegi@ nju. edu. cn
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FRERRS F N R, SRR A LR N T [ A2 R BT B A SR G = A 25
M ZR ) S 22— AR TAELBIE | SGEIE R BE IR A W e X 4, R 5T 4 ] 1 [ S B AE
TS R MLBERS T BORNRSE FOFE T, BF9E 40 UK | 43 6] RH CEL AR FH 2556 R 40 1R R A7
K. BRI A DR o> AT

RO ? 0 OR
o0 L M N
RO 0 OR

|
0

FH-T3: R=—(CH:).CH;; FH-T6: R=—(CH.):CH:: FH-T7: R=—(CH:):CH::
FH-T8: R=—(CH.),CHs: FH-T10: R=—(CH:),sCH;

(0]
NH—NH\
C OC,Hz Rn-NO,
o?
OC,Hz
0
H:N @C{ OC,Ha
NH—NH

Ne i Rn-NH;
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FIRARZREILIRFRRESL I . AN AR T B REILIR S TN GIE AT iE R, (&) FH-TT ER DA
o, WREEAR T 255 pmol/L B, JE AT NS, BEVREERS N, o0 N S 2 IS Jo A B FOT I A8
WP = F 255 wmol/L B, T8 BRI T3+ [0] DU H S5 09 201, TH3A9 204 437 18] B 55 50003 30l ol
447.5(NH-1) and 217.2 L/mol(NH-2). Fuif/#Hriki, FH-T7 HAEfe =K DURMARE 2R 4k, it
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Fig.1 Schematic representation of quadruple hydrogen bonding in FH-Tr's
RAGHGHIFRARSY . FH-Tn £E ZREHREIE UGS I BERE, LT HEIE SEM [T aniel 2. THREBE L5
JEIG S AT IR 43 1R] A SR BE Y iU 3R 2 ). AR A 2% 2R AR T-ME o FAEBE S T LB R gtk
AOSRAE. I AN T A e SR AR A S5 A
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Fig.2 SEM images of xerogels from FH-Tn
(A) FH-T3 (mass fraction of 0.9% ) ; (B) FH-T4(mass fraction of 0.7% ) ; (C) FH-T5(mass fraction of 0.7% ) ; (D) FH-T6 (mass frac-
tion of 0.6% ) ; (E) FH-T7(mass fraction of 0.6% ) ; (G) FH-T8 (mass fraction of 1.5% ) ; (H) FH-T10( mass fraction of 2.0% ) in etha-
nol; (F) optical textures observed for FH-T7 xerogel from ethanol (0.6wt% ).
Table 1 Phase transition temperatures(7, °C) and enthalpies( AH, kJ - mol ',
in brackets) * of FH-Tn(n=3,6,7, 8, 10)

Heating Cooling
Compd.
Phase T/°C[AH/(KJ - mol ™) ] Phase T/°C[AH/( kJ - mol™") ]
FH-T3 Cr;—Cr, 143(6.09) Cr,—Cr,; 133(5.90)
Cr,—1 238(19.82) I—Cr, 230(20.06)
FH-T6 Col,—Col, 130.9(8.56) Col,—Col, 117.6(7.33)
Col,—I 195.6(6.90) I-Col,, 192.1(6.94)
FH-T7 G-Col, 99.8
Col, -Col,, 117.5(3.92) Col,,-Col, 109.9(3.78)
Col,,-I 177.3(6.56) 1-Col, 176.8(6.48)
FH-T8 G-Col, 91.8
Col,-Coly, 111.7(4.35) Col,,-Col, 107.2(4.09)
Col,, -I 162.1(4.79) I-Col,, 157.8(5.05)
FH-T10 G-Col, 105.8 Col -G 102.3
Col,-Coly, 117.2(4.18) Col,,-Col, 116.9(4.11)
Col,,-T 144.5(5.88) 1-Col,, 142.7(5.94)

% 1. Isotropic; Coly,. hexagonal columnar phase; G. glass; Col,. unknown columnar phase, and Cr;, Cr,. crystalline.
BT R JE ALK BRI RS S) . R16-NH2 ZEAHLIAEH], Wk, B 1, 2 —5 ki, LB
&, BAMRGERRE ). TR SEM JES AN 3. &4 DU ol — 5 407 (A S5 I ek A 9 2=
6
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Fig.3 SEM images of xerogels from R12-NO2 in benzene ( mass fraction of 2.802% ) (A), from R16-NO2 in ben-
zene( mass fraction of 0.607% ) (B) , from R16-NH2 in benzene ( mass fraction of 1.30% ) (C) and ethanol
('mass fraction of 0.56% ) (D)

2 £ X M

Beginn U.. Prog. Polym. Sci. [J], 2003, 28; 1049

]
[2] PangD., Wang H., Li M.. Tetrahedron[ J], 2005, 61: 6108
[ 3] Shu W., Valiyaveettil S.. Chem. Commun. [J], 2002 1350
[4] Terech P., Weiss R. G... Chem. Rev.[]J], 1997, 97 3133
[ 5] Qu Songnan, Li Fan, Wang Haitao, et al.. Chem. Mater. [ J], 2007, 19 4839
[ 6 ] Bai Binglian, Wang Haitao, Xin Hong, et al. . New J. Chem. []J], 2007, 31(3): 401

Liquid Crystalline Behaviour and Organogels of Dihydrazine Derivatives

LI Min™ , QU Song-Nan, BAI Bing-Lian, WANG Hai-Tao, LI Fan
(Key Laboratory for Automobile Materials(JLU) , Ministry of Education, Institute of Materials Science and
Engineering , Jilin UniVersity, Changchun 130012)

Abstract The present paper reported the liquid crystalline behaviour and organogel properties of the twin-ta-
pered and tapered dihydrazine derivatives.

Keywords Dihydrazine derivative; Organogel; Liquid crystalline
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Ot g U4 ) F R ( 5 DOBOB ) H@ﬂD;C:yﬁm_o
3,4, 5-= (- b - ) - F AR 4L ) 2R .
HIR (fR7FK DOVOB fR) B!, X PR REAR 4 F HA B
i, SR | FTR. B R T ‘““wl{j}ﬂ“_o coon
VALK R RIRER 0 -4 BB R 7 220 . 72 S §
(CS). ZILGF M FE (EC) WL F 2, 35 B B ”“M’<> He—o
(HECS) , 152 = Fh 47 7= %) 53 5l /& CS-g-DOBOB.,  Fig.1 Chemical structure of DOBOB and DOVOB
EC-g-DOBOB LA &% HECS-g-DOVOB. DOBOB: R =H; DOVOB: R = OCH,

ST AL K2 UL AT B I E B DMAC/LiCL /R 2, — 3 C 358 — e (DCC) VE MARE 7],
AR g % F B T 58 ( TosCl) B — H R 2L MERE ( DMAP) . R AFRATE o2l 17X 5%, ¥ DOBOB
MR PR RN FE R T4 . BRSO R ¢ K DOBOB MRIA i T-& A Tk AL Bk e o, L
Xof B 2R B R S AR5 5 2R R K 1 S RBEAE N, SRS T I T BN A5 B R 2 A T )
CS-g-DOBOB. £T/NFIAZ 25 b B T 4B 7= i 4544

TAh, XA SR B, 220K DOBOB RIER B £ ILLF 4R . B LI LT e Z B4 4
5, RN I ZAEANIE R RAF e, (A S N A ol RE7E XA A 251 T 47, BT
MERE R DMAC AN KZE S o A B = i A LA, RN T O IR 4 R BB I T I A P
I, AFR AR Z B DL A W B N AL AR TR, R H ) I 4P R R S
(DPTS) X FPHT 3 11k ). EC-g-DOBOB HY-G HANT : *Kf DOBOB W2 Flid & 1 DPTS il T S b,
HIA EC(DOBOB 5 EC EE/R R 3. 1) 4REEBiHE B MU, IAGE R A DCC, i T4 h. &
NG, BERUTIEM R =) A CHR(DCU) , W RHFRERIR | AR 2(8h |, KUk, /a8 5 e 78 & 15
FHH =Y. AR5 214678 EC-g-DOBOB iR ¥ A E K. 7E EC-g-DOBOB 55Uk EC & DOBOB F& [
LEANRT R, A AR A R R 1R AL, 1686 om T URIR TP EOERIER U, 5K 1724 em TS
R IR, T HNMR WAER T P2 R ik 45 4.

CS-g-DOBOB F1 EC-g-DOBOB #BE A #ER M PE. w6 B8 (POM) T, W% CS-g-DOBOB Fi

ER A RENE I 4 (HEE . 20774077 ), fd2 4 A ARBL 22564 (HEMES . E0510003, E0710025) #1JE 1T B3 B (LS .
3502720055013 ) % 1.
= IHEE R A. E-mail. ymdong@ xmu. edu. ¢n
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Fig.2 Photographs of the fan-like texture for CS-g-DOBOB(A) and EC-g-DOBOB(B)
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Fig.3 DSC traces of DOBOB(A), CS-g-DOBOB(B)and EC-g-DOBOB(C)
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Fig.4 X-ray diffraction of CS-g-DOBOB
HECS-g-DOVOB (4 BRI T o5 — 52k, e HECS 12 R bE, 2 B 50 RO 1 6 5 1l ik
R G I AZEEMIE , ERER T RS /T WA (SR ZU SREVE L, A R FEER RO M EA T, R
NARRAEARIR T #6147, AR A DMF IR A WO, FBE R [R] B 2 4k 7). DOVOB 12 (5
HECS BE/REE R 4: 1) 9 DMF R ZZ 121 A HECS BRI, 0 °C T 24 h. ST AR 7
B AR d ik ) DOVOB /R, W, iEHr, &5 R T45 K 1 A E K HECS-g-DOVOB. X 7= ¥ i 17
FTIR #AE, 25583%W], HECS-g-DOVOB RY3EE FATH L 1731 em ™' (BREEFFAEIE) , 3034 cm ™' (35 |
C—H M4aHR3)) , 1503 F1 1605 em ™' (R EH 4R ) , 828 em ™' (RIF L C—H 1y 1E Fh 5 il Hi
3f). '"H NMR kB T =i i 2= 2544,
HECS-g-DOVOB A2 B0 i, TR . 75 DMSO BV AR HE % WL 4 31 #7814 1B 5 4k b

AR (K 6) , EeANFETIEE DOVOB BRI IELHY. (HiX 55 HECS FMEl, HECS J& ¥ E0f it H.
9

Fig.5 Electron diffraction pattern of EC-g-DOBOB
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Fig. 6 Photomicrograph of the planar texture for Fig.7 CD spectrum of for HECS-g-DOVOB/DMSO
HECS-g-DOVOB /DMSO solution solution
Z £ X

[ 1] Sashiwa H., Shigemasa Y., Roy R.. Carbohydrate Polymers[ J], 2002, 49 195
[ 2] Sashiwa H., Shigemasa Y., Roy R.. Macromolecules[ J], 2001, 34, 3211
[3] ZengE., Jacob K. L., Polk M. B.. Polymer[J], 2004, 45; 2165

Synthesis, Characterization and Liquid Crystalline Behavior of
Polysaccharide Grafted by Carboxyl Ending Dendrimer

DONG Yan-Ming”* , ZHAO Ya-Qing, GE Qiang, ZENG Er-Man, HU Xiao-Lan
(College of Materials, Xiamen University, Xiamen 361005 )

Abstract Two dendrimer, 3,4 ,5-tris( p-dodecyloxy-m-methoxybenzyloxy) benzoic acid (DOVOB acid) and
3,4 ,5-tris( p-dodecyloxybenzyloxy ) benzoic acid ( DOBOB acid) were synthesized. Then there novel polysac-
charide derivatives; CS-g-DOBOB, EC-g-DOBOB and HECS-g-DOVOB were prepared via grafting the den-
drimer onto chitosan, ethylene cellulose, and hydroxyethyl chitosan respectively. The chemical structure of
CS-g-DOBOB, EC-g-DOBOB and HECS-g-DOVOB was detected by means of FTIR, 'H NMR.

CS-g-DOBOB and EC-g-DOBOB were able to self-assemble into a thermotropic hexagonal columnar liquid
crystalline phase, showing fan-like texture under polarized optical microscope, which was very similar to the
raw material dendrimer DOBOB acid. In DSC traces, LC-isotropic transition of the derivatives were lower than
DOBOB acid. They were both room temperature liquid crystals. Whereas, HECS-g-DOVOB only formed lyo-
tropic cholesteric liquid crystal in concentrated DMSO solution with a typical cholesteric planar texture, which
was similar to HECS. However the cholesteric pitch of HECS-g-DOVOB (382 nm) was much smaller than
HECS. The interaction of benzene rings between adjacent cholesteric layers is the driving force for decreasing
of the cholesteric pitch into HECS-g-DOVOB.

Keywords Dendrimer; Chitosan; Cellulose; Thermotropic liquid crystal; Lyotropic liquid crystal
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x: The number average degree of polvmerization of polyvstyrene. BBP-»

Scheme 1 Chemical structure of macroinitiatorand the cartoon of resultant bottle brush copolymer
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Synthesis and Characterization of Bottle-Brush Polymers with Poly ( p-
phenylene terephthalamide ) as Backbone and Polystyrene as Side-chains

GUAN Yan, WAN Xin-Hua"
( Betjing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and Physics of Ministry of Education,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract Recently, interest in the controlled synthesis of polymers with specific architectures has increased
substantially. Graft copolymers with densely grafted side chains can adopt the conformation of cylindrical brush
in a good solvent. Such rod-like macromolecules are potentially useful for preparing molecular devices such as
molecular wires. Herein, a series of bottle-brush polymers( BBP-n) with poly ( p-phenylene terephthalamide )
backbone and polystyrene side-chain were synthesized by a combination of low temperature polycondensation
and nitroxide-mediated living free radical polymerization. The resultant bottle-brush copolymers were charac-
terized by FTIR, elemental analysis, WAXD, '"H NMR, and viscosity measurement. All the results suggested
that polystyrenes were grafted onto PPTA backbone. The resultant bottle-brush copolymers exhibited good solu-
tion processability. The approach to the self-assemblying behaviors and suprastructures of the copolymers in
bulk and solution is under way.

Keywords Dual functional monomer; Bottle-brush polymer; Polycondensation
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H:...lc,,—o~©—o o—@—O-C.,H;,,., ( n=12.4,12)

Bl 265 RRSEAEN—RIIFESHRREHTF

IXFIHTZE A I B S R A i A A W B | AR EG T R A R 3 TT 1T LIRS R TT S AR
PRy A EBE LY. S85REM, XM E&A AT T R R S S Tl LR E A
T AL AR, AR S S50 57 R R B Ak () R

BB B ATE (GPC) H Waters 2410 BEIZ 155 €058 (3 LA DU &0k IR 4y 3 s AH A5 (AR 1 mL/min,
MR35 C). —4E) ff X PHEATH (1D WAXD ) 2235 5230 7E AR 4P T B Philips X' Pert Pro 7 34
5. THET A X BHRATES (2 D WAXD) 72 % T A Bruker D8 Discover fiF 5315

RE Y HARN AR A R T 60 CHIRRAMRE]. BREWMNTaE ., /0 BUE | WAHAHLL
K WAXD #4510 1. MERERE <4 B, M5 1D WAXD Fl 2D WAXD SZE 45 5 (& 2) n] 7,
Bt FRAERRAAYIE N, 1D WAXD Fl 2D WAXD SE56 A9 &3 11K A B2 43 (R AR UGB AR B, — AT 5
Wty A 1 MR L 2 BRI A B SIR TSR 0 R A 4 BRI AU TR 7R AR 2. IR A B 40 B9 = A B 0 ot

*1 BAUMSTFE. HHEMRSES

n* M,}? MM} Phase structures* 260°/(°) d*/nm L‘/nm
1 53000 1.19 Sa 3.88 2.27 2.29
2 64000 1.20 Sy 3.48 2.54 2.59
4 72000 1.12 Sa 3.00 3.01 2.97
12 93000 1.29 N,S. 2.34 3.77 4.95

a. n is the carbon number in the alkyl tails; b. obtained from GPC, linear PS as standards; c. obtained from WAXD; d. calculated from 6,
d = A/2sinf; e. obtained from Chemdraw.

K A AR R4 (IS 20634010, 20574002) BEH).
# HIHIE R N, E-mail ; zshen@ pku. edu. cnj fanxh@ pku. edu. cn; qfzhou@ pku. edu. cn
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WA d B 12 (172): (1/3) BSR AR, IXAUERE HA T A AR i f A, [RIE, — 2 Sy e g iz
() d AE AL, B BT BE 43I, T FL 2D WAXD (&1 52 B0 2 AR5 A (Y 3T A AH A7 5
AERES ) IEMITE RBERRECR 1, 2., 4 (I, AV E B AR A S .

g Heating (A) |_‘ir Heating B

! :

i 3q° ’ 12q 347

f b FM

Y/ '\' ﬂl" .'-'-_f-\-mw""ﬂ\-»__
'M\\‘
";,‘

I (A ————

w gy I H»_.m"*“- o

N | N~}

] Vi a a

f\w i .:i-‘-':‘:" /\____,/-“‘\\

1 1 1 L - 1 1 1 1 1

5 10 15 20 25 30 5 10 15 20 25 30

20/(°) 20/(%)

El2 E&%1D WAXD(A,B)#12D WAXD FHESRIEEIE(C,D)
(A) n=1. a. 40 C; b. 80 C;c. 120 C; d. 140 C;e. 150 °C; f. 160 C; g. 170 C 5 h. 180 C; i. 190 °C; 5. 200 C; k. 210 C;
1. 220 C; m. 230 C; n. 240 C; 0. 250 C; p. 260 C; ¢q. 270 °C; r. 280 C; 5. 290 C; ¢. 300 °C. (B) n=4. a. 40 °C; b. 80 C;
c. 100 C; d. 120 C;e. 140 C; f. 160 C; g. 180 C5 h. 190 C5 . 200 C; . 210 C ;5 k. 220 C; 1. 230 °C; m. 240 C; n. 250 C;

0. 260 C. (C) n=1. (D) n=4.

HEEFEREUE N 12 RIHE, REYINSEL T IS, HEAE IR C M. 1D WAXD SE5 Y%,

RaTLAE#], IR, REVESE AR RE Z EIere R M BRI 7 i — R B, JEA

[EBIAH, 75 250 C I A B m AT ETg, BRI & {6 1: (1/2): (1/3): (1/74) R AR, 3

BURGWIHE NG Al BEIRIN SRS 00 f R O, 72 250 CHYUIRES | R JF3EAT 2D WAXD 5243,
LRI Ry AR w ML BRI & C AT AERE (I 3).

(A) (B)

Heating Cooling

©)

1 1 1 1 1 1 1
5 10 15 20 25 30 5 10 15 20 25 30
20/(°) 20/(°)

B3 REHEmECh 12 A9 1D WAXD ZHESLIE (A, B) 12D WAXD 3236 ( C) BiE
(A) a. 60 C;b. 70°C;c. 80°C;d. 90 Cje 100 °C; [ 110 °C; g. 120 °C; h. 130 °C; 4. 140 °C;j. 150 C; k. 160 °C;
[. 170 °C; m. 180 °C; n. 190 °C; 0. 200 °C; p. 210 °C; ¢. 230 C; r. 250 °C; 5. 260 °C; ¢. 270 C. (B) a. 60 °C;
b. 80 C;c. 90 °C; d. 100 C;e. 110 C; f. 120 °C; g. 130 °C 5 h. 140 °C; i. 150 °C; j. 160 C; k. 170 C; [. 180 °C;
m. 190 °C; n. 200 °C; 0. 210 C; p. 230 °C; ¢g. 250 C; r. 260 C.

GV _E ARSI AE R al IR Y, IR AR T IR D7 8 H 61 T8 Bk, REW T LUAE A
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J HE B v AR 3 A TR R A S 2 R R U AL RS e >4 R RR A <4 I, AR TR AT LA
BER—NIRE, XL e 5 EEEE B2 o, 2 BRI L5 TR AR e,
EYHE—E W EE NI S A, Y R EERREUE KO8 12 AN, s FET P R B AR 200, Wi
BB A ELA R T AR A Roe R AR e 3, RE Wk B R Im SRR A2 S AH.

5 % % ®
[1] ZhouQ. F., Wan X. H., Zhu X. L., et al.. Mol. Cryst. Liq. Cryst. [J], 1993, 231. 107
[2] Zhou Q. F., Wan X. H., Zhang D. , et al.. American Chemical Society. Washington, DC. , 1996 344
[3] ZhangD., Zhou Q. F., Ma Y. G., et al.. Polym. Adv. Tech.[J], 1997, 8. 227
[4] ZhangD., LiuY. X., Wan X. H., et al.. Macromolecules[ J], 1999, 32. 4494
[5] ZhangD., LiuY. X., Wan X., et al.. Macromolecules[J], 1999, 32. 5183
[6] TuH. L., Wan X. H., Liu Y. X., et al.. Macromolecules[ J], 2000, 33. 6315
[7] YuZ N.,TuH. L, Wan X. H., et al.. Mol. Cryst. Liq. Cryst. [J], 2003, 391. 41
[8] YuZ N.,TuH. L, Wan X. H., et al.. J. Polym. Sci. : Polym. Chem. [J], 2003, 41. 1454
[9] TuH. L., YuZ H., Wan X. H., et al.. Macromol. Symp. [J], 2001, 164. 347

[10] TuH. L., YuZ. N., Wan X. H., et al.. Chem. J. Chinese Universities[ J], 2000, 21(6) : 985
[11] LiC. Y., Tenneti K. K., Zhang D. , et al.. Macromolecules[ J], 2004, 37. 2854

[12] YinX. Y., YeC., Ma X., etal.. J. Am. Chem. Soc.[J], 2003, 125 6854

[13] Chen Si, GAO Long-Cheng, ZHAO Xiao-Dong, et al. . Macromolecules[ J], 2007, 40 5718

Design, Synthesis and Phase Structures of Mesogen-Jacketed
Liquid Crystalline Polymers with Asymmetric Mesogenic Core

CHEN Si'?, CHEN Xiao-Fang', SHEN Zhi-Hao' ", FAN Xing-He'* , ZHOU Qi-Feng'"
(1. Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and
Physics of Ministry of Education, College of Chemistry and Molecular Engineering,

2. College of Engineering, Peking University, Beijing 100871 )

Abstract A new kind of mesogen-jacketed liquid crystalline polymer( MJLCP) whose mesogenic side groups
are asymmetrically bonded to the main chain was designed and synthesized. Their phase structures and transi-
tions were investigated by polarized light microscopy and wide-angle X-ray diffraction experiments. The experi-
mental results suggest that the polymers with asymmetric mesogenic core can develop into smectic phases. The
phase structures of the polymers changed with different carbon number in the alkyl tails.

Keywords Asymmetry; Carbon number in the alkyl tail; Smectic phase
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REARCIEERN TR &R
= 5T FRIE R B A 5

R, By, &R, REM, FERT
(LR TFREFMR SR, BT SRS RS SR,
JEs M 550 T LRHBE, LA 100871)

XigiE PSR T; RN O R

F e RVt i 43 11— 2SR R 0 3 et — A S e AR e % i) B A O 7 (R ) 5
fe o EHEARE AW = A WA EI"J[P FERUL @EE%@‘ZLKW*HXT@EE’WJ% FHE A Y
PNV RS R A B A S5 A BT, AR 2L AR RIS b, SR (0 00 ik R i 2 2 S e S 2
J T T AR BRI R DG R, AR SR TS b S iﬁﬁﬁﬁﬁﬁ#ﬂ’]ﬁ%ﬂ%&ZXE’%%W“J%%
B, WFST REAEME PO SRR S .

"H NMR (400 MHz) 3 BF HI 425 A Bruker ARX400, ¥ 1 0 5V & 5 (CDCL, ), PO 3Rk i
(TMS) AWNER; JTCERAT(EA) BT FHALAS A Elementar Vario EL Instrument; i (MS) Fr HAXES N VG-
ZAB-HS Fi%, EI J§; BB E A (GPC) , 43t Waters w-Styragel (10°,10* and 10° &) , KI5 B
35 °C, WA THE, Fi#0 1.0 mL/min, GPC FRFENRA LM 2 AR (DSC) 4 TA Instru-
ments Q100 M3z, FHFFEIEHE R 10 °C/min; )0 5L (PLM) A Leitz Laborlux12, #465 Leitz; | X 4
AT (WAXD) 24 Bruker GADDS D8 Discover.

B (An) AOZERI AN Scheme 1 7. Hid H NMR, MS Fll EA % F BeRAE T BRI S RIS, SR
JG VA BPO 5| &5, ddad A iR R A5 2% SRR O N SRS (PAR) | |1 GPC RAEFTH B4 7E
50000 LA k.

/

0

0]
0 0
- \6/\09@0 0_@-(_0/\’}: ™ n=1—4

Scheme 1 Structure of monomer An
I PLM BF5E T SR B AREE AR AR, S5 RANZE 1 TR, B AL 7 102 ~ 108 °C 2 ] g ML 5] 1] 47
AFITXoF IO B ) B T A S A il B R AE SO R [ LRI 1 (A) 1. SR A2 AW AR TRLBE DU AT BRI, 7
68 ~72 CZIH]. IR A3 A4 IR T AWK, BFENTEOFF R fE b & ILRRIR A 5 R A ARG, FT LAk
X B B ST A — 2 B RIS

Table 1 Phase transitions of the monomers An

Compound n melting point/ °C Clearing Temperature/°C
Al 1 102 108
A2 2 68 72
A3/A4 3/4 Liquid at r. t.

[l 5 FARB A (HIEHES : 20628404 ) BE).
# JHTHIER A, E-mail: gfzhou@ pku. edu. cn
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Fig.1 Textures observed under crossed polarizers
(A) Al at 103 °C; (B) sheared PA3 at 150 °C

FHPLM RAERGY), &I PAL, PA2 1 PA3 FEZ IR FHEA BT L [ LIE 1(B) AH ], ek

A T T A RIS S L. T PA4 WU AE % IR sl R R A A R AT S B S, Ui
PA1, PA2 Fll PA3 AN[A], ANEEIE WL .

DSC 43t kB, &R EVIRBOBE L (PAL: 95 °C; PA2: 74 °C; PA3: 52 C) Z4b, WA RIH

EHIEEAS TS R, AR WAXD BF5E (2 K&K 3) R B, PAL, PA2 I PA3 JTHERHE 130 CHi7E

(A) (B)
. i 5
E h =
z g £ F g
= ¢ = | e
. d 'I'I d
\__’-"‘/\ < (5
h \_///\ b
a J\_’/\ a
L 1 1 L 1 L 1 L L 1 L L 1 L 1 L
51015202530 3540 51015202530 3540
20/(°) 20(°)

Fig.2 WAXD profiles of PA3
(A) Heating. a. 40 C; b. 110 C; c. 130 C; d. 150 Cye. 170 C; f 190 C; g. 210 C; h. 230 C; i. 250 C.
(B) Cooling. a. 40 °C; b. 100 C; c. 130 C; d. 190 C; e. 210 C; f. 230 C; g. 250 C.

JINFRER G S B SR AT I 0 (PAL: 26 = 4.7°; PA2.
20=4.40°; PA3. 20 =4.05°) , VA & J A7 4 i,
T fR o BRI e 0, 7 R IR I R N R A
AIRTETIGEAN TG 2. ARYESCHR[S ], IR AT AT

REMMIFIAR, X — T 4k WAXD 45 T Beift —
AIMURAE. SHUAR -2, RNV KE ’

Intensity/a.u.

ST, /NS A S 0 i TR A DT 1 A2 ), 1l
AR RS Bt R R EE R I i 3 K, T 9 A A

1 | 1 1
5 10 15 20 25 30 35

SORFEM SR, PA4 A WA WAXD 1% 200)
A BT XG5 IR 5 0 OB IS B 1 4 Fig.3 WAXD profiles of PAn (1 =1—3)
AT . REWEA WA, T REM R R R at 250 °C

BEMAR | BRAR T AR A EAEH , HAREIE Ol a. PAL; b PA2; c. PA3.

-

£ L, R A L MR R e 52 BT = 2 T REE R (n <4) I, SRR, 20
BIBOA R BUE 2., BB ARIRE LA b S ik R EE R S W RVF 2. AR ZI N, MLt Ry
ROFRE, MAHSHAZS LT R MR A, MR KB (0 =4) B, REY) PA4 WITCHE A
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Synthesis and Liquid Crystalline Properties of Mesogen-Jacketed Liquid
Crystalline Polymers Containing Oligo ( ethylene oxide )

LIANG Xiao-Chao, CHEN Xiao-Fang, SHEN Zhi-Hao, FAN Xing-He, ZHOU Qi-Feng "

( Betjing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and
Physics of Ministry of Education, College of Chemistry and Molecular
Engineering, Peking University, Beijing 100871 )

Abstract Poly{2,5-bis[ ( p-oligo( ethylene oxide) phenyl) oxycarbonyl ] styrene}s( PAn) were synthesized
and characterized. Their mesophase behaviors were investigated using DSC, PLM, and WAXD. It was found
that when the tail of the soft oligo ( ethylene oxide) was short (n <4), these polymers formed very stable
liquid ecrystalline phase. No clearing temperature was observed before onset of thermal decomposition, and the
glass transition temperatures were lower than the polymers with alkoxy groups. When the soft oligo ( ethylene
oxide) tail is longer (n =4), the polymer can not form liquid crystal.

Keywords Mesogen-jacketed liquid crystalline polymer; Oligo( ethylene oxide )
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FHEEREESEREYR G .
RIERHTITA

ThaH, B, R, hART, AL
(IS FR2FERIRE, Mo T S YA FERE G LR E,
dbatReptb 2 507 TRE2ARE, dbat 100871)

SR TR ARG (ATRP) § BERIRRY), A R G

FERIR 2R G W) (MILCPs ) LURAARS A S5k S5 PERE I 45 52 G TE . KA st g Rk W], Hisg
RSP OB E 5 A i A B IR IR . AR RS, MR R AR —(4-HH
HORAMEL) | K 05 (PMPCS ) ¥ R W9 3R A 2R T B T 39 ~ 42 i, A ] B AR RE A
M. BT MILCPs (B . BRURAEWFRARER ", ?ﬁﬁﬁ?‘é?Eﬁ%i”f&?i1t%%A%Eﬁ%ﬁﬁ1ﬁ"\
B AR A Y R LR RER R NS R S M RE , S1E T AT R 68> AR SGE it 4 1%
THS 2 580 WP 2R (PPP) T NEE = RIPE R PMPCS HUFERCLRY), FEOFTE S L.

i3 AR AN AT LA 2 B (2-1R-2- FH BE N BE S 26 2, 5- ORI IR, AR5 i84d Yamamoto 47 5§
M EAR B F5 U FRT1k 2,57 (4- AR SR L ) SR M (MPCS) W IG5 B R 28 (1 2
BRSO 1) BTG T —RIURFE T | MEE R RGPS, AR 1 PR,

Table 1 Molecular weights, PDIs, thermal data, and liquid crystalline behavior of the

macroinitiators and graft copolymers

Sample M. M, /M T:_ch/ C Liquid crystalline® Temperature of LC development?/°C
System A PPP;5, 3500 1.47 129.6 No —
A-Poly-1 69900 1.15 106.2 Yes 160
A-Poly-2 85800 1.16 109.5 Yes 150
A-Poly-3 94100 1.17 109.3 Yes 150
A-Poly4 177900 1.28 107.0 Yes 150
A-Poly-5 344400 1.23 109.8 Yes 170
System B PPP,q, 2000 1.3 103.6 No —
B-Poly-1 53700 1.17 105.7 Yes 150
B-Poly-2 65300 1.36 104.2 Yes 160
B-Poly-3 113100 1.39 109.8 Yes 170
B-Poly4 174400 1.38 109.9 Yes 170
PMPCS 17800 1.15 109.4 Yes 170

a. Calibrated by PS standards; b. DSC data are obtained during first cooling at 10 °C/min under nitrogen atmosphere; ¢. examined by PLM;
d. obtained from 1D WAXD results.
FATHIM O B A4CBE (PLM) XA B9 SRS W AT TG PERTSE, 4521913 1 . T 3L R Y48
EERT. T
&2 & A-poly-2 KEGTE—4E) /1 X SRS (1D WAXD) 5256 v i I £ B 457 B84 o (R0 1R 88 1 56
Fithdk. FEFHRSRES, BE RN, d KRGS, 75 100 ~ 150 CZRIAERAE, XE
WREA —PANLAE KA A-poly-2 FESHTE 150 CH5E et AW AR, B B E WA 5E 0 AW & AH Y

[E R A ARB ARG (HEUES . 20474004, 20574002 F120634010) %EH).
# HIHIE R N, E-mail ; fanxh@ pku. edu. cn; zshen@ pku. edu. cn; qfzhou@ pku. edu. cn
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Fig.1 Synthetic routes of PPP-g-PMPCS copolymers

180 Foo—e—a o
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= sof
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Fig.2 d-Spacing data as functions of temperature measured during the first heating and subsequent

cooling of A-Poly-2 at the low 26 angle

MREEGNER 1 iR, PPP-g-PMPCS HINIYEE5E PPP., NIMEMEE PMPCS R -G WIREIR AR FNES 1 =34 1 T
[ AR T 2R 5 Wk AR S A I

YA X AT (2D WAXD) R R S WARG AT Bz —. FEEI3(A) H, W aRIEL
J7 A — X AR I RTEF IR, XF 20 =5.7°(d =1.55 nm) , XEHREWEEE THYI7m gk T —
YRR F A TS5, TRIET, 76 @ A AL B VRO B TIRE J7 ) RAFE A 7. 24 X 41
T FEYIJr I ASTEE, e AT SRR 3 (B) Fias , IWEITR AT LU, A 6 MATHIRVE7E 20 =5.7°
(d=1.55nm) PINLE E. R AY7O7 s BE AL -2 A&l 3 (C) i, AT LA L iE A8 B i 6
AR KAE, TRILIFIFFZ) 60°. 3% —SZu4% LB PMPCS FE[6] 75 fERRHES). B T80 s S 5 5,
FAIX —75 07 HES A 0 EL AT 4 D7 ) Lk /D KRB . RO RE & B9 A 3 4548 R 7S B R 1) 4 A
(@), HFMEAAH1.79 nm.

©

1 L |
—90 ] 90 180 270
Azimuthal angle/(°)

Fig.3 2D WAXD fiber patterns of B-Poly-1 at room temperature

(A) X-ray incident beam is perpendicular to the shear direction with shear direction along meridian; ( B) X-ray incident beam is parallel to the

shear direction; (C) azimuthal data for the low 26 angle diffraction.

ZE BRTIA, ARSCEH YR T PPP-g-PMPCS $Ai3E5RY) ; SZIE PMPCS AL, A3 RYIT IR
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Synthesis and Characterization of Graft Copolymers Containing
Mesogen-Jacketed Liquid Crystalline Polymers

SUN Li-Mei, CHEN Xiao-Fang, FAN Xing-He " , SHEN Zhi-Hao* , ZHOU Qi-Feng "
( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemisiry and
Physics of Ministry of Education, College of Chemistry and Molecular Engineering,

Peking University, Beijing 100871 )

Abstract A series of novel mesogen-jacketed liquid crystalline (L.C) graft copolymers( PPP-g-PMPCS) , have
been designed and successfully synthesized by a Yamamoto coupling reaction and subsequent atom transfer
radical polymerization( ATRP). The LC behavior has been examined by PLM, 1D WAXD, and 2D WAXD.
The results show that all these graft copolymers show obvious LC behaviors, and the LC temperature is about
20 °C lower than linear PMPCS. The main-chain PPP, side-chain PMPCS and well-defined architecture have
cooperative effect on LC phase behavior. 2D WAXD analysis has revealed that these graft copolymers all
exhibit a hexatic columnar nematic( @) phase.

Keywords Atom transfer radical polymerization( ATRP) ; Graft copolymer; Mesogen-jacketed liquid crystal-

line polymer
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A SRR ME H &R
REmE D FRE RN RIE

oA, RO, B, REAT, ERT, AERT
(AF D FRZAER LS, ST SR A A E R LR,
st R E 50 F TRBE, dbat 100871)

KA WSRO T WEWY ; WE

A A SR T 1987 ARHE T I SE B 43 T I 2 Lok, AZH R 52 FP e B i 431 1O
FEAWTRARHGE. ST —WAFR, A BUELLTE 5 UHT A 8 Y 52 RO A e 1 B AR S S5 A S AR D7 THI
AWHRR, BUS T — RV RCR. SERMEA Bt T & T 05 28 90 (9 A FRN 5 114 FY 5 B VR 55 43
¥, WEFERIA L R BT 2R, = TR AR AR TE O T BRI AR, 24 R A ek A
AL, RTRUE UZ AR A A A, DA TE i 94 005 P i ) I S B T IR PR S B AR, 7E A8
e, AT BIBE LT LS AR RREE O S TRIE A AR EE S LA DY AR, R %S
FLAYIR. SR ATRP nl 4R GRS TR R 205 (&1 1, P3 A1 PT) , FFBIETE 13X WA ORT 2L )
At e 3 1 B AR S S5 A

s
O’C:H{ n O’C:H"
N s EBP, CuBr/PMDETA o /\ S
S W O Chlorobenzene, 110 °C S \_/ 0 P3
/0
C.Hs C.H
4
EBP, CuBR/Me:TREN
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Fig.1 Synthetic routes of the polymers P3 and P7
XF i T AT IR E AT (TGA ) FRAE, KPR R 0 TP Y 5% PRI EEARTE 350 °C LA
L AR PEEYE. 228 TR A AT (DSC) 2 E I J0 Wtk A 3 38 10 3 A2 Rt A A AR 0, 3
AIRESE T OUEERIMER R, ABCT RS RN, 31X 55 LR AL OIS A9 Y 58 B IR A s 201 B o —
B ot AR (PLM) TSR R, P3 R o1 a] UL MBI RS04, B0 A 7. P7 =03
TRE MRZUGNIE e (UL 2) , BRWEEE] T PUARAEIR A2, g3 T 2 R A 2.
F/NA X S EBUN T7 5 (SAXS) WH5E T P3 52011 PT 320 1 IO A AR 2845 . T3 43 T P3
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Fig.2 PLM images of P7 at 280 °C (A) and 250 °C (B)
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Fig.3 SAXS patterns of P3 during the first heating( A) and the first cooling(B) of the as-cast film
(A) a. 40 C; b. 80 C;c. 120 C;d. 140 Cy e 160 C; £ 180 C; g 190 C; h. 200 C;
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(B) a. 80 C; b. 120 C; c. 140 C; d. 160 C; e 180 °C; £ 190 °C; g. 210 C.
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Shear direction=X direction

Fig.4 Schematics of shear direction (A) and 2D WAXD patterns of polymer P3 detected at room temperature

X-ray incident beam is perpendicular to the shear direction (B) or parallel to the shear direction (C)
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Synthesis and Characterization of Mesogen-jacketed Liquid
Crystalline Polymers with Bulky Lateral Groups

YANG Qian, LIANG Xiao-Chao, CHEN Xiao-Fang, FAN Xing-He ", SHEN Zhi-Hao™ , ZHOU Qi-Feng "
( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemisiry and
Physics of Ministry of Education, College of Chemistry and Molecular Engineering,
Peking University, Beijing 100871)

Abstract We have synthesized two different mesogen-jacketed liquid crystalline polymers ( MJLCPs) with
three and seven aromatic rings in the lateral side chains, respectively. The polymers are obtained with the
living ATRP method. DSC, PLM, WAXD, and SAXS are used to study the liquid crystalline properties. The
results show that the MJLCP with three rings in the lateral side chain exhibits a lower phase transition tempera-
ture, and it forms a tetragonal columnar nematic phase. While the MJLCP with seven aromatic rings in the
lateral side chain exhibits the characterization of lamellar phase, and the results indicate an order on a much
larger scale.

Keywords Mesogen-jacketed liquid crystalline polymer; Thiophene; Oxadiazole
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Relationships Between Liquid Crstyallinity and Block Copolymer
Micorphase Separation in Weak Segregated
Rod-coil Block Copolymers

CHEN Xiao-Fang'*" | Kishore K. Tenneti’, Christopher Y. Li*,
FAN Xing-He', SHEN Zhi-Hao', ZHOU Qi-Feng'
(1. Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and
Physics of Ministry of Education, College of Chemistry and Molecular Engineering ,
Peking University, Betjing 100871 ;
2. A. J. Drexel Nanotechnology Institute and Department of Materials Science and Engineering,
Drexel University, Philadelphia Pennsylvania 19104 )

Abstract Liquid crystalline rod-coil block copolymers contain both microphase separation of block copoly-
mers (BCPs) into ordered structures on the scale of ~5—100 nm and liquid crystalline (LCs) structures on
the scale of ~1—10 nm, which thus possess both structural hierarchy and functionality. Most of the reported
work showed that liquid crystallinity dominated the phase behavior in rod-coil block copolymer system and
layer like structures were easily formed. We designed a novel core shell rod coil block copolymers. The LC or-
dering of the rods was decreased and the subtle competition between liquid crystallinity and BCP microphase
separation was revealed. A novel @,-in-L structure was observed in the symmetric BCP. The @, symmetry
was broken in the asymmetric BCPs, due to the lateral chain repulsion in the perforated layers or the curved
IMDS in the S BCP structure. When increase the temperature, the phase transition sequence of @ ,-in-L to
Lam to disordered phase could be found.

Keywords Rod-coil block copolymer; Mesogen-Jacketed liquid crystalline polyme; Hexagonal columnar

phase; Microphase separation
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Fig.2 DSC thermograms of SEC-n on the first cooling(A) and second heating(B)

process with a rate of 5 °C/min
a. SEC6; b. SEC-8; ¢. SEC-10; d. SEC-12.
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Fig.3 Optical textures of SEC-8 at different temperature

(A) 204 °C; (B) 170 °C( x200).
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Fig.4 Variable-temperature X-ray diffraction of SEC-8
a. 210 C; b. 160 C; c. 110 C; d. 30 C.

Inset: corresponding wide-angle X-ray diffraction
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Inorganic/Organic Hybrid Liquid Crystals

LI Wen, YIN Sheng-Yan, WANG Jin-Feng, WU Li-Xin "
(State Key laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012)

Abstract Liquid crystals(LCs) is a typical supramolecular materials, it can not only form organized struc-
tures, but also exhibit good response with external environments. The special properties of LCs result in broad
application in electro-optic display. Recently, the electro-optic feature of simple organic 1.Cs has not met the
requirement with further study. In present, design and synthesis multifunctional inorganic/organic hybrid L.Cs
(such as luminescent, photochromic and magnetic 1.Cs) are the new trend in fundamental study. A typical
case is inorganic/organic hybrid L.Cs containing functional inorganic nano-materials. The hybrid LCs is a novel
functional material which combines the organization and responsibility of LCs with the unique optics, electrics
and magnetism of inorganic components. Polyoxometalates is a kind of nano-sized inorganic cluster with re-
markable chemical, structural and electronic versatility. We have prepared inorganic/organic complex contai-
ning polyoxometalates by reasonable design mesomorphic quaternary ammomium salt, the materials exhibits
typical thermotropic liquid crystalline behaviors.

Keywords Surfactant; Polyoxometalate; lonic self assembly; Hybrid liquid cyrstal
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Fig.1 Chemical structure of surfactant, coordination polyhedral representations of PMs

and schematic drawings of complexes
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Fig.2 UV-vis spectra of HL/HPW (a), L/HPW(b) and L(c¢) in chloroform solution( A) and raman spectra of the
complexes HL/HPW (a ), HL/NaPW(b) , HL/HSiW(c¢), L/KSiW(d) and L/HPW(e) , excited by 514.5-

nm line of Ar + laser(B)
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Fig.3 DSC curves of HL/HPW(a) , HL/NaPW(b), L/HPW(c), HL/HSiW(d) and L/KSiW (e) on their

second heating( A) and first cooling cycles(B) , respectively

Fig.4 POM images of HL/HPW at 172 “C(A), HL/NaPW at 164 °C(B), L/HPW at 150 °C(C), HL/HSiW at
201 °C(D), HL/HSiW at 185 “C(E) and L/KSiW at 194 °C(F), respectively, during the cooling process

( magnification; x400)
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Mesomorphic Structures of Protonated Surfactant-Encapsulated
Polyoxometalate Complexes

YIN Sheng-Yan, LI Wen, WANG Jin-Feng, WU Li-Xin "
(State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012)

Abstract Keggin-type heteropolyanions, H,PW,0,,( HPW), Na,PW 0, (NaPW), H,SiW,0,, ( HSiW)
and K,SiW,,0,,(KSiW) , were encapsulated by a cationic surfactant, di[ 12-(4’'-octyloxy-4-azophenyl ) dode-
cyloxy | dimethylammonium bromide ( ). The resulting surfactant-encapsulated polyoxometalate complexes
were characterized by UV-Vis, Raman and NMR spectra in detail. The measurement results indicated that
some azobenzene groups of the surfactant were protonated in the complexes HL/HPW, HL/NaPW and HL/
HSiW, whereas the protonation was not observed in L/KSiW. The thermotropic liquid crystal properties of
these complexes were investigated by differential scanning calorimetry, polarized optical microscopy and varia-
ble-temperature X-ray diffraction. Interestingly, different smectic mesophases were observed between the pro-
tonated HL/HSiW and the non-protonated L/KSiW, which suggests that the protonation of azobenzene groups
in HL/HSiW plays a key role in the liquid crystalline organization. However, protonated HL/HPW and HL/
NaPW exhibit a similar smectic B phase to that of the de-protonated one, L/HPW. The present investigation
provides a specific example for protonated hybrid materials with stable liquid crystal properties. The present
investigation provides a specific example for protonated hybrid materials with stable liquid crystal properties.

Keywords Polyoxometalate ; Protonated; Supramolecular complexes; Liquid crystal
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Synthesis and Characterization of the Thermotropic
Liquid Crystalline Polyurethane

GONG Yong-Yang, WEI Chun”, YU Jin-Hong, LU Jian, GAO Qiu-Shan
( Department of material and chemical engineering , Ke} Laboratory of new processing Technology for Nonferrous Metals ,

Minisiry of Education, Guilin University of Technology, Guilin 541004 )

Abstract A series of thermotropic liquid crystalline polyurethane (LCPU) were synthesized by polyaddtion

reaction. The liquid crystalline behaviour and properties of the LCPU were investigated with differential scan-

ning calorimetry (DSC) , polarized optical microscope (POM) , wide angle X-ray diffraction ( WAXD). The

melting point( 7T, ) of LCPU decreased and the temperature range of the liquid crystal phase of the polyure-

thane became wider with the increase of the length of diol flexibls spacers in polyurethane ,while isotropic tem-

perature( T;) remains almost unchanged. The LCPU exhibited nematic phase with a schlieren texture (or

threaded texture) and had wider mesophase temperature ranges. The WAXD results showed LCPU owned a

dispersive peak at 26 near 20°, and a strong diffraction peak at 26 near 25°.
Keywords Synthesis; Characterization; Liquid crystalline polyuethane; Thermotropic liquid crystalline
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From Design to Assembly of Luminescent Platinum-
and Gold-based Molecular Functional Materials

Yam Vivian Wing-Wah'*"
(1. Centre for Carbon-Rich Molecular and Nano-Scale Metal-Based Materials Research and Department of Chemistry,
The University of Hong Kong, Pokfulam Road, Hong Kong;
2. State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012)

Recent works in our laboratory have shown that novel luminescent metal-based molecular materials could
be assembled through the use of various metal-ligand building blocks. In this presentation, various design and
synthetic strategies together with the successful isolation of new classes of complexes of platinum and gold will
be described. A number of these complexes have been structurally characterized and shown to display rich lu-
minescence behavior. The luminescence properties have been studied and their emissive origins elucidated.
Correlations of the luminescence behavior with the electronic and structural effects of the metal complexes have
also been made. Different approaches and assembly motifs have been employed to tune the absorption and
emission characteristics of these materials based on an understanding of their spectroscopic origins. The elec-
tronic absorption and luminescence properties of some of these metal complexes have been found to show dras-
tic changes upon their interactions with various polymers. Through rational design and assembly strategies
based on various coordination motifs and weak non-covalent metallophilic and -7 interactions, these metal

complexes may serve as promising metal-containing molecular functional materials.

Corresponding author. E-mail; wwyam@ hku. hk
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Self-assembly Through Competitive Interactions of
Miscible Diblock Copolymer/Homopolymer
Blends: Poly ( vinyl phenol-b-methyl
methacrylate ) /Poly ( vinyl pyrrolidone) Blend

CHEN Wan-chun', JENG U-ser’, CHANG Feng-chih'”

(1. Institute of Applied Chemistry, National Chiao Tung University, Hsin Chu 30010;
2. National Synchrotron Radiation Research Center, Hsinchu Science Park, Hsin Chu 30010)

Abstract We have investigated a new type A-b-B/C blend system, poly( vinyl phenol-b-methyl methacrylate) /po-
ly(vinyl pyrrolidone) (PVPh-b-PMMA ) /PVP, where PVPh-b-PMMA block ( A-b-B) copolymer, PVPh/PVP( A/C)
and PMMA/PVP(B/C) blends are all miscible through hydrogen bond interaction or dipole-dipole interaction. Due to
the significantly stronger hydrogen bond interaction between PVPh and PVP than that between PVPh and PMMA , this
miscible PVPh-b-PMMA copolymer becomes immiscible up on blending with 20% —60% ( mass fraction) PVP
[27% —56% ( mass fraction) PMMA in the blend system ], and can self-assembly to form ordered morphologies. Re-
sults from small angle X-ray scattering( SAXS) and TEM consistently indicate that different compositions of PVPh-b-
PMMA/PVP blends induce different micro-phase separation structures such as hexagonal and lamellar phases. How-
ever, sharp and multiple orders of diffraction are absent from the SAXS profiles, indicating relatively limited sizes of
the ordered domains. Large polydispersity in the molecular weight of PVP and small differences in the interaction pa-
rameters of the three components of PVPh, PMMA , and PVP, are attributed to be the main reasons that limit the mi-

cro-phase separation in this blend system.

Keywords Miscible; Blend; Self-assembly

1 Introduction

Blending diblock ( A-b-B) copolymers with homopolymers have attracted great interest in polymer science
during recent decades because of their unusual phase behaviors. Most studies have concentrated on an immis-
cible A-b-B diblock copolymer with a homopolymer A. Other systems have also been investigated involving
blends of homopolymer C with immiscible A-b-B diblock copolymer, where C is immiscible with block A but
interacts favorably with block B. In addition, blend systems comprising an immiscible A-b-B diblock copoly-
mer and a homopolymer C, where homopolymer C is miscible with both A and B, have also been investigated
by Kwei et al. as in the blends of poly( styrene-b-hydroxy styrene)/poly ( vinyl methyl ether) ( PS-b-PHOST/
PVME) , where PVME is miscible with both PS and PHOS blocks and can serve as a common solvent in the
single phase of a PVME content higher than 50% ( mass fraction) .

However, A-b-B/C systems with all negative but different interaction parameter values of x,,, X, and
Xac (all binary blends are miscible) have never been reported based on our knowledge. The strong interaction
of miscible polymer blends provides great interest in polymer science due to economic incentives arising from
their potential applications in thermal, mechanical and barrier properties. Due to the inherent flexible and

long-chain nature of most synthetic polymers, specific interactions in polymer blends usually occur in an un-

% Corresponding author. E-mail; changfc@ mail. nctu. edu. tw
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controllable way and consequently lead to irregular structures. Therefore, it has been a great challenge to con-
struct regular self-assembly structures through specific interactions from polymeric building blocks in bulk
state. When all three binary pairs(B/A, B/C, and A/C) are individually miscible in a ternary polymer blend
system, a closed immiscibility loop phase separation diagram has been observed. This phenomenon is caused
by the difference in the interaction energies among these binary systems, " Ay" and "AK" effects in ternary
polymer blends such as PVPh/PVAc/PEO, SAA/PMMA/PEO, and phenolic/PEO/PCL systems. Nonethe-
less, these ternary blend systems only show irregular macroscopic phase separation, a regular self-assembly
structure has rarely been observed. A miscible diblock copolymer adopted in this study blending with a third
homopolymer tends to confine the phase separation at nanometer scale.

Our previous study showed that PVPh-b-PMMA copolymers are fully miscible induced by hydrogen bond-
ing interactions between the carbonyl groups of PMMA and the hydroxyl groups of PVPh. In addition, both
PVP/PMMA and PVPh/PVP blends are all miscible through dipole-dipole and hydrogen bonding interactions
respectively. In this paper, we investigate blends of PVPh-b-PMMA diblock copolymer with poly( vinyl pyrro-
lidone ) (PVP) homopolymer where the hydrogen bonding strength is different between PVPh/PVP and PVPh/
PMMA blends. Based on the Painter-Coleman association model, the inter-association equilibrium constant of
the PVPh/PVP blend (K, = 6000 ) is significantly greater than that of the PVPh-b-PMMA block copolymer
(K, =47.1), implying that the hydrogen bonding interaction between PVPh and PVP is significantly stronger
than that between PVPh and PMMA. The homopolymer C is able to form significantly stronger hydrogen bond-
ing interactions with A block than B block(&,. > >¢&,;). In other words, the hydrogen bonding interactions
between PVPh and PVP dominate over that between PVPh and PMMA in PVPh-b-PMMA/PVP blends. As a
result, the PMMA block tends to be excluded and forms regular self-assembly structures from the PVPh/PVP

mixing rich phase.
2 Experiment

Blends of various PVPh-b-PMMA/PVP compositions were prepared through solution casting. DMF solu-
tion containing a 5% ( mass fraction) polymer mixture was stirred for 6—S8 h and then cast on a Teflon dish.
The solution was left to evaporate slowly at 80 °C for 1 d and then dried under a vacuum oven at 120 °C for 5
d or 14 d for different annealing effect.

CHs

N
e
OH
Poly vinylpvrrolidone PVPh-A-PMMA

3 Results and Discussion

Fig. 1 presents FTIR spectra of the carbonyl stretching region, ranging from 1630 to 1780 ¢m ™', of pure
PVP, PVPh-b-PMMA and their blends at 120 C. For brevity, we only display the PVPh  -b-PMMA,./PVP
blends. Two types of signals for carbonyl stretching appear for the PVPh-b-PMMA/PVP blend system, the free
and hydrogen bonded carbonyl stretching bands of PVP (1680 and 1660 cm ') and PMMA (1730 and 1705
em'). The hydrogen bonded carbonyl stretching band of PMMA at 1705 e¢m ™' vanishes in these blends con-
taining PVP content above 20% ( mass fraction) , indicating that the PVPh hydroxyl tends to interact with the
PVP carbonyl. When the PVPh-b-PMMA content is at 20% ( mass fraction) , the peak at 1660 cm ™" corre-
sponding to the hydrogen bonded carbonyl group of PVP starts to appear as shown in Fig. 1 curve f. It is clear
that the PVPh hydroxyl is able to form hydrogen bonds with both PMMA and PVP when the PVP content is be-
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low 20% ( mass fraction). In other words, fraction of these remaining free hydroxyl of PVPh is able to interact
with the PMMA carbonyl. However, the PVPh hydroxyl only selectively interacts with PVP when the PVP con-

tent is above 20% (' mass fraction).
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Fig. 1 FTIR spectra recorded at 120 °C displaying the Fig. 2 DSC thermograms of PVPh-b-PMMA/PVP

carbonyl stretching vibration region(1650—1780 blends, having different compositions for
ecm™') for pure PVP and PVPh,-b-PMMA,./ PVPh,,-b-PMMA,,,/PVP.

PVP blends of various compositions a. 0:100; b. 20:80; c. 40:60; d. 50:50; e. 60:40;
a. Pure PVP; b. 20:80; c. 40:60; d. 50:50; e. 60:40; f. 80:20; g. 100:0.

f. 80:20; g. 95:5; h. 100:0.
Fig.2 shows the conventional second run DSC thermograms of PVPh-b-PMMA/PVP blends in various
compositions. The glass transition temperature(T,) of the pure PVP is at 150 C (0: 100) while all PVPh-b-
PMMA block copolymers have only one glass transition temperature because of the hydrogen bonds existed be-
tween PVPh and PMMA. PVPh,;-b-PMMA_;/PVP blends demonstrate two 7',s when the PVP contents are in
the range of 20% —60% ('mass fraction) whereas one T, with other PVP contents. The lower T, in the range of
126—141 °C observed can be assigned as a signature of the PMMA domains, which are, presumably, phase
separated from the mixed phase of miscible PVPh and PVP. In other words, the higher T, can be considered
as the T, of hydrogen-bonded PVPh and PVP miscible phase.
The phase diagram of this PVPh-b-PMMA/PVP blending system is shown in Fig. 3 based on DSC results.
As can been seen, there exists a closed-loop phase-separated region although PVPh-b-PMMA copolymers,
PVPh/PVP and PVP/PMMA blends are all miscible. When the PVP content is greater than the PVPh content

blends become miscible since the remnant PVP PVP I
PVPh-b-PMMA/PVP \ I\msclxblgbl
*  lmmisciple

is able to interact with the PMMA phase
through dipole-dipole interactions. On the other
hand, the blends are also miscible when the
PVP content is significantly lower than the
PVPh content since the redundant PVPh is mis-
cible with the PMMA phase through hydrogen-

bonding interactions. As a result, the miscibili-

ty of these blends depends on the intriguing PMMA —— .PV.P}\ fra;u;;w{. —— pvPh

balance of the contents of PVP and PVPh. Fig.3 Ternary phase diagram of PVPh-b-PMMA/PVP blends
TEM is used to investigate morphologies of these microphase-separated blends. Fig. 4 illustrates the dif-

ferent types of morphologies observed by TEM. Thin films of different PVPh-b-PMMA/PVP blends with differ-

ent compositions are stained with RuO, for 15—25 min. The PVPh chain is deeply stained, the PVP is lightly

stained, and the PMMA is selectively unstained. At a lower PMMA fraction (27% , mass fraction) in blend
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system, small PMMA microdomains are finely dispersed and confined within the matrix of miscible PVPh/PVP
phase as shown in Fig. 4 (A) for PVPhy-b-PMMA,,/PVP =60:40. Most of these PMMA rich microdomains

are nearly spherical, though some elongated ones are also present, hexagonal order is limited to local regions

without a long-range ordering. The average microdomain radius measured by TEM micrographs is ca. 25 nm,

and the distance between spheres is ca. 40 nm. Increasing the PMMA content to ca. 42% —48% ( mass frac-

tion) , short PMMA cylinders dispersed within miscible phase of PVPh and PVP are obtained for PVPh,,-b-
PMMA ,/PVP =60:40 and PVPh,,-b-PMMA,,/ PVP =80:20 as shown in Fig. 4(B) and(C). Again, grains
are small, and hexagonal order is localized. Further increasing the PMMA content to 56% ( mass fraction) ,

the blend adopts a lamellar morphology as illustrated in Fig. 4 (D) for PVPh,,-b-PMMA,,/PVP =80: 20.

Clearly, this lamellar structure shows highly long-range order pattern with lamellar period of ca. 30 nm.

Fig. 4

Fig.5

1 (::U_l]lll

Ransmission electron micrographs of the solution-cast films of PVPh.-b-PMMA,./PVP =60:40(A),
PVPh,,-b-PMMA,,,/PVP =60:40(B), PVPh,-b-PMMA,/PVP =80:20(C) and PVPh,,-b-PMMA,,/PVP

=80:20(D) blends stained with RuO,
The dark region( matrix) corresponds to a mixed phase of -PVPh and PVP; the white region corresponds to -PMMA.

The micro-domain structures of PVPh-b-PMMA/PVP system with different compositions are characterized
by SAXS as displayed in Fig. 5. The general features of the SXAS patterns observed are consistent with the

10° 10 "
-3 B -2
(A) — 4 D=8.1 nm ® = D=9.0 nm
10" a )]
= - M (. S =6 [*a
0. S 5kt N 10 0 S ] e,
N = Tmas - A -
g 100 b l = -6t H.‘"““-‘_. L | _I , I."“"‘I-l.,_“._:
2 RN -7 : CE . - - .
2 ; " 005 010 S 10° » A 0.10 ‘0.13: 0.20
=0 .‘\k Flnm? = e " 3120, @/
~, P 20,
-2 hane 10" hY =
107 + %b - £ J
w1
"*"’""Hmlmfw L
10-* I 1 1 i 10-2 1 I 1 L
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
O/mm™! O/nm~!
10* 10°
(C) — -9 o _ -8
10° - E_; w 100 F @ -9 d=10.8nm
S S o [,
’TE 10° |- ] 1 , 100 F E_” i SNSRI
2 2 0.10 015 020 g B 005 010 015 020
S 10 P *m-? 2 107
= E 0. F/nm= = O°nm?
- AN < ‘
10" |- = ok
l, 10! 20.
10 102 |
Mﬂﬁwﬁ-
10-2 1 1 1 1073 ! | ! 1
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
O/mm™! Omm-!

SAXS intensity profiles as a function of wave vector Q for PVPh,,-b-PMMA ,,/PVP =60:40(A), PVPh,,-b-
PMMA,,/PVP =60:40(B), PVPh, -b-PMMA,/PVP =80:20( C) and PVPh,,-b-PMMA,,/PVP =80:20(D)
blends at room temperature
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corresponding TEM images in Fig. 4 ; the TEM images are used as a basis in the SAXS data analysis. In Fig. 5
(A), we analyze the SAXS data of the composition PVPh,,-b-PMMA ,;/PVP =60: 40 using the rod-like form
factor as suggested by the TEM image [ Fig. 4 (A) ]. The mean diameter of the cylinders D =8.1 nm is extrac-
ted from the Kratky-Porod approximation shown in the inset of Fig. 5 ( A) ( dashed line), whereas the mean
distance of the rods L =34.2 nm is obtained from the scattering peak located (), =0. 183 nm ' using the Bragg
diffraction( L =27r/(),) approximation. For the composition PVPh,;-b-PMMA;/PVP =50: 50, the scattering

peaks in Fig. 5(B), with the ratio of peak positions of 1: [3:2, reveal an ordered phase of hexagonally packed
cylinders [ see Fig.4(B) ]. The first peak at Q_ =0.225 nm™" corresponds to an intercylinder distance L of

32.2 nm, as determined from L = V4/327/(Q).. Correspondingly, the inset of Fig. 5(B) shows the Kratky-
Porod approximation( dotted line) with a cylinder diameter of D =9.0 nm. As the PMMA content increased
further to PVPh,,-b-PMMA,/PVP =80:20, the PMMA form slab-like domains, with the slab thickness ¢ =8.
6 nm deduced from the Kratky-Porod approximation| dashed line in the inset of Fig. 5(C) ]. The slab-like do-

mains form a short range ordering, as suggested by the weak ordering peak at Q, =0.281 nm ", which corre-

sponds to a mean domain spacing of 22.3 nm( = 27/(Q_). In the composition PVPh,,-b-PMMA_,,/PVP =50:
50, couple SAXS peaks located at the positions of multiple Q, =0.2809 nm ' indicates a lamellar phase with
a long period of 21.7 nm extracted from the first peak position(27/(Q_). Furthermore, the inset of Fig. 5(D)
shows the Kratky-Porod approximation( dotted line) with a lamellar plate thickness of 10.8 nm, which agrees
well with the TEM image observed[ Fig. 4(D) ]. Scheme 1 shows schematic illustration of the possible inclu-
sion and exclusion of the PMMA blocks in these immiscible PYPh-b-PMMA/PVP blends.

H_\'dro_gcn_-bonding Hlonanted shipere
(miscible) " PMMA
PVPh:~ i Dipole-dipole interaction
(misciblc)

( m |sc:1blc) PV P

PVPh é
4+ {pvp PVPh-b-PMMA/PVP
PMMA ™ PMMA~25%—30%

PVPh-b-PMMA(miscible)

Cylinder

ﬁ'ﬁt‘«m‘ﬁ}\ mﬁ{r .ig; I

T S Trp et et &

[pacsed

PVPh-b-PMMA/PVP
PVPh-b-PMMA/PVP  PMMA~40%—48% PMMA~50%—56%
Scheme 1 Schematic illustration of the phase behavior of the PVPh-b-PMMA/PVP blends

4 Conclusions

DSC, FTIR, TEM, and SAXS techniques have been employed to investigate in detail the miscibility,
phase behavior and hydrogen-bonding interaction mechanism of novel A-B/C type polymer blends composed of
miscible PVPh-b-PMMA and PVP. FTIR spectra provide evidence that the PVP carbonyl groups are signifi-
cantly stronger hydrogen bond acceptors than are the PMMA carbonyl groups. Moreover, DSC results demon-
strate that phase transition occurred in this A-B/C blend system which A-B diblock copolymer is original mis-
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cible, however, the microphase separation would occur with the increase of PVP content at ca. 20% —60%
(mass fraction). TEM imaging and SAXS indicate that different compositions of the PVPh-b-PMMA/PVP
blends induce different microphase separation structures through the mediation of hydrogen bonding interac-
tions. The blends become homogeneous ( miscible) again at a higher PVP content ( > 80% , mass fraction )
through the dipole-dipole interaction between PMMA and PVP. In conclusion, the phase behavior and misci-
bility the of this A-B/C blend system are influenced by two main factors: first, the difference in the hydrogen-
bonding strengths between the PVPh/PVP and PVPh/PMMA , which appears to be the major factor; second,

the content and polydispersity of PVP.
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Hierachical Superstructures of Sugar-containing
Liquid Crystals and Liquid
Crystalline Polymers

HFFA, TR AT, AT R 487
(1. 3SEKFEN AR 2. EEKRFET R, HHT 30010)

Abstrace Several series of sugar-containing liquid crystals(LCs) and liquid crystalline polymers(LCPs) were syn-
thesized and characterized. The self-assembly of the sugar-containing L.Cs and LCPs give rise to a variety of specific
LC textures A banded spherulite morphology under polarized optical microscopy was observed. Self-assembled hierar-
chical superstructures of the synthesized sugar-containing LCs and LCPs in solution state were also studied. Several
kinds of morphologies, such as, platelet, helical twist and spherical vesicle were observed for the sugar-based LCs.
These LCs provide a simplified system to explain the chirality transfer from molecular level to macroscopic size. Fur-
thermore, some bulky groups, such as, acethylene, phenylacetylene, cinnamoyl and ferrocene was introduced to the
hydrophobic end of sugar-based L.Cs. We found that the helical twist morphology will change from left hand to right
hand by introducing the bulky end group on the aliphatic carbon chain. Finally the self-assembly superstructures of
sugar-containing LCPs in solution well also investigated. The sugar-containing LCPs form more complex superstruc-
tures including nano-spheres and helical nano-fibers.

Keywords Self-assembly; Liquid crystal; Chirality transfer

1 Introduction

Self-assembly of molecules toward hierarchical superstructures without human intervention plays an impor-
tant role in nature that constructs structural elements from microscopic to macroscopic level' ', Helicity, the
most fascinating building blocks of fundamental interests in biology arises from primary structure(i. e. , chiral
molecular configuration) to secondary structure ( helical chain conformation) , tertiary structure ( hierarchical
superstructure with helical sense ), and quaternary structure( chiral phase). The best known example of heli-
cal morphology has been found in chiral liquid crystals. Based on molecular consideration, three kinds of ma-
jor helical liquid-crystalline phases: cholesteric, twisted grain boundary smectic A phase( TGBA) , and chiral
smectic C* (SmC* ) have been observed> .

Chiral amphiphiles provide a rich library of chiral building blocks, which are also biocompatible, which
makes them attractive candidates for being used successfully in the design of self-assembly chemistry. One of
the most famous families is sugar-based amphiphiles in which the sugar entity exhibits inherent chiral effect in
the self-assembly. Glycolipids are basic constituents of biological membranes, and a variety of dynamically
changing morphologies in liquid crystalline(fluid) state were observed. The morphologies of glycolipids affec-
ted by the introduction of different hydrophilic or hydrophobic partsand of unsaturation in the lipophilic moiety
have been thoughtfully studied.

In this study, several series of new sugar-based liquid crystals (L.Cs) and liquid crystalline polymers

(LCPs) have been synthesized to examine the chiral effect on the self-assembly of rod-coil molecules. Their

% Corresponding author. E-mail; csheu@ ce. nctu. edu. tw
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self-assembly from solution, thin film and bulk samples are used to simplify the complicated mechanism of self-
assembled structures on various length scales. The results demonstrate that the self-assembly chiral amphi-
philes with thermotropic L.C character represent the mechanism for the chirality transfer from molecular level to
hierarchical superstructure, and finally macroscopic morphological texture. A model is also proposed to de-
scribe the twisting and bending origins in the banded spherulites of the chiral Schiff-based rod-coil amphi-
philes. This may provide structural information on chiral material through molecular level to object exhibition

in nature.

2 Synthesis of LCs and LCPs

Scheme 1 indicates the general chemical structure of chiral Schiff-based LCs. The detailed synthetic

HO {

HO" HO  py

routes combined with esterfication and Schiff condensa-

d[6*8]

tion strategies have been publishe In general,

the Schiff-based rod segment is served as mesogenic
unit to drive the LC behavior in a self-assembly process LCn(#=7.9.11,and 13)
whereas the alkoxyl chains are introduced to decrease Scheme 1 Chemical structure of LCs

the rigidity of the molecular structure. The number of alkoxyl chain lengths in the chiral Schiff-based rod-coil
amphiphiles of this study is 7, 9, 11, and 13. They all possess the sugar entity as the chiral center in the
head group, which is thus abbreviated as LC7, LC9, LC11, and L.C13. Scheme 2 outline the synthesis of

LCPs, details of the synthesis will published elsewhere.

AcO OAc
0 o 0
AcO x/“*yo)\—@—o—(crlz),..-CH_-—Cz(:H
AcO NW
LCAN  ,_3(LCA6). 8(LCAT1), 9(LCA12)
WCl/PhSn~
_t_(lf:(f}u_ l AcO_ 0Ac

O 0. 0
CH. —{CH, -):0—@—‘( SN OAc
" Y N;ﬁ OAc

Scheme 2 Synthesis of acetylenic LCs and LC polyacetylenes

3 Resuts and Discussion

3.1 Thermotropic LC Phase Behavior

Table 1 summarizes the corresponding transitions Table 1 Phase transitions of LCn, LCAn, and LCPn

of the synthesized L.Cn, LC-An and LCP-n. All mono- Sample Phase transitions, C*
mers and polymers show liquid crystalline behavior. LC7 k, 126 5, 190 1
LC7 which contains shortest spacer length, shows S, LE9 T, =42 K, 127 5, 145 5,, 205 1
. LCl1 T, =55 K, 136 82 157 8, 222 1
phase while the other LCns reveal S, and Sc™ phases. LC13 T,=55 K 126 S 147 S,, 224 1
All the LC-An monomers and LCP-n polymers present LCAG6 T,(59) S,(108) I*
. ; b
oo s
. . A
3.2 Structures of Chiral Schiff-Based LCns LCP6 7,585,220 1
To identify the structures of corresponding phase LCP11 T,58$,200 1
transitions, in particular, the assumed SmC™ phase, LCP12 7,58 5,2101

X-ray experiments are performed on the bulk sample a. K = crystalline phase, T, = glass transition, S, = smectic A

during cooling. As illustrated by the diffraction results
of LC11, Fig. 1 shows one-dimensional X-ray profiles

phase, S = chiral smectic C phase, I = isotropic phase. Data taken
from the heating scane at 10 C/min; b. monotropic transitions.

45



#F 4% . Hierachical Superstructures of Sugar-containing Liquid Crystals and Liquid Crystalline Polymers

of bulk samples at various temperatures. In the profiles (001) ;‘_

at low-26-angle region, well-ordered diffraction peaks | Ik
at characteristic ratios of 1:2:3:4 are found in all tem- 003)° SEE— J...
perature ranges examined. It is also noted that the e (200 | Q)
(002) reflection conceals in the scattering pattern, B — '1—'—';::“_
suggesting the well-defined structure has symmetrical E e — :'-_:;fx-h.ﬁ:
layer-to-layer diffraction. For the highest transition : LC:_’:_‘_: T——ﬂh_
(namely, high-temperature range), the layer-to-layer 234567 1015 20 25 30

a/(°) 0/(°)
Fig.1 X-ray scattering experiments of LC11 at

termined from the primary scattering peak of X-ray different temperatures through cooling

scattering experiments. The SAED method is then applied to further examine the structural packing information

d-spacing in the SmA phase appears to be 5. 20 nm de-

on thin-film samples. Fig.2 shows the SAED pattern from the highly crystalline region at which [00/] zone
diffraction can be obtained so that ordered lateral packing is determined as (a) 1.80 nm and (b) 0.47 nm,
very consistent with the dimensions determined from X-ray results. Furthermoe, highresolution TEM image
shows the ordered lamellar morphology in Fig. 3. The ordered lamellar structure gives 4 nm crystalline spacing
and the dark region corresponds to the Schiff-based rod segment whereas the light region corresponds to the

glass state region of alkoxyl chains, suggesting the formation of a bilayer structure.

Fig. 2 SAED pattern for isotropic melt-crystal lized Fig. 3 High-resolution TEM image of LC11 crystal-
LC11 taken from high-crystalline region along lized at 125 °C from the isotropic melt and
the [ 00/] zone then gradually cooled to ambient temperature

3.3 Self-assembled Hierarchical Superstructures

The formation of unique banded texture leads to the following question; how the evolution of self-assem-
bled chiral Schiff based LCns performs from molecular level to self-assembled morphology in different length
scales, in particular, from point chirality to supramolecular chirality, finally chiral phase.
3.4 Self-assembled Hierarchical Superstructures

The formation of unique banded texture leads to the following question; how the evolution of self-assem-
bled chiral Schiff-based LCns performs from molecular level to self-assembled morphology in different length
scales, in particular, from point chirality to supramolecular chirality, finally chiral phase. The morphologies of
hierarchical superstructures were obtained by solution casting the samples on carbon-coated substrates to form
thin films, and then self-assembly through specific thermal treatments was carried out. Fig. 4( A)—(D) ex-
hibit the morphological transformation of hierarchical superstructures from platelet-like texture to the left-hand-
ed helical morphology as observed by TEM. As shown, the LC7 shows a platelet-like morphology | Fig. 4
(A)]. By contrast, obvious helical twists(say in Fig.4(C) of LC11) can be found once the alkoxyl chain
length reaches a large enough size. In LC9[ Fig.4(B) ], the self-assembled textures present mixed morpholo-
gies, including platelet-like morphology and helical morphology, suggesting the behavior of transitional compo-
sition for the self-assembled morphologies. The morphology of LC13[ Fig.4(D) ] is also identified as lefthand-

ed helical morphological texture. The effect of alkoxyl chain length on the self-assembled superstructure in
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bulk (i. e. , thermotropic LC type) is similar to that in
solution (i. e. , lyotropic LC type) as found in our
previous study. Consistent with theoretical predictions,
the size of adjacent alkoxyl chain length determines the
threshold of twisting for the formation of helical mor-
phology. It is also noted that the pitch length of the
helical twists(that is inversed twisting power) decrea-

ses with the enhancement of alkoxyl chain length. Most

importantly, the induction of helical superstructure at-

tributed to the occurrence of critical twisting power Fig.4  TEM images of hierarchical superstructures in

T T hich 1 tallized at 125 °C fi th
(namely, the significant chirality effect) corresponds Which sampies crystafiized & rom the

isotropic melt and then gradually cooled to am-

well with the observation of banded spherulites. It is .
bient temperature

intuitive to suggest that the formation of banded spheru- (A) LC7; (B) 1C9; (C) LCI1; (D) LCI3.

lites is strongly dependent upon the chiral transforma-

tion from molecular level to hierarchical superstructure, finally the morphological textures in macroscopic bulk
(see below for details). The sugar-based L.CPs also show well-defined morphology in solution. Fig.5 shows
the nano-spheres and helical nano-fibers formed by LCP-11.

(A) (B)

(€)

Fig.5 FESEM image of self-assembly nano-structures formed by LCP11 in THF/MeOH

4 Conclusion

Several series of chiral sugar-based LCs and LCPs have been systematically synthesized to examine the
chiral effect on the self-assembly of supramolecules. As revealed, the selfassembly of the chiral amphiphiles
provide a simplified system to explain the chirality transfer from the molecular level to macroscopic size.
A unique texture of banded texture can be obtained and identified as macroscopic chirality that is composed of
several helical twists. Eventually, the helical twists are formed by the self-assembly of the bilayer characteris-
tic having parallel packed alkoxyl groups as well as the well-packed sugar entities. We aspire to establish a

universal behavior of the chiral effect on the self-assembly in simple design.
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Novel Nanostructures from Self-assembly of
Chiral Block Copolymers

Ho Rong-Ming * , Chiang Yeo-Wan, Chen Chun-Ku
( Department of Chemical Engineering, National Tsing Hua University, Hsin Chu 30010)

Abstract A helical phase(H™ ) of which the hexagonally packed PLLA helices dispersed in the PS
matrix was obtained from the self-assembly of poly ('styrene )-b-poly ( L-lactide ) block copolymers
(BCPs) with PS-rich fractions. Also, the PLLA helices in bulk are able to transfer into crystalline
cylinders by crystallization, and able to revert to original helices upon re-melting and annealing. As
a result, the helical nanostructure appears as spring-like behavior in response to the applied stimula-
tions. For PS-PLLA BCPs with PLLA-rich fractions, a core-shell cylinder phase ( CS) of which the
PS microdomains appear as shells and PLLA microdomains appear as matrix and cores can be found
from the self-assembly of the PS-PLLA with PLLA-rich fractions. The formation of those novel pha-
ses: helical and core-shell cylinder phases is attributed to the chiral effect on the self-assembly of
BCPs so that we named this PS-PLLA BCP as chiral BCP.

Keywords Chiral; Block copolymer; PS-PLLA; Helical; Core-shell cylinder

Self-assembly is the spontaneous organization of components into patterns or structures by cooperating sec-

ondary interactions (i. e. , non-covalent bonding forces) b=l

The formation of biological architectures is
formed by the interplay of secondary interactions to generate different length-scale morphologies. Among bio-
logical architectures, helical morphology is perhaps the most fascinating morphology in nature. Synthetic mole-
cules for helical structures in different length scales have all been demonstrated'* "\, A variety of origins for
the formation of helical morphologies has been suggested such as H-bonding, electrostatic force and different
kinds of secondary interactions, particularly the chirality. Block copolymers (BCPs) are able to self-assemble
into one-, two-, three- dimensional periodic nanostructures in bulk because of the incompatibility and the

chemical connection between constituted blocks! '’

. An amphiphilic BCPs containing charged chiral block has
been synthesized. Helical nanostructures can be obtained from the buffer solutions of those BCPs, suggesting
that the chiral entity of constituted block, aside from amphiphilicity, ionic bonding and electrostatic effects,

plays an important role in the formation of helical nanostructures in solution'*’.

1 Experimental Section

1.1 Materials

The PS-PLLA diblock copolymers were prepared by using two-step living polymerization in sequence via
double-headed initiator. On the basis of molecular weight and volume ratio, these PS-PLLAs were designated
as PSx-PLLAy (fp 4, =2). « and y represent the numbers of repeating unit for PS and PLLA blocks, respec-
tively, and z indicates the volume fraction of PLLA calculated by assuming densities of PS and PLLA are 1.02
and 1.18 g/cm’, respectively. PS280-PLLA127 (M, s =29000; M, 1, =18000; PDI =1.22; f;,,, =0.35)
and PSS5PLLA9S (M, ., =6000; M, ,,, =13900; PDI =1.17; f,,,, =0.65) were prepared.

% Corresponding author. E-mail; rmho@ mx. nthu. edu. tw
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2 Results and Discussion

2.1 Helical Phase (H" ) in PS-rich PS-PLLA

The self-assembly of PS280-PLLA127 (f,,,, =0.35) was investigated. The bulk samples of the PS-PLLA
were prepared by solution casting from dichloromethane ( CH,Cl,) solution (10 wt % of PS-PLLA) at room
temperature. After quenching from the microphase-separated ordered melt at 175 °C, the thermally treated
block copolymers were subsequently sectioned by ultra-microtome for TEM observation. A unique morphology
was observed by TEM[ Fig. 1(A) ]. This projection thus suggests a helical phase (H" ) with interdigitated en-
tity at which those helices are packed in hexagonal-like lattice so as to lead hexagonal cylinder-like scattering
results [ Fig. 1(B) ] "', The appearance of the PLLA helices in the PS matrix is attributed to the effect of

chirality interacting with the immiscibility of constituted blocks.

lg(I)

02 0.4 0.6 0.8 1.0
g/mm!

Fig.1 TEM micrograph(A) and SAXS results(B) of PS280-PLLA127 (f;,;, =0.35)
2.2 Spring-like Behavior of Helical Phase (H " )
It is noted that the PLLA component is intrinsically a crystallizable polymer due to the regularity of chiral

configuration. The crystallization of PLLA in PS-PLLA is thus considered as a driving force to manipulate the
intrinsic helical nanostructure. The final morphology of crystalline block copolymers is strongly dependent upon

the experimental temperature, with respect to Ty, T

c

T, , and the crystallization rate. Consequently, the di-
viding confined environments, i. e. , hard confinement (T <T;) and soft confinement (7;=T},) , dictate the
final morphology of crystallized PS-PLLA. To examine the crystallization effect, non-crystallized helices(i. e. ,
intrinsic helices) of PS-PLLA were crystallized from hard (T, p;, <7, p5 ~99.2 C) to soft (T, p 1y =T, 1)
confinement. The helical morphology remained while PLLA crystallization was carried out under hard confine-
ment ( for instance, T, ,;;, =80 °C) [Fig. 2(A) ]. Because of the vitrification of PS matrix, the crystalliza-
tion of PLLA was restricted within confined
microdomains so as to preserve the helical
morphology. By contrast, the formed helices were
transformed into a cylindrical phase according to the
execution of crystallization under soft confinement,
while T, p;;, =T, s (for instance, T, ,;, =110 C)

[Fig.2(B) ]. As a result, the helical nanostructure

behaves like a spring in response to a crystallization
event where the spring-like PLLA microdomain can  Fig. 2 TEM micrographs of helical nanostructures in
be modified as a crystalline spring under hard con- PS280PLLA127 (f};,, = 0. 35) bulk samples
finement or a fully extended spring(i. e. , crystalline quenched from microphase- separated melt (165

cylinder) under soft confinement by tuning the crys- C) then (A) crystallized at 80 °C for 120min;

tallization temperature:m ) and (B) crystallized at 110 °C for 120 min
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2.3 Core-Shell Cylinder Phase (CS) in PLLA-rich PS-PLLA

Considering the chiral effect on the self-assembly of PS-PLLA | it is intuitive to suggest that hierarchical
structures with helical sense for achiral block might be expected in the phase diagram symmetry of block copol-
ymers, namely PS-PLLA with PLLA-rich fractions. A unique core-shell cylinder phase from the self-assembly
of PS55PLLA95 (fi,, =0.65) was obtained, as evidenced by TEM. Fig.3(A) shows a projection along the

cylindrical axis in which RuO, stained PS
microdomains appear as dark shells whereas
PLLA microdomains appear as bright matrix
and cores. A projection normal to the cylindrical
axes| Fig. 3(B) ] further confirmed the sugges-
ted core-shell cylinder phase (CS) where the
dark shells and gray cylinder cores can be ob-
served. Here we speculate the observed core-
shell cylinder phase is the consequence of
chirality driven twisting and bending origins
from bilayered microstructure through the

. . . . 15.1
scrolling of helical microdomains "'’

3 Conclusions

The hexagonally packed PLLA helices (H" ) in the PS matrix were obtained from the self-assembly of
chiral block copolymers ( BCPs * ). The self-assembled helices could be transformed into crystalline cylinders
by controlling the crystallization temperature of PLLA, and exhibited a spring-like behavior in response to the
applied stimulations. Also, the observed core-shell cylinder phase (CS) demonstrates a possible way of gener-
ating a unique phase with helical sense for achiral component by introducing chiral effect for microphase sepa-

ration. The formation of the H* and CS phases is thus referred to the contribution of chiral entities in chiral

block copolymers ( BCPs * ).

Lehn J. M.. Science[]J], 1985, 227 . 4685

3 oS ' <
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Fig.3 TEM micrographs of PS55PLLA95 (f3 ., = 0.65)

(A) Projection along the cylinder axis;

(B) Projection normal to the cylinder axis.
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Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures
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HAVER T (g, FLEEXT A #XBCZH 3 VR ) 54 HALAR B — RV, a5 . 220
IR (stacked disk) [ 1(A) ], BEHER (helix) [ 1(B) ], ZFEfLH2IR (catenoid cylinder) [ K[ 1(C) ], A&k
[ BAIR ( defective monocylinder barrel ) [ & 1( D) ] FI#H2IR ( monocylinder barrel) [ & 1 (E) 1. [&]57HA W
FEMERN BN AR, FESSRIMAIEHT (RIS Bz BVEH I (&g, =0 83 &y, = -0.05) , AR IE
JE S FLEE Y 22 BEREH , TR R E T (65, < -0.25) , KRB T P47 TALEERY[R].OoAE
AREER. e RS R EIAE T (e, = —0.05 ~ —0.2) , 7K AT LI S R A0 2 FLAE IR 45 44).
TERLER MR EE T, SR HEREEH SR G5, LU SIR R A 28 FLAHDIR G54 S O R gl (anse 1
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Fig.1 Typical structures assembled from diblock copolymers confined within cylindrical nano-channels having di-
ameter D =16 and experiencing a surface field £,
(A) Stacked-disk structure( g, =0); (B) single-helix structure( &g, = —0.05), (B1) only A blocks, (B2) only B blocks;
(C) catenoid-cylinder structure( &gy = —=0.15), (C1) only A blocks, (C2) only B blocks; (D) defective mono-cylinder barrel
structure( &g, = —0.2), (D1) only A blocks, (D2) only B blocks; (E) mono-cylinder barrel structure( &gy = —0.25).

E TR R X LEEEHY, rT IR 458 (1) Z2 2 BEIRET A R BEAR SR T LA 55 559 1) BE -
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W51 Gy, R R LAY AEARZS 4.

SERALAREN D =22 I}, [FRE AT LA RIREOIRESHY | BRHEREEH | 2 LR ESHY LUK R AR ARZE
Wk 2 fs. i TR RANATR, T A [RIZE S5 H oA AR YR RS . BIAN7E D =22 WHE Ay 28 FLAEIR
S EA MU B9 7S SRR [ INIE 2(D) Bzs |, AEALARE/INEE (D = 16) LS BIX RS % R
. U RBE BRI RST LIS, TERTXHRBLA S| 1 R %58 00 2T, IR R0 B R Z )Z 1) W]
DRSS 3(F) ] fLERHERE D =26 B}, 1t &g, < - 0.4 LUSITRRIE T PIZE R RO B FESS 1
(Two-layer concentric cylinder barrel) [ K1 3(F) ]. FEiG BHAIREW S I FZMAT e, = -0.2, HRREAIIRTT
DB AN D =16 F122 B A S| A2 HAREGH[ K 3(C) ]. RRTE -0.35<e,, < -0.25 KIMHIE K

ZIZ MR ZER (stacked circle) [ 3(E) .
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Table 1 Observed structures within nano-channel having different diameters (D) and experiencing different
surface fields( &g, ). The corresponding typical morphologies are shown in Figs. 1—3. Identical typi-

cal morphologies are assigned only the first time in each column.

D
T 16( Fig. 1) 22(Fig.2) 26( Fig. 3)
0.00 Stacked-disk (A) Stacked-disk (A ) Stacked-disk ( A)
Single-helix(B) Single-helix( B)
0.05 Stacked-disk Single-helix Stacked-disk
Single-helix(B) Gyroidal (C) Single-helix
0.10 Stacked-disk Catenoid-cylinder( D) Stacked-disk
Single-helix Single-helix
Catenoid-cylinder( C)
0.15 Catenoid-cylinder Mono-cylinder barrel (E) Disordered
0.20 Defective mono-cylinder barrel (D) Mono-cylinder barrel Mono-cylinder barrel ( C)
Defective mono-cylinder barrel (D)
0.25 Mono-cylinder barrel (E) Mono-cylinder barrel Stacked-circle (E)
0.30 Mono-cylinder barrel Mono-cylinder barrel Stacked-circle
0.35 Mono-cylinder barrel Mono-cylinder barrel Stacked-circle
Two-layer concentric cylinder barrel( F)
0.40 Mono-cylinder barrel Mono-cylinder barrel Two-layer concentric cylinder barrel
(A)
© (©) w
(D) (D) (D2) l
(E) (E1)

Fig.2 Typical structures assembled from diblock copolymers confined within cylindrical nano-channels having di-
ameter D =22 and experiencing a surface field g5,
(A) Stacked-disk structure( &g, =0) ; (B) single-helix structure( g, =0); (C) gyroidal structure( &g, = —0.05), (C1) only
A blocks, (C2) only B blocks; (D) catenoid-cylinder structure (&g, = —0.1), (DI) only A blocks, (D2) only B blocks;
(E) mono-cylinder barrel structure(egy, = —=0.15), (E1) cut view along the z axis.
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SRR LA, LSRR T 22 2 Ok S BR B AR S A . 7 it B2 24 K L A BE X ik BB AT W | ) A5
T, X PR R ] RS MO AR RY.
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WA F BRI ARG T 2 AR i p e, IR R B B A DRAFAER S A AU RE ). A T 5540
DEXBRGYRR, EZBRIET o RAERAE, SRS ERY, Rk R AL
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(F) Gn;ﬁﬁkehﬁhn (F2)

Fig.3 Typical structures assembled from diblock copolymers confined within cylindrical nano-channels having di-
ameter D =26 and experiencing a surface field £,
(A) Stacked-disk structure( &gy =0); (B) single-helix structure (&g, = —=0.1); (C) mono-cylinder barrel structure (&g, =
-0.2), (C1) cut view along the z axis, (C2) top view along the z axis; (D) defective mono-cylinder barrel structure( &g, = —
0.2); (E) stacked-circle structure (egy, = —0.3), (El) cut view along the z axis; (F) two-layer concentric cylinder barrel
structure( &gy = —=0.4), (F1) cut view along the z axis, (F2) top view along the z axis.
A IR A A
(T A6 5 PS5 A 20 8 DX — i B
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SRR T B VR R A ARA T O AAE ] Y 22 57 Y

TELN K AL RE X Ji i B 40 43 (A fix Bt ) A5 AR Fig.4 Self-assembled hexagonal-cylinder
FHBE, BE FLARZ G, R R &l 5 Frs iy structures in the bulk
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HArIENRE. KRS SR CREY], %R A A05500 )25, TR 5 2 il = A4
Ay BRI (D/L<1.57) ; BURSEHIKIR (1. 68<D/L<3.4) FI=)J245H X (D/L=3.51).
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Fig.5 Self-assembled structures under cylindrical confinement with A-attractive surface
The structures are arranged as a function of D/L( that is, the ratio of pore diameter D vs. polymer bulk period L) , and some top views(D, G,

I) and cut views(I—R, that is D/L=2.0) are shown for clarity.

(A) (B) © (D) (E) (F) (G) (H)

0.81—1.46 1.57 1.68 1.78  1.89—2.11 222254 2.65—3.41
(L)

3.95—4.05

Fig. 6 Self-assembled structures under cylindrical confinement with B-attractive surface
The structures are arranged as a function of D/L( that is, the ratio of pore diameter D vs. polymer bulk period L), and some cut views( H, I,

K, L, M) are shown for clarity.

FEALRE R X B 3 (B 1B ) A RS IR BT, R AT USR8 — R 40 2 20 ry 454y, Wikl 6 fr
7. XEEEER [RIRETT L) 2 i B R SR X B ( D/L<2. 54) FIUZ G50 X B (2. 65 <D/L<4.16). W=
SERIX BRI, 2S5 B8 A A BT B 2 A5 R DX B F A IR AL, KRBT LAY 3% HUR R AT
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Fig.7 Self-assembled structures under cylindrical confinement with neutral surface
The structures are arranged as a function of D/L( that is, the ratio of pore diameter D vs. polymer bulk period L) , and some cut views(S, T,

and U, that is D/L=3.51) are shown for clarity.

3 AEER=EEERYETITRERN B AREN
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ABC =ik B RY), 5 imBALRYALL, 737 Bk B S B A AR S EUN— (¢ ) B3 =
A Xan» Xoc M xae) » AHATES FUHABBEZ N—3E M B = A, 7 FREAR ST B 415 2. XS
F AT =i B R Y A AU RS L R BRI E R WA T BRI T
1 AR I =i B RY), HART W ROZ T i Bt R YIMA R B 0. 125 1k, RA B TAEX
AR B R Y Z BRAE B N Y F 2 AT T IFSE. X SERIF T A MRS, ol ok 42 e 0 SRR | 2 R
T AR I RN, AT DAV =i BRI P 1 e SR A i Jy ) R it 2 14

&l 8 iR A i i Monte Carlo J5 AL A =k BERIRIA R ) | HoFHE4 N A,B,C,, d5rHAH
HAERTIMN: e, = 1.0, £, = 0.1, &y = 1. 0. FERRE T2 RIS AHESHRES K [ &
8(A)]. M= Bk R ZIRTEMEE D BYPHRPAT AR B[ 1] 8 (B) ], i aek g2 i [1) B 0 A B 2 T

(A) R - " (B)

Dl

x

Fig.8 Schematic illustrations of the self-assembled triblock terpolymer system
(A) In the bulk. The core-shell structure is shown on the right cylinder with A, B and C representing three blocks in a chain. L is the cylinder
period ( the distance between the centers of the two nearest cylinders that are parallel to the box surface) in the bulk, and L, is the cylinder peri-
od next to L. L is the pattern period of the hexagonally arranged cylinders in the bulk; (B) In the film. D is the distance between top and bot-

tom surfaces that is the film thickness.
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e, Al OSSR — REVE I A5, Ik 2 s,

AR AT MR A R PR B IRHE— i BEAR B W5 | 1, PRI A% 4k BE2H 23 A R 1 ] L
AR T, WNER 2 T neural 2R, FEARMIFEAL/INGS (D/L<1) PR RIE U BT 3R 1E 19 IR S5 1 5
SEATHUR G AT L. MRIAIFEARZESE R, R IE ) AR AT HDIR S . ARBE X B4 A3 (A ik
BoO) A B IG I I (85, = -0.2) , WA TN B AAIRET . TR D/L 88U, 1A
AAWHCEATHERGS . HBEXT A BEAL > (A #1B) ARSI I (g, = 1), MARILPE 2 F
ARG 4.

Table 2 Self-assembled morphologies of ABC triblock terpolymer thin films *

D/L Neutral gy = —0.2 gy = —1 egp = —0.2 egp = —1 ggc=—-0.2 ggc = —1
0.25 C. C, w C. C, C, W-W
0.5 cl? -clp? C, (o Cl? -cl? c-cl? W-W W-W
0.75 C_ c, ¢y Cp-c o Cf-CP WeCh-W Ly -1/

1 CY? -cly -cl? cl? -c% -Clp c% Cclp-cly -cl? ¢ -cy -cr w-cly-w L,-S-Ly
1.25  c2-cy -cl? C, (5 cp-cy, -cpr cpp-cy,-c w-c¢,-w L,-C%-L,
1.5 Y -cy -clip? C, c¥ CE-cy -c'2 cp-c-c?2 w-c%-w L,-D-L,
1.75  C2-cy-clp? C, cy CP -y -cif CP -y -c WwW-C)-W L,-C)-L,
2 Ci? -C% -Clf? cl?-cy, oy cF-cy -cpr cpp-c,-cr w-¢,-w L,-C%-L,

# The parallel cylinder structure is signed as € with n =1/2 or an integer, namely, half of a cylinder or the number of cylinders existing in
the films along the y axis. The perpendicular cylinder structure is signed as C . A lamellar wetting layer of disordered structure is signed as W. S

and L, represent the spherical and lamellar structures, respectively. We use D to depict the distorted cylinder structure.

SRR I 3Z RS (6] (A BB ) A2 0, ik B 3 SR I 1 A DR 445 R AN S AR JR T 1) 2 A AH L ) 9
B, R, ARG RIS W R AR . A 9 Fitas, A8 D/L =1 WHE A HRRES A S AL A4 R AR
[E9(A) ], 7E D/L=0.75 RHE SAHIR G5 S EDE K 9(B) .

R

Fig.9 Two representative parallel cylindrical structures under the surfaces strongly prefer A-block(eg, = -1.0)

(B)

The box size in the x-z cross section is 21 x24. From left to right, all blocks are shown firstly and then B- and C-blocks are shown, at last only

C-blocks are shown. (A) D/L=1; (B) D/L=0.75.

FHxF Al B (B B ) A MG I R, 2 1737 58 BE 9 R /N KA 220 1 1) 2 206 235 4 52 T A
KWK 2ey, = -0.2 Hey, = -1.0 Fr). XEFHN BikBAE R FEER RS, HiEES A BOHm
C B UMAIE , 76 B i Begt e s | 2R mn, B Bt —a R 425 A B C Bt R mgsh. M
F A BB C IBEBERIF L, A BAEis shad B b 22 2R BHE R 0w B C B RiF 2.
Bt A BTG, REPEXT C B ian s IR 3XAE, W51 B i BB R T, R R m
Jij, Xt B CitBCARA WS I /E . HRRER I S L5 A 200 7 -5 btk 2 T A 3 1) 1 ok
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P2 C Hir B e Tk i — i Bedlor, 5
TEREBIREIEY B i BeAf L, &l LU F iz 3. 06

M C BRI S, T b 5 I\ 3 T 3 %
HERTE. RSt TYHE SRR, C Bt adeia T 00
SRR B ES, SRR AN FHERT LUREGER 5 T S

‘}\ 0.6

PR T RSB AS B i BOZ R m. Wikl 10 fr
N, MORERTEIWG S| C R BEw, C 250 % B i W {8
A B SRHRBE R A2 1, B 453 AW (E A B
FERREE =AY IXChE. AR BEFR 5] C BT,
o Al B AL , NS A ATy Fig.10 Relative density profiles with D/L =1.25 un-

I 2 T 2R (Y — 2297 94 e 2t , el g 2k der Zhe surfaces being prefer(ll'ed for C-blocl;
. O and A represent <pgp —p, > and <p, —p, > under
FIUNE 11 B,

the surface field eq; = — 0. 2 respectively, that is W-

5 TiRBALRYIK R, ZikBILRYIKR
TEZ 7 T s AR RO PE BT, T rp (Al Be il 22 e
PRI, =i BOIL R Y REAS A WO IR 5 -7 R
WREGH, 3 o — R B s 14 I, =i

C]// — W in Table 5.1; W and A represent <pp —p, >
and <p; —p, > under the surface field 5o = - 1.0 re-

spectively, that is L, — Cl// —L in Table 2

(A) (A2)

(B)

Fig.11 Representative morphologies between the surfaces being preferred for C-block
(A) W- Cl// -W(D/L=1, ¢5c = -0.2), (Al) B- and C-blocks are shown; (A2) only C-blocks are shown; (B) L, -L,(D/L=0.75,
gsc=-1.0); (C) Ly -S-L,y(D/L=1, g4 =-1.0), (C1) only the C block is shown.

BV T LA R IR R 2 A
4 FAEER=HRRERMENRILANEAREEN

IR RIS R, SR BUR R 5 T BUAR R B AR AR T A W X, E 4 LN A2
FRAAMET, Hetk ABC =i Bt R Wk 2 IR RE 3 AR i AHAT R, (4 Monte Carlo BAUBFRAAIE
BAEIRZEA I A 3B, C IR R (S B EAEHZSEEN 1.0, 6, =6, = &y =1.0) ZRAEFR LA
F 44T R ] LIORER B — R A R IR 1 2k . ansk 3 R,

FEALEER PR 554 (32 3, neutral) , 4K R IE B 25 44 2 AT FLE 1) S50 IR 25 4 R A i 1 2%ty
RAEHEIREER (UKL 12 FiR) . ZEE 0 nT AR B FLARYE I (1. 03 < D/L <2.55) , iX P Fh 5 4 28 %%
I FTLAHERT, A2 LA R T AR VR FH S, R 3R AEAS T b R TR W 1 20 28 45 /) AT S A4
Ry R B2 haT LA BEE , 7ESM2 IR TER G A R G54, eI ARk i 472 e 1
1, S o T 7R 2R 1 32 B8 He sl b (1) 52 ).
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Table 3 Self-assembled structures as a function of the ratio D/L for different pore wall surface preference

Pore wall surface preference

brL Meutral A-attractive B-attractive C-attractive B/ C-attractive A/ C-attractive
1.03 dH C W sW W 3B

1.17 3B fC W sW W 3B

1.31 3B fC W sW W 4B

1.45 dH non-C W(D) sW(D) W(D) 4B

1.59 4B non-C W(C) sW(D) wW(C) 4B(D)
1.72  4B(C) Catenoid W(C) sW(D) W(C) 4B(C)
1.86 3H(C) Catenoid W(C) sW(C) wW(C) 6B(C)
2.00 5B(C) Catenoid W(C) sW(C) W(C) 6B(C)
2.14 5B(C) Catenoid W(C) sW(C) W(C) 6B(C)
2.28 5H({C)/6B(fC) Catenoid W({C) sW(C) W({C) 6B(fC)
2.41  6B(fC) Catenoid W({C) sW({C) W(fC) 6B(fC)
2.55 dH(dH) Catenoid W(H) sW({C) W(H) 6B(fC)
2.69 dH(dH) Catenoid( C) W(H) sW(dH) W(H) sW(dH)
2.83 dH(dH) Catenoid( C) W(H) sW(dH) W(T) sW(dH)
2.97 H(H) Catenoid( C) W(H) sW(H) W(dH) sW(dH)
3.10 dH(dH) Catenoid( C) W(T) sW(H) W(dH) H(H)

The signs mean that, “B” ; bar-shaped; H: helix; “dH” ; double-helix; “C”; cylinder; “fC”: flat cylinder; “non-C” ; disturbed cylinder;
" Catenoid" ; cylindrical catenoid sheet; "W" . irregular wetting layer; " D" ; droplets; "T" : toroid; "sW" . strip-like wetting layer. The number

before "B" and "H" means the number of corresponding structure at the same layer.

FE AR BUR R IR Y Yu G5 R AR RS L AR (U A D/L B, IR R 2 B
JELCER, PO R TR AT TLBERZSH 5 18 D/L B2 80nt, A7 FLEE DT 8] HES A 4548 52 FR
LB, R R R BT fLEEHES A 25, 7 =B R b, B S BIIXRERY A ML
FI AL A5 RS AL T LP- 5 4l LAUAGSSE A 3R W i A B 5 1362 S bR A 70 25 5 U ) =k BL o T
Hh B BT . T B R RGN RE S s, A AURRAS R AR B R 2

A <1 cosfl > = (1/77)J:| cosf| df = 27 BHPIAT LLFIW T8 47 ( < lcosfl >2/7) B,

T ( < leosfl > <2/7) TFLEE(FLAHL ) , Forb 0 240 T4 A 2 07 1) 5 4L 0 07 il i e . RS ik
FUBEZAE S A2y R 190 FHEM R 1A (19 13) , AT, A R IRE5H) (B) 195 T-5EAR 4
0] T3 BT FLEE ;. HR - SRR G546 (1 4> T BERR R 7] P47 FFLBE. Horh ) A 4571 25 44 1) 207 B A
JEJ7 10 S LI B TEFf < T cosOl > TEIL/INT 2/7r, 3K 36 BH IR & S 430 TR0 1 T FLEEHES Y.

TEMF SR FLINSZBR ) i BUR R b 2 B, FLEERY SR TS B AR AMNZ M FHEA R, X TRZER 5
THE, T ALEER R TG 0 Ec oD = S5 A0 BT R, PRIt P )22 25 4 %) 36 A o 3552 LB 3% T 37 1) 52 i) 32 /).
SR, X =i BRI R, FEALEER S| A ik BCRAS T MM AR T B 5 Fo M R i SRS T 2 5IR K.
WK 14 iR, FEFLRE/NT D/L<1.59, RFZMNANEHIREEH (“C” at D/L =1.03) FFh, 5678 U -
HAR(“fC™, D/L=1.17 M1.31), SR AAERLEH X IR (“non-C”, D/L=1.45 F11.59). fn&l 14 fir
R, ALK “non-C” | JEHBSY A BELMENE B C 415ME LB REIR 45 H A S A ORI, AT
IR T NZRHIR g5, SR K E D/L=1.72, (KRB T ZfLEDIREE# ( Catenoid ) . X R of fL T
REGHIEH B C iR BEA U FIE Z ARG (RIRETIR) B A B 5y 2833, X Rh 4R 5 7E WA O] Uiy
LRGS0, FURM AL ZBR, JERE5 5 i IR, 28 FLARRIR G A4 14 2 AL % 1 B 25 L.
RIGR MG, LRI 7S A S8, LR R KT, W2 ST HARE M (D/L =2. 69 ~
3.1). IXANERSL AR S A AL LAFT ) i BR 2 rh ORI oW 215, IF HAE ik B R A AR
ST ] — iR S5 R4 1 401 X S U 5.

MFLEEXS B i B WS I ME T, FLEEK B B B e R i R, BT B By L A2 5 [ EH
C it Br gl e B 2w . BRI, SAMNZ45H02 B, CIRZ2 9 e HEIR )= (18 15). HFLEEXT C B
SAWEI T, C By B AR R Y AR IR 2 450 (1 16) . MFLEEXT B FI C i BEAL MR A
W5 Jiit, =i BR R R MINEEH 5 5] B i Bt AR, R HIER 245 (K 17) . RRINZ2
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3B 4B 4B(C)

6B(C)

Fig.12 Typical self-assembled structures under neutral pore wall condition

The structures are corresponding to signs summarized in Table 3, and in some cases C-blocks isodensity surfaces of inner-layer structure or cross-

sections of some structures are shown for clarity, which are the same with other figures.

SEFIRIFLEER 51 B i BOIRZS T SN2 25 AL, H
SRR C Bl oy 8 22— 20, 75 fLEE R I 5]
A, C PIFPR BLAL Gy B, R R B IR AN 2 454 5 fL BE
FIR G| A fRBORT C i BE AN AH T (B 18). R
B C B TFLRE P W 5| 1 FH Bk S i i 2 e
A i BEFIREZ B FLEBE RS VR, PR B ik BoHE
BT, JFORAE C i BRI A 1 2 AR,

LR PR R IS BT (R 55| B
C. B/CHIA/C), TRZRWIZEEF L HA L R
A, BUMCRESORCR I i, AR iR, W SF A
AR, SRHERE AR S, N JE S5 R A X R R AR R
5 Bk RARAHZ.

SR B RYIA R AN Z G Z LR R

0.7

0.6

0.5

<|cost]=

0.4

03

Fig. 13

e T ™

B _ — 04 ~

A

NEVREA

1
L0 L5 20 25 3.0
L

Ensemble-average surface chains orientation
profiles as a function of D/L under neutral
wall condition

Filled symbol A represents that for degenerate “6B
(fC)” structure at D/L =2.28.
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64

c non-C Calenoid Catenoid(C)

Fig.14 Typical self-assembled structures under A-attractive wall condition

X8

Wi(D) W(C) W(IC) Wi(H) WI(T)

Fig.15 Typical self-assembled structures under B-attractive wall condition

sW(C) sW(IC) sW(dH)

Fig.16 Typical self-assembled structures under C-attractive wall condition
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w W(D) W) W(C) W(H) W(T)

Fig.17 Typical self-assembled structures under B/C-attractive wall condition

3B 4B 4B(D) 4B(C) 6B(C) 6B(C) sW(dH) H(H)

Fig.18 Typical self-assembled structures under A/C-attractive wall condition

AIENAARR. FEALBESL R PRy, S8 IRES M 5 IR IR A5 S8 tH . e fLBEXS S Be2L o (B, C HikBt)
AWHIERI, SANZEEHRTCATIEIRZ. 7EFLRERIN 5] A Fl C BN , I ANZ S5 A] L2 250
R, WA PUR TR A IR 2. B S i — SO . B ORIk, BIAR, B P4
R, 5 IE R BIR S5 .

IRIUEREAE FLRER 5 BB 20 3 A 00 T AN . FESLBERTHR R B (A B ) A RS IERIEE, K%
R 5E PR EA G P, RR IR AL O LIRSS M. (EARE AR, I LR
FURIEBIRYE. FATU XA H TS B BRI ERA . RREZGURES R
5 & it

I AU A O i W S8 BEE R W 7 32 FRARZE S A AR A5, AT LA R G s R 4 P e,
3 FRRUEE (B (B EEFIALAR /N ) X R R AR 52 33X 6 52 ) [R] 3R 7 S0 PR BOMERS B P25 1 7). ad B R B
5%

, ATRARHE AR 458
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(1) R BELRYIR R Z BRI T A 415, nl ISR SAMORES T AR AORSH, 5 Z R
RSB LT AR R BOARA T, DTS SR 8 1R o 4.

(2) ANIEARS B B RIS AR 2R, ZEAR TR 1Y 32 @&UT%nﬁmmmm T AR ARG
RIS h, ANTEARE R B SR WA R AR PR, AL Y 32 BRIREE, A REAS S BUAT 25 Y
il

HHT, ATE 2l 528 T BOWE B 1Bl vh & BLAY AR 734 PP 4548, [RlIhd A v 3 SE e 45
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Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures

ETHMBEERSERANIMNE
Mol e (ERB S F B AR &R

xR HHE, #HF”
(PEBFEAR I EEG S TR S TR R, A8 230026)

KR QLG PPRIRE; BREEmRNIME T AR

FRIRG (Cyclodextrin, CD) f&—28 i D-NHIAI 205 FROCI T o1, 4-BHF SR 14 () AR AIG R 22 W 1Y)
GiRR, WU a- B-Fy-FRRIE 20045 6 . 7 FN 8 ANHEAIME LT, IR E  C, A Cy L &R Rl
o AR AR, P SR B K PR, AIMI PR 5 35 Y SR AT S S kM. K — R 1 R S P 2 4
FORIPRE T AR AR A AR M B E « AR 5 ). AEIX 28 - AR i, & RIKE (AD) BRI B-34
Wk (B-CD) A AR % i 5 E AR 2] T 12 . XMasiER TN TEES TFRAEY,
Ak A LLARE D RAVRIRAES A TIE NSRS T, KT/ T4 B R A S HAE ) 52 G 1 1
TR AR, W T — RPN B AL S5 A B A F H AR R,

T SE LA 2-IR N RN B R 5 | & TR R 7% B R 6 23R G (ATRP) i85 T i S0 58 (V-5 79 2
PG IRRE ) (alkynyl-PNIPAM) HifA, S E W EREAL T, 5505 ZCHY B-FRHIAE (mono-N,-B-CD)
HEAT A2 OB ( Click Chemistry ) , FEZK HEHT B 24 1 Al 2 1) mono-N,-B-CD J& , 15 22514 B iff
i) B-CD 34351 PNIPAM (B-CD-PNIPAM). Ji4b, (& A 4 RIEh ATRP 51 & 516 BT s 4 Wt
PR (W BN IERR-2- — M R ) (AD-PDEA) . 7E B-FRHIAE FI 4 Ml be ) 25 2% 54 BR80T, B-CD-
PNIPAM 5 AD-PDEA W] LAZH %% 1 42 5% /K P4 88 4+ P i B AL SR ). B T PNIPAM H A7 I8 B o) 1 14 1
PDEA ELAT pH WP, SR8 o o B SR WU AE /K T b T DA B A 22 3 R 1 4 1 2470
TEZIR TR FIE T pH /T 6 BIKH; 4975 pH ERIR T 8 i), 23214 L) PDEA 1%, PNIPAM
KT ; TAE pH /N 6 B, TR WL 2 KT PNIPAM (1) LCST B, M 2520 % il PNIPAM 7E
JZ1lii PDEA 7E4MNZ M BEE5H (K 1).

R/EN + Q’\.!EV\:

Dissolved in DMF and
dialyzed against water

Adjusting pH to 9 Heating to 50 °C " ;
R/BV eV : Cooling 1020 'C ﬂ‘“‘

Supramolecular block
copolymer in water
atpH4 and 20 C

Adjusting pH to 2

S
ity

Pdea-core micelles Self-assembled
alpH9and 20 'C

vesicles at pH 4 and 50 °C
ANJR\  PNIPAM R/EV\  PDEA 0 B-CD . AD
Fig.1 Schematic illustration of formation of pH- and thermo-sensitive supramolecular PNIPAM-b-PDEA
diblock copolymer and its multi-responsive supramolecular assembly

E R AARIFRA R (S . 50425310, 20534020, 20674079) Firh Rk B A1) H % 8.
= WINEE R A. E-mail: sliu@ ustc. edu. cn
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iE—25FIFH B-CD/AD B E5 45 S AE A S — B BLW o 72440 BRI A W), FEMEARIE T,
mono-N, B-CD FIFSE G N bt s i 15 B & JHUC B-FP MG , oligo( mono-N,-B-CD) , Hl™=¥) 7942
alif5 51t 50 alkynyl-PNIPAM 7EVAR 340 T R 3 2 “ Click ” 52 0 A5 21 25 43 HL oligo (B-CD-NIPAM)
BERIEAY. [FFE, FIFH oligo(B-CD-PNIPAM) 5 AD-PDEA AHEAE FH R T LA S5 — b ] i3 7 T fi
JE&HY PNIPAM & F1 pH BUKAEY PDEA B 194 S5 K M8 o> T4 BRI A . TE/KE W, il s
VIR AN pH B, X ARG Y T IR 2 RCRAAT R (K12). RATFIAR RS | e, &
SR HL - I AR A T BT AN RAE 1 S A ()8 o SR B W 1 22 EE e PR F A TR

-

Oligo(CD-PNIPAM) Oligo(CD-PNIPAMYAD-PDEA complex

20°C. pH/ 40 C.pH4
@__92- AD-PDEA

< alkynyl-PNIPAM

PDEA-core micelles PNIPAM core micelles

Fig.2 Schematic illustration of formation of pH- and thermo-sensitive supramolecular oligo( CD-PNIPAM )/

AD-PDEA miktoarm star polymer and its multi-responsive supramolecular assembly

BATEFH Sttt @it R BRI EE A mono-N,-B-CD, & a1 BB C ARG Bk, -
NIPAM FifR ATRP HE5R AT LAHI RIS B-CD LA 975 4345 PNIPAM. 38 o 18 57 PO A SRR i BB,
133 7 AIE B-CD & & M AL E fEfk PNIPAM. ‘BE{15 AD-PDEA L] LA i A5 25 5 A HI 4128 AN [
R B 0 TR R Y, A K b 2 I 2o =R g 1 1 2 TR

AN, Kitano 254 BF5E T PNIPAM BEMEM(4 B-CD 5 8-H8 e H-1 -ZE M % £ ( ANS ) 7E A [R1VRLEE T 114
PENIETEAT R, KIH T PNIPAM 951 A, BEIRE TS B-CD 5 ANS 254 G 5 B N RE. &k,
Yamaguchi %515 3 —25 R BINAL 545 B-CD 19 PNIPAM 7E ANS 276 T, Bi/K ¥R B-CD/ANS B 414
SN PNIPAM A3 BEm PR SO LCST. =38 (A AR FE B T —Fh 2 740 3100 10 B 3R 5 &
e, AN BB RIET , FRREE XA ONIE S A B-CD 1) PNIPAM US4/ ik, [FIE & 4= B-CD/
ANS B A/fE. FT UL LA, AR Jo it 45 RO iE R (stopped-flow ) , #E— R AT
TZRER N SIFRE, FF3A5 T —2ep) 0245 31

AL L A A A SR 70 R AW k3B R TR, A BRI T — P i 5
[m].
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Multi-responsive Supramolecular Polymers Driven by
Cyclodextrin Inclusion Complexation

LIU Hao, ZHU Zhi-Yuan, LIU Shi-Yong *
( Department of Polymer Science and Engineering, University of Science and

Technology of China, Hefei 230026 )

Abstract Well-defined B-cyclodextrin terminated poly ( N-isopropylacrylamide) (B8-CD- PNIPAM) , linear
PNIPAM with B-cyclodextrin pendant groups P(NIPAM-co-CDA ) , and PNIPAM-functionalized hyperbranched
oligo( mono-N,-CD) , oligo(8-CD-PNIPAM) , were synthesized via a combination of atom transfer radical pol-
ymerization (ATRP) and “click” chemistry. Adamantane-terminated poly [ 2-( diethylamino ) ethyl methacry-
late] ( AD-PDEA) was synthesized from an adamantane-containing initiator via ATRP. The inclusion compl-
exation between B-CD and AD moieties is employed as the driving force in constructing stimuli-responsive su-
pramolecular polymers, consisting of PNIPAM as thermo-responsive building block and PDEA as pH-respon-
sive building block. These supramolecular polymers show " schizophrenic" micellization behavior in aqueous
solution. Moreover, the autonomous coordination behavior of P( NIPAM-co- CDA) in the presence of 8-anili-
no-1-naphthalenesulfonic acid ammonium salt ( ANS) induced by molecular recognition was investigated using
stopped-flow spectroscopy.

Keywords Inclusion complexation; Cyclodextrin; Stimuli-responsive; Supramolecular self-assembly
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Hierarchically Supramolecular Self-assembly of
Nanotubes and Layered Sheets

CHEN Yu-lan, BO Zhi-shan "
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080 )

Interest in tubular nanostructures has been continuously growing since the discovery of carbon nanotubes
in 1991. Tubular nano-objects have displayed unique optical, electronic and magnetic properties and have
found potential use in such applications as nanodevices, catalysis, biomimetics and energy storage etc. The
preparation of novel high-quality nanotubes is still a challenging field of research. In contrast to inorganic and
macromolecular tubules, which have been explored extensively over the last decade, low-molecular-weight or-
ganic compounds with their intrinsical merits of diversity, tailorability, and multifunctionality are good candi-
dates for the construction of nanotubes. The supramolecular self-assembly process of mimicking nature to con-
struct biologically active structures can generate ordered complex structures from simple building blocks.
Thus, the self-assembly of nanotubes from well-defined, simple building blocks would be fascinating and prac-
tically useful. However, by comparison, progress on the self-assembly of organic nanotubes from nonamphi-
philes to date lags behind their amphiphiles counterparts. Herein, we report the hierarchically supramolecular
self-assembling of an organic nonamphiphilic molecule terphenylene-bisdodecanamide (TB) to form a new
kind of rolled-up organic nanotube from its nanosheet precusor and highlight the use of these rolled-up nano-
structures as a template to fabricate composite nanotubes containing C60 inside.

The hierarchically supramolecular self-assembly of TB in THF forms either distinct multiwalled rolled-up

open-ended organic nanotubes or layered sheets depending on the conditions used. At low concentration,

J T
_Jf I Jr’ Jr’
II‘x»d] 11-.@}1 I\X:(, [s}‘i‘,
X
: S 3
Oy ,’H\—{\Ilth?\'ﬂlnjx'u
4 4
s ,»)J ¢ 500 nm

1.00 pm

1 [Mm

Fig.1 TOC of the rolled-up nanotubes, layered sheets and C60-filled nanotubes from the hierarchically

supramolecular self-assembly of TB
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exclusive nanotubes were formed with a high aspect ratio. While at high concentration, layered sheets with
several tens of micrometers in length, several micrometers in width and several hundred nanometers in thick-
ness were formed exclusively. And at medial concentration, both the nanotubes and nanosheets coexisted in
the precipitate. The possible self-assembling mechanism (Fig. 1) was discussed on the basis of comparative
experiments and extensive investigations performed with SEM, TEM, FTIR, SAXRD, WAXRD and PL spec-

tra.
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Table 1 Formulation variables and properties of alginate based drug delivery systems

Sample Drug loading content( wt% ) Encapsulation efficiency( % )
Nanoparticle 5.7 17.1
Vesicle 9.1 27.3

Fig.1 ESEM(A), SEM(B) and TEM(C) images of nanoparticles
100

80 -
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Cumulative release(%o)
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80 160 240 320 400

t/h
Fig.3 5-FU release profiles from nanoparticles(a)

Fig.2 TEM image of vesicle

and vesicles(b)
5 % x W

[ 1] Kataoka K., Harada A., Nagasaki Y.. Adv. Drug Deliv. Rev. []J], 2001, 47. 113
[ 2] Sarmento B., Ferreira D., Veiga F. , et al.. Carbohydrate Polym. [ J], 2006, 66 1

Fabrication of Natural Polymer Based Nano-sized Drug Delivery Systems
Through Self-assembly and Study on Their Drug Release Properties

YU Cui-Yun, CHENG Si-Xue”* , ZHUO Ren-Xi
(Key Laboratory of Biomedical Polymers of Minisiry of Education, Depariment of Chemisiry,
Wuhan University, Wuhan 430072)

Abstract Nano-sized drug delivery systems based on alginate were fabricated through self-assembly of natural
polymers such as alginate in an aqueous solution. The fabrication was carried out under very mild conditions
without the usage of organic solvents and surfactants. Nano-sized drug delivery systems with well controlled
size could be produced with a high yield. Besides, the morphology of the nano-sized drug delivery systems, i.
e. nanoparticles and vesicles, could be controlled by adjusting the preparation conditions. 5-Fluorouracil
(5-FU), an anti-cancer drug, was encapsulated in the nano-sized drug delivery systems and the in vitro drug
release behaviors were further investigated. Both 5-FU loaded nanoparticles and vesicles showed retarded drug
release behaviors.

Keywords Self-assembly; Nanoparticle; Drug controlled release; Alginate
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Self-assembly Structure Through Competitive
Interactions of Miscible Diblock
Copolymer/Homopolymer Blends

KUO Shiao-Wei', CHANG Feng-Chih*"

(1. Department of Materials and Optoelectronic Science, National Sun Yat-Sen University, Kaohsiung;

2. Institute of Applied Chemistry, National Chiao Tung University, Hsin Chu 30010)

Abstract  We synthesize a series of PCL-b-PVPh copolymers by combination of ring-opening and living free radical
polymerizations and then blending with PVP homopolymer. FTIR, XRD and DSC analyses provide positive evidences
that the carbonyl group of PVP is significantly stronger hydrogen bond acceptor than the carbonyl group of PCL with
the hydroxyl group of PVPh. Micro-phase separation of these miscible PCL-b-PVPh diblock copolymers would possible
occurs through compete hydrogen bonding interaction with the increase of PVP content. *C CP/MAS solid-state NMR
spectra provide additional evidence confirming that micro-phase separation are taking place for the blends system. The
SAXS profiles reveal a sharp primary peak and highly long range order reflections ¢/q " ratios of 1:2:3 for certain
compositions, which indicate the lamellar structure in the blend system at relatively lower PVP content, which is con-
sistent with TEM analysis. The final phase behavior and morphology would change with the increase of PVP content
such as cylinder structure because of the compete interaction between PVP/PVPh and PCL/PVPh units.

Keywords Self-assembly; Specific interaction; Diblock copolymer and miscibility

1 Introduction

Blending diblock ( A-b-B) copolymers with homopolymers has atiracted great interest in polymer science

(1-107 " Most studies have concentrated on an im-

during recent decades because of their unusual phase behavior
miscible A-b-B diblock copolymer with a homopolymer A. Other systems have also been investigated involving
blends of homopolymer C with immiscible A-b-B diblock copolymer, where C is immiscible with block A but
interacts favorably with block B. In addition, other blend systems comprising an immiscible A-b-B diblock co-
polymer and a homopolymer C, where homopolymer C is miscible with both A and B. For example, Zhao et
al. 1" investigated blends of poly ( styrene-b-vinyl phenol)/poly ( vinyl methyl ether) ( PS-b-PVPh/PVME )
where PVME is miscible with both PS and PVPh blocks to serve as a common solvent and results in a single
phase when the PVME content is higher than 50 wt% . Clearly, all these A-b-B diblock copolymers are immis-
cible between A and B segments. As a result, our motivation is from that could we obtain the self-assembly

nanostructure through miscible diblock copolymers where A, and B segments are miscible with blending with
homopolymer C.
2 Experimental Section
2.1 Materials

A series of PCL-b-PVPh copolymers by combination of ring-opening and living free radical polymerizations
as shown in Scheme 1. Benzyl peroxide(4.0 g, 12.4 mmol) and 160 mL distilled styrene were placed in dry
flask 2,2 ,6,6-tetramethyl-1-piperidinyloxy ( TEMPO) (5. 68 g, 36.4 mmol) were added into the flask with a

% Corresponding author. E-mail; changfz@ mail. nctu. edu. tw
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magnetic stirring bar at 80 °C under nitrogen. Tempo-OH (0. 0728 g, 2.5 x 10 *mol) in Toluene (5 mL) ,
0.2 mL of a toluene solution of triethyaluminum was added under an argon atmosphere. The prepolymer was
added into a dry glass tube with the monomer ( acetoxystyrene ). Twice freeze-pump-thaw cycles were pre-
formed to remove residual solvent. The tube was sealed under vacuum and placed in an oil bath held at the de-
sired temperature by a thermostat(120 °C ). After the specified reaction time, the polymerization was stopped
by cooling the tube in ice water. PCL-b-PVPh was prepared form the selective hydrolysis of the PCL-b-PAS.
Removal of the acetyl protecting groups from the AS polymers was carried out in 1,4-dioxane by treating it with
hydrazine hydrate at room temperature. The reaction was allowed to proceed at room temperature under nitro-
gen for approximately 10 h. The solution was concentrated by evaporation of the solvent and washed with dei-
onized water several times, followed by drying in a vacuum oven at room temperature for several days.
2.2 Blend preparation

The solution blending of PVPh-b-PCL/PVP blends of various compositions was performed in a N, N-dime-
thylformamide solution containing a total of 5 wt % polymer. The polymer blend solution was stirred for 24 h,
and then it was cast onto a Teflon dish. The solution was allowed to evaporate slowly at 100 °C for 1 day. The
blend films were then dried at 130 °C for 2—3 weeks for the removal of the residual solvent.
2.3 Characterizations

Infrared spectroscopic measurements were recorded on a Nicolet Avatar 320 FTIR spectrophotometer, and

1

32 scans were collected with a spectral resolution of 1 cm ™. Real-time small-angle X-ray scattering ( SAXS)

measurements was Performed at BLO1B SWLS beamline at the National Synchrotron Radiation Research Center
(NSRRC), Taiwan. The PCL-b-PVPh/PVP blends were cryo-microtomed at — 120 °C for transmission elec-
tron microscopic ( TEM ) observations. A Reicher Ultracut microtome was equipped with a Reichert FCS
cryochamber and a diamond knife. Staining was accomplished by exposing the samples to the vapor of a 4 %
aqueous RuO, solution for 30 min. The contrast between PCL and the two other polymers increased in these

samples because PCL is selectively unstained.

1 | 1 | 1 1 1 1 1 1 | 1 1

1780 1760 1740 1720 1700 1680 1660 1640 0.02 0.04 006 008 010 012 0.14
plem™! g/nm’!
Fig.1 FTIR spectra of carbonyl stretching for Fig.2 SAXS profiles for PCL20k-b-PVPh10k/PVP11k
PCL20k-b-PVPh10k/PVP11k blends blends
a. 100/0; b. 70/30; c¢. 50/50; d. 40/60; a. 100/0; b. 90/10; c. 70/30; d. 50/50; e. 40/60;
e. 30/70. |- 30/70.
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3 Results and Discussion

Fig. 1 presents FTIR spectra of carbonyl stretching region, ranging from 1630 to 1780 em ™', of PCL-b-
PVPh/PVP blends at room temperature. Two types of signals for carbonyl stretching appear for the PCL-b-
PVPh/PVP blend: the amide carbonyl stretching band of the PVP at 1680 e¢m ' and the free and H-bonded
carbonyl stretching band of PCL at 1730 ¢m ™' and 1708 ¢cm ™', respectively. When the PVP content in the
blend is increased, a new band appears at 1660 e¢m ™', reflecting the presence of intermolecular hydrogen
bonding between the PVP and PVPh units. It also reveals that interaction between PVPh hydroxyl and PVP
carbonyl becomes dominant in those blends, thus the PCL blocks are excluded from the PVPh/PVP amorphous
phase. Therefore, it is reasonable to assign the bands at 1724 ¢cm™' as the PCL crystalline conformation ( as
shown in Fig. 1 curve b). All curve fitting results indicate that the hydroxyl-carbonyl inter-association of
PVPh/PCL significantly breaks down with increasing PVP content in these ternary blends. As a result, the
PCL will be excluded from the miscible diblock copolymer to form own domain and crystallization occurs. As
shown in Fig.2 by SAXS analysis, it reveals a sharp primary peak and higher-order reflections at ¢/q " ratios
of 2 and 3 at PCL-b-PVPh/PVP =50/50 blend system, indicating that PCL, are arranged on lamellae-indicate
that the melt morphology is faithfully preserved after crystallization, as expected. Couple SAXS peaks located
at the positions of multiple Q, =0.01465 A ™' indicates a lamellar phase with a long period of 42. 8 nm extrac-
ted from the first peak position from 277/() and the long period of 44.1 nm for PC1.20k-b-PVPh10k/PVP10k
=40/60. As PVP increases, the higher-order peaks relevant to lamellar morphology become obscured. At 30/
70 ratio, the higher-order lamellar peaks are replaced by a broad hump and the lamellar form factor peak is
suppressed , implying a more complicated morphology which may consist of both crystalline lamellae and less
perturbed or unperturbed microdomains. The addition of PVP may change the lamellar microdomain structure

into a cylinder and finally into a sphere.

(A)

Fig.3 Transmission electron micrograph of the solution-cast film of (A) PCL-b-PVPh/PVP =70/30
and (B) PCL-b-PVPh/PVP =40/60 stained with RuO,

Their corresponding self-assembly morphology of PCL-b-PVPh/PVP blend in bulk state was studied by
TEM. The film was stained with RuO,, whereupon the PVPh chain was deeply stained, the PVP chain was
only lightly stained, and the PCL chain was selectively unstained. Fig. 3 (A) indicates that two phases are
present in the film of the blend. As expected of these blends, a lamellar microstructure was observed at room
temperature for PC1.20-b-PVPh10k/PVP11k = 70/30. The lamellar structure i. e. , the gray region, corre-
sponds to a mixed phase of lightly stained PVP and deeply stained PVPh; the bright region, corresponds to a
PCL phase that had been excluded from the mixed phase because of its significantly weaker ability to form hy-
drogen bonds with PVPh. Thus, the crystalline PCL was confined within the existing ordered phase due to the

vitrification of the amorphous layer. These results are also in good agreement with SAXS results for higher or-
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der reflections ¢/q " ratios of 2 and 3 and the long period ca. 40—45 nm. Besides lamellar structure, we are
also able to observe different morphology in real space as shown in Fig. 3(B) for PCL20-b-PVPh10k/PVP11k
=40/60, whereas micrographs taken on sections cut perpendicular to the flow direction of the sample reveal
cylindrical domains after the melt annealing arrange in a highly ordered hexagonal lattice. It can be presumed
that high-order diffraction peak is significantly smeared at V7 , signaling that structure of a significant portion

of PCL cylinders is preserved and the intercylinder distance L ca. 50 nm, which is close to the SAXS analysis.
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Fig.1 Structure of compounds p-OR, -BPBS(n =1, 4, 8, 12, 16)
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Fig.2 Stacking diagram showing hydrogen-bond Fig.3 View of the packing structure of

interactions in p-OR -BPBS along ¢ axis
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Fig.5 Polarizing optical microphotographs( x200) p-OR;-BPBS in the cooling run
(A) SmA, T=167 C; (B) SmC, T=143 C; (C) SmB, T=121C.
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Supramolecular Famework and Liquid Crystalline Based on
Bis-phenol Bis-schiff Base Compounds

CHAI Jia', HOU Qiu-FeiI , LI Min®, JANG Shi-Mei'”
(1. State Key Lab of Supramolecular Structure and Materials, 2. Key Lab for Automobile Materials of Ministry of Education,
and Department of Material Science and Engineering, Jilin University, Changchun 130012)

Abstract Non-covalent interactions, including hydrogen bonds and van der Waals force etc, have a very wide
range of applications in supramolecular network build, liquid crystals and other areas. Based on this, we syn-
thesized a series of bis-phenol bis-Schiff base compounds (p-ORn-BPBS). We used the method of solvent dif-
fusion to grow crystals, Analysis showed that the hydroxyl groups can be used as a hydrogen-bond donor, at
the same time, the nitrogen atoms of —C = N— group can be called hydrogen-bonds acceptor, which built a
channel three-dimensional network structure. In addition, with the results of DSC, POM and XRD measure-
ments they are showed that with the growth of alkoxy- chains, the molecules have also gradually showed their
liquid crystalline behaviors, and they are considered as smectic liquid crystal compounds.

Keywords Bis-phenol bis-schiff base; Supramolecular framework ; Liquid ecrystal
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Fig.1 The molecular structures of i-OUPV and OUPV and the schematic representation

of the molecular packing structures
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Fig.2 UV-Vis absorption spectra of i-OUPV(a) and OUPV(b) in solution(3.2 x10~° mol/L)
In THF (solid line) and in cyclohexane( dash line). The DSC thermograms of i-OUPV (@) and OUPV (b) recorded during tempera-
ture ramps at 10 °C/min " (B)
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Synergetic Effect in the Self-Assembled 77-Conjugated System

TIAN Lei-Lei, MA Yu-Guang”
(State Key Laboratory for Supramolecular Structure and Materials, Jilin University, Changchun 130012)

Abstract Recently, hydrogen-bond directed self-assemblies of 7r-conjugated system have been extensively
studied. The synergetic combination of 7-stacking and hydrogen bonding is found important for the future de-
velopment of supramolecular electronics based on such hybrid systems, where long-range order, high charge
carrier mobility and thermal stability are prerequisites. In this paper, two kinds of bisurea-substituted oligo ( p-
phenylenevinylene ) s (i-OUPV and OUPV) have been synthesized. In OUPVs, the urea groups ( hydrogen-
bond motifs) are covalently linked with OPVs ( 77-conjugated moieties) without any spacers to unify the two
forces into interlocked hydrogen bond and 7-7 interactions; the urea-urea associations at both ends of the
7-conjugated moiety can provide a forceful framework for “face-to-face” -7 stacking due to the synergetic
combination of different interactions at the molecular level.

Keywords Supramolecular interaction; Synergetic effect; Optoelectronic material
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Fig.2 UV-vis absorption spectra of Ru, (CO) ,-RuPc(bipy), self-assembled multilayer
films with the bilayer number of 1 to 10
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Fabrication of Functional Ultrathin Film Based on
( Phthalocyaninato ) ruthenium( II ) and Triruthenium
Dodecacarbonyl through Bipyridine as Bridge

ZHAO Wei', ZHI Jun-Ge’, TONG Bin', PAN Yue-Xiu', SHENG Jin-Bo', DONG Yu-Ping' "
(1. College of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081 ;
2. College of Science, Beijing Institute of Technology, Beijing 100081)

Abstract The layer-by-layer self-assembly method ( LBL) has been developed as a simple but versatile meth-
od for the fabrication of ultrathin functional films. Phthalocyanines and their metal complexes have been exten-
sively studied due to their excellent electrical, magnetic, optical properties. In this work, we firstly designed
and synthesized 4-[ 2-(4'-pyridinyl ) ethynyl | benzenediazonium as the anchor substance, which modified the
propertyof substrates’ surface. Under UV radiation, following the decomposition of diazonium group, the ionic
bonds between 4-[ 2-(4'-pyridinyl ) ethynyl ] benzenediazonium and substrate convert into covalent bonds and
the film becomes very stable toward electrolyte aqueous solution, acid, base and organic solvents. Then the
self-assembled ultrathin films of ( phthalocyaninato ) ruthenium( II ) bipyridines[ RuPc(bipy), ]| and trirutheni-
um dodecacarbonyl[ Ru, (CO ), | were fabricated onto the substrate, which relies on axial ligand effect be-
tween ruthenium atom and pyridine groups. UV-Vis spectroscopy was used to monitor the layer-by-layer depo-
sition. The absorbance of the film increases linearly with the number of bilayers. It indicates that a progressive
assembly runs regularly with almost equal amount of deposition in each cycle. The photoelectric conversion
properties were measured. The ultrathin film is also responsible for the photocurrent generation, which allows
us to design novel materials for more optoelectronic applications.

Keywords Self-assembled ultrathin film; Metal phthalocyanine; Triruthenium dodecacarbonyl opt-electric

material
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Fig.1 Molecular design of hybrid bent-core liquid crystals
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Table 1 Mesophases of compounds

Compounds Transition temperature/°C (enthalpy, kJ/mol mesogen) d/nm P./(nC + cm~?)
POSS-1BC g 131 SmX, 139 SmX; 150Sm[ Kpogs + Iy ]“201 (27.7) I — —
POSS-8BCH] K96 (3.4) SmC’,P, 132 (6.3)SmCy,P, 143 (22.6) 1 8.0%,7.7° 700, 400°
CTS4BC g 58 SmX,91 SmX; 108 (3.8)SmC,P,136 (20.9) 1 7.94 600
POSS-8SiBC 4] 229 SmC,P,136 (17.8) 1 4.6 850
Here, 2 denotes bilayer, and “ ' ” means that inorganic POSS nano-sized mesophase is dispersed in this SmC , P, phase. a. It is a smectic

structure conglomerated with crystalline POSS layer and isotropic BCLC layer. b. For SmC,, P, phase of POSS-8BC. ¢. For SmC’,, P, phase of
POSS-8BC. d. For SmC, P, phase of CTS-4BC.
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Fig.2 2D WAXD patterns of POSS-1BC at 190 °C (A) and CTS-4BC at 130 °C(B) and is a set of 1D SAXS
patterns of CTS-4BC at different temperatures( C)
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Influence of Molecular Shape and Size of Siloxane Units on
Properties of Bent-Core Liquid Crystals

PAN Qi-Wei, CHEN Xiao-Fang, SHEN Zhi-Hao ", FAN Xing-He * , ZHOU Qi-Feng "
( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemisiry and
Physics of Ministry of Education, College of Chemistry and Molecular
Engineering , Peking University, Beijing 100871 )

Abstract Banana-cube dyad molecule and dendritic molecules with different siloxane cores were synthesized
by hydrosilylation to study how molecular shape and size of siloxane cores affect BCLC properties. For the ba-
nana-cube dyad molecules, nanoaggregation of POSS occurs to form layered structures. For the dendritic mole-
cules, antiferroelectric bilayer SmC phases can be observed when size of siloxane cores are small, while mate-
rial with larger siloxane core has antiferroelectric monolayer SmC phase.

Keywords Bent-core liquid crystal; Polyhedral oligomeric silsesquioxane (POSS) ; Hybrid liquid crystal
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Influence of Initial Morphology on the Formed
Nanostructures in Polymer Films
with CO, Foaming

LI Lei®, CHEN Cai-kang

( Department of Materials Science and Engineering, Xiamen University, Xiamen 361005)

1 Introduction

Here we report a simple method on the fabrication of nano-scale structures in diblock copolymer thin
films. The non-equilibrium morphologies in the as-cast films depend not only on the chemical structures of
block copolymers, but also on the choice of a spin-casting solvent. Starting from such non-equilibrium mor-

phologies, a variety of “porous” nanostructures were fabricated using the CO, process.

2 Experiments

Poly ( styrene-b-perfluorooctylethyl methacrylate ) ( PS-PFMA ) block copolymer was dissolved in either
hexafluorobenzene (HFB) , trifluorotoluene (TFT) or a mixture of toluene and 1,1,1,3,3,3-hexafluoro-2-pro-
panol (MS) (80/20, mass ratio). The films were prepared by spin-casting the solution on Si wafers, and then
were placed in a high-pressure vessel at 60 °C for 30 min with a constant pressure. The vessel was placed in

an ice bath to quench the temperature to 0 °C while maintaining the pressure. Finally, the pressure was re-

leased at a rate of 0. 5 MPa/min.

3 Results

PS cylinders perpendicular to a substrate in a PFMA matrix are found in the as-cast film when the casting
solvent is HFB, which is selective for PFMA block but not for PS block. Cylindrical PFMA nanodomains in a
PS matrix appear in the film spin-casted from a TFT —
solution, a non-selective solvent. Spherical PFMA
nanodomains are found in a PS matrix in case the cast-
ing solvent is MS, a selective solvent for PS block.
During the CO, process, PS domains soften and PFMA
domains selectively swell. When the temperature is re-

duced to 0 C, PS domains freeze and fix the morphol-

ogies. After depressurization, stacked sheets perpen-

dicular to a substrate (as shown in Fig. 1), cylindrical

pores and spherical cells are formed inside the copoly- Fig.- 1 Cross-section SEM image of the copolymer

film after CO, foaming when the casting sol-

vent is selective for PFMA blocks( HFB)

mer films, depending on the initial morphologies.

w JHIHEE R A, E-mail; lilei@ xmu. edu. cn
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Fig.3 XPS spectra of nano-Cu/ PMMA-b-PSt composites powder
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Synthesis and Character of Nanocopper/PMMA-b-PSt Composites

XU Guo-Cai“, WANG Hou-An, HOU Li, XING Hong-Long
(School of Chemical Engineering, Anhui University of Science and Technology, Huainan 232001 )

Abstract The poly ( methyl methacrylate) with single-caped halogen (PMMA-Br) was synthesized by using
atom transfer radical polymerization( ATRP) method under ultrasonic irradiation , with ethyl a-bromopropionate
as the initiator and CuBr/2 ,2-bipyridine( BPy) as the catalyst and ligand. Then PMMA-Br as the macroinitia-
tor and CuBr/BPy as the catalyst and ligand, the block copolymer poly ( methyl methacrylate ) -b-polystyrene
was synthesized by ultrasonic. Then nanocopper/poly-( methyl methacrylate-b-styrene ) composites was suc-
cessfully prepared with NaBH, as reductant in the polymerization system. The nanocomposites structure were
characterizated by means of FTIR, '"H NMR, and GPC result showed that the molecular weight of the block
copolymer was about 25 thousand and the polydispersity index(PDI) 1.38, XPS proved that there were chemi-
cal interactions between nanocopper and the carbonyl of block copolymer. Self-assembling behaviors of block
copolymer induced by the nanocopper were investigated by HTEM.

Keywords Nanocopper; Self-assembly; Atom transfer radical polymerization( ATRP) ; Block copolymer
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BIEEINEER CTV RITEWRIZIT, G
AEREREIT AR

I, TR, ARRE
(JEITREFM BB BRI 5 TR ZR, EI 361005)

KR CTV; BORWS/ N1 PREGRE; AT

HAE 1980 4F, TERHE OV R A2 AR SE AL MR Tt et 1 =4 iR o+ e S, 10
—4E | YRS IR BB AR T 1982 AEAE B () 2 B AGR T X w4 1 i
M B Cyclotriveratrylene ( CTV) J&— 2R FRMR = BAK /3 EA BOIRSS ) F1E KA RIE™ (& 1).
CTV BR s S, e BA G0, AT LE R RS Ry F& Ik, &BE . AERESGTAY
I N E-F AR A Y. AE AR N HAREAR, Lindsey %5 B CIRIE T H = RETE A CTV 2%
L&Y, 1985 45, BANRBAAAHGER I & 8 T 3T CTV MBRRRITE > s . Z)E, WEd
ooy TARM AR, BORRIVE S 12540 07 T2 G Wi SR s M B i mi iR & 40, (BRA BRI R 90T A4:
Yt a e k.

H:CO H,CO. H:.CO

RBr NaBH./NaOH/H.0O
—& )—CHO ——————— RO CHO : -
H K2COs. acetone 4@ Methanol ROQ(' H:0H

65% HC10,, methanol

H:CO

RO OCH;
CTV-1: R=CHy; CTV-1: R=CH,CH;; CTV-Il: R=(CH,),CHy; CIV-IV: R = (CH,);CH;; CTV-VI; R = CH,CH = CH,.
Fig.1 Synthesis of CTV-1 , CTV-1I ,CTV-I,CTV-IV and CTV-VI

AR SCE B R — R E e ESMNEIE R CTV R4, M CTV- T (S m T4 1) 8] CTV-VI
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I, CTV-IVFI CTV-VI A LAZ SR A5 (K 1) . B CTV-V Fl CTV-VIEI Tk o bk o s 2k A
RSB R R, fefa— T3, I, ASCRIF THA S Z (B 2) , $TE T 586 iR,
PG A N, BCRSE RN FATAE NI, & T CTV-V A1 CTV-VI. & 1 il 2 h
CTV-VIFN CTV-VIDE & B B (el = 8. =Y rfk 245448 "H NMR, "C NMR, Biig Pl Koo &R 5t
SERAERIE.

P A A A AR R ISR . MRS B RIS, CTV- 1 | CTV- 1T FHZEE 2] e v 214
[E3(A) ], J&THRE AR —FP 28U ; 1 CTV-10 . CTV-IV | CTV-V Fl CTV- VI =2 WL E) 22041
[EI3(B) ], J& TrdlimAan—f 2. B TFRCRIE IR RS A2, BRI A 24 T SCEk AT
M, ARy S HE B0 DR W A %) A TR AR A 1) 51 4 i 44 A B, ( Bowlic columnar ordered ) 1 By ( Bowlic

ERARR 223 4 (M HES . 20774077 ), fW A4 B AR 5L 4 (5. E0510003 ) A1 JE 17T BF 4L - R T H (HE S
3502720055013 ) % 1.
# WK R A, E-mail; ymdong@ xmu. edu. cn
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i OR 199 pd/C H.CO

RO OCH;
CTV-VII

RBr
K.CO:s. acetone

RO  OCH:
CTV-V: R=(CH,),CH,; CTV-VI; R = (CH,)CH,.
Fig.2 Synthesis of CTV-V | CTV-VI and CTV-Vll

nematic ) .

%

| g 28
Fig.3 Textures of CTV-1II (A) and CTV-V (B)

DSC WFFEAS R, Fetibe e A I B EIIT « w” AR AT 250 R &/ Pl S i i 1
B3, A R FURH N AR A S AT L (TR 4 I8 6) . I R AN, B BRI I
(EHAR R AR A2 (AR A A ON Y. BTG, RPEEEh S A (BRI T/ CTV LS~ 2
BB S TR 800, X RVOVAE CTV- 1 2 CTV-IV P 8 3588 | B35 e Vst Bo K B2 k2B 14
RENMO T A BB ERAYE. CTV- TRAMRFIRIET, HAMEIESA A S, RIS PR, 45
P iy s B2 MU R ECHSBUE = T CTV- L2 o PR 0. (ERZeiar 2 AL IR AR RIS 2, ATRE S 1
SRR PEAT .

150 F =
200 |- \ T
) O 100
2 150 ~ g a
B 2 S50
g :
2 100 F -
5 a 5 " .
= °=--.,__D/ \\\_ = \
50 F \ —50 .‘/_,.o b
, \.,,-r-"“’
1] 1 1 1 1 1 1 =100 1 1 1 1 1
1 2 3 4 5 6 1 2 3 4 5
Number of carbon in R groups(n) Number of carbon in R groups(»)

Fig.4 Melting transitions and their entropy changes Fig. 5 Crystallization transitions and their entropy
of CTV series with different number of carbon changes of CTV series with different number
in side R groups on the first heating run of of carbon in side R groups on the first cooling
DSC run of DSC
The first eating run: a. Temperature/C ; The first cooling run: a. Temperature/C ;

b. S/(J - mol™" -+ K1), b. S/(J-mol™" - K1),

ZERH CTV AL GRS 450 b5 LIS [R) P4 B O M A4 T2 68 1055 PR SR 26 o). k)
AR BZRIAA S 5500 88, SN E b S A S T 2RERE B, L, %R CTV AL G5 R
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Fig.6 Clearing points of CTV series with different number of carbon in R groups
on the first heating run of DSC
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Design, Sythesis and Odd-even Effect on Liquid Crystalline Behavior for
C,-Cyclotriveratrylene ( CTV) Derivatives Containing
Alkoxies as Peripheral Groups

CHEN Dan-Mei, DONG Yan-ming” , HU Xiao-Lan
( Department of Materials Science and Engineering, College of Materials, Xiamen University, Xiamen 361005 )

Abstract The bowlic Cyclotriveratrylenes( CTV) derivatives containing alkoxies groups were synthesized via
a multisteps sequence reaction from vanilin. These compounds were investigated by diferential scanning calo-
rimetry and hot stage coupled polarizing microscopy. Many of the CTV derivatives show thermotropic liquid
crystalline properties. The mosaic texture (B.,, bowlic columnar ordered) and thread texture ( By, bowlic
nematic) were observed. The experimental results of their thermotropic liquid crystalline behavior indicated
that the clear points, the entropy changes of melting points, the crystallization temperatures and their entropy
changes all exhibited an evident odd even effect except the melting points, which decrease monotonously with
the increase of the length of the alkoxy groups. The parameter values of odd numbers were larger than those of
even numbers. Among CTV- [ to CTV-1IV, this effect is more obvious. When the length of alkoxyl chains was
even longer, a monotonous decrease occured.

Keywords Cyclotriveratrylenes( CTV) ; Bowlic liquid crystal; Thermotropic liquid crystal; Odd-even effect
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W2 Sy, I HA PR HARE. 3 M —UUE B 52 R & 3R A W0 1R T Al AR b i) 5 — i
M EE W SR B AN T

2 HRARERRSUHNMRRESHEI

e FE R R 3R S W A S PERERBIE ST, R 58 R 2R 5 0 P 000 P A RS o Y e R 257
HERWR, — BRRAIRIER 75— DFFEUE.  DRAsr iR A R T WP B IR A A 5 Al b, U
WIPERR A Bl S B 7 B RN X RR M, RIS IR S o0 Z (R AR AR T, R 2t A n] B BB
FORRZS. XSS AN SE R ER BB S R EA B AR FRIEIX 2 DMARIEAT T HLBIR AR, &
R AEBVENHR AT LR 8 & 22 AT ity (Sm) A, AIFFE 78 Sm A JZ Y JRE 8 -5 0036 1y < B e
RIJE WA SmA AHROAAS. WFFCAE SRR, B 1A O 20 B R e R R o 3R 6 ) ) BT A 235
AL, ST F P e B8 AN X B 2 o — A Ak O 1%

PR S E TR ity B 0 ) D5 T B e £ 980t A i T e e v AR I B AR S e — R AT 1%
A — AR, TR AT ASTE R e B R SR R P B B, W2 AT TR B T —Fh o7 i S8, A7 Bl

R AR H4 (HLHES . 20634010, 20574002) BEBh
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Progress in the Study of Mesongen-Jacketed
Liquid Crystanlline Polymer

FAN Xing-He " , CHEN Xiao-Fang, SHEN Zhi-Hao, ZHOU Qi-Feng
( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemisiry and Physics of Ministry of Education,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract Progress in the study of molecular structure and property relationship of mesogen-jackted liquid
crystalline polymers( MJLCPs) was reviewed. In order to further explore their potential as new materials, we
are specifically interested in design and synthesis of new MJLCPs. Thus a series of eight-arm star poly {2 ,5-bis
[ (4-methoxyphenyl ) oxycarbonyl ] styrene | ( PMPCS) with different molecular weight and narrow polydispersity

GPC

n,arm

ceeded 0.74 x 10" g/mol (MS* =4.48 x10* g/mol) , @, phase could be developed in the polymers. More

n,star

were synthesized by ATRP, where the initiator was octafunctional silsesquioxane. When M reached or ex-
interestingly , from the point of view of molecule structure, we noticed that all the mesogenic units in these
monomers have approximately symmetry about the position bonding to the main-chain. Recently, to study how
architecture affects the liquid crystalline behavior of MJL.CPs, we intended to design the mesogenic side groups
in the monomers are asymmetry bonding to main-chain. The results suggest that the polymer with asymmetry
mesogenic core, for the first time, can develop into a well-defined smectic A(S,) phase in the MJLCP family.
This implies that the polymer molecules in the LC phase can be more ribbon-like rather than rod-like. Similar-
ly, the sel-assembly behavior of the block copolymers containing MJLCPs as rod segments have been studied as
well in melt. The " double-hexagonal" microphase separated stuctures can be found in triblock copolymers.

Keywords Mesongen-jacketed liquid crystanlline polymer; Supramolecular liquid crystanl; Rod-coil block

copolymer; Functional polymer; Electro-optical material
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phy) 1" JRACENH ( Roller-imprint lithography) > | 54 ¥4l 2 EV i ( Polymer-bonding lithography ) ' 4§
i

BRZNBARR I M EN R R LR A ZS AR AF S, , 3B 1 WL BN 2 O VR MER 5 i R AR i A B . iy
T R A BRI 1A A1 FH AR BN E R 2, PR B T BRI 2 WG b 7 ik 1) O O AN 2 AR B . B
I, 3K 2007 92 A0 35 O 98 ( Replica Molding ) ™) | %% B2 3B ¥ ( Microtransfer Molding) -'>) | {32 fish E1 i)
( Microcontact Printing) ") | B4 ¥ ( Micromolding in Capillaries ) '™ F1 77 4 B 445598 ( Solvent-as-
sisted Micromolding) "™ ZE LR A, BEMEAAS AR | @68 LR FRER, @ T4 AR AR R
AP BT Y R T

TEMC R B ENEOAR AR Z R B T SRR T, SRR T i iR B AL, AN 237 A Bl
4, X —SETHREATRHG R A A B R Sd e R R i T RORG R, ZEARIRAICE T Y —
REFERE. A SCKE SN FEERNS ST, i st 7RG FIE RS B BN R SR 0
BORFNEI, AR AZHARTE R i o 22 2 e 7.

1 mn%ﬁFﬂ%E’]:ﬁ?“Eﬁﬁbﬁiﬁkﬁu

W, EAERE ISR AR R &R EYIR, X )E AR SIS R g AR B E (Resist) .
AT LA P BERR AR B | BEUR IS R] | SRG WV v ) v BE SRR I ZE A R R, HAT, 7R R B R
2R 43 2 = e R .
1.1 ERZHER

12T, IN, VBl THEEZS, A ILT- SIRBETCC; MAE T, LA L, KGR PR R fIT. 38 i R Ep
MRS T T, i, RGP N sl R IE i K]
% MTRETEY, 1T SRR, 3T
—LETHREATRL T rm S, I I DU R 38 5 S 0 5
FEMCER G YIMRERE , TEMRIR T L. SRE W) iim
W REER RS Q, (1) | REGHE u HIE
(F 1) ™"

Resist
| B ’Si();
_thApz Ap

0= 0w =P 4 H1 AmEERSRREs
XA, Q BYUMZAEBURSIER, W RMER KR, h BREZEINTEE, L Z2ERNRE, w i
R PIEE"E?JHE’JVJ'J fAT A5 T DASEARFRIE sl R A8l e ) AR BE R R K. p — SR REH
KHH . Q BRI ] I A BIBLEE T R AR, Hit Q 752 B 9% & 224 5e ik
?’AJ%%E’JJEE%‘B. R 1 e B R RS AR e AT Q. VRLEE AR R B I A SR T ARG e, 35 Q.

VA7 A B G R 2R — e P PR (Gl R A REAR S, PDMS) B LI e B 18 AT, TR 28 R G
TS PDMS B EEmAH S A IRIZE. B e AR oA Bk o, Mol e 1 SR 2 s AR L 11 3
E“K RE VIR A S IEFIFE PDMS H A 8. i AR B SRR R R B s, nT

s 2% A 520 I ELAR AL 0 S HE . R RO IR R & ARACRT e E AT p . Ak, eI
Elqi‘ﬂﬁmﬁ_j(?h’ﬁﬁﬂﬁmﬁ VEFIAT DA 1 P 2 (Rl 2 B HE U e 25 IR AR BN =

WRANY R, JF AR, 2R AR A PP, ORI TR R R G, AT LAz A
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BA Yol R YA s A 2

Khang %5 2D HER S I IRTE =R IR0, 48 m IR R R R AW, B RE YK
FEAEE I T RED, TR RS AT LALE 60 nm DLR (& 2) . 30 i w2 g B ] A4 il v 401 Ji i
WOAERI . FERAE, i E M S 4 T ol R B . SR 4 R PRV I, X Rk

ARSBEARLAE M sl 90 7 ft BD R e T, L Solvent vapor treament
LR BN RI, ER S IBHAER, k B
v I AE B SRR AT, 3 LR o T4 23 i g . i
PRI A B DR, Voiew 4™ Sz 1o

PV R BE, VA R B R 0 B ) Room.-temperature imprinting
3R A PO I P % RS DR 45 (11 3). Ll

F2, EHER I S LA B 5T, $

NHCERR, BR AT DURCR S YR e o 1 .
i % TR SETRORT AR 1 1 D AR R 2R, A PR

/ﬁiﬁ E/‘J/fk/fk s /H\:'fljg/l\ﬁ ﬂ/f"g;ﬂj {,ﬁ\ , ﬁﬂ/ﬁ%%ﬁ% Pattern transfer to polymer
AR . 248 E MRS T, R (rmoval of the mold)

BRI, SRR R R R B A . S
AT R TR IR S BB R,, B33

AYIEENEL. H2 =ERENMREE
(A)
Exhaust Waterbathat To | [ Fiow  |=—vo
= ||l | controller [~
[ Flow |-N—

(©) D) ‘
B3 AT A 4 B FE B E 45135 R

TR B ORI B 5 A 8 AR e 20 P2 Y, AR AT DR G S A I RRAR A
(T, FURSEE , R AR S IR SRR | IR TS, BRARZECR GRS TR N CO,, HEA]
ALK L CO,. Wang %5 2L CO, BYMGBIVE I M SERE, R4 CO, R iwH" =R A YE
F.MTREYIGHEEEE TR L, RJaHINE T, RSN AE . %85 SRR T
A CO,, M RENFEES CO, KT, 60 min J5, FEER FZEHH CO,. LU, HA RS CO,
FIE IR T—EEr AT LUE R ESE, X5 Co, BWIERA 5%, Choi 519581 CO, RIS IIMERIHIE T
100 nm FEIE.
1.2 FER=#HER

AN S SRR R AT ATE B e P G808 T DI A = 4R 254, Kim 2570 38 5358 By ) 28 9%
SRR WP E AR BEAC R EP R R P T, RS T B e E S (B 4) . ARG OL T
EJ1 v A0 ) R ASE AR X ) PRI 58, A1 A a2 FH OB EL el e ik 22 PN I R0 B R R ) T 0 7 1S
FRIREYAMA, B AR SR GRS AN. BE IR REH)E R AR RIER, AT
TORES TR ECSEPE. BRI, Whak Al R AR 1, DG A 5 T R B 3 MR 325 500 O LY R0 A B 3

WA AT BUERE, — B A M R 2R TR AR XA B B R A AR, 2 — 1
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I B TR 8 R A

IO FH R R PRI 5 4 iy BT 1.

Elastomeric mold

Resin solution

|

Substrate

l Slight pressing Solvent

t Resin solution

Solvent absorption
~ into the mold and
solidification

E

(B) Molding

l Removing the mold

(©

Tilted image

E4 BUEEAXHE=AERTEE
(A) PERER IS A PO LR APERERL, SRR FE BRI BUT T, A I AR s (B) BEMUR ), i — B 45
Hrb A R BUABOOR I (C) BSEMERL: (D) BLELAY SEM IR (B) bt/ I 5AY SEM 1.
PO S R AR A SRR . Kim S50 RN B 20 ok SR A M R 5 1 R Al
B ES &, T R PThZ i PR R A RS B REE. et R, i B b R A bk B 2 (R L P
SRR EWIZ) BVREE, DRI 2 SRR 19 3R 5 W 8 YR SR ) BRI 0 5 ST 3t SR Rt U e
U, T HIRIF AR, Z . R W MSOR 2 e S A B AR YOG BE. D i 5% B 2 R, BEARAIE
TR FE A T B A R RS S B s b, R TR B T2 R G )E R A A 4]

ES

2 REMREERE R E

1966 4F- Ter-*"* #3813 IURB 26 F AL B Y 7 i, HG O Mallouk 550 dE—2B KB, 5ok
Decher* 42 1 T 5T RGP BH B F# B 22 (LBL) FALEMEE. LBL RO 22 TR I
BRI B AT SR R, LBL AR ]I 2 Fh A2 B P BRI T FH Ok 1 4 2 R T 42 10 2%
B VHEE. B P A O 2 2 I 45 ) IR T R R B R R SR B s e e R LA Y B ST b R e,
J Bt SR AR R 22 R R n] DAAE K RUE RSB R B SRR B, LA IR BL B 9k Z LM%
Ky SKFRTT TR IR BEA BRI, eI, 25 il S/ MR AR al ASEAT 28 5 iest,
R BIA TR A SR 2 | VAR | pH L | JIRRE S RT3 mT LIRS i 2 22 J2 IR G IS 88 | MR JEE | S
KRR, DRl R R AR o 2 R TSI T A SR SR IS PR A A2 O, T B AL
PE RO R | AR SR BE

R 2 R R AN I R AR B SN, SRS R AW | A5 | PR — A
SRR 5 22 J2 IR A S R A A A BV BT, UL Dy vk 5 G W R IR AR KON [R). %) 58 W i I
2 JZ IR R S A AL B — PR rh e A PR SR A A, s e B S A P AT I A, by PR S8 3 T ik
BEVEDIRL, W88 HE (Inkjet imprinting) | JGEI 24 K ( Photopattern technology ) . #1E5H A ( Life-off tech-
nology ) . Z 2 IEAFZENRI ( Multilayer tranfer printing ) A it EVRI ( Microcontact printing ) %5500 i3 7%
IS 22 SRR BB SC B 2 )2 IR U BT — 5 Bl 1, % 2 R A e R /L, 5 Tl e
WHLEIZE. HHTA R4 5 IEEDPIRPEOR . TRAGIER AR R /0N, 78 57 AR 1 Jt R 3 B 7 ) Ry ¥4
XPANFRE T AT G, oy THER AR T, A ARBUR/)N, EASH SN EOR  JREN R AT R )
R, SEORI T BRI BT ) ARSI BRI S8, DRI PR 58 B g BE A2 T s, i TR SR

109



I BT IR R OR A

i 5 22 J 22 B R i B SO R B AR R T e e, B G O 9 4 R A 4 D ).
2.1 %

F 5 FL i I 22 2 M e 2R P 5 R 508 B 5 A L Ff P T, R X e — 8 B0 00 VS
PRI I BE AR S S 7K A 22 J2 65 PN A 344 8 A P oFe S 30 46 7.

2004 4 Gao ZEU 1 R AE T LM ST 22 )2 M5 0B A T AN T 36 PR 400 . U0 4 2 1 R L M I 22 2 R A —
SEMIR G h 1. AR S, K PDMS #RENE ] e, B2 REEITH b, hn—@E 7,
Hedy— Bl e, AR ENE (K5). 7EAH X
70% ~ 90% 1) ¥4 55 1 2 1 R OR & W B TR

Polvelectrolvte multilavers

(PSS) /5 i P HI 36 R h (PDADMAC) £ )22 gt
ressure, ~120 k

R 4 s PR VR HE R JEURERE Y 10% ~30% , TR 4 - - U U
AP BRI 52, T L PRI 58 AR B8 [ 2 2 i ) 22 A A 241 |
BN RT FH AR AR BAE L, BTt I ) s % s B

FOFBA BB, LLESE R 0], B R \ PDMS stamp

2 T AR MR T4 | I 7 bt 26 i e |

AR, TR A R th £ R P ——

Lk K FUAS SV R BB 1. 22 IR PR G IR . . .
SH TR BB, 524 THEs k% R

JEBEIFARER A, MR TR 22, AnfeAd
XBEE 70% ~90% HIERIEE TR I il LA 46, TRtk 5 2 2 N o T AU AT O, 430
JEGIR A ES GO R AIOC. KA RIES oK T A7 7E , 7E8R8 > THRAVIGOL T, 22184 nl ik
BT —AShATA, SR S5 A KRR 2 2OR B IR G, RBIE R 2556 B ) AR (A 2t R 4
JERE DRI 7S Y R AR ) TR, S Rh A AN 2 B R 58 LAY, A — I BE BOR B B i 7.

ol 2R R R R 14 P 4 R B2 R ) Sl A T AN TR, R R A A R R B A s e, A AN
MBS, Wang 5502 R B, SR P A 07 22 23 L F 400 5 10555 fik ) 4 P98 43 5 2 30 43 14 4 38 P o

AR 6). 22
0 ﬁéi?ﬁkfﬂ . PN L 0K 55Tt AR,
°=D" ﬁﬁgg;éi FHER R OBk 55T
- : gfﬁéf S BT, b BB R

~‘“LW§L2515FWV\\ EMBTRURIKG S, BEY

romporay AL FSZ BLTE R AT 2 2000 3

\_ / 1onic boond ﬁ%‘{{%ﬁﬂfﬁ%% Jﬂﬁﬁﬁﬁﬂﬂﬁ?
Compr-:;ssion g‘%%ﬁﬂ@ﬂ&%ﬁﬁ%[@ﬂq s i‘%ﬁﬂ/‘]’pﬁi
6 HEMRSEEERFVERER H AR R TR o, AE.

JE 45 P BUREE R FITERE & 42 A8 k. G0 PSS/PDADMAC 58 Hi it A4 28 rp o T 45 16 X el 26 i RS 8 (i
Bl 2E 25 2 BORN R v (R B4 I i 3 K (Jl 7)) P T e i Y DX R LA AT S A TR, X —{E X
KRI/NTF RN R EDHDRE . 308 40 1) 22 J2 JEE SR TR R B2 RS 2 iR R INTEVE T i R 0.

FEAR I R MEH KW &R TARE . fEd3eid B, UL PDADMAC AisMNZR L 20, s )2
BN 3 JZIEINE 15 )2, ZI2BENER)Z ) 2040, 8Ok 22 0 SRk R AT, dn itk R AR 67 2 N 2R R BH S
T, BT R, FARMAA WM 000 FREZE 50°. ik A JE46 5 1 22 J2 I 32 18 1 1f 2% 15 90° /Y #% fih
1, IEABELLRE AR, X R O RAi i e, LSRN 52, SRk LA B TR, iR
T SRR PR IR =22 R A Y B8 PE .

AN, 4625 R CHRENE £ )2 I ih A B AR b FR 192846 P . ekl T (5O %) Hfgs
BEVER FEAR X, i i X IR F ML ASUE B AR R /D, Ml Fiorik, el
271 ST 40 P O ) T 17 PR (o A 2 D G R 8. 40 3 2 5 W) 4 T R A R B S 22 2 I pHL ) iz

110



$IIE . BT AN B R A

28 - 21 -
E 24+ Uncompressed %#% E 18 Uncompressed /<}>
§ 20r ‘]r:,/ g 15 {,
ERU / S 12t =
2 2t g /
P Compressed g 9r Compressed
g st g | . :
E Aozt = 6 §—p—s
© [74]
o IM NaCl 3+ 15 layers
1

1 1 1 1 1 | L 1 1 | 1

3 6 9 12 15 18 21 0.0 0.2 0.4 0.6 0.8 1.0
Layer number Salt concentration/(mol-L-")

El7 PSS/PDADMAC BHEMBREAZRDEFNAEFXBRTMAREERMALEEHMERENTL
1&32].

i, EgiaFEIRG A APERE AL, N2 )2 MBS0 AR IR RS | s | K& & | 2R AR
PR | MRS | BBV WERE L e N e (IR . B FRRE | pH %), XE(F B X T
K R I ) B 3R HL i 22 J2 IS 25 R P oA B0 X, IR HX R 2 2 R R i e Bl vl TR
PRI BA — & 38 SAE .

2.2 [EED
Lit -3 /K B P K 2 340 K BRI A I P 8028 vt AN SR 2RI L. TRED SRR ATl 8 Fims.
FH T T B P 58 Y e 2 Ok
POREIRCEE R, PR B PR R [T
SRR R R, B 4 S
F-1a) S8 BLAR I b B4 (R ) F2 I%,l-with the film Layer-by-layer assembled multilayers

JBCE — A BB AR IH A
A2, A R 7 i i )

B KR AR 2 IR AT T m

1 Applying pressure (B)
A —E R . 4
A5 [36] 23 §- 2
e LR b, Lu %579 BF 5T ~g=n-

TZEBIEREZE NS Bk
SEEN R 5 22 2 I 4 fk DX 3 e

45, TRV 1) 22 J22 BE 1) oS 1 4 .

X a1 A% 3, 0 ) 3% 30 B S ES§ ERMKENTETEE(A) M Ni EREFEMERA (B,

9 HE AR BN EE TR A 2 R 53 SEHBLEFE 420 nm, ZSPEFE 330 nm, & 1 pm)

S, ARG U ThO AT J . ARy i, FRED RIS 0 B A2 RS AR K. AR IR, FEELY
& TR RN A 77 A A 1) B8 S BETE U R B 48 5 TR JIIRE, HUA AR 4i kA, e & FEARRT /)N,
MRS IR B B L A ORISR ) TR R B (R R 5 2. 7K AE 22 J2 6 e B ik A v ke 184 9 7] 1
YERL, TLAREARR G YR RG RS , AT R 4a FAL sl 158 /a0 B il 1 BB [) (9 2 < i 38 R, {HAE K
FRIRALIH 24 h 5 th TR AR TURE VS IR N S HE, BRSO, TE T IR FH ARSI (Y 5 ik ] i g
EES SV

3 ®mEE

TEH RIS e R ZE N R AR 2, WFERIE | WA R0, IR W) X B 2%
&, ERS R AT RERE— AN R R S Sy, tn] RE S th 2P R E L EIVE .
3.1 #% A

P ELAR B R A RS, AR — o A, e AR | B AR A
L. BOBLELIN Z A sEAA, F IO oh PDMS FER &R, 38 REEW I | SSBRI e | e 2 i it
AUt ST R SR R B W iR S

{ Mold removal

6

!
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FEXSER R PDMS i ) 7. BRI 8 ISR . il Ak, B, AT
ABTZTE R, JFRER T i  fe2tErE | (KR A e A PDMS R Tl 4 Z R bk
MIE%, S TRE, & EtE, 7ZE30K 280 nm DL FiEB, o F T H S W i 22 4O B 4 1R 22 461
#%. {H PDMS A —E Bkl . EaWIBR ZAEME | Ko FRIE VLAY ; BIKE PDMS AFT 4
RIRMFaE ; TERIM TR EARE LR, WENT S KA, i 9 KAEMABRRZ, | Hhas XK
LI YA . PDMS [0S 1k 45 2.

PDMS

/Substralc 7 ubslratc/

/,f,—

(A)

(B)

EE

ca. .99 w

| |
(O N m—— g 2(1{1k g znu
ous | U M P ﬂ ﬂ ]l
Master Master 0 0 20 0 10
W | pum wm
El9 PDMS 4 REMEHIT LRI TR TN El 10 PDMS BARKEHBIER(A)FEREE
(A) AR&IKGSS; (B) &l (C) M. EaeaRAaYH PDMS R EZE(B)

i 3ot PG 2 T AE AT LA SE Al PDMS (il —S80 k. 41 Deng 25V WF 98 1T H R XHEELIGRE IR, % R 2414
FIF K PDMS J5 {8 R A YR REIE i K 2 ol H BETE AR 22 KL 2 (1K1 10) . 44 PDMS Lk — )2 e e
TR AT, ATLABHIE PDMS A R, TR AN 3 —20m B 2. SALTR T sl i 5 it
It HAS G B s AR sl s 7 i
32 & A

TERF B h SRR IER ARSI 2. FEN S TR BER . — AR r sk e &
MR, GNEREE AP Bk SR K RS R REVA R B IR R A P2, Gourgon 5 S T R AW
HER AR IR AR F ER R SE A . EAR R R 4 45 00 T, FBE e A ) 55 ot T 3 ok Y 8 AR B ) R A 7 R K
HETTREAE 25 % 11435 FEl PN IR 1 8 1) .

3.3 BREMEAN

A T B AR s A B, TR A — AR R IR AR, — R e S R R T R 4, B s R
SRR Z Th i, 2B G S, (R s R S P 2 M EN 75 & AR IR, 1
B RS EANE . it 0aE R A R TFER TR T A SRS WIS, Qn SRAS e i sl it fin i 0 AR
/N, ENEER SN, B SR ICEE G el S AN HERT ; iR K Ty, BREE R AEARTE i pad i 4

[RIFETC LA T A R %
3.4 EXRZE/BEERT
Gourgon ZEL2 VWS T R 2% FEXS TR ED 2 MR, A8 R4t R A9 Gh o B, BEELUE A ST IZ N, Bt

R %, RA ARG LS54 i M BE 1) T+ & 11(C) . %ﬁ \ﬁT&EE?L%Fﬁﬁ
5], l%% BRI R ARG YN R E AR, FEEREEA, BEYWRZEN &
AN, O, PR 0 4 g B B A e, e A L g O A SR 5 4 2 ) T 1) 4 f i AR
TR, DR LM P 8 3 A (A L T A PN )38 B T, 3 2 7 3 O IR 58 288 A ) X A8 T A L
Z R AFRAIERE (b, ) R—FE[ B 11(D) ]. MHER RS YR THREMBESYZ RSB, b, f2E5
‘ﬁ%ﬁﬂﬂnmﬂ UM, MR AR RO, 176 R E EAEE = i T R A

LB T B AL B, FRBE X AR AR R SR, I S B REE R AR — 8 K’ 11
GH.

Lu Z 5O R RN RS 2 2R R IR, SR AW ENEE I PAA/PAH 22 22 B8 22 [) % 422 i [X 345 55 BT
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—
~15 um

B 11 FEFHRAMESTENEERN SEM(A), EIEMLARS (B) REENZEGRMENTR(C, D, E, F)
HEZNRE W A8, e & 2K L.

5 2 &

VAT I TR phy TR A A B | AN M AR R B ZROR HE o S5 D 32 Bz E . AR Al B P R s
Tt H A R 2R T AL DA S0 G R 5 0 B S T 70 T PEE DR B2, BB s v T 2R 7 A )
Wi | KA SRR BEYE B R 38 I EA R Bh AR AN AT LATE 3R W B R I P ROk
LRGBS, 3 T LUAE SR i o 2 SR b Ay e il A B 3R R gk it 22 J2 I L 7 Ay 46 B 5] s
FRGEER T AT LR BT B TEIE SRS, i nT LI A 1 A ] 4 B AN [ ) P 5. 73 590 il B A
A2 BIRE R N R AR L, EARRCEA BT RIZREEH R TR | TR | IR R IR SR R AR, HET,
VAT T I RO R Y — 2 PR STl i AN A 4, LSS PRI FHBATI R A T, ARR A K J s (AR K.
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Mo ThmAESRYTAFEMEH LR

Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures

ARBEMXERNAES T FITA

xR, KRR
(FEBHFFHAR KA PR , S8 230026)

TCTE T A, B RAE H R A TG, “ R TAEATE. BARF R EIIR el T A 24
BT, AR EARIRE At B ZE AR 2R T U A A A vk ke s o R T AT A 3R Ak A
YRR SRR EER R W, TR TR R, BAA AN EITRE N A RS i ok
T4 & BA A FE B A A TR A A M B AT ], R L R
SENAT A ATRAE. e KL AR, — 2 SRR C &R ok, 46 R Mm% 5 1k
HHRAY (Surface plasmon resonance ) -, i IR R A 45 6 M H4 Y ( Elipsometer) -2, JFF 77 i i85 ( Atomic
force microscopy) >, WIZR K (Langmuir balance) ' | FIHE )61 (Sum frequency generation vibra-
tional spectroscopy) *', FF4E. SR, IXSERIETF-BARBEAO(E BABRA BR. Rl 2o — M Fm, A1 Hag
PV F R FIRRREGE R, A0 R AR FE A SR, ., RR T BRI R4S
AR 22 W A B 7 5. A0 R -FE HUE Y A 95 K 43 K S ( Quartz crystal microbalance with dissipation
QCM-D) ST 4 A FEAE AR 0 — TR AYHOAR , Hh T8 BEAE [ I S IR A 0 53 T A DG 8 01 1) Jo kR 254y
PR DRI BB A A AR R A SR T 02 [ R T e AT R AR B R R fEA SR, 3R
145G HE W TAE, /41 QCM-D AYREAS I B K A i 3 7Bk v g 0 H.

1 QCM-D MEERFEE

B GE AT e AT (QCM) S AR s F 280 i i), ol , 7 A o AR Bt — 32 i vl
FE, Qe FE A5 5 0 0 0 [ TR, 0 A S L [ A I IR R R W IR . AR R
K Sauerbrey &I, UNTEAT LSRRI N — 2000, D004y 0 A AT B A1 , LR A s 5 B ) S
HAUIE . 1959 4F, Sauerbrey!”) #EST A G A e it 1A 3 THT A R B A A RILAT S AR AR Y D
F, B3 AR RS (AF) 5 SRR TN BT 280 (Am) RIELL, XHUEE S 1Y Saverbrey JiFE

__Pohy AF

Am - - CAf (1)

2 fo n
ot p, B, AR h S R R RV S T HSENE | £, R 3000, 0 WAL, C =p_h /nfy.

Sauerbrey 7 FRAVAE A T H 45 ol 25 S I RIPE L, T L QCM 7EAR K — B (8] Py A F 16 5 )5 3
AR, QCM ZJif AW A I TR 52, FE 22 N AR R RO TR FEOR R, TR XEH 3
—N G I A HR 7 R R PR T AR R IR ST B E B A5, 1982 4F, Nomura 558 &I QCM
FERAR TP RS AR BIRAFHES, TP T QCM 7RI R i 1 . 1985 45, Kanazawa 55" fif i 1734
FEEAFRR T 59 U135 78 A 0 b A FORORE (AT A4 ) B B AG 46 R, B

Af == n"f 3 (np/mp,) " (2)
Hir m’ft%%ﬂ?l*ﬁ*ﬁg, th%%ﬂTUFH%E, Mq4f%§5£%1$ﬁggjw*ﬁi Kanazawa-Gordon ¢ £ Y & 57,
il QCM FEBAHR 2 A R PO ERSE-10-" R, B 5800 QCM R H It 15 o it A8 1k (MR ) AHOG I
R, RHSHAIA AR, 1996 4F, Rodahl 55" F ] Navier-Stokes 75 #2455 T4 JCHAHFERL K T
AL (AD) I T7

AD = 2(fo/n)]/2(771/71/77/%,.04)]/2 (3)

# JHTHIRR A, E-mail: gzzhang@ uste. edu. cn
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XARE . B EBEBRFEMNREGH>TA

S AT P TR M MR AR 2 5, % RIRE B 5 WIS R AT . A 5
BOTYIRE(G) A

G =G +i6" =pu, +2ufy, = u,(1 + 2mfr,) (4)
G R St (i, MR B FEI e, w AU A SRR, o AR R BT DIRE I, 7,
ARFSHBE A REAE S T . PR M3 o A 5 D10 e (¥ A D R ml

_ B
M_hqhmﬁ (5)
_ B
AD _—Iﬁ(ﬂﬁﬁ) (6)
Hrp
& mpn —ins
B=¢ 2afn, — i 1 - aexp(Zflhf.) o = & 27fy,
! 27f 1 + aexp(2¢,h,)’ & 2mfn, — gy |
& 27fy,

_ [@n)h, _ JW
fl /-Lr + i27TT]/’ §2 - 77]

p ARFHRE I h AR R

W TAER G LBk, B FERUE (D) SR rh i frnae s (£, ) LR R GEFERIMRE R (E,) A LA
TRAFR:

El
b= 277'(E5 (7)

WL EE T IT IS, T IR R RN, Ao SR 7437 77 A 1 H, e PR R AT 2 8 v s vsd, PRI 6 15 A
F-(D) A 38 3 I AR I 0 S DA 8. SR X R AN DT < T R BT R AT ARAS— R AR A A
TRV, DAk IR ARBARN B 2%, RAEC(2) F(3) , Brlorson fnks, siis sl 7 a
W AR T A R A SR FIAE L. AR LA R PR Rodahl 255 T QCM-D, FFF 1998 4ERiffk. H
i, QCM-D TR FAET | "o | Wyt R ] 45 sk

2 QCM-D ESHFHHIMN A

2.1 E/ERELES FHEMESTL

F T S D 1 43 B AR BIR RN 5 20 B 8] A AR VR, S 0 F e BE AR LG, /9 A L )
B PR R N MR AT 0 FERER, e PR AR L, BTk
FUHERR SO0, Bl 5 T AR B BB, w5 o Rt i TR, T AL 1m0 R #hg -
N, BT MR R A BRI, SR BT iR AR 220, S oI S i s T e R B A
X ST E R TR T RIS AR SR MR R 2 SR, ESEER T, B RSS2 16
MG, X R I A S50 T B 2 AR BEUEA T IR AR

B (N-SENIERIEBERE ) (PNIPAM) 7E7K WP — R (I S IR (LCST ~32 °C) . MR Ik
F LCST i, PNIPAM % R TCHLZR A1, 2496 7/ T LCST B, PNIPAM £ sk 238 45120 . 3l £ 00 0 4 45
W], PNIPAM (54> F-I7E LCST B & AR AR St 548 2020 2 1 45 5 IR I PRI (SPR)
Balamurugan A2 T IR S S0 PNIPAM 55431 hl RIS AL AR ZE SR, PNIPAM /540
T RAR B — SRR, S TR DL ESER ) FRATH QCM-D W fff 5 T izl AR “ grafting-
to” 2V F1 grafting-from” 2"V RPN R AY 745, PNIPAM BEFEAGTE A1 e S AR T2 1. 7E* grafting-to” 1
T L& S A AR SR T AR A T 2A SN ) PNIPAM. R R 43 o 1 15 40 1 B 110 i 8 52 I 77
PERAK, AV T 20 T 8K A PNIPAM (s-PNIPAM). B4k, B T &0 TAERTR, — ekl %
AR /IS, AR B 4 F . 7B grafting-from” 5, 51 &0 e Fil” 23R 71w, SRIG 51 % 4
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3 HIAE . BESABEFENTESS>TFHA

PRAE R K, AL PNIPAM 23T K (I-PNIPAM) |, $5ER % REd R, AT s 23 1.

Pl 1 s-PNIPAM BERCET 38R T — AF AR BV R ER P B 2R O RS T A 2 . T
1l]ﬂu{f§§’éi&%§ﬂ, TENGE A (20 ~ 35 C), %Eﬁgﬁ@ﬂ%}, _ Afﬁﬁﬁ?[‘% R 7R
R, KJ2 PNIPAM 19 KL, /K20 T-F0 PNIPAM 4 2 8] R 4 (0 AR AR I 45 A e —ie. B 1R
TR, K2>T A PNIPAM Z [R] 09 S SEAE AR 55, — 280K 70 T LS PNIPAM, Bl PNIPAM %2 /E 257K 4k
(dehydration) , [HITIA7 3& SRR T B 70 T2 Bt TR, B - AF TR [FIEE, 7R Ad B, BiE iR
BEWRAE, B4 PNIPAM BETE U 50K 5> T45 4, /KA (Hydration) , B3 - AF 57 BT}, B,
- AfIRVET TR AR, JCITE AR I e, - AF SAESERE AL, B ST A ) PNIPAM
BERTR B IS ZEPERY Coil-to-globule ARFEAZAIR] - [ PRJ2: (B R i 0 PNIPAM SE 1K G2 kA
SR, PNIPAM JZ KA A T A5 56

300.0 12.0
2000 - 20 F
% Heating a Heating
= Cooling S 60
100.0 - Cooling
3.0 F
0.0 L L I L 1 L | |
20.0 25.0 30.0 35.0 20.0 25.0 30.0 35.0
1°C e
E1 %14 PNIPAM $£ER MR E2 %t PNIPAM $E358 0015 F
FH - A BERENTWE (n=3) AD BERERTE (n=3)

2 Sk s-PNIPAM $R A JeR 19 AD 78— HR-v EE A v Bl 25 B 1) e 28 1 & A6 i A8 1k,
AD 505758 SR T A R SR OG, AT S g IR B 25 . — B0 T R LA N R RE R
T, M — AT AR LA B R R A . R 2 WTLE Y, et B, B IR
BN, AD BN, 2B PNIPAM JZ 2850 40 R 50 I S %5 1 2549, AEv Ead R vb, B B 1) A
AD ZHHEIN, FAIRART PNIPAM JZ22815 k. o, AD WRlE TS, 5548, WK FfiE 2
HATLLE Y, SimPad AR L, B R A AT AD FRE R RS, X JE i PNIPAM 476 35 46 25 B
T B Jon &8 BT i 1)

€] 3 Jy I-PNIPAM =540 T-RIAGIREE W . 5 s-PNIPAM 32k BEAH LL, [-PNIPAM RIS — Af Fil AD B
TR AR AT I 2%, RVHARFE A i R o HL g, 300 h L A HE A 2% B R0 2o Wl 25 4 1 R 3415
PEXE LAY, BeAh, AR IR, AT AD nBGE R PR, X A EHE R
R0 TSR 20 5 0 FHE ST R Y tails, 3K SEZERANELIY tails XTFERLR FA 8 KM oTlk. SCPr I, (-
PNIPAM Jill (¥ AR B 2218, ARIEFRATAVCLLE , W 7ER /K hig Z— 8 LI L, PNIPAM A fg5d ek & 3
JFORAIEIKAS. AR, EFRATHY QCM-D SZEG T [H] e Fl N ARMESE PNIPAM 543 Rl 58 2V ik, BRI 7

neoF_F ™ 75 )
F Cooli

1140 - A Heating nhk 00Uns
o E aQ
= 1120 \ g A
< =

Cooling Be® 69 .
1100 | ne ’ Hc@‘
c D D
1080 L L I 66 ! ! \ )
2000 25.0 300 35.0 40.0 20,0 25.0 30.0 35.0 40.0
t'C Pee

E 3 PNIPAM RIEREIRTH - AF EEHZX (n=3) (A) PNIPAM RliZ
BHIRTE) AD FEEEHZT (r=3) (B)
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3 HIAE . BESABE TN ESY> T

JERER] 20 C LA, — AF R AD I35 AT MBI E LS . FoATT38 F “ grafting-from” J5 B A A M R4 5 NI-
PAM ) JCHLIL R 5 50 F Rl ( PNIPAM-co-PNaA ) , I QCM-D #Ef7 THF7E, 58] T2MIAL5 R

X BRI, PSS I B R BR 4  A8  AR rp R i R Rl 2ok AL A 2 S R RS
AR 2Z (AL < BRI X KA F IV AT A R, SR, AR BRI E ARG 1 W 5 AR A 7
XA, PmARME T it Ao T PR . it DL B AVALE , AF AR S REA X, S®EST
FUK TS G 16 L (KA K46 7556, AD W5 & 0 T8 A 4 A8 b (SR B/ IK) 6. B,
QCM-D AERF 57 THEMI KA M G807 B AF R AD 6715, 111 Af ~ AD (5 Z2 AT S e H: o [ .

M 4 ATLLEHE A £, 78 PNIPAM il i #t
FRPAEE 3 B2 B, B A %5 B(1 <28 °C) | "1 coling F
B - AF BN, AD T/, R4 TR PNL np
PAM BEHIBSRRIB AT R, B E C(28 S 7o B e §
T <1<34C), Bi- AFMIBUN, AD HBEECFRE, T | . ~ o
FEMILEZ A PNIPAM R KA 76 04T, (il D Heating
FLBUY, AR M C % D(1 >34 C), bl 6 | | . .
E@lﬁg%éiﬂ%, AD Bﬁ _ Af E/‘Jyﬁd\ﬁzﬁy&d\’ EI]I;@ 1080 1100 i\ﬁ({l/ 1140 1160
% FKALTE S (938, PNIPAM R HE— 53805, 76 B4 PNIPAM Rl s

AT, AW )2Ed . AD EE( >

28 °C), AD B — Af B3 PR 3G K, RUIFER KA IF IR, PNIPAM Jl 19502 8 T IEAN Y tails 45
F. WE ZEF(1<28 °C), AD K& — Af BIBSINRZHHE K, XA PNIPAM il (4375 Bk 12 7 Fh AR 4™
JEENPER, PNIPAM 57K AL N 2 [F] 25 20 7.

FATTEFH QCM-D BF9E T %7 41015 S 10 PNIPAM RIAORI S5 0. PNIPAM BERSAE TK, AT LAY
FHRUKIEE A HLE R, (DLW Lh— 2 B4R TR A rhHIREE DY B PNIPAM £ S IR AN )
HRBEZH Oy 028 L PR Reentrant 778, HHT, A 5% Reentrant 1T M IUARFANATE2E. AR THAE T
AT SRR ZRTET Y PNIPAM Jill 76 H B/ /K TR ANA R b A 2284k, 1615 3RBH Bl V770 b FR B EE 2R 1 40
B(X,) Wshn, AFFLAD AR, Hodr AF A SIS LI PNIPAM il ELA BH S o s, 78
X,, ~17% (molar ratio) i, Af, PRI, FRETFRFHE 70 F M PNIPAM BEMEES, A5 Z456G. £
X, =20% ~50% (molar ratio) TEIEIP, Af,ZHHEIN, AR R0 FF— 25 Bl ES PNIPAM 4. 4 X 3%
JNZ% ~50% (molar ratio) B, Af, PR TR, RUTERI T L5 PNIPAM $545 4, fif PNIPAM ¥ 51k.
2 X >60% (molar ratio) i | Af BEOIE/N. BAR, M X, =17% ~50% (molar ratio) i, 7K-H BER A4
J& PNIPAM RO 7). PNIPAM 5 A9 “ 35 - R R A" 7% 748 o T PNIPAM Jll & A4 T “
K-S - AR

90

259 (A) (B)

> Afyr/T
296 I3 A <
- \ 2 75

333

e c' 60
370 .
Afis/3
L 1 1

Af/Hz
&
v

10° AD

407

L 1 L 45 1 1 L 1 1
0.0 20.0 40.0 60.0 80.0 100.0 0.0 20.0 40.0 60.0 80.0 100.0
X (%) X (%)

E 5 PNIPAM RIZEREE/KBEBFHHURTL
5 A BARACZERL, 7E X, ~ 17% (molar ratio) B, AD /N, R PNIPAM Rl ek 35 45, 78
X, =20% ~50% (molar ratio) RGN, AD Z#i/]N, UiH] PNIPAM kil #t—P 2183545, 4 X, =50%
(molar ratio) B, AD PRSI N, #F—25 U B IR 4A 1Y PNTPAM Jil] SF5BE 7 K A EL A J8 1 B .
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3 HIAE . BESABEFENTESS>TFHA

WAL, @it AF FAD ZIRIEER, TATATE— 80
ARV AL 2278 0 AL R B/ 45 8 54 I ] 4. >
6 F, BE% AF BRI, AD RN, B0 0r
PNIPAM Fil fr Vs i -5 455 -V Fk ™ 7 78 FL A — R 3l
i AR BRI 2 AL R K/ 18 45 2 ) A6 or °
R, XL T PNIPAM F7E /K -FP B2 i
F b T VAR B O S B 0 BRI, K- o

10°AD

A TR AN 7] Fh PNIPAM il i 26 8 MY B9 Reentrant 1200 1150 M‘}[I 100 1050
17 AN AT BE A B A S W M S 3y, TS PRy o
KR Pt i ST BT “ 45 57 (Complex ). i B6 AD5AFHIXF

SR, IXEELK A -PNIPAM 22 Al (/R K 3% B B 5 PNIPAM BOFEFH S5, B AI12 PNIPAM B9 B 5.
AN, T KR B 2 R S, TR R R0 e B4 -a 8, PR BB I ) 2H AR s
R TIERER L, FRATHIE 7 Sk R AR R TR RiE L KB4 5 AF M AD

IRIER. Horf, AF B AD Sy ISR AR S AL A SR X
‘,.-‘_9' Ll .{;:_“::o': 3::-._..__ . > . .
. .. _.3'..__ °..® LI . .
ew E e h T .
e 2ede. * * Af .
..‘_.:‘-'. .-:_';-.;".ij-.. "'";-' . °
L .'.'.-..- .‘_..: O, . . .
e '-,.__l__r-" e
;o
7 o
g o °
4 7 ° o
4
AD ; ° 5
g ° o
/ 0
; o
4
BHIFF: oo

E7 BE/FARELESSTFHENCXBFML N BE ~EE

2.2 BE/&RFELESS FHRMEE

1 53R [/ Wb IR B R AR LA R 25 ) — AN . A R TR, R
THT A5 2 AR ARG B S5 A iR I R4S 5, LR 4 ) 7 W B o e o 5% T 1 WO o i s ] 1) 22 4k
XF TR B ad 7 v s A I AR AR AL BN BE B oK. QCM-D FH T RE A [ I 52 ) 45 1 ST B A oG & 4
TR A ARALRAE S, DI R4 s Rz 5F o 2 v A 4 5 i v ] 2

FRATVAGE , 45550 HEAF R R AT, s 28 B I L 43— 5% - 181 4 2 1T 1] A B AE ¢ 559
1553 FHEAE AR R ALK B Mushroom S5H4. UM% BEAR HL 155 43— ik - 11 44 28 187 1) A5 588 9 4 B0 5 4=
H, W53 FHEIE B Pancake 45H4). YA BERE NS — (A, JCI8 w43 5k - 15 1A 3% R A B A 4n
], o FHEERA R RETE L 40 . XRE, EF AR AR R, SEAEFE Mushroom-to-brush 1 Pancake-
to-brush PR FEARIEFE. X TX WAL AR B 3h 12, Biag U FIscs b kAT T — et g, (AR
53t MR BTHFA—E XTREEEREH FLART LK BRSO T T 0, SC5 45 R 32 3]
WEZREZREN. T QCM-D REMSPEFTIFAL (in siow) ¥, FIJH QCM-D BF5E LA _E 354 i Bl A F) T
VBT I Sl ] 3
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3 HIAE . BESABE TN ESY> T

& 8 AN N FI LA PNIPAM £ ( HS-PNTPAM ) 7E A7 37 -3 1 W Bk FIr 51 A A 45 % RRE 1R 7 79
k. BT PNIPAM 4% 97 (Segment) 54k TR 1A — & (A EAEH, BAEGI TR & Pancake-to-brush %%
AR ARIANE, RO T 3 AARER S S2ER B FEFF AR B B (X IR 1), AF PR TR, R
PNIPAM 4 PR A% 325 R T30 fEXSE 1T, AF %12 R, Ui L3k 2R m 1Y PNIPAM #ERH
B8 TV WH PNIPAM S E— L R, 7E X, A P AR X Dok R e, £ B 2444 119 PNI-
PAM BEHEAT T MG 085 | AT TR 200 (4 PNIPAM 55 BEf8 Qb e m B3R 73R 0 . #ESR T 5
PRI, FEX IR T, AD B BT, BE—UERH T PNIPAM P A 2R 76w, 7E X B,
AD 183N, FIH T PNIPAM SEEERARE. FE X I, AD AAXHPREsESE I, S w1 #5452 0 s, PNI-
PAM JZJE B $8 0.

(A) ] . 45 (B) . Rinsing,

10°AD

1" 1 ll}‘ 1 (IJ: 1 (IJ-‘ 1o¢ 1 (IJ ! | I[IF 1 {II-‘
Time/min Time/min

B8 SikAFEL PNIPAM §% ( HS-PNIPAM ) 75 A S04k FR E R M 7 5| 2 HSR R A FE 8 B F O T4k
€ 9 & HS-PNIPAM 7EHR T2 180 W Y AF 5
AD B FR. WA LA Y, ek 2 4
PABh )2 . EX BT AL A Af~AD SC & AH 30 -
B, FERALE X PN X I8 PNIPAM 4% 1) #4) 5 42230
BT AR Y, HR Pancake (1 X)) Fl Mushroom 15+
(MNIX) AR L# 2 IR Coils Fral iy, BEE
— AARBETN, AD ZZA8 3N, KW PNIPAM 215 or

45

10°AD

R B B DO RO, U 4 Pancake e w
A Mushroom I ARERL. FERCHUIT, AD BEH - A mo ys.pNIPAM BHEY AF 5 AD FEXR (1 =3)

F RGN bR, 1R PNIPAM J2 5 B Bl 5 424

LRGP . 4075 2, PNIPAM SE7EIZ DRSOk B i 1, BIE T @ 20 -mil. BRI,
M IXFN X, PNIPAM 4% % 42T Mushroom-to-brush H# 424575 A] W, | HS-PNIPAM 7E % Ifi #9332 & 1ot
2145 Pancake-to-mushroom-to-brush 3 ¥ Bz, FJH QCM-D i r] ifF 57 PNIPAM % 7 [/ A1 A4
FRIZRRE- 2t PRI, ZEATERGA.

FATEWFIE T A S A B AL 5 (2- Z P Ak L W LN IR IE ) ( HS-PDEM ) 5575 3R I (19 8RB0 5)
2¢. T PDEM pysE 17 S¥FRm b LA M EEH, HimER i 4A & Mushroom-to-brush A9 7%
AR P10 S pH =6 B, HS-PDEM HeAl e [ i S5 FIFE R 717 fk. I AF FI AD R 4L 0T LI
H, BRURAFTE 3 AN JoEid i, FETFIREIBBe( 1 IX) , AP TR, UiH] PDEM MU AL 21 25
FRFRmE. 7EREE B (LX), AF e T, o EAHABHAERTE R PDEM BERHAT 1 H2AL 0 i
— AT, SR (X)), AF FROCHXT R TR, 5] 2 24400 PDEM SE3EAT T 2 R%e | i &
7S R IR R, WY PDEM S P484. J)—JrTi, AD i 74800 # t PDEM
MRS AE. FEX T, AD PR, Uiil T PDEM DUk He i 7E 3R m il i o0 72 R . X35
L, AD BB AN, KB/ PDEM SEEALBINR TR . 7EXEUId, AD A PRSI, 3EHE AL
T PDEM &4 FRl. fEHE pH T, HS-PDEM 4EA PR HA AHRURHE . AT UL, HS-PDEM fYHAGE
#2445 Random mushroom-to-ordered mushroom-to-brush 3 /> Ez.
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3 HIAE . BESABEFENTESS>TFHA

ptig @ (B)

&
T

10°AD

240

360 F

1- L
10° 10 10? 107 10° 10! 10% 10°

Time/min Time/min

10 7£ pH =6 B, HS-PDEM 7EiR FREER TS AF #1 AD T4 (n =3)

2.3 E/RAELEBEERENERARE”

FEHE A FL A (14 A ST, SR8 R i SR P LA o T 7 e i ] f94) e L R B A PR A 1 e L 2 )2
(layer-by-layer) Z02%%” B2 JZ B ( Multilayer) 7% FIX Fhor sk 4L RO MEIRAE &6~ . SHZE L £
RIS | PRI DL AR LM 2= 8 S U T AE R B, A . AR BSOS S X SR
ff S B2 2 A HEAT T T IZ 93T, (ER XS T () AR L | P R4S 4 45 THT 0 B i AN %
WA RO 2N ZZA00 R, bR T 2 R S AR 5 B A PR m LASh, 3852 503
Bt ML | R AR BRE 0 201 USRS | pH O FIERVR BE S D R IS . W90 X SE AR SR A 14 5
Wi, B B FERATINGEXS 2 2 IR R WL B R BEAR . A QCM-D X 3R Hufiff i 2 2 L Re EATIFSY , REREAS
B — L 7 AL 0

K11 IR, pH LUK ER IR 2 X SRR IR AR B (PSS ) A1 PDEM JZ2 R A 1520, PSS 22— oK
R, A Az 8RR BE RS2 . 1T PDEM J&— 4 55 B SR ML MR T, LRI RR T 32 £ vk BE 52w L) Ahids
ZURFER pH BYFEMR -

B 11(A) RTE pH =4 B9 50T IR EEXT PSS/PDEM 2H % iy 2 mi. MR i 28 kb vl DL Y, 24
JEB—E I, SR JEE I B R A T R . AR, AD BB R RO R A, 5 ek
TRESREZEAERNBE. B, R, E5EZRENSSEEERE. MEERERm,
AD P RGN, Ui 2 5 2 2 [ 4E 075 F W IR T i az i on, I A S8R 2 2 R0 S
B .

_ =, A 1000 = v B )0 =-0.1 mol/L NaCl C
7sop P @ 255 ® 1800 0S mol/L NaCl 5
e f:%‘.’ E 7 750 | o pH=7 y 1200 L1 mOV/L NaCl
=500 R0 = ‘ > H=10 ae” | 8 =2 mol/L NaCl
% %‘- s00 P o %
250 F 250 | 600

0F
6F

=~ 0.1 mol/L NaCl
9+ —=0.5 mol/L NaCl

-~ 1 mol/L NaCl
o 1 R

10° AD

10°AD
=] (2] =
T T T
T
ad d 2
= h D
~
10¢ AD

1 1 i 1 ’ 1 1 1 1 1 1 1
02 4 6 8 10121416 02 4 6 8 10121416 02 4 6 8 10121416
Layer number Layer number Layer number

11 AREHT PSS/PDEM 7EHRFREE LR AT 5 RASARMBHE T (n =3)
K, HHUZH PSS )2, (EUZ 4 PDEM 2. (A) pH=4, T'=20 °C, 25 °C, 30 C;
(B) T=25°C, pH=4,7, 10; (C) pH=4, T=20 C, ¢y,q/(mol - L='):0.1,0.5, 1, 2.

HIEE—E, pH M4 BIE] 7wk, ZRBEAQEZEREME 11(B) ]. Wy AD BRIGHEE pH

INTIEAN, pH ASE0R ] A4E =5 R BRI & R pH BB INmsE . mi7E pH 10 BF, PDEM 225 T
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X AF . BEHABRTFANREZSTTH

HbEgE 2, TR RS 2RSS LKL, ZEBEIVFREE . SEEM pH —&, mhkE A
[}, 22 IRt BE MR I 11(C) ], BIVZ2 2 A J5E S v A 388 i i 388 o, X [l B
M TAELEZ B BRI S8, AN BRI A e, IR AR IR B M sk Ak B, X 22
PR 2H R A R IR A v B R R B R AR s T B 2 ) IR N T S T A T AR A (I
K 12).

Base line Base line
ot @) Lo ®)
0F |
50 F
N N -
= PE - 20 I px '|l"]“ PDEM PDEM PDEM PDEM PDEM
© 100F | o 15\| Pss‘ I’ss‘ I’ss‘ PSS
= i &
) I 180 | ! ! I
150 Buffer
20r Buffer| [Bufter [ Buff
uffery [Builer| | Buffe o Fo e o
200 b Buffer Bufferf Buffer|] Buffer| | Buff
1 1 L 1 1 1 1 1 1 L L L
0 150 300 450 600 0 150 300 450 600
Time/min Time/min

12 PSS/PDEM ZEHRFREAFR TSI EAAETZN (n=3)

(A) pH=7, T=30 C; (B) pH=4, T=20 C, cy,q =3 mol/L.
F—I5 1, 2B A PR TR, BN P2 FdE B 2 % 22 B AT A
VR AR R AL, ML E AT ATE R 1 13 O PSS/ R TN 3 U B Ak (PDDA )
PEANFRFRVREE T ARG 0. X AN \¥%ISE§EE’J§%EE%’¥F£, FrAFRAT R G E W B fysgm, He
PRIZR 40 pH BYSEMR S5 ] 2208 IWATUR I ASAE HmT LUE Hh, BEE SRR B 3S 0, 22 )2 I 0 P B2 B R ik
KRR, 5 — 7, MERWEEE/NTF 1.0 mol/L i, AD X Eh iR A B B oM (LG IR . R
, HMEVREZE/NT 0.1 mol/L B, AD TEI A8 Mk, U2 52 Z MR MR E. HEEE KT 0.1
mwlﬁ FARI AD R, (BIRIEXTZEOR LR BE A B A MO M. S RIAAEIZER VR BB Y, PSS/
PDDA ISR IR Z 52BN BRI 0. SEhr b, teit 22 A g e it 48k
WREER T 1.0 M B, FEESRERBEAIGIN, AD 380, H LIRS ZE3gmmiE K, XHENZE 5=
)5 AR5 5 B )2 B 3G i hn. $eagid o, TERIR VO N, IR i T4E R 2 S e A J2 B0 i
I, AR T ZREMEKEREOE . A LA ETF AT LUE 1 QCM-D FERFR £ 2 B e vh ir B
A BRROCE, RIS E BEAS S IS I 2 2 3 2 v ISR BE A 8 A, 3 R P I 2 20 3 R v i 1) 0B i A

FHTE L.

—0— Salt-free o (A) 75 F (B)

=0=1().05 mol/L NaCl

=£—().1 mol/L NaCl

= 0.3 mol/L NaCl

== 0.5 mol/L NaCl /
~ (.8 mol/L NaCl /1
== 1.0 mol/L NaCl

1500 - =C0— 2.0 mol/L NaCl /: ;{ 25+
/ 2

4500

3000 50 F

10°AD

AfHz

== 3.0 mol/L NaCI

Laver number Laver number

H13 REHKET, PSS/PDDA iR T RE AL M3 ROMAEFFHETF MU (n =3)
RN enye < 1.0 mol/L I 222 BRI 7 HY 2 AL O
3 &

AT QCM-D HYHEAS S5 B K AR 5 70 T BRI G A8 A, o 75 A I R LA % 3R L it S ) J2 2 4
FAETTH AN, QCM-D Al LASE I A I [ /80 11 b AT S 70 1 Bl A2 AL R R, —H 4G
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Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures

Use of Hyperbranched Metal Containing
Polymers in the Fabrication of Thin
Film Devices by the Layer-by-layer

Deposition

Chan Wai Kin( FR4R4E)
(Department of Chemistry, The University of Hong Kong, Hong Kong SAR)

Keywords Self-assembly; Multilayer; Photovoltaic; Metal complex

We report the fabrication of polymer thin film devices by the layer-by-layer technique, which involve the
self-assembly of different layers of polycation and polyanion on a suitable substrate. This technique has been
used in the fabrication of polymer light emitting devices and polymer photovoltaic cells. Our group has deve-
loped a series of functional metal containing polymers in which the metal complexes can act as photosensiti-
zers, light emitters, and charge transport units. Conventional film forming techniques such as spin casting can
give uniform thin film. However, lots of materials are lost in the process and it is difficult to control the thick-
ness accurately. By using the layer-by-layer deposition technique, lost of materials can be minimized.

We have developed some hyperbranched metal containing polymers in which the branching unit is a tran-
sition metal complex. These polymers contain ionic metal complex moieties, and can be deposited on various
substrates such as silicon wafer and ITO glass together with another polyanion. Nanosized zinc oxide tetrapods
were also used as the substrate, and the step-by-step deposition of polymers on the oxide surface can be moni-
tored by electron microscopic techniques. When fabricated into photovoltaic cells, the photocurrent response of
the device was significantly enhanced in the visible region due to the presence of the metal complexes. How-
ever, it was found that the transient photocurrent response time was strongly dependent on the size of the
counter anions in the thin film. Some fundamental issues such as the role played by the counter ions need to be

studied in detail in order to design more efficient devices by this approach.
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=T REAFHMEHNETSEE

¥ O, R O®, FAE, Mk, ek
(1. PERREBE RAERIAEBITERT, #55 FOR S e MR AR E KR 1300225
2. HEJCERHTRER, BOWH T TREEWELLRE L1 200433
3. AR TR AT IR R AL THFSEBE , MU IR T35, L 100022)

WE  REAMB TR MEARN | FEIR | R K300 1 55 7T L3l 258 42 0 1 284k 05 0 2 2 i
FE R EAFFE AL S T T LOE i AT R A R L BUE 45 AR, IF B BA 5 T AT Ll A
ZRAL IR SR 5, R A A T G2 I BRI B B L ™ IO B AR A B AR AR, IS R
REELH R 21, AU R 00 5 AR S S RO E AN A E AT BT, KRR TRk | £
ARG EA H B . ARSCRES T IRANTAERET (1 40 1R T L A 5 205 G 4 O A 35055 9 420 T BT
AR, FATTLLX R R BOLR Y AT G, SR AR R A9 A iR BOIE RO O 23, ANRIOKR U
AR P e TR A T | V4 B A R 2V T AR A B e T R W R A AR 20 B 4. R I T B
FAMTIBL T AR A 50 13RI P A AR SRS 1, 615 T ABOR BIAR R 9 70 14 17 D02
1, T H A RTE L. DK KR A R R AL, iR TR RIEA | RoF | Rtk B iR, 5
BT RGE . AR RER R st

BREZMEARFEZAMW I, “ B LR (Top-down) ” #1“ H R i I+ ( Bottom-up ). “ H L1
(Top-down ) " BEJEAEY A 1 ] B i 4/ T 25, a8 BIROK B K 9, Aol 2 B AR A ) ik
AREE BRI L (Bottom-up) "BLEUR M T A F AT, ST/ MK 418, A HL L
AW D REM BHI R EER K, T2 BUHOK B8 K 4544

Bl (5 S i & R AR BURE R i, TEGICK | WK U HR AR RUEE b R AN T4 58 2% ikt
BORW | BIZIEAR . RST R SR e 55 n] L gh 2845 10 1 S A 7 v 2 i Br B or s e, w2 sl
IR RALEAR M R . W T & o0 PR AR IE RUEE RN 25 R R AR L K ORT B3 1 o oy A e 45 5 A
SN EDRT={Ts e 0 € O we T )AL N W A OIS R v TRUEN 50 B =10 e
WA Z —. — TR A & o F AR AT DL AT s — 2 gk in L, DRRIPEg KR+ | Db+
SR LA AR AR, Sy — 5T, RS FARMA V2T 20N, W o F 98K LT L
FAPESiAL AN A BB | S R T AR A R BRI | A IR AR RN Ab 7R Py A | H U TR S48 | Tl A iy
A BB EL a2 b DT RR | 25 AR B R, LR BA SOARS LR PLAO RS IR
2, ATARGEARF R R, A H AR SROR S BB AS | ROT & S, I BT AT 45 09 /5 43 v A
BE, BEECH TR AR L m TR SR DGR N T S RO T AR S A Y AR

S b, BEFREATE S BT A A RRR A T T | BEAS A A A B R Y, TR (H
Wi, SOV RN BUAE S MET , FIFHELHOWAR S B . A A5 A SR, RS o — R
(BEMIR) | A (RS ) 1 =054 ( A AR A ZHREE) | SE IR 23 5 IR iy 40 oK 1 5%
k. 5ioh, I m TR FNRG VI 20888 BT . LA S i mi 137 3R R ]2 fok R
JERRIN S, B2 RIS o FRERORAVE ] | 2T A8 LA K 5 Be (R) 45 B9 AH B4R Al DL TR A
FISR AL R A T AR AL, RIS EE BT AT 0 Re R . B, PRSI R N & F R A
PR R S S04, 2 AR E AN 20 2 SR 5 T s .

E% H AR R4 (HEHES : 20621401, 50573077, 50773080) ¥ 1.
* JAHIKRA. E-mail: ychan@ ciac. jl. cn
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X, FRATHE SESFRATHAEAESRET A 4R A T I _E 00 & 20T A R 350 -5 845 0 i U 8 —
FHNHERE. TATASIRY AR BAICR YIRS 4R, R AR R A9 A ik BEE R Y o 2 2, Al
TR JURE AR R ol - WA P TR, | V4 B ) K A8 VT R AN LA R e 1 SR i R ) A o g 45
AL T B, BATSLB T AR R BB T 3R0A A R ST S %, H4 T ABEOKRBI 9K R
FERI A P R, P A TR U ORISR R R AL, 48 TR RIE S
RoF | Rm R, S TRGE | AP RE BRI R sh St

1 FIAHRBEARYMHMES BHREFAKREN

R B AL R YR A P DL S TR Ak 5 4 1 S 40 DL B8R 3 TR T R G
Y. BT BRI AR R & FRE LA I 2 R, IRBEZ M S R R E) . 5k
Tt B =2 T A 27 SR A 7 7 (o A5 A 20 28 L REAE R RS 1 e A, a3 FoloR 0 5 DR L R AR 43 25 ( M-
crophase separation ). $5fa] LAY itk BRI 2 o PO AR AS [R) 45 44 19 K B 0130 ol A2 SRR AT T LY
HARBARTT AP I A SH0RFR R . SR EGE N, KB, A Flory-Huggins #HEAE IS4 x.
FRAE ik B AL R AR FRALAR £, T LUESERE | Atk . SURE . ZREZSMATFE5H. B IR Y F
A B O 23 BT BUAY 10 ~ 100 nm RST B9 ZF0A TR 458, TETE B R 38 90K 8844 FASTR (1) —Fh
BB, KRNI, e anik, SN, GORER ST A A Tm AR, REE AR A
RpagE-ol

FIAEA L, FEHBCRAT , B R R BT T 32 i B AL MR BAE S HGE b, b
ARAHRPE L2 LA A i AL s ma 7 i TR RS B 2 1 AE A [R] X 5 B SR AR ], Hodh—
Ptk BOKL S MBS |, O — Rl Be o @ SRR AN 28 SR i, T BOTAT T 588 19 )2 IR 254
RXRPPATHR A BRG] T i B SR YR 9 K0 T VR A AR A EARE AR B ag. B2 AT R 1 LA I ik
i BEIL R Y X T BT 3R, s e 35t B AR S SR A SR A PEY S AN, Russell
S5 i B SR A it B A L R RO 22 51, SR AR S () A A i LY, AT DA ik B R )
(AR IR B2 R 25 A VR F S T B e) . 3 A, i Xof 3R e el e A L R i vtk A, RIS RS RN Ak B Y
FHEAE AR, B R YA Xt 2 B TSR MHES. LL7. 3 /9 PS-b-PMMA i, 385 LAk
RELG, W PS RIAREEUN, W T EAE AR T, 1 PMMA #PEER, LR A9 AH BLAE 3,
AEFAIE B T AT TR AILEH. Russell 22 R FIJCHILIRY) PS--PMMA X} ik R iAok k. % PS-
r-PMMA 2K B iR 0 , T8 — 2 PS-r-PMMA Rl , &I R PS A& K2k 60% Nt JCHLER S Wt
PS Il PMMA AUAH EAEFBEAISE , TR P, B PS-b-PMMA Jigi4: 2%k F I i # 2 5t 55 10 I8 B8 478
DL b, B B A AR 254 .

ATT3E H SR P R B AL R Y4 0 BB AL IR B LA AR ki s i B Bs sk A 4%, (HRXT 4y
T E R B R YR UL, P FR T RN 5 iR B R A APIR S, Beln, 179 28 7GR KAk B
VAT P 2 o B 1 et A T R T BT A T =22 A R kO e A X ek B SR Ak A 5 Ak B )
SRR WD R — SN UL RS AR S5 R R A, 3 S 0 R A 445 4 3 i e B AR = 1 A 3
[FlRERT LA Tk R E B 4. 0 Kim A1 Liberal"* 78 PS/PB/PS 14 £ v ¥ il %5 70 4% & 1B 78 (5 nl/
s) ORI A2 PS S X 58 4l BT ILEHES 1 2544

XL, FRATTRE A 23 FAT 1A A P 0 28 R K sl s R 44k, (e B L SR W & A ke 43 B3 45 3
ARG R S5 K 7 AR R, 12, WIFSR R IR AR IEE EE | 3 R0 AS [R] 4 B 1) e R 1 DA B i 0 2% VR e
PSS () 4 B AL SR P oK 25 A I A B R Y . G 3 B U R R T A 2R AR,
L3 TAT A4 T 55 RN ZE RS T AT 36 S 2, A5 B ELA BRBE i B PR (W R e . 0k, i B R Y 5
BYHR, DI B RY Z MR, SR sE B R S mak 71, o LGRS IEs . Rt &
J&, XS R iR BRI R, RIS T WO 4 B S50 Stk Brah AR B OC R,

1.1 HREEBYNMEIBNEMEMEZAR
ARG O 4 RGMF5E T BB 0 PS-b-PMMA 9 A 203, 12, FRATAFSE T PS-b-PMMA 7
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A E AR RN ZE S A TR 4 B AT AR SR A PS-b-PMMA it Be I R W iE vk 214 — 2 Sio,
AUREFSC FEE, PMMA TR BRI e 7k B8 R B, 1 PS B TR RE BN S B E A A |
(Yps =40.7 mJ/m’, Yo =411 mI/m*) 10 AR R RE—Fp RO FRIGZ5H, B PMMA i 322250 A 7E
SRR A p ST, T PS A E AR AE A A A AR . 1 s, REAEFRAY PS-b-PMMA IR

B TC T i ARG

(]. (}_5 ]_( ] ]5 2.(]“'0 0 3
N L I
0.00 32.26 0.00 412 45981 47.987
1 3FFREY PS-b-PMMA FHEERRNAFEZSFRALGESIHNARNKEN

(A) As-cast; (B) THF-annealed; (C) Acetone-annealed; (D) higher sweling degree; (E) CS,-snnealed; (F) acetone-annealed;

(G) lower swelling degree.

4 PS-b-PMMA i [RA 0 03, Sl F5Ei ot hinikiz 3. IATE BIEARR 28,
BRI R AIK S5, 78 PS F PMMA A3 THE Hh, T Z 24540, 76 PS MR CS,
HIE AL PS A2 PMMA BSE HURSEHE , 76 PMMA (3585504 70 DA I A JR AT T SO 5 1 L e 4, 43 1
PO, 8 P R dR v R B S AR LRI, AT DASE e v S s IR RR B . PR KRR B, SR i
DR FLAREE R, PR AE IR AR A 52 00 DX i el A 243, 1fif PMMA L PS fifi—28 | il L2
PMMA {iiF PS S0 7ER/INOE KRR BESS MR GAR B2, TR O A BRRE544 , PS /INERA T PM-
MA B, &1 SRUT, R BEEANIR], R0 5 IR A () 45 PR 3R AR 2 i B L R ) U 43 15
1 MiE sz, SEESMRSR A, K 2 SR MR g b ek B i s K.

(©) (E)
B2 XIFRE PS-b-PMMA EERIESR (A) REMNSKE(B), ZH4HR(C), Wi, WKXAKEE (D), WE(E),
BINAKEEFRAGESINAEANKREHHRER
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FAL, R ZE AL RS B 2 AL 48 K 25 4 v I A o — e 0 28 b, B AR
REHE— DB ARk, SRR A R0 T, AT DR DN 28 R B AL SR T €S, 28D,
] LAY FE MU RIS T5 A FPHES B AL F AR A K S (181 3) . PR EANOR S5 mT L o AN [R]85 1) 32 3
Ab BHSEBHR] A,

nm

Acetone Substrate

=pvva ] =rs
3 XIFREY PS-b-PMMA HR7E(A) RS HEBNFLIALEHNE CS, LIEFHETK (B) MK RELH

B2y CS, 72 PS (1 RIS PMMA BN RIEH], 2PROE BN AIK S A CS, 1, PMMA 325 )
B FZEIR M AR, BV A 3 DA RS RS R 4. [ PS 5 BeAERE CS, ik Fe 51
M ZEIR AT, [ ZE PMMA , BE—40870 PMMA AR BIEF A5l X RO 30T WiFh i B
WA T s 8, ISR A S . A, SRR KMl A (CA) Bt 25 SRk — 2D e T 3 A
ARfl. EA UGN OK LI ) R AR 2 710, it CS, A0 PR 5 il M3 in 2] 90° (PS FUFFIF(E) . X
Tl LG P SRR Y b R THTHEACS) PS AH. 80t CS, Z8 7RIS, SR TS0 A A Ui 56 e A 1 . A
KR PS ELLARALE PMMA B9A LIRS A 7 PS SEEAHES.

B ORISR 28 AL BRI )ik B R W R R S 5 202 RATREPE N ZE <, oY
PR I FEEE AR PS-b-PMMA (¥ FEEE 25 PR R 28 VA R DR AR A AR (181 4) . FROTATLAIE R, FE
PRI 22 A0 AL BB ] (R 3o VO s P 2 A [ R B R S BT DS D7 B g R DL ) s /N 381 2 ¢
TESNEAS | BIRIX RN SRS TR BE R AN RI Y. 2R T N AR ZE 750 PMMA A9 51, MOk 2 78
PMMA X2 i 3 C, If HIF IR 0% I B AH %

0 00 = | L LS
000204 060810 00 05 L0 L5 2000 05 1.
nm nim nm

N N
4.46 0.00 500 000 6.25
pm um

........

\ A\
0. 00 05 1.0
> nm nm nm nm

N L EEE——— L
0.00 23.29 0.00 14.84 0.00 11.44  0.00 6.74
um um pm um

4 XIFREY PS-b-PMMA HRERIZES S, ERAHAKEERRNFER THER AN BERHEE
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P, ALK A A BCIREE 4.

FATBRTHE T W RE X it B LR Y AR Ay B AT R s . & S R XTFRIY PS-b-PMMA i
FEADT AR LI 60 h, AN[REIBEREXTIE S A5 0. ARSI JBE 18 = B S 3 o e B3 M SR A VR 1 Wk
KR, FATA FIEH T DURNAS [ R BE ) PS-b-PMMA % B L Wik, B AT i 1 4 ek 2
0.4% . 0.6% . 0.8% . 1% , JElwJa X AR 735172 19 . 26, 38 F1 54 nm.

A Y SR oy [(B) Sl (C) R iEanaianty
% Py s i %’-‘5’%:’, :

W L W
0.00 6.78 0.00 6.05 (.00 407 0.00 11.17
nm nm nm nm

B 5 AEEERITFR PS-b-PMMA HRTESHZESHIR A 60 h MR
(A) 19 nm; (B) 26 nm; (C) 38 nm; (D) 54 nm.

FATEBNIHFA A TSR REAIE B T 75 07 ERR A G oK ALIR 25 4. e HA ISR 19, 26 il
38 nm XEE/NTF 172 2R R TR R TR AORFLIRE S, R KT 172 F )= R
JEE, BPRBEIEESR 54 nm BB 7R AR SUEh e, 2 I LAY 2 ARIE A
1.2 #EHXBYHREHERMKRENE, RTEAE

i B AL R Y i T BRI ) 2 SR 2R PR RE 228 AT P 9K S5 M AR S B e T AT 92 .
— T, A FAOKIE G A ZER AR ST ] DGl i A 2E A s T i, ARgh i, o145 R R E A A
FRFRES. 5 —Jrm, o F RS BRI Ry RN R — AR IE S, SRS B ARSE 0 A O0T
P R B R Y5 Y IR YR B B IR Y 2 a) A R AT DA SR W B A 4. i L i
XA R Ty oA 1 RSO T A2 LU G R S R ik B R S N7 & Al A7, BRI 5 2l i B 2L 2R
YA EG , i B SRR 0 vk LG T3 20 B A AT S i e i s Bk ). R iR AT 2B A
B RN R R Y I T B LR =2 1) PP R A I

€] 6 375 PS-b-PMMA (263 K) #ifi | PS-h-PMMA (263 K)/PMMA1 (M, =15000) . PS-b-PMMA (263
K)/PMMA2 (M, =102600) LA % PS-b-PMMA (263 K)/PS-b-PMMA1 (36 K ) 15 4 i B 7 16 R0 79 R 2% 7%
TRk 3.5 ~4.5 h A A K ALIR 254 B B oA s 2

FITET 133, 4l PS-b-PMMA (263 K) BRI FLIA B 4242 ~46 nm, W] AF HBEE A
/N TR R4 R Y PMMAL S50 10% 3805 20% , FLIRAY ELAEM ~ 51 nm 3E0%)] ~ 54 nm. 4
TR K> T B9 24 5 ) PMMA2 WA ST 5358 10% 353 20% , FLARM ~53 nm BEHN1E] ~ 60 nm. KK
AT IR D IR R AR BEAT WLEE B B () 24158 ) PMMA BB Z20AR 438, IR B ATTIA R r A 1)
BIRYIFR AT AERT I A ik B R G X . BT FRA 1O 248 2, ¥R AE N i B L R P X HL )
Sy A LI BT AR KNI B T AR SE A S R /N R 3 51 8
A FAE R B i B SR A S X L T AR R - ) 359 SR 0 WU 1) 48 v 98 2 A A I i B R SR B X
. IRATR I RG YR, BIRWIA 53 FIEAAR S B, EATREE B TG oL an &l 6 P
7N,

SR S FRAT TR 46 B X R A PS-b-PMMA (36 K) il A B B X FR Y PS-b-PMMA (263 K) itk BE 3 4
Hsy, AR R F 2/ (K1 6). Bl in A 5E PS-b-PMMA (14 5 M5 i 53 %% 10% 3 i £
20% , FLAEMN ~43 nm JB/NE] ~35 nm. XIE RN BAL R YA TR A I B R Y PS/PMMA 4 5
Ak, BRI, kB B LR YA T S 6T A i Be A P 7 T RS2 . — 5T, MR R R YA T PS/
PMMA M9 2N Ak o, 55—, KR B AL R 3 f seRe s n. KR #E PS/PMMA
T A8 - A %) 7 0 R T o 4l 2 R O T AR ) B B RV B I, S T PR e A B AR
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0.8

20.6

04

h ~ 0.2

0.0 = L (.0
00 02 04 06 08 1.0 00 02 04 06 08 1.0

EEE———

0.00 5.08 0.00 535

10% Added PMMA1 20% Added PMMALI

r' .. 7T 0.0
0.0 02 04 06 08 1.0

—
0.00 438
Neat 263 K PS-b-PMMA

il 0.0 0
0.0 02 04 06 08 1.0 0 200 400 600

— —
0.00 350 0.00 6.45

10% Added PMMA?2 20% Added PMMA?2
y 5 AT v

402
%o e 0.0 a0 U,(]
00 02 04 06 08 1.0 00 02 04 06 08 1.0
N N
0.00 423 0.00 421
10% Added PS-b-PMMAL 20% Added PS-b-PMMALI

6 HREZLLZEY PS-b-PMMA (263 K) #9534 PMMA B R Z T E L RY
PS-b-PMMA (263 K)/PS-b-PMMAL1 (36 K) Z @£ BHMAFLREM REER S REE

BT, AR R A b A ek A A R Ty = T T e A R AL AR U 0N. S 3R W 3 ok R AT A4S
SR — ik BOL RS A BRI A GOR S50 R, 38 2 A8 I A Y SR Wy sl i Be AL SR Wy 00 o 1 L MR
FRIVZH 1 55 P DA 3 S48 S DX RS

B THF5E AB/A, AB/AB HRIKRAL, FROTAMFFE T —FI Rk — SRR AB/AB + IXFIHT LY
YA REAR IR R AT E7 PR, FEX SRR B Y PS-b-PMMA 5 PS-b-PMA )3t
BARZR T, WA AR ik B RY, ENTaFEA MR EEB PSCRARCH) , FUAREIAYEE B
PMMA (5 H BTG TR TR ) 1 PMA (CRINVIGER TR ) , JF BRI 7760 78 BRI SRR, XX —1A &

PMMA

gﬂi blocks

PS

blocks

4 . g — - block
blocks

Si0.

0 05

S R
15 20 0 05 1.0
pm

0 200 400 600

N
0.00 135 0.00 2.18 00 nm 164
nm nm

PS-b-PMMA PS-b-PMA PS-b-PMMA/PS-b-PMA

1.0
um

7 HREXL B PS-b-PMMA (36 K) 1 PS-b-PMA (612 K) iR ER BB K LR G RER G = E
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PIBREFERA R TIRATIAE AB/AB * SCRET ALY 1 AR ]2 AR B IR AR R AR T4

AFM [E 7R 461 PS-b-PMMA H1 PS-b-PMA ()38 5 14 2 [T ST AT 2230 AT (T 45 )35 T2 40 B R AIE
SRIM, B A H R IR A, AR AR R BB E R 5 A 2 AT 0] b g v] LAAS B T HE % A 7 1)
YORFLIR G (K 7). FLIRPEARZ 8 60 nm, [A]FEZ°4 105 nm, FLIRZYHN 14 nm. FRATESHIEINN,
TE Si0, B 2 — 2R PMA 2, e R LA A PS F PMMA AH. JHRIKR R 9k A PS-
b-PMA [4E PS K [ PS-b-PMMA ()5 4% PS HAH 8 25 16—, B RUIELEAY PS A1, J1-K 46 BE 1)
PMMA G [l 76 Ho .

R O A2 BIE BRI, SRR M A AEAE 23 35 s ma S SR W ARA T o 5IE AR, Bk
U, WS ZH R R 1 A e B 1 K T R AN () B i RS — i B IR SE M AR, ) S BRI AT
[ lamellae FES "4 . FRATAISLIRMER o, PMA J& =& v & 1 il B i 9. (Your =42.7 m)/m*; Ypyys =
41.1 mJ/m*; yps =40.7 mJ/m?) )| FFREFIELAT Si0, J2 A fik 3 IS iAo i A B . R, 4R
YISO E Sio FEIK LAY, BrERY PMA i BOst 20 55 1R ICR T, M PS Al PMMA 84347 7 i
PRI, TR R BBt di /MU 25 S A 5 e A O 20 2, PN R W 43 b I K PS 4 AH 7 48 285
—2, R T L PMMA AKX, R, FRiE IR T EZLAH PS 42l PMMA ARAEL 254,
F T PMA 1 PMMA 4% Befb 2450 AR RIPE (X — S B X AR S HEHBRIKRWE LA ZL),
Tz R — e B A EYE. IXFE PMMA ik BOSEHS 7 #3078 PMA B4HH X 1, 3 % PMMA H
PS BT AL,

1.3 #ARE=sHEHEBEYEENNKER

B T A i B R Y, AR 745 bk = i BAL R Y BT . T4k, fFgE R,
WER R A YIFEA 5> B W 45 &, TR S 232 BIAR KW RE . T SEAhE 43 B8 23544 5 ok B 445 T mT
[l &R, X IR R Z B OC R LA 2%, WTRBAH B E, o nl BEAH B384, WIS 4G i 5 Wi AH 40
BUESZRIMAE R AER =X, A B FIRA PG Z R A T P& =X, JEE ks
HIF I ZHA T AR BER .

FRATBEFH AL 0538 2- AR ML e - B Ak 2 ( PS-b-P2VP-PEO) fA %, Hih PEO J&45 Bt Tk
1254 TR, LK WRBESEXT PS-b-P2VP-PEO WiBIES M52 > W98 A, Mok $R4% Kl 18 1Y
A DMF | SEKPEIE IR | BB IR W (3 8 0. 22% ) Ish, TR oS Oy 3 R AY SSOR S5 A8 [ 5] 8
(A)]. T 438 ik B Wk B 28 (20510, 50% ) , 343 PEO 45 K M BLIRGEHI [ K 8 (B) . &
8(C) & ETE 7S 7 HE B s IR 28548 ) s B .

T rsn
£0.0022

U lleell ool VOY
MJ_‘ /=064

% o Sl "._ _ -.-I ; .. y o : l Fﬂl’lhcrdl’}illg
3 0 05 10
um pm
| [
0.00 25.11 0.00 33.65
nm nm

(A) (B) ©

/=100

8 ZEM=H#ELRY PS-b-P2VP-PEO K DMF R nERFERE R R MK ER
(A) HFESE0.22% , %% 4500 +/min, (B) HJESE0.50% , 545 4500 v/min, (C) MK (a) SRS R R EEL
L8 T LA B, W EEXT PS-b-P2VP-PEO [THCAR 43 B3 R4 S 4 BH g i, Bl Vi FE (R 34
W 2 RREIE RSN, PEO Y4 oMokl 5 03 ZERRAR MRS (29 3 nm) , FRATHWER] T SCIRAGRHE
SFESEEH, MRS 12 nm, PEO MZSah e EREM. YIRS TP Z BN, 80MH 2 B2 fnSs df 25
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% WBE. BT ABASMEMGMFE AR

[F] B A
2 FASHSFHEEMNEZDEHAEFRKEN

55 23T A E S B I o R B TE AN T I [ RS (s Rk s k) BiY, HEBS A

H T E T AR AT DUAR SRS RE A7 A, IR A0 R /N T 5 — A i S ELIRE (6 T DSRS0 (n . 3R

WA IXAMEL N 100 nm) |, R BORNERE , o1 T 5GP BT 55 0 R e SR Y AR

AR B AR E LA B, SRS B B AH BRI (40 JapEe )45 ) S AN AR R IR A 2R

W, MBS X BOFEAL , FLIRA I AR, e m A 2P, LU/NROH A e A

TE. KR BLGAR A 85 23 TR A 2R AT (1 9).
(A)

Anneal above Tg or
solvent vapor treat

Polymer solution ’ :’

0:;1;:‘% Uniform polymer film Dewetted polymer film
Substrate _
(B)

20 pm
| S—

B9 BaFHEEXERTANTER
(B) FI(C) 7352 PS Wi E RIS 86 BB

HH, R ARA TS b, TR R AFIRR. (B, BLAgTaT Lhd i A A a A Fe e
P il £ — SE I T i uf L BN Rl R S B A IR R R RS Fa 4 B S84k, DT S 2 FR A 7R 4 AL 2%
Ge, WOV . O R GE . LSRR Jr RO A G B SRR REBEE 1 A

FRAVRNTE A48 —FE IR L 2T B0 S e 2 2 A0 2 /N YR HE S T A 22 008 (5 oS iltie )
FIZ 2520 Reiter™ AL EA T FE AR (Order and Chaos ) ) —Fh-P #7451, HUE X SEHES 15
R RUBERE B AR A AN RN, 2 HH 2 I IE 2 W0 B9 RS IR/ INAS — | 9 EL I Al R UL HE £7) I vk A 7 o 1
PR AT e SR R, Gl MU SR AT, i S P R AR, TR R
TR A A2 107 LA e IR e 23S, 15 2 1 S ALY v 07 S

TN TARE ST RIS B —, MIREWIBEAY T R AT, il 7 Wi i 22 B 5|
AFUNEISE , WFE T MO AE RN AP B 114 250 R A0 P A B2 3 AR RO oy =X A
EFIARIME S, — AP HDCR A7 R A SRR R [ 33 ], UM A 4% 5 % ik BRI AR 25 &
7 EEA R . S, NIRG AR A R A T, A e SRR R R S L AL 5]
ZE, WPFCMEAREAE 1 b 2 TR U] Pl 22 () 5 e RS i A P 2 A R 0T W 43 5 T AR
SRR 5 LRI DU 235 b ofe 7 o v F) 2 TR AT D, o T o] 5 1 PRl S A ™ A A, s o o 2%
A 2 P 2 A B B s SR, R R 45 SR S WA s R BT iR AR

K10 s fEP) BV 0 AR SUR SR RO RESE IS 1 SR W A0 25038 A T . R BB LA AR S i i 5t
SR A% PRl I A A BN, e ZIE R T RN HES B SRS W A BRI B Sl S E Y AR B BRI SR SR 9E
JEWAIFL/IN T — A i SAELIN A RETE sk A LU 259 362 [l 5.

IR, FATHRBTIT TR G VIR AE A ot i B S AL i RIiRAT . R A 22 S iR
D RBE AR ES 5 0 712, e e Ak BRI -/ \ e i = SRR B0 12, RESEIR BB R T R A
A 22 R BOILAS . SR WP R S i i Ao 2 510, Fe AR 2) T LU JEOR A AR
AN BRI THLO SR IS (1) . R — Rl i Bl A2 A, 7ERIOK U B ISR & Wi i
77 DB B3, 5 3 ] LA™ 280 b i o T (AR i g o, R i b ) o L AR B IR
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E 10 PSHEEMENENEIERNERR ENEERITA
B RS 170°C , 3B A E 4312 (A) 0.5 min, (B) 4 min, (C) 8 min, (D) 20 min.
AR T I Y BRI AT T EL3E R (T SR A R mT LA B — L R A R S I R, e
BEAL L HC 2B TCHE IR ) 1 P 58 (B ANAS 230 b i < THLC 548 ) L 3 S P 58 T DURE S 31 5 110 Jope
HRAUnER — AR A PDMS I, Wn] DUE RS IR Pi 2l kit , 1 1K 8 2 AL e -, 8
TR T A AR

&) 170°C 0 min - N Tmin _

000

B AR E R 170°C, 1B AHFE 205002 (A) 0 min, (B) 1 min,(C) 7 min, (D) 12 min, (E) 20 min, (F) 50 min.

7 —Jr T, FATARE YR EREA T, S 7E A [ b3R5 AR 2R R B Y
PSS A A LN R A AL S . Y FRATAE RS R i L SR — A MU 25 R f) PDMS B AR B I
PR IMFAEN 55 W 0 B A URRE LA B InF, PDMS AR (™ 2 Ay 3ty RIS fi - 1130 2 A 3tb 7 sl A7 7 25
2, TBEIRER], Wz Biag, BB LR BEE S5, W 12 (A) Br7s. Rl
A RO SR P R e A R A, B A R P AR, A T R R (AT 12) .

UNSRAE B B 2R G W IR L ) — e R O — P AR A VRO, 0T 2 BR AT, R4
EREIRAT AR B LIRS E N R BN, FATA T —FhSc s & (15113, R e
TERA — 2 RAR LR R RE b, PIRE ] B B AE AR B R — 29 140 nm 1925 UZ. R B ASE
By BN TR BTN, (i —w8 53 PS W AE IR 2 Ah. B BB K5, PS W AE AN [A] A X3
BN R AEIRAT T ERAR A DX T WL EIIE 1 2T, WS UL, SRS R
JETC P B RGI . AR IE T T 14 DX I o P ) 3 2k AP AR A7 A, Bt B K IR TR o s BEERR A 2537 38
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PDMS mold

Si substrate

00

O

l Heating(T>Tg)

00

ot O il
0 20 40 60 8 100 0 20 40 60 80 100 PDMS mold
um Lun Saucoze 1 Saucoze

* Si substrate

-~
-0
v e lMold removal(room temperature)
e
-
L s
t _" Si substrate
0.00 137.81 0.00 291.53

nm nm

12 PSHEEEEANZMATEANESR(A)R(B—D)ETFHEZRMNXETETEN(E)XWIERNTEE

180 C (B), 1.5 min; (C) 11 h; (D) 104 h.
AR N
\\ P \

ate

Air

Sisubstraic N

Region ( 1) Region( 1) Region(I11)
B 13 PSHEEILRKETEE TH= REBHAREEERITA
S TGS I TR I 2 AR 1 PS JHIEE ( DI T ) DU 2 0 1 A 2 R 00 ) 25 038 00 . A R) B 2510947
JE AN A £ AR TR IKEh i . % AR A Tl AR ULEE 2 =Fh oA [R] R i IR A7
N, A BTG v o3 WS 2 R IR AT D AR B AR, [R] AT R DX Ty R 2 i R 1 A

fk.
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B3 1 H v 23 R I PR T AL DA b SRR B A PRI Ay 2, AT TR AR ] AR T 577
ARAE I TR ARE, BEBT LEsh, fn kB ZRIER. MRBATRTIAARATRLI K
R, WA MNEH RN, RS, WA LI R T F R, Nk 14, FRATHE PS-b-PMMA R 1L N
WZEACT, MR 2 BUALIR , SR FLIRE MG ™. eI R, i T e i ok B i)
RN AT AE R IRAE AT [ BRI R SR AN — 1Y), AR IR B T 0T AR A LT 1 6.

14 PS-b-PMMA H#ETERER 2 S A 7R [E B 18] 19 5 T8
(A) 6 h; (B) 9.5h; (C) 26 h; (D) JEIIEIAE R AME S5 B R B K

= g gy e gy e gy gy

L — — — — 1
0 00 00Q0

15 EAFRFHEHR PDMS EE_EH PMMA HEE 5] &7 MEK &S ARG 0 8 B X8R T 12
(A) 151 min; (B) 170 min; (C) 200 min; (D) 313 min; (E) FHFh I 14 22 14 A4 ns 2 1A
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¥ WRE: ;o TROAFBEMGH LR

ANSRFRATHE A P 70 28 5 3l 1 0 SRS 2 A S re) TR 5 L AR DU P 28, Skl mf AR S R0
MR 2RI S AT PMMA 5 W05 I 76 A 25 /I B PDMS BB |, SRJ5 A MEK %5 5178,
H. 7E R MEK KT, PMMA 5Bt tRiz al, &R 0. Qi 15 B, AR B (%) ke 76 77
He bS5 B ) X ek, FRATER B PR LIS, & 15 (B ) A2 B A1 DU A T 2< T 18 45 44 1) A A
R

3 M AKERAERAFE FROK S

AP Z AR T i, RS, IR, ML R B, LR AR o 40 55 R A U K ) 2
JFC A5 U AT T B T R A S B & 0 1k B U Ik i A S e i 2 —.
A S FURP RN A B TR B LR R A R BRSOk, FLR
Wt MBAR-Fe s R 4.

ULk, Francois 55 I Seill T — AR B SR 1 428 04 0 ke thl 46 e BLIR 2 AL 43 F
PRI, XA E AR A IR R, JKZRER S YR R TS BRI UK BRI RUIHES . K BRI
FMoERZERIG , TEFEALH SRS YR L AtE R A i SUR LA . BT, FIHDKZE OB il &
ZALRIIT L B AR R T E A 2 TR R, R B T2 0 REPER w20 7 FJCHLARL,
THURIEREN | BRAORAE ) | R AARRLT A i T ZALIIRE A R

AR AR BN s Z LR R E 2T RRZ , OB LB E 20 R TRZ, B2, &
GERIWETE R R FLIRIE A TR LE R 3R ot A WLARE. PR, INIX— st e, FRATIIFE 1 Rk 28 104 Bk
FARMEA ¥ Z LSRR IR A RPN R, IR REY 011, ORIV BN S0 25 X LR n e AL
PRIFE , BT T PIAPFLIR BB R SRR -0

FRATTHI IV BE B K A VBGR AR, 72 PMMA S5 29 SR W b il o 1 oK RS iy A0 L 45 44

A
Condensation of water

@
o %0
@) O .. ;Sol\'cnt evaporation

[ws]

0

0.0 142536 0.0 256,53 0.0 11239
PMMA PS-C-PS PMMA-C-PMMA

El16 FAKKAERFEHEFILRAEEEAFHRENERTEE
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(K 16).

TR 2T Sl R R T K BRALIUHE S, V5 550 b B 2R A W B LR K BR AR B 9. /K BRI 70 4%
K, BT RUNALIR S5 . 8 R FRAT A I o3 XA BB AEAE, LN, #E PS-C-PS Wil I, ATE
F A FARANBIE R B LR, 78 PMMA-C-PMMA 385 | 2307 d B9 FL IR EG 5 A9 X AL 3R 2 vk —
B SR R K ZE VRV BE RN IR AR R HEA TR [ B 6 (A) 1. 4 & Bl /N K Bk b 1 B 40 1 VR T AL
MHESINE, WAZAE H U /N K BRI TR A B AR T MR T v B L e 4 R S R T, iXRE, 24
VSRR IR SE RIS, VU JRERIE R LI 2548, i rbc s/ b LT 3 l— b [ 1816 (D) ], 4
IRERA BEAE MR, FRA7 505 HER, A 16 (B1) Firs. A0 B 7K BRAE I8 15 e A5 Ko T AT R P i
B R R E K 16 (CL) ] &, KERFNERIE RIS , T A a7 7 S LIR
O F LR ZE B Y A () FLIR [ 8] 16 (D1) 1.

FRATRI BT RFSE T 3 A BT | P58 00 A X DU LA R B S LA s (161 17) . R B BAT i
MR W R A YR AR B RS — , HEO A P 2 ALE5 . ARG RAM LR, B

R e .
v if S0pm
:‘.ﬂ\;ﬂ?ﬁ'ﬁ'

(E) 5000

4500 /

4000

T

3500

3000 - /

2500

Hole size/nm

\

2000 F
40 SI(] 6IU ?IU KI(] 91]
RH(%)
17 FIAKBEAER, EARBFE PS BRERFE NN
(A) W2, (B) &f; (C) ZHEifkhr; (D) WAk, (E) PS HARRAEA FIFF Y L2,

T 21 R FH K B RS il 5 22 FLAR 9 7 vk © NI BR 13538 1 & 0 IR &R, e 3 T
ZUIREMERI R AT RICHLARL. FRATURE T T8 B SRR PR R | R ITE S0 TR Rt
AT LTS SR LR 254 (&1 18 ) . i — 2Pl i s K 28 R 2s R ny J 1 R B2, 36 AT DLy £ LR
KARLL, 153 146 RS AR FLIR 4544 (14 18) .
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Gold nanoparticle solution of toluene

Glass substrate

Normal Owns l Moist airflow

Osovaic
= i - Horizontal

F i fow 4 Ohysa
Gold nanoparticle solution of toluene

Glass substrate

18 FAKZRAEN, EEAKXMTEHERBANEFTREKE LR ER S LR
KA AE(A) 1.50; (B) 1.68; (C) 2.15; (D) 2.55; (E) [BIEFIMHIEIIEFLIR A= B 214,

4 AT THREUHNBESBHRFAEFHKEN

X T REBEREGVIR G NAMBERR, UM 2 REWILRY AL T P88, 2k4
HHOYES. HROP B R R 2 (B2 B 12 (3has) Wdasthl, fEARr B Ry b, SR AR 25
FIP A A 0 F B A EES. Boltau 55V 855 A YIRS WA 3 B L 37 TR A2 M T ) SR i 3= T
F14) 26 8 PR O R ) A T, LRV 3R T () R U] (BT SR e B8 B SR S IR S i . A AT T e P
AFZEHUKPER R GY) . BAECH (PS) 5R OIFHMBE (PVP) LUK PS 5 PS BiS, AR, PS HAHIK
PE, PVP FI PS BrS,  FASREUAYRACHE, PHZAS R BT 4 585 W e Uk 1 i < RV B )+ i AY 25 801
B b, BRAS T SRR S A I SRS AR SRS R A . T A IR EA R A A K
(9 PVP A1 PS BrS,  HLAT BRI VR, PVP 1 PS, BrS, ) /A fESLIR A 4 480X, 1 PS #dfiJ
BRI RERABREE AR SUX. ARSI TR A W IR AR 4 B A ML, X5 TS/ T 1 pum 195
BRI, i T REAVBOR, WA A S (AR S-S A S, S - AU, X
FHATBIANIR] T AARAR 73 B (R LR, 2332 BRI 5200, 2H 4355 571 1) Ay 4 A et P A B4 ) S 3k i
5% (Surface-directed spinnodal decomposition)*Hﬁ:}’%ﬂ’\]?’iélﬁisz’53]. — 5, B JEL R R, A A X
AN, Ho S S T R, Y v R JEE B 3K B L Spinodal FREAE S /NGBS, RIS S SD B
4] 154.557

BLIRCFS T IEAR 23 B 52 3 IR FI SR PE BT s e, FRADE IR SUMTE 1 pm LA AR S W IHR Y
. REVIBAR RN B, RSB E TSN EENER S REYr+
i IR REWAAAE | AR BISER R A B UICR. MR G IS A R AR, R TR
FE S A b S YRR R AR WCIRSAR 73 8 (A ot PR REIA 2 S U S 2 A6 | ROT Ry T
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% WBE. BoTABASMEMGM SRR

I DL RERTET e W ) RS T S 5k AR ) R ) 1] Ak T LG S B R s, KR AR AR
( Breath figures ) FIX} ( Convection ) A5 EE. 1% B8 5k 3 B2 45 TV 70 4% & 3 R R AN IR 15 A VR B
AR BRI S Ak TR RE A D[R] 1A 7

4.1 FAMNRHFSERBESIBEREFER

Xof A — PR AR F ARG, SEBR L, STRBLG AT LS AW A2 A | Rayleigh-Bénard i i
A1 Bénard-Marangoni Xt . MR AYIESE > 1mm B, % E Rayleigh-Bénard X ; 24 1 TR 0 )& 1
<1 mm B}, &4 Bénard-Marangoni XJ¥i. X} Bénard-Marangoni X}, 323 5K 119K 5l, HASFh S50
HIFRIER N[ M, = (BATh/pok) . Hir: B= —dy/dT Fm Rk IS, p, v, k, h Fl AT 43 51FR
WARIBE , ZhARERE, P HUREL, WK R 2 AR 25, % Marangoni Z4UK Tl 7
{EfF, BI. M, = 80 i} &/ Bénard-Marangoni X1, FEVA R 2K BS AIEHESTI R 5.

Kumacheva 25" 5 YCK; Bénard-Marangoni X Fl 2R G W) HIR M) W IR AH 4> B 45 At ke, WF9T T 1
XPRAIE LT , G IEYEE W EAR 7 BRI, Y450 5: 1 (BT L) 9 PMMA FI PS 1y
FH RS RAE — 2 1Y JE B I e R B, S A3 B HL U ) PMMA 43 A 7E PS WY 5% 454, Kumacheva
SN NBEE BRI R, REYWRERINE—EEr, REWSIIEFIRI, REWWAH L&
FE. R, Bénard-Marangoni X255 PMMA F PS BUAH 55, UR B WA AH FE AR 22 9 B 43 A , K
AH PMMA 8 2b 1 2R 5K 0 B i 22 1 PS AR s BRI 5K I 9 B, 555 I WA 7 7S S )
VTR AR ST T R R RN 22 AR, U TR — S R R K B IR 25 N A R
Frrgity. FRAEPERAT AN B0 PS(RIR M) Fl P2VP (R -2- LIRAEMENE ) A WTFAR R, E—0%
BT AR R VSR ) B PR i1 Bénard-Marangoni XX 58 W S IR R 43 ) 2 VR , il e AR
REVHTE, BREYTE G, W5 K& RSB il iRt

FEN, A Bénard-Marangoni XS R A YR YR T 4y B A5 2 T AR I e 2

KEI19(A), (B)RM T PS Hl P2VP [ Z A MAE AR HV F 5 A% 0 1.0 L/min BYTE LT PS F
P2VP BBt He o3l oy 42 1FN 7 1IN AR IR SR T TR A0 AP AE . DU F e o R T 2 190 1 B2 by 379 0 4 R 4
%&%ﬁ{ﬁ{ﬁﬁ_l:%%ﬁfzﬁiﬂ%, M EBEE K 11551 Marangoni-Benard IR A = A

Xt PS/P2VP(JFi R L 4/1) Fl PS/P2VP (Tl 7/1) BRI LA 228 N 0 R A WIR A VAW,
MYEFILL 1.0 L/min HRIELE, LT RIS RSG50 ()i 85 IR IE 2 SR A R, X5 T PS/P2VP(Jit
W 4/1) R NER R EIR G, 15210 R A Y5 . P2VP 5 2B LIK B4
B —Z, PSIE MR ZFLIRE 35 7E P2VP Z I, [FI P2VP 525 548, miXt+ PS/P2VP(Ji
W 7/1) OB RN R EYNEE W, BRI R SRS, P2VP 5B R BH% 4
B2, PS TS ER A 2 fUIR A 2675 P2VP 2 |, P2VP R 5233, RIS, AE# M —2
P2VP B 55 7E PS WFLIRE [l 7 A= AN [R) 546 1) S R A AE SR Hh P2 VIP AT H B 174 3 AN [ AR % 3 ok
P2VP iz 45 4.

PRRIAS [ 4504 110 e 3 R P 58 ) SR 5 1 TR 7K 1) i 17 2% B S [R] A 28548 X T PS/P2VP (BT i [b
4/1) WRESY, FKANES , FLIRSS s i BPRESHI L 19(C) ], X2 H TFLIA N I P2VP Bk %
Ji, AT INAY S5 X T PS/P2VP (Bt [ 7/1) BRE S, HIZKALSS , LR 2540 AN h0As it 5 AR 45
¥y, TR 22/ N B B SLIR R R [ 18 19(D) ] X2t TR A —)Z P2VP B R7E PS (AL 4
B, KA, P2VP KM IT LI A A5 . AT, SR 2 A R4 e, 8120 25 i
T AR W AR

IR, FRATHFIE T AR5 F = A R i TGP /N7 F Triton ® X-100 XF PS Fl P2VP 4 H U AR XT i
AR R R T IR0 4 26 TR S A S5 78T . 18] 21 JRR T 7E PS R P2VP B ZRIR IR, Y das il — 2 i
R LB, B /N 3F Triton ® X-100 0T 2R 0, A 00 08 16 15 235 480 22 32 i 17%) ek 728 kg R
WA FLIRZERS. & 22 B T IXAE S AR S R Y5 Triton ® X-100 F77EF PS/P2VP [ HI2K
VW, BE R IR DA A, ORI AR AR EE B B S S IR AL Ay P2 VP i S AHIE IS MR RS, TR
Triton ® X-100 54 7E PS Fl P2VP Z[a]f) FLii , 6 P2VP XI5 7 (U8 286 [ K] 22 (A) AI(B) ]. HF
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0.00 660.10

E e = =

pvp M ps -Subslralc

0 5 10 15 20

0.00 1591.86 0.00 870.09
nm nm

19 FAXRIES PS 1 P2VP R 094 B 1 0| E 2=
(A)PS/P2VP h 4/1; (B) PS/P2VP 4 7/1; (C)PS/P2VP i 4/1 BYHE N2 1H B K Ab 3 () 2% 1
(D) PS/P2VP 2y 7/1 (G 2R w5 K AL 3 1 R 1

Higher surface Lower surface Evaporation of
tension tension solvent
= = = = E 2 = = = =

- L = = -

-
- - . -
n - - - PVP PS Substrate

(B) (B)

©
BA R B EpDbDAaBS S
) (D)

20 FAEIHRIES PS 1 P2VP T B A B 10 0 E R 1t 72



400.00

) [ [ =200.00 f\\//\ -

2308.39

21 REFMEFI/INDF Triton ® X-100 31 PS 71 P2VP R KB R AN RHIER THERMN M RERRNET
(A) Triton ® X-100 ¥4 0; (B) Triton ® X-100 Fiit 53-8 0. 15% ; (C) Triton ® X-100 BTt 73404 0.35% 5
(D) Triton ® X-100 FHE/HCN 0.5% ; (E) Triton ® X-100 Fi/3808 1.5% .
Triton ® X-100 Lt PS F1 P2VP 7E AR A B2 TR, Sie MR I AR S50 00 T e A= BB, DT 307E P2VP
T 5 TR R A E [ 18 22(C) 1. BEZS Triton ® X-100 7EIE W P E 942 5, B £ 6 Triton ® X-100 3
AB P2VP 5 B K1 22(D) ], W R & B BEAR TR, 38 B Triton ® X-100 7E P2VP 16 5 X 38 1 534

i

©

22 Triton ® X-100 Xf PS #1 P2VP M KB R EXMRMERA TERAN N RERRNETHRE
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ALY, —Seifg YR T FLIR SR [ K 22(E) ]. 24 Triton ® X-100 #F—42 &, B P2VP Al Triton
® X-100 A4 B A ARAR G BT B T, B P2VP g S AR AR A T 3EZEAH. P2VP/ Triton ® X-
100 5= B FE K 2 ()G 5 200 W VR B i Se AR Bl R e L [ B 22(F) . [RIA, PS EAEXT R AR
AR5 U s R a5 [ 181 22(G) .
4.2 FAKKAERNFSEREEIBEREFER

AU PFE], AKZEIRIER B YRR A B UK BRI UM HES], AT LR 7K 2895 M AR il 4%
Al FoR Z AL T, IR TR A K ZER AR5 5 R G W B A 2, HilAs 1 sk
LA ] 3 oy P Y 22 LR AR T L ATk PR B R AR [R) S /K M S A SR 5 PS (K ) it P2VP (K
PE) TE—E PR E LT, FIH/KZRIRBESS TE /KA AR 755 PS M1 P2VP #H43ES, 1+ PS Fil P2VP
FIANTRI SR B K M, 75 2 B 08 5 R ) Z2 AL IS 285 /) HAT X AR [ A Z8 3 ml i i . 181 23 JRR T
ANFNREEAEBLT PS A1 P2VP 11 U K IR R AR 3 R B P i Wi R 1 8. T LR, IR A
F 30% LA Ly, BN A FLIRZ5 A 1B, P2VP T BA SR KM 7E PS FI P2VP & AEA B,
P2VP 3K IR HES , 2 BOA MUNHES 1 2 LS5 4. (8] 24 J2 I8 iy il /.

5a Y B :

. 2 i - .. . A -

ISt id: a2 15 15 30
P AP IR PR R | 10 20
O BORNETS o0 * Mo 5 5 10

1 AL ES0% PPN 0 0
0 5 10 15 20 0 5 10 15 20

"i“ um
0.00 58.63 0.00 34.76 0.00 118.77

I
0.00 290.54 0.00 887.09 0.00 813.50
nm nm nm

23 PS 1 P2VP BT S AR A SR B HOFR S TR R BT B R E 47
T E 5 . (A) 10% ; (B) 15% ; (C) 25% ; (D) 30% ; (E) 50% ; (F) 70%.

M PS I P2VP SEH /K 22 58 K, FE30 H X6 7K (% ml o iy p L0 2 B A Wy 2 T K AL B
P2VP WK A, RBIEK, FLIRSS AR Mg k. 2 m#R G & m 2Bk )G, WoKEKE P2VP
SRS BN FE R B FLIA 2545, P2VP BY5EZL A IR K PRI PS A8 B 7K P ) 252 5 2 S A = A Xop 7K R 35 T 28 A AR

ST PS F1 P2VP AN R A BV PR AN TA] S5 4 2 1 98 B GH AN [) A 3 351 28 7504 T 3l o
P HREYEm AR EE R ZZR W, mikik, BHIK, R rkmg) 2B s, PS EKRE KT
P2VP, {EJE 4N AE R 28R P U 5, PS WA S KT P2VP, SRR AW R m BRI IR, X
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E 25 SFLERXTKFAFIZERH RS EITA

T RV 2 m BRSO, IR R R AR, . M b
IrHL)ZE | OB R | IR R T | P I Sy | ARV A ER TSR, HE ORI THAR
i RN Z A ARAE A SR AER (I, Sar 8844 | e AW B e A s i L AR
R WOGER RS ) R AR ST s 22— R T 2 PR A R IE RO Al i
FEOE LSOO A0 37 (o o Rk S 9 R AR A, R R R A IR R Ak | HOR IR B A R . AR
A7 BarE bR Lo R AR R RGO, S T IRATIERE T 1H 42 0 o1 T s+ iy # 35
A RUR. 5, AR BeL R W T 2 B A AR T 9K R 40 F A TP i iy, il
PEHIARRIRIEAZE OB K, SRR I RE B | MBS RE | R A BRI [, FRATTAR 3] T — RS
TESR DR GG . 38 1ok B 2L SR 4 RN 35 SR W LR DA R B AL SR W 2 Ml 3R, SO T X 4R g5 /8
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Bl RERAREHEFEF MR RER

o 45, F OB
(EBMI 2 VR4 5 TR 2B, M 450052)

KR BRI, PR, ARG T

I S A (Supercritical Fluid, SCF) S48 7E i S HE Al 5t h 2 B, EA HeoEm v A
ZR R, A R AT RGP, DRSO VRIS TR0 |l R 7 (] A ] R R SO U A T
W= R VAR RE ), SRR I SRR ARG 78 . I i A ARG AR, 6 3R oK IR S e Y
gl AR AR R SRR, O EXPIRESS B SOE iU, AMURHE R RE, s
HLPERE S W B S S A A s MR B . BIFSE B ol )iz S Il 5 — S 1B (SCCO, ) , IR HAT AHE |
o MR PRI BT A R R I POl AR A s B ), B AR R PR S S, L A Al
JR R AR TG A HLIE T, X Ak RE O 5 A9 22 D RE 2 (¥ 501 0 1 A= R AR R T 1) 5 98 30
T3t AR | ARG | RS | EALRI SR A LI R RS O |
i SR A AU | AL HLBRI Y FZH 53/ GRS RAEN S | LU LA HLAEL  TR)Z | P RED
WL 43 SR KR BURVAE IR T ) 25 REURe 4 R A= i b RE B | A IR S T
FERHST | GRS I REME S G APRN TS GORBDRE ) | S RGOREL | R ES R 8 R
R

20 122 80 AFARLIA, il S AR B A B BTV R i | ey S SRR R 2 07 Th 98 32 ik, H
BIR BB O ZE 3 BT RS BRAE AR A K et e TT, Horh A R 85 B T i 2 —. i —
SEARIRAE PN B4 e ST BAT T8 ) s AOR FROR )T A PR R B A e B, B 1 fEDORR T3 L ik
Z| | WSS A LR (Top-down ) BYANT 7 A E] /NS, il F — A4k 5 R G
FOBLZ ] A4 P8 B R L (Bottom-up ) Y77 1 78 1A 8 I P F2E B A8 Al o) o 45 R I 48
o DR EC Y K 28 P 5 A 5 Bl 5 A i S A 53 45 FRUAE S8 2 B ) A KR | R R AN AR R 47
W5 N AT RE. AR SCRABES A GBI SR EORAERORI G 8, JUHIEA e R i 4 7 I DS HERE.

1 SCF #I&MAKE

UTAEAR, GORBPR G R TSR I SR AR, AR | QORI FLA R . Rk g oK
BN EARARAVASHE | PERERIN 5182 5GTE, AN[R] il £ J7 ik R0 SO, BR800 ™ 3 2544 R
RE. B SR B DR 5 BRARAS L7 BE LA MR D, R A P e 9K AT AR H R 1 T
LIS, AR PRI 5 2R 22 I S — S fe = ) 4 2 BERR DA K AF (MCNTSs ), {5 $R 45 il
PEFR IR BEREAE A= R A R Tt — ST

I K202 R 5 AR AR RV A T I BERR AR A, T AT B A v i
HACHREON , 81 R G RE TR | A LA & S5 e DRAE AL TR PR I5E T Ml 45 22 BE e 20 K B 254, O 1
BRI R AR R R N R Z —, KR kA B TR F R AR R A RS £
HAFAE IR GUORAE TG 5 J5 385 WU A A0 T 45 00 A DK 7k U8 i f o) 2900 K A/ 2R PO B I T
4, I HA B AURAE IE R Il SRR I 2K B 7

ER HARMF A (LS . 20404012) , T REE 2B TR A T B A me 4 78 1 E R 4000 5 (HEHES . 0512001200 ) %
8.

# JEHTHIER A, E-mail: qunxu@ zzu. edu. cn
147



o A BIETRARB AR &H 5 LR

Holmes 25" 7EZ8 VR -IRAA- 81145 ¥ (vapour-liquid-solid , VLS ) il # 94 K 4 4 sl H 2% Ak 4 3Ltk | I
BT R MBI PR AR ZE VR - - AR A 4 T2 (supercritical fluid-liquid-solid growth process) , 18 i Fi
OY BB IR AL B B AR S VR A R 7o | 4R ik i, JF HE &P R 3 7 H 2 Jobr R 4 Sl (151
1) 2230y BRI A ) | VR AR S RN IR R S A SR 5 R 2 R T S
DXRPREHE A= 7 TCHH B SR AR EF 1B X — Ak SRR A2 88 A R P Si5hE
Aol RIS S AR 25 T i P 4 T k2R 0 3 2 A7 14 I A FH 45 30 SI0 BOK Rie BR B AR (BLAR DG

Fig.1 Nucleation and growth of germanium nanowires seeded by organic monolayer-coated

gold nanocrystals in supercritical cyclohexane

2 SCF 4> HEH AR &l &t

IR I S A R Al - 23 A R B 25 = FL 2% BV IR (R AW . BB SR AR MBS R T2
(AT 400 I AR A 5 A TR AN e B R B WA SR AR TRV IR TC 3 - e 3 AR VR T
FI R I 0t A 5 B 5 W R A AR 25 1 T LA AR AR R A 2 AR S sl B, A5 B [R] A0 7= i 45
FIFIESL. 5 SCCO, A R A7 i Sl A4 RE T hHE 15 25 52 225 ) 21 4 IO DR ok 40 25 ) ) 1 93 700 0 e
SRFLR AR 5 I FE CO, R R (1 BUPREE T 38 1o 1 Fek 12 U F R ( TMOS ) 1 5 — A HLAE: i
[ 1,4-bis( triethoxysilyl ) benzene ] (R 7K fift 52 b AT £5 21 K L R 1T O REHEERL . 5 SCCO, M A ME— Bt 1)
AW I03E T R A RALEE R, AN R I P4 R SR I R T SRR 21 ) B0 7 RS I SR T M
Mels, HOS LT REFRER SBERE , TEMEALTIAN 20 BSR4 | IS W RN 2 AR 25 T THI BT 23 A RV A o .
MIHAEG T2, MR RAD E N fGAE  J56E, w5 —Jri, G SO AR LR AR F i
VSR AR DO ik B R (RESOLV) B FH T Gk (9 il 4. 91 anid i SCCO,/ /KB IF R G HIB R AW
ok, HERMEFL(S ~500 m’/g) M I T AR J1 B9 R, X R 0 al 5 64 B £ ( pressure-adjustable
porogen ) #EAE TR | FEAWIAT A 8 BRI I 4521 ARG T4 ) 5 RESOLV H AR M Ky
TP Al 7= A R B L RIARZS T4 bR AL T 20 I SR AL 75 R B AR TR & s e
BRI R T RE AL NSS4 2 T T4 21 1 N, AT EE A i RN 8L 1Y) % L B8 S T BE M RESE T

Sen £V Sl FIORA S NN NS L L8
7 S o VIR P 70N o X R
Fig.2 SEM images of polymeric rod and fiber gels produced using compound 1

with different initial composition in CO,

3 SCF Mz, BE. fHfrf1ZEEL

R A B AS CO, Ay 2 T 5k ) FIR T REARAR, 3 X5 T s £ FORS T 221 1k 0 94 J2 0 2 AR A ) Y.
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Ober %> STEL T I FH itk B YVED U SCCO,ME BAE R M2 BG4y BER KA F] 0.2 pum, b2
WARTTERB A ( chemical fluid deposition, CFD) 4 -
FHT IR R T P R B oK 5 S ) o, PR $2
TR S T g IR R TR L4 8 2 43 Y
PR, T B R IR S & (181 3) 2% ok
RIS CO, VE S 5 700 I i Jr e U 3R & W il
)00 SEH S A A X AR AT A M 5 K HE TR
EROAEI L AR BT BRI T BOR S

e AR TR B A2 PR A 1) 5] Bt IO RR B4l P24
M ’ B ZARGERRER A AT *4[67] AT RS Fig.3 SEM micrographs of Ni fllms deposited at 60

JEGKALA HE *4:68] (A il . R I S T A A i R °C and 140 atm onto etched Si wafers by the
(SFE) TERPBH 2 7 AR AR 2 1T 8 H , A5) g L hydrogen reduction of NiCp, in CO, solution
il g A P AR AR G 22 B Bl R O TR in a hot-wall continuous-flow reactor

PSR b R PR 4 L TSR
4 BFERAGVERE

1S U A1 | LIS ISE SIAI T L R | BT ) 43 7
BEE BRI R AMIAERIE S, B10 SCCO, 7 SR T 1212 AT A AR S ) o 0 o
SRR BT ) RS ALHESN 7> | T SCCO, B IRV 3 2 A BRI KT R0 BB 2 25

(P 4) T 38, R I S A AR TR A AR T 9% 2 G T s L) SRS W TEHLIEORHE 45 R
AT BT RS Tl A A 77

. SC CO. Phase SC CO: Nucleus
Inject CO: seperation RY formation
S LT R KT g
\ ‘! ‘ b - -!—‘o-

Fig.4 Periodic patterning on carbon nanotubes by supercritical CO,-induced polyethylene epitaxy

5 SCF HEh (58 ) &R E #

A I 2 ) 5 P A e AR T 68 LSS 5 3%, R S RIAILBE 23 D BB B9 1E 1] 52 1] ( Positive or
Hollow Replication) . S [a] & ifil] ( Negative or Inverse Replication) Fl5¢ 4% fiill ( True Replication).
5.1 EmEH

TE 1) S 7 AR T IR, n] LAV SS DA A ThT 14 B A= Bl S AR 4 4. SIS A e T 4 48
Wiskist, DIAT R ALEE, 40 MCM-41 F1 SBA-15 LRl A A HL-JCHLZR LA BHT AR RAG B T )12 G TE,
WA IR A ST R . EE KA IrE . (1) MU DI RE R 5 (2) ThREALH
JrEAETRE L, (3) SRR R Y —DIRERE I A U7k (4) R 90 e b LA HLEE 5 (5) XTI
PRI SEE fHE AL R TU BT bR F L~
5.2 REEH

B 1y S A 2 007 b A AT A — B SRR S, JR AT AR 7 A o AR s BRI AR AR L (PS)
SERWORESA AT A RMR 2, GG D RE LI L 22 AT 1 25 A PE A B S S AR 203 3. (B HT
FIBIF ST AU IR T BN, 2R A5 1 TR ¥ 91) 22 i 50 30 AR 1) 5 i 2 2 AN [ R B2 1) 25 ) R AT
(1815) "', Cabanas 55" B JEitill 7l ik =464 )3 FUR ORI A BRI IG SR RS S HE AR & A 15
RAL SiO, (K 6) . 3 Ff PS BREHEARA e 2800 b AR BT T 4 7 I SE(EAR . (EARE A2,
AT PS Wk 5 Th BE A6 A 2 181 1R B2 A9 98 5 LA B SR IBEAE. SCCO, Hh A8 A2 i 4 il 2 5C B 1 [
29 A EINA P 2L Si0, R HAA FOR PS BRI 4% ~ 7% , UiZA BHE T A kL
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F—I7 T, P4 Eh A BET [HIFFIZN 1 L3 3K 2 570 1403 m®/g, 0L i T VRO BRI wh i e e e 12 1l
HAFRN A RIZE = (92 F1 31 m*/g) 5 [RIAS 7= i IR 32 (149% ) WA BAR T A T (25% ). & F
SCCO, AR A PR TR AR, BB AR AR AR 4 2L Ry 1 s R e85 4h
I A AR TR A E T 0 2 SRS 45 TOK 2 22 tAS 1) T Tl Ak R

Fig.5 A demonstration from swelling in polymer spheres caused by supercritical carbon dioxide. A small degree

of swelling preserves the order of the spheres(left) , whereas excessive swelling deforms into a hexagon ar-

ray ( right)
TEOS Calcination
SCCO. 500°C
40 °C, 85 atm
3D-latex array Latex particles Macroporous Si0;
template coated with SiO:

Fig.6 Ordered macroporous SiO, membranes produced by the decomposition of silicon alkoxides in scCO, using
3D-latex arrays as templates
AR HALEH(OMMs) | Rl b fLAAARRE | BRI S 30 BUH B P 28 A (shadow mask ) 45,
VR GORZR R BN, Schlittler &1 B & T —Fh LR F 1m0 | MEBEMBLY =0 —1K 2
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Fig.7 Schematic of the deposition process by which Cg, and Ni are alternately evaporated through a 300-nm-diam-

eter mask to produce the required multilayer structure and TEM images of single crystals of single-walled

carbon nanotubes induced by magnetic field
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Fig.8 High-density, ordered arrays of metal or semiconductor nanowires synthesised within the pores of meso-
porous thin films( MTFs) and anodized aluminium oxide ( AAO) matrices using a supercritical fluid solu-
tion-phase inclusion technique
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Fig.10 The rapid and precise size selection of nanoparticle populations using the pressure tunable

solvent properties of CO,-expanded liquids
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Fig.11 Highly porous emulsion-templated materials synthesized by polymerization of concentrated
CO,-in-water( C/W) emulsions
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Fig.12 Schematic drawing of the synthesis of mesoporous metal oxides in SCCO, from the original template pre-

pared by spin-coating a BCP(A) , templates patterned at the device level by lithography(B) or with cy-
lindrical domains oriented normal to the substrate surface, which offer a means to control architecture at

multiple length scales( C)
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Advances with Supercritical Fluid Technologies for Synthesis and
Processing of Ordered Materials

NI Wei, XU Qun”
(College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450052 )

Abstract Supercritical fluids including carbon dioxide offer a combination of properties that are uniquely sui-
ted for ordered material fabrication at the nanoscale or micronscale. These characteristics provide a means for
extending " top-down" processing methods including deposition, cleaning, etching, and surface modification
chemistries to the smallest features. The interaction of carbon dioxide with polymeric materials, in particular,
block copolymer templates, also enables complete structural specification of nanostructured films using a " bot-
tom-up" approach, and the synthesis of nanoparticles and nanowires in supercritical fluids are developing rap-
idly and offers promise for the efficient production of well-defined materials or device substrates for applications
in microelectronics, detection arrays, and energy conversion, eic. . In the following, a lot of recent papers will
be cited, which should give an overview of actual results on fundamentals and applications of ordered materials
synthesized or processed by supercritical fluid technologies.

Keywords Superecritical fluid; Ordered material ; Synthesis; Processing
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Fig.1 SEM images of PE decorated MWNTs prepared in SCCO,
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A New Antisolvent Approach for Modification of Multiwalled Carbon
Nanotubes Using Supercritical Carbon Dioxide

ZHANG Zhi-Wei, XU Qun”, YUE Jun, CHEN Zhi-Min
(College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450052 )

Abstract Modification of multiwalled carbon nanotubes ( MWCNTs) was investigated from saturated solution
of high density polyethylene (HDPE) in p-xylene using antisolvent deposition with supercritical (SC) CO,.
The technique was conducted in SCCO, under 9 MPa at 110 °C and under 12 MPa, 15 MPa at 120 C. A field
emission scanning electron microscopy ( FESEM) and high-resolution transmission electron microscopy ( HR-
TEM) was used to study the morphology, crystallization behavior of the resulting products. PE lamellar crys-
tals are perpendicular or oblique to the MWCNTs axis, forming a "lamellae staggered structure. " MWCNTSs
are wrapped and modified with layers of PE lamellae. The effect of PE concentrations was investigated and
SEM has demonstrated that the size of lamella is due to the competing result of SCCO, antisolvent action and
PE concentration. We anticipate that this work could be attributed to the further development of polymer/CNTs
nanocomposites.

Keywords Supercritical carbon dioxide; Antisolvent; Carbon nanotube; Polyethylene; Crystallization

159



Mo ThmAESRYTAFEMEH LR

Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures

WEHEHBRTELEEYEA.
B £H 3E F0 S M) 52 (4 7 58

EARmm, ot MW, FBrL”
CHERA TR RS TR, Jhat 100084)

KR BULRY; BORME; WA, AU S

PSRRI BRI TE AL 2R 2540 b 5 /NG MR, SR K B RN /K B i Ak 27 B 422 1
B, FEAK T [ R AR i BRAERGE . bl T AR 1) 45 R R B LA B A 24 ) 28 R A T T I TR AE
MRS, PSEMER AR AR, ARG | TR 2058 & 1 2482 B U3 2 A R BUN
SERRION , S ELA R o 1 B D RE L L. R RR B 5 i B AL R Y, R KR R LT BE
Fn L. B ATRP, RAFT S8 A% [ HIERGH AR AR, CREZA ¢ T Ak Be L R P 1) SCik
HAE D MR MO E BN, (AR I AT 4o AR | IR AR AR e A 4

(0]
B
r Br ‘ﬁ’ CHs
CHI\(OCH:CH:)]::OH W CHi(O(H:CH:)||sO—C+Br PEOBr
O CH H
EPAEMA, CuBr, HMTETA [ Cl '
; - C[l.(OCH:CH:)11'~O—C CH: Br PEO—J‘J—PEMA
Anisole, 80 C 1 l:O I,
CH;

1. H:N—@—x
9 cH, CH,

NaNO:, HAc, H.SO,. 0 C CH{(OCH:CH)0—C |[ { CH. | } Br
2. DMF, 0 C CH. I:O "

X=CN PEOQ-h-PCN
NO; PEQ-h-PNT N
RS
COOH PEQ-A-PCA N
—N
A
N—@—CN PEO-b-P2azoCN
X

Fig.1 Synthetic route of preparing azobenzene-containing diblock copolymers
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Fig.2 TEM graphs of self-assembly aggregates prepared from PEG,;;-b-PCN,,,(A) ,
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Synthesis, Self-assembly and Photo-responsible Behavior of Amphiphilic
Azobenzene-containing Diblock Copolymers

WANG Dong-Rui, YE Gang, WANG Xiao-Gong
( Department of Chemical Engineering, Tsinghua University, Beijing 100084 )

Abstract A novel method to prepare amphiphilic diblock copolymers bearing strong push-pull azo chromo-
phores has been developed in this work. In the syntheses, precursor polymers containing aniline moieties were
synthesized by ATRP. Then, the azobenzene-containing diblock copolymers are prepared through azo-coupling
reaction between precursor polymers and the diazonium salt. GPC and NMR results show that the diblock co-
polymers possess well-defined structures and narrow molar mass distributions. The copolymers with different
chain lengths can self-assemble into micellar aggregates of multiple morphologies, including spherical mi-
celles, vesicles, tubes, colloid spheres. Upon irradiation with a linearly polarized Ar* laser beam, the colloid
spheres formed from the copolymers can be significantly elongated in the polarization direction of the light.

Keywords Amphiphilic block copolymer; Azobenzene; Self-assembly
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Fig.1 Optical micrographs of cellulose nano-fiber materials with specific patterns
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In situ Ordered Nano-assembly of Cellulose Fibers/Electronic Materials

SHI Zhi-Jun, WANG Gang, ZANG Shan-shan, JIANG Fan, YANG Guang”
(College of Life Science & Technoledge, Huazhong University of Science & Technoledge, Wuhan 430074 )

Abstract In this paper, a new approach for controllable bio-fabrication of patterened cellulose nano-fibers
has been proposed by micro-fluidic techniques, via the combination of biological technology and nanotechnolo-
gy. Moreover, three kinds of electronic materials ( carbon nano-tube, tetraethoxysilane and polyaniline) are
respectively in situ assembled into the ordered 3D cellulose network of nanofibers during or after the cultiva-
tion. The morphology, supermolecular structure and conducting properties of the composites were characterized
by Fourier transform Infrared spectroscopy ( FT-IR) , X-ray diffraction (XRD) , Environmental Scanning Elec-
tron Microscopy (ESEM) , Field Scanning Electron Microscope ( FSEM) , the measurement for the resistance
and dielectric constant. The results indicated that electronic molecules could be assembled into the 3D cellu-
lose network of nanofibers, the conducting ability of the composites were significantly improved.

Keywords Bacterial cellulose; Acetobacter xylinum; Micro-fluidic technique; Electro-optic material ; Nano-

assembly

164



maoThRbEEERSTAFEMRHER

Advance in Polymer Liquid Crystals and Supramolecular Ordered Structures

18T R R R PN E i By ST EAE Bl &
“HAFHR SRR

AR, BE Rieig, 4 AT
(EBM 2 BB 24 5 TR 2B, M 450052)

KR AR FEIEH, 4R gk R

HAE AL A A0 2 A S S i R R IR BRI h— A E AR . G
3 Tox 2 Pl AL T 14 7 1 E B FOCZIFPOLZ Y | B SIEORY | RO fh BRI A0 R ELEOR
S5 SRTATE TR EE AN AS LB BR 5 (I AR A P S8 A 1 AL B2 [ R G T 25 T A A i
AREZRETAEE MO, ARk, WA A8 AT G A & VR B0l B 6 A0 00 KA 3257 IR 1 s A B
BP0 1 5 v P = MRS R 2 T A R A R R R R AR TS, A, JRATIE A E A S R
ARG R, AR5 IS 2 B TR FIE A 1) SRR I P 56 0 AR W A R AN ) Py e B R 500 1
THAFRIR AP AKTGE.

(A) L

Fig.1 SEM image(A) and AFM image(B) of the 2D ordered Nano-undulation
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Preparing 2D Ordered Polymer Nano-undulation Through the Interface
Interaction of Colloidal Crystals and the Substrates

CHEN Zhi-Min, XUE Feng-Feng, CHEN Jia-Fu, XU Qun”
(College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450052 )

Abstract Using the two substrates stabilized colloidal crystals as template ; we filled the polymeric monomer
into them and obtained the composite colloidal crystals. Through peel off the substrate carefully, the 2D or-
dered polymer nano-undulation was fabricated due to the different expendable rates of the microspheres and the
filled polymer. This method opens a new platform to construct 2D ordered nano-patterns.

Keywords Colloidal crystal; Interface interaction; 2D ordered; Nano-undulation
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Fig.1 (A) Schematic illustration on SEM image of the resulting heterogeneous binary array of depositing gold and
silver onto a hexagonally close-packed sphere monolayer at the incidence angle (@) of 15° and —15°, respec-

tively. (B) SEM image of the resulting array followed by annealing at 700 °C for 120 min under nitrogen
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Fig.2 SEM images of ternary wires arrays obtained by three process of metal vapor deposition successively
In image (A) the partial etched spheres in template were peeled off with tape. The red lines indicate the incidence direction (incidence angle
0 was set at 45° and azimuthal angle ¢ was 60°) of first metal vapor flow, blue lines indicate the incidence direction (6: 45°; ¢ : 120°) of
second metal vapor flow and green lines indicate the incidence direction (6: 45°; ¢ : 180°) of third metal vapor flow. Besides blocked by PS
spheres array, the metal vapors go through the gaps among the etched spheres and reach the substrate for fabricating the nanowires array. Image
(B) is the resultant ternary wires array.
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Nanopatterning Based on the Colloidal Lithography

ZHANG Gang', WANG Da-Yang”, YANG Bai'”
(1. State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012;
2. Max Planck Institute of Colloids and Interfaces, Potsdam D-14424 , Germany)

Abstract By using angle-resolved colloidal lithography and plasma etched 2D of hexagonally packed spheres
as templates, we succeeded in fabrication of highly ordered heterogeneous binary arrays and nanowire arrays of
metal nanoparticles. The size and shape of nanowires and nanoparticles obtained were manipulated by the plas-
ma etching period and the incidence angle of metal vapor flow. Our approach should pave a simple and versa-
tile colloidal way to form nanowire arrays and binary nanoparticle arrays, holding immense promise for techni-
cal applications such as nanoelectronics and nanophotonics.

Keywords Colloidal Lithography; Colloidal crystal; Pattern; Heterogeneous
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Ordered Organizing and Functionality of Polymeric
Colloidal Microspheres

LIN Quan”, JIANG Ying-Nan, LI Hui, WANG Chuan-Xi, MA Cheng, YANG Bai
(State Key laboratory of Supramolecular Structure & Materials, College of Chemistry, Jilin University,
Changchun 130012)

Abstract First bonding-type rare earth organic complexes were synthesized and then they were copolymerized
with the styrene monomers via an emulsifier-free, in order to prepare the monodisperse polystyrene nanosph-
eres which exhibited excellent luminescence properties. And next the corresponding highly ordered three-di-
mensional polymeric colloidal crystals which had luminescence properties were fabricated by vertical deposition
of the microspheres. By the aid of SEM and fluorescence microscope analysis we characterized the colloidal
crystals’ period size and optical properties and so on. At the meantime we investigated the fluorescence emis-
sion quality and the photon forbidden band of the colloidal crystals by the measure of fluorescence and UV-vis
spectrum analysis. Moreover we obtained a kind of colloidal crystals that may absorb photon and emit fluores-
cence in the same wavelength by adjusting the size of the polymer nanospheres which was used to build blocks.
It will display latent application foreground in the fields of photon and electron.

Keywords Rare earth organic complex; Polymeric microsphere; Colloidal crystal ; Luminescent
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Study on the Relationship Between Molecular Weight and
the Rate of Mutarotation of Helical Glycopolymer

CUI Jia-Xi, WAN Xin-Hua "
(Key Laboratory of Polymer Chemisiry and Physics of Education Minisiry, Department of Polymer Science
and Engineering, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract The change and control of helical structures has aroused wide attentions from both theoretical and
practical viewpoints. In a recent study, we found that poly {2,5-bis[4'-(8-D-galactosyloxy ) phenyl | styrene |
(PGPS) underwent slow mutarotation in dimethyl sulfoxide. In this paper, a series of PGPSs with different
molecular weights and low molecular-weight distributions were prepared via repeat fractionation precipitation.
Mutarotation of each fraction in DMSO at different temperature was recorded. The rate constant & of mutarota-
tion at different temperature could be obtained via the half life equation when half life (¢,,,) of mutarotation
was defined as the time when the optical rotation of polymers equaled to that of monomer. A good linear rela-
tionship between 1/T and Ink was obtained. The ¢,,, of the polymers increased linearly with molecular weights
of PGPS, suggesting a unit-by-unit transfer process of PGPS.

Keywords Glycopolymer; Mutarotation; Half life; Molecular weight
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Fig.1 Outlines the procedure for the fabrication of binary and non-colse-packed hexagonal colloidal sphere arrays
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Fig.2 Binary colloidal crystals obtained with size ratios of 0.73(A, B) and 0.36(C, D)
(B) Low-magnification SEM image of (A); (D) low-magnification SEM image of (C).
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