MEAXFHEMAEFMERL T AT

W =

KR T ERIE AV RSRE, 3t S T LRI 5
K | LBENE RS (HEIEXE) B (PMPCS) MEH—
B, BN EERRERNBR ST, R T 28 H 550005
maTREEEES T FEREAGTFENXR . F—FPHRTER S
RS RNMIIE T SR ERIRRB AR am0 T, 3+
B3 7 HABIT R

1. A=, =, NERHAMEEES « —RAR TERE
AR AEJET/;%%E‘@__‘ =. WWEseR5 4N, @#EL ATRP,
FIRBABOHANE ZHIR = THEEERR) 5] (PMPCS) &
AW (CEELL20%) FHTERS, BIHER T LN E (2
WEFEXT AR R T (THEEFR®) B8] (PMPCS) MM — &, =
BANENEEHRNBREST . B GPC XX 2 R 54w &
FaWdAT 7T, A 'HNMR 34T T 4E. 35 DSC . POM J%2 WAXD
MR T XEZEFRUB BB FRRNS T EX W AN
Fiseim, s RFH: & (DE M DB &%), =% (TR I TB
Z5)) MIUEEEEESY (TE &%) BIESEHGERS TBE
M, gec 777147 18700g/mol. 18400g/mol. 26900g/mol. 27300g/mol
M 36800g/mol, TIHME G FEMEMIEELIT 2: 2. 3: 3: 4,
EEF o TEAEDTEEBMSMATI. BiX L 859 KR &
HREBEMKER>R, LRSS MENS FRIRTE.

2. Wit E%%@E EERERNENWERTINEER
Rl ik Bx W Ao BV R L 58 ) S— (PMMA-A-PMPCS) .. F GPC #iixtb g
JERR B B o B SRaEAT TR, FH 'HNMR 3347 73R4T . 38 DSC.
POM Az WAXD #F5% T Ll _E & By 4 i%%ﬁﬁmaﬁ I T L E N
TR BCH TR R IE NI BE B 4> (PMPCS) . 3— K E G
TEB AR UL E AT g S

Rk PRUBSESY: RTEREHERS, BERES
V. BIEREESY.
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Summary

The literature reporting star-shape polymers were briefly reviewed in
the first part of this dissertation. Two-armed, three-armed and four-armed
mesogen-jacketed liquid crystal star-shape polymers, with rigid chain of
PMPCS as their arms have been designed and synthesized. The relation
of molecular weight or molecular shaped to liquid crystalline of multi
arms mesogen-jacketed polymers was researched. Four-arm star-shape
rod-coil block mesogen-jacketed liquid crystal was also achieved by atom
transfer radical polymerization (ATRP) and its phase behavior was
discussed.

1. The di- or tri- or tetra-functional initiators carried bromine at the
periphery were prepared from esterification between di- or tri- and
tetra-functional group alcohol or phenol and 2-bromo-2-methylpropionyl
bromide. The monomers (PMPCS) were initiated to polymerize in
chlorbenzene solution (w/w 20%). Two-armed, three-armed and
four-armed star-shaped mesogen-jacketed liquid crystal polymers with
rigid chain PMPCS as their arms were synthesized successfully by ATRP.
'H NMR confirmed these multi-arm PMPCS of structure. The Liquid-
crystalline behavior of these multi-arm PMPCS with arms ranging from
two to four-armed was studied by using differential scanning calorimetry
(DSC). polarized optical microscope (POM) and wide-angle X-ray
diffraction (WAXD). It was found that a liquid crystalline phase could be
formed only by a certain values of number molecular weights, that is only
these multi-arm PMPCS with a M, gpc beyond 1.87 x 10* (P,), 1.84 x
10* (Py), 2.69 x10* (P,), ), 2.73 x10* (Py), 3.68x10" g/mol (P,) of these
multi-armed polymers of the M, gpc, respectively. (P,, P, P. Pyjand P,
representing the ATRP of MPCS initiated by di-(L,, 1), tri-(L, 1) and
tetrafunctional (I.) initiators containing 2-bromopropionlyoxy species,
respectively). The liquid crystalline of these multi-armed star-shaped
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mesogen-jacketed polymer related to molecular weight but not to
molecular shaped.

2. A type of four-armed star-shape rod-coil block mesogen-jacketed
iquid crystal copolymer S-(PMMA-b-PMPCS); was designed and
synthesized by ATRP. "H NMR confirmed the four-armed rod-coil block
PMPCS of structure. The liquid crystalline of this block copolymer was
characterized by differential scanning calorimetry (DSC), polarized
optical microscope (POM) and wide-angle X-ray diffraction (WAXD).
The results showed that only those copolymers with molecular weight of
rigid block segments beyond a certain length could form liquid crystalline
phase above the glass transition temperature of the rigid block.

Keywords: Mesogen-jacketed liquid crystal polymer; atom transfer
radical polymerization; star-shaped polymer; star-shaped block
copolymer.
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(a) (b) (c)
Fig I-1 )FBEREAYOREEEREY(OEMRBILEY

—.. BEREYEERRBEIARY TSR
WET. HET. SHESEERENERRE, AGHERES
YHEA T R F B SRNERES ARG IR 5
APE B-RRAENLTE-HNEK, BE—A2TRA%EIE
¥AAMERESY: B RERELF—BUNE L8 5
EREEY. NMABHBRE LR IEERR: E—MEEEER
f9EAR (arm-first technique), BIFIEAHIFHE (FHEEES
23 52 FRANERNR NS, BEBOEKTE L&
#. TR, HAREFEBIKNRESYEHIBRRE, BE2
FESATEEER. FFRE, EhERTRTHENEERSHE
R, MEHHETERES. BHEARENRERETFEBESS, ¥
HE&EBEANBANZHERE. BT 6. kA ES. BER
HIRER . KB RREREASH & HHENNERREY. &7
EERHUNESYEYRTE X UB K —HEBEATARNHE
ERED. E_MEREREREYNTEREBRGEE N TIE
(core-first technique). BRI HZEHEGI AN KB FE S it
HERRINERR SIS BT,
RTERRADEGSRERTENR 1948 &, ERARAC
HE )\ R B B FET ¢ - AN R & RNFE) T Y
B /BN EREE. 1956 F Szware KL T AETHEHRES
HFE KB HIEES (living polymerization) FIMEE /A, I
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EALE R G E R TR EEER ST EL T RN
7, ERERREYH G RBRTEENEFRES. HHEHE
TRE. FHEVEES. ZHHBEREG. RREIEBERS. &
EHERSEE. FARELFER, KRTERZEUN “HH” /
IEHHERSHR, W5 R-FB-LI05% (niferter) “JEH” B
HERE. FEBHERHNREEBhEFAES (SFRP). R T
HBHHRERES (ATRP) MW¥nmk-R@EEEBEERS (RAFD.
M fE “wdE” /o A EE S (living/controlled radical
polymerization) B T, XN TEREEHE. FEMEH
MEREEY, WERESYIILKBILEYRME T TR, 525K
& B RESY R RB RN T EE— R ERR.
1 EHEE RS

70 FAK 80 Y], BHEFESHAALIEREER, EHi
FEFEFRERI: —BUALES FE22K. ABAENERN
BAEANR BRI TN RN ZGERRRAHT T 2R —2
LAZE[E Arkron X% J P Kennedy AR AN RN F T T 7
ITERRT K. BNREE. sKIBSEFEEAHE TR SRR RN
TEERER. AEYEETFEERERIEY 4R35 Bk, &
Porlk B R AR .

SIRAEERER LR RBET 2 BT RANE R
W= He 51 A A FTFEGELH BAICL FISSI — "B IEET
Bl ZIEEREERE, BEBERESDM.

— CH,=CH—OR
MeC o o—cwocuca)s —
EtAICl » O O

(A) S

CHa @

TN 5 /
MeC@O o~CH~vv~wcH2—<|:H— —&\-Q_jtl;CFg )

OR 52 O—>AEC],

3

Scheme 1-1
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ERES YR UL B R EBAE RS . I Sawamoto
AT D e R RS R R R B TR R b B R T /8 5 e
PEEEREESY (ﬁn Fig 1-2),

CCHZ—CHCHZJMWW
OlBu \©L O/@ OlBu
OCH;,\ CH3
OCHz CH20\©
mmeHz H— cnzﬂ CCHz CHCH;NVWW

OlBu OBy
Fig 1-2
ARERREYTH MR E R ER S BB,
Scheme 1-2 PKI(AYEHE BN T HE FRA K L5 BEUR,
A HUVZnCh 5IR ZBERRS, £REHRAWE, MZES%
APMALEA), BEHERRTE LM LS ETRS
DRAOEE 2T, RERXRHBHEIAFEERSY, HAK
A RH B A BB H AT R A AR (N A e, 4
RTRRAAZOEHBERESY. MM TETUSREHE
HHEEROEWNERES U,
CH;(‘.‘,HMVCH#(Z— &z, ng—r—
8

¢}
OR OR

5

B R BRENGRITM

000

888

PP
(®)

% (a)
— ﬁi\ R:—CH;CH,Q—@-C—(@)—OCHMP
J '\5 Sy

Scheme 1-2
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f0 Sawamoto A E M BARABBEAR T AEK
CEMKNVEERESY, HBARER (Schemel-3).

HZC~CH Hizal;

J—t {CHZ—CH}I i, — R{CH,— o8

OiBu mm
2 3
> H{CH CHW%CHz CH)—OCHa
HiC=CH By
° g
g x
X 4 : X=0COCH,

A O\J%@H‘@'Q\.J“/
1
s HfCH cm%@—@cn, CH-}OCH;,

on- @ :  Microgel Core of Poiy(1)
mm [0

5: Y=0H
Scheme 1-3

2. EHBRETRE

EUHAETRERITRRE. BRESN—FEEREHiE.
SRR TRA T ESRERRSYNA ST T8 E 5,
BEARGEN 7 i30 2 E REME S LR AE (A) BB (B) (Scheme
1-4), BI—HMI7iR, BTHE 2 ERESIRAURAEE R KRBT
MAHEHF, SIAMERR, MUERREWNEHES T a2
.

% B R BRAER S RERR AW E R TE. B ms
HEEEREY, HoTENSTEMSAT LSS, XARER
BRGNS R TR T . R BB HE 24 R R X
wew, ATHRARKEREAY, EREEBSYRENRN.
MARE - FETUSREEU LN EHEREESY.
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Scheme 1-4
RXUE R AR S RIE AR O EHNETRR S YRS
RATHREFES. W Schemel-5 i, EELBRESERGE, A
X ZMEEE (DVB), WTLAEHEA PDVB HOEMIRELE
BEEXREY. BRX—HEE R RS 2EES N5,

CH2=CH2 <
> Pstit
r'l’!w\f\.'wvCHgCH_K+ + nm — e
< PDVB#Z
CH2=CH2
Scheme 1-5

Asami S K B A B FRAEAR T BESH/LA R
PIAFEIEY (C) 1 (D). W Scheme 1-6 iR, HABRKE -
WHHAT R BB TRES, ZEMASET PLI. REES

[
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AR, AIaREEREEY (C) A (D). EEHLEY
C) 1, 8BRS TFPEHES/PSLE, BPIBHE
BRKEEY) (D) MFTEMRBFANELEERLRSYWA—WR Pl
BEFIE '

CH=CH:

PSt
Pi o CHywwwwwww By PI
CH=CH;
PSt
PI CHaawwwwnt By PI PSt
€T~ __~© > pst
()

Scheme 1-6
Teruo Fujimoto ®" AR FRAESR T UEE LS (A),
RPN T BB) X R LA P REA =AW EAYC)
HEBRREERREY, RIS B IEH RS .
A B

)
l’-‘\-’

gc
Fig 1-3
Tsitsilianis 55 BB FRAEEMT U 2B EFE R,
HRABHME KA N REZBNRE ISR E 2
FEEY PEOIPS,, HEM-KEEBRBIFRTERESY
PEOoPSio AHAT N, RXMFEFRENERLMNES YA T
HI%AT T BE B 4R B BUR 7 (Fig 1-4).
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) Y

Fig 1-4

3. AR RE (GTP)

ATk 2 AR O Xy N PSR 1 e R g R e
M ARG S S W TO B L SR B R N R AR, (B R TR
RN, FERNGRERETEDN SR, B GTP BERERE
FYITTL A2 ERetE 5 R AL, ol WE RetE 2R S REE.
BMATRHNFEASRE RN RN, WEHE. RN
%Bﬁﬁ%m&ﬁﬁ% BEH Bﬁﬁ&%ﬁi%ﬁﬁ%&%%%ﬂé‘ﬁ GTP 3

VAL A

*H XJ{E”%“F: I":*i"l"i%?i, Wu%ﬁiﬂﬁ%bﬂ‘]?ﬁ HHERREEY
(Scheme 1-7J.

Me oM e
PMMA—C=C(OS:A + CH—=C
ivies (12:0
O—CHr?=O
CHy—C=CH,
Gt&E)
Scheme 1-7

4. HEEBHERS (Aldol-GTP)

H 1, 4-—XFE, |, 4RPERSE, q3IREREZEGER
KRR EERESY (A). BRSNS, FREZER
MM EREEEREAY . EREERRESYNSTES
ARSI & RN RSV 4 TEA R XL H
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FRREFEN L TR IRANGRERBBITE. UL LREPE
KRR, IBRRZBENEREAY. EREMRLE
MERREWHE .

OHC-@—CHO + 2nCHy=CHOSIMest-—Bu 202,

0HC-€CH2€|:H = (l.;HCHﬁlQHO ( )
0OSiMe,t—Bu OSiMeat—-Bu

Scheme 1-8

5. RN ES

1986 “F Gilliom™ SH&IE T EHEAMEE. EHEF.
BT AEARBEERS T, W LLADRE stk AR S AL
HERBGOEMERRESY . WELKHESHRSYERPIMAGEEN
ERATREHERANAEY, B R A BTN E LS8
MERESY. X—BEEMCHTEEANESS.

Bazau ! Schrock® IRt 46 S04t 4037, 8L T NBE 7]
I EREAY . W Scheme 149 Fi7R, 54 NBE B & B R4

; AT &:ﬁr\\ A)
(t-BuO)2M=CH—+Bu
Ay ovaloin e

® Ar=25-PraPh -

PN
W \_PNBE M A\ BE
SR
pge” 7
(B
M, N
PNBE

Scheme 1-9: NBE EEE SIS
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RE&WE, MAEEFHE WA NBE SgrXUE et 84k (A), i
TEE (B hREEN, EATHI#BE LK 5 — NBE #,
BB ML REEREY.

6. “VEM” HHERS

HHERERAMBEGRRSDH R ERNTES
HeREHEHEE, BHEREESRGEREYNEALZNS,
WA RS R MRS RNFHEME B BRHEI T E
FReE, B RS E0 A E R = 2 B B HER A R ME R .
BB RERGTFAEHRKE B BER TR G R IEEAR
MHEIRN, SEWMEEFYL FENG TES M. BERF.
SRS Bk, PRI RER B aER G R B EEFE
KEATFROEBRE™, FERF LERETESKN B HER
EHBFRTES T AENS ), Bl RELTR, RRTIRZEN
MW7 RS B MERSRR, W7 B BER S (“living”
/controlled radical polymerization) MTTEA T HLEE,

(1), FIR-FEB-L1EH] (niferter) “iEME” BHEEREE

ERR R B HERGHETRESE, KEET (T Otsw)
T 1982 FIR NG| K-HHE-ZER (iniferter) FIRES. HTHHEE
R “TEH” AREREP. SIR-HB-LIEF] Gniferter) RIEH
e QR A RS, FRES1 &R (initiator). 7 (transfer
agent). FIZIEH] (terminator) EFE IR,

—RO i, REREARRNRNE “E” hHERE, HIE
BV T BREER SN (R R TG K, 47 b AR AL
WK K HEUERKT 40%K, FBE&RMEPFHLERSF
BRI P BT A AT R R R H Ay FE S Al AT, —R
B2 KA. Ostu 2K RAHIED Schemel-9.

RE MNBHATE, BERREHK C—B B7E 8 HEEKEN
AU EHHE a Al b, a RAGEHEKEAREL: b A%
ITHE KM T B, EASESIRRNERLEE a ilHTH
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JVV‘CHQ‘(%H‘—B -NV*CHz—(le-__}_ .B *+ NCH,=-CHX

X X
~CHy CHY CHy GH-B ——= 5 4 p +MCHpCHX
X X
~MCHz~CH{CHp-CH CH,-CH—B e e
X
Scheme 1-10

BEL I RN BERREFN C—B®. HTAHam C—BRBER
L RAEFE a1 C—B &, ik, SFH RNZR AL
.

XS TR REBZ LR R RELEES. —HK
WA, SIR-#B-ZIERSIRNES RN WE AR “5EM” Af
ERG, MMETRMFESEERENRE: B8 FREAMEM, A
THRSRNNEHR R EHERS RN —FEEMA, TEAH
BixfEE %, B VAc. MMA. VC %, Xt TIARidis
H WY H I E.

(23, T3 B (SFR) MRkl HhERE

FIFHA25E H 5L (SFR—Stable Free Radical) #HTH%$1H 5

R T A EEAT

P- + X q_ka P—X.

J kd X\/‘ + M
Rp ™
Scheme 1-11

RS RNHITH, RNY X T584%E P« REHITRE
RN, AR “RIRF” P—X, P—X REATIEAMER, NEH X RIE
MR EREP - MK REGZRTHE TR P - 7045
FEBURAIREE, "Tik/D B BRI LR, BE
RMNAEED. BEENE, FREERNREAHREX, TEX
TEMPO (2, 2, 6, 6-tetramethyl-1-piperidinyloxy) 1 Co". TEMPO

n
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BFReEMNFIAGE, CO'BTRENAENE&RBEHE, THE
ENAEE HHE TEMPO FE T #EF B hERE.

HE 1993 F, AEEN LHEGFBHEREA B RATH
. INEK Xerox 7] Georges FiRiE, T 123°CTEMPO/BPO K]
KZBABEER “TEE” EHEAEEREY. Hawker™ P VEHF
RiXLEH HHERESERAHTHET HFE LTHE, Matyjaszewski
Veregin AT TIXEFIRARSN. #ITEHAMERAENY
Rk E R ZIGREATEDE,

S| ERRBEN— XA REA TR S, Al —L
HEMTREMPIAS T, NERRSYELERREI Ty B
2, 40 Narumi® S5 B TR R AR B RT A R LR &
LIGEHEMERESY, ENERREYRIEFENLY (Scheme
1-12).

S

{ i St OAc

OAc

la
‘nO | N {ii)

2a (R=Ac)
{iil) (

PS-TEMPO 3a (R=H)
Scheme 1-12 Synthesis of Core-Clycoconjugated Star-Shaped
Polystyrene

Matsudal 54 1 T BRI R G YA RDRAT L D h N B Y
BRLBHRRT ENHERERN B AL
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Fig 1-5 Self-Assembled of Core-Glycoconjuated Star-Shaped
Polymer
RBERMAER S, HArRERH A TEMPO &—&47
A ER e dEPSKEEHENES BaET RE & IEm
Al 5 N T B s SIROFEE . Aid, Moad. Thang P HA Al
X&Egh . MNXAHN-REEABHE 22,55 (tetra-
alkylimidazolidin-4-one- 1-oxy) B HAT M BN TEMPO #HLHIE
SRR, BATENS TR, ETROGHHEY. THILRY
KRB RS . N AR KR E RN EA L TEMPO B&hREL
MVEHRERIE, HHXRREHhBERG K, THERMY, BE
Bl S D
(3). R (Rerersible Addition Fragmentation Chain
Transfer—RAFT) &t HHREES.
BACFIT Moad, Rizzardo, Thang T 1098 SEHE T —H#HT

M

[ — 1- —— Pno
i e u
Z—C—S—R + Pn» —= Z~(;-S—-*R Z—C—S—Pn t R
1 2 3
R — Pmr
ﬁ §“Pn I
Z—C—S—Pn + @ _ Z—(_:—S—Pm Z—C—~S—Pm + Ppn-

A
3 M 4 5 M

Scheme 1-13
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Ml E M ERSVE, B RAFT EHAMERAHEPY, K
Scheme 1-13,

RAFT HINLE: BAKEY) | R R HIER S AP B H
#2iG, BRI EmE 2 REE, AMEdREEN RN,
M H B HE2 XAl (RS E &3 M B AR R ]
LUFIEAAA [ RV TE R HE B BHEE Pm o, 85 H B2 Pm » SUAT DLV b 47
B 3 Wi, X8, TR FIHRECPE B LR, o] DL
BNRARNERE, AT LERESYS TR, IRENESY
ST REAATHERE.

RAFT FIRFNEHT Y Z 768 ik s N A %S 1EA

(BDARGE), WiskRbedE: [ Otsu T | REBLIEREE
AR A2, R BEH A RRIRIFH) B hER A B R, 7 NERE,
HHZE R « XOEBMFSI KB HMERE RN, i Otsu KI5
KEBZIEAK R ZRAG I RBAREG, REZRILER. EHE
B RNMEPE “REREE” GEEM) B hEMHACER A &
B GIREYED Bo3E, B4 T KR B B (8 AN el g4
1FRI R, e RNAAUFBES: XMHEEtahETES
R, EEE e aEREEK.

RE £ B HAER S RNAR, B RAHEESEEK
Yol RFISERETIRAL AIRAEME, Bl IBRERES, X
RNERIA R PR R AR RS S EES AR RAN
BAATEEZ, RtERE (AGRREEE, U MMA %), JEfM
PR (KRGS, B2 (AA). B, FiEHERRN A (HEMA)
FRBE.

WEHHRADHFIA RAFT SREARHAIBES FEAED T
BN E R SIS IRBLRMC,

(4). RTEBEHMERS (ATRP) “iEFft” Ak B hER
pas

1995 4, Matyjaszewski®, Sawamoto!®’l. Percec!*'!% =M
FN LR EINGE T =AMARM “EE” AH B HERSHR.
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sl RERPATHEL, Haxiey. TESRESHAR
BEA&RNEPIE B, 4L, Matyjaszewski EIXEREE R
N Z AR TFHEEHHEREES (ATRP—Atom Transfer Radical
Polymerization) B THREFI R KA (1-EER LKL A5 K,
FALTA . BETHERE (bipy) AEMER, ELBR “BHH” A%
HI B hREREPY, Sawamoto FIEXTHEIEM T ¥ % H O Tk
[043-441 th i1 Al CCLy/Cl, (PPhs) yMeAl (ODBP) , A% 5[ % MMA
WETE H B ZER A Percec % HFEEEER A (Arenesrifonyl Chlorides)
/Cu(bipy)nCl A F 5k St, #E ATRP %] HHEREN 4,

FIH ATRP BEFHRBERDARIM “HH” 425 B aER
FHER, WL, ERENTEE, ATRP £ ‘Wi AZH S
RSB TERNBTSURE, I ATRP [ AR R+
ERE BRI T

ATRA R Y.

RFHEB BHEMERN (ATRA) FEEHE PR C—
C B —For T, aT R E S R ALY, W Scheme 1-14.

HTENAENERE TS5 B hEZ RFFE AT R 1E AR
BACHIEHR B B, w7 BREZRINZIER M.

R—X mt" Mx
R Mt X PL\
+ == Y
Y
ki
Scheme 1-14

ATRP BA&H 2.

HOER SRR TS R AL K 4788 14 H1%
(Scheme 1-15).
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AR ERERLA L B

B RN HEFHTEER, B MR A DEENE
RE&Y (). BENENER (%68 WEBZEhENK
BN R FHEBIERE, HiE 5 hEESMA K FEilaid
PRAEF 18] vl 48 P-4 S S, IR B S e Bk
E (Mn 9, @b TI8KEE dE PR REL  EE RN,
R G RNEEF .

ATRP G %:

BIERI AL, CHOENFE R ATRP H HEREHR: (4
ATRP, Jx|n) ATRP ( reverse ATRP),

(A) (f45) ATRP BE&4A
ATRP “1g” WAEH B HER ST RER T ES =FH %

E1l.d
R-X T oMt —= E%- + M X
i(+M l+M
R—M-X + mt" E{—M- + Mtn+1X
BE Mex + Mt M+ mx
\*'*W +\Mkp
Scheme 1-15

YEATURFER CEHL =48, 1ERMAFIRE AT T
SRRAUAHRREATESBRAENS B TUEY . REETET
BEERBHAE, XEHBRENAEEAARESRTIRERGUT LA
Fe*, cul®, Ru™, Ni*), RE¥Y, pdP%fn RelV4,

I ISR BRI ARG AR R 255, i
i () WIHEREER, AN, nDRAAE. 3. ILBRES;
FilmE—AH 80~130C.

THEHEEN B ATRP RSB EARRENMRESR.

a. Cuff &

16



REXFRLHRAFLRL 2444

Cu RRRE—FEif 4k ATRP “WEHE” ASH 8 HERER
ERPY, B EMRENAREN ATRP 4R,

Bl EAEREREEH: 5IRA—EPEIHH R—X (X =Cl;
Br), R A& ESMNMAENER, i CH;s (CH;) CH, (CH;C)
» (CN), (CHjy) ,C (COOR), CX; (X=Cl, Br), CiHs—S0;5%;

#1657 CuX (X=Cl; Br);

Fofd: bipy KHATENF.

MR AWREZLE, REEdn (FE) WEREEE (M)
MA BT EREHESRNHEEY. B, @id ATRP EHIR G H)
& o RAEREZE. BEREIHRLIR RGBT R
B EFERNGRTPERIMEMRIE.

b. Ru A&

Sawamoto 2% F31%& % RCl (CCl, CH;CCl, COOR, a-ixif{,
W, TEECEE) | M4LAZ RuCl, / PPhy / AI(OR);, 51K BB R
B, WITE, JF FTERSHSART 5 BEHEER
& BETYNS T EHBAEARMEE A, 4 TBAEE

(12~1.5), AIAATFBES. 19994, Sawamoto™ EHE T

ZEIRERERTEAKSEE (FRE. § TS PfTHE&ER
SRERBHERS. 5IREEN RXRuCl, (PPhy) 5, WEHR
80°C, BEWUATEERAEH Al (Oi-Pr) ; A 7Hm 5 246
ST EESTFEAHAEERQI~LHNZY, TH PhCOCHCI,
/ RuCl, (PPh) ;3 EHRARKNER PMMA KuE4HFERE
SFERST (<1.5) B,

c. Fe A&

2% R—X: CCLCHC1,COPh, (CH;) CBrCOOC,Hs, #1k
F: FeCly/PPhy(RCETI BN She ke, =HiiMis), WHEHER
ARk, BERNERTE, $2HB%. Sawamoto ZHIE
A1 MMA 9 ATRP “IEH"HHEERS. KA. CCL,
CHCLCOPh, CH;CBKCO,CHs), CHiCBH(CO,CHs), #EALERN
FeClL,PPh;),, 80°C, @K%ﬁ@i’m: RBEYH S TR BAEREHE
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MEXEMTHAEELFHERX Z7E

MIEH, 2 TESHEBIMIREIEHREBRFNME,
Mw/Mn=1.1~1.3, 84 Al (0i-Pr) ; MELTH R AL RILT#
HRW. A%, Matyjaszewski SEREPIHHRIE TERN MMA,
St HIISAHAIAEAH ATRP “WtE” WH BMERS, BUGKERA
FeBr, / PPhy, ELAAEHRMLEWM=LEEER . dNbiPy =tk
B RE-UNS TRESEGEARKEL, RAMEitS 78R
B, FESHERE.

(B) RMEFHBBEHERS RN (reverse atom transfer
radical polymerization, reverse ATRP)

Matyjaszewski K0 45105 1995 48, BN B vk #GE ATRP f“7%
HEH B B ERESH RN FELE, HIE T B 1 reverse ATRP 5 R,
SIREFERE AIBN/CuCly bipy, B4R St, @EA 130C; BE™
¥ PSt M FRERAHAEBKNSRER R, HEPSETHER
B, 2 TFEIAEE.

KI5 ATRP HLEEW] #7408 (Scheme 1-16):

Reverse ATRP:
Initiation:

I—1 — 21

kijw $+M

Pis+ M™X == I-P1—X 4+ Mt"

Propagation:

th + Pn_x ——————— Pn' + MtM1X
RV+M

Scheme 1-16

ATRP Y reverse ATRP AF4E: 5IRFERMAR, TELEX
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(EEIE T IRt

2. BRAWAERSFRaMSE RN

M 1987 S F HREEFE H KR F R BB A5 TR
MR R =2 TSR, FREAR s F 2 ERFREART
Pl +LEsk, AMIBL4REET 2BEER™, 2
JEEX AR Hﬁm LIGFE =B R IR FE R o RSO I
R LAMPRREBRERS T P THSERERE TERTES
PIEHRN ST, WREESMEZ B R RENEZRE LR
ﬁ%ﬁ_,ﬁﬁﬁ"]mﬁ?‘&‘ﬁfb AR ? BHREFRE LR
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Figl-6 Mesogen-Jacketed Model
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WAz 40°CUL LR, RARRANHEEKR, BEH*—FPASEA
AR RIRELE, BEERMNIPHITRRBA DRI BHHEAKR, N
FAEMEE R N, Table 2-1.

HC=CHy I
a
OO\& CH, CuBr/Sp |

|
Chlorobenzene,30C |_"° \0\

i

—— Rod-like PMPCS chain Q@ Centre core O—C—\/ Linear PMPCS3
O Br
AN v/ O
B8r—C—-C—0—CH,CHy,—O—C—C—Br —0
/ \ Br ﬁ
L, 0 1y

Scheme 2-2 Synthetic route of linear mesogen-jacketed hquld crystal
polymer.

Fig 2-1 #1 Fig 2-2 X BRI R M1, 31k MPCS & RV
R g R, MNE 2-1 AITEAEH, M, gpc BB BELAREAL F 88 K T 4%
MK, o TESHREASE 113 UTF. AE 222 TJUFES,
nM]lyM]| SRS RMNEE (1) BREXR, RS RNERYS
HAERER —KRNKR EE®REERSERD, HEANRNT
B, EEHORKRERERBAT, ZRERNA “FEH” /]
ZEEBERSRN. 3T HE PMPCS M TEAMISH —HR
& 1.13 LU, I\ RSB EHEEZREES RN AR B,
SURBEZRIERLA 100%.

MFig 22 LB H, ZEeRNAEFE—NESE, X—IZ
S IR T —8% ATRP 4K &S, Zhang etal' AR —/4ZALL BEB %
515151 % MPCS &R T LRI PMPCS tHIF7EX—I %, AR
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Table 2-1 GPC, NMR, DSC date and liquid crystallinity of

multi-armed mesogen-jacketed liquid crystal polymers®

Ma,th'  Ma,NMR GPC 5 . ]
Polymer ) ( xl() >y Mu/M, T,/°(C) LC

(x10™%)  (x10"%
Di-arm PMPCS”
DE, 0.81 0.73 0.67 1.13 108.0 No
DE, 1.75 / 1.16 1.08 117.0 No
DE; 2.68 / 1.74 1.08 119.0 No
DE, 2.91 3.10 1.87 1.09 120.0  Yes
DEs 4.76 / 2.73 1.06 119.0  Yes
DEg 6.14 / 3.29 1.08  120.0 Yes
DE; 6.38 / 3.73 1.09 120.4 Yes
DEg4 6.79 / 3.98 1.08 121.3  Yes
DEg 7.27 / 4.21 1.09 121.0  Yes
DE o 7.51 / 4.47 1.11 122.0  Yes
Di-arm PMPCS?®
DB, 0.51 0.61 0.42 1.11 107.0 Wo
DB, 2.01 1.89 1.20 1.10 109.0 No
DB, 2.77 / 1.68 1.09 116.6 No
DBy 3.07 / 1.84 1.08 114.0 Yes
DB; 4,79 / 2.82 1.10 119,90 Yes
DBg 6.30 / 3.75 1.09 120.3  Yes
DB, 7.44 / 4.30 1.08 120.5  Yes
DBg 7.72 / 5.40 1.10 122.0 Yes

1). Mn,th was calculated according to Eq: M, i = ([M}/[1]e) *x Mw. mpcs + Mw, initiator
2). Tg measured at the second heating scan.

3). Phase behavior as observed by polarized optical microscopy.

4). ATRPof MPCS initiated by difunctional initiator (I,).
5). ATRPof MPCS initiated by difunctional initiator (I,).
6). ATRP of MPCS initiated by di-(I, and I;), difunctional initiators containing

2-bromopropionyloxy species. [M]o/[R-Br]o/[CuBr(Sp)]o) 100:1:1, 90°C , in

chlorobenzene solution.

A 50%, {HiFSFEAMENEK—

bR

THAR"

é'L

RS

Y. 1BIRATTE
SHEER T, RN RE
Fig 2-3 827" T MPCS BAEBBHNESWE GPC
MEIF T LE

e Matyjaszewski® HEDI A g

H 15

8 T JLIRAE, iIEWEEREHE
5, RERE

F— B

GPC HIIAE 2R 0 A PRI & 7 i

53
548

RE—P R TR ANREVRS TREUR. . P TESNENE
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60000

>
S5000 =
50000 — = M

45000 A M.)M..
40000 -

35000 = - 1.3
30000 -

n GPC

_ ~1.2 3
20000 -

15000 ~
y = 1.1

10000 - A Fy

5000 -

D 20 ' 40 ' 60 ‘ &0 ' 100 |

Conversion (%)
Fig 2-1 Dependence of linear mesogen-jacketed liquid crystal polymer
the average number molecular weight and polydispersity on the

monomer on conversion at 90C. Conditions: MPCS : Ph-Cl = 20 : 80,
MPCS : I, : CuBr:Sp=200:1:2:4,

3.5

3.0 -

25+ -
ey 2.0
S,
= 15 =
=

1.0

]
0.5 - -
)
¢.0 S f ' T ¥ o T !
0 1 2 3 4 5 6 7 8
Time (h)

Fig 2-2 Time dependence of In[M]¢/[M] at 90°C temperature where
[M], and [M] are the MPCS concentration at 0 and t, respectively.
Conditions same as in Fig 2-1.
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XS4 . Table 2-1 P B 7~, GPC #il78 PMPCS Hi¥y4 7 Big /)
FREREHH TR

M, :r[M]o/ [Initiator] xMupcs*Conversion + Myiiator (1)
S H M, A [Initiator] 43 BARR BARTN 5 [ R UM EEIREL, Mupcs
IR E % MPCS EE/RJRE, Mhitiaor TR T EFIR T T E-

HIeE T EZH T PMPCS 5H4E GPC SR ItsHERH & PS
AR FZAT ARARERF, BT PMPCS MEESHBILY T2

(404g/mol)i KT PS B R Bt/ FE(104g/mol), A {# PMPCS

KIS ST E BBV TR — 2721 PS MiiEI#4$R, B GPC
WK PMPCS /MFHERT TR

j<L DBy
DB,

DBy

DBs

I r | | I
15 20 23
Elution Time (min)

Fig 2-3 GPC trace of linear mesogen-jacketed liquid crystal polymers

of different of average number molecular weight (ATRP of MPCS
mitiated by diunctional initiators I;,)

Fig 2-4 Rt WM e B SRR =SS B Maorc =
1.20 x10%g/mol). 7.20-8.30 ppm (peak c) FIWR W&t T &40
HE PRI E R BE; 6.30-7.20 ppm (peak d) KIRIRENES
M A R SRR, 3.30-4.0 ppm (peak e) HJIRIK
U S0 I T 2 o B S A S B VRO 1.30-2.50 ppm £ 45 (peak b)
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FI’J TRIEAR Y LSRRG 1.25 ppm () RS SEIAE
THRIETHENRKRKFERTRFENE, 43-46pp HES
ﬂf%)ﬂﬁ:*ﬁ%{kﬁﬁ’i%k%ﬁ% PMPCS K778 Mynwr AT LA
RFEHEBFED A (2) HEBH

M, g =2 AJ6A, ) x404+M.. (2)
XHE) AN Ay 25T 3.3-4.0 ppm (peak e) [KINRWTUE BT %oF R )
T RS R 55 M 4.3-4.6 ppm (peak £ [1)UR Wr ide By 3o
RY )R v K B RS I FR 98 EE ;. 404 F1 M, 4 B4R R BAAF B KB F)
HI4rF &

e re— s e

Fig 2-4 '"H NMR spectra of linear mesogen-jacketed liquid crystal
polymer (DB,) in CDCl4

INE R TR (1) ERFEAT TR MPCS MR FHB%
BHERS, HRSRERLRTIIER T, HIEHR.
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20 AR IAREHNZTREAINEANSGREZAHELY
R R AW

. 5E

F—HEAMERRT SRS AR ER T REGE AT FE
RRIZEEHF AR EESW A TH " PHEBEZEFRURRES
PR TR B AT AR, AR TR EAE AR
M=EeEH 7 KMH ATRP B 75X 51K MPCS, & T MM AR
AR FERN=BEENPREBAESY, A RTEEHF &
BRSO RN W AT AR UL — A
H RIS RSN E T YRERD.

N S ER gy
1. EERER
=2k (AR): PEHEZAER FEAZEAFE RS R, EX PR
B PRl 12h, FREATEREER.
NN-_FEFEMIBE (DMAP) (AR): Acros,fE A& B4 &
ZERHEE (AR): dbRERAF, HIRRBIEERR A L %,
K S UTRKEBSBIKEEHB . KIKRGEZR P, CaHz
T4, mEAH
X (AR): EHE%%IL@Q%&&%U%‘ BT, IRERERUEZER
BRI, HK. S%PRBM/KER. KEzHi,
TKFBALES TR, R &R
JURRIE (AR): Jllﬁi%ﬁ"’:%éﬁw_ﬁi‘uﬁﬂﬁﬂ? CaH, T, #&
(HiE
ZREBEATRE (AR): BEihERAF—T
)& =8y (AR): bigElfl—) FEXPEL &
BEKMPCS: SRAERIE —FE 7
HAFIan: o —ACF T HER, CuBr. Sparteine 5K S54LH
AERSE FEHE T, g HEAA—FH.
2. —ERERE I EM= (o -RIE T E)EE =B RS 1K
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HEXFHLHAAEFERL T HE

R AW BlIRABRE (TREE) MEHRETA 100ml
= H#FMmA 0.063g(0.005mol) [8] 7K =%y, 2.68g (0.022mol)
DMAP, 1.12g (0.011mol) = ZH 60ml T4 —FH by, Piakid
DMAP ¥ ##, FHUKEER RNARAEHZE 0°C. BANREE 218
WA 7.50g (0.033mol) a -7RACSH: TEERAD 10ml THF H¥EW, N
SERERRBRTERZER, B4 &N 24h, 58T THF, JoA 100ml
BERBTY, LIEREELD, FYRIEREBRIKIKAK. 5%EhE8.
KIEFHE, TG, RTE, AEB5ER, BHAMBES
a3 2.59g. M 90.6 %. HBA 187C. 'H NMR (CDCP,
400MHz): §7.16 (s, 4H), 2.05 (s, 12H). ¥4 FZHBSMFES A
BARFTEZ KRG
3. ZERERSIAM 1,1,1-= (2-R-2-FEFER T HES) LT 4 k.
A BRARE (HT5REE) MEBR-H 100ml
=P MA 0.075 (0.005mol) =FFHER L, 2.68¢ (0.022mol)
DMAP, 1.12g (0.0ilmol) =ZR&F 60mi T4 —FF 5, WHE
DMAP ¥#%, FIKEE B RNERAHZE 0°C. B MNRERK 1818
WA Z(4.08mL, 0.033mol) o —RATE TEEEA 10m! THF B %,
NEEEERARAREER, HERN 24h, JET THF, A
100m! REFT, TEBEEE, FYRREBRKTKAEK. 5%
L. KEEETHE, TBRE, BTE, 88 5ER, 5HEAM
KB 45 S 15774 2.59g. % 23 %, 155 60°C . "H NMR (400 MHz,
CDCl;) & = 0.98 (CH;CHp-, t, 3H), 1.64 (CH;CH,-, q, 2H), 1.94
(-C(CH;);Br, s, 18H), 4.19 (-CH,0CO-, s, 6H).
4. BB RABEESYNIERK

K=EEEH5RA (1 or Iy). MPCS. CuBr H! Sparteine 1%
1:n:3:6 FIBE/REEH] (n AZRAYH PMPCS KRR EE) IA—
TRKBEREED, MAFEMES| KA PMPCS BRI ESE
A 20%, HEHERE, BESEERT o0°CHEEmAT, RN—E
e fe, BCHIREE, BANKKBRAH, SRS, ITHHEY,
1 5 {81 THF EHE — P MBE S YWE R, H%A%%&@ﬁ—*
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FHHTEDE ALO, T, BRERNARPHLESY, REHLAE
RIFREITER &, S8, PR, EX5T%. BEESiTEH
5. X% SMEASM

FTE RSB Waters 150C £ E AR, 4
BSAE4 Waters styragel columns(10°, 10%, 10°A), Jizh4H THF 7
1.0ml/min, AR 35C, HBESEMERZEERE. 'HNMR
it B Bruker ARX400 X 3EHR1Y (400MHz) 7E 25°C THIE,
R EERELE 0 W AR, CDCL; A 31898 B Perkin Elmer DSC-7
R, In RIEBEAREE, BSRYP, AREEED
A 10°C/min. ¥ a4 A #r Leitz 350 #44 i] Leitz Laborlux 12 POL i
AR TAT ET R = |

=. #R5i1ew

| ZEERRESYRE K
B, BIVRITMERTHEMEE « - R TEBEN =

A5 R FL A 1y), A3 ()B4 B e NI 3R3F |, BRAgE,

i JaE ()HERKIBREZ AR R B BV % . A

e e L oDy oovmesn
o o Chiorobenzene 90°C | | /\g\
—

Tri-arm star PMPCS

=== Rod-like PMPCS chain @ Centre core E A4
CHy—O—C—C-Br

! L(Br WF%CHZ—-O—@—C{Br
HyC \
CHZ_’O—'R_C"BT
< > o/
‘?“0 Lo B I

Scheme 2-3 Synthetic route of three-arm star shaped mesogen-jacketed
liquid crystal polymer.
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Table 2-2 GPC, NMR, DSC date and liquid crystallinity of three-armed
mesogen-jacketed liquid crystal polymers®

1 |

Polymer ?:;’tg 4y I(\:I;:N_f; ?:Iigp% MM, Tgi(C) LC
Tri-atm  PMPCS"

TA1 0.96 1.04  0.58 1.16 108.0 No
TA2 3.76 4.05 2.39 1.12 1170 No
TA3 4.48 / 2.69 1.09 1185 Yes
TA4 6.19 / 4.20 1.08 119.8  Yes
TAS 7.64 / 4.75 1.07 119.7  Yes
TAG 9.57 / 5.34 1.08 120.5  Yes
TA7 10.40 / 5.85 1.09 1220  Yes
TAS 11.03 / 6.00 1.08 123.0  Yes
TA9 11.51 / 6.18 1.09 123.0  Yes
Tri-arm PMPCS’

TB1 0.72 0.78 0.46 1.16 1100 No
TB2 1.60 1.56 1.01 1.13 116.0 No
TB3 2.76 / 1.71 1.09 118.0 No
TB4 421 / 2.52 1.08 1190 No
TBS5 4.55 / 2.72 1.09 120.0  Yes
TB6 6.91 / 4.10 1.08 121.5  Yes

1). M, was calculated according to Eq: M, = ([M]y/[Initiator]g) X
Mympcs * Conversion+ My, initiator.

2). Tg measured at the second heating scan. |

3). Phase behavior as observed by polarized optical microscopy.

4). ATRP of MPCS initiated by trifunctional initiator (I.).

5). ATRPof MPCS initiated by trifunctional initiator (I,).

6).ATRP of MPCS initiated by trifunctional initiators I. and I,.
Conditions: MPCS : Initiator : CuBr : Sp =300 : 1 : 3 : 6, in
chlorobenzene solution, MPCS : Ph-Cl = 20 : 80.
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3.0 -

2.5 -

2.0+

In(M}/M]

1.0

0.5+

0.0

Iy

! ¥ 1 * |

Time (h)

Fig 2-5 First-order kinetic plots for the ATRP of MPCS initiated by
trifunctional initiators (I;). Conditions: MPCS : 1. : CuBr: Sp=300:1:
3 : 6, in chlorobenzene solution, 90°C, MPCS : Ph-Cl = 20 : 80.

70000

0000 -

50000 -

10000

1.5

- 1.4

- 1.3 z

- 1.2

- 1.1

Conversion (%)

1.0

Figure 2-6 Dependence of tri-armed star mesoge'n-j acketed liquid
crystal polymer of the average number molecular weight and
polydispersity on the monomer on conversion of 90°C. Conditions

same as in Fig 2-3.
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CuBr/Sparteine AL, R ARIK =B REH T ZF T or Iy)
EEFBENP5IE MPCS MR FHBE BEHERS, B3—R&NA
A ARZEHP =B REHRLEESY (SRR N. Scheme 2-3).
OV kA B SEEG 25 3R L Table 2-2.
H A GRENGT TRABHERESY, BHESRLEN, &
EEMRRETEMIFME. Fig 2-5 71 In[M]y/[M)5 -4 1]
HIZEX R, R3] 75 % HALERIN S B AR R E B RREE,
Fig 2-6 BRI TR SRR LR R U PMPCS 4 T &1
MPCS BAHEFERIER/RES ARG RFEZ LRIEY, BE
MRS TERSAEERE (1.07~1.16),

Fig 2-7 &7~ T MPCS BEEHBENERESYH GPC MLk
M. GPC RSB R MBEXN R BEF ek, 58 T HE
HNNESVRITTFTEVER. FEREIGENERESY.

[

TA,
TA,
j TA,
P
J\ TA,

6 1 18 20 22 24 25

Elution Time (min)

Fig 2-7 GPC trace of three-arm star mesogen-jacketed liquid crystal

polymers of different of average number molecular weight (ATRP of
MPCS initiated by trifunctional initiators I,.).

Table 2-2 PAJIEH, H GPC MBH»FES AR ITE
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RS TFEERAPIRS, TREBa TEREESYSHRISTE
MRS, EEEANRTRE T 2 ARUE RN . X HiE8R§]
ZHRREMR=ZEEREXEMT —MER. BRSNS T
BraRELAN (3) iHHE:

M, = Conversion*x(Mmpcs/M[)x404+M, (3)
TR Mypes M M & A AR B4k MPCS f1 = E it H 51
KN AN BRI BB /R 404 Fl M, & B 1L R B 48 MPCS
=5 E,'rIZvZ?‘H(Ic M)A F 8. |

Fig 2-8 BB ERBERESYWHZEILIREER (Mngpc =
0.58 x10%*g/mol). 7.20-8.30 ppm (peak ¢) MY IR R T 524 4|
ETRERI IR BE; 6.30-7.20 ppm (peak d) HIRKIEARE
I P 2 AP RIS B S, 3.30-4.0 ppm (peak e) KR
g Y - R b R R R 1.30-2.50 ppm A4 (peak b)
FI— T RIEARSY T EHEE RN, 1.25 ppm () Fi{E Si&IH/E
THREFRENRRXBPERFIELSE, 4346 pp HMES

e

Fig 2-8 'H NMR spectra of three-arm star shaped mesogen-jacketed
liquid crystal polymer (TA,) (M; gpc = 0.58 x104g/mol) in CDCl..
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R T RmKFEANILELE . PMPCS M4 F&E
Mn(NMR)R] UREZ B BE AR (4) 1HHEER:

Mn(NMR) =3( A/6A¢) x404+M,, NG
XEF AR As 23 BIRE 3.3-4.0 ppm (peak e) F7HR W4 B X5 RV 1)
MmErp SR IR E R 4.3-4.6 ppm (peak £ FTR W By
R BRI IR S R 58 ;404 1M, 7 AR R RS &5
BT &.

IZERETIAM () EFAFREFRPEIR MPCS HIRFES
BARERS, HRSGRESRBUTIIAF ) BEHR.
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% =N ALEAR A WA KRB MRS WS RE RAE

—. 5|8
HERNSGHNERREGYHERERE 2 BTERESNH
I . BRI MR &BEE i, B8 5% (arm —fitst)
F5GH% J5 8 (core-first). R BWIEHES — 4B S [ N 5%
ZEallitemEaE. 5 /RN RNBINERESMESR
JLF—EHE KT g e 5 £ E REE BB T
BRI HES, BE2EHFETE. THREERIEEEIN
Eflﬁ%‘&‘%ﬂﬁﬁﬁz BB KAMmmE S, f£iX— ik,
FEXHESRETFRES. ARG BRaMERERRE S, 118
:’,')‘71:4 EHEHBE RS, BAZEREAT I AFNERIBERREH
TEEREIR. BiD, ‘WS /B e nERS, FTEREREN
SHIRTARE B HE RS (SFRP) P, ATRPPYFI RAFT1&: 4
FRAK, AEERSUNESBHRE T — I HNiEik. X+, ATRP
AR+ 2. SERERBNERSYHELL, MBEEERSUNE K
FRIEARRT 5D . Matyjaszswki B IR KSR T ER A SIEEAT
St. MA #1 MMA [] ATRP, HTi%5| RFIE RN A BT K3 #
B, R&( 7 ERNAPY Sawamoto B LI =B EeH S| K3
A RuCl, (PPh; / AI(OR); A5 KRGS, T =8 PMMA, it#AT
ZESABHERES, HEAEHESE, 8ER e rEviER
BRI TFESMAY, R, il A Ll —FACEBRESE
FIfN4E (calix[n]arene[n=4, 6, 8]) 1 CuBr/bipy A3 EFIEH T UG,
NHUVE B RSP, Gnanou 25 LA\-[2— IR A BREL] B AN
f(calix[8]arene YA CuBr / bipy A5 | KA R K& T /B ER Pt
Matyaszswski VYA HUIBZRFEI &SI RA ST BB K
FMEARMIE. \EERESY. PuhP S MiE T =8 EHHW
aa TSR RIS IR BERY & Ak o
REILERERERE SIS AT A EIE TR
RN E, (AERELHBHEMXEMFMERHNESY, &7
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HEXFRIHALFLAEL ZHE

B RWARE TAE. XX 2R S WAL A RSUSRI N H 2 H 1R
LiE, ERITUNIEHENENEEF RERARSYHIRE.

ARG T —MUERRA D T5I5H o -R7F T BRZE L IUEEL

AE(PT-Br)ili it ATRP ) AVEGI KBRS 3 X 28 — H B (Xt

. SERES
1. EERAFRE S 478

HEEXR) BBMPCS)FIETNEERER REREREY.

| ZZK (AR): hEEHNER B RFERAT, 25X E K

BEE AP E 12h, THRERTREEHR

N N-T—HEFIEME (DMAP) (AR): Acros, %txt:ﬁ?i%aa

R (AR): JERMFEEAN T, HRBREZEmERA LA, |

K SHHREEE

The, FEE

%J(a‘fé#ﬁ KA RBEEH ¥, CaHz

AX (AR): PHEHEHE] J:iﬁﬂﬁ%ﬁﬁ?“ﬂ’ﬁl‘ﬁ ~HE, WRERBRULE
MBI E, HK. S%EIBRBRKEB. KIEZPH,

TEAREAE TR, BIEAEEH.
A mkm (AR): PO RER T B S 4k TR 3T Bt
CaHz “,E: %%%t

ZERIUEE (AR): bilgfessikm—)

HAEA I o -RAAE THR, CuBr. Sp. N[PCS FRIE S AbH

ﬁffﬂ%wﬂﬁﬁg_ﬂ_ﬂ: Ifﬂll%ﬁ

2. W'Egel5| AR a JiﬁiTﬁémmﬁ LEHE’]AEEZ (PT-Br)

—

Em AW, BIRABE (MHEREE) MR 1 250ml
= O 0.062g(0.0045mol) ZHIUEE, 1.65g (0.0135mol)

DMAP, 1.26g (0.0135mol) —ZJ&F 50ml +%& THF, DMAP &
Ria, FKERBRNERAHIZE 0C. AFEHREIHEEBRAS
594g(0 027mol) o -RICH TEERM 20ml THF BIEW, =4 KE

......._"L

THF, i 100ml FEBE=ZY), ]

TRUE, MEEFERAREBRABERE, KERMN 24h, JET
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HK. 5%, KkZ2PHE, T8RE, ETF H-EP i,
BRHAMBESLS RE™Y) 0.13g, 7= 42%., B8 133-134°C. 'H
NMR € 6 ): 193ppm, s, 24H(-CO-CBr(CH;),); 4.31ppm, s,
8H(C-CH,-O-CO-). TEREBHLMH: C ( 34.44%); H (4.41%);
TTESBEYEREC ( 33.60%); H, (4.22%).
3. WEERPEEBEAREWE K

¥ PT-Br. MPCS. CuBr # Sparteine 3% 1:n:4:8 BJEESREL4 (n
NERSYIT PMPCS IR RS IA—TERHBIERLSE T,
IMARFAE S| &M PMPCS # B IRELREE N 20%, TR G —HE
Sﬂﬁi—m R =X TBHFUHRRE S . EZHE, BESEET 90

CHEHEMBD, RN—ENB)E, LR, BAKKB DB H,

(FIEREG. THHEE, B 5 &K THF B SRR B SR,
J%E%A%ﬁﬁﬁx_—%ﬁvﬁ ALO; T, BRZE RN ﬂi?mE’J
XEY, NG RKBMFENRESY, 18, BRg, 55
. HEBEEETIHEELE,
4R E ALK

S RaFE45 4 Waters 150C BB E G SR, 4
BHEAN Waters styragel columns(10°, 104, 10°A), #izh4H THF B7E
1.0ml/min, W[AEAE 35°C, HESEMBERZEERFE. ' HNMR
i% B Bruker ARX400 #REFEIRIN (400MHz) 7F 25°C T8, It
B LS N N AR, CDCl; A7) 204387 848 B Perkin Elmer DSC-7
RS, In BRIERENRBE, B5EF, FBEEEY
X 10°C/min. ¥ & P F H Leitz 350 #1411 Leitz Laborlux 12 POL 1k
YR HEE,

=. gRE5We

1. UEEREREESYWRE R
A&k CuBr/Sparteine NfE{LF, o -WE T ESZ R IR T

fig (PT-Br) 5| RFAEFFRBFPIIT MPCS HIEFER A B
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Hs CuBr /Sp

—_ H b " —_— rer— | — - — —
C‘éCH; 0-C E;Br)" + 4m CH; T CH;—O—@ —GH CH, H)—m CH,—CH—8r
3 90 3 é_—_! [ ?:::]

HC=CH,

oo

HC=CH2
¢ e o
0

Scheme 2-4 Synthetic route of four-armed star mesogen-jacketed

liquid crystal polymer.

F A CERERZ N Scheme 2-4). B R VIB SR ZE 40°CLL LAY,

ERBRAYBER, BRI—-IASBREZRIRAE, ME RN

FIETIRRIBE IR BB R, RELFME RN Table2-3.
Fig 2-10 1 Fig 2-11 4 MPCS & RN F— 55 R . M Fig

2-10 AJAE Y, BPARBRLERRRTE 75%U T, Mycpofl ik

T — R [

80000 S

m MnGPC "

L 1.4
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Mn,GPC
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Fig 2-10 Dependence of four-armed star mesogen-jacketed liquid
crystal polymer the average number molecular weight and
polydispersity on the monomer on conversion at 90°C. Conditions:
MPCS : Ph-Cl1 =20 : 80, MPCS : PT-Br: CuBr:Sp=400:1:4:8
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fEBKMEHIEK, RBEAERRIFRT 75%8F, MygrobE8 15
PRI KRR R, Ui PMPCS #4721 H MPCS &
RIEFER B/ R B S ARG [ AFEZ LLXZH], BIBNESY D1
BomiAE (1.05~1.19). M Fig 2-11 AJBAFEH, AEERETF
In[M]¢/[M]EERE& R MNEE (1) 2ELEXAR, ﬁ%%ﬁiu 75% 541,
EiNeE B HERMRE R ARFEE; RERVERSBAERERZ K
RNKFR. TEREFHESHR, BEANNIESD, BEPOH
REREARFFAR, ZESRNA “HHE” /A]# 8 HERS K.
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Fig 2-11 Time dependence of In[M]y/[M] at 90°C temperature where
[M]o and [M] are the MPCS concentration at 0 and t, respectively.
Conditions same as in Fig 2-10.

Fig2-12 /5 T MPCS BEEHRIAMERE SN GPC HZA.
Matyjaszewski, Gnanou F°HRIE: TE535IRFMLL, MR
i, BE/MYEBRIE (BA/SIAFD FERT, B58849
FRIFMBEC R MY, ERANFRE GPC &, £HTFEHSHILE
., HEESHINHIRE B RERELAHT, BMEFEILZRILET 74
%, WEEREISTERE. 2 TEMHENERESYS, &1

HHERE LR FEE A HENZ L, SRR~ . = TEL
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Mn = 53600 ‘ Mw/Mn = 1.06 F

Mn = 47300 Mw/Mo=1.08 E
Mn = 36300 Mw/Mn =~ 1.06 D
Mn = 30900 Ww/Mn = 1.07 C
Mn = 20600 Mw/Mn-109 B
Mn= 8400 Mw/Mn=1.19 A
| I | [ i I
i6 & 20 22 24 26

Elution Time {min)

Fig 2-12 GPC trace of four-armed star mesogen-jacketed liquid crystal
polymers of different M, gpc
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) SEES 44 Bl . PT-Br:CuBr:Sp:MPCS =

X

B\ XTRRI RIS T 2
TEMMENERRESY . SRV —LET HNMR BB[HEE,

Table 2-3 F

Ke=NBEERRET —MLEHE. BERREYHE

FA] AFE I
Wi TER ]—‘BEXEI’J{E% A RER

GPC #ll

BT TrES

PT-Br/CuBr/Sp 45| kA& Ri#HIT MPCS ] ATRP B, i%,
1:4:8:400,
20%, BIMEFALERIEE] 86%, 4 TlRtLEEH K-
A ASKTRR T 08 |

BB
- R N, GPC
B (WL Fig 2-12). GPC HRRE 2|24

15&
E A

HALEVH

TERREYEHRASTE
I’EE%A%JI‘H&B RAB/MNITE ARG R . X R B % 1

-—.

Y3
Y12k

ik

R TIRBINESMES TEWE. &

g e

Table 2-3 GPC, NMR, DSC date and liquid crystallinity of four-armed

star mesogen-jacketed liquid crystal polymers

1 3

Polymer M“’t: Mn’mf Mn’GP_j Mu/M, Tg(C)* Tg(T) LC?
(x1077) (=107")  (x107")

A 1.57 1.46 0.84 1.19 108.6 106.0 No

B 4.05 3.64 2.06 1.09 110.0 107.0  No

C 5.63 5.12 3.09 1.07 119.6 115.5 No

D 6.70 6.15 3.68 1.06 125.4 119.6  Yes

E 8.44 / 4.73 1.08 129.0 120.5  Yes

F 9.71 / 5.36 1.06 130.8 120.9  Yes

G 10.42 / 5.87 1.06 130.2 123.0  Yes

H 11.78 / 6.50 1.07 130.3 119.4  Yes

I 12.56 / 7.16 1.06 134.5 121.2  Yes

J 13.90 / 7.49 1.06 135.6 122.7  Yes

K 15.44 / 7.71 1.06 136.0 123.1  Yes

1). My was calculated according to Eq.(5)

2). Muavr was calculated based on proton NMR date.
3). Measured on water-2414 GPC instrument
4). Tg measured at the first heating scan.

5). Tg measured at the second heating scan.

6). Phase behavior as observed by polarized optical microscopy.
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BEAI (5) HE:

Mn,th = Conversion X (Mmpcs/M) x 404+732 (5)
I Mupes F1 M 43 34K 245 MPCS FIPL B fEH1 51 & FI(PT-Br)
PRSI EE /R . 404 F1 732 4 IR B4R MPCS MU B AE 5] X
FIPT-BnNM T FE.

Fig 2-13 2IIEEEESY PMPCS M LR EE
(Mn,GPC = 0.84 x104g/mol). 7.2-8.0 ppm (peak c) IR IIEDT R
F B E P ) 2R S B g, 6.35-7.2 ppm (peak d) FJRIL
& 9 28 5 9| 2 P S IR A SR s 3.3-4.0 ppm (peak e)
PRy B oA g %ot 7 -0 22 FR A B S R R U s 1.2-2.6 ppm 245 (peak
b) HI—MRIEAFEESDEFHAIR: 1.25 ppm () FIfEFEIS
BT 5RIRETFHZER KK FERFIMCFEMNEE, m (peak a) |
WM A 5 AR A R R RS RO 4.3-4.6 pp4.04 ppm (g)

a
g?ﬂs b b b
- C-CHy~0-C-C—CHy~CHECH, —CH-—Br i
" - -

¢
by oo g0 oo
‘ 0 Q

||||||||||||||||||||||||||||||||||||||||||||||

Fig 2-13 '"H NMR spectra of four-armed star mesogen-jacketed liquid
crystal polymer (A) (M, gpc = 0.84 x104g/mol) in CDCl;
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REESESHEB T3 A7 PT-Br PHITERESHLENE.
PMPCS H)7r-F & Mn(NMR) ] LR RZ BB IE AR (2) HEE
2,

M nmr = 4( 1/61; ) X404+732 (6)
XE ) LA I 735K 3.3-4.0 ppm (peak e) 7 LU BRr XTI /' ]
s HE A IR 1.2-2.6 ppm (peak b) )RR W 6 B X 1
FIREW TS NFRORE: 404 1 732 2 RARRBEERZ | KF)
B9 &

M Table 2-3 BjULFEH, AU ERERSYRHREST TEDY
KF GPC B4 FERME, EHS 'HNMR 85 FEK{EMIL.
HER—RNUBERESY PMPCS 5HEWREER PS EEAER
AR 12T AR, PMPCS MER B T4 FE (404g/mol) it
KT PS EHHILHTFE (104g/mol), MIF PMPCS HIiE %
BT E—4FER PS R =65, HREN_RERRE
YIAEN TERIER SV REBRANEBEHDMNGE, Xi#E— P T
BAE = h BEREY.
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U1 Scheme 2-5, 3#H POM. DSC. WAXD EF R T Huk G
5ok FRIREIRER
I orl, /

a-- two-arm linear PMPCS

HC=CH, CuBr/Sp,90°C | lorly >\

Chlorobenzene tri-arm star PMPCS

I,
@ Centre core | >

CH=CH,

' Q
Q Br
0 OJA(W }A( CHz-o—c-c— Br 0 /2( o

O Br

,H—<Br
o opeie
\E_'< \g( ? CH CHy—O—C—C—Br © ub(
1{{ Br 67\ Br7<<° ‘

la b lc I4 Iﬁ

Scheme 2-5 Synthesic route of multi-armed liquid crystal polymer

—. LB

1. {28 5 & A

8RR B Waters 150C BERiB B IR (LE, 8kt

41 Waters styragel columns(10°, 10, 10°A), #zh4H THF K)FHE

1.0ml/min, PREE 35°C, HBSHHIRECHEERE. B

3% LA Perkin Elmer DSC-7 #4r AT 18, In F1 Sn &% IE1EE fn#k

k@f@i BAARY, FHERERFHN 20C/min. SR Leitz 350
AER] Leitz Laborlux 12 POL A EHE. TH X ﬁ]ﬁT K] 1

Phlllps X'pert Pro SR TR AENIAE, HRGH 1.5-35°% %4

FEESPT, 40°CH230°C, FHEFEHEE 10°C/min.
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2. ARSFEESE PMPCS #AKIEK

¥ MPCS. CuBr. Sparteine 1% 8 REHS I RANLFTRITERE
FEREREFIMA—TRIFEBRESE S, BMAEEFRERE
WEHR 20%, HTHER, BEASEET o0CHBMGF, KN
—EREE, BHREEE, BAKKBHAH, FIERE. T
., H 5 &R THF BB — S RBERASYEH, BRAYERE
T—HHEE ALO T, URERNERTHNEZEY, REA
REMPRURESY, T, PERE, ETETHR. B3R5
HAARSTEH 8. ZBRUEERK PMPCS, GPC 47+
BROSFEM M, SRS TEET AR RE S
3. WER AR TSR

BAOBFRETRRHEAZHE, ETHE L, Bl RRRE
PRI AR, kBT, W AEKETHRR. e
AR BB MRS 13, TR R R, hnf LR
EUVR OB R B 5 R IR, B R HIA MR E MR S BRI 52
AFERERE, BEEEAEHERREAN, BE THERHER.

=\ GR5iHe

Fig 2-14 AZBEXFRABARSYE _IXKIHRY DSC #h
2, NELFEY, 8MERSE— T E, AT HERHRE,
B 20C min M 50C & 180°CHITHE R IHE, 58 2min, %
5, BRI RFAHTE R . BREVNEHEIGEREME S T
BT LR, MBS FEAT —2HUBEEREASE.

Table 2-4 $|H T HEEEF B RESYAR T FEFER
1 DSC #! POM HMBARER . TR EHE T HEREARE
HAF 472K PMPCS #5, KIL =% (DE M DB &%), =¥
(TR I TB &5 MUBEREESY (TE) HRABRPERD>TF
21 (Mugee) 734 18700g/mol. 18400g/mol. 26900g/mol
27300g/mol. F1 36800g/mol, ML TEEMLEITMT 2
2:313 4, ERFEEEU TREREMHIR. RN RKIARFFR
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FIRHARG TR ZBENESY (DE FIDB £7) M=F
EMREY (TRATB RF)) IR FHEE 2 MR,

. - TEw

T W\
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/_LE°_ |

TEs
/ TEs

Heat Flow

— ¥ T T T r—— T 1
60 80 100 120 140 160
Temperature(°’C)

Fig 2-14 A. DSC traces recorded during the second heating scan of
four-armed star mesogen-jacketed liquid crystal polymers of different
M, cec (ATRP of MPCS initiated by trifunctional initiators I;).

— .
} TR
‘ TR
| ]

T T v

T g T T T ¥ T
80 100 120 140 160

&1
a

Temperature("C)

Fig 2-14 B. DSC traces recorded during the second heating scan of
tri-arm star mesogen-jacketed liquid crystal polymers. (ATRP of
MPCS initiated by trifunctional initiators I.)
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Fig 2-14 C, DSC traces recorded during the second heating scan of
two-armed mesogen-jacketed liquid crystal polymers (ATRP of MPCS
initiated by difunctional initiators I)

ROt — b T B PMPCS )2 TR Hl e G

PMPCS REASFRAT—EHEBEA BRBEEEX-RERET
—RAMEANEREAY, Stevens FIE AR S FREIMEER
BAERSONBRIT ATE2THFR, KN ESER NS
AL A, R AWM T B INE S YA HR N B R S
A EATREAN AR &R ST, W ER, B T, R
AR R AR R AR R ARG R R 2 T BT A, W R R e
me X—AFWART —HRHEHERRR S, Zhou HPIHA
o F R R ERANE SR S YRR AT T A A MR, BRI
RREEMH T TRETLE AR S &S TR RS
R T, REMKIE B RAERKNS TEUEENE S TEMN
LR EF B MEERE S L RURRREME
R, BbED TR LR, RERSEEEEM, HRAFEng

67



RMEXFRIHRAZLRL L8

Table 2-4 GPC, NMR, DSC date and liquid crystallinity of
multi-armed mesogen-jacketed liquid crystal polymers®

Ma'  Mnnmr Mu,ceg 2. 3
Polymer 4 . (x107) My /M, T,(C) LC
(x107) (%107

Di-arm PMPCS?

DE, 0.81 0.73 0.67 1.13  108.0 No
DE, 1.75 / 1.16 1.08  117.¢  No
DE; 2.68 / 1.74 1.08 119.0 No
DE, 2.91 3.10 1.87 1.09  120.0 Yes
DE; 4.76 / 2.73 1.06 119.0 Yes
DEg 6.14 / 3.29 1.08  120.0 Yes
DE;, 6.38 / 373 1.09  120.4 Yes
DEg 6.79 / 3.98 1.08 121.0 Yes
DE, 7.27 / 4.21 1.09  121.0 Yes
DEo 7.51 / 4.47 .11 122.0 Yes
Di-arm PMPCS®
DB, 0.51 0.61 0.42 1.11 107.0 No
DB, 2.01 1.89 1.20 1.10  109.0 No
DB, 2.77 / 1.68 1.09 116.0 No
DB, 3.07 / 1.84 1.08 114.0 Yes
DB; 4.79 / 2.82 1.10 119.0  Yes
DB; 6.30 / 3.75 1.08  120.3 Yes
DB, 7.44 / 4.30 1.08  120.5 Yes
DB; 7.72 / 5.40 1.10  122.0 Yes
Tri-arm PMPCS’
TR, 0.96 1.04 0.58 1.16 108.0 No
TR, 3.76 4.05 2.39 1.12  117.0 No
TR, 4.48 / 2.69 1.09  118.5 Yes
TR, 6.19 / 4.20 1.08  119.8 Yes
TR 7.64 / 4.75 1.07  119.7 Yes
TRg 9.57 / 5.34 1.08  120.5 Yes
TR 10.40 / 5.85 1.09  122.0 Yes
TRs 11.03 / 6.00 1.08 123.0 Yes
TRy 11.51 / 6.18 1.09  123.0 Yes
Tri-arm PMPCS?
TB, 0.72 0.78 0.46 1.16 110.60 No
TB, 1.60 1.56 1.01 1.13  116.¢ No
TB, 2.76 1.71 1.09 118.0 No
TB, 4.21 2.52 1.08 119.0 No
TB; 4.55 2.72 1.09  120.0 Yes
TBs 6.91 4.10 1.08  121.5 Yes
Tetra-arm PMPCS
TE, 1.57 1.46 0.84 1.19  106.0 No
TE; 4.05 3.64 2.06 1.09 107.0 No
TE, 5.63 5.12 3.09 1.07 1155 No
TE, 6.70 6.15 3.68 1.06 119.6 Yes
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TEs 8.44 / 4.73 1.08 120.5 Yes
TEg 9.71 / 5.36 1.06 120.9  Yes
TE- 10.42 / 5.87 1.06 123.0  Yes
TE; 11.78 ! 6.50 1.07 1194 Yes
TEq 12.56 / 7.16 1.06 121.2  Yes
TE g 13.90 / 7.49 1.06 1227  Yes
TE 15.44 / 7.71 1.07 123.1  Yes

1).Mn,th was calculated according to Eq: My s = ((M]/[110} * Mw mpcs + Mw, initiator.
2). Tg measured at the second heating scan.

3). Phase behavior as observed by polarized optical microscopy.

4), ATRPof MPCS initiated by difinctional initiator (I,).

5). ATRPof MPCS initiated by difunctional initiator (Iy).

6).ATRPof MPCS initiated by trifunctional initiator (T.).

7). ATRPof MPCS initiated by trifunctional initiator (I5).

8). ATRP of MPCS initiated by di~(l,, Iy), tri-(L;, l4) and tetrafunctional initiators (1)
containing 2-bromopropionyloxy species. [M]o/[R-Br]o/[CuBr(Spy]o) 100:1:1, 90
'C , in chlorobenzene solution.

Fig2-15 Representative polarized optical micrograph (200x
magnification) of the texture of DE;s at 200°C

AR B SR ENERTERLREERE R &
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HEL, F A P E R RABA MBI . A ST TIX R
71 TR B A R &9, (KBS SR H IS
B, RAaTFREEE-EXDGE, AR BRBEIRSEYE, WRA
VIkES TR MR A S E P N TREAANREWE
TR RIT A SRS T RINRBOSRE et — Pt A
KGR WA R T R R RSN E Tl RN G0 T
AR EE KB, ERRARE RN, B Eoir i)
—RERKEt, WERY FEAIUAE—BIE.

Fig2-16 Representative polarized optical micrograph (200x
magnification) of the texture of TE¢ at 200°C

REEME (POM) MERH, FAESYERBEERELL
EHAG B RIS Sk, B RENs FRES—
EAEN, BEWATTHENH BRI . BT RSWIAERE
Re, REMEIEERD, H POM LA HIW W A 4R
R THRE 300°C, XITHREALE. Fig2-15 il Fig 2-16 552
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VUEM=HE R R AR R RS W BB W SRR
A
ATH-BPARETEERESYNSTRRAL> TENES
YIRZRIT AR, RITRARRN X MR XS EE
ERSWHIT TR, FEABRSMEERDE X MTHEER
BTELLEL. 7 X ATHE L AEHAME, —AMTSgE
20=5.8° A, BN 20=-19° A KM . EEFHRMEE
AR, 20=19° RMRTH MR EE MR ERSTE, WhAEL
HTHT U IR 53 BE A0 TR 75 WA B (R B 1 B 9T R BT A ORE
WAAAD AL, RAVEERR T THE— LRk A 28 H 8
BRREYHS TR FRENRSUHEIT ANE.

) TE
“. First heating

(-]

intensity
COEBEEE BaBES5S

X /degree

Fig2-17A WAXD powder patten recorded during the first heating scan
of four-arm star liquid crystal polymer TEg .
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Fig2-17B WAXD powder patten recorded during the first cooling scan
of four-arm star liquid crystal polymer TE6 .
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Fig2-17C WAXD powder patten recorded during the second heating
scan of four-arm star liquid crystal polymer TE6 .
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Fig2-18A WAXD powder patten recorded during the first heating scan
of four-arm star polymer TE,.
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Fig2-18B WAXD powder patten recorded during the first cooling scan
of four-arm star liquid crystal polymer TE,.
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First heating
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Fig2-19A WAXD powder patten recorded during the first heating scan
of three-arm star liquid crystal polymer TA,.
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Fig2-19B WAXD powder patten recorded during the first cooling scan
of four-arm star liquid crystal polymer TA,
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Intensity

D /degree

Fig2-21 A WAXD powder patten recorded during the first heating scan
of linear liquid crystal polymer DBs.

Intensity
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Fig2-21B WAXD powder patten recorded during the first cooling scan
of linear liquid crystal polymer DB,
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Fig2-22 A WAXD powder patten recorded during the first heating scan
of linear liquid crystal polymer DE:.
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Fig2-22B WAXD powder patten recorded during the first cooling scan
of linear liquid crystal polymer DB;
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Fig2-17A & TE¢ E— R FHER X JefTH &, B AR TE,
EIRKBERIT X ST B, C A TE: 5 X FHRE X AT,
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AT WA —SHRIREEIIL. XTI E X AT
SELL 20=20° AbAOATIR I8 . SX—EE R 54 X HATS IIBT L B
R,
rlx

Fiber

direction

L B HFER TR TR EEENS 5« — R
KA TEEE, @it ATRP, 2551 R Bk Z 5 H A 2% — HEs — (%
HEEER) 8] (MPCS) AHEFRE (BB 20%) HHFE
&, BIMERTRAERRAS FRRNSHME [ZHENET
TR (MHEEEXD) B (PMPCS) FEAW S S4TF, A
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R TERES, JBid ATRP, 73505 K BRI 2K — S —
Eﬂﬁ%z&%) fE] (MPCS) HERABHW (EEL 20%) FITER

, IIHHWE R T UIRIMESER [ZBENE W - (HHEE
K%)EHMPMPCS)%%E@ BEREEFAUBSEESTF, H GPC
AT TR, HFABRBEEIT T RIE.

3. UZENLNEES « —RAR T HIRIEELR N, &SRR
FIWWE s3I &7 (PT-Br), #id ATRP, 5| KRBAKZEEMNE
THEZ (THEREEE) B (MPCS) ZHEERE (EEL
20%) FHITERS, I ART URIHER [ZEEGFE A
7 (ﬂﬁﬂﬁ.izﬁ%) 5] (PMPCS) AERIB K E R HH
Wemma T, A GPC BT TR, FFRARRGHIT TR,

4. N T H—PHARZEHREBREET FRBEAES4F
RS FEREW, BA1H DSC. POM I WAXD 4741057
RTEXERFARZPEH (BiZ. 8% FIAAREBHENEZEH
REBERTTHESEESSFRRESFENRR, IRER
#ZW: & (DEMDB &%), =8 (TR #1 TB &%) iR
ESY (TE 7)) BN SPEHSTFEBME M., orc T H1H
18700g/mol. 18400g/mol. 26900g/mol. 27300g/mol F1 36800g/mol,
MEER s FEEMREEMT 2. 2: 3: 3: 4, GRS FEME
AP EWAMATLI. XEEERSYHBERTE RSB KE
Hx, RS SZO8HNaTRREX. |

—k

IR

2% UMk

[1] Kwolek S L, Schaefgen J R, Gulrich . W et. al, “Synthesis,
anisotropic  solutions and fibers of poly(l,4-benzamide)”,
Macromolecules, 1977, 10(6), 1390-1400.

[2] Zhou Q F, Zhu X L, Wen Z Q, “Liquid-crystalline side-chain
polymer without flexible spacer”, Macromolecules, 1989, 22,

79



MEALFRLIALEFLEHL T HA

3]

4]

[5]

[6]

7]

8]

9]

[10]

[11]

[12]

[13]

491-493

Zhou Q F, Li H M, Feng X D, “Synthesis of a new class of side
chain liquid crystal polymers-polymers with mesogehs laterally
attached via short linkages to polymer backbones”, Mol Cryst Liq
Cryst, 1988, 155, 73-82.

Zhou Q F, Wan X H, Zhu X L, Zhang D, Feng X D, In: Liquid
crystalline polymer systems — technological advances; Isayev A I,
Kyu T, Cheng S Z D, Eds, ACS Symposium Series 632, American
Chemical Society: Washington DC, 1996, pp344-357.

Pragliola S, Ober C K, Mather P T, Jeon H G “Mesogen-jacketed
liquid crystalline polymer via stable free radical polymenzatlon”

Macromol Chem Phys, 1999, 200, 2338-2344.

Gopalan P, Ober C K, “Highly reactive 2,5-disubstituted
styrene-based monomer polymerized via stable free radical
polymerization: effect of substitution and liquid crystallinity on
polymerization”, Macromolecules, 2001, 34, 5120-5124.

Hardouin F, Mery S, Achard M F, Noirez L, Keller P, “Evidence for
a Jacketed nematic polymer”, J Phys II, 1991, (1), 511-520

Gray G W, Hill J S, Lacey D, “Synthesis and properties of some
liquid crystal polysiloxanes with laterally or terminally attached
side chains”, Mol Cryst Liq Cryst, 1991, 197, 43-55

Cherodian A S, Lee M S K, Gray G W et.al, “Structural studies of
laterally attached liquid crystalline polymers”, Liq Cryst, 1993, 14,
1667-1682,

Pugh C, Schrock R R, “Synthesis of side-chain liquid crystal
polymers by living ring-opening metathesis polymerization.
3.Influence of molecular weight, Interconnecting unit, and
substituent on the mesomorphic Behaivior of polymers with
laterally attached mesogens”, Macromolecules, 1992, 25,
6593-6604

Leroux N, Mauzac M, Noirez L, Hardouin, “Some relevant
parameters on the jacketed effect in side-on fixed polysiloxanes”,
Liq Cryst, 1994, 16, 421-428.

XuGZ, XuM, Zhou Q F et. al, “Morphological study of oriented
films obtained from side-chain liquid crystalline polymers”,
Polymer, 1993, 34, 1818-1822.

Wan X H, Feng X D, Zhou Q F et.al, “Characterization of the chain
stiftness for a mesogen-jacketed liquid crystal polymer:

80



MR K FHMERTAFRBLL LR

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

poly{2,5-bis-[(4-methoxybenzoyl)oxy] styrene}”, Macromol Symp,
1995, 96, 207-218.

Zhang H; Wan X; Zhou QF et.al, Effects of molecular weight on
liquid-crystalline behavior of a mesogen-jacketed liquid crystal

polymer synthesized by atom transfer radical polymerization.
Polymer, 2002, Vol 43, Iss 8, pp 2357-2361

Tu H L, Wan X H, Zhou Q F, Cheng S Z D et. al,
“Self-assembly-induced supramolecular hexagonal columnar liquid

crystalline phase using laterally attached nonmesogenic templates”,
Macromolecules, 2000, 33, 6315-6320

Wan X H, Tu Y F, Zhang D, Zhou Q F, “Nitroxide-mediated ‘living’
free radical synthesis of novel rod-coil diblock copolymers with
polystyrene and mesogen-jacketed liquid crystal polymer
segments”’, Polym Int, 2000, 49, 243-247.

Tu L K, Wan X H, Zhang D, Zhou Q F, Wu C, “Self-assembled
nanostructure of a novel coil-rod diblock copolymer in dilute
solution”, J Am Chem Soc, 2000, 122, 10201-10205.

Wan X H, Tu HL, Zhou QF et. al, “Nitroxide-mediated free radical
synthesis of mesogen-jacketed liquid crystal polymers”, Chin J
Polym Sci, 1999, 17(2), 189-192.

HH 7% iﬁ%’%ﬁ?ﬁﬁ—ﬁﬂ F WABWRERIT A, THRT, H
, REH, B, RER, B FIER, 2003, 444-447
Matyjaszewski K, Coca S Gaynor S oG Wei M, Woodworth B E
“Controlled radical polymerization in the presence of oxygen”
Macromolecules, 1998, 31, 5967-5969.

Quirk, R. P.;; Tsai, Y.; Trifunctional Organolithium Initiator Based
on 1,3,5-Tris(1-Phenylethenyl)benzene. Synthesis of Functionalized,
Three-Armed, Star-Branched Polystyrenes , Macromolecules;
1998; 31(23); 8016-8025.

Wilhelm Risse, David R. Wheeler, Louis F. Cannizzo, Robert H.
Grubbs; Di- and tetrafunctional initiators for the living ring-opening
olefin metathesis polymerization of strained cyclic olefins
Macromolecules; 1989; 22(8); 3205-3210.

Michael K. Georges, Peter M. Kazmaier, Gordon K. Hamer et. al;
Narrow molecular weight resins by a free-radical polymerization
process, Macromolecules; 1993; 26(11); 2987-2988.

Wang J S, Matyjaszewski K; Controlled"Living" Radical
Polymerization. Halogen Atom Transfer Radical Polymerization

81




REXFREFAALLFLRL L4

[25]

[26]

[27.

28]

[29]

[30]

[31]

[32]

33]

Promoted by a Cu(I)/Cu(ll) Redox Process, Macromolecules;
1995; 28(23); 7901-7910,

Chiefari, J.; Chong, Y. K.; Thang, S. H et.al; lemg, Free-Radical
Polymerization by Revemlble Addition-Fragmentation Chain
Transter: The RAFT Process, Macromolecules; 1998; 31(16);
5559-5562.

Wang J-S, Greszta D, Matyjaszewski K; Polym. Mater. Sci. Eng.,
1995, 73, 416.

Ueda, J.; Matsuyama, M.; Kamigaito, M.,; Sawamoto, M.;
Multifunctional Initiators for the Ruthenium-Mediated Living
Radical Polymerization of Methyl Methacrylate: Di- and
Trifunctional Dichloroacetates for Synthesis of Multiarmed
Polymersl, Macromolecules; 1998; 31(3); 557-562.

Ueda, J.; Kamigaito, M.; Sawamoto, M.; Calixarene-Core
Multifunctional Initiators for the Ruthenium-Mediated Living
Radical Polymerization of Methacrylatesl, Macromolecules; 1998;
31(20); 6762-6768.

Angot, S.; Taton, D.; Gnanou, Y et. al; Atom Transfer Radical
Polymerization of Styrene Using a Novel Octafunctional Initiator:
Synthesis of Well-Defined Polystyrene Stars , Macromolecules;
1998; 31(21); 7218-7225.

Matyjaszewski K.; Miller, P. J.; Pyun, J et. al; Synthesis and
Characterization of Star Polymers with Varying Arm Number,
Length, and Composition from Organic and Hybrid
Inorganic/Organic Multifunctional Initiators, Macromolecules;
1999; 32(20); 6526-6535. :

Kasko A M, Heintz A M, Pugh C, “The effect of molecular
architecture on the thermotropic behabior of
poly|{11-(4'-cyanophenyl-4"-phenoxylundecyl acrylate] and its
relation to polydispersity”, Macromolecules, 1998, 31, 256-271.
Kaska A M, Heintz A M, Wang Y, Pugh C, “The effect of
molecular arctecture on the thermotropic behavior of side-chain
liquid crystaliine polymers and its relation to polydispersity,” Polym
Prep, 1997, 38, 675-676.

Stevens H, Rehage G Finkelmann H; “Phase transformations of

liquid crystalline side-chain oligomers”, Macromolecules; 1984,
17(4); 851-856.

b

[34] Zhou Q F, Duan X Q, Liu Y “ Transformation of a monotropic

82



HEXFRETALAFMALRL L4

[35]

[36]

[37]

[38]

liquid crystalline polymer to an enantiotropic one by increasing

molecular weight of the polymer”, Macromolecules; 1986; 19(1);
247-249.

Herbert 1. R, Clague A D H; “Detailed structural analysis of
polysiloxane antifoam agents using carbon-13 and silicon-29 NMR
spectroscopy”s Macromolecules; 1989, 22(8); 3267-3275.

Xu G Z, XuM, Zhou Q F et.al, “Morphological study of oriented
films obtained from side-chain liquid crystalline polymers”,
Polymer, 1993, 34, 1818-1822.

Zhou QF, Wan X H, Feng X D et. al, “Restudy of the old poly-2,5-
di{benzoyloxy)styrene as a new liquid-crystal polymer”, Mol Cryst
Liq Cryst, 1993, 231, 107-117.

Wan X H, Feng X D, Zhou Q F et.al, “Characterization of the chain
stiffness for a mesogen-jacketed liquid crystal polymer:
poly{2,5-bis- [(4-methoxybenzoyl)oxy]styrene}”, Macromol Symp,
1995, 96, 207-218.

83



MEXFRLEHALLFHAEL L4

BE BRRIFERE AR IL R YK
TSR

—. 5|§

XK, BEHEARKERBRASRAMIERLLEHNEEY, W
EE ST E}B’ﬁﬁﬁji%%k%, LY. R EREY) . MEEE
IHWERESERE T FBR. T EMRSEH%, EERHRMT
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WS FRES, AR SHOMEMNAE. 3B
ATRP Eﬁﬁ{iﬁﬁiAﬁﬁTE%HﬁﬂUiﬁEﬁﬂ%%
S-(PMMA-b-PMPCS),;, H] DSC #1 POM #4571 & B s AHAT A,
H AR — P REFRMNITRE PR AR B HERTN
Bl B M R BB PR B2 58 1 YR AL

.\ SEERAr
1. FEFRE S 438
HENKGEREEE (AR): tERAFHLZNERA 1 CaH,
Wi T T4 24h, o13E, J%MMA:E
SRR ALO; FE (120-160 H) LlgE
PHEEA], KEMIEZARME, &H.
CuBr: A CuSO, M NaBr B, HEyAKCERPEE, B PRk
ﬁl’/\r E?'ﬁ%ﬁ“rﬂcu
HANRMWEE. THF. PT-Br. MPCS. Sparteine 2555 —& 44
[
2. BN K475 K5 PMMA-Br B1& 1K |
¥ MMA (10.01g,0.1mol), PT-Br (0.183g, 0.25mmol), CuBr
(0.144g,1mmol), F1 Sparteine (0.312g,2mmol)JI AT IR IEIER
SET, #ITARE - EZWR LR ESH UHRES . ET5H
T, BEEEET SOCEBMWMB T, RN—EME G, BB
BE, BAKKGEHEH, FIEEE. TTHEE, H THF B#RE
Y, MESUHEEREL —ERER ALO; 7, UkE RNk
EPHEEY, BAMBITRESY: &8, BT TE.
3. EEHRELIL R Y S{PMMA-5-PMPCS), 114 1%
By F51 475 PMMA-Br. MPCS. CuBr #01 Sparteine
1 1in:1:2 BIEEJREE (n v PMMA-b-PMPCS 1 PMPCS H58
D IMA—TROEBRESE D, REMA—EEREFRELS
FEIRFMBAKIRQIRE AN 20%, EZFHERE, BEESEET 90
ClEHEMAT, RN—EMAE, RIHEEE, BAKKGEPEH,
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B RE. fTIFEE, S 0 THF BRGE  SHBE S UER,
BRSYERET — ARG ALO, AT, LIBEE KNSR
KEY, RAERAXENPRIERSY, T, 9Bk, H5T
1.
4. {E 5 MR &1

D FEEDFEDAE Waters 150C BEIREIEAIE, 3k
Waters styragel columns(10°,10%10°A), #zh# THF MIZE 1.0
ml/min, FREE 35C, FHAMBHEEZHEERE, BEELE
A4 A Waters Millennium 32, 'H NMR 3% L BRUKER ARX400
AL (400MHz) 7E 25°C TR, PURIEERESE AR, CDClL Y
B P 8788 L Perkin Elmer DSC-7 B A0, In & IER
FERBEAE, BARY, FHRRREYH 10°C/min. WS Leitz
350 #vE Y Leitz Laborlux 12 POL Y Bk W0 82 3F 3918 . 4998 X
fir5t B 61 Philips X'pert Pro SR ATHMXZENS, B CuK o, &
& 45KV, BRI 40mA, FRHHEE 1.5-35°, WREAESHEPT,
40°CH| 230°C, FFEEEZR 10°C/min.

= &Rt

g g
o CHZ—O—C—Clz*Br MMA [ __CuBr/Sp, MPCS . I
CHs 4CuBr/Sp, 50°C Chlorcbenzene, 90°C

we== Rod PMPCS chain v coil PMMA chain  Qcentral core
I Macroinitiator 11 Rod-Coil star block copolymer

PMPCS CHg—O—Q—O—%O%—O——Q—O—CW,
0 0

Scheme 3-1. Synthetic route of liquid crystal rod-coil star block
copolymer [S-(PMMA-b-PMPCS),]
WMEEH S-(PMMA-b-PMPCS), WIZEH BUL RN & s 2k
0 Scheme 3-1 Fi7R.
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B, H PT-Br A51K#H, CuBr/Sp MHEALHA, HET MMA 1)
FRRFHEY BERERE, RNKRRLE CuBr/Sp S BT VIS
R, T CuBr/Sp &BERIN AR A T{EEHTHA
RESGFEPIRSTFIIRAL GPC MBHATERSTESN
PMMA-Br(a): Mn=20700g/mol, Mw/Mn=1.06; PMMA-Br(b):
Mn=37800g/mol, M,,/M,=1.06. Fig 3-1A 3§ PMMA-Br(a)f] 'H NMR
iEE. 6=0.84-125, 1.5-2.08, 3.60 ppm F14.02 ppm B HEE
H.L P — CHs( peak a )}, -CHy-( peak b ), -OCHi peak c)
-CH,O-( peak b WZH L RE g, H2E01%E 3.74 ppm(peak ¢),
2.70 ppm(peak b") 1 1.25ppm( peak a' ), XN T5 w —Br EH#H
MMA BITH §)—OCH;,-CH;- 1 -CH;- BUE. VLR FT& R
KAT5IRM e —Br AXN. HAMR-CH-[peak b’]MEF BT
-CHy- [peak b] % R AU AR +H 5, M, nmr=22800 g/mol, 5 GPC
WBEMAL. XEUH 7RISR R NE 2N
PMMA.

LAPYES B ¥ PMMA-Br 45K/, CuBr/Sp MELLFI, fEEX
BEPSIEMPCS Ba, Al TWBRIZERKBILRY, K
MRIGERE P R NAR R REENRAEFE AR, Table 3-1 71
T TS WU B R i B T e 0 A POM, DSC IR 45 R
RS BNV () S -

HAE (%)= (Wp - Wiy Wm x100% (1)
Wp, Wi f1 Wm 2 5CR B RIZEREILEY, X F5IR
Ak MPCS IEE,

Fig 3-1B ZIERIZERKEILEY S-(PMMA-b-PMPCS),
($)) # 'HNMR B, TTLEN, 5 =0.84-1.25(a), 1.5-2.08(b),
3.60(c) ppm AL HELHME SIS A MMA SR 7%, I LK
JFFIECE, g)-CHO-FFEME(e) 4 MPCS BB 7148, 'HNMR
Bl GPC MIHI4 RER, BRATRIHEEAR T VERIZ 2R

B AL R4 S-(PMMA-b-PMPCS);.
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—CH O-E—‘g'—fcm—iﬁcﬂr &

Loy oo o—g—‘gﬁo—@ oGy

_m_o.i H‘%’w;{;

Fig 3-1 "H NMR spectra of macroinitiator (A), (M,=2.07x10" g/mol,
MJ/M, = 1.06) and its star block copolymer $,(B) (M, = 4.72
x10*g/mol, My/M, = 1.06).

VYR RIEE RGBSR PRI B MPCS MEREE
mol(%) rod unit AT BATE L bh PMPCS H{TIBE (5 A3t HR & Ef [peak
f15 PMMA o i ¥ [peak a] %t R IR IETEIRS, & Tt

mol(%) rod unit = (I/8Y/[( 1/8)yH1#3)] x100% 2)
I, PMMA T ZE (§=0.84—1.25ppm, 3H) ZREEILHBRY
SHE, 1 PMPCS U Eh F A5 L ME(5=6.40—6.70ppm,
SH) (IFRSME, HERFIA Table 3-1 7. RIFHL MPCS Kk
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Table 3-1 GPC. DSC. NMR result and liquid crystallinity of rod-coil
star-shaped block copolymers [S-(PMMA-b-PMPCS)4)

- PYL
M e G Wy owe T w1
S a 78.6 4,52 6.92 1.06 36.7 120.1 No
S, a 84.2 5.40 8.26 1.06 429 121.2 Ne¢
S a 923 5.73 8.87 1.07 45.7 121.7 Yes
Sy a 91.8 8.65 14.83 1.08 60.6 1230 Yes
Ss b 84.7 5.68 7.46 1.07 17.9 120.4 No
Se b 86.3 7.30 10.13 1.08 29.2 121.2 No
S b 91.2 7.50 10.47 1.07 345 122.4 Yes
Ss b 92.7 8.50 12.75 1.09 369 1235 Yes

1). Yield was calculated according to Eq.(1)
2). Measured on water-1515GPC instrument
3). Mn,th was calculated calculated according to Eq.(3)

4).The molar percentages of rod units(PMPCS) in four-armed stat block copolymer
determined by 'H NMR spectroscopy, was calculated according to Eq.(2)

5). Tg measured at the second heating scan.

6). Phase behavior as observed by polarized optical microscopy.

#, BB AN R & {MPCS]) Al K 4 T Bl & F
{[S-PMMA-Br],} M EE/R I, TIBRIZERKBEEREDHER
GTEVTREALARKX 3) HH:
Mn,th = Conv. x { [MPCS]o/[S-PMMA-Brlo }x 404
+ M NMR(S-PMMA-Br) 3)

M. nmres-pMma-ar) 2 8 K7 751 & F S-PMMA-Br 1R
BRUBERENESSFE, 404 EBE MPCSHIAF
H o

H GPC 2 T3 REMHI D TR RS TRDM, Fig32 A
KT 51K PMMA- Br(a) &% HAHMN KRR B B L B4 GPC
. MNETELE TR REBEBYEE LRSS KA FIIER, HH
Ko FolRRNGIRBMELR.
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I ¥ T ) T T T T L]
15 16 1?7 18 18 20 21 22 23 24
Elution time (min)

Fig 3-2 GPC trace: macro-initiator a (M, = 2.07x10%g/mol, M/M, =
1.06) and their related star block polymers with various number
average molecular weight.

ik RO fE T RIZE B B BRI B i o F BB 20,
Koy TRANERER, BHBRAYS TESMET 110, &
FIEERNREFE UBRIZERIRBIEEYK GPC MBS FEST
B HERE R BB RIXRR Y, (K0 F RS8N, £
RATFFIRNMBSNT RN, &8 MPCS FIISERMA R, M Table
-1 WAL, A NENZERRELARYMERS TR AT
GPC B FENE, HHE'H NMR WESFEMMEMEE. B
B R ISR ER KBRS PMMA-b-PMPCS 5 FH 7L
PS RAARKIRAE I #IT AN, PMPCS MESR TS TE

(404g/mol Dz KT PS R Bt/ TR (104g/mol), MIfif# PMPCS
RIS 22 BT Rl — 4 7B PS A A, EE R
EREREUHN TREREEWRAFRE N FERINGE T, X3t
ST BATE B A BRI SR Y. -

Fig 3-3 24 PMPCS ¥ #F1 PMMA-Br(a) B AR (1 BRAL Y
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I3 Ik DSC FHR th€k, FHEE 4 10°C/min, PMPCS ¥IBY &
PMMA-Br(a) I3 BELEARE E 40 B4 121.0°CH1 105.0C. ZEHE

PMPCS

{
T
\\
m;m\

T T L} T L] 1
60 80 100 120 140 160
Temperature("C)

Heat Flow

Fig 3-3 DSC second heating curves of linear PMPCS, star-shaped
macroinitior PMMA-Br (a) and the corresponding star-shaped block
copolymersof different Mn, GPC: (S,): My=4.52x10g/mol, (S;): M,=
5.43x10%g/mol, (8): M;=5.73x10*¢/mol, (S4): M,= 8.65x10"g/mol.

WK B R b LR S| — MR BB 5578, FOAE R ) B msid L,
AR EE T,EER T PMMA-Br(2)] T {8, H1&T PMPCS %
WK T, E, HERENREE. RERBIEREY RGEE—
WEZ, BALEREERILEIET PMMA 5 PMPCS BB IR,
R AP 2% B B SR A0 B AR

BAIH DSC. WL EREE POM fl WAXD X Fr4 kS 384
HIBSRMEEEAT TR AT, ZELLSIER a 51R MPCS Frig Py
BRI RREILRYRFIS, RSB MPCS KIEE/R &8 mol(%)
rod unit KT 45.7 A HIB MM, TAELSIEH b 3K MPCS 7
HHENRERKBERY RSP, LRIMEER MPCS [EER
& mol(%) rod unit XF 30.5% LB T HRGREME, AFTEIRE L
M0 F RIS E NG RAEN S FEREHNFH MR IR
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) S; 0 S, MPCS BIEE/R- 85 B 45.7%H1 30.5%, 589 I0E
IR E IR R B 3L R R R S R M B B MPCS IR RS B EK,
TR SRIESER MPCS MEKEFMER, RELHREILEYDR
# PMPCS SEREI FEBAT 9100g/mol (M, gpe) A HI R B9 &%
H, XA g —EHB BB %, Fig 3-5 HFM S; &
200°C BRI B RER .

Fig 3-5 Representative polarized optical micrograph (400x
magnification) of the texture of S; at 200°C.

H WAXD HFR T BERRIFRBILED RSN, Fig3-6A X
S B—KARN X AT E, B AMRER S, H—RMEEN X 47
5T, C 4 S 5 IR FHERT X ATHE, A REEEE R 10°C/min,
B RFHEERED, £ 40~150°C 2 AR AL ATE SR, st
DR LIS, X ULHEIB R AR Y S, BB A TH
KEF. SETHE, 7 160CHRISHREZRAT K, BRBOTHL
B, FEERERFRE 20=5.75° (d=1.5nm) LLROATHTTREE A KTIEH,
e FAR AR B N2R G . FRIE AT B 5 1 R A R A P KT B R P
A M0, BRRR, MTHENRAERS, NHBEERRE, &
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Fig 3-6 WAXD powder patten recorded during the first heating scan of
four-arm star rod-coil copolymer S;.
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four-arm star rod-coil copolymer S; .

Second heating

> 230
e \ 180
£ 170
- 150
130 |
80

l L l n ' L l’ L l L] _l' I l b
(X 5 10 15 20 25 20 35 40

& /degree

Fig 3-8 WAXD powder patten recorded during the second heating scan
of four-arm star rod-coil copolymer S; .
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