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Figure 1-1 SFC trace of a commercially available standard polystyrene
prepared with n-CsHsLi (Mh = 2200)

Mobile Phase; n-pentane : methanol =9 : 1, Flow rate; 1.1 mL min!, stationary
phase; Porasil A, column dimensions; 2 mm X 2 m, sample load; 20 mg in 100
pnL(cyclohexane), temperature 230°C, pressure gradient was starts at 20 bar,
increases by 6.3 bar/ hr and reaches 130 bar after 17.5hr. [49]

25 at-polystyrene
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(b) =l M ”

0 5 10 5 20 25
Elution time (min)

Figure 1-2 SFC traces of (a) atactic and (b) syndiotactic polystyrenes. [51]
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Figure 1-3 SEC (a) and SFC (b) traces of itPMMA (DP= 40.8, Mw/Mn = 1.12,
mm: mr:rr=959:3.5:0.6), and SEC (¢), and SFC (d) traces of the isolated
50mer.
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Figure 1-4 Plots of the 7% of uniform iPMMA (e) and s PMMA (o) samples
as a function of M 1. The 7; data of non-uniform i#PMMA (DP= 565, Mw/Mn =

1.24) (m) and non-uniform s¢PMMA (DP = 539, Mw/Mn = 1.19) (o) are also
shown.
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27} 31
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26 41
< DP=44
o 25}
=
>
T 24t
S
231 T = 171.4°C
2.2 | | |
0 1.0 2.0 3.0 4.0
DP-1x 102

Figure 1-5 Relationship between 7 ! and DP 7! for a series of uniform iz-
PMMAs [62]
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BERT64, ThSORSORERER D, BEHENEEIZH—OREZHWT
WX COHTHREIZIR b DTH S,
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HEE 3% Z LB TEB[66, 671,
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Figure 1-6 SFC traces of uniform i£27mer (a) and st-27mer (¢) of MMA and
their polymeric residues (b) and (d) after isothermal degradation at 300 “C for
30 min under high vacuum.
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Figure 1-7 SEC curves of the 1:1 mixtures of the i#25 and 50 mers of MMA (—)

and of the s#25 and 50 mers (---) of MMA (a) and i# (—) and st (---) PMMAs
with molecular weight distribution (b).
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(c) 1:1
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(b) syndiotactic 47mer

(a) isotaclic 47mer

[ T I ! I T |
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MW x 1073
Figure 1-8 RI-detected SEC curves of (a) it and (b) st-47mers of MMA and (c)

their 1:1 mixture in acetone/acetone-ds at —15°C.
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Figure 1-9 Schematic representation of various types of poly(macromonomer)s
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B28] B—XF5LF7uv 2RIV AY2VINBAFIVOERE
FDAFLVLF AL TV 7 R

21 R

VARBNEORIZRDZ Ty VEATHIRIR—EATLATay FRY 2 — Lt
ENs. ZOEKITEESDOVHEFTEIOB LD SRR ZRETH D LRIFHS, &6
NIATLAT Yy 7R 2 —X MR ARBRIPER Y = —I2id kG oz
AT EPPRFEINZ DG P SERPRIN, TueL Y, AFLIITREX
NB1-FL7 ¢ L1-T1%. F7F R[8-13], A¥ 7V NEET AT )V [14-1T]I2 ED
ZF LA Ty Z2R) 2 —DERPREENTNS,

BHmTHLRXRIESIT,. AVYFIF YT () PMMALY D OF Y I F v
(st-) PMMALL. BEHEEMZEZMBLETZI02TER MY, T RkRT7S5 Y
(THF) . MV R EDREDHFEPTRATSZ LIZE>T, AFLAary
Ly 7 ZLMHIND @S TR ERE TS LhMmEATHS(18, 19, —4 1
ZitPMMAZ7 w7 Lst-PMMA7 vy 7 %2H3 5 A7 LA 7ay ZPMMAIZ AT L
FaAL TV 7 RABEOBLE S HBRRROEEITH S,

AZZYNEBAFIV MMA) OAFLF7Tay Z7RY)—0EKOHEHIT
19584EIZ8DIE D, FoxHlid, PREROVIXY L 260 ML H—T70°CTDI-7
WAL= F9 LxBEH & T AMMAOHE S TH SN APMMAR ZF L A7 v
PRIV —THDEHE L0, &IT. ZDIFEAEN. AFLFTuvyy
PMMATIX72 <. it-PMMA & st-PMMADREY (AFL A7 L2 KPMMA) THD
WS ZEDBHLMITEN[2], 22], TIUTTEES RIS EAEIRM:D R 5 w61k
P IfE T 572 TH B[23],

BEIZHEEZBR LIZAT LA 70y ZPMMADO &K DR OHlIX. Doherty 5
IZEB3DTHbD, THFh—T78 CTAZ VIV NEY T2V AFINERXAZ 7))
BNV 7 2oV A FIVEBREMT D HETO7 0y 7HEEZTO, BHhloR
V=D AT NEEMKDRLTIDOBY T AY L TAFNMALTHZ LItk > T
DB MORNATLF 71y 7PMMA%Z37[24],

t-C{HyMgBriZ £ 3 ML= R TOMMAOESIZY B2 2T L. mEici
ZPMMA% 5- 2 5[2515. RY AFIN TN I = A%[Al / [Mg] = 6FERMT S
T X o TR RIRMN: 2 it H B S st N BB TE, HFRMMERI MR-
EFEATLATuy VJPMMAZ SR TE S, st-PMMAT Yy 2D % 7F ¥ F—I%
=76 WRETH-7[26], BENIZAT LA 7 ay Z7PMMADBEIKRIRES L OA
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WHTORAT LA T Ly 7 ZABEPRGT ENTEY, it-PMMA & st-PMMAD
EHEHELTWAEZLIZKk>TAFLA AL T Ly 2 ZABEPHEMITRZ S 2
LERBTIEBEBHEOLNTVDS, LELAEBRL, ThH0FREIER. WIFhi®E
BEZSHODHEZAE —RBER) —EHVHETHY, RUY—DEREERI
HHRAIEODThiREZRB AL T Ly P ABRICG 25 EEZEBTH L. B—
RV —%lBE LTHWAZEHEE L,

VERRERBEY B FTEEZHVAR, EIREIKEEER EO A ZEAT
5 ENAEETH D27, BREEELH T HAPMMAN» H¥)—RY v —% BT &
PTENE, ZhzENTForvr7uy szl Tr7uny 7HEEKEZEKT S Z
EWHRETH S, Eh7uy ZEHOR Loy bOWEEREZDZET, 7
oy 7R LORBNREZELIE. ATy 7Ly 7 2ABREKT 5 0H5#E
BOETMVILEMZEKTHZ L b HEL RS,

ARETIX, RITKEEILZ A T 5 ViR BAEPMMA (278 & TNT s¢-PMMA-OH)

ZEHEL. ZIhOBEREAI O NS5 7 0 — (SFO ZHOTHEEL /28—
RY~2—%, HikeNaf N ERILEIEDZZLIZEHST, Tuv 7 i 2oy
PRI 2RV — 25 L3 71 v ZPMMADO S K kA Tz, &HhiH—
ZF LA 7ay ZPMMAOBERIREETORAF LA aL 7Ly 72 Z0BWHEE %2, %t
Jix 3% it-PMMA & st-PMMA L DR EW & el « WGt L7z, IBirhbTA ST L AT
0y Z7PMMAD G FRNTAT LA AL 7Ly 72 2%k Licha. 05T
BREOEREES B FREND, ZOELEY A PRI u~ NS5 T 1 —
(SEC) THINFZZ LT, HFMRSTITHFNATLEA AL T Ly 7 ZADEE
Bl ZDORBETO LN TEX S, . _BREOL Y 7Y U 7/HIE LTH
{77 a5t L 7y a L )V E2HOTAT L A7 1y ZPMMA % &%
T3, 70y VOREOADRERRLBEEIFENDS, AT LA T 0y 7PMMA
DOHFEILDOREEP D FHAT LA AL T Ly 7 ARG 2 DB BIZOVTHR
L7z,

22 EB
2«2 1 3k

My, RVBY, AT VRIBREIZLEDP>THER LIEOL, 2BDN-
CHLiZ iz THZME L2 O 2 HBEANIC B AR L THW

FhFok Ruz5y (THF) &YF)IT—F)ECaH, T2 EEmEGRTE & %Y
Z< Mz L. LAH, AR L2 02 HER Iz EZ2ZEE L THW .,
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AZ 7 VVEAF IV MMA) X, il z HEIC KRR L, CaH, ETHAR L.
FEHERTNC B 2228 LTV,

ATV, FEFAFLIYT I (TMEDA) Xilillth (Aldrich Chemical
Co. Inc.) ZHWHERE LI-0L, Call, F TR X B30 3 2 HERIIC B2 &R
L THW,

L8-UT7H¥EY 7 al5.4.017 57t -T (DBU) Eillkgh (Aldrich Chemical Co.
Inc.) ZWWHEZAYE L THOVW .

9- R ul3.3.117F+> (9-BBN) Ik’ (Aldrich Chemical Co. Inc.) O
THFE#W (0.5 M) Z2ZFDFEFEHW,

YV IR EEERB L3 0%2Call, E TR LIZOGIZEZRZERBL, &
HIZEL X 25—V —F RIATHR LIz D2 W,

g nanEmi G547 RA7 ) ) ZREREBLIZLOZ MlT
YW LTHW ., Hie7 2 u )y, Her L7y Vil (G747
A7 B ) ZZOEERHW,

222 TYNEEET D726 NN st PMMAD &

HEKINEHTZAMDOT VTN TlioTc, HEIA VICEAEEZ LD OITBX -
ZL—=I 7 LIk MiERD MV Zm2&WM L., REBR2HALRIZ=
Hay 2 EROMNT,. FIATARA—RAY ) =)V T—T18CITwm# Lz, it-hos;
&% ¢-CiHoMgBr, st-#DGE (n-CH)sAlfe W T-CHLIZERGZTMA DD
MMAZ K <EEPRLZA S P L THEZHKR I, —T78 CT2URE, EEHKIG
2172070 b, NVEFEROIVET VN EZHBLIERRLEAS AT, IR, it
DG ADBU. st-ikDIFAETMEDA, ZNZEND MV 2B (vol / vol = 1 /
D ZMz—18 CT22RH, SXSHITHEEZ0 CIZHE L TIRHRIL S Bz, Kk
BEMZ PV D20EBDONFY PITHR TR —2 ik IE, VY927 ¢
WE—ThIR Lz, NFH . 1 N HCL #iK, ~FH 2 THhH L TL0 "CTHEEEN
Blico BONTR) -2 BUICHBESE, MMz E0nBEThRE LD
b, BRSHEZREB IR TRY = —2MI L,

2+ 2«3 125NN st-PMMA-OHD &%

WREBRZMIL=07 7 2ahRET, WETEONTINVEZAT S
PMMA O THF % #5812 9-BBNO THF i # (0.5 M) Zhnz. SKFEE D%, 3NOD
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NaOHK#HHE. KOT30 % DOH0.KF % RIGIRE 230 Cl 280K HiTihk
Iz lz, BB TE SITARFR S B KInREDZ5ERHZB L. Kk
WIEEDOTHF L HED PV 2 LIKKCOs 2z, AHEZ 8L, /oA
BEZ L BREETREML, 20580\ hIZR TR v —2 kI8
FAT7 4N —THIR Lz, NF92, 1 NHCL ik, ~NF9 2 ThisL7T40 C
THZE®R L,

224 @BERBEKIONTFIT7 40—

BEREA Z7a< b 757 ¢ — (SFO) 12 & %9 Hi 7% & TNZ %5 B id Hewlett-
Packard 58908 5 LA —7 > %M 2 7 HA 2 KB IASCO SUPER-200%! 7 v <
NS 7R WTIT o Tz, 2B O ZFigure 2-1HZRT . B 5 ATIXEH L2
(KR) #Develosil 100-5>V A7 N A5 A (10 mm o.d. X 250 mm) % —AFEHL
Too BBENRNIIAFRHMELII6 % DAL “FLIRFE. MR LLTRAY ) — %
Antc, ZBALIRFE L A Y ) —VIEENZNHRMOR L 7 THEHR L. EBALKRER
DRWR > T O~y RIIIEBR1E R SCINICS+E B BRI IR A T5 “CLLRICHm#E L
Too HHEIX200 kg em-2T, B Z AEEZE80~100 ChHh 5 F & THEEZITV.
i =2 )V % 36 Uz HAS) SEBUE A vl S B IR JASCO  975-UVZE BTV
THE220 nmTHEZ T > 72,

N

Y A [EEEEN

A0 | Ao -
gﬁ)ﬁ]p Ml?r?qlger Column Oven UV Detector

Backpressure
Regulator

4
a{c%

Lig. CO2
4

7

Figure 2-1 Schematic diagram of supercritical fluid chromatography
(SFC)
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2+2¢5 ¥— 25 L A7 1y ZPMMAD &%

WIREEBEMHA T, MR mmO 5 ZREHEIC B — it-PMMA-OH & ) — st~
PMMA-OHDREMDON LB LBl MZ k. ~HRU B Z2HifGzR LU TEEL
fedb, IERON B LYV EMA, KInREE TR LTRY v —%25%
BIZBERE Db, Ay 7Y L 7RENZ THRERBIRIL €, KIGREAMIZHE
FROAY ) =N EMiTRIGZEILESE, RIGEED» SEREN 2B LR B
senifg Uiz,

2251 7uyZ7REORKS GEHE) A7LA70y 7PMMA

I1-MMA);s-OH (21.88 mg. Kum/KEEILE11.41 pmol) 7% & TNT st~(MMA)s-OH
(33.14 mg. A¥mizkKE£E3£10.63 pmol) ZHW. VYT (3.57 mg, 45.11 pmol)
FETF, vy (0511 mL) W25 CTHHiken~na ) (2.70 mg, 11.30 o
mol) T3HRIAZ Y 7Y > 7 IETAM LI,

2+2+5+2 TJuyZERFELY GIHED) RAFLF7 0y 7PMMA

it-PMMA-OH (17.45 mg. KRua/KEEH3.29 pmol) & st-PMMA-OH (15.22 mg.
KA EEIES.09 pmol) DI6REFTLEZEY VY (16.62 pmol) FETF MLy

(0.14 mL) w25 CT ik a4/ (4.16 umol) TIHRB v 7Y L 7 EXHET
Ek Lz,

2253 0- BXUpRUVEBLVIYINBRYBEEREZETEIATLET
> 7 PMMA

it-PMMA-OH & s¢t-PMMA-OH %50°CT7 H#j A » 7V > 7 X THEK L.
1 Uiz &% Table 2-11Z2R9

226 B)—it-PMMA -block-st- RV A % 7 V) VEELF )L (PEMA) OERK

st-PMMA & [ ER D F1E TR KEESL 243 5 s¢-PEMA (s¢-PEMA-OH) % &1k
Lico FlEARNGD-CHy-OH & BRlE R D t-CHy-3E & OW IR FEh S Kb iz, SFC
(CO; 8.8 mL min™!, CH;0H 1.92 mL min™!, #HAIRESO °C, HEMEE 0.6 °C min’!,
71200 kg cm®) TEEED W ZIT > TR OB —st-PEMA-OH (DP = 40,
mm/ mr/ rr=2/6/92, Fa=0.88) (22.20 mg, AKHi/KEEHR4.10 Lmol) E¥y—ir-
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Table 2-1 Preparation of uniform stereoblock PMMAs having benzenedi-
carbonyl linking unit 2.

Polymer Coupling agent 1t PMMA-OH? st PMMA-OH® Pyridine

BzdiClz» pmol DP  pmol ® DP  jumol @ pmol
040 o 1.3 40 1.25 40 1.25 12
P40 p- 1.3 40  1.32 40 1.25 13
045 0 0.66 45 0.64 45 0.68 6.6
p45 p- 0.67 45 0.57 45 0.57 6.5

a) Solvent: benzene 0.5 mL.

b Benzenedicarbonyl dichloride

o Mn = 3390, Mw/Mn =1.23, mm/ mr/ rr=96/3/1, Fh =0.86
) Mn = 4140, Mw/Mn =1.20, mm/ mr/ rr=1/9/90, Fh=0.95

PMMA-OH (DP =30, mm / mr/ rr=96 / 3/ 1, Fn = 0.91) (16.92 mg, Kum/KEE
3£4.92 pmol) ZEY T (221 mg, 28.1 pmol) FIEFNIELHT25 CT6H
Mid > 7Y > 7 &8, it-PMMA-block-st-PEMA%SFC (CO; 7.2 mL min™', CH;OH
2.8 mL min!, FMPEEEI0 °C, WmEEE 1.5 °C min™!, H:J7200 kg em™) THifE L7z,

22«7 AP~ bS5 7+— (SEC)

NFERBIXODFROSGORRZIZHWIZSECY 25 A, HA% K#Jasco 980-
PUZRIAR Y 7T, I LA —T ITHAS KB Jasco 865-CO. MHEHZHAS
BRI SE-61H 5720, BEEMICIXTHF 2 H Wiz, B 5 AZIEME T8 Shodex
KF806L (8.0 mm id X 300 mm. #EPRERAST-EH2 X 100) Z2KDBLWVTHL
2o

2TV aL Ty 7 ZABREBRIZHWIZSECY 25 A%, HAZ HHJasco 980
-PUZERMER 7. RHESIZH A EBRI-1530. BEEHRICITHER LT by
W, 5 AMZIEEMETHShodex KF803 (8.0 mm id. X 300 mm. #HEBRIR
ROFRT X 10 Z2RDBWTHW, FENERRBLCool Circulator CB1578ERH
BT EDORIEIZHE LIzl (A 754 VKRBKR) 2hI730T %7y A
RBHRLTHZL2HH Ui, R IEIXEME T#Shodex STANDARD M-754
HEPMMA4RE (Mb = 1847, 5716, 20203, 48597) Tir-o .
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23 HRELES
23«1 5NN st-PMMA-OHDO G L —RY) = —0D Hijf

Scheme 2-1ZH#-> T, it-7% 5 NZ st-PMMA-OH%Z &)k L72[27]. #&5% Table 2-1
WZRTe DB, SEEBRAEORORY v —23% 5k, PMMA-OH®D
'H NMR Tl Ik RGO KEBEILDBED 2 F L VIO IUTOCH:IED W IUZ HIL S o
DIZ, ZOFEE TEREIEEAR (F) ZRDDZ LB TER, KEEHE LiREH
DERMIZKIET S M) Zua7eF) A Y 7 x— b ENMREEREHE h Tk
X #[28]., PMMA-OH?% PMMA-CH,-CH,-CH.-0-CONH-CO-CCLIZ#58 3 5 &, T
A Uk RS A FL o7 a b L OB (4.15~4.20 ppm) 12
7 b LB - BED PR L7125, BHIRRIRD (-CiHy2k & ORI R L & iR X F
L VI OWRMBERE L S AR L,

OCH3
CH CH _
ECHLIT (n-CaHodAL C%CH C—SCH C%CH C62 Li® i
27 *
Toluene, -78°C, 24h &H, z C o -1 2 C o TMEDA 1
CH, OCH; OCH, -722‘;0} . {OghC
CH2:é syndiotactic
! >
¢=0
OCH,
-C4HgMgBr GHs CHs GHs GHe ®  CH,=CH-CHyl
» CHy-C—LCH,—C—CH,— —}CHZ C© MgBr
Toluene, -78°C, 24h CIZH é—O ('3 on -1 C o DBU ™
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|
OCHj,4 ocH3 ocH3 -78°c} {0°c
isotactic 24h 3h
CH CH S-BBN CH CH
7 THF ", rt., 5h s 3
CHy— cIJﬂLCH2 cijH2 CH=CH, CH3—CI:%CH2 CA}CH2 CH,-CH,—OH
b S D R AN =
OCH, e OCH;
PMMA-OH

Scheme 2-1 Preparation of hydroxyl-terminated isotactic and syndiotactic
PMMAs (PMMA-OHs) .

1 N, N, N°, N'Tetramethylenediamine, *2 1, 8-Diazabicyclo[5.4.0]lundec-7-ene,

*3 9-Borabicycle[3.3.1]lnonane, *4 Tetrahydrofuran

B SN T2 it-75 5 T st-PMMA-OH HSFCE W T ENEN OB —RY v —%2
Bt L7z, SFCIZXDHEAEL N, KRS I Z K778\ it -78 6 TNT s¢-PMMAD
BA129-321 LRk, YU BTN A LEROCT, PROAY ) —LE&TC0%
BEIHE L TiTo . w stk oitiZTable 2-31229, i#-PMMA-OHIZ st-PMMA
~OHIZEER TIRWEAEHBIZD e > TR DOWIESIE TH B EETH - Tz,
SFCIz X ¥ —RY < —##id—fil & L TFigure 2-2i2/-PMMA-OH (Table 2-2,
No. 1) OSFCZu<= b75AL%x3 (Figure 2-2) . KPZ* TR L7527V a
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Table 2-2 Chractereistics of 71z- and st-PMMA-OHs
Tacticity 2 (%)

run Mn? Mw/ Mnb Fho
mm  mr rr

1 3160 1.18 0.98 97 2 1
2 3390 1.04 1.00 1 11 88
2 Determined by TH NMR.

b Determined by SEC.

© End functionality determined by 'H NMR analysis of the
trichloroactyl isocyanate derivatives.

Table 2-3 SFC separation conditions of 7¢- and st PMMA-OHs ®

Polymer st PMMA-OH 1t PMMA-OH
CO:z flow rate ¥ 9.0-80 82-77 9.0 9.0
(mL min?)

CH(;?E{ fii’i‘g_f)ate 15-25 1.8-23 18 1.8

.. c)
Initial col(lj(r;n temp. 100 100 80 80
DPrange _of effective 5_16 10—-23 92 _50 9 —-50

separation (mer)

2 Sample amount injected was 25 mg.

b “9.0 — 8.0” means the initial and final flow rates. The gradient was
made over 30 min period.

@ Cooling rate of column temperature, 1.0 °C min'!

POEFERFDYAANRY MVETREL, D75 7Y aOBEEEIZTZNE
BEEIZ L TIHIIE» SRE LT, e, HEELZE —-RY v —0®EFEIX, H
NMR % IV THR KL D ¢-C4Hy-3E & MMAHLAL D O CHs L DR I FE kL K 0 ffEER L

(Figure 2-3) . 2 BIOHIH% TEREIEEARIZECS LN LA L, 575
7Y a 50~ 200mREHRVIE LS L. K110~40 mgD¥H—KRY) 3 —%2{Hl,
Figure 2-2biZit-PMMA-OHD 18&AKLit-(MMA)1s-OHIDSFCrZ u = 77 L%mT,
— 7 DHiRICEFEDORBIEC—IBALNIZNZ LS, HlPER i -(MMA) 15—
OHDBHEE SN TNWD Z D%, st-PMMA-OHIZ DWW T RO HETE —R
V= —%HEE L.

32



18 mer

GHs ¢H
CH3—Q+CH2—9%gHz—CHz—CHZ—OH
(b) CH, C=0
OCH;

30 mer

/

| | l l | 1
0 5 10 15 20 25

Elution time (min.)

Figure 2-2 SFC curves of i£-PMMA-OH (run 1 of Table 2-1) (a) and
the uniform 72 ((MMA)1s-OH isolated therefrom (b).

232 JuavrZEORRKS GEHE) ¥B—ZA5L 471y 7PMMADO S

it-PMMA & st-PMMALE VY, THFZZ EREOBEEHTIE AT LA 7Ly
2 A& T D RN TS, 33, 341, B)—it-PMMA & st-PMMA % FHV 2
FLFar 7Ly 72 ZABEROWEN S, THFHTO L T Ly 7 2B E T 2
HEFREAORETHD LEABLONTVWBEB5, Ay XY L Rahizar >
Ly 7 2B LT, KIGRBAE T3 2 2RI 50z, dido kT
B U7z it~(MMA)15-OHZZ & TNZ st~(MMA)30-OHZ IV, BV YV UFEETF. bl ith
25 ‘CT Mk N/ N TIHMA v 7V L7 &E, B—2F LA+ 71y 7PMMA
&M LTz (Scheme 2-2) . ZORKIETIX. HMETSE A5 470y Z7PMMA L
& B IZit-PMMA. st-PMMAZNZNDH v 7Y VT HEEMPRIAET 50, RiLDHE
BEDE)—R) —Z2HOTOWSDOTRINESEM»SHENOE—AF LA Tay 7
PMMAZ% FRTHMT D N TE D, Figure 2-4 (a) IZRINEAEMDSECY o
XML R LU, @A REHAERERD A SIIZst-(MMA)s-OH F+Lo
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r OL-CH3—|

-OCHs t-CaHo-
-CH2-
I
. N JJL.M. L
| T T T N T T WU S NN T TR NN NN N U S R T T T S T
1 3 2 1 0 pom

Figure 2-3 500 MHz 'H NMR spectrum of 1£{MMA)1s-OH measured

in nitrobenzene-ds at 110 °C.

OCH3
CH3 CH3
CH3— C—FCHZ C——CH2 C+CHQCHZCHZOH + CH3- C%CHZ I—CHZ CH—CHZCHZCHZOH
CHj C (0] CH;M
OCH3 OCH3 OCH3
isotactic syndiotactic
O O
-
it-PMMA—O)J\R)J\O—st-PMMA
0O O
LA 2. 2.2
Cl R Cl SEC and/or SFC fractionation
- < st-PMMA—OJ\RJ\O—st-PMMA » jt-PMMA-O" "'R” "O-st-PMMA
pyridine
j)\ j)\ uniform stereoblock PMMA
it-PMMA-0~ "R” "O—it-PMMA

-

Scheme 2-2 Preparation of uniform stereoblock PMMA.
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Stereoblock PMMA

[ —jt-st-
(5) L
st-st-
\
tit-
st:PMMA-OH
| i-PMMA-OH
|
(a)
] | | |
12 14 16 18

Elution volume (mL)

Figure 2-4 SEC curves of the reaction mixture of i#{MMA):s-OH
and st-(MMA)3-OH with sebacoyl chloride (a) and the stereoblock
PMMA isolated from the mixture (b)

| st |

ft-it-

st-st- A

~—_

.
R

[/
/]

| ]
0 5 10 15 20
Elution time (min.)

Figure 2-5 SFC curves of uniform st-st-, it-st- and it-1t- block
PMMAs
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By TV TR (st-s) « ATV F 70y Z7PMMA (t-sd) . it-(MMA)s-OH
Htohy 7V 7HEY Gt-i) « R Dst-(MMA)3-OHZR & TNZ 7it-(MMA) 15~
OHD5 DD — 27 35k L THBRIM XN TS, K ZSECTH Y L. SFCTHE
S HR « KB UTz, Figure 2-5I1CK8B DY) —st-st-, it-st-. it-it-7 1 7PMMA®D
SFCrZu~< bS5 L%a Uiz, Figure 2-4 (b) 725 QNZFigure 2-51%% 6 i-¥)—
257 LA 7y ZPMMAR G FRIZBE LT, B—Thb I E2RL TS, fHHh
Toh)—st-st-, it-st-. it-it-7 > ZPMMA®D'H NMRAXR”Z bV #X B L -dith55
CTHURE Lo HARYZ MUY > F 27 2=v b, -CO(CH)sCO-, IZHIRT S
AF L HOBPRMIHYE T EHRERY ?—DARY MIVOERHDETH -
Tzo it-PMMA-OH®D Bi#E A i 0D t-CiHy$E1%0.968 ppm. st-PMMA-OH® Z1%0.957
ppmiZ Bl EN D, ZFL AT 0y ZPMMAD AT MUZIZZh 60O —2 538
WEh, ZomEkiX. it-PMMA © st-PMMA = 49.6 : 5042720, B)—25FL %7
1 v 7 PMMADE R R Sz,

233 ZAFLF7uavyZPMMAOES T

PMMADAF LA a7 Ly 7 ZXEHRETIERERETHAZ D, Bohik
B—2Z257 VA7 ay JPMMABERIRETa 7Ly 7 22 BRT DO EHFHND
T2, 90 CTASHFMEVLBE L, RAEABBRIWI 21T >, #R%ZFigure 2-612mx
Lize A5 LA 70y Z7PMMAOKRK 7 0 v 712243 % B)—it-PMMA-OHO 18 &
th L #)—st-PMMA-OHD 304D | LEEMORR B EDE TR L. WTIhoik
BHZR AT LA 2L 7Ly 72 ZORMRIZIED QRBE -7 BR OGN, ZAFLET
oy Z7PMMAOBHLT Y 7 & — (AH) 1. #2439 %it-PMMA-OH & s¢-PMMA-OH
DREVDAHD2AETHY. AFLF 7y JPMMAOAFL AL FLy 7 A
RS K VRN > THBZ 2R LTWS, T AL ATLATuy 7
PMMA®D /D3O DI E 7 T B i % S OARY 12l 2 W 2RO FEER T
. AFLF7uy JPMMAOAH (19.7 J g) 2REMED 12.665KXL. Al
LRV EVS FEROREREPHE I THS (t-PMMA7 vy 7, DP CE#) = 29,
mm . mr.1r=96:3:1, st-PMMAZ7 > 7, DP C¥¥)) =27, mm::mr.rmr="T:
17 : 76) [36]c Ny —~IRAFTL A7y VPMMAOAH (19.7 J gV) 3¥—RAFL
A7y ZPMMADO(E (AH = 4.0 J g) £V KREV, Zhid. RSB~ ATL
F7ay JPMMAIZEENDEEEER P2 T Ly 7 ZBKIARIZE N b
DOLBbhD, EEIZaALTLy 7 2B LTSS OESEIX. ZOEHE
I REVIZFT, SVIRIUE. 2L Ty 2 ZABRITHER T Oy FORERLREIZ
DWW TOREGITET IRV, B—AF L F7ay JPMMAIZBIT 5#EHRIE. ZDk9
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(b) stereoblock PMMA

Tm = 106.9°C
AH=4.0Jg"

(a) stereoblend

Tm = 103.9°C
L AH=16Jg"

| I | | | | | |
70 80 90 100 110 120 130 140
Temperature (°C)

Figure 2-6 DSC thermograms of a mixture of 7£(MMA)1s-OH and s¢-
(MMA)30-OH (a) and of uniform stereoblock PMMA (b) annealed at

90°C for 48h.

BB EEZRLT, A7 370y ZJPMMAOZFL A2 7Ly 7 2Bk
PHUTIREMEV LI VIRMMTEIZZ 2R LELDTH D, TN+
BIZ TR, B FHRNTHERATLF AL 7Ly 7 ZABEPARETH D Z LizkD
LIS,

23«4 XHEHZRFLATay Z7PMMADOERE & ZFDHhTO
A7 L FAaL 7L 7 Ak

257 L7y ZPMMAD S FNTAT LAy 7Ly 7 2Bk T 5 W REdki
L PSEEHEINTHWBBTL, BihOZATF LA 71y ZPMMAR D FHITAT L
Far Ty 7 A% LIcRa. 2 T-OBRIF-FHOBIRRY ~—0 &k 5 ik
Lo THRENAMERPIRT T3 2 LA PRENS[38-42], —J. HFRITO
25V ary 7Ly 72 Z2E. RPosFROMA. DOF Y REN AR
WRKELDBILH, SECEHIVDE, ZOKIRBIELDaL T Ly 7 ABHEXBIL
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TBHNTEZEHTXBIITTHS, LML, 54DHBERI)—2HNDT
%, SECE—2DIEBY DIDIZZD LA T Ly 7 AT kB8 —7 %853
ZOPWEETET TIXRL, PV SO —2BBlIENhzE LTy, Fhdh
RNY 2 —2hOVPEREH 2 KR L2 00, tORY—IZ&8EN2H50 18
DR TEFITHR T Z L0 Z XY TX I, HERHRESES Z LIETERY. &
TFRIZDAADIRNE—Z2F L A7 1y ZPMMAZHOWIUE, 20 &k 5 iRE %2k
L. & TNTOa 7Ly 7 2Bk E RN U TRIBETZ 2R D S,

it-PMMA & st PMMAD#)— R Y = —ZERHZ WV, THFKIRTOR 7L A2
TV 7 ZAESECTHRNIHIRET, 2> T Ly 7 A2 LR D IEDn LV
B FRANCBMEN S Z L, OULBETIXI-PMMA © s¢-PMMA = 1 I TRAEDIE
ZV. 2BITIIRIKDP = 2~ 46FREDOEGSENPBLEILZ D S5 S35,
43, THOZ L %#EB L, it-PMMA & st-PMMABDP = 42~ 46T CTHEEENRE L
. it-PMMA : st-PMMA = 1 1O#MEO¥—A 7 L A7 1 v 7PMMAOGH# % Hig
L7z, BB — 25 LA 71y ZPMMAIZ/--PMMAZ 1 » 27 & st-PMMA7 &1 » %7
DEHFEN R > TOIID, KILRBEMPSHIDO AT LA 7 uy 7PMMA%
SECTHIfET 2 Z L8 nRETH > 7-M. it-PMMA : st-PMMA = 1 : 1O DOTIEHA
WHZSECIZ X 250 o MR vlfETH S, Table 2-31Zst-PMMA-OH & i¢-PMMA-
OHDSFCH#ED G- % m LTy, iR BIIPEIZ & > TSFCH B D RSP R X <
WEINDZ S, HUEASEOR R v—0RE. ZONABHITED2#I1IZ3E
D K SFCH & ik ATz,

¥9, Scheme 2-2iZH¢V, i+-PMMA-OH & st-PMMA-OHD 468 kF L2V Vv
BIET MLz 25 CT it naft N TIHBKIGE X ® 2, KIGREHOD
SFCIZ X 250 idAilc L 2A, SHBEZOND 7)) V7S (it-it- it-
st~ st-st-) I, IRXRTCTEA LD FRTHIH, BERXHTETHIZLhTEL

(Figure 2-7) . KD —27 OFEIZZIBONMRIEN ST o, EBEDKYE)
—7 1y ZPMMADSFCZ 1< k75 A%Figure 2-TIZHidTm Lz, D71
RGP ENTENR = THH DS, BRI —DHShcZ &
P95,

Figure 2-8i2i%. FhFho¥—7 o v ZPMMA®'H NMR%Z % Uiz, JEXRFEID
B—27 LA 7y JPMMADRGE LFER. it-PMMA 7 1 v Z12#5E LBl R b
D t-CiHoF31Z0.968 ppmiZ. st-PMMAZ T v Z1Z#EE L1z 3 D1%0.957 ppmiz E &—
2 %ms, it-it-71 » Z7PMMAB X Ost-st-7' 1 v 7 PMMAIZ BT % Ko ¢-C,Hydt
BENFNFEE—2 L HITNEVWE =2 ZRTA, TIUTKREAED 238 1037,
HWHAPEDORLNZ X 25 HATH D, ENZThoL—70mEREZR LT, AT L
F7ay Z7PMMAO 7 a v 7 Otk 2R T2 Lit- ~ st- = 49 1 51L720, 1FF
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reaction mixture

L | |

| | | | I
12 14 16 18 20 22 24 26

Elution time (min.)

Figure 2-7 SFC curves of the reaction product of coupling reaction
of 7tA{MMA)4-OH and st{MMA)s-OH and of isolated i¢-it-, it-st- and
st-stblock PMMAs.

(CH50H, 3.0 mL min%; COg, 7.0 mL min'1, initial column temp., 85
°C; rate of cooling 2 °C min').

1:1THHZ Lo, ZOERPHERTE I,

ATFVAAL Ty 7 AR LBOWBETHD 7an i)l Lz EikkIcH
WT, B—25LF7ay Z7PMMAOSECHIE %2115 &, —ADBEHE—27 LHrHl
g (Figure 2-9a) . —JF, AFLFar 7Ly 722K 5B E LTH
5ENET7E b EHOCT, BHREL) g L, REE0 CTSECEZME TS L. 34D
v—2 8l (Figure 2-9b) . RWERE0 CT, HHORELEILIELLE
O u= k7F L%xFigure 2-101I2xR 7, BHRE D EAITHEY, @i HAaRE N
(&5 +2H) O —27 OBE A, KFEHEREN @ rail) ov—rn
WAL, RLBBEOBAIZIHRE—IBHEALTHAZ thDIrD, Zh
SDOHREENS, TNTNOE—7IHRBFHAEREN &EH 80D 256, 5 FRA
FLFarFLy 2 A, aryFLy 722 EBELTOHRORY) 2 —, 52 FHNAT
LAar 7Ly 7 ZABMIT X o> THRENDZIERBRONS BRI -z kD
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Figure 2-8 500 MHz 'H NMR spectra of it{(MMA)us-block-it{MMA)4s (a), it-
(MMA)6-block-st{MMA)ss (b), st{MMA)us-block-st{MMA)ss (c) measured in
benzene-ds at 55 °C. The terminal ¢-CsHo group signals are shown on the right
side with relative intensities (%) of the two peaks.

bOLHEIND, RHRES g L THBIY 2 K min FRIAOH /e — 27133
BESFRaTLy 7Rk LEILLHND,

UBHREL.0 g LT CA 530 CE THREZEIL I B TSECHURE 21\, Kk
5 DOEIEZRDIAER ZFigure 2-111ZR T, BED LRIZHEY, AFLAar T
Ly 7 ZOEEEIZHBA L. 30 CTR A FRa 7Ly 7 RFIERBRDH,
SYNALT VLY 7 AR %EEBWINhDE, ZOoZLi3mnTrHNar 7Ly
DAL T Ly 7 A KD BN AN RETHDZ LErmE LTS,
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Eluent : chloroform

6 14 8 9 10 11 12

[\ Intramolecul
Eluent : Acetone ntramolecular
Stereocomplex

Intermolecular
Stereocomplex

\

6 7 8 9 10 11 12
Elution volume (mL)

Figure 2-9 SEC curves of uniform stereoblock PMMA in chloroform (a) and in
acetone (b).

(Flow rate, 0.5 mL min'!; sample concentration, 1.0 g L'l,; temperature, 0 °C)

41



Sample conc. (mg/ mL)
2 A

0.5

0.2

6 7 8 9 0 11 12
Elution volume (mL)

Figure 2-10 SEC curves of uniform stereoblock PMMA at various sample con-
centrations.

(Eluent, acetone; flow rate, 0.5 mL minl; temperature, 0 °C)

100
i Intramolecular
80 stereocomplex
A A
9
— 60 -
e
© ~ non-complexed
© stereoblock PMMA
L 40 B
20 Intermolecular
stereocomplex
O L

0 5 10 15 20 25 30
Temperature (°C)

Figure 2-11 Temperature dependence of the fractions of intra-and intermolecu-
lar stereocomplexes determined by SEC.

(sample concentration, 1.0 g L'1)

42



ATFVLA ATy 7 AOMEIZHET 2285 DiIc. T2 by -ahT

Bj—Z257 VLA 7ay ZJPMMA L., %3 % ¥ —it-PMMA-OH & st-PMMA-OHOD 46 &
ol 1IEEYM (AFLZF 7L 2 KPMMA) ®'H NMR%50, 30, BXO0 ‘CTHI
& Ulz, iBHREEIZSECOLE LM UL1.0 g L& Lk, #5H % igure 2-12&2-13
IZwd. 50CTOART LA 71y ZVPMMAD AZAX” kb (Figure 2-12 BB 13
Tay 70 naq)viE (1.46 ppm, 2.31 ppm) 78 6 NTEERES 5 OCHLAE
(4.02 ppm) D/ XIZRILLIANIT it PMMA & st PMMAD AR 7 MIVOEREETH
D, 27Ty 7 ZBEITHR T DRIBIEASNE P>, 30CTDOARY bL
(Figure 2-12/B¢) IZIXOCH: 2D KRG M (3.96 ppm) IZHi 7RI H Hh
feo SHITREZ TS L ZORRDBENPIRL, 3.75 ppmfFEiZHilzize—>
DHB LIz, —Fh. AFLZF 7L 2 RPMMAOLEIZIE. 0 Cizk->TidtHTa
7Ly 7RI DB (3.75 ppm. 3.96 ppm) Az (Figure 2-13 F
B . ZOWEIXAT LA Ty FJPMMADRAEDEHERETH > 1.

INHORER LRITIBRRIZSECOREEILORP L 2EZEDED L. AT L
F7uy Z7PMMA®D30 ‘CTONMRTR OGNS 2> T Ly 7 ZORBIIFEIZH T
ATFVLFALTVLy 7 RTEDbDLBDODNSE, £/, AFTLATLY FRHT
A7 LA 7ay ZPMMADO CTONMRANRYZ MVIZRGNBAFLFaL T
Ly 7 ZHROBDIL¥Y 7 MIF LA L -FH LTS Z L LD, RFMIZX
NFEAL Ty 2R LHFHNALTL Yy 7 RFE CREGE > T0Wb EEbh
%,

25 LA 7y Z7PMMA® 'H NMRIZET 3 &R OMEE, LiliEo i ik
Pzt Ulce st PMMAZ 1y 2 SR OWRBUT O TR B ERED FRIZHE-> T, 2k
HEIXE LIEA D DD (Figure 2-14) . MEIXIFIF € TH o7 (Figure 2-
15) o THEFAL T Ly 7 ZADOBIKIZHES st PMMAD B DK FIZHIL T % B
DOLBbhD, —J. itPMMAHRROERRIL, HHEIBOIEE A LB LRV &
ALy 7 AR S BEPED IR TIZ & > THERIEIZIAEAL Uisa H» 573
. HiZEORBUGREIZREDIKT & & HIiI2iHA L (Figure 2-15) ., TOE{LIX
FHZOCH; XD B THIIC B SN 5., 374D b, OCHIEDORIR O 2E (3.3
~4.3 ppm) OEPGREIZ—ETHY (Figure 2-16) . #-PMMAZ 1 » 7 OOCH;
DOWRIGRIEE DWW 1E. 30 CULFTHHT DL 7Ly 7 RITHR T ZWRINDME
JEIZHS L, a7 Ly 222 BT 5 2 &I2 &> Tit-PMMA7 1 v 7 ®OCH; 3
DOWRIPMEREZIZY 7 b LTIc b DTHD Z e mh ol

7 b2 -dih0°CTHIE Lic ZIRIENOESY AR M VIZiE, av T Ly s X
Ik Utz it PMMADOCH; DRI (3.65~4.05 ppm) &st-PMMAZ7 v > 7®D a-
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-OCHs
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o—CHs
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T
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45 40 35 30 25 20 15 1.0 PPM

Figure 2-12 750 MHz 'H NMR spectra of it{MMA)a¢-block-st{MMA)is meas-
ured in acetone-ds at various temperatures.

—
—ﬁK\
-

(sample concentration, 1.0 g L.

* Signale due to sebacoyl unit.
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-OCHs3
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@ -CH2- _
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Figure 2-13 750 MHz 'H NMR spectra of a 1 : 1 mixture of 72{MMA)s-OH

and st{MMA)-OH measured in acetone-ds at various temperatures.

(sample concentration, 1.0 g L.
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Figure 2-14 Temperature dependence half-height widths of the 1H NMR signals
of it{MMA) 46 -block-st-(MMA) 6 measured in acetone -ds.

Sample concentration, 1.0 g L1,

3 B st-o-CHs ]
/ -
z |9 £OCH e
.a S | 3 I, I/
s, [H ek
c ‘I I.r ””””
11 -
8 /'/’ ’D
N o,
(_U I’l [,
£ O it-o-CHs S
e
3
it-OCHs
0 d L 1 1 | i
-20 10 0 10 20 30 40 50
Temperature(°C)

Figure 2-15 Temperature dependence of the normalized of the tH NMR signals
of 1t{MMA) 46 -block-st-(MMA) s measured in acetone -ds.

The signal intensities were normalized relative to the intensities of OCHs,
a-CHs groups (=3.00) or of CHz group (= 2.00) at 50 °C.

Sample concentration, 1.0 g

L.
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Figure 2-16 Temperature dependence of the total 1H NMR signal intensities
between 3.3-4.3 ppm of i£{MMA )46 -block-st-(MMA) s measured in acetone -ds.

The signal intensities were plotted against the intensities of internal standard
(=1.00, benzene).

Sample concentration, 1.0 g L1,

CH; (0.80 ppm) B XOCH: (1.72 ppm) DOWRIX & DRIZHIBEIR R AL — 7 DBA LR
1zo —F. st-PMMAZ7t > 27 ®0CH:3: (3.58 ppm) DWEIITPMMAT O Y 2D
-CH; (1.18 ppm) &IIR#AEV—2 %25 2K > (Figure 2-17) . Challa & IXXH
BIHFOFE LY, ZFLFaL Ty 72 Z20HEE UTit-PMMABOED Y % st-
PMMASAHR D AR —HO5BAREBET NV EZRELTWVWB 44, TOEFIIT
&, st-PMMASHOOCH: 1% —H S A OAMINIZINTE Y. Ao it-PMMASHD o
-CH; & X e 720z 3 2 okt LT, it-PMMAS{OOCH; 813 st PMMASH D
a-CH:B X OCH, &8 LIz H S, IRIENOESY AR 7 ML DfER I Challa
LOMREXFFTHLDTH T,

THELHBAETTFN TIEs-PMMAB IO = 25V 3L, HEADAMIZINTSB
D, ZATNEOBEELVPEZTEALTLy 7 AR EREFELRVWEEZGN
%, B9, KitayamaH1dx% < Dst-RY A Z 7 VIV BEZ AT IVPRi-PMMA L A5 L F
ATV VAR TS L2/ LT0S, B, st-RYAY 7V BT
FIV (st-PEMA) L it-PMMADO#MAEDHLEE TR b TAFLAAL TL Y 7 R
IS B[45], REIZ /KB Z24H 3 5 st PEMADY) —KRY < — & #)— jt-PMMA-
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measured in acetone-dsat 0 °C

Figure 2-17



OHZE A v 7V 7 X&) Lz st-PEMA -block-it-PMMAD'H NMR%ZT7 & b > -d
h—15CTHlE TS &, 257 LA 71y Z7PMMADOLGE & FERIZ3.80ppm AT iL iz
LW —IBR6N (Figure 2-18) » TOREHRIEX. A5 LA 71 v Z7PMMADY;
BIZALGNS, 30 CULTFTHE T A L —27 2 -PMMADOCH, ZEIZHK 3 5
TLaXRTHMBLEEZLONS,

0°C
-OCHs
-OCH2- |
x10 %
1
-15°C
x10 V-\N
W
—

44 42 40 38 36 34 3.2
| | | | | | 2 om

Figure 2-18 A partial 750 MHz 'H NMR spectra of uniform stereo-

block copolymer, it{MMA)sq-block-st(EMA)ss; measured in acetone-
ds
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2+3¢5 Z2FLFA70vZPMMAOAFLFA AL T Ly 7 ZBRIZRIFTHS
2= FOREEDRE

B—25LvF7ay Z7PMMAD ¥R AT LA L T Ly 7 ZBRIZOWTik
RTELM, it-PMMAT v 7 Lst-PMMAZ 1 v 72 O BEAEHIZZN H 2D <2
=y FOBEPBEEL 525 2 LI3BBIZES Y. ZhETICHW R —25L
#F 71y Z7PMMAIZ R BV, BEitHIZEeNFI A FL ooy b EEREERIC
H353DTHoleH, AFHiTIE. WEIDOHFWMEDODHEZX B -1, 2-V VR
oIV (ZFa i) BERIIRVEBU-1L, 4~V hNRoviE GL7vuaAf)l
) 2483538 —25L A7y ZJPMMAZEHK L., TOAFL AL TL Y 7R
BRIz OV TRE LTz,

it-PMMA-OH (M = 3390, Mw/Mn = 1.23, mm / mr/ rr=96 /3 / 1) Lst-
PMMA-OH (Jh = 4140, Mw/Mna = 1.20, mm / mr/ rr=1/9/ 90) %, SFCT40
wmiE, HSREOE) RV —%HiEL, BIL7¥ e BIOEILTL 7501
WXy 7)) U IRIBTH A7 L A7y VPMMAZ &1 L7z (Scheme2-
3) o LR, HILZZuANThHY TV T LD Eo- Y —~AFT VLA Tuyy
PMMA, BALTL 770 A N2 XD bD%pH)—AF LA 70y Z7PMMA L5,

o ¥ A7 LA 7Ty FJPMMAB X UCp¥— A7 LA 71 v 7PMMADO40 Rk
HNTASBIED T2 b 20 ‘CTOSECZ v< k75 A%Figure 2-19127R3, H#im
DFEDT-DIZPMMABTELD 5y FEZE Nz & > TERR L, 0Bk r/ua< v 75
Aix. ok, pHREBIZ OO —TER LK, EB507u~v NS ALES

CH CHy CHy CH
CH3—?+CH2—?HH—CHZCHQCH2—OH + CH3—(|3+CH2—?—)H—CH2CHZCH2—OH
CH, c=0 CHs c=0
OCHs OCH,
it-PMMA-OH st-PMMA-OH
ne2? CH,  CHy
o CHy—C—{—CH,~ C——CH,CH,CH,—O0.___0
\\C_ij SH, b0 ¢ it-PMMA-block-it-PMMA
S (IDCH3 AP +
T——— CHy CHy S | st-PMMA-block-st-PMMA
50°C. 7days CH3—?+CH2—?Hn—CHchZCH2—o
CH, ¢=0
OCH,

it-PMMA-block-st-PMMA

Scheme 2-3 Preparation of o-and p-isomers of uniform stereoblock PMMA
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FRUOEC -7 Ay B MW=8372) IZHY% T b, aFL v s
AL TORWENZED D LBDND, £, ok Lp- RO TH AL
BIZEDPRSABRONZ LS, A=y FOMERMITaY 7Ly 7 ZIEBRK
REORY 2 —OFE N ZIBRBIZIZIEEAEBE LRV EhDIM S, —T,
B RO —2135FNTa 7Ly 722 BB LR LE30 L8
TEDH, APTOSF+REHRT D LoDl PphLy LRIV, Fithh#
MEREOBERLE LT 7Ly 7 ZAE B L TORWVES &, 2 THNay 7Ly
I R LIk LD RDP I D FBOW Moy /| MnZRDIZETAH, 0T
EMeomp / Moon=0.T1.  pETIE Meomp / Moon=0.62L72 572, ZORRIIpH L0~
HTH LOFKENFZIRRIZIZIAZZIZNBEDOD, ZIZHSERT I THATL
ATy 7 ZAORKENFNBERIIRESBEZ>TVWEZLERLTVWS, C
OURIZaL 7Ly 7 AR EOMBLERIZB W Tit-PMMA & st PMMAZ7 1 > 7 O
ZRINREPHEETHDL Z L 2Rm LTS,

Ty 7 EOREERHNT DD, 5BREIZOWTHSECERIE Lz (Figure
2-19) . pHRIZBEL TR, B FHNa LTy 720 ERIFIEM LI DD,
Meomy / Moon TIZA0RNAD S D LIZIFFEE (0.56) TH-oTo —h. o-KIT40&
WA LIZRIRY, AR E{IFWROH TN TLy F RIZH IS =R
Bl E iz, FEEVIDOMeomy /| Moon THIE 0.58TH Y p-BIBRT D0 FHNaLT

intramolecular intramolecular

" stereocomplex—‘ ‘ stereocomplex \

o-, 45mer

non-complexed
polymer l

o-, 40mer

\

p-, 40mer

I I | |
15 10 5 2

M/ 10°g mol' (PMMA)

Figure 2-19 SEC curves of uniform o and p-somers of i£-PMMA -
block-st-PMMAs with block DP of 40 and 45 measured in acetone at
0°C at a flow rate of 1.0 mL min! and sample concentration of 1.0 g
L1,
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Ly 7 A LHBROIBEOEDOPER L TS EEbh 3%,

BRRYV—LZDT LRI —LDRANTDHFROIITDONTE < DFIAHE
HENTBY., ZOMMyde / Myreporymert XIEIE0.71~0.81TH 5 [41, 46-48], o-H4—
A7 VA7 1y 7PMMADOEIE Z OEIZIERIZEY, #--PMMA7 1 » 7 & st-PMMA
DO—EHRaALTVLy 7 A%k L. BRIREGEZER L TSl dH 5, —7.
ZRNED NI OVIREN LB EZE T 50K 0 Il ABED K5 kL
EOTOVADHREEA RV EBDbh 5,

ATFLA AL T LY 7 ZADRRBLK, ZOZEERBZOVTE S DRFHEEH
TEXTBY [49]. L ORERD -1 st-=1:21[19, 501 KL TWBR, - st-
1 1HBWEA-: st-=1:15[52, 53] VoG dH B, iz, H—PMMA
WA 54 L SEC-NMROS I THit-: st-=1: 1L.61~1.94 L HEEhTW3
[54], TNEOFERIZI-st-=1:102L Ty 2 A &jt-: st-= 1283 FEL T
WBZLERBLTVDS, 23 - Affi TRRIce N/ N HEEMERL L THT S
B—251LF7ay ZPMMA®SECYZ u< k75 A (Figure 2-9) LHikd3 &,
A TR B EBEREATDHYA TOH 25T LA 70y FJPMMAIX. ok, p-ik
DVTNEDIFEAEDFRIAL LYV AZER LRV, AFLFTuyy
PMMA®G Rl 7Ly 7 RiFfAE 2=y POBEIZL ST, —~EDHIETEME
THERDONED, NN EDXSBTZ LIV TINEBHEL=Y bEROLE
X it-:st-= 1102 7Ty 7 AR ->Tcst-PMMAT 1 v 7 A EisR I BAE
AL, ar 7Ly 72 20REEEEHDTHB DO ERBbNEH. FEETRLL OIS
BBERERTDIATTIZAL T Ly P AR RENRT D ENTEXRVEDIZHF
flar 7Ly 72 Z2RBHITERVOTIRWR BN S,

0B ECpEDE) A7 L ATy JPMMADSG TN 7Ly 7 ADHEE
IOWVWTOHRE®/ DD, ZOH NMRZ7T & b > -dth50 ‘C&0 CTHIE LK
(Figure 2-20) . 50°CTDANRY bidot, p-&{IZit-PMMAT T v 7 & st-
PMMA7 & v ZIZHR T DRROEREDETHYD., AFTLFaL T Ly 7 ZABHK
DK U7 @3Bl SR o7z, BIPIZIXOCH: B Z RIS, ¥ 7 Hidit-
PMMAB K Q'st-PMMA7 & v Z 1243 224K LBl S hiwv, —F, 0°CTiX
OCH;fEI D IKHESG M (3.7~ 4.0ppm) ([THEWIRIAHBLL TV, o4kDAXRY
MUVE. [ REp-ERDAXRY PV EFBROHN Z2R L THWSH, it-PMMA7 v v 72
HEDSSOCH:;D Y ¥ —F R —27 (3.52ppm) DIREDLFE L < /M X\, SECHI R
(Figure 2-19) OWMBEISRBEL >TAFTL AL T Ly 722 BHE LTV
O DRI 0-0316.8%. phD323.7% L p-hD T HETLVNB, FOT L%
ZRLTH, ZOWMEDEIALTLY 7 ZADHBEDENZEDZDEEZ DN
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ZUTHA5. pRDAXRY PNV THUINDE Y ¥ —TROCHOBRRITa YT
Ly 72 2O LTHRY 7Y =721 #-PMMAT O v 7 OF{EE "B T
50 —H. o-HDRIEVOCH:;DRIIX, LA EDIHPMMAT Oy Zhar 7
Ly 2 ZBICBE L, & L THEIEMETLTWAZ 2R EELHN
%o p-DARYT MVITIE, NAAMNEEATEHE—AF LA 70y Z7PMMAD
ZR7 MV (Figure 2-12) ERERIZ. 2> 7Ly 7 2% Licit-PMMAZ7 a v 7
DOCH;IZ LB D EBDONA3.75 ppm &3.96 ppmDIRINA & BIZEHSENBH, 0-
DO ARY FVIZIZ3.96 ppmDIRIBIKIZEEA RSNV, Naf NEEHLTS
Bj—Z25VLA 71y Z7PMMAD A7 bV (Figure 2-12) TIX3.75 ppmD PR IZ
0°’CTLABUMINIZVA, 3.96 ppmDIRIIE30 CTHLHMPMEIN TS T &Hh 5,
BN 2MI2133.96 ppmDWBRIE G- 2 ZHEDO TP EETH D WA Db, 3.75 ppmdD
B % S DREEIZB ZNTIIAEZETH S DD o-kthTIXi--PMMAZTu y 7 &
st-PMMA 7 & » 7 A Z2RIRNSEVELEIZEP N A DIZEB LTS 0 L Bbh
%,

o-CH3 (mm)

r—~

-OCH3s (mm)

at 50 °C at 0 °C o-CHa (m)

-OCHs (mm)

-OCHz3(rr)

L

A

1 T T T T T T T T T T 1
4. 3.5 5 4 3 2 1 (ppm)

o-isomer

Figure 2-20 500 MHz 'H NMR spectra of o- and p-isomers of uni-
form stereoblock PMMA with block DP of 40 measured in acetone-ds
at 50 °C (left) and 0 °C (right).

(Sample conc. 1.0 g L'1)
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24 w#H

it-1% 5N st-PMMA-OH%Z SFCTHA RN Bl L TR —RY = —% ikt
NRALNTHEY TV LT FBEET, 70y 2 ERSNTH FRIZIESD O W)
— 25 LZF7ay ZJPMMAZ S Lz, it-PMMA & st-PMMAO 71 > 7 EDRILS
JERFRIE — 257 L A7 1y ZVPMMALX, 5 FRBOE kDO DIZRIET S FE
BTV TR E S FROAZIZEDEZSECTRBICHEET S Z EPRETH -
Izo Bohi-B—25 L A7 ny ZPMMAZHWCHEFRETOZRTF LA a7
Ly 7 2B b ABES I TR LIz A, AT LA 78y ZVPMMAD A
FLFar Iy 7 Ri&, T 58 —PMMAORESHO LD XY 245K X2V
R ¥ N E—%&rLik,

itPMMA L st-PMMAD 7 1 v 7 EHRE LW —RAF LA 71 v ZJPMMADL A,
71y 7Y T KINDREWH S DOSECIZ X 5 Wik BN TH 555, SFCE
W3 e Rz o < vl TchH -7z 7Tk b rRETOE 25 L
F7ay ZJPMMAO AT LAy 7Ly 7 2Bk %ESECERHWTRE Lz, 2hE
THEBWT S Z LHPRETH I TRIE G THDARAT LA AL T Ly 7RGk
BB - ER’FTD LI L. £, 7 uf iR s5NicTL 740
ANEERELI=Y FELTHT A —Z2F LA 7 ay ZPMMAZSK L. ZD R
FLAar Ty 7 ZABHEERGT S LT oM BEREEZKRLT, 7
Oy 7 OVAEREEESEIZL ST, RENPZNEBORLES S rHNaTLy s
ADPENT D Z EHAWSENITIR Tz, WP TODst-PMMA L it-PMMADO R 5L A2
STV 7 AR EE T, ZBTNVALTEEEPIZFLALETaA T Ly
7 R DOUNINBRZ S LNV TR 5 2 L I3R#ETH - 7. ARIE7Tuy 7
EMHEBNE S, ZOEAEPBEIZE) R AT LA 7ay JPMMAZHWS Z &
TH—HRRBIZBYTay 7Ly 7 A EMET 2 LOFERZRE LSO
THY, £, itPMMAL st-PMMAZ —5 L LTHRETHZ EITED, 0 FHNOD
LEBGESECB L UONMRE S HWTHET S T L E2WERIZ Lz, TR,
PMMADZF LAY 7Ly 7 ZBEOMPLBROETIL & L THREWAREZ G
z2%,
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B3FE B—RERY AV IZVINEBAFIVOERKE EDME

3.1 F#H

BAIRY 2 =3 208N bR Y = 2RI 28RS &
L. Morton & DiFIDWELLILK, B < OMESLZINTE[2-4]. T=F>
HAEDB-T AFALEEBL VLTSV RNELEOIEDREDOY €L FHEAeH:
W ORBIIREE DB SN ickix DRRIRY < —D & k% B LTz,

YVEVZEAZHOWIZERRY) 2—DOAROTFEE. KRESDIF T OOFEHR
H%, —DlF. RemppHIZ K> THRMICHESINILVEL FRY—LARDLH
BT ) v —%2KndE, I 707 NVOBERRSETREERY —2 AT 5T
ET IERWICEEI OAHRAHETHSH[10, 111 Rempp HIEHRY AFL DY E
VIT A VI ROVEDNR B EREAIED I LT, 204K LOsyikE
ATHEUR)ZAFLUEEE LIce AZ 7 VIVEBEXF VOV REY B 78
B TH SN VAABAIEPMMAY B2 77 = F U BREDO A ¥ 7 ) VT 25
NWERBELHEIRDIEIZEST AVFIF Y7 (D) BRIV IXFH
Fv 7 (st-) PMMAD ki %D BARIPMMADO &M & @& EhTWb, ik
it ERIPMMA DA 30ARRNE, st 2 RIPMMA DG &I 140 A7 TH - 72[12],
INHOFHRIFIY L FEEZHVS D, HBOESORMIARBIZ T, Lk
WD EB DL NERIRY 2 — 2 AT D LB TEDED, OB Z BEIZHES
% Z LIZWEET, BOREE D BHEN O RHBIC R 5 FOMSAD S

39— DDOFEHEIIMorton SHBERE LY BV 7R 2 —R K EREER) v —
Zh)ruuxXFNY I U EDOERIEBOWMHEIRS ERetED v 7'V ¥ 7l & Kk
SE DG 13, 141 F RSB O MR 2 HRetEBaG A 2 1V 5 HE15] T, &
BOBLEEIPHBHMEN-ERRY) s —DERICHEHBEETH . HIEOBH
BTN THORBETRED 2D, FIRBDOLOERRY = —D &I I
Wi TH DD, RooversHIIANEKRY o F o RU—%hy 7Y U THIZHNT
128D 5% S OBEBRY) TV VL 2 H LTHWA16], BEEIRY = —0OHE
EZOMEDORERIHBIZIHRD 5 2 Tk, BEIERY v —L L TOREARNFETH
250 BB IR STz FE ) B 7 i i OB 2 ST 5 Fik E LTk v h7s
FETH S,

BARIRY = —OWHZ TINS5 2T, BRI 2 OB EEBRFO 5 i
DIETH b, B TRESMHERATIHHAT LR =D O AR SN ERRY v —
TiX. RV —2OHFBEHMIZMA T, ORI ELSEDORBRD hEi%
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FFOZ LIt/ %, Figure 3-UZH FEH/MEZRFD T LRI 32— 53RO ERR
V=BT AEEDETNER Lic, EBIIEFEEEL. 5 FREH1.080
EHH T LRI —L, ZZH6 3FRREOH Y 7Y V7RI DOKIL TR OGN 5 2R
RV —ThH%, EEPMORBIRY) =5 EhD L, NEBIIRICTHEHB, o
BFOEIHPELEH T, EMIZIZS 205 FH UBETIRWI EhbhI b, C
OB TORZRRTIGE. Thaey RS L OHBBEFRP SR TS 2 Lk
FERIZRBETHY ., BHORER EIZRIETH TOBEOREELRITTHHEIC
& B RIBMEITRDZLBH D, —F, BT LR —p52ERY
~—Z&5K LicgE Figure 3-1FBY 12i%. R LT 38R =401k
NTH URiGZ &5 2 L2780, Ytk &5 v okik & OMBIBIRITEMIL I N S,

ERIRY < —OhEE Ltk L OMHBIBIREZHNS 5 2 T 2D EIH5%
BITHBIENIGAREL DFED, B—BUR) v —BRETH S,

AR TR T S OB R —PMMA-OHZ 7 LR Y = — & L THW
T, ZEBREDOI Y TV V7RI RKIRE®EDZEIZE-> T, BIBEOEIEE. Zh
2z TR OHIE S W 72 O BRIPMMAZ &k Z2ilkA D, B —it-725 0
Zst-PMMA-OHZ A » 7Y V735 Z & T, HEEDE LWit-713 6 TNT st-PMMA
I E3AA T EMRY v — (B-star-PMMAY ) REKTE S, BEPPMMAE O
BT & Z DN ARBRPEHRFERIZ O W TG 5. . BEEEORBRDE R
V—DREMDR Y TV L T BIIRS &, BEBEDORK DL 2HDHEZFED3
~star-PMMA ( TREIHIPE] 3 -star-PMMA) & S5 555, BIHIPES -star-PMMA &
OB DZERIZHOWTHRETT 5,

R TIE, SABHIMS —PMMA-OHZ v 7Y L 7 &85 L TH A5 L A
Jay ZJPMMAZ &R FOATL A AL T Ly 7 AKX, 3-star-
PMMAIZ jt-PMMA & st-PMMASHZEA 35 Z & T, AT LA 71 v Z7PMMA &k
IZ. D1 e B FHNTATFLF AL T Ly 2 ABERT S 2 B3, X5
LA 7ay Z7PMMADOLEE LI1XRIZV . 3-star PMMADY S, it-8H & st-BiDHHR
Z1:222: 1 FBZEMURET. ZFLFar 7Ly 7 ABEOILEERIZHT
DZHEABELND Z EHPRETE D,

B JEERRY = —OMAEHRIINTIZ Lk % & =KD RRIPMMAIX3-starPMMA & il 35 2
EHHEIRINTWS, Lk, AETIRZoXRLZEZHWS,
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Figure 3-1 The schemetic representation of 3-star-polymers pre-

pared form non-uniform and uniform precursors.

The symbol(o) represents a monomeric unit.
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3.2 EB
321 a3

VIVVUFEIF Y I (st)IRSENTA Y F 7 F v 7 (it)PMMA-OHIL S 2 35 & [A] k&
DOFETER L., BiBD EB U SFCHBNTH Wz, il L7zERY) < —05f# % Table
3“1;:7?\";‘0

Table 3-1 Characteristics of 7£- and s¢-PMMA-OHs
Tacticity @ (%)

mm mr rr

1t#1 30.4 1.18 0.98 97 2 1
1t#2 31.3 1.23 0.86 96 3 1
st#1 14.2 1.11 0.91 2 9 90
StH2 32.7 1.04 1.00 1 11 88
StH#3 44.9 1.10 0.86 1 10 89

2 Determined by 'H NMR
b Determined by SEC

o Determined by 'H NMR analyses of the trichloro-
acetylisocyanate derivatives.

Polymer DP2 Mw/Mn® Fho

SHuMR Yy TV U THL 1,3.5-XUEBY MY VRV EE=H#HALY (1,3,5-BTC
(Aldrich) (3RS ZTHFSH 5 WVIER B Ui & LTV, ZDROFIEIZEY
L T2 L RO b D& W,

322 REAIPMMAOE

1,3,5-BTC & ¥)—PMMA-OH%Z K )is SE THREIRY v —%2 Ak Uiz, REW72FBR
FHEELLTFIIART, ZRERFMHET. WS mmDH F ZkHE b TH—PMMA-
OHZKMMILDSEEHR (mo) OV VU DFEETR. NXEB U HBWIETHFH125°C
TL5%%E [mol (COCIEE)] 1,3,5-BTC ETHRIRIG &8z, KIGRESPIZ AR
DAY ) —=NEMZTRRIGOBELNZ AT ML L0, KILREW) b
S E L%, BRERLTRY v —KnEAMZEBIL Lz (Scheme 3-1)

32«3 RAFLFAY—PMMADOEE & K%L

RS R BHA T, NS mmO b 5 2R BHEh T —it-PMMA-OH (37H:4%)
(5.01 mg, 1.35 pmol CRKMEIL) ) L¥j—st-PMMA-OH (3784E) (13.89 mg, 2.66
pmol CGE¥RIL) ) D1 1 2IREWMZEZE Y Y Y (203 pmo) OFEMETFTRNLE L
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CH3 CH3 cl cl
CH3—C|)~<CH2—(IZ—}CHZ—CH[CHZ—OH +
CH, c=0'n
OCH, oo
1,3,5-BTC
o) o)
pyridine GHs ¢Hs ¢Hs GHs
W» CH3—(II<<CH2—(P—}CHZ—CHZ—CHZ—O o—CH2-CH2—CH2<—9—CH2~>(P—CH3
or benzene CH3 CI:o n CI::O nCH3
OCHjs o OCHj,3
CHj CHj
CH3—CE«%CHZ—CIZ—}CHQ—CHQ—CHZ—O
CH, c=0'n
OCH,

Scheme 3-1 Preparation of uniform regular 3 -star-PMMA

(0.24 mL) ¥$50°C<T1,3,5-BTC (2.03 pmol) E7THRIKLIETZ. KIniESWIZiE
FEOXAY ) — Nz TRbZELRSE, RGESD? SRS 2B ER, B
vzt Ul

324 SFCHH

Table 3-1D4% KRV < —%Hewlett-Packard®5890%I% 5 LA —7 L iz -HA
5 e BLIJASCO SUPER-200 BRI G Rtk 7o~ b 75 7Iic WAL % Bk #
Develosil 100-53 Y B4 7524 (10 mm o.d. X 250 mm) % —A%E LU CHELE
WM Utz 20 BlSett % Table 3-21229

Table 3-2 SFC separation conditions of 7z- and st-PMMA-OHs 2

Polymer st PMMA-OH 1t PMMA-OH
b)
(02 flow rate 9.0-80 82-77 9.0 9.0
(mL min)
CH:OHflowrate 1, 5 55 18-23 188 1.8
(mL min'1)
. . C)
Initial cohjmn temp. 100 100 70 80
(C)
DPrange of effective 5_16 10—-23 92 _50 9-50

separation (mer)

2 Sample amount injected was 25 mg.

b “9.0 — 8.0” means the initial and final flow rates. The gradient was
made over 30 min period.

9 Cooling rate of column temperature, 1.0 °C min'!
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3«25 SEC—ZHREG

SEC—Z2HERGERE (SEC—DV) 1T X 2 TR EEL 7 10 M IXVISCOTEK £ #model
11072 HRG LG & 3 —BILS-8000 i EL B HE 23 1T N D s 22 I Bt (RD 2 v
Tiro 7. ZERER ERIBHIE: & DIEREDOLE (Sov / S K[ 7 NTHBIT S
DT, [7IBBEROR 2 TR Z eI, Sov / Sed Bl 7]2KRD D
Z LW TE %, UbbelohdeBLRSEER 2 HW T, THFH40 ‘CTOPMMA (Jh = 22700,
Mw/Mn = 1.26, mm / mr/ rr=0/ 11/ 89) OFEAMEL7]2H 6, CHRD (7]
=0.161 dL g’)) . SEC—DVHlEDKIEIZHI W2,

3.3 WRLEZR
331 NHHHIESH 2R3 -star PMMAD &K

—“Higlo/aY FTH51,3,5-BTCEHWTE Y VU HEE T, THFH25 CT
#7185 NT st-¥)—PMMA-OH%Z 1 » 7Y > 7 & &, ViARBRRIYE D K %2 R D 2 Y
PMMAZ &R LTz, #5R%ZTable 3-3124R7

Table 3-3 Preparation conditions of uniform 3-star-PMMAs

Polymer 1,3,5-BTC»  Pyridine @ THF Yield?
mg mg mg 0
LDA (umol) (umol) (amol) ml 0
it.PMMA-OH  18.7 1.47 4.3
[16] (10.9) (5.43) (54.3) 0.36 28
it.PMMA-OH  22.0 1.13 3.2 0.97 10
[26] (8.10) (4.17) (40.6)
it.PMMA-OH 27.4 1.11 3.2 0.97 19
[33] (8.01) (4.08) (40.7)
st PMMA-OH  18.2 1.45 4.1
[16] (10.6) (5.35) (52.1) 0.34 33
st-.PMMA-OH  23.9 0.80 3.5 0.30 19
[26] (8.78) (2.96) (44.0) '
st-PMMA-OH  23.8 0.95 2.8
[33] (6.96) (3.50) (34.9) 0.23 26

) 1,3,5-benzenetricarobonyl trichloride.
b) Yield of 3-star-PMMA calculated from the SEC curve.
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(c) \_

two-arm product

one-arm product +
unreacted PMMA-OH

3-star-PMMA

(b) k

(@)

L ] | ] |
22 26 30 34 38
Elution volume (ml)

Figure 3-2 SEC curves of (a) the reaction mixture of non-uniform s¢t-PMMA-OH
(st#2 in Table 3-1) and 1,3,5-BTC, (b) the reaction mixture of uniform st¢-
PMMA-OH ( DP=26) and (c¢) uniform 3 -star-s¢t-PMMA isolated from (b).
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Figure 3-2(b)IZDP = 26D #)—st-PMMA-OH%Z W 1235 & 0O KGR &1 O SECHIHR
#mLlz, DI DITHh %A 3 % st-PMMA-OH (Table 3-1Dst-#2) ZHWT
[FIRRD B e % 4T - 1856 OSECHHHR Z ()12 F8 TR L, IHEREO/N S VIIEIZ,
3-star-st-PMMA. 248D 71> 7PMMA. 1AHOERD» S0, B—FKRY) < —
EHOIGADOSECHBNI BRI BIFIER—RAF7 L VETHEEESh TS Z 20D
5. 1AXFHOER MO — 7 ITIXRBHEBRAIZEPA SN S, THITRKIE
OPMMA-OHB K EBHZA RS EN S KR ERILPMMAIC L5 D LbNh %, 3-
star-st PMMAIZSECIZ X B 0 iU THLUEET X, (oI T & 512 —3 -star-st-PMMA
521 PR ODHHRY) > —2HOIGEAIZIE (@D X 5123 -star-st-
PMMA & 248710y JPMMAO E— 7 B RESHRD HE->TWVS . SECIZ LS

3-star-RV) = —D 5 H « FEUIRHETH 5,

3«3 2 B3P ARHHES -star-PMMAD V5 9Pk

Ny er7uuf)V Ao XS B REED T i-PMMAIXst-PMMA XK 0 & 56D
PRBEEOREDZ LG IR TVB18], B—PMMAZ W THiA D IR
25 2 D iRk L Et &, THFH40 ‘CTIXDP = 5008)—it-PMMAIX
i CEHAEE DB —st-PMMA X D & §ifk ) F AR R 0 2 LASECHIE TH S 2
IZEhTWB[19],

35Nz -star-PMMA & 2R 7 1 » Z7PMMA & 1 ASHORIAE &Y. $—PMMA-
OH. ¥)—EEHPMMADTHFH40 CTOREA KL 712 SEC—DVE W THIE Lz,
3 -star-it-PMMA B X '3 ~star-st-PMMA® [ 71% 5 FRIZH LTlixiE 7y b L
Tohb & Figure 3-3&3-4ZRT, [ 710X BIOWEDEHFEEH Oz, @,
BRIRY 2 —R EO3IERY = —3iBh TH CHh FROSRRI -k ar
N MR EELDZZEPMENTEY[20], SECI EDHIETIXZDH +REEZR
BT DB LI METH D, KT TH W3 -star-it-PMMAB X O3 -star-st-PMMA
X7 LRY = =28 —PMMA-OHZHWTEY., BEiRb 1=y hOLFHEE L
T, ZhZhoOn TBP SEDPDOIEMIZERRY) 3 —00 T RMRETESZ
EHIREFTRZIEATH S,

3 -star-st-PMMAD[ 71DfiEil%. M43 B3 -star-it-PMMADOH XLV {/hE v, Th
FHRAEDFZRIEREPNZINZ 2R/ LTEY., fidoBE#HE) —~PMMAOFER & T
%R Lz,

B —PMMAZL & N IASIOPMMADL 7104t % Hi ™ TMark-Houwink-#4H O
A (71=K0F OXDPENE LTS EIRE LEEGEDORER XOERIX. stthD

64



-1.0

Tlrll]l1T

3.6
log MW

Figure 3-3 log [nl — log (MW) relationships for uniform 3-star-st- PMMAs and
linear uniform sz-PMMAs.

o: linear PMMA, e:1-arm product, m: 2-arm product, A:3-star-st-PMMA.

Solid line represents Mark-Houwink-Sakurada’s equation,

[7] = 4.2x103 (MW)0-308 determined from values of uniform linear st PMMAs.
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Figure 3-4 log [g] — log (MW) relationships for uniform 3-star-it-PMMAs and
linear uniform 1£-PMMAs.

o: linear PMMA, e: 1-arm product, m: 2-arm product, A:3-star-st-PMMA.

Solid line represents Mark-Houwink-Sakurada’s equation,

[7] = 8.7x104 (MW)0-509, determined from values of uniform linear i£-PMMAs.
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Ba. K=42X103, a=0.308, it-+4kDfH, K=8.7X10"% a=0.509ThH-o7

3 -star-st-PMMAD[ 71lx Z Oy F+EEBTIXEBEPMMAD[ 71 L I1F LA EED S
72V (Figure 3-3) M. 3-star-it PMMA DR S IZIXEEPMMAIZ kR TE L L[ 7]
DEMET L., 5O RHAHERIZEAD Sl (Figure 3-4)

Zimm EKilbiZ [ —2 FROMIER Y = — LEEIRER Y = —D[ 7101,
8» = [”]branched / [”]linear i’i‘Ykiﬁ"G%éhé : E %%% Lfb‘é[zljo
g, =(2/1)7200.390 (£—1)+0.196 1/ 0.586

CZTAIZBEDOBERT . TOXRTIK, RV —3B TRV 7 LRI 7NRIE
BEPREBOFIEZRFOED EINTWDS, = 3IZHYT S g, DiEIF0.907E72%5,
3 —star-it-PMMAZZ & Nz 3 -star-st-PMMAD g, DffiZTable 3-41Z2x LTz,

BB D X 5123 -star-st- PMMAIXIZIZE S s¢-PMMA & AR O R EZEB 2R L. g,
il 11238V —J5. 3-star-it-PMMATIE, HBOBESEOBIMZE 3> THY
PIZg, IR L, DP = 33Tg, = 0.89 LIRIFSBHIZE Wi Z = Lz, Mark-
Houwink-#H DX DFEE a 1ZWE, 0.5~ 1FREDOMIZIRD., RY I —»PEikh<T
Gauss#if & AR B LEAITIT05 LD 2 EBMENTVS[22], a XD FRIZH
KL, BEEPHEEEIZS K55, 2 TR EUT O iR,y RO T
& B TREE IR Ta MANS SRS T EHHFEINTNS[23, 24185, it-
PMMA® a fiitZ0.509 & GaussSIZEWVEZE R L TWB Z &0 6. HIRFES 8D
BRRYI—THIHICBlDLLT, HERHELOBRV—BERLELOTHASH, —
v st-PMMASHIZ Z D5 F Tl GaussBi & LTHS T B TEARY, IWIHITK
% [HEAARBTHETI] ZHOIit-T% 7 F v 7 (at-PMMAD E Wb TD 5
TIBRROKRFNZ X 5 &, it-PMMAIXat-PMMA & V) &5 F8IM LB O - B % &
% L WnbhTWB[25], AWFFETOD st-PMMAD jit-PMMAIZ X THr F-8ED UG L 72
R & > TV B DI H IO EPHBIZ IS S B> D L -bh %,

Table 3-4 g3 values of uniform regular 3-star-
PMMAs with iz- and st- arms of different DFs.

2y ?
DPof arm o 7
16 0.97 0.84
26 1.00 0.87
33 1.00 0.89

a) 8y — [I]]branched / [I]]linear . Theoretically ex-
pected value, 0.907.
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3«33 YRS ERD TARBRAME] 3-star PMMAD &

i THRRIz X oI1Z, B FEAHEFROTLRY == 5 2AIRY) 2 —%2 50K
LIz, Z7VLRI =D FRSGHPERRY 2 —D5 TN THROEI D5
ELTHARENRTLEY, BRELTHTFRESHOEI LOMEPEDNS,
CZOEOSBRHBOEID [ABNNY] PREEIRY) = —OERMEIC S5 2 5 %82 R
570, BEEORBD2EPMO5 % D8 3KFEAIPMMAZ &1k L
Tzo B THWRZDP = 2600 [HAIPE] 0¥ —3ARFHERIPMMA 26 X 3 = 78
MMAZL=y b1 HICTAT5) L TREZR—IZT 57D, DP = 3105 k%
2K, DP = 1603 %1 ARG T 5REMR) 2 —DEEHm Lic, TDOXHRERY
~—%L#%. 3-star{16,31,311& &Kl 3 %,

¥)—st-PMMA-OHD 16 84k L 31 RAE D1 : 2IREMA LY VU ##{E FTHFH25 °C
T 1,3,5-BTC & 6 H [ K his & & 7zo 4 12 1% 3-star-PMMA 72 1} T & star-
[16,16,16], star{16,16,31], star{16,31,31], star131,31,311D 4 B ELEL 5 B 7~
», SECIZ LB BNIFIERRETH S, ZZTSFCIZ KBkl 2 A
Figure 3-51ZR 3 XS IZMMAL =y FEDBENNZ K S0P ER SN2, E—F7 D
S B I SR Lic X S iIcikE L. BV D star116,31,311% 5 L7z
'H NMRCHEEZ R L. FRIDDPERDI- L TAH, PRIND2612—F L7

0 10 20 30 40 50
Elution time (min.)

Figure 3-5 SFC curve of the reaction mixture of uniform s¢-PMMA-OHs with
DPof 16 and 31 in 1 : 2 ratio with 1,3,5-BTC. Figures in brackets represent to-
tal number of MMA unit, and figures without brackets the DP of arm. Closed
circle (®) represents the aromatic core group.
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THFh40 °CTSEC—DVZHWTHE 6z star{16,31,31]1 & star-{26,26,2610D [E 4 4
FEL 712 0E LTz, #h3R ZFigure 3-61C29, star{16,31,3110D[ 711%6.83 = 0.07

(X102dL g!) & star{26,26,2610fE (6.55 = 0.07 (X102dL gD ) kW34 %
BEREN, —F. BB star{26,26,26]1 X Y star{16,31,31100 J5 530 5 2/

SV, ZNHDOFERIT L BT star{16,31L,311DIF WP TDILH Y A star{26,26,26] %
DBHIRINVT LEZRBRLTOD, BHSNIHEDOAZBRIMNILOTHZH, ¥
— RV —Z % Z & TSECOBE I BRMICIHMER AR Z NI &P TE 2, &

DK S IEWUNRFE R RSO AR LB ThEam 9% 2 &k R EAICkF—
DB R TE D AFHEEZIOTHO THRRIZ/L > DTH 5.

[n] = 6.83 £ 0.07 (x10%dL g") A

\ 26
16
' 26 26
31 ¢ 31 '.
MW = 8313
MW = 8313
RI
| | | | I | |
20 21 22 23 24 25 26

Elution volume (mL)

Figure 3-6 SEC curves, detected with RI and differential viscometric (DV) de-
tectors measured in THF at 40 °C, of regular (solid line) and irregular (broken
line) 3-star-stPMMAs, whose MWs in total and DFBs in each branches are indi-
cated in the figure. The differences in elution volumes in RI- and DV-detected
chromatograms are due to the time lag existing between the detectors.
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334 ZAPAFLAZRY—PMMADOEHKLEZDATL A
arrFL v 2 Ak

AR T HZit-PMMA7 0 » 7 L st-PMMAT7 v 2 #5358~ A5 L %
7y ZPMMADT & b o THFRIOARR ST HFNTH AT LA TLy 7
AT 5 L%m Lz, it PMMASG I & st-PMMA B 23 5 BEIRY = —,

[ZF LA AY —PMMA® | X, BFHNTORFTLAaAL 7Ly 7 ZEEPHIREX
N3, XBETHES 3ABEAT LA ALY —PMMATIE. —2 FhoDit-PMMAH & st-
PMMASHOKA © 2F 72132 1 1280, ViFBHAPEOMEDORIBRZ AT L AR Y —
PMMADFEAES Do PMMADZ 5L A2y 7Ly 7 ZOMMBIZBELTIE. ZhET
BRISERDPIZENTHB Y., Wb TIZ-PMMA | st-PMMAKEA @ 20 EF N Z
WL ENTVWEH, WP TORKIZ OV TIERAEBHEE L THRY, H—2AF5LF
A& —PMMATIE5 1 LNV THUEDP IR E SN T, 2o k5 REDR
fRIZHB L Bbh B,

3+3+4-+1 AFLARAY—PMMADERL & Hif

A7 LA AKX —PMMALX. RifiD3-star-PMMA®D & RiE Iz iy, it-PMMA-OHB
X Qst-PMMA-OHA» 5 Scheme 3-21Z L7z > TABE Lze TOK)iTiXScheme 3-
21T 3 3 -star-PMMA D b1z & [it/it/if]-3 -star-PMMA. [st/st/sfl-3 -star-PMMA %3
BT 2DT, ARBD3 -star PMMAREEN S, T OMIZ & 3FEHIO AHPMMA
& 2R D —AFPMMA & R OPMMA-OHA & E N TW5S, Figure 3-Tici¥. DP
= 320it-1 X Fst-PMMA-OHZ W KN IREMDSFCr u= s 79 L Ui,
ERORES T RTHHEEEINTEBY., SFCEHWS &4 FR (0B KTk
7B BOVAAEHPEIZ X > THEEME BT THELZ L 2R LTS, K
R LicsE—70khElk. 5 TEP 652 65N L it-35 X Ost-PMMA-OH
OHARL (st-/ it-=2 /1) DHHR LY —ViBETHEL, 757 3
EGH M E Uz BH'H NMRTHER 217 > T2,

B JEFHRRY = — a4 E BT TEABO R RPMMAIXS -starPMMA L K &h b, 22T

XU SRDN AR AE 2R3 72, Lititsd LS Eid WD, b, it PMMASG I % 24,

st PMMAZ I 2 1 AR4 3 5 = ABEMPMMALL. [it4t/sd-3-starPMMA L Eid &b, TD Lk H7%

— Tt & st B A AT A EMRY v —2RLTEIRETVELZED LN TR

M, A TREEIIRT LIICAF LA Ty 7RY v — LOKHET, BEORE L LTV
[ZF LA A —RY<—] EWVWIHEBEHND,

70



benzene, pyridine
0 . .
it-PMMA-OH + 2 st-PMMA-OH 50°C, 7 days . Cquphng reaction
Cl (0] mixture
| I

o’/C C\<:|

C|/C\\o

st-PMMA it-PMMA  st-PMMA it-PMMA

SFC fractionation

it-PMMA
[it/st/st]-3-star-PMMA

st-PMMA
[it/it/st]-3-star-PMMA

Scheme 3-2 Preparation of stereostar PMMAs

[it/st/sf]

[it/it/sf]

7Y itPMMA-OH
*+[ ) st-PMMA-OH
\(|* st
[st/st/st]
ivig V20 stis Litlith]
| | ) I
20 -

Elution time (min)

Figure 3-7 SFC curve of the reaction mixture of uniform i¢- and st-PMMA-OHs

(DP= 32) with 1,3,5-BTC.
SFC conditions; Eluents: COs2: 7.0 mL min!, CHsOH: 3.0 mL min'!; Column

temperature; initial temperature: 90 °C,
rate of cooling: 1.0 °C min-!, Detector: UV(220 nm).
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Figure 3-8IZSFCTHLEE « K58 U 7cARIDE)—3 -star PMMADONMR AR 7 [V %
AT Rk EBDDDIX-CH-3 7' F N OAB-BIMERDHEP S, it-PMMAS LD
578253 -star-PMMA, [FRRICEHR FBED AR M UIE-CH-¥ 7 F IV RIER T
D5 Z o5 st-PMMAIEN 57853 -star- PMMATH % Z L hbh b, HhED 2D
it L st a L BIZHTH AT LA ZAY —PMMATH Y, -CHy-. o -CHs7%
5 N -OCH;MEIBIZ A SN D VAR BIIE TR Lic v 7 )V iRELLD & filpk % vk
LT,

IS D3 -star-PMMAIT IR Az Bata A (1-CiHoLi X 721 ¢-CHyMgBr) ZHIR
3 5t-CHo- 3% 43 %, Figure 3-8DHRNZ t-CiHo-FEDID PR LI AR Y |
WER LI, t-CHy-F3ED Y 7 FIVIEHEE LIcPMMASH O 7 A4 B PE 2 s LT 24
IZHAELTBY., ZOZeh 6 LEEBMPMMAD IO L B 2R T3 Z L
TX%, 2RPMMAOm 2 1-&r 2 T-OERERICR Uiz, $EMNICIXi-B
K Qst-PMMAD 2 Y- &8 (t-PMMA: m = 0.975, r = 0.025, s¢-PMMA: m = 0.060,
r=0.940) 5SROI FEMZR U, BIZIE Lit/it/s]-3 -star-PMMADGEm =
0.975 X 2 + 0.060) ,/ 3 = 0.67, = (0.025 X 2 + 0.940) / 3 = 0.33 LRDHN
%o, FEUPHIETFHRME & ORIZIZD TR SLTIADH S, THIISFCHIDEEIZHE
HOBHE =705 —Y) U 7RO BIRA Liclzb LBbhd, BEDS R THIED
M EIXRETIEH A, TOEETE ZORDOFERIZIE THRMETHE L. &

_OCH,4 i
cod m/r=0.95/0.05 'CHg' t'C4Hg t‘C4Hg
(0.97 /0.03)

Lit/it/if]

m/r=0.68/0.32

JlUL (0.67/0.33) ﬂ u | J\J\,

[it/it/st]

_ m/r=0.37/0.63
m/ r=0.09/0.91 i
[st/st/sf] (0.06 / 0.94) M JL _,WJ ’

l""T""l""|""|""lf"|"'|"P'PI|VI'
4.0 3.5 3.0 2.5 2.0 1.5 1.0 1.04 1.02 1.00
Figure 3-8 400 MHz 'H NMR spectra of uniform stereostar PMMAs with an

arm DP of 32 measured in benzene-ds at 75 °C. The expanded spectra of termi-
nal ¢-C4Ho group signals are shown on the right side.

|||||
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SN, BB &R O AR BRI FEE D S 58 L 72 A ORI 3% RE T
Dotz SFCOHBBEDOY L N BOTADPEBIAZI NI La2E L, ZORPT
EREITH T2,

FIRRIZ U TDP = 378 X 04208 —PMMA-OHZ W T AT LA 2 ¥ —PMMA % &
ik U7z &DPIZBI B 4MB D3 -star-PMMA. [it/it/ifl. Lit/it/sl. Lit/st/sfl, [st/
st/sAD R % SFCYA HHR DO & — 7GRl K W R Tz, (AR HEFRE LI
fiti& & izTable 3-512a% Lz, DPAA20DE, FNNE L BMITITIE—B L,
ZDOELNE TIXit-PMMA-OH & st-PMMA-OHIZIXIF & A ERISTEIZAER RN & %
ARLTWS, UL, BRENPNELIKRD L (DP = 32) | Lit/st/sd&st/st/sAD
BEREDPHEME Y 3 Bo T, BEED/NSWHETIXst-PMMA-OH kD
& it-PMMA-OHD Ji B K ILER RO LR E N 5, HAZ 5 NZBC NMRIZET
BHAY Y — R TREMRER] (H-Ti. BC-Ty [261B X TH F B IEE D A2TIH R
F X 51T st-PMMASH & it-PMMAB] & TiXit-PMMAB O 5 B 8 OEEENE L. #
DOAZIEESEDOWRIZE 372> THAT 5, Table 3-5ICA NI KInEDED,
COFXHOEHEDEIZENT S0 THS LB D,

Table 3-5 DP dependence of the product distribution in the preparation
of stereoregular uniform 3-star-PMMAs

Relative product ratio »

DP st-] it-2
L1t/ L1t/it/st] [1t/st/sd] [st/st/st]
Obsd 1.0 5.0 7.5 3.4
32 1.74
(Caled) (1.0) (5.2) (9.1) (5.3)
Obsd 1.0 5.6 10.4 6.5
37 1.97
(Caled) (1.0) (5.9) (11.6) (7.6)
o 201 Obsd 1.0 6.0 12.1 8.9
' (Caled)  (1.0) (6.0) (12.2) (8.2)

2 Feed ratio of 172-PMMA-OH(end functionality =0.86) and st PMMA-OH
(end functionality = 0.86).
b Estimated from peak areas in SFC chromatograms.
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3¢34+2 ZFLFaLrLvr 2k

ATV A AL T Ly 7 ABRIBETH D 7k b TR BRYEOPMMAS O L
PR 2B OY — A5 LA A ¥ —PMMA. [it/it/sfl-3 -star-PMMA 73 & Nz it/
st/sfl-3-star-PMMA, D a7 L v 7 A% SECEH W TG LTz, Figure 3-9
IZ2BRMAD DP = 3200 25 L F A ¥ —PMMAD0~ 30 ‘CTOSECH#RZ = Lz, Lit/it/
sf-3-star-PMMAIZ0 ‘CTIX2DDKRZERE—7 B, C) EwEuFREMIZ/NZINVWE—
7 (A Zrllk, BEDOLEFIZES> TE—2ALCOMERHA L. 20°CTIRIEH
Jellzo 20 CHLETHIBMENSZE—2BIEAT LA 2 ¥ —PMMAD )y + &

(10,117) IZHYS L, a 7Ly 7 2AERHE L TORVES LB DS, BH &

fzA SN =27 A FRITOaL 7Ly 7 ZBRICHES 2BHRIZ L5 DT
H5, BRI —DRED, BETHERXRLAT LA T7ay 7PMMADOLA LT
FRIZ, D FNTRATLVLFA A T Ly 72 2B LICRE. ZOBRE I ZRHRRE O
PBRFPREIND, 2Ty 7 ZAEBHE L TORVESS (K—2B) X0 &5 1
BANZA SN E— 7 3B ZNEER LD /M &0 6. Lit/it/sd]-3 -star-

P~

[it/it/sf] [it/st/sf]

30°C 30°C

20°C 20°C

W,
oo

fraction of D
(% / total)

47 %

ttt t ot t
A B C A BC D
| | | | | | | | | | | |
403020 10 5 1 4030 20 10 5 1
MW x 10°3(PMMA) MW x 10°3(PMMA)

Figure 3-9 SEC curves of uniform stereostar PMMAs with an arm DP of 32
measured in acetone at various temperatures. Left: [i¢/4t/sd-3-star-PMMA;
right: [it/st/st]-3 -star-PMMA. Sample concentration: 1.0 g L't
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PMMA%y 7O d jit-PMMA 53 k288 & st PMMA R 85D T Tae& Lizay 7Ly
JRACEBEDEERDNS,

—J5.  Lit/st/s0-3-star PMMAD0 ‘CTHSECHIFR TIZ2H>DE—> (B, D) &2
DONERE—7 (A, O DRI, BEDOLRIZE > TE—7BOAD,
ZOWEE EREE BETIHELRNWI L, BHMEPBEDZT L F R
¥ —DnFRICHY T B Z e 6. LUtdt/sADGE ERRICE—7Bla 7Ly
IAERE L TORWVERNIZEEDTHS, mb@mm FRANZESHh, 10 'CT
FRIEHRT DT ABLit/sADGE LRI FRIAT VAL T Ly 7 RIT
X52BhoOC—7 LRI TED, E—2/CLlDIXEBIZaLTLy 7 REBHRLT
WREVWES (BE—27B) KD /NS VEENDZ2NEEZA LTS 2L LD, 0T
NETHNALTLY 7 RZEBDLBDND, Lit/it/sd-3-star-PMMATII 5
FHRALTL Y 22O =27 (E—2701X10 CTIRIEHE T D, Lit/st/s-3-star
PMMADG FHNALTL Y 7 AL BE—27CBEUDIFE 1220 CTHHIM X
Nz, Z0Z LiXlit/st/sf-3-starPMMA O FHNaA L T L v 2 ZWLit/it/sA-3 -
star-PMMAD 5 FHN2 > 7L v 7 ZITHRTEX YV REREEEL>TVWAZ L%
ALTWS, £, E—7DITHNST 580 O W 05 v-&ikli/it/sdo 5 W
ATy 7 ZADBDO LD BWHLNT/PMELK, XDa "y M RBEE L > T
5T EERMBLTVS, £, E—2DOm X v ik #AR O K 2 Vs
POEPROEPELEL TS (=27 ClziY) Z &h 6. Lit/st/s0-3-star-
PMMAD N ATLZAaL 7Ly 7 235K L HRENENERBO RS2
DA SIRD T EDbDh 5,

EHRBOZTNAL T Ly P APERTHEREL LT, 3KOERYI—0D9
H2AK Gt-PMMAHi L st PMMAS) a7y 72 Z2BRiIcBEE Lk, 3
AITRTHHEG LI OPRGFETEILEHEZIOND, 2 AKAOPMMASIHH N2
STV 7 A LICREIT. ZOWE I FEREDS L OBREWRADT 50D
WTOHRESS Z L2 BRZDP = 350 i-PMMASS & st PMMAR Zm-7 ==L >
HTHAELEE A5 LA 7y JPMMAZ AN « Wil Lz (FEEB 2 205k
ZPEHo72) o Figure 3-10i120 CTORAFL A7 1y 7PMMA, 28O AT L F A
% —PMMA (DP = 32) OSECHi#R%ZR Lice 25 LA 7 1y 7PMMADSECHIHRIZ
& A TLy 7 AERE L TOROWERS L5 FHATLA L T Ly 7 RI2H
DR2DDE—=IHRA LN, 2B, &2 W THRARIcATY A F L > G1% dih, HibL
LT BATLA7uy JPMMADLGEIZBMI SNy Fila 7Ly 7 RITH% T
LN FRIEMIEEAEARASNIEN ST AL T Ly 7 ZBIRITHES itk N 2%
MABORBPORIEE, HFHNaALy Ty Z22Lal 7Ly 72 2% B L THE
WS L DHRPT DT RDI. Mowra /| Moo TR LT ZORFT LA Ty >
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PMMAD A Mo / Mon=0.62272%, FREDY NI TLY 7 ADE—7
Cum Ui, Lit/it/sfl-3-star PMMAD Moira / MoonlF0.63T FIiROE LIFIF—B L
Ize TOZ M6, Lit/it/sd-3-starPMMAIX., —A&Dit-PMMASS & st-PMMASHAS
ATy 7 AR L. B —AKOit-PMMABITaL 7Ly 7 ZBKITIHIFEA
EBGLTORVWEDLEEZOND, k. Lit/st/sl]-3-star PMMADLGEIZH S
NB2O205FNALTLy 7 ADH>H, FLLTERLIELZIOAT LA RS —
PMMAIZ R Wik T AR O /N S W F+Nas T Ly 7 2 (E—2D) 1.

Mora / Moon=031EFHEDGFE XV SWHSEPITNSWZE R LI, TIARERL
T3, XDHRENAZIEBORZIN TN TLy 7R (=70 DM /
Moond3H0.6THY, ATFLA Ty 7 ORELIZFEN CilizmLic, Zh DR
&Lt/ st/sfl-3 -star-PMMADB KT % O FNaAL TLy 72D 55, Hilk
T EREEORZE WS (Type-D 1Xit-PMMAH & st-PMMASA — A OHOBET 3
1:10a>7vy 72T, 95—k (Type-ID X ZTh K0 i L7ckEED DT
HHIEPEMEND, AFTLFALT Ly 7 ADE ) < —HN ARG TR
RENTWBL . 2THB LT 3L, Lit/st/sfl-3-star PMMADR L. 15 THhT2A
® st-PMMAS & it-PMMASH1 A DB G LIcETHDH Z ehEZBND, —~DDW]
BEYElX. 3 AOBBHEIZHAG S [=28A 1 RRa> 7Ly 2 & (Type-1I
(@) T 39— DOOWREMIX1IARD DD it-PMMAS & st-PMMASHAE ) ~ —HififLb
12Tary 7Ly 2 Z2&ER L. aL Ty 7 ZBBIZBE L THRWED O jt-

i-PMMA Intramolecular ittPMMA itPMMA
Q stereocomplex
st-PMMA Miintra)/ M(non) = 0.62

M(intra)/M(non) =0.63

St-PMMA

M(intra)/M(non) =0.31
st-PMMA st-PMMA

Non-complexed

itPMMA I
I

|
M(intra)/M(non): 0.64
| 1 1 L1 1 | 1

1
10 5 1 4030 20 10 5 1
MWx10~3 (PMMA) MWx10~2 (PMMA)

Figure 3-10 SEC curves of uniform stereoblock PMMA with a block DP of 35
(left) and uniform stereostar PMMAs with an arm DP of 32 (right) measured in
acetone at 0°C. Sample concentration: 1.0 g L1
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stereoblock PMMA 1:1 complex

1:1 complex

type-|

[it/it/ st]-3-star-PMMA

[it/st/stl-3-star-PMMA £ braid-type =
typeli@@) | type-I ta”'f;g;uﬂ?s)type
/\—/—\ . -
it-PMMA arm
--------------- st-PMMA arm

Figure 3-11 Schematic representation of intramolecular stereocomplexes of
stereoblock and stereostar PMMAs.

PMMABRZIZ. 2 AH D st-PMMABD#EAD K L 972 “tail-captured” B a >
N7 MBS (Type-II (b)) THD. TH S DOBAK ZFigure 3-111Zm L
Tz Fto. Lit/st/sd-3-star-PMMADType-IDE /<% —kl { 102> FL vy 7 AT
WX, -PMMAB DY &, —ARD st PMMASUEA 2 7Ly 7 ZIIZBE- L THWR N
Iz, TNHDOWHBH WAL TLy 2 ZA%EKT DN, Lit/it/sf-3-star-
PMMADSE, BfET 5013 & BI2itPMMABITH V. BESERITOS FRla Y
Ly 7 ZADBIFIFH T 5720, Figure 3-900 CIZBI BTN 6 2D ZAT L F
2% —PMMADSy FRI2 > 7Ly 7 ZOERROETIZOETIVEFIE LR,

Figure 3-1212i%. Lit/it/sq75 & NTLit/st/sfl-3 -star-PMMAD 7 & b > -di 0,
15, 40 CTOH NMRAXR”Z MVZEmxR Lz, idBHEEIZSECHZ &R U1.0 g LT
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-OCH;,4 H,0O Solvent -OCH4 H,O Solvent

N a-CHy o-CHj
[it/it/st] g E [it/st/st] g .
g O

. -CH,- €

A

T 1
2.0 1.0 PPM

Figure 3-12 500 MHz 'H NMR spectra of stereostar PMMAs with an arm DP
of 32 measured in acetone-ds at various temperatures. Left: [it/it/st]-3-star-
PMMA; right: [it/st/s8]-3 -starPMMA. Sample concentration: 1.0 g L1

HY. TOEMETEIRPLOHSFIEHTFTHBHRLTHEDEELHN %, 40 C
TDOARYZ MVTOTNE 5D it-75 5 N st-PMMASHO Hiffils B ADETDH
D, PMMAEZ AL FBRIFEAEARALTOVRNIZ L2 RL TS, 30 ‘CTHSEC
WEDHER (Figure 3-9) LI FE LRV, WERELZ T IFS L, FXTORRH
b2y 7 bORZRBE Z D FIREE Ui, Lit/it/sd-3-starPMMA & 0 [t/
st/sfl-3 -star PMMATZDOMPIIBAE TH o Tce AT LA AL T Ly 7 ZAMSN:

(0 °C) TiF. OCH;DWIFHIBD KRBz & — 7 BHBL L TW5, Lit/it/sfl-3-
star-PMMATIE3.7 ppmfHEIZIRDIERINAS, Lit/st/sf-3 -star-PMMATIZZHIZ
Mz TX VIS D3.95 ppmiZ BO L —27 (Hho+HIo e —72) BEHEHh
fro AL TL Y 7 Z%BK LIZPMMAL 7 2 > FDOOCH;3EIZ D S RIR &% % 5
N3, 3.95 ppmiCA SN ST 15 CTHLHBMEI N TBY. Lit/it/sfl-3-star-
PMMA®D Z X7 bV TIRBHI &N 720, SECOFER (Figure 3-9) L &5DLETEZ
WX, Lit/st/sf-3-star-PMMA D A7 b))V T3.95 ppmiZA SN SAH, SECO
v—rDiciGdBar 7Ly 2 &, Lit/it/s0-3-star PMMAD AR 7 b VIZH BN
% 3.7 ppmfHEDWEDIEWIRIA Y — 2 Clzi% T %, L LTEEKTZaL T
Ly 7 ZADBIEDERERM LIz VN THD LELZOND,

XU DEEEDRZI (DP = 42) Lit/st/sfl-3 -star-PMMAZ & hk  HLEE L.
SECHIEZ 1T oo #EH%ZFigure 3-131ZR9 . SARBJILMEAMIXDP = 320t/ st/sf-
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fraction of D
(% / total)
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Figure 3-13 SEC curves of uniform [it/st/sfl-3 -starPMMA with an arm DP of

42 measured in acetone at various temperatures.

Sample concentration: 1.0 g L.
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3-star-PMMA (Figure 3-9) LFERTH I, 2> 7L v 7 ZAOLERITHSMHIT
MELTED, 45 ClITBVTE, T DODT”PTEHIBaL 7Ly 7 ZHKD
E—IMBE6N05, 0 CTEType-lIO5GFHAL TV 7 ABEEEM LI E
I T3%ITE L. (DP = 32003581353%) . Type-lIdaL 7L v 7 2O &EX
BED ERIZE 8-> THFNTWHA Licds, Type-loaL 7L v 7 Aid0~40 'CT
IFIE—ERFEL TV, Type-IOARDBEET B L& X S BLit/it/sfl-3 -star-
PMMAD 2> 7' Ly 7 2 DR EEAL & it /st/sf-3 -star PMMAD KR & &b
HTFigure 3-141239, Lit/it/sfl-3 -star PMMAD D555 5 Type-13 Il ED |57
WS> THEEL TWB Z bbb, Lk o> T. Lit/st/sfl-3-star-PMMA TType
12 TV VAP —ERERODIE, Type-ID AL 7L v 7 AH BRI it
LTWE, Type-loa 7Ly 7 A&EgTHDLEEBDNS,

[it/it/s] [it/st/st]
100

—_—

00

Type-11 STC

non—-comp | exed

Content (%)
S 3

I
o
| |

20

Type—| STC

Inter STC

0 10 20 30 40
Temperature (°C)

Figure 3-14 Temperature dependence of the content of intra- and intermolecu-
lar stereocomplexes of [1¢/4t/sf] and [it/st/stl-3-starPMMAs with an arm DP of
42 determined by SEC.
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3.4 Hik

B)—it-12 5 ONZ st-PMMA-OH%Z =" BRETED B » 7V L 7HITh y FY) 7L, &
157 & SFCTSL R RIPE D 5 B 2 3 B ¥ —3 -star-PMMA % Hili 3% Z LI hksh
L7z, THFth40 ‘CTOEAREL 712SEC—DV Tl Lz & T A, st-ki% 3
—star-PMMALZ, 1 ZIXEF st PMMA L D28 Zm Lic, —h, it-9k%fFD3-
star PMMAIZEBIARY = — LIXHS MR > BH 2R L, 2 OBELSEHNI0R/
JE LB ESEO LD TH DD ST, BERY = — TR N2 22 8) 2R
Liceo VLRIV —0¥—2FIHT5Z LT, 2MBOEREORLL EED
D [ABAME] ¥)—3-star-PMMADO G « HERIZ Bk L7z, SEC—DVZHIWT,
[f— D% FR%24HT 5 BRAER)—3 -star PMMA & D[ 718 X OBk AR O
WEIT-oTc L TAh, WUNTIEH 2 PR ARPBN SN, B—KRY < —%ilkH
ZHWZ LT, #IHTIOXS BRBUEPRRIZE T D Ebh 5,

— TNIZit-PMMAS B & st PMMAS e 85D [B)— A5 LA ZXF —PMMA] @
Bk « BB B )ksh Uiz, 2RO 25 LA 2 ¥ —PMMA. Lit/it/s{]-3 -star-PMMA
B X Ut/ /st/sf]-3-star PMMAlX, A5 L A7y ZPMMAFKRIZT & b > TH
THNATLAAL Ty 7 AR T D ZEAWSNITR T, Fe Lit/st/sfl-3
—star PMMAD 5y ¥ 2 > 7 L v 27 A1 it-PMMA% #% & st PMMA 38— A DD TH
T B3DEL, SADODHENEELTHE 00K L1 2EPHD T EHIS
Mot BRRY 2 —DORF 2L 7Ly 7 ZEKRDOKRILGELTEHNS Z
ET. PMMADZFL AL T Ly 7 ZO(b#EGIE G- st-=1:1&1:20D
ATy 7 A0 LZORERREITHETIMAPR/ LN, ThSORE
X, BIHRPTOPMMAD AT L ZFa LT Ly 7 A%+ L\ )V THRT S L TOE
HRMRTHS LBDMS,
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L3R BUEHE LTHW

4+2+2 ZUEII—DEK

WERER B L =07 9 2 ah®RE T, PMMA-OHZ ML > iE# (10 wt /
v %) L. KiEREDIVEROLY YV UFEHET. 3EBOXY 2V )VEEELY
EMzZIcDb, ARRKR S, KIGREMEIGRONFY iz tT= s
0% /) —%BEE, VY927 407 —ThW Lize ~NFH%>, IN HCL. #HiKk.
ANFYTHRIGE LD, BHETHEHZEGR LU,

4 + 2 +« 3 SFCHB
270E ) —OELSE S BXHewlett-Packard 8458908 5 5 LA — 7> % 2

7o HA % EHIJASCO SUPER-200REEE R WA u= b 75 71Tl kHHEY: (BR) B
Develosil 100-5 Y HZFNH 52 (10 mm 0. d X 250 mm) Z—AREEH LD

EHWTIro ko St %Table 4-1125R9

RV 70E ) —0SFCIZXB0Ma. BEEESIMCHW 30 LR Uiz
MWz, 12120, B FIZRT DO TITH 17,

Flow rate (CO) . 7.0 mL min’!, Flow rate (CH;OH) : 1.5 (0 min) ~ 3.5 (80

min) , Initial temp: 85 °C, Cooling rate: 0.6 °C min~!, Sample amount: 5.0 mg.

Table 4-1 SFC separation conditions of PMMA-Macs @

Polymer 1t-PMMA-Mac | st-PMMA-Mac

COgq flow rate
(mL min‘1)
CH3OH flow rate
(mL min1)

8.6 9.0

1.5 1.9

Initial column temp. »
(C)
DPrange effective

85 85

13 — 50 22 — 50

separation (mer)

2 Sample amount injected was 20mg,

b Cooling rate of column temperature, 1.0 °C min!.
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4«24 B-=Z0E)—0DSTHINELS

B—=r0® ) —DON B HREEZRERGFAAT, 7LV—I 7 LINRE
5 mmDH 7 ABHFICH L TRz 2 T > 7. Wk L7c~v /0t ) —|TAIBN
ONVEBUHEEMZ T, BETHEMIE0H, 60 CTISHHIES 217- 7,
EARIGZE KB TEIL X%, X8 2lRE L TERD 2RI LUz,

4 25 ¥H-=rue)—07=F L EEBKLNCEESL

B—=r0Et ) -0 B HREERERGSHERT. 7L—I 7 LINiE
S5mm®D 7 AR E T TSR E T o T, R L7 u® ) —2RXRVEB VB
e L. Cal, Tzl L7z, Call,Z#ifLER0.4S pmDRA LTS5 7 4 W F—T, A
L7z, BIORNZESmmD # 5 ZRME I U CTHIEMREZRZ 1T 7z, EA T
OTHFEMA%, RIATAA—AY ) =)V T=T8 ‘CIZH#EI L. PiEROBHRFIE R
ZMzZ THERERILZHG X, FREAFRITEZRERSFHAT,. ASmmO 5 7
Z#BHEH0 °CT. DPEOTHFE# ( 0.1 mol L' ) 1I2¢-CHLiZzhnz., 3R L X
HTHE Lz ((DPE] / [¢-CHyLil = 1.2) . BEAIX4HRE TV, IN HCl / CH;O0HT)x
ISk S8, THFZWBHER E LIcOb, RINRAEMERV B UIZHRIE, A
YT 7 40— (HIfLEE0.45 pm) TR ZBRO %, RS LTl L
7o

43 WRLBE
4+3-+1 ¥B—PMMARZBE)—0Hij

i1 5N st-PMMA~Y 7 0 & ) v — (PMMA-Mac) 13%H&3 B2PMMA-OHE Y ¥
VIAET MV T A Y 7 ) )V &K S & THM L7z (Scheme 4-1), #5
WA Table 4-21245F . £ SN 2PMMA-Mach» 5 SFCIZ &k B EE RS B TH—RY
< —%HiEE Uz, Sk ZTable 4-21275x%, SFCZu = k75 A% Figure 4-2
(it-PMMA-Mac) B & 0'4-3 (st-PMMA-Mac)iZm 9, it-PMMA-MaciZPMMA-OH®D
B LFRORIRyEEZ R Lz, st-PMMA-MacOBEIZIZRFEOE—2ITEN
Uk, PRLTHONI3IBEDO L — 2 % H)ESFCTAB, CO3ENIZ5) M
L. ZNZENORZIZOWTH NMRZWE L7z (Figure 4-4) . 3pkmr e d. &HE
JE, KnBRAE L S UERAHAT-BLTEY., WHERERZIASNT, B—
RV —=LARBRLTEVENS Z DI D, B—7IZHZE CSREEITHMEIZIX
7o TUWXOWRWA, FEIERGAHED VI FROSLN IR ED e & L TR HIF SN B,
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GHs
CHp=C
c=0

Oty Oy 3 O, o 9 oy
CHy~C—{—CH,~C—FCH,—CH,~CH,—OH —_— CH3—C~FCH2—ijCH2—CH2—CH2—o—c—c:CHz
CIIH &=0" pyridine / toluene C|)H CID—On
3 o r.t., 4h 3 =
OCH, OCH,
PMMA-OH PMMA-Mac

Table 4-2 Characteristics of 7£- and st-PMMA-Mac

Tacticity (%) ©

Mn® Mwv/Mo®  Fhb

mm mr rr

4010 1.07 0.97 1 11 88
2540 1.13 0.89 96 3 1

2 Determined by SEC. PDetermined by 'H NMR.

4 32 B—-PMMARZUOE)?—0DFYMIVELLHERDH:

#)—st-PMMA-Mac (DP = 32, 41.07 mg, A ¥ 27V a4 )3 11.76 pmol) DY
OV EME S A AIBN (0.20 mg, 1.22 pmol) ZBHEAFNZHWT, Xy EBY (0.40
mL) 160 °CT48HERI4T > 72, Figure 4-5ICESRAMDSECI u= b 7S5 L% xR
T 1BRUPSSBRBEETOE—IHBH5ELTHBZePDRD, £757 7V alk
SECTHHL L. SEC-DVTHHi LIz & Figure 4-612753 . RIKRHIZDIRNE 2 ks
fLLTERT DL, DVRHHERDOIREDELSEOHRKIZIE->THEMLTHWS Z &h
bbb, TSSOV T FHIVBREIN S 712K, 751 MW) 128 LTl 7
oy b LcdD%EFigure 4-TIZxRT, PIBOREIIZEIZHRIZNDT, HTEEE
DOBUTIXEMIZILBIBIRIZH D, Figure 4-TOERRIZEFRPMMAOET)IL & LT
st-PMMA-Mac 0 24 Bk, 27T8AE, 294K DSEC-DV D %5 Hi kil B h & 3K 8 = Mark-
Houwink-#¢HODOXZRT ([ 7)inear = 1.04 X 1073 Y 467) |, B)j—FV T (7 uE
J)—) OIRENS ZOEBMPLDRALBE NG, BI—F VT (x2ux®)
< —) OFHHHEhTORBRIESEOHM (Fib BB o 2fko>TE
L3252, %EZRLTVS, 2FD, 2BHRIIFEFRRY v —LARZ LTI LD
M, SERAL ETIRESRRNY v—X 0 3 LIcBEE LB 2 E X155,

DIERY = —DBEEPTEIZ DO W TIZS K D RPIRENTNWSI[17-28], =&z
(X, Zimm EKilbix = EREMEO U S E2 4B T 500 RY) < —OEGEEHR 1 2, B

8y = [”]branch / [”:llinear = [ (1 + m /7 ) /2 + 4m / (9 TC) ]_1/4 (Eq 4_1)
(I =B REM: IS DE)
TREINDZLEEHELKLOT, KV~ u0x ) —0D54. EHOWRRD®RD
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(b) ‘L mer 29 mer

20 mer
\ 30 mer
/
@ J J l} J
| | I I I 1 | |
0 10 20 30

Elution time (min.)

Figure 4-2 SFC traces of it-PMMA macromonomer (a), the 7£{MMA)9-Mac and
1t{MMA)29-Mac isolated therefrom (b).

(flow rate COsz 8.6 mL min!, CHsOH 1.5 mL min!, initial column temperature
85 °C, cooling rate 1 °C min™.

(b)

l l I |
10 20 30 40
Elution time (min.)

Figure 4-3 SFC traces of s PMMA macromonomer (a), the s&(MMA)si-Mac iso-
lated therefrom (b).

(flow rate COz 9.0 mL min-1, CHsOH 1.9 mL min'!, initial column temperature
85 °C, cooling rate 1 °C min'?)
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a—» CH; CH; =—c CH;
CHy—C Cﬂz—c::%—CHz—CHz—Cﬂz—o—E—&Cﬂz
CHs f c=0" /4 f/
b OCHjz =—d e
Fraction C
e
—f — 3 c
b
><50l Fn=0.95 a
DP = 31.
Ji 31.5 J;L Wl l
Fraction B
x50 Fn=0.94
I DP =314 j‘ |
Fraction A
x50 Fn=0.96 J‘/
DP=311, l "
W ®IK L__
] i ! | | i
6 5 4 3 2 1 ppm

Figure 4-4 500 MHz 'H NMR spectra of fraction A, B and C (see Figure 4-3)
measured in nitrobenzene-dsat 110 °C.

* D impurity
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3 mer

4 mer 2 mer
\ / 1 mer and
5 mer unreacted monomer
A x =
| I |
10 15 20

Elution volume (mL)

Figure 4-5 SEC curve of the polymerization mixture of the s&(MMA)s2-Mac.
Elution volume (mL)

12 14
T I |

DV-detector

4-mer

RI-detector

Elution volume (mL)

Figure 4-6 SEC curves of the 1-mer to 4-mer of uniform macromonomers meas-
ured by reflactive index (RI) and differential viscometry (DV) detectors.
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W UBALIZEED i pliE FBHOER EABREDLDT, m=DP-2ThHD,

Zimm & StochmayerlZ PADO R ZFiDOEBMRY < —D g, IZOWVWTHLHRHFLTHB
V., L FORTEINDZ LZ2HWELTWB[18],

8= [”]star / [”]linear = (3P— 2) -1/2 / P (Eq 4_2)

EED2D DA & Mark-Houwink- B HO A 5ROz, < LEIKRY 3 —LBRERY
< —IZx 9 Blog [ 71-log MWOBARZ ZNZImiHs & xS# TFigure 4-TIZw Lz,
B—<r0® ) v—0D3REOERRY v —DOX» 5 PRENSMITEL . 48FIZ
BERE S LEDOROfEZ & > TWD, TRHORRIIRY 7 uE ) 3 —OBEh
TOBEN. FHOBEKEDOWKIZE> T, 2SS LEIN L BRBMIZEILT S
WO ML L2 DLEEZLNS,

log [n]

-0.9r

1.0 Linear ([1] = 1.04x10° MW" Comb-like
Ny _—="(calcd)

- @4 mer Stalr-!jike
1.2F fealed
-1.3F
1.4+
15 ’ ' ' l

3.4 3.6 3.8 4.0 4.2 log(MW)

Figure 4-7 log [nl - log MW plot for linear and comblike PMMA: comblike
PMMA (obsd, @), linear PMMA (calcd, solid line), comblike PMMA (calcd from
Eq 4-1, dashed line), star PMMA (calcd from Eq 4-2, dotted line).
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4«33 ¥H—-PMMARZu®/)R—D7=F L &ELH

R7BE)I—DIFVHNELSTIE S TR LS ITHMEEELAIH S
HZLIFTFHEINDZLETHDEHN,. ZNTH-RIFZVVIEIE, ABbEIL, i
BE))LIZ EDORREEEPDH V. KiniEE TEDTEH—» L5 DITITRERIPES
XVEEOH R LERY 2 —0akZ LT H—FRYxr/ut/3—07
=F L HEEERAT, ¥)—it-PMMA-MacD 28544 (5.3Tmg, A% 7V ua A )16
pmol) M3, 3-TAF)-1, 1I-V7 ==V T FINIVFIL (6.7 pmoD) IZEB7T=
F > EE%ZTHF (0.30 mL)Hh—78°CT4HRMF T > 72 (Ml / [T = 2.4) . HARED
DSECZ u= 7' F L%xFigure 4-81Zm 7, SBIFETEE TOHEENPE OGNS, 2D
ra= b7 L 5E L 2Bk EOREIL6T.4% TH->Tc. BEREMOD'H
NMRIZIZ A # 7V a A )VEED “HwmEEEDA SN T, BEFHRAIOM I E&IIZE
TolkZeiZmLlTnb, ERRAME EHOELREHIZSFCTHHEEL 72, Figure
YR T LI, BHBAOBRAPAMULIZdo1lBRPSIRE (&
27094) EFTHRBAEIZHEELTVWS, ZOLH Iy —<r/uEe)3—D7 =% H
B ESFCH M ZAMAGDED Z LT, KOG S I EHB L OCMHORS
EHEDTHEDOE I LR =B 6NE 2 EHAHLNIT ST,

4 «3 4 B -PMMARZOE®)—0D7=F>HEELH

ELDIZBBRRIZEHIT, FTRICHHODHIWEHEOY 7 0E ) v —DEAITLEK
BIZXLmroELETHY, HELKERDOL/ <L HEET 2 2 LIXAERITE
W, = u®)v—2HEAICHVS L, BEAEOHMASDEILEYTHN
X, BRZ2EAEOY —~~/7ux ) >—[Ho [EEE] Lk 5l TX 5 whed:
b, BEREOREZL2HOE) < /70® ) —DHEAT. EEMH T TR
BAEADTBREDBDDICE, BROEFEDRERAKNENP 1. $8DH THWNIC
#l THNE XV, —#lE LT, it-PMMA-MacD 2584k L31BEDIERELS~ /70
E ) —ARKE TIZOWT, WRERAEEY T OMMA BN OB OFMAEHEZKIC
A3 &, Figure 4-100 X 51278 %, ZORPS ISR KL ST, MMARLL D
B, SVl UESFEPDINUE. AEh32B0E BT ETZX %,

THF (0.45mL) ¥h—78°CT4HR. 3, 3-VAF) -1, 1-V 7 ==V 7FINNY F7
AL (10 pmol) ZBHWEAIE LU TitPMMA-MacD 2584 (A2 vu A 312 u
mol) E31EE (A¥Z7VuA )12 pmo) #1 ! 1 Tr=F L HELHXET,
HERAWODOSECZ = 75 L%Figure 4-11ZxRY, HIMBEASOLE LFRERIZ.
2R, EOWEEZRDICL TA66.4% Th-o7. SFCIZ LD EHREMDOELES
MO RDIRHAHE E TOHMET Figure 4-12125R% . SR MIEEREIT S
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2 aner 1 mer

3 mer
4 mer ‘

L | 1 | 1 | |
38 9 10 11 12 13 14

Elution volume (mL)

Figure 4-8 SEC curve of the polymerization mixture of i£{(MMA)2s-Mac.
(polymerization conditions: solvent, THF; initiator, 3,3-dimethyl-1,1-
diphenylbutyllithium; [monomer] / [initiator]= 2.4; temperature, —78 °C; time,
4 days).
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1 mer

solvent
__
L | | 1 1 l 1 1
0 5 10 15 20 25 30 35

3 mer

JL

L | L I L l 1
35 40 45 50 55 60 65

Elution time (min.)

Figure 49 SFC trace of the polymerization mixture of i£{MMA):s-Mac
(polymerization conditions: solvent, THF; initiator, 3,3-dimethyl-1,1-
diphenylbutyllithium; [monomer] / [initiator]= 2.4; temperature, —78 C; time,
4 days). (SFC conditions: COs flow rate, 7.0 mL min'l; CHsOH flow rate, 1.5 to
3.0 mL min! with increment of 0.025 mL min1; initial column temp., 85 °C; rate
of cooling 1 °C min?).

* Unfunctionalized i&(MMA)zs
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NTWBZLhbhb, F¥—20 LIZH LIcHDD LORFIE. ZORINITEE
NEMMABRN.OREZRT, 28, BRE5CIIBEROFMNTEENIIEHEESKDOL
oy ORI, #50 1 #56 1 #62 = 1:2.16 : 1.01. #75 : #81 : #87 1 #93 =1:2.99 :
3.06 :1.00TH Y., HiHIZit-PMMA-Mac® 2584k & 31 BEDHIAALD HHA SN
51:2:1, 1:3:3: 1IKIFIE—H L. TORRIZIt-PMMA-Mac® 258k L 315
BORIZIIKIBEDENIZNC &, £, ZBRBOEET AL ORIz 51
BIKEEDRA NIV E2RE LTV,

COFHEIT., TNETRRTELE R —Z0 b DOOFEERR 0% L i
By, YRV —DL 25 7RO HIZEH LD T, EEgmikk e
OHMAEDEIZE > T, KMEREM RS 7O KGO B A EIRA O R IR TIZ
MHTE33D LIS,

+25 23 +31 +25 B +31
[5{ ~ [56] 7 \[321
+25 +31 +25 +31 +25 +31
[75f/ \ [81]/ \[871/ \}931
Y WA W AN
[100] [106] [112] [116] [124]

Figure 4-10 Possible combination of the total number of MMA units in the
products of copolymerization of i£{MMA)2s-Mac and 7t{MMA)si-Mac. Figures
In square brackets represent the total umbers of MMA units in the branches of

copolymer homologues and arrows with figure “+7” means addition of 7&(MMA),
-Mac.
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31 mer | {} 25 mer

(a) \

Mn = 20500

(b)

| |
20 25
Elution volume (mL)

Figure 4-11 SEC curves of the copolymerization mixture of i£{MMA)25-Mac and
it{MMA)31-Mac (polymerization conditions: solvent, THF; initiator, 3,3-
dimethyl-1,1-diphenylbutyllithium; [monomer] / [initiator]= 2.4; temperature,

—78 °C; time, 4 days).
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#31

H#H25
h
solvent H
L | | | 1 I 1
0 5 10 15 20 25 30
—2 mer
#56

#50 #62 | [3Mer— 4406

] | ] 1 ] ] |
35 40 45 50 55 60

Elution time (min.)

Figure 4-12 SFC curves of the copolymerization mixture of 7£{MMA)2;5-Mac and
it{MMA)31-Mac (polymerization conditions: solvent, THF; initiator, 3,3-
dimethyl-1,1-diphenylbutyllithium; [monomer] / [initiator]= 2.4; temperature,
—78 °C; time, 4 days). (SFC conditions: COz flow rate, 7.0 mL min'l; CH;0H
flow rate, 1.5 to 3.0 mL min! with increment of 0.025 mL min‘!; initial column
temp., 85 °C; rate of cooling 1 C min').
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SFCEHWLEAESMIZED, W—PMMAR 70 ® ) 3 —%i#l+ 5 Z LIk
hlize BI—PMMARZ 0 E ) R—DZ U HIVEEZITV. Bo5hkRY~/0E
) —% EHOBELSEMICHEE L, SEC-DVEZHWTHEAREL 710 R EDH
B2z, RV =7 0® ) 3—0 3 BEO[ 71XBRY = —I2hHd 2 Blin
e XV —BERTILEHIPolk, 4BBFTIERMRYx—L, LR -
OVHIREOHZ LY, EHOBELSEOELITHE > TEEPS < LEIAN L HHEPT
DOFEHE L T H@R2BM3 5 2 Liosh Uiz

B—=rux)—I2iX HTEISMHEELIRNZD, REBEOEKRTOR 71
/) —OIEEPTETH D, THWIZE] REAEE2HE T8 —-~7ux)
=7 =AU HELEERA BEEOAITE OO THELS LW %Z SFCTHEES
%Z LiTh Uiz,
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