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PIBVE MMA
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(
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24)
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PIBVE PMMA
PIBVE PMMA
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ml/min 40 'H-NMR
JEOL IJNM-LA500 spectrometer(500.16MHz)
25 DSC TA
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Ru(Ind)CI(PPh;),
80
MMA

( )
(Scheme 3) 29
M,
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SEC

MWD
(MJM, 1.22) (Fig. 2)
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2.0 T T T
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t -0 Polymerization
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Fig. 2. Living Cationic Polymerization of IBVE with
R2Ci1-Init/SnCl4 in toluene at 78 : [IBVE]o = 380
mM; [RzCi-Initlo = 5.0 mM; [SnCliJo = 3.0 mM;
[BusNCl]o = 2.0 mM. Living radical polymerization
of MMA with PIBVE-macroinitiator / Ru (Ind) CI
(PPha)2/-BusN in toluene at 80 : [MMA]o = 2,000
mM; [PIBVE macroinitiator]o = 2.0 mM; [Ru (Ind) CI
(PPha)2]o = 2.0 mM; [7-BusN]o = 40 mM.

PIBA 'H-NMR
Fig. 3(A) a
© ¢, m
M,(NMR) M,(NMR) 10,000
SEC M,(SEC) 10,500
MMA 'H-NMR
Fig. 3(B) PIBVE MMA
Fig. 3(A)

9

/ G
MMA  PIBVE

Fig.
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Fig. 3.(A) 'H-NMR spectrum of PIBVE obtained

with R2Ci-Init/SnCla/nBuaNCI in toluene at 78
M. (SEC) = 10,500; Mw/Mh = 1.08. (B) *H NMR
spectrum of PIBVE-6-PMMA obtained with PIBVE-
macroinitiator/Ru(Ind)CI(PPhs)2/n-BusN in toluene at
80 : Mn(SEC) = 17,500; Mw/Mn = 1.22 measured
after fraction by preparative SEC.

Y -(PMMA).-b-PIBA
Y -(PMMA),-b-PIBVE
(PMMA),-b-PIBVE

(M, 17,500; M/M, 1.22; PMMA/PIBVE 43/57)

PMMA 2 PMMA

PIBVE (PMMA),-
b-PIBVE PIBVE(M, 12,700 M,/M,
1.05 curve(d) in Fig. 4) PIBVE

M, 12,700 M,/M, 1.04 curve(d) in Fig. 4)

PMMA MJM, 1.17)
(PMMA),- b-PIBVE PMMA
PIBVE (PMMA),-b-PIBVE
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Macroinitiator

Y-Shaped
Block Copolymer

After Creavage
with NaOCH

Soluble Part
in Hexane
(PIBVE)

Insoluble Part
in Hexane
(PMMA)

;
'/

T T
10° 10* 10°
Mw

Fig. 4. SEC analysis of the polymers obtained in
block chain cleavage experiments: (A) PIBVE
obtained with R2Ci-Init/SnCls in toluene at 78 ;
(B) PIBVE-6-PMMA obtained with PIBVE-
macroinitiator/Ru(Ind)CI(PPhs)2/-BusN in toluene at
80 ; (C) The polymer obtained after cleavage
reaction with sodium methoxide for 4 days at 70 ;
(D) PIBVE obtained after cleavage reaction and
extraction with hexane; (E) PMMA obtained after
cleavage and insoluble part in Hexane.

Y -(PMMA):-b-PIBVE

-AB %
R,C,-Init AB-

(7,) Table

Table. 1. A2B and AB Block Copolymers of MMA and IBVE

Sample (MW%"/ln) - PM'}/InfollflzBVE ()"
Diblock (AB-1) 13,500 (1.12) 24/76 -18, 72
Y-Shaped (A,B-1) 14,800 (1.10) 24/76 -21, 70
Diblock (AB-2) 16,600 (1.08) 43/57 -18, 94
Y-Shaped (A,B-2) 18,400 (1.12) 43/57 -17, 94

" SEC ™ NMR ™ DSC

SAXS
Fig. 5 PMMA/PIBVE=24/76
Y
(ODT)
(A,B-1 vs. AB-1)
1 PMMA/PIBVE=43/57 Y
Ty
(A,B-2 vs. AB-2)
10°
10 o ) »
rder-Disorder Transition
o 107
o
- 6 Diblock
L) 10E
10°
104
10° L
0 50 100 150
Temperature, °C
Fig. 5. Temperature dependence of the storage

moduli (G’) at 1 Hz for the PMMA-4-PIBVEs and
(PMMA)2-6-PIBVEs. Polymerization conditions and
characterization: See Table 1

(AB-2) Y
(A,B-2) 60
(Fig. 6)

SAXS

Y (AB-2)
PMMA

( 23nm)
PMMA

15),16)
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Domain Spacing:23nm

6
10 +1 0
= 105k Hexagonally
=) Packed
Kol
< 10% 2 v g
2 | Y
9 (AB-2)
=
102_ £ L T
. 60°C
10 0.5 1 1.5
q, nm™
Fig. 6. SAXS profile of PMMA-6-PIBVE and

(PMMA)2-H-PIBVE at 60 . Polymerization conditions
and characterization: See Table 1.

Y -(PPEGMA).-b-PIBVE" ”

Y -(PPEGMA),-4-PIBVE (PMMA),-b-PIBVE

R,C,-Init IBVE
PEGMA(EO 4.5)
Y
(Fig. 7) R,C;-Init
(AB-3) Y (A,B-3) Table 2

4\0/\( ClanpCl (A) w
n
M,/M,
ncl, _|BVE wMo
4 ———
RoCy Init, —— ——> BBVE 8,300
Living Cationic 1.05
Polymerization 1 \(PS Calib)
PPEGMA :
)\f @0
Of~o i
Ru "PPhs - pEGMA ti) jBVE ;22000
CI pph > . 1.18
— I +(PMMA Calib)
Living Radical T T !
Polymerlzatlon 08 10° 104 108

Mw (PMMA)

Fig. 7. SEC analysis of Y-shaped A2B block polymer
synthesis. (A) Living cationic polymerization of IBVE
in toluene at 78 : [IBVE]o = 0.38 M; [R2C1-Init]o =
5.0 mM; [SnCliJo = 2.0 mM. (B) Living radical
polymerization of PEGMA in toluene at 80

[PEGMA]o = 0.5 M; [macroinitiatorlo = 5.0 mM;
[Ru(Ind)CI(PPh3)2]o = 2.0 mM; [/#BusN]o = 20 mM.

Table 2. Block Copolymers Composed of PEGMA and
PIBVE via Living Cationic/Radical Polymerization

PIBVE
sample _ macroinitiator  B1ock Copolymer PI(Bn%I?a{rPFaE%\fA
MMM M(MSM) M
Diblock
(AB-3)  7700(1.06)  22,600(1.17) 31,000 52/48
Y-shaped
(ABe3)  8:000(L05)  22,200(1.17) 34,200 53/47
@ SEC using PS standards ® SEC using PMMA standards
¢'H NMR
Y -(PPEGMA).-b-PIBVE
(AB-3) Y
(A,B-3) PIBVE PPEGMA
Y
AB-3 A,B-3 DLS
wt A,B-3 60°
Fig. 8
cumulant double exponential fitting
) ¢ (Fig. 9)
q
= DG (D; )
D Einstein-Stokes (€D
R
R, =k T/ 6rnnD (€))
Kk T o
1
[ o observed
0.8 —_— — fitting
- 0.6
S
"> 0.4
0.2
0 . . . e God
10 10° 10* 10° 102 107’
T (s)
Fig. 8. Time correlation function of 2wt%

Poly(PEGMA)-4-PIBVE (A2B-3) in methanol at
scattering angle of 60°. Dotted: experiment data
solid line: fitting curve calculated by double
exponential.
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0 1 2 3 4 5
g%1108 (nm?)

Fig. 9. ¢ vs. I plot of DLS data for 2wt%

Poly(PEGMA)2-6-PIBVE (A2B-3) in methanol at 20

D R,
R.x Table 3 R
1.5 19
Rinex
Y R
Y PIBVE
PPEGMA -
1) (Fig. 10)

Table 3. Hydrodynamic radius of (PPEGMA)2-4-PIBVE
and PPEGMA-A/-PIBVE in methanol evaluated by DLS

Rh (nm) Rmax (nm)a
Diblock (AB-3) 50 38
Y-shaped (A,B-3) 25 31

* R = 0.253 X DPyou

_—

Diblock Copolymer

Fig. 10. Schematic representation of micelles of
diblock and Y-shaped block copolymers.
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