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30%)
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(Tsn) (Tn-1)

2. 2, 2- a-
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30%) AB,
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AFM
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Tsn TN-i PEO
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(FT-IR)
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ABSTRACT

This dissertation highlighted the developments of star polymers,
amphiphilic polymers and azobenzene-containing liquid crystalline polymers. A
series of linear block copolymers composed of poly(ethylene oxide) (PEO) and
side-chain  liquid crystalline azobenzene-containing polymethacrylate
(PEO-b-PMMAZO) and AB; polymers (PEO-(PMMAZOQO),;) were designed and
synthesized. Furthermore, their thermotropic phase behaviors, liquid crystalline
behaviors and self assembly behaviors were studied.

1. Monofunctional macroinitiator PEO-Br was prepared by esterification of
PEO and a-bromoisobutyryl bromide. Linear copolymer PEO-b-PMMAZO was
synthesized via atom transfer radical polymerization (ATRP) using PEO-Br as
initiator and 6-(4'- methoxy-4-oxy-azobenzene)hexyl methacrylate (MMAZOQO) as
monomer in chlorobenzene (total weight content of monomer and initiator was
30% ) and characterized by nuclear magnetic resonance (NMR), Fourier transfer
infrared ray (FT-IR) and gel permeation chromatography (GPC). Thermotropic
phase behaviors and liquid crystalline behaviors of PEO-b-PMMAZO were
studied by differential scanning calorimetry (DSC) and polarized optical
microscope (POM) and self assembly behavior by atomic force microscope
(AFM). It was found that the phase transition temperatures of Tsy and Ty-; of
PMMAZO increased with increasing molecular weight of PEO-b-PMMAZO
while the melting temperature of PEO (T,,) decreased. Size of PEO-b-PMMAZO
micelles formed in selective solvent increased with M, increasing.

2. Bifunctional macroinitiator PEO-Br, was synthesized with two steps, the
synthesis of 2, 2-bis(methyl-a-bromoisopropyl) propionic acid (BPPA) by
esterification of 2, 2-bis(hydroxymethyl) propionic acid and a-bromoisobutyryl
bromide and the synthesis of PEO-Br;, by esterification of PEO and BBPA using
dicyclohexyl carbodiimide (DCC) as the efficient condensation agent. AB>
polymer (PEO-(PMMAZO),) was synthesized via ATRP using PEO-Br, as
bifunctional macroinitiator and MMAZO as monomer in chlorobenzene total
weight content of monomer and initiator was 30% ) and characterized by NMR,
FT-IR and GPC. Kinetic study showed that it was a first order reaction referred
to the monomer MMAZO. Molecular weight increased along with conversion
and polydispersities were narrow (<1.3), indicating the good control of the
polymerization.



Thermotropic phase behaviors and liquid crystalline behaviors of
PEO-(PMMAZOQO), were studied by DSC and POM and self assembly behaviors
by AFM. It was found that Tsny and Ty.; of PMMAZO increased with increasing
molecular weight of PEO-(PMMAZQO),; while T, of PEO decreased. Compared
with PEO-b-PMMAZO, T, of PEO in PEO-(PMMAZO), decreased more rapidly
while Tsny and Ty of PMMAZO didn't change too much, indicating PEO chain
in PEO-(PMMAZO), was confined more severely. Size of PEO-(PMMAZO),
micelles formed in selective solvent also increased with My, increasing. Micelles
changed to mallets when polymer content was increased to certain degree.
Compared with PEO-b-PMMAZO micelles, size of PEO-(PMMAZO), micelles
was larger, due to the unique AB> structure and the existence of side group.

Keywords: star polymer; amphiphilic polymer; azobenzene-containing
liquid crystalline polymer; thermotropic phase behaviors; self
assembly behavior; atom transfer radical polymerization
(ATRP)
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(107

(AEONA) (AM)
(NaMAA) 1 %

1.1 1 %

1.1 AM/AEO,A "1% (25 )

(Mol %) AEO:A AEO,A AEO,A

AEOA NaMAA s(mN/m) [?](mL/g)  s(mN/m) [?](mL/g) [?](mL/g) [?](mL/g)

4-10 0 27.3 146.3 27.9 54.0 27.7 61.0
1.60 13.7 — — 29.1 72.3 27.6 65.5
3.30 13.4 27.3 197.6 30.0 139.8 30.9 111.4
6.46 111 30.5 175.7 31.3 60.0 — —

(2.2 ~ 8.4) x 10° g/mol

(R?)
1.2

12AM/AEONA/NaVAA

AEG;A AEGA AEO,A

M, Ro(nm)  2(mN/m) M-, R,(nm)  2(mN/m) M, R,(nm)  2(mN/m)

742x10° 275 2.04 219x10° 127 1.58 167x10° 105 24.0

846x10°  29.8 2.09 2.20x10°  12.8 2.04 2.74x10°  14.7 2.16

9.79x10°  32.7 2.23 2.31x10° 138 226  443x10° 199 1.63
— — — 256x10°  14.1 2.46 — — —

[?] 52.0 ~ 224.6 mL/g 25 5 %

1%
[22,23]
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PEO-b-PMMAZO

2.1
trans-cis cis-trans
-b-  (6-(4- -4-
PMMAZO) FT-IR 'HNMR GPC
POM AFM
2.2
2.2.1
2211
4- (AR)
1, 6- (98%) Acros
N, N- (DMF) (AR) CaH
(PEO, Mp = 5000 g/mal, My/M, =1.08) Acros 50
2,2- (bpy)(AR)

(TEA)(AR)
12 h

16

(ATRP)
)(PEO-b-
DSC



N, N- (DMAP)(AR) Acros,
(AR) 5
CaH
(THR(AR)
(CeHsCH(AR) 5%
CaCl,

2212
Waters 1515
Waters styragel columns(HR-1, HR-3 HR-4) THF 1.0
mL/min 35 Waters Breeze
H NMR BRUKERAR400 (400MHz) 25
CDCl3 Perkin- Elmer Spectrum One B
KBr 100
400 ~ 4000 cm'? 2cmt TA Instruments Q-10
In  Sn Mettler FP82HT
Leica DM-LM-P
AJlll
2.2.2 6-(4'- -4- )-

2221 4- -4'-

NaNO; (28.9 g, 0.42 mol) 150 mL
4- (50.40 g, 0.41 mol) 3 mol/L (500 mL)
(39.4 g, 0.42 mol) 400 mL

10% NaOH 0~5
=1:2 )
75.09 80.5% H NMR (CDCls, d/ppm) 7.88, 7.00(phenyl ring, 8H) 3.89(s,
3H, CH30)
2222 4- -4-7-
4- -4'- (145 g, 63.6 mmol) 1, 6
(119.5 g, 0.49 mol) K2CO3(70.0 g, 0.51 mol) (200 mL),
24 h

17.0 g 68% H

17



NMR(CDCIs, d/ppm): 7.88, 7.00 (phenyl ring, 8H), 4.03 (t, 2H, CH,CH>O0ATr), 3.89 (s,
3H, CH30), 3.44 (t, 3H, CH,CH2Br), 1.91 (m, 4H, CH>(CH3),CH2OAr), 1.53 (m, 4H,
CHQ(CH2)2CHzBI')

2223 6-(4- -4- )- (MMAZO)
(5.6 g, 65 mmol) KHCO3(6.3 g, 63 mmol)
5 min 4'-
-4-w - (11.4 g, 29.1 mmol) 250 mL DMF
100 24 h
=50 : 1( )
9.6 g, 84% H NMR

(CDCls, d/ppm): 7.88, 7.00 (phenyl ring, 8H), 6.11, 5.56 (s, 2H, CH, = C), 4.20 (t, 2H,
COOCH>CHy), 4.02 (t, 2H, ArOCH>CH), 3.89 (s, 3H, CH30), 1.95 (s, 3H, -CH3),
1.84 (m, 2H, COOCH,CH,>CH), 1.74 (m, 2H, CH,CH,CH,OAr), 1.51 (m, 4H,
CHa(CHy)2 CH,)

2.2.3 PEO-Br
2231 a
( )
(50.0 g, 0.57 mol) PBr3 (49.0 g, 0.18 mol)
(82.0 g, 0.51 mol) 50
20 h 36 (6 mmHgQ) 98.0 g

75%
2232 PEO-Br

CH,Cl, (80 mL) DMAP (0.92 g, 7.5 mmol) TEA (0.7 g,

7 mmol) PEO5000 (12.5 g, 2.5 mmol) 0
a- (2.88 g, 12.5 mmol) 24 h
40
2.24 PEO-b-PMMAZO
2241 (CuBr)

CuSO4¢5H,0 (20.0 g, 80 mmol) KBr (14.8 g, 0.12 mol)
NaHSO3

18



NaHSO3

24 h

2242 PEO-b-PMMAZO
PEO-b-PMMAZO
PEO-Br MMAZO CuBr bpy 1:n:1:3 (n
PMMAZO )
30%
75 12 h
5 THF

Al,O3
2.3
231

(@ H3COONH2 Q gzacriloz 3C04®*N=N4©*OH

K,CO4
(b) cho—O—N=N—O—OH + Br(CHYeBr ————
Acetone
H3co@—N=NOO(CH2)GBr

KHCO,4

i
V— —
(c) H3C04®7N=N—®70(CH2)GBr + HOOC—C=CH, DME
o CHs

Iy
HCO N=N O(CH,)OC—C—CH>

21 MMAZO

MMAZO [55] 2.1 4'-
( 10 ) 6-(4'- -4- )-

19
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2.2 MMAZO 'HNMR

6-(4'- -4 )- (MMAZO)
2.1 MMAZO FT-IR
-CHy- (2924,
2853 cmt) (1638 cm't) (1704 cm't)
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(1605 cm?, 1502 cmt) MMAZO
22 MMAZO !HNMR (CDCls, d/ppm)  7.88,
7.00 (phenyl ring, 8H), 6.11, 5.56 (s, 2H, CH»=C), 4.20 (t, 2H, COO CH,CH,), 4.02 (t,
2H, ArOCH>CH,), 3.89 (s, 3H, CH30),1.95 (s, 3H, CHz), 1.84 (m, 2H, COOCH,CHCHy>),
1.74 (m, 2H, CH,CH>CH,O0Ar), 1.51 (m, 4H, CHo(CH2)2CH>)

2.3.2 PEO-Br
PEO-Br [56] 2.2
TEA DMAP PEO a- PEO-Br
I CH,Cl
HaC{O—CH,—CH,}-OH + Br—C—C—Br -
DMAP, TEA
CHj
O CH,

I
HoCO—CH,—CHaj,0—C—C—Br

CH,
2.2 PEO-Br

Transmittance (%)

40000 3600 3200 2800 2400 2000 1600 1200 800 400

-1
wave number (m )

23PEO (8) PEO-Br (b)

23 PEO PEO-Br FT-IR PEO-Br
FT-IR 1730 cm'*
'H NMR 2.4 PEO(A) PEO-Br(B) HNMR

21



PEO-Br H NMR d = 4.25 ppm

1.90 ppm
(peak c)
(peak d) a(a ) ¢ d
W a-
PEO-Br Mnnmr = 5.1 x 10% g/mol
a b C
ch—{-c:—cu?_—c:HJj-noH
b
La C
| A '

chemical shift (ppm)

A
d
a b c ﬁ '-T-Ha
H.C —{—DCHECHZ-}TD{ HchED—c—cl:—B:
CHs
h
h d
| j ‘
[ a
e IJ \‘ I|
J"“-u. s lL.. S HL_
8 7 6 5 4 3 2 ] 0

chemical shift (ppm)

B
24PEO(A) PEO-Br(B) HNMR
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2.3.3 PEO-b-PMMAZO

PEO-b-PMMAZO 2.3
PEO-Br CuBr/bpy
MMAZO PEO-b-PMMAZO
CH
ﬁ) | : CuBr, bpy l ! !
HaC{-O—CH;—CH}-0—C—C—Br  + MMAZO
n | CeHsCl, 75
CHs
7
2.3 PEO-b-PMMAZO
2.5 PEO-Br PEO-b-PMMAZO
GPC
PEO-Br MMAZO
1.3
_ PEO-Br
v
IIS | Z:U
Elution Time (min)
2.5 PEO-Br PEO-b-PMMAZO GPC
2.6 PEO-b-PMMAZO 'HNMR 5 = 7.8 ppm (peak d)

6.9 ppm (peak e), 3.8 ppm (peaks h, g) 3.7 ppm (peak k), 3.6 ppm (peak a)
PEO-b-PMMAZO PMMAZO -CHy- -OCH; PEO

23



- OCH,CHy-
PEO-b-PMMAZO

b b

O CH, o | TH

a
s e e =l ] g
HiC fo—CH,—CHy-o——¢—{Ch, 1|—}:|:s.

CH, |

o g i f f j lh de ed |

1 - -
= = CHy=CHy=CHy= CHy=CH =« ||_~—:'|—@— x=k—{:}—+ y=CH;

a i
J
k b
d | “1. b
e L2 i i b
f Al P,
S S, T I LA W —

8 7 6 5 4 3 2 ! 0
chemical shift (ppm)

2.6 PEO-b-PMMAZO  'HNMR

PEO-b-PMMAZO (peak d) - CH,-
(peaks h, g), - OCHs (peak k), - OCH,CH»- (peak a) (2.2)
My = 5100 + 396 x 450 % Ig/ [4(la+ In + 1g+ 1K) - 74 (2.1
5100 PEO-Br 396 MMAZO
450 PEO la. PEO
ln PMMAZO
lg PMMAZO Ik
PMMAZO lgy PMMAZO
2.1
2.34 PEO-b-PMMAZO
(DSC)
DSC PEO-b-PMMAZO
50 /min 150
150 3 min -10 /min 150 -20
-20 3min 10 /min  -20 150
2.7 PEO-b-PMMAZO DSC

24



2.1 PEO-b-PMMAZO

By
By
B,
E H]
0 2}] 4I[] ﬁlﬂ Hlﬂ ]{I}“ | é[? ]ilml
Temperature (°C)
2.7 PEO-b-PMMAZO DSC
2.1 PEO-Br PEO-b-PMMAZO
Polym. M2 M, Phase transitions( ) and
Mw/M,  PEO%°
No. (x10% (%109 enthalpy changes (J/g)*
PEO- Br 0.73 0.51 1.10 100 K60.9(194.1)1
B, 129 123 120 415 K54.2(79.8)g63.4576.3(0.5)N99.4 (0.3)l
B, 1.40 1.61 1.16 31.7 K51.6(48.0)g73.2S88.6(1.2)N115.5(1.6)I
B, 152 1.99 119 256 K 48.0(26.6)g75.2589.1(1.2)N120.0(L.8)|
B, 180 243 116 21.0 K42.1(8.4) g78.3593.2(2.0)N125.2(2.3)|
a GPC PS
b IH NMR M, = 5100+ 396 x 450 x Ig/ [4(la+ In + Iy + 1) - 714]
c DH f 0
: L DH, PEO DH?  PEO 100%
DH'
[57]
K S N |
2.8 PEO-b-PMMAZO PEO Tm,
PMMAZO (S) (N) (TsN) (N)

(1 (Tn-1) 2.1

25



PEO-b-PMMAZO 1.23 x 10* g/mol 2.43 x 10* g/mol

PMMAZO 6.2 x 10° g/mol 1.92 x 10* g/mol
PEO Tm 54.2 42.1 PMMAZO Tsn  76.3
93.2 Tnag 994 125.2 PEO
PEO-b-PMMAZO PEO
PEO
PEO PMMAZO
( )
( )
130 F
120 ¢ e cam for T
_ 110} y <4 * ._r-“'“
< 100F  « * Toa
;% 90 | e *
580} ;
% 70} =
6o}
21 S
40+ .
1.2 ]I4 ljﬁ IIH 2.0

M., ( x 107 g/mol)

2.8 PEO-b-PMMAZO T, Tsn, Tna My

T
DSC

B4 2.9(A)
2.9(B)
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B

2.9 POM PEO-b-PMMAZO (M, = 2.43 x 10* g/mal)
(A)120 (B)85 400
2.35 PEO-b-PMMAZO
Samson A. Jenekhe A. Eisenberg LiuG [58,59]
( 210

RHEE
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(1)

(2)

(3)

(4)

(5)
(B

(Atomic Force Microscope

AFM

1.5 mg 2 mL THF
THF 25 mL THF
5 mL

24 h
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AFM)

PEO-b-PMMAZO
AFM
0.1mL
THF

0.01 mg/mL



211 212 PEO-b-PMMAZO THF  H0
1:2 AFM
2 AN fime
5
4
1.4
1.8
B EE
AFM
A B
2.12 PEO-b-PMMAZO(B4, M, = 243 x 10* gimal) AFM
(A) (B)
2.11 2.12
1.61 x 10" g/mol B> 54 nm
2.43 x 10* g/mol B4 85 nm
PEO-b-PMMAZO  THF
H.O 1:2
PEO-b-PMMAZO  PMMAZO
THF  H.0 1:2

PEO ©or PMMAZO “ " PMMAZO
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1. PEO a
PEO-Br
-4 )-
30%)
NMR FT-IR GPC
2. DSC POM

PEO (Tm)
(Tsn)

PEO

3. AFM

(MMAZO)

(ATRP)
(

6- (4"

PEO-b-PMMAZO

PEO-b-PMMAZO

PMMAZO

(Tn-1)

30

THF

H.O

PMMAZO



AB;

3.1
(LCPs)iet] [621
[63]
[64]
[65]
( 8)
[66]
(ATRP)
(PEO-(PMMAZOY),) FT-IR HNMR CNMR
DSC POM AFM

3.2
3.21
3211
N, N- (DMF) (AR) CaH;
2, 2- (BHPA, 98%) Acros
N, N'- (DCC,98%) Acros

(PEO, M, = 5000 gmol, Mw/M, = 1.08) Acros 50
2,2'- (bpy)(AR)

(TEA)(AR)
12 h

N, N- (DMAP)(AR) Acros,

(AR) 5

CaH,

(THF)(AR)

31

AB>
GPC



(CsHsCl) (AR) 5%

CaClp
MMAZO
3212
Waters 1515 Waters
styragel columns (HR-1 HR-3 HR-4) THF 1.0 mL/min
35 Waters Breeze
NMR BRUKER400 (400 MHz) 25
CDCls Perkin- Elmer Spectrum One B
KBr 100 400 ~ 4000
cm?, 2 cm? TA Instruments Q10 In  Sn
Mettler FP82HT LeicaDM-LM-P
AJd Il
322 2,2- (a )  (BBPA)
50 mL 2, 2- (1.0 g 7.5 x 103 mol) THF
(5.0 ml) (2.5 mL, 1.8 x 102 mol)
0 10 mL (21%, V/IV) a- THF
24 h NtzNHBr THF a-
V(CHCI3) : V( )=10:1
2, 2- a-
(BBPA)
3.23 PEO-Br,

50 mL 9.0 mL 2.0 g PEO (M, = 5000 ¢g/mol, 0.4
mmol) 4- (DMAP, 0.29 g 24 mmol) BBPA
(0.87 g, 2 mmal) 0 N, N'- (DCC,
0.41 g, 2mmol) CH.Cl> 48 h

CH.Cl;
PEO-Br;
324 AB, PEO-(PMMAZO),

AB; PEO-(PMMAZO),
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PEO-BTr» MMAZO CuBr bpy 1:2n:2:6 (n AB:

PMMAZO )
30%
75 12 h
5 THF
Al,03
50 24 h
3.3
3.3.1 PEO-Br,

o)
| s
CHOH o CHy THZ_O_C_C\_C BHr
I TEA 3

HOOC—C—CH; + Br—C—C—Br —— HOOC—C—CH3
oM | THFRT24h | ,CHs
2 CHs CH,;~O—C—C_Br
I CHs
BBPA

_CHg
L o CH,—O0—C—C—Br
H3c—§o CH, CHZ?—nOH “h.

I
> HyC{O—CH,—CH,)-0—C—C——CH
3 2 2 n | 3 /CH3

DCC/DMAP/CH,Cl,48 h
PEO-BI, CH,—0—C—C—Br
(@] CHj
CuBr/bpy/PhCl
MMAZO75°C

PEO-(PMMAZO),

O
l

3.1PEO-Br, PEO-(PMMAZO),

PEO-BTr» 3.1
a- 2, 2- 2, 2- (a-
) (BBPA) N, N'- (DCC)
PEO BBPA PEO-Br,

PEO-Br; [6768]
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PEO-Br, ( 3.2) 2, 2-

(a- ) (BBPA) 2, 2- (& )
(BBPC) ( BBPA  PCls SOCh
) BBPC PEO PEO-Br»
O CH; O CHs

T I
o CH,—OH Br—C—ﬁ—Br 0 (|3H2—O—C—(|_3|—Br

|
HO—C—C—CH;

- : HO—C—C—CHj
Triethylaming THF H
CH,—OH  25°C CH2—0—|C|:—(|':—Br
BisMPA O CHs
PCl/benzene
o > @) CH3
25°C |
o CH;—0—C—C—Br
< Cl—C—C—CH,
H
CH2—0—|C|Z—C|Z—Br
SOCI
q 2 X CH,
refluxing, 5 h Branching Agent
P
HsC+ OCH,CHY—OH oGO~ C—C—Fr

|
- H3C—(OCH2CH$—nO—C—C—CH3
benzene, refluxing,overnight

H
H,C—0-C—C—Br
O CHj

PEO-Br,
3.2 PEO-Br, [67768]
BBPC (150 /0.1 Pd®®)
BBPC
BBPC
PEO-Br;,
DCC 4- (DMAP)
BBPA PEO
BBPC BBPC



DCC
[69] DCC 5% ~ 10% (mmol%)  DMAP
DCC
DMAP

DMAP/DCC DMAP
[70]

DCC
RCOOH — (RCO),0

R0|\+l\ / N(CH5), + RCOO

1 2
3
L ROH
+ + '
RcOOH + RCON N(CHz),— RCOOR + DMAP
OR 5
4
3.3DCC/DMAP
DCC 2
DMAP 3 DMAP N(CHs).
RCO RO
DMAP
b b

a 9

rw—w—ﬁ—m
mnm——v—ﬂ$h[ﬂk
rm—rmﬁwm

T .
0 CH;
C
il
FE
PENITY , TRENEENT e - ok | = SN T -\.\_,. e
a8 7 (i 3 4 3 2 1 ]

chemical shift (ppm)

31BBPA HNMR
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g

d o CH

el |
1_'I|:—¢'—j{'—|!r

d B ¢ |

3 d : CH;4

HOO =—{=——(CH, CH.

|
CH:—C—C—Br

] CH;

200 180 1ed 140 120 100 &0 60 40 20 0
chemical shift (ppm)

32BBPA ’CNMR

2, 2- (a- ) (BBPA)

BBPA 2, 2 (& ) (BBPA)

3.1 3.2 BBPA H NMR BC NMR

'H NMR (CDCk, d/ppm): 1.36 (s, 3H, CHsC), 1.92 (s, 12H,

(CH3)2CBr), 4.43 (m, 4H, CH,0). *C NMR (CDCls, d/ppm): 177.7 (COOH), 171.0

(CO0), 66.0 (CH,0), 55.3, 55.2 (CBr), 46.5 (CCOOH), 30.6 (CH3CBr), 17.8 (CH3C).
BBPA C

BBPA

Transmittance { %)

4000 3600 3200 2800 2400 2000 1600 1200 200 400

wiave number {em” I ]

3.3PEO-Br,  FT-IR
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PEO-Br;

3.3 PEO-Br, FT-IR PEO FT-IR
PEO-Br, FT-IR 1738 cm?
b
d
e |I| CH,
A h c -:I'- LII-.—-:J—__I:'—I:I'—HI
II-_I:'I': L1={'H, l:'H:]I [l== 0 Hy == H === =—={"H, H:I
d
i |
e f
e L.w_ -"L e
g8 7 6 5 4 3 3 1 0

chemical shift (ppm)

3.4PEO-Br, HNMR

3.4 PEO-Br, 'HNMR PEO 'HNMR
PEO-Br, !H NMR d = 1.91 ppm
(peak d) 1.31 ppm (peak f) PEO-Br, PEO Br
4.32 ~ 4.42 ppm (peak ¢ peak e)
PEO-Br, PEO Br a(a
) d 1:4
PEO-Br;
33.2 AB, PEO-(PMMAZO),
AB; PEO-(PMMAZO), 3.1
PEO-Br» CuBr/bpy
MMAZO AB; PEO-(PMMAZO),
3321
3.1
AB; PEO-(PMMAZO),
3.5 In([M]o/[M])
In([M]o/[M])
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3.1 PEO-(PMMAZO),

Time (h) Conversion(%)* Mn>(x10"%) Mn5(x10"%) My/M,”
0 0 0.74 0.53 1.11
1.5 30.0 1.19 1.01 1.26
2.0 46.8 1.30 1.27 1.13
2.5 53.1 1.38 1.37 1.19
3.0 60.0 1.45 1.48 1.14
3.5 70.5 1.48 1.65 1.19
4.0 75.1 1.52 1.72 1.18
a (3.1)
%=1 - [2 (|5.6 + |6.1) / |7.9] x100% (31)
Is6, le1, 179 - C(CHs):CHz,
b GPC PS
c (3.2)
M, = 5300 + 396x 40 x Conv. (3.2
5300 PEO-Br, 396 MMAZO
40
5 100
90
4t 4 80
. 470
g 1t ) . . f_,t} %
= . - 50 5
= 7t J40 =
= . {30 =
- =
1| — 420
=
Y 110
——
[: 1 L 1 1 [}
0 | 2 3 3
Time (h)
35 In([M]o/[M])
([PEO-Br,] :[CuBr] : [bpy] : [MMAZQ] =1:2:6:40, )

: "
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3.5

35 min “ "
[71]
3.6 Mn Mw/Mnp 3.6
Mn Mw/Mnp
1.3 AB> PEO-(PMMAZOQO),
3.6 Mn,cpc
PEO- Bl’z M n,GPC
Haddleton ATRP
(2] Mn.cpc
GPC PS

5
,Hl:\h /"/'. 14
13
"TE 1.0+ . =
* / 55
7 I T
it e 0 :
0.5F .
| s * @ - a 11
ﬂ.ﬂ 1 1 1 1 1 1 [}

0 100 20 30 40 30 o0 70 30 90 100

Conversion (%)
36 M n MV\/MH

3.7 PEO-Br, AB;
PEO-(PMMAZO), GPC

13
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§7 e
Sg s / / f\ ——
S3 s Eﬁ:{.‘
S v
CPEOBn S—
15 , , 20
Elution Time({min)
3.7 PEO-Br; PEO-(PMMAZO), GPC
3.8 AB; PEO-(PMMAZO),, H NMR
PEO PMMAZO 0 =7.8ppm (peak d) 6.9 ppm (peak ) 3.8
ppm (peak h, g) 3.7 ppm (peak k) 3.6 ppm (peak a) PEO-(PMMAZO),
PMMAZO -CHy- -OCH3z PEO -OCH,CHo-
PEO-(PMMAZO),
b b

0 CHy CHy
[ T et
o TH—o—C—cfon—c
E'I [ | m
| CH,
HyC 40— H —CHa 00— C——(—CH,
-I:_ i 't ! :I_l |_'|‘|-I CH;
i i
CHa= ?—i."—tl'-'::-l.'l-l:—i."};_llir

CHy '
e d

o g i f f j n de K

S| = —CHy—CH;—CHy=~CHy—CH; —CH;—0 @ n-\-—ﬂ_}- 0=CH,

a
' k ] b
hl
& |is h.e ¢li g
il T o f"lbllL SRR s
8 7 6 5 4 3 2 1 0
chemical shift (ppm)
3.8 PEO-(PMMAZO), *HNMR
PEO-(PMMAZO), (peak d) -CH,-



(peaks h, g), -OCHs (peak k), -OCH,CH;- (pesk &) , (3.3)

My =5300 + 396 x 450 x Iq/[4 (la+ In+ 1g+ 1) - 74 (3.3)
5300 PEO-Br» 396 MMAZO
450 PEO la  PEO
lhn PMMAZO
lg PMMAZO I
PMMAZO l¢g PMMAZO
3.2
333 AB, PEO-(PMMAZO),
PEO PMMAZO DSC
AB; PEO-(PMMAZO),
3.9 PEO-(PMMAZO), DSC DSC
In Sn 50
/min 150 150 3 min - 10
/min 150 - 20 - 20 3 min
10 /min -20 150 3.2 AB;
PEO-(PMMAZO),
5
52
| 53
= H;I
E | 53
' 5
57
0 40 60 80 00 120 140

l'emperature (VC)
3.9 PEO-(PMMAZO), DSC

3.2 3.9 AB>2 S1

St PMMAZO
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( PEO

) PEO

3.2 PEO-(PMMAZO),

Polym. M2 M, Phase transitions( ) and
No. (x10% (x10% MulMy X (%)° enthalpy changes (J/g)°
PEO-Br, 0.73 0.53 111 94.3 K60.4(193.5)I
S 0.83 0.77 1.22 55.0 K57.0(112.6)I
S 1.13 0.94 1.20 37.8 K48.0(77.5)g64.7S74.6(1.6)N94.8(2.1)!
Ss 1.37 1.45 1.18 32.1 K 43.4(65.8)g75.0586.9(2.4)N114(2.8)|
S, 1.45 1.85 1.19 2.7 K 40.6(5.6)g75.9588.8(3.2)N119.6(3.9)I
Ss 1.53 2.04 1.18 1.7 K40.9(3.5)g75.3589.9(3.0)N121.1(3.4)l
S 1.81 2.58 1.19 0.2 K40.1(0.5)g74.5590.6(2.8)N122.7(2.5)!
S 1.87 2.80 1.22 — 078.3594.0(3.1)N130.8(3.9)!
é GPC PS
b 'H NMR M, = 5300+ 396 x 450 x 14/ [4 (Ia+ I+ lg+ lg) - 714
© Xe= DHL DH, PEO DH{  PEO 100%
DH
[57]
¢ K S N
3.2 AB; PEO-(PMMAZO), 7.7 x
10% g/mol 2.8 x 10* g/mol PMMAZO 2.4 x 10° g/mol
2.27 x 10* g/mol PEO Tm 57 40.1
PEO PMMAZO
Tsn 746 94.0 Tnay  94.8
130.8 PMMAZO Tsn T
AB; PEO-(PMMAZO), Tsn  Taa
PMMAZO
3.10 PEO-(PMMAZO), PEO T,
PMMAZO (S) (N) (Tsn) (N)
) (Tn-1) M 3.10
1.45 x 10* g/mol PEO
T PMMAZO Ten  Tha
1.45 x 10* g/mol PEO
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PMMAZO

PEO Tm
PMMAZO Tsn  Tno
PEO-b-PMMAZO
130F = T, e
120F o T e A
_10F s Ty
F 100t 5 .
2 90 e .
Z s0f )
= 70} *
= 6o} S
501 e
40t B .
[}.IH I ll.til I !TE - l_l4 l ll_{u I ]TH I 2.0
Mn ( x 10" a/mol)
3.10 PEO-(PMMAZO); Tm, Tsn Tl
AB,
PEO PEO 2.1
3.2 AB,
PEO PEO-b-PMMAZO(B,)
PEO-(PMMAZO)(Ss) B2 M, 1.61x10* g/mol PMMAZO
1.1 x 10* g/mol PEO 51.6 151.4 Jg
73.9% PEO-(PMMAZO) (Ss) M, 2.58x 10* g/mol
PMMAZO 1.0 x 10* g/mol B2 PMMAZO
PEO 40.1 0.5 Jg 0.2%
PEO PEO
B, PEO AB, S M, 1.45x10*
g/mol PMMAZO 4.6 x 10° g/mol PEO
43.4 65.8 Jig 32.1% AB;
PEO-(PMMAZO), PMMAZO PEO-b-PMMAZO
PMMAZO PEO



PEO

3.3AB;
M,*(x 10°) () (J/g)

S 2.4 K57.0(112.6)|

S 4.1 K 48.0(77.5)g64.7S74.6(1.6)N94.8(2.1)|

S; 9.2 K 43.4(65.8)g75.0586.9(2.4)N114(2.8)|

S 13.2 K 40.6(5.6)g75.9588.8(3.2)N119.6(3.9)!

S 15.1 K40.9(3.5)g75.3589.9(3.0)N121.1(3.4)|

S 20.5 K40.1(0.5)g74.5590.6(2.8)N122.7(2.5)!

S 22.7 078.3594.0(3.1)N130.8(3.9)|

B,° 7.2 K54.2(79.8)g63.4576.3(0.5)N 99.4(0.3)|

B 10.0 K51.6(48.0)g73.2588.6(1.2)N115.5(1.6)|

Bs 14.8 K48.0(26.6)g75.2589.1(1.2)N120.0(1.8)!

Bs 19.2 K42.1(8.4) g78.3593.2(2.0)N125.2(2.3)I

P, 5.1 063.2578.8(2.7)N117.2(2.5)|

P, 6.7 069.1583.7(3.1)N122.8(2.8)!

P; 8.8 §73.9587.7(3.5)N127.7(2.9)|

P, 9.8 §72.5588.5(3.9)N127.9(3.0)|

Ps 12.0 76.3589.4(3.7)N129.3(2.8)!

Ps 13.9 §75.5590.9(3.6)N130.8(3.3)|

P 14.2 g77.7591.0(4.0)N131.0(3.1)!

P 17.7 g77.8592.3(3.7)N132.1(3.1)!

= 20.6 §79.7593.7(3.4)N133.3(3.1)!
= M
35 AB, PEO-(PMMAZO),
° B PEO-b-PMMAZO
d P [56]

AB, Tsn  Tna
PMMAZO AB, PEO
Tsn T AB; GPC
(3.4
Mnz = (Mn1 - Mn2) (3.4)
Mn1  AB> M2 PEO-Br; Mns
AB, 3.3



3.3
3.11
Tsn  Tna
AB>
Tsn
TN-I
AB>
o
-
=
=
E
30 min
(PEO

PEO-b-PMMAZO PMMAZO
[56]
AB>
3.11 AB>
(P)
Tsn Tsn
AB>
TN AB>
PEO TN-I Tsn
PEO
PEO
TNl AB>
T
PEO-(PMMAZOQO), PEO-b-PMMAZO
PMMAZO
140 -
- PiT,
120 | ; Pl
# . BT,
B: T, |
100 | a R R L
w* " . . 5k y
80 . -*
.
6 T - T ; T 1
3 10 15 20 23
Mn ( x 1073 g/mol)
311
POM AB> PEO-(PMMAZOQO),
AB,
Ti 5 /min 40
PEO
56%)  POM PEO



PEO PEO (PEO
56%) PMMAZO
PEO PMMAZO “
" 3.12 3.13 PEO-(PMMAZO),

3.12 30 POM PEO-(PMMAZO),
(M, = 1.04 x 10* g/mal) 400

313 POM PEO-(PMMAZO), (M, = 2.8 x 10* g/mal)
(A) 129 , (B) 89 400
334 AB, PEO-(PMMAZO),
3.14 3.15 AB; PEO-(PMMAZO), THF
H,O 1:2 AFM
PEO-(PMMAZO), 0.01 mg/mL
3.14 3.15 1.85 x 10* g/mol
3.0x 10" g/mol  AB, PEO-(PMMAZO), THF H,0 1:2

102 nm 140 nm
PEO-(PMMAZO),



AB; PEO-(PMMAZO),
PMMAZO THFE  H,0 1:2
PM MAZO [ ” 13 ”

B.9% nim

3,48 nm
12

25

37

5
1] 1.2 5 ar 50

gty W

3.14 PEO-(PMMAZO); (Mnnmr = 1.85 x 10% g/mol) AFM

A B
3.15 PEO-(PMMAZO), (Mnnmr = 3.0 x 10* gmoal) AFM
(A) B)
PEO-b-PMMAZO THF H.0 1:2
AB; PEO-(PMMAZO),
THE  H,0 1:2

PEO PMMAZO
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“ 7 AB, PMMAZO PEO-(PMMAZO),
PEO-b-PMMAZO  PEO-(PMMAZO),
AFM ( 212 (B)  3.15(B)) 3.15

5008 nm

Z5.08 nim

.0 nm

L] K7 1.1 .7 2.2

R AE
3.16 PEO-(PMMAZO), (Mnnmr = 3.0 x 10* gmoal) AFM
3.16

AB; PEO-(PMMAZO), 0.1 mg/mL AFM
34

1. ATRP AB,

PEO-(PMMAZO), GPC 'HNMR FT-IR

PEO-(PMMAZO), “ "
(PDI



1.3)

2. POM
AB;
(PEO
PEO
PMMAZO
3.
AB,

PEO-b-PMMAZO AB;

DSC
PEO
PEO-b-PMMAZO
PEO-(PMMAZO), PEO
PEO-(PMMAZO),  PEO
56%) POM
(PEO 56%)

AFM

PEO-b-PMMAZO

PEO-(PMMAZO),
AB; PMMAZO
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