
S
T
R
U
C
T
U
R
E
D
 M
A
T
T
E
R

M
E
R
IT
 2
00

8 
R
es
ea

rc
h 
S
ym

po
si
um

M
el
bo

ur
ne

 E
ng

in
ee

rin
g 
G
ra
du
at
es
 L
oo

k 
to
 th
e 
F
ut
ur
eR

e
s
u
lt
s
 a

n
d
 D

is
c
u
s
s
io

n

T
h
e
 s
y
n
th

e
s
is
 o

f 
d
u
m

b
b
e
ll
 p

o
ly
m

e
rs

 a
n
d
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 w

a
s
 a

c
h
ie
v
e
d
 b

y
 A

T
R
P
 o

f 
li
v
in

g
 P

t B
M
A

m
a
c
ro

in
it
ia
to

r
(M

I)
 i
n
 t
h
e
 p

re
s
e
n
c
e
 o

f 
a
 c
ro

s
s
-l
in
k
e
r,
 

e
th

y
le
n
e
 g

ly
c
o
l 
d
im

e
th

a
c
ry

la
te

(E
G
D
M
A
) 
a
n
d
 a

 
c
le
a
v
a
b
le
 d

is
u
lf
id
e
 t
e
le
c
h
e
li
c
m

a
c
ro

in
it
ia
to

r
(T

M
I)
 

(S
c
h
e
m

e
 3

).
 

S
c
h
e
m

e
 3

: 
S
y
n
th

e
s
is
 a

n
d
 c
h
a
ra

c
te

ri
s
a
ti
o
n
 o

f 
P
M
A
A
-b

a
s
e
d
 d

u
m

b
b
e
ll
 

p
o
ly
m

e
rs

 a
n
d
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
.

T
h
e
 p

ro
p
e
rt
ie
s
 o

f 
th

e
 P

t B
M
A
-b

a
s
e
d
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 a

re
 l
is
te

d
 i
n
 T

a
b
le

 1
a
n
d
 i
ll
u
s
tr
a
te

d
 i
n
 

F
ig

u
r
e
 1

. 
T
h
e
 p

e
a
k
 s
h
if
ts

 i
n
 t
h
e
 G

P
C
 R

I 
tr
a
c
e
s
 (
F
ig

u
r
e
 

1
) 
in
d
ic
a
te

 t
h
e
 f
o
rm

a
ti
o
n
 o

f 
th

e
 c
o
n
s
ti
tu

e
n
t 
s
ta

r 
c
o
m

p
o
n
e
n
ts

 o
f 
th

e
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 a

ft
e
r 
s
e
le
c
ti
v
e
 

d
e
g
ra

d
a
ti
o
n
 o

f 
th

e
 c
le
a
v
a
b
le
 T

M
I.

T
a
b
le

 1
: 
P
ro

p
e
rt
ie
s
 o

f 
th

e
 f
ra

c
ti
o
n
a
te

d
 P

t B
M
A

p
o
ly
m

e
rs

 b
e
fo

re
 a

n
d
 

a
ft
e
r 
s
e
le
c
ti
v
e
 d

e
g
ra

d
a
ti
o
n
 o

f 
th

e
 d

is
u
lf
id

e
 b

o
n
d
s
.

Ji
n
g
 F

u
n
g
 T

a
n
*
, 
A
n
to

n
 B

le
n
c
o
w
e
, 
T
o
r
K
it
 G

o
h
, 
Ir
v
in
g
 T

e
d
 M

. 
D
e
la

C
ru

z
, 
a
n
d
 

G
re

g
 G

. 
Q
ia
o

P
o
ly
m

e
r 
S
c
ie
n
c
e
 G

ro
u
p
; 
*
j.
ta

n
1
3
@

p
g
ra

d
.u

n
im

e
lb
.e

d
u
.a

u

W
el

l-d
ef

in
ed

 c
or

e 
cr

os
s-

lin
ke

d 
m

ul
ti-

st
ar

 a
ss

em
bl

ie
s a

nd
 d

um
bb

el
l 

po
ly

m
er

s:
 A

 ro
ut

e 
to

w
ar

ds
 e

nh
an

ce
d 

pH
-r

es
po

ns
iv

e 
po

ly
m

er
s

P
h
o
to

s
 o

f 
a
u
th

o
rs

 g
o
 h

e
re

C
o
n
c
lu

s
io

n

1
)P

M
A
A
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 a

n
d
 d

u
m

b
b
e
ll
 

p
o
ly
m

e
rs

 h
a
v
e
 s
u
c
c
e
s
s
fu

ll
y
 b

e
e
n
 s
y
n
th

e
s
is
e
d
 a

n
d
 

c
h
a
ra

c
te

ri
s
e
d
. 
T
h
e
 c
le
a
v
a
g
e
 r
e
s
u
lt
s
 p

ro
v
id
e
d
 

e
v
id
e
n
c
e
 f
o
r 
th

e
 p

re
s
e
n
c
e
 o

f 
q
u
a
d
, 
tr
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 

a
n
d
 d

u
m

b
b
e
ll
s
 i
n
 t
h
e
 P

M
A
A
 p

ro
d
u
c
ts

. 

2
)I
t 
w
a
s
 a

ls
o
 d

e
te

rm
in
e
d
 t
h
a
t 
th

e
 P

M
A
A
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 h

a
d
 a

n
 e

n
h
a
n
c
e
d
 p

H
-r
e
s
p
o
n
s
iv
e
n
e
s
s
 o

v
e
r 

P
M
A
A
 C

C
S
 p

o
ly
m

e
rs

, 
w
it
h
 t
h
e
 d

h
o
f 
th

e
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 a

n
d
 d

u
m

b
b
e
ll
 p

o
ly
m

e
rs

 v
a
ry

in
g
 b

y
 4

2
.1

 
%

 a
n
d
 2

9
.8

 %
, 
re

s
p
e
c
ti
v
e
ly
, 
c
o
m

p
a
re

d
 t
o
 2

3
.6

 %
 f
o
r 

th
e
 C

C
S
 p

o
ly
m

e
rs

. 
T
h
is
 a

tt
ri
b
u
te

, 
to

g
e
th

e
r 
w
it
h
 t
h
e
ir
 

a
m

p
h
ip
h
il
ic

p
ro

p
e
rt
ie
s
, 
c
o
u
ld
 b

e
 e

x
p
lo
it
e
d
 i
n
 t
h
e
 

u
ti
li
s
a
ti
o
n
 o

f 
th

e
s
e
 a

s
s
e
m

b
li
e
s
 a

s
 n

a
n
o
-d

e
li
v
e
ry

 
v
e
h
ic
le
s
. 

R
e
fe

r
e
n
c
e
s

1
.

S
. 
O
h
n
o
; 
K
. 
M
a
ty

ja
s
z
e
w
s
k
i,
 J

. 
Po

ly
m

. 
S
ci

.,
 P

ar
t 

A
: 

Po
ly

m
. 

C
he

m
. 
4
4
, 
p
p
. 
5
4
5
4
-5

4
6
7
, 
2
0
0
6
.

2
.

A
. 
N
. 
Z
e
li
k
in
; 
A
. 
L
. 
B
e
c
k
e
r;
 A

. 
P
. 
R
. 
Jo

h
n
s
to

n
; 

K
. 
L
. 
W

a
rk

; 
F
. 
T
u
ra

tt
i;
 F

. 
C
a
ru

s
o
, 

A
C
S
 N

an
o.

 1
, 
p
p
. 

6
3
-6

9
, 
2
0
0
7
.

A
c
k
n
o
w

le
d
g
e
m

e
n
ts

T
h
e
 a

u
th

o
rs

 w
o
u
ld
 l
ik
e
 t
o
 t
h
a
n
k
 K

e
n
n
e
th

 G
o
ld
ie
 f
o
r 

h
e
lp
 w

it
h
 t
h
e
 c
ry

o
-T

E
M
 a

n
a
ly
s
is
.

F
ig

u
r
e
 1

: 
G
P
C
 R

I 
tr
a
c
e
s
 o

f 
fr
a
c
ti
o
n
a
te

d
 p

o
ly
m

e
rs

 P
1
a
-
c

b
e
fo

re
 

a
n
d
 a

ft
e
r 
c
le
a
v
a
g
e
 o

f 
th

e
 d

is
u
lf
id

e
 b

o
n
d
s
. 
T
o
p
 t
ra

c
e
s
 (
P
1
a

i-
c
i)
 

re
p
re

s
e
n
t 
th

e
 u

n
c
le
a
v
e
d

p
ro

d
u
c
ts
 a

n
d
 t
h
e
 b

o
tt
o
m

 t
ra

c
e
s
 (
P
1
a

c
-c

c
) 

re
p
re

s
e
n
t 
th

e
 c
le
a
v
e
d
 p

ro
d
u
c
ts

.

N
a
ti
v
e
-s

ta
te

 i
m

a
g
e
s
 o

f 
th

e
 P

M
A
A
-b

a
s
e
d
 p

o
ly
m

e
rs

 i
n
 

s
o
lu
ti
o
n
 o

b
ta

in
e
d
 u

s
in
g
 c
ry

o
-T

E
M
 c
le
a
rl
y
 s
h
o
w
 t
h
e
 

p
re

s
e
n
c
e
 o

f 
m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 (
q
u
a
d
-s

ta
r 

a
s
s
e
m

b
li
e
s
, 
tr
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
, 
d
u
m

b
b
e
ll
 p

o
ly
m

e
rs

 
a
n
d
 C

C
S
 p

o
ly
m

e
rs

) 
(F

ig
u
r
e
 2

).
 

F
ig

u
r
e
 2

: 
C
ry

o
-T

E
M
 i
m

a
g
e
s
 o

f 
P
M
A
A
 (
a
)
C
C
S
 p

o
ly
m

e
r 
(
b
)
 

d
u
m

b
b
e
ll
 p

o
ly
m

e
r,
 (
c
)
tr
i-
s
ta

r 
a
s
s
e
m

b
ly
 a

n
d
 (
d
)
q
u
a
d
-s

ta
r 

a
s
s
e
m

b
ly
. 
P
e
rs

p
e
c
ti
v
e
 m

o
d
e
ls
 r
e
p
re

s
e
n
t 
th

e
 o

ri
e
n
ta

ti
o
n
 o

f 
th

e
 

m
a
c
ro

m
o
le
c
u
le
s
 t
o
w
a
rd

s
 t
h
e
 c
ry

o
-T

E
M
 c
a
m

e
ra

.

T
h
e
 r
e
la
ti
o
n
s
h
ip
 b

e
tw

e
e
n
 p

H
 a

n
d
 d

h
 w

a
s
 i
n
v
e
s
ti
g
a
te

d
 

vi
a

D
L
S
 a

n
a
ly
s
is
 t
o
 d

e
te

rm
in
e
 t
h
e
 p

H
-r
e
s
p
o
n
s
iv
e
n
e
s
s
 

o
f 
th

e
s
e
 p

o
ly
m

e
rs

. 
It
 w

a
s
 d

is
c
o
v
e
re

d
 t
h
a
t 
a
 r
e
v
e
rs

ib
le
 

c
h
a
n
g
e
 i
n
 d

h
c
o
u
ld
 b

e
 i
n
d
u
c
e
d
 b

y
 a

 c
h
a
n
g
e
 i
n
 

m
e
d
iu
m

 p
H
 w

it
h
 t
h
e
 d

h
v
a
lu
e
s
 o

f 
th

e
 p

o
ly
m

e
ri
c
 

p
ro

d
u
c
ts

 o
b
s
e
rv

e
d
 t
o
 i
n
c
re

a
s
e
 w

it
h
 m

e
d
iu

m
 p

H
 

(F
ig

u
r
e
  
3
).

I
n
tr
o
d
u
c
ti
o
n

D
u
m

b
b
e
ll
 p

o
ly
m

e
rs

 a
re

 a
rc

h
it
e
c
tu

ra
ll
y
 u

n
iq
u
e
 A

B
A
 

tr
i-
b
lo
c
k
 c
o
p
o
ly
m

e
rs

 w
it
h
 i
d
e
n
ti
c
a
l 
te

rm
in

a
l 

m
a
c
ro

m
o
le
c
u
la
r 
e
n
d
s
 h

e
ld
 t
o
g
e
th

e
r 
b
y
 a

 c
e
n
tr
a
l 

p
o
ly
m

e
r 
s
e
g
m

e
n
t.

1
V
a
ri
o
u
s
 a

p
p
ro

a
c
h
e
s
 h

a
v
e
 b

e
e
n
 

e
m

p
lo
y
e
d
 t
o
 s
y
n
th

e
s
is
e
 d

u
m

b
b
e
ll
-l
ik
e
 p

o
ly
m

e
rs

 
(S

c
h
e
m

e
 1

).
 H

o
w
e
v
e
r,
 n

o
n
e
 o

f 
th

e
s
e
 t
e
c
h
n
iq
u
e
s
 a

re
 

a
b
le
 t
o
 p

ro
d
u
c
e
 d

u
m

b
b
e
ll
 p

o
ly
m

e
rs

 w
it
h
 w

e
ll
-d

e
fi
n
e
d
 

c
o
re

 c
ro

s
s
-l
in
k
e
d
 s
ta

r-
s
h
a
p
e
d
 e

n
d
s
. 

S
c
h
e
m

e
 1

: 
M
e
th

o
d
s
 e

m
p
lo

y
e
d
 t
o
 s
y
n
th

e
s
is
e
 d

u
m

b
b
e
ll
 p

o
ly
m

e
rs

.

M
o
s
t 
n
a
n
o
c
a
p
s
u
le
s
re

ly
 o

n
 e

x
te

rn
a
l 
s
ti
m

u
li
 s
u
c
h
 a

s
 

te
m

p
e
ra

tu
re

 o
r 
p
H
 t
o
 e

li
c
it
 t
h
e
 r
e
le
a
s
e
 o

f 
th

e
ir
 

p
a
y
lo
a
d
s
, 
b
y
 i
n
d
u
c
in
g
 e

it
h
e
r 
a
 r
e
v
e
rs

ib
le
 o

r 
ir
re

v
e
rs

ib
le
 c
o
n
fo

rm
a
ti
o
n
a
l 
c
h
a
n
g
e
, 
w
it
h
 t
h
e
 

m
a
g
n
it
u
d
e
 o

f 
th

e
 c
h
a
n
g
e
 d

e
p
e
n
d
e
n
t 
o
n
 t
h
e
ir
 

s
tr
u
c
tu

re
.2

In
 v

ie
w
 o

f 
th

is
, 
th

e
 e

ff
ic
ie
n
c
y
 o

f 
th

e
 

p
a
y
lo
a
d
 r
e
le
a
s
in
g
 p

ro
c
e
s
s
 c
o
u
ld
 b

e
 e

n
h
a
n
c
e
d
 i
f 
a
 

m
o
re

 p
ro

n
o
u
n
c
e
d
 r
e
s
p
o
n
s
e
 t
o
 e

n
v
ir
o
n
m

e
n
ta

l 
s
ti
m

u
li
, 

s
u
c
h
 a

s
 m

e
d
iu
m

 p
H
 c
o
u
ld
 b

e
 i
n
d
u
c
e
d
 (
S
c
h
e
m

e
 2

).
 

S
c
h
e
m

e
 2

: 
C
o
n
fo

rm
a
ti
o
n
a
l 
c
h
a
n
g
e
 i
n
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
, 

d
u
m

b
b
e
ll
 a

n
d
 C

C
S
 p

o
ly
m

e
rs

 w
it
h
 m

e
d
iu

m
 p

H
.

A
im

W
e
 r
e
p
o
rt
 t
h
e
 s
u
c
c
e
s
s
fu

l 
s
y
n
th

e
s
is
, 
is
o
la
ti
o
n
 a

n
d
 

c
h
a
ra

c
te

ri
s
a
ti
o
n
 o

f 
p
o
ly
(m

e
th

a
c
ry

li
c
a
c
id
) 
(P

M
A
A
)-

b
a
s
e
d
 c
o
re

 c
ro

s
s
-l
in
k
e
d
 m

u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 a

n
d
 

d
u
m

b
b
e
ll
 p

o
ly
m

e
rs

 v
ia

a
to

m
 t
ra

n
s
fe

r 
ra

d
ic
a
l 

p
o
ly
m

e
ri
s
a
ti
o
n
 (
A
T
R
P
) 
a
n
d
 t

er
t-
b
u
ty

l 
e
s
te

r 
h
y
d
ro

ly
s
is
 

o
f 
th

e
ir
 p

o
ly
(t

er
t-
b
u
ty

l 
m

e
th

a
c
ry

la
te

) 
(P

t B
M
A
)-
b
a
s
e
d
 

a
n
a
lo
g
u
e
s
. 
T
h
e
 e

n
h
a
n
c
e
d
 p

H
-r
e
s
p
o
n
s
iv
e
n
e
s
s
 o

f 
th

e
s
e
 

a
m

p
h
ip
h
il
ic

m
u
lt
i-
s
ta

r 
a
s
s
e
m

b
li
e
s
 o

v
e
r 
th

e
ir
 C

C
S
 

p
o
ly
m

e
r 
c
o
u
n
te

rp
a
rt
s
 w

il
l 
b
e
 a

ls
o
 d

e
m

o
n
s
tr
a
te

d
.

Po
ly

m
er

M
w

(T
M

I)

(k
D

a)

B
ef

or
e 

cl
ea

va
ge

Y
ie

ld
 

(%
)

A
fte

r c
le

av
ag

e

M
w

(k
D

a)
PD

I
d h (n
m

)
M

w

(k
D

a)
PD

I
d h (n
m

)

P
1
a

59
.5

2,
26

0
1.

05
77

.4
23

.6
63

0
1.

28
32

.5
P
1
b

81
7

1.
15

60
.7

40
.3

59
4

1.
08

33
.2

P
1
c

53
9

1.
43

32
.3

36
.1

54
7

1.
28

30
.6

P
2
a

79
.4

2,
90

0
1.

10
98

.9
22

.5
69

9
1.

03
36

.7
P
2
b

1,
01

0
1.

33
57

.1
39

.6
66

4
1.

13
34

.6
P
2
c

51
8

2.
20

37
.8

37
.9

46
9

2.
71

33
.0

P
3
a

10
0.

2
2,

69
0

1.
15

62
.0

29
.9

65
6

1.
06

34
.7

P
3
b

1,
20

0
1.

35
48

.3
39

.3
61

7
1.

67
36

.3
P
3
c

50
4

1.
92

27
.9

30
.8

46
9

1.
55

25
.4

F
ig

u
r
e
 3

: 
R
e
la
ti
o
n
s
h
ip

 b
e
tw

e
e
n
 

d
h
a
n
d
 p

H
 o

f 
P
M
A
A
 

C
C
S
 p

o
ly
m

e
rs

, 
d
u
m

b
b
e
ll
s
 a

n
d
 m

u
lt
i-

s
ta

r 
a
s
s
e
m

b
li
e
s
.


