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Ordered Structures in Mesoscopic Scale of Amphiphilic Block Copolymers

Hirohisa Y oshida

(Received October 16, 2004; Accepted November 11, 2004)

The nano-scale ordered structure and phase transitions of amphiphilic di-block copolymers
consisted of hydrophilic poly(ethylene oxide) and hydrophobic poly(methacrylate) derivatives
having azobenzene (AZO) moieties as ester groups, p(EO)mpMA(AZ),, were reviewed. Hexagonal -
packed PEO cylinder structure, caused by micro phase separation of amphiphilic di-block copolymers
were selectively formed in wide copolymer content and temperature ranges for p(EO)mpMA (AZ)n.
The order of hexagonal cylinder depended strongly on the annealing temperature, however, slightly
on copolymer content. The series of p(EO)mpMA(AZ), showed four endothermic transitions on
heating. From the simultaneous DSC-XRD measurements, four phase transitions were assigned,
in the order of the low to high temperatures, as the melting of PEO, the melting of AZO moieties,
the transition from smectic C to smectic A and the isotropic transitions, respectively. AZO
moieties acted as megenic groups. The formation of hexagonal cylinder structure was expected
as the results of entropy loss casued by liquid crystalline formation. The director orientation of
the liquid crystalline state would be the key in producing the single crystalline nano-scale ordered
hexagonal cylinder structure.
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Fig.1 Various nano-scale ordered structures observed
in surfactant-water systems and block copolymers:
I, V: body centered cubic; Il, IV, hexagonal
packed cylinder; |11, lamellar; VI, discontinuous
cubic gyroid; VII, metastable rhombohedral .
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Fig.2 Phase diagram of di-block copolymer evaluated
by mean-filed theory: x, Flory-Huggins interaction
parameter; N, degree of polymerization; f,
copolymer composition; BCC, Body centered
cubic; H, hexagonal cylinder; L, lamellar; CPS,
closed packed cubic; G, Bicontinuous gyroid;
DIS, disordered phase.
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Fig.3 Chemical structure of p(EO)mpMA(AZ)n.

Fig.4 TEM image (A) and 2-dimensional FT imaging
(B) for p(EO)114pMA(AZ)45.
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Fig.5 Schematic model for extended molecular geometry
(upper portion) and hexagonal-packed cylinder
(lower portion) of liquid crystalline amphiphilic
di-block copolymer p(EQ)mpMA(AZ).

000000000000000000000000000
0D0000XOODO0OO00000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000O Fig2
000000000p(EO)mpMA(AZ),000000000
000000000000000000000000000
0000000000000000

5. 00000000b00o0booooooo

000000000000000 p(EO)mpMA(AZ),00

gooooboobooboboobobooboobooooboooooo

0000000000000000000000DSCOO
00 p(EO)mpMA(AZ),0 00000000 00DSC-XRD
0000000000000 PEOOOOOAMAZODDD
OBMOOODOOODADDCOOODOCMOONODNONODD
000000000000pEC)mPMA(AZ),O Fig5000
000000000000000000000000000
000000000 PEOOOOODOOOOOODOOOOODO
000000000000000000
DSCOOO0ODSC-XRDOOOOO00O00000000
000000000000@ PEOOOOOOOODODO
000000000000000000000000000
00000O0PEOOOOOOOXOOOODOOOOOOO
000000000000000000000000000
000020%00000000000000000000
0000000000000 p(EC)upMA(AZ),0 PEOD
0000000010nmO000000000000000
000000000000000000000000000
0000000BOCOOOOOOOOOODOOOOOODO
cO00000000000000000000000000

238

Crystal Liquid

3
?

C+Super-cooled SmC SmC

’,',

J SmA  Liquid
’ i ?

G
@
©

5

SmA
Cyllnder Cylinder «--p Sphere
Structure Hexagonal Hexagonal BCC

Fig.6  Phase transitions of p(EO)mpMA(AZ), occurring
in individual hydrophobic and hydrophilic phases
and nano-scale ordered structures.
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Fig.7 Relationship between hexagonal (100) distance
and degree of polymerization for p(EO)mpMA(AZ)n.
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