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.1g. 1 Self-assembled hexagonal-cylinder structures in the bulk
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Fig. 2 Self-assembled structures under cylindrical confinement with A-attractive surface

The structures are arranged as a function of D/L  that is the ratio of pore diameter D versus polymer bulk period L

and some top views d g i and cut views i~r1 thatis D/L=2.0 are shown for clarity.
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Fig. 3 Self-assembled structures under cylindrical confinement with B-attractive surface
The structures are arranged as a function of D/L  that is the ratio of pore diameter D versus polymer bulk period L

and some cut views h i k 1 m are shown for clarity.
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Fig. 4 Self-assembled structures under cylindrical confinement with neutral surface
The structures are arranged as a function of D/L that is the ratio of pore diameter D versus polymer bulk period L and some

cut views s t and u thatis D/L=3.51 are shown for clarity.
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5 Schematic illustrations of the self-assembled triblock terpolymer system
a In the bulk The core-shell structure is shown on the right cylinder with A B and C representing three blocks in a chain L is the cylinder period
the distance between the centers of the two nearest cylinders that are parallel to the box surface in the bulk and L; is the cylinder period next to Lgy

L is the pattern period of the hexagonally arranged cylinders in the bulk b In the film D is the distance between top and bottom surfaces that is the
film thickness.

Table 1  Self-assembled morphologies of ABC triblock terpolymer thin films*

D/L Neutral e = —0.2 espa= — 1 esg= —0.2 esp= — 1 egc= —0.2 esc= -1
0.25 Cr Cp W Cp o Cr W—W
0.25 Cin// Cy'? G cy! CylP—cy'? Cy'P—cy'? W—W W—wW
0.75 C| C C//1 C//”2+CL C//Uz—C//”2 W—S—W L,-Ly

1 C// 1/2_C//1_C// 12 C// 1/2_C//2_C// 172 C//Z C// I/S_C//I_C// 172 C// 1/2_C//1_C// 12 W_C//I_W L//—S—L//
1.25 C//I/Z_C//l_c//1/2 CL C//2 C//1/3_C//1_C//1/2 C//1/3_C//1_C//1/2 W_C//I_W L//—C//l—L//
1.5 C// 1/2_C//2_C// 12 CL C//3 C// 1/2_C//2_C// 172 C// 1/2_C//2_C// 12 W_C//Z_W L//—D—L//
1.75 C// 1/2_C//2_C// 12 CL C//S C// 1/2_C//2_C// 172 C// 1/2_C//2_C// 12 W_C//Z_W L//—C//Z—L//

2 C//I/Z_C//3_C//1/2 C//I/Z_C//S C//4 C// 1/2_C//3_C//]/2 C//IIZ_C//S_C// 12 W_C//3_W L//_C//Z_L//

“The parallel cylinder structure is signed as C; " with n = 1/2 or an integer namely half of a cylinder or the number of cylinders existing in the films along
the y axis The perpendicular cylinder structure is signed as C| A lamellar wetting layer of disordered structure is signed as W S and L/ represent the

spherical and lamellar structures respectively We use D to depict the distorted cylinder structure.

1 neural -0.2
D/IL<1 D/L
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Fig. 6 Two representative parallel cylindrical structures under the surfaces strongly prefer A-block esy = - 1.0
The box size in the x-z cross section is 21 x 24 From left to right all blocks are shown firstly and then B- and C-blocks are
shown at last only C-blocks are shown a D/L=1 b D/L=0.75
B B
leg=-0.2 egp=-1 .
B A
C B
A C ::_f-
A C A&
¢
A ¢ &
B
B C
y
C Fig. 7 The relative density profiles with D/L = 1.25 under the
B surfaces being preferred for C-block
[Jand & represent pp—py and p¢— ps under the surface
P! oB=pP fc—p
C field esc = — 0.2 respectively that is W—C;'—W in Table 1
B D/IL=1.25 esc=-0.2 [ and A represent pp— py and
¢ — pa under the surface field esc = — 1.0 respectively that is
B Pc—p

. C C Ly—Cy'—Ly inTable | D/L=1.25 eg= -1 .
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Fig. 8 Representative morphologies between the surfaces being preferred for C-block
a W—C;'—W D/L=1 es;=-0.2 a1 B-and C-blocks are shown a-2 Only C-blocks are shown b 1,—L;, D/
L=0.75 esc=-1 ¢ Ly—S—Ly D/L=1 esc= -1 c1 Only the C block is shown.
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Table 2 Self-assembled structures as a function of the ratio D/L for different pore wall surface preference
Pore wall surface preference
D/L Neutral
A-attractive B-attractive C-attractive B/C-attractive A/C-attractive
1.03 dH C w sW W 3B
1.17 3B fCc W sW W 3B
1.31 3B fCc W sW W 4B
1.45 dH non-C W D sW D W D 4B
1.59 4B non-C W C sW D W C 4B D
1.72 4B C Catenoid W C sW D W C 4B C
1.86 3H C Catenoid W C sW C W C 6B C
2.00 5B C Catenoid W C sW C W C 6B C
2.14 5B C Catenoid W C sW C W C 6B C
2.28 SH fC /6B fC Catenoid W {C sW C W {C 6B fC
2.41 6B {C Catenoid W {C sW {C W {C 6B fC
2.55 dH dH Catenoid W H sW {C W H 6B fC
2.69 dH dH Catenoid C W H sW dH W H sW dH
2.83 dH dH Catenoid C W H sW dH W T sW dH
2.97 H H Catenoid C W H sW H W dH sW dH
3.10 dH dH Catenoid C W T sW H W _dH HH
The signs mean that B bar-shaped H helix dH double-helix C cylinder fC flat cylinder non-C disturbed cylinder Catenoid cylindrical
catenoid sheet W irregular wetting layer D droplets T toroid sW strip-like wetting layer The number before B and H means the number of

corresponding structure at the same layer.

ar ATIHC)

R1k

413

ST

4B(C)

S

' Fig. 9  Typical self-assembled structures under neutral pore wall condition

The structures are corresponding to signs summarized in Table 2 and in some cases C-blocks isodensity surfaces of inner-layer structure or

cross-sections of some structures are shown for clarity which are the same with other figures.
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Fig. 10 Ensemble-average surface chains orientation profiles 1.59 C D/L=1.03
as a function of D/L under neutral wall condition fC D/L=1.17 1.31
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Fig. 11  Typical self-assembled structures under A-attractive wall condition
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Fig. 12 Typical self-assembled structures under B-attractive wall condition
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Fig. 15 Typical self-assembled structures under A/C-attractive wall condition
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NANOSTRUCTURES FROM CYLINDER-FORMING BLCOK POLYMERS
SELF-ASSEMBLE UNDER CONFINED STATES

CHEN Peng' > LIANG Haojun'
U Department of Polymer Science and Engineering ~ University of Science and Technology of China
Hefei National Laboratory for Physical Sciences at Microscale  Hefei 230026
2 School of Chemistry and Chemical Engineering ~ Anhui University
The Key Laboratory of Environment- Friendly Polymer Materials of Anhui Province Hefei 230039

Abstract Self-assembly of block polymers under confined states is found to be affected by various parameters such
as the geometry and surface effect of confined states which make the phase behavior of polymers under confined
states different from those in bulk state. A stack of novel nanostructures have been fabricated by the self-assembly of
block polymers under confined states. Furthermore to study the self-assembly process of block polymers under
confined states could give a deep understanding on the phase behavior of block polymers. The similar or covered
phase behaviors in bulk state could be clearly distinguished under confined states. In this review the cylinder-
forming linear block polymers are detailed studied using computer simulation methods. The geometry and surface
fields of confined states and the component of polymer chains are considered separately.

Keywords Block polymer Self-assembly Confined state Computer simulation





