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Self-Assembly of Macromolecules

in Nano-Sized Pores

Tuning the microphase separation of block copolymer nanostructures using homopolymer

additives.

n our daily life, many structured colors and surface

properties of materials are caused by the self-as-
sembly of molecules. Depending on their intrinsic
molecular architectures and compositions, block
copolymers (BCPs) can self-assemble into a variety of

highly ordered microphase-separated nanostructures.

This diversity makes them one of the most investigat-
ed self-assembled materials. These self-assembled
mesoscopic structures can be utilized in many differ-
ent applications such as optoelectronics, drug deliv-
ery, and membranes with selectivity. In recent years,
there has been extensive interest in the field of nano-

science regarding the studies of block copolymers in
confined nano-geometries, particularly in cylindrical
nanopores. When confined in cylindrical nanopores,
the geometric and energetic confinement will both
dominate the morphology transition process and
induce frustration on the block copolymer nano-
structures. This in turn will lead to the formation of
unusual, novel morphologies, which have not been
characterized in the bulk or thin film state.

Although the fabrication of one-dimensional block
copolymer nanostructures confined in cylindrical na-
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Fig. 1: (a) Morphology characterization of the block copolymer/homopolymer (PSz2«-b-
PDMS,1/hPS;4) blend in the bulk state by SAXS measurements. (b) AFM images of
PS22-b-PDMS;1k/hPS24¢ blend thin films with different blending ratios. (c) SEM and TEM
characterizations of the block copolymer/homopolymer (PSza-b-PDMS,1/hPSz4) blends
with different blending ratios confined in cylindrical AAO nanopores before and after
the selective etching process. [Reproduced from Ref. 1]
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Fig.2: TEM images and the corresponding morphology diagram of the block
copolymer/homopolymer (PS;:-b-PDMS;1/hPS) blend nanostructures with
controlling homopolymer (hPS) molecular weights and blending ratios.
[Reproduced from Ref. 1]

no-geometries can be achieved, the versatility of morphologies is still
restricted by a few parameters, such as the intrinsic volume fractions
of polymer segments, the geometry of the nanopores, and the inter-
facial tensions of materials used.

A research team led by Jiun-Tai Chen (National Chiao Tung Uni-
versity) has demonstrated the morphology control of block co-
polymer nanostructures by introducing homopolymer additives.

In this work, the morphologies of lamellae-forming BCP (polysty-
rene-block-polydimethylsiloxane) (PS,,-b-PDMS,;y) in different states
(bulk, thin film, and confined in cylindrical nanopores) are controlled
by the amounts and the molecular weights of homopolystyrene (hPS)
introduced.” By altering the blending ratios, transitions in the mor-
phology have been observed. A concentric lamellar phase changes to
a multihelical morphology, and finally to spherical-like morphology.
By introducing hPS with different molecular weights, the compatibil-
ity between block copolymer and homopolymer can subsequently
change, leading to different morphology transitions of the polymer
nanostructures. It should also be noted that various porous poly-
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styrene (PS) nanostructures can also
be generated by applying a selective
etching process.

By fixing the molecular weight of ho-
mopolystyrene (hPS.4) and controlling
the blending ratio, the morphology
transitions of the block copolymer/
homopolymer blends can be tuned.
First, small angle X-ray scattering
(SAXS) at TLS 23A1 was used to char-
acterize the microphase separation of
the block copolymer/homopolymer
blends in the bulk state. The relative g
values gradually change from 1:2:3:4
to 1:2:4/7 (Fig 1(a)), which indicate
the morphology transfers from lamel-
lar structure to a hexagonal-packed
cylindrical morphology. Then, for

the block copolymer/homopolymer
blends in a thin film state, atomic
force microscopy is performed to
observe and characterize the surface
morphologies and the microphase
separation of the block copolymer/
homopolymer (Fig. 1(b)). As shown

in Fig. 1(c), when confined in anodic
aluminum oxide (AAO) nanopores,
one-dimensional block copolymer/ho-
mopolymer nanostructures are creat-
ed. By altering the blending ratios, the
morphologies gradually transfer from
concentric lamellar morphology, to
multihelical morphology, and finally to
spherical-like morphology. These mor-
phologies, especially the multihelical
morphology, are unique and different
from those seen in the bulk and thin
film samples, which we contributed
to the confinement effect provided by
the AAO nanopores.

In order to further confirm the three
special morphologies (concentric
lamellar morphology, multihelical
morphology, and spherical-like mor-
phology) of one-dimensional block
copolymer/homopolymer nanostruc-
tures, a solution of hydrofluoric acid
is applied to remove, selectively the
Si-containing polydimethylsiloxane
domains.?3 After this selective etching
process, porous PS nanostructures
with regular concentric and helical
nanopores can be formed. The block
copolymer/homopolymer nanostruc-
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tures with spherical-like morphology, is however difficult
to generate because the polydimethylsiloxane nano-
spheres are encapsulated in the polystyrene matrix (Fig.

1(c)).

For further investigation of the effect of homopolymer
(polystyrene) on the microphase-separated morphologies
of one-dimensional block copolymer/homopolymer nano-
structures, various molecular weights of homopolymer
were applied. In this way, the compatibility between block
copolymer and homopolymer could be tuned. Here, ho-
mopolymers with three different molecular weights (4.7,
24, and 820 kg/mol of polystyrene, which are referred to
as hPS47¢, hPSyu, and hPSg,, respectively) are applied to
the polymer blends. Transition electron microscopy was
used to characterize the morphology of the block copo-
lymer/homopolymer nanostructures and corresponding
diagrams are constructed (Fig. 2). As the molecular weight
of homopolymer increases, the compatibility and misci-
bility between the homopolymer and block copolymer
decreases, leading to the domination of macrophase-sepa-
ration over microphase-separation, which would not gen-
erate morphology transitions. For the block copolymer/
small-molecular-weight homopolymer (hPS,4) nanostruc-
tures, multihelical morphology and spherical morphology
with higher ordering of polydimethylsiloxane spheres can
be observed. While for the block copolymer/high-molec-
ular-weight homopolymer (hPSg,0) nanostructures, only
concentric lamellar morphologies can be obtained, and

a macrodomain of high-molecular-weight homopolymer
(hPSga0) is also observed, as indicated by the red arrow in
Fig 2.

This work demonstrates the control of micro-
phase-separated morphologies of block copo-
lymer/homopolymer nanostructures by tuning
the blending ratios and the molecular weights
of homopolymer. In addition, three special
morphologies (concentric lamellar morpholo-
gy, multihelical morphology, and spherical-like
morphology) can be obtained. These unique
one-dimensional nanostructures mighty be fur-
ther utilized by refilling with functional metals
or organic dyes for the applications of sensing
and drug delivery. (Reported by Jiun-Tai Chen,
National Chiao Tung University)

This report features the work of Ming-Hsiang
Cheng, Jiun-Tai Chen and their co-workers pub-
lished in ACS Appl. Mater. Interfaces 9, 21010
(2017)

TLS 23A1 IASW - Small/Wide Angle X-ray
Scattering
e SAXS
e Polymer Science, One-dimensional (1D) Nano-
structures, Soft Matter
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“I WILL BE BACK! - THE RETURN OF RUBBER:" A
New Mechanism to Overcome the Dilemma of
Shape Fixing and Recovery in Biodegradable

Polyurethane Elastomer

Structural characteristics of shape-memory polyurethane elastomer dominate the

shape-memory effect while retaining the elasticity.

T his is a story about the come back of rubber.

Rubber, more formally known as an elastomer, is a category of materials that respond to a force with instan-
taneous or temporary deformation. This feature indicates also that an elastomer is quite absent-minded, i.e. it





