JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Unique Toroidal Morphology from Composition
and Sequence Control of Triblock Copolymers
Zhiyun Chen, Honggang Cui, Kelly Hales, Zhibin Li, Kai Qi, Darrin J. Pochan, and Karen L. Wooley
J. Am. Chem. Soc., 2005, 127 (24), 8592-8593+ DOI: 10.1021/ja050290p « Publication Date (Web): 25 May 2005
Downloaded from http://pubs.acs.org on March 25, 2009

W Self—assembi
L

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 28 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja050290p

JIAIC[S

COMMUNICATIONS

Published on Web 05/25/2005

Unique Toroidal Morphology from Composition and Sequence Control of
Triblock Copolymers

Zhiyun Chen,™ Honggang Cui,* Kelly Hales,* Zhibin Li,* Kai Qi," Darrin J. Pochan,** and
Karen L. Wooley* '

Center for Materials Innoation and Department of Chemistry, Washington dénsity in Saint Louis,
Saint Louis, Missouri 63130, and Materials Science and Engineering and Delaware Biotechnology Institute,
University of Delaware, Newark, Delaware 19716

Received January 16, 2005; E-mail: klwooley@artsci.wustl.edu

Fundamental studies of the solution-state self-assembly of
synthetic block copolymers have provided structural controls for
the preparation of well-defined nanoscopic objéctswith in-
creased understanding of the principles that govern supramolecular
assemblies, in both synthetic and natural matefidshave also B
come numerous efforts and great prospects toward the development Wﬁ3
of such nanostructures as drug delivery veskel$, magnetic 070 Ho” S0 070 070 Ho

- . o . |
materials}” templates for biomineralizatiot§;*°and other functional \ 3 \ 4
materials?°

Various morphologies, mainly spherical micelféd,wormlike
micelles??23and vesicle$*?>have been observed for amphiphilic
diblock copolymers undergoing supramolecular assembly in selec-
tive solvents, whereas the phase behaviors of triblock copolymers
in solution have been explor&d?® to a lesser extent. Triblock
copolymers possess additional complexity, relative to diblock
copolymers, resulting from three polymegolymer Flory-Huggins
interaction parameters (instead of one in diblock copolymers), et DD ; :
and other effects from the conditions utilized for solution-state F/gure2 TEM images ofl. THF cntent is 67% (A), 33% (B), and 20%
assembly and the block copolymer architecture. Our interest haS(c) in HO.
been directed toward the development of methodologies to exercise
control over these complicated, yet intriguing, variables to fine- .
tune and access specific and novel morphologfiés.

A unique toroidal (ring-like) morphology was reported recently,
as originating from triblock copolymers comprised of acrylic acid,
methyl acrylate, and styrene chain segméhi&he ability to form
toroids was dependent upon various parameters, including the
presence of divalent counterions and the use of a mixture of solvent = - TR
and nonsolvent. However, the kinetics and thermodynamics for rigyre 3. TEM images of2 (A and B) and3 (C). THF content is 67%
toroid assembly, the compositional and structural requirements for (A), 33% (B), and 50% (C) in kD.
assembling block copolymers, and the morphological stabilities
require further investigatiof?.

In this study, the effects of block copolymer composition and
sequence upon the resulting solution-state supramolecular as-
semblies were evaluated by examining four block copolymers under
continuously evolving solvent conditions. These four amphiphilic
block copolymers, prepared by atom transfer radical polymerization
share identical hydrophilic poly(acrylic acid) (PAA) segments and
have hydrophobic segment(s) of comparable lengths, but differing
in either hydrophobic segment composition or sequence (Figure
1). The design of these block copolymers is based upon the original
finding of toroidal assemblies for triblock copolyméy when in
the presence of 2 Zethylenedioxy)diethylamine (EDDA) in mix-
tures of tetrahydrofuran and water. The two diblock copolymer
analogues? and3, have only one of the two hydrophobic segments,
either polystyrene (PS) or poly(methyl acrylate) (PMA), of overall
hydrophobic block length being comparable to that of the triblock.

Figure 1. Structures of the block copolymers.

Triblock copolymer4 is essentially a constitutional isomer bf
with reversed topological sequence of the two hydrophobic seg-
ments. All assemblies were performed under the same protbcol.

Transmission electron microscopy (TEM) ima¥fesf 1 (M, =
20 400 DaM,,/M, = 1.05), following self-assembly in tetrahydro-
furan/water (THF/HO) mixtures in the presence of EDDA, show
' transition of the morphologies from lamellar-type aggregates (Figure
2A) to toroids (Figure 2B) to spheres (Figure 2C) with decreasing
THF content in the solution mixtures with,8.

The self-assembly o2 (M, = 21200 Da,M\/M, = 1.07)
produced lamellar-type aggregates at high THF content (Figure 3A),
similar to those observed fdr, but with limited dimensions. The
coexistence of cylindrical and spherical micelles was observed and
persisted at lower THF content (Figure 3B). At no solvent
composition was the toroidal morphology observed. Only spheres
were observed in the self-assembly3ofM, = 20 700 DaM,/M,
= 1.09) at all solution conditions (Figure 3C).

t Washington University. Heterogeneous aggregates were obtained #dqivi, = 20 600
* University of Delaware. Da, My/M, = 1.06) at high THF content (Figure 4A). With
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Figure 4. TEM images of4. THF content is 67% (A), 50% (B), and 33%

(C) in HO.

decreasing THF content relative to water, cylindrical and spherical
micelles coexisted (Figure 4B), and only spheres were observed
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below 50 vol % THF/HO (Figure 4C).

Interfacial energy between unlike blocks, chain stretching, solvent
selectivity, and coronal interaction can be considered, qualitatively,
to explain differences in the observed morphologies. Because the
four block copolymers share identical hydrophilic segments, the

interactions between the corona are comparable. Therefore, the

morphological differences observed for their assemblies in THF/
H,0 solutions should be dependent upon the nature of the core
material and the interfacial energy differences between the corona
and core materials. The assembly behaviorJatiffered signifi-
cantly, in comparison to that of the other three block copolymers
(Figure 3C), which can be explained by the interfacial energy and
solubility differences between PAA, PMA, and PS. The interfacial
energy is less between PAA and PMA than between PAA and PS,
thus less interfacial curvature is provided for PAA/PS than for PAA/
PMA and cylinders are preferred faversus3. Additionally, THF

is slightly selective for PS, which allows for greater hydrophobic
core volume in assemblies @fversus3. This difference in core
swelling produces a lower interfacial curvatureZiversus3 and

the consequent formation of cylinders versus exclusively spheres,
respectively. Interestingly did not exhibit a toroidal morphology,
which indicates the importance of the block copolymer sequence.
Apparently, collapse of the intermediary PS segmend difnits

the accessible morphologies, whereas PMA can serve as a flexible

boundary layer between PAA and PS to facilitate curvature of the
cylindrical structure into toroids, as observed forThe different
self-assembly behaviors between triblock copolyiand diblock
copolymer2 can also be explained by this flexible boundary layer,
in addition to complex interfacial energy differences.

In conclusion, studies to probe the assembly of diblock and
triblock copolymers under the same solution-state conditions have
revealed that the unique toroidal morphology is dependent upon
block copolymer composition and sequence. Toroid formation was
successful only for an amphiphilic triblock copolymer having a
terminal hydrophilic PAA segment undergoing self-attraction by
EDDA serving as a divalent counterion, an intermediate flexible
PMA sequence serving as a flexible domain, and a terminal rigid,

hydrophobic PS segment that can collapse to constitute a core. We
continue to investigate the kinetics of these assembly processes and

their reversibilities. Although toroidal assemblies are common for
DNA and other biological macromolecules, the ability to tune the
morphology of synthetic materials offers significant latitude in the
types of materials, their properties, and their utility.
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