COUPLING POLYMER THERMODYNAMICS AND
VISCOELASTICITY TO LIQUID CRYSTALLINE ORDER:
SELF-ASSEMBLY AND RELAXATION DYNAMICS OF BLOCK
COPOLYMERS IN A NEMATIC SOLVENT

Thesis by

Neal R. Scruggs

In Partial Fulfillment of the Requirements for the

degree of

Doctor of Philosophy

CALIFORNIA INSTITUTE OF TECHNOLOGY

Pasadena, California

2007

(Defended February 15, 2007)



© 2007

Neal R. Scruggs

All Rights Reserved

i



ii

ACKNOWLEDGEMENTS

1

“If I have seen further it is by standing on the shoulders of Giants.’
-Sir Isaac Newton

Many, many people have helped me in some way, either personally or professionally, to
successfully complete this thesis: these are the Giants on whose shoulders I have stood.
Beginning with professional acknowledgements, I would like to thank my advisor, Julie
Kornfield, first and foremost, for teaching me so much while also allowing me to find my
own way. [ also owe a debt of gratitude to Mike Kempe for his guidance during my first
year. I have worked closely with Rafael Verduzco since day one and I’'m thankful we were
able to do so much collaboratively. I also thank Anne Hormann for being the glue that
holds the Kornfield group together. Peter Palffy-Muhoray and Sam Sprunt at Kent State
University have been valued mentors. Jyotsana Lal and Ed Lang at Argonne National Lab,
Boualem Hammouda and John Barker at NIST, and Sonjong Hwang at Caltech’s Solid-
State NMR Facility gave me absolutely invaluable help with my experiments. The
inexhaustible David Uhrig at Oak Ridge National Lab provided me with a library of
materials that greatly improved by ability to do research, and Mike Vicic gave me excellent
advice during two very positive experiences as his teaching assistant. I am grateful to Greg
Sotzing for inspiring me to go to graduate school at a time when I was barely even aware
such an option existed, and to all of my undergraduate professors who enabled me to get to

Caltech in the first place.

I have been privileged to work with a group of extremely talented fellow graduate students,
Mike Kempe, Wei Shen, Eric Pape and Derek Thurman (with whom I covered a variety of
fascinating conversation topics during the years when we shared an office), Lucia
Fernandez-Ballaster, Charles Nickerson, Rafael Verduzco, Mike Mackel, Ameri David,
Matthew Mattson, Ryan Turner, Zuli Kurji, Yan Xia, and Diana Smirnova. These are the
perfect segue to my personal acknowledgements, since I am proud to call many of them

friends.



I am deeply appreciative of my parents’ support; they have been both a source of1 i
motivation and an understanding outlet for frustration. I am also thankful for the support of
my brother (the original Dr. Scruggs), my sister-in-law, and all of my extended family, who
all taught me to value education and encouraged me every step of the way. I am sure I
could not have succeeded without them or without all of my friends in Los Angeles and
elsewhere. In particular I was very fortunate to have known J. J. Feick and will always
remember him. Most of all, I am thankful for Scott Carty who’s been my biggest fan and a
huge source of encouragement and motivation for me in these final months of graduate

school.

Caltech is a very special place and I am fortunate to have had the opportunity to study here.
I thank every person who somehow shaped my experience into something I will always

fondly remember.



ABSTRACT

The discontinuous change in solvent quality of a liquid crystal (LC) solvent, SCB, at the
nematic-isotropic phase transition produces abrupt changes in the phase behavior of
solutions of coil and LC-polymers and in the self-assembly of coil-LC block copolymers.
Nematic 5CB is strongly selective for a side-group liquid crystal polymer (SGLCP) and
isotropic S5CB is a good solvent for both SGLCP and a random coil (polystyrene, PS). In
nematic 5CB, unfavorable LC-PS interactions drive phase separation in SGLCP-PS-LC
ternary solutions and drive micellization of PS-SGLCP diblocks. In isotropic S5CB, rich
phase behavior occurs in both ternary solutions and block copolymer solutions. Despite
the fact that isotropic S5CB is a good solvent for both SGLCP and PS, segregation can
occur due to the asymmetric solvent effect (i.e., the preference of the solvent for the
SGLCP). In concentrated isotropic solutions, unfavorable SGLCP-PS interactions

become dominant.

In binary solutions of SGLCP and 5CB, the delicate thermodynamic balance between LC
order and polymer entropy manifests itself in a non-monotonic concentration dependence
of the solutions’ clearing points. The frustration between LC order and polymer entropy
in an SGLCP melt is partially relieved by the addition of small molecule LC, greatly
increasing the polymer’s configurational freedom and stabilizing the nematic phase. In
dilute solutions, the polymer adopts an anisotropic conformation because of its coupling
to the LC solvent’s prevailing director field; the sense and the magnitude of the

anisotropy depend on the architecture of the SGLCP (end-on or side-on mesogens).

Coil-SGLCP-coil triblock copolymers self-assemble in SCB to form liquid crystalline
gels in which nematic order is coupled to an associative polymer network. The network’s
dynamic restructuring couples to fluctuations in the LC’s local order to provide an
additional relaxation process that is not present in SGLCP solutions or LC elastomers,
and the importance of this process is highly dependent on the underlying anisotropy of
the SGLCP-based network. The network furthermore provides a memory of the LC

orientation state: when the LC is reoriented by electric-magnetic fields or mechanical



vi
shear, the network structure prevents the orientation from relaxing back to a random

distribution when the aligning force is removed.
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