HYDROPHILIC POLYMERS IN GELS AND
SOLUTIONS: SURFACE PROPERTIES AND
STUCTURE

Thesis by

Michael J. Mackel

In Partial Fulfillment of the Requirements for the

degree of

Doctor of Philosophy

CALIFORNIA INSTITUTE OF TECHNOLOGY

Pasadena, California

2008

(Defended 29 January 2008)



©2008

Michael J. Mackel

All Rights Reserved

i



il

ACKNOWLEDGEMENTS
Foremost, | would like to thank my advisor, Julie Kornifeld. | am indebted to her for my
growth as a scientist during these years. Particularly, | would like to thank her for her

endless supply of encouragement and optimism, as well as her willingness to give me space

to grow as an independent researcher.

I would like to thank Rick Flagan, John Brady and Anand Asthagiri for serving on my

thesis committee.

My warmest gratitude goes out to Anne Hormann.

I spent more years working on light-responsive materials than any of the other projects
covered in this thesis. This was my introduction to graduate research, and | am especially
thankful to the people who helped me with this work. | would like to thank Jeff Hubbell for
his advice during my candidacy. Rob Lammertink was the ideal mentor during my first
year in the lab. Eric Pape and Erica Thompson were quick to give both practical advice
about optics (without them, I could not have purchased and assembled the arc lamp) as well
as general encouragement. Megan Greenfield was the first undergraduate I mentored while
in graduate school, and I thank her for her enthusiasm working on this project. | would also
like to thank Nicola Tirelli and Giona Kilcher for helping me with copolymer synthesis as

well as their great hospitality during my stay in Manchester.

My work in humidity-responsive wetting was inspired by a conversation with Sandra
Troian. Eric Pape was again instrumental to the success of this project; the quality of my
final images was due to his knowledge of photography. Finally, 1 would like to thank
Sergio Sanchez for the diligence with which he helped out on this project during his

summer here at Caltech.

My work in hydrogel friction was greatly facilitated by Matt Mattson’s willingness to

brainstorm about ways of adapting the rheometer for this use.



v
The final portion of my research, covering rheology of binary polysaccharide solutions,
was due to some particularly interesting observations brought to our attention by John Park.

My thanks to him for his support in these experiments.

Besides the Kornifled group members already mentioned above, | would like to thank
Lucia Fernandez-Ballester, Wei Shen, Ameri David, Diana Smirnova, Neal Scruggs,
Rafael Verduzco, Charles Nickerson, Derek Thurman, Zuli Kurji, Ryan Turner, Yan Xia,

Bahar Bingol, Joyce Huynh, and Jeremy Wei.

I dedicate this thesis to my mother and to my father. For their love and support during my
years as a graduate student, I would also like to thank Toni, Sona, and Cara. Robert
deserves special recognition for enduring my craziness during the writing of this thesis.

More than anything, | am grateful I end graduate school with him in my life.



ABSTRACT

Changes in the wetting properties of thin films of polyethyleneglycol (PEG) end-capped
with fluoroalkyl groups are measured when the films are equilibrated at various relative
humidity (RH). At high RH, the advancing contact angle () on the surfaces is 20° higher
than &4y measured at low RH. The surprising transition to non-wetting character at high
RH is attributed to fluoroalkyl groups ordering at the air-hydrogel interface when they are
liberated by dissolution of PEG crystallites above 85% RH.

The structure and tribology of a semi-interpenetrating hydrogel of agarose and an anionic
polysaccharide (either hyaluronic acid or dextran sulfate) were studied. The porous
structure of agarose allows incorporation of up to 2% dextran sulfate without weakening
the gel’s mechanical properties. Addition of the polyelectrolyte endows the gels with shape
memory upon drying and reswelling; the gel can be dehydrated and rapidly swollen back to
its original dimensions. The addition of both dextran sulfate and hyaluronic acid (HA)
increases the lubricity of agarose when tested against hydrophilic clean glass or
hydrophobic fluorinated glass. Migration of the polyelectrolytes out of the gel is believed to

make the gels self-lubricating.

A variety of hydrophilic polymers were screened to identify those polymers which enhance
the viscosity of HA solutions. Because HA degrades quickly in water, more stable
polymers might form mixtures in which the mechanical properties of the solution are less
sensitive to decreases in HA molecular weight during storage. Four polymers, all
polysaccharides with persistence lengths greater than HA, were found to enhance HA
viscosity. This viscosity enhancement was hypothesized to be due to greater concentration

fluctuations in these solutions.

Finally, hydrophilic polymers were functionalized with photoresponsive hyrophobes in an
attempt to control polymer self-assembly with light. Micelles of PEG end-capped with
azobenzene molecules showed no change in size when the solutions were irradiated with

UV light. PEG block copolymers were also functionalized with azobenzene and used to
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modify gold surfaces, but photoresponsive contact angles could not be measured. Finally,

acrylamides copolymerized with the vinyl derivatives of malachite green were also studied,

but the copolymers proved unsuitable for use at moderate pH.
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