


Directions and Parking
Pacific Lutheran University is located in Tacoma, WA. Parking is free on Saturday in the two
gravel lots (Olson Lot & Morken Lot) indicated on the map. The symposium will be held in the
Rieke Science Center Bldg #32 circled on the map. An interactive map at
http://www.plu.edu/map/ will also indicate the two parking lots and Rieke Science Center.

From I-5:
Take EXIT 127 onto highway 512 heading EAST towards Puyallup.
Continue on 512 heading EAST for approximately two miles to Pacific Ave
(Parkland-Spanaway) EXIT. Turn right (south) on Pacific Ave to Garfield Street S (121st St). Turn
right on to Garfield Street S. Pacific Lutheran University is located at the end of Garfield Street.

To get to the designated parking lots from Garfield Street:
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From Garfield Street, turn left onto Park Ave S. Take Park Ave S to 125th St S. Turn right onto
125th St S. Follow 125th St S to Yakima Ave S. Turn right onto Yakima Ave S. Yakima Ave
becomes 124th St S as the road bends left. Follow 124th St S to 10th Ave S. Turn right onto 10th

Ave S. The first parking lot is immediately to your right. The second parking lot is at the end of
10th Ave S on the left.

Symposium Venue
All activities will be held in Rieke Science Center (circled in yellow on the map) in Leraas Hall
(Rieke Room 103). Oral presentations will be in Leraas hall, and the registration, lunch and
poster sessions will be held in the Rieke Lobby. The emergency contact on the day of the event
is Jon Freeman (218-760-0690; freemajo@plu.edu) or Neal Yakelis (yakelina@plu.edu).
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Building 32 circled
is the Rieke Science Center

- Schedule of Events -

Morning Session

8-8:50am Registration and coffee / pastries
Rieke Science Center Lobby

8:50 Welcome, Leraas Hall (Room 103)

9:00 Ranee James, University of Washington
Minor changes in sterol structure significantly impact the
miscibility temperature of model cell membranes
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9:20 Kathleen Berge, Pacific Lutheran University
Toward an improved synthesis of molybdenum scorpionate
complexes for the activation of small molecules

9:40 Tyler Ueltschi, University of Puget Sound
Investigating molecule-nanoparticle interactions using Raman
spectroscopy

10:00 Break

10:10 Nicholas Chock & Calvin Leonen, Seattle University
Aniline derivatives catalyze hydrazide glycosylation

10:30 Satu K. Heiskanen, Western Washington University
Functionalization of metal oxide surfaces and its applications in
photoelectrocatalysis of CO2 reduction

10:50 Group Photo

11:05 Poster Session

12:35pm Lunch at the Columbia Center
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- Schedule of Events -

Afternoon Session

1:15pm Return to Leraas Hall, 103

1:20 ACS Puget Sound Section Scholarship Awards

1:50 Ahmed Qureshi, University of Washington
Designing bacteriophage to cause targeted infection for improved
antibiotics

2:10 Break

2:15 Victoria Popovich, Pacific Lutheran University
Effects of 3,5-dimethyphenyldithiocarbamate on optic properties
of CdSe quantum dots

2:35 Jack Elder, University of Puget Sound
Application of thiourea-based organocatalysts to the conversion
of carboxylic acids to amides

2:55 Closing Remarks / Raffle, Leraas Hall (Room 103)

Special Thanks to:

● PLU Department of Chemistry Faculty and Staff
● PLU Conferences and Events
● PLU Dining and Culinary Services
● PLU Media Services
● PLU Natural Sciences Division Departments
● PLU Chem Club:  ACS Student Chapter volunteers
● American Chemical Society (ACS) Puget Sound Section Executive Committee

and members
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- Abstracts of Oral Presentations -

Minor changes in sterol structure significantly impact the miscibility temperature of model cell membranes
James, Ranee C.L.; Litz, Jonathan P.; Keller, Sarah L.*
Department of Chemistry, University of Washington, Seattle, WA, 98122

Evolution has selected for an array of structurally similar sterols in the cell membranes of various life forms.
While mammalian cells rely on cholesterol, fungi utilize ergosterol, and plants incorporate a variety of different
phytosterols. Minor changes in sterol structure are known to have a large impact on their solubility in a membrane.
In my research, I use fluorescence microscopy to correlate the structural features of ergosterol, stigmasterol,
β-sitosterol and cholesteryl hemisuccinate with the miscibility temperature of model cell membranes containing
two phospholipids (DOPC and DPPC) and one of the aforementioned sterols. I map the full ternary phase diagram
of each system and compare it with that of the well-characterized DOPC/DPPC/cholesterol system. Our data reveal
that minor changes in sterol structure dramatically impact membrane miscibility temperatures. Comparing
miscibility temperature differences could provide insight into the intermolecular interactions between sterols and
phospholipids.

Toward an improved synthesis of molybdenum scorpionate complexes for the activation of small molecules
Berge, Kathleen E.; Finney, Eric E.*
Department of Chemistry, Pacific Lutheran University, Tacoma, WA, 98447

Molybdenum is a relatively inexpensive transition metal that has found widespread use in the activation of
small molecules, including N2 and recently CO2. In particular, the tris(pyrazolyl)borate complexes, specifically the
nitroso complex 1, have been shown to bind with CO2. However, the preparation of these complexes requires
several steps and spans multiple days. In an effort to use complex 1 to activate CO2, N2, and other small molecules,
we have developed a more efficient synthesis of the complex. That synthesis will be described herein, and
compared to traditional methods in terms of time, stoichiometry, purification, and yield. Additionally, the potential
for further improvements using photochemistry will be discussed.

Investigating molecule-nanoparticle interactions using Raman spectroscopy
Ueltschi, Tyler W.; Mifflin, Amanda*
Department of Chemistry, University of Puget Sound, Tacoma, WA, 98908

When dealing with vibrational spectroscopy, unambiguous assignments of spectral features to vibrational
modes can often be difficult, especially in the fingerprint, or C-H stretching, region. Traditionally normal mode
analysis has been utilized to predict experimental, vibrational spectra; however, this method relies on many
assumptions to compute vibrational modes and their energies. More recently, Ab Initio Molecular Dynamics (AIMD)
techniques have been used to calculate vibrational spectra without any of these underlying assumptions. For this
reason, AIMD has shown promising results in fingerprint region spectral assignments. Many advantages come along
with more accurate theoretical spectra such as chemical identification. In addition, these spectra can be used to
investigate quantum phenomena when working with Surface Enhanced Raman Spectroscopy (SERS). By forming a
solid theoretical model and controlling the chemical environment we can begin to track physical properties such as
molecule orientation with respect to nanostructures and nanostructure aggregation with relatively simple Raman
experiments.

7



Aniline derivatives catalyze hydrazide glycosylation
Chock, Nick;  Leonen, Calvin; Langenhan, Joseph*
Department of Chemistry, Seattle University, Seattle, WA, 98122

Hydrazide glycosylation is a useful tool for the formation of bioconjugates. Hydrazide glycosylation reactions,
however, do not proceed well at biological pH. With a goal of developing an efficient biorthogonal neoglycosylation
reaction, we investigated the formation of a glucosylhydrazide using various aniline derivatives as catalysts under
both acidic (pH 4.5) and neutral conditions (pH 7.4). Preliminary results show increased rates under acidic
conditions and promising improvements under neutral conditions.

Functionalization of metal oxide surfaces and its applications in photoelectrocatalysis of CO2 reduction
Heiskanen, Satu K.; Ziegler, Josh M.; Rider, David A.*; Gilbertson, John D.*
Department of Chemistry, Western Washington University Bellingham, WA 98225

The functionalization of surfaces with an organic thin film is a common strategy for antifouling, avoiding
corrosion, and specifying surface chemistry and surface-based catalytic pathways. 4-vinylaniline is studied for
covalent grafting to the surfaces of various metal oxides including indium tin oxide (ITO), copper(I) oxide (Cu2O) and
alumina (Al2O3) using a UV irradiation photografting procedure. The resulting surface was characterized by XPS,
AFM, FT-IR, and contact angle goniometry to elucidate the chemical nature of the organic layer. Functionalized
samples were tested for photoelectrocatalytic activity using a custom-built three electrode cell that was interfaced
with a fluorimeter. Samples of Cu2O that have been photografted with 4-vinylaniline were studied for stability and
electrocatalytic activity using cyclic voltammetry (CV) in aqueous media. The corrosion inhibitive nature of the
4-vinylaniline film was studied using CV in the absence of light. Photoelectrocatalytic stability for CO2 reduction was
studied using CV in a CO2 saturated solution with monochromatic illumination.

Designing bacteriophage to cause targeted infection for improved antibiotics
Qureshi, Ahmed N.; Khakhar, Arjun; Seelig, Georg*
Department of Electrical Engineering, University of Washington, Seattle, WA, 98105

Microorganisms outnumber human cells ten to one in the average person. This microbial community interacts
extensively with the human body, with both positive and negative results. My research could allow for a more
targeted approach to bacterial infections rather than the commonly used general antibiotics, which eliminate both
the beneficial and harmful bacteria in the body, which has been proven to cause deleterious health effects. I have
been working on achieving targeted infection of the bacterium Escherichia coli by the virus M13 bacteriophage.
This would allow for the virus to infect only very specific bacteria and deliver DNA encoded messages, without
affecting any other cells. We plan to achieve this by attaching peptides to the coat of the M13 Bacteriophage, and
attaching a complementary protein to the target E. coli’s F-pilus, a projection on the surface of bacteria. Using a
virus as a delivery mechanism allows for variability in the genetic message, such as variety of anti-microbial
proteins. The applications of this research lie in many fields including medicine with its application in antibiotics,
bioengineering to build more complex cellular systems.
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Effects of 3,5-dimethylphenyldithiocarbamate on optic prroperties of CdSe quantum dots
Popovich, Victoria; Munro, Andrea M.*
Department of Chemistry, Pacific Lutheran University, Tacoma, WA, 9844.

Nanocrystals are promising materials for use in  many applications due to their tunable optoelectronic
properties. Colloidal semiconductor nanocrystals can be employed in such applications as photovoltaics,
bioimaging, and waste remediation. Due to their small size, the ratio of surface atoms to core atoms is large in
nanocrystals. Thus, nanocrystal surface chemistry strongly influences the overall properties of the nanocrystals. In
this work, we explored effects of the 3,5-dimethylphenyldithiocarbamate (DMPTC) ligand on the optical properties
of CdSe nanospheres. We found that ligand exchange with DMPTC causes redshifts in the excitonic absorbance
peaks of the QDs, consistent with literature reports. Observed redshifts were consistent with increase of apparent
size of particles due to the ligand shell. The percent change in size ranged over 2-4% for nanospheres with initial
radii of 1.38-1.88 nm; the change was more significant for smaller particles. Nanocrystal photoluminescence (PL)
was quenched upon ligand exchange. We did not observe any shifts in the nanocrystal PL energy or emission from
trap sites after ligand exchange.

Application of thiourea-based organocatalysts to the conversion of carboxylic acids to amides
Elder, Jack B.; Boisvert, Luc*
Department of Chemistry, University of Puget Sound, Tacoma, WA, 98416

A 2006 survey found that about 65% of all marketed pharmaceutical drug syntheses require the conversion of
a carboxylic acid to an amide. To perform this transformation, ideally a carboxylic acid and amine would directly
form an amide while producing only water as byproduct. However, this does not occur without a catalyst. In
practice, this process is accomplished through conversion to an acyl chloride intermediate. This requires the use of
toxic thionyl chloride, produces hydrochloric acid and ultimately consists of two steps. This research seeks to
eliminate this environmentally and economically undesirable process by investigating novel catalysts of carboxylic
acid amidations. Boron-, antimony- and arsenic-based catalysts have all been tested for this purpose but none
show sufficient activity to warrant commercial use. We chose to investigate the activity of organic thiourea-based
catalysts, compounds that have been shown to catalyze other reactions but have not yet been tested in carboxylic
acid-to-amide conversions. Previously documented and newly designed catalysts have been synthesized and are
currently being tested for this purpose with catalytic reaction progress monitoring performed by 1H NMR. This
presentation discusses catalyst synthesis progress and preliminary catalytic testing results, including the first
observed carboxylic acid amidation catalyzed by a thiourea-based organocatalyst.
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-Abstracts of Poster Presentations -

Synthesis and analysis of transition metal pyridinediimine compounds with pendant base broups in the
secondary coordination sphere
Adams, Jillian C.; Delgado, Mayra. Department of Chemistry, Western Washington University, Bellingham, WA,
98225

Reactivity in the primary coordination sphere is often influenced by nonconvalent interactions, i.e., hydrogen
bonding, in the secondary coordination sphere. In this work, redox-active transition metal pyridinediimine (PDI)
compounds were synthesized with pendant base groups of varying pKa values in the secondary coordination
sphere. In a series of experiments, the pendant base group was protonated and the secondary coordination sphere
interactions were analyzed. The pKa of the pendant base was found to directly affect the redox potential of the PDI
scaffold.  A series of PDI compounds with pendant Lewis acids in the secondary coordination was also investigated.

Developing an analytical cryofocusing method to measure volatile organic compounds in ambient air Angelevska,
Angela; McClure, Crystal D.; Jaffe, Dan A.* Physical Sciences Division, School of Science and Technology, University
of Washington-Bothell, Bothell, Washington, 98011.

Volatile organic compounds (VOCs) are important trace gasses, used for distinguishing regional versus
transported pollution from biomass burning. This study focuses on acetonitrile, a representative of VOCs in air
samples and tracer for biomass burning. The primary goal is developing a new method for measuring acetonitrile in
its gaseous phase, by collection of ambient air on PoraPak N sorbent tubes. After collection, VOC analysis is
performed by thermal desorption into a cryofocusing trap and subsequent gas chromatography for separation with
a mass spectrometer as a detector. An additional goal is to determine the impact of VOCs emissions from forest
fires on the environment using acetonitrile as suitable tracer. Because of its long atmospheric lifetime, we can
determine the effect of biomass burning on ozone production downwind. A permeation source of acetonitrile was
used to calibrate the response from the Cryo-GC-MS system, showing a statistically significant positive linear
correlation. The next phase of this study is testing the impact of humidity and ozone on the thermal desorption
tubes, which are going to be used in active sampling of whole air. Understanding the response from the TD tubes
will optimize the new analytical method for determining acetonitrile concentration in sorbent tube samples.

Yeast cell survival in different concentrations of canavanine
Angkanaworakul, Pannapat; Iverson, Jessika S.; Saxowsky, Tina.* Department of Chemistry, Pacific Lutheran
University, Tacoma, WA, 98444.

Drug resistance in microorganisms can occur when an organism acquires a mutation upon exposure to a
selective pressure causing the cells to grow out of an arrested state, a process called adaptive mutagenesis. Using
Saccharomyces cerevisiae, as a model organism, we investigated the replicational mutation rates and adaptive
mutation frequencies of wild type and ogg1Δ cell lines upon exposure to canavanine. The results show both the
replicational mutation rate and adaptive mutation frequency of ogg1Δ are higher (1.49E-06; 9.39E-06) compared to
wild type (4.18E-07; 2.19E-06) due to its inability to repair oxidative damage. Additionally, we assessed survival of
cells in the presence of canavanine and are working to identify the optimal conditions for selective pressure that
will yield the highest percent survival while the cells are under growth arrest, anticipating that longer survival
would allow the cells more opportunity to generate an adaptive mutation.

Modification of conducting polymers with silk-inspired peptides for use in biomedical applications
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Blatz, Taylor J.; Fry, Melany F.; Albin, Tyler J.; Murphy, Amanda R.* Department of Chemistry, Western Washington
University, Bellingham, WA, 98225.

Conducting polymers (CPs) have been the subject of significant research in recent years for their optical and
electronic properties, as well as their potential advantages for biomedical applications. Medical procedures
requiring electrical stimuli have traditionally relied on metallic compounds, which have issues with tissue
compatibility. CPs are a promising replacement to metals in these applications due to their biocompatibility,
electrical conductivity, and range of chemical and physical properties. However, standard CPs are typically brittle
and difficult to process into 3D structures which limits their practical uses. To improve on the mechanical properties
of CPs we have installed a short silk-inspired peptides, capable of self-assembly, directly onto the CP monomer. We
hypothesize that hydrogen bonding between the peptide portion of the CP-peptide hybrid compound will influence
the three dimensional organization and structure of the conducting polymer, giving rise to conductive biomaterials
with unique morphologies and mechanical properties. Here we will present the synthesis and characterization of
the CP-peptide monomer hybrid molecule, and demonstrate the ability of the peptide to self-assemble in solution.
In addition, efforts towards the synthesis of a co-polymer containing the CP-peptide hybrid monomer and
unmodified thiophene-based monomer that maintains the beta sheet structure characteristic of silk will also be
presented.

Investigations into iron(II) pyridinediimine tandem catalyst systems
Breuhaus, Andrew G.; Burns, Kyle T.; Gilbertson, John D.* Department of Chemistry, Western Washington
University, Bellingham, WA, 98225.

Pyridinediimine iron(II) complexes provide an exciting platform for small molecule activation. These redox
active complexes are capable of holding electron density as well as delivering it to target molecules. Prior work in
our group has shown that CO2 is capable of being reduced on these complexes to form the syn-gas component, CO.
Recent work has investigated the feasibility of using metal hydride catalysts as a source of electrons for forming a
tandem catalyst system. Challenges in this work have included finding a base with an appropriate pKa that both
catalysts can function in as well as utilizing a counter-ion to form a metal salt soluble in nonpolar solvents. Other
work done includes attempts to synthesize a pyridinediimine scaffold stable in the presence of strong nucleophiles.

Oxidative recycling of the Mitsunobu reaction byproduct 1,2-diethylhydrazodicarboxylate back to
1,2-diethylazodicarboxylate using photoredox catalysis
Brock, Chance; Gutierrez, Bryan; Yakelis, Neal A.* Department of Chemistry, Pacific Lutheran University, Tacoma,
WA, 98447.

The Mitsunobu reaction allows the conversion of alcohol groups into other useful functional groups by
substitution, but it also produces large amount of stoichiometric byproducts in its traditional protocol. We
hypothesized that 1,2-diethyl hydrazodicarboxylate (byproduct) can be reoxidized into 1,2-diethyl azodicarboxylate
(DEAD) by a singlet oxygen oxidation in a reaction mixture containing a  photosensitizer. Two photoredox catalysts –
Rose Bengal and tris(2,2’-bipyridine)ruthenium(II) chloride hexahydrate – were screened under various reaction
conditions and monitored using thin layer chromatography (TLC).  Currently, the optimized conditions for the
photooxidation reaction employ acetonitrile as solvent with no added amine base(such as 2,6-lutidine) under 26 W
compact fluorescent light or blue LED lights .  These conditions have been applied to small-scale Mitsunobu
reactions in CD3CN which can be monitored by 1H-NMR.

Synthesizing mixed valence compounds for the study of ultrafast charge-transfer
Carlstad, Julia; Zachary, Fox; Khalil, Munira.* Department of Chemistry, University of Washington, Seattle, WA,
98105.

The need to create more efficient renewable energy sources drives us to better understand excited electrons in
molecules. Our research seeks to discover what aspects of a molecule create an environment that allows more
energy to be released from an excited molecule. My role is to synthesize and characterize metal mixed valence, or
mixed charge, complexes. Specifically, I synthesize [(NH3)5RuIIINCFeII(CN)5]

− (FeRu),
[(NC)5FeIICNPtIV(NH3)4NCFeII(CN)5]

4− (FePtFe), and [(NC)5FeIIICNRuII(C5H5N)4NCFeIII(CN)5]
4- (FeRuFe) for their study in

femtosecond 2D infrared (IR) and x-ray spectroscopy to determine the ground and excited time-dependent energy
states. I develop purification techniques, such as size exclusion columns, and check the success of my work using
Fourier transform infrared spectroscopy (FTIR), UV-Vis spectroscopy, Nuclear magnetic resonance (NMR) and
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cyclovoltammetry. Through these techniques we have found coupling between electronic modes and that solvent
type impacts these effects. This work helps us to better understand the movement of electrons, and how we can
more efficiently utilize the energy of molecules.

Detection of botryococcene production in Escherichia coli with a fluorescence screen
Chacko, Allen; Freeman, Jon.* Department of Chemistry, Pacific Lutheran University, Tacoma, WA, 98447.

Botryococcene, a branched triterpene, is a biofuel produced by the algae Botryococcus braunii. Hydrocracking
of botryococcene can lead to combustible fuels such as gasoline and jet fuel. Engineering host systems and proteins
involved in the biosynthetic pathway to optimize botryococcene production is of interest given these biofuel
applications. However, engineering attempts may lead to undesired terpene production or reduced biofuel
production. It is therefore desirable to establish a facile screen to selectively detect botryococcene over similar
triterpenes such as squalene or other naturally occurring terpenes produced by host systems. The current study
investigates the use of a diaryltetrazole that preferentially undergoes a photoclick reaction with terminal alkenes,
such as the branched terminal alkene present on botryococcene, to yield a fluorescent product. An E. coli host
system was transformed with a dual expression vector harboring genes to produce botryococcene. An E. coli host
capable of producing squalene and an empty E. coli host were used as controls. Upon incubation with the
diaryltetrazole, only the E. coli system harboring the botryococcene genes fluoresced under a fluorescent
microscope. These results suggest that diaryltetrazoles may serve to selectively screen for, and potentially quantify,
botryococcene biofuel production in vivo.

Synthesis of a polymeric electrolyte bearing a triflimide side chain as an application for safer lithium ion
batteries
Chandler, Caleb J.; Skidmore, Chloe H.; Yakelis, Neal A.;* Waldow, Dean A.* Department of Chemistry, Pacific
Lutheran University, Tacoma, WA, 98447.

Polymeric electrolytes have the potential to serve as a solid non-flammable substitute for current electrolytic
solvents such as ethylene carbonate, which could in turn lead to safer lithium ion batteries. The synthesis of such a
polymer will be completed using norbornene-maleimide monomers with substituent benzene sulfonamides. These
monomers polymerize through ring-opening metathesis polymerization (ROMP). Beginning with sulfanilic acid
sodium salt, maleic anhydride was attached to the salt’s amine, substituting the anhydride’s oxygen for the salt’s
nitrogen. After chlorination of the salt’s sulfonate group a triflimide is substituted onto the salt to serve as a
counterion. A Diels-Alder reaction with cyclopentadiene prepares the monomer for ROMP, which is catalyzed using
a 3rd generation Grubb’s catalyst.

Bimodal siloxane ligand system for the incorporation of quantum dots into silicone
Chang, Jared A.; Gilbertson, John D.* Department of Chemistry, Western Washington University, Bellingham,
Washington, 98225.

With the rising need for alternative methods of energy, solar power has become an increasingly popular
research subject. Luminescent solar concentrators (LSC’s) are cells which use polymeric or glass waveguides and
luminescent molecules which generate electricity from sunlight when attached to photovoltaic cells. The LSC design
involves sunlight hitting a glass or plastic waveguide, which is then absorbed by luminescent molecules. The
luminophores used in this project are quantum dots, which consist of an inorganic semiconductor nanoparticle
surrounded by a layer of organic ligands. Although quantum dot technology has advanced to the point where
quantum dots have no re-absorption losses (a major problem of previous luminophores), by nature of their native
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hydrocarbon ligands, they are incompatible in silicone polymers. LSCs made of silicone are highly desirable as
silicone is transparent to radiation in the visible range down to UV, features very low Rayleigh scattering and
refractive index, and is much more cost effective. Our focus lies on the synthesis of siloxane ligands through
hydrosilylation to effectively incorporate quantum dots into silicone substrates.

Synthesis of nickel phosphide hydrotreating catalysts: Effect of sodium
Clinkingbeard, Tess R.; d’Aquino, Andrea I.; Danforth, Samuel J.; Bussell, Mark E.* Department of Chemistry and
Advanced Materials Science and Engineering Center, Western Washington University, Bellingham WA 98225.

The focus of this project is the development of nickel phosphide catalysts for the hydrodesulfurization (HDS)
and hydrodenitrogenation (HDN) of crude oil feedstocks. Molybdenum disulfide (MoS2) based catalysts are
currently used in the petroleum industry for removing heteroatom impurities, but more efficient catalysts are
needed in order to meet increasingly strict environmental standards. In this research, new methods for synthesizing
nickel phosphide (Ni2P) on metal oxide supports catalysts are being investigated. The catalysts are synthesized via
incipient wetness impregnation followed by temperature programmed reduction (TPR) in flowing hydrogen. A
variety of synthetic routes were studied by varying the phosphorous source, type of support and addition of
sodium to the support. The addition of sodium to the supports was expected to increase crystallite size and the
lower reduction temperatures needed to yield phase pure Ni2P. The Ni2P catalysts on the sodium-doped supports
were compared to their undoped counterparts using X-ray diffraction and X-ray photoelectron spectroscopy, and
the Brunauer–Emmett–Teller (BET) method was used to determine microscopic surface areas and pore sizes. The
physicochemical properties (phase purity, crystallite size, surface area, pore size) of the catalysts will be compared
and trends associated with the phosphorus source and sodium addition will be discussed.

Development of novel thermosetting resin systems for aerospace applications
Curtis, Tyler J.; Brown, Kiley B.; Cavanagh, Sean M.; Rider, David A.* Department of Chemistry, Western Washington
University, Bellingham, Washington, 98225.

As the aerospace industry moves away from the use of phenolic-based composites, the development of
alternative resins for aerospace interior composites has become increasingly important. This research is focused on
the development of phenolic replacement materials that both improve the safety of the manufacturing process
and decrease environmental impacts, while maintaining fire, smoke, and toxicity characteristics required by the
FAA. From these requirements, benzoxazine and bismaleimide (BMI) resins were selected for formulation of novel
resin systems. Green solvent systems capable of dissolving benzoxazine were developed using a deep eutectic
solvent composed of choline chloride and ethylene glycol. A novel silicon containing polybenzoxazole is being
synthesized as a replacement for traditional benzoxazine resin. Four additive flame retardants for BMI resin systems
were investigated, with hexachlorocyclotriphosphazene (CCTP) having the best flame retarding characteristics.
Replacement of the halogen substituents on CCTP with organic substituents is also being investigated to encourage
an even distribution into the BMI matrix, while maintaining CCTP’s flame retarding properties.

Expression and purification of homing endonuclease I-LtrWI. Dhaliwal, Virkamal K.; Wessels, Jason; Iyaaz, Faaizah;
Lewekdowski, Elizabeth S; Sakya, Sonam; Contreras, Luis C.; Robins, Lori.* Division of Physical Sciences, University
of Washington Bothell, Bothell, Washington, 98011-8246.

Homing endonucleases are enzymes that make double strand breaks (DSBs) in DNA. These enzymes
specifically target long DNA sequences and are therefore an attractive tool for targeted gene modification. The
crystal structures of two monomeric LAGLIDADG homing endonucleases, I-LtrWI and I-SmaMI, have recently been
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solved and have aided our research in understanding the mechanism of hydrolysis. The over-expression,
purification, and DNA assays for I-LtrWI and I-SmaMI will be presented.

Developing methodology for the screening of ssDNA aptamers against human squalene synthase. Dunn,
Cameron J.; Christensen, Inga S.; Freeman, Jon O.* Department of Chemistry, Pacific Lutheran University, Tacoma,
Washington, 98447.

Single-stranded DNA aptamers (ssDNA) are short chain oligomers (50-80 nucleobases) that bind to a target
with great specificity due to their unique secondary structure. Given their specific binding interactions, it is possible
to utilize aptamers to probe for allosteric regulation on proteins of interest. The current study investigated
aptamers targeting human squalene synthase, a triterpene synthase involved in the biosynthesis of cholesterol. It
has been speculated that inhibitors of squalene synthase may be applicable as alternative cholesterol lowering
agents, antifungals, antibiotics, and potentially as antiparasitics (e.g. Chagas disease). Currently, small molecule
inhibitors of squalene synthase have yet to pass FDA regulation. Uncovering allosteric regulatory sites on squalene
synthase could lead to alternative means of drug development. Efforts to develop aptamers towards the whole of
squalene synthase as well as aptamers specifically targeting known flexible regions believed to be important to
catalysis are currently being developed using the Flu-mag aptamer strategy. Heterologous expression of human
squalene synthase is carried out in E. coli followed by routine affinity purification strategies. Current progress and
strategies in the aptamer library development will be discussed.

Engineering RNA-bindingproteins to inhibit miR-21. Ellis, Matthew W.; Chen, Yu*; Varani, Gabriele.* Department
of Biochemistry, University of Washington, Seattle, WA, 98074.

MicroRNAs (miRNAs) control translation of certain proteins through degradation or suppression of its
messenger RNA. These non-coding RNAs are often dysregulated in many forms of cancer and can inhibit the
expression of tumor suppressor proteins. The goal of this project is to engineer a protein which can bind to and
inhibit the biogenesis of miRNA-21, which is an oncogene and overexpressed in many cancers. Previous reports
have shown that RNA recognition motif (RRM) can bind to single-stranded RNA with high affinity and sequence
specificity. We are engineering one RRM to target the precursor form of miRNA-21. Amino acid site changes were
introduced into the RNA-binding surface to generate a protein which will inhibit production of the mature
miRNA-21 in cancer cells. This project involves the application of various methods in biochemistry, including PCR
site-directed mutagenesis, cell transfection, DNA cloning, protein expression and purification, RNA transcription
and purification as well as gel electrophoresis assays and 3-Dimensional structural analyses of protein and RNA
through nuclear magnetic resonance studies. Currently, a stable protein has been expressed and the precursor
species of miRNA-21 is being prepared to characterize its interaction with the engineered protein biochemically,
biophysically and structurally.

Kinetics of retro-hetero-Diels-Alder reactions to model controlled release from novel sulfonamide drug-polymer
conjugates. Erkkila, Christopher S.; Yakelis, Neal A.* Department of Chemistry, Pacific Lutheran University, Tacoma,
WA, 98447.

It has been observed that the retro-Diels-Alder reactions of adducts formed from nitroso compounds occur at
much lower temperatures compared to typical all-carbon Diels-Alder adducts. The synthesis of
3,6-dihydro-1,2-oxazines using dienes and nitrosocarbamide dienophiles has allowed our laboratory to study the
rate of the retro-hetero-Diels-Alder reaction as a function of diene structure. These compounds decompose at a
controlled rate and have applications in the thermally-triggered, time-controlled delivery of pharmaceuticals. The
nitroso dienophile formed by the oxidation of N-p-toluenesulfonyl-N′- hydroxyurea has been successfully employed
to form a model system for sulfonamide-bearing drug-polymer conjugates. Release of p-toluenesulfonamide is
triggered by a rate-determining retro-Diels-Alder reaction with subsequent hydrolysis steps. Initial 1H-NMR rate
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studies have indicated favorable rates of decomposition at mild temperatures (25-60 ˚C) for the adducts formed
with cyclopentadienes and 1,3-cyclohexadienes.

Method development towards quantifying marijuana consumption using sewage based drug epidemiology:
Preliminary results for Treatment Plant #1. Fryhle, Heather S.; Pellman, Melissa C.; Burgard, Dan.* Department of
Chemistry, University of Puget Sound, Tacoma, WA, 98416.

With the implementation of Initiative 502, which legalized recreational retail marijuana in Washington, there
was a unique opportunity to estimate marijuana consumption before and after legal dispensaries opened.
Marijuana consumption is typically based on survey data, however recently sewage-based drug epidemiology has
emerged as a complimentary technique to estimate drug use. This study focused largely on method development
to quantify the main metabolite of marijuana, 11-nor-delta-9-carboxy-tetrahydrocannabinol (THC-COOH) in raw
wastewater influent to a Wastewater Treatment Plant (WWTP). A method was developed that employs Solid Phase
Extraction (SPE) and LC-MS/MS for analyte extraction and quantification. Raw influent 24-hour composite samples
were obtained from a city Central WWTP (Treatment Plant #1) before and after legal retail stores opened. The
optimized method quantifies both THC-COOH and an anthropogenic population biomarker (PB). The PB chosen for
this study is the metabolite of serotonin, 5-hydroxyinoleacidic acid (5-HIAA). The PB allows for better consumption
estimates by allowing for the normalization of the contributing population. This paper will specifically focus on
method development for THC-COOH, and the optimized method, as well as preliminary concentration results of
THC-COOH, will be presented.

Modeling 9-mesityl-10-methylacridinium in a mesoporous aluminosilicate channel
Garcia, Natalya A.; Kowalczyk, Tim.* Department of Chemistry, Western Washington University, Bellingham,
Washington, 98225.

Experimental research suggests that placing 9-Mesityl-10-Methylacridinium (Acr-Mes) in a mesoporous
alumionsilicate (AlMCM-41) channel significantly lengthens the lifetime of the charge transfer state; this project
attempts to explain why. We used constrained density functional theory to calculate the optimized Acr-Mes
structures, the reorganization energy, and the driving force for charge recombination. From an MCM-41 unit cell
we built three MCM-41 reference models and substituted this MCM-41 unit cell to build three AlMCM-41 models.
The smaller models were optimized using density functional tight binding. For conformational sampling of Acr-Mes
in MCM-41 and AlMCM-41, we implemented a Monte Carlo simulation strategy with energies and forces obtained
from density functional tight binding. Monte Carlo steps are based on both a random move of the Acr-Mes centroid
and an internal motion scaled by the forces experienced on each atom and its mass. A comparison of electron
transfer parameters of free Acr-Mes and of Acr-Mes in the mesopore will help identify the physical origin of the
difference in excited state lifetimes.

Synthesis and characterization of the Diels-Alder adduct produced by 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD)
and alkyl-substituted naphthalenes
Garling, Matt C.; Cameron, Katie A.; Yakelis, Neal A.* Department of Chemistry, Pacific Lutheran University, Tacoma,
Washington, 98447

Traditionally, naphthalene based compounds are unreactive in Diels-Alder reactions. Using a strong dienophile
such as 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD) can allow the reaction to proceed at mild temperatures.  The
resulting adduct can display varying levels of reactivity and stability based on the type of substituents on the
naphthalene ring.  This research project focused on the use of 1,8-dimethylnaphthalene as a diene and PTAD as the
dienophile. PTAD was synthesized according to the procedure outlined by Tevye et al. This room-temperature
NMR-scale reaction was analyzed using 1H NMR spectroscopy in deuterated chloroform as the solvent. This
reaction shows promise as it is easily performed at room temperature to form a stable adduct, thus allowing for
isolation and characterization using standard techniques.  Such adducts have interesting properties beneficial to
thermally dynamic organic materials (dynamer) synthesis and drug release.
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Tetrazole photoclick reaction:  Bioorthogonal chemistry for terpene biofuel detection
Gladchuk, Angelina V.;  Smith, Madeline I.; Yakelis, Neal A.;* Freeman, Jon.* Department of Chemistry, Pacific
Lutheran University, Tacoma, WA, 98447.

The tetrazole photoclick reaction has been shown as a way to join organic molecules and biomolecules through
a bioorthogonal chemical reaction. Specifically, we are interested in reacting 2,5-diaryl-substituted tetrazoles with
branched chain terpenes like botryococcene that have terminal alkenes. This photoclick reaction produces a
fluorescent dihydropyrazole that has the potential to detect specific E. coli that are producing large amounts of
terpene biofuel. The challenge is making a water-soluble tetrazole that can permeate into E. coli cells. We sought to
synthesize a 2,5-diaryl-substituted tetrazole with benzyloxy groups that were later deprotected into hydroxyl
groups using boron tribromide.

Microbial degradation of biodiesel fuels in soil. Goodman, Michael R., Finney, Eric E.* Department of Chemistry,
Pacific Lutheran University, Tacoma, WA, 98447.

The effects of soil contamination on gasoline and other ignitable liquids have been studied, and it is known
that exposure to microorganisms can affect the composition of the liquid. The effects of soil contamination on the
composition of biofuels is less well known. Therefore, herein the effects of microbial degradation on the
composition of various blends of biodiesel have been examined. Using gas chromatography-mass spectrometry,
analysis of biodiesel samples after exposure to soil over the course of 30 days has shown a preference for the
degradation of fatty acid methyl esters over that of hydrocarbons found in diesel fuel. Analysis at different
temperatures, and differences between soil samples, reveal the extent to which exposure to soil can affect the
composition of biodiesel blends over time. The results are of interest in the field of soil remediation, as well as
ignitable liquid identification for fire investigations.

New drug incentives to end antibiotic resistance
Herzog, Hannah J., Smalley, Arwyn.* Department of Chemistry - Saint Martin’s University, Lacey WA, 98503.

Antibiotics are a drug used to rid your body of a bacterial infection. In common practice any molecule with
bactericidal (inhibiting) activity is now termed an antibiotic. The overuse and inappropriate prescribing of
antibiotics during the 20th century to today has led to increasing levels of antibiotic resistance, necessitating
development of new classes. The importance of knowing the structural difference between existing classes has
aided in finding antibiotic derivatives through the use of synthetic development. While providing more research
efforts to prepare uncultured soil samples that aids in the discovery of new microbes exhibiting antimicrobial
properties gives way in ending resistance. Through literature based research we can focus on the development of
new drug incentives and bring awareness in the need for more money for further research and development,
urging to secure treatment of future and existing disease.

Method development toward determination of endocrine disrupting compounds in seabird tissues by GC/MS.
Heusinkveld, Brad J,; Burgard, Daniel.* Department of Chemistry, University of Puget Sound, Tacoma, Washington,
98406.

Post-consumer plastic consumption by surface-foraging marine seabirds has been widely documented in the
North Pacific, causing population scale mortality and distress. Once consumed, lipid soluble plasticizers and known
endocrine disrupting compounds (EDCs) are suspected to leach from plastic particles and accumulate in seabird
tissues. While it is hypothesized that EDC loads in seabirds cause observable physiological changes, it is unknown
what classes of compounds are most responsible and at what concentrations. To asses these questions, we look to
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develop an effective, cost-efficient method for quantifying EDC loads in seabird tissues by GM/MS. For
demonstration, tissue samples of Northern Fulmars are extracted by soxhlet, cleaned and analyzed by GC/MS. Six
common species of phthalate esters are measured to show the feasibility and limitations of the method and assess
analytic performance. The method is intended to be versatile and simple to facilitate future research on endocrine
disrupting compounds in a variety of bird and invertebrate species.

Void content and solvent dynamics in composite structures. Hollcraft, Andrew, T.; Kirkness Tyler K.; Hackler, Ryan
A.; Rider, David A.* Department of Chemistry, Western Washington University, Bellingham, WA 98225.

The warp of a phenolic resin/fiber glass composite was investigated via void analysis (SEM) and volatile
analysis (TGA-FTIR), and solutions to warp were surveyed through various void-inducing additives. Overall void
content in a semi-cured polymer film was found to be a reliable indicator for average warp value when the warp
value is less than 0.3 mm or exceeds 1.4 mm. Three potential mechanisms responsible for the creation of voids
were considered, including solvent bubbling, effective polymer coating, and matrix surface tension. Ultimately the
dynamics of the solvent system used to produce the polymer film was found to be prominently responsible for the
creation of the voids, and that the presence of voids allow for the relief of stress upon complete curing of the
polymer film.

In-silico screening of highly functionalized benzofulvenes as possible competitive inhibitors of human
thioredoxin reductase 1.
Huff, Drew B.; Glass, Adam C*. Department of Chemistry, Pacific Lutheran University, Tacoma, WA, 98447.

The goal of our work is to explore several small molecules as possible inhibitors of Human Thioredoxin
Reductase 1 (TrxR1). TrxR1 inhibition has been shown to induce tumor cell apoptosis and prevent metastasis. We
aim to develop a library of compound leads and better understand the chemical nature of the protein-ligand
docking interaction for the future development of potential therapeutics against TrxR1. Computational modeling
with AutoDock Vina was employed to determine the docking affinity potential of a series of fulvene-based small
molecule ligands. The structural activity relationships of highly functionalized benzofulvene compounds revealed
several ligands with excellent in-silico affinity, a few examples have even produced nanomolar binding affinity.
Current work has transitioned into producing a full synthetic library and in-vitro testing.

Nucleophilic aromatic substitution on 5-fluoroindanone with secondary amines to create an intermediate to
form substituted benzofulvenes
Huynh, Quoc Bao L.; Okubo, James C.; Yakelis, Neal A.;* Glass, Adam C.* Pacific Lutheran University, Tacoma, WA,
98447.

Substituted benzofulvenes are a new class of potential inhibitors of thioredoxin reductase activity. Eventually, these
compounds has the potential application toward new chemotherapeutic methods of treating various forms of
cancer. A 5-aminoindanone intermediate is targeted en route to the desired benzofulvene architecture. The
reaction to form the 5-aminoindanone can be accomplished by a nucleophilic aromatic substitution reaction. A
sealed vial was heated in a microwave reactor to accelerate the nucleophilic aromatic substitution reaction
between the secondary amine and 5-fluoroindanone starting materials. In order to identify the crude product a
combination of gas chromatography mass spectrometry (GC/MS) and thin layer chromatography (TLC) were used.
The crude product spectra for each product were compared to standardized spectra for each reactant in order to
identify excess reactants and assist in identifying possible yield. Purification of the crude product was done by the
removal of excess solvent using reduced pressure and then flash chromatography. Each purified product was
further characterized by nuclear magnetic resonance spectroscopy (NMR).

Does exposure to canavanine cause an increase in oxidative stress in Saccharomyces cerevisiae?
Iverson, Jessika S.; Saxowsky, T*. Department of Chemistry, Pacific Lutheran University, Tacoma, WA, 98447.

17



Unrepaired DNA damage can lead to DNA mutations that change the cell’s phenotype. While this has been
well characterized in dividing cells, less is known about how this process occurs in nondividing cells. Still, when in a
state of growth arrest, some cells find a way to acquire a mutation that allows them to resume cell division; this
process is known as adaptive mutagenesis. Work by other groups has indicated that an increase in oxidative stress
might be a common feature of conditions that arrest cell division in the budding yeast Saccharomyces cerevisiae.
Thus, we investigated whether canavanine-induced growth arrest had a similar effect. A wild type strain was
exposed to the selective pressure canavanine for various lengths of time, incubated with an oxidation-specific dye
(CellRox Green) and analyzed using fluorescence microscopy. Our data shows that fluorescence intensity increases
over time of exposure to canavanine, indicating an increase in reactive oxygen species. This observation correlates
with the experimental determination that ogg1Δ cells (which lack the ability to repair 8-oxoguanine, a mutagenic
byproduct caused by exposure to reactive oxygen species) display an increased frequency of adaptive mutation to
canavanine resistance.

Reactions of N-heterocyclic carbenes with carbon dioxide – insights and challenges. Kaley, Elizabeth A.; Finney,
Eric*. Department of Chemistry, Pacific Lutheran University, Tacoma, WA, 98447.

The activation of carbon dioxide is an important step in converting CO2 to useful compounds. N-heterocyclic
carbenes (NHCs) have proven to be effective organocatalysts to accomplish this activation. Herein we describe
efforts to react the air-stable 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidine with CO2 to form the stable
NHC-carboxylate, with the hypothesis that this intermediate could be transformed to carbon-containing
compounds through reduction. The introduction of boranes as Lewis acids to enhance the reactivity toward CO2 is
also described. In addition, the preparation of oligomeric imidazolium compounds was explored, with the goal of
the development of materials to activate and convert CO2 and other small molecules.

Enhancing the stability of FeS2 nanoparticles. LaCour, Trent S.; Shrogren, Grant E.; Weintraub, Benjamin
A.* Science Division, Peninsula College, Port Angeles, WA, 98362.

In this project, FeS2 nanoparticles capped with thio-ligands, are studied for potential photovoltaic applications. 
Using UV-VIS spectrophotometry, the nanoparticles were found to be good absorbers across a broad range of
wavelengths. Further experimentation using techniques such as XRD were conducted to help identify structural
properties. Initially, it was found that nanoparticles were unstable in an oxygen environment. The stability was
enhanced using two approaches including exploration of various ligands and embedding the nanoparticles into a
matrix of Fe-Ni layered double hydroxide nanoplates. The nanoplates, in addition to increasing stability, will also
function as a catalyst to assist in electron transfer to and from the surface of the nanoparticles. 

Investigation of acene-containing covalent organic frameworks as candidates for singlet fission
Laszlo, Viktor A.; Kowalczyk, Tim.* Department of Chemistry, Western Washington University, Bellingham, WA
98225.

A growing number of organic molecular crystals have been shown to exhibit singlet fission in which energy is
transferred from a single exciton into a pair of triplet excitons, effectively producing two electron-hole pairs for
every photon absorbed. This work investigates the electronic properties of covalent organic frameworks (COFs)
containing embedded linear acenes to explore the hypothesis that such COFs can be designed to support singlet
fission. COF linkers consisting of linear acenes from benzene to pentacene are considered. Excited state calculations
with the maximum overlap method (MOM) were used in conjunction with constrained density functional theory -
configuration interaction (CDFT-CI) to study the low-lying electronic states and electronic couplings in these COFs.
The orientation of the two molecules involved in the transfer of energy plays an important role in the rate at which
singlet fission occurs; we employ molecular dynamics sampling to partially account for these effects. Charge
mobility within the framework was also characterized using a recently introduced strategy based on classical
electrical resistance theory. Our findings will help establish design criteria for supporting singlet fission in
nanostructured 2D materials extend the scope of electronic applications for COF materials.

Controlled delivery of molecular cargo through the retro-Diels-Alder reaction and the application towards
provitamin D release
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Lynde, Brock E.; Nehrenberg, Dylan A.; Yakelis, Neal A.* Department of Chemistry, Pacific Lutheran University,
Tacoma, WA, 98447.

The use of the retro-Diels-Alder (rDA) reaction could facilitate the delivery of pharmaceuticals at a controlled
rate over an extended period of time. A model system was developed to study the decomposition of
N-p-nitrophenyl-3,6-dihydro-1,2-oxazine Diels-Alder adducts in the presence of water to furnish the release of
p-nitroaniline, nitroxyl (H-N=O), carbon dioxide and a target diene by a multistep process initiated by the rDA
reaction followed by hydrolysis of the intermediate nitrosocarbamide. The kinetic studies for the breakdown of
these model systems was carried out at temperatures ranging from 40-70 °C in a 50:50 DMSO:H2O mixture. To
measure the rate of decomposition, the concentration of p-nitroaniline was measured by its UV-visible absorbance
spectrum every 15 minutes. The 9-10-dimethylantracene adduct had the fastest decomposition rate with a half-life
of 1 hour at 40 °C, while the butadiene adduct decomposed the slowest, with a half-life of 802 hours at the same
temperature.  In comparison, the 7-dehydrocholesterol (provitamin D) adduct has a half-life of 33 hours at 40 °C.

Carbon nanofoams as porous scaffolds for iron-air battery electrodes
Mayther, Maximillian F; Murphy, Sean D.; Lytle, Justin C.* Department of Chemistry, Pacific Lutheran University,
Tacoma, WA, 98447.

Metal-air batteries discharge greater amounts of specific energy than Li-ion batteries, but are limited to
discharging lesser amounts of specific power because the rates of the catalytic reduction of molecular oxygen and
the corresponding oxidation of metal anodes are slow. We hypothesize that if the surface area of metallic iron
anodes is increased by conformally depositing FeOx onto carbon nanofoams, then the specific power that these
electrodes discharge will increase because the amount of surface area on an electrode is directly related to the
current density that it can sustain. Carbon nanofoams are prepared by infiltrating and pyrolyzing phenolic
monomer within carbon fiber matrices. Then, conformal coatings of FeOx are deposited onto the macropore walls
of carbon nanofoams. The FeOx is electrochemically active and demonstrates both pseudocapacitance and redox
chemistry as iron atoms at the surface of each electrode are controllably reduced and then oxidized. These
materials can discharge at rates as high as 10 A g-1, but the capacity of these electrodes appears to fade rapidly
(50% loss in 10 cycles) as iron dissolves from each electrode. Other redox-active metals may improve cyclability and
allow a straightforward comparison to a nonporous and planar analogue.

Reaction of malononitrile with 1,4-dibromo-2-butene with the goal of forming a donor-acceptor
(DA)-cyclopropane to react with CO2

McGovern, Ashlee D.; Connors, Ashley M.; Yakelis, Neal A.;* Finney, Eric E.* Department of Chemistry, Pacific
Lutheran University, Tacoma, Washington, 98447.

Carbon dioxide is cheap and plentiful but does not react easily. Our goal was to find a compound that reacts
with carbon dioxide, so that it can be used to create larger molecules. Cyclopropanes with donor-acceptor groups
are a class of compounds that could potentially react with CO2 in a 1,3-dipole addition. A common problem with
this route is the cyclopropane reacting with itself to create a five carbon ring, but ideally the cyclopropane would
react with CO2 to create a 𝛾-butyrolactone. Malononitrile and 1,4-dibromo-2-butene were reacted using a cesium
carbonate base in THF overnight at 60°C. The intended product was a DA-cyclopropane with two nitrile groups as
the electron withdrawing groups and a vinyl group as the electron donating group
(1,1-dicyano-2-vinylcyclopropane).

Synthesis and properties of Ni2P hydrotreating catalysts on modified oxide supports
Morgan, Benjamin J.; Ilic, Boris; Danforth, Samuel J.; Bussell, Mark E.* Department of Chemistry and Advanced
Materials Science and Engineering Center, Western Washington University, Bellingham, WA, 98225.

Nickel phosphide (Ni2P) hydrotreating catalysts supported on phosphorus-modified alumina (Al2O3),
amorphous silica-alumina (SiO2-Al2O3), and silica (SiO2) have been investigated. Molybdenum sulfide catalysts are
used in industry to remove heteroatom impurities (S, N, O) from fossil fuels; however, stricter regulations have
raised interest in the development of new catalysts and Ni2P has been shown to be a promising alternative. The
utility of nickel phosphide for hydrodenitrogenation (HDN) and hydrodesulfurization (HDS) catalysis is limited by
undesirable interactions at the interface between Ni2P and the support. A series of modified supports have been
prepared by depositing P2O5 onto the surface of the support prior to catalyst synthesis. X-ray photoelectron
spectroscopy (XPS) was used to characterize the surface loadings of P2O5. Phosphorus-treatment inhibited
interactions between the support and the catalyst precursor allowing for the formation of Ni2P at lower
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phosphorus loadings than on unmodified supports. Catalysts synthesized on modified supports were characterized
by X-ray diffraction (XRD) to determine the average crystallite size and phase purity. The Brunauer-Emmett-Teller
(BET) method was used to determine microscopic surface areas and pore sizes of the catalysts. The HDS and HDN
properties of the catalysts will be discussed.

Synthesis and analysis of oxadiazole-containing low molecular weight gelators
Packard, Mary H.; Crane, Johanna.* Department of Chemistry, University of Puget Sound, Tacoma WA, 98416.

As study of molecular gels has increased over the past few decades, for uses such as drug-delivery vehicles and
membrane filters, low-molecular-weight gelators have become particularly interesting, because they help
understand how the compounds self-assemble to form gels. This project focused on the synthesis and
characterization of oxadiazole-derivative from hydrazide gelating precursors (previously prepared by Craig van
Bruggen, ‘12). Preliminary gelation studies with and without metal ions were performed to determine the
structural features and conditions (solvent(s), temperature, metal ion, etc.) are necessary for gelation.

Block copolymer templated bimetallic Pt-M nanoparticle systems for fuel cell catalysis: An ORR kinetic study.
Perez, Diane S.; Mikkelsen, Kyle T.; Rider, David A.* Departments of Chemistry and Engineering, Western
Washington University, Bellingham, WA, 98225.

There are two central issues regarding polymer electrolyte membrane fuel cells (PEMFCs) before they are
considered viable for practical applications: poor catalytic performance of a pure platinum cathode catalyst for the
oxygen reduction reaction, and the propensity for a pure platinum anode catalyst to become poisoned and
rendered inactive. For this reason, bimetallic Pt/M or M/M, where M is a cheaper metal, with higher catalytic
activity are desirable. A block copolymer templating method is presented to yield efficient nanoparticle catalysts
for implementation into PEMFCs. Different polystyrene-block-poly(4-vinylpyridine) (PS-b-P4VP) block copolymers of
block ratio ~3:1 were used to synthesize the nanoparticles. The templating method was used to control size,
morphology, structure, and composition. A full study was done on a platinum/gold system, utilizing cyclic
voltammetry coupled with a rotating ring-disk electrode, x-ray photoelectron spectroscopy, and transmission
electron microscopy. The catalysts were all subjected to activity testing for the oxygen reduction reaction, which
took place at a fuel cell cathode, and the kinetics were calculated with favorable results.

Blocking the reversibility of sortase-mediated ligations: Applications in protein modification and surface
immobilization. Perkins, Lorena L; Philip, Marina C; Row, R. David; Roark, Travis J.; Antos, John M.*
Department of Chemistry, Western Washington University, Bellingham, WA, 98225.

The use of sortase enzymes as a method of site-specific protein modification is an increasingly powerful
method in industry and academia. Sortase enzymes are transpeptidases that attach proteins to the cell wall of
Gram-positive bacteria. Sortase A from Staphylococcus aureus (SrtAstaph) recognizes the sequence LPXTG (X = any
amino acid). SrtAstaph cleaves this sequence between the threonine (T) and glycine (G), generating an acyl-enzyme
intermediate with the substrate covalently bound to the cysteine in the enzyme active site. This intermediate is
then attacked by the terminal amine of a glycine, releasing the product. However, due to the reformation of the
LPXTG sequence and release of an N-terminal glycine, the reaction is highly reversible. In order to drive the
reaction to completion, a significant excess of one of the reactants is required. To circumvent this issue, a novel
sortase recognition site (LPXTGGH) has been designed containing a masked Ni(II) binding peptide. Sortase-catalyzed
ligations using LPXTGGH result in an excised GGH fragment, which in turn binds Ni(II) and limits reaction
reversibility. Here we present our efforts to extend this strategy beyond model peptide substrates to include
applications in full size protein modification and surface immobilization.

Laser induced breakdown spectroscopy (LIBS) as a tool for real-time analysis of airborne silica. Rarick, John;
Gerbec, Ian; Prier, Michael;‡ Mason, Greg;‡ McLaughlin, Ryan.* Department of Chemistry* & Department of
Mechanical Engineering,‡ Seattle University, Seattle, WA, 98122.

Exposure to silica (silicon dioxide, SiO2) from coal mine dust or other sources can represent a significant health
hazard for workers. Infrared detection methods from the Mine Safety and Health Administration (MSHA, method
P7) have a significant delay time for processing and generally occur off-site. Real-time measurements of airborne
silica would be a vast improvement in terms of safety. In partnership with the National Institutes of Occupational
Safety and Health (NIOSH) and the Mechanical Engineering Department at Seattle University, an instrument
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designed for the real-time determination of airborne silica using Laser Induced Breakdown Spectroscopy (LIBS) has
been developed. The current phase of the project involves the optimization and calibration of the instrument in
order to determine if reliable, linear response to the sampled analytes can be achieved. Examination of the LIBS
signal produced from sodium and calcium salt aerosols, as well as known-mass samples of silica prepared on filter
paper, were performed. These experiments show promising results, suggesting that this technique is a potential
approach for real-time analysis of silicates. Further testing of the LIBS instrument with silica dust generated via an
aerosol chamber is currently underway.

Optimizing silk fibroin hydrogels for use as nerve conduits. Sanders, Emily C.; Severt, Sean Y.; Murphy, Amanda R.*
Department of Chemistry, Western Washington University, Bellingham, WA, 98225.

Regaining function of peripheral or central nerves damaged by trauma or disease is a problem that researchers
in the field of biomaterials are actively trying to resolve. An ideal material for this purpose must be biocompatible,
3D, robust, flexible, degradable, multi-channeled, and electrically conductive to bridge nerve gaps and encourage
directional axonal growth. The silk fibroin protein found in the cocoon of the Bombyx mori silkworm is a
biomaterial that meets most of these requirements when processed into a hydrogel form. Previous work in our
group has demonstrated that when modified using a diazonium coupling reaction, the fibrous protein gains anionic
character and can form an electrically conductive hydrogel containing an interpenetrating network of cationic
conducting polymers. This project aims to improve these hydrogels by optimizing reaction conditions, morphology,
and conducting polymer choice to give materials with optimal chemical and physical properties for use as nerve
conduits.

Polymer vapped Au and Au/Pd nanoparticles for catalysis reactions. Siepser, Natasha P.; Rider, David A.*
Department of Chemistry, Western Washington University, Bellingham, WA, 98225.

Polyethylenimine- capped gold nanoparticles (PEI- capped Au NPs) and polyethylenimine- capped gold/
palladium nanoparticles (PEI- capped Au/Pd NPs) were studied for the applicability to catalyze the oxidation of
substituted benzyl alcohol compounds and direct alcohol fuel cell (DAFC) reactions. Electrostatically assembled
multilayers of each were fabricated with the polymer, poly(3,4-ethylenedioxythiophene):poly(p-styrenesulfonate)
[(PEDOT:PSS)−Na+]. The multilayer films were characterized by laser ablation inductively coupled plasma mass
spectroscopy, scanning force microscopy, ultraviolet-visible spectroscopy, and tested for catalytic activity using
cyclic voltammetry. Preliminary results showed catalytic activity for ethanol oxidation using multilayer samples of
4.5:1 Pd:Au. Studies are currently underway to assess the catalytic activity of multilayer samples in ethanol with
varying ratios of Pd:Au. Additionally, PEI- capped Au NPs were used to oxidize substituted benzyl alcohol
compounds to their respective benzaldehyde or benzoic acid derivatives; the catalytic activity for these oxidation
reactions were evaluated by chromatography, infrared spectroscopy, and proton nuclear magnetic resonance.

Synthesis of mechanically robust, conducting copolymers for use as biomedical actuators. Spence, Dylan K.;
Murphy, Amanda R.* Department of Chemistry, Western Washington University, Bellingham, WA, 98225.

Conducting polymers can be fabricated into devices that function as actuators, which are able to induce
mechanical action or motion when a voltage is applied. These devices can operate in aqueous electrolytes, allowing
them to function in vivo and serve as biomedical devices. In order for a conducting polymer to work well as a
biomedical actuator, it must be hydrophilic, so that electrolyte ions can easily permeate through the material in a
water-based solution. It also must be mechanically durable and able to withstand flexion from actuation. Currently,
there are few examples of conducting polymers that meet these criteria. Conducting polymers tend to be rigid,
brittle and have poor ion conductivity. This project seeks to alleviate these issues by co-polymerizing the
conducting polymer poly(hydroxymethyl 3,4-ethylenedioxythiophene) (PEDOT-OH) with poly(ethylene glycol)
(PEG). PEG is a water-soluble polymer that is quite flexible and a good ion conductor, so we hypothesize that the
resulting copolymer will have combined properties of PEG and PEDOT-OH that will enhance its actuation ability.
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Here, the synthesis and characterization of the monomers needed to make these co-polymers will be presented, as
well as initial polymerization results.

Sulfur leaving group kinetic isotope effects for the butyrylcholinesterase-catalyzed hydrolysis of
formylthiocholine. Stillman, Anthony D.; Gao, Xin.; Robins, Lori I.* School of Science, Technology, Engineering &
Mathematics, University of Washington Bothell, Bothell, WA, 98011.

Thioester hydrolysis plays an important role in organic and biochemical processes. Thioesters function as “high
energy” acyl groups in acyl transfer reactions, and serve as substrates in a diverse set of enzyme-catalyzed
reactions such as Claisen Condensations and hydrolysis. A deeper understanding of the mechanism of thioester
hydrolysis may provide insight for the future design of enzyme inhibitors. To investigate the mechanism of thioester
hydrolysis, multiple kinetic isotope effects (KIEs) were determined for the non-enzymatic and
butyrylcholinesterase-catalyzed hydrolysis of formylthiocholine (FTC). In this poster, current progress will be
reported on a procedure to determine the leaving group sulfur KIE for the butyrylcholinesterase-catalyzed
hydrolysis of FTC. These results will be compared with KIEs for the leaving group sulfur in a variety of
non-enzymatic conditions. 

Oxidizing aldehydes with water: Catalysts for the aldehyde-water shift. Tran, Jeremy C.; Brewster, Timothy P.;
Heinekey, D. Michael;* Goldberg, Karen I.* Department of Chemistry, University of Washington, Seattle, WA, 98195.

Carboxylic acids are ubiquitous in chemistry and find use in a variety of applications in both industry and in
academic research, including as polymer precursors, synthetic building blocks, and food preservatives. Modern
routes to synthesize these compounds often involve harsh conditions or reagents harmful to both the environment
and human health. An alternative synthetic route is the aldehyde-water shift reaction; in this relatively unknown
reaction, an aldehyde is oxidized by water to a carboxylic acid with release of hydrogen gas. The use of water as
both solvent and reagent and the mild reaction conditions could potentially reduce the impact of aldehyde
oxidation on the environment.

Two major classes of half-sandwich catalysts for this reaction have been investigated for activity in catalyzing
this reaction with a variety of aldehyde substrates: one series of catalysts features iridum, rhodium, and ruthenium
metal centers with bipyridine ligands, while the other series features diamine ligands on ruthenium. Using 1H NMR
and GC-FID to analyze reaction products, many of the catalysts were observed to disproportionate aldehydes to
alcohols and carboxylic acids in competition with the desired oxidation to carboxylic acids. Mechanistic studies and
catalyst optimization for selective dehydrogenative oxidation are presented.

Implications of transcription in adaptive mutagenesis using dst1 knockout cell lines of S. cerevisiae. Velasquez,
Jorge H.; Saxowsky, T. Department of Chemistry, Pacific Lutheran University, 12180 Park Ave S, Tacoma, WA, 98447.

Drug resistance in cells has been of great interest because it can render certain treatments for diseases
ineffective, presenting a major problem to modern medicine. Cells experiencing growth arrest due to drug selective
pressure are capable of acquiring mutations that confer resistance via adaptive mutagenesis. Under such
conditions, replication does not occur, but transcription must continue to provide proteins necessary for survival.
To study the effects of transcription on adaptive mutagenesis in the yeast Saccharomyces cerevisiae, we generated
a mutant cell line lacking the DST1 gene which encodes transcription factor IIS (TFIIS). Our experimental data
indicated that this mutation contributed to an increase in the adaptive mutation frequency upon growth arrest by
canavanine as compared to a control strain (dst1Δ: 2.54 x 10-7; wild type: 1.53 x 10-7). This increase was
exacerbated in cell lines that also lacked OGG1, an enzyme responsible for base excision repair (BER) of the
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oxidative lesion 8-oxoguanine (dst1Δ ogg1Δ: 1.15 x 10-6; ogg1Δ: 5.34 x 10-7), indicating interactions between
transcription and unrepaired DNA damage. These results have implications on the involvement of transcription in
adaptive mutagenesis, a relationship worth further exploration.

Progress toward an O2-carrying therapeutic based on a single-chain hemoglobin framework. Wo, Serena W.;
Sigurjonsson, Johann; Apperson, Jamie; Murphy, Michael; Hyuhn, Ngoc-An; Anthony-Cahill, Spencer.* Department
of Chemistry, Western Washington University, Bellingham, WA, 98225.

Our research is focused on the production of a hemoglobin based oxygen carrier (HBOC) that can be used as a
therapeutic in the event of acute blood loss. In addition, HBOCs have been shown to increase the efficacy of
ionizing radiation during cancer treatment. To achieve this goal, the subunits of the cell-free HBOC must not
dissociate when transfused. Ideally, the HBOC would have the oxygen carrying characteristics (binding affinity and
cooperativity) of whole blood. Our initial design implemented the co-expression of circular permutated β-globin
subunits (cpβ) with α-globin subunits (α-cpβ). Subsequent constructs incorporated the covalent linkage of α and
β-globin subunits to generate a single-chain α-cpβ heterodimers (sc-α-cpβ). Preliminary experimentation indicated
that our permuteins preferred the high affinity R-state conformation over the low affinity T state. This led to the
addition of T-state stabilizing point mutations and the covalent linkage between sc-α-cpβ dimers (scHb).
Preliminary ligand binding kinetics data for scHb indicate a preference for the T-state. We are currently working on
the structural characterization of scHb as well as inclusion of further T-state stabilizing mutations.

Investigating a new synthetic route for production of N,N'-dihydroxyurea exploiting O-tert-butyldiphenylsilyl
(TBDPS) protection.
Wong, Jitkanya; Huang, Sunny; Yakelis, Neal A.* Department of Chemistry, Pacific Lutheran University, Tacoma, WA,
98447-0003.

The purpose of this research project is to develop a new route to synthesize N,N'-dihydroxyurea – a compound
known to have biological activity as a cell growth inhibitor. Previous routes have used phosgene and triphosgene
and have been low-yielding. We envision the reaction between O-protected hydroxylamine and phenyl
chloroformate as a potential route to the O,O'-diprotected-N,N'-dihydroxyurea. In particular, tert-butyldiphenylsilyl
(TBDPS) protection was the strategy investigated. The starting NH2OTBDPS was synthesized utilizing
tert-butyldiphenylsilyl chloride and hydroxylamine hydrochloride. This protected nucleophile underwent reaction
with phenyl chloroformate to form the phenyl carbamate intermediate or O,O'-(TBDPS)2-N,N'-dihydroxyurea urea
by a stepwise scheme. The versatility of N,N'-dihydroxyurea as a heterodienophile in a Diels-Alder reaction when
oxidized to carbamoylnitroso species could make it a useful compound for further medicinal, biological, and
industrial applications.

Electrochemical evaluation of modifications to the secondary coordination sphere on novel biomimetic CO2

reduction catalysts. Ziegler, Joshua M.; Gilbertson, John D.* Department of Chemistry, Western Washington
University, Bellingham, WA, 98225.

Mitigating the environmental impact of anthropogenic carbon dioxide emissions is a major challenge that must
be undertaken to prevent the exacerbation of problems such as global warming and ocean acidification. One
attractive route to address this challenge is through reduction of CO2 to a more useful chemical feedstock, such as
CO. A problem that arises in the reduction of CO2 to CO is the very negative potential required to drive the
reduction in the absence of a catalyst. In this work we have synthesized iron-based catalysts inspired by the active
sites of metalloenzymes. Iron was chosen due to its high earth-abundance and low cost. We have developed a
catalyst based on the redox-active pyridinediimine(PDI) ligand scaffold with one of the imines derived from
2,6-diisopropylaniline and the other imine derived from pendant lewis acids. These catalysts have been evaluated
by cyclic voltammetry to determine catalytic activity, and will be discussed.
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The American Chemical Society Puget Sound Section

William J. Wasserman Scholarship

The William J. Wasserman Scholarship from the Puget Sound Section of the American Chemical Society is

awarded to chemistry students at two-year colleges and universities in Washington.

William J. Wasserman (1925 – 2005) was committed to excellence in chemistry education and the

promotion of science.  Born in New York City, he moved to Los Angeles in his youth and developed an interest in

chemistry while an undergraduate at the University of California – Los Angeles.  His college studies were

interrupted by World War II.  During the war he served in the United States Navy, where he found himself assigned

to electronics repair alongside a great many chemistry majors. During the war he served in the Pacific, based at

Guam.  After the war, he completed his B.Sc. in Chemistry at UCLA and completed a M.Sc. at the University of

Southern California.  He pursued doctoral research in organic chemistry at the University of Washington, working

under the supervision of Professor Sargent Powell, earning a Ph.D. in 1954.   In subsequent years he held positions

in industry and academia along the west coast, returning to Seattle for good in 1967 as an instructor at the newly

formed Seattle Central Community College.

At Seattle Central, Bill Wasserman developed the chemistry program, expanding instruction to include

organic chemistry classes and creating a novel training program in Chemical Technology.  He worked on the

development of the Chem-Tech education training materials as part of an in-residence writing team at the

University of California Berkeley in 1970.    In 1980 he obtained a grant from the National Science Foundation to

develop computer-assisted chemistry education programs for community college students, leading to the

acquisition of some of the first personal computers at Seattle Central (Commodore PETs).  Over the years he trained

hundreds of advanced students in organic chemistry, many of whom went on to careers in medicine,

pharmacology, as well as chemistry.  He retired from Seattle Central in 1996.

Over the years, Bill Wasserman made strong contributions to the American Chemical Society.  In 1982 he

served as the chair of the Puget Sound section of the ACS.  In the subsequent year, he enjoyed a highlight of his

career serving as the General Chairman of the 1983 ACS National Meeting held in Seattle, coordinating interactions

between the local and national organizations.  He particularly enjoyed programming the music played on the

International Fountain during the conference at the Seattle Center, for which he selected music composed by

scientists. He served for many years as a National Councilor for the section, promoting local interests at ACS

meetings and serving as an advisor for national meeting planning.

Outside of science, Bill Wasserman was extremely active in Seattle politics and had a strong interest in

enology.  He frequently combined his interests in wine and chemistry, organizing symposia at the local and national

level in wine chemistry.

Bill Wasserman was married in 1959 to Harriet Wasserman (trained as a chemist and subsequently active

in computer education).  They raised two science and technology-oriented children – Wayland Wasserman (a

computer programmer in Seattle) and Wyeth Wasserman (Professor of Medical Genetics at the University of British

Columbia.)

Bill was enormously optimistic about the potential for science education to provide opportunities to

students and to improve the quality of life in Washington, and with this in mind, the Puget Sound Section of the

American Chemical Society awards the William J. Wasserman Scholarshi
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The American Chemical Society Puget Sound Section

Julia Ann Rutherford Scholarship

The Julia Ann Rutherford Scholarship from the Puget Sound Section of the American Chemical Society is

awarded to chemistry majors studying at four-year colleges and universities in western Washington. Julia

Rutherford (1989 – 2011) was a 2008 graduate of Eatonville High School and a student at Pacific Lutheran

University.  She was killed on July 3, 2011 while hiking on snow near Aasgard Pass in the Cascade Mountains near

Leavenworth, Washington.

As a middle school student, Julia was an active member of the Knowledge Bowl, football team, and band.

She also attended high school math classes, albeit a bit early.  Once in high school, she participated in band, swim

team, Knowledge Bowl, and competed with the math team at the state level.  She was also a member of the

Tacoma Youth Symphony and the Metro Tacoma Fencing Club.    Julia graduated from Eatonville High School in

2008 as a National Merit Scholar.

Julia received seven full-tuition scholarship offers from around the country, but chose to attend Pacific

Lutheran University in Parkland.  There, she thrived.  She became active in the Cycling Club, Chamber Choir, the

University Orchestra, and Chemistry Club – through which she became active with the American Chemical Society.

She was able to attend national meetings of the ACS.  Julia planned on earning a Ph.D. in chemistry and pursuing a

career in research.  Regarding Julia, Chemistry Department Chair Craig Fryhle said, "She had a drive, a

self-determination and motivation that would have taken her far in research.  She was part of the fabric of our

department.  Let us remember the capable, enthusiastic young woman that Julia was, and the bright spark that she

brought to our midst.”

In May of 2012, the Pacific Lutheran University Board of Regents, with much encouragement from the

Division of Natural Sciences, posthumously awarded Julia a Bachelor of Science degree, officially designating her as

a member of the PLU graduating class of 2012.  Her degree was awarded Magna Cum Laude, with majors in

chemistry (including Departmental Honors), physics, and a minor in mathematics.

During Julia’s junior year at PLU, she was one of a handful of college students nationwide invited to attend

the ACS Leadership Institute in Fort Worth, TX as a student leader and chemistry ambassador.  During that

conference, in a recorded interview with ACS Senior Science Writer, Doug Dollemore, Julia was asked what her

motivation was for wanting to share chemistry with others.  Julia’s answer was:

Well, I have to admit, when I was growing up I had so many role models.  I had teachers and

community members who would really reach out to me.  And it was like they saw something in me --

that I could do whatever I wanted and that those people were going to help me get there.  And I've

seen them do this not only for me, but for countless other students.  I have so much respect for

educators who are really inspiring and engaging.  And I feel the need, personally, to do that for other

children and to teach -- especially younger people, people who may not have had every opportunity,

young women and -- really anyone who wants to be something and hasn't always thought it was

possible, that they are capable of learning and being whatever they want to be.

It is with these things in mind about Julia that the Puget Sound Section of the American Chemical Society

named this award in her honor in 2012 – the Julia Ann Rutherford Scholarship.
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