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We thank all our sponsors for their generous support of this conference,
which has allowed for an exciting and rewarding program.
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The Full Program with all oral and poster abstracts can be found at:

http://i-aps.org/pdf/2019_IAPS_Meeting_Schedule_and_Abstracts.pdf
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WEDNESDAY, J ANUARY 2, 201 9
Registration

4:00 – 7:00 pm

Opening Comments from the Organizers
Amanda Morris & Malcolm Forbes

7:00 – 7:10 pm

SESSION 1.
Session Chair: Kristen Wustholz, College of William & Mary

7:10 – 9:00 pm

Emily Weiss, Northwestern University
Regio- and Diastereoselective Triplet-Initiated Intermolecular [2+2]
Cycloadditions Photocatalyzed by Visible-Light-Absorbing Quantum Dots

7:10 – 7:50 pm

2018 George S. Hammond Award Lecture (introduction by Jim McCusker)
Joseph Hupp, Northwestern University
Metal-Organic Frameworks as Platforms for Photophysics, Photochemistry, and
Photocatalysis

7:50 – 7:55 pm
7:55 – 8:55 pm

Reception and poster session, Sunset Lounge, Lido Beach Resort

9:10 – 11:00 pm

Full listing of poster abstracts available at http://i-aps.org
THURSDAY, JANUAR Y 3, 2 019
SESSION 2.
Session Chair: Jeffrey Rack, University of New Mexico

8:30 – 12:05 am

Luisa De Cola, Université de Strasbourg
Self-assembling Luminescent Complexes: From understanding to artificial virus

8:30 – 9:10 am

Catherine McCusker, East Tennessee State University
Quantifying the Triplet State Formation Yield in Zinc Dipyrrin Complexes

9:10 – 9:40 am

Coffee Break

9:40 – 10:00 am

Joel Rosenthal, University of Delaware
Palladium Oligotetrapyrrole Complexes as Efficient Phototherapeutic Agents
of Triple-Negative Breast Cancer

10:00 – 10:40 am

Elizabeth Young, Lehigh University
Mechanistic Insights to Excited-State Proton-Coupled Electron Transfer using Inorganic
Model Systems

10:40 – 11:20 am

Jessica White, Ohio University
Photoactivated Ru(II),Mn(I) Bimetallic Complexes for CO Release and Singlet
Oxygen Production

11:20 – 11:50 am
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Inorganic Photochemistry for the Study of Amyloid-Β Aggregates
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11:50 am – 12:30 pm

Lunch

12:30 – 2:00 pm

SESSION 3.
Session Chair: Alexis Ostrowski, Bowling Green State University

2:00 – 5:25 pm

Kirk Schanze, University of Texas at San Antonio
Triplet States in Organometallic Conjugated Materials

2:00 – 2:40 pm

Graham Fleming, University of California, Berkeley
Two-Dimensional Electronic-Vibrational Spectroscopy of Photochemical and
Biological Dynamics

2:40 – 3:20 pm

Coffee Break

3:20 – 3:40 pm

2018 I-APS Gerhard Closs Student Award Lecture (introduction by Ksenija Glusac)
Marija Zoric, University of Illinois-Chicago
Metal-free Models for OER Catalysis

3:40 – 3:45 pm
3:45 – 4:05 pm

Remi Beaulac, Michigan State University
Quantum Confinement Resilience in Semiconductor Nanomaterials

4:05 – 4:45 pm

Daniel Nocera, Harvard University
A Complete Artificial Photosynthesis–Food and Fuel from Sunlight, Air and Water

4:45 – 5:25 pm

Dinner

5:25 – 7:00 pm

SESSION 4.
Session Chair: Jim McCusker, Michigan State University

7:00 – 9:10 pm

2018 I-APS Fellow Lecture (introduction by Thomas Kinstle, BGSU Emeritus Faculty)
R. Marshall Wilson, Bowling Green State University
Photomasking Groups to DNA Photomanipulation, 50 years of Light Chemistry

7:00 – 7:05 pm
7:05 – 8:05 pm

2018 I-APS Fellow Lecture (introduction by Jim McCusker)
Fred Lewis, Northwestern University
My 50 Years in Photochemistry: Reflections on Science and Scientists

8:05 – 8:10 pm
8:10 – 9:10 pm

Poster Session, Sunset Lounge, Lido Beach Resort
Full listing of poster abstracts available at http://i-aps.org/

9:10 – 11:00 pm

The Full Program with all oral and poster abstracts can be found at:
http://i-aps.org/pdf/2019_IAPS_Meeting_Schedule_and_Abstracts.pdf
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FRIDAY, JANUAR Y 4, 201 9
SESSION 5.
Session Chair: Felix Castellano, North Carolina State University

8:30 – 12:15 pm

John Asbury, Pennsylvania State University
Molecular Origins of Electronic Structure: Developing Design Rules for Emerging
Photovoltaic Materials From Pentacenes to Perovskites

8:30 – 9:10 am

Jessica Anna, University of Pennsylvania
Photoinitiated Processes of Natural Light Harvesting Complexes and Model Systems
Revealed Through Two-Dimensional Electronic Spectroscopy

9:10 – 9:40 am

Coffee Break

9:40 – 10:00 am

Corey Stephenson, University of Michigan
Redox Catalysis Strategies for Complex Molecules

10:00 – 10:40 am

Ksenija Glusac, University of Illinois at Chicago
Photocatalytic NADH-analog systems for fuel-forming reactions

10:40 – 11:20 am

2017 Gerhard Closs Post-Doctoral Award Lecture (introduction by Jim McCusker)
Renato Sampaio, Brookhaven National Laboratory
The Underlying Effects of Triethanolamine in the Mechanism of Photocatalytic CO2
Reduction with Ruthenium(II) Carbonyl Catalysts

11:20 – 11:25 pm
11:25 – 11:45 pm

2018 I-APS Young Investigator Award sponsored by the Journal of Photochemistry and Photobiology,
published by Elsevier (introduction by Jim McCusker)
11:45 – 11:50 am
Kenneth Hanson, Florida State University
11:50 – 12:20 pm
Chemical Transformations via Excited State Proton and Electron Transfer Reactions
Ian Stanton, Edinburgh Instruments

12:20 – 12:30 pm

Lunch

12:30 – 2:00 pm

I-APS Business Meeting

1:30 – 1:55 pm

SESSION 6.
Session Chair: Jayaraman Sivaguru, Bowling Green State University

2:00 – 5:30 pm

Maria Abrahamsson, Chalmers University of Technology
Mechanistic Understanding of Energy and Electron Transfer Reactions in
Hybrid Materials

2:00 – 2:40 pm

Hiroshi Imahori, Kyoto University
Molecular Engineering of Organic Photovoltaics and Solar Fuels

2:40 – 3:20 pm
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Announcement and Presentation of 28th Winter Conference Poster Award Winners
Amanda Morris & Malcolm Forbes
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3:40 – 4:00 pm

Distinguished Woman in Science Lecture Sponsored by the Center for Pure & Applied Photosciences,
Bowling Green State University: Nancy Pizarro, Universidad Andrés Bello, Santiago
4:00 – 4:40 pm
Mechanistical Study of the Photochemistry of p-n-Bidentate Rhenium Complexes:
Potential Reactive Species Release
2018 I-APS Award in Photochemistry Lecture (introduction by Jim McCusker)
Dirk Guldi, Friedrich Alexander University Erlangen-Nürnberg
Towards Breaking the Barrier to 100% Charge Transfer

4:40 – 4:45 pm
4:45 – 5:55 pm

Banquet at Tommy Bahama's
The banquet site is located at 300 John Ringling Blvd. It is a fifteen-minute walk from
the hotel and is adjacent to St. Armand's Circle. The menu is Caribbean-style buffet
and there will be vegetarian options available.

6:30 – 10:30 pm

SATURDAY, JANUARY 5, 2019
SESSION 7.
Session Chair: Travis White, Ohio University

8:30 – 12:15 pm

2018 Giuseppe Cilento Award Lecture (introduction by Jim McCusker)
Alejandro Cadranel, University of Buenos Aires
Energy transfer studies on ruthenium polypyridines using transient absorption
spectroscopy

8:30 – 8:35 am
8:35 – 9:05 am

Monica Gonzalez, National University of La Plata and INIFTA
Silicon and Carbon 2-5 nm Size Photoluminescent Nanoparticles for uses in
Nanomedicine.

9:05 – 9:45 am

Vladimir Popik, University of Georgia
Application of the Excited State Proton Transfer in 3-Oxymethyl-2-naphthols for the
Photo-release of Biological Substrates and the Development of Photochromic and
Fluorogenic Compounds

9:45 – 10:25 am

Coffee Break

10:25 – 10:45 am

Belinda Heyne, University of Calgary
Boosting Singlet Oxygen: From Bench to Bedside

10:45 – 11:25 am

Richard Givens, University of Kansas
Hidden Chemistry at Conical Intersections: Mechanistic Limitations and Controlling
Factors in Caged Release Photolylises

11:25 – 12:05 pm

Closing Remarks

12:05 – 12:15 pm
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Map to Banquet Location: Tommy Bahama Restaurant, 300 John Ringling
Blvd, Sarasota, FL 34236

Banquet will take place on the 2nd floor, 6:30-10:30 pm
Friday, January 4th, 2019
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Regio- and Diastereoselective Triplet-Initiated
Intermolecular [2+2] Cycloadditions
Photocatalyzed by Visible-light-Absorbing
Quantum Dots
Yishu Jiang, Chen Wang, Cameron Rogers, Mohamad
Kodaimati, and Emily A. Weiss*
Department of Chemistry, Northwestern University
Tetrasubstituted cyclobutyl structures are precursors to, or core components of, many important
bioactive molecules, including prospective drugs. Light-driven [2+2] cycloaddition is the most direct
strategy for construction of these structures. [2+2] photocycloadditions that proceed through the
triplet excited state are advantageous because (i) their scope is not limited by the electrochemical
potentials of the substrate, (ii) triplets have long enough lifetimes to mediate intermolecular
cycloadditions, and (iii) triplets can be accessed using visible (as opposed to UV) light through
excitation of a triplet sensitizer, such as a transition metal complex or organic chromophore, followed
by triplet-triplet energy transfer (TT EnT). Synthetic applications of [2 + 2] photocycloadditions however
also demand high selectivity, not only for specific coupling products, but also for particular stereoand regioisomers of those products. Achieving selectivities for (i) a particular regioisomer of the
coupled product, (ii) a particular diastereomer of the coupled product, and (iii) homo- vs. heterocoupling within a mixture of reactive olefins still remains a challenge. Here, we discuss the use of
colloidal CdSe quantum dots (QDs) as visible light absorbers, triplet exciton donors, and scaffolds to
drive homo- (photodimerization) and hetero- (cross coupling) intermolecular [2+2]
photocycloadditions of 4-vinylbenzoic acid derivatives, with (i) perfect and switchable
regioselectivity and (ii) 97-98% diastereoselectivity for the previously minor syn-head-to-head (HH)
or syn-head-to-tail (HT) configurations of the adducts. The diasteromeric ratios (d.r.) we achieve are
a factor of 5 - 10 higher than those reported with all other triplet sensitizers. Furthermore, the sizetunable triplet energy of the QD enables regioselective hetero-intermolecular couplings through
selective sensitization of only one of the reagent olefins.

10

Metal-Organic Frameworks as Platforms for
Photophysics, Photochemistry, and
Photocatalysis
Joseph T. Hupp
Department of Chemistry, Northwestern University
Porous, crystalline metal-organic frameworks (MOFs) hold the promise of arranging and organizing
light-harvesting molecules in useful, antenna-like fashion. This talk will touch on what we have learned
about: a) constructing stable, water-proof versions of such arrays, b) integrating them with electrodes
and photoelectrodes, c) directionally propagating excitons through them and capturing excitons at
MOF/solution, MOF/electrode, and MOF/vacuum interfaces, d) directionally propagating electrons,
holes, and charge-compensating ions through MOFs, e) building needed arrays of cluster-based
catalysts within MOFs in parallel, yet atom-by-atom, fashion, and f) using the assembled structures to
drive classic light-to-chemical and light-to electrical energy conversion reactions. The focus will be
on what we and others have learned in terms of transferable design rules and what we have learned
about controlling catalytic pathways and chemical mechanisms.
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Self-assembling luminescent complexes: from
understanding to artificial virus
Luisa De Cola
Institute de Science et d'Ingénierie Supramoléculaires (I.S.I.S.), University of
Strasbourg and KIT, Germany (decola@unistra.fr)
Luminescent molecules that can undergo self-assembly are of great interest for the development
of new materials, sensors, biolabels…. The talk will illustrate some of the recent results on soft structures
based on metal complexes able to aggregate in fibers, gels and soft mechanochromic materials [1].
The emission of the compounds can be tuned by an appropriate choice of the coordinated ligands
as well as of their aggregation in different structures. The formation of soft assemblies allows the tuning
of the emission color, by pressure and temperature leading to a new class of materials possessing
reversible properties. The monitoring of the different emission properties, used as fingerprint for each
of the assembled species, allowed an unprecedented real-time visualization of the evolving selfassemblies [2]. The assemblies can be employed as very sensitive labels for the detection of toxins
and drugs [3]. Indeed, even though sensing based on fluorescent and luminescent probes are
commonly used, the use of aggregates in water allows to distinguish between analytes possessing
very similar electronic properties. Sensing can also be done using electrochemiluminescence, ECL.
We have recently achieved the first example of aggregation induced ECL showing that assemblies
in solution and in the solid state (deposited on the electrode) can generate bright emission [4].
Finally, I wish to close my talk showing novel capsules that can be realized using a unique approach
to template virus proteins to reconstruct virus-like particles. We use luminescent Pt(II)-complex
amphiphiles, able to form supramolecular structures in water solutions, that can act as templates of
viruses capsid proteins. The platinum assemblies can have different morphologies and extremely high
emission of which the color depends on the assembly. Interestingly we are able to change the size
and shape of the particles even though we use the same natural proteins. The obtained virus-like
particles can be visualized by their intense emission at room temperature, generated by the selfassembly of the Pt(II)-complexes inside the capside [5].

References
[1] C. A. Strassert, L. De Cola et al. Angew. Chem. Int. Ed., 2011, 50, 946; M. Mauro, L. De Cola et al.
Chem. Commun. 2014, 50, 7269,
[2] A. Aliprandi, M. Mauro, L. De Cola Nature Chemistry , 2016, 8, 10-15
[3] S. Sinn, L. De Cola et al. Chem. Eu. J., 2017, 23, 1965-1971.
[4[ S. Carrara, A. Aliprandi, C. Hogan, L. De Cola J. Am. Chem. Soc. 2017, 39, 14605–14610.
[5] S. Sinn, L. De Cola et al. J. Am. Chem. Soc. 2018, 140, 2355-2362.
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Quantifying the Triplet State Formation Yield
in Zinc Dipyrrin Complexes
Norah Z. Alqahtani, Toni Blevins, and Catherine E. McCusker*
Department of Chemistry, East Tennessee State University
Solar photocatalysis offers a mechanism to harness the sun’s energy and store it in chemical bonds,
creating new fuels. While there are many known fuel-forming catalysts based on first-row transition
metals, there are few examples of earth abundant photosensitizers. Metal complexes of
dipyrromethene (dipyrrin) ligands have potential as sensitizers for photocatalysis. These ligands
possess the intense visible absorption properties of the related porphyrins, while being more
synthetically accessible. First row transition metal complexes of dipyrrin ligands are known, but the
photophysical properties of these complexes are generally unexplored. In zinc dipyrrin complexes
the tetrahedral geometry allows for interligand charge transfer, forming a charge separated (CS)
state. In polar environments the CS state is stabilized and quenches the S1 fluorescence. It is theorized
that the CS state also enhances the intersystem crossing (ISC) to the long lived T1 state. This
presentation will quantify the triplet extinction coefficient and quantum yield for a series of zinc
dipyrrin complexes in both polar and non-polar solvents to determine if increased CS state formation
(as determined by fluorescence quenching) does lead to increased triplet state formation.
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Palladium Oligotetrapyrrole Complexes as
Efficient Phototherapeutic Agents of TripleNegative Breast Cancer
Joel Rosenthal
Department of Chemistry and Biochemistry, University of Delaware
Photodynamic therapy (PDT), which involves the photoinduced sensitization of singlet oxygen is an
attractive treatment strategy for certain types of cancer, and the development of new
photochemotherapeutic agents remains an active and important area of research. PDT offers
several advantages over more traditional cancer treatments, as it is less invasive than surgical
options, lacks the side effects associated with conventional chemotherapy or radiation treatments,
and allows cancerous tissues to be selectively targeted via directed irradiation of the affected area.
Macrocyclic tetrapyrroles including porphyrins, phthalocyanines, chlorins, and bacteriochlorins have
been pursued for PDT applications but have historically been difficult to prepare/purify and can suffer
from high non-specific dark toxicity, poor solubility in biological media and/or slow clearance from
biological tissues. Given these shortcomings, the widespread success of PDT treatment strategies
awaits the development of new phototherapeutic agents. Toward this end, we have developed a
series of novel linear tetrapyrrole architectures complexed to late transition metals, such as Pd(II), for
use in PDT. We find that these dimethylbiladiene (Pd[DMBil1]) tetrapyrrole complexes efficiently
sensitize generation of singlet oxygen upon irradiation with long-visible light with quantum yields
approaching unity. Functionalization of the Pd[DMBil1] scaffold with polyethylene glycol (PEG)
chains, makes these systems water soluble and biocompatible. Photophysical studies demonstrate
that the Pd[DMBil1]–PEG conjugates maintain their ability to sensitize singlet oxygen production and
are highly stable under aqueous conditions. Experiments employing triple-negative breast cancer
(TNBC) models highlight the promise of the dimethylbiladiene scaffold for PDT; millimolar
concentrations of the Pd[DMBil1]–PEG complexes are well tolerated by cells in the dark, while
incubation with nanomolar concentrations is sufficient to induce phototriggered apoptosis of the
TNBC models. As such, the Pd[DMBil1]–PEG conjugates show a remarkably high phototoxicity index
of over 5000, which is significantly larger than those observed for traditional tetrapyrrole PDT agents.
Additional efforts to elaborate Pd[DMBil1], and its use in combination with gold nanoshells for tandem
long-wavelength photothermal/photodynamic therapies will also be discussed.
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Mechanistic Insights to Excited-State ProtonCoupled Electron Transfer using Inorganic
Model Systems
Elizabeth Young
Department of Chemistry, Lehigh University
Energy conversion processes are driven by charge transfer. Most chemists think primarily of electron
rearrangements involved in chemical reactions, however, protons are intimately involved in
facilitating these critical energy storing and harnessing reactions. To understand these chemical
processes, fundamental, mechanistic understanding of electron transfer (ET) coupled with proton
motion is critically important in order to connect molecular structure with chemical reactivity.
Drawing from nature, chemists have sought insight from this proton-coupled electron transfer (PCET)
to improve energetic and kinetic favorability of chemical transformations. Chemists can seek
additional energetic advantage by using solar energy to drive such coupled reactions. Therefore,
fundamental mechanistic insight to the influences of proton motion on photo-induced ET is
imperative to connect molecular structure with photo-chemical reactivity. Mechanistic study of
excited-state PCET must modulate both the ET and proton transfer (PT) pathways in model systems.
Towards this end, model systems that can be systematically tuned to vary one aspect, while keeping
other factors the same need to be developed. This talk will describe our efforts with both
unidirectional or bidirectional excited-state PCET model systems. Our work on bimolecular PCET
centers on the molecular PCET building block ferrocenyl-amidinium (Fc–am) in aqueous conditions.
Orthogonal, bimolecular quenching in water between [Ru(bpy)3]2+ and two ferrocene derivatives,
Fc–am and ferrocenyl-trimethylammonium (Fc–mam) reveals unexpected mechanistic insight to
factors influencing excited-state PCET. To garner a better understanding of unidirectional ET
processes, we have designed a donor-acceptor system model system for excited-state PCET through
hydrogen bonds that occur between ligands on the D and A moieties. We describe several rhenium
photo-oxidants, [Re(CO)3(4,4′-R1-bpy)(4-Pam)](PF6), where R1 is varied to tune the ET driving force of
the complex and 4-pyridylamidine (4-Pam) is used to form hydrogen-bonding interfaces to an
electron donor moiety.
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Photoactivated Ru(II),Mn(I) Bimetallic
Complexes for CO Release and Singlet
Oxygen Production
Rachael N. Pickens, Julia J. Kathman, Shanan T. Ashton, and
Jessica K. White*
Department of Chemistry and Biochemistry, Ohio University
The rich and tunable visible light photoreactivity of Ru(II) and Mn(I) complexes offers exciting
opportunities for the development of less invasive and spatiotemporally controlled treatment of
cancers and other diseases. Ru(II)-diimine are known to produce singlet oxygen with moderate-tohigh quantum yield under visible light, a feature that makes this class of compounds promising as
anti-cancer agents through oxidative damage of biomolecules only with a light stimulus. Strategies
for the photoactivated release of CO ligands from Mn(I) complexes using light were developed with
a class of compounds called photoCORMS (photoactivated CO releasing molecules). CO is proapoptotic and anti-proliferative toward cancer cells at high concentrations, so providing a method
to control its delivery is desirable for anti-cancer treatment. Our lab currently focuses on the design,
synthesis, and photochemistry of new diimine-bridged Ru(II),Mn(I) bimetallic complexes that release
multiple CO ligands and a singlet oxygen-generating photosensitizer from a single molecule when
irradiated with low energy visible light. The new molecular architecture is designed to provide a
platform for probing the impact of codelivering CO and singlet oxygen with spatiotemporal control.
The design, synthesis, and investigation of electronic properties of the new diimine-bridged
Ru(II),Mn(I) complexes as well as the ligand exchange photochemistry that occurs upon excited state
population and the factors dictating the efficiency will be presented.
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Inorganic Photochemistry for the Study of
Amyloid-b Aggregates
Angel Martí
Department of Chemistry, Rice University
Protein misfolding and aggregation mark the onset of a variety of neurodegenerative diseases
including Alzheimer’s disease (AD) and Parkinson’s disease (PD). For AD in particular, different stages
in the misfolding and aggregation of amyloid-b (Ab) has been related to the development of this
disease. Ab is a relatively unstructured peptide of 39 to 42 amino acids in length, which can form soluble
(oligomers) and insoluble (fibrils) aggregates. Amyloid-b fibrils possess a cross-b spine with a regular
structure surrounded by large random coil regions. The intrinsic degree of disorder in these Ab structures
makes the study of its structure and interactions with small molecules, using traditional laboratory
techniques such as X-ray diffraction and nuclear magnetic resonance (NMR), challenging.
Nonetheless, structural information on the binding of small molecules to Ab is necessary for developing
better diagnostics and drugs targeting to diminish the deleterious effect of Ab fibrils on neurons. Here
we will present our studies on the structure and binding sites of Ab using Re(I) carbonyl
dipyridophenazine complexes. These complexes present unprecedented properties for labeling
amyloid aggregates, which involve increase in photoluminescence and selective chemical labeling.
We have found that amyloid fibrils get photooxidized by the metal complexes nearby the place of
binding. In addition, we discovered that rhenium complexes can photooxidize soluble Ab monomers
on amino acids that are distinct from those in the fibrils, suggesting a different binding place than for
the fibrils. We will discuss how finding these photooxidation spots can help in elucidating molecular
binding sites in soluble and insoluble Ab structures. These photochemical modifications have profound
effects on the folding landscape, as well as the self-assembly and stability of amyloid aggregates.
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Triplet States in Organometallic Conjugated
Materials
Kirk S. Schanze
Department of Chemistry, University of Texas at San Antonio
Triplet excited states (excitons) play an important role in the application of organic materials. For
example, in organic light emitting diodes, harvesting of triplet excitons affords a substantial
enhancement in external quantum efficiency and luminous efficiency. In organic solar cells,
recombination to produce triplet states can reduce the efficiency of photocurrent generation. Our
research program has explored the properties of triplet excitons in p-conjugated polymers and
model oligomer systems. This work has taken advantage of the effect of spin-orbit coupling
enhancement by heavy metal centers that are strongly coupled to the p-conjugated electronic
system. In particular, platinum(II) acetylides and orthometalled platinum(II) complexes give rise to
enhanced intersystem crossing efficiency and in some cases room temperature phosphorescence.
This allows facile investigation of the energetics and dynamics of triplet exciton states. Topics of
interest include triplet excited state structure and delocalization in conjugated molecules, the effect
of electronic structure on intersystem crossing efficiency, triplet exciton diffusion length, triplet states
in organic solar cells and in near-infrared light emitting diodes.
References
1. Lewis and Kasha, “Phosphorescence and the Triplet State”, J. Am. Chem. Soc., 1944, 66, 2100–2116.
2. Guo, et al. “Platinum-Acetylide Polymer Based Solar Cells: Involvement of the Triplet State for
Energy Conversion”, Chem. Commun. 2006, 1887-1889.
3. Liu, et al. “Photophysics of Monodisperse Platinum-Acetylide Oligomers: Delocalization in the
Singlet and Triplet Excited States”, J. Am. Chem. Soc. 2002, 124, 12412-12413.
4. Mei, et al. “Low-Band-Gap Platinum Acetylide Polymers as Active Materials for Organic Solar Cells”,
ACS Appl. Mater. Interfaces 2009, 1, 150-161.
5. Graham, et al. “Extended Conjugation Platinum(II) Porphyrins for use in Near-Infrared Emitting
Organic Light Emitting Diodes”, Chem. Mater. 2011, 23, 5305-5312.
6. Goswami, et al. “Photophysics of Organometallic Platinum(II) Derivatives of the
Diketopyrrolopyrrole Chromophore”, J. Phys. Chem. A 2014, 118, 11735-11743.
7. Cekli et al. “Dual Energy Gap Dependence of Triplet Excited State Properties in Variable Gap πConjugated Donor-Acceptor-Donor Chromophores”, 2016, 7, 3621-3631.
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Two-Dimensional Electronic-Vibrational
Spectroscopy of Photochemical and
Biological Dynamics
Graham R Fleming*, Eric Wu, Eric Arsenault and Pallavi
Bhattacharyya
Department of Chemistry University of California, Berkeley Lawrence Berkeley
National Laboratory, Kavli Energy NanoScience Institute
Two-dimensional electronic-vibrational (2DEV) spectroscopy is a new spectroscopic method that
contains a number of unique pieces of information. The method correlates the evolution of the
nuclear degrees of freedom with that of the electronic degrees of freedom. We have found the
center line slope of the peaks in the 2D spectrum to be a valuable quantity and the method will be
illustrated with data on the conical intersection-mediated internal conversion of triphenyl methane
dyes. 2DEV spectra can also be used to provide spatial “flags” on the location of electronic
excitations. This capability will be illustrated via electronic energy transfer studies of the major plant
light harvesting complex LHCII. Finally, if time permits new theoretical results on the calculation of
2DEV spectra will be briefly described.

19

Metal-free Models for OER Catalysis
Marija R. Zoric*1,2, Ksenija D. Glusac1,2
1Department

of Chemistry, University of Illinois at Chicago
2Chemical Sciences and Engineering Division, Argonne National Laboratory
Today, as we struggle to meet the world’s energy needs, the (electro)chemistry of oxygen species,
such as oxygen evolution reaction (OER) and oxygen reduction reaction (ORR), is at the center of
chemist’s attention: the interconversion between oxygen and water plays an important role in
renewable energy technologies, such as fuel cells, metal-air batteries, and water electrolyzers. The
electrochemical OER/ORR often occur with sluggish kinetics and at sizeable overpotentials, so finding
efficient catalysts for these reactions is of paramount importance. Our research is focused on
identifying metal-free molecular motifs capable of catalyzing OER/ORR and pinpointing the
mechanism of catalysis, and then incorporating those motifs for above mentioned applications.
One avenue of our research included investigation of small organic cations as co-catalysts for OER
on various metal and metal-free electrodes. Utilizing the cooperation between heterogeneous and
homogeneous catalysts is a novel and promising approach towards improved electrocatalytic
systems. We report such synergic catalysis involving xanthylium-based catalyst, Xan2+, and oxides
formed on the electrode surface. Based on these findings, we propose a mechanism in which
oxidized Xan2+ acts as a Lewis acid that activates surface oxides towards the critical, ratedetermining O-O bond formation step. In light of our findings, efficient OER electrocatalysis can be
readily achieved using heterogeneous materials that strongly bind oxygen species and electrondeficient organic cations.
On the other hand, we investigated O-O bond formation step in homogeneous catalysis, since this
step is most challenging in OER. Three covalently-linked dimers (DPE, XAN, BP) composed of
xanthenol units connected by appropriate linkers (diphenyl ether, xanthenol, biphenyl) were
prepared and characterized, with the aim to investigate the feasibility of O-O bond formation from
metal-free alcohols. The alkoxy radicals of model diols were generated using the Suárez reaction and
their O-O coupling to form peroxides was investigated. The peroxide formation was observed only
from the BP dimer, the outcome supported by conformational analysis of model compounds.
Additionally, we proposed reaction mechanism for peroxide formation based on experimental
findings and detailed DFT study.
Moving forward, we are implementing some of our organic cations that are active towards ORR
catalysis into Li-O2 batteries. This is novel approach of using solution-based catalysis with aim to lover
discharge overpotential and improve overall battery capacity. Recently, we synthesized welldefined carbon quantum dots and nanoribbons with different functionalities which show promising
OER catalysis. Those structures could find application in Zn-O2 batteries. Furthermore, we are also
electrochemically depositing carbon quantum dots onto conductive, already porous structures such
as carbon fiber paper or graphene foam. High porosity and conductivity of these materials make
them very promising candidates for cathode materials in metal-air batteries as well as
supercapacitor applications. This work has significant impact in design of new catalytic materials for
energy storage applications.
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Quantum Confinement Resilience in
Semiconductor Nanomaterials
Rémi Beaulac
Department of Chemistry, Michigan State University
Colloidal semiconductor nanocrystals (NCs) share the fascinating electronic, optical, and chemical
properties that characterize all semiconductor materials. Like their bulk counterparts, the electronic
excitations of NCs are delocalized, but the absence of translational periodicity leads to electronic
excitations that are highly sensitive on their overall size and shape, an effect designated under the
term “quantum confinement”. In general, NCs are particularly well-suited for a host of applications –
optical sensing and imaging, light-emission, photovoltaics, or photo-redox transformations – that rely
on the extraction of work, of one form or another, from electronically-excited NCs, but another
intriguing aspect of NCs is the possibility to accumulate rather large densities of delocalized charge,
dozens or hundreds of equivalents per NC in some instances. This scenario, which can be realized
through a variety of chemical or electrochemical approaches, is often limited by chemical
challenges associated with the stabilization of such high charge densities. This presentation will
highlight recent efforts to characterize and manipulate colloidal indium nitride (InN) NCs, a highly
stable system that spontaneously accumulates large electron densities, independently of NC size,
which is at odds with the behavior observed in other nanoscaled semiconductor systems. The origin
and implications of this quantum confinement resilience - the ability to to effectively counteract the
kinetic and coulombic energy increase associated with charge localization at the nanoscale - will
be discussed and contrasted with the typical behavior associated with most semiconductor
materials that have been studied up to this point.
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A Complete Artificial Photosynthesis–Food
and Fuel from Sunlight, Air and Water
Daniel G. Nocera
Harvard University
Hybrid biological | inorganic (HBI) constructs have been created to use sunlight, air and water (as
the only starting materials) to accomplish carbon fixation and nitrogen fixation, thus enabling
distributed and renewable fuels and crop production.
The carbon and nitrogen fixation cycles begin with the artificial leaf, which was invented to
accomplish the solar fuels process of natural photosynthesis – the splitting of water to hydrogen and
oxygen using sunlight – under ambient conditions. To create the artificial leaf, an oxygen evolving
complex of Photosystem II was mimicked, the most important property of which was the self-healing
nature of the catalyst. Self-healing catalysts of the artificial leaf permit water splitting to be
accomplished using any water source—which is the critical development for: (1) the artificial leaf, as
it allows for the facile interfacing of water splitting catalysis to materials such as silicon and (2) the
bionic leaf, as it allows for the facile interfacing of water splitting catalysis to bioorganisms. For the
latter, using the tools of synthetic biology, a bio-engineered bacterium has been developed to
convert carbon dioxide from air, along with the hydrogen produced from the catalysts of the artificial
leaf, into biomass and liquid fuels, thus closing an entire artificial photosynthetic cycle. The HBI, called
the bionic leaf, operates at unprecedented solar-to-biomass (10.7%) and solar-to-liquid fuels (6.2%)
yields, greatly exceeding the 1% yield of natural photosynthesis.
Extending this approach, a renewable and distributed synthesis of ammonia (and fertilizer) at
ambient conditions has been created by coupling solar-based water splitting to a nitrogen fixing
bioorganism in a single reactor. Nitrogen is fixed to ammonia by using the hydrogen produced from
water splitting to power a nitrogenase installed in a bioorganism. The ammonia produced by the
nitrogenase can be diverted from biomass formation to extracellular production with the addition of
an inhibitor. The nitrogen reduction reaction proceeds at high turnover per cell and operates without
the need for a carbon feedstock (other than the CO2 provided from air). This nitrogen fixing HBI can
be powered by distributed renewable electricity, enabling sustainable crop production.
The science that will be presented will show that using only sunlight, air and water, a distributed
system may be established to produce fuel and food. Such science will be particularly useful to the
poor of the world, where large infrastructures for fuel and food production are not tenable.
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Photomasking Groups to DNA
Photomanipulation, 50 years of Light
Chemistry
R. Marshall Wilson
Department of Chemistry, Bowling Green State University
General strategies for research will be discussed with emphasis on photochemistry. Photochemistry
provides a unique form of chemistry in that it can be turned on or off instantly by throwing a switch
and that it can be directed at a specific target and leave surrounding targets untouched. In this
presentation 50 years of photochemistry developed by the author will be summarized. These areas
include: 1) Photomasking groups (benzoin esters), 2) Oxygen trapping of biradicals, trioxane and
peroxide formation, 3) Transient laser spectroscopy, 4) High-intensity laser photochemistry including
carbon plasma chemistry, and 5) Nucleic acid (DNA-RNA) photomanipulation The unreported
aspects of these chemistries will be discussed and strategies for future research described.
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My 50 Years in Photochemistry: Reflections on
Science and Scientists
Frederick D. Lewis
Department of Chemistry, Northwestern University
In July 1969 I attended my first Gordon Research Conference on Organic Photochemistry, about a
month prior to joining the faculty at Northwestern University as an Assistant Professor. Two years ago
I was invited to present a lecture at the I-APS Winter Meeting as winner of the Porter Medal for
Photochemistry. Having retired and closed my laboratory over a year ago, I have had some time to
reflect upon my 50 years in photochemistry. Today I would like to share a few of these reflections. I
will briefly outline how starting with the photochemistry of aryl alkyl ketones I ended up studying DNA
electron transfer. I will also describe the crucial role interactions with other scientists, many of them
initiated at conferences, influenced the direction of my career and also provided some lasting
friendships. I will conclude with some comments about the history and future of I-APS.
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Molecular Origins of Electronic Structure:
Developing Design Rules for Emerging
Photovoltaic Materials From Pentacenes to
Perovskites
John B. Asbury
Department of Chemistry, The Pennsylvania State University
Molecules figure prominently in the electronic properties of emerging materials ranging from singlet
fission sensitizers such as pentacenes to halide perovskites that are being targeted for next generation
photovoltaics. This talk will focus on two case studies. In the first study, we investigate the dynamics
of excitons during singlet fission and how spin-correlated intermediates known as correlated triplet
pairs evolve into separated triplet excitons. Unique vibrational modes of triplet excitons that have
successfully separated from correlated triplet pairs are identified and used to track the dynamics of
this process with unprecedented clarity and state specificity. The measurements provide new insight
about electronic relaxation processes that compete with triplet exciton multiplication, which informs
ongoing work to increase the rate and yield of the process for high performance photovoltaic
materials that can exceed the efficiency of silicon solar cells. In the second study, we investigate the
influence that thermal fluctuations have on the soft, anharmonic lattice of halide perovskites and
reveal their effect on electronic states, transport and recombination of charges formed by
absorption of light. Unlike traditional semiconductors, large amplitude fluctuations of atoms in halide
perovskites lead to the formation of large polarons that extend the charge carrier lifetime nearly an
order of magnitude without significantly decreasing their mobility. This unusual behavior leads to the
remarkable ability of halide perovskites to convert sunlight to electricity with efficiencies that
approach those of silicon solar cells. Direct observation of the transition from free-carrier to large
polaron states using mid-infrared spectroscopy reveals design rules about how to tune the
recombination and transport properties of halide perovskites for still higher performance and more
stable materials.
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Photoinitiated Processes of Natural Light
Harvesting Complexes and Model Systems
Revealed Through Two-Dimensional
Electronic Spectroscopy
Jessica Anna
Department of Chemistry, University of Pennsylvania
Understanding electronic energy transfer and electron transfer reactions in multichromophoric
assemblies is an active area of research spanning the fields of natural and artificial photosynthesis
and photovoltaics. In this talk I will discuss our recent investigations in this area focusing on two
different systems: the naturally occurring light harvesting complex photosystem I and BODIPY based
light harvesting chromophores. Photosystem I (PSI) drives oxygenic photosynthesis through a series of
photoinitiated transmembrane electron transfer reactions that occur with a high quantum efficiency.
Understanding the mechanism by which this process occurs is fundamental to deciphering the near
unity quantum efficiency of PSI, and in turn could lead to further insight into PSI based technologies
for solar energy conversion. I will discuss our recent studies using two-dimensional electronic
spectroscopy to investigate how energy flows through PSI complexes isolated from different
cyanobacterial strains. In the second part of the talk, I will discuss our recent studies on the ultrafast
photoinitiated processes of BODIPY chromophores, chromophores used as light harvesters in artificial
photosynthetic complexes. By applying two-dimensional electronic spectroscopy to different BODIPY
derivatives we reveal ultrafast solvation dynamics and characterize their Franck-Condon active
vibrational modes.
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Redox Catalysis Strategies for Complex
Molecules
Corey Stephenson
Willard Henry Dow Laboratory, Department of Chemistry, University of Michigan
Single electron transfer (SET) processes – frequently utilized by Nature to activate its substrates –
significantly enhance the reactivity of organic molecules. These SET reactions provide facile access
neutral radicals – reactive intermediates that are particularly attractive for use in complex settings as
a consequence of their general lack of reactivity with polar functional groups. The use of redox
catalysis (e.g. photocatalysis and electrocatalysis) furthers the benefits of SET processes enabling the
reduction of stoichiometric waste byproducts and toxic or hazardous reagents compared with
classical approaches. The development of methodologies involving organic free radicals
underpinned on practicality and mechanistic understanding with demonstrated applications in
complex molecule synthesis (pharmaceuticals and natural products) exploiting batch and flow
reactor designs will be presented in this talk.

References
[1] Staveness, D.; Bosque, I.; Stephenson, C. R. J. Acc. Chem. Res. 2016, 49, 2295.
[2] Beatty, J. W.; Stephenson, C. R. J. Acc. Chem. Res. 2015, 48, 1474.
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Photocatalytic NADH-analog systems for fuelforming reactions
Ksenija D. Glusac
Department of Chemistry, University of Illinois at Chicago
Chemical Sciences and Engineering Division, Argonne National Laboratory
In photosynthetic organisms, CO2 reduction is achieved via hydride transfer from NADH cofactors,
while the catalytic cycle is closed using photochemical reduction of NAD+ by water. In our work, we
attempt to mimic this chemistry using artificial NADH analogs adsorbed on photocathode surface for
photochemical regeneration (see figure). In this biomimetic approach, the selectivity for methanol
production will be achieved, while the undesired proton reduction will be suppressed by metal-free
catalysts.

We studied the photochemical recovery of a series of NADH-analogs using GaP photocathode and
found that the NAD+ analogs with sufficiently long excited-state lifetimes can serve as photosensitizers, which leads to an increase in the light-harvesting efficiency of the GaP-NAD+ system. The
second investigation involved the determination of thermodynamic hydricities of a series of NADH
analogs. This study provided the structure-property relationships in model compounds and the results
have pinpointed two molecular motifs that show promise as potential catalysts for CO2 reduction.
This study provides important mechanistic insights into the CO2 reduction by metal-free catalysts.
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The Underlying Effects of Triethanolamine in
the Mechanism of Photocatalytic CO2
Reduction with Ruthenium(II) Carbonyl
Catalysts
Renato N. Sampaio*, David C. Grills, and Etsuko Fujita
Chemistry Division, Brookhaven National Laboratory
Triethanolamine (TEOA) is a tertiary amine and a strong base, largely used for industrial and consumer
products, such as in medicine and the cosmetic industry. In chemistry-related research, TEOA has
contributed significantly to the advancement of the fundamental science of artificial photosynthesis,
in particular the H+ and CO2 reduction half reactions. Light-driven CO2 reduction catalysis towards
CO and/or formate production requires chromophores to harvest light to create excited states that
in some cases may be potent enough to transfer photoproduced electrons to activate catalysts that
are in solution or covalently linked. This process occurs in kinetic competition with recombination
pathways that often limit the overall efficiency of photoinduced
electron-transfer and the following catalytic reactions. Hence,
to maximize the desired reactions, sacrificial electron donors
have been routinely exploited in so-called three component
systems, consisting of a chromophore, electron donor, and
catalyst. TEOA possesses an irreversible oxidation around 0.5 V vs
NHE and high solubility in aqueous and organic solvents, which
makes it a suitable sacrificial reductive quencher for the excited
states of chromophores, generating strongly reducing
chromophore radicals. In other cases, TEOA plays a secondary
role, such as in four component systems, where it acts as a Lewis base to ensure the irreversibility of
another, more potent, sacrificial electron donor, or even takes part in the overall mechanism of
catalysis. However, a large body of past and current research completely disregards the possible
secondary roles of TEOA when proposed catalytic mechanisms are described. For instance, TEOA
was recently found to bind to metal centers of catalysts and to assist in the capture of CO2 in the
ground state.
In this talk, we will present a systematic study of the mechanism of CO2 reduction by ruthenium(II)
carbonyl-based catalysts, and provide compelling evidence of the overall role of TEOA in
determining the catalytic pathways towards formate production. A series of [Ru(dmb)2(CO)(X)](2+ or
1+) (dmb = 4,4′-Me -2,2′-bipyridine) catalysts were synthesized based on their expected roles as
2
reaction intermediates and were systematically analyzed with (spectro)electrochemical methods
and nanosecond time-resolved infrared spectroscopy using both conventional pulsed-laser
excitation and pulse radiolysis. The results presented herein, in addition to existing reports, may alert
to others that TEOA should not be naively excluded when proposing reaction mechanisms in the
photocatalytic reduction of CO2 with transition metal complexes.
Acknowledgment: The work carried out at BNL was supported by the U.S. Department of Energy,
Office of Science, Office of Basic Energy Sciences, Division of Chemical Sciences, Geosciences, &
Biosciences, under contract DE-SC0012704.
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Chemical Transformations via Excited State
Proton and Electron Transfer Reactions
Kenneth Hansona,b
aDepartment

of Chemistry & Biochemistry, Florida State University
Science & Engineering, Florida State University

bMaterials

For the past five years, the Hanson research group has studied light-matter interactions of
molecules/materials ranging from organic dyes to actinide coordination complexes. The primary
goal being to understand the structure-property relationships that dictate their performance in
various applications including solar energy conversion, photocatalysis, and photochemical
separations. Here we will provide an overview of our work to date by first briefly summarizing our use
of metal ion linked multilayer assembly to control photoinduced energy and electron transfer events
at molecule-metal oxide interfaces. Then we will describe our strategy of using excited state proton
transfer to facilitate organic transformations (left figure) including the catalytic and enantioselective
protonation of a prochiral substrate as well as the enantioenrichment of BINOL via
photoisomerization. Finally, we will close by share our progress towards using wavelength selective
excitation to facilitate the separation of transition metals and actinides (right figure).
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Mechanistic Understanding of Energy and
Electron Transfer Reactions in Hybrid Materials
Maria Abrahamsson
Chalmers University of Technology
Efficient solar energy conversion, to electricity in a photovoltaic (PV) device or to solar fuels in a
dye sensitized photoelectrosynthetic cell (DSPEC) relies on efficient utilization of the absorbed
photons, either in energy transfer processes or in charge transfer events. The rates for the different
energy and electron transfer processes needs to be controlled and tuned, to avoid destructive
pathways and to increase the overall efficiencies of the processes.
To some extent rates can be tuned by molecular design, since molecules typically provide tuning
opportunities. However, many applications require solid state materials, or semi-solidstate materials,
and a material-oriented approach is often favorable to stabilize the highly reduced states generated
in the multi-electron transfer processes required for e.g. solar fuels generation. Here, a traditional
approach using nano-structured semiconductor electrodes to control primary charge separation
and secondary electron transfer will be discussed. The use of patterned dye sensitized mixedsemiconductor thin films results in at least a factor of ca 50 longer-lived charge separated state
compared to a single semiconductor thin film. Furthermore, we prove conduction band mediated
electron transfer to a catalyst, and preliminary results indicate that we may have a two-electron
transfer process if dye:catalyst ratios are favorable. In addition, mechanistic understanding of
photophysical and -chemical processes in low molecular weight gelator-materials with relevance to
photon upconversion and singlet fission will be discussed.
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Molecular Engineering of Organic
Photovoltaics and Solar Fuels
Hiroshi Imahori
Department of Molecular Engineering, Graduate School of Engineering, Kyoto
University
Photoinduced charge separation is one of the most basic processes in physics, chemistry, and
biology. For instance, photosynthetic reaction center in natural photosynthesis, photoinduced multistep electron transfer generates a long-lived charge separation (CS) state with ~100% efficiency,
leading to light-to-chemical energy conversion. In contrast, photoinduced CS at the interfaces of
organic photovoltaics and solar fuels generates an electron-hole pair, followed by charge transport,
eventually achieving conversion of light to electricity or chemical energy. However, the interfaces of
semiconductor/dye and donor/acceptor (D/A) in organic photovoltaics and solar fuels often suffer
from significant loss of the CS state during the conversion processes, which is a challenge toward the
efficient conversion.
In this talk I will give an overview of our initiatives on molecular engineering of D-A molecules and
sensitizers toward highly efficient organic photovoltaics and solar fuels. In particular, I highlight the
following three topics related with the molecular engineering: i) porphyrins for dye-sensitized solar
cells, ii) porphyrins for solar fuels, and iii) fullerene derivatives for bulk heterojunction solar cells.
1) Angew. Chem. Int. Ed., 54, 9052 (2015). 2) Angew. Chem. Int. Ed., 56, 3329 (2017). 3) Chem. Sci., 8,
181 (2017). 4) Chem. Eur. J., in press.
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Mechanistical Study of the Photochemistry of
p,n-Bidentate Rhenium Complexes: Potential
Reactive Species Release
Alison Acosta,1 Javier Antipán,1 Catalina Sandoval,1
Germán Günther,2 Andrés Vega,1 Nancy Pizarro1 *
1 Universidad

Andrés Bello, Departamento de Ciencias Químicas, Facultad de
Ciencias Exactas
2 Universidad de Chile, Departamento de Orgánica y Fisicoquímica, Facultad
de Ciencias Químicas y Farmacéuticas

ReI-diimine complexes, [(N,N)Re(CO)3X], upon excitation with UV-Vis light, mainly yield a triplet metalto-ligand charge transfer excited state (3MLCT). Then, the 3MLCT-excited state decays to the ground
state by radiative and/or non-radiative processes or experiences a photochemical reaction to give
products. Despite of the great amount of research related to ReI-diimine complexes, the photoproduct
or reactive species generation, remain largely unexplored, which could have potential use in practical
applications such as synthesis, remediation or photodynamic therapy (PDT). Rhenium(I) complexes
with hybrid P,N-bidentate ligands, like 2-pyridyl-diphenylphosphine, have been prepared for synthetic
or catalytic purposes. We have recently reported the syntheses and photophysical properties of
rhenium(I) tricarbonyl complexes with this phosphine-imine ligand: [P,N-{(C6H5)2(C5H4N)P}Re(CO)3Br]
(RePNBr),
[P,N-{(C6H5)2(C5H4N)P}Re(CO)3(O-CF3SO3)]
(RePNTfO)
and
[P,N1-3
{(C6H5)2(C5H4N)NHP}Re(CO)3Br] (RePNNBr) (Figure 1). In this work, we present the kinetic and the
photochemistry of these mononuclear complexes followed by UV-Vis or IR spectroscopy, exploring the
mechanism and the possibility of singlet oxygen, O2(1Dg), or carbon monoxide (CO) generation.

Figure 1. Photolysis of RePNBr followed by IR and structure of the studied complexes.
Acknowledgement: Authors acknowledge financial support from Fondecyt 1160749, 1160546, PIA
Conicyt Anillo ACT 1404, FONDEQUIP EQM160099 and UNAB DI-1253-16/R.
References:
[1] Venegas, F., Pizarro, N., Vega, A. J. Chil. Chem. Soc., 2011, 56, 682-685.
[2] Pizarro, N., Duque, M., Chamorro, E., Nonell, S., Manzur, J., de la Fuente, J. R., Günther, G., CepedaPlaza, M., Vega, A., J. Phys. Chem. A, 2015, 119(17), 3929-3935.
[3] Mella, P.; Palma, J.; Cepeda-Plaza, M.; Aguirre, P.; Manzur, J.; Gunther, G.; Pizarro, N.; Vega, A.,
Polyhedron, 2016, 111, 64-70.
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Towards Breaking the Barrier to 100% Charge
Transfer
Dirk M. Guldi
Department of Chemistry and Pharmacy & Interdisciplinary Center of
Molecular Materials Friedrich-Alexander-Universität
Chemistry affects almost every aspect of our existence, so that it will be an essential component of
solutions in global issues in health, materials, and energy. For this reason, the design and synthesis of
novel molecular materials lies at the forefront of transformative research and has game-changing
character. A leading example for such shifts in existing scientific paradigms is surpassing the ShockleyQueisser limit, which places an upper bound on solar conversion efficiency for a single p-n junction
solar cell at slightly more than 30%, by means of singlet fission (SF) in molecular acenes, the molecular
analog to multiple exciton generation (MEG). In an optimal SF process, the lowest singlet excited
state of one molecule (S 1 ) that is positioned next to a second molecule in its ground state (S0) is
down-converted into two triplet
excited states (T1) each residing on one of the two adjacent molecules. The two triplet states initially
form a correlated pair state 1(T1T1), which then evolves into two separated triplet states (T1 + T1). As
such, the energetic requirement for SF is E(S1) ≥ 2 × E(T1). Shifting the focus to intramolecular SF in dilute
solutions rather than intermolecular SF in crystalline thin films enabled the following important
breakthroughs:
Firstly, we demonstrated that in a series of pentacene dimers, which were linked by a myriad of
molecular spacers, SF takes place with quantum yields of up to 200%.
Secondly, we identified all key intermediates in the SF process, including the formation and decay of
a quintet state that precedes formation of the pentacene triplet excitons.
Thirdly, we employed those parts of the solar spectrum, in which pentacene dimers lack absorptions,
in non-resonant, indirect excitation of the SF materials via two-photon absorptions or intramolecular
Förster resonance energy transfer.
Finally, we succeeded in showcasing the use of up to 200% triplet quantum yields by the realization
of 130% carrier multiplication in solar cells for pentacene dimers immobilized onto semiconductors.
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Energy transfer studies on ruthenium
polypyridines using transient absorption
spectroscopy
Alejandro Cadranel
Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales,
Departamento de Química Inorgánica, Analítica y Química Física
CONICET – Universidad de Buenos Aires. Instituto de Química-Física de
Materiales, Ambientes y Energía (INQUIMAE)
Photoinduced energy transfer processes are essential steps for energy conversion in biological
systems and technological devices. Supramolecular donor-acceptor systems are attractive to model
such processes, since their geometrical and electronic properties can be tailored by synthetic design.
Using ultrafast transient absorption spectroscopy, we have studied energy transfers using ruthenium
polypyridines as energy donors, and hexacyanochromate as the energy acceptor, in a variety of
cyanide-bridged, multimetallic coordination complexes. Two cases will be discussed in detail: on one
hand, trimetallic systems that contain a {Ru(py)4} chromophore, which is able to transfer the energy
although ligand field states play a major role.[1,2] On the other hand, an asymmetric trimetallic
complex where coexisting MLCT excited states present differentiated energy transfer activity
depending on their symmetry.[3-5]
[1] Cadranel et al., Inorg. Chem. 2018, 57, 3042.
[2] Cadranel et al., Dalton Trans. 2016, 45, 5464.
[3] Cadranel et al., Chem. Sci. 2017, 8, 7434.
[4] Oviedo et al., submitted to J Phys Chem C
[5] Oviedo et al., in preparation.

35

Silicon and Carbon 2-5 nm Size
Photoluminescent Nanoparticles for uses in
Nanomedicine
Mónica C. Gonzalez
Instituto de Investigaciones Fisicoquímicas teóricas y aplicadas (INIFTA),
Universidad Nacional de La Plata – Consejo Nacional de Investigaciones
Científicas y Técnicas
New advances in nanomedicine have prompted the development of novel nanostructured
materials which show capacity as imaging sensors and therapeutic agents. Photoluminescent, 2-5
nm size, semiconductor silicon and carbon-based nanoparticles (here denoted as SiD and CD) show
great promise for such uses due to their intrinsic biocompatibility, their relatively easy synthesis
procedures, ease of surface modification, and their ability to photosensitize singlet oxygen (1O2) and
superoxide radical anions (O2•−). Their small size cause photoluminescence to be based on a
quantum confinement mechanism, though surface defects and terminal groups may strongly affect
the photoluminescent properties.
Surface modifications as coating/linking with folate, antibodies, adjuvants, and a plethora of other
substances may lead to an increased aqueous solubility, stability, biocompatibility, targeting
potential, and circulation time in biological systems. Size, synthetic procedures and surface
derivatization/oxidation may strongly affect the particles efficiency for reactive oxygen species
photosensitization and the interaction with small molecules and biological entities. Thus, through
intelligent design it is possible to develop multifunctional nanoparticles with potential applications in
imaging, diagnosis, and therapy. Herein we will discuss results of our group showing the
versatility/ability of SiD and CD for such purposes.
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Application of the Excited State Proton
Transfer in 3-Oxymethyl-2-naphthols for the
Photo-release of Biological Substrates and
the Development of Photochromic and
Fluorogenic Compounds
Mariia Sutton, Nannan Lin, Kun Wang, Vladimir V. Popik*
Department of Chemistry, University of Georgia
Irradiation of o-hydroxybenzyl ethers or esters, as well as their naphthyl and anthryl analogs, results
in the excited state proton transfer from the phenolic hydroxy group to the adjacent oxygen atom,
the release of a benzylic substituent, and the formation of o-quinone methide. Since the photoheterolysis of the C–O bond produce neutral species, rather than an ion pair, the efficiency of this
process is universally high (Φ= 30-60%) for good (e.g., carboxylic acid) and poor (e.g., alcohols)
leaving groups. In aqueous solutions, the intermediate o-quinone methide undergoes rapid hydration
to the parent o-hydroxybenzyl alcohol.
For the development of photolabile protecting groups (PPGs) or photocleavable linkers the
derivatives of 3-hydroxymethyl-2-naphthol (NQMP) provide the optimum balance of the UVA light
sensitivity, quantum efficiency, and synthetic availability. Our group has previously reported NQMPbased PPGs for alcohols, phenols, glycols, and carboxylic acids, as well as for ketones and aldehydes.
In this report, we will discuss the applications of the NQMP-based photocleavable linkers for the
development of photo-sensitive ion chelator and the release of various substrates from nano-particle
carriers.
The structural modification of the NQMP photoreaction by-product, o-naphthoquinone methide
(oNQM), allowed us to create novel photochromic systems and design PPG producing fluorescent
dye upon uncaging of a substrate. This feature allows for following and quantifying the release of a
payload.
Finally, the ESPT in NQMP system also permits the cleavage of the benzylic C – S bond, which is
employed for the selective labelling and uncaging of cysteine residues in proteins and peptides, as
well as in the design of the photo-hydrogen sulfide – releasing materials.
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Boosting Singlet Oxygen: From Bench to
Bedside
Vladimir Kabanov, Nicolas Macia, David Press and Belinda
Heyne*
Department of Chemistry, University of Calgary
As one of the most versatile reactive oxygen species and a well-known cytotoxic agent, singlet
oxygen, the electronically excited form of the dioxygen molecule, is at the forefront of a vast window
of applications. In a medical context, production of singlet oxygen has been widely used in
photodynamic therapy to kill cancerous tumors and microbial pathogens. In recent years, growing
attention has emerged on photodynamic inactivation (PDI) of bacteria. To allow a broad application
of PDI, especially in clinical practices, strategies to maximise singlet oxygen production remains to be
developed. Nanoplasmonic materials offer one of the most promising strategies to improve the
performances of current PDI by using light and metal nanoparticles, exploiting a phenomenon called
“plasmon enhancement effect”. The overall goal of our research consists of building a fundamental
knowledge concerning this effect by designing nanoscale model systems to kill bacteria. Herein, we
present how the morphology and composition of plasmonic nanoparticles affects the extent of
metal enhanced singlet oxygen production in a PDI of bacteria framework.
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Hidden Chemistry at Conical Intersections :
Mechanistic Limitations and Controlling
Factors in Caged Release Photolylises
Richard S. Givens*†, Julie Peterson†, Thomas Field†, Chicheng
Ma†, José P. Da Silva§, Pradeepkumar Jagadesan,o V.
Ramamurthyo
†Department

of Chemistry, University of Kansas
§Meditbio, FCT, Universidade do Algarve, Campus de Gambelas,
oDepartment of Chemistry, University of Miami
In aqueous solution, substrates depart from their protecting cage by what appears to be a photoinduced heterolysis of their covalent attachments to the chromophore. This overly simplified
description of the mechanism for photorelease of chemical and biological substrates, catalysts, and
initiators turns out to be rarely an accurate or complete description of the substrates departure. A
comprehensive survey of known cages aka “photoremovable protecting groups” suggests that the
leaving group departs with its bonding electron pair, leaving behind an electron deficient cation
that is neutralized by the solvent of choice.
Following a lead suggested by Winter (2013), we have refocused our attention on the fate of the
released cage and probed the mechanistic wrinkles by systematically decreasing the efficacy of the
departing substrate. Modeling the photorelease efficiencies of a series of progressively poorer
leaving groups against their monotonically increasing pKa, as a model is based on Brønsted leaving
group correlations of ground state SN1 solvolysis chemistry.
Photorelease of substrates is
quantitatively monitored by their quantum yields or release rates from the chromophore, two
separate measures of the excited state perspective. Furthermore, by varying the leaving group from
acids with low pKa’s of sulfonates and phosphates to the weaker intermediate acidities of
carboxylates and phenolates, a pKa range of nearly 10, tests the resilience of a known caging group.
We have carried out such an extensive study on the well-known cage, p-hydroxyphenacyl (pHP),
varying the departing group form mesylate (pKa 1.0) to p-methoxyphenol (pKa 10.0), a series that
illustrates Brønsted leaving-group behavior either by rate or efficiency measurements. More detailed
studies using the poorest leaving groups have broadened our scope to include solvent effects, like
changes from aqueous to hexane that complement the sensitivity of the cage degradation to drastic
solvent changes. Superimposed on these effects, we have also examined supramolecular
encapsulation of caged release in the hydrocarbon surrounds of Octa Acid in aqueous media to
probe the sequence of events of bond cleavage within the capsule followed by the release of the
initial photocleavage products into the aqueous surroundings. This time-delayed exposure to the
aqueous media allows us to probe the chemistry of the intermediates before they are swept on to
the water to form additional products while still maintaining the integrity of the leaving group. The
subsequent changes in products are clear indicators of the nature of the intermediates and reveal
that relaxation from the excited state to a ground state passes through a spin-sensitive transition
influenced by the presence of oxygen at the canonical intersection of the excited and ground state
“SN1” ion pair - radical pair surfaces.
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Abstracts
of Posters presentations

Odd–numbered posters should be defended on Wednesday evening, January 2, 2019, and even
numbered posters should be defended on Thursday evening January 3, 2019.
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Poster #1. Metal-Coordination to Control Materials
Photochemistry and Function
Alexis D. Ostrowski*, M.H. Jayan S. Karunarathna, Travis C. Green, Kalani D. Edirisinghe,
Ankit Dara, Amie E. Norton, Carina B. Haddad
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
The photochemistry of inorganic coordination complexes has been harnessed for a variety of applications
including for solar fuels, catalysis, photovoltaics, LEDs, etc. Despite this, not much is known about how this
photochemistry can be applied to polymers to create functional or responsive materials. The focus of this
research is to use metal-coordination complexes with specific photochemistry to change the properties
and function of polymeric materials. We have characterized the photochemistry of metal-coordination
complexes in a variety of materials including biomaterials, metallo-supramolecular materials, and polymer
glues. We then use this photochemistry to tune the function and properties of the materials, including for
mechanochromic materials, photohealable materials, and photodegradable polymers.
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Poster #2. Organocatalyzed Atom Transfer Radical
Polymerization using Dihydrophenazine-based Photoredox
Catalysts at Low PPM Loadings
Justin P. Cole*, Celia R. Federico, Chern-Hooi Lim, and Garret M. Miyake
Department of Chemistry
Colorado State University
Organocatalyzed atom-transfer radical polymerization (O-ATRP) is a controlled radical polymerization
mediated by organic photoredox catalysts. However, successful O-ATRP systems have required very high
catalyst loading (1000 ppm) in order to control the polymerization. In an attempt to elucidate why this
reaction has such a high catalyst loading requirement, the crucial deactivation step was explored in depth.
This exploration of the deactivation step of the catalytic cycle resulted in finding the main termination route
where radicals from the initiator or propagating polymers react with the oxidized catalyst species. This
research led to a new synthetic route that allowed for the modification of the core of diaryl
dihydrophenazine photoredox catalysts. Using this newly developed chemistry, a library of catalysts
possessing electron-poor, extended conjugation, and electron-rich core substitutions were explored for OATRP. The termination reaction was completely eliminated, and because of the new photophysical
properties imparted by the substitutions, these catalysts efficiently operated at very low catalyst loading (550 ppm). Methacrylate-based polymers were synthesized with excellent molecular weight control, low
dispersity, and high fidelity of the chain-end. Photophysical and electrochemical properties of the catalysts
were explored computationally and experimentally measured to correlate these properties with the
improvement in catalytic performance.
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Poster #3. Photophysical Properties and UV-induced Degradation
of Anthranilic Acid Derivatives
Rose Taylor, Jingyi Zhou, Haley Rossiter, Sarah J. Schmidtke Sobeck*
Department of Chemistry
The College of Wooster
Anthranilic acids are industrially relevant in the synthesis of a variety of pharmaceuticals and dyes, as well
as being used as UV-absorbers. The photophysical properties and long-term UV-photostability of anthranilic
acid derivatives, varying at the amine position, is presented. The absorbance and emission are monitored
over a wide range of solvents and solvatochromic trends correlated to various solvent parameters. The
spectral properties are compared to the extensively characterized para-aminobenzoic acids. It is found
that ortho-substituted tertiary amines deviate significantly from predicted behavior. This is attributed to the
bulk and twisting at the amine decreasing the conjugation of the nitrogen pi electrons into the aromatic
ring. Fluorescence lifetimes were found in different solvents for the compounds to further characterize the
excited state dynamics. A second aim of the study is to assess the long-term UV-stability of the anthranilates.
Samples are irradiated with UV-C light and degradation is traced using HPLC with UV detection. In all
derivatives, spectral changes indicate increases in conjugation with formation of colored products at
intermediate irradiation times and a shift to colorless, UV-absorbing photoproducts at long exposure times.
The UV-C irradiation is relevant to understanding how these compounds may degrade during waste water
treatment. Overall these studies add to our fundamental understanding of the photochemistry and UVstability of aminobenzoic acid derivatives.
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Poster #4. Ring Extension of Nitro-Derivatized Cyclometalating
Ligands for IrIII Reverse Saturable Absorbers
Ryan M. O’Donnell*, Jianmin Shi, Trenton R. Ensley, Michael J. Ferry, Neal K. Bambha, Peter Y. Zavalij, and
William M. Shensky III
U.S. Army Research Laboratory
X-Ray Crystallographic Center
University of Maryland
Organometallic iridium(III) complexes have seen widespread use over the past two decades, particularly
as phosphorescent dopants in organic light emitting diodes (OLEDs). Interest in the non-linear optical (NLO)
applications of these materials has increased recently with reports of both two-photon absorption (2PA)
and reverse saturable absorption (RSA). Starting with 2-phenyl-5-nitro-pyridine, the cyclometalating ring was
extended via phenanthrene and pyrene moieties in order to determine their effects on the photophysical
properties of a family of materials of the form [IrIII(C^N)2(acac)]0, where acac is acetylacetonate and C^N
is the nitro-derivatized cyclometalating ligand. The redox and photophysical properties of this family of
materials will be discussed in detail with particular emphasis on their potential application as RSA materials.
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Poster #5. Light Induced Selective Separation
of Metals with a Redox Active Ligand
Sahan R. Salpage* Ronald C. Lanzetta,
Yan Zhou, Jamie C. Wang, Thomas E. Albrecht-Schmitt, and Kenneth Hanson
Department of Chemistry and Biochemistry
Florida State University
There is growing interest and demand in search of novel approaches for separation of metal ions for reasons
of both cost and public safety. For example, efficient and cost-effective purification of water and treatment
of the existing radioactive waste could play a vital role towards sustainable use of resources.1 However,
existing methods have often fall short when it comes to the separation of metal ions that have similar charge
density, size, and binding affinities.2 Here, we report a novel photochemical separation strategy that relies
on irreversible chemical transformations of the coordinating ligand, rather than the nature of the metal ion.3
Briefly, a ligand functionalized with a redox active benzenediazonium is bound to metal ions in solution.
Then, complexes were selectively excited with monochromatic light. Excitation initiates photoinduced
electron transfer (PET) from metal center to the functionalized ligand causes irreversible reduction of the
diazonium moiety to N2 gas. The differences in polarity between the initial and reacted complexes were
used to speciate two metals by means of chromatography. This opens the door to an entirely new
separation strategy that does not rely on the solubility or binding affinity of the metal ion but instead on the
intrinsically unique absorption spectrum of the metal complexes and the properties of the reacted ligand.
References:
(1) Turhanen, P. A.; Vepsäläinen, J. J.; Peräniemi, S. Scientific Reports 2015, 5, 8992.
(2) Reuben, B. Chem. Ind. (London, U. K.) 2005, 27.
(3) Salpage, S. R.; Lanzetta, R. C.; Zhou, Y.; Wang, J. C.; Albrecht-Schmitt, T. E.; Hanson, K. Chemical
Communications 2018, 54, 7507.
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Poster #6. Pyrophosphate Sensing in Multi-Analyte Mixtures:
Application in Real-Time PCR
Andrej Penavic*, Pavel Anzenbacher Jr.
Center for Photochemical Sciences
Bowling Green State University
Numerous biological processes are characterized by phosphorylation and controlled hydrolysis of
phosphates. Metabolism of sugars and fats as well as nucleic acids are few examples that represent the
most important roles of phosphate ions in living organisms. For this reason, sensors capable of distinguishing
among phosphorylated species while providing clearly detectable signal output are important. The goal of
this project is to develop supramolecular sensors for phosphate-type anions capable of distinguishing and
quantifying phosphates such as dihydrogen phosphate, pyrophosphate (PPi), as well as nucleotide
triphosphates, diphosphates and monophosphates as markers of metabolic processes. We propose sensors
that integrate three different functional groups: The first functional group contains Zn(II) complex, second,
aromatic boronic acid, and the third functional group is a coordinating dye. Here the dye is capable of
shuttling between the Zn(II) complex and the boronic acid while providing clearly observable changes in
fluorescence. This shuttling equilibrium will be strongly perturbed in the presence of phosphate anions
including mixtures of pyrophosphate (PPi) and other phosphates (e.g. dihydrogen phosphate, AMP and
ATP). Potential application of such pyro/phosphate sensors are in quantitative measurement of the progress
of polymerase chain reaction (PCR) by sensing PPi side-product.
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Poster #7. High-throughput Dye Displacement Assay for
Enantiomeric Excess Determination in Multiple Analytes
Mariia Pushina*, Elena Shcherbakova, Sepideh Farshbaf, Pavel Anzenbacher, Jr.
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
A novel and efficient fluorescent method for determination of enantiomeric/diastereomeric excess of
various chiral compounds such as diols, alpha hydroxy acids, saccharides, amines or amino alcohols have
been developed. Here, the self-assembly of 2-formylphenylboronic acid, chiral amine and diol results in
formation of diastereomeric iminoboronate complex. The determination of the enantiomeric excess in the
analytes is based on the indicator displacement mechanism. The sensors reported here have two
fluorescent units combined in a single iminoboronate molecule, which allows to determine enantiomeric
excess in the amine or, conversely, in the diol. Thus, multiple types of analytes may be elucidated in this
simple sensing system.
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Poster #8. Multianalyte Sensing by Intramolecular IndicatorDisplacement Assay (IIDA)
Aco Radujevic*, and Pavel Anzenbacher, Jr.
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
Binding of environmentally relevant anion species is of crucial importance in reducing and managing the
negative effect of eutrophication phenomenon. In particular, phosphorus-induced eutrophication is global
issue due to pervasive use of inorganic phosphorus containing species in various industrial and agricultural
applications.
Currently available methods for qualitative and quantitative identification of phosphate anions are
expensive and not practical for high-throughput applications. Intramolecular Indicator-Displacement
Sensors (IIDSs) are potentially highly selective, reliable and field-deployable sensing platforms for monitoring
of environmentally relevant phosphate and phosphorylated species. The IIDSs are integrated into a singlemolecule assembly composed of an anionic dye tethered to a scaffold bearing receptor moieties. In the
presence of phosphate containing analyte with higher affinity for the receptor, the intramolecular dye is
displaced and changes its photophysical properties (fluorescence). Consequently, the output, measurable
signal is displayed and processed applying pattern recognition analytical methods. Ideally, the IIDS will be
cast into arrays in the form of blends with the hydrogel host matrix. In such way, the selectivity of binding
the phosphorus relevant analytes will be achieved.
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Poster #9. COMPLEXITY AND MECHANISTIC DIVERSITY OF GUESTCUCURBIT[N]URIL SYSTEMS
Kevin Vos, Suma S. Thomas and Cornelia Bohne*
Department of Chemistry
University of Victoria
PO Box 1700 STN CSC
Victoria, BC, Canada V8W 2Y2
Cucurbit[n]urils (CB[n]s) are macrocyclic hosts containing a hydrophobic cavity and two portals lined with
carbonyl groups. CB[n]s form high affinity complexes with hydrophobic but positively charged guests and
also bind metal cations to the portals. We previously exploited the competitive binding of Na+ cations to
slow the 2-naphthyl-1-ethylammonium cation (NpH+) binding dynamics with CB[7] [1]. The complexity of
guest-CB[n] systems in the current work was investigated by (i) changing the cation present in the system
and (ii) by using a ditopic guest. Steady-state fluorescence was used to determine binding isotherms,
whereas stopped-flow experiments where used to measure the kinetics for host-guest formation by following
changes in fluorescence intensities.
Comparison of the binding kinetics of NpH+ with CB[7] in the presence of Na+ or Ca2+ showed that the
binding mechanism depends on the nature of the cation and its concentration. At low cation
concentrations in addition to the CB[7]inclusion complex, NpH+ forms exclusion complexes with CB[7],
where only the NpH+ positive charge interacts with the CB[7] portals without inclusion of the hydrophobic
moiety of the guest. At high cation concentrations, the cation outcompetes the guest exclusion complex.
In addition, Ca2+ slows the dissociation of NpH+ from CB[7] while Na+ does not., showing that the mechanism
changes depending of the nature of the metal cation.
Higher complexity was observed with the N-phenyl-2-naphthylammonium cation (PNA+) as a ditopic guest.
The naphthyl moiety fits optimally into CB[7] while the phenyl group is too small and is expected to bind
more weakly. At low Na+ concentrations, the CB[7] complex with phenyl inclusion was observed transiently.
In contrast to NpH+, the PNA naphthyl moiety binds with CB[7] and CB[7]•Na+, making the PNA residence
time inside CB[7] sensitive to the Na+ concentration. Unexpectedly, at high Na+ concentrations, the
dynamics of phenyl and naphthyl binding became competitive because the phenyl group inside the CB[7]
cavity was stabilized by Na+ capping. This switch in mechanism provides an example of systems chemistry,
where a change in the concentration of a “bystander”, Na+, changes the outcome of the reaction, i.e., the
type of host-guest complex formed.
[1] Tang, H.; Fuentealba,D.; Ko, Y.H.; Selvapalam, N.; Kim K.; Bohne, C. J. Am. Chem. Soc., 2011, 133 2062320633.
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Poster #10. Realizing the Photo-Ene Reaction with alkenes with
visible light irradiation and bypassing the favored [2+2]photocycloaddition
Sapna Ahuja,*§ Ramya Raghunathan,† Elango Kumarasamy,†
Steffen Jockusch and †Jayaraman Sivaguru
§Center for Photochemical Sciences
Department of Chemistry
Bowling Green State University
Bowling Green, OH 43403, USA
†Department of Chemistry
Columbia University
New York, NY 10027, USA
The text book photoreaction between two alkenes is the [2+2]-photocycloaddition resulting in
functionalized cyclobutanes. An unusual reactivity of alkenes that favor photo-ene reaction over the [2+2]photocycloaddition has been observed. By restricting the bond rotations on the substrate and tuning the
substitutions on the alkenes, complete control of chemoselectivity leading to the exclusive formation of the
photo-ene product was achieved. Detailed reactions and mechanism about the excited state reactivity of
atropisomeric maleimides with alkenes will be presented in this poster.
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Poster #11. Enamides as a versatile template for uncovering new
photochemical pathways
Sunil Kumar Kandappa*, Elango Kumarasamy, Ramya Raghunathan
Steffen Jockusch and J. Sivaguru
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University,
Bowling Green, Ohio, 43403
Department of Chemistry
Columbia University
New York 10027 USA
Uncovering new photoreactions requires manipulation of excited state(s) and its associated dynamics. By
utilizing enamide based molecular templates we have uncovered new reactivity from the excited states.
The poster will highlight how one can effectivity manipulate excited state reactivity of N-aryl enamides by
differentially substituting the aryl ring leading to diverse reactivity viz., [2+2]-photocycloaddition, PaternoBüchi reaction, transposed Paterno-Büchi reaction, aza Paterno-Büchi reaction and [3+2]photocycloaddition. The differential reactivity and the mechanistic details were uncovered by employing
photophysical techniques.
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Poster #12. Tailoring Biomass for Photochemical Applications
Ravichandranath Singathi,* Anthony Clay, Mukund Sibi, Dean Webster and Jayaraman Sivaguru
Department of Chemistry,
Center for Photochemical Sciences
Bowling Green State University
Bowling Green, Ohio-43402
Achieving development in sustainable chemistry has been increasing at a tremendous rate. This demands
an awareness and applications of green chemistry at an accelerated pace in order to meet the challenges
of sustainability. Tailoring bio-mass and application of light as a green and traceless reagent will provide a
clear and sustainable alternative for developing novel systems. Our research is focused on utilizing chemical
functionalities provided by nature and fine-tuning the properties of molecules to address specific need and
to build novel building materials. The poster highlights synthesis and evaluation bio-based materials for
photochemical applications.
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Poster #13. Electron Spin Exchange Interaction in
Alkyne Bridged Cu(II) Porphyrin Dimers
Alexander M. Brugh*, Ruobing Wang, Jeff Rawson, Malcolm D.E. Forbes, Michael J. Therien
Department of Chemistry
Center for Pure and Applied Photosciences
Bowling Green State University
Department of Chemistry
Duke University
Durham, NC
A series of copper (II) porphyrins linked by molecular bridges of various lengths were synthesized and studied
by steady state electron paramagnetic resonance (SSEPR). The copper (II) dimers discussed here function
as a device in which spin information is communicated between the two coppers. The two porphyrin planes
can rotate freely relative to each other, and this rotation modulates the electronic coupling between them.
Since spin communication relies on these electronic coupling pathways, the copper dimers may be able
to function as a kind of switch in which information can be transmitted or not depending on the dihedral
angles between the porphyrin rings. We can control the conformation of the dimer and therefore the
coupling between them, by changing the temperature of the system. SSEPR was employed to probe the
system, and a simulation program was created in order to draw useful connections between the acquired
spectra and the processes that effect line shape and structure.
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Poster #14. Covalent I-I Bond Formation in Ter-Ionic Ruthenium
and Osmium Complexes
Sara A. M. Wehlin*, Ludovic Troian-Gautier, Lionel Marcélis, Andrew B. Maurer, Renato N. Sampaio and
Gerald J. Meyer
Department of Chemistry
University of North Carolina at Chapel Hill
Chapel Hill, North Carolina, 27599 USA
Engineering of Molecular NanoSystems
Ecole Polytechnique de Bruxelles
Université libre de Bruxelles (ULB)
The storage of solar energy is of great importance, as the fluctuations in sunlight and the diurnal rhythm
affect the number of photons readily available at any time. An attractive way to remediate this issue is to
store the solar energy in chemical bonds. It is foreseen that free energy losses can be minimized through the
ground-state preorganization of reactive species prior to light-induced electron transfer and covalent bond
formation. It was found that the tmam (bis-4,4’-(trimethylaminomethyl)-2,2’-bipyridine) ligand represented
a good candidate as, when coordinated to ruthenium, it led to the formation of {Ru4+:2I-} ion pairs, termed
“ter-ionic” assemblies. Herein, the excited-state reactivity, i.e. excited-state electron transfer and
subsequent I-I bond formation, was investigated using a series of four ruthenium complexes, which shared
the common tmam ligand and formed ter-ionic assemblies with iodide.
Interestingly, the quenching mechanism for the ter-ionic complexes was more in agreement with excitedstate electron transfer and I-I bond formation occurring in an intra-ionic fashion, as evidenced by steadystate and time-resolved spectroscopy. The time required for I-I bond formation within the ter-ionic assemblies
ranged from 50 to 160 ns, depending on the substitution in the 4,4’- or 5,5’ position on the ancillary ligands.
The steric constraints imposed by the ancillary ligands were thought to affect the iodide locations in the terionic assemblies, which in turn translated into different rates for I-I bond formation. The excited-state location
was also thought to influence the proposed mechanism. Osmium complexes able to form ter-ionic
complexes were also synthesized and investigated in an effort to preserve similar driving force for iodide
oxidation while still allowing for different excited-state localization.
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Poster #15. Light-Induced Halide Oxidation by Iridium
Photosensitizers
Ludovic Troian-Gautier* and Gerald J. Meyer
Department of Chemistry
University of North Carolina at Chapel Hill
Chapel Hill, North Carolina, 27599 USA
Excited-state quenching of a series of iridium sensitizers by iodide, bromide and chloride was investigated
in acetonitrile, acetone and dichloromethane. The iridium sensitizers were all of the [Ir(dF-CF3ppy)2(LL)]+
type, where LL is a 2,2’-bipyridine type ligand. This LL ligand was varied in order to tune the excited-state
redox potentials. A remarkable result was that quenching was nearly quantitative with rate constants of the
order of 1010 M-1s-1 for chloride. With some sensitizers, ground-state ion-pairs formed in dichloromethane that
underwent both dynamic and static excited-state quenching. Although a limited number of ruthenium
polypyridine complexes are able to oxidize this series of halides, these complexes often suffer from low
stability through population of a ligand-field state which ultimately leads to irreversible ligand loss.
Importantly, in the case of these iridium sensitizers, such photo-induced ligand loss was not observed. The
realization of visible light photo-redox catalysts that are able to oxidize halides, particularly chloride, is a step
toward efficient HX splitting, photoredox catalysis and halide assisted water oxidation catalysis.
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Poster # 16. The Center for Pure and Applied Photosciences at
BGSU
Malcolm D. E. Forbes*
Department of Chemistry
Center for Pure & Applied Photosciences
Bowling Green State University
This poster describes the research activities of the 16 faculty members of the Center for Pure & Applied
Photosciences at Bowling Green State University in Ohio. Our interests include semiconductor nanoparticles,
organic LEDs, light–responsive biocompatible polymers, supramolecular photocatalysis, polymer
degradation, single molecule spectroscopy, photobiology, and photodynamic therapy.
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Poster #17. Luminescent Supramolecular
Cyclometalated Iridium Complexes
Hanah Na, Ku Sun Choung, Mina Song, Karen Marroquin, and Thomas S. Teets*
Department of Chemistry
University of Houston
Here we describe two classes of supramolecular structures featuring cyclometalated iridium building blocks,
synthesized via a modular approach from a reactive cyclometalated iridium synthon. Trimetallic Ir-Pt-Ir
complexes are described, where two bis-cyclometalated iridium fragments are bridged by a platinum
diamine bis(acetylide) chromophore. UV-vis absorption spectroscopy is consistent with electronic
communication between the iridium and platinum sites, and photoluminescence spectroscopy evinces
efficient excited-state energy transfer. The direction of energy transfer and the localization of the emissive
excited state (platinum or iridium) depends on the choice of cyclometalating ligand on iridium. The second
category of complexes are dyads pairing bis-cyclometalated iridium phosphors with BODIPY fluorophores,
with variable linkers between the two sites. The extent of excited-state energy transfer between the sites is
dependent on the nature of the linker and the choice of cyclometalating ligand on iridium. Some of the
constructs exhibit dual luminescence, with phosphorescence from iridium and fluorescence from the
BODIPY occurring simultaneously. These dual-emitting compounds function as ratiometric oxygen sensors,
where the phosphorescence is quenched by molecular oxygen and the fluorescence is unperturbed. They
are sensitive to very low levels of oxygen and present a promising new classes of sensors for hypoxic
environments.
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Poster #18. Translational diffusion and unstable conformer
trapping in glassy isopentane at 77 K
Jack Saltiel, Sumesh B. Krishnan, Emily Williford, Shipra Gupta, Jonathan Sepulveda, Hadley Schwarz, Frank
B. Mallory,† Clelia W. Mallory,†,# Olga Dmitrenko,* Christopher Redwood and László Zimányi¶
Department of Chemistry, Florida State University
Tallahassee, FL 32306-4390
†Department

of Chemistry, Bryn Mawr College
Bryn Mawr, PA 19010

#

Department of Chemistry
University of Pennsylvania
Philadelphia, PA 19104
*University of Delaware
Newark, DE 19716, USA
¶ Institute

of Biophysics
Biological Research Centre of the Hungarian Academy of Sciences
P.O.Box 521, Szeged, Hungary, H-6701
Observations indicating translational diffusion in isopentane (IP) glass at 77 K led to the claim that IP glass is
not sufficiently viscous to trap nonequilibrium conformer photoproducts. If correct, the interpretation of 1,4di(o-tolyl)-1,3-butadiene photoisomerization results in glassy IP that failed to detect unstable photoisomer
conformers, as predicted by the Hula-twist mechanism, would be invalidated. In this study we unequivocally
confirmed diffusional quenching in IP glass via the reduction of triphenylene phosphorescence lifetimes in
the presence of 1,3-pentadiene and of molecular oxygen. The ability of the IP glass to trap unstable
photoproduct conformers was tested by repeating in IP trans- and cis-1,2-di(1-methyl-2-naphthyl)ethene (cand t-DMNE) studies that had demonstrated the trapping of unstable conformers in methylcyclohexane
glass at 77 K, a much more viscous medium. Fluorescence spectra, measured in IP glass over the course of
cis ® trans conversions were complemented by fluorescence lifetime measurements. Resolution of spectral
matrices by singular value decomposition reveals at least three t-DMNE conformers whose distributions vary
depending on the irradiated DMNE isomer and the rate of cooling of the IP glass. The trapping of different
conformer distributions that do not vary with time at 77 K demonstrates that IP glass at 77 K is sufficiently
viscous to trap unstable photoproduct conformers.
Acknowledgment: This work was supported in part by NSF Grant CHE-1361962, by NSF-REU Grant CHE1659661 and by the Florida State University.

58

Poster #19. Ultrafast dynamics of encapsulated azobenzene
derivatives under n-π* and π-π* excitation
Christopher J. Otolski*,† Mohan Raj Anthony Raj,‡ Vaidhyanathan
Ramamurthy,‡ and Christopher G. Elles†
†Department of Chemistry
University of Kansas
Lawrence, KS 66045 USA
‡Department of Chemistry
University of Miami
Coral Gables, FL 33146 USA
The ultrafast dynamics of chemical reactions in spatially confined environments are profoundly impacted
when it comes to isomerization reactions with large amplitude structural rearrangement. Using ultrafast
pump-probe spectroscopy we elucidate the effects of confinement on the trans to cis photoisomerization
reaction following n-π* and π-π* excitation for a series of alkyl substituted azobenzene derivatives in a
supramolecular host-guest complex. The transient absorption spectroscopy for the encapsulated
azobenzene molecule during n-π* reveals branching between a fast direct inversion pathway and a slower
inversion assisted rotational pathway in the excited-state which has a longer lifetime compared with
solution. The extended lifetime suggests a larger contribution of rotational motion in the relaxation
mechanism. π-π* excitation of the encapsulated azobenzene derivatives form the cis isomer in the excitedstate, which is not observed in the excited-state. Encapsulated di-substituted azobenzenes have the direct
inversion pathway absent from the relaxation dynamics. This suggests crowding inside the capsule inhibits
the inversion pathway during relaxation along the S¬1 excited-state potential energy surface. This work
provides new mechanistic insight into the relative roles of rotation and inversion for the ultrafast
photoisomerization of azobenzene derivatives.

59

Poster #20. Interfacial Charge Transfer between Perovskite
Nanocrystals and Molecular Electron Donors
Jesse Tamayo*, Max Mayther, Valentine Vullev
Department of Chemistry
Department of Bioengineering
University of California-Riverside
Perovskite nanocrystals have garnered much attention in the past decade for their ability to harvest solar
energy. In fact, solar cell efficiencies of perovskite films have increased at an unprecedented rate from 3.8%
in 2009 to 22.7% in 2017. Even with these advances, perovskites are known for their instability in polar and
humid media limiting their utility. Much is to be discovered in regard to improving their stability and
interfacing perovskite surfaces with other materials.
In this work we focus on the all-inorganic CsPbBr3 perovskite nanocrystals. Their large surface-to-volume
ratios are beneficial for investigating interfacial charge transfer between the nanocrystals (as electron
acceptor) and small organic conjugates (as electron donors). Aliphatic amines have propensity for binding
to surfaces of perovskite materials. Therefore, we select ethyleneamine derivatives of phenothiazine and
carbazole, along with their analogues lacking the amines, for electron donors. Phenothiazines are better
electron donors than carbazoles. We observe in the absence of amine functionality, however, that the
carbazole has higher binding affinity for perovskites than the phenothiazine. Concurrently, the carbazole
mediates considerably more efficient electron transfer than the phenothiazine. These results demonstrate
that the binding affinity to the inorganic surface decisively affects the interfacial charge transfer. Using the
ethyleneamine derivatives of the same donors further confirms the importance of binding affinity. To
preserve the integrity of the perovskite nanocrystals, we employ hydrocarbon solvents. Nevertheless, we
observe charge-transfer quantum efficiency of about 90% even in such non-polar media.
These findings provide important paradigms for interfacing perovskites with organic conjugates.
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Poster #21. Metal Complex Photosensitizers for Photodynamic
Therapy: Clinical Update
Sherri A. McFarland*, Colin G. Cameron, Susan Monro, Lothar Lilge, Arkady Mandel
Department of Chemistry and Biochemistry
University of North Carolina at Greensboro
Department of Chemistry
Acadia University
Princess Margaret Cancer Centre
University Health Network
Theralase Technologies, Inc.
Photodynamic therapy (PDT) is a special branch of photomedicine that employs a sensitizer molecule, light,
and oxygen to destroy target cells with spatiotemporal selectivity. Despite its enormous potential for treating
certain diseases, including cancer and infection, PDT has yet to become mainstream. Over the past 10
years, my group has addressed key issues that have hampered bench-to-bedside progress in the field of
PDT. Using a multidisciplinary approach, we have introduced both synthetic compounds and natural
products (both currently being investigated in human clinical trials) as alternatives to existing porphyrinbased PDT agents for specific indications. This presentation will share some of our past experiences in
developing metallodrug photosensitizers for treating bladder cancer with PDT, and will highlight new
directions related to this work.
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Poster #22. Fluorescent Zinc and Copper Chiral Complexes for
Enantiomeric Excess Determination of &#945;-Hydroxycarboxylic
Acids
Sara Sheykhi* and Pavel Anzenbacher, Jr.
Department of Chemistry
Center for Photochemical Science
Bowling Green State University
Chiral compounds play an essential role in drug synthesis, biological chemistry, and asymmetric catalysis.
Optical spectroscopy based enantiomeric excess (ee) determination is of particular interest because the
superior sensitivity, a short analysis time and circumventing of the expensive chromatographic separation
and for the development of a potential high-throughput screening (HTS) method for determining ee. In our
study, we synthesized the chiral fluorescent sensors, [(ZnII(1R,2R)- and (1S,2S)-(N,N’-bis(quinoline-2-ylmethyl)cyclohexane-1,2-diamine)]2+, also [CuII(1R,2R)-(N,N’-bis(quinoline-2-ylmethyl)-cyclohexane-1,2-diamine)
]2+ chiral sensor utilizing enantioselective indicator displacement assays (eIDAs) method. These chiral
optical sensors have been synthesized to be used for the detection of enantiomeric excess of a–
hydroxycarboxylic acids. The approach allows for the accurate determination of the ee value of chiral a–
hydroxycarboxylic acids with errors of just 1–2%.
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Poster #23. Preparation of Diazirine Based Photopolymerizable
Materials for Defect-free
Printing of Organic Electronics
Kaustav Dey, Susovan Roychowdhury, H. Peter Lu and Pavel Anzenbacher Jr.*
Department of Chemistry
Center for Pure & Applied Photosciences
Bowling Green State University
The development of the materials suitable for solution deposition as defect-free organic thin films is an
important research endeavor since many types of devices such as organic light-emitting diodes, organic
photovoltaics, and organic thin-film transistors depend on defect-free amorphous films. Unfortunately,
current methods of solution deposition of multiple layers of organic materials suffer from problems
associated with partial dissolving of the already (previously) deposited layers. Thus, the present work is
focused on the synthesis of materials incorporating 3-trifluoromethyl-3-aryldiazirine moieties that upon
photolysis (350 nm) yield aryl(trifluoromethyl)carbenes capable of reacting with surrounding molecules
thereby producing insoluble films ready for deposition of the next layer. The reactivity of the
aryl(trifluoromethyl)carbene toward organic materials is dominated by insertion into C-H bond thereby
producing insoluble cross-linked oligo/polymers. Two types of materials are currently being investigated: First
are the molecules known to transport charge or emit light are being modified to incorporate
photopolymerizable diazirine moieties, and second, small-molecule cross-linking agents carrying diazirine
moieties to effect the cross-linking of materials such light-emitting polymers. In this poster presentation, we
will focus on the synthesis and photophysical studies and photo-decomposition of the 3-trifluoromethyl-3aryldiazirine moieties.
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Poster #24. Probing Activated and Non-Activated Single
Calmodulin Molecule under a picoNewton Compressive Force
S. Roy Chowdhury, H. Peter Lu*
Center for Photochemical Sciences
Department of Chemistry
Bowling Green State University
Bowling Green, Ohio 43403, USA
Force manipulation on protein molecule is very informative in terms of dynamic protein structure fluctuation
and properties. Pulling force applied by Atomic Force Microscope has been used extensively to study
protein structure and function. As being equally sensitive, compressive force manipulation on protein
molecule can also enable us to learn more about protein structural rigidity and flexibility. Here we have
observed spontaneous rupture of Apo-CaM under 70 pN amount of compressive force applied by the AFM
tip. Whereas, these kind of rupture was absent in case of Calcium-ligated CaM. In calcium ligated form
CaM exist as a more elongated form consisting a more flexible linker, whereas in absence of Calcium, CaM
molecule exist as a more bound form with a rigid linker, making the molecule susceptible to rupture under
compressive force.
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Poster #25. EPR Investigation of Structured Fluids
Fengdan Zhao,* Alexander M.Brugh, Malcolm D. E. Forbes
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
Structured fluids, complex mixtures containing interacting dispersed materials, using silica-based aerosils
have been explored by electron paramagnetic resonance (EPR) and TREPR in order to better understand
fluid dynamics on the micro scale. Using the spin probe TEMPONE revealed that the rotational correlation
time is very sensitive to the loading, solvent, and Temperature of aerosils material. Besides, we will carry out
a series of TREPR experiments using triplet precursors such as benzil and diacetyl and nitroxides such as
TEMPO and TEMPONE to do research on the structure fluids. Using the RTPM intensity and nitroxide line shape,
we will extract coefficients of mutual diffusion and rotational correlation times to build a database of
information about the molecular dynamics of these interesting forms of matte.
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Poster #26. Towards Time-resolved EPR studies of incoporated
radical pairs and triplet states in metal organic frameworks
Mayokun Joshua Ayodele* and Malcolm D. E. Forbes
Department of Chemistry
Center for Pure & Applied Photosciences
Bowling green State University
In supramolecular chemistry, many host assemblies have served as an efficient tool to carry out unique and
important chemistry, which have provided solutions to many research problems. However, the internal
dynamics and contributory effects of hosts on guest materials are yet to be understood. This is due to the
complex nature many host systems. Our research group is interested in learning about the spin chemistry in
such complex systems, using spin systems as a sensitive probe to reveal dynamics within the host material.
We propose to carry out studies of triplet state radical pairs incorporated in a robust and ordered network
called metal-organic frameworks (MOFs) using Time-resolved electron paramagnetic resonance (TREPR).
Our studies hope to reveal the internal dynamics of the host material and the effects of surrounding host on
spin relaxation of radical pairs and anisotropic dipolar coupling (D). Also, the effect of the surrounding MOF
metals on the spin wave function of the radical pair.
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Poster #27. Single-Molecule Spectroscopic Imaging Study of
DNA Damage Recognition Dynamics
Sunidhi Jaiswal*, Xiaonan Han and H. Peter Lu
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
Single-molecule spectroscopy is a powerful technique which provides information unobtainable by
conventional ensemble-averaged experiments due to intrinsic sample heterogeneities. Biomolecules,
Xeroderma Pigmentosum group-A protein (XPA) and replication protein A (RPA) involve in nucleotide
excision repair(NER) by identifying DNA damage. XPA and RPA are both reported to specifically bind
damaged DNA separately, and the crystal structures of the complex are solved. We employed single
molecule spectroscopy to study XPA-DNA, RPA-DNA, and XPA-RPA-DNA binding dynamics, aiming to shed
a light on the complex and fluctuating conformational dynamics critical to the DNA damage recognition.
Based on measuring the change of fluorescence intensity, we are able to calculate the conformational
fluctuation rates by correlation function analysis. The fluctuation dynamics of RPA-DNA complex and XPARPA-DNA complex are significantly different, indicating a more rigid complex is formed when XPA
participates in the recognition.
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Poster #28. Molecules Functionalized with Cycling Centers
for Laser Cooling Applications: A Search for Polyatomic
Candidates using Equation-Of-Motion
Coupled-Cluster (EOM-CC) Methods
Maxim Ivanov* and Anna Krylov
Department of Chemistry
University of Southern California
Access to cold polyatomic molecules could open new research avenues in fundamental physics, chemistry,
and quantum information science. A crucial requirement for a molecule to reach cold (sub-millikelvin)
temperatures via direct laser cooling is the ability to undergo multiple absorption and emission cycles
without dissipation. In contrast to the gas-phase atoms that are amenable to laser-cooling, polyatomic
molecules possess additional degrees of freedom that often hamper multiple cycling transitions. Thus, the
following three criteria need to be fulfilled for a molecule to be applicable for laser cooling: (1) the existence
of a bright electronic transition with a suitable energy, (2) diagonal Franck-Condon factors (FCFs), and (3)
the absence of metastable loss states. We use the equation-of-motion coupled-cluster (EOM-CC) methods,
which enable robust and accurate treatment of the electronically excited and open-shell systems, to
search for polyatomic molecules for laser-cooling applications. We present several viable polyatomic
candidates for which we have characterized energies and spectroscopic properties of relevant electronic
states, computed equilibrium structures, FCFs and spin-orbit coupling parameters. To quantify the extent of
electronic excitation, we performed wave-function analysis based on the reduced quantities, such as oneparticle reduced transition density matrix and Dyson orbitals. We show that EOM-CC methods together with
wave-function analysis tools provide a robust and versatile computational approach for accurate
characterization of the electronic structure of molecules with potential applications in laser-cooling.
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Poster #29. Towards Photoresponsive Materials
Using Indigo Derivatives
Travis C. Green*, Alex Herr and Alexis D. Ostrowski
Center for Pure & Applied Photosciences
Department of Chemistry
Bowling Green State University
To create photoresponsive materials a photoactive component needs to be incorporated into the material.
There have been many chromophores used for this purpose in the literature but one that has not been
exploited for this purpose is indigo. Indigo is one of the ancient dyes that has been around long time. Indigo
is exceptionally photostable and has the potential to exhibit excited state trans-cis isomerization with red
light. The starting indigo is in the trans form due to stable hydrogen bonding between the amine and
carbonyl groups. The parent indigo does not exhibit this isomerization due to the presence of conical
intersections that rapidly deactivate the excited state before the isomerization occurs. To access this
photoisomerization other groups have substituted the amines or have reduced indigo to its leuco form. Both
types of derivatives exhibit this trans-cis isomerization upon excitation with visible light. Our aim is to
investigate how metal coordination between indigo and leucoindigo with transition metals can affect this
fundamental photochemistry. Recently indigo has been bound to Iron (III), Vanadium (IV), Copper (II),
Chromium (III) and Cobalt (II) and the effects on its photoreactivity studied. The leuco form of indigo has
also been studied and the effects of a polymer matrix studied. Leucoindigo has been incorportated into
agarose hydrogels and polyvinyl alcohol sodium borate gels.
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Poster #30. Iron(III) – Carboxylate Photochemistry for Designing
Novel Controlled Release Fertilizer Systems
M. H. Jayan S. Karunarathna*, Kerri M. Bailey, Zachery R. Hatten and Alexis D. Ostrowski
Department of Chemistry
Center for Pure & Applied Photo Sciences
Bowling Green State University
Bowling Green, OH 43402
The photochemical reaction between Fe(III) and molecules with carboxylate moiety is occurring in natural
aqueous environments. In this reaction an electron is transferred from the carboxylate group to Iron(III) to
form a carbon radical and Iron(II). We use this naturally occurring photo reaction to design photo controlled
release fertilizer systems using natural polysaccharide and nutrient rich aqueous waste such as manure.
We prepare hydrogel beads using alginate and mixed polysaccharide solutions and Iron(III) chloride. These
hydrogel beads show phosphate uptake from artificial aqueous solutions up to 1.5 mg g-1 and nitrate and
ammonium ion uptake up to 0.05 mg g-1. Similar absorption was seen from manure which is rich in other
dissolved ions and particles. After absorption, these gels were exposed to different light conditions and
photo-controlled release of the nutrients was observed.
Plant trials were conducted with tomato plants under greenhouse conditions and slow release of nutrients
and degradation of the hydrogels were seen. Tomato plants treated with the fertilizer beads provided the
tomatoes with highest weight average compared to other controls proving the success of our gel beads as
a fertilizer system.
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Poster #31. Photoinduced Energy Transfer in Composite Quantum
Dots
Dmitry Porotnikov*, Pavel Moroz and Mikhail Zamkov
Department of Physics
Center for Photochemical Sciences
Bowling Green State University
The Auger recombination represents a significant obstacle for the prospective utilization of
semiconductor nanocrystals in a variety of emerging applications, including quantum dot lasers and
multiple-exciton generation (MEG) solar cells. Here, we demonstrate that the non-radiative Auger decay of
biexcitons becomes suppressed in two-dimensional nanoshell quantum dots utilizing a quantum-confined
layer of CdSe, which is sandwiched between a spherical, bulk-like CdS core and a surface-passivating CdS
shell. The resulting double-barrier CdS/CdSe/CdS nanoshell geometry allows reducing Coulomb interactions
underlying the Auger decay by enhancing the volume occupied by the confined carriers. This leads to
increased biexciton lifetimes, as was demonstrated in this work through ultrafast measurements of excited
state populations. In particular, we observe that the average lifetime of biexcitons in CdS/CdSe/CdS
nanoshells was increased more than ten-fold as compared to zero-dimensional CdSe NCs. The shelllocalization of photoinduced holes underlying the suppressed Auger decay in CdS/CdSe/CdS nanoshells
was also responsible for non-radiative surface recombination of carriers, indicating that further
improvements in the surface passivation strategy could result in the additional enhancement of the multiexciton emission yield
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Poster #32. Photoreduction and Photoisomerization in Vanadium
Coordination Hydrogels
Kalani D Edirisinghe*, Alexander M Brugh, Amie E Norton,
Malcolm D.E. Forbes, and Alexis D Ostrowski
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
Metal–coordination has been used in hydrogel materials to introduce new properties and reactivity. In this
work we have created polysaccharide gels with vanadyl (VO2+) ions as crosslinks. Changes in the moduli
were observed after light irradiation, due to the photochemistry of the vanadium moieties. To model the
photochemistry in these hydrogels, we used simple hydroxy acids with functional groups similar to the
polysaccharides, and the most significant photochemistry was observed with tartaric acid. Vanadyl(IV) ions
coordinate with tetra dentate tartrate ligand to give various complexes depending on the pH of the
medium. Upon oxidation in air, the purple vanadyl (IV) ll tartrate dimer turns yellow, going through a green
intermediate. The yellow-brown complex is found to be vanadium (V) dl tartrate dimer. Upon photolysis with
365 nm light, this comes back to the purple V(IV) ll tartrate dimer. This is a reversible photo-reduction of
vanadium (V) in aqueous media. Most interestingly, the photoreaction stops at the green intermediate
upon irradiation with lower-energy 505 nm light. It has been found that the green intermediate is a mixed
valent species of V (IV) and (V). Moreover, the vanadyl tartrate complex incorporated hydrogels kept in air
show up in yellow brown color whereas the photolyzed hydrogels show up in purple. When the yellowish
polysaccharide hydrogel matrix is photolyzed, the gels become purple and brittle. Thus, we are now
exploring how this new photoreaction of V(V) tartrate dimers is used to make photo- responsive hydrogels.
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Poster #33. Oscillating picoNewton Force Manipulation
on Single-Molecule Enzymatic Conformational
and Reaction Dynamics
Meiling Wu*, Lorena Alvarez*, H. Peter Lu
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
The intrinsic protein dynamics involved in the enzymatic reactions occurs in a range from ns to s. Oscillation
force has been proposed in theoretical studies as a critical role in unraveling the comprehensive enzymatic
dynamics and address its regulation on enzyme activity. We developed a magnetic tweezers device that
employs an oscillating disk coupled with 8 permanent magnets, allowing an oscillating force with different
frequencies by tuning the electric input of the motor. Utilizing the imposed external mechanical oscillation
force by our newly developed magnetic tweezers coupled single-molecule photon-stamping imaging
spectroscopic microscope, we experimentally studied a millisecond scale oscillation force manipulation on
single Horseradish Peroxidase (HRP) enzymatic conformational and reaction dynamics. We have studied
the enzymatic reaction dynamics and found that the enzyme activity changes under the real-time
oscillatory force manipulation. Moreover, the oscillation force shows the capability of manipulating the
enzyme active-site conformational state as well as the nascent-formed product’s interaction with the active
site of the enzyme, which impacts on the product release pathways. Specifically, we have identified there
are two product releasing pathways, the solvation-mediated diffusion releasing pathway and the spillingout releasing pathway. We have observed that the spilling-out pathway can be significantly perturbed by
the oscillatory force manipulation. Our correlated interpretation of enzymatic conformational and reaction
dynamics provides a new insight into the comprehensive understanding of the complex conformational
dynamics evolved in an enzymatic reaction. Technically, we have also demonstrated a novel approach
capable of unfolding an enzyme under an enzymatic reaction condition in real time, and furthermore, by
using an oscillatory mechanical weak pN force to manipulate enzyme conformations, and the enzyme
thermal fluctuation is fully maintained. The remarkable advantage of this approach is that the real-time in
situ fluorescence probe at the enzymatic active site reports the active site conformational dynamics
through each enzymatic reaction turnovers.
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Poster #34. Catch and Release Dual Action
Photosensitizers for Targeting Invasive Cancers
Karan Arora, Mackenzie Herroon, Malik H. Al-Afyouni, Thomas Rohrabaugh, Izabela Podgorksi, Claudia
Turro, Jeremy J. Kodanko*
Department of Chemistry
Wayne State University
Department of Chemistry and Biochemistry
The Ohio State University
Department of Pharmacology
Wayne State University
The overarching goal of this project is to establish a new paradigm for combination therapy and drug
delivery using a highly selective, single agent with two mechanisms of action. Our approach takes
advantage of a specific phenotype of invasive tumor cells with high metastatic potential, to deliver and
release a photodynamic therapy (PDT) drug selectively to malignant cells in the tumor microenvironment.
Unlike current approaches for tumor-targeted PDT, our delivery approach includes inactivation of a target
that directly contributes to an invasive phenotype and metastatic behavior. Our central hypothesis is that
targeting an essential proteolytic pathway in invasive cells, in combination with precise PDT, will provide a
synergistic, highly potent effect. A series of cysteine cathepsin inhibitors conjugated with releasable Ru(II)based photosensitizers was synthesized and characterized for protease inhibition and light-activated cell
killing in a 3D model of human breast cancer. Data indicate that highly potent and selective protease
inhibition The long-term goal of this project is to develop a highly efficacious topical agent for killing cells
invading away from the tumor margin that are left behind after surgical resection; this will enhance patient
survival.
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Poster #35. Ultrafast dynamics of IrCl62- complexes upon
excitation into intraconfigurational metal-centered and ligandto-metal charge transfer (LMCT) electronic states
Firew T. Gemeda*, Darya S. Budkina, Alexander N. Tarnovsky
Department of Chemistry
Center for Photochemical Sciences
Bowling Green University
The dynamics of excited electronic states in IrCl62- was studied by ultrafast transient absorption spectroscopy
upon excitation of the complexes in water and acetonitrile into intraconfigurational metal-centered (1900
nm) and ligand-to-metal charge transfer (LMCT) transitions at 600, 490, and 420 nm.
The results show that upon any excitation the excited complex relaxes into the ground electronic state.
Upon 420 and 490 nm excitation (into 2Eu²(T2u) and 2Uu¢(T1u) Franck-Condon states, respectively), the
relaxation of the complex can be described by four time constants in both water and acetonitrile. Excitation
at 600 nm into 2Ug¢(T1g) results in three relaxation time constants in both solvents. Excitation into the lowest
energy intraconfigurational metal-centered transition yields one relaxation time constant.
The slowest relaxation dynamics for any excitation wavelengths occurred with time constants of 370±12 ps
in acetonitrile and 21±2.5 ps in water and is assigned to the relaxation from the intraconfigurational Ug(T2g)
excited state to the Eg²(T2g) ground state. The other two time constants (600 nm excitation) are assigned
to vibrational relaxation in the 2Ug¢(T1g) (sub-1ps) and decay of 2Ug¢(T1g) to 2Ug¢(T2g) (3.5 ps in acetonitrile and
~ 1 ps in water). The last time constant (100 fs) observed at 420 and 490 nm is assigned to population
relaxation into Ug¢(T1g).
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Poster #36. Increasing Structural Diversity of Long-Wavelength
Azo Dyes to Tune Wavelength and Add Synthetic Handles for
Photoresponsive Materials Applications
Jason G. Gillmore*
Department of Chemistry
Hope College
Six years ago Aprahamian and coworkers first reported a series of BF2-coordinated azo dyes which
photoisomerize in the red (Yang, Y.; Hughes, P.; Aprahamian, I. J. Am. Chem. Soc. 2012, 134, 15221-15224)
to near-infrared (Yang, Y.; Hughes, P.; Aprahamian, I. J. Am. Chem. Soc. 2014, 136, 13190-13193) region of
the spectrum, using electron withdrawing groups on only the phenyl moiety to tune the dyes spectroscopic
and photophysical properties. At these longer wavelengths, competitive absorption and
photodegradation are minimal, as is absorption by mammalian tissue. This would make these dyes ideal for
many applications where conventional azo dyes are limited by their shorter wavelength higher energy
absorbance spectra. In the Gillmore organic photochemistry research group, we have begun preparing
analogs of Aprahamian’s dyes with polymerizable “handles” which may be incorporated into
photomechanical polymers or other materials architectures. Moreover we have demonstrated that
functionalization of the quinoline ring is possible and potentially allows further spectroscopic tuning of these
dyes. Our synthetic and spectroscopic efforts to date, as well as our future plans, are described in this poster.

76

Poster #37. Investigating Excited-State Proton-Coupled
Electron Transfer Reactions of Ruthenium Complexes with
Hydroxylated Polypyridyl Ligands
Kristina P. Martinez*, Jared J. Paul and Russell H. Schmehl
Department of Chemistry
Tulane University
Department of Chemistry
Villanova University
Throughout nature, biological systems utilize proton-coupled electron transfer reactions to drive forward
energy demanding chemical reactions including the conversion of water and CO2 to glucose and oxygen
during photosynthesis. Coupling proton transfer to electron transfer provides a thermodynamic advantage
over sequential electron transfer events by imparting a redox-leveling effect. Combining the redox-leveling
effect with light-induced processes is appealing for the design of photocatalytic systems to produce usable
chemical products from abundant feedstocks such as CO2 and water. Fundamental understanding of
model systems that undergo excited-state proton-coupled electron transfer reactions is preliminary to
designing catalytic systems. Presented here is the investigation of [(NN)2Ru(LL)]2+ complexes (NN= bpy;
4,4’-dipropylamido-2,2’bipyridine; 4,4’-di-tertbutyl-2,2’-bipyridine and LL= 4,4’-dihydroxy-2,2’-bipyrdine; 4hydroxy,4’-methoxy-2,2’-bipyridine; 4-hydroxy-2,2’-bipyridine) and the overall proton and electron transfer
reactions with N-methyl-4,4’-bipyridinium (MQ+) in a nonaqueous environment. These complexes have
been systematically investigated by nanosecond transient absorption spectroscopy, electrochemistry, and
spectroelectrochemistry. The determination of the sequence for electron and proton transfer is investigated
as a function of altering the thermodynamic properties of the chromophore through changing the Lewis
basicity of spectator ligands.
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Poster #38. Exploration of Silicon Phthalocyanines as Viable
Photocatalysts for Organic Transformations
Shelby D. Dickerson* and Sheryl L. Wiskur
Department of Chemistry and Biochemistry
University of South Carolina
Photocatalysis has increasingly become a major focus as a sustainable pathway for chemical reactions
with visible light photocatalysts performing a large range of reactions such as redox reactions, cyclization
reactions, and energy transfer reactions. Silicon phthalocyanines (SiPcs) have been largely ignored as
photosensitizers in photocatalytic reactions, despite their low energy excitation, long triplet lifetimes, and
their ability to form singlet oxygen. By incorporating alkyl, aryl, and silicon protecting groups as axial ligands
on the silicon center, three SiPcs have been generated by the Wiskur research group with the goal of
developing three novel photocatalysts for organic synthesis. Using cyclic voltammetry and Stern Volmer
quenching studies, we have shown SiPcs are capable of acting as electron donors or acceptors with
appropriate substrates, including Hünig’s base, maleic anhydride, and benzoquinone, with varying redox
potentials. We have also successfully used a SiPc catalyst in a reductive quenching reaction where Hünig’s
base served as a sacrificial electron donor in the reaction. In addition to being redox-active, our preliminary
data also shows SiPcs are capable of performing energy transfer reactions, by performing a reaction that
utilizes singlet oxygen as a reactant under visible light conditons. This reaction, in combination with cyclic
voltammetry studies, has also served as a model to understand how axial substitution on the silicon center
seems to influence the photostability of these species. These results, as well as the photophysical and
electrochemical experiments for each SiPc, will be presented.
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Poster #39. The Competition of the Charge and Energy Transfer
Processes in Dye-Labled Semiconductor Nanocrystals
Pavel Moroz*, Zhicheng Jin, Hedi Mattoussi, Mikhail Zamkov
Department of Physics and Astronomy
Bowling Green State University
Department of Chemistry and Biochemistry
Florida State University
Sensing strategies utilizing Förster resonance energy transfer (FRET) are widely used for probing biological
phenomena. FRET sensitivity to the donor–acceptor distance makes it ideal for measuring the concentration
of a known analyte or determining the spatial separation between fluorescent labels in a macromolecular
assembly. The difficulty lies in extracting the FRET efficiency from the acceptor-induced quenching of the
donor emission, which may contain a significant non-FRET contribution. Here, we demonstrate a general
spectroscopic approach for differentiating between charge transfer and energy transfer (ET) processes in
donor–acceptor assemblies and apply the developed method for unravelling the FRET/non-FRET
contributions in cyanine dye–semiconductor quantum dot (QD) constructs. The present method relies on
correlating the amplitude of the acceptor emission to specific changes in the donor excitation profile in
order to extract ET-only transfer efficiencies. Quenching of the donor emission is then utilized to determine
the non-ET component, tentatively attributed to the charge transfer. We observe that the latter accounts
for 50–99% of donor emission quenching in QD-Cy5 and QD-Cy7 systems, stressing the importance of
determining the non-FRET efficiency in a spectroscopic ruler and other FRET-based sensing applications.
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Poster #40. Photogenerated Radical Formation in Triphenylamine
Methylene Urea Dimers
Ammon J. Sindt,* Baillie A. DeHaven, Mark D. Smith, Linda S. Shimizu
Department of Chemistry and Biochemistry
University of South Carolina
Stable and regenerable radicals from self-assembled urea-tethered triphenylamine dimers are formed upon
UV-irradiation in the solid-state. These radicals can form up to a maximum concentration of 1 in 150
molecules containing a radical with no degradation to the crystal lattice observed by single crystal XRD.
With a half-life of approximately a week, radicals can be regenerated to their original maximum
concentration with additional UV-exposure. For this presentation, the modulation of radical formation by
molecular composition, structure, and packing will be examined along with its effects on the materials
photophysical properties. This will be accomplished by comparing the radical and photophysical properties
of both macrocyclic and linear urea-tethered triphenylamine dimers with and without halogen substitution.
Additionally, due to their porous nature, guest inclusion complexes of the macrocyclic dimers will be
examined for their ability to form stable and regenerable radicals.
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Poster #41. Monitoring Nonradiative Charge Carrier
Recombination and Extending the Excited State Lifetimes in
Methylammonium Lead Bromide Perovskite Nanocrystals
Christopher McCleese1*, David J. Stewart1,2, Tod A. Grusenmeyer1,
Thomas M. Cooper1 and Joy E. Haley1
1Air

Force Research Laboratory
Wright Patterson Air Force Base, OH 45433-7750, USA
2General

Dynamics Information Technology
5100 Springfield Pike, Dayton, OH 45431, USA
Lead halide perovskites have applications in the fields of photovoltaics, light emitting diodes, and lasers.
Their success results from their high absorption coefficients, low exciton binding energy, long charge carrier
diffusion lengths, and high photoluminescence quantum yields. In order to optimize these devices to their
full potential, it is important to understand their fundamental photophysical properties and how processing
conditions affect their optical and electronic properties. Currently in the literature, the majority of timeresolved optical studies on perovskite nanocrystals utilize time-resolved photoluminescence to determine
the excited state lifetimes. However, the nonradiative recombination processes should be further
investigated due to the fact that they can have drastically different charge carrier recombination rates.
Here, steady state and time-resolved optical spectroscopy is used to study the photophysical properties of
hybrid organic-inorganic methylammonium lead bromide nanocrystals. Time-resolved spectroscopy
measurements show that the band edge bleach decay dynamics are longer compared to the
photoluminescence decay. These results indicate that dark carrier recombination is the primary mechanism
leading to the long lived excited state lifetime of perovskite nanocrystals. Additionally, the effect of the
precursor starting material purity on the excited state lifetimes is investigated.
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Poster #42. Photogenerated Persistent Triplet Radical Pairs of
Benzophenone through Supramolecular Assembly
Baillie A. DeHaven*, Dustin W. Goodlett, Ammon J. Sindt, and Linda S. Shimizu
Department of Chemistry and Biochemistry
University of South Carolina
Supramolecular assembly of benzophenone through urea hydrogen-bonding interactions facilitates the
formation of remarkably persistent triplet radical pairs upon UV-irradiation at room temperature, while no
radicals are observed in solution. The generation of organic radicals is correlated to the microenvironment
around the benzophenone carbonyl, the types of proximal hydrogens, and the rigid supramolecular
network. The amount of persistent radicals generated as well as their persistence was examined using Xband EPR spectroscopy. The EPR studies accompanied by a survey of the photophysical properties suggest
a resonance stabilized radical pair through hydrogen abstraction. The absorption spectra of urea-tethered
benzophenone molecules was further examined with time dependent density functional theory
calculations to determine how crystallization impacts their photophysics. Interestingly, examination of the
natural transition orbitals for the more important excitation bands of suggested the molecules should
behave quite differently when assembled in the solid state, which was indeed reflected in their quantum
efficiencies. Persistent radicals have potential in applications such as NMR polarizing agents and in OLED
technology.
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Poster #43. Exploring the Excited State Manifold in Organic
Photocatalysts Using Pump-Push-Probe Spectroscopy
Kathryn L. Corp*, Emily J. Rabe, Cody W. Schlenker
Department of Chemistry
University of Washington
Heptazine-based photocatalysts, i.e. carbon nitride, have recently garnered intense interest for hydrogen
evolution since they can be prepared quickly with inexpensive, metal-free precursors. While the synthesis is
straightforward, the underlying photophysical and photochemical processes of this catalyst are not well
understood because the structure is ambiguous. To gain mechanistic understanding of heptazine-based
photochemistry, we synthesized and studied a model molecular photocatalyst, 2,5,8-tris(4-methoxyphenyl)1,3,5,6,7,9,9b-heptaazaphenalene (TAHz). Using TAHz we’ve shown the first spectroscopic evidence for
proton-coupled electron transfer (PCET) between a heptazine-based photocatalyst and water.
Here we present multi-pulse pump-probe spectroscopic characterization of TAHz in the presence of phenol.
Following the initial pump pulse, we re-excite the sample with a NIR push pulse. The push induces a persistent
decrease in the initial excited state’s population, indicating a change in the branching ratio. Chemically
substituting phenol to change its oxidation potential markedly alters the magnitude of the excited-state
response to the push pulse. These results reveal new insight into the curve crossings of the heptazinelocalized upper excited states and charge transfer states. This lays the groundwork for future materials
design rules to manipulate photon-induced PCET reactions. Our unique approach provides synthetic
chemists and materials scientists with detailed understanding of photoreaction pathways that are germane
to engineering new materials for solar fuel generation.
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Poster #44. Photo-Induced Proton-Coupled Electron Transfer
Study with Rhenium Model Systems
Amanda N. Oldacre* and Elizabeth R. Young
Department of Chemistry
Lehigh University
In biological systems, electron and proton rearrangements are intimately involved in facilitating energy
conversion and chemical reactions. Fundamental mechanistic understanding of electron transfer and
proton motion is imperative to connect molecular structure with chemical reactivity. Mechanistic study of
excited-state proton-coupled electron transfer (ES-PCET) can reveal pathways of electron transfer and
proton transfer in model systems. Towards this end, model systems that can systematically vary one aspect,
while keeping other factors the same, to elucidate the role of the proton and electron in mechanisms
governing these systems need to be developed. To garner a better understanding of unidirectional ET
processes we have designed a donor-acceptor system for mechanistic study of PCET through hydrogen
bonds that occur between ligands on the donor and acceptor moieties. Herein, we describe several
Rhenium acceptor complexes for study of ES-PCET through hydrogen-bonding interfaces.
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Poster #45. Singlet Sensitization-Enhanced Molecular Photon
Upconversion Solar Cells via Self-Assembled Trilayers
Cory J. Ruchlin*, Yan Zhou and Kenneth Hanson
Department of Chemistry and Biochemistry
Florida State University
Molecular photon upconversion via triplet-triplet annihilation (TTA-UC) -combining two or more low energy
photons into a higher energy excited state- is an intriguing strategy to harness low energy photons, which
can increase the maximum theoretical solar cell efficiencies from 33% to above 43%.[1] With self-assembled
bilayers of triplet sensitizer and acceptor molecules on nanocrystalline metal oxide films, our group have
demonstrated direct photocurrent generation from TTA-UC in dye-sensitized solar cells. However, the low
solar energy conversion efficiency can be attributed, at least in part, to the relatively narrow absorption
features of the sensitizer and acceptor molecules. Here, in order to increase low energy light absorption, we
incorporate a singlet sensitizer into an integrated TTA-UC solar cell via self-assembled trilayers. Light in the
transparency window between the triplet sensitizer and acceptor molecules is absorbed by the third singlet
sensitizer layer and then initiates energy transfer towards the triplet sensitizer via Förster resonance energy
transfer (FRET). Efficient energy transfer cascade, from the singlet sensitizer to the triplet sensitizer and the
triplet sensitizer to the acceptor, and limited back energy transfer, from the acceptor to the other two
components, makes this trilayer an effective means of absorbing low energy light and generating acceptor
triplet excited states. A photocurrent of up to 0.314 mA cm-2 has been achieved and is the current record
for a TTA-UC solar cell. This photocurrent represents a nearly two-fold enhancement over previously reported
systems[2] due to cooperative broadband absorption as indicated by i-t, I-V and IPCE measurements. This
prototype singlet sensitization-enhanced trilayer is a critical stepping stone towards the long-term goal of
generating a practical UC solar cell.
[1] (a) Ekins-Daukes, N. J.; Schmidt, T. W. Appl. Phys. Lett. 2008, 93, 063507. (b) Schulze, T. F.; Schmidt, T. W.
Energy Environ. Sci. 2015, 8, 103.
[2] Hill, Sean P., Hanson, Kenneth. J. Am. Chem. Soc. 2017 139 (32), 10988.
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Poster #46. Tunable Multicolor ESIPT Emission in Metal Organic
Frameworks
Suliman Ayad*, Wesley J. Newsome, Jesus Cordova-Guerrero, Kenneth Hanson
and Fernando J. Uribe-Romo
Department of Chemistry and Biochemistry
Florida State University
Department of Chemistry
University of Central Florida
Designing solid state emissive materials that can reproduce a wide range of colors remains a challenging
goal for chemists. Neat molecular solids often suffer from aggregation and phase separation which
drastically alters the photophysical properties of the material and makes color prediction/control difficult.
Here we describe the use of metal-organic frameworks (MOFs) as a scaffolding to support highly emissive
excited state intramolecular proton transfer (ESIPT) dyes of various colors. The dye concentration can readily
be controlled by altering the ratio of ESIPT linker to non-fluorescent linker in the MOF. The large apparent
Stokes shift of these ESIPT dyes allows for the generation of mixed chromophore systems having single
wavelength excitation but with blue (CIE: 0.18, 0.16), green (0.29, 0.51), and red (0.54, 0.38) emission with
color tunability dependent on the concentration of the dyes. Interestingly, at high doping concentrations,
the dyes exhibit decreased emission quantum yield and shortened lifetime relative to solution, indicating
the presence of intermolecular energy transfer. Lowering the doping concentration in the MOFs decreases
the energy transfer rate. These less concentrated MOFs also exhibit an increase in enol emission, resulting in
a significant chromaticity shift towards blue.
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Poster #47. Design and Investigation of Photoinduced and
Thermal DNA Damaging Agents
Anastasiia. A Tikhomirova,* Nikolai A. Tcyrulnikov, R. Marshall Wilson
Center for Photochemical Sciences
Chemistry Department
Bowling Green State University
Bowling Green, Ohio, 43403
In the current study, we continue to design and investigate novel photoactivated organic molecules that
can bind and cleave DNA as well as new and unusual thermal DNA damaging agents. The first part of the
poster will cover DNA toxicity properties of masked 9,10-phenanthrenequinone. It is well known that
phenanthrene derivatives are efficient intercalators, while 9,10-phenanthrenequinone is a photochemical
trigger of oxidative DNA damage. Therefore, in this work, we synthesized a novel phenanthrene based
compound with photochemically masked ortho-quinone. The photoswitchable intercalator was arranged
in such a way that it provides additional stabilization by electrostatic interactions between positively
charged pyridinium salts and negatively charged phosphate backbone of DNA. DNA binding and
damaging properties of these phenanthrene based compound will be discussed in details on the poster.
The second part of this work is dedicated to spontaneous air-oxidation of tetra- and dipyridinocyanine dye
leading to thermal DNA damage. While photoinduced DNA damaging properties of cyanine dyes are
known in the literature, very little is reported regarding thermal DNA damage caused by cyanine dyes and,
to the best of our knowledge, no research describes in situ generated cyanine dyes inducing DNA damage.
Mechanism and results of thermal DNA damage caused by in situ generated tetra- and dipyridinocyanine
dye will be reported on the poster.
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Poster #48. Complexes of Cucurbit[7]uril with
Bis(pyridinium)alkane Dications and Supramolecular Modulation
of Their Reduction Potentials
Nikolai A. Tcyrulnikov†, Ramkumar Varadharajan‡, Anastasiia A. Tikhomirova†, Mahesh Pattabiraman§, V.
Ramamurthy‡, and R. Marshall Wilson†
†Center for Pure and Applied Photosciences
Bowling Green State University, Bowling Green, OH 43403, USA
‡Department of Chemistry
University of Miami, Coral Gables, Florida 33124, USA
§Department of Chemistry
University of Nebraska Kearney, Kearney, Nebraska 68849, USA

Cucurbitur[n]urils (CB[n], n = 5-10) are a family of macrocyclic molecules consisting of n glycoluril units
bridged by 2n methylene groups. Their unique structural features such as two electron rich hydrophilic
carbonyl rims that surround a hydrophobic inner cavity made them extremely popular components of
supramolecular systems. CB[n] ability to bind to guest molecules of various sizes and polarity is widely used
in self-assembly, catalysis, drug delivery and so on. Binding of cationic guests bearing hydrophobic units has
been of a great research interest throughout the years. However, CB[n] binding-induced changes in the
redox behavior of cationic species are mostly focused on methyl viologen and ferrocene derivatives.
Herein, we report the complexation of cucucbit[7]uril with two series of dicationic pyridinium salts in aqueous
media. The formal positive charge on the pyridinium nitrogen accounts for various interesting properties of
these molecules. Covalently linked pyridinium salts are of a great interest as photo and electrochemically
induced electron delocalizing molecules. Pyridinium-based compounds are also well-known for their
antimicrobial activity. In this research, we demonstrate that the reduction potentials of
bis(pyridinium)alkane dications can be supramolecularly varied in the wide range (from +50 mV to -430 mV)
depending on the length of alkyl linker and the position of the nitrogen atom in the pyridinium ring. NMR,
MS, and ITC studies were used to characterize the binding modes and stoichiometry of pyridinium/CB[7]
inclusion complexes. Cyclic voltammetry was utilized to study the changes in the redox behavior of these
systems.
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Poster #49. Light-switchable silicon-based polymers
with high thermal stability and surface areas
Nai-hsuan Hu, Timothy A. May, Joseph C. Furgal*
Department of Chemistry
Center for Pure and Applied Photosciences
Bowling Green State University
High surface area polymers have been applied in a variety of applications. The unique property of
capturing/releasing molecules establishes them as molecular sieve materials for compound separation,
stationary phase for column chromatography, and compound carrier for targeted-release medicines.
Recently, Furgal et al reported a synthesis method[1] for fluoride-catalyzed hydrolysis of a mixture of MeSi(OEt)3, and Bis-triethoxysilylethane (BTESE). The resulting hydrophobic gels possess surface areas up to 1300
m2 g-1, thermal stability above 200°C, and peak pore size around 0.8 nm. This innovative method, with
advantages including short reaction time (24 hr <) and mild reaction environment (in air), have opened
possibilities for high surface area microporous polymers. Since the properties and texture of the resulting
polymers largely correlated to the silane bridge, materials for different purposes can be reached by design.
Base on this, a photoreactive high surface area porous gel has been developed. By changing cis-trans
formation of bridging molecules, the gel would function as a light-switchable solvent capturing/releasing
agent for hydrocarbons. It can be further developed as photo-reactive pump or artificial muscle.
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Poster #50. CuWO4 as a Photocatalyst for Room
Temperature Aerobic Benzylamine Oxidation
Aaron D. Proctor*, Shobhana Panuganti, Bart M. Bartlett
Department of Chemistry
University of Michigan
More sustainable substitutes for conventional mild organic oxidations are a need in synthetic chemistry.
Many of the current reagents required to carry out these transformations are stoichiometric, toxic, and/or
require harsh reaction conditions. Metal oxides have shown promise as replacements to traditional oxidants
through their ability to act as heterogeneous photocatalysts. These materials are simple to synthesize,
inexpensive, stable, and easily recoverable after catalysis is complete. Copper (II) tungstate (CuWO4) is a
metal oxide capable of visible-light absorption and has been used by our lab and others for
photoelectrochemical water oxidation. Now, we seek to extend the established photoelectrochemical
activity of CuWO4 for water oxidation to the photochemical oxidation of benzylamine (BnNH2). Using
CuWO4 synthesized by a solid-state diffusion method, the kinetics and chemoselectivity of CuWO4 towards
BnNH2 photochemical oxidation were measured using a custom-built 445 nm blue LED setup that delivers
relatively high light intensity (200 mW • cm–2) to the reaction with minimal heating (reaction kept between
25–29 °C). Experiments were repeated with bismuth vanadate (BiVO4) – a more widely investigated visiblelight absorbing metal oxide already shown to carry out photochemical amine oxidation. Both oxides give
the coupled imine product, N-benzylidenebenzylamine, in near quantitative (98-99%) yield, with rate
constants of 0.34 h–1 g–1 and 0.70 h–1 g–1 for CuWO4 and BiVO4, respectively, while also showing high
recyclability for this reaction.
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Poster #51. Femtosecond Photoprocesses
in Cytosine Components
Darya S. Budkina*, Alexander N. Tarnovsky, Vasily A. Vorobyev, Firew T. Gemede, Alexei I. Kononov,
Andrey A. Buglak, Roman A. Lysenko, Zakhar V. Reveguk, Ruslan R. Ramazanov
Department of Chemistry
Center for Photochemical Sciences
Bowling Green State University
Department of Chemistry
Saint Petersburg State University, Russia
We focus on cytosines in the monomer and polymer forms. Cytosine components are less studied than
thymine, adenine, and guanine components. Cytosine photodimers formation makes a significant
contribution in cyclobutane pyrimidine dimer (CPD) DNA photoadducts, which cause the most dangerous
photodamage. Yet, cytosine components received much less attention in comparison with thymine
components. We report the results of ultrafast transient absorption studies aiming to investigate the decay
of excited electronic states of cytosine monomers (deoxycytidine monophosphate, dCMP) in aqueous
solutions following sub-40 fs pulsed excitation at different wavelengths (266, 275, and 285 nm). Also, we used
the UV-visible/near-IR supercontinuum probing to monitor the dynamics of excited states in single-stranded
cytosine oligonucleotides (dC10). This oligonucleotide was selected as a model because preliminary data
on the steady-state and time-resolved fluorescence were available, and because it is less complex than
previously studied dC18, but shows a similar degree of the heterogeneity (stacked bases as well as
unstacked bases).
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Poster #52. Manipulation of Iron(II) to Titanium(IV) Metal-to Metal
CT State Lifetimes: A TRTAS and TDDFT Investigation
Maksim Y. Livshits, Michael D. Turlington, Lei Wang, Carl O. Trindle, Zikri Altun,
Jeffrey J. Rack, and Paul S. Wagenknecht*
Department of Chemistry
Department of Chemistry and Chemical Biology
Furman University
University of New Mexico
Department of Chemistry
Department of Physics
University of Virginia
Marmara University, Istanbul, Turkey
Understanding and manipulating charge-transfer (CT) excited states is important in solar energy conversion
and photoredox catalysis. We have prepared a series of complexes with alkynyl linkages between
ferrocene (Fc) and TiIV and investigated the FeII to TiIV MMCT by UV-Vis spectroscopy, electrochemistry,
TRTAS, and TD-DFT. Complexes with two ferrocene substituents include Cp2Ti(C2Fc)2, Cp*2Ti(C2Fc)2, and
MeOOCCp Ti(C Fc) . Complexes with a single ferrocene include TMSCp Ti(C Fc)(C R), where R = C H , and CF .
2
2
2
2
2
2
6 5
3
All complexes with both Fc and Ti show an intense absorption between 540 and 630 nm that is absent in
complexes lacking a ferrocene donor.
Marcus-Hush type analysis of the electrochemical and
spectroscopic data are consistent with the assignment of the low energy absorption as a MMCT band. TDDFT analysis also supports this assignment, but suggests some admixture of Fc centered d-d states. Fitting of
TRTAS experiments results in transient lifetimes between 18 and 41 ps.
Spectroelectrochemical data are consistent with this transient being the MMCT state, suggesting that these

lifetimes are measuring back-electron transfer (BET). Though Marcus-Hush analysis is consistent with BET
being in the Marcus inverted region (l < –DG˚), the rate constants for BET increase with increasing driving
force, thus showing normal behavior. We propose that the lifetime is significantly decreased by the degree
of admixture of the short-lived (< 10 ps) Fc d-d state into the MMCT state, and the extent of this mixing
increases as the energy of the MMCT state increases. This is supported by calculations of the Ciofini CT
index. Lastly, we demonstrate that the excited state lifetime increases by three orders of magnitude upon
coordination of CuBr between the alkynes.
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Poster #53. CdSe Quantum Dots as Triplet Sensitizers in SelfAssembled Bilayers for Photon Upconversion
Drake A. Beery*, Tristan Dilbeck, Alex J. Robb, Kenneth Hanson
Department of Chemistry & Biochemistry
Florida State University
Photon upconversion via triplet-triplet annihilation (TTA-UC), is a means of converting low energy, sub-band
gap light into higher energy excited states that could then be harnessed in a solar cell. Self-assembly at
dye-semiconductor interfaces has emerged as a promising strategy to facilitate TTA-UC and extract charge
from the UC state. Unfortunately, work to date has relied on molecular sensitizers that contain rare and
costly metals (e.g. Pt or Pd) and suffer inherent energy losses due to intersystem crossing from the singlet (S1)
to the triplet (T1) state. Recently, quantum dots (QDs) have emerged as an alternative triplet sensitizer that
lacks expensive metals and possess a small S1-T1 energy gap. Here we use stepwise, multilayer self-assembly
to incorporate QD sensitizers into a TTA-UC solar cell. The films are composed of a nanocrystalline TiO2
substrate, 4,4’-(anthracene-9,10-diyl)bis(4,1-phenylene)diphosphonic acid (DPPA) as the acceptor
molecule, and CdSe quantum dots as the sensitizer. Using steady-state and time-resolved emission we show
that the films exhibit an ~80% QD to DPPA triplet energy transfer efficiency. Upon incorporation into a device,
the films exhibit quadratic to linear photocurrent intensity dependence that is indicative of a TTA-UC
photocurrent generation mechanism. The maximum efficiency onset threshold (Ith value) is achieved at
excitation power densities as low as 0.47 mW/cm2. Collectively, these results demonstrate that QD sensitizers
can be integrated into TTA-UC solar cells.
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Poster #54. Photophysical study of poly(9,9-dihexylfluorene)-copolyanthracene-co-poly(benzo[c]-1,2,5-thiadiazole) (PFABT)
Raquel A Domingues*, Fernando H. Cristovan, Andreia Moraes, Jilian N. Freitas
Instituto de Cięncia e Tecnologia
Federal University of Săo Paulo (UNIFESP), Brazil
Center For Information Technology Renato Archer
CTI - Campinas, Brazil
The photoluminescent (PL) and electroluminescent (EL) properties of the copolymer poly(9,9dihexylfluorene)-co-polyanthracene-co-poly(benzo[c]-1,2,5-thiadiazole) (PFABT), were studied.
Five types of polyfluorene-based organic light-emitting diodes (OLEDs) were investigated: blend devices
consisting of emissive layer of PFABT (2,5; 5; 25; 50 and 100 wt%) in poly(9-vinylcarbazole) (PVK), and the
diode structure was ITO|PEDOT:PSS|PVK:PFABT|Ca|Al . The results have shown that the higher luminance
was obtained from 25% wt% PFABT in PVK and the higher EL intensity was observed in 100% PFABT device.
Also, it was possible to observe a tendency of an increase of luminance and decrease of turn-on voltage
to the high levels of PFABT in the blends. PVK is a very poor electroluminescent (EL) material which was
chosen because it is known as a hole injector1. To obtain a good understanding of the nature of the diode
emission, we compare the EL with the optical properties (steady-state, PL, and dynamic
photoluminescence of all of those compounds in the PVK matrix).
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Poster #55. Ruthenium-Doped Metal-Organic Frameworks as a
Substrate to Probe Long-Range Energy Transfers
Daniel R. Cairnie and Amanda J. Morris*
Department of Chemistry
Virginia Tech
Blacksburg, VA, 24061
Metal-organic frameworks (MOFs) are a highly tunable class of 1D, 2D, and 3D structures that are comprised
of metal node clusters, referred to as secondary building units (SBUs), bound to organic linkers. Their tunability
allows them to find potential applications in artificial photosynthetic assemblies, however a better
understanding of how they interact with light is needed. The MOF of study in this research was UiO-67 (ZrSBUs). The chromophore ruthenium (III) bis(bypyridine)-5,5’-bypyridyl dicarboxylic acid, or ‘Rudcbpy’, has
shown long-range Förster resonance energy transfer (FRET) when incorporated into the UiO-67 – a key
aspect in the development of artificial photosynthetic assemblies. Here, we present a further investigation
of the photophysical characterization of Rudcbpy-UiO-67 via steady-state and time-resolved spectroscopic
techniques.
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Poster #56. Wavelength Dependence on Photoisomerization
Quantum Yields in [Ru(bpy)2(DMSO)2]2+ through Multidimensional
Pathways
Maksim Y. Livshits,a,b Lei Wang,b Sebastian B. Vittardi,a Stefan Reutzel,c Tobias Brixner,c and Jeffrey J.
Rack*a,b
aDepartment

of Chemistry and Chemical Biology
University of New Mexico, Albuquerque, NM 87131
bDepartment

of Chemistry and Biochemistry
Ohio University, Athens, OH 45701

cInstitut

fír Physikalische und Theoretische Chemie
Universitat Würzburg, Am Hubland
97074 Würzburg, Germany

Traditionally, the excited state electronic nuclear coupling is thought to be dominated by a small set of
reaction coordinates productive towards the thermodynamic deactivation of the excited state along a
single trajectory of the potential energy surface. This approximation has led to the development of useful
models to explain and predict the excited state reactivity of many chromophores and photochromic
systems. Recently, new interpretations of bifurcating transition states as well as molecules with large excited
state nuclear displacements have emerged to challenge the Born-Oppenheimer approximation and
notion that a single reaction coordinate trajectory dominated by thermodynamics is capable of
adequately describing complex excited state reactivity.1-2 Changes in interpretation are found in reactions
where a transition state is located near a stationary point or at conical intersections thus enabling nonequilibrium molecular dynamics to dictate reaction outcomes over thermodynamics. Studying such
reactions is difficult due to a lack of large spectral changes in the visible and infrared regions, and ultrafast
kinetic lifetimes < 1 ps plague organic chromophores.3 When transition metal complexes with large visible
absorption changes are studied, experimental efforts are limited by efficient nonradiative decay pathways
and overlapping spectral signatures from multiple states.4
One way of usurping some of the experimental difficulties is use photochromic molecules which undergo
large molecular rearrangements following visible excitation. The benefit of photochromic molecules is the
formation of a distinct photoproduct(s) (isomers) with different electronic structure following the completion
of all photochemical reactions. Herein, we present the experimental excited state dynamics for a simple
photochromic bis sulfoxide complex (cis-[Ru(bpy)2(DMSO)2]2+) as well as an unusual wavelength
dependence for the 1 vs 2 (S,S®S,O or S,S®O,O) sulfoxide isomerization. We further provide a mechanistic
hypothesis for the observed dramatic multi-dimensional bifurcation needed to produce multiple
photoproducts following a single pulse excitation.
1. Ghosh, J.; Gajapathy, H.; Konar, A.; Narasimhaiah, G. M.; Bhattacharya, A., J. Chem. Phys. 2017, 147 (20), 204302.
2. Hu, Q.; Song, H.; Johnson, C. J.; Li, J.; Guo, H.; Continetti, R. E., J. Chem. Phys. 2016, 144 (24), 244311.
3. Frontiera, R. R.; Fang, C.; Dasgupta, J.; Mathies, R. A., Phys. Chem. Chem. Phys. 2012, 14 (2), 405-414.
4. Österman, T.; Abrahamsson, M.; Becker, H.-C.; Hammarström, L.; Persson, P., The J. Phys. Chem. A 2012, 116 (3), 1041-1050.
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Poster #57. Harnessing near-IR Light with Molecular
Photon Upconversion Solar Cells
Victoria Posey*, Suliman Ayad, Kenneth Hanson
Department of Chemistry and Biochemistry
Florida State University
As originally proposed by Shockley and Queisser (SQ), the maximum theoretical efficiency of a single
junction solar cell is ~33% due, in part, to transmission losses of sub-band gap, low energy portions of the
solar spectrum. (1) Triplet-triplet annihilation photon upconversion (TTA-UC) combines two low energy
photons and generates a higher energy state and is an intriguing strategy to harness these low energy
photons and surpass the SQ limit. (2) In particular, metal ion linked self-assembled bilayers on metal oxide
surfaces have emerged as a promising scaffolding to directly harness TTA-UC in a solar cell. (3) However,
the current TTA-UC devices only harness visible light. Here we describe our efforts to shift TTA-UC into the
near IR using perylene diimide (PDI) acceptor molecules and an osmium polypyridyl sensitizer (Os). We
describe the synthesis of a series of phosphonated PDI molecules with systematic variation in surface binding
motif. The PDI molecules form monolayers on the metal oxide surface. However, regardless of the surface
binding group, we observe a high degree of aggregation between PDI molecules as determined by
absorption and emission measurements. Attempts to hinder aggregation by changing solvent or adding
co-adsorbents were unsuccessful. As a result, no TTA-UC emission or photocurrent was observed for the PDIOs bilayer system. Lastly, efforts to derivatize the PDI core to prevent aggregation and observe TTA-UC will
be discussed.
1. Schockley, W.; Queisser, H.J. J. Appl. Physics. 1961, 32, 510.
2. Ekins-Daukes, N.J.; Schmidt, T.W. Appl. Phys. Lett. 2008, 93, 063507
3. Hill, S.P.; Hanson, K. J. Am. Chem. Soc. 2017, 139, 10988-10991
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Poster #58. Spin-Orbit Coupling Induced
Energy Transfer in UiO-67 MOFs Doped with
Photoactive Transition Metal Complexes
Arnab Chakraborty* and Amanda J. Morris
Department of Chemistry
Virginia Tech
Blacksburg, VA
Metal-organic frameworks (MOFs) are a diverse class of highly ordered and tunable nanoscale materials
that are increasingly employed in several solar energy conversion schemes. Investigation of light-harvesting
and energy transfer processes within the three-dimensional framework of such nanoscopic materials results
in more efficient design of biomimetic chromophore arrays for artificial photosynthesis. Here we present
synthesis and photophysical investigation of Ru(II), Os(II), and Ir(III) complexes doped into 3D framework of
UiO-67 MOF. One-pot solvothermal strategy were employed to synthesize the highly porous materials.
Sacnning electron microscopy (SEM) images and X-ray powder diffraction (PXRD) patterns were used for
structural characterization of the materials. Steady-state and time -resolved photophysical techniques
aided in exploring the photophysical behavior of MOF as a function of dopant concentration. Here, we aim
to utilize systematically varied MOF-incorporated chromophore to optimize energy transfer efficiency.
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Poster #59. Light Harvesting and Energy Transfer in a Porphyrinbased Metal Organic Framework
Shaunak M. Shaikh*, Arnab Chakraborty, James Alatis, Meng Cai,
Evgeny Danilov and Amanda J. Morris
Department of Chemistry
Virginia Tech
Blacksburg, VA
We present synthesis and photophysical characterization of a water stable PCN-223(freebase) metal
organic framework (MOF) constructed from meso-tetrakis(4-carboxyphenyl)porphyrin (TCPP).
Photophysical properties of the synthesized crystalline material were studied by using a wide range of
steady-state and time-resolved spectroscopic techniques. Quenching experiments performed on TCPP and
PCN-223 demonstrated that the extent and the rate of quenching in MOF is significantly higher than
monomeric ligand. Based on these results, we propose that upon photo-excitation, the excitation energy
migrates across neutral TCPP linkers until it is quenched by a N-protonated TCPP linker. The N-protonated
linkers act as trap states that deactivate the excited state to the ground state. Variable temperature
measurements aided in understanding the mechanism of singlet-singlet energy transfer in PCN-223 MOF.
The rate of energy transfer and the total exciton hopping distance in PCN-223 were calculated to quantify
the energy transfer characteristics of PCN-223. Nanosecond transient absorption spectroscopy was used to
study the triplet excited state photophysics in both free ligand and PCN-223 MOF. Furthermore,
femtosecond transient absorption spectroscopy was employed to get a better understanding of the
photophysical processes taking place in ligand and MOF on ultrafast timescales. Efficient energy transfer
(Förster radius = 54.5 Å) accompanied with long distance exciton hopping (173 Å) was obtained for PCN223 MOF.
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Poster #60. Photophysical impact of varying amine-donor
substitution position in a series of naphthalenecarbonitriles
Alexis T. Phillips*, David J. Stewart, Zhenning Yu, Tod A. Grusenmeyer, Thomas M. Cooper, Loon-Seng Tan,
Joy E. Haley
Air Force Research Lab
Southwestern Ohio Council for Higher Education
Department of Chemistry
Wright State University
Controlling ground- and excited-state properties of organic chromophores is important in many areas such
as photovoltaics, biological sensors, display technologies, and photochemical synthesis, to name only a
few. Our group has historically be interested in how to control the nonlinear properties of chromophores, in
particular, the excited-state absorption (ESA). Tuning the oscillator strength, breadth, and energy of the ESA
allows for control of the nonlinear performance. However, examples of how to tune ESA are sparse. In this
work, a group of naphthalenecarbonitrile derivatives containing electron donating groups (either
dimethylamino or piperidinyl) in the 2-, 3-, or 4- positions are synthesized. The changes in substitution position
dramatically affect the energy of the ESA transitions, with shifts in the maxima greater than 100 nm. These
modifications also impact the singlet state, as fluorescence lifetimes and quantum yields are significantly
larger in the 3-substitued compounds than the 4-substituted. Another significant effect of varying the
substitution positions is the singlet-triplet energy gap, which can be tuned from 0.65 eV (2-position) to 1.01
eV (4-position).
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Poster #61. Utilizing the Ancillary Ligand to Exert
Electronic Control Over Photoinduced Ligand
Dissociation in Polypyridyl Ru(II) Complexes
Lauren M. Loftus*, Kathlyn F. Al-Afyouni, Thomas N. Rohrabaugh, Jr., and Claudia Turro
Department of Chemistry and Biochemistry
The Ohio State University
Columbus, OH
Polypyridyl Ru(II) complexes have long been studied for use in a wide range of applications due to their rich
excited state photochemistry. Currently, they are of great interest for use in photochemotherapy (PCT)
applications because of their ability to dissociate ligands in a controlled manner after irradiation, affording
a great deal of spatiotemporal control over delivery of the bioactive species. Generally, Ru(II) complexes
towards this application employ sterically bulky ligand sets to enhance ligand loss by lowering the energy
of the triplet ligand field states thought to be responsible for ligand photodissociation. Currently, we are
investigating ways to exert electronic control, rather than just steric, over the photodissociation of nitriletype ligands by varying the bidentate ligand in a series of relatively unstrained Ru(II) terpyridine-based
complexes. Our photochemical and computational results show that the incorporation of donating ligands,
such as acetylacetonate, redshift the absorption spectrum of the complex and introduce a great deal of
mixing in both the ground and excited states that leads to higher quantum yields of ligand
photodissociation, despite the presence of no additional steric distortion. While the relationship between
the degree of mixing present and the quantum yield provides a handle for the rational design of complexes
to be used for nitrile-based PCT, these concepts can also be used to design Ru(II) complexes for use in fields
such as solar energy conversion, where ligand photodissociation is an undesirable deactivation pathway.
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Poster #62. Influence of Dye-Coordinated Metal Ions on Electron
Transfer Dynamics at Dye-Semiconductor Interfaces
Omotola O. Ogunsolu, Alexander J. Braun, Alex J. Robb*, Sahan R. Salpage,
Yan Zhou, and Kenneth Hanson
Department of Chemistry and Biochemistry
Florida State University
Electron transfer events at dye-semiconductor-electrolyte interfaces dictate the efficiency of dye-sensitized
solar and photoelectrosynthesis cells. At these interfaces the goal is to maximize productive processes (i.e.
electron injection, regeneration, substrate oxidation/reduction) and to minimize non-productive events (i.e.
back electron transfer, recombination). Previously, our group has shown that recombination rates at this
interface can be slowed, and Voc increased, by simply coordinating a metal cation to the surface bound
molecule. However, it was unclear if an electrostatic interactions or additional steric bulk imparted by the
metal ion was influencing recombination rates. In order to distinguish which of these factors played the
dominate role in device performance, three different redox mediators with various sizes and charges were
utilized;
I-/I3-,
[tris(1,10-phenanthroline)cobalt]3+/2+,
and
[Co(4,4’,4’’-tritert-butyl-2,2’:6’,2’’0/terpyridine)(NCS)3] . Using spectroscopic, electrochemical, and solar cell characterization measurements
it was concluded that while electrostatic interactions may have a minor influence on dye regeneration
rates, the increased steric bulk imparted by the metal ion is the dominating factor influencing device
performance. Electrochemical impedance spectroscopy and intensity dependent measurements agree
with this conclusion as the data suggests that the coordinated metal ion decreases the porosity of the
mesoporous metal oxide film which inhibits larger redox mediators from diffusing through the film and hinders
regeneration of the dye.
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Poster #63. Synthesis of Urea-tethered Halogenated
Triphenylamines to Study the Influences of the
Halide Atoms on Photogenerated Radicals
Muhammad S Hossain* and Linda Shimizu
Department of Chemistry and Biochemistry
University of South Carolina
Organic persistent radicals are offer potential as functional building blocks for materials with magnetic,
optical, and electronic properties. Triarylmethyl, thiazyl, nitroxide, verdazyl are classes of molecules known
to afford persistent radicals. Stability of these radicals largely depends on the delocalization of the unpaired
electron in the rigid molecular framework or the presence of bulky substituents. The Shimizu group has found
that self-assembly offers another strategy for stabilizing radicals. UV-irradiation of crystalline self-assembled
benzophenone containing urea macrocyclic and linear dimers show stabilized triplet radical pairs, which
are otherwise unstable when they are in solution. Recently, we have investigated the effect of assembly on
triphenylamines (TPAs) and probe the photogeneration of radicals in this system. In this work, we report on
the progress of synthesis of a series of halogenated analogs of urea tethered TPAs. These compounds will
be employed to study the influences of the halide atoms on the generation and persistence of the
photogenerated TPA radicals. The heavy atom effect can alter the photophysical properties and through
spin-orbit coupling, enhance intersystem crossing and subsequent phosphorescence. The goal of our
investigations is to understand if and how the heavy atom alters the stability of photogenerated radicals in
solutions and in assembled systems.
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Poster #64. Modulating Photophysical Properties via Urea
Hydrogen-Bond Driven Supramolecular Assembly
Dustin W. Goodlett*, Emily A. Souza, Mark D. Smith, Linda S. Shimizu
Department of Chemistry and Biochemistry
University of South Carolina
Solid-state assembly driven by bifurcated urea hydrogen-bonding interactions has proven to be a useful
tool for the development of synergistic materials with interesting photophysical properties. In the Shimizu
group, we modulate the formation of supramolecular frameworks by tethering different spacer molecules
to urea groups forming macrocycles or linear analogs. The former self-assemble to form porous 1-D columns
suitable for host-guest chemistry and the latter form highly ordered supramolecular frameworks. The
formation of these supramolecular assemblies can dramatically alter the photophysical properties of the
comprising spacer molecules, such as modifying the orientation of dyes in a crystal structure to afford
dichroism, shifting the absorption and emission, or facilitating the formation of persistent radicals. Here, we
investigate the effects of urea-driven self-assembly on the photophysical properties of benzophenone and
naphthalene.
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Excited-state absorption (ESA) plays a critical role in the effectiveness of nonlinear optical processes such
as reverse-saturable absorption and effective-three-photon absorption. By favorably controlling the
intensity and energy of the ESA, the nonlinear performance can be enhanced. However, examples of how
to tune ESA are sparse. This work shows how structural modifications across a series of anthanthrene
molecules can greatly influence ESA. The anthanthrene derivatives were functionalized to contained to
varying numbers of phenyl or t¬-Bu-phenyl substituents. The shape of the ESA spectra remain consistent but
the maxima red shift from 585 nm (parent anthanthrene) to 645 nm (four t-Bu-phenyl substituents). There are
also two oxidized derivatives, anthanthrones, which show strong, broad ESA in the visible with weaker
transitions observed to nearly two µm. The anthanthrones have much stronger ESA in the visible than the
anthanthrenes, with ESA extinction coefficients around 30,000 M-1 cm-1. Another noticeable difference is
that the intersystem crossing yields are also much larger for the anthanthrones (>0.8) than the anthanthrenes
(~0.3). This follows El Sayed’s rule as the anthanthrone derivatives likely contain nπ* states. Ground-state
absorption, photoluminescence spectroscopy, and excited-state kinetics of these molecules will also be
presented.
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Poster #66. Design and Synthesis of Dirhodium(II,II) Complexes
for Use Towards Energy Conversion and Storage
Jie Huang*, Tyler J. Whittemore, Congcong Xue and Claudia Turro
Department of Chemistry and Biochemistry
The Ohio State University
Columbus, OH
Photo energy sources are abundant on earth. The efforts on better using sunlight to complete energy
transformation and storage have been of great interest. Transition metal molecules that are designed to
have proper excited state energies to promote electron transfer and photocatalytic reactions are suited to
the field of photochemistry. The rational synthetic modification of Rh2(II,II)(formamidinate)2(diimme)2(BF4)2
complexes have demonstrated to extend the excited states life times and better harness red to near-IR
wavelengths. Rh2(II,II) complexes can be applied as photo absorbers in p-type and n-type semiconductors
as they have matched excited state redox potentials and long-lived excited state. Rh2(II,II) complexes with
open coordinate sites on the axial position can catalyze the formation of H2 via a 2-step reduction process.
The synthesis and photochemistry of these compounds are discussed, as well as their excited state
properties, electrochemical properties.
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Poster #67. Changing The Paradigm – Transforming An
Acridinium Photooxidant Into a Potent Photoreductant Via
Sequential Two Photon Absorption
Ian A. MacKenzie* and David Nicewicz
Department of Chemistry
University of North Carolina at Chapel Hill
Organic chromophores have found wide usage as photoredox catalysts for mild single electron oxidation
or reduction reactions. However, the excited state redox potentials of these catalysts have traditionally
been limited by the unfavorable ground state redox potentials. We have developed a sequential two
photon absorption (STPA) process to circumvent this problem. Upon absorption of a single photon of visible
light, 9-Mesityl-3,6-di-tert-butyl-10-phenyl acridinium tetrafluoroborate (1) becomes a strong excited state
oxidant (E_red^*=2.08V vs SCE). Reduction of this excited state by single electron oxidation of Hunig’s base
generates a stable acridyl radical. Excitation of this species by absorption of a second photon generates a
potent excited state reductant (E_ox^*=-2.89V vs SCE), the strongest visible light photoreductant yet
reported. The reactivity of the STPA process was evaluated in the benchmark reductive dehalogenation of
electron rich aryl bromides and chlorides, substrates traditionally outside the range of visible light
photoreductants, with good to excellent yields. Unactivated alkyl bromides could also be accessed, albeit
in lower yields. Further application of the STPA process for mild reductive deoxygenation of phenols and
alkyl alcohols is currently ongoing.
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Poster #68. Synthesis of Siloxane Enabled Photo-active
Heterocyclic Hexaarylbiimidazole (HABI) Molecules
and their Self-Healing Implications
Buddhima Rupasinghe*, Matthew Paul Waldick, Joseph C. Furgal
Department of Chemistry
Center for Pure & Applied Photosciences
Bowling Green State University
Polymer materials that repair themselves after facing severe environmental conditions can significantly
improve their usability and longevity. The main focus in the field of self-healing materials is to sustain their
properties by having efficient healing characteristics. Recently, there are many self-healing polymers
available. However, there are limitations to each system. This study focuses on developing and fully
understanding a siloxane based self-healing polymer, which can be triggered by UV light through a radical
based dynamic covalent system and end capped with silsesquioxane groups for material incorporation.
Specifically, use of a radical based dynamic covalent system enables polymers to self-heal intrinsically and
efficiently with lower energy requirements than Diels-Alder type cyclomers.
Here, we present the synthesis of six main heterocyclic hexaarylbiimidazole (HABI) types as the dynamic
covalent photo-responsive group. Alkoxysilane groups were introduced to incorporate into any type of
silicon based polymer. Finally, we analyze chemical and physical properties to see the self-healing ability.

108

Poster #69. Singlet Oxygen Topology On The Nanometer
Scale Using Chemoselective EPR Spectroscopy
Warsapperuma A. C. V. Warsapperuma*, Alexander M. Brugh, Malcolm D. E. Forbes
Department of Chemistry
Center for Pure & Applied Photosciences
Bowling Green State University
Topological discrimination of singlet oxygen reactivity is an important topic to be addressed for
improvements in PDT. To mimic the heterogeneous environment of cells, nanoscale vesicles are proposed
to create a similar environment in which to study singlet oxygen topology. Depending on the reactivity of
singlet oxygen with hydrophobic, hydrophilic, and amphiphilic amines localized in appropriate locations of
the vesicles, the availability of singlet oxygen in these types of environments can be analyzed. The
hydrophobic amine has been synthesized with a 10 carbon back bone attached to a
tetramethylpiperidine, whereas the proper hydrophilic and amphiphilic amines are commercially available.
In the presence of photosensitized singlet oxygen, amines will oxidize to the corresponding nitroxyl radical.
EPR spectroscopy is a suitable analytical technique to differentiate the spatial availability of singlet oxygen
in varying environments. Depending on the molecular size, nitroxyl radicals will have varying rotational
correlation times. As a result, each nitroxyl radical will have the ability to produce independent EPR spectral
line shapes.

109

Poster #70. Excitation of Metastable Intermediates in Organic
Photocatalysis to Reduce Catalyst Inactivation
Alan Aguirre-Soto1* and Hadley D. Sikes1,2
1Department

of Chemical Engineering
Massachusetts Institute of Technology
2Program

in Polymers and Soft Matter
Massachusetts Institute of Technology
The excitation of metastable intermediates in organic photoredox catalysis is discussed as a tool to promote
catalyst regeneration over inactivation. The steady-state kinetics of the inactivation of eosin Y photocatalyst
and the production of its intermediates were investigated under different irradiation regimes using
combinations of various LED’s. We found that in the eosin Y photocatalysis under irradiation with 520 nm
and 405 nm LED’s, photoinduced electron transfer (PET) leads to the formation of a metastable radical
trianion that can be fully reduced to inactivated leuco-eosin Y via H+/e-/H+ transfer, or regenerated to
eosin Y via ground-state single electron transfer (SET). The radical trianion was excited by the
&#955;_max=405 nm (FWHM= 20 nm) to increase the rate of SET. Fine-tuning of the irradiance of the violet
light and of the concentration of the electron acceptor were key in minimizing inactivation. The excitation
of the metastable radical trianion in the presence of oxygen enabled up to 100% regeneration of eosin Y
under controlled conditions. Irradiances over a threshold of ~1-2 mW/cm2 at 405 nm were found to
accelerate catalyst inactivation, most importantly when the electron acceptor was absent or has been
depleted. When oxygen was sufficiently replenished, and irradiance of the 405 nm LED adjusted, a
significant decrease in eosin Y inactivation was consistently observed. At high oxygen concentrations,
however, the regeneration becomes so efficient (ΔG°’ET≈-11.3 kcal/mol) that the contribution of the
photoexcitation of the radical trianion becomes marginal. With electron acceptors of lower ionization
potential, a more drastic increase in catalyst regeneration is expected.
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Poster #71. Molecular Surface Coatings for Applications in
Photoelectrochemical Fuel Production
Brian L. Wadsworth, Diana Khusnutdinova, Anna M. Beiler,
Edgar A. Reyes Cruz, and Gary F. Moore*
School of Molecular Sciences
The Biodesign Institute Center for Applied Structural Discovery (CASD)
Arizona State University
Tempe, AZ 85287-1604, USA
Human-engineered systems capable of generating fuels from sustainable energy sources provide an
approach to satiating modern societies' energy demands, with minimal environmental impact. Strategies
to address this challenge for science and the imagination often draw inspiration from the biological process
of photosynthesis that powers our biosphere and supplied the fossil fuels global economies rely on. This
poster presentation reports on recent efforts from our research group to develop heterogeneous–
homogeneous architectures that combine the form factors of their underpinning solid-state supports with
molecular coatings, enabling synthetic control and tunability of the hybrid materials’ physical properties [15].
References:
[1] B. L. Wadsworth, D. Khusnutdinova, G. F. Moore. Polymeric Coatings for Applications in Electrocatalysis
and Photoelectosynthesis. J. Mater. Chem. A 2018, 6, 21654.
[2] D. Khusnutdinova, B. L. Wadsworth, M. Flores, A. M. Beiler, E. A. Reyes Cruz, Y. Zenkov, G. F. Moore.
Electrocatalytic Properties of Binuclear Cu(II) Fused Porphyrins for H2 Evolution. ACS Catal. 2018, 8, 9888.
[3] D. Khusnutdinova, A. M. Beiler, B. L. Wadsworth, S. I. Jacob, G. F. Moore. Metalloporphyrin-modified
Semiconductors for Solar Fuel Production. Chem. Sci. 2017, 8, 253.
[4] A. M. Beiler, D. Khusnutdinova, B. L. Wadsworth, G. F. Moore. Cobalt Porphyrin-polypyridyl Surface
Coatings for Photoelectrosynthetic Fuel Production. Inorg. Chem. 2017, 56, 12178.
[5] B. L. Wadsworth, A. M. Beiler, D. Khusnutdinova, S. I. Jacob, G. F. Moore. Electrocatalytic and Optical
Properties of Cobaloxime Catalysts Immobilized at a Surface-Grafted Polymer Interface. ACS Catal. 2016,
6, 8048.
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When developing chromophores for non-linear optical (NLO) applications, synthetic control of the ground
and excited state properties of the chromophore is critical. The influence of a number of structural motifs
on NLO performance have been elucidated, including changing donor/acceptor groups, varying πconjugation length, and including transition metals in the electronic transitions of the molecules. This work
focuses on the influence of Zn(II) coordination and the ancillary ligands attached to Zn(II) on the
photophysical properties of 2,3-di-2-pyridinyl-benzo[g]quinoxaline (dpyb). Only subtle changes are
observed in the ground state absorption spectra of dpyb upon coordination of Zn(II) regardless of the nature
of the halide ligand attached to Zn(II). Conversely, Zn(II) coordination strongly influences the excited state
properties of dpyb. The iodide complex behaves differently than the chloride and bromide complexes.
Coordination of Zn(II) leads to an enhancement of the singlet state lifetime relative to dpyb. This effect is
more pronounced in the chloride and bromide complexes. The fluorescence quantum yield is enhanced
upon Zn(II) coordination to dpyb. dpyb has an intersystem crossing quantum yield on the order of 0.9. All of
the Zn(II) complexes have intersystem crossing yields on the order of 0.6. The large variations in the
fluorescence quantum yields, intersystem crossing efficiencies, and fluorescence lifetimes paint a very
interesting kinetic picture in this series of complexes. The rate constants for radiative decay, non-radiative
decay, and intersystem crossing are all largest in dpyb. The radiative decay rate constants for the Zn(II)
complexes are all slowed by a factor of two relative to dpyb. Non-radiative decay from the singlet state
has negligible influence on the excited states of the chloride and bromide complexes; knr in these
complexes is two orders of magnitude slower than in dpyb and the iodide complex. Intersystem crossing is
also much slower in the Zn(II) complexes relative to dpyb. The rate constant for intersystem crossing is ~30
times slower for the chloride and bromide complexes and 5 times slower in the iodide complex! Initial data
on the triplet state extinction coefficients show that the extinction coefficient is incrementally increased by
a factor of two in the bromide and iodide complex. Delayed fluorescence is also observed in these systems.
Triplet state lifetimes as well as rate constants for triplet-triplet annihilation and bimolecular quenching of the
triplet state by dissolved oxygen in solution will also be discussed.
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Poster #73. Arsenic Recognition by
Azacryptand Metallo-Receptors
Sepideh Farshbaf and Pavel Anzenbacher, Jr.*
Department of Chemistry
Center for Pure & Applied Photosciences
Bowling Green State University
Bowling Green, OH, 43403
Arsenate is a species known for its toxicity to living organism. For this reason, U.S. EPA sets an arsenic
maximum contaminant level for public water supplies at 0.010 mg/L (0.010 ppm). Thus, efforts toward
sensing arsenate are important area of research. The cryptand cage and its fluorescent Eu3+ complex have
been used for detection of arsenate in water.
A sensing ensemble comprising a nitrogen-based cryptand ligand and the Eu3+/Zn2+ cocktail in MeOH is
capable of sensing of aqueous arsenate anion (HAsO42-) with attendant increase in luminescence while
providing a clearly observable turn-On signal. The binding processes associated with the change of the
luminescence signal have been investigated using luminescence spectroscopy.
In addition, the effect of aprotic solvent (DMSO) on detection of aqueous arsenate has also been studied.
The Eu3+-cryptand luminescence enhancement has been observed upon addition of 2 equivalent of
arsenate. However, further addition of arsenate resulted in quenching of the Eu3+-cryptand luminescence.
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Poster #74. Photophysical Properties of Methylene
Urea Bridged Triphenylamine Dimers
Johannes Hartel*, Ammon J. Sindt and Linda S. Shimizu
Department of Chemistry and Biochemistry
University of South Carolina
Para substituted Triphenylamines (TPAs) are known to form persistent radicals through chemical or
electrochemical oxidation. They are applied in molecular magnets, OLED devices and as one electron
oxidants. To control the assembly of TPAs in the solid state urea hydrogen bonding interactions have been
employed. Bromine and unsubstituted methylene urea bridged triphenylamine dimers have been
synthesized. The bromine substituted derivative can form persistent radicals in the solid state upon UV
irradiation with a high quantity of radicals and a half-life of one week. Unlike other TPA based radicals the
material does not degrade and reirradiation results in regeneration of the radical at the original
concentration. Thus, it is of interest to study how the substitution of the bromine by other halogens and
hydrogen influences both the photophysical properties and radical formation in solid state. Due to the
“heavy atom effect” intersystem crossing is expected to be more likely to occur upon excitation of the
bromine substituted derivative resulting in phosphorescence. Conversely, the unsubstituted derivative is
expected to exclusively show fluorescence. In order to verify those assumptions absorption and emission
spectra in solution of both the bromine substituted and unsubstituted derivative have been recorded. The
results suggest the crystals of iodine substituted derivatives might even form a higher triplet radical
concentration than the bromine derivative.
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Poster #75. Examining the role of acceptor molecule structure in
self-assembled bilayers
Yan Zhou*, Suliman Ayad, Cory Ruchlin, Victoria Posey,
Sean P. Hill and Kenneth Hanson
Department of Chemistry and Biochemistry
Florida State University
Photon upconversion via triplet–triplet annihilation (TTA-UC), wherein two low energy photons are
combined to generate a higher energy excited state, is particularly intriguing in solar energy
conversion since it provides a means of surpassing the Shockly–Queisser limit - increasing the
maximum theoretical solar cell efficiencies from 33% to above 43%. Self-assembled bilayers of
sensitizer and acceptor on metal oxide surface have recently emerged as a promising strategy to
facilitate and harness TTA-UC. In addition to the energetic requirements, the structure and relative
orientation of these molecules can have a strong influence on TTA-UC rates and efficiencies in the
bilayer film. To probe this behavior, here we report the incorporation of five different acceptor
molecules composed of an anthracene core functionalized with 9,10- or 2,6-phenyl, methyl, or
directly bound phosphonic acid groups into self-assembled bilayers on a ZrO2 surface. All five films
facilitate green-to-blue photon upconversion. The efficiency of TTA (FTTA), not triplet energy transfer
or back energy transfer via FRET was primarily responsible for dictating the Fuc. Even for molecules
having similar photophysical properties, variation in the position of the phosphonic acid binding
group resulted in a dramatic difference in Fuc, Ith values, FTTA, and D. Interestingly, a strong linear
correlation between FTTA and the Ith value was observed but the cause of this relationship, if any,
reminds unclear.

115

