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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 4-Amino-1,8-naphthalimides as Potential 

Photo-induced Protein Crosslinkers 
 

 
 
Author(s):   Ryan J. Grant*, Madison Conte, Lisa A. Kelly 

Department of Chemistry and Biochemistry, University of Maryland, Baltimore County 
 
 
Abstract: 4-Amino-1,8-naphthalimides have been previously shown to have photochemical 

reactivity with protein-rich tissues, leading to linkages between separate tissue samples.1 
The introduction of an amino moiety on the 4 position changes the photophysics of the 
compound by creating an internal charge transfer (ICT) state upon photoexcitation. The 
strong dipole moment increases the oxidation ability of the excited state. This can be 
utilized against certain amino acids to create radical species, and these radicals have 
the ability to create covalent linkages between protein units.2 4-dimethylamino-1,8-
naphthalimide shows a higher fluorescence quantum yield than 4-piperidino-1,8-
naphthalimide in aqueous solvent, but lower in organic solvents, with the N-linked 
ethanoic acid substitution having a higher fluorescence quantum yield than the ethanol 
substitution. The N-linked ethanoic acid substitution has also been shown to have a 
stronger calculated change in dipole moment in the excited state as compared to the 
ethanol substitution. Cyclic voltammetry experiments suggest that tyrosine and 
tryptophan are potential targets for photochemical crosslinking reactions.  4-
dimethylamino-1,8-naphthalimide and 4-pyrollidino-1,8-naphthalimide both show 
excitation wavelength dependent fluorescence emission in highly polar solvents. This 
excitation wavelength dependence is not present in low-temperature optical glass, 
where the emission profile is different from that of room temperature solutions. 
 

 
References: 
1. Zhang, J., et al. Bioorg. Med. Chem. Lett. 2002, 12, 853–856. 
2. Keyes, E. D., et al. ChemBioChem 2021, 22, 2703–2710. 

 



Poster #  
 

 
30th I-APS Conference, January 4-7, 2022; Miramar Beach, FL USA 

2 

I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Achieving selectivity in medicinal drug 

synthesis: flow vs. batch photochemistry  
 

 
 
Author(s):   Niroodha R. Pitawela*, Anushree Das, Sobiya George, Anna D. Gudmundsdottir 

Department of Chemistry, University of Cincinnati 
 
 
Abstract: Flavanones are a diverse group of secondary metabolites present in all plants. Along with 

the carotenoids, flavanones are responsible for the vivid colors in fruits and vegetables. 
Flavanones have beneficial anti-inflammatory effects and antioxidant properties which 
prevent diseases such as cardiovascular disease, diabetes, cancer, and cognitive 
diseases such as Alzheimer’s and dementia. Flavanones have been synthesized 
chemically using chromanones and cinnamic acid with catalytic conditions. Moreover, 
flavanones have been prepared by the cyclization of 2’-hydroxychalcones using acidic 
reagents such as sulfuric acid. Treatment of 2’-hydroxychalcones with bases also 
afforded flavanones.   
 
We have shown that chalcone derivatives can be converted selectively into the 
corresponding flavanones using visible light. As the reactivity of the chalcone is 
concentration sensitive, we have been using flow chemistry to ensure the photoproducts 
are formed selectively in high yields. Wavelength selective batch and flow 
photochemistry are used to compare the product selectivity and yields, and Nuclear 
Magnetic Spectroscopy (NMR) is used for product characterization. The mechanism for 
the photoreactions was elucidated using laser flash photolysis and Density Functional 
Theory (DFT) calculations. The mechanism will be discussed and used to explain why the 
reactions are concentration sensitive. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
Bimolecular Excited State Proton Transfer and 

Electron Transfer of Ru(II) diimine 
Chromophores Exhibiting Intramolecular 
Reversible Energy Transfer 
 

 
 
Author(s):   Fengqi Zhang*, Russell H. Schmehl, and Jared J. Paul 

Department of Chemistry, Tulane University and Department of Chemistry, Villanova 
University 

 
 
Abstract: Proton coupled electron transfer (PCET) helps to facilitate multi-electron catalytic 

processes such as water oxidation and carbon dioxide reduction. Moreover, optical 
excitation can result in more thermodynamically favorable acid/base process and redox 
behavior for excited states, creating opportunities for PT, ET, PCET reactions not 
accessible in the ground state. However, short excited state lifetimes of the reactive 
chromophore (< 1 µs) will serve to limit the range of reactions that can occur. In Ru(II) 
complexes with pyrene linked to a diimine ligand, an excited state equilibrium between 
3MLCT and 3pyrene has been shown to sustain longer lifetimes (~20us in degassed 
CH3CN). Here, the photoreaction of [Ru(pyr-bpy)2(bpy-OH)]2+ (pyr-bpy = 4-(1”-
pyreneyl)-2,2’-bipyridine; bpy-OH = 4-hydroxy-2,2’-bipyridine) and various proton 
acceptors (pyridine derivatives) is reported. Transient absorption (TA) experiments clearly 
demonstrate that excited state PCET happens between excited [Ru(II)(bpy-OH)]2+ and 
MQ+ (N-methyl-4,4’-bipyridinium) and that excited state PT occurs between excited 
[Ru(II)(bpy-OH)]2+ and substituted pyridine derivatives. Excited state PT (ESPT) products 
are detected even in reactions with weak proton acceptors.  Cage escape efficiencies 
for ESPT are investigated and display an interesting relationship with pyridinium pKa 
values. Further investigations about excited state back proton transfer will be discussed 
as well. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Caging-group Free Photoactivatable 

Fluorophores for Live-cell and Multicolor 
Nanoscopy 
 

 
 
Author(s):   Richard Lincoln*, Mariano L. Bossi, Ilya Likhotkin, Michael Remmel, Elisa D’Este, Alexey N. 

Butkevich and Stefan W. Hell 
Department of Optical Nanoscopy, Max Planck Institute for Medical Research and 
Department of NanoBiophotonics, Max Planck Institute for Multidisciplinary Sciences 

 
 
Abstract: The advancement of superresolution microscopy (nanoscopy) techniques to achieve 

molecular-scale resolutions (e.g. MINFLUX, minimal photon fluxes) has spurred the 
demand for improved fluorophores that meet the unique requirements of these 
techniques. Photoactivatable dyes offer significant improvements over conventional 
fluorophores, but often rely on photolabile protecting groups that has limited their 
application. Here we describe a general method to transform 3,6-diaminoxanthones into 
caging-group free photoactivatable fluorophores that operate on a light-promoted 
radical reaction[1]. These photoactivatable xanthone (PaX) dyes can be prepared from 
readily available starting materials to yield a family of fluorophores spanning much of the 
visible spectrum. We have further shown that this strategy can be extended to build 
photoactivatable fluorophores with large Stokes shift emission[2]. Herein we highlight the 
utility and versatility of these new dyes and labels in optical microscopy and nanoscopy 
techniques including STED (stimulated emission depletion), PALM (photo-activated 
localization microscopy), and MINFLUX. 

 
 
 
 
 
 
 
 
 

References: 
(1) Lincoln, R.; Bossi, M. L.; Remmel, M.; D‘Este, E.; Butkevich, A. N.; Hell, S. W. A general 
design of caging-group-free photoactivatable fluorophores for live-cell nanoscopy. 
Nature Chemistry, 2022,14, 1013–1020.  (2) Likhotkin, I.; Lincoln, R.; Bossi, M. L.; Butkevich, 
A. N.; Hell, S. W. Photoactivatable large Stokes shift fluorophores for multicolor 
nanoscopy. bioRxiv, 2022, 2022.12.02.518850. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Cavitand-Mediated 2+2 

Photocycloaddition of Chalcones 
 

 
 
Author(s):   Marissa Hoover, Vijayakumar Ramalingam, Ganna Lyubartseva, Surabhi Chandra, 

Mahesh Pattabiraman 
University of Nebraska Kearney, Kearney, NE 68845 
Southern Arkansas University, Magnolia, AR 71753 
SUNY Polytechnic Institute, Utica, NY 13502 
 

 
 
Abstract: Larger members of macrocyclic cavitands such as cyclodextrins (CDs), cucurbiturils 

(CBs), octa acid (OA) and calixarenes (CAs), are excellent reaction vessels for improving 
efficiency and exerting stereochemical control over the 2+2 photocycloaddition (PCA) 
of aryl-alkenes (styryls). The cavity volume and height of the octameric members of CB 
and CD families are optimal for forming tight ternary complexes with aryl alkenes in 
aqueous media. While the cavitand acting as a tether for the bimolecular reaction 
increases efficiency of PCA to yield dimeric products, intermolecular forces of attraction 
play a strong role in governing the pre-reactive orientation of the alkenes, which at least 
partly biases the dimers’ stereo- and regiochemistry. The approach has been well studied 
for aryl-alkene families such as stilbenes, cinnamic acids, and coumarins. Analysis of 
reaction outcomes provide wealth of insights into both the excited state dynamics of the 
photoactive compounds as well as the ground-state supramolecular underpinnings that 
governs reactivity. In such a line of thought, we recently started our exploration of 
cavitand-mediated PCA of chalcones, which yielded unique results compared what has 
been observed with aforementioned family of aryl-alkenes. Whereas cinnamic acids, 
coumarins, and stilbenes yielded one predominant photodimer upon photoexcitation, 
chalcone-CD complexes yield three dimeric products. This trend appears to be relatively 
unaffected by the substituent on the aromatic rings. At the same time, the PCA 
efficiency, host-guest dynamics, and complex structure appear to be quite similar to that 
of other alkenes. Herein we present our preliminary findings based on our studies that 
probes the supramolecular and excited state features of this system. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Charge and Energy Transfer Dynamics in 

Lead (II) Sulfide Colloidal Nanomaterials 
 

 
 
Author(s):   Adam Roach*, Shashini Premathilake, Yiteng Tang, Liangfeng Sun 

Department of Physics and Center for Photochemical Sciences, Bowling Green State 
University 

 
 
Abstract: Fast charge transfer dynamics in lead sulfide nanomaterials, specifically 2D motifs, are 

beneficial for photovoltaic and photocatalytic applications. Charge transfer was 
explored by chemically linking titanium oxide nanoparticles to the PbS nanomaterials 
and measured via time-resolved and steady-state photoluminescence spectroscopies. 
PbS quantum dots show improved electron transfer rates than was previously reported. 
Further testing of the attachment mechanism should elucidate this better performance. 
PbS nanoribbons show lifetime and spectral quenching consistent with the charge 
transfer mechanism. The preliminary measurements exhibit charge transfer rates up to 
108 s-1. Spectral quenching of PbS QDs is consistent with Markus’s Theory with ideal 
overlap at 0.95 eV. PbS nanoribbons exhibit a similar dynamic at 0.95 eV consistent with 
Auger-assisted electron transfer. Further work is required to test nanoribbons of different 
energy gaps. The thiol group on the linker molecule passivates the dangling bond and 
has a significant effect on the fluorescence of the PbS nanoribbons. This surface 
passivation mechanism is not observed to significantly effect the PbS QDs’ lifetime.  
 
Energy transfer dynamics of PbS nanomaterials are explored for their use in high-
efficiency IR LEDs. Tracking the ratio of photoluminescence intensity changes from 
solution to solid-state and the lifetimes of the donor and acceptor in solid-state samples 
indicated that FRET occurs. Lifetime measurements indicate energy transfer from 1 eV to 
0.8 eV PbS QDs. Mixed samples of higher  PbS QDs to lower energy  PbS nanoribbon 
exhibit a 25x increase in acceptor to donor ratio in solid-state compared to solution 
phase. Small to large PbS nanoribbons exhibit up to a 13x increase in ratio. Donors’ 
lifetimes are quenched versus pure solid-state samples. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Computational Pump-Probe Spectra ... for 

Free with LR-TDDFT? 
 

 
 
Author(s):   Zachary J. Knepp and Lisa A. Fredin* 

Department of Chemistry, Lehigh University 
 
 
Abstract: Computationally predicting steady state absorption spectra is common practice using 

density functional theory methods. While experimental ultrafast transient absorption 
spectroscopy (TAS) is broadly used to untangling the complex photophysics of molecules 
and materials, computational prediction of these spectra is few and far between. The 
complex landscape of relaxation paths of photoexcited states observed by TAS are 
difficult to untangle in general. In this work we provide a new computational pump-
probe absorption method that produces transient spectra that can be directly 
compared to a TAS experiment. This method uses the same standard linear response 
time-dependent density functional theory (LR-TDDFT) of more traditional stead-state 
approaches. Through simple post-processing of a typical LR-TDDFT output, the energy 
differences between various excited states are approximated and their corresponding 
oscillator strengths are resolved from the transition dipole moments between the LR-
TDDFT wavefunctions. By coupling multiple excited state features, computational 
difference spectra can be directly compared to experimental TAS at various time delays. 
Pump-probe TDDFT captures all relevant excited state absorption features along the cis- 
to trans- isomerization path of azobenzene. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Computational Studies of CO Coordination 

on Di-Copper Complexes 
 

 
 
Author(s):   Mawuli Deegbey*, Walter Johnsen, Karen Goldberg, Thomas E. Mallouk and Elena 

Jakubikova 
Department of Chemistry, University of Pennsylvania 
Department of Chemistry, North Carolina State University 

 
 
Abstract: Electrochemical reduction of CO2 to multi-carbon products such as ethylene and 

ethanol opened numerous possibilities in utilizing CO2 for fuel generation and other 
chemical feedstocks. CO2 is initially reduced to CO and further to other hydrocarbons 
and alcohols. However, there is a poor understanding of the CO reduction pathways 
leading to multi-carbon products. The aim of this work is to elucidate the mechanisms 
involved in the coordination of CO molecules unto two macrocyclic complexes of 
copper [Cu2L], (where L is a phenoxy bridged or thiolate bridged macrocyclic ligands), 
as well as substituent effect by means of density functional theory (DFT). We find that the 
mechanism involved in the CO reactivity follows an electrochemical-chemical process. 
The coordination of CO onto the phenoxy bridged di-copper complex is more favorable 
as compared to the thiolate complex. Furthermore, the presence of the electron-
withdrawing group results in a stronger CO coordination and a more positive reduction 
potential. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 Confinement-Driven Photophysics of 

Photochromic Hydrazone-Based Materials 
 

 
 
Author(s):   Grace C. Thaggard* and Natalia B. Shustova 

Department of Chemistry and Biochemistry, University of South Carolina 
 
 
Abstract: Development of stimuli-responsive materials for directed energy transfer processes is 

crucial for the next advancements in the energy sector.1 Restricted photoisomerization in 
the solid state for many photoswitchable molecules (e.g., hydrazone derivatives) has 
previously hindered progress in this area, but integration in porous matrices could provide 
the void space necessary for efficient photoisomerization in a solid-state material.2,3 
Thus, we probed the photophysical behavior of hydrazone photoswitches when 
confined in two-dimensional (2D) versus three-dimensional (3D) host frameworks using 
diffuse reflectance, as well as steady-state and time-resolved photoluminescence 
spectroscopies.4 When covalently integrated in 2D covalent-organic frameworks (COFs), 
the hydrazone derivatives exhibited irreversible photoisomerization, but computational 
analysis revealed unanticipated hydrazone-COF interactions that preferentially stabilized 
high-energy hydrazone isomers. As a next step, the photophysical behavior was 
investigated in 3D metal-organic frameworks (MOFs) possessing different topology. 
Integration in 3D MOFs yielded fully reversible photoisomerization, solution-like 
photoisomerization rate constants, and resistance to photodegradation. Finally, we 
utilized the change in emission intensity caused by photoisomerization to modulate 
energy transfer efficiency between the hydrazone-containing MOFs and guest 
molecules. Thus, these studies showcase the potential to achieve noninvasive control of 
energy transfer pathways through integration of photochromic molecules in porous 
frameworks. 
 
References: 
1. A. Gonzalez, E. S. Kengmana, M. V. Fonseca, G. G. D. Han, Mater. Today Adv. 2020, 6, 
100058. 
2. B. Shao, H. Qian, Q. Li, I. Aprahamian, J. Am. Chem. Soc. 2019, 141, 8364–8371. 
3. G. C. Thaggard, J. Haimerl, K. C. Park, J. Lim, B. K. P. Maldeni Kankanamalage, B. J. 
Yarbrough, G. R. Wilson, N. B. Shustova, J. Am. Chem. Soc. 2022, accepted. 
4. G. C. Thaggard, G. A. Leith, D. Sosnin, C. R. Martin, K. C. Park, M. K. McBride, J. Lim, B. J. 
Yarbrough, B. K. P. Maldeni Kankanamalage, G. R. Wilson, A. R. Hill, M. D. Smith, S. 
Garashchuk, A. B. Greytak, I. Aprahamian, N. B. Shustova, Angew. Chem. Int. Ed. 2022, 
accepted. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Controlling Photochemistry Using Plane-

Polarized Light 
 

 
 
Author(s):   Maksim V. Anokhin, Harouna Amadou, and Evgueni E. Nesterov* 

Department of Chemistry and Biochemistry, Northern Illinois University 
 
 
Abstract: Controlling selectivity of photochemical reactions is commonly accomplished via 

imposing some kind of geometrical restrictions on the reacting molecule so that one 
transition state or photoproduct would be favored over the others (so called 
“topochemical principle”). This presentation will focus on our recent development of a 
novel fundamental approach to increase and control selectivity of photochemical 
reactions using spatially selective excitation of photoreactive compounds in nematic 
liquid crystalline (LC) host media.  This is accomplished by uniformly aligning 
photoreactive compounds in LC media followed by using spatially selective excitation of 
a specific electronic transition with plane-polarized light.  In a contrast to the 
“topochemical” control of photochemical reactivity through imposing certain 
geometrical constraints on the photoreactive molecule, the new approach relies on 
selective excitation of specific electronic transitions leading to a desired photochemical 
transformation. Furthermore, the photochemical course can be manipulated by 
changing the angle between polarization plane of the incident light and the LC director, 
as this would lead to selective excitation of the electronic transitions with differently 
oriented transition dipole moments. Specific examples including selective control over 
photochemical decarbonylation in cyclopropenones and di-p-methane 
photorearrangement will be outlined in this presentation. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Crystals of Para-Substituted α-

Acetophenone Azides with the same 
Photomechanism although Different 
Dynamics of Maneuvering Weight or Slicing 
Depicting their Lattice Energy Differences 
 

 
 
Author(s):   Fiona Wasson*, Rajkumar Merugu, Gabrielle Nelson, Uyen Dao, Anna Gudmundsdottir 

Department of Chemistry, University of Cincinnati 
 
 
Abstract: Photodynamic crystals are a growing topic and irreversible gas release species carry a 

range of applications. Using azides, we can tune organic molecules with differing crystal 
packing to perform differing mechanical movements from the irradiation and expelling 
of N2 gas. With para-substituted α-acetophenone azides, we can compare the bending 
mechanism of methoxy, bromine, and chlorine substituents for their affinity to lift zeolite 
balls. With highly differing intermolecular strengths within their lattice, the energies allow 
for pooling N2 gas which pushes nitrogen gas to release in repeated channels along the 
crystal lattice. Some substituted azides have weak lattice energies of around 10 kJ/mol, 
and can lift a zeolite ball around 50x the crystals weight while others have strong 
energies around 24 kJ/mol in the opposite orientation than very weak around 6 kJ/mol 
causing a rapid slicing of the crystals and no lifiting. Although the substituted azides have 
the same photomechanism, their differing photodynamics are influenced by the 
different lattice energies made in their crystal packing. These azides provide evidence of 
their use in soft robotics, micro-switches, and weight manipulation while being green-
chemistry and metal-free. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Cyclometalated Iridium(III) Ratiometric 

Oxygen Sensors 
 

 
 
Author(s):   Gregory D. Sutton* and Thomas S. Teets 

Department of Chemistry, University of Houston 
 
 
Abstract: Hypoxia, or an absence of oxygen, is a key contributor to a vast number of diseases such 

as cancer, diabetes and COPD. A wide variety of oxygen partial pressures (pO2) ranging 
from 0.01 – 100 mmHg need to be accurately detected in these diseases. Ratiometric 
oxygen sensing, a technique which utilizes dual-emissive materials with oxygen-insensitive 
fluorescence as an internal standard and oxygen-sensitive phosphorescence as a 
measuring tool, has been applied in recent years to improve the sensitivity and dynamic 
range of oxygen sensing while reducing the cost of optics and need for instrument 
calibration. Despite being photochemically robust, very few examples of 
cyclometalated iridium(III) as ratiometric oxygen sensors exist in the literature and require 
complicated synthetic procedures to produce. Our aim was to synthesize 
cyclometalated iridium(III) compounds using simple methods previously developed by 
our group, adding to the existing library of ratiometric sensors for detection of varying 
ranges of pO2. The first design presented here expands on our previous work with iridium 
BODIPY (boron dipyrromethene) structures, linking two phosphorescent iridium centers 
via a BODIPY fluorophore. However, BODIPY fluorescence dominated the emission 
spectra, eliminating dual-emission. Subsequently, we shifted to using coumarin dyes 
which gave well-resolved blue fluorescence and red iridium-centered phosphorescence. 
This spectral separation allowed us to perform Stern-Volmer quenching and determine 
that several of our coumarin-isocyanide and coumarin-chloride iridium complexes were 
useful ratiometric oxygen sensors in detecting pO2 levels ranging from small (0.3 – 11 
mmHg), to medium (8 – 46 mmHg) and to large (27 – 160 mmHg) amounts of oxygen. 
The chloride-terminated complexes have enhanced quantum yields over the isocyanide 
sensors and include a BODIPY structure which shows the possibility of visible excitation in 
our design. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Design Principles for DASA Photoswitches in 

Polar Environments 
 

 
 
Author(s):   Julie A. Peterson,* Javier Read de Alaniz 

Department of Chemistry and Biochemistry, University of California Santa Barbara 
 
 
Abstract: Donor-acceptor Stenhouse adduct (DASA) photoswitches are a relatively new class of 

photoswitches. They absorb visible light with high extinction coefficients and upon 
excitation undergo a multistep isomerization pathway resulting in a metastable isomer 
that is transparent in the visible region. This colorless isomer reverts back to the colored 
isomer thermally. DASA derivatives are highly environmentally sensitive and considered 
incompatible with polar environments. Here, we present work in understanding how 
solvent polarity influences the switching mechanism, how to design derivatives with 
improved properties in polar environments, and how to take advantage of polarity 
changes to tune the switching properties of DASA derivatives. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Determination of the Effect of 

Monodentate Leaving Ligands on Ru(II) 
Polypyridyl Complexes 
 

 
 
Author(s):   Jessica M. Vandevord*, Claudia Turro 

Department of Chemistry and Biochemistry, The Ohio State University 
 
 
Abstract: A group of ruthenium (II) complexes with bidentate ligands of varying electron-donating 

ability were synthesized with monodentate ligands acetonitrile (ACN), pyridine (py), and 
1-methy-1,2,4-triazole (mtz) to determine the effect of electronic character on the 
photophysical properties. Complexes all follow the same formula with a ruthenium (II) 
center and terpyridine ligand, and then vary with bidentate and monodentate ligands. 
Electronic absorption spectra confirmed that complexes containing more electron-
donating bidentate ligands have a red-shifted ground state absorption in comparison 
with complexes containing bidentate ligands of lesser electron-donating ability. 
Electrochemical data confirmed the impact of the bidentate ligand on the ruthenium 
center with the changes seen in the RuIII/II couple. Preliminary data identified mtz-
containing complexes were photolabile with blue light, whereas py-containing 
complexes were not photolabile with blue light. Understanding the depth of these 
electronic effects will aid in development of ruthenium (II) photosensitizers for numerous 
applications. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Development of a Broadband Two-Photon 

Absorption Spectrometer 
 

 
 
Author(s):   Prasenjit Srivastava and Christopher G. Elles* 

Department of Chemistry, University of Kansas 
 
 
Abstract: Two-photon absorption (2PA) spectroscopy provides valuable information about the 

nonlinear properties of molecules. However, traditional methods of measuring 2PA 
spectra, including z-scan and two-photon excited fluorescence, require a series of single-
wavelength measurements that are prone to unanticipated artifacts and are not easily 
implemented by non-specialists. In contrast with existing 2PA techniques, we are 
developing a broadband pump-probe approach that provides 2PA spectra across a 
wide range of wavelengths. In addition to allowing single-shot measurement of 
broadband spectra, our approach uses stimulated Raman scattering as an internal 
standard to provide more accurate 2PA cross-sections than was previously possible. We 
describe recent developments using counter-propagating pump and probe pulses from 
a variable repetition-rate Yb:KGW laser to obtain broadband 2PA spectra of several 
reference compounds, including several coumarin dyes (C153, C314, C485), rhodamine 
B, fluorescein, prodan, acid yellow, and perylene. The broadband spectra cover the 
energy range 2.6 to 3.5 eV (470 to 350 nm one-photon equivalent). We also measure 
spectra for both parallel and perpendicular polarization of the pump and probe pulses, 
providing additional information about the underlying two-photon transitions based on 
symmetry considerations. The broadband spectra we report provide a valuable 
reference set for applications that could benefit from accurate 2PA cross sections, such 
as two-photon microscopy and photodynamic therapy. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Effects of Increased Conjugation and 

Rigidification on the Photophysical 
Properties of [Ir(C^N)2(acac)] Complexes 
 

 
 
Author(s):   Thomas N. Rohrabaugh, Jr., Ryan M. O’Donnell, Cadet Jillian Pixley, Cadet Alexander 

Tucci, Trenton R. Ensley, and William M. Shensky III  
DEVCOM Army Research Labs 

 
 
Abstract: Due to their tunable photoreactivity, light absorbing properties, and emissive properties, 

organometallic iridium(III) complexes have found application in a wide variety of fields 
such as phosphorescent dopants in organic light emitting diodes (OLEDs), chemical 
sensing, light harvesting for solar cells, photocatalysis, and photodynamic therapy. Our 
team is particularly interested in their non-linear optical (NLO) properties such as reverse 
saturable absorption (RSA). Our objective is to design panchromatic RSA agents that 
exhibit RSA behavior over a variety of timescales. Typical cyclometalated iridium 
complexes exhibit excited state lifetimes on the order of 1 – 5 microseconds. Our strategy 
to enhance the useful timescale and expand the wavelength regime for RSA 
applications is to design more rigid ligands that “lockout” nonradiative decay pathways 
while also increasing the conjugation of the ligand. This will extend the excited state 
lifetime as well as red shift the ground state absorption. This poster will discus the 
photophysical properties of four iridium complexes with structure [Ir(C^N)2(acac)] 
(where C^N = phenylpyridine (1), benzo[h]quinoline (2), 2,4-diphenylquinoline (3), 7-
phenylbenzo[c]acridine (4), and acac = acetylacetonate). The photophysical properties 
were investigated via UV-vis absorption spectroscopy, emission spectroscopy, emission 
lifetime spectrometry and Franck-Condon Lineshape Analysis. The synthesis, and 
photophysical properties of these iridium(III) complexes will be discussed in detail herein. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Efficient Room-Temperature 

Phosphorescence of Covalent Organic 
Frameworks through Covalent Halogen 
Doping 
 

 
 
Author(s):   Ehsan Hamzehpoor, Cory J. Ruchlin*, Yuze Tao, Cheng-Hao Liu, Hatem M. Titi, Dmytro F. 

Perepichka 
Department of Chemistry, McGill University 

 
 
Abstract: Organic room-temperature phosphorescence, a spin-forbidden radiative process, has 

emerged as an interesting but rare phenomenon with multiple potential applications in 
optoelectronic devices, biosensing and anticounterfeiting. Covalent organic frameworks 
(COFs) with accessible nanoscale porosity and precisely engineered topology can offer 
unique benefits in the design of phosphorescent materials, but these are presently 
unexplored. Here, we report an approach of covalent doping, whereby a COF is 
synthesized by copolymerization of halogenated and unsubstituted phenyldiboronic 
acids, allowing for random distribution of functionalized units at varying ratios, yielding 
highly phosphorescent COFs. Such controlled halogen doping enhances the intersystem 
crossing while minimizing triplet–triplet annihilation by diluting the phosphors. The rigidity 
of the COF suppresses vibrational relaxation and allows a high phosphorescence 
quantum yield (ΦPhos ≤ 29%) at room temperature. The permanent porosity of the COFs 
and the combination of the singlet and triplet emitting channels enable a highly efficient 
COF-based oxygen sensor, with an ultra-wide dynamic detection range (~1e3-1e-5 torr 
of partial oxygen pressure). 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Electron and Hole Upconversion in 

Designing Chemical Reactions 
 

 
 
Author(s):   Beauty K. Chabuka* and Igor V. Alabugin 

Department of Chemistry and Biochemistry, Florida State University 
 
 
Abstract: Upconversion of photons illustrates how molecules can be used to control and transform 

energy. The question that we would like to address in this presentation is the possibility of 
“upconverting electrons”.  
We will show how one accomplish this goal by using the free energy of exergonic 
chemical reactions and illustrate how electron upconversion can explain a seeming 
chemical paradox of how an exergonic reaction can convert a weak reductant into a 
stronger reductant. A similar concept has also been developed for hole upconversion.  
Such redox upconversion processes provide the key to using electrons and holes as true 
catalysts for chemical transformations because they allow for chain propagation 
through electron transfer. This concept has broad implications for electrochemistry and 
photoredox catalysis.   
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Electron upconversion in synthesis of N-

containing polycyclic aromatic 
compounds 
 

 
 
Author(s):   D. I. Tonkoglazova*, Prof. I. V. Alabugin 

Department of Chemistry & Biochemistry, Florida State University 
 
 
Abstract: Photon upconversion is a phenomenon in which a molecule absorbs two lower energy 

photons and emits a higher energy photon. Unfortunately, chemists cannot merge two 
low-energy electrons into one higher-energy electron. But can a low-energy electron 
(i.e., a mild reductant) still be efficiently upconverted into a high-energy electron (a 
strong reductant) via another way?  
Electron upconversion is achievable in radical-anionic processes where energy of 
chemical bonds is converted into the increase of reduction potential. To be useful for the 
design of electron-catalyzed reactions, a radical-anionic process should be 
thermodynamically less favorable (less exergonic) and kinetically more favorable (faster) 
than its neutral counterpart. We developed direct C(sp3)−H amination with unprotected 
anilines, which satisfies these conditions and draws its selectivity from electron 
upconversion. The reaction sequence consists of N-H deprotonation, homolytic C-H bond 
activation, and oxidation. The driving force for the generation of a more potent 
reductant is the formation of 2c,3e-bond. Notably, the reductive potential of the 
reactant builds up along the path of the reaction, allowing to use weak oxidants such as 
molecular oxygen. This reaction was applied for the synthesis of various N-containing 
polycyclic aromatic compounds. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Enhance the Stability of Electronically 

Dimmable Eye Protection Devices by 
Manipulating Photochemical Processes 
 

 
 
Author(s):   Jayachandran Parthiban, Sruthy Baburaj, Sarvar Aminovich Rakhimov, Malcolm D. E. 

Forbes, Steffen Jockusch, Rasheedah Johnson,  Ludmila Sukhomlinova, Paul Luchette, 
Jayaraman Sivaguru,* 
Center for Photochemical Sciences and Department of Chemistry, Bowling Green State 
University, Bowling Green, OH 43403, USA 
Material Development, Alphamicron Inc, Centennial Research Park, 1950 OH-59 #100, 
Kent, OH 44240.  
 

 
 
Abstract: The study evaluates the compatibility of stabilizers with dye dopped liquid crystal (LC) 

scaffolds that are used in electronically dimmable materials. The photodegradation of 
the materials was investigated and suitable stabilizers were evaluated to slow the 
degradation process. The aim of evaluating new materials/ stabilizers for compatibility 
with liquid crystalline (LC) materials that served as hosts and dyes that served as guests 
with the goal of finding a suitable stabilizer to slow photodegradation was successfully 
achieved by using benzotriazole-based stabilizers. After preliminary photodegradation 
studies in the solution phase, involving various dyes/LC/stabilizer loading served as a 
starting point to study the photodegradation of LC/dye mixture with and without 
stabilizer (STB 6) in solid state (loaded on chip) irradiation under broad wavelength 
(Mercury lamp) and the results are summarized. Photodegradation evaluation study 
revealed that LC (host)-dye(guest) photodegradation rate is directly proportional to the 
concentration of the stabilizer (STB 6) loaded and the initial EPR measurements suggest 
that the radical is being formed during the photoirradiation which may pave a way to 
understand the mechanism involved in the photodegradation.  
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Environment & Power Dependence of 

Blinking-Based Multiplexing (BBM): 
Optimizing a New Tool for Multicolor Super-
Resolved Imaging 
 

 
 
Author(s):   Grace A. DeSalvo*, Emma N. Smith*, Sophia Haile, and Kristin L. Wustholz 

Department of Chemistry, William & Mary 
 
 
Abstract: Multicolor super-resolved imaging is a powerful technique for visualizing biological 

structures with unprecedented resolution. However, in order to differentiate various 
fluorophores, they must exhibit distinct emission spectra. This requirement restricts the set 
of available probes and adds to experimental demands. To overcome these limitations, 
the Wustholz lab developed blinking-based multiplexing (BBM), a novel method for 
differentiating spectrally-overlapped emitters such as rhodamine 6G (R6G) and 
CdSe/ZnS quantum dots (QD) based solely on their intrinsic blinking dynamics. We 
recently demonstrated BBM to be effective on a glass substrate, but the impact of 
imaging conditions on classification accuracy is unknown. Here, we investigate the 
impact of local environment and excitation power on BBM performance for R6G and QD 
emitters in a poly(vinyl alcohol) (PVA) matrix and on glass, respectively. We demonstrate 
BBM as a viable technique for classifying single emitters in biological settings using PVA as 
a model environment and demonstrate that excitation power can be tuned to optimize 
accuracy. Collectively, these experiments demonstrate the viability of BBM to broader 
applications in multicolor super-resolved biological imaging. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Exciton Dynamics in Colloidal Lead Sulfide 

Nanosheets 
 

 
 
Author(s):   Kiran Lamichhane* and Sabin Aryal* 

Center for Photochemical Sciences, Bowling Green State University, Bowling Green, OH 
43403 USA 

 
 
Abstract:  

Lead sulfide (PbS) nanosheets exhibit high potential in photovoltaics and optoelectronics 
applications due to their tunable energy gap and high quantum efficiency. Exciton 
dynamics play a vital role in the performance of the devices based on this material. We 
measured the time-resolved photoluminescence spectra of PbS nanosheets to study the 
dynamics of the exciton. The photoluminescence peak shifts to longer wavelengths in a 
time window of a few hundred nanoseconds after excitation by a picosecond pulsed 
laser. Diffusion of the excitons to thicker parts (smaller energy gaps) or the shallow 
surface states of the nanosheet can account for the time-dependent redshift of the 
photoluminescence. A further experiment shows a significant suppression of the redshift 
after passivating the nanosheets using surface ligands. Since surface passivation reduces 
the surface states, the result reveals that the trapping of the exciton on the surface states 
is likely the cause of the redshift. A control experiment using PbS quantum dots does not 
show the redshift. Since a quantum dot has a much smaller surface area than a 
nanosheet, the diffusion of the exciton to surface states occurs much faster. The process 
is unlikely detectable in the same experimental setup. Our next step in the study is to 
estimate the exciton diffusion coefficient in the nanosheet. 
As another important process of exciton dynamics, amplified spontaneous emission (ASE) 
from colloidal PbS nanosheets is studied. Using time-resolved photoluminescence 
spectroscopy, we observed a sharp ASE peak from the nanosheets dispersed in an 
organic solvent. In addition, we obtained an optical gain from the film of nanosheets 
under a low pumping power at room temperature. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Exploiting Excited State Processes to 

Uncover New Photochemical Excited State 
Reactivity by Changing the Course of the 
De Mayo Reaction 
 

 
 
Author(s):   Lakshmy Kannadi Valloli,* Laura Obloy, Sunil Kumar Kandappa, Steffen Jockusch, 

Alexander Tarnovsky, Jayaraman Sivaguru 
Center for Photochemical Sciences, Bowling Green State University, Ohio 

 
 
Abstract: Designing and uncovering new photochemical reactions often depends on manipulating 

reactive chromophores to channel their excited state energy towards a desired chemical 
pathway. For altering the established photochemical reactivity, understanding the dynamics 
of the excited states involved becomes quintessential. The presentation will highlight the 
development of a new type of photochemical reaction by circumventing an established 
excited state process. Typically, 1,3 dicarbonyl compounds upon photoexcitation undergo 
De Mayo reaction with alkenes to form 1,5 diketones.(1) We have designed chromophores in 
which a which a new kind of photochemical reactivity was observed with excited 1,3-
dicarbonyl compounds with activated alkene circumventing the traditional De Mayo 
pathway.(2)  The newly observed reaction allows for the conversion of completely planar 
reactants to a complex heterocyclic structure with multiple stereocenters in a single step. 
Photophysical investigations enabled us to elucidate the mechanism of this new excited state 
processes which will be discussed during the poster-presentation. 
 

 
 
 
 
 
 
 
 
 
REFERENCES 
(1) de, M. P. Photochemical Reactions of Dicarbonyl Compounds. Pure and Applied Chemistry 1964, 9 
(4), 597–606. https://doi.org/10.1351/pac196409040597. 
(2) Kandappa, S. K.; Valloli, L. K.; Jockusch, S.; Sivaguru, J. Uncovering New Excited State Photochemical 
Reactivity by Altering the Course of the De Mayo Reaction. J. Am. Chem. Soc. 2021, 143 (10), 3677–3681. 
https://doi.org/10.1021/jacs.0c12099. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Exploring Differences in Lanthanides 

Excited State Reactivity Using a Simple 
Example: The Photophysics of La and Ce 
Thenoyltrifluoroacetone (TTA) Complexes 
 

 
 
Author(s):   Maksim Y. Livshits,(1) Nikki J. Wolford(1), Jenny K. Bahn(1), Molly M. MacInnes(1), Samuel 

M. Greer(1), J. S. R. Vellore Winfred(2), Stosh A. Kozimor(1), Kenneth Hanson(2), Benjamin 
W. Stein(1)* 
(1)Los Alamos National Laboratory (LANL), P.O. Box 1663, Los Alamos, New Mexico, USA 
(2)Department of Chemistry and Biochemistry, Florida State University, Tallahassee, 
Florida 32306, USA 
 

 
 
Abstract: A series of four lanthanide thenoyltrifluoroacetone (TTA) complexes consisting of two f0 

(La3+ and Ce4+) and two f1 (Ce3+) complexes were examined using steady-state and 
time resolved spectroscopic techniques. The wide range of spectroscopic techniques 
presented herein have enabled us to discern the nature of the excited states (charge 
transfer, CT vs. ligand localized, LL) as well as construct a Jablonski diagram for detailing 
the excited state reactivity within the series of molecules. The wavelength and excitation 
power dependence for these series of complexes are the first direct verification for the 
presence of simultaneous competing, non-interacting CT and LL excited states. 
Additionally, a computational framework is described that can be used to support 
spectroscopic assignments as a guide for future studies. Finally, the relationship between 
the obtained photophysics and possible photochemical separation mechanisms is 
described. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Exploring the Photodynamics of Dimethyl 

Pyrazolylphenyl Azides (DPZA) 
 

 
 
Author(s):   Anna D. Gudmundsdottir and Janaka P. Kavikarage* 

Department of Chemistry, University of Cincinnati 
 
 
Abstract: Herein we present the photodynamic behavior of 1-(2-azidophenyl)-3,5-dimethylpyrazole 

(1) in crystals. The photochemistry of 1 in solution and the solid state has been reported 
previously.1 Upon irradiation in solution it forms a singlet arynitrene that cyclizes to form 
1,3-dimethylpyrazolo[1,2-a]benzotriazole, meanwhile, some of singlet arylnitrenes 
intersystem crosses to form triplet alkylnitrene that abstracts a hydrogen from a methyl 
group  and from 1-methylpyrazole[1,2-a]quinozaline. We are investigating the solid-state 
reaction mechanism of 1 by preforming laser flash photolysis of the crystals to identify the 
intermediates formed within the crystal lattice.  
We showed with digital microscopy that irradiation of yellow needles of 1 crack both 
vertically and horizontally across the crystals surface, presumably due to product 
formation and release of N2 gas within the crystals lattice.  We used force field 
calculations and SEM images to attempt to correlate the photodynamic behavior with 
the crystal lattice of 1. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Extending excited state lifetimes of earth 

abundant based photosensitizers 
 

 
 
Author(s):   Spencer Burton*, Claudia Turro 

Department of Chemistry Biochemistry, The Ohio State University 
 
 
Abstract: In the search for clean energy, the abundance of elements such as iron, cobalt and 

nickel in the earth’s crust make them attractive candidates for large scale industrial 
applications that are both affordable and sustainable. Due to contracted d orbitals of 
third row transition metals, low lying metal centered states exist which allows for ultrafast 
deactivation of excited states. This inhibits charge transfer ability, hindering their 
usefulness in many energy applications. An approach to overcome this problem is the 
use of strong field ligands to raise the energy of the metal centered states above that of 
the charge transfer state, thus removing the states that promote ultrafast relaxation. 
Cyclometallation is an extension of this strategy and is predicted to suppress the 
deactivation pathways through metal centered states to provide modest excited state 
lifetimes. Presented here is an experimental and computational study of a series of 
transition metal complexes, M(ppy)2L (M = Co(III), and L = 2,2’-bipyridine (bpy), 1,10-
phenanthroline (phen) or 1,12-diazaperylene(DAP)), with 2-phenylpyridine (ppy) 
functioning as cyclometallating bidentate ligands. The focus of the poster is on 
preliminary computational data of the cyclometallated cobalt series, as well as initial 
lifetime, absorption and emission data that has been collected thus far. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Gas-powered crystals: explaining 

differences in crystal movements with 
lattice energy interactions 
 

 
 
Author(s):   Leanna J. Patton, Anthony M. Mack, Margaret A. Milbrandt, Jeanette A. Krause, Anna D. 

Gudmundsdottir 
Department of Chemistry, University of Cincinnati 

 
 
Abstract: There is a need for small actuators to continue the quest of miniaturizing instruments and 

devices. In order to make smart-materials for devices and sensors, energy must be turned 
into mechanical motion or work. Generally, stimuli-responsive polymers are investigated 
for such purposes, but organic single crystals can make much stronger materials and 
have highly ordered structures that may allow better understanding and prediction of 
the motion.  However, photodynamic activity is found to be relatively rare among 
photoreactive crystals. We have focused our attention on studying compounds that 
release gas upon exposure to light, which often results in photodynamically responsive 
crystals due to the buildup of pressure when gas is released inside the crystal lattice. 
Herein, we present that crystals of ortho-azidostilbene shatter and jump as they release 
nitrogen gas upon exposure to light. We investigate several derivatives of this compound, 
which each respond differently to light, to provide a better understanding of the factors 
that control the mechanical responses of the crystals. We correlated the crystal structure 
and reaction mechanism with the photodynamic response by using transient 
spectroscopy, x-ray structure, video microscopy, and force field calculations. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Heteroleptic dirhodium(II,II) paddlewheel 

complexes for electro- and photocatalytic 
proton reduction 
 

 
 
Author(s):   Piyush Gupta* and Dr. Claudia Turro 

Department of Chemistry Biochemistry, The Ohio State University 
 
 
Abstract: Bimetallic complexes have been shown to exhibit high electrocatalytic and 

photocatalytic activity, specifically proton reduction. Dirhodium compounds having a 
paddlewheel structure with a Rh-Rh bond have become promising candidates for this 
reaction and CO2 reduction with high turnover numbers and catalytic efficiency. 
Recently, dinuclear complexes with short metal-metal bond distance such as cis- 
[Rh2(DPhF)2(bncn)2]2+ (DPhF = N,N′-diphenylformamidinate; bncn = benzo[c]cinnoline) 
have been shown to possess long lived triplet excited state and work as a single 
molecular photocatalyst for proton reduction under red light with good turnover number. 
To further understand the mechanism of such compounds, the present work focuses on 
the studying similar complexes with uncapped axial sites and exchanging bridging 
ligands. Two different types of heteroleptic compounds of the form cis- 
[Rh2(DPhF)(OAc)(bncn)2][BF4]2 (1) and cis- [Rh2(DPhF)(OAc)(bncn)(np)][BF4]2 (2) (OAc 
= acetate; np = 1,8-naphthyridine) are being explored. Substituting these ligand positions 
alters the HUMO-LUMO transition and offer insight in the importance of two of these 
ligands each. The latter compound is first of its kind with a tetraheteroleptic environment 
around the Rh2(II,II) core. This poster aims to discuss the synthetic routes for preparation 
of these complexes followed by their spectroscopic, electrochemical and structural 
properties granting an insight into their lifetimes and mechanism for proton reduction. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 How to Regulate the Excitonic Properties of 

Light-Harvesting Superstructures by 
tethering π-Conjugated Supramolecular 
Polymers 
 

 
 
Author(s):   Victor Paulino, Valentino Cesiliano, Kaixuan Liu, Ifigeneia Tsironi, Jean-Hubert Olivier* 

Department of Chemistry, University of Miami 
 
 
Abstract: Covalent stapling of initially formed π-SPs opens entirely new avenues to rigidify the 

electro-active cores and enforce strong interactions between repeating units. We will 
show that stapling π-SPs built from water-soluble perylene diimide units deliver structurally 
well-defined nanoscale objects equipped with electronic properties that can be tailored 
via the length of the covalent tether. The use of excitonic coupling as a spectroscopic 
marker provides a handle to probe the formation of robust tethered assemblies whose 
ground-state electronic structures are insensitive to changing temperatures (275 to 370 
K). Electrochemistry and spectroelectrochemistry experiments that interrogate the 
potentiometric properties and spectroscopic signatures of n-doped assemblies further 
confirm the formation of structurally and electronically well-defined nanoscale objects. 
Additionally, we will show that the excited state properties of stapled π-SPs can be tuned 
using the structure of the molecular stapler as a synthetic proxy. Photoexcitation of 
stapled π-SPs generates excited states with mixed Frenkel exciton and charge-transfer 
character. The charge transfer contributions to these states can be increased by 
enhancing the structural rigidity of the π-SPs by varying the length of the molecular 
tethers. This approach provides a potential pathway for separating charges for light-
harvesting applications. Furthermore, examining exciton transport properties in tethered 
assemblies that form hierarchical 1D superstructures in the solid state reveals exciton 
diffusion coefficients that rival those reported in bulk organic crystals. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Individual, Sequential and Orthogonal 

Photorelease of Organic Molecules in 
Water from Encapsulated Triggers 
 

 
 
Author(s):   Sujit Kumar Ghosh*, Jose Paulo da Silva, Satyajit Mondal, Vardharajan Srinivasan and  

V. Ramamurthy 
Department of Chemistry, University of Miami,  
CCMAR-Centro de Ciencias do Mar, Universidade do Algarve and Department of 
Chemistry, Indian Institute of Science Education and Research Bhopal 

 
 
Abstract: Because of relevance in biology, medicine and materials science research on 

photoremovable protecting groups continue to attract attention.  The main handicap 
with these releasing molecules is their insolubility and poor stability in water.  With our 
continued interest in exploring the value of supramolecular photochemistry in controlling 
excited state chemistry we have investigated the photorelease of a number aliphatic 
and aromatic carboxylic acids in water using thiocoumarinyl (λmax: 455 nm), coumarinyl 
(λmax:  363 nm) and 4-hydroxy phenacyl (λmax: 330 nm) chromophores as triggers.  The 
central player in this project is octa acid (OA) cavitand that forms a water-soluble 
capsule encapsulating the above triggers.   
 
The study consisted of three aspects: (a) explore the value of visible light absorbing OA 
encapsulated thiocoumarinyl trigger to release acids in water; (b) study the feasibility of 
sequentially releasing different acids in the same solution using different triggers 
absorbing at different wavelengths and (c) explore the possibility of releasing atleast two 
acids in orthogonal fashion in water.  The study established that the above triggers that 
are not water-soluble become soluble and stable upon complexation with OA as host.  
Upon photolysis the acids were released individually, sequentially and orthogonally.   No 
products derived via radical intermediate were isolated ruling out the homolytic 
fragmentation.  Isolation of methanol adduct of the thiocoumarinyl trigger suggested 
that the release involves hetetrolytic fragmentation. Details are to be found in the poster. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Influence of Al2O3 Overlayers on 

Intermolecular Interactions Between Metal 
Oxide Bound Molecules 
 

 
 
Author(s):   Erica S. Knorr*, Drake Beery, Jonathan P. Wheeler, Ashley Arcidiacono, J. S. Raaj Vellore 

Winfred, Kenneth Hanson 
Department of Chemistry & Biochemistry, Florida State University 

 
 
Abstract: Molecules bound to inorganic substrates are of interest for a range of applications 

including catalysis, sensing, and solar energy conversion. Inherent to these interfaces is 
the close proximity of the molecules which can facilitate intermolecular 
interactions/processes such as aggregation, triplet-triplet annihilation, excimer formation, 
singlet fission, dimerization, and others. These processes can either be advantageous or 
disadvantageous for a given application which stresses the importance of being able to 
control interfacial interactions. Here we describe our effort to understand the role of 
surface loading dependence and post-loading atomic layer deposition (ALD) of an 
insulating metal oxide (Al2O3) on intermolecular interactions between phosphonated 
9,10-bis(phenylethynyl)anthracene (BPEA) molecules bound to a mesoporous ZrO2 
substrate. We show that increasing surface coverage results in a broadening and a 
hypsochromic shift in the steady-state and time-resolved absorption features that are 
consistent with excimer formation. We then examined the impact of post loading ALD of 
Al2O3 via 10, 25, and 80 cycles of AlMe3 and H2O, on the photophysical properties of the 
BPEA. The surface coverage, cycles of ALD, and metal ion coordination are all variables 
that impact the degree on excimer formation at the molecule-metal oxide interface. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Inhibiting Photoinduced Distortion of Cu(I) 

Complexes by Surface Binding 
 

 
 
Author(s):   Jiaqi Chen* and Kenneth Hanson 

Department of Chemistry & Biochemistry, Florida State University 
 
 
Abstract: Molecules undergo a structural change to minimize the energy of the high-energy state 

generated via external stimuli such as light. This process is intrinsic to all molecules but 
large changes in structure, especially those of transition metal coordination complexes, 
can have a debilitating impact on their properties and subsequent use in catalysis, 
lighting, solar energy conversion, and more. The popularity of Ru(II), Pt(II), and Ir(III) in 
chromophores and catalysts is partially due to their relatively limited structural distortion 
and associated properties (e.g., long excited state lifetimes, high redox potentials, etc.) 
but they rely on expensive and rare metals. Cu(I) complexes are an intriguing alternative 
as they exhibit similar MLTC energies and redox potentials but typically exhibit shorter 
lifetimes and lower quantum yields due to pseudo Jahn−Teller distortions and solvent 
coordination. Increasing steric bulk or embedding the molecules in a ridged media can 
inhibit distortions but suffer from limitations like increase synthetic complexity, slow 
electron transfer, and inhibited access to reactive sites. Here we introduce strategic 
surface binding (i.e., coordinating multiple, independent ligands to a surface) to inhibit 
stimuli-included reorganization. This poster will describe the synthesis of Cu(I) coordination 
complexes with systematic variation in the surface binding groups. A combination of UV-
Vis and ATR provide insights into the surface binding/loading and structure of the 
interface. Finally, using transient absorption spectroscopy we show that for the doubly 
bound complex there is a 20-fold increase in the excited state lifetime relative to that in 
solution. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Interband and Intraband Induced Hot 

Electron Transfer in Gold 
Nanoparticles/Cerium Oxide Composites 
on Graphene Sheets 
 

 
 
Author(s):   Supriya Ghosh* and Bern Kohler 

Department of Chemistry and Biochemistry,  The Ohio State University 
 
 
Abstract: Hot-electron transfer from metal nanostructures to semiconductors represents a 

promising opportunity to sensitize wide band gap oxides using visible light. It has a 
potential to open a new paradigm for solar energy and photocatalytic conversion; 
however, the reported efficiencies of devices based on this concept are often low due 
to the loss of hot electrons via ultrafast electron-electron scattering. Here, we study the 
hot electron transfer process in a three-component hierarchical material consisting of 
Au@CeO2 core-shell material on graphene sheets (reduced graphene oxide) using 
femtosecond pump-probe spectroscopy. We report that excitation of both interband 
and intraband transitions can induce hot electron transfer from plasmonic metal 
nanoparticles (Au NPs) to semiconducting materials (CeO2 and graphene). The lifetime 
of the transferred electron is significantly longer than in Au-TiO2 systems. The increased 
lifetime in CeO2 is explained by electron transfer to localized trap states, which lie in 
between bands made primarily of Ce 4f and O 2p orbitals (valence bands). Adding 
graphene also results in a long lifetime (~3 ns) of the transferred electron. The estimated 
hot electron transfer efficiency from metal to Ce 4f trap states is ~24%. Irradiating these 
hierarchical photocatalysts degrades methyl violet dye molecules, revealing possible 
photocatalytic applications of these materials. 
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 Interfacial Electron Transfer in Dye-

Semiconductor Assemblies with 
Asymmetrically-Substituted Iron(II) 
Polypyridines 
 

 
 
Author(s):   Gregory M. Curtin*, Harrison Worster, Tom Carney, Elena Jakubikova 

Department of Chemistry, North Carolina State University 
 
 
Abstract: Dye-sensitized solar cells (DSSCs) consist of molecular sensitizers anchored to a large 

band gap semiconductor surface in an electrolyte solution. DSSCs typically utilize Ru(II)-
polypyridine sensitizers that upon excitation with sunlight into the metal-to-ligand charge 
transfer (MLCT) states transfer an electron into the TiO2 semiconductor via the interfacial 
electron transfer (IET). Fe(II)-polypyridine dyes have been identified as alternative 
sensitizers, however, their photoactive MLCT states undergo ultrafast decay into low-lying 
non-photoactive metal-centered (MC) states, outcompeting the IET. We utilize DFT, TD-
DFT and quantum dynamics simulations to explore 30 complexes based on a 
[Fe(bpy)2(CN)2] framework, where the bpy (2,2’-bipyridine) groups are asymmetrically 
substituted at 4 and 4’ positions with a linker group (A) and a series of electron 
donating/accepting groups (R), creating a push-pull effect on a single bpy ligand. We 
find that a combination of the carboxylic acid linker with a strongly electron-donating R-
group (NH2) results in the most efficient IET between the excited sensitizers and the TiO2 
surface. Our results suggest that the use of asymmetrically substituted bpy groups in Fe(II)-
polypyridines could result in Fe(II)-polypyridine sensitized DSSCs with higher internal 
quantum efficiency. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Intramolecular Singlet Fission in 1,4-Bis(p-

nitro-beta-styryl)benzene 
 

 
 
Author(s):   Letizia Mencaroni,(1) Alexandr Zaykov,(2,3) Benedetta Carlotti,(1) Fausto Elisei,(1) Zdeněk 

Havlas,(2) Anna Spalletti,(1) and Josef Michl(2,4)* 
(1) Department of Chemistry, University of Perugia, Italy 
(2) Institute of Organic Chemistry and Biochemistry, Prague, Czech Republic 
(3) University of Chemistry and Technology, Prague, Czech Republic 
(4) Department of Chemistry, University of Colorado, Boulder, CO, USA 

 
 
Abstract: Singlet fission (SF) is a photophysical process in which a singlet exciton forms a singlet 

biexciton and then splits into two independent triplet excitons.  It is spin-allowed and can 
occur at sub-picosecond times.  It offers an inexpensive opportunity to overcome the 
Shockley-Queisser limit for the energy efficiency of single-junction solar cells.  In 
intermolecular SF, the two triplet excitons are located on two different molecules and 
their ultimate independence results from loss of all spin coherence after diffusion of the 
triplet excitons far apart, by energy transfer in a solid or by Brownian motion in a solution.  
In intramolecular SF, the two triplet excitation sites are located on the same molecule 
and the completion of the SF process is typically harder to achieve.  We are interested in 
the gradual development of molecular photophysical properties from a limit in which the 
two triplets interact strongly (ordinary internal conversion) to a limit in which they interact 
hardly at all (intramolecular SF) and have chosen the oligo(phenylenevinylene) series as 
a representative model.  Stilbene is the first member and p-distyrylbenzene is the next 
one.  We present experimental and computational results for the photophysics of the 
dinitro derivative of the latter in an effort to find out how it begins to approach the infinite 
separation limit.  The oligo(phenylenevinylene) analogs of the 1Bu and 2Ag excited 
singlet states of all-s-trans conformers of all-trans polyenes are the lowest allowed and 
lowest forbidden singlet excited state, respectively, and correspond to the initial exciton 
and the final biexciton in SF.  The strongly allowed transition from the ground to the 1Bu 
state buries the transition to the 2Ag state in the absorption spectrum, but both are 
observed in dual emission. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Investigating and Expanding the Reactivity 

and Mechanisms of Cu(I) Catalyzed [2+2] 
Photocycloaddition Reactions of Olefins 
 

 
 
Author(s):   Gethmini K. Jayasekara*, Cali Antolini, and Dugan Hayes 

Department of Chemistry, University of Rhode Island 
 
 
Abstract: Intermolecular and intramolecular [2+2] photocycloaddition reactions facilitate the 

generation of cyclobutane moieties which are otherwise difficult to synthesize. We have 
investigated how the structure and the ring strain of a substrate affect the reactivity and 
the rate of the photocycloaddition reactions. We have used norbornene and 
cyclohexene as models to explicate the mechanism of the Cu(I) catalyzed 
intermolecular photocycloaddition reactions by using X-ray and optical transient 
absorption techniques. The mechanism for norbornene shows an initial metal to ligand 
charge transfer (MLCT) state which lasts for 18 ns prior to reverse electron transfer. 
Cyclohexene shows a change in metal-ligand bond strength instead of undergoing 
charge transfer. The evidence of the change in bond strength is consistent with the 
proposed idea of Salomon and Kochi for the formation of a more strained trans-
cyclohexene intermediate. 
 
We have also worked to expand the scope of intramolecular photocycloadditions using 
1,6-, 1,7-, and 1,8- linear dienes as model substrates. In previous studies, only 1,6-dienes 
have been shown to undergo Cu(I) catalyzed photocycloaddition. Using DFT/TD-DFT 
calculations and high energy resolution X-ray absorption spectroscopy to illuminate the 
structure-functional differences between photoreactive and nonreactive substrates, we 
have been able to sterically modify the structure of non-reactive substrates toward 
photoreactive trajectories. We have also verified this novel reactivity using NMR time-
course studies. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Investigating the Photophysics of 

Heterobimetallic Photocatalysts 
 
 

 
 
Author(s):   Jacob W. Schaffner*, Michael J. Dorantes, Andrew T. Healy, Connie C. Lu, and David A. 

Blank 
Department of Chemistry, University of Minnesota and Institut für Anorganische Chemie, 
Universität Bonn 

 
 
Abstract: Organofluorines are commonly used in a number of applications and are attractive due 

to their high thermal/chemical stability. Although these compounds often perform well, 
they have been shown to be environmentally harmful, and such residual effects are 
amplified by their chemical stability. The strong C-F bonds in the organofluorines create a 
challenge to convert them into a less toxic product in order to mitigate any long-term 
impact. Novel heterobimetallic photocatalysts that contain either rhodium or cobalt 
paired with a group 13 metal (Al, Ga, In) have shown promise for hydrodefluorination of 
electron-rich aryl fluorides via a photo-driven electron transfer. Initial findings indicated a 
dependence of the catalytic efficiency on the choice of group 13 metal, with Ga 
demonstrating the highest efficiency.  In this study, we probe the excited state dynamics 
of the Ga-based bimetallic catalysts using ultrafast pump-probe spectroscopy to better 
understand the nature of the excited states involved and their potential impacts on 
catalysis. The observed contrast between the excited state dynamics in the rhodium and 
cobalt species will be presented and discussed. 
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 Investigation of Triplet-Triplet Annihilation 

Upconversion in a Rigid Anthracene Dimer 
 

 
 
Author(s):   Raythe E. D. Owens*, Tanner Smith, John E. Anthony, Niels H. Damrauer 

Department of Chemistry, University of Colorado - Boulder 
Department of Chemistry, University of Kentucky 

 
 
Abstract: Driving photophysical processes with anti-Stokes shifted electronic states is an area of 

interest for commercial solar energy conversion. One method of generating these higher 
energy states is Triplet-Triplet Annihilation Upconversion (TTA-UC), a bimolecular process 
where initial photoexcitation of a sensitizing species results in a triplet state that can be 
transferred onto an annihilator. As excited triplet state annihilators accumulate, they may 
undergo TTA through a triplet pair intermediate to form an excited singlet state 
annihilator with greater energy than was absorbed by the sensitizer. Although the 
energetic gains from this process are enticing, the efficiency of TTA-UC overall is typically 
low, especially in spectral regions where it could be most useful for solar energy 
conversion (<4%). This low efficiency predominantly stems from competition between 
productive TTA and unproductive triplet decay. Rigid dimeric annihilators are an 
attractive system to tune the efficiency of TTA due to triplet pair state mixing that could 
generate the productive singlet more often than their monomeric analogues. In this 
study we quantify important parameters using both steady-state and time-resolved 
emission spectroscopy, as well as transient absorption spectroscopy, for solution phase 
TTA-UC using a pyrene-bridged TNPS-Anthracene dimer annihilator and compare it to the 
analogous monomer with a common sensitizer. We find that although both annihilators 
show improvements in TTA-UC yield relative to other systems reported in this spectral 
region (540nm+), the monomer outperforms the dimer, suggesting that the dimer 
introduces undesirable dynamics that will be explored further. 
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 Light Induced Electron Transfer Reactions 

of Ligand Localized Excited States : 
Thermodynamic and Kinetic 
Considerations 
 

 
 
Author(s):   Qingxin Chen*, Anna N. Alphenaar, Elizabeth R. Young and Russell H. Schmehl 

Department of Chemistry, Tulane University 
Department of Chemistry, Cornell University 
Department of Chemistry, Lehigh University 

 
 
Abstract: Photoredox catalysis systems involving chromophores which can absorb visible light and 

pass electrons and protons to a catalyst to produce H2 are ideal for making clean fuels. 
A study was undertaken to investigate the photophysical behavior and photoinduced 
electron-transfer reactivity of the chromophore [Ru(II)(pyr-v-p-tpy)(LL)Cl]+ (pyr-v-p-tpy = 
4-(1-pyrenyl-ethen-2-yl)-2,2’:6’,2’’-terpyridine, LL =2,2’-bipyridine derivatives). The excited-
state lifetime of the complex is increased due to a visible-light-absorbing metal to ligand 
charge transfer (MLCT) coupled to a ligand localized (IL) excited state.  Density 
functional theory calculations indicate that the IL state is an intra-ligand charge transfer 
(ILCT) state. Transient absorption spectroscopy, fluorometry and spectrophotometry were 
used to investigate the excited state and electron transfer reactions to acceptors. The 
complex has MLCT absorption (λ max = 520 nm) and emission at 770 nm at 77K when it is 
excited at 450 nm. Excitation in CH3CN solutions results in formation of the ILCT state that 
decays with an overall lifetime of 60 ns.  Oxidative cyclic voltammetry of the complex 
indicates that the first oxidation is metal based (Ru(III/II)), with the pyrene oxidation 
occurring at more positive potentials. The excited state of the complex reacts with 
methyl viologen and a diquaternarized 2,2’-bipyridine derivative via photoinduced 
electron transfer following 520 nm excitation. Observation of these electron transfer 
processes suggests that the photoredox reaction involves the direct formation of the 
oxidized metal center since the excited state energy cannot drive a reaction that results 
in oxidized pyrene and reduced diquat. 
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I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Light-Induced Nucleophilic Substitution via 

Photoactivation of a Living Group 
 

 
 
Author(s):   Shrey Patel, Emanuel Nekongo, Vladimir Popik* 

Department of Chemistry, University of Georgia 
 
 
Abstract: A novel strategy for the photochemical induction of nucleophilic substitution will be 

presented. This strategy employs light-activation of a leaving group via intramolecular 
attack of photogenerated fluorenyl cation on a heteroatom connected to electrophilic 
carbon (Scheme below). Such cyclization increases the reactivity of the substrate and 
facilitates the loss of a leaving group. 
The initial exploration of the scope of the new reaction, as well as its potential utility for 
the photo-glycosylation will be discussed.  
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 Metal Oxidation State Tuning in 

Photochromic Metal-Organic Frameworks 
 

 
 
Author(s):   Buddhima K. P. Maldeni Kankanamalage* and Natalia B. Shustova 

Department of Chemistry and Biochemistry, University of South Carolina 
 
 
Abstract: Development of photoresponsive sensors, logic gates, drug delivery systems, and 

catalysts could be facilitated by materials with tailorable physicochemical properties.1 In 
this direction, we demonstrated the possibility to tune metal oxidation states in copper-
containing three-dimensional metal-organic frameworks (MOFs) through integration of 
photoresponsive moieties as linkers for the first time. In this approach, the oxidation state 
of copper in the photochromic MOF reversibly changes from Cu(II) to Cu(I) under UV 
irradiation (λex = 365 nm).2 We studied the optical and electronic cycling of several 
photochromic MOFs containing spiropyran- and diarylethene-based linkers using diffuse 
reflectance spectroscopy and conductivity measurements, which showed complete 
reversibility of metal oxidation state changes as well as solution-like photoisomerization 
rate constants. In addition, we monitored the photoinduced changes in the oxidation 
state of copper of the above MOFs via electron paramagnetic resonance and X-ray 
photoelectron spectroscopies upon irradiation. After the photophysical and electronic 
studies, we investigated the material structure and integrity of the MOFs by single crystal 
and powder X-ray diffraction analysis. Finally, these studies include the first report of MOF 
photoisomerization quantum yields along with a novel technique for modulating material 
properties. Collectively, this work illustrates the concept of noninvasive metal oxidation 
state modulation of stimuli-responsive MOFs which could be applied in the next 
generation of optoelectronic devices. 

 
References: 
1. Liu, X.; Kirlikovali, K. O.; Chen, Z.; Ma, K.; Idrees, K. B.; Cao, R.; Zhang, X.; Islamoglu, T.; 
Liu, Y.; Farha, O. K. Chem. Mater. 2021, 33, 1444–1454. 
2. Martin, C. R.; Park, K. C.; Leith, G. A.; Yu, J.; Mathur, A.; Wilson, G. R.; Gange, G. B.; 
Barth, E. L.; Ly, R. T.; Manley, O. M.; Forrester, K. L.; Karakalos, S. G.; Smith, M. D.; Makris, T. 
M.; Vannucci, A. K.; Peryshkov, D. V.; Shustova, N. B. J. Am. Chem. Soc. 2022, 144, 4457–
4468. 
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 Methyl 5-phenylisoxazole-3-carboxylate 

reactivity on triplet and singlet surfaces 
 

 
 
Author(s):   Dmitrii N. Govorov, Rajkumar Merugu, R. A. A. Upul Ranaweera, Elizabeth Kidd, Fabian H. 

Jasuthasan, Nevenka Sajkovic, Emilee McCoy, Jennifer A. Coffman, Daniel Chapmen, 
Jeanette A. Krause, Bruce S. Ault, Anna Gudmundsdottir 
Department of Chemistry University of Cincinnati, 

 
 
Abstract: Photolysis of Methyl 5-phenylisoxazole-3-carboxylate in argon-saturated acetonitrile yields 

azirine, whereas in oxygen-saturated acetonitrile small amounts of benzoic acid is 
formed in addition to the azirine. The laser flash photolysis and electron paramagnetic 
resonance studies revealed formation of a triplet vinylnitrene. In oxygen-saturated 
acetonitrile, peroxide is formed from vinylnitrene due to quenching. Cryogenic IR and 
UV/Vis spectroscopy techniques demonstrated the formation of oxazole. According to 
spectroscopic studies, density functional theory calculations and earlier research, the 
vinylnitrene rapidly undergoes the intersystem crossing and forms azirine that regroups 
into ylide through a conical intersection upon the second photoexcitation, while the 
ylide easily regroups into the oxazole.  
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 Molecular Orientation of Metal-Ion Linked 

Bilayers on Metal Oxides 
 

 
 
Author(s):   Ashley Arcidiacono*, Dhruba Pattadar, Nikolas Dos Santos, Igor V. Alabugin, S. Scott 

Saavedra, Kenneth Hanson 
Department of Chemistry and Biochemistry, Florida State University 
Department of Chemistry and Biochemistry, University of Arizona 

 
 
Abstract: Over millions of years, nature has optimized macromolecular structures that dictate the 

efficiency of energy and electron transfer events. More recently, scientists have 
attempted to gain the same type of control via geometric restriction of molecular 
species using covalently linked and/or self-assembled multimolecular motifs. For 
example, metal ion linked multilayers have emerged as a simple and versatile strategy 
for assembling molecules on metal oxide surfaces as a means of controlling interfacial 
energy and electron transfer events for application in molecular p-n junctions, solar 
energy conversion, photocatalysis, and more. However, for these interfaces to reach 
their full potential, we must first understand and then control their structure. Here, we 
describe our work using spectroscopic techniques (i.e., polarized attenuated total 
reflectance, time-resolved emission, transient absorption) in conjunction with the 
distance/orientation dependence of Förster Resonance Energy Transfer (FRET) to 
determine intralayer orientation. In particular, energy transfer between a FRET donor (4,4ʹ-
(anthracene-9,10-diyl)bis(4,1-phenylene) diphosphoric acid) and acceptor (Pt(II) 
porphyrin) linked via a meal ion is probed with respect to molecular length. We observed 
that as interchromophore distance increased, FRET rate and efficiency decreased 
dramatically. Relating the determined rates to orientation determined on planar 
substrates, we will draw conclusions about the relative orientation between the donor 
and acceptor on mesoporous metal oxide surfaces. 
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 Nanosecond Metal-to-Ligand Charge 

Transfer State in an Fe(II) Chromophore: 
Lifetime Enhancement via Nested 
Potentials 
 

 
 
Author(s):   Justin Malme(1)*, Reese A. Clendening(2), Ryan Ash(1), Tong Ren(2), Josh Vura-Weis(1) 

(1)Department of Chemistry, University of Illinois at Urbana−Champaign 
(2)Department of Chemistry, Purdue University, West Lafayette  

 
 
Abstract: Strategies to extend the charge transfer state lifetimes of Fe(II) complexes have been 

limited to strongly sigma-donating, pseudo-octahedral ligands, and alternative strategies 
are underexplored. A tetragonal Fe(II) complex, Fe(HMTI)(CN)2 (HMTI = 5,5,7,12,12,14-
hexamethyl-1,4,8,11-tetraazacyclotetradeca-1,3,8,10-tetraene) is reported, with a 
remarkable 1.25 ns metal-to-ligand charge transfer (MLCT) lifetime. The strongly pi-
accepting HMTI ligand stabilizes the Fe t2g orbitals, and its rigid geometry enforces a 
series of nested potential energy surfaces, resulting in its greatly enhanced lifetime. The 
solvent environment is observed to strongly affect the lifetime and energy of the MLCT 
state. This is caused by modulation of the sigma-donor pi-acceptor character of the axial 
cyano ligands through Lewis acid-base interactions between the solvent and ligand. This 
work represents the first example of a long-lived charge transfer state in a Fe(II) 
macrocycle. 
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 Orientation and Partitioning of Hydrogen 

Sulfate in Reverse Micelle Structures 
 

 
 
Author(s):   Leslie Ritchie, Madison Lester, Joshua D. Patterson* 

Department of Molecular Biology and Chemistry, Christopher Newport University 
 
 
Abstract: Heterogeneous reactions occurring in atmospheric aerosols are crucial components of 

multiple chemical reaction cycles. Despite the importance of heterogeneous reactions, 
our ability to predict the outcomes of these reactions is hindered by the complexity of 
the interfacial region in which they occur. Reverse micelles (RMs) in solution provide a 
tunable platform for examining the interfacial properties of atmospherically relevant ions. 
Here we examine the interfacial properties HSO4- within cationic RMs prepared using 
cetyltrimethylammonium hydrogen sulfate (CTAHS). Infrared spectra of CTAHS RMs were 
collected and analyzed using multivariate curve resolution-alternating least squares 
(MCR-ALS). MCR-ALS analysis reveals that four distinct species contribute to the observed 
infrared spectra, which we assign as: CTA+ HSO4- contact pairs, interfacial HSO4-core 
HSO4-, and core SO42-. Computational studies reveal that the CTA+ HSO4- contact pairs 
exist in two distinct orientations at the interface. Spectral contributions from each 
chemical species are used to determine quantitative interfacial affinity (χ_(Int.)) for HSO4-. 
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 Parallels Between Enzyme Catalysis, 

Electrocatalysis, and Photoelectrosynthesis 
 

 
 
Author(s):   Daiki Nishiori*, Brian L. Wadsworth, and Gary F. Moore 

School of Molecular Sciences and the Biodesign Institute Center for Applied Structural 
Discovery, Arizona State University 

 
 
Abstract: Catalysts are central to accelerating chemistry in biology and technology. In biology, the 

relationship between the velocity of an enzymatic reaction and the concentration of 
chemical substrates is described via the Michaelis-Menten model. The modeling and 
benchmarking of synthetic molecular electrocatalysts are also well developed. However, 
such efforts have not been as rigorously extended to photoelectrosynthetic reactions, 
where, in addition to chemical substrates and charge carriers, light is a required reagent. 
In this poster presentation, I will draw parallels between concepts involving enzyme 
catalytic efficiency, the benchmarking of molecular electrocatalysts, and the 
performance of photoelectrosynthetic assemblies, while highlighting key differences, 
assumptions, and limitations. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
References 
1. Nishiori, D.; Wadsworth, B. L.; Moore, G. F. Chem Catalysis. 2021, 1, 978–996. 
2. Wadsworth, B. L.; Beiler, A. M.; Khusnutdinova, D.; Reyes Cruz, E. A.; Moore, G. F. J. Am. 
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 Photo Driven Epitaxial Growth and 

Dynamic Behavior of Benzoyl Peroxide 
Derivatives Crystals 
 

 
 
Author(s):   Rajkumar Merugu, Jeanette A. Krause, Anna D. Gudmundsdottir 

Department of Chemistry, University of Cincinnati 
 
 
Abstract: Benzoyl peroxides are known to be prescribed as medication for acne treatment and 

the photochemistry in solution is reported. However, we have demonstrated that benzoyl 
peroxide derivatives crystals undergo photochemical reactions in crystals to exhibit 
various dynamic behaviors such as photo-fracking and bending. Photodynamic or photo 
fracking organic crystals are useful in potential applications such as in actuators, soft 
robots, nano-machines, and artificial muscles. The photodynamic behaviour is primarily 
caused due to the CO2 gas release in the crystal lattice upon irradiation that builds up 
pressure and stress results in the mechanical motion of crystals including bending, 
cracking etc. Upon irradiation, benzoyl peroxide derivatives also demonstrated a photo 
driven epitaxial growth of the photoproduct crystals on the mother crystal surface. The 
reaction mechanism of gas release is verified, and dynamic behaviour is correlated to 
the intermolecular interactions with the force field calculations. Finally, various factors 
that could contribute to the photo initiated epitaxial crystal growth are investigated. 
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 Photocatalytic Reduction of CO2 to Formic 

acid/Formate by Rhenium(I) Dicarbonyl 
Complexes 
 

 
 
Author(s):   Eyram Asempa*, Reem T. Alameh, Ciara Gills, Eric A. Assaf, Hala Atallah, Nicolas Durand, 

Felix N. Castellano, Alexander J. M. Miller, and Elena Jakubikova 
Department of Chemistry, North Carolina State University and Department of Chemistry, 
University of North Carolina at Chapel Hill 

 
 
Abstract: Rhenium(I) dicarbonyl complexes serve as efficient catalysts for CO2 reduction. These 

catalysts are able to absorb light, store redox equivalents, and convert CO2 into higher-
energy products such as formic acid or formate. We employ density functional theory at 
the B3LYP-D3/6-311G* level to investigate the mechanism for CO2 reduction by two 
different rhenium(I) dicarbonyl complexes, [Re(bpy)2(CO)2]+ and [Re(tmphen)2(CO)2]+ 
(bpy = bipyridine and tmphen = 3,4,7,8-tetramethyl-1,10-phenanthroline).  Possible 
pathways are examined for formic acid/formate production through rhenium-hydride 
insertions in the presence of protons and electrons. Structures and energies of the 
possible pathways are presented and the results show that the release of formic 
acid/formate in the presence of [Re(tmphen)2(CO)2]+ is more favorable than in the 
presence of [Re(bpy)2(CO)2]+. 
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 Photochemical and Photophysical 

Dynamics of the Aqueous Ferrate(VI) Ion 
 

 
 
Author(s):   Cali Antolini, Joseph E. Goodwill, and Dugan Hayes* 

Department of Chemistry, University of Rhode Island 
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Abstract: Ferrate(VI) has the potential to play a key role in future water supplies. Its salts have been 

suggested as “green” alternatives to current advanced oxidation and disinfection 
methods in water treatment, especially when combined with ultraviolet light to stimulate 
generation of highly oxidizing Fe(V) and Fe(IV) species. However, the nature of these 
intermediates, the mechanisms by which they form, and their roles in downstream 
oxidation reactions remain unclear. We have used a combination of optical and X-ray 
transient absorption spectroscopies to study the formation, interconversion, and 
relaxation of several excited-state and metastable high-valent iron species following 
excitation of aqueous potassium ferrate(VI) by ultraviolet and visible light. Branching from 
the initially populated ligand-to-metal charge transfer state into independent 
photophysical and photochemical pathways occurs within tens of picoseconds, with the 
quantum yield for the generation of reactive Fe(V) species determined by relative rates 
of the competing intersystem crossing and reverse electron transfer processes. Relaxation 
of the metal-centered states then occurs within 4 ns, while the formation of metastable 
Fe(V) species occurs in several steps with time constants of 250 ps and 300 ns. These 
results improve the mechanistic understanding of the formation and fate of Fe(V) and 
Fe(IV), which will accelerate the development of novel advanced oxidation processes 
for water treatment applications. 
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 Photochemical Generation and Studies of 

Diarylnitrenium Ions 
 

 
 
Author(s):   Edward S. Chinn*, Daniel E. Falvey 

Department of Chemistry and Biochemistry, University of Maryland, College Park 
 
 
Abstract: Nitrenium Ions are dicoordinate nitrogens with two bonds and two non-bonding 

electrons which makes them isolobal and isoelectric with carbenes. Diarylnitrenium ions 
are nitrenium ions in which both coordinations are aryl rings which greatly stabilize the 
nitrenium ion to the extent that diaryl nitrenium ions can be studied with laser flash 
photolysis. Diarylnitrenium ions are studied for three different reasons: nitrenium ion spin 
state studies, toxicity studies, and controlling the reactivity of nitrenium ions. In this poster 
the first two reasons are explored. For the spin state studies, the expected singlet and 
triplet state reactions of the saturated dibenzazepinyl nitrenium ion are studied and 
compared to previously studied nitrenium ions and carbenes. For the toxicity studies, the 
effect of aromaticity on 2nd order rate constants between nitrenium ions and amino 
acids is studied using laser flash photolysis, and amino acid-nitrenium ion adducts are 
isolated to identify the type of adduct present in nitrenium ion-protein adducts, then the 
nitrenium ion is trapped with a protein to determine the number of possible reactive sites. 
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 Photochemical [4+2] Dimerization 

Reaction by Direct/Sensitized Excitation of 
Arylmaleimides 
 

 
 
Author(s):   Sruthy Baburaj*, Lakshmy Kannadi Valloli, Spana Ahuja, Steffen Jockusch, Jayaraman 

Sivaguru 
Center for Photochemical Sciences and Department of Chemistry, Bowling Green State 
University 

 
 
Abstract: Photochemical [2+2]-dimerization is one of the well-studied chemical transformations 

that has been utilized in both synthetic and material chemistry. The corresponding light 
mediated [4+2]-dimerization is less explored. The presentation will highlight our 
investigation in circumventing the well-known [2+2] photodimerization to develop [4+2]-
photodimerization reaction by both direct irradiation and by triplet energy transfer. 
Based on detailed photophysical and mechanistic studies the poster will highlight the 
rationale for the observed [4+2] photodimerization in aryl-maleimides. 
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 Photochemistry and Photophysics of 

Cholesta-5,7,9(11)-triene-3β-ol in Ethanol 
 

 
 
Author(s):   Jack Saltiel, Sumesh B. Krishnan*, Shipra Gupta, Anjan Chakraborty, Edwin F. Hilinski, and 

Xinsong Lin 
Department of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 32306 

 
 
Abstract: Cholesta-5,7,9(11)-triene-3β-ol (9,11-dehydroprovitamin D3, CTL) is used as a fluorescent 

probe to track the presence and migration of cholesterol in vivo. We recently described 
the photochemistry and photophysics of CTL in degassed and air-saturated 
tetrahydrofuran (THF) solution, an aprotic solvent. In ethanol, the products observed in 
THF are accompanied by ether photoadducts and by photoreduction of the triene 
moiety to four dienes, including provitamin D3 (Pro). Protonation of a zwitterionic triene 
excited state by ethanol is implicated as the initial step. The resulting pentadienyl 
cation/ethoxide ion pairs can either couple to give ethers or it can give dienes via 
hydride transfer. The isolated ethers retain the s-trans-diene chromophore. The major 
diene also retains the conjugated s-trans-diene chromophore. One of the minor is 
unconjugated, involving 1,4-addition of H at the 7 and 11 positions and the other, Pro, is 
conjugated involving 1,2-addition of H at the 9 and 11 positions. In the presence of air, 
peroxide formation is a major reaction channel as in THF. X-ray crystallography confirmed 
identification of two of the new diene products as well as of a peroxide rearrangement 
product. 
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 Photoexcitation of Naphthol to Promote 

Catalytic Generation of H2. 
 

 
 
Author(s):   Noelle Watson, Pooja J. Ayare, Sachini C. D. Dissanayake Mudiyanselage, Kenneth 

Hanson, Aaron K. Vannucci* 
Department of Chemistry and Biochemistry, University of South Carolina and Department 
of Chemistry & Biochemistry Florida State University 

 
 
Abstract: Photocatalytic generation of H2 can be achieved upon excitation of a substituted 

naphthol in the presence of a sacrificial electron donor without the need for secondary, 
bond-forming catalysts. Near visible, UV-light absorption by 7-bromonapthol generates a 
triplet excited-state than can be reductively quenched by an iridium photocatalysts or 
ferrocene. The reduced naphthol species then undergoes a bimolecular reaction to 
generate H2 and the naphtholate conjugate base. Transient absorption spectroscopy 
data supports the reductive quenching step can be achieved with either reduced 
iridium photocatalyst or ground-state ferrocene.  Chemical control reactions in 
conjunction with the spectroscopic data suggests the formation of a unique naphthol 
radical anion intermediate.  Photoelectrochemical generation of H2 from 7-
bromonaphthol was also achieved at a -1.0 V underpotential using ferrocene modified 
electrodes. This record underpotential was achieved by exploiting the photophysical 
properties of the 7 bromonaphthol weak acid and represents the storage of 1 V of 
photon energy. Utilizing the light absorption properties of weak acids offers a new 
paradigm for converting light energy into bond energy by circumventing the 
thermodynamic constraints associated with the reduction of weak acids in their ground-
states. 
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 Photoexplosive Azido-nitrobenzene Crystals 

 
 

 
Author(s):   Brandi James, Kristine Maxwell, Jeanette A. Krause, Anna D. Gudmundsdottir 

Department of Chemistry, University of Cincinnati 
 
 
Abstract: Photodynamic organic crystals have potential in applications such as robotics, sensors, 

and actuators.1 More specifically, photo-actuation is appealing for energy conversion as 
they can be externally stimulated with light.2 Gas release crystals are interesting due to 
their potential application towards making safer explosives and selectivity of the 
reaction. We are studying the photoreactivity of crystalline azido compounds to 
understand how release of nitrogen gas within the crystals lattice affects their 
photodynamic behavior.  
Herein, we will present and discuss the photodynamic response of 1-azido-2-
nitrobenzene (1) crystals upon irradiation. The concerted cyclization of 1 to benzofuroxan 
has been studied extensively in literature3,4 using time-resolved studies in solution5, but 
not macroscopically in the solid-state. Frame energy calculations of the crystal lattices 
were performed to gain insight where the crystals are most likely to fall apart. We will 
correlate how internal build of pressure affects to the photodynamic behavior of these 
azido compounds. 
 
References 
[1] Naumov, P., et al. (2020). “The Rise of the Dynamic Crystals.” J. Am. Chem. Soc. 142: 
13256.  
[2] Y.-X. Shi, W.-H. Zhang, B. F. Abrahams, P. Braunstein, J.-P. Lang, Angew. Chem. Int. Ed., 
58, 9453, 2019. 
[3] Takayama, T.; Kawano, M.; Uekusa, H.; Ohashi, Y.; Sugawara, T. Helv. Chim. Acta, 86, 
1352. 2003. 
[4] Leyva, E., et al. “Generation of benzofuroxans by photolysis of crystalline o-
nitrophenylazides. A green chemistry reaction.” Tetrahedron Letters, 53(19): 2447-2449, 
2012. 
[5] McCulla RD, Burdzinski G, Platz MS. Ultrafast study of the photochemistry of 2-
azidonitrobenzene. Organic Letters. 8(8):1637-1640. 2006. 
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 Photoisomerization of trans-4,4’-

Azopyridine: Excited State-Specific 
Dynamics and Relaxation Mechanism 
 

 
 
Author(s):   Laura M. Obloy*, Patrick Z. El Khoury, Alexander N. Tarnovsky 

Department of Chemistry and Center for Photochemical Sciences, Bowling Green State 
University and Physical Sciences Division, Pacific Northwest National Laboratory 

 
 
Abstract: Ultrafast femtosecond transient absorption spectroscopy (30 fs temporal resolution) was 

utilized to elucidate the earliest photoinduced dynamics and excited-state relaxation 
mechanism of trans-4,4’-azopyridine (4,4’-APy). 4,4’-APy was excited at three different 
wavelengths, 460- and 275-(290) nm, to access the S1 nπ* and S2 ππ* states, 
respectively. Excitation into S1 nπ* reveals a 2.1 ps lifetime associated with trapping of a 
fraction of the excited state population into a planar minimum (TM1), where the 
remainder travels further down to a second shallow planar minimum (TM2, 300 fs lifetime) 
exiting into S0. Upon excitation into S2 ππ*, a 30-fs decay leads to hot nπ* population 
buildup which then proceeds along the surface in a manner similar to direct S1 nπ* 
excitation, forming hot ground state species nearly concurrently. For both S1 nπ* and S2 
ππ*, the deactivation coordinates are concluded to occur along a non-rotational 
pathway. Several coherent vibrational modes are also observed, most notably that of 
195 cm-1 which can be found in both relaxation channels and is assigned to CNN 
bending. Upon higher energy excitation wavelengths, the cis-isomer product yield is seen 
to increase, which is opposite in trend for what is observed in azobenzene. One 
explanation could be that higher lying levels of the seam along the planar conical 
intersection of nπ*/S0 is accessible upon higher excitation energies, leading to an easier 
access towards cis-isomer formation. The presence of the high frequency vibrational 
mode in both S1 nπ* and S2 ππ* excitation (195 cm-1) is suspected as the “fingerprint” 
that marks the presence of this reaction channel. 
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 Photoswitching Studies of Arylazoisoxazole 

Derivatives Inside a Water-Soluble Nano 
Container 
 

 
 
Author(s):   Amal Sam Sunny*, Pravesh Kumar, Sugumar Venkataramani, and Vaidhyanathan 

Ramamurthy 
Department of Chemistry, University of Miami 

 
 
Abstract: Controlling the reactions of molecules in their ground and excited states by spatial 

confinement is an area of interest for our group. Such confinement can have a 
tremendous impact on the reaction dynamics, particularly for isomerization reactions 
that involve large structural changes in the molecule. Our group has previously reported 
that the encapsulation of azobenzenes inside a nano container, octa acid (OA), leads 
to the emergence of a new excited state isomerization mechanism that is absent in 
solution. In continuation of this study, we have examined the photoisomerization of three 
arylazoisoxazole derivatives, Azo-H, Azo-CF3, and Azo-CH3, within OA. 
Complexation as followed by 1H NMR revealed that cis and trans isomers of the above 
azo compounds form 2:1 (host: guest) complexes with OA.  Interestingly, competitive 
binding studies revealed that the Z isomer of Azo-CF3 formed a stronger complex with OA 
than its corresponding E isomer, while for Azo-H and Azo-CH3, the E isomer formed a 
stronger complex. The difference in stability of the Z and E isomer complexes is reflected 
in their photo- as well as thermal-isomerization reactions.  Broadband irradiation of Azo-H 
and Azo-CH3 lead to the predominant formation of the E isomer, while that of Azo-CF3 
leads to the Z isomer. Consistent with this observation, the inclusion of (Z)-Azo-CF3 within 
OA slowed the thermal isomerization to its E isomer.  All observations suggest that the 
behavior of azo compounds both in the ground and excited states are controlled by the 
confinement provided by the OA capsule. 
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 Probing Photomagnetism in Trigonal 

Bipyramidal Polynuclear Complexes for Use 
as Quantum Bits 
 

 
 
Author(s):   Matthew T. Fortunato* and Dr. Claudia Turro 

Department of Chemistry Biochemistry, The Ohio State University 
 
 
Abstract: Advancements in computing has been rapid since its inception, but there is a limit to 

classical computing. Quantum computing is needed to solve complex problems like 
artificial intelligence, computer aided drug development and discovery of renewable 
energy sources. Magnetic materials that can be reversibly switched from one state to 
another with light have great potential for application in quantum computing, these 
materials can be used as quantum bits which takes advantage of super positioning to 
hold more information than a traditional bit. This process is broadly referred to as 
photomagnetism and has been observed in various metal-containing magnetic 
materials, where steady-state irradiation with light results in a change of the magnetic 
property. Trigonal bipyramidal polynuclear photomagnets of the type 
{[M1(L))2]3[M2(CN)6]2}, where L = tmphen (3,4,7,8-tetramethyl-phen), M1 = Fe, Co, and 
M2 = Fe in the 2+ or 3+ oxidation states were investigated. Fe3Fe2 and Fe3Co2  were 
found to have a metal to metal charge transfer with a lifetime of approximately 1ns. 
Co3Fe2 was found to have a MMCT’ of 0.5 ns and a 9 ns spin crossover state. Time 
resolved IR suggests that the charge transfer is centered around the FeIILS-CN-CoIIIHS 
stretch. Modifications to the metal core and ligation sphere were also shown to affect 
the lifetimes of the clusters. Replacing the first row M2 with ruthenium resulted in a 
substantial lifetime increase to 99 ns. While replacing tmphen with bathophen increased 
the solubility of these clusters and increased the lifetime of Co3Fe2 to 22 ns. Further time 
resolved experiments are planned to further elucidate the photomagnetic properties of 
these clusters. 
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 Rapid Machine Learning Classification of 

Single Organic Fluorophores for Blinking-
Based Multiplexing 
 

 
 
Author(s):   Grayson R. Hoy*, Amelia G. Seabury*, Kristin L. Wustholz 

Department of Chemistry, William & Mary 
 
 
Abstract: Multicolor super-resolution imaging resolves biological and material structures in 

unprecedented detail, but is constrained by its requirement for spectrally distinct 
fluorescent probes. To alleviate this limitation, our lab recently developed blinking-based 
multiplexing (BBM), an effective method for differentiating spectrally overlapped emitters 
such as rhodamine 6G and CdSe/ZnS quantum dots. This approach relies on blinking, 
defined as fluctuations in emission intensities of single molecules under continuous 
photoexcitation due to the formation of dark states. To take full advantage of BBM, this 
study focuses on expanding the palette of usable organic fluorophores and expediting 
classification through machine learning. We trained a logistic regression model - a 
machine learning approach - to differentiate between six structurally similar and 
spectrally overlapped organic fluorophores based on 650 individual blinking 
measurements obtained with a confocal microscope and ~ 1µW power and 532-nm 
laser excitation. We show that some organic fluorophores exhibit >90% classification 
accuracy, based solely on their blinking. Others, such as rhodamine B (RB) and 
rhodamine 560 (R560) are indistinguishable, consistent with the photoinduced conversion 
of RB into R560. Here, we demonstrate logistic regression’s ability to rapidly classify 
among spectrally-overlapped emitters, including structurally-analogous organic 
fluorophores for BBM. 
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 Rational Design of Ru(II) Polypyridyl 

Complexes with Extended π-System 
Ligands to Achieve Long-Lived Triplet 
Excited States. 
 

 
 
Author(s):   Alexia Marques Silva*, Austin P. Lanquist, Dr. Claudia Turro 

Department of Chemistry Biochemistry, The Ohio State University 
 
 
Abstract: The achievement of long-lived excited states in ruthenium(II) polypyridyl complexes is of 

interest for photoactivated applications, such as photodynamic therapy (PDT) and 
photochemotherapy (PCT). One strategy to extend the excited state lifetime relies on 
the development of complexes with a ligand-centered 3ππ* state below the traditional 
metal-to-ligand charge transfer (3MLCT) excited state. The 1,10-phenanthroline (phen) 
ligand was synthetically modified to contain aromatic groups in position 2, was then 
coordinated to a Ru(II) metal center. The series of cis-[Ru(bpy)2(2-R-phen)]2+ where R = H 
(1), phenyl (2), 2-naphthyl (3), 1-pyrenyl (4) and 3-perylenyl(5)) were synthesized 
successfully and their photophysical properties characterized. Modification of synthetic 
methodology resulted in easier purification steps. TD-DFT calculations of complexes 2-4 
are consistent with a metal centered highest occupied molecular orbital (HOMO) and a 
bpy-centered lowest unoccupied molecular orbital (LUMO) in 2-3 and phen-centered 
LUMO in 4 in the singlet ground state. The emission spectra of 2 and 4 in acetonitrile at 
77K result in the energies of the lowest 3MLCT states, exhibit E00¬(1) = 17360 cm-1 and 
E¬00(2,3) = 16950 cm-1 and E¬00(4) = 16670 cm-1 for 3MLCT. Photophysical data will be 
presented. 
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 Ring Size Dependent Regiochemistry of a 

Newly Developed Photochemical 
Reaction 
 

 
 
Author(s):   Brieanna N Lewis,* Lakshmy Kannadi Valloli, Kavyasree Manal, Jayaraman Sivaguru 

Center for Photochemical Sciences, Bowling Green State University, Ohio 
 
 
Abstract: A new type of photochemical reaction involving activated alkene and a dicarbonyl 

compound that resulted in a new cyclic photoproduct was reported by our group.(1) 
The structure of this photoproduct mimicked the core of a cancer drug candidate, 
Marmycin. This reaction circumvented the expected De Mayo pathway which is a staple 
photochemical reactivity of dicarbonyl compounds and alkenes. To explore the 
intricacies of this new photoreaction, we evaluated the structural features that are 
crucial for controlling the excited state processes. In this presentation ,we highlight our 
observations related to the role of cyclic dicarbonyl compounds in dictating the 
regiochemical outcome of this new photoreaction leading to complex heterocycles. By 
manipulating the reaction temperature in various solvents, the regioselectivity in different 
cyclic carbonyl compounds were evaluated allowing us to build complex heterocycles 
in a single step by taking into account the principle of green chemistry and atom 
economy. The presentation will also highlight a likely mechanism for the observed 
difference in the regiochemistry of the photoproduct based on the ring size of the 
dicarbonyl compound employed for the phototransformation. 
 
REFERENCES  
(1) Kandappa, S. K.; Valloli, L. K.; Jockusch, S.; Sivaguru, J. Uncovering New Excited State 
Photochemical Reactivity by Altering the Course of the De Mayo Reaction. J. Am. Chem. 
Soc. 2021, 143 (10), 3677–3681. https://doi.org/10.1021/jacs.0c12099. 
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 Self-Assembled Multilayers: Impact of Metal 

Linking Ion on Structure and Energy Transfer 
Dynamics 
 

 
 
Author(s):   Sarah Lindbom,* Ashley Arcidiacono, Dhruba Pattadar, S. Scott Saavedra, Kenneth 

Hanson 
Department of Chemistry and Biochemistry, Florida State University 
Department of Chemistry and Biochemistry, University of Arizona 

 
 
Abstract: To maximize the rate and efficiency of energy and electron transfer events, 

photosynthetic systems have evolved to optimize the orientation of molecules in 
macromolecular assemblies. With the goal of gaining similar levels of control, metal ion 
linked multilayers on metal oxide surfaces have emerged as a strategy to control the 
efficiency and directionality of interfacial energy and electron transfer events. These films 
are assembled via a stepwise soaking procedure by submerging the metal oxide film in a 
first layer molecule, metal linking ion, then a second layer molecule, and so on. Previous 
work has shown that some metal ions in the multilayer quenched excited states, while 
others had minimal impact on the molecular photophysics. However, the impact of the 
nature of the linking ion on structure and interlayer energy transfer has yet to be 
explored. Here we use polarized attenuated total reflectance and time-resolved 
spectroscopy to understand the impact of ZnII, ZrIV, and LaIII linking ions (M) on the 
relative orientation and energy transfer dynamics in a ZrO2-A-M-P bilayer assembly, 
where A and P are diphenyl anthracene and Pt(II) porphyrin molecules. 
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 Spectral Analysis of MOFs for 

Decontamination of Chemical Warfare 
Agents 
 

 
 
Author(s):   Sukhvir Singh*, Gabrielle R. Pozza*, Owen Sparr, Ann M. Kulisiewicz, Mathew A. Browe, 

Sergio J. Garibay, Lisa Kelly, Jared Decoste 
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and Leidos Inc. 

 
 
Abstract: Chemical warfare agents (CWAs) can spread rapidly and will contaminate their 

surroundings if left unchecked. To those who are exposed to CWAs, reusable protective 
equipment would be critical for their safety. It is hypothesized that the use of polymer-
bound metal-organic frameworks (MOFs) can catalyze the breakdown of sulfur mustard, 
a deadly CWA. The MOF produces singlet oxygen which oxidizes sulfur mustard upon 
exposure to UV light and repeatedly undergoes this reaction when embedded into a 
polymer. Each MOF contains organic linkers which can be modified, resulting in differing 
yields of singlet oxygen. To determine the amount of singlet oxygen produced, the 
organic linkers of the MOFs were examined for their singlet oxygen quantum yield. It was 
found that organic linkers containing a meta chlorine group to the benzoic acid and 
ethyl benzoate derivatives produced the largest amount of singlet oxygen. Each organic 
linker produced varying yields of singlet oxygen due to different functional groups and 
their locations, the results for each will be presented. 
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 Stimuli-Controlled Electronic Behavior in 

Photochromic Metal-Organic Frameworks 
 

 
 
Author(s):   Kyoung Chul Park* and Natalia B. Shustova 

Department of Chemistry and Biochemistry, University of South Carolina 
 
 
Abstract: Modulation of material physicochemical properties through external stimuli has the 

capability to significantly advance the technology sector in ways that cannot be 
achieved in conventional materials. Metal-organic frameworks (MOFs) have emerged as 
effective platforms for development of novel functional materials. At the same time, 
photochromic moieties can be integrated in MOFs, which allows for tailoring of their 
electronic properties.1,2 The majority of existing studies on photochromic MOFs have 
been on transition-based monometallic materials and primarily focus on the photoswitch 
itself instead of the correlation of photoswitch to metal node. We focused on this 
direction to include actinide-containing and heterometallic metal nodes, which could 
impact the electronic properties of actinide-containing MOFs. Only a few studies thus far 
have investigated the electronic properties of heterometallic actinide-containing(An)-
MOFs. Thus, this work utilizes a stepwise approach for tuning the electronic properties of 
MOFs through both “static” (i.e., irreversible modifications) and “dynamic” (i.e., reversible 
modifications) approaches.3 This presentation will discuss our findings on a series of 
zirconium-, thorium-, and uranium-based MOFs with integrated photochromic molecules. 
In addition, we discovered static tuning of photophysical and electronic properties 
through metal incorporation, guest encapsulation, and photoresponsive linker 
embedment. Furthermore, the first photochromic MOF-based field-effect transistor, in 
which the field-effect response could be changed through light exposure, was 
constructed. As a demonstration, the change in current upon light exposure was 
sufficient to operate a two-LED fail-safe indicator circuit. 
 
References: 
1. Leith, G. A. Martin, C. R.; Mathur, A.; Kittikhunnatham, P.; Park, K. C.; Shustova, N. B. 
Adv. Energy Mater. 2022, 12, 2100441. 
2. Leith, G. A.; Martin, C. R.; Mayers, J. M.; Kittikhunnatham, P.; Larsen, R. W.; Shustova, N. 
B. Chem. Soc. Rev. 2021, 50, 4382–4410. 
3. Martin, C. R.; Leith, G. A.; Kittikhunnatham, P.; Park, K. C.; Ejegbavwo, O. A.; Mathur, A.; 
Callahan, C. R.; Desmond, S. L.; Keener, M. R.; Ahmed, F.; Pandey, S.; Smith, M. D.; 
Phillpot, S. R.; Greytak, A. B.; Shustova, N. B. Angew. Chem. Int. Ed. 2021, 60, 8072–8080. 
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 Stimuli-responsive multilayer interfaces: 

Impact of Metal Ion Linkages on 
Photoswitching 
 

 
 
Author(s):   Noelle Watson*, Ashley Arcidiacono, Jiaqi Chen, S. Scott Saavedra, Kenneth Hanson 

Department of Chemistry & Biochemistry, Florida State University 
 
 
Abstract: Molecular photoswitches are an intriguing class of reversible, stimuli responsive molecules 

that are of interest for applications like  complex computing, non-linear optics, and 
sensing. Dithienylethenes (DTE) have emerged as a particularly promising class of photo-
switchable molecules because of their high fatigue resistance and thermal stability. DTE 
has been extensively studied in solutions but, despite interest in generating read-write 
interfaces, its behavior while bound to inorganic substrates is less explored. Here we 
investigate the surface loading and photoswitching of a DTE molecule incorporated into 
a metal ion linked multilayer on a metal oxide surface. In contrast to covalent assemblies 
or co-deposition, this self-assembly strategy enables maximum surface coverage and 
avoids complex synthetic schemes. The multilayers described here are composed of a 
carboxylated DTE, a Zn(II) linking ion, and chenodeoxycholic acid (CDCA) as a 
photochemically inert but bulky species as the second layer molecule. We use a 
combination of UV-Vis, ATR-IR, and polarized ATR to monitor surface loading and gain 
insights into the assembly structure. The magnitude and reversibility of photoswitching are 
then monitored under photolysis conditions. Remarkably, the reversibility notably 
increases upon the addition of a second metal ion linked chromophore. 
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 Synthesis and Photophysics of Next-

Generation Cu(I) MLCT Photosensitizers 
 

 
 
Author(s):   Michael C. Rosko*, Kaylee A. Wells, Cory E. Hauke, Felix N. Castellano 

Department of Chemistry, North Carolina State University 
 
 
Abstract: Four Cu(I) bis(phenanthroline) photosensitizers formulated from a new ligand structural 

motif (Cu1-Cu4) coded according to their 2,9-substituents, were synthesized, structurally 
characterized, and fully evaluated using steady-state and time-resolved absorption and 
photoluminescence (PL) measurements as well as electrochemistry. The 2,9-substituted-
3,4,7,8-tetramethyl-1,10-phenanthroline ligands feature the following six-membered ring 
systems prepared through photochemical synthesis: 4,4-dimethylcyclohexyl (1), 
tetrahydro-2H-pyran-4-yl (2), tetrahydro-2H-thiopyran-4-yl (3), and 4,4-difluorocyclohexyl 
(4). Universally, these Cu(I) metal-to-ligand charge transfer (MLCT) chromophores display 
excited state lifetimes on the microseconds time scale at room temperature, including 
the three longest-lived homoleptic cuprous phenanthroline excited states measured to 
date in deaerated CH2Cl2, τ = 2.5 to 4.3 µs. This series of molecules also feature high PL 
quantum efficiencies. Temperature-dependent PL lifetime experiments confirmed that all 
these molecules exhibit reverse intersystem crossing and display thermally activated 
delayed PL from a singlet MLCT excited state lying slightly above the triplet MLCT state. 
Ultrafast and conventional transient absorption measurements confirmed that PL 
originates from the MLCT excited state and remains sterically arrested even when 
dissolved in Lewis basic CH3CN. Combined PL and electrochemical data provided 
evidence that Cu1-Cu4 are highly potent photoreductants (Eox* = -1.73 to -1.62 V vs. 
Fc+/0 in CH3CN), whose potentials are altered solely based on which heteroatoms or 
substituents are resident on the 2,9-appended ring derivatives. It is proposed that long 
range electronic inductive effects are responsible for the systematic modulation 
observed in the PL spectra, excited state lifetimes, as well as the ground state absorption 
spectra and redox potentials. Cu1-Cu4 quantitatively follow the energy gap law, 
correlating well with structurally related cuprous phenanthrolines and are also shown to 
triplet photosensitize the excited states of 9,10-diphenylanthracene with bimolecular rate 
constants. The ability to tailor both photophysical and electrochemical properties using 
long range inductive effects imposed by the 2,9-ring platforms advocates new directions 
for future MLCT chromophore discovery. 
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 The Doorstop Proton: Acid-controlled 

Photoisomerization Dynamics in Pyridine-
Based Azo Dyes 
 

 
 
Author(s):   Shea M. Martin, Zachary J. Knepp, Lisa A. Fredin, Elizabeth R. Young 

Department of Chemistry, Lehigh University 
 
 
Abstract: Azo dyes have been the target of a significant amount of research in recent years due 

to their ubiquitous roles in industries such as textile coloration, chemical synthesis and 
cosmetics. A large portion of this research has been in the interest of reducing the 
environmental impact of toxic azo dye byproducts from industrial processes, however 
less work has been done towards the fundamental understanding of azo dyes and the 
impact of substituents and heteroaryl groups on the physical properties of the dyes they 
are found in. Research into the mechanisms and reactions that azo dyes undergo will be 
critical in the design of wastewater treatment processes as well as the applications of 
azo dyes for other purposes. 
In this work we present the acid-controlled photophysics of three pyridine-based azo 
dyes using photometric titrations, visible-light photoisomerization and DFT-level 
calculations. Both pKa trend and differences in spectral shifting during protonation were 
found to coincide with the ortho-para-directing nature of the N heteroatom. 
Photoisomerization was observed for all dyes, but was restricted upon the addition of 
small (single-equivalent) quantities of p-toluenesulfonic acid. DFT-level calculations were 
employed to describe the loss of photoisomerization as a reduction of the energy barrier 
for the cis to trans reversion in addition to a shifting of the S1 excited state minimum 
energy to a geometry more like the trans isomer. 
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Abstract: Eumelanin is a ubiquitous, heterogeneous biopolymer that is made of 5,6-dihydroxyindole 

(DHI) and 5,6-dihydroxyindole carboxylic acid (DHICA), which plays many important roles 
in the human body. Despite decades of research, the structural organization and 
chemical makeup of this pigment are still unknown, preventing mechanistic 
understanding of its various biological functions, including sunscreening. Even though 
eumelanin has a heterogeneous and redox-mutable nature most previous research has 
focused on the properties of the reduced building blocks of DHI and DHICA. This is due to 
the high reactivity of their ortho-quinone forms, which has prevented their isolation and 
characterization. For the first time, we report the synthesis and spectroscopic study of a 
sterically stabilized 5,6-indolequinone derivative (IQ-Me). Blocking groups installed via a 
Suzuki coupling reaction prevent the oxidative polymerization of IQ-Me but allow its 
reversible two-electron reduction and oxidation. IQ-Me was characterized using a variety 
of spectroscopic techniques including ultrafast transient absorption spectroscopy, 
steady-state absorption, and fluorescence measurements. The results demonstrate the 
emergence of eumelanin-like properties including broad absorption, paramagnetism, 
and ultrafast internal conversion to the electronic ground state. The latter property, 
which is unusual for a quinone, demonstrates that IQ-Me is an effective sunscreen at 
ultraviolet and visible wavelengths. 
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 The Impact of Acetonitrile and Pyridine on 

the Photophysical Behavior of Ru(II)-
Terpyridine Complexes 
 

 
 
Author(s):   Marilyn N. Dunbar, Sean J. Steinke, Eric. J. Piechota, and Dr. Claudia Turro 

Department of Chemistry Biochemistry, The Ohio State University 
 
 
Abstract: Abstract: The dissociation of a photolabile monodentate ligand in Ru(II) complexes is 

essential when investigating potential photochemotherapy (PCT) agents. Traditionally, it 
is thought that ligand dissociation occurs through the thermal population of a 3LF state, 
which possesses σ* antibonding character, from a 3MLCT state. Recently, it was found 
that the dissociation of acetonitrile occurs from the 3MLCT state in a series of Ru(II)-
terpyridine complexes (1a – 11a) and does not require the population of a 3LF state. The 
impact of the monodentate ligand on photophysical behavior was investigated by 
characterizing the pyridine analogues of the aforementioned complexes (1b – 11b) and 
comparing to complexes 1a – 11a. Electrochemistry and UV-Vis data demonstrate that 
the ground states of these series do not differ significantly. However, Arrhenius analysis of 
the temperature dependence of 3MLCT lifetimes shows that the energy barrier (Ea) to 
thermally populating the 3LF state is significantly higher in the pyridine series, yet 
complexes 1b – 11b do not photodissociate the pyridine ligand. Additionally, Franck-
Condon line-shape analysis of 77 K emission data shows no significant differences 
between the emitting 3MLCT states in both series. These findings suggest that further 
investigation of the non-radiative decay to the ground state is necessary to understand 
the differences in photophysical behavior in 1 – 11. 
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 The Reorganization Energy of Interfacial 

Electron Transfer and Proton-Coupled 
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Abstract: Light-driven interfacial electron transfer (ET) and proton-coupled electron transfer (PCET) 

reactions play vital roles in the conversion of sunlight to chemical fuels. A key kinetic 
parameter that dictates the rate of these reactions is the reorganization energy (λ). While 
λ for homogeneous ET and PCET systems have been reported, comparatively few 
examples of such measurements have been made for heterogeneous systems. Recently, 
the Meyer lab reported interfacial electron transfer kinetics as a function of the free 
energy change (−∆G°) for model electron acceptors bound to a transparent conductive 
oxide, tin-doped indium oxide (ITO). Analysis of the kinetic data with Marcus-Gerischer 
theory afforded λ for the interfacial ET reaction. Herein, we extend this kinetic model to 
the ET and PCET reactions of a ruthenium water oxidation catalyst bound to ITO. Visible 
light excitation resulted in rapid electron transfer to the ITO and photo-initiated the two 
reactions of interest: ET when the solution pH was less than 1.2; and PCET when the pH 
was between 2 and 5. The rates of both reactions increased with −∆G° to a saturating 
limit, with rate constants consistently larger for ET than for PCET. Analysis of the kinetic 
data provided λ for interfacial PCET (0.90 ± 0.02 eV) and ET (0.40 ± 0.02 eV), respectively. 
Computational analysis indicated a larger inner-sphere reorganization energy for PCET 
than for ET arising from a significant change in the Ru–O bond length. Including the 
excited electron-proton vibronic states and the proton donor-acceptor motion in the 
computational analysis provided an apparent reorganization energy of 1.01 eV in good 
agreement with the experimental data. 
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 Transient Photo-driven Bond Breakage in 

Metal Organic Frameworks 
 

 
 
Author(s):   Qingyu Ye, Daniel R. Cairnie and Amanda J. Morris 

Department of Chemistry, Virginia Tech 
 
 
Abstract: Metal–organic frameworks (MOFs) are a new class of hybrid materials constructed by 

metal ions/clusters interconnected with multi-dentate organic linkers that synergistically 
combines both organic and inorganic natures, and have found potentials in gas 
storage/separations, catalysis, fabricating luminescent materials, drug delivery etc. In 
particular, MOFs could play a promising role in photocatalysis due to their unique 
features such as the adjustable light-harvesting ability over a broad spectral range, the 
improved electron-hole separation, the uniformly distributed catalytic active sites, the 
ease of their accessibility for catalysis and the promising platform for mechanistic 
understanding of structure-activity relationships. 
 
Recent study has suggested a dynamic nature of the metal-linker bonds rather than a 
static structure within MOFs, by carrying out a temperature dependent investigation at 
the ground state. Given the plethora of works demonstrating the capability of MOFs in 
driving novel photocatalysis, what kind of bonding dynamics could happen after 
photoexcitation is yet to be revealed. The observation of related events could be 
essential for a better understanding of the MOF-based photocatalytic processes. 
 
Here we present a time-resolved study of the excited state in MIL-101(Fe) via the transient 
infra-red spectroscopy. By probing the vibrational fingerprints of the carboxylate bonds 
upon photoexcitation, a transient absorption was recorded, which further indicated a 
transition in the metal-linker coordinating configuration during the excitation. Specifically, 
corresponding to the symmetrical and asymmetrical stretching at the ground state, 
bleaching at 1400 cm-1 and 1590 cm-1 with the lifetimes of 13.7 us and 13.5 us were 
identified respectively. Meanwhile, excited state absorption at 1360 cm-1 and 1710 cm-1 
were also observed. The study unveils the presence of transient bonding transitions in 
MOFs upon photoexcitation and could provide new pathways to promote 
photocatalytic efficiencies or the design of novel self-healing materials. 
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Polymers: Enabling Lower Energy Light 
Harvesting 
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Department of Chemistry and Biochemistry, Florida State University 

 
 
Abstract: Mechanoresponsive materials are of interest across a broad range of adaptive structure 

applications including robotics, aerospace engineering, and drug delivery. Photo-
responsive polymers are particularly intriguing as adaptive materials because they can 
be operated without the need for a tethered electric circuit or power supply. Further, by 
controlling irradiation intensity and location, spatial and temporal shape changes may 
be tuned. The light to mechanical work efficiency is unfortunately low, limiting the 
mechanical force output. The majority of photomechanical polymers contain an 
azobenzene moiety which exhibits a trans-cis-trans isomerization response upon direct 
excitation with UV/blue light. Stilbene—the carbon-based analogue of azobenzene—
can also undergo trans-cis-trans isomerization, but it requires higher energy excitation to 
do so. Here, we demonstrate triplet sensitization of the stilbene moiety as a means of 
harnessing low energy light to elicit a mechanical response. Functionalized polyimide 
films are synthesized, characterized, and doped with molecular triplet sensitizer 
molecules. The sensitized films exhibit a polarization dependent photoresponse when 
selectively exciting the sensitizer with low energy light. Contrastingly, the undoped control 
films exhibit no response under the same conditions. Both photomechanical and 
spectroscopic results demonstrate that triplet sensitization of stilbene can induce 
photostriction in a photomechanical polymer using visible light via triplet energy transfer. 
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 Tuning Metal Interactions Through Ligand 

Modification of Platinum(II) Dimers 
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Abstract: The ability to adjust the metal-metal distance in Pt(II) dimers through ligand modification 

is well established. As previously demonstrated in complexes of bidentate 
cyclometalating ligands connected through a modified pyridine or pyrazole bridge, the 
extent of interaction between the platinum 5dz2 orbitals plays a substantial role in 
observed photophysics. Sufficient Pt overlap results in a metal-metal-to-ligand charge 
transfer (MMLCT) transition originating from an antibonding dz2 interaction, while 
increased platinum distances produce little d-orbital overlap and are dominated by 
metal-to-ligand charge transfer (MLCT) transitions akin to mononuclear systems. In two 
newly conceived systems, further modification of the ligand manifold is designed to 
again alter the platinum distances and thereby the observed photophysics. First, use of a 
conjugated bridging ligand, 8-hydroxyquinoline (8HQ), has altered both the Pt-Pt 
distance as well as the energetics of the exited state, leading to limited metal interaction 
and excited state properties dominated by the bridging ligand. In the second, use of a 
modified terpyridine cyclometalating ligand, 4-tolyl-6-phenyl-2,2’-bipyridine, leads to 
more direct platinum dz2 overlap through steric control enforced by π-orbital 
interactions. This enhanced overlap allows for MMLCT transitions at longer Pt distances, as 
is observed from a new series of dimers. Presented here is the synthesis and 
characterization of these new systems to further study the role of ligand identity on the 
photophysical properties of Pt(II) dimers. 
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 Two-photon-absorbing organic molecules 

for photocatalysis and bioimaging 
applications 
 

 
 
Author(s):   Yujie Sun* 

Department of Chemistry, University of Cincinnati 
 
 
Abstract: In conventional photocatalysis and bioimaging applications, UV/visible light irradiation is 

nearly mandatory, because high-energy photons are required to excite those one-
photon-absorbing chromophores to the desired excited states. However, these relatively 
short-wavelength photons have intrinsic limitations such as shallow penetration through 
various media, potential competing absorption by other substrates, and incompatibility 
with species bearing light-sensitive functionalities. By taking advantage of prominent 
intra-molecular charge transfer, our group has developed a number of organic 
chromophores with quadrupolar structures, which possess excellent two-photon 
absorption (TPA) capability in the near infrared (NIR) region. We have demonstrated that 
these organic TPA molecules can be utilized to drive various organic transformations 
under NIR light irradiation (e.g., 850 nm) and act as NIR-active fluorescent probes to 
monitor biological substances or processes at the sub-cellular level. 
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 Ultrafast Excited State Dynamics of Ru(II) 

Polypyridine Complexes 
 

 
 
Author(s):   Camille M. Bridgewater*, Qingyu Ye, Minliang Yan, and Amanda J. Morris 

Department of Chemistry, Virginia Tech 
 
 
Abstract: Photoinduced charge separation is the physical phenomenon responsible for light 

conversion schemes into chemical, electrical, and/or mechanical energy. In a molecular 
system, charge separation is typically accomplished through the immediate absorption 
of photon energies where charge redistribution within the system occurs. In this study, we 
employ optical/ultrafast spectroscopy to study the photodynamics of a ruthenium 
complex. In these complexes phenomena such as intersystem crossing, vibrational 
cooling and metal ligand charge transfer occur on the ultrafast timescale. The goal is to 
use the resulting transient absorption spectra to infer processes related to vibrational 
dynamics. Based on our findings, the vibrational dynamics in our complex shows an 
excitation wavelength dependence. Our initial hypothesis was that we were seeing 
vibrational cooling in the triplet metal ligand charge transfer state which shouldn’t be 
dependent on wavelength. This led to more questions of what and how the electron 
transfer excites. Using cyclic voltammetry, the reduction potentials of the ligands can 
show the LUMOs’ associated with the ligands in the complex to 
potentially give insight to other charge transfer phenomena. To further probe the 
dynamics of these systems, cyclic voltammetry and spectroscopy of other ruthenium 
complexes and substituted bipyridine ligands will be investigated. 
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 Value of Molecular Dynamics (MD) 

simulation in understanding the excited 
state behavior of molecules in restricted 
spaces. 
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Department of Chemistry, University of Miami 
 
 
Abstract: Reactivity of organic molecules in solution is generally controlled by their inherent 

electronic and steric features.  While the medium does influence it is often not dramatic.  
However, when the medium is confined, that is the space available for the molecule is 
restricted and time independent the behavior of molecules (both ground and excited 
states) is distinctly different from that in isotropic solution.  In this study we have examined 
the excited state behavior of three classes of molecules, aryl alkyl ketones (1), aryl alkyl 
thiones (2) and α-alkyl dibenzylketones (3). These molecules upon excitation in solution 
undergo the expected Norrish Type I and Type II reactions.  The alkyl chain plays no part 
in the selectivity.  However, when these molecules are included within octaacid capsule 
their behavior changes.  The products formed depends on the akly chain length.  
Apparently the conformation of these molecules within the confined space is different 
and knowing the structure of these molecules in restricted environment would help us 
rationalize the unusual selectivity obtained here.  While 1H NMR was exceptionally useful 
to ascertain the formation of the host-guest complex and the nature of the complex 
(host-guest ratio) exact conformation of molecules within OA capsule could not 
unequivocally determined.  For this purpose we have utilized MD simulation of various 
guests within OA capsule.  Importantly, the conformations deduced from MD simulations 
are able to provide insight into the reactivity of confined molecules.  MD simulation that is 
being extensively used in understanding transformations in biological systems can also be 
a valuable tool in the hands of photochemists to understand and predict reactions in 
supramolecular assemblies. 
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 Visible Light Harvesting, Spin-Flip Cr(III) 

Photosensitizer 
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Department of Chemistry, North Carolina State University 
 
 
Abstract: A newly conceived Cr(III) photosensitizer was synthesized and characterized in full. This 

photosensitizer features 4,7-bis(naphthylen-2-ylethynyl) groups which enhance the π-
conjugation of the base 1,10-phenanthroline core.  Additionally, 3,8-dimethyl steric 
flanking groups are present.  Photoluminescent spectroscopy reveals a Cr(III) 
photosensitizer with molar extinction coefficients in excess of 1.0x105 M-1cm-1 and an 
absorption envelope extending past 500 nm. Cyclic voltammetry (CV) and steady state 
phosphorescent measurements of the associated Cr(III) complex show a high 
photooxidation potential of 1.78V vs. SCE in MeCN.  Ultrafast transient absorption (UFTA) 
measurements show a ligand reduction suggesting a metal to ligand charge transfer 
(MLCT) while nanosecond transient absorption (nsTA) shows the relaxation back to the 
ground quartet state from the 2E phosphorescent, excited state.  Additionally, with 
lifetimes on the order of hundreds of microseconds, it is a suitable candidate for 
photoredox catalysis. A difficult [4+2] cycloaddition was chosen as a test reaction; 
preliminary experiments confirm its utility with high yields when irradiated with 456 nm light 
with high yields in a fraction of the time reported in prior literature.   
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 Visible Light Photoinitiators Activated by 

Sequential Two-Photon Absorption 
 

 
 
Author(s):   Daniel E. Falvey, Andrea N. Zeppuhar 

Department of Chemistry and Biochemistry, University of Maryland 
 
 
Abstract: A visible light absorbing, anthraquinone derivative 1-tosyloxy-2-methoxy-9,10-

anthraquinone (QT) mediates both cationic and radical polymerizations depending on 
the intensity of visible light used. A previous study showed that this initiator generates 
para-toluenesulfonic acid through a stepwise, two-photon excitation mechanism. Thus, 
under high intensity irradiation, QT generates acid in sufficient quantities to catalyze the 
cationic ring opening polymerization of lactones. However, under low intensity (lamp) 
conditions, the two-photon process is negligible, and QT photooxidizes DMSO, 
generating methyl radicals which initiate the RAFT polymerization of acrylates. This dual 
capability was utilized to switch between radical and cationic polymerizations to 
synthesize a copolymer using a one-pot procedure. 
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 Visible Light Sensitized Para-Hydrogen 

Exchange Photochemistry 
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Abstract: Despite its enormous utility, nuclear magnetic resonance (NMR) spectroscopy is 

inherently limited by low nuclear spin polarization, due to the near equivalent population 
of spin states. One prominent method to address the low polarization is para-hydrogen 
induced polarization (PHIP) which uses the singlet spin isomer of H2 to circumvent near 
equivalent thermal populations. Para-Hydrogen (p-H2) based polarization often relies on 
thermally catalytic or, infrequently, UV-activated catalytic hydrogenation. Visible light-
activated hydrogenation is both lower energy and offers more direct and timed control 
of hyperpolarization and measurement of short lived intermediates. Here, we use a well-
known Ir(III) triplet photosensitizer to sensitize a d6-transition metal dihydride, 
Ru(CO)(PPh3)3(H)2 (1), known to photo-release H2 and reabsorb p-H2 in solution, and well 
established as a thermal cross coupling catalyst. With this complex we hydrogenate and 
hyperpolarize both the dihydride and substrates using visible light for photochemical-
pump NMR-probe experiments inside a 9.4 T (400 MHz) NMR. By sensitizing the triplet 
ligand-field states of 1 with visible light, we can hyperpolarize 1 and a range of 
unsaturated substrates and produce enhanced signals for room temperature and below. 
Without the addition of light, in otherwise consistent experimental conditions, 
hyperpolarization was not generated. This enables a shift from a thermal or high energy 
UV activation motif to one which can occur with easily available and controllable visible 
light sources and at low temperature, termed triplet-sensitized PHIP (Trip-PHIP). 
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 Wavelength Dependent Photochemistry of 

Styrene Azide (1) 
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Abstract: Wavelength dependent photochemistry is a way of forming distinct products from the 

same starting material by using different wavelength of light. In this work, we studied the 
photochemistry of 1 in solution and cryogenic matrices as a function of irradiation 
wavelength. Irradiation of 1 with light above 300 nm at cryogenic argon matrices and 
glassy mTHF matrices results in formation of mainly azirine 2 and small amount of 
ketenimine 3. Furthermore, irradiation of 1 with light below 300 nm in cryogenic matrices 
resulted in formation of ketenimine 3 more selectively. In contrast, short-wavelength 
irradiation of azirine 2 forms ylide 4. At ambient temperature, irradiation of 1 in argon- or 
oxygen-saturated solution gave azirine 2. Ultra-fast transient spectroscopy with 340 nm 
laser made it possible to detect the triplet excited state of 1 (lmax ~ 474 nm, t= 608 ps), 
whereas nanosecond laser flash photolysis allowed for direct detection of triplet nitrene. 
We will present and discuss the mechanism for the observed photoreactivity of 1 in 
solutions and cryogenic matrices and support it with DFT calculations. 
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 Employing Variable-Temperature Transient 

Absorption Spectroscopy to explore the 
Excited State Dynamics of Substituted Fe(II) 
Bis-Terpyridine Complexes 
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Abstract: The field of transition-metal based chromophores for use in various charge transfer applications 

ranging from solar energy conversion1,2 to photoredox catalysis3 has received much attention 
over the years. One area that has gained attention is the exploration of the more earth-abundant 
first-row transition metal-based chromophores as alternatives to the well-studied Ruthenium-based 
complexes. In this realm, the use of Iron(II) is particularly helpful, as it is isoelectronic to the 
Ruthenium(II) used in [Ru(bpy)3]2+ (where bpy is 2,2’-bipyridine), which is seen as the model 
compound for this field of research thanks to a long lived metal-to-ligand charge transfer (MLCT) 
excited state.4 However, Iron(II)-based compounds display far shorter MLCT lifetimes than their 
Ruthenium counterparts.1,4 As such, is it helpful to fully understand the nature of excited state 
dynamics of Iron(II)-based polypiridines, so that information may be used to design ligand 
structures that alleviate this issue. One method of exploring excited state dynamics is the use of 
variable-temperature (VT) transient absorption (TA) spectroscopy,5 which has been employed in 
this study. The data collected through VT-TA is analyzed through the lenses of Arrhenius Theory and 
semi-classical Marcus Theory to determine information about excited state transitions such as 
activation energy and the electronic coupling constant. In this study, VT-TA was used to study the 
ground state recovery from the long-lived high spin (quintet) excited state in a series of substituted 
[Fe(terpy)2]2+ (where terpy is 2,2’:6’,2”-terpyridine) complexes. The substitutions in this series 
systematically modulate the zero-point energy difference between the high spin excited state and 
ground state for each complex.6 Using this series is particularly useful as the substitution at the 4’ 
position of the terpyridine ligand results in as little steric hindrance from the substituent as possible, 
resulting in purely energetic perturbations to the electronic structure of the molecule while keeping 
the reaction coordinate intact, an observation that is useful in interpreting the data. The results 
found in this study showcase that ground state recovery in [Fe(terpy)2]2+ complexes exhibit 
Marcus normal region behavior. An assumption that has been made regarding Fe(II) polypyridyl 
complexes, but is now supported by experimental data. 

 
References: (1)  McCusker, J. K. Science 2019, 363, 484–488 (2)  Hagfeldt, A.; Boschloo, G.; Sun, L.; Kloo, L.; 
Pettersson, H. Chem. Rev. 2010, 110, 6595–6663. (3) Arias-Rotondo, D. M.; McCusker, J. K. Chem. Soc. Rev. 2016, 
45, 5803–5820. (4) Creutz, C.; Chou, M.; Netzel, T. L.; Okumura, M.; Sutin, N. J. Am. Chem. Soc. 1980, 102, 1309-
1319. (5)  Carey, M. C.; Adelman, S. A.; McCusker, J. K. Chem. Sci. 2019, 10, 134-144. (6)    Szemes, D. S.; 
Keszthelyi, T.; Papp, M.; Varga, L.; Vanko, G. Chem. Commun. 2020, 56, 11831-11834 
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Abstract: Continuous monitoring of biochemical analytes is of interest in biomedicine to provide 

insight into physiology and health. Optical sensors for tissue oxygenation were created 
via the incorporation of a Pd (II) benzoporphyrin that absorbs (630 nm) and 
phosphoresces (810 nm) within the optical tissue window into biodegradable matrices, 
including synthetically derived electrospun polymers and bioderived films/sponges. The 
long-lived, near-IR emission in these materials is readily quenched by dissolved oxygen. A 
custom in situ fluorimeter setup was constructed and used to characterize the in vitro 
sensor performance in the physiologically relevant dissolved oxygen range (∼0−90 µM) in 
37 °C phosphate buffered saline. Multiple demonstrated sensor compositions exhibited 
monoexponential lifetime decays, linear Stern-Volmer plots, and favorable sensitivities – 
all ideal for continuously monitoring tissue oxygenation. These sensors maintain oxygen-
sensing function in vivo and demonstrate real-time sensing capabilities throughout 
various physiological states, comprising hyperoxia, normoxia, and hypoxia. 

 
References (1)“Time-resolved Spectroscopy of Phosphorescent Oxygen Sensors in a 
Relevant in vitro Environment for Biomedical Applications” Edinburgh Instruments 
Customer Application Note. 2021. (2)“Biodegradable Oxygen Biosensors via 
Electrospinning” Med. Devices Sens. 2021, 4:e10149. (3) “Oxygen Sensing Performance of 
Biodegradable Electrospun Nanofibers: Influence of Fiber Composition and Core-Shell 
Geometry” Sens. Actuators B Chem. 2021, 329, 129191. (4) “Degradable Silk-Based 
Subcutaneous Oxygen Sensors” Adv. Funct. Mater. 2022, 32, 2202020. 
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Abstract: Understanding the photophysics of transition metal-based chromophores is the foundation for 
building structure-property correlation to apply such systems in a number of applications – 
including photoredox catalysis.1,2 Recent focus on the d6 – first row transition metal-based 
chromophores such as Fe(II) and Co(III) as photoredox agents are promising.3–5 However, 
photophysical properties of Co(III) complexes are relatively unexplored as compared to 
isoelectronic Fe(II) analogs. We have therefore carried out a systematic study of a series of 
complexes to understand the excited-state dynamics of this class of chromophores. Five 
Co(III)-tris bipyridyl complexes with varying ligand-field (LF) strengths6 were prepared and 
studied using ultrafast transient absorption spectroscopy. LF excitation to the lowest energy 
spin-allowed ligand-field absorption band (1A1 → 1T1) in acetonitrile solution led to sub-
picosecond conversion to a lower-energy metal-centered excited state, followed by ground-
state recovery (GSR). The observed increase in excited state lifetime with increasing energy of 
the lowest energy excited state suggests that GSR in these compounds occurs in the Marcus 
inverted region, in contrast to the normal region behavior seen in isoelectronic Fe(II) 
complexes. Additional information concerning the identity of the lowest energy excited state 
was gleaned from variable-temperature ultrafast transient absorption measurements on two 
members of the series and the data were analyzed in the context of a simple Arrhenius model 
as well as semi-classical Marcus theory. The electronic coupling between the ground- and 
lowest-energy excited state was found to decrease with increasing zero-point energy 
difference, a hallmark of direct coupling between the two states, indicating the 3T1 ligand-
field term as the lowest-energy excited state of the compounds, again in contrast to 
the 5T2 state that characterizes the corresponding Fe(II) complexes. The identity of the lowest 
energy excited state was supported by extensive DFT calculations that also indicate a 
reorganization energy (λ) for ground-state recovery that is substantially smaller in magnitude 
than the driving force (∆G0) for the process (i.e., λ < ∆G0), corroborating the inverted region 
assignment. This inverted region behavior can be used as a design principle for accessing 
more energetic reactions, while increasing the excited state lifetime of the photocatalyst at 
the same time.  
References. (1) Arias-Rotondo, D. M.; McCusker, J. K. Chem. Soc. Rev. 2016, 45, 5803–5820. (2) 
McCusker, J. K. Science 2019, 363, 484–488. (3) Woodhouse, M. D.; McCusker, J. K. J. Am. Chem. 
Soc. 2020, 142, 16229–16233.  (4) Sinha, N.; Wegeberg, C.; Prescimone, A.; Wenger, O. S. J. Am. 
Chem. Soc. 2022, 144, 22, 9859–9873. (5) Kaufhold, S.; Rosemann, N. W.; Chábera, P.; Lindh, L.; 
Bolaño Losada, I.; Uhlig, J.; Pascher, T.; Strand, D.; Wärnmark, K.; Yartsev, A.; Persson, P. J. Am. 
Chem. Soc. 2021, 143, 1307–1312. (6) Yarranton, J. T.; McCusker, J. K. J. Am. Chem. Soc. 2022, 144, 
12488–12500. 
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 FSU Spectroscopy Lab 
 
 
 

 
Author(s):   J.S. Raaj Vellore Winfred 

Department of Chemistry & Biochemistry, Florida State University, FL, USA 

 
Abstract: Access to steady-state and time-resolved spectroscopic equipment is critical to pursuing 

photophysical and photochemical research. Given the wide swath of useful techniques, 
it is often times challenging/expensive to house such equipment in a single group or 
even across a given university. Collaborations are often used to fill these gaps but can be 
rate limited by unfunded, and even uninterested, collaborators. Here we introduce the 
FSU Spectroscopy Lab, as an alternative, user facility to fulfill spectroscopic needs. The 
lab provides equipment for steady-state optical characterization using UV-VIS-NIR, FT-IR, 
confocal Raman, fluorescence, and emission quantum yield measurements. Time-
resolved absorbance and emission spectra/kinetics can be acquired from 250 fs to 1 ms 
time scales. The facility can be accessed by internal or external researchers after 
undergoing training or via sample submission with support of our full time research 
scientist. Costs vary based on instrument, sample, time, etc. Stop by the poster to learn 
more about our facilities and/or find more information at our website 
(https://www.chem.fsu.edu/research/research-facilities/spectroscopy-lab/).  
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 Dual probe optical transient absorption 

employed to test global kinetic models in 
quantum dot sensitized ZnO 
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Abstract: Charge transfer from photo-excited quantum dots to ZnO has been understood to 
proceed through an interfacial excitonic state, known as a charge transfer state (CTS).1 In the case of 
organic dye – ZnO systems, the CTS mechanism and energetics have been thoroughly investigated with 
a variety of techniques.2 Quantum dot sensitized ZnO has not seen the same degree of proof, and is not 
adequately tested. In addition few alternative mechanisms have been proposed. Recently, work by 
Neppl et. al3 have demonstrated the impact of band bending near the surface of ZnO on charge 
transfer from organic dyes. This model could explain the charge transfer behavior in quantum dot – ZnO 
systems more completely than the CTS model. This work applies dual UV and Vis probe optical transient 
absorption to interrogate the band gap dynamics of ZnO and CdSe quantum dots simultaneously, 
which is then globaly fit to proposed kinetic models. The results show a bimodal rise of the ZnO signal, 
with near equivalent contributions from both modes. Due to coulombic forces, charge transfer through 
a CTS would give a difference between the QD signal decay and ZnO signal rise that’s dependent on 
the QD size, this is not observed however. A model based on the band bending found at the surface of 
ZnO is proposed as an alternative to the CTS model, and tested with global fitting and a ZnO synthesis to 
limit band bending. 
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 Anomalous magnetic field effects 

observed for micellar thionine-aniline 
radical pairs: the role of quenching and 
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Abstract: The radical pair mechanism (RPM) is a theory that posits that weak magnetic field can 
influence the reaction rate or product yield of photochemical reactions by a process of coherent spin 
mixing between the singlet and triplet states of a spin-correlated radical pair. Photo-induced electron 
transfer occurring in micellar solutions have long been employed as model systems for these magnetic 
field effects (MFEs) on radical reactions. Recently, we have undertaken a re-examination of a common 
model system for micellar MFEs: a thionine electron acceptor and aniline electron donor in micellar 
solutions of sodium dodecyl sulfate (SDS). Spectroscopic measurements with sub-nanosecond time 
resolution demonstrated an unexpected sign change that is both time and concentration dependent. 
The sign of a MFE arising from the RPM should correlated to the spin state of the excited state precursor 
to the radical pair. Intersystem crossing of thionine occurs on a picosecond timescale, while electron 
transfer leading to formation of the radicals is assumed to be slower. Therefore, all previous reports of 
MFEs on thionine/aniline radical pairs, which have been carried out on longer timescales, have only 
observed triplet-born radicals. Our unusual results regarding the sign of the MFE suggest two possible 
origins: previously unreported competition between static and dynamic quenching of micellized 
thionine/aniline leads to formation of both singlet and triplet-born radical pairs or the observed MFE 
arises from a different mechanism.  To investigate the origins of this effect, we have undertaken 
systematic investigations using NMR, optical spectroscopy, and fluorescence quenching to characterize 
the incorporation of thionine and aniline in the micelles and understand the photochemistry that gives 
rise to the observed magnetic sensitivity.  
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Abstract: Metal-Organic Frameworks (MOFs) are a class of porous materials that have been used 
for a wide array of applications, given the highly tunable properties of their metal nodes and organic 
linkers. More recently, MOFs that incorporate lanthanide-based nodes into their architecture have 
received growing attention for their capabilities in radio- and photoluminescence, upconversion-
photocatalysis, and more broadly, efficient energy transfer between nodes and linker species. To gain a 
better understanding of the excited-state and energy-transfer processes that govern their applications, 
we performed photophysical studies on a series of Tb-MOFs using emission and ultrafast transient 
absorption spectroscopic techniques.  The Tb-MOFs chosen for this study were Tb-UiO-66, Tb-CU-27, and 
Tb-CU-10, with their linkers exhibiting triplet energy states higher, equal to, and lower in energy relative to 
the emissive 5D4 state of the Tb node. From the combined emission and ultrafast transient absorption 
studies, we provide key insights into the light-driven processes that occur in these unique MOF 
architectures. 
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Abstract: Advanced materials for the effective protection from lethal chemicals and gases are 
one of the most pressing issues globally. In the past few decades, attacks involving chemical warfare 
agents (CWAs) such as thioether mustard gas (HD) have raised a major concern; and therefore, require 
immediate attention towards its degradation processes. Most of the personal protective equipment or 
PPE utilized by the military, including masks and suits are fashioned using porous activated carbon, 
which upon a long-time exposure imposes a significant effect on their durability and disposal. Metal 
organic frameworks are high surface area and low-density compounds that provide a powerful route to 
degrade such toxic CWAs. Herein, we report the preparation of a Zr-based metal organic framework 
(PCN-222) composed of photoactive Zn-porphyrin ligands supported by powder X-ray diffraction 
(PXRD), UV-Vis and fluorescence studies to understand its photo-emissive properties. Our future work 
includes the investigation of a single atom incorporated PCN-222 for rapid thioether oxidation, 
dehydrohalogenation and phosphonate hydrolysis, which can potentially degrade CWAs at an 
unprecedented rate. Therefore, we intend to combine reactivity into one platform – hydrolysis, 
oxidation, and dehydrohalogenation – through the synthesis and study of multi-functional MOFs, 
including PCN-222, with hydrolytically active nodes, photooxidative linkers, and single atom 
modifications. 

  



Poster #  
 

 
30th I-APS Conference, January 4-7, 2022; Miramar Beach, FL USA 

88 

I N T E R - A M E R I C A N  P H O T O C H E M I C A L  S O C I E T Y  

 
 
 Fundamental explorations of high-spin and 

low-spin transition metals in long-lived 
charge separated states 

 
 
 

 
Author(s):   Tzu Ching Cheng*, Gordon Yee, Amanda J. Morris 

Department of Chemistry Virginia Polytechnic and State Institute, Blacksburg, VA 24060 
USA 
 

Abstract: In sustainable fuel production, the conversion of solar energy into chemical energy is one 
of the great interest of storing the high density energy. The relatively low observed quantum yields 
(~19%) compared to theoretical efficiencies (in the range of 30-40%, depending on target reaction) 
resulted in part from the short-lived photo-induced charge-separated states. In our previous studies, 
manganese(II/III) poly(pyrazolyl)borate (Mn(pzb)2) complexes demonstrated exceptional charge-
separated-state lifetimes in the dye-sensitized photoanode constructs. Mn(pzb)2 undergoes a spin 
transition from a high-spin, sextet state for Mn(II), to a low-spin, triplet state for Mn(III). The spin change is 
induced upon a pseudo-octahedral-to-octahedral structural change that modifies the orbital overlap 
between the pyrazolyl lone pair and central Mn. The large reorganization energy associated with the 
structural and spin transitions increased the lifetime of charge-separated states. Inspired from the results, 
we aim to determine the degree of molecular reorganization/spin transition that results in the greatest 
modulation in back electron transfer rates. With the functionalization at 3-position on pyrazole ring and 
study the similar Fe(pzb)2 or Co(pzb)2, we will gain a better understanding of the role of steric effects 
and number of electrons involved in spin transition on charge-separated state lifetime. Via Transient 
absorption spectroscopy and transient infrared spectroscopy, we can measure both the structural 
reorganization (and spin transition) and recombination rate of chromophore/mediator and TiO2(e-)/ 
mediator. The study will provide design rules to enable the development of next generation 
photovoltaics. 
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Abstract: Aiming to facilitate the understanding of the photosensitized oxidation reactions, we 
propose to classify them in four processes: oxygen-dependent (type I and type II processes) and 
oxygen-independent [triplet-triplet energy transfer (TTET) and photoadduct formation]. We revise not 
only their molecular-based concepts, but also, give an emphasis on the experimental approaches used 
to characterize them. Time-resolved and steady-state methods as well as the role of additives, 
quenchers, are analyzed highlighting their limitations. The work aims to establish good standard 
practices, with hints on how to succeed in the study of the photosensitized oxidation reactions. 
Illustration of the suitability of these approaches is provided by the measurement of key markers of 
singlet oxygen and one-electron oxidation reactions in both biomolecules and devices. Device surfaces 
are of interest to us, including singlet oxygen emitting devices. With prenylphenol-coated silica and 
delivery of singlet oxygen through the gas phase, hydrophobic particle leads to an iso-hydroperoxide 
with an internally protonated oxygen atom, which causes elimination of hydrogen peroxide in its 
activity. In contrast, hydrophilic particles lead to allylic hydroperoxides, due to phenol OH hydrogen 
bonding with SiOH surface groups. A slope intersection method method was also developed that uses 
the airborne singlet oxygen lifetime (τairborne) and surface-associated singlet oxygen lifetime (τsurf) in an 
effort to understand singlet oxygen transitioning from volatile to non-volatile and surface boundary 
(surface···singlet oxygen). 
 


