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Photochemistry as a Tool for Preparation and Size-Focusing of Atomically Precise Clusters 
 

Goonay Yousefalizadeh, Parimah Aminfar, Kevin G. Stamplecoskie 
 

Department of Chemistry, Queen’s University, Ontario, Canada 
 

The synthesis and isolation of atomically precise noble metal 
nanoclusters is of growing interest, especially true for aqueous soluble 
clusters for biomedical imaging and therapy. Au nanoclusters have 
unique optical properties, exhibiting giant two-photon absorbance 
cross sections and emitting in NIR. Some have recently shown 
unprecedented enhancement for radiotherapy for cancer 
treatment. Before clinical use, it is important to isolate pure clusters of 
a single size and to track their fate in the body. However, the typical 
synthesis of these clusters provides distributions of sizes with various 
number of metal atoms and ligands. Most biomedical studies 
investigate the properties of a mixture of clusters without exploring the 
size-dependent properties.1 
The light activated synthesis of Au clusters followed by an accelerated size-focusing step using a 
sequence of peptides as a ligand will be presented. Using Norrish type 1 photochemistry,2 superior 
control over the most challenging aspects of metal cluster synthesis is provided. The obtained Clusters 
were found to be optically pure using fluorescence excitation-emission matrix (EEM) spectroscopy and 
PARAFAC analysis. New clusters are extensively characterized by high resolution Electrospray Ionization 
(ESI) and Time-of-Flight (TOF) Mass Spectrometry and currently showing incredible efficacy for cancer 
treatments when tested in cell environments and under radiation.  
 
Reference: 
1. Ramsay, H. S.;  Silverman, M. M.;  Simon, D.;  Oleschuk, R. D.; Stamplecoskie, K. G., Nanoscale, 
2019, 11 (43), 20522-20526. 
2. Yousefalizadeh, G.; Stamplecoskie, K. G., Journal of Photochemistry and Photobiology A, 2018, 
353, 251-254.  
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Plasmonic metal oxide semiconductors:  Carrier relaxation dynamics via Landau dampening 
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Halide Perovskite-Molecular Hybrids for Light Energy Conversion 
Jeffrey DuBose, Jishnudas Chakkamalayath and Prashant V. Kamat 

Department of Chemistry and Biochemistry and Radiation Laboratory, University of Notre Dame, 
Notre Dame, IN46556, USA 

 

The flow of energy and electron transfer processes in semiconductor nanocrystal based light harvesting 
assemblies is dictated by the nature of the excited state interactions. Surface interaction of 
chromophore or redox active molecule which dictate the efficiency of energy/electron transfer, thus 
plays an important role in realizing photocatalytic and optoelectronic applications. Metal halide 
perovskite nanocrystals are interesting in the sense that they can either transfer energy or selectively 
transfer electrons or holes to the adsorbed molecules. 
The presentation will focus on two specific scenarios of 
the flow of energy and electron processes in CsPbBr3 
nanocrystal-molecular hybrids. The energy transfer is 
probed through three moleculr acceptors – rhodamine B 
(RhB), rhodamine isothiocyanate (RhB-NCS), and rose Bengal 
(RoseB), which contain an increasing degree of heavy atom 
pendant groups. When interacting with CsPbBr3 as an energy 
donor, photoluminescence excitation spectroscopy 
reveals that singlet energy transfer occurs with all three 
acceptors. However, the acceptor 
functionalization directly influences several key parameters 
that dictate the excited state interactions. 
Electron and/or hole transfer from excited CsPbBr3 
nanocrystals to a molecular relay present near the interface 
offers another avenue to directly convert light energy into 
chemical energy. Such interfacial electron transfer of semiconductor nanocrystals has been widely 
explored in photocatalytic processes. The relative energy level alignment of donors and acceptors to 
direct the flow of charge carriers becomes important in dictating electron transfer. By employing 
viologen as a probe, we have elucidated the factors controlling the interfacial electron transfer 
processes. A basic understanding of the fundamental differences between the two excited 
deactivation processes (energy and charge transfer) and ways to modulate them should enable 
design of more efficient light harvesting assemblies with semiconductor and molecular systems..  
 
 
References: 
1. DuBose, J. T.; Kamat, P. V. Energy Versus Electron Transfer: Managing Excited-State Interactions in 

Perovskite Nanocrystal–Molecular Hybrids, Chemical Reviews 2022, 122, 12475–12494. 
2. DuBose, J. T.; Kamat, P. V. Efficacy of Perovskite Photocatalysis: Challenges to Overcome, ACS 

Energy Letters 2022, 7, 1994-2011. 
3. DuBose, J. T.; Kamat, P. V. Directing Energy Transfer in Halide Perovskite–Chromophore Hybrid 

Assemblies, Journal of the American Chemical Society 2021, 143, 19214–19223. 
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Vibronically Coupled ISC in Excited State Platinum Dimer Complexes 
 

Lin X. Chen 
 

Department of Chemistry, Northwestern University, Evanston, Illinois 60208, USA, Chemical 
Science and Engineering Division, Argonne National Laboratory, Lemont, Illinois 60439, USA 

 
 

Many photochemical events start from initial light-matter interactions that cause atomic and 
electronic displacements in the excited states away from the energy minima of their potential 
energy surfaces. When certain photochemical events, such as bond breaking, intersystem 
crossing and electron/energy transfer taking place within the periods of key vibrational modes, 
the excited state energies are determined by the trajectories defined by the actual nuclear 
movements that may lead to different reaction pathways and outcome. The ability to transition 
between electronic excited states having different spin-multiplicities is of utmost importance in 
molecular and materials chemistry. Recent findings show that the coincidence of spin-orbit and 
vibronic effects – collectively termed the spin-vibronic effect – can drastically accelerate this 
formally quantum-mechanically forbidden change in spin-multiplicity at nonadiabatic 
crossings. Our work to be presented will show that the coherence spectroscopy experiments 
can unravel the coupled interplay between spin, electronic, and vibrational quantum degrees 
of freedom that drives efficient singlet-triplet conversion in a series of bridged binuclear 
platinum(II) metal-metal-to-ligand charge transfer complexes. Photoexciting these complexes 
activates the Pt–Pt bond formation and launches its stretching vibrational wavepacket in the 
excited state. The molecular structure-dependent decoherence and recoherence dynamics of 
this wavepacket resolves the spin-vibronic mechanism. We find that the vectorial motion along 
the Pt–Pt stretching coordinate first tunes the singlet and intermediate state energy gap 
irreversibly towards the conical intersection, and then drives the formation of the lowest stable 
triplet state in a ratcheting fashion. These vectorial motions in the presence of strong spin-orbit 
coupling create a cascade of population funnels through structural reorganization and 
relaxation steps that drive efficient singlet-triplet conversion. The combined molecular design, 
experimental and theoretical approaches enabled quantitative evaluation of the excited state 
trajectories in terms of actual nuclear motions as well as the energetic variations. These results 
will guide future molecular design and synthesis to steer photochemical reactions to optimal 
directions.  
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Modulating the Photophysical Properties of Rare-Earth Cluster-Based Metal–Organic Frameworks 
 

Zvart Ajoyan, Victor Quezada-Novoa, Hudson A, Bicalho P. Rafael Donnarumma, Ashlee J. Howarth 
 

Department of Chemistry and Biochemistry, Concordia University, Quebec, Canada 

 

Metal–organic frameworks (MOFs) are structurally diverse, porous materials comprised of metal nodes 
bridged by organic linkers. [1] The metal nodes can be single metal ions, chains, or multinuclear clusters 
made of s-, p-, d-, or f-block metal ions. Rare-earth (RE) ions offer unique opportunities for MOF synthesis, 
in part, due to the high and variable coordination number of these elements giving access to a range 
of multinuclear clusters that can be used as secondary building units (SBUs). [2] Furthermore, the RE-
cluster building units and organic linkers that act as light harvesting antenna can be tuned to give RE-
MOFs with diverse optical and electronic properties dictated by the 4f electron configuration of the 
RE-ions and triplet excited state energy (T1) of the organic linker. In this presentation, RE cluster-based 
MOFs are explored, including their design and synthesis, photophysical properties, and potential 
applications from photocatalysis to solid state lighting. 
 

 
 
 
 
References: 

1. Hoskins, B.F; Robson, R; J. Am. Chem. Soc., 1989, 111, 5962; Yaghi, O.M; Li, H; J. Am. Chem. Soc., 
1995, 117, 10401.  

2. Saraci, F; Quezada-Novoa, V; Donnarumma, P.R; Howarth, A.J.; Chem. Soc. Rev., 2020, 49, 7949. 
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Photo-uncaging small molecule bioregulators 
 

Peter C. Ford 
 

Department of Chemistry, University of California, Santa Barbara, CA. United States 
 
Our laboratory has long been concerned with developing strategies and materials for delivering 
bioactive small molecules such as NO and CO to physiological targets.  However, precise spatial-
temporal control is essential. Photo-uncaging, in principle, allows one to define the location, timing 
and dosage of delivery and may have therapeutic value for treating specific disease states. Key 
challenges with photo-uncaging are the delivery of the photochemical precursors to targeted sites 
and the poor transmission of UV and Visible light through tissue. Our efforts to address these issues will 
be the subject of this presentation.  
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Directing Energy and Electron Transfers in Perovskite–Rhodamine Hybrids through Pendant Group 
Functionalization 

 
Jeffrey Dubose 

 
Department of Chemistry, California Institute of Technology 

 
 
 
Movement of excited state energy through both energy and electron transfer processes allows for 
efficient manipulation of excited states within light harvesting assemblies for photocatalytic and 
optoelectronic applications. This talk will cover recent results which probed the influence of 
molecular acceptor pendant group functionalization on the energy and electron transfer between 
CsPbBr3 perovskite nanocrystals and three rhodamine-based acceptor molecules. The three 
acceptors – rhodamine B (RhB), rhodamine isothiocyanate (RhB-NCS), and rose Bengal (RoseB) – 
contain an increasing degree of pendant group functionalization that affects their native excited 
state properties. When interacting with CsPbBr3 as an energy donor, singlet energy transfer is 
observed in each acceptor. However, the acceptor functionalization directly influences several key 
parameters that dictate the excited state interactions. For example, RoseB binds to the nanocrystal 
surface with an apparent association constant (Kapp = 9.4 × 106 M-1) 200 times greater than RhB (Kapp = 
0.05 ×106 M-1), thus influencing the rate of energy transfer. Transient absorption revealed the observed 
rate constant of singlet energy transfer (kEnT) is an order-of-magnitude greater for RoseB (kEnT = 1 × 
1011 s-1) than for RhB and RhB-NCS. Beyond energy transfer, each acceptor had a subpopulation of 
molecules (~30%) that underwent electron transfer as a competing pathway. Thus, the structural 
influence of acceptor moieties must be considered for both excited state energy and electron 
transfer in nanocrystal-molecular hybrids. Competition between electron and energy transfer 
highlights the complexity of excited state interactions in nanocrystal-molecular hybridsand the need 
for careful spectroscopic analysis to elucidate competitive pathways.   
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Spectroscopy in the Condensed Phase: Connecting Theory and Experiments 
 

Samer Gozem 
 

Department of Chemistry, Georgia State University, Atlanta, GA 30302, USA 
 

UV-visible and photoelectron spectroscopy are powerful tools for probing the electronic structure of 
matter from the subatomic to the bulk scale. Experimental spectra encode important information 
about the molecule as energy-dependent absorption intensities (typically reported as molar 
attenuation coefficients or cross sections). Quantum chemical calculations often hold the key to 
translating those spectral signals into information about molecular structure and properties. However, 
while energies and transition strengths can be predicted from first principles, connecting computed 
and experimental quantities is not always straightforward, especially for experiments in the condensed 
phase where the spectra are shifted and broadened by intermolecular interactions. This is discussed in 
the first part of the talk, which will serve as a pedagogical account of computational spectroscopy. In 
the second part of the presentation, we discuss the Average Solvent Electrostatic Configuration (ASEC) 
hybrid quantum mechanical/molecular mechanical (QM/MM) approach and some of its recent 
applications to understanding the effect of a solvent (or a protein) on the spectroscopic properties of 
a solute (or cofactor). 
 
 
References: 

1. Gozem, S.; Krylov, A.I; WIREs Comp. Mol. Sci. 2021, 12, e1546. 
2. Tarleton, A; Garcia-Alvarez, J; Wynn, A; Awbrey, C; Roberts, T; Gozem, S; J. Phys. Chem. A. 2022, 

126, 435–443. 
3. Dratch, B.D; Orozco-Gonzalez, Y; Gadda, G; Gozem, S; J. Phys. Chem. Lett. 2021, 12, 8384–8396. 
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Ultra-fast excited-state dynamics: Acessing mixed-metal charge transfer triplet excited states in 
porphyrinoids 

 
Shea M. Martin,1 Robert C. Hamburger,1 Craig Pointer,1 Gil Repa,1 Kaytlin Ward,2 Maxwell I. Martin,2 

Joel Rosenthal,2 Lisa A. Fredin,1 Elizabeth R. Young1 
 

1 Department of Chemistry, Lehigh University, 6 E. Packer Ave., Bethlehem, PA 18015, United States 
 

2 Department of Chemistry and Biochemistry, Brown Laboratory, University of Delaware, Newark, DE 
19716, United States. 

 
 
 

Access to triplet states in inorganic complexes is important for a variety of applications including 
functional materials, electronic devices, sensing, and photomedicine. In this talk, I will discuss a 
porphyrinoid complex, called a Pd(II)biladiene, Up until this point, the excited-state dynamics of such 
biladiene complexes have been virtually unexplored. While excitation into the lowest-energy 
absorption feature of the Pd(II)biladiene complexes produces expected photophysics, interestingly, 
we discovered that excitation into higher-lying excited states resulted in an additional lifetime. The 
complexes accesses either (1) lower lying ligand-centered triplets upon excitation into the S1 and S2 
states or (2) mixed-metal charge transfer states with higher-energy excitation. Using density functional 
theory (DFT), we propose that the new lifetime corresponds to direct population of higher-energy 
mixed-metal charge transfer triplet states and arises from the twisted geometry achieved by the 
broken macrocycle. Access to such triplet states could inspire their use in new photochemical 
applications. 
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Molecular-modified Materials for (Photo)electrosynthesis 
 

Gary F. Moore 
 

School of Molecular Sciences, Arizona State University, Tempe, AZ, United States 

 

Our research group has interest in molecular sciences to build 
assemblies that are fundamentally interesting and use-inspired. Our 
efforts include the synthesis and characterization of new materials 
for catalyzing a range of industrially relevant chemical 
transformations. During this presentation I will highlight experimental 
results and kinetic models describing the interplay between light 
absorption, charge transfer, and catalytic activity during photo-
electrosynthetic reactions involving molecular-modified 
semiconductors, where –in addition to chemical substrates– both 
electrons and photons are required reagents (Figure 1).1,2 These 
assemblies resemble components of biological systems that carry 
out analogous chemical processes.3 Thus, nature provides inspiration 
and design considerations for the constructs we build and the 
chemistries we develop. 
 
 
 
 
References: 

1. Nishiori, D.; Wadsworth, B. L.; Moore, G. F. Parallels Between 
Enzyme Catalysis, Electrocatalysis, and Photoelectrosynthesis. Chem Catalysis. 2021, 1, 978-996. 

2. Wadsworth, B. L.; Beiler, A. M.; Khusnutdinova, D.; Reyes Cruz, E. A.; Moore, G. F. Interplay 
between Light Flux, Quantum Efficiency, and Turnover Frequency in Molecular-Modified 
Photoelectrosynthetic Assemblies. J. Am. Chem. Soc. 2019, 141, 15932-15941. 

3. Reyes Cruz, E. A.; Nishiori, D.; Wadsworth, B. L.; Nguyen, N. P.; Hensleigh, L. K.; Khusnutdinova, D.; 
Beiler, A. M.; Moore, G. F. Molecular-Modified Photocathodes for Applications in Artificial 
Photosynthesis and Solar-to-Fuel Technologies. Chem. Rev. 2022, DOI: 
10.1021/acs.chemrev.2c00200. 
 

  

 
Figure 1. Schematic illustration 
of reactions occurring at a 
semiconductor|catalyst interface. 
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Machine-learning-accelerated photodynamics simulations in complex environments towards new 
photomedicines 

 
Steven A. Lopez 

 
Department of Chemistry & Chemical Biology, Northeastern University, Boston, MA, USA 

 

Photochemical reactions are increasingly important for constructing value-added, strained organic 
architectures. Direct excitation and photoredox reactions typically require mild conditions to access 
therapeutic gases (e.g., carbon monoxide) and new synthetic methodologies. A priori design of 
photochemical reactions is challenging because degenerate excited states often result in competing 
reaction mechanisms to undesired products. Further, a lack of experimental techniques that provide 
atomistic structural information on ultrafast timescales (10–15 – 10–12 s) has limited general rules about 
these reactions.  Computations, however, provide a path forward. I will discuss how my group has 
leveraged multiconfigurational complete active space self consistent field (CASSCF) calculations, non-
adiabatic molecular dynamics, and machine learning (ML) techniques to understand reaction 
mechanisms and enumerate new reaction pathways. I will introduce our new open-access machine 
learning tool, Python Rapid Artificial Intelligence Ab Initio Molecular Dynamics (PyRAI2MD), which 
enables 100,000-fold longer simulations than current NAMD simulations with multiconfigurational 
quantum chemical methods. I will describe how PyRAI2MD has enabled the first ML-NAMD simulations 
with QM/QM (CAS/HF) training data. The presentation will explain the origins of the reactivities and 
selectivities of photochemical pericyclic reactions and CO-evolving reactions in aqueous 
environments.  
 

 
 
 
References: 

1. Li, J.; Reiser, P.; Eberhard, A.; Friederich, P.*; Lopez, S. A.* “Automatic discovery of 
photoisomerization mechanisms with nanosecond machine learning photodynamics 
simulations” Chem. Sci. 2021, 12, 5302-5314. 
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Ruthenium phthalocyanines in nitric oxide modulation and singlet oxygen release: selectivity and 
cytotoxic effect on cancer cell lines 

Roberto Santana da Silva 

Pharmaceutical Sciences School, University of Sao Paulo, Sao Paulo, Brazil 

Light irradiation has been used for a long time in several countries as an approved therapy against 
cancer in a technique called Photodynamic Therapy (PDT). Essentially the process uses light, oxygen, 
and a photosensitizer (PS) to produce reactive oxygen species (ROS). However, PDT has been proven 
to be more effective for the early stages of cancer since many more developed tumors are hypoxic. 
It has driven scientists to search for new PSs to increase the selectivity against cancer. In this 
presentation, we show a novel class of PSs based on ruthenium-phthalocyanine (Ru-Pc) complexes 
as agents for the production of ROS and reactive oxygen and nitrogen species (RONS). The cancer 
selectivity of the compounds could be achieved by targeting the Ru-Pc complexes by inserting axial 
ligands “L” generating [RuLL’(Pc)] species. We have found that combined effects of nitric oxide (NO), 
infrared (photobiomodulation - PBM) and visible light components are helpful to enhance PDT. The 

PBM modulates signaling pathways via ROS, ATP, Ca2+, while PDT generates reactive oxygen 
species. Besides, NO generation could be an important tool when combined with both kinds of light 
therapy. The synergism of ROS and NO are presented and the results may suggest the treatment of 
this class of compounds as a possible metal-based drug to be clinically used in PDT application.  

Acknowledgements: 
Brazilian funding agencies FAPESP, CAPES and CNPq  
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Building Complexity into the Host-Guest Chemistry of Cucurbit[n]urils 
 

Cornelia Bohne 
 

 Department of Chemistry, University of Victoria, PO Box 1700, Victoria, BC, Canada V8W 2Y2 and 
Centre for Advanced Materials and Related Technology (CAMTEC), University of Victoria, 3800 

Finnerty Rd, Victoria, BC, Canada V8P 5C2 

E-mail: cornelia.bohne@gmail.com 

We are using cucurbit[n]urils (CB[n]s) to determine how emergent properties, which cannot be 
predicted from the knowledge of pairwise interactions, can be achieved. CB[n]s bind hydrophobic 
guests with moderate to high equilibrium constants and can bind metal cations to their portals making 
in possible to have systems with competitive pathways. 
The system’s complexity was increased with the use of N-phenyl-2-naphthylammonium cation as a 
ditopic guest (DT). The naphthyl moiety binds optimally to CB[7], while the phenyl moiety is too small 
for the host’s cavity and only transient binding of the phenyl moiety was expected.1 This behaviour is 
observed at low Na+ concentrations, but at high Na+ concentrations the exit of the phenyl moiety from 
the complex is slowed down leading to the formation of a complex with one DT, two CB[7]s and one 
Na+ in addition to the 1:1 DT-naphthyl@CB[7] complex.  
A non-linear behavior with the Na+ cation concentration was observed for the binding of the trans-1-
methyl-4-(4-hydroxystyryl)pyridinium cation to CB[6]•Na+.2 This non-linear behavior for the dynamics of 
complex formation was achieved with a minimum of three components (guest, CB[6], Na+) because 
of the different role of Na+ on the guest’s association and dissociation rates with CB[6]. This leads to a 
dependence of the observed relaxation rate constant with the Na+ concentration that first decreases 
followed by an increase at high Na+ concentrations.  
These examples show that by understanding non-linear and emergent behaviors we are creating a 
conceptual framework that will be applicable for the design of functional systems. 
 
References: 

1. Thomas, S.S., Tang, H., Bohne,C.; J. Am. Chem. Soc., 2019, 141, 9645–9654. 
2. Tang, H., Thomas, S.S., Wolf, L., Natarajan, P, Ko, Y.H., Wilson, J., Kim, K., Bohne, C.; J. Phys. Chem. 

B, 2020, 124, 10219–10225. 
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Most Things in Photoredox Come as a Surprise 
 

John Swierk 
SUNY Birmingham 

 
Photoredox catalysis is transforming modern synthetic chemistry. Expensive, hard to handle 
stoichiometric reagents can be replaced by short-lived excited states using a visible light absorbing 
photocatalyst. While the scope of photoredox methods has grown at an exceptional pace, 
mechanistic and kinetic understanding has lagged behind. An overarching goal of research in the 
Swierk group is to provide a solid mechanistic foundation for reactions that are successful but poorly 
understood. This talk will describe how a combination of transient absorption spectroscopy, 
electrochemical methods, steady state photochemical measurements, and kinetic modeling can be 
used to map out the reaction mechanisms and kinetics of photoredox reactions, using prototypical 
examples involving cyanoarene coupling partners. In addition, the unexpected roles that 
cyanoarenes play in these reactions will be discussed. Finally, the talk will discuss the factors that can 
serve to control product selectivity and limit reaction efficiency. 
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Blinded by the Light:  Investigations of the Photochemistry of Daylight Fluorescent Pigments 

 
Georgia Hopps-Weber,1 David Evans,1 Rebecca Partee,1  Gregory D. Smith,2 Victor Chen,2 Sarah J. 

Schmidtke Sobeck1 

 
1. Department of Chemistry, College of Wooster, OH, USA 

2. Indianapolis Museum of Art, Indianapolis, IN, USA 
 

 

 

 

 

   
 
 

Daylight fluorescent pigments were developed in the 1930s and in the subsequent decades have been 
featured by an array of artists.  They are challenging materials for conservation due to their complex 
formulations consisting of a mixture of dyes with varying stability and optical brighteners impregnated 
in a polymer resin.  Furthermore, these colorants are often intended to be displayed under blacklights 
which accelerate fading processes. Through LC-MS analysis the organic dyes and additives in different 
pigment sets were identified allowing for a molecular level understanding of the unique optical 
properties of the materials. For example, energy transfer can occur between components like optical 
brighteners and the yellow dyes leading to an enhanced “pop”of the color.  Unfortunately this can 
also lead to a greater perceived light fading during exhibition.  Differences in the dyes, resin, and matrix 
additives were identified between manufacturers.  Some of these variations have potential uses for 
conservators to identify and track treatments.   In addition, the light stability of daylight fluorescent 
pigments were assessed under air and anoxia.  The fading behavior of historic samples were compared 
with modern mock-ups to evaluate variations in stability based upon the specific formulation and to 
assess optimal exhibition conditions for preservation of the materials’ distinctive colors.  Overall our work 
explores the fundamental photochemistry of daylight fluorescent pigments and how it can be used to 
inform preservation of art that features these vibrant materials. 

References: 
4. Hinde, Elizabeth, Petronella Nel, Robyn Sloggett, and Ann Roberts. 2013. “Fluorimetric Analysis of 

the Constituent Dyes Within Daylight Fluorescent Pigments: Implications for Display and 
Preservation of Daylight Fluorescent Artwork.” Journal of the American Institute for Conservation 
52 (2): 97–106.  

5. Sarah J. Schmidtke Sobeck, Victor J. Chen, Gregory Dale Smith. 2021. “Shedding Light of 
Daylight Fluorescent Artists’ Pigments: Part 1: Composition”; 2022. “Shedding Light of Daylight 
Fluorescent Artists’ Pigments: Part 2: Spectral Properties and Light Stability”. Journal of the 
American Institute for Conservation. Published online. 
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Ultrafast radical photogeneration in a photoprotective eumelanin pigment 
 

Christopher Grieco, Forrest R. Kohl, Bern Kohler 
 
Eumelanin is a natural pigment most known for its photoprotective, sunscreen ability. However, 
numerous accounts of radical photogeneration in eumelanin challenge the notion of the pigment 
functioning as a pure photoprotector. Rational links between photoprotective ultrafast nonradiative 
decay and radical photogeneration in eumelanin are missing. This knowledge gap also creates a 
barrier toward the development of natural or synthetic eumelanins as next-generation electronic 
materials. Here we use broadband (400 – 1500 nm) visible/near-infrared transient absorption 
spectroscopy with an extremely wide excitation wavelength range (225 – 620 nm) to follow the 
primary photochemical processes in eumelanin in a new light. The wide excitation and detection 
ranges enable us not only to identify transient signatures of photogenerated radicals in any 
eumelanin for the first time, but also to draw connections between radical photogeneration and 
ultrafast nonradiative decay. Contrary to conventional wisdom, we propose that the earliest 
detectable transient species in eumelanin is a charge transfer state that can either lead to radicals 
via charge separation or recombine to restore the electronic ground state with an average 
relaxation time of ~0.5 ps. An additional radical generation pathway, direct photoionization, occurs 
at high-energy UV wavelengths, leading to excitation wavelength-dependent radical signals that 
rationalize a similar trend in free radical yield measurements from electron spin resonance 
experiments reported by Sarna and Sealy in 1984. 
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Exploring New Excited State Reactivity Through Rationale Design of Molecules 

 
Jayaraman Sivaguru* 

 
Center for Photochemical Sciences and Department of Chemistry,  

Bowling Green State University, Bowling Green OH, 43403. United States. 
 
Uncovering new excited state reactivity 
provides opportunities to build complex 
molecular architectures often with unique 
stereochemistry. A fundamental 
challenge in such a process involves 
controlling excited state reactivity of 
organic molecules due to the short 
lifetimes of the reactive species leading to 
stereo-enriched products. We have been 
interested in developing strategies for 
controlling the excited state reactivity as 
well as stereochemistry of products where 
the reactants reach the excited state(s) 
upon UV and/or visible light irradiations. 
This presentation will highlight our 
methodology of employing UV and/or 
visible light for performing photoreactions 
with excellent control over reactivity and 
selectivity. Based on photochemical and 
photophysical investigations, the 
presentation will highlight novel excited state reactivity of organic molecules, how to influence 
their excited state behavior towards productive reaction pathways and provide a mechanistic 
rationale for the observed reactivity in different systems.1-3 

 

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, 3677−3681. 

(2) Ahuja, S.; Raghunathan, R.; Kumarasamy, E.; Jockusch, S.; Sivaguru, J. Realizing the Photoene 
Reaction with Alkenes under Visible Light Irradiation and Bypassing the Favored [2 + 2]-
Photocycloaddition J. Am. Chem. Soc., 2018, 140, 13185–13189. 

Kumarasamy, E.; Kandappa, S.; Raghunathan, R.; Jockusch, S.; Sivaguru, J.* Realizing Aza 
Paternò-Büchi reaction” Angew. Chem. Int. Ed. 2017, 56, 7056 –7061. (Frontispiece  

 
Figure 1: New photochemical reactivity from the 

excited state. 
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Changing Chalcogen Character of Iridium Chromophores 
 

Ryan O’Donnell, T.J. Rohrabaugh, Trenton Ensley, William Shensky III 
DEVCOM Army Research Laboratory, 2800 Powder Mill Road, Adelphi, MD 20904 

 
Lauren Rosch, Spencer Ang, Matthew Crawley, Austin Gilbert, Timothy Cook 

University at Buffalo, 856 Natural Sciences Complex, Buffalo, NY, 14260 
 

DEVCOM Army Research Laboratory (ARL) has a long-standing research interest in the 
development and characterization of nonlinear optical (NLO) materials. NLO materials are capable 
of altering the frequency, phase, and/or amplitude of incident light; typically under high intensity 
irradiation. ARL specializes in nonlinear absorption properties, including two photon absorption (2PA) 
and reverse saturable absorption (RSA). The performance of 2PA and RSA materials is highly 
dependent on the photophysical parameters of interest, particularly the operational wavelength 
range and temporal response. Although classical inorganic and organic materials such as quantum 
dots, polymethines, and buckminsterfullerene exhibit 2PA and RSA, the synthetic tunability, easily 
accessible triplet excited states, and photostability of organometallic chromophores makes them 
highly attractive for NLO development. Research efforts at DEVCOM ARL aim to increase the 
broadband spectral response and excited state lifetime of NLO materials through the rational 
synthesis of cyclometalated iridium complexes. 

Through chemical syntheses and photophysical characterization, ARL generated a series of 
iridium complexes containing derivatized cyclometalating ligands (C^N) and an ancillary ligand, 
either acetylacetonate (acac) or 2,2’-bipyridine (bpy), of the form [IrIII(C^N)2(acac)]0 and 
[IrIII(C^N)2(bpy)]PF6.  Alterations to the ancillary ligand and changes to the chalcogen, from sulfur to 
oxygen or selenium, were investigated. The photophysical properties of this family of materials will be 
discussed in detail with particular emphasis on their photoluminescence and transient absorption 
spectra. Recommendations for future RSA chromophore design based on these results will be 
presented. In addition, this talk will provide a brief overview of ARL and highlight collaborative 
opportunities. 
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A Case for Dimers: Exploiting Multiexciton Dynamics Uncovered in Singlet Fission to Improve 
Efficiency in Triplet-Triplet Annihilation Upconversion 

 
Niels Damrauer 
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Triplet-triplet annihilation upconversion (TTA-UC) offers opportunities to increase efficiencies in solar 
cell devices by converting sub-bandgap photons to usable wavelengths. For practical 
implementation in solar energy conversion, solid-state or non-diffusive TTA-UC materials are likely 
needed, and one strategy is to engineer trap sites that can negotiate the TTA photophysics. In this 
context, dimers are appealing. However, design rules for how systems can exploit useful excited-state 
pathways against loss processes are poorly understood. In this talk I will discuss recent measurements 
on a new rigid acene dimer prepared using catalytic norbornene annulation chemistry, where we 
observe significant yield improvements against monomer models. Time-resolved EPR measurements 
on related singlet fission dimer molecules support the idea that controlling multiexciton dynamics in 
triplet-pair states is an important strategy.  
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Reminiscences and reflections: Cages, capsules, and cavities 
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Guided by the pioneering contributions of one of the fathers of organic photochemistry, George S. 
Hammond, the speaker recognized the importance of pursuing less trodden paths in exploring 
excited state phenomena.  With few exceptions, organic photochemistry was performed in organic 
solvents in the 60’s and 70’s.  His early work culminating in the two reports1,2 the speaker was inspired 
to probe reaction media other than organic solvents.   Hoping to uncover new findings, his group 
pursued photochemistry and photophysics of organic molecules in various organized media, both in 
solution and solid state.  Even before the days of ‘sustainability and green chemistry’, all 
photoreactions explored by the group were either in water or under solvent-free conditions (crystals 
and zeolites).  In this lecture, highlights of their findings in the reaction cavities in micelles, 
cyclodextrins, cucurbiturils, calixarenes, Fujita’s Pd nano host, octa acid, crystals and zeolites would 
be touched upon; they include heavy- and light atom effects, reactive radical generation and 
preservation, cation effect in photochemistry, chiral chemistry, electron- and spin transfer across 
organic molecular walls and effect of confinement on reactivity.  The ‘reaction cavity’ model, an 
extension due to Schmidt and Cohen to understand reactions in crystals, developed by the speaker 
in collaboration with Weiss and Hammond will be touched upon.3 
 
References: 

1. Turro, N. J.; Cherry, W. R., Photoreactions in Detergent Solutions.  Enhancement of Regioselectivity 
Resulting from the Reduced Dimensionality of Substrates Sequestered in a Micelle. J. Am. Chem. 
Soc. 1978, 100, 7431-7432. 

2.  Lee, K.-H.; de Mayo, P., Biphasic Photochemistry:  Micellar Regioselectivity in Enone Dimerisation. 
J. Chem. Soc., Chem. Commun. 1979, 493-495. 

3. Photochemistry in Organized and Confining Media: A Model, R. G. Weiss, V. Ramamurthy and G. 
S. Hammond, Acc. Chem. Res., 1993, 26, 530-536 
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Sweet light o' mine: harnessing the power of phototherapy to eliminate microbes 
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Photoinduced Ligand Exchange in Ru(II) Complexes for Applications in Drug Delivery: Are All Ligands 

the Same? 
 

Sean J. Steinke, Marilyn Dunbar, Lauren M. Loftus, and Claudia Turro 
 

Department of Chemistry, The Ohio State University, Ohio, USA 

 

 The photoactivation of Ru(II) complexes have been used in a number of applications, including 
solar energy conversion, sensors, and photoinduced drug delivery. As shown in Figure 1, the triplet 
metal-to-ligand charge transfer (3MLCT) in these complexes is typically deactivated through a 
thermally accessible triplet metal-centered, ligand-field state (3LF). While a high-energy 3LF state is 
necessary to achieve a long-lived, emissive 3MLCT state for apllications that require energy/charge 
transfer, a low-lying 3LF state with Ru–L(s*) character) is desirable for the efficient ligand dissociation 
required for drug delivery. Therefore, understanding the structural and electronic molecular features 
that affect the relative energies of these states is critical for optimizing the desired excited state 
properties for a given purpose.  
 Complexes that undergo photoinduced ligand dissociation able to release caged therapeutic 
molecules coordinated to the Ru(II) through a nitrile or pyridyl group will be presented. The series of 
model systems [Ru(tpy)(L)(AN)]n+ (1a – 11a; AN = CH3CN, tpy = 2,2':6',2"-terpyrdine; Figure 1), where L 
represents a neutral (n = 2) or anionic (n = 1) bidentate ligand was investigated.1 Arrhenius analysis of 
the  effect of L on the 3MLCT lifetime and ligand exchange quantum yield, F450, show an increase in 
ligand dissocation with the 3MLCT-3LF energy barrier, Ea. Combined with DFT calculations, the data 
indicate that ligand photodissociation in 1a – 11a occurs directly from the 3MLCT state.2 This finding is 
in contrast to the generally accepted mechanism for ligand photodissociation in Ru(II) complexes and 
indicates that alternative pathways for photoinduced ligand dissociation are available. These results 
are compared to those for the corresponding [Ru(tpy)(L)(py)]n+ (1b – 11b; py = pyridine) series. 
 

 
 Figure 1. Series of complexes (left), dependence on L (middle) and state diagram (right). 
 
References: 

6. Loftus, L. M.; Rack, J. J.; Turro, C.; Chem. Commun., 2020, 56, 4070-4073. 
7. Steinke, S. J.; Piechota, E. J. Loftus, L. M.; Turro, C.; J. Am. Chem. Soc., 2022, 144, Articles ASAP  
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Downconversion and upconversion in Ln(III) ion complexes 
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Department of Chemistry, University of Nevada, Reno, United States 

 

Lanthanide ions have unique emissive properties, which are based on intraconfigurational f-f 
transitions. As the 4f orbitals are unavailable for bonding, the emission bands are sharp, and because 
the f-f transitions are forbidden by selection rules, long emission lifetimes are observed. The emission is 
most efficiently sensitized through energy transfer from an appended ligand or antenna, which 
absorbs in the UV or visible.1 Low energy sensitization, on the other hand, can be achieved through 
non-linear optical processes, such as up-conversion and two-photon absorption.2 Two-photon 
absorption occurs when the ligand absorbs two consecutive low-energy photons, which populate an 
excited state on the ligand; energy transfer occurs then to the lanthanide ion and emission is 
observed. Upconversion occurs directly through absorption of two low-energy photons by a 
lanthanide ion; this leads to population of a higher energy state on a second lanthanide ion, and 
emission from this higher energy level is observed. In this talk, we will discuss our work in two-photon 
absorption and upconversion emission in luminescent lanthanide ions.  
 
References: 

1. de Bettencourt-Dias, A., Introduction to Lanthanide Ion Luminescence. In Luminescence 
of Lanthanide Ions in Coordination Compounds and Nanomaterials, de Bettencourt-Dias, A., Ed. Wiley: 
2014. 

2. Auzel, F., Upconversion and Anti-Stokes Processes with f and d Ions in Solids. Chem. Rev. 
2004, 104 (1), 139-173. 
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Copper(I) donor-chromophore-acceptor sensitized photoelectrodes for solar-driven catalysis 

 
Zujhar Singh,1 Saeid Kamal,2 Joseph Ricardo-Noordberg,1 Linyi Wei,1 Marek B. Majewski1 

 

1 Department of Chemistry and Biochemistry and Centre for NanoScience Research, Concordia 
University, 7141 Sherbrooke St. W., Montreal, QC, H4B 1R6, Canada. 

2 Laboratory for Advanced Spectroscopy and Imaging Research, Department of Chemistry, University 
of British Columbia, Vancouver, BC, V6T 1Z1, Canada. 

Harnessing sunlight to drive chemical transformations, or to store the sun’s energy in chemical bonds, 
begins with the development of molecules and materials capable of capturing visible light and 
converting that light into separated charge carriers. To this end, our lab has been working towards 
developing and optimizing functionalized nanostructured wide bandgap semiconductor surfaces that 
act as the working electrode in sensitized photoelectrochemical cells. Charge separation processes 
within such nanohybrid architectures are analogous to the first steps of the electron transfer cascade 
observed in natural photosynthesis, where light absorption generates redox equivalents that are 
shuttled to catalytic sites. Several criteria must be met for this type of device to work efficiently including 
the incorporation of light absorbing chromophores that can deliver multiple redox equivalents to 
molecular catalysts at rates exceeding those of charge recombination within the cell. Highlighted here 
are our recent efforts to functionalize oriented zinc oxide nanowires with purpose-synthesized Cu(I)-
based donor-chromophore-acceptor triads or donor/acceptor-chromophore dyads and to validate 
whether the electron transport chain of the full triad is necessary for effective photoelectrode 
operation. 
 
References: 

1. Singh, Z.; Donnarumma, P. R.; Majewski, M. B. Inorganic Chemistry, 2020, 59, 12994-12999. 
2. Singh, Z.; Kamal, S.; Majewski, M. B. Journal of Physical Chemistry C, 2022, 126, 16732-16743.  
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Crystal Engineering the Covalent Bond 

 
Changan Li, Leonard R. MacGillivray 

 
Department of Chemistry, University of Iowa, Iowa, USA 

 

The ability to reliably form covalent bonds in organic solids promises to provide access to product 
molecules that may be completely unavailable in solution. Critical covalent bonding forming process 
occur in solids without use of solvent and with the materials being accessible using mechanochemistry. 
Crystal packing, however, is a nemesis of the crystal engineer since covalent bond formations 
generally require reactive sites to be deliberately assembled and oriented in close proximity to react, 
which can be adversely affected by unpredictable intermolecular forces. In this presentation, a 
method to direct the formation of covalent bonds in crystals using principles of supramolecular 
chemistry is described. A main reaction of focus is the [2+2] photodimerization. The method relies on 
the use of small molecules, coordination complexes, and metal-organic frameworks as templates to 
assemble olefins via supramolecular synthons into geometries for inter- and intramolecular 
cycloadditions. The method gives rise to a toolkit that enables the synthesis of complex molecules such 
as [2.2]cyclophanes and [n]-ladderanes. Applications of the products as ligands in coordination-driven 
self-assembly are described. Relevance of the work to pharmaceutics and energy capture and 
release will also be discussed. 

 


