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Controlling Light with Light 
Photochemical Molecular Switches and Devices 

 
Devens Gust 

 
Department of Chemistry and Biochemistry, 

Center for Bio-Inspired Solar Fuel Production 
Arizona State University, Tempe, AZ 85287 

 
 Photochromic molecules, which can be photoisomerized between two metastable 
species, are natural candidates for light-activated molecular switches. When chemically 
coupled to other chromophores, electron donors, or electron acceptors, photochromes can 
communicate with these components via intramolecular energy and electron transfer 
processes, and can modulate interactions among other chromophores. Using these ideas, a 
variety of photonic switches, logic gates, and related molecular devices have been 
produced. A recent example is a molecular photonic “keypad lock,” in which a molecule 
generates a photochemical output signal only when a series of light inputs are applied in 
the correct order. 
 The keypad lock and other logic systems operate in a digital, “on-off” mode. 
However, it is possible to use the same photochemical principles to realize systems in 
which ensembles of molecules can act in an analog fashion. An example is pentad 
molecule 1 shown below, which functionally mimics the “non-photochemical quenching” 
(NPQ) photoregulatory system found in photosynthesis. In NPQ, the organism reduces 
the quantum yield of the initial steps in photosynthesis in response to high light levels 
that can otherwise lead to photo-
damage. 
 The dihydroindolizine 
photochrome of 1c photoisomerizes to 
the betaine of 1o, whereas 1o 
thermally reverts to the more stable 1c. 
In 1c, photoinduced electron transfer 
from the porphyrin to the fullerene is 
highly efficient, but in 1o, the 
porphyrin excited state is quenched by 
the betaine via energy transfer, and 
electron transfer to the fullerene is 
precluded. In a sample of 1 under 
white light irradiation, the light 
intensity, spectral distribution and 
temperature determine the 
photostationary distribution of 1c and 
1o. At low light levels, 1c predominates and the yield of electron transfer is high. As the 
light level increases, the fraction of 1o also increases, and the yield of photoinduced 
electron transfer decreases. Thus, the pentad regulates its electron transfer efficiency 
according to the light intensity, as is observed in NPQ. Several additional examples of 
photochemical regulation of photochemical function will be presented. 



Photochemistry and Demonstration of a PAG-based Two-Photon 3D WORM 
Optical Data Storage System 

 

Kevin D. Belfield,†‡* Ciceron O. Yanez,† Carolina D. Andrade,† Sheng Yao,† Gheorghe 
Luchita†  

 
† Department of Chemistry University of Central Florida, Orlando, FL 32816 and 

‡CREOL, The College of Optics and Photonics, University of Central Florida, Orlando, 

FL 32816 

 

 

We report the photochemistry and development of a fluorescence readout-based, two-

photon absorption (2PA) three-dimensional (3D) optical data storage system.  In this 

system, writing was achieved by acid generation upon 2PA of a photoacid generator 

(PAG) at 730 nm.  Readout was then performed by interrogating two-photon absorbing 

dyes, after protonation, at 860 nm.  Linear and nonlinear photophsyical characterization 

of 2PA PAGs and acid-sensitive fluorescent dyes demonstrate good spectral resolution 

between the PAG and protonated 2PA dye and reasonably high two-photon absorptivity. 

Solution spectroscopic studies confirm photoacid generation and dye protonation. Two-

photon recording and readout of voxels was demonstrated in five and eight consecutive, 

crosstalk-free layers within a polymer matrix, generating a data storage capacity of up to 

1.8 x 1013 bits/cm3. 

 



PHOTOCHROMIC RUTHENIUM SULFOXIDE COMPLEXES 
 

Jeffrey J. Rack 
 

Photochromic compounds are molecular devices that convert photonic energy to potential 
energy, which is employed in excited state bond rupture and bond construction. Our examination 
of ruthenium and osmium polypryridine complexes containing sulfoxide ligands demonstrate 
that S-to-O isomerization is efficient, and can occur rapidly both in the solid state and solution. 
Picosecond transient absorption spectroscopic data show that S-to-O isomerization time 
constants may be as fast as 80 ps. Recent studies of ruthenium polypyridine complexes 
containing chelating sulfoxides illustrate that two different colors of light may be used to trigger 
between the two ground states. In conjunction with these results, structural and electrochemical 
data will be presented as well as a structural model to understand the photochemistry and 
photophysics of these compounds.  



Photon regulated DNA nanostructures: 
Molecular motors and phototherapy 

 
Weihong Tan 

 
Center for Research at the Bio/Nano Interface 

Department of Chemistry and Department of Physiology and Functional Genomics, 
Shands Cancer Center, UF Genetics Institute, and McKnight Brain Institute, 

University of Florida, Gainesville, FL 32611-7200 
 
 

Molecular properties regulated by photons will have great potential in understanding 
molecular interaction mechanisms and in generating effective molecular probes for 
photodynamic therapy. To understand the photon regulation process, we have chosen a 
photoisomerization reagent, azobenzene, to photoregulate DNA strands. Azobenzene has two 
conformations, cis- and trans-, upon light illumination. The basis of our photoregulated DNA 
nanostructures comes from the incorporation of azobenzene within the DNA strand. Azobenzene 
can be used to photo-regulate the melting of DNA-duplex structures. When azobenzene is 
incorporated in a hairpin DNA structure, we have developed the first single molecular nanomotor 
driven by photons; when incorporated into aptamers, the light-regulated conformational change 
of azobenzene can be used to analyze how aptamer secondary structure is involved in target 
binding; when incorporated into DNA sequence based hydrogel, azobenzene isomerization 
induced by visible and UV light can either destabilize or stabilize the duplex structure in the 
network of a hydrogel, resulting in a sol or gel state. In this way, the sol-gel transition in the 
hydrogel can be achieved optically. In this talk, we will report the different photoregulation in 
generating new and smart materials for drug release, in understanding molecular binding 
mechanism and also in harvesting solar energy using simple molecular motors.  
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Controlling the aggregation of planar photosensitizing and 
electroluminescent materials 

 
Cristian A. Strassert* and Luisa De Cola 

Physikalisches Institut and Center for Nanotechnology (CeNTech), Westfälische 
Wilhelms-Universität Münster, Heisenbergstrasse 11, D-48149 Münster, Germany. 

Fax: (+49 )(0) 251-980-2834; Tel: (+49) (0) 251-980-2873 
E-mail: ca.s@uni-muenster.de 

 
 Aggregation of planar chromophores greatly affects their photophysical 
performance. Phthalocyanine derivatives tend to for inactive dimers or oligomers, 
while Pt(II) complexes can show efficient emission from the MMLCT triplet state. 
 

 It is possible to avoid 
the aggregation of 
phthalocyaninates by 
axially binding them to 
the surface of 
aluminosilicates. We 
have recently designed 
a multifunctional zeolite 
L-based hybrid material 

able to target, label and photoinactivate pathogenic and antibiotic resistant bacteria. 
A highly green luminescent dye was inserted into the channels of zeolite L 
nanocrystals for imaging and labeling the cells. The outer surface was functionalized 
with a Si(IV) phthalocyanine derivative that forms toxic singlet oxygen upon red light 
irradiation, and with amino groups for targeting the living microorganisms. 

 
 On the other hand, we were able to synthesize a 
new class of Pt(II) complexes bearing a dianionic 
tridentate, terpyridine-like ligand. We modulated the 
emission intensity of the aggragates by changing the 
substituents of the ancillary pyridine ligands, 
reaching up to 87% photoluminescence quantum 
yield in thin films. The broad (electro)luminescence 
is a consequence of the interaction between the dz2 
orbitals that protrude from the molecular plane of the 
monomers, giving rise to the emissive MMLCT triplet 
state. 
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POLYCYANINES – NOVEL CLASS OF NEAR-INFRARED 
FLUORESCENT CONJUGATED POLYMERS  

 
Evgueni E. Nesterov and Jinwoo Choi 

Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803 
 

Fluorescent conjugated polymers have become a prominent platform for the 
development of chemo- and biosensors, as well as for various optoelectronic 
applications.  One of the major advantages of conjugated polymers over small 
fluorescent sensors is their ability to amplify analyte binding event resulting in 
unprecedented gain in sensitivity.  Increasing application of fluorescent polymers as 
contrast enhancers for optical imaging, multiplexing and biomedical studies requires 
designing materials with absorption and fluorescence in the near-infrared (near-IR) 
spectral region.  Current paradigm in designing near-IR conjugated polymers utilizes 
regular copolymers with alternating electron donor and acceptor units.  Although 
such materials have intense absorption in the near-IR region, they generally are not 
fluorescent due to the predominance of the low-emissive charge-transfer state.  In 
this presentation, we will describe a novel class of conjugated polymers which are 
constructed from cyanine dyes as monomeric repeating units (such as polymer 
polyCy3 below).  These polymers preserve high absorption intensity and good 
emission quantum yield characteristic of the parent monomers, but show significant 
bathochromic shifts into the near-IR region relative to the monomers.  Other 
interesting features of the new fluorescent conjugated polymers such as large 
Stokes shift, increased photostability, etc. will also be discussed in this presentation. 
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Turning on the fluorescence of the GFP chromophore: 
A new route to chemical sensors 

 

Laren M. Tolbert 

Georgia Institute of Technology, Atlanta, Georgia 30332, USA 

 

Abstract:  
The green fluorescent protein (GFP) and its variously colored derivatives have 

revolutionized molecular biology  A critical element of its function is the β-barrel, which 
isolates the chromophore from the environment and “turns-on” the fluorescence.  When 
removed from the protein, the chromophore, p-hydroxybenzylidenedimethylimidazolidinone 
(HBDI), undergoes a drastic decrease in fluorescence.  While we have been examining the 
photophysics of HBDI with a view toward understanding the complicated non-radiative decay 
pathways, we are now considering how other environments than the β-barrel might turn on the 
fluorescence and lead to new, highly 
selective sensors.  We have synthesized 
a series of new molecules based upon 
this chromophore platform which show 
"turn-on" fluorescence in the presence 
of zinc and other metals, certain 
proteins, and other biologically relevant 
species such as the estrogen receptor 
protein.  Further investigation of the 
photophysics of these systems is also 
underway, with a view toward 
developing structure/activity 
relationships which will expand the 
utility of bioavailable fluorophores 
currently only available through 
mutagenesis. 
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Oligomeric Phenylene Ethynylenes as Fluorescent Probes for Membranes and 
Nucleic Acids 

 
Yanli Tang, Zhijun Zhou, Ying Wang, Eunkyung Ji, Kirk S. Schanze, Gabriel P. 

Lopez and David G. Whitten 
 

Center for Biomedical Engineering 
Department of Chemical and Nuclear Engineering 

Department of Chemistry 
University of New Mexico 

 
And Department of Chemistry 

University of Florida 
 

As part of our study of the antimicrobial activity of conjugated 
polyelectrolytes (CPE) we developed an interest in synthesizing and studying the 
properties of small oligomers having the same basic repeat unit as the antimicrobial 
CPE.  These oligomers (OPE) have the general structure shown below: 

 

  
Our initial study of these compounds indicated that the cationic OPE associate 
strongly with anionic biopolymers such as carboxymethylamylose (CMA) and 
carboxymethylcellulose (CMC).1,2  While the compounds OPE‐n and S‐OPE‐n (X = 
COOEt) are strongly fluorescent in methanol, they show very little fluorescence in 
water.  Interestingly the complexes between these OPE and CMC and CMC show a 
strong increase in fluorescence compared to the monomer in water.1,2  In recent 
studies we have found that a similar fluorescence increase is observed when the 
OPE associate with single or double stranded DNA.  As will be reported, we have 
found that the OPE‐DNA complex formation can be used to develop a label‐free 
sensing of DNA hybridization.  We have also found that the OPE exhibit biocidal 
activity towards a variety of bacteria.  The antimicrobial activity of several OPE is 
present in both dark suspensions of bacteria and under ultraviolet (365 nm) 
irradiation.  Our studies suggest that the dark biocidal activity may be associated 
with the ability of the OPE to associate with and disrupt bacterial membranes.  
Interestingly, we find that a dramatic increase in fluorescence of the OPE occurs 
when they associate with liposomes formed from anionic phospholipids.  Potential 
applications of OPE in sensing will be discussed. 
 
References 
1. Yanli Tang,†Zhijun Zhou, Katsu Ogawa, Gabriel P. Lopez, Kirk S. Schanze, David G. 
Whitten, “Synthesis, SelfAssembly and Photophysical Behavior of Oligo 



Phenylene Ethynylenes: From Molecular to Supramolecular Properties”, 
Langmuir, 2009, 25, 21‐25. 
 
2. Yanli Tang, Zhijun Zhou, Katsu Ogawa, Gabriel P. Lopez, Kirk S. Schanze, David G. 
Whitten, “Photophysics and SelfAssembly of Symmetrical and Unsymmetrical 
Catiomnic Oligophenylene Ethynylenes,” J. Photochem. Photobiol. A: Chemistry, 
2009 207, 4‐6. 
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POLYCYANINES – NOVEL CLASS OF NEAR-INFRARED 
FLUORESCENT CONJUGATED POLYMERS  

 
Evgueni E. Nesterov and Jinwoo Choi 

Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803 
 

Fluorescent conjugated polymers have become a prominent platform for the 
development of chemo- and biosensors, as well as for various optoelectronic 
applications.  One of the major advantages of conjugated polymers over small 
fluorescent sensors is their ability to amplify analyte binding event resulting in 
unprecedented gain in sensitivity.  Increasing application of fluorescent polymers as 
contrast enhancers for optical imaging, multiplexing and biomedical studies requires 
designing materials with absorption and fluorescence in the near-infrared (near-IR) 
spectral region.  Current paradigm in designing near-IR conjugated polymers utilizes 
regular copolymers with alternating electron donor and acceptor units.  Although 
such materials have intense absorption in the near-IR region, they generally are not 
fluorescent due to the predominance of the low-emissive charge-transfer state.  In 
this presentation, we will describe a novel class of conjugated polymers which are 
constructed from cyanine dyes as monomeric repeating units (such as polymer 
polyCy3 below).  These polymers preserve high absorption intensity and good 
emission quantum yield characteristic of the parent monomers, but show significant 
bathochromic shifts into the near-IR region relative to the monomers.  Other 
interesting features of the new fluorescent conjugated polymers such as large 
Stokes shift, increased photostability, etc. will also be discussed in this presentation. 
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Ultrafast UV-Vis/IR Spectroscopic and Theoretical Studies 
on the Photochemistry Aryldiazirines: Direct Observation 

of the S1 Excited States 
 

Yunlong Zhang, Gotard Burdzinski, Jaceck Kubicki, Christopher M. Hadad and 
Matthew S. Platz* 

Department of Chemistry, The Ohio State Univeristy, 100 West 18th Avenue, 
Columbus, Ohio, 43210, U.S.A. 

Quantum Electronics Laboratory, Faculty of Physics, Adam Mickiewicz University, 85 
Umultowska, Poznan 61-614, Poland 

 
Diazirines are the cyclic isomers of linear diazo compounds, and are often employed 
as a preferred source of carbenes due to their greater kinetic stability and ease of 
handling relative to diazo compounds. Diazirines have also found use as 
photoaffinity labeling reagents. However, the photochemistry of diazirines is still not 
well understood. Ultrafast time-resolved UV-Vis/IR spectroscopies have been shown 
to be the powerful tools to probe the dynamics of precursor excited states, and the 
formation and decay of carbenes and nitrenes. However, the specific electronic 
states involved are often not clearly characterized. In my thesis research, ultrafast 
experiments combined with modern quantum chemical calculations, have provided 
the first direct observation of the S1 electronic excited states of aryldiazirines and 
their state specific chemistry. New insights into the photochemistry and photophysics 
of aryldiazirines have also been achieved.  
Para-methoxyphenylmethyl diazirine absorbs significantly at 400 nm which allows 
excitation at this wavelength in ultrafast time resolved IR studies. In this experiment 
we detected a transient at 1580 cm-1 in chloroform, acetonitrile and methanol-d4 that 
decays with the same lifetime as a transient detected by ultrafast UV-vis 
spectroscopy. The position of the IR band is in excellent agreement with calculations 
of the S1 excited state which predict a polar, quinoidal structure for this state. 
Furthermore, the decay of the 1580 cm-1 band correlates with the time constant of 
formation of the isomeric diazo compound as demonstrated by IR spectroscopy. This 
leads little doubt that we have achieved the first IR detection of a diazirine excited 
state.  

 
Using 360-400 nm excitation light the S1 excited states of aryl, arylalkyl and arylhalo 
diazirines are immediately populated and their long wavelength transient absorption 
around 500-650 nm can be directly monitored. The S1 excited states undergo 
solvation within 20 ps after their formation in polar solvents, as demonstrated by a 
blue shift of the spectra. The lifetimes of the arylalkyl diazirine S1 states (t-
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Butyl>Methyl>Ethyl>isopropyl; CD3>CH3) indicates that [1,2]-H shift proceeds in the 
diazirine excited states as previously proposed. 
The singlet carbene was not easily observed upon decay of the S1 state due to 
overlapping absorptions. However, with 270 nm excitation the diazirine is pumped to 
an Sn state (detected by UV Vis spectroscopy at 490 nm) which decays in less than 
300 fs to the S1 state. The singlet carbene and diazo compound were also directly 
detected from the decay of the Sn state by ultrafast IR spectroscopy. These 
experiments reveal that fragmentation of Sn is competitive with internal conversion 
(IC). Calculations predict that the singlet carbene is formed from the vibrationally 
excited ground state (S0), which is reached via a conical intersection from the S1 
state. 
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PHOTOCHEMICAL REACTION MECHANISMS AND 
KINETICS WITH MOLECULAR NANOCRYSTALS 

 
Miguel A. Garcia-Garibay 

Department of Chemistry, University of California, Los Angeles, 607 Charles E. 
Young Drive East, Los Angeles CA 90095-1569, USA 

 
In this paper I will describe the preparation of stable suspensions of nanocrystalline 
ketones by the re-precipitation method and demonstrate their utility for the 
characterization of solid-state spectroscopic properties by conventional transmission 
procedures.  We selected benzophenone as the first test case for transient analysis 
based on its well-known photophysical attributes, which are known to give 
information characteristic of the solid state.  These including phosphorescence at 
300 K and its characteristic triplet-triplet absorption.  Experimental evidence that the 
nanocrystals used in these experiments have the same morphology as macroscopic 
specimens was obtained from the identity of the solid state attenuated total 
reflectance (ATR) FTIR, and from their supramolecular chirality, which was 
characterized by circular dichroism (CD) spectra.  Analysis of size and size 
distribution by polarized microscopy, dynamic light scattering (DLS) and atomic force 
microscopy indicated sample sizes in the order or 200 ± 30 nm, which is well below 
the wavelength of light used in these experiments.  The reason for a relatively short 
triplet lifetime in the nanocrystals was analyzed by interfacial quenching experiments 
and by analysis of a set of substituted benzophenones with electron-donating and 
electron-withdrawing substituents, which suggest an intermolecular charge-transfer 
quenching process.  More recent examples include time-resolved electron 
paramagnetic resonance (TREPR) studies on dicumyl ketone derivatives that 
undergo sequential triplet state α-cleavage and decarbonylation reactions, the 
optical detection of 1,4-biradicals derived from the Norrish type-II reaction, and the 
first direct observation of the hitherto elusive oxyallyl by kinetic stabilization in the 
solid state. 
 

 



Bile Salt Aggregates as Supramolecular Host Systems with Multiple Binding 
Sites 

 
Cornelia Bohne 

Department of Chemistry, University of Victoria, PO Box 3065, Victoria, BC, 
CANADA V8W 3V6 ; bohne@uvic.ca 

 
 

 Bile salts, such as sodium cholate (NaCh), form aggregates in aqueous solution because 
of their amphiphilicity. At low concentrations small 
primary aggregates are formed which further aggregate 
when the concentration of bile salt is raised. The larger 
secondary aggregates contain primary and secondary 
binding sites that have different properties for the binding 
of small guest molecules. The guest binding dynamics, 
determined through quenching studies of the singlet and 

the triplet excited states of the guests, was slower with the primary aggregates than with the 
secondary sites. Guests in primary aggregates are well protected from quenchers in the aqueous 
solution and the guest’s residence time is long. Primary sites were also shown to be adaptable to 
the shape of the guest influencing the guest’s protection from the aqueous phase and its residence 
time. Guest binding to secondary sites led to decreased protection and shorter residence times 
when compared to binding to primary sites.  

The presence of binding sites with different properties in bile salt aggregates was 
explored to manipulate the photochromism of nitrospiropyrans and diarylethenes. Bile salts as 
hosts have a hybrid behavior in between of that observed for rigid host-guest complexes and 
conventional micelles. This hybrid behavior was instrumental to achieve the solubilization of a 
high concentration of water insoluble photochromic compounds and to achieve changes in the 
photochromic behavior of these compounds. The photochromic properties can be altered by 
changes in the structure of the host system by varying the concentration of bile salt or the ionic 
strength of the solutions. 
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TEMPO‐derived  prefluorescent  probes  as radical models for antioxidant evaluation 

Carolina Aliaga 

Antioxidant activity is generally associated with the quenching of free radicals through an 
efficient hydrogen‐transfer reaction.  
Different methodologies have been developed to evaluate the rate constant for hydrogen 
transfer  from  phenols  to  peroxyl,  alkoxyl,  nitrogen‐  and  carbon‐centered  radicals.  The 
reactivity of polyphenols  in aqueous and organic solvents has been correlated with their 
chemical  structure. The participation of  free  radical processes  in biological  systems  is a 
subject of permanent interest. In these environments, the observed antioxidant activities 
are expected to depend on the location of the antioxidant and the attacking radical in the 
microheterogeneous systems. 
We  have  recently  proposed  the  use  of  nitroxide  prefluorescent  probes  to  evaluate 
hydrogen‐transfer‐rate  constants  from  highly  reactive  polyphenols  in  homogeneous 
media.  Our  method  was  based  on  the  ability  of  a  tethered  TEMPO  unit  to  quench 
intramolecularly  a  fluorescent  chromophore.  The  abstraction  of  a  hydrogen  atom  from 
the antioxidant by the TEMPO nitroxide generates a diamagnetic hydroxylamine, thereby 
restoring the chromophore fluorescence.  
In this communication we describe the use of different prefluorescent probes obtained by 
attaching  a  TEMPO  unit  to  various  chromophores.  These  systems  have  been  used  in 
homogeneous and micellar  systems  to evaluate antioxidant efficiency. They profit  from 
the  high  selectivity  of  the  nitroxide  radicals,  and  take  into  account  the  antioxidant 
hydrophobicity.  In  addition,  in  the  presence  of micelles,  the  use  of  chromophores  of 
variable hydrophobicity allows a proper control of the partition of the reacting species in 
the microheterogeneous environment. 



 
Abstract 

 

Mechanistic Insights into the Photochemistry of Tetrazolethiones 

Sundeep Rayat, Assistant Professor, Department of Chemistry, Kansas State University, 
Manhattan, KS 66506 

 
 

We are investigating the photodecomposition of tetrazolethiones with the goals of 

applying these ring systems for the synthesis of photoactivated DNA cleaving agents.  We have 

synthesized a series of 1-methyl-4-phenyl-1H-tetrazole-5(4H)-thiones and studied their UV 

characteristics in solvents of varying polarity.  TDDFT calculations have been employed to 

determine the nature of transitions that give rise to the UV bands and our results suggest that UV 

excitations of tetrazolethiones are not dominated by transitions from one molecular orbital to the 

other, but several excitations occurring between different molecular orbitals of similar energy 

contribute to the formation of an absorption band.  TDDFT studies also demonstrate that the 

transitions to the second or higher excited states are characterized by oscillator strengths that are 

orders of magnitude higher than the oscillator strength of the first excited state (S1).  This 

supports that the higher excited states (S2, S4, S6 etc.) may play a crucial role in the 

photochemistry of tetrazolethiones.  The photodecomposition of tetrazolethiones has been 

studied in methanol-d4, acetonitrile-d3 and benzene-d6 at different irradiation wavelengths via 

NMR spectroscopy.  Our results were consistent with the expulsion of sulfur and dinitrogen from 

the heterocyclic ring resulting into the formation of respective carbodiimides as the primary 

photoproduct.  Irradiation in the presence of 1,4-cyclohexadiene resulted in the formation of 

thiourea as the major photoproduct that supports the intermediacy of a biradical.   Laser flash 

photolysis experiments have been carried out to gain further insights into the mechanism of 

photodecomposition.  Ab initio quantum mechanical studies indicated that the photochemistry of 

tetrazolethiones may also involve the intermediacy of a “heterocyclic carbene”.  We have 

attempted to trap the carbene intermediate with alkenes and the results will be discussed. 
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New Photocages Based on Heterolytic Photochemistry 
 

Matthew Lukeman, Jessie Blake, Matt Yorke, Erica Kiemele, Misty Dawn Burns, 
Sarah Ward 

Department of Chemistry, Acadia University, 6 University Ave., Wolfville, NS, B4P 
2R6 

 
 Photocages are a class of compounds that release a protected or ‘caged’ moiety in its free and 
active form on electronic excitation.  Their largest impact has undoubtedly been in the field of 
biochemistry, where pulsed lasers allow bioactive species (such as neurotransmitters, peptides, and 
nucleic acids) to be rapidly released to addressable sites, allowing the time-resolved study of the 
ensuing events.  Photocages have proved to be of great interest not only to biologists, but also to 
physical organic chemists who have been very active in the development of new photocages and in 
the study of their reaction mechanisms. 
 Our group became interested in the development of new photocages that are capable of releasing 
biologically relevant leaving groups under aqueous conditions.  In our quest for a good photocaging 
candidates, we paid particular attention to photoreactions that proceed through exclusively ionic 
pathways with high quantum efficiencies.  One such reaction is the photodecarboxylation of electron 
poor arylacetic acids such as ketoprofen, which led to our development of the ‘ketoprofenate’ 
photocage which is capable of releasing a variety of leaving groups with sub-nanosecond kinetics in 
neutral aqueous solution and with high efficiency (QY ~ 0.7).  We have since modified these 
photocages to include the xanthone and nitrophenyl chromophores, and these changes retain the 
positive attributes of the ketoprofenate cage but provide better UVA absorption and/or provide a more 
facile synthetic route. 
 We have also been interested in heterolytic photoreactions which give carbocation intermediates, 
since these reactions expel anionic leaving groups directly from the excited state, and thus will 
generally provide the fastest reactions.  We have designed the 9-benzoylfluorenyl photocage which 
was inspired by the 3,5-dimethoxybenzoin (DMB) photocage.  It undergoes chemistry akin to the 
DMB photocage but is easier to synthesize, does not produce interfering byproducts, and does not 
contain a chiral center. 
 
Lukeman, M.; Scaiano, J. C. J. Am. Chem. Soc., 2005, 127, 7698. 
J. A. Blake, M. Lukeman, J. C. Scaiano J. Am. Chem. Soc. 2009, 131 (11), 4127-4135. 
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Coordination Chemistry: a new way to cage biomolecules 
Roberto Etchenique 
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Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires. 

 
Caged compounds, also called phototriggers, are widely used in biological research. 
They consist of a chemical entity composed of two parts: the “caged” compound of 
interest, in our case, a relevant biomolecule, and a “cage” moiety that inhibits its 
biological action. Upon irradiation, the cage releases the compound, which can then 
interact with the surrounding media. In physiological research, where the caged 
compound is a biomolecule, it is freed into the living cell, tissue or organism.  
We have recently presented the synthesis, characterization and biological use of a 
new family of caged neurotransmitters based in a Ruthenium-bipyridine core, 
suitable for UV, visible and IR irradiation.  
This family of compounds not only exhibit high quantum yield of photouncaging, but 
also allows a low energy excitation (up to 532nm), very fast photolysis kinetics (tens 
of ns), low toxicity and full 2-photon capabilities with a high functional action cross 
section (0.14 GM).  
We will show several examples of these family and its uses, and a discussion about 
the promising future of this strategy to cage biomolecules. 
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ACYL NITROSO COMPOUNDS 
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The biochemistry of the nitroxyl system (NO-/HNO), the one-electron reduced 

congener of nitric oxide (NO), has recently received significant attention, especially 
as a potential alternative to current treatments of cardiac failure.  Compared with NO, 
however, much less is known about the fundamental solution chemistry of this 
deceptively complicated system.  Relatively few precursors to NO-/HNO exist and the 
direct observation of HNO has been limited mainly to gas phase and matrix studies.  
This presentation will focus on our recent studies of acyl nitroso compounds, 
transient electrophiles that react with nucleophiles to yield NO-/HNO.  We have 
generated acyl nitroso compounds by photolysis of several different classes of 
precursors – 1,2,4-oxadiazole-4-oxide derivatives 1, Diels-Alder adducts 2, nitrodiazo 
compounds 3, and nitronates 4. 
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Photochemical Waste Mitigation 
 

William S. Jenks 
Iowa State University 

 
This talk will describe recent progress in two areas of photochemical waste 
mediation:  modified TiO2 photocatalysts and direct irradiation of air for remediation 
of barn odors, in particular ammonia. 
 
The grand target for photocatalytic degradation is to find a catalyst that absorbs well 
into the visible (in order to use cheap solar photons) and remains effective at 
catalyzing the oxidative transformation of organic compounds to CO2 and 
appropriate inorganic ions.  Doping of white titanium oxide with main group elements 
has been a promising strategy, but many so-obtained catalysts are less efficient than 
undoped TiO2 or not actually very functional with visible irradiation.  Moreover, the 
material obtained depends strongly on the conditions used to anneal in the dopant. 
Results, both promising and instructive, will be presented on catalysts we have 
prepared containing S, C, Se, and I.  Structural information on the dopant is obtained 
mainly through XPS, or in the case of carbon, through NMR.  We report an 
interesting carbon functional group in the C-TiO2 and a material with good visible-
light functionality in Se-TiO2. 
 
Animal confinement facilities produce considerable waste.  It is neither difficult nor 
pleasant to imagine the animal droppings, but these barns are also akin to giant 
fume hoods: pulling fresh air in and blowing polluted air out.  The released gases are 
both actually hazardous and a noxious nuisance to neighbors.  Some of the gases, 
including NH3, are specifically regulated and inexpensive means of reducing them 
are desired by the industry.  After a brief rundown of the identity of the most 
malodorous materials, results on 'mmonia mitigation in real air atmospheres will be 
presented, including the wavelength requirements, probable reactive intermediates, 
and end products (mainly ammonium nitrate).  Detection by high resolution GC-MS 
and gas phase IR allow for identification and quantification. The effects of addition of 
water and H2S to the air will be shown. 
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From reactive intermediates to stable high-spin diradicals 
with large singlet-triplet energy gaps 

 
Andrzej Rajca 

University of Nebraska 
 
Organic radicals are typically short-lived, detected as intermediates in important 
chemical and biological processes.  Steric protection and/or resonance stabilization 
can be implemented in preparation of persistent carbon- and nitrogen-centered 
radicals as well as nitroxides.  High-spin diradicals with large singlet-triplet energy 
gaps (ΔEST) far exceeding thermal energy at room temperature, ΔEST >> 0.6 kcal 
mol-1 are important in the development of organic magnets.  The large and positive 
ΔEST corresponds to a very strong pairwise ferromagnetic coupling between the 
radical centers.  The challenge in the design of such diradicals with both stability and 
large ΔEST lies in adequate steric protection of the atoms with large spin densities 
without significantly perturbing spin coupling.  Among the design strategies are 
diradicals with conformationally constrained structures and with annelated π-system 
of m-phenylene, the effective coupling unit for mediating through-bond pairwise 
ferromagnetic coupling between electron spins.  This talk will describe the synthesis, 
isolation, and characterization of the m-phenylene-based diradicals that are 
persistent at room temperature and possesses large ΔEST >> 0.6 kcal mol-1. 
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Photochemistry of arylazides 
 

Elisa Leyva Ramos 
Facultad de Ciencias Químicas, Universidad Autónoma de San Luis Potosí,  

Av. Nava No. 6, San Luis Potosí, S.L.P. Mexico 78210 
elisa@uaslp.mx 

Polyfluorinated arylnitrenes are useful reagents in synthetic organic chemistry, for 
the covalent modification of polymer surfaces and in photoaffinity labeling (PAL). 
This technique is used in biochemistry to identify residues in the binding sites of 
biological macromolecules. Furthermore, PAL represents a new way to attach 
diagnostically and therapeutically useful radiotracers to antibody fragments for 
potential noninvasive imaging and therapy of cancer.  
In an ideal PAL experiment, a natural ligand of a biological macromolecule is 
appended with a small light-sensitive moiety. This unit must not interfere with 
receptor-ligand binding and must absorb light at a wavelength that is not strongly 
absorbed by the biomolecule. Upon photolysis, the modified ligand must generate a 
short-lived and highly reactive intermediate capable of reacting in an indiscriminating 
manner with the surrounding C-H and N-H bonds present in the macromolecule to 
produce an adduct. The first PAL experiment was quite inefficient (20-30 %) since 
the intermediate generated (carbene) was relatively long-lived thus migrating out of 
the binding site and reacting with water. These experimental results have led 
photochemists to design, synthesize and  evaluate new reagents (arylazides) for 
PAL.  
A summary of the photochemical reactions of arylazides is presented. The desired 
reactions for PAL are insertion and addition since they result in covalent attachment. 
However, these particular reactions are not favored for the parent phenyl azide. In 
biochemistry, arylazides have been the most frequently utilized photoaffinity labels 
since they are relatively easy to synthesize, handle and quite stable to physiological  
pH. Thus a more complete understanding of the photochemistry of a given arylazide 
is basic requisite for its use in PAL. We will discuss the reactions and intermediates 
generated upon photolysis of fluorophenylazides and some examples of the 
application of these reagents in PAL and organic synthesis 
Acknowledgements 
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Photophysics of Single-Molecule Fluorescent Dyes 
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The single-molecule fluorescence ‘revolution’ of the nineties exacerbated the 
popularity of a family of cyanine dyes commonly referred to as “Cy-dyes”. The most 
popular member of the family is Cy3, a symmetric cyanine containing a three-carbon 
polymethine chain. This fluorophore gained an enormous popularity in the single-
molecule biophysics community thanks to its remarkable photostability, and is used 
routinely to investigate the structure and dynamics of nucleic acids. A frequent 
approach involves using Cy3 as a donor in FRET experiments, typically using the 
related dye Cy5. 
Recent advances in single-molecule detection allow for improved signal-to-noise 
measurements, and as a consequence the field is shifting towards more quantitative 
applications. A remarkable consequence of this is the increased interest in the 
biophysics community in understanding how the photophysical properties of the dye 
are affected by its miro-environment within the biomolecule. More and more it is 
being recognized that the lack of photophysical data imposes a limitation on the 
amount of quantitative information that can be extracted from fluorescence 
measurements in biological molecules. 
Here, we present the results of an ongoing study on the fluorescence properties and 
photophysics of the cyanine Cy3 in biomolecular environments. We have determined 
that the fluorescence lifetime and quantum yield of the dye depend strongly on 
variables such as DNA sequence, and the type of chemistry used for covalent 
attachment. Our results can be explained in terms of a photoisomerization 
mechanism that deactivates the excited state of the dye and thus competes with 
fluorescence. The barrier for isomerization depends on the ability of Cy3 to interact 
with DNA, which is in turn a function of the flexibility of the biomolecule, and the 
presence of conjugated moieties such as purines (A and G). The remarkable 
variations in the photophysical properties of Cy3-DNA constructs demonstrate that 
caution should be used when Cy3 is used in studies involving nucleic acids. DNA-
interactions also impose limitations in the rotational mobility of the dye, with 
important consequences in studies involving energy-transfer. 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 1.  Schematic representation of the ligand exchange process (left) and 
transient absorption spectra of 1 in water (right). 

 
 
Efficient Photoinduced Ligand Exchange in Transition Metal Complexes:  Ultrafast 
Dynamics, DNA Binding, and Cell Death 
 
Lauren E. Joyce, Mark A. Sgambellone, Daniel A. Lutterman, Yao Liu, Nicole M. Dickson, and 
Claudia Turro 
 

Photoinduced ligand loss, and in some cases isomerization, represents the initial step in 
reactions with potential applications that include photodynamic therapy (PDT), solar energy 
conversion, molecular switches, and C-H activation. Some of the C-H activation catalysts have 
been substituted with photolabile CO ligands, such that the ligand-loss and subsequent formation 
of products can be followed using time-resolved IR spectroscopy. For most systems that lack an 
IR handle, however, the photoinduced ligand exchange kinetics remain unknown.  

The ultrafast kinetics of ligand exchange of cis-[Ru(bpy)2(CH3CN)2]2+ (1) were measured 
in H2O and CH3CN.  The formation of the 3MLCT (metal-to-ligand charge transfer) excited state 
and a five-coordinate 
intermediate are 
observed in both 
solvents within 2 ps 
after excitation (310 
nm, fwhm ~ 300 fs).  
The 3MLCTexcited 
state undergoes 
vibrational cooling 
(5-6 ps), then decays 
to regenerate the 
ground state with a 
lifetime of ~50 ps.  
In CH3CN, ligand 
recombination takes place in 28 ps, while the formation of cis-[Ru(bpy)2(CH3CN)(H2O)]2+ in 
H2O takes place with τ = 77 ps. These results are compared to a series of Ru(II) complexes with 
bound benzonitriles substituted with electron donating and electron withdrawing groups.  
Electronic structure calculations were performed in order to gain insight into the role of the 
3MLCT state in the dissociation process and on the differences among the complexes. 

Complexes of Ru(II) and Rh2(II,II) possessing nitriles in the coordination sphere exhibit 
high quantum yield of ligand exchange in coordinating solvents. In the presence of DNA, 
irradiation of these complexes results in the formation of covalent adducts between the metal and 
the polyanion. The toxicity of these complexes increases significantly upon irradiation with 
visible light, and mechanistic studies show that compounds are able to enter cells and inhibit 
DNA replication. The potential application of these complexes for PDT will be discussed. 
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SPLITTING OF WATER TO HYDROGEN AND OXYGEN 
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Monterrey, Monterrey, N.L., México 64849 
The long-term objective of our research is the design of bioinspired schemes that couple 
solar energy conversion to the oxidation of water and the subsequent use of the reducing 
equivalents to synthesize energy-rich compounds, such as hydrogen or fuels based on 
reduced carbon. In order to establish the design principles for a tandem, two junction (or 
threshold) photocell, we are assembling Grätzel-type photoelectrodes that model 
photosystems I and II (PSI and PSII). The photoanode model of PSII will contain a mimic 
of the donor side (water oxidizing side) of PSII reaction centers. In PSII, tyrosine Z 
(TyrZ) mediates charge transport between the photo-oxidized primary donor (P680•+) and 
the oxygen-evolving complex (OEC). The oxidation of TyrZ by P680•+ likely occurs with 
the transfer of the phenolic proton to a hydrogen-bonded histidine residue (His190). This 
coupling of proton and redox chemistry is thought to poise the TyrZ oxidation potential 
between those of P680•+ and the OEC.  
We have prepared a bioinspired system (BiP-PF10) consisting of a high oxidation potential 
porphyrin (PF10, 1.59 V vs. NHE, a model of P680) that is covalently attached to a 
benzimidazole-phenol pair (BiP) that mimics the TyrZ-His190 pair in PSII. Electrochemical 
studies show that the phenoxyl radical/phenol couple of the model system is chemically 
reversible with a midpoint potential of 1.24 V vs. NHE and is therefore thermodynamically 
capable of water oxidation. When the BiP-PF10 construct is attached to TiO2 nanoparticles 
and excited with visible light, it undergoes photoinduced electron transfer. Electrons are 
injected into the semiconductor and the corresponding holes are localized on either the 
porphyrin (BiPPF10

•+-TiO2
•–) or the phenol (BiP•+-PF10-TiO2

•–). EPR provides a clear 
spectroscopic picture of these processes.1  
The photoelectrode model of PSI will be sensitized by low potential naphthalocyanines or 
phthalocyanines, which absorb light in the near IR region of the spectrum. Upon 
photoexcitation, these dyes are designed to inject electrons into semiconductors having 
sufficiently negative conduction bands to effectively drive the reduction of protons to 
hydrogen at a cathode. The semiconductor will be electrically wired to a cathode suitable 
for hydrogen production: either a metal electrode (Pt or Ni) or a hydrogenase-modified 
carbon electrode. Cyclic voltammetric studies of Clostridium acetobutylicum [FeFe]-
hydrogenase (HydA) films on carbon electrodes demonstrate cathodic proton reduction 
and anodic hydrogen oxidation. The high surface area carbon felt/hydrogenase electrode 
shows promising properties as the cathode of the photoelectrode mimic of PSI.2   
This arrangement of two photosystems operating in tandem has the potential of being 
much more efficient than natural photosynthesis because the artificial PSI and PSII, in 
contrast to their natural counterparts, do not compete for the same region of the solar 
spectrum. 
1.  Moore, G. F. et al. J. Am. Chem. Soc. 2008, 130, 10466–10467. 
2. Hambourger M. et al. J. Am. Chem. Soc. 2008, 130, 2015–202 
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The local environment dictates the structural and functional properties of many 
important chemical and biological systems.  The impact of solvent-solute interactions 
and pH on the photophysical properties of a series of para-aminobenzoic acids 
(PABA) and corresponding ester derivatives is examined using a combination of 
experimental spectroscopy and quantum calculations. Following photoexcitation 
PABA derivatives may undergo an intramolecular charge transfer (ICT) resulting in 
the formation of a zwitterionic species.  The thermodynamics of the excited state 
reaction and temperature-dependence of the radiative emission processes are 
evaluated through variable temperature fluorescence spectroscopy. The 
spectroscopic measurements are carried out in a range of solvents and aqueous 
buffers, which vary in type and strength of intermolecular interactions.  Quantum 
calculations are used to analyze the structure of PABA and its derivatives in different 
protonation states. Our studies indicate the thermodynamic driving force for the ICT 
is entropic in those solvents with strong solvent-solute interactions, whereas enthalpy 
drives the reaction in other solvents.  Additionally the ICT is only observed in 
systems with tertiary amine groups, which calculations indicate have more sp2 
character than primary or secondary amines.  A systematic investigation of the 
structure and solvent-dependent reaction thermodynamics of small organic model 
systems deepens our understanding of the ICT process that is prevalent in many 
complex biological and materials systems.  
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Awaken your supramolecular imagination.  
 
B. Heyne – University of Calgary 
 
In order to observe nature under the most realistic conditions possible and to gain insight 
into cellular function, today’s scientists have developed new technology allowing the 
observation of molecular events within living cells. Amongst the latest, fluorescent 
microscopy gained popularity due to its non-invasive character, its simplicity, and its 
sensitivity. Since most of the different biomolecules constituting the cell are not able to 
emit light upon irradiation, they need to be labeled with fluorescent sensors. These 
fluorescent sensors act as “molecular lanterns”, rendering the biomolecule visible amidst 
a dark background. Our group is particularly interested in fluorescent DNA stains. 
Popular stains (i.e. cyanine dyes) are usually non-fluorescent in solution, but they are 
known to experience drastic fluorescence enhancement (up to 1000 fold) when bound to 
DNA. Although in theory, using these dyes seems to be simple; practically, complexity 
arises from their capability to interact with DNA in different ways according the 
conditions. In the present work, we would like to discuss two different topics. First, we 
are planning to use the capability of DNA stains to interact differently with DNA to 
examine the influence of the binding mode on reactivity. In this part of the study the 
interaction between singlet oxygen and DAPI (4',6-diamidino-2-phenylindole) will be 
investigated in solution and in different DNA sequences. Then, we are planning to 
examine whether the confinement of DNA stains in other supramolecular systems (such 
as cyclodextrin and calixarene) could result in similar fluorescence enhancement 
observed upon DNA binding. The result obtained could shed some light on why stains 
favor one site over another within DNA. In this part of the study, we will be presenting 
the unexpected results regarding the interaction between thiazole orange, an 
asymmetric cyanine dye, and different supramolecular systems.  
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Group 14 Reactive Intermediates.  Photochemical Methods for the 
Study of Silicon, Germanium, and Tin Analogues of Alkenes and 

Carbenes. 
 

William J. Leigh 
Department of Chemistry & Chemical Biology, McMaster University 

1280 Main Street West, Hamilton, ON L8S 4M1 Canada 
 

In spite of considerable interest over the past three decades in the chemistry of 
silylenes (:SiR2), germylenes (:GeR2), and stannylenes (:SnR2), there have been 
relatively few definitive studies reported of the direct detection and study of simple 
(transient) alkyl- and aryl-substituted derivatives in solution.  The problem originates 
in the photochemistry that has been employed to generate these species, coupled 
with the fact that their lowest energy UV (n,p) absorptions are characteristically 
weak; the formation of transient co-products such as metallaenes (M=C containing 
compounds) and radicals often obscures the weak absorptions due to the major 
(metallylene) products.   

For example, while it is well known that photolysis of Group 14 catenates such 
as 1 affords the corresponding diphenylmetallylenes (:MPh2; M = Si or Ge) as the 
major products, the direct detection of these species by laser flash photolysis is 
complicated by the competing formation of 2 - the (transient) products of 1,3-silyl 
migration into one of the aromatic rings.  These compounds absorb very strongly, 
and in the same spectral region as the metallylenes and their dimerization products, 
the corresponding dimetallenes.  It is sometimes possible to unravel the complex 
mixtures of transients that are obtained, but a better approach employs precursors 
that are designed to suppress the formation of the undesired products.  We have 
found that the direct detection and study of transient phenylsilylenes such as :SiPh2 
and :Si(Me)Ph is best accomplished using cyclic trisilanes such as 3 as precursors, 
while germylenes and stannylenes are conveniently generated in high yield by 
photolysis of 1-metallacyclopent-3-ene (4) derivatives. 
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Some of our recent studies on the photochemistry of these compounds and the 
direct detection and reactivity of simple metallylenes in solution will be presented. 
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 The lecture will involve a general discussion of supramolecualr effects on the 
photoisomerization processes originating from the triplet and the excited singlet 
states of olefins utilizing primarily examples reported by my research group at the 
University of Hawaii.    
 
 Supramolecular effects play a relatively small role in isomerization from the triplet 
state.  However chemically interesting results were obtained that included one-way 
trans-to-cis photoisomerization producing exclusively the thermodynamically 
unstable cis isomer, and quantum chain processes were detected giving 
isomerization quantum yield as high as 4. 
 
 The small barriers induced by supramolecular effects (guest-host interactions) 
added to the torsional relaxation process of an olefin in the excited singlet state, 
however, could produce dramatically different chemical consequences.  This is due 
to the presence of other facile processes from the excited singlet state, that are less 
sensitive to supramolecular effects, thus amplified at the expense of torsional 
relaxation.  These extra processes include enhanced fluorescence and new but less 
volume-demanding photosimerization processes such as the hula-twist.   
 
 For the visual pigment rhodopsin, unique supramolecular effects (the host being 
the protein binding cavity) contribute to its unusually high photosensitivity (reported 
quantum yield of photoisomerization being 0.66) and unusually rapid rate of reaction.  
These supramolecular effects as revealed by F-NMR studies of labeled rhodopsins 
and reported X-ray crystal structures of the visual pigment will be discussed 
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David I. Schuster, Professor Emeritus of Chemistry, New York University,  
 
Title: Photoinduced Electron Transfer in Interlocked Materials: Porphyrin/[60]Fullerene 
Catenanes and Rotaxanes 
 
Abstract:  
 

A new class of [2]catenanes and rotaxanes containing zinc(II)-porphyrin (ZnP) and  

[60]fullerene (C60) as appended groups has been prepared. One example is shown below. 

A complete description of the convergent synthetic approach based on Cu(I) template 

methodology and “click” 1,3-dipolar cycloaddition chemistry will be described. This new 

electron donor-acceptor catenane family has been subjected to extensive spectroscopic, 

computational, electrochemical and photophysical studies. A complete photophysical 

investigation of these systems using time resolved fluorescence and transient absorption 

spectroscopy has revealed details and dynamics of the pathways induced upon photo- 

irradiation of these materials, involving a series of energy transfer and electron transfer 

processes, ultimately affording the long distance charge separated radical pair state, 

ZnP•+–[Cu(phen)2]+–C60
•−, which slowly decays back to the ground state in the 

microsecond time scale. The slow rate of back electron transfer indicates that in this 

interlocked system, as in previously studied covalently linked ZnP-C60 hybrid materials, 

charge recombination occurs in the Marcus inverted region. 

 
 



Is Long‐Range Energy Transfer (> 15 nm) Possible Between a Point Dipole and a Nanometal Surface?    

Geoffrey F. Strouse 

 

Nanometals and Quantum Dots are finding wide ranging applications in molecular beacon based optical 
assays.  Whether the application is for measuring distances by resonant energy transfer processes or 
tracking the fate of gene delivery by cellular transfection, nanomaterials are ideal markers for the optical 
probe.  The presentation will probe the use of nanometal Hammerhead RNA, as well as investigate in‐
vitro release of a gene coding for fluorescent proteins and/or siRNA from a nanometal surface or 
fluorescent Quantum Dot by live optical microscopy imaging.  The applicability of the results to 
biological, the perturbations arising from non‐specific interactions between the nucleic acid and 
nanomaterial, and cellular cytotoxicity are investigated. 

 

 



One Phase Synthesis of Water-soluble Gold Nanoparticles with 
Control over Size and Surface Functionalities 

 
Eunkeu Oh, Kimihiro Susumu, Hedi Mattoussi+ 

 

Naval Research Laboratory, Division of Optical Sciences, Washington, DC 20375  

 

We have designed and synthesized an array of modular ligands made of a tunable length 
polyethylene glycol (PEG) appended at one end with either a thioctic acid (TA) or a 
dihydrolipoic acid (DHLA) group and a reactive group at the other end; ligands presenting 
a wide range of reactive groups have been prepared.  Here we report on the use of some of 
these ligands to develop a simple and efficient synthetic method for preparing AuNPs in 
aqueous phase.  Our approach yields low size distribution nanocrystals over the size range 
between 1.5 nm and 20 nm; this range is much wider that those of conventional methods 
using alkylthiol ligands.  The NP size was simply controlled by varying the molar ratio of 
Au-to-PEG ligand precursors.  Further passivation of the as-prepared AuNPs permitted in 
situ functionalization of the NP surface with the desired functional groups.  The prepared 
AuNPs exhibit remarkable stability in the presence of high electrolyte concentrations, over 
wide range of pHs (2-13), and in the presence of strong resistance to competition from 
dithiothreitol (DTT).  These results are a clear manifestation of the advantages offered by 
our synthetic approach to prepare biocompatible AuNPs, where modular, multifunctional 
ligands presenting strong anchoring groups and hydrophilic PEG chains are used.  We will 
first describe the synthesis procedure, optical and structural characterization of the 
nanocrystals and discuss the kinetics of precursor formation (prior to nanocrystal growth) 
and it dependence on the nature of the ligand used.  We will then show the effective use of 
our ligand design combined with maleimide coupling to specific biomolecules and their 
use to extract reliable estimate of ligand density per Au nanoparticle. 
 
+Present address: Florida State University, Department of Chemistry and Biochemistry, Tallahassee, FL 
32306; email: mattoussi@chem.fsu.edu 
 



Electron Flow between Nanoparticles and Biomolecules and Cells 
Jay L. Nadeau 

Department of Biomedical Engineering, McGill University, rue University, Montréal,QC H3A 2B4, 
Canada 

 
We use steady-state and time-resolved spectroscopy to investigate direct electron transfer between 
CdSe/ZnS and CdTe quantum dots and conjugated biomolecules and/or bacterial cells. Electron 
transfer is associated with fluorescence quenching and decreased emission lifetimes, but also with 
increased photoenhancement in solutions containing oxygen. EPR spectroscopy shows generation of 
reactive oxygen species that may explain this photoenhancement. Core/shell CdSe/ ZnS quantum dots 
do not show direct electron transfer to or from bacteria; however, CdTe quantum dots may do so under 
specific circumstances. The cells must bind the quantum dots tightly, a phenomenon that is highly 
strain-dependent. The bacteria must be actively growing and not have been exposed to blockers of the 
electron transport chain, such as sodium azide or cyanide. Interestingly, direct electron transfer between 
bacteria and quantum dots does not correlate with toxicity to the cells, being much stronger in the 
highly nanoparticle-resistant Gram positive strains. A complex pattern of lifetime changes is seen when 
quantum dot dopamine conjugates are added to bacteria, along with a reversal of the typical toxicity 
pattern. The implications of these findings for the development of antimicrobial nanomaterials and 
"nanowires" are discussed. 
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The Photophysics of Covalent Dimers of  
1,3-diphenylisobenzofuran: Singlet Fission and Other 

Oddities 
 

Akin Akdag,1 Justin C. Johnson, Millicent B. Smith, 1 Alexandre Olive, 1 Rebecca A. 
Urlan, 1 and Josef Michl1,3  

 
1Department of Chemistry and Biochemistry, University of Colorado, 215 UCB, 

Boulder, CO 80309-0215 
 

2National Renewable Energy Laboratory, 1617 Cole Blvd. Golden, CO 80401-3393 
 

3Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech 
Republic, Flemingovo n. 2, 166 10 Prague 6, Czech Republic 

 
 When two identical chromophores with state energy levels optimal for barrier-free 
singlet fission [E(S1) = ~2 × E(T1)] are relatively weakly coupled, unusual 
photophysics can be expected.  The energies of the first two excited singlets that 
result from singlet excitation on one or the other of the two chromophores will be 
comparable to those of the three doubly excited states that result from a 
simultaneous triplet excitation in each chromophore: a singlet, a triplet, and a quintet.  
The order of these three nearly isoenergetic doubly excited states will be dictated by 
the ferromagnetic or antiferromagnetic coupling of the spins located on the two 
chromophores and hence by the nature of the coupling bridge.  Initial singlet 
excitation into an optically allowed singly excited state can be followed by singlet 
fission, i.e., by conversion into a singlet, triplet, or quintet doubly excited state due to 
the action of the spin-spin dipole operator familiar from zero-field splitting in triplets.  
Thus, fast intersystem crossing could be expected even in the absence of heavy 
atoms and significant spin-orbit coupling, as is known for fission of singlet excitons in 
molecular solids.  For the dimeric molecule, not only a triplet state, but also an 
unprecedented quintet doubly excited state of a π-electron system could be easily 
observable. 
 We report photophysical and computational characterization of π-electron 
systems consisting of two covalently coupled 1,3-diphenylisobenzofuran 
chromophores, which meet the condition E(S1) = ~2 × E(T1).  In some of these 
dimers, the coupling has the right properties to induce highly unusual photophysical 
behavior.  Its understanding is of interest for the possible eventual utilization of 
singlet fission to improve the efficiency of photovoltaic cells.  
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Substituent Effects on pH-Responsiveness of Rhodamine 
Spiroamide Dyes 

 
Rebecca M. Allred and Elizabeth J. Harbron* 

Department of Chemistry 
The College of William and Mary 

Williamsburg, VA 23187-8795 
 

 

Rhodamine 6G  (R6G) derivatives can be used as pH or metal ion sensors, 

depending on the structure of the substituent.  A reaction of R6G with an amine 

generates a 5th ring, a spiroamide, and disrupts the conjugation by creating a sp3 

carbon.  This ring-closed form can be called the “leuco” form because of the drastic 

loss of color resulting from the conversion.   As protons are added to the vicinity of 

the molecule, the amide becomes protonated and the ring opens, restoring the 

original fluorescent properties.  The different substituents connected to the amide 

nitrogen have been shown to affect sensing properties, such as response time and 

brightness.   Another characteristic of interest is the pKa of each dye.  Halochromic 

molecules, such as these rhodamine derivatives, can be the base for pH sensors.  

Our goal is to correlate the substituent structure with its pKa; such knowledge will 

generate the ability to modify and tweak this and perhaps other responsive dyes to 

specific areas of the pH scale.   
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Crystal engineering of urea & thiourea: A new direction as versatile 
templates for photodimerization of olefins  

 
Bala Krishna R. Bhogala, Burjor Captain and V. Ramamurthy 

Department of Chemistry, University of Miami, Coral Gables, FL-33124 
 

Photodimerization of olefins in solution is a complicated phenomenon, due to 
nonselective encounter of reactive olefin molecules and occurrence of geometric 
isomerization. The solid state has been proved as a good medium to achieve 
regioselectivity, when the reactive functionalities preorganized for photochemical 
reactions. Several researchers utilized crystal engineering principles to align 
molecules for photodimerization according to Schmidt criteria in solid-state by 
covalent modifications in reactant molecules or noncovalent modifications such as 
cocrystals, salts and host-guest systems. It is an arduous task to find general 
template for photodimerization, because of frustrating effects of close packing and a 
single template may work only with few reactants. In this context we demonstrate the 
use of urea and thiourea that has not thus far been explored as templates. In this 
poster we discuss the preorganization and photochemistry of bispyridyl ethylenes 
and stilabazoles in their cocrystals of urea and thiourea. 
 
 

 
(a) (b) 

 
 
Figure: Packing diagrams of thiourea and 1,2-bis(4-pyridyl)ethylene (a) and thiourea and 
4-stilbazole (b) from their 1:1 co-crystals. The N–H•••S hydrogen bonding between the 
thiourea molecules and N–H•••N hydrogen bonding between thiourea and pyridyl 
nitrogen preorganized the olefinic double bonds in ∼ 4 Å distance for photodimerization. 
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PHOTORELEASE IN THE BLINK OF AN EYE: 
The development of photo protecting groups based on xanthone acetic 

acid photodecarboxylation and their application to corneal drug delivery 
 

Jessie A. Blake and J. C. Scaiano 
Department of Chemistry, University of Ottawa 

10 Marie-Curie, Ottawa, ON, K1N 6N5 
jessie@photo.chem.uottawa.ca 

 
We have recently developed a new class of photo protecting group (PPG) 

based on the photodecarboxylation of ketoprofen1 and xanthone acetic acid2 
derivatives.  PPGs have been used in a wide variety of applications where controlled 
release of a substrate is desired.  These include dynamic biological studies, 
photolithography, and solid-state synthesis to name a few.  Our ketoprofenate and 
xanthonate PPGs release good leaving groups (e.g. carboxylates) on the 
subnanosecond timescale with very high quantum yields. Poor leaving groups (e.g. 
primary alcohols) can also be released directly albeit with reduced efficiency. 

 In addition to excellent release rates and efficiency, the photochemistry of 
release via photodecarboxylation is remarkably clean and the UVA absorption of the 
xanthonate group is quite high.  For this reason, we are applying these PPGs to 
develop a novel drug delivery method based on photorelease, a field that has not yet 
been greatly explored.  More specifically, we have released acyclovir, an antiviral 
commonly used for the treatment of ocular herpes simplex virus (HSV-1), and we 
hope to achieve this release within artificial corneas and therapeutic contact lenses.  

The effect of drug release on viral suppression will be presented along with 
the photochemistry and photophysics of our new PPG. 

 
 
 

                                            
1 Lukeman, M. and Scaiano, J.C. J. Am. Chem. Soc. 2005, 127(21), 7698-7699 
2 Blake, J.A.: Lukeman, M.; Scaiano, J.C. J. Am. Chem. Soc. 2009, 131(11), 4127-
4135 
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Spin-polarized Photoluminescence Studies of CdSe 
Nanocrystal Exciton Fine Structures 

 
Daniel E. Blumling, Andrew R. Attar, Kenneth L. Knappenberger, Jr. 

The Florida State University 
 

Shape-dependent exciton spin polarization of semiconducting nanoparticles will be 
presented. Time- and polarization-resolved magneto-photoluminescence 
spectroscopy is carried out at low temperature in magnetic fields up to 17.5 Tesla to 
investigate the extent of spin polarization in CdSe quantum dots and nanorods.  
One-dimensional CdSe nanorods exhibit a large degree of circular polarization when 
even small magnetic fields are applied. The large spin polarization achieved in 1-D 
nanostructures is not observed in 0-D quantum dots. The experimentally measured 
polarization is attributed to strong mixing of “dark” and “bright” exciton fine-structure 
states in 1-D nanostructures, which leads to the formation of spin-polarized 
excitons.  The polarized emission is also confirmed by wavelength-resolved intensity-
integrated and time-correlated single-photon counting measurements. The findings 
may have significant impacts on devices based on the nanocrystals platform, 
including; solar-to-electric energy conversion, spintronics and chemical lasers. 
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Photoinduced Charge-Transfer Processes in Zn-Porphyrin-

oligoFluorene-C60  

 

L. Brinkhaus, G. Katsukis, M. Wielopolski, D. M. Guldi, M. Bryce 

Friedrich-Alexander-University Erlangen-Nuremberg, Department of Chemistry and 

Pharmacy and Interdisciplinary Center for Molecular Materials (ICMM), 

Egerlandstraße 3, 91058 Erlangen, Germany 

 

Long-range charge separation is a key to achieve long-lived charge-separated states 

in molecular architectures, which may be used for the conversion of light-energy into 

electrical current.  Hereby, Donor-Bridge-Acceptor (DBA) systems constitute 

excellent model compounds to assess charge transfer over long distances.  In such, 

the bridge is assumed to mediate charge transfer between the donor and the 

acceptor.  One of the most striking scenarios implies wire-like behavior.  In other 

words, electron transfer processes (i.e., charge separation and charge 

recombination) depend either weakly on distance or completely lack any 

dependence.  It is therefore not surprising that the design of so-called "molecular 

wires" has received the attention of a significant part of the scientific community in 

recent years.   

The current work reports on a series of Zn-Porphyrin-oligoFluorene-C60 ensembles 

that incorporate π-conjugated oligoFluorene linkers of variable length connecting a 

Zn-Porphyrin donor to a C60 acceptor.  The efficiency of electron transfer decreases 

exponentially with increasing length of the oligoFluorene wires according to the 

distance-dependence of the electron transfer rate constant.  The attenuation factor β 

is used to characterize the distance dependence of the charge transfer through the 

oligoFluorene bridges.  Relatively low β values of 0.09 Å-1, as found by steady-state 

and time-resolved photophysical investigation methods including transient absorption 

spectroscopy, attest efficient charge separation in these Zn-Poprhyrin-oligoFluorene-

C60 ensembles and prove wire-like behavior of the oligoFluorenes over distances of 

more than 30 Å.  Furthermore, significant temperature-dependence was found for 

the charge-transfer processes. 



 Inter-American Photochemical Society 20 th Winter Conference  

 

CdTe Quantum Dots – Carbon Nanotube Nanohybrids for  

Solar Energy Conversion 

 

R. M. Krick Calderon, C. Schulz-Drost and D. M. Guldi 

Friedrich-Alexander-University Erlangen-Nuremberg, Department of Chemistry and 

Pharmacy and Interdisciplinary Center for Molecular Materials (ICMM), 

Egerlandstraße 3, 91058 Erlangen, Germany 

 
Since the early 1980’s semiconductor nanoparticles (NP) have gained rising interest 

due to their unique features. To this end, size-quantization – in a range from roughly 

1 to 10 nanometers – allows a precise tuning of the bandgap. Owing to the 

outstanding features of CdTe quantum dots (QDs), namely sizeable absorptions 

throughout the UV and NIR, photostability, and close resemblance to bulk inorganic 

semiconductors, have motivated intense study and have led to the realization of 

numerous applications.1 The unique structure and composition of single walled 

carbon nanotubes (SWNT), that is, an extended, delocalized π-electron system, 

places them right at the interface between molecular building blocks and crystalline 

solids.2  Moreover, a wide facet of distinctive properties renders SWNT ideal for 

fabricating lightweight, inexpensive, and flexible electronics once linked to suitable 

electron donors.3 

In this communication, we report on a novel strategy en-route towards QD / SWNT 

nanohybrids, namely implementing the covalent attachment of pyrene to CdTe QDs, 

which yields QD-pyrene nanoconjugates. Directing the π-π stacking between the 

pyrene constituent of QD-pyrene and the surface of CNT led to, for example, QD-

pyrene/SWNT. Importantly, we verified charge transfer interactions by utilizing 

several emission and absorption spectroscopic methods combined with time-

resolved transient absorption measurements. In complementary assays, we 

integrated QD-pyrene/SWNT  into photoelectrochemical cells and probed their solar 

energy conversion performance in the presence of a regenerative electrolyte. 

                                            
1
 Eychmüller, A. J. Phys. Chem. B, 2000, 104, 6514. 

2
 Sgobba, V.; Guldi, D. M. Chem. Soc. Rev. 2009, 38, 165. 

3
 Guldi, D. M.; Rahman, G. M. A. J. Am. Chem. Soc., 2006, 128, 2315. 
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Ruthenium(II) Pyrene-bipyridine Complexes : Photophysics, 
Chromophore Photooxidation and In vivo Oxygen Sensing 

 
Jin Chen and Russell H. Schmehl 

Chemistry Department, Tulane University 
Nakwon Choi, Rebecca Williams and Abraham Stroock 

Chemical and Biomolecular Engineering, Cornell University 
 

 Specifically tailored ruthenium diimine complexes have received considerable 
attention as luminescent sensors for dissolved oxygen.  Bis(2,2’-bipyridine) 
ruthenium(II)(4-(1-pyrene)-2,2’-bipyridine) chloride: [(bpy)2Ru(pyr-bpy)]Cl2 was 
prepared and reported by our group in 1997[1]. The pyr-bpy complex was distinctive 
in that the triplet metal-ligand charge transfer state has a very long lived 
luminescence, and the intensity and lifetime are strongly oxygen dependent. 
Rosenzweig and co-workers illustrated that this chromophore is an effective oxygen 
probe in vivo [2]. Since then we synthesized several derivatives to obtain a good 
oxygen sensor for imaging oxygen in the extracellular matrix of hypoxic tissue. Initial 
investigations showed the pyr-bpy complexes are phototoxic and adsorb into cell 
membranes. In order to understand degradative processes associated with these 
systems, we investigate the singlet oxygen photo-generation and photo oxidative 
reaction of two pyr-bpy complexes:  [(bpy)2Ru(pyr-bpy)]Cl2 and ([(bpy)2Ru(pyr-phen-
bpy)]Cl2 (pyr-phen-bpy is 4-phenyl -4’ (1-pyrene)- 2,2’-bipyridine). The relative singlet 
oxygen quantum yields in d6-acetone were 0.28 and 0.32 for the pyr-bpy and pyr-
phen-bpy complexes, respectively, whereas the reference [Ru(bpy)3]Cl2 was 0.19. 
The difference is largely accounted for by the larger fraction of excited states 
quenched by oxygen in the longer lived pyrene modified complexes. The 
photooxidative reaction with pursulfate in water resulted in Ru(III) formation. This is 
followed by intramolecular oxidation of pyrene that ultimately led to the formation of 
pyrenequinone [3]. We photolysized [(bpy)2Ru(pyr-bpy)]Cl2 in the MLCT absorption 
region and found it was oxidized to [(bpy)2Ru(pyrquinon-bpy)]Cl2 after 2days,  
presumably via singlet oxygen as the oxidizing agent.  
 Preliminary results will be presented that show that heteroleptic complexes having 
an oxyethylene modified bipyridyl ligand and pyr-bpy can be incorporated into 
amphiphilic polymers and used as functional oxygen sensors in blood serum of living 
mice.   
 
[1]. Simon, J., Curry, S. L., Schmehl, R. H., Schatz, T. R., Piotrowiak, P., Jin X., 

Thummel, R. P.,J. Am. Chem. Soc. 1997, 119, 11012 
[2] Ji,J., Rosenzweig, N., Jones, I., Rosenzweig, Z., Anal. Chem. 2001, 73, 3521 
     Ji, J., Rosenzweig, N., Jones, I. , Rosenzweig, Z., Biomed. Opt. 2002, 7(3), 113  
[3] Clark C. D., Bruyn W. J. De, Ting J., Scholle W., J. Photochem. Photobiol.A: 

Chem., 2007, 186, 342 
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Controlling photochemistry and conformation of small 

molecules inside a nano-container 
 

 Rajib Choudhury, Nithyanandhan Jayaraj and V. Ramamurthy 
Department of Chemistry, University of Miami, Coral Gables, FL-33124 

 
Chemistry in confined media has drawn considerable attention in last two decades. 
Unlike solid state, nanocapsules with a cavity of nanometer size serve as a confined 
media in solution. The nanospace within the capsule can template distinct 
conformation of entrapped molecules as well as their nano cavity might accelerate or 
give a selective photoreaction over their typical reaction pathway. 

We have utilized a water-soluble deep cavity cavitand (OA) which dimerizes 
upon binding with hydrophobic guest molecules. Depending upon the size and shape 
of the guest molecules it could form 2:2 or 2:1 (H:G) capsular assemblies. The 
cavitand not only solubilizes water insoluble hydrophobic compounds but also acts 
as reaction media to carry out chemical transformations. Many photoreactions thus 
far carried out within this capsular assemblies showed high selectivity in the product 
distribution. The selectivity in a photochemical reaction within octa acid (OA) was 
attributed to the specific geometry of the guest molecules inside the cavity. In order 
to study the conformation/geometry of the bound guest molecules, we have 
encapsulated several styrene and adamantyl derivatives with systematically 
increased chain lengths. Both NMR and molecular modeling studies revealed that 
guest molecule can be stabilized in different conformations compared to their 
extended form in solution. Smaller styrene derivative which forms 2:2 capsular 
assembly leads to observe selective photo-dimer formation upon irradiation, whereas 
larger guest molecules which form 2:1 capsular assembly  leads to selective photo-
isomerization as one of the isomer forms better complex than the other. 

 
Figure 1 (a) Structure of deep-cavity cavitand, octa acid (OA), (b) Scheme 
represents the formation of anti dimer, (c) trans-β-nonyl styrene in fully extended 
form, and (d) Conformation of trans-β-nonyl styrene inside OA capsule from 
molecular modeling study. 
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FLUORESCENCE SPECTROSCOPY AND MORPHOLOGICAL 

STRUCTURE OF HIGHER ELECTROLUMINESCENT POLYMER 

BLEND OF MEH-PPV AND STYRENE-CO-ACRYLIC ACID 

COPOLYMER 

Rafael F. Cossiello1, Marcelo M. deAndrade*1, Thomaz S. Plivelic2,  Iris L. Torriani2,3, 

Teresa D. Z. Atvars1 

1Instituto de Química and 3Instituto de Física, Universidade Estadual de Campinas, 

13084-971, Campinas, SP, Brazil;  2 Laboratório Nacional de Luz Síncrotron, 13083-

970, Campinas, SP, Brazil; *in memorium. 

 
This work describes the correlation between the morphology and fluorescence 

spectroscopy of the high electroluminescent polymer blends of the poly[2-methoxy-

5(2’-ethylhexyloxy)-p-phenylenevinylene] (MEH-PPV) and the poly(styrene-co-acrylic 

acid-co-1-pyrenylmethyl methacrylate) (SAA) with 3 mol % of acrylic acid units. This 

copolymer also has 0.06% mo, of pyrenyl groups which acts as a sensor for the 

polymer blend miscibility since the pyrenyl fluorescence emission is strongly 

overlapped with the MEH-PPV absorption. The blend morphology was analyzed 

using small angle X-ray scattering, scanning electron microscopy and 

epifluorescence microscopy. The fluorescence spectroscopy showed that both the 

dilution (blue-shift of the spectrum) and the polymer-polymer interpenetration 

(decrease of the pyrenyl fluorescence lifetime) are contributing for the enhancement 

of the electroluminescence. 

Authors thank: MCT/CNPq/FAPESP-INEO for the financial support and fellowships. 
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Diarylethene-Doped Conjugated Polymer Nanoparticles for 
Stable Fluorescence Photomodulation 

 
Christina M. Davis and Elizabeth J. Harbron* 

Department of Chemistry 
The College of William and Mary 

Williamsburg, VA 23187-8795 
 
 

Nanoparticles made from the conjugated polymer MEH-PPV and doped with 

photochromic dyes can be used for fluorescence intensity modulation.  Photochromic 

dyes are selected such that they have no electronic interaction with MEH-PPV in one 

form and are efficient quenchers of nanoparticle fluorescence through a fluorescence 

resonance energy transfer mechanism in their second form.  Previous work focused 

on a photochromic spironaphthoxazine dye, which is an effective quencher in its 

photogenerated merocyanine form.  The merocyanine is not thermally stable and 

reverts back to the spironaphthoxazine form within seconds, restoring the initial 

nanoparticle fluorescence.  A thermally bistable photochromic dye doped into the 

nanoparticles yields fluorescent and quenched states that remain stable until the 

desired color of light for photoswitching is applied.  Diarylethenes have two thermally 

stable forms, one of which has strong spectral overlap with MEH-PPV fluorescence.  

The quencher form is generated by UV irradiation, which induces diarylethene ring 

closure.  The quenched nanoparticles are stable for multiple days due to the thermal 

stability of diarylethenes.  After exposure to white light, the diarylethene ring opens 

and the photochrome returns to the form that does not absorb in the visible region, 

restoring nanoparticle fluorescence.  The stable quenched nanoparticles will enable 

further study of the quenched state that has not possible with the unstable 

spironaphthoxazine-doped nanoparticles. 
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Interparticle Electromagnetic Coupling Enhancement with 
Tunable Plasmon-Supporting Hollow Gold Nanospheres 

 
Anne-Marie Dowgiallo, Casey A. Lowman, and Kenneth L. Knappenberger Jr. 

Department of Chemistry and Biochemistry, Florida State University, Tallahassee, 
Florida 32306 

 
Femtosecond transient absorption measurements of electronic relaxation and 
interparticle electromagnetic coupling in hollow gold nanospheres (HGNs) and HGN 
aggregates will be described.  HGNs exhibit a tunable surface plasmon resonance 
(SPR), and upon aggregation, a systematic blue shift of this resonance occurs. The 
blue-shifted SPR narrows significantly as compared to isolated HGN, indicative of 
preserved plasmon coherence.  Finite-difference time-domain (FDTD) calculations 
confirm that this blue shift is due to the delocalization of the Fermi-gas over multiple 
particles.  The relaxation of the excited electrons proceeds by: (1) ultrafast electron 
scattering, (2) electron-phonon coupling and (3) energy dissipation to the solvent.  A 
48-nm HGN with a shell thickness of 7 nm has an electron−phonon coupling lifetime 
of 300 ± 100 fs, and upon aggregation, this lifetime increases to 730 ± 140 fs, 
indicating Fermi-gas delocalization over multiple particles.  Future studies will 
investigate how the interparticle coupling is influenced by the HGN aspect ratio. 
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Photo-induced electron transfer in Square Planar Pt(N^C^N) 
Complexes and Chemistry of their one-electron oxidized states 

 
Jeffrey Draggich and Russ Schmehl 

Department of Chemistry, Tulane University, New Orleans LA 
 

 Square planar Platinum compounds have attracted much attention over the past several 
years for potential applications in 2 electron photochemistry, electronics(OLEDS) and other 
areas as their emissive properties have become easier to tune via synthetic design. The square 
planar geometry also invokes the possibility of unique chemistry occurring via axial 
interactions. Square planar terpyridyl platinum(II) complexes with monodentate ligands such 
as Cl, py, NH3,  have very short excited state lifetimes due to low lying ligand field 
deactivating states which essentially act as a “sink” for emissive charge transfer states. 
However, cyclometallated derivatives of the terpyridyl Pt(II) framework, for example, bis-
pyridyl benzenes, exhibit strong luminescence and long excited state lifetimes at room 
temperature.  The Williams research group (Univ. of Durham, UK) have provided us with a 
series of cyclometallated platinum(II) chloride salts [(RNCN)PtCl]. This work presents an 
investigation of the oxidative photoredox behaviour of these complexes in solution. 
 Of the complexes provided two have been extensively investigated.  One being denoted 
PtL3 [Me(NCN)PtCl] and the other PtL9 being a Di-methyl Amino derivative 
[C6H4NMe2(NCN)PtCl]. Electronic properties of these two differing greatly due to the highly 
electron donating nature of the PtL9’s Di-methyl amino functionality. This difference 
switches the excited state nature from a ligand centered π →π* transition to an intra-ligand 
charge transfer (ILCT) transition. The luminescence of PtL3 exhibits a strong concentration 
dependence, with longer wavelength excimer emission clearly observed in more concentrated 
solutions.  No direct excimer emission is observed for the PtL9 complex.  
 In the presence of quaternary ammonium electron acceptors, one electron oxidized forms 
of PtL3 and PtL9 are observed via laser flash photolysis experiments. The transient spectra 
can be used to obtain spectra for the highly reactive one electron oxidized Pt complexes. 
Noticeable differences in the transient spectra of the one electron oxidized forms of PtL9 and 
PtL3 are quite clear. This is attributed to charge density being more ligand localized on the 
dimethyl amino moiety of the PtL9 and much more metal centered on the PtL3. 

Such differences in one electron oxidized spectra as well as potential geometric 
differences in solution in terms of excited state interaction with electron acceptors as well as 
ground states led to studies of the cage escape yields of both complexes in acetonitrile 
solution with methyl viologen.  These studies yielded statistically equal results.  

Back electron transfer kinetics were also studied for these complexes. 
References: 
1.] Williams, J.A.G. “Photochemistry and Photophysics of Coordination Compounds: Platinum” Topics Curr. 
Chem. 2007, 281,205-268. 
2.] Farley et al. “Controlling Emission Energy, Self Quenching, and Excimer Formation in Highly Luminescent  
N^C^N Coordinated Platinum(II) Complexes” Inorg. Chem. 2005, 44, 26, 9690-9703. 
3.] Mallouk “Reductive Quenching of Ruthenium Polypyridyl Sensitizers by Cyanometalate Complexes” Inorg. 
Chem. 1989, 28, 3507-3510. 
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DNA-BASED ARTIFICIAL LIGHT HARVESTING 
COMPLEXES 

 
Michael  R. Duff , Vindya K.Thilakarathne and Challa V. Kumar* 

Department of Chemistry, University of Connecticut, Storrs, CT 06269. 
 

(Will be presented by Vindya Thilakarathne) 
 
 

                           Successful design of an artificial light-harvesting complex is required 
for an efficient collection, caption and conversion of solar energy over a wide range 
of wavelengths. Novel protein-DNA complexes are engineered as supramolecular 
scaffolds to self assemble donor and acceptor molecules into an artificial light-
harvesting unit. Chemically modified protein is used to create artificial DNA-protein 
complex which facilitates the singlet-singlet energy transfer from DNA bound donor, 
Hoechst 33258 to protein bound acceptor Coumarin 540A. Rate of energy transfer is 
far exceeded the diffusion controlled rates. We propose that the close proximity of 
donor molecule to the acceptor molecule in the assembly is responsible for the 
accelerated energy transfer.  
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Photochemical Insight into the Biosynthesis of Metabolites 
in Placobranchus ocellatus 

 
 

Salwa Elkazaz, Anna Fedders, James Blair, Matt Secrest, Paul B. Jones 
Department of Chemistry, Wake Forest University, Winston-Salem, NC 27109 

jonespb@wfu.edu, 336-758-3708 
 
Sacoglossan mollusks, such as Placobranchus ocellatus, are unique in that they 
acquire chloroplasts from algae in their diet and incorporate the chloroplasts in 
digestive cells just below the epidermis.  There the chloroplasts remain functional for 
days to months, depending on the species.  Sacoglossans are also unique in that 
they contain a number of secondary metabolites that are photoactive in the mollusk.  
The present work investigates the stereochemistry and mechanism of the 
photoisomerization of 9,10-deoxytridachione to photodeoxytridachione and used the 
results to draw several conclusions about the biosynthesis of these metabolites.  
Deoxytridachione was obtained as an optically active compound (91%ee by chiral 
LC) while photodeoxytridachione was obtained as a racemate.  Therefore, it appears 
that deoxytridachione is biosynthesized via electrocyclization of an achiral polyene 
while still bound to the polyketide synthase, while photodeoxytridachione is not 
formed until the polypropionate has left the chiral environment of the synthase.  
Additional biosynthetic implications and the results of photochemistry involving other 
marine natural products will be presented. 
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Molecular Structure Determination of Several High Molecular Weight 
Hydrophobic Components of Human Retinal Lipofuscin  
 
 Elizabeth R. Gaillard1,2, Laura Murdaugh1 and J. Dillon2  
1Department of Chemistry and Biochemistry, Northern Illinois University, DeKalb, IL 
60115, 
2Department of Ophthalmology, Columbia University, New York, NY 10032 

 
Purpose: To determine the structures of the main components of the hydrophobic, 
higher molecular weight fraction of human RPE lipofuscin and compare them to the 
products of photochemical oxidation of A2E using high pressure liquid 
chromatography-mass spectroscopy (LC-MS) with PDA detection. This high 
molecular weight hydrophobic fraction is ca 10 times more abundant than A2E itself. 
 
Methods: Human RPE lipofuscin granules were isolated as described (Feeney-
Burns, 1980) from donor globes (Midwest Eye Banks and Transplantation Centers). 
The organic soluble portion was obtained by extraction with equal amounts of  
CHCl3:CH3OH:H2O, and the extract was analyzed by LC-MS (Thermo Finnigan, LCQ 
Advantage, Surveyor; Surveyor LC with fluorescence and PDA detectors, 
quadrupole ion trap mass analyzer, electrospray ion source).  A2E was prepared as 
previously described (Murdaugh et al, 2009) and was irradiated with Philips Special 
Blue bilirubin bulbs.   
 
Results: A visible absorbing species in RPE lipofuscin has been identified previously 
as a bis-retinoid pyridinium compound referred to as A2E. Most of the remainder of 
the chromophores in RPE lipofuscin are structurally related to A2E as determined by 
their fragmentation pattern with losses of M+- 106, 190, 174 and/or 150 amu and the 
formation of fragments of ca. 592 amu.  These have discrete molecular weights of 
800-900 m/z, 970-1080 m/z and above 1200 m/z regions.  The majority of the 
mixture consists of relatively hydrophobic components corresponding to derivatized 
A2E; most likely formed by the polymerization reaction with aldehydes formed by the 
photo-oxidation of A2E.  Detailed mass spectral analysis allowed for the tentative 
prediction of specific molecular structures. 
 
Conclusion: Lipofuscin and its reaction products harvested from human RPE are 
detected readily by LC-MS and are structurally related to A2E. Aging of RPE 
lipofuscin results from the auto and/or photooxidation of A2E to form aldehydes 
which then further react with A2E to give a series of polymers that are much more 
hydrophobic than A2E.  This increases log P (hydrophobicity factor) and induces the 
sequestering of these derivatives into granules with a concomitant diminution in 
reactivity. These reactions also trap resultant aldehydes which would oxidize cellular 
components with concomitant cellular damage. 
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Photoxygenation of alkylcyclohexenes included in an 
organic capsule by singlet oxygen  

 
Shipra Gupta and V. Ramamurthy 

Department of Chemistry, University of Miami, Coral gables, FL-33124   
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A well known chemical reaction of singlet oxygen is the hydroperoxidation of alkenes 

possessing allylic hydrogens, often called “ene” reactions. Due to the difficulties in 

controlling highly reactive singlet oxygen, the substrate containing more than one allylic 

hydrogen produce several products in solution (Scheme 1). And thus it has been difficult to 

control the regioselectivity of ene reaction of unhindered olefins, for example, 

alkylcycloalkenes. 

In this poster, we present a strategy to control the product distribution in 

photochemical “ene” reaction by using a water soluble cavitand called octa acid (OA) as 

host. We demonstrate how the host OA induces “orientational isomerism” in guest which 

leads to product selectivity. The poster illustrates specific orientation of the guests inside the 

host OA as elucidated by 1D, 2D NOE/COSY NMR, along with the comparison of product 

ratios of “ene” reaction in solution and in OA.  
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SEQUENCE-DEPENDENT THYMINE PHOTODIMERIZATION 
 

Mahesh Hariharan and Frederick D. Lewis 
 

Department of Chemistry, Northwestern University, Evanston IL  60208-3113 
 
 

 Dimerization of thymine has long been recognized as a leading cause of cellular 
photodamage by ultraviolet light. A revival of interest in T-T dimerization has been 
driven by advances in fast spectroscopy, studies of excited state potential energy 
surfaces, and synthetic nucleotide chemistry. The cis-syn cyclobutane dimer formed 
in a [2 + 2] cycloaddition reaction between adjacent thymines is the major product of 
irradiation of duplex DNA, accompanied in some cases by lesser amounts of the 6-4 
adduct (Chart a).   
 We recently reported the 
results of an investigation of 
the products and efficiency of 
photodimerization in a family of 
synthetic DNA hairpins 
possessing a C12 alkane linker 
connecting a six-base pair 
stem having a single T-T step 
located at different positions 
(Chart b).1  A single adduct 
assigned to the product of 2+2 
dimerization is obtained except 
in the case of a T-T step located adjacent to the linker (6) in which case both 2+2 
and 6-4 adducts are obtained.  The efficiency of dimerization is similar for three 
hairpins having a T-T step located within the duplex interior (3-5).  Lower efficiency is 
observed for a T-T step located at the open end of the hairpin (2) or in a T-overhang 
(7); whereas higher efficiency is observed for the T-T step adjacent to the linker (6) 
or in a single-T bulge (8).   
 The solution structure of these mini-hairpins is being investigated by NMR 
spectroscopy (with K. Siegmund).  The importance of ground state conformational 
control of dimerization product and efficiency is being investigated using molecular 
dynamics simulations to determine the populations of reactive conformations (with 
M. McCullagh and G. Schatz).  Reaction efficiency can also be affected by the use of 
Mg2+ cations and by changing the sugar conformation using a more rigid “locked 
nucleic acid” analogue (LNA) of thymine.  Our studies of T-T dimerization are also 
being extended to mini-hairpins containing G-C base pairs.  The location of guanine 
on the 5’ side of the T-T step results in a large reduction in dimerization efficiency, 
whereas a 3’ guanine has a smaller effect and guanine in the opposite strand has no 
effect.     
  
 (1)  Hariharan, M.; Lewis, F. D. J. Am. Chem. Soc. 2008, 130, 11870-11871. 
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Photo-metamorphosis materials 
 

Yuhuan Jin, Jeffery J. Rack 
Ohio University 

 
Photo-switchable molecules are those that undergo or feature an 

isomerization or structural change upon irradiation with light of specific 

wavelength. Based on this structural change, these molecules could 

show a photo-metamorphosis effect if irradiated in the solid state. For 

example, surface relief grating of single crystals or thin films have been 

formed following irradiation. Also, the macroscopic bending or 

deformation of nanofibers upon irradiation has been observed. At 

present, most of these studies are based on organic compounds. My 

research focuses on studying the photo-metamorphosis properties of 

photochromic ruthenium sulfoxide, for example, [Ru(pic)2(dmso)2] and 

[Ru(bpy)2(OSO)](PF6) compounds. [Ru(pic)2(dmso)2] shows bulky single 

crystal photo-triggered surface relief grating, and the mechanism of this 

phenomenon was studied. In another compound, [Ru(bpy)2(OSO)](PF6) 

was dissovled in certain polymers to form thin films and nanofibers. The 

properties of these films and nanofibers were studied. 
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Quantum Chemical Approach to Photoinduced Charge 

Transfer Processes in Zn-Porphyrin-oligoFluorene-C60  

 

G. Katsukis, L. Brinkhaus, M. Wielopolski, D. M. Guldi, M. Bryce  

Friedrich-Alexander-University Erlangen-Nuremberg, Department of Chemistry and 

Pharmacy and Interdisciplinary Center for Molecular Materials (ICMM), 

Egerlandstraße 3, D-91058 Erlangen, Germany 

 

The investigation of charge-transfer properties of tailored nanoscale molecules 

affords novel molecular materials with systematic variation of functionality (e.g. 

redox, electron-transfer or photo-switching behavior).  To address charge transport 

through single molecules, we may replace conventional electrode leads with organic 

donors and acceptors.  In the resulting Donor-Bridge-Acceptor (DBA) assemblies, 

the transport of electrons is triggered either photochemically (i.e., charge separation) 

or thermally (i.e., charge recombination) and examined by various spectroscopic 

characterization techniques.  Essentially, the charge-mediating function of the bridge 

component, i.e. molecular wire is of special interest.  

We wish to report on the quantum chemical investigation of charge transfer 

processes in covalently linked DBA systems which employ a Zn-Porphyrin electron 

donor and a C60 electron acceptor.  OligoFluorene molecular wires of different length 

provide the covalent linkage between the donor and acceptor.  

Detailed quantum chemical investigation – including density functional theory and 

semi-empirical methods – provided insight into the nature of charge-transfer 

processes between the Zn-Porphyrin and C60 mediated by the π-conjugated 

oligoFluorene bridges and ascertained the formation of Zn-Porphrin••••+ / C60
••••─ radical 

ion pair states. Both ground- and excited-state properties have been computed in 

order to yield a comprehensive description of the experimental trends.  It was found 

that besides π-conjugation, the relative energies of donor, bridge and acceptor play 

a decisive role in governing the different charge transfer mechanisms, i.e. charge 

hopping vs. superexchange. 
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Photolabile Protecting Groups Based on Excited State 
Proton Transfer – Elimination Reaction 

Alexey Kostikov, Selvanathan Arumugam, Vladimir V.Popik 
Department of Chemistry, University of Georgia 

 
Photolabile protecting groups (PPG), known as “cages” in biochemistry, allow for the 
spatial and temporal control of substrate release, as well as for “reagentless” 
deprotection.  The efficiency of photochemical substrate release from caged 
compounds often depends on the basicity of the living group because deprotection 
reaction proceeds via heterolysis of a C – O bond. Poor leaving groups, such as 
alcohols, therefore represent an especially difficult target for photolabile protection. 

To address this deficiency, we have developed a family of PPGs based on 
photochemically-driven protonation of the oxygen atom of caged alcohols using 
excited state intramolecular proton transfer (ESIPT). A well-known example of this 
reaction is the photochemical dehydration of o-hydroxybenzyl alcohols to generate o-
quinone methides.  
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These PPGs are suitable for caging of alcohols, carboxylic acids, glycols, 

ketones and aldehydes. Substrate are released with high quantum efficiency (Φ= 
0.2- 0.5) and in 90+ % chemical yield. The intermediate o-quinone methide is usually 
quenched by a nucleophilic solvent (e.g., water or alcohols) or can be trapped as a 
photostable Diels-Alder adduct. 

Introduction of a second hydroxy group in the o-hydroxybenzyl alcohol 
structure allowed us to develop “bleachable” PPGs. Hydroxy-substituted o-quinone 
methide formed at the deprotection step undergoes ketonization to give p-quinone. 
The latter has low absorbance at the λmax of the starting caged substrate. 
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Additional advantage of this system is a “safety-catch” feature: the reactive 
hydroquinone can be generated in situ by mild reduction of a photostable p-quinone. 
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Synthesis, Photochemistry and DNA Binding/Cleaving 
Properties of Bifunctional Onium Salts 

 
Wolfgang H. Kramer*, Emily H. Stewart, B. Woods Curry, Anna K. Allred,  

Irene S. Corrao 
Millsaps College, Jackson, MS, 39210, USA, kramewh@millsaps.edu 

 
Irreversible photooxidation of biomolecules can allow unobstructed spectroscopic 
observation of transient species of interest. The oxidation can be accomplished by 
nitrogen onium salts, heteroaromatic compounds with N-alkoxy substituents. Upon 
irradiation, the N-O bond of these compounds fragments homolytically and yields an 
alkoxy radical as well as a heteroaromatic radical cation. Reduction of the 
heteroaromatic radical cation leads to the neutral heteroaromatic compound with no 
driving force for back-electron transfer.  
The transient species are produced with quantum yields of about 0.6 (in the case of 
N-methoxy quinolinium, isoquinolinium, and phenanthridinium salts). Geminate pair 
recombination to form isomeric methoxy-substituted heterocycles appears to be the 
major energy wasting step.  
To enhance ground-state association with biomolecules such as DNA we attached a 
known DNA-binder to our onium salts. Combination of the onium salt moiety with 
1,8-naphthalimide produces bifunctional compounds with interesting photochemical 
properties. The fluorescence properties of 1,8-naphthalimides are altered by the 
substituent. Pyridine substitution quenches the naphthalimide fluorescence, 
particularly in the case of the electron-rich pyridine N-oxides. The fluorescence is 
recovered in the case of the electron-poor N-ethyl derivatives. 
The photochemistry of the onium salts in the bifunctional compounds is influenced by 
the naphthalimide. Irradiation with wavelengths above 300 nm leads to cleavage of 
the  N-O bond. 
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Ground-state association with DNA was monitored by 
UV/VIS, fluorescence and CD spectroscopy titrations. 
For these experiments we used the photostable, 
isoelectronic N-ethyl derivative.  
The DNA photocleavage was monitored by CD 

spectroscopy and 
gel electrophoresis. 
Irradiation of the 
DNA-onium salts 
complex led to 
dissociation of the compound from DNA as well as 
DNA cleavage.  
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Photonic Amplification by a Singlet-State Quantum Chain 
Reaction in the Photodecarbonylation of Crystalline 
Diarylcyclopropenones 

 
Gregory Kuzmanich*, Matthew N. Gard and Miguel A. Garcia-Garibay  

University of California, Los-Angeles 
 

 The photochemical decarbonylation of diphenylcyclopropenone (DPCP) to 
diphenylacetylene (DPA) proceeds with remarkable efficiency both in solution and in 
the crystalline solid state. It had been previously shown that excitation to the second 
electronic excited state (S2) of DPCP in solution proceeds within ca. 200 fs by an 
adiabatic ring-opening pathway to yield the S2 state of DPA, which has a lifetime of 
ca. 8 ps before undergoing internal conversion to S1.i  More recently, we showed that 
reactions by excitation to S2 in crystalline solids proceed via a quantum chain 
process where the excited photoproducts transfer energy to neighboring molecules 
of unreacted starting material, which are able to propagate the chain. Quantum 
yields in crystalline suspensions revealed values of ΦDPCP = 3.3. To explore the 
generality of this reaction, and recognizing its potential as a photonic amplification 
system, we have synthesized nine crystalline diarylcyclopropenone derivatives with 
phenyl, biphenyl, naphthyl, and anthryl substituents. To quantify the efficiency of the 
quantum chain in the crystalline state, we determined the quantum yields of reaction 
for all of these compounds both in solution and in nanocrystalline suspensions. While 
the quantum yields of decarbonylation in solution vary from Φ = 0.0 to 1.0, seven of 
the nine new structures display quantum yields of reaction in the solid that are above 
1. The chemical amplification that results from efficient energy transfer in the solid 
state, analyzed in terms of the quantum yields determined in the solid state and in 
solution (Φcryst/Φsoln), reveals quantum chain amplification factors that range from 3.2 
to 11.0. The remarkable mechanical response of the solid to solid reaction previously 
documented with macroscopic crystals, where large single-crystalline specimens turn 
into fine powders, was investigated at the nanometer scale. Experiments with dry 
crystals of DPCP analyzed by atomic force microscopy showed the formation of DPA 
in the form of isolated crystalline specimens ca. 35 nm in size.  Femtosecond 
spectroscopy studies, λex. = 258 nm, confirm that adiabatic energy transfer and 
quantum chain reactions are occurring in the solid. 
                                            
i Takeuchi, S.; Tahara, T. J. Chem. Phys. 2004, 120, 4768. 
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TEMPERATURE-DEPENDENT FLUORESCENCE OF 
WURSTER'S BLUE RADICAL CATION 

 
ELENA N. LARICHEVA, MASSIMO OLIVUCCI, JAKOB GRILJ and ERIC VAUTHEY 

Department of Chemistry and Center for Photochemical Sciences, Bowling Green 
State University, Bowling Green, OH 43402, USA 

 
Recently, organic mixed-valence (MV) compounds of [M-B-M]+ type, consisting of 
two identical charge-bearing units M connected by the molecular bridge B, have 
received considerable attention as model systems for electron transfer (ET) studies 
and design of hole-transporting materials in the fabrication of high-performance 
switching devices. In this context, the photophysical and photochemical properties of 
a stable N,N,N’,N’-tetramethyl-p-phenylenediamine radical cation (TMPD, commonly 
known as Wurster’s Blue, is a subject of current research studies.  

In our collaborative experimental and theoretical work, we have used transient 
absorption, fluorescence up-conversion and ab initio quantum-chemical calculations 
at the CASPT2//CASSCF/6-31G* (5D) level in a gas-phase to show that 
experimentally observed temperature-dependent fluorescence of Wurster's Blue 
radical cation and the ultrafast relaxation of its electronic D1 excited state at 
temperatures above 110K, are controlled by D1/D0 conical intersection.  According 
to the suggested model (Fig.1),  
. 
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Photoactive Conjugated Polymer and Dendrimer 
Polyelectrolytes 

 

Seoung Ho Lee, Sevnur Kömürlü, Valeria D. Kleiman, Kirk S. Schanze* 

Department of Chemistry, University of Florida, Gainesville, FL 32611-7200  

 

 Conjugated polymer polyelectrolytes (CPEs) and conjugated dendrimer 
polyelectrolytes (CDPs) are water soluble macromolecules. Their architectures 
consist of conjugated repeat units and charged functional groups. Incorporation of 
various arylene units as a repeat unit and different types (linear or dendritic) of 
functional groups promote the conjugated polyelectrolytes to have unique 
photophysical properties. Because of such distinguished frameworks, they have 
been developed as optical devices, medical applications and sensors. Particularly, 
high fluorescence quantum yields, electrostatic interactions with other oppositely 
charged species in solution, and extraordinary high sensitivity to fluorescence 
quenchers provide unique potential for such applications.  

 The photophysical properties of CPEs with dendritic side chains were investigated 
in CH3OH and H2O solutions by absorption, steady-state fluorescence, and lifetime 
measurements. The different arylene units in the backbone led to the variation of the 
HOMO-LUMO energy, resulting in distinctive absorption and fluorescence spectra. 
Dendritic side chains in the conjugated polyelectrolyte gives rise to less aggregation 
even in aqueous solution, leading to higher quantum yields relative to similar CPEs 
with linear side chains. CPE-Rhodamine system was used to improve the sensory 
response of a rhodamine-based molecular probe for the mercury ion. The response 
of the combination system for the mercury ion complex was effective compared to 
unitary rhodamine-based sensor. 

 For CDPs with dendritic side chains, GPC data provides information on the 
relative sizes of the precursors CDPs, and three-dimensional structures of CDPs 
show a more spherical shape as the generation increases (G1 → G2 → G3). 
Photophysical properties of CDPs revealed that intra-dendrimer interaction becomes 
stronger in aqueous solution with increasing generation, showing red-shift in 
fluorescence spectra. In addition, AFM images and dynamic light scattering (DLS) 
data support that the “aggregate” state in H2O is likely due to intra-dendrimer 
interactions rather than inter-dendrimer aggregation. 

 The molecular aggregation controls exciton transport and amplified quenching 
phenomena. Water soluble fluorescence chemosensor bearing four sodium 
carboxylates linked to tetra-phenylacetylene substituted pyrene (PyA4) displays self-
assembly behavior with strong intermolecular excimer emission in aqueous buffer 
solution. Cu

2+
 ion complexed to the PyA4 acts as a highly selective and sensitive 

fluorescent sensor for pyrophosphate, showing amplified fluorescence 
enhancement. For the bioanalytical applications, the activity of alkaline phosphatase 
(ALP) was successfully monitored by the real-time turn-off assay. 
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Designing new photoremovable protecting groups 
 

Qian Li and Anna D. Gudmundsdottir 
 

Department of Chemistry, University of Cincinnati 
 

Photoremovable protecting group (PPG) can be used to deliver molecules in various 
applications, such as release of fragrance in household goods, aid in multistep 
synthesis, and drug and gene delivery. Different applications require PPGs with 
different properties. For example PPGs used in to release fragrances in cleaning 
supplies require slow release, whereas the release of bioactive compound in the 
living cell has to be fast and with high temporal and spatial accuracy. To be able to 
designing new PPGs for specific application, we need to investigate the mechanism 
for release of PPGs to understand the factors that control the rate of the release. We 
studied the mechanism for photorelease from 1, with transient spectroscopy and 
molecular modeling. The detailed mechanism for release will be discussed. 
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Mechanistic Studies of Phototriggered Isomerization in Ruthenium Polypyridine Sulfoxide Complexes: 

 A Comparison of the Effect of Different Chelating Ligands on the Photochromic Reaction Pathway 

 

Beth Anne McClure, Jeffrey J. Rack 

Department of Chemistry and Biochemistry, Ohio University, Athens, OH 45701 

 

Photochromic molecules convert photonic energy into potential energy resulting in the selective breaking and 

reforming of bonds. This work focuses on [Ru(bpy)3]
2+

 (bpy = 2,2’-bipyridine) type complexes featuring an 

ambidentate chelating sulfoxide ligand (OSO-R, Figure 1), in place of one of the bpy ligands. The S-bonded isomer 

is the thermodynamic ground state and the O-bonded is the phototriggered metastable state. The two isomers differ 

greatly not only in spectroscopic properties, but also in electronic properties such as the Ru
3+/2+

 reduction potential 

with a difference of up to 0.6 V.
1
  Because of these properties these complexes may be used for molecular 

information storage, molecular switches or other optoelectronic applications.   

Femtosecond transient absorption measurements have shown that like the well-studied [Ru(bpy)3]
2+

 these 

complexes rapidly localize to a 
3
MLCT state following excitation to the Franck Condon state. However, further time 

traces do not reveal isomerization to a 
3
MLCT O-bonded state as might be expected. Instead relaxation occurs from 

an S-bonded like 
3
MLCT state directly to the O-bonded ground state surface in a non-adiabatic mechanism.  This is 

indicative of significant distortion from the S-bonded ground state geometry at the thermally relaxed excited state 

minimum and we have suggested an η
2
-SO binding geometry. Relatively large Stokes shifts (~7000-8000 cm

-1
) 

corroborate these results. We expect the reaction pathway to include a conical intersection between the η
2
-SO 

3
MLCT state and the ground state surface.

2
 

The kinetics of this isomerization pathway were further investigated by changing the electronic and steric 

character of the groups attached the sulfoxide (R, Figure 1) as well as exchanging one of the bpy ligands for 2,2’-

biquinoline.
3
  Though sterically bulky R groups did result in smaller quantum yields of isomerization (Φs→o), there 

was minimal effect on the ground state thermodynamic properties of the complexes. However, electron withdrawing 

groups attached to the sulfur were found to strongly affect the ground state thermodynamic properties as well as 

enhance both Φs→o as well as the overall rate of isomerization.  

Another chelating sulfoxide complex, [Ru(bpy)2(pySO)]
2+ 

(Figure 2) was also investigated and found to exhibit 

reversible photochromic behavior in which absorption of a photon of longer wavelength light results in O-to-S 

isomerization.
4
 Although this reactivity has been observed in certain organic photochromes, it is rare in transition 

metal complexes.  Transient absorption measurements also indicate a non-adiabatic mechanism for both the forward 

and reverse reaction. An energy level diagram (Figure 3) determined from combined electrochemical and 

photochemical data suggests that the O-bonded 
3
MLCT state is higher in energy than the 

3
MLCT η

2
 state, which is 

unprecedented for ruthenium sulfoxide complexes and may provide insight into the unusual reversible mechanism. 

(1) McClure, B. A.; Rack, J. J. Eur. J. Inorg. Chem. 2009, (submitted). 

(2) McClure, B. A.; Mockus, N. V.; Butcher, D. P.; Lutterman, D. A.;  

      Turro, C.; Petersen, J. L.; Rack, J. J. Inorg. Chem. 2009, 48,  

      8084-8091. 

(3) Grusenmeyer, T. A.; McClure, B. A.; Ziegler, C. J.; Rack, J. J. 

      Inorg. Chem. 2009, (submitted). 

(4) McClure, B. A.; Rack, J. J. Angew. Chem. Int. Ed. 2009, 8556-8558. 
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Photocatalytic degradation of pyridine in water solution 

using ZnO as an alternative catalyst to TiO2 
 

Edgar Moctezuma, Carlos Montalvo, Elisa Leyva Ramos and Socorro Leyva 
Facultad de Ciencias Químicas, Universidad Autónoma de San Luis Potosí,  

Av. Nava No. 6, San Luis Potosí, S.L.P. Mexico 78210 
edgar@uaslp.mx 

 
Various chemical and Physical processes, such as chemical precipitation , 
coagulation, adsorption on activated carbon, are applied for removal of organic 
pollutants from industrial effluents. However, these methods are non destructive and 
the contaminant is only transferred from one phase to another. Several advance 
oxidation processes (AOP) have recently gained attention for water remediation 
These methods are based on the generation of very reactive species such as 
hydroxyl radicals that oxidize a broad range of organic pollutants quickly and non-
selectively. 
AOP methods include photocatalytic degradation of organic pollutants by the use of 
a semiconductor catalyst  (TiO2, ZnO) and UV light. TiO2 has been found to be quite 
efficient for photocatalytic degradation of organic pollutants. However, widespread 
use of TiO2 is expensive for large scale water treatment operations. ZnO appears to 
be an economical alternative since it has been reported that this catalyst also 
induces photocatalytic degradation of organic compounds. 
Pyridine is a toxic flammable organic compound found in industrial waste waters 
since it is widely used in the synthesis of vitamins, drugs, rubber chemical herbicides 
and pesticides. There are only few reports on the degradation of pyridine in solution 
phase. The photocatalytic degradation of pyridine with UV light over TiO2 has been 
demonstrated. 
In this study, the photocatalytic degradation of pyridine in the presence of ZnO as an 
alternative catalyst to TiO2 is presented. The photocatalytic degradation of pyridine 
was monitored by a combination of analytical techniques such as UV-VIS 
spectroscopy, HPLC and NMR. The mineralization of pyridine in the reaction mixture 
was verified by total organic carbon analysis (TOC). The kinetic parameters of the 
Langmuir-Hinsehelwood model for the catalyric degradation of pyridine were 
evaluated. 
Acknowledgements 
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Examining the Highly Oxidizing Excited States of Various Re(II) 

Phosphine Complexes 

Amelia Neuberger and Russ Schmehl 
Department of Chemistry, Tulane University, New Orleans LA 

Jeramie Adams and Dean Roddick 
University of Wyoming, Laramie, WY 

 
 There are few reports of the photophysical behaviour and photochemical 

reactivity of low spin d5 transition metal complexes.  Recently, it has been reported that 

certain rhenium compounds with bi- or tri-dentate phosphine ligands have shown very 

interesting photophysical properties, specifically highly oxidizing excited states (HOES).1 Of 

particular interest is the fact that these HOES are produced by the absorption of visible light, 

and are thus viable options for solar energy conversion processes. Unlike other transition 

metal compounds that often exhibit singlet to triplet intersystem crossing followed by 

phosphorescence, these Re(II) compounds emit via doublet to doublet fluorescence. These 

doublet-doublet processes are assigned as metal to ligand charge transfer states owing to 

TDDFT calculations. Previous studies have reported that these HOES have excited state 

oxidizing potentials as high as 2.5V, due both to the low one electron oxidation potential and 

the relatively high excited state energy. This work explores the photoredox reactivity of these 

complexes using laser flash photolysis to observe the products of excited state electron 

transfer reaction.  

 Time Correlated Single Photon Counting was used to measure excited state lifetimes 

of the complexes in room temperature solution  (20ns for [Re(depe)3]2+ ; depe= 

diethylphosphinoethane). Steady state Stern-Volmer quenching was performed with a variety 

of electron donating quenchers. For example, N,N-diethylaniline quenches [Re(depe)3]2+ at 

near diffusion limited rates (kq=2.9x1010 M-1s-1). The transient absorption spectrum showed 

complex kinetics following formation of the DEA cation radical.  The poster will present 

transient spectral studies of this and a variety of other electron donating quenchers.  

  

1.   Del Negro, A.S.; Seliskar, C. J. ; Heineman, W. R.; Hightower, S. E.; Bryan, S. A.; Sullivan, B. P.  

J. Amer. Chem. Soc., 2006, 128 (51), pp. 16494-16495 



Photoaffinity Labeling (PAL) via the Iminoquinone of 8-Oxoadenosine 
Generated from 6-Azido-8-oxopurine 

Denis Nilov, Dmitry Komarov, and R. Marshall Wilson 
Center for Photochemical Sciences 

Bowling Green State University, 43402, USA 
 
The study of the oxidation of purine bases is essential in gaining an understanding of a wide 
range of genetic disorders. Initial oxidation of purine bases forms the 8-oxo analog of these 
bases, and the second oxidation stage produces reactive quinones and iminoquinones 
(Scheme 1).  These quinone species undergo facile attack by nucleophiles, and their adducts, 
in turn, are most susceptible to further oxidation. For example as shown in Scheme 2, 
oxidation of 8oxoA (1) affords iminoquinone 2, which undergoes reaction with many 
nucleophiles to produce adducts of type 3. These adducts undergo further oxidation that 
results in the destruction of the purine rings. Over oxidation of this type can be avoided by 
generating the iminoquinone 2 photochemically from azide 4. This photochemical route 
makes possible the study of the chemistry of 2 with many nucleophiles that form adducts of 
type 3 that are very susceptible to further oxidation. Thus, irradiation of 4 in the presence of 
imidazole as a model for histidine leads to the imidazole adduct of type 3.  

The incorporation of azide 4 into nucleic acid chains and irradiation can be used to probe the 
environment of nucleic acid chain via cross-linking with other nucleic acids or proteins in the 
vicinity as outlined in Scheme 3.  Progress in these studies will be described.  
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PHOTOCHEMISTRY OF TRANS-CR(CYCLAM)(ONO)2
+: 

STUDIES ON PHOTOSENSITIZATION AND NITRIC OXIDE 
RELEASE 

Alexis D. Ostrowski, Peter C. Ford 
Department of Chemistry and Biochemistry, University of California, Santa Barbara, 

CA 93106-9510, USA 
 

Nitric Oxide (NO) plays an important role in blood pressure regulation, neural 
transmission, immune response, and cell apoptosis [1]. In this context, the long-term 
goal of our research is to synthesize compounds that are photochemical NO 
precursors that could be used in a new type of photodynamic therapy (PDT), where 
site-specific irradiation can cause NO release.[2]   

 

One such NO precursor is trans-Cr(cyclam)(ONO)2
+. We have now demonstrated 

that photoexcitation of solutions of trans-Cr(cyclam)(ONO)2
+, even at μM and lower 

concentrations, leads to sufficient NO release to activate the enzyme soluble 
guanylyl cyclase (sGC). In addition, 
photolysis of solutions 100 nM and 
greater leads to significant vasorelaxation 
of porcine coronary arteries. The trans-
Cr(cyclam)(ONO)2

+ is also an ideal NO 
precursor in biological environments as 
irradiation in the presence of the 
biological reductant glutathione (GSH) 
leads to a greater net NO release. [3] 

 

We are also investigating the photosensitization of trans-Cr(cyclam)(ONO)2
+using 

semi-conductor quantum dots (QDs). We have previously demonstrated that water-
soluble CdSe/ZnS core/shell QDs form electrostatic assemblies with trans-
Cr(cyclam)(ONO)2

+ complexes and act as antenna for photosensitized release of 
nitric oxide (NO) [4]. Energy transfer behavior is consistent with a Förster resonance 
energy transfer (FRET) mechanism, it is clearly a function of the overlap between the 
QD (donor) emission and the Cr(III) complex (acceptor) absorbance [5]. These 
results provide a guideline for the design of other QD-based materials and devices 
that rely on photosensitized energy transfer. 
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PHOTODEGRADATION OF HETEROCYCLIC PESTICIDES 
 

Cyril Párkányi, Hannah K. Johnson, Dong Chen, Omar R. Martínez, and Zuzana Zajíčková* 
 

Department of Chemistry and Biochemistry, Florida Atlantic University, 777 Glades Road,  
P.O. Box 3091, Boca Raton, FL 33431-0991; parkanyi@fau.edu 

 
*Department of Physical Sciences, Barry University, 11300 NE 2nd Avenue, Miami Shores, 

FL 33161-6695 
 

Upon their application, organic pesticides (insecticides, herbicides, fungicides, bactericides, etc.) 
are usually exposed to light and, gradually, most of them undergo photodecomposition.  The 
degradation products have properties different from those of the original pesticides. Thus, studies 
of the photochemistry of pesticides under controlled laboratory conditions are of interest.  So far, 
we have studied four groups of heterocyclic pesticides: 1) uracil-based herbicides (bromacil, 
terbacil),  2) benzimidazole-based  fungicides (benomyl, fuberidazole, thiabendazole) , 3) 
systemic  fungicide propiconazole – a representative of conazole pesticides with a 1,2,4-1H-
triazole ring, and 4) 2-mercaptobenzothiazole (bactericides, fungicide, and disinfectant) and the 
related 2-mercaptobenzimidazole.  Also the photochemistry of 2-mercaptobezothiazole disulfide 
– an intermediate in the photolysis of 2-mercaptobenzothiazole, will be discussed in some detail. 
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Photocytotoxicity and Cytotoxicity of Pure Lawsone and the Natural 
Henna Extract – A Comparative Study 

 
Lakshmi S&udha Pallothu1, Amit Tanna1, Rong Rong Wei2, and Patty K.-L. Fu1* 

1Chemistry, Governors State University, University Park, IL, 60446 
2 Centre for Food Safety and Applied Nutrition, The U. S. Food and Drug 

Administration, College park, MD, 20740 
 

2-hydroxy-1,4-naphthoquinone (Lawsone) is the main ingredient found in henna 

(Lawsonia inermis L.), a herb which has excellent dyeing properties used traditionally 

for centuries in Asia. Nowadays, Lawsone is available worldwide as a major 

ingredient in many hair dyes and hair-care products. Previous studies on the toxicity 

of Lawsone have had conflicting results. It has been reported that 2-hydroxy-1,4-

naphthoquinone is a photosensitizer which can produce free radicals. Under 

irradiation, it releases superoxide anion, hydrogen peroxide and hydroxyl radical that 

cause oxidative damages to human skin cells. However, some researcher have 

argued that although the mutagenic toxicity of Lawsone has been shown in both 

prokaryotic and eukaryotic systems, natural henna leaves did not show any toxic 

effects, whereas marketed man-made henna products were shown mutagenicity and 

genotoxicity effects.  

Although the mutagenicity of Lawson has been well documented, its photo-

characterization and photo-induced toxicity remains largely unexplored.  This 

research project is intended to clear the confusion of previous published studies. For 

the first time, comparison of the photocytotoxicity and cytotoxicity effects of Lawsone 

and the natural henna extract on the human skin have been conducted. Our work 

has focused on the photophysical, photochemical, and photobiological properties of 

both Lawsone and natural henna extract. The photocytotoxicity as well as LD50 

(lethal dose 50) on adult human dermal skin cells are also been tested and 

determined. 
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EPR studies in supramolecular systems 
 

Mintu Porel and Vaidhyanathan Ramamurthy 
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Spin-spin exchange interaction between radicals can be modulated by encapsulating 

them within suitable confined media. In this poster, we demonstrate that 

cucurbit[8]uril (CB8) can enhance or shut off the spin-spin exchange interaction 

between radicals. In presence of CB8, a cationic nitroxide probe (CAT1) provides a 

seven-line EPR spectrum in addition to the expected three-line spectrum. This 

implies that three supramolecules of CAT1@CB8 (i.e. [CAT1@CB8]3) associate 

leading to spin-spin exchange between the three radical centres. In contrast, EPR 

spectrum of 14N-ortho-14N that normally consists of five lines in water, turns to three 

lines in presence of CB8 suggesting that complexation within CB8 shuts off the spin-

spin exchange interaction between the two radical centres. Utilizing the above 

behaviour of nitroxides included in CB8, we have probed the association of nitroxide 

radicals with octa acid (OA), a water soluble organic host.  
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Study of Cis-Trans Isomerisation of α, β Unsaturated 
Alkenes; An Approach Towards Designing Potential 

Photoswitches 
 

R. A. A. Upul Ranaweera*, Tianeka Scott**, Sridhar Rajam*, Anthony Evans#, John 
P. Toscano# and Anna D. Gudmundsdottir*. 

Affiliation 
*Department of Chemistry, University of Cincinnati, 404 Crosley Tower, PO Box 
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Department of Chemistry, The Johns Hopkins University, 138 Remsen Hall, 3400 N. 
Charles Street, Baltimore, MD 21218, USA 
 

Cis – trans isomerisation of α, β unsaturated alkenes can be used to design 
photoswitches, molecular rotars etc. We investigated the photoreactivity of trans 
alkenes 1a & 1b. We used laser flash photolysis (LFP), product studies, time 
resolved IR (TRIR) and calculations to identify the intermediates formed by 
irradiating 1a & 1b. We show that irradiation of 1a & 1b with 308 nm laser yields 2a 
and 2b which then decays to form 3a and 3b biradicals. 3a and 3b both rotate and 
form 4a and 4b or rearranges to form 1a and 1b again. In comparison, TRIR studies 
of 1a and 1b using 266 nm irradiation shows singlet reactivity. 
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ABSTRACT (Poster) 
 Carbon dioxide represents a potential source of C1 feedstock for the production of 
chemicals and fuels in view of the vastness of its supply. Therefore, the interest in 
the development of the technologies that achieve multielectron reduction of CO2 
remains extremely high. The electrochemical reduction of CO2 using various metal 
electrodes has been studied extensively by many workers. As a result, it has been 
observed that the reduction products depend remarkably upon the kind of electrode 
metals. In this work, the electrochemical reduction of CO2 was performed using a 
copper electrode and studying the effect of type of solvent: NaHCO3, KHCO3, 
methanol and isopropanol were studied. Results will be discussed. 
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Photoinduced Structural Dynamics of 
4-(Dimethylamino)benzonitrile (DMABN) Probed with 

Femtosecond Stimulated Raman Spectroscopy 
 

Justin M. Rhinehart and David W. McCamant 
Department of Chemistry, University of Rochester, Rochester, NY 

 
Ultrafast spectroscopic techniques such as Femtosecond Stimulated Raman 
Spectroscopy (FSRS) and femtosecond transient absorption (fs-TA) have been used 
to probe the photoinduced charge transfer (CT) dynamics of 4-
(Dimethylamino)benzonitrile (DMABN) in polar and non-polar solvents.  Historically, 
experiments have been aimed at distinguishing between the most widely accepted 
planar intramolecular charge transfer (PICT) and twisted intramolecular charge 
transfer (TICT) structures of the charge transfer state, yet recent theoretical work 
seems to indicate that a combination of these two models is a more valid picture.  
Through a combined analysis of temporal changes in the Raman modes and 
transient absorption kinetics, a complete picture of the intramolecular charge transfer 
process has been established.  FSRS spectra of the phenyl C=C stretching mode at 
1607 cm-1, which shifts to 1580 cm-1 in the CT state, and transient absorption 
measurements ranging from 360 - 700 nm support internal conversion from the 
locally excited to the charge transfer state in 4 -5 ps and then a subsequent 
vibrational relaxation within the CT state manifold on a 6 - 8 ps time scale.  A 
distinction between solvation dynamics and vibrational relaxation while in the CT 
state is possible due to the ability of the FSRS technique to directly observe inner-
sphere reorganization.  Further support is given to the “hybrid” PICT/TICT structure, 
involving a quinoidalization of the phenyl group and twisting of the dimethyl moiety, 
based on observed FSRS peak frequencies, their temporal dynamics and 
comparison to transient absorption kinetics. 
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Platinum-Sensitized Dithienylethenes:  Bifunctional 
Photoswitching Using A Triplet Excited State Pathway 

 
Matthew N. Roberts,1 Carl J. Carling,2 Jeffrey K. Nagle,3 Neil R. Branda,2 and 

Michael O. Wolf1 

1University of British Columbia, Vancouver, BC, Canada, 
2Simon Fraser University, Burnaby, BC, Canada, and 

3Bowdoin College, Brunswick, ME 
 

Photochromic molecular switches have become an intensely investigated area 

for applications utilizing molecular electronics, data storage, or drug delivery.  

Dithienylethenes (DTEs) are a family of molecular switches that have emerged as 

suitable candidates for these applications due to their photostability and synthetic 

versatility. Despite efforts directed towards developing conjugated materials from 

DTEs, systems that incorporate multiple chromophores into a single conjugated 

backbone while retaining the photoswitching behavior of all components have been 

elusive. Our group and others have recently discovered that a low-lying, photoactive 

triplet state can be accessed by complexing DTEs to platinum, whose spin-orbit 

coupling permits population of the triplet manifold upon excitation with visible light.  

Now, we demonstrate how metal-sensitized ring-closing can be used to photocyclize 

more than one DTE via the organic chromophores’ triplet states. This system shows 

how the interesting optoelectronic properties typical for conjugated oligomers can be 

reversibly modulated by photoswitching multiple DTEs.   

 



 Inter-American Photochemical Society 20th Winter Conference 

 
Electrochemical Reduction of CO2 in KHCO3 Aqueous Solution  

 
Maria D. Salazar-Villalpando,* Bryan Reyes  

National Energy Technology Laboratory, US Department of Energy, Morgantown, WV 
26507, USA 

 
*Corresponding author. Tel.: 01 304 285 5427; fax: 01 304 285 4469. 
E-mail address: maria.salazar@netl.doe.gov (M.D. Salazar-Villalpando) 
 
 
ABSTRACT (Poster) 

The reduction of CO2 to hydrocarbon products with copper electrodes is a 
complex multi-step reaction involving shared intermediates and multiple reaction 
pathways. The reaction is sensitive to the electrode surface structure, local 
conditions such as pH and CO2 concentration (which are in turn influenced by buffer 
strength, the degree of mass transport, and the bulk CO2 concentration/pressure) 
and temperature. Other factors, such as the type and amount of other ions in the 
solution, may also effect the product distribution, for example, the type of catholyte 
and its concentration. In this work, the electrochemical reduction of CO2 was 
performed in a laboratory-made, divided H-type cell. A copper electrode was used as 
the cathode. An Aldrich Nafion 117-type ion exchange membrane (0.18mm 
thickness) was used as the diaphragm. The electrochemical reduction of CO2 was 
conducted in an aqueous solution of KHCO3 at 0.3, 0.6, 1, 2, 3 M. 
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Photochemistry of dienes in a water-soluble host system 
 

Shampa Samanta and V. Ramamurthy 
Department of Chemistry, University of Miami, Coral Gables, FL-33124 

 
Photochemical cis-trans isomerization of olefins is of immense importance for 
organic and biochemists. The high selectivity in photoisomerization of these 
compounds in natural systems is because of the constrained and organized nature 
of the active site of protein. Dienes undergo (i) isomerization from excited singlet 
state upon direct excitation and (ii) isomerization from triplet state upon triplet 
sensitization.  They, depending the cisoid or transoid conformation undergo either 
2+2 or 4+2 addition to singlet oxygen. 
 
In this poster we demonstrate that by using a water soluble nanocavitand, octa acid 
(Figure 1a) that can encapsulate 1,4-diaryl-1,3-butadienes one can influence the 
photochemical isomerization of these guests.  We find that although host can’t alter 
the photostationary state (PSS) of the excited singlet state photochemistry compared 
to nonpolar solvent like hexane, it can influence the PSS when the isomerization 
occur from the excited triplet state (Figure 1b).  Occurrence of conversion of s-trans 
isomer to s-cis isomer within capsular assembly of guest@OA2 is evident from the 
reaction of the singlet oxygen with s-cis-dienes (Figure 1c).  
 
 
 

 
 
 
Figure 1. (a) Structure of the deep-cavity cavitand, octa acid (OA). (b) Scheme 
represents the photoisomerization of 1,4-diaryl-1,3-butadiene within OA capsular 
assembly. (c) Scheme represents the reaction of diene with singlet oxygen within OA 
capsular assembly. 
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Water-soluble Conjugated Polyelectrolytes as Light 
Induced Biocidal Agents 

 
Kirk S. Schanze, Anand Parthasarathy, Katsu Ogawa, Eunkyung Ji, David G. 

Whitten, Linnea K. Ista, Gabriel P. Lopez and Thomas S. Corbitt 
 

 

 Conjugated polyelectrolytes (CPE) are class of conjugated polymers that posses ionic side 
groups. CPEs are water soluble owing to the presence of ionic functionalities. However, they retain 
the optical and electronic properties characteristic of the π-conjugated polymer backbone and show 
strong photoluminescence in the visible region1,2. Spectroscopic investigation of some of these CPEs 
reveals that direct excitation of these polymers results in the formation of triplet excited state with 
moderate efficiency. Further photophysical experiments prove CPEs are capable of generating singlet 
oxygen upon excitation3. It is known that singlet oxygen and other reactive oxygen species (ROS) 
derived from singlet oxygen can cause severe damage to bacterial cells. The ability of CPEs to 
produce singlet oxygen in presence of light makes them potential candidates for biocidal action. 
Some of our results of CPEs as biocidal agents are consolidated herein4. The exploration of 
mechanism of biocidal activity shows that generation of singlet oxygen sensitized by CPE excited 
state results in severe damage to the bacterial cell structure. In an attempt to establish their utility on 
solid matrices, CPEs were covalently attached to the surface of silica particles and fibers such as 
fabric, filter paper and cotton balls using ‘grafting from’ approach. 

 

 

 

 

 

 

 

 

 

 

                   Scheme 1: Representative structures of some of the polymers studied. 
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Friedrich-Alexander-University Erlangen-Nuremberg, Department of Chemistry and 

Pharmacy and Interdisciplinary Center for Molecular Materials (ICMM), 

Egerlandstraße 3, D-91058 Erlangen, Germany 

 

Climate change and global warming as well as the increasing dependence on the oil 

price demand a turn to sustainable energy supplies. Among different energy 

technologies, solar energy conversion accounts for most of the available renewable 

energy on earth. Mimicking the photosynthetic reaction center represents therefore 

one of the key objectives in contemporary photochemistry. 

In the current work supramolecular binding of a series of bisporphyrin hosts with 

[60]fullerene as guest was used to design novel donor acceptor associates. 

[60]fullerenes, on the one hand, were chosen as acceptors due their excellent 

electron acceptor properties. The delocalization of charges within the three-

dimensional carbon framework as well as the rigid, confined structure of the 

aromatic π-sphere assists in stabilizing charge separated states. Free base 

porphyrins and their zinc analogous emerged, on the other hand, as suitable 

electron donors because of their highly delocalized π-systems and their long singlet 

excited state lifetime. 

The supramolecular interactions and electronic communication between the 

bisporphyrin hosts and the [60]fullerene guests were analyzed by means of different 

photophysical techniques, such as time-resolved (i.e., time-resolved fluorescence 

spectroscopy, femtosecond laser photolysis) and steady state measurements (i.e., 

absorption and fluorescence spectroscopy). Important is the unambiguous evidence 

for defined stoichiometries based on Job’s plot analyses. Overall, appreciably high 

association constants – driven mainly by solvation effects – were derived in a variety 

of organic solvents. Importantly, charge transfer processes were confirmed by 

transient absorption spectroscopy on the femtosecond time scale. 
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Donor Acceptor Conjugates  

 

C. Schubert, F. Spänig, M. Ruppert, E. Krokos, A. Hirsch and D. M. Guldi 

Friedrich-Alexander-University Erlangen-Nuremberg, Department of Chemistry and 

Pharmacy and Interdisciplinary Center for Molecular Materials (ICMM), 
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Friedrich-Alexander-University Erlangen-Nuremberg, Department of Chemistry and 

Pharmacy and Interdisciplinary Center for Molecular Materials (ICMM), 

Henkestrasse 42, D-91054-Erlangen, Germany 

 

The advent of dendronized porphyrins – also known as ‘dendrizymes’ – has 

triggered considerable attention to test them as powerful mimics for natural electron 

transfer.  Owing to their intrinsic features, especially in combination with fullerenes, 

in charge or energy transfer, they have been shown to replicate the basic steps of 

the photosynthetic reaction center and have been integrated as active components 

into new prototypes of photovoltaic devices.  In particular the small reorganization 

energy that fullerenes exhibit in charge transfer reactions as shown in a fullerene / 

porphyrin donor acceptor conjugate with a trans-2 addition pattern provided an 

exquisite setting with a unique face to face topography and van der Waals contacts 

(edge-to-edge separation ~ 3.0 Å).  

The systematic introduction of dendrimers provided water solubility to the resulting 

donor acceptor stacks. To this end, varying the position and / or the generation of 

the dendrimers affects the charge transfer properties upon irradiation (i.e., charge 

separation and charge recombination) in water. Correlating the charge 

recombination dynamics – longer charge separated state lifetimes were found for 

smaller dendrimer generations – with those registered in organic solvents leads to 

conclude that the different dendrimer generations create different 

microenvironments. 
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Phosphorescent Three-Coordinate Au(I) Complexes: A New Rigidochromic Class with Huge 
Splitting of Spin-Orbit Microstates 

 
Pankaj Sinha and Mohammad A. Omary* 

 
Department of Chemistry, 1155 Union Circle #305070, University of North Texas, Denton, Texas 76203. 
 
Photoluminescence studies of solid, solutions and thin-films of Au(I) – phosphine complexes reveal 
remarkable tunabilty of the emission based on rigidochromism, steric hindrance, and spin-orbit coupling.  
DFT computations on both cationic and neutral three-coordinate Au(I) complexes suggest an excited state 
distortion from a trigonal planar ground state symmetry toward or beyond a T-shape geometry upon 
photoexcitation to the lowest phosphorescent state.  Commensurate with the distortion is the emission 
wavelength; as distortion is hindered by large cone angle phosphines or a large halide ionic radius, the 
emitted light is blue-shifted.  Crystal structure and luminescence analysis of cationic [Au(PPh3)3]+

 species 
manifests a D3h effective symmetry of the ground state and a metal-based emission from a Jahn-Teller 
distorted C2v excited state.  Emission maxima range from 490 nm (solid) to 548 nm (frozen glass) with 
Stokes’ shifts of 3790 cm-1 to 12050 cm-1, respectively. Physically, the rigidochromic shift can be seen as 
the temperature of the frozen glass solution increases where drastic and sharp change from blue to green 

and yellow colors, making this system an 
excellent temperature 
sensor.  What is also 
astounding is a new 
luminescence phenomenon 
by which luminescence 
rigidochromism is manifest 
within the solid state, on 
going from single crystal or 
bulk powder forms to thin-
films.  Luminescence 
analysis of solid 
Au(PPh3)2Br and 

Au(PPh3)2I reveals an 
emission shift from 538 nm 

(powder/single crystal) to 567 nm (thin film) for the former and from 453 nm (powder/single crystal) to 
482 nm (thin film) for the latter, corresponding to red shifts of 950 and 1328 cm-1, respectively.  With the 
alleviation of solid packing forces within the thin-film, the magnitude of the distortion is increased and 
the resultant Stokes’ shift is increased.  The thin-film luminescence is broader than the solid and the 
emission appears white visually instead of the blue-green single crystal/powder emission.  Another 
remarkable phenomenon is the appearance of multiple emissions with qualitatively different visible colors 
that result from the spin-orbit split microstates of the same lowest phosphorescent state in either 
[Au(TPA)2]Cl or [Au(TPA)3]Cl (TPA = 1,3,5-triaza-7-phosphaadamantane).  Bright green and red 
emissions determined for both complexes have been identified as spin-orbit splitting of the 3A1 emissive 
Russell-Saunders state to the component A1 + B1 + B2 microstates (C2v notation).  Spin-orbit splitting for 
both aforementioned complexes is ~ 5000 cm-1! While this result should not be surprising given that the 
Au(I) free ion has a significantly large ξ value (5091 cm-1), such a splitting is not rivaled by that seen in 
other known classes of phosphorescent complexes such as [Ru(bpy)3]2+, [Os(bpy)3]2+, [Ir(ppy)3], and 
derivatives thereof. Applications of the above scientific findings to utilize Au(I) complexes in 
technological applications such as organic light-emitting diodes (OLEDs) and luminescent sensors will be 
discussed. 
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Light conversion in plants and photosynthetic bacteria is one of the fundament 

processes that governs life on earth.  In fact, energy in the form of sunlight is 

harvested to power the processes of life and to build up organic materials.  The 

bacterial photosynthetic reaction center provides meaningful incentives for the 

optimization of charge separation processes in artificial model systems 

Successful mimicry of the primary events in photosynthesis have been realized in a 

novel dendritic C60-H2P-(ZnP)3 conjugate.  Once embedded in a highly viscose 

environment, C60-H2P-(ZnP)3 reveals the following key processes: i) light harvesting 

by the ZnP antennas, ii) unidirectional energy transfer toward the core, that is, H2P,  

iii) efficient charge separation to yield a transient (C60)
•--(H2P)•+, iv) charge migration 

to generate (C60)
•--H2P-(ZnP)3

•+, and, finally, v) charge recombination in the time 

regime of hundreds of nanoseconds - long enough for utilizing its chemical potential 

for catalytic reactions. 
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LUMINESCENCE FROM NOVEL HETEROLEPTIC 
RUTHENIUM(II) POLYPYRIDINES 

 
David J. Stewart and David R. McMillin* 

Department of Chemistry, Purdue University 
 

We report syntheses and photophysical studies 
of complexes of the general formula 
[Ru(NNN)(NN)(CN)]+, where NNN and NN are 
tridentate and bidentate polypyridyl ligands, 
respectively.  More specifically, NNN = 
2,2':6',2''-terpyridine (trpy), 6'-(2''-pyridyl)-
dipyrido[3,2-a:2′,3′-c] phenazine (dppzp), or 4′-
dimethylamino-2,2':6',2''-terpyridine (dma-T), 
and NN = 2,2′-bipyridine (bpy) or 4,4′-
dicarboxymethyl-2,2′-bipyridine (dmeb).  The 
utilization of electron accepting and donating 
ligands allows for excited-state tuning.  For 
example, the emission maximum of [Ru(dma-T)(dmeb)(CN)]+, which contains both 
withdrawing and donating ligands, is over 100 nm red-shifted relative to the control 
[Ru(trpy)(bpy)(CN)]+ in acetonitrile.  All the new complexes show significantly 
enhanced lifetimes and quantum yields relative to the latter.  Electrochemical studies 
allow for the assignment of orbital parentage of the emitting state and help 
rationalize the emission energies.  Solvent variations are also significant and help 
illustrate the twin constraints posed by deactivating 3d-d states and the energy gap 
law.  The ruthenium-to-phenazine charge-transfer state of the dppzp complex proves 
to be luminescent, as there is a 70 nm red-shift in emission energy accompanied 
with an increase in intensity and lifetime when substituting dppzp for trpy in 
[Ru(NNN)(bpy)(CN)]+.  Meyer and co-workers have reported the corresponding state 
is non-emissive in ruthenium complexes of the bidentate dppz analogue.1 
 
1Bennaman, M. K, Meyer, T. J., Papanikolas, J. M., J. Phys. Chem. A, 2004, 108, 
9938-9944. 
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EFFICIENT CHARGE TRANSPORT IN DNA DIBLOCK 
OLIGOMERS 

Arun K. Thazhathveetil, Josh Vura-Weis, Michael R. Wasielewski*, and 
 Frederick D. Lewis* 

Department of Chemistry and Argonne-Northwestern Solar Energy Research 
(ANSER) Center, Northwestern University, Evanston, Illinois 60208 

 
 The possibility that the π-stacked base pairs of duplex DNA might function as a 

conduit for charge transport has simulated intensive experimental and theoretical 
investigation during the past two decades. The occurrence of positive charge (hole) 
transport over several dozen base pairs in duplex B-DNA has been deduced from 
studies of photoinitiated oxidative bond cleavage at guanine and from laser transient 
absorption measurements. However, the realization of highly efficient photoinduced 
charge separation across the π-stacked base pairs in duplex DNA remains elusive. 
The low efficiencies (< 5%) typically observed for charge separation over a dozen or 
more base pairs are a consequence of slow charge transport and rapid charge 
recombination. Herein we report our results on the dynamics and efficiencies of 
charge separation in capped hairpins possessing polyG base pair domains (Chart 
1b), diblock base pair domains consisting of 1-4 adenines followed by 1-7 guanines 
(Chart 1c), and several alternating base pair domains. A five-fold or greater 
enhancement in efficiency is observed when compared to oligomers consisting of a 
single purine or alternating base sequences. This approach to wire-like behavior is 
attributed to both slower charge recombination and faster charge transport once the 
charge reaches the G-block in these diblock systems. The fundamental principles 
governing long distance charge transport that are gleaned from these systems will 
more generally prove valuable in designing a wide variety of specialized charge 
transport oligomers.1  
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Chart 1. Structures for stilbenes Sa and Sd (a) and for capped hairpins possessing 
mono (b) and diblock (c) base pair sequenes. 
 
1) Vura-Weis, J.; Wasielewski, M. R.; Thazhathveetil, A. K.; Lewis, F. D.;  J. Am. 
Chem. Soc. 2009, 129, 15130-15131. 
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Photoenolization in Solutions and in the Solid-State 
 
 

Xiaoming Zhang Jeanette A. Krause and Anna D. Gudmundsdottir 
University of Cincinnati, P.O. Box 210172, Cincinnati, OH 45221 

 
Photoenols have been shown to be indispensible in organic synthesis and have been 
intercepted in Diels-Alder reactions to make various anti-tumor agents, antiretroviral 
agents, and natural products. It can also be applied in sunscreens. Photolysis of 1 
does not lead to any new photoproducts. However, laser flash photolysis shows the 
formation of Z-3, which has a maximum absorption at 370 nm. Photoenol Z-3 
reforms 1 via 1,5 hydrogen atom shift. The lifetime of Z-3 is ~6 μs methanol and in 
acetonitrile. We used density functional theory calculation to explain why 2 
intersystem crosses to form only Z-3. Furthermore, we used laser flash photolysis of 
crystals of 1 to determine how the crystal lattice affects the lifetime of Z-3 in the 
solid-state. 
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The Solid State Photolysis of 3-Azido-1,3-
Diphenylisobutyrophenone 

 
Yu Zhao, Rodney F. Klima, Jeanette A. Krause, Anna D. Gudmundsdottir 

 
Department of Chemistry, University of Cincinnati, Cincinnati OH 45221 

 
Solid-state photoreactions are generally more selective compared to their solution 
counterparts. Furthermore, in some instances solid-state reactions lead to unique 
products, due to the rigidity of the crystal lattice. Thus, it is possible to correlate the 
solid-state reactivity with the conformer which the molecule is frozen into in the 
crystals. Photolysis of 3-azido-1,3-diphenyl-isobutyrophenone 1 in the solid-state 
resulted in formation of 2 and 3. In contrast, solution photolysis of 1 yielded mainly 
4.1 With the aid of molecular modelling and X-ray crystal structure we were able to 
explain how the conformer which 1 is frozen in the solid-state controls its reactivity in 
the solid-state. 
 
 
 
 
 
 
 
 
 
 
 

1. Klima, R. F.; Jadhav, A. V.; Singh, P. N. D.; Chang, M.; Vanos, C.; Sankaranarayanan, J.; Vu, Mai; 
Ibrahim, N.; Ross, E.; McCloskey, S.; Murthy, R. S.; Krause, J. A.; Ault, B. S.; Gudmundsdottir, A. D. 
J. Org. Chem. 2007, 72, 6372. 
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