25th IAPS Meeting
Santiago de Chile
May 24 – 27, 2016

Sponsors and partnerships

RDECOM-Americas
Office of Naval Research Global

This work relates to Department of Navy grant (N62909-16-1-2098)
issued by the Office of Naval Research. The United States Government
has a royalty‐free license throughout the world in all copyrightable
material contained herein.

“Conferencia realizada con el aporte de la Vicerrectoría de
Investigación de la Pontificia Universidad Católica de Chile”

25st I-APS Conference, May 24-27 2016 Santiago, Chile

1

PLENARY LECTURES

25st I-APS Conference, May 24-27 2016 Santiago, Chile

2

Plenary 01
From the mole to the molecule: nanocatalysis, one molecule at a time
J.C. (Tito) Scaiano
Department of Chemistry and Biomolecular Sciences
University of Ottawa
Ottawa, Ontario K1N 6N5, Canada.
Organic photochemistry is an excellent tool for the production of nanostructures of gold,
silver, copper, cobalt, niobium, and other elements. Among photochemical precursors,
ketones are good photosensitizers for nanoparticle synthesis because of the reducing free
radicals they generate. Thus efficient nanoparticle generation requires a careful selection of
substrates and experimental conditions such that free radical generation occurs with high
quantum efficiency, and where metal ion precursors do not cause UV screening of the
organic photosensitizers.
One of the exciting applications of nanoparticles involves their use as catalysts, sometimes in
their colloidal form, but frequently supported on a variety of structures, from inert ones, such
as nanodiamonds, to semiconductors, such as TiO2. Supported nanoparticles offer the
advantage of easy separation and the potential for catalyst reuse.
Modern microscopy techniques allow us to examine the catalytic process at a single particle
level and one molecule at a time. This allows the differentiation of true heterogeneous
catalysis from cases where homogeneous catalysis plays a role, even when the catalyst asintroduced is heterogeneous.
While scaling down reactions from ‘the mole to the molecule’ offers a unique intimate
understanding of reaction mechanisms, the real challenge is to transfer the molecule-level
knowledge back to the real laboratory level thus taking advantage of the information to improve
catalysis at the production level.
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Plenary 02
Targeting Cancer with Transition Metal Complexes:
From Basic Science to Therapy
Claudia Turro
Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH, USA
The use of light to activate the action of a drug has become important as mode of cancer
therapy, in some cases superior to traditional treatments, due to its low levels of invasiveness
and systemic toxicity. Photoinduced ligand exchange, which can be used to release caged
drugs or to induce covalent DNA binding with spatiotemporal control, together with the
sensitization of 1O2, represent important reactions initiated by light with potential applications
in photochemotherapy (PCT). These photoinduced reactions of Ru(II) and Rh2(II,II)
complexes will be presented, along with their activity towards biological targets and cancer
cells. Importantly, Ru(II) complexes were recently discovered to undergo multiple
photochemical pathways following activation with light, and this property was used to design
new dual-action compounds. These new complexes are able to both release a medically
relevant compound and to produce 1O2 and were shown to exhibit significant enhancement of
activity stemming from their ability to induce cell death via two different, independent
pathways. A schematic representation of these processes with pyridine as a model compound
representing a caged drug is shown in the figure below, along with observed excited state
dynamics and distortions around the Ru(II) center that lead to efficient photodissociation of
pyridine. New strategies developed for the photoinduced exchange of pyridine-containing
drugs and their attachment to tumor-targeting antibodies will also be presented. These new
complexes provide a new platform for drug delivery and enhanced therapeutic activity upon
excitation with low energy light.
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Plenary 03
The Charge Transfer Chemistry of Iodide in
Dye-Sensitized and Perovskite Solar Cells
Gerald J. Meyer*
The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
*e-mail: gjmeyer@email.unc.edu
Iodide is a key ingredient in both dye-sensitized and perovskite solar cells. Perhaps this
is a mere coincidence? Alternatively, is there something special about iodide that might be
exploitable in entirely new classes of solar cells? This invited talk seeks to address these
questions through a description of the charge transfer chemistry of iodide. We begin with
established aqueous iodide redox chemistry that has been garnered from classical
electrochemical and pulsed-radiolysis measurements in aqueous solution, Figure 1. A review
of this prior literature provides context for our ongoing research on iodide charge transfer
chemistry in acetonitrile solutions relevant to dye-sensitized solar cells,1 as well as metaliodide materials that are of interest to the growing community of scientists that seek to
optimize the stability and efficiency of perovskite-based solar cells.2 Some interesting
correlations will be presented that indicate the central role iodide plays in these two very
different classes of solar cells is not accidental, but instead results from charge transfer
chemistry that is unique to iodide.

Fig. 1. A Latimer-type diagram for iodide in aqueous solution. The species indicated in the boxes are unstable
in fluid solution and their subsequent reactivity can be exploited for applications in solar energy conversion.

References
[1] Rowley, J.G.; Farnum, B.H.; Ardo, S.; Meyer, G.J. J. Phys. Chem. Lett. Bd. 1, S. 3132 –
3140, 2010.
[2] Maurer, A.B.; Hu, K.; Meyer, G.J. unpublished results.
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Plenary 04
Phase Separation of Reactive Oxygen Species: Singlet Oxygen Chemistry at
Interfaces
Alexander Greer
Department of Chemistry and Graduate Center, Brooklyn College, City University of New
York, Brooklyn, New York 11210, United States
Highlights are described from our studies of interfacial singlet oxygen (1O2 1∆g). The talk
will provide examples of surfactant traps for airborne 1O2 at the air-water interface (with the
sensitizer “in absentia”), and the regioselective formation and characterization of surfactant
hydroperoxides. The preparation of a 3-D printed superhydrophobic surface and first example
of a triphasic photosensitizer with regions that are controllably dry, partly wetted, and/or fully
wetted will also be discussed. Singlet oxygen was directly detected by its NIR luminescence
at 1270 nm at or above the air-liquid surface, in the plastron of the superhydrophobic surface
and within water. Singlet oxygen is fascinating, not in a singular way, but from the
multiplicity of reactions it undergoes. The above reactions are of use in synthesis or are
biologically relevant models of 1O2 at membrane or marine aerosol surfaces.

Figure. Prenylated surfactants and their chain-length selective capture of singlet oxygen at
the air-water interface.
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Plenary 05
Singlet oxygen photosensitisation in the nanobiotech era
Santi Nonell

Institut Químic de Sarrià - Universitat Ramon Llull, Via Augusta 390, Barcelona, Spain;
E-mail: santi.nonell@iqs.url.edu

Production of singlet molecular oxygen by photosensitisation remains the most common and
convenient means of producing this non-radical yet highly-reactive oxygen species that
participates in many chemical and biological processes. The details of singlet oxygen
photosensitisation by small molecules are well understood as well as its limitations. Novel
nano- and biomaterials with unprecedented optical, photophysical, and biological properties
have recently emerged that provide new opportunities for the controlled spatio-temporal
generation and delivery of singlet oxygen in biological media as well as well as for its
detection and monitoring. This presentation will summarise recent contributions from our
laboratory, ranging from novel molecular photosensitisers to proteins as novel photoactive
biological drugs and to metallic nanostructures as plasmonic antennas for enhancing the
production of singlet oxygen.
Acknowledgments. Support by the Spanish Ministerio de Economía y Competitividad
through grants no. CTQ2013-48767-C3-1-R and CTQ2015-71896-REDT is gratefully
acknowledged.
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Plenary 06
Visualizing DNA-Based Nanostructures via Single Molecule Fluorescence
Gonzalo Cosa
Department of Chemistry and Center for Self-Assembled Chemical Structures
CSACS/CRMAA, McGill University, Montreal, QC, H3G 0B8
My research group exploits fluorescence imaging, in particular single molecule imaging, to
study chemical and biological processes at the molecular (or nano-) and cellular levels with
unprecedented spatiotemporal resolution and sensitivity. In this presentation I will discuss
some of our recent findings towards studying DNA-based nanomaterials. Starting from
fundamental photophysical and photochemical studies towards achieving fluorophore
photostability,1 I will next describe how improvements on fluorophore photostability have
paved the way to single molecule studies on the assembly, structure, morphology and
robustness of DNA nanotubes.2 Emphasis will be placed on the enormous opportunities that
single molecule imaging provides to interrogate and study supramolecular materials at the
molecular level.
References
1. a) Glembockyte V.; Lincoln, R.; Cosa, G. J. Am. Chem. Soc., 2015, 137, 1116. b)
Glembockyte et al. In preparation.
2. a) Hariri, A.; Hamblin, G.; Cosa, G.; Sleiman, H. F., ACS Nano., 2013, 7, 3022. b) Hariri,
A.; Hamblin, G.; Gidi, Y.; Sleiman, H. F., Cosa, G.; Nature Chem., 2015, 7, 295. c) Rahbani,
J. F.; Hariri, A. A.; Cosa, G.; Sleiman, H. F.; ACS Nano, 9, 2015, 11898-11908.d) Hariri et al.
In preparation.
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Plenary 07
Engineering Reactions in Crystalline Solids by Taking Advantage of
Reactive Intermediates: From Molecular Information to Solid State
Reactivity
Miguel A. Garcia-Garibay*
Department of Chemistry and Biochemistry, University of California, Los Angeles
The event of crystallization reduces the entropy of a substance in a very drastic manner, from
a large number of rapidly equilibrating states to a much smaller set comprised of one or two
structures with limited degrees of freedom. Not surprisingly, reactions in crystals are less
common than reactions in solution. However, when reactions take place in crystals they
occur with remarkable levels of chemical control. In this presentation, we will summarize a
general strategy to “engineer” photochemical reactions in crystals so that they can be planned
and executed in a reliable manner, and independently of the packing arrangement presented
by the reactant. This general strategy will be illustrated with examples involving classic
photochemical reactions, and the advantages of using nanocrystals with sizes in the 100-500
nm range will be discussed.
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Plenary 08
Visible-light photosensitized oxidations in cells
Maurício S. Baptista
Universidade de São Paulo, Instituto de Química, Department of Biochemistry, Brazil.
baptista@iq.usp.br
Nature uses electronically excited states in order to accomplish complex reactions such as
those of photosynthesis. However, part of these reactions can become uncontrolled,
generating reactive species that damage molecules, cells and tissues by a process called
photosensitization. In the first part of the talk I propose to unveil the mechanisms by which
natural chromophores (flavin, melanin, lipofuscin) act as photosensitizers (PS) after
absorption of visible light, providing mechanistic explanations for several relevant processes
such as inhibition of photosynthesis, skin photoaging and color loss of hairs. In the second
part of the talk I will approach the use of photosensitization reactions to actively induce cell
death of diseased tissues in a process called Photodynamic Therapy (PDT). In PDT, synthetic
PS (molecules and/or nanoparticles) are used to efficiently induce photosensitized reactions. I
will discuss examples in which light and PS are used to damage specific organelles and to
trigger programed cell death (PCD) mechanisms. For example, when photo induced oxidative
damage occur mainly in mitochondria there is induction of apoptosis while parallel damage
in mitochondria and lysosome can cause cell death with autophagy. Cell-killing quantum
efficiencies of PS can increase by several orders of magnitude by using PS that selectively
induces PCD. With this knowledge we hope to contribute with the development of more
efficient PS aiming to improve PDT protocols.
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Oral 01
The Photophysics of Single-Walled Carbon Nanotube-Chiral
Semiconducting Polymer Superstructures
Jean-Hubert Olivier, Jaehong Park, Mary G. Glesner, Yusong Bai, Pravas Deria,
George Bullard, and Michael J. Therien
Department of Chemistry, French Family Science Center, 124 Science Drive, Duke
University, Durham, North Carolina 27708
We demonstrate that highly charged, chiral anionic semiconducting polymers helically wrap
single-walled carbon nanontubes (SWNTs) at periodic and constant morphology. These
polymers can be used as tools to modulate SWNT electronic properties, provide expansive
solubility, or engineer electron acceptor units (e.g., perylene diimide, PDI) at rigorously defined
intervals along the nanotube backbone. Femtosecond pump-probe transient absorption
spectroscopic experiments show that excitation into the SWNT E11 transition of a S-PBN(b)Ph4PDI-[(6,5) SWNT] superstructure (Figure 1) generates SWNT hole polaron [(6,5) SWNT(•+)n]
and PDI radical anion (PDI−•) states. These studies demonstrate for the first time a photoinduced
electron transfer process involving a SWNT and a semiconducting polymer in which: (i) the
charge-separated products, and (ii) photoinduced charge separation and thermal charge
recombination dynamics, are fully characterized. To fully exploit these and related polymerSWNT hybrids in opto-electronic applications, we have developed solution-based processes to
structure dense, highly aligned arrays of these nano-objects on solid substrates. Polyanionic
semiconducting polymers designed to wrap SWNTs with a fixed helical screw axis, used in
combination with ionic self assembly approaches, enable for the first time the production of
functionalized SWNTs that are fully soluble in organic solvents and capable of assembly into
complex hierarchical structures that feature aligned nanotubes at high areal density (2.5 x1010
SWNTs cm-2) that maintain the opto-electronic properties characteristic of individualized
SWNTs. These porphyrin-polymer/SWNT superstructures can be engineered to undergo both
photoinduced electron- and hole-transfer reactions, thereby defining unique energy conversion
assemblies, compositions with which to interrogate mechanistic issues regarding photoinduced
charge transfer reactions involving nanoscale objects, and utilized as building blocks for highly
organized mesoscopic materials that make possible investigation of electron and hole polaron
transport phenomena in the solid state, as well as new types of electro-optic materials.

Figure. Diagrammatic representation of the S-PBN(b)-Ph4PDI-[(6,5) SWNT] superstructure, along
with SEM images that highlight the extraordinary dense, aligned arrays that can be formed from these
nano-objects.
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Oral 02
Photoluminescent Indium Phosphide Nanocrystals Without Shells as
Donors in Small Molecule Systems
Raghavender Siramdas1, Lacey M. Beck1, and Emily J. McLaurin1
Department of Chemistry, 213 Chemistry and Biochemistry Building, Kansas State
University, Manhattan, KS 66506, United States1
Semiconductor nanocrystals (NCs) are known to act as energy donors and acceptors with
other nanoparticles, proteins, and molecules. This interaction, and related processes, are used
to sensitize NCs, enhance LED efficiencies, and increase performance in NC, NC-hybrid, and
NC-sensitized solar cells. Continued advancement of these systems requires a better
understanding of the complex processes occurring at the NC-molecule interface. Here, we
examine photoluminescence (PL) quenching of InP NCs. Key to NC luminescence is use of a
microwave-assisted ionic liquid preparation method with a fluoride-containing anion. The
ionic liquid is responsible for both efficient heating of the reaction solution and luminescence
from the NCs. This is demonstrated by comparison with convection-based heating methods.
By taking advantage of the NC surfaces, we can explore core-InP interactions with external
acceptors. Starting with these simple molecule-NC constructs allows us to tailor
intermolecular processes, and sheds light on interactions in more complex systems.
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Oral 03
Mechanistic Insights from Supramolecular Dynamic Studies on the
Binding of Guests with Cucurbit[n]urils
Cornelia Bohne
Department of Chemistry, University of Victoria, PO Box 3065, Victoria, BC, Canada –
cornelia.bohne@gmail.com
Cucurbit[n]urils (CB[n]) are excellent macrocyclic hosts for guests that have a positive
charge and a hydrophobic moiety. The positive charge is stabilized by the carbonyl groups
lining the portals. Indeed the binding of
CB[n]s to metal cations, such as Na+ cations,
O
is used to solubilize these hosts at higher
N
N CH2
concentrations. CB[n]s have been used to
develop a variety of applications where the
N CH2
N
dynamics of the system, in particular the
O
n
guest’s association and dissociation rate
CB[n] n = 5, 6, 7, 8
constants, are essential
CB[7] for the
intended function to be expressed.
Our kinetic studies uncovered that different mechanisms operate in the formation of the
guest complexes with CB[n]s. Guests can slip into the CB[7] cavity, or larger guests form
exclusion complexes where the guest’s positive charge interacts with the portal without
immediate inclusion of the hydrophobic moiety of the guest into the CB[7] cavity. Different
roles were observed for the Na+ cations. The cation can cap both portals of the CB[n]
removing the ability of the host to bind the guest and slowing the reaction, while in other
cases Na+ can interact with the guest@CB[n] complex expelling the guest and therefore
enhancing the rate of the relaxation kinetics.
Kinetic studies are also instrumental in developing CB[n] systems as functional
supramolecular systems and three proof of principle examples will be presented: (i)
development of an assay to determine the association and dissociation kinetics for
spectroscopically silent guests using competitive kinetics, (ii) determination of the guest
ground-state protonation/deprotonation rate constants for the guest@CB[7] complex as an
elementary reaction in catalysis and (iii) use of CB[6] as an additive in hydrogels to alter the
distribution of small molecules between the gel’s network and the constrained aqueous phase.
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Oral 04
Haggling Two Excitons for One Photon in Organic Electronics
Luis M. Campos
Department of Chemistry, Columbia University, New York, NY 10027, USA
Organic materials offer a rich palate to be decorated with functional units in order to tune
various properties. For example, the ability to generate multiple excitons from a single
photon (singlet fission in molecular materials) has the potential to significantly enhance the
photocurrent in single-junction solar cells, and thus raise the power conversion efficiency
from the Shockley–Queisser limit of 33% to 44%. However, there is a paucity of materials
that undergo efficient singlet fission. Our group is interested in designing building blocks that
are capable of generating triplet pairs in modular small molecules and polymers. This talk
will provide an overview on our approach to the design, synthesis, and evaluation of the
materials.
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Oral 05
Helping nature regain control of the global carbon cycle*
Thomas A. Moore, Ana L. Moore and Devens Gust
Center for Bioenergy and Photosynthesis, School of Molecular Sciences, Arizona State
University, Tempe, AZ 85287-1604, USA
Over approximately three billion years photosynthesis transformed Earth from a planet with
limited available chemical potential in its crust to support life to one with abundant chemical
potential in the form of living biomass and stored fossil fuels.1 Along with the chemical
potential stored in reduced carbon, photosynthesis provides the oxygen necessary to “burn”
reduced carbon, which provided the energy necessary for complex life forms to evolve and,
very recently, the energy for societies to develop and grow their gross domestic products. In
addition to supporting the biosphere, photosynthesis supports the chemistry/biology
responsible for much of the lithosphere. Operating at ca. 156 TW net primary production
(NPP), photosynthesis powers most of the biosphere and over multiple glacial/interglacial
periods has been the major driver of the "fast" global carbon cycle in which the rate of CO2
uptake by photosynthesis is balanced by the rate of CO2 produced by respiration and
decomposition.
Today, anthropogenic activity including fossil fuel combustion, land use change and cement
production have upset this balance by transferring carbon from the “slow” carbon cycle
(carbon in fossil fuels, sediments, methane clathrates, carbonate rocks, etc.) to the “fast”
cycle (carbon in the photosynthesis and respiration/decay loop), which has overwhelmed the
capacity of photosynthesis to control the carbon cycle.1,2 Moreover, prior to recent
anthropogenic activity global photosynthetic energy flow, and the concomitant solar energy,
were fully utilized for biosphere services and support. Today, there are neither reserves of
photosynthetic capacity on undeveloped lands nor opportunities to increase photosynthetic
capacity by conventional agricultural practices to meet the needs of expanding economies and
human populations. However, demands continue to be made (humans now appropriate ~25%
of terrestrial NPP) and attempts to meet them result in further peril of biosphere services – an
unsustainable situation.1,2,6 Fortunately, the efficiency of NPP could be improved in
reengineered organisms and NPP could be augmented by artificial systems.2,3,4 For example,
by combining the efficient biosynthetic processes of living cells with the highly efficient
photovoltaic solar-to-electrical potential technology, new artificial photosynthetic hybrid
constructs have been reported that open a new door to solar-to-biomass conversion.2,5 This
presentation will emphasize the imperative of efficient solar energy conversion, which
requires catalysts that operate at low overpotential, and will describe recent progress in
artificial and reengineered photosynthesis.
*Similar abstracts were submitted to the 251st American Chemical Society National Meeting &
Exposition, San Diego, CA, 13 – 17 March 2016, and to the 79th Harden Conference, Innsbruck,
Austria, 16 – 20 April 2016.
1) Schramski, et al., PNAS 2015, 112, 9511
2) Sherman, et al., Photosynth. Res. 2013; Llansola-Portoles, et al., “From Molecules to Materials”
2015, Springer ISBN 978-3-319-13800-8
3) Ort, et al., PNAS 2015, 112, 8529
4) Blankenship, et al., Science 2011, 332, 805
5) Liu, et al. Nanolet. 2015, DOI:10.1021/acs.nanolett.5b01254; Nichols, et al. PNAS in press August
2015); Torella, et al. PNAS 2015 doi/10.1073/pnas.1424872112
6) Krausmann, et al., PNAS 2013, 110, 10324
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Oral 06
Photoinduced Processes in Supramolecular Assemblies made with DNA
“Bio-inspired” Polyelectrolytes
Faustino E. Morán Vieyra1, Rodrigo E. Giménez1, Ricardo A. Mignone1, Pablo Sain1,
Mariana P. Serrano1, Débora M. Martino2, and Claudio D. Borsarelli1
1

Instituto de Bionanotecnología, INBIONATEC-CONICET, Universidad Nacional de
Santiago del Estero (UNSE), RN9, Km 1125, G4206XCP Santiago del Estero, Argentina
2
Instituto de Física del Litoral (CONICET-UNL), Güemes 3450, 3000 Santa Fe, Argentina.

Supramolecular assemblies of multifunctional biomimetic polyelectrolytes are of
great interest in biophysical, bioanalytical, and biomedical fields. Polyelectrolytes develop
these structures mainly by electrostatic interactions, such as with ionic dyes, and layer-bylayer (LbL) films between polyelectrolytes of opposite charge. Modification of
polyelectrolyte chains with hydrophobic and/or reactive pendant groups can introduce new
alternatives for the construction and properties of these supramolecular assemblies, e.g. size,
shape, film thickness, mechanical stability, permeation, etc.
We present recent studies regarding the preparation and characterization of hollow
microcapsules (HMC) made of DNA-bioinspired polyelectrolytes containing
vinylbenzylthymine (VBT) and vinylbenzyltriethylammonium chloride (VBA) or sodium
vinylphenylsulfonate (VPS) monomers, to form polyelectrolytes of general structure
{[(VBT)(VBA)m]m+}n or {[(VBT)(VPS)m]m-}n with m = 1, 2, 4 and 8 and n = 20-40. In this
research, CaCO3 microspheres were used as sacrificial template removed with EDTA
solutions. The effects of UV photolysis to produce direct photo-crosslinking of
polyelectrolyte chains by dimerization of thymine pendant groups on the morphology and
membrane permeability properties of the HMC were evaluated.
The interaction of {[(VBT)(VBA)4]4+}n with Eosin Yellow (EY2-) xanthene dye was
evaluated in aqueous solution and adsorbed onto quartz surfaces. The photo-physical and
photo-sensitizing properties of the dye as function of the polyelectrolyte/dye molecular ratio
were characterized, focusing on the generation of singlet molecular oxygen.
The observed results reveal the suitability of the thymine-based polyelectrolytes for
the design of micro/nano-devices with potential applications in controlled molecular release
and photo-sensitized generation of reactive oxygen species.
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Oral 07
Metal Complexes Sensors for Protein Aggregation
The aggregation of amyloidogenic proteins has been associated with the onset of serious
neurodegenerative diseases such as Alzheimer’s, Parkinson’s and Hutchinson’s diseases.
These fibrillar protein aggregates has a common cross  motive and are present as insoluble
depositions in regions that are disease specific. In previous research we have demonstrated
the use of luminescent dipyridophenazine ruthenium (II) complexes to monitor peptide and
protein fibrillization. These compounds present a distinctive increase in luminescence upon
binding to fibrils and their long-lived luminescence lifetime allows their use for the detection
of fibrillar proteins in the presence of short-lived fluorescent backgrounds. Here we will
present our second-generation probes that are based on on the photoluminescence of Re(I)
dipyridophenazine complexes. These complexes present unprecedented properties for
labeling amyloid aggregates, which involve secondary light switching and selective labeling.
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Oral 08
Plasmonic effects on the photophysics studied at the single nanoparticle
single molecule level
Pedro F. Aramendía
CIBION-CONICET, Ciudad Autónoma de Buenos Aires, 1425, Argentina,
pedro.aramendia@cibion.conicet.gov.ar
Metallic nanoparticles (MNP) display collective electron oscillation modes that are called
plasmons. Plasmons work as an electric antenna at the visible frequency range and therefore
they are able to direct the electric field in the nanometric scale. The concentration of the
electric field around a MNP has a profound effect on electronic states of nearby molecules,
which experience a modification in their dynamics. As a consequence, absorption cross
section, emission and internal conversion rates are changed in a way that depends on the
material, size and shape of the MNP, the nature of the surrounding medium, the absorption
and emission spectra of the molecule, and its distance and orientation relative to the MNP and
the polarization direction of the incident photon. The most explored effects were the
absorption and emission enhancement, which jointly lead to an increase in brightness. It is
also well known that the close approach of a molecule to the metal surface results in an
overall quenching of emission due to radiationless energy transfer to the MNP. Less explored
is the fact that the molecular interaction with a plasmonic structure can result in a
photoprotection of the molecule against photobleaching. As a consequence, the molecule can
emit an increased number of photons before photobleaching or can be monitored a longer
time.
All of the appointed effects: increased brightness, longer monitoring times, increased number
of emitted photons, are profitable features for fluorescence microscopy, including super
resolution optical microscopy.
In this work, we use single-molecule (SM) fluorescence microscopy to investigate the
interaction of a photochromic fluorescent system: the well known spiropyran-merocyanine (
SP ↔ MC), with spherical gold nanoparticles (AuNPs). The photochrome is embedded in a
thin polymer layer covering AuNPs spread on a coverslip. The absorption of the MC form
strongly overlaps the extinction spectrum of 70 nm diameter AuNPs. Spontaneous thermal
activation of the SP ↔ MC conversion on films of adequate concentration suffice to provide
single molecule conditions. We observe a significant increase in the brightness of the
emission of the MC form, in the duration of its ON time, and in the total number of emitted
photons when the molecules are located in the vicinity of a AuNP. The spatial distribution of
SMs with improved photophysical performance was obtained with 40 nm precision relative to
the nearest AuNP by using sub diffraction limited localization. In this way we could map the
location of the brightest and longest lived molecules relative to a generic single NP with
nanometric precision. We demonstrate that even photochromic systems with poor
photochemical performance for SM can become suitable for long time monitoring and super
resolution microscopy by interaction with metallic NP.
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Oral 09
Enabling Singlet Fission by Controlling Intramolecular Charge Transfer
E. A. Margulies, C. E. Miller, Y. Wu, L. Ma, G. C. Schatz, R. M. Young, and
M. R. Wasielewski
Department of Chemistry and Institute for Sustainability and Energy at Northwestern,
Northwestern University, Evanston, IL 60208-3113
Singlet exciton fission (SF) in ensembles of molecular chromophores down-converts one
singlet exciton (S1) produced by single-photon absorption into two triplet excitons (T1)
provided that the overall process is exoergic, i.e. E(S1) > 2E(T1). While there has been great
interest in SF because of its potential for increasing the maximum efficiency of photovoltaics
from the 32% Shockley-Queisser limit for single-junction devices to nearly 45%, important
details of the SF photophysical mechanism remain unresolved. SF can occur by two general
mechanisms: one that directly couples the initial 1(S1S0) state to a multi-exciton 1(T1T1) state
by a two-electron process, and another that proceeds via a charge transfer (CT) state by two
consecutive one-electron processes. In the latter process, photoexcitation of a chromophore
that is electronically coupled to a second nearby chromophore creates an electronic
superposition state involving 1(S1S0), a virtual CT state, and 1(T1T1). Electronic dephasing of
this superposition state typically should occur on a sub-picosecond timescale leaving the
spin-coherent 1(T1T1) state, which is frequently referred to as a correlated triplet pair state.
Spin dephasing is a much slower process, typically on the order of nanoseconds, so that spin
dephasing in 1(T1T1) may occur on a timescale comparable to spatial separation of the triplet
states resulting in two independent triplet states.
We report here on a series of covalently-linked terrylene-3,4:11,12-bis(dicarboximide) (TDI)
dimers in which triptycene spacers hold two TDI molecules in -stacked geometries (Figure
1A). When dimer 2 in which the TDI chromophores are slip-stacked by 7.6 Å is dissolved in
polar CH2Cl2, ultrafast symmetry-breaking charge separation occurs in  = 8.1 ps to yield
TDI+•-TDI-•. In contrast, when the same dimer is dissolved in non-polar toluene, rapid singlet
fission is observed in  = 2.2 ps, while the reverse triplet-triplet annihilation occurs in  = 4.4
ps resulting in an excited state equilibrium giving an overall 133% triplet yield in steady
state. Controlling the TDI+•-TDI-• CT state energy relative to that of 1(S1S0) results in the CT
state serving as either a virtual state promoting singlet fission or a trap state inhibiting it
(Figure 1B). (This work was supported by the Chemical Sciences, Geosciences, and
Biosciences Division, Office of Basic Energy Sciences, US DOE under grant no. DE-FG0299ER14999 (M.R.W.).)
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Figure 1. A) Structures of TDI derivatives. B) Proposed schematic potential energy surface of SF. The CT
state serves either as a trap (kCT) or as a virtual state through which SF (kSF) or triplet-triplet annihilation (kTTA1)
may proceed along the reaction coordinate depending on how its energy level is affected by solvent polarity.
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Micelles, Charge Separation and Kinetically Facile Photocatalysis :
Viable Approach or Dead End?
Rebecca Adams and Russell Schmehl
Department of Chemistry, Tulane University, New Orleans, LA 70118
The study of photoinduced electron transfer reactions in aqueous micellar solutions was an
active area of research in the 1970s and 1980s. A pivotal observation was made by Grätzel in
19811 wherein the group demonstrated that Ru(II) diimine complex photosensitized reduction
of surfactant viologens in solutions containing hexadecyltrimethylammonium chloride
(CTAC) micelles resulted in several orders of magnitude decrease in the back electron
transfer reaction and significant radical ion concentrations several milliseconds after initial
charge separation. The change in behavior relative to homogeneous solution was brought
about by a large change in the hydrophobicity of the reduced viologen (photoreduction of
viologen from 2+ to + ion) resulting in association with the cationic CTAC micelles and
creation of a significant electrostatic barrier to recombination with the Ru(III) oxidant,
despite a driving force of more than 1.7 V (~ 40 kcal/mole). At the time, the idea of coupling
the reduced viologen to an effective water reduction catalyst and simultaneously using the
Ru(III) complex formed for water oxidation seemed pointless since catalysts that functioned
with rate constants large enough to produce net products and compete with millisecond
charge recombination were not available. Over the past 30 years tremendous advances have
been made in the development of catalysts for both water reduction and water oxidation.
These changes have motivated us to revisit the use of micelles in achieving long lived charge
separated species for the purposes of photochemical water splitting in the absence of
sacrificial electron donors and/or acceptors.
In considering particular chromophores and redox reagents for the process we began focusing
on surfactant Ru(II) diimine chromophores and a reversible electron donating quencher,
[Ru(NH3)6]2+. Chromophores of the type [(bpy)2Ru(LL)]2+ (LL = 4-methyl-4’-R2,2’bipyridine; R = C5H11, MC5; C13H27, MC13 and C17H35, MC17) were employed because
their one electron reduced forms are strong reductants, capable of reduction of a wide variety
of homogeneous water reduction catalysts. The results of photoreduction with [Ru(NH3)6]2+
indicate that large effects are observed upon introduction of cationic micelles, not only in
[(bpy)2Ru(LL)]2+ + [Ru(NH3)6]2+ + hv → [(bpy)2Ru(LL)]+ + [Ru(NH3)6]3+ back
electron transfer rate constants, but also in cage escape yields (figure below). The more

hydrophobic complexes, MC13 and MC17, associate with CTAB (B = bromide) as dications,
but much more weakly than the reduced complexes ([(bpy)2Ru(LL)]+). Kinetic results are
presented and discussed, but coupling with hydrophobic water reduction catalysts has yet to
be effected.
1.

Brugger, P. A.; Infelta, P. P.; Braun, A. M.; Gratzel, M., J. Am. Chem. Soc. 1981, 103, 320-326.
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Acridinium Dyes as Photoredox Catalysts for New Organic
Transformations
David Nicewicz1
1

Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC
27599-3290, USA

Single electron pathways are prevalent in numerous biosynthetic pathways that are crucial to
life on our planet. As synthetic chemists, we seek to harness the power of these open-shell
processes to achieve uncommon but valuable chemical reactivity. To this end, my laboratory
is interested in accessing single electron pathways via the use of organic photoredox
catalysis. This lecture will highlight the recent synthetic methods developed by my
laboratory, including anti-Markovnikov hydrofunctionalizations of alkenes and direct C-H
functionalization reactions of aromatic compounds. Experimental evidence in support of our
mechanistic hypotheses will also be presented that includes the use of steady state and
transient absorption spectroscopy techniques.
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Photoinduced oxidative DNA base damage in cancer cells induced by light
irradiation of phthalocyanine ruthenium complex
Laísa Negri.1; Tássia Martins.2; Juliana Uzuelli 1; Loyanne Ramos 1; David Wink3;
Roberto Santana da Silva1
1

Faculdade de Ciências Farmacêuticas de Ribeirão Preto – FCFRP/USP, Universidade de São Paulo, Ribeirão
Preto, São Paulo, Brazil
2
Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto – FFCLRP/USP, Universidade de São Paulo,
Ribeirão Preto, São Paulo, Brazil
3
National Institute of Health – NIH, Bethesda, Maryland, United States of America

silva@usp.br
Photodynamic therapy (PDT) is a clinical therapy approved with specific cytotoxicity to
tumor cells presenting the minimum harmful effects. The clinical treatment involves a
combination of photosensitizer agent, light energy, and oxygen to generate reactive oxygen
species (ROS), like singlet oxygen (1O2), cytotoxic specie towards a cancer cells1. One of the
possible photosensitizers for PDT uses is phtalocyanines due electronics properties, low
toxicity and high stability. In this way the proposal of this study is the evaluation of
cytotoxicity from ruthenium phthalocyanine complex ([Ru(Pc)], Pc = phthalocyanine) under
specific irradiation wavelength (λ=660nm) producing (1O2) in different cancer cell lines,
human breast cancer (MB-MDA468 and MCF7) and murine melanoma (B16F10). Thereby,
we are presenting the synthesis, characterization, photobiological properties and action
mechanism of [Ru(Pc)] in cancer cells. The absorption spectrum of [Ru(Pc)] complex in
chloroform presents Soret band in 314 nm and Q band in 642 nm, characteristics of
ruthenium phthalocyanine compounds. Fluorescence spectroscopy was performance and has
showed emission bands at λem = 698 nm and λex = 656 nm. The production of (1O2) was
measured through indirect method and the quantum yield was Φ = 0.62. The cellular viability
under irradiation (λ = 660 nm) and without photo stimulus was assessed by MTT assays in
MCF7 and B16F10 cancer cells. The [Ru(Pc)] complex was incubated for 24 hours in the
presence (5,95 J/cm2) and absence of photo stimulus. The results, although preliminary,
showed the cellular viability was 3% (0,5 µM) to MCF7 and 1% (0,5 µM) to B16F10 under
irradiation (λ = 660nm). To evaluate the action mechanism in breast cancer (MB-MDA468)
induced by [Ru(Pc)] complex photostimulated (λ = 660 nm), the Comet assay was
performed. The DNA damage was observed by DNA migration through electrophoresis gel.
The lysis of deoxyribonucleic acid was corroborated with PARP expression increase in
Western Blot assay. The preliminary results has showed that [Ru(Pc)] complex synthesized
and characterized in this work presented high cytotoxicity against both tumor cell lines under
irradiation. The studies suggest there are a DNA interaction and a high production of singlet
oxygen. The synergism of these effects is very promising for use of this complex as
photosensitizer in Photodynamic Therapy.
Acknowledgments
The authors thanks CNPq, CAPES, FAPESP, NSF and NAP-PHOTO for the financial support.
1. Agostinis, P., et al., CA: A Cancer Journal for Clinicians (2011), 250-281.
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Photoluminescent Multifunctional Nanomaterials as Imaging Sensors and
Photosensitizers for Biological Uses.
Mónica Cristina Gonzalez
Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA), Facultad de
Ciencias Exactas, Universidad Nacional de La Plata, (1900) La Plata, Argentina
E-mail: gonzalez@inifta.unlp.edu.ar.

Biodegradable materials with intrinsically photoluminescent properties have attracted
much interest due to their potential advantages for noninvasive bioimaging. Such materials
should show tunable fluorescent properties, such as high photostability and quantum yields,
and strong mechanical properties for meeting the requirements of biomedical applications.
However, new advances in nanomedicine show the advantages of developing novel
multifunctional nanostructured systems that can achieve simultaneous in vivo imaging and
treatment. That is, while preserving the properties desirable for imaging sensors, these
materials may simultaneously act as either photosensitizers or as drug delivery vehicles.
Moreover, surface modifications of these nanostructures as coating / linking with folate,
aminoacids, and a plethora of other substances may lead to an increased aqueous solubility,
stability, biocompatibility, targeting potential, and circulation time in biological systems.
Different kinds of nanostructures have been reported for the design of multifunctional
systems for bio-imaging and therapeutic uses, such as: Cd-Se quantum dots, core/shell silica
nanoparticles, polymer-coated gold nanoparticles, carbon nanotubes, and magnetic
nanoparticles. Fewer efforts have been dedicated to truly biocompatible nanomaterials such
as calcium phosphate nanostructures (nCaP) and silicon quantum dots (SiD). In fact, calcium
phosphate is the most important inorganic constituent of bone and tooth whose chemical and
biological properties are linked to its nanoescale dimensions. Synthetic nCaP has shown
biocompatibility and potential applications in drug delivery for the chemotherapeutic
treatment of osteosarcoma. On the other hand, silicon nanostructures have the potential to be
useful in biomedical uses since silicon is inert, nontoxic, abundant, and of low cost. Silicon
nanoparticles (including silicon clusters and 1 – 4 nm size silicon nanocrystals) combine size
- dependent photoluminescence, the capacity for singlet oxygen and superoxide radical anion
generation, and the richness of silicon surface derivatization.
Here, we describe the approaches developed in our group to obtain and evaluate two
intrinsically different multifunctional nanomaterials with tunable fluorescent emission, high
photostability, relatively high quantum yields, and high biocompatibility: (1) fluorescencelabelled nCaP-coated liposomes of 200 nm size with potential uses as drug delivery vehicles,
and (2) 1-2 nm SiDs with interesting properties as photosensitizers in photodynamic therapy
and as radiosenzitizers for improving the outcomes of radiotherapy in cancer treatment.
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Photosensitized generation of singlet oxygen from Re(I) complexes
Ezequiel Wolcan
Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA, UNLP, CCT La
Plata-CONICET), Diag. 113 y 64, Sucursal 4, C.C. 16, (1900) La Plata, Argentina.

Abstract
Quantum yields and efficiencies of 1O2 (1g) production along with photophysical properties
for a number of Re(I) complexes in acetonitrile solutions are reported. Two different classes
of Re(I) complexes, i.e. LS-CO2-Re(CO)3(bpy) (LS = 2-pyrazine, 2-naphthalene, 9anthracene, 1-pyrene, 2-anthraquinone) and XRe(CO)3L (X=CF3SO3, py ; L = bpy, phen)
were probed as photosensitizers for 1O2 (1g) production in air saturated acetonitrile solutions.
Depending on the nature of the Re(I) complex, the excited state responsible for the generation
of 1O2 (1g) is either metal-to-ligand charge transfer (3MLCT) or a ligand centered (3LC)
state. With LS-CO2-Re(CO)3(bpy) complexes, 1O2 (1g) is produced from oxygen quenching
of 3LC states of anthracene and pyrene with high quantum yields (Δ between 0.8 and 1.0),
while the complexes bearing the ligands LS = 2-anthraquinone, 2-pyrazine and 2-naphthalene
did not yield 1O2. XRe(CO)3L complexes generate 1O2 (1g) mainly by oxygen quenching of
their 3MLCT luminescence with an efficiency of 1O2 (1g) formation close to unity. All the
experimental singlet oxygen efficiencies are consistent with calorimetric and luminescence
data for the studied complexes. With LS-CO2-Re(CO)3(bpy) complexes, calorimetric
experiments were utilized in the calculation of the quantum yields of triplet formation,
namely T = 0.76 and 0.83 for the triplet states of anthracene and pyrene, respectively.
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Singlet Oxygen Topology on the Nanoscale
Malcolm D. E. Forbes
Center for Photochemical Sciences
Department of Chemistry
Bowling Green State University
Bowling Green, OH 43402

Photodynamic therapy (PDT) uses visible light, a sensitizer such as a porphyrin, and oxygen
gas to create singlet oxygen (1O2), a reactive oxygen species that can kill cancer cells.
Historically, PDT has remained a non-invasive treatment, using red light and ambient oxygen
after intravenous administration of the sensitizer. Here we describe an invasive methodology
for PDT that uses highly efficient blue light coupled with localized microbubble-based
delivery of sensitizer and oxygen. Lipid-based air bubbles with stabilizers are administered
via a teflon or stainless steel catheter containing a concentrically placed fiber-optic cable. The
kinetics and topology of singlet oxygen production can be studied quantitatively by reacting
secondary amines with the 1O2 to produce stable nitroxide radicals, detectable at µM
concentrations by electron paramagnetic resonance (EPR) spectroscopy. 1 The sensitivity of
nitroxide EPR spectra to local order in heterogeneous structures such as bubbles, vesicles,
and micelles will also be presented and discussed.
1

Zigler, et al., Photochem. Photobiol. Sci. 2014, 13, 1804–1811
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Design of Transition Metal Complexes for multipurpose applications
Iván Gonzalez,1 Luis Sanhueza,2 Paulina Dreyse,3 Francisco Gajardo,4 Irma Crivelli,5
Mauricio Barrera,1 Bárbara Loeb1
1

Faculty of Chemistry, Pontifical Catholic University of Chile, Santiago, Chile 2Universidad
Católica de Temuco, Temuco, Chile 3Universidad Técnica Federico Santa María, Santiago,
Chile, 4Universidad de La Serena, La Serena, Chile 5Facultad de Ciencias, Universidad de
Chile, Chile

Transition Metal Complexes are known for their versatility in properties, given in part by the
various structural and electronic characteristics the ligands may have, and the different
oxidation states the metal can achieve. This makes them good candidates for their use in
devices as solar cells and OLED’s, as well as in non linear optics. The properties needed to
respond in one or another device are not always the same, and this puts a challenge in the
seek of one compound with multifunctional properties.
Ruthenium polypyridinic complexes have been used for a long time as dyes in Dye Sensitized
Solar Cells (DSSC). Complexes with ligands with enhanced light harvesting capacity were
designed, Figure 1, in the view of incrementing the light absorbance when used in DSSC.
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The remarkable increase in absorption was not reflected in a proportional increase in
response when tested in the device. A theoretical study was therefore undertaken, in order to
understand the electronic processes occurring after light excitation intended to inject
electrons to the semiconductor. Three main factors were selected to analyze the efficiency of
the cell: Light absorbed, injection efficiency and cell regeneration that helped to explain the
behavior observed. Directionality and the availability of the absorbed energy for the injection
process showed to be an important variable.
In order for these complexes to be efficient in light emitting OLED type devices, the lost of
conjugation on the chromophoric ligand was tested for the same type of Ru complexes, for
introducing more disorder when packed in a device. The effect was then tested in an Ir family
of complexes. The most remarkable result in this series was the short raising time when tested
in a device. Finally, a second series of Ir compounds was designed, that showed potentiality
in light emitting devices, a good NLO response and, although low, a response as a dye in a
DSSC.
The results were discussed as a whole, and future possibilities to follow this goal were
proposed.
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Styryl dye formation promoted by catalytic centers of piperazine bound to
silica surface observed by single molecule fluorescence microscopy
Aline M. Lino, Diego Lencione, Marcelo H. Gehlen
Instituto de Química de São Carlos – USP - Brazil
The condensation of aromatic aldehyde with active methylene compounds may be used to
produce organic dyes with extended double bond and intrinsic fluorescence properties.
Depending on the type of substituent group of the reagents, the formed styryl dye may have
an intramolecular charge transfer character. In this study the condensation reaction of 4(diphenylamino) benzaldehyde with 2- [1- (4-methylphenyl) ethylidene]-malononitrile in dry
ethanol to give (E) -2- [3- [4- (diphenylamine) phenyl] -1- (p-tolyl) - allylidene] malononitrile (DFTAM) in the presence of basic catalysts is studied by fluorescence
microscopy techniques. The fluorescent dye has a maximum absorption band at 490 nm and
emission band centered on 590 nm allowing easy excitation and emission microscopy studies.
The 2D TIRF images together with the analysis of the dye formation rate among several
dispersed catalytic centers formed by piperazine bound to silica surface allowed the chemical
reactivity to be studied at single molecule level.

Emission time trace and intermittency of the discrete formation of DFTAM molecules
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First Steps in Energy Transfer and the Role of Delocalization
Valeria D. Kleiman
Department of Chemistry, University of Florida, Gainesville FL 32611-7200, USA.
Solar light-harvesting depends on the spatial transfer of the light-energy to where it can be
transduced into other forms of energy. The spatial localization of the energy delimits its
efficacy and has been a point of intense research for synthetic light-harvesters.
Understanding of light-harvesting mechanisms relies on two limiting models: the vectorial
model, where energy migration occurs efficiently in a cascade fashion or in a coherent
process, where the mixing of the excited state wavefunction leads to delocalization in a larger
spatial area.
We investigate molecular and supramolecular systems where degrees of
delocalization/localization lead to efficient energy transfer between far away components. In
a Donor-Acceptor system, the introduction of an intermediate molecular component can lead
to the electronic mixing which in turns leads to coupling to the acceptor. This excited state
coupling can result in the opening of an effective direct path for the energy transfer process
between donor and acceptor. In a multichromophore system with equivalent moieties, the
localization can be driven by nuclear motion.
Investigations of these processes are achieved through experiments and calculations in two
different light-harvesters. In one case, we investigate assemblies of increased complexity
from polypyridinic Ru center complexes, where the photophysics is modulated by the
orientation of different organic ligands to assemblies with 2 and 3 different metal centers. A
different process is observed in an all-organic phenylethynylene dendrimer with unsymmetric
architectures and equivalent branches coupled to an energy sink, where we explore the
interplay between atomic motions, excited-state populations, and localization/delocalization
of excitations.
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Vibronic Coherence as a Mechanistic Probe of Ultrafast Dynamics in
Transition Metal-based Chromophores
Eileen D. Foszcz and James K. McCusker
Department of Chemistry, Michigan State University
578 South Shaw Lane, East Lansing, Michigan 48824 USA
The photo-induced properties of transition metal-based complexes represent an active and
expanding field of research. This is particularly true in the area of ultrafast spectroscopy, wherein
the rapid development of new techniques is providing access to chemical processes that were
impossible to observe just a decade ago. The majority of this work has focused on charge-transfer
complexes, in large part because of the important role such chromophores play in the
development of a wide range of solar energy conversion strategies. This point notwithstanding, it
is the presence of ligand-field states that uniquely differentiate transition metal chromophores
from their organic counterparts. While not generally of great utility for the conversion of light to
chemical energy, this class of electronic
states nevertheless serves as the
foundation for our understanding of the
electronic structure of a significant
portion of the periodic table. In the
interest of furthering our understanding
of transition metal photophysics in
general, we have been examining the
ultrafast
spectroscopy
of
simple
coordination compounds with an eye
toward understanding the interplay
between electronic structure, geometry,
and ultrafast excited-state processes.
One of the unique aspects of
ligand-field states is the large degree of
structural change that accompanies the
redistribution of electrons within the dorbital manifold. Over the last several
years, we have been working to
understand what the nature of these
Figure 1. Time-resolved differential absorption data for Cr(acac)3 in
changes is and how they manifest
CH3CN solution at 510nm following excitation with a ~45 fs excitation
themselves in excited-state dynamics.
pulse at 500nm. Top. Raw differential absorption data (blue) along with
a fit using linear predictive single-valued decomposition (LPSVD).
This presentation will focus on our most
Bottom. Power spectrum, the reverse FFT of which produces the fit
recent efforts to explore this topic in
shown in the top figure. The broader bands are indicative of rapid
dephasing and point to modes coupled to excited-state evolution.
complexes of Cr(III) through the use of
ultrashort (i.e., < 50 fs) pulses and the
generation of excited-state vibrational coherence. As shown in Figure 1, these oscillations in the
differential absorption data provide information concerning the vibrational modes of the molecule
that serve to drive the system from one excited state to another; this information in turn can then
be used to synthetically redesign the molecule and alter the dynamics of excited-state evolution,
in effect allowing for synthetic control of ultrafast excited-state processes. The conceptual
underpinning of this work will be discussed, along with results we have recently obtained that
suggest a means for identifying active versus inactive vibrational coordinates for ultrafast
excited-state dynamics in these systems.
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Controlling materials properties using the photochemistry of coordination
complexes
Anton O. Razgoniaev, Giuseppe E. Giammanco, Travis C. Green, Jayan S.
Karunarathna, Alexis D. Ostrowski
Department of Chemistry and Center for Photochemical Sciences, Bowling Green State
University, Bowling Green, Ohio, USA
Depending on the type of metal and coordinated ligand, coordination complexes offer a
diversity of reactivity due to the changing metal-ligand binding interactions (energy,
geometry etc.). We have integrated such metal-coordination bonding into polymer materials
to influence and control material properties. We show that by tuning the type of metalcoordination interactions in the polymer and changing the geometry of ligand coordination,
we can control the mechanical properties of the resulting materials. In addition, such
metallopolymers show reversible photoreactivity, where light irradiation leads to softening of
the materials.
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One-electron oxidation of thymidine photosensitized by pterin: mechanism
and products characterization
Andrés H. Thomas

Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA), Universidad
Nacional de La Plata (UNLP) - CONICET. E-mail: athomas@inifta.unlp.edu.ar
UV-A radiation (320-400 nm), recognized as a class I carcinogen, induces damage to the
DNA molecule and its components through different mechanisms. Pterin derivatives are
involved in various biological functions and it has been demonstrated that oxidized pterins
may act as photosensitizers. In particular, they accumulate in the skin of patients suffering
from vitiligo, a chronic depigmentation disorder. We have investigated the ability of pterin
(Ptr), the parent compound of oxidized pterins, to photosensitize the degradation of the
pyrimidine nucleotide thymidine 5’-monophosphate (dTMP) in aqueous solutions under UVA irradiation. Although thymine is less reactive than purine nucleobases, our results showed
that Ptr is able to photoinduce the degradation of dTMP and that the process is initiated by an
electron transfer from the nucleotide to the triplet excited state of Ptr. In the presence of
molecular oxygen, the photochemical process leads to the oxidation of dTMP, whereas Ptr is
not consumed. In the absence of oxygen, both compounds are consumed to yield a product in
which the pterin moiety is covalently linked to the thymine. This compound, that can be also
formed using DNA as a substrate, retains some of the photochemical properties of Ptr, such
as the fluorescence emission and the capability to produce singlet oxygen.
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"Upconversion: the poor man's multiphoton optics"
Optical Sectioning, Imaging and Phototriggering using upconverting
nanoparticles.
Two-photon excitation has open a wide variety of techniques, mainly related with
microscopy and imaging. Perhaps the most striking characteristic of multiphotonic excitation
is the sectioning power, the capability of excite molecules (or other entities) in the focus
without acting on the vicinity below and above the focal plane.
This characteristic allows 2P microscopy to precisely manipulate in 3D systems as tissues or
even whole organisms. The fact that the excitation is usually in the IR range guarantee higher
penetrance due to the lower scattering of long wavelengths.
The main drawback of 2P techniques is the high cost related with the use of femtosecond
Ti_Sapphire lasers needed to generate the extremely high instantaneous power density to
elicit 2P response in most materials.
In this talk we present an alternative for multiphoton excitation based in upconversion
nanoparticles in pulsed regime. In our approach we show that it is possible to achieve
sectioning using power densities many orders of magnitude lower than with traditional 2P
techniques. In this way it is possible to have true 3D addressing in microscopy or uncageing
techniques with inexpensive solid state laser diodes.
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On the Role of Pyramidal Inversion in Excited-State Deactivation of Aryl
Sulfoxides: Surprises from Sulfoxide-based Fluorescent Chemosensors
Rahul S. Kathayat,1 Lijun Yang,2 Kim K. Baldridge1,2 and Nathaniel S. Finney1,2
1

2

Department of Chemistry, University of Zurich, Zurich, Switzerland.
School of Pharmaceutical Science and Technology, Tianjin University, Tianjin, China
nfinney@tju.edu.cn

We have found that sulfoxides are effective, and previously unappreciated, reporting
functional groups for the development of metal ion-responsive fluorescent chemosensors. In
order to further develop these probes, we need a deeper understanding of the underlying
photophysics. Through a combination of synthesis, spectroscopy and actinometry, we have
arrived at a reasonable model for the operation of our systems, and in the process have
resolved two long-standing issues related to the excited state pyramidal inversion of aryl
sulfoxides.
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Artificial Photosynthetic Constructs that Mimic the PCET Process
Involving the Tyrz Redox Relay of PSII
Ana L. Moore,1 Thomas A. Moore,1 Devens Gust,1 Marely E. Tejeda,1 Sabrina J. Mora,1
Matias Villalba,1 Paul A. Liddell,1 Ann-Lucie Teillout,2 Sharon Hammes-Schiffer3 and
Mioy Huynh3
1

School of Molecular Sciences, Arizona State University, Tempe, AZ, 85287-1604 (USA)
2
Laboratory of Physical Chemistry, University Paris-Sud, Orsay, 91405 (France)
4
Department of Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL 618013364 (USA)
The main objective of our work is the design of bio-inspired molecular constructs that couple
solar energy to the oxidation of water and the subsequent use of reducing equivalents to
synthesize energy-rich compounds. The use of redox relays between high potential
porphyrins, models of P680, and artificial water oxidation catalysts will be discussed.1 The
redox relays are inspired by the TyrZ residue of the donor side of PSII and consist of
benzimidazole-phenol constructs (BIP)2,3 with substitutions designed to mimic the hydrogen
bond network that connects Tyrz to the lumenal bulk phase of the chloroplast.
Electrochemically and spectrochemically4 detected KIEs were obtained and interpreted to
provide mechanistic insight into the PCET processes that accompany the oxidation of the
phenols. Theoretical studies are guiding the design of substituted BIPs with the main purpose
of finding structures in which multiple proton transfers can be associated with a single
electron transfer. The goal is to model the proton transfer involving residues D1-His190 and
D1-Asn 298 in the concerted PCET process between TyrZ and P680•+ in PSII. In a porphyrinBIP dyad, where the phenol moiety is directly attached to the meso-position of the porphyrin,
the spin of the phenoxyl radical generated by PCET is partly delocalized into the macrocycle
of the porphyrin. In this case no KIE was theoretically predicted nor detected.
1. Y. Zhao, J. R. Swierk, J. D. Megiatto Jr., B. Sherman, W. J. Youngblood, D. Qin, D. M.
Lentza, A. L. Moore, T. A. Moore, D. Gust and T. E. Mallouk, Proc. Natl. Acad. Sci., 39,
2012, 39, 15612–15616.
2. G. F. Moore, M. Hambourger, M. Gervaldo, O. G. Poluektov, T. Rajh, D. Gust, T. A.
Moore and A. L. Moore, J. Am. Chem. Soc., 2008, 130, 10466–10467.
3. J. D Megiatto Jr. ,D. D. Méndez-Hernández, M. E. Tejeda-Ferrari, A.-L.Teillout, M. J.
Llansola Portolés, G Kodis,. O. G.Poluektov, T. Rajh, V. Mujica, T. L. Groy, D. Gust, T. A.
Moore and A. L. Moore Nature Chem. 2014, 6, 423–428.ED ONLINE: 9 FEBRUARY 2014
4. J. Ravensbergen, C. L. Brown, G. F. Moore, R. N. Frese, R. van Grondelle, D. Gust, T. A.
Moore, A. L. Moore, J. T. M. Kennis, Photochem. Photobiol. Sci., 2015, 14, 2147–2150.
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Bio-polymer based tissue photo-bonding using rose Bengal: There is still
something new under the sun
Emilio I. Alarcon,1,2 Justina Pupkaite,1 May Griffith,3 Marc Ruel,1 Erik Suuronen,1 and
Irene Kochevar4
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Division of Cardiac Surgery, University of Ottawa Heart Institute, 40 Ruskin Street, Ottawa,
Canada. 2Department of Biochemistry, Microbiology, and Immunology, Faculty of Medicine,
University of Ottawa, Ottawa, Canada. 3Integrative Regenerative Medicine Centre,
Department of Clinical and Experimental Medicine, Linköping University, Linköping,
Sweden.4Wellman Center for Photomedicine, Massachusetts General Hospital, Harvard
Medical School, Boston, USA.

Light-activated tissue bonding using visible light presents numerous advantages for tissue
repair over surgical suturing, including reduced inflammation and minimal scarring.
However, a major limitation for using tissue bonding in the clinic is the micrometric void
space between the tissues to be bonded. Further, the currently available suture-less materials
for clinical use offer a relatively small, if any, window to modulate the bio-mechanical
properties of the resulting bonded tissue. Thus, developing new technologies able to provide
some extent of control in the mechanical properties of the repaired tissue, while providing
effective protection to the wound, would present an important advance. In the present
contribution, we will discuss our findings for the development of a new generation of lightcrosslinkable bio-glues composed by vinyl-modified collagen and positively charged
aminoacids that are crosslinked using rose Bengal and green light. Interestingly, we have
found that the mechanical properties of the resulting materials can be tuned, which results in
materials with different elasticity for example. Thus, our deliverables present attractive, and
promising, properties for future clinical translation in tissue photo-bonding.
Acknowledgements: This work was funded by the Burroughs Wellcome Fund Travel Grant
Program to EIA and IK, also the financial contribution Discovery Grants #342107 to EJS
and RGPIN-2015-06325 to EIA and University of Ottawa Heart Institute made this work
possible.
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Photophysics and Photochemistry of Ruthenium Sulfoxide Complexes
Jeffrey J. Rack
Department of Chemistry and Chemical Biology, University of New Mexico, Albuquerque,
NM 87131 USA
Photochromic compounds are light-activated molecular switches that convert photonic
energy to potential energy for specific and selective excited state bond breaking and bond
making reactions. 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 45 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. Incorporation
of these photochromic compounds within polymers leads to an uncommon photomechanical
effect, where the polymer undergoes a macroscopic shape deformation upon irradiation.
These results and others will be presented and discussed.
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New Insights into an Old Problem. Tertiary Aliphatic Amine Quenchers of
Fluorescence from Sterically Shielded Pyrenyl Molecules.
Michael J. Bertocchi,a Alankriti Bajpai,b Jarugu N. Moorthy,b Richard G. Weiss*,a,c
a

Department of Chemistry and c Institute for Soft Matter Synthesis and Metrology,
Georgetown University, Washington, DC 20057-1227, USA
b
Department of Chemistry, Indian Institute of Technology, Kanpur 208 016, India

The dependence of the rate of quenching by tertiary aromatic amines of excited singlet states
of three molecules with different degrees of accessibility to a pyrenyl core is reported. They
are pyrene, 1,3,6,8-tetraphenylpyrene (TPPy), and 1,3,6,8-tetrakis(4-methoxy-2,6dimethylphenyl)pyrene (PyOMe).
The data, based upon steady-state and dynamic
fluorescence quenching experiments, are correlated with the degree of exciplex emission
intensity with respect to the monomer.
A significant perturbation on the equilibrium
between the locally excited state and exciplex for the sterically rigid pyrenyl molecule,
PyOMe, but not on the more conformationally flexible TPPy is observed. The conclusions
obtained from these studies are clearly applicable to a wide variety of other systems in which
fluorescence from an aromatic moiety is being quenched. Further, the strong steric congestion
of PyOMe may provide useful as a sensitizer in photocatalytic reactions where surface
interactions with the substrate must be limited.
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Laurdan GP and FLIM-phasor for studying the heterogeneity of
erythrocytes membrane
Susana A. Sanchez1, Catalina Sandoval2, German Gunther2
1

Universidad de Concepción, Facultad de Ciencias Químicas, Departamento de Polímeros,
Concepción, Edmundo Larenas 129, Concepción, Chile. 2Universidad de Chile, Facultad de
Ciencias Químicas y Farmacéuticas, Departamento de Química Orgánica y Fisicoquímica,
Casilla 233, Santiago 1, Chile.
Laurdan Generalized Polarization (Laurdan GP), defined as [(I440-I490)/(I440+I490)] (1),
measures the red spectral shift of the molecule due to polarity and dipole relaxation
processes. The GP value gives valuable information about membrane heterogeneity; however
there is some information contained in the Laurdan spectral shift that can be revealed by
lifetime measurements at the two GP wavelengths (2). Lifetime measurements can separate
the two effects responsible for the emission spectra shift: the polarity of the environment
(reported mainly by the intensity at 440 nm) and the rate of dipolar relaxation of water
molecules reorienting around laurdan’s dipole during its lifetime (monitored at 490 nm).
We studied the changes in membrane heterogeneity in erythrocytes when interacting with
sucrose monoester of myristic acid, b-D-Fructofuranosyl-6-O-myristyl-a-D-Glucopyranoside
(MMS). We followed the hemolysis, the changes in size and the changes in fluidity on the
membrane of erythrocytes treated with increasing amount of MMS. Our results indicate that
the insertion of MMS molecules in the membrane produces a decrease in polarity of the
bilayer (reported mainly by the intensity at 440 nm) together with an increase on dipolar
relaxation of water molecules around Laurdan (reported at 490 nm). [1] Parasassi T, et al.
Biophys J. 57; 1179, 1990.[2] Golfetto O, et al. Biophys J. 104, 1238-1247, 2013
Financial support: Fondecyt #1140454 (S.S.), Fondecyt# 1120196 (G.G.) and Beca de
Doctorado Conicyt (C.S.).
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Strategies for the photo-uncaging of small molecule bioregulators
Peter C. Ford
Department of Chemistry and Biochemistry, University of California, Santa Barbara
Santa Barbara, CA 93110 USA
email: ford@chem.ucsb.edu
The gaseous molecules nitric oxide and carbon monoxide are important regulators of many
functions in mammalian and human physiology. For examples, NO is a regulator of blood
pressure, while NO and CO both have key roles in wound healing and inflammation. This
presentation will discuss ongoing studies to design new photochemically activated NO and
CO releasing moieties (photoNORMs and photoCORMs, respectively) that deliver such
bioactive small molecules to specific biological targets and that address key issues such as
light transmission through tissue and targeting mechanisms.
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Photoinitiation of Charge Transfer in Bioinspired Molecular Electrets
Eli M. Espinoza,1 Jillian M. Larsen,2 Valentine I. Vullev1,2
Department of Chemistry,1 Department of Bioengineering,2 University of California,
Riverside, CA 92521, USA.
Controlling charge transfer at a nanoscale and molecular level is fundamental for electronics
and energy applications. Electrets, materials that possess ordered electric dipoles, present an
excellent choice for a source of fields that can guide movement of charges. Electrets,
however, are dielectrics, unable to efficiently mediate long-range charge transduction. To
overcome this challenge, we undertake bioinspired approaches.1 Adopting principles from
proteomics, we design molecular electrets comprising de novo non-native aromatic amino
acids that are capable of holding charges.2,3 The electrets possess large intrinsic dipoles
originating from ordered amide and hydrogen bonds.4 The aromatic moieties along the
electret backbones can provide pathways for efficient long-range charge transfer. Most
importantly, even a single residue of these bioinspired electrets can substantially rectify
charge transfer. The dipoles play a key role in the charge-transfer rectification.5 For charge
recombination, however, the spin-density distribution of the radical ion of the non-native
residue prevails the rectification and opposes the dipole effects. This finding sets the
precedent for further optimization of even the initial photoinduced charge-separation essential
for the injecting a hole in (i.e., extracting an electron from) the first amino acid residue in an
electret oligomer. We experimentally examine the effects that electron-density distribution
and the manner at which the electrets are coupled with a photosensitizer exert on the chargetransfer kinetics. The evidence show that the hole injection through one of the side chains of
the electret residue is more efficient than the “seemingly straightforward” charge separation
along the terminal amide of the macromolecular backbone. These findings presents
alternative venues for controlling charge transfer that could proof essential for molecular and
multiscale designs of electronic and energy materials.
1. Vullev, V. I., J. Phys. Chem. Lett. 2011, 2, 503-508.
2. Espinoza, E. M.; Larsen, J. M.; Vullev, V. I., J. Phys. Chem. Lett. 2016, 7, 758-764.
3. Larsen, J. M.; Espinoza, E. M.; Hartman, J. D.; Lin, C-K.; Wurch, M.; Maheshwari, P.;
Kaushal, R. K.; Marsella, M. J.; Beran, G. J. O.; Vullev, V. I., Pure Appl. Chem. 2015, 87,
779-792.
4. Xia, B.; Bao, D.; Upadhyayula, S.; Jones II, G.; Vullev, V. I., J. Org. Chem. 2013, 78,
1994-2004.
5. Bao, D.; Upadhyayula, S.; Larsen, J. M.; Xia, B.; Georgieva, B.; Nuñez, V.; Espinoza, E.
M.; Hartman, J. D.; Wurch, M.; Chang, A.; Lin, C.-K.; Larkin, J.; Vasquez, K.; Beran, G.
J. O.; Vullev, V. I., J. Am. Chem. Soc. 2014, 136, 12966-12973
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Finding and tuning sub- and intermolecular setscrews of phosphorescent
Pt(II) complexes with the aid of scanning tunneling microscopy
Cristian A. Strassert
CeNTech & Physikalisches Institut, Westfaelische Wilhelms-Universitaet Muenster
Heisenbergstr. 11, D-48149 Muenster, Germany – E-mail: ca.s@wwu.de

We have recently developed a straightforward one-pot synthesis towards neutral, soluble
Pt(II) coordination compounds bearing dianionic tridentate luminophores. The complexes
reached up to 87% photoluminescence quantum yield (PLQY) in thin films, and we
demonstrated their suitability as phosphorescent dopants in organic light-emitting diodes
(OLEDs). The judicious choice of bulky peripheral substituents allowed us to completely
avoid aggregation and to tune their phosphorescence wavelength. On the other hand, we were
able to deliberately induce self-assembly into bright nanofibers, yielding highly emissive
organo- and hydrogels (90% PLQY). The properties of the filaments arise from the metalmetal to ligand-ligand charge-transfer states of the aggregated species, which display Pt-Pt
interactions. We further explored the use of bidentate luminophores in combination with
solubilizing ligands, and also started using tetradentate chelators in order to guarantee their
stability under any processing condition. Currently, we investigate the molecular integrity as
well as the coupling between Pt(II) d-orbitals and electrodes at single molecule level,
employing XPS, STM and STS. These tools are also used to control the excited state
properties by finding and selectively tuning sub- and intermolecular electronic setscrews.

References: Z. Naturforsch. 2016, accepted, DOI 10.1515/znb-2015-0229; J. Mater. Chem.
C 2016, 4, 2560; Eur. J. Inorg. Chem. 2015, 5822; J. Phys. Chem. C 2015, 119, 5551; Dalton
Trans. 2015, 44, 8467; Chem. Eur. J. 2015, 21, 5161; Inorg. Chem. 2015, 54, 1588; Beilstein
J. Nanotechnol. 2014, 5, 2248; Angew. Chem. Int. Ed. 2015, 54, 786; Chem. Eur. J. 2014, 20,
16863; Phys. Rev. Lett. 2013, 111, 267401; Adv. Mater. 2013, 25, 437; Dalton Trans. 2012,
41, 13132; Adv. Inorg. Chem. 2011, 63, 47; Chem. Mater. 2011, 23, 3659; Angew. Chem. Int.
Ed. 2011, 50, 946.
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My Research, Your Research: What I Do and What We Can Do For You
Timothy M. Pritchett1,2
1

RDECOM-Americas, International Technology Center-Argentina, Embajada EE.UU.,
Av. Colombia 4300, Buenos Aires, ARGENTINA
2
U.S. Army Research Laboratory, 2800 Powder Mill Road, Adelphi, Maryland 20783 USA

What I do: I briefly describe a series of octahedral iridium(III) complexes in which strong
spin-orbit coupling induced by the iridium ion enables both singlet and triplet metal-to-ligand
and ligand-to-ligand charge transfer (1,3MLCT/1,3LLCT) transitions from the ground state.
These give rise to a weak absorption tail between 500 and 750 nm which displays a weak
absorption feature (“bump”) in range 600-650 nm (in dichloromethane solution). The bump
serves to broaden into the red the region over which single-photon absorption is sufficiently
strong to populate the excited states, effectively extending the spectral range over which the
complexes exhibit reverse saturable absorption (RSA). I discuss the design of the new
chromophores, present their ground-state absorption spectra, and report their photophysical
parameters as determined from femtosecond transient difference absorption measurements
and nanosecond and picosecond open-aperture Z scans.
What we can do for you: RDECOM-Americas and its sister organization, ONR Global, offer
researchers in Latin America and Canada a variety of opportunities for funding and for
collaborative ventures with counterparts in the U.S. I survey those opportunities and discuss
the process by which local researchers can work with us to take advantage of them.
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Optimizing Sensitivity and Speed in Photoluminescence and
Transient Absorption Spectroscopy
Ian N. Stanton, Ph.D.
Edinburgh Instruments Ltd.
2 Bain Square, Kirkton Campus
Livingston, UK
EH54 7DQ
ian.stanton@edinst.com

This will be an informative discussion on the components and techniques used to optimize
photoluminescence and transient absorption spectrometers. It will include topics on detectors,
light sources, sample holders, as well as techniques leading to acquiring better measurements.
Applications will be highlighted throughout the discussion to emphasize the utility of turnkey
spectrometers.
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Analysis of the Binding of Environmental Pollutants to Host Structures
using Fluorescence Spectroscopy
Olga Rinco Michels, Dominique Itanze
Luther College, 700 College Dr., Decorah, IA, 52101, USA

The presence of environmental pollutants in our water and soil systems is a great nuisance in
many ways to both humans and the ecosystem. Scientists are interested in both understanding
to what level environmental pollutants are present in our world (and finding ways of
detecting these molecules) as well as finding ways to remove these pollutants from our
ecosystem. The ability of several persistent environmental pollutants to form supra-molecular
complexes with three different host systems (-cyclodextrin, -cyclodextrin, and sodium
dodecyl sulfate micelles) was investigated using steady-state fluorescence and 1H-NMR. This
chemical study aimed to identify pollutants in water samples at very low concentrations, and
also add insight into how these chemicals interact with larger, stable structures, called
supramolecular systems. The pollutants used for this study were from three broad classes: 1)
furans, 2) aromatic hydrocarbons and 3) polychlorinated biphenyls (PCBs). The formation of
host guest complexes was studied with Fluorescence and was confirmed using 1H-NMR. The
results indicate that fluorescence could be used as an inexpensive means by which to identify
these pollutants, especially the furans and aromatic hydrocarbons. Strong interactions were
found between the aromatic hydrocarbons and all three supramolecular hosts, while the
furans interacted with  -cyclodextrin and micelles.
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CdTe QUANTUM DOTS FLUORESCENCE QUENCHING BY
RUTHENIUM COMPLEXES. PHOTOPHYSICAL PROPERTIES AND
EVIDENCES OF ENERGY TRANSFER FROM FRET MECHANISM
Leandro N.C. Máximo1,2, Juliana C. Biazzotto3, Roberto S. da Silva1,3
1Chemistry

Department, Faculty of Philosophy, Science and Letters of Ribeirão Preto,
University of São Paulo, Brazil (FFCLRP/USP); 2Goiano Federal Institute of Education,
Science and Technology, Urutaí, Brazil (IFGoiano); 3Faculty of Pharmaceutical Sciences of
Ribeirão Preto, University of São Paulo, Brazil (FCFRP/USP).
Quantum Dots (QDs), have been extensively discussed in the field of energy, molecular
diagnostics and nanotherapeutics. Currently there are many reports about the association between
these nanocrystalline compounds and other species, such as phthalocyanines, inorganic metal
complexes and serum albumines, targeting different applications[1]. In this sense, we are
evaluating the coupling of QDs to amine ruthenium complexes as a model for vectorial electron
and energy transfer process. [Ru(NH3)5(L)]2+ complexes, where the ligand (L) = pyridine (py), 4picoline (4-pic), 4-acetilpyridine (4-acpy) and isonicotinamide (isn) was taken as acceptor moiety
in the conjugation to CdTe QDs. Stern-Volmer quenching constant (KSV), binding constant (KB),
number of binding sites (n), thermodynamic parameters (ΔG, ΔH, ΔS), excited state lifetime and
FRET parameters were evaluated from the fluorescence data (Table 1). Based on those data the
quenching process was attributed to occur via static and dynamic quenching mechanism. KSV
values at 25 ºC in aqueous solution decreases from [Ru(4-pic)]2+ ˃ [Ru(py)]2+ ˃ [Ru(4-acpy)]2+ ˃
[Ru(isn)]2+ and is dependent on the presence of electrolyte. The fluorescence quenching of QDs
by [Ru(NH3)5py]2+ in 10-2 M of TRIS-HCl, KCl, PBS shows KSV x 10-5 values as 0.08±0,01;
0.99±0.01; 3.8±0.09 respectively. It shows the remarkable influence of the ionic strength on the
interaction processes[2]. Fluorescence decay data show the strong influence of ruthenium(II)
complexes on the QDs fluorescence, decreasing the lifetimes of all three decay components
(Figure 1). The longer lifetime () component is usually associated with the involvement of
surface states in the carrier recombination process. The intermediate lifetime () component may
be attributed to the intrinsic recombination of initially populated core states and the shortest
lifetime () is attributed to radiative depopulation due to band edge recombination at the surface.
Finally, it was found that KSV is slightly dependent on the back-bonding {RuII-py-x}2+, but also
dependent on QDs excited state lifetime and FRET mechanism.
Table 1. KSV values for the interaction among CdTe QDs and
ruthenium(II) complexes at 25.0, 31.0 and 38.0 ºC.
Interaction

KSV (M-1) (25.0
ºC)

QD+[Ru(py)]2+

ΔGθ

ΔSθ

ΔHθ (Kj
mol-1)

(J mol-1 K-1 )

(3.77±0.09)x105

(Kj mol-1)
(25.0 ºC)
- 29.78

- 787.22

2723.82

QD+[Ru(4-pic)]2+

(4.38±0.19)x105

- 25.44

- 569.45

1997.88

QD+[Ru(4-acpy)]2+

(2.07±0.05)x105

- 26.64

- 464.99

1657.65

- 29.72

- 286.26

1066.41

QD+[Ru(isn)]

2+

(6.3±0.02)x10

4

1) Franco, L.P.; Cicillini, S.A.; Biazzotto, J.C.; Schiavon, M.A.; Mikhailovsky, A.; Burks, P.; Garcia, J.; Ford, P.C.; da Silva, R.S. The
Journal of Physical Chemistry A 2014, 118, 12184-12191. 2) Burks, P. T.; Ostrowski, A. D.; Mikhailovsky, A. A.; Chan, E. M.;
Wagenknecht, P. S.; Ford, P. C. Journal of the American Chemical Society 2012, 134, 13266−13275.
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Chitosan functionalized with thioxanthone derivative as a photoinitiator in
the synthesis of silver nanoparticles
Silvano R. Valandro, Patrícia C. Lombardo, Alessandra L. Poli, Miguel G. Neumann,
Carla C. Schmitt
Instituto de Química de São Carlos, Universidade de São Paulo, São Carlos SP, Brazil

Assembly of plasmonic nanoparticles, in particular silver (AgNPs), has received tremendous
attention in the last years due to the applications from optics to medicine. Size and type of AgNPs
directly influence on this surface plasmon absorption and consequently in their application. 1,2 AgNPs
synthesis have been reported using several methods, including reduction of silver nitrate with sodium
borohydride, formaldehyde, UV irradiation or photochemical synthesis.3-6 Besides, to promote an
homogeneity of colloidal dispersion, polymers and biopolymers, surfactants, and citrate are added to
stabilizer.7,8
In this study, chitosan modified with thioxanthone derivative (TXICh) was used as
photoinitiator and stabilizer for synthesis of silver nanoparticules (AgNPs). The nanoparticles were
prepared using an UV-LED (365 nm, 92 mW cm-2) as light source, TXICh (photoiniatiator) and silver
nitrate as precursor, in the presence and absence of a co-initiator (triethanolamine, TEOH). AgNPs
were characterized by UV-Vis spectroscopy and transmission electron microscopy (TEM). During the
photochemical synthesis it was observed the appearance of a broad band around 410 nm attributed to
the plasmon absorption, indicating the AgNPs formation. After excitation of TXICh to the triplet
excited state (TTA), a hydrogen transfer from the solvent to the TTA occurs, resulting in a
semireduced form of ketone, which promoted the redox process and AgNPs generation. Electron
microscopy images revealed spherical shape with wide range particle diameter from 3 to 15 nm. It
was required 4h to the complete redox reaction. One the other hand, when TEOH was added to the
system, the reaction was faster and the formation of nanoparticles occurred in 15 min. In this case, the
hydrogen transfer occurs from the TEOH to TXICh triplet exited state, resulting also in a semireduced
form of ketone and amine radical. Furthermore, it was observed that AgNPs synthetized with only
TXICh had non-uniform size and aggregation of some particles, while AgNPs synthetized with
TXICh and TEOH are more uniform with particle diameter around 3 nm.

The authors would like to thank FAPESP (2012/19656-0), CNPq (401434/2014-1 and
308940/2013-0) for financial support and S. R. Valandro also thanks CAPES, for a graduate
fellowship.

1 Dubas, S.; Kumlangdudsana, P.; Potiyaraj, P. Colloids Surf. A 2006, 289, 105-109.
2 Takai, A.; Kamat, P.V. ACS Nano 2011, 5, 7369-7376.
3 Wojtysiak, S.; Kudelski, A.Colloids Surf. A: Physicochem. Eng. Aspects 2012, 410,45-51
4 Chhatre, A.; Solasa, P.; Sakle, S.; Thaokar, R.; Mehra, A. Colloids Surf. A: Physicochem.
Eng. Aspects 2012, 404, 83-92.
5 Maretti, L.; Billone, P. S.; Liu, Y.; Scaiano, J.C. J. Am. Chem. Soc. 2009, 131, 1397213980.
6 Stamplecoskie, K.G.; Scaiano J.C. J. Am. Chem. Soc. 2010, 132, 1825-1827.
7 Dong, R-X.; Tsai, W-C.; Lin, J-J. Eur. Polym. J. 2011, 47, 1383-1389.
8 Chadha, R.; Maiti, N.; Kapoor, S. Mater. Sci. Eng. C 2014, 38, 192-196.
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Chitosan/montmorillonite nanocomposites films: preparation,
characterization and Photo-oxidative degradation
Virgínia A. M. Gonzaga, Juliana S. Gabriel, Joyce L. S. Gonçalves, Alessandra L. Poli,
Carla C. Schmitt
Instituto de Química de São Carlos, Universidade de São Paulo, São Carlos SP, Brazil
In recent years, polymer layered silicate nanocomposites have been attracted attention
in many fields, as in industry exploitation ans as fundamental research. These materials show
excellent mechanical and thermal properties, decrease in gas/vapor permeability, and reduced
flammability in the presence of a small amount of the silicate, as compared with the polymer
itself. Although polymer-clay nanocomposites’ photochemical behavior is quite important
and their environmental durability is a key factor for applications such as packaging and
agriculture, these are not fully understood. Therefore, the aim of this study was firstly to
prepare and characterize chitosan/clay nanocomposite films, and secondly, to investigate the
effect of UV irradiation on chitosan/clay nancomposite films.
Chitosan powder, with a deacetylation degree of 85% and viscosity-average
molecular weight of 66,000 g/mol, and montmorillonite clay SWy-2 were purified in order to
remove impurities. Chitosan/Montmorillonite nanocomposites were obtained by intercalation
in solution with untreated and sonicated clay. Sonicated SWy-2 was prepared using a sonifer
and characterized by dynamic light scattering. Chitosan/clay nanocomposites show
intercalated and exfoliated structures depending on the amount and type of clay. The
exfoliated structure was obtained for nanocomposites with 1 and 5 wt% sonicated SWy-2.
These nanocomposites present the highest tensile strength values due to a uniform dispersion
of sonicated clay in the polymer matrix.
The photodegadation process was followed by UV-vis and size exclusion
chromatography. Chitosan/clay nanocomposites prepared with untreated clay undergo
crosslinking. The degradation rate constant of chitosan/clay nanocomposite films with 30 and
50 wt% sonicated clay is higher than pure chitosan. This occurs due to acid sites in the
silicate interlayer region, which can accelerate the photo-oxidative process of chitosan.
The authors would like to thank FAPESP (2012/19656-0), CNPq (401434/2014-1,
490421/2013-0, 308940/2013-0 and PDJ 150447/2015-9) for financial support.
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Controlling microcrystallite growth and spectral shifts in perylene diimide
derivatives

Ashli Austin, Xuanyu Zhu, and Jodi M. Szarko
Lafayette College, Department of Chemistry, Easton, PA 18042
The solid state spectra of conjugated organic molecules indicate the nature of the
intermolecular interactions present in these materials. Molecular orientation and electron
coupling in the solid state can be elucidated by understanding the spectral changes of these
species. Here we investigate the nature of perylene diimide (PDI) derivatives, which are
model conjugated organic materials. We attached alkyl side chains of varying length and
geometry to the imide N- positions to control the degree of electronic coupling and
crystallization present in thin films and microstructures. The solvents used to form crystals of
these molecules were chlorobenzene, tetrahydrofuran, and toluene. We used polarization
absorption spectroscopy to analyze the alignment of the transition dipole vectors in these
structures. By varying the side chains and the solvents used in the crystallization process, the
structure of the microcrystallites, along with their spectral signatures, was controlled. The
resulting spectra show bathochromic shifts (compared to solution) as high as 3000 cm -1 and
smaller hypsochromic shifts, indicating the presence of H and J aggregates. The lower energy
portion of the polarized spectrum of a crystal formed from the PDI with the shortest branched
side group has an absorption polarization ratio close to 1.0 while the higher energy spectrum
of the same crystal has a polarization ratio of -0.2, revealing rotationally separated solid state
dipole moments. Thicker crystals have lower polarization ratios, which is due to the
disordering of crystals as the thickness increase. The crystals formed from these molecules
are also smaller when grown under illumination. The photoinduced changes in crystal growth
are discussed here in more detail. These comparisons have shed light as to the effects of
electron coupling and film morphology, and crystal size on the overall spectrum of PDI
samples.
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Degradation of dye by heterogeneous photocatalysis using hybrid catalyst
of TiO2 and gold nanoparticles. Kinetic and intermediate products study
E. Pino1
1

Universidad de Santiago de Chile, Departamento de Ciencias del Ambiente, Facultad de
Química y Biología, Santiago, Chile, Av. Libertador Bernardo O’Higgins 3363, Estación
Central, eduardo.pino@usach.cl

The heterogeneous photocatalysis using inorganic semiconductor had been widely employed to
degrade highly persistent and no biodegradable pollutants. The mechanism associated to
heterogeneous photocatalysis is highly complex, because in addition to the photogeneration of
hole/electron pairs, competitive degradation ways like photobleaching and/or sensibilization
could be take place during the irradiation process. In this work, we focus in the degradation of
dyes (indigo carmine, IC) with TiO2 and AuNP/ TiO2 using stationary and laser pulsed irradiation
from the UV until visible range (photoreactor, NdYAG and SLOPO system). A highly
monodisperse suspension of AuNP ultraclean have been obtained by a green chemistry
methodology with laser ablation and H2O2 monitored by the changes in the plasmon band (Figure
1). The catalytic material was characterized by different methods XRD and Diffuse Reflectance
(DR). The spectra of DR of AuNP-TiO2 showed a visible component around 510 nm. During the
irradiation of supported or unsupported catalysts different reactive oxygen species (ROS) could
be generated. In this work, the generation of hydroxyl radical (HO) have been evaluated using
coumarine
like
scavenger,
where the
fluorescence measurement of the 7-hydroxycoumarine
had been recorded.

Figure 1: Spectra change of plasmon band of AuNP
ultraclean by laser ablation at 532nm.
The photodegradation rate of IC decreased when the
concentration of the organic pollutant was increased, the kinetic
profile showed an exponential fit in the limit of low concentration of pollutant. Also, the kinetic
behavior was affected by the %AuNP-TiO2, intensity of laser and stationary irradiation. The rate
constants obtained from the Langmuir-Hinshelwood (LH) model were higher using UV than
visible irradiation. In order to get a better understanding of the photoprocesses the intermediate
products have been analyzed by chromatographic techniques, the HPLC-DAD analysis showed
four principal intermediate products, the concentration of these intermediate product only
decrease when almost the 80% of IC was degraded in good concordance of the selectivity of
photocatalytic process. These analysis were complemented by UHPLC MSMS, where m/z signal
were detected. In conclusion, the results obtained suggest a positive effect in extend the
absorption range of light by goldnanoparticles. Wherefore, studies of competitive degradation
must be carrying out with the purpose to obtain a more realistic perspective.

Acknowledgements: Financial support from the Fondecyt ID 1130701, DICYT-USACH
021541PL, VRIDEI-SUACH, Fondequip EQM120065 are gratefully acknowledged.
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In recent years several articles and books have been published on the use of phthalocyaninebased compounds in photodyamic therapy (PDT). Phthalocyanines, second generation of
photosensitizers, have interesting chemical characteristics like strong absorption in the
therapeutic window, production of singlet oxygen, chemical and thermal stability.
Understanding the relationship between molecular structure of the photosensitizers and
cellular sublocalization could help in the development of new species for treatment of tumors
using PDT. In this context, researchers have been attracted to the development of new drugs
and therapies that can be effective and selective for cancer diagnostic and treatment. Beside
this, some studies described that quantum dots can transfer energy to phthalocyanines by
Förster ressonance energy transfer process (FRET), increasing in some cases the singlet
oxygen quantum yields. Thereby, this work presents the synthesis, photochemistry and
photobiological studies of ruthenium phthalocyanines [Ru(Pc)] and [Ru(Pc)(4-ampy)2]. The
interaction between CdTe-quantum dots and the ruthenium phthalocyanines were evaluated
by Stern-Volmer´s equation and suggest the occurrence of more than one process at the same
time. For better understanding this system, the modified Stern-Volmer equation was applied,
and it was possible to observe that the Stern-Volmer constant is higher for the complex
[Ru(Pc)(4-ampy)2], indicating this complex is a better quencher than [Ru(Pc)]. Förster energy
transfer (FRET) occurs by CdTe-quantum dots donor and ruthenium phthalocyanines
acceptors with Eff between 0,53 and 0,59, suggesting good efficiency process. In order to
prove FRET, the quencher experiment was also applied for a quantum dot that has no overlap
of the donor and acceptor spectrum.
Under irradiation (5,95 J/cm2)

Without Irradiation
Control (DMSO)
[Ru(Pc)] (0,5 M)
[Ru(Pc)(4-ampy) 2] (0,5M)
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Cisplatin (50uM)
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Figure 1. Cytotoxicity of phthalocyanines complexes using MTT assays in B16F10 cell line.
The cell viability in B16F10 cell line was evaluated by MTT assays with (ʎ=660 nm) or
without photo stimulation. It can be observed in figure 1 that both complexes presented a
cellular viability approximately 3% at 0,5 µM concentration, showing higher cytotoxicity
than cisplatin (50 µM), a well-known chemotherapeutic. Therefore, the results have indicated
this system have potential for theranostic agents.
References: Ahmed, N.; Fessi, H.; Elaissari, A.; Drug Discovery Today,17/18 (17), 2012.
Acknowledgments: The authors would like to thank CAPES, FAPESP and CNPq for providing
financial support to this project.
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Among the emerging contaminants of greatest concern are drugs because of their large
consumption worldwide. Their growing presence in the aquatic environment is a serious
problem. Many drugs require a long time to degrade in nature, and are recalcitrant to
conventional methods of water treatment and industrial effluents. Moreover, if we consider
that drugs are commonly present in residual waters in complexes mixtures, the problem to
address becomes even more difficult.
Among the drugs most commonly used in medical and veterinary practices are diclofenac
(DIC), ibuprofen (IBU), and ketoprofen (KET). These have been detected in amounts ranging
from 0.01 to 990 mg / L in water waste, surface and groundwater; they can lead to chronic
low-level exposure and accumulation, with negative results on life and the environment, one
of the most unwanted microbial resistance and accumulation in food chains
In this work, we developed a series of experiments using heterogeneous catalysis in different
conditions of wavelength of irradiation, pH and molar ratio drug/ H2O2, from a mixture of
commercial drugs (KET, DIC, and IBU) each at 10 ppm concentration in aqueous solution, in
order to degrade these pharmaceuticals.
The course of degradation of each drug was followed through a HPLC Flexar- PerkinElmer,
and determination of changes on TOC, COD and BOD5 was carried out after the
photocatalytic treatment
Representative results for the different conditions are:

Figure 1: Percentage of remaining drugs
Irradiation λ254nm, pH 7

Figure 2 : Percentage of remaining drugs
Irradiation λ365nm1/9 molar ratio drug./H2O2

From the data obtained,
 The photocatalytic degradation is achieved in reasonable treatment times.
 A total degradation in 120 min of treatment occurs at pH 7 with 254 nm wavelenght
of irradiation
 120 min of treatment with 365nm light irradiation allows reaching final percentages
between 10-20%.
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The efficient conversion of solar energy to produce hydrogen via photoelectrochemical cells
(PEC) to split water molecules has been regarded as a promising alternative for sustainable power
generation. Compared with other semiconductors, iron oxide in the hematite phase (α-Fe2O3) has
many advantages to be used in a PEC system because it combines important characteristics, such
as high chemical stability, absorption of light in the visible region, nontoxicity, abundance, and
low cost of obtainment. Since the hole diffusion length of hematite is much smaller (~ 4 nm) than
the width of the space-charge layer, hematite nanorods photoanodes can provide high charge
carrier transport compared with hematite nanoparticles. This work aimed to study thickness and
both front and back illumination effects on the photocurrent generation. To control the film
thickness, different amounts of the precursors FeCl 3.6H2O and urea (CH4N2O) were used in the
hydrothermal syntheses of hematite nanorods, grown on fluorine-tin oxide (FTO) substrates.
Subsequently, these films were submitted to a thermal treatment at 750 ºC and
photoelectrochemical measurements were carried out (Fig. 1). The samples named S1, S2, S3 and
S4 relate to the final samples obtained by increasing the film thickness.

(A)
(B)
Fig. 1. (A) FEG-SEM images of a) S1, b) S2, c) S3, d) S4 films, and cross-sectional images of e) S2, and f) S4
films; (B) potential (VRHE) vs. photocurrent density (J/ mA cm-2) of a) S1, b) S2, c) S3, and d) S4 films, and e)
illustrations of front and back illumination.

The results reveal that hematite nanorods films were obtained through hydrothermal syntheses.
The film thickness increased from S1 to S4, when the precursors amounts in solution were higher,
which significantly affected the PEC performance of final hematite nanorods photoanodes. By
observing the potential vs. photocurrent density (J/ mA cm -2) curves, one can see the effect of the
film thickness on the photocurrent values. When the precursors amounts increased from S1 to S2
photoanodes, the photocurrent changed from 1.50 to 1.86 mA cm-2, respectively, enhancing the
photoanode performance. By increasing the precursors amounts of S3 and S4 photoanodes, the
photocurrent decreased to 1.05 and 0.92 mA cm-2, respectively. The best photocurrent obtained
for S2 photoanode (1.86 mA cm-2) can be ascribed to the most appropriate thickness able to
provide the best separation and charge transport. Besides, for S1 and S2 photoanodes, which
possess the smallest film thicknesses, the best photocurrents were obtained through front
illumination. On the other hand, S3 and S4 photoanodes showed better performances through
back illumination, indicating the strong thickness dependence on the photoanode performance.
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The thermodynamics of the inclusion process of naphtho[1,2-d]oxazole and
naphtho[2,3d]oxazole derivatives in beta and gamma cyclodextrins, was studied using steadystate fluorescence, time resolved fluorescence and computational chemistry methods (Figure
1). In homogeneous media, UV–Vis absorption spectra of naphthoxazole derivatives are
insensitive to solvent polarity while the fluorescence spectra show an important
solvatochromic effect leading to large Stokes shifts. Incorporation of these molecules in and -cyclodextrin was monitored observing the increase of the fluorescence as function of
cyclodextrin concentration. Analysis of fluorescence data in terms of Job plots, phase
solubility method and Benesi-Hildebrand equation, shows that the inclusion complexes have
1:1 stoichiometry. The values of thermodynamics parameters determined from the
dependence of the binding constant on temperature, suggest that the complex formation is an
enthalpy driven process. Docking studies point out that the complex stability is mainly due to
two factors, favorable van der Waals interactions in the inner of the cavity and hydrogen
bond interactions between the substituent in the oxazole ring and hydroxyl groups located in
the narrow rim of the cavity. The same conclusion was achieved employing the Molecular
Mechanics PoissonBolzmann and Generalized-Born Surface Area approaches to determine
the energy contributions to the total free energy for the inclusion process. Preliminary studies
on white light emission in solid phase from a (E)-2-(2-(quinolin-2-yl)vinyl)naphtho[1,2d]oxazole complex and high sensitivity singlet oxygen detection in water, using a (E)-2-(2(furan-2yl)vinyl)naphtho[1,2-d]oxazole--cyclodextrin complex, are also discussed.

Figure 1. Molecular dynamics for the interaction between (E)-2-(2-(furan2yl)vinyl)naphtho[1,2-d]oxazole and -cyclodextrin.
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At present many emerging contaminants are detected in effluents, groundwater and surface
waters. These include pharmaceuticals, personal care products, polybrominated flame retardants,
perfluorinated compounds. These pollutants have poor degradability and they do not degrade
under conventional methods of water purification1.
Paracetamol (4-hydroxyacetanilide, 4-acetamidephenol) is a pharmaceutical widely used as
analgesic and antipyretic drug as well as part of other medications. This compound is found in
natural waters in USA and in some European effluents in Spain, Korea and France2. The interest
around this emerging contaminant is associated with its degradation process where a toxic
metabolite is generated by enzymatic oxidation in the liver3,4.
In order to mineralize paracetamol many techniques have been tested like ozonation, H2O2/UV,
TiO2/UV, electrochemical, photoelectrocatalytic and photo-Fenton processes with diverse
results2,5.
The aim of this study was to compare the catalytic efficiency on the paracetamol degradation, of
different semiconductor catalysts based on TiO2 and ZnO, using them as a suspension or
immobilized over glass Raschig rings. The immobilized catalysts were prepared by soakingcalcination process or by sol-gel coating. Besides ZnO catalysts were doped via sol-gel with 0.1
and 1% of copper (CuO-ZnO).
Photocatalytic reactions with immobilized systems were carried out in a cylindrical photoreactor
containing the lamp and the Raschig rings, recycling the sample through a peristaltic pump.
While the suspended reactions systems were prepared using 1 mg of catalyst per milliliter of
sample solution, assisted by magnetic agitation. In both systems (suspended or immobilized)
continuous air bubbling and 365 nm of irradiation wavelength was used. From the results, the
suspended commercial ZnO catalyst had the faster kinetic reaching 80% of paracetamol
degradation at only 60 min of treatment. On the other hand, the immobilized systems prepared by
soaking-calcination of commercial TiO2 (pH 6) and ZnO (pH 7 and 10) have similar trends
reaching around 70% of paracetamol degradation at 120 and 150 min of treatment, respectively.
In general, the immobilized ZnO systems prepared by sol-gel coating technique showed low
efficiency in relation to those prepared by soaking-calcination method. All the suspended ZnO
catalyst prepared by sol-gel including the doped ones shown low catalytic efficiency. The CuOZnO catalysts reached around 40% of paracetamol degradation at 300 min of treatment. The
paracetamol degradation was not influenced by pH but the efficiency of the photocatalytic
degradation was influenced by the catalyst preparation method and by the type of reaction system
(suspended or immobilized).
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Currently, nanoparticles are employed as catalysts for petroleum processing, energy
conversion, industrial organic manufacturing and pollutant removal, since their often superior
or new catalytic properties compared to their bulk counterparts. However, further research to
improve their efficiency is needed.
The size-dependent photocatalytic performance of gold nanoparticles (AuNP) was
evaluated by regular visible spectroscopy, instead of using more complex and expensive
methods usually applied.
The bleaching (oxidation) of strong yellow crocin aqueous solutions containing gold
nanoparticles (AuNP) was measured at 433 nm. Different sizes of AuNP were tested as
photocatalyst under plasmon excitation at 525 nm, with or without hydrogen peroxide. The
final more monodisperse populations of AuNP were obtained employing the Laser-drop
technique for the ablation of polydisperse nanostructures synthesized through the photolysis
of AuCl4 in the presence of H2O2.1 Briefly, the drops were exposed to a number of
concentrated but not focused 532 nm laser pulses operated at a frequency of 1 Hz. Our setup
allows us to control the number of pulses, the energy per pulse, and the total energy delivered
to each drop. Two laser powers were used: 20 and 45 mJ, and the amount of shots per drop
was increased from 1 to 32 in order to obtain different size of uncapped nanoparticles.
Usually, the degradation of a crocin solution (10 uM) of initial absorbance ~1,30 kept in dark
at room temperature by atmospheric oxygen takes over 48 h, while in the presence of
hydrogen peroxide (25% v/v) takes 3 h. When AuNP were added to the crocin solution at 25
ºC, even in the absence of H2O2, the reaction finished in significant shorter times.
The smaller the AuNP are, the faster the complete bleach was achieved, most likely
due to the enhanced surface interaction of AuNP. This catalytic power is higher for irradiated
AuNP, possibly because the photothermic effect contributes to the oxidation of this diester.

Figure 1. Oxidation of crocin solutions containing different sizes of AuNP exposed to 525 nm irradiation.
1

KL. McGilvray, J. Granger, M. Correia, JT. Banks, JC. Scaiano. Chem. Chem. Phys. 2011; 13: 11914–11918
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Photodynamic Antibacterial Chemotherapy (PACT) has emerged as an interesting
alternative to treat antibiotic resistant infections. In this case, metallic nanoparticles were
used as photosensitizers: gold nanoparticles (AuNP) and coreshell nanoparticles with gold
core and silver shell, stabilized with aspartame, (Asp@Ag@AuNP). According to our
previous studies, just a few hours of plasmon excitation at 525 nm (9 h for AuNP 2 mM and 6
h for Asp@Ag@AuNP 6.25 µM) are enough to completely inhibit the bacterial growth of
Staphylococcus aureus ATCC 29213 and extended spectrum beta-lactamase (ESBL)
producing Escherichia coli. In the present work, reactive oxygen species (ROS) and reactive
nitrogen species (RNS) production during PACT treatment was detected through Fluorescent
Microscopy with the fluorescent probe 2′,7′-dichlorodihydrofluorescein (DCFH) and
quantitatively measured using 1,2,3- dihydrorodamine. Macromolecular damage was
evaluated by spectrophotometric quantification of Advanced Oxidation Protein Products
(AOPP) in presence of KI at 340 nm.
Maximum ROS and RNS generation for both bacterial strains were observed after 4 h
of PACT with AuNP and Asp@Ag@AuNP, but levels produced by coreshell nanoparticles
were significantly greater. As expected, this major oxidative stress caused important damage
in biomolecules. AOPP quantities were 30 times higher in treated samples respect to the
control.
The bactericidal effect achieved in PACT would be the result of irreversible structural
and functional damage caused by large ROS and RNE production. The coreshell
nanoparticles accomplished this propose in a shorter time due to the bactericidal properties of
the silver shell, which contributes to the already described photothermic effect of gold core
excitation with visible light.

Figure 1. Bacterial death mechanism proposed for PACT with Asp@Ag@AuNP.
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In the present work we studied the surface modification of the photocatalyzer TiO2anatasa nanoparticles with a thin film of poly(acrylamide). The covalent bound of the film to
the nanoparticles was obtained by the photopolymerization of acrylamide using as
photoinitiator benzophenone in the presence of an amine group introduced covalently to the
nanoparticle taking the advantage of the high reactivity of the –OH at the TiO2 surface.
The incorporation of the polymer film modified was analyzed by XPS and diffuse reflactance
techniques.
The photocatalytic activity was evaluated by the efficiency of oxygen reactive species
(OH.) employing as probe the high fluorescence of 7-hydroxy-coumarin produced in the
photodegradation of coumarin. Hydroxyl radicals were observed by the irradiation of aqueous
solutions of the catalyzers TiO2 and TiO2-PolyAA.
Also was evaluated the photodegradation of the xanthenes dyes (Eosin Y and Eosin B)
employing aqueous suspensions of the free and the functionalized TiO2 particles. These
studies showed that degradation kinetics was lower when the particle is protected by the
polymer film. In both cases the photodegradiation rate decreases with the dye concentration
indicating that the dye photodegradation follows the Langmuir-Hinshelwood model.
On the other hand, studies of the irradiation of Eosin B in the presence of two mentionated
TiO2 system showed that irradiation of Eosin B does not lead to the dye degradation. This
indicates that the charge transfer characteristics of the Eosin B xanthenes due to the presence
of the nitroxide group.
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1

Ruthenium polypyridines have been extensively studied, and their photophysical properties
are well known.1 Because of these properties, they have been widely used in different
applications, like photocatalysis, sensing, energy conversion and photodynamic therapy. A
group of these complexes, of general formula [Ru(bpy)2X2]n+ (bpy= 2,2’-bipyridine, X= a
labile ligand) has proved to be very effective in the photoliberation of molecules of biological
interest (caged compounds) due to the very well established photolabile nature of binding
ligand X.2 On the other hand, silica nanoparticles are one of the preferred vehicles for
different in vivo applications, like drug delivery.3 These nanoparticles are also well suited for
surface functionalization. In this work we present the synthesis and characterization of the
complexes [Ru(bpy)(dcbpy)(py)2]2+ and [Ru(dcbpy)2(py)2]2+ (dcbpy= 4,4’-dicarboxy-2,2’bipyridine, py= pyridine) and the study of their photochemical properties. These compounds
can be attached to the surface of silica nanoparticles through a covalent, amide bond,
transferring their properties to the surface. In order to proof this, we synthesized and
characterized [Ru(bpy)2(dcbpy)]2+@SiO2 fluorescent nanoparticles. Their photophysical and
photochemical behaviour suggests these systems could be the basis of a family of caged
compounds that are able to release molecules from surface.

a

b

c

Figure 1: a) Functionalized silica nanoparticle; b) structure of complex [Ru(bpy)(dcbpy)(py)2] 2+ ; c) excitation
and emission spectra of [Ru(bpy)2(dcbpy)] 2+ (black) and [Ru(bpy)2(dcbpy)] 2+@SiO2 (blue) in water.
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Abstract
The photocatalytic degradation of two phenolic compounds, catechol (CC) and caffeic acid
(CA), was performed using TiO2 and 0,1%Cu-TiO2 (% = atomic percent) in a solution
containing 50 and 25 [mg/L] of CC and CA respectively. TiO2 and 0,1%Cu-TiO2 were
synthetized by sol-gel method1. In CC, the experiments was carried out using a rectangular
reactor whit three UV lamps (365 [nm]) of 18 [W]. In CA, the experiments was carried out
using a different rectangular reactor under solar irradiation. During the experiments, the
concentration of phenolic compounds was determined by UV-Vis spectroscopy by measuring
the remnant absorbance at 275 and 312 [nm] for CC and CA respectively.
Both compounds have a certain degree of adsorption on the catalyst, which change color
upon contact with the solution. As the experiment progresses and degrade pollutants,
catalysts begin to restore its original color. For this reason, it can be determined that the
photodegradation process is governed by a synergic mechanism in which adsorption and
photodegradation are involved2. Complete degradation of CC and CA was obtained at 300
and 150 minutes respectively. Total organic carbon and chemical oxygen demand analysis
indicate that at those times has not yet reached complete mineralization of organic
compounds. During the experiments, the pH of the solution drops to 4 in both cases, which
begins to increase after complete degradation. Degradation of organic compounds follows a
kinetic pseudo-first order.
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Photodynamic therapy of cancer (PDT) is a technique for the treatment of cancer which is
based on the irradiation of a photosensitizer, followed by the generation of reactive oxygen
species known as ROS, mainly singlet oxygen (1O2), which is able to react with biomolecules
and therefore induce cellular death of abnormal cells either through apoptosis or necrosis.1
Cucurbit[n]urils (CB[n], n = 5-10), a family of pumpkin-like molecular containers, have
become important in the last decades because of their binding and recognitions properties, as
well as their applications as drug delivery vehicles because of their ability to sequester drugs
inside their structure, therefore providing a steric barrier for the drug degradation and
deactivaton.2-3 Because of their host-guest interactions they are able to influence the
photophysical properties of photosensitizers.4-6
Previous work demonstrated that Acridine Orange (AO+) binds with higher affinity to CB[7]
than to human serum albumin (HSA), therefore this complex is the one that seems to interact
with HSA through weak interactions when the ternary complex is formed by AO+CB[7]HSA. This study pointed out that there was a need to go into depth of the specificity of
these interactions.6
Our current research is aimed at the formation of ternary complexes using HSA specific
binding sites and interactions, CB[7] and modified photosensitizers to increase their
hydrophobicity in order to improve their interactions and transport for future applications in
photodynamic therapy. In this work we modified toluidine blue (TBO) by adding fatty acids
of different lengths (C6 and C14). We characterized the derivatives using NMR, molecular
absorption and fluorescence spectroscopy. The formation of the biosupramolecular assembly
of TBO(C6 or C14)-CB[7]-HSA was evaluated using fluorescence spectroscopy and
numerical analysis was done to obtain the association constants. Further characterization was
done in order to evaluate the specificity of the binding of the TBO(C6 or C14)-CB[7]
complex with HSA.
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with Cucurbit[7]uril in the Presence of Cations, J. Am. Chem. Soc., 2011, 133, 20623–20633.
3. S. Walker, R. Oun, F. J. McInees and N. J. Wheate, The Potential of Cucurbit[n]uril in Drug Delivery,
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5. M. González-Bejar, P. Montes-Navas, H. García and J. C. Scaiano, Methylene Blue Encapsulation in
Cucurbit[7]uril: Laser Flash Photolysis and Near-IR Luminescence Studies of the Interaction with
Oxygen, Langmuir, 2009, 25, 10490-10494.
6. K. Scholtbach, I. Venegas, C. Bohne and D. Fuentealba, Time-resolved fluorescence anisotropy as a
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Photophysical Properties of CuxInS2 Quantum Dots with Cu-deficient
Structures
Danilo H. Jara, Prashant V. Kamat
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Notre Dame, Indiana 46556, USA.

Copper Indium Sulphide (CuInS2) quantum dots (QDs) have emerged as a less toxic
alternative in light energy conversion to conventional CdSe and PbS QDs having toxic metal
in their structure. CuInS2 QDs exhibit a bulk bandgap of 1.5 eV matching with the visible
region of the solar spectrum, high quantum yield of emission as well as facile synthetic
methodology. Despite the extensive interest in CuInS2 QDs, its photophysical properties are
yet to be fully explored. The difficulty in proposing a universal physical model of the charge
carrier dynamics in CuInS2 QDs is due to the uncertainties associated with the sub-bandgap
states due to crystal defects. In order to gain a better understanding we have prepared a series
of defect-containing pyramidal-shaped CuInS2 QDs with different [Cu]:[In] ratio. Their
excited state behavior has been studied by photoluminescence and femtosecond transient
absorption spectroscopies. The bleaching of band edge and broad tail absorption bands in the
subpicosecond-nanosecond timescale at different wavelength of irradiation provide evidence
of two distinguishable optical transitions. Those optical transitions are further observed in the
absorption spectra as we change the [Cu]:[In] ratio CuInS2 QD. A clear absorption peak
associated to excitonic transition was observed as we decrease [Cu]:[In] ratio, which is not
common in CuInS2 QDs. A detail study of the optical properties of CuInS2 with different
[Cu]:[In] ratio will be discussed.

Reference:
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25st I-APS Conference, May 24-27 2016 Santiago, Chile

63

Poster 019
Reversible Disassembly–Assembly of Octa acid-Guest Capsule in Water
Triggered by a Photochromic Process
Mohan Raj Anthony Raj, Francisco M. Raymo and V. Ramamurthy
Department of Chemistry, University of Miami, Coral Cables, Miami, USA

We have investigated the reversible photointerconversion between spiropyran and
merocyanine in water by encapsulating the spiropyran within a capsule made up of two
molecules of octa acid(OA). The non-polar closed form spiropyran (1a) forms 1:2 capsular
assembly while the ionic open form merocyanine (2a) forms 1:1 cavitandplex. Photochromic
interconversion between the spiropyran and merocyanine leads to capsular disassembly and
assembly. In addition, OA provides thermal and photo stability to the merocyanine form in
aqueous media. Capsular assemblies were characterized by 1H NMR and the photochemistry
and photophysics were monitored by the absorption and emission spectra of spiropyran and
merocyanine. Light triggered disassembly–assembly of OA capsule opens up opportunities
to explore this system as a vehicle for delivery of molecules of interest and as a molecular
machine that to expand interlayer space in clays etc.
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Visible
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(4) Jagadesan, P.; Da Silva, J. P.; Givens, R. S.; Ramamurthy, V. Photorelease of Incarcerated Guets in Aqueous
Solution with Phenacyl Esters as the Trigger. Org. Lett. 2015, 17, 1276-1279.
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Silicon Nanoparticles as Electron Acceptors in Biomimetic Dyads:
Photophysics and Charge Separation Processes
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2
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85287-1604, United States.

Charge separation is one of the important steps in the photosynthetic process involved in the
transformation of solar energy into chemical potential. Such strategy has inspired different
approaches which nowadays are defined as artificial photosynthesis1. These involve the
design and assembly of devices for the direct production of solar fuels, photo-electrochemical
application in fuel cells, and the engineering of enzymes and photoautotrophic organisms.
Also, lately nanotechnology contributed to the field with new active materials for energy
conversion, re-engineering typical devices to make them more efficient2. In line with this
idea, in the present work we report the design, synthesis and photophysics of novel dyads
using Silicon nanoparticles (Si nps) and typical organic chromophores, in order to obtain
charge separated states.
Si nps of different sizes were synthesized by thermal oxidation of metallic silicides3 and
functionalized with allylamine using hydrosilylation reactions. After that, amine-terminated
Si nps were reacted with carboxyl derivatives of tetra-mesityl porphyrins or carotenoids. The
assemblies were characterized using HR-TEM, XPS and FTIR, and studied using UV-VIS
absorption and emission spectroscopic techniques, either time resolved and steady state. The
results were analyzed relying on Marcus theory of electron transfer reactions. The electron
transfer rate constants depend on the size of Si nps and they are strongly affected by the
linking strategy employed, clearly reflecting the effects of quantum confinement and
electronic coupling.
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Synthesis and characterization of conjugated polymers nanoparticles with
potential application in the study of biological systems
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Conjugated polymer nanoparticles (CPNPs) have excellent photophysical and biological
properties that make them suitable for biomedical applications such as photosensitizers in
photodynamic therapy (PDT)[1,2], fluorescent cell markers or probes[1,3,4]. Some of these
properties are: high absorption cross section in the UV-visible range, high quantum yields of
emission and production of reactive oxygen species, good biocompatibility, stability and
photostability in aqueous media.
In this work, we synthesized and characterized CPNPs of Poly(9,9-dioctylfluorenealtbenzothiadiazole) (F8BT) with interesting photophysical properties. Organic dopants were
incorporated into the CPNPs (on its surface or though its volume) in order to improve the
ability to generate O2(1Δg) and to explore in detail intra-particle energy transfer processes.
The ability of platinum octaethylporphyrin (PtOEP) doped and undoped CPNPs to
photosensitize the production single oxygen (O2(1Δg)) was explored using anthracene9,10dipropionic acid (ADPA), a well know O2(1Δg) chemical trap[5]. The results indicate that
PtOEP doping produces an increase in O2(1Δg) generation and that the sensing ability of
ADPA is affected by pH.
Using time-resolved and steady state fluorescence quenching we explored the ability of
CPNPs to bind ionic and neutral organic dyes on its surface. These experiments were
performed in the presence and absence of polyethylen glycol (PEG) which acts as a
nanoparticle surface modifier blocking dye binding.
Finally, in order to improve our understanding of intra-particle energy transfer processes in
de presence and absence of dye dopants, we developed computer models based on
MonteCarlo type simulations. In these simulations dopant molecules act as acceptors via a
Forster type energy transfer mechanism[6.7]. Comparison of simulated and experimental
results allowed us to validate the model and to extract important parameters associated with
F8BT such as the exciton diffusion length.

[1] Shi, H.; Xing M.; Zhao, Q.; Liu, B.; Qu, Q.; An, Z.; Zhao, Y.; Huang, W. Adv. Funct. Mater 2014. 24,
4823–4830.
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[3] Dmitriev, R.; Borisov, S.; Dussman, H.; Sun, S.; Muller, B.; Prehn, J.; Baklaushev, V.; Klimant, I.;
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[5] Lindig, B.; Rodgers, M.; Schaap, P. (1980). J. Am. Chem. Soc. 102(17), 5590.
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Synthesis and photophysical properties of a novel biopolymeric
photoinitiator based on chitosan and thioxanthone derivative
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Conventionally, ultraviolet-visible photopolymerization science and technology is
based on the use of compounds with low molecular weight as photoinitiators to absorb light
and produce radical species, which are able to initiate the polymerization.1,2 However, some
factors, such as odor and toxicity, have been limiting the use in practical applications. In the
last few years, the development of polymeric photoinitiators has become an alternative to
overcome these problems, besides the study and development of biopolymeric photoinitiators
has rarely been reported3-5. Thioxanthones and derivatives are widely used as photoinitiators
for free radical polymerization.6,7 Chitosan is a natural aminopolysaccharide and has been
used in biomedicine, agriculture, food processing and biotechnology.8
In this context, a novel biopolymeric photoinitiator was synthetized from chitosan,
phthalic anhydride and thiosalicylic acid by two steps. The 10-oxo-10H-dibenzene thiopyran3-4-dicarboximide/chitosan (TXICh) structure was characterized by 1D (1H and 13C) and 2D
(1H 1H COSY, 1H 13C HSQC and 1H 13C HMBC) NMR experiments. The spectroscopic
characterization of TXICh showed absorption in a wide region of the visible, with bands at
385, 450 and 540 nm and three fluorescence emission bands. Fluorescence lifetime
measurements showed three lifetimes values (3, 0.612 and 0.021 ns) with the same magnitude
that were found for TXICh by femtosecond time-resolved pump-probe transient absorption
spectroscopy. TXICh triplet formation was observed by flash photolysis and showed four
maxima at 640, 570, 440 and 340 nm, attributed to the triplet-triplet (TTA) absorption and a
semireduced species. The TTA lifetime obtained from the transient decay at 640 nm, was
18.8 µs.
The authors would like to thank FAPESP (2012/19656-0), CNPq (401434/2014-1 and
308940/2013-0) for financial support and S. R. Valandro also thanks CAPES, for a graduate
fellowship. Work in the Coimbra Chemistry Centre was supported by the Fundação para a
Ciência e a Tecnologia (FCT), Portuguese Agency for Scientific Research, through the
programmes UID/QUI/UI0313/2013 and COMPETE
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The influence of the drop size in olive-oil emulsions on the rate of
quenching of pyrene with TEMPO-derived radicals of variable lipophilicity
Amaia López de Arbina, Marcos C. Rezende and Carolina Aliaga
Facultad de Química y Biología, Universidad de Santiago de Chile

Studies in microheterogeneus media are relevant to biological systems. We have been
concerned for some time with the distribution of radicals and/or antioxidants in these media.
We have shown that, in the presence of neutral micelles, the antioxidant activity of different
phenols, measured with TEMPO-derived probes of variable lipophilicity, differs widely,
according to their partitioning in the micellar environment and the relative lipophilicity of the
radical probe. 1
Water-oil emulsions are very stable systems, providing a very attractive medium for the
evaluation of antioxidant activities.
In the present study we prepared olive-oil/water emulsions with variable oil-drop sizes and
measured the quenching of pyrene by different TEMPO-derivatives in these media. As the
drop size increased, so did the rate constants of pyrene quenching by the radical derivatives.
The ratio between Stern-Volmer constants for two distinct drop sizes followed a cut-off
pattern, as the side chain of the TEMPO-derivative increased (see Figure 1).
In addition, these ratios allowed us to estimate the distribution of the TEMPO radical in the
two phases.

Figure 1. Ratio of the Stern-Volmer rate constants between two distinct drop sizes emulsions
with increased length of the side chain of TEMPO-derivatives

1

Aliaga, C.; Bravo-Moraga, F.; Gonzalez-Nilo, D.; Márquez, S.; Lühr, S.; Mena, G.;
Rezende, M. C. Food Chem., 2016, 192, 395-401.

Acknowledgements. FONDECYT 1160486 and CEDENNA
25st I-APS Conference, May 24-27 2016 Santiago, Chile

68

Poster 024
Thermal Decay Kinetics of Photochromic Spiropyrans in Solution and in
Nanocrystalline Suspensions
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Spiropyrans are one of several classes of photochromic molecules that have gained widespread
interest from researchers because of their potential applications as optical memories and switches.1
Photochromism can be defined as the reversible, light-induced isomerization between two distinct
species that proceeds with a visible color change.2 The photochromic reaction of spiropyrans shown in
the scheme below begins with the colorless or lightly colored spiropyran (SP) being irradiated with
ultraviolet (UV) light. This causes the cleavage of the Cspiro-O bond, which results in the formation of
the colored merocyanine (MC). However, the merocyanine is thermally unstable, and so once the UV
irradiation source is turned off the MC begins to decay back to the SP.
In 1952, Fischer and Hirshberg3 first reported
the photochromism of spiropyrans in solution,
and it was not until 2000 that Benard and Yu4
first described the photochromism of SPs in
the crystalline state. However, a direct
comparison of the kinetics between SPs in
solution and the crystalline state has not been
published. This is because the crystalline state
studies have used single crystals or microcrystalline powders, which contain particles larger than 500
nm and so cannot be studied using common transmission spectroscopic methods. One way to address
this problem is to use nanocrystalline suspensions, which are crystals tens to hundreds of nanometers
in size suspended in water.
Our results demonstrate that nanocrystalline suspensions can be used to study the photochromic
reaction of spiropyrans using common transmission spectroscopic methods, thereby making the
solution and solid state thermal decay kinetics directly comparable to one another. After calculating
the decay lifetimes for SP1-SP5 in solution and the solid state, we found that the MC has a lifetime
10-100 times longer in nanocrystalline suspension than in acetonitrile. However, the decay kinetics in
solution fit a monoexponential decay compared to the biexponential decay seen in the solid state,
indicating that the rigidity of the crystal lattice not only causes the MC to revert back to the SP more
slowly, but also that it impedes the multiple MC isomers from decaying at similar rates like we
observe in solution. in comparing the thermal decay lifetimes of the MCs for SP1-SP5 in solution and
in nanocrystalline suspensions, there is no apparent decay trend between the two states. For example,
SP2 decays the fastest in solution but decays the slowest in the solid state, and SP1 decays the slowest
in solution but second fastest in nanocrystalline suspension. Hence, we speculate that the crystal
packing for SP1-SP5 has a significant influence on the decay kinetics in the solid state that is more
complex than just making molecular motion more difficult because of the crystalline rigidity. This
indicates that the molecular interactions for SP1-SP5 in the solid state are different from each other
and also different from those in solution. The final finding from this study was that SP1-SP5 were all
photochromic in solution, but that only SP1-SP4 were photochromic in the solid state. Therefore, we
hypothesize that the crystal packing array for SP5 is responsible for it not appearing photochromic,
and our most recent results with regards to this will be presented.
(1) Berkovic, G.; Krogauz, V.; Weiss, V. Chem. Rev. 2000, 100, 1741-1753. (2) Irie, M. Chem. Rev. 2000, 100, 16831684. (3) Fischer, E.; Hirshberg, Y. J. Chem. Soc. 1952, 4522-4524. (4) Benard, S.; Yu, P. Adv. Mater. 2000, 12, 48-50.

25st I-APS Conference, May 24-27 2016 Santiago, Chile

69

Poster 025
A New Furan-Naphthoxazole Dyad for Singlet Oxygen Detection in
Biological Systems
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We recently reported two examples of successful naphthoxazole-based dyads capable of monitoring
1
O2 in solution.1 Photooxidation of the trapping moiety leads to the formation of a new chemical
entity whose fluorescence spectrum is spectrally different from that of the non-irradiated conjugate.
Fluorescence enhancement factors up to 300-fold have been observed taking advantage of the change
in spectral properties upon photooxidation. Its selectivity towards 1O2 and the decrease of already very
low background fluorescence under irradiation, make naphthoxazole dyads worth of further
development as 1O2 fluorescent probes.
In this work, we show the results obtained in the study of a new click “off-on” naphthoxazole-based
singlet oxygen probe, free and bound to mesoporous silica nanoparticles. The probe was synthesized
by reaction of 2-methylnaphthoxazole with 5-hydroxymethyl-2-furfural in basic media. It reacts
efficiently with singlet oxygen in methanol (kr = kq = 2,96 x 107 M-1 s-1) and its fluorescence
increases 30-fold in free form and 10-fold when bound to silica nanoparticles.. The behavior of the
nanoprobe was tested in macrophage cells. To this end, it was further functionalized with Rose
Bengal, incubated with the cells, and exposed to green light for singlet oxygen production. After an
initial period of probe photobleaching, increase of probe fluorescence in a singlet oxygen
concentration dependent fashion was observed upon two-photon excitation (Fig 1). We measure
increases of the emission up to 180% in this system, showing that the probe is a promising sensor for
detecting singlet oxygen in cells.

Initial

Final

Figure 1. Fluorescence images of the nanoprobe befor and after two photon excitation in
macrophage cells.
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presence of pterin leads to the generation of fluorescent adducts
Sandra Estébanez,1 Mariana P. Serrano,2 Marisa Marín,3 Virginie Lhiaubet,3 Miguel A.
Miranda,3 Carolina Lorente,1 Andrés H. Thomas1
1

Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA), Dpto. de
Química. Fac. de Ciencias. Exactas., Universidad Nacional de La Plata (UNLP), CCT La
Plata-CONICET. c.c. 16, Suc. 4, (1900) La Plata, Argentina.
2
Instituto de Bionanotecnología (INBIONATEC-CONICET). Universidad Nacional de
Santiago del Estero (UNSE). RN 9, Km 1125, (4206), Santiago del Estero, Argentina.
3
Instituto de Tecnología Química (UPV-CSIC), Universidad Politécnica de Valencia, Avda
los Naranjos s/n 46022 Valencia, Spain
Most of the solar radiation incident on the surface of Earth corresponds to UV-A range of the
spectrum (320 – 400 nm). This fraction of light is poorly absorbed by the DNA
biomacromolecule, and therefore it is responsible for only low amounts of directly formed
photolesions. Nevertheless, UV-A radiation acts indirectly by photosensitized reactions and is
recognized as a class I carcinogen [1]. A photosensitized reaction is a photochemical
modification occurring in a molecular entity as a result of the initial absorption of radiation
by a photosensitizer [2]. Pterins belong to a family of heterocyclic compounds present in a
wide range of living systems and participate in relevant biological functions. Under UV-A
excitation (320 - 400 nm), pterins can fluoresce, undergo photooxidation and generate
reactive oxygen species (ROS) [3]. In the presence of oxygen, pterin (Ptr) act as
photosensitizer through type I (electron abstraction) and/or type II (1O2-mediated oxidation)
mechanisms [4-5].
The photosensitized degradation of the pyrimidine nucleotide thymidine 5’-monophosphate
(dTMP) and the pyrimidine nucleoside 2'-deoxythymidine (Thd) by Ptr were studied in acidic
aqueous solutions upon UV-A irradiation (350 nm) at room temperature, under different
experimental conditions. The photochemical reactions were followed by UV-Vis
spectrophotometry and HPLC, and the photoproducts were analyzed by mass spectrometry.
Under anaerobic conditions, the formation of an adduct where the pterinic moiety is attached
to the nucleobase was observed. This adduct was isolated, and the emission spectrum and the
lifetime were determined. The fluorescence properties of the adduct are similar to those of Ptr
itself.
On the other hand, UV-A photosensitization of calf thymus DNA by Ptr was studied in
neutral aqueous solutions at room temperature, under different experimental conditions. The
photochemical reactions were followed by UV-Vis and fluorescence spectrophotometry. An
increase of fluorescence emission with the irradiation time under anaerobic conditions was
observed. This emission remains even when samples were submitted to gel filtration
chromatography in order to separate the non-covalently linked Ptr. Thus, a covalent bond
between Ptr and DNA occurs, most probably in the thymidine moiety.
[1] F. El Ghissassi, R. Baan and K. Straif, Lancet Oncol., 2009, 10, 51–52.
[2] Braslavsky, S. E.; Pure App. Chem. 2007, 79, 293.
[3] Lorente, C.; et. al.; Acc. Chem. Res. 2006, 39, 395.
[4] Petroselli, G.; et. al.; J. Am. Chem. Soc. 2008, 130, 3001.
[5] Petroselli, G.; et. al.; Org. Biomol. Chem. 2007, 5, 2792.
25st I-APS Conference, May 24-27 2016 Santiago, Chile

71

Poster 027
Association Studies AINES Anti-inflammatory COXIBs, to the human
serum albumin (HSA) employing fluorescence measurements
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Serum albumins are the main transport proteins in the blood plasma, being the most
abundant proteins. Then, drug binding characteristics are of relevant importance to determine
the drug pharmacokinetic, which are the more important parameters to control the
distribution and the elimination of drugs.
In this subject we studied the COXIBs, non steroidal anti inflammatory drugs selective of
ciclooxigenase-2 (COX-2). These studies are mainly referred to the binding characteristics of
COXIBs to HSA using fluorescence spectroscopy.
Information on the drug association in the HSA was obtained from the COXIBs
competitive binding with warfarin and ibuprofen, using fluorescence spectroscopy. Studies of
the crystallization of HSA in the presence of the both compounds showed that warfarin bound
to Site I in the domain IIA and ibuprofen to the Site II in domain in IIIA de la HSA.
These studies carried out following the fluorescence changes of warfarin showed that the
COXIBs addition displace warfarin showing that COXIBs bound to the Site I domain IIA of
the HSA. Similar studies using ibuprofen as target do not show modification of the
fluorescence spectra. This evidences that COXIB´s are bound to domain IIA.
Additional information on the binding site of the COXIB’s drugs was obtained from the
spectral fluorescence changes at different pH and also in the presence of GdHCl. HSA goes
conformational changes at different pH´s and denaturant concentrations.
All above studies gave information on the association characteristics of drugs to the
protein but do not on number of drugs at the association site. Partial information on this point
was obtained from the Job`s plot and drug emission in solvents of different properties, and
suggest only one association site of celecoxib drugs. Also, some aspects of these points were
analyzed by time resolved measurements.

Figure : Association of Valdecoxib to the HSA.
Acknowledgements: FONDECYT Project 1150992; Post-Doc DICYT, USACH.
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Atmospheric photooxidation of diterbutil malonate
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Introduction. Malonic acid diesters are widely used in the chemical industry as
intermediates for the synthesis of a variety of organic chemicals and as the building blocks of
different processes in which malonates are used as intermediates, such as pharmaceuticals,
agrochemicals, vitamins, fragrances, and dyes.
To improve our knowledge of the atmospheric chemistry of malonic acid diesters, we report
here the kinetic results of the chlorine-atom-initiated oxidation of di-tert-butyl malonate
(CH3)3COC(O)CH2C(O)COC(CH3)3 (DTBM), which allow as determine their
photooxidation mechanism.
Experimental procedure. The rate constant of the reaction between DTBM and chlorine
atoms was measured relative to cyclohexane and pentane. Photolysis were performed in a
photo-reactor using black lamps (>360 nm). Control experiments were performed in the
dark for different periods of time in order to discount the among of DTBM that will
disappeared by dark reactions. The identification and quantification of reactants and products
were performed by infrared spectroscopy. All the experiments were carried out in gas phase.
Theoretical calculations were carried out using Gaussian 09 to corroborate the main path of
the mechanism reactions.
Results and conclusions. The rate constant measured for DTBM with chlorine atoms gives a
value of 1.45 x 10-10 (gas reference: cyclohexane) and 1.54 x 10-10 (gas reference: pentane)
cm3 molec-1 s-1, leading to an average value of (1.49  0.10) x 10-10 cm3 molec-1 s-1. This
value agrees with the rate constant calculated using the structure-reactivity estimation (SAR)
(1.57 x 10-10 cm3 molecule-1 s-1), which is in reasonable agreement with the measured value.
The identification of products (formic acid, acetone, (CH3)3CONO2, and
(CH3)3CC(O)OONO2) and the kinetics analysis lead to the conclusion that chlorine atoms
attack the DTBM mainly in the methyl group.
The theoretical calculations explain the formation of the products of fotooxidation and agree
with the experimental quantification of the main path of the mechanism reactions.
References
1- Notario, A.; Le Bras, G.; Mellouki, A.; J. Phys. Chem. A. 1998 (102) 3112-3117.
2- Kwok, E. S. C.; Atkinson, R.; Atmos. Environ. 1995 (29) 1685-1695.
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Phthalocyanines (Pcs) have wide applications as drugs for photodynamic therapy (PDT).
Many studies have assessed the relationship between the structure and photodynamic activity
of substituted Pcs, mainly the relationship between the site [1,2] and kind of substitution [3]
and the photodynamic activity.
Bioisosterism is a process for molecular modifications used as a strategy in medicinal
chemistry for the design of new drugs [4]. The use of bioisosterism as a strategy to improve
the photophysical and photobiological efficiency of Pcs is quite uncommon, since few Pcs
have been synthesized using this technique to establish the structure-activity relationship
[5,6].
In order to improve the photodynamic properties of alkylsulfur-linked tetrasubstituted zinc
(II)phthalocyanines, we synthesized and analyzed the photophysical properties of a novel
derivative: 2,9(10),16(17),23(24)-tetrakis[(2-diethylamino)methoxyselanyl]phthalocyaninatozinc(II) (PcSe).
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The UV-visible absorption spectra in DMF showed a Soret band of 360 nm and a Q band at
687 nm. When excited at 610 nm, PcSe showed a fluorescence emission spectra at 691 nm,
typical of zinc phthalocyanines. PcSe is an excellent singlet oxygen generator with a high
value of =0.80 ± 0.03 as well as a fluorescence quantum yield production (F) of 0.19 ±
0.01, essential facts for further biological testing.
[1] Boyle, R.W.; Leznoff, C.C.; van Lier, J.E. Biological activities of phthalocyanines-XVI. Tetrahydroxy- and
tetraalkylhydroxy zinc phthalocyanines. Effect of alkyl chain length on in vitro and in vivo photodynamic
activities. Br. J. Cancer, 1993, 67, 1177-1181.
[2] Hu M., Brasseur N., Yildiz S.Z., van Lier J.E., Leznoff C.C. Hydroxyphthalocyanines as potential
photodynamic agents for cancer therapy. J. Med. Chem., 1998, 41, 1789-1802.
[3] Liu,W.; Jensen, T.J.;. Fronczek, F.R; Hammer, R.P.; Smith, K.M.; Vicente, M.G.H. Synthesis and cellular
studies of nonaggregated water-soluble phthalocyanines. J. Med. Chem., 2005, 48, 1033-1041.
[4] Moreira Lima, L; Barreiro, E.J. Bioisosterism: A useful strategy for molecular modification and drug design.
Current Medicinal Chemistry, 2005, 12, 23-49.
[5] Marino, J.; Garcia Vior, M. C.; Dicelio, L. E.; Roguin, L. P.; Awruch, J. Photodynamic effects of isosteric
water-soluble phthalocyanines on human nasopharynx KB carcinoma cells. Eu. J. Med. Chem., 2010, 45, 41294139.
[6] Gauna, G. A.; Marino, J.; Garcia Vior, M. C.; Roguin, L. P.; Awruch, J. Synthesis and comparative
photodynamic properties of two isosteric alkyl substituted zinc(II) phthalocyanines. Eu. J. Med. Chem., 2011,
46, 5532-5539.
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Pterins are heterocyclic compounds widespread in nature and are derived from 2aminopteridin-4-(3H)-one (pterin) moiety. These compounds are soluble in water and under
UVA radiation (320-400 nm) they can fluoresce, undergo photooxidation to produce different
photoproducts, generate reactive oxygen species, such as singlet molecular oxygen (1O2), and
photosensitize the oxidation of biomolecules.[1-3] In this work we have synthesized new
derivatives where a long carbon chain is attached to different positions of pterin, in a
nucleophilic substitution reaction (sn2). A ten carbon chain was attached to position N3 of
the heterocyclic ring or to the oxygen of ceto group at C4, leading to the formation of
alkylated pterins. Moreover, as N,N-dimethylformamide (DMF) was used as solvent, addition
of one molecule of DMF was observed in a condensation reaction to amine group at position
C2. These new compounds were characterized by NMR and mass spectrometry, and
spectroscopic properties were investigated, such as absorption and emission spectra, and
fluorescence lifetime. As they show an improvement in solubility in hydrophobic media
comparing to pterin itself, we investigate if the possible use as fluorescence probes, studying
their interaction with liposomes.
[1] Lorente, C. and A. H. Thomas (2006) Photophysics and photo-chemistry of pterins in aqueous solution. Acc.
Chem. Res. 39, 395-402.
[2] Petroselli, G., M. L. Dántola, F. M. Cabrerizo, A. L. Capparelli, C. Lorente, E. Oliveros and A. H. Thomas
(2008) Oxidation of 2’-deoxyguanosine 5’-monophosphate photoinduced by pterin: Type I versus type II
mechanism. J.Am.Chem.Soc. 130, 3001-3011.
[3] Thomas, A. H., Catalá, Á., Vignoni, M. (2016) Soybean phosphatidylcholine liposomes as model
membranes to study lipid peroxidation photoinduced by pterin. Biochim. Biophys. Acta (BBA) - Biomembranes
1858, 139-145.
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Controlling Intramolecular [2+2] Photocycloaddition of Enones By Axial
Chirality
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Controlling excited state reactivity of enones is quite challenging due to its unique excited
state properties 1 In this regard, we have been interested in evaluating restricted bond rotation(s) to
control reactivity of excited chromophores leading to stereo-enriched products. 2,3 The poster will
present our results on controlling [2+2]-photocycloaddition involving enone-carboxamides and enonecarboximides. Depending on the type of substituent on the nitrogen (Figure 1) we observe complete
stereocontrol in the product. In addition we observe complete loss of atropselectivity upon pmethoxy-substitution on the N-aryl ring. Based on product studies and photophysical investigation,
the presentation will detail a plausible mechanism for these observed reactivity and selectivity
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Reference:
1.) Eaton, P., Acc. Chem. Res., 1968, 1, 50 – 57
2.) Schuster, D. I.; Lem, G.; Kaprinidis, N. A. Chem. Rev. 1993, 93, 3
3.) Kumarasamy, E.; Raghunathan, R.; Jockusch, S.; Ugrinov, A.; Sivaguru, J., J. Am. Chem. Soc.,
2014, 136, 8729 - 8737
4.) Clay, A.; Kumarasamy, E.; Ayitou, A. J. L- S.; Sivaguru, J. Chem. Lett. 2014, 43, 1816 - 1825

5.) Iyer, A.; Jockusch, S.; Sivaguru, J., J. Phys. Chem. A., 2014, 118, 10596 – 10602
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Coordinated Electron Binding: Formation of
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Bowling Green State University
Bowling Green, Ohio, USA
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Pyridinium and related heterocyclic salts are good electron acceptors and molecules
containing several such salts retain electrons by their coordinated action. Ultrafast absorption
spectroscopy provides a tool by which these unique complexes may be characterized. The
structural variations and properties of these unusual complexes will be described. In
addition, methods for controlling the lifetimes of these complexes will be explored and
described in this presentation.
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Pterins belong to a family of heterocyclic compounds present in a wide range of living
systems and participate in relevant biological functions. Under UV-A excitation (320-400
nm), pterins can fluoresce, undergo photooxidation and generate reactive oxygen species
(ROS) [1]. In the presence of oxygen, pterin (Ptr) act as photosensitizer through type I
(electron transfer/H+ abstraction) and/or type II (1O2-singlet oxygen mediated oxidation)
mechanisms [2-3]. The photosensitized degradations of purine and pyrimidine nucleotides
(dNMP) by Ptr were studied in neutral aqueous solutions upon UV-A irradiation (350 nm) at
room temperature, under different experimental conditions. The photochemical reactions
were followed by UV-vis spectrophotometry and HPLC, and the photoproducts were
analyzed by means of electrospray ionization mass spectrometry. Photophysical properties of
the triplet excites states of the sensitizer were characterized using laser flash photolysis. After
analysis of the results, reaction mechanisms were proposed. Under anaerobic conditions, for
purine nucleotides, a recombination of the radicals occurred, and no consumption of the
nucleotide was observed. On the other hand, for pyrimidine nucleotides, the formation of an
adduct between the substrate and the sensitizer was observed. The fluorescence properties of
the adduct are similar to those of Ptr itself. In the presence of O2, it was observed more
consumption of the purine nucleotides than in O2-saturated solutions. In this case, there is a
competition between different reactions that includes type I and type II mechanisms for
guanine nucleotide. For the others nucleotides, which do not react with 1O2, the reaction is
initiated by an electron transfer from the nucleotide to the triplet excited state of the pterin
yielding the corresponding pair of radical ions (Pt•‾ and dNMP•+), with the subsequent
recovery of the photosensitizer by electron transfer from Pt•‾ to O2. Finally, dNMP•+
participates in other reactions to yield degradation products.

[1] Lorente, C.; et. al.; Acc. Chem. Res. 2006, 39, 395.
[2] Petroselli, G.; et. al.; J. Am. Chem. Soc. 2008, 130, 3001.
[3] Petroselli, G.; et. al.; Org. Biomol.Chem. 2007, 5, 2792.
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Determination of Enantiomeric Excess in Amine Derivatives Via Molecular
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Pavel Anzenbacher, Jr.*, Elena Shcherbakova, Tsuyoshi Minami, and Valentina Brega
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43403-0001. E-mail: pavel@bgsu.edu
We report the first fluorescence-based assay for rapid e.e. determination of amines, amino
alcohols and amino acid esters. This high-throughput screening amenable assay uses the selfassembly of 2-formylphenylboronic acid with a chiral diol auxiliary and a chiral derivative
(of unknown enantiomeric excess) to produce two diastereomeric iminoboronates that differ
in their fluorescence properties (intensity, polarization). The measurement of the fluorescence
enables determination of the proportion and amount of the diastereomeric iminoboronates,
thereby allowing to calculate e.e..

Figure 1: Left: Iminoboronate ester formed by formylphenylboronic acid and a chiral amine
(R*). Center: X-ray crystal structures of (R,R)-iminoboronate esters self-assembled from
formylphenylboronic acid, methylbenzylamine and VAPOL. Right: Results of linear
discriminant analysis (LDA) for the semi-quantitative assay of (S)-methylbenzylamine
(Cyan), (S)-1-(2-naphthyl)ethylamine (Green), (S)-2-amino-3-pheyl-1-propanol (Blue), (S)phenylalanine (Red).
Qualitative assay recognized the amino-derivatives and sorted them into three groups:
amines, amino alcohols, and amino acids, and discriminate chirality of the pure antipodes.
Semi-Quantitative analysis shows 100% classification of varying e.e. and the linear trends in
the individual series of the responses for the four amino-compounds showed smooth
progression from 0 to 100% e.e.. The quantitative assay yielded a very accurate prediction of
the % e.e. in each analyte (maximum error of 1-2 % e.e.).
The approach allows for the accurate determination of the e.e. of chiral amines and their
derivatives, and requires only a simple fluorescence plate reader and may be performed in
high-throughput fashion.
References
E. G. Shcherbakova, T. Minami, V. Brega, T. D. James, and P. Anzenbacher, Jr., Angew.
Chem. Int. Ed. 2015, 54, 7130.
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Chromophores that convert light into sound are being developed as probes for photoacoustic
imaging. This technique combines the visualization depth of ultrasound imaging with the
high contrast of optical imaging. Because of these properties, photoacoustic imaging is a
promising tool to study cancer growth, and in general, for high-contrast imaging in biological
tissue.
We recently reported that non-linear absorption effects increase the contrast of photoacoustic
imaging (J. Am. Chem. Soc. 136, 15853). Certain curcumin- and BODIPY-derived
chromophores undergo excited-state absorption leading to enhanced photoacoustic signals.
Additionally, popular chromophores such as Cy3 have the opposite effect; their contrast
decreases dramatically during photoacoustic imaging due to non-linear photobleaching.
Preliminary results will showcase our effort to make these non-linear photoacoustic
enhancements more efficient by using intermolecular excited-state electron-transfer.
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Xanthene dyes are very convenient visible photosensitizers due to their high absorption in the
region 500-580 nm and their wide solubility. They are used in numerous processes which involve
from photovoltaic cells to fluorescent probes to characterize in vivo and in vitro biological
systems. Among these compounds are xanthene dyes Eosin Y and Eosin B that differ by the
introduction of a nitro group in the xanthene ring of Eosin B. Photochemistry and Photophysics
of Eosin Y have been the subject of many studies, however Eosin B has received scarce attention
even the NO2 groups could conduce to intramolecular charge transfer.
In this work we studied the photophysics behaviour of Eosin B where the presence of the
nitro groups in the xanthene confers to this dye a charge transfer characteristics. Absorption
spectra were measured in various solvents of different polarity and proticity.
We found that the absorption spectrum of both dyes shows a band at the visible region (~ 500
nm) in polar and protic solvents, and in the case of Eosin B in non polar solvents shows the bands
corresponding to the lactone (Fig. a), zwitterionic and dianion forms, however Eosin Y presents
only the band of the zwitterion form (500 nm). In solvents of low polarity eosin B present bands
corresponding to dianionic form and a equilibrium between the forms lactonic, zwitterionic and
dianionic. The assignation of these bands was supported by TD-DFT calculations of UV/Vis
maximum spectra for each form with a great concordance between both results allowing a
complete spectroscopic insight of the dye (Fig. b).

(a)
(a)

(b)

(c)

Fig.1. (a) Lactonic form of eosin B. (b) Eosin B UV/VIS spectra in THF versus the theoretical
bands for each form calculated with B3LYP calculation level . (c) optimized geometry of eosin B.
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Antioxidant properties of phenolic coumarins have been associated to a weak hydrogen bond
energy of the phenolic moeity (OH) and/or low oxidation potential. Thus, it has been possible to
establish two extreme mechanisms involving a first step of hydrogen transfer or an electron
transfer from phenolic antioxidants towards free radicals [1].
In the present report, we show that non-phenolic coumarins dyes that even present high
oxidation potentials may behave as excellent antioxidants against free radicals. That is of high
relevance on their use as dyes in microscopy aplications in biological systems. In particular,
different 7-amino coumrins (7AC) showed a fast kinetic consumption by free radicals generated
by thermal decomposition of 2,2-azobis-2-amidinopropane (AAPH), a typical peroxyl free radical
source in aerobic conditions. A kinetic analysis based on measurements of direct consumption on
the coumarins at different concentrations showed a typical change on kinetic order from first to
zero kinetic order on C314 around 5 µM. However, the stoichiometry measured at high coumarin
concentration varies from 2 to 4 peroxyl free radicals trapped by coumarin depending on the
coumarin structure [2]. This result would indicate that the most reactive coumarins would react
with peroxyl free radicals, but large stoichiometry numbers suggest a reaction with alcoxyl free
radicals [3]. Moreover, these antioxidant activity could be related to traces of cinammic acid-type
present at neutral pH in equilibium with its parent coumarin. In fact, cyclic voltametry after basic
coumarin hydrolysis showed low oxidation potentials similar to caffeic acid or ferulic acid. That
is reinforced by theoretic calculations for the amino-coumarins and for the derived cinnamic acid
compounds.
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Figure 1. UV-visible absorbance spectrum of 15 μM 7ACs measured at different incubation
times on 10 mM AAPH (A), and kinetic consumption of different coumarins evaluated from
at different concentrations (B).
Acknowledgments FONDECYT (1140240), CONICYT FONDEQUIP/UHPLC MS/MS EQM-120065, and
MECESUP. D.Z and PB thank a CONICYT PhD fellwoship.
[1] A. Barzegar. Food Chem. 135, 1369-1376 (2012)
[2] I. Martin, A. Aspée, P. Torres, E. Lissi, C. López-Alarcón. J. Med. Food 12, 1386-1392 (2009).
[3] E. Dorta, E. Fuentes-Lemus, A. Aspée, E. Atala, H. Speisky, R. Bridi, E. Lissi, C. López-Alarcón, RSC Adv.
5, 39899-39902 (2015)
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Figure 1: Reversible proton-coupled charge-transfer (PCCT) reaction scheme exhibited by N,N-dimethyl-3-(naryl)propan-1-ammonium salts (ArS)

An intramolecular exciplex-mediated, proton-coupled, charge-transfer (PCCT) process
has been investigated for a series of N,N-dimethyl-3-(n-aryl)propan-1-ammonium cations with
different anions (ArS) in solvents of low to intermediate polarity over a wide temperature range.
Pyrenyl, anthryl, naphthyl and indolyl chromophores have been investigated as excited-state
electron acceptors. Solvent mediates both the equilibrium between conformations of the cation
that place the pyrenyl and ammonium groups in proximity (conformation C) or far from each
other (conformation O) and the ability of the ammonium group to transfer a proton adiabatically
in the ArS excited singlet state. Thus, exciplex emission, concurrent with the PCCT process, was
observed only in hydrogen-bond accepting solvents of relatively low polarity (tetrahydrofuran,
ethyl acetate, and 1,4-dioxane) and not in dichloromethane (Figure 2). From the exciplex
emission and other spectroscopic and thermodynamic data, the acidity of the ammonium group in
conformation C of the excited singlet state of ArS (pKa*) can be estimated. Decay of the
exciplexes formed from the deprotonation of ArS is hypothesized to occur through chargerecombination processes. This is the first example of which we are aware in which photoacidity
and intramolecular exciplex formation (i.e., a PCCT reaction) are coupled. The PCCT reaction
described here is unique for its reversibility, and for the low polarity environment in which it
occurs. Similar structural motifs are observed in the active sites of photoactive proteins. The
PCCT mechanism can in theory provide a rapid and reversible drop in the local pH of an active
site during the lifetime of the excited-state electron acceptor.
This mechanism has been probed by both steady-state and time-resolved techniques. The
rates of exciplex-formation and decay have been gleaned through time-correlated single photon
counting experiments. After deprotonation, the excited-state species behave kinetically very
similarly to solutions of the neutral N,N-dimethyl-3-(1-pyrenyl)propan-1-amine. This is borne out
by activation energies calculated through Arrhenius plots. Ultimately, this research seeks to
expand the scope of proton-coupled electron-transfer reactions to include partial charge-transfer
processes, lower-polarity environments, and exciplex intermediates. Current research efforts are
focused on deconvoluting short-lived intermediates through flash photolysis experiments and
quenching this mechanism through crown-ether complexation.
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Enhanced Green Fluorescence Protein (EGFP) is composed by 238 amino acids with a
characteristic green fluorescence from a tyrosine derived chromophore. The protein structure is a
 barrel as a perfect cylinder and with only one Trp residue close to the green chromophore.
In the present work, we evaluated the interaction of the recombinant Enhanced Green Fluorescent
Protein (EGFP)1,2 toward peroxyl radicals and gamma rays, in comparison with oxidation of other
proteins such as human serum albumin (HSA), lysozyme and catalase. Interestingly, a fast
decrease on the EGFP fluoresence suggested a relatively high reactivity of its chromophore
toward peroxyl radicals generated from the thermal decomposition of the 2,2-azobis-(2-amidino
propane) (AAPH) in aerobic conditions.3 Moreover, a difference between kinetic consumption of
the chromophore and the tryptophan residue of EGFP estimated from fluorescence measurements
suggests constraining parameters for the free radicals reaction with specific targets in the protein.
On the other hand, the modification observed on the EGFP generated by gamma rays was mainly
non-specific caused by hydroxyl free radicals in both, the chromophore and the tryptophan
residues. In spite of that, SDS-PAGE electrophoresis showed a high structural resistence of EGFP
in comparison with other proteins that shown severe fragmentation and aggregation, at same
gamma ray dose (Gy). These results plus the evaluation of the consumption on the free amino
acids and the structural change of HSA has permitted us to propose the evaluation of the EGFP as
a sensor for reactive species with ability of discriminating its reactivity based on the magnitude of
damage of the tryptophan and chromophore useful to understand free radical induced damage by
gamma rays in biological systems.
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Fig.1. Excitation and emission fluorescence spectra of EGFP .
Acknowledgments FONDECYT (1140240 and 1150901)
[1] R. Y. Tsien, Annu. Rev. Biochem. 67, 509 (1998)
[2] A. Rivas-Aravena, Y. Fuentes, J. Cartagena, T. Brito, V. Poggio, J. La Torre, H. Mendoza, F. GonzalezNilo, A. M. Sandino, E. Spencer, Fish Shellfish Immunol. 45, 157 (2015)
[3] E. A. Lissi, M. Pizarro, A. Aspee, C. Romay, Free Rad. Biol Med. 28, 1051 (2000)
25st I-APS Conference, May 24-27 2016 Santiago, Chile

84

Poster 040
New aza-boron-dipyrromethene compounds for single molecule
fluorescence studies
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Corticotropin-releasing hormone (CRH) is a key peptide involved in neuroendocrine response
to stress. There is a widespread interest in understanding CRH type 1 receptor (CRHR1)
molecular behavior, as it plays a primary role in regulatory mechanisms1. Owing to the lack
of reliable specific antibodies for CRHR1, studying its dynamics and cellular distribution by
fluorescence microscopy requires a different labeling strategy. A set of novel fluorescent
antagonists have been designed for this purpose. Based on non-fluorescent reported
antagonists and the crystal structure of CRHR12, a set of compounds based on an azaborondipyrromethene (aza-BODIPY) core were chosen for a docking study. Aza-BODIPYs
are suitable for single molecule fluorescence microscopy (SMFM), due to their high
photostability and emission brightness3. Docking studies were performed using the Internal
Coordinates Mechanics (ICM) software (MolSoft LLC, La Jolla, CA), and a flexible
ligandrigid receptor approach. Compound 1 was chosen as the first compound to be
synthesized. Its precursor, 2, has been successfully synthesized and its spectroscopic
properties were measured. Compounds structures are shown in Fig 1.
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Compound 2 displays negative solvatochromism, as shown in Fig. 2, for maxima normalized
spectra in methanol and dichloromethane. Emission quantum yield in these solvents is around
0.80, with a lifetime of 3.9 ns.
SMFM images of compound 2 in nanometer films in poly(methyl methacrylate) spin coated
on glass coverslips were obtained. Blinking and bleaching properties and their laser intensity
power law were studied. Results indicate that compound 2 is a promising dye for single
molecule experiments.
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New phosphorescent imidoyl-indazol and phosphines mixed ligand Cu(I)
complexes as potential optoelectronic active compounds - Structural
characterization and photophysical properties
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In recent years research on the development of optoelectronic devices has been intensified, mainly
triggered by the enormous technological advances in areas such as flat displays and energy-efficient
lightning.1 Transition metal complexes have played a leading role in the development of
photochemical molecular devices, including nonlinear optics (NLO), organic light emitting diodes
(OLED) and light emitting electrochemical cells (LEEC). To date, the most widely used devices are
those based on second or third row transition metals, such as Ru, Re, Ir, Pt, and Os. However, these
metals are of high cost and low natural abundance, generating an expensive large scale production
costs of the emitting devices.2 One potential and viable solution are the emitting devices based on
Cu(I), because is a cheaper first-row transition metal, have greater abundance, low toxicity and has a
3d10 electronic configuration. In this work four mononuclear Cu(I) complexes were synthesized, one
homoleptic of type [Cu(N,N)2]+ (1), and three heteroleptic of type [Cu(N,N)(P,P)]+ (2-4) (N,N= N-(1(2H-indazol2-yl)ethylidene)-2,6-diisopropylaniline). The P,P ligand systems are three different types
of
phosphines,
namely
bis[2-(diphenyl
phosphino)phenyl]ether
(POP)
(2),
bis(diphenylphosphino)ethane (dppe) (3) and triphenylphosphine (PPh3) (4). These new species were
characterized by NMR, FT-IR, elemental analyses, cyclic voltammetry, UV-Vis-emission
spectroscopy, transient absorption spectroscopy and DFT calculations. In addition, complexes 1 and 2
were characterized by X-ray diffraction.

Figure 1. a) Absorption spectra of complexes 1-4 on CH2Cl2 at room temperatura. b) Molecular structure of 2. c) Emission
spectra of complexes 1-4 at 77K in 4:1 ethanol:metanol glassy matrix.
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Photobleaching of curcumin/clays hybrids: a singlet oxygen approach
Joyce L. S. Gonçalves, Silvano R. Valandro, Alessandra L. Poli, Carla C. Schmitt
Instituto de Química de São Carlos, Universidade de São Paulo, São Carlos SP, Brazil
Curcumin (1,7-bis(4-Hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione; CUR) was
already successfully used in medical applications due to the anticancer, anti-inflammatory and
antioxidant properties (1-3). Besides that, CUR is a potential photosensitizer in the photodynamic
therapy and can be also employed as a photoiniciator in the photopolymerizations reactions (4). There
are two major factors that have been limiting the use of CUR as a photosensitizer in those
applications: (i) the low solubility of CUR in neutral and acidic media and (ii) the instability in basic
and neutral condition (5). These factors can also lead to the quenching of CUR photophysical
properties (6, 7). In this study we report the effect of two clay minerals, Laponite RD (LapRD) and
SWy-2 montmorillonite (SWy-2), on the stabilization of CUR under neutral conditions. The given
effects were studied both in the absence and presence of light (LED 455 nm, I= 34 mW cm-2,
THORLAB). CUR (2.5×10-6 mol L-1) was prepared in aqueous solutions (pH=7) and clay suspensions
(0.11 g L-1). The UV-Vis results showed that in the absence of light, the degradation process was
faster in an aqueous solution than in a clay suspension. We observed that LapRD showed better
stabilization effects than SWy-2. The reason for this observation can be the fact that LapRD has the
higher exfoliation ability and its smaller particle size provide a larger surface area for the adsorption.
The photodegradation of CUR in an aqueous solution and clay suspensions was faster in the presence
of the light than in the absence. The finding that the CUR degradation in water was about 38% in the
dark and 44% in the presence of the light, indicates that there was no significant irradiation effect on
the degradation of this molecule. The presence of clay minerals accelerated the degradation of CUR
from 25% to 45% for SWy-2 and 11% to 68% for LapRD. It can be explained by the product
formation in the reactions between CUR and oxygen radicals. Our results showed that the singlet
oxygen quantum yield (ΦΔ ) of CUR was higher in the clay suspension (LapRD=0.50±0.04 and SWy2=0.59±0.04) than in the aqueous solution (0.37±0.01). These results support the potential of CUR as
photosensitizer in photodynamic diagnostics and photopolimerization.
The authors would like to thank FAPESP (2012/19656-0), CNPq (401434/2014-1 and
308940/2013-0 and PDJ 150447/2015-9) for financial support.
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Photochemistry of crystalline 2-azidobiphenyls to form crystalline
carbazoles: scope, laser flash photolysis and solid-to-solid studies.
Tim S. Chung and Miguel A. Garcia-Garibay
Department of Chemistry and Biochemistry, University of California, Los Angeles, California
90095-1569, United States.
In recent years, solid-state photochemistry has proven to have high synthetic potential; namely, chemoand stereo-selectivities, facile scale up, quantitative yields, and solvent free conditions. Yet, one of the
current disadvantages of solid-state photochemistry is elucidating mechanisms and associated kinetics.
Optical analysis of crystals or bulk powders are complicated by high optical densities, light scattering, and
interference by photoproducts. To meet these current challenges in solid-state photochemistry, our group,
has used nanocrystals suspended in water to overcome the complications in transmission spectroscopy in
the solid-state. We have shown that crystals which are 50-500 nm in size are suitable for transmission
spectroscopy due to low light scattering as well as homogeneous chemical reactivity. We chose 2azidobiphenyls as a model system to expand the scope and feasibility of performing transmission
spectroscopy using nanocrystalline suspensions.
Previously, Platz and co-workers have thoroughly investigated the reaction pathway of 2-azidobiphenyl
in solution using laser flash photolysis.1,2 2-azidobiphenyl can undergo photo-induced denitrogenation to
generate the singlet nitrene. The singlet nitrene has 3 different pathways it can undergo. Under solid-state
conditions, the singlet nitrene can insert into the neighboring aromatic ring to provide the isocarbazole
species, which displays a broad absorption at ca. 400-500 nm. The isocarbazole rapidly undergoes a 1,5-H
shift to provide the carbazole product, which has a sharp max at ca. 290 nm and small shoulders at ca. 320340 nm. Given the photochemical reaction pathway of 2-azidobiphenyl in solution as well as product
analysis of 2-azidobiphenyl in the solid-state by Sugawara,3 we set out to explore various transient kinetics
in solution as well as in solid-state by implementing nanocrystalline suspensions in water.
We synthesized three derivatives of 2-azidobiphenyl and analyzed their kinetics traces in both pentane
and in nanocrystalline suspensions. Figure 1a illustrates both the decay of the isocarbazole species (2) in
solution and in the solid-state to form the carbazole product (3). We observe the decay of the isocarbazole
in solution to be ca. 1.2 µs whereas in the solid-state the decay is ca. 1.8 ms. We speculate that the slower
kinetics in nanocrystalline suspensions is due to the
rigidity of the crystalline lattice which results in slower
molecular motion.

Figure 1. a) LFP decays in both pentane and in NC suspensions of azide 1 at 430 nm and 460 nm,
respectively. b) transient absorption spectra of azide 1 immediately after laser pulse in pentane and in NC
suspension.

In this presentation, we report our findings of transient kinetics of 2-azidobiphenyls in both solution and in
the solid-state. Additionally, the basics of performing photochemistry in the solid-state will be discussed.
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Photo-fenton process: treatment of a mixture of phenolic compounds
from aqueous solution
C. Hormazábal, A. M. Domínguez, C. Caneo, C. Orellana, M. Ollino
Universidad Técnica Federico Santa María, Departamento de Química, Casilla
110-V, Valparaíso, Chile.
Wastewaters resulting from olive oil production, containing several phenolic compunds are
becoming a serious environmental problem.
The objective of this work is evaluating photo-fenton process efficiency to degrade a
mixture of phenolic compounds present naturally in the olive mills.
We treated a mixture containing five phenols: caffeic acid, p-hydroxycinnamic acid 3, 4hydroxybenzoic acid, 4-hydroxy-3-methoxybenzoic acid, and catechol; each compound
had 20 ppm, totaling 100 ppm of phenol concentration.
We studied the influence of Fe(II) concentration, hydrogen peroxide concentration, and UV
irradiation dose in the photodegradation of the mixture
Following graphs shows the process efficiency.

The optimal concentrations were 1,0 g L-1 peroxide and 0,8 g L-1 iron sulfate heptahydrate
and it is feasible treat with this concentrations an diluted solution 30 times of olive mills.
In 150 min only 22% percent of the phenolic compounds remain.
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Photoinduced Isomerization of Organometallic Chalcones. A flash
Photolysis Study.
Tamara Maldonado1, Fernando Godoy1, Guillermo Ferraudi2, Graham Lappin2.
Universidad de Santiago de Chile, Facultad de Química y Biologia, Chile1
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Chalcones constitute an important class of compounds with applications in medical sciences,
biotechnology and photochemistry, because of their photochromism based on an E/Z
isomerization process. Their synthesis, spectroscopic properties, applications and reactivity
have been subject of many research,1 and there are just few reports of another
organometallics fragments, as cyrhetrenyl and cimantrenyl, which are isoelectronic and
isostructural with the ferrocenyl moiety.2 The present work, describes a time-resolved
spectroscopic studies, by nano second and femto second laser flash photolysis, of a new serie
of organometallic chalcones containing cyrhetrenyl, ferrocenyl and cimantrenyl moiety,
functionalized with a crown ether fragment.
Chalcone excited states and transient species were detected by femto and nanosecond
flash photolysis (Figure 1) and their lifetimes and decay rate constants were calculated. The
proposed isomerization mechanism is shown below:

E**

t2 12,7 ps

t1 3,12 ps

p-p*
n-p*

E*

t3 69,4 ps

-hn
hn

fE

knr

Intermediate, I

kF

kiso

k1

t4 10,9 ns
k1'

DG

Z
isomer

Ground state
E isomer

Figure 1. Transient absorption spectra in acetonitrile obtained by flash photolysis in oxygen
absence for cyrhetrenyl chalcone in picosecond and nanosecond (inset) time scale (left),
Jablonski diagram for photochemistry behavior of cyrhetrenyl chalcone, (rigth).
For cyrhetrenyl chalcones, once the excited state is formed, this specie is fastly deactivated by
nonradiative and fluorescence emission. Furthermore, an intermediate (I) was observed,
which is formed in picosecond time scale. Moreover, ferrocene and cymantrene chalcones
decay just by nonradiative pathway. The isomerization process is less favored in ferrocene
derivatives and the major products are mainly products of a redox decomposition, as it was
proved by pulse radiolysis experiments.
References
1. Leydet, Y.; Batat, P.; Jonusauskas, G.; Denisov, S.; Lima J.C.; Parola, A. J. and Pina, F. The
Journal of Physical Chemistry A, 2013, 117, 4167 - 4173
2. Arancibia, R.; Biot, C.; Delaney, G.; Roussel, P.; Pascual, A.; et. Al. Journal of organometallic
Chemistry, 2013, 723, 143 – 14
Acknowledgements: The authors thank Fondecyt-Chile (project Nº 1151156). T.M.
acknowledges CONICYT for a doctoral fellowship.
25st I-APS Conference, May 24-27 2016 Santiago, Chile

90

Poster 046
Photooxidation mechanism of 2,4,4-trimethyl-1-pentanol in gas phase
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Introduction
Alcohols have biogenic and anthropogenic emissions and play an important role in the
troposphere chemistry. The photooxidation mechanism of volatile organic compounds
(VOCs) is initiated by their reaction with OH radicals. However, the chlorine atoms' reaction
with VOCs is considered to be of potential importance in the marine troposphere because, in
this zone, it is present in significant concentration.
Rate constants and the photo-oxidation mechanism for alcohols, for example methanol,
ethanol, 1-propanol, 1-butanol, 2-butanol, tert-butanol, 1-pentanol, and 2-pentanol, has been
determined by several authors. However, the available information for alcohols of longer and
substituted carbonated chains is minor. In this study, we present the determination of the
relative rate constant for the reaction between chlorine atoms and 2,4,4, trimethyl 1-pentanol,
along with its photo-oxidation mechanism.
Experimental procedure
Kinetics studies were carried out using a relative method employing 1-pentanol as reference.
Photolyses were carried out in a photo-reactor using black lamps (>360 nm). The
identification and quantification of reactants and products were performed by infrared
spectroscopy. The identity of some products was confirmed by the use of a gas
chromatograph/mass spectrometer (GC/MS).
Results and conclusion
The rate constant measured for 2,4,4-trimethyl-1-pentanol with chlorine atoms gives a value
of (2.47 ± 0.09) x 10-10 cm3 molecule-1 s-1, which agrees with the theoretical values (2.55 x
10-10 cm3 molecule-1 s-1) calculated by using available data from the bibliography. 1,2 The
identification of products and the kinetics analysis lead to the conclusion that the chlorine
atom could attack the molecule in five sites, causing the formation of pivalaldehyde, acetone,
3,3-dimethyl butanal, and 4,4-dimethyl pentan-2-one. The photooxidation mechanism of
2,4,4-trimethyl-1-pentanol is also presented.
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Photo-oxidative Decarboxylation of N-acetyl-tryptophan
by 3-Methyl-quinoxalin-2-ones.
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There are many proteins in which a C-terminal tryptophan plays an essential role in the
function of the protein and its alteration might have severe consequences at the cellular and
the whole organism levels. An example is the C-terminus tryptophan of the chaperon protein
TBCE, where the replacement of tryptophan for other amino acid is associated with
neurodegenerative diseases such as amyotrophic sclerosis.1 Also the alteration of C-terminal
tryptophan have been associated with leukemia and myeloid leukemia, 2,3 the biological
electron transport4,5 and viruses activity.6 Moreover, a possible H abstraction at the α-C of
non C-terminal tryptophan leaving a C centered radical might cause severe damages in
proteins.
The photo-reaction between 3-methyl-quinoxalin-2-one derivatives and N-acetyl-tryptophan,
NAT, proceeds through electron and proton transfer competing with the decarboxylation that
lead to radical adduct products. The transient species generated by LFP were identified and
the stable photoproducts characterized. These results are relevant to all C-terminus
tryptophan proteins associated to numerous degenerative diseases.
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Photophysical study of flavylium cations adsorbed on clays
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Hybrid materials prepared by the combination of dyes with inorganic substrates have been
extensively studied in search of materials with unique properties, colors attributes (preferably
bright and/or fluorescent) that are chemically, thermally and light stable. One of the greatest
sources of inspiration for such hybrid material is the ancient Maya Blue pigment, which was
widely used in murals, codices, ceramics and sculptures by the Maya civilization in the PreColumbian era. The amazing chemical and photochemical stability of Maya Blue is
presumably due to its unique structure, which consists of the dye indigo protectively (and
apparently irreversibly) inserted into the channels of palygorskite (or sepiolite) clay. In this
work, pigments were prepared by the adsorption of several different flavylium cations like
the 7-methoxy-4-methylflavylium ion (MMF) onto clays like palygorskite. Flavylium cations
are models for the chromophoric group of the natural plant pigments the anthocyanins. The
absorption (in reflectance mode) and fluorescence spectral characteristics of the flavylium
cation-clay composites were studied as a function of the preparation method and of the
dye/clay ratio. Steady-state fluorescence and absorbance (in reflectance mode) confirmed the
presence of both adsorbed monomers and aggregates of the flavylium cations on the clay.
The absorbance of the monomeric dye exhibited a red shift of the spectral band characteristic
of the flavylium cation in solution, tentatively attributed to electrostatic interactions between
the cationic dye and the clays. The progressive formation of dye aggregates at higher and
higher dye/clay ratios resulted in the appearance of additional absorption bands at longer
wavelength and a decrease in the fluorescence of the pigments. Time-resolved fluorescence
of monomeric MMF adsorbed on palygorskite showed a bi-exponential decay, with a short
and a long lifetime, indicating the presence of two different adsorption sites and/or two
different strengths of dye/clay interaction.
Acknowledgement: CNPq and CAPES for fellowships and research support.
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Photophysics and photochemistry of rigidized 7-aminocoumarin dyes.
Solvent effect
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In the last few decades, different amino-coumarins have been employed for designing molecular
recognition probes or for labeling lipids and proteins [1,2]. In addition, their absorption and
fluorescent emission on the visible wavelength range, and high fluorescent quantum yields also
make them attractive chromophores for microscopy studies.
In the present work, we have systematically studied the dependence of the photophysical and
photochemical properties of several amino-coumarins with the solvent properties. A large
bathochromic shift on the absorption and fluorescence emission is observed when the polarity is
increased from n-hexane to water. That solvatochromic behavior has been associated with the
presence of a charged excited state called internal charge transfer (ICT). However, ET(30) and
Lippert-Mátaga correlations on a wide range of solvents have permitted us to describe a more
complex pattern attributed to the presence of a local excited state (LE) in very non-polar solvents
and to ICT states in polar solvents. This analysis is supported by the absorbance fingerprinting
structure of LE in non-polar solvents, excitation fluorescence spectra, and fluorescence lifetime
analysis. In polar solvents the fluorescence is directed from the ICT state; meanwhile in non-polar
solvents the emission is conducted by energy transfer from LE to ICT energy potential surfaces.
Laser flash photolysis studies of C314 have shown an exclusive triplet excited formation (max 550
nm, 90 μs lifetime in benzene) or photoinduced free radical species formation (max 370 nm, ≈130
μs lifetime in aqueous media) depending on the solvent properties [3]. Furthermore, we have
found a similar behavior for C334 with exclusive triplet excited formation (max 500 nm, 8 μs
lifetime in n-hexane) or long lived photoinduced free radical species formation (max 380 nm, ≈1
ms lifetime in aqueous media). The coumarins C 6H and C102 have exclusively shown
photoinduced free radical species formation in aqueous media. Those results are in agreement
with the formation of the ICT state for this coumarins in polar media and LE state in non-polar
solvents, reinforcing this argument by theoretic calculations for this compounds.
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Fig. 1. Effect of the empirical polarity parameter ET(30) on the stokes shifts of Coumarin 314
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Measurement of singlet oxygen, 1O2, is a goal of general interest for the scientific
community. In fact, over the years a great effort has been made in developing techniques
and/or methods able not only to detect but also to quantify the generation of 1O2. Recognition
and quantification of 1O2 by means of an increase in fluorescence is probably the most
studied and desired indirect detection technique. Fluorometric assays were firstly based on
the use of the chemically reduced, non-fluorescent forms of highly fluorescent dyes such as
fluorescein and rhodamine that when properly oxidized to the parent dye molecule, resulted
in a notorious increase in fluorescence intensity. However, these dihydro-compounds lack
selectivity for 1O2 and suffer from autoxidation which leads to large background fluorescence
even in the absence of ROS. More efficient and selective fluorogenic probes have been
reported within the last decades, based on dyads composed of a chemical trap plus a
fluorophore, whose intrinsic fluorescence is initially quenched and only recovered after 1O2
reaction with the chemical trap. In the search of new dyads able to detect and quantify singlet
molecular oxygen we synthesized the coumarin derivative (E)-3-(2-(5-methylfuran-2yl)vinyl)-2H-chromen-2-one (Figure 1) whose photophysical properties are reported in this
communication.

Figure 1. Structure of (E)-3-(2-(5-methylfuran-2-yl)vinyl)-2H-chromen-2-one.
Acknowledgements. Financial support from Fondecyt (grant N° 1120237) is gratefully
acknowledged.
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Lara O. Reid,1 Andrés H. Thomas,1 Ernesto A. Roman,2 M. Laura Dántola1
1

INIFTA, Facultad de Ciencias Exactas, Universidad Nacional de La Plata, CCT La PlataCONICET, Argentina. E-mail: ldantola@inifta.unlp.edu.ar
2
IQUIFIB, Universidad de Buenos Aires, Argentina.

Solar radiation induces modifications to different biomolecules and is implicated in the
generation of human skin cancers. In particular, UV-A radiation (315-400 nm) causes chemical
changes in biomacromolecules through photosensitized reactions. This indirect action may take
place through photosensitized mechanisms, which can involve the generation of radicals (Type I
mechanism), e.g., via electron transfer or hydrogen abstraction, and/ or the production of singlet
oxygen (1O2) (Type II mechanism).[1]
Pterins are a family of heterocyclic compounds widespread in living systems. It is currently
known that pterins are able to oxidize DNA [2] and nucleotides [3] through photosensitizing
processes. However, much less is known about its action on interaction with proteins. Recent
studies have suggested that degradation of proteins photosensitized by pterin (Ptr), the parent and
unsubstituted compound of oxidized pterins, involves a Type I mechanism.[4,5,6]
Vitiligo is a skin disorder characterized by the acquired loss of constitutional pigmentation,
manifested as white macules and patches, and the accumulation of reduced and oxidized pterins.
In disease skin cells micromolar concentration of pterins have been determined and epidermal
albumin oxidation takes place.[7]
The main aim of this work is to investigate the chemical changes on human serum albumin
(HSA) expose to UV–A radiation in the presence of pterin (Ptr), taking into account that oxidized
pterins are present in human skin under pathological conditions in which the protection against
UV radiation fails due to the lack of melanin and that albumin is one of the most abundant
proteins present in skin. The experiments were carried out using concentrations of Ptr of the same
order of magnitude found in human skin affected by vitiligo. [8] After UV-A excitation, aqueous
solutions containing HSA and Ptr were analyzed by UV/visible spectrophotometry, fluorescence
spectroscopy, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and size
exclusion chromatography (SEC) coupled with dynamic light scattering detection.
The results indicated that HSA can be damaged by Ptr through a photosensitized process.
Mechanistic analysis suggests that the photosensitized process is initiated by an electron transfer
from the protein to the triplet excited state of Ptr. The photodamage to HSA results in the
oxidation of the protein in at least two different and specific sites: tryptophan (Trp) and tyrosine
(Tyr) residues. A fast decrease of the fluorescence intensity is the result of Trp degradation. Trp
oxidation products were identified by fluorescence spectroscopy. In addition, Tyr residues
contribute to oligomerization of the protein, since dimers of Tyr residues were clearly detected by
fluorescence. The SEC analysis indicated unequivocally that Ptr photoinduces cross-linking of
HSA.
[1] J. Cadet, et. al. Mutat. Res. 571, 3 (2005).
[2] K. Ito, S. Kawanishi. Biochem. 36, 1774 (1997).
[3] G. Petroselli, et. al. J. Am. Chem. Soc. 130, 3001 (2008).
[4] A. H. Thomas, et. al. J. Photochem. Photobiol. B: Biology, 120, 52 (2013).
[5] M. L. Dántola, et. al. Biochem. Biophys. Res. Commun, 424, 568 (2012).
[6] A. H. Thomas, et. al. J. Photochem. Photobiol. B: Biology, 141, 262 (2014).
[7] H. Rokos, et. al. J. Raman Spectrosc., 35, 125 (2004).
[8] K. U. Schallreuter., et. al. J. Invest. Dermatol., 116, 167 (2001).
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Here we show the design, preparation, and
characterization of a dormant singlet
oxygen (1O2) photosensitizer that is
activated upon its reaction with reactive
oxygen species (ROS), including 1O2 itself,
in what constitutes an autocatalytic process.
The compound is based on a two segment
photosensitizer-trap molecule where the
photosensitizer segment consists of a Br-substituted borondipyrromethene (BODIPY) dye.
The trap segment consists of the chromanol ring of α-tocopherol, the most potent naturally
occurring lipid soluble antioxidant. Time-resolved absorption, fluorescence, and 1O2
phosphorescence studies together with fluorescence and 1O2 phosphorescence emission
quantum yields collected on Br2B-PMHC and related bromo and iodo-substituted BODIPY
dyes show that the trap segment provides a total of three layers of intramolecular suppression
of 1O2 production. Oxidation of the trap segment with ROS restores the sensitizing properties
of the photosensitizer segment resulting in 40-fold enhancement in 1O2 production. The
juxtaposed antioxidant (chromanol) and prooxidant (Br-BODIPY) antagonistic chemical
activities of the two-segment compound enable the autocatalytic, and in general
ROSmediated, activation of 1O2 sensitization providing a chemical cue for the spatiotemporal
control of 1O2. The usefulness of this approach to selectively photoactivate the production of
singlet oxygen in ROS stressed vs regular cells was successfully tested via the photodynamic
inactivation of a ROS stressed Gram negative Escherichia coli strain.
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Azo dyes are widely used in clothing industry. In particular, those derived from benzidine
(Bz) posses carcinogenic activity. These compounds can lead Bz-like compounds, after
metabolic processes, by reductive cleavage of the azo group1. In this context are included the
dyes Congo Red and Benzopurpurin B (Fig.1), for which initial decomposition products are
Bz and o-tolidine (Tol) respectively (Fig.1). On this basis, and given that industrial waste
containing azo dyes can contaminate surface water, we have studied the possible
photodegradation of Bz and Tol sensitized by the visible-light absorber Riboflavin (Rf,
vitamin B2) in aqueous solution. The vitamin has been extensively postulated as a potential
sensitizer for the degradation of risky contaminants.2
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Preliminary assays on the visible light-irradiation of Rf + Bz or Tol solutions show that the
substrates are degraded by reaction with either electronically excited states of Rf or O2(1Δg),
the latter generated from energy transfer of 3Rf* to O2(3Σg-). Rate constant values of 2.6 108
and 2.2 108 M-1s-1 were determined for the overall interaction of O2(1Δg) with Bz and Tol
respectively. Nevertheless the reactive quenching component only reaches 3 and 6 % of the
whole interaction. On the other hand the rate constants for reaction 3Rf* + Bz or Tol yield
values in the order of the diffusion-controlled ones. Besides, the transient absorption spectra
of both substrates were identified as the respective radical cations, a fact compatible with an
electron transfer process from the triplet excited vitamin. In view of the dominant O2(1Δg)
deactivation through physical quenching, we conclude that the main reactive pathway in the
Rf-sensitized photodegradation of Bz and Tol is driven through an electron transfer
mechanism. The possible interaction of the substrates with 1Rf* must be disregarded on view
of the low concentration employed for the amines and the reduced lifetime of the excited
species. In summary, the visible-light induced degradation of industrial wastes containing
aromatic amines, upon Rf sensitization, is a feasible and environmentally friendly process.
References
1 R. M. Christie. La Quimica del Color (ACRIBIA, Zaragoza, España, 2003).
2 N. A. Garcia, A. M. Pajares, M. M. Bregliani. in Singlet Oxygen: Applications in
Biosciences and Nanosciences, Volume 1 (The Royal Society of Chemistry, 2016), pp. 447–
457.
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Azo dyes are one of the more versatile compounds in synthesis, with applications in food,
sensors, switches, organic photoconductors [1], organic solar cells [2] and more recently used
as channel semiconductor in organic thin film transistors [3].

Space group
Crystalline System
Unit Cell Length
Unit Cell Angles

Pbca
Orthorhombic
a 15.1935(17) b 9.2037(9)
c 30.058(3)
α 90 β 89.988(9) γ 90

Previously, our group [4] have identified some azo molecules with important characteristics
like planarity, visual spectral absorption and synthetic reproducibility, allowing us to simulate
and synthetize a new bisazopyrrole with crystalline form and absorption centered in 515 nm
(hexane), which is shifted to 528 nm in chloroform. Additionally, this new molecule has been
irradiated with different kind of lights in visible region with no change in absorption between
2 hours, showing a trans-isomer stability, as well, no degradation at ambient condition in 6
months.
The authors are grateful for the financial support of Universidad Nacional de Colombia Sede
Medellín, Facultad de Ciencias (201010015545)
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3-Hydroxychromone (3HC) compounds exhibit a large sensitivity of their spectroscopic
properties to environment due to the existence of tautomeric forms both in the ground and in
the first excited singlet state.1 The reversible transformation of the tautomers involves a
proton transfer, which can take place either intramolecularly or mediated by the solvent.

spectroscopy, by fluorescence anisotropy, and by time resolved emission spectroscopy. These
studies were performed as a function of temperature in solvents of different polarity and
hydrogen bond ability.
All three compounds display emission from the two tautomeric forms (normal, N*, and
tautomer, T*, emission attributed to the higher and lower energy bands, respectively). This
emission is solvent, excitation wavelength, and temperature dependent. In dichloromethane,
taken as solvent of intermediate polarity, the emission ratio of N* compared to T* increases
with temperature for 1, whereas it decreases for 2. The total emission decreases with
temperature increase for 1 and 3, indicating the existence of an activated non radiative
process. The tendency of the total emission of 2 with temperature is solvent dependent. The
emission decay dynamics displays a fast component in the 100 ps time range, which is
attributed to the relaxation of the excited state tautomeric equilibrium, and a slow component
in the 2 - 3 ns time range. Whereas the fast component is accelerated with the increase in
temperature for both 1 and 2, the slow component is accelerated for 1 but it is slowed down
for 2. The temperature dependence of the system is interpreted by a four state scheme
involving a tautomeric equilibrium in the ground and in the excited state. The temperature
dependence of the rate constants is interpreted on the basis of the enthalpy difference of the
tautomeric equilibrium and the activation energy of the nonradiative processes.

References: (1) S. A. Klymchenko, A. P. Demchenko, Methods in Enzimol, 450 (2008), 37
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It was recently shown(1) that furylvinylnaphthoxazoles such as 2-(furan-2-yl)naphtho [1,2-d]
oxazole and (E)-2-(2-(furan-2-yl)vinyl)naphtho[1,2-d]oxazole are very promising
fluorescence “click-on” probes to detect and quantify singlet oxygen, 1O2. These dyads are
fluorescent only in strongly apolar solvents such as cyclohexane and their fluorescence
quantum yield decreases by 1-2 orders of magnitude as the solvent polarity increases. Our
study suggests that the furan moiety acts as an effective quencher of naphthoxazole
fluorescence in all furyl-oxazole linked dyads, in which the furan moiety is electronically
coupled to the heterocyclic ring. Photooxidation of the furan 1O2-trapping moiety, leads to the
formation of a new chemical entity whose fluorescence is spectrally different from the parent
compound and fluorescence enhancement factors up to 300-fold have been observed taking
advantage of the change in spectral properties upon photooxidation. Its added selectivity
towards 1O2 and the decrease of already very low background fluorescence under irradiation,
has encourage us to search further developments of these dyads as 1O2 fluorescent probes.
In this communication we report on the effect of substituent in position 5 of the furan ring
(Figure 1) on the behavior of the furyl-naphthoxazole dyads as singlet oxygen probes. Our
results shows that the most reactive probe towards singlet oxygen is the 5-methyl-substituted
probe whereas the larger increase on the fluorescence after reaction with 1O2 was obtained for
the non-substituted compound.

Figure 1. Structure of Furyl-naphthoxazole dyads
Acknowledgements: Financial support of FONDECYT (grant number 1150210), is
gratefully acknowledged.
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Due to the occurrence of excited intramolecular proton transfer (ESIPT) in salicylidenes, in
this work the photoacidity and solvatochromism profiles of the ligand N-salycilidene-5chloroaminopyridine

(sal-5-Cl-py)

were

evaluated

by

steady-state,

time-resolved

spectroscopy and theoretical calculations under the density functional theory framework. The
solvatochromism was assigned using the Lippert-Mataga model to a series of aprotic solvents
(hexane, toluene, CHCl3 and DMSO). Obtained results strongly show the superacidity of the
sal-5-Cl-py in aqueous solution, which is connected with the occurrence of the fast ESIPT
process in aprotic solvents where the intramolecular H-bond becomes relevant and leads to an
enol* keto* balance and consequent dual emission profile. Furthermore, the Lippert-Mataga
suggests a possible ICT-state as part of the proton transfer mechanism, the existence of this
state was also investigated by time-resolved emission spectroscopy.

Figure 1. Titration curves for pKa and pKa*. Green dots represent A-/A, the ratio of
deprotonated and protonated absorption species; blue dots correspond to the titration curve
for pKa*. τobs is the weighted sum of lifetimes also from deprotonated and protonated species.
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Cycloaromatization reactions defy common chemical logic by creating diradical species from
closed shell reactants without external radical initiators. In these unusual but very useful1
processes, one chemical bond is always created at the expense of two chemical bonds that are
sacrificed. Out of the four reactions shown in Figure 1 (left), only the C 1-C6 cyclization of
enediynes (the Bergman cyclization)2 is assisted by aromaticity. The other members of this
reaction family do not receive such a generous thermodynamic bailout and have to rely, instead,
on alternative sources of electronic stabilization. Considering the broad interest in
cycloaromatization reactions, it is remarkable that, in contrast to the Hopf cyclization of enynes, 3
an efficient C1-C5 counterpart remains unknown. What are the possible reasons that the last
member of the cycloaromatization reaction family had remained so elusive?

Figure 1. Left: The possible cycloaromatization modes for enediynes and enynes Right: The relief of excited
state antiaromaticity is induced by alkene twisting into an orthogonal diradical which facilitates C 1-C5 closure.

The last missing example of the four archetypical cycloaromatizations of enediynes and enynes
was discovered by combining a twisted alkene excited state with a new self-terminating path for
intramolecular conversion of diradicals into closed-shell products, Figure 1 (right).4
Photoexcitation of aromatic enynes to a twisted alkene triplet state creates a unique
stereoelectronic situation which is facilitated by the relief of excited state antiaromaticity of the
benzene ring. This enables the usually unfavorable 5-endo-trig cyclization and merges it with
5exo-dig closure. The 1,4-diradical product of the C1-C5 cyclization undergoes internal H-atom
transfer that is coupled with the fragmentation of an exocyclic C-C bond. This sequence provides
efficient access to benzofulvenes from enynes and expands the utility of self-terminating
aromatizing enyne cascades5 to photochemical reactions. The key feature of this self-terminating
reaction is that, despite the involvement of radical species in the key cyclization step, no external
radical sources or quenchers are needed to provide the products. In these cascades, both radical
centers are formed transiently and converted to the closed-shell products via intramolecular
Htransfer and C-C bond fragmentation. Furthermore, incorporating C-C bond cleavage into the
photochemical self-terminating cyclizations of enynes opens a new way for the use of alkenes as
alkyne equivalents in organic synthesis.
1 Mohamed, R. K.; Peterson, P. W.; Alabugin, I. V. Chem. Rev. 2013, 113, 7089.
2 Jones, R. R.; Bergman, R. G. J. Am. Chem. Soc.1972, 94, 660.
3 Hopf, H.; Musso, H. Angew. Chem., Int. Ed. Engl. 1969, 8, 680.
4 Mohamed, R. K.; Mondal,S.; Jorner,K.; Faria Delgado,T.; Lobodin, V. V.; Ottosson, H.; Alabugin, I. V J.
Am. Chem. Soc. 2015, 137, 15441.
5 Mohamed, R. K.; Mondal, S.; Gold, B.; Evoniuk, C. J.; Banerjee, T.; Hanson, K.; Alabugin, I. V. J. Am.
Chem. Soc. 2015, 137, 6335.
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The powerful field of Two-Dimensional Electronic (2DE) Spectroscopy can help to
understand the mechanisms underlying electronic charges transfers inside a material and
energy transfer by asking how to excitation colors change the emission of another’s. This
concept can be applied to a variety of materials, such as metal complexes where the metal-toligand charge transfer (MLCT) bands are present, one could ask how the excitations of some
states lead to another and how that changes over the states evolve. In this work, we studied
2DE Spectroscopy on the metal complex Ru(tpy)(tpy-An) using a pulse shaper in a pumpprobe geometry to generate pulse sequences. The experimental setup involving 2DE was built
using a multi-pass amplifier laser system (Quantronix - Odin) seeded by an oscillator (K&M
Labs) which delivers 800nm pulses with 30nm FWHM and operating at a 1kHz repetition
rate. The 2DE data was taken by choosing some convenient time points (stage times) which
could show us some interesting effects. In the experiment, we applied several experimental
techniques such as phase cycling, rotation frame and chirp correction. When taking the data,
we choose to take exponential times separations (stage times) in order to have an easier
interpretation of the data. Finally, the results indicate that there is an asymmetry in the colors
absorbed by the material which could leave a lead of how the material behave when different
excitations energies is applied.
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Terpyridyl ligands have been modified by fluorine, chlorine, or bromine substitution at the 6and 6”- positions. Bis-homoleptic iron(II) complexes of these ligands have been found to
exhibit significant high-spin character due to the substituent-induced intramolecular strain.
The ground and excited state properties of these unique complexes have been explored using
UV-Vis absorption spectroscopy, spectroelectrochemistry, and transient absorption
spectroscopy. From these experiments, we present evidence of a long-lived quintet metal-toligand charge transfer state (5MLCT) accessible via visible light absorption at 400 nm. The
lifetime of this state has been found to exceed 10 ps, a > 100-fold improvement relative to the
~100 fs lifetime of the low-spin parent, iron(II) bis-terpyridine. This promising result
provides a novel pathway for extending iron(II) MLCT lifetimes for potential use in
photocatalysis.
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n(H2) (moles)

Production of hydrogen from visible irradiation of solutions that contain only a
chromophore and an electron donating source is quite rare. Recent examples
include [Rh20,0(dfpma)3(PPh3)(CO)] (dfpma = MeN(PF2)2)1,2 and [PtCl(tpy)]Cl
(tpy = 2,2’:6’ ,2’’- terpyridine)3. The former system uses a hydrohalic acid (HX)
and splits it to produce H2 and the latter involves photoinduced reduction of water
in the presence of a sacrificial electron donor like EDTA in water at pH 5.
Using unique Pt(II) NCN (bis-pyridyl benzene) type complexes prepared in our
labs, hydrogen generation was observed in 9:1 DMF:water in the presence of
triethylamine (TEA). The quantum yield of hydrogen generation was ~2 % after 2
hours of irradiation. The turnover rate was 0.15 min-1 and hydrogen generation
continued at this rate beyond the initial irradiation period. The complexes are
strongly luminescent in solution, but the emission is efficiently quenched by TEA.
Control experiments indicate that both the chromophore and TEA are required for
20
H2 production. Addition of Hg does
n(H2)
18
not suppress H2 formation, suggesting
16
the absence of colloidal Pt in the
14
photolysis solution.
12
Transient spectroscopic experiments
10
provide insight into the mechanistic
8
details of hydrogen formation in these
6
systems.
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β-carbolines are a group of naturally occurring alkaloids derived from 9H-pyrido[3,4b]indole
or norharmane (nHo). These alkaloids are widespread in biological systems, having an active
role in different photosensitizing processes.
Tricarbonyl rhenium complexes with polypyridyl and bioactive molecules as ligands have an
excellent thermal and photochemical stability being, thus, appealing candidates for diverse
applications such as photodynamic therapy, anti-cancer drugs and radiotherapy.
We show herein preliminary results about emission spectroscopy and flash photolysis studies
of a novel Re(CO)3(phen)(nHo)+ complex in different solvents. Also we show how this
complex interacts with DNA under UVA light. UV-Vis absorption spectra show intense
bands in the UV region of the spectra. These spectral features are almost identical with those
found in the electronic spectrum of the free nHo ligand and are therefore assigned to IL
excitations in the nHo ligand. The absorption band observed in the visible region exhibit
typically intense and solvatochromic MLCT transitions from the metal d to the lowest lying
ligand * orbital. Emission spectrum of the complex, recorded in methanol, shows an
emitting band at ~ 450 nm due to the deactivation of the lower nHo ligand-localized state, as
it was described for free nHo. Emission from MLCTRe→phen excited state have been observed
in 530-560 nm range. Moreover, the observed luminescence shows a strong dependence on
the oxygen concentration. Both emission quantum yield and lifetime values, obtained in all
solvents tested, are compared with those reported for free nHo.
The absorption patterns of the transient were registered by laser flash photolysis experiments,
exc = 351 nm. The absorption spectra in MeOH of the transient showed two maxima at 380
and 460 nm, lifetime ~ 780 ns (oxygen free solution of the complex). The redox activity of
the exited state was measured by reductive quenching using TEA. Additionally, the
efficiency of singlet oxygen production was determined in acetonitrile.
In addition, the capability of Re(CO)3(phen)(nHo)+ complex to induce damage in cell-free
DNA upon UVA excitation was examined. The damage profile was determined by using the
PM2 assay where treated DNA was incubated with repair enzymes that recognize specific
type of damage or DNA lesions. The type and extent of DNA damage is analyzed together
with photochemical, photophysical and binding properties of the Re(CO)3(phen)(nHo)+
complex. Briefly, the tested photosensitizer induces single and double strand breaks (SSB and
DSB), oxidatively generated purine modifications (8-oxoGua, FapyGua and FapyAde) and
sites of base loss (AP sites).
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Photophysical Properties of Bimetallic Cyanide-Bridged Ru(II)
Polypyridines. Evidence of delocalization in the Excited State.
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We present the photophysical properties of a family of cyanide-bridged ruthenium
polipyridines, [(bpy)(tpy)Ru(µ-CN)Ru(bpy)2L]2+/3+ (tpy = 2,2’;6’,2’’-terpyridine; bpy = 2,2’bipyridine; L= acetonitrile (1, Fig. 1), 4- Dimethylaminopyridine (2), thiocyanate (3) or
chloride (4). For comparison, we also present the behavior of the complex [(bpy)(tpy)Ru(µCN)Ru(py)4(Cl)]2+. Near infrared Transient absorption spectra of these complexes reveal that
the first populate state presents a band in the NIR that we assign as a metal to metal charge
transfer (MMCT) transition and points to a mixed-valence character for this state (black and
red spectra, Fig. 2). The energy of this transition shifts to the red when the chloride ligand is
replaced by a L ligand with less donor character. By comparison with the properties of related
mixed-valence complexes a delocalized nature can be assigned to the excited state of (4). It is
interesting to note that for the ground state mixed-valence form of these complexes the
complex (4) shows a localized character. This contrasting behavior reveals the role of the
radical-anion ligand in the photoinduced state. For all complexes, the first populate state
decays to the emissive state which does not present a transition in the NIR pointing to a
different configuration for the latter (green spectra, Fig. 2).
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Figure 1. Crystal structure of
[(bpy)(tpy)Ru(µ-CN)Ru(bpy)2(ACN)]3+

Figure 2. Near infrared Transient
absorption spectra of

[(bpy)(tpy)Ru(µ-CN)Ru(py)4(Cl)]2+
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Metal-coordination materials prepared with polyuronic acids and Fe(III) were photoactive
under visible (405nm) light. The quantitative photochemistry for different systems was
studied, where polyuronates with different compositions and stereochemistry presented very
different quantum yields. The mechanism of the photoreaction involves an electron transfer
from the carboxylate to the metal center, which gets reduced to Fe(II). The change in the
oxidation state of the metal, together with the decarboxylation and further chemical
degradation of the polysaccharide, produce sharp changes in the mechanical properties and
microstructure of these materials.1 Our results indicate that Fe(III)-polyuronates can be used
as a photochemical tool for tuning the properties of soft materials. We designed coordination
hydrogel microbeads that were able to encapsulate different drug models and to release them
only upon the application of light. When Fe(III)-polyuronates were incorporated into acrylic
hydrogels, the stiffness of the hybrid materials could be changed upon irradiation with visible
light (Figure 1).2 We evaluated these hybrid materials as scaffolds for culturing chondrogenic
ATDC5 cells and our results indicate that the production of cartilage was improved, by a
factor of 2.2, in the materials subjected to the photochemical process. Our results create
guidelines for the formulation of biomaterials with tuneable mechanical properties with
possible applications in biomedicine.

Figure 1. Change in Elastic modulus upon irradiation of an Fe(III)-polyuronate containing
acrylic hydrogel. Changes in microstructure are shown on the right.
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Preparation, characterization and antimicrobial activity of
chitosan/MMT/AgNO3 films prepared by Photochemistry
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The preparation and characterization of silver nanoparticles has become target of great
interest among researchers due their electronic, optical, mechanical, magnetic, chemical and
antimicrobial activity which enable the application of this material in many fields [1,2]. In
this context, the aim of this study was first, to prepare bionanocomposites of
chitosan/montmorillonite/silver nanoparticles films with different amount of chitosan and
clay, via photochemistry, and secondly, the study of their antimicrobial activity.
The deacetylation degree of chitosan used in this work is 85% and its viscosityaverage molecular weight is 83.000 g/mol. The montmorillonite SWy-2 clay was purified
according to the method described by Gessner at al [3]. The composite films based on
chitosan, SWy-2 and silver nitrate were prepared with appropriate amounts of chitosan and
clay. And the films had the proportions of 10, 5 and 2.5% of clay based on chitosan. Films
varying only the concentrations of chitosan or clay were prepared to study separately the
effect of chitosan and clay upon the formation of silver nanoparticle. Films were irradiated by
UV light carried out at 25 ºC up to 24h.
Nanocomposite films were characterized by X-Ray Diffraction Analysis. The
formation of NPs-Ag was monitored using a Shimadzu UV-2550 spectrophotometer, using a
film holder of the diffuse reflectance accessory. The morphology and the nanoparticles size
were examined by Scanning Transmission Electron Microscopy. The antimicrobial activity of
this material was evaluated against E. coli by Disk Diffusion Method. The results shown that
it was possible to obtain films with spherical silver nanoparticles (average diameter of 3 nm)
and this material shown antimicrobial activity against E. coli.
The authors would like to thank FAPESP (2012/19656-0), CNPq (PDJ 150447/2015-9) for
financial support.
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Solution-Processable based Salicylidene Organic Light-Emitting Diodes:
Tuning Electroluminescent Properties by Zn(II)
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In this work we study the photo (PL) and electroluminescence (EL) properties of two
salicylidene molecules (salophen and sal-3,4-ben) and their Zn(II) coordination compounds
thin films of PVK polymeric composites at 2.5 % (mol/mol) of dye made by solutionprocessable spin-coating technique. Our results have shown that optical-electronic properties
(Voltage turn-on, brightness and current efficiency) of the organic light-emitting diodes
(OLEDs) were improved due the Zn(II) cation coordination in the salicylidene organic
molecule and it is linked to the distortion of the electronic structure of the ligands, generate a
lower energy band gap compared to free molecule, increasing the electron and energy transfer
process from PVK (donor) to salicylidene molecule, consequently, improving the exciton
recombination on the Zn(II)salicylidene. These solution-processable devices presenting, after
Zn(II) coordination, good brightness and current efficiency when compared to 8hydroxyquilinate derivatives (Alq3 and Znq2) in PVK composites at same concentration,
presenting best results for PVK:[Zn(sal-3,4-ben)] dispositive, and it is in agreement to their
optical and electronic properties in comparison to other coordination compounds.
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Synthesis and Characterization of Novel Metal Complexes of 6Methoxyquinoline: 1O2 (1∆g) Photosensitizing Capacity and Biological
Activity.
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The synthesis of 6-methoxyquinoline (6MQ) metal complexes with Copper(II), Nickel(II),
Cobalt(II) and Zinc(II) is presented. The crystal structures were determined using
Singlecrystal X-ray techniques (Figure 1). The complexes have been characterized based on
FTIR, UV-Vis and Fluorescence spectroscopies. The thermal decomposition of the
compounds was also studied through Thermal gravimetric analysis (TG), showing that the
complexes were stable until 100°C, then takes place the decomposition. The complexes were
found to be stable despite the free ligand is easily oxidizable. The quantic yield of 1O2 (1∆g)
production (Table 1) have been shown that the compounds are good candidates as
photocatalists.

b
a
c d
Figure 1. X-ray structure of the complexes: a) Co(6MQ)2Cl3, b) Ni(6MQ)2Cl2, c)
Cu(6MQ)2Cl2 and d) Zn(6MQ)2Cl2.
Table 1. Quantic yield of 1O2 (1∆g) production using ethanol as solvent.
Compound Co(6MQ)2Cl3 Ni(6MQ)2Cl2 Cu(6MQ)2Cl2 Zn(6MQ)2Cl2
0,468±0,005 0,287±0,004 0,498±0,007 0,59±0,01
∆

6MQ
0,94±0,08

The Quantic yields of 1O2 (1∆g) production for the complexes were determined using steady
state techniques, by following the consumption of 9,10-Dimethylanthracene (DMA), and
using as reference photosensitizer Bengal rose (BR). The experiments were carried out at
constant temperature of 25ºC. The complexes were subjected to biological studies, including
bacterial susceptibility on Gram+ and Gram- bacteria. Besides the cytotoxic effect of the
complexes on the MG-63 human osteosarcoma cancer cell line during 24 h was tested using
the MTT technique.
Acknowledgements: The authors want to thank to the Universidad Nacional de Colombia,
Sede Medellín, Facultad de Ciencias (201010015545), Universidad Nacional de La Plata and
CONICET, Argentina.
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Light induced degradation of antimalarial drugs has been associated with reduction or loss of
therapeutic activity and or toxic products. Artesunate, a semi synthetic derivative of artemisinin is
a nitrogen free sesquiterpene with endoperoxide linkage which has been linked with the
antiplasmodial activity. The endoperoxide linkage could also predispose the drug to
photochemical reaction. Hence, this study evaluated the biological implications of the
photochemical degradation of artesunate.
Aqueous methanolic solution of artesunate (50%w/w) was subjected to photo irradiation using
ICH Photostability testing guidelines at 365nm. The photodegradation reaction was monitored
using thin layer chromatography (TLC), ultraviolet spectrophotometry (UV), and high
performance liquid chromatography (HPLC). In vivo antiplasmodial activity of the
photoirradiated drug solution was carried out on animal model using Plasmodium berghei
(Rane’s Test), while the effects of the irradiated drug solution was monitored on body weight,
haematological parameters and liver enzymes; alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). Histopathological evaluation of the heart, kidney and liver of the
surviving animals was carried out.
The obtained results showed that artesunate is photolabile with photodecomposition products
identified through TLC and HPLC. Significant reduction in weights was observed with
photoirradiated drug (PhA) (20.6%) when compared with the pure unirradiated drug compound
(PA) (2.0%) Similarly, the reduction in packed cell volume was found not to be significant
among the test groups, however a significant reduction was observed with the parasitized
animals when compared with the unparasitised groups; this corroborates the significant reduction
in antiplasmodial activity of up to 54.4% when compared with the unirradiated pure drug of
86.9%.
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Figure 1: % parasitaemia reduction after administration of photoirradiated artesunate
Furthermore, a significant elevation of AST and reduction on ALT was observed with both
irradiated and unirradiated drug solutions. Histopathological evaluation of the liver showed severe
and generalysed fatty degeneration with sinusoidal dilatation and kupffer cell hyperplasia with
group treated with the photoirradiated artesunate. On the other hand there was no significant
deleterious effect on the kidneys and heart.
This study concluded that artesunate is photolabile resulting in significant reduction in
antiplasmodial activity, which may be accompanied with hepatotoxicity and anaemia.
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This study presents results on the synthesis of titanium dioxide, comparing two parameters:
the type of heat treatment (muffle furnace or hydrothermal treatment) and type of stirring
(ultrasonic or mechanical). During the synthesis of the catalyst named TiO2-(1), the reagents
(titanium tetraisopropoxide (TTIP) in 2-propanol and water) were kept under ultrasonic
stirring, while for the second catalyst,TiO2-(2), the reagents were mixed by magnetic stirring.
The amorphous TiO2 was washed twice with ultrapure water. After washing, the amorphous
material was dried at 60°C for 24 hours and calcined in a muffle furnace, following a
temperature ramp and being, finally, maintained at 400°C for 300 minutes, resulting in
TiO2(1). For the preparation of TiO2-(2) after the washing step, ultrapure water was added to
the amorphous solid in a hydrothermal reactor, which was kept at 200°C for 4 hours. The
solid produced was also dried for 24 hours at 60°C. After the heat treatment the two materials
were macerated in an agate mortar, and, after morphological characterizations, their
photocatalytic activities were evaluated. In these tests, the photocatalytic degradation
(discoloration) and mineralization of a food dye (Ponceau 4R) in aqueous solution (4.0 x 10 -5
mol L-1), was followed by photometry and by monitoring of the dissolved organic carbon
(DOC), respectively. The reactions were performed in an annular borosilicate glass reactor1,
using a high pressure mercury vapor lamp of 400 W. The catalysts were used at a
concentration of 100 mg L-1, the initial pH of the reaction medium was adjusted to 6.90, and
the reaction time limited to 120 minutes. Aliquots were collected at 20 minutes intervals and
submitted to analysis after filtration. Using the TiO2-(1), 33% of mineralization and 89% of
discoloration were achieved at the end of the reaction. On the other hand, using TiO2-(2) 62%
of mineralization and 100% of discoloration were achieved under similar conditions. While
the morphological analysis of TiO2-(1) points to a surface area of 49 m2/g and the XRD data
indicate that this photocatalyst is 100% anatase, with an average crystallite size of 15 nm,
TiO2-(2) presents surface area of 176 m2/g, its composition of phases, calculated by Rietveld
Refinement, reveals 76% of anatase and 24% of brookite, and an average crystallite size of
6.58 nm. These results are consistent with the results reported in the literature since the
higher photocatalytic activity of TiO2-(2) can be justified by its large surface area and by the
small size of the crystallites2.
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Photoactive dye-loaded polymer films capable of yielding singlet molecular oxygen (1O2)
upon irradiation have potential applications, among others, in the development of wound
dressings and coatings for medical and cosmetic use. In a previous work, Phloxine B (PhB)
loaded poly(2-hydroxyethyl methacrylate) (pHEMA) thin films (~245 nm thick) were studied
as a function of dye-loading. The 1O2 generation efficiency (absorption factor  ΦΔ) at the
surface of the film achieved its maximum at high dye concentrations (~0.02 M).1 The
apparent 1O2 quantum yield, ΦΔ, was rather low even at low PhB concentrations.
In the present work Rose Bengal (RB) loaded pHEMA
thin films were studied as a function of dye loading and
conditions for the retrieval of maximum 1O2 generation
were established. Thin films (~200 nm thick) were
prepared by spin coating on glass substrates from
ethanol solutions. Dye concentrations spanning more
than three orders of magnitude were explored. Films
were characterized by absorption and fluorescence
spectroscopy, singlet oxygen was quantified using DPBF in CH2Cl2 as chemical monitor and
the triplet decay was determined by laser flash-photolysis. Though absorption spectra are
similar to those in ethanol solution, slight changes at dye concentrations in excess of 0.05 M
point to weak dye to dye interactions in the ground-state. Fluorescence quantum yields start
from ΦF = 0.050 ± 0.006 at low dye concentrations but self quenching occurs after 0.01 M
(see figure). Apparent 1O2 quantum yields follow the same trend, starting from ΦΔ = 0.03 ±
0.01. Results are interpreted in the context of a quenching radius model considering a random
distribution of dye molecules. Calculation of energy migration and trapping rates are based
on Loring, Andersen and Fayer (LAF) theory.2 Best fits are obtained in the whole
concentration range with a quenching radius rQ = 1.5 nm, in the order of molecular
dimensions, only if photoactive dimeric traps are considered. The observed fluorescence
quantum yield ratio, Φtrap/Φmonomer ~ 0.4, is in line with previous reports on RB fluorescent
dimers in cellulose.3 The occurrence of bright traps, capable of yielding triplet states and 1O2,
increase the concentration of maximum 1O2 generation efficiency to about 0.1 M. Its value
reaches a maximum of ~0.2%, 7 times higher than in PhB / pHEMA films. Results show that
maximum efficiency can be achieved at very high dye concentrations even for random dye
distributions and provide relevant information for the design of ordered dye arrays with
photosensitization activity.
1) Y. Litman, H. B. Rodríguez, E. San Román, Photochem. Photobiol. Sci., 2016, 15, 80.
2) L. Kulak, C. Bojarski, Chem. Phys., 1995, 191, 67.
3) H. B. Rodríguez, M. G. Lagorio, E. San Román, Photochem. Photobiol. Sci., 2004, 3, 674.
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TOWARDS SINGLET MOLECULAR OXYGEN.
+2

Cristina Valencia U.,1 Antonio L. Zanocco,2 Else Lemp M.,2 Jennifer E. Rodríguez.2
1

Universidad Nacional de Colombia - Sede Medellín, Escuela de Química, Facultad de
Ciencias, 59A 63-20 Bloque 21-209. Medellín – Colombia, gcvalenc@unal.edu.co
2

Universidad de Chile, Fac. de Cs. Químicas y Farmacéuticas, Depto. de Química Orgánica y
Fisicoquímica,
Sergio
Livingstone
1007,
Independencia,
Santiago,
Chile,
jennifer.rodriguez@ug.uchile.cl

Flavonoids have long been recognized to possess anti-hepatotoxic, anti-inflammatory, antiatherogenic, anti-allergic, anti-osteoporotic and anti-cancer activities. Many of these
pharmacological effects of flavonoids are related to their interaction with several enzymes,
and to their antioxidant activity, which can be due to their ability to scavenge free radicals
and to synergistic effects with other antioxidants. We recently showed that flavonoids are
good quenchers of singlet oxygen(1) and could be valuable antioxidants against this reactive
oxygen species in systems under oxidative stress. One of the antioxidant mechanisms of
flavonoids may result from the interactions with transition metal ions to produce complexes
that prevent the participation of these metal ions in free radical generating reactions such as
the Fenton and Haber–Weiss reactions. Consequently, the chelation of metals is crucial in the
prevention of radical generation, which damage biomolecules. Several types of biomolecules
oxidation has been describes, one of them involving singlet molecular oxygen, 1O2, UV-VIS
photonic impact in the presence of photosensitizers. In a few studies related to the reactivity
of flavonoids with singlet molecular oxygen, has been observed that metal ions increase the
reactivity of flavonoids and that this effect could be ascribed to the formation of an
association complex between the flavonoid and the metal ion.
In this communication, we report the effect of Ca+2 on the reactivity of Quercetin and Rutin
towards 1O2. Benesi - Hildebrand treatment shows that both, the flavonoid and the glucoside,
forms 1:1 association complexes with Ca+2, with association constants in the order of 5 – 10
M-1 in methanol and water. In addition, in the presence of an excess of calcium ion, the
reactivity of these substrates increases approximately in a factor 10. A kinetic scheme
accounting for this effect is proposed and discussed.
Acknowledgements. Financial support from Fondecyt (grant N° 1150785) is gratefully
acknowledged. C.V. acknowledge the financial support of National University of Colombia
(research visit fellowship and Hermes 321085).
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Singlet fission (SF) is a process in organic molecules and semiconductors that may enable
photovoltaic efficiency to overcome the Shockley-Queisser limit. In SF, a high energy singlet
exciton splits into two lower energy triplet excitons. These triplet excitons may increase the
photocurrent of low bandgap semiconductors via triplet injection or energy transfer.
However, despite decades of experimental and theoretical studies, efficient SF is limited to a
handful of chromophore systems because the exact mechanistic details remain elusive. Here,
we shed light on the role and importance of intermolecular electronic coupling and thin film
morphology in SF by controlling the microscopic crystal structure and macroscopic film
structure in deposited layers of the organic semiconductors pentacene and
bis(triisopropylsilylethynyl)[TIPS]–tetracene. We utilize a combination of spectroscopic
techniques, x-ray diffraction, and atomic force microscopy to correlate the film and crystal
structure to the SF dynamics.
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Heterophyllaea pustulata Hook. f. (Rubiaceae) is a wild bush that grows in the Andean
northwest of Argentina, where is popularly known as "cegadera" (blindness in Spanish). It
has phototoxic properties that cause dermatitis and blindness in animals that ingested it and
exposed to sunlight. From its chemical study, we found that 9, 10-anthraquinone (AQs) are
the predominant metabolites. In complementary studies, we have reported that some of these
isolated AQs exhibit photosensitizing properties by generation of superoxide anion radical or
singlet molecular oxygen. In addition, we have demonstrated that these AQs show in vitro
virucidal effect against Herpes Simplex virus Type 1 (HSV-1), which means an inactivation
of viral particles before their entry into the host cells, and this inhibition was increased by
light action (photostimulation). The aim of this work was to study the in vitro inactivation of
HSV-1 once the virus entered into the host-cells, by the photosensitized action of an
enriched-AQs extract obtained from roots of H. pustulata.
By HPLC analysis, the chemical composition of the benzene extract (Ben) obtained from
roots of this vegetal species were established. Maximum Non-Cytotoxic Concentration
(MNCC) on Vero cells (host cells) was estimated from the dose-response curve (%cellular
viability vs. concentrations) by Neutral Red uptake assay (NR).The viral inactivation effect of
this extract was tested on infected cells with HSV-1 at its MNCC. This effect was evaluated
by observation of morphological alterations in cells with optical microscopic (cytopathic
effect, CPE) and determination of cellular viability by using NR assay, under two
simultaneous conditions: darkness and irradiation (actinic lamp 380-480 nm, Philips TL/03).
Active viral particles after both treatments (darkness and irradiation with Ben extract) were
detected by extraction of cellular content and its subsequent inoculation in a new Vero cell
monolayer to evaluate its viability by using NR.
HPLC analysis showed that Ben extract only contains AQs derivatives, being rubiadin 1methyl ether, rubiadin and damnacanthol the majority compounds. In darkness, the infected
cells treated with Ben extract showed the characteristic CPE caused by HSV-1; therefore, the
virus was not inactivated by the extract, which was confirmed by the presence of active viral
particles. On the other hand, the infected cells incubated with the extract under irradiation
exhibited a different CPE. Since no active viral particles were detected in this last
experimental condition, we demonstrated that the CPE observed is due to the action of the
photosensitized extract on the cells and not caused by virus.
In conclusion, under the light action, the extract containing only photosensitizing AQs
achieved the inactivation of viral particles inside of infected cells with HSV-1. These results
motivate us to continue to deepen studies with purified AQs, with the aim to provide a basis
for the development of new treatments for viral etiology lesions.
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Influence of the tumoral cell line on ZnPc Phototoxicity
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Phthalocyanines (Pc) are macrocycles compounds that can be employed as photosensitizers
in the treatment of various infections and diseases, as well as in photodynamic therapy.
Nevertheless, a disadvantage for the clinical application of these compounds is their strong
tendency to form oligomers (especially dimers), a phenomenon that reduces their efficiency
as photosensitizers. We have reported that dipalmitoylphosphatidylcholine small unilamellar
vesicles (DPPC) and bovine serum albumin (BSA) can be used as delivery vehicles for the
incorporation of ZnPc to human cervical carcinoma cells (HeLa). When we compared the
phototoxic effect of the dye on cell viability, ZnPc/BSA adducts were more efficient than the
ZnPc/DPPC system. The result was unexpected because the dye is considerably less
aggregated in DPPC than in BSA. After a series of studies regarding intracellular localization
we postulate that differences in intra-cellular localization of the dye could explain the higher
phototoxicity exerted by ZnPc/BSA adducts, which were preferentially accumulated in the
vicinity of the nucleus and in the Golgi apparatus.
In the present contribution we investigate the effect of changing the tumoral cell line in the
phototoxicity induced by ZnPc using BSA and DPPC as vehicles. Therefore, the epithelial
HeLa cells were changed by the promyelocytic leukemia HL-60 cells. The results showed
significant differences: the incorporation of ZnPc in HL-60 cells was considerably higher
than that in HeLa cells using both vehicles, probably because HL-60 cells grow in
suspension. On the other hand, the phototoxicity induced by ZnPc loaded by DPPC
liposomes was higher than that induced by ZnPc/ BSA adducts. This result is the opposite of
that observed in HeLa cells; however, it is consistent with the higher disaggregation of the
dye in DPPC. Studies are needed regarding the intracellular localization of ZnPc in HL-60
cells using DPPC and BSA as carriers in order to clarify the phototoxicity mechanism.
Acknowledgments The authors acknowledge the financial support given by FONDECYT
grant 1130358 (Chile)
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Our research group at Universidad Nacional de Cordoba, Argentina and others have
shown that bactericidal antibiotics, such as ciprofloxacin, induce changes in bacteria membrane
caused by reactive oxygen species (ROS). ROS, generated as a bacterial response to the antibiotic
presence, are responsible for lipid chain peroxidation (LP, also called autoxidation). Here, upon
ROS reaction with fatty acids lipid carbon-centered radicals are generated that next trap
molecular oxygen under physiological conditions to form lipid peroxyl radicals effective chain
carriers in the lipid chain autoxidation, The primary effect of lipid chain autooxidation is a
decrease in membrane fluidity, which alters the membrane properties and mainly disrupt
membrane-bound proteins.
The most widely biomarker used to study LP is malondialdehyde (MDA). MDA reacts
with thiobarbituric acid (TBA) to yield a red-colored adduct that can be assayed
spectrophotometrically. Nevertheless, the TBA reacting substances test (TBARS) is notoriously
nonspecific which has led to substantial controversy over its use for quantification of MDA.
The aim of this work was to evaluate the LP caused by Ciprofloxacin in a Gram negative,
Escherichia coli ATCC 25922 and a Gram positive model, Bacillus subtilis ATCC 6051. To
evaluate oxidative damage a highly sensitive fluorogenic probe H2B-PMHC was used. H2BPMHC, previously developed and characterized by our collaborators at McGill University,
Canada, presents high specificity toward lipid peroxyl radicals, the dominant reactive oxygen
species encountered in lipid membranes under oxidative stress.
In this work we assessed the damage through ensemble fluorescence experiments and a
single bacteria imaging approach. Ensemble experiments revealed that regardless of the antibiotic
concentration (30-0.3µM) the E. coli strain experienced the same damage. However B.subtillis
only showed oxidative damage at high concentration (Figure A and B). This effect could be
related to the differences in both membranes and differences in the antioxidant capacity in the
gram positive strain. Imaging our sample upon excitation with an evanescent beam in a Total
Internal Reflection Fluorescence Microscope (TIRFM) showed the specific localization of H 2BPMHC and a >15-fold fluorescence intensity enhancement after treating E. coli strain with the
antibiotic (Figure C and D). We could detect the LP with a highly sensitive fluorogenic probe, in
the Gram negative strain. Our future work will aim at studying the oxidative damage in bacteria
with single molecule resolution.
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Natural Photosensitizer and their Potential Application in Photodynamic
Antimicrobial Chemotherapy
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The photodynamic antimicrobial chemotherapy (PACT) involves the use of photosensitizers and
visible or ultraviolet light in the treatment of local infections, especially caries, periodontal
diseases, oral candidiosis as well as infected wounds. Some photosensitizers, like the psoralen
derivatives, produce bacterial photoinactivation by a mechanism that allows their intercalation
between the nucleic acid bases. Others have the same final output, but this is reached by means of
a photodynamic photosensitization, in which the generation of reactive oxygen species (ROS) is
the main process. Within the photodynamic mechanism, it is worth mentioning that several
anthraquinones (AQs) have been thoroughly studied in relation to their photosensitizing
properties. Thus, for instance, some of them show good antibacterial effects by producing ROS,
such as superoxide anion (O2•_; photodynamic reaction Type I) and singlet molecular oxygen
(1O2; photodynamic reaction Type II), generating a photosensitized cellular inactivation. In this
context, we started the phytochemical study of the lichen Teleoschistes flavicans (SW) Norm.
(Telochistaceae), which revealed the presence of Parietin (PTN). By mean of photochemical and
photobiological studies, we have previously demonstrated that this AQ is an excellent
photosensitizer Type I and II.
In this work, we study the in vitro antibacterial activity of PTN in darkness and under actinic
irradiation, in order to assess the existence of a possible cellular inactivation photosensitized.
The effect of PTN against four bacterial species (Staphylococcus aureus ATCC 29213,
Staphylococcus epidermidis ATCC 28212, Escherichia coli ATCC 25922 y Pseudomona
aeruginosa ATCC 27853) was evaluated by the microdilution method according to CLSI.
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were
determined on Mueller Hinton broth (MH, Britania). An overnight culture of each microorganism
was diluted to achieve a cell density in the range from 105 to 107 CFU/mL and incubated for 10
min at 37 °C. Then, PTN were added in serial dilutions (250 – 0.125 g/mL). Bacterial growth
was observed at 18 h of incubation. The cell suspension (100 L) was inoculated into each tube
to give a total volume of 200 L. The lowest concentration of PTN that prevented bacterial
growth was considered the MIC. Viable bacterial counts were obtained for samples without
visible bacterial growth by plating on MH agar, followed by aerobic incubation at 37 °C for 18 h.
The PTN concentration that produces the death of 99.9% of initial inoculum was considered the
MBC. This assay was simultaneously repeated under actinic irradiation.
The results showed that PTN, in darkness, not exhibited antibacterial activity up to 250 g/ mL
against all bacterial species tested. Under irradiation, the inhibitory effect of PTN on S. aureus
and S. epidermidis was observed at lower concentrations (16 and  0.125 g/mL respectively);
values that are similar to the concentrations employed for known antibiotics like criprofloxacin.
In addition, PTN showed bacteriostatic activity against Gram positive species (CIM/CBM: 0.25),
and bactericidal activity on Gram negative species tested (CIM/CBM: 1). In strains with ability to
form biofilms, as S. epidermidis and P. aeruginosa, a marked antimicrobial effect of PTN was
observed under irradiation. These results are promising, since Parietin could be used to treat
infections associated with multi-resistant bacteria by means of PACT.
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Biomimetic NAD+/NADH Analogs
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Recent scientific efforts aim to blend dye-sensitized solar cell motifs with the fuel forming
water-splitting catalysis as a novel method to store the energy captured from the Sun. Our
group investigates an approach towards dye-sensitized photoelectrochemical cell (DS-PEC)
that consists of a dual light-harvesting system composed of a blue-absorber (p-type GaP
photocathode, λABS<550 nm) and a red absorber (dyes constructed from NAD+-analogs,
λABS>550 nm). This dual absorber system increases the possible theoretical efficiency of the
cell (Figure 1a). The organic molecular framework serves both as a dye sensitizer (NAD+
analog) and as the H2-evolving catalyst (NADH analog, Figure 1b), thus reducing the
complexity of the solar cell.

Figure 1: A) Schematic representation of the proposed DS-PEC with dual light-harvesting
system consisting of p-GaP photocathode and NAD+ analog dyes; B) Evolution of hydrogen
in the proposed DS-PEC: upon dye sensitization, NAD+ analog is converted into NADH
analog, which then serves to reduce protons to molecular hydrogen.
In the present study, we investigated the GaP sensitization by a series of of cationic dyes
made of flavin, acridine and triarylmethane-based frameworks. Based on the UV/Vis
absorption spectra and cyclic voltammetry of the model compounds, we find that all six dyes
exhibit favorable thermodynamics for the photoinduced hole injection into GaP. However,
the sensitization experiments revealed that only two of the six dyes sensitized GaP at
wavelengths above 550 nm. The explanation for such behavior was obtained from ultrafast
pump-probe experiments, which showed that the four inefficient dyes exhibit very fast
excited-state deactivation to the ground state (few picoseconds). These results provide
valuable insights into the design of future, more efficient photosensitizers for GaP.
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Two photosensitizing anthraquinones (AQs), isolated from Heterophyllaea pustulata Hook f.
(Rubiaceae), rubiadin (AQ1) and 1-methyl ether rubiadin (AQ2), showed antifungal activity on
Candida tropicalis biofilms under actinic irradiation. It was hypothesized that the
photoinactivation mechanism involves the Reactive Oxygen Species (ROS): superoxide anion
(O2•-) and/or singlet molecular oxygen (1O2). In this work, we set out to identify specifically the
reactive intermediates involved.
Isolated AQs were identified by their RMN spectra (94 % purity). Biofilm quantification was
performed by the O'Toole & Kolter method on C. tropicalis NCPF 3111. AQs were tested at 56
µM in triplicate, under darkness and irradiation (15 min with Philips TL/03 actinic lamp emitting
in the range 380-480 nm). 1O2 phosphorescence was detected by means of a customized
PicoQuant Fluotime 200 system employing a 355 nm diode-pumped pulsed Nd:Yag laser for
excitation (FTSS355-Q, Crystal Laser, Berlin, Germany; 10 kHz repetition rate, 5 mW, 0.5 µJ per
pulse) and a Hamamatsu NIR photomultiplier assembly (H9170-45) for detection. Transient
absorption experiments were carried out by using a home-built nanosecond laser flash photolysis
apparatus, provided with a nanosecond laser that excited the samples at 355 nm. AQs transients
were detected at 550 nm (radical anion) and 675 nm (triplet state). In addition, the scavenging
effect of sodium azide (1O2 quencher) and Tiron (O2•- quencher) on biofilm photoinactivation by
each AQs was studied at two concentrations (100 and 500 mM). The supernatant of those
experiments was used to measure O2•- production and Superoxide dismutase (SOD) activation by
means of the Nitro-Blue Tetrazolium assay.
Both AQs reduced biofilm biomass only under exposure to light: AQ1 achieved 63.5 ± 4.5%
reduction (R%) and AQ2 47.0 ± 10.0 R%. In phosphate buffered saline (PBS), the 1O2 quantum
yield of AQ2 was 0.02, whereas for AQ1 was lower than 0.01. By comparing the intensity of the
phosphorescence signals, it was observed that AQ2 generated three-fold more 1O2 than AQ1 in
the biofilms incubated with deuterated PBS. None of the ROS precursors (triplet state and radical
anion) was observed in the biofilms. The antibiofilm activity of AQ1 could not be reversed by
azide (100 and 500 mM), whereas Tiron (100 and 500 mM) reversed it completely. For AQ2 the
same effect was observed, however the antibiofilm activity was only reversed at the highest
concentration of Tiron (500 mM). For both AQs, production of O2•- led to a significant SOD
activation, which was not modified in the presence of sodium azide, but decreased to basal values
in the presence of Tiron.
In conclusion, AQ1 and AQ2 reduced the formation of C. tropicalis biofilms under the action of
light, mainly by means of a Type 1 photodynamic mechanism (O2•- generation). Production of 1O2
was observed in biofilm incubated with deuterated PBS, however its participation in biofilm
photoinactivation is unclear.
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Controlling charge transfer at a nanoscale and molecular level is fundamental for electronics
and energy applications. Electrets, materials that possess ordered electric dipoles, present an
excellent choice for a source of fields that can guide movement of charges. Electrets,
however, are dielectrics, unable to efficiently mediate long-range charge transduction. To
overcome this challenge, we undertake bioinspired approaches.1 Adopting principles from
proteomics, we design molecular electrets comprising de novo non-native aromatic amino
acids that are capable of holding charges.2,3 The electrets possess large intrinsic dipoles
originating from ordered amide and hydrogen bonds.4 The aromatic moieties along the
electret backbones can provide pathways for efficient long-range charge transfer. Most
importantly, even a single residue of these bioinspired electrets can substantially rectify
charge transfer. The dipoles play a key role in the charge-transfer rectification.5 For charge
recombination, however, the spin-density distribution of the radical ion of the non-native
residue prevails the rectification and opposes the dipole effects. This finding sets the
precedent for further optimization of even the initial photoinduced charge-separation essential
for the injecting a hole in (i.e., extracting an electron from) the first amino acid residue in an
electret oligomer. We experimentally examine the effects that electron-density distribution
and the manner at which the electrets are coupled with a photosensitizer exert on the
chargetransfer kinetics. The evidence show that the hole injection through one of the side
chains of the electret residue is more efficient than the “seemingly straightforward” charge
separation along the terminal amide of the macromolecular backbone. These findings
presents alternative venues for controlling charge transfer that could proof essential for
molecular and multiscale designs of electronic and energy materials.
1. Vullev, V. I., J. Phys. Chem. Lett. 2011, 2, 503-508.
2. Espinoza, E. M.; Larsen, J. M.; Vullev, V. I., J. Phys. Chem. Lett. 2016, 7, 758-764.
3. Larsen, J. M.; Espinoza, E. M.; Hartman, J. D.; Lin, C-K.; Wurch, M.; Maheshwari, P.;
Kaushal, R. K.; Marsella, M. J.; Beran, G. J. O.; Vullev, V. I., Pure Appl. Chem. 2015, 87,
779-792.
4. Xia, B.; Bao, D.; Upadhyayula, S.; Jones II, G.; Vullev, V. I., J. Org. Chem. 2013, 78,
1994-2004.
5. Bao, D.; Upadhyayula, S.; Larsen, J. M.; Xia, B.; Georgieva, B.; Nuñez, V.; Espinoza, E.
M.; Hartman, J. D.; Wurch, M.; Chang, A.; Lin, C.-K.; Larkin, J.; Vasquez, K.; Beran, G.
J. O.; Vullev, V. I., J. Am. Chem. Soc. 2014, 136, 12966-12973
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Light irradiation has been clinically used since last century in the treatment of several classes
of diseases [VIA & MAGNO, 2001]. Among them photodynamic therapy (PDT), an
alternative treatment that combine photosensitizer, oxygen and light irradiation, is in
expanding use against numerous types of cancer. The cytotoxicity of such compounds
depends on the cellular uptake as well subcellular localization. We have found that some
phthalocyanine ruthenium compounds could be used to enhance PDT by chemophototherapeutic action based on its molecular structure. In addition cellular uptake was
improved by use of liposome as drug delivery system. The [RuCl2(mcpc)] (I) (Figure 1A)
was used as photosensitizer. The quantum yields of singlet oxygen production by (I) have
been measured during 660 ƞm light irradiation performed in DMSO solution using chemical
probe (Figure 1B) as well in liposome by indirect method using oxygen sensor and acid
furfuryl in aqueous solution like scavenger. Cytotoxicity was measured according MTT assay
performed with murine melanoma (B16/F10) cell line. Fluorescence microscopy technique
with DAF probe showed the internalization of the liposome and also the free complex,
however higher accumulation of the liposome is visualized in the images.
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Figure 1A: Phthalocyanine ruthenium structure (I)

Figure 1B: Absorption spectra of the complex (I) in
DMSO in the presence of DPBF before and after
successive irradiations with diode laser at 660 ƞm

The preliminary results suggest that the liposomes encapsulating with the complex
[Ru(Cl2)mcpc] improve the penetrability of the complex inside the cells, and it immediately
increases the cytotoxicity with and without photo stimulation, and favors the treatment of
cancer in photodynamic therapy, in this model. Other assays are being conducted to better
understand the mechanism involved.
References:
1. VIA, D. L.; MAGNO, M. S. Photochemotherapy in the treatment of cancer. Current
Medicinal Chemistry, v. 8, n. 12, 2001.
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Quenching of intrinsic protein fluorescence by small molecules is widely employed to
evaluate solute-protein association constants and their characteristics, such as proteinchromophore and solute distance. Given the simplicity of the measurements, hundreds of
publications have appeared in the last ten years and continue still appearing. Some years ago
we (Alarcón et al., 2012) and others (van de Weert and Stella, 2011) have discussed the
employed methodologies showing that similar fundamental errors were present in a large
proportion of published work. In particular, we concluded that

i)

ii)
iii)

Traditional data treatments (Stern-Volmer`s, Benesi- Hildebrand`s, LineweaverBurks`s, or Scatchard`s) can be employed only for “ideal” sites, in absence of
dynamic quenching and with very few binding sites per protein.
Double logarithmic plots cannot be employed for evaluating the number of
binding sites.
Linear Stern-Volmer`s plots are not compatible with FRET application.

Surprisingly several works published in the last years still are affected, in major or minor
degree, by the use of double logarithm plots to obtain the number of binding sites.
References:
-Alarcón, E., Aspée, A., Abuin, E.B., Lissi, E.A. (2012). J. Photochemistry and
Photobiology B: Biology. 106, 1–17.
- Van de Weert, M., Stella, L. (2011). J.Molecular Structure. 998, 144-150.
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The end-Permian extinction as a warning for the Anthropocene*
Thomas A. Moore and Michael Vaughn
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Photosynthesis operating at ca. 156 TW net primary production (NPP) powers most of the
biosphere and on the geological time scale has produced large accumulations of reduced
carbon collectively known as fossil fuels.1,2 Over multiple glacial/interglacial periods
photosynthesis has been the major driver of the "fast" global carbon cycle in which the
production of CO2 from respiration and decay of organic material is balanced by
photosynthetic CO2 reduction.
Human activity transfers carbon from the “slow” to the “fast” carbon cycle, which has
overwhelmed the capacity of photosynthesis to control CO2 levels. As a consequence, CO2
levels are rising in the atmosphere and oceans and are higher than ever experienced by human
societies. Worryingly, a new theory posits that 252 million years ago methanogens could
have carried out a similar transfer of carbon resulting in the end-Permian extinction (3rd mass
extinction event) in which 90+ % of species became extinct.3 Our poster points out
inconvenient parallels between the behavior of methanogens and humans when requisite
factors are present and a seemingly limitless supply of chemical potential in the form of
reduced carbon is available.
*A similar abstract was submitted to the 79th Harden Conference, Innsbruck, Austria, 16 – 20
April 2016.
1. Schramski, et al., Human domination of the biosphere: Rapid discharge of the earth-space
battery foretells the future of humankind, PNAS, 2015, 112, 9511
2. Sherman, et al., Photosynth. Res. 2013; Llansola-Portoles, et al., “From Molecules to
Materials” 2015, Springer ISBN 978-3-319-13800-8
3. Rothman et al., Methanogenic burst in the end-Permian carbon cycle, PNAS, 2014. 111,
5462-5467

25st I-APS Conference, May 24-27 2016 Santiago, Chile

127

Poster 083
The role of Ni and NiO cocatalysts in the photocatalytic H2 evolution
through water splitting over TiO2-pillared tetratitanate.
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One of the most urgent tasks of the modern society is the search for carbon-free and renewable
fuels for the replacement of the largely explored fossil fuels due to concerns caused by
environmental issues and the rising of global energy demand. An appealing solution is the use of
H2 produced from the photocatalytic split of water as fuel, which would only require a light
source, such as sunlight, water as feedstock, and an adequate photocatalyst. However, this
alternative is still under development because its yield is, so far, not enough to cover the needed
demand, making the process expensive and economically disadvantageous. The key factor for the
achievement of good yields is the proper choice of the employed photocatalyst, which is the
responsible for harvesting the incident photons and separating the charge carriers that drive the
redox reactions. In general, layered semiconductors possess unique structural versatility and, in
some cases, present high photoactivity due to the intrinsic reduced symmetry. Thus, this work
proposes the structural modification of the photoactive layered solid K 2Ti4O9 through the
pillaring with nanostructured TiO2, forming a mesoporous structure and promoting the mobility
of charge carriers between the semiconducting nanosheets and nanopillars. Moreover,
nanoparticles of metallic Ni and NiO were deposited onto the porous structure for the
enhancement of its photoactivity towards photocatalytic water splitting. Some results of N 2
adsorption-desorption, H2 production and surface photovoltage spectroscopy (SPS) are shown in
Fig 1.

Fig. 1. (A) N2 adsorption-desorption isotherms, (B) H2 evolution curves per time, and (C) surface photovoltage
spectra of (a) K2Ti4O9, (b) TiO2-pillared K2Ti4O9 (c) TiO2-pillared K2Ti4O9 modified with NiO, and (d)
TiO2pillared K2Ti4O9 modified with both NiO and Ni nanoparticles.

The results reveal an increase of surface area after pillaring from 25 to 145 m 2 g-1, which,
together with the effects in charge mobility, led to an increase of H2 production from 14.9 to
766.8 mol after 7 h of test. The loading of NiO further improved this production to 892.4 mol,
while the co-loading of NiO and Ni0 produced 982.0 mol of H2 after 7 h of test. The SPS curves
depict an increase in the generated photovoltage after the pillaring, because of the improved
charge carriers mobility, and a further increase after the loading of NiO, as this cocatalyst acts as
a hole trap site. The photovoltage decreases considerably after Ni 0 loading since it acts as an
electron trap center. This is the first time SPS is used for the study of charge transfer mechanism
in this system. The combination of Ni0 and NiO as cocatalysts with complementing roles
promotes the photochemical separation of the photogenerated electrons and holes, enhancing the
production of H2 from photocatalytic water splitting.
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Tuning the emission color of a single-layer polymer light-emitting diode
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The emission color of a single-layer polymer light-emitting diode was tuned using an external
layer. We combine an electroluminescent polymer, known as poly[(9,9-dioctylfluorenyl-2,7diyl)-alt-(benzo[2,1,3]thiadiazol-4,8-diyl] (F8BT), embedded in a diode-like structure
(ITO/PEDOT-PPS/F8BT/Ca/Al), and a film of poly(vinyl alcohol) (PVA) containing one of
the xanthene dyes, either Erythrosin B (ERB) or Rose Bengal (RB), used as an external
photoluminescent layer. The emission color is tuned from the CIE coordinates (0.34, 0.64)
for the bare F8BT-diode to (0.39, 0.57) using a ~ 42 µm PVA:RB film and to (0.35, 0.61)
using a ~ 55 µm PVA:ErB film. It was obtained based on trivial photophysical processes:
xanthene dyes partially absorb the electroluminescence (EL) emissions coming from the
F8BT-diode, decaying radiatively and emitting light by photoluminescence (PL). This
method is versatile and may be extended to other combinations of EL and PL materials,
tuning the color output and giving different CIE color coordinates. Because both the EL and
PL layers are polymer-based systems, they can be used in the development of flexible
displays and illumination sources. Furthermore, the PL layer is a self-supported film formed
by water-soluble materials, with the advantage of being environmentally friendly,
commercially available and low-cost.
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A series of complexes of the type [Ru(tpy)(bpy)(4-R-py)]2+, where tpy = 2,2';6',2"terpyridine, bpy = 2,2'-bipyridine, and 4-R-py = pyridine (py, 1), 4-methoxypyridine (4CH3O-py, 2), 4-aminopyridine (4-NH2-py, 3), 4-acetylpyridine (4-Ac-py, 4) and 4trifluoromethylpyridine (4-CF3-py, 5), were synthesized and the effect of the pyridine
substitution on the ground and excited state properties was examined. Cyclic voltammetry
shows that an electron-donating substituent on the pyridine ligand results in complexes that
are more easily oxidized, as is the case in 2 and 3, whereas the electron-withdrawing
substituents on the pyridine in 4 and 5 result in more positive oxidation potential. The
electronic absorption spectra of 2 and 3 feature a detectable red shift of the metal-to-ligand
charge transfer (1MLCT) as compared to 1. Additionally, the 1MLCT maxima of 4 and 5 are
blue shifted relative to 1. Complexes 1 – 3 exhibit phosphorescence with luminescence
quantum yields of 2.0  10–4, 4.3  10–4, and 3.1  10–4, respectively. The emission quantum
yields of 4 and 5 are approximately an order of magnitude lower, 5  10–5 and 4 10–5. Upon
irradiation in CH3CN (irr ≥ 395 nm) all five complexes undergo photoinduced ligand
exchange with the solvent to form [Ru(tpy)(bpy)(CH3CN)]2+. This process is completed more
rapidly in 4 (30 mins) and 5 (10 mins) as compared to 1 (90 mins), 2 (240 mins) and 3 (>24
hours). Theoretical calculations show that the electron-donating groups increase the energy
difference between the ligand field state (LF) and MLCT while the electron-withdrawing
groups decrease this value, giving rise to the different excited state properties. These findings
demonstrate the synthetic tuning of the series of complexes, which can be useful to vary the
photochemistry.
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Visible Light Induced Iodide Oxidation: Evidence for a mechanism where
bond formation and electron transfer occur in one concerted step
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Ruthenium polypyridyl compounds are utilized in dye-sensitized solar cells to sensitize the
conversion of visible light into electricity.1 After light absorption by the sensitizer, an electron is
injected into TiO2, and the oxidized sensitizer is regenerated through oxidation of iodide, that
may occur by two different mechanisms.2
The first mechanism, with a redox potential of +1.23 V
vs NHE, involves the one electron oxidation of iodide to
the iodine atom, followed by further reaction with
iodide to form diiodide I2•-. The second one, with a
redox potential of +0.93 V vs NHE, is the concerted
oxidation of an iodide concomitant with I-I bond
formation, yielding I2•- in a single step. By designing
adapted ligands that have high iodide affinity, two
iodide atoms can be brought together to favor the
second mechanism. This will offer an energy gain of
300 mV and enable therefore, in principle, longer
wavelength sensitization of TiO2 and hence more
efficient dye-sensitized solar cell.
In this work, we have quantified interactions between ruthenium compounds bearing one
4,4’ethanolamide bipyridine type ligands with chloride, bromide, and iodide by means of
UVVisible absorption, steady-state and time-resolved photoluminescence. 1H NMR experiments
indicates that iodide adopts a specific binding site (figure 1). Transient absorption spectroscopy
studies provided evidence of the occurrence of a mechanism where electron transfer from the
excited state and I-I bond formation occur in one concerted step. Further experiments and full
spectra modelling are currently in progress in order to gain more insight into the occurring
mechanism.

1

a) B. O’Regan, M. Grätzel, Nature, 1991, 353, 737. b) A. Hargfeldt, G. Boschloo, L. Sun, L. Kloo, H.
Pettersson, Chem. Rev., 2010, 110, 6595-6663.
2
J. G. Rowley, B. H. Farnum, S. Ardo, G. J. Meyer, J. Phys. Chem. Lett., 2010, 1, 3132-3140.
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The challenge of achieving efficient water oxidation through artificial photosynthesis has
inspired much research. One approach that is utilized herein is to covalently link a
chromophore (A) to a catalyst (B) and chemically bind it to a metal oxide semiconductor
surface. Water oxidation requires four excitation/injection cycles initiated by the absorption
of 4 with the resulting oxidative equivalents transferred from the oxidized chromophore to
the catalyst. In a TiO2 based assembly the energetics of the chromophore excited state must
be sufficiently reducing to inject electron into the semiconductor conduction band. At the
same time, the thermodynamics of the chromophore must adequately drive oxidation of the
catalyst. In turn, the catalyst must be capable of driving water oxidation catalysis more
rapidly than recombination of the injected electron with the oxidized catalyst. The
photophysical events and the subsequent chemical reactions that occur upon light absorption
is a progression of four photon events through a complete cycle for water oxidation, named
the photoactivation steps. For each step there is a competition between activation/catalystoxidation and back electron transfer (BET) from the TiO2 to the oxidized molecules on the
surface. To date, only the dynamics of the 1st photoactivation step is understood in details
while the 2nd photoactivation is an incipient investigation. The observation and dynamics of
the higher order steps remains unknown. The present work will focus on the discussion of the
2nd and the 3rd photoactivation step.
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Voltage and Photoelectrochemical Characteristics of Dye-sensitized
Solar Cells (DSSC) Fabricated from Various Natural Anthocyanin-based
Pigments
Anne Marie Haig, Santiago Darouiche, Ian Pessagno, Ryan C. White
International School Nido de Aguilas, Santiago, Chile
DSSCs were fabricated and tested while changing various factors including the source of
anthocyanin dye, the thickness of the titanium dioxide layer, and the identity of the iodinebased electrolyte. Open-circuit voltage as well as short circuit current data will be presented
as well as HPLC analyses of the various anthocyanin sources.

25st I-APS Conference, May 24-27 2016 Santiago, Chile

133

Poster 089
Photophysical Behaviour of ReI Mono and Binuclear Complexes Having
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Rhenium(I) tricarbonyl complexes, Re(CO)3, having N,N-bidentate ligands have attracted
interest because of their luminescent properties. The luminescent processes on these kinds of
complexes depend strongly on the nature of the bidentate ligand coordinated to the ReI
carbonyl center. Complexes having a P,N-bidentate ligand have attracted much less attention
compared to N,N-diimines, although hybrid ligands have been widely use in other areas like
catalysis. We recently described the photophysical behavior of the mononuclear complex
[{(C6H5)2(C5H4N)P}Re(CO)3Br] (1),1,2 which is characterized as a dual emitter. In
comparison to mononuclear complexes, binuclear complexes of hybrid ligands are even
scarce.

1
Fig.1. Synthesis of the complex [Re(CO)3Br(-N,P-L)Re(CO)3Br] (2), where L is 3-chloro,6(4-diphenylphosphosphinopropoxy)pyridazine
In this work we present the main photophysical properties of the dinuclear complex
[Re(CO)3Br(-N,P-L)Re(CO)3Br]
2,
where
L
is
3-chloro,6-(4diphenylphosphosphinopropoxy)pyridazine. The absorption and emission properties of this
complex have been evaluated using steady state and time resolved techniques. Luminescence
lifetimes and quantum yields of singlet oxygen generation are reported and discussed in
comparison to the mononuclear analog [{(C6H5)2(C5H4N)P}Re(CO)3Br].
Acknowledgements: Authors acknowledge financial support from Fondecyt 1160546, PIA
Conicyt Anillo ACT 1404, and UNAB DI-1253-16/R. AV is a member of Financiamiento
Basal para Centros Científicos y Tecnológicos de Excelencia FB0807.
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Venegas, F., Pizarro, N., Vega, A. J. Chil. Chem. Soc., 2011, 56, 682-685.
2
Pizarro, N., Duque, M., Chamorro, E., Nonell, S., Manzur, J., de la Fuente, J. R., Günther,
G., Cepeda-Plaza, M., Vega, A., J. Phys. Chem. A 2015, 119(17), 3929-3935.
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Substituent effect on the photophysical properties of new generation
1,4-dihydropyridine: Lercanidipine
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Nimodipine homologous, Lercanidipine, is a third generation 1,4-dihydropyridine
antihypertensive drug. These drugs have been linked to the induction of photoallergic and
phototoxic effects in patients under prolonged treatments with them. The electronic nature of
substituents attached to the 4-aryl moiety of 1,4-dihydropyridines strongly affect the
photophysical and photochemical behavior of these family of compounds, thus, this family
have an absorption band center around 350 nm.
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Lercanidipine drug can achieve an excited state in the event of photon absorption, and this
study shows that to deactivate the excited state, the drug undergoes a photodegradation
pathway, with first order kinetics, instead of a fluorescent pathway. When compared,
photodegradation quantum yields for nimodipine and lercanidipine, the last one shows higher
values, thus, indicating that the substituents affect photophysical and photochemical
properties.
The media in which the photodegradation is carried out has an impact on the product profile,
in a homogeneous one the photoproducts obtained appear to be more polar than those
obtained for a heterogeneous (cell mimicking) one.
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Photophysical Properties of the Tricarbonyl Complex
[{(C6H5)2(C5H4N)P}ReI(CO)3(SO3CF3)]: Comparison with its Precursor
[{(C6H5)2(C5H4N)P}ReI(CO)3Br]
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Rhenium(I) tricarbonyl complexes, Re(CO)3, having N,N-bidentate ligands have attracted
interest, being the focus of many research, both because of their outstanding luminescent
properties and because their role on photocathalityc processes. The luminescent processes on
these kinds of complexes depend strongly on the nature of the bidentate ligand coordinated to
the ReI carbonyl center. Complexes having a P,N-bidentate ligand have attracted much less
attention compared to those having N,N-diimines, although this kind of hybrid ligand has
been widely use in some other areas of Chemistry, i.e. catalysis. In this work we show the
properties of the new complex [{(C6H5)2(C5H4N)P}Re(CO)3(SO3CF3)], prepared by the
reaction of [{(C6H5)2(C5H4N)P}Re(CO)3Br] with silver triflate, as depicted in scheme 1.

Scheme 1. Synthesis of [{(C6H5)2(C5H4N)P}Re(CO)3(SO3CF3)].
The results were compared with the photophysical behavior of the previously reported
[{(C6H5)2(C5H4N)P}Re(CO)3Br] complex.1,2
Some of their properties like emission quantum yields, luminescence lifetimes and quantum
yields of singlet oxygen generation are reported and discussed.
Acknowledgements: Authors acknowledge financial support from Fondecyt 1120865, PIA
Conicyt Anillo ACT 1404, and UNAB DI-1253-16/R. AV is a member of Financiamiento
Basal para Centros Científicos y Tecnológicos de Excelencia FB0807.
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Rhenium(I) tricarbonyl diimine complexes, [(N,N)Re(CO)3(X)] (X = halide), have received
considerable attention in the last years due to their interesting photophysical and
photochemical properties, which can be tuned by modifying the nature of diimine ligand
(N,N) or the X ligand (Cl, Br). These structural changes have the ability to influence the
character of the excited states. One of the simplest chelating diimine ligand is 1,10phenanthroline (phen), which was the ligand in the first ReI tricarbonyl diimine complex
described in early 1941. By smartly derivatizing phen with some substituents, some new
properties can be reach and chemical reactivity would me turned to a desired objective.
Within this work we describe the synthesis of [(NH2-phen)Re(CO)3Br], by the direct reaction
of the ligand and a ReI precursor as follows:

Fig.1. Synthesis of the complex [(NH2-phen)Re(CO)3Br].
The absorption and emission properties of this complex have been evaluated using steady
state and time resolved techniques. The results are compared with the photophysical behavior
of the well-known [(phen)Re(CO)3Br] complex.1,2 Luminescence lifetimes and quantum
yields of singlet oxygen generation are reported and discussed.
Acknowledgements: Authors acknowledge financial support from Fondecyt 1160546,
Fondecyt 1160749, and UNAB DI-1253-16/R. AV is a member of Financiamiento Basal para
Centros Científicos y Tecnológicos de Excelencia FB0807.
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Lectin-glycovesicle interaction. A fluorescence study.
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Glycolipids are biomolecules composed of a lipid chain and a monosaccharide or
oligosaccharide. The most common glycolipids contain galactose, mannose, fucose, glucose,
glucosamine, galactosamine, or sialic acid as sugar. The amphiphilic nature of glycolipids
allows them to spontaneously aggregate to form structures like micelles and there are also
reports on their capability to form bilayers and/or vesicles.
Sugar molecules located on the surface of cell as glycoconjugates are involved in the
modulation of a number of biological processes like cell-cell interaction (signaling,
recognition and adhesion). Glycolipids or glycoproteins, can be employed as receptors for
microorgnisms, consequence of the presence of lectins or adhesins. Pathogens employ this
kind of interactions to start infectious processes.
In this work, we used glycolipids of mannose with single and double hydrocarbon chains.
These compounds were incorporated into synthetic bilayers (DODAC, DPPC and POPC) and
their interaction with Concanavalin A (Con A) was studied using fluorescence experiments
(lifetime and anisotropy measurements) and dynamic light scattering. We used DPH and
Laurdan as fluorescent probes, the different location these probes in the bilayer is useful to
characterize how the interaction of mannose derivative in bilayer with Con A modifies the
structure of bilayer.
We observed an increase in size due to interaction with Con A in vesicles of DODAC and
DPPC that contains mannose derivatives. The DPH lifetime decrease with interaction of Con
A and glycovesicles of DODAC. The wobble-in-a-cone model was used to fit time resolved
anisotropy measurements. The order parameter, related with residual anisotropy shows
dependence with Con A addition and type of mannose derivative used.

Financial support from Fondecyt 1120196-1140454-1160705 and Conicyt Doctorado
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Shielded Pyrenyl Molecules and Exciplex with Tertiary Aromatic Amine
Quenchers.
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The dependence of the rate of quenching by tertiary aromatic amines of excited singlet states
of three molecules with different degrees of accessibility to a pyrenyl core is reported. They
are pyrene, 1,3,6,8-tetraphenylpyrene (TPPy), and 1,3,6,8-tetrakis(4-methoxy-2,6dimethylphenyl)pyrene (PyOMe).
The data, based upon steady-state and dynamic
fluorescence quenching experiments, are correlated with the degree of exciplex emission
intensity with respect to the monomer.
A significant perturbation on the equilibrium
between the locally excited state and exciplex for the sterically rigid pyrenyl molecule,
PyOMe, but not on the more conformationally flexible TPPy is observed. The conclusions
obtained from these studies are clearly applicable to a wide variety of other systems in which
fluorescence from an aromatic moiety is being quenched. Further, the strong steric congestion
of PyOMe may provide useful as a sensitizer in photocatalytic reactions where surface
interactions with the substrate must be limited.
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The application of drugs or actives transdermal is an attractive option because it has
several advantages over other routes of administration [1]. The development and use of
different delivery vehicles have been driven largely by actives discovery, many naturally
occurring, which have low solubility in water and/or are rapidly metabolized. Resveratrol
(3,5,4'-trihydroxystilbene, RSV) is synthesized naturally in response to environmental
stresses such as fungal infections and UV radiation and it has strong therapeutic potential due
to its antioxidant, cardioprotective, anti-inflammatory and anti-cancer properties [2]. This
compound presents low water solubility besides the loss of activity by photoisomerization,
thus encapsulation using nanoparticulate systems might solve problems linked with these
features.
Different delivery vehicles, based on lipid vesicles, containing trans-RSV were
synthetized: conventional liposomes (LIP), deformable liposomes (LD), ultradeformable
liposomes (LUD) and ethosomes (Etho). These vehicles without RSV were used as a control.
The effect of incorporation of RSV in delivery systems (12.6 to 91.8 %) reflected in the
increased size of the nanoparticles using transmission electron microscopy and dynamic light
scattering. The effect of RSV in the lipid bilayer of the nanoparticles was studied
qualitatively through differential scanning calorimetry. For Etho- and LD- vesicles, RSV
molecules are locate in the ethanolic nucleus interacting faintly with the lipids of the lipid
bilayer which would remain orderly cohesive but presenting a degree of fluency due to the
presence of ethanol. Raman spectroscopy exhibited a high sensitivity to conformational
changes of molecules because of the presence of RSV. A peak related to gauche
conformation of lipids in Etho-vesicles was detected, showing bilayer fluidity without
generation of lipid disorder. Spectral changes in LD- and LUD- vesicles were related to trans
conformation indicating lipid chain order. To evaluate the antioxidant properties of RSV, the
UV-A oxidation of a guanine nucleotide (2'-deoxyguanosine 5'-monophosphate, dGMP) in
the presence of pterin was observed in the absence and the presence of each vesicle [3]. The
order of the antioxidant efficiency given by the RSV molecule in nanoparticulate systems can
be expressed: Etho-RSV > LD-RSV > LIP-RSV > LUD-RSV. Accordingly with these
results, the lower values of RSV encapsulation were found for LIP- and LUD-vesicles.
[1]
G. M. El Maghraby and a C. Williams, “Vesicular systems for delivering conventional small organic molecules and
larger macromolecules to and through human skin.,” Expert Opin. Drug Deliv., vol. 6, no. 2, pp. 149–163, 2009.
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L. Frémont, “Biological effects of resveratrol.,” Antioxid. Redox Signal., vol. 3, no. 6, pp. 1041–1064, 2001.
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M. P. Serrano, C. D. Borsarelli, and A. H. Thomas, “Type I photosensitization of 2’-deoxyadenosine 5'monophosphate (5'-dAMP) by biopterin and its photoproduct formylpterin.,” Photochem. Photobiol., no. 22, pp. 1456–1462,
2013.
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Nanochemistry is of great importance in the development of new methods of preparing
nanostructured materials, especially in solid state methods[1], which allow direct and easy
incorporation into solid-state devices. Within this idea, the lanthanide compounds have been
of great interest because of its many applications in electroluminescent[2] devices. Some of its
most interesting applications come from their emission properties under excitation in the UV
region. Not all elements of the lanthanide series exhibit emission in the visible, however
some of them exhibits intense emission in this range (e.g. Eu3+). This emission occurs with
lanthanides diluted in solid matrices. Particularly lanthanide oxides diluted in other
lanthanide oxides. Despite this, few methods of obtaining solid state lanthanide oxides have
been reported. In this paper the effect of the metal-polymer precursors in the luminescent
properties of Eu3+ is investigated. The oxides were prepared by pyrolysis of macromolecular
precursors PS-co-4-PVP • [MX3 • M'X3] and Chitosan • [MX3 • M'X3] with M = lanthanide,
M '= lanthanide dopant, X an anion and PS-co-4-PVP = polyvinyl pyridine co-styrene at 800°
C in air. As observed from figure 1, the intensity ratio I1/I2 varies on going from the precursor
with Chitosan to the precursor with PS-co-4-PVP.
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Fig.1. Emission spectra of La2O3 and La2O3:Eu3+ systems obtained from PS-co-4-PVP and
Chitosan with La(NO3)3 in absence and presence of Eu(NO3)3
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Although the prospect of efficient photoinduced electron transfer over a long distance
through DNA suggested a variety of potential applications, the realization of highly efficient
photoinduced charge separation across the base pairs in duplex DNA remains elusive. Low
efficiencies typically observed for charge separation over a dozen or more base pairs are a
consequence of slow charge transport and rapid charge recombination. Several strategies
have been employed to circumvent these drawbacks including base pair sequence
modification (Figure 1, (b)),1,2 replacing natural base pairs with non-natural ones (Figure 1,
(c)),3 back-bone modification (Figure 1, (d)),4 and changing salt concentrations.5 Herein, we
report our results on the dynamics and efficiencies of charge separation in capped hairpins
with the aforementioned modifications. Our investigation of the dynamics of photoinduced
charge transfer in DNA using femtosecond transient absorption spectroscopy employed
synthetic DNA hairpins in which a stilbenediamide chromophore (Sa) serves as an electron
acceptor (hole donor), a variable number of basepairs as the bridge and a stilbenediether
chromophore (Sd) acts as an electron donor (hole acceptor) (Figure 1, (a)).
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Figure 1. Structures for (a) stilbenes Sa and Sd, (b) diblock sequences, (c) natural and
modified bases and (d) LNA.
REFERENCES

1. Vura-Weis, J., Wasielewski, M. R., Thazhathveetil, A. K., Lewis, F. D. J. Am. Chem. Soc.
2009, 131, 15130.
2. Thazhathveetil, A. K.; Harris, M. A.; Young, R. M.; Wasielewski, M. R.; Lewis,F. D. J.
Photochem. Photobiol. A. Chem. 2016, 00, 0000.
3. Thazhathveetil, A. K., Trifonov, A., Wasielewski, M. R., Lewis, F. D. J. Am. Chem. Soc.
2011, 133, 11485.
4. Thazhathveetil, A. K., Vura-Weis, J., Trifonov, A., Wasielewski, M. R., Lewis, F. D. J.
Am. Chem. Soc. 2012, 134, 16434.
5. Thazhathveetil, A. K.; Trifonov, A.; Wasielewski, M. R.; Lewis, F. D. J. Phys. Chem. A
2014, 45, 10359.

25st I-APS Conference, May 24-27 2016 Santiago, Chile

142

Poster 098
Bio-inspired U-turn electron transfer increases the yield of high-energy
photoproducts
Nicholas F. Polizzi1, Ting Jiang2, David N. Beratan1,2,3 & Michael J. Therien2
1

Department of Biochemistry, 2Department of Chemistry, and 3Department of Physics, Duke
University, Durham, North Carolina 27708, United States

Efficient photosynthetic energy conversion requires quantitative, light-driven
formation of high-energy, charge-separated states. Conventional photosystem designs seek to
promote electron transfer (ET) by polarizing excited donor electron density toward the
acceptor (“oneway” ET). Enigmatically, the excited donor of the archetypal R. sphaeroides
reaction center polarizes its electron density away from its electron acceptor: light absorption
by the reaction center thus triggers a “U-turn” ET event. Whatever mechanistic importance
lies behind this biological U-turn ET has been obscured by the inability to experimentally
reverse donor excitedstate polarization within the reaction center. Here, we show that U-turn
ET produces a strikingly larger yield of high-energy photo-products compared to a
conventional one-way ET scheme, by minimizing intersystem crossing to the donor triplet
state. We directly compared one-way vs. Uturn ET strategies via a linked donor-acceptor
(DA) assembly in which selective optical excitation produces donor excited states polarized
either toward or away from the acceptor. Ultrafast spectroscopy of DA pinpoints the
importance of realizing donor singlet and triplet excited states that have opposite electronic
polarizations to shut down intersystem crossing, a scheme exploited by the reaction center of
R. sphaeroides. All known natural reaction centers employ high-energy singlet states as
electron donors, but artificial photosystems struggle to overcome energy losses associated
with lower-energy triplet state formation, which critically limits solar energy conversion
efficiency. Our results offer an unexpected U-turn design principle, heralded by Nature, that
averts intersystem crossing and dramatically increases the yield of high-energy photoproducts critical for enhanced efficiency solar cells.
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In photosystem II (PSII), the redox-active tyrosine Z (TyrZ) acts as a redox relay between the
photo-oxidized primary donor P680•+, and the Mn-containing oxygen-evolving complex
(OEC). The process of proton-coupled electron transfer (PCET) occurs in the tyrosyl
radical/tyrosine redox couple and the proton transfer(s) that accompany this redox reaction
involves histidine (His190) to which TyrZ is hydrogen bonded.
The artificial redox relays are inspired by the TyrZ-His190 pair of PSII and comprise
benzimidazole-phenol constructs (BIP)i with substitutions designed to mimic the hydrogen
bond network surrounding TyrZ.
The synthesis of simple BIPs was previously reported.ii Theoretical studies are being used to
guide the design of substituted BIPs in order to find chemical structures where multiple
proton transfers can be coupled with the electron transfer reaction. In this way, two new BIP
derivatives were synthesized. The synthesis of BIP-CH2NH2 and BIP-CH2NEt2 were
performed from the respective amides using LiAlH4 as the reducing agent. Electrochemical
studies of BIP-CH2NH2 yielded a first oxidation potential of 0.62 V vs. SCE, which is in
good agreement with the theoretically predicted value of 0.66 V vs. SCE for the concerted
electron transfer coupled to two proton transfers. Both the theoretical and measured values
are ~300 mV less positive than found in BIPs where a second proton transfer is
thermodynamically prohibited. A similar value was obtained experimentally for BIPCH2NEt2
(0.54 V vs. SCE, the theoretical value will be reported in our poster). In conclusion, we have
electrochemical evidence that a concerted double proton transfer associated with an electron
transfer is taking place in these systems. This is an important starting point for the design and
construction of biomimetic proton wires, and it mimics the origin of the predicted flow of
protons from the OEC to the thylakoid lumen in PSII.
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properties
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Currently cancer is one of the five major diseases responsible for millions of deaths
worldwide. The most common treatments for this malignant disease are chemotherapy,
radiotherapy and invasive treatments that sometimes are not effective. In this context, the
study of new therapies less harmful for patients, like photodynamic therapy (PDT), it is
become interesting. PDT consists in photosensitizer activation by visible light, in presence of
molecular oxygen to produce reactive oxygen species (ROS), cytotoxic to cancer cells.
Recently, many researches have devoted on expand the use of PDT for different cancer types.
In this purpose, the studies of systems that can combine therapy and diagnostic by image
have been attractive. For active this goal, we propose to explore an interaction between
ruthenium phthalocyanines and quantum dot nanoparticles. Phthalocyanines (Pc) compounds
have interesting properties to be photosensitizer candidates due their absorption in
therapeutical window and singlet oxygen production. Quantum dots are nanoparticles that
have been used in diagnostic by image. These two compounds can be combined to evaluate
the theranostic properties of a new system. Thereby, this work presents the synthesis,
photochemistry and photobiological studies of ruthenium phthalocyanines [Ru(Pc)],
[Ru(Pc)(4-ampy)2]. Both complexes showed high cytotoxicity under irradiation, suggesting
differences in subcellular localization. The interaction between CdTe-quantum dots and the
ruthenium phthalocyanines were evaluated by Stern-Volmer´s equation and singlet lifetime,
indicating that the interaction occurs by static mechanism. Förster energy transfer (FRET)
occurs by CdTe-quantum dots donor and ruthenium phthalocyanines acceptors with Eff
between 0, 53 and 0, 59, suggesting good efficiency process. The results indicate that this
system have potential for theranostic agents.
Acknowledgments: CNPq, CAPES and FAPESP

25st I-APS Conference, May 24-27 2016 Santiago, Chile

145

