


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

Geoffrey F. Strouse 

 

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

 

 



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

 
Eunkeu Oh, Kimihiro Susumu, Hedi Mattoussi+ 

 

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

 

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



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

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

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

Oddities 
 

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

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

Boulder, CO 80309-0215 
 

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

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

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

 
Rebecca M. Allred and Elizabeth J. Harbron* 

Department of Chemistry 
The College of William and Mary 

Williamsburg, VA 23187-8795 
 

 

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

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

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

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

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

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

original fluorescent properties.  The different substituents connected to the amide 

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

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

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

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

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

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

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

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

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

 
(a) (b) 

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

acid photodecarboxylation and their application to corneal drug delivery 
 

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

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

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

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

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

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

 
 
 

                                            
1 Lukeman, M. and Scaiano, J.C. J. Am. Chem. Soc. 2005, 127(21), 7698-7699 
2 Blake, J.A.: Lukeman, M.; Scaiano, J.C. J. Am. Chem. Soc. 2009, 131(11), 4127-
4135 

 




