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A Big Welcome! 
 

The organizing committee for the 2014 Mardi Gras Symposium would like to give 
you a very warm welcome to Tulane University and New Orleans.  Since 1960 onwards, 
local area chemists have organized an annual, one-day, chemistry symposium that 
takes place in the weekend preceding Mardi Gras.  While the specific chemistry 
subthemes vary every year, the symposium series has always brought in distinguished 
scientists. This year, renowned experts in the field of Supramolecular Chemistry will 
present their work.  The presenters have not only come from the US, but also from 
Canada, Ireland, and England, making this a truly international event.  

 
Although Tulane University is hosting this event, the symposium would not have 

been possible without the hard work from many chemists and institutions in New 
Orleans.  In particular, we’d like to express our gratitude to the Mardi Gras Symposium 
Steering Committee:  Alvin Bopp (Southern University of New Orleans), Sean Hickey 
(University of New Orleans), and John Wiley (University of New Orleans).  We would 
also like to acknowledge financial support from Tulane University Department of 
Chemistry, The Louisiana section of the American Chemical Society, Tulane University 
Graduate Studies Student Association, Chemical Communications (Royal Society of 
Chemistry), Supramolecular Chemistry (Taylor and Francis), Nature Chemistry (Nature 
Publishing Group), the University of New Orleans, and Tulane School of Science and 
Engineering. Finally, the organizers would also like to thank local artist Aron Belka for his 
generous gift. 
 
 This symposium would not have been possible without the hard work of the 
secretarial staff and students from the Gibb and Jayawickramarajah groups.  In 
particular, we are especially indebted to Ginette Arguello (logistics) and Jacobs Jordan 
(website) for their invaluable contributions. 
 

Finally, we’d like to thank the speakers, poster presenters, and all the attendees 
for your participation in the 2014 Mardi Gras Symposium.   It is your presence here at 
this one-day event that ensures it will be an enriching one.  Enjoy the chemistry and your 
brief taste of Mardi Gras. 
 

Bruce Gibb and Janan Jayawickramarajah 
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History of the Mardi 
Gras Symposium 

 
Dating back to the 1960's, the local chemistry community sponsored this 

successful one-day event that brought in pioneers in the field of Theoretical Chemistry.  
The focus subsequently expanded to include all of chemistry and during a 10-year 
period, notables such as Robert Mulliken, Henry Eyring, Dudley Hershbach, and Andrew 
Schally were speakers. About 10 years ago the symposium merged into UNO’s 
Advanced Materials Research Institute (AMRI) annual review.  In 2013, led by the 
Louisiana Section of the American Chemical Society, the series returned to a more 
traditional format where experts in a chosen area (Materials Chemistry) presented at the 
University of New Orleans.  This year, Tulane University has the pleasure to host the 
event, with the topic being Supramolecular Chemistry. Subsequent years will see new 
themes and other local host institutions working to continue this exciting annual program. 
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Patron Sponsors  
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Elite Sponsors  
 
 
Tulane Graduate Studies Student Association 
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Symposium Schedule 
 
 

Time Speaker/Activity 
7:30 – 8:30 a.m. Breakfast 

 
7:30 - 9:00 a.m. Registration and poster hanging 

 
8:30 - 9:00 a.m. Welcoming Remarks: Nicholas J. Altiero, Dean of the School of 

Science and Engineering, Brent Koplitz, Chair of Chemistry 
 

9:00 - 9:45 a.m. Oral Presentation 1.  Prof. Eric Anslyn (UT Austin)  
 

9:45 - 10:30 a.m. Oral Presentation 2.  Prof. Normand Voyer (Laval University) 
 

10:30 - 11:00 a.m. Coffee and posters 
 

11:00 - 11:45 a.m. Oral Presentation 3.  Prof. Bradley Smith (University of Notre 
Dame)  

11:45 a.m. - 12:30 p.m. Oral Presentation 4.  Prof. Philip Gale (University of Southampton, 
UK)  

12:30 - 2:00 p.m. Lunch and posters 
 

2:00 - 2:45 p.m. Oral Presentation 5.  Prof. Thorfinnur Gunnlaugsson (Trinity 
College Dublin)  

2:45 - 3:30 p.m. Oral Presentation 6.  Prof. Jonathan Sessler, (UT Austin)  
 

3:30 - 4:00 p.m. Coffee and posters 
 

4:00 - 4:45 p.m. Oral Presentation 7.  Prof. J. Fraser Stoddart (Northwestern 
University)  

4:45 – 5:00 p.m. Closing Remarks 
5:00 - 6:00 p.m. Posters and poster awards 

 
6:00 p.m. - late Attendee Cheese and Wine and Speaker dinner 
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Oral Presentation 1 
 

Differential Sensing of Biological Analytes using 
Supramolecular Sensors 

 

Eric V. Anslyn 
Department of Chemistry and Biochemistry, The University of Texas at 

Austin, TX, USA 
Email: anslyn@austin.utexas.edu 

 
Despite the complexity of biological systems, nature most 

commonly uses highly selective binding events for chemical 
differentiation. We have, however, developed methods for 
biological analyte detection that avoid the process of developing 
highly selective receptors, but instead uses differential arrays. 
These arrays exploit a library of cross-reactive receptors to 
create a response pattern that is unique for individual analytes 
or different mixtures thereof. Using this approach, one obtains a 
distinct fingerprint that allows for discrimination. This talk will 
discuss sensor arrays that are capable of discriminating 
biological analytes: glycerides, phosphorylated proteins, and 
cancer cells.  

Glycerides, the primary component of fat cells present a 
challenging biological analyte as they differ only in length, 
desaturation, and number of fatty acids esterified on glycerol. Nevertheless, a differential 
array composed of cross-reactive serum albumins is capable of discriminating 23 
glycerides that are found in mammalian adipocytes.  

Protein phosphorylation is catalyzed by kinases and plays an important role in 
cell signal transduction. Differentiating the state of protein phosphorylation is challenging 
due to the high similarity between a phosphorylated and non-phosphorylated protein. 
Using a synthetic array, MAP kinases can be discriminated in vitro and in complex 
mixtures such as cell lysates.  

Cancer cell surfaces are complex environments composed of variety of known 
and unknown protein, carbohydrate, and sugar structures. Using an array composed of a 
synthetic DNA scaffold that assembles a variety of peptide recognition units, cancer cells 
of different tissue origins can be discriminated based on their cell surface characteristics, 
without knowing the exact composition.  
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Oral Presentation 2 
 

Synthesis and Characterization of Bio-Inspired Nanostructures 
Designed for Therapeutic and Sensing Applications 

 

Normand Voyer 
Department of Chemistry, Laval University, Quebec, QC, Canada 

Email: Normand.Voyer@chm.ulaval.ca 
  
 

Through evolution, Nature has developed amazing 
functional nano-scale devices that allow living systems to 
survive and to replicate. Among all biopolymers, it is 
noteworthy of mention that Nature selected polypeptides 
as the fundamental material for the construction of 
molecular systems, such as enzymes and antibodies, that 
performs many vital cellular "jobs" with exquisite 
specificity and efficiency. Advances in the past 30 years 
in automated solid-phase synthesis, purification 
techniques, molecular modeling, and spectroscopic 
methods provide synthetic chemists with the opportunity 
to conceive from scratch artificial proteins and enzymes of nanometer scale with tailor-
made properties. Furthermore, chemists can used unnatural amino acids giving them an 
edge over Nature. 

Inspired by the fascinating properties of enzymes and proteins, this lecture will 
present our approaches in the design, the synthesis, and the characterization of peptide 
nanostructures designed to mimick natural processes such as ion transport, membrane 
lysis and hydrogel formation. We will also try to illustrate potential applications of such 
peptide nanostructures. 
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Oral Presentation 3 

 
Supramolecular Activated Photothermolysis 

 

Bradley Smith 
Department of Chemistry and Biochemistry, University of Notre, South 

Bend, IN, USA 
Email: smith.115@nd.edu 

 
Laser-induced photothermolysis is a versatile process 

that can be incorporated into a wide range of frontier 
technologies such as advanced materials and healthcare. 
Several therapeutic and bioimaging procedures utilize 
endogenous pigments to absorb the coherent light and 
convert the energy into heat. Researchers are trying to 
extend this concept by designing exogenous, near-infrared 
light absorbing pigments with ability to target specific 
biomedical locations. Major advances in selective 
photothermolysis have been achieved, over the last decade, 
using plasmonic gold nanostructures as the exogenous 
pigments. In contrast, progress using organic dyes has been 
limited by deficiencies in dye performance properties such as 
low absorption cross section and photobleaching. The lecture will describe new near-
infrared croconaine dyes and their highly favourable laser-induced hyperthermia 
properties. Most importantly, crocoanine dyes enable novel phothermal processes that 
cannot be achieved using gold nanostructures. One example is supramolecular 
activated photothermolysis, a new concept based on the enhancement of heat 
generation via controlled molecular recognition events. 
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Oral Presentation 4 
 

New Anion Receptors and Transporters 
 

Phil ip A. Gale 
Department of Chemistry, University of Southampton, Southampton, UK 

Email: philip.gale@soton.ac.uk 
 

Diseases or “channelopathies”, such as cystic fibrosis, 
are caused by mis-regulation of anion transport across 
epithelial cell membranes. A number of research groups 
including our own are developing synthetic compounds to 
mediate anion and hence replace the functionality of the faulty 
anion channels. Additionally disruption of chemical potentials 
within cells can lead to apoptosis hence such compounds may 
have anti-cancer activity. 

By studying structurally simple systems and varying 
their properties to change the degree of preorganisation, 
affinity for anions or lipophilicity we have begun to rationalize 
why particular anion transport mechanisms (co-transport or 
antiport processes) occur in particular cases.  

 We have used quantitative structure-activity relationship (QSAR) analysis to 
show that the anion binding abilities of the mono-thioureas are dominated by the 
(hydrogen bond) acidity of the thiourea NH function. Furthermore, mathematical models 
show that the experimental transmembrane anion transport ability is mainly dependent 
on the lipophilicity of the transporter (partitioning into the membrane), but smaller 
contributions of molecular size (diffusion) and hydrogen bond acidity (anion binding) are 
also present. 

 Most recently, we have shown that small 
molecules are capable of transporting sulfate across 
lipid bilayers. We have developed a new technique 
based on 33S NMR that can be used to monitor sulfate 
transport, using 33S-labelled sulfate and paramagnetic 
agents such as Mn2+ and Fe3+ to discriminate between 
intra- and extravesicular sulfate. Reasonable sulfate 
transport abilities were found for the reported for tren-
based tris-ureas and tris-thioureas, providing a starting 
point for the development of more powerful synthetic 
sulfate transporters that can be used in the treatment of 
certain channelopathies or as a model for biological 
sulfate transporters. 
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Oral Presentation 5 
 

Lanthanide direct synthesis of self-assembly supramolecular 
architectures 

 

Thorf innur Gunnlaugsson 
School of Chemistry and Biomedical Sciences Institute, Trinity College, 

University of Dublin, Dublin, Ireland 
Email: gunnlaut@tcd.ie 

 
 The use of lanthanide ions in sensing and imaging 
applications is now well established.  However, their use to 
direct the synthesis of functional supramolecular architectures 
is much less explored.  In recent times, we have started to 
investigate the possibility of using lanthanides such as Eu(III), 
Tb(III) and Nd(III), that emit at long wavelengths, to form highly 
ordered self-assemblies, through the use of chiral and achiral 
ligands, and use the luminescence from such species to 
quantify their formation in real time.  This has lead to the 
formation of various types of structures such as ‘bundles’, 
helicates and interlocked molecules. The lanthanide ions can 
also be employed as ‘supramolecular glues’ in the formation of 
self-assembly monolayers, coordinating polymers and self-
assembly soft material; the latter being a platform for growing materials such as salt 
wires from. In this lecture the various aspects of our recent development within this area 
of research will be presented.  
 

 
 
 
 
  

Triple'Clipping+

RCM+

L13.Eu cat•Ln.L13  
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Oral Presentation 6 
 

Calixpyrroles: From Receptors And Sensors To Molecular 
Switches And Self-Assembled Materials 

 

Jonathan Sessler  
Department of Chemistry and Biochemistry, The University of Texas, 

Austin, TX, USA 
Email: sessler@cm.utexas.edu 

 
Pyrroles are found in several natural anion binding 

motifs. However, their use as artificial recognition motifs 
antedates an appreciation of their role in biological anion 
binding. The recognition that pyrrole-containing systems can 
bind anions dates back to 1990 and early work with expanded 
porphyrins. However, to date, expanded porphyrins have only 
proved useful for anion binding when studied in their 
protonated forms. An ongoing challenge has thus been to 
create neutral pyrrole-based anion recognition systems. Such 
a desire led to the discovery of calix[n]pyrroles as anion 
binding agents. Calix[n]pyrroles are synthetic compounds 
containing four or more pyrrole or pyrrole-like heterocyclic 
subunits within their non-conjugated frameworks. Inspired by 
earlier studies of the venerable calix[4]pyrrole system 

discovered by Baeyer in the 18th century, the 
chemistry of calixpyrrole-type compounds has 
grown to include systems built up from bipyrrole, 
bis(pyrrolyl)benzene, biimidazole, and a number 
of other heterocyclic subunits. In this lecture 
calix[n]pyrroles will be discussed in the context of 
recent efforts to develop them as “tunable” 
systems that are capable of acting as anion-
triggered “molecular switches”. This has made 
them useful as “logic gates”, as extractants 
capable of recognizing and releasing ion pairs, 

and as precursors for environmentally responsive, self-assembled materials. It is these 
newer applications of calix[n]pyrroles that will be presented in detail. 
 This project has benefited from a number of ongoing collaborations, including 
with the groups of Philip A. Gale, Bruce A. Moyer, Franz Schmidtchen, Jan Jeppesen, 
Shunichi Fukuzumi, Chang-Hee Lee, Vincent Lynch, Chris Bielawski, Dongho Kim, Injae 
Shin, and Jong Seung Kim. Thanks is also given to current coworkers on this project: 
Sung Kuk Kim, Jung Su Park, Dong Sub Kim, and Steffen Bähring, and Christina Davis. 
Financial Support from the NSF and DOE is gratefully acknowledged. 
  

	  
Concept of calix[4]pyrrole-based anion-

triggered switching 
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Oral Presentation 7 
 

Three Chemical Tales of Serendipity 
 

J. Fraser Stoddart  
Department of Chemistry, Northwestern University, Evanston, IL, USA 

Email: stoddart@northwestern.edu 
 
 

The time has come for us to embrace complexity—despite 
the fact that everyone has their own definition of it—and put much 
more emphasis into studying mixtures of interacting molecules. An 
excellent reason for responding positively to the intellectual 
challenge posed by systems chemistry is that complexity very often 
gives rise to emergent properties that are not present in the 
components of a complex mixture but come to light only as a result 
of interactions between molecules. The first example of emergent 
behavior, which I will highlight, is provided by a new class of wholly 
organic materials based on a 1:1 mixture of neutral aromatic 
compounds—where donors and acceptors, which also encompass 
stabilizing hydrogen bonding interactions—form mixed stacks that 
boast the welcome but elusive property of room temperature ferroelectricity. While the 
materials’ behavior was unexpected, the molecular basis for it is extremely simple and the 
superstructure leads directly to the complexity that emerges once the act of crystallization is 
complete. The result is a material with properties not shared by its components. 

A second example is provided by the self-assembly, in aqueous alcohol, of infinite 
networks of extended structures, which we call CD-MOFs, wherein γ-cyclodextrin (γ-CD) is 
linked by coordination to Group IA metal cations to form metal-organic frameworks (MOFs). 
CD-MOF-1 and CD-MOF-2, which can be prepared on the gram scale from KOH and RbOH, 
respectively, form body-centered arrangements of (γ-CD)6 cubes linked by eight-coordinate 
alkali metal cations. These CD-MOFs exhibit very different properties than γ-CD itself. For a 
couple of years, I was of the opinion that the nature of the anion accompanying the K+ or Rb+ 
cation was unimportant. Not so, because if it is AuBr4

–, the situation changes quite 
dramatically. This third example of emergent behavior constitutes the final act in my three 
chemical tales of serendipity. 

We need to come to terms with complex networks that can be periodic, aperiodic or 
completely random. Complex networks are everywhere to be found: they are all around us. 
Consider the world-wide web or global stock markets. Reflect on the way birds adopt 
formations in the sky during migrations or the response of different ecosystems to climate 
change. In the superorganism formed by certain ant colonies, the ants operate as a unified 
entity, working together collectively to support the colony. Prediction in the case of complex 
networks is night impossible. Uncertainty rules the roost—and the unexpected is always just 
lurking round the corner. While research into complex networks is commonplace in 
mathematics, physics and biology, as well as in computer science, economics and the 
engineering disciplines, when it comes to creating and understanding complex networks, 
chemists have been conditioned by their education and training to avoid them. We have an 
aversion to mixtures of molecules, yet complex mixtures no longer constitute an intractable 
problem with rapidly growing access to modern analytical tools, increasingly enlightened 
approaches to chemical synthesis—often involving one-step procedures starting from 
inexpensive and readily available starting materials—and the ability to carry out 
computations on integrated systems over multiple length scales in time and space. 
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Poster Presentation 1  
 

Enhanced Charge Separation Lifetimes of Amphiphilic 
Chromophores in Cetyltrimethylammonium Bromide Micelles. 

 
Tulane University, New Orleans, Louisiana 70118 

 
Rebecca Adams, Russell Schmehl* 

radams6@tulane.edu; russ@tulane.edu 
 

In a typical photocatalytic scheme, an excited state can transfer oxidizing or reducing 
equivalents to a catalyst to drive chemical reactions. In order to maximize the efficiency 
of the photocatalytic cycle, the redox products of a light-induced electron transfer must 
remain separated long enough to productively transform the redox species into chemical 
products; otherwise, the photoredox products will recombine back to their original state. 
If the hydrophobicity of one of the redox products increases substantially, it can partition 
into an available hydrophobic microenvironment. Light-induced redox reactions of a 
cationic, reductive quencher in an aqueous solution containing an amphiphilic derivative 
of the chromophore (ruthenium(II) tris(2,2’-bipyridyl)) were studied. Addition of CTAB 
micelles was shown to decrease the rate of recombination of the redox products by two 
orders of magnitude. Through exploitation of hydrophobic and electrostatic effects, these 
long-lived species can go on to transfer electrons to a hydrogen-evolving catalyst in 
functional micellar assemblies. 
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Poster Presentation 2  
 

Fluorescent Perylenediimide-Violegen Cucurbit[7,8]Uril Complex 
In Aqueous Solution and its Potential Application as an Amino 

Acids Sensor 
 

Tulane University, New Orleans, Louisiana 70118 
 

Gyan Aryal, Janarthanan Jayawickramarajah* 
garyal@tulane.edu; jananj@tulane.edu 

  
The formation of a highly fluorescent ternary inclusion complex PDI-V.CB (7,8) in 
aqueous solution from viologen-perylene dyad (PDI-V), cucurbit [7] uril (CB7) and 
cucurbit [8] uril (CB8) is described. The formation of PDI-V.CB (7,8) complex was 
investigated by mass spectrometry, NMR, UV-vis and series of fluorescence 
spectroscopy. Importantly the intense fluorescence emission of PDI-V.CB (7,8) was 
quenched with the removal of CB7 and CB8 selectively upon the addition of various 
small organic molecules. The difference in binding behavior of CB7 and CB8 on PDI-V 
and second guests offer an application of this supramolecular complex as a chemical 
sensor to detect various hydrophobic amino acids such as trimethyllysine (TML), 
Phenylalanine (Phe) and tyrosine (Tyr) 
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Poster Presentation 3  
 

Accessing Discrete 1D n-Type Systems with Dynamic Covalent 
Chemistry  

 
Northwestern University, Evanston, Illinois 60208 

 
Alyssa-Jennifer Avestro, Daniel M. Gardner, Nicolaas A. Vermeulen, Eleanor A. 
Wilson, Severin T. Schneebeli, Michael R. Wasielewski and J. Fraser Stoddart* 

ajavestro@northwestern.edu; stoddart@nothwestern.edu 
 
The efficiency of template-directed ‘clipping’ protocols, namely those developed1 in the 
Stoddart laboratory, has enabled2,3 the supramolecular self-assembly of monodisperse 
one-dimensional (1D) systems presenting a precise number of aromatic components 
that are situated within well-defined geometries and distances relative to one another 
along a template. This geometry presents an attractive linear scaffold for directing 
through-space electron transfer (eT) events over discrete and potentially long distances 
in a systematic and step-wise fashion.  
 
In an effort to capitalize upon this architectural feature, we have employed the ‘clipping’ 
approach to prepare a series of n-type oligo[n]rotaxanes (Figure 1, [n]NDIxR) in which 
electrons delocalize over x = one, two, three or four electron-accepting naphthalene 
diimide (NDI) subunits as observed by cyclic voltammetry and electron spin resonance 
spectroscopies. Our investigations suggest that delocalization occurs within the 
oligo[n]rotaxanes through a conformationally gated5 mechanism in which the rings can 
thermally rearrange within the molecule, disrupting the effective π-orbital overlap of the 

cofacially interacting NDI subunits. This 
model system has been expanded6 to 
further resemble a photosynthetic mimic 
or supramolecular wire where 
photoinduced eT or energy transfer to the 
NDI acceptor is observed upon the 
photoexcitation of a terminal perylene or 
BODIPY7 donor, respectively. 
Lengthening the chain to contain x > 1 
NDI subunits is anticipated to enhance 
through-space charge separated lifetimes 
as a result of electron delocalization over 
x subunits and thus allow for tunable 
rates of charge recombination.  
 
 
 

References 
1) P. T. Glink, et al. Angew. Chem. Int. Ed. 2001, 40, 1870. 2) M. E. Belowich, et al. J. 
Am. Chem. Soc. 2012, 134, 5243. 3) A.-J. Avestro, et al. Chem. Soc. Rev. 2012, 41, 
5881. 4) A.-J. Avestro, et al. Angew. Chem. Int. Ed. 2013, in press. 
DO1:10.1002/anie.201309680. 5) M. A. O’Neill, J. K. Barton, J. Am. Chem. Soc. 2004, 
126, 11471. 6) A.-J. Avestro, et al. J. Am. Chem. Soc. 2014, in preparation. 7) H. Usta, 
M. D. Yilmaz, A.-J. Avestro, et al. Adv. Mater. 2013, 25, 4327. 
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Poster Presentation 4  
 

The Chameleonic Nature of the Diazaperopyrenium Dication 
 

Northwestern University, Evanston, Illinois 60208 
 

Ashish N. Basuray, Karel J. Hartlieb, J. Fraser Stoddart* 
abasuray@northwestern.edu; stoddart@northwestern.edu 

  
Molecular recognition can be divided (Figure 1a) into two broad classes of processes, 
namely – (i) homophilic recognition, which involves the interaction of structurally and 
electronically similar, if not identical, species, and (ii) heterophilic recognition in which 
constitutionally different species come together as a result of stabilizing intermolecular 
noncovalent bonding interactions. Here, we use the 2,9-dimethyl diazaperopyrenium 
dication (MP2+) to act in both a homophilic manner – forming nanowires in the solid state 
by capitalizing on p-p interaction across the large aromatic surface, as well as a 
heterophilic recognition unit for binding with p-electron rich guests, such as aromatic 
polyether macrocycles, e.g., DN38C10 and BPP34C10. Isothermal calorimetry titration 
confirmed binding events with Ka values of 104 and 102 M–1 in MeCN for the binding of 
MP2+ with DN38C10 and BPP34C10, respectively. Based on these findings, we were 
able to modify the synthesis of the diazaperopyrenium unit to incorporate a functional 
azide handle, which was then used to form (Figure 1b) both the [2]- and [3]rotaxanes, 
harnessing template directed-synthesis for the formation of the rotaxanes.1 Additionally, 
we have been able to encapsulate two MP2+ dications within one cucurbit[8]uril (CB[8]), 
which was elucidated (Figure 1c) by X-ray crystallographic analysis.2  

                                                      
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  (a) The chameleonic nature of MP2+ allows for homophilic molecular recognition even as a dicationic 
species, as well as donor–acceptor interactions with π-electron-rich compounds. (b) This donor–acceptor heterophilic 
recognition has been harnessed in the template-directed synthesis of the [2]rotaxanes 1R2+ and 2R2+ in addition to the 
[3]rotaxane 3R2+. (c) Solid-state superstructures of (MP2+)2⊂ CB[8] obtained from single crystals grown from an 
aqueous solution of equimolar amounts of MP•2Cl and CB[8]. 
 
References 
1)  Basuray, A. N, Jacquot de Rouville, H.-P., Hartlieb, K. J., Kikuchi, T., Strutt, N. L.,            

Bruns, C. J., Ambrogio, M. W., Avestro, A.-J., Schneebeli, S. T., Fahrenbach, A. C.,        
Stoddart, J. F. Angew. Chem., Int. Ed., 2012, 51, 11872–11877. 

2)  Hartlieb, K. J., Basuray, A. N., Ke, C., Sarjeant, A. A., Jacquot de Rouville, H. -P.,        
Kikuchi, T., Forgan, R. S., Kurutz, J. W., Stoddart, J. F. Asian J. Org. Chem., 2013, 2, 
225–229. 

	   	  

(b)	  (a)	  

(c)	  
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Poster Presentation 5  
 

Molecular Triangular Tiling Through Charge Transfer 
Interactions 

 
Northwestern University, Evanston, Illinois 60208 

 
Anthea K Blackburn, Andrew C.-H. Sue, J. Fraser Stoddart* 

ablackburn@u.northwestern.edu; jfstoddart@gmail.com 
  

Crystal engineering, which has taken much of its inspiration from supramolecular 
chemistry, has made it possible to create new molecular architectures with desirable 
physical and chemical properties. Supramolecular chemistry is particularly useful in this 
field as it brings together various molecular building blocks through self-assembly in a 
rational, though often not predictable, arrangement. Controlling the molecule recognition 
events and the resulting symmetries is therefore still somewhat of a challenge in the 
design of crystalline materials.  
The formation of crystalline materials in two-dimensional space through the tiling of a 
range of molecular polygons in various shapes is particularly interesting, as it presents 
the ability to visualize the material on a surface. A number of supramolecular interactions 
have been used to achieve such materials, including hydrogen bonding and metal 
coordination. Although the use of donor-acceptor (DA) charge transfer (CT) molecular 
recognition has been widely employed in the design and synthesis of many zero-
dimensional molecules and DA co-crystals with CT along one direction, there are few 
examples of two-dimensional DA-CT systems. 
We report a series of two-dimensional DA-CT network comprising of a shape-persistent 
molecular triangular prism1 containing three naphthalene diimide units and π-electron 
rich donors to form extended structures reminiscent of macroscale triangular tiling at a 
molecular level. Furthermore, crystalline products with different morphologies can be 
obtained by modulating the conditions of crystallizations. 

 
Figure 1.  Synthesis, under different conditions, of two DA-CT crystalline products containing a molecular triangle and 
pyrene. 

 
References 
1) Schneebeli, S. T.; Frasconi, M.; Liu, Z.; Wu, Y.; Gardner, D. M.; Strutt, N. L.; Cheng, 
C.; Carmieli, R.; Wasielewski, M. R.; Stoddart. J. F. Angew. Chem. Int. Ed. 2013, 49, 
13338–13342. . 
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Poster Presentation 6  
 

Zn2+ Binding Ability of a 1,2,3-Triazole Linked Ferrocenyl 
Pyridine Chemosensor 

 
University of Southern Mississippi, Hattiesburg, Mississippi 39406 

 
J. Hugh Broome, Hannah C. Roberts, Peter J. Cragg, Karl J. Wallace* 

johnathan.broome@eagles.usm.edu; karl.wallace@usm.edu 
  

The synthesis and binding studies of a triazole linked pyridine electrochemical probe will 
be presented. The chemosensor displayed a redox shift (0.07 V) upon the binding of 
Zn2+ ions. 1H-NMR and electrochemical titrations of various equivalences of Zn2+ ions as 
different salts were investigated to determine if the anion plays a role in the formation of 
the chemosensor-Zn2+ complex. A logβ of 5.1 was observed for the 1,2,3-triazole proton 
upon addition of various amounts of Zn2+. Molecular modeling and 2D NMR were utilized 
to support the proposed structure of the complex and the role of the moieties in the 
coordination of the Zn2+ ions. 
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A versatile wet-chemical synthetic protocol has been demonstrated for the fabrication of 
a series of inorganic nanoparticle composites. During solvothermal treatment, exfoliated 
hexaniobate nanosheets scroll around highly ordered chains of preformed nanoparticles 
(NPs) to produce nanopeapod (NPP) structures. We have demonstrated this approach 
with a variety of NPs including quantum dots, which have been extensively studied for 
their inherent chemical and physical properties. These properties can be 
characteristically related to their size, shape, and crystal structure which are very useful 
in a number of applications such as bio-labeling, light emitting diodes, lasers, and 
photovoltaic devices. This solvothermal method is the most effective route to NPPs, 
where preformed nanoparticles can be encapsulated in scrolled hexaniobate 
nanosheets. This approach offers high productivity and versatility, in addition to 
distinctive advantages for advanced functional device fabrication. Variation of structure 
and composition was examined by TEM, EDS, XRD, and AFM. The influence on optical 
band gap was determined by UV-Vis. 
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After more than a century of divulging the work of Hofmeister, an entire series of salts 
ranging from the “Chaotropes” to the “Kosmotropes” has been found; this series, known 
as the “Hofmeister series”, is believed to be responsible for many phenomena. By virtue 
of NMR, guest salt complexation to a hydrophobic concavity can be reported. Such 
techniques allow observation of a host-guest complex. The kosmotropic anions do not 
bind to the host cavitand.  Nevertheless, our results show that these anions do, in fact, 
increase the strength of binding of chaotropes. This phenomenon has been exploited in 
a recent series of titrations in which the binding anion perchlorate, ClO4

-, is augmented 
by the presence of other anions in solution. In explanation of these effects, it may be 
theorized that the host has 8 negative carboxylate groups (at pH~11) represented as an 
anticube. This anticube, at higher concentrations of salts, will have a larger condensation 
sphere of cations circumscribed about its center, thus repelling to a weaker degree the 
binding of the chaotropic anions, resulting in stronger binding. 
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One of the distinguishing features of living organisms is their proclivity to employ 
molecular machinery on a grand scale to power their metabolic processes. Recently, an 
artificial system that can transport molecules unidirectionally and autonomously, using 
light as the only energy source, has been developed in our laboratory1. An improved 
system (Figure 1) has been designed to pump the CBPQT4+ rings from bulk solution 
onto a long chain repetitively and progressively. We have named it a molecular pump. 
The prototypical molecular pump consists of a dumbbell containing a 3,5-
dimethylpyridinium (Py+), a 4,4′-bipyridinium (BIPY2+), an isopropylphenyl (IPP) and a 
long chain terminated by a bulky stopper. The CBPQT4+ ring is repelled by the Py+ and 
BIPY2+ initially, upon reduction with activated zinc dust, and the Coulombic repulsion 
between Py+ and the CBPQT2(+•) ring decreases dramatically, forming a 
thermodynamically stable trisradical complex BIPY+•⊂ CBPQT2(+•) within seconds2. When 
re-oxidized to the fully charged state, the electrostatic Py+ barrier is recovered, forcing 
the CBPQT4+ ring to jump over the steric barrier (IPP) onto the long chain, trapping them 
there. When the redox process is repeated, a second CBPQT4+ ring can be pumped onto 
the long chain. It is anticipated that the molecular pumps can pump more than two 
CBPQT4+ rings if the chain is long enough. 

 
Figure 1.  Graphical representation of molecular pump working mechanism. 

 
References 
1)  Li, H.; Cheng, C.; McGonigal, P. R.; Fahrenbach, A. C.; Frasconi, M.; Liu, W.-G.; Zhu, 
Z.; Zhao, Y.; Ke, C.; Lei, J.; Young, R. M.; Dyar, S. M.; Co, D. T.; Yang, Y.-W.; Botros, Y. 
Y.; Goddard III, W. A.; Wasielewski, M. R.; Astumian, R. D.; Stoddart, J. F. J. Am. Chem. 
Soc. 2013, 135, 18609–18620 
2)  Trabolsi, A.; Khashab, N.; Fahrenbach, A. C.; Friedman, D. C.; Colvin, M. T.; Cotí, K. 
K. Benitez, D.; Tkatchouk, E.; Olsen, J.-C.; Belowich, M. E.; Carmielli, R.; Khatib, H. A.; 
Goddard III, W. A.; Wasielewski, M. R.; Stoddart, J. F. Nature Chem. 2010, 2, 42–49. 
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A coumarin enaminone molecular probe has been synthesized and anion binding 
recognition studies by UV-Vis and fluorescence show selectivity for CN ions (F, Cl, Br, I, 
NO3, C2H3OO, H2PO4, and HSO4 as their TBA salts).  The molecular probe can undergo 
tautomerization, as a consequence the molecular probe displays a ratiometric response 
in both UV-Vis and fluorescence, with a fairly large hypsochromic shift 73 and 212 nm 
respectively. Benesi-Hildebrand plots were used to calculate the binding constants Log 
K11 = 4 and Log K12 = 10, which are in agreement to the calculated values by 
HypSpec.  The X-ray crystal of the molecular probe has also been obtained and 
discussed. 
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The lipid profile of adipocytes could be used to detect pre-diabetes, hence there is an 
interest in studying their glyceride content.  Our approach to differentiating glycerides is 
to use cross-reactive serum albumins in an array.  In array sensing, recognition is 
achieved by the composite response of an analyte to an array of semi-selective 
receptors.  Serum albumin binds hydrophobic molecules, so it was chosen as our 
receptor.  Three fluorophores were identified that exhibit modulation of their emission 
when bound to BSA and HSA, providing six receptors in the array.  Separately, the 
glycerides were subjected to a metathesis reaction with an allyl fluorescein derivative to 
“scramble” in the fluorescein moiety with unsaturated glycerides.  The resultant reaction 
mixtures were combined with dansyl amide and BSA or HSA.  The emission of the 
fluorescein, dansyl amide, and FRET pair was measured, providing six more receptors.  
The emission data from each receptor/analyte combination is entered into a pattern 
recognition algorithm to extract a “fingerprint” for each analyte.  The array of twelve 
receptors was able to discriminate 23 glycerides found in mammalian adipocytes. 
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Cell surfaces are complex environments composed of protein, carbohydrate, and sugar 
structures. Despite such complexity, organisms are able to differentiate cells by tethering 
recognition units, resulting in selective binding. We utilize this multivalent effect with self-
assembled receptors to differentiate cell types. A panel of fluorescent peptide derivatives 
assembles on DNA by intercalating between bases, orienting the peptides for interaction 
with the cell surface. When exposed to cells, multiple peptides can arrange on the DNA 
strand in a favorable conformation for binding, resulting in a strong interaction with the 
cell surface. Nine receptor assemblies, each of a different peptide sequence, are 
incubated with cultured human cancer cells of different tissue origin. A unique pattern of 
fluorescence response across the array emerges for each cell type, which is used as a 
fingerprint for a particular cancer. This allows differentiation of cells based on their 
surface characteristics without knowing the exact composition, illustrating the utility of 
self-assembling multivalent receptor arrays for differentiating complex analytes of which 
the entire composition is not defined. 
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A high temperature ceramic method was used to synthesize the new compound, 
RbPrNb2O7. Ion exchange reactions were performed on RbPrNb2O7 showing that it was 
receptive to topochemical manipulation; by reaction with CuCl2, the new compound 
(CuCl)PrNb2O7 was prepared. Structural refinement was carried out on RbPrNb2O7 and 
it was found to be orthorhombic with unit cell parameters: a=10.980(4) Å , b=3.843(1) Å, 
and c=3.856(3) Å. Magnetic studies were carried out on RbPrNb2O7 and it exhibited 
paramagnetic behavior down to 4 K.  Further characterization of RbPrNb2O7 and 
(CuCl)PrNb2O7 are still ongoing. 
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Various binding and assembly motifs have been observed with a water-soluble deep-
cavity cavitand. Computational studies, and corresponding empirical binding and 
assembly studies,(1) of the cavitand will be discussed, including: molecular dynamics 
simulations of cavitand in aqueous media with alkane guests of varying length, docking 
simulations of the host with non-polar guests, and models giving insight to the binding 
motifs observed in situ.(2) 
 
References 
1 Gan, H.; Benjamin, C. J.; Gibb, B. C. Nonmonotonic Assembly of a Deep-Cavity 
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Förster resonance energy transfer (FRET), a distance-dependent energy transfer 
between donor and acceptor fluorophores, has found widespread uses in biological 
science1 and nanotechnology.2 Although solid-state organic fluorescent dyes3 have been 
studied extensively, there remains a challenge to develop efficient solid-state FRET 
fluorophore pairs. Almost all existing FRET fluorophore pairs function exclusively in 
solutions, as their fluorescence is quenched in the condensed phase as a result of dye 
aggregation. Herein, we report (Figure 1) a rapid and efficient strategy for the 
preparation of a solid-state FRET donor-acceptor fluorophore pair, namely pyrene (SP+) 
and 2,9-diazaperopyrenium (DAPP2+), by incorporation into a hetero[4]rotaxane using 
cyclodextrin (CD)-accelerated cucurbit[6]uril (CB)-templated alkyne-azide 1,3-dipolar 
cycloaddition (CB-AAC).4 Aggregation of the 2,9-diazaperopyrenium unit in the solid 
state is effectively prevented by the encircling γ-CD, affording efficient FRET in the 
hetero[4]rotaxane R�4PF6 upon excitation of the pyrene unit.  

 
Figure 1. (a) Synthesis of the hetero[4]rotaxane R•4PF6, (b) solid-state UV-Vis spectrum (purple) and fluorescent 
spectrum (orange) of R•PF6, excited at 331 nm, as a thin film on a glass substrate, (c) graphic representation of FRET 
of R•4PF6,(d) image of R•4PF6 powder under ambient light and (e) ) image of R•4PF6 powder under 365-nm UV lamp 
irradiation. 
 

References 
1) Yuan, L.; Lin, W.; Zheng, K.; Zhu, S. Acc. Chem. Res., 2013, 46, 1462–1473. 
2) Hardin, B. E.; Hoke, E. T.; Armstrong, P. B.; Yum, J.-H.; Comte, P.; Torres, T.; 
Frechet, J. M. J.; Nazeeruddin, M. K.; Grӓtzel, M.; McGehee, M. D. Nat. Photonics, 3, 
406–411. 
3) Anthony, S. P., ChemPlusChem 2012, 77, 518–531. 
4) Ke, C.; Smaldone, R. A.; Kikuchi, T.; Li, H.; Davis, A. P.; Stoddart, J. F. Angew. 
Chem. Int. Ed., 2013, 52, 381–387. 
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The alcohol functional group is widely found in natural products such as terpenes, 
steroids and saccharides. They are valuable building blocks for the synthesis of complex 
natural products. Hence the development of protocols for enantiomeric excess (ee) 
analysis of alcohols is of great interest. Here, we present dynamic covalent multi-
component assemblies with secondary and homo-allylic alcohols for chirality sensing.  
A reversible tetradentate ligand-based assembly that incorporates alcohols has been 
reported. The incorporation of alcohols into ligand structures induces a twist which 
causes large Cotton effects in the circular dichroism (CD) spectra which is indicative of 
the handedness of the alcohol. Based on the CD data, calibration curves were 
generated to further predict ee for secondary and homo-allylic alcohols. 
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Large organic water soluble polyelectrolytes show promise as supramolecular hosts for 
small organic molecules, with applications e.g. in the improvement of drug 
pharmacokinetics. We set out to elucidate the nature of the fundamental interactions 
behind the formation of the high-stoichiometry soluble complexes of these polymers with 
small organic molecules. We conducted binding studies using a dye-displacement assay 
based on optical signals (absorbance, fluorescence). Although electrostatic interactions 
play a major role, we suggest that significant secondary driving forces are involved. 
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Recent studies into the binding of deep-cavity cavitands to specific protein targets will be 
presented. The protein targets described herein are members of the helicase family of 
proteins and exhibit the toroidal hexamer structure, which appears uniquely suited as a 
host to orient around the cavitands described in our study. Additionally we will discuss 
the different synthetic routes to the cavitand derivatives, and a revised preparatory 
method for obtaining target proteins.1 We will describe the computational and analytical 
approaches used to identify specific binding especially between the guest molecule octa-
acid and charged protein surfaces and potential inhibition of protein activity.2 More 
specifically, we will focus on the spectroscopic techniques used to determine whether 
specific binding has occurred and what this information tells us about protein inhibition.3 
We will also discuss the potential for modifications to the cavitand that may allow for 
protein surface recognition between the various cavitand derivatives and other 
helicases. 
 
 

 
Figure 1. Schematic of inhibition of ATPase activity of sv40-TAg by Octa-Acid (OA) binding to central channel of the 
sv40 helicase. Crystal structure from PDB ID: 1SQM. 

 
References 
1) Cantalupo, P.; Saenz-Robles, M.T.; Pipas, J.M., Methods in Enzymology. 1999, 17, 

297-307.  
2) For an example, see: Brodsky, J., PubChem BioAssay. 2009. AID-1903. 
3) Seguin, S.P.; et. al., Journal of Biomolecular Screening. 2012, 17(2), 194-203. 
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The development of mechanically interlocked molecules (MIMs) has attracted the 
attention of supramolecular chemists, materials and nano-biotechnologists. Recently, we 
have introduced another strategy — namely, cooperative capture1 — to help obtain 
hetero[4]rotaxanes rapidly and efficiently, wherein a cyclodextrin (CD) ring forms an H-
bonding network with two neighbouring cucurbit[6]uril (CB) rings, and, as a result, 
accelerates CB-templated 1,3-dipolar alkyne-azide cyclo-addition (CB-AAC) reactions. 
Clearly, other macrocycles besides CD rings, that are able to form H bonds with CBs, 
could also be good candidates for hetero[4]rotaxane formation using this cooperative 
capture strategy. For example, pillar[5]arene (P5), a macrocycle containing five 
hydroquinone (HQ) units, bridged by CH2 groups at their para positions, has also been 
shown2 to be able to accelerate CB-AAC reactions. This observation has encouraged us 
to extend our investigations to pillar[6]arene (P6), the next higher homologue of P5 
containing six HQ units, in order to exploit the power of cooperative capture in the 
syntheses of hetero[4]rotaxanes. In this study, we describe (1) the syntheses of three 
hetero[4]rotaxanes, each containing one P6 ring, flanked by two CB rings in 38−68% 
yields and show that (2) while the P6 rings exhibit conformational flexibility in these MIMs 
in solution, there is (3) a preference, predicted by molecular mechanics calculations, for 
the P6 ring to adopt local C3V symmetry in solution, and in one case, in the solid state. 

 
Figure 1.  Synthesis of hetero[4]rotaxanes 2C4RP6·4PF6, 3C4RP6·4PF6 and 2C4RexP6·4PF6 by combining the stopper 
precursor (SP), pillar[6]arene (P6) and the rod precursors 2CV·2PF6, 3CV·2PF6 and 2CVex·2PF6, respectively. 

 
References  
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During the past several decades, considerable effort has focused on self-assembled 
systems. However, most work has been directed toward understanding the equilibrium 
between two major chemical entities, namely the dissociated components and the 
corresponding associated complex. While there are quite a few examples of ‘multi-
responsive’ materials, control over ‘multistate’ materials has proved difficult to achieve. 
Here, we report the formation and the interplay of a self-assembled calix[4]pyrrole array 
that exhibits three limiting forms, namely a1:1 self-assembled oligomer, a 2:1 capsule, 
and the corresponding monomers. Interconversion between these states may be 
controlled by using the tetraethylammonium cation (TEA+) and/or iodide anion (I−) as 
chemical inputs. The combination of self-assembly and ion-based control may be used 
to create systems that display NAND logic behavior. The system outputs have been 
confirmed by a variety of analytic methods, including UV−vis and 2D 1H DOSY, NOESY 
NMR spectroscopy, scanning electron microscopy, and single crystal X-ray diffraction 
analyses. 
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Self-assembly is a powerful technique for bottom-up construction of some interesting 
molecular-level architectures, including macrocycles, cages, spheres, capsules, tubes, 
prisms, etc., whose formation relies on the presence of weak noncovalent bonding 
interactions, coordinative bonds, or dynamic covalent bond formation. One of the 
distinguishing features of these molecules is that they possess internal cavities, which 
engenders a proclivity to host a variety of guest molecules. However, these molecules 
are often labile and undergo decomposition or deformation in the presence of 
competitive ligands or solvents. To overcome these problems, we propose to develop 
and exploit a facilitated imidazole synthesis in the host-forming step. This approach was 
inspired by an appreciation that combining an o-benzenediamine and an aldehyde could 
lead to the formation of a labile imine intermediate. This would allow the system to reach 
its thermodynamic minimum. Upon addition of an appropriate oxidants, however, the 
imine intermediate will be oxidized into a kinetically inert imidazole moiety and thereby, 
the structures of the resulting hosts will be fixed. 
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Gold recovery using environmentally-benign chemistry is imperative from an 
environmental perspective. Here, we report the spontaneous assembly of a 1D 
supramolecular complex α•Br with an extended {[K(OH2)6][AuBr4]⊂( α-CD)2}n chain 
superstructure1 formed (Figure 1a) during rapid co-precipitation of α-cyclodextrin (α -CD) 
with KAuBr4 in water. The bulk co-precipitation is unique (selective) for α -CD and 
KAuBr4, and does not occur if β-CD or γ-CD is substituted for α-CD, or, if KAuCl4 is 
employed instead of KAuBr4. This phase change in aqueous solution is also selective for 
gold, even in the presence of other square-planar palladium and platinum complexes.  
From the single-crystal X-ray analyses (Figure 1b) of the six inclusion complexes α•Br, 
β•Br, γ•Br, α•Cl, β•Cl, and γ•Cl between α-, β-, and γ-CDs with KAuBr4 and KAuCl4, we 
hypothesize that a perfect match in molecular recognition between α-CD and [AuBr4]− 
leads to a near-axial orientation of the ion with respect to the α-CD channel, facilitating a 
highly specific second-sphere coordination2 involving [AuBr4]− and [K(OH2)6]+ and driving 
the co-precipitation of the 1 : 2 adduct. This discovery heralds a green host-guest 
procedure for gold recovery from gold-bearing raw materials making use of α-
cyclodextrin — an inexpensive and environmentally benign carbohydrate. 

	  
Figure	  1.	   	   (a)	  Schematic	  representation	  of	  the	  spontaneous	  co-‐precipitation	  of	  a	  1	   :	  2	  adduct	  between	  KAuBr4	  
and	  α-‐CD	  in	  aqueous	  solution	  to	  afford	  α•Br.	  (b)	  Single	  crystal	  superstructures	  of	  α•Br,	  β•Br,	  γ•Br,	  α•Cl,	  β•Cl,	  
and	  γ•Cl.	  The	  inclination	  angle	  of	  the	  [AuX4]−	  anion	  viewed	  from	  the	  side	  with	  respect	  to	  the	  central	  axis	  of	  the	  
CD	  tori	  is	  defined	  as	  θ .	  C	  Black,	  O	  Red,	  Br	  Brown,	  Cl	  Green,	  Au	  Yellow,	  K	  Purple.	  
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A triazole based rhodamine molecular probes were synthesized by a “click” reaction and 
showed high selectivity for the Fe3+ and Al3+ ions over other metal ions in ethanol 
aqueous solution. Upon the addition of Fe3+/Al3+ ions, the spirocyclic ring of the 
compound was opened and a significant enhancement of visible color and fluorescence 
in the range of 500-600 nm was observed. The spirocyclic ring of the compounds was 
further confirmed by crystal structures. All compounds bind Fe3+/Al3+ in 1:1 stoichiometry 
in reversible manner as confirmed by Job’s plot, 1H NMR titration, ESI mass 
spectrometry and DFT calculation. Finally, methods were developed to distinguish Fe3+ 
and Al3+  ions using ferrozine, 1,10 phenanthroline and sodium ascorbate as  reducing 
agent. 
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Toroidal carbon nanotubes (TCNTs) – a carbon allotrope family that can be envisaged 
as CNTs linked at the termini to form a continuous loop1 – are of special interest on 
account of their unique geometries and topologies that are commensurate with potential 
properties, differing significantly from those of existing nanostructures.2 Highly 
symmetrical TCNTs possessing matched pairs of five- and seven-membered ring 
‘defects’ in their honeycomb structure, which create curvature at each vertex, are 
predicted to be thermodynamically stable. We aim to develop a synthetic strategy for the 
construction of a macrocyclic slice of a TCNT that contains such five- and seven-
membered rings pairs, as well as 10 aromatic six-membered rings. We will report the 
most recent progress towards this ‘corner piece’, starting from two commercially 
available starting materials, fluorenone and dibenzosuberenone. Each of the carbon 
atoms in the corner piece originate from either one of these two precursors, which, for 
the most part, already possess the requisite functional handles necessary for their 
manipulation. 

This exercise in hydrocarbon synthesis is a stepping stone towards the long-term goal of 
constructing atomically-precise TCNTs from the bottom up and will give valuable insight 
into the synthetic chemistry required to assemble and handle this compound family. To 
date, there are very few3 polycyclic aromatic hydrocarbon structures possessing multiple 
odd-membered-ring defects, and none which do so in an organized fashion so as to 
create such a kinked tube structure. 

	  
Figure 1. The C56H28 hydrocarbon target whose carbon skeleton matches that of the corner piece (blue) of a toroidal 
carbon nanotube. Retrosynthetic analysis leads to two commercially available precursors that already feature the five- 
and seven-membered rings responsible for inducing curvature. 

References 
1) B. I. Dunlap Phys. Rev. B, 1992, 46, 1933–1936. 
2) F. Beuerle, C. Herrmann, A. C. Whalley, C. Valente, A. Gamburd, M. A. Ratner and J. 
F. Stoddart Chem. Eur. J., 2011, 17, 3868–3875. 
3) K. Kawasumi, Q. Zhang, Y. Segawa, L. T. Scott and K. Itami Nature Chem., 2013, 5, 
739–744. 
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Topochemical routes based on intercalation and ion exchange have been applied to 
create new layered materials with unique structures. New chalcogenides have been 
made by reductive intercalation of ALaNb2O7 to produce A2LaNb2O7, followed by 
oxidative intercalation to result in the series (A2ChH)LaNb2O7 (A = Alkali-metal, Ch = 
Chalcogenides).  IR and neutron diffraction studies on the deuterated compound 
(Rb2OD)LaNb2O7 confirmed the insertion of chalcogen hydrides species in the interlayer.  
Additionally, (CuCl)ReM2O7 where Re = Pr, Nd and M = Nb, Ta have been made by ion 
exchange of AReM2O7 with copper chloride.  The structure and the composition of the 
final products were determined by X-ray powder diffraction studies. Thermal stability and 
the magnetic properties of the series were also investigated. 
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Mother Nature excels in using the hydrophobic effect as a driving force in the assembly 
of biological molecules. For example, the external coats of viruses (capsids) are highly 
structured assemblies composed of multiple copies of a proteinaceous subunit. 
 
We are interested in using the hydrophobic effect to assemble analogous nano-scale 
containers derived from wholly synthetic subunits. For some time now we have focused 
on simple dimeric assemblies formed by a deep-cavity cavitand.  The assemblies of this 
so-called octa-acid (OA) have been shown to be efficient reaction vessels, and offer 
novel separations by either selective sequestration, or selective sequestration coupled 
with a reactive aqueous solution.  More recently, we have identified a new cavitand 
(tetra-endo-methyl OA, TEMOA) that forms dimeric, tetrameric, and hexameric 
assemblies depending on the size of the internalized guest. Towards improving our 
understanding of the self-assembly of these types of host, we are synthesizing a new 
cavitand, tetra-exo-methyl OA (TEXMOA) that expected to have properties different from 
either OA or TEMOA.   We will report on our progress towards this new host. 
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We have discovered a dimeric metal-organic complex which can fix carbon dioxide to 
oxalate (C2O4

2−) or carbonate (CO3
2−). The supramolecular complex, constructed from 

m-xylylenebis(pyridyltriazole) (m-xpt) and copper(II) salts, can be reduced to copper(I) 
electrochemically or by sodium ascorbate. The reduced complex selectively captures 
CO2 from air and reduces it to oxalate giving an oxalate-bridged binuclear complex, 
[Cu2(m-xpt)2(µ2-C2O4)]2+. The oxalate complex loses oxalate in the form of oxalic acid 
giving the original “empty” Cu(II) dimer when it is treated with aqueous acids to complete 
the reaction cycle. The empty complex can accept oxalate ion as a guest, making the 
same oxalate-bridged [Cu2(m-xpt)2(µ2-C2O4)]2+, when it is treated with 
tetrabutylammonium oxalate (TBAO). However, treatment with CO2 in the presence of 
another potential guest, dabco (1,4-diazabicyclo[2.2.2]octane), leads to rearrangement 
of the host, giving the carbonate-bound trimer [Cu3(m-xpt)3(µ3-CO3)]4+. This represents 
an alternate CO2-fixation scheme, with CO3

2− as the product. 
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Dynamic imine clipping was shown previously to be an efficient method for assembling 
complex oligo(rotaxane) structures. In this work we explore the applicability of dynamic 
covalent chemistry as a means for constructing complex polymer architectures, as well 
as controlling their morphology and crosslinking. 
As an example, a representative system capable of undergoing reversible folding is 
illustrated in Figure 1, and is based on the previously reported dialkylammonium-
templated rotaxane formation.1,2 Combination of suitable imine precursors with a 
protonated trimethylene imine polymer in solution leads to the spontaneous formation of 
oligorotaxanes, which brings about a marked change in both the length and rigidity of the 
mechanically interlocked oligomer. Thus, as shown by molecular dynamics simulation, 
as well as by NMR spectroscopy,2-4 a randomly coiled ammonium oligomer adopts a 
largely linear conformation upon formation of the polyrotaxane because of favorable π–π 
stacking interactions between the adjacent rotaxane rings which are separated from 
each other by 3.5Å. The change in the overall dimensions of the molecules occurring 
upon rotaxanation could be maximized by employing suitable polymers, potentially 
leading to nanometer-scale elongations within single molecules. The inherently 
reversible nature of imine macrocycle formation serves as a convenient handle to create 
pH-switchable materials, where a change in acidity of the medium would induce either 
imine formation, or imine cleavage. Similar methodology could also be used for 
constructing sliding rotaxane and catenane crosslinks in polymers. 

 
Figure 1.  Self-assembly of rigid rod rotaxanes from randomly coiled threads by means of ammonium-templated imine 
clipping. 
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A low-temperature synthetic approach is applied for the fabrication of bifunctional 
nanopeapods (NPPs) composed of different arrangements of gold and ceria 
nanoparticles encapsulated in hexaniobate nanoscrolls.  CeO2 colloidal nanocubes (8-
10nm) were first synthesized by a solvothermal approach in the presence of oleic acid 
and oleylamine as capping agents and then encapsulated inside the hexaniobate 
nanoscrolls via another solvothermal treatment.  Partially field CeO2@hexaniobate NPPs 
were also used as a template in order to grow spherical gold nanoparticles within the 
peapod composite. Transmission electron microscopy (TEM), atomic force microscopy 
(AFM), and X-ray diffraction (XRD) have been used to examine the morphology of the 
nanopeapods. Using UV-visible spectroscopy (UV-Vis), the difference between the 
optical properties of nanopeapods with two distinct filling ratios of Au/CeO2 
nanoparticles was also investigated. 
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Measurement of heat capacity changes (∆Cp) occurring in aqueous-based 
supramolecular systems can provide significant insights into the underlying physical 
basics of molecule-molecule interactions. On important general observation is the fact 
that burial of apolar surface from exposure to solvent water results in a drop in the heat 
capacity of the system; this is one of the best hallmarks of the Hydrophobic effect.  We 
will describe ITC experiments determining: (i) the ∆Cp occurring during the binding event 
of amphiphiles such as 4-bromobenzoic acid to deep-cavity cavitand octaacid (OA), and 
(ii) how Hofmeister salts modulates this ∆Cp.  The information we obtain in these studies 
will contribute to the growing body of work examining the Hydrophobic- and Hofmeister 
effects at the molecular-scale; specifically how the thermodynamics of guest binding to 
concave hosts (surfaces) is modulated by ion-host interactions. 
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Croconaine dyes are highly suited to use as laser-induced, nanoscale heat generators 
due to their desirable photothermal properties. Specifically, they possess intense near-
infrared absorbance bands, weak fluorescence, short excited state lifetimes, low oxygen 
photosensitization and can exhibit high chemical and thermal stabilities. While there are 
numerous applications of photothermolysis, the most common is photothermal cancer 
therapy due to the obvious demand for effective, non-invasive treatments and the high 
sensitivity of cancer cells to increased temperature. 
 
The strong association of croconaine dyes with anthracene-containing tetralactam 
macrocycles leads to the efficient preparation of croconaine rotaxanes. This poster will 
describe how the photothermal properties of organic and aqueous croconaine dyes can 
be enhanced by this supramolecular encapsulation strategy. In addition to 
encapsulation-induced shifts in the croconaine absorbance band being exploited for 
activated photothermolysis, the increased steric protection of the dye provided by the 
macrocycle can enhance the stability of any derivatives susceptible to decomposition as 
well as reduce dye aggregation. 
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Molecular imprinting is a method of making polymeric receptors to a targeted molecule. 
Molecularly imprinted polymers (MIPs) are formed in several steps beginning with a 
solution phase supramolecular complex between a target molecule and an interactive 
polymerizable functional group.  The complex is then copolymerized with additional 
monomers and crosslinkers to form a network material incorporating the polymerizable 
functional groups that are positioned in a complementary array to the target molecule.  
Removal of the template leaves cavities in the polymer network with the pre-organized 
functional groups “locked” into place, creating a specific receptor for rebinding the 
original template. Traditional approaches to molecular imprinting use large amounts of 
crosslinker, in the range of 50-90% of the overall material, which gives a rigid solid that 
can be used as an adsorbent.  A limitation of this approach is that only small molecules 
with molecular weights of 1000 g/mol or less can pass through the polymer matrix into 
the binding sites.  Larger molecules, such as proteins are too large for a traditionally 
formulated MIP, leading our group to investigate low-crosslinked materials for imprinting 
proteins and other large biological targets.  Proteins were imprinted by lowering the 
crosslinking drastically to 0.5%, which created a hydrogel supporting a loose network 
with polymerizable aptamers “locked” into place.  The hydrogel imprinted materials 
showed good selectivity and binding affinity; however, a more interesting aspect of these 
materials is that they show volume-changing responses to the presence or absence of 
the proteins.  While this phenomenon has been reported before, and interesting 
characteristic of these materials is that responses could be seen in the femtomolar range 
even though micromolar concentrations of protein were imprinted.  This effect was 
coined “Macromolecular Amplification” and the origins of this effect are still being 
investigated.  Several studies to probe the underlying mechanism for amplification, and 
optimization of the materials formulation will be discussed. 
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Our group has performed extensive research on the properties of deep-cavity cavitand 
octa-acid (OA), a host with a hydrophobic interior pocket and water-soluble exterior.  By 
utilizing the hydrophobic effect, OA dimerizes into nano-capsules in the presence of 
certain hydrophobic guests in aqueous solution. Previous studies within our group have 
shown the potential use of OA to separate hydrocarbon gases (J. Am. Chem. Soc., 
2006, 128, 16498-16499).  We are building on this work to examine the ability of OA to 
sequester other hydrophobic guests, including cyclic and acyclic homologs, and isomers.  
By way of example, we will detail the sequestration of the constitutional isomers of 
hexane.  Specifically, we will describe NMR analysis to measure relative binding 
affinities, and investigate the formation of hetero-guest capsular complexes.   We 
anticipate that these studies will not only provide information pertaining to novel 
separations, but also information concerning the thermodynamics of hetero-guest 
capsular complexes in general, and how this affects bimolecular reactions within 
confined nano-space. 
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Template assisted electrodeposition was used to fabricate a series of bimetallic 
nanowires with either core-shell or alloyed structures.  In this study high quality anodized 
alumina oxide (AAO) membranes were used as templates. By simply changing the AAO 
pore diameter, for syntheses under same reaction conditions and electrolyte 
composition, the different structures could be obtained. Templates with pore diameters 
greater ≥ 100 nm formed core-shell structures, while those with pores < 100 nm 
produced alloyed nanowires. For the core-shell structures, the shell thickness was found 
to vary according the applied current irrespective of increase in pore diameter.  This in 
turn influenced the magnetic properties of the nanowires where greater shell thicknesses 
typically produced a reduction in coercivity. Details on the systematic studies of these 
materials will be presented in terms fabrication and magnetic characterization and the 
origins of these behaviors will be discussed. 
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The chemically enabling ability of the olefin metathesis reaction, popularized by the 
extensive use of Grubbs’ catalysts, is unique and highly orthogonal to other chemical 
transformations. Although olefin metathesis has extensive in the fields of polymer 
chemistry and materials science, the Grubbs catalyst has also been employed in the 
preparation of complex small molecules. One example of the power of this chemical 
transformation, in the context of small molecule synthesis, is the generation of aromatic 
motifs from vinyl benzene starting materials, known as the aromatizing ring closing 
metathesis (ARCM) reaction.1 Despite the wide utility of olefin metathesis reactions, this 
transformation is notably missing from the metal-organic framework (MOF) literature. 
The use of the ARCM reaction inside MOFs would introduce a new class of post-
synthetic modifications into this type of three-dimensional porous material and enable 
the synthesis of new extended frameworks.2 To this end, a strategy utilizing solvent-
assisted ligand exchange (SALE)3 on a pre-formed framework has been used to 
generate (Figure 1) a MOF containing open struts which can function as a testing ground 
for the ability of an olefin metathesis catalyst to form polyaromatic ring systems inside 
the pores of a MOF. The “open” form of the MOF has been exposed to the Hoyveda-
Grubbs first generation catalyst and transformed into the “closed” form without 
destruction of the porous framework.4 This proof-of-concept, not only shows the potential 
for carrying out advanced chemical transformations inside MOFs, but it also anticipates 
the formation of otherwise difficult-to-prepare porous materials. 

 
Figure 1.  The before and after crystal structures of a MOF with a tetracarboxylate-Zn paddlewheel floor and ceiling, 
and dipyridyl pillars in the “open” form transformed to a modified MOF with pillars in the “closed” form. 
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Recently studies into the binding of octa-acid deep cavity dimer and its derivatives to 
fatty acid esters will be presented. Additionally we will discuss the synthetic routes to the 
cavitand derivitives, and the preparatory method for obtaining trans and cis fatty acid 
methyl ester isomers. We will discuss the binding motifs of fatty acid esters with octa-
acid and differences between trans and cis isomers. Last, we will discuss the utilization 
of various NMR techniques to discern information about the mechanism and potential of 
kinetic resolutions via encapsulation. 
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Biomolecules achieve their functions by folding into specific structures, and under 
different stimuli and conditions in our bodies, their structures can switch reversibly. In the 
hope of fulfilling true biological imitation, supramolecular systems have been considered 
as promising candidates to address this fundamental challenge.1 Here, we show a novel 
bioinspired system, where oligoviologens can fold through radical-radical interactions 
under reduced condition, 2,3 and the structures of the foldamers are dependent on their 
concentration in solution and the number of bipyridinium units, which sheds light on 
synthesizing tunable molecules to emulate biological counterparts.  

 
Figure 1.  Solid-state superstructures of 3V3(•+)obtained by single-crystal X-ray crystallography. Two 3V3(•+) molecules 
wound together by the formation of radical-radical π-stack. The PF6

- counterions and MeCN solvent molecules have 
been omitted for clairty. 
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Improving our understanding of supramolecular chemistry in aqueous solution has 
impact in the biological sciences, as well as important select areas on chemistry such as 
aerosol, emulsion and green chemistry. We are interested in the properties of 
supramolecular containers in aqueous supramolecular. Driven by the hydrophobic effect, 
such assembles are still relatively poorly understood. 
 
It has been previously shown that the deep-cavity cavitand octa-acid (OA) and its 
derivatives are versatile hosts due to their ability to bind, assemble and encapsulate 
guest molecules. To further search for other deep-cavity cavitands and expand this 
interesting scientific research area, we are synthesizing a cleft shaped host, hexa-acid 
(HA). We will report on the synthesis of this molecule, and discuss early 
binding/assembly studies. 
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Protein phosphorylation is a biologically important process involved in cell signal 
transduction cascades and has been implicated in several human diseases. 
Phosphorylation and dephosphorylation events are catalyzed by kinases and 
phosphatases, respectively. Information about the dynamics of phosphorylation/ 
dephosphorylation states of kinases is limited. One method to overcome this problem is 
the development of synthetic small molecules that can recognize and detect 
phosphoproteins of interest using molecular recognition and fluorescence sensing 
techniques. 
 
To avoid the tedious process of developing individual highly selective receptors, the use 
of differential sensing techniques has been growing in the supramolecular chemistry 
field. This sensing protocol exploits the interactions between target analytes and a library 
of cross-reactive receptors to create a response pattern that is unique for individual 
analytes or different mixtures thereof.  Using this approach, one obtains a distinct 
fingerprint of composite signals produced by the sensor elements allowing for 
discrimination of different relevant MAP kinases in vitro and in complex mixtures such as 
cell lysates. 
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Water soluble porphyrin nanoparticles were prepared via self-assembly of Poly (ethylene 
glycol)-b-polycaprolactone (PEG-b-PCL) conjugated porphyrin copolymer in aqueous 
solution. The diameters of the nanoparticles were found to be ∼ 100 nm as confirmed by 
Transmission Electron Microscopy (TEM) and Dynamic Laser Scattering (DLS) studies. 
Furthermore, these nanoparticles showed an increase in fluorescence intensity with 
increasing PCL molecular weight of the copolymer. These improved photochemical 
properties could pave the way to enhance porphyrin nanoparticle performance for 
applications in imaging and photodynamic therapy. 
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Cyclo[m]pyridine[n]pyrroles are novel hybrid macrocycles that contain no meso atoms. 
Although the neutral forms are non-aromatic, protonation of the macrocycles leads to an 
extension of the π-conjugation with commensurate changes in the optical spectral 
features.1 Moreover, whe a suitable organic diacid is applied to such a macrocycle, a 
supramolecular polymer can be formed. Depending on the two pKa values of the diacid, 
these macrocycles form 1 : 1 (macrocycle : diacid), 1 : 2 or 1 : 3 polymers with the acid. 
The 1 : 1 polymers are one-dimensional and linear, while the others can be either one- 
or two- or three-dimensional. The 1 : 1 polymers formed by strong acids are not soluble 
in CH2Cl2 and addition of hydrogen bond donor/accepter, such as methanol, acetone or 
THF typically does not result in solubilization. In contrast, the 1 : 2 or 1 : 3 polymers 
dissolve well in CH2Cl2 containing small amounts of a hydrogen bond donor or accepter 
solvent. However, the addition of excess quantities of these latter solvents results in 
degradation of the ensemble and release of the macrocycle in its free base form. 
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Vectorially Aligned Multi-Layer Chromophore Arrays Assembled 
via Host-Guest Interactions 

 
Tulane University, New Orleans, Louisiana 70118 

 
Mengyuan Zhu, Gyan Aryal, Nan Zhang, Janarthanan Jayawickramarajah* 

mzhu@tulane.edu; jananj@tulane.edu 
  

The construction of vectorially aligned multi-chromophore arrays on surfaces has 
recently attracted much attention because of its potential applications in photovoltaics, 
optoelectronics, and sensing. In this poster, we show a layer-by-layer deposition strategy 
to form multiple layers (up to 20 layers) of functionalized perylene chromophores built 
upon a scaffolding multivalent porphyrin layer by harnessing repetitive beta-cyclodextrin-
adamantane based host-guest interactions. The resultant self-assembled thin films show 
a large absorption cross-section in the visible spectrum and have been characterized by 
means of UV-vis absorption spectroscopy, water contact angle measurement, and 
atomic force microscopy. 
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Through-Space Spin-Spin Coupling in Macrobicyclic Molecules: 
Synthesis, Calculations, X-Ray Structures and NMR Studies 

 
Tulane University, New Orleans, Louisiana 70118 

 
Jie Zong, Joel Mague, Robert Pascal Jr.* 

jzong@tulane.edu; joelt@tulane.edu; rpascal@tulane.edu 
  

The spin-spin coupling between nonbonded atoms in close proximity has sometimes 
been observed. Mallory and coworkers have seen such through space coupling between 
fluorine, nitrogen and carbon atoms1 and this group has observed 31P-13C coupling in 
compound 1.2 Recently, we synthesized the macrobicyclic in,in-bisphosphine 2, which 
has two interacting bridgehead phosphines that show strong spin-spin coupling of the 
phosphorus atoms. The in,in-bisphosphine hydrochloride 3 also shows spin-spin 
coupling between all three atoms (P, H and P) along the central axis.3 Similarly, the 
hydrosilane derivative 4 shows coupling between the central hydrogen, phosphorus and 
silicon atoms.4 The in,in-bis(hydrosilane) 5 was made recently, which sets a new record 
for shortest nonbonding H---H interaction.5 Calculations showed strong spin-spin 
coupling between the two hydrogen atoms along the central axis. Although a COSY 
experiment did show some coupling between these two hydrogens, the coupling 
constants in the NMR studies are not consistent with the calculations. The X-ray 
structures, calculations and other details are discussed. 
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