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Preparation of Functionalized Monolayer-Protected
Gold Nanoparticles (MPGNSs) for Fluorescent Probe
Delivery via Photo-Induced Radical Ligand Cleavage

Kiana Lahring #, Jun Zhu, and Mark S. Workentin*

Department of Chemistry, The University of Western @ntaondon, ON
*Home Institution: University of Calgary

ABSTRACT

There has been recent interest time application of monolayesprotected gold
nanoparticles (MBNSs) in biotechnologydue to their noitoxicity.** Previous research
demonstrateshat substrates oMPGN surfaces can be liberatedficiently througha
photochemicallyinduced radical abstraction procésa this study,which is an extension
of a previous RISE projech fluorophoredelivery systenusing MRGNs was developed.
Alkylthiolate-protectedMPGNs (2.2+ 0.2nm) were synthesized via the Brgthiffrin
method and mixed ibands were incorporated onto the NBNs by simple place
exchange reactiongluorescent prolswere applied tdestthe efficiency ofthis system
astheir fluorescewe will be quenched when attached to the G and regererated after
cleavage from thgold coresurface. Although BODIPY hasvery high quantum yield
(>0.95), it suffers fom low stability under UV light; thugpyrenetermnated ligands
were synthesized instead. The resuhowed that pyrermubstitute ligands could be
cleawed from MPGNs andthis systentherefore has potentidbr useasa controllable
probe/drug releasing system.

! Daniel, M-C.; Astruc, D.Chem. Rey2004 104,293-346.

2Murphy, C.J.; Gole A. M.; Stone J. W.; Sisco, PN.; Alkilany, A. M.; Goldsmith, E.C.; Baxter, SC.
Acc. Chem. Res2008 41(12), 17221730.

3Kell, A. J;; Alizadeh,A.; Yang,L.; Workentin, M.S. Langmui, 2005 21(21),9741-9746

“ Brust, M; Walker, M; Bethell, D; Schiffrin, D.J.; Whyman, RJ.J. Chem. Sog1994 801-803
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Dynamics of Pyrene Incorporation into Octa-Acid Nanocapsules
GageSonitag', Hao Tang', Corndia Bohre!, CorinneL. D. Gibk?, Bruce C. Gibk?
1. Department of Chemistry, Univ. of Victoria, PO Box 3065, Victoria, BC, VBW 3V6 Canada

2. Department of Chemistry, University of New Orleans, New Orleans, LA 70418 (USA)

Octa-acid (OA) is a degp-cavity cavitand with eight carboxylic acid groups Each OA is 1nmdeegp and
1nmacross and the cavity of the nanocapsule is non-polar relative to theagueousenvironment. Two OA
molecules can form a dimeric molecular capsule, which can bind with avariety of hydrophobt guest molecules.
Theundestanding of the dynamic process of theguest binding within OA is desirable to undestand how the
binding of guest with OA affects the guest reactivity.
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Scheme 1: Molecular structure of octa-acid cavitand Scheme 2: Molecular structure of pyrene

The polyaromatic hydrocarbon pyreneisideal for studying the dynamics of incorporationinto the OA
complex dueto itslonglived singlet excited state and emission sengtivity to the polarity of its environment.
Incorporationinto theodta-acid increases the lifetime of thesinglet excited state pyrene and dramatically

changes the fluorescent intendty of the pyrene molecule.

Steady state fluorescence experiments were used to determine an equilibrium condant of (6.1+1.3) x
10" M?for theincorporation of pyrenewithin the OA capsule (equaion 1). Thekinetics of incorporation of
pyreneinto a supramolecular nanocapaule was studied by employing the stopped flow technique A 1.0 uM
pyrene solutionin pH 9.3 buffer was mixed againg variousconcentrationsof OA in buffer. A two step kinetic
process was observed for the formation of a2:1 OA/pyrene complex occurring on aten secondtime scale.
Uponmixing thefluorescent intengty increases over 0.2 seconds The kqys Of this step was foundto increase
when increasing concentrationsof OA were mixed with pyrene After 0.2 secondstheintensgty beginsto
decrease, reaching equilibrium after five secondswhile atrend was foundfor the kqys of the second step to

decrease with increasing concentration of OA.
Py+20A! Py¥OA (equdionl)

Thefast dynamic process could berelated to theincorporation of pyreneinto one OA molecule while

thefollowing ow dynamic process could berelated to theincorporation of pyreneinto the OA dimer.



Initial Excited-State Structural Dynamics of 2’-deoxyadenosine
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Absorption Studiesf Co(HO)s** and FressureDependent Luminescenséudies of
[M(bpy)Pt(SCN4] Complexes

Carolyn L.Ladd, Christian Rebér

University of Calgary, UniversiZ de MontZal

Spectroscopic studies transition metal complexes provide imfamt information
regarding their applications and potentias. Absorption spectroscopy identifies a complexOs
electronictransitions;luminescence provides information regarding the HOMDO gap,
whereas Raman spectroscopy provides information reggiisircomplexQsbrational states.

Previous worldemonstrated that the double maxima observed in the absorption spectrum
of Ni(H,0)s*" resulted from therossing of electronic states close in energyfuFiher explore
this phenomenorthe absorption spgam of Co H-0)s>* was studiedLiterature precedence
indicatesdiscrepancies ithe assignment of the electronic transitiorduon and singlerystal
absorption spectra indicated that the second band of low intensity correlated to the two electron
excitation?A,g “Tiginstead of T1o(P) “T14(F). B value calculations supported this assertion.

In contrast t@ctahedralCo(H0)s?", [M (bpy).Pt(SCN)] complexesare square planar.
Pressuralependent luminescence was conducted on these compounds amuvhtsd analogs
to determme the effects. These complexes were unique as they conaitheicedand blue shifts
within the same compleX.he effect of solventand metal typ®n luminescence willlsobe
discussed.

A discussion of the utility of spectragpic methods in understanditige propertie®f
metal complexes will be presented.
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S K-edge XAS of S-N bonding in compounds with varmig sulfur and
nitrogen oxidation states

Joey Sheff, Thamayanthy Sriskandakumar, Pierre Kennepohl.

Department of Chemistry, University of British Columbia

The bonding properties of three compounds were investigated using sulfur k-edge
X-ray absorption spectroscopy (XAS)." Two biological compounds, Piloty’s acid
(N-hydroxybenzenesulfonamide) and Pelouze’s salt (N-nitrosohydroxylamine-N-
sulfonate), which are involved in the release of the vasodilator nitric oxide, and
t-butylsulfinamide, a useful compound for the preparation of enantiopure amines and
aziridines were investigated.2 Assignment of features in the XAS spectra was achieved
by using time dependent density functional theory (TD-DFT). The effect of the oxidation
of sulfur and nitrogen on the S-N bond was the main focus of the project. The results
indicate that the oxidation state of the molecule does have a significant consequence on
the energy and bonding of the sulfur centre. Since the S-N bond plays an integral role in
the use of these compounds, a better understanding of its properties could lead to their
more effective use in both the delivery of vasodilators and the organic synthesis of

nitrogen containing molecules.

"'Solomon, E.I. et al., Coord. Chem. Rev., 2005 249, 97-129.
2 Reglinski et al., Inorg. Chem., 1999 38, 733-737.



Single Molecule and Ensemble Fluoresnce Studies on Polymerase Activity
Hollis Roth', Pierre Karam', Matthias Gétte> and Gonzalo Cosa'

'Department of Chemistry, McGill Universi8Q1 Sherbrooke St. West, Montreal, QC, H3A 2K6
and’Department of Microbiology and Immunolod§eGill University, Lyman Duff Medical
Building, 3775 University St.,d®m D6, Montreal, QC H3A 2B4

Single molecule techniques have provided new paradigms in chemical biology,
biochemistry, and biophysics by revealing unique information otherwise hidden in ensemble
measurements. Among these techniques Single Molecule Forster Resonance Energy Transfer
(SM-FRET) has enabled the study of bio/macromolecules tagged with donor and acceptor
fluorophores, where FRET reports on the position, conformation, and mobility of large
bio/macromolecules. SM-FRET, and in more general terms single molecule spectroscopy (SMS)
have made it possible to probe the trajectory of a macromolecule from intermediate states to
products, and to correlate its position or conformation with reactivity.

Herein we report on our single molecule and ensemble spectroscopy studies designed to
obtain a molecular level understanding of de novoinitiation of RNA synthesis (replication)
catalyzed by the hepatitis C virus (HCV) RNA polymerase protein. Our work aims at detecting
various intermediates in the replication process, from protein binding to initiation and elongation.
Overall, we aim at providing a better understanding of the specific steps involved in HCV RNA
genome replication, which in turn will improve the basis for the development of novel antiviral
drugs with improved potency and specificity.

Our studies were conducted with a 5” acceptor-tagged DNA oligomer bound to an RNA
oligomer with a 3’ -26 nucleotide long- overhang and containing a donor dye at its 3’ end.
Significant FRET enhancements and increase in polarization anisotropy were observed upon
HCV binding to the DNA-RNA construct. These changes are consistent with structural
rearrangements along the RNA overhang template upon protein binding and sliding. In
preliminary work towards monitoring real-time polymerase activity at the single molecule level,
we have characterized the changes to be expected as protein replication converts a single
stranded flexible RNA overhang into a double stranded rigid oligomer. Herein a dramatic drop in
FRET was observed upon annealing complementary DNA sequences to the RNA overhang. We
have further initiated studies on the effect of the bound protein on the donor dye (Cy3)
photophysics. Consistent with recent reports, our studies show that Cy3 undergoes an emission
enhancement following protein binding. We discuss the potential of these protein-mediated
photophysical changes towards studying mechanistic aspects of HCV RNA replication.
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Photochromic Reactivity of Dithienylethenes as Potential M embrane Disruptors
Amani Farhat, R. Scott Murphy
Department of Chemistry and Biochemistry, University of Regina

We are developing phatoresponsive lipasomes, through theintegration of photochromic
membrane disruptors, for therr potentia applicationin photoregulated drug delivery. We have
synthesized photochromic compounds that contain elements of lipid complementarity. These
compounds have theemally stable photoisomers, which is essentia in achieving complete
photocontrol over membrane permesbility.

Thedithienylethenes (DTES) shown bdow possess the desired properties. They isomerize
uponirradiation with UV light, forming a stable, closed-ring isomer. These photochromes aso
undego large changes in molecular geometry upon photoisomerization. The primary objectives
of this project were to examine the absorption properties and photochromic reactivity of three
DTE derivatives.

Ultraviolet

—_—
-

Visible

1: Rl= CCPh, R?= H
2: R'= CCPh, R%= Ph

3: R]': CCPh, R2: n'C12H25

Theabsorption properties for both the open-ring and closed-ring isomers of 1-3 were examined in
n-hexane. In order to obtain themolar absorptivities of the closed-ring isomers, the extent of the
photoconversionswere first determined through HPLC studies. The quantum yieldsof the
cyclization and cycloreversion reactionswere then determined for 1-3 usang UV-Vis
spectroscopy and Aberchrome 540as achemica achtinometer. These vaues describe the
efficiency with which the absorbed light produces the closed-ring or open-ring isomers. Although
the cycloreverson quantum yiedswere higher than thecyclization, al three compounds exhibit
efficient reactivity. Interestingly, thecyclization of 3, which is most complementary to alipid
membrane, was at least 2-fold lower than 1 and 2, thus lowering the quantum yield; we suspect
the entanglement of thelong dkyl chainsmay hinder the proper conformation for efficient ring
closure.

Preiminary results on theincorporation of these compoundsin thelipid membrane of hybrid
liposomes and their photochromism will aso be presented.



Halo(Pyridinium)Carbenes: Electrophilic Reactive Intermediates

Ben Fregeau. Reinaldo Moya-Barrios, and Frances L. Cozens.
Dalhousie University Department of Chemistry, Halifax, Nova Scotia

The reactivity of chloro(3-pyridinium)- and fluoro(3-pyridinium)carbenes was
examined by laser flash photolysis. The carbenes were generated from the corresponding
diazirine precursors. Although the halo(pyridinium)carbenes were highly reactive and
decayed within the timeframe of the ns laser pulse, their generation was verified by the
observation of carbene ylides formed with acetone, acetonitrile, and pyridine, which are
readily visible in the UV-vis range. The short lifetime of the transient carbenes precluded
direct observation, however the relative order of reactivity of these species with a set of
electron-rich and electron-poor alkenes was determined using the pyridine-ylide method.
The results show that for all alkenes investigated the halo(pyridinium)carbenes are
strongly electrophilic species, reacting faster with the more electron-rich alkenes. This
contrasts the previously reported ambiphilic nature of the closely related halo(pyridyl)-
carbenes.' The small spread of reactivities observed in the halo(pyridinium)carbene-
alkene reactions (up to 100 times lower than those of their halo(pyridyl)-counterparts)
reveals their very reactive nature. Computational studies demonstrated that the
alkene(HOMO)-carbene(LUMO) interaction is predominant for the carbene-alkene
reactions, providing support for the strongly electrophilic nature of these reactive
intermediates.
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Investigation of substituent effects on the photodecarboxylation of phenylacetic acid in
aqueous solution
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Fundamental Studies of Carrier Aging
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Fluorescence Spectroscopy and the Characterization of Phase-separated Films
Doped with Nile Red

Robyn Porterfield

Supervisor: Dr. Matthew Paige

Department of Chemistry at the University of Saskatchewan

In this project fluorescence spectroscopy wsed b characterizenonolaye films of
mixtures doped with Nile &1. The films, a mixture o&rachidic acid (AA) and
perfluorotetradecanoic acid (PAyere prepared using a Langm@ilodgett trough.In
the resulting film, there was a phase separation oitbedmponents forming
discontinuous domains of predominantly AA surrounded by a continuous domain
composed mainly of PANile Redis a dye whose photophysical properties are strongly
dependent on the polarity of the surroundemgironment

Ensemble flucgscence spectroscopyd microscopyas used to measureet
photophysical properties of Nileel in the different domainsThese same properties
were then measured by single molecule fluorescence spectroscopy in @idairtate
the effect of ensemble averagingesults will be discussed in context of existing
literature on phasseparated films and spectroscopic properties of Nile Red.



Fluorescent Studies Towards the Application of Functionalized
BODIPY Dyes as Metal Sensors

Mihaela CeausuMaria Gonzalez Bejar, Marta Liras, Kathy McGilvray, Laetitia RBoesneuf,
and J.C. Scaiano, Department of Chemistry, University of Ottawa

Fluoroptores have been widely studied and utilized in a variety of applications in
chemistry, and biology such as chemical sensing and molecular imaging. BODIPY dyes possess
rich photophysical properties including convenient excitation in the visible region, high
photostability, high molar extinction coefficients as well as a high fluorescence quantum yield in
organics systems. We have coupled the fluorescent properties of the BODIPY dyes with thiol or
disulfide functionalities to investigate the utility as a serier metal interactions.

BODIPY dyes 1, 2 and 3 were synthesized in the laboratory prior to photochemical
characterization and application.

Because the highly fluorescent BODIPY dyes include a disulfide or thiol functional
group, they were used toudly the strong interaction between sulfur and nanoparticles such as
gold nanoparticles (AuNPOs), and esirell CdSe/ZnS quantum dots. Nanoparticles are of rising
interest for potential applications such as drug delivery, and for molecular imaging. However
before nanoparticles can be used in any system, especially biological systems, their interaction
with thiols and disulfides needs to be characterized. These interactions were studied on the
surface of CdSe/zZnS quantum dots, and gold nanoparticles bytonmogithe changes in
fluorescence of the fluorophore. Further studies have investiglate@otential use of these
functionalized dyes as ion sensors for tweliféeerent metal chloride salts including metals from
group I, 1V, transition metals, and |d@nides.



