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Abstract	  
Localizing	   light,	   or	   orthogonalizing	   its	   flow,	   in	   nanoscale	   architectures	   can	   decouple	   the	  
dimensions	  along	  which	   light	  harvesting	  and	  carrier	   transport	   take	  place,	  which	  will	  allow	  for	  
more	  efficient	  conversion	  of	  light	  in	  thin	  film	  and	  nanostructured	  solar	  cells.	   	   In	  this	  work,	  we	  
investigate	   light	   trapping	   effects	   that	   occur	   in	   photonic	   crystals	   and	   upon	   coupling	   photonic	  
crystals	   with	   semiconductor	   films	   on	   solar	   energy	   conversion	   in	   both	   dye-‐sensitized	   and	  
quantum	  dot	  sensitized	  solar	  cells.	  	  A	  dye-‐sensitized	  nanocrystalline	  (nc-‐)	  TiO2	  film	  coupled	  to	  a	  
TiO2	  inverse	  opal	  with	  a	  stop	  band	  at	  600	  nm	  (600-‐i-‐TiO2-‐o),	  for	  instance,	  featured	  amplification	  
in	   the	   photon-‐to-‐current	   conversion	   efficiency	   within	   both	   the	   stop	   band	   and	   the	   dielectric	  
band	   of	   the	   photonic	   crystal	   relative	   to	   nc-‐TiO2.	   	   The	   origin	   of	   the	   amplification	   within	   the	  
dielectric	   band	  was	   studied	   by	   comparing	   to	   nc-‐TiO2	   coupled	  with	   a	   disordered	   inverse	   TiO2	  
film,	  coined	  inverse	  TiO2	  glass	  (i-‐TiO2-‐g),	  fabricated	  to	  have	  the	  same	  monodisperse	  air-‐hole	  size	  
as	  the	  inverse	  opal	  by	  replication	  of	  a	  disordered	  polystyrene	  photonic	  glass	  assembled	  in	  the	  
presence	  of	  salt.	  It	  is	  concluded	  that	  photonic	  effects	  dependent	  on	  the	  presence	  of	  periodicity	  
in	  the	  photonic	  crystal	  cause	  localization	  of	  light	  within	  the	  nc-‐TiO2	  coupled	  to	  600-‐i-‐TiO2-‐o	  not	  
only	  within	  the	  stop	  band	  but	  also	  within	  the	  dielectric	  band.	  Solar	  energy	  conversion	  was	  also	  
studied	   in	   titania	   inverse	  opals	   sensitized	  with	  CdS	  quantum	  dots	   (Q-‐CdS),	   or	  with	   quantum-‐
confined	  CdSe	  or	  CdTe	  films.	  	  Significant	  gains	  in	  light	  absorbance	  and	  photocurrent	  generation	  
were	  observed	  to	  the	  blue	  of	  a	  photonic	  crystal	  stop	  band	  over	  a	  wide	  frequency	  range.	   	  We	  
discuss	  the	  role	  of	  order	  versus	  disorder	  in	  affecting	  the	  light	  trapping	  mechanisms.	  	  
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Ambient	  mechanochemical	  reaction	  of	  differently	  functionalized	  carbon	  
nanotubes	  leading	  to	  their	  unzipping	  
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Abstract	  :	  
	  A	   novel	   	   ambient,	   one	   pot	   ,smooth	   mechanochemical	   reaction	   (MCR)	   between	   differently	  
functionalized	   multiwalled	   carbon	   nanotubes	   (MWCNTs)	   leading	   to	   their	   unzipping	   is	  
presented.	   Characterization	   of	   the	   graphene	   product	   thus	   formed	   is	   discussed	   using	  
spectroscopic	  and	  electron	  microscopy	  techniques.	  
The	   quality	   of	   the	   unzipping	   graphene	   product	   obtained	   through	  MCR	   is	   compared	   to	   those	  
obtained	  through	  oxidative/reductive	  and	  argon	  etching	  ones.	  The	  MCR	  reaction	  is	  discussed	  in	  
terms	  of	  a	  hydrogen-‐bond	  mediated	  proton	  transfer	  mechanism.	  The	  advantage	  the	  graphene	  
produced	  at	  the	  device	  wafer	  level	  is	  discussed.	  
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A. Synthesis	  of	  nanoparticles	  from	  biological	  precursors	  
B. Ambient	  mechanchemical	  reactions	  of	  CNTs	  leading	  to	  their	  unzipping	  
C. Functionalization	  of	  graphite	  oxide	  
D. Covalent	  Cross-‐linking	  of	  CNTs	  
E. New	  routes	  to	  diamond-‐like	  carbon	  (DLC)	  
F. Reverse	  of	  ! −lactamase	  action	  against	  antibiotics	  using	  gold	  nanoparticle	  	  
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Abstract	  
Our	   research	   interests	   are	   centered	   on	   the	   use	   of	   nanotechnology	   for	   drug	   delivery.	   In	  
particular,	  our	  work	  focuses	  on	  developing	  formulation	  solutions	  for	  poorly	  soluble	  and	  poorly	  
bioavailable	   drugs	   and	   drug	   candidates.	   Several	   active	  molecules	   showing	   promising	   in	   vitro	  
therapeutic	   activity,	   including	   anti-‐cancer	   properties,	   suffer	   from	   poor	   solubility	   and	  
bioavailability.	   In	   order	   to	   address	   this	   limitation,	   we	   exploit	   the	   self-‐assembly	   behavior	   of	  
polymers	  for	  the	  formation	  of	  controlled-‐size	  and	  stable	  nanoparticles	  of	  cancer	  drugs,	  which	  
exhibit	   improved	   bioavailability.	   Moreover,	   in	   the	   case	   of	   cancer	   drugs,	   nanoparticles	   offer	  
enhanced	   delivery	   to	   tumors	   through	   the	   enhanced	   permeability	   and	   retention	   (EPR)	   effect	  
attributed	  to	  nanoparticles.	  	  
We	   use	   a	   recently	   developed	   technique	   termed	   Flash	   NanoPrecipitation	   (FNP)	   for	   the	  
production	  of	  controlled	  size,	  high	  yield	  nanoparticles	  of	  anti-‐cancer	  drugs.	  	  
In	   this	   talk,	  an	  overview	  of	  FNP	  will	  be	  presented,	  as	  well	  as	  several	  examples	  demonstrating	  
control	   of	   particle	   size,	   particle	   stability,	   and	   in	   vivo	   efficacy	   in	   the	   case	   of	   the	   anti-‐cancer	  
paclitaxel.	  General	  strategies	  for	  the	  formulation	  of	  actives	  via	  FNP	  will	  be	  discussed.	  	  
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Abstract:	  
The	  use	  of	  energetic	  ion	  beams	  has	  great	  promise	  for	  morphology	  control	  in	  materials	  synthesis	  
and	  processing	  at	  sub-‐lithographic	  length	  scales.	  When	  materials	  are	  irradiated	  at	  energies	  low	  
enough	   that	   the	   principal	   phenomena	   are	   observed	   at	   the	   surface	   rather	   than	   in	   the	   bulk,	  
several	   interesting	  phenomena	  are	  observed.	  Under	  certain	   irradiation	  conditions,	   ion	  beams	  
lead	  to	  ultra-‐smoothing,	  which	  has	  important	  potential	  applications	  in	  fields	  ranging	  from	  X-‐ray	  
optics	  to	  plasmonics	  to	  surgery.	  Under	  other	  conditions,	  one	  observes	  self-‐organized	  arrays	  of	  
nanoscale	  surface	  features,	  with	  potentially	  unique	  applications	  to	  electronics,	  optoelectronics,	  
or	   spintronics.	   Although	   both	   phenomena	   are	   potentially	   rich	   sources	   of	   technological	  
application,	  currently	  the	  fundamental	  physical	  mechanisms	  determining	  behavior	  are	  not	  well	  
understood.	   In	  this	   talk,	   I	  will	  discuss	  the	   latest	  experimental	  and	  theoretical	  contributions	  to	  
this	  field	  as	  well	  as	  potential	  applications	  currently	  in	  development	  at	  AUB.	  
	  


