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Abstract:	
   Hydrogen-­‐bonded	
   structures	
   are	
   ubiquitous	
   in	
   biological	
   systems,	
  
where	
  they	
  provide	
  stability	
  and	
  can	
  act	
  as	
  proton	
  transfer	
  relays.	
  Medium	
  and	
  
strongly	
   hydrogen-­‐bonded	
   structures	
   oEen	
   exhibit	
   very	
   broad	
   and	
   complex	
  
vibraGonal	
   structures	
   that	
   challenges	
   both	
   experiments	
   and	
   theoreGcal	
  
modeling	
  alike.	
  Here	
  we	
  present	
  ultrafast	
  pump-­‐probe	
  and	
  2D-­‐IR	
  spectroscopy	
  
of	
   medium	
   and	
   strongly	
   hydrogen-­‐bonded	
   dimers	
   as	
   well	
   as	
   DFT	
   calculaGons	
  
modeling	
   the	
  broad	
  vibraGonal	
   spectra.	
  The	
  calculaGons	
   show	
   that	
   the	
  driving	
  
force	
   for	
   the	
  width	
   of	
   the	
   vibraGonal	
   structures	
   is	
   low	
   frequency	
  modes	
   that	
  
modulate	
   the	
  hydrogen-­‐bonding	
  strength	
  of	
   the	
  high-­‐frequency	
  OH/NH	
  modes	
  
spreading	
  them	
  over	
  several	
  hundred	
  wavenumbers.	
  This	
  in	
  turn	
  brings	
  the	
  OH/
NH	
  modes	
  into	
  contact	
  with	
  Fermi-­‐resonances	
  with	
  bending	
  modes	
  causing	
  the	
  
vibraGonal	
   substructure.	
   The	
   ultrafast	
   vibraGonal	
   experiments	
   uGlize	
   a	
  
conGnuum	
  mid-­‐IR	
  probe	
  pulse	
  spanning	
  the	
  enGre	
  vibraGonal	
  range.	
  The	
  pump-­‐
probe	
   experiments	
   examine	
   the	
   vibraGonal	
   energy	
   relaxaGon	
   pathways	
   and	
  
show	
   that	
   the	
  NO/NH	
  modes	
   to	
   not	
   relax	
   to	
   the	
   vibraGonal	
   hot	
   ground	
   state	
  
within	
   a	
   few	
   hundred	
   femtoseconds,	
   as	
   previously	
   suggested.	
   The	
   2D-­‐IR	
  
experiments	
  reveal	
  strong	
  vibraGonal	
  couplings	
  both	
  among	
  the	
  high-­‐frequency	
  
modes	
  and	
  between	
  the	
  high	
  and	
  fingerprint	
  modes	
  of	
  these	
  complex	
  systems.	
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