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Stereo-specific interaction?

homochiral (LL)   vs.   heterochiral (LD)

a) different interaction?
b) how many gas-phase conformers? 
c) structure?
d) stability?

L-Glu D-Glu

Glutamic acid (Glu)
naturally occurring a-amino acid
principal excitatory neurotransmitter

Protonated dimers of
glutamic acid (Glu₂H⁺)  



IVR: energy 
redistribution  

hn

Experimental Method:
Gas-Phase Vibrational Spectroscopy

messenger tagging 

reduces threshold for 
fragmentation

single-photon absorption

IRPD spectroscopy



Ishiuchi et al. J. Mol. Spectrosc. 2017, 332, 45–51

IRPD Spectroscopy



Results IRPD

stereospecific IRPD spectra a) different interaction?
b) how many conformers?
c) structure?
d) stability?



IR-IR-hole burning spectroscopy

probe laser

burn laser

A) burn C) probe

Dt = 3 ms

conformer selective!
C) probe laser set at 

DE = hDn (conformer-specific)
constant fragmentation 

A) burn laser scanned
depletion of constant 
fragmentation ONLY if 

SAME conformer

B) remove 
fragmentsB) RF 

pulse



Results IR-IR-hole burnig
a) different interaction?
b) how many conformers?
c) structure?
d) stability? THEORY



Presampling
• by hand
• basin hopping 

(MM3Pro force field)

Full sampling 
• Replica Exchange Molecular

Dynamics (REMD) simulation
• DFT + Vibrational Analysis

First-Principles Simulations
(what I do here)

Sugita et al. Chem. Phys. Lett. 1999, 314,141-151
Blum et al. Comp. Phys. Comm. 2009, 180, 2175–2196



Results from Simulations
a) different interaction?
b) how many conformers?
c) structure? 
d) stability? 

assignment by comparison 
of calc. and exp. spectra

D₀ = E₀ (Glu₂H⁺) - E₀ (GluH⁺) - E₀ (Glu)
binding energy 



About stability...

Theory: LD more stable than LL

Can we verify by experiment?



Summary

• specific nNH2 (≈3450 cm-1) and nCO (≈1750 cm-1) are
fingerprints of chirality recognition

• LD-Glu2H+ more stable than LL-Glu2H+ by > 4kJ/mol

• conformer-selective IR-IR double resonance spectroscopy:
3 LL-Glu2H+ conformers
4 LD-Glu2H+ conformers

• assignment of spectra?

• conformer population (300 K s. 15 K)?
kinetic trapping or cooling?

How does chirality recognition work?
Compare to other systems?



Thank you for your attention!

Aude Bouchet, Shun-ichi Ishiuchi, 

Masaaki Fujii, Otto Dopfer,

Markus Schneider, Carsten Baldauf



Results IRPD

isotope labeling helps assign 
transitions in IRPD spectra

relation to structure?!


