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Introduction
Vibrational spectroscopy is a valuable tool that
enables the study of adsorption and reaction of
chemical warfare agents and simulants with surfaces
of interest. Fourier Transform Infrared Spectroscopy
(FTIR) studies have been performed of Chemical
Warfare Agents (CWAs) interacting with militarily
relevant surfaces; however detailed assignments of
vibrational modes have often been based on a
qualitative understanding of the spectroscopic
results without a strong theoretical base to support
conclusions about interaction and reaction of CWAs
with surfaces. To assist in bridging this knowledge
gap, high level calculations were performed of the
lowest energy structure of an isolated molecule in

Theoretical Procedure
Harmonic frequency calculations were performed in Gaussian 09. Revision D.01, at

the B3LYP/def2-TZVPPD or other level of theory and basis set. A (200x100) grid of
200 radial shells around each atom and 100 angular points in each shell was used for
computing 2-electron integrals, totaling 2*200*100*100 = 4 million points per atom.
Very tight quadratic convergence was used for geometry optimization and self-
consistent field computation. Calculations were performed utilizing DoD DSRC
facilities.

Theoretical results were compared with experimental results to confirm good
agreement. It is important to note that v, ((C-H) stretches did not agree well between
experiment and theory; this is to be expected due to the failure of the harmonic
oscillator approximation to scale for this group compared to heavier atoms. However,
this is mitigated by applying a scaling factor based on previous literature results.’

Calculated IR Spectra of Agent Byproducts

the gas phase and at 0 K.
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Conclusion

The Infrared spectra of CWAs and their
hydrolysis  products were calculated.
Normal mode vibrational assignments have
been made for all chemicals. These results
will enable future researchers to interpret
the complicated infrared spectra collected in
advanced studies and may be useful for IR
detection algorithms.
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