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2DIR spectroscopy is a powerful and well-developed experimental technique,
commonly used to study ultrafast molecular dynamics in optically thick liquid-phase
and solid-state samples. Newest advances in generation of high-power optical fre-
quency combs in the mid infrared and in cavity enhancement of ultrafast nonlinear
signals' will enable 2DIR measurements of weakly absorbing samples, in particular
of low-concentration gas-phase samples. The high sensitivity of these techniques can
be combined with high resolution of multicomb spectroscopy or Fourier-transform
spectroscopy to enable measurements of the shapes of individual resonances. In
2DIR liquid-phase spectroscopy of coupled vibrational modes it is common to use
sequences of pulse polarizations that eliminate parts of the molecular response and
reveal weaker signals. In general, these polarization conditions do not apply to the
gas phase. Here, we present polarization conditions that enable control of the gas-
phase molecular response’>>. We demonstrate their effect on simulations of 2DIR
spectrum of the C-ClI stretch in methyl chloride. We also describe the influence of
purely rotational coherences evolving during the waiting time and present the ways
to exploit them for better separation of signal branches.
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