Water dimer millimeter wave spectrum at atmospheric conditions: simple model for
practical purposes
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Recent observation of the rotationally resolved millimeter wave spectrum of water dimer recorded in
equilibrium water vapor at room temperature [1] unequivocally proved previous hypotheses that this
exotic molecule is responsible for an essential fraction of the excess atmospheric absorption called
the continuum. Usual spectroscopic approach is not suitable for extracting quantitative information
about the dimer from experimental observations because of extreme complexity of its spectrum at
atmospheric temperatures. In this work we report the model of the dimer millimeter-wave spectrum
expressed by simple analytical functions, which can be easy fitted to observed spectra. The model
employs i) general peculiarities of the dimer spectrum and its temperature dependence from the
most accurate to date quantum chemistry calculations [2] and ii) results of experimental
measurements of dimer rotational lines in a cold supersonic molecular beam [3]. Correspondence of
the model to experimental recordings of water dimer spectra at atmospherically relevant
temperatures is presented. Possibility of direct observation of the dimer rotational features in the
atmosphere by remote sensing instruments is discussed on the basis of the model predictions. We
believe that the model will permit to retrieve the dimer equilibrium constant and its temperature
dependence from experimental recordings of the dimer spectrum in pure water vapor as well as in its
mixtures with major atmospheric gases.
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