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Viewpoint
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Water dimers have been detected in room-temperature water vapor, a key step toward understanding
their effect on solar absorption and chemistry in the atmosphere.
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Water is the third most abundant molecule in the atmosphere and the principal absorber of both incoming
sunlight and reradiated blackbody radiation. Yet models
of atmospheric absorption that only take into account the
water molecule’s well-known rotational and vibrationrotational transitions don’t match up with measurements
of the atmosphere’s absorption spectrum [1]. One possibility is that water dimers—two water molecules held
together by a hydrogen bond—and larger water clusters
act as sources of excess absorption. The idea has been
intensely debated for over four decades, with recent work
suggesting that water dimers are involved in both the
radiation balance and chemistry of the atmosphere [2].
Unfortunately, definitive detection of water dimers in the
atmosphere has remained elusive: several promising reports later proved to be either ambiguous or incorrect
[3], and laboratory detection schemes that were successful were performed under conditions unlike those in the
atmosphere.
In Physical Review Letters, Mikhail Tretyakov and colleagues at the Russian Academy of Sciences in Nizhny
Novgorod present a vital and long-sought first step towards detecting dimers in the atmosphere [4]. Using a
highly sensitive spectrometer technique that they developed, the team measured the absorption of millimeterwave radiation in water vapor at room temperature and
equilibrium conditions, identifying four peaks associated
with the rotational motion of the dimers. The ability
to detect the dimers’ “spectral fingerprint” under environmentally relevant conditions could provide scientists a
way to directly measure their abundance in various parts
of the atmosphere.
Nearly all the water vapor in the atmosphere lies in
the troposphere—the layer extending roughly 20 kilometers from Earth’s surface. Dimers make up less than
one percent of this water vapor, which makes it difficult to see them compared to single (monomer) water
molecules, particularly in the visible and infrared porDOI: 10.1103/Physics.6.22
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tion of the spectrum, where the light energy is sufficient
to destroy the dimers.
Experiment and theory suggest that it would be easier to distinguish the spectral contribution from dimers
with millimeter-wave light, but conventional spectrometers aren’t sufficiently sensitive at these frequencies. For
several years, the Russian group has been developing the
technology to perform millimeter-wave spectroscopy on
molecules under atmospheric conditions. The heart of
their spectrometer is a resonator: a cavity with mirrors
on either end that optimally selects for a particular frequency of light depending on the separation between the
mirrors. The sharpness, or “quality factor,” of this resonance frequency depends on how much light is absorbed
by the gas in the cavity. The authors are therefore able to
map out the absorption of a gas or vapor in the cavity by
stepping the spacing between the mirrors and measuring
the quality factor at each point.
Based on accurate calculations [5] and spectral measurements of water dimers made in cold molecular beams,
the authors were able to predict where the dimers’ rotational transitions would lie in the region 100–150 gigahertz (GHz) [6]. In their measured absorption spectrum
of water vapor at 23◦ C and 0.022 atmospheres (atm) of
pressure (Fig. 1), they identified a series of four absorption peaks as originating in increasingly energetic rotational states of the water dimers. If the authors’ measurement is confirmed by other experiments, it will constitute the first detection of water dimers under ambient
temperature equilibrium conditions.
The contrast between the discrete features in the dimer
spectrum and the underlying continuum absorption is
low, but the fact that four separate features can be observed in exactly the predicted positions lends confidence
to the assignment. Moreover, Tretyakov et al. have
carefully examined several crucial aspects of their experiments, and present additional evidence in favor of their
conclusion. Based on their measurement, the authors esc 2013 American Physical Society
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FIG. 1: High-resolution spectroscopy is allowing scientists
to detect the presence of water dimers—the simplest cluster of water molecules (inset)—in a sample of water vapor.
The pink line is the measured spectrum and the white line
is the calculated dimer spectrum. (The monomer contribution—indicated by the yellow trace—has been subtracted.)
The vertical bars show the positions of the dimer rotational
lines. The spectrum was measured in water vapor in equilibrium at 23 ◦ C and 0.022 atm. (APS/Alan Stonebraker from
Ref. [4])

an independent group (including myself) [8] observed a
number of water dimer rotational-tunneling transitions in
this same spectral region at very high spectral resolution
using a tunable far-infrared sideband laser and a planar
supersonic jet that produced the water dimers at a temperature of 4 K. Several of these transitions were found
to occur within the width of the broad lines reported by
Bohlander et al., a correspondence that should be investigated more thoroughly. Furthermore, our group also reported [9] the measurement of several vibration-rotationtunneling transitions in the argon-H2 O complex in this
same spectral range. Finally, satellite measurements of
water vapor emission in the atmosphere by microwave
limb sounding instruments have been made in nearly the
same spectral range as used by Tretyakov et al. and could
be employed to search for the same water dimer transitions [10]. Taken together, these previous studies and the
new work from Tretyakov et al. offer encouraging signs
that new experimental techniques will bring closure to
the important challenge of understanding the absorption
spectrum of the Earth and the contribution of water to
that absorption.
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