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The longwave wing of the water vapor excitation function in the range from 270 to
330 nm has been studied with high spectral resolution using a tunable laser with emission

linewidth of 0.3 to 0.03 A.

Till now the fluorescence of water vapor has been
observed for the transitions from high electronic states
(E > 8 x 10 em™!) excited by two-photon photon
absorption of KrF*-laser radiation' during the
chemical interaction between H, and O, molecules and
by shortwave radiation with A < 120 nm (Ref. 3).
However, the authors of Ref. 4 have observed in their
lidar experiments a broadband fluorescence of H,O
molecules in the region from 280 to 400 nm excited by
radiation of KrF*-laser in a single-photon absorption
process®. It was found later that this fluorescence was
produced as a result of absorption of radiation within
the H,O absorption band at wavelengths shorter than
320 nm. This absorption band of the H,O molecule
can be of definite significance, along with the ozone
band, in the protection of the Earth’s surface from
harmful UV solar radiation.

This paper presents results of a detailed experi-
mental study of the UV absorption band of H,O
described in Refs. 3—6 for the first time, using a
narrow-band tunable laser.
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FIG. 1. Block-diagram of the experimental setup.

The arrangement of the experimental setup is
depicted in Fig. 1. The frequency-doubled radiation of
the dye laser 1 pumped with the second harmonic of
the Nd:YaG laser 2 is directed onto the evacuated cell 3
and from there to the average power meter 4. The
radiation wavelength is measured with the device 3,
which in fact is a small-scale grating monochromator
equipped with a photoelectric recording system. The
spectrometric unit was calibrated using the mercury
lamp spectrum. The error in the laser wavelength
measurements made with spectrometer entrance and
exit slits of 0.05mm width did not exceed 0.2 nm. The
laser delivered pulses of radiation at a repetition rate

of 12.5 Hz. Pulse energy was 10 to 50 mJ within the
spectral region from 270 to 330 nm. The laser radia-
tion linewidth was between 0.03 and 0.3 nm. Photons
scattered in the cell and passed through the iris 6 and
filter 7 were detected by the PMT 8. The liquid filters
7 were chosen so that they rejected the sec-
ond-harmonic radiation diffusely reflected from the
cell windows and walls. The PMT’s sensitivity spec-
tral range (A > 340 nm) included the longwave wing
of the H,O fluorescence band. Pulsed fluorescence
signals were observed with the oscilloscope 10 and
measured using a stroboscopic peak voltmeter 11 (strobe
width of 4 ns) and then plotted by an X-t plotter 12. In
our experiments the water-vapor fluorescence signal was
obtained as the difference between the fluorescence of
the windows and walls of the evacuated cell and that of
the cell filled with water vapor at each wavelength
within the region from 270 to 330 nm. Typical fluo-
rescence signals are shown in Fig. 2.
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FIG. 2. The recorded H,O fluorescence signals.

Figure 3 shows the experimentally measured
shape of the longwave wing of the H,O absorption
band obtained with the resolution of 0.03 nm. The
portions of this band recorded with the higher
resolution of 0.003 nm are also presented in this
Figure. It is obvious from this Figure that the band
intensity is at its maximum at A = 270 nm and then
decreases monotonically towards longer wave-
lengths. The longest wavelength at which the signal
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due to the fluorescence of H,O vapor could be dis-
tinguished from the background fluorescence of cell
windows and walls was about 323 nm. As was shown
in Ref. 8, the fluorescence cross-section o at
A = 270 nm is about 107% cm?.
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FIG. 3. Longwave wing of the absorption band
and segments of it recorded with spectral reso-
lutions of 0.03 nm and 0.003 nm, respectively.
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Several 0.3—A wide portions of the spectrum (that
corresponds to the free dispersion spectral range of the
Fabry-Perot interferometer installed inside the laser
cavity) were recorded with the spectral resolution of
0.003 nm. A fragment of such a spectrum is shown in
Fig. 3. Neither in the spectra of the entire wing of the
H,0 absorption band made with the 0.03-nm resolution,
nor in those portions of it made at a resolution of
0.003 nm was any fine structure typical of a line spec-
trum revealed.

Thus it was found in this experiments that the
absorption band studied is of continuum nature and
originates due to the electron transitions from the
bound states to the repulsive ones or to the states
corresponding to large internuclear distances.
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