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Isotope-Selective Predissociation of Ozone Molecules
Induced by Infrared Laser Irradiation
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High-resolution absorption spectrum of ozone isotopologues was measured
at near-infrared region. We report on the first experimental evidence that the
absorption of infrared photons leads to the predissociation of ozone molecules.
A narrow-band laser beam of around 1 ym wavelength is employed to irradiate
isotope-mixed ozone gas. Significant decomposition is detected only for the
irradiated ozone isotopic species. This result clearly indicates that the process is
due to single-photon absorption through the rotationally resolved transitions in the
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SA,<'A, (v,=1-0) band.
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Fig. 1 Experimental setup for the measurement of
ozone absorption spectrum at around 1 um wave-

length. DFB-LD stands for distributed feedback laser
diode, and Si PD for silicon photodiode. During the
measurement of the predissociation of ozone isotopo-
logue, the wavelength of the laser was kept at the peak
position of a particular absorption line of 666 or 668
ozone species.
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Fig. 2 Spectra observed for '°0 100%(atom) (upper trace) and an isotope mixture of '*0 30%(atom) and °0 70 %(atom)
(lower trace) . The two spectra are vertically shifted for the sake of clarity. Absorption lines (AL) denoted as AL1-AL4 are
those employed for the laser irradiation experiment (AL1: 10074.61cm™', AL2: 10080.68cm ', AL3: 10081.30cm ™', and AL4:

1007442 cm™) .
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Fig. 3 Change of ozone absorption peak height (a)
without, (b) with 666 and (c) with 668 irradiation of
the DFB laser beam. The peak heights were observed
666 and 668 species every 2 h using the peaks at the
wavenumbers cited in the inset. In (a) , background
decomposition in the =15 °C cell was recorded. In (b) ,
the laser wavenumber was fixed at AL3:10081.3cm™
that corresponds to a strong absorption peak of the
666 species. In (c) , the laser wavenumber was fixed at
AL4:10074.4cm™" that corresponds to a strong absorp-
tion peak of the 668 species. A significant difference in
the decomposition rate is found only with irradiation.
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Fig. 4 Comparison between the total decomposition vol-
ume resulting from the optical (peak height) measure-
ment and the observed decomposition volume from the
pressure measurement. Closed circles are for the 100%
(atom) '°0 sample (16-h irradiation, 0, 15, or 30 °C cell
temperature) , whereas squares are for the mixture of
"®0 and "0 (15 or 30%(atom) , 36 h irradiation, and 15 or
30 °C cell temperature) .
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Table 1 Comparison of decomposition volumes ob-
served for the 666 and 668 species on various irradia-
tion conditions.

Irradiation condition Decomposition volume (cm®)

(Wavenumber) 666 (62%) 668 (21%)
irﬁg?ai‘;;n total  1.003+0.090 03310031
ALI total  1.0484+0.036 0.629+0.052
(10074.42cm™)  difference  0.05+0.13  0.30+0.08
AL3 total 215240077 0.423=+0.029
(10081.30cm™)  difference  1.15+0.17  0.09+0.06

The cell pressure was 14.3kPa, and the cell temperature
was -15 °C . The laser beam was irradiated for 36 h. Ozone
was generated from the mixture gas of '°0 85 % (atom) and
®0 15% (atom) (666 and 668 species concentration was
62% and 21 % respectively).
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Fig. 5 Decomposition volume of 666 ozone as a function
of (a) 666 ozone concentration and (b) laser power em-
ployed for the irradiation. The irradiation wavenumber
was 10081.30cm™". The cell pressure was 14.3kPa, and
the cell temperature was (a) 15 °C and (b) -15°C . The
irradiation was for (a) 36h and (b) 16h. In (b) , ozone
was generated from the sample gas of '°0 100% (atom) .
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