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Vibrational structure of the X 2A\,’ state of NOs
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We have generated NOs in supersonic free jet expansions, and observed the laser induced
fluorescence (LIF) and two-color resonant four-wave mixing (2C-R4WM) signals of the
B %E'—X Z2A), electronic transition. We have measured dispersed fluorescence (DF)
spectra from the single vibronic levels. Vibrational structure of the DF spectrum from the
vibration-less level is categorized into three parts. Region II: The structure in the region below
1850 cm’!, except the vi and vs fundamental regions (Region I, see below), ~ 1050 and 1500
cm’!, respectively, is understandable as the va progressions, 4%, and 1°:4%. Region III: The
structure above 1850 cm™ is too complicated to interpret the structure. Region I: The vi and
vs fundamental regions are now active for discussion, and thus we have tried to measure the
rotationally resolved 2C-R4WM spectra. The observation of the 2C-R4WM signals has been
restricted those through J° = 0.5 of the B 2Ej} /2 State only, as reported previously [1], the
reason of which restriction has been unsolved yet. The 2C-R4WM spectrum of the 1500 cm'
region shows the K =0 and N =1 level of an a;’ level remarkably (which may be attributed to
the 2v2 or 4v4 level, or mix of them, but has not been concluded yet), and the 4WM transition
energy observed agrees with that derived from IR hot-band analysis [2]. On our higher
resolution measurement of the DF spectrum, it has been found that there is an additional level
near the vi fundamental [3], and accordingly the 2C-R4WM spectrum of the vi region also
has the corresponding two bands. The K = 0 and N = 1 level of the vi1 fundamental has been
identified for the first time. The other, additional band consists of two rotational transitions
separated by 0.27 cm™!. Although the 0.27 cm™ separation is about 10 times larger than the
spin splitting, ~0.025 cm™, of the K = 0 and N = 1 levels at the other a1’ levels with / = 0, such
as vibration-less and v1 (the latter value of which, 0.025 cm™, cannot be resolved under our
instrumental resolution), the two transitions are thought to correspond to those terminated to
two spin sub-levels, J = 0.5 and = 1.5, at the present. On our interpretation on 3va, electronic
angular momentum, Aj, induced by the vibrational angular momentum, /, generates the large
splitting, ~160 cm™!, between the a1’ and a2’ levels of 3va, and this additional a;’ level is
assigned to 3v4 with / = +3 [3,4]. For X vibronic levels with K =0, suchas vq=1and /=1,
of a 21T electronic state, it is well known that 2™ and 22(7) vibronic levels have relatively
large Q- or p-type doubling due to non-zero A, in spite of the X vibronic levels [5]. It is
thought that the unexpectedly large spin splitting, 0.27 cm™!, between the J = 0.5 and = 1.5
levels at 3v4 with / = £3 is induced by spin-vibration interaction, which has been discussed
for degenerate vibronic levels of non-degenerate electronic states, *X and 3%, of linear
polyatomic molecules [6].
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