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observed to give a MODR effect. For a and c,
MODR w a s observed at microwave frequencies
40.661, 40.671, and 40.703 GHz, but no signal was
detected at 40.931, 40.964, and 40.993 GHz. Conversely, for b and d MODR w a s observed only at
the latter three frequencies. In all cases the
MODR signal appeared as an increase (typically
1%) of photoluminescence at microwave resonance
with a linewidth of 1 MHz FWHM. SIN w a s 3-10
after averaging for two minutes.

Nitrogen dioxide is known to have a complicated
spectrum in the visible region. Recent investigations of the NO, spectrum have employed photoluminescence excited by ion lasers’“ or by a pulsed
dye laserS and microwave optical double resonance
(MODR) with an Ar’ laser.

‘

We report a complete rotational assignment of
four NO, absorption lines at 593.6 nm by MODR
using a tunable cw dye laser. A similar technique
has been used in an investigation of the microwave
spectrum in the A‘Z excited state of BaO. The
present experiment shows the power of dye laser
MODR for investigating complex optical spectra.

The a line was assigned as foIlows. The photoluminescence transition to vi‘ = 1 near 620 nm w a s

NO, w a s flowed through a stainless steel photoluminescence cell at a pressure of < 10 mtorr. A
single frequency, 50 mW, cw, rhodamine 6 G dye
laser w a s used to excite NO,. Photoluminescence
from NO, was photoelectrically monitored through
a short wavelength cutoff filter. Microwave radiation generated by a 700 mW klystron w a s introduced into the photoluminescence region via a horn
radiator. The phase-locked klystron was swept
repetitively at a rate of 0.05 MHz/channel in synchronism with a 100 channel signal analyzer which
averaged the output of a photomultiplier. Various
fine and hyperfine components of the 91s-10,,,lo rotational transition of the ground vibronic state of
NO, are near 40 GHz. * Strong components at
40.661, 40.671, 40.703, 40.931, 40.964, and
40.993 GHz were used for the MODR experiment.
The first three and the last three frequencies correspond to J = l9/2-21/2 and J = 17/2 19/2 spin
components, respectively.
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The upper part of Fig. 1 shows the “absorption”
spectrum of NQ near 593.6 nm obtained by scanning the dye laser while photoluminescence was observed. Separations between adjacent lines were
measured (* 10%)by monitoring the frequency of
the laser with a spectrum analyzer. Wavelengths
of the lines a, b, and d were measured (* 0.01 nm)
as 593.65, 593.63, and 593.61 nm by scanning a
spectrometer which simultaneously viewed the laser
and a mercury lamp, using the Hg 296.73 nm line
in second order as a wavelength standard.
The four lines designated as a, b, c, and d were
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FIG. 1. Assignment of “absorption spectrum” of NO,

near 593.6 nm as determined by photoluminescence.
Frequency separations are marked in GHz. Spin splittings in the ground state have been exaggerated. Optical

and microwave transitions are shown by solid and broken
arrows, respectively.
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observed as q pair of lines separated by 0.62 nm
with almost equal intensity, assignable as P and R
branch lines of a parallel type band (AK=O). The
observed separation between P and R photoluminescence lines gave the upper state rotational quantum number Af = 9. From the measured wavenumber difference between the laser and the P branch
photoluminescence line we concluded that the laser
coincided with a P branch line. The same method
was applied to assign b. Thus both a and b were \
identified a s transitions from 10o,loof the ground
state to N' = 9, K' = 0 of the excited state. Since
these two lines were observed by MODR to be connected with different spin components of the microwave transition, these lines were assigned as different spin components of an optical transition.
The J' assignment was made assuming the laser
pumped optical transitions with A J = A N . \C and d
were assigned similarly. Assignments for the
three unlettered lines have not been made. Figure
1 summarizes the assignment and the pertinent
energy levels. Either a or b i s the line identified
as a P(10)transition by Stevens e t al.

'

Spin splittings found in the excited state are very
large compared with those in the ground state. The
molecule is likely to be bent in the excited state,

since we have observed both K' = 0 and K' = 1 levels.
However, there is a remote possibility that these
two levels belong to different vibronic states.
MODR detection of the excited state microwave
transition N' = 9, K' = 0 N' = 8, d = 1 might prove
these levels belong to a single nonlinear vibronic
state.
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