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The viéible absorption spectrum of NO2 extends from about
4000-7000 A! and seems to consist of nuﬁérOuS'Qﬁérlapping lines
forming a quasi-continuum, with a few recognizable bands2 superimposed
upon it. Although several limited regions, uSﬁally near fixed
frequency laser wavelengths, have been successfuly'analyzed using
laser induced fluoi'escence3 énd-microwave—dptical double resonance ?
techniques, there is still considgrable uncertainty in the interprez'
tation of the overall absorptioﬁ spectrum, inéiuding the sharp line
structures found by Douglas and Huber.2 There is also a continuing
problem of reconciling the short excited state lifetimes deduced
from the absorptibn spectrum6 with the long measured lifetimes, °’
althbugﬂ several workers have feported'evidenée of short lived inter-
mediate'states.S’S‘We are réporting on a technique which may further
help to unravel the éomplex spectra of simple polyatomié moiécuies
like NOZ.

‘We have measured .the excitation spectrum for the vy mode of
NO2 using a narrow band (.IR) qitrbgen—laser-pﬁmped dye»laser.9 This
technique_allows one not only to selectiyely excité_the NO2 molecule,
but also to monitor a particular re-emission mdde,. We tuned the laser
thrdUghvmost of the visible abSorpfion'spectrum of N02'(4200-6OOOR) |
and observed the fluorescence through a spectrometef with a bandwidth
of 252. As the laser wasvtuned, the spectrometer was advanced.so as

to keep its bandpass centered on the vy mode located 750 cm-1 from

the laser frequency. Our excitation spectra show several narrow re-

“gions where there are large enhancements in the intensity of the v,
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fluorescence mode. These narrow structures, whiéh'consist.of sharp
and intense lines, afe shown in Figure 1. FQrJa'given_dye,other
structures were obgerVed,but they were either of lower intensity or
did not consist of resolved Sharp lines. The ﬁoéitions of five of
the structures in Figure 1, located at i8215, 19523, 21099,.21996,

and 22989 cm-l, are given to witﬁin 10 cm.1 by the following formula:

U = 18215 + 576.22N + 36.38N°
with N respeqtively equal_tb O, 2, 4, 5, 6. :The frequencies corre-
sponding to N=1 and N=3 occur at gaps between the dyes and we
speculate that there are similar structures in theée two regions with
all seven forming a smooth progression. We are‘uncertéin éf the
explanation for this progression, but if it is due to vibrational
spécing in tﬁe upper state, then it has a peculiéf anharmonicity
since.the-spécing between members of the progression increaseé.with
freQuéncy.v'It should bé noted that, of the six:observed structures.
" only fhe one near 45453.(21996 cm_l) correspoﬁds fo'any of the_bandS'
reported‘by Douglas and HuBerZ. For this band;vhowever, there is
a one to one corréspondence betwéen the'lines_in the exCitatién
spectrum and those‘in'the,absorption spectrum.v A more detailed
analysis of this band will be presented eléewhere,10

When the laser is narrowed to a baﬁdwidtllof .01A and tuned
to the péék'of an intense line within one of these structufes,_the
vé fluorescence cross-section is found to be about_twb ordefé'of
magnifﬁde larger than those typically obtained using.fixed frequency
ia;ers.il These large cross-sections are particﬁlarly surprisiﬁg

given the fact that the absorption cross-sections we have measured

o o ‘
at lines near 4545A are comparable to that of the background absorption.
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These sharp and intense struetures may be due to transitions

to intermediate states which are not perturbed by high 1y1ng v1bra-

tional levels of the ground state2 12. Such an explanatlon is consis-

" tent with the large enhancement we have measured. One test of this

‘hypothesis would be to measure the fluorescence lifetime within these

structures to see if they are in better agreement with'the short 1life-

times deduced from the absorption spectrum.
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FIGURE CAPTIONS

Intensity in the v, mode as a function of laser wavelength

near certain selected wavelength regions where sharp and intense

structures were observed. The bandwidth Qf the laser was
. | _ )
= 1A and the spectrometer bandwidth was set to 25A. The

absolute intensities in the different scans can not be compared

directly, due to different laser powers and scale factors. The

spectré'were taken from a cell containing 1 mm of NOZ'

n
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FIGURE 1



UUHG*?ZQ.&S??

LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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