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v v ABSTRACT
- b"We have measured the eXCitatién spectrum for the v, fluorescence
mode of NQ2 thrqughout its visible abéorption spectrum. The spectfa
show seVerél narrow regions where the vé fluorescence intensity is about
two orders of magnitude larger than that found elsewhere.

o

‘Research supported by the National Science Foundation from RANN
Division and the U.S. Energy Research and Development Administration.



gions where there are large enhancements in the intensity of the v,
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- The visible absorption spectrum'of N02 extends from about

-4000-7000,51 and seems to consist of numerous overlapping lines

forming a quasi-continuum, with a few recognizable bands2 superimposed
upon it. Although several limited regions, usually near fixed

N

frequehcy laser wavelengths, have been successfuly analyzed using
laser induced flubreécence3 and microwave-optical double resonance ’
techniques, there is still considerable uncertainty in the interpre-

tation of the overall absorption spectrum, including 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 absorption spec‘t:run_l'6 with the long measured lifetimes,
although:several workers hare reporteg-evidence.of short lived inter-
mediate stetes.s’sAWe are.reporting on a technique which may further
help to unravel the complex spectra of 51mp1e polyatomlc molecules
like NO,. | |
We have,meesured the excitation-spectrum for the D mode of
NO2 using a narrow band (.IR) nitrogen-laSer—pumﬁed dye_laser.g This
technique eliows_one.hdt only to selectively excite the NOZ’molecule;
but also to monitor a particular re-emission mode: We tuned the laser

through most of the visible absorption spectrum of NO (4200 GOOOA)

and observed the fluorescence through a spectrometer with a bandwidth

of ZSA. As the laser was tuned, the speetrometer was advanced so as

to keep its bandpass centered on the v, mode located‘m750 em L from

the laser frequency. Our excitation spectra show several narrow re-
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fluorescence mode. -These narrow structures, théh éonsist of sﬁafp and

intense linéé, are shown in Figgre 1. For a giVén dye, other structﬁres

: weré obsefved; but they were either of lower intensity or did,not cqnsist

of resolvéa sharp lines. Thé positions of five of the structures in

Figure 1, whose leading edges are located at 18215, 19523, 21099, 21996,

and 22989'cm-1; are given to within 10 ém-l by’the'following formula:
. , v

v = 18215 + 576.22N + 36.38N (1)

With N_respectiQely equal to 0, 2, 4, 5,'6. The frequencies correspond—
ing to N=1 and N=3 occur at gaps bgtween'the dyés and we speculate that
there are similar structures in these two regions with all seven'forming
a smooth prdgression. We are uncertain of the'explanatioﬁ fbr this pro-
gression, but if it is due to vibrational spacing_in the_Upper state, then
it has a peculiaf anharmonicity since thé sbacing between members of the
progression inéreasesvwith frequency. It should be‘noted that, of the six
observed étfuctures, only the one near_4545A.(21996 cm-lj corresponds to
any of the band§ repofted by Douglas and Huber.2 For this band, howevér,
there is a one to one correspondence between thé lines in the excitation
spectrum and those in the absorptidn spectrum. A more detéiled analysis
of this band will Be presented elsewhere. 0 | | |

| When the laser is narrowed to a bandwidth of .01A& the'excita—
tion spectrum is more clearly resolved into individualvlines as sﬁown in
Figure 2. ‘With the laser tuned to the peak of an intense line within this
Struétﬁre, thev\)2 fluorescence cross-section is found to be about two orders

of magnitude larger than those typically obtained using fixed frequency

1asers.11 This large cross-section is particularly surprising given the
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fact»fhét thé abs6rption cross-sections we hafe measured at lineé near
4545 A are comparable to that.of the backgrouﬁd absbfption.

| These shafp and intense structures may be due to transitions to
intermediate'stafes thch'are not perturbed by high 1ying vibrationél
levels of thevground state.z’12 Such an explanation is consistent with
thé large enhancéﬁeﬁt we have measured. One test of this hypothesis wéuld

be to measure the fluorescence lifetime within these structures to see if

they are in better agreement with the short lifetimes deduced from the

absorption spectrum.

* ACKNOWLEDGMENT -

We would like to thank Owen Chamberlain for his encouragement

and helpful discussions throughout the course of this work.



REFERENCES

1) T.C. Hall Jr. and F.E. Blacet, J. Chem. Phys. 20 (1952) 1745.

2)
3)

4)

5)
6)
7)

8)

A.E. Douglas and K.P. Huber, Can. J. Phys. 43 (1965) 74.

K. Abe, F. Myers, T.K. McCubbin and S.R. Polo, J. Mol. Spect. 38
(1971) 552; - : T

K. Abe, J. Mol. Spect. 48 (1973) 395;

K. Abe, F. Myers, T. K McCubbin, Jr and S.R. Polo J. Mol. Spect.
50 (1974) 413

J.C.D. Brand, J.L. Hardwick, R.J. Pirkle and C. J Sellskar Can.
J. Phys. 51 (1973) 2184,

W. Demtroder, F. Paech and R. Schmiedl, Chem._Phys; Letts. 260 (1974)
381; T

C.G. Stevens, M.W. Swagel, R. Wallace and R.N. Zare, Chem. Phys.
Letts. 18 (1973) 465;

R.E. Smalley, B.L. Ramakrishna, D.H. Levy and L. Wharton, J. Chem.
Phys. 61 (1974) 4363.

R.

o T & A G O = 4 = =

W W

" Solarz and D. H. Levy, J. Chem. Phys. 58 (1973) 4026,

Solarz, D. H. Levy, K. Abe and R.F. Curl, J. Chem. Phys. 60 (1974) 1158;

Tanaka, ‘A. D. English, R.W. Field, D.A. Jennings and D.O. Harris,

Chem. Phys. 59 (1973) 5217.
Tanaka, K. Abe and R.F. Curl, J. Mol. Spect. 49 (1974) 310.

Solarz and D.H. Levy, J. Chem. Phys. 60 (1974) 842.

Neuberger and A.B.F. Duncan, J. Chem. Phys. 22 (1954) 1693.

.H.

.B.

1

Myers, D.M. Silver and F. Kaufman, J. Chem..Phys. 44 (1966) 718;

. Sakurai and H.P. Broida, J. Chem. Phys. 50 (1969) 2404;

Sackett and J.T. Yardley, Chem. Phys. Letts. 6 (1970) 323;
Keyser, S.Z. Levine and F. Kaufman, J. Chem. Phys. 54 (1971) 355;
Sackett and J.T. Yardley, J. Chem. Phys. 57 (1972) 152. |

Sackett and J.T. Yardley, Chem. Phys. Letts. 9 (1971) 61Z.

et

oL



o

BOUo042U02s58a2

-5-

9)" T.W. Hinsch, Applied Optics 11 (1972) 895. -

10) P. Robrish and H. Rosen, LBL-3229 (to be published).

11) D.G. Fouche, A. Herzenberg and R.K. Chang, J. Appl. Phys. 43 (1972)
3846; » —

C.M. Penny, W.W. Morey, R.L. St. Peters, S.D. Silverstein, M. Lapp
and D.R. White, NASA Report number NASA-CR-132363.

12) A.E. Douglas, J. Chem. Phys. 45 (1966) 1007.



1

2)

FIGURE CAPTIONS

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

certain selected wavelength regions where sharp and intense struc- .

tures wére observed. The bandwidth'of the laser was ~ .1A and
the spectroméfer banawidth was éet fo 25A. The abéolﬁte intensi-
ties in the different scans can not be compared directly, due to
different laser powers gnd scale factors. The spectra were taken
from a cell éontaining I mm of NOZ; Random fluctuations in the
backgrdund were typically less than 1/5 of the maximum peak height

above the background. The arrows in the figure mark the position

of the leading edge of the structures used in the fit to Eq. (1).

Intensity in the v, mode as a function of laser frequency, near

21,996 cm.1 (4545 A), with narrow band laser excitation. The line-

width of the laser was .01A and the bandwidth of the spectrometer

25A . The relative positions of the lines could be determined to

+ 3% and the absolute positions were set using the wavelength deter-

'minatioﬁ of Douglas and Huber2 for the Q(13) line which corresponds

to line B in our scan.

LS

A

——t



et

N

5>

AN
LR
z
G

4760

4360 © 4340
Laser wavelength (R)

FIGURE 1

XBL 7412-8438



Lcser
bandwidth
+lje

MM«JV\M J

! 1 4 1 |

i : ! I ] t
984 21986 088 21990 992 21994

Laser Frequency (cm™')
XBL7412-8437

Figure 2



Cuouvaw20uy 3 4

LEGAL NOTICE
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