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Short Communication

Yibrational inversion of CN produced by flash photolysis of BrCN in excess Xe*

ROLF ENGLEMAN JR.
University of California, Los Alamos Scientific Laboratory, Los Alamos, N. M. 87544 (U.S.A.)
(Received July 19, 1972)

The flash photolysis of BrCN vapor in excess N, is known to produce
vibrationally excited CN in the ground electronic statel. This source has been used
to do a high-resolution analysis of the absorption spectrum of the CN violet
system?. For this purpose, 0.05 to 0.5 Torr of BrCN diluted with 20 times as much
He was flash photolyzed. The experimental details were very similar to those used
in a study of the NO spectrum from the flash photolysis of CINO3. Absorption
spectra of CN in the X2 ground state with v’ <{ 7 were observed in the Av = 0
and -} 1 sequences of the violet system around 388 and 359 nm, respectively. All
spectra mentioned here were obtained immediately following the peak of the photo-
lysis flash, since vibrationally excited CN decays within a few tens of micro-
seconds, A typical absorption spectrum of the Av = 0sequence is shown in Fig. 1(a).

Spectra at higher pressures were taken so that collision widths of the CN
rotational lines could be obtained, similar to a study made on OH#%. Mixtures
containing 600 Torr of He, N,, CO,, Xe¢, Ar, CO, SF,, H,, or CH,; and between
0.05 and 0.5 Torr of BrtCN were flash photolyzed as already described3.4. The last
four mixtures vielded no CN absorption, perhaps due to rapid reactions with any
CN produced. The first three gas mixtures gave strong CN (0,0) band absorption
spectra and very weak or absent (1,1) and higher sequence bands, this being a
consequence of very rapid vibrational relaxation. The rotational lines of the (0,0)
band were diffuse due to collision broadening by the inert gas. The rotational
temperature, as judged from the maximum intensity rotational lines, is only slightly
above room temperature.

Figure 1(b) shows the Av = 0 sequence bands from BrCN in the presence
of 600 Torr of Xe. The broadened (0,0) band is present as described for the other
gases. In addition, the broadened (3,3) band occurs and is only slightly weaker than
the (0,0). The (3,3) band also seems to appear weakly with the Ar and N, mixtures.

* Paper presented at the tenth Informal Photochemistry Conference, Stillwater, Oklahoma,

May 15-18, 1972. )
This work was performed under the auspices of the U. S. Atomic Energy Commission.
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The (1.1) and (2,2) bands were very weak and the (4,4) and higher bands were
absent for these mixtures. Since the calculated Franck—Condon factors for the
CN (B2X—+X2Z, Av = 0) bands vary only slowly as a function of v"’5, the unex-
pected strength of the (3,3) band would not seem to be due to differences in the
absorption coefficients of the bands in the Av == 0 sequence.

Thus there seems to be a strong vibrational population inversion between
the v’ = 3 and v’ = 2 levels of X2 when excess Xe is present. This would suggest
the possibility of infra-red laser action in the (3,2) band. A preliminary attempt
to operate such a laser was not successful®. The only CN laser that has been report-
ed uses the flash photolysis of low-pressure (CN),, but the lasing transition in this
case was (4,3)".

Earlier workers' have argued that an optical pumping mechanism is re-
sponsible for the formation of vibrationally excited CN during the flash photolysis
of BrCN in N,:

BrCN + Av — (BrCN)* — Br + CN (X2X, v = 0) (D
CN (X?%,v=n) + v > CN(B2E,v =n,n+ 1,...) 2
CNB2Z,v=nn+t1..)>CNXZ,v=mm-+1,...) 3

The initial CN production comes from BrCN photolysis, but, due to the large
absorption coefficient of CN, many repetitions of reactions (2) and (3) can occur
during the photolysis flash, leading to an abnormally hot vibrational distribution.
The last step could involve either fluorescence or collisional deactivation. This
mechanism neglects vibrational deactivation, which will generally lower the con-
centration of the higher levels of CN. The effect of vibrational deactivation was
very apparent in the experiments with 600 Torr of added gas; almost no v/ >0 CN
was observed except for v/ = 3 with Xe mixtures. The observation of the (3,3) CN
band in the presence of Xe does not appear to fit into this mechanism.

It has been suggested that collisional transfer from B2X to AZ2[1 could result
in this type of distribution®. However, the absence of X?Xv”' — 4, which coincides
with A%I[Tv’ = 0, and the strength of v"’ = 3 in the Xe mixtures leaves this explana-
tion open to question. More experimental work would be necessary to determine
what other mechanisms, such as deactivation of (BrCN)* or involvement of CN
(AZ2T]), might be reasonable. It is unfortunate that this Xe effect was noted after
the apparatus for producing it was no longer available. Further investigations,
particularly of the pressure and time dependence and the use of other CN sources
(ICN, CICN) would seem warranted, since this appears to be a unique vibrational
distribution, unlike those observed in CINO flash photolysis and similar systems.

The author is indebted to Mr. B. J. Killoran for his assistance with the
experimental work.
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