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Emission spectra of the CN violet band system (B2X-X2X, Av=0) produced in the photodissociation of HCN
and DCN by Lyman-« radiation (121.6 nm) were observed with resolution of about 0.2 nm and with sample pres-

sures of 0.01—1.5 Torr.

The spectral features of the two were similar, but the main peaks (v’=0—4) from DCN

appeared more sharply than the corresponding peaks from HCN. The relative vibrational populations and the

effective rotational temperatures were estimated by a band-envelope analysis.

No indication of vibrational popula-

tion inversion was observed. The CN(B2X) radical produced from DCN is likely to have slightly higher vibrational
(0.31+0.08 ¢V measured from the zero-point energy) and rotational energies (0.15+0.02 eV) than that from

HCN (0.23+0.08 and 0.1140.02 €V, respectively).

There has recently been a spate of theoretical and
experimental investigations on the photofragmentation
of simple polyatomic molecules. Many of them provide
valuable information on the partitioning of internal and
kinetic energies of fragments.l'? Diatomic radicals
produced from linear molecules, particularly the CN-
(B2Z) radicals from various cyanides, have been stud-
ied most extensively.?) For instance, the CN(B2X)
radicals from cyanogen halides were analyzed in detail
by Mele and Okabe?) and were recently reinvestigated
by Ashfold and Simons® with much higher resolu-
tion.

One of the problems of current interest is the isotope
effect on the production of CN(B2Z) from HCN/DCN
by vacuum ultraviolet radiation. In a number of re-
cent theoretical studies,” 1% model repulsive potentials
for the C-H/C-D bond were estimated by fitting the
vibrational distributions of CN(B2Z) from HCN ob-
served by Mele and Okabe,? and isotope effects on
the photofragmentation probability and the vibtational
distributions for the krypton and xenon resonance lines
were predicted. The predictions made by Band and
Freed” and by Atabek ef al.%1? differed drastically
from each other, but they equally emphasized the im-
portance of an experimental measurement of this isotope
effect for the elucidation of the mechanism and dynamics
of photodissociation. It should be ideal for this purpose
if the CN violet and red emission bands from HCN
and DCN by radiations of several different wavelengths
were to be measured with high resolution and high
accuracy.

The present study is our effort in this direction but
only to the limit of our current experimental facilities.!1)
Relative vibrational distributions of the CN(B2X) pro-
duced from HCN and DCN with various sample pres-
sures by Lyman-« radiation (121.6 nm) have been esti-
mated by analyzing the violet emission spectra measured
with medium resolution. The rotational distributions
have been estimated by band-envelope simulation.

Experimental

The apparatus and experimental details have been reported
previously.’d The Lyman- radiation was obtained by 2.45
GHz microwave discharge of a 1 :3 mixture of hydrogen
and helium. Fluorescence in the visible region from the
sample cell was detected by a Nikon P-250 grating mono-
chromator (1200 Gr/mm) blazed at 500 nm. The CN violet

Av=0 bands around 388 nm were observed with slit widths
of 40—60 pm. The slit width of 50 um corresponds to an
energy resolution of about 0.2 nm. The signal from a photo-
multiplier (HTV R585) was measured by a photon counting
system.

The sample of HCN was prepared by the reaction!® of
sodium cyanide with sulfuric acid at 60—80 °C. DCN was
prepared in a similar way, D,SO, and D,O being used in
place of H,SO, and H,0O. The samples were purified by
vacuum distillation. An infrared spectrum of HCN showed
no trace of impurity. The isotopic purity of DCN was
estimated from the Balmer emission intensities of H and D
atoms produced by impact of 200 eV electrons.’® The upper
limit of hydrogen impurity was estimated from the observed
intensity ratio to be about 109%.

Analysis

Spectral Features. The Av=0 sequences of the
CN violet band (B2Z-X2%) produced from HCN and
DCN were observed at pressures ranging from 0.01 to
1.5 Torr. The spectra observed around 388 nm were
assigned according to the table prepared by Pearse and
Gaydon.1Y) The Ap=—1 sequence was also observed
around 420 nm, but it was much weaker than the Av=
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Fig. 1. Emission spectra of the CN violet (B2Z-X2X)
Av=0 band from a) HCN, 0.04 Torr and b) DCN,
0.02 Torr with a slit width of 50 um. The numbers
indicate positions of the P-branch heads of the v'=
0—4 bands.
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Fig. 2. Typical pressure dependence of the CN(B2Z-
X2Y) Av=0 band from DCN at a) 0.01 Torr and b)
0.62 Torr. The effective rotational temperatures were
estimated from best-fit analysis to be a) 17004200 K
and b) 10004200 K.

0 sequence. Though the isotope effect on the emis-
sion yield was not measured quantitatively, there ap-
peared to be no drastic isotope difference at this wave-
length. Typical emission spectra measured under simi-
lar experimental conditions and at the lowest practicable
sample pressures are shown in Fig. 1. The peak in-
tensities of the bands decreased monotonically from o’
=0 to 4, and no anomalous population distributions
were observed. The bands from DCN had sharper
peaks than those from HCN. The rotationally per-
turbed lines’%15) were not observed significantly, but
the spectral resolution was insufficient to prove or dis-
prove their presence.

For both species the spectral features were essentially
independent of the sample pressure below about 0.4
Torr, but they started to change when the pressure was
further increased, as shown in Fig. 2: At a higher pres-
sure the peaks were broadened and those with »'=2—4
became obscured. This trend has not been observed
clearly for other cyanides studied concurrently!!»16)
(BrCN, ICN, and (CN),).

Band-Envelope Analysis. The vibrational popula-
tions, Py, and the effective rotational temperatures,
T,(v"), of the CN(B2Z) states immediately after pro-
duction from HCN and DCN, i.e., essentially free from
subsequent collisional relaxations, were estimated by a
band-envelope analysis.’'»1%19)  Since the bands with
v'=>5—10 were buried within those of the lower vibra-
tional levels, only crude estimates of P, for '25 could
be obtained. In addition, since the rotational lines were
not resolved, the effective rotational temperatures for
all the vibrational states were assumed to be equal. The
parameters, P,» and T, were adjusted by trial and error
to obtain the best fit of the calculated band envelope
to the observed spectrum. A typical comparison of
the observed and calculated band envelopes is shown in
Fig. 3. 'The effective rotational temperatures were thus
estimated to be 1300%200 and 1700200 K for HCN
and DCN, respectively. The relative vibrational popu-
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Fig. 3.
lated band envelopes of the CN(B2X-X2X)

from (a) HCN and (b) DCN.

Comparisons of the observed and best-fit calcu-

Av=0

TaBLE 1. RELATIVE VIBRATIONAL POPULATIONS (P,/P,)
ror CN(B2Y) PRODUCED IN THE PHOTODISSOCIATION
or HCN ano DCN

v HCN® DCN®) HCN»
0 1.00 1.00 1.00
1 0.54(5) 0.56 (5) 0.40
2 0.20(5) 0.28(5) 0.09
3 0.10(4) 0.17 (4) 0.012
4 0.06(3) 0.09(3) 0.006
5 0.04 0.07 —
6 0.02 0.04 —
7 <0.01 0.01 —

a) The present study, by Lyman-« radiation (121.6 nm).
Uncertainties represent estimated limits of error in the
last significant digits. The relative populations for v"=5
are only crude estimates. b) Crude estimates made
by Mele and Okabe (Ref. 4) for the CN(B%>]) produced
by krypton resonance lines (116.5 and 123.6 nm).

lations, P,/P,, in the low-pressure limit are listed in

Table 1.

Discussion

Distributions of Internal Energy. By use of the rela-
tive populations estimated in Table 1 and the known
vibrational energy levels,2?) the average vibrational
energies (above the zero-point energy) of the CN(B2Z)
produced from HCN and DCN are calculated to be
0.232:0.08 and 0.31+0.08 eV, respectively. The aver-
age rotational energies, given by k7, are estimated
to be 0.11+0.02 and 0.1530.02 eV for HCN and DCN,
respectively. The estimated uncertainties include those
due to the overlapping of the observable bands, the
approximations made in the analysis, and the various
sources of experimental error.

The available excess energy in the production of
CN(B2Z) from HCN corresponds to the difference be-
tween the photon energy (10.2 eV) and the sum of the
C-H bond dissociation energy (5.22) or 5.522) ¢V) and
the electronic energy of CN(B2X) from the ground
vibrational state of CN(X2X) (3.1 eV).23 Thus, the
fractions of the available energy used for vibrational
and rotational excitations are about 15 and 89, re-
spectively. These estimates agree with those reported
by Mele and Okabe? for the CN(B2X) produced from
HCN by the Kr (and Xe) resonance lines, about 13
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and 79,.

Notwithstanding the appreciable uncertainties estima-
ted above, the present study indicates slight isotope
effects on the vibrational and rotational excitations of
CN(B2Z) produced from HCN and DCN.2Y A further
more accurate measurement is necessary for a critical
comparison of experimental and theoretical distribu-
tions of vibrational and rotational energies. In this con-
nection, it is noteworthy that significant isotope effects
on the vibrational and rotational distributions of CN-
(B2Z) produced from HCN and DCN have been found
in our recent study of electron-impact dissociation (ca.
200 eV) with much higher resolution.25

Pressure Effect. The observed changes in the
spectrum when the sample pressure is higher than 0.4
Torr— the decrease in the peak intensities correspond-
ing to »'=2—4 and the apparent decrease in the effective
rotational temperatures— may be ascribed to collision-
al relaxations. If one assumes that the rotational re-
laxation takes place effectively at about 0.5 Torr,
where the mean time between the formation of the CN-
(B2Z) radicals and their collisions with the parent
molecules is comparable with their natural radiative
lifetime (presumably about 60 ns?-28)) then it is pos-
sible to estimate roughly the effective cross section for
the rotational relaxation of CN(B2X). Since the mean
velocity of CN(B2Z) is estimated to be about 6x 104
cm/s, the cross section for rotational relaxation is
probably of the order of 150 Az.
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