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Summary

Two-photon excitation of ICN with a KrF laser (248 nm) is shown to
give rise to CN(B 2 *) photofragment fluorescence. The vibrational distri-
bution in the CN(B 2= *) state is characterized by a temperature T, of 3200
+ 400 K. This is cooler than expected from previous work employing single-
photon vacuum UV excitation. Possible reasons for this are discussed and it
is suggested that two-photon excitation could populate different electronic
states of ICN than those populated by a single-photon excitation. The role
of the repulsive A state of ICN in the two-photon excitation process is also
considered.

1. Introduction

The photochemistry of the cyanogen halides has attracted considerable
experimental [1 - 13] and theoretical [12 - 18] interest. Experimental
studies have been facilitated by the fact that strong fluorescence is observed
from CN photofragments following excitation of the parent molecule in the
far UV region. This fluorescence has been analysed in detail, particularly by
Simons and coworkers [6 - 8, 12], to probe the dynamics of the photodisso-
ciation process. Laser-induced fluorescence studies of ground electronic state
CN have also contributed significantly to our understanding of the photodis-
sociation dynamics [10, 11].

It is clear from the work of Ashfold et al. [8] that the vibrational and
rotational state distributions in the electronically excited CN photofrag-
ments are very sensitive to the identity of the photoexcited state, with
parallel levels of excitation being observed in both the CN(A) and CN(B)
states.

In the present communication we describe experiments in which ICN is
simultaneously excited by two photons at 248 nm and show that this leads
to photodissociation with the formation of CN(B 2= *). The vibrational state
distribution and the approximate rotational distributions are determined and
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the results are compared with those for single-photon excitation in the
vacuum UV region.

2. Experimental details

The experimental arrangement for laser photolysis and the observation
of photofragment fluorescence has been described previously [19, 20].
Briefly, the output from a high power excimer laser (Lambda Physik EMG
500) was passed through a cross-shaped fluorescence cell fitted with Spectro-
sil B windows.

For the present work the KrF line at 248.4 nm (0.6 nm bandwidth at
10% of maximum) was employed; the pulse duration was about 15 ns at
this wavelength. The laser beam was focused to an area of about 0.03 cm? in
the 2bservation region giving a maximum photon flux of the order of 70 MW
cm -,

ICN (Fluka, purum grade) was thoroughly degassed prior to use. The
sample was then bled continuously through the photolysis cell using a con-
ventional flow system. The flow rates used ensured that products were
removed from the photolysis region between laser pulses (about 2 Hz). Some
experiments were also carried out with a static gas fill.

A McKee-Pederson (MP1018B) 0.5 m monochromator (dispersion, 1.75
nm mm™!) with an EMI 9661B(S5) photomultiplier at the exit slit was used
to observe the photofragment fluorescence at right angles to the laser beam.
The output of the photomultiplier was fed to a chart recorder via a preampli-
fier and a Brookdeal 2415 linear gate. We note that the use of this linear
gate, in the absence of a delay generator, limits signal collection to the first
microsecond after the laser pulse. Thus any long-lived fluorescence would
be disregarded. In some experiments a delay generator was used to reduce
the gate time below 1 us but this was not found to have any significant
effect on the recorded spectra.

3. Results

The only photofragment fluorescence observed when ICN (P = 24 N
m™2) was excited at 248 nm with the KrF laser line was the Av = 0 sequence
of CN(B 2z* - X 23%*) at about 380 nm (Fig. 1). A search was made for
fluorescence from the A 211, D 211, E 211 and F 2A states of CN but we were
unable to detect any such emission. Failure to detect CN(A 211} in fluores-
cence is not surprising as the spectrum of this species lies in a region where
our photomultiplier tube becomes insensitive. We note, however, that a
weak orange fluorescence could be observed by eye following the laser pulse,
and this suggests that some CN(A 21I) is formed by two-photon excitation of
ICN.
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Fig. 1. Photofragment fluorescence from CN(B 2T* —» X 23*) following the two-photon
excitation of ICN with a KrF laser (248 nm): Pigny = 24 N m™2,

The intensity of the CN(B-X) emission was found to vary quadratically
with laser intensity at low intensities (below 10 mJ) but saturation was
evident at higher intensities as the intensity exponent tended towards a value
of 1.5.

The relative peak heights of the P branch band heads (allowance was
made for overlap between the P and R branches which occurs for all but the
P branch of the (0,0) band) of the CN(B—X) emission were used together
with the known Franck—Condon factors [21] to derive a set of vibrational
level populations for 0 < v’ < 4. These are presented in Table 1. The popu-
lation of levels with 4 < v' < 11 could not be determined as the bands are
headless and are overlapped by the levels v’ = 0 - 4; however, the rapid de-
cline in population towards v’ = 3 suggests that the population of higher
levels is negligible. Levels higher than v’ = 11 would have been readily ob-
served had they been populated. We conclude that levels v’ = 0 - 3 contain at
least 95% of the vibrational population of CN(B 2z *). A plot of In N, against
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TABLE 1

The vibrational distribution N,/Ng of CN(B 22"') following
two-photon and single-photon excitation of ICN.

v Ny/Nyg
Two-photon excitation Single-photon excitation
(1 x 248 nm) (123.6 nm) [22]

0 1.0 1.0

1 0.4 0.77

2 0.2 0.75

3 =01 0.62

4 <0.1 0.564

E, gave a reasonable straight line corresponding to a vibrational temperature
T, of 3200 + 400 K.

As we are unable to resolve the rotational structure with our present
equipment (maximum resolution about 0.18 nm) we can only obtain an
approximate value for the overall rotational temperature by comparing the
observed spectrum with spectra produced by computer simulation. The rota-
tional contour for the Av = 0 sequence is quite sensitive to changes in the range
300 - 2000 K and contour analysis is a well-established method for deter-
mining the rotational temperature of CN. From our results we estimate the
overall rotational temperature T of the CN(B 22, v' = 0 - 3) levels to be
1700 + 400 X. The addition of argon (P,, = 13.3 kN m~2) to the ICN in the
fluorescence cell led to a marked shift in the position and the shape of the
band heads. This is due to rotational relaxation within the CN(B %X *) vibra-
tional manifold and can be readily reproduced with our computer simula-
tion. In the presence of 13.3 kN m~2 of argon the rotational distribution is
close to that for 300 K.

Although most experiments were carried out with ICN pressures of
24 N m™2 some were also done at both higher and lower pressures. The
signal-to-noise ratio declines rapidly below 24 N m~2 but reasonable traces
could be recorded down to 9 N m 2. Pressures as high as 133 N m™2 of ICN
were also used; however, this led to a rapid build-up of products when a
static fluorescence cell was used, and the sample was also optically thick to
the incident laser radiation. The vibrational distribution in CN(B 2 *) was
found to remain essentially constant over the entire range studied; and this
strongly suggests that little CN(A 211, v’ = 10) is present under our condi-
tions as this vibrational level is known to be rapidly quenched into the
CN(B 2z %, v’ = 0) level and can therefore enhance the signal observed from
this particular level [23].

4. Discussion

Single-photon absorption by ICN at 248 nm in the A-X continuum
leads to the formation of iodine atoms (predominantly in the ground spin—
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orbit state 2P, 42) and ground electronic state CN radicals [13]. The forma-
tion of CN(A 2I1) is energetically possible below 292.4 nm but the yield has
been shown [11] to be negligible (less than 0.1%). There is insufficient
energy for the formation of CN(B 2z *) at 248 nm other than by a two-
photon process. Secondary excitation of CN by the laser pulse appears to be
unlikely and would definitely not lead to fluorescence from the levels ob-
served here, We therefore conclude that the process leading to CN(B 23z *)
formation is a two-photon excitation process in which the ICN molecule is
pumped to states which lie about 80 500 cm™! above the ground electronic
state. It is well known from earlier work [12] that states of ICN in this
region dissociate to yield both CN(B 22 *) and CN(A 211), although the yield
of the latter is expected to be low at this energy [5].

The presence of the ICN(A'—i) continuum is expected to enhance the
coherent (simultaneous) two-photon excitation cross section but sequential
two-photon excitation could also be important. The latter process should be
less selective than the former and should lead to the population of a broader
range of excited ICN states (the up-pumping process will sample a wide range
of I—CN internuclear separations in the A state and thus a range of interme-
diate state energies). The present results do not allow us to distinguish be-
tween these two mechanisms but this may be possible by using a narrow-band
tunable laser to scan the A-X continuum. Alternatively a two-laser two-
colour experiment might allow these mechanisms to be distinguished.

In principle the states of ICN populated by two-photon excitation can
differ from those excited by single-photon excitation as the two-photon
selection rules allow A to change by up to two units (compared with AA = 0,
+ 1 for single-photon transitions) if the molecule remains linear in the upper
state. If the molecule is significantly bent in the upper state the electronic
selection rules are less restrictive but differences between single-photon and
two-photon excitation still persist in the rotational and some of the vibra-
tional states populated owing to the selection rule for angular momentum
changes (+ 2 or zero for two photons and *+1 for a single photon).

The only information that currently exists on the states of ICN which
lie in the region around 80 000 cm™! is based on single-photon absorption
studies. Some of the discrete features observed in this region have been
assigned to Rydberg series converging on the first ionization potential of
ICN. There is also clear evidence of an underlying continuum or a very con-
gested set of transitions. The work of Ashfold et al. [8] shows that the
photodissociation dynamics of the discrete and continuum states of the
cyanogen halides differ markedly, with the discrete features generally pro-
ducing high energy vibrational and rotational distributions in both A and B
state CN photofragments. By contrast, excitation into the continuum states
of ICN produces relatively cold vibrational and rotational distributions in
both the A and the B states of CN.

In Table 1 we compare our results for two-photon excitation with those
of Simons and Ashfold [22] for single-photon excitation at 123.6 nm (kryp-
ton resonance line). The only other results with which we could make a
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comparison were those of Mele and Okabe [1], but unfortunately their reso-
nance lamp emitted at two wavelengths (123.6 and 116.5 nm). The distribu-
tion reported by these workers [1] differs very significantly from that of
Simons and Ashfold [22], presumably because of the presence of the 116.5
nm line, and therefore we have not included these earlier data in Table 1. It
is clear that we observe a much cooler vibrational distribution than that of
Simons and Ashfold. This could result from a difference in the electronic
states of ICN excited by two-photon absorption but there are other possible
causes. The bandwidth of the KrF laser (0.6 nm at 10% of maximum inten-
sity) is considerably broader than that of a typical krypton resonance line
and we might therefore expect a broader distribution of excited ICN states
to be populated. The only available absorption spectrum of ICN in the re-
gion of 124 nm is of low resolution (reproduced in ref. 12) and does not
allow a detailed assessment of the relative contributions from discrete and
continuum features. However, the dominant feature within the two-photon
bandwidth is a discrete transition which has been assigned as terminating in
the 8s0(311) Rydberg level [12]. This feature is essentially coincident with
the centre of the laser line but would not overlap with the krypton reso-
nance line. We therefore expect a difference in the photofragment energy
distributions in view of the small difference in excitation energy for the two
processes. However, the conclusion reached by Simons and Ashfold, that
discrete spectral features generally give vibrationally and rotationally hot
distributions in CN(B 23 *), leads us to expect a much hotter distribution
than that observed. We can offer two explanations for this apparent devia-
tion from the expected hot distribution. First, two-photon excitation of ICN
could lead to the population of different upper electronic states of ICN
compared with single-photon excitation. If this is the case the vibrational
distributions produced by the two processes could be entirely different. The
second possible explanation is based on a sequential pumping mechanism
involving the repulsive A state of ICN. This would be expected to produce
a broader and cooler distribution of CN(B) vibrational states because of the
wide range of I—CN internuclear separations which occur during dissociation
on the repulsive intermediate surface. Of these two explanations we favour
the former as the probability of a molecule absorbing a second photon
during the dissociation process is small owing to the short lifetime of the
molecule on a repulsive intermediate surface (less than 10712 g),

Further detailed studies of both the vacuum UV spectrum of ICN in the
124 nm region and the two-photon excitation using a frequency-narrowed
tunable laser will be required to resolve the questions raised by this work.
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