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Laser-induced fluorescence was used to study the CN radical produced by mnfrared multiphoton dissociation of vinyl
cyanide. The time between the photoly sis pulse and observation was varied. CN fragments produced at short times were
hotter rotationally than those produced later, even under the collisionless conditions of a molecular beam

1. Introduction

The field of mnfrared multiphoton dissaciation of
molecules. although intensely studied in recent times,
continues {0 generate a great deal of interest among the
scientific commumty. Considerable research, both
theoretical and experimental, remains to be done in
order to understand the process by which a molecule
absorbs many photons and undergoes decomposition.
Some investigators have probed the excitation mecha-
nism by seeking reaction products other than those
coming from the lowest thermodynamic path [1].
Others have chosen molecules with two reaction routes
that compete under conventional thermolysis [2].
While sllustrative of the pumping process, the energy
grain of these experiments may be on the order of
tens of thousands of wavenumbers

A finer grain by whuch to study the infrared multi-
photon dissociation process 1s provided by the internal
energy levels of the fragments from a single reaction
path. Laser-induced fluorescence offers a convement
technique to study the distribution of energy among
these levels. Many small fragments have simple fluores-
cence excitation spectra, allowing examination of
vibrational and rotational energy distnbutions. This
approach has been used in the low-pressure studies of
the fragments NH, [3].CF, [¢].CH, {51,C, 16,71,
OH [8],CH [8,9],and CN [9,10].

The present work utilizes the technique of laseran-
duced fluorescence to study the CN radical created by
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the mfrared multiphoton dissociation of vinyl eyamde
(acrylomtnle), H,C=CHCN. Vinyl cyanide has been
observed to be an efficient source for both C5 and CN
[7]. Expeniments were performed both mn a flowing
gas and under the collisionless condition of a super-
sonic molecular beam. The time was varied between
the photolysis of the parent compound and the ob-
servation of the CN product. The CN rotational dis-
tribution under collisionless conditions 15 found to be
cooler at longer times. Thus result appears to be -
dicative of the energy distributions created withun the
parent vinyl cyanmide molecules by the infrared laser,

2. Experimental

These experniments were performed 1n a two-chamber
molecular beam apparatus. A source chamber was at-
tached to one side of the main observation chamber;
on the opposite side a secondary port provided for a
“beam dump” and additional pumping speed. Both
the source and man chambers were cryopumped with
liqmd mitrogen. The base pressure of the apparatus was
below 106 Torr.

The nozzle was a bearing jewel wath a 0.13 mm diam-
eter hole. The free expansion jet was skimmed through
a 1 mm diameter opening. The skummer—nozzie dis-
tance could be adjusted externally, thus spacing was
typically 3.8 mm. The pressure of vinyl cyanide be-
hind the nozzle was measured by a capacitance manom-
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eter. For most beam experiments this was mamntained
at 75 Torr through evaporation from a liquid reservorr.
These conditions correspond to a hard-sphere collision
time of greater than 60 us 1n the molecular beam.
Vinyl cyanide could also be admitted to the main
chamber through a valved opening in 1its side; a capa-
citance manometer measured the main chamber pres-
sure in these cases.

The infrared laser was a Lumonics model 801A
TEA CO, laser. The wavelength selective grating was
replaced by a gold-coated flat. This caused the laser to
operate multiline, primanly on the 10.6 um P(20)
line (944 cm—1). This line lies shightly to the red of
both the C=CH, and C=CHCN wag vibrational modes
of vinyl cyanide (963 and 1023 cm™1, respectively)
[11]. At a repetition rate of 15 Hz, we obtained 1.3 J
per pulse 1n a roughly circular spot about 3 cm in diam-
eter. The pulse power was divided aimost equally
between an initial spike (300 ns fwhm) and a long tail
(several us). Under finer temporal resolution, the en-
tire pulse consisted of a series of short spikes, indica-
tive of the multimode character of the laser. Thas re-
sulted in a shot-to-shot variation in the peak of the
pulse of up to 50 ns, although the trigger stability was
better than 10 ns. The CO, laser beam was focused in-
to the apparatus with a 50 mm diameter f/4 BaF, lens
through an anti-reflection coated germanium flat. It
crossed the axis of the molecular beam at right angles
at a distance of 7 cm from the front surface of the
skimmer.

A nitrogen pumped dye Jaser provided tunable light
from 384 to 390 nm using the dye BBQ *. This region
corresponds to the CN B—X violet system. The mea-
sured bandwidth was less than 0.03 nm. The dye laser
beam crossed the reaction zone at approximately right
angles to both the molecular beam and CO, laser axes.

Light from the intersection of the three axes was
mmaged by a lens through a bandpass interference filter
onto the cathode of an EMI 9558 QA photomultiplier
tube (S-20 response). The interference filter had a 509
pass band of 10.1 nm centered at 387.8 nm. This served
to eliminate much of the luminescence which accom-
panies the multiphoton dissociation of vinyl cyanide

¥ Imitial difficulty with this dye was overcome by using a con-
centration of 2 6 X 10~3 M in 1. 1 by volume toluene .
ethanol. The solvent was dried over anhydrous magnesium
sulfate and filtered immediately before use.
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[12]. The output of the photomultiplier was viewed
on an oscilloscope and fed to a PAR model 162/164
boxcar integrator for temporal discrimination. The
output of the integrator was plotted with a stripchart
recorder.

The synchronization output of the CO, laser pro-
vided the time reference for these experiments. The
boxcar integrator and oscilloscope were both triggered
by this signal. One channel of the integrator was used
to initiate the firing of the dye laser system, while the
other supplied the detection gating. In this manner the
time at which the CN radicals were probed could be
set at a particular value or scanned.

The vinyl cyanide was obtained from the Aldrich
Chemical Company and was degassed under vacuum
prior to use. The purity was checked by gas chromato-
graphy and a single peak was recorded. Detection lir-~
its placed impurity levels at less than 0.05%.

3. Results and discussion

Fig. 1 shows two laser-induced fluorescence spec-
tra of the CN radical. Both were obtained after IR
multiphoton dissociation of vinyl cyanide in a2 molecu-
lar beam. The upper spectrum (fig. 1a) was taken with
a relatively short delay between the start of the CO,
laser photolysis pulse and the dye laser probe pulse.
The lower trace (fig. 1b) was taken with the probe near

(a) 2.51 psec daloy
T =682¢11 K
2353 W7 87 8% 3%
(b) 4,80us2c deloy
TR=2455t5 «
LA A A A s

3883 2875 3367 3853

Fig. 1. Excitation spectra of CN radials produced by the IR
photolysis of vinyl cyanide in a molecular beam, taken at two
different time delays. The spectra correspond to the rotational
structure of the (0, 0) band of the B2 —X 2=* violet sys-
tem.
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the end of the CO, laser pulse. The times hsted refer to
the beginnung of the triggening process, the CO, laser
pulse begins at 1 95 us.

The observed spectra correspond to the (0, 0) vibra-
tional band of the CN violet system. The band origin
occurs at 387.5 nm: the R branch proceeds to shorter
wavelengths. The P branch moves to longer wavelengths
before folding back onto itself to form the bandhead
at 388 3 nm The bandhead 1s the most commonly ob-
served feature in high temperature CN spectra [13,

14, p. 31]. Increasing amounts of rotational energy
result both 1n a more pronounced bandhead and a more
distributed R branch. Qualitatively fig 1a represents
CN radicals with greater rotational energy than those of
fig. 1b

The rotational energy distribution of the CN frag-
ments may be further quanufied. Let V" denote the
ground-state rotational quantum number. A plot of
the loganthm of the intensity of the N "th line divided
by (2N” + 1) against the quantity N"(N” + i) yields
a straight line for a Boltzmann rotational distnbution
[14.p. 124]. The slope of this line 1s inversely propor-
tional to the rotational temperature Our spectral data
were nterpreted in this manner, using the distinct ro-
tational lines of the R branch; all rotational distnbu-
uons appeared to be Boltzmann 1n nature. Errors listed
m fig 1 are one standard deviation.

The (1. 1) and (2. 2) vibrational bands also occur
i this region of the spectrum. The absence of features
of these bands in our spectra leads us to conclude that
only small amounts of vibrationally excited CN are
present. If the vibrational distnbution is also Boltzmann
mn nature. then we can set an upper liiit of 1000 K on
the vibrational temperature

Experiments were performed with both a molecular
beam and with flowing gas 1in the chamber. Pressures
ranged from 5—100 mTorr 1n the latter case. With each
set of conditions a series cf spectra were taken at var-
10us delays between the photolysis and probe lasers
Individual spectra were reduced to the rotational tem-
perature which best described them. Two typical data
sets are shown 1n fig. 2

Both sets of data show simular trends. At the earliest
times studied, the rotational temperature had a value
of about 700 K. Thus dropped rapidly to approximate-
ly 450 K as the delay was increased. Thus initial sharp
rotational temperature drop 1s independent of pressure
under the pressure range studied. With the flowing gas
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arrangement, a slower drop in temperature continued
as time progressed. Other flowing gas data sets are
stmilar a sharp imtial drop followed by a slower de-
crease 1n rotational temperature. The rate of the latter
temperature decrease increases with increasing pressure,
indicating collisional rotational cooling 1s occurring on
this longer time scale. The temperature at long times
under beam conditions remains constant, within exper-
mental error.

The population of CN radicals in the observation
zone changes with time, while the individual fragments
do not. This can be seen in the curves marked “band-
head CN™ 1n fig. 2. These were obtained by tuning the
dye laser wavelength to the CN bandhead, then scan-
ning the time delay of the dye laser. After an induc-
tion period, this signal rose rapidly and reached a peak
during the tail of the CO, laser pulse This represents
a rapidly growing number of CN radicals within the ob-
servation region. Thas signal deviates from the true
population of CN radicals to the extent that the in-
tensity of the bandhead changes with rotational tem-
perature. Thus the mitial rapid drop 1n temperature 1s
not collisional cooling of a single group of CN radicals,
but the decrease in the average value of the tempera-

MOLECULAR BEAM

B&ND—EAD CN

CN ROTATIONAL TLMPERATURE (K)

€O, LASER
10

800
FLOWING GAS

20 PRESSURE

BANGHEAD CN

CN ROTATIONAL TEMPLRATURE (K}

DELAY  (psec)

Fig. 2. CN rotational temperature (®) versus delay time between
IR photolysis and laser-induced fluorescence observation.

Also shown are the CO, laser pulse and the (scaled) excited
fluorescence signal from the CN B—X (0, 0) bandhead.
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ture through the creation and addition of progressively
cooler fragments to the total CN population *. The
pressure independence of this feature is consistent
with this interpretation.

At a time shortly after 4 us, the CN bandhead signal
begins to decrease. Under molecular beam conditions
this can be accounted for in terms of mass movement
of the reaction fragments out of the observation zone
along the axis of the molecular beam. Diffusion and
reactive collisions remove CN radicals in the case of
the flowing gas experiments.

The mechanism by which vinyl cyanide yields CN
is not presently established.although the collisionless
nature 1s clear. It is not known 1n what order the
bonds break and to what extent additional infrared
pumping occurs during the dissociation *. The evolu-
tion of the group of CN molecules at short times may
be explained in terms of the energy content of 1ts un-
mediate precursor prior to dissociation. It 1s reason-
able to assume that the precursor has a distribution of
energies above 1ts dissociation threshold Those precur-
sor molecules with the largest amounts of excitation de-
compose most rapidly. We postulate that this higher
energy content 1s reflected in a higher rotational tem-
perature of the resulting CN fragment. Those precursor
molecules with a lesser degree of excitation decomposz
more slowly, and also yield a fragment with lower ro-
tational energy. The temperature and yield curves of
fig. 2 suggest that the majorty of the CN fragments
originate from precursors having this lesser degree of
excitation.

4. Conclusion

We have observed the time evolution of the rota-
tional temperature of the CN radical under collisional
and collisionless cond:tions in the infrared multiphoton
dissociation of vinyl cyamide. A sharp temperature fall-
off occurs at times soon afier the beginning of the dis-
sociation process. We believe that this behavior reflects

¥ Strictly speaking, the sum of two Boltzmann distributions
with temperatures 7; and 75 1s not a Boltzmann distribu-
tion itself. It may be approaimated by a Boltzmann distri-
bution at a temperature T = 2T, T2 /(T + T3)

# Future experiments are planned m which the temporal and
spatial character of the CO; laser will be varied. Other frag-
ments and precursors will also be examined.
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the distiibution of energy in the immediate precursor
to the CN fragment.

Acknowledgement

Support from the Department of Energy under EY-
76-S-03-0326 is gratefully acknowledged.

References

[1] E.R. Grant, P.A. Schulz, Aa S. Sudbo, Y.R. Shen and
Y.T. Lee, Phys. Rev. Letters 40 (1978) 115; J. Chem.
Phys. 68 (1978) 1306; 70 (1979) 912;

P.A. Schulz, Aa S. Sudbo, D.J. Krajnovich, H.S. Kwok,
Y.R. Shen and Y.T. Lee, Ann. Rev. Phys. Chem. 30
(1979) 379,

D.F. Dever and E. Grunwald, J. Am. Chem. Soc. 98
(1976) 5055,

J.W. Hudgens, J. Chem. Phys. 68 (1978) 777.

[21 R N. Rosenfeld, J.I. Brauman, J.R. Barker and D.M.

Golden, J. Am. Chem. Soc. 99 (1977) 8063;

D.M. Brenner, Chem. Phys. Letters 57 (1978) 357.

J.D Campbell, G. Hancock, J.B. Halpern and K.H. Welge,

Opt. Commun. 17 (1976) 38; Chem Phys. Letrers 44

(1976) 404;

G. Hancock, R.J. Hennessy and T. Villis, J. Photochem.

9 (1978) 197, 10 (1979) 305;

S V. Fuseth, J. Danon, D. Feldmann, J.D. Campbell and

K H. Welge, Chem. Phys. Letters 63 (1979) 615;

M.N.R. Ashfold, G. Hancock and G. Ketley, Faraday

Discussions Chem. Soc. 67 (1980), to be published.

[4] D.S. King and J.C. Stephenson, Chem. Phys. Letteis 51
(1977) 48, J. Chem. Phys. 69 (1978) 1485; J. Am. Chem.
Soc. 100 (1978) 7151, Chem. Phys. Letters 66 (1979}
33;

E. Wurzberg, L.J. Kovalenko and P.L. Houston, Chem.
Phys. 35 (1978) 317;

D.L. Akins, D.S. King and J.C. Stephenson. Chem. Phys.
Letters 65 (1979) 257.

[{5] D. Feldmann, K. Meier, R. Schmiedl and K.H. Welge,

Chem. Phys Letters 60 (1978) 30;

S.V. Filseth, J. Danon, D. Feldmann, J D. Campbell and

K.H Welge, Chem. Phys. Letters 66 (1979) 329.

N.V. Chekhalin, V.S. Dolzhikov, V.S. Letokhov, V.N.

Lokhman and A.N. Shibanov, Appl. Phys. 12 (1977)

191;

J H. Hall, M. Lesiecki and W.A. Guillory, J. Chem. Phys.

68 (1978) 2247;

J.D. Campbell, M.H. Yu, M. Mangir and C. Wittig, J.

Chem. Phys. 69 (1978) 3854;

H. Reisler, M. Mangir and C. Wittig, J. Chem. Phys. 71

(1979) 2109;

S.V. Filseth, G. Hancock, J. Fournier and K. Meier, Chem.

(3

—

(6

—

379



Volume 71, number 3

Phys. Letters 61 (1979) 288;

N V. Chekalin, VS Letokhov, V.N. Lokhman and A.N.

Shibanov, Chem. Phys. 36 (1979) 415.

{71 1.D. Campbell, M.H. Yu and C. Wittig, Appl. Phys. Let-
ters 32 (1978) 413.

(81 S E. Bialkowski and W.A Guilory, J. Chem Phys. 68
(1978) 3339.

[9] M.L. Lesiecki and W.A. Guillory, J. Chem. Phys. 69
(1978) 4572.

[10] M.L. Lesiecki and W.A. Guillory, Chem. Phys Letters

49 (1977) 92; J. Chem Phys. 66 (1977) 4239.

380

CHEMICAL PHYSICS LETTERS

1 May 1980

[11] F. Halverson, R.F. Stamm and J.J. Whalen, J. Chem.
Phys. 16 (1948) 808;
H.L. Finke, 1.F. Messerly and S§.S Todd, J. Chem.
Thermodyn. 4 (1972) 359.

[12] H. Rexsler and C. Wittig, prepnint (1979).

[13] R.W.B. Pearse and A.G. Gaydon, The identification of
molecular spectra (Wiley, New York, 1963) pp. 111—
113.

[14] G. Herzberg, Spectra of diatomic molecules (Van
Nostrand, Princeton, 1950).



