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Abstract

The infrared multiphoton dissociation of vinylbromide has been study in real time by the analysis of the spontaneous luminescence
emitted in the dissociation process and by laser induced fluorescence of C, and CH species. It has been found that, although the dissociation
of vinylbromide is a non-collisional process, formation of C, and CH takes place through a collisional process in the presence of the
infrared laser field. Laser induced fluorescence excitation spectra of C, demonstrate that it is formed vibrationally hot in the ground state, its
vibrational temperature estimated to be 2200 4 200 K. The addition of Ar increases the dissociation yield of vinylbromide by a rotational
hole filling effect but, for pressures higher than 12 hPa, the production of excited C2(d3Hg) is strongly quenched. These experiments have
shown also that, in the ground state, approximately five times more population is formed vibrorotationally excited than in the v” = 0 level,
not depending on the fluence of the laser pulses. C,H,, HBr and H, are found as final products for fluences of 170 J/cm?. For fluences of
approximately 300 J/em? diacetylene and a solid black soot are also formed. © 1999 Elsevier Science S.A. All rights reserved.

1. Introduction

Multiple-photon dissociation of polyatomic molecules
induced by intense infrared radiation (IRMPD) from a
CO, laser has been employed frequently for obtaining free
radicals and fragments of interest in kinetic studies [1].
Elementary reactions involving small carbon species like
C, and C; play important role in the high temperature
chemistry of hydrocarbons, as, for example, in the formation
and decay of the recently discovered Cg fullerene [2,3]. C,
is formed following IRMPD of a variety of polyatomic
molecules [4-6], and among them, vinylhalides are systems
that possess simple laser induced chemistry [7,8].

At present and up to our knowledge, no IRMPD of vinyl-
bromide (VBr) has been reported, however thermal [9] and
UV photolytic [10,11] decomposition of VBr in the gas
phase have been studied. Multiple-photon absorption and
dissociation under IR irradiation take place through different
processes than UV multiphoton absorption or thermal
decomposition. IRMPD proceed in the vibrational manifold
of the electronic ground state usually by the minimum
energy channel, but vibrational energies above the dissocia-
tion threshold can be reached transferring the energy excess
to the dissociation products. Thermal decomposition takes
place in the ground state by the minimum energy channel,
although wall effects can become important in the decom-
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position process, effects that do not occur in IRMPD. On the
other hand, in opposition to IRMPD, UV multiphoton dis-
sociation takes place in an excited electronic state.

IRMPD of vinylchloride [8,12] and vinylfluoride [7,13]
proceed via the lowest available channel, that is, the direct
dehydrohalogenation. Thus the major products are acetylene
and HCI or HF, respectively. Other products identified as
diacetylene and solid soot are also found in the IRMPD of
vinylchloride when it is irradiated at high fluence.

Following the research lines in our group [14,15], in this
work we study the IRMPD of VBr through real time
techniques, visible spontaneous luminescence (SL) and laser
induced fluorescence (LIF). The obtained SL emission
spectrum have been assigned to the Swan bands of the
excited C, molecule (d31'Ig — a°Il, transition) and to the
CH fragment (A’A — X°II transition). We have observed
that the formation of these species is due to the simultaneous
interaction of collisions and infrared radiation on the initi-
ally formed excited precursor, probably acetylene. We have
carried out LIF detection of the produced fragments obtain-
ing that the population of C, formed in the ground state is
vibrationally hot.

2. Experimental

A Lumonics K-103 TEA CO, laser is employed for the
IRMPD of the VBr samples. It is equipped with a frontal Ge
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multimode optics (35% reflection) and a rear diffraction
grating with 135 lines/mm blazed at 10.6 um. The irradia-
tion is carried out using the 10P(24) line at 940.56 cm !,
nearly coincident with the vs torsion mode of VBr. The
wavelength is checked with a 16-A spectrum analyser
(Optical Eng. Co.). The laser operates with a mixture of
CO,, N, and He in the proportion 8:8: 84, the pulse
temporal profile being monitored with a photon drag detec-
tor (Rofin Sinar 7415). This temporal profile, at the above
mentionedline, consists of a spike of 60 ns (FWHM) fol-
lowed by a tail of approximately 3 ps long. Sometimes we
have removed N, from the mixture to obtain a tail-free pulse
of 60 ns (FWHM).

The photolysis experiments (Fig. 1) are performed under
gasflow conditions in a Pyrex cell of 4.5 cm diameter and
25 cm length, fitted with a pair of NaCl windows orthogonal
to another pair of quartz windows. The CO, laser beam is
focused at the centre of this reaction cell by a NaClI lens of
24 cm focal length. In some experiments tight focused
irradiation was used employing a 5 cm focal length lens
and a 10 cm long cell. Analysis of the final stable products is
carried out by FTIR spectroscopy.

Fluorescence is induced in the formed fragments by
means of a Np-pumped dye laser (PRA LN107) with a
bandwith of 1.6 cm™ ' at 500 nm. The beam, counter-pro-
pagating to the CO; laser beam, is focused by a 50 cm quartz
lens at the focus of the infrared beam. The relative energy of
the dye laser was controlled with a Thorlabs high speed
silicon detector.

SL and induced fluorescence are detected through a quartz
window at right angle to the laser axis after focusing onto a
P28 RCA photomultiplier tube through interference filters
centred at 560, 488 and 431 nm (10 nm FWHM in all the

BS

cases) for C,(0,1), CH(0,1) and CH(0,0) transitions respec-
tively. To obtain the SL spectrum the signal was dispersed
with a Bausch and Lomb 10 cm monocromator with 2 mm
slits that was used as filter (15 nm resolution).

The CO, laser pulse, picked up with the photon drag
detector, triggers a Tektronix TDS 540 digital oscilloscope
that is used to collect the signals and send them to a personal
computer where they are averaged and analysed. The
delay between the CO, laser and the probe laser is controlled
by a Berkeley Nucleonic BNC 7036A to within ~50 ns. The
CO, laser fluence is calculated as the ratio of the pulse
energy, as measured with a Lumonics 20D pyroelectric
detector, and the FWHM cross-sectional beam area, mea-
sured at the cell position with a pyroelectric array Delta
Development Mark I'V. The obtained fluence with the 24 cm
focal length lens is 170 J/cm® for the tailed pulses and
50 J/em? for the tail-less pulses. With the 5 cm focal length
lens the fluence is higher than 300 J/cm? for tailed pulses.
All the experiments, if it is not indicated, have been done
with the 24 cm lens.

Each point is obtained by averaging over 20 measure-
ments. In the average, each signal is shifted to a common
time origin defined by the CO, laser in SL measurements or
by the probe pulse in LIF. LIF signals are normalised for
energy variations of the probe laser beam. The intensity of
the LIF signal at each experimental condition is calculated
by integration in a temporal window from 12 to 400 ns. The
total signal in SL experiments was integrated.

The sample pressure in the gas flow cell is measured with
a 0-10 hPa MIKS Baratron gauge being the rate of the CO,
pulse so that a new fresh sample is irradiated in each shot.
The VBr samples have been purchased from Merck (99.0%)
and degassed prior to use.
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Fig. 1. Experimental set-up. A: attenuators; BS: beam-splitter; F: filter/monocromator; FD: frequency doubler; L;: NaCl lens; L,: quartz lens; OS:
oscilloscope; P: pyroelectric detector; PD: photon drag detector; PDD: photodiode detector; Q: quartz plate; PM: photomultiplier; TDG: trigger and delay

generator.



B. Samoudi et al./Journal of Photochemistry and Photobiology A: Chemistry 125 (1999) 1-11 3

3. Results and discussion

IRMPD of VBr using the 10P(24) line of a TEA CO, laser
produces C,H,, HBr and a non-condensable gas, assumed to
be hydrogen as final stable products. Additional production
of C4H, and a black carbon soot was found when a tight
focussed beam (5 cm focal length lens) was used. No solid
products were found with the 24 cm lens in any experiment,
even if a NaCl substrate was introduced in the cell and
analysed by FTIR spectroscopy after irradiation of 10 hPa of
VBr with more than 600 shots.

3.1. Spontaneous luminescence

Irradiation of VBr gives rise to a spontaneous visible
luminescence emission in the pressure range studied (0.5—
15 hPa) for tailed and tail-free pulses. No luminescence was
detected when VBr was irradiated with the non resonant
10R(24) (978.49 cm™ ") line, indicating that the dissociation
of VBr takes place through a resonant absorption process, at
least at the fluences used in this work.

The visible luminescence signal was dispersed in the 320—
600 nm range obtaining the spectrum shown in Fig. 2. This
spectrum consists of several vibronic bands without rota-
tional resolution, superimposed to a broad background. This
pattern is usual in the SL spectra in IRMPD experiments
[16-18] and the background has been explained as due to the
emission of molecular fragments larger than diatomic [19]
or to the blackbody radiation spectrum [20]. We assign the
obtained bands at 436, 472, 514 and 560 nm to the emissions
from the Co(d’TI, — a’IT,) Av = 2, 1, 0 and —1 Swan bands

] C2
30— 0,0)
] C2
3 ] c2 (1,0
S ] (2,0)
= ] CH
T 20— -
5 1 (0,0
k=) ] 0
8 : CH
2 ] (0,1) C2
5 1 < (01)
b5 ]
E b
?» 10
011!‘\\\‘1\\‘1I\|!1\|\1\‘I\I‘l\\

320 360 400 440 480 520 560 600 640
Wavelenght (nm)

Fig. 2. Emission spectrum of the SL resulting from the IRMPD of 4 hPa of
VBr taken with a resolution of 15 nm. The C, and CH assigned bands are
indicated.

and those at 430, 486 nm to the emissions from the
CH(A%A — X*II) Av =0 and —1 transitions.

Irradiation of VBr with tailed laser pulses produces a
luminescence signal with a temporal profile different from
that obtained when tail-free laser pulses are used. Fig. 3
shows the temporal profiles of the luminescence signals
filtered at the Av = —1 transition of the C, Swan bands for
the irradiation of several initial pressures of VBr: (a) with a
tailed pulse and (b) with a tail-free pulse. The temporal
profiles of the respective CO, laser pulses are also shown.
Luminescence signals arising from irradiation of VBr with
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Fig. 3. Temporal profiles of the SL from the Cz(d31—[g —a’l,) Av=—1
transition for the irradiation of (a) 1, 2, 10 and 17 hPa of VBr with tailed
pulses and (b) 1.5, 3, 4 and 6 hPa of VBr with tail-free pulses. The
temporal profiles of the respective CO, laser pulses are also shown with
bold trace.
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tailed pulses consist of an initial maximum followed by
another broad one. The first maximum, that appears at
pressures higher than 1.3 hPa, always peaks 80 ns after
the CO, maximum (160 ns after the onset of the laser pulse),
conditions at which no single collision between VBr mole-
cules takes place; its rise always follows the CO, pulse,
indicating that radical production is driven by the temporal
profile of the CO; laser pulse. The second maximum consists
of a broad signal that reaches the maximum at a time at
which more than two collisions between VBr molecules
have taken place. The time between the two maxima
decreases linearly with the pressure. Tail-free pulse irradia-
tion produces a luminescence signal which consists of a
unique maximum that peaks around 70 ns and also follows
the rise of the CO, tail-free pulse for all the studied pressure
interval. Temporal profiles of the luminescence signals
filtered at the Ar =0 transition of CH mimic the C,
luminescence signals for tailed and tail-free pulses. Such
temporal profiles of SL are characteristic of all the lumines-
cence signals detected along the whole spectrum of Fig. 2.
In addition, we have compared the luminescence spectra
gating the signal at each of the two maxima obtained with
tailed pulses, and no difference have been found. This result
rules out the possibility of two different emission processes
at two different times.

The dependence of the luminescence signal on the VBr
pressure that is implicit in Fig. 3 is apparent in Fig. 4 where
the integrated signal versus pressure is plotted. The variation
of the luminescence is linear with pressure and shows two
different pressure thresholds for both kinds of CO, pulses
but the same for both, C, and CH. For tailed pulses a
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Fig. 4. Integrated signal of the SL vs. vinylbromide pressure. The irradiation
was carried out with tailed CO, pulses (open symbols) and with tail-free CO,
pulses (full symbols). The emissions correspond to: @ the Cz(d3l'[g — a3Hu)
Av = —1 transition; O the Cz(d3Hg - a3Hu) Av = —1 transition; l the
CH(A’A—XTI) Av = —1 and [J the CH(A2A—X1I) Av = 0.

threshold of 0.25 hPa is found from the linear fit of the
experimental points of Fig. 4. In the 0.25-1.3 hPa interval
only the broad signal is detected which reaches its maximum
in the time of the tailed pulse; for higher pressures the initial
luminescence maximum appears. For tail-free pulses the
pressure threshold is reached at a pressure of 1.1 hPa, higher
than the one found for tailed pulses as it is expected due to
the lower fluence of those pulses.

The obtained dependence of the luminescence on pressure
indicates that the production of the excited C, and CH
species arises from a collisional assisted process. Since both
signal maxima occur within the CO; laser pulse and produc-
tion does not occur after the pulse, collisions taking place
without the presence of laser pulse are not responsible for
the formation of such fragments. As mentioned above, the
initial maximum for C, or CH appears always 160 ns after
the onset of CO, pulse, time that is smaller than the time for
one collision between VBr molecules to take place at the
threshold pressure for this maximum (185 ns). These data
suggest that the dissociation of VBr takes place through a
non-collisional process and that collisions in the time of
pulse between vibrational excited products are responsible
for the production of C, and CH. Thus, for tailed pulses and
for low pressures, excited products absorbing from the tail of
the laser pulse and colliding produce excited C, and CH
giving rise to the delayed broad maximum at a time deter-
mined by the parent pressure. Increasing the pressure, the
initial maximum appears, driven by the CO, pulse, at the
minimum time necessary for the collisional assisted excita-
tion process of the resulting products. C, production through
different secondary processes has been reported. Li and
Francisco [6] found by LIF in the IRMPD of bis-trifluo-
methyl peroxide that C, is not a primary photofragment but
it is produced within the laser pulse from secondary IRMPD
of photofragments, without the assistance of collisions. Yu et
al. [21] have found by LIF the C, radical in the collision-free
IRMPD of C,H;CN as secondary photofragment. Lesiecki
and Guillory [22] found by SL that collisional processes,
subsequent to the laser pulse, are effective in producing C,.
In our case both collisions and absorption of IR photons are
necessary simultaneously.

Similar temporal profiles have been found in IRMPD of
1,2-dibromo-1,1-difluoroethane [17] and 1,2-dichloro-1,1-
difluoroethane [18]. However, two maxima are obtained in
all the studied pressure interval (>1 hPa). The authors
attribute the luminescence emission to the formation of
transient carbenes as primary photofragment; the first max-
imum arises during the spike of the laser pulse and the hot
undissociated molecules are subsequently excited and dis-
sociated in a collisional assisted process by the pulse tail
giving rise to the second one.

The addition of inert buffer gas produce collisional effects
in the absorption—dissociation process related to rotational
and vibrational relaxation processes. In rather small mole-
cules with a low dissociation yield, rotational relaxation is a
cooperative effect by means of which the rotational bottle-
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neck may be overcome by rotational hole filling (RHF) [23]
allowing a larger amount of energy to be absorbed. The
vibrational quenching that opposes to the energy absorption
by relaxing the excited vibrational levels, is usually much
slower than the pumping rate, so such relaxation is efficient
in times larger than IR pulses. However if sufficient buffer
gas is added, vibrational relaxation can occur in the time of
the pulse, as is characteristic of highly excited molecules
[24], decreasing the dissociation yield [8]. In the IRMPD of
vinylchloride the addition of less than 1 Torr of He to 1 Torr
of vinylchloride induces a drop of 50% on the dissociation
yield [8] due to the fact that the buffer gas removes a
substantial amount of vibrational energy from the molecule
by efficient V-T processes. In the case of vinylfluoride,
10 Torr of several buffer gases (He, Ar, N,, Xe and H,)
added to 50 mTorr of vinylfluoride produce an enhancement
of more than three times in the IR luminescence signal
emitted by vibrational excited HF; for higher buffer pres-
sures a slight decrease was found [7,13]. The enhancement
was explained by RHF. In our case, for a fixed amount of
VBr (0.5 or 0.16 hPa), addition of several Ar pressures
induces in the C, production both, an initial increase for
Ar pressures until 12 hPa and, for higher buffer pressures, a
strong decrease as can be seen in Fig. 5. This last effect is
also shown in the insert of Fig. 5 where the luminescence
signals for 12 and 80 hPa of Ar added to 0.5 hPa of VBr are
plotted. As can be seen, high Ar pressures give rise to a
strong quenching of C, luminescence. This effect may be a
consequence of a very efficient vibrational relaxation of the
excited precursors of C, inhibiting its production. For low Ar
pressures contribution of rotational hole filling becomes
dominant. The rotational hole filling effect induced by Ar
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Fig. 5. Integrated signal of the SL vs. Ar pressure for vinylbromide
pressures of: O 0.16 hPa and A 0.5 hPa. In the insert are plotted the
temporal profiles of the signals corresponding to 80 hPa (lower trace) and
12 hPa (upper trace) of Ar.

produces different efficiency for different pressures of VBr.
Thus an increase of dissociation of 2.5 and 6 is obtained for
0.5 and 0.16 hPa of VBr, respectively. This effect could be
explained considering that, for high pressures, homogeneous
collisions help to overcome the vibrational bottleneck,
decreasing the number of excited VBr molecules able to
interact with Ar, resulting in a decreasing of the rotational
hole filling effect.

When different VBr pressures were irradiated with tailed
pulses in the 0.14-0.8 hPa interval, keeping constant the Ar
pressure (20 hPa), a linear dependence of the luminescence
signal on VBr pressure was found. However due to the RHF
effect cited above, the pressure threshold for luminescence
decreases until 0.04 hPa and the pressure at which the first
maximum appears lowers to 0.2 hPa with respect to pure
VBr experiments. On the other hand, the time at which the
luminescence reaches the initial maximum is, when it
appears, always 60 ns later than in pure VBr (i.e. 220 ns
after the onset of CO, pulse). This increase in the minimum
time necessary to reach the first maximum in the C, produc-
tion in presence of Ar may be related with the time necessary
for the RHF effect to take place.

Analysis of the luminescence decay versus pressure have
been performed in the tail-free experiments where a least-
squared line fitting to single exponential function is possible.
From the Stern—Volmer plots of the decay rates of the
Cz(dBHg) and CH(A”A) radiative lifetimes of 335 & 20 ns
for C, and of 780 4 20 ns for CH are calculated. These
lifetimes are longer than the radiative lifetimes of the
respective electronics states, since production rates of
Cy(d’,) and CH(AA) are driven by the time width of
the laser pulse and dominate the emission process as has
been found in other emissions from IRMPD [18]. The
different lifetimes values obtained for C, and CH sustain
the assignment given in the SL spectrum for the transitions
of these two species.

3.2. Laser induced fluorescence

Using the suitable dye we have scanned the dye laser in
different spectral regions, following 800 ns the infrared
irradiation of 0.5 hPa of pure VBr. We have obtained the
excitation spectra of C, shown in Fig. 6 where the increment
in the excitation scan is 0.1 nm, and the Av = —1 emission
sequence of the Swan band have been monitored. In the
spectral interval between 468 and 520 nm, it can be observed
that, besides the bandheads corresponding to the (0,0) and
(1,0) transitions, those corresponding to the (1,1) and (2,1)
transitions are also observed. In addition, some spiky rota-
tional structure corresponding to the R branch of the v/ = 0
level can be identified. The much lower intense (2,0) transi-
tion is shown in the interval 436438 nm.

The appearance of the (1,1) and (2,1) bandheads denotes
that a rather high proportion of C, fragments are formed in
the ” = 1 vibrational levels, and therefore vibrationally hot.
Other authors who have obtained C, from the unimolecular
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Fig. 6. LIF excitation spectra of the Swan bands of C, following the IRMPD of 0.5 hPa of neat VBr.

IRMPD of different parent molecules have not detected LIF
signals from levels other than / = 0 [21,25]. This suggests
that the collisional character of the C, production from the
IRMPD of VBr, may be responsible for the hotter vibrational
temperature, as was proven in the IRMPD of C,H, [26].
From the values of the integrated areas of the bands in Fig. 6
and the Franck—Condon factors given in the literature [27],
assuming a Boltzmann distribution, we have estimated an
effective vibrational temperature for the formed C, of
2200 £ 200 K. This value is higher than the vibrational
temperature obtained for C, from IRMPD of ethylene at
higher values of pressure [26], where for 1.3 hPa of C,H, a
vibrational temperature of 1400 K was obtained. In the
dissociation of VBr other products than the C, precursor
are formed, so that the effective collisional rate is higher in
IRMPD of VBr for the same initial concentration.
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Fig. 7(a) shows the variation with pressure of the LIF
signal originated by exciting at 515.5 nm the (0,0) transition
of the C, species produced via IRMPD of VBr for different
time delays between CO, and dye lasers. Although a linear
relationship is obtained up to initial concentrations of 1 hPa,
the intercept at ~0.15 hPa indicates that no C, could be
detected at pressure lower that this limit, confirming the
collisional production observed in the experiments of SL.
This threshold is lower than that obtained from the SL as
could be expected from the much more sensitivity of the
LIF technique and also by considering that both signals
come from different excited levels of C,, more energetic
and probably with less population in the case of the electro-
nic excited levels detected by SL. The decrease in the
line slopes obtained as the time delay increases indicates
that the concentration of the C, species in the probed
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Fig. 7. (a) C, LIF integrated signal vs. VBr pressure at several delays from the photolysis laser. (b) Decay rates of the LIF signals. A 400 ns; O 800 ns;
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zone is becoming smaller as the time for the probe is
increased.

We have been able to carry out least-squared line fitting of
the LIF signals to single exponential functions after the
subtraction of a small background arising from the sponta-
neous emission and truncation to avoid initial perturbation
by the production laser spike and residual noise at low signal
intensity. The pressure dependencies of the C2(d3Hg, vV =0)
fluorescence decay rates are given on Fig. 7(b) for each of
the time delays studied. We have plotted also the lifetime
values of the LIF signals obtained for the dissociation of
several initial concentrations of VBr probed at different time
delays from the CO, laser (Fig. 8). As it can be seen, for the
two higher VBr initial concentrations, the lifetime values
increase with the time delay.

The behaviours obtained for the lifetimes of the excited
state C2(d3Hg) and for the decay rates of this state by VBr
molecules and dissociation products is not very strange if
one takes into account the dense cloud of products in the
reaction zone that diffuse out from it allowing a smaller
quenching of the signal as the probe is delayed. To obtain
significant values for these two parameters it would be
necessary to carry out the experiments at times with delays
above 6 us. Nevertheless, the large rate of disappearance the
C, species that we have checked (see later) prevent these
type of experiments. However, from the lines of Fig. 7(a and
b) an upper limit of 104 ns for the non-collisional lifetime of
the C2(d3Hg) is obtained. This value is in accordance with
the lifetime value given in the literature for this state [28,29].
An upper limit for the quenching rate constant for this state
with VBr molecules and dissociation products of
5.0 x 107" s7" molecules ' cm? is obtained.

0.14—
- ja
— Ve
. Ve
0.12— s
:] ///
= =N .
B N
w o010 oy " N
2 3 e B
P =
£ 3 oo g F A -
g = yoo_a
5 0.08 — ﬁ“’ﬁ/
- & K
E i A
3 £
0.06 /
- Aﬁl&%
34
i
0.04 HlHHHMHIHII\|IHHHH|IHIHH\‘\IIHHM
0 2 4 6 8 10
Delay (us)

Fig. 8. Collisional lifetimes of the C, LIF signals vs. the time delay
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Fig. 9. C, LIF integrated signal vs. the pressure of Ar added to 0.16 hPa of
VBr

Fig. 9 shows the LIF intensity of the signal for the
produced C,(a’ll,, /' =0) when the dissociation of
0.16 hPa of VBr is carried out in the presence of increasing
quantities of Ar. As it can be seen, the addition of Ar up to
44 hPa significantly increases the amount of the detected C,
signal. This increase is as high as 29 times for the smallest
initial VBr studied pressure. From this value of Ar, the
induced fluorescence signal decreases. As it is well known,
the addition of an inert buffer gas enhances the C, detection
by controlling the diffusion processes and inducing its
vibrorotational relaxation. At 800 ns from the photolysis
laser and at the VBr pressure used, the diffusion of C, out of
the volume being probed is quite small [13], scarcely
contributing to the total increase. The SL signal recorded
when the dissociation of VBr is carried out in the presence of
Ar (Fig. 5) indicates that there is an increase in the amount
of C, excited to the upper electronic states that is up to a
factor of 6 for the smallest VBr pressure studied. We have
assigned this increase to the existence of an effect of RHF in
the unimolecular dissociation of VBr. We assign then the
high increase observed in the LIF detection of Cy(2°T1,,
V" = 0) from the IRMPD of VBr in the presence of Ar as due
to an actual increase in the formation of C, due to RHF in the
dissociation of VBr, plus a large contribution from the
relaxation of the initially formed rotational and vibrationally
excited C,. We have observed that up to the smallest VBr/Ar
studied concentration (~1/600) no quenching of the
Cz(d3Hg, V' = 0) state has been detected, as has been already
pointed out by other authors for smaller Ar concentration
[30,31]. This result together with the different increase of the
LIF and SL signals detected when Ar is added, suggest that
in the ground state approximately five times more popula-
tion is formed vibrorotationally excited than in the v =0
level. The shift in the position of the maximum in Fig. 9(a)
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Fig. 10. Normalised C, LIF integrated signal vs. the time delay between the photolysis and probe pulses: (a) at several pressures of neat VBr: [] 0.16 hPa; ¥%
0.5 hPa; A 1.0 hPa, and (b) at the following conditions: [] 0.16 hPa (26); O 0.16 hPa + 20 hPa Ar; Il 0.16 hPa, tail-free pulse (410); @ 0.16 hPa + 20 hPa
Ar, tail-free pulse (16); the number in parenthesis are the normalisation factor with respect to the curve with 2113Ar (O).

with respect to the position of the maximum obtained in the
equivalent experiments for the spontaneous emission may be
due to the larger Ar pressure interval at which vibrorota-
tional relaxation in the ground state takes place with respect
to the interval for RHF. It could be also, that at large
concentration of Ar, there is still formation of ground state
C, but no electronically excited C,.

Fig. 10(a) gives the normalised intensity of the LIF signal
for C,(a’II,, /' = 0) produced when the time delay between
the photolysis and probe laser is varied, for three different
values of the initial concentration of VBr. The risetime of the
curves are rather independent of the initial parent concen-
tration in the studied interval. Although the decay time is
driven by the spontaneous diffusion of the radicals out of the
volume being probed by the excitation pulse, it is clear that
the species decay rapidly. So, 10 us after the CO, laser pulse
there is no signal at 0.87 or 0.45 hPa. At 0.083 hPa there is
still a small signal at this time, showing the collisional
character of the disappearance of the C, species. The broad
maxima obtained for the three pressure values can be under-
stood as due to the collisional formation of C, from the
dissociation product during the time of the tailed CO, pulse
as well as to the relaxation of vibrorotationally excited C,
back to the probed vibrational ground state.

Fig. 10(b) gives the normalised intensity of the LIF signal
emitted by the C, from 0.16 hPa of pure VBr when the time
delay between the photolysis and probe laser is varied
compared to that obtained when the dissociation is carried
out in the presence of 20 hPa of Ar. Experiments carried out
with tail-free pulses at the same parent and buffer pressures
are also shown. For comparison, the normalisation factors
relative to the curve for tailed pulses in the presence of Ar
are given. For the pulse with tail, the position of the

maximum of the curve obtained in the presence of Ar is
delayed 1.4 us with respect to that obtained in the absence of
the buffer gas indicating that, at these conditions, a large
proportion of C, is formed in the tail of the pulse both, in the
ground state and rotovibrationally excited, continuously
decaying to the probed state. In the case of the pulses
without tail the delay is 200 ns, related to the time for the
formed vibrational and rotational excited molecules to relax
to the probed ground v’ =0 level. The maximum LIF
intensity reached in the curve obtained in the presence of
Ar for the pulse with tail is 26 times the maximum reached
for the same kind of pulses in the case of neat VBr; the same
factor as comparing the curves obtained for tail-free pulses,
with and without Ar. Similar effect is obtained for the
maximum of the curve for neat VBr and pulse with tail that
is 16 times the maximum obtained for tail-free pulse, the
same factor as comparing the experiments obtained with
pulses with and without tail in the presence of Ar. In other
words, for 0.16 hPa of VBr, the tail of the pulse increases the
production 16 times and the presence of 20 hPa of Ar
increases the population of the (0,0) state 26 times. Con-
sidering the temporal profiles and the energies of the pulses
with and without tail one can consider that it is the fluence
the more characteristic parameter for these two types of
pulses with respect to the dissociation process. Taking into
account that Ar induces rotovibrational relaxation in the
Cz(a3Hu) state, the obtained results suggest that, at the used
experimental conditions, the fluence do not change the
proportion of C,(a’Il,) produced in the v/ = 0 level with
respect to the C2(a3Hu) rotovibrationally excited. Compar-
ing the decay rates of the different curves, it can be observed
that the decay rates are larger when Ar is present. This may
be due to the collisional disappearance of the C, species that
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Fig. 11. LIF excitation spectrum of CH following 8 s the irradiation of
5 hPa of neat VBr.

is favoured by the presence of the buffer, inhibiting the
expansion of the collisional partners. These results confirm
the low contribution to the LIF signal obtained in the
presence of Ar that the diffusion process has.

To confirm the presence of CH among the dissociation
products that has been assigned in the SL spectrum, we have
carried out LIF experiments filtering the fluorescence signal
at 488 nm. When the probe dye laser is less than 6 us apart
from the photolysis laser the LIF signal is very weak and
superimposed to a strong SL signal. Scanning the dye laser
8 us apart from the CO, laser we have obtained the fluor-
escence excitation spectrum of Fig. 11. A broad band with
some rotational structure centred at 431 nm is obtained,
corresponding to the (A*A — X°II, Av = 0) transitions of
CH [32]. Some spiky structure corresponding to the Q
branch of this band is also observed.

Studying the change of the LIF intensity when the time
delay between the photolysis and the probe laser is varied,
we obtain that the CH LIF signal remains up to more than
90 ps, showing that the time of permanence for this species
is much longer than in the case of C,. The overlap of the LW
and SL signals that occurs before 6 us could suggest that,
different to the C, fragment, the CH species is mostly
formed electronically excited. However, the big background
obtained in the SL spectrum make doubtful this result.

The relation between the LIF signal emitted by the CH at
8 s from the CO, laser and the VBr initial concentration is
given in Fig. 12. The collisional character of the CH for-
mation is clearly deduced from the larger than the one
obtained with dependence between both the parameters.
Single exponential fitting of the decay profiles of the LIF
signals allows to obtain an upper limit for the non-collisional
lifetime of 492 ns and a quenching rate for CH with VBr and
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Fig. 12. CH LIF integrated signal vs. VBr pressure, at 8 us time delay
from the photolysis laser.

dissociation products for the v/ = 0 level of 5.93 x 10~ '°
s~' molecules ™' cm®.

The results obtained from SL, from LIF as well as the
analysis of the final products, suggest the following dis-

sociation scheme:

H,C = CHBr ™ HBr* + HC = CH"* (1)
HC = CH’ + HC = CH* ™ C,(d) + Co(a)" + H, )
HC = CH" + HC = CH" ™ CH(A) + CH(X)" 3)
HC = CH* + HC = CH*™H, + HC=C—-C =CH

(4a)
H,C=C:+HC=CH ™ H,+HC=C—-C=CH

(4b)

Reaction (1) shows that IRMPD of VBr takes place by a
non-collisional process as has been discussed in relation
with both the temporal profile of the SL and the results in the
presence of Ar. Dissociation of VBr proceeds via molecular
elimination of HBr followed by rearrangement of vinylidene
radical. Dehydrohalogenation was also found in the IRMPD
of vinylfluoride [7,13] and vinylchloride [8,12] as the lowest
available channel. Production of C,H, and HBr also agree
with theoretical studies of VBr decomposition on the
ground-state potential energy surface [33-35]. These studies
show that for excitation energies close to the energy required
for VBr decomposition (3.105 eV) [33] the HBr yield is
higher than 92.5%. Taking into account that IRMPD usually
proceeds by the minimum energy channel, dehydrohalo-
genation should be the dominant channel in the IRMPD of
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Fig. 13. Energy diagram for the formation of the excited C, and CH species from the IRMPD of the vinylbromide.

VBr. Other possible channel at excitation energy close to the
dissociation threshold could be the Br elimination that has
only been found in the 193 nm photolysis [10] occurring in
the excited electronic state of VBr [36] that is not probable in
IRMPD which takes place in the ground electronic state.

Our results indicate that C5(d’TI,) and CH(A®A) arise in a
collisional assisted processes between the products of the
initial dissociation of VBr in the time of the pulse. The
product more probably producing C,, and CH is C,H, that
must be highly vibrational excited, possibly in the quasi-
continuum, to be able to absorb IR radiation. In Fig. 13 the
energy level diagram for the production of C, and CH from
VBr is shown. Collisional assisted dissociation of acetylene,
reaction (2), could yield Cz(d3Hg) by two possible channels,
a molecular elimination of H, or elimination of two hydro-
gen atoms via the C,H intermediate. The H atom elimination
channel needs an energy of 38986 cm—1 (38 IR photons)
more than the molecular elimination, so that reaction (2)
seems to be the most probable channel to produce C, in the
d3Hg electronic state. Secondary collisional dissociation of
acetylene, reaction (3), is also the most probable channel for
CH(AA) production. Other possible channels involving
C,H and C,Hj; as intermediates are not favourable energe-
tically.

Formation of diacetylene, that has been found in tight
focussed geometry, may be a secondary process from the
excited C,H, after initial dissociation of VBr, reaction (4a),
or could be formed via vinylidene as intermediate for
dimerization of acetylene [37], reaction (4b). In this irradia-
tion condition production of black carbon soot may be
initiated by the reaction of vinylidene with acetylene as
has been suggested in [37].

4. Conclusions

We have studied in real time the IRMPD of VBr through
the analysis of the spontaneously produced visible lumines-

cence signal and inducing laser fluorescence in the C, and
CH species formed in the dissociation process.

We have established that the dissociation of VBr takes
place through a non-collisional process and that the frag-
ments C, and CH are formed by a collisional process in the
presence of infrared laser radiation from a previously pro-
duced precursor, probably vibrationally excited acetylene.

The C, and CH species are produced in the ground state
and electronically excited. We have found that the popula-
tion formed in the ground state is vibrationally hot, estimat-
ing the vibrational temperature in 2200 + 200 K.

We have also shown that the presence of up to 12 hPa of
Ar increase the VBr dissociation yield by a rotational hole
filling effect. From this concentration of buffer the formation
of electronically excited C, is quenched.

Finally, it has been observed that the fluence of the
infrared laser beam do not change the proportion of
Cz(a3Hg) produced in the ¢/ = 0 level with respect to the
Cz(a3Hg) rotovibrationally excited, and that when Ar is
added to 0.16 hPa of VBr approximately five times more
population is formed vibrorotationally excited than in the
V" =0 level.
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