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Multiphoton dissociation of & induced by one and two infrared laser beams is studied. The contribution

of the different collisional processes to the yield is quantified using the recently extended McRae et al. model.
It has been shown that the increase of the fluence in single irradiation and the change to the red of the second
infrared pulse in double-beam experiments can have equivalent effects on the dissociation. These effects are
an important increment in the yield and the extinction of the influence of the homogeneous collisions between
CsFs molecules on the process. In double-irradiation experiments, the introduction of time delays between
the two laser pulses also leads to large enhancements of the dissociation, giving rise to two yield maxima
when the delays are around 2 andi85 A change in the final proportion of the dissociation products induced

by modifying the frequency of the second pulse has been detected in the double-irradiation experiments.

1. Introduction anharmonic bottleneck through~\W/' energy transfe¥. These
two processes are effective only if the collisions take place in
the presence of IR photons. Other collisional mechanisms,

X : . . h acting both during and after the laser pulse, are vibrational
multiphoton dissociation (MPD) studies. This method allows energy poolind,which takes place when two molecules in the

a better understanding of the process, introducing new experi- o asicontinuum collide, resulting in one highly excited partner

menta(lj \E)ariables dstjrfht?s tr:je If Iuek;lct(\aNand éh?hf:equefr)c?ij of _T_T]ebeing capable of dissociation, and collisional induced vibrational
secona beam and the ime de'ay between both faser Nelds. equenching of excited molecules through vibrational to transla-
first pulse, nearly resonant with an IR fundamental absorption tional energy transférV—T)

band of the parent compound, excites the molecules thr_ough Recentlyé we have extended the method previously developed
the Iow-Iylng discrete Ievels.. The second beam, usually fixed by McRae et at%-12 for the analysis of the contribution of the
]EO akr]ed-srsllfted wz?\v_elegg_th W'tE resbpect to thehformehr tﬁ aﬁPOhuntdiﬁerent collisional processes to IR multiphoton dissociation.
or the anharmonicity, drives the absorption through the higher ), o 1ensjon allows the distinction, in the collisional sequence

Q|screte levels a_?g thefquasEontln.uumtﬁptlléhidlsso?augn I'gl“t corresponding to one homogeneous collision, of those processes
IS overcome. eretore, by using this dichromalic doubl€ o+ affect the dissociation yield and that need the presence of

irradiation, the bottleneck effects that prevent the multiphoton IR photons to be effective (€.g., overcoming of the anharmonic
excitation can be circumvented, and a dissociation yield larger bottleneck) from those that have not this requirement (e.g
than in single-irradiation experiments is usually obtained. In vibrational energy pooling).

these. expgnments, it can be .ConS|d.ered that a change in the Multiphoton dissociation of g was first studied by Nip et

?ﬁ?c“"e size of t_he molecule in relation to the MPD p_roé(_ess al.,'3 who proposed the following dissociation reaction

is induced; that is, thetrengthof the anharmonic barrier is

modified. We have definédthe anharmonic barrier as the C,F¢ + ntw — C,F, + CF, (1)

ensemble of all quantum characteristics of a molecule that inhibit

the multiphoton absorption process. It consists of two main where recombination reactions between the formegr&gicals

components: (a) the vibrational barrier, originated by the give rise to the formation of more ;€ and, in a minor

progressive anharmonic detuning of the absorption of the proportion, to GFs. We have foun# another product, poly-

infrared photons, initially resonant with the first vibrational (tetrafluoroethylene), (Gf,, which under certain conditions

transition; (b) the rotational barrier, originated by the existence could represent up to 30% of the dissociatefféC We have

of the rotational selection rules, which prevents a large propor- also shown that the strength of the anharmonic barrier for this

tion of molecules from interacting with the radiation field. molecule is strongly dependent on the irradiation fluence. As
Intermolecular energy transfers induced by collisions also a consequence, the contribution of the different collisional

modify the strength of the anharmonic barrier: A mechanism mechanisms to the absorption and dissociation processes is also

that increases the extent of the molecular excitation by reducing largely modified by the pulse fluence. This behavior suggests

the rotational barrier consists in replenishing of laser-induced that GFs could be a suitable system to be investigated with the

rotational hole burning through translational to rotational energy extended analysis method cited above.

transfer, 7-R (rotational hole filling). Another mechanism In this paper, we study and quantify the contribution of the

that lowers the vibrational barrier is the overcoming of the different collisional mechanisms to the multiphoton dissociation

process of GFg, induced by single (MPD) and double (MPD2)

€ Abstract published ilAdvance ACS Abstract&ebruary 15, 1997. infrared laser irradiation, using the extended McRae analysis

Irradiation of a molecule by two (or in general, several)
infrared (IR) beams* is a technique that is often employed in
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method. Although McRae et al. applied their method to two- j |
color two-beam dissociation of 1-bromo-2-fluoroethahthis Laser K-103/——
is the first time that such a kind of method is applied to double- A
irradiation experiments with a variable temporal delay between
the two laser beams. We have carried out these experiments
with both beams tuned at the same or at different wavelengths.
Hereafter, we will refer to these situations as monochromatic
and dichromatic double irradiation, respectively. We also -~ L
investigate the influence of the time delay introduced between IP_"‘{
the two laser fields on the process and the dependence of the L,
dissociation and recombination reactions on the different by BS
irradiation parameters. DAL

C'u mirror
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Laser K-101

Py Photon Drag
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Figure 1. Experimental setup used in double-irradiation experiments:
A, Cak, attenuators; D, diaphragms; BS, Ge beam splitter; L, NaCl
lenses; P pyroelectric detectors.

2. Experimental Section

Two TEA CQ, lasers, Lumonics K-101 and K-103, were
employed for the irradiation of thesE; samples. They were
equipped with frontal Ge multimode optics (85% reflection for
K-101 and 35% for K-103) and rear diffraction gratings with

135.I.|nes/r.nm blaze_d at 106n. They were a}lso equ!pped ‘{‘('th Perfluoropropene gas samples (99.0%) were kindly provided
low jitter trigger devices (Lumonics 524) which provided a jitter by Prof. H. van der Bergh (Ecole Polytechniquad&ele de
between the two pulses lower than 100 ns in the double- | 3sanne, Switzerland) and used without further purification.
irradiation experiments. The lasers operated with &:86 Sample pressures in the cell were measured with twd.(@nd
He mixture in the proportion 8:8:84. 0—10 mbar) MKS Baratron gauges. The dissociation yield was
In single-irradiation experiments, we have used the;CO determined by monitoring the change in the absorbance of the
K-103 laser tuned at the 9P(26) line at 9.608, which is nearly 1036 cnm? CsFs band!®with a FTIR spectrophotometer (Perkin-
resonant with the €F stretching mode of §F5¢ In the double-  Elmer Model 1725X). To study the influence of the different
irradiation case, the frequency of the K-101 laser was fixed at experimental variables on the dissociation reaction, we have
the same 9P(26) laser line and provided the leading pulse inysed the two dimensionless parameters
delayed experiments. We employed the pulse originated in the

the absolute values of the fluence was around 8% (5% being a
constant error coming from the nominal detector calibration
factor).

K-103 laser as the second IR field. Its frequency was also tuned 5 = [CoF )
at the 9P(26) line in the experiments of monochromatic double 1 1.5A[C,F]

irradiation, while in the dichromatic case it was fixed at the

10R(36) line at 10.14@m. This frequency corresponds to the G

maximum of the multiphoton dissociation spectrum obtained 2‘@ ©)

under double irradiation with the first pulse frequency fixed to

9.603um.t? whereA[CsF¢] is the change in the concentration of hexafluo-
Laser pulse temporal profiles were observed with a photon ropropene due to dissociation.

drag detector (Rofin Sinar 7080) and consisted of a spike (110 According to eq 19, = 1 would mean that all the formed

ns (fwhm) for K-101 and in the case of K-103, 65 ns for the
9P(26) line, and 140 ns for the 10R(36)), followed by a talil
approximately 1.%s long in all cases. These temporal profiles
were constant throughout the study.

Two cylindrical Pyrex cells, 8.8 and 9.5 cm long, 0.95 and
1.5 cm radius, and 30.5 and 71.0%mtal volume, respectively,
fitted with NaCl windows, contained the gas during the
irradiation. The largest cell was only used in the single-
irradiation experiments at a fluence of 6.8 J@m The laser

CF; radicals would be transformed into,l;. The produced
amounts of GF4 and GFs were determined by FTIR spectros-
copy, using measurements of their absorption bands at 1189
and 1250 cmi, respectively®19

3. Results and Discussion

In the method proposed by McRae et al. for the analysis of
the contribution of the different collisional mechanisms to the
dissociation proces$,the number of parent moleculds,, left

beams were directed into the absorption cell in a near-parallelin the cell aftem irradiation pulses is given by

irradiation geometry in which the laser beams were slightly

focused by 1.5 ah2 m focal length NaCl lenses.

In Figure 1, we show the experimental arrangement used in
the double-irradiation experiments. The time delay between the

N, =N u[l = (Vi V(D O—1,8k-1)] (4)

two IR pulses was controlled by means of a digital delay whereNo is the initial number of parent moleculeg, and V.
generator, Berkeley Nucleonics BNC 7036A, which allows a are the irradiation and the total cell volumes, dn@,a.f) is

delay between 0 and 1Q6s with a step of 1 ns.

the single-pulse decomposition probability. This is a function

The laser fluence was calculated as the ratio of the pulse Of the fluenceg, and the partial pressures of parent molecule,
energy measured with a Lumonics 20D pyroelectric detector, & @nd dissociation products or any other buffer gas,
and the “1/e” cross-sectional beam area was measured at the 1N€Yy assume a power dependenct o the partial pressures

cell position with a pyroelectric detector array Delta Develop-

ment Mark 4. (These beam areas, also used for computing the

irradiation volumesy/,’s, are given in the captions of Figures 2
and 3). The laser energy was changed by placing, Q&ftes

in the cell given by

f(¢.0B) = Z Z)hu(@a“lﬁj (5)
1=1 |=

in the optical paths and controlling on the high-voltage settings where the coefficients; depend only on the irradiation fluence
of the lasers for a finer adjust. The estimated uncertainty in (¢).
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given by the slopen. The value ofP' corresponds to the
pressure at which the number of collisions taking place in the
time of the pulse becomes large enough to start the deactivation
of the anharmonic barrier.

In the application of the extended McRae method to the MPD

0.3

0.2 7 of the GFs molecule, we have splitted the term corresponding
Yy | to one single heterogeneous collision to separate the contribution
- due to collisions between the parent molecule and the two
o1 1 gaseous products,E, and GFs. These terms are written as
1 hy,(X) SX)(C, — Cp) (7)
0.0 _. e whert_a X represents eitheplk; or GFs. Cyis concentrat'io_n_ of
0 50 100 150 CsFs in the reaction cell aften IR pulses,Cy being the initial
Number of Pulses (n) value. The parameteiX) are the number of g4 or CFs
molecules that are produced from a dissociated moleculgfgf C
1.0 1 and are directly determined from the measured valués ahd
i 02 (egs 2 and 3):§(C,F,) = 1.59; and S(CoFg) = .
08 The inclusion of other parameters that represent processes
1 involving more than one molecular collision has not been
. necessary in any of the fits of the experimental data.
0.6 7 Single Irradiation. We have used the fraction of3Es
Yy oo molecules dissociated per laser pulse in the whole cell, given
0.4 - by
0.2 1 : 828 mbar Y=1- N" /NO (8)
] A 0.80 mbar
1 o 1.45 mbar for quantifying the dissociation yield.
0.0 +——r—7+—rrr 71— In Figure 2, we give the variation of the yieMversus the
0 50 100 150

number of laser pulses, for two different values of the laser
fluence. The calculated yields obtained by applying the method
Figure 2. Fraction of dissociated4€s moleculesy, versus the number  gutlined at the beginning of this section appear as continuous
of laser pulses for different values of the initial pressure. Solid lines |ines in the figure. In the fits, each experimental point has been
represent the fits of the experimental points to the extended method =~ - : .
described in the text (section 3). (a) The irradiation fluence gvas weighted by the inverse square of thg associated error. Table
2.3 J cm?, and the beam area was 0.320.01 cn?. (b) ¢ = 6.8 J 1 shows the relevant parameters obtained from the fits together
cm 2 and a beam area of 0.54 0.01 cn?. with their standard deviations, the chi-squifr&?) and the
number of degrees of freedom)( For the higher fluence value,
This method takes into account the variations in the pulse- 6.8 J cnt? (Figure 2b), a good fit is obtained by taking into
to-pulse yield induced by the change of the reactant and productaccount just the collisionless dissociatidnr, and the hetero-
partial pressures during the course of the experiment. The geneous collisions £s—C,F4 and GFs—C,Fg represented by
magnitude and sign of the parametéjsprovide information the parameterdn (CoFs) and hyi(CoFg), respectively. The
about the contribution to the dissociation coming from the opposite signs of both parameters imply that, while the collisions
different collisional sequences. Our modification to the method of CsFg with C,F,4 inhibit the dissociation process, those with
consists basically in the introduction of an initial parent pressure C,Fg are favorable to it. A possible explanation to this could
dependence in the parameter corresponding to one homogeneouse the existence of an absorption band at 10256 cnt?

Number of Pulses (n)

collision, hyo. This dependence is of the form to the red of the laser frequency) in theFg spectrum'® which
would allow this compound to act as a “sensitiz&?! by
a fP<P absorbing energy from the IR field and transferring it to the

20 ; .
_].a , P - CsFs molecule in the collision, through W' exchange. The
Pz ={ oo + rr;(P —P) P <P<P 6) absence of thlyo parameter in the final fits means that, at these

50 T Moo if P>P" fluence conditions, homogeneous collisions betweesfs C
a - . . . molecules do not play an important role in the MPD process,
The parameteh;, is associated with those processes taking in agreement with the existence of the weak anharmonic
place independently of the presence of the laser field, that is, bottleneck already detected in this moleéfiend suggesting a
energy pooling and quenching, vv_h|h§0 is related to those oy influence of the V-V’ energy transfer process between
operating only in the presence of infrared photons. This,  parent molecules excited in the quasicontinuum. Itis also worth
can be interpreted as a measurement of the maximum weakeninghoting the high value obtained for the collisionless parameter
that can be induced in the anharmonic barrier by means of y,, This means that a large part of the irradiated molecules
homogeneous collisions at some given irradiation conditions. preaks without collisional assistance in accordance, not only
The sign of hy, is determined by the competition between with the presence of a small anharmonic barrier but also with
energy pooling and vibrational quenching, being positive if the the observed trend of the dissociation probability at the low
former dominates and negative otherwise. The paramléger initial CsFs concentration limif#
is always positive.P' andP" are respectively the initial pressure When the fluence is fixed to 2.3 J ¢ the analysis method
of the parent molecule at which the collisional processes provides a different picture of the MPD process. The role of
associated Witkhgo begin to be active and that at which they heterogeneous collisions does not change with respect to that
saturate. The rate at which this saturation value is reached isobtained for the highest fluence. However, in this case, we
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0.4 pressure we obtain the largest deactivation of the bottleneck
= (a) effect induced by homogeneous collisions.

2 a (b) The collisionless parameté¥, is around 20 times smaller
than the one obtained for the higher fluenges= 6.8 J cnT2.
Under similar experimental conditions, a change in the laser
fluence from 2.6 to 5.9 J cm gives rise to only a 4-fold
increase irhygin the MPD of CRHCL.® This difference supports
the idea that the anharmonic barrier can be circumvented more
easily in GFg than in CRLHCI.

The dissociation products obtained for the experiments of
Figure 2 are the same that were found previotigliye., GF,,
CoFs, and (CR),). For the two fluence values that we used,
and for a given initial pressure, the parameterando, defined
0.0 T T e so 16 in section 2 are nearly constant when the number of pulses is

40 60 80 100 . /
Time Delay (us) increased. For the highest pressures, we sawdhat 0.66,

Figure 3. Dependence of the fraction of dissociated molecutesn which is, ‘in principle, the minimum value expected from
the time delay,Az, between the two laser fields. The initiakfG reaction 1 (corresponding to the situation in which the formed
pressure waB, = 0.9 mbar, and 50 pairs of laser pulses were used. In CF; radicals do not dimerize to#€,). This result could mean
each pair, the wavelength, fluence, and beam area of the first pulsethat reaction 1 is not the only dissociation path in the MPD of
were kept constant té, = 9.603um, ¢, = 0.8+ 0.1 J cm?, andA CsFe, at least under high-pressure conditions, or that the directly

= 0.384 0.01 cn?, respectively. (a) Monochromatic irradiatioty, = form E, from CsF+ is involved in some r mbination
71 = 1.2 0.1 cm?, andA, = 0.32+ 0,01 ori. (b) Dichromatic 0" ed GFa from GsFe is involved in some recombinatio

0.3

0.2

0.1

PN T 7 I N TN T N SO TS T T AN N N B

<

irradiation, 1, = 10.148um, ¢, = 1.6+ 0.2 J cm?, andA, = 0.25+ reactions. o _
0.01 cni. Double Irradiation. The dependence of the MPD2 yield,

. Y, on the time delay between the two laser pulges,is shown
TABLE 1: Model Parameters and Their Standard in Figure 3 for monochromatic and dichromatic double irradia-

Deviations Obtained for the Fits Corresponding to the

Experiments of Figure 2 tion. In both cases, a first maximum is obtained corresponding

to aArt of a few microseconds. This maximum arises as a result

Figure 2a Figure 2b of the competition between the different mechanisms favoring
parameter (¢ =2.3Jcnr?) (¢ =6.8Jcm?) and inhibiting the dissociation process, such asX/and VT
huo 0.035+ 0.001 0.72£0.01 intermolecular energy transfer, and the diffusion of the mol-
M11(CaFs) —0.35+0.06 -1.2+02 ecules irradiated by the first pulse outside the volume irradiated
ha1(CoFe) 0.854+0.30 3.5+0.9 _ .
hb 0.025+ 0.002 by the sec_ond one. The finite temporal Wldth of_the laser pulse
P 0.35-+ 0.07 also contributes to the appearance of this maximum.
P 0.84+0.2 The second maximum appearing in both curves can be
m 0.066+ 0.015 associated with the reflection of the energy wave originated by
% 48 52 the V—T intermolecular energy transfer on the cell walls.
7 37 55 Similar experiments carried out in CFH®Vith cells of different
2P has been computed from the valueshi P, andm through diameter sup.port this interpretatiéﬁ. Together with this.
eq 5. Units are mbar foP’ andP", mbar? for hyy(CsFs), his(CoFe), th_ermoacoustl_c wave, there may exist another wave associated
and h}, and mbar? for m. The chi-squarey®) and the number of with the V—V' intermolecular transfer. This vibrothermal wave
degrees of freedomy) of each fit are also given. is reflected on the cell walls and returns to the central core,

resulting in an overexcitation of the molecules therein. The
have to take into account the homogeneous collisions that takevalue of Az for the second maximumy65 us, corresponds to
place during the laser pulse. They induce a weakening of thethe time at which this wave arrives to the central core
anharmonic barrier and produce an increment in the dissociationsimultaneously with the second IR field. For a given cell, this
yield as it is indicated by the positive signid}, On the other characteristic time only depends on the parameters defining the
hand, it is not necessary to include the paramiggin the fits, first IR pulse and on the nature of the mo_IecuItﬁ. In tl’lls sense,
confirming in this way that collisions betweenfg molecules vr\:e can say that the s.ecck)lnd pltflse a:1cts .“ke a "probe” beam of
excited in the quasicontinuum do not contribute to the MPD the situation created in the cell by the first one.

process. In addition, a study of the MPD ofFG carried out In Figure 3, the continuous lines represent the fits of the
in the presence of ar’géﬁwstrongly suggests that the nature of experimental points to a simple modgl that we have developed
the anharmonic barrier in4Es is essentially vibrational. for the double-irradiation proced$$which takes into account

) the existence of the thermoacoustic wave and relates the energy
The value of the pressurg’ enables us to calculate the  apsorption from both beams with the effective size of the

minimum number of collisions in the time of the pulse that are gleculed

required to weaken effectively the anharmonic barrier. Ifwe |, Figyres 4 and 5, we give the dependence of the dissociation

suppose that the mean molecular speed is the given by theyie|g v, on the initial GFs pressure in the cellP, for two

kinetic theory and we take a collisional cross secfien= 1.1 different delay values:Ar = 0 andAt = 3 us, respectively.

x 1074 cn¥, we obtain the number of collisions to be Figures 4a and 5a correspond to monochromatic irradiation,

approximately two, for an effective temporal pulse width around whereas Figures 4b and 5b present the behavior for pulses of

500 ns. The obtained value Bf is close to the pressure found different frequencies.

in our previous work? 0.3 mbar, which corresponds to the  The results for monochromatic irradiation suggest that the

minimum of the dissociation yield versus the initial pressure of effect of the anharmonic barrier is relevant in this MPD2

CsFs. The saturation value dfyo (equal in this case thgo) is process. For simultaneous irradiation and rather small initial

reached for an initial € pressureP” = 0.8 mbar; at this CsFs pressure, the number of homogeneous collisions that take
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Figure 4. Dependence of the fraction of dissociated molecfeafter

50 pairs of simultaneous laser pulses on the initifs@ressure in the
cell: (a) monochromatic irradiation and (b) dichromatic irradiation.
All other conditions as in Figure 3.

Figure 5. Same as in Figure 4 for a time delayy = 3 us, between
the two IR pulses.

TABLE 2: Model Parameters and Their Standard
Deviations Obtained for the Fits Corresponding to the
place during the effective time of the pulses is not enough to Experiments of Figure &

induce the overcoming of the anharmonic barrier. The only

relevant collisional processes are those inhibiting the dissociation
through V=T and V—V' intermolecular transfers, justifying the 0.034% 0.00L 0.030E 0,002 0.074 0.00L 0.2845 0.005
initial decrease of the yield & increases. A_S_the£e pressure hia(CoFs) —0514 003 —0.46+0.04 —0.38+0.03 —1.89+ 0.07
grows, the number of homogeneous collisions also increases, n, (c,F) 1.6+ 0.1

dichromatic
parameter At =0us At =3us At =0us At =3us

monochromatic

1.4+0.2 0.82+0.15 6.4+0.3
and the mechanism of weakening of the anharmonic barrier b 0.035+ 0.001 0.047 0.002
becomes effective, giving rise to the increment in the yield as p' 0 0
Po grows that is observed in Figure 4a. The curve “yieil/ P 0.90+0.05 0.52+0.08
found in the MPD study of 4 for a fluence of 2.4 J cn? m 0.039+ 0.001 0.09+0.01
is very much coincident with the one shown in Figure 4a, Y ﬁ) gg gé gg

including the position of the yield minimum around 0.2 mbar.
(This fluence is roughly the sum of the fluences of the two
pulses used in MPD2.)

When a time delay is introduced between the two-equal
frequency IR pulses, the number of homogeneous collisions a suitable value of the second IR wavelength. In this case, due
suffered by a gF¢ molecule interacting with the first field before  to the red-shifted frequency, the molecules excited to the
the arrival of the second is larger for a given valud®gf This bottleneck region by the first pulse can absorb more efficiently
allows a proportion of initially bottlenecked molecules to the second nonresonant field, so that the effect of the anharmonic
overcome the barrier and thus to get a higher excitation level barrier is largely suppressed. In this way, the introduction of a
above the dissociation limit by absorbing photons from the time delay between the two pulses would not produce an
second laser field. In this way, the molecular RRKM rate increment of the proportion of molecules absorbing the second
becomes faster, giving rise to the larger dissociation yield found IR pulse. Nevertheless, such an increment actually occurs when
in delayed irradiation with respect to the simultaneous case. Thisa suitable short delay is established because, in this case, the
also explains the shift to lower pressure values in the position molecules can absorb the largest part of the energy delivered
of the minimum of Figure 4a. This shift leads to the progressive by the first laser pulse and so get a higher excitation level before
reduction of the initial decreasing yield region, until it becomes the arrival of the second or#e. This time delay must be nearly
unobservable for sufficient long delays, as it is observed in coincident with the total temporal width of the first pulse. In
Figure 5a. our case, we see in Figure 3b that, for k% (approximately

Substantial changes take place in the above scheme if thethe first pulse width), the maximum has been reached. Because
dissociation process is induced by dichromatic irradiation with of the inhibitory character to the excitation of the homo- and

aP" has been computed from the valueshgg, P'" andm through
eg 5. The chi-squaref) and the number of degrees of freedom (
of each fit are also given. Units are the same indicated in Table 1.
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Figure 6. Fraction of dissociated £s molecules,Y, versus the number of pairs of laser pulses for different values of the initial pressure: (a)
monochromatic simultaneous irradiation, (b) monochromatic irradiation with a dalgyof 3 us between the two IR pulses, (c) dichromatic
simultaneous irradiation, and (d) dichromatic irradiation &xd= 3 us. Solid lines represent the fits of the experimental points to the extended
method described in the text. In each pair the wavelength and fluence of the first pulse were kept costan®803xm and¢, = 1.0+ 0.1

J cnm2. For mochromatic irradiation, = 4, and¢, = 1.4+ 0.1 J cn72. For dichromatic irradiation, = 10.148um and¢, = 1.7+ 0.2 J cn2.

Other conditions as in Figure 3.

heterogeneous collisions, an increment in the value of the initial Finally, we see that heterogeneous collisions have the same
CsFs pressure must induce a decrease of the yield for any valueeffect on the MPD2 process as in single MPD, i.e., inhibiting
of the time delayAr, as is observed in Figures 4b and 5b. This the dissociation in the £s—C,F4 case and enhancing it in the
situation is analogous to the one obtained in single irradiation CsFs—C,Fs one.
for a fluence value of 6.8 J cth. The value of the limiting pressur® is so small that the
The dissociation yield of ¢ versus the number of pairs of method cannot determine it with enough accuracy, and it has
laser pulsesy, is shown in the Figure 6ad for monochromatic been set to zero in the fits. The difference of this situation with
and dichromatic irradiation and for the two valuesAaf used respect to the one obtained in single irradiatiBh=¢ 0.35 mbar)
in Figures 4 and 5. By applying the extended McRae model to is probably due to the larger effective temporal width of the
the results of this figure, we can analyze the different dissocia- pulse employed in MPD2 experiments.
tion schemes described above. In Table 2, we give the values The result of the fits obtained fakr = 3 us in monochro-
of the relevant parameters and their associated standard deviamatic irradiation is also in accord with our previous discussion.
tions obtained in the fits. Note that, for delayed irradiation, The processes involved in the dissociation do not change with
the results obtained from the application of the method refer to respect to the simultaneous case. The weakening of the
the effect of the second infrared pulse, which acts on moleculesanharmonic barrier is made clear in the higher valuarof
affected by both the effect of the first laser and the time (h}, gets its maximum for a pressuré = 0.5 mbar, while this
evolution during the established time delay. As can be expectedpressure is 0.9 mbar fakr = 0).
for simultaneous monochromatic irradiation, the determined  The results for dichromatic irradiation resemble those obtained
parameters are close to those obtained in single MPD for afor single irradiation under high-fluence conditions. A large
fluence of 2.3 J crr?. The existence of a noticeable anharmonic  weakening of the anharmonic barrier, and therefore a substantial
barrier is supported by the small value of the collisionless change in the dissociation process, is manifested in the obtained
parameterto, and the dependence laf, on the initial pressure  fit parameters: The homogeneous collisions do not have a
of CsFe. In addition, the zero value obtained for the parameter noticeable influence on the dissociation, and only three param-
h, shows that there is no significant contribution to the eters, those corresponding to the pressure-independent dissocia-
dissociation yield coming from the energy pooling mechanism. tion and the heterogeneous collisions, are sufficient to describe
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Figure 7. Proportions of GF, and GFs formed in the experiments of Figure 8. Same as in Figure 7 for the experiments of Figure 5.

Figure 3, represented by the parametigrandd, defined in the text:

(a) monochromatic irradiation; (b) dichromatic irradiation. reasonable to assume that this product is the polymes){CF
that we have obtained in a significant amount because we have
not detected any other dissociation product.

The different energy content of the gFadicals created in

' the dissociation of € could provide a possible explanation

for this competition, if one admits that the less energetig €F

are more susceptible to engage in polymer formation. The larger

amount of energy in the fragments formed by dichromatic

irradiation is due to the weaker anharmonic barrier thgfsC

Spresents at these conditions with respect to the monochromatic

case. In this way, the frequency of the second pulse would

control the ratio between the production of polymer anésC
because it determines the energy content in the formed species.

the results. For simultaneous irradiation, the valuehgfis
twice that found in the monochromatic case. Wherns fixed
to 3 us, the situation does not change qualitatively; however
the obtained yield is much larger than ot = 0, with a large
increment in the pressure-independent contribution to the yield.
The dissociation products that we have obtained in the double-
irradiation experiments of £ are the same that we found for
the single-irradiation case. The dependence of the parameter
01 andd, on the time delay between the laser pulses is given in
Figure 7 for the same experiments of Figure 3. We can see
that the proportion of formedEs is correlated with the obtained
dissociation yield: The maxima (minima) 6% are placed at
those values ofAr corresponding to the maxima (minima) of
the yield, approximately. This clearly occurs for dichromatic
irradiation and seems to appear in the monochromatic case as In this work, we have analyzed and quantified the different
well. On the other hand, the proportion of formegFgis nearly collisional mechanisms involved in the infrared multiphoton
constant, within the limit of our experimental error. dissociation of hexafluoropropene by using the extended McRae
For the experiments shown in Figures 4 and 5, we obtain et al. method. For double-monochromatic irradiation, a rather
that an increment in the 48¢ pressurepPy, leads to a larger ~ small contribution from collisionless dissociation is found. We
proportion of formed @Fg and to a smaller proportion of,E,, have established that homogeneous collisions play an important
in agreement with the results obtained in single-irradiation role in circumventing the bottleneck effect, but they do not give
experiments. Although both parameters tend to saturation, therise to any energy pooling transfer between the molecules
limiting value of 6; remains constant as the wavelength excited in the quasicontinuum. These results are similar to those
associated with the second IR field changes, wher@as  obtained from single-irradiation experiments at low fluence and
increases. This increment is small in the case of simultaneoussupport the existence of a significant anharmonic barrier in the

4., Conclusions

irradiation and noticeable when the delay i8s3 In Figure 8, MPD of C3Fs under these conditions. On the other hand, when
we show the dependence &f and 6, on Py, for the delayed the frequency of the second IR field is red-shifted with respect
experiments. to that of the first pulse, the bottleneck effect is largely removed

These results suggest that, for some given valuesoP, and leads to an important increase in the collisionless contribu-

and the wavelength of the second field, there exists a competitiontion to the process. In this case, the influence of homogeneous
between the production of £ and another product, different  collisions disappears. The same conclusions are obtained from
from CyF4, in the overall MPD2 process of3Es. It seems single-irradiation results at high fluences. In double-irradiation
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experiments, a time delay of a few microseconds between the  (2) Letokhov, V. S., EdLaser Spectroscopy of Highly Vibrationally
two IR fields induces a large increment in the dissociation yield, Excited MoleculesAdam Hilger: Bristol, 1989.
giving rise to the occurrence of a maximum of the dissociation (i) IQ“aCk' :"/I".”gamd F’;y;-%ijgj% 44;- 0. Phve. Chemlog
yield. For monochromatic irradiation, this effect is due to the ¢, §3)83Yan°°’ + Evans, D. K.; McAlpine R. DJ. Phys. Cheml989
large n.umber of homogeneous coII|5|on§ that take place before (5) Simpson, T. B.; Black, J. G.. Burak, I.. Yablonovitch, E.:
the arrival of the second pulse, weakening the strength of the Bloembergen, NJ. Chem. Phys1985 83, 628.
anharmonic barrier. Nevertheless, for the dichromatic case, the (6) Torresano, J. A.; Santos, M. Phys. Chem1996 100, 9726.
yield increment is mainly due to the temporal distribution of (7) Stephenson, J. C,; King, D. S.; Goodman, M. F.; Stong,Ghem.
the first pulse energy. In both cases, heterogeneous collisions™s-1979 70, 4496.
between GFs and the two gaseous dissociation products have (g) ghot‘r']f]' JM _G|_r|am|; 'ft E' Ache\;\r;]ﬂ'PthSigSl ;‘;’; ilsgé 45 30
opposite effects: favoring the dissociation in the case £%C (9) Gauthier, M.; Hackett, P. A.; Willis, Ghem. Phys1980 45, 39,

- - . (10) McRae, G. A.; Yamashita, A. B.; Goodale, J. W.Chem. Phys.
and quenching it in the case obiEg. We also point out the 199Q 92, 5997.
appearance of a second maximum in the dependence of the yield (11) mcRrae, G. A.; Evans, D. K.; Goodale, J. W.Chem. Phys199Q
on the time delay for rather long values of this varialte6$ 93, 1689.
us). We have related this maximum to the reflection on the  (12) McRae, G. A,; Lee, P. E.; McAlpine, R. D. Phys. Cheml991,
cell walls of the energy wave created by the Vintermolecular 95 9332 »
relaxation. (13) Nip, W. S.; Hackett, P. A.; Willis, CJ. Phys. Chem198Q 84,

. . . _— . 932.
Concerning the dissociation and recombination reactions, we (14) Torresano, J. A.: Santos, M.; GétemDiaz, P. F.Laser Chem.

have found a competition between the formation efF¢and 1994 14, 217. For comparison and due to the different method used to
the polymer (CR),, induced by changing the frequency of the determine the beam area, the fluences given in this reference have to be
second IR pulse. multiplied by 1.5. Due to a computational error, the given values for the

. . arameten,, corresponding t@; in the present work, have to be divided
Finally, it has to be remarked that hexafluoropropene has Ey 1.18. z P 910 P

revealed a molecular system whose behavior, in relation to  (15) McRae, G. A.; Ivanco, M.; Goodale, J. Wit. J. Chem. Kinet.
multiphoton dissociation, is modified in a highly noticeable way 1994 26, 147.

by rather small changes in the irradiation conditions, suggesting _ (16) Nielsen, J. R.; Claassen, H. H.; Smith, D.JCChem. Physl952
that this molecule is particularly appropiate for the study of the 20 1916
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