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The reaction of carbof®) with chloroform (CHGJ) was studied in a crossed-beam configuration3PE(

was produced by laser ablation of graphite, and its translational energy was varied by seeding in carrier gases
to investigate the reaction mechanism in two center-of-mass energy regimes: a low-energy regime of 3.2 and
5.3 kcal/mol and a high-energy regime peaked at 85 kcal/mol. The CCI reaction product was probed by
laser-induced fluorescence via théA— X?I1 (Av = 0) transition. In the low-energy regime, CCl was
observed to be highly rotationally excite@§ = 1500-1800 K), and the first excited vibrational level was
significantly populated. Good agreement was obtained between the experimental results and statistical
estimations based on prior calculations, suggesting that the reaction proceeds through an insertion complex
and that the exit channel does not exhibit distinct dynamical biases. In the high-energy regime, however, the
reaction pathway is believed to involve a short-lived complex that preferably samples reactants from the
broad center-of-mass energy distribution withver collision energy componentLontributions from an
abstraction mechanism cannot be ruled out.

|. Introduction known about the detailed mechanisms of these reactions, our
goal here is to study aexothermicreaction of C¥{P) with a
saturated hydrocarbon in order to elucidate the role of insertion.
The high-energy carbon source used in our previous study of
endoergic reactions has a broad range of energies; thus, effects
due to collision energy cannot be studied, and mechanisms are
sometimes obscured.

In this paper, we describe our investigation of translational
energy effects on the reaction of3] with chloroform?3

Atomic carbon is one of the smallest elements that participates
in abstraction, addition, and insertion reactions, important in
combustion, interstellar space, and synthetic hydrocarbon
chemistry?2 In addition, with only six electrons and a small
energy gap (1.26 eV) between the ground st8® and the
first excited state 1D), atomic carbon is amenable to both
theoretical and experimental investigations of the effects of its
electronic configuration on reaction pathways. Despite its
mechanistic importance, difficulties in generating carbon atoms

3 —_—
state selectively and reliably have resulted in fewer studies of C(P)+ CHCl;— CCl+ CHCl,

its reactions compared with hydrogen and other second-row AH = —19.4+ 5.4 kcal/mol (la)
atomic species. Generation of atomic carbon by photolysis of
carbon suboxide produces a mixture of its spin states, as well — CH+ CCl
as the reactive species,@3 In contrast, laser ablation of AH = +14.4+ 3.4 kcal/mol (Ib)
graphite can be used to generate an efficient, clean, and state-
selective beam of GP)4~8 This technique, combined with — HCIl + CCl,
pulsed, crossed molecular beams, is useful for detailed studies AH = —118.74+ 5.5 kcal/mol (Ic)
of carbon atom reactions under single-collision conditions with
well-defined energie%!® — CHCI+ CCl,

In previous studies that investigated the endothermic reactions AH = —24.6+ 7.2 kcal/mol (Id)

of hyperthermal GP) with several molecules includingHHCl,

HBr, and CHOH, experimental and theoretical work suggested at two distinct collision energy regimes. Using two separate
that an insertion pathway involving the participation of carbene techniques known as free laser ablation and seeded laser ablation
intermediates may be the primary reaction mechafirthis to generate well-defined atomic carbon beams, collision energies
was also borne out in trajectory calculations on théPC{¢ H, of ~85, 5.3, and 3.2 kcal/mol are obtained for theFGCHCl;

and HCI reactions, where the observed internal distributions system. At the highest collision energies, both diatomic
were successfully reproducétl. The feasibility of an insertion products CCl and CH are observed using laser-induced fluo-
mechanism for reactions of &), as opposed to those of Bf rescence detection; however, for the reaction channel leading
for which barriers to insertion are dictated by orbital repulsion to CH, no quantitative data could be obtained due to small signal
in the entrance valle}. opens the possibility of using these levels. For all collision energies, spectral simulations are used
reactions to activate saturated hydrocarbons, a usually difficult to assign CCl rotational temperatures and the vibrational energy
task. Insertion has also been implicated in earlier studies of partitioning into the low level states, and the results are
such reactions by Skell and co-workers, in which carbon speciescompared with statistical prior distributions to elucidate the
generated by a carbon arc and reacting in the condensed phasgaction mechanism of reaction la.

(~77 K) give rise to products in which atomic carbon is

incorporated into the reactant hydrocar3dnSince little is Il. Experimental Section
T Present address: Department of Chemistry, Korea University, 1 Anam- The crossed-beam apparatus consists of an ablat.lon chamber,
Dong Sunbuk-Ku, Seoul, Korea 136-701. a molecular beam chamber, and an oqtagonal reaction chamber,
€ Abstract published ilAdvance ACS Abstractéyugust 1, 1997. each pumped separately by a diffusion pump. For the data
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presented here, only the ablation chamber is differentially expanding through a pulsed supersonic valve (General Valve,
pumped (throuy a 3 mmskimmer). Average background 0.8 mm diameter orifice, 65Qs pulse fwhm). Typical
pressures with both beams on ar8 x 107> Torr, while stagnation pressures are 55800 Torr at~300 K. The pulsed
operating at 10 Hz. valve is heated to ca. 8@ to minimize formation of clusters
The ground-state atomic carbon beam3Rj( is generated  and is typically placed at 40 mm from the reaction center. The
by laser ablation of graphite® The fourth harmonic output ~ neutral beam is unskimmed to obtain a higher signal-to-noise
(266 nm) of a Nd:YAG laser (Spectra-Physics GCR-11-3, 7 (S/N) ratio.
ns) is focused to an approximately 0.5 mm diameter spot (50 The CCI reaction product is detected by laser-induced
cm focal-length lens) at the surface of a spectroscopic gradefluorescence (LIF) via the 2\ — X2IT (Av = 0) transition at
graphite rod (Bay Carbon Inc.) maintained in constant helical ~278 nm}4~¢using the frequency-doubled output (KDP, Inrad
motion for good shot-to-shot stability. AT-Il autotracker) of an excimer-pumped dye laser system
The apparatus is designed to generate atomic carbon in two(Questek 2220M and Lambda Physik FL2001) operating on
different modes. In the first mode, ablated carbon atoms are Coumarin 540A dye. The probe beam is loosely focused to a
allowed to expand freely into the chamber vacuufred ~3 mm diameter spot at the reaction centgrebl mfocal-

ablation). The ablation laser beam passes directly through the!€ngth lens. The resulting fluorescence is imaged using a
carbon beam skimmer to hit the graphite rod, generating a Galil€o type telescope through a 279£05.5 nm interference

counterpropagating, translationally “hot28 eV), pulsed atomic filter (Corion) onto the PMT (GaAs Hamamatsu R943-02). For
beam of short temporal duration ¢8 fwhm at a distance of 60 [T€€ ablation, the probe laser pulse is delayed-yus with
mm from the rodf Although the spread in carbon atom respect to the firing of the ablation Ir':lser., for seeded ablation in
velocities is large, free ablation is advantageous in that almost € Py ~42us, and for seeded ablation in 30% Ne:70% He by
complete destruction of (Ccluster species is achieved at the ~°9HS- .

moderate ablation energies used-43mJ). In the second mode, Analog signals from the PMT are sent to a Nicolet Explorer
the ablated atoms are entrained in a carrier gas to allow kinetic!! digital oscilloscope interfaced to an IBM-compatible PC for
energy control of the reactant atom beaaddechblation). In data storage and processing. The timing sequence of the
this configuration, the rod holder is coupled to the faceplate of €XPeriments is controlled by an array of pulse and delay
a magnetic induction-type pulsed supersonic valve (R. M. Jordan generators aI_Iowmg cont_rol of six separate channels with 10 ns
Co., 0.5 mm diameter orifice, 5@s pulse fwhm), with the incremental time resolution.

graphite rod recessed by4 mm to the valve nozzle. This type .

of pulsed valve has been chosen due to its ability to produce !!l- Results and Analysis

gas pulses of short temporal duration and high peak intensities, 1 Center-of-Mass Collision Energies. Velocity distribu-

both of which are paramount to generating an efficient seededtions of the atomic carbon beam generated by free ablation have
beam. The ablation laser is fired as the seeding gas pulsepeen characterized in detail by determining its time-of-flight
emitted by the pulsed valve passes through the ablation region(ToF) distribution® The directional, monomeric beam pos-
(typically 50-60 us after triggering the Jordan valve), thus sesses a peak velocity 6f8000 m s with a broad velocity
entraining the ablated carbon species prior to expanding into gistribution of about 6000 m-4 fwhm.

the chamber through the skimmer. Here, the ablation laser |, this work, velocity distributions for the seeded atomic
enters the chamber in a dlreptlon orthogonal to the propagation beams are estimated from TOF data, since the latter is always

of the seeded beam. In this experiment, He and a 30% Ne: yresent in the seeded beams and is easy to detect by LIF via
70% He mixture are used as carrier gases at stagnation pressurgge Swing bands (A1, — X1=47).18 Assuming that all small

of 100 psi (7.5 atm). Higher energies, e.g.—-6 mJ, are ablated G species are fully entrained in the carrier gasa6d
required for seeded ablation, in order to compensate for the 51omic carbon will have similar velocities in the seeded beam.
lower carbon atom densities due to losses from increased C ToF gata are collected by monitoring the IGF signal at 387.2
clustering in the entrained beam. The carbon rod is placed atpy, a5 a function of the ablatierprobe delay, at a fixed distance
distances of 60 and 70 mm from the reaction center for free 5t 70 mm between the graphite rod and the excitation laser.
and seeded ablation, respectively, aritb mm from the carbon  The TOF distributions obtained are then converted to velocity

beam skimmer. No metastable states of atomic cartidAS) gjstributions as described elsewhér€arbon atoms seeded in
have been observed in either free or seeded laser ablation ofye have a peak velocity at 1630 miswith a narrow velocity
graphitet67 distribution of 250 m 3! fwhm, while those seeded in 30%

Although the distribution of €species has not been directly Ne:70% He have a peak velocity of 1035 n# sith a velocity
measured by this group, the amount of (e most stable of  distribution of 220 m s'. The velocity of the 5% CHGIHe
the small G species) in the seeded atomic beam is consideredgas mixture is estimated at 1180 m‘sising calculations that
to be small. G(A—X) background fluorescence can be assume a full expansion of the molecular béém.
observed simultaneously with CN{BX) fluorescence (a pri- Center-of-mass (com) collision energies are subsequently
mary product of the reaction of &) + N;O) in our seeded  obtained using the experimentally determined carbon velocities
ablation system. With careful adjustment of the ablation and the calculated velocity for the molecular beam. The com
focusing lens, gsignals can be effectively minimized and CN  collision energies for the & CHCl; system are 8% 50 (fwhm)
signals (hence CP)) maximized, and typical signal ratios of  kcal/mol for free ablation, 5.3 0.6 kcal/mol for seeding in
C5to CN are less than 1 to 6. In addition to this, Kaisenl.8 He, and 3.2+ 0.5 kcal/mol for seeding in a 30% Ne:70% He
have also generated an atomic beam of carbon using a similarmixture (Table 1).
seeded ablation design. With TOF-MS, they have determined 2 CCI(X2II) Internal State Distributions and Spectral
the ratio of G:C,:Cs ablated species in helium gas to be 1:0.06: Simulations. The CCI@II) product is detected by LIF via the
0.07. A2A — X2[1 (Av = 0) transition. Spectra obtained for all three
A supersonic molecular beam of chloroform is generated by collision energy regimes are displayed in Figure 1. Large CCI
bubbling He through CHGI(Fisher Scientific Co.) in an ice/  signals are observed for both free ablation and seeded ablation
water bath to obtain a5% CHCk/He mixture and then in pure He; however, this signal is reduced by over half on
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a) Seeded Ablation in 30% Ne:He a) 1500 K
Q1(0,0) b) Seeded Ablation in He b) 1800 K
P2(0,0)
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c) Free Ablation ¢) 2300 K
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Figure 1. Experimental CCI(AA—X2IT) Av = 0 LIF spectra obtained ~ Figure 2. Simulated CCI(AA-—X?IT) Av = 0 LIF spectra, obtained
in the reaction of ) and CHGJ. The CP) is generated by (a) seeded  Using the formulas given in refs 15 and 20, and spectroscopic constants

ablation in 30% Ne:70% He, (b) seeded ablation in pure He, and (c) given in ref 15. The simulations correspond to CCl rotational temper-
free ablation. atures of (a) 1500 K, (b) 1800 K, and (c) 2300 K.

switching to the Ne:He mix, due to the greater degree of are compared to simulations of the-A X transition generated
clustering in the heavier carrier gas mixture. The (0,0) band of using known spectroscopic constatfts.The rotational line
the A — X transition is the strongest for CCl; however, the strengths of the A— X system are calculated using the formulas
near equality of the molecular constants of the X and A states given by Kovacg® Although spectroscopic FraneiCondon
results in crowded vibrational bands, and at high rotational factors for the diagonal bands have not been experimentally
temperatures the spectrum is congested due to rotational bandletermined, they are expected to be large due to similar
overlap. Fortunately, several branches form prominent band- molecular constants in the X and A states, and calculations have
heads4-16 and the @, P;, and B bandheads of the (0,0) band  Yielded values of 0.988 and 0.963 for the (0,0) and (1,1) bands,
and the Q@ bandhead of the (1,1) band are all clearly observed respectively? The best fits of the simulations to the experi-
in the spectra. Although CH was observed in the reaction of mental data are obtained by using the relative vibrational
C(@P) generated by free ablation with CHQleaction Ib), signal populations, spectral bandwidth, and rotational temperatures for
levels were too poor to obtain internal state information. thev” = 0 andv” = 1 levels as fitting parameters, and the
From the experimental spectra, it is clear that the CCI product Simulated spectra thus obtained are displayed in Figure 2. Due
exhibits considerable rotational excitation in both collision to the poor sensitivity of the simulations to the rotational
energy regimes. The,@,0) bandhead in particular is a sensitive temperature ob" = 1, similar temperatures were used for both
measure of rotational excitation, as it forms at €Q" < 70 bands, while the rotational excitation in each vibrational band
(corresponding tdE,q > 2400 cnl),26 and is observed in all was truncated at the highest level allowed by energetics.
cases, although a marked decrease in the bandhead height is The spectral simulations most closely match the experimental
observed as the collision energy of thetCCHCl; system is spectra at CCI rotational temperatures of 2303500 K for
decreased. As this bandhead will also rapidly disappear underfree ablation, 180G+ 300 K for seeded ablation in He, and
conditions of rotational relaxation, it was used to ensure that 1500+ 300 K for seeded ablation in 30% Ne:70% He. In the
the spectra are obtained under single-collision conditions. A simulations, Boltzmann distributions are assumed for each
series of scans taken at various nozdtgeraction region vibrational level. The best agreement with the experimental
distances (3660 mm) and stagnation pressures (5800 Torr) spectra is obtained when the vibrational level partitioning into
produced no significant change in the relative size of the P v" = 1 compared ta" = 0 is 20% for free ablation, 35% for
bandhead, verifying that relaxation is minimal. The CCl product seeded ablation in He, and 30% for seeded ablation in the Ne:
also displays some vibrational excitation, as is evidenced by He mix. However, these ratios do not reflect the true vibrational
the appearance of the;Q,1) bandhead in all experimental partitioning, since the analysis should also take into account
spectra. the Franck-Condon corrections (0.988 and 0.963 for the (0,0)
To obtain estimates of the rotational temperatures and theand (1,1) bands, respectively) and the lifetimg differences
vibrational partitioning between the ground and first excited of thev' = 0 andv' = 1 states. Predissociation in the
states in the nascent CCRK) state, the experimental spectra state of CCl reduces the collision-free lifetime of 110 na/in
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= 0 (independent of rotational quantum number) to 35 ns for TABLE 1: Summary of Experimental and Prior Results for

the R, spin—orbit component of’ = 117 The corrections were ~ CCl Rotational Temperatures and Relative Vibrational
performed using the following formula, Partitioning, Obtained at the Collision Energies Achieved by

Free and Seeded Ablation Techniques
simulated spectra prior calculations

@' =1)  1(QL.1)7,FC(0,0)

collision energy

N =0)  1(0,(0,0))7, FC(L,1) 1) (keallmol)  Ter(K2  vilvo . Tror(K)2 valvo
free ablation 85+ 50 (fwhm) 2300+ 400 0.36+0.09 6004 0.82
; ; He 5.3+ 0.6 1800+ 300 0.53+0.08 1763  0.49
wherel and FC are the intensity and the Fran€kondon factor I iy 1500E 300 0.42£ 008 1618  0.46

of each Q branch in the spectrum, and is the lifetime of

each excited vibrational level. It is thus estimated that the *Rotational temperatures are reported dor 0 only.
vibrational level partitioning is 36 9% for free ablation, 53

+ 8% for seeded ablation in He, and 42 8% for seeded
ablation in 30% Ne:70% He. As the (2,2) band cannot be
observed in thé\v = 0 sequence due to strong overlap by other
bands, theAv < 0 sequences were investigated in an attempt
to detect population in the higher vibrational levels. No
noticeable band features were observed due to a low S/N ratio,
as might be expected from poor FrardBondon factors and o ..22222393@
high predissociation rates. Thus, population in higher vibra- o 10 20 30 40 50 6 70 8 %0
tional levels could not be ascertained. i’

() 00000 e Prior
o* %o o Boltzmann (simulation)

Relative Population
®©
b4
90
O

IV. Discussion (b)

Nascent internal distributions of the CCRMN) product
obtained under single-collision conditions can provide insights
into the reactive processes, including energy disposal into
products and its dependence on experimental conditfofhe
total available energyea. for partitioning between internal
degrees of freedom and recoil velocity of the reaction products .
in reaction la is given by the following expression: .

In[Pj/ (2/+1)]

E, = En+ E,((CHCL) — AH__ 2 0 1000 2000 3000 4000 5000 6000 7000 8000
) o ) Rotational Energy (cm™)

ECOE IS th'ebczn'ter-of-r'nass COIIISIgn gler.gy r?f the rea(‘itlve system Figure 3. (a) CClv" = 0 prior distribution obtained using an average
as described in section Ill. Ein(CHCL) is the internal energy  ,yailable energy of 24.7 kcalimol, corresponding to a rotational
of chloroform and is assume_d to be neg'_'glb|e in the SUPErsoNIC temperature of 1763 K&). Also displayed is the Boltzmann distribution
molecular beam, and\Hy, is the reaction enthalpy and is used to generate the CCl simulated spectrum at 1800K (b)
calculated to be-19.4 kcal/mol for the exothermic reaction la.  Boltzmann plot of the CCI prior distribution in (a). Arrows in (a)
The available energy for the € CHCl; system is thus estimated ~ indicate the interval of states that are used to assign rotational
to be 104+ 55 kcal/mol for free ablation (recall the very broad temperatures to CCl.

distribution ofEcom), 24.7+ 6 kcal/mol for seeding in He, and . .
22.6+ 6 kcallmol for seeding in a 30% Ne:70% He mixture. USing the reduced mass)(of CCl and CHC} and the classical

As it is useful to discuss energy disposal and reaction mecha-rotational density of states of the CHGiroduct. The vibra-
nisms in terms of low (seeded ablation) and high (free ablation) tional density of states is obtained using direct count of states.

collision energy regimes, the remaining discussion is divided The only quantities necessary to deternfifgv) are the CHG
into these sections. vibrational frequencies for calculating(Ey), and these are

1. Reaction in the Low Collision Energy Regime. As obtained from theab initio calculations of Hopkinson and co-
discussed in the previous section, the observed nascent CCworkers?* From the predicted CCl internal state distributions,
rotational excitation shows good agreement with simulated both rotational temperatures and the ratios of the two vibrational
spectra based upon a Boltzmann-like distribution and does notstate populations are obtained. The results are summarized in
exhibit clear dynamical biases. Thus, it is useful to compare Table 1. The calculated rotational distributions appear Boltz-
the observed distributions to those predicted by statistical mann-like over a broad range, and are therefore assigned
models. For polyatomic systems, the simplest approach is to“temperatures” based on90% of the populated levels. Only
compare with prior distributions, which are determined by the states in the interval between the low and high rotational levels
available volumes in phase space of the fragments, and areshown in Figure 3 are used to obtain the rotational temperatures
constrained only by energy conservatinin the case of a  shown in Figure 4. In this manner, effects due to possible
reaction producing diatomic and polyatomic fragments (reaction rgjaxation of lowj’s, and the thermal distribution of reagent
Ia)_, thg prioro_listributi_on for CCl in a specific rovibrational state, energies which affects the high limit are avoided. The
P(j,v) is obtained using vibrational state distributions are obtained by summing over the

. . 2 entire rotational prior distribution for each vibrational level to
P(.v) 0 (2 + n(E,) 2 PENE—F-E —E)" () obtain its relative population. The experimental rotational

temperatures and the rati®(v''=1):P(v"'=0) obtained with
where (2 + 1) is the rotational degeneracy of the diatomic CCI C(P) seeded in He and the 30% Ne:70% He mixture are
andn(E,) is the degeneracy of CCl vibrational states, which is consistent with the prior calculations that apportion the popula-
unity for a diatomic molecule. The summation is obtained tion of each state as per its degeneracy. Although detailed
through integrations over the 3-D translational density of states balance is not obeyed in the prior calculations and angular
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Figure 4. Boltzmann plots of the CCb" = 0 prior distributions
obtained at available energies of 1) (24.7 @), and 22.6 kcal/mol
(m). The plots correspond to rotational temperatures of 6004, 1763,
and 1618 K, respectively (see Figure 3 and the text).

Choi et al.

employed in our studyH;cm = 3.2 kcal/mol), we conclude that
only a small (if any) barrier exists in the entrance channel
leading to the intermediate. We may speculate, however, that
the insertion reaction is very likely affected by strong steric
hindrances in the entrance channel, since the bulkier chloroform
will restrict the angle of approach significantly and not all
geometries will access the entrance valley; e.g., atomic carbon
is more likely to approach between the H atom and a Cl atom.
In addition, compared to the Ghhtermediate described above,
the symmetry of CICCHGlIis obviously reduced, and the higher
density of states of the polyatomic complex should increase the
rate of energy flow among the internal degrees of freedom in
the intermediate, facilitating a statistical outcome. The good
agreement between the experimental and statistical distributions
also indicates that, after passing through the transition-state
region, exit channel dynamics (e.g., a barrier or strong angular
anisotropy) do not significantly influence the rotational excita-

momentum conservation is neglected, these do not significantly tjion of CCI.

affect the calculated distributions.

The agreement between the prior distributions and the results

of the seeded ablation experiments implies that in the low
collision energy regime the reaction proceeds through an
insertion complex, CICCHG] which survives sufficiently long

to allow the available energy to be statistically partitioned among

all the degrees of freedom of the fragments prior to dissociating

into CCl and CHGJ. The energetics of the formation of the
CICCHCY, intermediate are unknown; however, in analogy with

other carbene intermediates, it is likely to be considerably more
stable than the reactants. Analogous carbene intermediates suc

as HCH, HCCI, and HCCklare stable with respect to their
reactants by 6090 kcal/mol, irrespective of their spin stafes.
Although the potential energy surface (PES) for the reaction
of C(P) with CHC} is unknown, it is quite useful to compare
reaction la to detailedab initio calculations performed by
Harding, Guadagnini, and Schatz (HGS) for the-G1, — CH;
system® They obtained a global ground-state potential energy

surface for all orientations of atomic carbon approach and found

that H atom abstraction via a colline@s,, path along theéll

surface experiences a long-range repulsion and has a late barrief

of 1.3 eV. However, a predominant inserti@g, (C) pathway
was calculated to form the triplet methylene intermediate without

To the best of our knowledge, there are no other gas-phase
studies of exoergic reactions of ) with saturated hydrocar-
bons to which our results can be compared. Nishiyatal.
studied the exoergic reaction of carbon with HI and observed
rotationally relaxed CH in botl” = 0 and 1 at 300 K¢ The
vibrational population ofy"" = 1 was found to be ca. 45% of
that ofv" = 0, larger than that predicted by prior calculations
(ca. 15%) which often underestimate the degree of vibrational
excitation in reactions of small molecules. Also, this high

opulation is considered a characteristic feature of the product
istributions for light atom-transfer reactiofis.In their pioneer-
ing studies, Skell and co-workers studied the reactions of atomic
carbon produced in a carbon arc with solid hydrocarbons/at
K. They found products that in the case of unsaturated
hydrocarbons were attributed to insertion by botRg(and
C(tD).122b |n the case of halogenated hydrocarbons, insertion
products were observed, but the spin states of the atomic carbon
responsible for the reaction were not identifi@él. Recently,
Kaiser et al. have performed crossed-beam experiments of
carbon with unsaturated hydrocarbons, and they favor an
addition mechanism to double or triple bords.

2. Reaction at the High Collision Energy Regime.In the

any activation barrier, which may then dissociate to form the €ase of free ablation, the much higher collision energies allow
fragment products CH and H. These authors find an attractive the investigation of both the endoergic CH channel Ib and the

long-range interaction for an approach in which the empty p exoergic CClI channel la. However, much larger LIF signals
orbital of carbon points toward H leading to an excited have been obtained from the CCI product than from CH. The

methylene triplet state. However, when a singly occupied large prope_nsity for formation of CClis easil_y understood based
carbon p orbital points towardAHa large entrance barrier exists ©On €nergetics, the ratio of Cl to H atoms in chloroform, and
for formation of the ground state of the methylene intermediate. Steric effects.

An avoided crossing between these states results in a reduction Due to the very broad range of carbon atom translational
(or possible elimination) of the entrance channel barrier to energies obtained in free ablation, the prior distribution was
insertion. More recent trajectory calculations by Guadagnini determined at the peak of the collision energy (i.e., 85 kcal/

and Schatz on the endothermic®E)+ HX (X = H, D, Cl)
reactions have determined that, in the reaction with tHe

mol). As expected, the large amount of available energy results
in very broad rovibrational prior distributions compared to those

carbon atom approach for reactive encounters is not perpen-obtained at the lower collision energies (Table 1). However,

dicular to the H molecule (which is generally believed to be
dominant for insertion), but rather is nearly collind&rThis

the experimentally observed CCI rovibrational excitation can
be described by a much lower rotational temperature and a

nontraditional approach is attributed to inefficient energy transfer smaller fraction of vibrational energy partitioned int = 1
between the symmetric and asymmetric modes of the activatedcompared to statistical predictions. There are several explana-
3CH, intermediate in the perpendicular approach (less apparenttions for this result. The first is that due to the expected shorter
in CHD and CHCI due to asymmetry). Comparisons of their lifetime of the intermediate complex at high collision energies,
predicted internal distributions to our experimental CH product the large available energy will not be completely redistributed
distributions for the C) + H, reactio® show an excellent  as assumed in the simple prior model. Thus, the product energy
agreement, strongly supporting the accuracy of the HGS surface distribution will not display statistical behavior. Since CCl is
For the exothermic reaction la investigated here, the datathe newly formed bond, the CHECtounterfragment (the “old”
suggest a similar insertion pathway. On the basis of the strongbond) is expected to have even lower internal energy, and the
LIF signals obtained even at the lowest collision energies balance of energy would then be deposited in relative translation.
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We thus expect a broader Doppler line width for each rotational  (5) Scott, D. C.; Winterbottom, F.; Scholefield, M. R.; Goyal, S.;
CCl line (e.g.,~0.8 cnt for low-j levels of CCl inv" = 0, Reisler, H.Chem. Phys. Letll994 222 471.

compared with the 0.4 cm bandwidth of the lase?? How- 199(56z)§cﬂ°é%‘;‘?'d' M. R. Goyal, S.; Choi, J.-H.; Reisler,HPhys. Chem.
ever, careful inspection of the spectra obtained at low and high @) éostes’ M.: Naulin, C.: Dorthe, G.: Daleau, G.: Joussot-Dubien,
collision energies shows no significant broadening of these J.; Lalaude, C.; Vinckert, M.; Destor, A.; Vaucamps, C.; Nouchi,JG.
rotational lines, and thus we do not favor this interpretation. Phys. E1989 22, 1017.

Another plausible alternative is that although the collision Egg g"’)‘iiie;r der'];';LS“Eitj' éh}?;eéhiﬂﬁ:;n;;;?;ﬁ? (Gb? 3:?;;19 .
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