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The crossed molecular beam technique was utilized to investigate the reaction of ground state
carbon atoms, éPJ-), with d3-methylacetylene, CRECH(X'A,), at an average collision energy of

21.1 kImol't. Product angular distributions and time-of-flight spectra were recorded. Only the
deuterium loss was observed; no atomic hydrogen emission was detected experimentally.
Forward-convolution fitting of the data combined with electronic structure calculations show that
the reaction is indirect and initiated by a barrierless interaction of the carbon atom #esystem

of the methylacetylene molecule. Reactions with large impact parameters vyield a triplet
trans-methylpropene-1-diylidene complex whereas—to a minor amount—the formation of a triplet
methylcyclopropenylidene intermediate is governed by smaller impact parameters. Both collision
complexes rearrange via hydrogen migration and ring opening, respectively, to two distinct triplet
methylpropargylene intermediates. A deuterium atom loss via a tight transition state located about
30 kJmol'! above the n-gH; product is a likely reaction pathway. The formation of the
thermodynamically less stable cyclic isomer remains to be investigated closer. The D atom loss
pathway represents an entrance barrierless and exothermic route to synthesize an extremely reactive
C4H; hydrocarbon radical in combustion processes and extraterrestrial environmenf0010
American Institute of Physics[DOI: 10.1063/1.1394214

I. INTRODUCTION HCO,CH;/HCOCH,0OH,* are the only two cases in which
three structural isomers have been reported. However, no
Exploring the formation of carbon bearing isomers conclusive evidence has been given if ion-molecule or
in hydrocarbon flames and interstellar environments isyeutral-neutral reactions form isomers selectively. A better
an important instrument to test chemical models on the evognderstanding of these elementary processes is therefore nec-
lution of cold molecular clouds, outflow of carbon stars asessary.
well as hot molecular corésUntil now, six isomer pairs The crucial role of neutral-neutral reactions to synthesize
have been detected in extraterrestrial space, i.ehydrocarbon isomers under controlled reaction conditions
cyclopropenylidene/vinylidenecarbene, gH3/H,CCC, cy-  was investigated recently in laboratory experiments employ-
clic and linear tricarbonhydride, c48/1-C;H, hydrogen ing the crossed molecular beams technitjdese studies
cyanide/hydrogen isocyanide, HCN/HNC, cyanomethaneélucidated the collision energy dependent chemical dynamics
isocyanomethane, GEN/CH;NC, magnesium cyanide and of ubiquitous interstellar carbon atoms(3l?,-), with acety-
isocyanide, MgCN/MgNC and ethyleneoxide/acetaldehydelene, GH, to form both astronomically observed linear and
c—CH,0/CH,CHO 2 Cyanoacetylene/isocyanoacetylene/ cyclic tricarbonhydride isomers:
N-butatrienylidene, HCCCN/HCCNC/HNCCEand acetic 3 ot ) )
acid/formicacidmethylester/glycolaldehyde, LHOOH/ COP)+CHAX2 ) = 1-CH(X Ty + HESy), (18
—C—GH(X?By)+H(S;).  (1b)
N , . o
Yok Y0100, - UK. Corresponding - auther. _ Hlectionic. maie The methyl-substituted counterparts, i.e., the 1,GHand
rikl@york.ac.uk c—CH,C; isomers, have never been detected in extraterres-
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trial environments. A potential synthetic route might be thespectra and the LAB distributiolf. This procedure initially
reaction of Q?’Pj) with methylacetylene, CRCCH(X'A,): presupposes an angular flux distributiof)Tand a transla-
3 1 P 2 tional energy flux distribution ;) in the center-of-mass
C(*P) + CHyCCH(X A1) —1-CHyCy( X1 1) + H( Slézz)a) system. Hereafter, TOF spectra and the LAB distribution are
calculated from these(®) and RE;) averaged over the ap-
— C—CHyC4(X?Bo) +H(Syp). paratus and beam functions. Best fits of the TOF and labo-
(2b) ratory angular distributions are archived by iteratively im-

Previous crossed-beam studies of this reaction were peRroving adjustable @) and RE;) parameters. The final
formed at two collision energies of 20.4 kJmbland 33.2 ~outcome results into a velocity flux contour map in the
kJmol . These investigations revealed that the thermodycenter-of-massCM) frame showing the intensity, #u)

namically most stable n—El;(X?A’) was synthesized at the ~T(6)xP(u), as a function of the anglé and velocity u in
higher collision energy: the center-of-mass frame.

3 1 YN 2
C(*P) + CHCCH(X A1) —n—-CgHz(X“A") + H("Sy (o - ABINITIO AND RRKM CALCULATIONS

The authors suggested, however, that at lower collision en- dThte geomdettnes_tc?f thet rteac;an:rs(épr(iijg%tsé(\ézr|ous Inter-
ergy a hitherto not identified thermodynamically less stabletme lates, an i ra_ms(ljmn sta et?\ orh b F‘? q 3‘t ¢ rez:c- |
C4H; product was likely to be formed. Therefore, more ex- lon were optimizéd using the hybrid density Tunctiona

tensive studies of this reaction are necessary to resolve th sLyP methqd, €. Becke’s three-paramet.er nonlo_c al ex-
open issue. change functionat with the nonlocal correlation functional

R 3
In the present paper, we address this unanswered que%f- Lee, Yang, and Paff, and the 6-311Gi,p) basis set

tion using the following strategy. First, reacti®) is per- ibrational _frequencies, calculated at the B3LYP/6-

formed at low collision energy using partially deuterated me-311€(d’p) level, were used for a characterization of station-

thylacetylene, CECCH. If channel(2a) or (2b) is open ary points, zero-point energy PE) correction, and for the

under our experimental conditions, the ©@roup should be RRKM calculations. All the stationary points were identified
conserved, and only H atom elimination is expected. Seconcifro m|n|tmum.t.(nurntb$r c,)\ljml/lrr;\acglzaryl frequencies NIMAG
ab initio calculations are performed on thé¢®g)+CH;CCH ) or transition state ( ). In some cases, geom-

: : . tries and frequencies were recalculated at the MP2/6-
reaction on the triplet ¢H, potential energy surfacéPES. € 14
Finally, we compare RRKM calculations with our experi- 311Gd,p and CCSRT)/6-311Gd,p) level™ In order to ob-

o tain more reliable energies, we used the GRKIC,MP2%®
mental findings. method, a modification of thesaussian-2 [G2(MP2)]
approacht® The caussian 941" moLPRO 968 and Aces-II*®
programs were employed for the potential energy surface

The experiments are carried out under single collisiorcomputations.
conditions employing the 35crossed molecular beams ma- To compare our experimental findings with theoretical
chine. The details of the setup are described in Ref. 7predictions, rate constant$® at a collision energy E for a
Briefly, a pulsed supersonic carbon beam is generated vianimolecular reaction A— A*— P were calculated accord-
laser ablation of graphite at 266 rfithe 30 Hz, 35-40 mJ ing to the quasi equilibrium theory or RRKM thedfyA*
output of a Spectra Physics GCR-270-30 Nd:YAG laser isdenotes the activated complex? e transition state, and P
focused onto a rotating carbon rod, and the ablated carbatme products. As a result, the concentration of each species
atoms are seeded into helium released by a pulsed valysresent in the reaction mechanism was obtained as a function
operating at 60 Hz, 8Qus pulses, and 4 atm backing pres- of time. The concentration of the products at« were then
sure. A four-slot chopper wheel mounted 40 mm after thetaken to calculate branching ratiésf. Ref. 21 for details
ablation zone selects a 9u» segment of the seeded carbon
beam with a peak velocity of ¥ 1960 ms?! and speed ratio |v. RESULTS
S=7.5. This beam crosses a pulsed d3-methylacetylen
beam, CRQCCH, with \,=825ms* and S=12.3 at 590 torr
backing pressure at 90° in the interaction region of the scat- Reactive scattering signal was observed at mass to
tering chamber with a collision energy of 21.2 kJmblRe-  charge ratios m/e 53, 52, 51, 50, 49, and 48, i.e.,LH",
actively scattered products are probed in the plane defined bg,D,, C,HD*, C,D*, C,H*, and G (c.f. Figs. 1-3. Time-
both beams using a triply differentially pumped, rotable de-of-flight spectra at mass to charge ratios 52—-48 depicted
tector. The latter consists of a Brink-type electron-impactidentical TOF patterns as those spectra recorded at m/e
ionizer?® quadrupole mass filter, and a Daly ion detector. The=53. Hence, these lower masses resulted from cracking of
velocity distribution of the products is recorded using thethe GD,H" parent ion in the electron impact ionizer of the
time-of-flight (TOF) technique, whereas the laboratory angu-detector. Compared to the reaction with {LL&€H, a pro-
lar distribution(LAB) is obtained by integrating these TOF nounced shoulder in those TOF spectra close to the center-
spectra and correcting for the carbon beam intensity and difef-mass angles is evident. This is the result of the mass com-
ferent data acquisition times at distinct laboratory angles. Aination of the products fD,H/D which translates into a
forward-convolution routine is used to obtain information onbroader Newton circle in the deuterated case and increased
the chemical dynamics of the reaction by fitting the TOFresolution of the TOF spectra. We like to stress that no signal

Il. EXPERIMENTAL SETUP

ﬁ_ Reactive scattering signal
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FIG. 1. Lower: Newton diagram for the reactior®g)+CD;CCH (X'A,). Time of flight (MS)

The circle stands for the maximum center-of-mass recoil velocity of the

n—C,D,H isomer assuming no energy channels into the internal degrees of|G. 2. Time-of-flight data at m/e52 for indicated laboratory angles. Open
freedom. Upper: Laboratory angular distribution of mf&2. Circles and & circles represent experimental data, the solid line the fit. TOF spectra have
error bars indicate experimental data, the solid lines the calculated distribuseen normalized to the relative intensity at each angle.

tion for the GD,H product. C.M. designates the center-of-mass angle. The
solid lines originating in the Newton diagram point to distinct laboratory

angles whose TOF'’s are shown in Fig. 2. . . . . .
9 9 longer than its rotational period. In addition, the reactive

scattering signal is spread at least over 50° within the scat-

of C,D; at m/e=54 was detected. If we account for the datatering plane. This broad distribution combined with the light
accumulation time and the noise level, the H atom eliminal® atom proposes a(By) peaking away from zero.

tion channel shows only an upper limit 6f0.01% relative to

the D atom loss pathway. This is a clear indication that thec. Center-of-mass translational energy distribution,
carbon—hydrogen exchange is closed under our experimentR(E;), center-of-mass angular distribution,

conditions; only the atomic carbon versus deuterium ex-T(6), and flux contour map | (6,u)

change is observed. In addition, no radiative association to
C,DsH (m/e=55) could be traced, indicating that internally
excited GD;H complexXes did not survive under our single
collision conditions.

The best fit of the translational energy distributidiEep),

the angular distribution (B), and the flux contour magé,u)

are shown in Figs. 4 and 5. Both the LAB distribution and

TOF data were fit with a single(B;) extending to a maxi-

mum translational energy releasgof 120 kJ mol . Cut-

ting this tail by up to 30 kJ mot* does not influence the fits.

Likewise adding a long tail up to 200 kJ mdlwith an in-
The most probable Newton diagram of the title reactiontensity of 0.01-0.015 relative to the distribution maxima of

together with the laboratory angul@ctAB) distribution of  the RE;) results in an identical fit. In addition, the(E)

the GD,H product and TOF spectra are displayed in Figs.peaks away from zero as expected from the LAB distribution

1-3. The TOF spectra at m#52 and 53 were fit with iden- and reveals a broad plateau between 25-35 kJ'dli-

tical T(#) and REy) distributions(cf. Secs. IV.C and IV.[D nally, the total average available energy channeling into the

This strongly supports the conclusion that m&2 results translational degrees of the reaction products is 40-42

from cracking of m/e=53 in the electron impact ionizer. The kJ mol ..

LAB distribution peaks at 57.0° close to the CM angle of Both the T6#) and K6,u) distributions are symmetric

56.5°, suggesting that the reaction proceeds through a conaround#/2 (c.f. Figs. 4 and b This implies that either the

plex (indirect scattering dynamitsof which its lifetime is  lifetime of the decomposing fD;H complex is longer than

B. Laboratory angular distribution (LAB) and TOF
spectra
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. . tion C(*P)+CD,CCH (X'A;)— C,D,H+D(3Syy,). The solid line limits the
Time of flight (us) range of acceptable fits withinslerror bars.

FIG. 3. Time-of-flight data at mAe53 for indicated laboratory angles. Open
circles represent experimental data, the solid line the fit. TOF spectra have
been normalized to the relative intensity at each angle.

Our electronic structure calculations show tha(FRp

its rotational periodr, or that two deuterium atoms of the €an interact with methylacetylene on the triplet surface via
intermediate can be interconverted through a rotationafour barrierless entrance channels. First, the carbon atom can
axis?? In this case, the light D-atom could be emitteddn @add to the C2 carbon atom to form trans- and cis-
and 6- to result for the forward-backward symmetry of methylpropene-2-diylidene(il and i2, respectively, as
T(6). The flat angular distribution results from a weak cou-shown in Figs. 6 and 7. An attack on the C1 position leads to
pling between the initial and final angular momentum vec-trans-methylpropene-1-diyliden&); a cis isomer of3 was
tors,L andL’, respectively. Since bulk experiments, as well found not to be a local minimum. Since these isomers are
as a crossed-beam investigation, suggest that the reaction pund by 124.7, 116.3, and 136.8 kJ molvith respect to
atomic carbon with methylacetylene proceeds without enthe reactants, the rotational barrier of the {ifoup of about
trance barrier within orbiting limit&® we approximate the 10.5 kJmol* can be overcome easily; this results in a C
maximum impact parameter,fa to be 3.7 A at our collision ~ point group and’A” electronic wave function off, i2, and

energy of 21.2kmol*.® i3. The remaining pathway involves an addition cﬁslq:) to
both the C1 and C2 to form triplet methylcyclopropeny-
V. DISCUSSION lidene,i4. This isomer has no symmetry element and is sta-

bilized by 220.9 kJ mol* compared to @F’j) and CHCCH.

All three methylpropenediylidene isomers can undergo ring
In the following section, we discuss possible reactionclosures toi4 via transition states located 10-18 kJ ol

pathways based on ouab initio calculations on the higher thanil—i3. In i3, this pathway competes with a hy-

C(3Pj)+CH3CCH reaction. Although our experiments were drogen 2,1-H shift. A small barrier of only 0.8 kJ mdlsepa-

performed with CRQCCH and not with CHCCH, the ener- rates the latter from triplet methylpropargylei®), belongs

getics of the intermediates and products change only slightlyo the G point group and has 3 electronic wave function.

by 1-2 kdmol? due to the difference in zero point vibra- The floppiness of this molecule is documented by two low

tional energy. For a complete description of the PES we refefrequency bending modes of the terminal carbon—hydrogen

to Ref. 24. Here, only those results necessary to understari@3 cm 1) and the terminal carbon—carbon ba200 cm%).

the experimental findings are presented. We refer to the caldnder our experimental conditions, both bending modes can

bon atom adjacent to the acetylenic hydrogen as C1, thbe excited, and the methyl group rotates freely. This results

central one as C2, and the methyl carbon atom as C3. in a quasilinear arrangement of all carbon atoms and,a C

A. The C,H, potential energy surface
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FIG. 5. Contour flux map for the reac-
tion  CCP)+CDCCH  (X'A)
—C,D,H+D(%S,,) depicting the ve-
locity of the n—GD,H products in the

+100.00- CM frame; units are given in ms.
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point group ofiS. Further, a ring opening o# can lead td5  Compared to the n-isomer, i;8; (p2) is energetically less
via a barrier of 61.5 kJmol. The intermediaté6 (triplet  favored by 45.6 kJmott. In addition,p2 has the same point
buten-3-yne-1can be formed through a 3,2 hydrogen atomgroup and electronic wave function p$ and can be formed

shift from triplet methylpropargylene. through carbon—hydrogen cleavagei®f The cyclic struc-
turep3 s less stable by 123.8 kJ mdlcompared to n-gH5;

. . _ isomer.
Figure 7 depicts the equilibrium structures of three po-

tentially involved doublet ¢H; reaction products. The
n—CH;(pl) isomer represents the global minimum of the
C,H; potential energy surface. It belongs to the int Our center-of-mass translational energy distribution,
group and has &A’ electronic wave function. Its ground P(E;), demonstrates that the reaction of atomic carbon with
state is a bent structure, whereas the linear structure represethylacetylene is exothermic by at least 70—100 kJthol
sents a transition state between two bent states, located onince a long tail could justify an exothermicity up to 180
3.1 kImor! above the n—gH;. Via C—H bond ruptures of kJmol %, the computed reaction energies to fop p2, and

i5 and i6 via tight exit transition states located 24-30 p3 suggest that the thermodynamically most stable fiH;C
kdmol'! above the separated producgtd, can be formed. isomerpl presents part of the reaction products. The calcu-

C. Identification of reaction product (s)

CCP)y+H,CCCH
0.0

i - FIG. 6. Schematic representation of

- the lowest energy pathways on the
triplet C,H, PES and structures of po-
tentially involved collision complexes
for the Q*P)+CH,CCH (X'A,) reac-
tion. Those structures designated with
“i” indicate intermediates, those with
“p” potential C,H; isomers.

-124.7(-116.3)
1188
>

fown ] ‘AS1aug aAneay
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TABLE |. Calculated RRKM rate constants™) for various reaction steps.

Kiz—ia 1.34x 10'?

Kizia 8.51x 101

Kizia 5.69x 102

Kiz.—ia 2.40x 101

Kia_is 5.76x 101

Kizis 1.20x10°

) Kia—is 4.37x 102

11'823’ 5131429 Kis—is 2.16% 1080

1.095¢ 1',568 092 Kis_i3 2.90x 10"

14657 1258\ Kis_is 6.84x 10°

Kis_i6 3.63x10Y

Kis_p1 1.34x10°

Kip1 1.93x 10'°

. 176.0 179_0l 13 1.097 kiGHpZ 2.40x 10°

1.063 107.4
1555 N 7126471449 1.097
1.279 111.4 1.097
i5,C, %A

the branching ratio for the attack of atomic carbon to C1, C2,
or C1 plus C2 of the methylacetylene molecule. To avoid this
problem, the resulting branching ratios fpt, p2, and p3
were expressed as a functionitfi4 initial concentrations,

1.062 71.204 71.428 . . :
which were not known. The computed branching ratios were

P2 Cy 2N obtained then by plugging in the assumed composition be-
11-2268 tween the initial concentrations df—i4. We assumed that
603 andi2 can freely interconvert to each other and considered
the following initial concentration ratios ofiX+i2)/i3/i4:
674 1/0/0, 0/1/0, 0/0/1, and 1/1/Gsee Tables I-)l The results

for all four cases are similar and suggest that the formation
of p1 should contribute 90-91% to the produg® andp3

FIG. 7. Structures of potentially involved triplet,&, collision complexes are found to be of minor importance and provide only
and products. Important bond lengths are given in Angstrom, bond angles if—10%(p2) and less than 1%p3).

degrees. Those structures designated with “i” indicate intermediates, those

with “p” potential C,H; isomers.

D. The actual reaction pathway

The reaction pathway and chemical reaction dynamics
lated data of-177.4 kmol* is in good agreement with the are discussed in terms of different approach geometries of
crossed beam results. Even accounting for the less exothefe carbon atom towards the methylacetylene molecule. Al-
mic reaction to the iso {3 product,p2 cannot explain the  though our crossed-beam data are actually an average over
experimentally determined data of 70-100 kJfoklone. || reactive impact parameters, the following discussion
Based on the energetics p8, we would expect an exother- helps to understand the impact parameter dependent forma-
micity of about 54 kJmol*, which could explain only the tion of distinct collision complexes, the rotational excitation,
part of the REr) toward lower translational energies. Sum- ang the(non)statistical decompositids) of distinct interme-
marized, these findings suggest formation of the thermodygiates. Our findings suggest that the reaction proceeds via
namically most stable produgtl and possibly fractions of addition of G°P) to the carbon—carbon triple bond of the
p2 and/orp3. As evident from the fEyr), the exothermicity methylacetylene molecule. Since the reaction is barrierless
to form pl1+D is partitioned into rotation and vibrational znd dominated by long-range dispersion forces, primarily
energy of the n—gH; product. large impact parameters are proposed to form the initial col-

Our results correlate nicely with the crossed-beam obselsjon complex. Considering trajectories with large impact

vation of the carbon versus deuterium exchange pathwayarameters, intermediaig is likely to be formed via an
Here, the D atom can only originate from the d3-methyl

group but not from the acetylenic carbon—hydrogen bond. As
evident from the involved potential energy surfdEég. 6), a TABLE II. Calculated product yields at different initial concentrations

deuterium release verifies formation pi (from i5 and/or (i1+i2)/i3h4.

i6), p2 (from i6), and/orp3 (from i4). Reactions(2a) and Initial

(2b) to methyl substituted tricarbon hydride molecules, concentration

CCCCD; and c—GCDj3, were not observed since a hydrogen  (i1+i2)/i3/i4 pl p2 p3

atom loss fromi5 andi4 would have been required. This was 1/0/0 0.899 0.0953 0.0054

clearly not observed experimentally. 0/1/0 0.907 0.0922 0.000 93
These findings can be compared with microcanonical 0lo/1 0.902 0.0917 0.0066

transition state calculations. Since RRKM theory can be ap- 111 0.903 0.0931 0.0043

plied only for unimolecular reactions, we cannot calculate:
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FIG. 8. Schematic representation of distinct approach geometries of atomic

carbon towards methylacetylene.

in-plane interaction of both singly occupied and g, orbit-

als of CI3PJ-) with two perpendicularr orbitals at C1cf. Fig.

8 (sideways attack. This pathway conserves,Gymmetry,
proceeds on thA” surface?® and excites the prolate inter-
mediatei3 to B- and C-like rotationgFig. 9). The preferen-
tial attack of C1 is supported further by an enhanced electro
density of the C1 atom-0.14e) as compared to that of C2
(—0.11e) due to themr-group orbitals of the methyl substitu-
ent(Fig. 10 and the screening effect of the ghroup(steri-

cal hindrancg thus reducing the cone of acceptance at C2

Alternatively, large impact parameters could lead via addi-

tion of C(3PJ-) to C1 and C2 to the cyclic intermediaié,
which rings open ta5 (cyclic attack. This pathway excites
rotations ofi5 around its A axis. However, since detailed

considerations of energy and angular momentum conserva-

tion demonstrated clearly th& can rotate only around the
B/C axe< large impact parametatominated cyclic attacks

can be likely ruled out. In strong contrast, approaching

Decomposition of triplet C;HD; complexes 5123

A B Rotational constants (GHz):
28.9543106
5.2536233
4.5751261
’ Ne

Rotational constants (GHz):
28.0327269

6.6178534

5.5998963

A

Rotational constants (GHz):
155.2184090

3.7923545

3.7890375

FIG. 9. Principal rotational axes @8, i4, andi5.

attack. This pathway is expected to form predominaritly
and to a smaller amouiit/i2. Summarized, the formation of
i3 is dominated by large impact parameters, whereas a
smaller impact parameters yields the cyclic intermediéte
Trajectories with impact parameters close to zero are ex-
pected to yield1l andi2. But due to the overwhelming con-
tribution of large impact parameters and the directing effect
of the methyl group, addition to C2 is expected to be only of
I[:pinor importance.

But what is the fate of the initial collision complexes? To
formi4, i1 andi2 undergo ring closure. Since the barrier of a

\0.14

_0.27
0.14 o )

4.14

-0.11

smaller impact parameters, atomic carbon interacts closer g, 10, charge densities in the methylacetylene reactant derived from the

the center-of-mass of the methylacetylene molec¢cémtral

population analysis.
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HaC c /C\ C
c—¢ TN P
\ H3C H HaC \H
i3 H i4' i4
FIG. 11. Schematic pathways to the
triplet methylpropargylene intermedi-
) ate via hydrogen migratiofleft; i5")
H shift . . . and ring openindright, i5”) together
ring closure fing opemng with ring closure toi4’. The reacting
atom is displayed in bold.
HsC C C C—H H3C C C C—H

2,1-H shift ini3 is only 0.8 kJ mol?, we expect thaiB reacts
via hydrogen migration to methylpropargyleni&, rather
than undergoing a ring closureitb (Fig. 11). A second route
to i5 involves a ring opening of4. Although both mecha-

is"

mined integral cross sections, the identification of théel L
products isomés) failed. Since the optical properties and
resonant as well as nonresonant detection schemesgHof C
isomers are presently unknown, an explicit identification of

nisms lead to methylpropargylene, the complexes formed arghe product isomers is not feasible and relies—as the authors
not equivalent since the carbon atom is formally inserted intGstate themselves—on data obtained from universal crossed-

the C1-H bond i6’) or into the C1-C2 bondi%”) (Fig. 11).
Via a tight exit transition state to the n4d; isomerpl and

atomic deuterium,5’ and i5” decompose. This is well-

beam machines. Our findings have further strong implica-
tions to model chemical processes in the interstellar medium
and combustion flames, including distinct structural isomers

reflected in a FE;) peaking away from zero translational into sophisticated reaction networks.

energy. However, we would like to stress that biéitcom-

plexes might have different life times prior to their fragmen-

tation. This has to be investigated further.

VI. CONCLUSIONS

The crossed molecular beam technique was employed

study the reaction of ground state carbon atoni®)Cwith
d3-methylacetylene, CITCH(X'A,), at a relative collision
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