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The reaction of 0(]Dé)‘with methane has been a matter of con-
siderable interest in the past,vprimari1y‘for its role in strato-
spheric chemistry.1 UV photolysis of NZO—CH4 or 03-CH4 mixtures
has been used to study this reaction in gas phabsez_’6 and also in a
1iquid argon medium.7 At the present time the reaction is under-

6 to proceed along two distinct pathways: a) by insertion of

‘stood
0(102) into the C-H bond to form "hot" methanb], which fragments

in the absence of stabilizing collisions; b) by abstraction of H

atoms to form OH and CH3 radicals. ‘These results seem to be éupported
by a series of experiments on the reactions of 0(102) with some simp1e
saturated hydr*oc:a\rbons.-8 However, contradictory results have been

put forth from different grbups,2_7 especially on the fragmentétion

of "hot" methanol. The main disagreements are the extent of H2
%permanent address: Dipartimento di Chimica dell'Universita,

06100 Perugia, Italy

bPresent address: Bell Laborétories, 600 Mountain Avenue, Murray
Hi11, New Jersey 07974



elimination from "hot" methanol resulting in the formation of
formaldehyde, and whether other precursor radicé]s, such as CH3O
or CH,OH, are formed at all. Dimethyl ether has been observed in

3 but there is no direct experimental evidence

a low pressure study,
on the identity of the precursor radicals. |

In order to understand fhévreaction mechanism and to elucidate
the dynamics and energetics of the 0(1D2) + CHy reaction, we have
performed a crossed molecular beam investigation of this reaction
using a noVe] supersonic 0(102) beam sdurce develoned recenﬁ]y in
our laboratory. The seeded 0(102) atbmic beam is produced from a
high pressure, radio frequency discharge nozzle beam source which
has been previously described in detai].g Although the beam also
~contains 0(3P), undissociated 02 molecules as well as the He carrier
gas, only 0(]D2)‘react5'with CH, appreciably at Tow collision

energiesﬁ

The 0(1D2) beam was crossed at 90° with a room temperature
‘'supersonic beam of pure CH4 in a collision chamber maintained at

~1 x 10'7 torr. Reactioh produét angular distribufioné are measured
as a function of in-plane scattering angle by a triply differentia]]y_ 

pumped rotatable electron bombardment quadrupole mass spectrometer,
11

kept at ~107 "' torr in the ionization r‘egion.]0 Product velocity .
distributions at selected angles are determined by a cross correla-
tion time-of-flight (TOF) technique.1] Although C]3H4 impurity’

prevents our studying the hydrogen abstraction channel, we observed

scattered signal at m/e = 30, 31, and 32. Possible origins of m/e =
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but since the 1ifetime of CH30H* is
6

32 are either CH30H*.or 02,

expected to be too short (g x 10712 sec)® for it to reach the detec-
“tor, the m/e 32 signal is believed to be entirely due to elastic

' scattering of 02 from CH4,'as demonstrated_by TOF ana]ysis. m/e

31 product was identified with CH0 (or CH,OH) radical formation
from the chemical reaction. m/e 30 product cannot be identified
directly from.a mass spéctrometric detection, since it can be

"~ eijther forma]dehydé (HéCO).or a fragment of m/e 31 product. But

fn a crossed molecular beam experiment it is possibie to positively
identify the origin of m/e 30 from precise measurement of angular
and velocity distributions. Figure 1 shows the angular distribution
of m/e 30 product at a collision energy E of 6.4 kcal/mole. The |
m/e 30 angular distribufion is rather narrow and is peaked at the
center of mass and will be shoWn to come from the fragmentation of
mass 31 product (CH3O or CHZOH) in the 1ohizer. Sinée the m/e 31
'signal is strongly contaminated, especially at small ang]és, by the
low mass tail of the intense m/e 32 elastic signal, a reliable
angular distribution of m/e 31 1s,d1fficu]t to obtain. However,

in the TOF data the reactive m/e 31 signal is separated from thaf
_due to elastic ‘contamination. Figure 2 shows the TOF spectra of
m/e 30, 31 and 32 at the center-of-mass angle. The m/e 30 and 31
spectra appear similér and peak at the same velocity, with thé

strong elastic contribution of m/e 32 appearing as a shoulder on

the high velocity side of m/e 31 spectrum. By subtracting tHe m/e 32



contribution from the m/e 31 distribution we obtain a spectrum
(solid 1ine in Fig. 2b) which is identical to the m/e 30 spectrum
(Fig. 2a). This strongly suggests that m/e 31 and m/e 30 have the
same origin. Moreover, the intensity ratio of the m/e 30 and 31
TOF spectra fs constant at different angles, giving further support
that m/e 30 detected is a fragment of CH3O'(or CHZOH), the primary
reaction product, in the ionizer of the mass spectrometer. The
narrow angular dfstrﬁbution of m/e 30 product a]so‘supports our
contention that the primary reaction is not the highly exoergic.

12

(AH = =113 kcal/mole) © H,CO + Hy reaction. The most translationally

2

energetic m/e 30 product, if attributed to direct HZCOIformation,
would contain less than 15% of the available energy. The H
elimination channel can be accompanied by either CH30 or CHZOH
radicaliformation,"haVihg‘slightly‘different exoekgicities12>(33 and
43 kcal/moTe, respectively), but the two pathways cannpt be
distinguished in our experiment. The observation of CH3Q (or

CHZOH) formation when an H atom is e]imihatéd after the insertion

of 0(]D2) into_the_C—Hvbond also explains the (CH3)20 observed by -
Bradley et a1,3 and the CH30H product observed by DeMore.6' The fact
that we}dd not observe formaldehyde.as a product suggestg that the-
H2 e]imination channe] from’CH30H# is not present at all, or plays

a very minor role. A]thodgh the formation of formaldehyde was
inferred in the past; it is interesting to note that the formation

2-6
a

of H2CO has never been detected in the gas phase experiments nd
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in some case even H2 has not been observed;,4 The identification

of the CH;0 (or CH20H) radical as one of the primary reaction»pro;

3
ducts from the single bimolecular reactive collision of 0(102) with
CH4 is unambiguous in our éxpefiment. This certainty is not
possible using_hass spectrometric identifitation alone. Common
problems of fragmentation associated with mass spectrometkic
identification of internally excited molecules and radicals can

be overcome with additional measurements of their angular and
velocity distributions in a crossed molecular beam experfment;

The dynamical and energetic constraints of the system provide

additional handles for positive product identification.
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FIGURE CAPTIONS

Fig. 1.

Fig. 2.

Laboratory angular distribution from the O(TDZ) + CH4
reaction. The primary reactipn product found was CH30
(or CH20H), which subsequently fragmented in the jonizer.
The dashed 1ine is drawn through the data for clarity.

a) Experimental TOF distribution of m/e 30 product in
time-space; 'Thebdark line is drawn through the data

for clarity. b) Experimental TOF distributions of m/e 31

(o) and m/e (A) in time space. The dark line represents

- m/e 31 TOF distribution corrected for m/e 32 contribution

(seevtext). Other dotted br dashed 1ines are drawn
through the data for clarity. Error bars (+2g) are of

the size of the data points for m/e 32 TOF distribution.
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