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The reaction of 0(102) with methane has been a matter of con-

siderable interest in the past, primarily for its role in strato-

1

spheric chémistry. UV photolysis of NZO-CH4 or 03-CH4 mixtures

has been used to study this reaction in gas phasez'6

and also in a
l1iquid argon medium.7 Lin and DeMore,6 in an extensive gas phase
study, have identified four primary reactions,

1) o('D) +CH, —>  CHy+ O

)
2) —>  H, + HCHO |
3) —>  CHj0H* —> CHy + OH
4) —> H+ CH30.

‘The production of OH, reactions 1 and 3, constitute 90% of the yield,

the direct molecular H2 elimination is about 9%, and reaction 4,
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hydrogen atom loss from.the complex is less than 2%. The direct
three center elimination of Hz,nreaction 2-warrants more detaileﬂ
investigation because the dynamics of three center elimination of H2
have not been studied under single collision conditions; We have per- (5
formed a crossed molecular beam investigation of this reaction using
a supersonic 0(]D) beam source developed recently in our 1aboratory.v
Our results shows that in fact, hydrogen atom elimination, reaction
4, greatly exceeds molecular hydrogen elimination which is not
observed to occur appreciably.

The seeded 0(102) atomic beam is produced from a high pressure,
radio frequency discharge nozzle beam source which has been previously
described in'detai1.8 A]thdugh the beam also contains 0(3P),
undissociated 02 molecules as well as the He carrier gas, on1y,0(]D2)
reacts with CH4 appreciably at low collision 9nergies.4 The 0(]D2)
beam‘was_crossed at.905 with a room temperature supersonic beam of
pure CH, in a collision chamber maihtaiﬁed at ~1 x 1077 torr. Reac-
tion product angular distributions are meésured as a function of
in-plane scattering angle by a triply differentially pumped rotatable
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electron bombardment quadrupole mass spectrometer, kept at ~10 _

torr in the ionization region.9 Product velocity distributions at

[ 29]

selected angles are determined by a cross cokfe]ation time-of-flight
(TOF) techm'que.]-O Product of the reaction was observed at mass 30 Ty
and 31. The mass 31 product can be identified with CH3O (or CHZOH)

radical formation from the chemical reaction. The mass 30 signal

cannot be identified solely from the mass spectrometer detection,



because it can arise either from direct pfoduCtion of formaldehyde

or from ffagmenfation'of the mass 31 product in the jonizer. In
order to identify the mass 30 signal, angu1ér and ve]oéity distri-
butions were obtained. Figure 1 shows the angu]ar.distriﬁution of
mass 30 product from thé'reaction of 0(10) with-CH4'at a-collision
eﬁefgy_of 6.4;kcal/mo1e. The product i$~di$trfbuted fairly
symmetrically about the centerrof mass ahgle. The mass 31.sfgna1'»
(not shown) is contaminated by a small fraction of the 02, mass'32,'
e1astiCa11y scattered from the oxygen beam by the CH4. The e]astjc
contribution can be separated from the'reacgive mass 31 signal in thé
time of flight (TOF)'distributibnS. Shown fn fig. 2 is the TOF - spectrum

for mass 30 and 31 after correcting the 1atték spéctrum by subtracting

the mass 32 elastic contribution. The éxcellent agreement between the

distributions is sfrbng evidence that both masses are produced from

a single reactivechahne1. The source of the mass 30 .signal, then,

is not a dynamica]]y.aisfinct channel, but'fs the uioniier fragmenta-
tion of the CH3O (or CHZOH)’product. The ihtensity raﬁio’of the mass
30 to 31 TOF spectré‘was found to be constant at different angles,
verifying that mass 36 and 31 are produced from the same specie. Also
consistent’with this conc]usfon is the narrow angular distribution_of
mass 30 (Fig. 1) whic.h would not be expected from the highly exoergic
(AH =.-113 kca]/mo1e511 HCHO + H2 reaction. The most tranélationa]]y
energetic m/e = 30 product,vif attributed to direct HZCO formation,

would contain less than 15% of the available energy. The H elimina-

tion channel can be accompanied by either CH30 or‘CHZOH radical
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formation, haying slightly different exoerg‘icitiesH (33 and 43
kcal/mole, respectfve]y), but the two pathways cannot be_distin-
- guished in our experiment.. 7

From the breadth of the broduct angular and veiqcity distri-
butions, we estimate“that the mean product trans]étiona] energy is
f5 kca]/mo]é. ‘In the gés phase experiments, the translationally
'hot hydrogen atoms will réact'with CH4:with very high cross section,
produCing H2 at a much higher rate.than'would be expected assuming
thermalized H atoms. |

_ We have estimated our defection sensitivity for H, eiimination

by assuming a statistica] Broduct energy distributions for this
channel and calculating the product distributions éxpected. From
our fai1ure to detect any eyidence of molecular H, gliminatibn we
éonc]ude'that reaction 2 iS Tess than 25% of the H atom e1im1hation
under our‘reﬁction éonditionsit

This stﬁd& has shown that the H atom substitution proéess greatly
exceeds Hz elimination in the”reaction.O(]D) + CHy.  This resu]t.is in
agreement With‘oyr rate calculations based on a recent ab initio study
of the H4C0 potential energy sur‘face]2 which found the barriers to H2
Toss from methanol producing hydroxymethy]ene, 94 kcaI/mo]e and
formaldehyde, 100 kcal/mole. With these-barkiers to HZ molecular
elimination, the simple CH bond cleavage was calculated to be the

dominant process.
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FIGURE . CAPTIONS
Fig. 1. Laboratory angular distribution from the 0(]D2) + CH,
reaction. The primary reaction product found was CH30
\} - (or CHZOH), which subsequently fragmented in the ionizer.
" The dashed 1ine'is drawn through the data for clarity. |
Fig. 2. Experimental TOF of mass 30 (QO) and mass 31 (@). A line-
is drawn through the points for clarity. Error bars are

“typical of all points and represent. 95% confidence limits.
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