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The radiation chemistry of pure methanel and the argon‘ and krypton
sensitized.'radiolysis of _.methanez have recently been described, These investi«
gations were interpreted in terms of ion-molecule mechanism based upon mass

b In the sensitized radiolysis studies the role of ion-

Bspectrometer stuaies.3’
molecule reactions was emphasiz’edj by cherge transfer reactions of the following
nature, |

Y +C'H’h'-—-:-~> Cﬂg + A + H - Q)

We have undertaken the study of the radiation chemigtry of methane in the
presence of a large excess of mercury vapor so that charge transfer reactions
of the type . '

CEZ + Hg ——> CHy -+ Bg*’ - , - (2)

should effeétively sca—vénge hydrocarbon molecule ions which survive neutrali'é-
zation for a pez'::!.'od’ of the', c.)rder' of 10'9 seconds. The neutralization of Hg+
reeults in the production of a variety of electronic exci‘bed states of mercury
of vhich the most importent, sre the 7°S, and the 63p states. ‘These excited

states of Hg, which are prod\_:.cea by .direct; action of the radia.tion as well as |
This work was performed under the suspices of the U. 8. Atomic Energy Commission.

Yon leave from the Carnegie Institute of Technoiogy, Pittsburgh, Pennsylvania.
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by charge neutralization, sensitize the decomposition of the methane by

chemical quenching reactions such as reaction (3).

*(%%) ".,c“h -——--> CH +Hfﬁa o  (3)

3
We have investigated the ’radioiysie of methane in the praeenc;q and
_absence of mercury at 2600 and the 3? mercury senéitized photolysis of |
methane at 260°. The electron eource used wa.e &k, 5 Mev electron beam from
& microwave linear aceelerator - In each experiment the met.hane preasure was

10 mm measured at 250

The mase spectra of the products moduoed are shown in Fig. i, 'I.'heée :

" spectr'a mpresent the products formed when about lvﬁ methane was reacted. The .

' gross features of- the spectra are id.entical Mdicating the nature of the
| products fomed to ‘be the same. Analysis of the m_a.aa spectrg and analysie
of the products by gas chrcmatpgfaphy confimm 4_1'.h‘e, identity of @h'e ‘profucts., '
‘I'he‘préﬂuéts from photolysis exhibit a somevhat lérger pmpdrtion of h_ighér
hydmce.rbons than is formed in either of the radiolysis experiments. This
| rapid bulld-up of higher hydmcarbons in the photolyais is probably due to the
’ high local concentration of free radicels frcm the rapid extinction of the
2537 ﬁ mercury rescnance line at high mercury pressures. ' Thia occurred even
though the mercury pressure in the photolysis was only 20 L compared to :
'100 mm in the radiolysis. ‘
The photolysis products must of necessit.y be described by prcceeses
not involving ions. Therefore we conclude that 1on-molecnle reactions are
mt necessaxy to a.ccount for the products of the radiolysis of methane e,t
260°C., Thus we cannot sgree with the stetement that free re.dica.l raactions
cannot eccount for the formation of propane, butene, and pjentane in the :

A radiolysis of methane.z Recently, Yang end Ménno5 have reported their
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studies on the nitrié oxide inhibition of the radiolysis proﬁucfs of methane .
and concluded that 85% of the ethene and propane and 100% of the higher
products ariee frcm free radical reactiens Aasuming an activation energy
of 8 keaﬂ/mole fbr the free radical processes and 2ero activation energy

" for non-free radicel processes we conclude that non-free radical processes
can account for less than 0,1% of the radiolyeie products at 260°C, Our
experimental results are in accord with this conclusion.

We are unéertaking a more camplete study of the radiolysis of pure
methane and mercury sensitﬁzed radiolysis and photolysis ‘of methane at
260°C, We ehall report the results of these inveetigations 1n a later
publication. > , S « | |
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