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The radiation chemistry of pure methane 1  and the argon and krypton 

sensitized radiolysis of methane 2  have recently been describe& These investi 

gationa were interpreted in terms of ionolecule mechanism based upon, mass 

spectrometer studies.' 4  In the senXtized ralolysis studies the role of ion-

molecule reactions was emphastzed by charge transfer reactions of the following 

nature. . 

.,.,. 	Air  

We have undertaken the study of the radiation chemistry of me thane in the. 

presence of a large excess of mercury vapor so that charge transfer reactions 

of the type 	.. 	 . 	 . 	 . 

CE 	+ Hg 	'-'> CH 	+ "Hg 	 . 	' ' 	(2) 

should effectively scavenge hydrocarbon molecule ions which survive neutrali.. 

zation for a period of the order of lO seconds. The neutralization of Rg+ 

results in the production of a variety of electronic excited states of mercury 

of which the most important are the 7S and the 63p etais. 	esè öxcited 

states of Hg, which are produced by direct action of the radiation as well as 

This work was pfed under the.suspices,of the U 8. Atic Energy Cclumis8ion. 

On leave from the Carnegie institute of Technology, Pittsburgh, Pennsylvania. 
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by charge neutralization, sensitize the decomposition of the methane by 

chemical quenching reactions such as reaction (3). 

Hg* (½ ) + CR 	- 	CU + U + hg 	 (3) 

We have investigated the radolysle of methane in the presence and 

baeuce of mercury at 260°  and the 3prne'eury sensitized photolysts of 

methane at ()O The electron óource used was a 11.5Mev  electron beem from 

• 	a microwave linear accelerator, In each experinelit the methane pressure was  

10 mm measured at 250. 

• 	 The mass spectra of the products produced are shown in Fig. 1; These 

• 	spectra represent the products formed when about 	methane was reacted. The 

gross features of the spectra are identical, indicating the nature of the 

products formed to be the se Analysis of the mass spectra and analysis 

of the products by gas chromatography eontinn the identity of the products. 

Thepro4ucts from photolysis exhibit a szewhat larger proportion of higher 

• 

	

	hydrocarbons then 18 formed in either of the ra4iolysis experiments. This 

rap1t build-up of higher hydrocarbons in the photo].yais is probably due to the 

high local concentration of free ra4icale from the rapid extinction of the 

257 mercury resonance line at high mercury pressures. This occurre4 even 

• 	though the mercury pressure in the .photoiysi was only 20mm  compared to 

100 mm In the rad.iciysis. 	 •. . 	 . 	 . 

The.photolysisprodacts must of necesaity ho described by processes. 

not involving ions. There fare we concle that ion-io1ecu1e reactions are 

not necessary to account for the products of the raiolysie of methane at 

2600C. Thus we cannot agree with the statement that free . rad.inal reactIons 

cannot ancøunt for the formation of propane, butane, and pantone in the 

radiolysle of methane ,2  Becently, rang and Manno5  have reported their 
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studies on the nitric.oxide inhibition of the radiolysis products of rnethane 

and concluded that 85% of the etbane and propane and 100% of the higher 

products arise from free radical reactions. Assuming an activation energy 

of 8 kcal,/mole for the free radical processes end zero activaton energy 

for non-free radical processes 4conclude that non-free radical processes 

can aicomt for less than 0,1% of the radiolysis products at 2600c. Our 

experimental reau.1t8 are in accord with this conclusion. 

We are undertaking a more cuplete study of the radiolysie of pure 

methane and mercury senaitied radiolyala and photolyals of methane at 

2600C, We shall report the results of these ixwestigationa in a later 

publication. 
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