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ABSTRACT 

The rad1olys1s of b1acetyl v~por was studied at 25, 120 and 200° 

with pulsed electrons from a 4.2 Mev microwave linear accelerator. Effects 

of pressure, pulse rate and t"otal·dose were studied. At room temperature 

the relative yields of methane and ethe.11.e were only slightly de.pendent on 

experimental parameters, but at higher pressures the relative yields were 

:pressure dependent. A free radical mechanism has been proposed to explain 

the formation of the major products and this is shown to qualitatively 

account fen· the experimental observations. 
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. THE RADIOLYS IS OF BIACE'l'YL VAPORl 

Gilbert J •. ·Mains,, .Amos S. Ne'W'ton, 2 and Aldo F. Sciamanna 

Lawrence Radiation Laboratory 
· Unive~sity of California 

Berkeley, California 

'· · · September 1960 

· ..• ]:ntroduotion 

Prelimitlary studie&.ot the rad.iolysis ot some simple'ketones as 

liquids and vapors have.'been'reported3, 4,5 but extensive investigations of 

these systems have not been carried out. Ausloos. e.nd Paulson3 have indio a. ted 

that 85% of the methane. produced in the radiolyeh of lig,uid acetone could be 

explained· in terms of a normal ~bstraction reaction by a methyl radical,. 

The relative yield ot methane to ethane found in the ve.po~ phase r~iolyais 

a:p,pears to be too large compared to the ratio tound. in the photolysis ot 

acetone61 7,B,9 to be explained completely in tenns of thermal radical reactions. 

A similar effect was found in the re.diolysis ot methyl ethyl ketone and 

diethyl ketone.3 In view ot the res~te cited, a thermal radical mechanism by 

. itself might be insut:f'icient to account ,for the produ.ot diatribl.lt~on obtained 

·in.the vapor-phase rad1olysis ot small aliphatic ketone$• 

In order to investigate this point turthex-1 the radiolys1s ot biacetyl 

vapor has been studied wer the press\lX'e rana;e 5 to 30 mm Hg at 251 1201 and 
0 . . 

200 by use of a pulsed electron beam current trom a 4.2 .. Mev microwave linear 

accelerator" In eeveral e:x;pe_riments the pulse rate was varied, and in two 

experiments the current was varied. T.o determine .Jll:tcroacop1c Close-rate ettocta 
,, 

0 . ' ~· 

at 2' a few experiment$ were ¢arr1ed ol.lt with lower_electron beam cur~ents 

trom - 2~Mev Van de Graatt accelerator. Iodine scavenging eXPertmenta have 
I 

also been run at each ot these temperatures, 
' ' 
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Experimental 

Eastman Kodak mlite Label biaoetyl we.a :purif'ied. by a method similar 
10 . . . . . 

to that of Groh. It was dried by allowing the liquid t6 stand overnight 

under vacuum and in contact rlth :pre-ignited. anhydrous sodium sulfate. 

After it was dried, the biacetyl monomer was vacuum distilled. from the 

.Polymer and dee;e,ssed. by trap•to-trap diStillation in vacuo. It was finally 

distilled onto another sampleA'.Pre-ignited. a.nhydrous sodium .sulfate in the 

The bia.cetyl prepared in this ma.nmu:; was 
\__ 

round to be free of impurities by both mass. spectrographio and vapor chroma• 

.,,.togre:phic analysis. 
'',< .. 

·o 
It was stored in an ampoule on the vacuum line .at -80 

until used. Aside from the fonnation of possible traces of photolysis 

:products, it "'as found possible ·to store solid b:ta.cetyl at ...... 8o0 for more than 

a month under these conditions without repurif1ca.tion~· 

The Pyr~x bombardment. cells were cylinders;. 5•4. em 1n diameter and 

60 cm·lo:ng. ·One end of the·c~ll waa a thin concave window through which the 
' . . . 

elec.trom beam was d.ireoted; t:Qe other end. was fitted with a gJ,.e.ss break-seal 
. ' . ·~ . . 

to · :f'acili tate ana.ly~is.. 'l'he ciean ~ri cel'l was ev~oua.ted. and. ·tle.med • · Wh.en 

the cell was cool; the 'bia.oetyl ve.po1• was a.dlllitted to the aesired preseur(l! , 
. . . . . I 

' 
as read 'on an oil multi:ply1ng'roanometero The eell·w~a isollited end a aamplo 

of the biacetyl vapor checked by r.aasa spectrome~rio a.ne:lyaia for the absence. 

o:t air 1 water 1 and other ocmte.rninents ·• .After thia .cheek, the~ bia.e~t;rl ~. , : , 
. ' ' 

the bombardment cell mas condensed in a liquid nitl;'ogen: .. oooled. f'!nger at one 

end.of the cella.nd'the cell wa.a·sealed oft. 

Irradiations were ma.de using a microwave l1near electron accelerator· 

( Linae) ~t .the Lawrence Ra.d'iation Laboratory, · This prociuc~s.: a pulsed. be.e.nL ot 

electrons wi tb ~ pulse lene;th or 5. microseconds. e.nd. a pulse current· variable 
' . 



.. 
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trom 10 to l.OO. millt:ampel'eas. The p\tl.se repetiti.Oil .rate ta var1ablee Most· 

irradiations were made at $0 ma/pUl.se and 30 pulses per 8100%24... !he eleotroa• 

· have a mean enerQ of about 4~ 2 Mev and hen~•. ~avsu:ae the entire. tarset cel.l,.' · 
' 

in gas phase worke Beca~se of scattering in the windowa, the entire. oel11 

·. except tor a small region at the front, wa~ covered by ·the beam, thoUgh 
I • 

variations :t.n l"tenaity undoubted).y ·occurred a.l.ona. the lenath ot the cell• · 

·DUring tbia· work it was found that tbe reprod~ibility ot 1nd.iv1dU&l pulaee 
- ) ' ' 

. trom this accelerator was p.robabl;y not better th~ .j: ~ .t and variation•~ in · 
1 ,, ' ·•• ' . ·•• .... ' . . ' . 

.. . dq~e and dose rate -were occurr1ng within ·these limtten A reg\ila:tins circUit 

' ...... later.~"" to th,J.nJeat~/an/1 4ovl.at!ono v•~· re<l.Uood to about * ~.~ . 
. Most ot the work reported here 'we.a done w! thout the adell t1onal regulation~ ' . . - . 

' . . 

The ·Van de Grwt accelerator uaed. was a 2 Mev Hiib Vo~taae Jngtnee:dns 

· 00l1(pany maehine at the ca:utornia Research Corporation- . Ow~ to ins en· 
• • \ ' I 

, dtivit;y ot tbe cu:rrent metering •ietems tn. both the Llnac ant\ Van de .G.r~t 

·. installations; measi;J.;'ement 0t the integrated 'beam cnu·rent at the levt~tla ot ~ 

·operation Wle4 w~re only approximate.; 
' 

In early bombardments at.roQm ternpe:rff.ture.tbe colla1 .oooled only vt~ll 

.. ~ air .blast, warmed t~ about. as0 d~ina the 1rt<adiat:l.o;u In Van de Oraatt : . 
;·,~tt:~.~}\'>{:·\;l;·, .. ,··;!•,i~' , ; . ; • • , , , :.',, I '; .. ;, ,' ·:,'!.·: .. '.' ··:· , 
.·. experiments the cells 1\'ere 1mmeree4 111 • water 'tank to reduce the ~emp,rat\U-e 

.,~~~·..,.:l;A" . . . ,: . ' ' . .···., . ·~. ·.; < · ... · . ·~ ·.·.·,·. 
rise to less tb$1 1°, and ln late~ microwave acoel.e»rator bomba:rd~Dent'!l ,the 

.... 

cells w~re fitted vitb water jaaket •. &n4 tb• water t~e:ra'tiure contro~ll!l(l. to· 

25°. . It the bomh~4ment .was "o be o.;r1e4 ·ou.t :at. el.evate4 -temperlltur~a · th' 
1:\i<' .. ,i:•! , · . ·. • · · · · ·. · . · ?C) mn) · · · , . 9~ Cl.m. 
··cell was inserted 1n'l;o a th1ok wallp~ra•e tube,· t1o-:mmn. •. o. »• anA ,3::85'" dnr. 
. ' ' ' 

\t 

long, !l,'hia was wrapped with 'three SOO •t~ neatln$ :t;~ea cao~neoto~ i~ »&raU.el., 
, I ,' , ',li .', " ' ' ' ' ' : ' • • ' ' . 
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The' temperature of .the system was determined .bY a thermocou;ple inserted near 

the middle ot the bra~a OYen.. The temperature variS.tion along the length ot 
. . . 

- ·o ·o · · · · · · 
the oven was less_ than 8 . at 200 • .After some e~erieno~~J the temperature 

. . . .· . . . . r/J r . ·. . , .... ·. ;-,i ;~;-!·:_;, . 

of' the .cell could be controlled to .:t -z~ during bombardm~nt~·; · 
' ' " ' '. - 0 

In experiments where r2 was ~ded 1 the cell was·eqUilibrated at 8~ 

with I 2 vapor, this was then frozen out in a side-arm tube connected with 
• • ·,,. ' ' I I 

a stopcock, the bi~etyl e.dded to the desired pressure, ':frozen out and the 

I 2 added from the. sidearm. It more than 0.31 mn1~ pressure were _add_ed, it 
. ~ 

was achieved by making multiple equilibrations of the cell and respectively 

freezing each in the sidearm. Blank experiments in which the r2 was t1tra.te4 

with sodium arsenite indicated that the system used achieved. 8~; saturation 
0 .·. . ·. . . . ' 

of I 2 at 25 in the two minute time;rallowed for equilibrations Blank experi• 
,.1 • 

rnenots also showed th~ thermal ree;ction between" iodine and biacetyl at 200° 
',. ; 

to be r..<:gl1g1ble :in_ one hour of heating. Stopcocks throUgh w}?.icb r2 was 

passed vrere greased with Fluorolube Ml (Booker Eleotrochem.1cal Comp~y) • 
·.·. ' ,.. ' . 

0 ' ... 
Some eA~eriments at 25 w~re run with no stopcocks 1n the loading system~ 

These bave the lo,.,est CH4 yields. 

Mter bombardment the cell was fitted 'With .a stopcock and break-~ 

device. The cell was then attached to the inlet ot a Consolidated Electro~ · 

dynamics Corporation Model 2l·l03A Mass Spectrometer1 the connecting line 

evacuated., the break seal ruptured, and the lllS.U ·spectrum ot tbe total ga.a. 

determined. The cell was then .removed to a vacuum line where the gaoeous 
' ' ' 0 .· ' 

:products were separated into three tractions,. volatile at ·160 1 volatile 

at ~119°., and volatile at .. 8Q0 ~ The PV ot eaeh traction was measured and 

the mass spectrum ot that traction determined. ',the ma.Bs spoctrum ot the 
I I •' ' 

residual liquid was also r~.. Not all samples were subjected to all tbeae 
• 

measurements,. but 1n all oases at least a ~160° traction was arialyzede 
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· Most of the gaseous products were found to be in the ·160° fract1on1 

which consisted of H2, c~21 Ctt4, co, Cc;}i6 and C02 c The -119° fraction · 

>.c!$:1wa.ys constituted less than. l\1/o of the total. products (frequently le~s than 

5dp) and was found to conta1~ mos~ly ketene (in the higher-temperature runs) 
' .. 

and lesser wu~u.nts of c.;r2, cty4 .. C.ji6, c
3
u41 C .. ;'8.6, c

3
H81 C02; and possibly 

c4R10• ·. Becaue~ this fraction ws small it was -~alyzed only for the ketene 

and Co2 • Since acetylene forms a ·complex with ketones ~d. a.ppears partly in. 

the incompletely analyzed ~119° fraction, the acetylene 'yields, altho~ 

::"\'somewhat higher than the ethylene y1elde 1 ~e m!f.niroum yields~ The ... 8Q0 

fraction co.nsisted mainly of acetone and acet!Udehyd.e in approximatE;tly equal 

. amounts. The acetone was f<;~und. to be incompletely removed from bie.cetyl at 
0. . ' ' . ·. ' . . . 

/-80 1 and therefore the acetone yield was estimated from the mass 58 peak 

.'ih the. mass spectrum of the total gae. It :Ls possible thl;l.t acetaldehyde 

was _also incompletely removed and.the acetaldehyde yields reported should 
' ' . ' ' 

. . . ,• . 

,be. re.ge.rded aa minimal., A ,flmall peak in the mass speotrum of the total gas 

tit mas~ 100 WS.$ assumed to b~:all.due to acetyl propionyl and a yield w~s 
est:Gile.ted on this basi_s •.. Som~,-VE!ey small peaks :Ln' ~he tote.l mass spectrum .. ''' . . . '.'. . . :.-: 

_,at mas~ea :101, 102, ~d. 128 .were:·~o·t identified. bp.t pr~be.b~ .. e.r:tse .:from 
·:·.·. 

.. !' ,.· 
' .. ~ . . , .. ' 

,p:t'odl.\o~s of additions o~ .. H atoms,_· methyl r8d1cals, .ol:'. aoety~: .rad.ieals to. 
' ' ' I : '. • 0 •• ' • ., • • I . , o '"1 •) ~ ' • ',: • . : ; 

bia.c.etyl during rooiolysi.s. Aeet~ne, acetyl :propi~nyl, and ~etie acid were 
.... : ... _; .. .· ··: ·_;': 

ident:i.:hed -~Y gas ehro,m~toSi-aphy~d .mass spectrometry ·in. the ;-es:ldu.alliquid. 
·. '·;-:: :! 

···:·· 
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. lr~~cts ana . Yields~-
\ ' . ·,, 

.. . ,• . 
.. 

-~• o ' ' o' ~ o • ' •' o '' ' '~ , o < , ' : ,· ' • ,' •) ' • I • ' ' ' ' , '• 'o '.' '. ' ' 

. .Approximate yields of. products I expressed. &8 molecUle~ . ot pro4uct ! •·•··. 
,' ' ' ' I,,· 

. l>eJi' ioo fiV· a'beorb~d:,. have' been calcUlated. •tor the majo:r. ~adiol.:vib _prod~~~.· . 
' •, I '' ' • ' ' . • ' . ·~ .:, ' • ' ' ' ·:. I' : .. • J' ' , 1 • ' o • ' .• ' I ' \. ' 

and· are .,listed ·tn Te:~le I~ 'l'hese values are normalized to a a_onetant Hz :. 
' • ' • > ' ', • '• ,\ '_·,• /. .. ' ' ' •' I• '. • • • 

. yieldJ as this prodUCt ~S f~tlnd .to .be almost independent of Variation's ·1n 
r .. 

the radiation paramet~rs, . !me· dose ca.U.br~tio~ was done ·ln· a ·apeoia.i. target 
.- . . : .:'·1. '/ . . :' ... y; .. : i '. . . . - ·:_ ... -· _l ......... \' .f:· . 
. cell consisting of. a 12 liter flask vith a thin Window .blown· .tn. one side .. ·. 

'. : . ' , .• · ... • .1, ,:, I' , .. ,1 '· . ., • . . . . J '· .: .·) . . •. . . 

Th~· geomet~ ot this cell was. such that all electrons1 except t~e few · 
0 ' • •: n ' • •f "'' ~~:.· ; .:;~~ • 0 ; 0 • ' :· ' '0 ' ~~ / \~ 0 0 f 0 ! I 0 

ll(.cattered at very wt~e angles, 'had approximately the .same path length' through· . 
. ,.,~, 1-f·:,'tH:~-\1•:·:~:- · · . · \ · r;;.• .', ·. . . . . . .. "\;~~-~ \\ ·1 ' -~ /,, '• ·:·; • .. ·.; : :·, , .. , ~ .• ;.· 

· :, the~ Ci'ell,• Henee the energy·· absorbed was cai~UJ.ated. from,: .the ·mass or bi~etyl. ·, ·. 
_r:! l·.· , : . , ,' :, . , • , J '\ '. .'. • . , ;, '· . ' , . :, , , ' 

/_:ui_.th~;:~ath and th:· mass·.~b~o_rpti~n.coefticie~~--~:.~.·;~ .. ~l~.~trons_~- Such run_s 1 
-~were J.·~ited to 2; • As. some prQduct yields are dependent on pulse rate, 

! ~--.. . • • ~ I •• ; • • I : . . . : •, • . : . . . . . • ·• . • . . : •. . 

. . . •.. : .. .· '·. . . . • ' ' ,· . • . f.. . . . i . ~- .. 

te>tal.. dose, pree·e\.U'$1 or· pule(# current, these G va1uea. shoUld be.·us·ed onlY.: . 
·_ • ..~..· ..... ·. •·.·. ~' . . • ... .. --· •• ···:.~:::._ ·-~:··~.:-.. . ' ·._ ... ·: .··:·.: .... {./;. -~·.:,:~ ·.: ·~t'· .... •• ~:"~ 

Jw:as e;u14ea to the order _ot:. m~:ltud.e of yields under ·o,tber co~ditions ot 
;'\': I . . . - ... ,. . . ~ .. -. t • • , . 

;_~t~~~~ation.. . .· . .. . . . . ._.. .· ... · ... -,".·.'.· .. ·,_ ... · .. ·._.·.::._:· .... i·····:'._:.:_ .• :_· .. ' · .. ·• · ... ·.· .·.·.···_:·_ .• ~·_·.'· 
~11i·~/ ,!~_·_·.· .·.··.:·:~' . ' . . . . . ~-- ·_ ..... -.... ~-:.··,.·'~.; ... <. . . -
fi·.!::-·.: ,'. -:.'A' few other pro<luC:ta e.re ··.Present ILn ema.ll .. yieldsf.U'l~' ~el.y~es tor. them 
,:_,;:,~:: ·.·; . .· , ·.· /~.'-::_·:~:,! : ... ·_, . . . ; .... :·.:<:.-:•:ri ::_.>t·. ·. . ·. ·. 
·were not feasible nor. was the .1dent1t1cat1on certa1rf .in· e.l.l oases. · 'l'bese ·. · 

.-·'.:· ... ·: ...• :.. . . . ·.( __ ·.~ ·~· ·,.·.:···. . . .·.! '·._.::· •. :.!;i'; ·.·.·--:· ... 
inol\\d.e methyl acetylene',. diacetylene, vinyl acetylene; ~Ula41ene1 viny.l. · 

I. I ' .. ' ' l ' ' • ' ' ' ' •- • • • • ' ' ~: _lo. ' ' )• • • '.' ," I{:,·:._~ / ~::·· ' • ' '" 

:~~thy{'ketone, aoetio ~~4. (yteld.'at·25° aboil~_eque.l't~ i}l&.f.Ot ae~tyl ,,_· .. : .. 
't ·~, ', :• ,< ·~ • 'I ' ·, : '•'t\ .-.. ;..,' ~ · .. ' .. ·. • ·.. · .... ·1.~- • •• • ;._ ~~ _.,,.:;,.-' ' : • 

: pro~yl} 1 and at least .t\fO · un1dent1t1ed produata boiling_ high"~ . than acetyl 
'i',ll ·:-··,·--~~~ ·. :.~.... ' . ·. !, ,, .. t • • i • ' ~ ~ .'·' ;·:.· ·,,.;·.'·\ ·._,~ ··~ • •'. •• 

1: ·'~"~ronio~y·· l.o . , · · ·· · .. · .. <•:.' :":: ._,_<·:; ·. 
~ I I • :. '. ·-~· :,• 

I:;· . ·' . ·. . . . . ·i : . . . . . :(.'.'. · . .' ;_· ... _.j.. 

·~:recta ot ExRer1mental .Parameters at Room Temperature• : · .. :.'. 

·:·~· ··,- :·: · ·. :· ;·.''rhe · ettec:\ c4. pressure, .t~te.l cios~, ·-an~ -~~~e.·.;rep~~l~ion re.te, .,.~ 
\'." -, ..... • • . . ' ... " .. '• . '·:-·? '·1. : . • . ' -

• . I ' ' t "·-....:.., • • - • ,' •. . .'. • ' ', 

. the et,'f'eot ot a cot~~inUO\lB beam -'~~compared to .a· pule~4~ be~. va:r41 _atudte4 
-:" ·.·· '':- . . • . : ' ·. _i"", . .. ..i ~ .'· .• '.- • ·~··-:~~-·-1 ·. ·. . . 

.. 
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-- at 25° • Table<; It- ~:msUliilMri·SGell'''-·,·1:-.(, t~ese data •. _The outstandina teature ot 
( 

r these results' 1a the ~mci ~teat ot these experimental parameters on the 

relative yields ot the vari~us produeta. Within exPerimental error the yiel4 

. ot: C.jl6/CO; H2/oo end co_2;co a:re constant. The ratio at CHq,/CtJ-6 increase• · 

slightly '(ith 1ncrea.iing pressure ~d., with total dosee ·Thie latter :ratio is 

low~r in the Ven de GrMtt runs tb.b in the tinao ruDih ·,On the other han4 

the ratio CB4/C?f16 is higher in the 12 liter cell where dea4 space exbta •. 

This result is expected where diffusion. of methyl rad.:1oal. .into areas ot lov 

;.adioal. density is poaoible, Tbe ":pparent agreen:ent 1:'1 ~~(B) (here• 

· atter designated aa Z) between the U.na.c and the Ve.t1 4e G:rwt runs. at the 

same ,Pressure is probably- fox-tuitous. l:t . a different pUlse rate on the Linao 

. frR&d b~en chosen, the e.sr.~ament would not have been as good. 
1 "' 

'l'he e:f'feot ot pulse rate gives a m•utel.l,re ot radical .lifetime ln the 

· system:•. If one cons1ciers,:.the 41sappear8l'loe of metl,lyl radical~ to form ethane, 
' ' ' 

·. th~n ·a ... single 5 u seo. pUlse at ,50 ma c\U'rent wtl.l. ... :r~eia.. ·~ 1a1ti-.l. methyl. 
' . ' . ·' 

' ' 

·• rad1oe.l ooncentre.tion ot 0. 7' ,x 1012 ~f141cals per . ml (t.asu.me4 eque.l. to the 
.. ~ : .. ': . . " . : : . .'· . . . ,· :' .. . · .. <~-.;__ .: ' ' ' . . ' ,. .. . . ,' ,. -t. •.. >.' ~ . ' ··.. ' 
·.CO yield.) • . Using ·the ratet ... constant tor m$thyl.,rediQi'l. reoouib1nat1on ot· 

1013·:6 m~le .. 1, co sec •1,
11 t~~ calcUlated. time to re~~- ~the methyl radio~ ' ' 

. ' . . . " ' . . . : '!•: -~'- ... 

'', ' ' :1'· i I l 

.oorioentra.tion to halt it& in1t1&). ·,Value is 22 m1ll.f. •• Con4.~,. :e.ciLU.St' methyl 
. . . . ' . ' . ;· ·' ... 

. ' 

•''th11~i'!pli'obably repr.senta'.a ntaximwn value. . . 

,.,,,, '' xr llca)ta~6=t ..... • ... h .,ul•• .... t. (~~' cons0'0 ~·•Ill"•) tt plott~ 
·aga.irist the time between ;pu.lses, and 1t eaab pulse ~~ .~ iJ14~v14ue.l tWent, 

. , then 'th~ points should tollaw a line )roport1o~ ~~~.~"'~/a~ . On the otb;~,,;,..-; 
harld; if' 'the pulses are ovetlapp#,ng, ~bel'e ahoUl4 be a 4eviat1on t~. tllil 

line. In Fig. li this bas been pl.otte4 ·and it ia appazoe~~ that the 4wt•tiona . 
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from the t":112 la.w ste.rt· e.t about 30 milliseconds between' pulses ... Theref~re ·~··" 
•. • :. •. • . • •. . ' .• . • . . . t,.' 

. the mean .radical lit'e in thiS . System mUSt be lesG than. ;?0 roilli~eoond.s •. 'I'he . 
' ' • ' ' ' ' ' ' o ' ' ' ' ' ' ' ' ' ' ~ I t • ' • • • r • -, ' • I ' ' ' • ' • ' • ' ( ' ' 

.. , ~sr.~e~e~~. betw~~l'l the. ca.leulat~. ~B:lue. of .22 .mill~s,e~?n~? .. ~~~ ~~S.. ~~~. is·. :.· .. 

sufficient t~ conclude that the bulk of. the methane ·and· ethane must be. form~d · . 
J: .. :. . • ' .. t • • • • ' ' '· • ,' '• •• •• • • • 

·by. thermal radical reactions at room temperature.~· , A Small .. increase in the. 
' • ' • • .. • . ' • . • • ..•. ' • • • • . • ! ' ! ' . ; . • • . ' • • • ' . ~ . 

,~:,,"5f!:~io Rcn/Rc.;t
6 

with. tiJ?e·bei:;~en pulses was _observed eVen to. t:!..mes ·of one 

~econd. .·b~tween pu.laes • This observation might be interl>reted~~'e:s indicating 

;~;Y~~:·.~.;iste~e~ ·~;··e. ~fe~ ~~ry io~~ ·'liv~d m~thtl ra.dic·~s in t~l~ ·~~~tem 1 thes~ 
•.. !:,·:·v-···. .. .· . . . , . ' · .. 'l . . 
disappearing mainly by abstracting hydrogen .from 'biacetyl~ · · 

~ . ~ ·. ' ·.; • ' '. IJ ' • •• 1. ··,, ,·' 

. . . . ... 

E?SPeriments at Elevated. Temperatures-.. 

· The l;'esi.uta of t~n: experiments ·at 120° ~d. ... to~. experiments at 200° . 
. ·.;·-.': ' ' . . . .. ·· 

,~e. show in Table liX. fU.tho\.lgh. the ratio of H2, C01 c·~6 ~nci, Co2 .a.o.'not 

change with )fress,~~; ·the ~e~~tive y~eld. of methane·' incre~ses · ~ th :pre·:~·;~ 
:':.· -. .. . . . . . o' ·. .· ·~. ,. . .. : ... · : . . . ·., ..•... · ... · .. ·.,;: ' .. · , .... 
at both 120 and 200 ~ At 200 .. the relative yield. of kei;.ene .increases directly 

.f\ I,,. '' • ' ,t ,'r ' •. ' ' ''. ' :1• • . 
'·' .; .. : ·. . ' . . '· : ' '.. \·' '' t·~· -· ::;· ·:; '--?~ 
with pressure. Hydrogen and ethane show no tempera.t~e coefficient. . The 

~- • : t• ·'' • . :. '' • I ' • ' . . . •. : ·, • . ' ' . . . ·!, . ' ' . : • ' . ' ' 'I. ' t· I~·. • ' • 

No., 88 series of. experiments shows a small effect of total dose on the produc~~· 
·r.:.-·:_ .. : ~-. -·.:-:-. . ,' . , .. __ .. -.- .. :' ., ·_;. ·-:'·._- :_ '··.:. : .. . ':, :_ . ·'. '. - .. _' _'r·-~·--- ._· _~!_ .,::-:-~- '· •• :. • '_;<-. _.:/~. :·;_:_ .... ~. 

rr.!!X:~.eas ::;t;he . .,~e.te of )t;/e~ .·.is .. c~ns,~ant~. ~he. ra.ti.~s ~.~6;c9 .. ~~area~es ~'i-t~t~ ._. ·. · -· · 

.~?;~~·a,q~e ari~. the r'atio~· CH6/~o. M,d C02/CO i~cr~a,s~· ·wi~·~ A·o.~~·· . ·T~~~. ~~uJ.~·" .. 
~ . . . ' . . . •. . 

lead. ·on~ to infer that a re~otion :product. i,s corope~ing tor .. the ~thane pr~_..; : 

~·~aor~·~ ·. ~~ the lowe~ a~d h1gbe~ ·.beam curr~n~s. in: ~~t~'. $tA ·~~ 8~1.· th~' 
·.-! ·: • ' . •.,' : 1 

, ' • i ' ' • : ' , ' ' l , 
1 

, • • ' ' : , ' ' • • j ' : , ' ' ~ I' ' • , • , , ; • ~ ' 
1 

' 

,ra.t;i~·S..~~~~:r- .CH4/CO and CtJ-6/CO ~efinit~ly indicate ~o.f'~ meth~~ ,to rea~t at'.· 
•• ~·.. • • ~- • •• • • : • ~ .' • p • • • ~ • ; • • a.' . . ' • • ; f •• • : 

4;0. · n:~.: ~~~ at $0 ma. beam current ... · · ... , .. ,.~.: ";: .. , .. . . .- .. :·· . . : 

.. 
·,Iodine Scavenger. E~eriments 1 . ' . I. . .·, . 

.... . . 

·,.. ' 

:. ·. . :.--1-r/'> ThE> re~~ts of edding. I 2 _.vapor. as a radical. scEJ.ven~e~ · e.r.e. shawn ·1n· 

Tabl~}:rv. These resUlts 'have b~eri .converted. t~ G .v:~ues for· .cotnl>arison· w.ith 
;· • .... ' . ·:. ' . 0 . '.. . . . . . . . ,,·.' 

'l'able. I. . ~he yield of CO at 25 :we.s used as· a ~asia tor .the conversion t:rom · 
' - : ·. . '' - .-. '• . .; -:·· -, . . 

.-' I ' • 

the ~r'ield of p;roduct :per· ~it time ot irradiation. to .G v~uea. 
' '. . ' 

.. 



.. 
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In all cases the. yield ot cn
3
r is about equal. to the y-ield of COe 

While the CO does show a small temperature variation in the. presence of 

x2, this is not much beyond the variations in CO yield at 2;0
, and ie much 

. . ·- . ,' _-, . ' ' ( . ' . ! l 

ies.s than found in the absence of' iodine. It is also curious that in several 
. ' 

·• 

oases the I 2 uptake was measured and. while the variations were :fairly large 

(t 20%),' at 25 and 120° the 12 used is approximately equal to the CHJI found • 
..' .... '0.. . 
At 200 the I 2 uptake was about twice the CH

3
! :found;, but the results at 

120 and 200°.are sipgleexperiments. 

At room temperature, iodine reduces the yields of H 2, CO, c2H2, and. 

C02 by about 25·3~• Methene. :l.s reduced by 85% and ethane 'by 99%· The methane 
..... 

resUlt .was however, extremely variable, and apparently trace impurities 

' (un~d.~ntit'ied) were able to greatly increase this :figure. In one case a. 
-.,, 

., 

value at methane wf;l.a ;f'ound in the pre.sence of I 2 vmich was 2. 5 tiwes as 
'·, 

la.rge.as that found in the a'Qsence of r2 • Such large variations in the 
. . ' .. ' ' . 

yield of methane vere not observed in the a.bsenc~ of r2, so the effect is 
' ' i ' ' 

probably apec:ttj:.c for the ;presence of iodine. These observations cast a. 

do\l.bt 0~ whether or not the:re would be any_ methane which would ~ot be· 

· t?cav~nged by ! 2 in an ideal ex;per~ent. 
' " . ' . ' ~. ' . 

At high temperatures the amount of methane not scavenged by I 2 
', ' '' i • ' \' ',' 

increases slightly1 but _the temperature eoe:f'f1cient is_ small. compared to that 

< .. ob'~erV'ed in the (l.bsenc~ of iodine. On,e can tb),ls conclude that moat ot the 

methane. and essentially all the etha.lle is produced by a precursor which is 
·~· ' . 

' . . 

scavenged by x2• . Presumably this precursor is the methyl re.dicaJ. • 'l'he 
. - '. . ' ' ' "~: ' ' " ' ',' ' " 

resUlts on iodine uptake indicate the e.c~tyl radical either to be ~o"t 

scavet1ged (which we find difficult to believe), or the acetyl iodide under­; 

goes a turther reaction to regenerate iodine, either 1n the cell or in the 
'' 

ifitration of the excess iodine· after separation. 



Mechanim -
,It ia apparent trom the studies. at 25° that most c>t the products lll.Ust 
! . 

ariee trom a ~cbanism which ia ·essentially independent ot dose rate, total dose 

and biacetyl pressure. Iodine scavenging shows the precursors of ethane and 
,: I ~ .~ ' ' 

·.• . I ~ . ' I 
most ot the methane to be scavenged tt all_ temperatures, and presumably these 

I . • } 

. I . 

. preeursors' are 'thermal methyl radicals. Ion ~leoule·.:reactfone tor the pro• 

4uction of methane do not. appear likely as only two peaks in the' mass spectrum 
"""'· . .. 

ot biacetyl appear (from pressure dependence measurements) to have an ion molecule 
.. 

or~gin, One is at mass 129 and presumably arises trom the reaotiont 

+ . + CR
3
co + (CH

3
Co)2 -> (cn3co)

3 1 (1) 
. .. I I 

whereas the other 1~ ~t mass 59 and may arise from the reactiont 

It is difficult to see how these ion molecule reactions can contribute to methaneJ 

tho-pgh reaction (2) xnight contribute to ketene and. acetone. Simil.ariy excited 

mole¢ule reactions, might contribute but little is known about reactions of this 
' ' I ~ 

' ' 

type~ Hovever1 produQts such a;saoetylene 1 diaoet;ylene 1 .methyl•v1n;yl ketone, 

and butadiene may arise from highly exc1 ted precursors. Ex:cept for hydrogen 'and. 

a small £raotion ot the methane; the results are indicative ot a the~l radical · 

mechanism tor the major products. Since such a. zneohanism bas been suggested to 

,. account tor photolysis and pyrol,t~ie. exper1ntents12 .. 17 it appears reasonable to 
. ' 

·. . . ~ 

modify these meebaniems to account tor the radiolys1s results. Stiot and Ausl.Qoe .. 

have used thermal radical reactions in a proposed mechanism tor the rad1olys1s ot 

e.zometha.ne vapor. Such a mechanism must aceount tor the tollowina res\llts. (l) IJ.'he 

rea.~tive ~el4a ot ra<Uolysis producte al;'e essentially dose1 c1oae n.te and pressure 

independent at 25°. (2) Io4ine scavenger :reduQes metbaM by about 8cf/o 1 liz by 

2CI{o and ethane b7 ees~nttAll;y -100/1. (3) 'l'he rates ot hydrogen and ethane 



.. 
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·production are essentially 1ndependen~ ot temperature Vhil.e the tlletbe.ne shows 

a telXll?era.ture coefficient which increases with temperatures. ·. . :: .... · . . ,, ;. . . ..• ;' 

The failure ~0 com.Ple~elr ~cavenge the hyd.rogen mar ~e caused by_ ht)t 

radical reactions, moleculaJ;" de~chment.; or :f'ailu;-e of .I2 as a~ :a.atom sd~venger. 

It is not easy to formulate\l;'ee,.ctio;t.s in which molecu~r c1etac~nt can oct~ 

to leave stable J?rOducts ~ Therefore most of the hrctrogel'l ;ts poetulated to 

occur by e. hot radical mechani$m and. .it is possible that S. small part of the 

methane is also formed by $. hot radical mecha.ni~m. Since ion neutraltza.tiO;i 
. . ./ .·. -: ·. .'. . 

migh~ be expected, to ~eld high).y exci.tect spec:te~, it is not unreasonable "'ba.t 
. ·.·· ' 

such reactions occur~ 
. :·'.! ' 

The following tH!.:lt;L"'ence represents the meebanism euggested.. 
' · . .,'1'':• . r 

· Radical Forma tibm. 

CH CO* ' 3 

CH CO· 
3. 

---> H* + CH COCOCH 
. ' 2 . ··3 

-'CH +CO ,.. . 3 . 

~>CH+CO 3 . 
... ~ ...... ·•····• ., 

. . . 

(3) 
'· 

(4) 

(5) 

(6) 

(7) 

(-8) ' 

Reactions 3,· 41 and. 5 should not be regarded as·· e1ementa.rr kinetio, steps 

since .the :formation. of these species may be ·the result o~ ·iot:l. ne-p.tralizaotio1l 
' ' • • : ll;,· .., • 

as well as direct er.u~rgy absorption. There _.is no evidence. of reaetiortfi. (8) 

in tnis investigation~ reaction (7) become~ Qf inlportan<le only at el~.W.tedr 
. . . . . 14 ' .. · . . . ·.. . ' . .• 

temperatures. Sheats and Noyes · have .ehown. their photo.lysis datil to. be gen~ 

era..liy consistent with an initial trawnents.tio%1 a.c:cordine to :7;ea.ction (3) rather 

than :fragmer>:ta.t1on into two acetyl radicals. 



Product Formation 

~ogel\ 

-.....> Ha··+ M· 

1 I 
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' .·. (91. 

. (i6:): 

The bulk of the hydrogen rnuat be formed by reaction ( 9) and its th~rmal 

.analog or by a. molecular process. Sine~ the :a atom ooncentraticm is, low, the 

absenca of a. temperature coettidient for H2 production is not nec~ssarily an 
. ,. ' 

unequivocal criterion tor the pres~nce of' hot·H atoms •. · The direct combirl.ation 
f. . ;·' ,·, 

. o:t H ~toms ~ith a third body is· probably of ·little impor~~oe as the field ot 

n2 is independent of geometry and pressux-e'. Furthermore.; ·:arbony:i. compounds 
' 4 . . .· • '.'.. . . 
are known to be scavengers tor ther.mal H atoms so they sl)ould b.a.ve a very ... 
short lifetime in this system. · The ultimate products ot a reaction such as 

"reaction (ll) are notdmown..· · 

Methane 

CII3* + ( CH3co)2·--t> CH4 . + CHaCOCOC~ 

·~~ • ... {~~3c~)2 . · ·. > CH4 + CHaCOCOCR3_ · 
•, .·· 

_ ...... ~ cn4 + c~co 

. Ethane 

•, 

Carbon Monoxide 

· Reactions ( 3), ( 6) .. e.nd. (7) ~ 

., 

•. 

(12) 

··~ (13) 

'(14)' 

(15) 



.. 

•. 

.(l.aetone 

CH
3 

+ CH
3 

CO · ~. OH3coCH; 

CH3 + (cn3co)~-> CB3cocn3 + C~CO , . · 

!fetene a11d. Aee~deby:4e · . 
! } 

2C~CO -·· -~· OH CO + CB CHO .. . ,2 3 

~ c~coco~3 ~,CH2CO + CH3Co 

CH3 + OH~pococa3 ·~ CHlC~COOOCH3 . ' 

' ,' 

(16) 

(17) 

(18) 

. (19) 

(go) 

Except for the ::rorma tion of' Jia and. the hot metb;yl x-~action ( 12), all 

ot these :reactions have 'been proposed in photolySis stuclies. 

At 25°l reaction (14) must e.ooount tor the, 'bulk ot the methane, with. 

reaction (12) accounting tor less than 2~ of it and reaction (13) another ~fl/o 

•\\,)i:,.,,#Unotion Z to represent the limiting value of 'the methe.ne formed. by abstraction 

by thermal re.diceJ.a. 'These r~ac~i.one tb~·' ac.count tor t~ ., .observation' err • low 
c ' • ··,1,. ' ' 

. . ' ' . .. 

$-cti vat ion energy near .room tem.pere.t'!lre and tot 't;.he rel.a.tiv~ independence o~ .the 

:. metMile/etbane ratio w1tb :preasur~~ dose rate; etch '· 'J.'he l"&11i<> ot CH4/o2~ we.s 
' ' ' . ', 

signi:f'1cantly higher in the l2 llter tlask ',there the radf;cal could ~scape· to 

' :; a region o.f low radical concentratio~ where react1on (.13) v~~d. 'become J31gnt .. 

'· fieant. ' Reaction (14) has been shown to 'bf!t ot 1to»orl8.ncf ln the room tet\Per&tt,l.n 

ph~tolyaia ot bU.o~t~i 12 and acetone6• 

At elevated t~ere.tures; reaot1on (l3) ii expected. to 'become the major 

methane souro!. The e'Videnoe 1nr.U.cates. :tt to do ao,; 'l'be activation energy tor 
' . 

~thane formation' was .an a~rase ot 4.7 'k. oal. 'between 2' '$nd. 120°1 .and· 7.0 k. cal.·~ 

. 'between 120 and 200°. Th1~ latter tisure asr,eea with tb·e l)hotol.ys1s .res\llts Of 

. Blacet and :Se11l4 b~t ia lower;~ tbo$e -~~ Aualoos an4 Steaci•·· This, together 
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with the high values ·or the function z at 120 and 200° compared to those of 
Ausloos and. Steacie12 and Sheats and Noyee15 ind.iae.te the.t und.er the high 

intensity conditione ot our 1rrad1a.t1onl!l1 reaot1on.;(14) may be a significant 
. .i .. •· 

contributor to methane production even a.t 200°. 

At all. temperatu;es th~ material balance o:t' CH4 + 2(c2B:e;) is about 

551> ot the CO yield. I:t acetone ei.nd acetyl propionyl are added., about 8\:/fo 

of the CO yield ie accounted. in te~s of methyl radical utilization. The 

fate o·t the remaining 2Ctfo ot methyl radicals 11!1 not known. 1'he mechanism 

described does not aeoount tor ~e unsaturated hydrocarbons or for co2 • '!'he 

latter eompoUnd does not appear to be a secondary product ~s its formation is 

approximately a linear function of total dose and pressure. 

In exp~rimente 87A and 87,B, the effect of dose rate was co~ared and 

relatively more CH4 was found at the low ·dose rate than,a.t_the higher dose ra.te. 

Th1a is e;tpected. from the mechanism and. the eontribut~on of reaction (13) to 

methane formation at 120°. 

The etteot ot te~eraturo and pressure on the yields of acetone and 
' 

.ltetene can 'be ascribed. t~ the increased importance of retLo71oit. ( 17) to the 

. :p:rodtiction of acetone and r~aotion (19) to the pro~uc"tt~n ot ktlbene at elevated 

. ' 

. -
tulated to explain the photolys1$ of biacetyl, o~n also be.used to qualitatively_ 

explain the major products in the lr&diolysis of b;ace~yt. Small oontr1buti?ns 
' . . .... 

. ' 

to methane a.t room temperature e.nd most ot the hydrogen pl·oduct1on ~Y be · 
•"' 

ascribed to "hot11 radicals, though other meoba~ have not 'been completely 

e~nated. No meol~ism has been propo$ed tor the formation ot unsaturated 

hydrocarbons .and carbon dioxide; which products are not repo;rted in thEt photo• 

lysis of·bia.cetyl. 

.• 
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Table I . l ,.'_, 

!.'1. ···:.;; n_t'.· c ·I ::.~ ·i_...tr~ · f: · 

(__Tempe'ra;t.ur;e -~,~ 1 <.,, .. L ;,,,.,; ·( '~l" 1 , (,t:. 
t 

_ , G (prod.uot) ;a~ t~mperature ·ap«tc;S.:tied; ... 
. ... 250 lito0 ·aooo . · 

Product 

·a. b) .. 2 

CH:c) 
4. 

C H 2 a 
; 021:I4 

C2H6· 

co 

.C3H6 

C3H8 

·co 
2 

·CH2C0°'d) 

CH CHO 3 
c~coca c) 

3 ... 3 
CII)CH2CoCOcH3 

... o .• s, 
0,22 

0,1, 

o.o6 
2$0 

7·4 

0.-03 

0-.06 

0.1 

0.5 

0.3 
,. 

Li 
0,3 

o •. ,, a·.,, 
1.4 ,,, . 

0.-:15 o.:1,_ 
.. 

o.1 0,8 

a.e .1.8 

9.2 .16 

...... .,., ..... 

......... ...• 
o.-4 0~6 

0.7 2;,0 

0.4 0.3 

l.l 1.4 

0.5 0~-7 

e.) Ve.luee listed ·are ;:ror .. ir:raa.tation·_with a ·pulied beam, 5 :!Jieeo/pulse, 50 ma 
pulse current, 30 ·:p\llees_/seo .• 1 9_0 min~ irre..diatlon, and -20 ;mm lb'i"cetyl · 

(measured. ;.at · 250) , "&nd ; C~~tll·-~geometrf ·dEU!lCri bed in· .. ·experimental aeat:Lon, 

t~ 

b) vat,les. notmali:ted on .ija ·y.ield.: .. ~:hich·,ir:n-.pparently d.ependerit only .. <o!l ·.amount ' 
o:!' radiation: a'bsotbed< :yi:Efld&L are l)~oba:'bly ·:aoc:urate. to' t .. adjt·~ . . . ·. 

c) Value depends on .rad!ation ,·parameterlih 
. . 

d) Not found in all irradiations at· 25° and. \20° J behaviol.· is erratic 8 ·. 
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TABLE II 

l .. _ .Radiol.ysis o:f-Biacetyl.Vapor at Room Temperature 
- ~- -~ -----

ELEC!l'RQN SOURCE 
_, 

MICROWAVE LINEAR. ACCF.IEP.ATOR VAN DE GRAAFF 
V{U:'iable 

rJ.ment. l!IO. 

-EJ:e.esure (mm ~)e _ 
~ ~at (jliiil-:. 
. 'Bomb !ime (min) 
Temperature 

1Iz 
Cfi, 

~ 

~ • ~Ao~.UCt .. ·~ . 24 'D--.:1- . . .· I c· R_ d 

. (:~~~) C2H4 

c~ 
co 

. , f!HJ~~c~ .· 

co z 

:a--~--.. ; . 
~C.o2il : ~ :r.fl'·· 
~~ JBc:_;.j_,_ ~··· . . 

~JV~ (Bl JxW3 

5 
50 
90 
25-35 
4.77 
1:4; 

10. 
50 
90 
25-35 
7-23 

.2-,73 
~ _...,. 
~: 

J.:O% . o~n 

15: .. 8 ~5·3 
63~5~ .· 93~0 

d~ :.:~ .. 1.61 

Q~l.09 . 0.-J.O 

· o~~AA9 _. . . . o,,.272 
·;· - : . . :. . . ~ 

· · £. ri~o75 :~~ · <>.~o1a 
.'• 

8.-58 .5~25 

20 
50 
90 
25-35 
15.62 

6.22 

1..25 

53.4 

209·7 

3·07 

0.-255 

0~074 

. 4.18 

30 
50 
90 
25-35 
19.50 
s;'O 

20 
25 
20 
2Z~5 

1!80 
o;:63 

. ' 
.~;"-

. Q_;4J. 

3.22. _ oJa1 
69~2 . : 6':59 
25a~5 · ·. · · •. ~i~i 1 

. ~- -~ . . . . :O:~ ' 
4~'64 o:33 

. . ~- :.:.~ 

a.~_-~: --~-~:;290 
Q.Q75'• : 0:~019 

3.·34 •r·;·i I ~{55 
. . . i· ,_ ... \ 
,. ·_:, 

•, 

~)-lrra.oJ.ation cell~ 12 liter spheri~ nask .. :- · 
b) ContinuoUs beam; b~am ·eurr~t 1n 11 amps. 

- - . . ... ~-
-~~ 

. ~' Volume of .cells_ = i10o ·:t 50 -ml..· 

d) Minir.rum yiel:d. 

' 0 
·::. ,'20"· 

I 
! I 79B ! 

1 2~ .. 5~bl 
30 ' 

'' 25-50 

50-.-
90' 
25 . ...:35 

19.75! -ll·72 . ~ -. . 

2.85 7-34 ~ ' . 5.o8 
! . ' 

1.49 3.64 t -1~92 
1 .. 66 2.t'7 r ·.- o.84 

Z1 .. 21. 65.35 l 38-.:tr 
. ; ~-- . : 

97·0 239.6: ; 144.7 
! . ·-- . 

2.43 .6.6 1 . , L29 
I 

.l05T 0~112; 0~1'3 
! . 
1 ~ 

o.za~i o.z1z! n.z6~j 
0.073: o.082; o.o811 

,_ . " ·- ; .. II 
( .·· .. 
i --- ! 

' 
4.03 3.86 

1...68 
o .. rr 
0.26 . 
0.41 

7~3a 

25.8 

' 
o.284 : 

o.o65 

9.10 

are 
20 
22.50 
30 
25. 

7.·29 
2' .. 20 

0~24 

1.07 
Z2.4 

97·2 --
0.230 

.015 

3·95 

84:a 
20 
50° 
13:-5-. 
25 
4.;rr .. 
£61--~ 
~~~~~·-

; ~1~~-i. 
6j.l.c~ -_. 

q~~~> 

-~·253 

Q~076~: 
::: -- ~ -_-. 

)..ll_ .. -

;~ . -
't ·.--

. •. -·:·::~ 

. . 
:--! 



V.:BLE III 

P.a.d.ioly·;: is of 31.~etyl Vapor at El.evs.ted ~ra.~e 

. :------· ----::-:~-=-~::.::::;:::::::=:=====:=:::r===:::;:::::::::======= 
~ Varis.ble 

Pf RUi No. ! ~ '.,!.J 

-;;} '.remperature . J. ~'- -=-~-c-~: 
~ Fresaure (mm)a ~- ::. 
~ ~ Current. (:m.) ; . ~;-'; 
5 '.rime tmmbardm.ent (min} · 
::> I'-~ i 

. . ... ~·.: 

Product nelda 
{mieromoles) · 

CH4 
r;i12b 

Call4 
Cz!I-6 
co 
C02 
~CHO_ 

~co 

~ 

---

I 
('\") 
C\1 

I 

.,. I (~)2CO 

.d.-

fRcn~/R~~ (B) ]xlo
12 /. 

5-92 . 
0.5 
0.;5 

10 .. 4 
52.8 

. ~ 

__ ... 

_.. 

0~51-. 

O.l.97 
~ . '· 

~:.o:;J. 

1..4 

1..2 

46.3 
223. 

7•9 

lLO 

25. 
9.8 
0~92 

o.aoa 
0.()51 

).'6 - 3-1 

50 
90 
z4.3 

ll3.8 

4.6 
3 .. 2 

93·1 
1!89 .. 6 

23.5' 

6-.7 
39 .. 8 

zg_.o 
..... ) - 2.3. 

0.,4 r.~ 2 •. 1 ,._.,. 2_ .. 4-

20 .. 6 32·1 89 .. 7 53·8 52.6 
74-9 J2lt .. 1 )69.2 6J. .• 5 203.2. 

2 .. 5 4..6 17.0 6.6 8.9 
3.5 j.O 13.9 10.5 9.4-

--
..._._ I .._.,. -~ 

l.l. · 1 .• 7· 

1. .. 9 3 .. 4-
17..25 24.1. 

103_ .. 1 1.92.·1 
_ -4.4 T-2 

z . ..a 5:•4. 
0.3. 11~6 

10_ 

1
__ l.G_ 43_ _ 

1
1.6 %5. I il _ 33, 

6.6 .. -~ c:.a.s· 14.0 - 4.4. u.o~ ,- 4 ... 9 ll .. 5 

.5.9 1-5 
4-5-T - 79:4-

428.2: 709.1 
u.s .22 . .6 
6.3 . 6.9 

-- . 

55 .. 1. 1.31 •. 
6$ 106 

Ia-5 ZZ.T 
3.67 . 3 .• 52 - 1..22. -~ o.44 :. 0.53 o ... =--u:-85--- o.s5 ·· 1.99 - z.$1 

O.lgO ·-. 0~$ 0.262 03¥ ~ 0.206 o.z59 o.l66 Oo.l%7 O.IOT o .. n; 

o.o50· -o.o.Gd b.o57 . or£: ' o.o6o o-.. 05!1 __ -o. .. oso o ... 035 o .. oJ6 o .. 02l 

3-9 a.lt) 2.2~ 2.611' 1.)6 2 .. 71 -r i)~'; !Z-4' 12-2 __ 1.0.3' 

a) Pressure meas~ed at 250. Vol. cella 1100 -~ 50_~c- iJl-e&eh ease~ 

b) M1 nimum y.iel.dc 
. . 

e) Blanks refer to no determin&tion of the product- 1n these runs. -
4) Aeety1 prop1ony1. 

' -=================================:===========::::================== 

.. .· .. 
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TABLE Ilf 
. . 

~ields of Products' tram the Irradiation at Biacetrl Vapor plus Iodine Vapor 
with Electrons • · · · 

Temperature 

I 2 prees.ure (mm) 
: ... 

B:J.a.cetyl :fpre'ssure nl1n 
.::··.:· 

c Product. 

H2 

CH4 
U C2H2 

C2H4 

C~H6 
~c .. 

co- · .. ,_-· 

C3H6 

. c3a8 

. C02 

CH :t 
3 

,(To\,' 

0.38 
'· 

~03 b 

O.l 

.o3 

.-02 

6.3 

.• 013 

.oo6 

.07 

5·9 
6 4 .. 

0.9 

20.0 

. G :for product 

. •35 

.07 

.09 . 

0.02 

.02 

.07 

5~g 

200° 

0.9 

20t0 

.49 

.14 

.05 

.o1 

8.4 

.16 

14.8 

·,·.:... . .. ·· . . . . . . · .. ; : . . , . o· 
4) ~epresents average values fX'om 7 experiments.· ·,Valuer;; at 120 and 000 . 

• ·l . . 

. ;, are single experiments~' 5 and. 10' minuteo irre.di'ations e.t 2f" 15 minute . 
0 . . . . . . . . . . . ' 

. · ·at, 120 e.nd_ 20.Q •. Beam conditions.· 50 ma/puleel: 30 puJ.ses/sec. 
-... -,; ... 

b) Result. variable •. · Value listed :reJ.lresents lowest .values toundi 
. . ' . ' . 

c) Acetone, ketene~- ace:ta.ldehyd.e and e."etyl »rop1onyl were not studied~· 

' .. 

.. 

~· .•. 
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FIGURE CAPTION 

.. ' '· ·. . . . . . /2 .. · 
Fig. 1 •. Plot o.t Rcult.~e~ vs. time 'between pulses for the irradiation 

. of' 'bie.cetyl 'Vapor at .25°" 20 tnm pressure, 50 ma. ]iiullile Cu:rrent, and 
• :1. 1 

, selected repetition .rates.. Points at high repetition J:'EI,te$ be.v,e been 

. . . cqr:rected. 'tor te.llof't in pulse 'current by normali~tion to a con.stant 
. . CO yield/pulse. Po~~t· at t6•ii:1 and 33·3 m.sece. are ·~ver~·ges of . 

(Jeveral ·close point~.· 
1 

1 Solidll·1:ne·· is of slope t ·l/2.. . · . . 
. . . . . ... ·, ~ .' . . ...... 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of ~ny information,. appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use. of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such con tractor prepares,· disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the· Commission, or his employment with such cont. rae tor. 
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