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~ ABSTRACT

Thé'radiolysis of blacetyl vepor was studied at 25, 120 and 200°

“with puléed electrons from a 4.2 Mev microwave linear accelerator. Effects

of pressure, pulse‘rate‘and total dose were studied. At room temperature

- the relative yields'of'methane and ethane were only slightly dependent on

eXperiméntél parameters,'buz at hlgher pressures the relative yields were

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

© the formation of the méjdr products and this is shown to gqualitatively Y

account for the experimental observations.

\
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‘75:Introduction

= Preliminary studias of the radiolysis of Bone aimple ketones a8

' liquids and vapors hnve been reported3’ ’2 but extensive investigations of
these systema have not been carried out. Ausloes and Paulson3 have 1ndicated'
thet 85% of tha methane produaed in the radiolysis of liguid acetone eould be
'etplained 1n terma of a normal abstraction reaction by a8 mathyl radical,

The relative yleld of methane to ethane found in the vepor phaae‘radiolysle
éﬁpears‘to be too iarge oompared to ihe ratio found in the phoiolysis of

'36:‘7;8:9.

aceton to be exﬁlained completely in terme of thermal redical reaciioné,
A similar effect wase found in the rediolysis of methyl ethyl ketone and
diethyl ketone.3 In view of the results cited, a thermal radical mechanism by
,1tself might be insufficient to aneount for the product diastribution obtained
in the vaporophase rediolysis of small aliphatio ketones. |

In order to investigate this point further, the rediolysis of biscetyl
vapor has been studled over the préaaure renge 5 to 30 mm Hg af ?5, 120, énd
;2000 by use of a pulaed electron beam current from a‘hlz-Mév microwave lineer
accelerator. In several experiments the pulse rate wes varied, and in two |
experimenta the current we.s varied. To determine microacopic doae-rate effecta
at 25° & few experiments vere éarried out with lower eleotron beam aurrents _
ffom & 3~Mev Vaﬁ de Greaff accelerator. Iodine scavenging experimente have

)

also been run at each of theae temperatures.
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Experimental

Eastman Kodak‘Whife Lebel biacetYl was purified by a method similax
to that of Groh. 10 It was dried by allowing the liquia to stand overnight
under vacuum and in contact with pre-i&nited anhydrous sodium sulfate.

After it wes dried, the biacetyl monomer was vacuum distilled from the
polymer”and degassed by trap~to~tr§p distillation in vacuo. it wag finally
‘distilled onto another sampleoﬁre—ignited anhydrous sodium aulfate in the
storage buldb to stand overnight. The blacetyl prepared 1n this menney was
fouﬁd‘to‘be froe of impqiities by both mass.spectrographic gnd vapor chromas~
géographic analysis. It wao‘stored in an ampoule on the vacuum 1ine‘at.~800f 
until used. Aside from the formation of possible traces of photolysis
.proauctb, it vas found poabible t0 store solid biacetyl at. ~80 for more than
a mOntn under these conditions without repurification.

'The Pyrex bombardment cells were cylinders, 5 L em- 1n diameter and
60 ‘om long. One end of tho cell wes a thin concaVe window through vhich . the
electrom beam was directea, the other end wes fitted with & glass break-seal
 .to facilitate analysis‘ The clean dry cell was evacuated and flemed, When
the cell was cool; the biacetyl vapor vas admitted to the desired pressure
s read on an oil multiplying manometera The cell~was isolatod end a sample
of the biacetyl vapor checked by mess spectrometric analysis for the absence“
: of.air, water, and other contaminanta‘ After this-check, thefbiacetyl in<w{
" the bombardment cell was condensed in & liquid nitrogen cooled finger at one
" end! of the cell and’the cell vas sealed off. P

Irradiationsvwere wade using a microweve linear eléotron.accelgrato#~
(Linac) at the Lewrence Radistion Laboretory. This pfoducosﬁa'pulséd.heﬂmdor

éiectrons with é'pulse-léngth of 5‘microseconde;and a pulﬁeycuirent verieble
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from 10 %o loo,millfamperesm' Thé‘puléo_repefifion,fate'in fqriable, >Moa$‘ jf
jifrddiétions Q&re made at 50 mé/pulse and 30 pulaas per'ae&dndu The'eledtroia
i have & meen energy of aboux -3 Mev and hcnce traweraa the entira targat oell '
qiin gas phase work. Becauae of scattering in the windowu, the entire cell; |
} except for a amall region at the front, wae coverea by the beam, thoush
.4‘var1atione in 1ntansity undoubtedly occurred along thc 1ength of the eell.v
 buring this work 4t vas found that the reproductbility of individusl pulses
rfrom this accelerator vasg probably uot better than & 20%, and variatione in 2
h{dqse and dose rate vere occurring within these limitss A resulating eircuit
. wes later addad to the $naeotor and deviat&ons vere reduﬁed 10 dbaut & 5%;
;Most or the work repcrted hera[was done without the additional ragulationg_
’ The Van de Graafr accelerator uaed wes & 3 Mev High Voltaga Enaincaring
 0ompany machine am the letrornia Raaearch CGrparationa Owing to 1naen~ :
f;sitivity of the aurrent metering aystema 1n both the Linac and Van de Gxaaft
,'ginatallationa, measurament ot the 1ntegratea bean aurrent at tha 1avala of
v'operation used wera only approximame, | ' | |
In early bombardmenta at room tamparature the ¢all¢, cooled only vith

aan alr hlast, warmed to dbnux 35 during the 1rrad1ationo In Van de Granrt

;ﬂexperiments the cella were tumersed in a water tank to reduea the temperature
U .
rise to less than 1%, and 1n later microwawe acceleratar bombnrdmcnta the :

cella were ritted vith water aanketa and the water temperature contrelled ta
35 . If the bombardment wua to be carried cu& at alevaved temperaturaa thq

" oo mm g5 em-
cell was insex'ted. :m*,o a tbtck mll@braas t.ube, z.’;o'“mnln 0. D» a.w.‘l 3*85 dm. :

long. Thta wee wrapped with three 300 wntt haatina tepaa ccnneote& 13 ;arallel,
then with asbeatas tapa and, tinally, with glaaa wool wamting. Tha powar

to the heatars voe munually aontrollad by meens nt n vuriablo tranarormar,
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i

! ' o o
‘The temperature of the system was determined by & thermocouple inserted near

the middle of the braas oven. The temperature variétion along the length of

“the oven vas less, than 2 at 200 . After some experinnce,,the temperuture

of the cell could be controlled to x 2 durins bombardmént.. ’
In experimente where I2 ves added, the eell was equilibrated at 85
with I, vapor, this was then frozen out in & side-arm tube connacted with

a stopcock, the biacetyl added to the desired presaure, frozen out and the

‘ I added from the sidearm, If more than 0. 311mn1é pressure were added, it

_was achieved by making multiple equilibrationa of the cell and reSpectively

freezing each 1n the sldearm, Blank experiments in which the Ia vas titrated
with sodium arsenite {indicated that the aystem used achieved 88%, aaturation
of I2 at 2) in the +wo minuxe time allowed for equilibrations Blenk experiﬁ

ments slso showed the thermal ;ggct;on between iodine d&nd biacet&l at 200°

to be negliglble in‘bne hour o?vhgatinga Stopeocks throh@h ﬁhich‘Iz vas

passed were greased with Fluorolube M3 (Hooker Eleatfcche@ieg; Cmeapy)¢ 
Some experiménts at_zs° wef@ run ﬁith”né stopeocks in t$9 loé@iﬁg system.
These gave the lovest CH# yields., | B o o
APter bonbardment the cell vas fitted vith a stopeook nd break-in
device. The cell vas then axtached to the inlet of a cbnéolidated4mleétro¥'
dynamics Corporation Model 21-103A Mass Bpectrometer, the connecting line |
evacuated, the break seal ruptured, and the mass spectrum of -the totel gas
determined. The cell was then removed to a vacuum iine where the gaseous
products were separated into three fractions, volatile at ~160 R volatile
at ~119° , &nd volatile qt ~80°, The PV of each fraction was»meggured and
the mass spectrum of thal rrgciioh détérmined. The mass spectrum of the
residual liquid vas also run. Not. all samples were subaected to all theae

measurements, but in ell cases at least a ~160 rraction wes analyzeda
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: Mpat of the gaseous produsts were.found to be in the'-16o° rraciion,”

which consisted of Hé, Czﬂa, CH,, Co, Gzﬂé and coae: Thé‘gllgo-fraction.
falways constituted ieas‘than 10% of'tha'tbtal‘produnts‘(fréqnently less than
5%) and was found to contain mostly ketene (1n the higherntemperature runs) _,ﬁ
HB’ coz, end possibly

3
uH Because this fraction waa ‘small it vas analyzed only for the ketene

and lesser amounts of Czﬂa, Céﬂh, 0256’ o] Hh’ c H6, c

and COza. Since acetylene forms & complex with ketones and sppesrs partly in
the incompletely analyzea ~ll9 fraction, the acetylene yields, although
somewhat higher than the ethylene yields, sre minlmun yields. The —800
fraction consisted mainly of acatone end acetaldehyde 1n approximately equal _
amounts.‘ The acetone va.s round to be 1ncompletely removed from biacetyl at

~80 ’ and therefore the acetone yield vas estimated from the mass 58 peak

E1n'the mass spectrum of the total gas. It is possible that acetaldehyde
was also incompletely removed and the acetaldehyde yields reported ‘should
be ragarded as minimal. A amall peak in the mass spectrum of the tatal gas

: at mass lOO wes assumed to be all due to acetyl propionyl and a yield was :
estimamed on this basis. Some very small peaks 1n the total maas apectrum g

at masses 101, 102 and 128 were nct 1dent1fied byx probablyﬁariee from

producta of a&ditions of H.atoms,umethyl radicale, or acetyl radicals to

biacetyl during radiolysis:A: catone, acetyl propionyl and acetic acid were

identified by gas ehromatography and masa spactrometry in tha residual liquid.‘;
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© Results ‘and Discussion

‘Produote and Yields. o r'. . : 3 _ “1__\3 '

e

Approximate yialds of products, expresaed 88 moleoules or produot
:,per 100 av‘dbeorbed, hawe been calculated tor the maaor radiolysis produotn
_; end are listed 1n Table Ic These Values are normalized to a constant Ka
o'yield, ‘a8 this produot wns found to be almoat 1ndependent of variatione in .
;ffme radia.tion parametera. ‘l‘he dose oalibration ves done. in & apeoia.l target
Tl‘cell consisting of 8 12 liter flask with & thm window blown 1n one sido. ).
ﬂ'Tho geometry of thia cell was such that all electrons, exoept ‘the few |

aoattered at very wide angles, had approximately the same path length through

. A
LR ‘.'~ 1 '

the oells Hence the energy abaorbed was oalcglated from tho maas or biacetyl
"1n the path and the ‘mess dbaorption coeffioien of h Mev eleotrons. such runs}

wore limited Yo 25 ' As some product yielda are dependent on pulee rate, -

total doae, preesure, or pulse current, these G valuea should be used only

gvaa guidea to tho order of magnitude of yields undor other conditions or |

..z_,
Sl

'1rrad1axion. :'

"lA fow other products are present in small yielduand;analysee for them '

were not feasihle nor. Was the 1dent1fication oertain in‘all'oasea. These f'
1nolude methyl acetyleno, diaoetylene, vinyl acetylene, ouéodiene, vinyl
methyl ketona, aoetio aoid (yield at 25 about. equal to that of acetyl
propon,ylj and at laast two un:ldentiﬁed produeta boiling hs.shor m soetyl

1 ;propiony]., . SRS " )

- . .o . . i, .

. U e - . R
‘ ‘ ‘ .o N

Effeota f, Experimental Parameters at Room Temperature. ziu?

“f’f The effect or pressure, total doae, ‘end 9ulao repatition rate, and
the offect of a ooptinuous beam aa eompared to & pulsed boam woro studiea

N 1
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’”#t 250« Tabl$ II ‘engunimdriges rize these data., The outata@ding feaﬁure'bi
. these results 18 tho small efrect of thess experimental yarnmetera on the
relative yields of the various. produnta. Within . experimental error the yield
..Of czné/bo, 2/'CO and coa/CO are constant. The ratio ot cnh/bzné increases
slightly with inereasing prasaure ana with total doae, Thtn 1atter ratio in
‘lower in the Ven de Gresff runs thén in the Linea runsy On the other hand
_the ratio CHu/baﬂé {8 higher in the 12 liter cell where dead spaco exists.
,-This result is ekpeoted where diffusiwn of methyl radical into aress of low
ﬁradical deneity 13 possible. The epparent agreement 1n R h/k (B) (here-
fafter designated aa Z) batween the Linsc nnd the Van da Graaff runs a& the
-game pressure is probably fortuitoue. If a different pulao rate on the Linae
?*had been chosen, the agreament would not have been as good.
“;,1: _The effect of pulsa rate gives a meaaqre of redical lifetima in the
_:system. If one consiﬁers the diSappearance of mathyl radicals to form ethano,
1ithen & aingle 5 u Bed, yulaa at )O na eurrent will Yield,an 1n1tial methyl
;radical concentration of Os 7 x 10* rudicala per ml (asaumed equal to the
ffco yleld). Using the rate oonatanh for methyl radianl recombinaticn of .
L1013{§ mole-l ec. aec ;,11 the calculated %1ma to reduce the methyl raAtcal
%concentration to half its initial valua 13 38 milliaeconaa. Baoauae methyl
:radicals aleo diaappear by reaction with other radlcala, a-g. w&th aaatyl, '
o irdbably repr&aents a maximum value, ; |

M.If Rog é:g ~fdr each pulaa rate (at constant'

Hpressure) 13 plottea

against the tima between pulsea, end 1: eanh pulne;,“ﬂan 1ndividual QVent,
-,then the points should follaw a line proportional to‘t */8; On the othar f
haﬁd, 1t the pulses are overlapping, there sbould be [y deviation trom thia

line. In Fig. 1, thia has been plctted end 1t is appnrent tha# tho daviattona
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ﬁfrcm the-‘t'-'l/2 1ew etert at ebout 30 milliaeconde between pulees.‘ Therefore

' .the mean redical life in thia system muet be less then 30 millieeconds. The :

I

agreement between the calculated value of 22 milliseconds and the curve ie ‘
sufficient to conclude thet the bulk cf the methane and ethene must be formed f
by thermal radical reactions at rocm temperature. A Smell increese in tbe
ratio R, /Rczns with time between pulses was dbservea ‘even to times ‘of one
-eecond between pulees. This dbservetion might be interpreted ee 1ndiceting

sthe:existenee of e few very long lived methyl radicels in the system, these

diseppeering meinly by ebstracting hydrogen from biecetyl. o

. [ ‘ .

‘Experiments at Eleveted Temperature31

'f The results of ten experiments at 120 and four experimente at 200

t 1

Zare shown in Teble III.. Although the ratio of Hz, CO, Czﬂé and co do not

‘ehen ge with pressure, the reletive yield of methane 1ncreeses with pressure
et both 120 end 200 b, At 200 the reletive yield of ketene increeses directly
~1‘ T \:,',

‘with pressure. Hydrogen and ethane ehow no tempereture coefficient. The

‘Nc.,88 seriee of experimente showe e smell effect of totel dose on the products.:

leed one to 1nfer that a reaction product is competing for the ethane pre-:l
cursors.‘ At the lower and higher beam currents in expts. 87A and 873: the

iretiosqef CHu/Co and czﬂé/bo definitely 1ndicate more methane to result et

10 me then at 80 ma. beam current.-‘; o o O

R woor .. N
B P T ST e e e

:Iodine Scavenger Exyerimente. T e 41;wf

:‘%J’ The reeults of edding Ia vapor as e radicel ecavenger ere thwn in
Teblequ These results hawe been converted to G valuea for comperison vith
Table I, The yield of CO at 25 was used as e beaie for the convereion frem

the yield of product per unit time of 1rradietion to G values,
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In all cases the yield of CH,I 18 ebout equal to the yield of CO.

3
While the CO does show & small temperature variation in the presence of
Iz, this is not much beyond the variations in CO yield at 25 ) and is much
less than found in the absence of 1od1ne. It 1s also curious that in several
cases tha I2 uptake was meaaured and while the variations were fairly large
(x 20%), at 25 and 120 the 12 used 1s approximately equal to the CHSI found .
At 200 the I, uptake was sbout twice the CH3I found, but the results at
120 and 200 ‘are 3ingle experimenta. '
Ny At ‘room temperature, 1odine reduces the yields of Hz’ co, C Hé, ana
003 by dbout 25 30%,, Methane 19 reduced by 85% and ethene by 99%. The methane
result wag however, extremely variable, and apparenuly trace impurities
(unidentified) were dble to greatly increase this figure. In one case &
valua of methane was found 1n the presence of I, which wes c.b tlmes as
large as that found 1n the absence of Iz’ Such large variation° in the
yield of mathane were not observed in the absence of Iz, 80 the effect is
probably specific for the pr;sence of lodine. These observations cast &
doubt on whether or nat there would be any methene which would not be
scavanged by I2 in an 1deal exyeriment. o
o | At high temperatures the amount of methane not scavenged by I2
increases slightly, buz the temperamure coefficient 1s amall compared to that
<observed 1n the absence of iodine. One can thna conelude that most of the
: methane and essentially all the ethaue is produced by & precursor which is
>‘scavenged by Iaa~ Prasumably this precursor 15 the methyl radical. The -
| resulta on todine uptake 1ndica$e the acétyl radical either to be nct |
: scavenged (which we find difficult to believe), or the acétyl iodide under.

goes a8 further reaction to regenerate 1od1ne, either in the cell or in the

titration of the excess iodine after aeparatien. -
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Mechanism

/It is spperent from the studies at 25° that most of the products must
arise t&om a mechanism which is'esaentially indqpendent of dose rate, total dose
- and biacetylﬁpreéaure. Iodine scavenging shown the precursors of ethane and
‘most of the methane to be scavenged &t all temperaturea, and presumably these
| 'precursora are thermal methyl radicals._ Ionmmgleculp:reactions for the pro«
duction of.methane do not. sppeer likely as only two peaks in the mags spectrum
of biacetyl appesxr (from pre;surg dependencg me#aurements) to have an 1on'mol§cule-

origin, One is at'masa 129 and,presumably arises from the reactiont

cn3c'o* + (CHC0), ~> (cHCO)," , - | (1)
whereas the other 14 at ‘mass 59 and may arise from the reaction:

CHy" + (CHg0), ~—>' CHy CH,00) " > CH,CO + (ca'3)2cxso‘" . (2)
It 1s @ifficult to see how these ion molecule reactions can contribute to methans,
thongh reaétion (2) might contribute to ketene end acetone. Similarly excited
molecule reactioﬁsimight contribute but little 1 known mbout reactions of this
type; However, p;;duota such as acetylene, diacetylene, methyl-vinyl ketone,
and butadiene mey arise from highly excited precursors. Except for hydrogen ‘and,
& small fraction of the methane, the results are indicetive of & thermal radicel
_ mechanism for the major products. Since such a ﬁechanism.has béen suggested to
) acdounﬁ for photolysis and pyrolx;is experimenta12'17 it sppears reasonsble to :
modify these mechanisms to account for the &adiolyéia results., BStlel and AuslooslBJ
have used4thermal radical reacti&ns in a proposed mechanism for the radiolysia of
ezomethane vapor. BSuch a mechanism must aoccount ror the rbllowing results, (l) The
reahmiva ylelds or radiolysie producta are essentially dose; dose rate and presaure
independent at 25°, (2) Iodine scavenger reduces methene bytabout 80%, H, by

20% and ethane by css&ntiélly-loo%. (3) The rates of hydrogen and ethane
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'5;production are essentially independent of temperature while the methane shows
_.'a temperature coefficient which 1ncreaaes with temperatures.
o The failure to comyletely scavenge the hydrogen may be caused by hot
'radical re&ctions, molecular detachment, or failure of I2 ™ an H atom scavenger.‘
It is not easy to formulate&reacticna 1n which molecular detachment can oocur
é@”to leave stable_produets,' Therefore most of the hydrogen 13 pOStulated to
occur by & bot radical mechanism and 1t 4s possibla that a small part of the .
'methana is also formed by & hot radical mechanism. 81nce 1on neutr&l&zation
might be expected to yield highly excited speciea, 1t 1e noﬁ unreasanable that
such reactions oceur, . N
| The following squence represents the mechanism sﬁégested:

- Radical Formationu

(cn3cq)é .._...;, CH_5 40O 4 gaécﬁol | . . I € )

—eeemer

- H* + GH,COCOCH, o - )

(333004;& PIEEY c§3 + CO | | - : . ( 6?

oo —>cipeco (D

Reaciions 3;7#~ and 5 shculd not be regarde& as elementary kinetic s%epa'
since the formation of these species may be the result of 1on naptralization

as well as direct energy sbsorption. There 1s no evidance of reaction (8) |

in this investigation\and reaction (7) becames of 1mp0rtanc@ cnly at elevated
temperatures. Sheats and Noyeslh have ghown their photolyais data to be gena
erally consistent with an 1n1tial fragmantation.according to reaction (3) rather}-

than fragmentation into two acetyl radicals.
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Product Formation ' - - - , .

ogen .
o 4- (CH (20)2 ot Ha + CHZCOCOCHB | . (9)
H+H+ M --u§.ﬂé *'M- | | | " : .(iaj )

The bulk of the hydrOgen migt be formed by reaction (9) and its thermnl
;analog or by a moleculay process. Since the H atom concentration is: 1ow, the
‘absence of a temperature ¢oeffidient for H production is not necesaarily &n
 unequivoca1 criterion for the presence of hot H atoms. The direct ¢onbination
'of H atoms with & thir&.body is probably of little 1mportance ag the yield of
lﬂéris independent of geomatry and pressure, Furthermore, carbonyl aompounds
‘ are knownu to be scavengera far tharmal H atoms 80 they should have & very
‘short lifetine in this system. The ultimate products of a reaction such as

bﬂreaction (11) are no%uknown.'

g,f chBCQ?.a- —> .cnacoconc% (?)_ SR ,.‘ . (xl)‘
Methane .
O + (cn co)2 — cxsx,+ * cmzcococa3 o (a2)
cat3 * (cn c:o)8 m-e»cnu + cnzcococﬁ3 L o (1)
0H3+c§3co | .-e—--_->cnug-caz(:o o SRR ‘"-,_(l’f): 1
" BEthene
ciy + 053 > 0,8, (1)

'Carbon Monoxide

'Reaéticns-(3), (6), and (7).
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“Acatone _
0334»011300 mes3> CH 00033 e (16)
CHy 4 (Cﬁ co) >cn3coca + cn3co R ¢ V)

.Ketene and Aeetaldehyde o

zcasca > cn co + CH30HO R S (1&)

cyagccczoczx3 > ca co + cn3co L . (19)
' Acetyl propionyl |

cn3 + CH cococx3 --> cx cazcococn3 (eo)

Except for the formation of Hg and the hot methyl r&action (12), all
afof these reactions have been proposea in photolysis stu&ies.
At 25 ;5 reaction (1k) must aacount for the bulk of the methane, with
reaction (12) acaounting for less than 20% of 1t and reaction (13) enother 20%

. or 80 1f one assumes Auslcos and 61eacies value of 065 X 10 "3 for the

(szfunction 2 to represent the limiting value of the methane formad by abatraction

'}’ by thermal radicals. These reactiona thps aacount far the observation ar a low'ﬂ_
] activation energy near room temparature and for the relativa indepenaence of the |
"ﬂimethane/ethape ratio wi@h‘presspra, dose rate,yetoa‘ The rnt;Q or'cah/caﬂe e
."”significanﬁlylhighef‘1# the‘la 1iter flask Whefe the %adical coﬁld-éscapé’td'
Cfﬂ;a region of low radical concentration whera r@actian (13) would becema signi~  ‘ 
kxlficant. Reaction (1&) hau been shown to be of importanee 4n the room temperature ,
12 6

T;‘photclysia of biacetyl and acetone . - N )
.“, At elevated temperatures, reaction (13) 18 axpected to become the majot .
jﬁ'methane saur¢e. The evidenue indicates 1t to do BOy Tbe aetivatlon energy ror o
7j methane formation was an average of 4.7 k. aal. between 25 and 120° &nd 7.0 k, cal.
 'fbetween 120 and 200°. This latter figure agrees with the photolyaia results of

14

) Blacet and Bell,™" but 1s lower: than thosaloz Ausloos and Steacie, This, togethgrf
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with the high values of the function Z at 120 and 200° compared to those of
Ausloos end Steacielz and Sheats and beeal5 indicate that under'the high
intensity conditione of our irradiations, reactioﬂ;(l&) may be & significant

| contributor to methane production even at 200°, h

At a1l temperatures the materisl balance of CHh + 2(C H6) is ebout
55% of the CO yield. If aeetopa-and tcetyl proplonyl are addea, “mbout 803
of the €O yieid 18 aceounted in teqﬁé‘of methylvfadical utilization., The
fate of the remaining 20% of methyl radicala is not known. The mechanism
deseribed doeS‘noi acdeount fox ﬁhe unsaturated hydrocarbons or for cozu The.
latter compound does not appear to be a secondary product 8s its formation is
approximaiely a_lineaf function of total dose and preséure. |

| In experiments'87A and 87B, the effect of doée rate‘was compared &nd
relatively more OHu was found at the low dose rate than at the higher doge rate,'
This 18 expected from the mechanism and the eontribuﬁion of resetion (13) to
methane formation at 120°.

, The effect of temperature and pressure on tha yielda of acetone and
;ketene can be asaribed to the 1ncreased importance of reaetion (17) to the
“production of acatone and reaction (19) 40 the production of kebene at elevated
A temperaturea ‘ , ‘ :

It is alear that the basic Iree radical mechaniem which has been pos-.
tulatea to explain the photolysis of biacetyl, can alao ba ‘used to qualitatively
explain the major praducta in the radiolysie of biacetyt Bmall contributions
to methane at room temperature and nost of the hydrogan yzoduction may be '
ascribed to "hot" radicals, though other mechnniamshavé not been completely '
eltminated. No mechanism has been proposed for the Zormation of uneaturated
hydrocarbons end carbon dioxide, which products are not reported in the photo~
_lyais of: blacetyl. ' |
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’,Yieldé“?ﬂofaﬂrodunts:fnomwthe{irradiationLafthacetylaVaporwxithzmlect#ons‘ gi

TapLositee R 8 (product) at tempersture specified
Tbmperature\n b P e L B850 , g R0O0O

“avPréduct | |
R o o5 o5 oiss
-mi@ o - o Lk 5.9
Céﬁé’» . - 0,15 035 0.15
oH, - 0,06 o1 o
e S 7 - 9.2 16
cgg N ' 003 e e
CiHlg . 3 0506 o weu < e
00, ) | 04 | 0.4 - 06

¢, d)

CH,C0% 0.5 0.7 2.0

CH,CHO 0. ok 03
_CHSCOCHBQ) S 4 T S L
:cg3cnangocgs e s T

a) Valuee listed are for irradiation with & ‘pulsed beam 5 usea/pulae, 50 s
pulse -current, ?0 pulses/sec., 90 min. irradiation; and 20 mm biacetyl
(measured at 259), and . call ;geometry described in experimental aection.

. b) Valuea normalized on- Ha yield which ds: apparently dapendent only on amcunt

o ef: radiation absorbed.. ‘Yidide are probably aceurate. {o .t 80%

c) Value depends on radiation paramatera.

d) Not found in ell irrsdiations at 85 and 120° } behavior ETY erratic,a
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‘Pfoductl"‘ﬁ

TABLE II

A
v

Ll

.Rééiolysis of»Biacetyl’Vépoanx Room EbmperatureA 

“ELECTRON SOURCE

Q.._....., MICROWAVE LINEAR ACCELERATCR

VAN DE GRAAFF

Variable

pressure

Total Dose |

G
Rzessure (mm Eg)°
_ “Beam Gufrent &y -
Bomb Time (min)
Temperature

{o4
50

25-35

2
10
5Q
90 .
25-35

¢
20
50

50
25-35

55—

3¢

20
g0

25-35

oA
20
25
20
22.5

858
20
50
5o
22.5

|t 25-50

) }
98 |
22.5,ab)
30

- 30

8zc

20
22.5b

. 8B

| 50p
L 13.5

23

Hy
CE,
C B¢
Czﬂh .

C2fe
co

“Yields
(micromoles)

» 6395

K77
1.73 .

- .02

15.

7-23

2.73

0.73
25 3

930
161

15.62
6.22
1.25

53.4

209.7
3.07

19.50

873 |
‘ __"a 51
| oseT

3.22.
69.2 .

258 .5
k .611»

1,80
_o 163

6259

:b_.‘ 22.&7

] 9:33

7-09
2.85
1.49
1.66

?’{'31

7.0
2.43

.G?
| 65.35 ;

239.6 '1

L 6.6

38.77 ?
lhh .7

| 25.8

1.63
0.7 .
0.26.
041
7.32

i

-

97.2

-

7.29
2.20
0.2h

. 107 |
. 22.k

.
-

YT
4‘61 :
@;;1:9?'51
.28

15 96 ‘
53. -
~5lb

0108
0,272
.078
.; 55525

SPSAT

0.255
0.07%
%,18

0.1,26
a 268
10?5

3 34 n'

] _'_0 036
:6;290.,
'-"'a,o79

]2 55

2105
0.28%}
0.073!

k.03

e;uz |
0.272]
L 3.86

LR e
{ " . — g
1
§
N -

0.131
0}2672

0.081

o'.losé
0'.»28h
0-.065 g
9.70 |

0.230
075
3.95

. }093 %
: _a.zﬁa'

c 101. j.

| a.0t6
is.u i

o a) In-adiation ce}.l was 12 liter spher:.cal i’lask., A o

o '-Eb) CQntinuous ‘bea:m, ‘beam current in B amps.
L e) Yolume of cells =1100 % 50 ml

‘d.) Hin.'amm y:ie]:d
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Radioly:is of BLNcetyl Va.por at meva.ted ‘}!emperature ' .

- , :
Errmieee e PYROENTE el e

<—Dose Rate)

é—w.ga_-Pressm'e

e

110-130
3
i
%

788 TOA
110-130 110-130
5 20

50

90 S6

120 120
20 20
50 5Q
20 ko

'831&‘8&.
120
20

88C | O7A 878
20 20
10 &
450 b5

50
120

832 83 83€ 83

s 10
0

20
56 50 50
9 90 _ 90 _ 90

30

i -

‘Produet Yields
(micromoles)

K

cﬁh. ’ R

czﬂzb '
C2B,
2%

co

2.62
.jf.,.:)—_gz._ -
0.5
0.5
104
52.8

1.k Z5.3
426  113.8
1.4 b6
‘1.2 3.2
k6.3 93.1
223. 489.6

0.8 15

20.6 32.7

L35 7.16 22.8
-9.11 l‘?-35 59-3

0ok 1.1..” A

74.9 :.z&.?_‘

5.7 1.6
k5.5 29.0
b3 — 2.3
2.7 =~ R
89.7] 53.8 52.6
369.2 [261.5 203.2

5.17  6.82 15.6F 19.76
28.7  62.1 161.7 279.6
I3 LT 3.3 9.8
1.9 33 5.9 T.5
17.25 241 357 9.4
103.7 192.7 428.2 T709.7

<o, -t 7.9 235 | 2.5 k6 17.0] 6.6 8.9 | k& T.2 128 22.6
CELHO | - - 6.7 ;3-5 70 139|105 9k | 28 sk 63 69
CH,CO - .0 - 39,8» e - - |- - 0.3 1.6 55.7 131.
0 (c33) CO ] == 25 10 |-~ 10 43, |16 % 13 33 68 106
' ca3uai - 9.8 & 6 ofes 8.8 1h0| BA 31.0- | k9 IT5 185 zz.-r
e cn#/czns 0.57 .  0.92 -1.22. | 0.4k 0.53 0.66 0850.55" 166 2.57 3.67 3. 52

' 0.208
0.051

L 196.

| 0.275 a.zsz
e.ase 9.05?

023 0.206 0.259
0064 0.060 0.05%

0,166 0.125 0.I0T 0.1k
0,050 0.035 0.036 0.02

3’1 39

0.050

22;8 2.2}4

2.67| 1.36 297

13. ;_a.lt 2.2 10.3

a) Pressure measured at 259.

b) Minimum yield.

?al. cells 1100 % 59 e in e&ch ca-se..

¢) Blanks refer to no determination of the pro&ct in these runs

4) Acetyl propianyl.
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TABLE Tt

'Yields of Products rrom the Irradiation of Biacetyl Vapor plus Xodine Vepor

with Electrons .

yu . -

. _ o T ==
E[‘emperature 250 ~120° ‘ 200° _
iz preeﬂurev(mm) © 043 0.9 - 0.9
‘Blacetyl/pressure m 2.0 20,0 20,0
- Product® @ for product
Hy 0,38 i35 49
CH, .03P .07 .22
9 CZHZ 0.1 09 o1h
Czﬁu 03 0.02 - .05
O e 6.3 \ 5.5 8.4
B 013 - s .
, C3H8 006 ’.-.’. —
- Co, 0T .07 N 16
oH T e om0 3T
‘_Z'E'"- (atoms used) 14,8 "

a) Represents average values from T experiments. kvaluas at 120 and 260
* are single experimenta. 5 and 10 minuter irradiations et 25} 15 minutav_i

- “at, 120 and 200°.,
' b) Result variable.

Beam conditions 50 ma/yulse, 30 pulsea/sec.

Value 1ieted represents 1owest vnlues xound.

c) Acetone, ketene,- acetaldehyde and acetyl propionyl were not, studied.




FIOURE CAPTION

~

”~Fig. lu Plot of RCH /Rllng ve+ time between pulses for the irradiation
’ 2

. of blecetyl vapor at . 25° 5. 20 nm preseure, 50 ma pulse current, a.nd
‘selected repetition ratee. Points at high repetition rates hava beenf
';cqrrected ‘for falloff in pulse. current by. normaliz&tion to a constant
 00 yield/pulse. Pointp at m6.7 and 33.3 nm. secs . are averagea of
Jﬁfpeveral close. poiptsa, Solid Ldne: ie of Blope g~M2,
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- Fig. 1



e

w

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 any 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
Comnission" 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 contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the -Commission, or his employment with such contractor.
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