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THE RADIATION CHEMISTRY OF ISOPROPYL ACETATE AND ISOPRGPENYL ACETATE.

-Amos S,. Rewton and Peter 0, Strom

Radié.tion Isboratory .
University of California
Berkeley 4, California

ABSTRACT

The products forzied in the irradiatmn of liquid isopropyl a,cetate and

‘ isopropenyl acetate with helium 1ons have been studied at roan- t&mpera’cm and

. at 8%, The reduced products are formed in Lover yield in . isopu‘o:pényl aceta‘ce
“than in isopropyl acetatée by a factor of sbout three. 4. fac’cor@f-thirty higher

"polymer” yield from isopropenyl acetate indicates that radicals, which in -
- isopropyl ecetate are used for reduced product production, are used for polym‘ei‘
production in isopropenyl. acetate by addition to the, double ‘bond.. 4 discussion

of possible reaction mechanisms for various pm@ncbs ia given, |
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INIRODUCTION

: ‘I&e effects of radiation on isopropen;yl acetate ig of censidereble interest
because it is an unaatura‘ted compmmd vmich asaee. not readily polymerize to 8 nigh-
molecular-—weight polymer, either under the influence of ra.&iation or by chemical

- means, For this reason it is also & good compound to use in cempa.riag the effects

o a:ce‘aate vere mifma by the method of naggerty em Heiler.l Eachi vas £inally

of a dmmle bond on the rad:iolytic aetivity of a molecu.le ccntaining other elettyo-
a .nega‘cive gmnps ‘fherefore, we have studied the ra;d.iolyeia products reaulting i’rom
_the heliﬁm ion irradiation of isom‘opyl acetate and isopropenyl acetate,

EXPERII“@TAL

Ma‘ﬁeriala used.. Eas‘man (w‘hite the'l graﬁe) isopropyl a,cetate and isopropeﬁyl

{1) Haggerty, C J and wrgiler, J. F., 3. Amer, cb.em 50c 2_, 1633 (1929)

ﬂistillea threugh z-) 25-1:151;3 aﬁiabatic ¢olumn, Reﬁactive index and mass«spectraneter
pattern caef”iciente of smnples tahen during the distillat ion showed no change during
the middlg half of the distil}.ation, and the first and last quarters were discarded.

~ The properties of the pm'ified materials are shown in Table I. When the puriﬁ.ed

: isopremnyl acetate was run 1n a. blank determination g using the same methoﬁ of
sepaxation of low-boiling camponents as in the product determinations; the fol)meing
impuritied vere detected in molal parts per million: Toluene = 1.3 pim, beazene =

1k, 5 PRy meﬂlyl evhg]. ketone ~ 73 P, end scetone ~ 51 pp, Wit&a the impwrities ..
w‘hich appear as m'o&nets , the amount of impwity has been subtracted~m calculating ‘

* Present add.ress' U, 8, Baval Radiological Defense laboratory,
’ © San Francisco, Califomia '
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the yield in each case., In view of the apparently high depe'nﬁeﬂcé-cf af:eﬁt»oﬁne yield
on energy input descpribed later; this procedm is possibly open to some gﬁesﬁom

Analytical Methods, .
The gases and low-boiling proauc‘bs wr:-re separated by reflnxing the material _
under vacuum, &s previously desc;‘ibed.z In this way, samples volatile at «»1960 »

(2) A,ﬁéxmﬁ. A 4s.,-,v£nmmca1 Coen. 28, etk (1956).

125°, -80°, and also & distilled uquid fraction not rapiély volame at -lo" were

collected and snslyzed wi*i:.h g Consolidated Englneeting Corp,l mpdel 21103 mass _

spectrometer, Checks on the residual liguide by gas chromatograﬁhic' methods showed Bo -

preducts of boiling point less than sbout 1509, .other than those 'j‘liaﬁed in Table 11, |

to be mresent in eppreciable yield, "Polymer" was dei:e‘mined by vacwm evaporation
of the residusl liquid and weighing of the resultent prodwr:i;, molecular weights were

| determined by the freezing-point depressicn of benzene. Acid ves determined by

' ‘titra.tmn with alesholic soddum hydroxide to e phenols-ghthalem cné. goint No &cid‘ a

was-found fn the isopropenyl acetate bombardmente by titrstion, as titmﬁcn to the o '

end point required less so&ium hyﬁroxide for the &rradia.te&’ mteﬂal tban the small
' blank of the mirradiated wateriel, Ges chmxﬁatog;rams shawe& ‘metic acid to be D
formed, bnt quantita‘sive meamn’ements were: pot possible.. Water was &ateminéd, but : -
 the values were very etratic in both esters by the Kari: Fischer methcd, and the yield,s 5 “
if any, were small. L = EE
Irradiatmna were maﬂza in gm:s cells of the *b;me described by Gm*ison,
ﬂaymona, and Eﬂeeksb except Lor the hig,hest etnergy input im&iats.on of isopr@yl

aeetate, which was made in the metal taérget deseribed mvious‘ly.’f All samples were
thoroughly degassed before irradiation. . , :

{3). Garrisan, W, M., aama H, R., ana Weexs B. m., Raﬁiaticm Résearch 97 (1951;)4

' (h) McDonell, W.. R and x%:ewton, A, s., mmleonica -1 62 (1953)

The irradiationﬁ at 800(3 were made by preheating the cells in an oven a.t 600
and heating with a.n infra red. Lamp, calibiated with : respec‘b te d,istance and \roltage
to maintain the temperature, during the irradiation. . o o

The e*rperimental results of irrediastion st four enermwinput levels on
isopropyl scetate and two energy-input levels on 1sopropeny1 acetate axe shown s.n
Table 11, and the effect of a change of temperature from 25° to 8° for each of
the acetates is showa in Teble III ’
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DISCUSSION
Bffect of Total Bnergg Input.
Lxcept for the producto acetaldehyde and acetone, there is little change in

the yields of products from either of these esters in the range of energy input
studied, Therefore,.for most products, the differential yield of produet and the

observed yield‘qf‘product are the same al any energy input in this range. This
implies both a lack of seccndary products and a lack of action of primary products

88 redical or éxcitation scavengers, For the products acetone and acetaldehyde where

appreeiable effects of energy input were observed, the reactions leading to the
lowering of the yields of these products do not lead to appreciably higher yields of
carbon monoxide, methane, and ethane.as was observed in the case of lsopropyl ether
irradiaxions.s This difference in behdvior implies a different type mechaniasm may

K 5) Hewton, A, 8., U.5.A.E. C. Report No. UCRL-3699. "Some Aspects of the Radistion
- Chemistry of Isopropyl Ether " Presented at 131st meeting American Chemical
* Society, Miami, Fla,, Aprll.a,_;957. Suhmitted to J. Phys. Chen,, May, 1957.

~

be operative in reducing the yields of thege'produéts than was pospulated for the
" case of isqprbpyl‘ethEr, ’ ‘ )

' Kydrogﬂn and Hydrocarbon Yields,
The most ~obvious difference between the radiolytic activity of isopropyl
acetate and that of isopropenyl acetate is the decrease by a factor of. three in the

yields of hydrogen and hydrocarbon products and an increase by & factor of about
-f th;rty in the polymer yield, wheq"the'double bond ‘is present,'overvthe,yield‘when
it ig absent.’ A‘cbmpariaon of hydrogen and corresponding'hydioéarhon products for
the two cqmpoundé in_Téble IV shows the relative distribution of hydrocarbon
compoundftypes to be similar, suggesting similar mechanisms for their formation
in  the two regpective cases, with the differences in yieid resulting from dif-.
.férenges in the processes competitive to those yielding the hydrocarbon products
‘and hydrogen, There are several unusual features of this distribution First is
the very high- yield of ch hydrocarbon of the type R CH comgared to the 03 hydro—
carbons of the type RH.where R is the isopropyil or isopropeayl group, respectively.
. It seems unlikely that the isobutane and isobutene from the respective starting
compaéndé‘could be formed in such large yields (compered to propane and propene

" yields respectively) by competitive radical reactions petween isopropyl and
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isoyréﬁenyi radicals, respectively, and methyl vadicals, 'Therefore, a process such
as suggested previously for a similar yield distribution in the tert-butyl ether36

(6) HNewton, A, S,, UCRL=-369% "a Survey of the Radietion Chemistry of Some Aliphatic -
Ethers," Presented at 131lst meeting Americen Chemical Society,. Miami, Fla.,
april 6, 1957. Submitted to J. Pays, Chem,, May, 1957.

eppears au attractive possibility. In this process as applied to isopropyl aéetate,

en effective methyl .resrrangement is achieved by a rapid'sequence of‘steps 1to3
before the redicals are separated by diffusion. The equations as written for isopropyl
acetate also apply to isopropenyl acetate leading to 1lsobutene in step (3).

, | . | | 7

(0:13). zncocom{} — (c33) z;xg:oco - caﬂ..,) A1)
he? 1 o

(ci13) JAC0C0 +  ——>' (CH) HC* +.00, N )

(CH.) JAC + + CH, » ——> ‘:CH‘" CH ‘ R &
(cH,) i o> e | @
In this case there is the alternatiﬁe procés; in the sequence of reactions shovn in
equationu/b 5, and 6 Thesn must also follow in rapid order if the radicals are not
to be separamed.by diffusion. :

.-"* , e A - : | ' - o -
My ‘—---> (633) SHC - + :CH3CG.05 o (%)
--053coo- —> 033 . %ﬁco,2 '_ o | ' S ) - (5).
(033‘) JC e CH3 o — ‘(CH3) 303 (61)

Ho abgolute decision is:possibié from the present data as to theidirecﬁion for the
: reaxrangement, but Steacie7:agrees to the aﬂsignment of & nigh'activaxion eneYgy forA

(7) E. W. R. Steacie, "Atamic and Free Raddcal Reactions," Reinhold Publishing Co.,
" Bew Ybrs, 2nd Bdition, 195k, Vol, II, p. 596, ' T

. the dissociation of the acetate radical, meking reaction (5) rather unlikely as an
intermediate step, in view of the repid time sequence required,
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The yield of propene {of same five times ﬁhat_of propane from isopropyl
acetate) and that of propyne plus propadiene (of some six times that of propene
fra&"isoprdpnnyl acetaté) cannot occur by a competitive radical process, A re~
arrangement similar to that postulated for the formation o; alkenes from

O

alcohols, v ethers,6 and alkyl halldeaj is a poszible mechanlam in these cases,

(8) Mcl)onell N, R., and Newton, &, S., J. Am, Chem, Soc., 76, 4651 (3.95&).

(9) Hornig, B, 0., and Willard, J. F,; and Henhrehan, R. J., aud willard, J. E.,
private ccmmunzcation from J, E., Willard (In press, J, Amer Chcm Soc., 1957)

Ml* D (:32-16 + CHSCOOH' i | (1)

. )
(CHS) (¢, )CococH,, ——> C_H, + CH,COOR ‘ | (8)

3
"

~ In the case of isopropyl acetate, the yleld of acid was approximately egual
to the yzeld of propene, lending support to the mechanism postulated, No acid was
detenxin@d from isoaropengl acetate, but difficulties in tztraolon (iso;mopenyl
acetate decanposes vigproaaly in even slightl, basic aolution) cast some doubt on
. any negative chemical test. Acetic acid was observed in the gas chromatogram of the
residual liquid from isopropyl acetate irradiations, '

’

Oxygenated Products, o - ' ' o .
The-oxygenamed products formed are carbon monoxide, carben dioxide, acetone;
- acetaldehyde, and in the case of isopropyl aéetate, methyl isopropyl ether and acetic
acid, The productioﬁ of the latter compound has already been conzidered in'conﬁéction_
': with propene prodnction. Only posdible traces of methyl isopropenyl ether were fbund
in isopropenyl acetate irradiaﬁions, 4 small . yield of isopropenyl acetate was
“found in the pro&ucts of the irradiation of isoﬁrobyl acetate by gas ehromatographic
analysis of the residual liguid,
' Possible reactions leeding to the oxygenated products from isopropyl acetate

* , . : ,
. M, -——> (CH,) JHCO. + CHCO. - (9)
3 & 3 . .

Rl', :
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"CH.\,CO‘ r— CH3 - + CO

Ri e (1‘1:13('1(3('11'{3 + H-

'Rl — CH3CH0 + CHB‘

Rl + R".~mu~> CE3 ‘COCH3 4+ By

Ry + CH, — (cﬁ3) zﬁcmg
4" ——> CH,COCH, + CH.CHO
N _ 37703 3 -

These reactions account in an epproximate ﬁanner for the jield of these
prodﬁcts produced, Reaction (15) must have a yieid of less than G = 0.65, it
being limited by the acetone yleld,.aud some séetone must also be produced by
reactions. (11) and (13). Therefore, @o account for the acetaldenvae yield, |
reactlon (12) must have a yield.of something grester than one, as must react;on“
(9) and (10). Reaction (14) hes a yleld of about 0.20, as determined by the
methyl isopropyl ether yield, putting a minimum yield on reaction (9) of A, 26 tov
account for reactions (1z) and (14), Therefore, the yield of CO and methyl
radicals from reaction (10) should be about 1,26, while the CO yield obaerved )
1s 1.17. The total methyl redical yield is therefore about 2.26,0f which O, 2%
is used in reaction (lL). The sum of methane and tirice ethane is 2.08, Semw,
methyl radicals will be produced by resetion (5) if 1t occurs in this system,

Reaction: (2) accounts for a § value & for carbon dioxide of only 0.25,

(10)

(11)

(12)

(13)

(k)

(15)

while the observed vield is sbout 0.75. It is difficult to atcount for the carbon
dioxide because of the relatively low yield of prop&p& “and. 1aobutane. Isopropyl

radlcealds must be formed as a eo-product of sny obvious mechanism of CO Pormation,

2
whether by reasction sequences (1) and (2) or (&) and (5). Same propylene could

arise from propyl radicals by the hydrogen-abstraction reaction (16),

1-03H7 * 4 Re oo 03H6 + RH,

(18)

but it iz doubtful if this can be mede to account fof the observed lack of products

related Yo propyl radicals..
The oxygenated products fram 1soprogenyl acetate are characterized by very

high yields of carbqn monoxide and acetone, with a lower yield of acetaldehyde and
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. carban dioxide, Thus, reactions { 3;{) and {18) must be elmost predominant,

T T N TR T

”Ehe fate Gf tb.e 1sopropenylox:i radical is not canpiately certa:in but most of

. 1t must end. up at acetone. The 1sopr0pezxyloxy radical, B , st rearrange .
'Wediately to the mode staale ecetmyl radical, which on reaction with methyl
mdt«:ala leads to methyl ethyl ketcne. The rapid reax'ranganent of this regical
is _;zrobah},y the resson no meth;,zl iscm:-openﬂ. ether is formed as o product,

(ca,) (cm,) co -**>°Hfm o G
.CHCOCHZH*CRB --——>CH3COGHCK3 o | | | 20}

The yield of ax:emne is not conpistent with the yvield of other co~products.
1t the ecetcnyl radical can sbatract hyﬁrogen fron e moleenle of isapl‘openyl
acetate , which vould providz an additional scurce of acetone:

cn3cmcaz + M, — .cagcocnj + ;(%)Eﬁocccaagf_ - ~ {21)
OO0+ O > 1000 ~ R

‘Resction (z2) i in competition tf:lth éarb@qni'mcﬁde production by dissociation
of the ecetyl redical, The fate of the radlcel product in resetion (21) is not
imown, If it is unstdble, it couwld bresk up ¥y two paths, both of which lead to
propyne. or p?épfél_;iigné and to carbon diox;ldel ~and methyl radicals

s

.F(cﬂg)‘ ZCor:ocH3_i " —> C_H, +.CH,C00- | R . | (23)
..._..—-;. {(Cﬁz) KZCOCOI + (333*_. L (2’&)

(er,) 0000]  —> g, + 0o, | : (25)
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Behtive Baactivity, ) . :

A compariacn of the prcducm frcnn uze o esters shows that whi}_e theére 15 ,
a@parently leas rear-tivitz,r in the is@propezayl acetate if only the gaseo“us pmdncts :
are censiéerea, L the overall reactivity is Righey fm: isopropenyl acetate than
for isogmpyl metate, if the polymer is im:lnﬁeﬂ - The composition of the isoyroyenyl

. acetate | polzmex "is not known, but from the average molecuﬁlar weigtxt it cmespom

%o the ﬁolymerisation of 3 to 4 moleeuz.es of the ester before ‘the chain ia ‘discontinued,
he Low yield of products from isopropenyl acctate formed thx’augh radicar inter- '
.mediates s €8y Hy, ‘Cﬂh, ol ete,, cen certainly be attributed to the antian of the
double bond in isopropenyl acetate as-e radical stavenger. - The lc:w molecular weignt
Cof the msulting polymer indicates the chain. length of the resulting palmnerization o

A e (cﬁak)ﬁémocﬁél R

%o be linited to one or two further edditions of isopropenyl scetste, This chaim -
' langf.h can be short if the mctivation energy for subsequent additions of the menomer
is bigh of if the steric factors a.ré mfavofeble resultmg in a long life for RS or .
its Pivst or second afdition pro&uct 4 check for free rad.icala in the "golymer frcxn
iso;grop&nyl /mﬁcﬁ had never been exp@seﬁ m adr sma no ,ﬁ'ee raﬂieals in conmtratiou :
' greater than 143 9 M in the eancentm‘!:.ed liquia pcl;,vmer using & pmnagn‘f t;ic resomce '
 spectrometer. This measurement wes mede two Gays. after irradiatinm, and the lack of
' radicalé of meen kife longer tahem z fractiem of & ﬂa}f ghows ’uze polymerizatim is’ _
prchabiy nct stappea by the formation of "burie&“ raﬁicals A , o]

'ﬂaerafore 5 the prefei*rea reaction of Rs or its immediate descen&a.nt may be o
to form {a) @ high- moleéula:‘«wei@r“ diester or triester through dimerization of
" radfesls, or (b) & high~moa.ecu1ar tfeigh‘t mmestar by reaction with snother redicsl,
or {2), to éisproportionate to form a satmtea and an unsa.turaté& ester, Such
'expected gmcducts vere mot seen in- apgﬁecieble ﬁelas in gas chrama‘bograms of nhe
residual lgudd, : . . -

A comparison of the products. frem ’Ehe two respective molecules shows that,
in each, the mast reactive bond is tha.t bemreen the alkoxy group end the scetyl group,
The relative yields of oxygenated pm&uc*ﬁs wnich result from the cleavage of this bond |
arce higheyr by a factor of twb oF itizee than those resnitmg from the elemrage of the
.. alkylcacembe vond,
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Effect of Temjaers;ture. . A
The effect of & 550 rise in tempersture at which the compounds were .Jrradlated .

| produced & general rise in product yi.el&s consistent with the concept of less rew-
combination of the primary radicals to reform the original material at the higher
temperoture, The increase is least for the products &ceta,ldehy*de, acetone, and
_xﬁethyl isopropyl ether; the first two compounds shewed smell temperature coefficients
. from isopropyl acetate, where.aé thet of the ether was negative. ‘Both acetone and
acetaldehyde showed negative temperature coefficients from isopropeayl scetate. These
chamges can be atiributed, at least in part, to the greater atteck by radicals on
these prodncts ‘et the higher temperatures, end, in part, to their production from
unstable intérmediates which decsy more rapidly at the highexr i.e:aperature 0 yield
6ther' products. Taus from isbprcpyl scetate, the production of methyl isopropyl
ether depends on the presgence of isopropoxy radicals which can 'decompo_se rniore rapidly
at the higher temperature by reactions (10) or (11), . leading to a lover effective
‘ concem,ration of such radicals for ether px"odm:tioﬁ 4 |
' ‘i‘he effect of bemperature on the yiela of polyz;er f‘ro*a isoaropeml ace‘taue
is of a}\out the same order of megnitude as the effect on the yield of other producta.
If the ‘eer‘z;natmn of the polymerizing chain was ceused by & high-ac»ivatlon—-enezﬁgy
?;tep for the addition of subsequent isopropenyl acetate molecules, one would expect |
e, 500 change . in temperature to dramatically increesse the polymer yield, as there
: ghouwld them be & ‘much amaller effect on the termination step than on the ﬁropagatmn
steps, Fer comperison, a sluaple experiment in the radiochamlval pol,yfmcrizauion of
styrene monower showed a factor.of-10 increase 1n polymer yield .for a temperature
change i‘rcnn '250 to 800, 'uith & com;pon&ine, inerease in the molecular wcigh{ of
the polyst;;frém produced. Yhus, it must be concluded that the polymerization of
isopropenyl ac’:‘etaﬁe is pot terminated by & high-activation- enprgy ‘step for addition

of subsequent monomer molecules,

Cozr*parison with l’i&SL pectral "’awar%

shown in Table V '
The mass spec‘trometer 1on1zatlon patterns of tnece two esters - : ".’,

‘are consistent with the previous conelusion ‘that the alkoxy—ac& tyl btond is most

'susceptible to x'upuure in each case the lwgest pesk is at mass 43, Ceruainly the
composition of this mass is CH. 3CO in the maﬁs spectrum of isopropenyl acetate, and
: yroba.bly mostl;y C’H3C0 in the msgs specbm of isopro byl acetate, since the peelis at
- MEBSHeE 9 end 36 are relatively small, 1ndica‘ting larue y;elds of moprop,jl ions to

he improbeble,
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- In the ‘mess” specﬁrxm of iao:gropyl acetat@ ’ mm rearrengemént pesks are ‘
. a&@iﬁca@t Mass 61 windch has i‘.he empirlcal formula. czﬂso from the dmtrmﬁioﬁ
. of isotcpe peéks 8t mEsses 62 and 63 , nust have the structure CE3COOH A pre;gdeni:
: fLor _tl;ig structure is the peak at gricect 33, fm the g.hasa pectrm of some aJ.cohols -

. .r.'(i'c‘z»‘é"__,,,méﬁea;,ER‘."A.A; ‘s‘;;u;m,ia_‘;. L,and mmkey,, A 'cf:.,_ .n;., 'Anal. Chem. 28, 926 (1956).

 wnidn has the strmtw:e 6E; oxz ‘ ma fémtd.on of the don ca3m * also leads to
the! f‘ernmtiqn eif i:he all:,ri r&dica;l o
Ml 4 e : CH_SGOOHQ. + C e + 2e - } _(_.(2?)‘
- %e ien, 3@'0{3}19 5 vill, on neutraliz’ation , form acetic acid and a high-energy

hy&rogfm stom, Ohe. allyl ra&iea.l on remtaon with another r&dlcal can yielzi '
"eimer CSH# or & higher alkem., : : -

‘.:,3_5‘* + R»--—-»> cr{h-ymf - AR ' (38)

‘Eaas}e reﬁcticom present possible mechanisms for the formation of the minor pmducts
= CBB?& i :usobutene in sopropyl acetate irradistions,
L By & simﬂar isetope%is%ribution argumént, the ion at mass 45 is. showm 0
: have the empimcal ccmposi‘cion Cz 50 » and on charge neutralization this probably
lesds: to acetalﬂehyﬁz and a hi@n%mergy h;y&rogen atom, It 48 curious thet- the
.frag:mtaﬁion of the inrwpyl acetate molecule ion on either side of the exygen
atom leads to the effeetive tranufer of & hydrogen molecule from the woproryl E
grovp t;o ’the oxyganaued fragueitt which algo carries the charge, '

f"zae mass spectrmter ionization pattern of. i&opmm.vl acetate ghows two

momeulm frag&ents an iens at masses 58 and T2, The. evidence on ccmpoqi'cion f’roﬁx'
&aotopic dismbuu:}.on of the next two hi@"zer masses is not s0 clear»cut in these ‘uw
cases, but  the data a\e be.at fitted by the mllowin{;, emniriﬂal ccnnposi‘cions ang
related strnctﬁres- ‘ ' :

~ gy oF e + s +
mass 72 = CH:0" = m3cm2@§3- oF czigcm{(cns)z
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mass 50 = C. }{(O = CH.COCH,” or CH,CH,CHO'.
2 -

P
From the evidence of the radiolysis experiments, the first strueture is to be yreferred
in both cases, since methyl ethyl ketone and acetone are both products of the radiolysis
of isopropenyl acetate, The following equations describe the process.

M, + e ——> CH.COCECH.Y +co+ 2e” | (30)
2 30473 -
M, 4+ e ——> CH.COCH.Y + CH.CO* + 28 - (31)

z - 37773 2 T

Methyl ethyl ketone ix formed in tne mass spectrometer by a8 first-order process,
becguse the pattern does not change with pressure It s, therefore, e case of a
true methyl rearrangement in a uninclecular process. The authors do not wish to
postulate g mechanism at this tine, eXcept‘to_noté that,Astructurally, conditions o
are favorabie for the odd electron to hridge]betwaen-thé'meﬁhylene_groupland the
methyl group;df the acetate. This might thus lead to the tfénsfer of a hydrogen
from the ﬁethyl group to the wmethylene group, leadingitb aﬁetone ion, or to the
transfér-of the entire methyl group from the acetaxe'iorthe methylehe_gronp, in
turn leading to methyl ethyl ketone ion, The mechanism Qauldvimyly the formstion
of ketené.ah a co-product of‘écetone production by this process., No ketene was
observed as a radiolysis piroduct. . o |

In conclusion, it mey be stabed that the iong produced from these two
compounds in the mass spectrcineter are consistent with the products observed in

the radiolysia of these same compounds with high-energy helium ions.
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Table 1

anerties of Irra&iated Compounds _

, Iso;rropyl Acetnte . Isopropenyl Aoetate

o Found __ I4t, __Found _ 14,2
ff C o.M - 09151 0916k
& 20/b (esle.) 0,875 0,6718° N
o - 13986 1,389

a® (ewte) 13770 1ams” -

7.p, “1h.8 £ 0.5° -73.4° -86.0 £ 0,5°  ~85.37°
B.P. 88.3° (760um) 88, 2° . (760@:) 9.k

‘a. R, B. Dreisbach, "Physical Properties of ﬂhemical Bubstences,” Dow Chenfcal
Co., Midland, Mich,, Serisl Mo, 21,12, Jan, 18, 1953.

b, A, Vogel, J, Chem. Soc., 621& (1948},

C.,. "Technicme of Cu*ganic Chemistry,” A Weissberger, Rditor, Interscience Publishers
Inc,, New York, Vol, VIX, “Orgsnle Solvents” J, A, Reddick and E. E. Toops, 2nd
Edition, 1555, p, 161. : '




- i

15w _ UCRL~3766

P ‘ Teble IX

oducts from the Radiolysis of Ieoprop‘ylv Acetate and Ieopéogeggl Acetate at 2503

: J . Lenjiropenyl acetate. ) Isopropyl .acetate =~ - .
Voi. (ml) 128,5 116.3 - 125.2 18,6,  .98.8 79.0
Energy Input = | - L § L :
ev/pl x 10780 - 1,326 k099 . 1.032 biz . 1380 " 58,6

. Product . '. 7 ,Y;leid of gljpdupt mrmoiek:u’laallf_jb ‘ev, —

" Hydrogen' . 0.255 0,258 - 0,86 0.B5L . L0iBk . 1.0.79
Carbon memoxsdés . L.61 L7z 1317 1190 C U118 LYy
Methiane © . © 0,218 0,239 Q.9 0.9h i 093 0.93
Acetylene ° _. 0022 002k 00,028 6,027 0031 0,023
Btbhylema . - 0,035 0,03 . 0021 0.2 00z 002 .

Etheve 0.152 - 0,163 : 0.57 . 0.9 . . 0.60 0,58

Prop;meg"; 0.237 0.1 . 507 o0z . 0025 0,020
Propadiene™ '~ 0.101 | 0,197 . S - »

" Propylens ~ 0.036 0,038 0,77 077 ' 0L - 8.67T
- Propsne - ' v e | 0.152 0'_.,;'1‘3’2"5 C0,147 0,139

| Butadtens® ~0.0016 ~0.0012 - ~0.002 - D00k 40,006  ~0.002 |
Tacbutene .. 0033 0,03k 0016 0023 .00z 0,02k

. ldobuteame, - - ews ==t 0,25 0.22° . 0.25 0.83
NeOpentend® . ek eme L a000L . A0,003.. 80,088 ~0.0L3

s

13

Ditsopropyl ., === oeee . V0,033 0,023 0,023 30,010
. Carbonillaxtde | O3 . 0.3 0.7 0,79. . 080 0,8

" Acetaldehyds . - 0,83 . 038 167 . L4 0 1,28 0,78
Acsteme .- 2,88 - 1,86 . 0,65 0.53 .0 0.3 ~ou22
| Methyl iscpropylether wes  -we. 0,26 019  C 007 >0.06
" lschwopenyl oetets - wes ' ami’ - 00 018 050.1 205
Methyl-tthyl dstone ° | T N "
"Polywer™ . T 10,0 9.0 -, 0,3k 0.33. . .0.6L. 0,66
M “Péljmer“"‘ © 38 s+ b 35'8‘,,-: B eee wei Lowes . 2822 .

Avetic ecld @ (@ 09 - 08" @8 .96

‘ .

&, ¥Fropadiene - rropyne ratio known only epproximately because of simllarity of mess
- epeclrometor patterns, Total is accurate for total 635&. No split possible 4n
- . lsopropyl Acetate gamples, o .
b. Identification not certain. | S » ' -
¢. "Polyuer” includes all high-boiling products. Yield calculoted assuming composition |
tgi be ;hs sgme g8 originel meterial end is the number of molecules of irradiated
Y . N n o
R0, 5T Seactine, to, glve e obcerved-veight polymer, M. "Polymer” by
4. No acid seen by neutralizaetion equivalent of irradiated materigl., Results show
less acid than starting material, Gas chromatogrems shows acetic and
to be formed but no G value could be calculated,
e, Not @etermined an this irradietion.

..
LY e
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. L Table YTII
Y
i ComPar:lscn of Yields of Bame Products from. Isopropyl Acetate
and Isoprwl Acetate at 25° wnd 80° .

,Ccm.pozmd. - . Isopro Jyl Bcetate . ‘ Ieapmpenll acetate
{, Temperature 25” % w® . s &°
Voluwe .- ‘ o . 136 10,1
Energy Togut ev/mfz 10720 ~2.0 - 2.10° | ‘Zh5. . 2.6
Prodmet. . Yield, 6 . 's&cnanee wTeld, G . % Cha.nsa ;.
5, i . 2.85 0.9 R 0.266 0,25 134
e - 118 152 e 165 233 +50p
am, . .. owh 1az ] 9 0.23 0,26 4134
©f, . .- ol 003 4z 02 003 450p
CBs - . 058 0T «33% .55 O.2h 4308
c3nh BT | 0;020 y -o.béh +70% 2h : 0.29  +20%
LR ‘ .77 ) 0.87  +13% 037 0,081 +10%
C.Hg' e O3 07 48F e D Tee e
BT S | 0.020° 0,020  ~-- 0,034 0.080  48p .
_1-(:’,,315 - 0.23 0.8  +65% - -'i--:" L dse wee
o, . , 0.77 0,95 - +23% 0,34 0,53 *26%

j CHCRO 1.50 1.68 412z 0.3 0.23 ~30%
. hcetone . 0.60 0,61 . tl$ ~2.5  ~Ll.b k5%
Methyl 1sopropyl Gther 10.2!1 0.19 -20% o -—-'. T e eem
Polymer, | | 0.31“ :-‘-_—’ e a0 _~13' +30~

a, Datas interpolated from Teble I.
v. % Change =-(%80 2 ) x 100,

25°
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Teble TV

Yields of Hydrogen and Corresponding Hydrpcarbpn Products from
the Radiolysis of Isopropyl Acetate and Isopropenyl Acetate
Hormalized to a Methane Yield of Unity

Toopropyl pcetate o Isopropenyl hontate
Produet Relsative Yield Product Relative Yiald
Bz 0,85 | HZ ;.17 '

OB 0,61 - CB, 0,70
0336 - 082 | 0311& , 1.10
C Hy o 0.16 B CyHg 0,16

10,8 0.30 e, 0.35
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Princips) Peaks in the Macs Spectra of Isopropyl Acetate

and Isopropenyl Acetate

Pattern Type a Pattern Type a

m/q Isopropyl Acetate Peak Isopropenyl Acetste Penk

1k 3.9 ©.0h

15 16,91 16,55

27 9087 . 6.2}2

28 1.90 2,04

29 3.2 3.79

31 1.70 R 0.60 R

38 1,06 2.30

39 6.30 9,36

3§ 118 10,03

42 7.98 7.13

53 10 20

i 3.02 148 2.4%0

b5 6.8, R 0,12

5T .21 2,78

58 0.15 Yh. bk R

59 7.56 0.53

50 0.59 i4R 0.09

61 15,20 R 0.16 R

T2 .02 5.99 R

73 .06 0.31

&5 .- 2.02

o7 8.9 0.0
100 -—— L. 47 P
102 0.17 P

P = pareant peak;

R = rearrangeneat peai;

i = isotope jeak,






