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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
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reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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THE RADIATION CHEMIBmY OF ISOffiOaL Ac:ETA'm AND ISOPR~ 1\CETl\TE 

Amos s .. Newton and Peter 0. Stran 

Radiation Laboratory 
Un1versi~y of California 

Berkeley ~, Ce.Ufornia 

May, 1957 

ABSTRACT 

T.b.e .pro&lcts formed. in .. the irradiation of .liquid 1soprop~1 acetate end 

isopropenyl acetate 'With helium ions have been studied at ro001·temperature end. 

: · at f!JJ°C,. llb.e reduced ~eta are :tonned in lmrer yieUJ, fn: ·, isopropenyl. al!etate:· 

•· than in .. isopropyl aeeta.te. by a factor ·of about three~ . l\ . factor-Of-thirty higher 

"polymer'' yield tram isopropenyl Meta.te indicates that 'radicals, ~c;h 1n 

·isopropyl ecete.te are uaed gor reduced product production, are used for pol)'mer 

prod'Qction in isopropenyl acetate by addition to the. dQU.ble ·bona.. A d1scua.$.ion . . . . . . . . 

. ............ . 



~ RADlA'fiON CBEMI:smY OF ISOEROPYL ACETATB AND I80FRGPENYL ACETAT!l 

. * ·Amos ·s·. Newton .. end Peter 0,. S~rcm 

Ra.di.a:ti<m Laboratory 
University of CEllifornia 

Berkeley 4, Cal.U"orn1a 

Ma~, 1951 

. ' 
T4e- ei:t-ects ~f ·radiation on isopropeeyl acetate is:· of eonsiderebie interest 

beca.uSe it is an un.s-at~a.ted. compound. whkli aoes not readily polymerize ~ a lligb-
. . 

Ill0Le9ul..v..:~~igb.t po~r, either under the influence of radiation or by chemical 
~ . 

. means~ For this r~a.son.it 'is als6: a good compound to -~e in comparing· the. effects 

o~ a _do~le bOnd on the radiol-ytic actiVity of a molecule contairiing other electro­
rie.gati~ .groUp$.; Therefore.# we .'".have ,stUdied. the radiolyeis produCtsresultlilg h'oln 

. the ·hel.irlm~~~ irriidiat1on .of isopropyl aeetate and 1sopTopenyl acetate., 
·, . . . . 

. ·Ma;terials used:' Eestman ·( w-h:pte label.grade) 1so¢epyl aceta~ and isopropenyi 

... ~~te. ·were puri.fied by the method. of Haggerty :e.nd .wei:t.er? E8ch· was fin~ 

(1} Haggerty, __ c .• J .• and Weiler, J. F., J .. ~"' Chem. Soc. 21, 1623 (1929). 
' . . . . 

.,., 

distilled tbt-ottgh a. 25--:plate adiabatic c~lumn. Refractive .index and .ass-spectraneter 

pattern coefficients of samples taken during the &st.illation . showed no change during 
. . . ' . ' ~ . . 

the tniddk halt" of the disttl.l.atlo~~ ,and the first and last~ q~el"s ~ discarde.d. · 

lJhe pro~rt.!les of the pUrifiLed materials are ·showil in Tab~e I. When the purilled . 
. . 

· :isopropen,yl. acetate ~faa run 1n a.··bUltlk ·ae:t.e~tion, using the same method of 

separ-ation o£ low..obo.i.l.ibg components,, as in the. product determination_s; the fol~ 

impuritiea:_were detected in mols.l ~ts per million: TOluene ... 1.3 .mm, benzene -

14.~5 ppm, ... i.ethyl e1Jhyi ketone .. _. 73 Pllll; and. acetone ... 51 pJ;i11.. With -the impu;rtt1~J3. "': 

'imich appear. as ~ct.s, the ~t -of ~ty ~Wen subtracted, in _ealeulatiD.g 

* Pre·sent ad~ss: U. s. Na.v$1 B.e.d:J.ological Defense Laboratory, 
San Francisco, Cali£oi"D.1a 
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' ' 

the yield 1n each c~e.. In view of th.e apparently high depen:Oenee ·of acetone yield 

Oil energy input d.es~ibed la:ter; this procedure is possib:cy open to some qUestton., 

Analzt:iea.l MethOO.s • 

1be ga;ses ~d low-boiling prod'Ucts were separated by re:f'luxing t)le material 

Under vaeUU!ll., ·as previously described .. 2 In. tMs way, samp~s volatile at ~1~ · 1 •· 

.. '', 

.... 125° 1 -80°, and also a. distilled liq;ui~ .tr~tian not ~pidly :Y.()la~il.e ~t ...f!/;)0 ~~ 
,, .. ' ' ' .. ' ., ' . ·... ,·. ' '' :1 . ' ... ·. ·.· ' . ' 

collected and ~ed ·with a; Cons.olidated E.tl.g1neerlng Corp,. model 21~:19.3 moo:s · 

spectr~tel". . Checks ·on the tesidua.l llg,uicl$ by gas chromatographte tnethocls shmte(!. no 

products ot boiUng. point l.e.ss -~ about ~50°). other than those lieted in ~e II.; 

to be present in· .appreciable yield. "l?ol.~'lller 11 was determined by vacuum evapor:a:tion · 

of the residual liquid and .weighing of the resultW'lt prod~~· rciolecul.e:r ~fgbts ~re 

detennined by the. free~·ing·-',POint depressicm of benzene.. Acl,d wa.a ·d.eterm~a bJ 

t~trat1on with aicohollc sodium hydroxi¢e to e. phenol•phthslei.U end point ... No a.cj.4_ 

va.$~-f'ound in the ~.oopropen,y1 acetate boolbardlnente ·by titration, as ~1traU~ to .the 

end point required. less sod1~ 'b:yQl-oXi:de for the trra.di~~~r,:ma~nal~·~. ihe ·~ 
.. plank of the U1;iirr~~te~ ma.teri.al. .. .' . Ga.s c~togr:ams sb;aw~~ ~et16 ac:td to be • 

formed~ bUt qhan:tite.tive measurenienta. verE?-:nC1t poss1'Q~ •. · Watei- was ae~a, but 
'• ' • • . ' > c I 

the: v.al.ues vrere very erratic in both estel"'S ))y, the K.a.ri:: r~:Cher met..hod,· and the ,Wie.l;.®:, . . 
. . . . . . ' . . . ' . . . . ~ , . 

~f' any, were. small .• 

:trraat~t1on$ wer,e meae .in ~f? ·~·lla. o£. the 'tn)e described. ~y ~~:,. 
~nd, and·Weeks:)·e~ept for the bigb~~t-.enetrgy input irtaPlat~· of isopl"~Stl. 
acetate,, which TASS made in 'tlle.metaJ. ~ aeecrlbed previo~l:Y.~ ·All ssnrples were 
thoroughly de6assed before irradiation. · ·. . . · ·. . · · , . .' · · 

(3) Gerrtaan~ W •. J..(, ·Saymond1. H·. R., and W~k.s_. ·a.~ M.,, ~dti,~~R~search-'.!,.·97 (l9)4} • 
. ... 

(\) M~Ironell, W •. R ... and Eettton; A, s., ~eleonics 10-1 •. 6(.! {1952) •. 

'l'h.e :itte.diati-Qn.s at i:JJ0c were mB.d~ by .preheating tlle cel.ls 1n· an. oven at. &:P 
and heating vtlth •lin ·infl"e. red. lamp, caJjJ)rated "tdth respect ~o· ~stance and. voltage· 

to maintaill the 'tem:Pel"e..ture, dm'ing the itradiat.ion,. 
. ' 

lJhe experimental results of 1rr~a.tion at four energywinput levels on 

isopropyl acetate .and two energy -input levels on iaopropetcy1 .Q;ceta.te :ere sho-wn in 

Table II, and ~ effect of a change of temper~tUx-e £rom 25° to &J0 for each of 

tJ1e acetates is shown in 'rabl.e III. . 

',I 

' ... 
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DISCUSSION 

E~fect o£ TOtal. ·r.mertQ· Input. 

Except for the products acetaldehyde and acetone, there is little change 1n 

the yields of prodUcts from either of these esters in the range oi.energy input 

studied. Therefore, .for most products, tb.e diff-erential yiel.d of product and· the 

observed yield of. product are the same at any energy input in this range. This 

1nlpl1es both a la.ck of secondary products and a lack of action of primary products 

. as radical. _?r excitation scavengers. For the products acetone and acetaldehyde where 

e;;ppreeiable ·effects of energy inpu-t? were observed, the reactions leadin.g to the 

lowering of the yield,s of these products do not lead to appreciably higher yields of 

carbon monoxide, methane, and ethane .. as :wa.s observed in the case of isopropyl ether 

irradiations .5 This difference in behavior implies a different. type mechanism may 

(5) Nev,rt:on, .A. S., U.S.A .. E.C. Rep6rt No. t,JCRL-3699. "Some Aspects of the Radiation 

Chemistry of Isopropyl Ether.'' Presented at 13lst meeting American Chemical 

·Soci-ety, .Mi,~i, Fla., Apr-!181 1957. Submitted to J. Phys. Chern. .• , May, 1957. . . . 

be operative in reducing the yie~ds of these products th~ was ~oatulated for the 

· . case of isopropyl ether .. 

R19£o~n and Hydrocarbon Yields, 

The most obvious difference between the radiolytic activity of isopropyl 

a.Cet~te and that of isopropenyl acetate is the decrease by a factor of. three in the 

yields of hydrogen and hydrocarbon products and a.n increase by e. factor of about 

thirty iil the polymer yield, when the double bond 'is present, over the yield when 

· it ia absent,.· A .comparison of hydrogen and correspOnding hydrocarbon products for 

the two compounds in Tabl.e IV sho-~s the relative distribution of hydrocarbon 

compound ·types to be simi.la.r, s~esting similar mechanimns for. their formation 

in the two respective ca.ses, \:lith the differences in yie.ld resulting from dif· 

.fere~cet:! ill ·the processes competitive to those ·yielding th~ hydrocarbon products 

and hydrogen;. T.bere are several unusual features of this distribution. First is 

the very high· yield of c4 hydrocarbon of' the type R cH
3 

com1:mred to the c
3 

hydro­

carbons of the t;y:pe RH.where R is the isopropyl or isoproPan;vl group, respectively • 

. It seems unlikel>' that the isobutane a.nd isobutene from the. respective starting 

compoYndS could be formed in such large yields (compared to propane .and propene 

fields respeetive,:J.y) by competitive radical reactions between isopropyl and 



-6- UCRL-3766 

isopropenyl radicals, respectively, and methyl radicals. Therefore, a process such. 

a.s. suggested previously for a similar yield distribution in the tert-butyl ethers
6 

• (6) Newton, A. s., UCRL-3694 11 1\ Survey of the Radiation Chemistry of Some Aliphatic 

Ethers." Presented at ljlst meeting lbnericau Chemical. Society,. Miami, Fla. • .; 

April &., 1957. Submi t·ted to J. P'n;ys. Chem., ii{S.y, 1957. 

appears an attractive possibility. In this process as applied to isopropyl acetate, 

an effective methyl _rearrangement is achieved· by a rapid sequence of steps l ·to 3 

before the radical.s a.re separated by diffusion. The equations as written for isopropyl 

acetate also apply to isopropenyl acetate leading to isobutene in 1Jtep ( 3) . 

(1) 

. 
( CH

3
) ... HC • + CH

3 
• .__._> · ( CI:I ) CH z- . 3 3 · 

. (3) 

In this case there is the alteTna.ti-ie proce.ss in the. sequence of reactions shown 1n 

equations (4~ ;5, and :.6). These must iil.so follow in rapid order if the radicals are not 

to be.separatea by diffusion .. 

(4) 

CH
3
coo • -> CH .. + CO ·3 . 2 (5) 

(6) 

No ab$olute decision is possible from the present data an to the direction for the 

. rearrangement, but Steacie 7 ,a.gt'ee6 to the assignment of a high· acti va:ti.on energy for 

(7) E. w. R. Steaoie; "Atomic and Free Radical Reactions," Reinhold Publishing Co •. , 

Ne1>1 York, 2nd Edition, 195l+., Vo~. II, p. ·,596. 

·the di.ssociation of the acetate radical, ma.lti.ng reaction (5) rather unlikely as all 

intermediate step, in vie-vt of the rapid time sequence re(,l,uired. 
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The yield of propene (of same five tkes that of propane from isopropyl 

acetate) and that of 1)ropyne .plus propadiene_ (of' some six times that of propene 

from' isoprorpenyl acetate) cannot occur by a competitive radical process. ii re­

arrangement simil&- to that postulated for the formation of e.lkenes from 
S 6 a 

e.lcohol.s, ethers, · and a.llcyl halicres~ is a poss.ible mechanism in 'these cases .. 

(8) McDonell, N. R;, at4 Newton,~. s., J. Am. Chem. Soc., .1.§., J~51 (1954). 

(9) Ho~, E. O., and Willard, J. E._; and Hanhraha.n, -R. J., and Willard, J. E., 

private communication f'ram J ~ E. i·l:i.l.lard (In press, J. Amer. Chem .• Soo, 1951) • 

* ( cn
3

) ( CH
2 

)COCOCH
3 
-> 

l~ 

In the ca6e of' isopropyl acetate, the yield of' acid was approximately eqUal 

to the yield of propene, lending support to the mechan1Sf4 postulated. No acid was 

d~terJ<ined fr01n isopropceyl acetate_, but dif':f'icu.lties_ in titration (isopropenyl · 

acetate decoli1poses vigorously' in even ~lightly basic sol,ution) c~t same doubt on 

~y negatiVe chemical test. Acetic acid was obser-.red in the gas chrbinatogram of the 

residuaJ;..-liqUid f'rom- isopropyl a.ceta.te irradifftions. 

O>cy~na:ted Prc.'lducts. 

(7) 

(8) 

The ox:rgennted productB forued .are carbon. monoxide-,· carbon dioxide, acetone, 

acetaldehyde, and in the case of isoprop;;11 acetate, methyl iSOIJrOPYl ether and acetic 

acid. The production of' :the le.tt.er compound has already been considen.-d in connection 

t.rith propGne production.. Only possible traces of raethZJ''l iooproJ,--,enyl et,her were found 

in isopropenyl acetate irre.ditltions~ A.. s.r..1all .·; ~eld of isop~openyl acetate ·was 

··found in the products of the irradiation of isoiJropyl acetate by gas chromatographic 

analysis -of the residual· liq,uid. 

Possil.Jle reactions leading to the <»cygenated products from isoprorzyl acetate 

( CIL) _..JlCO • + CIL,CO· 
j t::: .) 

(9) 
R .. 
1' 



-CH CO• -> CH • + CO 
~ ?. 
.~ J 

CI:,CCOCJL + II· 
j j 

R -----> CH CHO + CH: • 
1 3 3 

··H-

* J:'tf~ -> CI:L,COCH., + CH CHO 
'-'- J J 3 

UCRL·37tS6 

These reactions account in an a1'proximate i.nanner for the yield of these 

products produced. Reaction (15) mur.:t llJrve a yield of .J.er:ss than G = 0.65, it 

being limited by the acetone yield,. and same ace.tone must also be produ(.!ed by 

rea~tions' :(1);).) and ( 13). Therefore j ?o account for the acetaldehyde ;y:teld, 

reaction (12) muHt have a yleld.of something greater than one, as ·must re~tions 

(9) &id. (10). Reaction (14) he.s a yield of about 0.2!), as d.eterinined by the 

methyl isopropyl ether yield, _ptlttl.ng a minimum yield on l"eaetion (9) of 1.26 tO 

a.ccouut for reaction~ ( 12) and ( JA.). Therefore, the yield of CO and methyl 

radicals from reaction (10) shoUld be about 1.26, while the co yiel..d ob~rved 

is l.l'"(. . The total me thy 1 re.dic al yield is there fore about 2 • 26. qf uhich 0 •. 26 

is used in reaction (14). The .s·l.IIIi of methane ~d i;;tnce e·tha.ne ·is 2 .. 08. Some· 

methy~ radicals 'nll be produced by. reaction (5) 'if it occurs in this system. 

'(10) 

(ll) 

(12) 

(13) 

(14) 

(15) 

Reac-'c.ion! (2) accounts for a G v-alu.e · .i; for carbon dioxide of' only 0. 25, 

·while the observed yield is a.bout 0. 75. It. is di:f'ficu.lt to account for the carbon 

dioxide because of the relatively lo1.;. yield of pro~.· and i{;ob~tane. !6opropyl 

radicg.J_s must lle formed a.s a co.,xn·oduct of any obvioUs mechanism of co
2 

forma.t:ion, 

\.nether by reaction seq_uences (1) and (2) or (4) and (5)" Some, propylene cc,ul.d 

arise from p~opyl radicals by the hydrot:,ren-a.bstraction reac·tion (16), 

(16) 

but it is doubtful if this can l'Je :made to account for the observed laclt of product$ 

rela.ted to pro:;.rJl radicals .. 

The oxygenated Jlroducts from iaopropenyl aceta:te are characteri.zed. by very 

high yield.~ of carbon monoxide and a.eetone, with a lower yieJ.d of acetaldehyde and 



,. 

., 

..... {17} 

.. . 
.. 

CB CO• · -> CH • + CO . 3 s . .(l8). 

. •, .. 
· it must eli.d. _up as· a.cerone ~- 'llte. 1~rope.nylox,y re.di.ca.l, Rz' must rearrange 

1mne~et?lY to th~ ~- st~ble .a.ootanyl :r:a.d.ieal' 'Which on r~tiQn witb methyl :- . 

r~d.t<.mle leads to 111etn1~ ethyl-.ketone. 'The rapid· rearremg~t- of this radtetU 

is.· Pzoobsbl,y tbe _:reason n6 methyl 1sop1"0pmyl ether is foJ,"med as a. product. 
' .,.._ '. 

(19) 

(EO). ~ 

-'ill~ yi~l.d of a:ce_toue is no~ consistent with ·the yield of other co~ts. 

It -~- e.Cat.qey-1 radical can ebs~t hYorogen from a. mole'cllle of J is«?propenyl 

aeetate, ~it*. W'Ould. proVide an additional source Of B.Ceto~: . 

Ref.iet1~ (22). is in· eompetiti® With cat'bon:_tliOllOxide production by diasoa1at1on 
' I ' l, ,' 

-Of tihe e.c~t)Tl rsdic~~ Tile fate of t~ radical. prOdu.ct 1n reaction (21) is n0t 
known. x't :tt is unst&bh:, it _e.ould break up by two paths, both of which .lead. to 

pj:oop;yne. or prop:a._di~ne ~and. to carbon dioxide .~-ana- methyl rEldiceJ.s .-
.· . 

' 

{(CH2~ 2COCOCH3J•_ ~ c3H4. +. CH.
3

COO• 
... 

', 

;.;...._> l(Citz} .2cocoJ + CR3<>: 

[(~) 2cOOO] ~ Cf4+ C02 

(21) 

(22) 

(23) 

(2~) 

(25) 

·: .. 



RelAttve ~~:yitz~ 
A. ~aon·of the Prtiducits .~001 the Wo esters· sboV:s' that Whi.le ·:there ls : 

~arently l~~s reactivitlf 1h.the isoprope~l acetate it·_onl.y the 'ga;seo'US ~ts 
ere :~cnsi~re~,. · .. s.;.' the overall reac'tivit~·is higher for 1sqpropenyl. a.eeta.te· tb.$i 

for iSoPrOPYl. &;e~te, if tbe .polj-mer is .. ~~.. The -composition o.f the i~Qprope~l ' 

acetQ,te "pol.yJOO;r". is ~t 'known, bi.J.t trom the ~re,ge molecULar ve:tght~ it. <:onespOnds . 

. to. the· ·!)Ol~,lzation c:>f '3 to 4 molecules <>f the ester. before.· thE{.~ :191 disC.onti~d~ 
. : .l]!le ·~ yield of ~ts fran iaopr~l acetate formed -t:tu."ougb. radi~a1~:·~te~­

.media.~~l e.g~·,·a2 , m4,,- c
2

H6 , etc!. ca;n ce~~y·be. e.tt:d.buted ·to the ~t:ton of the: 

doUble "bond. .in lsopro~l acetate E.\S ·e. radiCal ~cav~r. . ~ · lov ,m¢~~tl14r we:~t 
of the p;sul,.ting pol~r .. indicates ·the ~·.length of the resul.titlg .pol.~erizati_on 

' . - . .. . 

• _'t .. 

·---i> [ ( ca
3

) (CR.}) coooon
3
· 1 .. 

. . R 
.. 3 . 

(.26) 

. -~ugth c~ ~· . short .if the· ~tivaticin energy .for $ubsequent ad4i.tions Of the monmer . 

i_a J:lit#l or ·if the sterle _factors .~· UD.favOreltle, r&.Su:t_tirlg in ·.a .l.OU$ ·me for R
3 

or .. · · 

ita f~st or .aer:Qlid 6d<lit:ion proiuct~ A che-ck ·t.()'r .t"r~e radtca.la ~ t~ ·"pol~Jf· i'Jron. 

t~propenyl~~~~~d .:P,~w~ been. ·~~sed te;;~.~hr!Med. no tree radicals ,$:.1?- ,c~tratfon 
~a~ tlum· ·J.£t5 .M ta· ·the cancent11J.te4 liql1!4 :Po~r,. using. a; pa.r$ll:agri'etie ·-~~eona;tc~ . · . 

. . . -~ . . '' ~ . . . 
s~·e~a.ueter .•. ··1'bis mee;suremen~ ~·~e. t_l.ro aays, after ~a.<liat~on,_ and. Ul.e lack of 

radi~ale.' ~~ ~en, lltfe· ~- ~an a ~tion ct 4 &ty -s~. ·the po;l)'merizati® is ' 

p~~bab~jf · no,t. attwPed: by i};te f~tton of. ~l#{e~'A· · raaicals. . . 

'. ~e~£0z.e j . the· ;p~terred ~.aetiOn of ~3 ~~ !:t.s 11.ntneMate· d.e~cend.~~ may. be 

to f,orm (a) a high-moleCilla.r-:we1ghti diester or trtester through ~rizat1on of . . - . . 

.radtea.ls,- -or .ft;;~) .a. b1gh-molec~;-we1ght ~ster ·by reaction wit~ another mdi.ea.l., 
. -. ., . . . 

-or (.c) 1 to· 6.ispr{)portiona~ to fOrm a .~t~ted end an u.nsatura~d ester. Sllcll 

~x_pected: products· wre .not .seen in ·a:p#e~l~le yi~lds in .gas ehr<::ll!l8togt"ams of the 

.resid~· l1.qu1d. ·· 

A ·carrpe.rlson ·of tlae produCts 'tz.an--:c1te two reape~·tive molecules shows that, 

in each, the ~at. rea.c.t:t.ve bond 1& ~t ~~en the alko~ · gro11p and the ·acetyl group, 

The relative yields ot <>XNeelmtted. ;prod:uctf? ·~ch result f'r001·the el.ea.vage of tbJ:s bond 

are h1~ by a facto~. of twtt or tb!'ee tru;m. those resuiti.M .:frtm. ~ cle~ of the 
• • . . ' r" 

alk;yl.-e<:etia;~ bond• · 

.. 
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E;ffect of Te~rature • 

. The ef;fect of a 55° rise in. temperature at \-rhich the compounds were ·irradiated. 

produced a general rise .in procluct yj.elds consistent with the concept of: less re­

COlllbination of the primary radicals to reform the original ma:terial at the higher 

tempere.ture. 'I'h.e increase is least for the products acetaldeh;ide, acetone, and 

methyl isopropyl ether.; the first t1t1a compounds sh~red small temperat1;u-e coe-fficients 

from isopropyl acetate 1 wher~a.s that of the ether Wa/3 negative. Botb acetone and 

,. a.Cetal.dehyde showed negative temperature coefficients from isopr.openyl acetate. These 

ch.a.nges can be attributed, at l.ea:Jt il1 part, to the greater attack by radicals on 

these prodllcts .at the higher temperatures, end, in p~t, to their production from 

Wls-ta.t;le inten11ediate.s vrbich decay more rapidly at the higher temperat:uxe to yield 

other product:;. Thus f'rom isopropyl acetate, the production of methyl isopropyl 

,. 

ether depends on the pre·sence of' iuopropoxy radicals rihich can decompose 1:1ore ra:pidl.y 

~t ~ higher temp<>...rature by reactions (lO} or (11), .leading to a lmre.r effective 

concentrat.ion of such radicals fer ether produetion. 

'fhe effect of temperatu:r~ on the yield of _pol~er froru isopropenyl acetate 

is of' about the same o:Nier of 1oo.gnitude a~ t..he effect on the yield of other product~.· 

If the termination of the pol;ymertzing chaiil -vrns caused by a. high.-a.ctivation--e:nerg;y 

ote_p for the addition of' sub~eq_uent isopropen;~i o.ce~;e.te molecules, one would expect 
0 .. 

-a 50 ch&"lge. 1n tempert>.:tu.re to dramatically increase the po~.3r yiel.d, as there 

should. thei1 be .e.· rau.ch ama.ller ef'i'cct on the t.ertnins.tion step t.ha.n on ·the propagation 

ateps. For co;~ison, a sirnple experiment 1n the radioch.emical pol;,.-raeriza.tion of 

styrene mon:cmer showed. a factoJ.' ... of-10 increase in pol;ymer yield .for a temperature 

cllange from 25° to f:t:P, with a correnpond:ing increase in the molecul.ar l-Teight of 

the po~yst:yrene produced. 1fuus; it mu::rt be concluded. that the· poly,nerization of 

isopro:penyl ac'?tate is not terminated by a high-a.ctiva.tion·energy step for addition 

or subsequ.Emt monomer molecUles. 

shown in 'l1al;>le _V, 
The mass spectrometer ionization patterns of these tvm .ester8, 

·are consistent with the previous conclus~on that the alkoxy ... ecet.yl bond is most; 

susc~ptJ.hle to rupt;ure. In ench caGe th~ largest peak is at mass 43. Certa1n.ly the 

composition ot' this m:s is CH
3
co+ in the mass spect:n:an of _isopropenyl acetate, a.'ld 

probably .m9stly CH
3
co 1n the ma.."ls .spectrum of isopropyl ·acetate, since the pee;k.s .at 

· mass<H:J 39 and 38 a.re relatively small, indicating large yieldo of isopropyl ions t.o 

be improbable • 
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· .In the·.ll'J.ass< s:pectr.\:lm .. at· 1a~pyl a.~E!~te 1 · tvro r~nt peaks a:re 
sl.'gn.i:ticant.· Mas~·6i, Wlliell..P,as t-~.~~p~1:!al·f~ ctr;o2 ~ tlie.diatribU-cion 

o£ .1sowPe :P?~· at masses 62 and 63,; ciW::t have· the .. stru.Cture CH
3

COOH2 +. A precedent 

.for this atrttctu.r-e 1a tb.e pe:ek. at ~ass 33 in 'the lllas& spectrum of some alcoh.Ols:;-{) . . - . . . / 

. ::(iof, .Fr1e~l; R. A.J ShU:l'tz, J.; t..:, ®a Sharkey_, i. G., Jr., Anal. Chem. g§, 926 (1956) •. 

• · · .. ~icfu. ~ . the ·st~Ut!tu,re .. ~3~+ •.. '1\i~-: '.ta~tlton .or the ·.ton ca
3

COOR
2 
+ ~o ·J.ea.ds to 

. the: ·fo~tf:on .(If. the .al.iyl radical,.. . . . . 

.• 

. . . .. 

·~ ion,: CH3ft001i~'ti ldl4., an' ~el;l~ratlzetirin I form ace tie acid and a. h-ie,U ·eoox-gy 

hy($rogen .. S.tora~ · Th'e illyi .lt'a.dieal, 011 .reaction ~rith another ·radical_, can ,yield 

~*~ Cf!IJ. or ~·· ~i~er ·alkene. 

R • ·• · ·· ---~~ c
3

H
4 

+ RH 
. · .. 

(27)_ 

(28) 

(29) 

~e~· .re~ti9n,s· iu-eset~.t pcis&ibl,-e iite~sms £or the £Cl'Iila.tion of the minor pJo.;oducts 
' ... : . .,· . 

. c]~li. ~.·.~_Qbu:-enc .an ,iscwro:pyl a.det~te .i_rradiati.ons • 

. , :· ;. . n-y • g .s~J.&r i,~;-t)t/Ol}e_-'dlS·tributlon .argument 1 the 100 a:t mass 4;5 iS . Show tO 

ha;v~. ·,th.e ·.empi~ical c<Jnposlt10il c:2n5oJ.~, and on· cltar~.e .neutralization tbls p1~obab:ty 
le_ad$' tp· ·ace~e.nyd.e and.$ ·m~~~gy ~ogen a.tan~ It. it-4. cur1qus that ·the · 

. fragmm.'t.(itciQ~ of; ~ $;sO'J?ropyl aceta·~ moleCUle ion on -e_i ther side o.f ·the .ox:ygen · 

.•. · ~~ le&da to tb:e et":t¢e~1ve trazlsf'er of a. b.ydrogen mo'J.e¢u1e tr~ the i«>ProPYl 

grtrup ·to· -t.h~ :q)tygeuat~d: f'r.agnrent whi<$: .a.J.so earrie.s· ,~ cb.a.rge .• 

. . ~. ma5s apeetr.ometeJ:" .ton.i~at;J.on: pattern of. iso,propenyl act:t~w slaoos two 
• l ,• ' • . • • • • • 

moleetilar :O:•ents. ·as ions -at mase;es ;\i~ and 72. '.?he ev.ident:e on. eompos1 t:ioil trom 

~s.sotopic <listr:iib.utlt9n o'f the next t'f:o ~'ler maase·s is not so ·cle:&--cut in t~se twa 
• , r • ' • • • ' ' • • 

~es; but tb-9 data are.·oost fitted by. ·the •followil;lg empiri~al .ccnnposit1ons an~ 
• d • • • • 

''·: ... :.,.· 
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From the evidence of the radiolysis experiments, the first structure is to be preferred 

in both cases, since methyl ethyl ketone and acetone are both products of the radiolysis 

of isqpropenyl acetate. The following equations describe the process. 

+ (30) I··t, + e --> CH?COCII.,CH
3 

+ co..,. 2e 
J ,;. G. 

lJir, -·-> crr
3
cocH

3 
+ 

CH2co ~ 2e . (31) + e + + 
" 

.Methyl ethyl ketone i~: formed in the l]la.<w spectrometer by. a first-order process, 

because the :pattern does not change with pressure •. It is~ therefore, a case of' a 

true methyl rearrangement in a unir..iclecular proce.ss. The authors. do not wish to 

postulate a mechanism at this time, except. to .note that, structurally, c.:;nditions 

are favorable for the odd electron to bridge bett-leen the methylene group and the 

methyl group cif the acetate. 'l'his might thus lead to the transfer of a hydrogen 

from the met.hyl group to the methylene group, l.ee,ding to acetone ion, or to the 
transf'er of the·entire raethyl group from the acetate l;,o the methylene group, in 

turn leading to methyl ethyl ketone ion. The. mecha.."liam would j:Juply the formation 

of ketene a3 a co-product of acetone production by this process. No ketene was 
observed as a radiolys1G product. 

In conclusion, it may be stated that the ions produced frem these two 

compounds in th~ mass spectrotaeter are consistent vi th the ;product.s observed in 

the radiolysis of these same compounds with b.igh~nergy helium ions. 
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. . Propert.ieg ot Irradiated Canpgunas · 

1 - -

I.Som:om:~ Acetate lS?EO~llfl . A~t4te 

Found tit .• Pound Lit. a 

'25 
dlj. o.86lr7 ........ 0 .. 9151 0.91.643 

d 20/4 (calc.) 0.87.46 o.PJ(J.£b ....... ..... 
flr,Z5 1,3747 -·-- 1.3984 1 .. 39859 

fln 20 ( e$.l.e •) 1 .. 3770 1.3173b ....... -·-
1.,P,. 

. 0 
1"'74 .. -8 ± 0,.5 ·73.4c -86.0 :1: 0,5° -85.37° 

B.P. 88.4° (76Cmn)...t:.S.2b <Jr. t .. 0(760mm) 97.4 

e.. It. a .. Dreisbach, "Physical Properties ot Cbemieal. Bul:Hitenee:a," I>ow Chemi<:al 

CO., M1dl.Bnd, Mich .. , serial No. 21.12,. Jan. 18,. 1953. 

b. A .. Vogel, J. Chem. Soc., 624 (1948)., 

·.··'• 
' 

c. ~Teel'mique of Qrganie Chemistry," f• Weiss 'berger, Editor 1 lnter&e11!nce Publisbera 

Ine., liew York, Vol. VII, "<>rsanie Solvents" J. A'" .Reddiek and E. E. '!'oops, 2nd 

Edition, 1955, p. 161. 
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~: 'reble 11 

- ·~ts from the Rad1oly~1s of leoproP1l Acetate and lsolio~&l Acetate .at 2~. 
-- - 4 - ", - -. ' • 

Voi .. (ml.) · 
Energy InpUt . 
·!!fml X 10.-2() 

P.roduet 
u....-....... ~ ', . . .. 

"~w.&.vo-... .. ... . 

Cal'bon ~n~d9 . . 
~e~· 

Acetyle.tie · . . ..... 

Btb:y'len.e 

Ethstle . 
Prop~a.,, 

Propadienee. · · 
' .. ,.. 

' 
Propylo~ 

'Propane ... 

·ButaUeneb 

l:sol?~~~e,. 
!sooutane, 

·: ·r. . ... ' .. ·~ • b · 
.Neopentane-: 

:. ,' . . ~ 
D11e~J. 

· CsrbGn •.~oxide. 
. A,C(t'teJAebj4e.' :·. 

.. 
Ae.et<me ... 

.... . . . 

.•. 

,. 
' 

.. 
. 

I6WS?Y!nYl·. a,cetate._ 

128.5 J.J.6.j . · . 125.Z ua.6. · _ 9£?.8 

4!12 . . .· 13.81 1.126 

0.255 
l.6i 
0,218 

0.022 

o.035 
0.152 
0.137 
o~1oi 

0:.036 
~ 

....0,0016 

0.033' 
......... 
........ _ ....... 

o.34 
0.33 
& .. ar 

. 
Yield of p#:od.uct in.moie~U:lesLtOO ·ev .. · 

o.z;a · o.86 ·;.o~e5~~- ·. .'~o~Btt 
:1. •• 72 ' l.l7 l.'l9 .. '••,' ·.: i#l6 

.· 
0.239: . o .. 94 0 .. 94 · · .i · 0.93 
o.oz4 
.O.P35 
o._l63 
9~140' 

. 0·~1!¥7 

0..038 

. . . 

' 
> 

•' 

0028 .. . 

o.oz1 
0.51 

.-()o\017 

o.n 
·0.152 

~ .. pou· · ~-.. ~2 
o~034 o.o16 
-- ., .,o.zs 
... .;..... .. ; . ...0 .OO.l . , . . . ~ . 

.. .:,....._·. ·: 0.033 
. 0;'35 . . . (?~75 

o.3~ .1 .. 67 

~~0~. 
. 0 .. 031 . 

0.,020. . . 0.022 
·' 

o.;9 o.60 

o.ot2 0.<>25. . ' 

o·.:n ·o.71 
o;ij~; 0,.147 

.>\();~ ~;"()(.)4 
0.023- o.oz~ 

' 
0.2~ ' 0.25 

--(),.:003 ·.' · ;..;o.oat 
Ot0a3 . ··o:923. 
o.~9-

. 
.. 0,..80 , ' 

·i.W '1,28 

Methyl :iso:Pr()P'Yl "ether:. ..-, . . . .. .. 
i"66·.: ·. o.6S 
..... ~·. P~26 

19.0 
.• 56.6 •'. 

. ~· 3).79 . . 
1".17 

0.93 
0 .. 02,3 

o.o~ 

.. o.sa 
0_.020 

o.67 
O.l.39 

...0.'002 

o.o~4 

0~2~ -
...o.Olf 

·)().ow ·: . 
6,64 
~.78 

, , · - . lso~~l :aeeta~ 
4 ' - • t• r 4 •-. 

... 
••• 

~ ie~l .. ,ethyl ·~tone ' . ·, .. 
· . .'i . 

·"Po~l" .. e . . l.O.O 9.0 :·. '. 0.3~ 0.$3. , .. 0 .. 61. 0.66 

M .. u· .. "Pclimer"e · 348 -1 4 358',.3. ·Ja... ,:-·· -~· . . ........ . 262 ~ 2 
A~tic&!1d · (d) .(a)·. ··Ow9 .o.a."~.~ ·:·o~a·: .o.6 
a. l'i'OjSiialene - Piop1ne raUo kiiOllii'.Oiili ~tel1 ~ce.uee .. :lt .uhnilarity ot mass 

· apec~anetor patten.ls. Total is accurate 'tor total Cjlit-· ·so split possible 1n 
. l$)PTo}')Jl Aeetate samples. · · . . · . 

b.; ldent1f'ieatioll not certain. 
c. ''Pol,mer~ incll).des all high-boiling prOducts. Yield calculated assuming ¢t111;P0Sit1on 

to be the some oa o.r1ginsl. material: and' is the number of ~eul.es of UT"adtated 

t llqu1d/l0oinevt .·'l~~~g to give the' obcerved -md.gbt po~r. MjW • .,Po~r., by 
ret!'zJ.ng po ..J.Vwl:l' ... .-'6 in benzene. . · · 

4. No ac111 seen by neutra.llzation equivalent of irradiated material. Reaulto a~ 
less acid than starting material. Ge.a cbranatogrema sbmts aeetie and 
to be formed but no G V'a.lue could be ca.lcul.a.ted., 

e. Not detendned on this irradiation. 

·')""'. •.· 

...._ 
\ 
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' . Table IU 
·\ 

.Compe.risan of Yields of Some ~ts from_ IsOFOPYl. Acetate 

a.nd Iaop!OJ!Dll Acetate at 2'}0 end 00° · 
'. . 

' . Iso;e-owl .acetate · . Ca:rpcn~d- Ieop.r0~n~·l acetate 

'' 

250 a eoo -.. ~ ~rat.ure . '· 

; 

1.!7:1 
-a.o - 2.10 · · 

... y~-'IA G · .. d.. M. .. ~~b 
.. . ·..u::...u.&, 1 ,. •..t• "' fJ,.~ 

~ 
·' 0.85 - 0.99 +lfll> . ' 

.co 1 .. 18 1"52 +29~ 

~ 
: 

" 
+1~ o~-94 .. 1.1.2 

' . 
· ceHa o.:021 .: . :-0.03~. +25;,. 

. 

~ 

~,f6 
~ 0.58 

I 

0.17 
"• 

C3H4. 0.;020. '0.034 

C-]16 ·L_ •• ·.- o:rr 0'.87 
.. 

c %" 3. 
0.145 0~17 

i..C4Ha 0.020 .. o.ozo 
1..¢ H .-· . 4 10 0.2.3- 0~38 

C02 o.n 0,95 

CR3Cf:!!J 1.50- 1.68 

Acetone 0.60 o.,6l 

lvbthyl lsopropyl-etbe-r o.a4 0.19 

0.34 ..... -

a. Data interpolated tran Table I. · 

'b. ~ Change ::t ·(G80o .. G2!)0) X 100. 
G25o 

+33~ 

t70f, 

+l~ 

+18;£ 

........ 

..6~ 

+23'.£ 

+12~ 

. :tl$ 

·?JYP 

?.50 1!1)0 
. 

113~6 lltO.l 

. 2'.45. 2.46 
\:,Yield, G-

--~ 
.,.!f, ~b 

o.G6 0.29 ll$ 

1~65 3.33 +5f:!P 

o.a3 -o.a6 .... ~~ 

.. 023 0.034 ·~ 

.. 155··: o.a4 .m 
.. _,; 21J l I . ~ .. 0.;29 +20p 

~037' o.o4l +l.O',C 
'' 

,~ ..... :.. ., . --- ---. .. 
. -
·.o.o,l4 .. q.o4C ·~ ..• 

; -. ........ --
0~311. o.43 +2£11, 

0."33 0.23 -m 
"'*2 .. 5 -1.4 -45~ 

-·- -- ..... 
..J-0 -13 +.30-w 

' 

•. - ~ 

'!-

' 

" :. ~ 
·: 
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Teble·IV 

Y1el4,$ of Hydrogen and Conee~pond.ing Hy~garbf?n Products tl'all 
tbe Radiolyais of' Isopl,"Qpyl,. Acetate .$ld laoFOptmyl Acetate 

Jormalized to a ~thane Yteld of Un~t¥ 

lDOpl'o§'l. Aeetate l~lA-tate 
~t llelative Yield Prod'tlct Relat1 ve Yield 

CH4 l .. O CB4 l.O 

n2 . o.a, H2 'l .• :LT . 

Cz'l6 o .. 6l C.J16 0/{0 

0f6. o.oz Cfq. 1.10 

03
11
8 0.16 C3116 o.l6 

t-c4gl0 0.30 i..C4He 0_.15 
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TehleV 

Prineipal. PelJks in the Macs S:r;ectrn of l.Jopropyl .\cetat.e 
and I~l Acetate 

Pattern ~ Pa.tter.n Type a 
m/q I.:wp:ropyl ,'\cets.te Peek a Isopx"Openyl Acetate Peak 

14 3.99 6.0lt. 

15 1.6.91 16.55 

ZT 9.&7 6.42 
28 1.90 Z.04 

29 3.42 3.79 

31 1.70 0.60 R 

38 1.06 2 .. 30 
39 6.30 9.,38 

41 ll .. 41 10.03 

42 7.98 7.13 
43 100 100 - -
44 3.02 i+R .a.l!O 1 

45 G.t\1 R 0.12 1 

57 0.21 2.38 
58 0.15 14.44 R 

59 7.56 0.53 
60 0.59 1-tR 0.09 

I 

61 15.ro n o.l& R . 
.. 

72 .oz 5.99 R 

73 .06 0.31 
85 ~.02 

87 8.9) 0.01 

100 4.47 ? 

102 0.17 p 

a. P c: parent peak; R • re&rrmlge.'le:at peak; i • 1so tope ;eel:. 




