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Radiation Laboratorys 
EiversiC,gr of California , Berkeley 

ABSTRACT 

u I, The ckcmposition of c?iace?q-1 proxi& in acet ic  acid-2-C 1w.s been studied. 

The a c t i v i t y  of the praducte i n  general confirmed the mechanism of the react ion a s  

proposed by Xlmrasch and Ghdstone, 

2. The presence nad dist-ibution of a c t i v i t y  i n  the methyl acetate produced i r ~  t h i s  

reaction is not explained by the p r s i o u s l y  ymposed me~h;ll(Lfsm., 

3. There was ED appraei.zble exchange of acet ic  acid and diacetyl peroxide under the 

conditions of the rzacticn, 

4 Essentially no exchange cif methyl acetate  and ace t ic  acid was cbserved when these 

reagents were heated a t  100' far 5 hours, 

-- --- 

(1) The work described in t.hf a -per was sponsored by the Atomic Energy Camissf on, 

(2) This ppr.wc?s abstracted fro= the thes is  submitted by Arthur Fry ta The Graduate 

School of the Ullli'lm%ii,y of C a l i f . ~ n i a  i n  pa r t i a l  f u z f i l h e n t  of the reqlEz.eaen%s f o r  

the Ph ,D, degre9, June:, 1951, 

(3) Present addross: D s p l r t m a t  of Chamistry: Oniversity of Ark~naas: Fayet tevi l le .  
Arkansas. 



$al:::?~.rr,p.s:-i. k . i  2 2  rsl$ wet yz pemxide f n acet ic  acid .sofu&ions was f *st studf ad 



r 
IIlnarasch and ~lnclstone' shdied the decomposi".von d r!reLyl. peroxids fix s b c i a l  

ace t ic  acid and i n  some sf i ts  derivatives, and found that auccinf c aeiG o r  i t s  

aubstitut,ion der fva thes  were formed, along with carbon dioxidel, i~e%11ane, and some 

methyl acetate. 

CH COO 

1 
CH COO 
3 

Ho hydrogen or 

substances was 

gas was stated 

unsaturated gases were found although a careful  search f o r  these 

made, No specif ic  mention of ethane was made, although the hydrocarbon 

t o  be 97-96 pme a s  shown by vapor pressure measuremen-ts a t  l iquid 

~ e s u l t s ,  M-rarasch and Gladstone proposed the  following mechanfsno 6 
~ H ~ C O O  

I -> CH3. + C02 + CH COO* 
CH3CO0 91) 

0 

CH,COOH + CH, * + Camplex ---+ CH 4 + *CH2COOH 
(11) 

2CH3COO* --> 
CH COO 

C H ~ C O O ~  + ( + 
(or CH3 + Co2) 

CH3 * + '' 1 j CE3COOCH3 + CH COO* 
CH,COO 3 

(8' 

(or CH3 + GO2) @ 

( 5 )  M, So Kharasch and M.T. Gladstone, J. Am, Chem, Soc,, &, 15 (1943) 
(6 )  Some of these equations are written expl ic i t ly  on ly  i n  later mpers by Kharasch 



p 3 : . :  ,~el.n.gcS ~,II tIzf s k,,bo~31L,~rg 3;~ ;TPC onp:)gZ,i ~,-et;;rl per~xede 

j .2 z.m;; 4i.f f eselzl s nl-?~;lint,s j us?;i.Piee +.he ae s:mpfuf on tb. t the per oxide when h.aa ted 

dee>lp-,se: cs f o l . l m a P  (q.~~.tf:;;~(l)) 

M35t :jf the '9~xpri .m~~6" I'-~~cz,"FcS~. 5 3  ~ ~ ~ ~ p h l i ~ h e ~ t  W~~T"IC~ 31 aupp~r t .  cf t h i s  ~ s s L - ~ ~ =  

t . i . 2 ~  .F.hq p~fn;i:, o.gn% i-h:3fi t J i ~  y ~ ~ . ~ d  ::,f i~'l;.:.~:inf~ 2~~ p-a@-t.f?al>j q ~ n t I t a t ~ 9 v . e  oalcx- 

1.3tecl gn t b ~  ''i:,.~i;i cf @ ~ ~ . t f  C Z ~ P  (11, (2.1 ? end ( 3 )  , The$ a i l r x e n t l ~  neg2eiz.i; the CE.3 * 
2 



TIe nethj-iene groups of the succinic acid would be labeled u i t h  tho ssne specific 

ac t iv i ty  as the methyl group of the acet ic  m i d ,  while the other three poducts ,  

ccrbon dioxide, metlmne, and ne thy1 acetate  would be c on1pletel.y inact ive . 

PrelMnar:r Studsr of the &change between Actsrl Peroxide and Acetic Acid. - The 

possibi l i ty  of exchange between acetyl  peroxide and acet ic  acid had t o  be examined as  

as preliminary t o  the decomposition experriments, Solid, unlabeled ace ty l  peroxide 

was dissolved in acet ic  a c i d - 2 - ~ u  and the solution allowed t o  stand, f i r s t  f o r  one 

hour a t  room teraperature, and h t e l  f o r  one week a t  room temperabare followed by six 

horrs c t  53%. The perc:iCk conceiltration of the solution remined constant tikoughout 

this experiment. 

After standing9 the solution was dissolved i n  water and extracted four t ines  with 

equal volunes of carbon tetrachloride,  The f i rs t  carbon tetrachloride extract  was 

back-extracted two additional times with equal volumes of water. Distribution r a t i o  

s tudies  ha$ shown tht t h i s  extraction procedure was adequate f o r  the quantitative 

;;ep;;ration of acetyl  perctcide and acet ic  acid,  The f i n a l  aqueous and carbon tetra-  

chloride solutioizs contained the purified acet ic  acid and ace ty l  pe ra ide ,  respectively, 

The acetyl p e r a i d e  was reduced t o  ace t ic  acid with iodide ion i n  su l fur ic  acid 
?-I 

so lu t im.  'his acet ic  a o i l  m s  purified by s t e m  d i s t i l l a t i o n  and the  two sanples of 

ace t i c  acid were counted as sodium acetate. 

The resu l t s  of the exchange studies a r e  given i n  Table I: 
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lioles X/~oles  Acetyl Peroxide 

n 7  sne rzlztive specific activities of the var ious reac t ion   product^ are 

sham b Table 111 txxpeassd as percentages of the s p c i f i c  a c t i v l t j  of the 

methyl. gz-oilp f t h ~  sc otF: acid-?-& used. A l l  of the products rrere burnod to 

cnrbon df oxide and c.~x~-bed a? barium carbonate. The treatment of the ne thy l  

scetate frc.ac%f m s  ~i39 bs t reated i n  d e t a i l  below. 

The xethj1 an,etete $tainec! f m m  the react iong in agreement with the observation 

of I31~msah and ~ l a d s t n n s ~ ~  was found as z l i q d d  i n  the bottom of the sp i r a l  

t r ap  trhidi haE!bbeen zzabed tom-80°C, A smll amount of acetic acid was also found 

f n thf s ,f;.:.~ . p, . x n ~ , I - I ~  ccnG.ensed as a s o l i d  fih near the i n l e t  end of t he  spiral. 





znd a micro boiffng poirm-t detzsgnimtioa %ma rade, E 2, = 57-59OC; reported for 

methyl acetate,  59-60°C. 

The acti-rity v a h e s  f o r  nethyl. acetate for runs 1-1;. given i n  Table 111 

are  upper limits. In these runs the en t i re  contents of the cold t r a p  were 

swept throwh the furnace by ail oxygen stream, and the resulting carbon dioxide 

collected as :;arim ccrbonc?te, Si:ics the t r a p  13as homi  t o  contain acet ic  

a c i d - ~ - ~ U ,  t11e ~ e t i u i t y  wight a l l  have cone f r ~ m  th is .  A t  any ra te ,  these 

specific ac t iv i ty  than tLe ace t ic  zcid, 

Iu urn 5 9  i n  clrder t o  remove the acet ic  acid from the raethyl acetate,  

the contents oI" the eo&? t r a p  vere vaporized in to  a stream of nitrogen, which 

was .ther, pssed fil turn threzgh a s p i r a l  bubbler f i l l e d  with ethanolamine main- 

tained a t  90-95'~., a &;ring tube t ight ly  tube t igh t ly  pcked with glass wool 

t o  remove any entrained e.tl~anolamine~ the copper a i d e  picked furnace and a 

spire1 3ubblex f i ~ ~ r !  wit& 2 sodim hy&orPde, The sodium hydraxide bubbler 

was changed priodicaXLy nnd the  carbon dioxide pecipi ta tei!  as barium carbonate, 

The specific ac t iv i ty  m s  564/dis , / r~in~/ng.~,~ while the  specific ac t iv i ty  of 

3 the barium carbonate f rm the acet ic  acid 7-zsed was 4,56 x 10 dis,/minr/mg.~, 

T 
he reaction ms coiitimded u n t i l  no more barium carbonate was obtained, The 

t o t a l  barium carbmrte ebtainec weighed 0,329 g. Rle ethanolamine had pre- 

viousl;. been d i s t i l l ed  e:id a l l  low boiling material  removed. A blank run 

7.4~as cond~~cted ur&r the sane condltiom zs nbove but w i t 3  i l G  methy3 acetate  

show thc t  there is c c t i v i t j  ir tha t  prt of the methyl acetate f ract ion which 

cones tAr3ugh zn ethanolamine bubbler a t  90' - ~ s O C , ,  but does not prove t h a t  





acetate dwii?g the re5 c+k!.cn, -\he ztbove ~::2e;-%;?snt r :w repeated rmdter 

m ore  &clsLis and more clr=sel;r ~ ~ 1 C m l 2 . d .  r,oi-i(%tions Ueigllcd quantities 

bath f o r  f i ~ i e  h a a s  in closed vessel, t he  end. of this t h e 5  the 





of "he es te r  d u i n g  trashing with sodium h y d r d d e  and sodium carbonate 

s o l ~ t i o n s  was f o u ~ d  -to SB t c o  mpicl fo r  prac t ica l  seprat lon: ,  but v i t h  a 

sodim bicarbomte solution E t E l e  hy2rol;~sf.s ilrIts noted:, ant! t he  s e p r a t i o n  

was found t o  be satisfactorjr. 

Accoriiigl;., the raeth;rl acetete  fitam run 7 was weshed with s o d i m  

bicarbonate solxtion aad then hy&ol;.zec? as described above for the  e s t e r  

f r a  run % S, The yield of bariun carbonate from "be net1iyl alcohol was 

3.50 nillimoles ml! the  yield of ace t ic  aci6 was 3.60 miUimoles, indicating 

that  the sepnration procedure r n s  sa.bisfactor;~. The a c t i v i t i e s  of the  

alcohol and acid are given i n  Table 111. 

DISCUSS IOIJ 

From the data in Table I11 it can be concluded t h a t  wi t l in  our 

experbental  error  the nethylene g roup  of the succinic acid are labeled 

with the same specific ac t iv i ty  as the me+Yhyl groups of the ace t ic  w i d  

used, and that the a~r'bon dio:iide is  cmpIeb& inactive. These r e s u l t s  

a re  in cclinrJlete 2greeaent .rrith the  mechanisx proposed by Nic?rasch andl 

~ladstone5,  It shodd  3e pointed out th-i; fCnc?rn~ch z;d Glndstone's a m r k  

on substituted a x t i c  aci& leads t o  the sane conclusion i n  respect t o  

the succinic acir? . For instance l, tetrnxethylsucciaic acid tms obtained 

when acetyl  pera@.de was decmposed i n  isobuQric  acid: 





Upper Limits for the  Exchange between 
Ace-tjil Peroxide an6 l c s t i e  Acid a-l; L5-$"5O C e  

It is  ssen thz t  even ia  the highest caze the izpper lixlt f o r  the mcl~ange 

i s  2,645, aild i n  ;nost r ~ i s  i s  cc;isi2era'&~ l o m r  . It I J I L I  %e seen belotl 

t ha t  there i 3  en z l t e r i c t e  and po5aably such cloi-e E k e Q  pth for  ac%ivZty 

t o  get i a t o  the methne, so  the 2 c t - a I  aa0illl-i; of) exchange Sett;eea acet ic  

ecid an2 a e e t j l  peroxide 3s scch i s  probabl;. ver7 close t o  zero, 

According t o  the mechaiiism proposed by Khsrzsch and co-workers ecpatisns 

(1) - (95, none of the ac t iv i ty  origine.113; present i n  the acet ic  acid 

would be found i n  the methane o r  methyl acetate,  An obvious extension 

of the above mechanism is  the exchsnge between the acetate  r ~ d i c a l s  and 

acet ic  acid, 
!t C--- !b 

a:3Cco~+CI13CO@:3.-7a~3ccc?ii+ K 3 C O @  ( lo)  

Such an exchange seems voqi li!rel:r and is comldered by waters7 t o  be 
- 

(7 )  W. A. Waters, "Th:le Ciienistry of Free Fhdicnla,t' S e c s d  Fdition, 

W o r d  Uni~rers i t ;~  Presss Iondons Elgland (1948), p. 

an explsnstion of the r e l a t ive ly  l ~ i l g  l i f e  of t5e acetate  radical ,  Such 

an exchanze is  a l s o  inclicatec? Sy  the f a c t  tha t  Kha~asch and ~ k d s t o n e 5  



obtaiiled xet'nyl chloroacetate from the decompositim cf ace ty l  per a i d e  in 

shloroacetic acid. This f a c t  would a l so  tend t o  support equetion (7) as 

the ziost l ike ly  source of the metbyl acetate ,  

wekterz8 a lso  proposes another d e  of f o m t i o n  of nethyl acetate,  

equation (12.). 

CII COO* 4- CII,* C"?0OOCH3 (11) 
3 

This coupled with eqri~.tion (10) sbove c o d 2  i..%so e z p h i a  the oSsemed fac t s  

i n  the cl12.oroacetic m i d  mse.  Xlr;zrascl aclnc? cc-~~~orlrlers, !icwe-~er~ do zot 

consider th i s  t o  Se a verr li!reP~ rec?c%.cn p?th since 50th the xcth3.l 

and acetate radicals nust be present i n  s n d l  csncentration. 

IT we consider again the equations f o r  the fernat ion of methyl 

acetate,  (4) ,  (6) ,  (7), (S), (9),a,ld (ll), :re see tha t  all =cept (9 )  

would give ac t iv i ty  in the methyl acetate i f  the acetate rad ica l  were 

active.  The exchange shoxn i n  e q t ~ t i o n  (10) r ro*dd accornpUsh t h i s  In a 

very reasoncble manner, Equation (9) vo~ild s t i l l  reaii l t  i n  inactive 

methyl acetate, and hence canrot be the  exclnsive p t h  of i t s  fornation, 

Also, the nethyl chloroa.cetcite c o d 6  not hwe  beell formed b~ this path 

i n  the chloroacetic acid case. 

If we consider eqmtion (6) as the source of the rneYnyL acetaDe, 

we see tha t  the same specif ic  ac t iv i ty  would be found i n  both methyl 

groups since both come from the same sowce. From Table I11 ue see 

t ha t  the tvo methyl g r m ~ s  aye & equr..lly ?.nd theref cre 

sr:~c~tio;l (6) csimc-1; be tI:e exclusivz p.th nf forxii..-Lisn 02 m&;rl acstzte. 

I;em agaiil, the fonmtion oi' netkyl ch lo~osce ta te  i n  the  cl=lorozcotic 



sc id  case leads t o  the s a e  conc1csion. 

L" tre consider eyx5ic.u (II), :re sae tkt tke alcohol mt21;;l ~ ~ o u p  

i s  not "urue, z.aG -t::ersf ore eciua'ii.cn (u) cazilot Lo the exclusive ~);;t:'i of 

f OYZIC?.~~O~~ or" ;m %!I;-l ec e ta  t e . 
If we coilsizer equations (7) aii6 ($1 Ire see that if e i the r  of 

groups n e c e s s ~ z f u  rnmt i10t Le~c3iile eo,!liveleiit i n  the t r ans i t ion  s t a t e?  

since t h i s  would again require equal specific ac t iv i t i e s  in the  two 

group has the lower specif ic  a c t i v i t ~ ~  i-t; mst coille chief ly frora the 

acetate r ad i ca l  end the metfizl rad ica l  i11 equations (7) 2nd (2)7 respec- 

t ively.  Iiz order t o  accomplish thisg a very decided scrambling of a tom 

trould be ~recesszry lil equction ( S ) ,  and aa a r e su l t  t h i s  path of formt ion  

seems ver;r unUlreQ~, AlsoS  here th specif ic  ac t iv i ty  of the acid met4ijl 

g o u p  and of the sethzne ~110~iLd be the same since their both  come f ron  

r,ot 'true. The chloroncetic: acid case i s  a l z ~  i i~coasis tent  with eqmtion 

ac t iv i ty  i n  tha netkmc! is  readi ly explsined bg 

%ha acetate r ~ d i e s i l  t o  be active (as Lj. e ~ m ~ t i o n  

motmt of ac t iv i ty  f c . 7 x - d  i n  t he  aetlzaiie a l so  places 

aao~u1-b of acetate redicnl which can decompose by 

eciuction (4) .  Assutiiig tha t  Ele specif ic  zc t iv i ty  cf the acid methyl 

9 g ~ o u p  of %he methyl acetate is a reasonzble lower l i m i t  f o r  the specific 



ec t iv i ty  of the acetate  radical?  we can see tha t  t h a t  c c ~ t i o n  of the 

aethai?e which a r i se s  from the methyl rad ica l  produced by equat ioi~ (4 )  

w i l l  have the sane specific activi-$ zs the methyl ~ T O U ~  of the acetate  

r a d i c ~ l .  E we consicler the case vhere tLs methzae has the highest 

specific act ivi ty ,  run 6, onC s e t  up ail ictivit2- bba3ilcel0 f o r  the methene, 

(10) Activity i n  ncthcne = t o t a l  x i l l i xo les  r~&hciile X q e c i f  i c  actE;ivity 
of nethme = aill imoles methane fro:? equation (D) X specif ic  activi-Ly of 
net:iniie from eqmtion (D). Eierefore: 

jGllirnoLes methane from ec. (D) - 
Total railmnoles netlmne 

L5.G = ?*75 - 32.5 

ue see tha t  a t  m o s t  7.7% of the t o t e l  nethane cr,uLd have cane from thg 

acetate rad ica l  b~ eauation (4. The corresponding f igure f c r  run 7 is 

Ilaving eliminated a l l  the other paths of formtion of nethyl a c e k t e  

1 
zbove, it .wo~iZd seem tha t  equation (7) or (7 ) fii.sL be the LV. j c r  ,T oume 

of the methyl acetate. If we assme tha t  tLe p i i i ~ y  Zecompoc;ition o f  

the acebj1 peroxide goes by equation ( l ) ?  w e  can conchde from the  ebove 

pragraN and Table I1 th2.t equation (7) cannot. account f a r  the a p e r f m e ~ t a l  

resul ts .  Lf ecimtion (7) were the p t h  of fornation of raethyl acetate,  tohe 

c n b  sources of neth;rl rad ica l  wold6 Se equations (I) and (4). In the 

have arisen by equation (4).  Eqmtion (I) @ves a t m o s t  one mole of met.ha,na 

even i f  the methyl radicals  ore removzc? by no other path. %is makes 



the t o t a l  possible ;mnber of moles of i ~ e t h m e  p r  nolc of acetyl peroxide 

equal t o  1.083. &-b a s  seen r"sorn Table 11, iimre :,letI~.ane tht this i s  clvays 

pmduced, so we a r e  l e f t  only with equation (7') as the ma jar source of the 

methyl a.cetate, 

I 
Nov, if we ex-ie equations (7 ) ?  (I.), an6 (4) ,  we can see thet here 

again we a re  limited t o  onl;T oLre uole of methnile per mole of acety2 

p e r ~ x i d e  excep-b f crr t h a t  f omed by equstioa (&), since a given mole of 
0 

acetjfl peroxide can decompose by equation. (1) or (7 ):, but not by 'fsoth, 

3y examination of a l l  the eqtmt,ions, (1)- (11) it is seen t h a t  there is no 

other case or combinetion of eases more favorable fo r  the pro6uction af 

methane. Therefore, if: the calclalation fo r  the l imi ta t ion  of the  mount 

of acetate raiiica1 which san d e c m ~ o s e  'uv equation (L) i s  va l id  (and 

are believe tha t  it is). none of the above equations (and! no combination 

of them) w i l l  account fo r  the e x ~ e r i m e n t z ~ r  observed r e s d t s .  

It might be observed tha t  the r a t i o  of xethane t o  ace ty l  peroxide 

obtaiiecl i n  t h i s  work i s  s m e v k n t  lover ths.11 t-hat obt~i i led by ac.rasch 

and Gkds-bone (Tcble 11). 170 a6ac;wi;e expkinctim or" -this cliocrepaxy 

i s  !rylowno It i s  possible that eqmtion (4) has n large te r~pera tme 

Zepen&mce, and that Kllarasch ant! Gladstonets experiments were carried 

out a t  a somewhat higher t empra twe  than tnose in t h i s  work. Another 

possi'oh explanation i s  tha t  om combusion proceeme was not adequate 

t c  >urn this methane t o  carboa 6ioxide completely. Ilegardless of t h i s  

diserep.iicy, the above a g m e n t s  s t i l l  hold, E the s c c o d  exp1mation 

i s  correct, the ac txa l  values of the methane 'co ctcetyl prox5de r a t i o  

i n  our work rrod.5 be lzrger tI1iin those recorZed ia Tabla 11, and the 

above ec,mtio;is then be even l e s s  szequate t o  explain the  observed 

resu l t s ,  



acetyl  peroxide i s  the  ail^ l ike ly  source of f m e  r~e th ;~ l  radicals, and 

tha t  the i n i t i a l  decomposition of ace ty l  peroxide i s  theref ore not accord- 

ing t 3  e q ~ n t i o n  (I), but rather  zcccrding t o  eq-iztioil (E), where n i s  

two acetate raclicals e i m e  it is considered highly ~1nli1ceI.y th2.t txio 

or nore bon& i n  a molecde a o d d  be broken s i rd t aneor s ly ,  Rowever 

i f  t h i s  i s  the course of t h e  reaction (or if the  i n i t i a l  deeom~ctsltfon 

i s  by equation (I.)), it must a l s c  be ass~unec t h a t  a f ract ion of the  

acetate radlcals f o m d  deconpose very rapidly t o  carbon dioxic-e and 

methy1 radicals before leaving the  immediate area ar decmposi t i  m, since 

W 

frorn those which =re undergoing eq~dlibrat icm 3y equation (lo] 

sj-s ten. 

This rep&res that, the acetate  raZica1.r t~hicth ~mdesz~2 further r~.pi.C7_ decompo- 

s i t i on  be different from -those which a-ss e+.li'brated by eq~a t fon  (30) 

by eqza t im  (4) is  r e l e t ive ly  slov a f t e r  U l e  exchange reaction (10), mi5 

well be i n  an mistable activated z tz te  which leads t o  fur ther  L i d f a t e  

decomposition, vhi lo the rest nay be in a more sAtb le  stat,,?, perhaps tJit21 



-24- 

the other fragnents, carbon dioxide and methyl radicals,  c a r ~ j i n g  of? 

the extra energy, 

Regardless of the exact nechanics of t h i s  i n i t i a l  decomposition, a 

short  time a f t e r  the i n i t i a l  break equation (E) ar?equately represents 

the overall picture, 

A s  previously mentioned the ptblished jus t i f ica t ion  f o r  asstlming 

the i n i t i s l  decompositioii t o  be by equation (I) does not seem too good. 

Hmrever, these experiments also quite conclusively demonstrate tha t  

acetate radiczls a m  produced and thc t  the  Ln i t i z l  decomposition is not 

in to  two methyl radicals  and two molecules of carbon dioxide, since f n  

th i s  case no ac t iv i ty  should be found in the methyl acetate. 

By modifying the mechanisn as  proposed by Kharasch and co-workers 

t o  assume t h a t  the i n i t i a l  decomposition i s  by equation (12)9 we see t h a t  

we can easi ly  explaiil the  experimentally observed f ac t s ,  The same ob jec- 

t ions as before 2ppJ.y t o  equations (6), (8), (9), and (U)? but it is 

possible tha t  the methyl acetate could be formed by the proper cmbina- 

t ion  of equations (6).,  (9)? and (11). 

The preferred mechanism f o r  the formation of the methyl acetate  i s  

by equation (7) or (?'), with perhaps smaller mounts being forned in 

the other possible mys.  The proposed overall, mechanism is shown diagram- 

t i c a l l y  i n  Cis,rt I, 

I n  view of the i r reproducibiEty of the experinental v ~ l u e s ~  some 

question might be raised as t o  the ~ r d i d i t y  of the  conclusions dram. Ilow- 

ever l imiting conditions ham bee11 wed! YmougIlout the discussion: end 

it i s  believed that ilo +mjustified coaclwions hme heen dratm. 

m e  o&j r e a l  point of disagreement between t h i s  work and tha t  of 

Khcrasch and Slads-tone is i n  the f orm~-datiol~ of the i n i t i a l  decompositiong 



(*) The solid lines c o d  various sources o f  the same speaiea. 

(*) The activity An the alcohol methyl. grmp of the methyl acetate may come 
ism p r t  of the methyl aaahte  beirq formed aooording t o  the equat%on 

d~po.  - ki3c&i3 + ~ 0 2  

a,b,o The superscripte denote speaifio acti.piti.8. T b  small letters  on the 
sol id lines ahor the stendy state specific? a c t i v i t i e s  o$ the methyl group 
ia the species, averaged over a l l  s o ~ e s ,  



and as pointed out above t he  exact aechanics of t h i s  decomposition cannot 

be regarded as se t t le2 ,  This vork a lso  serves t o  point cuh the juntproba- 

S i l i b j  of severel of the possible w t h s  for  the formation of the methyl 

acetate,  

A one l i t e r  sample of 2::fccial ace t ic  vie! ;ms allo:rcc' t o  ctmcl ~rl-t41 

fzeqxext shaking in n refrizerr.tcr f o ~  smreral house A t  31e ei9. oi" 

~ - 7  bA:;- ";be cjo-2'; 1;1~~-t:~j;?(.~ 02 -f~iZ llz.6 ~ ~ l - j l ~ i & .  E,- idc :.tic. .. 
T . L l *  

? .  

., L.i;) ( i e c ~ ~ ~ t e d l  2112 %:LC i a ~ ~ i i C : ~ ~  ~~U~i.be(:- -La Qu~nc  -'-'- r,'i, roo:.~ t e q e r a t w s  f m : 

feu d i l ~ t e s  Kitla o c c 2 s i o r ~ ~  she!;iag. %e lir,'aic cicii TJaS ~i&iil d ~ c ~ . i ~ ? e C ,  

a id  $he sol id  residue x i s  melte i l  a ~ d  d i s t i l l e d  ct atuosflieric pressure. 

The first a,icl l a s t  qw.rters oi' the C i s t i l l a t e  were discarded and the 

middle half ,  3 ,Po = U80Ce, WAS save2 Fif ty g ~ a m  of this acid were 

allowed t o  stand f 3r" 72 horns a t  rooia -beaperatwe 0.03g g ,  (20 P C )  

of sodium o c e t a t e - 2 - ~ ~  t o  e f fec t  caaplete exchange. me acet ic  acid-2414 

was prepred  by cc?rbonatioii or" the Grigimrd zeagent ,prepared from methyl 

iodide-& l2 





Xokatnur and ~e l l i iqg . '~  ihe peroxide sayJle was dissolved i n  99% i s o p o p . ~ l  

alcohol, and one cc, each of g l ac ia l  ace t ic  acid and saturated p tass ium 

iodide solution m s  added. R e  solution was heated almost t o  boi l ing and 

maintained a t  t h a t  temperature for  about f i v e  minutes. The solut ion was 

then t i t r a t e d  without cooling with standard sodium t h i o s d f a t e  , The oxygen 

blank is negligible with tLiis procedure, As  a check on the puri ty  of the 

clry acetyl  peroxide p e p r e d  as  above, 0,2108 g. of sol id  acetf l  peroxide 

required 35 .I8 cc . of 0,1000 sod im thiosulfate,  corresponding t o  a weight 

of 0,2095 g. Czlc , purity = 99,4%, 

Ekchanm of Acetic ~cid-;2-& with Acetyl Peroxide 

The dis t r ibut ion r a t ios  between CC1 and water were determined for a c e t j l  
4 

peroxide and ace t ic  acid. Approximately 0.2 g, of so l id  acetjrl peroxide 

was dissolved i n  10 cc. of carion tetrachloride anit a t r a c t e d  w i t h  10 cc, 

of water. Tho two @lases were analyzed fo r  peroxide as  above, The carbon 

tetrachloride phase required 2.40 cc. and t h e  vatex- phase r e q a r e d  0.68 cc. 

of 0.1000 3 s o d i w ~  thiosulfate? giving a d is t r ibut ior  r a t io ,  CCl /I- 0 = 3.5. 4 5 
ale experherb rms repeated using 1 cc. ace t ic  acid. The carboa te tra-  

chloride p h s a  required 0.Q and the water phase required l5,?5 cc. of 1.000 

8 sodi.& hy&rccride, giving a dis t r ibut ion r a t io ,  C C ~ , / I ~ O  = 2.7 x 10 -*. - 
4 

To study the exchange reaction a s o h t i o n  of 2,Q$ g. of sol id  acetyl  

peroxide i n  3.035 g. of acet ic  acid-2-cU rms p e p r e d .  The 

allowed t o  atand? f i r s t  f o r  one hour a t  room teqxxature  an& 

week a t  roon t w e r a t u r e  followed by d hours a t  53'~. Afker 

solution was ' 

l a t e r  f o r  one 

s tandkg,  two cc . 



acet ic  acid. The iodine formed tms reduced t o  iodide ios v i th  mgnesitxm 

acet ic  acid was then steam d i s t i l l ed ,  t i t r a t e d  r~it1-i soc2iuin h;~cisa~i::ide, and 

evaporated t o  dryness, The acetate samples were counted zs s o d i u ~  zcetate 

with tlie resul t s  given i n  Tz.ble I. 

Deconmosition of Acekil Peroxide in Acetic Acid 

Acetyl peroxide dissolved i n  acetic ocid-.2-~U was decomposed by addini; 

placed b the decoaposition f lask  (73) and 2 cc. or" a solution ccntaining 

appaximRtely 0.5 g ,  of acetyl peroxide was placed i n  the side tube (A). 
/ 

aliquot of tlie acotJ.l peroxide solution rms a i ~ d p s d  for pera ide  



0 
ail o i l  bat11 ~ 3 i n t ~ i ; i e d  at 3-35 C, an6 ~~rhen tenperatme eq~dli';rfux had 

been attained? the r olution iz tube (A) 1 . m ~  slowly dropped i n t o  f lnsk  (B) 

vhi le  constently nnk~tainlng a s l o ~  strearri of nitrogeng thus s t i r r i n g  the 

s oI~ztioa i n  (3) , Smll gas ',x&bles irnr.iediately f om-ecl t-koughout the s 012- 

t ion and %he ra te  of gas evolution remined apprmixatsljr constant u n t i l  

rU, the sol-ition in (A) hcc? Seen added (3-5 hr ) . After the gas evolution 

had ceased, the ilitrogen smep was cont inmd f m  2 i?.r. t o  i n s m e  ccmplete 

removal of gaseots reaction y x r d ~ ~ t s ,  A t  the en2 of this time an al iquot  

of the sola-tioa i n  (3) wsls alralped f o r  peroxide content, whick ~ m s  irzvasi- 

ably fault! t o  be zero ,  Tlae m t e r  condeilser (c) r e t u n e d  most of the ace t ic  

acid-24U mpors t o  %he f l a sk  (B). Arq zce t ic  acid not condensed by the 

water condenser was collected i n  the &.y ice-isopophyl alcohol cooled 

t r a p  (D), along with the methyl acetate. The acet ic  acid collected as a 

solid film near the i n l e t  tube while the  methyl acetate collected as a 

lipid i n  the b o t t o ~  of the trzlp. The C0, ,- was collected in the carbonate 

free 2u MaOH i n  s ~ i r d .  bubbler (E) while the CB (and any e thne ,  Co and 4 
ethylene) :!as buried t o  a, i n  the CuO packed furnace (G) ~ h i z h  ~ m s  main- 

& 

t ahec i  ni, 7C)0°C. This C02 was ooLlected i n  tho  1$1 NaOH i n  spiral 

b ~ h b l e r  63). The eolu-tio:ns i n  the ttm &aGH bubblers were poured i n t o  an 

e q m l  volume of 22 liIIAi?OO, 2nd eiccesfi BaC17 wzis added. The r e s u l t i i g  
3 'r 

CaCC3 w s  f i l t c r d ,  mshcd,  and &id. The acotic ac id -24U La f l a sk  

(D) m s  s t e m  disti lIecl t r 7  frnr.1 the s m z h i c  sci6 cl,~d rms  r e c ~ v e r e d  as 

sodium a c e k t e  . 5315 msidue in f Zzsk ( 2 )  vas contin-aously ether extracted 

f o r  26 ik,, the cJ~her  evaporatedg ad.  the resul t ing crude succinic acid re- 

m;.stcllizec! f rm t,.rzter, giving a f i n a l  prc&-~ce of M 2. 186-7%, In a 

rspr$aeotative rx-1 ( r m  2, Table 111)~ 0.L&!+ g ,  of z c e t j l  peroxide gave 



succinic acid. h a bLmk rci, onitti?;: od.7 t h e  acetyl  pzzmide, l e s s  

than 1 mg. Sac0 7,ns obtaiaed fro2 anch 03 5ke Ib.O!i hubSlers. The shme  
3 

fi,mes give the folla.rinp mler ratios; GO /ace%yl wraxide = 1.64 
c$/ ncetyl peroxide = 1027 
succL~Zc z.cid/.-cetyl ,per x i d e  = 0.50 

appratl~s shorn in Fi~?lre 2. Ths sample a d  N 0.3 g. KID3 ;?ere placed i n  

the coribusion f la& (El) and t he  vccum was tuxnecl on, thus flushing the 

system with air from which the CO had been rmoved by the  eda-lime 
? 

pcked in le t  tube (A). The bubbkvas  then f i l l e d  rrith 22 ccarbonatn free 

%OH (prepared from *AccduteW standard N~OI() vi t5  a syringe. Com3ustim 

fluid1* vas then adraitted tlrrougli t5e fume1  (c)? sad the  f lask  ms heated 
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EkcYiense of Kethvl Acetate and heeiic ~ c i d - 2 - G  



wi.~h TT SO m b  st.--nm di~r . fXled,  The ec:et%: zci2 5.2 the  dis t i l l a te  ~ s q w b e d  '2 .L+ 



10 cc. of l!aIIe0,, sol t rLio~.  The vesse: iiaa close? of.? and ~ i z o r o ~ v  

&.&en for a f ek~ secoi&. The voltlJ;ile material tms then back-distflle2 

in to  a sp ira l  trap, from t~hich  it :;cc ls ter  v o l ~ t i l i z e d  i n t o  2 179 "- stresn 

armd oxidize6 i n  the CuO pcked furmce. me C02 was collected zs SnCOq9 
d 

wt. = 2,731 g., 91.48 5ase2 on methyl acetate, 




