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A PRELIMINARY REPORT ON THE MECHANISM OF THE DECOMPOSITION OF DIACETYL 

PEROXIDE IN ACETIC ACID* 

By 

AoJ" Fry.ll BoMo Tolbert and Melvin Calvin 

ABSTRACT 

December 29.9 1949 

(1)1 The decomposition of diacetyl peroxide in acetic acid~2-c14 

has been studied" The activity of the products in general 

confirmed the mechanism of the reaction as proposed by Kharasch 

and Gladstone., 

(2) The presence and distribution of activity in the methyl acetate 

produced in this reaction is not explained by the previously 

proposed mechanism" 

(3) There was no appreciable exchange of acetic acid and diacetyl 

peroxide under the conditions of the reaction" 

(4) Essentially no exchange of methyl acetate and acetic acid was· 

observed when those reagents were heated at 100° for five hours. 

-------·~--------

To be presented at Brookhaven conference on 11 Trace1·s in Organic 

Reaction Mechanisms", January 19-20, 1950o 

* The work described in this paper was sponsored by the Atomic Energy 
Commission" 
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A PHELIMINARY REPORT ON THE IVTIECHANISM OF THE DECOMPOSITION OF DIACETIL 

PEROXIDE IN ACETIC ACID* 

By 

AoJo ~ry9 B.,M., Tolbert and Melvin Calvin 

Radiation Laboratory and Department of Chemistry 
University of California.~> Berkeley** 

The decomposition of diacetyl peroxide in aliphatic acids 

has been reported (1)) to result in the formation of succinic acid or 

its substitution derivatives9 methane.~> carbon dioxide and some methyl 

aceta'te., The mechanism proposed for this reaction was the following: 

~ CH COOH --..-ka..CH -l- .,CH COO:EE 
3 ~. 4 2 

2 CEIJCOO.,;:--------).~cH3coocH3 + C(l)
2 

{C~C00}2 ~ CH3coo., 

~presented at Brookhaven Conference on "Tracers in Organic 
Reaction Mechani-sms"' 9 January 19-~Jy 1950., 

** The work descr.i bed in this paper was sponsored by the Atomic Energy 
Commission., 

'·· (1) Kharasch and Gladstone .9 J o Am.. Chern., Soc., £2..~> 15 (19La) 
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An examination of the proposed mechanism reveals that it could 

be very easily checked using c14=labeled compoundso For instances if 

unlabeled diace·tyl peroxide and acetic acid=2=Cl4 were useds the above 

mechanism would result in the formation of unlabeled carbon dioxides 

meth.ane and methyl acetates and labeled succinic acid in which each 

methylene group would have the same specific activity as the methyl 

group of the acetic acido 

Diacetyl Peroxide··Acetic Acid Exchange Studies~ = In order to check the 
=•::v:>o~~~~.-,..,.>, .. ~-..:::::; .. ,.'=""=-~-z=o:t~z~=.~ 

mechanism of this reaction as outlined above it wes first necessary to 

examine the pc.1ssibili ty of exchange between acetic acid and diacetyl 

peroxideo This was done by dissolving solid unlabeled diacetyl peroxide 

1' in a.ceti<e acid=2=C 4 and allowing the solution to stand first for one 

hour at room temperature and later for one week at room temperature 

followed by six hours at 53° Co The peroxide titer of the solution re~ 

mained constant throughout this experimento 

After standing9 the solution was dissolved in water and ex= 

tracted four times with equal volumes of carbon tetrachlorideo The 

first carbon tetrachloride extract was back extracted two additional 

times with equal volumes of watero The final aqueous and carbon tetra= 

chloride solutions contained pure acetic acid and diacetyl peroxide.!' 

re spec ti v e1:y o 

1?reHmimtry work had shown that the above procedure was 

sufficient to separate the two compounds from each other quantitativelyo 

. ~-
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The diacetyl peroxide in the carbon tetrachloride solution was reduced 

to acetic acid with iodide ion in sulfuric acid solutiono This acetic 

acid was purified by steam distillation and the two samples of acetic 

acid were counted as sodium acetateo The counting results given in 

Table I show that within the experimental error of counting, none of 

the activity in the acetic acid was found in the diacetyl peroxideo 

The fact that the recovered acetic acid had a lower specific activity 

than the original acetic acid is probably due to some non~reversible 

hydrolysis of the diacetyl peroxide during the separation procedureo 

TABLE I 

Piacetyl Peroxide=Acetic Acid Exchange Studies 

1_._-rc n·..-

c/m/mgo CH COONa 
Exchange 

Specific Activity9 3 
Conditions Ori_g;inal Recovered 

Acetic Acid Diacetyl Peroxide Acetic Acid Diacetyl PeroxidE 
~e""'~'"ll 

1 h:ro at 
2)°C~ 273 0 258 OoO 

-· 

1 wko at 
23° c fol= 
lowed by 6 288 0 239 Oo85 
hro at 50° 
c 

Decom~ion qf Diacetyl Peroxide in Acetic Acj§g = Diacetyl peroxide 

dissolved in acetic acid=2~c14 was decomposed by adding it dropwise t~ 
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acetic acid maintained at 85=95° C according to the procedure of Kharasch 

and Gladstone (l)o The reaction vessel was swept with a slow stream of 

nitrogen which passed 9 in turn9 through a water condenser9 a spiral trap 

cooled by a dr.y ice~isopropyl alcohol bath9 a spiral bubbler filled with 

2 .M carbonate=free sodium hydroxide 9 a Drierite tube 9 a copper oxide 

packed furnace maintained at about 700° C and a second sodium hydroxide 

filled bubblero The water condenser returned most of the acetic acid to 

the reaction flasko The cold trap condensed out the methyl acetate and 

the remainder of the acetic acido The carbon dioxide was collected in 

the first sodi·um hydroxide bubbler and the methane was burned in the furnace 

and the resulting carbon dioxide collected in the second sodium hydroxide 

bubblero 

In order to insure complete removal of the volatile reaction 

products~ the reaction was continued for about one hour after bubbles 

were no longer observed in the reaction flasko At the end of this time9 

a sample of the solution in the reaction vessel always showed a negative 

test for oxidizing power when added to warm acidified iodide solutiono 

The acetic acid in the reaction flask wac- then steam distilled 

away from the succinic acid and recovered as sodium acetateo The 

succinic acid wes obtained by a sixteen-hour continuous ether extraction 

and recrystallization from water after evaporation of the ethero The 

carbon dioxide from the two sodium hydroxide bubblers was precipitated 

and weighed as barium carbonateo 

. --

·' 
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Representative molar ratios of products obtained are sho~n in 

Table II where they are compared with the corresponding values obtained 

by Kharasch and Gladstone., 

TABLE II 

Molar Ratio of Products Obtained in the Decomposition 

of Diacetyl Peroxide in Acetic Acid 

Moles X/Moles Diacetyl Peroxide "xpery Beginning 
Acetic Acid Carbon Dioxide Methane Succinic Acid 

Kharasch 34o7 1 .. 53. 1 .. 47 Oo50 

*** This work 37 1.,54 1.,13 Oo40 

The relative specific activities of the various reaction 

products are shown in Table III expressed as precentages of the specific 

activity of the methyl group of the acetic acid usedo All of the products 

were burned to carbon dioxide and counted as barium carbonate., 

The methyl acetate in Runs 4~ 5 and 6 was separated from the 

acetic acid with which it was mixed in the cold trap9 by bubbling oxygen 

through the trap as it warmed up and on through a. spiral trap filled with 

diethanolamine at 90° Co Entrained diethanolamine was removed with a 

glass wool filter and the methyl acetate in the oxygen stream was passed 

Data averaged from g runso 

.. 
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, 
through a furnace in Runs 4 and 59 and a cold trap in Run 6 to condense 

out the methyl acetateo In Run 7 the methyl acetate was separated from ' 
the acetic acid by washing with sodium bicarbonateo The purified 

methyl acetate from Runs 6 and 7 was hydrolyzed with sodium hydroxide 

and the methyl alcohol and sodium acetate were burned and counted as 

barium carbonateo 

In order to test the possibility of exchange between the 

acetic acid and methyl acetate and to test the diethanolamine purifi= 

cation procedure described above9 inactive methyl acetate and acetic 

14 . 
acid~2~D were mlxed and allowed to stand both at room temperature 

and at 100° C for five hourso The methyl acetate was then separated 

from the aceti·c acid by bubbling through diethanolamine as described 

aboveo The methyl acetate which came through the bubbler was burned 

and the resulting carbon dioxide was counted as barium carbonateo The 

activity found in the most active methyl acetate sample corresponded 

to Oo45% of the amount calculated for complete exchangeo 

' -, 
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~SION 

From the data in Table III it can be concluded that within 

our experimental error the succinic acid methylene groups have the 

same specifie activity as the acetic acid methyl group and that the 

carbon dioxide is inactiveo These results are in complete agreement 

with the mechanism proposed -by Kharasch and Gladstoneo However9 the 

presence of appreciable amounts of activity in the methyl acetate was 

not predicted by the· proposed mechanismo The low value and great 

variability of the specific activity of the methane seem to indicate 

that some unknowr! factor may be responsible for this effecto 

However 9 the presence of such a large amount of activity 

and its unequal distribution between the two methyl groups in the 

methyl acetate seems to indicate quite conclusively that this compourrl 

cannot be formed exclusively in the manner proposed by Kharasch and 

Gladstoneo 

At the present time 9 we are unatie to_present a mechanism by 

which the data presented can be satisfactorily explained without 

postulating more than a single source of methylacetateo Obviously9 

the dAta are as yet quite incomplete and further work is in progress 

in an attempt to throw light on the path by which activity gets into 

the methyl acetate and methaneo It should be pointed out that the 

relative specific aci tvi ty of the methane is an upper limit on the 

amount of exchange between the acetic acid and the diacetyl peroxide 
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TABLE III UCR!r- _ ,3 

Relative Spec~ic Activity of Reactants and Products Expressed as Percentage of Specific Activity 

of Methyl Group of Acetic Acid 

Acetic Acid Diacetyl C02 CH4 Succinic Aceticl Methyl Acetate 
Run Usedl Peroxidel Produced Produced Acid Pro= Acid -· Produced 

Used ducedl Recovero 

1 1002 o.oo OoOO J1; Ool 0.07 ± 0.1 97.8 ~ 2.0 lOL5 !, 2.0 
0.16 :± 0.1 103o0 ~ 2o0 

< 28 
2 100 OoOO 0.01 ~ 0.1 93.7 ~ 2.0 

33 100 o.oo Oo06 ± OnJ. 0.60 :!: 0.1 =- 100.0 .t 2.0 < 28 

43 100 o.oo o.oo ± 0.1 0.34 :± 0.1 -~ 99.6 :!: 2.0 < 9.1 

D 5 100 o.oo o.oo ± 0.1 1.64 :!: 0.1 97.2 ~ 2.0 99.8 :l;: 2.0 < 12.0 
.--1 Acetatel Alcohol .--1 
g fragment fragment 

6 100 o.oo o.oo :!: 0.1 2.50 :f: 0.1 == 98.0 ~ 2.0 32.5 t 0.6 3.19 ± 0.1 

73 100 o.oo . + 0.36 ± 0.1 103.4 t 2.0 13.5, :± 0.3 2.71 ± 0.1 0.07 ..,. 0.1 ~ 

1 Methyl or meteylene group only. 

2 Actual specific activity = 5.20 ± 0.11 x 10~ or ·9.96 t 0.20 x 103 d/m/mg CH3 =carbon 

3 Ratio of acetic acid to diac~tyl peroxide used ~ -8 instead of 37 
i 

~' 
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under the conditions of the decomposition9 since its source must be 

the methyl group of either the acetic acid or the diacetyl peroxideo 

EXPERI~NTAL 

Diacetyl peroxide(l) was prepared according to the method 

of Gamborjan (2) as modified by Kharasch~ McBay and Urry (3)o 20~0 go 

of acetic anhydride~ lOoO go of sodium peroxide and 100 ceo of diethyl 

ether were mixed together in an Erlenmeyer flask and cooled to -15° Co 

35 go of crushed ice was gradually added over a 10 minute period 

with vigorous shakingo The ether solution was separated off9 dried 

with calci·arn chloride and allowed to stand several hours in a dry 

ice=isopropy1 alcohol batho The acetyl peroxide crystallized out in 

long white needles~ and the ether superntant was drawn off with a 

filter sticko More dry ether was added~ and the crystallization was 

repeated to insure removal of.all the acetic anhydride and acetic acido 

The last traces of ether were removed by evacuating to one mmo pressure 

for two hourso The dry diacetyl peroxide was dissolved in the solvent 

it WPS to be used in as soon as possible to minimize the explosive 

possiblili tieso 

The peroxide solutions were analyzed by the method of Kokatnur 

--------------------------
(2) Gamborjan~ Bero ~~ 4010 (1909~ 

(3) Kharasch~ McBay and Urry~ Jo Orgo Chemo 109 397 (1945) 
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and Jelling (4)o The peroxide sample was dissolved in 99% isopropyl 

alcohol and one ceo each of glacial acetic acid and saturated potas= 

sium iodide was addedo The solution was heated almost to boiling and 
I 

maintained at that temperature for about five minutes~ and then 

titrated without cooling with standard Na2s2o3
o The oxygen blank 

is negligible with this procedureo 

The acetic acid used was specially purified by slowly freezing 

out about half of a sample of glacial acetic aci.d and distilling the 

crystals so obtainedo The middle half of the distillate was useda 

The acetic acid=2=Cl4 was prepared by allowing 50 cc of the glacial 

acetic acid prepared as described above to stand for 72 hours with 

Oa03S go of 5a29 ~c/mgo sodium acetate=2=C14 to effect complete ex= 

change and distilling the resulting active acetic acido The sodium 

acetate=2~14 was prepared by carbonation of the Grignard reagent 

prepared from methyl iodide=C14 (5)o 

The reaction products were burned t1 carbon dioxide over 

hot copper oxide or by a modified Van Slyke=Folch wet combustion 

method (6)o The carbon dioxide was absorbed in 2 M carbonate free 
<= 

(4) Kokatnur and Jelling.~' Jo Alno Chema Soco ~~ 1432 (1941) 

(5) Tolbert9 Jo Biola Chemo Jl1 9 205 (1948) 

(6) McCready and Hassid9 Indo Engo Chemos Analo Edo ~~ 525 (1942) 

J 
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sodium tydroxideo An equal volume of 2! ammonium nitrate was added 

and the carbonate was precipitated as barium carbonate by adding 

l,M barium nitrateo The barium carbonate was plated on aluminum 

disks using thin window Geiger Maller tubes (7)o The precision of 

the counting data is indicated in Table IIIo 

(7) Dauben9 Reid and Yankwich9 AnaL Chern., £2, 828 (1947)) 

SUMiv1.ARY 

(1] The decomposition of diacetyl peroxide in acetic acid-2-Cl4 

has been studiedo The activity of the products in general 

confirmed the mechanism of the reaction as proposed by Bharasch 

and Gladstoneo 

-(2) The presence and distribution of activity in the methyl acetate 

produced in this reaction is not explained by the previously 

proposed mechanism" 

(3) There was no appreciable exchange of acetic acid and diacetyl 

peroxide under the conditions of the reactiono 

(4) Essentially no exchange of methyl acetate and acetic acid was 

observed when those reagents were heated at 100° for five hourso 




