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Brian G. Dixon and Gary B. Schuster*17
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Abstract:

The mechanism of the thermolysis of 1-phenylethy l peroxyacetate was

studied. In the absence of easily oxidized substrates this perester

undergoes thermal fragmentation to yield quantitatively acetophenone

and acetic acid. These products are formed by initial oxygen-oxygen

bond homolysis followed by in cage hydrogen atom transfer. A small

fraction Of the so formed acetophenone is generated in an electronically

excited state. In the presence of easily oxidized substrates the reaction

of the perester is catalyzed and generates excited states by the chemi cally

initiated electron-exchange luminescence (CIEEL) mechanism . An analogy

with the catalyzed reaction is drawn to the excitation step of bacterlo-

lum inescence.
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Sir:

Our interest in highly exoergic thermal reactions of organic peroxides

led us to the investigation of 1-phenylethyl peroxyacetate (
~j,). Thermolysis

of in benzene solution gives a quantitative yield of acetic acid and

acetophenone~~ a small fraction of which is electronically excited .

The reaction of is catalyzed by a wide range of easily oxidized

substances. In this case, the electronically excited state of the

catalyst (activator) is formed, apparently by the recently described

chemically initiated electron-exchange (CIEEL) mechanism.2 We report

herein our examination of the mechanism of both the unimolecular and

catalyzed reaction of

0CH3 H 0 H

Ph><o_O)~~CH3 ~~
) Ph~”~~~CH3 + CH3CO2H (1)

‘II

Perester was prepared by the acid catalyzed reaction of ketene

with l-phenylethylhydroperoxlde In CH2C12 and purified by distillation .
3

The thermolysis of in argon purged benzene can be followed conveniently

by the indirect or activated4 chemiluminescence that results upon

addition of blacetyl or any one Of several easily oxidized fluorophores

(see below) respectively. The rate at which the perester reacted showed

apparent first-order kinetic behavior. However, the observed rate

constants and derived activation parameters for solutions I x lO~ 14

and above are dependent upon the Initial perester concentration, Indicating

the likely Involvement of a radical induced homolysis path.5 At low t
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initial perester concentration (1 x l0~ - 1 x lO~~ M) the rate of

reaction is independent of concentration . Moreover, the activation

parameters for the reaction , ~~ 
= 33.2 ± 0.7 kcal/mole , ~~ = 11.0 * 1.9 eu

(see Figure 1). under these conditions indicate a unimolecular process.6

In contrast to the modifi ed Russell mechanism7 suggested by Hiatt

and co-workers8 for the thermolysis of secondary peresters, our findings

are more consistent with a stepwise process in which oxygen-oxygen bond

homolysis is followed by rapid in-cage hydrogen atom abstraction. In

particular , the activation enthalpy indicates a transition state in

which bond cleavage is uncompensated by bond formation .
6 And the

quantitative yield of acetic acid rules out escape from the solvent cage

of a significant amount of the so formed acetyloxy radical .9 The calcula ted

heat of reaction for the process shown in eq. 1 is -58 kcal/mole)0 Thus,

the transition state for this reaction lies some 94 kcal/mole above

ground state products. Sufficient energy is released therefore to

populate electronically excited states of acetophenone)1 Indeed, we

detect a low yield of excited state product as indirect chemi l uminescence

from added blacetyl . The emission spectrum of the chemiexcited biacetyl

Is composed entirely of the phosphorescence, thus implicating acetophenone I ~triplet as its precursor. This mechanism Is shown as path A in Scheme I.

When a small amount of an easily oxidized substance is added to

benzene solutions of perester J~ the thermolysis reaction is somewhat

different. For example , N,N-dimethyldihydrodibenzo [a.c]phenazine (DMACj2

accelerates the rate of reaction of ,~ (Figure 2) without itself being

consumed. The products of this reaction are acetic acid and acetophenone,

formed quantitatively as they were for the uncatalyzed case. Electronically

excited states are formed by the catalytic reaction as well , and, in

contrast to the untmo lecular transformation, are detected as the

‘.
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3

fluorescence of the excited singlet state of the activator. The DMAC Is

not unique in its catalytic ability . Similar observations were made for

N,N-diphenyl-2-ami nopyrene (DPAP),13 zinc tetraphenylporphyrin , rubrene,

perylene, 9,10-diphenylethynylanthracene , and others.

The relative catalytic rate constant for the various activators was

determined by measuring the total chemi lumi nescent light intensity under

conditions where most of reacted by the unimolecular path (i.e low

activator concentration). After correcting for differences in

fluorescence quantum yield and photomultiplier tube and monochromator

spectral efficiency, it is apparent that the only correlation of activator

property and rate constant is with the one electron oxidation potential

(Table 1 and Figure 3).

These findings are just those that one would expect for a CIEEL

process. Electron transfer from the acti vator to perester )~, 
is endothermic

but may be made irreversible by rapid cleavage of the oxygen-oxygen bond of

the reduced peroxide . The rate of this reaction is expected to depend upon

the oxidation potential of the activator. Transfer of a hydrogen atom simul-

taneously wi th or subsequent to oxygen-oxygen bond cleavage generates acetophenone

radical anion in the same solvent cage as the activator radical cation . Charge

annihilation of these radical ion intermediates leads to the observed excited

state product. This mechanism is shown as path B in Scheme I for OMAC .

This is the fourth well-documented case of an electron-transfer initiated

reaction of a peroxide that leads to electronically excited state product.2

As in the previously described examples, the major evidence Is the correlation

of.rate constant and oxidation potential , I.e. Figure 3. ComparIsons among

the various peroxides reveal that the catalytic rate constant is strongly

dependent upon structure--diacylperoxides react much more rapidly than

_ _ _ _ _ _ _ _ _—
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peresters , which are more difficulty reduced , for example)4 However, the

magnitude of the slope of the line resulting from the semilog plot of rate

against activator oxidation potential is essentially constant and equal to

ca. -0.3/RI for the systems investigated to date. This result is consistent

wi th rate limiting irreversible electron transfer from acti vator to peroxide

occurring with a trasfer coefficient of Ca. 0.3.15

In sumary, we have observed two distinct reaction paths for thermolysis

of secondary peres ter ]
~,. The unirnolecular reac tion appears to proceed by

a step-wise route, the bimolecular reaction with electron donors by an

electron transfer mechanism. The electron transfer mechani sm in

particular may serve as a model for the excitation step in the

bacteriolumi nescence reaction)6 We are continuing our Investigation

of this and other aspects of the chemistry of these peresters.

We would like to thank Professor Faulkner of this

department for many helpful discussions. The authors gratefully

acknowledge financial support for this work by the Office of Naval

Research, The National Science Foundation, and the donors of the

Petroleum Research Fund, administered by the American Chemical Society.

We would also l ike to thank Mr. Steven P. Schmidt for preparing and

purifying the DMAC and DPAP.
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Path A - Indirect Chemi l uminescence
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Table 1.

Ac ti vator E: E
~x 

k d
at (M~~~~)

( kcal/mol e) ( V vs. SCE )
Pe rylene 65 1.00 0.84 1.19 x 10~~
Rubrene 54 0.82 0.56 1.40 x 10

Dlphenylethynyl- 
5anthracene 62 1.16 0.96 3.58 x l0

DPAP 68 0.90 1.00 2.35 x 10~~
DMAC 58 0.25 0.04 9.73 x io .2

a. Ass i gned from the 0-0 band of the fl uorescence spectrum.

b. Determined by cyclic voltometry in CH3C~ solution with tetrabutyl-amonlum perchlorate supporting electrolyte .

c. At 90° in argon saturated benzene solution .

d. Calculated by conpari ng relative total i ntensity to that of DMAC.

e. Self absorption by rubrene may lead to the observed low calculated
value for kcat•

4
~~~~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~
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Captions for figures

Figure 1. Eyring plot for the unimolecular thermolysis of perester ,J~ in
argon saturated benzene. Perester concentration 3 x l0~~ M. Rate
constants were determined by measuring the decrease In 9,10-diphenyl-
anthracene chemi l uminescence intenstity which was shown to be directly
proportional to the concentration of the perester.

Figure 2. Catalysis of perester ),~ 
by DMAC . The observed ra te cons tants

were determined by monitoring the OMAC activated chémi l umlnescence in
argon purged benzene solution at 99.9° and were f i rs t or der for three
or more half-lives . The perester was 3 x 10~~ M.

Figure 3. Correlation of total chemiluminescence intensity with activator
oxidation potential (Eox )~ The points , in or der of increas ing E0~
are : DMAC , DPAP , perylene and diphenylethynylanthracene . Measured in
argon purged benzene with activator at 1 x 10~~ M a n d peres ter at
1 x 10~~ M at 99.5°.

1~ ~ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ II ~~~~~.II~~T I I

________ NNI N

/
/

:/T

// s- I l ,  Lii

/ N H

J

,

f

~~~~~~~~ I 1
’ 

(Y)

O) (D C~J O ) tf) N

~~ØT X YdkaL/)D N1 .

:~~~~~
. 

- I I 
II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I I I I

I-I

I T \~ 
_

\ 101

I \
\

\
—

p Il I
‘-I ‘-I
(‘i) 0) N If)
N N ‘-I

(S~O)) 1

II~

II~~~~~4:~~~~~~~~~~~~~~ 1IiT~rA~~~~~
r
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

N

I I I~~~~~~~~~~ 
“4

.
1

- / 0)
s - a )

w
I-

0
(I)

w
I >

_ Co

“4
— X

0

N

(V) CD 0) N if)
00 (0 U) C’) I

N

~ 
0 T X Y 101) I Ni

I t ~~~~~ 

. 
..

I i  ___________________

~~TI



472:GAN:716:tam
78u472—6 O8

TECHNICAL REPORT DISTRIBUTION LIST, CEN

No. No.
Copies Copies

Offi ce of Naval Research Defense Documentation Center
800 North Quincy Street Building 5 , Cameron Station
Arlingt on , Virgini a 22217 Alexandria , Virginia 22314 12
At tn : Code 472 2

U .S. Army Res earch Office
ONR Branch Office P.O. Box 1211
536 S. Clark Street Research Triangle Park , N.C. 27709
Chicago , Illinois 60605 Attn: CRD—AA— IP
A ttn: Dr. George Sandoz 1

Naval Ocea n Systems Center
ONR Branch Office San Diego , California 92152
715 Broadway Attn: Mr. Joe McCartney
New Yc rk , New York 10003
A ttn: Scientific Dept. 1 Naval Weapon s Center

Chin a Lake , California 93555
ONR Branch Office Attn: Dr. A. B. Amster
1030 Eas t Green Street Chemistry Division
Pasad ena , California 91106
At tn: Dr. R. J. Marcus I Naval Civil Engineering Laboratory

Port Hueneme , California 93401
ONR A rea Office At tn : Dr. R. W. Drisko
One Hullidie Plaza , Suite 601
San Francisco , California 94102 Professor K. E. Woehier
Att n~ Dr . P. A. Miller 1 Department of Physics & Chemistry

Nava l Postgraduate School
ONR B— anch Office Monterey, California 93940
Building 114 , Section D
666 Simmer Street Dr. A. L. Slafkosk~#
Bosto.a, Ma ssachuse tts 02210 Scientific Advisor
A ttn : Dr. L. H. Peeble . 1 Commandant of the Marine Corps

(Code RD—i)
Direc tor, Nava l Research Laboratory Washington , D.C. 20380
Va .hiigton , D.C. 20390
At tn: Code 6100 1 Office of Naval Research

I 800 N. Quincy Street
The Assistant Secretary Arlington , Virgin Ia 22217

of :he Navy (R,E&S) Attn: Dr. Richard S. Miller
Departmen t of the Navy
Room !.E736, Pen tagon Naval Ship Research and Development
Wa.hl~gton , D.C. 20350 1 Center

Annapoli s , Maryland 21401
Couimaad.r , Nava l Air Systems Cosinand Attn: Dr. C. BoSmajian
Department of the Navy Applied Chemistry Division
Washington , D.C. 20360
Attn : Code 310C (H. Rosenwasser) 1 Naval Ocean Systems Center

San Diego , California 91232
.~ttn: Dr. S. Ya .lrnmot3, Harine

Sciences D ivi t  ion

• I~~I

_ _ _ _  - - --~-~-.~~~~ ~~~~~~~~~ u 1~~~1TT L ~~



I I

472 : CAN : 716: t
78u47 2—608

TECHNICAL REPORT DISTRIBUTION LIST, 051A

~~o .

Copies

ii.. >~. A. El—Sayed 
Dr. M. Rauhut

~., -~v (~’~sjt y of California , 
American Cyanamid Company

Los Ang oles 
Chemical Research Division

D~’ ,~j r~~rn ent  of Chemistry Bound Brook , New Jersey 08805

L L .  ~rgeies , California 90024 1
Dr. J. I. Zink

~. ~. .-J . Windsor University of California , Los Angeles

1
~~~~h i t e~t on  State University Department of Chemistry

~~pr~rtm ent of Chemistry Los Angeles , California 90024

? u 1~~tn ;n , Washington 99163 1
Dr. B. Schechtman

~‘r. E. k. Bernstein 
IBM

Coior~ do State University 
San Jose Research Center

Departme nt of Chemistry 5600 Cottle Road

~
‘urt t c i l lins , Col ora do 80521 1 San Jose , California 95143

Dc’. C, A. Belier Dr. John Cooper

~~v.i1 Weapons Center Code 6130
~~

I
I~~ ~;59 Naval Research Laboratory

C h i n a  ~~~~ Califo rnia 93555 1 Washington , D.C. 20375

Dr. J, R. MacDonald
N.iva l Research Laboratory
e~ i~~ ry ~i~’isien

Code ~i10
Was~~ir ~gton , D.C . 20375 1

~~~~~~~~~~~~~~~~~~

Urba , I l l i no a 61801 1

Dr. E. M. Eyriog
U n i v e r s i t y  of Utah
Department of Chemistry
Sail Lake City, Utah I

Dr. A. Adamson
Uni veisity of Southern California
Department of Chemistry
Los Argeles , California 90007 1

Lr. “. S. Wrigh ton

~its t usettg Institute of
~~~~

:- :ology
Depar tmen t  of Chemistry
C a m b r i & ~~, ~t assa ch~ set t a  02139 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
I 

I


