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The Singlet Sensitized Decomposition of Benzoyl Peroxide
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In spite of recent investigations by several groups
of workers,»® the mechanism of the photochemical
decomposition of benzoyl peroxide remains puzzling.
We wish to present clear evidence that irradiation
of benzoyl peroxide in benzene in the presence of
aromatic hydrocarbons such as chrysene, anthracene,
pyrene, naphthalene or phenanthrene, under nitro-
gen with light of 366 nm or over 300 nm at room
temperature leads to the sensitized decomposition
of the peroxide (denoted by P) by the added hydro-
carbons (denoted by S) in their excited singlet
states through the following mechanism.

S*(S,) + P(Sy) —%> X S
X e S(Sy) + Decomposition Fragments 2)

X 7, 88 + P(Sy) 3)

Thus, the excited singlet sensitizer, on interaction
with the peroxide, forms an exciplex (process 1),
which subsequently undergoes either decomposi-
tion leading to products (process 2) or deactivation
(process 3).

The above mechanism for the singlet sensiti-
zation is supported by the following findings. First,
the quantum yield of the decomposition of the per-
oxide (0.02m) in the presence of chrysene or phenan-
threne was scarcely reduced by the addition of 1,3-
pentadiene. For example, the quantum yield
observed with added chrysene (0.0064M) was 0.38
and 0.37 in the absence and in the presence (0.08M)
of 1,3-pentadiene, respectively. Secondly, fluores-
cence of the aforementioned hydrocarbons in ben-
zene was effectively quenched by benzoyl per-
oxide,*! obeying the following Stern-Volmer equa-
tion: Ip/I=1+k,,[P], with k,r, 105, 39, 171 and
160 mol— [ for chrysene, anthracene, pyrene and
naphthalene respectively, where I, and I represent

*1  Fluorescence was measured without exclusion
of atmospheric oxygen, with exciting light of 366 nm
except for naphthalene which was excited with 300 nm.
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the intensities of the fluorescence of the hydro-
carbons in the absence and in the presence of
the peroxide in the concentration [P], respectively,
and 7, denotes the average life time of the excited
singlet state in the absence of the peroxide. Thirdly,
plots of the reciprocals of the quantum yields for
the decomposition of the peroxide (&) measured in
the presence of a constant concentration(0.007M) of
chrysene irradiated with 366 nm light were shown
to be linear with the reciprocals of varying concen-
trations of the peroxide, and were analyzed accord-
ing to the following Stern-Volmer equation, which
is derived from the aforementioned mechanism:
1/®=(1+k4'[k,) - (1+1/k,zo[P])). The value for
k4’ [k, was shown to be 0.98 and that for k,7, to be
1.87x 102 mol~1/. The latter value agrees satis-
factorily with the aforementioned value for %,7,,
1.05x 102 mol~*/, obtained from the quenching of
the fluorescence of chrysene. Fourthly, the ex-
perimental values for £,7, for the hydrocarbons ex-
amined, on being divided by the reported values
for 7,,% give the values for £, in the range of 10°—
101 mol-1/ sec™ (for example, 9.8 x 10? mol—/ sec™!
for anthracene, with 7, reported to be 4 X 10~ sec?),
nearly equal to the magnitude of the diffusion-
controlled rate constant. The fluorescence spectra
of the above hydrocarbons do not overlap with
the absorption spectrum of the peroxide, the former
being in longer wave length region than the latter.
These facts rule out the possibility that the excited
singlet hydrocarbon undergoes energy transfer to
the peroxide by resonance mechanism? or by simple
collisional mechanism,”? therefore supporting the
mechanism shown in the above scheme in which
the energy transfer takes place through the formation
of the exciplex.”

The present conclusion together with previous

results'™® clearly demonstrates that, among sensiti-
zers, aromatic hydrocarbons act in their excited
singlet states, and aromatic ketones (if they act at
all) in their excited triplet states to sensitize the
decomposition of benzoyl peroxide.
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