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Synopsis. A visible chemiluminescence (CL) has been
found from the air oxidation of 9-benzyl-10-methylacridi-
nium iodide, in contrast to the case of 9-benzylacridine, from
which only a feeble CL could be detected. The difference in
the CL quantum yields from the acridinium salt and
acridine is interpreted in terms of a ““CL quenching” of the
chemiexcited species by benzaldehyde generated simul-
taneously in a solvent cage.

We have found a visible chemiluminescence (CL) of
9-benzyl-10-methylacridinium iodide? (1) upon base-
catalyzed air oxidation: a solution of potassium ¢-
butoxide (t-BuOK) in ¢-butyl alcohol (:-BuOH)
(2X10-2 mol dm-3, 0.2 cm3) was added to an aerated
solution of 1 in N,N-dimethylformamide (DMF)
(1.0X104 mol dm=3, 2.0cm3) at 313K. The CL
emission with a peak at 415nm showed the same
spectral distribution as that of the fluorescence of 10-
methylacridone (3) and the spent reaction mixture.
Benzaldehyde was detected as one of the reaction
products by gas chromatography. The overall CL
quantum yield was determined to be 2.5X10-3. The
reaction pathway involving the cleavage of 10-methyl-
4’-phenylspirofacridine-9(10H),3’-[1,2]-dioxetane] 2
shown in Scheme 1 seems most probable for the CL of
1, since 2 is known to give singlet, excited 10-
methylacridone (3*), together with benzaldehyde, on
decomposition.? In a previous paper,® a similar
reaction pathway via the cleavage of a dioxetane
intermediate 5 to give excited singlet acridone anion

(6%), shown as Scheme 2, was presented as the
mechanism? for the CL of 9-alkylacridines. Among
these, 9-methylacridine (4c) produced the excited
product 6% in a relatively high CL quantum yield
(6.3X10-3), while 9-benzylacridine (4a) and 9-(di-
phenylmethyl)acridine (4b) produced 6* in extremely
low yields (1.5X10-8 and 1.1X10-% respectively), in
spite of the high yield of unexcited acridone anion (6).
Thence, there remained the problem of why the CL
quantum vyields from 4a and 4b are far lower than
those from 4c and 1.

Recently, Perkizas and Nikokavouras® have pro-
posed a “CL quenching’’ process of an excited moiety
by the simultaneously produced leaving moiety in a
solvent cage: an efficient quenching would arise
through molecular collision inside the solvent cage if
the quenching probability per collision were great.
This paper will present some experimental results
giving support to the idea that the low CL quantum
yields from 4a and 4b are due to a CL quenching.

When the CL quenching arises through the
collision of two moieties produced inside a solvent
cage, the apparent CL quantum yield () is given
approximately by the following equation:

D = P°k-q/(k-a t+ k)

where @° is the proper CL quantum yield, obtained as
the product of the yield of the excited product from the
substrate and the fluorescence quantum yield of the
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excited product, k—q is the rate constant of the moieties
to get out of the cage, and k. is the rate constant for
energy transfer by collision.

The Stern-Volmer constant (K, ) for the quenching
is given by the following convenient equation:

Ko = (Io/1 — 1)/[Q] = ket

where Io and I are the fluorescence intensities of an
excited species in the absence and in the presence of a
quencher Q at a given concentration [Q], kq is the
quenching rate constant, and 7 is the lifetime of the
excited species in the absence of Q. When the
quenching arises via a diffusion controlled encounter
in a solvent cage, kq is given approximately by the
following equation:

kq = kake/ (ke + k—q) = kap

where kq is the rate constant for the molecular
diffusion in the fluid solution and p is the quenching
probability per encounter. Thus, @ is given by:

@ =0°(1 — ky/ka) = °(1 — p)

If the two CL systems, I and II, are assumed to posses
similar k¢ and @°, the following relation is
established:

o(I)/{1 —p(h} = @IN/{1 — p(ID)} = #°

Thus, the effect of the CL quenching on the CL
quantum yield can be interpreted by taking account
of the value of p (=kq/ks) obtained from the Stern-
Volmer analysis.

The plot of Ip/I—1 versus [Q] for the quenching of
3* and 6* by benzaldehyde and of 6* by benzophenone
in DMF solutions containing ¢-BuOK and t-BuOH at
313 K were determined; the slopes of the lines gave the
values of Kw(1)=10.3, K.(4a)=145, and K.(4b)=144
dm3mol-1.® From the values of K, and 7 (7.6X
10-95)7:®, ko(1), kq(4a), and kq(4b) were calculated to be
1.4X109, 1.9X10%° and 1.9X10!° dm3 mol-1s-! respec-
tively.

These experimental values give the following
relation:

1.5 X 10-6/{1 — p(4a)} =1.1 X 10-5/{1 — p(4b)}
=2.5X 10-3/{1 — p(1)} = &°

Since @°=2.5X10-3, the values of 1—p(4a) and
1—p(4b) might be very small, indicating that
ka~kq(4a)~kq(4b)~1.9X101° dm3 mol-1s-1, though the
value is somewhat larger than that calculated by the
use of ke—=8RT/3n.9 Taking ks=1.90X101° dm3 mol-?
s71, a large value of 1—p(1) is obtained by the
following calculation:

1—p(1)y=1—1.4X10°/1.9 X 1010 = 0.93

It is, therefore, reasonable to conclude that an
efficient CL. quenching arises in the CL system of 4a
and 4b because of the extremely low value of 1—k¢/ k4
whereas no remarkable CL quenching occurs in the
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CL of 1 because of the large value of 1—kq/ka.

No appreciable quenching of 6* by formaldehyde!®
was observed. Thence, the much higher CL quantum
yield from 4c than from the analogues seems to be
attributable to the absence of “CL quenching”.

Experimental

Materials. The 10-methyl-9(10H)-acridone (Aldrich) and
9(10H)-acridone (Tokyo Kasei) were chromatographically
pure. The luminol was recrystallized from dilute
hydrochloric acid prior to use. The benzaldehyde and
benzophenone were purified by distillation prior to use.

Measurement of CL and Fluorescence. The intensity
and spectrum of CL were measured on a Opelecs CLS-1
chemiluminescence spectrophotometer equipped with a
R446 photomultiplier and 1200/mm grating. The overall
CL quantum yield, defined as (total light per unit
volume)/(the initial concentration of the substrate), was
determined from the ratio of the total light emitted from the
CL of the substrate to that from a standard luminol solution
in the same way as has been described previously.® The
fluorescence spectrum was measured on a Hitachi MPF-2A
fluorescence spectrophotometer.

We wish to express our gratitude to Prof. Jiro
Tanaka and Dr. Nobuaki Kanamaru (Department of
Chemistry, Faculty of Science, Nagoya University) for
the measurement of the lifetime of the excited species
and to Prof. Motoo Yasuda and Mr. Kiyoshi Mizutani
(Department of Chemistry, College of General Educa-
tion, Nagoya University) for the measurement of the
viscosity.
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