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Chemiluminescence occurring upon decomposition of dimethyldioxirane
adsorbed from the gas phase onto a silipor surface in the presence of
tris(bipyridine)ruthenium(II) and 9,10-diphenylanthracene
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Chemiluminescence arising upon decomposition of dimethyldioxirane adsorbed from the gas phase onto a silipor surface
containing tris(bipyridine)ruthenium(Il) and 9,10-diphenylanthracene has been found and some mechanisms of activation have

been suggested.

One of the most attractive and interesting properties of
such powerful oxidizing reagents as dioxiranes (for example,
see refs. 13) is their chemiluminescence. Indeed, it was
previously assumed that upon isomerization of dioxiranes
( H°>356 kJ mol™) the formation of a triplet excited ester
was possible.*
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Recent experimental investigations have completely confirmed
this assumption. Thus, it was found that decomposition
of dimethyldioxirane (DMD) in an oxygen-free acetone
solution was accompanied by light emission.’ The same
phenomenon was observed upon interaction of dioxiranes with
tris(bipyridine)ruthenium(II) [Ru(bipy)3]6 and some aromatic
hydrocarbons.z’7 In addition, dioxirane as intermediate has been
postulated as a source of chemiluminescence in a number of
chemical®® and biochemical'® systems.

Recently, we were able to show that isomerization of DMD
adsorbed from the gas phase onto a silipor surface is also
accompanied by chemiluminescence.'! Since the adsorption of
luminescent compounds is known to substantially change their
photophysical properties,'? the latter observation offers a quite
new and promising direction in the investigation of the
luminescent properties of dioxiranes. In this connection, in the
present work some features of chemiluminescence in the
system DMD,, —silipor are considered and the significant
increase in chemiluminescence intensity in the presence of
Ru(bipy); and 9,10-diphenylanthracene (DPhA) placed on the
silipor surface is reported for the first time.

The Iuminescence was recorded as follows. DMD solution
(2 ml) in acetone ([DMD], = 6X0 * mol dm?) was introduced
into a cell connected to another cell (V=27 ml) containing
100 mg of silipor (Silipor 400, Chemapol, 0.125-0 .160 mm,
400 m* g') and placed above the photocathode of a FEU-140
photomultiplier. An argon flow entering the first cell captured
the acetone vapour with the DMD, and this mixture entered
the second cell, which was thermostatted at the required
temperature. The argon flow was then stopped and chemi-
luminescence was recorded under static conditions. DPhA and
Ru(bipy); were sorbed on silipor as described in ref. 13.

Thus, upon decomposition of DMD on a silipor surface
chemiluminescence is observed (maximum intensity of chemi-
luminescence at 75 °C is equal to 5.7X0  photon s*). The
chemiluminescence emitter (estimated by means of light
filters) was found to be triplet excited methyl acetate (MA%,
Amax = 390 nm, see ref. 14). The kinetics of chemiluminescence
decay follow an exponential law. It is interesting to note that
the rate constant of luminescence decay k,=0.01s" hardly
depends on temperature (659 0 °C). From our point of view
this is associated with the fact that k; is an effective value,
which depends [apart from reaction (1)] on the adsorption—
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Figure 1 The dependence of k[, and the light total on Ru(bipy),
concentration (75 °C) during DMD,,, decomposition on a silipor surface.

desorption equilibrium of DMD. An increase in the efficiency
of DMD desorption from the silipor surface with an increase in
temperature obviously compensates for the increase in the rate
constant of isomerization reaction (1), which results in a
constant value for k. The chemiluminescence yield (gcl)T upon
decompostion of DMD (the light sum S =7x0 ° photons,
75 °C) adsorbed from the gas phase on the silipor surface is
equal to 4X0 ° Einstein mol™ and the excitation yield (*)* of
MAZ is 10*. It should be pointed out that 7,;, estimated by us,
is the lowest possible, because we have assumed that the whole
quantity of DMD is adsorbed on a sorbent surface. However,
this part can amount to only several percent and in reality
the value of 5, should be much higher. One can assume
that decomposition of chromophore-containing dioxiranes'>!'®
(for example, dimesityldioxirane or diphenyldioxirane), whose
phenyl derivatives possess a greater radiation efficiency, can
give us the possibility of observing much brighter chemi-
luminescence.

The value of chemiluminescence yield in the system
DMD,silipor i s nearly two orders of magnitude higher than

that obtained by us when investigating DMD decomposition in

T DMD exists only as an acetone solution.!™ Since DMD solutions in
acetone are distilled with hardly any fractionation,! in order to calculate
the DMD concentration in the gas phase we have assumed that the
density of DMD and acetone vapours are equal to each other.

% There are no data in the literature concerning the radiative efficiency
of MA%. Therefore, to calculate its excitation yield we have assumed
that the phosphorescence yield of methyl acetate (1, is at least
no higher than that of related compounds, i.e. ketones: 10~ .
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oxygen-free acetone solutions.’> Obviously, this is associated
with the favourable conditions for chemiluminescence on a
sorbent surface (for example, the absence of quenching by
solvent and different impurities in solution). The other reason
obviously lies in the mechanism of DMD decomposition
itself. In fact, in solution (without oxygen) DMD is mainly
decomposed by a radical-chain mechanism>!” (‘dark’ reaction).
That part of chemiluminescent reaction (1) is negligible.
Instead, on a sorbent surface the radical-chain processes are
not so effective and the isomerization reaction plays a major
role in DMD decomposition, which results in a significant
increase in chemiluminescence yield.

In the presence of Ru(bipy); adsorbed on the silipor
surface, a significant increase in chemiluminescence intensit
is observed. Thus, at 75 C and [Ru(bipy);], = 1x10® mol g
the maximum intensity of luminescence increases by a factor
of 100. The luminescence emitter was found to be Ru(bipy);.
However, in contrast to the DMD decomposition on non-
activated silipor, the kinetics of chemiluminescence damping in
the presence of Ru(bipy); have a more complicated character:
a rapid exponential drop in the chemiluminescence intensity
followed by a much slower exponential decay. The maximum
luminescence intensity on the second (slow) part is about 10%
of that on the first (rapid) one. One can suppose that it is the
rapid part of the kinetic curve that reflects DMD decomposition,
whereas luminescence on the slow part is obviously caused by
decomposition of labile compound, formed during oxidation of
the complex by the dioxirane.

Ru(bipy); considerably increases the rate of DMD decom-
position. The dependence of the rate constant of chemi-
luminescence damping on the first part of the kinetic
curve on Ru(bipy); concentration is linear (see Figure 1):
kl;=a + b[Ru(bipy);], where a and b are constant values. From
Figure 1 it follows that a = (1.7+0.6)x107, b = (9.6+1.8)x0 °.

As we anticipated, the light total of the reaction in the system
DMD,, —silipor-Ru( bipy); (see Figure 1), as well as chemi-
luminescence yield (=3x107 Einstein mol™) is considerably
higher then that on non-activated silipor. However, the yield
of chemiexcitation of Ru(bipy); (=3x0 ®) is one order of
magnitude lower than the corresponding value for methyl
acetate. Obviously, the increase in chemiluminescence in the
presence of Ru(bipy);, adsorbed on silipor, is caused by the
higher radiation yield of the complex (0.0095), which is three
orders of magnitude higher than 7,,, for methyl acetate.

One can suppose that the activation of luminescence by
Ru(bipy); in the course of the decomposition of DMD on the
silipor proceeds via a chemically induced electron exchange
luminescence mechanism (CIEEL), which is akin to that
observed in solution:®
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Taking into account the fact that dioxiranes possess a high
enough electron affinity (2eV)'® and readily participate in
electron-transfer reactions,'® the CIEEL mechanism seems to
be very possible.

It is of interest that the samples of silipor containing DPhA
also give more intense chemiluminescence and accelerate
the rate of DMD decomposition compared with that on
the non-activated silipor. Thus, at 75°C and [DPhA]=
=1x0 ® mol g the rate constant observed and the maximum
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intensity of luminescence increase by 2 and 10 times,
respectively. This was previously reported'2*2! for the oxidation
of some polycyclic aromatic hydrocarbons (PAH) (such as
chrysene, pyrene and others) adsorbed on a sorbent surface, by
DMD. The main principle of the method was very close to that
used by us in the present work, namely, DMD was supplied on
a sorbent surface from the gas phase. Since DPhA is also
related to PAH, it seems very possible that the interaction of the
DMD,,, with the other PAH, adsorbed on the surface, will give
us a very useful method for studying the kinetics of such
reactions by following the chemiluminescence. However, this is
the subject of further investigations.
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to the Russian Foundation for Basic Research (grant
no. 96-03-33871) for making this work possible.

References

1 R. W. Murray, Chem. Rev., 1989, 89, 1187.

2 W. Adam, L.P. Hadjiarapoglou, R. Curci and R. Mello, in Organic

Peroxides, ed. W. Ando, J.Wiley, New York, 1992, ch. 4, p. 195.

R. Curci, A. Dinoi and M. E. Rubino, Pure Appl. Chem., 1995, 67, 811.

W. Adam and R. Curci, Chim. Ind. (Milan), 1981, 63, 20.

D. V. Kazakov, A. 1. Voloshin, N. N. Kabal’'nova, S. L. Khursan, V. V.

Shereshovets and V. P. Kazakov, Izv. Akad. Nauk, Ser. Khim., 1997, 477

(Russ. Chem. Bull., 1997, 46, 456).

6 D. V. Kazakov, A.I. Voloshin, N. N. Kabal’nova, V. V. Shereshovets
and V. P. Kazakov, Izv. Akad. Nauk, Ser. Khim., 1997, 1138 (Russ.
Chem. Bull., 1997, 46, 1089).

7 D. V. Kazakov, N.N. Kabal’'nova, A.I. Voloshin, V. V. Shereshovets
and V. P. Kazakov, Izv. Akad. Nauk, Ser. Khim., 1995, 2286 (Russ.
Chem. Bull., 1995, 44, 2193).

8 M. E D. Steinfatt, J. Chem. Res. (S), 1985, 140.

9 A. M. Nazarov, A. L. Voloshin, G. A. Yamilova, V. D. Komissarov and
V. P. Kazakov, Izv. Akad. Nauk, Ser. Khim., 1996, 2593 (Russ. Chem.
Bull., 1996, 45, 2462).

10 F. M. Raushel and T. O. Baldwin, Biochem. Biophys. Res. Commun.,
1989, 164, 1137.

11 D. V. Kazakov, A.I. Voloshin, N. N. Kabal’nova, V. V. Shereshovets
and V. P. Kazakov, Izv. Akad. Nauk, Ser. Khim., 1996, 2582 (Russ.
Chem. Bull., 1996, 45, 2452).

12 Y. S. Lin, P. de Mayo and W. R. Ware, J. Phys. Chem., 1993, 97, 5995.

13 V. P. Kazakov, A. 1. Voloshin, S. S. Ostakhov and N. Sh. Ableeva, Izv.
Akad. Nauk, Ser. Khim., 1995, 447 (Russ. Chem. Bull., 1995, 44, 432).

14 D. V. Kazakov, A.I. Voloshin, N. N. Kabal’nova, V. V. Shereshovets
and V. P. Kazakov, Izv. Akad. Nauk, Ser. Khim., 1997, 938 (Russ.
Chem. Bull., 1997, 46, 893).

15 A. Kirschfeld, S. Muthusamy and W. Sander, Angew. Chem., Int. Ed.
Engl., 1994, 33, 2212.

16 W.Sander and A. Kirschfeld, in Advances in Strain in Organic
Chemistry, JAI Press Inc., London, 1995, vol. 4, p. 1.

17 M. Singh and R. W. Murray, J. Org. Chem., 1992, 57, 4263.

18 M. Cantos, M. Merchan, F. Tomas-Vert and B. O. Ross, Chem. Phys.
Lett., 1994, 229, 181.

19 W. Adam, G. Asensio, R. Curci, M. E. Gonzalez-Nuiiez and R. Mello,
J. Am. Chem. Soc., 1992, 114, 8345 (and references cited therein).

20 R. W.Murray, M. K. Pillay and M.J. Snelson, in Polynuclear
Aromatic Hydrocarbons: Measurements, Means, and Metabolism, eds.
M. Cooke, K. Loening and J. Merritt, Battelle Press, Columbus, Ohio,
1991, p. 615.

21 R. W. Murray and W. Kong, Polycyclic Aromat. Compd., 1994, 5, 139.

ok W

Received: Moscow, 10th July 1997
Cambridge, 20th November 1997, Com. 7/05300B



