Pr Y 4

ELSEVIER

*e;* ScienceDirect

Mendeleev Commun., 1996, 6(5), 183-185

Available online at www.sciencedirect.com

Mendeleev
Communications

Photochemical reactions of monomeric and dimeric radical cations of acetone in freon

matrices at 77 K

Michail Ya. Mel’nikov,* Elena N. Seropegina, Vladilen N. Belevskii, Sergei I. Belopuschkin and Dmitrii V.

Baskakov

Department of Chemistry, M. V. Lomonosov Moscow State University, 119899 Moscow, Russian Federation. Fax: +7 095 939 1814;

e-mail: melnikov@melnik.chem.msu.su

Monomeric [Amax =435 nm, &may =~ (3.6 + 0.6)x 10° dm> mol ! ecm ! ] and dimeric [Agax = 715 nm, &y~ (9.4 £+ 1.2)x 10°
dm>®mol~'em ! radical cations of acetone in a freon matrix at 77 K under the action of light react to form matrix radical cations
and acetonyl radicals CH,COMe with quantum yields of ® > (4.0 + 1.0)x10™> and @ > (2.0 + 1.0)x 102, respectively.

Radical cations (RC) are one of the most important
intermediates of many radiation, photochemical, oxidizing
and catalytic processes. At the same time there is little reported
data concerning the reactivity of electronically excited RC.!
Information about the absorption spectra of RC of different
organic compounds and the quantum yields of their photo-
chemical reactions is practically absent in literature.

The absorption band at A~ 715 nm in irradiated solutions

of acetone in n-butylchloride had been previously assigned to
acetone RC.?> The different behaviour of dimeric and
monomeric RC of acetone in frozen freon solutions under
the action of light has been noted.’

The purpose of the present investigation was to obtain data
about the efficiency and mechanism of the photochemical
reactions of acetone RC with different structures stabilized in
a glassy freon matrix at 77 K.
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Figure 1 Absorption spectra of dimeric (¢) and monomeric (b) acetone
RC in irradiated solutions of acetone (1%) in the FM at 77 K.

Having been deaerated to 107* Torr, acetone solutions
(0.1-10 vol.%) in a glassy freon mixture [1:1 vol., CFCl;
(freon-11) and CF,;BrCF,Br (freon-114B2)] (FM) at 77 K
were irradiated with X-rays (E = 50 kV); the total absorbed
dose was 0.5-2 kGr. The EPR and optical spectra of the
intermediates formed were recorded with the use of E3 Varian
radiospectrometer and Specord M-40 and Shimadzu 3100
spectrophotometers on the same samples, with an optical
pathway of 0.3 cm. A high pressure mercury lamp equipped
with a narrow-band glass filter (4 = 436 nm, Av;,~3000 cm ™ D]
and interference filter (A = 752 nm, Av;;~500 cmfl) was
used as the source of light. The absolute intensity of light was
determined by ferric oxalate actinometry (4 = 436 nm) and
the system triphenylamine—tetranitromethane (4 = 752 nm).*
The values of light intensity were 1.6x107*
einstein cm > 7! (A4 = 436 nm) and 1.35x 1073
einstein em > 87" (A = 752 nm). The volume of each sample
in our experiments was 0.13 cm °. The values of the
extinction coefficients and the quantum yields were calculated
from 6-12 experimental results; the error value was obtained
with a confidence limit of 0.95.

The exposure of acetone solutions (0.1-10%) in the FM to
irradiation at 77 K results in the appearance of an absorption
band with A,,,~715 nm which can be assigned to dimeric
acetone radical cations by analogy with reported data?’
(Figure la).

The correlation observed in concentrated (1-10%) solutions
between the change of the absorption band intensity
(Amax== 715 nm) with the change in concentration of the
paramagnetic centres possessing a singlet signal [which have a
weak g-factor anisotropy (g.v = 2.0032) in the EPR spectra
and are assigned > to dimeric acetone RC] made it possible to
determine both the extinction coefficient and oscillator
strength in this electron transition (Table 1). The concen-
tration of dimeric acetone RC in our experiments was (2.5—
8.0) x 10~ * mol dm™>. The action of light with 1 = 752 nm
on the dimeric acetone RC results in their decay and the
formation of CH,COMe radicals [a(2H) = 20.5 G] accom-
panied by a constant total concentration of paramagnetic
centres. The dependence of the kinetics of dimeric acetone RC
decay on the absorbed dose has a distinct bimodal character,
being indicative of the kinetic non-equivalence of reacting
particles in the solid phase (Table 2). The mechanism of
formation of CH,COMe radicals during the photolysis of RC
was found to be connected with hydrogen atom transfer in the
dimer and to be identical to that observed in their thermal
transformation.

(Me,CO ), — CH,COMe + Me,COH ~ 1)
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Hydrogen atom transfer to monomeric acetone RC from
isopropanol molecules [reaction (2)] was determined with the
use of a spin trapping method reported earlier.’

Me,CO ™ + Me,CHOH —— Me,COH ' + Me,COH )

The possibility of a proton transfer reaction in the
photoconversion of dimeric acetone RC can be excluded from
consideration because, for the RC, it occurs from the position
with maximum spin density,® whereas observed extremely
small values of coupling constants for methyl groups in the
EPR spectrum of dimeric acetone RC (< 2 G)7 indicate a low
spin density in these positions. In this case the nature of the
observed kinetic non-equivalence can be connected either with
a different structure of dimeric RC or with the possibility of
photochemically inactive photons energy restorating the
distribution function of reacting RC."

After photobleaching of the dimeric acetone, RC irradiated
acetone solutions (0.1-10%) in the FM at 77 K exhibit an
absorption band with a maximum at about A~435nm
(Figure 1b). The change in intensity of this band for solutions
with a concentration of acetone in the range 0.1-1% correlates
with the concentration change of paramagnetic centres
possessing a singlet signal with g-factor anisotropy which
can be assigned to the monomeric acetone RC according to
reported data.’ The concentration of monomeric acetone RC
in our experiments was (2.0-4.0)x10"* mol dm~?
Monomeric acetone RC were shown to disappear under the
action of light with 4 = 436 nm. The kinetics of their decay
have a distinct bimodal character, as in the case of dimeric RC
(Table 2). It is important to note that the decrease in
absorption intensity of monomeric acetone RC is accom-
pained by an increase in absorption in the region A~370 nm,
which can be assigned to RC of freon-114B2.'"° Thus the
action of light on monomeric acetone RC leads to charge-
transfer to the matrix molecule. The estimated value of the
extinction coefficient of freon-114B2 RC is about
7%10 dm* mol ™! em !, This is in good agreement with the
value of ~10*dm® mol ! em ™! determined independently
for the irradiated FM. The formation of freon RC is
energetically possible because the photon energy,
Ey, = 2.8 eV, is higher than the difference between the values
of the ionization potentials for acetone (9.69 eV) and that of
the freons used (11.4 for freon-114B2 and 11.77 eV for freon-
11). Photochemical reactions of monomeric RC in diluted
(0.1-1%) acetone solutions are not accompained by the
formation of radicals (these processes lead to a decrease of
the total concentration of paramagnetic centres), whereas in
more concentrated acetone solutions (5-10%) the total
amount of paramagnetic centres is constant during photolysis
and the only product is CH,COMe radicals. The difference
observed in the behaviour of monomeric RC with increasing
acetone concentration can be connected with more effective

Table 1 Spectral characteristics of acetone RC.

RC Amax, DM emaxx 1073 /dm® mol "' em ™! £
Me2CO+-+ ~435 36+ 06 ~0.10
Me,COY,, =715 94412 ~0.25

% The oscillator strength f was found from the equation
£= 43251077 egax Avipo.

Table 2 Quantum yields (®) of photochemical reactions of acetone
RC in the FM at 77 K.

RC @, x10? @,x10% B “
Me2cof+ 40+ 1.0 40+ 1.0 0.35 + 0.05
(Me,CO), 70420 20.0 + 10.0 0.21 +0.08

¢ The proportion of RC with a relatively high reactivity (®,).



charge transfer from the matrix RC to the acetone dimers (the
ionization potential of dimers of polar compounds is
significantly lower than for monomers) and their subsequent
transformations.

Me,CO"—>Me,CO + FM * (3)
FM®+ FM~—2 FM @)
FM" + (Me,CO), — FM + (Me,CO %), (5)

Our results confirm that reactions (3) and (4) occur under
the action of light on monomeric acetone RC. We have no
proof of the occurrence of reaction (5) [we failed to see the
absorption band (D < 0.05) belonging to dimeric acetone RC];
however, it should be taken into consideration in oder to
explain the effects observed in the photolysis of monomeric
acetone RC in concentrated solutions in FM. The small values
of quantum yields (Table 2) of reaction (3) indicate a relatively
low efficiency of charge-transfer to the matrix.
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