Thermal generation of singlet oxygen'3,0,) on ZSM-5 zeolite
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Thermal generation of equilibrium 'A,O, in air at moderate temperatures and non-equilibrium thermal desorption of singlet oxygen
from Ca—Cs/ZSM-5 zeolite were experimentally detected.

The participation of singlet oxyge®(O,) in the oxidation of
hydrocarbons on heterogeneous catalysts was discussed previ-
ously’-3 Data on the thermal desorption #£,0, from the
Li-Sn—P-O systethand \,Og catalystd were reported, and
indirect evidence of the occurrencel® O, at the surface of g
transition metal oxides was also obtained by EPR spectroscopy.o
However, these results are inadequately reproducible, and unti§
the present time there is no direct evidence of the participatiorno
of thermally generate®\ O, in oxidation reactions (either homo- o
geneous or heterogeneous), although the possibility of the direc®
thermal excitation of oxygen to a singlet state was considereds
by Turro* Moreover, the thermal generation #,O, in an F 1
equilibrium concentration at moderate temperatures accordingy

to the reaction
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(the reverse of the quenching of singlet oxygen) was not ob-

served (probably, because of the absence of sensitive methods : ' : ' : ' : '

for the detection ofA,0,). 0 200 400 tis 600 800
Previouslye a sensitive chemiluminescence (CL) technique

for the determination of extremely low concentrations of singlef'9uré 1 Thermal generation of equilibriufd,0, in an empty quar
. hase was developed. This techniaue a”OWre ctor under ct_)ndmons pf a stepwise increase in the temperatu
oxygen in a gas p ped. q 8E%ector was calibrated using a photochemical generatay0f).

us to perform continuous measurements of equilibriag®,

concentrations in air at relatively low temperatures and to ex- If a sufficient ballast volume or a glass filter was placed

amine non-equilibrium thermal desorptiontafO, from zeolites.  between the reactor and the CL detector, the signal vanished
The generation of singlet oxygen took place in an air flondue to!A,O, quenching. The same behaviour was observed in

(pressure of 60 Torr and linear velocity of 1.2+1# passed experiments when singlet oxygen was photochemically generated

through a heated zone of a quartz tubular reactor (30 mm im a glass tube coated with methylene blue (in place of a heated

length and 5 mm internal diameter). At the reactor outlet, theeactor).

gas was rapidly cooled to ambient temperature and then arrived Taking into account all of the results, we can state with as-

at a CL detector (for experimental detail, see ref. 5). Becausgurance that direct thermal generationt&§O, in equilibrium

the time of singlet oxygen quenching in air is rather long (~1 £oncentrations took place in our experiments. Note that a simple

at 60 Torr and room temperature), the equilibritigO, con-  blank reactor can be used as a reliable standard source for

centration corresponding to the temperature of the heated zowalibration because the temperature dependenég,0f con-

of the reactor can be measured. In this case, the quenching a@ntration at the reactor outlet is determined by equation (2).

1A40, during the time it takes for air to be cooled and trans- The Li-Sn—P-0O and XD catalysts generatéd,O, only in

ferred to the CL detector is negligible. equilibrium concentrations in our experiments. 'Ighus, they exhi-
The equilibrium?A O, concentration is determined by the bited no difference from an empty reactor.

expression [in the case G(*A,0,) << C(O,)]® ar

C(*840,) = C(O,)(9r/g,)exp(-E/RT) @

where C(1A,0,) is the equilibrium!A O, concentration in the
gas phase at the temperatliy€(0O,) is the ground-state oxygen
concentration (total oxygen concentratiog){g, is the elec-
tronic statistical weight ratio for the singlet and ground triplet
states of oxygerg,/g, = 2/3 (ref. 6);E is the excitation energy
of the oxygen singlet state (the enthalpy of formatiol\gD,).
Indeed, the intensity of the thermal formation of equilibrium
1A,O, was essentially the same on various catalysts (Ca—Cs
ZSM-5, the Li-Sn—P-O system andQ{) and in an empty
reactor. Figure 1 demonstrates a typical curve for this processy ok
The energ)E calculated from these data using equation (2) is
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88.6 kJ mot! (£10%), which is consistent witd = 94.2 kJ motl, 20 60 100 140 180 220 ovenoff
as found from spectroscopy datdihe corresponding preexpo- TG S S S
nential factorC(0O,)(9,/g,) is ~6x137 molecule cm3 (the calcu- 0 100 ts 200 300

lated value for air at 60 Torr and room temperature is 3¥x10 o )
molecule cm3, the difference may be due to incorrect indepen-F'gure 2 Non-equilibrium thermal desorption & O, from Ca—-Cs/ZSM-

. . zeolite under conditions of a linear increase in the temperature (the c
ggg;)cahbratlon of the CL detector at lomgOZ concentra- was calibrated with thermally generated equilibritdigO, at the outlet ¢

an empty quartz reactor).
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The non-equilibrium generation &0, (i.e., in higher than Anyway, this experimental fact is the first example of the
equilibrium concentrations) was observed only on zeolite sampleson-equilibrium thermal production &\,0, over heterogene-
(ZSM-5 exchanged with alkaline and alkaline-earth cations)ous catalysts (with the exception of the restitsyhich were
Figure 2 demonstrates a typical plot of the thermal desorptiofound to be irreproducible).
of 1A4O, from Ca—Cs/ZSM-5 zeolite. The sample was prepared
from H-ZSM-5 (Si/Al ratio of 80) by continuous ion exchange References
in a 0.IM CsNG, S°'|”t.'°” dand6th(<)egén. a QMf Ca(’;‘]Q)Z dsolu- M. Che and A. J. TenctAdv. Catal, 108332, 1.
tion. Next, it was calcined at 650 °C in air for 4 h and exposeq ;' gyijory and €. M. Shiblond, Catal, 197854, 24.
to dry air at room temperature for 16 h prior to the use in expez | o myasnikov, V. Ya. Sukhachev, L. Yu. Kupriyanov and S. A. Zavjalov,
riments. in Poluprovodnikovye sensory v fiziko-khimicheskikh issledovaniyakh

It can be seen in Figure 2 that, in addition to the thermal (Semiconductor Sensors in Physico-Chemical Stydk391, Nauka,
generation of equilibriurﬁAgOZ, which is detectable at tempe-  Moscow, p. 307 (in Russian).
ratures higher than 140 °C, the curve exhibits a low-temperature N. Turro, Tetrahedron 1985,41, 2089. _
peak of non-equilibrium thermal desorption .0, (Tj= f'yﬁyic’@ﬁgﬁvlggg ;S'f'go%'fc’zh' Fiz. Khim, 1998,72, 2094 Russ.
=55 °C). This peak completely disappeared in the subsequent:: > -y :
thermal desorption experiments. The capacity of the zeolite fof B LeWis: G. von ElbePhys. Rey.1932,41, 678.

iliori d fi W t d aft S. Bernan). Mol. Catal, 198845, 225.
non-equilibrium desorption 0iRgV, was restored after expo- g v | vjadimirova, Yu. N. Rufov and O. V. KrylovKinet. Katal, 1977,

sure to air at ambient pressure for 24 h. 18, 809 Kinet. Catal.(Engl. Transl), 1977,18, 675].
It is obvious that, in this case, oxygen molecules adsorbed on
the zeolite are the source #§;0,. The reasons why the con-
centration of electronically excite\,O, in desorbed oxygen
exceeds an equilibrium value are unclear. It is our opinion that
the following factors can be responsible for this phenomenon:
(i) stabilization of théA, state of an adsorbed, @olecule as a
result of splitting two degeneratg - orbitals! in strong elec-
trostatic fields within zeolite channels:{0°V m-1in ZSM-5Y
and (i) differences in the activation energies of adsorption (and
desorption) for the grountt; and excitedd, states of oxygen
moleculesg.g, at the surface of MgQg, adglAgOz) =0, while

Eaaa{®Z40,) > 0 (ref. 8). Received: 8th July 1999; Com. 99/1515
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