Formation of O; radical anions on the adsorption of NO + Qand NGO, + O,
mixtures on ZrO, according to EPR data
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The O; radicals are formed at the surface of ZrO, by the interaction of adsorbed NO or NO, with oxygen at coordinatively
unsaturated Zr#+ cations.

The formation of @ radicals during the adsorption of, H O,, was heated at a rate of 12 K nfimnder continuous evacuation.

H-X + O, and CH + O, on MgO—+and GHg + O, on Mo/MgO  The desorption spectrum was recorded on an MX-7303 mass

and V/MgO catalystshas been well investigated. Moreover, spectrometer.

the superoxide anion was also observed on the adsorption of The adsorption of @ NO or NG, on ZrO, at room tempe-

NO + O, on CeQ; however, this effect is little understobd. rature was not accompanied by the appearance of EPR signals.
We found the EPR signal of a complex after the adsorptioklowever, an EPR signal was formed after the admission of NO

of NO + G, and NQ + O, mixtures on thermally activated ZsO (50 Pa) and then £0(2x1® Pa) (Figure 1, curv&). The spec-

The properties of the complex were investigated, and it wasum remained unchanged after the gas was pumped out at 293 K,

classified as the Pradical adsorbed on the4Zication. and the corresponding concentration of paramagnetic complexes
Zirconium dioxide in a tetragonal modification with a spe-is 6x108 spin g

cific surface area of 1004y was prepared from Zr(Ng), of The spectrum of the complex almost disappeared in an NO

analytical grade according to the published procedure. atmosphere (2x2®Pa) and was broadened in, @x10 Pa)

The EPR and temperature-programmed desorption (TPD(Figure 1, curve2 and 3, respectively). The spectrum was
measurements were performed in EPR tubes in a vacuum usingmpletely restored by evacuating the gas. These changes re-
35 mg samples. The test sample was pre-heated at 970 K asdlted from the dipole—dipole interaction between complexes and
104 Pa for 1 h. After the thermal treatment, the sample wagaramagnetic molecules.
cooled to room temperature, and a gas was adsorbBd- at The following g-tensor values were found from the spectra
(0.5-10)x18 Pa for ~3 min. The EPR spectrum was measuredecorded at 77 and 293 l§; = 2.033,9, = 2.007 andy; = 2.003.
at room temperature and 77 K using an ESR-V spectrometékn EPR signal (Figure 2) with the same parametgrs 2.033,
(Institute of Chemical Physics) with a Diapason temperatureg, = 2.007 andy; = 2.003), which corresponds to thg €dical
controlled attachment. The concentration of radicals was foundnion, was observed upon the photoadsorption of oxygen under
by the double integration of the EPR spectrum with the use aflumination of the oxide with light from a DRSh-1000 mercury
CuSQ,-5H,0 as a reference samgle. lamp atP = 103 Pa andrl = 293 K.

In the TPD experiments, a test gas was adsorbed for 5 min, The agreement between the spectra (Figures 1 and 2), the
and the system was then evacuated for 20 min. Next, the samgevalues and the published datuggests that the ;Oradical
anion is formed in the adsorption of NO 4 @Gn ZrO,.

In accordance with the ion modetihe charge of a stabilising
cation is equal to +4 fay, = 2.033. Consequently, the;Gadi-
cal is localised at the Zrcation.

In the reaction of adsorbed N®ith oxygen on the oxide,
an analogous P radical was observed; however, it was more
weakly bound to the surface. The radical was detected only in an
O, atmosphere and disappeared upon evacuating the gas.

We failed to detect Dradicals after heating the sample in
oxygen at 970 K followed by cooling in,Qo room tempera-
ture or 77 K. However, the signal of;Gappeared immediately
after the evacuation of oxygen and the admission of NO and
then Q. In the photoadsorption, the intensity of thg Slgnal

DPPH

l

05 = 2.003 05 = 2.003

Figure 1 EPR spectra of complexes after the adsorption of NO grahO  Figure 2 EPR spectrum of the Dradical in a vacuum after the phc
Zr0O, (1) in a vacuum org) in NO and 8) in O, atmospheres. adsorption of oxygen.
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Figure 3 Intensities ¢ the EPR sjectra of G radical anions as functions
of the temperature of reaing smples with radicalsin avacuum for 5 min:
(1) 07 (NO +0,) and (2) O; (UV +O53).
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slowly increased for 1 h and wasdwer than tha after the ad-
sorptionof NO + O, by oneorder of magnitudeConsequenyl
the formaton of the G (NO + O,) radicalson ZrQ, proceeds
more éfectively thanthat d the Gy (UV + O,) radicds.

The amout of O; radicals deperslon the gas pressure. At
an NO pressurelver than D Pa (O,, 2x102 Pa), the amount of
O; radicak decreased. TheOradicals were alsformedon the
admisson of oxygen to the sample witldsoibed NO; fowever,
the amount wai2x108g-1 In this case, NO vgadsorbel at
1x1 Pa for3 min, andthe gawas then pumpedut for 2 min.

The amount of @ radicals depends on the tpenature T,)
at which tle sample was heated a vacuum.lt increased from
2x1017to 6x108 g-1 as the temperatumeasincreasedrbom 500
to 90 K.

The dependence of €O, concentration onT, ard Pyq
allows us b conclude that lewis acid sites are brmed during
the dehydration of the ZgGsufacel®-12 We edimated the con-
centration of coordinately unsaturated 2t caions from the
EPR spectraf (NO-Zr*+) compkxes-3 formed o the adsarption
of NO (1x102 Pa, 77 K) to be X109 g-1. Thisvalueis consistent
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Figure 4 Spectra of TPD from zirconium dioxide after the adsorgion of
(1) oxygen and (2) NO and (3, 4) after the formation of O; radicalson the
adsorpton of NO + O,.

with the concatration of G radicals 6x18 g-1. Thus, coordi-
natvely unsdurated Zf+ cations ca paticipate in the formation
of the anion radicals.

Different pecies were obseed durirg the adsorptian of NO
and NQ on Lewis acid sites of #D, at raom temperatte. The
NO* species decompasl at T <650 K, whereas nitra& and
nitrite species deomposed &T > 650 K.12

Figure 3 slows tat the G concentration decresses wih tem-
perature. Radida were deectedonly below 550 K. After the
treagment at 58 K, the adivity of the oxice was fully regenerated.
Consequentl, the NG ard O; species @n be inerrelaied be-
cause the temperature raagé NO* and O; decomposition and
regenertion of the oxide are coincida.

The decomposion of O; radicds results in the desorption
of O, and NO molecules (Figed). The adivation eneggy of
O, desaption is ~1® kJmol-1. Thisvalueis consstentwith the
heats of the © formation on the catalysts (808@kJmol-1).%
Theactivation enaggy was estimeed as descrilzbin ref. 14.

The coincidence of the spectra (Figures 1 and 2) antthe
perature ranges ofjOdeconposition (Fgure 3, cuvesl and2)
allows us to conclude thsD; (NO+0O,) and G (UV + O,)
radicds areadsorbed tismilar Zr4+ sufacesites.

The alove dataindicak tha the siperoxide anion is formed
during the adsorption of an ® + O, mixture on therrdly acti-
vated ZrO,. Thefirst step is the formabn of an NO canplex
on coodinatvely unsaturated Zt cations or Z4*- - -O- pairs. The
second &ep involves intermolecular alctron transfer fronthe
NO compkx to an oxygemnolecule. The superoxide anion is sta-
bilised at tle Zr4+ cation besidethe NOcompkx. However, the
structure of the NO compkx is unclea, and wecanrot give an
adequatexplanation of the dferent stabiky of O; (NO + O,)
and @ (NO, + O,) radicals.
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