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The Stabilization of O,- on y-A&O, 

The EPR spectra of the superoxide ion, 
02-, on various surfaces have been ex- 
tensively cataloged (I). They are charac- 
terized by g,, > g1 with the value of gLl 
varying with the oxidation state of the ion 
on which the superoxide ion is adsorbed. 
The principal values of the g tensors for the 
other oxygen radicals are sufficiently differ- 
ent from the values expected theoretically 
for the superoxide ion that the simple de- 
termination of the g values and the general 
shape of the powder spectrum are evidence 
enough to identify the superoxide ion pro- 
vided, of course, a source of oxygen is 
present. 

Despite the widespread occurrence of 
O,- on surfaces, harsh preparative condi- 
tions had been necessary to produce the 
02- and to stabilize it on the -r-A1203 
surface. In the two reported cases (2, S), 
r-irradiation of the r-A1203 in the presence 
of oxygen was necessary for the production 
and subsequent stabilization of the 02- 
surface signal characterized by g,, = 2.035 
and gl = 2.006. They also report a hyper- 
fine splitting of 3.6 G on the g1 resonance. 
Quite recently Che et al. (3) reported a 
surface Oz- spectrum on -r-Al203 charac- 
terized by the following parameters: g, = 
2.039, g, = 2.009, gZ = 2.004, and A,=5.4, 
A, = 3.6, and A, = 5.2 G. 

The work reported in this note involves 
the production and stabilization of the 01 
ion on r-A1203 during the decomposition 
of NZO at elevated temperatures. The pre- 
parative conditions are much less severe 
than the r-irradiation previously required. 

The alumina in this investigation was 
R.Z-1 r-.2120a obtained from Reynolds 

Metals Company with a reported surface 
area of 225 m2/g BET and an iron impurity 
content of approximately 0.05%. Air Prod- 
ucts medical-grade N20 was used without 
further purification. A Varian E-3 spec- 
trometer was used to collect data at room 
temperature and at liquid nitrogen tem- 
perature. A Varian E-9 and an Air l’roducts 
Cryotip EPR shroud were used to collect 
data at 13% using liquid helium. All re- 
ported g values are relative to DPPH 
(g = 2.0036). 

The samples were prepared according 
to the following procedure. RA-1 y-A1203 
was vacuum treated (nominal 1O-3 Torr 
vacuum) for 2 hr at 873”Ii. While at S73”1<, 
SZO was passed over the -y-Al,O, for an 
additional 2 hr. With the gas flowing the 
sample was cooled to room temperature. 
In order to achieve the best possible resolu- 
tion of the spectra it was found advanta- 
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FIG. 1. EPR spectrum of superoxide ion on 
-pA1203, Spectrum w&s recorded at 77°K. Sample has 
had exces oxygen removed by pumping at, 195°K. 



546 NOTES 

FIG. 2. EPR spect,rmn of superoxide ion on 
y-Al203 at 77°K which shows the broadening effects 
of oxygen on the resolution of the spectrum. 

geous to evacuate the sample further at 
195°K to a nominal pressure of low3 Torr 
for 2 hr. The sample was then sealed in the 
EPR tube at this temperature and pressure. 
The spectrum of this sample recorded at 
77°K is shown in Fig. 1. This latter treat- 
ment removes loosely bound adsorbed 
oxygen which, along with Nz, is a product 
of t,he homogeneous thermal decomposition 
of r\‘,O(g). If this oxygen is not removed 
by pumping at 195”K, significant broaden- 
ing of the signal occurs as shown in Fig. 2. 

The increase in the IWR linewidth of 
02- upon increasing oxygen pressure over 
the sample has been observed by others 
(5, C;). Interestingly, despite the presence 
of oxygen this broadened signal is resolved 
at 13°K and is identical to the spectrum 
shown in Fig. 1. Apparently, at the elevated 
temperatures the signal is collisionally 
broadened by gas-phase oxygen. This 
explanation is strengthened by the presence 
at 77°K of the characteristic gas-phase 
EI’R spectrum (7) of oxygen, a complex 
multiline resonance pattern extending over 
several thousand gauss. The sample which 
has been evacuated at 195°K does not show 
this oxygen spectrum. 

The presenc(l of t,Iie supcroxidc ion, 
which has been st~abilizrd on y-illeO~ alt,or 

the above treatment is confirmed by its 
characteristic EPR spectra shown most 
clearly in Fig. 1. As mentioned above, the 
principal values of the g tensors for the 
other possible oxygen radicals, O-, OS-, 
and 02+ (1, 8), rule out their existence as 
do the g values for the common oxygen 
radicals of nitrogen (8). 

The 0~ spectrum is readily visible at 
room temperature if the sample is pumped 
at 195°K. On the other hand, the signal 
height is less than doubled and the width 
is unchanged on cooling the sample from 
300 to 77°K. There is no resolvable hyper- 
fine structure observed. The spectrum of 
the RA-1 r-Al,O, as received from the 
manufacturer and after the vacuum treat,- 
ment at 873°K for 2 hr described above is 
devoid of the 02- resonances at 77°K in this 
particular region of the spectrum. Like- 
wise, an RA-1 r-A1203 sample which is 
prepared as the X20 sample described 
above, but in the presence of O2 rather than 
X20, is devoid of the O,- signal. 

From Fig. 1, g values of gil = 2.040 and 
gl = 2.006 can be assigned readily to this 
powder spectrum. These are in excellent 
agreement with those previously reportred 
(2, S) for 02- on irradiated r-Al&,. The 
general correctness of these g values was 
substantiated, and the values refined by 
computer simulating the powder spectra 
displayed in Fig. 1 using the algorithm of 
Toy et al. (9). The best fit values resulting 
from a nonlinear least-squares fitting pro- 
cedure were g, = 2.040, g, = “.OOS, and 
gz = 2.004 using a Gaussian linewidth of 
19.5 G. It was not possible to fit the spec- 
trum assuming axial symmetry despite the 
general appearance of the spectra. An im- 
proved fit results if a model spin Hamil- 
tonian of the form, 

x = p,;.;.; + Ki.;, (1) 

which inch&s the cfl’cc*t of an unpairc>tl 
electron int,cr:tc*ting wit,li tSlir .\I nuc*lcbris 
(1 = s), is used t,o nimulat~c t’lic spectra 
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FIG. 3. Experimental spectrum of the superoxide 
ion along with simulat-ed spectrum (solid curve) re- 
sulting from a nonlinear least-squares fit of the dab 
to a (:allssian line shape and the following param- 
eters: .qz = 2.040, gy = 2.008, 8% = 2.004, and 
A, = 4.9, A, = X8, A, = 3.7 (:. 

displayed in Fig. 1. If the 9 values are set 
equal to those determined above and the 
hyperfine splitting constants are then 
varied to achieve the best fit, the following 
parameters result: A2 = 4.9, A, = 3.S, and 
A, = 3.7 G with Gaussian linewidth of 
13.6 G. The result’s of this fit are shown in 
Fig. 3. Not, surprisingly, the inclusion of 
hyperfine splitting in the fitting procedure 
dramatically improves t,he fit, while at the 
same time generates values in close agree- 
ment, with the case where the actual split- 
ting has been resolved (2). However, since 
the hyperfine splitting has not been re- 
solved in this case, a phenomenon with the 
same angular dependence as the hyperfine 
cannot be excluded. One possibilit,y would 
be the presence of another closely related 
site with slightly different g values. Jle- 
gnrdless of whether hyperfine coupling is 
included in the simulation, the fit indicated 
a decidedly Gaussian charnct,er to the line- 
shape of the sample which has been evacu- 
ated at 195°K to remove excess gas-phase 
oxygen. Because the superoxide at 77°K 
is apparently immobile and dipole-dipole 
broadened, it displays a Gaussian line 
shape. Likewise, since the srlperoxide ion 

in 11~ s:~mplr whicbtl ti:Ls not bcthn pllmptA(l 
at 1!~5”li, :mcl, therefortt c~ontains exc~s8 
osygen, is collionsionally and dipole-dipole 
broadened at 77X, the line shape is de- 
cidedly Lorentzian in character. At 13°K 
where the collisional broadening is no 
longer a consideration, the line shape is best 
described as Gaussian. 

The appearance of the OS- ion from the 
thermal decomposition of SZO is surprising. 
Studies of t,his decomposition on an irra- 
diated ZnO surface (10) have revealed t,he 
stabilization of the O- ion. It was proposed 
in this st,udy that t,he S,O art,ed as an 
elect,ron sink, trapping t,he free elect,rons 
at t,he surface via a reaction of t,hc t,ypc, 

szo + e- -+ Sf + o-. (4 

The subsequent reaction of the O- ion wit,h 
another molecule of X20, according to t,he 
reaction, 

s20 + Ok + 3-2 + o-, (3) 

was not observed. Similar behavior was 
observed on pure FezOZ (11) activated in 
vmxo at 673°K. l’ench and Lawson (22) 
observed the formation of O- from the 
reaction of X20 with electrons trapped on 
the surface of MgO. This O- further re- 
acted with O2 to produce O-. In the present 
study there has been no indication of the 
formation of the O- ion or the OS- ion. 
I,ikewise, there has been no indication of 
electrons, trapped or free, on the surface 
prior to the admission of X20. Clearly, 
further work which might consider the 
possible involvement of the impurity iron 
as an electron donor is necessary before 
a mechanism can be postulated for the 
formation of the O,- ion from the reaction 
sequence described above. Nonetheless, 
the demonstrated ease of production and 
stabilization of the superoxide ion on 
r-&O3 via X20 decomposition promises 
to be exploited further in studies where 
this ion can function as a molecular probe 
of the r--1120, surface. 



SUMMARY 

The techniques for preparing and atahi- 
lizing the superoxide ion, 02-, from the 
thermal decomposition of N+J over r-Al203 
are reported. The characteristic EPR spec- 
trum of this surface-stabilized species is 
discussed along with the effects of adsorbed 
oxygen on the EPR line shape. The spec- 
trum has been simulated with the following 
parameters: gz = 2.040, gy = 2.008, gz = 
2.004 and A, = 4.9, A, = 3.8, and A, = 
3.7 G. The mild conditions used in the 
preparation of this species are emphasized. 
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