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The interaction of nitric oxide with chromia catalysts has been investigated. Infrared
spectra are reported which suggest that NO adsorbs in two forms: a cis-N,O, dimer and a
chelating NO, group. Two forms of surface sites have been postulated for these adsorbed
species and have been confirmed by selective poisoning experiments with oxygen. Infrared
observations are consistent with NO adsorption at chromium cations with either one or two
coordination positions. This model has been supported by quantitative adsorption measure-

ments.

INTRODUCTION

The adsorption of nitric oxide on sup-
ported chromia samples has recently been
studied by infrared spectroscopy (1-4).
Results reported from this laboratory have
suggested that nitric oxide adsorbs both as
a monomer and as a cis-N,O, dimer on
silica-supported chromia samples. The ad-
sorption of nitric oxide has now been in-
vestigated on samples of unsupported
chromia by infrared spectroscopy. The use
of unsupported chromia samples extends
the low frequency cutoff of the infrared
spectrum from 1350 to 750 cm™". Infrared
bands observed in this low frequency
range together with bands which appear
above 1350 cm™! provide information on
the nature of both the adsorbed nitrogen
oxide species and the chromia surface.

EXPERIMENTAL METHODS

The chromia sample used in this study
was prepared by the thermal decomposi-
tion of ammonium dichromate (5,6). Three
grams of this salt were heated in the side-
arm of a 3 liter bulb which was evac-
uated by a mechanical pump with a liquid
nitrogen trap in the line. The salt decom-
posed at 225-250°C. The product was a
green, bulky powder that was washed and
filtered to remove any unreacted salt. The
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freshly prepared sample had a surface area
of 140 m?/g, as measured by the BET
method using argon. The discs used in the
infrared studies were pressed under 2500
psi pressure into a stainless steel ring 2 cm
in diameter. The average weight of these
discs was 30 mg.

In the standard activation procedure for
infrared studies, the sample was reduced
with carbon monoxide at 450°C and then
was evacuated at 450°C. Each step lasted
for a minimum period of 1 hr. Longer
periods of reduction or evacuation had
little effect on the infrared measurements.
This high temperature was not necessary
to produce an active sample, since 350°C
had been adequate for prior chromia/silica
work, but instead was needed to remove a
chemisorbed form of CO, which produced
strong infrared bands at 1550 and 1350
cm™!,

The sample used for quantitative ad-
sorption measurements had an initial
weight of 0.536 g. This sample was ac-
tivated at 450°C in the same fashion as the
discs used for infrared studies, and its sur-
face area was determined to be 77 m?/g.
After the sample had been activated sev-
eral times, the surface area was remea-
sured and was found to have decreased to
59 m?/g. Because of the loss in surface
area of this sample, it was subsequently
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activated at 400°C, and the area then re-
mained constant over the period when ad-
sorption measurements were made.

The techniques and cells used for the
infrared experiments have been discussed
previously (7,8). For spectra run at
—117°C, the cell was cooled with an ethyl
bromide slush. Helium (5-10 Torr) was
added to the cell to aid thermal conduc-
tion. Since heating of the sample disc by
the infrared beam may occur, temperatures
recorded should be viewed as approxi-
mate.

All tank gases used in this study were
purified by standard techniques. Carbon
monoxide, oxygen and argon were con-
densed, and a center cut of the liquid was
stored for use. Helium was purified by pas-
sage through an activated charcoal trap at
—195°C. Nitric oxide was condensed and
purified by trap-to-trap distillation until the
solid collected was completely white. Ni-
tric oxide, 98% '“N, obtained from Merck,
Sharp and Dohme was used as received.
The isotopic purity was confirmed by
infrared spectroscopy.

RESULTS

The adsorption of nitric oxide on a re-
duced chromia sample at room tempera-
ture produced two prominent pairs of
infrared bands: one pair at 1865 and 1735
cm™!, and the other at 1285 and 1180
cm'. This spectrum is shown in Fig. 1.
The higher frequency pair of bands has
been observed on silica-supported chromia
samples and is assigned to a cis-N;O,
dimer (1,2). The lower frequency pair of
bands has also been reported by Cerruti
and Guglielminotti (9), who attribute these
bands to a chelating NO; group.

The assignment of infrared bands to a
particular surface species may be tested by
isotopic substitution experiments. The ad-
sorption of 'SNO on the same chromia
sample produced a pair of bands at 1830
and 1700 cm™!, as well as a pair of bands
at 1270 and 1155 cm™'. This spectrum is
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FiG. 1. Infrared spectra of “NO and 'NO ad-
sorbed on chromia. NO was added in increments of
0.12 cm?® STP.

also shown in Fig. 1. The substitution of
5N for "N caused each of the bands in the
higher frequency pair to shift by 35 cm™,
while the bands in the lower frequency
pair shifted by unequal amounts. The 1285
cm™! band shifted by 15 cm™ to 1270
cm~', while the 1180 cm™! band shifted by
25cm™'to 1155 cm™.

If the higher frequency bands in the
“NO spectrum are assigned to the *N,O,
dimer, and the lower frequency bands are
assigned to a chelating "“NO, group, the
frequencies for the corresponding *NO
spectrum can be calculated. The methods
outlined by Wilson et al. (10) have been
employed in calculating the frequencies
presented in Table 1. The -calculated
frequencies in Table 1 are in excellent
agreement with the observed frequencies
in the NO spectrum. This agreement
suggests that the addition of NO to the
reduced chromia sample produces *N.O,
and ®NQO, on the chromia surface.
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TABLE 1
CALCULATED FREQUENCIES FOR NO, AND N,O,
Sym- Asym-
metric metric
mode A mode A
cm™) (m™") (cm™) (cm™)
O-1"N-0 12852 — 1180 —
0-*N-O 1267 18 1156 24
O-1N-1“N-O 18652 — 17352 —
O-15N-15N-0 1831 34 1703 32
O-1N-15N-0 1850 15 1717 18

2 Observed frequency.

The infrared spectra resulting from the
sequential addition of “NO and “NO to
the chromia sample at —117°C are shown
in Fig. 2. The NO was added first to a
sample which had been precooled to
—117°C. This is shown in spectrum a.
Infrared bands are observed at 1825 and
1695 cm™'. The pair of bands at lower
frequencies did not appear. A dose of
“NO was then added to the NO at
—117°C so that the isotopic ratio would be
1:1 on the chromia surface. This is shown
in spectrum c. Since the spectra are
plotted as absorbance, the spectrum of
’NO alone may be subtracted from the
spectrum of the 1:1 mixture to yield spec-
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F1G. 2. Infrared spectra produced by the sequential
addition of '*NO and "NO to the chromia sample at
—117°C. (a) 0.12 cm® STP of *NO was added to the
sample at —117°C. “NO was then added to this
sample at —117°C so that the ratio was 1:1 in (c). (b)
The difference between spectra (a) and (c). (d) Pro-
duced when the sample warmed to 25°C.

trum b. Spectrum b is the contribution
produced by the dose of "NO. The dif-
ference between the two spectra corre-
sponds to the spectrum observed when
“NO alone was added to the chromia
sample. This suggests that there was little
mixing of the two doses of NO to form a
UNBNQ, dimer at —117°C.

When the chromia sample with the 1:1
mixture of NO and NO was warmed
from —117 to 25°C, the appearance of
spectrum ¢ changed, and spectrum d was
produced. A band appeared at 1845 cm™!,
and the bands at 1860 and 1825 cm™' were
of lower intensity. The shape of the band
located at 1715 cm™! also changed slightly
upon warming to room temperature. The
positions of these new bands are in good
agreement with the calculated frequencies
for the “N'NQ, dimer given in Table 1.
The changes in the spectrum upon
warming to room temperature suggest that
the doses of “NO and »NO mix to pro-
duce a statistical distribution of the three
possible dimers. This conclusion is sup-
ported by the fact that spectrum d has
been reproduced by the addition of a pre-
mixed dose of “NO and NO in a 1:1
ratio to the chromia sample both at —117
and 25°C. These observations are consis-
tent with previous results using silica-sup-
ported chromia samples.

When the nitric oxide added at —117°C
was permitted to warm to room tempera-
ture, infrared bands appeared in the lower
portion of the spectrum as shown in Fig. 2,
spectrum d. This suggests that some of the
nitric oxide reacted with oxygen in the
chromia lattice to form the chelating NO,
species.

The reaction of nitric oxide with oxygen
on the chromia surface may be observed in
the infrared spectra. The quantity of ox-
ygen on the surface may be increased to
facilitate this observation by adsorption of
N.O. Zecchina and co-workers (11) report
that adsorption of N,O on chromia is ac-
companied by some decomposition. This
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decomposition leaves an oxygen atom with
anionic character on the surface which
produces an infrared band at 970 cm™,
which is assigned to a chromium-oxygen
stretching mode. The adsorbed N,O may
be removed afterwards by evacuation at
room temperature. This procedure of ad-
sorption and evacuation leaves the
chromia surface with an increased oxygen
content.

Figure 3 shows the results of nitric
oxide interaction with oxygen on the
chromia surface. Spectrum a was observed
after 100 Torr of N,O had been exposed
to the chromia sample at room tempera-
ture for 1 hr and afterwards was removed
by evacuation for 4 hr. A strong chro-
mium-oxygen band was produced in the
infrared spectrum at 970 cm™! by N,O
decomposition. When the N,O was re-
moved by evacuation, the band at 970
cm™! shifted to 985 cm™!. This band is
shown in spectrum a. Spectrum b resulted
when 0.12 cm® STP of NO was added to
the sample which had produced spectrum
a. The intensity of the infrared band at 985
cm™' decreased significantly. Concur-
rently, infrared bands appeared at 1285
and 1180 cm™! with greater intensity than
was observed without the N,O pretreat-
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F1G. 3. Infrared spectra produced by the addition
of NO to a chromia sample pretreated with N,O. (a)
Produced after 100 Torr of N;O had been added and
was removed afterwards by evacuation. (b) Observed
when 0.12 cm® STP of NO was added to the sample

after the N,O pretreatment.

ment. The appearance of the strong NO,
bands accompanied by the disappearance
of the oxygen band strongly suggests that
nitric oxide reacted with oxygen on the
chromia surface to produce the chelating
NO, species.

The appearance of two separate nitrogen
oxide species on the chromia surface in-
dicates that two different adsorption sites
may exist. Figure 4 shows the results of an
attempt to vary the populations of these
adsorption sites. Spectrum a was observed
when 0.12 cm® STP of NO was added to a
freshly prepared chromia sample. Both ni-
trogen oxide species are shown to be
present by this spectrum.

Spectrum b was observed when 0.12
cm?® STP of NO was added to the chromia
sample after the N,O pretreatment, which
produces additional oxygen atoms on the
surface. The bands assigned to the N.O,
dimer have similar intensities in both
spectra a and b; however, the intensities
of the bands assigned to the NO, species
have been greatly enhanced in spectrum b.
When the number of surface oxygen atoms
was increased by N,O decomposition, the
population of the NO, species formed by
NO adsorption also increased.

Spectrum ¢ was observed when 0.12
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Fic. 4. Infrared spectra produced by the addition
of 0.12 cm® STP of NO to chromia after various pre-
treatments: (a) NO added to reduced surface; (b) NO
added after N,O pretreatment; (c) NO added after O,
pretreatment; (d) NO added to reduced surface.
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cm® STP of NO was added to the chromia
sample after an oxygen pretreatment. Ox-
ygen gas (10 Torr) was briefly exposed to
a reduced chromia sample at room temper-
ature. Excess oxygen was removed by
evacuation for 1 hr. This procedure added
pairs of oxygen atoms to the chromia sur-
face. The strong infrared bands assigned to
the N,O. dimer did not appear after the
oxygen treatment. A small band persisted
at 1765 cm™' which could be responsible
for the slight shoulder in spectra a, b, and
d. This band could be produced by a small
quantity of dimer in a slightly different
environment or by a monomeric nitric
oxide species. The infrared bands pro-
duced by the NO, species persisted and
were relatively intense. Apparently, ex-
posure to oxygen did not remove the ad-
sorption sites responsible for NO, forma-
tion, but did block the positions where the
dimer was adsorbed.

Spectrum d was observed when 0.12
cm?® STP of NO was added to the freshly
reactivated chromia surface. This experi-
ment was a repetition of the procedure
used to produce spectrum a. The similarity
of spectra a and d demonstrates that the
effects of N.O decomposition and oxygen
adsorption have been eliminated by the
procedure used to reactivate the sample.

The spectra in Fig. 4 show that the ad-
sorption of oxygen gas on the chromia
sample prior to NO adsorption prevented
the formation of the N.O, dimer. This re-
sult suggests that oxygen adsorbs on the
same sites as the dimer. Quantitative mea-
surement of the oxygen and nitric oxide
adsorption can provide information on the
distribution of adsorption sites.

Figure 5 shows isotherms for NO and
O, adsorption on chromia at —78°C. Curve
a shows the pressure dependence of NO
adsorption on a reduced chromia sample.
This sample was activated by a procedure
similar to that used for the infrared experi-
ments. After the determination of isotherm
a, the sample was evacuated at —78°C for
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Fig. 5. NO (top) and O, (bottom) adsorption
isotherms for chromia at —78°C: (a) NO adsorption
on reduced surface; (b) NO adsorption after 2 hr
evacuation at —78°C; (c) O, adsorption on reduced
surface; (d) O, adsorption after 2 hr evacuation at
—78°.

2 hr, and then isotherm b was determined.
Longer periods of evacuation had little ef-
fect on the magnitude of isotherm b.
Curves a and b are parallel lines whose dif-
ference is the quantity of irreversible NO
adsorption at —78°C. This irreversible ad-
sorption may be taken to represent the
quantity of N,O, and NO; on the chromia
surface.

Curve c is an isotherm for O, adsorption
on chromia at —78°C. After the determina-
tion of isotherm ¢, the sample was evac-
vated for 2 hr at —78°C, and isotherm d
was determined. The difference between
isotherms ¢ and d is the amount of irre-
versible O, adsorption at —78°C. This irre-
versible O, adsorption may be taken as a
measure of the N,O, formation by assum-
ing that each O, molecule occupied a posi-
tion that would have accommodated an
N;O, dimer. The 4.5 cm® STP of O, irre-
versibly adsorbed would occupy the same
surface adsorption sites as 9.0 cm® STP of
NO. The remaining 3.0 cm®* STP of NO
irreversibly adsorbed may be attributed to
an NO, species.
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The decomposition of N,O was em-
ployed to add oxygen atoms to the
chromia surface. This molecule decom-
posed immediately upon contacting the
surface at room temperature. The decom-
position probably occurred only at specific
positions on the surface since additional
reaction did not occur after the initial ex-
posure. The amount of N.O decomposi-
tion on a reduced surface can be greatly
reduced by lowering the temperature to
—78°C. Infrared measurements have
shown that adsorbed N,O is stable on the
chromia surface at low temperatures (/2).

Figure 6 shows adsorption isotherms for
N,O on the chromia sample. Curve ais an
isotherm for N,O adsorption on a reduced
chromia surface at —78°C. N,O adsorbed
slowly at this temperature, and long
periods of time were required for the ad-
sorption measurement. The data shown in
isotherm a were recorded after N.O had
been exposed to the chromia sample for a
minimum period of 8 hr. The last data
points were taken after 24 hr exposure.
The reproducibility of the data indicates
that little additional adsorption occurs
after an initial 8 hr exposure to N,O. At
the end of the 24 hr measurement period,
0.3 cm® STP of nitrogen was found in the
gas phase. Apparently this was produced
by some N,O decomposition.

The chromia sample used to obtain
isotherm a was permitted to warm to room
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F1G6. 6. N,O adsorption isotherms for chromia at
—78°C: (a) N,O adsorption on reduced surface; (b)
N,O adsorption after previous decomposition and
evacuation at 25°C.

temperature for decomposition to occur.
At room temperature, the sample was evac-
uated for 6 hr to remove adsorbed N,O
and afterwards was cooled to —78°C for
measurement of isotherm b. Curve b
shows N,O adsorption on the chromia
sample at —78°C after decomposition had
occurred at room temperature. The dif-
ference between isotherms a and b is
nearly constant over the pressure range in-
vestigated. This difference of 2.3 cm® STP
should represent the quantity of N,O that
decomposed on the chromia surface at
room temperature.

Figure 7 shows adsorption data for NO
and O, after N,O had been decomposed
on the chromia surface. Isotherm a in-
dicates the quantity of NO that adsorbed
on a reduced chromia sample at —78°C.
This curve also appears in Fig. 5. Isotherm
b shows the quantity of NO that adsorbed
on the chromia surface at —78°C after the
N.O pretreatment. The difference between
curves a and b is 2.5 cm® STP. This value
closely corresponds to the 2.3 cm?® STP of
N,O that decomposed on the sample.

After isotherm b was measured, the.
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Fig. 7. NO (top) and O, (bottom) adsorption
isotherms for chromia at —78°C: (a) NO adsorption
on reduced surface; (b) NO adsorption after N,O pre-
treatment; (c) NO adsorption after 2 hr evacuation at
—78°C; (d) O, adsorption on reduced surface; (e) O,
adsorption after N,O pretreatment; (f) O, adsorption
after 2 hr evacuation at —78°C.
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sample was evacuated for 2 hr at —78°C.
Isotherm ¢ was determined after evacua-
tion. This quantity of reversible NO ad-
sorption is very similar to the quantity of
reversible NO adsorption reported for the
reduced sample.

Isotherm d indicates the quantity of O,
that adsorbed on the reduced chromia
sample at —78°C. This curve also appears
in Fig. 5. Isotherm e shows the quantity of
O, that adsorbed on the chromia surface
after the N,O pretreatment. The difference
between curves d and e is 2.3 ¢m® STP.
This is the same as the amount of N,O
that decomposed on the chromia surface.
After measurement of isotherm e, the ox-
ygen was evacuated for 2 hr at —78°C.
Curve f shows the amount of O, that ad-
sorbed at —78°C after the evacuation pro-
cedure.

The data in Fig. 7 indicate that the de-
crease in NO and O, adsorption after the
N,O pretreatment corresponds to the
amount of N,O that decomposed on the
sample. The 1:1 relationship between the
N.O decomposition and the decrease in O,
adsorption suggests that N,O decomposed
on a site that could have adsorbed O,. The
decrease in NO adsorption after the N,O
pretreatment suggests that NO, might
form at a position that could have accom-
modated the N,O, dimer on a reduced sur-
face.

Figure 8 shows the adsorption of NO on
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FiG. 8. NO adsorption isotherm for chromia at
—78°C after O, pretreatment: (a) NO adsorption after
O, pretreatment; (b) NO adsorption after 2 hr evacu-
ation at ~78°C.

the chromia surface after oxygen was ad-
sorbed at —78°C and the reversible portion
was removed by evacuation at the same
temperature. Isotherm a is for NO that ad-
sorbed on the chromia sample at —78°C
after this oxygen pretreatment. Following
the determination of curve a, the sample
was evacuated for 2 hr at —78°C. Isotherm
b was measured after the evacuation pro-
cedure. These two measurements show
that 10.8 cm® STP of NO was irreversibly
adsorbed on the sample that had pre-
viously adsorbed O,. Since infrared mea-
surements in Fig. 4 have shown that the
amount of N,O, formation was drastically
reduced by O, pretreatments, the NO on
the surface must be primarily adsorbed as
NO,. The large NO adsorption after the
oxygen pretreatment demonstrates that ox-
ygen atoms added to the chromia surface
react with NO whether they were added in
pairs by O, adsorption or individually by
N.O decomposition.

DISCUSSION

The results of this study suggest that ni-
tric oxide adsorbs on reduced chromia sur-
faces in two forms: an N;O, dimer and a
chelating NO, group. Each of these
species has a pair of infrared bands in the
observed spectrum. The bands at 1865 and
1735 cm™! are assigned to the N,O, dimer.
This assignment is supported by the simi-
larity of the bands in both intensity and
position to those of the dimer isolated in a
low-temperature, inert gas matrix (13,14).
This assignment is also supported by iso-
topic substitution experiments which show
that this surface species has two equiva-
lent NO groups.

The infrared bands observed at 1285
and 1180 cm™! are assigned to an NO,
chelate. This assignment has been made by
Cerruti and Guglielminotti (9) by com-
paring the positions and intensities of these
bands to those of the NQO, species in a
nickel coordination complex (/5). When
NO reacts with individual oxygen atoms
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on the chromia surface, these bands grow.
This also suggests that they may be pro-
duced by an NO, group. The band inten-
sities for this particular species are un-
usual. The asymmetric mode of vibration
appears to be at a lower frequency than
the symmetric mode of vibration. This ob-
servation has only been confirmed for a
chelating NO, group. The results of iso-
topic substitution experiments confirm that
the lower frequency is the asymmetric
mode of vibration. The similarity of the ob-
served and calculated frequencies for NO,
strongly supports the identification of this

The calculation of frequencies for Table
1 employs the methods outlined by Wilson
et al. (10). For each species the “NO
spectrum has been used to calculate force
constants for the molecule. A detailed de-
scription of the calculation for N,O, has
been given previously (2) and will not be
repeated here. For N,0,, the NO
stretching force constant is 14.29 X 10°
dyn/cm, and the coupling constant is
1.03 X 10° dyn/cm.

The frequencies calculated for the NO,
species are based on the assumption that
little coupling occurs between the
stretching modes and the bending mode of
the molecule. This assumption should be
valid since the bending mode is at too low
a frequency to be observed in the spec-
trum. The O-N-O bond angle was as-
sumed to be 112°. This angle was reported
for the same group in a nickel coordination
complex (/6). An error in the angle would
affect the values calculated for the force
constants but will do little to change the
predicted frequencies. The 'values for the
force constants used to calculate the NO,
frequencies are 7.10 X 10° dyn/cm for
the NO stretching force constant and
1.99 x 10° dyn/cm for the NO-NO cou-
pling constant.

The formation of the N,O, dimer and the
NO, chelate on the chromia surface
suggests that two different adsorption sites
exist. This is confirmed by the addition of

O, to the reduced chromia surface prior to
NO adsorption. O, on the chromia surface
prevents the formation of the N,O, dimer
but does not prevent the formation of the
NO, species.

The adsorption of O, on the chromia
surface must require a pair of coordination
sites. Similarly, two adjacent coordination
sites must be required to accommodate the
N.O, dimer. This suggests that these
species may adsorb on a four-coordinate
chromium cation. This adsorption may be
represented as

N/ QL f
\CI‘ + 0 —> \CI‘
—N
0}\l \O
N/ NS

CF o+ 2NO —> ¢

The N:;0, dimer should fit into the
chromia lattice. The closest oxygen—ox-
ygen distance in a-chromia is 2.66 A 17),
and the average oxygen-oxygen distance
in solid N,O, is 2.61 A (18).

The formation of the NO, chelate may
occur on a five-coordinate chromium cat-
ion. This adsorption may be represented
as

N
0 0~ Yo
\ /

N/ N
N7 \./

Ct + NO—> ©Cr

A crystal structure determination for an
NO:; chelate complex shows that the ox-
ygen-oxygen distance is 2.1 A (16). This
separation should also be compatible with
the chromia lattice.

Quantitative adsorption measurements
show that N,O decomposes on some of
the sites that adsorb 0O, This would
suggest that some of the four-coordinate
chromium cations react with N,O to be-
come five-coordinate cations. This hy-



80 KUGLER, KADET AND GRYDER

pothesis is supported by both infrared and
quantitative measurement of NO adsorp-
tion after the N,O decomposition.

A four-coordinate cation may decom-
pose one N,O molecule, then adsorb one
NO molecule to form the NO, chelate as
follows:

N
VAN
0 0\ /0

/
N

\
Cf + NO—> Xf
This would cause the population of NO; to
be greater on the sample subjected to the
N,O pretreatment than on the reduced
sample. Such an increase in NO, popula-
tion has been observed by infrared spec-
troscopy. The same four-coordinate cation
without N,O pretreatment would adsorb
two NO molecules to form the N,O,

dimer.
AY / 0
Ay V4 \\

CF +2N0 —>  CF

\\O/Z

This would cause the NO adsorption to be
greater on the reduced surface than on the
surface pretreated with N,O since two NO
molecules would adsorb instead of one.
The difference in NO adsorption between
the two surfaces should correspond to the
amount of N,O decomposition. This has
been observed by quantitative adsorption
measurements.

The adsorption of oxygen on the
chromia surface prevents the formation of
the N,O, dimer. However, the quantity of
NO adsorption remains high after the O,
pretreatment even though the N,O, form is
absent. In order for the NO adsorption to
remain at a high level, the oxygen atoms
added to the surface by O, adsorption

must react to form an NO, species. This
may occur at a neighboring chromium cat-
ion.

Zecchina and co-workers (/1) have pro-
posed models for a completely dehydrated
surface of a-chromia. Each coordination
position on these surfaces is shared by two
cations. If O, adsorbed at a four-coor-
dinate cation, it would complete the coor-
dination of that particular cation. How-
ever, this same oxygen molecule would
make a neighboring cation five-coordinate
and produce a site where the chelating
NO, group can form.

The results of this study indicate that ni-
tric oxide adsorbed on a chromia surface
exists as either an N.O, dimer or an NO,
chelate. These two species form on dif-
ferent adsorption sites whose populations
can be varied by the sample pretreatment.
The systematic variation of the surface
character by these pretreatment conditions
has provided basic information to formu-
late a simple model for the surface adsorp-
tion sites.
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