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Molybdenum nitride for the direct decomposition of NO
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The physico-chemical properties of passivated y-MooN have been investigated. The material showed high activities for NO direct
decomposition: nearly 100% NO conversion and 95% N» selectivity were achieved at 450 °C. The amount of O taken up by y-MosN
increased with temperature rise and reached 3133.9 umol g~ at 450 °C; we conclude that formation of Mo,Ox N y occurred. This oxygen-
saturated y-MooN material was catalytically active: NO conversion and N selectivity were 89 and 92% at 450 °C. Wefound that by means
of Hp reduction at 450 °C, Mo,OxN,, could be reduced back to y-Mo,N and the oxidation/reduction cycle is repeatable; such a behaviour
and the high oxygen capacity (3133.9 mol gfl) of y-MoyN suggest that y-MooN isapromising catalytic material for automobile exhaust

purification.
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1. Introduction

Nitrogen oxides (NO,) are known pollutants of the at-
mosphere [1,2]. The control of NO, emission has been
a great challenge in environment protection. Catalyticaly,
NO, can be eliminated either by the direct decomposition or
by the selective reduction of NO, using ammonia, hydrocar-
bons, carbon monoxide, and/or hydrogen as reductants. Al-
though the selective catalytic reduction of NO, with ammo-
niais effective, the process is only suitable for the removal
of NO, from a stationary source; furthermore, the use of
ammonia is expensive and will inevitably cause secondary
pollution. The direct catalytic decomposition of NO, is a
promising route because no other additives are needed and
the major products, O, and N2 (a little amount of N2O is
also formed) are benign to the environment.

Due to its high surface area and unique catalytic proper-
ties (those similar to group VIII metals) in many hydrogen-
involving reactions [3], molybdenum nitride has attracted
much attention in heterogeneous catalysis. For example, the
material shows good catalytic activities in carbon monox-
ide hydrogenation [4], ammonia synthesis [5], and ethane
hydrogenolysis [4] as well as in hydrodesulfurization and
hydrodenitrogenation (HDN) reactions [6-10]. It has been
reported that the adsorptions of O, (at ca. 25°C) and Hy (at
ca. 230°C) on y-MozN were dissociative[11]. Li et al. [12]
detected a large amount of N2 when y-MoaN was exposed
to NO or NH3. Based on these characteristics of y-Mo2N,
we envisage that the material could be agood catalyst for the
direct decomposition of NO.

In this paper, we present the catalytic performance
of y-MozN for NO direct decomposition in pulse reac-
tions. The O2- and NO-uptake behaviors of this cata-
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lyst at different temperatures are also reported. The tech-
niques used in the investigation were XRD (X-ray diffrac-
tion), TPD (temperature-programmed desorption), and TPR
(temperature-programmed reduction) as well as 1°NO pulse
reaction. A reaction mechanism for NO decomposition over
y-Mo2N has been proposed.

2. Experimental

The y-MoaN sample was synthesized by adopting the
TPN (temperature-programmed nitridation) method [11].
The starting material MoOg3 (99.5%, Aldrich) was pressed
into pellets, crushed, and sieved to the size of 40-60 mesh.
Then 2.0 g of the particles was placed in a microreactor
(i.d. = 4 mm) and aflow of NHz (70 ml min—1, Solkatronic)
was introduced into the system. Initially the sample was lin-
early heated from room temperature to 350 °C over a period
of approximately 30 min. Subsequently, the temperaturewas
raised from 350 to 450 °C and from 450 to 650 °C at arate of
0.6 and 1.6°Cmin—1, respectively, and from 650 to 700°C
at a temperature ramp of 1.6°Cmin—1. After being kept
at 700°C for 1 h, the material was rapidly cooled to room
temperature in NHsz. The y-MozN was then purged in He
(20 ml min—1) for 10 min and passivated (at 20 °C) in amix-
ture of 1% O»,—99% He overnight. A Ho-treated sample was
prepared by heating the passivated materia in Hy at 450°C
for 1 h.

The NO decomposition reaction and the isotope experi-
ments were carried out in a quartz tube microreactor (i.d. =
4 mm) by pulsing NO (99%) and 1°NO (99%), respectively,
into the reactor with He (15 ml min—1, 99.999%) being the
carrier gas. The catalyst (50 mg) was packed in the middle
of the reactor between two quartz wool plugs. The reac-
tion temperature was monitored by a thermocouple located
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at the bed of the catalyst and regulated from 50 to 450°C
at an interval of 50°C. The size of each pulse was 50.0 ul.
Before pulsing 1*NO and 1°NO, the passivated y-Mo,N cat-
alyst was heated in aflow of He (20 ml min~—1) at 450°C for
1 hin order to scour away the surface NH, adspecies ac-
cumulated during catalyst preparation. The blank runs with
only quartz wool plugs in the reactor indicated that NO de-
composition was negligible below 450 °C. A Porapak Q col-
umn was employed to separate N> from NO. | sotopic species
such as Ny (m/z = 30) and *N160 (m/z = 30) werethen
guantitatively analyzed by an on-line mass spectrometer (HP
G-1800A). The data obtained at the 10th pul se were used for
activity calculation; that was when the reaction had become
stabilized.

The TPR and TPD experimentswere carried out inasim-
ilar microreactor. Before performing the Ho-TPR investiga-
tion, ay-MozN sample (50 mg) was heated to 150°C in N2
and maintained at this temperature for 1 h. Before perform-
ing a NO-TPD experiment, the sample was first pre-treated
in situ in NO (20 ml min—1) at 450°C for 1 h, followed by
cooling to room temperature in the same atmosphere and
purging with He for 10 min. After being cooled to room
temperature, the sample was heated from 30 to 900°C at
arate of 10°Cmin~1. The flow rates of the 5% H>—95%
N2 (v/v) mixture (for TPR) and He (for TPD) were 50
and 20 ml min—1, respectively. For TPD studies, the efflu-
ent gases were monitored on-line by a mass spectrometer,
whereas for TPR investigations, they were analyzed by a
thermal conductivity detector.

The O, and NO uptake experiments were performed in
the same quartz microreactor. The sample (50 mg) was first
treated in He (20 mi min—1) at 450°C for 1 h, and then
cooled in He to room temperature. We kept pulsing Oz or
NO onto the sample until no observable changein O, or NO
signal intensity was detected.

The specific surface areas and the pore size distribution
of the y-MozN material were measured, respectively, by the
BET and desorption methods using a Nova 1200 instrument.
The sample was first treated in vacuum (1.1 x 10~2 Torr) at
350°C for 2 h before BET and pore size distribution meas-
urements. The XRD experiments were carried out on an
X-ray diffractometer (Rigaku D-Max Rotaflex) with Cu Ko
radiation and Ni filter.

3. Results
3.1. Physico-chemical properties

3.1.1. Pore size and specific surface area

The poresize distribution of passivated y-MozN is shown
infigure 1. Obvioudly, the particlesexhibited arather narrow
distribution (16-70 A) in pore size; the pore volume reached
a maximum value of 5.44 ml g1 at a pore size of 38.5 A.
Above 70 A, the pore volume became very small. The av-
erage pore diameter and the specific surface area of the ma-
terial were 43.1 A and 108 m? g1, respectively. According
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Figure 1. Pore size distribution of passivated y-MosN.
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Figure 2. Accumulative O, uptake over passivated y-MooN.

to equation (1), the average particle size, Dp, of passivated
y-Mo2N was estimated to be 5.91 nm:

Dp = fo/Sqp, 1

where f (acharacteristic of particle shape) is6 for spherical
and cubic particles, Sq is the surface area, and p (density of
material) is 9.4 gcm— for y-MooN [13].

3.1.2. Oxygen and nitric oxide uptakes

Figures 2 and 3 show the amounts of O, and NO up-
takes over y-Mo2N versus temperature, respectively. From
figure 2, one can observe that at 150 and 200°C, the ac-
cumulative amounts of O, absorbed by the material were
8.0 and 37.4 umol g1, respectively; at or above 300°C,
the O, uptake increased abruptly: it was 382.9 umol g—1
at 300°C and 3133.9 umol g~ at 450°C. In order to in-
vestigate the oxygen storage capacity of y-MozN, a sample
treated with O, at 450°C was reduced in Ha (15 ml min—1)
at 450°C for 20 min and purged with He (15 ml min—?1) for
30 min (to remove the adsorbed hydrogen), and then O, was
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Figure 3. Accumulative NO uptake over passivated y-MooN.
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Figure 4. NO conversions over passivated (4) and Ho-treated () y-MoyN.

pulsed onto the sample until the sample was saturated with
oxygen. Since the adsorbed hydrogen had been removed
completely as reflected by the absence of H,O in the ef-
fluent during O pulsing, the oxygen consumed should re-
flect the exact amount of oxygen uptake of the sample. The
amount of oxygen removed in Hy reduction at 450°C was
ca 2914.5 umol g1, ca 93% of the original oxygen up-
take (i.e., 3133.9 umol g~1) of the sample. We repeated
the Ha reduction and O»-pulsing cycle three times and ob-
tained similar results. On the other hand, the accumulative
amounts of NO adsorption over y-MozN were estimated to
be 119.0 and 182.7 mol g1, respectively, at 50 and 400°C
(figure 3).

3.2. Activities for NO decomposition

3.2.1. Over passivated and Ha-treated y-MozN

Figure 4 shows the performance of the passivated and
Ho-treated y-MozN samplesin NO pulsing asrelated to re-
action temperature. It was observed that the performance
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Figure 5. (8) N2, (b) N2O, and (c) NO, selectivities in NO decomposition
over passivated (¢) and Hp-treated (M) y-MosN.

of the latter was dlightly better than that of the former. At
200°C, NO conversion was 13.6% over the latter and 3.9%
over the former; at 300°C, NO conversion was 79.3% over
Ho-treated y-MoaN, whereas over passivated y-MozN, it
was 72.2%. At or above 450°C, nearly 100% NO conver-
sion was observed over the two materials. Figure 5 (a)—(C)
shows the selectivities of N2, N2O, and NO, versus tem-
perature, respectively. Compared to a Ha-treated y-MooN
sample, a passivated one is less capable of producing N2
within the temperature range of 250-350 °C: N selectivities
being ca. 26% over passivated y-Mo2N and ca. 65% over
Ho-treated y-Mo2N. Below 200 or above 400 °C, the selec-
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Figure 6. The activity of y-MosN in NO decomposition as related to the
time of NO treatment at 450°C: (e) NO conversion, (¢#) No selectivity,
(A) N2O selectivity and (x) NOo selectivity.

tivities of N2 over the two samples were roughly the
same. At 450°C, both materials showed a N2 selectivity
of ca. 98%. Besides N2, N2O was also a magjor product; its
selectivity profile appeared as a mirror image of that of N».
During the decomposition of NO, a trace amount of NO,
was detected; the NO, signals decreased in intensity with
temperaturerise and disappeared at 350 and 450 °C over Ha-
treated and passivated y -Mo2N, respectively.

When NO was pulsed over y-MozN, it decomposed into
nitrogen and oxygen adspecies; while N2, N2O, and NO2
desorbed into the gas phase, oxygen adatoms diffused into
the pore and/or lattice of -MoaN until the material was sat-
urated with oxygen. In order to examine the NO decompo-
sition activity of the oxygen-saturated material, we treated a
y-MoaN sample in a flow of NO (15 mlmin~1) at 450°C
for 10 h and measured the decomposition activities at hourly
intervals by means of NO-pulsing at the same temperature.
The results are presented in figure 6. We observed that the
NO conversion and N selectivity were ca. 99% during the
first 2 h and then decreased and reached ca. 95% at the 4th
hour. After the 6th hour, NO conversion and N> selectivity
stayed at ca. 89%.

3.2.2. Pulse reaction of 1>NO over passivated y-MozN
Figure 7 shows the results of 1°>NO pulsing over passi-
vated y-MozN at varioustemperatures. The detected species
were YNNO, 1N,0, ¥N,0, Ny, °NN, and 1°N,.
No 1°NO, and *NO, were observed. From figure 7, one
can see that the intensities of °N»O and 1*N,O were very
low. The amount of 1°N1*NO formed was larger than that
of 15N,0 or *N,0. The amount of 14N, detected reached
a maximum at ca. 400°C and decreased to a low level at
450°C. Between 350 and 450 °C, the intensities of 15NN
and 1°N, increased with temperature rise. Table 1 shows
the distributions of isotopic dinitrogen species at the 10th
pulse of 1°NO. The contentsof N5, 1°N1N, and 14N, were
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Figure 7. Product distribution in °NO pulsing over y-MosN: (a) 1°No,
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Tablel
Isotopic distributions of N at the 10th pulse of °NO over
passivated y-MosN.

Temperature 15N, NN 14N,
(°0) (%) (%) (%)
300 313 36.7 32.0
350 36.4 41.6 22.0
400 44.4 48.8 6.8
450 56.8 40.0 3.2

31.3, 36.7, and 32.0%, respectively, at 300 °C; the contents
of N5 and 1°N1*N increased to 56.8 and 40.0%, respec-
tively, whereas that of 1*N, decreased to 3.2% at 450°C.
At 400°C, amaximal distribution of 1°N1*N was observed.
The results suggest that (i) NO adsorption was mainly dis-
sociative above 450°C and (ii) the infiltration of oxygen
adatoms (generated in NO adsorption) into the nitrogen va-
cancies and/or lattice of y-Mo2N would result in the forma-
tion of aM020, Ny, species.

3.3. Catalyst characterisation

3.3.1. XRD studies

Figure 8 shows the XRD patterns of passivated y-MozN
before and after NO-pulsing (ca. 200 pulses of NO at
450°C). The XRD patterns of the y-MooN samples after
treatments at 450°C in Hy for 2 h, in NO for 10 h, and
in Ho for 1 h (after 10 h of NO treament) are aso in-
cluded. The diffraction pattern (figure 8(a)) of the fresh pas-
sivated y-MozN catalyst indicated that the y-MooN solid
prepared by the TPN method was single-phase and cubic
in structure. The intensity ratio of (200) and (111) reflec-
tions, 1(200)/1(111), has been used as a texture indication
of y-MooN crystallites [3,10]. For the fresh, passivated
y-MooN solid, the 7(200)/1(111) ratio was 1.24, much
higher than that (0.5, JCPDS file data) of the randomly dis-
tributed uniform y-MooN crystallites, suggesting that the
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Figure 8. XRD patterns of passivated y-MooN: (a) fresh, (b) after NO
pulsing, (c) after Ho reduction, (d) after 10 h of NO treatment, and (e) after
the NO-treated (10 h) sample was Hy reduced.

alignment of crystallitesisin the (100) direction. Thistype
of texturing, which is a characteristic of high-surface-area
y-Mo2N [13], was probably a consequence of the pseudo-
morphic nitridation of the MoO3 particlesinto y-MozN. Ac-
cording to Choi et a. [13], the passivated y-Mo2N sample
contained micro-sized and plate- or rod-like aggregates of
much smaller nano-sized particles. After NO uptake and de-
composition, a new amorphous-like phase with very weak
signal centred at 20 = 25.9° was observed (figure 8(b)).
This could be dueto surface Mo,O, N, formed in NO disso-
Ciative adsorption on y-MozN. After H; treatment at 450°C
for 2 h, the crystal structure of y-MozN transformed from
cubic to tetragonal (figure 8(c)). From figure 4, one can see
that atetragonal y-Mo,N was also activefor NO decomposi-
tion. After the y-Mo,N material wastreated in aflow of NO
for 10 h, the XRD pattern recorded (figure 8(d)) was rather
similar to that of figure 8(b), implying that a MoON,,
phase was formed in the oxygen-saturated y -MozN sample.
After reducing of the oxygen-saturated y-MoaN sample in
H» at 450°C for 1 h, the y-MozN phase was restored and
there was not a trace of the Mo2O; N, phase (figure 8(€)).

3.3.2. TPRand TPD studies

Figure9illustratesthe TPR profiles of passivated and O»-
treated y-MozN samples. For passivated y-Mo2N, there are
two sharp bands at 340 and 850 °C and one broad band cen-
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Figure 9. TPR profiles obtained over () fresh and (b) O,-treated passivated
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Figure 10. MS profiles of (a) N> and (b) N»O obtained during NO-TPD
study over passivated y-MooN.

tered at 510°C. The band at 340 °C might be due to the ad-
sorption and diffusion of H» into the pores of y-MozN. The
broad band at 510°C could be assigned to the reduction of
surface M0, N,,.. At 850°C, y-MozN might react with Hy
torelease N2 and NHg3, yielding the second sharp band. Such
a phenomenon has been reported by Wei et a. [14]. For Oz-
treated y-Mo2N, there were a shoulder at 540°C and a big
band at 790 °C; the former was due to the reduction of oxy-
gen adspecies, whereas the latter was due to the reduction of
the partially oxidized y-MozN.

Figure 10 shows the GC-MS profiles obtained during a
NO-TPD study over the passivated y-Mo,N sample. Only
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N2> and N2O were detected with the amount of the for-
mer larger than that of the latter. There were N> desorp-
tions at 531 and 789°C; the one at 531°C could be due
to the decomposition of adsorbed NO, whereas the other
could be assigned to the desorption of lattice N atoms in
y-MooN [14]. Asfor N2O desorption, there were peaks ob-
served at 531, 648, 728, and 789 °C. Such acomplex profile
suggests that there could be a number of ways for N2O for-
mation/desorption.

4, Discussion

The y-Mo2N particles reported here are porous (average
pore diameter 43.1 A) and cubic in structure. The mater-
ia is nanometer (5.91 nm) in size and large in surface area
(108 m?g~1). It has been reported that y-MoyN shows a
strong capability for Oy, Hz, NH3, or NO adsorption [12]
and exhibits good catalytic activities in ammonia synthesis
and HDN reactions. In other words, y-Mo2N is capable
of activating the N-H, N-O, and N-C bonds. Such a be-
havior would render y-Mo2N a good material for NO de-
composition. Among the catalysts reported in the litera-
ture, the Cu-, Co-, Ce-, and Pt-exchanged zeolites [2] ap-
pear to perform well for direct NO decomposition. Previ-
oudly, we reported the performance of perovskite-like ox-
ide Lag.gg7Tho.100CuO4 [15] and 1 wt% Rh/CNTSs (carbon
nanotubes) [16] catalysts for this reaction; the temperatures
required for 90% NO conversion were 650 and 500°C, re-
spectively. For the passivated and Ha-treated y-MozN ma-
terials reported in this Letter, nearly 100% NO conversion
and 98% N selectivity were achieved at 450°C. When the
passivated y-MoaN material was saturated with oxygen, NO
conversion and N2 selectivity remained at ca. 89 and 91%
(figure 6), respectively, indicating that the oxidized y-Mo,N
material is catalytically active for NO decomposition.

The NO and O, storage capacities of the catalysts used
in NO abatement and in three-way catalysts (TWCs) for
automobile exhaust purification have received much atten-
tion [17]. Based on the fact that the XRD pattern of a
NO-treated y-MoaN sample (figure 8(d)) is rather similar
to that obtained in NO adsorption (figure 8(b)), we deduce
that after prolonged NO exposure, ¥ -MozN was converted to
Mo20O,N, rather than completely oxidized to MoOs. Fur-
thermore, the oxygen in Mo,OxN, could be removed via
H> reduction. The recovery of the y-MozN phase after Hy
reduction at 450°C (figure 8(e)) confirms that the mater-
ial can be reduced and oxidized repeatedly in such cycles.
The amount of oxygen that can be removed from MoO, Ny
amounted to ca. 93% of the total oxygen capacity, indicat-
ing that the catalyst exhibited a good OSC (oxygen stor-
age capacity) behavior. Generaly speaking, the larger the
OSC value of a three-way catalyst is, the higher would be
the NO conversion. Recently, CeO»- and/or ZrO»-supported
metal catalysts have been intensively studied for this aspect.
Working on catalysts with different contents of Pd, Ce, and
Zr, Jen et a. [18] found that the 2 wt% Pd/CeO>—ZrO;
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(CeOo/ZrO, molar ratio = 7/3) catalyst was the most effec-
tive in storing oxygen, showing OSC value of 890, 970, and
1030 mol g1, respectively, at 350, 520, and 700°C. Com-
pared to these values, the OSC value of y-Mo2N iseven big-
ger. It should be pointed out that during the measurements
for O uptake over passivated y-MozN, we did not detect
any N2 among the effluent gases. The absence of N2 sug-
geststhat oxygen could stay on the surface or diffuseinto the
pores and/or thelattice of y-Mo,N without displacing any N
atoms. We deduce that after the uptake of O, there should
be a M0oOxN, species. The detection of a weak-intensity
amorphous-like phasein XRD investigation (figure8(b)) isa
supporting evidence for this viewpoint. When NO was flow-
ing through the catalyst continuously for 10 h, the nitrogen
balance was estimated to be 100 4+ 1%. Based on this fact
and therewas no N2 detected in the effluent gases during O»-
pulsing, we suggest that the value of y in Mo,O,N, should
be unity. The values of x estimated based on the amounts
of Oy uptakes at 300, 350, and 450°C were 0.08, 0.26, and
0.65, respectively. In TWCs, alkali or alkaline earth oxides
are used to store NO via nitrate formation. For example, the
NO uptake of a Pt—Rh—Ba—La—0O catalyst supported on
a washcoat was 20 mgge: at 350°C [19]and that of BaO
was 15 mgge, at temperature below 500°C under lean-
burn conditions [20]. For the y-MozN material, the NO
uptakes were 3.6 mgg; (119 umol gzi) and 5.5 mgggs
(182.7 umol goi), respectively, at 50 and 400°C. Obvi-
oudly, the mechanism for NO uptake over the y-Mo2N cata-
lyst is different from that over the BaO-containing catalysts.
Over y-MozN, NO adsorbed dissociatively with N2 desorp-
tion at ca. 531 °C (figure 10(a)). In other words, the disso-
ciative adsorption of NO over y-Mo2N isan activated action.

When O, or NO was pulsed over the y-MooN catalyst,
aMozO,N, phase was generated via the incorporation of
oxygen in the y-MozN lattice. As the amount of O, or
NO introduced into the reaction system increased, the con-
tent of oxygen in the sample increased and reached its limit,
such as x = 0.65 at 450°C with the y-MozN material be-
ing converted into Mo20g esN. During the 10 h of NO treat-
ment (figure 6), NO conversion recorded in a pulse of NO at
450°C reduced from an initial value of ca. 99-89% at the
6th hour. It islikely that in the early hours NO reacts with
y-MozN chemically, whereas after the 6th hour, NO decom-
position was entirely catalytic over the oxygen-saturated ma-
terial, such as M020Og g5N at 450°C. The high level of NO
conversion (ca. 89% at 450 °C) indicates that the MoON,,
phaseis active catalytically for NO removal.

Due to the fact that -MozN was prepared by reacting
of MoOs with NH3, it is possible that there were NH, ad-
species accumulated on the material. Haddix et al. [21] sug-
gested that ammonia could be adsorbed on nitrogen vacan-
cies and partly converted into NH, and/or NH adspecies.
Thompson and co-workers[22] reported that a considerable
amount of NH3 desorbed from a passivated MoaN samplein
the temperature region of 200—300°C. The pretreatment of
the passivated MoaN catalyst in He at 450°C for 1 h was to
ensure the complete removal of surface NH, adspecies. Ac-
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cording to the results of the °NO-pulsing experiments, we
propose that below 450°C, NO adsorbed on y-MozN in the
form of acomplex (A):

15 a3 [N

, ‘ ISNOg
/o%
A £ —Mo—:|!— + PNMNO

PNO, + —MOBITJ— .

ads

@)

In pathway I, the oxygen atom, being more electronegative
than the nitrogen atom, attacks a nearby Mo atom and drives
a lattice N atom to the surface, resulting in the formation
of intermediate (B). The 1°N and 1N adspecies could cou-
ple at roughly the same chance to form °N», 1°N14N, and
14N,. The similarity in 1°N5, 15NN, and 1*N, distribu-
tions in 1°NO pulsing at 300°C (table 1) substantiates the
above deduction. In pathway 11, the release of 15N#NO in
the interaction of 1°NO with Mo—*N would create a nitro-
gen vacant site. The adsorption of a >NO molecule at this
vacancy could also generateintermediate (B). Asreflected in
the small amount of 1°N*NO detected, pathway | was pre-
ponderant over pathway Il in NO decomposition. We pro-
pose that at or above 450°C, 1°NO dissociation proceeds
according to

) ISN 141?1

NO, + Mo 4N~ ——— ‘Moﬂlﬁ——» Mot —— -I\é(lo—o—

N0 PN
[ | | | I

0
N

©) (D)
©)

Due to the diffusion of oxygen, a certain amount of (C) is
converted to (D) before the y-MozN sample was saturated
with oxygen.

According to the aboveresults, we deducethat (i) NO ad-
sorption above 450 °C was mainly dissociative and (ii) there
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was formation of Mo,O;N,. The decreases in N,O and
NO» selectivities with temperature rise and the absence of
N2O and NO» at 450°C (figure 5 (b) and (c)) are support-
ing evidence for (i). The appearance of a weak-intensity,
amorphous-like phase (figure 8(b)) after NO decomposition
is a proof for (ii). We have illustrated that the Mo,O; N,
materia is catalytically active for the direct decomposition
of NO.
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