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A simple processing route to molybdenum bimetallic nitrides and oxynitrides has been developed, based on the use
of precursors resulting from freeze-drying of aqueous solutions of the appropriate common metal salts. Thermal
decomposition of amorphous freeze-dried powders originates crystalline mixed oxides, which have been carefully
characterized. Nitridation of the crystalline intermediate having Ni5Mo=253 metal ratio led to single-phased
Ni2Mo3N. For the V–Mo–O–N system, nitridation of both amorphous and crystalline precursors results in
bimetallic oxynitrides. In this way, not only the already known V2Mo(O

x
N
y
) catalyst but also a new compound of

different metal stoichiometry, V3Mo2(O
x
N
y
), has been prepared. The materials have been characterized by X-ray

powder diffraction, elemental analysis, scanning electron microscopy, thermogravimetry under air flow, and
temperature programmed oxidation. The existence of a solid solution of stoichiometry V1−zMo

z
(O

x
N
y
) (0∏z∏1)

having rock-salt structure is discussed.

several bimetallic nitrides, the treatments described are intri-Introduction
cate being multi-step and prolonged. On the other hand, the

In a recent publication concerning the chemistry of interstitial use of polymetallic precursors resulting from freeze-drying of
molybdenum nitrides,1 we referred to the renewed interest in aqueous solutions has already proved to be a powerful tech-
transition-metal carbides and nitrides as more applications for nique to overcome the problem of stoichiometry in the case
these materials emerge.2 Mono- and bi-metallic transition of complex oxides, such as high Tc superconducting materials,8
metal nitrides and oxynitrides are receiving considerable atten- although differences in the chemical activity of the components
tion in the field of catalysis owing to the exceptional reactivity of the involved systems might affect procedural variables. It
shown by some of them.3 In this context, it is well known that should be also considered that solution procedures appear
the preparative route plays a critical role in the properties of especially suitable for the preparation of supported catalysts.
the reaction products, controlling the structure, morphology, In the present work, we report how the use of freeze-dried
grain size and surface area of the obtained materials.4 Thus, polymetallic precursors has allowed us to overcome the above
there are several synthetic approaches which have been used mentioned stoichiometric problem hindering the preparation
to obtain bimetallic nitrides and oxynitrides. Examples include of Ni2Mo3N as a single phase. In the same way, we have been
the direct reaction of a metal nitride with a metal or another able to prepare two different vanadium molybdenum oxy-
metal nitride, the reaction of a mechanical mixture of two nitrides, V2Mo(O

x
N
y
) and V3Mo2(O

x
N
y
). In practice,

metal powders with nitrogen or ammonia, the reaction between V2Mo(O
x
N
y
) has specifically attracted considerable attention

a metal amide with a metal or a metal nitride at low because of its exceptional catalytic activity in processes
pressures (under flowing nitrogen or ammonia) or at high involving hydrogen transfer reactions.9,10
pressures (autoclave), and the ammonolysis of mixed metallic
oxides.5 Concerning catalytic properties, the use of bimetallic
mixed oxide precursors (as an alternative to conventional solid

Experimentalstate reactions) offers the advantage of atomic-level mixing of
the metals, which decreases the diffusion distances of the Synthesis
cations and may lower the temperature necessary for reaction.6

Materials used as reagents in the current investigation wereThis procedure presents, however, an inherent limitation: the
NiC4H6O4·4H2O (Fluka, >99%), NH4VO3 (BDH Chemicals,stoichiometric ratio of the metals in the resulting product
98%), V2O5 (Aldrich, 99.6%), (NH4)6Mo7O24·4H2O (Panreac,(considered as a whole) being the same as that initially present
99.0%) and MoO3 (Merck, 99.5%). Starting Ni, V or Moin the precursor, the presence of impurities together with the
containing solutions were prepared by dissolving their respect-main phase will usually occur when the metal proportion in
ive salts in distilled water. Then, they were combined to obtainthe nitride differs from that of the starting oxide. In practice,
Ni–Mo and V–Mo source solutions whose total cationicthis was our observation upon isolation of a molyb-
concentrations were 0.25 and 0.50 M, respectively. The massesdenum–nickel ternary nitride by ammonolysis of nickel molyb-
of the different reagents were adjusted to give 5 g of the finaldate.1 Thus, regardless of the utility of this procedure when
products. In the case of the Ni–Mo solution, to avoid precipi-treating with some well established compositions, it is desirable
tation, a small amount of acetic acid was added to the startingto design alternative synthetic methods in order to explore
Mo solution (until pH ca. 3–4) before mixing. The composi-different metal compositions in complex systems. One such
tions of these source solutions were prepared to have metalalternative procedure that has been recently reported is based
ratios Ni5Mo=253, and V5Mo=251 or 352. Droplets ofon the ammonolysis of metallorganic hydroxide precursors.7
these solutions were flash frozen by projection on liquidWhereas it has been successfully applied for the synthesis of
nitrogen and then freeze-dried at a pressure of 1–10 Pa in a
Telstar Cryodos freeze-drier. In this way, dried solid precursors†Permanent address: Departamento de Quı́mica General e Inorgánica,
were obtained as amorphous ( X-ray diffraction) loose pow-Facultad de Ingenierı́a Quı́mica, Universidad Nacional del Litoral,

Santiago del Estero 2829, 3000 Santa Fe, Argentina. ders. Crystalline mixed oxides were in turn obtained by heating
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Table 1 Chemical composition of single-phase powder nitrides and oxynitrides

M(at.%)/ Oxygen Nitrogen Stoichiometry
Sample Precursora Mo(at.%)b (wt.%) (wt.%) proposed

NiMoN-A Crystalline 0.64 (0.67) 0.19 3.34 Ni2Mo3NVMoN-A Amorphous 1.92 (2.0) 9.0 13.6 V2Mo(O1.4N2.5)
VMoN-B Crystalline 1.90 (2.0) 7.7 12.7 V2Mo(O1.2N2.3)
VMoN-C Ceramic 1.97 (2.0) 10.0 13.5 V2Mo(O1.6N2.5)
VMoN-D Amorphous 1.47(1.5) 7.0 13.3 V3Mo2(O1.9N4.1)
VMoN-E Crystalline 1.44 (1.5) 6.3 12.5 V3Mo2(O1.7N3.8)

aAmorphous precursor: freeze-dried powder. Crystalline precursors: as resulting from the thermal decomposition of the amorphous precursors
in air. Ceramic precursor: crystalline solid obtained by the ceramic method. bExpected values, according to nominal stoichiometry, in
parentheses.

Table 2 Structural data from X-ray powder diffraction studies ofthe amorphous precursors for 3 h under air at 873 K (Ni–Mo)
Ni2Mo3Nor 723 K (V–Mo).

For comparison, a crystalline V–Mo mixed oxide was also Atom Wyckoff x y z
prepared by solid state reaction of vanadium() oxide and
molybdenum() oxide in a V5Mo ratio of 251. Both monome- Ni(1) 8c 0.18318(15) 0.18318(15) 0.18318(15)

Mo 12d 0.79821(7) 0.04821(7) 1/8tallic oxides were first ground together using ball milling with
N 4b 7/8 7/8 7/8added propan-2-ol to achieve better dispersion. The mixture

was then dried and fired at 873 K for 8 h. Once the solid was Space group, P4132, a=6.63399(3) Å. Rp=10.1, Rwp=12.8, RB=3.45, RF=2.58.cooled to room temperature, it was removed from the furnace,
ground, and subjected again to the same thermal treatment.

Ni–Mo nitrides and V–Mo oxynitrides were synthesized by
ammonolysis of the precursors, using in different preparations For Rietveld analysis of Ni2Mo3N, the pattern was collected
amorphous or crystalline precursor solids (Table 1). The gases with a scanning step of 0.02° 2h, over a wider angular range
employed were NH3 (99.9%) and N2 (99.9995%). A sample of (20–140° 2h), and with a longer acquisition time (10 s step−1)
the selected precursor (ca. 0.5 g) was placed into an alumina in order to enhance statistics. Rietveld analysis was performed
boat, which was then inserted into a quartz flow-through tube with the FULLPROF program.11 The fits were performed
furnace. The back end of the tube furnace was connected to using a pseudo-Voigt peak-shape function. In the final runs,
an acetic acid trap and the front end was connected to the gas usual profile parameters (scale factors, background coefficients,
line or to a vacuum pump. Prior to initiating the thermal zero-points, half-width, pseudo-Voigt and asymmetry param-
treatment, the tube furnace was evacuated under vacuum for eters for the peak-shape) and atomic positions were refined.
20 min, then purged for 10 min with N2 and another 20 min Isotropic thermal parameters were set at 0.3 and 0.7 Å2 for
with NH3 . The precursor powder was heated at 5 K min−1 metals and nitrogen atoms, respectively, and an overall thermal
under flowing ammonia (50 cm3 min−1) to a final temperature parameter was also refined. Residuals given in Table 2 are the
of 1223 K for Ni–Mo samples or 1038 K for V–Mo samples. conventional (background corrected) peak only Rietveld pro-
The samples were held at the reaction temperature for 4 h for file and weighted profile residuals, Rp and Rwp, and the
Ni–Mo and 2 h for V–Mo, and then quenched to room integrated intensity and structure factor residuals, RB and RF .
temperature by turning off and opening the furnace. After A selected list of bond distances is summarized in Table 3. It
cooling, the resulting solid was purged with N2 for 10 min. must be stressed that, for a better estimation of the accuracy
All products were stored in a desiccator over CaCl2 . of the parameters, the standard deviations (that relate only to

the precision of parameters), must be multiplied by the SCOR
Characterization parameter,12 which has a value of 2.24. All the graphical

representations concerning X-ray powder diffraction patternsElemental analysis. Metal ratios in the solids were deter-
were performed using the DRXWin program.13mined by energy dispersive analysis of X-rays (EDAX ) on a

JEOL JSM 6300 scanning electron microscope, that were
Microstructural characterization. The morphology of bothcollected by an Oxford detector with quantification performed

the crystalline precursors and the resulting nitrides and oxy-using virtual standards on associated Link-Isis software. The
nitrides was observed using a scanning electron microscopeoperating voltage was 20 kV, and the energy range of the
(Hitachi S-4100) operating at an accelerating voltage of 30 kV.analysis 0–20 keV. The nitrogen content of the nitrides and
The powders were dispersed in ethanol and treated withoxynitrides was evaluated by standard combustion analysis
ultrasound for 10 min. All the preparation samples were(Carlo Erba EA 1108). The oxygen content was determined
covered with a thin film of gold for better image definition.by pyrolysis at 1343 K over nickelated carbon using a Carlo

Erba 1500 elemental analyzer; N2 and CO were separated in
Oxidation behavior. In addition to thermogravimetrica chromatographic column, and measured using a thermal

measurements, temperature-programmed oxidation of theconductivity detector. The oxygen content was also indirectly
nitrides and oxynitrides was carried out using a Micromeriticstested by thermogravimetric analysis (Perkin Elmer TGA 7
TPD/TPR 2900 instrument equipped with a thermal conduc-system). Table 1 summarizes the results of these analyses for
tivity detector. In a typical TPO experiment, 50 mg of thethe resulting nitrides and oxynitrides.
powder were contacted with the reactant 2% (v/v) O2–He flow

X-Ray diffraction. X-Ray powder diffraction patterns were
obtained from a Seifert C-3000 h–h automated diffractometer Table 3 Selected bond distances (in Å) for Ni2Mo3Nusing graphite-monochromated Cu-Ka radiation. Powder

Ni–Ni ×3 2.4692(15) Mo–Mo ×4 2.7767(6)samples were mixed with acetone to form a slurry and mounted
Ni–Mo ×3 2.7337(12) Mo–Mo ×2 2.8146(6)on a glass slide. Routine patterns for phase identification were
Ni–Mo ×3 2.7384(12) N–Mo ×6 2.0810(3)collected with a scanning step of 0.08° 2h over the angular Ni–Mo ×3 2.8174(12)

range 10–70° 2h with a collection time of 3 s step−1.
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(50 cm3 min−1), while the temperature was raised at
5 K min−1 .

Results and discussion
Ni–Mo–N system

As we have recently shown, the ternary nickel molybdenum
nitride obtained by high temperature ammonolysis of nickel
molybdate, NiMoO4 , has the stoichiometry Ni2Mo3N.1 This
way, the difference in stoichiometry between the precursor and
the final nitride systematically resulted in the presence of
impurities, which very likely are the basis of erroneous results
previously reported in the literature which referred to a non-
existent ‘Ni3Mo3N’ nitride.6d,7a At this point, the goal of
obtaining single-phase Ni2Mo3N was the purpose of the
synthetic approach presented in this work.14 Obviously, the

Fig. 1 Observed (dotted) and calculated (solid) X-ray diffractionfirst preparative requirement was to think about alternative
profile for Ni2Mo3N. Tic marks below the diffractogram representprecursors containing the correct Ni5Mo ratio, which led us the allowed Bragg reflections. The residual lines are located at the

to assay the use of polymetallic precursors resulting from the bottom of the figures.
freeze-drying of aqueous solutions. Thus, we carried out
ammonolysis procedures, under conditions similar to those
reported as optimal in ref. 1, using as precursors both the
amorphous solid (as resulting from freeze-drying of the acetic
solution) and the crystalline solid obtained by the thermal
treatment of the amorphous freeze dried solid.

Thermal treatment of the amorphous precursor at 873 K
during 3 h under air led to a yellowish green solid the X-ray
diffraction pattern of which indicates that is a mixture of
NiMoO4 (JCPDS 33,0948) and MoO3 (JCPDS 35,0609).
Independent TGA experiments showed that such a transform-
ation, which occurs with an associated weight loss close to
40%, is practically complete at ca. 600 K. MoO3 is eliminated
by sublimation above 950 K, and no formation of any new
mixed oxide phase is detected over the entire process.

A metallic-grey solid was obtained as result of the
ammonolysis of the amorphous precursor (1223 K, 4 h). Its
X-ray diffraction pattern shows that it is a mixture in which
the majority phases are Ni2Mo3N,1 Ni0.2Mo0.8N (JCPDS
29,0931) and Ni3N (JCPDS 10,0280). The pattern includes
also peaks previously attributed to an unidentified impurity
having a cubic cell with an a parameter of 3.590 Å.1

The results of the ammonolysis of the crystalline precursor
(NiMoO4 plus MoO3) were, however, significantly different.
Under the same reaction conditions (1223 K, 4 h), single-
phase Ni2Mo3N was identified as the resulting product when
the samples are quenched to room temperature. On the other
hand, in line with previous observations, slow cooling of
samples results in the presence of detectable impurities, which
has been attributed to the capability of this system to absorb
more nitrogen at low temperatures to give products with a
lower total metal to nitrogen ratio.1,6e This observation is
consistent with the above results concerning the direct ammon-
olysis of the amorphous precursor. Very likely, more prolonged
thermal treatments of the amorphous precursor would lead to
the total conversion of the secondary phases in Ni2Mo3N. In
this sense, however, this procedure is disadvantageous relative
to the ammonolysis of the crystalline precursor.

Fig. 1 shows experimental and calculated X-ray diffraction
patterns corresponding to pure Ni2Mo3N. In contrast to results
in ref. 1, EDAX analysis confirms now a homogeneous

Fig. 2 SEM images showing the microstructure of: (a) crystallineNi5Mo=253 composition throughout the entire sample, and
precursor of the Ni2Mo3N nitride; (b) Ni2Mo3N nitride. Scale barsthe nitrogen content (3.34 wt.%, combustion analysis) is also
correspond to 500 and 1000 nm, respectively.consistent with the Ni2Mo3N stoichiometry. No possible

impurity attributable to the synthetic procedure (such as C )
was detected in any significant amount (ca. 0.01 wt.%). Only show mainly polyhedral faceted particles, with a mean particle

size around 250 nm. The final Ni2Mo3N powder [Fig. 2(b)]a very small amount of oxygen was detected (0.19 wt.%).
The morphology of both the crystalline precursor (NiMoO4 consists of an aggregate of spherical particles with typical

diameter around 500 nm. It should be noted that this non-plus MoO3) and Ni2Mo3N was observed using scanning
electron microscopy. SEM images of the precursor [Fig. 2(a)] pseudomorphic transformation associated with nitridation is
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Fig. 3 Characteristic TPO (continuous line) and TGA (broken line)
profiles corresponding to Ni2Mo3N.

clearly similar to that observed when NiMoO4 was used as
precursor,1 despite the morphological differences between the
precursors.

Fig. 3 shows a characteristic TPO profile and TGA curve
for Ni2Mo3N under air atmosphere up to 1173 K. Although
there are quantitative differences between the registered tem-
peratures for the main effects in both experiments (attributable,
very likely, to differences in the sample size and ventilation
and in the geometric characteristics of the holders),15 the TGA
curve shows that oxidation of the bulk sample (after a continu-
ous slight weight gain) occurs at ca. 900–1000 K. The TPO Fig. 4 X-Ray diffraction patterns of: (a) crystalline V5Mo=251

precursor; (b) crystalline V5Mo=352 precursor; (c) V2Mo(O
x
N
y
);peak associated with this effect in the TGA curve is complex,

(d) V3Mo2(O
x
N
y
).which suggests that the oxidation process could occur through

a multi-step mechanism. The total mass gain associated with
this effect, 38.17%, is very close to the theoretical value,

and V2O5 (JCPDS 41,1426). TGA results indicate that38.64%, corresponding to Ni2Mo3N�2NiMoO4+MoO3 .
decomposition of the amorphous precursor is complete at ca.Also, the final oxidation products were identified as NiMoO4 620 K. As stated above (see synthesis), we also prepared, for(JCPDS 33,0948) and MoO3 (JCPDS 35,0609). This result,
comparison, a crystalline V–Mo mixed oxide by the ceramicwhich is consistent with the nitrogen analysis, indicates also
procedure (starting from an intimate equimolar mixture ofthat the ternary nitride, Ni2Mo3N, does not contain appreci-
V2O5 and MoO3 , i.e. V5Mo 251 ratio). The resulting crystal-able quantities of oxygen. Thus, the synthetic procedure
line solid was again identified as consisting of V9Mo6O40 anddescribed here guarantees the total nitridation of the precursor
V2O5 . In practice, this result agrees with that predicted from(NiMoO4 plus MoO3) to give Ni2Mo3N, which does not suffer
the reported phase diagram for the V2O5–MoO3 system,16 andsignificant superficial oxidation by air exposure (contrary to
is also consistent with the contention of Munch and Pierron17that observed for other ternary nitrides for which passivation
that the intermediate ternary mixed oxide in this system isis required, see below). Weight losses above 1100 K are due
V8VVIVMo6O40 rather than V2MoO8 as reported by Eick andto MoO3 sublimation.
Kihlborg.18 Actually, the claim of Oyama and coworkers that
the crystalline oxide precursor of V2Mo(O

x
N
y
) is V2MoO8V–Mo–O–N system

was based on the XRD analysis of Eick and Kihlborg (JCPDS
20,1377),18 although the pattern shown in that work9a presentsThe success of our synthetic strategy for Ni2Mo3N led us to

consider its applicability for obtaining other related phases of clear evidence of preferential orientation. In any case, it should
be noted that the conventional solid state reaction describedinterest. We initially focussed our efforts on V2Mo(O

x
N
y
), an

oxynitride of cubic structure having remarkable catalytic by Oyama and coworkers9a was performed at a temperature
(948 K ) higher than that used in our experiment (873 K ). Atproperties. This oxynitride was first reported by Oyama and

coworkers,9a–e who described its preparation (x=1.7, y=2.4; this point, we prepared an amorphous freeze-dried precursor
having a V5Mo=352 nominal stoichiometry (Table 1). It wasalthough these nitrogen and oxygen contents could vary with

the experimental conditions) by ammonolysis of the bimetallic treated as above (723 K, 3 h), and the result was again a deep-
green crystalline solid whose XRD pattern [Fig. 4(b)] corre-V2MoO8 mixed oxide.9b As set out below, by applying our

synthetic procedure, we have identified the crystalline precursor sponds to only V9Mo6O40 . These results can not exclude, by
themselves, the existence of a hypothetical V2MoO8 com-(Table 1) of V2Mo(O

x
N
y
) as a mixture of V9Mo6O40 and

V2O5 , which has guided us towards the preparation of pound, but they clearly support the assertion that the stable
intermediate crystalline mixed oxide in the V2O5–MoO3 systemV3Mo2(O

x
N
y
), a new vanadium–molybdenum oxynitride also

having cubic (NaCl-type) structure. is V9Mo6O40 .17
In contrast to Ni2Mo3N, the results of ammonolysisAs described in the experimental section, in order to obtain

the V5Mo=251 oxynitride, V2Mo(O
x
N
y
), we prepared an processes (1038 K, 2 h) were independent (Table 1) of the

amorphous or crystalline character of the V–Mo precursor (foramorphous freeze-dried precursor having this nominal metal
stoichiometry. A deep-green crystalline solid was obtained by any of the V5Mo stoichiometries). Chemical analyses of

samples of the resulting products (black solids) indicate that,heating the amorphous precursor under air (723 K, 3 h). The
X-ray diffraction pattern of the resulting product [Fig. 4(a)] in all cases, the V5Mo ratio is (within experimental error) equal

to the nominal value in the corresponding precursor, and theallowed identification of both V9Mo6O40 (JCPDS 34,0527)
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Fig. 5 SEM images showing the microstructure of products with V5Mo=251 metal ratio: (a) and (b), crystalline precursor; (c) and (d),
V2Mo(O

x
N
y
). Scale bars correspond to 500, 100, 500 and 100 nm, respectively.

final oxynitrides can be formulated as V2Mo(O
x
N
y
) and ammonolysis process (1038 K, 2 h) yielding V2Mo(O

x
N
y
)

[Fig. 5(c)], although they now show wrinkled surfaces. SEMV3Mo2(O
x
N
y
) (see Table 1). In line with previous obser-

vations,9b nitrogen and oxygen contents can vary to some images at high magnification [Fig. 5(d)] clearly reveal that
V2Mo(O

x
N
y
) grains are aggregates of nanometric sphericalextent depending on the procedural variables. Both the inter-

stitial character of the non-metal atoms (see below) and possible particles with typical diameter around 20 nm. An analogous
pseudomorphical evolution was already observed by Oyamasurface oxidation may be responsible for this constitutional

tolerance. Fig. 4 shows characteristic XRD patterns corre- and coworkers9 upon synthesising VN solid foams from
V2O5 .20 Similar results were obtained when the crystallinesponding to both oxynitrides. It must be stressed that both

have the same characteristic XRD pattern of the rock salt mixed oxide precursor (V9Mo6O40 plus V2O5) was prepared
by a conventional solid state reaction (Fig. 6). Crystal aggre-structure (space group Fm3m). No other phases were observed.

The cell dimensions of the synthesized oxynitrides [4.151(3) gates (ca. 50 mm) with plane surfaces [Fig. 6(a)] maintained
their external appearance after nitridation [Fig. 6(b)], but highand 4.153(3) Å, respectively] are similar to those previously

reported for related phases.9b,e It is also remarkable that both magnification [Fig. 6(c)] shows again nanometric spherical
particles (ca. 20 nm).oxynitrides are isostructural to the individual nitrides VN and

Mo2N,19 in which the metal atoms occupy a face centered cubic Fig. 7 shows a characteristic TPO profile and TGA curve
for V3Mo2(O

x
N
y
) under air atmosphere up to 900 K.lattice and nitrogen fill octahedral interstitial positions.

Scanning electron microscopy images show that morpho- Oxidation of the bulk sample begins now at relatively low
temperature (ca. 500 K vs. 900 K for Ni2Mo3N ). Both TPOlogical evolution from the precursors to the ternary oxynitrides

is very similar for both metal compositions under study. Fig. 5 and TGA curves suggest that oxidation occurs in a two step
process, the final product of which (863 K) is V9Mo6O40shows characteristic SEM images corresponding to V5Mo=

251. Low temperature (723 K ) thermal decomposition of the (JCPDS 34,0527). V2Mo(O
x
N
y
) behaves similarly. Low tem-

perature oxidation is consistent with the pyrophoric characteramorphous freeze-dried precursor leads to [Fig. 5(a)] elongated
crystals (V9Mo6O40 plus V2O5), with typical dimensions of these products, this making necessary passivation (under

N2 atmosphere) prior to their manipulation. Surface oxidationaround 2000×400×200 nm, which have plane surfaces [as
observed at high magnification, Fig. 5(b)]. The external must account to a great extent for the oxygen content of these

oxynitrides.appearance of the crystals remains unchanged during the
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Fig. 7 Characteristic TPO (continuous line) and TGA (broken line)
profiles corresponding to V3Mo2(O

x
N
y
).

use of single mixed oxides as precursors, this making it possible
to obtain single-phase Ni2Mo3N. In the same way, we have
been able to prepare a new metallic composition in the
V–Mo–O–N system, V3Mo2(O

x
N
y
). The fact that both this

oxynitride and the already known V2Mo(O
x
N
y
) present the

same NaCl-type structure as that of the VN and Mo2N
individual nitrides, suggests the existence of a solid solution
of stoichiometry V1−zMo

z
(O

x
N
y
) (0∏z∏1) having rock salt

structure. Thus, V2MoO1.7N2.4 catalyst, which has been
referred to as having superb HDN performance with an
activity higher than that of VN and Mo2N,9a,e,10 should be
only one of the possible compositions in the V1−zMo

z
(O

x
N
y
)

solid solution. As far as the catalytic activity in this system
must depend on its stoichiometric metal ratio, the synthetic
approach reported here opens a way to optimize the HDN
catalytic properties in the V–Mo–O–N system. Preliminary
results relating to the preparation by this method of different
V1−zMo

z
(O

x
N
y
) (0∏z∏1) compositions have been

satisfactory, and further study is in progress.21
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