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Synthesis of the New Ternary Transition Metal Nitride FeWN, via
Ammonolysis of a Solid State Oxide Precursor
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Communicated by Aaron Wold, March 15, 1993

A new ternary nitride, FeWN,, was prepared via ammonolysis of the solid state oxide precursor
Few(Q, at 800°C. The powder diffraction data were indexed as a hexagonal structure with lattice
parameters ¢ = 2.867(2) A and ¢ = 16.458(9) A. The successful preparation of FeWN, demonstrates

that the inductive effect is not necessary for preparing some ternary transition metal nitrides.
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Solid state nitrides are of interest because
they exhibit technologically useful proper-
ties. For example, some transition metal ni-
trides are extremely hard and strong, yet are
good conductors of heat and electricity. Be-
cause of the diverse properties exhibited by
nitrides, they have found utility as packaging
materials, as structural materials, and as cat-
alysts (/, 2). Nonetheless, relatively few ni-
trides have been synthesized and fully char-
acterized, in part because nitrides have low
decompesition temperatures due to the high
bond energy of N, (941 kJ/mole) (i-3). A re-
cent synthetic strategy for synthesizing ter-
nary nitrides involves the stabilization of late
transition metals via the inductive effect (1,
4). This approach has been very successful;
however, it limits the number of potential
new ternary nitrides to those containing
highly electropositive elements. [n this letter
we describe the simple synthesis of the new
single-phased ternary nitride FeWN,, which
is not stabilized by an inductive effect.

Nitride research has become more active
recently, with several groups pursuing the
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synthesis and characterization of new com-
pounds (5—/1). Synthetic approaches for
ternary nitrides include the reaction of a
metal nitride with an alkali, alkaline, or rare
earth metal, or the reaction of alkali, alka-
ling, or rare earth nitrides with a transition
metal under N, or NH,. Another approach
has been the use of mixed metal precursors.
For example, the ternary nitride LiMoN,
can be synthesized by the reaction between
Li,MoO, and NH; (g) ({12).

There are few known and well character-
ized ternary nitrides that do not contain
highly electropositive eclements. Often, ni-
trides are not synthesized directly, but
rather one nitride is converted into another.
For example, recently CuTaN, was synthe-
sized via an ion-exchange reaction between
CuCl, and NaTaN, (/3). We are currently
investigating the use of transition series
metalates as precursors to ternary transition
metal nitnides in single-step reactions. Qur
successful preparation of FeWN, demon-
strates that the inductive effect is not neces-
sary for preparing some ternary transition
metal nitrides and suggests that a large num-
ber of other ternary transition metal nitrides
can also be prepared directly.
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FiG. 1. Powder X-ray diffraction pattern of FeWN,.

FeWN, is prepared via the ammonolysis
of the transition metal tungstate FeWOQ,.
The hydrated iron tungstate was prepared
by dropwise addition of a 40-mi (0.25 M)
aqueous solution of metal chloride, FeCl,
(Cerac, 99.99%), to a 15-ml (0.67 M) solution
of Na,WQ, - (H,0), (Aldrich 99%). A brown
solid product was isolated by vacuum filtra-
tion and rinsed with two washings in water
followed by a single washing in ethanol.
The solid was air-dried overnight followed
by further drying at 150°C for 24 hr. The
product was a brown powder which was
characterized by powder X-ray diffraction
as FeWOQ,. The metal tungstate precursor
was placed in an alumina boat which was
inserted into a quartz flow-through reactor
located in a hinged tube furnace, The sample
was heated under flowing ammonia gas (160
cm®/min) at 5°/min to 800°C. The sample
was held at the reaction temperature for 12
hr and then quenched to room temperature
by turning off and opening the furnace. The
black product, FeWN,, was pure by X-ray
powder diffraction (Fig. 1) and was indexed

as hexagonal, a = 2.867(2) A and ¢ =
16.458(9) A (Table I). The hexagonal struc-
ture is similar to the known nitrides LiMoN,
(a = 2.8674A, ¢ = 15.801A) (12) and Cu
TaN, (a = 3.136A, ¢ = 17.438A) (13).

TABLE I
D-SPACINGS AND INDEXING OF FeWN,

d-Spacing hk {
5.4683 003
2.71370 006
2.4818 100
2.2609 103
1.8387 106
1.4733 109
1.4343 110
1.3882 113
1.3707 0012
1.2706 [
1.2421 200
1.2095 203
1.1999 1012
L1315 2086
1.0277 209
0.9908 1112
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The nitrogen content of the sample was
determined by thermogravimetric analysis
{Cahn 121 TGA). The sample FeWN; was
heated 5°C/min to 900°C under O,. After 3
hr at 900°C, the oxygen was shut off and the
forming gas (53%H,: 95%N,) was switched
on. The sample had a weight gain of 14.26%
when heated under the oxygen and a subse-
guent weight loss of 23.47% under the form-
ing gas. This weight change is consistent
with the formula FeWN, 4. The results of
C, H, N combustion analysis (Oneida N =
10.18 wt% or FeWN,,) are in good
agreement with the nitrogen content deter-
mined by thermogravimetric analysis.

FeWN, is a new ternary transition metal
nitride that was prepared in a single-step
synthesis, Rietveld refinements of its struc-
ture and measurements of its magnetic and
electronic properties are in progress.

Acknowledgments

Financial support from DuPont and Hoechst-Celanese
15 gratefolly acknowledged.

469

Reflerences

I. F. J. DiSaLvo, Science 247, 649 (1990).
2. L. VoLPE AND M. BOUDART, J. Solid State Chem.
59, 332 (1985).
3. L. E. Tors, “Transition Metal Carbides and Ni-
trides,” Academic Press, New York, 1971,
4. J. EToURNEAU, J. PORTIER, aAND F. MENIL, J.
Alloys Compounds 188, 1 (1992).
5. T.BrokaMmr aND H. Jacoss, J. Alloys Compounds
176, 47 (1991).
6. G. CorDiER, P. Honn, R. KNIEP, AND A. RABE-
NAU, Z. Anorg. Allg. Chem. 591, 58 (1990),
7. D. A. VENNOs aND F. J. DiSaLvo, J. Solid State
Chem. 98, 318 (1991).
8. M.Y.CHERN, D. A. VENNOS, AND F. J. DISALvVO,
J. Solid State Chem. 96, 415 {1992).
9. R. Juza, K. LANGER, AND K. YON BENDA, An-
gew. Chem, 80, 373 (1968).
10. P. E. RaucH AND F. J. DiSaLvo, 1. Solid State
Chem. 100, 160 (1992).
I1. D. 8. Bem, C. P. GiesoN, aND H.-C. zur LoYE,
Chem. Mater. 5, 397 (1993).
12. S.H. ELpEr, F. J. 1SaLvo, anD L. H. DOERRER,
Chem. Mater. 4,928 (1992).
13. U.ZacHWIEIA AND H. JacOBs, Eur. J. Solid State
Inorg., Chem. 28, 1055 (1991).



