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The systems M,NbSe, (where M = Ti, V, Cr, Mn, Fe, Co, Ni) were prepared. It appeared that the limit of solid 
solution was reached at x z 3. Crystallographic oidering and changes in the c-axis of NbSez were observed. 
Unit cell parameters and crystallographic orderings are compared with those observed in analogous NbS2 
systems. 

Introduction 
A recent study (I) of the structural behavior of 

NbS2 and TaS, revealed that the first-row transition 
metals Mn, Fe, Co, and Ni can be inserted into the 
octahedral holes between the prismatic sulfur layers, 
characteristic of NbS2 and TaS,. Superstructures, 
resulting from an ordering of the inserted metals, 
were formed. A similar behavior could be expected 
for the selenides. We therefore started an investi- 
gation on combinations of the first-row transition 
metals with NbSez. 

Experimental 
The samples M,NbSez(x = 0 + f) were prepared 

by firing pressed pellets, of the appropriate mixtures 
of the elements, in sealed evacuated quartz tubes at 
800Cfor 48 hr. The tubes were allowed to cool in the 
furnace. 

The cell dimensions were calculated from the back 
reflections of Debye-Scherrer photographs, using a 
least-squares program. (M, H. Mueller and L. 
Heaton, report no. ANL-6176). CuK,, radiation 
(h = 1.54051) was used and the reflections were 
corrected for shrinkage of the film and absorption, 
using the Nelson-Riley’s extrapolation. 

In a number of samples small traces (~5%) of 
first-row transition metal selenides could not be 
avoided, even after regrinding and annealing. It 
appeared that this does not influence the lattice 
constants significantly. 

Structural Properlies 
Diffractometer diagrams (CuK, radiation) of 

M,NbSe, showed that the transition metals V, Cr, 

Mn, Fe, Co, and Ni can be inserted between the 
prismatic NbSez layers; only Ti showed much less 
tendency to enter the lattice. The inclusion of 
these metals could be concluded from changes in the 
c-axis of 2s-NbSez and the observation of weak 
superlattice reflections, pointing to a possible 
ordering of the transition-metal atoms. These 
observations, roughly similar to those in Nb$, gave 
us reason to assume that the metal atoms enter the 
octahedra between the NbSe, layers (Fig. 1). The 
stronger reflections could be indexed on the original 
hexagonal lattice of the 2s-NbSez type (2). At con- 
centrations of x varying from ) to + weak super- 
lattice reflections showed up corresponding to a 
unit cell with an axis 2a and not with an axis a& 
as observed in the sulfides for x = 3. The periodicity 
in the c-direction was the same as in 2s-NbSe,. From 
the possible orderings it was found that with this 
2a-supercell a well-defined ordered compound could 
be expected at x = 4, as shown in Fig. 2. At this 
concentration one quarter of the octahedra are 
occupied. For the 2a-superlattice, the systematic 
extinctions hhl, I = 2n + 1 were observed. Using 
the space group P63/mmc of 2s-NbSez, the ordered 
structure for Mli4NbSe, can be described on the 
following initial positions : 

12 S in x, 2x, z (12k) with x = &, z = &. 
4 S in +,+, z (4f) with z = 5 
6 Nb in 3, 0, 0 (6g). 
2 Nb in 0, 0,O (2a). 
2 M in 0, 0, + (2b). 

With M in the position (2b) the super-reflections 
hkl(l= 2n + 1) would be extinguished. It proved 
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FIG. 1. Stacking of prismatic layers in Zs-NbSe,. 
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FIG. 2. Possible orderings of inserted metal atoms (z = 3) 
between two prismatic layers. 

more difficult to get all the samples completely 
ordered at x = t, and up till now annealing at 
various temperatures did not change the super- 
lattice reflections significantly. Apparently, a higher 
concentration made it easier to completely fill one 
crystallographic position, the rest being randomly 
distributed. We observed the same phenomenon at 
x = +, where in the systems containing Mn, Fe, Co, 
and Ni superlattice reflections corresponding to an 
axis a& were observed. This type of ordering 
corresponds to the concentration x = 3, and is 
extensively discussed in a previous paper (1). This 
behavior shows that possibly a concentration 
higher than x = + can be inserted in the four 
mentioned systems. An example of this is shown in 
Table III where the low-angle reflections for 
Fe,,,NbSe, and Fe, ,lNbSe, are listed. Most of the 
superlattice reflections were observed below ~9 = 27. 

TABLE I 

LATTICE CONSTANTS OF THE SYSTEMS M,NbSe, 

a c 

V,,S-fh 3.451 12.660 
V, ,,Nb% 3.454 12.673 
Cr,+Ib% 3.452 12.570 
Cr,,BNbSe2 3.452 12.567 
Mn1j4NbS2 3.462 12.899 
Mn,,3NbSe, 3.469 13.033 
Mnt,*NbSez 3.476 13.165 
Fel,,NbSez 3.454 12.623 
Fe, ,pNbSe, 3.459 12.671 
Fel,lNbSel 3.468 12.773 
Co, ,.,NbSe2 3.452 12.379 
CO~,~N~S~* 3.456 12.384 
Ni,,,NbSe2 3.453 12.419 
Nil ,,NbSes 3.456 12.413 

NbSe2 3/t+ 12.54 

TABLE II 

COMPARBON OF C-AXES OF M1,3NbS2 AND MI,3NbSe2 ; 
A = C(XZ1/3) - C(XZO) 

M 

None 
Mn 
Fe 
co 
Ni 

NbSe3 NbS,U) 

c A c A 

12.54 11.89 
13.033 0.493 12.629 0.739 
12.671 0.131 12.212 0.322 
12.384 -0.156 11.886 -0.004 
12.413 -0.137 11.897 0.007 
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TABLE III 
LOW-ANGLE REFLECTIONS FROM DIFFRACTOGRAMS (CuK,; 0 = 10-27”) 

Fe,,,NbSe* Fe,,,NbSe, 
Systematic extinctions (h/z/), I = 2n + 1. Systematic extinctions (OO!), I = 2n + 1. 

P63/mmc, indexed on 2a-supercell P6322; indexed on ad%supercell 

lo4 sin2 Bohr lo4 sin* 0 ca,c hkl I ObS 10’ sin’ 8 obr IO4 sin* IV,.,, hkl I obr 

201 
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202 
203 
1141 
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204 
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213 I 
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301 
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302 
214 
303 

116 
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St 
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311 
496 
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497 
499 
592 
645 
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592 
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The intensities of FelizNbSez show roughly the 
same trend as those of Fe,,,NbS, (1). A largely 
similar pattern was observed for the rest of the 
systems. 

In order to determine the influence of the inclusion 
of metal atoms on the NbSez lattice, the cell con- 
stants of the subcell were calculated. For those 
systems, where the concentration x = 3 did not 
show any change in axes compared to the lower 
concentrations, these calculations were omitted. 

From the results listed in Table I it appears that 
in the Mn and Fe system the concentration is indeed 

higher than x=f, as in these cases there is an 
expansion of the lattice up to x = 3. As the sample 
FelizNbSe, contains an excess of ferromagnetic 
iron, the maximum concentration with our experi- 
mental conditions must be somewhere between x = 3 
and 3. As a check, a number of samples Fe,NbSez 
(X > 3) were prepared. The latticeconstantsappeared 
to be the same as for Fe, ,zNbSe, and an increase of 
ferromagnetic iron as function of concentration was 
observed. From the fact that the samples V, ,,NbSe, 
and Cr,,2NbSe, contained a considerable amount 
of V and Cr selenides, a maximum concentration of 
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x G 3 may be concluded. This is also evident from 
the much slower increase of the c-axis after an 
initial expansion at x = *. 

The lattice constants of the compounds 
Mli3NbSez (M = Mn, Fe, Co, Ni) are compared 
with those of the corresponding sulfides (Table II). 
In NbS2, Mn, and Fe cause an expansion of the 
lattice in the c-direction. Ni causes a small expansion 
and Co causes a slight contraction of the lattice. 
In the selenides (as compared to the sulfides) Mn 
and Fe bring about smaller expansions of the 
lattice. For Co, a larger contraction of the lattice is 
observed and for Ni a change from a small expansion 
in the sulfide to a contraction of the lattice in the 
selenide. These differences are undoubtedly caused 
by the presence of larger octahedral holes in NbSe* 
than in Nb&. The effective paramagnetic moment 
of Mn in Mn,,,NbSe, as obtained from magnetic 
measurements(inversesusceptibilityvs.temperature) 
is 4.90~~. This is in good agreement with the spin- 
only moment 4.91pB, calculated for Mn3+. Room- 
temperature MSssbauer spectra indicate the iron in 
FeI,3NbSe, is Fe*+. Crystal growth of these 
materials is being carried out by vapour transport 

methods in order to further study their crystallo- 
graphic and magnetic properties. 

Summary 
Combinations of NbSe2 with first-row transition 

metals were prepared. Of the latter the metals V, Cr, 
Mn, Fe, Co, and Ni enter the octahedral holes 
between the prismatic layers of NbSe2. Two types of 
ordered distributions (2a- and az/3-supercells of 
2s - NbSe2) were observed. The influence of 
inclusion of the transition metals on the lattice was 
consistent with the difference in anion sizes of 
NbS2 and NbSe2. 
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