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Abstract

The densities of states of some ternary alloys (NbSi Al , MoAl Si , MoGa Ge , MnAl Si ) with the TiSi structure have1.4 0.6 1.3 0.7 1.4 0.6 1.3 0.7 2

been obtained with the tight binding-linear muffin tin orbital (TB-LMTO)-average T matrix approximation (ATA) method and have been
found to be similar to those of the chimney-ladder structures, previously computed with the same method. This is in agreement with the
similar behaviour of their valence electron concentration. MnAl Si has been found found to be magnetic and a more elaborate1.3 0.7

KKR-CPA calculation predicts a magnetic moment of 0, 4 m for Mn in this alloy.  2001 Elsevier Science B.V. All rights reserved.B

Keywords: Manganese aluminium silicon compounds; Band structure calculations; Magnetic properties

1. Introduction results of the TB-LMTO calculation and predicts a mag-
netic moment of 0.4 m per Mn atom.B

´Jeitschko and Parthe have shown in 1967 [1] that some
transition metal alloys with the TiSi structure2

(NbSi Al , MoAl Si , MoGa Ge , MnAl Si )1.4 0.6 1.3 0.7 1.4 0.6 1.3 0.7

shared the basic property of the much more complicated 2. Computational methods and results
‘chimney-ladder’ compounds. The chimney ladder have a
large unit cell which can be regarded as a piling up along The calculations have been performed using the TB-
the c-axis of a large number of TiSi -like subcells where LMTO parameters tabulated by Andersen [4,5] and the2

the silicon atom sites vary slightly from one subcell to the recursion procedure in real space [6] to obtain the densities
next. But for both the alloys and the chimney ladder of states in a continuous fraction form. The atomic sphere
compounds, the VEC (valence electron concentration per radius have been chosen so as to obtain a local neutrality
transition metal atom) follows roughly the same curve as a in each sphere. This rather simple method gives reasonable
function of the column number of the transition element. results for TiSi , RuAl and Ru Si where a comparison2 2 2 3

For the TiSi alloys we have performed tight binding- with other calculations [7,8,11] is possible. There are no2

linear muffin tin orbital (TB-LMTO) band structure calcu- adjustable parameters. To treat the disorder on the non
lations similar to those previously performed for the transition element sites, we have used an a weighted mean
‘chimney-ladder’ structures [2,3]. These calculations in- of the TB-LMTO potential elements for the two atoms.
deed show striking similarities between the density of The partial Green functions for Si and Al were then
states for the alloys and the chimney-ladder compounds obtained by replacing the first level of the continuous
with a transition element in column five to seven, giving fraction for the mean atom by that of the real ones. This
indications of a similar origin for their stability. In the case corresponds to the average T matrix approximation (ATA),
of MnAl Si , where a high density of states is found at which should be satisfactory here due to the similarity of1.3 0.7

the Fermi level, a fully selfconsistent spin polarised Al and Si.
Korringa Kohn Rostoker-coherent potential approximation The alloys band structures are found to interpolate
(KKR-CPA) has been performed, which confirms the between the band structure of TiSi and that of RuAl ,2 2

NbSi Al (VEC512.33) beeing close to TiSi (VEC51.4 0.6 2

*Corresponding author. 12) and MnAl Si (VEC513.67) close to RuAl1.3 0.7 2
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Fig. 1. Total density of states for (a) NbSi Al and (b) MoAl Si1.4 0.6 1.3 0.7 Fig. 2. Total density of states for MnAl Si (a) and partial density of1.3 0.7
(E 50).F states for Mn (b).

(VEC514). Fig. 1a shows the total density of states for partial density of states for Si and Al. Together with Fig.
NbSi Al . The density of states is similar to that of 2b these curves clearly show the sp(Al,Si)–d(Mn) hybridi-1.4 0.6

TiSi . The low energy part is dominated by the s states of sation in the 24 eV to 20.5 eV region, and the weakly2

the non-transition elements. Between 24.5 eV and the bonding states between 20.5 eV and 10.3 eV. The Fermi
Fermi level at 0 eV, there is a strong hybridisation between level is again in this region, close to the top of the valence
the d orbitals of Nb and the sp orbitals of Si and Al. The band and corresponds to a high density of states. At low
Fermi level is found in a minimum of density of states energy, the density of states is dominated by the s orbitals
which separate this strong hybridisation region from of Al and Si (the lower energy Si s orbitals contributing
weakly bonding states dominated by the d orbitals of Nb, more than the Al s orbitals).
which extend between 0 and 2 eV. There is a second Since the structure of the alloys is much simpler than
minimum at 2 eV (VEC514) which also exists in TiSi but that of the ‘chimney-ladder’ themselves, we have been able2

is deeper for the alloy. Fig. 1b shows the total density of to perform a more elaborate calculation for the interesting
states for MoAl Si (VEC512.66) This density of case of MnAl Si where, as stated above, the density of1.3 0.7 . 1.3 0.7

states is similar to the previous one, but the higher Fermi states at the Fermi level is found to be rather high. (The
level is in the weakly bonding region. The minimum at a Stoner criterion is satisfied using a Stoner constant of 0.9
VEC514 has evolved into a gap. Fig. 2a shows the total eV for Mn). We then performed a fully selfconsistent spin
density of states for MnAl Si (VEC513.67). This polarised KKR-CPA method [9,10]. This calculation uses a1.3 0.7

density is closer to the density of RuAl than to the density k space procedure to obtain the densities of states and2

of TiSi . The width of the d partial density of states (Fig. leads to more precise value for N(E ) than the real space2 F

2b) is smaller than in the previous cases, since the d method that we used in connection with the TB-LMTO
element belong to the 3d series. Fig. 3a and b show the calculations. The total density of states obtained with this
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Fig. 3. Partial density of states (a) for Si and (b) for Al in MnAl Si .1.3 0.7

KKR-CPA method (Fig. 4) confirms the gross features of 3. Conclusions
the TB-LMTO results, in particular the weak bonding
states at the top of the valence band. It also predicts a The alloys all show a gap (or a deep minimum in the
magnetic moment of 0.4 m per Mn atom. An experimental case of NbSi Al ) at an energy corresponding to a VECB 1.4 0.6

investigation of this alloy is in progress. In preliminary
measurements no magnetic transition was found (the
sample was paramagnetic), but this sample included sever-
al grains with compositions differing slightly from
MnAl Si . Since the Fermi level is in a region where1.3 0.7

the density of state varies strongly, this is not conclusive.

Fig. 4. Spin polarised KKR-CPA densities of states for MnAl Si . The1.3 0.7 Fig. 5. Total density of states for the chimney ladder compounds (a)
total density of states is for the Wigner–Seitz cell (WS) and includes the

Mo Ge (b) V Ge .13 23 17 31contribution of the interstitial region between the muffin-tin spheres.
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