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ABSTRACT

The density of states (DOS) and soft X-ray spectra from disordered Lii-rMgr alloys
have been calculated by using the charge self-consistent KKR-CPA method. We find
that the DOS at the Fermi energy ( E F ) shows an interesting behaviour as a function of
x; it first increases in the range x = 0.0 to 0.14, then shows a flat behaviour in the range
x S 0.14 to 0.20 and finally decreases smoothly from i = 0.20 to 0.60. We show that this
behaviour of the DOS is related to the development of a neck in the Fermi surface and
its smearing due to disorder scattering. Theoretical results for the soft X-ray emission
spectra are compared with experimental results and are found to be in good accord.
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INTRODUCTION

It is well known that the soft X-ray emission (SXE) apectra of disordered alloys provide
a valuable set of data to compare experiment with theory. It is further recognised that
simple theoretical models such as the rigid band model [1] or the virtual crystal model [2]
are really inadequate to provide the theoretical description of the SXE spectra. On the
other .hand the Korringa-Kohn-Rostoker coherent-potential approximation (KKR-CPA),
especially in its charge self-consistent version, provides a satisfactory first-principles theory
of the various electronic properties of the disordered alloys [3, 4, 5, 6]. Application of the
charge self-consiatent KKR-CPA method for the study of density of states (DOS) and
SXE spectra of nonhomovalent alloys having finite concentration range can, therefore,
throw considerable light on the electronic structure of such alloys. We report here such
theoretical studies of disordered Lii_j.Mgz alloys and compare the results of our calculation
with experiment and other theoretical studies.

The Lii-zMgx alloys are formed over a wide range of concentration (x — 0.0 to 0.7)
as solid solutions of Mg in bec Li [7]. In the bec structure the average number of valence
electrons, z, in Li-Mg alloys can be continuously varied in the range z = 1.0 to 1.7 by
substituting Mg for Li atoms. The lattice constant, a, in this concentration range, varies
slowly in the range a = 6.610 - 6.648 a.u. with a slight minimum around x = 0.4 [8]. The
Li-Mg system, therefore, provides a unique system in nature to experimentally verify the
fundamental theories deacribing electronic structure of disordered alloys. In addition Li-
Mg alloys are of enough technological interest because they possess high strength/weight
ratios and thus have technological applications in the transportation and aerospace in-
dustries [9], To our knowlege, no fully charge self-consistent KKR-CPA calculation of
the DOS and SXE has been reported for this system till now although some non-charge
self-consistent calculations have been reported earlier [10,11]. In this paper we shall focus
on the results for DOS as this is the basic quantity needed to explain the SXE results.
Our results for the Fermi Surfaces of Li-Mg alloys have been reported elsewhere [12].

RESULTS AND DISCUSSION

The details of the charge self-consistent KKR-CPA method and computational pro-
cedure have been described elsewhere [4, 6, 12] and will not be discussed here. In the
present work we have applied this method to Li-Mg alloys for different concentrations of
Mg (x = 0.10, 0.14, 0.15, 0.17, 0.20, 0.22, 0.28, 0.40, 0.50, and 0.60). To illustrate the
effects of the charge self-consistency we have compared in Fig. 1 the present results for
the averaged total DOS for Lio.sMgo.3 (chosen as a typical case) with those obtained by
Stocks [13] using non-charge self-consistent KKR-CPA method. It is observed that overall
shape of the two curves is quite similar although the charge self-consistent method yields
a broader curve and shifts the position of the band edge to a lower energy. Our results
for the component DOS (not shown here) indicate that the p-state DOS contributes at
lower energies , causing the shift of the band edge.

We have calculated the dependence of the total DOS at Fermi energy (Ej?) on the Mg
concentration x. These results (Fig. 2) show an interesting behaviour as a function of
x. The DOS at EF first increases gradually with x in the range x = 0.0 to 0.14, then
shows a flat behaviour in the range x S 0.14 to 0.20 and finally decreases smoothly from
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x = 0.20 to x = 0.60 [14]. The origin of this behaviour (Fig. 2) is related to the changes
in the topology of the FS of the Lii-jMgr alloys as x increases from x— 0.0 to 0.6. In
another work [12] we have reported the calculation of FS radii kf(fc) for Li-Mg alloys for
various values of x. The FS of Li is nearly spherical ( the maximum asphericity being <
4 percent) and is contained within the first Brillouin zone (BZ). The e/a ratio increases
with increasing Mg concentration (x) and one expects the FS to expand and touch the
BZ boundary along the [110] -direction at some critical Mg concentration at x = xc. Our
calculations using the charge self-consistent KKR-CPA method yield.an estimate of xc =
0.17 ± 0.04. The uncertainty in xc arises because the bands get smeared in the alloy due
to discder scattering. A neck in the FS is developed along the [110] -direction for x > xc,
with tue radius of the neck increasing with x (x > xc). A correlation between the DOS
at E F and the neck radii at different x has been observed in the present work as shown in
Table 1. This behaviour can be roughly understood on the basis of the rigid band model.
If we look at the band structure of Li along PN direction ( shown in the inset of Fig. 2),
we note that Ef intersects the valence band (Ei). According to the rigid band model E F
rises as Mg is added to Li and a neck is developed after Ep crosses the top of the S] band.
As Ef moves towards the top, the effective mass increases which according to the nearly
free electron model, would cause an increase in the DOS at EF . After EF has crossed the
top of the Ei band at N, the DOS would start decreasing because the effective mass again
starts decreasing. Although this argument can explain the maximum in this curve (Fig.
2), it cannot explain the flat region (i = 0.14 to 0.20). This flat behaviour arises due to
the smearing of the bands ( and hence the FS) caused by disorder scattering as could be
seen as follows. As a result of disorder, the top of the £j band in Fig. 2 would also get,
smeared. It then follows from the arguments given above, that Ef would not cross the top
at a single value of xc, but would take a certain range of xc. Thus the flattening behaviour
in Fig.2 is closely related to our earlier prediction [12] based on KKR-CPA theory that
the FS touches the BZ boundary for 0.14 < x < 0.22. Thus the present results ( Fig.2
and Table 1) underline importance of the KKR-CPA method for bringing out the effects
of disorder smearing.

The SXE spectral measurements probe the one-electron transition DOS for each com-
ponent of the alloy and provide a sensitive method to examine electronic structure of
disordered alloys. Experimental study of Li-Mg alloys using SXE technique has already
shown [10] that the response of Li and Mg to alloying is quite different. To probe this
point further we have calculated the K-emission spectra for Li and the L23 emission spec-
tra for Mg in Lio.5Mgo.5- Following Bruno et al [11] the intensity profiles were convoluted
with a Lorentzian whose width is given by

G(E) = GQ + W(E - - EF

where Eo is the energy of the bottom of the conduction band. Go = 0.5 eV and W =
0.5 eV denote the parameters chosen to describe the linewidths of the core level and
conduction band respectively. Such a convolution was introduced to take into account
the effects of lifetime for the core levels and conduction bands. The present results for
the SXE spectra for Lio.sMgo.B are shown in Figs. 3 and 4 where these are compared with
the results of experiment [10] and non-charge self-consistent KKR-CPA theory [11). Our
results are in good agreement with the results of Bruno et al [11]. In the case of Mg Lj3
line the present results lie closer to the experiment than those obtained by Bruno et al.

On the other hand the Li K line calculated by us shows a broad tail in the low energy
region. This broad tail may be attributed to the contribution of p-state DOS at lower
energies. Earlier measurements [10] have observed that although the Li K SXE spectra
show very little change in going from Li to Lii-xMg* for different values of 1, the Mg L23

SXE spectra are greatly modified for x > 0.20. The theoretical results obtained by us for
different values of x, although not shown here, support this observation.

CONCLUSIONS

We have calculated the density of states for Lij^Mgx alloys (x =0.0 , 0.10, 0.14, 0.15,
0.17, 0.20, 0.22, 0.28, 0.40, 0.50, and 0.60) by using the charge self-consistent KKR-CPA
method. The DOS at EF when plotted against x shows a broad maximum with a flat
behaviour in the range x = 0.14 - 0.20 which is correlated with the development of a neck
in the FS and its smearing due to disorder scattering. The theoretical results for the DOS
are used to calculate soft X-ray emission spectra and the results so obtained are compared
with the experimental results. Reasonably good agreement is found between the theory
and experiment.
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Table 1: Density of states at Ejr and neck radii of alloys

X

0.00
0.10
0.14
0.15
0.17
0.20
0.22
0.28
0.40
0.50
0.60

DOS at E f (states/atom.Ry)

6.64
7-00
7.20
7.19
7.17
7.16
7.06
6.82
6-28
5.75
5.18

neck radii (a.u)

no neck
no neck
no neck
no neck
0.000
0.056
0.073
0.112
0.166
0.204
0.238
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FIGURE CAPTIONS

Fig. 1. Density of states (DOS) for the Lio.gMgo.2 alloy.
Fig. 2. Dependence of the density of states at E F on Mg concentration (x) for

Lii-jcMgx alloys. The inset shows a schematic plot of the band structure
of Li along FH direction.

Fig. 3. Soft X-ray emission, L23 line, for Mg atom in Lio.5Mgj.5 alloy. The solid
Hne represents the present calculation while the dashed line shows the
non-self-consistent KKR-CPA results and the chain curve shows the
experimental results.

Fig. 4. Same as in Fig, 3 except that this figure corresponds to K line for Li
atom in Lio.sMgo.s alloy.
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