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Abstract. We present a theoretical and experimental study of the Fermi surfaces (PSS) of Li and 
the diaardered alloys Ii-,Mg, (0.6 2 x > 0.0) io the BCC phase. Theoretical calmlations 
employ the hl-principle fully charge-self-consisrcnt KorringhKohn-Rostokei eoherenf- 
parentid-approximaim scheme within the localdensity approximdon. The experiments 
involve the two-dimensional angular conelation of p i t m n  d i l a t i o n  radiation measuranents 
on four t i ~ - ~ M g ,  singlcsrystal specimens with x = 0.0, 0.28. 0.49 and 0.60. Good overdl 
agreement is found between experiment and theory with regard to the size and shape of the PS 
as J is increased from 0.0 to 0.6, although some discrepancies are noted. Thc question of the 
critical Mg concentration x = xc Bt which the FS fin1 makes contact with the Blillaldo zone 
bwndary in Lit-.Mg, alloys is eonsidered in s m e  d d l .  

1. Introduction 

The electronic smctures and Fermi surfaces (FSs) of Li and Li-Mg alloys have invoked 
considerable interest in recent years. The Fs of pure Li metal shows a small but definite 
departure from a free-electron sphere, and a study of its asphencity thus provides a delicate 
test of band theory predictions. However, because of the presence of a martensitic phase 
transformation, Li goes into a mixed BCC-Hcp phase for T c 80 K (Young and Ross 1984). 
Therefore, a measurement of the FS of Li in the BCC phase using the conventional methods 
such as the de Haas-van Alphen (DHVA) effect which require the specimen to be cooled 
to very low temperatures is not possible. A partial solution to this problem was offered 
by Randles and Springford (1976) who measured the DHVA effect in SaIIlpleS Containing a 
polycrystalline dispersion of randomly oriented Li spheres of small size. Although these 
studies provide an estimate of the radial distortion of the FS in BCC Li, they do not determine 
the FS dimensions directly. 

Several 0the.r experimental sludies of BCC Li have been performed using Compton 
scattering (Cooper et al 1965, 1970, Phillips and Weiss 1968, 1972, Eisenberger er al 1972, 
Wachtel er al 1975, Bemdt and Briimmer 1976, SchiiIke er al 1984, S a k d  et a1 1992) 
and positron annihilation techniques (Stewart 1964, Donaghy and Stewart 1967, Paciga and 
Llewelyn Williams 1971, Basinski er a1 1979, Manuel er al 1982, Oberli et al 1985% b) 
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because these measuremenls can be carried out above 80 K, and these specmscopies can 
provide valuable information about the FS. Theoretical calculations of the band structure and 
Fs of Li have been reported by several workers using a variety of established band-structure 
methods (see, for example, the references compiled in table 1, reponed by Randles and 
Springford (1976)). 

Table 1. Chmcreristic f-s of the band swcIure of Li. 

Theory 

preseni work %er w o k  Experiment 

3.41 (1) 3.54-3.55' Not available 
(2) 3.49 
(3) 3.85' 

N ( E p )  (states eV-'latm) 0.488 ( I )  0.516' Not available 
(2) 0.48lb 
(3) 0.477< 
(4) 0.4804 

'Band gap' E(N9 - E ( & )  (cv) 2.81 ( 1 )  284-2.90' Z.O*O.l~ 
(2) 27Sb 
(3) 2 S F  

a AIW method by Dagens and Perrot (1973). 
LCAO method by Ching and Callaway (1974). 
AIW method by Bmrs and Bohn (1575). with the amoning parameter 
KKR method by Momni el of (1978). 

= Mathewson and Myen (1973); see discussion in the text. in section 3. 

= 0.9~0 

The Lil-,Mg, alloys form solid solutions of Mg in the BCC Li lattice over a wide 
Mg concentration range (x  = 0.0-0.7) and above x = 0.85 they form a solid solution 
of Li in the HCP Mg lattice (Roberts 1960). In the BCC structure the average number of 
valence electrons in Lii-,Mg, can be continuously varied in the range x = 1.0-1.7 by 
substituting Mg for Li atoms: the lattice constant varies slowly in the range U = 6.610- 
6.648 au with a slight minimum at around x N 0.4 (Herbstein and Averbach 1956). The 
Lil-,Mg, alloys are, therefore, a unique system in nature to verify theoretical electmnic 
structure models experimentally. Notably, the interest in the Li-Mg system is also driven by 
the fact that these alloys are among the lightest commercially available srmctural materials, 
with technological applications in the transportation and aerospace induseies because of 
their high strength-to-weight ratios (Raynor 1959, Polmear 1981). 

k i n g  to the FS of Li-Mg alloys, note that, according to the nearly ffee elechon 
model, we expect the ahnost spherical FS of Li to expand with increasing Mg concentration 
x and to make contact with the Brillouin zone (BZ) boundary at some critical concentration 
x = x,. This behaviour has not been confirmed via direct measurement so far because the 
conventional methods of fermiology, such as the DHVA effect, cannot generally be used in 
concenlrated alloys where electrons develop finite lifetimes owing to disorder scattering of 
states. Additionally, as in the case of Li, the presence of phase uansformations in Lil,Mg, 
at low temperatures rules out FS measurements for the BCC phase below T = 100-160 K 
(depending on x (Oomi and Woods 1985)). The experimental techniques such as Compton 
scattering (Cooper 1985) or the angular correlation of positron annihilation radiation (ACAR) 
(Berko 1983). which involve the determination of the momentum distribution, are not 
sensitive to electron lifetimes and thus are best suited to investigating the disordered phases. 
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Bemdt and Briimmer (1976) have measured the Compton profiles of Lil-,Mg, (x  = 0.0- 
0.7) but their measurements did not provide any useful information about the ps dimensions 
because they used polycryslalline samples and moderate momentum resolution. In contrast, 
the two-dimensional (zD) ACAR measurements using single crystals appear more promising 
owing to the higher available angular resolution, and the 2D nature of the data (Berko 1983). 

The elecmnic structure of Lij-,Mg, alloys has been investigated theoretically by 
Callcot er al (1980) and Bmno er al (1987) using the Koningz-Kohn-Rostoker (KKR) 
coherent-potential approximation (CPA). However, neither of these calculations appears to 
have employed a charge self-consistent scheme. CaUcot er a1 (1980) have compared their 
KKR B A  results for the soft-x-ray emission specaa from Lh.8Mg0.2 with experiment but have 
not presented any results for the PSs of Lil-,Mg, alloys. Bruno et a1 (1987) computed the 
Fss of the Lil-,Mg, aUoys using the KKR B A  and compared the computed FS neck radii 
for x = 0.44, 0.51 and 0.58 with the results of optical experiments. Observing systematic 
differences, Bruno et a1 (1987) suggested that a more realistic comparison between theoly 
and experiment could be made via ACAR dam; however, no ACAX measurements on 
Li+,M& were available in 1987 for such a comparison. 

Bearing these considerations in mind, we were motivated to undertake the present 
theory-experiment study of the FS of Lig-zM& alloys. The KKR B A  methodology is 
used on the theoretical side, while the experiments involved ZD ACAR spectroscopy. The 
FSs of Lij-,M& have been calculated for x = 0.0, 0.14. 0.22, 0.28, 0.40 and 0.60 using 
the all-electron fully charge self-consistent KKR CPA method which has already provided a 
satisfactory theoretical description of the Fss of several disordered alloys. The theoretical 
results are compared with the dimensions of  ss determined via high-resolution 2D ACAR 
measurements made on single crystals of Lil-,M& for x = 0.0, 0.28,0.40 and 0.60. The 
plan of the present paper is as follows. In section 2 we give an overview of the relevant 
calculational procedures used and the details of the present ZD ACAR experiments. The 
theoretical and experimental results are presented and discussed in section 3. Conclusions 
are summarized in section 4. 

2. Methods 

2.1. Calcularional procedure 

n e  electronic structure of Li and the disordered Lil-,M& (x = 0.14, 0.22, 0.28, 0.40 
and 0.60) alloys were calculated using the all-electron fully charge self-consistent KKR CPA 
method described in detail elsewhere (see, e.g., Bansil (1982, 1987, 1993), Stocks and 
Winter (1984), Mijnarends (1987). hasad (1991) and Bansil et a1 (1992)). In the limit 
x = 0.0 of pure Li, this method reduces to the KKR method of band theory. Briefly, 
in the KKR CPA method, the disordered aUoy is replaced by an ordered array of effective 
atoms whose scaaering propefies are demnined by a self-consistency condition. Within 
the density functional theory, the KKR B A  method provides a first-principles parameter-free 
theory of the electronic structure of disordered alloys. In the present work we have used 
the local-density approximation and the exchangecorrelation potential of von Barth and 
Hedin (1972). The only inputs for the calculation were the atomic numbers of Li (2 = 3) 
and Mg (Z = 12) and the laaice constants taken from Levinson (1958). To begin with, 
the muffin-tin potentials for each constituent in each alloy were generated on the given 
lattice using overlapping charge densities. The self-consistency equation, in the framework 
of KKR BA f o r " ,  was solved by an iterative method. The resulting charge densities 
were used to generate the new muffin-tin potentials. The whole procedure was iterated until 
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charge self-consistency was achieved. The level of self-consistency A ( i.e. the integrated 
difference between input and output charge densities) was less than electrons; the 
Fermi energy EF converged to about lo-* Ryd (see Kapnyk and Band (1990) and B a n d  
and Kaprzyk (1991) for specific working details of our KKR CPA methodology). 

It is well known that unlike that of a pure metal the FS of an alloy is not sharp (see, 
e.g., F’rasad et nl (1981)), but that the FS acquires a width arising from the disorder-induced 
scattering of electrons. The specnal density function A(k, EF), where EF denotes the Fermi 
energy, is a sharp delta function for pure metals but generally becomes broadened for alloys. 
The half-width at half-maximum of the function A(k. EF) is ameasure of the broadening of 
the Fs. In the present work the FS of disordered Lil-,M& alloy was calculated by locating 
the position of the peak in the spectral density function A(k,  EF). 

2.2. Experimenral details 

The present 2D ACAR measurements were carried out with a system consisting of two high- 
density avalanche chambers with a geometrical resolution (FWHM) of 1.5 mm x 1.5 mm 
for each detector element. Each chamber contained an active area of 30 cm x 30 cm 
and was placed IO m away from the single-crystal specimen under study. The detectors, 
manufaclured by Oxford Positron Systems, possessed a detection efkiency of 3% for 
51 1 keV annihilation photons. The coincidence time resolution ( W M )  of the detectors 
was 44 ns, thus resulting in a low accidental coincidence rate. The dead tine was less 
than 4 ps with the fast data acquisition system employed. Positrons emitted by a 15 mCi 
“Na line source were focused onto the specimen by a superconducting magnet (strength, 
5.2 T). The total angular resolution (FWHM) of the system, without the conhibudon due 
to the thermal motion of the positron, was O S  mad x 0.23 mrad as determined from the 
observed width of the posimnium peak for a quartz single crystal (Berko et a1 1977). 

Single crystals of Lil-,Mg, were drawn using a modified Bridgman methoe the purities 
of the starting materials (Li and Mg) were 99.99%. The specimens were cut by spark 
erosion into cubes of 10 mm length and kept in silicone oil. A clean surface of the crystals 
was obtained by etching and polishing in a mixture of ethanol, methanol and 1-3% of 
concentrated nihic acid. The handling and mounting of the crystals into the samplc holder 
were performed in a high-purity argon atmosphere; the crystals were kept in a high vacuum 
during the measurements. Other working details of our 2D ACAR set-up have been described 
elsewhere @ckert 1989). 

The 2D A W  diseibutions N(p, ,  py) were measured for four Lil-,Mg, samples with 
x = 0.0.0.28.0.40 and 0.60. The samples were oriented such that the integration direction 
pz lies along the [1101 direction; the typical total number of counts taken for each specimen 
was 1 . 5 ~  lo7 for each sample. It was established that cooling the sample to 160 K resulted in 
only a slight improvement in the momentum resolution compared with the room-temperature 
data AU the measurements were, therefore, carried out at mom temperature. The dam were 
corrected for the finite detector size via an experimentally determined correction mahix. By 
applying a ‘reconstruction’ method to the measured data N(p,, p y ) .  the three-dimensional 
two-photon momentum distribution p2(Y)@) was obtained. A preliminary repolt of the 
present meaSurements has becn given elsewhere (Triftshmer et al 1992). 

S S Rajpur er a1 

3. Results and discussion 

Table 1 considers characteristic features of the band smcme of Li. Our computed values 
of the band width EF - E(r1) as well as the density N ( E F )  of states at the Fermi energy 
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compare well with other calculations. Our theoretical value of the band gap E ( N ; )  - E(N1) 
compares reasonably with the results of other calculations, but these theoretical values are 
all larger than the value of 2.0 eV deduced from optical measurements; a similar observation 
concerning this band gap has also been made by Bruno er al (1987) in connection with their 
calculations on Lil-,Mg, alloys. 

Figure 1 shows the Fss calculated by us for pure Li and Lil-,Mg, alloys and it is seen 
that the FS of Li is a slightly distorted sphere, with the largest deviation from the free- 
electron sphere being observed as a bulge along the [110] axis (figure I@)). The distortion 
in the FS can be described through the parameter (Ching and Callaway 1974) 

q ( d )  = 104[k& - k$/kg 

where denotes a particular direction in the momentum (k) space, k&) the FS dimension 
along the & direction, and kg the radius of the beeelectron Fermi sphere. Our calculations 
give q[100] = -227, q[110] = 338 and q[111] = -97. These values agree closely with 
the results of Ching and Callaway (1974) who used the method of the linear combination 
of atomic orbitals (within the local-density approximation) and obtained q[100] = -220, 
q[110] = 380 and q[111] = -110. 

We see from figure l(a) that the FS of Li does not touch the BZ boundary. In Lil-,Mg, 
alloys, the e /a  ratio increases with increasing Mg concentration, and we expect the FS to 
expand and touch the BZ boundary first along the 11101 direction. An interesting question 
which has been the subject of numerous studies is what the critical Mg concentration x = x, 

(1964) suggested x, = 0.19. A value of x, = 0.19 was also proposed from the analysis 
of magnetic susceptibility data (Svechkarev er af  1977). On the other hand, measurements 
of physical quantities such as the Hall voltage (Ide 1971). optical propenies (Mathewson 
and Myers 1973) and Knight shifts (Lynch er al 1973) indicated that x, p 0.30. Using 
their Compton profile data for the Li-Mg alloys, Bemdt and Brii"er (1976) concluded 
that x, lies in the range 0.34.4. Egorov and Fedorov (1983) measured the thennopower 
and resistivity of Lil-,Mg, alloys for 0.4 p x p 0.0 at various temperatures and concluded 
that their observed value of x, = 0.2 agreed well with the value x, = 0.247 calculated 
by Vaks er al (1981). Varlamov er al (1989) have made a detailed experimental study of 
the temperam dependence of the differential thermopower and specific conductivity in 
Lil-,Mg, and concluded that their results are also in good agreement with the theoretical 
value (Vaks er al 1981) of xc = 0.247. 

It thus appears that different experimental and theoretical methods lead to a range of 
values of x,. part of this behaviour has been attributed by V a r h o v  ef a1 (1989) to the 
presence of mixed phases below the martensitic phase transformation temperature TM and 
to the fact that the value of TM depends on x. The effect of smearing of the FS on alloying 
can further complicate the problem. As noted above, the FSs of alloys possess a finite width 
arising from the disorder scauering of electrons. This is indicated in f i g w  l(b)-l(f), 
where the shape of the theoretical FSS, obtained in the (li0) plane passing through r, is 
drawn for different values of x .  The central curves in these figures correspond to the peak 
positions of the spectral density function A(k, EF), while the inner and outer envelopes 
correspond Io k-values where A(k,  EF) is reduced to half its value at the peak. Obviously, 
as the FS swells upon adding Mg, the outer envelope 6rst touches the BZ boundary; thii 
is Seen to occur from Egure l(6) at x1 = 0.14, while the inner envelope touches the BZ 
boundary at x2 = 0.22 (figure l(c)). A well defined neck in the FS appears to be formed 
for x > 0.22 (figures l (dt l ( f ) ) .  The present theoretical results, therefore, indicate that the 

is at which the FS es t  makes contact With the BZ boundary. Early I D  ACAR work Of Stewart 
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Figure 1. Cms sections of the theoretical ess of Li and rhe dirdered alloy Lil-,& in the 
(I io) plane passing through R (a) Li: (b) x = 0.14: (c) x = 0.2. (d) x = 0.28; (e) x = 0.40, 
(f) .z = 0.60. ' h e  BZ h d a r i e s  are also shown. The mmenhM scale i s  in milliradians 
(1 mrad = 0.137 a"). 
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FS of Lil-,Mg, touches the Bz in the range 0.22 3 x 0.14: this perhaps explains the 
wide range of x,-values observed by various measurements, since different experimental 
techniques would generally sample the spectral density function differently. 

Further insight into changes in the FS topology is provided by figure 2 which gives the 
cross sections of the FSs of Lil-,Mg, in the WW face of the Bz cenued at N for x = 0.22, 
0.28,O.M and 0.60. These results emphasize the shape of FS neck on the HPHP face and 
indicate the growth of neck size with increasing Mg concenuation. 

Figure 1. Cms s d m  of the theoretical PS of the disodered alloy t i ~ - ~ M g ,  in the m fw 
cenrred at N of the BZ for (U) x = 0.22, (6) x = 0.28, (c)  x = 0.40 and (d) x = 0.60. 

We now compare. ow theoretical predictions with the 2D ACAR measurements. In this 
connection, we emphasize that we observe for Lil,Mg, a single posimn lifetime z for 
0.0 < x < 0.6 (figure 3). ?he fact that the s-values in figure 3 possess bulk-like values in 
the range 23C-275 ps indicates that in our samples the positron was not significantly happed 
at intrinsic defects, and that the present ZD ACAR data. are representative of the momentum 
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density of the Bloch-like delocalized states. The essentially Iinear dependence of r on x 
shows that the positron does not possess a preferential affinity for either of the constituent 
atoms in the Li-rich alloys; interestingly, Kubica et 01 (1975) suggest that in the Mg-rich 
regime the positron annihilates preferentially from Li-cIusteTs. 

We emphasiie that it was not out aim in this work to reconstruct the full three- 
dimensional two-photon momentum distribution p2Y@) &om experiment, nor to compare 
the results with band theory predictions, as has been done, for example, for V (Pecora et 
al 1988) and Mg (Kontrym-Sznajd 1992). Rather ow main aim was to examine changes 
in the Fs dimensions of Lil-,M& alloys in the light of KKR CPA calculations and ZD ACAR 

experiments. Keeping this in mind, out procedure for determining the Fermi radii k&) from 
the measwed ZD A W  e w e s  was as follows. In the spirit of the analysis of Li by Donaghy 
and Stewart (1967). Oberli er a1 (1985a, b) and Stewart (1986), a phenomenological model 
containing three terms was chosen to represent pzY@). These three terms consisted of 

(i) a centrally situated freeelecrron sphere of radius k: which describes the annihilation 
with conduction electrons, 

(U) an anisotropic contribution by high-momentum components described in terms of 12 
three-dimensional Gaussian functions centredat H = (&tn/u. &/a, O), (+tn/a. 0. &/a) 
and (0, f a / a ,  *tn/a) where U denotes the lattice constant and 

(i) a centrally located Gaussian distribution which describes the annihilation with core 
elecuons. 

The next step involved a ‘reconstruction’ of p2Y@) from the 2D ACAR data set N ( p , ,  pr) 
(Mijnarends 1977, Pecora 1989). The speciJic scheme consisted of expanding pzY@) into 
cubic harmonics &(Q) (Mijnarends 1969) and Wting the fidelity of reconstruction with 
the help of the above model. Since, as noted, our main purpose was the determination of 
k&), the reconstructed p2Y@) was folded back into the k-space by following the Lock- 
CrispWest (1973) procedure: 

S S Rajput er al 

pZmw(k)=&ZY(k+H) (2) 
H 

where H denotes the reciprocal-lattice vectors. The sum over H was carried out up to 
IpI = 15 nuad so that the contribution from the high-momentum components (i.e. the 12 
nearest neighbours in the reciprocal lattice) was included, Oberli et a[ (198%) have shown 
tha1 the anisompic contribution from the high-momentum components is negligible beyond 
[PI = 15 mrad. Using an iterative method, a criterion for determining k&) &om the 
Lock-CrispWest IC-space occupational density py&,,ynv(IC) was developed so that k,! could be 
recovered faithfully and selfconsistently from the model p2Y@). 

The accuracy of our procedure for determining Fs radii deserves some comment, 
especially since only one 20 ACAR projection (with integration along the [I 101 direction) was 
involved in the analysis. While a detailed study of this question, including a discussion of 
the effects of using m m  than one data projection, is taken up elsewhere (Eckert 1989). we 
summarize some of the salient results as foUows. The average e m  in determining the Fs 
radius kp(ie) with the present ZD ACAR data is estimated to be about 1% or f0.05 N. The 
statistical error Akg is about 0.2%. We note that OUT thrwterm model for p z Y @ )  does not 
include enhancement elfects associated with et-e- many-body correlations. We estimate, 
however, that the neglect of these effects probably inmduces an uncertainty into the k&)- 
values of less than 0.2%. A similar conclusion was reached by Oberli er ol (19853. For 
these reasons, we did not attempt to modify our procedures for Fs determination in order 
to incorporate enhancement effects. 
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The variation in anisotropy &) in going from the [IIO] to the [OOII direction (via 
the [ I l l ]  direction) in  Li is shown in figure 4. The experimental results of Oberli er 
al (1985ab) and the calculations of MacDonald (1980) (using the non-local self-energy 
approximation) are also shown. In examining figure 4 we must remember that the Fs 
distortions are quite small in absolute magnitude, and that we have used a large scaling 
factor of 104 in equation (1) defining ~(i). The maximum anisotropy from the present 2D 
ACAR data is 6 = [k(l IO) - k(OOl)]/k: = 4.7 f 0.2% which is higher than the value of 
2.8 f 0.6% reported by Okrl i  et al (1985a. b). Note that our KKR CPA calculations yield 
values of &) which are larger than those obtained by MacDonald's theory. Explanation 
of this discrepancy is found in the work of M o l t  el a1 (1975) and MacDonald (1980) who 
have shown that inclusion of non-local mass opemtors in the theory results in a reduction 
in the Fs distortions for Li by a factor of almost 2: Rasolt er al (1975) obtain 6 = 5.5% 
for local theory and 6 = 1.4% for non-local theory, while MacDonald (1980) obtained 
6 = 6.0% for local theory and 6 = 2.9 or 3.7%. depending on whether the non-local self- 
energy correction is used only for the valence part of the selfenergy or otherwise. Recalling 
that our calculations do not include non-local effects, our value of 6 = 5.6% is in reasonable 
accord with the local theories of Rasolt er al (1975) and MacDonald (1980). The fact that 
the, p e n t  ZD ACAR data yield 6 = 4.7 f 0.2% would thus suggest that non-local effects 
may not be as important for Li as indicated by the earlier work of Oberli er al (1985a) 
which gave 6 = 2.8 f 0.6%. 

2 '$ 70 

230L 220 0 
0.1 0.2 0.3 0.4 0.5 0.6 

I S  

c I .  0.7 

Asphericity in the FS of Li 

100 

\ 

-100 

-200 

0 20 40 60 80 
e (degrees) Magnesium COnCDntmtion I 

Figure 3. Measured varisrim in positroo lifetimes with 
x ,  for the L L M g .  alloy single clystals used in the 
experimenl. 

Figure 4 Variation in q(k) (see e q d m  (I)). 
describing the asphericity in the ps of p m  Li. in 
the (iio) plane. e denotes the angle between E and 
the Ill01 diredim. The data points arc as follows: 

experiment; 0, ZD AW experiment of Oberli er a/ 
(1985a);---,nm-localtheoryofMacDonald(1980). 

present KKR CPA th-: - - -, PTepent ZD A M  

Figure 5 considers variations in the FS radii of Lil-,Mg, alloys. Note that no 2D ACAR 
measurements were made for x = 0.14 and 0.22, where theoretical results are nevertheless 
presented. The experimental and theoretid curves in figure 5 display similar trends, 
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although the amplitudes of the experimental CIRVS are generally abut 2% highs. The 
discrepancy is, however, somewhat more pronounced for x = 0.60 in that the measured 
points lie above the theoretical values for 0" < 6 6 60", but below the theoretical values 
for 60" < 6 < 90"; the origin of this behaviour is unclear. 

S S Rajput et al 
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Further insight into the FS topology of Li-Mg alloys is provided by figure 6 which 
shows contour plots of the distribution $&,(l~) in the (iio) plane, obtained via equarion 
(2) from the measured ZD ACAR data; figure 7 provides a 3D rendition of the Fss. The 
growth of the Fs and the development of the neck (note that because of the periodicity of 
p&(k) there are four equivalent necks lying at the comers of each part of figure 6) ,  seen 
clearly in figures 6 and 7, is in good accord with the theoretical results in figure 1. 

As mentioned earlier, it is interesting to consider the critical concenmtion xc at which 
the FS h t  makes contact with the BZ in Li,-,M&. In this connection, figure 8 gives a 
plot of various theoretical and experimental results for the neck radius k~ expressed as the 
ratio 2k~jC110, where G l ~ o  denotes the distance between the r and N points in the BZ. 
The present KKR B A  results and those of Bruno et al (1987) indicate similar trends and 
both theoritx predict a neck size smaller than the ZD ACAR mea5urements. On the other 
hand the /~-values  deduced by Mathewson and Myers (1973) are substantially smaller than 
theory, probably because of the inaccuracy of the approximations invoked by these workers 
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in analysing their optical absorption spectra. An extrapolation of our KKR CPA points in 
figure 8 yields an estimate of x, = 0.17 f 0.04 for the critical Mg concentration where. 
the necks first appear for Li-Mg alloys. This theoretical value is in good agreement with 
the results of thennopower, resistivity and magnetic susceptibility measurements, quoted 
earlier in this section. A similar extrapolation of the 2 0  ACAR data points in figure 8 is 
difficult; further 2D ACAR measurements to determine xc in the Mg concentration range 
x = 0.1CLO.28 would be required. While we plan such experiments with our 2D ACAR 

machine, we note that the preparation of Lii-,Mg, single nysta ls  with x < 0.28 poses 
formidable metallurgical problems. 
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I C 1  x =0.40 (d) X = O , M  

Figure 7. A ihmedimcnsid rendition d the n of the ti,A4g. alloy for various s-vducs. 
The fin1 BZ is indicated. The ps is in contacf with #he BZ for &e cas- (b). ( c )  and (d). 

A Conclusions 

A systematic theoretical (KKR CPA) and experimental (2D ACAR) study of the Fss Of Li 
and Lil-,Mg, (0.0 c x < 0.6) disordered alloys has been canid out The Fs of Li is a 
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distorted sphere with a bulge along the [110] direction: the FS expands with increasing 
Mg concenh-ation. On a quantitative level, the overall agreement between our local- 
density-approximation-hed theory and the 2D ACAR experiments with regard to the detailed 
sizes, shapes and anisompies of the Fss of Lil,Mg, alloys is reasonable, although some 
discrepancies are observed. The KKR B A  theory predicts that the FS touches the BZ boundary 
for 0.14 c n i 0.22, the finite range arising from the disorder-induced smearing of the Fs. 
The present theoretical and experimental results both support the conclusion that a neck in 
the FS is definitely formed for x 2 0.28. 
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