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Self-consistent augmented plane wave (APW) band structure calculations 
have been performed for the compounds FeA1, CoAl, and NiAh For  CoAl us a 
representative example the following results are presented : energy eigenvalues, 
band structure~ radial charge densities and charge transfer. The charge 
distribution for all three compounds is displayed in tabular  form and sections 
through the Fermi surface are shown. The results are compared with previous 
band structure calculations on these substances. Reference is made to papers 
which have used the present results to calculate several physical properties of 
the investigated compounds. 
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Selbstkonsi,stente Bandstrukturrechnunffen fiir die intermetallischen Verbin- 
dunffen FeA1, CoAl und NiA1 

FOr die Verbindungen FeA1, CoAl und NiAl wurden selbstkonsistente APW 
(augmented plane wave) Bandstrukturreehnungen durchgef/ihrt. Energie- 
eigenwerte, Bandstruktur,  radia]e Ladungsdichten und Ladungsiiberf0hrung 
werden for CoAl als repr~i.sentatives Beispiel angegeben. FOr alle drei Ver- 
bindungen wird die Ladungsverteilung in Tabellenform dargestellt, und es 
werden Schnitte dureh die Fermioberfl~che gezeigt. Die Ergebnisse dieser 
Arbeit  werden mit den Resultaten frOherer Berechnungen vergliehen. Ferner 
wird auf Arbeiten hingewiesen, in weIchen auf Grundlage der vorliegenden 
Bandstrukturrechnungen versehiedene physikalische Eigenschafteu der ge- 
nannten Verbindungen ermittelt  wurden. 
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Introduction 

In this paper APW band structure calculations are presented for the 
ordered stoichiometric compounds FeA1, CoAl, and NiA1. These com- 
pounds have been selected for a theoretical investigation, because 
various experimental data concerning their electronic structure are 
available. Furthermore, band structure calculations of ordered in- 
termetallie compounds tnay serve as a starting point for studies of 
substitutional disordered alloys. Due to these facts and because of their 
simple CsC1 type crystal structure these substances have already 
received considerable theoretical attention in literature. 

Hume-Rothery 1 suggested that NiA1 and CoAl are electron compounds 
formed at an electron to atom ratio of 3/2, where only the valence electrons of 
aluminium are taken into account. The first rigorous band structure calculation 
on one of these compounds (NiAl) was performed by Connolly and Johnson 2, 
who used the non self-consistent APW and KKR method. Moruzzi, Williams 
and Janak 3 studied the band narrowing and the charge transfer in CoAl, NiA1 
and four other intermetallie compounds, crystallizing with the CsC1 type 
structure, by means of the self-consistent KKP~ method. The electronic band 
structure of FeA1 was computed by Okochi 4 via the non self-consistent APW 
method. 57agel et al.a investigated the electronic structure of FeA1, CoAl, and 
NiA1 using the self-consistent APW method. However, they published only the 
results for CoAl. Ziesche et al. G calculated the band structure of FeA1 non self- 
consistently by the H-NFE-TB method. Furthermore Miiller et al. 7 used the 
same method for the non self-consistent calculation of band structures and the 
interpretation of soft X-ray emission spectra of VA1, CrA1, FeA1, CoAl, and 
NiA1. Hackenbracht and Kiibler s performed a calculation of the electronic 
structure and the cohesive properties of NiA1 and Ni3A1 by means of the ASW 
method developed by Williams et al. 9. Also "Scattered Wave" X~-ealculations 
on transition metal-aluminium clusters were performed by Welnberger lo and 
Miiller et al. 11 

Computational Aspects 

The band structures, reported in this paper, were calculated self- 
consistently using the non-relativistic APW method 12,13. In the self- 
consistency procedure the muffin tin approximation was applied to the 
crystal potential as well as to the charge density. The exchange 
potential was treated by the Xa-method  using the optimized atomic 
a-values as calculated by Schwarz  14 inside the atomic spheres and an 
a-value of 2/3 for the region of constant potential between the atomic 
spheres (see Table 1). 

The starting potential for the band structure calculations was 
constructed by superposing the Hartree-Fock-S la ter  ( H F S )  Xa-poten- 
rials of the constituent atoms in their ground states 15. In the present 
calculation the transition metal atom is located at the origin of the unit 
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o(,, cell and the a luminium a tom is placed on the site \ ~ , ~ , ~ ] .  The 

atomic sphere radii R:~ and RAI were determined by  the intersection of 
the superposed atomic HFS-X~-po ten t ia l s  in the [111] direction (see 
Table 1) and were kept  constant  during the self-consistency procedure. 
The aluminium "1 s", and "2 s" and the transit ion metal  "1 s", :'2 s", 

Table 1. input parameters for the AP W band structure calculations 

Compound Exchange parameters Lattice constant Atomic sphere radii 
MA1 ~M ~A1 A (a. u.) R M RA1 

F e A 1  0.71094 0.72795 2.908586 5.496190 2.365461 2.394379 
CoAl 0.70966 0.72795 2 .862482 5.409070 2.315721 2.368671 
N i A 1  0.70843 0.72795 2.886524 5.454500 2.318545 2.405190 

"2 p",  and :'3 s" states were assumed to be core states for which the 
frozen core approximat ion was used, i.e. the self-consistent atomic 
HFS-X~-charge densities were taken .  

The expansion of the APW wave functions inside the atomic spheres 
was carried up to a m ax i m m n 1 value of 12 and the variat ional  
expansion of the total  crystal  wave function in terms of augmented 
plane waves included reciprocal lattice vectors ~i up to 

Energy  eigenvalues and wave functions were obtained for 35 non- 
equivalent  1~ points in 1/48 of the BZ. These 35 points correspond to 512 
uniformly distr ibuted grid points in the whole Brillouin zone (BZ). 

About  12 iterations were performed in order to obtain a difference of 
about  0.002 Ryd  between the energy eigenvalues of the two last 
iterations. Fur ther  computat ional  details are given by Pechterlq 

Results and Discussion 

1. Band Structure 

In  Table 2 the self-consistent energy eigenvalues E~ (k) of CoAl with 
respect to the constant  potential  between the atomic spheres and the 

part ial  charges q~ Eg: and qOUt E are listed for the valence states 

corresponding to a coarse grid of 10 non-equivalent  points in the 
irreducible wedge of the BZ. Using the s tandard notat ion of Bouelcaert, 
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Smoluchovski, and Wither iv, a denotes the irreducible representat ion of 

t (  ~') is the partial  the point, group of the group of the wave vector  ~. ql E~ 

charge associated with the angular m om en tum quan tum number  l 
/ \ 

q~ is the charge in the unit cell inside the atomic sphere t and 

between the atomic spheres for a part icular  s tate with the energy 

eigenvalue E~.  The charges are normalized to 1 in the unit  cell 
k 

t=l 
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Fig. 1. APW band structure of CoAl in six symmetry directions (energies with 
respect to the muffin tin zero). The arrows labeled by "FeAI" and "NiAI" 
indicate the Fermi energy EF! for FeA1 and NiAI relative to the position of the 

�9 �9 MA1 M A [  d bands of these compounds. EF, is calculated according to EF, ~ = E F - -  
E MAI 5c Eer ~ (M = Ni, Fe) 

['25' 25' 

A complete description of the evaluation of the partial  charges is given 
by Neckel et M.13 

The electronic energy bands of CoAl along the six ~:-directions which 
enclose the irreducible wedge of the BZ are shown in Fig. 1. The band 
structures of FeA1 and NiA1 exhibit  a largely similar behaviour,  except 
for the d-band width, which decreases from FeA1 to NiA1 (see Table 3), 
and of course the Fermi level (Table 3) whose position for the two other 
compounds is marked by  an arrow in Fig. 1. 

22* 
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The state E(F1) in the lowest energy band of the valence states 
possesses pure s-character (see Table 2). Around the state E (F1) the 
surfaces of constant  energy are largely spherical and the !~-dependence 
of the energy is approximate ly  parabolic, corresponding to the be- 
haviour of a nearly free electron gas. This nearly free electron character 
near the bo t tom of the band is pr imari ly due to the relatively high 
position of the d-bands. The broad quasi free electron band, which can 
be regarded as the A1 s-band, is intersected in its upper  region by  a set 

Table 3. Fermi energy with respect to the constant muffin tin potential and energy 
difference Eg.e5 ' Ex~ as a rneas'ure of d-band width (in Ryd) 

FeA1 CoAl NiA1 

E F 0.6574 0.7125 0.6859 
Re5~X1 0.3120 0.2862 0.2362 

of d-bands which originate in the points E (Fie) and E (F25,). The wave 
functions of these two states possess pure d-character  and are ahnost  
exclusively located within the transit ion metal  sphere [Charges inside 
the transition metal  sphere are for E (P12) ~ 81 '5~o,  E (F25,) ~ 96.5~o]. 
The charges of other symmet ry  points with prevailing d-character  (e.g. 
X~, X3) are also mainly localised inside the transition metal  sphere. 

In  the lower energy range the transit ion metal  d-functions hybridize 
strongly with s- and p-functions of both, the transit ion metal  and 
aluminium atom. For  example the energy state of E(X1) contains, 
besides a small contribution of transit ion metal  d-character  (13~), 
transit ion metal  s- (26~o) and aluminium p-character  (27~o). In  a similar 
way also the wave functions of the d-bands in the upper  energy region 
are hybridized. For example,  in the energy band originating at  E (F25,) 
the d-character  in the transition metal  sphere decreases along the A1 
direction towards E (Rla) while the p-character  in the aluminium sphere 
increases. The state E (R15) possesses about  37~ transit ion metal  d- 
character and about  22~o aluminium p-character.  The width of the d- 
band decreases going from FeAI to NiA1 as can be seen from the 
difference [E (R%0-E (X1) ] in Table 31 Comparing the partial  charges of 
special energy states E~(R) for the three compounds a large agreement  is 
found. 

Comparison with Other Band Structure Calculations 

Connolly and Johnson 2 calculated the band structure of NiA1 non self- 
consistently using both the APW and the KKR method. The crystal potential 
was generated by the superposition of the neutral atomic charge densities 
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derived from the electronic configuration AI: (3s) 2 (3p) 1 and Ni: (3d) 9 (4s) 1. 
The full Slater exchange potential (~ = 1) was used. The results of the APW and 
K K R  calculation of these authors agree within a few mRyd. Although Connolly 
and Johnson used an a-parameter of unity and atomic sphere radii 
(RNi = 2.622a.u.; RAI = 2.451a.u.) differing from those of the present cal- 
culation (Table 1), their results agree fairly well with the results presented in 
this paper. The largest deviatio~ between the two sets of energy values (taken 
with respect to the Fermi energy)amounts  to -4-0.03Ryd. A detailed 
comparison of the two calculations shows that in the present self-consistent 
APW calculation the energies of the strongly Iocalised states are lowered with 
respect to the non-self-consistent energies, whereas the mainly delocalised 
states remain energetically constant. 

The self-consistent KKR calculations of Moruzzi, Janak, and Williams 3 on 
NiA1 and CoAl agree very well with the present self-consistent APW results, 
although these authors use for both compounds and for both atomic spheres the 
same ~-parameters (e = 0.77), and equal muffin-tin spheres. In genera] the 
deviations of the energy eigenvalues (referred to equal Fermi energy) between 
the two calculations amount to a few mgyd.  The maximum difference tot NiA1 
is 14 mRyd, for CoAl 12 mRyd. These differences show the order of magnitude 
of the influence of the exchange parameters and of the atomic sphere radii. 

The non self-consistent band structure of FeAI obtained by O]cochi 4 using 
the APW method differs appreciably from the self-consistent band structure of 
the present paper. For example the energy E (Pl) in Olcoehi's calculation lies 
about 0.2 Ryd higher than the present one. Furthermore the sequence of the 
energy eigenvalues at the l~-points X and M is changed, so that different 
eompatibilities result. The width of the d-band is much smaller [(E (P~ss--E (X~) 
= 0.23r The differences between these two bandstructures can he 
attributed not only to the use of different exchange parameters (~. = 1)  4 but 
mainly to the fact that the superposed crystal potential which Olcochi used, had 
been derived from the electronic configuration AI: (3s)2(3p) 1 and Fe: 
(3 d) 6 (4 s) 2. The charge distribution in the crystal, however, does not correspond 
to this electron configuration of the iron atom, as will be seen from the charge 
analysis of the self-consistent APW calculation given below (Table 4). 

Ziesche et al. 6 performed a non self-consistent band structure calculation 
for FeA1 by means of the ':Hybridized Nearly Free Electron-Tight Binding" 
(H-NFE-TB) method. The crystal potential was constructed by the super- 
position of the atomic potentials derived from the electronic configuration A1 : 
(3 s) 2 (2 p)l and Fe: (3 d) 7 (4 s) 1. The band structure, calculated by these authors, 
agrees much closer with the results of the present paper than with the band 
structure of Olcoctd, although significant differences remain. Thus the state 
E (F1) is found to lie about 0.85 Ryd below the Fermi energy, in eonstrast to 
0.72 Ryd in the present paper. 

gecently Miiller et al. 7 published band structures of five transition metal 
aluminides calculated by the same method. Their results fbr FeA1, CoAl, and 
NiA1 agree fairly well with our band structures, especially in the d-band width 
which, measured by the distance E (Rya,)-E (X1), is practically the same in both 
calculations. However there remain some minor differences regarding the 
position of the bottom of the s-band with respect to the Fermi level. 

In comparison to our results the density of states curve reported by 
Hackenbracht and Kiibler s for NiA1 seems to indicate a slightly larger d-band 
width. These authors obtain a qualitatively very similar charge distribution in the 
crystal. A quantitative comparison is, however, not possible, since they use space 
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filling (overlapping) atomic spheres. Consequently their partial charges and local 
partial densities of states are always higher, since they refer to atomic spheres 
which are larger than the muffin tin spheres used in the present APW calculations. 
In the latter almost two electrons reside in the region outside the muffin tin spheres 
which are included in the partial local charges of Ref. s. 

Nagel et al.5 report on self-consistent APW band structure calculations on 
FeAI, CoAl, and NiA1. However, only the band structure of CoAt and its partial  
densities of states are displayed in the paper and no energy values are given. As 
far as can be judged from the figure given in their paper their band structure of 
CoAl is in good agreement with the present one. 
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Fig. 2. Radial charge densities a t (r) of the semicore and valence states of CoAl 
inside the Co sphere (left side) and the A1 sphere (right side): - total  
radial charge density a t(r), . . . . . . .  t part ial  s-charge density a t,~(),r ' 

partial  p-charge density ap (r) . . . . .  partial  d-charge den- 
. t ~ . . . .  

mty ad (r); RAI and Rco are the muffin tm radu 

2. Charge Distribution 

I n  o rder  to  ge t  an ins ight  in to  the  charge  d i s t r i b u t i o n  in the  c rys ta l s ,  
the  r ad ia l  charge  densi t ies  t (r) = 4 r~ r 2 pt (r) s u m m e d  over  all  occupied  
semi-core and va lence  s t a tes  are  shown for CoAl as a r e p r e s e n t a t i v e  
e x a m p l e  in Fig .  2 (pt l(r) is t h e / - c o m p o n e n t  of  the  spher ica l ly  a v e r a g e d  
e lec t ron  d e n s i t y  in the  a tomic  sphere  t a t  a d i s t ance  r f rom the  origin of 
t h a t  sphere) .  I n  the  a l u m i n i u m  sphere  the  r ad i a l  charge  d e n s i t y  consis ts  
m a i n l y  of  the  a l u m i n i u m  3 p componen t ,  while  in the  t r a n s i t i on  meta l -  
sphere  the  3 d c o m p o n e n t  domina t e s .  

B y  r ad ia l  i n t eg ra t i on  of  t (r) up  to  the  a tomic  sphere  rad ius  Rt, the  
p a r t i a l  local  charges  Qt l of the  semi-core  and  va lence  s t a tes  inside the  
a tomic  sphere  t are  o b t a i n e d  as well as the  charge  qOUt ;in the  region of 
c o n s t a n t  p o t e n t i a l  be tween  the  a tomic  spheres  (Table  4). 

3. Charge Transfer 

I n  order  to  e v a l u a t e  the  charge  t r ans fe r  in the  c rys t a l  an appro-  
p r i a t e  reference s t a t e  m u s t  be chosen. Moruzzi et  al.3 used as reference 
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Table 4. A P W  eharRe analyds of FeAI, CoAl, a~w/NiA1 as defined by Neckelet al.la: 
Partial charges ( Q~l) inside atomic sphere t, charge outside the muffin tin spheres 
q ana a~om~c superposea charge Qat.s are given in number of electrons per unit cell 

NiA1 CoAl FeA1 

Transition metal-sphere M Ni Co Fe 

core ( is  z 2s 2 2p6 3s~): 12,000 tl.999 11.999 
semi-core : 3p 5,993 5.988 5,985 
valence: 3d 8.050 7.575 6,481 

4d 0.435 0.000 0,000 
4s 0.415 0.373 0.364 
4p 0.444 0.411 0.403 
higher nl 0.019 0.015 0.015 

total  : 0 M ,Scrystal 27.356 26.361 25.247 
atomic superposed: QM QM __ ~1~/~- at.s. 27.160 26.115 25.094 

crystal '~ 0. 196 0.246 0.153 

Al-sphere AI A1 A1 

core: ( ls  z 2s 2) 4.000 4.000 4.000 
semi-core: 2p 5.997 5.997 5.997 
valence: 3s 0.693 0.685 0.713 

3p 0.882 0.850 0.894 
3 d 0.194 0.208 0.209 
higher nl 0.051 0.048 0.045 

total : QA1 crystal 11.817 11.788 11.858 
atomic superposed: QAI QA1 t3ar at.s. 12.084 12.073 12.095 

crystal--,,~at,~. --0.267 --0.285 --0.237 

Region outside atomic spheres 
out 

APW: qcrystal 1.827 1.851 1.894 
atomic superposed: gout at.8. 1.756 1.812 1.811 

o~tt o~tt 
gcrystal - -  qat. s. 0.071 0.039 0.083 

the  pure  me ta l ,  c rys ta l l i z ing  in t he  same  c rys t a l  s t ruc tu re  as the  
c o m p o u n d .  Thus ,  for ins tance ,  t h e y  c o m p a r e d  the  radial charge  de ns i t y  
inside the  nickel  sphere  of NiA1 wi th  t h a t  of n ickel  c rys ta l l i z ing  in the  
bcc s t r u c t u r e  w i th  the  l a t t i ce  spac ings  of NiA1. 

I n  the  p re sen t  p a p e r  a d i f fe ren t  reference s t a t e  is t aken .  The  charge  
d e n s i t y  in the  c rys t a l  is supposed  to  be fo rmed  in two s teps  : in the  f i rs t  
s tep  n e u t r a l  a t o m s  w i th  va lence  e lec t ron  conf igura t ions  A1 : (3 s) 2 (3 p)l  
and  t r an s i t i on  m e t a l :  (3 d) n (4 s) 1 (n = 7, 8, 9 for Fe ,  Co, Ni) are  p l aced  
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on the lattice sites of the ordered compound and their atomic charge 
densities are superposed. The resulting charge distribution forms our 
reference state for the charge transfer and would be the basis of a non 
self-consistent calculation. 

In  the second step the electron density is redistributed self- 
consistently leading to the charge distribution of the real  crystal. This 
charge redistribution and the corresponding charge transfer represent 
the effect of the self-consistency procedure. Charge transfers given by 

Aft- 
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0 
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Fig. 3a. Charge transfer A at(r) of CoAl in terms of the difference 
A a t (r) = a t (r)--  a t, sup. at. (r) of the self-consistent APW charge density a t (r) 
and the atomic superposed charge density 6 t,at.  sup. (r) calculated using the 
electron configuration Co: 3d s 4s 1. Full curve: Co sphere; broken curve: A1 

sphere 

other authors are defined differently is and consequently quant i ta t ive  
comparisons are rather  difficult to be made. 

The difference A at(r)~-(~t(r)-t ,  sup.at. (r) of the radial charge den- 
sities between the compound, at(r), and the hypothetical crystal of the 
superposed atoms, (t,sup.at. (r), plotted versus the distance r from the 
origin of the atomic sphere t is displayed for CoAl in Fig. 3a. From this 
figure it can be seen tha t  in the real crystal  the electron density has 
increased in the transit ion metal  sphere (full e u r v e ) ~ x e e p t  for a small 
range near the nucleus--while it has decreased in the aluminium sphere 
(dashed curve) in comparison to the hypothetical  crystal  of superposed 
atomic charges. 

Although M o r u z z i  et al.S use a different reference state, their results 
are quali tat ively similar. They also obtain an increase of the electronic 
charge density in the nickel and cobalt sphere (FeA1 was not in- 
vestigated) and--following a small m a x i m u m - - a  decrease of the 
electron density in the aluminium sphere. The dependence of A a t (r) on 
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the distance r from the nucleus, however, is different. In  their 
calculation A t (r) is monotonically increasing in the nickel and cobalt  
sphere and monotonical ly decreasing in the aluminium sphere�9 

Our reference state corresponds to the transition metal  configu- 
ration (3 d) n (4 s) 1 rather  than  to the atomic ground state configuration 
(3d) n - l (4s )  2. Assuming these two configurations Fig. 3b shows the 
difference of the corresponding superposed atomic charge densities. 
Promot ing one of the largely delocalised 4 s electrons into the more 
loealised 3 d state,  results in a reduction of the charge density inside the 

A O  ~ 

0 . 2  

ii:  . . . . .  20.R :  
Fig. 3b. The effect of the atomic Co configuration on the atomic superposed 
charge densities is shown in form of A a t, at. 8u~. (r) = d, at. sup. (r) [Co: 3d s 4s 1 ] -  

~t '~ t '~P ' (r )  [Co: 3d7 4s2]. Full curve: Co sphere; broken curve: A1 sphere 

a luminium sphere. Inside the cobalt  sphere this promotion has the 
effect of contracting the charge density and increasing the total  charge ; 
the negative par t  of A~ at  large radii is mainly due to the reduced 
number  of s-electrons. 

I f  the ground state configuration would have been used for the 
reference state, the two effects as shown in Figs. 3a and 3b would add 
up, resulting in a much larger charge transtSr. In  the ease of the cobalt 
sphere the atomic configuration has a much larger effect on the charge 
distribution than  the self-consistency procedure. A further  increase in 
the number  of 3 d electrons could reproduce the crystal  charge density 
inside the cobalt  sphere even better.  Since in the a luminium sphere the 

�9 A ~ curves shown in Fig. 3a and 3b have a different radial dependence, it 
can be concluded tha t  its radial charge density is not so much affected 
by  the cobalt configuration as by  the self-consistency effects. 

Fig. 3b also explaii~s why Olcoch i ' s  energy bands of FeA1 based on 
the (4s) 2 configuration deviate significantly from the self-consistent 
results. 
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A comparison of the charges inside the atomic spheres in the real 
crystal with the charges inside the atomic spheres of the hypothetical  
crystal of superposed atomic charges (Table 4) reveals tha t  in the real 
crystal the charges in the transition metal spheres have increased by 
about  0.15 to 0.25 electrons, the charges in the aluminium spheres have 
decreased by about  0.25 electrons, while the charge between the atomic 
spheres has been slightly raised (0.04 to 0.08 electrons). I t  should be 
noted that  the presence of neighbouring transition metal atoms leads to 
the appearance of electrons with d-symmetry (about 0.2 electrons) in 
the aluminium sphere (Table 4). 

4. Knight Shift 

The Fermi level tMls in FeA1 and CoAl within the d-bands, while for 
NiA1 the Fe~vni energy lies above the d-bands. For  FeA1 the density of 
states at the Fermi level has nearly exclusively d-character, for CoAl 
and NiA1 there are also contributions from states with other symmetry  
( ~  40% for NiA1, ~ 23~o for CoAl). 

These results are in qualitative agreement with conclusions drawn 
from NMR measurements of FeA1, CoAl, and NiA1 (see for example 
Spoka8 et a1.19). The experiments show that  the A127 Knight shift is large 
and negative in FeA1 and small and positive in NiA1 and CoAl. 

In general the main contribution to the Knight shift comes from the 
Fermi contact  term, which is always positive and originates from the 
valence s-electrons at  the Fermi energy, E F. In transition metals and 
their compounds with partially filled d-bands a negative exchange term 
could also be important.  This contribution comes from the polarization 
of the core s-electrons by uncoupled valence d-electrons. 

The A127 Knight shift experiments of the three compounds in- 
vestigated suggest tha t  the density of states (DOS) at E s  consists 
mainly of states with transition metal d-symmetry in the ease FeA1 
(producing a large negative shift), whereas in CoAl and NiA1 this 
component should be significantly smaller. This finding is consistent 
with the present calculation, according to which E s falls in a region of 
high d DOS for FeA1, whereas in CoAl and NiA1 the d DOS at E F is 
much smaller. 

5. Fermi Surface 

The H-NFE-TB method was used to fit the APW energy eigen- 
values~ 1. With this scheme energy eigenvalues at 561 non equivalent 1~ 
points were interpolated yielding a sufficiently fine grid to determine 
the intersection planes of the Fermi surface with the ]}z = 0 plane for 
FeA1, CoAl, and NiA1. 
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Fig. 4. Intersection of the Fermi sin{ace of (a) NiA1, (b) CoAl, and (c) FeAI with the 
plane/% = 0. For CoAl and NiA1 the five filled d-bands are not shown. Only the 
sheets corresponding to the filled sixth and the partially filled seventh band are 
displayed. For FeAI three bands are filled. Fig. 4c shows only the hole sheets 
corresponding to the fourth and fifth and the electron sheet for the sixth band 

I f  NiA1 and CoAl could be treated as free electron-like Hume- 
Rothery phases with three valence electrons per unit cell, their first 
band (not counting the five occupied d-bands) should be full except for 
small isolated pockets of holes round the corners R of the Brillouin 
zone. Sheet 2 should consist of a multiple connected set of lenses centred 
at X so that  a sphere touching the Brillouin zone at points M results. 

Fig. 4a, however, shows that  the Fermi sphere is slightly distorted 
and necks are formed around M for NiA1, whereas for CoAl only these 
necks remain occupied for the second band (Fig. 4b). 

The Fermi surface of FeAI is more complicated because the Fermi 
level cuts the d-bands (Fig. go). There are holes around F in the sheets 
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corresponding to the fourth and fifth band which are total ly occupied 
for NiA1 and CoAl. The sheet corresponding to the sixth band shows 
large necks around M and pockets of holes in the S-direction 
(X--~ S--~ R). Unfor tunate ly  no direct measurements  of the Fermi 
surface exist for the compounds in question. 

The galvanomagnetic  properties of NiA1 have been explained 22 by 
assuming hole and electron conductivi ty in accordance with the present 
results. The hole contributions come from the region around the point 
1~, not contained in the section of the Fermi surface shown in Fig. 4a. 

6. Further Experimental Properties 

The results of the self-consistent APW band structure calculations 
presented in this paper  have been used to calculate ~zarious other 
physical properties of these crystals. Some of these properties require 
the knowledge of energy eigenvalues for a large number  of 1~ points in 
the Brillouin zone. Since in the present s tudy the number  of 1~ points in 
the irreducible wedge of the first Brillouin zone (BZ) is restricted to 35, 
another  paper  21 dealt  with the interpolation of energy eigenvalues by 
applying a Hybridized-Nearly Free Electron-Tight  Binding inter- 
polation scheme. The results obtained were used to calculate the total  
and the partial  densities of states, which were compared with ex- 
perimental  XPS- and UPS-spectra  in the case of NiA1. Furthermore~ 
the imaginary par t  of the complex dielectric function was calculated for 
the three compounds mentioned and compared with the experimental  
results for NiA1 and CoAl. Based on the present APW calculations Schwarz 
etal. 2~ calculated the soft X-ray emission spectra of FeA1 and estimated 
the relative intensities of the A1-L2, 3- and the Fe-M2,3-spectra. 
Podloucley and Neclce123 used the APW wave functions of the present 
paper  to calculate the Compton profiles for FeA1. 
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