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Abstract. The electronic structure of ferromagnetic amorphous alloys Fe, -xBr 
(0.14 < x < 0.23) is calculated from first principles using the tight-binding linear muffin-tin 
orbital method in the atomic spheres approximation for realistic structural models. The 
concentration dependences of magnetization and average hyperfine parameters at iron 
nuclei (hyperfine magnetic fields and isomer shifts) are discussed with respect to the main 
mechanisms of their origin and to the structural characteristics of the atomic models used. 
The concentration behaviour of the magnetization is explained by means of the charge 
transfer from boron to iron which amounts to 0.75 electrons per boron atom and which is 
accompanied by a change in the shape of the density-of-states curves. It is shown that the 
composition dependence of the isomer shift is controlled by the interatomic charge transfer 
together with the intra-atomic s-d electron conversion. The behaviour of the hyperfine field 
can be explained by a core polarization proportional to the local magnetic moment of iron 
atom and by a valence contribution due to the s-d hybridization. The calculated values agree 
fairly well with existing experimental data. 

1. Introduction 

The magnetism of amorphous transition metal-metalloid (TM-M) alloys was studied by 
many workers during the last 15 years (for a review see, e.g., [l-31). Of magnetic binary 
alloys with a metalloid content of 15-25 at .%, the Fe,-,B, system has probably been 
the most explored. This alloy can be obtained by sputtering or coevaporating through a 
wide concentration range 0.1 S x S 0.9 [4] and by liquid quenching in a limited interval 
0.14 6 x C 0.25 [5]neartheeutecticpointatx = 0.17. Althoughtheboronconcentration 
accessible by melt quenching was recently increased up to x = 0.35 [6], the main physical 
and metallurgical interest remains confined to the vicinity of 17-20 at.% B, which is the 
common composition of many amorphous TM-M-based soft magnetic materials [ 11, 

The basic magnetic property-the magnetization at zero temperature-has been 
studied experimentally by several methods, but very different results were obtained (for 
a review see [7]). The measured saturation magnetization exhibits a large scatter for 
amorphous samples of the same nominal composition; this is probably caused by the 
different histories of the samples. These discrepancies are most pronounced in the 
concentration dependence of the magnetic moment m(x) per Fe atom. A linear decrease 
in m(x) with x increasing between 0.12 and 0.25 was reported for rapidly quenched 
samples [8], but data suggesting more complicated dependences were also obtained 
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[9, 101. This ambiguity remains also in the case of sputtered samples [7]. A monotonic 
decrease in magnetization with increasing metalloid concentration was found for many 
other TM-M amorphous alloys [ 11; however, a critical processing of experimental results 
of many workers showed that for the Fe-B system a parabolic dependence probably 
occurs with a maximum near x = 0.17 [7]. 

The compositional variation in the saturation magnetization of TM-M alloys is usually 
explained by means of the simple rigid-band model [ 1,2].  This model assumes-apart 
from the constancy of the metal d band density of states (DOS) on alloying-that the 
majority spin subband is fully occupied and that the electron charge transfer from 
metalloid to metal atoms leads to the filling of the minority spin subband and to a 
reduction in the saturation magnetization [ l l ] .  As a consequence, this model predicts 
the charge transfer of about 1.5 electrons per boron atom in Fe-B alloys [2, 121, which 
would correspond to ionic character and seems to be rather unrealistic in metallic solids 
[2]. To clarify this question, realistic electronic structure calculations are desirable. 

In addition to the macroscopic magnetization measurements, the type of chemical 
and topological short-range order present in TM-M alloys is currently studied by many 
microscopic experimental methods among which those based on hyperfine interactions 
(NMR and Mossbauer spectroscopy) are believed to provide information reflecting 
various local surroundings of absorbing nuclei [ 131. However, wide distributions of 
hyperfine parameters at individual nuclei (hyperfine magnetic fields, isomer shifts (ISS) 
and electric field gradients) result in rather structureless absorption profiles and there- 
fore the interpretation of the measured spectra for amorphous alloys is a difficult task 
even in the simplest binary alloys such as Fe, -,B,. Nevertheless, the average values of 
these distributions often exhibit easily measurable composition dependences which can 
be employed to study at least some connections between the amorphous structure and 
the measured data. The 57Fe Mossbauer studies of the amorphous Fe-B system are 
ample (see, e.g., [4 ,5 ,  14-16]) and will be discussed later. 

On the other hand, there are only a few theoretical papers addressing the electronic 
structure of Fe-B amorphous alloys. Messmer [ 171 calculated charge densities and 
energy levels for a tetrahedral Fe4B cluster using the spin-polarized SCF-X, method and 
showed that considerable bonding interaction takes place between the central B atom 
and the corner Fe atoms. Fujiwara [18, 191 considered amorphous clusters containing 
about 1500 atoms with composition Fe, -,B,, x = 0.15,0.20,0.25. He performed first- 
principles tight-binding (TB) linear muffin-tin orbital (LMTO) calculations in the atomic 
spheres approximation (ASA) for the paramagnetic case and found the charge transfer 
from boron to iron of about 0.65 electrons per B atom [19]. Several workers used simple 
Harrison [20] parametrization of the TB Hamiltonian. Krompiewski et a1 [21] included 
the intra-atomic Coulomb repulsion into the parametrized paramagnetic Hamiltonian 
and obtained the main features of itinerant magnetism in amorphous Fe, -,B,, 
0 S x s 0.6. They arrived at the correct critical concentration x, = 0.6 when the mag- 
netization vanishes, and their m(x) curve had a maximum for x = 0.15. KrajEi and 
Mrafko [22] studied the concentration dependence of the electronic structure for 
Fe,-,B,, 0.14 < x s 0.25, and Krey et a1 [23] calculated the transport properties in the 
region 0.15 s x G 0.50; both these studies were dealing with the spin-non-polarized 
case. 

In this paper the electronic structure of ferromagnetic amorphous Fe, -,B, alloys 
(x = 0.14, 0.17, 0.20, 0.23) is calculated by means of the TB LMTO ASA method and the 
recursion technique. To the present author’s knowledge, the present study is the first 
where the electronic structure of the amorphous Fe-B system is numerically studied 
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from first principles in the ferromagnetic state. A detailed charge analysis is performed 
and the concentration behaviour of the saturation magnetization and average hyperfine 
parameters at Fe nuclei (hyperfine magnetic fields and ISS) is presented. In spite of some 
deficiencies in our approach (small cluster size and non-self-consistent calculation) the 
concentration dependences of the quantities studied are found to be in good agreement 
with existing experimental data. These trends are explained using the structural charac- 
teristics of our clusters and existing theoretical models. 

2. Theoretical backgrounds and numerical calculations 

2.1. Atomic structure modelling 

The electronic structure calculations for amorphous clusters are usually performed with 
a certain model of atomic structure. A realistic model of the topological and chemical 
disorder present in an amorphous material is a necessary prerequisite for obtaining 
reasonable results. In this study, amorphous clusters with 100 atoms in a cube with 
periodic boundary conditions were used. The number of atoms was limited by our 
computer facilities while the particular boundary conditions were chosen to avoid surface 
effects. In this way, long-range order is artificially introduced into the structure, but 
experience shows that for our cluster size its influence on calculated quantities is neg- 
ligible owing to strong topological disorder [24].  

The modelling of the amorphous structure was based on interatomic pair potentials 
and the quasi-equilibrium atomic positions were obtained by the Markov-chain method 
[25],  which is a special hybrid of the usual Monte Carlo and molecular dynamics tech- 
niques. Its essence lies in the prescription for the time evolution of the statistical assembly 
of atoms. The new atomic positions r :  are derived from the old positions r, using the 
expression 

r :  = r, + U ,  A t  + F , ( A t ) 2 / 2 m ,  (1) 

where Fi is the force acting on the ith nucleus, mi is its mass and At  is the time increment 
of the order of s .  The quantities vi in (1) are random quantities the probability 
distribution of which has a Gaussian form with variance related to the temperature. 
As the interatomic potentials we took the truncated Morse potentials with the same 
parameters as in [26].  The density of the models was set to the experimental values for 
individual concentrations [9 ,27] .  

The resulting pair distribution functions (PDFS) exhibit sharp Fe-Fe and Fe-B first 
coordination maxima and the often quoted B-B avoidance [28] (figure 1) (length is in 
atomic units (au) (Bohr radius), energy is in rydbergs (Ryd) and magnetic moments in 
Bohr magnetons (pB) throughout the paper). The second peaks in the Fe-Fe and Fe-B 
PDFS were not clearly split, probably owing to the modest cluster size. However, the 
parameter of Wendt and Abraham [29] (the ratio of the first minimum to the first 
maximum in the PDF) was lower than the critical value of 0.14 both for Fe-Fe and for 
Fe-B pairs, which indicates the glassy state. The average partial coordination numbers 
were also calculated and the results are presented in table 1. Their concentration 
dependencesexhibit the monotonic trends observed experimentally, although the values 
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Figure 1. Distribution functions of Fe-Fe (curves a), Fe-B (curves b) and B-B (curves c) 
pairs of the four amorphous clusters. 

Table 1. Densities and average partial coordination numbers for the structure models of 
Fe,_,B,. 

0.14 7.50 10.14 0.99 6.07 
0.17 7.45 10.02 1.42 6.94 
0.20 7.40 9.71 1.62 6.50 
0.23 7.35 9.42 1.79 6.00 

themselves are slightly lower [30]. Thus, we can conclude that our structural models 
represent a reasonable starting point for subsequent electronic structure calculations, 

2.2. Electronic structure calculations 

The recent first-principles TB LMTO ASA method of Andersen and coworkers [31-331 is 
well suited to real-space electronic structure calculations in disordered systems 
[19,34,35]. In our study, we used the simplest TB LMTO Hamiltonian 

H R L . R , L ,  = C R I  G R R ,  G L L ,  + ( h R [ )  ' I 2 S R L . R , L ,  ( A R t p  ) 1/2 ( 2 )  
where R and R' stand for the atomic positions (site index), and L and L' for the angular 



Electronic structure calculations in amorphous Fe-B 10563 

momentum indices ( L  = (1, m ) ) .  The amorphous structure enters the Hamiltonian via 
the so-called screened structure constants matrix S R L , R f L ,  while the scattering properties 
of individual atoms determine the potential parameters ER, and ARl. The potential 
parameters have a simple physical meaning: ER, and ARI correspond essentially to 
the centre and the width, respectively, of the Rlth band. It should be noted that the 
Hamiltonian (2) yields the eigenvalues and eigenvectors correct to the first order in 
E - EVRI,  where EvR/ are the energies chosen at the centre of the energy range of interest. 

In densely packed structures, the matrix elements S R , , R , , ,  are effectively zero if the 
interatomic distance R - R ' exceeds the distance of second-nearest neighbours and 
can be obtained from a Dyson-type matrix equation [32,34]. To obtain the potential 
parameters, the radial Schrodinger equation within the atomic spheres must be numeri- 
cally solved for the energy EURI.  The one-electron potential inside each atomic sphere 
should be calculated self-consistently. In the first approximation, however, we took the 
atomic potentials from [36,37] for iron and boron atoms, respectively. Nine orbitals per 
iron atom (s, p, d) and four orbitals per boron atom (s, p) were used. The mutual shift 
of the iron and boron potentials was estimated from a preliminary electronic structure 
calculation for the orthorhombic Fe3B. Apart from the splitting of the majority and 
minority spin bands of iron, our resulting potential parameters agree nicely with those 
calculated self-consistently in the case of paramagnetic FegoB2,, [35]. 

The large dimension of the Hamiltonian (2) prevented its direct diagonalization; 
instead, the recursion method was employed [38]. To calculate the total charges and 
magnetic moments of individual spheres together with the s,  p and d components of 
these quantities, recursion coefficients were calculated for each RL orbital. Since the 
total number of orbitals was very large, only five recursion levels were obtained. The 
terminator-a delicate point with this small number of levels-was used in a Lorentzian 
form 

( E )  = 1/(E - a + ii6) (3) 

where the constants a and 6 were determined from the chain parameters in the same 
way as for the usual square-root terminator [39]. We do not claim any universality of 
this terminator; however, the overall shape of the total DOS for Fe,,,B,,, obtained with it 
agrees quite well with that calculated in our previous study [40] with 11 recursion levels 
and the square-root terminator. For another comparison, the total DOS per one spin for 
the pure non-magnetic amorphous iron is presented in figure 2. The resulting curve 
exhibits all substantial features reported in [19]. The two high peaks are of d character; 
the smaller peak at the bottom of the band is of s character. However, the heights of our 
d peaks are reversed in contrast with those in [19]. This disagreement is due to the small 
number of exact recursion levels. We believe that this inaccuracy in the DOS shape has 
no essential influence on the resulting integrated quantities (magnetic moments and 
hyperfine parameters). 

From the DOSS, the magnetic moments were obtained as differences between the 
numbers of spin-up and spin-down electrons. This means that we dealt with the strictly 
ferromagnetic order with the exchange splitting given by that of crystalline iron and that 
we excluded the possibility of any other magnetic state. This highly simplified treatment 
is allowed in the composition region studied. A proper description of the iron-rich end 
down to pure amorphous iron should take into account the tendency to non-collinear 
ordering of local moments [ 1 , 211. 
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Figure 2. Total DOS per one spin for the pure 
nonmagnetic amorphous iron. The vertical line 
denotes the Fermi energy. 

- 
0 

Besides the magnetic moments, the valence electronic densities for both spin orien- 
tations can be calculated from the local DOSS. The formula for the valence charge density 
at a nucleus reads [32] 

where R is the site index, U is the spin orientation, EF denotes the Fermi energy, 
g t i ( E )  means the s-projected DOS for the Rth atom and spin U ,  and @!&(r, E )  is the 
solution of the radial Schrodinger equation for the s wave normalized to unity within the 
particular Wigner-Seitz sphere. In fact, a linearized version of equation (4) was used in 
the spirit of the LMTO theory [32]. 

The values of ISS are closely related to the electronic charge densities at the nuclei. 
The measured I S S  correspond to very small relative changes in these densities of the 
order of The interpretation of ISS at Fe nuclei in metallic alloys is usually based on 
the idea of Ingalls [41] which states that the total density at a nucleus is the sum of a 
valence contribution from 4s-like electrons which depends mainly on the number of 4s 
electrons at the Fe atom and a core contribution due to 3s electrons which reflects, 
through the shielding effect, the number of 3d-like electrons at the Fe atom. However, 
recent ab initio calculations for dilute BCC iron alloys with substitutional impurities 
contradict these ideas [42] and show that the core electrons are of negligible importance 
for ISS and that the only relevant quantity is the number of valence s electrons. Thus, in 
the calculations of the IS presented in this work, only the valence density changes were 
considered. The I S S  at Fe nuclei were then calculated according to 

I S R  = & [ p R ( O )  - PBCC(O)I a = -0.25 mm s-' au3 ( 5 )  
where p R ( 0 )  = p R f  (0)  + p R  ~ ( 0 )  is the total charge density, pBcc(0) is the reference 
charge density calculated by the same method for the BCC iron and a is the I S  calibration 
constant the value of which was taken from [43]. 

Our hyperfine field calculations were confined to the Fermi contact term proportional 
to the spin density at the nucleus. This quantity can again be decomposed into a valence 
contribution and a core contribution. It is a well known fact that the core contribution 
is proportional to the local magnetic moment of the Fe atom (or to its d component 
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which is nearly the same) [44-47] while the valence contribution roughly scales with the 
s component of this magnetic moment. In this paper the valence contributions were 
calculated directly and the core contributions were obtained from the iron atomic 
moments. The total hyperfine magnetic field together with both contributions was 
calculated according to 

A = 13.7pi1 T B Y  = -AmR 

= P [ P R  T (O) - P R  1 (O)] p = %popB = 52.43 T au3 ( 6 )  
B - BCOIe R -  R +BF’  

where mR denotes the local magnetic moment and the value of the proportionality 
constant A was taken from [45]. 

3. Results and discussion 

The average local and total DOSS for both spin polarizations are plotted in figures 3 and 
4. The Fe local DOS exhibits two characteristic peaks of bonding and anti-bonding d 
character and a small bulge of s character near -0.6 Ryd. The boron local DOS consists 
of two peaks: one near -0.7 Ryd of s character and the other of p character. It should 
be noted that the centres of the boron s and p bands are located at -0.65 Ryd and 
0.55 Ryd, respectively. The appearance of the boron p states below the Fermi level is 
caused by the strong hybridization with Fe d states. The boron s band is hybridized too, 
as seen from the total s charge (table 2). This analysis and that for various non-crystalline 
clusters [17, 19,351 as well as for crystalline orthorhombic and body-centred tetragonal 
Fe3B [48] show very similar features of the Fe-B interaction. This leads to the conclusion 
that the chemical bonding between the constituents of these alloys is of the same nature 
irrespective of the details of the atomic configuration. 

The effect of the alloying on the shape of the Fe local DOS is clearly visible (figure 3). 
The addition of boron leads to a lowering of the bonding 3d peak on account of the anti- 
bonding 3d peak and to the suppression of exchange splitting. In this way the anti- 
bonding 3d peak of the minority spin is continually filled with electrons and the Fe 
moment is reduced with increasing boron content (see later). The changes in the iron 
DOS are not negligible within the composition range studied and throw doubt on the 
applicability of the rigid-band model up to x = 0.6 as sometimes done [12]. 

Our local and total DOSS (figures 3 and 4) can yield some information on the role of 
electronic structure in stabilizing the amorphous state. It is seen that for x = 0.17 a 
shallow local minimum in the total DOS arises just at the Fermi level. The boron 
concentration x = 0.17 exhibits simultaneously the highest glass-forming ability [7]. 
However, the connection between these facts and the Nagel-Tauc [49,50] criterion is 
not clear. First, the Nagel-Tauc theory is based on the nearly-free-electron description 
inapplicable to the TM-M alloys and, second, our minimum in the total DOS for x = 0.17 
is due to the magnetic exchange splitting rather than to the amorphous structure alone. 
In the paramagnetic state, the Fermi energy always falls into the region of high DOSS 
[18,19,22,23]. The high stability of all amorphous TM-M alloys can be better explained 
by the above-mentioned boron p i r o n  d hybridization, leading to the bonding states 
below the Fermi energy with a certain degree of covalency. 

The detailed charge analysis for the four concentrations is presented in table 2. The 
total charges ltFe and nB and their composition trends support clearly the idea of charge 
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Figure 3. Local DOSS for iron and boron atoms for majority (upper curves) and minority 
(lower curves) spin. The vertical line denotes the Fermi energy. 

transfer from boron to iron, this quantity being roughly 0.75 electrons per B atom. The 
resulting transfer is half the value of 1.5 electrons derived from Slater-Pauling curves 
assuming the rigid-band model [2,12]. Our magnitude of the charge transfer can be 
compared with the self-consistent values of 0.98 [35] and 0.65 [19] electrons per B atom 
for paramagnetic FesoB2,,. It should be noted that the exact quantity of charge transfer 
is highly sensitive to the mutual shift of the one-electron potentials of both components 
as well as to the choice of the Wigner-Seitz radii for the individual atoms. Our choice 
was sFe = 2.699 au, sB = 1.805 au, while the values sFe = 2.703 au, sB = 1.907 au were 
used in the quoted references. 

As may be seen from the table 2, the total Fe charge increases and the charge transfer 
from B atoms decreases with increasing boron concentration, which may be interpreted 
in terms of increasing B coordination of Fe atoms (table 1). The concentration depen- 
dence of the partial charges reveals that it is mainly the d component of the Fe band 
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Figure4. Total DOS (curves a) and its majority (curves b) and minority (curvesc) components. 
The vertical line denotes the Fermi energy. 

Table 2. Partial and total average charges of Fe and B atoms in Fe, -xBx. 

Charge 

X F e s  Fe p Fed  Fe total B s B p B total 

0.14 0.710 0.977 6.439 8.125 0.949 1.283 2.232 
0.17 0.703 0.988 6.462 8.152 0.948 1.309 2.258 
0.20 0.703 0.970 6.511 8.185 0.973 1.288 2.260 
0.23 0.697 0.993 6.518 8.207 0.983 1.323 2.306 
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Table 3. Partial and total average magnetic moments of Fe and B atoms and magnetic 
moment tn per Fe atom in Fe,-,B,. 

Magnetic moment (pB) 
m 

X F e s  F e p  F e d  Fetotal B s  B p  B total (pB) 

0.14 -0.015 -0.004 2.036 2.018 -0.027 -0.084 -0.110 2.000 
0.17 -0.013 0.003 2.028 2.018 -0.027 -0.079 -0.106 1.996 
0.20 -0.013 0.010 1.994 1.992 -0.026 -0.080 -0.107 1.965 
0.23 -0.012 0.015 1.935 1.938 -0.027 -0.083 -0.109 1.905 

2.2r-------- -1 

J 
020 025 

X 

012 7 

0 15 0 20 ( 
0 02 

010 
x 

5 

Figure 5. Magnetic moment m per Fe atom as a 
function of boron concentration in Fe,-,B,: 0,  
calculated values; curve a ,  parabolic fit of the 
calculated data; curve b, parabolic fit of the exper- 
imental data [7] for rapidly quenched samples; 
curve c. parabolic fit of the sputtered samples. 

Figure 6. The calculated average ISS ( x), their 
regression line (line a) and the line fitting exper- 
imental data [4] (line b). 

which acquires the transferred electrons. This fact is in accord with existing ideas on this 
topic [ 1,2] .  

The average magnetic moments of both constituents and their components are 
collected in table 3. Here, the magnetic moment per Fe atom is calculated according to 

m = mFe + [x/(l - x)]mB (7) 

which should be distinguished from the average magnetic moment of the iron atom itself 
due to the non-zero boron moment. The dependence m(x) is plotted in figure 5 together 
with the least-squares parabolic fits of our results and of collected experimental results 
for both rapidly quenched and sputtered Fel -xB, [7]. It is seen that the parabola fits our 
data very well, leading to the maximum value of 2 . 0 0 ~ ~  for x = 0.152, while the other 
parabolae have their maxima at x = 0,172 and x = 0.182 for quenched and sputtered 
samples, respectively. The numerical studies of Krompiewski et a1 [21] also found the 
maximum to be at x = 0.15. On the basis of our calculations we can conclude that the 
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Table 4. Average ISS and average hyperfine fields at Fe nuclei together with their valence 
and core components in Fe,-,B,. 

0.14 0.049 -27.64 -4.13 -31.77 
0.17 0.068 -27.65 -3.10 -30.74 
0.20 0.064 -27.28 -3.03 -30.31 
0.23 0.083 -26.54 -2.91 -29.45 

non-monotonic dependence of m(x) is due to the charge transfer and the change in the 
DOS shape on alloying. 

While the iron moment varies on alloying, that of boron remains nearly constant and 
is of opposite sign. The latter is a common phenomenon found for light sp impurities in 
crystalline ferromagnetic hosts (see, e.g., [51,52]) and is explained as a direct conse- 
quence of the hybridization between the impurity sp band and the host d band [51]. In 
our amorphous case the situation is similar since each B atom is surrounded only by Fe 
atoms. 

The calculated average ISS at Fe nuclei are summarized in table 4 and in figure 6. The 
origin of the IS changes may be seen from table 2. Namely, the interatomic charge 
transfer from boron to iron is accompanied by an intra-atomic charge conversion of 
Fe s electrons into Fe d electrons which is manifested by the decrease in Fe s charge on 
alloying. Consequently, the resulting IS increases with increasing x in Fe, -,B, alloys in 
agreement with experimental data (figure 6). The straight line fitting our calculated 
points gives the slope d~s/dx = 0.331 mm sC1 comparable with the experimental 
d~s/dx = 0.42 mm s-, [4]. 

The measured concentration dependences of ISS in metallic alloys are often inter- 
preted by means of the Miedema -van der Woude [53,54] model. Their cellular atomic 
treatment supposes that three main mechanisms are responsible for the observed IS 
trends: 

(i) an interatomic electron charge transfer due to different electronegativities of the 
alloy constituents; 

(ii) an intra-atomic electron s-d transfer that equalizes the electron densities at the 
surfaces of individual Wigner-Seitz cells; 

(iii) a physical contribution (a volume mismatch term) following from the atomic 
volume changes on alloying. 

Analysing the experimental data for the Fe, -xB, system in a large concentration 
range (0.1 S x S 0.9), Hoving et a1 [4] separated these individual contributions and 
showed that in the Fe-rich region the intra-atomic s-d transfer dominates. A similar 
result was obtained by Dubiel and Zinn [55] in their Mossbauer study of dilute BCC iron 
alloys. They concluded that for sp solutes (Al, Si, Sn and Ge) the s-d electron conversion 
is the most important process in the s electron redistribution. The present numerical 
results are in accordance with these conclusions. 

It should be noted that our calculated ISS correspond to zero temperature while some 
of the Mossbauer experiments quoted were carried out at room temperature [4,16] 
where the second-order Doppler shift is non-zero. However, as pointed out in [16] and 
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Figure 7.  The calculated average hyperfine fields 
(x), their regression line (line a) and the exper- 
imental data (0) [15] together with their 
regression line (line b). The calculated core con- 
tributions (0) together with their regression par- 
abola (curve c) are also plotted. 
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clearly shown in [ 5 ] ,  the contribution of this quantity can be neglected provided that the 
line positions of the source and absorber are obtained at the same temperature. 

The calculated average hyperfine magnetic fields and their contributions are pre- 
sented in table 4 and figure 7 (the negative signs in table 4 denote the orientation of the 
hyperfine field with respect to the bulk magnetization and are omitted in figure 7 and in 
the following discussion). Contrary to the magnetization (figure 5 ) ,  the total average 
hyperfine field is a monotonically decreasing function of the boron content. Exper- 
imental studies of this quantity (at zero temperature) revealed the same behaviour 
[5,14,15] irrespective of the preparation technique. These two differing composition 
dependences of magnetic quantities clearly show that the assumed proportionality 
between the magnetic moment and the total hyperfine field which is frequently used in 
interpretation of Mossbauer spectra should be employed with care [45]. In our study 
this proportionality was assumed for the core contribution only while the valence 
contribution was calculated independently. The values of the latter and of the s com- 
ponent of the iron magnetic moment are determined by the s-d hybridization for each 
spin orientation. As argued by Kaspar and Salahub [44] for disordered Fe-Co Bccalloys, 
this s-d hybridization is highly dependent on the environment of the atom and the 
magnitude of the valence contribution is positively correlated with the total magnetic 
moment of the nearest-neighbour shell. The same arguments probably remain true also 
in our case. With increasing iron concentration the first coordination shell contains more 
iron atoms and the polarization of the s-like electrons at the central Fe atom is more 
pronounced, which leads to a greater valence contribution. 

To get a more quantitative comparison of the calculated hyperfine fields with zero- 
temperature measurements, the slopes of the concentration dependences B ( x )  in the 
region of interest can be estimated: dB/dx = -24.6 T (our calculation) and dB/dx = 
-27.6 T (from [15]). The agreement is surprisingly good with respect to the approxi- 
mations involved. 

A comment should be made regarding frequent finite-temperature measurements 
of the hyperfine fields in Fe-B alloys (see, e.g., [ 5 ,  15, 16, 561). The concentration 
dependence of the average hyperfine field is substantially modified on increasing tem- 
perature and becomes parabolic-like with amaximum nearx = 0.20 at room temperature 
[15,56]. This is due to the increase in the Curie temperature on alloying in the com- 
position range studied [9]. This unpleasant fact throws serious doubt on simple inter- 
pretation of room-temperature measurements as presented, for example, in [16]. The 
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first-principles calculation of the finite-temperature behaviour of magnetic quantities in 
the sense of, for example, [57] is, however, a very difficult task and far beyond the scope 
of this paper. 

4. Conclusions 

The present study shows that the main experimental facts regarding the magnetization 
and the average hyperfine parameters at Fe nuclei in amorphous Fe-B in the con- 
centration range 14-23 at.% B can be reproduced quite well even with the non-self- 
consistent first-principles calculation. The concentration dependence of the saturation 
magnetization can be-contrary to the rigid-band model-explained by simultaneous 
change in the iron DOS on alloying and a relatively small charge transfer from boron to 
iron. The chemical bond and the small magnetic moment of boron arises presumably 
owing to the Fe d and B sp hybridization. The difference between the concentration 
trends of magnetization per iron atom and the total hyperfine fields can be explained by 
s-d hybridization, leading to the important valence contribution to the hyperfine field. 
The charge analysis proves that besides the interatomic charge transfer from boron to 
iron an intra-atomic s-d electron conversion at Fe atoms occurs and controls the IS 
behaviour. 

It seems that, in our approximate approach, mainly the chemical aspects of the 
problem were affected. It would be desirable to obtain some connection between 
the individual environment of a nucleus and the corresponding hyperfine parameters. 
Although it is not sure whether the resolution power of experimental hyperfine tech- 
niques will be able to extract more information than the average values and variances 
of the hyperfine distributions from an amorphous sample [13,56], the present author 
believes that more detailed theoretical treatment can shed some light on this topic. 
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