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Abslrael. The difference Compton profiles for amorphous alloys of composilion 
Fem-,Ni.B,s (z = 70, 41 and 12) have been studied using 60 keV and 412 keV 
7-radiation. The dala have been analysed on the basis of the O'Handley and Boudreaux 
model, involving charge transfer fmm boron lo transition metal 3d bands on alloying. 
This model, which is often invoked lo explain the magnetic moment in these amorphous 
alloys, does not fit the measured Compton profiles and a simpler model, consistent with 
[he experimenlal data, is considered. This is based simply on the free alom profiles of 
3d states in nickel and iron with a small charge transfer from the conduction band to 
the nickel 3d states. Our data also show !hat the iron and nickel sites in these alloys 
are weakly femmagnelic. 

1. Introduction 

1.1. Background work 

The mechanism of magnetic moment formation in amorphous metals, and the gen- 
eral electronic structure of these materials, are not well understood. The magnetic 
moments of amorphous alloys are usually lower than the related crystalline materials 
which do not, of course, contain metalloid atoms such as boron, silicon or phospho- 
rus. The complexity of the atomic arrangement in these systems creates considerable 
difficulty in the theoretical description of the electronic structure, magnetic moments, 
etc. The topic continues to be of considerable interest and further experimental evi- 
dence on the behaviour of the alloys is needed for a proper theoretical description. A 
study of the electron momentum distribution by Compton scattering is a particularly 
useful experimental method of investigating the behaviour of the outer electrons that 
determine magnetic properties [l]. 

In our previous Compton experiment [2] we studied a pseudobinary 
(Co,Ni),,Fe,Si,,B,, system in which the nickel atoms were believed to carry no 
magnetic moment or a very small one (less than 0 . 0 5 ~ ~  [3]). From the Compton 
profiles obtained it was inferred that, when nickel substitutes for cobalt, charge trans- 
fer from the conduction band to the 3d states takes place. Such a transfer could 
explain qualitatively the observed reduction of the magnetic moment on nickel. In 
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order to get more insight into that problem a much simpler system needed to be stud- 
ied. Experimentally, however, there are some problems. In an experiment l i e  ours 
[2] one compares the Compton profiles of samples with different compositions and 
when the alloy constituents are close to each other in the periodic table of elements, 
the composition difference must be quite pronounced to make the Compton profile 
changes clearly visible. In addition, rather large sample volumes are required and it is 
not always possible to make the amorphous ribbon of a given composition. Therefore 
in practice choice is strongly limited by the availability of the samples of interest. For 
these reasons the present studies concern quasibinary alloys (Fe,Ni),,B,, in which 
the Ni to Fe ratio can rather easily be varied, and which contain only one metalloid 
element. 

A 
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f i re  = 2.20 + O.SO(1- I). (2) 

Furthermore the authors assumed that each boron atom reduces the Ni-Fe ‘molecule’ 
moment by 1 . 2 ~ ~ .  This fit to the experimental data is shown by the full curve in the 
upper part of figure 1. We see, however, that such a curve describes the data in a 
limited concentration range only. 

Similar considerations can be made for the magnetic moments measured at room 
temperature [SI (see the lower plots in figure 1). For example, the linear fit gives 
magnetic moments of iron and nickel equal to 1.90~~ and O.31pB, respectively. The 
variable moments can be expressed as: pNi = -0.16 + 0 . 4 6 ~  and pFe = 1.79 + 
0.98(1 - T). This means that the nickel moment is largely induced by its iron 
neighbours and there is no need to invoke any role for boron in these calculations. 
It is noteworthy that the coefficients of T and (1 - Z) are not unique; only their sum 
can be fitted unambiguously. 

Unfortunately, these phenomenological descriptions provide no clues to the role 
played by boron atoms in the formation of individual magnetic moments on nickel 
and iron atoms. Therefore we focus our attention on the mechanism of magnetic 
moment formation rather than on the  value of the moment itself. 

1.2. Charge Iransfer and bonding models 

There are two quite different explanations of the magnetic moments in the literature. 
On the one hand it is suggested that the metalloid atom directly donates electrons to 
the d-band of the TM matrix, thereby reducing the moments and leaving a charged 
boron ion. The charge transfer required to produce the observed moments on the 
?M atoms can than be calculated. On the other hand the effect of boron, silicon or 
phosphorus can be considered in terms of a covalent bending interaction with the TM 
which alters the width and relative energies of the majority and minority bands in a 
manner that reduces the TM moments. 

It is interesting to consider what happens in nickel-iron alloys in which the nickel 
magnetic moment is believed to be non-zero, as in the Fe-Ni-B alloys containing 
18 at.% of boron investigated in this work. Alloys of this kind (actually containing 
20 at.% of boron) have been studied by Becker er a1 [4] and O’Handley and co- 
workers [S, 6, 71. 

A comprehensive discussion on the hybridisation of metalloid s- or p-like levels 
with TM d-bands and on the charge transfer phenomena can be found in the papers 
by O’Handley [6, 71. In these, it is pointed out that the s-d charge transfer between 
TM can be preceded by an electron transfer from the metalloid atom to the localised 
d-bands of the TM atoms. The amount of this charge transfer depends on both the 
specific metalloid atom (e.g. B, Si or P) and the nature of the TM matrix. For 20 at.% 
of boron it is estimated [6], that each boron atom transfers effectively 1.4 electrons 
to the nickel matrix, i.e. the number of 36 electrons is increased by approximately 
0.35 per nickel atom. (Please note that in the rigid band model of the TM matrix 
the charge transfer was estimated as 1.6 electrons per boron atom [SI.) It should be 
stressed that an important assumption by the authors of [6] is that the Fermi level 
lies above the minority spin band (i.e. strong ferromagnetism) at least at nickel sites. 
If all the transferred electrons fill up the minority spin states only, then the magnetic 
moment on nickel must be reduced from the original value of 0 . 6 ~ ~  to 0.25pB. In 
accordance with this model [6] pN, is independent of concentration in (Fe,Ni),,B,, 
alloys, which evidently contradicts the model described by equations (1) and (2). 
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The charge transfer to a cobalt matrix is supposed to be 1.6 electrons per boron 
atom and to iron it is as high as 2.2-2.4 electrons. In the latter case, however, the 
relation between the charge transfer and the magnetic moment is more complicated 
as iron sites in the iron-rich alloys are considered as weakly ferromagnetic (holes exist 
in both subhands). The authors of [6] assume that the iron moment increases with 
the nickel content. 

As was mentioned in section 1.1, our previous [2] Compton profile studies on 
pseudobinary (Co,Ni)-amorphous alloys concluded that addition of nickel results in 
charge transfer from the conduction band, presumably to the Ni 3d band. The 
possibility of charge transfer from the metalloid atom was not considered. These 
studies, however, could hardly provide a critical test of charge transfer from boron 
for two reasons. Firstly, the predictions of OHandley are similar for transfers to CO 
and Ni, and secondly, the situation was complicated by the presence of silicon as 
well as boron. (Yamauchi and Mizoguchi [SI have shown that the moment reduction 
due to Si is twice that associated with 5.) The simpler Fe-Ni-€3 alloys studied here 
are expected to provide a much more sensitive and unambiguous test because of the 
predicted large difference in charge lost by boron to Fe (2.2-2.4 electrons) and Ni 
(1.4 electrons). 

A much more drastic reduction of the nickel magnetic moment than the iron 
one in amorphous alloys is also clearly predicted in the X-n cluster calculations by 
Messmer 191. This work, also cited and discussed by OHandley [7], favours s-d/p-d 
hybridisation between boron and the transition elements (Fe,Ni) as the mechanism 
responsible for the d-moment reduction This work is of special relevance to this 
study because the calculation was performed for the cluster composition Fe,Ni,B 
which is close to the one studied here. The main result of Messmer's calculation is 
a substantial broadening of the 36 bands due to the presence of boron atoms and a 
strong preference of boron to bond covalently with nickel. 

The theoretical considerations described above are much more qualitative than 
quantitative. The assumptions underlying the models used can be questioned and in 
this situation the consideration of additional data to the measured magnetic moments 
is strongly recommended. 

1.3. Strong or weak ferromagnetism 
The theoretical attempts to describe the concentration dependence of the mean mag- 
netic moment observed in the alloys of interest rely heavily on assumptions con- 
cerning the kind of band ferromagnetism exhibited by iron and nickel. For example, 
O'Handley and Boudreaux [6] assumed that nickel shows strong ferromagnetism while 
iron in the iron-rich sample exhibits weak ferromagnetism. At higher nickel concen- 
trations iron tends to the strong ferromagnetism case. 

The magnetisation versus temperature measurements carried out by Babit ef ai 
[IO] on Fe,Nia,-,BlaSi2 and Fe,,B,, samples gave support to the concept of strong 
ferromagnetism of iron. However, the theoretical analysis of magnetic moments 
in Fel-,B, systems, carried out by Malozemoff ef a1 [ l l ]  and justifying the idea 
Of so-called magnetic valence, concluded that these alloys represent rather weak 
ferromagnetism. The magnetoresistivity measurements of Fe,Ni,,-,B,, [12] gave 
evidence for weak ferromagnetism of these alloys, although the authors state that 
Fe,,B,, is on the  verge of becoming a strong ferromagnet At the same time, they 
supported OHandley and Boudreaux's [6] concept of charge transfer from metalloid 
atoms to the 3d bands. Spin-polarised photoemission studies 1131 seem also to favour 
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weak ferromagnetism at low nickel concentrations and are in agreement with the 
idea of [6] that at high nickel concentrations there is a tendency towards strong 
ferromagnetism. 

As is seen, the experiments cited above do not lead to a definite conclusion 
concerning the type of band ferromagnetism involved. We shall show that our data 
support the model of weak ferromagnetism. 

1.4. Compton scattering measurements 

The quantity measured in these experiments is the spectral distribution of the Comp- 
ton scattered gamma radiation. Under conditions of high energy transfer the scatter- 
ing can be considered in an impulse approximation with the result that the scattering 
cross-section is proportional to J ( p , ) ,  with the integral of the electron momentum 
density, n(p) ,  over the two momentum components perpendicular to the scattering 
vector (assumed to point along the r-direction): 

This expression implies certain simplifying assumptions about the relativistic cross- 
section for scattering from a moving electron 1141; the approximations adopted have 
been validated in numerous other Compton scattering studies (for example 115, 161). 

If a y-ray source with a photon energy of several hundreds of keV (ls8Au : 
412 key  137cS: 662 keV) is used for Compton scattering experimens at large angles 
of scattering the  energy transferred also amounts to hundreds of keV and the im- 
pulse approximation will be valid for all the bound electrons. In the case of a softer 
radiation, e.g. 59.54 keV -prays from a z4'Am source, the energy transfer is typically 
12 keV and the impulse approximation will not be valid for the K-shell electrons. For- 
tunately this has little influence on the consideration of Compton profile differences 
since the core contributions cancel. This situation is well known and is discussed 
elsewhere (e.g. (171). This approach has been used successfully in numerous studies 
of anisotropy in m and TM alloys 118, 191 and is explained in our earlier study 121. 

2. The experiments 

Measurements are reported for the two samples of Fe,2-,Ni,B,, alloys, with I = 70 
(sample S1) and I = 12 (sample S2), which were prepared in the form of ribbons 
of width 11-12 mm and thickness 20-30 pm by rapid quenching on a copper roller. 
(Studies on the intermediate composition, I = 41 (sample S3), have been made 
and the results are consistent with those obtained in the study of the samples with 
the extreme compositions considered here.) The densities have been estimated from 
calculations based on the atomic radii and the packing fraction as described in the 
paper by Dobrzynski et al [3]. 
WO yray  sources, in different locations, were used: a 120 Ci 'g8Au source in 

BiaIystok and a 5 Ci **lAm source at Warwick 1201. The gold isotope has the advan- 
tage of affording the higher resolution but its half-life is only 2.7 days (cf. 458years for 
americium) and costly irradiations must be made to replenish the material. The gold 
source spectrometer is a new instrument, similar to ones previously operated else- 
where (see e.g. [21, 221) and will be described in a separate publication [=]. Both 
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instruments use Ge semiconductor detectors to analyse the scattered radiation. Their 
limited energy resolution, coupled with the contribution from the divergence of the 
incident and scattered beams, leads to instrument resolutions of 0.40 and 0.57 atomic 
units of momentum for the lgdAu and 241Am spectrometers, respectively. (Note, 1 au 
corresponds to an electron momentum of 1.99 x loez4 m kg s-l; electrons at the 
Fermi surface of aluminium, for example, have a momentum of 0.926 au.) 

Many energy-dependent corrections are involved in the data processing. For 
example those associated with absorption and multiple scattering in the sample and 
the detector efficiency. However their influence on the final difference profiles can 
be minimised if the samples are identical in size. Therefore the ribbons were cut 
into smaller pieces and clamped together, so as to form samples with a square 
cross-section of approximately 24 mm x 24 mm and thickness 1 mm. The count rate 
in the americium experiment was about 30 counts per second under the Compton 
peak. No contribution from the holder could be detected in the measuremens with 
either spectrometer. In any event any such scattering, together with other parasitic 
systematic effects would cancel in the differences formed from measurements on the 
samples. 

Electronic drift was checked by monitoring the position of the 122 keV line 
from a 57Cn calibration source in the "'Au experiment and the elastic line in the 
241Am spectrometer. Incomplete charge collection in the detector is largely respon- 
sible for the asymmetry in the measured Compton spectra (the Compton profile, as 
defined by equation (3) must, of course, be symmetric). As is usual in line shape 
analyses of this kind only the high energy side of the profiles which are relatively 
free from these effects, were processed. A summary of the experimental details is 
compiled in table 1. The magnetic moments measured at room temperature with a 
magnetic balance are also shown in figure 1. As can be seen, our data agree well with 
the values taken from measuremens made on (Fe,Ni),,B,, samples. Therefore the 
previous theoretical analysis of the magnetic moments of (Fe,Ni),,Bz, should apply 
to (Fe,Ni),,B,, as well. 

Table 1. Experimental details. 

@ per TM at Measurement Integrated Calculated 

(@E) (hours) (counts) (kg m-3 x 
Sample room temperature time Compton density+ 

, I mu: , , , , 
s1 
Fe12NiroBls 0.18 258 2 .4  x 10' 7.98 

159 $ 0.8 x 10s 

161 t§ 1.1 x 106 

s2 
FeroNilZBls 1.77 288 3.0 x 10' 7.43 

53 
FerlNirrBls 1.23 273 3 .1  x lo' 7.70 

t Packing fraction 0.697 wab taken from reference 1241 where a number of various 
amorphous alloys densities have been analysed. 
t From measurements made on the lSsAu spectromeler. WO gold sources (one per 
Sample). activated to about LOO Ci. have been used. 
5 In this measurement the thickness of sample S2 was 1.8 mm. This was reduced later 
lo the standard value of 1 mm used in all the other measuremenls. 
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3. Data processing 

The data processing routines which involve the corrections for background, detector 
response function, Compton cross-section and multiple-scattering, are standard and 
identical to those described in an earlier paper [2 ] .  In spite of the poorer statistics in 
the high energy study, the Compton profiles measured in both research centres are 
similar. In view of the greater statistical accuracy of the americium data the results 
from the gold spectrometer will only be used for a qualitative comparison with the 
data from the 241Am spectrometer. (Since this experiment the performance of the 
Compton spectrometer in Bialystok has substantially improved-see Andrejauk er af 

The positive momenta data have been used to form the difference profile SI-S2. 
The free atom core (lsz2s22p63s23p6) profiles [25] corresponding to the appropriate 
FeN compositions had been convoluted with a Gaussian of FWHM equal to the reso- 
lution of the experiment and subtracted from each profile. The necessary corrections 
for K-shell binding edge discontinuities in Fe and Ni were made. The resulting pro- 
files contain the contribution of residual 36 and 4s electrons in iron and nickel. The 
difference profile, AJ,,,,,, shows the changes associated with the different (36, 4s) 
band configurations when nickel is substituted for iron. These results are reproduced 
in figure 2 as full and open circles, respectively for the measurements made on the 
americium and gold spectrometers. The area of the AJ,,4,(Sl-S2) curve (pz from 
0 au to 7 au) is equal to 0.55 electrons. This reflects the increase in the number 
of electrons per formula unit (in the measured momentum range) in J(S1)3d,4s by 
comparison to the J(SZ),,,, profile. 

I=].) 

0 2  

Figure 2. The processed difference Complon profiles A&,rr. 0, represent the mea- 
surements made on the 'llAm speclrometer for ihe S1-S2 samples. 0, show lhe Same 
difference measured on the lg8Au speclromeler. The 3d free-atom Compron profiles 
for nickel and iron have been used io plot (dolled curve) the 3d difference profile for 
S I 4 2  samples. 

4. Data analysis 

Previous studies of the transition metal difference Compton profile [2] showed that 
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when no electronic band structure calculations are available, free atom tabulated 
d-electron profiles are reasonable starting points to analyse the experimental dif- 
ference AJ,,,,,. One-electron 3d (free atom) profiles for Fe, {3d},, and Ni, 
{3d)N,, have been used to model the experimental difference profile AJ,,,,, = 
D[8{3d},; - 6{3d},J. where D is the difference in nickel/iron content between the 
pair of samples. Identical free-electron-like 4s configurations in Ni and Fe were as- 
sumed; thus there is no contribution from these electrons to A J .  This free atom 
difference for D = 0.58 is plotted as a dotted curve in figure 2 Inspection of the 
data confirms that the difference 3d atomic profile is a good initial approximation 
for modelling the experimental results. It reproduces the measurements very well for 
momenta with p ,  > 2 au, but a discrepancy is evident at lower momenta. 

In the following paragraphs the experimental results will be analysed on the basis 
of two charge-transfer models. Firstly, the O'Handley and Boudreaux model [6] 
involving boron outer electrons and, secondly, a simple model considering TM sites 
only. 

In order to avoid ambiguities associated with different definitions of charge trans- 
fer, the basis of our calculations is set out as follows. Let us express the sample 
composition as Fe,Ni,B, and the (3d, 4s) bands configuration as 3dm4s8-"' for iron 
and 3d"4~'~-" for nickel. In the O'Handley and Boudreaw model, formulated in 
section 1.2, it was assumed that m = 7.05 and n = 9.4, and that every boron atoms 
donates T = 1.4 electrons to nickel and s = 2.3( 1) electrons to iron atoms on alloy- 
ing. The difference profile can be expressed in a similar form to that used above for 
the free atom difference, i.e. 

A-',,,,, = D[(n t An){3d}~, - ( m  + Am)13d1fe 
+ (Am - A ~ ) { ~ S ~ P ) B  + ( m  + 2 - n){FE}] (4) 

where {FE} is a TM freeelectron profile, {2s2p), is the Compton profile of the outer 
boron shell, An is the number of electrons transferred from boron atoms to the 3d 
nickel band and Am is an equivalent transfer from boron to the 3d band of iron. 

Within the model of [6] An = C T / ( ~  + b)  electrons while Am = cs / ( a  + b) 
electrons. This results in a total charge transfer per boron atom of 1.53(2) and 2.17(9) 
electrons for the S1 and 52 samples, respectively. The results of the calculations based 
strictly on the above values of T and s given by OHandley and Boudreaux [6] are 
shown in figure 3 by the dotted curves. This model require a charge transfer of 
An U 0.31 and Am 2 0.50(2) electrons to TM 3d sites and gives a contribution of 
D( Am - An)  N 0.11 electrons from the boron {2s2p}, shell (see the freeelectron- 
like profile depicted by the dashed curve, figure 3). Simultaneously, the reduction in 
the number of electrons in the TM 4s band is equal to D( mt2-n)  N -0.20 electrons. 
Hence the effective decrease in the total number of free electrons is estimated as 0.09 
electrons. Their Compton profile is shown as the dotted cuwe in the lower part of 
figure 3. The agreement with experiment is rather poor. There is obviously a need 
to improve the model. 

Let us note that, because the ourer electron configuration of boron is 2s22p', for 
charge transfers from boron larger than 1 electron (as calculated above) the term 
{ 2 ~ 2 p } ~  in equation (4) will contain the Compton profile of 2s electrons only. In 
our experiments this profile is practically indistinguishable from the freeelectron TM 
profile (the last term in equation (4)). Therefore, the experimentally determined 
difference AJ,,,,, is described effectively by only 2 parameters: n,,, and mtot, thus 
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Figure 3. The besl fits lo the SI-SZ dillerence dala (0) measured on the zrlAm spe- 
ctrometer. The dolted cuwe repraenls the calculations based strictly on the O'Handley 
charge transler model. The contribution of boron outer elecrrons is shown by rhe dashed 
curve. The tits from the modified O'Handley modcl and the model involving the 4s-3d 
charge transfer between Ni and Fe a tom only are plotted as a full CUNe. The curves at 
the bottom show the negative free-eleclran Compton profiles indicating the addilional 
charge transfer to the 3d band when nickel is substituted lor iron. 

equation (4) becomes 

AJ3,,4, = DInt,t{3dh, - "{3d)Fe + (" + 2 - ntot){FEH (5)  

where ntot = n + An and mtOt = m + A m  are the total number of 3d electrons in 
nickel and iron, respectively. 

The best agreement with experiment is obtained for ntOt 2 9.0(1) and m,,, Y 

6.9(1). The effective change in the number of conduction electrons is D(mtot + 
2 - ntot). In practice it is determined more accurately from a fit of the freeelectron 
profile; the value obtained is -O.OS(l). This implies a transfer of mnduction electron$ 
to the 36 band in TM. The calculated curves are shown in figure 3 by the full curves. 

Information on the  source of the transferred electrons is lost in equation (9, 
therefore the alternative approach (which we now describe) is to assume that boron 
is not involved in charge transfer at all. Only the 4s electrons in TM fill the 3d 
band in nickel (as necessary) when nickel is substituted for iron. Within this model 
equations (4) and (5) are equivalent and calculations are represented by eracrly the 
same full cuwes in figure 3. 

The above analysis can be used to discuss the magnetic momentS measured on the 
samples under consideration. The number of 3d electrons on nickel (9.0) is such that 
if it represented a strong ferromagnetism case over the whole concentration range 
(7C-12 %Fe), its magnetic moment would have to be as high as 1.0~~. There is 
no evidence to support this. In fact, experiments indicate that pLNi is close to, or 
below, 0 . 2 ~ ~ .  which implies that nickel represents weak ferromagnetism. Moreover, 
the fact that in these amorphous alloys ntot is lower than in the crystalline case 
(9.0 compared to 9.4) contradicts the idea of the charge transfer from boron to 
nickel. Indeed, a transfer in the opposite direction would explain the values obtained 
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even better. The value of m,, for the iron site also does not confirm a charge 
transfer from boron, assuming 3d band occupation in the crystalline phase proposed 
by O'Handley and Boudreaux (6.9 compared to 7.05). At the same time, the possible 
values of iron magnetic moments below 2.5pB, indicate that iron also represents a 
weak ferromagnetism case. 

The necessity of introducing a small negative contribution from conduction elec- 
trons shows that each nickel atom adds fewer conduction electrons than each iron 
atom does, or that under alloying with nickel some conduction electrons are trans- 
ferred to the Ni 3d-band. 

5. Conclusions 

The model of charge transfer from boron to TM, as exactly propcsed by O'Handley 
and co-workers [6,7] is in disagreement with the Compton profile data. The analysis 
of the possible electron configuration of iron and nickel in the alloys studied show 
that the filling of the 3d bands (n,,, = 9.0 and mtot = 6.9) is lower than assumed 
in [6] (9.4 + 0.31 and 7.05 + 0.50, respectively). Therefore any charge transfer from 
boron to TM would require even lower initial numbers of d-electrons on Ni and Fe 
atoms. 

The experimental difference profile AJ,,,,, can be simply explained ignoring the 
role of boron as a source of additional electrons. Assuming freeatom configurations 
one would expect that substitution of iron by nickel should increase 36 band occupa- 
tion by 2 electrons. The value obtained from statistical fits is 0.05(1) electrons greater 
and can be explained as due to an additional electron transfer from the 4s states. 
The same effect was previously seen in [2] .  

In order to reconcile the number of d-electrons for nickel and iron with the 
magnetic moments of the atoms, both kinds of atoms must represent weak fcrromag- 
netism. This agrees well with the results of [ l l ,  12, 131. 

The non-linear variation of the mean magnetic moments of alloys with the nickel 
concentration shows that the individual magnetic moments of nickel and iron must 
be composition-dependent and that local-environment effects which can alter the 
exchange-splitting or deform the electronic density-of-states curves, should take place. 

In order to have a better idea about the magnetic moment distribution in our 
alloys we plan to carry out magnetic x-ray absorption measurements of the near edge 
structure [26] at both Ni and Fe sites and measure mugneric Compton profiles in 
these alloys using elliptically polarised synchrotron radiation sources in an attempt to 
determine the respective moments. 

N o v  added in proof. Cowley er a/ ('271 have recently measured polarized neulron scaltering on 
(Fe.Nil-,)isBlaSilo. They conclude that Ni magnetic moments are comparable with iharc of iron, 
but that the nickel moment is randomly oriented, so it does no1 contribute lo the aligned moment. 
Again, this disagrees with the OHandley and Boudreaux [a] charge transrer model and giva room for 
the relatively low value 01 ratDL obtained by us. 
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