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Comparative study of the structure and magnetic properties of Co-P and Fe-P amorphous alloys
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We present the structural parameters of a complete series;of,Bo(x=0.17—0.26) amorphous alloys as
obtained by the analysis of x-ray absorption fine structure measurements. To investigate their correlation with
the magnetic properties, we have performed magnetization measurements in the same set of samples, obtaining
the concentration dependence of the saturation magnetization, Curie temperature, and the behavior of the
low-temperature magnetization. The results for the Co-P system are then compared with the ones of amorphous
Fe-P, in order to clarify whether the different structural features found can be used to explain the different
behavior of the magnetic properties that these systems exhibit. The evolution of the spontaneous magnetization
with the metalloid content is the same for both systems. The Curie temperature decreases appreciably in Co-P,
while remaining unchanged in Fe-P. The main result of the structural analysis shows that the bonding distances
between metal atoms increases in the Co-P system, whereas they do not change in Fe-P. These magnetic and
structural differences are correlated in basis of simple magnetic models.

I. INTRODUCTION Fe-P system, the Misbauer spectroscopy has been exten-
sively used to investigate this poiht?*3There are also sev-
Due to their promising potential applications, the mag-eral studies of the structure using x-ray diffraction methods
netic properties of amorphous magnetic materials of a widéhat allow us to extract the atomic radial distribution
variety of compositions, have been the subject of intensivdunction****In a previous work® we successfully used the
research during the last decades. However, though thEXAFS (extended x-ray absorption fine structuspectros-
amount of compiled experimental data is hdgéthere is copy to determine the evolution of the local structure of
still not a clear understanding of the fundamental aspects gimorphous Fe-P alloys as a function of composition. This
the magnetism of such systems. As it is well assumed, théechnique is an atom-selective local probe that permits us to
atomic structure plays a determinant role in the magneti@btain the coordination numbers and bonding distances, a
interactions, and its knowledge is essential in the study of th&ery useful information in disorder systems since it is usually
magnetic properties from a fundamental point of view. Thisthe only structural information that can be obtained.
is certainly a complicated subject, which gets even worse in The atomic structure of some Co-P amorphous alloys
amorphous systems where the lack of translational symmetrjave been investigated by neutron diffraction by Sadoc
reduces drastically our possibilities of finding the atomic ar-et al*® and by Lagardet al.*’ using the EXAFS technique.
rangements. However, a thorough study in a wide range of compositions
In order to get a more profound insight of the correlationis still lacking.
between the structure and the magnetic properties in amor- In this paper we present a structural study by means of
phous materials, it is convenient to chose simple systems likEXAFS of a complete series of amorphous Co-P alloys. We
Fe-P or Co-P in which the reduced number of constituenhave also performed magnetic measurements in the very
simplifies the analysis of the experimental data concerningame set of samples. This allow us to correlate precisely the
the structure. Both systems have been extensively studiegiructure with the magnetic properties and its dependence on
from the point of view of their magnetic properties. Among composition. This information is then used to study the im-
others, Dietz and co-workers have investigated a series dglications of the different atomic structure of Fe-P and Co-P
Fe-P and Co-P samples in a wide range of composifidns. amorphous alloys on their different magnetic behavior. This
For these systems, in the amorphous region>@.13 comparison allow us to reveal what are the fundamental
—0.15), the spontaneous magnetization decrease linearfructural features that influence the magnetism in these al-
with increasing P content, with the same slope for both sysloys.
tems. In contrast, the evolution of the Curie temperaiye
with composition is completely different. In the Fe-P alloys,
it remains constant or changes very little with increasing P
content(it seems to depend on the preparation method: in A series of samples was prepared by electrodeposition
melt-quenched samplesT, increases very slightly;®  from aqueous solutions following the procedure described
whereas in the electrodeposited ones, a decteasean elsewheré® with compositions ranging from 15 to 26 at. %
insensitivé® behavior has been reporte®n the contrary, in  P. The samples were deposited onto copper substrates that
Co-P alloys a steep decreaseTqfis observed:8! were removed chemically after deposition. The resulting
The fundamental magnetic properties such as the spontgample thickness was about 2fn. To avoid possible inho-
neous magnetization and Curie temperature are mainly detemogeneities occurring during preparation due to edge ef-
mined by the local environment of the metal atoms. In thefects, only the central part of the deposit was used for the

II. EXPERIMENT
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TABLE |. Spontaneous magnetization, magnetic moment per o, (Am*/Kg)
Co atom and Curie temperature for {QP, samples. 100 T
x oo (AmP/kg) Koo (us) Te(K) g0 [T ;
0.15 103 1.19 g, %M
0.17 92 1.07 644 . ]
0.18 84 0.99 625
0.20 75 0.90 557
0.22 66 0.80 452 ]
0.26 52 0.65 301

experiments. The composition of the samples was estimated [ ... .
within 1 at. % P by emission plasma spectroscopy and x-ray 0 100
energy-dispersive analysis. The samples were checked to be
in a fully amorphous state by x-ray diffraction. This resultis g, 1. Measuredoy(T) curves for Cg_,P, samples(open
further confirmed by the lack of higR-structure of the EX-  circles. Full circles joined by the line, are the extrapolation to find
AFS spectra. T, (see text The line in samplex=0.26 is a fit to Eq(1).
Measurements of the saturation specific magnetizatipn
as a function of temperature were performed in a supercorthan the ones reported before by other autfdfsThe ex-
ducting quantum interference devi@QUID) magnetometer trapolation tox=0 gives a value very close to that of pure
from 5 to 400 K, and in a Faraday magnetometer above rooricp Co (uco=1.72ug).%°
temperature. In both cases a constant field of 1200 kKA m To achieve the complete saturation of the samples, the
was used. measurement otrg(T) was performed at a relative high
EXAFS experiments were performed at the Daresburynagnetic field. This, together with the fact that the crystalli-
Laboratory Synchrotron facility running typically at 2 GeV zation temperature of the samples is close 600 K, make a
and with an average current of 150 mA. The phosphétus involved task the analysis of high temperature data to obtain
edge was measured in station 3.4 in total electron yield gethe Curie temperature. As can be observed in Fig. 1, the
ometry using a double-crystal monochromator of InSb. Thecurves corresponding to samples with high P content reveal
cobaltK edge was measured in station 7.1 in transmissiortlearly the effect of the field by the presence of long tails in
geometry with a double-crystal @il1) monochromator. Al the o¢(T) curves. In the samples with lower P content, the
spectra were recorded at room temperature. Harmonic rejeenset of crystallization drastically reduces the available
tion, only necessary in the Co edge, was achieved by detuitange for evaluation of .. In these circumstances we have
ing the monochromator to reduce the intensity by 50%. Theypted to fit the high-temperature data to a critical law of the
presence of a spurious jump corresponding to the sulghur form o< (T—T,)#. The same range of experimental points
edge in the phosphorus absorption data reduces the EXARfave been used in the fit for all the samples: only points
range available for the analysis. This, together with otheiorresponding to values of reduced magnetizatiod o
experimental problems, made us discard the measuremenjgeater that 0.75 are used. To give consistency to the process
of the P edge for all the samples but for the one with it is necessary to use similar values of the critical expogent
=0.22, whose spectra is good enough to obtain reliable réfor all of the samples. Best fits are obtained usjg 0.32
sults. for samples withx=0.26 andx=0.22 andB=0.31 for the
rest. The resulting extrapolations of the experimental points
towards the value of ; obtained from the fits are displayed
I1l. DATA ANALYSIS AND RESULTS in Fig. 1. This procedure allows to obtain a reasonable esti-
mation of the Curie temperature whose values are compiled
in Table I. However, since the effect of the high-magnetic
The saturation magnetization versus temperaty€rl) field used in the measurement cannot be ignored, mostly in
curves yield a great amount of magnetic information. Fromsamples with the higher P content, we have also tried a fit to
the low temperature part of the curve, we obtained the valuethe equation of state that includes the fiéld:
of the spontaneous magnetization at Odg, by extrapolat-
ing the fit of the low-temperature points tosa— T2 law, H
which results to be the best description of the da&e Fig. (M
4(a) below]. The implications of this kind of fit will be dis-
cussed in next section. The values @ so obtained, and whereT,; and M, are parameters to be adjusted to fit the
their corresponding magnetic moment per Co atpg, (ex-  data. The fit for sample=0.26 obtained with values g8
pressed in units of Bohr magnetops;), are compiled in  =0.32 andy=4/3 is also displayed in Fig. 1. The values of
Table I. They show a linear decrease with increasing P conf. obtained by this procedure are 10 to 50 degrees smaller
tent, and completely agree with those presented bifeHu (depending on the sampléhan those yielded by the first
etal? in a very exhaustive study performed over a widemethod described. Neither of them are completely reliable.
range of compositions, though they are significantly smalleiThe fit to a critical law must be valid only in the very prox-
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FIG. 2. (a) EXAFS signaly(k) for some Cq_,P, samples(b) FIG. 3. Fourier filtered EXAFS function and fit ifa) k space

Fourier TransformsP(R) of the EXAFS functions. The arrows and(b) R space.
mark the width of the main peak used in the back Fourier transform.
function using a least-squares fitting. The same range is used

imity of the Curie temperature. On the other hand, the equalor all the samples: 35k<11.5 A%, The quality of the

tion of state of Eq(1) is a first-order relation that must be Obtained fits can be observed in Fig. 3, bottRiandk space

not valid for large fields. In any case, the systematic variafor sample Cggdo 20. _
tion of T, over the range of compositions studied has the The extraction of structural data from EXAFS experi-
same trend in both cases. The values presented in TableTents relies on a structural model that is used to perform the
(obtained with the first procedure describecthibit a linear  fit- In the analysis of amorphous samples, a general approach

decrease with increasing phosphorus content. The extrapoll terms of the partial radial distribution functiog;(r)
tion to x=0 vyields a value very close to the pure hcp Co(RDF) should be used. It has been confirmed that the use of

(T.=1388 K)2°On the other end, the linear extrapolation Gaussian radial distribution functions in the analysis of EX-
gives T,=0 for x=0.33. This result agrees rather well with AFS data from highly disordered systems gives rise to
the situation for the crystalline compound £othat, with a smaller interatomic distances than the real ones obtained by
small magnetization of.=5 Am?kg (Ref. 11 is élose to Xray measurements. This difference is attributed to the oc-
that limit. Other authof®® report values off, that do not ~Currence of a very asymmetrical nearest-neighbor
coincide exactly with ours. This is probably due to the diffi- distribution=>=**For these materials, in the fer)%mework of a
culties described above and because of the alternative af€nSe random packing of hard spheres mouelrescenzi

27 H
proaches used by these authors to deterrifiine et al”" have proposed a RDF given by

1
—e ("R)loo, for =R
gi(r)=1 o, @
1. Data analysis 0 for r<R;

From the experimental absorption curves, the normalized . .
EXAFS functions y(k) were obtained using the standard wherg R; is the dlstancg between the centers of.the two
proceduré? Absorption above the edge was fitted using atOUCh'ng spheres andDj is the root-mean-square displace-
three cubic-spline in the range 2<k<12 A ~!for the Co Ment that gives the amount of structural disorder around its
K edge and a two-cubic spline in the rangsR<9 A~  atomic site. The average distance is then givenRby R,
for the PK edge.(This reduced range in the P is a conse-+op. as can be obtained by direct calculation on the RDF.

B. EXAFS data

quence of the sulphur jump mentioned beforian all the The EXAFS function can then be expressetfas
spectra, the origin df space was taken at the inflection point
of the absorption edge. N f (K, ) o 203K26 2T K
The EXAFS signals obtained in this way for the ®o kx(kK)=>, A
edge are displayed in Fig.(&. The yx(k) curves differ i R]’Z \/l+4kzcrsz
mainly at lowk values, which is to be expected due to the )
greater scattering amplitude of P atoms in the rangek3 XS|r{2kRj+tan_l(2k0'Dj)+¢j]- ()]

<5 A1 It is also possible to observe at first glance a

small change in the frequency of oscillations, which is re- Here,f;(k, ) is the backscattering amplitude function of

lated with the changes in Co-Co bonding distances as will batoms of typej around the absorbing speciel,is the

discussed latter. photoelectron wave vectorg; is the total phase shift,
The Fourier transform ofy(k) is performed with ak® exp(=2I';/k) is a mean-free path term that takes into account

weight and a Hanning window function in thesX the inelastic losses, eXﬁQO'jzkz) is the Debye-Waller factor,

<12 A1 range for the Co edge and in the<k andN; is the number of atoms gftype around the absorbing

<8 A ! range for the P edge. These Fourier transformsne.

present the characteristic single peak of amorphous alloys as This expression has already been used to analyze the

shown in Fig. 2b) for the Co edge. An inverse Fourier trans- structure of different binary amorphous systems vyielding

form is then performed in the main peétke selected range good results in accordance with x-ray diffractitrf’ 2 It

is marked with arrows in the figureThe resulting filtered has also been successfully used to analyze more complicated

EXAFS function x"(k) is finally compared with a model amorphous systends.
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TABLE Il. Structural parameters obtained by EXAFS in;CoP, samples. Errors are indicated between brackets.(90means 10.0
+0.9.

X Ncoco Reoco (A) ODcoco (R) ﬁCOCO (A) Ncop Reor (A) ODcop (A) ﬁCOP (A)
017  10.09) 2.3878) 0.161) 2.542) 2.0(7) 2.093) 0.259) 2.32)
0.18 10.06) 2.3905) 0.161) 2.552) 2.213) 2.101) 0.2009) 2.21)
0.20 10.17) 2.3906) 0.151) 2.542) 2.24) 2.092) 0.24(5) 2.337)
0.22 9.87) 2.41Q6) 0.151) 2.562) 2.54) 2.101) 0.224) 2.31(5)
0.26 9.q9) 2.4309) 0.132) 2.5613) 2.7(6) 2.102) 0.185) 2.287)

To analyze the EXAFS data for our samples, we con-<losest distanceR and structural disordery . We then used
structed model functions according with E&), where we the obtained closest distancBsand fitted the coordination
used two shells corresponding to Co-Co and Co-P pairs fonumbers andrp . The obtained values are those displayed in
the CoK edge. For the K edge we consider only P-Co pairs Table Il. To check the validity of the results we have also
assuming that no P-P bondings exiSts> Theoretical am-  performed other combinations, as fitting R, and o for
plitudes and phase shifts were taken from FEFF6 cdtles.each shellfixing the values for the other ohealways ob-
We must note that in amorphous systems we cannot calculataining values that are within the errors quoted.
them from a well-defined structural model using a cluster of
atoms at fixed position@s it is usually the input in FEFF for 2. Uncertainty analysis
crystalline materials We use instead the backscattering am-

plitudes and phase shifts calculated with only one atom Ofjitterence between the Fourier filtered experimental data
the adequate typéobalt or phosphorolisacting as disper- ¥F(k) and the model functiory(k) given by Eq.(3). The
sor. The validity of these calculations is checked by fittings,nction to minimize is defined as

reference compounds: fcc Co, /& CoSjp, FgSi, and

The fitting procedure consists in the minimization of the

Fe,B. For those standards we fit the shells that contribute to N

the first peak in the Fourier transform. The results obtained 2 [xT (k) —x (k) 1%k

were published in a previous work We assumed that these @t @)
calculations, which are valid for Co-Si, Fe-Si, and Fe-P "

shells will also work with Co-P. We also use the fitting of the > [x" (k1%

standards to extract the values of other parameters that take =t

part in the EXAFS equation. In particuldr, related to the This definition differs from the usual chi-square function,

mean-free path of the photoelectron, is translated fropFe  pyt avoids the normalization problems that affect the size of
which is the standard whose structure is more similar to thaghe calculated errors, which arise when uncertainties in ex-
of an amorphous systeffower symmetry and five shells of nerimental data are not well determined. The numerical
neighbors very close to each other in the range of 2-3 A)mjinimization is performed using Minuit subroutine from the
Gamma is taken aE=1 A ~*, and kept the same for the CERN program library’® Values ofS? at best fit values are
fitting of all the amorphous samples. The origin of the of the order of 2<10°5. The uncertainty in the value of a
threshold energ¥, is also a parameter to be fitted for each yariaple is taken as the amount by which it can be increased
shell. From the fitting of standards we learn that there is qntj| the value ofS? reach a given limit. Following the re-
constant difference of 2 eV between the valueggfor the  commendations of The International Workshop on Standards
metal(Co-Co or Fe-Fpand metalloidFe-P, Fe-B, Fe-Si, or ang Criteria in x-ray Absorption SpectroscoPythis value
Co-Sj shells. We translate this result to our samples and lefyas defined as double the value 8 at minimum. The

E, to be adjusted with this constrain. The valueSgf which fitting routine then gives the obtained uncertainties in the
does not appear explicitly in E¢B), is already introduced in  pest parameters by inverting the matrix of second derivatives
the amplitude calculation. We obtain a value by fitting ~ of S? with respect to the variable paramet&té’ As ex-

the standard compounds and recalculate the amplitudes frained above, we could not fit all the structural parameters
the fitting of the problem samples introducing this value intogether. In order to present errors calculated in the same
the FEFF input. Finally, we have used the same value of thevay for all the variables, the uncertainty displayed in Table
Debye-Waller factor ¢ for all the samples > |l for each parameter was obtained by keeping all the others
=0.009 A?). We therefore have six structural parametersfixed. This procedure does not account for the influence of
left to be fitted R, op, andN for each shejl They are an correlation between parameters, but we have checked that
excessive number considering that the number of indeperthe errors obtained when more than one parameter are left
dent data points is about MN(,q=2AKkAR/w, where Ak  free are the same order of magnitude. This is specially im-
=Kmax— Kmin 1S the k-space fitting range andR=R.,,x ~ portant for highly correlated variables such as coordination
— Ry is the width of theR-space filter window). In fact, if  number and structural disorder. The magnitude of the errors
all six parameters are left free in the fitting, best fit resultsis typical of EXAFS analysis: 10% in coordination numbers
acquire unphysical values for some of the samples. Thereand below 0.1 A in interatomic distances (0.03 A for
fore, we first gave reasonable values to the coordinatioil€o-P shell. It is to be noted that, in the case of the special
numbers, taking into account sample compositions, and fittetlinction that we use for amorphous materials, the inter-
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atomic distanceR is separated into two parameters: closestincreases. Although these values are inside the error range,
distancesR and structural disordes, . The first one is de- the increase of P atoms around the Co ones is reliable, as
termined with considerable precision, as it is the main factofliscussed before in the basis of the evolution of the ampli-
affecting the frequency of the oscillations. The structural distude of the raw EXAFS signal at low values. We have
order affects mainly the amplitude of the EXAFS signal andobserved that there is a strong correlation between coordina-
is highly coupled with the coordination number, and there-tion and the disorder parametet, as both of them deter-
fore affected by greater error. The quoted uncertainties ifmine the amplitude of the EXAFS signal. We reiterate that
R=R+ op are obviously the sum of the ones Rrnd o, . our dlscussm_n rests in the systematic evo_lutlon of the param-
eters. Coordination numbers are to be driven by the stoichi-
3. Results ometry of the samples, so the structural disorder evolution

] with composition must be real.

The values of the best-fit parameters are presented in pye to the problems cited before, the analysis of the P
Table Il. We must stress f[hat we can have conﬁdence_ in th@dge could only be performed in sample (G .. The
results that we have obtained from the EXAFS analysis, be: _ _ A _

reSUItS[NpCO—S(Z), RPCO_208(2) y OD —023(5)
cause they correspond to a set of samples and we have fol- _ “Pco
lowed the structural changes occurring systematically whed , and Rpco=2.31(7) A] are coherent with the ones for
changing the composition. No reliability can be assured ithe Co edge Rpco=Rcop), confirming the validity of the
only one sample is fitted because of the number of paramf€sults.
eters involved and the loose structural data that describes the
structure. But, most important, data from only one sample is IV. DISCUSSION
meaningless. Only the evolution of the structure with com- o ) . )
position gives relevant information that can be correlated Our aim is to discuss the results described before, mainly
with changes in the magnetic behavior. in comparison with the ones observed for the Fe-P system,

Previous structural results obtained by neutron diffractionwhich where reported in a previous wdﬁ<.‘|’h_ese systems
in a sample of composition Gg,Py 19 Show a very good present significant differences in the magnetic behavior, that
agreement with our® They found average distances of We would like to correlate, whenever possible, with the dif-
Reoco=2.54 A, andRc,p=2.32 A . However, results ob- ferences found in the atomic structure.
tained by EXAFS, using also an asymmetrical distribution Let us bggm by analyzing the behavior of the sponta}neo'us
function do not coincide so well with ouZ.They report magnetization at low temperature. As can be seen in Fig.

) B _ 4(a), for the Co-P system, the saturation magnetization
closest distances dcoco=243 A, Reop=2.19 A " and a4(T) at low temperature scales withT&? law. This result
average ones 0Rcoco=2.47 A, Reop=2.29 A in a

- . indicates that the decrease of the magnetization with the tem-
sample that the authors claim to be of approximate compOerature is produced by the excitation of spin waves. Expe-

sition Caygd.20- The origin of the discrepancies could be riences of inelastic neutron scattering in a sample of
precisely' the uncertainty in the determina_tion of samplec00 P20 (Ref. 38 confirm this fact by the observation of
composition. In both references, the coordination numbergyitations that satisfy the usual dispersion relation of ferro-
areNcoco=10 andNcop=1.5 approx. magnetic materialst (k) =Dk?2, whereD is the stiffness

In our results, we focus on the evolution of the structural,qnstant and is the spin-wave propagating vector. Follow-
parameters in the whole range of compositions studied, anghy the Heisenberg model, the behavior of the saturation
obtain a clear increase of the closest distances in the CO'%agnetization can then be expressed by

bonding, Rcoco, When the phosphorus content increases.
The associated structural dlsorde'r[,COCO decreases, result- Aoy(T)  oo—oy(T)

ing in a slightly increasingwithin the error bar average

distanceR¢c,co. The distances of the Co-P pairs remains
unchanged, indicating the strong covalent nature of the bondaur experimental data follow this relation in a wide range of
ing. temperature, up to 0T&, [much larger than in the case of
The values obtained for the coordination numbers are aferystalline Fe or Ni(Ref. 39] as shown in Fig. éb). This
fected by greater errors, but a general trend can be observeakhavior is also reported in more complex amorphous alloys
following the stoichiometric relation of the samplééc,c,  like FeoNiPi4Bs.*° In the case of Fe-P amorphous alloys,
decreases anbc,p increases when the phosphorus contenthe low-temperature saturation magnetization follow3?a

=BT¥+CT2+.... (5

0] (0]
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law, up to very high values of temperatudose to 0. ). --@--T_ (K) (Co-P) --m-Ry . (A) (CoP)
This dependence can be attributed to a weak character of the —— T, (K (Fe-P) —*— R, () Fe-P)
ferromagnetism in the Fe-P system, in contrast with & me ‘ I
dependence shown by Co-P, that is typical of a strong nature [ %{; 1244
of the ferromagnetisifr-*2 600 ¢ LN P
The specific magnetization at O k&, decreases linearly P % I T '
with increasing P conter{Table ). This is the same behav- 500 - :; 7 240
ior found for the FeP system in the range of compositions [ 2o D}r 1938
where the samples are completely amorphous. For samples 400 | b
with x=0.13, there is a change in the slope for the Fe-P ’ . . 128
samples, which is related with the change in the number of | - % 123
neighbors from around twelve in the amorphous phase to L ‘ ‘ ‘ ‘ ‘

eight in the bcc crystalline phase. The specific magnetization 016 018 020 022 024 026
corresponding to a pure Fe sample, obtained by extrapolation *
from the measured values in the amorphous region gives a FIG. 5. Curie temperaturel,, and closest metal-metal dis-
value much greater than,=222 Ant/kg, which is the tancesRcoco andReere, for Co,_ P, and Fe_,P, samples. The
value for bcc Fe. In the Co-P system, though a transitiorlines are linear fittings but serve as a guide to the eye. Error bars in
from amorphous to crystalline exits at about the same phosF. are orientativesee discussion in Sec. Il)A
phorus concentration, the number of nearest neighbors re-
mains about twelve and the,—x line does not show any for Fe-P. Very recent results obtained by x-ray magnetic cir-
change in slope. cular dichroism performed on the metkl edge of Fe-P
The origin of the reduction of the value of, with the  samples, confirms that the character of the ferromagnetism is
increase of P content in the sample is often explained by th@eak for samples with low P content. However, the subject
increasing electronic transference from the metalloj 3 is still far from being clear, as a transition from weak to
band to the metal @ band. This argumentation is controver- strong ferromagnetism has been detected at about 19% at.
sial, most of all since no clear evidence of such transferencp *°
has been found in photoemision experiméftdowever, the As stated before, considering the similarity of both sys-
increasing number of phosphorus atoms around the Co onegms, the more amazing result when comparing their behav-
and the evidence found in Fe-P amorphous alloys througior, is the completely different dependence of the Curie tem-
the evolution of the isomer shift obtained by B&bauer perature on the P concentration. In the case of Fe-B
spectroscopy’ indicate that a certain degree of charge trans-amorphous alloys, that could be considered similar to Fe-P
fer can take place. In the framework of a rigid band modelones, the evolution of th&, with increasing metalloid con-
and assuming a strong character of the ferromagnetisat  tent shows a well defined increa¢’ in contrast with the
is, that the spin-up @ subband is completely fyllthe mag-  constant value that presents the Fe-P system, but this distinct
netic moment per Co atomuc, (in wp) is expressed as a behavior is not so surprising because of the considerably
function of the number of electrons transferred from each Riifferent type of metalloid involved. For the case of Fe-P and
atom,Zp, ag* Co-P we can try to correlate the different behavior with the
structural results found by our EXAFS analysis. In the Fe-P
0 X system, neither the number of Fe neighbbks,-. nor the
Mco=Mco™ EZP' ©) closest distanceRg.r, varies with composition, which is in
clear contrast with the case of Co-P, where the number
whereu2, is the magnetic moment in a pure cobalt sampleN¢, ¢, of neighbors increases with @lthough not signifi-
Using the data from Table I, a linear fit yields a value of cantly), and the closest metal-metal distariRe, ¢, suffers a
Zp=3. (The value obtained for2, is 1.7ug, in agreement considerable enhancement. This correlation can be observed
with the corresponding for hcp Qo in Fig. 5 where the Curie Temperatufle and the closest
The same approach, with the assumption of strong ferrodistancesRg.ge. aNdRc,co, are represented as a function of
magnetism, can be used for the Fe-P system. Using the dat@mposition. In this figure, the values are displayed using the
from Ref. 13, we obtairZp=2 (and u2,=2.6ug, much same scale for both systems. While for F&-Pand Reere
greater than 2.22g that corresponds to bcc Fe, as discussedemain constant, for Co-P the decreasd pfs accompanied
before. This result forZy is sensibly less than that obtained by an increasing trend iRc,c, distances.
for the Co-P system. Assuming the P atoms donate the same In general, the Curie temperature is assumed to be pro-
number of electrons in both cases, the most simple explangortional to the distance-dependent interatomic exchange in-
tion is that, while the Co-P system exhibits certainly a strongegral J(r) and to the coordination number of the magnetic
ferromagnetism, the Fe-P behaves as a weak ferromagngpeciesNyy (M=Fe,Co). In the Fe-P alloys, the constant
system and, therefore, the electronic transference takes plagalue of T, could be then correlated with the lack of varia-
to both spin-up and spin-down subbands. Thus, not evertion of both the distances and coordination numbers. In the
electron given by the phosphorus effectively reduces the irofo-P system, the increasing interatomic distance would im-
magnetic moment. ply a reduction of the value af, according with the shape of
The evidence brought about by the analysis of the magthe Bethe-Slater curv&. The reduction ofN¢,c,, though
netization data seems to state that both systems present diéss significative, would also imply the decrease Tof.
ferent ferromagnetism character, strong for Co-P and weakhese simple considerations also allow us to explain the be-
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havior of T; in the Fe-B system, where, according with very V. CONCLUSIONS
recent results, still to be published, the closest Fe-Fe distance The struct f . f P h I
increases with the B content which, in accordance with the ' € Structure ot a seres o &0 amorphous alloys,
Bethe-Slater curve, means an increase in the value of studied by EXAFS spectroscopy, has been shown to vary
Although our results seems to explain the differences invith the metalloid content. The Co-Co interatomic distance
T, on a structural basis, we must recall that we are dealin§icréases, specially the closest one. The distance Co-P re-
with amorphous alloys, whose atomic arrangement is deains unchanged due to the covalent nature of the bond. The
scribed by a radial distribution functidgiven by Eq.(2) in ~ C0-Co coordination number seems to increase slightly while
our model]. In this case, the Curie temperature is more realthe Co-P increases following the stoichiometry of the

istically described b’ samples. . . .
The magnetic properties measured in the same samples

3 confirms the previous results from other authors and show

Tcmf J(rg(rdr, @) that the spontaneous magnetization at 0 K and the Curie
. . . temperature decrease linearly with The low-temperature
which obviously depends npt only on the closest distance agnetization follows &32 law.
but also on the structural disordegyy . It would thereforg These properties are in contrast with those presented by
seem to be more reasonable to analyze the results using the, . p amorphous alloys. The different ferromagnetic
mean interatomic distanceRyy=Rum+oum than the  character of both systems, strong for Co-P and weak for
closest distanceRyy . However, as stated before, it is the Fe-p, is suggested by the analysis of the magnetic properties,
value of the closest distance the one that can be determinegit can only be definitively stated by determination of the
with considerable precision. The parameter associated witBlectronic structure. However, the differences in the depen-
the structural disorder is highly coupled with the coordina-dence of the Curie temperature on composition can be quali-
tion number in the fitting procedure and the obtained valuesatively correlated with the structural differences through the
are less reliable for the analysis we have performed. variation of the exchange integral with the interatomic dis-

In definitive, we have experimental evidence of the existance.
tence of a clear correlation between the structure and the Even in very simple systems like the ones studied, com-
magnetic behavior but it is difficult to go further than a quali- posed by very similar atomic species, exist great differences
tative interpretation of the consequences of that circumin the magnetic behavior and their relation with the atomic
stance. structure are difficult to be established. Though very interest-

In any case, these differences in the dependendg oh  ing correlations have been presented in this work, the prob-
composition are a consequence of the differences in thRm s still not completely understood.
structure. It has been observed that there exists a preferred
chemical affinity of phosphorus for the cobalt rather than for
the iron when both types of metal are present, as it is the case ACKNOWLEDGMENTS
in Fe-Co-P amorphous alloy$>! Such chemical affinities
have also been observed in Fe-Co-Si-B samples, where the This work has been supported by the Spanish CICyT un-
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