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(Feo qqNio 75)75825: A model system to study the local structure in metal-metalloid glasses
by means of Mossbauer spectroscopy
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High-pressure Mossbauer studies of amorphous and crystalline (Feo25Ni075)75825 at 4.2 K are
presented. The similar response of a/I hyperfine parameters for both the amorphous and crystalline

phase with decreasing volume indicates similar local structure in the two phases. The analysis of
the pressure dependence of the hyperfine field S,ff at the ' Fe nucleus shows, that (i) the magnitude

of B,ff in this metal-metalloid glass is mainly determined by the iron-boron (Fe-B) interaction and

(ii) the fluctuation in the Fe-8 distances is only about 3% compared with about 7.8% in the Fe-Fe
distances. The Mossbauer spectrum of the amorphous system in the paramagnetic phase (Curie
temperature T~ ——276 K) with an external magnetic field of 5 T gives evidence for the occurrence of
large spin clusters at 300 K. The pressure dependence of Tc for both phases has been measured

with the "thermal scanning" technique and is discussed within the framework of existing theoretical

approaches.

I. INTRODUCTION

The determination of the local structure in metallic
glasses is of major interest for the understanding of these
metastable, amorphous systems. Metal-metalloid glasses
are one special class of metallic glasses. Fe-containing
metal-metalloid glasses have been widely used for "Fe
Mossbauer-effect (ME) studies with the hope that ME
spectroscopy, as a microscopic tool of measurement, may
give some information on the local structure in these sys-
terns. However, quite opposing models have been pro-
posed for the interpretation and evaluation of the ME
spectra in metal-metalloid glasses. ' Thus the former op-
timistic point of view of ME spectroscopists has by now
turned over to a rather pessimistic one, stating that "al-
most any assumed inodel can be correlated with or derived
from the broad hyperfine spectra of these materials. "
From this it is quite clear that additional external parame-
ters are necessary if one wants to derive some model in-
dependent conclusion on the atomic arrangement in these
systems by means of ME spectroscopy. Such additional
parameters are, for example, external pressure or an ap-
plied magnetic field.

It has been shown in our previous paper that the pres-
sure dependence of the hyperfine (hf) parameters mea-
sured in a high-pressure ME experiment allows one to
derive some conclusions on the local structure which are
rather model independent. The analysis of these data, for
example, leads us to the conclusion that the relative varia-
tion of the Fe-B distances rp, B in Fe7&B2~ is almost a fac-
tor of 2 smaller than the relative variation in the Fe-Fe
distances rp, p„ i.e., b,rp, rilrp, B-0.5b,rp, p, lrp, p, . This
result has been verified by quite costly and large-scale

scattering experiments recently reported by Lamparter
et al. ; three independent scattering experiments on iso-
topically substituted FesoB2o had to be performed. The re-
sults showed the much stronger correlation in the -Fe-B
distances, compared to that in the Fe-Fe distances, thus
confirming our indirect results from high-pressure ME
spectroscopy on Fe»B».

In this paper we present extensive ME studies of the
metal-metalloid glass (Feo 2sNio 75)7sB2s iislng the high-
pressure technique and applying an external magnetic
field in the paramagnetic state. After introducing the
(Feo 25N1o 75)7s825 system we inspect the ME spectrum of
a paramagnetic metallic glass in an external field with the
possible information concerning the local geometry. The
experimental results will be discussed in detail in connec-
tion with the local structure of this metal-metalloid glass.

II. THE METAL-METALLOID GLASS
(Feo.2s&4.7s)7s~2s

We believe that the metal-metalloid glass
(Feo 25Nio 75)7$B25 is an ideal model system to study the lo-
cal structure in the class of metal-metalloid glasses for the
following reasons.

(i) It is a ferromagnetic glass with its Curie temperature
Tc ——276 K well below the so-called crystallization tern-
perature T,»-700 K. Thus (FeoisNio75)7sBz5 can be
studied in the paramagnetic as well as in the magnetically
ordered state. This allows the measurement of all three hf
parameters: isomer shift S, electrical quadrupole splitting
b,E~, and magnetic hf splitting due to the effective mag-
netic hf field B,tt at the Fe nucleus.
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(ii) It is a stoichiometric metallic glass, i.e., there is a
crystalline counterpart [Fep 2gNip 7$)38 with the
orthorhombic Ni38 structure ] whose hf parameters x;
and pressure derivatives Bx;/Bp can be compared with

their corresponding values in the glassy state.

Up to now (Fep»Nip 75)758» has been studied by ME at
various temperatures and ambient pressure by Balogh
et al. The first high-pressure ME experiments on
paramagnetic (Fep25Nip 75)75825 at T=300 K have been

published recently.

III. ME SPECTRA OF A PARAMAGNETIC
METALLIC GLASS WITH EXTERNAL MAGNETIC

FIELD

Fe ME spectra of a system in the paramagnetic phase
show a quadrupole doublet, whose splitting AE& gives in-
formation on the magnitude of V (I+g/3)'~ [V is the
mean component of the electric field gradient (EFG) ten-

sor, g is the so-called asymmetry parameter

g = ( V —
V»» )/ V ]. No information is obtained about

the sign of V~ or the magnitude of g. The sign of V is
revealed if both the electric quadrupole and magnetic di-

pole interaction are present. In the case of magnetically
ordered amorphous systems, however, the random distri-
bution of the principal axis of the EFG tensor
with respect to the magnetization direction averages out
the effective quadrupole interaction and results in a nearly
zero apparent quadrupole interaction in the broad Fe hf
spectra of magnetically ordered metallic glasses. Thus,
important information is lost which can be useful in the
determination of the local structure in amorphous sys-
tems. The Bernal model (random atomic arrangement),
for example, predicts the occurrence of both signs of V
with equal probability and a large g. A covalent cluster
model with a well-defined local structure, on the other
hand, would lead to a unique sign of V . Information on
the sign of V in an amorphous system eventually can be
obtained if one applies an external magnetic field at a tem-

perature far above Tc where the paramagnetic contribu-
tion to the effective magnetic hf field B,tt is negligible
compared to the external field. Figures 1(a) and 1(b) show
the simulated ME spectra for (Fep»Nip 75)75825 in an
external magnetic field of 8,„,=5 T (field direction paral-
lel to y-ray beam) taking the experimental observed values
for hE& and the line width I", assuming (i) a random
orientation between V~ and B,„„and (ii) g=0. It can be
seen from Fig. 1(a) that an asymmetry in the ME spec-
trum is observable if (i) V has a preferred sign, and (ii)

q=O. Thus the observation of such an asymmetry in a
ME spectrum of an amorphous solid in the paramagnetic
state in external magnetic field would give additional in-

formation on V and g. No conclusion can be drawn if
the ME spectrum is symmetric, since this can be caused
either by the occurrence of both signs in V with equal
probability or by a large asymmetry parameter g.

%'e want to mention that the above described method
has not yet been applied to a metal-metalloid glass. How-
ever, it was successfully used in the study of iron-based
oxide glasses.

I I
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FIG. 1. Simulated ME spectra for (Fee»Ni075)38 in the
paramagnetic state with an external magnetic field of 8,„,=5 T,
parallel to the y-ray direction assuming random orientation be-

tween V and 8,„, and g=0 for two different cases: (a) V has
a preferred sign (V & 0), (b) V has both signs with equal prob-
ability. These spectra can be compared with the measured spec-
trum in Fig. 4.

IV. EXPERIMENTAL DETAILS

No high-pressure ME-absorption experiments on Fe
containing samples at 4.2 K have been reported so far.
The basic problems in high-pressure ME-absorption ex-

periments with the Fe resonance using B4C anvils are the
following: (i) there is a strong y-ray absorption due to
84C, and (ii) 84C contains Fe impurities (( I ppm)
which cannot be removed without destroying the
mechanical properties of this material. For these reasons
Liu and Ingalls, ' for example, used the following setup:
the y-beam axis is perpendicular to the force-anvil axis
avoiding transinission of the y beam through the 84C an-

vils. The disadvantages of this setup are a limited ab-
sorber size of =0.2 mm, the poor solid angle, and a
lowest possible absorber temperature of =20 K. There-
fore we have decided to use a high-pressure setup as usual-

ly taken for low-temperature ME-absorption experiments
with other ME isotopes (e.g., ' 'Eu, " Sn) and which is
described elsewhere"; the y-beam axis is parallel to the
force-anvil axis, i.e., y-rays have to be transmitted
through the 84C anvils. In order to correct for the 7Fe

impurity spectrum of the 84C anvils each measurement
has to be made twice: with the sample [spectrum (a)] and
without the sample [spectrum (b)]. All spectra shown
have been obtained by subtraction of spectrum (b) from
spectrum (a). Owing to the strong y-ray absorption of the
84C anvils (=10% transmission) we have used a 60 mCi

Co:Rh source (=5 mm active diameter) which resulted
in a typical counting rate of =1000 counts per sec mea-
sured with a krypton proportional counter. With this set-
up the absorber (=4 mmdiam) together with the source
can be held at any controlled temperature between 1.7 and
350 K. Thus we can measure not only the temperature
dependence of a high-pressure ' Fe ME-absorption spec-
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r„,x, (M,f&/B, f&}, and the measured value
BlnB,rr/I}lnV as obtained from high-pressure ME experi-
EMnts:

(M,rr/B, rr) =3(MnB,fr/BlnV)(hrp, xlrp, x)

The essential assumption made in the derivation of this re-
lation is that the magnitude of B,rr is governed by one
type of bond Fe—X. X can be either a metal atom (Fe or
Ni) or the metalloid atom (8). Scattering experiments on
isotopically substituted Fe&OBIC provide (Arp, F,/rF, F,)
=0.078 and (hrF, BlrF, B)(0.047. Taking these data
and our measured value BlnB,rf/t}ln V= 1.8+0.3 we obtain
the following two calculated values for (~,rr/&, fr) de-
pending on the type of bond which is mainly responsible
for the magnitude of B,rr..

(M,rr/B, rf)„1,=0.42 for X=Fe(Ni),

(M,rr/B, fr),,I, (0.25 for x=B .

These values have to be compared with the measured
value

(M,lr/B, rf),=0.165 .

This shows clearly that the Fe-8 interaction governs B,ff
in (Feo 2sNiO 75)75815. The relative fluctuations
EPF~ 8/PFq B may bc cvcll smaller thRIl obtRlllcd fl'OII1 x-
ray data. A value of Q,rF, a/rF, a)=0.032 is obtained
from formula (1) if one takes the measured values of
(~,rf/S, rr) and (I)inB,rr/Bin V). This value can be treated
as an upper limit, since other fluctuations than hrp, z
may give additional contributions to ~,fr. Such a strong
correlation in the Fe-8 distances favors the covalent clus-
ter model of Vincze et al. , which assumes well-defined
(FC,Ni, B) clusters, similar to that in orthorhombic
(Feo I5Nio 75)IB. The quadrupole splitting EE&, however,
is different for amorphous and crystalline
(FC015NI075}75825 and cannot be explained by different
bond lengths. &R~ is the only hf parameter which is
sensitive to the angular distribution of the nearest neigh-
bors. Thus the difference in ~@ indicates differences in
the Fe—8 bonding angles. More information on hE& was
supposed to be obtainable from ME experiments where an
external magnetic field is applied in the paramagnetic
phase. The occurrence of a large paramagnetic contribu-
tion to 8df in connection with slow paramagnetic relaxa-
tion, however, prevents a reliable analysis of the ME spec-
trum (see Secs. VA and VIA). There is a small asym-
metry present in the ME spectrum (see Fig. 4). It would
be very tempting to interpret this asymmetry in terms of a
preferred sign of V together with a correlation between
the direction of V and the ribbon plane. Since many oth-
er origins for such small asymmetry are possible (for ex-
ample, a correlation between the isomer shift and B,rr), we
are anxious to draw any conclusion on V from this
asymmetry.
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I}+c/Bp was dctcrlIllllcd either by susccptibihty
measurements via the mutual induction method 'I2 or by
the "thermal-scanning" technique. ' These data together
with our results on amorphous and crystalh. ne
(Feo 2&Nio 7&)758&5 and some data on crystalline (Fe,Ni) al-
loys are plotted in Fig. 6. The Pe-Ni —alloy data show
large i}T&/i}p values (=—5 Kkbar ') and follow a Tc '

law as predicted by Wagner and Wohlfarth for magnetic
homogeneous alloys. The BTc/Bp values of the metal-
metalloid glasses are more than an order of magnitude
smaller (=—0.5 K kbar ').

A careful analysis of BB,fr/t}p in FC758I5 at 300 K has
to take into account the decrease of Tc with pressure. We
had. assumed BTc/I}p to be =—0.5 K/kbar. A linear ex-
trapolation of the data in Fig. 6 to Tz-725 K for FC758I5
gives BTc/Bp= —0.5 K/kbar in agreement with our pre-
vious assumption. The tendency that BTc/I}p in Fe,Ni-
contaImng metal-metallojd glasses decreases mth mcreas-
ing Ni concentration, i.e., with decreasing Tz, can be
described in a first approximation by BTc/Bpa: Tc. —
This is in agreement with the theoretical prediction for
I}Tc/I)P in very heterogeneous magnetic alloys. An ex-
ception is FC12Nil6Crl4PII86 (Ref. 17) which is the only
metallic glass studied which contains Cr in addition to Fe
and Ni. We do not know if this is the reason for its ex-
ceptional behavior but this should be tested by further
i}Tc/Bp measurements on Cr containing metal-metalloid
glasses.

C. Pressure dependence of Curie temperature

The pressure dependence of the Curie temperature Tc
has already been measured in a variety of amorphous sys-

FIG. 6. BTc/Bp plotted as a function of Tc for amorphous
and c~stall1ne ~Feo,5N1075~,8. I or compar1soI1, values for othe~
t,Fc,Ni)-coQta1H1Ilg sfstems are also preseBtcd.
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VII. CONCLUSION

The high-pressure ME experiments at 4.2 K on amor-
phous and crystalline (Feo $5Nlo '7$)758/5 confirm our con-
clusions about the local atomic structure in this type of
metallic glasses drawn from similar experiments at 300 K
on amorphous and crystalline Fe75B25 The similar
response of all hyperfine parameters observed for both the
amorphous and crystalline alloy with decreasing volume
supports those models which assume that a similar amor-
phous and crystalline local structure is a good approxima-
tion in the (Fe~ Ni„)75Bz5 system. A much smaller rela-
tive distribution of the metal-metalloid distances com-
pared to the relative distribution of the metal-metal dis-
tances has been predicted in our previous paper and has
now been established by scattering experiments on isotopi-
cally substituted Fe80820. These scattering data together
with the measured distance sensitivity of the hyperfine
field Beff as obtained from the high-pressure ME experi-
ments show clearly that the observed narrow hyperfine
field distribution (b,B,tf/B, tt-16%) can only be explained
if the magnitude of B,tt is mainly determined by the
metal-metalloid bonds.

ME experiments with an applied external magnetic field
in the paramagnetic state are not very helpful for deciding
if there is a preferred sign of V in this type of metallic

glasses. The difficulty in analyzing such spectra is the oc-
currence of large spin clusters and thus a large pararnag-
netic contribution to S,g above Tc. Such experiments,
therefore, have to be carried out far above Tc, which will
not be possible for most of the metal-metalloid glasses due
to the onset of crystallization. The measured pressure
dependence of Tc is in qualitative agreement with the
theoretical approach by Wagner and Wohlfarth based on a
Landau-Ginzburg formalism.

The successful application of the high-pressure ME-
technique for studying the local structure of metal-
metalloid glasses gives some confidence that the extension
of such experiments to pure metallic glasses like Fe& „Zr„
may be similarly informative. Such experiments are under
way.
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