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Abstract

This report focuses on the effects based on the indistinguishability principle of Quantum
Mechanics on magnetic properties of nanoglasses. The indistinguishability principle as suggested
by the Heisenberg Effect is based on quantum physical processes and the wave structure of atoms.
As a result of the indistinguishability principle a chemical binding force between neighboring
atoms of transition metals such as body centered iron results two initially separate itinerant
electrons are joined together inside of an interfaces and generate - under certain physical
conditions — an electron pair with a spin magnetic quantum number p, = 1/2ug a unit with a
magnetic quantum number, u; = 1ug. The magnetic quantum number, u, =~ 1ug is established as
triplet state, because in presence of spin-orbit interaction, the energy state of electrons split in three
energy levels . The parallel coupling of two electrons inside of an interface arises from itinerant
electrons of neighboring grains which have been magnetized in an external field of 2T. In order to
evaluate the additional binding force between such atoms, the emitted y-rays of the magnetic
hyperfine field of *'Fe has been analyzed by Méssbauer Spectroscopy . This evaluation confirms
that in the case of an overlap between y-rays of atoms, the chemical binding increases. In fact it
can be shown that the distance between overlapping electron orbits of atoms determines the
chemical binding. The chemical binding between adjacent atoms has its highest values at lowest
interatomic spacing.
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1. Application of the Indistinguishability Principle in Nanomaterials

Under certain physical circumstances that will be discussed in this paper it seems possible to
bond together two separate itinerant electrons with a spin magnetic quantum number pg = 1/2pp
as one electron wave packet with a magnetic quantum number, u, ~ 1ug. The magnetic quantum
number, us = 1ugis established as triplet state, because in presence of spin-orbit interaction, the
energy state of electrons split in three energy levels [1]. The parallel coupling of two itinerant
electrons inside of interfaces arises from the electron transfer of electrons from neighboring grains
which have been magnetized in an external field of 2T. According to the experimental, the triple
state is energetically the most favored state [1]. Corresponding to the quantum mechanical rules
[2], [3], if an itinerant electron, e;, from the grain, 1, and the second electron, e,, from
neighboring grain, 2, join at the same time inside of the interface, it is impossible to distinguish
the two parallel electrons from each other. In other words, it is not possible to indicate which
electron is coming from grain 1 and which electron is originated from grain 2. The consequence of
this situation (called indistinguishability and first applied by Heisenberg) is that it creates,
according to ref. 3, a chemical binding between the two electrons. This process is in classic
physics unconceivable. In this paper we present evidence for the existence of indistinguishability
in nanomaterials. Suppose free electrons move from a source - one electron after another - with a
constant velocity straight towards a screen at a distance L. In classic physics one would expect,
that all electrons hit the screen at the same position. In systems for which quantum mechanical
principles apply, the experiments show, however, that the tracks of the electrons are distributed
everywhere on the screen. This result indicates that the observed effects have to be explained in
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the framework of the physical laws and rules of quantum mechanics. The laws of quantum
mechanics indicate that the observed effects are due to the following two processes [1]-[3]:

1- The Uncertainly principle: A(X) A(p)= ﬁ
2 -The Indistinguishability Principle

The uncertainly principle specifies thatit is impossible to determine the momentum of a
particle, P, and its location, X, at the same time. The key reason for the spread of the random
distribution of the tracks of particles is a quantum physical process classified as
“Indistinguishability Principle”.

The Indistinguishability Principle joins the two separated spins of 2 particles to one state and
introduces an additional chemical binding between them. The experimental facts shows that inside
of interfaces, the spins of the two wandering electrons have a high probability to be united and
thus form a triple state. The triple state is confirmed by an internal magnetic hyperfine field [1]-
[5]. The physical reason for the formation of the triple state inside of an interface is that it results in
a structure of lowest energy of the systems [5], [6], because the energy states of two itinerant
electrons at different energy levels will be minimalized, if two itinerant electrons adjust themself
in one unit with parallel orientation of both spins in the form of a “triple state” [5]-[6]. In this
triple state, the electrons/spins are indistinguishable. Hence, it is impossible to differentiate the
two electrons from each other [5]. As a consequence of this Indistinguishable principle - as
pioneered by Heisenberg - a chemical force, A, arises between the two electrons inside the
interface. If the Coulomb interaction, C~1/r, between two electrons is included in the binding
energy, A, the resulting interaction A,s = A+C shows an exponential decrease as a function of the
distance between the two electrons, (Figure 1 in ref. [2]).

The measured magnetic moment of bcc-Fe is the difference between spin densities of spin up
and spin down, p 1 (r)—p | (r). As was pointed out in ref [6], the spin density, p 1 (r)—p |
(r), is strongly localized around the atoms with a small negative value of itinerant moments
between the atoms. Magnetic Compton scattering [4] and Mossbauer hyperfine field
measurements scattering [5] confirmed that The macroscopically measured magnetic moment (for
example by SQUID) per Fe-atom , p . is the sum of the bcc-Fe 3d spins, localized around the
atom, pca = 2.57u B, and a negative magnetic moment distributed between the Fe atoms

M itinerant— 'O-4ﬂ B [415]:
M re = W iocal = M itinerant = 257” B~ 0-4” p =217 U B

The spontaneous magnetization below a specific temperature is called Curie temperature. The
physical explanation of ferromagnetic state is based on two Models [7]: (1) mean field localized
theory, and (2) magnetic band theory. The development of the mean field theory is based on the
fundamental finding of Curie in the year 1895, which is described in ref. [7],[8]. In fact, Curie has
shown that the mass susceptibility of paramagnetic materials, ,,, as a function temperature varied
inversely, x, = c/T. Above the transition temperature, Tc, the ferromagnetic materials obey a

comparable law of the form: x; =c/(T- Tc) known as Curie-Weiss law. Using the Boltzmann
theory, Langevin [9] succeeded to explain theoretically the experimental finding of Curie for
paramagnets. In this picture, a ferromagnet was considered as a paramagnet with a substantial
internal magnetic field. Inthe year 1907 Weiss [10] proposed the existence of an internal
molecular field, H; in the order of about 100 times the saturation magnetization, Mg, Hi= 100 Ms.
The Weiss model does not provide an understanding of why a “molecular field* exist and what
is the cause for this "molecular field". Relating the ferromagnetic state to an extensive internal
magnetic field was the key insight as it provided the idea of the exchange interaction between
spins by Heisenberg [11] in 1928 for the understanding of the origin of the internal field of the
ferromagnetic state which is related to H;. As suggested by Heisenberg, the exchange interaction
has its origin in the indistinguishability of eigenfunctions in an electron system, in which the
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energy eigenvalues of spins of electrons are either parallel or antiparallel relative to the energy of
the system without spins degenerated, Eo. In fact, it was Heisenberg who has pointed out that in
the ferromagnetic metals, the parallel coupling of spins relative to each other results of the
minimum energy of the system. In terms of the molecular field theory, the following features of
magnetization are explained by the means of the Brillouin function [12] consisting of:

(a) The temperature dependence of magnetization, M(T), of ferromagnets
(b) The transition temperature, Tc, from ferromagnet to paramagnet

(c) The paramagnet susceptibility above T¢ (known as Curie-Weiss low) and
(d) The Critical behavior at temperatures close by phase transition Tc.

In addition to the local theory of magnetism - as mentioned above - a second theory named
“Band magnetism” describes the ferromagnetic properties. According to the theory of Stoner [6],
[12], metals containing a narrow band and a large density of states at the Fermi level with spin up
and spin down, exhibit a susceptibility, xs= c/(T — Tc) , which is large enough to split the
electron band in spin up and spin down states in order to reduce the internal energy, AE < 0. The
splitting of the band [13] will inevitably lead to a ferromagnetic state if the following condition is
met : (lp) * f(Ef) > 1, where I, and f(Es) are the inter atomic exchange integral and density of state at
the Fermi level. The physical reason for split of band structure in spin up and spin down state is
the Pauli exclusion principal. Electrons with the opposite spin directions are able to find themselves
at the same time in the same place. This leads to a strong expulsion between 3d-electrons. Moving
the electrons near the Fermi surface into a higher energy state of spin down will reduce the energy
of the system because the expulsion of electrons is decreased. In terms of this structural model, the
measured g IS the sum of non-zero polarized 3d electrons with localized 3d-character as well as
magnetic moment of delocalized electrons with sp- character sy, and pg,. The electrons with sp
character are distributed between atoms [6], [14]. According to theoretical band calculations are the
residence probability of 3d-electrons of transition metals such as Fe, Co with spin-up and spin
down concentrated around the atoms [14]. Magnetic moments, g, with opposite spins orientations
to the 3d-moments, psg, are spread between atoms [6], [14]. The pg, arises from the hybridization of
delocalized sp electrons [6], [14]. Because of the opposite spin orientation of the 3d-moments, pq,
to sp-moments, pi, is the measured magnetic moment, U, of Fe given by: pee= pag — Wep. The
magnetic moment of sp-electrons is invisible for the nucleus, because the sp-electrons are
distributed between atoms [6] and have no residence probability at the nucleus. At this point, it
is advisable to discuss the occurrence of the internal magnetic field at the nucleus, By, measured
by nuclear methods such as the Mdssbauer-effect. By is the consequence of interaction between
localized 3d-moments, psg, With the nucleus dipole moment. On the other hand, the measured
value of the measured pi is the sum of pgg and pgp.

Two years after the discovery of the recoil free nuclear resonance, named “Md&ssbauer effect”,
Hanna et al. [15] succeeded to measure the magnetic hyperfine field of metallic iron at room
temperature to be Bp(300K) = -33.1Tesla. Shortly thereafter, it was found [16], [17] that the
dependence of the reduced magnetic hyperfine field defined as Bu(T)/Bn(T~0K) on the reduced
temperature T/T¢ (T being the Curie temperature) is equal to the reduced measured magnetization
of Fe, M(T)/M(0). It was then concluded that the By; and the measured magnetic moment of Fe,
Ure, are proportional to each other. Confirmation of such a proportionality has been suggested by
several theoretical approaches [16]-[21]. From experimental results on different materials simple
relationships has also been concluded. Examples are: (1) A quadratic variation of measured
moment of uzpe as a function of By¢/ur was found for amorphous as well as selected crystalline
Metal-Metalloid alloys [16]-[21]. Unfortunately, it was not taken into account that the measured
moment includes the magnetic moment of boron [21]. In this contribution, it will be shown that
the moment which polarize the s electrons is different from measured moment. (2) In an
experimental and theoretical approach Stearns [19],[20] determined the solute and host-moment of
transition metals from the magnetic hyperfine fields of diluted Fe alloys. A separation of
delocalized 3d magnetic moment and moments of electrons with sp character was included in the
interpretation of data [19],[21] without using the true value of the local magnetic moment, iz, Of
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3d-electrons. The Mossbauer Effect Data Center [22] provides in its data base a rather complete list
of Bibliographical information dealing with Mossbauer-effect including the relation between By
and magnetic moment, pr . AS mentioned above, the relationship between By and g has not been
extra sorted. It was always considered that the relationship (Bns ~ure) COnnects a microscopic
method, such as Mdssbauer spectroscopy, and a macroscopic method, such as SQUID
magnetometry. Without any doubt, besides the theoretical considerations between By and pge the
experimental value relating the microscopic and macroscopic quantities is relevant for scientific
and technological aspects as it provides an easy way to determine the missing quantity. However, it
has been assumed since discovery of Mdssbauer-effect that only the 3d electrons contribute to the
measured magnetic moment.

The most important aspects that give rise to the proportionality between By and the magnetic
moment of 3d-electrons , pzy are:

I) Core polarization effect

Fundamentally different from the special arrangement of s-electrons is the residence probability of
3d-electrons [23]. The 3d-electrons are able to polarize the electrons in the atomic shell what is
called “Core polarization effect” e.g. of >’Fe. The polarized s-electrons with a nonzero residence
probability at the nucleus interact with the dipole moment of the nucleus. According to the Pauli
exclusion principle, electrons with the opposite spin directions are able to find themselves at the
same time in the same place. This leads to a strong expulsion between 3d-electrons and electron
shells and moves the electrons with opposite spin directions to 3d-spins towards nucleus. This
explains why the internal magnetic hyperfine fields have in comparison to the magnetic moment of
spins a negative direction. The theoretically estimated value of internal magnetic field [24]
originates from the interactions between the spin of filled core electron shells with the nucleus’s
dipole moment depends directly on radius of 3d-electrons and it is according to theory described by
Novak et al. [23] Bco= -28.59 T.

I1) Delocalized electrons

The contribution of non-localized electrons such as 4s electrons to the value of internal magnetic
hyperfine field is low [23]-[26], Buy= -4.49T and will thus be neglected in this overview
presentation.

I11) Magnetic field of Central and neighboring atoms

*'Fe atoms and their neighbor’s atoms generate a magnetic field through 3d electrons at nucleus.
The interaction of this magnetic field with the dipole moment of nucleus, Ny leads to an additional
splitting of the excited state of *’Fe. According to the theory [24]-[27], the contribution is for bcc-
Fe around 1 to 2 Tesla which has to be added to the core polarization, B, as describe above.

V) Interactions with Orbital Moments

Interactions between orbital moments and Ny causes in general case a splitting of excited states of
*’Fe. Since the orbital moment of bcc-Fe is through crystalline fields not completely quenched
[23]-[27], it contributes to the internal magnetic field of Fe, By, = +2.378 T.

Bliigel et al [24], have investigated the electronic and the hyperfine field of 3d impurities in
Nickel. It was found that hyperfine field can be divided into local and transferred contributions that
are related to local moment and surrounding atoms. The ab initio results of magnetic Guo et al.
[25], show that By is related to spin magnetic moment of Fe In an extensive investigation,
Dubiel [26] has shown that the factor of proportionality between magnetic hyperfine field of *'Fe
and measured magnetic moment of Fe depends on the temperature, chemical composition and
structure of metallic alloys. There is a legitimate concern about the universal validity of P =
Bhi/ure [4]. In spite of the fact that factor of proportionality is not a universal value, the
proportionality between the value of macroscopic magnetic moment of metallic iron, pr= 2.2,
and the magnetic hyperfine field, By = - 34Tesla, was never called into doubt. However, the
view continues to prevail that the macroscopic magnetic moment, pr= 2.2ug, is caused by 3d-
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electrons. But precisely here lies the problem, because in this reasoning the delocalized sp -
moments between atoms cease to exist. Fortunately, the access to a material named nanoglass,
which consists of amorphous nanograins, and interface makes unprecedented achievement for
description of the discrepancy of relation between macroscopic (or measured) moment and Bys. In
this report, crystalline bcc-Fe, amorphous Fe-rich FeSc, FeCoSc alloys and nanoglass have been
chosen to demonstrate the relationship between macroscopic and microscopic methods. It will be
shown that using the correct factor of proportionality between 3d moment and By of metallic alloys
establishes a method for estimation of i34 and pp.

2. Experimental

Alloys with the nominal composition of Fegy,C0xSC1o (0 <<x <<90) were synthesized by arc
melting in an argon atmosphere. Amorphous Feq,.C0,Scyo alloys without separated interface
regions were prepared using melt spinning with a wheel speed of 45 m/s in an argon atmosphere.
The produced amorphous ribbons had a thickness of approximately 30 um and a width of about
2mm. As reported in Ref. [21], energy Dispersive X-ray Spectroscopy EDX (Oxford Instruments)
was used for the analysis of the composition of the amorphous alloys. For analysis of the samples,
a high-flux rotating anode X-ray diffractometer with a wavelength Ayoxa =0.7107 A and high-
resolution parallel beam optics was employed to convert the X-ray diffraction data of amorphous
FeCoSc alloys in Pair Distribution Functions. The detail for the analysis is report in ref. [28]. The
distorted bcc structure of amorphous Feg,—.C04Scyg alloys remains as a function of composition of
Co unchanged [28]. Further information on the state of Fe was obtained by means of Mdssbauer
spectroscopy. The resulting internal magnetic hyperfine distribution, P(Byy), the average hyperfine
field, Bys and the standard deviation, ¢ at low temperature has been discussed. In ref. [29]. The
analysis of amorphous Fe-rich, FeSc with references is described in ref. [29]. Magnetization
measurements were obtained using a Superconducting Quantum Interface Device (SQUID). In
addition to the investigations presented above, it was possible to prepare amorphous
Fego-C0,Scyo nanoparticles with X=0 and X=5 by consolidation of molten alloys in an Inert Gas
(He) Condensation, IGC chamber [28]. He atoms act as nucleation sources. The so generated
nanoparticles flow to a cold-finger available in the UHV chamber. The amorphous nanoparticles
generated in this way had average sizes ranging from 3 to 12 nm and were consolidated at
pressures of about 2.0 GPa. The resulting materials are called today nanoglasses. In nanoglasses,
the amorphous nm-size glassy clusters are joint together by Glas/Glas interfaces. One purpose of
producing such materials was to form alloys with high proportions of interfaces. The interface of
nanoparticles shows physical properties which has not been observed before [30],[31]. In this
contribution, the effect of the glass/glass interfaces on internal magnetic hyperfine field will be
discussed.

3. Results and Discussion

As was mentioned above, the magnetic moment of 3d spins is not the only contribution to the
macroscopically measured magnetic moment. The value of the measured magnetic moment of Fe
is due to the sum of magnetic moment of 3d electrons with a value of ps= 2.57ug and ititnerant sp
electrons between atoms, psg= -0.4ug. The residence probability of free 3d electron of transition
metals with spin-up and spin-down is concentrated around the Fe-atoms [6]. Hence, the Magnetic
Compton Scattering, MCS, method is a valuable experimental method to estimate the contribution
of Fe- spins with 3d-character as well as their sp- character. The details of MCS method and
analysis of the experimental data are described in [5], [14], [22], [30]. This contribution will be
used later for the interpretation of the relationship between the magnetic moment and By
Therefore, it is essential to discuss the results of the Mdssbauer-data in details.

The analysis of Mdssbauer- measurements are described somewhere else [22]. In order to gain
comprehensive understanding of relations between By, and the magnetic moment behavior, the
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total magnetic moment with dominant 3d character and sp-character mentioned above will be
described in more details in the following sections.

3.1. bcc-Fe

According to ref. [2], [3], the magnetic data of bcc- Fe are as follows: pa= 2.57g, Hep= -
0.49us; Mow(Fe) = Hag + e = 2.57us — 0.49us = 2.1ug. At a particular temperature, the
macroscopic methods such as SQUID measures at a given temperature the total value of py(Fe)

For a macroscopic method it is however impossible to separate the various contributions which
is the sum of the positive 3d-moment and the negative spins with sp-character. A physically
complete picture can be obtained on the basis of the accurate 3d- moment, pzq, Which is according
to the results of MCS [5],[14],[30] for bcc-Fe, psg = 2.57us. The negative moment with sp-
character is distributed between the atoms with no residence probability at nucleus. As a result of
the interaction between the moments pz— 2.57ug, and the Dipole moment of the nucleus a
magnetic hyperfine field results, which is described in the text above in sections I-V. The
theoretical consideration of the interaction between the diploe moment of nucleus and magnetic
moment should be focused on the realistic, accurate moment of the 2.57 pg and not at 2.1 pg. This
gave rise to a correct ratio, P= By /uzg = 34.0T/2.57 pg = 13.2 T/ug, between By and magnetic
moment. In the next paragraphs, the validity of proportionality, P= By ps3q and its application will
be discussed.

3.2. Amorphous FegScy, alloys and FegScyy nanoglasses

Using, the Mdssbauer results [4], [28]-[30] and the radial distribution functions [30], RDF, it
was demonstrated that amorphous FegSciy and FeCoSc alloys without interfaces as well as
FeSc1o nanoglass consist of distorted bcc clusters with average sizes of about 6 Fe-atoms [4]. The
clusters are connected together without the formation of grain boundaries. inside of every cluster.
So the entire structure of the material consists of the following two components: (1) In the center
of the clusters are the atoms dense packed. (2) With increasing distances from the center (toward
surface of the clusters) are the atoms less dense packed. The magnetic hyperfine field distribution
of amorphous Feg,Scyg alloy at low temperatures and in zero external magnetic field consists of
two distributions; a low field distribution and a high field distribution [28]. According to the
experimental observations, the low field components is caused by the dense packed atoms with a
frustrated magnetic coupling (a mixture of ferro- and antiferromagnetic couplings [30]). The high
ferromagnetic component is due to the less dense packed atoms with a greater atomic spacing . The
spin distributions and the form of the electron band structure at different atomic spacing are
presented in [28].

FegSciy nanoglasses were observed to show physical properties that are significantly
different from the ones of the melt cooled material with the same chemical compositions . This
difference results from the glass/glass interfaces between the small amorphous clusters with
average sizes of about 5nm. In nanoglass, the fraction of interfaces is about 20 -40% of the
amorphous nanograins, Fig.1. The atomic arrangements of amorphous nanograins and the
distribution of magnetic hyperfine field are in a first approximation close to the amorphous alloys
without interfaces [28], [30].
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Fig.1 Atomic arrangements of nanoglass inside of the interfaces between the glassy regions
and inside of the nanometer-sized glassy regions (called nanograins) of Feg,Scq hanoglass.

The internal magnetic hyperfine fields of interfaces and nanograins are, however, different.
As presented in Fig.2, the internal magnetic hyperfine field distribution inside the nanograins of
nanoglass as well as of amorphous ribbons without interfaces consists of regions with low
magnetic hyperfine field distribution and regions with a high magnetic hyperfine fields.
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Fig.2 Mdossbauer spectra and corresponding magnetic hyperfine field distributions of amorphous
FegoScyg ribbon at different temperature (see text).
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According to the Slater-curve [7], the low and high distributions of magnetic hyperfine fields
are due to the densely packed Fe-Fe areas with a negative exchange integral (region | in Fig. 2)
and an antiparallel orientation of spins (region Il in Fig. 2). In the specimen regions corresponding
to area Il of Fig.2 - the spins of the Fe-Fe atoms result in a ferromagnetic state, with a positive
exchange integral. Amorphous nanoparticles with average size of about 5 nm are interconnected by
interfaces. Their Mdssbauer parameters are as follows [2], [3], [5]:

(1) A magnetic hyperfine field distribution close to that of amorphous ribbon without interface.
(2) A broad magnetic hyperfine field splitting with a maximum of about Bys= 37 Tesla, which is
due to the atomic arrangements at interfaces. The observed By at interface is one of the highest
magnetic hyperfine field registers in metallic Fe system.

At T<10K, the measured magnetic moment, pu~1.67ug, Of FegScio Nanoglass is equal to that
observed for amorphous FegScy, alloy without interfaces. The saturation magnetization of
amorphous FegScyg alloy without interfaces can be reached by external fields above Be, > 7Tesla.
Despite of having almost the equal saturated macroscopic magnetic moment at extremely high
external magnetic fields (at low temperature), urex~1.67ug, for amorphous FegScyo ribbons and
forFegScyo nanoglass) the internal magnetic field distribution for both materials different is
different [2], [3] .This experimental finding suggests the question: Why - despite having the same
average macroscopic moment and approximately similar atomic structures - is the Bp(300K) of
nanoglass very different from the B«(300K) of the amorphous alloy (without interfaces). The
answer lies in the fact that the macroscopic methods such as SQUID or PPMS measures the
resulting magnetic moment which is the sum of the moments of 3d-electrons and the negative
moment with sp- character. The 3d-electron of FegScio nanoglass has at interface a local magnetic
moment of about p3g=2.76 g per atom [25], which is higher than the localized 3d-band of bcc- Fe,
na=2.57pg as well as amorphous FegoScyp alloy, psg=~1.8us, without interface. The consequence is a
large interaction between magnetic dipole moment of nucleus and moment of 3d-electrons at
interfaces, because for the Mossbauer magnetic hyperfine interaction is the itinerant moment
almost invisible. These results confirm the fact that the factor of proportionality, P, between By
and magnetization is determined by piag.

3.3. Amorphous FegsCo5Scyp alloy and FegsCosScy1g hanoglass

In order to show that separation of magnetic hyperfine data is in nanoglass universally
applicable, amorphous Feg;CosSc,q alloy as well as nanoglass FegsC0sScyo have been investigated.
Both alloy systems have equal macroscopic magnetic moment, pmessures=1.76ps. The experimental
observation has shown that the form of Mdssbauer- spectra of nanoglass FegScy is similar to that
of FegsCosScyy nanoglass.

As presented in ref. [27] the internal magnetic hyperfine field distributions of amorphous
FegsCosScy alloy as well as FegsCosScyy nanoglass are, however, different. In addition to a
hyperfine distribution similar to amorphous alloy without interface, nanoglass has a broad
hyperfine filed with an average value of about Bns 37 Tesla. This hyperfine field , By ~37Tesla,
is due to interaction of dipole moment and 3d magnetic moment with 3d-character at interfaces.
Using the relation P= 12.8= By/usq leads to a psg =~ 2.9us, This demonstrates that it is possible to
study the individual magnetic components such as psg and pg, of alloys. In the next section, the
influence of Co on magnetic coupling in amorphous (Fe1g «C0x)e0SC1o alloys will be discussed.

3.4. Amorphous (Fe10xC0x)e0SC1o alloys

At T= 10 K, Mdssbauer spectra together with magnetic hyperfine distributions, P(By), in the
range 0< X < 16.5 are presented in ref. [27]. It is worth noting that the rise in Co concentration
yield a decrease of standard deviation of P(Bys) and an increase of average By At low Co
concentrations are various of Fe atoms in the region of dense packed clusters and magnetically
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disordered. In these regions, the spins experience ferromagnetic as well as antiferromagnetic
coupling . The resulting P(By) is accompanied by a low magnetic hyperfine field distribution as a
result of mixed magnetic interactions. An increase of cobalt concentration in the amorphous
FeCoSc system is associated with a reduction of the low magnetic hyperfine field component of
P(Bn) [28].This indicates that the increase of cobalt in amorphous (Fe;g0xC0x)s0SC1o alloys causes
increasingly ferromagnetic coupling. Furthermore, the decrease of standard deviation of P(Byy)
with increasing Co concentrations is another indication of ferromagnetic coupling. Similar to
crystalline Feygo xCoyx alloys, the increase of Co atoms from X>0 to X<20 causes an increase of the
magnetic hyperfine fields. At X< 11, amorphous (Fe1xC0x)e0SCio alloys with a distorted bcc
structure [27] consists of two magnetic regions (region | with mixed interactions and region Il
with ferromagnetic interactions with different 3d-band structure. According to Schwartz et al. [6]
the spin down state is pinned at the Fermi level. The increase of Co concentration with higher
number of valence electrons per atom in comparison to Fe atoms fills only the spin up state. The
result is a reduction of low magnetic hyperfine field distribution and an increase of Byy.

4. Conclusions

In conclusion, the comparison of the measured By of amorphous alloys as well as of the
measured By at the interfaces of nanoglasses with bce-Fe indicates that the measured internal
magnetic field is a consequence of the local magnetic moments based on electrons with localized
3d-character. The measured magnetic moment of Fe, g, iS, however, the sum of the positive
moments of 3d-electrons and the negative sp moments between atoms. The measured magnetic
moment is not the decisive factor for the proportionality between By and the measured magnetic
moment. The decisive factor for the proportionality is the contribution of the 3d-moments with
3d-character.

The analysis of the magnetization and internal magnetic hyperfine field results in a factor of
proportionality, P= B/ usq = 12.8. Fortunately, the access to materials named nanoglasses, which
consists of amorphous nanograins, and interfaces between them allows us to deduce unprecedented
descriptions of the discrepancy of the relation between the macroscopically measured moment and
Bhf.

In this report, crystalline bce-Fe, amorphous Fe-rich FeSc, FeCoSc alloys and nanoglasses have
been chosen to investigate and to improve our understanding of the relationship between
macroscopic and microscopic methods. The results obtained so far suggest that by using the correct
factors of proportionality between 3d moment and By of metallic alloys opens the access to a new
method for the estimation of psq and pg, which reflects the structure of electrons in these materials
based on the Heisenberg effect. In other words, these materials seem to open the door to a yet
unexplored and perhaps also to a yet technologically unutilized family of materials.
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