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EXAFS studies on undercooled liquid Co80Pd20 alloy

G. Jacobs and I. Egry
Institut für Raumsimulation, Deutsches Zentrum fu¨r Luft- und Raumfahrt e.V., D-51170 Ko¨ln, Germany

~Received 5 June 1998; revised manuscript received 11 September 1998!

By combining electromagnetic levitation with the EXAFS method it is possible to investigate the short-range
order of metallic melts in a wide temperature range. Due to the containerless environment it is even possible
to obtain insight into the metastable state of a deeply undercooled melt not amenable by other methods. This
allows us to study the solid and the liquid state in the same temperature range. Here we report on the first
quantitative EXAFS measurements on a liquid Co80Pd20 alloy undercooled by more than 300 °C, and on solid
Co80Pd20. From the spectra, we have obtained the temperature dependence of the neighbor distances as well as
of the Debye-Waller factors.@S0163-1829~99!10905-6#
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I. INTRODUCTION

Research on the structure of metallic melts is difficult
many reasons: Metals are not transparent to visible light
that x rays or neutron sources are necessary to yield ins
into the material. In addition, the melting temperature
most metals is very high, which leads to problems of find
a crucible material resisting high temperatures and not re
ing with the sample.

The electromagnetic levitation technique is an eleg
method for containerless processing of metallic melts. Us
radio-frequency, inhomogeneous electromagnetic fields
provides heating and positioning for electrically conducti
materials. The sample levitates inside a coil and can
probed by several noncontact diagnostic tools, as descr
in, e.g., Ref. 1. Due to the extremely pure conditions it
possible to undercool the levitating melt several 100 °C
low the melting temperature and access this metastable s
The potential of this method and experiments on und
cooled melts are discussed in Ref. 2.

In the absence of any long-range order in the melt, str
tural studies can be performed with methods that are se
tive to the short-range order in the sample. The EXAFS~ex-
tended x-ray absorption fine structure! analysis provides
element-specific information about the neighbor distance,
Debye-Waller factor, and the coordination number.3 Pioneer-
ing EXAFS measurements on low melting liquid Zn abo
the melting temperature were published by Crozier a
Seary in 1980,4 where they studied the effect of the asym
metric pair distribution on the analysis of EXAFS spect
More recently, EXAFS was applied to high-temperatu
melts.5 Since the EXAFS technique, being an absorption
periment, is barely affected by an ill-defined experimen
geometry~due to the sample’s motion!, it seemed possible to
combine both levitation and EXAFS for structural studies
undercooled metallic melts.

The first EXAFS experiments on levitated, undercoo
metallic melts at the Hamburger Synchrotronstrahlungsla
~HASYLAB ! of the Deutsches Elektronensynchrotr
~DESY! showed the feasibility6 of this combination. Here we
report on the first quantitative analysis of EXAFS spectra
undercooled Co-Pd alloys.

The binary alloy Co-Pd has a simple phase diagram:
PRB 590163-1829/99/59~6!/3961~8!/$15.00
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fully miscible at all compositions and does not possess
intermetallic phases. Furthermore, it can be easily und
cooled below the hypercooling limit.7

At the composition Co–20 at. % Pd, it shows a minimu
between liquidus and Curie temperature, and ferromagn
properties of the undercooled melt have been report8

Therefore, Co80Pd20 was chosen as a model system for t
present study. Making use of the fact that we could comp
the short-range order in the solid and in the liquid phase
the same temperature over a wide temperature range
could clearly separate temperature effects from structura
fects. Similar experiments have been previously perform
on undercooled liquid germanium, using an emulsi
technique.9 In germanium, however, the solid-liquid phas
transition coincides with an insulator-metal transition, whi
makes the interpretation of the observed effects more d
cult. In addition to clarifying the fundamental difference b
tween the liquid and the solid state, we have also stud
quantitatively the structural contributions to the macrosco
thermal expansion.

II. EXPERIMENTAL DETAILS

A. EXAFS

The x-ray absorption coefficient of an isolated atom e
hibits sharp edges at distinct energies. These energies c
spond to the ionization thresholds of the core electrons. If
atom is embedded in condensed matter, the absorption c
ficient is observed to oscillate up to energies of about 10
eV above the absorption edge. This oscillation is cal
EXAFS ~extended x-ray absorption fine structure! and is
caused by the scattering of the emitted photoelectron by
surrounding atoms. A comprehensive review of EXAFS c
be found in the book by Teo.10

The EXAFS signalx(k) is defined as the normalized de
viation of the absorption coefficientm(k) of the condensed
matter from its value for an isolated atomm0(k):

x~k!5
m~k!2m0~k!

m0~k!
, ~2.1!

wherek is the wave vector of the emitted photoelectron.
E0 denotes the energy of the absorption edge andm the
3961 ©1999 The American Physical Society
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3962 PRB 59G. JACOBS AND I. EGRY
electron rest mass, thenk is related to the energy of th
incident x-ray energyE by

E2E05
\2k2

2m
. ~2.2!

In scattering theory, using plane-wave and sing
scattering approximations,x(k) is given by

x~k!5
u f ~k!u

k E
0

`p~r !

r 2
e22r /l~k!sin@2kr1f~k!#dr,

~2.3!

whereu f (k)u andf are the characteristic backscattering a
plitude and phase shift due to the scattering of the neigh
atoms,l(k) is the mean free path of the photoelectron, a
p(r ) is the bond length probability density, which is propo
tional to the pair-distribution functiong(r ). In the case of
small disorder in the system a Gaussian probability den
with variances is assumed and Eq.~2.3! leads to

x~k!52(
j

Nj

r j
2k

u f j~k!u e22s j
2k2

e22r j /l j ~k!

3sin@2kr j1f j~k!#. ~2.4!

Here Nj is the number of neighbors of typej in the j th
shell with distancer j from the central atom,f j (k) andf j (k)
are the characteristic scattering amplitude and phase shift
to the scattering at an atom of typej and exp@22sj

2k2# is the
Debye-Waller factor.

For disordered systems, like glasses, melts, or crysta
high temperatures, the assumption of a symmetric p
distribution function is no longer correct, since the bac
scattering atoms feel the anharmonicity of the pair poten
For that reason the pair-distribution function of these s
tems will become asymmetric.

For the analysis of our EXAFS spectra the GNXA
method of Filipponiet al.11 is used. This method, like othe
advanced methods for the EXAFS analysis, does not use
plane-wave approximation and takes into account mutip
scattering effects, which are not considered in Eq.~2.4!. It
allows a decomposition of the measured x-ray absorp
signal ~XAS! into contributions of then-body distribution
functiongn(r ) ~GN!. Filipponi and Di Cicco9 and D’ Angelo
et al.12 developed the following asymmetric model functio

p~r !5
2

subuG~q!S q1
2~r 2R!

sb D q21

expF2S q1
2~r 2R!

sb D G
~2.5!

with Euler’s gamma functionG(q) andq54/b2. The distri-
bution depends on three parameters: The expectation v
of the atomic distanceR, the variance of the distributions,
and an asymmetry parameterb5K3 /s3, where K3 is the
third cumulant of the distribution. In the smallb limit Eq.
~2.5! can be described by a Gaussian distribution.

Inserting the model distribution function, Eq.~2.5!, into
the general EXAFS formula, Eq.~2.3!, a model EXAFS for a
given radial distribution can be calculated, and vice ver
From the fits,R, s, andb can be determined as functions
temperature.
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B. Electromagnetic levitation

Electrically conducting materials can be processed w
out a container by using the electromagnetic levitation te
nique. If a sample is placed into a high-frequency alternat
inhomogeneous electromagnetic fieldB, eddy currents are
induced within the sample. These currents will interact w
the field leading to levitation of the sample caused by
Lorentz forceF, which is proportional to the gradient of th
field. Simultaneously the sample is heated due to Oh
losses of the induced currents. The power absorbed by
sample is proportional to the square of the field strength
the energy loss due to radiation and heat conduction is lo
than the power absorption, the sample can finally be mol
For further details on the electromagnetic levitation see, e
the review by Herlachet al.1

Since the potential generated by the levitation coil is o
very shallow, the sample is not fixed within the coil, b
performs oscillations about its equilibrium position. The
translational oscillations have typical amplitudes in the ran
of a few millimeters and a frequency of a few Hz. At th
same time the liquid sample will perform surface oscillatio
with a frequency in the order of 40 Hz. For recording
sufficiently smooth EXAFS spectra both oscillations have
be suppressed as much as possible by using a suitable
tation coil.

C. Experimental setup and implementation

The experiments were carried out at the European S
chrotron Radiation Facility~ESRF! in Grenoble, France, a
Beamline 18~BM 29!. The levitation chamber is aligned t
the beam in such a way that the levitated sample is illu
nated symmetrically to its equator. The levitation coil has
inner diameter of about 16 mm and a gap of about 6 m
between the lower and upper windings, which allows fr
observation of the sample from the side for the x-ray beam
well as for the detectors. A scale sketch of the sample in
levitation coil is shown in Fig. 1. The dimensions of th

FIG. 1. Scale sketch of the levitated sample in the coil, seen
the direction of the incident beam.
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FIG. 2. Experimental setup: The monochromatic synchrotron radiation reaches the levitating sample after passing an ionization
The secondary fluorescence radiation is detected by four photodiodes, which are placed concentrically around the incident beam.
the sketch does not show the horizontal pair of diodes.
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lt.
beam are carefully chosen to make sure that it is alw
focused onto the sample surface. Such an adjustment
presses the influence of sample translations on the absor
spectra. Using samples of 5–6 mm diameter, a beam siz
1 mm height and 2 mm width leads to an optimized resu

Before the experiment the sample is placed into a vacu
chamber~Fig. 2!, which is evacuated to a pressure better th
1025 mbar to prevent the sample from being contamina
by atmospheric oxygen and to reach maximum underc
ability. For the experiment the chamber is filled with a 96
He and 4% H2 mixture of high purity up to a pressure o
about 1.2 bars. This reducing atmosphere avoids the for
tion of oxides on the sample surface that could lead to p
mature nucleation. The temperature of the sample is m
sured with a pyrometer and is adjusted by convective coo
with an electropneumatically controlled gas flow for keepi
the temperature constant during the measurement.

After passing an ionization chamber for measuring
incident beam intensity, the beam enters the levitation ch
ber through a thin beryllium window. The thickness of t
sample does not allow one to measure the absorption dire
in transmission, so we measure the fluorescence radiatio
the transition of an electron from theL to the K state. To
minimize the influence of the sample movement on the sp
tra, a horizontal and a vertical pair of photodiodes is us
which are placed concentrically in backward direction~about
16 °) around the incident beam.

The measurements were done at the cobaltK edge
(E057.709 keV) in the energy range from 7.6 keV to 8
keV. In the region above the edge the energy points w
chosen to be equidistant ink space using a step width o
Dk50.05 Å21. With an integration time of 5 sec per energ
point for the levitating melt, one spectrum was obtained
about 35 min. During this time it was necessary to maint
the sample liquid at a constant temperature, which limits
range of accessible undercooling because the nucleation
increases exponentially with undercooling.1

For quantitative analysis of the EXAFS of the melt, ave
aged spectra from four single spectra at constant tempera
were used to further reduce the influence of the sam
movement.
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The measurements on the solid sample at room temp
ture were performed using the same facility with the levi
tion field switched off and with identical samples~spheres of
5–6 mm diameter! supported by an Al2O3 sample holder. In
contrast to that, the measurements on the solid sample
elevated temperatures were performed using a special h
temperature furnace,13 that allows the heating of the samp
up to the solidus temperature. A flat sample with a thickn
of about 100mm was prepared. For direct heating of th
sample, an electric dc current was fed through the sam
The direction of the incident synchrotron beam was norm
to the sample’s surface, and the fluorescence radiation
detected nearly in the backward direction.

The self-absorption of all samples was taken into acco
by using the correction of Tro¨ger et al.14

III. RESULTS AND DISCUSSION

A. EXAFS spectra

Figure 3 showsk-weighted EXAFS spectra of solid
Co80Pd20 at room temperature and at 850 °C with the lea
squares fit including contributions up to the third shell. T
damping of the amplitude at high temperatures is eviden

The k-weighted EXAFS spectra of liquid Co80Pd20 are
shown in Fig. 4. It was possible to obtain spectra at tempe
tures more than 210 °C above the liquidus temperat
@Tl(Co80Pd20)51337 °C# as well as at an undercooling o
more than 310 °C. The spectra at the highest temperat
are more noisy because of the decreasing sample stab
with increasing temperature. On the other hand, for mea
ing the EXAFS at 1020 °C it was necessary to choose
integration time of only 2 sec per energy point to keep
sample liquid during the measurement, so that the avera
over the sample movement is not very good. Comparing
low noise spectra fromT51400 °C down toT51050 °C
a distinct increase of the EXAFS with decreasi
temperature is clearly visible: At lower temperatures the E
AFS amplitude rises and a fourth maximum aroundk
58.5 Å21 becomes more pronounced. According to Fig
~note the different ordinate scales! it is obvious that the EX-
AFS is much more distinctive in the solid than in the me
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Comparing the signal-to-noise ratio from the stably po
tioned crystal with the levitated melt shows the effectiven
of our procedure of averaging over the sample motion.

The Fourier transformsx(r ) of the EXAFS spectra for
the solid and liquid sample are shown in Figs. 5 and 6,
spectively. To obtainx(r ), the k range from 3.5 to
10.0 Å21 was used and weighted withk2. From Eq.~2.3! it
is obvious thatx(r ) is related to the pair correlation functio
g(r ).

Figure 5 showsx(r ) for the solid at 25 °C and 850 °C. A
both temperatures, there is the main peak around 2.5
corresponding to the nearest-neighbor distance. Also, t
exist at least four additional maxima. The height of the m
peak decreases by a factor of 5 as the temperature is ra
from 25 °C to 850 °C.

In Fig. 6, x(r ) is shown for the liquid sample in th
temperature range from 1050 °C to 1550 °C. The maxim

FIG. 3. Experimental,k-weighted EXAFS spectra of solid
Co80Pd20 at 25 °C and 850 °C. The solid line is a least-squares fi
the experimental data including contributions up to the third sh
The spectra are shifted on the ordinate scale.

FIG. 4. Experimental,k-weighted EXAFS spectra of liquid
Co80Pd20 in the temperature range from 1550 °C to 1020 °C. T
spectra are shifted on the ordinate scale.
-
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corresponding to nearest neighbors is present at all temp
tures, whereas, in contrast to the solid, maxima related
more distant neighbors are washed out. The peak heigh
the liquid at 1050 °C is reduced by a factor of 2 as compa
to the solid at 850 °C. However, the half width of the peak
nearly the same for these two temperatures, indicating
the Debye-Waller factor is dominated by temperature effe
From Fig. 6 it is evident that an increase in temperature le
to a reduction and broadening of the peak. In summary,
short-range order extending to the nearest neighbors is m
tained in the liquid whereas medium-range order related
more distant neighbors is characteristic of the solid state.
behavior of the short-range order will be discussed in
following in terms of neighbor distance and Debye-Wal
factor.

B. Fitting procedure

With the GNXAS method it is possible to calculate mod
backscattering signals for each component directly ink space

o
l.

FIG. 5. Fourier transformx(r ) of the experimental EXAFS
spectra of solid Co80Pd20 at 25 °C~solid line, right ordinate! and at
850 °C ~dotted line, left ordinate!. Note that the amplitude of the
high-temperature spectrum is smaller by a factor of 5.

FIG. 6. Fourier transformx(r ) of the experimental EXAFS
spectra of liquid Co80Pd20 in the temperature range from 1550 °
~lowest curve! to 1050 °C~highest curve! in steps of 50 °C.
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PRB 59 3965EXAFS STUDIES ON UNDERCOOLED LIQUID . . .
and to perform a least-squares fit to the experimental spe
without any filtering. For the analysis of our spectra, w
assumed a face-centered cubic~fcc! structure of the crysta
and an icosahedral structure in the melt. The model was
ted to the measured spectra assuming 80% cobalt and
palladium around the absorbing cobalt atom for all tempe
tures. As parameters we varied the threshold energyE0 @cf.
Eq. ~2.2!#, both neighbor distancesRCo-Co and RCo-Pd and
their variancessCo-Co andsCo-Pd , as well as the total coor
dination number and the asymmetry parameterb. The
threshold energy was found to beE05772062 eV for all
temperatures. In order to reduce the number of fitting par
eters we decided to fixb for the liquid spectra to its value o
0.5 that was obtained from the spectrum at 1300 °C.

In Fig. 7 the decomposition of the measured EXAFS
liquid Co80Pd20 at 1050 °C into contributions from the firs
cobalt and palladium shell is shown. The topmost curve r
resents the measured data points with the total fit. In
k-weighted spectrum the oscillation is clearly visible up
the fourth maximum which is atk58.5 Å21. Beneath, the
contributions of the cobalt and of the palladium neighb
are plotted separately. The longer wavelength for the co
backscatterer is obvious, denoting a shorter distance for
cobalt neighbors. The residual describes the difference
tween the model and the data points and is a measure fo
quality of the fit. The lack of any structure in the residu
indicates the agreement between the data and our fit.

The Fourier transform of the data, the fit, and the resid
is shown in Fig. 8. The shape of the main peak is well
scribed by the fit.

C. Neighbor distance

Figure 9 shows the temperature dependence of the e
tive neighbor distance of liquid and solid Co80Pd20 in com-
parison. At room temperature the distance between the co
atoms and between cobalt and palladium atoms was ev
ated to be RCo-Co(25 °C)52.5160.01 Å and
RCo-Pd(25 °C)52.5660.02 Å , respectively. The neares
neighbor Co-Co distance in this alloy is essentially the sa

FIG. 7. EXAFS of liquid Co80Pd20 at 1050 °C: Data and fit with
asymmetric pair-distribution functions for the first cobalt and pa
dium shell and the residual.
tra

t-
%
-

-

f

-
e

s
lt

he
e-
the
l

l
-

c-

alt
lu-

e

as in pure cobalt~hcp! with lattice parametersa52.505
60.009 Å andc54.06560.009 Å ~e.g,. Ref. 15!. During
heating of the crystal both neighbor distances incre
slightly with increasing temperature while the difference
the distances remains relatively small due to the presenc
the crystal lattice.

On melting, the effective Co-Co distance reduces dra
cally in contrast to the Co-Pd distance that rises slightly fr
its value for the high-temperature crystal. Both distances
main nearly temperature independent over the whole t
perature range of more than 500 °C and no difference
tween the normal liquid and the metastable undercooled m
can be seen. It is well known that an increasing asymme
of the pair-distribution function can lead to an apparent
crease of the neighbor distances as seen by EXAFS~e.g.,
Crozier and Seary4!. In our analysis, we allow for an asym
metric distribution, but we have to keep the skewness par
eterb constant, due to convergence problems. Therefore,
cannot rule out that the reduction of the effective Co-
distance on melting is due to an increasing skewness of

-

FIG. 8. EXAFS of liquid Co80Pd20 at 1050 °C: Fourier trans-
form of data, fit, and residual.

FIG. 9. Distance of the first cobalt and palladium shell from t
central cobalt atom in liquid and solid Co80Pd20. Tl marks the
liquidus temperature.
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TABLE I. Temperature dependence of the distance of the first cobalt and palladium shell from the c
cobalt atom in solid and liquid Co80Pd20.

Solid R@T (°C)# (Å ) Liquid R@T (°C)# (Å )

Co shell:RCo-Co 2.5115.131025 T 2.5020.0131025 (T21337)
Pd shell:RCo-Pd 2.5618.431025 T 2.6914.0231025 (T21337)
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distribution. On the other hand, the observed behavior is c
sistent with a hard-sphere model for the liquid. Using tab
lated values~e.g., Kittel16! for the ionic radius of co-
balt (Rion51.25 Å) and palladium (Rion51.38 Å), the dif-
ference between the solid and the liquid at the same temp
ture can easily be explained. In the liquid the neighbor d
tances are determined mainly by the radii of the participat
ions. Increasing the temperature leads only to an increas
the amplitude of the atomic vibration~see below! that leaves
the expectation value of the distance unchanged. This m
that the thermal expansion of the melt cannot be explai
by an increase of the interatomic distances.

Table I summarizes the results for the temperature dep
dence of the neighbor distances in solid and liquid Co80Pd20.

D. Debye-Waller factor

In Fig. 10, the temperature dependence of the varianc
both distances in liquid and solid Co80Pd20 is shown. The
contribution of vibrations to the Debye-Waller factor can
adequately described by a simple Einstein model17 with an
appropriately chosen frequency. In this model the vibratio
contribution sv ib to the variance in a diatomic system
given by10

sv ib
2 >

T

mS 4.836c

n D 2

. ~3.1!

Herem denotes the reduced mass of the system,n the vibra-
tional frequency, andc the speed of light. It is obvious tha
according to this model the vibrational contributions to t

FIG. 10. Variance of the distance of the first cobalt and pa
dium shell from the central cobalt atom in liquid and solid Co80Pd20

in comparison with the vibrational contribution according to t
Einstein model.Tl marks the liquidus temperature.
n-
-

ra-
-
g
of

ns
d

n-

of

l

variance scale like the reciprocal reduced masses of the
stituents. Using tabulated values for the masses (mCo
558.93 amu andmPd5106.4 amu) and for the phonon fre
quencyn(Co80Pd20)56.9 THz, e.g., Ref. 18! the contribu-
tion can be calculated and yieldssCo-Co,v ib

2 50.0048 Å2 and
sCo-Pd,v ib

2 50.0038 Å2 at room temperature. This is in ex
cellent agreement with the experimental data~see Table II!.

Upon heating of the crystal, the variances increase str
ger than is predicted by the Einstein model. The differen
cannot be explained by the temperature dependence o
phonon frequency, but is due to increasing structural disor
in the sample. Such disorder could be caused by an incr
ing number and size of defects. On melting, the varian
rise discontinuously. It is tempting to attribute this rise to t
onset of diffusion in the liquid, giving rise to additional dis
order. However, the slope of the experimental values of
variances in the melt is nearly identical to the slope predic
by the Einstein model, which means that the temperat
dependence of the variances is dominated by atomic vi
tions, even in the liquid.

Table II summarizes the temperature dependence of
variances of the nearest-neighbor distances in the crystal
in the melt evaluated by linear regression of the data poi

E. Thermal expansion

According to a method suggested by Newville and Ster19

it is possible to use an anharmonic effective potentialU(r )
of the form

U~r !5
1

2
a~r 2R0!21b~r 2R0!31c~r 2R0!4, ~3.2!

with the constantsa, b, andc, to calculate the thermal vol
ume expansionaV caused by the anharmonicity of the pa
potential. It is given by

aV>3
kB~a23R0b!

R0
2a2

. ~3.3!

The pair-distribution function related to the potential giv
in Eq. ~3.2! can be approximately calculated usinggcal
5exp@2U(r)/kBT#. This relationship is valid in the very low
density limit only.20 We use it as a simple way to param
etrize our pair-distribution function and to derive the therm
expansion from Eq.~3.3!, not for a derivation of the pair
potential. Of course, the use of this relationship at the d
sities considered here is a potential source for~quantitative!
errors. By fitting this calculated function to the experimen
distribution function, Eq.~2.5!, it is possible to evaluate the
constantsa, b, andc yielding a thermal volume expansio
of a'0.631024 K21.

-
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TABLE II. Temperature dependence of the variance of the first cobalt and palladium shell from
central cobalt atom in solid and liquid Co80Pd20.

Solid s2 @T (°C)#(Å2) Liquid s2 @T (°C)# (Å2)

Co shell:sCo-Co
2 0.004512.931025 T 0.05312.531025 (T21337)

Pd shell:sCo-Pd
2 0.003112.031025 T 0.04112.631025 (T21337)
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Using the literature values21 for the density of liquid co-
balt @rCo(T)57.75—10.931024(T21768 K) g/cm3# and
liquid palladium @rPd(T)510.49—12.331024(T21827
K) g/cm3), the density of the alloy can be calculated acco
ing to Crawley:22

r5
( xiAi

VM
, ~3.4!

whereVM is the molar volume,Ai the atomic weight, andxi
is the concentration of componenti in the alloy.

This leads to a volume expansion coefficient ofaV'1.2
31024 K21, which was verified by a direct measuremen23

of the thermal expansion. Therefore, we conclude that
temperature dependence of interatomic distances and De
Waller factors accounts for only about 50% of the mac
scopic thermal expansion. The missing 50% can be du
the formation of vacancies in the liquid that should beco
evident as a decrease in coordination number. This is con
tent with our experimental results and with the conventio
interpretation that thermal expansion in liquids is caused b
decrease in coordination number rather than by an incre
in nearest-neighbor distance.24 Unfortunately, it is a system
atic weakness of EXAFS that it is rather inaccurate in yie
ing coordination numbers. Therefore, the missing 50% co
equally well be due to an increasing skewness of the dis
bution with temperature, which we did not consider in o
analysis. Auxilliary information from diffraction experi
ments is required to improve the accuracy and to confirm
assertion.

IV. CONCLUSION

The combination of the electromagnetic levitation tec
nique with the EXAFS method allows one to investigate
short-range order of metallic melts in a wide temperat
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range including deep undercooling. Using this combinatio
was possible for the first time to compare the structure of
solid and the liquid phase of macroscopic samples ove
wide temperature range, in our experiments over more t
200 °C.

By using a proper procedure for averaging over the
avoidable sample motion it is possible to obtain meaning
spectra that can be analyzed applying an asymmetric p
distribution function. With the GNXAS method, the stru
tural parameters for the components can be evaluated s
rately, which was done for the environment of the cob
atoms in Co80Pd20.

It could be seen that neighbor distances in the melt
dominated by the ionic radii of the components and
nearly temperature independent. Similarly, the atomic d
tances in the crystal do not differ much from their roo
temperature values even close to the melting point.

For the solid at room temperature the variances can
described by the Einstein model for harmonic oscillatio
neglecting disorder. The temperature dependence of the
ances in the melt is similar to those in the solid. We argu
that this behavior may be due to a superposition
temperature-dependent atomic vibrations and a tempera
independent structural disorder.

It was shown that the increasing amplitude of the atom
vibrations in the melt is not sufficient to explain the therm
expansion of the sample, indicating that there is another
portant contribution to the thermal expansion of liquids fro
either the reduction of the coordination number with incre
ing temperature or an increasing skewness.
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