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Using isotopic substitution and X-ray scattering, different weighted structure factors were mea-
sured and combined in order to calculate partial structure factors. Although we got an overdeter-
mined system of equations, the solution of this problem was difficult due to the small value of the
determinant. From the partial pair correlation functions and the radial concentration correlation
function a splitting of the first coordination shell is obvious. The dip in Sy; _ . and the corresponding
peak in Sy;_y; indicate some degree of charge transfer in the melt.

Introduction

Eutectic concentrations are very interesting points
in phase diagrams. During the phase transition liquid-
solid two processes seem to occur simultaneously: the
segregation into the eutectic components and their
solidification.

For a better understanding of this process, detailed
knowledge about the short-range order in the melt is
needed.

In this way we combined neutron diffraction exper-
iments on molten eutectic Ni;;Geg,, using isotopic
substitution, and an X-ray experiment in order to ex-
tract partial structure factors. The phase diagram of
Ni-Ge [1] shows several phases and phase transitions
below the liquidus line. Besides the eutectic Ni;3Geg,
two additional eutectic points are present at the Ni
rich side of the phase diagram.

Structural investigations, done by X-ray, reported
segregation of Ge rich melts into Ge-clusters and clus-
ters having a structure like NisGe; [2] or NiGe, [3]
(but NiGe, does not exist in the phase diagram given
in [1]).

Reprint requests to Prof. W. Hoyer, FB Physik der Techni-
schen Universitdt, PF 964, O-9010 Chemnitz.

Experimental

The X-ray diffraction experiment on molten
Ni;;Geg, and pure molten Ge were carried out on a
@ - O-diffractometer described in [4]. The measured
intensity was corrected for polarization and Compton
scattering and, after normalization, the structure fac-
tor in the Faber-Ziman form [5] was calculated.

The neutron scattering experiments, using samples
with natural nickel *Ni (scattering length b=1.03
10" ** cm), a mixture of %°Ni and *Ni (b=0.5
10~ ** cm) and 8Ni (b =1.44 - 10~ * cm), were done
at the diffractometer 7C2 of the laboratory “Léon
Brillouin” (Saclay).

A third experiment with 62Ni, ®*Ni and *Ni mixed
in such a way that by; =0 (Ni-“zero”-alloy) was per-
formed at the diffractometer LAD on the ISIS pulsed
neutron source.

In case of the neutron experiments, the total sample
scattering intensities were extracted, using the formal-
ism of Paalman and Pings [6] for the transmission
correction. Then the total sample scattering intensities
were corrected for incoherent scattering, multiple
scattering [7] and inelastic scattering [8], and finally
the structure factors were calculated, using again the
Faber-Ziman formalism.

It should be pointed out that the statistical error of
the structure factors measured in Saclay was smaller
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Fig. 1. Different weighted total structure factors of liquid
Ni;;Geg, at 1000 °C (the labels have the following meanings:
58Ni - sample with b”8= 1.44 - 10~ '* cm, *Ni — sample with
by;=1.03 - 10~ **cm, ®°Ni — sample with by;= 0.5 - 10~ **cm,
Ni-“zero”-alloy — sample with by;=0).

than 1% (caused by the high counting rate), while in
the other cases it was not higher than 2%.

Except the Ni-“zero”-alloy, which has been investi-
gated at 1000 °C only, all experiments were performed
at 780°C, 900°C and 1000°C.

Comparing the structure factors at different tem-
peratures, only weak temperature dependent changes
are to be seen.

Figure 1 shows the structure factors from the differ-
ent experiments.

With decreasing scattering power of Ni, the shoul-
der at the low Q-side of the structure factor’s main
peak growths, and in the case of the *°Ni enriched
sample a prepeak appears.

The structure factor of the Ni-“zero”-alloy gives
directly the part due to the Ge—Ge correlation. It is
very similar to the structure factor of the pure Ge melt.
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Fig. 2. Different weighted total pair correlation functions of
liquid Ni;;Geg, at 1000°C.

Table 1. Weighted distances of the first coordination shell.

r'[A]
780°C 900°C 1000°C
X-ray 2.52 2.53 2.54
*Ni;;Ges, 245 245 245
5ONi,,Ge, 2.49 2.49 2.50
58Ni;;Geg 245 245 245
Ni-“zero”-alloy - - 2.70

For the calculation of the pair correlation functions
the structure factors were interpolated to the esti-
mated value of S(0) [9].

With decreasing scattering power of Ni the main
peak of the pair correlation functions becomes
broader and more asymmetrical while the following
peaks become weaker (Figure 2). In the case of the
Ni-“zero”-alloy the peaks behind the first one are very
low.
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Fig. 3. Partial structure factors of liquid Ni;;Ge at 1000 °C.
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Table 1 shows the neutron and X-ray weighted dis-
tance of nearest neighbours r! at the different temper-
atures. The temperature dependent changes of r' are
very small, however ' tends to a smaller value if the
scattering power of Ni increases.

Partial Structure Factors and Correlation Functions

The Faber-Ziman structure factor is the weighted
sum of the partial one’s according to
N c;icib; b;

2
Si@=2 X

i=1j=1 msi,’@), (1)

¢; = concentration of the atom-type i,
b;= scattering length of the atom-type i,
Q =momentum transfer.

Three different weighted total structure factors are
in principle sufficiant for the determination of the par-
tial structure factors. In our case, at 1000 °C five differ-
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Fig. 4. Partial pair correlation functions of liquid Ni,;Geg,
at 1000°C.

ent weighted total structure factors are available, the
different combinations of them delivering 10 sets of
equations, so that a good determination of the partial
structure factors should be possible. However, the
amount of the determinant of the system matrix in all
cases was very small (between 0.05 and 0.0057), and
only the results of those sets of equations, which in-
clude the Ni-“zero”-alloy, were usable.

Figure 3 shows the derived partial structure factors,
which are averaged values of those calculated one’s
which were accepted to have “physically reasonable
behaviour”.

In the Sy;_ . a dip before the first peak can be seen;
at the same position Sy;_y; possesses a maximum.
This behaviour indicates, according to Enderby [10],
some degree of charge transfer between the con-
stituents.

The partial pair correlation functions (Fig. 4) show
strong oscillations in the case of gy; _n; over the whole
presented r-range, while in gy;_ . the oscillations be-
hind the second peak nearly disappear.
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Fig. 5. Partial structure factor Syy of liquid Ni;;Geg, at
1000°C.

Table 2. Partial distances and coordination numbers of the
first shell (N;, and N ., obtained from integration up to the
first minimum and from the first shell assumed to be sym-
metrical).

r . [A] N Min N Sym
Ni—Ni 244 2.6 2.7
Ni-Ge 248 59 5.2
Ge-Ni — 29 2.5
Ge-Ge 2.76 4.6 6.1
pure Ge (960°C) 2.70 6.1 49
pure Ni [13] 247 12.6 9.1

9Ge-Ge Shows an asymmetric first peak, broader
than in the case of pure molten Ge. The higher oscilla-
tions are very weak.

The shortest distances of Ni—Ni pairs (2.44 A) and
Ni-Ge pairs (2.48 A) are nearly the same, while the
shortest Ge—Ge distance of 2.76 A is even greater
than in pure Ge melt (2.70 A). The shortest distance of
Ni—Ge pairs is shorter than the value of 2.58 A cal-
culated from the shortest distances in the pure melts
of the constituents (Table 2), assuming simple hard
spheres. The coordination numbers are also given in
Table 2.

Additionally, the partial structure factors, using the
Bhatia-Thornton Form [11], were estimated (Figs. 5
and 6) and the radial concentration correlation func-
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Fig. 6. Partial structure factors Syc. and S of liquid
Ni,;Geg, at 1000°C.
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Fig. 7. Radial concentration correlation function of liquid
Ni;;Geg, at 1000°C.
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tion 4nr? o, (r) (Figure 7), introduced by Ruppers-
berg [12], was calculated by integration of Scc. It
shows a strong minimum in the same r-range where
gni—ni and gy; _ . have their first peak. This behaviour
indicates a preferred interaction between Ni and Ge
atoms in the first coordination shell.

Finally, the short-range order parameter a was cal-
culated, using the equation

B f4nr? gcc(r) dr 5
C [4nr? o) dr’ @)
where 47r? gun(r) results from Fourier transforma-
tion of Syy. The integration over the first coordina-
tion shell gives a= —0.15. This again indicates a pre-
ferred correlation of unlike atoms in the first shell. The
degree of chemical short-range order is

o —0.15
= —— =30%.
%max  —0.50 -
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Conclusion

The distance of Ni—Ge pairs, shorter than in the
case of simple hard spheres, the strong minimum in
47 r? gcc(r) in the region of the first coordination shell
and the value of the short-range order parameter indi-
cate chemical short-range ordering. The qualitative
behaviour of the partial functions Sg,. _ . and gg. _ge
emphasizes a structural order of the Ge atoms which
is similar to that of the pure Ge melt.

Therefore, it is assumed that in the eutectic melt two
types of structural order occur: At first, an arrange-
ment of Ge and Ni atoms with preferred interaction
between them and surprisingly showing charge trans-
fer and, secondly, an arrangement of the remaining Ge
atoms similar to that in the pure Ge melt.
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