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U sing X-ray diffraction, structure factors and pair correlation functions of several m olten C u -S b
alloys and pure antim ony were determined and compared with published structural, thermodynamic
and electronic properties. The eutectic concentration C u37Sb63 was investigated in dependence on
temperature, and a model structure factor was calculated applying a segregation model.

Experimentais
The scattering intensities were measured with a 0 - 0
diffractometer (M o -K a ) described in [1].
After corrections for polarization [2] and norm al
ization, the Com pton-scattering [3] was subtracted
and the structure factor in the Faber-Zim an-Form [4]
was calculated, using the equation

S(Q) =

</>2

“shoulder” at the low Q-side of the structure factor’s
main peak grows, while the height of the main peak
decreases. The higher oscillations of the structure fac
tors become weaker. The shoulder appears at a posi
tion where the structure factor of antim ony possesses
its main peak.

(i)

< f 2> = c l f l2 + c 2f 22,
< / > 2 = ( C l / l + C2 / 2)2 .

Here, Q = (47i/x )/s in 0 denotes the magnitude of the
mom entum transfer and /£oh the coherent scattering
intensity per atom , while f refers to the atom ic scat
tering factor [5] corrected for anom alous dispersion
[6 ], and c{ to the fraction of the atom s i, respectively.
The pair correlation function was calculated by the
equation
Q\lax
1
1 ß [ S ( ö ) - l] s in ß r d ß ,
(2)
g(r) = 1 +
2 n 2 rQ0
where (?0 is the average num ber density, and QMax the
maximum mom entum transfer reached in the scatter
ing experiment. S (Q) was extrapolated to an approxi
mate value of 5 (0) [7] to minimize truncation errors by
the lower integration limit.

Results
The obtained structure factors are shown in Fig
ure 1. With increasing concentration of antim ony the
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Fig. 1. Structure factors of m olten C u - S b alloys.
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Fig. 3. Structure factors of the m olten eutectic C u 37Sb63 at
different temperatures.

Fig. 2. Pair correlation functions of m olten C u -S b alloys.
The bars indicate the minim a o f the Friedel-oscillations (see
text).

At the eutectic concentration C u 37Sb 63 a splitting
of the main peak is found.
The structure factor of C u 20Sb 80 shows a similar
shape as that of pure molten antim ony because of the
dom inating weighting factor of the S b -S b correlation
in this alloy.
The pair correlation functions (Fig. 2) of the cop
per-rich samples possess a relatively high and sym
metrical main peak, the further oscillations are wellpronounced. With increasing antim ony content the
height of the main peak of g(r) decreases and it be
comes broader. The second peak becomes weaker and
almost vanishes in the case of the samples C u 37Sb 63
and C u 20Sb80.
The eutectic C u 37Sb 63 was investigated at different
tem peratures (Figure 3). The structure factor shows a
tem perature-dependent change of the main peak in
such a way, that the splitting is less-pronounced if the
tem perature increases. It is worthwile noting that the
first hum p of the m ain peak decreases, while the sec-

Fig. 4. Pair correlation functions o f the molten eutectic
C u37Sb63 at different temperatures.

ond remains almost unchanged. In the pair correla
tion functions (Fig. 4) the temperature-dependent
changes are weak, the main peak becomes slightly
broader with increasing temperature.
Table 1 contains the distance r 1 of nearest neigh
bours and the coordination num ber of the first shell.
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Table 1. X-ray weighted distance o f nearest neighbours r1and
coordination number o f the first shell (Nm? and N Sym are
obtained from integration up to the first minimum and from
the first shell assumed to be symmetrical).
Alloy

C u81S b 19
C u75S b 25
Cug6 gSb jj 3
C u50S b 50
C u37S b 63
C u37S b 63
C u37Sb 63
model (Cu2Sb)
model (Cu3Sb)
C u20S b 80
pure Sb

Temp.
°C
650
690
690
750
536
800
1000

540
654

r1
Ä

N Sym

JVMi„

2.64
2.68
2.67
2.70
2.91
2.86
2.84
2.93
2.94
3.06
3.08

8.2
7.8
5.5
5.0
7.0
7.0
7.0
7.7
7.8
6.6
5.1

11.2
9.9
8.3
7.8
6.7
6.6
6.9
6.9
6.9
6.0
5.2

With increasing concentration of antim ony r 1 also in
creases, while the coordination num ber becomes
smaller.
In the case of C u 37Sb 63 r 1 slightly decreases if the
tem perature is increased.
Discussion
A comparison with the results of Knoll and Steeb
[8], who described X-ray and neutron scattering inves
tigations on molten alloys of the same system, shows
a principle qualitative agreement but differences in the
quantitative behaviour. A splitting of the structure
factor’s main peak into two nearly equally high sub
peaks does not appear in [8 ] until C u 20Sb 80 (in our
case this is already to be found at the eutectic
C u 37Sb63).
In the concentration range of 15 to 61 at.-% Sb the
existence of clusters having a composition like C u 2Sb
was stated in [8 ]. M easurements of the resistivity lead
to a maximum at 25 at.-% Sb followed by a broad but
flat minimum centered around the eutectic composi
tion (Steeb et al. [9]).
Viscosity measurements done by Bienias and
Sauerwald [10] show an inflection point at 35 at.-%
Sb; with decreasing tem perature the viscosity in
creases rapidly in the concentration range below
35 at.-% Sb. Furtherm ore, the measured values are
larger than expected for a statistical distribution.
Takeuchi et al. [11] reported that the heat of mixing
of liquid C u -S b alloys possesses a dip at about
24 at.-% Sb, which is in accordance with the mini
mum found in the curve given by Hayer et al. [12], The
authors of [12 ] also found peaks in the excess heat
capacity at 25 and 50 at.-% Sb.

In the thermopower, experimentally determined by
M atsuura et al. [13], a decrease up to a Sb-concentration of about 15 at.-% , followed by a broad peak cen
tered at 50 at.-% Sb is to be seen. All these results
indicate a tendency of com pound form ation in the
liquid state. The clusters are assumed to have a com
position similar to the com pounds C u 2Sb and C u 3Sb
existing in the solid phase. W hether these clusters,
built up in the melt, are only of one type of composi
tion or if clusters with different compositions occur,
can not be clearly answered.
A characteristic feature of the alloys from the sys
tem C u -S b is a peak in the structure factors at about
3 Ä “ \ it occurs as a shoulder for antim ony-rich alloys
and is the main peak for copper-rich alloys.
According to Hafner [14] this peak can be under
stood as electronically-induced, indicating the influ
ence of the electron system on the structure. The peak
should appear at a position close to 2 k F, where k F is
the Fermi-wave vector.
It was shown for various binary “nobel m etal-poly
valent element“ alloys that the position QPe of this
subpeak shifted tow ards 2 k F if the mean num ber of
valence electrons per atom
Z = c 1 Z 1+ c2 Z 2

(3)

comes closer to a value of 1.8 and, consequently, for
z = 1.8 one obtains QPe = 2 k F (Haussier [15]). In (3), Z x
and C; are the num ber of valence electrons and the
concentration of the com ponent i, respectively.
The Friedel-wavelength AF, due to the oscillations
of the effective pair potential of the ion-ion interac
tion, is connected to 2 k F according to

If the peaks of the pair correlation function are ob
served at positions
r= (n+ \)l

>
f

« = 1 ,2 ,3 ,...

(5)

the ions sit in the minima of Friedel-oscillations,
which is a favourable structural arrangement.
The values of k F for the different alloys were calcu
lated in the free electron approxim ation by
kF = \ J l > n 2 Q0 Z .

(6 )

Figure 5 shows a plot of the calculated values of 2 k F
against the experimental values of QPe. The curves
cross at a concentration near 20 at.-% Sb (which cor-
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Fig. 5. Experimental peak positions Qfc and calculated val
ues of 2 k f (full line). (The experimental value for Cu was
taken from W aseda [17].)

Fig. 6. Structure factor of the molten eutectic C u 37Sb63,
calculated by the segregation m odel (line) assuming C u2Sb
clusters, and experimental values at 536 °C (presented by
error bars).

responds to 1.8 valence electrons per atom) as pre
dicted by Häussler.
As seen from Fig. 2, the peaks in g(r) of the copperrich alloys C u 2 Sb, C u 3Sb, and C u 81Sb 19 are nearly at
positions which correspond to the minima of the
F riedel-oscillations.
If the content of Sb in the alloys is increased, the
peak-positions in g (r) deviate more and more from the
positions of the minima due to the Friedel-oscillations.
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Fig. 7. Structure factor o f the molten eutectic C u37Sb63,
calculated by the segregation model (line) assuming C u3Sb
clusters, and experimental values at 536 °C (presented by
error bars)

F or the alloys containing more than 61 at.-% Sb, a
segregation tendency was suggested by Knoll and
Steeb [8 ] which conforms with the slightly positive
enthalpy of form ation [12 ] as well as the maximum in
the therm opow er not far from the eutectic composi
tion [13].
Therefore, we calculated the structure factor of
C u 37Sb 63 using a segregation model suggested in [16].
This model assumes segregation of the eutectic melt
into clusters having a structure like the eutectic con
stituents. The clusters themselve are assumed to have
a size such that only the coherent scattering due to
correlations of atom s within the clusters significantly
contributes to the whole coherent scattering of the
melt. Then, the whole coherent scattering may be ex
pressed as the sum of the coherent scattering intensi
ties due to each type of cluster, weighted by the sum
of the concentration of each atom type in each cluster:
I c o ^ i c i + c l ) n oh + (cl + cl) I 2coh.

(7)

c] - concentration of atom type j in cluster type i.
For the eutectic melt C u 37Sb63, segregation into
clusters corresponding to the eutectic constituents
C u2Sb and Sb is assumed. The clusters should have a
structure like that in the molten com pound C u2Sb
and molten Sb. A second run was done, assuming
clusters of type C u3Sb instead of C u 2Sb.
For both, molten C u2Sb (or C u 3Sb, respectively)
and Sb, the coherent scattering intensity was obtained
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assumptions, clusters of C u2Sb and C u 3Sb. Only in
the low Q-region the model structure factor exceeds
the error bars due to the statistical error of the exper
imental one. A good agreement between model and
experiment can also be established for the pair corre
lation functions (Fig. 8 ), distances r 1 and coordination
numbers (Table 1).

Conclusion

Fig. 8. Pair correlation function of the m odel structure factor
and the experimental one at 536 °C: line: experimental, cir
cles: assuming clusters of C u 2Sb, triangles: assuming clusters
of C u 3Sb. (In the Fourier-transform ation a dam ping func
tion was used to reduce termination ripples in the second
maximum.)

by single experiments earlier, and the model structure
factors calculated from the intensities yielded by (7)
are shown in Figs. 6 and 7.
It was found that the calculated structure factor in
general agrees with the experimental one for both
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