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Molten Mn,,Si,s and molten Mn,, sSige s Were investigated by neutron diffraction. The pair
correlation function yielded, together with the X-ray results from a former paper, the partial
coordination numbers, atomic distances, and the short range order parameter with the result that
the atomic distribution in molten Mn,; sSige 5 is statistical while the structure factor of molten
Mn,,Si,¢, as obtained with neutrons, shows a strong prepeak which means rather strong compound

formation.

1. Introduction

In [1] we reported on X-ray diffraction experiments
on molten Mn,,Si,¢ and molten Mnj; sSige 5. In the
present paper we report on corresponding neutron
diffraction experiments. Since the diameters of cova-
lently bound Mn and Si, which amount to 2.34 A and
2.22 A, respectively [2], are rather different, and since
the scattering length of Mn is negative [3], one can
expect to obtain information concerning the chemical
short range order parameter [4, 5] already with two
scattering experiments instead of three which are usu-
ally necessary for the thorough investigation of a bi-
nary melt. For a description of the details of the exper-
iment and the data reduction we refer to [6]. A
summary of the notations used in this paper may be
found in the review [7].

2. Experimental Fundamentals
2.1 Specimen Preparation

Manganese (99.999%) and silicone (99.99%) were
melted together within an induction furnace and
casted as rods with 6 mm diameter. Then the rods
were grinded to fit into the crucibles.

2.2 Crucibles

Mn-Si melts are chemically highly aggressive.
Therefore Al,O;-crucibles were used with cylindrical
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shape, an inner diameter of 6 mm, a wall thickness of
1 mm, and a height of 55 mm. Since manganese has a
vapor pressure of about 1 Torr between 1100°C and
1200°C, the crucible was closed with a stopper made
from sapphire. The crucibles consisted of an Al,O;-
single crystal which yields only diffraction spots in-
stead of rings. By suitable orientation of the crucible
the appearance of diffraction peaks caused by the
crucible can be avoided throughout the whole angle
range. The adjustment of the empty crucible was made
within the furnace. Then the specimen was brought
into the crucible and the stopper was applied. The
specimen was kept in molten state for about twenty
hours. The subsequent chemical analysis showed no
variation of the chemical composition.

2.3 Furnace

For the neutron diffractometer T2 at the Hahn-
Meitner-Institute (Berlin, Germany) a furnace had to
be built. This furnace works by direct current heating
of a vanadium-tube (20 mm inner diameter; 0.1 mm
wall thickness; 200 mm length) which surrounds the
crucible. The height of the specimen to be irradiated
by the neutron beam was 40 mm. The temperature of
the melt during the neutron diffraction experiment
was 1170°C.

2.4 Neutron Diffraction
2.4.1 Molten Mn, ,Si,,

The Mn,,Si,¢-melt was investigated at the instru-
ment T2 (Hahn-Meitner-Institut, Berlin), which is de-
scribed in [8]. The wavelength was 2.399 A. The multi-
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counter consisting of 400 single counters covered the
Q-range 0.63A°!<Q<352A"! The resolution
was A 26 = 0.8°, corresponding to AQ = 0.04 A~ ! at
20=178".

2.4.2 Molten Mny; sSige. s

The Mn,; 5Sige s-melt was investigated at the in-
strument 7C2 (Lab. Léon Brillouin, Saclay), using
the wavelength 0.704 A. The multicounter consists
of 640 single counters, and the Q-region was
0.8 A~! < Q < 13.5 A1, The measurement lasted for
20 hours, the temperature was 1170°C.

3. Results and Discussion
3.1 Structure Factors
3.1.1 Molten Mn,,Si,q

In Fig. 1 we compare the total structure factor ob-
tained with neutron diffraction from molten Mn.,Si,
(solid line) and from amorphous Mn,,Si,;P; (broken
line) [9]. The peak position at 2 A~1is for the amor-
phous and the molten substance the same. From com-
parison with the X-ray structure factor in [1] one
learns that the peak at 2 A~! is a so-called prepeak,
which means strong compound formation in the melt
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Fig. 1. Structure factor; neutron diffraction; (——) Molten
Mn.,Si,, (----) Amorphous Mn,,Si,;P; [8].
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as well as in the amorphous state. A prepeak with
amorphous Mn,,Si,;P; was also obtained by X-ray
diffraction [9]. Table 1 shows the peak positions. The
first peak at about 3 A~! lies at lower values for the
melt than for the amorphous state, ie. the atomic
distances are larger within the melt.

3.1.2 Molten Mn;; sSige s

Figure 2 shows as broken line the structure factor
from the X-ray experiment [1] and as solid line the
structure factor as obtained from the neutron diffrac-
tion experiment according to [6] (back transformed
curve).

3.2 Pair Correlation Functions

3.2.1 Molten Mn, ,Si,,

For experimental reasons the structure factor of
molten Mn,,Si,¢ is only available up to Q.. =
35A°!, and therefore a Fourier-transformation
makes no sense.

Table 1. Structure factor; neutron diffraction; molten
Mn,,Si,s; amorphous Mn,,Si,,P;; peak positions.
Substance Prepeak Main_peak T
Q[1/A] QI1/A] [°Cl
Mn.,Si,¢-melt 2.00 2.80 1170
Mn,,Si,,P; 1.94 297 -
(amorphous)
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Fig. 2. Structure factor; molten Mnj; sSiges; 1170°C;

(—) Neutron diffraction, (- - - -) X-ray diffraction (Mo-Ka)
[1].
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3.2.2 Molten Mn;; sSige s

Figure 3 shows the total pair correlation function
from the neutron diffraction experiment as solid line
and from the X-ray diffraction experiment as broken
line. In Table 2 the scattering lengths of the elements
Mn, Si, and the alloy Mn;; sSige s for X-rays as well
as for neutrons are listed.

The total pair correlation functions G;*(R) and
G/ (R) for X-rays and neutrons, respectively, depend
on the partial correlation functions in the following
way:

G (R) = 0.224 Gpoumn (R) + 0.277 Gg;; (R)

+0.499 Gy, (R) , (1)
G(R) = 0.622 Gypps (R) + 3.20 Ggi; (R)
=282 Gy (R )

All weighting factors in the X-ray case are positive.
The atomic diameters for covalent Mn and Si amount
to d2 =234 A and d& =222 A, respectively [2].
The distance between covalent Mn and Si thus should
be Ryps; = 2.28 A. We further mention the atomic di-
ameter of Mn, namely d3., = 2.70 A [2].

i) Neutron Case

According to (2), the negative peak at 2.30 A of the
neutron curve of Figs. 3 and 4, respectively, can be due
only to the shortest distance between Mn and Si,
which was stated to be 2.28 A for covalently bound
Mn and Si.

The values of the diameter of covalently bound
atoms as given above show that for Rgg; a value of
about 2.22 A can be expected, which means that this
distance lies also in the range of the negative peak of
the neutron curve in Figs. 3 or 4. Thus we can estimate
a coordination number Z’ which contains the Si-Si —
as well as the Mn-Si-pairs if we use as upper integra-
tion limit in (3) the crossing point R, of the solid line
with the G, (R) = 0-line:

Ro
Z = j. (4TltR2 0o + RGF(R))dR
Rmia
_30, a8 .
= ‘s SiSi s MnSi * 3)

The first positive peak of the neutron curve in Fig. 3
lies at 2.9 A, which is in fair agreement not with the
covalent diameter of Mn but with the atomic diameter
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Fig. 3. Pair correlation function; molten Mnj; Sige 55
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Fig. 4. Pair correlation function; molten Mny; sSig s;

(—) GY(R), experimental curve, (----) G,.q(R), modeled
by fit of three Gaussians to GN(R).

Table 2. Coherent scattering lengths of X-ray and neutrons
for Mn, Si, and the alloy Mn;; sSigg s-

Mn Si Mn;; Sige s

X-rays [eu] 25 14 17.69
Neutrons [10"*2cm]  —0.373 0.426 0.158

of manganese dy, = 2.70 A [2]. Thus the positive con-
tributions between R, and R}, can be interpreted as
Z\amn contributions:

4
R N 0.622
Z"= j (4t R0y + RG; (R)dR) = c ZytoMn -
Ro Mn
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ii) X-Ray Case

The first peak of the X-ray curve in Fig. 3 starts at
2 A, has its maximum value at 2.55 A, and ends at
about 3.6 A. Looking also at the weighting factors in
(1) it is reasonable to interpret the first peak of the
X-ray curve as superposition of the peaks at
dsy =222 A, dg, =228A, and di,,, =2.70A.
Thus, the total coordination number Z" is obtained
as

Roin
Z" = | [4nR*g, + RG*(R)]dR (5)
Ruin
0.224 0.277 0.499
= MaMn T Zsisi+ —— Zypsi -
CMn Csi si

The integration limits R}, and RY;, are indicated in
Figure 3. They correspond to the minima of the
dashed line at the left-hand and right-hand side of the
first peak.

This means under the presumptions mentioned,
that from only two experiments all three partial coor-
dination numbers may be obtained. The first column
in Table 3 shows the partial coordination numbers
as obtained from (3) to (5). Table 3 furthermore
contains the Cargill-Spaepen short range order pa-
rameter # = 0.07 and the relative short range order
parameter 1° = — 0.09, i.e. — 9%. This means a weak
segregation tendency.

3.2.3 Modeling of GN(R) for Mn;; sSige s

In a similar way as described in [10], a modeled total
pair correlation function G4 (R) was calculated by
fitting three Gaussians to the experimental GN(R)-
curve. The first Gaussian was located at 2.30 A, the
second at 2.88 A, and the third at 3.65 A.

The solid line of Fig.4 shows the experimental
curve GN(R) up to R = 4.5 A. The dashed line repre-
sents the result of the modeling procedure. From the
Gaussians, the partial coordination numbers given in
Table 4, second column, are obtained, which yield
7= +0.04 and #° = + 7%. Thus the modeled curve

Table 3. Atomic distances R;;, partial coordination numbers
Z,;, Cargill-Spaepen chemical short range order (CSRO) pa-

rameter 7, and Cargill-Spaepen relative CSRO-parameter 1°.

From integration From Gauss-fit

Ryasis Rsisi [A] 2.35 2.33
Ruaver [A] 2.90 2.91
- 70 46
Zom 49 56
o 7.2 738
Zsimn 3.6 39
" —0.07 0.04
n° —0.09 0.07

yields as result a weak compound formation. Different
attempts for Gaussian modeling yielded values in the
region — 0.09 < 1° < 0.07. Therefore the distribution
of Mn and Si in molten Mn;; Sige s may be regarded
as statistical. Molten Nig; P,y [10] and molten
Au,Cs, _ [11] showed a mixture of compound form-
ing and segregation tendency. Therefore, looking at
the phase diagram [12], also in molten Mnj; sSigg s
coexistence of molten Mn,,Si,, and Si could be possi-
ble. Since, however, the crystal structure of Mn,,Si,,
is not yet known, modeling was not possible.

Summary

Molten Mn;; sSige s Was investigated with neutron
diffraction at about 50 °C above the melting tem-
perature. The structure factor as well as the total
pair correlation functions obtained from neutron and
X-ray diffraction were compared. The atomic dis-
tances Rysi> Rgisi> and Ry,m, Were determined, as
well as the partial coordination numbers Zy,s; s Zgimn»
Zgsi» and Zy,v,. The Cargill-Spaepen short range
order parameter indicates that molten Mn;; sSige s
shows statistical distribution. Neutron diffraction
with molten Mn,,Si,¢ and comparison with former
X-ray diffraction work yielded a strong prepeak,
which stands for compound formation within this
melt.
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