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The binary molten alloys Mn74Si26 and Mn33 5Si665 have been investigated by means of X-ray 
diffraction. The total structure factors as well as the total pair correlation functions were 
evaluated. The interatomic distances and total coordination numbers are given. The structural 
results for Mn74Si26 were compared to those for amorphous Mn74Si23P3 and for a tetrahedral 
packing model. A pronounced shoulder on the second maximum of the structure factor, which 
normally is characteristic for the curves obtained with amorphous substances was observed for 
the Mn74Si26 melt. With the Mn33 5Sig65 melt, however, this feature cold not be observed. Since 
with this concentration no glass forming by melt spinning is possible, a correlation between the 
shape of the second maximum of a total structure factor and the glass forming ability of the 
corresponding melt is suggested. 

Introduction 

In a previous study [1] structural da ta were 
obtained with the amorphous substance Mn 7 4 Si 2 3 P 3 . 
In the present paper the structural re la t ionship 
between the amorphous and the molten state is 
studied for the Mn-Si-system. This invest igation is a 
continuation of corresponding exper iments as were 
done with amorphous and molten Fe-B-alloys (see 
[2])-

Theoretical Basis 

The total structure factor S A L ( S ) is def ined, follow-
ing the Ashcroft-Langreth formula t ion [3] as 

S A L ( 0 = W < / 2 > , (1) 

where 

Q = 4N(s in 9)/A = absolute value of the scatter-
ing vector Q\ 

29 = scattering angle; 
a = wavelength; 

</2> = c\fhQ) + C 2 / 2
2 (Ö ) ; 

C\, c2 = molar fractions of the components 1, 2; 
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f\ ( ö ) ' fii.0) = atomic scattering factors of the com-
ponents 1,2; 

7 c o h ( 0 = coherently scattered intensity per a tom. 

The coherently scattered intensity per a tom 
^coh(ö) is obtained from the total measured inten-
sity IJ(Q) after being corrected for polar izat ion [4], 
incoherent or Compton scattering [5], and nor-
malized following the Krogh-Moe method [6]. The 
scattering factors were taken f rom [5] whereby 
atomic form factors for uncharged a toms were used. 
The Ashcroft-Langreth pair correlation func t ion 
GAL{R) is obtained by Four ie r t ransformat ion of 
S A L ( 0 : 

GAL(R) = - \Q[SAL(Q)-l]sin(0Ä) d ß 
n o 

and can be expressed as follows: 

GAL{R) = 4NR 
. A L 

W - v T ^ - e o 
</2> 

(2) 

(3) 

where Qal(R) is the atomic density at a dis tance R 
f rom a reference atom, £>0 the mean a tomic n u m b e r 
density and QM the m a x i m u m exper imental Q-
value. 

The mean atomic number density q0 can be 
expressed as follows: 

Qo=NA(d)/(A>, (4) 

where ( d ) and (A) are the mean density and the 
mean atomic weight of he alloy, respectively, and 
where N A is Avogadro's number . 
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The coordination number A 1 is calculated f rom 
the radial distr ibution funct ion ( R D F ) 

R D F (/?) = 47: R2 Qal(R) 

according to 

A ' = j R D F ( f i ) d R , 
Ri 

(5) 

where the lower and upper integration limits R\ and 
Ru refer to the m i n i m u m preceding and following 
the main peak of the R D F , respectively. (7AL(7?) 
can be also expressed [7] in terms of the three 
partial pair correlation funct ions Gjj(R) for a binary 
alloy: 

r2 f2 
c\fl 

(R) 
i f 2 ) 

2ci c2f\ f2 

</2> 
+ 

</2> 

GvAR), 

G22(R) 

(6) 

where GU{R) represents the dis tr ibut ion of /'-type 
atoms around an /-type a tom. The Gjj(R) are 
related to the corresponding partial dis t r ibut ion 
functions Ojj(R) as follows: 

Gu(R) = 4 n R [ q u ( R ) / c j - q 0 ] . (7) 

Experimental 

The measurements were per formed in the reflec-
tion mode within a so called 6—6 di f f rac tometer in 
which the X-ray source and the scintillation detec-
tor move with the same angular speed while the free 
surface of the l iquid sample remains horizontal. A 
primary graphi te -monochromator was employed in 
order to produce monochromat ic radiat ion f rom a 
2 kW-molybdenum source (/.Mo.Ka = 0.71 A ) . All the 
measurements were done under 50 mbar gas pres-
sure (Argon with 5 vol.% Hydrogen) to reduce 
manganese evaporat ion and to avoid manganese 
oxide layers on the sample surface. 

By two diffract ion experiments using a Tan ta lum 
sample once with and once without the protecting 
atmosphere, the correction of the experimental data 
for gas scattered background was done. 

The cylindrical samples (50 mm d iamete rx 10mm 
height) were heated on Boron-Nitrate crucibles 
within the high tempera ture chamber of the 6-6-
diffractometer up to 50 degrees above liquidus. 

The total intensities / T were recorded within 
5 ° ^ 2 0 ^ 9 6 ° in t ime preset m o d e using variable 
step widths between 0.3° and 0.9° in 29. The 
resolution power was about A 2 9 = 0.5° in the range 
of the main peak which is sufficient for d i f f rac t ion 
studies on molten alloys. The relative statistical 
error for the measured points in each was bet ter 
than 1.5%. 

Controlling of the experiments and data collec-
tion was done by a compute r ( D E C - P D P 11-03L) 
via a telecomputer- interface. For fur ther evaluat ion 
the data were transferred to a central computer . In 
order to recognize possible modif icat ions of the 
condition of the melt and condensat ion of metal 
vapours onto the windows of the chamber for each 
measurement four or Five scans were pe r fo rmed 
each of them lasting about one hour. Making sure 
that no significant changes had taken place in the 
different scans all data were superposed before 
further evaluation work was done. 

Results and Discussion 

I. Molten Mn-Si Containing 26 at.% Si 

a) S t r u c t u r e F a c t o r 

In Fig. 1 the Ashcrof t -Langreth structure factor 
S A L ( 0 for molten Mn74Si26 is compared with 
that of amorphous Mn74Si23P3 [1] and with that 
of the Mn33 5Si66.5 melt. More pronounced oscilla-
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Fig. 1. Total structure factors SAL(£?) measured with 
Mo-Kx-radiation for amorphous Mn74Si23P3 (see [1]). 
molten Mn74Si26. and molten Mn33 5Si66 5. 



tions can be observed for the structure factor in 
the amorphous case compared to that of the 
liquid state. It can also be seen that the main peak 
of the structure factor curve for the Mn7 4Si2 6 l iquid 
alloy is located at an essentially lower £>-value 
compared to that of the amorphous case. 

The most important feature, however, is the 
appearance of a pronounced shoulder on the second 
maximum of the structure factor of molten Mn7 4Si2 6 . 
This shoulder, characteristic for amorphous alloys 
and here partially preserved in the liquid state has 
been up to now only observed in molten alloys of the 
iron-boron system [2], In the same way as a l ready 
mentioned above for the main m a x i m u m of the 
structure factor also the second m a x i m u m of the 
structure factor of the melt as well as the shoulder 
shows up a displacement to lower ^ -va lues com-
pared to the position of the corresponding m a x i m a 
of the structure factor of the Mn74Si23?3 a m o r p h o u s 
alloys. 

A further difference between the structure factor 
in Fig. 1 of the amorphous alloy and that of the 
molten alloy containing 26 at.% Si can be observed 
at Q = 2 A - 1 . At this position the structure factor 
obtained with the amorphous alloy shows a pre-
m a x i m u m which is not present in the curve ob-
tained with the molten alloy. 

Finally, attention should be drawn to the di f fer -
ences in the half width AQ of the two main m a x i m a 
obtained with the alloys containing 74% Mn. AQ 
amounts to 0.57 A - 1 in the molten case and to 
0.42 A - 1 in the case of the amorphous alloy. Corre-

Fig. 2. Total pair correlation functions GAL(R) calculated 
from the SAL ((2)-curves in Fig. 1 for amorphous Mn74Si23P3 
(see [1]). molten Mn74Si26, and molten Mn33 5Si66 5. 

sponding to the relation c = 2n/AQ these half 
widths yield the correlat ion lengths q = 11 A 
and 15 A , respectively. 

b) P a i r C o r r e l a t i o n F u n c t i o n a n d 
C o o r d i n a t i o n N u m b e r 

From the Ashcrof t -Langreth structure factors 
S A L ( 0 , the corresponding total pair correlat ion 
functions for a m o r p h o u s Mn 7 4Si 2 3P 3 and for the 
Mn7 4Si2 6- as well as the Mn33 5Si6 6 .5-melt were 
calculated following Eq. (2) and plotted in Figure 2. 
The main peak as well as the second and fur ther 
maxima of the < 7 ^ ( Ä F c u r v e for the liquid Mn7 4Si2 6 

alloy are shifted to higher ^ -va lues compared to the 
data of the amorphous alloy as can be well seen on 
Table 1. It can be seen that the first partial max imum 

Table 1. T= temperature of the melt. q0 = atomic density, A1, Rl = total coordination number and atomic distance, 
respectively, for the first shell of the total pair correlation function, Z?'1. /?2, = further atomic distances, calculated 
from the total pair correlation function (subindex indicates first and second partial maxima, respectively, of the second 
peak). /?" for the melt containing 26 at.% Si was taken as the position of the shoulder. 

T 

(°C) 
/ Atoms \ 

\ (A)3 ) 

Nl R] 

(A) 

R\[ 

(A) 

R\l 

(A) 
Rm 

(A) 

R\l 

Rl 

Rl2 
Rl 

Rm 

Mn74Si23P3[l] 
(amorphous) 

- 0.0688 11.6 2.60 4.35 5.05 6.46 1.67 1.94 2.48 

Mn74Si26-melt 1180 0.0600 11.2 2.65 4.76 5.25 6.95 1.80 1.98 2.62 
Mn33 5Si66.5-melt 1170 0.0565 9.2 2.55 A.16 - 6.85 1.87 - 2.69 
Model following 
Wright [8] 

- - - - - - - 1.67 2.00 2.52 

Model following - - - - - - - 1.65 1.93 2.52 



of the second peak of the GA L( /?)-curve which is 
rather pronounced for the amorphous alloy, a lmost 
disappears for the molten alloy and only a slight 
asymmetry is still observed. In Table 1 also the 
normalized atomic distances are listed for molten 
Mn7 4Si2 6 and amorphous Mn74Si23P3 as well as those 
obtained from tetrahedral models [8], [9]. 

Whereas the data for the a m o r p h o u s alloy show 
rather good agreement with those of the te t rahedral 
model, larger values of the normal ized a tomic 
distances for the Mn7 4Si2 6 molten alloy are obta ined. 
This feature and the broadening of the main peak 
of the structure factor for the l iquid specimen can 
be interpreted as an evidence for a more disordered 
atomic structure in the melt. It must be remarked , 
however, that the Mn7 4Si2 6-melt shows ra ther 
extended topologial ordering compared to o ther 
melts. Perhaps the indication of a shoulder on the 
right hand side of the second m a x i m u m of the 
GA L(/?)-curve of the molten Mn-Si alloy containing 
26 at.% Si can be interpreted as caused by a smeared 
out tetrahedral ar rangement which in its more 
perfect form yields a double m a x i m u m as shown in 
the G a l ( / ? ) - cu rve of the amorphous alloy. 

According to Eq. (6), the Ashcrof t -Langreth total 
pair correlation function can be expressed in terms 
of the partial correlation functions as follows: 

GA L(/?) = 0.667GMnMn + 0.026GsiSi + 0.262GMnSi. ( 8 ) 

This equation shows that the run of the total 
GAL(R) is mainly determined by the Mn-Mn-pa i r s 
and in a less pronounced manner by the Mn-Si-
pairs. 

The atomic distances obtained f rom the measured 
data for the first ne ighbourhood a m o u n t to 2.60 A 
for amorphous Mn74Si23P3 and to 2.65 A for the 
Mn74Si26 molten alloy and thus are in good agree-
ment with the d iameter 2.70 A of the Mn atoms as 
taken from [10]. 

The total coordinat ion numbers taken f rom the 
total pair correlation function following Eq. (5) are 
listed up in Table 1 and are almost equal for the 
amorphous (11.2) and the liquid alloys (11.6). 

II. Molten Mn-Si Containing 66.5 at.% Si 

a) S t r u c t u r e F a c t o r 

The Ashcroft-Langreth structure factor SAL(£>) 
for the Mn33 5Si66.5 molten alloy is plotted in 
Figure 1. 

The main max imum lies at a larger (2-value for 
the melt with larger Si-content which can be under-
stood regarding the smaller d iameter of the Si-
atoms compared to that of the Mn-atoms. 

The height of the main peak decreases with larger 
Si-content which means a softening of the a tomic 
arrangement. 

The comparison of the correlation lengths as 
obtained from the half widths of the main peaks 
yields 6 A for the Mn3 3 5Si66.5 melt and 11 A for 
molten Mn7 4Si2 6 . It can be observed that there is no 
shoulder on the right hand side of the second 
maximum of the structure factor curve. Thus this 
melt behaves similar to nearly all melts studied up 
to now with the exception of Fe-B-melts [2] and the 
Mn74Si26-melt of Figure 1. 

Finally, attention should be drawn to the larger 
period of S A L ( 0 for the melt with larger Si-
content. 

b) P a i r C o r r e l a t i o n F u n c t i o n a n d 
C o o r d i n a t i o n N u m b e r 

The pair correlation function for the Mn33.5Si66.5-
melt is shown in Figure 2. For this composi t ion the 
GA L(/?)-function can be expressed in terms of the 
partial correlation functions as follows: 

GAL(R) = 0 .206 GM NMN+0.255 GS i Si + 0 .459 G M n s , • (9) 

In this case, the contr ibution GMNSJ of the mixed 
correlations is stronger weighted than the contribu-
tion GMNMN. If one takes for the diameters d of both 
components the values 

dMn = 2.70 A and JS i = 2 .34A (see [1]), 

the distance between Mn- and Si-atoms should be 
<̂ Mn-si = 2.52 A. From the values ^Mn and o W s i and 
keeping in mind the weighting factors of (8) and (9) 
one can explain the position of the main max imum 
of the Mn33 5Si66.5-melt compared to the correspond-
ing position within the Mn7 4Si2 6-curve (see Table 1). 

A further difference between the curves of the two 
molten alloys is the strong damping of the oscil-
lations which corresponds to the shorter corre-
lation length obtained for this composit ion from 
the half width of the first max imum of the structure 
factor. The coordination number for the Mn33.5Si66.5-
melt amounts to Nl = 9.5. 

The normalized atomic distances as shown in 
Table 1 show a rather large discrepancy compared 



to those of Wright's te t rahedral-model . Melts con-
taining 66.5 at.% Si cannot be quenched into the 
amorphous state by melt spinning. Thus our work-
ing hypothesis that there is a connection between 
the splitting up of the second m a x i m u m of the 
structure factor and of the pair correlation funct ion 
and the glass forming ability of a melt is suppor ted . 

Summary 

The atomic structure of the molten alloys Mn74Si26 
and Mn3 3 5Si6 6 5 has been investigated by means of 
X-ray diffraction experiments. The exper imenta l 
results were compared with those obta ined for 
amorphous Mn74Si23P3 . For the Mn7 4Si26-melt 
characteristic features of the amorphous alloy at 
almost the same concentration, such as a pronounced 
shoulder on the second m a x i m u m of the structure 
factor and a rather extended topological correlat ion 
were found. 
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