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In this paper we present a study of the short range order and of the 
coordination number in liquid Selenium-Tellurium systems. 

The first part deals with neutron diffraction measurements of the structure 
factors of liquid Sej Te x, in the whole concentration range, at V75 C, performed 
at EU reactor in SacTay using a 600 cell multidetector. From these data we have 
calculated the radial distribution functions from which were deduced the 
corresponding coordination numbers. 

In a second part we present a structural model based on random chains for 
Selenium and on a quasicrystalline behaviour of Tellurium. For Se-rich melts we 
assume that Tellurium enters the Selenium chains by substitution. In the Te-rich 
range we assume that the local order if represented.by substituted SeTe chains in a 
Tellurium matrix. This model provides us with a good representation of the various 
structure factors. Moreover we have calculated the coordination number for each 
concentration in the model and the results are consistent with our experimental 
data. 

The 2 fold coordination of Se and the 3 valency of Te in the liquid state are 
emphasized and they can be associated with the metallisation of liquid Tellurium 
whereas Selenium remains a semiconductor. 



1. Introduction 

Although Selenium and Tellurium belong to the 
same class of lattice in the crystalline state they do 
exhibit very different local orders above the melting 
point. Liquid Selenium remains divalent and its resis
tivity2 decreases only very slowly with increasing 
temperature. On the contrary liquid Tellurium beco
mes trivalent just above the melting point3 and its 
resistivity* decreases very quickly down to a metallic 
state. It therefore seemed to us interesting to under 
take a determination of local order in the whole 
concentration range of th: liquid SeTe mi* tares in 
order to study th«» variation of the coordination 
number. 

2. Experimental results 
Struture factors determination at 475 C from 

ne-'tron diffraction measurements have been carried 
out at the E^reactor in Saclay for various Sej.^Te^ 
melts with 10 values of x convering the whole 
concentration range. The use of a 640-cell mul ridetec-
tor provides us with very high counting rates for short 
times of measurement. The liquid samples were put in 
cylindrical containers of vitreous silicium of 10 mm 
diameter and 0.5 mm thickness. The furnace consisted 
of a Vanadium cylinder 30 mm in diameter and 0.1 mm 
thick. The mean scattered intensities for the furnace 
and for the container were respectively about 5% and 
12% of the intensity scattered by the *:3Te samples. 
After geometrical correction for absorption5 and 
Placzek type correction for inelasticity6 the scattered 
intensity has been normalized in order to obtain the 
structure factors. The mean relative uncertainty in 
these structure factors is estimated to be less than 
2%. 

We give in figure 1 and figure 2 a plot of the 
radial distribution fonction g(r) for the various studied 
concentrations. 

The most important feature of these curves in 
the Se-rich range consists of sharp peaks for first and 
second neighbour distances and very diffuse order 
elsewhere. For Te concentrations higher than 60% the 
second peak becomes very large and finally parts into 
two distances. More over an additional peak arises 
between 6 and 6.25 A. 

The distances of first and second neighbours for 
all concentrations increase very slowly, and there is a 
very weak smoothing of the corresponding pc.ks for 
increasing Te concentration. Such a progressive change 
in the radial distribution function suggests that the 
same kind of structural model, based on the first and 
second neighbours distances can be used for both liquid 
Selenium and Se-rich mixtures. On the contrary, in 
the Te-rich range more characteristic distances must 
be involved in a representation of local order. 



3. Structural model 
The structural model chosen to give representa

tion of the various structure factors in the Selenium 
rich range is based on the Nearly Free Rotating Chains 
(NFRC) model that we have already used in the case of 
pure Selenium ? . 

It consists of chains of atoms in which the 
distances d j and the angles <p of the covalent bonds 
are conserved but in which the dihedral angle has a 
nearly random distribution, as shown in figure 3. 

By a nearly random distribution we mean that we 
have forbidden in our model that any distance be 
smaller than the nearest neighbour distance the fact 
that the g(r) is very close to zero after the first peak 
is an experimental evidence that the distribution 
functions for higher order have no overlap with the 
first neighbours distribution. In order to evaluate the 
chain parameters d, and <p for SeTe melts we assume 
that Tellenium enters by substitution in Selenium 
chains. 

The mean distance d j of nearest neighbours has 
been evaluated respectively by using, for a couple of 
atoms i and j with concentrations and scattering length 
XjXj and b£ bj ; a statistical weight u . . such 
as : «y , x.x. b.é.}. 

To compute the mean value of the covalent bond 
«p we consider second neighbour atoms i and ) covalent-
ly bonded to the same third atom k. The mean value 
for the second neighbour distance d 2 is calculated with 
a statistical weight : w; j ^ - x i x j x k b i b J a n d w e 

deduce the mean value of <p by the relation : 

• * d 2 
s i n 2 * 2*7 

The structural model used to fit the structure factor in 
the Tellurium rich range is based on a quasicrystalline 
behaviour of pure liquid Tellurium. In a previous paper 
8 we had made an attempt to represent the local order 
by using as a starting point the hexagonal structure of 
Tellurium. Here following Friedel9 we have used the 
solid state structure of Arsenic as a structural basis in 
order to obtain a better representation of trivalent 
liquid Te. 

The parameters a,c,u of the crystalline Arsenic 
have been changed to take into account the first and 
second neighbour distances and the atomic density as 
shown in figure k. 

For Te-rich melts we have assumed that the 
Sej_ x Te x system consists of a quasi-crystalline matrix 
of As-type Tellurium in which are present Se-Te chains 
with the limit concentration of about 60% Te. This 
assumption is based on the variation of the coordina
tion number versus concentration that we have plotted 
in figured. Moreover this behaviour of the coordination 
number is in fair agreement with previous results 
obtained from density 1 0and X-ray diffraction measu
rements.' ' 



H. Discussion 
The experimental and simulated structure 

factors of liquid Se Te melts have been represented in 
figures 6 and 7. The -^served fair agreement on the 
Selenium side is consistent with the constant value of 
the coordination number in this range of concentra
tion. Moreover, the high values of the resistivity2»'tip 
to 60% Te at temperature of the order of 500 C seems 
to be a confirmation of this random chain structure of 
SeTe melts. 

The agreement is not so good in the Te-rich 
region but it seems that the As structure can be a 
reasonable approximation for local order in liquid Te. 

Conclusion 
We have determined accurate structure factors 

for molten SeTe systems by neutron diffraction measu
rements using a multidetector. 

The 2 coordinations of liquid Se has been 
conserved up to 60% Te which is very consistent with a 
chain structure of SeTe substitution real systems. In 
the Te-rich range, the coordination number grows up 
to 3 for pure Tellurium. We have therefore represented 
the structure factor assuming an As-type local order. 
This seems to be a confirmation of the weakening of 
the one dimensional behaviour of elements when one is 
going from Sulfur and Selenium to Tellurium ai>d 
Polonium. 
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Figure captions 

Fig . l . Pair correlation function, g(r), of liquid Se. 
Te mixtures (0<x <0.5). 

Fig.2. Pair correlation function, g(r), of liquid Se. Te 
mixtures (0.6< x< 1). 

Fig.3. Structural basis of the NFRC model. 

Fig.4 Elementary cell of A J latt ice type used as 
as a structural basis for the model Te. 

Fig.5. Coordination number N. as a function of 
the concentation x in Tellurium. 

Fig.6. Experimental (open circles) and simulated 
(full line, structure factors of liquid Se, Te 
mixtures (0< x <0.5). 

Fig.7. Experimental (open circles) and simulated 
(full line), structure factors of liquid Se, Te 
mixtures (0.6< x< 1). 
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