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Structural and electrical properties of the glassy 
semiconductor system Cu-As-Te 
Part 2 Structural analysis by X-ray diffraction and space models 

J. VAZQUEZ,  E. MARQUEZ,  N. DE LA ROSA-FOX,  P. V ILLARES,  
R. JIMI~N EZ-GARAY 
Departamento de F/sica Fundamental, Facultad de Ciencias, Universidad de C~diz, 
Apartado 40. Puerto Real (C#diz), Spain 

An X-ray diffraction radial-distribution study of Cuo.05Aso.50Teo.45 (MI) and Cuo.15Aso.40Teo.45 
(MII) amorphous alloys obtained by the melt-quench method has been performed. The short- 
range order proposed from the radial distribution function (RDF) interpretation was calculated 
from a theoretical expression that takes into account the variation with s (scattering vector 
modulus) of the atomic scattering factor, and approximating it to polynomial functions. The 
local order of both alloys presents a deviation from the covalent character of the arsenic and 
tellurium elements bound to copper, increasing the mean coordination and not fitting the 
"octet" rule. For an in-depth study of the structural characteristics, tridimensional models were 
built by computer simulation of an X-ray diffraction experiment. Refinement was carried out 
by the Metropolis-Monte Carlo method with some modifications. The basic structure of both 
models may be described by a network of tetrahedra centred on copper and arsenic atoms. As 
both clusters are intermingled, the network connectivity is increased. Both models present 
a certain number of tellurium atoms with dangling bonds with average bonding distances 
above the mean value in the model which, together with the copper concentration, may be 
responsible for its decreased electrical resistivity. 

1. Introduction 
Chalcogenide glasses are in general characterized by 
high values of resistivity, implying certain limitations 
in their applications as well as difficulty i n  electri- 
cal measurements. Borisova [1] has shown that the 
addition of some d-elements in amorphous materials 
can lead to significant changes in their resistivities. 
On the other hand, these materials are studied 
mainly because they present switching phenomena 
and memory effects and therefore can be used in the 
manufacture of  a great number of  electronic devices 
[2]. 

Of these glasses, those containing tellurium are 
characterized by their high electrical conductivity, this 
property being heightened when one of  the elements of  
the material is copper. The relationship between elec- 
trical conductivity and sample composition in this 
type of ternary alloy is one of  the reasons justifying the 
interest in establishing both the structural and electrical 
properties of the Cu-As-Te system. 

A structural analysis, with a view to a later study of  
their electrical properties, has been carried out in 
the Cuo.osAso.50Teo.45 (MI) and Cuo.15Aso.40Teo.45 (MII) 
alloys of the aforementioned system, given that the 
establishment of structural units, the distribution of  
chemical bonds between atoms, the radii of coordi- 
nation spheres and the mean values of the bond 
distances, besides having an intrinsic interest, can 
provide an explanation of how the process of electrical 
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conductivity in this system is so closely related to the 
type and amount of chemical bonds present in the 
material. 

In the present paper, the results of  the atomic radial 
distribution study are extended by means of  the 
simulation of tridimensional models, which permit a 
statistical analysis of the main structural parameters, 
as well as justifying some of its macroscopic properties. 

2. Experimental procedure 
Samples of the MI and MII alloys were prepared with 
commercial copper, arsenic and tellurium elements of 
5 N nominal purity, appropriate proportions of which 
were mixed homogeneously to obtain the aforemen- 
tioned compositions. The mixtures were placed in 
quartz ampoules which were hermetically sealed in 
an inert helium atmosphere. The sample-containing 
ampoules were placed in a rotatory furnace at 900°C 
for 4 h, after which the ampoules were rapidly air- 
cooled. 

In both cases, part of the prepared solid was 
powdered to particle size less than 325 mesh, and 
compressed into pastille shapes of 30 mm x 12 mm x 
1 mm. The absence of peaks typical of a crystalline 
phase was verified by X-ray diffraction. 

The density of each alloy was determined experi- 
mentally by a pycnometric method at constant tem- 
perature. The mean values obtained for MI and MII 
were 5.44 and 5.80gcm -3, respectively. 
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Diffracted radiation intensities were determined 
with an automatic powder diffractometer (Siemens 
D500) that verifies the Bragg-Brentano geometry by 
reflection. Mo K~ radiation (2 = 0.071069nm) was 
selected by means of a bent graphite monochromator, 
and radiation was detected with a scintillation counter 
fitted with a photosensitive NaI(T1) window. 

To obtain scattering intensities, four series of measure- 
ments were taken in the interval 5 ° ~< 20 ~< 110 °, two 
each for increasing and decreasing scattering angles. 
These measurements were based on the determination 
of the time taken in registering a set number of counts 
(n -- 4000). 

3. Theory 
From the structural information that is obtained from 
experimental intensities, the radial atomic distribution 
is deduced, from which the short-range order of the 
material may be postulated. 

Reduced intensity, as a function of the scattering 
vector modulus s = (4rt/2) sin 0, is defined as 

Ie.u. (S) - -  Z x i f i2  (S) 

i ( s )  = (1) 

where Ie.u(s) is the coherent part of the measured 
intensity, corrected and normalized to electron units 
(e.u.), and xi and f (s)  are, respectively, the atomic 
fraction and the atomic scattering factor of an/- type 
atom. 

The pair correlation function (PCF) is obtained 
from the Fourier transform of the interference 
function, F(s) = si(s), as 

G(r) = _2 f£m F(s) sin (sr) ds (2) 
7~ 

where Sm is the upper measurement limit, which 
generates the radial distribution function (RDF) given 
by 

47zr2~(r) = 4ztr200 + rG(r) (3) 

where 0(r) is local atomic density, affected by the 
Fourier transform of the products &j(s) = f(s)f j(s)/  
[E~x~f(s)] 2, and 00 is the average experimental atomic 
density of the material, expressed in atoms per unit 
volume. 

The RDF, as a probability function, provides 
information on the average number of atomic centres 
around an arbitrary one taken as reference. Thus, this 
function presents maxima in the positions of these 
centres. The area below each peak provides the 
average number of neighbours of each coordination 
sphere. 

One of these areas, that corresponding to the first 
peak, is related to certain structural parameters which 
may be used to propose an average structural model of 
the material. The following relation may be used in 
many cases: 

1 
- -  2 Area (~x~Z~ I ~ n i j x ~ Z ~ Z ;  (4) 

in which Z i and Zj are the atomic numbers of Elements 
i and j, respectively, and nii the structural parameters 
representing the average numbers of j-type atoms 
surrounding an arbitrary/-type atom in the first coor- 
dination sphere, i.e. the mean relative coordination 
number. 

Nevertheless, the previous relation is only valid 
when the R,j(s) functions remain practically constant 
and equal to Z~Zfl(EixiZ~) 2, in the complete s interval 
in which the measurements are carried out. When the 
R~j(s) functions move significantly away from these 
constant values, Vfizquez and Sanz [3] have deduced a 
more approximate expression for the area of the first 
peak of the RDF, following the method described by 
Warren [4] and considering that the products R~j(s) 
may be approximated by n-order polynomials in s. 
This expression is 

2 ,--,~ c~nij 
Area = - ) , )  x i - -  I rPij(r) dr (5) 

7~ "~ T d • rij 

where rq is the average distance between an/-type and 
a j-type atom, a and b are the limits of the first peak 
of the RDF and Pi;(r) a function defined by 

1 f(s)fj(s) 

The structural information obtained from the 
analysis of the experimental RDF, together with 
certain known physical-chemical properties of the 
compound and its constituting elements, allow a 
hypotheses on the short-range order of the alloy to be 
proposed. For an in-depth study of the stereochemistry 
of these materials, tridimensional structural models 
are generated numerically, and their analysis pro- 
vides information on the main structural parameters 
(distances, bonding angles, packing, etc.). 

From different methods found in the literature [5, 6] 
for the generation of structures of amorphous solids, 
the aleatory Metropolis-Monte Carlo method [7] 
seems the most appropriate for describing the short- 
range order of a material, as it best simulates the 
structural characteristics of an alloy obtained by 
sudden quenching of the molten mixture. 

This method for the construction of structural 
models (modified because the lack of long-range order 
does not imply maximum aleatoriness of the atomic 
network) may be described as a two-step process: (i) 
generation of the initial atomic configuration, and (ii) 
refinement of the same. 

In the first step a particular volume is chosen, and 
a number of positions are created within it equal to the 
number of atoms that may also be in it, according to 
the experimental density and atomic mass of the com- 
position unit. The generation of positions is carried 
out in a semi-aleatory fashion taking into account the 
stereochemical hypotheses that are deduced from the 
analysis of the experimental RDF. 

A theoretical diffraction experiment is carried out 
on the model with the object of calculating its reduced 
RDF, rGmo d(r). This is then compared to the experi- 
mental RDF, rGexp (r), damped by a function simulating 
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the finite size of the model, which is defined as 

DCr) = 1 . 0 -  1.5 ~ + 0.5 ~-~ (7) 

proposed by Mason [8] that represents the probability 
of finding an r distance in a sphere of radius R. The 
mean quadratic deviation of  both functions is given by 
the relation 

~2 __ 1_ 2 [riGexp (ri)D(ri) - -  riGmod(ri)]2 (8) 
M i  

in which M is the number of points where the adjust- 
ment has been carried out. The value of this parameter 
is used as criterion of the model validity. 

In the second step the positions of the model are 
refined, evolving through successive movements of the 
atoms in aleatory directions, but obeying the foreseen 
geometric and coordination restrictions. A movement 
is considered valid when the mean quadratic deviation 
is decreased. 

Fine adjustment of positions is considered as being 
complete when the necessary computation time to 
effect a valid movement is excessive and the mean 
quadratic deviation between the reduced RDFs of the 
model and the experimental data does not undergo 
notable improvement. Values of e 2 less than 0.05 give 
statistically significant models. In Fig. 1 the different 
stages of this process are shown, in which Fig. la 
corresponds to the initial configuration and shows the 
aleatoriness of  the model, Fig. lb to that after 100 
valid movements when the definition of the first peaks 
is observed accounting for the very short-range order, 

and Fig. lc to that when /~2 = 0.045 and all the 
model's coordination spheres are defined and adjusted. 

4.  R e s u l t s  
4.1. RDF  ana lys is  and  s h o r t - r a n g e  o rde r  

h y p o t h e s e s  
The intensities measured experimentally were cor- 
rected for background, polarization and multiple scat- 
tering, Warren's method [4] being used in the last 
correction. Compton scattering was evaluated, taking 
into account monochromator  efficiency and following 
the procedure described by Shevchik [9]. The intensities 
were expressed in electron units by means of the high- 
angle method [4]. These intensities are shown in Fig. 
2. 

The F(s) function was theoretically extended to 
Sm,x = 300 rim-~ to avoid spurious oscillations in G(r) 
below the first significant maximum due to the lack of 
data for high s, with the method described by D'Anjou 
and Sanz [10] based on Shevchik's method [9], which 
supposes that for high s values the F(s) function is 
approximated by 

Ftheoretical (S) C . = -- sm (rs) e -+2"2/2 (9) 
r 

where C, r and a are parameters obtained by the 
least-squares method from the initial C~, r~ and eL 
values representing the area, position and half-width 
of the first peak of the RDF obtained from the 
Equation 2 for Sm = 144.8 nm -1, the maximum value 
in our experimental device. 
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Figure2 Normalized experimental intensities and structure- 
independent scattering curve (fine line) in electron units. 
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Figure 3 Radial distribution functions (RDFs). 

The Fourier transform of the extended F(s) 
functions gave rise to the RDFs of both alloys which 
have been plotted in Fig. 3. The analysis of the experi- 
mental RDFs of each compound gives the structural 
information summarized in Table I. 

The definition interval of the first peak, corre- 
sponding to the first coordination sphere in each of 
the compositions of  the Cu-As-Te system (Cu = 1, 
As = 2, Te = 3), is such that all types of  bond 
between the different elements of both compounds are 
possible, as may be deduced from the comparison 
of  the aforementioned intervals with the bonding 
lengths, found in the literature [11-15]. 

Taking into account that in these alloys tellurium 
contributes to a greater degree to the diffraction 
spectrum, it seems logical to think that the first 
maximum of the RDF is found between the values 
defining the bonding lengths of  this element (Te X), 
which agrees with the mean weighted value of  these 
lengths (0.259 nm for MI, 0.260 nm for MII), in agree- 
ment with the positions of  the first peak obtained 
experimentally (Table I). 

As has been indicated previously, the area enclosed 
by the first peak of the RD F  represents the mean 
coordination number of the material. Thus, it is of  
interest to theoretically evaluate this parameter. This 
may be done using the appropriate hypotheses, and 
comparing it to its experimental value when attempting 
to generate a structural model of the alloy. 

In the case of the glassy system Cu-As-Te,  copper 
is supposed to be tetracoordinated (N = 4), accepting 
the necessary electrons for sp 3 hybridization of  some 
arsenic and tellurium atoms, which increase their 
coordination to become 4 and 3, respectively [11-16]. 

For the theoretical calculation of the area under the 
first peak of the RDF, bearing in mind previous 
hypotheses, the variation with s of  the R~j(s) functions 
have been considered. To this end, the relation 
deduced by Vfizquez et al. [17] has been used: 

t 
Area - 50~z [(h + f l A 2 2  - 26A23)N + aA22 

+ 2yA23 + 2(A22 + A33 - 2A23)a33] 

where 

h _ a~ [a~All + 2(a~A,2 + a~A,3) 
100 

+ (a~ - a~)A22 - 2a~A23] 

(lO) 

(11) 

and ~, fl, 7 and 6 are characteristic parameters of each 
alloy and a33 is the number of  bonds between tellurium 
atoms and a~ (i = d, 2, 3) is the concentration of 
/-element in 100 atoms of  material. 

For the determination of the Aij parameters which 
figure in the previous expressions, the R~j(S) functions 
have been adjusted by the corresponding regression 
straight lines and, following the method described by 
Vfizquez et al. [3] the values in Table II were cal- 
culated. The following results were obtained for the 
specific characteristics of each alloy: for MI 

h = 3.2905 ~ = 64.63 fl = 0.37 

7 = 85.68 6 = - 2 . 3 2  

and for MII 

h = 10.5763 ~ = 35.53 fl = - 0 . 5 3  

= 80.24 6 = - 7 . 7 6  

With these parameters and the Aij from Table II, by 
means of  Equation 10 the area below the first peak of 
the RDF is given by 

Area = 2.4090 + 0.0064a33 (12) 

TAB L E I RDF characteristics 

Alloy MI Alloy MII 

Max. 1 Max. 2 Max. 1 Max. 2 

Position (nm) 0.260 
Limits (nm) 0.225 to 0.300 
Averaged angle (deg.) 98.9 
Area (atoms) 2.44 
Estimated error + 0.1 

0.395 0.260 0.405 
- 0.220 to 0.295 - 

102.3 
6.97 2.86 7.05 

_+0.2 ±0.1 ___0.2 
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in the case of  the first alloy (MI) and by 

Area = 2.6766 + 0.0055a33 (13) 

in the second (MII). 
As can be seen, these functions vary linearly with 

the number  of  T e - T e  bonds. These areas, against the 
variable a33 for each of  the compositions, are shown in 
Fig. 4 and then compared to the experimental values, 
allowing the variable to be enclosed within the 
interval 0 ~< a33 ~< 20.47 in the case of  MI, and 
15.16 ~< a33 ~ 42.45 for MII.  

Mean relative coordination numbers, n u, that 
depend on a33 [18],  corresponding to the extremes of 
the intervals are shown in Table III .  

Bearing in mind these n u values, it may be postu- 
lated that the material of  each one of the samples 
possesses a short-range order between the indicated 

extreme situations, so that those models which verify 
the mean coordination numbers of  the aforementioned 
extreme values may be postulated as the most probable 
structural models, and from which the mean number 
of  bonds, asy, has been calculated for every 100 atoms 
of material (shown in Table IV). 

In accordance with these suppositions and the n u 
established, structural models may be proposed for 
the glassy system Cu-As -Te  in which, together with 
tetrahedral units centred on copper atoms, such as are 
shown below 

As As 
I I 

A s -  C u -  Te A s -  C u -  Te 

I I 
As Te 

other tetrahedra centred on arsenic atoms coexist. All 

T A  B L E I I Functions Ru(s ) and values obtained for A u 

Pair Ru(s) 

MI MII  

A u 

MI MII  

1-1 
1-2 

1-3 
2-2 
2-3 

3-3 

--7.6 x 10-4s + 0.4836 

--7.3 x 10-4s + 0.5529 
--3.7 × 10-4s + 0.8853 

--6.8 × 10 4s + 0.6325 
-- 1.3 x 10-4s + 1.0119 

15.1 x 10-4s + 1.6166 

--7.6 x 10 4s + 0.4930 

--7.3 x 10 4s + 0.5642 

--3.5 x 10-4s + 0.9030 
--6.8 x 10 4s + 0.6451 
-- 1.1 x 10-4s + 1.0324 

15.9 x 10-4s + 1.6491 

0.7218 0.7329 
0.8513 0.8443 

1.3731 1.4113 
1.0058 0.9614 
1.5730 1.5545 
2.6414 2.5777 
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T A B L E  I I l  C o o r d i n a t i o n  n u m b e r s  c o r r e s p o n d i n g  to  the 

ex t remes  o f  the  in tervals  fo r  b o t h  a l loys  

C o o r d i n a t i o n  n u m b e r s  

Afloy M1 

a33 ~ 0 

a33 = 2 0 . 4 7  

nil  = 0.2 hi2 = 2.04 nt3 = 1.76 

n21 = 0.2 n22 = 1.27 n23 = 1.69 

n3L = 0.2 n32 = 1.96 n33 = 0 

n t t =  0.2 n12 = 2.04 nl3 = 1.76 

n2i = 0.2 n22 = 2.07 n23 = 0.89 

n31 = 0.2 R32 = 1.03 n33 = 0.93 

T A B L E  V C o o r d i n a t i o n  in b o t h  mode l s  

Type  o f  C o o r d i n a t i o n  

a t o m  
4 3 2 1 0 

C u  7-23 . . . .  
As 17-20  23-29 22-11  10-2  - 

Te - 12 -14  32-35 15-15  3 - 2  

I tal ics  d e n o t e  the  n u m b e r  o f  a t o m s  o f  e a c h  type  h a v i n g  the  usua l  

c o o r d i n a t i o n .  

Alloy MII  

a33 = 15.16 

a33 = 4 2 . 4 5  

nil = 0.6 hi2 = 1.64 hi3 = 1.76 

n2j = 0.6 n22 = 1.60 n23 = 1.33 

n3[ = 0.6 n32 = 1.24 ~33 = 0.69 

n t t =  0.6 nl2 = 1.64 hi3 = 1.76 

n21 = 0.6 R22 = 2.93 n23 = 0 

n31 = 0.6 n32 = 0 n33 = 1.93 

these structural units would be linked by branched 
chains, constituted by an excess of arsenic and 
tellurium atoms. 

4.2. Generation and analysis of structural 
models 

In the two compositions studied of the Cu-As-Te 
system, the initial configuration of the atomic positions 
was generated in a space limited by a spherical surface 
of 1 nm radius in which were placed, in agreement 
with the density and composition of each alloy, 7 
copper atoms, 72 arsenic atoms and 62 of tellurium in 
the case of  MI, and 23 of copper, 62 of arsenic and 67 
of tellurium for MII, imposing the geometrical restric- 
tions that had been deduced from the respective 
experimental RDFs, referred to distances and bonding 
angles, and the condition in which the maximum 
number of first neighbours was no more than four. 

The process of position adjustment was carried out 
by means of atomic shifts in aleatory directions. The 
values of amplitudes of  these shifts were 0.03, 0.02 and 
0.01 nm in the different stages of fitting. Movements 
implying the breakage of  bonds of copper atoms were 
not allowed in this process, so that the coordination of 
this element could be maintained. The model corre- 
sponding to MI, after 580 valid movements, attained 
a mean quadratic deviation of 0.00171 nm, while for 
MII the deviation was 0.00215nm after 629 valid 
movements. Thus, these models could be considered 
as representative of the structure of the materials 
under study, and the corresponding fitting process 
could be considered to be completed. Fig. 5 shows the 
reduced RDFs of the model and the experimental data 
for each of the alloys. 

T A B L E  I V  M e a n  n u m b e r  o f  b o n d s  

B o n d  a,j 

M I  M I I  

1-I  1 5 
1-2  10 25 

1-3 9 26 

2 2 42 46 

2 0  66 27 
3 3 10 29 

A comparative analysis of the principal structural 
parameters was carried out to extend our structural 
knowledge for the two alloys. The resultant coordi- 
nation in both models is set out in Table V, where the 
first value corresponds to the model of the alloy MI 
and the second to the model of the alloy MII. 

Arsenic and tellurium atoms present dangling 
bonds that, to a large extent, belong to atoms less 
than first-neighbour distance (78%) from the sphere 
periphery and could be satisfied with hypothetical 
external neighbours. In all, the number of over- 
coordinated atoms is similar to that of  under- 
coordinated ones in both models. These defects are 
taken into consideration by the term "valence alter- 
nation pairs" (VAP) described by Kastner et al. [19], 
with a much smaller creation energy than the energy 
to break a bond, and has as a consequence a relative 
density of loaded defects present in the material in 
equilibrium, which produces a Fermi level pinned in 
the gap. Given the similarity of  coordination distri- 
bution in both models, it may be concluded that the 
electrical behaviour of each alloy as an intrinsic 
semiconductor will also be similar. In any case, the 

T A B L E  V I  A v e r a g e d  b o n d i n g  d i s t ances  

B o n d  (dij)  (nm)  Ref.  

C u - C u  0 .289 * 

0.251 q 

0 .258 

C u - A s  0 .260 * 
0.255 t 

0 .253 § 

C u  Te 0 .262 * 

0.261 + 

0 .264 § 

A s - A s  0 .262 * 
0 .252 t 

0 .257 [131 

0 .259 [21, 22] 

0.251 [23] 

A s  Te 0 .257 * 
0 .258 t 

0 .258 [13] 

0 .255 [21] 

T e - T e  0 .258 * 
0 .262 t 

0 .260  [24] 
0.257 [21] 
0.262 [15] 

* M I .  

* MI I .  

++ E s t i m a t i o n  o f  the  ave r age  va lue  be tween  the  pu re  m e t a l  a n d  C u  2 S 

[111. 
§ E s t i m a t i o n  b y  m e a n  s o f  S c h o m a c k e r  a n d  S t evenson ' s  f o r m u l a  [12]. 
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Figure 5 ( ) Experimental and (-  ) model reduced RDFs for (a) MI and (b) MII, indicating the geometrical fitting of the models. For 
MI e 2 = 0.0171 and for MII e 2 = 0.0215. 

differences found in electrical resistivity [20] must be 
attributed to Cu-X bonds with a greater ionization 
ability. 

Table VI shows the average bonding distances 
(ABDs) that appear in both models together with 
some of the standard distances of similar alloys 
described in the literature. It is observed that the 
values obtained agree with data from the literature 
since, with the exception of the Cu-Cu ABD which 
are not considered statistically significant, all the other 
values differ less than 3% from those previously 
reported. 

The similarity in ABDs between both models must 
be highlighted, as the mean value weighted with 
regard to bond numbers is an indication of the greater 
compactness of the model of Alloy MII, which is in 

T A B L E  VI I  Averaged bonding distances of  tellurium atoms 
with coordination defects and number of these bonds (n) for every 
100 atoms of  material 

Bond* MI MII 

( d )  (nm) n ( d )  (nm) n 

As-Te(1) 0.264 7 0.258 6 
As-Te(3) 0.258 9 0.259 9 
Te Te(l) 0.262 4 0.262 1 
Te-Te(3) 0.257 10 0.262 6 

*Te(1) singly coordinated, Te(3) threefold coordinated. 

agreement with the mean experimental coordination 
given by the RDF (2.44 +_ 0.1 atoms for MI against 
2.86 _+ 0.1 for MII). 

The ABDs of the C u T e  and A~Te  bonds are equal 
in both models, while the ABD of the Te-Te bond is 
greater in MII. This disagrees with the rest and may 
be related to lesser bonding of these atoms. Thus, 
Table VII shows the ABDs of tellurium atoms with 
coordination defects (Te(1) and Te(3)), bound to 
arsenic and tellurium atoms. However, for the C u T e  
bonds, insufficient ABDs have been established, and 
cannot be considered representative. 

On one hand, ABD values higher than the average 
are observed for monocoordinated tellurium atoms of 
the MI model, indicating that the bonding energy is 
lower than the others. On the other hand, in the MII 
model, the ABD values agree with the average for the 
model. These results clearly indicate the weak bonding 
of tellurium atoms. 

One should note the increase in the number of 

T A B L E  V I I I  Averaged bonding angles (deg) 

Type of angle MI MII 

X Cu X 106.6 106.2 
X - A s  X 107.6 107.2 
X - T e - X  110.3 108.1 
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Figure 6 Schematic spatial representation 
of the tetrahedral clusters enclosed by the 
dotted line (centred on copper and some 
on arsenic atoms), together with atomic 
chains in the cluster voids and Te(1) atoms 
singly coordinated in the cluster periphery. 
(a) Model of MI alloy and (b) model of 
MII alloy. 

Y x 

Cu-X bonds in the Model MII  in comparison to that 
of MI which is directly related to their electrical 
resistivity. 

The bonding angle of  each element with two first 
neighbours is also considered a parameter of structural 
interest. The mean values of the bonding angles for 
both models are set out in Table VIII. 

In spite of the slight discrepancies with the charac- 
teristic angle (109.5 °) of a regular tetrahedron, which 
in the least favourable case is no greater than 3%, all 
the indicated values may be considered acceptable for 
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the models of the studied compositions, if it is taken 
into account that the first distortions that may be 
expected in the structure of  an amorphous material 
are present in the bonding angles. It must also be 
pointed out that the angles with a vertex in the same 
element have very similar values in both models. 

A spatial view of the tetrahedral network of the 
models of each alloy is shown in Figs 6a and b, where 
the similarity in both distributions may be appreci- 
ated as well as the greater compactness of the MII  
model. 



5. Conclusions 
The tridimensional structure of the present alloys may 
be described as a network of tetrahedra centred on 
copper, some also being centred on arsenic, thus 
making the atomic network more compact. In both 
cases the tetrahedral network is distributed in clusters, 
voids being mainly occupied by singly coordinated 
tellurium atoms. The distribution of inter-tetrahedral 
chains and rings affects the compactness of the atomic 
network. 
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