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The present paper is a trial to limit the coordination sphere
and hence the coordination number of atoms in alloys, This
study shows that the average weighted coordination number
of binary alloys as a whole lies in between those of the com-
ponent atoms. This result seems to be encouraging. The
coordination numbers of different atoms in the known 26
binary alloys of vanadium are determined using two different
methods, compared and discussed.

Introduction

Many attempts have been made in the past by various authors to
limit the coordination sphere of an atom in its alloy. Some of the attempts
.are mentioned here briefly.

Dehlinger and Schulze! suggested a weight for the coordination num-
ber (CN). For example, for an alloy 4,Bp (¢ and b are atomic percent
concentrations) the mean coordination number (CN), = a-(CN)4 +
+ & (CN)p. Wieting? suggested a distance weighted CN. The nearest
neighbour distance is given a unit weight and the distance at twice the
nearest distance a weight of zero. The intermediate distances are weighted
linearly depending on the corresponding distance. Hoppe? tried to describe
an effective ON with the help of geometrical polyhedral method or Maple
(Madelung Part of Lattice Energy) values.

Brunner and Laves* discussed the different known methods and sug-
gested to describe UN as a number sequence. Brunner and Schwarzen-
bach® arranged the number of near neighbours of an atom as a function
of their distances in a histogram. For about 909 of the structures treated
in this way a clear “maximum gap’’ i.e. a range of distances without atoms
was easily recognised. This gap limits the coordination sphere.

The ‘“‘conventional coordination number (CON)” of an atom is taken
to be equal to the nearest neighbours before the maximum gap in the
histogram. The ‘“weighted coordination number (WCN)” is calculated
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by assigning a unit weight to the nearest distance and zero to the distance
ratio just after the maximum gap. The distances in between these limits
are weighted depending on the ratio da/dnearest.

Brunner® proposed a new approach (1/d) for calculating the weighted
coordination number. The histogram is based on normalised 1/d, where dyp
is the interatomic distance between the central atom and the nth neighbour.
As in the previous case the nearest 1/d is given unit weight and the 1/d just
after the maximuam gap a weight zero. The distances in between are weighted
depending on 1/d,. This method is in agreement with the energy principle
since energy is inversely proportional to the distance between the atoms.

Using the last two methods we have studied the coordination number
of all the atoms in the binary alloys of vanadium with group III b and
IV b elements.

Average Weighted Coordination Number AWCN

In order to obtain an overall picture of the structure an average
weighted coordination number is calculated for the constituents of the
alloys and for the structure as a whole using the expression AWCN =
=X (WON)y - Ep/E By, where (WCON), is the weighted coordination

(3 n
number of the ntt atom and E, the equivalent point it occupies in the
structure. The results are tabulated in Tables 1 and 2. The histograms
for all the atoms of the binary alloys studied are given in Fig. 1. It can
be seen that for most of the atoms there is a clear biggest gap.

Discussion
V—ALI system

Vanadium belongs to the tungsten type structures, bee, CCN =8
(nearest neighbours) or 14 allowing for a tolerance of 13%, in the dis-
tances. With the maximum gap approach CON was found to be equal
to 14. Aluminium in the elemental state has a coordination number of 12
with all the interatomic distances equal and hence has a WON of 12
whilst V has a WON of 11.9. The present approach gives a higher WON
for cep than bee structure thus showing that the ccp structure is more
tightly packed.

Six binary alloys™3 of this system have been surveyed. Wherever
the structures were solved, the positional parameters reported were
used in the calculations and for the others the parameters were taken
from the structure type to which the particular alloy belongs. In most
of the cases vanadium exhibits a CON of 12 (in two cases 13 and 14). In
the case of Al the CON is 11 to 13 except in a few cases where it is 14,
16 and 19. The AWON of V in different structures of this system is
around 10.5 except for V3Al (9.8), while it varies from 9.3 to 11.0 for
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Table 2.
Compound
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Average Weighted Coordination Number (AWON) of the Alloys

Ref.
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Al. However, when the structure as a whole is considered the AWCN
does not change much (9.7 to 10.4; for VAl it is 11) even when the com-
position varies from one compound to another. This may be attributed
to the fact that both elements have nearly the same WCON. In VgAl
and other CrsSi type structures considered in this paper the vanadium
atom has a CCN of 14 and WCN of 9.8 while the b-element has a CON
and WCN of 12.0.
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V—Ga System

Gallium metal has a CCN of 7 and WCON of 5.4. In the six binary
alloys14-17? surveyed vanadium shows a range of CON (10, 12, 13, 14 and
16) with a tendency to increase with increasing V content. The CCN for
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Fig. 1. Distribution of near neighbours as function of their normalised

reciprocal distance (1/d,). The sequence of atoms in the figure is columnwise
and the atoms belonging to a particular alloy are under each other

Ga ranges from 8 to 15. The AWCN of V and Ga vary between 12 and
9.2 and 12 to 8.2, resp., showing a decrease with decrease of V content.
AWCN of the structure as a whole also shows a decrease (12 to 8.4) with
decrease of V content in the alloy. This means that the AWCN of
vanadium rich alloys is nearer to that of V and for gallium rich ones it is
nearer to that of Ga. The AWON of the structure lies in between those
of the constituents of the alloys.
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V—Si System

Silicon bas four nearest neighbours with the same interatomic
distance in its elemental state. Four binary alloys'®-2! of this system
have been characterised. Vanadium atoms have 14, 15 and 17 as the

Fig. 1b
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CCON in these alloys while silicons exhibit CON of 10, 11, 12 and 14. The
AWCON of V remains almost the same at about 11 except for V3Si while
it varies from 7.8 to 12.0 in the case of silicon. The AWCN of the strue-
tures show a tendency to decrease as the atomic percent of V is decreased
(VSis is an exception). The situation in this system seems to be the same
as that in the V—Ga system.

V—Ge System

Only four binary alloys?-2* have been reported in the literature.
Germanium has four nearest neighbours at equal distances. In the
binary alloys of this system vanadium shows a range of CON of 8, 13, 14,
15, 16 and 17 and Ge atoms have a CCN of 9 to 14. In Vy;Geg which is
isotypic with Cri1Geg the V atoms have a CCN of 13 to 17 while
the Ge atoms 9 to 11 and 13. Tt is interesting to note that the CCN
obtained by us is different for a few atoms from those reported by
Israiloff et al. % for Cr11Ges. The atoms V (6), V (7) and V (8) have CCN
of 17, 15 and 15 respectively as against 16, 14 and 14 reported for Cr (6),
Cr (7) and Cr (8) respectively. This has been found to be due to the
arbitrary limit of 3.35 A set for the coordination sphere boundary by
them since bond length calculations on Crii1Geg gave distances of 3.39
[Cr (6)—Cr (7)], 3.39 [Cr (7)—Cr (6)], and 3.36 [Cr (8)—Cr (4)]. We feel
that these atoms should also have been taken into account when the
CCN is determined. However for Ge (1) the CON obtained by us is 9
as against 11 reported. Though the last two atoms lie within 3.35 A
they do not fall before the biggest gap in the coordinating distances.
It must be mentioned here that though the present approach gives a
CON 9, a OCN of 11 should be taken in order to have a closed polyhedron
around Ge (1).

The WCON of individual vanadium atoms in this system varies from
6.7 to 12.7 while that for Ge is between 6.5 and 12.0. The AWCN for
V and Ge varies from 8.5 to 10.4 and 7.7 to 12.0 respectively. As in
the case of V—Ga and V—=Si systems the A WCON of the structure as a
whole varies from 10.3 to 8.0 showing a clear tendency to decrease
as the atomic percent of vanadium is decreased.

V—S8n, V—Pb, V—In, and V—T1 Systems

In V—Pb, V—In, and V—TI systems only the A-15 type com-
pounds?’> 28 have been reported. In V—Sn system apart from the A-15
alloy?> another alloy® VSnj has been reported. In VaSng the vanadium
atom exhibits a CCN of 10 while the Sn atoms have a CCN of 15. The
WCN of Vis 94 and that of Sn is 10.8. The AWOCN of the structure as
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a whole is 10.3 while that of V3Sn is 10.4. A correlation like the ones
obtained in other systems is hard to make due to lack of binary alloys
reported in the literature in these systems.

Conclusions

As mentioned earlier Brunner and Schwarzenbach® suggested the
so called “maximum gap” and dn/d; weighting procedure to limit the
CON. Brunner® proposed a 1/d weighting procedure. In this paper we
used both approaches and find that the latter gives more reasonable
results and hence have used the values obtained by this weighting pro-
cedure for the purposes of discussion and drawing the following con-
clusions.

1. When the two elements in the binary alloy have almost the same
WON as in the case of V—AI system the AWCON of the phases does not
change appreciably with change in composition of the alloys. The AWON
of the phases lie in between those of the components; eventhough the
structure types are different.

2. When there is an appreciable difference in the CCN of the consti-
tuting elements of the binary alloys as is the case with V—Ga, V—S8i
and V—Ge systems there is a tendency for the AWON of the structure
to decrease with decrease of V content of the alloy (V has a higher ON
than the other elements). The A WCON of the phases in this case also lies
in between those of the components.

3. The close packed structures possess the uppermost CN of 12. The
present study shows that although the atoms individually have CN of
more than 12 the structure as a whole has a lower 4AWON.

4. In most of the alloys considered the vanadium atom has a higher
AWCN than the b-element though it has a smaller radius. This cor-
responds to the metallic character of V.

5. In a particular structure type the coordination number and
hence the packing does not depend on the elements constituting the alloy
but on the structure type itself as evidenced by the CrsSi type alloys
(VsAl, V3Ga, V3Si, VsGe, V3Sn, V3Pb, V3In, and V3TI). This has also
been found to be the case with CrSiz and TiAls type alloys. Hence it
seems worthwhile to take the coordination number as a characteristic
feature of the alloys belonging to a particular structure type.
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