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Abstract. New crystal structure maps have been proposed on the basis of the DV-Xα molecular
orbital calculations of electronic structures. Two electronic parameters have been introduced and
employed as new parameters for the classification of crystal structures. One is the bond order
and the other is the d-orbital energy level of elements. Both of them change following the
position of elements in the periodic table. With these parameters crystal structure maps have
been constructed for aluminides, silicides, and some transition-metal-based compounds. There is
a clear separation of the crystal structures on the maps. These maps are found to be applicable to
the prediction of crystal structures not only for binary compounds but also for ternary compounds.
The possibilities of structural modification of Nb3Al and Al3Ti by alloying are also discussed
with the aid of these maps.

1. Introduction

Crystal structures of intermetallic compounds change greatly with the combination of
constituent elements in them [1]. This is in contrast with metals and alloys, having only
a few crystal structures. The physical and chemical properties of intermetallic compounds
depend strongly on the crystal structures, so many attempts have been made to improve
their properties through structural modification, for example, by adding ternary elements
into mother compounds [2, 3]. It may be said that the prediction of crystal structures is
indeed a first step to the design of intermetallic compounds.

A pioneering work for the structural separation of compounds was performed using
the average number of valence electrons per atom (e/a) by Hume-Rothery in 1934, and
these compounds are sometimes called electron compounds. Since then, many investigators
have attempted to put in order crystal structural data on two- or three-dimensional structure
maps employing a variety of parameters such as the electronegativity, the pseudopotential
radius [4–7], and the Mendeleev number [8, 9]. However, despite great effort to predict the
crystal structures of the compounds, there are still some difficulties in these approaches, as
explained later. The total-energy calculation has also been used for treating the structural
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stability of compounds, but the structural map is still desired in view of the efficient design
of intermetallic compounds.

In this paper, two electronic parameters which represent the nature of the chemical bond
between atoms in intermetallic compounds, have been calculated by the DV-Xα molecular
orbital method. Employing these electronic parameters, new crystal structure maps have
been proposed for aluminides, silicides, and some transition-metal-based compounds. As
a practical application, the possibility of structural modification of a few aluminides by
alloying will be discussed with the aid of these maps.

2. Calculation method

2.1. The DV-Xα molecular orbital method

The DV-Xα molecular orbital method is based on the Hartree–Fock–Slater approximation,
and it provides fairly accurate electronic structures even for a large size of atom clusters
[10–13].

In this calculation, an exchange–correlation interaction between electrons is given by
the following Slater’s Xα potential [14],Vxc,

Vxc(r) = −3α{3/8πρ(r)}1/3 (1)

whereρ(r) is the local electron density. The parameterα is fixed at 0.7, an empirically
appropriate value [10] and the self-consistent charge approximation is used in the calculation.
The matrix elements of the Hamiltonian and the overlap integrals are calculated by a
random sampling method. The molecular orbitals are constructed by a linear combination
of numerically generated atomic orbitals. The atomic orbitals used in this study are 1s–3d
for Al and Si, and 1s–np for transition metals, M (n = 4 for 3d transition metals,n = 5
for 4d transition metals, andn = 6 for 5d transition metals). Further explanation of the
calculation method is given elsewhere [14, 15].

2.2. The cluster model

The selection of the cluster model is most crucial in the present calculation. Generally, any
crystal structure may be divided into a number of small polyhedra. However, according
to mathematical models [16], there are four simple polyhedra. They are tetrahedron,
octahedron, hexahedron (cube) and icosahedron. Among them the icosahedron is one of
the five Platonic solids, next in simplicity to the tetrahedron and the octahedron, and this is
actually observed in quasi-crystals. For crystalline solids, the other three polyhedra may be
important structural units. In this study, among them an octahedral model is chosen in order
to express atomic interactions as simply as possible and also to increase the applicability of
the results to a variety of crystal structures of intermetallic compounds. The actual cluster
model used is shown in figure 1(a). Such an octahedron is often seen in the structures of
compounds. For example, as shown in figure 1(b–d), there is an octahedral structural unit,
M2X4, in B2 (CsCl-type), L10 (CuAu-type) and L12(Cu3Au-type) structures.

For aluminides, as shown in figure 1(a), Al is set on X, and an M2Al 4 cluster is used in
the calculation, where the M are transition metals: Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu (3d
transition metals), Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag (4d transition metals), and La, Hf,
Ta W, Re, Os, Ir, Pt, Au (5d transition metals). Thea-axial length is fixed at 0.2864 nm,
twice as large as the aluminium atomic radius, and thec-axial length is varied following
the atomic radius of M so that the M atom sphere contacts with the Al atom sphere as
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Figure 1. (a) Octahedral cluster model, M2X4, and typical crystal structures containing
octahedral clusters, (b) B2-type, (c) L10-type and (d) L12-type structures.

if they are rigid-body spheres. For silicides, a similar cluster model, M2Si4, is employed
except for thea-axial length of 0.2638 nm, twice as large as the silicon atomic radius. For
transition-metal-based compounds, metals set on X are Ti, Fe, Ni, Nb, and Mo, and similar
calculations are carried out with the M2X4 cluster for a variety of transition metals, M.

In order to show the validity of the results obtained by the octahedral model, further
calculation is performed with a large MoSi2-based cluster model containing the octahedron,
tetrahedron, and hexahedron as well.

2.3. Analysis of electronic structures

The electronic structure of intermetallic compounds may be characterized by the energy
level structure in a cluster [11] and also the bond order between atoms [17].

Following the Mulliken population analysis, the overlap population of electrons between
atoms is obtained. The overlap population,Qνν ′ , of electrons between two atomsν andν ′

is defined as

Qνν ′ =
∑
i

∑
i,j

CνilC
ν ′
j l

∫
ψ∗i ψj dV. (2)

Here,ψi andψj are the wavefunctions of thei andj orbitals of atomsν andν ′, respectively.
Cνil andCν

′
j l are the coefficients which show the magnitude of the linear combination of

atomic orbitals in thelth molecular orbital. ThisQνν ′ corresponds to the bond order
(hereafter referred to as Bo). The bond order is a measure of the strength of the covalent
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bond between atoms. A higher bond order means a stronger chemical bond existing between
atoms. For example, when X and M atoms are both transition metals such as Mo, Nb, Ti,
Fe, and Ni, d–d covalent interactions are mainly responsible for their high cohesive energies
[18], so the bond order is estimated from the overlap populations between X d electrons and
M d electrons. On the other hand, when X is a non-transition metal such as Al and Si, but
M is a transition metal, p–d covalent interactions are probably most important, so the bond
order is estimated from the overlap population between X p electrons and M d electrons.
The bond order calculated in this way is used here as a new parameter to construct the
structure maps of compounds.

In addition, the d-orbital energy level of transition element is determined as another
new parameter. Hereafter, this is referred to as Md. This parameter is associated with two
classical parameters, the electronegativity and the atomic radius of element M, as shown
later. The electronegativity is concerned with the charge transfer between atoms, and hence
this parameter is a sort of measure to show the ionic interaction between atoms. Also, as the
Md parameter is related closely to the atomic size, the use of this parameter may guarantee
the structural classification even for size-controlling compounds such as the Laves phases.

It is stressed here that both the Bo and the Md are parameters determined by the
calculation of electronic structures. By recalling that every element is arranged in the
periodic table according to the outer-electron configurations, it is inevitable that these
electronic parameters change periodically, following the position of elements in the periodic
table, as explained later. In other words, two parameters well reflect rules or information
relevant to the periodic table of elements.

3. Calculation of electronic parameters

3.1. d-orbital energy level, Md

The energy level structures are shown in figure 2 for the M2Al 4 cluster where the M are
3d transition metals. The 3d component of the M metal appears in the broad Al s, p band
which extends from−8 to 4 eV as shown in figure 2. The energy of the Fermi level,EF ,
is indicated by an arrow in each energy level structure.

A large fraction of the d component appears, for example, in the b2u level, because
of the D4h symmetry of the cluster. In fact, the 2b2u level consists of the d component
to more than 90%, and some other minor components. As shown in figure 2, the height
of the 2b2u level changes monotonically with the order of elements in the periodic table,
and this is supposed to be the level characteristic of M in the M2Al 4 cluster. Also, the
3b2u level exists in the energy range of several electron volts higher than the 2b2u level.
So, the average d-orbital energy level, Md, is calculated by taking a weighted average of
the energies for the 2b2u and 3b2u levels using a weighting factor of the 3d component in
each level. The variation of the Md level with elements, M, is shown in figure 3(a), and it
is compared with the change in the atomic radius and the electronegativity of elements as
shown in figure 3(b).

As explained earlier, the value of Md changes periodically with the order of elements in
the periodic table. Also, it tends to increase with increasing atomic radius of the element, M
[19], except for Cu, Rh, Pd, Ag, Ir, Pt, Au, all of which are elements having the d orbitals
nearly filled with electrons. This correlation between the Md and the atomic radius is
due simply to the weakening of the attractive Coulomb interaction operating between the
d electrons and a nucleus with increasing average d-orbital radius, resulting in the higher
energy of the Md level. In addition, as shown in figure 3(b), the value of Md increases with
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Figure 2. Energy level structures for the M2Al 4 cluster with 3d transition metals, M.

decreasing electronegativity of the element, M [20]. This correlation is also reasonable, since
it is known that the energy level obtained by the Xα method represents the electronegativity
value itself [15, 17]. There is a general trend that a larger atom has a lower electronegativity
value. Thus, Md is an atomic size parameter as well as a chemical parameter to represent
the ionic interaction between M and X atoms through the charge transfer between those
atoms.

A level other than the b2u level may be selected, but other molecular levels also change
in a similar way as does the b2u level as shown in figure 4. This is also true for the a1g,
a2u, eg, and eu levels, although they are not shown in the figure.

3.2. Bond order, Bo

As explained before, the bond order is a parameter to show the overlapping of electron
clouds between atoms, and hence this is a measure of the covalent bond strength between
atoms. The bond orders are calculated between M d electrons and Al 3p electrons for the
M2Al 4 cluster and between M d electrons and Si 3p electrons for the M2Si4 cluster. The
results are shown in figure 5(a). Both the bond orders change periodically following the
position of elements in the periodic table. There are peaks in the bond order curve near Cr,
Mo, and W in the series of 3d, 4d, and 5d transition metals, respectively, all of which are
elements in the 6A group. For comparison, the melting temperatures of MAl, M3Al, and
MAl 3 compounds are also shown in figure 5(b). There is a general trend that the melting
temperature changes in a similar way as does the M–Al bond order, except for Cr, Mn,
and Fe in the series of the 3d transition metals, where there is a steep drop in the melting
temperatures of the compounds. Such a drop is, however, observed even in the melting
temperatures of the pure 3d transition metals.
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Table 1. Md and Bo values for elements, M, in M2X4 and MMo12Si18 clusters.
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Figure 3. Changes in (a) the d-orbital energy level for the M2Al 4 cluster, (b) the atomic radius
[19] and the electronegativity [20], with elements, M.

Thus, the concept of the covalent bonding, ionic bonding, and atomic size, all of which
are important factors in determining crystal structures, is involved in the two calculated
parameters, the bond order, Bo, and the d-orbital energy level, Md. Furthermore, both of
them change following the position of elements in the periodic table. This is very important
since the crystal structures of compounds also change following the periodic table. In
fact, the same or similar crystal structure appears in the same group or its neighbourhood
in the periodic table. In this sense, these Bo and Md are indeed suitable parameters for
constructing structure maps.

For convenience, the respective values for the Bo and the Md parameters are listed in
table 1. For non-transition metals, Al and Si, the Md values could not be obtained from
the calculation. In order to treat these metals in the same framework as the transition
metals, they are determined empirically using a correlation between the Md value and
the electronegativity of elements. Namely, the calculated Md values for various transition
metals are first plotted against the values of electronegativities, and then each Md value is
interpolated at the position of the electronegativity value of 1.5 for Al and 1.8 for Si [20].
The values determined in this way are also listed in table 1.
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Figure 4. A comparison of the d-orbital energy level among the b1g , b2g , b1u, and b2u levels
for the M2Al 4 cluster.

4. Structure maps

4.1. Aluminides

The structure maps are constructed using the bond order (Bo) and the d-orbital energy
level (Md). The examples are shown in figure 6 for aluminides, (a) MAl, (b) M3Al, and
(c) MAl 3. All these maps are drawn using the Bo and the Md values for the M2Al 4 cluster,
listed in table 1. The crystal structure data of intermetallic compounds are taken from
the Pearson’s Handbook[1]. Each crystal structure is distinguished from the others using
different symbols on the map. In addition to binary compounds, ternary compounds, for
example, (M1−xYx)Al, Nos 1–6 shown in figure 6(a), are also located on the map, simply
by taking the compositional average of the Bo and the Md parameters. Namely,

Bo= (1− x)(Bo)M + x(Bo)Y (3)

Md = (1− x)(Md)M + x(Md)Y . (4)

The crystal structures are well separated in each map. For example, for the MAl map, TiAl
with the L10-type structure is located between the B33-type and the B2-type compounds on
the map. PtAl and PdAl take the B20-type structure at low temperatures and the B2-type
structure at high temperatures. In response to this, the B20-type region lies at the edge
of the B2-type region. For the M3Al map shown in figure 6(b), the A15-type region is
located in a high-Bo region on the map. The D019-type region lies between the A15-type
and the L12-type regions. Ternary compounds of Nos 1–19 have either the D03-type or
the L21-type structure. Here, the D03- and the L21-type structures resemble each other as
shown in figure 6(b-1) and (b-2), respectively, and hence their regions are nearly overlapped
on the map. For the MAl3 map shown in figure 6(c), there is the D022-type region near the
D023-type region, because of the structural resemblance between them. In fact, HfAl3 takes
both the D022-type and the D023-type structures, varying with the temperature.
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Figure 5. Changes in (a) the M–Al and the M–Si bond orders and (b) the melting temperatures
of aluminides with M.

4.2. Silicides

The structure maps for silicides are shown in figure 7: (a) MSi, (b) M3Si, and (c) MSi2.
In each map, there is a good separation of the crystal structures. For example, as shown in
figure 7(c), the C11b-type region of MoSi2 [21] is located in a high-Bo region, and adjacent
to the C40-type region on the map. This is reasonable since even for pure MoSi2 the C40-
type structure is found when it is rapidly quenched from the melt, even though this may be
a metastable phase [22]. It is also known that if a (110) stacking fault is introduced into
the C11b-type structure, the crystal structure becomes identical with the C40-type structure.
Also, as shown in figure 7(b), the A15-type region is close to the PTi3 region, since both
of them appear, for example, in Nb3Si.

4.3. Transition-metal-based compounds

Furthermore, a series of structure maps is shown in figure 8 for (a) M3Ti, (b) MNi, and
(c) MNi3, and in figure 9 for (a) MFe, (b) MNb3, and (c) MMo. It is evident that crystal
structures are clearly separated in these maps.
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Figure 6. Structure maps for (a) MAl, (b) M3Al, and (c) MAl3 compounds. Crystal structures
are denoted using the Structurbericht symbol or the Pearson symbol.

5. Cluster model dependence on electronic parameters

Two electronic parameters are determined using an octahedral cluster model shown in
figure 1(a). However, the results may be dependent on the model employed in the
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Figure 7. Structure maps for (a) MSi, (b) M3Si, and (c) MSi2 compounds.

calculations. As explained before, for crystalline solids, tetrahedron, octahedron, and
hexahedron may be important structural units. In fact, as shown in figure 10(a), there are
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Figure 8. Structure maps for (a) M3Ti, (b) MNi, and (c) MNi3 compounds.

all these polyhedra in the C11b-type structure of MoSi2 [1], even though each polyhedron is
slightly distorted from the perfect one because of the tetragonal symmetry of the unit cell.
Therefore in order to show the validity of the structure maps derived from the calculations
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Figure 9. Structure maps for (a) MFe, (b) MNb3, and (c) MMo compounds.

using an octahedral cluster, further calculation is performed using a MoSi2 cluster model
containing three types of polyhedron in it.
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Figure 10. (a) The crystal structure of MoSi2 and (b) the cluster model, MMo12Si18, used in
the calculation.

5.1. Bo and Md parameters for MoSi2 cluster

The cluster model used for the present calculation is shown in figure 10(b) [23]. In this
MMo12Si18 cluster, there are four more Mo atoms and eight more Si atoms besides the
atoms existing in the unit cell shown in figure 10(a). A series of elements, M, is substituted
for the Mo atom at the centre of the cluster, where the M are Ti, V, Cr, Mn, Fe, Co, and Ni
(3d transition metals), Zr, Nb, Mo, and Ru (4d transition metals), and Hf, Ta, W, and Re
(5d transition metals). The lattice parameters used area = 0.3202 nm andc = 0.7851 nm,
the same values as in the bulk [1].

The values of Bo and Md are calculated and the detailed derivation of these parameters
are given elsewhere [23]. As shown in figure 11(a), the Md parameter changes
monotonically with the order of elements in the periodic table. Also, as shown in
figure 11(b), the calculated bond orders between Si 3p and M d electrons change periodically
following the position of elements in the periodic table. This trend resembles the results of
the octahedral cluster shown in figures 5 and 11(a).

5.2. Structure map of disilicides

A structure map is constructed employing the Bo and the Md parameters for a large-cluster
model of MoSi2. The results for disilicides are shown in figure 12, and compared with
the results shown in figure 7(c) for an octahedral cluster model. Here, for comparison, the
individual Bo and Md values are shifted by a certain amount so that the location of MoSi2,
namely the position of Mo on the map coincides with the result shown in figure 7(c).

As shown in figure 12, the MoSi2 compound of the C11b-type structure is located in a
high-Bo region on this map. Therefore, it may be said that this compound has a stronger
chemical bond than other compounds, which causes the higher melting temperature, 2303 K
[19]. Also, there is the C40-type region near the C11b-type region. Therefore, the structural
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Figure 11. The change in (a) the d-orbital energy level and (b) the bond order with M for
MMo12Si18 cluster.

Figure 12. Structure map for MSi2 compounds obtained from the calculation of MMo12Si18

cluster.
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modification to the C40 type is possible by adding those elements into MoSi2 (e.g., Cr, Nb,
Ta) which form the C40-type compounds, as is confirmed experimentally [3, 24]. The C49-
type region seems to extend to the C54-type region of TiSi2, since the C49-type structure
is observed in some cases in TiSi2 [25]. Also, both the C1-type region and the C49-type
region are located far away from the C11b-type region. Therefore, continuous structural
modification from the C11b type to the C49 type or the C1 type may be impossible by
alloying [3]. Not only the structural separation, but also solid solubilities of elements in
MoSi2 can be understood with the aid of this Bo–Md map [23]. Therefore, this structure
map shown in figure 12 is supposed to be highly reliable.

The structure map shown in figure 7(c) resembles the map shown in figure 12 as a
whole. This means that the general trend of the chemical bond between M and X atoms
is reproduced well, despite the use of the small-octahedral-cluster model in the calculation.
In other words, the Bo and Md parameters obtained from the octahedral cluster will be
available for constructing structure maps of the compounds.

6. Comparison with other structure maps

6.1. Miedema’s electronegativity and electron density at the Wigner–Seitz atomic cell
boundary

Miedema has proposed two parameters to estimate the heat of formation of intermetallic
compounds [5]. One is the electronegativity,φ∗, and the other is the electron density at the
boundary of the Wigner–Seitz atomic cell,nws . The structure map for M3Al is constructed
using these parameters and the result is shown in figure 13(a). The regions of the D019-type,
the L21-type, the D03-type, and the L12-type structures are mixed together on the map. It
is evident that this map shows a poorer separation of crystal structures, as compared to the
map shown in figure 6(b).

6.2. Zunger’s pseudopotential radius

Zunger has calculated the pseudopotential radii of s electrons,rs , and also of p electrons,
rp. Using thesers andrp, dual parameters are obtained for the AB compound as

RABσ = |(rAs + rAp )+ (rBs + rBp )| (5)

RABπ = |(rAs − rAp )+ (rBs − rBp )|. (6)

The structure map for MAl made up of these parameters is shown in figure 13(b). The
B2-type region is very broad and it is overlapped with both the B20-type and the B33-type
regions. Thus, the separation of the crystal structure seems poorer in this map than the map
shown in figure 6(a).

6.3. The Mendeleev number

Recently, Pettifor has proposed the usefulness of the Mendeleev number for the structural
classification of intermetallic compounds [8, 9]. The magnitude of the Mendeleev number for
each element changes as if it forms a one-dimensional chain lying on the periodic table. For
the binary AmBn compound, the structure map is constructed using two Mendeleev numbers
(MA, MB). For example, the AB3 structure map is shown in figure 14 for aluminides and
silicides containing transition metals. However, the accuracy of prediction is still poor
in this case. For example, as shown in figure 14, either the L12-type or the D019-type
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Figure 13. Structure maps for (a) M3Al compounds with the Miedema parameters and (b) MAl
compounds with the Zunger parameters.

region is separated into two different regions on the map. In addition, in this approach the
compositional average of the Mendeleev number is taken for the structural classification
of pseudo-binary (AxX1−x)m(ByY1−y)n systems. Namely,MA = x(MA) + (1− x)(MX),
MB = y(MB) + (1− y)(MY ). However, there is a contradiction in some ternary systems.
For example, ternary Pt2MnAl has the D03-type structure, but this is located in the L12-
type region on the map. The main reason for these discrepancies is probably the lack of
two-dimensional periodicity in the single Mendeleev parameter, despite the fact that any
compounds having the same crystal structure tend to appear in the same group or near the
group in the two-dimensional periodic table. In other words, two parameters are needed to
represent the characteristics of two-dimensional periodic table.
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Figure 14. An AB3 structure map using the Mendeleev number for aluminides and silicides
containing transition metals.

On the other hand, there are no such discrepancies on the Bo–Md structure map shown
in figure 6(b). For example, Pt2MnAl of No 19 is positioned in the D03- (or L21-) type
region, consistent with the experiment. Also, neither the L12-type region nor the D019-type
region ever splits into different regions on this map. Any compounds with the same crystal
structure gather together on the map. This is because, as demonstrated in figures 4 and 5,
two parameters, Md and Bo, reflect well the nature of the chemical bond between atoms in
compounds, while showing a periodical change in the magnitudes, following the order of
elements in the two-dimensional periodic table.

7. Structural modification

The possibilities of structural modification by alloying will be discussed with the aid of
the present structure maps. Presented here are two examples, Nb3Al and Al3Ti. Needless
to say, any intermetallic compounds have more than two sublattices in the crystal lattice.
When a third element is added into the compound, it is firstly necessary to take into account
the substitutional sites of the element. For this reason, special attention is directed toward
the substitutional problem in the following discussion.
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7.1. The Nb3Al compound

The Nb3Al compound having an A15-type crystal structure is one of the promising materials
for high-temperature applications, because of its high melting temperature. However, the
low ductility at room temperature presents a large barrier to practical use. There may be
a possibility of changing the A15-type structure to the more simple L12-type structure by
alloying.

In the M3Al structure map shown in figure 6(b), the A15-type region is located in a
high-Bo region as explained before. This indicates that the A15-type compound has stronger
chemical bonding than the L12-, D019-, L21-, and D03-type compounds. Therefore, in
order to modify the structure to the L12-type one, it may be preferable to substitute the
lower-Bo elements for Nb atoms. In fact, ternary NbNi2Al and NbCo2Al compounds have
the L21-type structure [1]. However, for this modification it is needed to add a large
amount of alloying elements into the mother compound. In contrast, Zr3Al having the
L12-type structure is located just below the A15-type region. Also, the Nb–Zr binary phase
diagram shows an all-proportional solid solution at high temperatures without forming any
intermetallic compounds. This implies that Zr atoms are substitutable for Nb atoms. The
Zr substitution may induce the formation of the L12-type phase, even though it is not
certain whether the microstructure consists of the L12-type phase alone or two phases of
the L12-type and the A15-type coexisting in the alloy.

On the other hand, in the MNb3 structure map shown in figure 9(b), there are many
A15-type compounds, but the L12-type compound is limited only to Nb3Si. Also, as the
ternary compound, Nb3Al (1−x)Six (x = 0–0.5), keeps the A15-type structure, structural
modification of Nb3Al when third elements are substituted for Al atoms is supposed to be
difficult.

7.2. The Al3Ti compound

Recently, Al3Ti compound has been received with great interest, because of the low
density and excellent oxidation resistance. However, this compound is very brittle at room
temperature, partially due to the complexity of the D022-type structure. Recently, there has
been an attempt to modify its crystal structure to the L12 type [2].

For the structure map shown in figure 6(c), the Al3Ti compound is positioned in a
lower-Bo part of the D022-type region. Both the D019-type and the L12-type regions extend
just below the position of Al3Ti. Therefore, the substitution of the lower-Bo elements for
Ti atoms may be able to modify the crystal structure, although there has been no previous
report that the D022-type structure is transformed into the L12-type or the D019-type structure
by alloying.

For the M3Ti structure map shown in figure 8(a), the Al3Ti compound is located in the
highest-Md region among a variety of M3Ti compounds. The L12-type region extends over
a lower-Md part than the D022-type region. Therefore, it is considered that the substitution
of the lower-Md elements for Al atoms is beneficial to the structural modification. In fact,
it is known that the D022-type structure is modified to the L12-type one by the addition of
V, Cr, Mn, Fe, Ni, and Cu into Al3Ti [1, 2].

8. Conclusion

Two electronic parameters, Md and Bo, have been determined by the DV-Xα molecular
orbital calculation, and new crystal structure maps have been constructed using these
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parameters. It is shown that there is a better separation of the crystal structures for a variety
of compounds on these maps, compared to the previously proposed maps. These structure
maps are applicable to the prediction of crystal structures not only for binary compounds
but also for ternary compounds. Therefore, they are useful for getting an indication of the
structural modification by alloying.
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