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Abstract. The structural, electronic and optical properties of rare-earth, scandium-based compounds within the family
of RE5-T2-In4 (T = Ni, Pd, Pt) intermetallics are calculated by using density functional theory-based orthogonalized linear
combination of atomic orbitals method. The studied compounds crystallize in orthorhombic structure with space group
Pbam (No. 55). The electronic properties exhibit conducting features of all three compounds. Charge transfer and crystal
strength analysis were carried out by computing bond order and effective charge. Regarding optical properties the
complex dielectric function, optical conductivity and electron energy loss function have been assessed. All the three
compounds demonstrate optically anisotropic behaviour for energy values up to 7.0 eV and turned towards isotropic
nature at higher energy ([7.0 eV). Optical conductivity spectra designate that the compounds are optically active for
visible to UV light. Two major peaks are observed in energy loss spectra, at 13.2 and 32.6 eV, which correspond to
plasmonic resonance points. The interatomic bonding characteristics between distinct pair of atoms within each compound
have also been elaborated in comprehensive manner.
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Introduction

Intermetallics are fascinating class of materials. They are
captivating attention due to their unique physical and
mechanical properties having intermediate position between
metallic and non-metallic materials [1]. Various structure
types and special electronic, magnetic, superconductive and
optical properties associated with rare-earth transition metal
intermetallics have generated interest in solid-state community [2–6]. Many structure types of intermetallic compounds in ternary RE-T-In (RE: rare-earth, T: transition
metal) system have been studied during last three decades
by Kalychak and others [6]. The crystal chemistry and
chemical bonding of RE-T-In compounds are highly
dependent on the composition. These ternary systems have
variety of compounds with comparatively large unit cells.
Rare-earth-rich compounds have typical intermetallic
structure with relatively large coordination number, as
found in close-packed structures. A vast number of compounds in RE-T-In system along with their crystallographic
data have been reported in a detailed review [2]. These
ternary indide compounds are mainly grouped with respect
to d-element component. The compounds incorporating

rare-earth with 3d metal-indium, specifically with Co, Ni
and Cu, have been widely investigated [7]. The compounds
with platinum metal have been found less systematical,
while the palladium metal-based systems are comparatively
more frequent [8].
Scandium is the smallest of the rare-earth elements
including indides have been reported with Rh, Ni [9], Ir
[10], Co [11], Pt [12] and Pd [13]. Ternary indides exist
particularly in three structure-types: orthorhombic Mo2AlB2
[14], tetragonal Mo2FeB2 [15] and orthorhombic Lu5Ni2In4
[16] comprising almost 100 indides with these structuretypes [9]. Comprehensive theoretical reviews on scandiumbased intermetallics were presented by Riva et al [17] and
Kotur and Gratz [18]. Synthesis and magnetic properties of
Sc5Pd2In4 have been studied by Gulay et al [13]. The
compound is found to be Pauli-paramagnetic with magnetic
susceptibility of 3:4  104 emu mol-1. Synthesis and
chemical bonding in Sc5Ni2In4 and Sc5Pt2In4 were studied
by the group of Pöttgen [9,12]. All the three compounds
under the Sc5T2In4 (T = Ni, Pd, Pt) system crystallize in
orthorhombic Lu5Ni2In4 structure-type (space group Pbam).
A detailed literature survey provides no appropriate combination of electronic structure, optical as well as bonding
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studies of intermetallic indides, which are requisite for
implication to other features and their suitable utilization.
Therefore, the present study is aimed to explore the electronic structure, bonding and optical properties of some
scandium-based Sc5T2In4 (T = Ni, Pd, Pt) system.

2.

Methodology

Density functional theory (DFT)-based orthogonalized linear combination of atomic orbitals (OLCAO) [19] method/code has been employed to explore structural, electronic
and optical properties of Sc5T2In4 (T = Ni, Pd, Pt) compounds. The OLCAO method uses the local density
approximation (LDA) for computing the exchange-correlation (XC) energy functionals and is reliable for the full
range of simple to complex crystalline [20–22] and noncrystalline [23–26] systems. One of its major advantages is
the flexibility in selecting the number of orbitals to include
in the basis set according to the required accuracy and
focused tasks. For example, a minimal basis (MB) set
(which includes core orbitals and the orbitals in the valence
shell, occupied or unoccupied) is used for calculations of
Mulliken effective charge (Q ) and bond order (BO), full
basis (FB) set (having extra empty orbital of next unoccupied shell) for self-consistent potential and band structure
calculations and extended basis (EB) set (formed by
including an additional shell of excited atomic basis into
FB) for optical properties [27]. High degree of accuracy is
dependent on sufficient k-points sampling. The crystal and
electronic structure data along with k-points for Sc5T2In4 (T
= Ni, Pd, Pt) system is listed in table 1.

Table 1.
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The crystal potential and charge density are expressed as
sum of atom-centred functions consisting of s-type Gaussian-type orbitals (GTOs) by a numerical fitting procedure.
Both quantities gain self-consistency using iterations, when
energy converges to 0.0001 eV. A sufficient number of kpoints for self-consistent field (SCF) iterations and density
of states (DOS) spectra evaluations were used depending on
crystals size.

3.
3.1

Results and discussion
Crystal structure

Intermetallics, Sc5Pd2In4, Sc5Ni2In4 and Sc5Pt2In4, belong
to orthorhombic Lu5Ni2In4-type structure with space group
Pbam (No. 55) [10,11,13]. The same crystal structure type
has also been reported earlier for a number of compounds
within Sc5T2In4 system [10–13]. The structure can be
visualized as comprising two inter-growing slabs: one is
distorted AlB2 (ScT2) and other is CsCl (ScIn) and is a
member of homologous series of compounds: REm?nT2nXm
(RE ? rare-earth, T ? transition metal and X ? indium).
Here ‘m’ and ‘n’ are the number of CsCl and AlB2 slabs or
segments. In present studied system m = 4 and n = 1 have
been considered. Representative crystal structure of unit cell
of Sc5T2In4 (T = Ni, Pd, Pt) system is shown in figure 1a.
Figure 1b shows the planar view of above-mentioned
crystal structure. It can be seen that all T atoms are well
separated from each other. The rare-earth element (Sc) has
minimum number of atoms among all the three elements,
and occupies the positions with smallest coordination

Crystal and electronic structure data of Sc5T2In4 (T = Ni, Pd, Pt).
Sc5Ni2In4

Sc5Pd2In4

Sc5Pt2In4

Orthorhombic
Pbam (No. 55)

Orthorhombic
Pbam (No. 55)

Orthorhombic
Pbam (No. 55)

Crystal structure data
Crystal system
Space group (space group number)
Lattice parameters
a (Å)
b (Å)
c (Å)
a=b=c
Volume (Å3)
Formula units/unit cell
Total atoms/unit cell
SCF k-points
OLCAO k-points
Non-equivalent sites
Sc
T
In

17.163
7.551
3.352
90°
434.43
2
22
144 (5 9 10 9 150)
594 (10 9 16 9 20)

17.474
7.667
3.381
90°
453.08
2
22
144 (5 9 10 9 150)
594 (10 9 16 9 20)

17.430
7.652
3.368
90°
449.20
2
22
144 (5 9 10 9 150)
594 (10 9 16 9 20)

3 (Sc1, Sc2, Sc3)
1
2 (In1, In2)

3 (Sc1, Sc2, Sc3)
1
2 (In1, In2)

3 (Sc1, Sc2, Sc3)
1
2 (In1, In2)

Electronic structure
DOS at Fermi level N (EF)

19.37

19.76

19.37
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Figure 1. (a) Representative orthorhombic crystal unit cell of Sc5T2In4 (T = Ni, Pd, Pt) system and
(b) 2D-planar view of the molecule of Sc5T2In4 (T = Ni, Pd, Pt) system.

numbers. The complete structural data are presented in
table 1. Each compound has two formula units with 22
atoms per unit cell. There are total six non-equivalent sites
for each compound; three for Sc, one for transition metal (T
= Ni, Pd, Pt) and two for In atoms. It is of worth to notice in
table 1 that the crystallographic unit cell of Sc5Pd2In4 has
largest volume among all the three indides, which is consistent with the earlier study by Gulay et al [13].

3.2

Electronic structure studies

3.2a Band structure: In OLCAO method, band structure
calculations are dependent on the Bloch functions, which
are constructed from linearly combined atomic orbitals
formed by linear combinations of Gaussian-type orbitals
(GTOs). For the calculations of Sc5T2In4 (T = Ni, Pd, Pt)
system, the full basis (FB) set consisting of Sc: 1s-5s, 2p-4p,
3d, 4d orbitals; Pd: 1s-6s, 2p-6p, 3d-5d orbitals; Ni: 1s-5s,
2p-5p, 3d, 4d orbitals; Pt: 1s-7s, 2p-7p, 3d-6d, 4f orbitals
and In: 1s-6s, 2p-6p, 3d-5d orbitals are used. Extra empty
orbitals in the basis expansion are included for highly
precise calculations. The band structure is a plot of energy
eigenvalues of the system vs. high-symmetry k-points in
reciprocal space. The calculated band structures of
Sc5Pd2In4, Sc5Ni2In4 and Sc5Pt2In4 are presented in
figure 2. The band structures are plotted in the energy
range of –16.0 to 8.0 eV. Fermi level (dotted line in
figure 2) is fixed at zero eV energy. Inspecting the region in
the vicinity of Fermi level (EF), it is observed that 7, 6 and 6
bands cross the EF in Sc5Ni2In4, Sc5Pd2In4 and Sc5Pt2In4,
respectively. This overlapping of valence band (VB) and

conduction band (CB) in the vicinity of EF manifests the
conducting behaviour of these compounds. Moreover
figure 2 depicts that VB splits in two parts, upper VB and
lower VB having a gap of 6.54, 6.65 and 6.63 eV in
Sc5Ni2In4, Sc5Pd2In4 and Sc5Pt2In4, respectively. This
demonstrates that the atomic orbitals of different elements
forming the core states do not strongly interact with each
other, hence are compact and are well separated
accompanied by the large forbidden energy gaps. The
calculated VB gap (6.54, 6.65 and 6.63 eV) exhibits the
increasing forbidden gap as heavier element (Ni, Pd or Pt) is
incorporated in the alloys.
3.2b Density of states: The total and element/orbital
resolved partial density of states (DOS) is significant
electronic structure parameter. In OLCAO method, the
partitioning of total DOS (TDOS) and partial DOS (PDOS)
of different atoms and atomic orbital components is very
natural because the Bloch functions are expressed in terms of
atomic orbitals. The PDOS is very useful quantity that gives
the information about interactions between different atoms,
which are usually shown by the alignment of peaks in their
PDOS spectra. With the availability of TDOS and PDOS, it is
possible to interpret the nature of interactions and bonds
among the electrons in a solid. A high value of DOS
represents a high number for the energetic states ready to be
occupied. Many bulk properties such as specific heat,
paramagnetic susceptibility and other transport properties
of solids can be estimated from this function [28].
Figure 3 represents the total and elemental resolved
PDOS plots of Sc5T2In4 (T = Ni, Pd, Pt) indides. Zero
energy represents the EF. In TDOS spectra of all the three
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Figure 2.

(b)
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(c)

Crystal band structures of (a) Sc5Ni2In4, (b) Sc5Pd2In4 and (c) Sc5Pt2In4 intermetallics. Zero represents the Fermi level.

(a)

Figure 3.
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(b)

(c)

Total and partial DOS plots of (a) Sc5Ni2In4, (b) Sc5Pd2In4 and (c) Sc5Pt2In4 intermetallics.

indides, four peaks labelled as A, B, C and D are shown.
Peak A comes from scandium sites in all the three compounds, peak B comes from indium sites and peak C seems
to be originated from transition metal element in respective
compound. The peak D is mainly originated from the
outermost d-orbital of Sc and a minor part is contributed by
the T (Ni/Pd/Pt) element in the vicinity of Fermi level. The

portion of TDOS above EF mainly comes from scandium
and 3d-sites of transition metal (Ni, Pd, Pt). The calculated
total number of states at Fermi level [N(EF)] are 19.76 in
Sc5Pd2In4 and 19.37 in both Sc5Ni2In4 and Sc5Pt2In4. From
PDOS spectra, it can be seen that indium atoms have largest
contribution in TDOS because it has greater number of
valence electrons.
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3.2c Localization index: Localization index (LI)
furnishes deep analysis of the electronic state of a
material and is defined as:
X
2
LIm ¼
½qm
ð1Þ
ia  :
i;a

LIm represents the probability to locate the m state at different sites. LI has values between 0.0 and 1. The 1.0 value
implies the complete state of localization, i.e., charge is
confined to a single orbital in this state, below 1.0 value
implies the partial localization while zero indicates the
complete delocalization of states. LI is calculated to estimate the distribution of charge in the vicinity of an atom
and is a measure of degree of disorder of charge spread.
Estimation of LI gets more realistic as the system becomes
larger.
(a)

Figure 4 demonstrates the LI plots in the energy range of
–30.0 to 30.0 eV of Sc5T2In4 (T = Ni, Pd, Pt) compounds.
All the studied indides show identical trend in the LI plots.
Highly localized states are observed at about –27.7 eV
energy value. These states are mainly contributed by the Sc
sites as evident from the PDOS spectra (figure 3). Partially
localized states occur at –15.0 eV and arise due to In atoms,
while in the vicinity of EF, there exists relatively less
localized states in the energy range of –7.0 to 3.0 eV. These
lesser localized states originate from Sc-d and T-3d
hybridization in each studied indide material. Above EF,
from 3.0 eV and above, the states are highly delocalized.
These results on LI plots are highly consistent with DOS
and band structures.
3.2d Effective charge (Q ) and BO: The effective
charge (Q ) calculation is central to electronic structure
analysis. It is based on Mulliken analysis scheme [29,30]
and MB set is utilized in its calculation according to the
formula:
XXX
n n
Qa ¼
Cia
Cjb Sia;jb :
ð2Þ
i

(b)
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n;occ j;b

n
Here Cjb
are the eigenvector coefficients, n is the band
index, j and b label the orbital and atom in the crystal, and
Sia;jb are overlap integrals. The charge transfer (DQ ) that a
particular atom or a group of atoms experience in a material
can be deduced from the effective charge Q by taking the
difference of computed effective charge Q from the number of valence electrons that are present in neutral atom.
BO qab between all pairs of atoms (a, b) within the model
is calculated as:
XX
n n
Cia
Cjb Sia;jb :
ð3Þ
qab ¼
n;occ j;b

(c)

Figure 4. Localization index plots showing the highly localized,
partially localized and highly delocalized states.

The BO reveals the strength of the bond between each
pair of atoms. BO values are usually scaled with bond
length and are relative to bond angles up to some extent
because quantum mechanical wavefunctions are used to
compute qab . An MB set is used in the Bloch expansion
because Mulliken scheme works best with a more localized
basis set. It is only fruitful to compare Qa and qab values if
they are computed using same method and same basis set as
results from Mulliken scheme are basis dependent. Q
calculations disclose the trend of individual element in the
compound whether it behaves cationically or anionically.
The value of Q for atoms at non-equivalent sites differs
from site to site, a kind of similar character as in PDOS.
The complete data on calculated effective charge Q
along with gain (?DQ ) or loss (–DQ ) of charge (DQ ) for
each elemental component of Sc5T2In4 (T = Ni, Pd, Pt)
system is presented in table 2. From these data (table 2), it
can be seen that Sc atoms lose the charge by an amount of
0.911 electrons in Sc5Ni2In4, 0.989 electrons in Sc5Pd2In4
and 0.943 electrons in Sc5Pt2In4 bearing cationic behaviour.
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The effective charge (Q ) data of Sc5T2In4 (T = Ni,

Effective charge (Q )
Sc
Min. Q
Max. Q
Mean Q
Charge transfer (DQ )
T
Min. Q
Max. Q
Mean Q
Charge transfer (DQ )
In
Min. Q
MaxQ
Mean Q
Charge transfer (DQ )

Sc5Ni2In4

Sc5Pd2In4

Sc5Pt2In4

8.031
8.149
8.089
–0.911

7.897
8.146
8.011
–0.989

7.968
8.157
8.057
–0.943

10.992
10.994
10.993
?0.993

11.324
11.326
11.325
?1.325

11.193
11.194
11.194
?1.194

13.581
13.705
13.643
?0.643

13.476
13.658
13.568
?0.568

13.512
13.652
13.559
?0.559

Both, the transition metals (Ni, Pd, Pt) and indium atoms,
gain the electronic charge and contribute as anions in
Sc5T2In4 (T = Ni, Pd, Pt) system. Among the transition
metal and indium atoms, the transition metal atoms display
more anionic trend (via gaining more electronic charge)
than the indium atoms. The transition metal atoms gain an
average charge of 0.993 (for Ni), 1.325 (for Pd) and 1.194
(for Pt) electrons in Sc5Ni2In4, Sc5Pd2In4 and Sc5Pt2In4,
respectively. Indium atoms gain an average charge of 0.643,
Table 3.
Bond
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0.568 and 0.559 electrons in Sc5Ni2In4, Sc5Pd2In4 and
Sc5Pt2In4 compounds, respectively.
The BO values between every pairs of atoms in the
Sc5T2In4 (T = Ni, Pd, Pt) system are calculated according to
equation (3). BO calculations indicate the bonding behaviour and relative strength of different components of a
system as well as the overall crystal strength and cohesion.
Table 3 presents a summary of BO data. It is evident from
charge transfer DQ calculations (table 2) that transition
metal elements gain more charge than the indium, so Sc-T
bonds will obviously be stronger than the Sc-In bonds. In
Sc5Ni2In4 compound, Sc-Ni bonds with BO/bond value of
0.19 are stronger than the Sc-In bond (BO/bond 0.17).
Among other bonds, Ni-In bonds are almost similar in
strength to Sc-Ni bonds. Sc-Sc bonds are weakest having
BO/bond value of 0.12 among all the bonding pairs in
Sc5Ni2In4. In Sc5Pd2In4, it can be observed that Sc-Pd
bonds (BO/bond 0.16) are little stronger than Sc-In bonds
(BO/bond 0.15). The Sc-Pd and Pd-In bonding pairs comprise almost equal BO/bond values, thus contributing
identical strength and cohesion to crystal. Similarly, Sc-Sc
bonds are the weakest bonds (BO/bond 0.04) among other
bonds in Sc5Pd2In4. Looking at Sc5Pt2In4 compound, the
bonding characteristics are somewhat similar to that of
Sc5Ni2In4 and Sc5Pd2In4 compounds. The Sc-Pt and Pt-In
bonding pairs showed same bond strength because of owing
equal BO/bond (0.18) value. In conclusion, it can be said
that the bonding pairs of transition metal with Sc and In
have comparatively greater strength among the other pairs,
while the Sc-Sc pair is the weakest one in all studied
compounds (figure 5). Total bond order density (TBOD)

Bond order (BO) data of Sc5T2In4 (T = Ni, Pd, Pt).
No. of bonds

BO

BO/bond

BO%

Bond order densfity (BOD)

Sc5Ni2In4
Sc-Sc
Sc-Ni
Sc-In
Ni-In
In-In

10
12
32
12
4

0.24
2.28
5.28
2.23
0.46
Total BO = 10.50

0.02
0.19
0.17
0.19
0.12

2.28
21.71
50.29
21.24
4.38

0.0006
0.0053
0.0122
0.0051
0.0011
TBOD = 0.0243

Sc5Pd2In4
Sc-Sc
Sc-Pd
Sc-In
Pd-In
In-In

6
12
32
12
4

0.23
1.90
4.72
2.02
0.47
Total BO = 9.34

0.04
0.16
0.15
0.17
0.12

2.47
22.48
48.35
21.64
5.06

0.0005
0.0006
0.0099
0.0045
0.0010
TBOD = 0.0166

Sc5Pt2In4
Sc-Sc
Sc-Pt
Sc-In
Pt-In
In-In

4
12
32
12
4

0.16
2.19
5.19
2.21
0.46
Total BO = 10.21

0.04
0.18
0.16
0.18
0.12

1.59
21.42
50.81
21.67
4.52

0.0004
0.0005
0.0115
0.0005
0.0010
TBOD = 0.0139
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dielectric function, i.e., optical conductivity (r) and
electron-energy loss function (EELF) of Sc5T2In4 (T = Pd,
Ni, Pt) ternary indide system have been evaluated.

Figure 5. Comparison of BO/bond of distinct bonding pairs in
crystal structure of Sc5T2In4 (T = Ni, Pd, Pt) compounds.

defined as total BO per unit cell volume, is also calculated
and presented in table 3 for all the three ternary indides. It
can be noted that the Sc5Ni2In4 compound displayed highest
TBOD, therefore designated as the strongest crystal among
all the three compounds.

3.3

Optical properties

Interaction of photon with the material leads to a number of
phenomena, e.g., the photons may give their energy to
material (absorption), photons cause to eject photons of
identical energy as incident photons (reflection), photons
may not interact with material’s structure (transmission) or
transmission photons may get change in velocity (refraction). All these interactions are observable and disclose the
optical behaviour of a material. Besides this, optical properties can lead to many other phenomena such as lattice
vibrations, excitations, magnetic excitations and localized
defects, etc. [31]. The response of a material under applied
electric or magnetic field can be explored by studying the
dielectric function (e). The optical properties in the form of

3.3a Complex dielectric function (e): Dielectric function
(e) concerns with polarization and absorption properties of a
material and composed of two parts being complex in
nature as follows:
e ¼ e1 ðhxÞ þ ie2 ðhxÞ:

ð4Þ

Here e1 ðhxÞ is the real part of dielectric function and
gives the information about polarization associated with
material under applied electric and magnetic fields, while
e2 ð
hxÞ is the imaginary part and has the notion of absorption features of the material.
The momentum matrix elements between each pair of
occupied VB and unoccupied CB are calculated at uniformly spaced k-points using crystal wavefunction for the
calculation of optical properties. First, the imaginary component e2 ð
hxÞ of dielectric function for interband optical
transitions in the random phase approximation is calculated
as:
 2 Z
X
e
~
~;~Þjp
~;~Þj
~Þ
dk
e2 ð
hxÞ ¼
jwn ðk
r ~jwl ðk
r 2 fl ðk
pmEx
n;l
~Þd½En ðk
~Þ  El ðk
~Þ  E;
 ½1  fn ðk
ð5Þ
~Þ is the Fermi dishere E ¼ 
hx is the photon energy, f ðk
tribution function, l labels an occupied state and n an
~;~Þ
unoccupied state and wn ðk
r is the Bloch wavefunction for
~Þ at Brillouin zone k-point. The
the nth band ith energy En ðk

(a)

(b)

(c)

(d)

(e)

(f)

Figure 6. Real part of dielectric function (a) Sc5Ni2In4, (b) Sc5Pd2In4, (c) Sc5Pt2In4 and imaginary part of dielectric function
(d) Sc5Ni2In4, (e) Sc5Pd2In4, (f) Sc5Pt2In4.
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real part is then calculated from imaginary part by using the
Kramers–Kronig transformation:
Z 1
2
se2 ðhxÞ
e1 ðhxÞ ¼ 1 þ P
ds:
ð6Þ
p
s2  x 2
0
Usually the integration limit in above equation is taken
finite, because e2 ðhxÞ or e1 ðhxÞ is evaluated within finite
photon energy ranges.
The calculated results on dielectric function of Sc5T2In4
(T = Pd, Ni, Pt) ternary indide system are presented in
figure 6. From the calculated spectra, it is evident that the
resolved real part of dielectric function of studied compounds along the x-, y- and z-axis showed distinct features
with respect to energy. This distinct behaviour of different
components manifests the anisotropic nature of compounds,
which is persistent up to energy of 7.0 eV. At higher
energies (above 7.0 eV), the different components (along
the x-, y- and z-axis) demonstrate almost similar characteristics as it becomes difficult to distinguish the curves
among the total and resolved components. Therefore, the
materials behave isotropically above an energy of 7.0 eV.
From the real part e1 ðhxÞ, the onset is located at very low
energy (&0.2 eV), which suggests the metallic nature of all
the three materials as depicted by the band structure outcomes (figure 6a–c). Maximum polarization (total) occurs
at 0.9 eV energy value (real part) for all the three studied
compounds.
Plots on imaginary part e2 ðhxÞ, figure 6c–e, show that
maximum absorption occurs at very low energy, which is
also an implication towards metallic behaviour of Sc5T2In4
(T = Pd, Ni, Pt) compounds. The different peak-like features
at various energy values correspond to inter-band transitions. The prominent peaks are observed in 0.2 to 2.0 eV
energy range. This absorption range is associated with
infrared and visible part of electromagnetic spectrum,
indicating that these compounds are optically active mainly
in visible region.
3.3b Optical conductivity (r) and energy loss
function: In metallic systems, optical conductivity is
prime quantity to estimate the electronic transport
properties [27]. The energy-dependent optical conductivity
rðEÞ is calculated by the Kubo-Greenwood formula:
2phe2 X
~jmi2 dðEn  EÞdðEm  EÞ:
rðEÞ ¼
ð7Þ
hnjp
3m2 X
The double delta function interprets the scattering of
electron with energy En to that of energy Em . The states in
the vicinity of EF are of great concern for transport properties. Figure 7 shows the total optical conductivity vs.
photon energy plots for Sc5T2In4 (T = Pd, Ni, Pt) compounds. The present calculations ignore all lattice vibrational effects and pertain to electronic transitions only. All
the three indides show similar optical conducting behaviour
and the prominent conductivity is observed in the energy
ranges of 0.0–7.0 eV with highest peak (labelled as A) at
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4.8 eV and of 27.6–32.6 eV with highest peak (labelled as
B) at 29.6 eV. The major peaks A and B correspond to the
wavelengths 258.6 and 41.8 nm, respectively, in the ultraviolet region.
The energy loss function (ELF) L(x) is computed by the
expression given as follows:


1
e2 ðxÞ
:
¼ 2
ð8Þ
LðxÞ ¼ IM 
eðx Þ
e1 ðxÞ þ e22 ðxÞ
The electron ELF is an improper factor describing the
energy loss of a fast-moving electron traverse in a material.
The LðxÞ spectra represent the characteristics associated
with the plasma resonance (a collection of valence electrons) and corresponding frequency is called plasma frequency xp [32].

(a)

(b)

(c)

Figure 7. Total optical conductivity spectra of (a) Sc5Ni2In4,
(b) Sc5Pd2In4 and (c) Sc5Pt2In4.

Bull Mater Sci

(2020) 43:284

Page 9 of 10

(a)

(b)

(c)
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Conclusion

The scandium-based ternary indide system Sc5T2In4 (T =
Ni, Pd, Pt) has been investigated via first-principles DFTbased OLCAO code. The structural, electronic, optical and
bonding properties have been scrutinized. All the three
Sc5Ni2In4, Sc5Pd2In4 and Sc5Pt2In4 ternary indides own
orthorhombic crystal structure. Band structure and DOS
deduced the metallic nature of all the studied materials
establishing the overlapping of VB and CB at Fermi level.
The computation of effective charge depicts the cationic
behaviour of Sc and the anionic character of transition metal
elements (Ni, Pd and Pt) along with In-atom. BO calculations exhibit that the Sc5Ni2In4 has greatest crystal strength
among the three materials because of its highest TBOD. The
strongest bonding is observed between Sc and transition
metal elements (Ni, Pd and Pt). The outcomes of dielectric
studies reveal that Sc5T2In4 (T = Ni, Pd, Pt) materials are
optically isotropic at low energy (below 7.0 eV) and anisotropic at higher energy (above 7.0 eV). The eminent
peaks in imaginary part of dielectric function corresponds to
the interband optical transitions. Optical properties
demonstrate that the materials possess identical features and
have maximum conductivity in visible to ultraviolet region.
The electronic energy loss spectra have two major peaks
associated with plasma resonance points. The results presented in this study would be helpful in better understanding
of ternary indides and may serve as a road map to
experimentalists.
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