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ABSTRACT 

BaNiSn3-type superconductors SrIrGe3, SrPdGe3 and SrPtGe3 have the critical temperature of 1.80 K, 1.49K 
and 1.0K respectively have been reported recently. Employing the first-principles method based on the density 
function theory, we have examined the physical properties including structural, elastic, electronic and optical 
phenomena of all these structures. For all the phases our optimized lattice parameters are well accord to the 
experimental lattice parameters. The positive elastic constants of these compounds revealed that these 
superconductors possess the mechanical stability in nature. The values of Pugh’s ratio and Poisson’s ratio 
ensured the brittle manner of these compounds and anisotropic behavior is ensured by the values of anisotropy 
factor. The soft nature of all compounds is confirmed by the bulk modulus analysis. The values of Vickers 
hardness indicate that the rigidity decreased in the order of SrIrGe3>SrPtGe3>SrPdGe3. The overlapping of the 
conduction band and valence band at Fermi level indicates the zero band gaps and metallic nature of SrIrGe3, 
SrPdGe3 and SrPtGe3. The chief contribution around the Fermi level arises from Ir-5d, Ge-4s, 4p states for 
SrIrGe3 and Ge-4s, 4p states for SrPdGe3 and Pt-5d, Ge-4s, 4p for SrPtGe3 compound. The study of DOS, 
Mulliken atomic populations and charge density ensured the existing of complex bonding in SrIrGe3, SrPdGe3 
and SrPtGe3 with ionic, covalent and metallic characteristics. The analysis of the dielectric function also 
ensured the metallic behavior of all these compounds. 

Keywords: SrIrGe3, SrPdGe3 and SrPtGe3 superconductors, Chemical bonding, and Optical properties. 

1. INTRODUCTION 

The noncentrosymmetric superconductors have 
attracted much consideration having their unique 
superconducting properties caused by the Rashba-type 
antysymmetric spin-orbit coupling which leads to a 
mixing of the spin-singlet and spin-triplet states [1]. 
The investigations of specific conditions for 
superconductivity (SC) in non-centrosymmetric 
compounds were induced in 2004 by the discovery of 

heavy-fermion SC in CePt3Si with the superconducting 
critical temperature, Tc = 0.75 K [2]. Since the first 
heavy fermion noncentrosymmetric superconductor 
CePt3Si was discovered [2], a lot of similar systems 
have been found. In recent years, BaNiSn3-type LnTX3 
compounds (Ln = lanthanide element, T = transition 
metal and X = Ge, Si) have been extensively 
investigated because of their interesting physical 
properties such as valance fluctuations [3-5] and 
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different magnetic properties [6-11]. Moreover, 
CeIrGe3 [12], CeIrSi3 [13-15] CeCoGe3 [16, 17] and 
CeRhSi3 [18, 19] with BaNiSn3-type structure have 
been found to exhibit pressure induced 
superconductivity. This finding is very interesting 
because along the c-axis their structure lacks inversion 
symmetry. These Ce-based noncentrosymmetric 
superconductors (NCS) are placed close to a magnetic 
quantum critical point, making it difficult to show the 
effects of ASOC and inversion symmetry breaking on 
superconductivity.  

In order to analysis the impact of inversion symmetry 
breaking on superconductivity, nonmagnetic Rashba-
type NCS must be discovered and studied because the 
extra complications that originate from strong f-
electron correlations can be prohibited. Among 
compounds adopting the tetragonal BaNiSn3-type 
structure [20], the phenomenon of superconductivity 
has been reported for LaPdSi3 (Tc = 2.60-2.65 K [21, 
22]), LaRhSi3 (Tc = 2.16 K [22]), LaPtSi3 (Tc = 1.52 
K [23]), BaPtSi3 (Tc = 2.25 K [24]), CaPtSi3 (Tc = 2.3 
K [25]), CaIrSi3 (Tc = 3.3 K [26]), SrPdGe3 (Tc = 1.49 
K [27]), and SrPtGe3 (Tc = 1.0 K [27]). Despite of the 
deficiency of centrosymmetry in the crystal structure, 
all these systems exhibit a typically BCS-like SC, 
except for CaIrSi3 [26] having a weakly anisotropic 
superconducting gap. The electronic properties of 
these BaNiSn3-type NCS can affect their 
superconducting properties caused by electron-phonon 
interactions. In turn, in this family, pressure-inducted 
heavy-fermion SC has been detected in CeCoGe3 (Tc = 
0.7 [28]), CeRhSi3 (Tc = 0.72 [29]), and CeCoGe3 (Tc 
= 0.7 CeIrGe3 (Tc = 1.6 K [30]).  

In the current study, we therefore make a plan to 
investigate the physical properties including structural 
properties, elastic properties, electronic properties, 
optical properties of SrIrGe3, SrPdGe3 and SrPtGe3 
compounds. We have used the density functional 
theory (DFT) based on CASTEP computer program to 
discuss the detailed physical characteristics of these 
compounds. The remaining parts of this research work 
are organized as follows: the computation detail is 
given in second section then the result and discussion 

are given and finally the summary of our study is 
given.  

2. THEORITICAL METHODS 

The investigation of different properties of SrMGe3 
(where M= Ir, Pt, and Pd) compounds have been 
carried out using Cambridge Serial Total Energy 
Package (CASTEP) code based on the density 
functional theory (DFT) [31, 32]. The Ge-4s24p2, Sr-
4s24p65s2 and Ir-5d76s2; Ge-4s24p2, Sr-4s24p65s2 and 
Pd-4d10; Ge-4s24p2, Sr-4s24p65s2 and Pt-5d96s1 are 
treated as the valance electrons in the case of SrIrGe3, 
SrPdGe3 and SrPtGe3 respectively for pseudo atomic 
calculations. The wave functions are expanded using 
plane-wave cut-off energy 550eV with 10×11×13 grids 
for SrIrGe3 and SrPtGe3 compound and energy 500eV 
with 10×10×12 grids for SrPdGe3 based on 
Monkhorst-Pack scheme [33] in the primitive cell. The 
Brodyden-Fletcher-Goldfarb-Shanno (BFGS) energy 
minimizing technique has been observed to optimize 
the crystal structure [34].  

The parameters for the geometry optimization 
convergence criteria were imputed at 1.0 × 10-5 
eV/atom for the total energy, 0.03 eV/Å for maximum 
force, 0.05GPa for maximum stress and 0.001 Å for 
maximum displacement. The elastic stiffness constants 
are attained using the stress-strain method [35].  

3. RESULTS AND DISCUSSION  

3.1 Structural Properties - All the three 
noncentrosymmetric SrMGe3 (M= Ir, Pt, and Pd) 
compounds investigated here belong to BaNiSn3-type 
tetragonal crystal structure with the space group 
I4/mmm (139). Each primitive cell unit cell contains 
one Sr atom at the 2a(0.00, 0.00, 0.00) position, one M 
atom at 2a(0.00, 0.00, ZT), one Ge1 atom at 4b(0.00, 
0.50, ZGe1) and two Ge2 atom at the 2a(0.00, 0.00, 
ZGe2) sites.  This three internal parameters (ZT, ZGe1 
and ZGe2) and two lattice parameters (a and c) 
characterize the crystal structure of all these 
compounds. The calculated lattice parameters, 
tetragonal ratio, volume, bulk modulus and internal 
parameters are listed in Table 1 for all the investigated 
NCS with the available experimental values. Here the 
slight deviation of the optimized lattice parameters 

http://www.universepg.com/


Naefa and Rahman / International Journal of Material and Mathematical Sciences, 2(2), 16-28, 2020 

18 

UniversePG l www.universepg.com 

from the experimental values ensures the accuracy of 
our DFT based calculations. However in some cases 
we have observed that the optimized lattice parameters 

are slightly greater than the experimental values which 
happened due to the over estimation of the GGA based 
calculations.

                    

                                           

                                        

                     

 
 

Fig 1: The crystal structures of SrMGe3 (M=Ir, Pd and Pt); (a) Two dimensional conventional unit cell and (b) 
Three dimensional primitive unit cell. 

Table 1: Structural parameters for SrMGe3 (M=Ir, Pd and Pt) compounds and their comparison with the available 
experimental results. 
 

 Material     a(Å)        c(Å)         c\a          V(Å3)        B(GPa)       ZT              ZGe1             ZGe2      Remarks 
                  4.508       10.190     2.261      207.082       82.776        ----          ----         ----     This work                      

  SrIrGe3   4.465       10.091     2.260      201.176         ----          0.649    0.254      0.412         [36] 

                   0.963       0.981      0.044         2.936           ----            ----         ----         ----       Dev. (%)                                 

                   4.495      10.360     2.304      209.324        71.854       ----        ----          ----       This work        

 SrPdGe3   4.462      10.274     2.303      204.550         ----          0.642    0.253      0.399           [36] 

                   0.740      0.837       0.044        2.334           ----            ----       ----         ----         Dev. (%)              

                         4.468      10.503     2.350       209.672       78.288        ----       ----          ----          This work           

 SrPtGe3    4.478      10.137     2.264        203.272         ----          0.645    0.257      0.401         [36] 

                    0.223      3.611       3.799       3.148            ----             ----        ----           ----       Dev.(%) 

 

3.2 Elastic constants and mechanical properties - 
The elastic constants of any material are strongly 
correlated with the long-wavelength phonon spectrum; 
in this manner the elastic properties of super 
conducting material must be executed [37]. The 
important information about the dynamic features of 
crystalline materials is also provided by the elastic 
constants. The material’s stability, ductility, 

brittleness, anisotropy, stiffness behavior and bonding 
nature in atom are obtained from the study of 
mechanical properties. According to the Hook’s law, 
the elastic constants were carrying on from a linear fit 
of the evaluated stress-strain function [38]. The 
calculated elastic constants of SrIrGe3, SrPdGe3 and 
SrPtGe3 superconductors are represent in Table 2. For 
tetragonal phase, the elastic constants need to content 

(a) (b) 
Sr 

Ge 

Ir/Pd/Pt 
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the stability conditions known as the Born stability 
criteria [39]. 

C11 > 0; C33 >0; C66 >0; C44 >0 
C11 + C12 - 2C13 >0; C11 - C12 >0             (1)                                                      
2(C11 + C12) + 4C13 + C33 >0 
 

We have listed the observed elastic constants for 
SrIrGe3, SrPdGe3 and SrPtGe3 superconductors in 
Table 2. From below Table 2 we can see that the 
observed values are positive and gratified the above 

criteria. Hence we can say that the SrIrGe3, SrPdGe3 
and SrPtGe3 superconductors are mechanically stable 
in nature. It is seen that C11 is significantly smaller 
than C33, indicating that the chemical bonding strength 
in the (100) and (010) directions is significantly 
weaker than the bonding strength in the (001) 
direction. The value of C44 is obviously smaller than 
C66, which demonstrates that it is easier for shear 
deformation to occur along the (001) direction in 
comparison with the (010) direction. 

 

Table 2: The calculated single independent elastic constants Cij (in Gpa) of SrIrGe3, SrPdGe3 and SrPtGe3 
superconductor. 
 

                 Elastic Constants 
Compounds           C11              C12             C13                C33                 C44               C66                      Ref. 

    SrIrGe3            147.521        39.899        54.994        151.513          38.879          40.333      This study 
   SrPdGe3                 93.572          69.128        53.356        107.874          37.101          34.268         This study        
   SrPtGe3           115.233         60.503        57.982        121.263          42.270          36.231      This study 
   LaIrSi3                  211.95           67.98         108.56         217.21             41.41           62.57           [40] 

 

According to the Voigt-Reuss-Hill (VRH) average 
schemes [41], the shear modulus (G), the bulk modulus 
(B), Poisson ratio (v) and Young’s modulus (E) can be 
calculated for the tetragonal system. The bulk and 
shear moduli given as follows: 
 𝐵V =  2𝐶11+2𝐶12+𝐶33+4𝐶139                             (2) 𝐵R = 𝐶2𝑀                                                                           (3) 

𝐺V =  𝑀+3𝐶11−3𝐶12+12𝐶44+6𝐶6630          (4) 

𝐺𝑅 = 15 [18𝐵V𝐶2 + 6(𝐶11−𝐶12) + 6𝐶44 + 3𝐶66]−1
            (5) 

Where 𝐶2 = (𝐶11 + 𝐶12)𝐶33 − 2𝐶132    

And 𝑀 = 𝐶11 + 𝐶12 + 2𝐶33 − 4𝐶13  

 𝐵 = 𝐵V+𝐵R2                            (6) 𝐺 = 𝐺V+𝐺R2                      (7) 

We have calculated the Poisson's ratio (v) and the 
Young's modulus (E) using the following equations,  

𝐸 = 9𝐺𝐵3𝐵+𝐺                                         (8) 

𝑣 = 3𝐵−2𝐺2(3𝐵+𝐺)                                   (9)

   

The calculated values of Bulk modulus B, Shear 
modulus G, Young modulus E, B/G and 𝑣 for the 
compounds SrMGe3 (M = Ir, Pd and Pt) are listed in 
Table 3.  It has been seen from Table 3 that the values 
of B of SrIrGe3, SrPdGe3 and SrPtGe3 are less than 100 
GPa [42] indicating that these are relatively soft 
materials. The stiffness properties of a compound can 
be described by Young modulus E. The larger value of 
E signifies the more stiffness of a compound [43]. 
These compounds also show the larger bulk modulus 𝐵 than the shear modulus 𝐺 expressing the limitation 
of mechanical stability for these compounds by 𝐺 [44].  

Generally, it is extremely helpful to predict the type of 
bonding force which makes a solid to reveal ductility 
or brittleness behavior. The shear modulus 𝐺 is 
denoted by the resistance to plastic deformation and 
bulk modulus 𝐵 is defined by the resistance to fracture 
so that the flexibility of a material is observed by the 
well-known ratio 𝐵/𝐺 called as Pough’ ratio [43]. 
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Table 3: Calculated polycrystalline bulk modulus B (GPa), shear modulus G (GPa), Young's modulus E (GPa), B/G 
values, Poisson's ratio v, elastic anisotropy index AU and Vickers hardness Hv (GPa) of SrMGe3 (M = Ir, Pd and Pt). 

 

                                              Polycrystalline Elastic Properties 

  Compounds          B             G              E                B/G                  v                  AU                HV 

   SrIrGe3           82.776       43.051     110.069       1.923             0.278            0.0846           5.409 

   SrPdGe3               71.854       27.241     72.554         2.638             0.332            0.9655           1.444 

   SrPtGe3                78.288       35.321     92.111          2.222             0.304            0.149             3.342 

 

The ductile compound processes the larger value of 𝐵 𝐺⁄ (> 1.75) else the compound will be brittle. The 
lower value of Poisson’ ratio (𝜈 < 0.26) shows the 
brittleness properties of a compound and for any other 
values the compound will be ductile. According to 
these conditions SrIrGe3, SrPdGe3 and SrPtGe3 process 
the brittleness manner. The universal anisotropy index 𝐴U can be evaluated by using the following equation 
[45]: 𝐴𝑈 =  5𝐺𝑉𝐺𝑅 + 𝐵𝑉𝐵𝑅 − 6                       (10) 
 

If A
U = 0 the crystal is entirely isotropic and any 

deviation from this value represent the degree of 
anisotropy in the crystal. According to the values of AU 
exhibited in Table 3 our studied compounds show 
anisotropic behavior. It is also obvious that SrPdGe3 is 
more anisotropic among them. The Vickers hardness 
which is also an important mechanical property of a 
material is obtained by the following equation 
proposed by Chen et al. [46]. 𝐻V = 2(𝐾2𝐺)0.585 − 3                 (11) 

 

In Table 3 the values of Vickers hardness are 
tabulated. It is evident from Table 3 that SrIrGe3, 
SrPdGe3 and SrPtGe3 are relatively soft materials 
which are contradicted by softness/hardness 
characteristics presented by the bulk modulus B. 

3.3 Electronic Properties and Chemical Bonding - 
The electronic band structure, partial density of states 
(PDOS) and total density of states (TDOS) of SrIrGe3, 
SrPdGe3 and SrPtGe3 have been studied and discussed 
to gain the deep insights into the electronic properties 
of these superconductors. The Fermi level between 
conduction band and valance band is indicated in 

diagram along with the range of total band structure. 
The electronic band structure diagrams for these 
compounds are depictured in Fig 2. In these diagrams 
we can see that the valance band and conduction band 
are overlapped at Fermi level (EF) and there is no band 
gap appeared at EF. Since there is no band gap it can be 
implies that these compounds under study shows 
metallic behavior and the metallic nature of SrIrGe3, 
SrPdGe3 and SrPtGe3 implies that these compound 
might be superconductor [47]. The densities of states 
(partial and total) of SrIrGe3, SrPdGe3 and SrPtGe3 
compounds are plotted on Fig 3. The lower valance 
bands for SrIrGe3 (-17.59eV to -16.38eV) and for 
SrPdGe3 (-18.73eV to -17.57eV) are consists from Sr-
4p state which is dominant for these compounds and 
for SrPtGe3 (-18.07eV to -16.83eV) consist from Sr-
4s, 5s state. The middle valance band for SrIrGe3 (to 
be found at -11.64eV to -6.49eV), for SrPdGe3 (to be 
found at -12.48eV to -7.13eV) and for SrPtGe3 (to be 
found at 12.20eV to 6.68eV) are made up from Ge-4s 
state. 

For SrIrGe3 the upper valance band (to be found at -
5.72eV to 0eV) is mainly originates from Ir-5d, Ge-4p 
states and Pd-4d, Ge-4p for SrPdGe3 (to be found at -
6.24eV to 0eV).For SrPtGe3 the upper valance band (to 
be found at -6.36eV to 0eV) is mainly originates from 
Pt-5d and Ge-4p states. The contribution of Ge-4p 
states is dominant for all compounds. The conduction 
band mainly contributed from Ir-5d and Ge-4s, 4p 
states in case of SrIrGe3 and Ge-4s, 4p state for 
SrPdGe3 and SrPtGe3 whereas Ge-4s, 4p orbital is 
dominant for all compounds. At the Fermi level mainly 
contribution comes from Ir-5d, Ge-4s, 4p states for 
SrIrGe3 and Ge-4s, 4p states for SrPdGe3 and Pt-5d, 
Ge-4s,4p for SrPtGe3 compounds.  
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Fig 2: The electronic band structure of (a) SrIrGe3, (b) SrPdGe3 and (c) SrPtGe3 ternary intermetallics along high 
symmetry direction in the Brillouin zones. 

 

 

 

 

 

 

 

 

 

Fig 3: Total and partial density of states for (a) SrIrGe3, (b) SrPdGe3 and (c) SrPtGe3. 

The calculated values of density of states at the Fermi 
level are 1.96eV states eV-1 fu-1, 2.39eV states eV-1 fu-

1 and 1.52 states eV-1 fu-1 for SrIrGe3, SrPdGe3 and 
SrPtGe3 respectively. Which type of bond exists in 
these compounds is clearly known by study of 
Mulliken atomic population. Here we have study The 
Mulliken atomic population of these compounds and 
presented in Table 4. From Table 4 we have seen that 
Sr and Ge atoms have positive charge while Ir 

contains negative charge for SrIrGe3 compound which 
indicates the charge transferring from Sr and Ge atoms 
to Ir atom. Similarly the charge transfers from Sr and 
Ge atoms to Pd atom in case of SrPdGe3 compound 
and charge transferring from Sr and Ge atoms to Pt 
atom in case of SrPtGe3 compound. The zero value of 
band population exhibits a perfect ionic bond and 
greater than zero initiative the increase of covalence 
bond [48].                
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Table 4: Mulliken atomic populations of SrIrGe3, SrPdGe3 and SrPtGe3 compounds. 

Compounds  Species        S            P           D         Total      Charge       Bond       Population   Lengths 

                         Sr             2.26       5.97       0.96        9.19         0.81          
 SrIrGe3          Ir              0.73       1.04       8.02        9.79        -0.79         Ge-Ir             0.31            2.483                      
                        Ge             1.38       2.50       0.00        3.88         0.12         Ge-Ge          -5.80            2.784 
                        Sr              2.24       5.97       0.91        9.12          0.88       
 SrPdGe3        Pd              0.73      1.21        9.37       11.30        -1.30        Ge-Pd           0.21             2.499   
                        Ge             1.31       2.42        0.00       3.73          0.27         Ge-Ge         -3.34             2.717                        
                        Sr              2.23       5.97         0.92       9.12           0.88       
 SrPtGe3         Pt              0.89       1.18         8.96       11.03        -1.03        Ge-Pt          -0.81             2.507 
                        Ge             1.37      2.44          0.00        3.81          0.19         

 

The values of population of Ge-Ir, Ge-Pd are greater than 
zero, which indicates that these bonds are covalent. The 
values of population of Ge-Ge, Ge-Pt are negative and 
indicating the ionic character. These results accrue with 
the result of density of states (DOS) analysis. In order to 
get clear insight into the bonding the total charge density 
map for SrIrGe3, SrPdGe3 and SrPtGe3 compounds are 
shown in Fig 4. The blue and red colors indicate the low 
and high electron densities respectively. We observe a 
clear overlapping of charge density distribution between 
the nearest Ge, Ir and Ge, Pd atoms indicating the 

covalent nature of Ge-Ir for SrIrGe3 and Ge-Pd bonds for 
SrPdGe3 compound. These results show a good consent 
with the DOS analysis. There is no overlapping of 
electron (charge) distribution among Sr atoms indicating 
the ionic feature Sr-Sr bonds of SrIrGe3 and SrPdGe3 
compounds. For SrPtGe3 compound the Sr and Ge 
atoms shows the covalent nature and Pt shows the ionic 
nature. The ionic character is consequence of the metallic 
nature [49] viewing the metallic behavior of Sr-Sr, and 
Pt-Pt bonds. 

 

 

 

 

 

 

 

 

 

 

Fig 4: Total charge density of (a) SrIrGe3, (b) SrPdGe3 and (c) SrPtGe3 compounds. 

Hence from the overall detailed study of DOS, 
Mulliken atomic population and total charge density of 
SrMGe3 (M=Ir, Pd, Pt) superconductors we can 

conclude that all compounds have ionic, covalent and 
metallic bonds which is the common characteristics of 
BaNiSn3 structured compounds. 
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3.4 Optical properties - Using the frequency 
dependent dielectric function ε(ω) = ε1(ω)+iε2(ω), the 
optical properties of SrIrGe3, SrPdGe3 and SrPtGe3 
superconductors have been studied. The investigation 
of the optical function of solids provides excessive 
information of the electronic properties. From the 
momentum matrix elements between the unfilled and 
filled electronic states the imaginary part, ε2(ω) of 
dielectric function can be obtain [50]. This is express 
by the following function, 
  

ε2(ω) = 2e2π 
Ωε0 ∑ |ѱ𝑘𝑐 |𝑢. 𝑟|ѱ𝑘𝑣 |2𝑘,𝑣 ,𝑐 𝛿(𝐸𝑘𝑐 − 𝐸𝑘𝑣 − ℏω)      (12) 

 

Where 𝑢 represent the polarization of the incident 
electric field, ω as the frequency of light, Ω represent 
the until cell volume, , e is define as the charge of 

electron, |ѱ𝑘𝑐 | and |ѱ𝑘𝑣| represent respectively the 

conduction band wave function and valance band wave 
function at K. By using Kramers-Kronig 
transformation the real part ε1 (ω) can be obtained from 
the value of ε2(ω). The optical properties such as 
absorption spectrum, loss function, conductivity, 
dielectric function, reflectivity and refractive index are 
evaluated by eqs (49)-(54) in ref [51]. 

The absorption spectra offer useful information about 
the maximum solar energy exchange efficiency and it 
show how far light of specific wavelength is passes 
through a material before being absorbed. The 
absorption spectra of SrMGe3 (M=Ir, Pd, Pt) are 
shown in Fig 5(a). Fig 5(a) shows the absorption 
coefficients of all the phases which begin at 0 eV due 
to their metallic nature. It has been seen that the nature 
of absorption curves are almost same for these 
compounds. Two strong peaks (absorption) are found 
in the visible and ultraviolet regions for all phases at 
different energy ranges. These peaks are weak in the 
visible region but continuously increase in the 
ultraviolet region and reach maximum value at 9.00 
eV. According to this outcome we can say that 
SrIrGe3, SrPdGe3 and SrPtGe3 compounds are 
promising for absorbing materials in the UV region. 
All the compounds show rather good absorption 
coefficient in the 9.0 eV to 23.85 eV regions. The 
spectra of reflectivity of SrIrGe3, SrPdGe3 and SrPtGe3 
are shown in Fig 5(b). Reflectivity is a function of 

incident light energy and is a measure of the ability of 
a surface to reflect radiation incident on it. It is 
attained by the ratio of the energy of the wave reflected 
from a surface to the energy of the wave incident on 
the surface [52].  From Fig 5(b) we can see that the 
reflectivity starts from the value of 0.60 for SrIrGe3, 
0.98 for SrPdGe3 (it is also the maximum value) and 
0.59 for SrPtGe3 with zero photon energy. The 
maximum value of reflectivity appears at 12.36 eV 
energy is 0.69 for SrIrGe3 compound, at 13.45 eV 
energy is 0.69 for SrPtGe3 compound. It is also evident 
that all phases can be used as excellent coating 
materials in the energy range 1.5eV to 14.48 eV. 

The reflectivity of these compounds is much higher in 
the ultraviolet and IR regions. Therefore all the 
compounds, with roughly similar reflectivity spectra, 
show good promise as good coating materials in the 
ultraviolet and infrared regions. The conductivity 
spectrum of SrIrGe3, SrPdGe3 and SrPtGe3 are shown 
in Fig 5(c). The conductivity is an optoelectronic 
phenomenon in which electrical conductivity of a 
material rises as a result of absorbing of photons. It 
helps us to mark out the material will be 
semiconductor, conductor or superconductor. The 
investigated conductivity spectra with photon energy 
of SrMGe3 (M=Ir, Pd, Pt) are shown in Fig 5(c). The 
photoconductivity starts with zero photon energy due 
to the reason that the materials have no band gap 
which is apparent from band structure signifying the 
metallic behaviors of these phases. The 
photoconductivity is maxima at 5.18 eV for SrIrGe3 
and 2.84 eV for SrPdGe3 and SrPtGe3 compound. No 
photoconductivity occurs above 26.19 eV. 

The energy loss function is defined as the energy loss 
of a fast electron when it traverses in the material [53]. 
The frequency at which maximum energy loss 
happened is known as the Bulk plasma frequency ωp of 
the material which emerges at ε1 (ω) =0 and ε2 (ω) is 
less than one [54, 55]. The energy loss spectra for all 
these three compounds under investigation are plotted 
in Fig 5(d). The loss function is maxima at 14.90 eV 
for SrIrGe3 and SrPtGe3 compound and 12.44 eV for 
SrPdGe3 compound. These materials become 
transparent when the plasma frequency is lower than 
that of incident frequency. 
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Fig 5: The optical functions (a) Absorption, (b) Reflectivity, (c) Conductivity, and (d) Loss function of SrIrGe3, 
SrPdGe3 and SrPtGe3. (e) Dielectric function of SrIrGe3, SrPdGe3 and SrPtGe3 (f) Refractive index of SrIrGe3, 

SrPdGe3 and SrPtGe3. 

Dielectric function is a crucial factor to know the 
energy loss and polarizability of a material, while 
electromagnetic wave passes through it. The real and 
imaginary parts of dielectric function are shown in Fig 
5(e) for SrIrGe3, SrPdGe3 and SrPtGe3 compounds. It 
is obvious from the study of chemical bonding and 
electronic structure that these compounds show 
metallic behavior in nature. Hence it is necessary to 
include the Drude term to the dielectric function [53, 
56, and 57].  

The unscreened plasma frequency 3 eV and damping 
(relaxation energy) 0.05 eV have been used in the 
Drude term. Despite some variation in heights and 
position of peaks, the overall features of our calculated 
optical spectra of SrIrGe3, SrPdGe3 and SrPtGe3 are 
almost similar. It has been observed that for all the 
phases the real part ε1 (ω) of the dielectric function 
became zero at around 0.16 eV, which corresponds to 
the energy at which the absorption coefficients nearly 
zero (Fig 5a), reflectivity shows a sharp drop (Fig 5b) 
and the conductivity (Fig 5c) increases sharply. The 
large negative value ε1 (ω) of dielectric constant 

exhibit the Drude-like behaviors which is common 
feature for metallic system From Fig 5(e) we have 
observed that real part of the dielectric function comes 
to zero from below and the imaginary part of the 
dielectric function comes to zero from above which 
also ensure the metallic nature of these compounds. 

When light is entered into a material then it is 
refracted or bent. So how much light is refracted or 
bent when it traversing through a material, this 
quantity is measured by a dimensionless parameter 
called the refractive index [58]. The idea of refractive 
index of an optical material is very effective for its use 
in optical tools such as waveguides, photonic crystals, 
etc.  

The refractive indices in terms of real and imaginary 
of SrIrGe3, SrPdGe3 and SrPtGe3 are displayed in Fig 
5(f). The imaginary part describes the amount of 
absorption loss and the real part signifies the phase 
velocity of electromagnetic wave when propagates 
throughout the material. For all superconductors the 
static refractive index n (0) is found to have the value 
104. 
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4. COCLUSION 

In this research work, we have performed the detailed 
physical properties including structural, elastic, 
electronic, chemical bonding and optical properties of 
SrIrGe3, SrPdGe3 and SrPtGe3 by using CASTEP code 
based on the density functional theory. The optimize 
lattice parameters have a slight variation from 
available experimental data for all compounds. The 
studies of Pugh’s ratio values revealed that all 
compounds are brittle in nature and the value of 
Poisson’s ratio suggests that central force exists in 
these compounds. The bulk modulus indicated the soft 
behavior of SrIrGe3, SrPdGe3 and SrPtGe3 
compounds. The study of elastic constant ensured that 
all compounds are stable in nature and show 
anisotropic manner. The band structures and density of 
states (DOS) revealed the metallic nature of these 
phases. The chemical bonding analysis ensured the 
existing of covalent, ionic and metallic bonds in these 
compounds. The reflection spectra of all the 
compounds showed that these have the potential to be 
used as coating material to avoid solar heating up to 
~8 eV. The large negative values of real part of the 
dielectric function revealed the metallic nature of all 
these compounds. The conductivity spectrum and the 
absorption coefficient are started from zero energy 
which also indicated the metallic features of all the 
compounds. 
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