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The study investigates the ternary alloy (ScP1-xAsx) and delves into its structural, electronic, 
and optical characteristics across various compositions. Employing density functional 
theory (DFT) calculations utilizing the FP-LAPW+lo method within the WIEN2k 
computational package, the researchers initially focus on the alloy's phase stability. Results 
reveal that the alloy maintains stability within a NaCl crystal structure across all 
compositions examined. Furthermore. The findings suggest promising absorption 
coefficients and optical bandgaps, indicating the potential suitability of the alloy for 
optoelectronic device applications. This implies that the (ScP1-xAsx) ternary alloy could hold 
promise in the development of various optoelectronic devices, leveraging its structural and 
optical properties for enhanced performance in relevant applications. 
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1. Introduction  
 
The passage provides a comprehensive overview of the recent surge in interest in Scandium 

III–V based materials, focusing on the anomalous physical properties observed across structural, 
magnetic, and phonon characteristics. Researchers have conducted extensive investigations into the 
bulk properties of scandium pnictides, encompassing various aspects such as Fundamental 
properties. These studies have been conducted using a combination of experimental and theoretical 
methods, as referenced in [1–13]. 

Despite the comprehensive exploration of many properties of these materials, the phonon 
properties of ScN have received relatively little attention, with only a few studies dedicated to their 
investigation [14]. This discrepancy highlights a potential gap in our understanding of the vibrational 
dynamics and lattice vibrations of ScN, emphasizing the need for further research in this area. 
Addressing this gap could provide valuable insights into the thermal and mechanical behavior of 
ScN, crucial for understanding its overall stability and performance in practical applications. 
Additionally, a deeper understanding of ScN's phonon properties could contribute to the 
development of new materials with tailored thermal and mechanical characteristics, potentially 
advancing fields such as thermoelectrics, phononics, and materials engineering. 

Furthermore, the passage discusses the use of first-principle electronic band structure 
calculations to study the properties of scandium III–V based materials. These calculations reveal 
multi-overlap lines between valence and conduction bands, indicating metallic behavior. This 
observation has been emphasized by the authors, suggesting that the materials exhibit metallic 
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characteristics. The consistency of these results across different studies, as evidenced by findings 
from another reference, Ref. [13], underscores the robustness of the findings and strengthens our 
understanding of the electronic properties of scandium III–V based materials. 

Finally, the passage acknowledges the progress made in understanding the structural and 
electronic properties of ScP and ScAs compounds through theoretical frameworks but points out a 
significant gap in our comprehension regarding their dynamic properties, specifically their phonon 
characteristics. Understanding the phonon properties of ScP and ScAs is crucial due to their 
influence on various physical attributes of solids, including phase transition phenomena, 
thermodynamic stability, and a range of transport and thermal properties. Therefore, a deeper 
comprehension of these compounds' phonon properties is essential for accurately predicting and 
manipulating their behavior across diverse applications in materials science and engineering. 

The present work provides a structured overview of an article focusing on the computational 
investigation of the physical properties of ternary alloys ScP1−xAsx, as well as their binary 
compounds ScP and ScAs. Here's a breakdown of the outlined structure: 

 
• Section 2: Computational Details 
This section presents an overview of the computational methodologies utilized in the study. 

It likely includes descriptions of the software packages, algorithms, and theoretical frameworks 
employed to conduct the calculations. This part sets the foundation for the subsequent analysis and 
interpretation of results. 

 
• Section 3: Results and Discussions 
In this section, the findings from the computational calculations are elaborated upon and 

discussed. It covers a range of physical properties of the ternary alloys and binary compounds, such 
as their electronic structure, bandgap characteristics, lattice dynamics, and potentially other relevant 
attributes. Discussions may delve into the implications of these findings, their alignment with 
existing theories or experimental data, and potential applications in various fields. 

 
• Concluding Section 
In this part, we present the results and conclusions and discuss them. It encapsulates the 

contributions made to understanding the physical properties of the materials under investigation. 
Additionally, it may offer insights into potential future research directions and avenues for further 
exploration in the field. 

The structured format of the article facilitates easy navigation for readers, guiding them 
through the computational methodology, presentation of results, and the overarching conclusions. 
This organization ensures clarity and coherence in conveying the study's objectives, findings, and 
implications to the audience. 

 
2. Theoretical details 
 
The study utilized density functional theory (DFT) [15,16], to comprehensively analyze the 

physical properties of ScP and ScAs compounds, as well as their alloys ScP1-x Asx. Specifically, the 
augmented plane wave (FP-LAPW) [17, 18], method implemented within the Wien2k code [19] was 
employed for calculations. The generalized gradient approximation for exchange and correlation 
interactions. For exchange and correlation interactions we used the generalized gradient 
approximation, following the Wu and Cohen (WC-GGA) scheme [20], was utilized to accurately 
determine total energy and electronic properties. To address the GGA [20] underestimation of the 
band gap, the Tran and Blaha-modified Becke-Johnson potential (mBJ) was incorporated for 
electronic property calculations. Wave function expansion within the atomic sphere was conducted 
with a maximum value of angular momentum (lmax=10). A plane wave expansion in the interstitial 
region with RMTKmax was chosen, with a value of seven across all investigated systems. The 
Fourier expansion of the potential and charge density utilized Gmax = 12 (Ry)1/2. Specific muffin-tin 
radii (RMT) were assigned for each element: 2.2 for Sc, 1.8 for P and 2.09 for As, (all in atomic 
units). To integrate inside the Brillouin zone (BZ), the modified tetrahedron method was applied 
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with a dense mesh of 1000 k-points, ensuring convergence of total energy to less than 10-6 Ry. These 
meticulous computational parameters were crucial for accurately predicting the properties of the 
studied systems, providing valuable insights into their behavior at the atomic and electronic levels. 

 
 
3. Results interpretation 
 
3.1. Structural characterization  
In this part, our main objective is to compute the total energies for ScP1-x Asx at different 

volumes. Figures 1 show case the total energy plotted against volume for both binary compounds 
and their ternary alloys in the NaCl phase. These graphical representations provide significant 
insights into the stability and energetic attributes of the systems under scrutiny. Our analysis of these 
plots aims to differentiate the relative stability among various compositions and identify the ideal 
conditions necessary for achieving the desired material properties. 

 

 

 

 
 

Fig. 1. Variation of total energy as a function of volume for ScAs, ScP0.25As0,75, ScP0.5As0.5,  
ScP0,75As0,25 and ScP in NaCl phase. 
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Continuing onward, we've employed the NaCl phase to ascertain the ground state properties 
of the materials. It's important to highlight that the system's stability diminishes with rising 
concentrations of phosphorus and arsenic. Subsequently, the total energies obtained are subjected to 
fitting with Murnaghan’s equation of state [21] to extract structural properties, including lattice 
constants (a₀) and the bulk modulus (B₀) (Table 1) presents a succinct summary of the structural 
outcomes for the studied materials, juxtaposed with previous theoretical [25] and experimental 
works [22]. Moreover, the calculated lattice parameters for various compositions of ScP1-x Asx alloys 
suggest a tendency toward Vegard’s law [23], with a slight upward bowing parameter evident in 
Fig. 5. The minor deviation from Vegard’s law primarily stems from subtle mismatches in lattice 
parameters among the binary compounds ScP and ScAs. Notably, deviations from Vegard’s law 
have been observed in semiconductor alloys, supported by both experimental observations [24] and 
theoretical considerations [25]. The overall trend in the variation of bulk modulus concerning the 
composition (x) for ScP1-x Asx ternary mixed crystals is illustrated in Fig. 6. When comparing the 
structural parameters of these materials (as shown in Figs. 6 and 7), a consistent pattern emerges: an 
increase in the lattice constant corresponds to a decrease in the bulk modulus. This alignment 
conforms to the established relationship between bulk modulus and lattice constant, represented by 
B ∝ V₀1, where V₀ denotes the primitive cell volume. 

 
 

Table 1. Value of Lattice parameter (A0) of ScPxAs1-x in NaCl. 
 

Materials Compositions Lattice parameter 
a(A0) 

Ref 

ScAs 
ScP0.25As0.75 

ScP0.5As0.5 

ScP0.75As0.25 

ScP 

0.00 
0.25 
0.5 

0.75 
1.00 

5.761 
5.741 
5.647 
5.582 
5.523 

[27] 
 
 
 

[27] 
 
 
3.2. Electronic Band Structure Analysis 
This passage discusses a study focusing on the energy bandgap in semiconductors, 

particularly ternary alloys of ScP1-xAsx with a rocksalt crystal structure. The researchers calculated 
the energy bandgap and electronic band structures using theoretical lattice parameters and the mBJ 
exchange potential. 

For binary compounds ScP and ScAs, The minimum of the conduction band is located at 
point X the point Γ corresponds to the maximum of the valence band, therefore presents an indirect 
semiconductor.(Fig 2). 

 
 

 
 

Fig. 2. Variation of the energy band gap values for ScPxAs1-x as a function of composition X. 
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 However, in ternary alloys, both the conduction and valence band extrema are at the Γ 
point, suggesting a direct bandgap semiconductor nature. Results in table2. 

 
Table 2. Value of gap (eV) of ScPxAs1-x in NaCl phase with Mbj Method. 

 
Materials Types of gap Gap Value (mBj) (eV) Ref 

ScAs 
ScP0.25As0.75 
ScP0.5As0.5 
ScP0.75As0.25 
ScP 

Indirect (X-Γ) 
Indirect (X-Γ) 
Indirect (X-Γ) 
Indirect (X-Γ) 
Indirect (X-Γ) 

0.431 
0.662 
0.987 
1.223 
1.524 

[26] 
 
 
 

[26] 
 
 
Comparing their results with previous experimental and theoretical studies, the authors 

found good agreement, although their results were slightly lower than some reported values. 
The study utilized the mBJ approximation method [20] , which yielded results consistent 

with other methodologies like GGA + USIC and GW[26], although some differences were noted 
compared to certain previously reported results. 

Furthermore, the researchers observed that increasing the concentration of yttrium in the 
alloy compositions led to an increase in the bandgap, as depicted in the provided figures. 

Overall, this research provides valuable insights into the energy bandgap and electronic 
properties of ternary alloys, which are essential for designing semiconductor materials for practical 
applications in electronic devices. 

 
3.3. Optical characterizations  
The optical properties of a materials are commonly expressed of the complex dielectric 

function ϵ(ω), where: ε(ω) = ε1(ω) + iε2(ω) [27].   
Here: 
ε1(ω): (ω) represents the real part of the dielectric function, present the material's response 

in terms of polarization. 
ε2(ω): represents the imaginary part of the dielectric function, associated with the absorption 

of light and energy dissipation within the material. 
The dielectric function provides essential information about how a material interacts with 

electromagnetic radiation across different frequencies (ω) [28-30]. It plays a critical role in 
understanding various optical properties of solids, including absorption, reflection, transmission, 
and dispersion. 

In semiconductor physics, the energy band structure plays a fundamental role in determining 
the optical and electronic properties of the material. The refractive index, typically denoted as  n(ω), 
where ω represents the angular frequency of light, is intimately linked to this band structure. In 
general, the refractive index can be related to the energy band structure through various models. One 
common approach is through the Sellmeier equation, which describes the refractive index of a 
material as a function of wavelength or frequency. However, for semiconductors, especially those 
with complex band structures, more sophisticated models may be required. [31- 33].  

Commonly employed models include: 
Sellmeier Equation: A phenomenological equation that presente n(ω),  as a function of 

wavelength or frequency. It typically involves fitting experimental data to a sum of terms with 
coefficients called Sellmeier coefficients. 

Wemple-Didomenico Model: This model connects the refractive index with the energy gap 
in semiconductors. It provides a relation between the refractive index and the energy gap based on 
the complex dielectric function and the energy band structure. 

Single Oscillator Model: A simple model that assumes a single electronic oscillator and 
relates the refractive index to the energy gap. It provides a straightforward way to understand the 
optical properties of semiconductors but may lack accuracy for complex materials. 
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Effective Mass Approximation: In this model, the energy band structure near the band edge 
is approximated by a parabolic dispersion relation. The refractive index can be related to the 
effective mass of charge carriers and the energy gap. 

These models offer different levels of complexity and accuracy in describing the 
relationship between the refractive index and the energy gap of semiconductors, making them 
valuable tools for understanding and predicting optical properties in various semiconductor 
materials. 

The provided description outlines the optical characteristics of various materials, including 
binary compounds (ScP and ScAs) and their ternary alloys (ScP1-xAsx) across different 
compositions. Here's a summary of the key findings: 

The passage discusses the calculation of optical properties such as the dielectric constant, 
refractive index, and others for both the material (ScP1-xAsx) using the mBJ approximation. Here's a 
breakdown of the information provided: 

Scope of the Study: The study focuses on assessing the optical behavior of (ScP1-xAsx) alloys 
across a range of energy from 0 to 40 eV. This assessment is conducted through calculations of 
various optical parameters. 

Representation of Results: The obtained results are presented in Figures 3 - 7 These figures 
depict the response of different optical properties as a function of energy for different concentrations 
of x in (ScP1-xAsx) alloys. 

 
3.3.1. Dielectric Function ε2(ω) 
Figure 3 displays the response of the imaginary part of the dielectric function (ε2(ω)) as a 

function of energy in the range of 0 to 40 eV for different concentrations of x. The curves for all 
concentrations exhibit similar qualitative behavior, starting from value (Zero) and gradually 
increasing from specific incident photon values. 

 
 

 
 

Fig. 3. Imaginary part of the dielectric function 𝜀𝜀2(𝜔𝜔) as a function of photon energy for ScP₁₋ₓAsₓ alloys 
with 𝑥𝑥 = 0, 0.25, 0.5, 0.75, and 1. 
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Optical Gap: The energy values at which the curves start increasing represent the optical 
gap corresponding to each composition of ScP1-xAsx. These values are found to be consistent with 
electronic energy bandgaps, indicating agreement between optical and electronic properties. 

Maximum Absorption: Each curve reaches a maximum value corresponding to specific 
energies for different concentrations of x. These maximum values indicate strong absorption of light 
photons, particularly in the ultraviolet region, for all concentrations of the alloys. 

Applicability in Optoelectronics: The observed strong absorption of light photons in the 
(UV) region suggests the potential applicability of ScP1-x Asx alloys in optoelectronic devices. 

Overall, the passage highlights the optical behavior of ScP1-xAsx alloys, indicating their 
potential utility in optoelectronic applications, particularly due to their strong absorption of light 
photons in the ultraviolet range. 

 
3.3.2. The dielectric function (ε1(ω)) 
This passage discusses the results obtained for (ε1(ω)) for ScP1-x Asx alloys over a range of 

incident photon energies from 0 to 40 eV. Here's a breakdown of the information provided: 
Behavior of ε1(ω): The curves representing ε1(ω) for different concentrations of x exhibit 

similar qualitative behavior in Fig. 4. They start from ε1(ω = 0) and gradually increase until they 
reach maximum peak values at specific energies for each concentration. These peak values are 
reported for each concentration, and their agreement with previously reported results is noted. 

Dispersion and Absorption: At certain energy values, the dispersion is zero, indicating 
maximum absorption. Beyond this, ε1(ω) starts to decrease and reaches negative minimum values, 
suggesting metallic behavior in the energy range of (9.428–13.183) eV. This indicates a reflection 
of incident light photons within this energy range. The results align with previously reported findings 
within the interval of (9.90 to 13.4 eV). 

Positive Results: After the negative region, ε1(ω) becomes positive for specific energy 
values corresponding to each concentration of P These positive values are reported for x = 0, 0.25, 
0.5, 0.75, and 1. 

 
 

 
 

Fig. 4. Real part of the dielectric function 𝜀𝜀1(𝜔𝜔) plotted as a function of photon energy  
for ScP₁₋ₓAsₓ with 𝑥𝑥 = 0, 0.25, 0.5, 0.75, and 1. 
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Comparison with Theoretical Models: Static values of ε1(ω) corresponding ω=0 , along with 
results from other theoretical study , are presented in Table 7. The obtained results for ε1(0) are 
noted to be somewhat lower than those obtained by other theoretical models across all concentrations 
of P. 

Relation with Bandgap Energy: Figure 9 illustrates the results of ε1(0) as a function of P 
concentration and energy bandgap. It's observed that ε1(0) decreases with increasing concentration 
of P and bandgap energy values, which aligns with Penn’s model, indicating an inverse relation 
between ε1(0) and bandgap energy. 

Overall, the passage provides detailed insights into the behavior of the real part of the 
dielectric function for ScP1-x Asx alloys, including its dispersion, absorption characteristics, 
comparison with theoretical models, and relation with bandgap energy. 

 
3.2.3. The refractive index (n(ω)) 
This passage elaborates on the results obtained for the refractive index (n(ω)) as a function 

of energy for (ScP1-xAsx) alloys within the energy interval of 0 to 40 eV. Here's a breakdown of 
the provided information: 

Representation of Results: The results for n(ω) are depicted in Figure 5 for all suggested 
concentrations of ScP1-x Asx alloys. It's noted that all curves in the figure start from corresponding 
values of n(0) at zero energy and gradually increase, reaching maximum values at specific energies 
for each composition. 

Maximum Values of n(ω): The maximum values of n(ω) correspond to specific energies for 
each concentration of ScP1-x Asx 

Comparison with Previous Literature: The obtained results are claimed to be superior to 
those reported in previous literature [43]. This suggests an advancement or improvement in the 
accuracy or reliability of the calculated refractive indices. 

Decreasing Trend: After reaching their maximum values, the results of n(ω) start to 
decrease. This likely indicates a reduction in refractive index beyond certain energy levels. 

 
 

 
 

Fig. 5.  Refractive index 𝑛𝑛(𝜔𝜔) as a function of photon energy for the ScP₁₋ₓAsₓ alloy system at different 
compositions. 
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Comparison with Moss Model: It is mentioned that the value obtained using the Moss model 
produced better results than the FP-L(APW + lo) method. This comparison likely emphasizes the 
agreement or similarity between the findings obtained from different theoretical models. 

Static Refractive Index (n(0)): The static values of (n(0)) and other computed results are 
presented in ( Table 3) . Additionally, these value are depicted as a function of P concentration and 
energy  of interdit band  values in Figure 10. 

Overall, the passage provides insights into the behavior of the refractive index for ScP1-x Asx 
alloys, highlighting maximum values, comparison with previous literature, and the agreement 
between different theoretical models. 

 
3.2.4. The absorption characteristics and reflectivity spectra 
This passage discusses the absorption characteristics and reflectivity spectra of ternary 

alloys ScP1-x Asx within the energy range of 0 to 40 eV: 
Absorption Coefficients: In Figure 6, the results of the coefficients of absorption with 

respect to incident photon energy are presented. It is observed that all curves exhibit similar 
behavior. The fundamental absorption threshold initiates at specific energies for each concentration 
of ScP1-x Asx, namely 0.884 eV, 0.966 eV, 1.179 eV, and 1.183 eV. These thresholds align well with 
the energies of the electronic energy bandgaps, indicating consistency between absorption behavior 
and bandgap energies. 

 

 
 

Fig. 6. Absorption coefficient 𝛼𝛼(𝜔𝜔) as a function of photon energy for ScP₁₋ₓAsₓ alloys with 𝑥𝑥 =
0, 0.25, 0.5, 0.75, and 1. 

 
 
Maximum Absorption Energies: The results corresponding to the energies of maximum 

absorption are collected in Table 3. These findings suggest that ScP1-x Asx alloys demonstrate 
absorption primarily in the ultraviolet range, suggesting potential applications in optoelectronics. 

Reflectivity Spectra: The reflectivity spectra of ScP1-xAsx alloys are depicted in Figure 7. 
It's noted that the curves are similar for all values of x, indicating consistent behavior across different 
alloy compositions. 
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Reflectivity at Zero Frequency (R(0)): Table 3 presents the results obtained for the 
reflectivity result  of the alloy at zero frequency, denoted as R(0). This parameter provides insight 
into the material's reflective properties under static conditions. 

 
 

 
 

Fig. 7. Reflectivity as a function of photon energy for the ScPAs alloy at (𝑥𝑥 = 0, 0.25, 0.5, 0.75 and 1). 
 
 
Overall, the passage provides a comprehensive overview of the absorption and reflectivity 

characteristics of ScP1-x Asx alloys, highlighting their potential for applications in optoelectronics 
and the consistency of results across different alloy compositions 

 
 

Table 3. Estimated Optical Properties (NaCl Phase)for ScPxAs1-x. 
 

Material Composition  Relative index n0 Static Dielectric 
Constant e0 

ScAs 
ScP0.25As0.75 
ScP0.5As0.5 
ScP0.75As0.25 
ScP 

X=1 
X=0.75 
X=0.5 
X=0.25 
X=0 

4.52 
4.33 
4.01 
3.75 
3.42 

20 
17 
15 
12 
10 

 
 
Table 3 shows that the values of R(0), representing reflectivity at zero frequency, decrease 

as the concentration of As  increases. This suggests that as the concentration of As increases, the 
electronic energy bandgap of the material increases, leading to a decrease in reflectivity. 
Additionally, Table 3 collects the values of maximum reflectivity, providing further insight into the 
reflective properties of the material across different compositions. 
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4. Conclusion  
 
During this study, we studied the physical properties of the binary compounds ScP and ScAs 

and ScP1-x Asx alloy. We used the ab-initio method within the framework of density functional theory 
(DFT). 
 The structural results presented the lattice parameter and the compressibility modulus for 
the compounds ScP and ScAs and the allpy ScP1-x Asx . The calculated values of the gaps of these 
materials using (WC-GGA) and (mBj). The optical properties. We have determined the complex 
dielectric function and the refractive index. The results obtained are in good agreement with those 
of other theoretical calculations. 
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