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ABSTRACT                                  
Advances in heterostructure design are 

transforming electronic and optoelectronic 
technologies, with particular focus on Janus monolayer-
based heterojunctions. These heterojunctions, arising 
from the broken symmetry of 2D materials, offer 
new possibilities for ultra-thin, high-performance 
vertical p-n heterojunction solar cells. In this study, we 
examine the electronic structure and optical properties 
of a 2D GaSeS/InSeS heterostructure, formed through 
van der Waals interactions, based on first-principles 
calculations using density functional theory (DFT). 
The heterostructure consists of Janus group III 
chalcogenide GaSeS and InSeS monolayers (MLs).

The electronic properties show that both the AA and AB stacking configurations exhibit 
indirect semiconductor band gaps, with values of 1.3207 eV and 1.3452 eV using the PBE (Perdew-
Burke-Ernzerhof) functional, and 2.0997 eV and 2.1242 eV using the Heyd-Scuseria-Ernzerhof 
(HSE06) hybrid functional, respectively. 

Both configurations also display the characteristic features of type-II heterojunctions, which 
promote efficient separation of photogenerated electrons and holes. Charge density analysis reveals 
a transfer of charge from GaSeS to InSeS. Furthermore, optical analysis shows that both stacking 
configurations (AA and AB) exhibit similar absorbance spectra, primarily in the UV range, with 
peak absorption around 11.6 × 10⁵ cm-¹. Within the visible spectrum, the maximum absorption 
rate for both configurations is 2.8 × 10⁵ cm-¹. The 2D GaSeS/InSeS heterostructure holds great 
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 GaSeS/InSeS 2D van der Waals رؤى نظرية حول الامتصاص البصري عالي الأداء في البنية المتغايرة
للتطبيقات الكهروضوئية

حنان الزياني، كمال أسوان ، فاطمة الزهراء بن عبد الوهاب ، حسن الهاروني ،                                                    
مصطفى الحضري ، فريد بن عبد الوهاب.

ملخ��ص: تُُح��دث التط��ورات في تصمي��م الهي��اكل غ�ير المتجانس��ة تح��ولاتٍ جذري��ة في التقني��ات الإلكتروني��ة والبصري��ة، م��ع التركي��ز 
بش��كل خ��اص عل��ى الوص�لات غ�ير المتجانس��ة القائم��ة عل��ى طبق��ة جان��وس أحادي��ة. تُتي��ح ه��ذه الوص�لات غ�ير المتجانس��ة، الناتج��ة ع��ن 
اخت�لال تماث��ل الم��واد ثنائي��ة الأبع��اد، إمكاني��اتٍ جدي��دةً لخلايا شمس��ية عمودي��ة فائقة الرق��ة وعالية الأداء ذات وصلات غير متجانس��ة 

 .p-n
 ،InSeS/GaSeS في ه��ذه الدراس��ة، ن��درس البني��ة الإلكتروني��ة والخصائ��ص البصري��ة لهي��كل غ�ير متجان��س ثنائ��ي الأبع��اد م��ن 
مُش��كّل م��ن خ�لال تفاع�لات ف��ان دي��ر فال��س، اس��تنادًا إلى حس��ابات المبادئ الأولية باس��تخدام نظري��ة الكثافة الوظيفي��ة .)DFT( يتكون 
الهي��كل غ�ير المتجان��س م��ن كالكوجيني��د المجموع��ة الثالث��ة م��ن جان��وس ب�ين طبق��ات أحادي��ة )MLs( م��ن GaSeS و   InSeS .تُظه��ر 
الخصائ��ص الإلكتروني��ة أن تكوي�ني ال�رتاص AA و AB يُظه��ران فجوات نطاق أش��باه الموصلات غير المباش��رة، بقيم 1.3207 إلكترون 
فول��ت و1.3452 إلك�رتون فول��ت باس��تخدام دالة  )PBE( بيرديو-بيرك-إرنزره��و، و2.0997 إلكترون فولت و2.1242 إلكترون فولت 
باستخدام دالة هايد-سكوسيريا-إرنزرهوف الهجينة )HSE06(، على التوالي. كما يُظهر كلا التكوينين السمات المميزة للوصلات 
غير المتجانس��ة من النوع الثاني، والتي تُعزز الفصل الفعال للإلكترونات والفجوات المولدة ضوئيًا. يكش��ف تحليل كثافة الش��حنة عن 

 .InSeS إلى GaSeS انتق��ال الش��حنة م��ن
علاوة على ذلك، يُظهر التحليل البصري أن كلا تكويني التراص AA و AB يُظهران أطياف امتصاص متشابهة، في نطاق الأشعة 
ف��وق البنفس��جية بش��كل أساس��ي، م��ع ذروة امتص��اص حوال��ي 11.6 × 510س��م-1. في الطي��ف المرئ��ي، يبل��غ أقص��ى مع��دل امتص��اص لكلا 
التكوينين 2.8 × 11.6 × 510سم-1. تتمتع البنية غير المتجانسة ثنائية الأبعاد InSeS/GaSeS بإمكانيات هائلة كمواد عالية الأداء 

لأجهزة الطاقة الكهروضوئية المس��تقبلية، مع تطبيقات واعدة في كل من الخلايا الكهروضوئية والأنظمة البصرية الإلكترونية.

الكلمات المفتاحية - نظرية الكثافة الوظيفية DFT، البنية الإلكترونية، التحليل البصري، البنية غير المتجانسة لـ GaSeS/InSeS، الأجهزة الكهروضوئية.

potential as a high-performance material for future photovoltaic devices, with 
promising applications in both photovoltaic cells and optoelectronic systems.

Graphical abstract.
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1.	 INTRODUCTION

Graphite exfoliation into 2D graphene sheets has provided the scientific community with a 
remarkable material due to its mechanical and electronic characteristics [1]. 
For that, graphene is one of the most extensively researched materials among a much larger 
family of layered materials that can be isolated into 2D sheets, such as hexagonal boron nitride 
(h-BN) [2-4], transition metal dichalcogenides (TMDs) [5-8], blue or black phosphorus [9,10], 
and 2D Janus materials [11].
These 2D materials have drawn significant attention from the scientific community as progress in 
their fabrication through exfoliation or direct growth has advanced. Consequently, they exhibit 
multiple distinctive properties, including extremely thin dimensions, adjustable energy gaps, and 
exceptional mechanical attributes [12].
Nevertheless, specific imperfections in these substances, like the null energy gaps of graphene 
[13] and the readily corroded black phosphorus [14], Poor charge transport in TMDs leads to 
extended reaction durations and diminished signal-to-noise proportions [15], have restricted 
their possible utilizations.
To address these challenges, diverse approaches have been devised, including molecular 
adsorption [16-18], electrostatic field application [19-22], strain manipulation [23,24], doping 
[25], the formation of van der Waals heterostructures (vdWHs) [26,27], to modify the physical 
characteristics of 2D materials. One of the most effective strategies to address these challenges is 
the construction of heterostructures, which not only preserves the outstanding properties of the 
individual materials but also introduces new physical phenomena. This approach has proven to 
be both highly efficient and experimentally viable [28,29].
2D Stacked material are featured by weak van der Waals (vdW) forces between sheets, which 
ease the parameter alignment constraints for epitaxy and allow the production of complex vdW 
heterostructures [30]. This also enables new growth platforms that are difficult to achieve with 
conventional 3D materials.  paving the way for numerous new applications, particularly such as 
solar photovoltaics [31,32], photodetection [33], catalytic processes [34], thermoelectric systems 
[35], and tunneling-based field-effect transistors [36]. 
For instance, many 2D van der Waals heterostructures (vdWHs) have attracted considerable 
interest due to their outstanding properties. For example, the MoSe₂/PtS₂ 2D vdW 
heterostructure has demonstrated exceptional optical and electronic characteristics [37,38]. 
Similarly, heterostructures such as graphene/phosphorene [39,40], graphene/MoS₂ [41,42], and 
phosphorene/MoS₂ [42,43] have gained significant attention in both theoretical and experimental 
studies. These structures not only retain the intrinsic properties of their individual monolayers 
but also offer novel or enhanced optoelectronic functionalities while remaining experimentally 
viable.
Recently, Janus materials have attracted considerable interest because of their unique geometry 
and properties [44-46]. Theoretical analyses show that monolayer MoSSe is a semiconductor 
with a direct band gap of 1.72 eV [45], ideal for optical absorption, and it has been successfully 
created by sulfurizing a MoSe₂ monolayer [44]. This demonstrates its potential in optoelectronic 
applications, especially in charge transfer and separation [46].
In a similar manner, Janus group-III monochalcogenide monolayers, represented as M₂XY 
(M = Ga, In; X/Y = S, Se, Te), display excellent energetic and dynamic stability [47] and also 
demonstrate promising optoelectronic characteristics [47,48]. 
For instance, In₂SeTe, In₂STe, Ga₂SeTe, and Ga₂STe have shown potential for photocatalysis [49] 
and can be modified by biaxial strain to engineer the optoelectronic properties of the Ga₂SSe 
Janus monolayer [50]. However, their relatively low photocatalytic efficiency [47] significantly 
limits their practical applications. Hence, improving the optoelectronic performance of group-
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III monochalcogenide Janus monolayers is crucial. For example, vdW heterostructures such as 
In₂SeTe/Ga₂STe [51] exhibit strong optical absorption and a direct bandgap, positioning them 
as promising candidates for advanced solar cells. Herein, we investigate the architecture and 
optoelectronic characteristics of a vertical heterostructure with two stacking models, AA and AB, 
between GaSeS and InSeS monolayers, using first-principles simulations. The computed results 
indicate that both models exhibit type II band alignment. Our analysis of the optoelectronic 
properties of the lateral heterostructure composed of group-III monochalcogenide Janus 
monolayers offers valuable insights for the development and implementation of optoelectronic 
devices.

2.	 METHODOLOGY
In this present work, electronic and optical absorption calculations for GaSeS/InSeS van der 
Waals heterostructures were conducted through the use of density functional theory (DFT) 
within the Quantum ESPRESSO package [52]. 
The PAW (projector-augmented wave) approach [53] was utilized to include the influence of 
exchange-correlation contributions, alongside the PBE (Perdew-Burke-Ernzerhof) functional 
based on the generalized gradient approximation (GGA) [54]. 
The electronic and optical characteristics are carried out with a kinetic energy cutoff of 70 Ry. The 
Heyd-Scuseria-Ernzerhof (HSE06) hybrid functional [55] was applied to refine the electronic 
band structure calculations. A Gaussian broadening of 0.05 eV are utilized, and the convergence 
criterion for the self-consistent process are set at a total energy difference of 5 × 10-⁶ eV between 
consecutive iterations. A 12 × 12 × 1 k-point grid is generated using the Monkhorst-Pack scheme 
to sample the first Brillouin zone [56]. 
To avoid interference between neighboring layers, a vacuum space of 26 Å are introduced over 
the axis of z. A 12× 12 × 1 k-point grid is utilized to achieve static self-consistency and perform 
Projected density of states (PDOS) calculations along with optical property analysis.  
The optical properties, including the real Re (ε(ω)) and imaginary Im (ε(ω)) components of 
the dielectric function, absorption coefficient α(ω), and reflectivity, were calculated using the 
random phase approximation (RPA) implemented in the YAMBO code [57]. 
The absorption coefficient is given by Equation 1 [58]:

( )                                                         ( )
c

ε ε εωα ω
 + −
 =
 
 

1
22 2

1 2 12
2

1

where ε1(ω) and ε2(ω) represent the real and imaginary parts of the complex dielectric function, 
respectively. XCrySDen [59] software was used to visualize the charge density variation and the 
optimized structures.

3.	 RESULTS AND ANALYSIS

3.1.	Properties related to structure and stability

Before assembling the GaSeS/InSeS heterostructure, we initially examine the structural properties 
of the individual GaSeS and InSeS monolayers, as summarized in Table 1. Earlier investigations 
[47,49] have indicated that both monolayers exhibit exceptional stability, as confirmed by the 
absence of imaginary phonon modes. The geometric structure of GaSeS and InSeS monolayers 
is derived from their pristine counterparts, GaSe and InSe, which have been both theoretically 
studied and experimentally synthesized. These materials have been confirmed as suitable 
candidates for device applications due to their high absorption in the UV-visible range, significant 
carrier mobility, and wide band gap [47,60-62]. 
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Figure 1. (a) Displays the top and side views of the 2D Janus material and (b) illustrates the Brillouin zone graph 
of the hexagonal structure.

Both monolayers crystallize in a hexagonal lattice with the symmetry group P3M1, and their 
respective Brillouin zones include high-symmetry points labeled as (Γ-M-K-Γ) (see Figure1).
The optimized structural parameters, illustrated in Figure 2 (a) and (b), reveal that the equilibrium 
lattice constants are 3.71 Å for GaSeS and 3.89 Å for InSeS (see Table 1). 
Furthermore, the band gap energies, calculated using both PBE and HSE approximations, 
are found to be 2.03 eV (3.07 eV) for GaSeS and 1.548 eV (2.40 eV) for InSeS, respectively, as 
presented in Table 1. These findings align closely with previously documented results [47,48].
Based on these results, InSeS can be considered a promising donor material for solar cell 
applications. The optimal band gap energy for solar cells is approximately 1.5 eV, as it falls within 
the primary energy range of the solar radiation. [63]
Next, we optimized the geometric structure and optoelectronic properties of the GaSeS/InSeS 
heterostructure, as depicted in Figure 2 (c) and (d). 
Two distinct stacking configurations, AA and AB, are illustrated in these figures, showing both 
top and side views. The heterostructure was constructed by combining the unit cells of GaSeS 
and InSeS monolayers (MLs), resulting in a supercell comprising eight atoms.
To assess the lattice mismatch within the heterostructure, we employed Equation (2) [64]:

( )InSeS GaSeS InSeS    a  a  /  a                                                     ( )δ = − 2
where aInSeS and aGaSeS represent the refined lattice parameters of the InSeS and GaSeS monolayers, 
respectively. 
Our calculations revealed a lattice mismatch of approximately 4.6%. Experimentally, this value 
remains below 5%, indicating favorable conditions for the fabrication of van der Waals (vdW) 
heterostructures [65].
As shown in Figure 2(c), the interlayer distance for the AA-stacked configuration is determined 
by the S–Se interaction, measuring 2.24 Å. 
In contrast, for the AB-stacked configuration, the interlayer distance corresponds to the Se–In 
interaction, measuring 2.98 Å (see Figure2).
The optimized lattice constants were calculated as 3.86 Å for the AA configuration and 3.87 Å for 
the AB configuration. (see Table 1)
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To evaluate the energetic stability of the GaSeS/InSeS heterostructure, we computed the interlayer 
binding energy using Equation (3) [66]:

( )b GaSeS / InSeS GaSeS InSeSE  E  E  E                                                 ( )= − + 3
where EGaSeS/InSeS , EGaSeS, and EInSeS correspond to the total energies of the GaSeS/InSeS 
heterostructure, the GaSeS monolayer, and the InSeS monolayer, respectively. 
A binding energy of –0.31 eV was obtained for both AA and AB configurations as shown in Table 
1, confirming the thermodynamic stability of the heterostructure. 
These binding energy values are comparable to previous results for WSSe-WS₂ (-0.350 eV), WSSe-
WSe₂ (-0.492 eV) [67], BP/MoS₂ (-1.23 eV) [68], and Janus group-III chalcogenides (-31.68 eV) 
[69]. This highlights their role in enhancing the stability of vertical heterostructures, ensuring 
epitaxial quality and improved physical properties.

Figure 2. Schematic representation of the optimized structure, showing the top and side views of (a) InSeS and 
(b) GaSeS monolayers, as well as the GaSeS/InSeS heterostructures in (c) AA-stacking and (d) AB-stacking 

configurations.

Table 1. Computed lattice constants (in Å), binding energy (eV), electronic bandgap Eg (PBE   and HSE (in eV) 
and interlayer distance Dinter for heterostructure (in Å).
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system a Eb Eg
PBE Eg

HSE Dinter Ref.

GaSeS 3.71
3.73
3.72

- 2.03 3.07
2.91
2.97

- This work
[47]
[49]

InSeS 3.89
4.01
4.00

- 1.54 2.40
2.28
2.34

- This work
[47]
[49]

GaSeS/InSeS
AA-stacking

3.86 - 0.31 1.32 2.09 2.24 This work 

GaSeS/InSeS
AB-stacking

3.87 - 0.31 1.36  2.12 2.98 This work 

Al₂OS/Ga₂SSe 3.7 -22.8 meV/Å2 - 2.34 - [73]
In₂SeS/g-C₃N₄ - -2.21 - 2.03 3 [76]

3.2.	Electronic properties

The electronic band structure plays a crucial role in defining the characteristics of materials for 
photovoltaic solar cell applications. Figures 3 and 4 illustrate the energy bands alongside the 
projected density of states (PDOS) for the GaSeS and InSeS monolayers, as well as for the GaSeS/
InSeS van der Waals heterostructure (vdWH) for two AA and AB stacking.
Figure 3 (a, c) presents the band structures of the GaSeS and InSeS monolayers obtained using the 
HSE approximation. Table 1 summarizes the calculated energy band gaps for both PBE and HSE 
approximations, showing that GaSeS has an indirect band gap of 2.03 eV with the PBE method 
and 3.07 eV with the HSE06 approach. Similarly, the InSeS monolayer exhibits an indirect band 
gap of 1.54 eV (PBE) and 2.4 eV (HSE06), both positioned between the conduction and valence 
bands. In both cases, the indirect band gap is located between the Γ point in the conduction band 
and between the Γ and M points in the valence band.
The obtained band gap value for the GaSeS monolayer aligns closely with previous literature, 
which reports a value of 2.04 eV [49,69]. However, the calculated band gap for the InSeS 
monolayer is higher than that reported in earlier studies [49] However, it remains comparable to 
the experimental values for the original InSe and GaSe monolayers [70,71].
The electronic band structure of the GaSeS/InSeS van der Waals heterostructure were analyzed for 
two stacking configurations (AA and AB) using the HSE hybrid functional and PBE functional, 
as depicted in Figure 4 (a, c). Table 1 presents the calculated energy bandgap values obtained 
using both PBE and HSE approximations. 
The results indicate that both stacking configurations exhibit an indirect bandgap, with the 
conduction band minimum (CBM) located at the Γ point and the valence band maximum (VBM) 
along the Γ-M path, without any significant alteration of energy levels. A detailed examination of 
Figure 4 (a, c) reveals that the band structures of the AA and AB configurations exhibit negligible 
differences, with energy bandgaps of 2.09 eV and 2.12 eV, respectively with HSE approch as 
similar findings regarding favorable stacking positions have been reported in previous studies on 
GaS/GaSe [ 72] and WSSe/WSe₂ [67] heterostructures. The obtained bandgap values for GaSeS/
InSeS are comparable to those reported in other works, being lower than those of Al₂OS/Ga₂SSe 
(2.34 eV) [73] and GaN/SiS (2.45 eV) [74] but higher than those of BP/Ga₂SSe (0.85 eV) [75], 
In₂SeTe/Ga₂STe (1.91 eV) [51] and In₂SeS/g-C₃N₄ (2.03 eV) [76].
The bandgaps calculated using the PBE approach are 1.32 eV and 1.36 eV for the AA and AB 
configurations, respectively, as shown in Table 1. When compared to the optimal bandgap 
range for a single-junction solar cell according to Shockley-Queisser theory (1.1–1.6 eV) [77], 
the reduced bandgap suggests improved charge carrier separation and transfer, enhancing the 



Hanan Ziani  et. al.

187
Solar Energy and Sustainable Development, Special Issue (STR2E) , May  2025.

material’s potential for photovoltaic applications.
Furthermore, the GaSeS/InSeS heterostructure exhibits a type-II band alignment, with a valence 
band offset (VBO) of 0.79 eV and a conduction band offset (CBO) of 0.29 eV between the 
GaSeS and InSeS layers. The relatively low CBO indicates a high open-circuit voltage, which is 
advantageous for photovoltaic applications, as previously reported for GeAs/GaSe [78]. This band 
alignment is further confirmed by the projected density of states (PDOS) analysis, reinforcing the 
potential of GaSeS/InSeS as a promising candidate for solar cell applications.
The projected density of states (PDOS) provides insight into the contributions of atomic orbitals 
and their relation to the Fermi level.  Figures 3 and 4 (b and d) illustrate the PDOS for GaSeS, 
InSeS monolayers (MLs), and GaSeS/InSeS van der Waals heterostructures (vdWHs) in AA and 
AB stacking configurations, respectively. In the figures, negative values represent the valence 
bands, while positive values indicate the conduction bands, with zero corresponding to the Fermi 
level [79]. The PDOS, ranging from −5 eV to 5 eV, reveals the movement of electrons from the 
valence to the conduction bands, as well as on the hybridization of atomic orbitals in the materials.
The computed PDOS, obtained using the PBE functional, supports the band gap values derived 
from previous analyses. For the GaSeS and InSeS MLs, the CBM and VBM are primarily 
influenced by p orbitals. Specifically, the contributions to the CBM mainly originate from Ga-p 
and In-p orbitals, while the VBM is primarily driven by S-p and Se-p orbitals (see Figure 3 b and 
d). As depicted in Figure 4 (b and d), the PDOS profiles for AA and AB stacking exhibit similar 
trends, with slight variations in valence state intensity. The valence band is strongly influenced by 
the S-p and Se-p orbitals, with values ranging from 2.78 to 2.52 states/eV, while the conduction 
band is governed by In-p and Ga-p orbitals at 1.88 and 1.42 states/eV, respectively.
Overall, the energy band gaps extracted from the PDOS for both stacking configurations are in 
good agreement with those obtained from their corresponding band structures.

Figure 3. (a) and (c) depict the band structure calculated using the HSE functional, while (b) and (d) show the 
projected band structure obtained with the PBE functional for GaSeS and InSeS monolayers.
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Figure 4. The band structure calculated using the (HSE &PBE) functional and the projected band structure 
obtained with the PBE functional for AA-stacking in (a) and (b), and AB-stacking in (c) and (d).

To analyze the movement of charge between GaSeS and InSeS monolayers in the vdWs stacked 
heterostructure, we evaluated the averaged z-direction planar electrostatic potential for both, AA 
and AB stacking (see Figure 5). Our observations indicate that, in both configurations, the InSeS-
ML has a stronger energy than the GaSeS-ML, leading to a greater accumulation of electrons 
on the GaSeS monolayer. As given in Figure 5, the potential difference over the GaSeS/InSeS 
heterostructure is ΔV = 2.03 eV for the AA stacking and ΔV = 2.00 eV for the AB stacking 
as depicted in Figure 5 (a) and (b), respectively. This potential difference creates a built-in 
electric field that encourages the movement of electrons from the GaSeS monolayer to the InSeS 
monolayer, as well as the transfer of holes from the InSeS-ML to the GaSeS-ML.
In general, a strong built-in electric field can effectively suppress the recombination of 
photogenerated electron-hole pairs [79]. Compared to previous studies, the potential drop 
in GaSeS/InSeS is greater than that observed in Al₂OS/Ga₂SSe [73] and black-P/blue-P [80], 
which enhances carrier separation. Furthermore, to enhance our understanding of the electron 
movement at the boundary of the GaSeS/InSeS system, we analyzed the variation in charge density 
within the van der Waals (vdW) heterostructure. This difference is defined by the equation (4) 
[81]:

( ) ( ) ( )GaSeS / InSeS GaSeS – InSeS                      ( )ρ ρ ρ ρ∆ = − 4
 where ρ(GaSeS/InSeS), ρ(GaSeS), and ρ(InSeS) indicate the charge density of the heterostructure, 
the Janus GaSeS, and the InSeS monolayers.
Figure 6 (a) and (b) illustrate the charge density distributions for AA and AB stacking, 
respectively. The yellow region corresponds to an area of electron accumulation, while the cyan 
region corresponds to an area of electron depletion. At the interface region, charges redistribute: 
they accumulate near the GaSeS monolayer and deplete near the InSeS monolayer.
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Figure 5. Electrostatic potential energy for a) AA-stacking and (b) AB-stacking of GaSeS/InSeS heterostructure.

Figure 6. Visualization of the differential charge density with top and side views for (a) AA-stacking and (b) AB-
stacking of the GaSeS/InSeS heterostructure.

3.3.	Optical properties

A photovoltaic material should efficiently absorb sunlight and convert this energy into electron-
hole pairs. Therefore, calculating its optical properties is crucial for assessing its light absorption 
efficiency [82].
 To achieve this, we perform a detailed examination of the real (ε₁) and imaginary (ε₂) components 
of the dielectric response function, ε(ω), for the GaSeS/InSeS heterostructure in both AA and AB 
stacking configurations, as described by Equation 5 [58]:

( ) ( ) ( )i                                                                ( )ε ω ε ω ε ω= +1 2 5
According to Figure 7(a), the imaginary part of the dielectric response function (ε₂) reaches its 
highest peak at 4.14 eV, with a maximum value of 10.57 for the two-stack configuration of the 
GaSeS/InSeS heterostructure. Additionally, InSeS exhibits a secondary peak at 4.42 eV with a 
magnitude of 6.21, while GaSeS shows a lower-intensity peak at 4.42 eV with a value of 1.64.
As depicted in the inset of Figure 7(b), variations in ε₁, the real component of the dielectric 
response function, are analyzed for GaSeS and InSeS monolayers as well as the GaSeS/InSeS 
heterostructure. For both AA and AB stacking configurations of the heterostructure, the static 
dielectric constant ε₁(0) is determined to be 4.5, indicating an enhancement compared to the 
individual monolayers. Moreover, distinct peaks appear in the ε₁(ω) spectrum across the visible 
and ultraviolet regions of the electromagnetic spectrum, corresponding to various interband 
transitions from the valence band maximum (VBM) to the conduction band minimum (CBM).
In addition, Figure 8 (a) illustrates the optical absorption of GaSeS and InSeS monolayers, as well 
as the GaSeS/InSeS heterostructure. The figure reveals that the first absorption edge, observed 
around 2 eV, closely matches the predicted band gaps of 2.09 eV for the AA stacking and 2.12 
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eV for the AB stacking. Notably, there is a strong agreement between the optical absorption 
coefficient and the imaginary component of the dielectric response function within the considered 
range. The incorporation of GaSeS and InSeS into the heterostructure significantly alters the 
absorption peaks, especially in the regions around 4 and 7 eV. These results clearly show that 
GaSeS/InSeS van der Waals heterostructures are more efficient at absorbing UV light compared 
to the individual monolayers.
While the maximum absorption peak value in the visible spectrum reaches 2.8 × 10⁵ cm-¹, the 
absorption is primarily influenced by the presence of InSeS rather than GaSeS in the ultraviolet 
region, where the absorption peak reaches a maximum value of 11.6 × 10⁵ cm-¹. These findings 
are consistent with those reported in the literature [48, 51, 62, 78]. The optical absorption of 
the vdW heterostructure remains relatively stable across different layer configurations, with only 
minor fluctuations [83].

Figure 7.  Imaginary ε2 (ω) and the real ε1(ω) components of the dielectric response function for AA-stacking and 
AB-stacking and Mls.

Moreover, the reflectivity coefficient R(λ) for the GaSeS/InSeS heterostructure is twice that of the 
individual monolayers (see Figure 8(b)), indicating that the GaSeS/InSeS vdW heterostructures 
hold significant potential for efficient solar cells and ultra-thin optoelectronic systems.

                                                                    (a)                                                             (b)
Figure 8. The optical absorption and reflectivity factors for both AA and AB stacking configurations, along with 

the monolayer structures (MLs).

4.	 CONCLUSION

This study provides a comprehensive evaluation of the structural, optical, and electronic 
properties of the GaSeS/InSeS heterostructure, examining two stacking configurations through 
first-principles calculations. The results show that both stacking configurations are indirect 
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semiconductor band gaps, with values of 2.09 eV for AA and 2.12 eV for AB, using the HSE 
approximation. The heterostructure exhibits a Type-II band alignment, suggesting significant 
spatial separation of photogenerated carriers, which indicates its potential for use in photovoltaic 
device fabrication. Furthermore, substantial built-in electric fields were observed at the GaSeS/
InSeS interfaces, which are expected to enhance the lifetime of photo-generated carriers. Notably, 
the GaSeS/InSeS heterostructure demonstrates exceptionally strong optical absorption in the 
visible and ultraviolet spectra, reaching up to 10⁵ cm-¹. These results highlight the GaSeS/InSeS 
heterostructure as a promising candidate for solar cell applications. Our findings also offer 
valuable insights for guiding future experimental investigations.                    
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