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Abstract:  

      The optical characteristics of two-dimensional (2D) monolayer 

formations in GaP. According to the predicted binding energies, the GaP 

monolayers are in constant contact. GaP monolayer was revealed to be 

semiconducting, with gaps of 2.080 eV. Furthermore, the predicted optical 

properties indicate that the GaP monolayer will absorb light at wavelengths 

ranging from infrared to ultraviolet. As a result, GaP monolayer should be 

appealing for visible-light communication and photocatalytic devices. It is 

possible to determine that this layer is kinematically stable by studying the 

form of the phonon, as all frequencies have positive values and there are no 

negative values for frequency. It is also worth noting that the frequency 

values exceed 1150 cm
-1

. Finally, the unexpectedly good properties of GaP 

monolayer are expected to be used in a variety of combinations in solar cells, 

field-effect transistors, catalysts, and optical devices. 

Keywords:  
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1. Introduction: 

    Semiconductors have been at the vanguard of device advances that have 

resulted in the largest revolution in the last 50 years, and semiconductor 

research is now concentrated on single crystals. Due to their unique optical 
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and electrical properties, two-dimensional (2D) materials have rapidly 

emerged since the discovery of graphene [1]. Because of its extraordinary 

properties, particularly its great mobility, graphene has emerged as a potential 

material for optoelectronic applications [2]. Graphene, on the other hand, is 

unsuitable for optoelectronic applications due to its energy-free band gap [3, 

4]. As a result, researchers have been attempting to enlarge the graphene 

energy gap in order to generate a highly efficient energy gap suitable for 

optoelectronic applications. 

Recently, researchers discovered a number of 2D materials with strong 

sunlight absorption surfaces, excellent mechanical performance, and huge 

surface area to volume ratios that might lead to improved optoelectronic 

applications [5-8]. [9-13] 2-D and 6-D semiconductors (phospholene, 

antimony, germanene, silicene, and other compounds), methylenes (transition 

metal nitrides and carbides) [14, 15], metal chalcogenides (MMCs) (GaS, 

GaSe, InS, and InSe) [16-19] (PDF) [15]. Dichalcogenides (MDCs) (SnS2, 

SnSe2) [20, 21], Janus monolayers [26, 27], and transition metal 

dichalcogenides (TMDs) such as MoSe2, MoS2, WSe2, WS2, PtSe2, PtS2 

[22-25] are examples of 2D materials. Furthermore, 2D TMDs with 

properties distinct from ordinary semiconductors are intriguing materials for 

improving device performance and developing new applications not possible 

with other monolayers [26-29]. GaP monolayer have attracted a lot of 

attention as a promising material for improved photovoltaic and electro-

electrodevices due to their distinct properties. It's worth noting that GaP 

monolayers have almost linear bandwidth. A 2 eV gap, which corresponds to 

the solar spectrum [30,31]. They may also be employed as optical and optical 

materials because to their high mobility [32-35]. This layer is a 

semiconductor with a 1.204 eV to 2.080 eV indirect energy gap [37]. 
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Fig. 1. Top and side views of GaP monolayer [37]. 

    The optical absorption edge can be enlarged in the visible light range [38]. 

Furthermore, because monolayer structures with different semiconductors 

can usually prevent photo-induced carrier recombination and change the band 

gap [39], vdW monolayer structures have the potential to be promising 

materials. By combining two monolayer materials to generate two-

dimensional monolayers, optoelectronic characteristics are improved, and it 

is commonly utilised in strain sensors, bipolar transistors, and solar cells. 

Additionally, the electronic structure of monolayers can be altered by varying 

the materials, layer thicknesses [40], doping [41,42], and layer stacking 

operations [43-45]. 

2. Computational details: 

The density functional theory (DFT) simulations were performed using the 

Cambridge Total Energy Package (CASTEP) series [36,46]. Cross-

correlations were treated as either monolayer-free or variance-corrected vdW 

(monogeneous structure) using the Perdew-Burke-Ernzerhof (PBE) function 

[47-50] or as generalised gradient approximation (GGA) using the DFT-D2 

technique [51,52]. Supersmooth pseudopotentials were used to determine the 
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valence electronic interactions. The Broyden-Fletcher-Goldfarb-Schanno 

(BFGS) approach was used to smooth all lattice parameters and atomic 

positions [43]. The plane wave cutoff energy was set at 500 eV, and the 

Koelling-Harmon function was used for proportional processing. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. GaP monolayer electronic band structures. The horizontal red dashed 

line denotes the Fermi levels. 

3. Results and discussion 

3.1. Electronic and structural properties: 

We started looking for GaP monolayer structure by improving the 

architectures presented in Fig. 2. GaP has a lattice constant (a) of 3.919 Å and 

a bond length of (2.262), which is consistent with prior findings [53,54]. 

The calculated direct band gap of GaP is 2.080 eV, which is less than 

previously projected theoretical values [55-57], and this value is in the visible 

light range, hinting optoelectronic applications, however the valence band 

maximum (VBM) is at the K point and the conduction band minimum 

(CBM) is at the M-K point. 

Fig.3, shows that the highest contribution is in the conduction band 

representing the positive part, which comes from the 4p orbital of Ga, the 4s 
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orbital of Ga and a little bit of the 3p orbital of P, while in the valence band 

representing the negative part, the highest contribution comes from the 3p 

orbital of P, and a little bit of the 4p orbital of Ga.As for the black color in 

fig.3, it represents the sum of the contributions, i.e. the total density of states. 

 

 
 

Fig. 3. TDOS of Gap monolayer. The Fermi levels are marked by the vertical 

dashed line. 

3.2 Optical properties: 

Understanding the behaviour of materials necessitates knowledge of their 

optical characteristics. By observing the shape of the phonon, Fig. 4, it can be 

confirmed that this layer is dynamically stable, as it is noted that all 

frequencies have positive values and there are no negative values for 

frequency. It is also noted that the frequency values reach 1150 cm-1. 

cteristics. This is owing to their importance in understanding how materials 

behave when they interact with light. Particularly sensitive to light are 2D 

monolayers. 

Figure 5 depicts the greatest peaks of reflectance, absorption, refractive 

index, and dielectric function for GaP monolayers. The maximum peaks of 

reflectance and absorption for GaP are 0.102 at 9.26 eV and 9.93*104 at 9.15 

eV, respectively; the real image and image of the maximum peak of 

refractive index are 1.59 at 6.04 eV and 0.675 at 9.07, respectively; and the 
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real image and image of the maximum peak of dielectric function are 2.46 

and 1.52 at 5.95 eV and 8.86 eV, respectively. The real part represents the 

energy margin, and it is well known that polarizability decreases as photon 

energy increases. The real dielectric function is obviously negative, causing 

GaP single crystals to behave like metals. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

Fig. 4. The phonotical dispersion curve of GaP monolayer. 
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D  

 

Fig. 5. The optical properties of GaP (A, B, ,C and D) monolayer. 

4. Conclusion: 

Finally, the structural and optoelectronic properties of GaP monolayer was 

investigated using dispersion-corrected DFT calculations. The results reveal 

that the contact between isolated GaP monolayers is simple to build. 

Monolayers may be readily formed since all linkages are present. Negative 

energy exist in these different substances. However, GaP monolayers can 

absorb light at wavelengths ranging from infrared to ultraviolet, and their 

absorption coefficients are comparable to those of perovskites. As a result, 

the monomeric structures investigated are likely to be employed in solar cells 

in these areas. Furthermore, the maximum conductivity and reflectance 

values in the UV region. The suggested results allow these monomeric 

structures to be used in electrical and optical applications. 

5. References 

1. K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. 

Dubonos,       A. A. Firsov, I.V. Grigorieva, Electric field effect in atomically 

thin carbon films,         Science 306 (2004) 666–669, 

https://doi.org/10.1126/science.1102896 (80-. ).  

2. K.I. Bolotin, K.J. Sikes, Z. Jiang, M. Klima, G. Fudenberg, J. Hone, P. 

Kim, H. L. Stormer, Ultrahigh electron mobility in suspended graphene, 

Solid State Commun. 146 (2008) 351–355, 

https://doi.org/10.1016/J.SSC.2008.02.024.  

https://doi.org/10.1016/J.SSC.2008.02.024


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 34 

                                                                                                                            
 

 

3. M. Barhoumi, K. Lazaar, M. Said, Electronic and vibrational properties of 

TMDs heterogeneous bilayers, nontwisted bilayers silicene/TMDs 

heterostructures and photovoltaic heterojunctions of fullerenes with TMDs 

monolayers, Phys. E Low- Dimensional Syst. Nanostructures. 104 (2018) 

155–164, https://doi.org/10.1016/ j.physe.2018.07.030.  

4. N. Huo, J. Kang, Z. Wei, S.S. Li, J. Li, S.H. Wei, Novel and enhanced 

optoelectronic performances of multilayer MoS2-WS2 heterostructure 

transistors, Adv. Funct. Mater. 24 (2014) 7025–7031, 

https://doi.org/10.1002/adfm.201401504.  

5. X. Chen, Q. Yang, R. Meng, J. Jiang, Q. Liang, C. Tan, X. Sun, The 

electronic and optical properties of novel germanene and antimonene 

heterostructures, J. Mater. Chem. C. 4 (2016) 5434–5441, 

https://doi.org/10.1039/C6TC01141A.  

6. S. Cahangirov, M. Topsakal, E. Aktürk, H. Sahin, S. Ciraci, Two- and one-

dimensional honeycomb structures of silicon and germanium, Phys. Rev. 

Lett. 102 (2009) 1–4, https://doi.org/10.1103/PhysRevLett.102.236804.  

7. H.R. Jappor, Z.A. Saleh, M.A. Abdulsattar, Simulation of electronic 

structure of aluminum phosphide nanocrystals using ab initio large unit cell 

method, Adv. Mater. Sci. Eng. 2012 (2012) 1–6, 

https://doi.org/10.1155/2012/180679.  

8. M.M. Obeid, H.R. Jappor, K. Al-Marzoki, I.A. Al-Hydary, S.J. Edrees, 

M.M. Shukur, Unraveling the effect of Gd doping on the structural, optical, 

and magnetic properties of ZnO based diluted magnetic semiconductor 

nanorods, RSC Adv. 9 (2019) 33207–33221, 

https://doi.org/10.1039/c9ra04750f.  

9. H.R. Jappor, A.S. Jaber, Electronic properties of CO and CO2 adsorbed 

silicene/ graphene nanoribbons as a promising candidate for a metal-free 

catalyst and a gas sensor, Sens. Lett. 14 (2016) 989–995, 

https://doi.org/10.1166/sl.2016.3722. 

10. H.R. Jappor, Electronic and structural properties of gas adsorbed 

graphene-silicene hybrid as a gas sensor, J. Nanoelectron. Optoelectron. 12 

(2017) 742–747, https:// doi.org/10.1166/jno.2017.2088.  

11. H. Liu, A.T. Neal, Z. Zhu, D. Tomanek, P.D. Ye, Phosphorene: a new 2D 

material with high carrier mobility, ACS Nano 8 (2014) 4033–4041, 

https://doi.org/ 10.1021/nn501226z.  

https://doi.org/10.1002/adfm.201401504
https://doi.org/10.1039/C6TC01141A
https://doi.org/10.1103/PhysRevLett.102.236804
https://doi.org/10.1155/2012/180679
https://doi.org/10.1039/c9ra04750f
https://doi.org/10.1166/sl.2016.3722


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 30 

                                                                                                                            
 

 

12. W. Xia, W. Hu, Z. Li, J. Yang, A first-principles study of gas adsorption 

on germanene, Phys. Chem. Chem. Phys. 16 (2014) 22495–22498, 

https://doi.org/ 10.1039/C4CP03292F. 

 13. A.A. Kistanov, Y. Cai, D.R. Kripalani, K. Zhou, S.V. Dmitriev, Y.-W. 

Zhang, A first-principles study on the adsorption of small molecules on 

antimonene: oxidation tendency and stability, J. Mater. Chem. C. 6 (2018) 

4308–4317, https://doi.org/ 10.1039/C8TC00338F. 

 14. S. Chen, Z. Fu, H. Zhang, D. Legut, T.C. Germann, Q. Zhang, S. Du, J.S. 

Francisco, R. Zhang, Surface electrochemical stability and strain-tunable 

lithium storage of highly flexible 2D transition metal carbides, Adv. Funct. 

Mater. 28 (2018) 1804867, https://doi.org/10.1002/adfm.201804867.  

15. N. Zhang, Y. Hong, S. Yazdanparast, M. Asle Zaeem, Superior structural, 

elastic and electronic properties of 2D titanium nitride MXenes over carbide 

MXenes: a comprehensive first principles study, 2D Mater. 5 (2018), 045004, 

https://doi.org/ 10.1088/2053-1583/aacfb3.  

16. H.R. Jappor, M.A. Habeeb, Tunable electronic and optical properties of 

GaS/GaSe van der Waals heterostructure, Curr. Appl. Phys. 18 (2018) 673–

680, https://doi. org/10.1016/j.cap.2018.03.019.  

17. H.R. Jappor, M.A. Habeeb, Optical properties of two-dimensional GaS 

and GaSe monolayers, Phys. E Low-Dimensional Syst. Nanostructures. 101 

(2018) 251–255, https://doi.org/10.1016/j.physe.2018.04.019. 

18. H.R. Jappor, Electronic structure of novel GaS/GaSe heterostructures 

based on GaS and GaSe monolayers, Phys. B Condens. Matter 524 (2017) 

109–117, https://doi. org/10.1016/j.physb.2017.08.054.  

19. S.S. Abed Al- Abbas, M.K. Muhsin, H.R. Jappor, Tunable optical and 

electronic properties of gallium telluride monolayer for photovoltaic 

absorbers and ultraviolet detectors, Chem. Phys. Lett. 713 (2018) 46–51, 

https://doi.org/ 10.1016/J.CPLETT.2018.10.020.  

20. N.D. Hien, N.Q. Cuong, L.M. Bui, P.C. Dinh, C.V. Nguyen, H.V. Phuc, 

N.V. Hieu, H. R. Jappor, L.T.T. Phuong, B.D. Hoi, L.C. Nhan, N.N. Hieu, 

First principles study of single-layer SnSe2 under biaxial strain and electric 

field: modulation of electronic properties, Phys. E Low-Dimensional Syst. 

Nanostructures 111 (2019) 201–205, 

https://doi.org/10.1016/J.PHYSE.2019.03.025.  

21. J.M. Gonzalez, I.I. Oleynik, Layer-dependent properties of SnS2 and 

SnSe2 two-dimensional materials, Phys. Rev. B. 94 (2016) 125443, 

https://doi.org/10.1103/ PhysRevB.94.125443.  

https://doi.org/10.1002/adfm.201804867
https://doi.org/10.1016/j.physe.2018.04.019
https://doi.org/10.1016/J.PHYSE.2019.03.025


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 33 

                                                                                                                            
 

 

22. B.H. Nguyen, V.H. Nguyen, Two-dimensional hexagonal semiconductors 

beyond graphene, Adv. Nat. Sci. Nanosci. Nanotechnol. 7 (2016), 043001, 

https://doi.org/ 10.1088/2043-6262/7/4/043001.  

23. S. Manzeli, D. Ovchinnikov, D. Pasquier, O.V. Yazyev, A. Kis, 2D 

transition metal dichalcogenides, Nat. Rev. Mater. 2 (2017) 17033, 

https://doi.org/10.1038/ natrevmats.2017.33. 

24. Y.-Q.Y. Wang, L. Li, W. Yao, S. Song, J.T. Sun, J. Pan, X. Ren, C. Li, E. 

Okunishi, Y.- Q.Y. Wang, E. Wang, Y. Shao, Y.Y. Zhang, H. Yang, E.F. 

Schwier, H. Iwasawa, K. Shimada, M. Taniguchi, Z. Cheng, S. Zhou, S. Du, 

S.J. Pennycook, S. T. Pantelides, H.-J. Gao, Monolayer PtSe2, a new 

semiconducting transition-metal-dichalcogenide, epitaxially grown by direct 

selenization of Pt, Nano Lett. 15 (2015) 4013–4018, 

https://doi.org/10.1021/acs.nanolett.5b00964.  

25. X. Chia, A. Adriano, P. Lazar, Z. Sofer, J. Luxa, M. Pumera, Layered 

platinum dichalcogenides (PtS2, PtSe2, and PtTe2) electrocatalysis: 

monotonic dependence on the chalcogen size, Adv. Funct. Mater. 26 (2016) 

4306–4318, https://doi.org/ 10.1002/adfm.201505402.  

26. H.R. Jappor, M.M. Obeid, T.V. Vu, D.M. Hoat, H.D. Bui, N.N. Hieu, S.J. 

Edrees, Y. Mogulkoc, R. Khenata, Engineering the optical and electronic 

properties of Janus monolayer Ga2SSe by biaxial strain, Superlattice 

Microstruct. 130 (2019) 545–553, 

https://doi.org/10.1016/J.SPMI.2019.05.031.  

27. H.D. Bui, H.R. Jappor, N.N. Hieu, Tunable optical and electronic 

properties of Janus monolayers Ga2SSe, Ga2STe, and Ga2SeTe as promising 

candidates for ultraviolet photodetectors applications, Superlattice 

Microstruct. 125 (2019) 1–7, https://doi.org/10.1016/j.spmi.2018.10.020.  

28. C. Xie, C. Mak, X. Tao, F. Yan, Photodetectors based on two-

dimensional layered materials beyond graphene, Adv. Funct. Mater. 27 

(2017) 1603886, https://doi. org/10.1002/adfm.201603886. 

29. V. Podzorov, M.E. Gershenson, C. Kloc, R. Zeis, E. Bucher, High-

mobility field-effect transistors based on transition metal dichalcogenides, 

Appl. Phys. Lett. 84 (2004) 3301–3303, https://doi.org/10.1063/1.1723695.  

 

 

 

 

https://doi.org/10.1021/acs.nanolett.5b00964
https://doi.org/10.1016/J.SPMI.2019.05.031
https://doi.org/10.1016/j.spmi.2018.10.020
https://doi.org/10.1063/1.1723695


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 33 

                                                                                                                            
 

 

30. Z. Guan, C.-S. Lian, S. Hu, S. Ni, J. Li, W. Duan, Tunable structural, 

electronic, and optical properties of layered two-dimensional C2N and MoS2 

van der Waals heterostructure as photovoltaic material, J. Phys. Chem. C 121 

(2017) 3654–3660, https://doi.org/10.1021/acs.jpcc.6b12681. 

31. L. Ge, C. Han, X. Xiao, L. Guo, Synthesis and characterization of 

composite visible light active photocatalysts MoS2–g-C3N4 with enhanced 

hydrogen evolution activity, Int. J. Hydrogen Energy 38 (2013) 6960–6969, 

https://doi.org/10.1016/ J.IJHYDENE.2013.04.006.  

32. M. Chhowalla, H.S. Shin, G. Eda, L.-J. Li, K.P. Loh, H. Zhang, The 

chemistry of two-dimensional layered transition metal dichalcogenide 

nanosheets, Nat. Chem. 5 (2013) 263–275, 

https://doi.org/10.1038/nchem.1589.  

33. Z. Huang, W. Zhang, W. Zhang, Computational search for two-

dimensional MX2 semiconductors with possible high electron mobility at 

room temperature, Materials 9 (2016) 716, 

https://doi.org/10.3390/ma9090716. 

34. L. Li, Y. Yu, G.J. Ye, Q. Ge, X. Ou, H. Wu, D. Feng, X.H. Chen, Y. 

Zhang, Black phosphorus field-effect transistors, Nat. Nanotechnol. 9 (2014) 

372–377, https:// doi.org/10.1038/nnano.2014.35.  

35. G. Liu, Y. Gan, R. Quhe, P. Lu, Strain dependent electronic and optical 

properties of PtS2 monolayer, Chem. Phys. Lett. 709 (2018) 65–70, 

https://doi.org/10.1016/J. CPLETT.2018.08.029. 

36. M. Sajjad, N. Singh, U. Schwingenschl€ogl, Strongly bound excitons in 

monolayer PtS2 and PtSe2, Appl. Phys. Lett. 112 (2018), 043101, 

https://doi.org/10.1063/ 1.5010881.  

37. Y. Zhao, J. Qiao, P. Yu, Z. Hu, Z. Lin, S.P. Lau, Z. Liu, W. Ji, Y. Chai, 

Extraordinarily strong interlayer interaction in 2D layered PtS2, Adv. Mater. 

28 (2016) 2399–2407, https://doi.org/10.1002/adma.201504572.  

38. J. Zhang, Z. Zhu, X. Feng, Construction of two-dimensional MoS2/CdS 

p-n nanohybrids for highly efficient photocatalytic hydrogen evolution, 

Chem. Eur J. 20 (2014) 10632–10635, 

https://doi.org/10.1002/chem.201402522. 

39. G.-Z. Wang, L. Zhang, Y. Li, W. Zhao, A. Kuang, Y. Li, L. Xia, Y. Li, S. 

Xiao, Biaxial strain tunable photocatalytic properties of 2D ZnO/GeC 

heterostructure, J. Phys. D Appl. Phys. (2019), https://doi.org/10.1088/1361-

6463/ab440e.  

https://doi.org/10.1021/acs.jpcc.6b12681
https://doi.org/10.1038/nchem.1589
https://doi.org/10.3390/ma9090716
https://doi.org/10.1002/adma.201504572
https://doi.org/10.1002/chem.201402522
https://doi.org/10.1088/1361-6463/ab440e
https://doi.org/10.1088/1361-6463/ab440e


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 33 

                                                                                                                            
 

 

40. A.K. Geim, I.V. Grigorieva, Van der Waals heterostructures, Nature 499 

(2013) 419.  

41. H.P. Komsa, J. Kotakoski, S. Kurasch, O. Lehtinen, U. Kaiser, A.V. 

Krasheninnikov, Two-dimensional transition metal dichalcogenides under 

electron irradiation: defect production and doping, Phys. Rev. Lett. 109 

(2012) 1–5, https://doi.org/ 10.1103/PhysRevLett.109.035503.  

42. M.M. Obeid, M.M. Shukur, S.J. Edrees, R. Khenata, M.A. Ghebouli, S.A. 

Khandy, A. Bouhemadou, H.R. Jappor, X. Wang, Electronic band structure, 

thermodynamics and optical characteristics of BeO1� xAx(A ¼ S, Se, Te) 

alloys: insights from ab initio study, Chem. Phys. 526 (2019) 110414, 

https://doi.org/10.1016/J. CHEMPHYS.2019.110414.  

 

 

43. H.P. Komsa, A.V. Krasheninnikov, Electronic structures and optical 

properties of realistic transition metal dichalcogenide heterostructures from 

first principles, Phys. Rev. B Condens. Matter Mater. Phys. 88 (2013) 1–7, 

https://doi.org/ 10.1103/PhysRevB.88.085318. 

44. X. Hua, X. Ma, J. Hu, H. He, G. Xu, C. Huang, X. Chen, Controlling 

electronic properties of MoS2/graphene oxide heterojunctions for enhancing 

photocatalytic performance: the role of oxygen, Phys. Chem. Chem. Phys. 20 

(2018) 1974–1983, https://doi.org/10.1039/C7CP07303H.  

45. X. Chen, F. Xia, Enabling novel device functions with black 

phosphorus/MoS2 van der Waals heterostructures, Sci. Bull. 62 (2017) 1557–

1558, https://doi.org/ 10.1016/J.SCIB.2017.11.009.  

46. W. Xiong, C. Xia, J. Du, T. Wang, Y. Peng, Z. Wei, J. Li, Band 

engineering of the MoS2/stanene heterostructure: strain and electrostatic 

gating, Nanotechnology 28 (2017) 195702, https://doi.org/10.1088/1361-

6528/aa68d8. 

47. Y. Yu, S. Hu, L. Su, L. Huang, Y. Liu, Z. Jin, A.A. Purezky, D.B. 

Geohegan, K. W. Kim, Y. Zhang, L. Cao, Equally efficient interlayer exciton 

relaxation and improved absorption in epitaxial and nonepitaxial MoS2/WS2 

heterostructures, Nano Lett. 15 (2015) 486–491, 

https://doi.org/10.1021/nl5038177.  

48. Z. Xu, S. Zhang, H. Chen, S. Lin, P. Wang, X. Li, Z. Wu, W. Xu, H. 

Zhong, Interface designed MoS2/GaAs heterostructure solar cell with 

sandwich stacked hexagonal boron nitride, Sci. Rep. 5 (2015) 1–9, 

https://doi.org/10.1038/srep15103. 

https://doi.org/10.1039/C7CP07303H
https://doi.org/10.1088/1361-6528/aa68d8
https://doi.org/10.1088/1361-6528/aa68d8
https://doi.org/10.1021/nl5038177
https://doi.org/10.1038/srep15103


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 33 

                                                                                                                            
 

 

49. G. Wang, H. Yuan, J. Chang, B. Wang, A. Kuang, H. Chen, ZnO/MoX2 

(X ¼ S, Se) composites used for visible light photocatalysis, RSC Adv. 8 

(2018) 10828–10835, https://doi.org/10.1039/C7RA10425A.  

50. Y. Luo, S. Wang, K. Ren, J.-P. Chou, J. Yu, Z. Sun, M. Sun, Transition-

metal dichalcogenides/Mg(OH)2 van der Waals heterostructures as promising 

water-splitting photocatalysts: a first-principles study, Phys. Chem. Chem. 

Phys. 21 (2019) 1791–1796, https://doi.org/10.1039/C8CP06960C. 

51. X. Li, M.W. Lin, J. Lin, B. Huang, A.A. Puretzky, C. Ma, K. Wang, W. 

Zhou, S. T. Antelides, M. Hi, I. Kravchenko, J. Fowlkes, C.M. Ouleau, D.B. 

Geohegan, K. Xiao, Two-dimensional GaSe/MoSe2 misfit bilayer 

heterojunctions by van der Waals epitaxy, Sci. Adv. (2016), 

https://doi.org/10.1126/sciadv.1501882. 

52. M. Zhao, M. Liu, Y. Dong, C. Zou, K. Yang, Y. Yang, L. Zhang, S. 

Huang, Epitaxial growth of two-dimensional SnSe2/MoS2 misfit 

heterostructures, J. Mater. Chem. C. 4 (2016) 10215–10222, 

https://doi.org/10.1039/C6TC03406C.  

53. Y. Yang, Z. Wang, A two-dimensional MoS2/C3N broken-gap 

heterostructure, a first principles study, RSC Adv. 9 (2019) 19837–19843, 

https://doi.org/10.1039/ C9RA02935D.  

54. X. Lian, M. Niu, Y. Huang, D. Cheng, MoS2-CdS heterojunction with 

enhanced photocatalytic activity: a first principles study, J. Phys. Chem. 

Solids 120 (2018) 52–56, https://doi.org/10.1016/J.JPCS.2018.04.020. 

 

 

55. F. Ceballos, M.Z. Bellus, H.-Y. Chiu, H. Zhao, Ultrafast charge 

separation and indirect exciton formation in a MoS2–MoSe2 van der Waals 

heterostructure, ACS Nano 8 (2014) 12717–12724, 

https://doi.org/10.1021/nn505736z. 

56. R. Ahammed, A. Rawat, N. Jena, Dimple, M.K. Mohanta, A. De Sarkar, 

ZrS3/MS2 and ZrS3/MXY (MMo, W; X, YS, Se, Te; X6¼Y) type-II van der 

Waals hetero-bilayers: prospective candidates in 2D excitonic solar cells, 

Appl. Surf. Sci. 499 (2020) 143894, 

https://doi.org/10.1016/J.APSUSC.2019.143894.  

57. Y.-C. Rao, S. Yu, X.-M. Duan, Electrical and optical behaviors of 

SiC(GeC)/MoS2 heterostructures: a first principles study, Phys. Chem. 

Chem. Phys. 19 (2017) 17250–17255, https://doi.org/10.1039/C7CP02616A. 

 

https://doi.org/10.1039/C7RA10425A
https://doi.org/10.1039/C8CP06960C
https://doi.org/10.1126/sciadv.1501882
https://doi.org/10.1039/C6TC03406C
https://doi.org/10.1016/J.JPCS.2018.04.020
https://doi.org/10.1021/nn505736z
https://doi.org/10.1016/J.APSUSC.2019.143894


  مجلة كلية التربية الاساسية
 الجامعة المستنصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.29 (NO. 121) 2023, pp. 33-47 

                                                              

 October  )0203(   تشرين الاول                                         الاساسية التربية كلية مجلة

 33 
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 انمستخهص:

. ٔفقاً نطاقاث انشبظ GaPفً  (2D) ثُائٍت الأبعاد انخصائص انبصشٌت نهخكٌُٕاث أحادٌت انطبقت       

ْٕ  GaPعهى احصال دائى. حى انكشف عٍ أٌ أحادي انطبقت  GaPانًخٕقعت , حكٌٕ انطبقاث الأحادٌت 

فٕنج. علأة عهى رنك , حشٍش انخصائص  انكخشٌٔ 7.141شبّ يٕصم , يع ٔجٕد فجٕاث حبهغ 

بأطٕال يٕجٍت حخشأح يٍ الأشعت الأحادٌت سٕف حًخص انضٕء  GaPانبصشٌت انًخٕقعت إنى أٌ طبقت 

أحادي انطبقت جزاباً  GaPححج انحًشاء إنى الأشعت فٕق انبُفسجٍت. َخٍجت نزنك , ٌجب أٌ ٌكٌٕ 

لاحصالاث انضٕء انًشئً ٔأجٓضة انخحفٍض انضٕئً. يٍ انًًكٍ ححذٌذ أٌ ْزِ انطبقت يسخقشة حشكٍاً 

ٓا قٍى يٕجبت ٔلا حٕجذ قٍى سانبت نهخشدد. يٍ خلال دساست شكم انفٌَٕٕ , حٍث أٌ جًٍع انخشدداث ن

سى  0011ٔحجذس الإشاسة أٌضًا إنى أٌ قٍى انخشدد حخجأص 
-0

. أخٍشًا , يٍ انًخٕقع اسخخذاو انخصائص 

فً يجًٕعت يخُٕعت يٍ انخٕنٍفاث فً انخلاٌا  الأحادٌت  GaPطبقت انجٍذة بشكم غٍش يخٕقع نـ 

 انًٍذاًَ , ٔانًحفضاث , ٔالأجٓضة انبصشٌت.انشًسٍت , ٔانخشاَضسخٕساث راث انخأثٍش 

, انفٌَٕٕ , انخصائص انبصشٌت , انخصائص الإنكخشٍَٔت , ثُائً الأبعاد  GaPانكهمات انمفتاحية :

(2D.الأطٕال انًٕجٍت , ) 
 اطروحة دكتىراه مستم من ملاحظة : هم  انبحث مستم من رسانة ماجستير او اطروحة دكتىراه ؟  نعم

 

 

                                                 
 

 

 


