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Abstract

CuCrO3 perovskite structure synthesized via cost-effective sol–gel method successfully as confirmed by X-ray diffraction (XRD) with smaller crystallite size has been reported. EDS confirmed copper chromite perovskite single phase with no extra impurity peak existence. Agglomerated grains resulting average particle size of 9.6 nm as determined from SEM micrographs. PL spectra shows electron transition from VB to CB whereas Raman spectra shows D and G band presence within spectra pointing towards existence of functional groups within structure. Bandgap value of 4.02 eV is calculated from UV–vis spectra. In order to calculate Eu, which is calculated to be 0.960 Ev. All these properties suggested synthesized material applicability as an optoelectronic perovskite material.


Keywords: copper chromite; EDS; perovskite; PL; Raman; SEM; sol–gel


Corresponding author: Malika Rani, Department of Physics, The Women University, Multan 66000, Pakistan, E-mail: dr.malikarani@yahoo.com




	
Author contributions: All the authors have accepted responsibility for the entire content of this submitted manuscript and approved submission.


	
Research funding: None declared.


	
Conflict of interest statement: The authors declared no conflicting interest.





References

[1] Z. Maliha, M. Rani, R. Neffati, A. Mahmood, M. Z. Iqbal, and A. Shah, “Investigation of copper/cobalt MOFs nanocomposite as an electrode material in supercapacitors,” Int. J. Energy Res., vol. 46, no. 12, pp. 17404–17415, 2022. https://doi.org/10.1002/er.8406.Search in Google Scholar

[2] Q. Wang, Z. Dong, R. Li, and L. Wang, “Renewable energy and economic growth: new insight from country risks,” Energy, vol. 238, p. 122018, 2022. https://doi.org/10.1016/j.energy.2021.122018.Search in Google Scholar

[3] C. Xue, M. Shahbaz, Z. Ahmed, M. Ahmad, and A. Sinha, “Clean energy consumption, economic growth, and environmental sustainability: what is the role of economic policy uncertainty?” Renewable Energy, vol. 184, pp. 899–907, 2022. https://doi.org/10.1016/j.renene.2021.12.006.Search in Google Scholar

[4] D. K. Espoir, B. M. Mudiangombe, F. Bannor, R. Sunge, and J. L. M. Tshitaka, “CO2 emissions and economic growth: assessing the heterogeneous effects across climate regimes in Africa,” Sci. Total Environ., vol. 804, p. 150089, 2022. https://doi.org/10.1016/j.scitotenv.2021.150089.Search in Google Scholar
            PubMed
        

[5] L. Bruhwiler, S. Basu, J. H. Butler, et al.., “Observations of greenhouse gases as climate indicators,” Climatic Change, vol. 165, no. 1, pp. 1–18, 2021. https://doi.org/10.1007/s10584-021-03001-7.Search in Google Scholar
            PubMed
        
            PubMed Central
        

[6] S. A. Montzka, E. J. Dlugokencky, and J. H. Butler, “Non-CO2 greenhouse gases and climate change,” Nature, vol. 476, no. 7358, pp. 43–50, 2011. https://doi.org/10.1038/nature10322.Search in Google Scholar
            PubMed
        

[7] K. L. Lim, H. Kazemian, Z. Yaakob, and W. R. W. Daud, “Solid‐state materials and methods for hydrogen storage: a critical review,” Chem. Eng. Technol., vol. 33, no. 2, pp. 213–226, 2010. https://doi.org/10.1002/ceat.200900376.Search in Google Scholar

[8] B. Chen, L. Cui, S. Wang, and G. Fu, “From small molecules to solid-state materials: a brief discourse on an example of carbon compounds,” in Quantum Chemistry in the Age of Machine Learning, Amsterdam, Netherlands, Elsevier, 2023, pp. 93–115.10.1016/B978-0-323-90049-2.00026-3Search in Google Scholar

[9] R. H. Beach, J. Creason, S. B. Ohrel, et al.., “Global mitigation potential and costs of reducing agricultural non-CO2 greenhouse gas emissions through 2030,” J. Integr. Environ. Sci., vol. 12, no. 1, pp. 87–105, 2015. https://doi.org/10.1080/1943815x.2015.1110183.Search in Google Scholar

[10] S. Ahmed and M. Krumpelt, “Hydrogen from hydrocarbon fuels for fuel cells,” Int. J. Hydrogen Energy, vol. 26, no. 4, pp. 291–301, 2001. https://doi.org/10.1016/s0360-3199(00)00097-5.Search in Google Scholar

[11] R. M. Hazen, “Perovskites,” Sci. Am., vol. 258, no. 6, pp. 74–81, 1988. https://doi.org/10.1038/scientificamerican0688-74.Search in Google Scholar

[12] L. N. Quan, B. P. Rand, R. H. Friend, S. G. Mhaisalkar, T. W. Lee, and E. H. Sargent, “Perovskites for next-generation optical sources,” Chem. Rev., vol. 119, no. 12, pp. 7444–7477, 2019. https://doi.org/10.1021/acs.chemrev.9b00107.Search in Google Scholar
            PubMed
        

[13] D. B. Mitzi, Introduction: Perovskites, vol. 119, 5th ed. Duke, ACS Publications, 2019, pp. 3033–3035.10.1021/acs.chemrev.8b00800Search in Google Scholar
            PubMed
        

[14] M. A. Ali, R. Ullah, S. A. Dar, G. Murtaza, A. Khan, and A. Mahmood, “Modeling of structural, elastic, mechanical, acoustical, electronic and thermodynamic properties of XPdF3 (X= Rb, Tl) perovskites through density functional theory,” Phys. Scr., vol. 95, no. 7, p. 075705, 2020. https://doi.org/10.1088/1402-4896/ab8eee.Search in Google Scholar

[15] A. Reshak, M. Abu-Jafar, and Y. Al-Douri, “Two symmetric n-type interfaces SrTiO3/LaAlO3 in perovskite: electronic properties from density functional theory,” J. Appl. Phys., vol. 119, no. 24, p. 245303, 2016. https://doi.org/10.1063/1.4954293.Search in Google Scholar

[16] A. Navrotsky and D. J. Weidner, Perovskite: A Structure of Great Interest to Geophysics and Materials Science, Washington DC, Washington DC American Geophysical Union Geophysical Monograph Series, 1989, p. 45.10.1029/GM045Search in Google Scholar

[17] M. A. Ali, A. Wahab, Gulana, G. Murtaza, and A. Khan, “First principles calculations for structural, elastic, mechanical, electronic and optical properties of CsYbCl3,” Mater. Res. Exp., vol. 6, no. 6, p. 065905, 2019. https://doi.org/10.1088/2053-1591/ab0bb2.Search in Google Scholar

[18] S. A. Dar, V. Srivastava, U. K. Sakalle, and G. Pagare, “Insight into structural, electronic, magnetic, mechanical, and thermodynamic properties of actinide perovskite BaPuO3,” J. Supercond. Novel Magn., vol. 31, no. 10, pp. 3201–3208, 2018. https://doi.org/10.1007/s10948-018-4574-2.Search in Google Scholar

[19] C. J. Bartel, C. Sutton, B. R. Goldsmith, et al.., “New tolerance factor to predict the stability of perovskite oxides and halides,” Sci. Adv., vol. 5, no. 2, p. eaav0693, 2019. https://doi.org/10.1126/sciadv.aav0693.Search in Google Scholar
            PubMed
        
            PubMed Central
        

[20] W. Travis, E. N. K. Glover, H. Bronstein, D. O. Scanlon, and R. G. Palgrave, “On the application of the tolerance factor to inorganic and hybrid halide perovskites: a revised system,” Chem. Sci., vol. 7, no. 7, pp. 4548–4556, 2016. https://doi.org/10.1039/c5sc04845a.Search in Google Scholar
            PubMed
        
            PubMed Central
        

[21] H. W. Qiao, S. Yang, Y. Wang, et al.., “A gradient heterostructure based on tolerance factor in high‐performance perovskite solar cells with 0.84 fill factor,” Adv. Mater., vol. 31, no. 5, p. 1804217, 2019. https://doi.org/10.1002/adma.201804217.Search in Google Scholar
            PubMed
        

[22] R. Ullah, M. A. Ali, S. Murad, et al.., “Structural, electronic and optical properties of cubic perovskite RbYbF3 under pressure: a first principles study,” Mater. Res. Exp., vol. 6, no. 12, p. 125901, 2019. https://doi.org/10.1088/2053-1591/ab540e.Search in Google Scholar

[23] N. Erum and M. A. Iqbal, “First principles investigation of protactinium-based oxide-perovskites for flexible opto–electronic devices,” Chin. Phys. B, vol. 26, no. 4, p. 047102, 2017. https://doi.org/10.1088/1674-1056/26/4/047102.Search in Google Scholar

[24] Q. Shan, J. Song, Y. Zou, et al.., “High performance metal halide perovskite light‐emitting diode: from material design to device optimization,” Small, vol. 13, no. 45, p. 1701770, 2017. https://doi.org/10.1002/smll.201701770.Search in Google Scholar
            PubMed
        

[25] M. A. Ali, H. Zarin, S. Salam, et al.., “DFT investigations of structural, magnetic, electronic, and optical properties of CsEuCl3,” J. Supercond. Novel Magn., vol. 33, no. 4, pp. 1045–1051, 2020. https://doi.org/10.1007/s10948-019-05291-6.Search in Google Scholar

[26] H. Liu, Y. Ye, X. Zhang, T. Yang, W. Wen, and S. Jiang, “Ferroelectricity in organic materials: from materials characteristics to de novo design,” J. Mater. Chem. C, vol. 10, no. 37, pp. 13676–13689, 2022. https://doi.org/10.1039/d2tc01330d.Search in Google Scholar

[27] K. Szot, M. Pawelczyk, J. Herion, et al.., “Nature of the surface layer in ABO3-type perovskites at elevated temperatures,” Appl. Phys. A, vol. 62, no. 4, pp. 335–343, 1996. https://doi.org/10.1007/bf01594231.Search in Google Scholar

[28] J. C. Burfoot and G. W. Taylor, Polar Dielectrics and Their Applications, Great Britin, Univ of California Press, 2022.10.2307/jj.5233071Search in Google Scholar

[29] A. M. Arévalo-López, E. Castillo-Martinez, and M. A. Alario-Franco, “Electron energy loss spectroscopy in ACrO3 (A= Ca, Sr and Pb) perovskites,” J. Phys. Condens. Matter, vol. 20, no. 50, p. 505207, 2008. https://doi.org/10.1088/0953-8984/20/50/505207.Search in Google Scholar

[30] L. Yang, Y. W. Long, C. Q. Jin, et al., “Pressure induced metallization in ACrO3 in perovskite compounds,” J. Phys. Conf. Ser., vol. 121, pp. 022017-022017-3, 2008. https://doi.org/10.1088/1742-6596/121/2/022017.Search in Google Scholar

[31] A. R. B. M. Yusoff and M. K. Nazeeruddin, “Low‐dimensional perovskites: from synthesis to stability in perovskite solar cells,” Adv. Energy Mater., vol. 8, no. 26, p. 1702073, 2018. https://doi.org/10.1002/aenm.201702073.Search in Google Scholar

[32] K. Batool, M. Rani, A. Younus, et al.., “Nanosized magnesium doped copper chromites spinel particles synthesis and characterization,” ECS J. Solid State Sci. Technol., vol. 9, no. 12, p. 126005, 2020. https://doi.org/10.1149/2162-8777/abce00.Search in Google Scholar

[33] X.-T. Yin, H. Huang, J. L. Xie, et al.., “High-performance visible-light active Sr-doped porous LaFeO3 semiconductor prepared via sol–gel method,” Green Chem. Lett. Rev., vol. 15, no. 3, pp. 546–556, 2022. https://doi.org/10.1080/17518253.2022.2112093.Search in Google Scholar

[34] S. Sakka, “Birth of the sol–gel method: early history,” J. Sol-Gel Sci. Technol., vol. 102, no. 3, pp. 478–481, 2022. https://doi.org/10.1007/s10971-021-05640-9.Search in Google Scholar

[35] S. Sakka and H. Kozuka, Handbook of Sol–Gel Science and Technology. 1. Sol–Gel Processing, vol. 1, New York, Springer Science & Business Media, 2005.Search in Google Scholar

[36] M. A. Ali, R. Ullah, S. Murad, et al.., “Insight into pressure tunable structural, electronic and optical properties of [see pdf] via DFT calculations,” Eur. Phys. J. Plus, vol. 135, no. 3, p. 309, 2020. https://doi.org/10.1140/epjp/s13360-020-00325-8.Search in Google Scholar

[37] R. Mguedla, A. B. J. Kharrat, O. Taktak, et al.., “Experimental and theoretical investigations on optical properties of multiferroic PrCrO3 ortho-chromite compound,” Opt. Mater., vol. 101, p. 109742, 2020. https://doi.org/10.1016/j.optmat.2020.109742.Search in Google Scholar

[38] R. Mguedla, A. B. J. Kharrat, S. Kammoun, K. Khirouni, and W. Boujelben, “Optical studies of multiferroic HoCrO3 perovskite compound for optoelectronic device applications,” Opt. Mater., vol. 119, p. 111311, 2021. https://doi.org/10.1016/j.optmat.2021.111311.Search in Google Scholar

[39] K. Guithi, H. E. Sekrafi, A. B. J. Kharrat, K. Khirouni, and W. Boujelben, “Synthesis, structural and optical characterization of LiNbO3 material for optical applications,” J. Opt., vol. 112, pp. 1–13, 2023. https://doi.org/10.1007/s12596-023-01116-x.Search in Google Scholar

[40] R. Shafique, M. Rani, A. Mahmood, et al.., “Copper chromite/graphene oxide nanocomposite for capacitive energy storage and electrochemical applications,” Int. J. Environ. Sci. Technol., vol. 19, no. 8, pp. 7517–7526, 2022. https://doi.org/10.1007/s13762-021-03616-4.Search in Google Scholar

[41] T. Hatt, Ö. Ş. Kabakli, P. S. C. Schulze, et al.., “Electroplated copper metal contacts on perovskite solar cells,” Solar RRL, vol. 5, no. 9, p. 2100381, 2021. https://doi.org/10.1002/solr.202100381.Search in Google Scholar

[42] A. M. Elseman, A. E. Shalan, S. Sajid, M. M. Rashad, A. M. Hassan, and M. Li, “Copper-substituted lead perovskite materials constructed with different halides for working (CH3NH3) 2CuX4-based perovskite solar cells from experimental and theoretical view,” ACS Appl. Mater. Interfaces, vol. 10, no. 14, pp. 11699–11707, 2018. https://doi.org/10.1021/acsami.8b00495.Search in Google Scholar
            PubMed
        

[43] A. Nizamuddin, F. Arith, I. Jia Rong, M. Zaimi, A. S. Rahimi, and S. Saat, “Investigation of copper (I) thiocyanate (CuSCN) as a hole transporting layer for perovskite solar cells application,” J. Adv. Res. Fluid Mech. Therm. Sci., vol. 78, no. 2, pp. 153–159, 2020. https://doi.org/10.37934/arfmts.78.2.153159.Search in Google Scholar

[44] A. Wijesekara, M. Walker, Y. Han, D. Walker, S. Huband, and R. A. Hatton, “Enhanced stability of tin halide perovskite photovoltaics using a bathocuproine–copper top electrode,” Adv. Energy Mater., vol. 11, no. 48, p. 2102766, 2021. https://doi.org/10.1002/aenm.202102766.Search in Google Scholar

[45] K. Batool, R. Shafique, N. Akhtar, et al.., “Synthesis and characterization of zinc-doped copper chromites by sol gel method,” J. Nanoscope, vol. 2, no. 1, pp. 15–28, 2021. https://doi.org/10.52700/jn.v2i1.23.Search in Google Scholar

[46] K. Batool, A. Mehmood, A. A. Shah, et al.., “Sintering and property characterization of Copper doped Strontium Chromite by Sol gel method,” J. Nanoscope, vol. 2, no. 2, pp. 215–230, 2021. https://doi.org/10.52700/jn.v2i2.35.Search in Google Scholar

[47] J.-K. Liu, Q. Wu, Y. Yi, and Y. Ding, “Assembling synthesis of barium chromate nano-superstructures using eggshell membrane as template,” Bull. Korean Chem. Soc., vol. 25, no. 12, pp. 1775–1778, 2004.10.5012/bkcs.2004.25.12.1775Search in Google Scholar

[48] Q. Luo, B. Chai, M. Xu, and Q. Cai, “Preparation and photocatalytic activity of TiO2-loaded Ti3C2 with small interlayer spacing,” Appl. Phys. A, vol. 124, no. 7, pp. 1–8, 2018. https://doi.org/10.1007/s00339-018-1909-6.Search in Google Scholar

[49] W. Lian, L. Wang, X. Wang, C. Shen, A. Zhou, and Q. Hu, “Facile preparation of BiOCl/Ti3C2 hybrid photocatalyst with enhanced visible-light photocatalytic activity,” Funct. Mater. Lett., vol. 12, no. 01, p. 1850100, 2019. https://doi.org/10.1142/s179360471850100x.Search in Google Scholar

[50] S. A. Gad, “Optical and electrical properties of γ irradiated In1-xMnxSe,” J. Radiat. Res. Appl. Sci., vol. 8, no. 3, pp. 311–316, 2015. https://doi.org/10.1016/j.jrras.2015.04.004.Search in Google Scholar

[51] R. Shafique, A. Mahmood, K. Batool, et al.., “Graphene oxide/nickel chromite nanocomposite: optimized synthesis, structural and optical properties,” ECS J. Solid State Sci. Technol., vol. 10, no. 10, p. 101005, 2021. https://doi.org/10.1149/2162-8777/ac2911.Search in Google Scholar

[52] E. V. Péan, S. Dimitrov, C. S. De Castro, and M. L. Davies, “Interpreting time-resolved photoluminescence of perovskite materials,” Phys. Chem. Chem. Phys., vol. 22, no. 48, pp. 28345–28358, 2020. https://doi.org/10.1039/d0cp04950f.Search in Google Scholar
            PubMed
        

[53] Z. Zhao, X. Li, L. Xie, et al.., “Phase control in the synthesis of cesium copper iodide compounds for their photoluminescence and radioluminescence study,” J. Lumin., vol. 241, p. 118482, 2022. https://doi.org/10.1016/j.jlumin.2021.118482.Search in Google Scholar

[54] P. Sebastia-Luna, J. Navarro-Alapont, M. Sessolo, F. Palazon, and H. J. Bolink, “Solvent-free synthesis and thin-film deposition of cesium copper halides with bright blue photoluminescence,” Chem. Mater., vol. 31, no. 24, pp. 10205–10210, 2019. https://doi.org/10.1021/acs.chemmater.9b03898.Search in Google Scholar

[55] V. Albaladejo-Fuentes, F. E. López-Suárez, M. S. Sánchez-Adsuar, and M. J. Illán-Gómez, “BaTi1− xCuxO3 perovskites: the effect of copper content in the properties and in the NOx storage capacity,” Appl. Catal. A, vol. 488, pp. 189–199, 2014. https://doi.org/10.1016/j.apcata.2014.09.032.Search in Google Scholar

[56] Y. Kim, T. Y. Yang, N. J. Jeon, et al.., “Engineering interface structures between lead halide perovskite and copper phthalocyanine for efficient and stable perovskite solar cells,” Energy Environ. Sci., vol. 10, no. 10, pp. 2109–2116, 2017. https://doi.org/10.1039/c7ee01931a.Search in Google Scholar

[57] R. Shafique, M. Rani, A. Mahmood, et al.., “Investigations of 2D Ti3C2 (MXene)‐CoCr2O4 nanocomposite as an efficient electrode material for electrochemical supercapacitors,” Int. J. Energy Res., vol. 46, no. 5, pp. 6689–6701, 2022. https://doi.org/10.1002/er.7605.Search in Google Scholar

[58] X. Xing, T. Tong, M. Mohebinia, et al.., “Photoluminescence and Raman spectra of one-dimensional lead-free perovskite CsCu2I3 single-crystal wires,” J. Phys. Chem. Lett., vol. 13, no. 28, pp. 6447–6454, 2022. https://doi.org/10.1021/acs.jpclett.2c01544.Search in Google Scholar
            PubMed
        

[59] A. Elattar, H. Suzuki, R. Mishima, et al.., “Single crystal of two-dimensional mixed-halide copper-based perovskites with reversible thermochromism,” J. Mater. Chem. C, vol. 9, no. 9, pp. 3264–3270, 2021. https://doi.org/10.1039/d0tc04307a.Search in Google Scholar



Received: 2023-05-03
Accepted: 2023-07-13
Published Online: 2023-07-31
Published in Print: 2023-10-26

© 2023 Walter de Gruyter GmbH, Berlin/Boston




    


                
            

    



                                


                                
                                



    
        
            
                
                    
                
                
                                    

    
        
            Cite this article

        

    

    
        
            	
                        
                            
                            MLA
                        
                    
	
                        
                            
                            APA
                        
                    
	
                        
                            
                            Harvard
                        
                    
	
                        
                            
                            Chicago
                        
                    
	
                        
                            
                            Vancouver
                        
                    


        

        
            
                
                    Batool, Kiran, Rani, Malika, Shafique, Rubia, Neffati, Riadh, Akram, Mariam and Arshad, Maryam. "Structural and optical analysis of nanostructural CuCrO3 perovskite by sol–gel method" Zeitschrift für Naturforschung A, vol. 78, no. 10, 2023, pp. 939-945. https://doi.org/10.1515/zna-2023-0108

                
                    Batool, K., Rani, M., Shafique, R., Neffati, R., Akram, M. & Arshad, M. (2023). Structural and optical analysis of nanostructural CuCrO3 perovskite by sol–gel method. Zeitschrift für Naturforschung A, 78(10), 939-945. https://doi.org/10.1515/zna-2023-0108

                
                    Batool, K., Rani, M., Shafique, R., Neffati, R., Akram, M. and Arshad, M. (2023) Structural and optical analysis of nanostructural CuCrO3 perovskite by sol–gel method. Zeitschrift für Naturforschung A, Vol. 78 (Issue 10), pp. 939-945. https://doi.org/10.1515/zna-2023-0108

                
                    Batool, Kiran, Rani, Malika, Shafique, Rubia, Neffati, Riadh, Akram, Mariam and Arshad, Maryam. "Structural and optical analysis of nanostructural CuCrO3 perovskite by sol–gel method" Zeitschrift für Naturforschung A 78, no. 10 (2023): 939-945. https://doi.org/10.1515/zna-2023-0108

                
                    Batool K, Rani M, Shafique R, Neffati R, Akram M, Arshad M. Structural and optical analysis of nanostructural CuCrO3 perovskite by sol–gel method. Zeitschrift für Naturforschung A. 2023;78(10): 939-945. https://doi.org/10.1515/zna-2023-0108

                
                Copied to clipboard

            

            
                Copy to clipboard

                
                    Download:
                    
                        BibTeX
                    
                        EndNote
                    
                        RIS
                    
                

            

        

    





                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    



    
        
            
                    Share this article
                
        

        	
                
                    
                        
                    
                    Facebook
                
            
	
                
                    
                        
                    
                    Twitter
                
            
	
                
                    
                        
                    
                    LinkedIn
                
            


    




                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    Supplementary Materials

                                    

                                
            

        

    




                                




    
        
            
                
                    
                
                
    
        Please login or register with De Gruyter to order this product.

        
Register
Log in
    


            

        

    







                                

                            

                        

                    

                


            


            
                
                    
                    
                        
                        

                        
                        
                            


                        

                        
                        
                            


                        

                        

                                
                                From the journal

                                
                                    
                                        







      


                                    

                                    
                                    
                                        
                                            Zeitschrift für Naturforschung A
                                        

                                        
                                        
                                            
                                                Volume 78 Issue 10
                                            
                                        

                                        
                                    

                                


                                
                                
                                    
                                        
                                            
                                                Submit manuscript
                                            

                                        
                                    
                                

                                
                                
                                    
                                        Journal and Issue
                                    
                                


                                
                                


    

        
        
            
            
                
                    
                
            

        


        
                
                
                    
                        
                        
                            This issue
                        
                    

                    
                        
                        
                            All issues
                        
                    


                

            
        

    





                                
                                
                                    

    Articles in the same Issue


    
        
            
                
                    
                    
                        Frontmatter
                    
                    

                


            
                
                    
                    
                        
                            
                            Dynamical Systems & Nonlinear Phenomena
                        
                    
                    

                


            
                
                    
                    
                        Bifurcation analysis of ion-acoustic superperiodic waves in ultra-relativistic dense plasma
                    
                    

                


            
                
                    
                    
                        Unsteady temperature distribution in a cylinder made of functionally graded materials under circumferentially-varying convective heat transfer boundary conditions
                    
                    

                


            
                
                    
                    
                        
                            
                            Hydrodynamics
                        
                    
                    

                


            
                
                    
                    
                        Refined composite multivariate multiscale complexity-entropy causality plane analysis for gas-liquid two-phase flow
                    
                    

                


            
                
                    
                    
                        
                            
                            Solid State Physics & Materials Science
                        
                    
                    

                


            
                
                    
                    
                        Red-emitting phosphors of BaSr2(PO4)2: 4 %Eu3+, 4 %A (A = Li+, Na+, K+) for white LEDs
                    
                    

                


            
                
                    
                    
                        Effect of deposition potential and saccharin addition on structural, magnetic and magnetoresistance characteristics of NiCoFeCu films
                    
                    

                


            
                
                    
                    
                        
                            
                            Structural and optical analysis of nanostructural CuCrO3 perovskite by sol–gel method
                        
                    
                    

                


            
                
                    
                    
                        Investigation of alkali halide crystals AX (A = Li, Na, K; X = F, Cl, Br) by elastic, mechanical and ultrasonic analysis
                    
                    

                


            
                
                    
                    
                        Robust white light emission of UV pumped SrCeO3: xSm3+ perovskites for wLEDs
                    
                    

                


            
                
                    
                    
                        
                            
                            Thermodynamics & Statistical Physics
                        
                    
                    

                


            
                
                    
                    
                        Theoretical determination of speed of sound and fourth virial coefficient by using Kihara (12–6) potential
                    
                    

                


            
        
    




                                
                            
                    


                

            
        


        





        
    

    



        
            
        
        
    
    

    









    
        
            
            
                
                
                    
    
        Subjects

    

                    
                        
                            
                                	Architecture and Design
	Arts
	Asian and Pacific Studies
	Business and Economics
	Chemistry
	Classical and Ancient Near Eastern Studies
	Computer Sciences
	Cultural Studies
	Engineering
	General Interest


                            

                        
                            
                                	Geosciences
	History
	Industrial Chemistry
	Islamic and Middle Eastern Studies
	Jewish Studies
	Law
	Library and Information Science, Book Studies
	Life Sciences
	Linguistics and Semiotics
	Literary Studies


                            

                        
                            
                                	Materials Sciences
	Mathematics
	Medicine
	Music
	Pharmacy
	Philosophy
	Physics
	Social Sciences
	Sports and Recreation
	Theology and Religion


                            

                        
                    

                

                
                
                    
                        
                        
                            
    
        Services

    

                            	For Journal Authors
	For Book Authors
	For Librarians
	Rights & Permissions


                        

                        
                        
                            
    
        Publications

    

                            	Publication types
	Open Access


                        

                        
                        
                            
    
        About

    

                            	Contact
	Career
	About De Gruyter
	Partnerships
	Press
	FAQs


                        

                    


                    
                    
                        
                            Social

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                        

                        
                            

                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                    
                    
                        
                            

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                

                
                    

                

            

            
            
                
                    	Help/FAQ
	Privacy policy
	Cookie Policy
	Accessibility
	Terms & Conditions
	Legal Notice


                

                
                    © Walter de Gruyter GmbH 2024

                

                
                
                    

                

            

        

    


    





    Downloaded on 8.3.2024 from https://www.degruyter.com/document/doi/10.1515/zna-2023-0108/pdf




    
    
        
    

    
    
    
    

    

    

    
    
    
    

    
    
        
            
        
    
    
        
    

        
    

    
        
    

    

