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STRUCTURAL AND ELECTRONIC PROPERTIES OF XSi2(X = Cr, Mo, AND W)Mani Shugani a*, Mahendra Aynyas b, S. P. Sanyal aDepartment of Physis, Sadhu Vaswani College, Bairagarh, Bhopal (M. P.) 462030, IndiabDepartment of Physis, C. S. A. Govt. P. G. College, Sehore (M. P.) 466001, IndiaDepartment of Physis, Barkatullah University, Bhopal (M. P.) 462026, IndiaReeived November 14, 2014The strutural and eletroni properties of metal siliides XSi2 (X = Cr, Mo, and W), whih rystallize intetragonal struture, are investigated systematially using the �rst-priniple density funtional theory. The totalenergies are omputed as a funtion of volume and �tted to the Birh equation of state. The ground-stateproperties suh as equilibrium lattie onstants, a0 and 0, bulk modulus B, its pressure derivative B0, andthe density of states at the Fermi level, N(EF ), are alulated and ompared with other experimental andtheoretial results, showing good agreement. The alulated band struture indiated that XSi2 ompoundsare semimetalli in nature. From the present study, we predit the strutural and eletroni properties of CrSi2in the tetragonal phase and indiate that CrSi2 is energetially more stable than MoSi2 and WSi2. Analyzingthe bonding properties of the three metal siliides, we observe that WSi2 has a strong ovalent bonding due toW 5d eletrons.DOI: 10.7868/S004445101507010X1. INTRODUCTIONMetal siliides have been subjeted to researh dueto their attrative properties, inluding superb strengthat high temperature, high oxidation and orrosion resis-tane, and a relatively low density [1℄. Many propertiesof metal siliides are related to the eletroni struture,and so far omparatively less attention has been paid tostudying the loal and partial densities of their states.In their bonding properties, the role of the metal d wavefuntion has not been in the fous of attention [2℄. Ex-tensive researh has been done on the siliides relatedto their metalli behavior. On the other hand, semion-dutiong siliides are less studied materials. Chromiumdisiliide (CrSi2) is one of the semionduting siliidesthat has potential appliations in optoeletroni de-vies and infrared detetors [3; 4℄. Molybdenum dis-iliide (MoSi2) has been studied by �rst-priniple den-sity funtional theory for its eletroni struture andmehanial properties (see [5℄ and referenes therein).The authors of [5℄ foused on bonding harateristis*E-mail: shugani.mani�gmail.om

and on�rmed that the hardness and dutility of MoSi2materials is mainly due to Si�Si interations. Elastionstants and strutural properties of Mo and MoSi2have been alulated in [6℄ by using the linear mu�ntin orbital (LMTO) method. Experimental study ofspei� heat of MoSi2 has been reported in [7℄. In [8℄,the eletroni struture of bulk refratory metal disili-ides VSi2, TaSi2, and MoSi2 was studied using photo-eletron spetrosopy with synhrotron radiation. Theeletroni struture of Mo�Si was investigated in [9℄using valene-band X-ray photoeletron spetrosopy(VBXPS) and density funtional theory. The di�er-enes between the VBXPS spetra for MoSi2, Mo5Si3,and Mo3Si are explained in terms of various hybridiza-tions involving Si-p and Mo-d states.The eletroni struture of MoSi2, Mo5Si3, NiSi2,and Ni2Si transition metal siliides was studied by au-thors of Ref. [2℄ both experimentally and theoretially.They suggested that the hemial bonding in siliides ismainly due to the extension of the metal �d� wave fun-tion and loal struture. The linear augmented planewave (LAPW) method has been applied to alulatethe valene eletron ontribution to the total energy ofthe tetragonal and hexagonal phases of metal siliides120



ÆÝÒÔ, òîì 148, âûï. 1 (7), 2015 Strutural and eletroni properties : : :in the loal density approximation in [10℄. The en-ergy bands, projeted densities of states, and ohesiveenergy of WSi2 (Tungsten disiliide) were alulatedin [11℄ using a selfonsistent pseudopotential method.Fermi surfaes (FSs) are related to the energy band the-ory and are important for haraterizing metals andsemiondutors; various properties of metals are alsodetermined by the shape of the FS. The FS of tung-sten siliides has been determined from a semirelativis-ti self-onsistent band alulation in [12℄. To the bestof our knowledge, the experimental lattie onstant ofCrSi2 in the tetragonal phase has not been reported yet.We have performed a alulation and studied the role ofmetal and silion bands in a band struture and bond-ing properties of XSi2 (X = Cr, Mo, and W) withinthe generalized gradient approximation (GGA) and lo-al spin density approximation (LSDA).2. METHOD OF CALCULATIONThe alulations have been performed in the frame-work of density funtional theory (DFT). The full po-tential (FP) LAPW method as implemented in theWIEN2k ode [13℄ has been used. The exhange andorrelation e�ets were treated using PBE�GGA [14℄,WC�GGA [15℄, and LSDA [16℄ alulations. The lo-al density approximation (LDA) is the simplest ap-proximation for the funtional, it is loal in the sensethat the eletron exhange and orrelation energy atany point in spae is a funtion of the eletron densityat that point only. Generalizing this to spin-polarizedsystems results in the LSDA. The GGA and hybridapproximations have redued the LDA errors of atom-ization energies of a standard set of small moleules.The energy eigenvalue onvergene has beenahieved by expanding the basis funtion up toRMTKmax = 7, where RMT is the smallest atomisphere radius in the unit ell and Kmax is the mag-nitude of the largest k vetor in the plane-waveexpansion. The valene wave funtions inside thespheres are expanded up to lmax = 10 while the hargedensity is Fourier-expanded up to Gmax = 12. Theself-onsistent alulations onverge when the totalenergy of the system is stable within 10�4Ry. The en-ergy to separate the ore and valene state is �6:0Ry.A dense mesh of 1000 k points and the tetrahedralmethod [17℄ have been used for the Brillouin zoneintegration. The total energies are �tted to the Birhequation of state [18℄.
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Fig. 1. Variation of the total energy with the volumeof (a) CrSi2, (b ) MoSi2, and () WSi23. RESULTS AND DISCUSSION3.1. Strutural propertiesThe eletroni band struture alulations are per-formed to obtain the total energy of the XSi2 (X = Cr,Mo, and W) metal siliides using the �rst-prinipleFP-LAPW method. The variation of the total en-121
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Fig. 2. (a) Band struture and density of states, (b )total and () partial, of CrSi2
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Fig. 3. (a) Band struture and density of states, (b )total and () partial, of MoSi2122


