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ABSTRACT

The electronic structure of Th§3i,-type compound namely CaBk with space group 14/mmm (139) were studied
by means of Full Potential —Linearized Augmentézh® Wave Method (FP-LAPW) method in order to explo
their existence and changeable chemical bondingreaih between the atoms on Cghly compouncdht ambient
condition and under compressions. Based on thiglingnnature the possibility of iso structural tratien in this
compound is disclosed.
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INTRODUCTION

The ThCgSi, type structure is well known for accommodating wesconducting state with heavy fermion
community [1, 2]. Furthermore a great variety denesting physical properties have been observell sl valence
fluctuation and mixed valance in EyRj and EuCuSi, compounds as well as a wide range of magnetic ptiepe
Within the ThCgSi, type family, remarkable discrepancies exist reiggrdhe bonding situation [3]. In some
ThCrSir-type compounds, Si-Si bonds exist between thecad{aSi-Cr-Si layers and in some Th&ig-type
compounds there is no such bonds exist [4]. Framtyipe of compounds, here we discussed in the dation of
AT,Pn, [122-group] group, A generally corresponds to atleakarth metal, T stands for transition metal Bndare
pnictogens (N, P, As, Sb, Bi). From the electrongity plots the bonding nature between the atontsasoughly
can explain. From literature it is observed tha talcium based compound namely G&Nivhich belongs to
AT ,Pn type there isan existence of interlayer bonding [5,6] and imstium and barium based compound namely
(Sr/Ba)NpP,, there isan absence of interlayer bonding and presenceraflayer bonding [7,8]. From literature [9]
it is observed that iso structural transition ighipossible by the formation / breaking of bontineen the Pn-Pn
atoms in ALPn,type compounds.

The aim of this work is of two folds viz., (i) Atngbient condition we were discussed about all thecsiral,
electronic, bonding and magnetic properties ofdbmpound CaNBh, here we would like to extend our study in
view of its bonding nature under compression [lifJFrom our previous study [6], it is observedtthiae parent (or)
isostructural compound of our present compound ha@aNiAs, exhibits diverse bonding nature from ambient
condition to the states of compression and the ser@aled its phase transition.

COMPUTATIONAL DETAILS
In this study, calculations are carried out by nseairthe all-electron full potential-linearized agnted plane wave

(FP-LAPW) method as implemented in the WIEN2K c¢ti€]. The generalized gradient approximation (GGA)
parameterized by Perdew et al. [12] has been appdiecalculate the exchange correlation potenkilffin tin
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spheres radii (&) are chosen in such a way that there is a minghatge leakage from the core. The non-spin
polarized calculations are performed with 1000 kafmin Brillouin zone. The plane wave expansiog(R Kyax)

has been taken as 7. The SCF cycle comes to anpamdconvergence at a specified tolerance for enetwrge
and forces to an accuracy of 0.0001Ry, 0.1mRy a@@1(e| respectively. Computations are performefthtbthe
total energy of given system and obtained totatgiae are then fitted into Birch—Murnaghan equatidstate [13]

to get pressure — volume relation. The theoretiaalculated equilibrium lattice parameters araluseoptimize c/a
ratio, which are then used to optimize positiothef pnictogen atoms.

RESULTSAND DISCUSSION

Equilibrium lattice parameters of CaSh, compounds are derived from their experimentallyortga parent

compounds namely Caj#, and CaNiAs, [14-16]. Initially the structure file is generatdédr newly proposed

compounds with the derived parameters. The totatggnof the compound is calculated for differentl ce
volumes. It is then fitted into the Birch-Murnagha&nquation of state to obtaithe optimized volume. The
equilibrium volume is used to optimize the c/agathll the lattice parameters including,are optimized in the

present calculation.

Table1: The optimized lattice parameter s (a& c), minimized z-parameter (Zs,), distance between Sb-Sb in between two layers (ds,-s),
distance between Ni-Sb atomsin the same layer (dni.s) @and Angle between the atomsin the same layer (Osp-ni-so) arelisted for the
compound CaNi,Sh, at ambient condition and under compr essions

a c dsvso | dni-so | Osonioso

ViVo (a.u) (a.u) Zs (au) | @u) | e
1 8.3842 | 20.0444 0.364|L 5.45 4,18 122.47
0.95 8.2421 | 19.7051 0.362p 5.40 4.48 123.28
0.9 8.0949 | 19.3531 0.365p 5.21] 4.42 122.18
0.85 7.9421 18.9879 0.373f 4.80 4.41 118.79
0.8 7.7832 | 18.608Y] 0.3674 4.94 4.46 121.38

Fig.1 Electron density plots of CaNi,Sh, (a) V/V, =1 (b) V/V,=0.9and (c) V/V,=0.8
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The optimized structural parameters such as laptizameter, Variable positional parameter, distdretereen Ni—

Sh atoms in the same layer, distance between Slkatofis in between the successive layers and apglebn the
atoms in the same layer are listed for the comp@aidi,Sh, at ambient condition and for compressions up to 20%
in steps of 5% of its ambient volume are reportedrable 1. The optimized structural and variablsitxanal
parameters are then used to perform band structimilation. From the table, it is observed that tattice
parameters both andc are decreases from ambient state to the compressites. It leads to Isotropic deformation
of crystal structure. Due to the compression ofia@s the distances between the atoms in the samnadjacent
layers are gradually decreases and there is not wariation in angle between them. We would likatalyze the
bonding nature between the atoms with respect @oddgcrement of distance between them; it is expthias
follows.

The electron density plots are drawn to analyzebtheding nature between the atoms, shown in Firdm Fig.
1(a) it is observed that, there is an existenadirettional charge density contours that enclosednd Sbh atoms, it
meant a strong covalent bonding is exist in betwdieand Sb atoms in the same layer. When we ndtieeNi-Sb
block, it is observed that there is no directioohirge density contours between Sh atoms, but &tepze of
metallic bonding between the sb atoms in betweenlo adjacent layers and ca contributes ionic mantb the
Ni-Sb block. Hence it is to be stated that theneoistrongest bonding is presence in between yfeedaso structural
transition is might be possible from this ambieondition. The evidence is also available for theed17]. From
ambient condition to compressions there is no changhe ionic bonding in between Ca and Ni-Sb klom Fig.
1(b) it is observed that the metallic nature of tbenpound is enhancing due to the complete existehenetallic
bonding between the atoms in the same and sucedagers. The covalent bond, which is broken imken Ni-Sb
atom at 10% of compression (\g%0.9) and again the covalent bonding is formedatwieen Sb-Sbh atoms at 20%
of compression (V/¥=0.8). The same is used to explain its structuealsition from ambient condition.

CONCLUSION

The structural changes lead to isotropic deformatb crystal structure from ambient to under corspiens. At
ambient and under compressions, the alkali eartlalni@a) offer ionic bonding to the Ni-Sb block athetre is a
fluctuation of metallic and covalent bonding in 8l block. At ambient there is no existence of lagr covalent
bonding between the Sb-Sb atoms in between thadjaxrent layers. At 20% of volume compression feonbient
state, it is observed that the existence of covdlending between the Sb-Sb atoms in between tbeanjacent
layers. Hence the iso-structural transition mighplssible in this range of volume in the compounder study.
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