Electronic Structures of Ga and In under High Pressure Conditions Kazuaki Kobay ashi ( National Institute for Researc h in Inorganic Materials Namiki 1-1, Tsukuba-shi, Ibaraki 305, Japan ) 1. In tro duction Ga and In are group I I IB (triv alen t) elements in the p erio dic table. These elements hav e shal- low d-core(3d for Ga and 4d for In) states. Stable phases for them at normal pressure are Ga(I) and face centered tetragonal(fct)-In(I) structures, resp ec- tively . The Ga(I) structure transforms to Ga(I I), and then to b o dy centered tetragonal Ga(I I I) with in- creasing pressure[1]. The fct-In(I) transforms to face centered orthorombic(fco)-In(II) at 45 GPa obserb ed by T ak em ura and F ujihisa[2]. T ak em ura[3] also ob- served the maximum of the axial ratio of fct-In(I) around 24GPa. Meenakshi et. al. suggest that the core ov erlap mec hanism arising from the broadening of the shallow core 4d state for In is the reason for the turnov er in the axial ratio by using LMTO metho d[4]. 2. Metho d Shallo w core d-states for Ga and In are fo- cused in this study , in which the total en- ergy calculation by using the pseudop oten- tial[5] based on the lo cal density approxima- tion(LDA)[6] in the density functional the- ory(DF)[7] is p erformed with considering the shallow core d-states as v alence states. In this calculation, it is p ossible to obtain stresses acting on unit cell surfaces by us- ing the wa y of Nielsen and Martin[8]. Elec- tronic prop erties for Ga and In are inv esti- gated o v er a wide range of pressure (0 GPa � 300 GPa). It is relativ ely easy to determine the critical pressure where the b ottom of the v alence state touc hes the top of the shallow core state. 3. Results and Discussion As a result of the calculation, the criti- cal pressures are estimated to b e 70 GP a for Ga(fcc, see Fig.1) and 120 GPa for In(fcc). V ery recently , b ct-Ga(I I I) is found to trans- form to fcc(face cen tered cubic) at 120 GP a exp erimentally[9]. The author inv estigates a relation of this critical pressure and the ov er- lap of v alence s- and shallo w core d-states. The calculated critical pressure (70GP a) of ov erlapping 4s and 3d states for Ga ma y b e underestimated b ecause the actual 3d core state for Ga is deep er than that obtained by the theoretical calculation on the basis of LDA. Therefore, it ma y b e indicated that there is a relation of the theoretically ob- tained critical pressure for the o v erlap and the exp erimentally obtained transition pres- sure (from b ct-Ga(I I I) to fcc-Ga). FIG. 1. Electronic band structure for Ga. Lattice constant and corresp onding pressure are 6.95 a.u. and 71GPa, resp ectively . References [1] L. Bosio, J. Chem. Phys. 63(3), 1221(1978) ;M. Bernasconi, G. L. Chiarotti and E. T osatti, Ph ys. Rev. B52, 9988(1995) [2] K. T ak em ura and H. F ujihisa, Ph ys. Rev. B47, 8465(1993) [3] K. T ak em ura, Phys. Rev. B44, 545(1991) [4] S. Meenakshi, B. K. Go dwal, R. S. Rao and V. Vijay akumar, Ph ys. Rev. B50, 6569(1994) [5] D. R. Hamann, M. Schluter and C. Chiang, Phys. Rev. Lett.,43, 1494(1979) ;G. B. Bac helet, D. R. Hamann and M. Schluter, Phys. Rev. B26, 4199(1982) ;N. T roullier and J. L. Martins, Solid State Commun. 74, 613(1990) [6] E. Wigner, Ph ys. Rev. 46, 1002(1934) [7] P . Hohenberg and W. Kohn, Phys. Rev. 136, B864(1964) ;W. Kohn and L. J. Sham, Phys. Rev. 140, A1133(1965) [8] O. H. Nielsen and R. M. Martin, Phys. Rev. B32, 3792(1985) [9] K. T ak em ura, to b e published in this join t AIRAPT-16 & HPCJ-38 Conference(1997) 1