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ABSTRACT 

A program for the calculation of the electronic band structures 
of the rare-earth monopnictides and monochalcogenides is discussed 
and reviewed. Explicit calculational resul ts are then presented for 
SmS and SmTe, both for their normal l attice parameters and for re
duced 1 at tice parameters correspondi ng to experi menta lly obtainabl e 
pressures. These calculations strongly indicate that the mechanism 
for the recentl y observed pressure-induced semiconductor-to-metal 
transition in SmS is 4f electron delocali zation, but the mechanism 
for a like transition in SmTe is a simp le band-gap closing with 
pressure . 

I. INTRODUCTION AND GENERAL DISCUSSION 

The samarium solid-state compounds SmS, SmSe, and SmTe are of 
interest not only because of their o'"'-' n unique and specific physical 
properties, but also due to their be longing to a l a r ge general class 
of solid-state compounds. This class is the NaC l-structured mono
pnictides (N, P, As, 5b, Bi) and monochalcogenidcs (5, Se, Te) of 
the rare-earth elements. and contains an exceedingly rich di versi ty 
of solid-state properties as one moves his consideration from com
pound to compound \o!ithin the class. Generall y speaking, all members 
of the class are refractory; e.g., PrS melts at about 2S00 o K. At 
the same time, the class contains inl.!ividual members representing 
just about every range of electrical conductivj t y, from good metals 
to wide-gap semiconductors. ~letallic examples a r e HoP and D~p,l but 
HoN and Dy~ are semiconductors with band gaps of about 1 eV. Di-
verse magnetic properties also exist as one moves t hrough the class 
of compounds. TmN does not order magne ti cally, '"'-'hi 1 e GdN is a ferro
magnet; but GdP is an antiferromagnet , \\'hil e other compounds like 
HoP are ferrimagnetic. 3 

Of course, the similarities and differences in the physical 
properties of this class of rare-earth compounJs are directly relat
able to the electronic structures of the individual comoounds; i. e . , 
they are related to the actual details of the compounds' electronic 
band structures. However, such· actual correlations between proper
ties and banI.! structures have been lacking, mainly because few 
realistic band structure calculations have been reported for the 
compounds in this class, 3 notable exception to this statement being . 
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