substance: chalcogenides of Ni, Pd, Pt
property: crystal structure, chemical bond, general characterization

The millerite forms of NiS and NiSe arenetallic. However, the high-teperature B8 phase of Nifay be
stabilized to low tmperatures by rapid quenching to notemperature [63S, 70T] or by direct synthesis [35L].
This phase is metallic with temperature-independent (Pauli) paramagnetidne>fady = 265 K [68S]. The
Ni;_xS phase is stable only over a narrow range of x;Tapdecreases with increasing x, vanishing near x
0.03. Themagnetic transition is characterized by a first-order dilatation of the structure, anddhetically
ordered state is suppressed by the application of hydrostatic pressure. The resistivity chentgeshan one
order of magnitude afTy and the Hall coefficient changes by over two ordersnafinitude. Theamagnetic
moment of the nickel ions decreases sensitively with decreasing latticeeparaand hence with x, changing
from 1.5ug atT = 0 K for x = 0 to 1.Qug for x = 0.03 [74C]. Below the transition the half-filled bands of e

parentage at the octahedral-sit€é™Nbns are split in two by strong correlations, but it is not clear whether the
correlation splitting is large enough to create misenducting state; the low4tgerature phase is reemetallic
[72M].

Single-crystal Nig with pyrite structure has been prepared by chlorine transport of powdglesaobtained at

60C°C in sealed tubes [68B1] and by direct synthesismnfedemental nickel and sulfur at 65 kbar [68B2].
Samples prepared at high pressure were sulfur-rich. It appears that the sulfummbssaith snaller lattice
paraneter can be distinguished fnathe nickel-rich saples. This conclusion is reinforced by theiagnetic and
electric properties [68B1, 73G]. The sulfur-richmgdes are good conductors with low activation energy. The
nickel-rich sanples exhibit a larger activation energy and hencenwch snaller conductivity at low
temperatures [68B1]. Measurents of conductivity vs. pressure reveal misenductormetal transition near 30
kbar at roomn temperature; thenagnitude & Ap across the transition decreases with increasing temperature and
with increasing S/Ni ratio x. The m#conductormetal phase boundary represent®aximum in the resistivity

as a function of temperature for a fixed pressure. It can be seen that the magnetic susceptibility has a maximum
at the sme tamperature in the sulfur-rich agpounds. The nickel-rich egpounds, on the other hand, exhibit no
such maximum in the resistivity; they are sgconductors at all teperatures, and extrapolation of the
temperature-dependent optical band gap of{Ni$Sthe gap would vanish at 68D, a tenperature above the

onset of decmposition at about 48C. Moreover, the nickel-rich agpounds are antifermagnetic with a Néel
temperature 50 9 < 70 K below which the nickel atbc moments order. Belw T = 30 K, themore canplex
magnetic order is found; it has a weak femegnetic canponent that decreases with increasing sulfur content.
The proposed density-of-state®del for nickel-rich Nig gg contains a correlation splitting of half-filled 3d
bands of g parentage at the nickel ions with impurity states presumably associated with anion vacancies.

The seniconducting PdX and PtX eogpounds with X = S or Se contain low-spin Pd(ll) or Pt(ll) in square-
coplanar coordination. The tetragonal B17 structure ofnit$ be derived fnm the hexagonal NiAs structure
by diffusionless displageent of the atms [57J]; the tetragonal B34 structure of Pd&dge canplex. In these
compounds, the conduction bands are derivethfitee o-bonding (;J(z_yz orbitals of the metal atoms; the valence

bands are derived fno the anionic p configurations. The seiconducting PdX compounds, X = S or Se,
similarly contain low-spin Pd(ll) in square-coplanar coordination; the orttmloim Pbca structure can be
derived by diffusionless displatents of the atms from the cubic pyrite structure [65H]. The conduction and
valence bands arensilar to those in PdX and PtX opounds, the antibonding® orbitals of a polyanion pair
lying above the conduction-band edge. The & and PtSg compounds, on the other hand, contain low-spin
Pt(IV) in octahedral coordination, and the anionsraomameric. Thismakes the parentage of the conduction
bands the metal d orbitals of ymmetry.
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