substance: chalcogenides of Fe, Ru, Os
property: crystal structure, chemical bond, general characterization

In the Fe — S syste themixed-valence capounds such as F8 and FgS, are metallic. FeS tends to be iron-
poor and crystallizes in three polgrphs: hexagonal troilite (B8 wita = 5.962 A,c = 11.75 A) [70E],
tetragonalmackinawite (witha = 3.68 A,c = 5.04 A) [65B] and a cubic phase (B3 wiihe 5.42 A) [78W].
Troilite contains high-spin & ions [62S], and the five parallel-spin electrons are localized with energies below
the Fermi energy, which lies in the band of minority-spin 3d orbitals,of & + e; parentage. There is one
minority-spin 3d electron per iron atom, and at high temperatures these minority-spin electrons are itinerant,
making troilite metallic above thenagnetic-ordering teperatureTy = 600 K [82G]. BelowTy a do/dT > 0 is
characteristic of a sdiconductor, but a sharp drop in conductivity only occurs below a first-order transition at
Tq- In the low-tenperature 2C-phase b&ldly, the iron atms form triangular clusters within the basal planes of
the B8 (1C) phase to give superlattice cell pmt@rsa = 32 ay, ¢ = 2cp. In this phase, the minority-spin
electrons are trapped in the triangular clusters by splitting of,;tmireority-spin band. A change of the spin
orientation from perpendicular to parallel te thaxis on lowering the teperature througfs > T, see Fig. 1a,

does not significantly change the conductivity. The structure chamgamsttdy from B8 to B31 on cooling
throuch T¢[78K, 82T]. The tenperatue T, decreases and its associated hysteresis increases with increasing x in

Fe;_,S. The magnetic susceptibility data reveals the spin flip transitidnn as well as a sharp increase in
magnetic anisotropy &, and the conventional maximurh,.

In both the tetragonal and cubic tits of FeS, the Fe(ll) ions occupy tetrahedral sites [65B]. Tetragonal FeS is
reported to be a sgconductor [65B]. Cubic FeS bemes antiferrsnagnetic and orthorimbic belov Ty = 238

K [78W].

FeS, which contains dimagnetic, low-spin Fe(ll) ions, has two poigrphs: pyrite andnarcasite [55B, 70B1,
70B2]. Of these, pyrite is the more easily synthesized; only natural marcasite crystals are available. Just the
opposite situation occurs for FeSand FeTg In both structures, the anions fodimers in which theo*-

antibonding dineric orbitals have energies above the bottf the conduction band. The cubicngmonent of
the octahedral-site crystal field splits the iron 3d orbitals into filled bandg patentage anchepty bands of g

parentage. In FeSFeSe and FeTg the conduction band of botharcasite and pyrite phases is associated with
the empty 3d orbitals of eg parentage at the low-spin Fe(ll) [82G].

The Fe — Se phase diagraear FeSe indicates that FeSe disproportionates into an iron-ighiSEe-phase
with LiOH structure that isnetallic, and an iron-pod3-phase with cation vacancies ordered onto alternate (001)
planes of the B8 structure [66S]. Vacancy ordering within these planes occurs at spegibisitons: FeSe

and FgSe. In the range 0.12 x < 0.125, the Fg,Se phase orders ferrimagnetically beldw= (445 + 160x)

K, ferromagnetic (001) planes of high-spin iron coupling antiparallel [56H, 66S]. Althoagh authors report
that these phases aretallic, Fig. 2 shows data indicative ofreetal-seniconductor transitiontal = 350 K <

Ty typical of a degenerate semiconductor. Moreover, a phase correspondip8§episacluded.

Of the iron tellurides, only Fepeappears to be segconducting. However, pressed powders of_kEe were
reported to exhibit seiconducting behaviour at highemtperatures T > T¢) with a change frm n to p-type
conduction at Feles [64A].

The RuX and OsX phases are analogous to the gFgXrite phases; the Ru(ll) and Os(ll) have low-sgfin d
configurations [63H].
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Fig. 1.

FesS. (a)Ty andTg vs. composition (different symbols correspond to different measurements) [76H], (b) phase
diagram of the FeS — F8; system (the inserts show two possible phase relations, see original paper) [71N], (c)
phase diagram of the Fe — S system [64K].
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Fig. 2.

Electrical conductivity (a) and thermoelectric power (b) vs. reciprocal temperatute FefSe;, 2: F&;Sey, 3:
FeSe, 4: FeSe [73A]. Polycrystalline samples.
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