substance: chalcogenides of V, Nb, Ta
property: crystal structure, chemical bond, general characterization

Of the known binary vanadiu chalcogenides, all armaetallic with the probable exception of diagnetic VS,

which contains only dieric anions and V — V pairing (2.83 vs. 3.22 A) along rilenoclinic c-axis [65H].

NbS; crystallizes in a structurersilar to the ZrSe structure, but distorted by the fasition of c-axis Nb — Nb

dimers [78R]; Tag has an analogous structure. Withnfiat valences N&" and T4*, the conpounds are
samiconducting because there are two crystallographically distinguishable cations within a chain, which splits
the occupied d band in two. On the other hand, Nb8kich is isostructural with NkSremains metallic at all
temperatures although exhibiting phase transitions at 142 K and 58 K due tortia¢idarof incanmensurate
charge-density waves in the linear chains. A conductivity strongly non-linear wiffetature below these
transition temperatures appears to reflect a contribution from sliding charge-density waves [77T, 75F, 80F].

Ta$S, like several other dichalcogenides, crystallizes in a variety of polytypes [69H]. Each consists of different
stackings of X — M — X layers. Both octahedral and trigonahmii coordination of thenetal ions are found,

and metallic behaviour isnore canmon with trigonal-prisnatic coordination. Of the several Tafhases (1T,

2H, 3R and 4H), only 1T-TgSCdl, structure) beames seniconducting at low teperatures(T < Ty = 350 K).

The 1T-Ta$ phase is stable at highntperatures, but it can be retained at lomgeratures by quenching from
above 1050 K. Three low+igperature phases are identified [74W, 75S, 76W2]: dt@ble in the intervaly =

350K <T =450 K, (a transformation to the 2H structure is reported at about 450 K) contains incommensurate
periodic distortionsq = 0.283a*) arising from softened LAmodes (ICDW = incoimensurate charge-density
wave) and partially softened phonons in selecteg Médes; 17 stable in the intervaly = 190 K <T < Ty,

with the ICDW having itsg rotated through the transition by about Pl&md continuing to rotate with
decreasing t@perature towards its aamensurate positing = 0.231a* + 0.077c* in the low-temperature phase

1T; stable belowTy. The commensurate charge-density wave (CCDW) has a superlattice étfgeirighe

basal plane and a repeat every 13 layersdar-tirection [80S]. At lowest mperatures, the CCDWhaplitude,

as measured by X-ray photoelectron spectroscopy, approaches one electron merado the atmic
displacenents at rom temperature are as large as 0.25 A [76W1]. Band-structure calculations [73M, 77W] are
consistent with the opening of a band gap at thenFsurface due to CDW famation. Although 1T-TaSe

shows analogous structural changes at lompegature [75W], it mmainsmetallic. The ICDW sets in below the
onset tenperaturely = 600 K, and the first-order CCDW to ICDW transition occur$gt 473 K. Calculation

of the Femi surface is consistent with a CCDW having theasurd q = 0.28a* + ¢*/3, wherea* and c* are

the reciprocal-lattice vectors.
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