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Itinerant electrons and magnetism in the Ce-C chain compound YCoC
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Density-functional studies of the electronic structure of the Co—C linear-chain compound, YCoC are re-
ported. The band structure near the Fermi energy shows a mixture of rather heawgdtived bands, and
near-one-dimensional dispersive bands associated with the bonding of the Co—C chains. The resulting density
of states is high, yielding an extremely weak ferromagnetic instability via the Stoner mechanism. However, the
Fermi surfaces are strongly nested, suggesting competing antiferromagnetic spin fluctuations. An interesting
possibility is that in clean samples a renormalized paramagnetic ground state may emerge, due to the combi-
nation of the weak competing ground states, the near one dimensionality of the bands, and quantum fluctua-
tions.
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YCoC is the prototypical example of a family of carbide metallic charactet. The reported band structure of CaNiN
and nitride metals. The compounds, which were first reportedRefs. 6 and Y shows a rather large peak in the density of
by Gerss and JeitschRohave structures dominated by the states(DOS) below Er . The implication is that the value at
presence of orthogonal straight linear metal4@ N)  Eg, N(Eg), may be considerably higher in YCoC, which
chains!~ These chains are well separated. The Co—C dishas a lower valence electron count. Here, calculations of the
tance along the chains in YCoC is 1.825 A, while the closestlectronic structure of YCoC are reported to address some of
Co-Co distancéand Y-Y distancgis 3.432 A; the Co—Y these issues.
nearest-neighbor distance is 3.099 A. This is a most unusual The calculations were done using the experimental crystal
structural motif, as was emphasized by Hoffmann andstructure' They were performed within the local-density ap-
co-workers!® Despite this, YCoC has a surprisingly simple proximation (LDA) using the general potential linearized
high-symmetry crystal structure. It occurs in the primitive augmented plane-waveAPW) method with local orbital§
tetragonal space group4,/mmg with two formula units to relax linearization errors and include the semicore states
per cell! The lattice parameters were determinedaasb of Y. Core states were treated relativistically, while a scalar
=3.65 A andc=6.8636 A. The existing samples are re- relativistic approximation was used for the valence states.
ported to be C deficient, but it is thought that the stoichio-LAPW sphere radii of 1.90 and 1.45 bohrs were used for the
metric compound is stabfeThe unit cell contains two Co—C metal and C atoms, respectively. Basis sets consisting of ap-
chains running along théquivalent tetragonala andb di-  proximately 1200 LAPW functions plus local orbitals were
rections separated lwy2 in thez direction. The Co atoms are employed, yielding good convergence. The zone samplings
arranged on top of each other with intervening Y layers auring the self-consistent iterations were done with 144 spe-
c/4 and /4. Assuming that Y states do not participate in thecial k points in the irreducible 1/16 wedge of the tetragonal
bands near the Fermi enerffy and noting the large Co—Co zone, while a denser mesh of 637 points was used for deter-
separation, one is led to the expectation of a Fermiologynining the electronic DOS and Fermi-surface averages. The
dominated by one-dimension features, i.e., from weakly infixed spin moment calculations were done using 468 special
teracting chains. Hoffmann and co-workerslculated the k points in the wedge, while a denser mesh of 1088 spékcial
electronic structure of such chains within an extendedooints in the wedge was used for the self-consistent ferro-
Huckel approach. They identified a substantigh = bond-  magnetic calculation to obtain a reliable local spin-density
ing character. These features are also present in our bamgproximation(LSDA) value for moment.
structure as shown below. The calculated non-spin-polarized LDA band structure is

Carbides with the YCoC structure also form with a variety shown in Fig. 1. The corresponding density of states is given
of rare earths in place of Y. In addition, CaNiN occurs in thisalong with Cod and Cp projections in Fig. 2, while the
structure. Interestingly, these compounds are metallic and ikermi surfaces are displayed in Fig. 3. The first 16 bands,
several cases the rare earth moments are reported to ordehich extend from approximately 6 eV to +1 eV relative
ferromagnetically with Curie temperatur@s up to 22 K3 to Eg, are derived from the CoBand C 2 states, with
CaNiN and YCoC are both reported to be paramagnetic metittle Y participation. Four bands crod€s.—two dispersive
als at low temperature® This metallic behavior is somewhat bands, which are associated with antibondihgp combina-
surprising in compounds with such a one-dimensional structions and two rather weakly dispersive @ederived bands.
tural motif, especially for CaNiN, which has an odd numberAs may be seen from the weak dispersions albhg and
of valence electrons per chain. Massidda and co-workersthe reflection symmetry of the band plot about its center, the
and MattheisSperformed band-structure calculations for Ca-electronic structure is quite two dimensional, though not per-
NiN, confirming thed-p 7 antibonding character of the fectly so. This is also evident in the Fermi surfaces. Interest-
states arounér as well as finding some three dimensional-ingly, it is the heavy bands that show the greatest three-
ity due to interchain coupling, presumably underlying thedimensional character. The Fermi surfaces consist of very
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FIG. 1. Valence-band structure of YCoC. The G derived
bands lie at~ —10 eV and are not shown.
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one-dimensional sheets from the light bands. The two light
bands(one from each chain, with a symmetric-antisymmetric
splitting at k,=0), after reconnection, yield the twb-Z
centered electron cylinders and the two large holelike barrels
around the zone center. These bands are near half filled, and
highly nested, which of course is favorable for Fermi-surface
instabilities, but also are highly dispersive, which disfavors
instabilities. Also, the nesting vectors of the two sheets are
significantly different. Based on a comparison with the band
structure of CaNiN and the arguments of Massidda and co-
workers, the instability is most likely not reached in YCoC.

The two Cod-derived heavy bands are most dispersive

along the diagonal directions in they plane. These disper-

sions come from hopping via the intermediate, nominally

unoccupied Y B and 4d orbitals, as is confirmed by projec-

tions of these states onto the Y LAPW spheres. This also

explains the relatively greatds, dispersion of these bands,
as the Y atoms lie in the/4 and X/4 planes between the

b

FIG. 3. LDA Fermi surfaces of non-spin-polarized YCoC
viewed along the axis (top) and at an angléottom). I' points are
at the corners.

Co-C chains. These lead to flatish sheets of Fermi surface

along the(1,1,0 directions, largest in th&,=0 plane, and
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FIG. 2. Calculated electronic DOS on a per formula uai2
unit cell) basis for non-spin-polarized YCoC. The dasl{ddtted
lines are thed-like (p-like) projections onto the LAPW spheres of
Co (C).

with nesting vectors close to the zone cer{tee nesting is

not as pronounced as for the light bands, but note that these
are much heavier bandsThese heavy sheets are more three
dimensional than the light sheets. The heavy holelike sheets
may be expected to favor a ferromagnetic instability, if the
density of states is high enough. Furthermore, this may well
underlie the ferromagnetism observed in some of the rare
earth compoundskCoC.

The rigid-band approximation based on CaNiN can be
seen to be a crude approximation for YCoC, presumably re-
flecting mostly chemical differences between C and N.
NonethelessEr does lie on the upper edge of a rather large
peak in the DOS, as expected from that picture. A rather
large value N(Eg)=2.65 eV ! on a per formula unit basis
results(cf. 1.45 eV ! for CaNiN as reported in Ref.)6The
Fermi velocities, which are dominated by the light bands, are
VEx=2.1x10" andv,=0.5x 10’ cm/s, yielding a transport
anisotropy p./p, in lowest-order Boltzmann theory of
~ 20—somewhat lower than that found in CaNiN.

Fixed spin moment calculations were done to determine
how close YCoC is to a ferromagnetic instability. The calcu-
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70 T - T T 1 with the well-known result that the magnetic tendency of
strongly Hubbard correlated systems is oftererestimated
/ Overestimatesof magnetic tendencies, especially in the
50 | ] LSDA are very much less common. However, another type
of correlations that are missed in these approximations, are
= p quantum spin fluctuations. This is because the LSDA and
E a0l ] GGA are parameterized based on electron gases with densi-
w * ties typical for atoms and solids. However, the uniform elec-
g . tron gas is very far from magnetism in this density range.
The result for noncollinear magnetism in molecules is well
known—a so-called “spin-contamination” in which the

60 |

o e ol ] LSDA predicts classical magnetism, with, e.g., nonquantized

magnetic moments and singlets described with nonzero,

105 02 ERNL 08 static, but canceling, spin densities on various sites. In solids
m(ug

near quantum critical points, the result is an overestimate of
FIG. 4. Fixed spin moment energy as a function of the con-the magnetic moments and tendency toward magnetism

strained ferromagnetic spin polarization on a per formula (g2~ Misplacement of the position of the critical poiwlue to the

unit cel) basis. The self-consistent spin magnetization isneglect of the quantum critical fluctuatioHs*®

0.27ug/Co with an energy 2 meV/Co lower than the non-spin-  One may note that in YCoC the LSDA ferromagnetism is

polarized case. extremely weak and that the electronic structure has strong

lated LSDA enerav as a function of constrained spin momen ne-dimensional and two-dimensional character, as well as a
, ' energy uncti : : P! gotential competition between fluctuations associated with
is shown in Fig. 4. The compound is found to be on the

) L o L the light sheet$at the zone boundayyand zone-center fluc-
bord_erllne O.f a _ferromagnetlc mstabl_llty .W'thm the LSDA, uatiogns associated with the heavy §1eets. These features fa-
anpl in fact is _shghtly on the magnetic side. The calculateot/or such a quantum suppression of the phase transition, as
Sp'tf‘ moment |sfsgghtlyvlessi tthan ?Lgﬂr])er Co W't.h a ”l]ag' dthey imply soft longitudinal fluctuationésee Fig. 4 and a
netic er|1ergy 0 mce bre a 'V?I_ho N nt)tn—stpln-po ﬁgze Eliirge phase spadeeduced dimensionality and competitjon
case, also on a per Lo basis. The magnetizalion resiaes g ;g scenario, YCoC would be a rather interesting metal,

most entirely on the Co sites, as It Is ass_oqated .W'th thGéspecially if clean, low residual resistivity samples can be
heavy band$the_se are not significantly hybrldlzed_W|th|<£ made and studied. Some signhatures of strong quantum spin
states. Calculations were done to check for an antiferromag+, | .+ ations would be non-Fermi-liquid behavitdown to
netic state consisting of ferromagnetic chains, stacked anti:

. ; N ) Kome crossover temperatiyra low-temperature maximum
ferromagnetically in the direction, but this state was found . peraty ’

i . n the susceptibility without the onset of magnetic ordering,
not fo be stable. POS.S'ny the LSDA fer_romagnetlc grou_ndand possibly a metamagnetic transition. Since the LSDA
state could be reconciled with the experimental observatio laces YCoC on the borderline of ferromagnetism, one might
of a paramagnetic metallic state by noting that the compoun f

. - . xpect that the experiment will show a renormalized para-
IS report(?[d to'bethC deﬁuen:_sasyn:?es?iadd thaéjtrrge IS magnet. Also, since Y provides electrons for the band filling,
SOME upturn in the susceptiviiity at fow 'empera W™ put otherwise contributes little to the electronic structure

ever, there is a more interesting possibility that quantum SPifl ooy theEr, and sinceEr. lies on the edge of a DOS peak, it

qu%uatn_)ns suppress the mggnehc_ordenng. may be expected that alloying with a divalent ion, e.g., Ca,
ensity-functional theory is in principle an exact ground-_on the Y site will bring the system closer to the magnetic
state theory. It should, therefore, correctly describe the Sp'fhstability

density of magnetic systems. However, common approxima- '
tions to the exact density-functional theory, such as the | am grateful for helpful discussions with A.J. Millis and
LSDA and the generalized gradient approximatig@&A),  for support from Office of the Naval Research, and a Com-

neglect Hubbard correlations beyond the mean-field levelputing Grant from the HPCMO.
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