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CaNiN: Suppression of electronic instability by interchain coupling
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CaNiN is a recently discovered compound that interestingly combines one-dimensional (1D) Ni-N
chains in an unusual three-dimensional (3D) arrangement. Although the linear chains could be a
possible candidate for Peierls instability and, despite the formal d configuration of Ni, this compound
is found to remain metallic and paramagnetic down to very low temperatures. We present the
results of electronic-structure calculations for CaNiN as obtained with the full-potential linearized-
augmented-plane-wave method within the local-density approximation. Our results show that the
interchain coupling strongly reduces the tendency towards electronic instabilities by introducing clear
2D and 3D features into the electronic structure of this compound. The states at the Fermi level are
dominated by dye antibonding states. The dpcr antibonding bands, expected to be the highest band
of the d-p complex, are depressed in energy by the interaction with conduction states (including
states with interstitial character), and cannot be clearly singled out throughout the Brillouin zone.

I. INTR.OI3UCTION

The discovery of a wide variety of cuprate com-
pounds with high-temperature superconductivity, struc-
tural, magnetic, and metal-insulator transitions has led
to increased interest in related materials which may also
show similar unusual properties. One example of such
related compounds is Sr2VO4, 2 which may be regarded
as a charge conjugate analog of the the cuprates (nearly
empty d shell rather than a nearly full d shell); another
example is the group of ternary nitride compounds that
have been synthesized recently. '

The compound CaNiN recently produced by Chem
and DiSalvo is an example of a material which might
be expected to possess unusual properties. Its crystal
structure, which contains layers of one-dimensional (1D)
chains stacked in a, three-dimensional (3D) manner, con-
tains strong 1D, 2D, and 3D aspects. Moreover, Ni is
formally in the 1+ charge state, i.e. , the same formal
d configuration characteristic of several of the antifer-
romagnetic (AFM) insulating copper oxide compounds.
The crystal structure (described below) contains 1D as-
pects arising from the Ni-N chains which are metallic
and might be expected to lead via a Peierls instability
toward superstructure formation, while the d configura-
tion might be expected to promote magnetic behavior,
possibly AFM spin arrangement along the chains. How-

ever, Chem and DiSalvo have found the resistivity to be
metallic and without anomaly from T=320 K down to 4
K, with a resistivity ratio around 8. The susceptibility is
paramagnetic, increasing as the temperature is lowered
from 320 K and leveling oA'below 7 K.

To investigate these questions we have carried out
self-consistent local-density calculations of the electronic
structure of this compound. Because CaNiN has only
recently been synthesized, little is known about its elec-
tronic structure. Two other compounds with the same
structure are known, YCoC and SrLiN (see Chem and
DiSalvos), and the only study has been a Hiickel calcula-
tion of a (CoC)s chain reported by Hoffmann, Li, and
Wheeler. Their results contained one surprise. For a
chain of equally spaced CoC atoms, whose Co d states
and C p states lie at roughly the same energy, it is
expected that the dpo. bonding band should lie lowest
and that the dpo. * (antibonding) band should lie highest.
This hypothesis was not verified; instead, these authors
found that the (degenerate) dpvr* antibonding bands were
higher than the dpi'' band. This latter band was rather
Hat, having been repelled strongly by the Co 48 state
which lies above the d-p complex. The Fermi level crossed
only the two dpi'* bands, and sine" the (CoC) chain
they considered lacks two electrons of filling the d-p com-
plex, the result was two degenerate half-filled dpi'* bands.
Ho%mann, Ii, and Wheeler suggested that the resulting
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chain is likely to be magnetic.
The Ni-N chains occurring in CaNiN are similar in

many ways to this picture of the CoC chains. Taking
Ca as doubly ionized, the analagous situation here is
the (NiN)2 chain, which is one electron short of fill-

ing the d-p band complex. Although much of the basic
electronic structure of the chain is similar to that pro-
posed for CoC by Hoffmann, Li, and Wheeler, we find
more complex behavior, in at least two respects. First,
the dpo. * band indeed interacts strongly with conduction
states above, but, this interaction takes place primarily
with Ca d states and with states with a strong inter-
stitial component rather than simply with metal (Ni) s
states. Second, 2D coupling within a layer splits the
two dp~' bands, and 3D coupling mixes the states of
the two sets of perpendicular chains, resulting in a more
complex Fermi surface with much less inclination toward
Fermi surface driven charge-density-wave (CDW) or spin-
density-wave (SDW) instabilities. Simply put, interchain
coupling strongly reduces the impetus toward electronic
instabilities that might have occurred if interchain cou-
pling were smaller.

The paper is organized as follows. In Sec. II the struc-
ture of CaNiN is described, and Sec. III presents the
calculational methods and details. In Sec. IV we present
the band structure, giving particular emphasis on anal-
ysis of the states near the Fermi energy E~ in terms of
chain-derived bands and interchain coupling. To clarify
the nature of the interchain interactions, we present cal-
culations also for a single layer of Ni-N chains. In Sec. V
we discuss the Fermi surface (FS) itself and present FS
quantities which determine transport properties in met-
als. A brief review of the results and relationship to other
materials is provided in Sec. VI.

II. CRYSTAL STRUCTURE

CaNiN forms in an unusual crystal structure (see
Fig. 1) with tetragonal P42/mmc(D4s&) space group
(No. 131 in the International Tables). All atoms lie on
special sites, so the lattice constants a and c are the
only structural parameters. Chem and DiSalvos find
a = 3.5809(2) A and c = 7.0096(3) A. , so c/a = 1.9575.
Ca occupies the 2e positions (0, 0, 4), (0, 0, 4); Ni occu-
pies the 2b positions ( z, z~, 0), ( 2, 2, z ); N occupies the 2c
positions (0, 2, 0), (z, 0, z). All sites have orthorhombic
rnrnm symmetry.

In this structure there is one short interatomic dis-
tance, the Ni-N distance of 1.79 A in the basal plane.
The simplest way to describe the structure is as Ni-N
chains with lattice constant a, separated from the neigh-
boring chain also by the distance a. These planar arrays
of chains are stacked in the z direction, but are alter-
nately oriented along the z or y directions at layer sep-
arations c/2, with the Ni atoms sitting on top of each
other. These layers are separated by square arrays of
Ca ions, each of which is tetrahedrally coordinated with
four N atoms (two above and two below) at a distance of
2.50 A. , which is the second shortest interatomic distance
in the crystal. The Ni-Ca distance is 3.03 A, while the
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FIG. 1. Perspective view of the crystal structure of
P42/mme CaNiN, showing the layers of Ni-N chains sepa-
rated by square arrays of Ca ions. Note that the Ca ions are
tetrahedrally coordinated with four N atoms, two in each of
the two neighboring layers. Sphere sizes are proportional to
the ionic radii of the elements.

Ni-Ni separations are 3.50 A= c/2 between layers and
3.58 A. = a between chains in a single layer.

Already in the crystal structure one can discern 3D
aspects in addition to the obvious 1D (chains) and 2D
(layers of chains) characters. Since a c/2, both the Ni
sites and the Ca sites form nearly simple cubic sublat-
tices. More interesting, however, may be that the stack-
ing of the layers of chains imposes the lattice constant
along the chain (a) to be as well the lattice constant
separating the chains. Conversely, the spacing of chains
may alter somewhat the lattice constant of the chain by
applying an internal strain, resulting in a Ni-N spacing
which diA'ers from what would be preferred for a single
chain.

III. METHOD OF CALCULATION

In our calculations we used the all-electron full-
potential linearized augmented plane wave method,
within the local-density approximation with the Hedin
and Lundqvist form for the exchange-correlation poten-
tial. In this method the core states are calculated fully
relativistically and updated at each iteration, whereas
the valence states are treated semirelativistically. In-
side mu%n-tin spheres the wave functions as well as the
charge density and potential are expanded in terms of
spherical (lattice) harmonics up to I = 8. The inter-
stitial expansion of the wave functions included plane
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waves with wave vector ~k + C~ ( 3.75 a.u. , provid-
ing well-converged energy eigenvalues. The muFin-tin
spheres used are Rc ——2.5 a.u. , RN; ——1.85 a.u. , and

RN —1.45 a.u. Twenty inequivalent special k points
and a Gaussian smearing technique were used for the
Brillouin-zone (Bz) integration in the self-consistent it-
erations. In order to obtain the density of states and to
check the accuracy of the Brillouin zone sampling used,
we performed one iteration with the self-consistent poten-
tial, using forty k points and a linear tetrahedron scheme.
The Fermi level was found to change by 0.05 eV, and
the l-decomposed charges inside muon-tin spheres were
stable within 0.005 electrons. These differences, even if
they remained after further iteration within this scheme,
are not large enough to change any of the results dis-
cussed in this paper. A single energy window was used
to treat both N 2s bands and the main d-p valence band.
By setting the N 2s energy parameter at the Fermi level
for a test run, we checked that the accuracy of the lin-
ear approximation was better than 1 mRy in the whole
considered energy range.

IV. ELECTRONIC STRUCTURE

A. General features
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FIG. 2. Energy bands of CawiN along the high-symmetry
directions of the Brillouin zone. The Fermi energy is the zero
of energy. X = (1, 0, 0)s/a, M = (1, 1, 0)7r/a, and the three
short panels show dispersion with k~.

the extension of Ni d character, and especially N p char-
acter, into the conduction bands above 1 eV. The N p
character in particular extends at least several eV into
the conduction bands.

The d-p valence-band complex reflects strong hy-
bridization between the Ni d and N p states. However,
these characters are not evenly distributed; the upper

First we establish our notation. Throughout this pa-
per we take the zero of energy at the calculated Fermi
level E~. In addition, to avoid confusion we use the con-
vention that the z axis is along the crystal c axis. Since
it is instructive to describe orbitals with the Ni-N chain
direction chosen as the direction of quantization, we will
always discuss the chain directed along the z axis, with
d states given then as ds ~ „~ (cr), d

&
and d, (m), and

d„. .. and dy, (6).
From the formal valence viewpoint, the compound

Ca2+Ni+N3 with two formula units per cell will have
valence bands composed of Ni d states and N p states,
a total of 16 bands in all. Above this complex of bands
will lie Ca valence states (s, p, d) and Ni and N s, p states.
The valence bands will not be full; the total of 30 valence
electrons will leave one band empty or two or more bands
partially empty.

This general picture is supported by the band structure
along high symmetry directions, shown in Fig. 2, and the
total and local densities of states shown in Fig. 3. Not
shown in the Figs. 2 and 3 are the N 2s bands, located at

14 eV below E~ and roughly 0.7 eV wide. The lowest
16 bands lie in a 7-eV-wide range, from —6.5 to +0.6
eV. The fifteenth and sixteenth bands are unoccupied all
along the BZ edge A-M-X, while small pockets of the
thirteenth and fourteenth bands are unoccupied at the
BZ corner M.

The density of states (DOS) of Fig. 3 shows that the
16 lowest bands are primarily Ni d and N p. Conduc-
tion bands in the 2—10-eV range have considerable Ca
d character as well as small amounts of other character,
especially plane-wave-like interlayer states which we dis-
cuss below. The valence bands are not pure Ni d, N p
character, but contain certain small amounts of Ca d and
Ni s, p character. Related to this mixing of characters is
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FIG. 3. Total (top panel) and local densities of states of
CaNiN. The dashed line in the top panel indicates the inter-
stitial DOS. The various curves are labeled as follows: 8, solid
curve; p, dashed curve; d, long-dashed curve, do' or po', dotted
curve for Ni and N, respectively. Note the change of scale (a
factor of 2) for N.
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3 eV, which includes the Fermi level, is about 80% Ni

d, while the lower 3—4 eV contains more than half N p
character. This separation suggests that the N p on-site
energy lies lower than the Ni d on-site energy in a tight-
binding picture.

Our objective here is to distinguish (i) which features
in the electronic structure are due to the Ni-N chain
structure itself and therefore are 1D, (ii) which aspects
are due to interchain coupling within a layer of chains,
(iii) what are the effects of the 2D coupling in the absence
of stacking of layers, and finally (iv) what are the eff'ects
of interchain coupling between different layers of chains.
To facilitate this program, we next describe the electronic
structure when the interlayer coupling is removed.

B. Single-layer results

To distinguish clearly between interchain interaction
within a layer and between layers, we have performed a
calculation in which the layers with Ni-N chains running
in the y direction are removed. This doubles the t.--axis
separation between layers and effectively removes cou-
pling in that direction. To preserve as much symmetry
as possible both cations are retained in the original po-
sitions (one on each side of the Ni-N layer). To keep the
Ni-N band filling approximately the same as in CaNiN,
the Ca~+ cations were replaced by K+ cations.

The resulting band structure along the X-I'-9-Y di-
rections is shown in Fig. 4. In the absence of inter-
chain interaction the bands would be identical along I'-
X and Y-S, and along I'-S as well if the abscissa were
scaled down by ~2. Breaking of this "syniinetry" indi-
cates the strength of interchain interactions within the
layer. In addition, for vanishing interchain interaction
the dp7I (d~y pv d~g-pg ) alld db (dy2 g2 dye ) symmetry
bands are degenerate. Recall that we choose the z axis
as the orbital quantization axis.

The anticipated bands can be considered as one dpo
(bonding), one dpo* (antibonding), two dpi', two dp7r',
and two nonbonding db bands, a total of eight bands
derived from the five Ni d and three N p states. At X,
the lowest band is dpo, and the "doublet" near —4 eV is

dpi'' with the d, -p, partner lying lowest. The interchain
interaction affects only the d»-p& partner and raises its
energy. At I, the d and p orbitals are nonbonding by

0-
-1-
-2-
-3-
-4-
-5-
-6-

Y I Z S R

FIG. 4. Energy bands for the "single-layer" K2NiN calcu-
lation. Orthorhombic BZ symmetry labels are used.

symmetry and the d &, d» states are nearly degenerate
at —1.5 eV.

We skip the next higher band at X ( —2 eV) and
return to it below. The next higher "doublet" at X at

—1.3 eV comprises the nonbonding db pair. The two
parallel bands which cross E~ along X-I' are the dpi'*
bands. These bands are split by 0.3 —0.4 eV across most
of the I-X line, with the d &-pz (in-plane) partner lying
higher (similar to the splitting of the bonding dpi' band
discussed above).

It remains to account for the dpo. " character. The band
near —2 eV at X (skipped in the discussion above) is
primarily of this character, with in addition some other
contributions (see below). The band at 1 eV at X and
occupied at I' (—0.4 eV) also has small dpor* character,
as well as A character. This conduction band, which lies
above but near the d-p complex throughout the zone and
crosses slightly near X, is a mixture of K, Ni s, d, and
plane-wave-like (free-electron) interstitial character. The
result of the interaction of these conduction states with
the dpo' band is that this band is depressed strongly
(to —2 eV at X) and is relatively dispersionless. The
overall energy location of the dpo. character is illustrated
in Fig. 3 for CaNiN (dotted lines). Also resulting from
this hybridization is the mixing in of dpcr* character into
the conduction bands above E~, extending several eV in
energy.

The occurrence of a band with large interlayer charac-
ter so near the d-p band complex is of special interest.
It suggests first of all that the work function of a single
layer of Ni-N chains, bordered by K atoms, is very low.
The character of this band is very reminescent of the
interlayer band found in graphite by Posternak et al. ,

which lies at the zone center above the occupied states
but below the vacuum zero. These states have only a
small atomic component, with most of the density ly-
ing between graphite layers. Similar unoccupied states
were found by Massidda and Baldereschig in layered in-
termetallic compound with the A1B2 structure. States of
this kind, slightly above the d-p complex, are also present
in CaNiN, as discussed in Sec. IV D.

The depressed, almost dispersionless nature of the
dpo' band is very similar to the behavior found by Hoff-
mann, Li, and Wheeler, for the (CoC)s chain. In the
case studied by these authors the conduction states con-
sisted of Co s, the only other states in their basis set.
Our calculation establishes that essentially the same re-
sult holds when a much more extensive basis set is used.

The small dispersion of all valence bands along I'-Z and
S-R in Fig. 4 attests to the small interlayer coupling in
this calculation (hence our use of the term "single layer" ).
A larger k, dispersion should however be expected for the
interlayer bands, based on the experience on graphite
and h-BN. However, inspection of the wave functions
for the occupied interlayer band (at —0.4 eV in Fig.
4) and for the next band (at 2 eV) along I'-Z shows
an interaction of these two bands, resulting in almost
dispersionless bands.

We come. now to the effects on the Fermi surface and
possible electronically driven instabilities. In the absence
of interchain interaction (and the interlayer conduction
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band crossing E~ which is an artifact of the single-layer
system) the dpvr" bands along I'-X are doubly degenerate
and half-filled, as found for the (CoC)s chain by Hoff-
mann, I i, and Wheeler. Such a situation would strongly
indicate a 2kF, unit-cell-doubling, CDW or SDW insta-
bility. Interchain interactions split these bands, produc-
ing two Fermi surface sheets (still reasonably Hat) with
two competing instabilities, both of which are incommen-
surate with the lattice. This competition will drastically
reduce the tendency toward instability. Thus this single-
layer study already provides evidence that 1D features,
and accompanying instabilities, are severely weakened by
intralayer interchain interactions.

C. Analysis of interlayer chain coupling

Returning to the DOS plots of Fig. 3 for CaNiN, we
note that the band edges at —6.5 and 0.6 eV show DOS
peaks indicative of broadened 1D square-root singulari-
ties arising from bands dispersing along the Ni-N chains.
In addition, the DOS peak centered at —1.5 eV is due to
the nonbonding db fIat bands. Both of these features are
remnants of the underlying 1D aspects of the compound,
but which are clearly afFected by interchain coupling. In
the absence of interlayer coupling, the X-I' panel of Fig.
2 would consist of the bands in the X-I' panel of Fig.
4 (for the single layer) plus another set of nearly disper-
sionless bands arising from the perpendicular chains. The
dpa (lowest) band and the two dpvr* bands (crossing E~)
are very similar in the two panels, but other distinctions
are completely obscured by the interlayer interactions.
While these interactions are not really large, they are of
the order of typical band separations in the —5-eV to
—1-eV region, i.e. , several tenths of an eV, and destroy
any simple description of the bands.

Indications of interlayer coupling are provided by the
dispersion with k, (vanishing for no interlayer coupling),
which is shown along the X-R, I'-Z, and M-A lines in
Fig. 2. Often the dispersion is small, but within the
d-p complex in the —5-eV to —1-eV range, dispersions
approaching 1 eV can be seen. The M-A line is partic-
ularly instructive, since the nonsymmorphic symmetry
operations of the space group lead to strictly doubly de-
generate states at A. The connection of bands along
M-A allows the identification of pairs of bands which
would be degenerate at M for vanishing interlayer cou-
pling, and which (as noted above) are not identifiable
from the bands along I'-M-X-I' alone.

The isolated state at M at —2.5 eV is mostly composed
of Ni db states, showing an interplane Ni-Ni (bonding)
interaction. Its partner is the state at —1.1 eV (similar
nonbonding character in the a, b directions but antibond-
ing Ni-Ni interplane interaction). The M-A dispersion of
these bands is related to this latter interaction, but it is
also strongly aAected by coupling to unoccupied bands,
as discussed later.

This brings us to the complex behavior of the bands
near E~ at the zone corner M. It is important to iden-
tify the character of these bands which contribute to the
Fermi surface, and in addition there is the peculiar be-
havior of the band at 0.3 eV at M, which shows very

strong dispersion along the M-A (i.e. , k, ) line. To il-
lustrate the character of these bands we present contour
plots of their density.

D. Analysis of states near E~

In Fig. 5 the charge density for the dyer* state at 0.25
eV at X is shown in a (100) plane. It is polarized per-
pendicular to the layer of chains. From this figure it is
evident that the N p states extend to larger distances
than do the Ni d states. Thus the interchain interac-
tion within a layer will be larger for N-N than for Ni-Ni
coupling.

The charge density for the dpvr* states at 0.5 and 0.0
eV at M (becoming degenerate at A) are shown in Fig.
6. The difference between these states, both of which
are polarized within the layer, is mostly in the interplane
chain coupling (the bonding and antibonding partners ac-
tually diA'er by being, respectively, even and odd relative
to the z reflection). The lower-lying state has a stronger
bondinglike in-plane N-N interaction between chains, but
the plot in the (110) plane cutting the Ca atoms shows
a large admixture of interstitial character (orthogonal-
ized to the Ca orbitals) for the bonding state which is
missing in the antibonding one. Since the in-plane inter-
actions do not produce dispersion along k, , and since the
direct orbital interaction can be assumed to be negligi-
ble for these states polarized in the planes, the 0.5-eV
separation between these two states at M (becoming de-
generate at A) can be attributed to the interaction via
the interstitial component.

The M state at 0.3 eV (between those just described)
is entirely diferent, as shown by the plot of its density
in Fig. 7. Most of this state is interstitial, lacking as-
sociation with any particular atom. The largest atomic
component is its Ca d & character. It is remarkable that

~N~i (100)

FIG. 5. Contour plot in a (100) plane of the X point state
at 0.25 eV above E&. A ¹iNchain runs horizontally near the
bottom of the panel, while the cross section (through Ni) of
two chains running perpendicular to the (100) plane is seen at
the top of the plot. The antibonding d, p dp7r' character
is evident.
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teraction of these states is also re ecte

hk.in their strong, oppositely directed, dispersion wit
The question may be raised why this interstitial band is
lowest at M, since free-electron-like bands are lowest at
1. We suggest it is due partially to the Ca d character
(d bands generally have their extrema at zone edges) and
partially due to the crystal symmetry which may favor a
low-energy state at M.

V. FERMI-SURFACE PROPERTIES

3N

(110)

QNi [

The Fermi-surface cross sections in t e -M and
Z-R-A planes (k, = 0 and k, = x/c, respectively) are
shown in ig.F' . 8 They can be seen to arise from two
roughly parallel sheets perpendicular to each of the two
independent I'-X directions (one pair arising from each
of the layers of chains in the unit cell), but with strong
hybridization in the region of crossing. The hybridization
and resulting anticrossing is the result of interlayer cou-
pling. The resulting surfaces are four: two large columns
of roughly square cross section centere at I' Z an
enclosing electrons, and two small columns of roughly

FIG. 6. Contour plots in the (001) and (110)planes of the
M states at 0.5 eV (above) and 0.0 eV (below). Two Ni-N
chains are s own in eh

'
th (001) plane. Both are antibonding

d d 7t.
' states, but the N-N interchain bonding and the

E bottom, .interstitial character is larger for the state at Ey ~

this state avoi s e a od th N toms so eA'ectively that it shows a
near z-reHection symmetry relative to the Ca ions in the
(100) plane in spite of no such symmetry in the crystal
structure (it is violated by the N sublattice).

That such a state of mostly interstitial character can lie
so low in energy inl

'
this compound is partly attributable

t th b t ntial interstitial volume in this crystal struc-o esu sa
t Th' state interacts strongly with the po. an
nearby in energy, which as a result lies below E~ ~~a

X

Ni

FIG. 7. Contour plots in the (110) and (100) planes of the
M band at 0.3 eV which disperses strongly with k . This state
is primarily interstitial in character but with considerable Ca
d & component.

FIG. 8. Fermi surface cross sections o aN'aNiN in the k, =
0 (lower panel) and k, = n/c (upper panel) planes.
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circular cross section centered at M (A) and enclosing
holes. The two large electron surfaces can be expected
to lead to modest nesting features at Q = (0.6+/a, 0, 0).

The Fermi level DOS N(E~) is 2.90 states jeV cell for
both spins. The rms Fermi velocities are v~ = v& ——2.87x
10" cm/sec, v, = 0.41 x 107 cm/sec. These quantities
determine the Drude plasma energy, defined as

0„=4n. e N(Ey)v~

and similarly for y and z components. These quantities
are measurable via infrared absorption studies on single
crystals. The resulting values are hQ& ——AO& &&

——4.57
eV, hO& „—0.66 eV. The z conductivity is dominated by
the larger circular sheet centered at M which has the
larger k, dispersion.

We have also determined the Hall tensor coeKcients
RHp along the lines reported earlier for copper oxide
compounds. ' We find R z,

——0.39 x 10 m /C,
RH = RH~„= 0.30 x 10 ms/C, an anisotropy of
nearly 2 orders of magnitude. These larger components
correspond to a magnetic field lying in the plane. For
all these Hall tensor components there is a cancellation
between the holelike contribution of the circular Fermi
surfaces (FS) centered around M (A) with the electron-
like contribution of the remaining FS. The positive con-
tributions prevail, probably because of the overall low
curvature of the electronlike FS, but the resulting RH,
is much smaller than the single-band contributions. In
the case of R, = R, „ the dominant contribution is
given by the Iarger circular FS around M (having the
larger c-axis dispersion as stated before.

VI. DISCUSSION AND SUMMARY

The main features of the electronic structure of CaNiN
are the following: (i) 1D aspects are the single most
dominant feature. The dpo. and dp~ bonding and an-
tibonding chain bands are readily identifiable. (ii) The
dpo* antibonding band, anticipated to be the highest of
the d-p bands, is depressed strongly by interaction with
conduction-band states, which are primarily composed
of interstitial, plane-wave-like character with a Ca d z
component. (iii) Interchain coupling within the layer of
chains removes the degeneracy of the dpi'* bands, giving
rise to two Fermi surface sheets with incommensurate
nesting wave vector rather than a single, doubly degen-
erate sheet at the commensurate wave vector n./2a. (iv)
Interlayer coupling further removes low-dimensional fea-

tures especially in the Fermi surface, reducing more the
strength of any incipient instability due to Fermi surface
nesting. This coupling also contributes to the stability of
the crystal structure.

These facts already account qualitatively for the lack
of any electronic instability, consistent with the observed
metallic behavior from room temperature down to 4 K.
The primary channel for interchain coupling seems to be
through N-N interactions, either directly in the case of
interactions within a layer, or through the Ca ion in the
case of interlayer coupling. However, direct Ni-Ni interac-
tion and coupling of both Ni and N states via interstitial
states also appear to be important.

Although a Peierls-like CDW or SDW instability is not
expected from the calculated band structure, the clear 1D
feature of the crystal structure (the Ni-N chains) suggests
a possible tendency toward buckling of the chains. Sim-
ple buckling rearrangements would not open any gap in
the band structure, and therefore would be favored more
by entropy considerations than by energetics. Our cur-
sory look into possible structural rearrangements did not
result in any obvious symmetry-lowering distortions in
this crystal structure.

A remaining question is the approximate d configura-
tion of the Ni ion and possible magnetic order resulting
from strong local exchange interaction rather than Fermi
surface nesting. The leveling oA'of the susceptibility be-
low 10 K could be an indication of antiferromagnetic or-
der. We have not investigated such possibilities directly.
However, a calculation of the Stoner enhancement factor
gives 8 = II —I N( E~)j

i = 1.5, which is not close to a
ferromagnetic instability. The Ni sublat tice would read-
ily support an AFM state, but the absence of flat bands
near E~ and a strong nesting feature suggests a SDW
state is not likely.

Nofe added in Proof. A Gudat et al. , J. Less-Common
Metals 159, L29 (1991) have reported an isoelectronic
compound BaNiN that contains zig-zag Ni-N chains. The
structure does not appear to be intimately related to the
CaNiN structure studied here. We thank F. 3. DiSalvo
for bringing this reference to our attention.
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