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ABSTRACT: Layered materials have several properties that
make them suitable as high-performance thermoelectric
materials. In this study, we focus on the complex metal
nitrides SrZrN2 and SrHfN2, which have an α-NaFeO2 layered
crystal structure. To determine their electronic band structure
features and potential thermoelectric transport properties, we
calculated the electronic band structures and electronic
transport coefficients for SrZrN2 and SrHfN2 using density-
functional theory and Boltzmann transport theory, respec-
tively. Despite the layered crystal structure, SrZrN2 and
SrHfN2 both had three-dimensional electronic structures and
isotropic electronic transport because of the contribution of
the Sr 4dx

2
−y

2 + 4dxy orbitals to the bottom of the conduction
bands in addition to that of the Zr 4dz

2 (Hf 5dz
2) orbital. The three-dimensional electronic structures predict the appearance of

large Seebeck coefficients (−145 μV K−1 at 300 K, −370 μV K−1 at 1200 K) and large electronic thermoelectric figures of merit.

■ INTRODUCTION

Layered materials are particularly interesting because of their
unusual electronic and physical properties, such as thermo-
electric transport,1 superconductivity,2,3 and ionic conduction.4

Layered materials with α-NaFeO2 and other related layered
crystal structures (Figure 1a) are particularly important,
because they are used for energy generation and saving
applications. For example, NaxCoO2 exhibits excellent thermo-
electric properties5 and is a base material for superconductors,6

and LiCoO2 is used as a cathode material in lithium ion
batteries.4 α-NaFeO2 materials have quasi-two-dimensional
electronic structures and exhibit anisotropic transport,5,7,8

which results in superconductivity and a large thermoelectric
effect. Although there are many complex metal oxides with α-
NaFeO2 crystal structures, other types of compounds are less
well-known. SrZrN2 and SrHfN2 are complex metal nitrides
with an α-NaFeO2 crystal structure (Figure 1a).9 Complex
metal nitrides with layered crystal structures include an
extensive range of compounds with diverse chemistry.10 Some
layered complex metal nitrides, such as MNX (M = Ti, Zr, Hf;
X = Cl, Br, I)11 and ternary transition-metal dinitrides AMN2

(A = alkaline earth metal; M = Ti, Zr, Hf),1 are super-
conducting with high critical temperatures. Although SrZrN2

and SrHfN2 have been synthesized and their structures
characterized, their physical properties and electronic structures
are still unknown. In the present study, we calculated the
electronic structure and transport of SrZrN2 and SrHfN2 by
using density-functional theory (DFT) and Boltzmann trans-

port theory to evaluate their electronic structure and transport
properties, particularly the thermoelectric transport.

■ COMPUTATIONAL METHODS
Our calculations are based on DFT using the full-potential linearized
augmented plane wave approach, as implemented in the WIEN2k
code.12 The modified Becke-Johnson (mBJ)13 exchange and
correlation functional was adopted because it produces energy band
gaps (Eg’s) for semiconductors and insulators that are closer to
experimental values than the generalized gradient approximation/
Perdew−Burke−Ernzerhof (GGA/PBE) functional and local density
approximation.14 The Eg value of 2.75 eV in SrTiO3 calculated using
the mBJ exchange and correlation functional is closer to the
experimental Eg value of 3.2 eV than the Eg value of 1.9 eV calculated
using the GGA/PBE functional.14−16 The size of the basis set is
controlled by the parameter RmtKmax, where Kmax is the plane wave
cutoff and Rmt is the smallest muffin-tin radius. It is set to a high value
of 7.0 for all materials. The electronic structure is calculated using 100
k-points in the Brillouin zone. Convergences are achieved with k-point
sampling of 100. We use 40 000 k-points for the transport calculations.
The transport properties are calculated by semiclassical Boltzmann
transport theory with the constant scattering approximation and the
rigid band approach,17,18 as implemented in the BoltzTraP code.19 In
this DFT calculation, we use structural coordinates and lattice
parameters taken from X-ray diffraction measurements.9 SrZrN2 and
SrHfN2 crystallize in the hexagonal space group R3m, of which α-
NaFeO2 is a typical example.

9 The measured lattice constants are a =
3.373 Å and c = 17.676 Å for SrZrN2, and a = 3.345 Å and c = 17.678
Å for SrHfN2. Figure 1a shows the alternate stacking of the MN2 (M =
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Zr, Hf) layer and the Sr layer along the c axis. The face-sharing
octahedral Zr−N and Hf−N anions are composed of a Zr or Hf ion
coordinated to six equidistant nitrogens. Details of the calculation
conditions are provided in the Supporting Information.

■ RESULTS AND DISCUSSION

Figures 1b and S1 (Supporting Information) show the
electronic band structures of SrZrN2 and SrHfN2. Both
SrZrN2 and SrHfN2 are band insulators with calculated band
gaps (Eg) of 1.29 and 1.37 eV, respectively. These are slightly
smaller than those of SrTiN2 (Eg = 1.55 eV), BaZrN2 (1.59 eV),
and BaHfN2 (1.68 eV), which have a KCoO2 layered
structure.16 The top of the valence band and the bottom of
the conduction band are located at the Γ and F points,
respectively. Given that calculated band gaps are often
underestimated, even if the mBJ exchange and correlation
functional improve the values of energy band gaps, the true
gaps of SrZrN2 and SrHfN2 may be much larger. The lowest
conduction band in SrZrN2 has a primarily Zr 4dz

2 and 4dxz +
4dyz orbital character and a width of 2 eV. The main
contribution to the bottom of the conduction band at the F
point is from both the Zr 4dz

2 orbital and the Sr 4dx
2
−y

2 + 4dxy
orbital. The Zr 4d and Sr 4d characters extend between 6 and 9
eV from the conduction band minimum, partially because of
the crystal-field splitting of the 4d orbitals. The highest valence
band has an N 2p character. Because the Zr 4d and Sr 4d states
are empty, Zr and Sr are in the 4+ and 2+ states, respectively.
The rest of the electronic structure indicates a closed shell ionic
insulator with some mixing of N 2p states and Zr 4d and Sr 4d
states, analogous to the mixing in other ionic compounds.
Figure S1 (Supporting Information) shows that the band
characters of SrHfN2 are similar to those of SrZrN2. The band
dispersions of the lowest conduction band and the highest
valence band along the Γ-Z direction (corresponding to the c
axis) in SrZrN2 and SrHfN2 seem to be much lower than those
for the other in-plane directions. The bottom of the conduction
band and the top of the valence band are located at the F and Γ
points, where the band dispersions are much larger than those
for the Γ-Z direction. The effective masses (m*) in SrZrN2 at
the bottom of conduction band (F-point) are 0.305 m0 (c axis
direction, mc*), 0.407 m0 (longitudinal direction, F−Γ, m∥*),
and 0.271 m0 (transverse direction, F−a, m⊥*). Here, m0 is the
free electron mass. Similarly, the values of m* in SrHfN2 at the

bottom of the conduction band (F-point) are 0.298 m0 (mc*),
0.406 m0 (m∥*), and 0.263 m0 (m⊥*). The values of m* in
SrZrN2 at the top of the valence band (F-point) are 0.734 m0
(mc*), 0.504 m0 (m∥*), and 0.580 m0 (m⊥*). The values of m*
in SrHfN2 at the top of the valence band (F-point) are 0.791 m0
(mc*), 0.523 m0 (m∥*), and 0.596 m0 (m⊥*). These effective
masses were calculated from a parabolic fitting of the dispersion
very near the conduction band minima using the principal axes
of the ellipsoids. Regardless of the direction, the effective
masses in SrZrN2 and SrHfN2 were the same order of
magnitude. In thermoelectric selenides and tellurides, such as
PbSe and GeTe, the effective masses along the transverse
direction are an order of magnitude larger than those along the
longitudinal direction, indicating large anisotropic electronic
structures.20 Therefore, SrZrN2 and SrHfN2 may be a three-
dimensional system rather than two-dimensional system.
Figure 2 shows several calculated transport properties for

SrZrN2 at 300 K, plotted as a function of chemical potential
(μ). To estimate the efficiency of the material, we use the
electronic dimensionless thermoelectric figure of merit, S2σT/κe
(=ZeT),

21 and compare it with that of SrTiO3, which is a well-
known compound with good thermoelectric properties,
because the lattice thermal conductivity cannot be calculated
by DFT in the usual way. The Seebeck coefficient, electrical
conductivity, and the electronic part of the thermal conductivity
of a compound can be estimated on the basis of the
compound’s band structure. The relaxation time, τ, is constant
in this work. Although the electrical conductivity and power
factor are calculated with respect to τ, the Seebeck coefficient is
independent of τ. This approach has been used to evaluate the
electrical transport properties of thermoelectric compounds, in
addition to the rigid band approach.17,18 The electronic
conductivities, electronic part of the thermal conductivities,
Seebeck coefficients, thermoelectric power factors, and
electronic dimensionless thermoelectric figures of merit are
shown for the xx and zz directions, which correspond to the in-
plane direction along the ZrN2 layer and the direction
perpendicular to the layers along the c axis, respectively. We
have previously reported highly anisotropic electronic struc-
tures and transport coefficients in SrTiN2, BaZrN2, and
BaHfN2, which have KCoO2 layered crystal structures.16 The
in-plane electronic transport in these materials was much larger
than the out-of-plane electronic transport. However, it initially

Figure 1. Crystal structure and electronic band structure of SrZrN2 with an α-NaFeO2 layered crystal structure. (a) Crystal structure, (b) electronic
band structure, and (c) Brillouin zones for the α-NaFeO2 layered structure. The labels in the Brillouin zones, Γ, L, F, Z, and a, correspond to 0, 0, 0;
1/2, 0, 0; 1/2, 1/2, 0; 1/2, 1/2, 1/2; and 0.65756, 0.34244, 0, respectively, in lattice constant units.
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appears that the transport in SrZrN2 is not anisotropic; the xx
direction transport properties appear to be similar to those for
the zz direction. SrHfN2 also shows properties similar to those
of SrZrN2 (Figure S2, Supporting Information). The electronic
band structures in SrZrN2 and SrHfN2 are three-dimensional,
and thus, electronic conductivities are expected to be similar in
both the zz direction and the xx direction.
The doping levels represented in the full range of the plots

may not be achievable in practice; however, they allow a
complete analysis of what produces good electronic properties
and thermoelectric efficiency.19,22 In the rigid-band approach,
the positive and negative chemical potentials correspond to n
and p doping, respectively. The Seebeck coefficients reach a
maximum near the middle of the energy band gaps (Eg),
because the Seebeck coefficient in semiconductors is inversely
proportional to the carrier concentration. However, in the case
of n-type semiconductors, the doping level should be controlled
around the bottom of the conduction band. SrZrN2 and
SrHfN2 may be n-type semiconductors, because most
compounds containing Zr4+ and Hf4+ (d0) ions are n-type
semiconductors.23 Experimentally, the doping level in n-type

semiconductors can be controlled around the bottom of the
conduction band. Under the rigid band approximation, the
chemical potential varies in addition to the carrier concen-
tration. To achieve the maximum power factor, the chemical
potentials should be near the bottom of the conduction band.
Both the xx and zz direction power factors of SrZrN2 reach
their maximum at 0.045 eV in the SrZrN2 conduction band
(arrows in Figure 2f,k). Similarly, the xx and zz direction
maximum power factors in SrHfN2 are at 0.015 eV in the
conduction band (Figure S2, Supporting Information). In
general, the power factor (S2σ) depends on the carrier
concentration. Figures 3 and S3 (Supporting Information)

show the Seebeck coefficient (S) and power factors plotted as a
function of logarithmic carrier concentration. The Seebeck
coefficients show a logarithmic dependence on carrier
concentrations, which is consistent with Pisarenko behavior.
The power factor in SrZrN2 reaches its maximum value at a
carrier density of 2.3 × 1019 cm−3, corresponding to 0.0015
electrons per Zr site, and in SrHfN2 at 8.2 × 1018 cm−3,
corresponding to 0.0014 electrons per Hf site. In the n-type
semiconductor SrTiO3, the electron carrier concentration is
controlled by substituting La3+ ions into the Sr2+-site and Nb5+

ions into the Ti4+-site.24,25 Thus, the carrier concentrations in
SrZrN2 and SrHfN2 may be controlled by similar substitution
by La3+, for example.
The transport properties were evaluated on the basis of the

rigid band approximation, in which the electronic structure of
the material is expected to remain unchanged in the carrier
doped regions. To express the results using a more tangible
quantity, it is necessary to obtain the chemical potential from
the carrier concentration. We have calculated the carrier
concentration in terms of chemical potential (μ) for each
temperature by using

∫=
+μ−n D E E( )

1
e 1

d
E k Te ( )/ B (1)

In this equation, n is the carrier concentration, E is the
energy, De is the DOS obtained from the electronic structure
calculation, kB is the Boltzmann constant, and T is the
temperature. Figures 4 and S4 (Supporting Information) show
the calculated chemical potentials of SrZrN2 and SrHfN2,
respectively. The chemical potentials of both compounds are
located in the band gap for low carrier concentrations of less
than 1019 cm−3. At carrier concentrations greater than 1020

cm−3, the chemical potentials are located in the conduction

Figure 2. Absolute values of carrier concentrations (|n|), density of
states (DOS), and xx and zz direction transport coefficients for
SrZrN2 versus the chemical potential (μ) at 300 K. (a) Absolute values
of carrier concentrations, (b) DOS, (c and h) electronic conductivities
(σ/τ), (d and i) electronic part of the thermal conductivities (κe/τ), (e
and j) Seebeck coefficients (Sxx), (f and k) power factors (S2σ/τ), and
(g and l) electronic dimensionless figures of merit (ZeT). Left and
right panels show the valence band side (V.B.) and conduction band
side (C.B.), respectively. The arrows indicate the peak in the power
factor near the bottom of the C.B. (a−g) Carrier concentration, DOS,
and xx direction transport coefficients, and (h−l) zz direction
transport coefficients, respectively. The units for carrier concentration,
DOS, σ/τ, κe/τ, S, and power factor (S2σ/τ), are f.u.−1, states eV−1

f.u.−1, Ω−1 cm−1 s−1, W cm−1 K−1 s−1, μV K−1, and W cm−1 K−2 s−1,
respectively, where f.u. stands for formula unit.

Figure 3. Carrier concentration dependences of (a) Seebeck
coefficients (S) and (b) power factors (S2σ/τ) in SrZrN2 at 300 K.
Red arrows indicate carrier concentrations where the maximum power
factor values are achieved.
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band, which indicates that SrZrN2 and SrHfN2 behave as
degenerate semiconductors.
Figures 5 and S5 (Supporting Information) show the

temperature dependences of several calculated transport

coefficients of SrZrN2 and SrHfN2, respectively. Both SrZrN2
and SrHfN2 may be stable at temperatures above 1000 K
because they are synthesized at 1000 °C.9 The transport
coefficients were calculated at carrier concentrations of 0.0015
per Zr-site, corresponding to 2.3 × 1019 cm−3 (SrZrN2), and
0.0015 per Hf-site, corresponding to 8.2 × 1018 cm−3 (SrHfN2),
at which the maximum power factors were obtained. Figures 5
and S5 (Supporting Information) also show the calculated
transport coefficients of SrTiO3 for comparison, because it is a
three-dimensional perovskite with good thermoelectric proper-
ties. The transport coefficients of SrTiO3 are the same as those
in ref 16, and are calculated with an electron carrier
concentration of 0.04 per Ti-site, corresponding to 6.7 × 1020

cm−3, to achieve the maximum thermoelectric power factor.
Our calculations produce appropriate values for the transport
coefficients in SrTiO3. Our calculated Seebeck coefficient for
SrTiO3 at the carrier concentration of 6.7 × 1020 cm−3 is −120
μV K−1 at 300 K, which is similar to the experimentally
determined (−150 to −170 μV K−1)24,25 and previously
reported calculated (−100 to −150 μV K−1) values.26,27 The
transport properties of SrZrN2 and SrHfN2 can be compared
directly with those of SrTiO3 because the calculation method
and procedures are the same. Figure 5 and S5 (Supporting
Information) clearly show that the estimated transport
properties of SrZrN2 and SrHfN2 are not anisotropic, with
the in-plane xx and yy direction transports are very similar to
that in the zz direction. As shown in Figure S6 (Supporting
Information), the conductivity ratios σxx/σzz in SrZrN2 and
SrHfN2 are around 1 and are very low compared with those of
other layered compounds, such as SrTiN2 (σxx/σzz ∼ 7300 at 10
K, 13 700 at 300 K),16 La2−xSrxCuO4 (σxx/σzz ∼ 100−300 at
300 K),28 and NaxCoO2 (σxx/σzz ∼ 200 at 4.2 K).5,8 This is
interesting, considering that the MN2 layer has bonds in the xx
and yy directions only. The nearest neighbor M−N bonds and
the second neighbor M−M bonds are formed along the yy and
xx directions, respectively. The transport coefficients are the
same for the xx and yy directions, despite the difference in
bonding. Experimentally, anisotropic electronic transport has
been reported in NaxCoO2, which has an α-NaFeO2 crystal
structure.5,8 The electronic conductivity in the xx direction in
NaxCoO2 is significantly larger than that in the zz direction.
The anisotropic transport in NaxCoO2 is consistent with the
electronic band structure calculations, which show a large
cylindrical hole Fermi surface in the kz direction, perpendicular
to the layer, indicating a quasi-two-dimensional electronic
structure and larger in-plane electronic transport.7 The
conductive octahedral CoO2 layer isolated by a Na layer also
contributes to the anisotropic transport. In contrast, the
constant energy surfaces at the electron carrier concentrations
required to achieve maximum power factors for SrZrN2 and
SrHfN2 are not cylindrical (not shown), and indicate that the
electronic structures are three-dimensional rather than two-
dimensional. This is consistent with the lack of anisotropic
electronic transport and the electronic band structures.
Electronic conduction in the zz direction along the c axis in

SrZrN2 and SrHfN2 should occur through the Sr layer. At the F
point of the bottom of the conduction band, the Sr 4dx

2
−y

2 +
4dxy orbitals are involved in the zz direction electronic
conduction, in addition to the Zr 4dz

2 orbital. The orbital
characters for the lowest conduction band in SrZrN2 are shown
in Figure 6. At the F point, the Zr dz

2 orbital character is the
most dominant, and the second and third most dominant are
the Sr dx

2
−y

2 + dxy and Zr dxz + dyz orbitals, respectively. Figure
7 shows the partial density of states (DOS) near the bottom of
the conduction band in SrZrN2. The Sr dx

2
−y

2 + dxy orbital
makes the third-largest contribution to the total DOS around
the bottom of the conduction band, after the Zr dz

2 and dxz +
dyz orbitals. In SrHfN2, the Sr dx

2
−y

2 + dxy orbital character
dominates at the F point of the bottom of the conduction band,
instead of the Hf dz

2 orbital (Figures S7 and S8, Supporting
Information). Usually, in SrMeO3 perovskite oxides (Me =
transition metal ion), the Sr 4d orbitals are at a higher energy
level than the Me d orbitals.29 In SrTiO3, the lowest conduction
band is formed by Ti 3d orbitals, with no contribution from the
Sr 4d orbital.30 In the perovskite oxide, SrZrO3, the energy level
of the Sr 4d t2g orbital (dxy + dyz + dxz) is near that of the Zr 4d

Figure 4. Variation of chemical potential, μ, as a function of
temperature for SrZrN2. The gray regions indicate the conduction
band (C.B.). The solid lines indicate the conduction band minimum
(C.B.M.).

Figure 5. Temperature dependence of the transport properties of
(blue lines) SrTiO3 and (green lines) SrZrN2 at electron carrier
concentrations (M−1, M = Ti, Zr) of 0.04 (6.2 × 1020 cm−3) for
SrTiO3 and 0.0015 (2.3 × 1019 cm−3) for SrZrN2. (a) Electronic
conductivities, (b) electronic part of the thermal conductivities, (c)
Seebeck coefficients, (d) power factors, and (e) electronic
dimensionless figures of merit (ZeT). The labels (light green line)
xx and (dashed green line) zz indicate the in-plane and out-of-plane
transport properties along the c axis.
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t2g orbital. The lowest conduction band in SrZrO3 consists of
Zr 4d t2g, Sr 4d t2g, and Sr 5s orbitals.31,32 Because the energy
levels of d0 transition metal ions (Ti4+, Zr4+, Hf4+) increase with
the atomic number, the transition metal d-states are mixed with
the Sr 4d-states in the lowest conduction band. Therefore, it is
consistent that Sr 4dx

2
−y

2 + 4dxy orbitals and the Zr 4dz
2 (Hf

5dz
2) and Zr 4dxz + 4dyz (Hf 5dxz + 5dyz) orbitals contribute to

the zz direction electronic transport in SrZrN2 and SrHfN2.
Such a three-dimensional electronic structure in layered
compounds has also been found in metallic LiMoN2,

33,34

which has a P3 layered crystal structure, and delafossite PtCoO2
and PdCoO2,

35−38 which have crystal structures related to the
α-NaFeO2 layered structure. In PtCoO2 and PdCoO2, the Pd
4d or Pt 5d orbitals of the A-site ion (Pt, Pd) layers contribute
strongly to the c axis electronic conduction across the CoO2
layer, similar to SrZrN2 and SrHfN2. The three-dimensional
electronic structure means that a model in which the MN2
layers only interact weakly is not adequate to describe these
materials. These layers should interact across the Sr layer,
resulting in a three-dimensional electronic band structure and
isotropic electronic transport.
In comparison with SrTiO3, the electronic conductivity and

the electronic part of the xx direction (in-plane) thermal

conductivities in SrZrN2 and SrHfN2 are lower than that in
SrTiO3. However, Seebeck coefficients in SrZrN2 and SrHfN2
reach −140 μV K−1 (SrZrN2) and −145 μV K−1 (SrHfN2) at
300 K, and −300 μV K−1 (SrZrN2) and −370 μV K−1

(SrHfN2) at 1200 K, and are larger than those of SrTiO3
(−100 μV K−1 at 300 K, −160 μV K−1 at 1200 K) as shown in
Figure 5 and S5 (Supporting Information). In addition to the
electronic transport and Seebeck coefficient behavior, the
temperature dependence of the power factors and electronic
dimensionless figures of merit also vary. The power factors in
SrZrN2 and SrHfN2 are slightly lower than that of SrTiO3.
However, the electronic dimensionless figures of merit of
SrZrN2 and SrHfN2 are higher than SrTiO3 over the entire
temperature range. The calculated electronic dimensionless
figures of merit for SrTiO3 and SrZrN2 are 0.4 and 0.47 at 300
K and 0.6 and 0.83 at 1200 K, respectively. Experimental figures
of merit for SrTiO3 are less than 0.1 at room temperature,24,25

which is understandable, considering that lattice thermal
conductivities are not included in the calculations. However,
no experimentally determined and calculated thermal con-
ductivities have been reported for SrZrN2 and SrHfN2. The
experimentally measured thermal conductivities at room
temperature of insulating compounds containing Sr and Zr or
Hf ions are 1−5 W m−1 K−1 (4.06 W m−1 K−1 for SrZrO3,

39 1−
5 W m−1 K−1 for ZrO2,

40 4.54 W m−1 K−1 for SrHfO3,
41 1−2 W

m−1 K−1 for HfO2
42). These values are smaller than the thermal

conductivities for SrTiO3, which are around 10 W m−1 K−1.24,25

Therefore, lower thermal conductivities and larger dimension-
less figures of merit can be expected in SrZrN2 and SrHfN2,
although compared with SrTiO3, the trends we have observed
are promising.

■ CONCLUSIONS

We have calculated the electronic band structures and
thermoelectric transport coefficients of the layered complex
metal nitrides SrZrN2 and SrHfN2 using DFT and Boltzmann
transport theory. SrZrN2 and SrHfN2 are band insulators with
band gaps of 1.29 and 1.37 eV, respectively. They have three-
dimensional electronic structures and isotropic transport
properties, despite the α-NaFeO2 layered crystal structure,
because the bottom of the conduction bands are composed of
Zr 4dz

2 (Hf 5dz
2), Zr 4dxz+4dyz (Hf 5dxz+5dyz), and Sr

4dx
2
−y

2+4dxy orbitals. Large Seebeck coefficients were found in
both SrZrN2 and SrHfN2 and are larger than those for SrTiO3,
a well-known thermoelectric compound. There are many types
of AMN2 layered complex metal nitrides.9 However, the
number of known AMN2 compounds is small compared with
AMO2 layered complex metal oxides. There may be many
uncharacterized AMN2 layered complex nitrides, which may
exhibit novel physical properties. However, the synthesis of
complex metal nitrides is often difficult. Recent epitaxial film
growth techniques have overcome these problems, allowing
single-phase samples to be synthesized.43,44 The combination of
electronic structure and transport calculations and these
synthetic techniques should produce new AMN2 layered
compounds with excellent thermoelectric properties.
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Figure 6. Orbital characters for the lowest conduction band of SrZrN2.
(a) Band dispersion for the lowest conduction band and (b) orbital
characters for the lowest conduction band.

Figure 7. Partial DOS around the bottom of the conduction band in
SrZrN2.
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