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Abstract: An automated band structure calculation based on the inorganic crystal structure database and
the augmented plane wave method for electronic structure calculations is presented. Using a rigid band
approach and semiclassic Boltzmann theory the band structures are analyzed and a large number of
compounds are screened for potential interesting thermoelectric properties. We thereby propose LiZnSb
as a potential new thermoelectric material. The k-space structure of the lowest conduction band of LiZnSb
is analyzed in detail, and excellent thermoelectric properties are expected for this material. Furthermore
the lattice dynamics are calculated, and anisotropic lattice thermal conduction is predicted.

I. Introduction

The search for new thermoelectric materials is a quest to
maximize the dimensionless figure of meritzT ) (σT/κ)S2,
whereS is the Seebeck coefficient andσ andκ are the electronic
and thermal conductivities, respectively.zT quantifies the
performance of a thermoelectric, and one must therefore
maximize the power factorS2σ and minimizeκ. As S, σ, andκ

are coupled and all depend strongly on the detailed electronic
structure, carrier concentration, and crystal structure, the task
of finding new compounds with large values ofzT is extremely
difficult.

One idea that seems to run as a red thread through much
recent research on thermoelectrics, including the work on
clathrates1-9 and skutterudites,10-12 is the concept of a “Phonon
Glass Electron Crystal” (PGEC).13 This concept is based on the
assumption that low-frequency optical modes, due to loosely
bound guest atoms inside a framework structure, will reduce

the lattice thermal conductivity thereby enhancing the figure
of merit. The PGEC concept was introduced by Slack,13 who
also established a correlation among the weighted mobility, the
band gap, and the average electronegativity difference. Hereby
a number of semiconductors were suggested as potentially
interesting for thermoelectric applications.13 While the idea of
a PGEC has been highly influential, the use of the electro-
negativity difference for predicting suitable electronic properties
has been less used.

A different approach to rationally improving the electronic
properties of thermoelectrics is the analysis of band structure
calculations using Boltzmann theory. This ab initio approach
has been successful in rationalizing and predicting the optimal
doping level of known compounds5,11,14-17 but has seldomly
been used to discover new interesting materials for thermoelec-
tric applications. However, we do not see any reason why band
structure calculations cannot be used to screen a large number
of potential candidates. As the underlying basis of Boltzmann
theory is well understood,18 one usually understands when it
should work. Briefly put, the crystal momentum should be well
defined so thatk is a good quantum number. In a crystal, this
means that the mean distances between scatterers, and thereby
the mean free path of the electron, should be large compared to
the wavelength of the electron. Furthermore, the advance of
computational power, methodology, and standardized software
has made the calculation of band structures, even for a large
system containing heavy atoms, quite straightforward. Finally,
the calculation of a large number of structures is trivially parallel
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and therefore well suited for present computer cluster architec-
tures and future grid applications.

The aim of the present paper is two-fold: First, an “automated
band structure method” and the parameters used will be
described. The second part of the paper concerns the electronic
structure and lattice dynamics of LiZnSb. LiZnSb has not
previously been considered for thermoelectric applications, but
we shall identify it as having a favorable band structure. Finally
we will discuss the influence of some of the parameters and
approximations used.

A. Rigid Band Approach to Conductivity. We have recently
reviewed the calculation of transport tensors based on the
Boltzmann equation and the rigid band approach (see ref 19
and references therein). Here we will introduce the concepts
and the approximations used later in this paper.

The rigid band approach to conductivity is based on the
transport distribution

where thek-dependent transport tensor is given as

τ is the relaxation time, andVR(i, k) is a component of the group
velocities. The transport coefficients as a function of temper-
ature, T, and chemical potential,µ, can be calculated by
integrating the transport distribution

where f is the Fermi-Dirac distribution function. In this
approachµ determines the number of carriers. The bands, and
henceσ(ε), are left fixed (thus “the rigid band approach”).
Therefore only one band structure calculation needs to be
performed per compound.

In eqs 1-4 the relaxation time,τ, is unknown. In the present
work it is treated as a constant. The validity of this approach
has been tested earlier15,20 and actually turns out to be a
surprisingly good approximation even for systems with highly
anisotropic crystal axes.20 The Seebeck coefficient,S ) σ-1ν,
is then independent ofτ and can thus be calculated on an
absolute scale. The conductivity can however only be calculated
with respect to the relaxation time, andτ must somehow be
included as a parameter.

Apart from the power factor, one simple consideration can
also be made when searching for the optimalzT: κ has both an
electronic,κe, and a lattice,κl, component, and the ratio between
T andκe is, to a good approximation, given by the Wiedemann-
Franz relation:κe ) L0σT. Inserting the Lorentz number,L0 )
π2/3(kB/e)2 ) (156 µV/K),2 zT is seen to be limited by the
Seebeck coefficient

For calculatingzT also κl must be included, which will be
discussed in sections III and IV.D.

II. Computational Method

Band structure calculations were performed using the L/APW+lo
method21 as implemented in the WIEN2k code.22 The precision of the
calculations are limited mainly by four factors: (i) the completeness
of the basis set, (ii) the number ofk-points used to sample the Brillouin
zone (BZ), (iii) the exchange-correlation functional within density
functional theory (DFT), and (iv) the precision of the experimental
structure used. Factors (i) and (ii) can be improved systematically
toward convergence, (iii) will be discussed below, and (iv) will be
discussed both in section III and IV.D.

Regarding the basis set a plane wave cutoff defined by min(RR)-
max(kn) ) 5.6 was found to be adequate. Also a correct description of
relativistic effects is extremely important because several interesting
thermoelectric materials contain very heavy atoms. In WIEN2k spin
orbit coupling is included in a second variational step. We set the energy
cutoff to 2.0 Ry for the second variational basis set and addedp1/2

local orbitals23 to describe the strong spin orbit splitp-contribution close
to the Fermi level for the very heavy atoms (thallium to astatine). For
the L/APW+lo method one must define an atomic sphere radius. This
was done by a simple algorithm which set the sphere radius to 0.495×
the shortest nearest neighbor distance. For the transition metal and rare
earth atoms, the sphere size was increased by 8% and the max sphere
size was set to 2.5 au. This algorithm has now been included in the
WIEN2k code.22

Regarding thek-mesh, the number ofk-points in the full BZ was
set to 64× 106 divided by the primitive unit cell volume (in au3). For
the self-consistent calculation a mesh 30 times less dense was used.
For the calculations of the derivatives necessary for eq 2 we used a
well tested smoothed Fourier interpolation to obtain an analytical
expression of the bands.19 The mesh was interpolated onto a mesh 5
times as dense as the original.

The exchange-correlation potential was calculated using both the
Perdew-Burke-Ernzerhof (PBE)24 and the Engel-Vosko (EV)25

generalized gradient approximations (GGAs). The PBE-GGA24 is the
standard parameter-free GGA, while the EV-GGA has been designed
by optimizing the exchange potential25 rather than usingExc. The reason
for performing calculations using both GGAs is that standard GGA
functionals are known to underestimate the band gap. Due to the∂f/∂ε
factors in eqs 3 and 4, a correct band gap is important for an accurate
prediction of thermoelectric properties, and the EV-GGA has been
shown in several cases to give band gaps in good agreement with
experiment.26

III. Searching the Database

The initial dataset was constructed by extracting all Sb
containing compounds from before 1990 available in the
Inorganic Crystal Structure Database.27 This dataset consisted
of 1630 structures. An initial screening removed all compounds
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zT) S2σT
κe + κl

) S2

L0 + κl/(σT)
< ( S

156µV/K)2
(5)

σRâ(ε) ) 1
N

Σi,k σRâ(i,k)
δ(ε - εi,k)

dε
(1)

σRâ(i,k) ) e2τi,k VR(i,k) Vâ(i,k) (2)

σRâ(T; µ) ) 1
Ω ∫ σRâ(ε) [∂fµ(T; ε)

∂ε ] dε (3)

νRâ(T; µ) ) 1
eTΩ ∫ σRâ(ε) (ε - µ)[∂fµ(T; ε)

∂ε ] dε (4)
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which were (i) marked as wrong; (ii) contained disordered or
partially occupied sites, which cannot be treated with the present
band structure method; (iii) contained lanthanide atoms, because
the highly localized 4f electrons need special consideration
within DFT and are therefore unsuited for an automatic approach
such as the present; or (iv) contained the highly electronegative

elements N, O, F, and Cl atoms which would usually lead to
short mean free paths. This reduced the dataset to 570
compounds, for which band structure calculations were per-
formed and transport coefficients were extracted. Some com-
pounds are reported in the literature as being air-sensitive and
will therefore not be discussed further here. We will focus on

Table 1. Compounds Screened in This Studya

formula space group unit cell [Å] angles [deg] Eg [eV] T [K] n [e/u.c.] zT

KZnSb P63/mmc(194) a ) 4.54(2) R ) 90 0.37 (PBE) 150 0.52/-0.08 0.14/0.14
12 161 b ) 4.54(2) â ) 90 0.73 (EV) 300 0.51/-0.07 0.29/0.33

c ) 10.50(2) γ ) 120 600 0.43/-0.06 0.59/0.70

KZnSb P6hm2(187) a ) 4.535 R ) 90 0.24 (PBE) 150 0.08/0.10 0.06/0.09
44 680 b ) 4.535 â ) 90 0.62 (EV) 300 0.08/0.11 0.20/0.27

c ) 5.25 γ ) 120 600 -0.01/0.08 0.65/0.67

LiZnSb P63mc(186) a ) 4.431 R ) 90 0.13 (PBE) 150 -0.03/-0.02 0.14/0.25
44 903 b ) 4.431 â ) 90 0.62 (EV) 300 -0.02/-0.01 0.58/0.89
42 064 c ) 7.157 γ ) 120 600 -0.01/-0.01 1.84/2.36

ZnSb Pbca(61) a ) 6.218 R ) 90 0.13 (PBE) 150 -0.00/-0.01 0.07/0.06
76 937 b ) 7.741 â ) 90 0.45 (EV) 300 -0.01/-0.02 0.30/0.30

c ) 8.115 γ ) 90 600 -0.02/-0.01 0.85/1.12

ZnSb Pbca(61) a ) 6.218 R ) 90 0.05 (PBE) 150 -0.01/-0.01 0.06/0.08
43 653 b ) 7.741 â ) 90 0.43 (EV) 300 -0.01/-0.01 0.26/0.35

c ) 8.115 γ ) 90 600 -0.03/-0.02 0.68/1.14

ZnSb Pbca(61) a ) 6.2016(8) R ) 90 0.07 (PBE) 150 -0.01/-0.01 0.07/0.08
43 265 b ) 7.7416(8) â ) 90 0.43 (EV) 300 -0.01/-0.01 0.30/0.35

c ) 8.0995(8) γ ) 90 600 -0.02/-0.02 0.75/1.15

ZnSnSb2 I4h2d(122) a ) 6.273 R ) 90 0.07 (PBE) 150 -0.01/-0.02 0.04/0.03
52 305 b ) 6.273 â ) 90 0.35 (EV) 300 -0.01/-0.02 0.18/0.15

c ) 12.546 γ ) 90 600 -0.01/-0.03 0.64/0.52

ZnSnSb2 I4h2d(122) a ) 6.275 R ) 90 0.04 (PBE) 150 -0.01/-0.02 0.05/0.03
42 669 b ) 6.275 â ) 90 0.20 (EV) 300 -0.01/-0.02 0.24/0.16

c ) 12.55 γ ) 90 600 -0.01/-0.02 0.73/0.64

BaZn2Sb2 Pnma(62) a ) 10.539(8) R ) 90 0.00 (PBE) 150 -0.03/-0.01 0.02/0.05
32 020 b ) 4.502(2) â ) 90 0.20 (EV) 300 -0.05/-0.01 0.06/0.19

c ) 11.639(8) γ ) 90 600 0.23/-0.02 0.14/0.57

TlZn2Sb2 I4(79) a ) 8.649(5) R ) 90 0.00 (PBE) 150 -1.55/-1.71 0.01/0.01
76 499 b ) 8.649 â ) 90 0.00 (EV) 300 -1.53/-1.69 0.02/0.05

c ) 7.287(4) γ ) 90 600 -1.49/-1.66 0.06/0.13

Hf5ZnSb3 P63/mcm(193) a ) 8.514(3) R ) 90 0.00 (PBE) 150 -1.10/-1.07 0.01/0.01
42 913 b ) 8.514(3) â ) 90 0.00 (EV) 300 -1.02/0.33 0.02/0.02

c ) 5.747(3) γ ) 120 600 -0.55/-0.20 0.05/0.06

Ca9Zn4Sb9 Pbam(55) a ) 21.92(2) R ) 90 0.00 (PBE) 150 -1.88/-1.56 0.00/0.01
52 787 b ) 12.50(1) â ) 90 0.00 (EV) 300 -1.82/-1.60 0.01/0.02

c ) 5.54(1) γ ) 90 600 -1.45/-1.81 0.01/0.04

SrZnSb2 Pnma(62) a ) 23.05(5) R ) 90 0.00 (PBE) 150 -0.05/0.02 0.10/0.05
10 001 b ) 4.37(1) â ) 90 0.00 (EV) 300 -0.06/0.05 0.21/0.14

c ) 4.46(1) γ ) 90 600 -0.11/-0.12 0.28/0.31

NaZnSb P4/nmmZ(129) a ) 4.44(2) R ) 90 0.00 (PBE) 150 -0.20/-0.27 0.04/0.02
12 154 b ) 4.44(2) â ) 90 0.00 (EV) 300 -0.20/-0.26 0.11/0.07

c ) 7.49(2) γ ) 90 600 -0.18/-0.24 0.27/0.20

Zr5Sb3Zn P63/mcm(193) a ) 8.6074(7) R ) 90 0.00 (PBE) 150 -1.41/-1.47 0.01/0.02
57 595 b ) 8.6074 â ) 90 0.00 (EV) 300 -1.26/-1.34 0.04/0.03

c ) 5.8362(8) γ ) 120 600 -0.83/-0.71 0.06/0.06

CaZn2Sb2 P3hm(164) a ) 4.441(1) R ) 90 0.00 (PBE) 150 -0.03/-0.03 0.03/0.03
12 150 b ) 4.441(1) â ) 90 0.00 (EV) 300 -0.03/-0.04 0.09/0.10

c ) 7.464(2) γ ) 120 600 -0.04/-0.03 0.25/0.34

SrZn2Sb2 P3hm(164) a ) 4.500(1) R ) 90 0.00 (PBE) 150 -0.05/-0.09 0.04/0.03
12 152 b ) 4.500(1) â ) 90 0.00 (EV) 300 -0.05/-0.08 0.09/0.07

c ) 7.716(2) γ )120 600 -0.06/-0.08 0.21/0.22

a n corresponds to the carrier concentration giving the highestzT. For zTandn the first value is for the PBE calculation, and the second, for the EV. The
zT values have been calculated using the band structure and the parameters:τ ) 2 × 10-14 s andκl ) 2 W/mK. They are meant more as a brief index to
identify compounds with favorable band structures than as quantitative predictions (see text for discussion). The structures have been labeled according to
their chemical composition and their ICSD number.
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one interesting material, LiZnSb, which has not previously been
considered for thermoelectric applications and has not been
reported to be air-sensitive.

To illustrate the method and to set LiZnSb into context, we
have chosen to present the compounds containing both Zn and
Sb, Table 1. Of the ZnSb compounds considered, four are
predicted to be narrow band gap semiconductors: KZnSb,
LiZnSb, ZnSb, and ZnSnSb2. The rest are predicted to be metals.
As expected the EV potential increases the band gap signifi-
cantly, but only in one case (BaZn2Sb2) does it open up a band
gap.

We prefer to compare the compounds using an estimatedzT,
soκl andτ must be supplied as parameters. As a first estimate
we choseκl ) 2 W/(mK) andτ ) 2 × 10-14 s for Table 1. A
κl ) 2 W/(mK) is approximately 8 times the estimated minimal
thermal conductivity,13 andτ ) 2 × 10-14 s is approximately
what has been found for the narrow band gap semiconductor
Bi2Te3.15 Thus, the parameters are not overly optimistic but are
of course parameters, and their influence on the results will be
considered in the final section.

All the narrow band gap semiconductors show reasonable
thermoelectric properties, but only LiZnSb stands out at
temperatures above 300 K (see next section). Here it is worth
pointing out that one of the compounds, ZnSb, has been
characterized experimentally.28 zT has been found to increase
with temperature up to around 0.6 at 250 K and to decrease at
higher temperatures.28 Quantitatively, the predictedzTat room
temperatures is lower than the experimental, which underlines
that theκl andτ parameters used could be on the conservative
side. At higher temperatures the calculatedzT is larger than
experimental. This can be caused byτ decreasing with tem-
perature, as would be expected if the scattering is dominated
by an electron-phonon interaction or by impurity states being
present in the band gap leading to an effectively lower band
gap. Due to the unknownτ and κl, a quantitative agreement
was not expected, and it should be underlined that the calculated
values of zT are meant more as a brief index to identify
compounds with favorable band structures than as quantitative
predictions. However, it is important that the qualitative
conclusion of the calculations, namely that ZnSb is expected
to have reasonable, but not outstanding, thermoelectric proper-
ties, agrees with the experimental observation.

It should be pointed out that other previously known
thermoelectric materials, such as the skutterudites10-12,29 were
also singled out. That the method was able to “find” already
known thermoelectric materials we see as a proof-of-concept.
Recently an alloy of Zn and Sb, Zn4Sb3, has been reported to
have azT) 1.4 at 400°C.28 The high-temperature structure is
disordered and would therefore not be considered here. On the
other hand, Zn4Sb3 has an ordered low temperature phase30

which appears to be a narrow band gap semiconductor.31 This
illustrates both a shortcoming and an advantage of the present
method: There is no way that an automized, high throughput
method such as the present could have predicted that a
disordered high-temperature structure of Zn4Sb3 would be that

interesting. However, it is probable that the narrow band gap
ordered structure30,31 would have been singled out as an
interesting compound (it has not been included here because
the structure is so new that it has not yet been included in the
databases).

A further important point to be drawn from Table 1 is that
the precision of the structure does not have a strong effect on
the results. The structures of KZnSb and ZnSnSb2 have been
solved twice and ZnSb three times (KZnSb even in two different
space groups). Still, the transport coefficients are in reasonable
internal agreement.

IV. Intermetallic Lithium-Zinc-Antimonide

The structure of LiZnSb32 is shown in Figure 1, and the bond
distances are given in Table 2. Zn and Sb form an extended
tetrahedrally coordinated framework with one bond slightly
longer than the other three. Table 2 also gives the optimized
distances. It can be seen that the Li position changes substan-
tially. Usually one would expect DFT to give structural
parameters in good agreement with experiment for a compound
such as LiZnSb. As the structure determination is old,32 it might
have been difficult to precisely locate Li, when a strong scatterer
such as Sb is also present. Fortunately, this does not seem to
have a large influence on the predicted transport properties,
which will be discussed Section IV.D. In the following the
electronic structure of the experimental structure will be
discussed.

A. Electronic Structure. LiZnSb belongs to the ternary
transition metal pnictide class of Zintl compounds.33 To a
first approximation the electron count can be understood as:
Li+(ZnSb)-, where each Li donates one electron to the ZnSb
framework to fill the covalent bonding orbitals. Figure 2 shows
the calculated density of states (DOS) of LiZnSb. The valence
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11, 4912-4920.
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1975, 30, 978-979.

(33) Nesper, R.Prog. Solid State Chem.1990, 20, 1-45.

Figure 1. The structure of LiZnSb. Li: Black spheres. Zn: White spheres.
Sb: Gray spheres.

Table 2. Bond Lengths in LiZnSb in Å

experimental32 optimized

Li-Sb 2.89 3.02
Li-Zn 2.92 2.79
Zn-Sb 2.69 2.69
Zn-Sb 2.76 2.74
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states range over an energy interval of approximately 6 eV and
are separated by a small energy gap of 0.13 eV (0.62 eV with
the EV-GGA) from the conduction states. It is interesting to
note that the DOS shows a strong covalency between all three
atom types. This reflects how Li differs substantially from the
heavier alkali metals in its tendency to form bonds with a high
degree of covalency.33

The band structure of LiZnSb is given in Figure 3. The thin
line marks the chemical potential that maximizes the power
factor at 300 K (corresponding to a carrier concentration of 0.01
e/u.c.). At this carrier concentration it is clearly the lowest
conduction band (LCB) which dominates the transport proper-

ties. It is seen that the LCB edge lies at theΓ-point and that a
further electron pocket is found at theL-point at the zone
boundary. Due to symmetry this pocket is 3-fold degenerate.
Furthermore it is interesting to note an extra electron pocket
just above the optimal chemical potential along theL-LA line
(at k ) 2π(1/2a*, 0, 0.34c*)). These pockets are 6-fold
degenerate and will thus contribute to a large change in the
transport distribution at the optimal chemical potential and
thereby to a large power factor.15,19

The plot of the total valence density shows the covalent
bonding character of the Zn-Sb bonds (first box Figure 4). To
understand the dispersion of the LCB, we have plotted the
charge density of the LCB from theΓ, L, LA points and of the
electron pocket along theL-LA line, Figure 4. At LCB-Γ the
short Zn-Sb interaction is antibonding, while the longer one
along thec-axis retains some bonding character. Furthermore,
the interaction between the Zn and Sb of one neighboring
tetrahedra, with a Zn-Sb distance of 4.40 Å, becomes bonding.
At the L point all the Zn-Sb interactions in the tetrahedra are
antibonding, but the bonding character of Zn to Sb in the next
tetrahedra remains. Furthermore, there is a bonding interaction
to the Li atoms and the nearest neighbor Zn and Sb. At the
LCB energy minimum, along theL-LA line, the bonding to Li
seems to be strong, with appreciable directional character of
electron density at Zn and Sb toward Li. This directional
character is not found at theLA-point, which also lies
substantially higher in energy.

B. Transport Properties. The hexagonal symmetry of
LiZnSb means that the conductivity tensors will be diagonal
and thatσxx ) σyy * σzz. Figure 5 shows how the conductivity
in LiZnSb is strongly anisotropic and that for then-doped
materialσxx is as much as 5 times higher thanσzz at 500 K. At

Figure 2. Calculated density of states for LiZnSb using the PBE-GGA.

Figure 3. (a) Band structure of LiZnSb. The points are labeled according to the special points of the reciprocalP6mmspace group.L ) (1/2, 0, 0),LA )
(1/2,0,1/2), H ) (1/3,1/3,0), andA ) (0, 0,1/2) in the 2π(a*, b*, c*) basis. (b) Constant energy surface of the LCB. The energy is set 0.05 eV above the optimal
chemical potential marked in (a).

Figure 4. The valence charge density and the charge densities obtained by populating four selected points of the lowest conduction band. The plane shown
is the-110 plane. The scale is in units of e/Å.3 At the LA-point where the band is 4-fold degenerate the density has been divided by two.
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300 K it is up to 9 times higher, which is a much stronger
anisotropy than is seen in, e.g., Bi2Te3 where the ratio is between
4 and 5.15 ConsequentlySzz is larger thanSxx for the n-doped
material, but it is important to note thatSxx reaches values larger
than 156µV/K. This combination of largeSxx and largeσxx

results in the favorable thermoelectric properties, Figure 5c. The
values reported in Table 1 are based on the traces of the transport
tensors. Thus if the strong anisotropy in conductivity could be
utilized, as done recently for the thermoelectric compound

CsBi4Te6,34 the thermoelectric properties would be even better
in the ab-plane.

C. Calculated Lattice Dynamics. 1. Method. The phonon
dispersion relations for LiZnSb were calculated within the
harmonic approximation where all atomic potential terms above
quadratic are ignored. The atomic positions were first relaxed
to their equilibrium positions. For the phonon calculations a 2
× 2 × 1 super cell was set up. Due to the high symmetry this
can be reduced to only 6 nonequivalent atomic displacements.
A total of 12 calculations were done, displacing the atoms 0.02
Å both in positive and negative directions to compensate for
possible small deviations from the equilibrium positions. The
phonon frequencies were calculated with a modified version of
the program PHON.35

2. Results.The calculated phonon density of states (PDOS)
is shown in Figure 6. The PDOS can roughly be partitioned
into three regions. The region between 0 and 10 meV is
dominated by acoustic and two-body interactions. The region
between 10 and 20 meV is dominated by three-body interactions.
The region above 20 meV is dominated by Li motion that is
little hybridized with the other atoms.

Figure 6 also depicts a weighted average of the squared group
velocity of the modes36 (the phonon velocity density of states
(PVDOS)). V2g enters the Boltzmann relaxation time ap-
proximation of thermal conductivity and can give a qualitative
understanding of which modes contribute to the thermal
conductivity. Not surprisingly, in the PVDOS the acoustic
phonons have a higher weight. Furthermore, the modes between
10 and 15 meV have the main dispersion along thec*-axis,
and consequentlyVzz

2 g is important. Also in the region above
20 meV two regions can be found with a much stronger
dispersion along thec*-axis. It is therefore expected that the
lattice thermal conductivity will be strongly anisotropic with a
lower κl in the ab-plane compared to thec-direction. Again,
this could be an advantage if the anisotropy can be utilized,
because theab-plane also shows the best electronic properties.

D. Empirical Parameters and Precision of Estimate.Using
the parametersτ ) 2 × 10-14 s andκl ) 2 W/mK, azTbetween
1.8 and 2.4 at 600 K was found for LiZnSb, Table 1. The
estimatedzT is dependent on the ratio between the two
parametersκl and τ, eq 5. If τ is halved orκ is doubled the

Figure 5. Transport properties calculated from the band structure of LiZnSb
at 500 K. (a) Ratio of conductivity tensor components. (b) Seebeck
coefficient as a function of carrier concentration. (c)S2σ/τ as a function of
carrier concentration. Note thatτ has not been inserted as a parameter.

Figure 6. Calculated phonon and phonon velocity density of states for LiZnSb in the harmonic approximation.
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estimated maxzTdrops to between 1.4 and 1.7, Table 3, which
is still reasonably high. A different source of uncertainty could
be the experimental geometry used. In this respect it is
interesting to note the difference in the Li position between the
optimized structure and the experimental. It turns out that the
transport properties change only little compared to the experi-
mental structure, Table 3. This agrees well with the analysis in
section III, where it was found that the differences between
different structure determinations do not influence the results
substantially.

This short analysis shows that a claim ofzT≈ 2 for LiZnSb
at 600 K is connected with a large uncertainty. However, it
should also be pointed out that theκl andτ values used are not
overly optimistic. So the uncertainty can also mean thatzT for
LiZnSb is underestimated.

V. Conclusion

We have reported an automated search procedure for new
compounds for thermoelectric applications. Hereby, the Zintl
compound LiZnSb has been suggested as a new thermoelectric
material. We have reported a highzT value for LiZnSb, but it

is important to realize that this value is based not only on the
calculated band structure but also on estimated parameters and
thus is associated with a large uncertainty. However, as our
parameters were not overly optimistic, this uncertainty goes both
ways, especially considering that the strong anisotropy of the
transport properties might be utilized.

The electronic structure of LiZnSb was analyzed in detail,
and the LCB was found to have ak-dependence leading to
expectations of good thermoelectric performance. An ap-
preciable covalent bonding to Li in the LCB contributes to the
existence of electron pockets in the band structure leading to
good thermoelectric properties.

For optimal performance of LiZnSb, a carrier concentration
of approximately 0.01 e/u.c. is predicted, Table 1. One would
expect it to be possible to introducen-type carriers into the
system by exchanging small amounts of Zn or Sb with small
amounts of Ga or Te, respectively. The covalent radii are similar
(1.25/1.26 Å for Zn/Ga and 1.40/1.36 Å for Sb/Te), and to a
first approximation Zn and Sb form a covalently bonded
network. It may be difficult to synthesize LiZnSb with the
optimal carrier concentration, but a big advantage of the present
approach is that it is based on known compounds with crystal
structures that have been solved, so synthetic procedures are
available.32 We believe that as the analysis is improved and
more structures with complicated crystal structures are tested,
this approach to data mining will lead to several more interesting
compounds.
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Table 3. Influence of Parameters and Structure on the Estimated
zT for LiZnSb at 600 Ka

κl/τ
[1014 W/(Kms)]

zT
(PBE)

zT
(EV)

exp struct 1 1.84 2.36
2 1.35 1.65

opt struct 1 1.89 2.28
2 1.37 1.58

a κl/τ ) 1 × 1014 W/(Kms) corresponds to the parameters used in Table
1.
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