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Seemingly straightforward but practical implementation is non-trivial

• Define search space (known materials, 
alloys, undiscovered materials etc.)

• Develop descriptor to quantify target 
property (e.g. figure of merit) 

• Approximate but reliable 

• Computationally tractable

• Perform higher accuracy, detailed 
calculations  

• Phase stability, defect calculations etc.

• Eureka!



Define the Materials Search Space
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crystallographic databases

Domain knowledge can help identify promising search spaces 

• Focus on stoichiometric, 
ordered compounds 

• Many previously 
synthesized 

• May contain hypotheticals

alloys

• Alloy compositions 
between known materials


• Continuum search space - 
infinite possibilities


• Present methods not 
efficient for alloys

dielectric constant obtained from the preceding GW cal-
culation. The k derivatives of the electron orbitals were
determined using the finite difference approximation of
Ref. [60] in the “perturbation expansion after discretiza-
tion” formulation. For the calculation of optical properties,
the k-point density was increased to 7000=nat within the
full Brillouin zone, where nat is the number of atoms in the
unit cell. In order to keep these calculations feasible, we
reduced the energy cutoff for the response functions and
reduced the number of bands to 32 × nat, as compared to
64 × nat for the band-gap calculations using a coarser grid
with about 1000=natk points. The resulting band-gap
changes of less than 0.1 eV were corrected for in the
spectra shown in Fig. 2(a). The absorption spectrum is
subject to a finite Lorentzian broadening in these calcu-
lations, and despite the increased k-point density, the
subgap absorption due to the bound exciton was not
accurately resolved. The low-energy part of the spectrum,
where the absorption coefficient is significantly affected by
the broadening, is omitted [Fig. 2(a)]. From the calculated
effective masses, and dielectric constants (ε ¼ 8.1 and 7.8
for WZ-MnO and ZnO, respectively, including the ionic
contribution), we expect a Wannier-type exciton with a
binding energy similar to that in ZnO, i.e., about 60 meV.
The electron effective masses were obtained directly from
the band energies close to the conduction band minimum
(CBM) at the Γ point of the Brillouin zone. Because of a
larger nonparabolicity and anisotropy in the valence band,
for hole carriers, we determined instead the density-of-
states effective masses (cf. Ref. [61]) by integrating the
density of states weighted with a Boltzmann distribution
at 1000 K.

2. Models for alloys and the magnetic structure

In order to model the alloy systems, we used special
quasirandom structures (SQS) [62]. The SQS in this work
were generated with the mcsqs utility in the Alloy
Theoretic Automated Toolkit (ATAT) [63]. To calculate
the mixing energy, we employed SQS with 64 atoms,
without any constraints other than the composition being
x ¼ 0=16; 1=16;…16=16, while keeping the underlying
magnetic sublattices of the low-energy antiferromagnetic
configuration “AF1” of wurtzite structure MnO [57]. A
structural model of the atomic configuration for x ¼ 0.5 is
shown in Fig. 6 (created with the VMD software [64]),
showing also the calculated lattice parameters for the end
compounds WZ MnO and ZnO. For the polaron calcu-
lations, we used 64-atom SQS supercells with the shape
close to a cube, as well as a 72-atom ZnO supercell for the
MnZn impurity. At room temperature, MnO is paramagnetic
(PM). It is important, however, to consider that in the PM
phase the moments are not completely random, but the
local (short-range) antiferromagnetic (AFM) order persists
far above the Neel temperature [65], even in the absence
of long-range AFM order. More recently, Hughes and

co-workers calculated the electronic structure for rocksalt
MnO in the PM phase with the “disordered local moment”
method [66]. Their results show that the insulating gap
in the PM state is practically identical to that in the AFM
phase. Thus, we conclude that our assumption of an AFM
order is an appropriate model of the magnetic structure for
computing the electronic structure in this system. For the
GW calculations, we generated smaller 32-atom SQS for
the alloy compositions x ¼ 0.25, 0.5, and 0.75, constructed
to maintain the symmetry between the spin-up and spin-
down density of states.
Figure 7 shows the calculated local density of states

(LDOS) for the valence band of the Mn1−xZnxO alloys, as
obtained from the GW quasiparticle energy calculations,
where the contributions from all sites of the same atom type
(Mn, Zn, or O) have been averaged. The energy scale is
aligned with respect to the vacuum level, as in Fig. 4. We
see that at high Zn compositions, Mn forms an impurity
band in ZnO, but at x ¼ 0.75 and lower Zn compositions,
the alloys exhibit a continuous valence band with domi-
nating contributions from Mn-d and O-p.

3. Calculation of the small-polaron
self-trapping energies

The hole self-trapping energies are calculated using the
ab initio theory for the small-polaron binding energies of
Refs. [34,35]. This approach employs a potential term Vhs,
i.e., the “hole-state potential,” which is added to the DFT
Hamiltonian. A potential strength parameter λhs is then
adjusted to recover the quasiparticle energy condition
(“Koopmans condition”) and linearity of the total energy
EðNÞ, thereby overcoming the well-known delocalization
error of standard DFT functionals [41] and enabling a

FIG. 6. Structural model of the SQS used to represent the
Mn0.5Zn0.5O alloy. The inserted table shows the similarity of the
calculated lattice parameters for WZ MnO and ZnO.
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undiscovered materials

• Unchartered, under-
explored chemical space 

• Requires stability analysis 

• Structure prediction tools 
are emerging



Develop Robust Descriptor
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Calculation of the descriptor should be computationally tractable

• A descriptor is a quantitative metric for the 
target material properties 

1. Can be a set of material properties 

example: transparent conducting oxides 

large band gap (transparent), high mobility 

2. Can be a figure of merit 

example: thermoelectric material 

thermoelectric figure of merit zT 



Perform Detailed Calculations for Candidates
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Detailed calculations are important for validation and guiding experiments

• Detailed or higher-accuracy first-principles 
calculations performed on candidates 

1. Computationally expensive 

• Cannot be performed on the full set of 
materials 

• Analysis may require significant human 
intervention 

2. Softwares to automate such detailed 
calculations are emerging 

example: defect calculations



Open-Source Softwares for HT Computations  
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www.pymatgen.org

PyLada
github.com/pylada

aflowlib.org

www.aiida.net

PyLada Defects
github.com/pylada/pylada-defects

PyCDT
pypi.python.org/pypi/pycdt

• A number of softwares developed for HT 
computations are now available for free 

1. Open source softwares 

• Typically written in Python 

• Highly customizable 

• Thriving community of contributors 

2. Manage jobs and analyze outputs 

• Interacts with supercomputer schedulers 

• Automated error handling  

• Powerful tools for automated post-
calculation analyses

http://www.pymatgen.org
http://github.com/pylada
http://aflowlib.org
http://www.aiida.net
http://github.com/pylada
http://pypi.python.org/pypi/pycdt


Open-Access Databases to Share HT Data
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• Several open-access databases provide 
computational data on: 

1. Phase stability 

2. Electronic properties 

3. Thermal properties 

4. Elastic and piezoelectric properties etc. 

• Data visualization is an important 
component of several databases 

• Application programming interfaces (APIs) 
are available to query the databases



Examples of Materials Discovery Enabled by HT Computations
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PV, topological insulators, batteries, thermoelectrics, gas storage, water splitting, …

The high-throughput highway to computational 
materials design
Stefano Curtarolo1,2*, Gus L. W. Hart2,3, Marco Buongiorno Nardelli2,4,5, Natalio Mingo2,6, 
Stefano Sanvito2,7 and Ohad Levy1,2,8

REVIEW ARTICLE
PUBLISHED ONLINE: 20 FEBRUARY 2013"|"DOI: 10.1038/NMAT3568

Computationally guided discovery of 
thermoelectric materials
Prashun Gorai, Vladan Stevanović and Eric S. Toberer

REVIEWS



HT Computations: Good, Bad, and Ugly
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Seemingly straightforward but practical implementation is non-trivial

• Large number of materials 
can be rapidly screened to 
identify candidates 

• Can accelerate materials 
discovery, reveal new 
structure-property 
relationships 

• Rapid computational 
advances have enabled HT 
computations 

The Good

• Developing a robust, 
tractable descriptor is 
quite challenging 

• Results may depend on 
the computational 
method of choice - lack 
of prediction consistency 

• Experimental validation 
not be able keep pace 
with rate of prediction

The Bad

• Without experimental 
validation, the literature is 
inundated with non-
sensical results 

• HT computations can 
lead to HT errors! 

The Ugly



Example: Discovery of Thermoelectric Materials
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1. Need to discover more efficient thermoelectric materials    

Computations can accelerate the discovery 

2. Edisonian trial-and-error approaches have had limited success 

Computationally-guided discovery may be successful 

3. Descriptor of TE performance is complicated due to contraindicated properties  

Requires evaluation of figure of merit 



A Primer on Thermoelectrics

/2212

Tcold

Thot

ch
ar
ge

he
at

SOLID

∆V

zT =
��2

(�L + �e)
T

Thermoelectric Figure of Merit

• Complex function of 

• Intrinsic material properties 

• Temperature 

• Carrier concentration (doping)

REVIEW ARTICLE

nature materials | VOL 7 | FEBRUARY 2008 | www.nature.com/naturematerials 107

The Lorenz factor can vary particularly with carrier concentration. 
Accurate assessment of κe is important, as κl is often computed as the 
difference between κ and κe (equation (3)) using the experimental 
electrical conductivity. A common source of uncertainty in κe occurs 
in low-carrier-concentration materials where the Lorenz factor can be 
reduced by as much as 20% from the free-electron value. Additional 
uncertainty in κe arises from mixed conduction, which introduces 
a bipolar term into the thermal conductivity10. As this term is not 
included in the Wiedemann–Franz law, the standard computation of 
κl erroneously includes bipolar thermal conduction. This results in 
a perceived increase in κl at high temperatures for Bi2Te3, PbTe and 
others, as shown in Fig. 2a. The onset of bipolar thermal conduction 
occurs at nearly the same temperature as the peak in Seebeck and 
electrical resistivity, which are likewise due to bipolar effects.

As high zT requires high electrical conductivity but low thermal 
conductivity, the Wiedemann–Franz law reveals an inherent materials 
conflict for achieving high thermoelectric efficiency. For materials 
with very high electrical conductivity (metals) or very low κl, the 
Seebeck coefficient alone primarily determines zT, as can be seen in 
equation (4), where (κl/κe) << 1:
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LATTICE THERMAL CONDUCTIVITY
Glasses exhibit some of the lowest lattice thermal conductivities. In 
a glass, thermal conductivity is viewed as a random walk of energy 
through a lattice rather than rapid transport via phonons, and leads 
to the concept of a minimum thermal conductivity22, κmin. Actual 
glasses, however, make poor thermoelectrics because they lack the 
needed ‘electron-crystal’ properties — compared with crystalline 
semiconductors they have lower mobility due to increased electron 
scattering and lower effective masses because of broader bands. 
Good thermoelectrics are therefore crystalline materials that manage 
to scatter phonons without significantly disrupting the electrical 
conductivity. The heat flow is carried by a spectrum of phonons with 
widely varying wavelengths and mean free paths23 (from less than 
1 nm to greater than 10 µm), creating a need for phonon scattering 
agents at a variety of length scales.

Thermoelectrics therefore require a rather unusual material: a 
‘phonon-glass electron-crystal’24. The electron-crystal requirement 
stems from the fact that crystalline semiconductors have been 
the best at meeting the compromises required from the electronic 
properties (Seebeck coefficient and electrical conductivity). The 
phonon-glass requirement stems from the need for as low a lattice 
thermal conductivity as possible. Traditional thermoelectric materials 
have used site substitution (alloying) with isoelectronic elements to 
preserve a crystalline electronic structure while creating large mass 
contrast to disrupt the phonon path. Much of the recent excitement in 
the field of thermoelectrics is a result of the successful demonstration 
of other methods to achieve phonon-glass electron-crystal materials.

ADVANCES IN THERMOELECTRIC MATERIALS

Renewed interest in thermoelectrics is motivated by the realization 
that complexity at multiple length scales can lead to new 
mechanisms for high zT in materials. In the mid 1990s, theoretical 
predictions suggested that the thermoelectric efficiency could 
be greatly enhanced by quantum confinement of the electron 
charge carriers5,25. The electron energy bands in a quantum-
confined structure are progressively narrower as the confinement 
increases and the dimensionality decreases. These narrow bands 
should produce high effective masses and therefore large Seebeck 
coefficients. In addition, similar sized, engineered heterostructures 

may decouple the Seebeck coefficient and electrical conductivity 
due to electron filtering26 that could result in high zT. Even 
though a high-ZT device based on these principles has yet to be 
demonstrated, these predictions have stimulated a new wave of 
interest in complex thermoelectric materials. Vital to this rebirth has 
been interdisciplinary collaborations: research in thermoelectrics 
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Figure 1 Optimizing zT through carrier concentration tuning. a, Maximizing the 
efficiency (zT) of a thermoelectric involves a compromise of thermal conductivity 
(κ; plotted on the y axis from 0 to a top value of 10 W m–1 K–1) and Seebeck 
coefficient (α; 0 to 500 µV K–1) with electrical conductivity (σ; 0 to 5,000 Ω–1cm–1). 
Good thermoelectric materials are typically heavily doped semiconductors with a 
carrier concentration between 1019 and 1021 carriers per cm3. The thermoelectric 
power factor α2σ maximizes at higher carrier concentration than zT. The difference 
between the peak in α2σ and zT is greater for the newer lower-κl materials. Trends 
shown were modelled from Bi2Te3, based on empirical data in ref. 78. b, Reducing the 
lattice thermal conductivity leads to a two-fold benefit for the thermoelectric figure of 
merit. An optimized zT of 0.8 is shown at point (1) for a model system (Bi2Te3) with 
a κl of 0.8 Wm–1 K–1 and κe that is a function of the carrier concentration (purple). 
Reducing κl to 0.2 Wm–1 K–1 directly increases the zT to point (2). Additionally, 
lowering the thermal conductivity allows the carrier concentration to be reoptimized 
(reduced), leading to both a decrease in κe and a larger Seebeck coefficient. The 
reoptimized zT is shown at point (3).

• Current device conversion efficiencies are low

• Converts thermal to electrical energy, can harness waste heat 

• Thermoelectric generator efficiency scales with zT

Materials discovery key to advancing thermoelectric technology



Thermoelectric Materials Discovery is Complex
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Material search space is diverse

Good charge transport, bad heat transport
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A rich diaspora of known TE materials 

Computations can guide TE materials discovery, identify new structure property relations



Search Space for Thermoelectric Materials
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~40,000 stoichiometric compounds in ICSD

• Promising chemical search spaces: 

• Oxides, chalcogenides (O, S, Se, Te) 

• Pnictides (As, Sb, Bi) 

• Promising structural search spaces: 

• Zintl phases 

• Layered structures 

• Intermetallics

Most of the high-performing TE materials are chalcogenides

Gorai, Stevanovic, Toberer, Nature Reviews Materials 2, 17053 (2017) 



What is Needed to Computationally Predict TE Performance? 
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Need to compute: dispersions (electron, phonon) and scattering relaxation times
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A Descriptor for Predicting Thermoelectric Performance
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constant core T-dep
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Yan et al, Energy Environ. Sci. 8, 983 (2015)
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HT Search: Identification of Layered Thermoelectric Materials
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Gorai et al., J. Mater. Chem. A 4, 11110 (2016), Miller et al., Phys. Rev. Appl. 9, 041025 (2018)
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HT Search: Discovery of Novel n-type Zintl TE Materials
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n-type transport
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~2300 calculated data from TEDesignLab

• p-type Zintl thermoelectric materials are abundant; no n-type Zintl with high zT 

• Computational prediction: n-type Zintls can outperform their p-type counterparts

Ortiz et al., J. Mater. Chem. A 5, 5036 (2017), Chem. Mater. 29, 4523 (2017), Gorai et al., J. Mater. Chem. A 7, 19385 (2019)

KAlSb4, KGaSb4



HT Search: Discovery of Novel n-type Zintl TE Materials
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vLong ∼ 3090m/s and vShear ∼ 1840m/s, which yields an average
speed of sound of vs ∼ 2250m/s. The speed of sound in
KGaSb4 is consistent with chemically similar Zintl compounds
KAlSb4, Ca5Al2Sb6, Sr3GaSb3, Sr3AlSb3, and Ca3AlSb3.

23,38−41

For KGaSb4, we find the glassy contribution specifically from
optical modes to be ∼0.33Wm−1K−1.
We attempted to model the temperature dependence of

KGaSb4 with the Debye−Callaway model,45 but found that the
model could not reproduce the functional form of the
experimental data without changing the temperature depend-
ence of the Umklapp scattering term. The addition of boundary
scattering and point defect scattering does not improve the
model. Growth of single crystal KGaSb4 is ongoing to better
characterize anisotropy and anharmonicity in this system.
Figure of Merit. The themoelectric figure of merit, zT, for

samples of K1−xBaxGaSb4 is shown in Figure 11. We find that a

maximum zT value of 0.92 is obtained at 400 °C for nominal
composition K0.895Ba0.015GaSb4. We note that the effect of
doping is relatively weak in samples of KGaSb4, as all samples,
regardless of doping, have zT > 0.8 at 400 °C. Driven by the
increasing Seebeck coefficient at high temperatures, we do not
see a peak in zT by 400 °C. While Seebeck effect and thermal
conductivity measurements can be made above 400 °C, we
note significant stability issues during Hall effect measurements
at higher temperatures. Above 450 °C, samples of KGaSb4
begin to exhibit signs of sublimation. Our collaborators also
note deleterous reactions with their alumina sample holder at
500 °C. We have been conservative with our maximum
temperature for this work, but if high-temperature stability can
be improved in KGaSb4, zT > 1 should be easily achievable.
Properties of KGaSb4−KAlSb4 Alloys. Within thermo-

electrics, optimization of a new material system is critical to its
success. Doping is the primary concern, which we have
thoroughly investigated within KAlSb4 and KGaSb4. However,
the introduction of point defect scattering via alloying is
another technique commonly used to improve the thermo-

electric performance of new materials. In our prior work on
KAlSb4, we identified that the n-type band edge is composed
primarily of Sb p-states and Sb s-states. We hypothesized that
alloying on either the K or Al sites could result in reduced
thermal conductivity while leaving the electronic mobility
largely unchanged. With KGaSb4 also proving a strong
thermoelectric material, and spurred by our prior work, we
investigated the solid solution series KGa1−xAlxSb4.
Barium has proven an effective dopant in both systems; to

ensure reliable Hall effect measurements, all samples were
doped with 1% Ba. In prior work, we identified that KAlSb4 is
best grown with a deficiency of Sb to suppress Sb impurities. As
such, we adopted a set growth condition corresponding to
K0.99Ba0.01Al1−xGaxSb3.80 (hereby referred to as KGAS), where x
= (0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.0).
To confirm solubility of Ga on the Al site, we performed X-

ray diffraction and Rietveld refinement on sintered samples of
KGAS to generate Figure 12. We observe the full solid solution

of KAlSb4 and KGaSb4, consistent with the identical structure
types and similar lattice constants. Contrary to intuition, we
observe that KGaSb4 is actually smaller than KAlSb4. The
smaller cell volume of KGaSb4 is consistent with the original
structural refinements of KAlSb4 and KGaSb4, but is not well
understood.26,46 We note that samples with Ga > 50% begin to
exhibit a small percentage of KGaSb2 as a secondary phase. This
is expected, as the synthesis of KGaSb4 does not require the Sb-
deficient conditions that KAlSb4 necessitates. No other
secondary phases are observed. All XRD results can be found
in Figure S8.
Figure 13 demonstrates the lattice thermal conductivity and

intrinsic mobility (obtained via the single parabolic band
model) for the KGAS alloys. Results for the lattice thermal
conductivity are given at both 50 and 400 °C. The intrinsic
mobility is only calculated at 400 °C as samples rich in Al

Figure 11. High temperature zT exceeds 0.9 at 400 °C for samples
doped with 1.5 mol % Ba. It is worth noting that all samples, regardless
of dopant concentration, exceed zT ∼ 0.8. We do not observe a peak
in zT up to 400 °C, driven by a continually increasing Seebeck
coefficient. High temperature measurements are limited by the stability
of KGaSb4 during Hall effect measurements. If stability can be
improved, zT > 1 should be readily obtainable in this system.

Figure 12. Cell volume as a function of Ga concentration in alloys of
KAlSb4 and KGaSb4. As expected by Vegard’s Law, cell volume trends
linearly with alloying concentration. Unintuitively, KGaSb4 actually
possesses a smaller cell volume when compared to KAlSb4. No phase
separation into the constituent ternary phases is observed over the
composition range, consistent with the Rietveld refinement. Minor
impurities of KGaSb2 are present for Ga > 50%, although the
impurities are directly related to the Sb-poor growth conditions, and
do not indicate limited solubility of KAlSb4 in KGaSb4.

Chemistry of Materials Article

DOI: 10.1021/acs.chemmater.7b01217
Chem. Mater. XXXX, XXX, XXX−XXX

I

KGaSb4 (n-type)
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where kB is the Boltzmann constant. We approximate the
phonon group velocity ng by the average speed of sound (ng(u) #
ns). Ultrasonic measurements performed on KAlSb4 show that
nTrans # 3230 m s"1 and nShear # 1900 m s"1, which yields an
average speed of sound of ns # 2350 m s"1. The speed of sound
in KAlSb4 is consistent with those of chemically similar Zintl
compounds like Ca5Al2Sb6, Sr3GaSb3, Sr3AlSb3, and Ca3-
AlSb3.20,21,39,41 For KAlSb4, we nd the glassy contribution from
optical modes to be #0.34 W m"1 K"1.

We t the sum of the acoustic (eqn (7)) and optical (eqn (8))
contributions to the lattice thermal conductivity for the sample
containing x¼ 0.01Ba (ESI, Fig. S4†). The calculated t utilizes g
# 3. We note that the thermal transport near room temperature
exhibits a stronger temperature dependence than that predicted
by the Debye–Callaway model. At high temperatures, however,
the data are observed to roughly follow a T"1 dependence
(consistent with phonon–phonon dominated scattering). In the
calculation of the Lorenz number and the electronic contribu-
tion to thermal conductivity, we assumed that scattering is
dominated by acoustic phonon scattering (l ¼ 0). However, it is
evident in the electrical resistivity and electron mobility (Fig. 5)
that the electronic transport at temperatures <250 $C is not
entirely dominated by acoustic phonon scattering. Thus, we
expect the low temperature Lorenz number and electronic
correction to the thermal conductivity to be less accurate than
the high temperature correction. This could contribute to the
deviation in the Debye–Callaway t at low temperatures.

3.5 Figure of merit

The gure of merit zT of K1"xBaxAlSb4 is shown in Fig. 9. We
nd that a maximum zT value of 0.7 is obtained at 370 $C for the

nominal composition K0.990Ba0.010AlSb4. The peak zT in the
samples of KAlSb4 generally increases with Ba-doping until the
solubility of Ba is reached at x ¼ 0.010. Further addition of Ba
aer this point causes secondary phase formation that is dele-
terious to the Seebeck coefficient, electrical resistivity, thermal
conductivity, and thus zT.

The SPB model can be used to evaluate the zT of a particular
material as a function of the reduced chemical potential given
the experimental mobility, density of states effective mass,
lattice thermal conductivity, and temperature. The predicted zT
values of KAlSb4 as a function of carrier concentration at 370 $C
are shown in ESI, Fig. S5†. The experimental data points for
phase-pure samples are overlaid on ESI, Fig. S5† to evaluate the
accuracy of the prediction. We see that the experimental
samples are well represented by the model. Furthermore, the
doping levels obtained in the x ¼ 0.010 sample are approxi-
mately equal to the predicted optimal doping level, although
further optimization may allow a zT > 0.8.

3.6 Electronic structure calculations

Electronic structure calculations were performed on KAlSb4 to
provide further insight into the fundamental electronic prop-
erties. The calculated band structure of KAlSb4 is shown in
Fig. 10. KAlSb4 has a direct gap (#0.2 eV) at the G point and an
additional low-lying conduction band at Z, #20 meV above the
conduction band edge. The DFT estimated bandgap (#0.20 eV)
agrees well with the thermal bandgap estimated from the See-
beck coefficient measurements (#0.5 eV), considering the
propensity of DFT to underestimate the bandgap.

Both the conduction and valence bands exhibit signicant
anisotropy in the band effective masses ðm*

bÞ. The conduction
band forming the band edge is highly dispersive (low effective
mass and high velocity) along G–X and G–Y directions in the

Fig. 9 We find that K0.990Ba0.010AlSb4 exhibits a peak zT of 0.7 at
370 $C. Consistent with carrier concentration optimization, the peak
zT rises with doping up to the solubility limit of Ba. All samples with x$
0.010 exhibit a reduced zT due to deleterious effects of the secondary
phase.

Fig. 10 Calculated band structure of KAlSb4. The shaded regions
denote 100 meV energy windows from the corresponding band
edges. Calculations confirm that KAlSb4 is a small-gap semiconductor.
The conduction band effective masses along G–X and G–Y are small
while G–Z is significantly larger. A second, isotropic, more dispersive
conduction band converges well within the 100 meV window, and
may play a role in maintaining high mobility in the n-type material.

This journal is © The Royal Society of Chemistry 2017 J. Mater. Chem. A, 2017, 5, 4036–4046 | 4043
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KAlSb4 (n-type)

• Good thermoelectric performance (zT ~ 1) experimentally realized
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• First-principles defect calculations explain n-type 
doping under Mg-rich growth conditions 

• Group 3 elements (Sc, Y, La) computationally 
identified as promising n-type dopants 

• Experimentally confirmed n-type doping with Group 
3 elements

Ohno et al., Joule 2, 141 (2018), Gorai et al., J. Mater. Chem. A 6, 13806 
(2018), J. Appl. Phys. 125, 025105 (2019) 
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• High-throughput (HT) computations can accelerate materials discovery


• However, HT computations also means there is a chance for HT errors!


• Developing robust, computationally-tractable, descriptors is challenging


• Available infrastructure (software, databases) is quite sophisticated to enable HT 
computational materials discovery


• Experimental validation is critical to the success of computational materials discovery!
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