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nt in thermoelectric performance
of pressure-tuned Mg3Sb2†

Juan Li, * Shuai Zhang, Kai Han, Bing Sun and Lianzhen Cao

The Mg3Sb2-based Zintl compound is a promising candidate for a high-performance thermoelectric

material with the advantage of the component elements being low cost, non-toxic and earth-abundant.

Here, we investigate the influence of pressure on the electronic structure and p-type and n-type

thermoelectric transport properties of Mg3Sb2 by using density functional theory and Boltzmann

transport theory. The energy gaps first increase and then decrease with the increasing of pressure, and

a peak value of the valley degeneracy of conduction band occurs at 4 GPa. Based on the calculated

band structures, the zT (figure of merit) values of p-type Mg3Sb2 under pressure are significantly

enhanced, which predominantly originates from the boosted PF (power factor) contributed by the

increased carrier's relaxation time. When the carrier concentration reaches 1 � 1020 cm�3, the PF of p-

type Mg3Sb2 at 4 GPa is increased by 35% relative to that of the compound at 0 GPa, thus leading to

a considerably improved zT of �0.62 at 725 K. Under the same conditions, due to the increased density

of states effective mass, the n-type Mg3Sb2 exhibits a highest PF of �19 mW cm�1 K�2 and a peak zT of

1.7. Therefore, pressure tuning is an effective method to improve the p-type and n-type thermoelectric

transport performance of Mg3Sb2-based Zintl compounds. This work on Mg3Sb2 under pressure may

provide a new mechanism for the experimenters towards the enhancement of the thermoelectric

performance of materials.
1. Introduction

More than half the energy content of the fuel is lost as waste
heat. Thermoelectrics is an effective technology of directly
interconverting heat and electrical energy without moving
parts, which can be applied in power generation and solid-state
refrigeration.1–5 Improving the energy conversion efficiency is
the key factor inuencing the extensive application of thermo-
electric devices. The conversion efficiency is mainly governed by
the performance of a thermoelectric material, which is quanti-
ed by the dimensionless gure of merit zT, zT ¼ S2sT/k, where
S is the Seebeck coefficient, s is the electrical conductivity, k is
the thermal conductivity and T is the absolute temperature.6–8

Therefore, increasing the power factor (S2s) or decreasing the k
are signicant ways to improve the zT and thereby to enhance
the energy conversion efficiency of the thermoelectric
devices.9–12

In addition to the thermoelectric material's performance,
the cost and properties of the constituent elements also have an
important inuence on the widespread application of the
thermoelectric technology. The advantage of the constituent
ngineering, Weifang University, Weifang

tion (ESI) available. See DOI:

the Royal Society of Chemistry
elements being low cost, non-toxic and earth-abundant make
Mg3Sb2-based Zintl compounds promising candidates for high-
performance thermoelectric materials.13–15 By controlling the
growing condition, Mg3Sb2 can exhibit not only p-type transport
performance but also n-type transport performance.16–21 Pure
Mg3Sb2 is an intrinsic p-type semiconductor ascribed to the Mg
vacancy responsible for the p-type carriers.19,20,22 Song et al.23

reported that through increasing the hole concentration, the zT
value of 0.51 at 725 K can be achieved in p-type Mg2.985Ag0.015-
Sb2. Due to the conduction band complexity, Mg3Sb2 exhibits
more outstanding n-type thermoelectric performance. Based on
a defect chemistry approach, Tamaki et al.24 reported n-type
Mg3.2Sb1.5Bi0.49Te0.01 with a high zT of 1.5 at 715 K, and
similar results are reported by other groups.10,13,25–27

Pressure tuning28 is an effective strategy for designing high-
performance thermoelectric materials through modifying the
electronic structure. Under pressure, the lattice parameters and
band gaps of materials will be signicantly changed, which will
result in some positive changes in the electronic structures.29,30

Because the key thermoelectric parameters (S and s) are
strongly dependent on the electronic structure, therefore, the
strategy based on pressure tuning can be used to improve the
thermoelectric performance of materials. Zhang et al.31 reported
that the zT values of p-type SnSe along the b and c directions at
6 GPa and 700 K can be up to 2.5 and 1.7, respectively, and the
zT of n-type sample at 600 K can reach 1.7. Polvani et al.32
RSC Adv., 2022, 12, 1149–1156 | 1149
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reported that the zT value increased twofold in p-type Sb1.5-
Bi0.5Te3 upon pressure tuning. For improving the thermoelec-
tric performance of Mg3Sb2, optimizing carrier
concentration21,33–35 or tuning carrier scattering mechanism10,26

have been proved to be effective methods by a plenty of litera-
tures, however, there are few theoretical reports about the
method of pressure tuning. Therefore, it is necessary and
important to investigate the effect of pressure on the thermo-
electric properties of Mg3Sb2, which can provide signicant
guides for the experimental researchers.

The intention of this work is therefore to study the electronic
structures and thermoelectric properties of Mg3Sb2 at hydro-
static pressure by using rst-principles calculations and Boltz-
mann transport theory. It is found that pressure tuning has
a great inuence on the band gap and valley degeneracy of
Mg3Sb2. Due to the positive changes in the electronic structure,
the p-type and n-type thermoelectric properties of Mg3Sb2 are
signicantly improved. When the carrier concentration reaches
1 � 1020 cm�3, the zT of p-type Mg3Sb2 at 4 GPa and 725 K can
be up to �0.62, �22% higher than the value of the sample at
0 GPa, which predominantly originates from the considerably
enhanced PF contributed by the increased carrier's relaxation
Fig. 1 (A) Lattice parameters a and c as a function of the pressure. The in
purple balls represent Mg1, Mg2 and Sb atoms, respectively. (B–E) Calcul
GPa). (F) The energy gap Eg and the energy difference DEK-CB1

between

1150 | RSC Adv., 2022, 12, 1149–1156
time. At the same temperature and carrier concentration, the n-
type Mg3Sb2 at 4 GPa can exhibit a high PF of�19 mW cm�1 K�2

and a peak zT of 1.7, which is mainly due to the increased
density of states effective mass. These results demonstrate that
pressure tuning is an effective way to the enhancement of the p-
type and n-type thermoelectric transport properties of Mg3Sb2-
based Zintl compounds.
2. Computation methods

In this work, the density functional theory (DFT) combined with
the projector augmented wave (PAW) method are carried out to
calculate the electronic structures of Mg3Sb2 under different
pressure, as implemented in the Vienna Ab initio Simulation
Package (VASP).36–38 The optimized crystal parameters of
Mg3Sb2 at 0 GPa can be obtained from our previous work.39,40

Under the pressure ranging from 1 to 10 GPa, the structural
relaxation including the lattice constants and internal coordi-
nates are allowed to relax into their equilibrium positions. The
modied Becke Johnson functional of the Tran and Blaha (TB-
mBJ) potential41,42 is adopted for obtaining the accurate elec-
tronic band structure. A 12 � 12 � 8 Monkhorst–Pack k mesh,
sert panel is the crystal structure of Mg3Sb2, and the green, orange and
ated band structures of Mg3Sb2 with pressure being 2, 4, 8 and 10 (unit:
the K point in the band and CB1 band point as a function of pressure.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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a plane-wave cutoff energy of 400 eV and an energy convergence
criterion of 10�4 eV are employed. Based on the calculated band
structure, Effective Mass Calculator (EMC) program43 is applied
to calculate the effective masses. Considering that the spin orbit
coupling (SOC) has an inuence on the valence band of
Mg3Sb2,40 the calculated band structures with SOC are used for
the following electronic transport calculations.

The semi-classic Boltzmann transport theory is applied to
calculate the electronic transport properties based on the
calculated band structure with SOC, as implemented in the
BoltzTraP2 code.44 The calculation results can directly present
the temperature and carrier concentration dependence of S and
s/s (where s is the carrier's relaxation time). In order to obtain
the s, the deformation potential theory45 is employed to calcu-
late the s and carrier mobility (m). The minimum lattice thermal
conductivity are evaluated using the Cahill's expression.46
3. Results and discussion

The layered Zintl compound Mg3Sb2 crystallizes in an inverse a-
La2O3-type structure which belongs to the space group P�3m1, as
displayed in Fig. 1A. This structure can be described as the
cationic Mg2+ layers intercalated between the anionic
[Mg2Sb2]

2� layers. The Mg atoms in the ionic Mg2+ layers and in
the covalently bonded [Mg2Sb2]

2� layers are denoted as Mg1
and Mg2, respectively. The optimized lattice constants of
Fig. 2 The calculated (A) Seebeck coefficient S, (B) electrical conductivity
power factor PF as a function of carrier concentration n for p-type Mg3S
squares are the experimental values of the reported Mg3�xAgxSb2 from

© 2022 The Author(s). Published by the Royal Society of Chemistry
Mg3Sb2 at 0 GPa from our previous work39,40 are a ¼ 4.568 Å and
c¼ 7.229 Å. Fig. 1A shows the pressure dependence of the lattice
parameters of Mg3Sb2. In the pressure range of 0 to 10 GPa, the
lattice parameters decrease as the pressure increases, and the
decrease of a is larger than that of c. The changes of the lattice
parameters may have a signicant inuence on the electronic
structures, and further affect the thermoelectric properties of
Mg3Sb2.

The calculated band structures of Mg3Sb2 with pressure
being 2, 4, 8 and 10 GPa are shown in Fig. 1B–E. With the
pressure increasing, the valence band maximum at the G point
move upward, and the conduction band minimum at the K
point shi downward, whereas the conduction band minimum
at the CB1 point along the M*–L* line show an upward shi.
When the pressure is below 4 GPa, the conduction band
minimum is located at the CB1 point, however, when the pres-
sure continues to increase, the conduction band minimum is
located at the K point. The energy gaps of Mg3Sb2 at 2, 4, 8 and
10 GPa are estimated to be 0.6, 0.62, 0.51 and 0.46 eV, respec-
tively. In order to accurately describe the inuence of pressure
on the band gaps, the pressure dependence of the band gaps of
Mg3Sb2 are shown in Fig. 1F. The band gaps present a rst
increase and then decrease trend with the increase of pressure.
Changes in the band gaps may have an impact on the band
effective mass. It is clearly that the pressure has a large effect on
the conduction band energy difference DEK-CB1

between the K
with respect to relaxation time s/s, (C) electrical conductivity s and (D)
b2 at 725 K with pressure being 0, 2, 4, 8 and 10 (unit: GPa). The black
ref. 23.

RSC Adv., 2022, 12, 1149–1156 | 1151
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Table 1 The calculated lattice elastic constant c11 (GPa), single valley
effective mass m*

s (me) of the G valence band, conductivity effective
massm*

I (me) of the G valence band, the deformation potentialX (eV) of
the valence band, and the carrier mobility m (cm2 V�1 s�1) and relax-
ation time s (fs) at 725 K for p-type Mg3Sb2 with pressure being 0, 2, 4,
8 and 10 (unit: GPa)

Pressure c11 m*
s m*

I X m s

0 76.50a 0.433 0.174 30.7 33.18 3.29
2 80.74 0.416 0.175 25.5 43.07 4.28
4 89.78 0.414 0.186 25.0 49.69 4.96
8 102.45 0.407 0.200 24.4 53.97 6.13
10 108.49 0.402 0.203 24.0 59.29 6.84

a Ref. 40.
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View Article Online
point in the band and CB1 band point. As can be seen from
Fig. 1F, with the increase of pressure, the absolute value of DEK-
CB1

decrease rstly and then increase. When the pressure
increases to 4 GPa, DEK-CB1

approaches to nearly zero, giving rise
to a peak in the valley degeneracy (Nv ¼ 11). Because the ther-
moelectric parameters are closely associated with the band
effective mass and valley degeneracy, pressure tuning may be an
effective way to achieve high-thermoelectric properties of
Mg3Sb2-based materials.

Fig. 2 shows the S, s/s, s and PF as a function of carrier
concentration for p-type Mg3Sb2 at 725 K with pressure being 0,
Fig. 3 The calculated (A) Seebeck coefficient S, (B) electrical conductivity
power factor PF as a function of carrier concentration for n-type Mg
experimental data of the n-type Mg3.2NdxSb1.5Bi0.5,33 Mg3.2PrxSb1.5Bi0.5,
samples are plotted for comparison.

1152 | RSC Adv., 2022, 12, 1149–1156
2, 4, 8 and 10 GPa, and the comparison with the experimental
data of the reported Mg3�xAgxSb2 sample. The calculated S
consistent with the experimental value veries the accuracy of
our computation methods. The S of p-type Mg3Sb2 under
different pressure has a negative relationship with the carrier
concentration in certain doping range. At the same carrier
concentration, the S calculated at 2, 4, 8 and 10 GPa are smaller
than the value calculated at 0 GPa, which indicates that pres-
sure tuning has a detrimental inuence on the S of p-type
Mg3Sb2. In order to analyze the reason for the decrease of S
under pressure, we calculate the single valley effective mass m*

s

of the G valence band based on the electronic band structure
(see Table 1). The relationship between S and m*

s is given by:47

S ¼ 2kB
2T

3eðh=2pÞ2Nv
2=3m*

s

�p

3n

�2=3

(1)

where m*
s is the single valley effective mass, Nv is the valley

degeneracy, n is the carrier concentration, T is the absolute
temperature, h is the Planck constant and kB is the Boltzmann
constant. According to the equation, the S is in positive corre-
lation with the density of states effective mass ðm*

d ¼ Nv
2=3m*

sÞ.
The m*

s of the G valence band at 0, 2, 4, 8 and 10 GPa are esti-
mated to be 0.433 me, 0.416 me, 0.414 me, 0.407 me and 0.402
me, respectively, which reveals that pressure tuning may lead to
a decrease in them*

s of the G valence band. Due to the negligible
effect of the pressure on the valley degeneracy of the G valence
band (Fig. 1B–E), the decreased S of p-type Mg3Sb2 by pressure
with respect to relaxation time s/s, (C) electrical conductivity s and (D)

3Sb2 at 725 K with pressure being 0, 2, 4, 8 and 10 (unit: GPa). The
25 Mg3Sb1.5�0.5xBi0.5�0.5xTex (ref. 14) and Mg3.07Sb1.5Bi0.5�xSex (ref. 13)

© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra08930g


Table 2 Calculated single valley effective mass m*
s; K (me) of the K

conduction band, single valley effective mass m*
s; CB1

(me) of the CB1

conduction band, conductivity effective mass m*
I; K (me) of the K

conduction band, conductivity effective mass m*
I; CB1

(me) of the CB1

conduction band, the deformation potential X (eV) of the conduction
band, and the carrier mobility m (cm2 V�1 s�1) and relaxation time s (fs)
at 725 K for n-type Mg3Sb2 with pressure being 2, 4, 8 and 10 (unit:
GPa), in comparison with the previously reported values at 0 GPa

Pressure m*
s; K m*

s; CB1
m*

I; K m*
I; CB1

X m s

0 0.299a 0.205a 0.289a 0.178a 45.0a 27.00a 3.33a

2 0.297 0.212 0.287 0.18 43.0 25.14 3.16
4 0.293 0.220 0.283 0.186 44.5 25.85 3.29
8 0.287 0.235 0.278 0.196 43.9 20.25 3.42
10 0.285 0.242 0.276 0.201 43.7 22.03 3.45

a Ref. 40.

Table 3 The calculated bulk modulus B (GPa), shear modulusG (GPa),
transversal velocity nt (m s�1), longitudinal velocity nl (m s�1), and the
minimum lattice thermal conductivity kmin (Wm�1 K�1) for Mg3Sb2 with
pressure being 2, 4, 8 and 10 (unit: GPa), in comparison with the
previously reported values at 0 GPa

Pressure B G nt nl kmin

0 45.60a 17.87a 2107.68a 4154.64a 0.53a

2 47.74 20.72 2247.47 4285.95 0.56
4 53.84 23.49 2350.34 4475.30 0.60
8 64.74 27.99 2491.03 4755.13 0.66
10 69.62 29.53 2526.50 4853.62 0.68
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tuning may be mainly ascribed to the decrease of them*
s of the G

valence band.
As shown in Fig. 2B, the s/s of p-type Mg3Sb2 at 0, 2, 4, 8 and

10 GPa show an increasing trend as the carrier concentration
increases. The s for determining the s can be estimated by the
deformation potential theory, as expressed as:40,48

m ¼ 2
ffiffiffiffiffiffi
2p

p
eðh=2pÞ4cii

3ðkBTÞ3=2m*3=2
s m*

IX
2

(2)

s ¼ mm*
I

e
¼ 2

ffiffiffiffiffiffi
2p

p ðh=2pÞ4cii
3
�
kBTm*

s

�3=2
X2

(3)

where m is the carrier mobility, m*
s is the single valley effective

mass,m*
I is the conductivity effective mass,X is the deformation

potential, cii is lattice elastic constant, h is the Planck constant
and kB is the Boltzmann constant. The larger the value of cii and
the smaller the values of m*

s and X, the better the performance
of s. Table 1 lists the input parameters and the calculated s at
725 K for p-type Mg3Sb2 with pressure being 0, 2, 4, 8 and
10 GPa. With the increasing of pressure, the increased c11 and
the decreased m*

s and X are benecial to the s. The s at 0, 2, 4, 8
and 10 GPa are estimated to be 3.29, 4.28, 4.96, 6.13 and 6.84 fs,
respectively. Based on the calculated s, the s as a function of
carrier concentration for p-type Mg3Sb2 with pressure being 0, 2,
4, 8 and 10 GPa are plotted in Fig. 2C. At the same carrier
concentration, because of the enhanced s, there is an
improvement in the s with the increase of pressure. As a result
of the largely improved s, the theoretical PF for p-type Mg3Sb2 is
strongly enhanced as the pressure increases (Fig. 2D). Because
there may exist phase transition in Mg3Sb2 at pressure above
5 GPa,49,50 therefore, pressure tuning on p-type thermoelectric
properties require careful selection of the pressure. When the
carrier concentration increases up to 1 � 1020 cm�3, p-type
Mg3Sb2 at 4 GPa exhibits a high PF of �6.2 mW cm�1 K�2,
35% higher than the value of �4.6 mW cm�1 K�2 for the
compound at 0 GPa. Therefore, pressure tuning can make
a signicant contribution to the excellent p-type electronic
transports for Mg3Sb2-based compounds.

Fig. 3 shows the S, s/s, s and PF as a function of carrier
concentration for n-type Mg3Sb2 at 725 K with pressure being 0,
2, 4, 8 and 10 GPa, and the comparison with the experimental
data of the reported Nd-, Pr-, Te- and Se-doped Mg3Sb2-based
compounds. The discrepancy between the simulated results
and the experimental data is mainly ascribed to the effect of Bi
doping on the electrical transport properties of Mg3Sb2.39 At the
same carrier concentration, compared to the samples at 0, 2, 8
and 10 GPa, the n-type Mg3Sb2 at 4 GPa possesses a higher S. As
can be seen from Table 2, with the increase of pressure, the m*

s

of the CB1 conduction band ðm*
s; CB1

Þ increases, whereas the m*
s

of the K conduction band ðm*
s; KÞ decreases. Because of the

smaller absolute value of DEK-CB1
(below �0.11 eV) at 0, 2 and

4 GPa (Fig. 1F), the averagem*
s (0.252me, 0.255me and 0.257me)

of the both bands are used for calculating the s. The increased
m*

s and the highest valley degeneracy (Fig. 2C) mainly contribute
to the excellent S of n-type Mg3Sb2 at 4 GPa.
© 2022 The Author(s). Published by the Royal Society of Chemistry
As shown in Table 2, the calculated s for n-type Mg3Sb2 at 2,
4, 8 and 10 GPa are 3.16, 3.29, 3.42 and 3.45 fs, respectively. It is
clearly that there is no obvious improvement in s with the
increasing of the pressure, which may be ascribed to the
moderately changed m according to the equation s ¼ nem.39

Based on the calculated s using the deformation potential
theory, the s as a function of carrier concentration for n-type
Mg3Sb2 at 725 K with pressure being 0, 2, 4, 8 and 10 GPa are
plotted in Fig. 3C. The s shows an increasing trend as the
pressure increases. Owing to the not remarkably increased s,
the contribution of the pressure tuning to the s is not signi-
cant. Combined the calculated S and s, Fig. 3D presents the PF
as a function of carrier concentration for n-type Mg3Sb2 under
different pressure. The synergistic effect of the increased S and
the moderately changed s at 4 GPa make the n-type Mg3Sb2
possess the highest PF of �19 mW cm�1 K�2 at the carrier
concentration of 1� 1020 cm�3. Therefore, further optimization
of the electronic transport properties in n-type Mg3Sb2-based
materials can be expected through pressure tuning.

The k is generally composed of the electronic thermal
conductivity (ke) and lattice thermal conductivity (kl). The
observed kl of Mg3Sb2-based materials in the experiments can
reach the minimum lattice thermal conductivity (kmin).24,25,51 In
order to investigate the effect of the pressure on the thermal
a Ref. 40.
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Fig. 4 The calculated zT as a function of carrier concentration for (A)
p-type and (B) n-type Mg3Sb2 at 725 K with pressure being 0, 2, 4, 8
and 10 (unit: GPa). In (A), the black squares represent the previously
reported p-type Mg3�xAgxSb2.23 In (B), the black circles and triangles
represent the previously reported n-type Mg3Sb1.5�0.5xBi0.5�0.5xTex
and Mg3.07Sb1.5Bi0.5�xSex.13,14

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
Ja

nu
ar

y 
20

22
. D

ow
nl

oa
de

d 
on

 3
/1

3/
20

26
 4

:2
7:

46
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
transport performance, the kmin for Mg3Sb2 at different pressure
are calculated using the Cahill's formula:39,40

kmin ¼ 1

2

�p
6

�1=3

kBðVÞ�2=3ð2ns þ nlÞ (4)

nt ¼
ffiffiffiffi
G

r

s
(5)

nl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
Bþ 4

3
G

�	
r

s
(6)

where the ns and nl represent the transverse and longitudinal
speed of sound, respectively, and the B and G denote the bulk
and shear modulus, respectively. The input parameters and the
calculated kmin are displayed in Table 3. These key parameters
(ns, nl, B and G) increase with the increasing of the pressure,
which is detrimental to the kmin of Mg3Sb2. The kmin at 2, 4, 8
1154 | RSC Adv., 2022, 12, 1149–1156
and 10 GPa are estimated to be 0.56, 0.60, 0.66 and 0.68 W m�1

K�1, respectively, slightly higher than the value at 0 GPa (0.53 W
m�1 K�1). These results reveal that pressure tuning is not
conducive to the reduction of the kmin of Mg3Sb2-based
compounds.

The experimental ke for p-type and n-type Mg3Sb2 at 725 K
are in the range of 0.1–0.2Wm�1 K�1 and 0.14–0.36Wm�1 K�1,
respectively.23,25,33,34,52 Here, the average ke (0.15 W m�1 K�1 and
0.25 W m�1 K�1 respectively for p-type and n-type sample) and
the kmin are applied for estimating the k. Based on the calcu-
lated PF and k, Fig. 4 shows the simulated zT for p-type and n-
type Mg3Sb2 at 725 K with pressure being 0, 2, 4, 8 and 10 GPa,
and the comparison with the previously reported experimental
data. As can be seen from Fig. 4A, the calculated zT of p-type
Mg3Sb2 basically coincide with the experimental data, which
demonstrates the correctness of the computational methods. It
is found that the zT values of p-type Mg3Sb2 at 2, 4, 8 and 10 GPa
are signicantly improved compared to the value of the sample
at 0 GPa. The largely enhanced thermoelectric performance of
the sample by the pressure predominantly originates from the
considerably increased PF. As a result, when the carrier
concentration reaches 1 � 1020 cm�3, the p-type Mg3Sb2 at
4 GPa exhibits a peak zT of �0.62, �22% higher than the value
of the sample at 0 GPa. Compared to the experimental data, the
underestimated zT of n-type Mg3Sb2 calculated by the DFT
method can be ascribed to the neglect of the contribution of the
Bi doping on the kl and PF6,39 (Fig. 4B). Among all samples, the
Mg3Sb2 at 4 GPa shows the best n-type performance with a zT of
1.7 at the carrier concentration of 1 � 1020 cm�3, which is
mainly resulting from the increased PF. Based on the above
analysis, a conclusion can be drawn that the pressure tuning is
an effective method to achieve an enhancement of not only p-
type but also n-type thermoelectric performance of Mg3Sb2-
based Zintl compounds.

4. Conclusion

In this work, we have investigated the inuence of the pressure
on the electronic band structures and p-type and n-type ther-
moelectric transport properties of Mg3Sb2 by using the density
functional theory and semi-classic Boltzmann transport theory.
According to the calculated results of the band structure,
increasing pressure can lead the energy gaps to rst increase
and then decrease, and the pressure of 4 GPa can contribute to
a peak value of the valley degeneracy of the conduction band.
Because of the increased s, the PF of p-type Mg3Sb2 at 4 GPa and
725 K is increased by �35 percent than that of the compound at
0 GPa, thus leading to a considerably enhanced zT of �0.62 at
the carrier concentration of 1 � 1020 cm�3. Besides its impact
on the p-type transports, pressure tuning can also inuence the
n-type transports of Mg3Sb2. When the pressure increases up to
4 GPa, the n-type sample at the carrier concentration of 1� 1020

cm�3 can exhibit a high PF of �19 mW cm�1 K�2 and a peak zT
of 1.7, resulting mainly from the increased density of states
effective mass. Therefore, pressure tuning is an effective
method to improve the p-type and n-type thermoelectric trans-
port performance of Mg3Sb2-based Zintl compounds. This work
© 2022 The Author(s). Published by the Royal Society of Chemistry
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on Mg3Sb2 under pressure may provide a new mechanism for
experimenters to the enhancement of the thermoelectric
performance of materials.
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