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Table 1 The calculated formation energy of Ba;Sn;Sb, and competing
phases

HaEy TERHE (eV) waEy TERHE (eV)
Ba,Sb; -5.15 Ba,;;Sby, -24.17
BaSb, -2.78 BaSn —1.41
BaSb, -3.10 BaSn; -1.8
Ba,Sb —2.86 Ba,Sn —-1.81
Ba;Sb; —8.87 Ba;Sns —4.93
BasSby —-10.65 SbSn —-0.28
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Figure 1 (Color online) The accessible region of the chemical potential in forming Ba;Sn;Sb,. (a) The shadow area of the accessible region for the
chemical potential; (b) the chemical potential map from other direction.

B2 (M4 E]) (a) BaySnySby ¥ SRS H4; (b) BaySnySby 2 43 Hfif % BE
Figure 2 (Color online) (a) The lattice structure of Ba;Sn;Sby; (b) the electron density difference (EDD) of Ba;Sn;Sb,.
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Table 2 The crystal data and the atomic coordinates in the Wyckoff position of monoclinic Ba;Sn3Sb4a)

J5F 2R Wyckoff 11 & x ¥ z
Bal 4e 0.4081 0.1510 0.5399
Ba2 4e 0.2001 0.1238 0.7611
Ba3 4e 0.1979 0.5967 0.5671
Snl 4e 0.4004 0.8154 0.7428
Sn2 4e 0.2082 0.8638 0.3383
Sn3 4e 0.0010 0.79880 0.6397
Sbl 4e 0.0109 0.8834 0.8464
Sb2 4e 0.1700 0.1033 0.4883
Sb3 4e 0.6261 0.3589 0.5527
Sb4 4e 0.4069 0.4053 0.7666

a) ERA%H SRR a=14.841 A, b=7.135 A, c= 13.975 A, 6=90.00°, f=105.07°, y=90.00°.
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Figure 3 (Color online) The calculated band structure of Ba;Sn;Sb,
with different exchange-correlation potentials. (a) mBJ; (b) GGA.
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Figure 4 (Color online) The density of states of Ba;Sn;Sb,.
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Figure 5 The phonon spectrum of Ba;Sn;Sb,.
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Table 3 Calculated bulk modulus B, shear modulus G, Young modulus Y, Poisson’s ratio v, Griineisen parameter y, the shear and longitudinal sound

velocities v,, v; and Debye temperature ®p,

waEY B (GPa) G (GPa) Y (GPa) v (m/s) y v, (m/s) vy (m/s) 0p (K)
Ba;Sb,Sn; 26.44 17.54 43.09 1.40 1682.49 2835.7 171.8
Ca;sAl,Sbg 39 22.4 56.40 1.54 2299.4 4031.7 245.7
S lTop) =D () V0 R NI A RS0 A L5 2% 1817 9 Ba;Sn;Shy,

Y 4, N Khr X 5G4 [0 Y
M EREPE. X T5 2 Sk, 2E D5 R 5500 B il
o Tot) = éfaaﬂ(g)_%(“) e, 0 0 40 0 (S o T, B R O T 9 P 7 R A
(Socnh). PAEI7(a)FI(d) A1, STET=300 KA KT
1 o, (T,e) T=100 KfP{H. 28 DU () IE A EAR R p B AR NI 15 0%,
vl Tot) = g3 [ 0@ = 10|~ | ORI, [E17(a) 57 p 45 24 BasSnySb, 7E T=500 KA1700 K
o (T.%) iF, SHMA 5738 A IE. R RE T-4li4HBa;Sn;Sb,&n Y

’8 Ay /A O > g —
R UT1) =~ [ale)e — )| B Gk, BT BEIR T A T A BT i, 4
ap\ L e2TQ ) b Oe > 14 3[26

FHBa;Sn;Sb, 7E T=75 KB n=4.4x10"* cm™"*%, TWi7E

P, KRBTSR, T, e, QI BUREIE . (L2
P HTREHRE R KM R ORI A
IS, LS B SE V5T RHLS, A LS o,
ST TG R BT AR ZT=S 0TIk, N7
FZDME, BFE oMK, AN [ TR N T
M, il oc T AT, S8
TR ocn " E, W Rle=CT 0. %
bt o/ RN S2BaI Y Ko, FRATTTHEE H=2.91x107°T"'n ™",

3.0
o5L x, Ba,Sn,Sb,
- x, Ca,AlSb,

=20}
Px x CaAl,Sb,
£
g
baa
U
=3

00 1 1 1 1 1 1 L 1 L 1 1 1 L

300 400 500 600 700 800 900 1000

T(K)

Bl 6 (M HUR E) BasSnySbyFlCasAlL Sy 1 T3
Figure 6 (Color online) The calculated thermal conductivity of
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Figure 7 (Color online) The calculated thermoelectric properties of Ba;Sn;Sb, as a function of the carrier concentration. (a)—(c) p-type doping; (d)—
(f) n-type doping.
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The structural, electronic, elastic and high thermoelectric
properties of a new Zintl compound Ba;Sn;Sb, studied
by first principles

YANG Gui', GENG HuiJuan, YUAN Di, ZHANG Jing & MA DongWei

School of Physics and Electrical Engineering, Anyang Normal University, Anyang 455000, China

The structural, electronic, elastic, and thermoelectric properties of a new recently synthetized Zintl compound Ba;Sn;Sb,
are studied using the first principles and the Boltzmann theory. We determine the requirements of the chemical potentials
for the formation of Ba;Sn;Sb,. On the basis of the mechanical stability criteria and the phonon spectrum of Ba;Sn;Sb,,
the lattice structure is determined to be thermodynamically stable. The electron density difference of Ba;Sn;Sb, shows
that there is an ionic bond between Ba and the [Sn;Sb,] cluster, and a covalent Sn—Sb bond in [Sn;Sb,]. The coexistence
of ionic and covalent bonds indicates that Ba;Sn;Sb, is a typical Zintl compound. The calculated electronic band
structure shows that Ba;Sn;Sb, is an indirect semiconductor with a band gap ~0.29 eV. In the conduction bands, the
presence of multivalley bands benefits the thermoelectric properties. In terms of the Slack model, the lattice thermal
conductivity x; is smaller than 0.5 W m' K" when the temperature is over 720 K. On the basis of the analysis of the
band structure, we calculate the thermoelectric properties using the Boltzmann theory. The results show that p-type-
doped Ba;Sn;Sb, undergoes interesting changes. Because pristine Ba;Sn;Sb, is an n-type semiconductor, the Seebeck
coefficient of p-type-doped Ba;Sn;Sb, changes from negative to positive at 7=500 K or 7=700 K. For p-type-doped
Ba;Sn;Sb,, the calculated largest ZT is 0.09. For n-type-doped Ba;Sn;Sb,, the Seebeck coefficient exhibits bipolar effects
at 7>500 K. This result is obtained because thermal excitation becomes strong with an increase in the temperature, and
the effect of the minor carriers leads to the change of the S value. The optimized largest ZT value of n-type-doped
Ba;Sn;Sb, is up to 0.26 with n=1.14x 10°° cm ™ at 7=700 K, which is almost three times that of p-type-doped Ba;Sn;Sb,.

chemical potential, Zintl compounds, thermoelectric properties
PACS: 72.15.Jf, 73.20.At, 72.20.Pa
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