
Strong Quartic Anharmonicity and Thermoelectric

Performance in Antiperovskites Sr3XN (X=P, As, Sb,

and Bi)

1. method

1.1. Self-Consistent Phonon (SCPH) Theory in ALAMODE

1.1.1. DFT Total Energy

The ground-state total energy functional in DFT is:

EDFT[ρ(r)] = Ts[ρ] + Exc[ρ] + EH[ρ] + Eion-ion (1)

1.1.2. Second-Order IFCs

Φ
(2)
αβ(l, l

′) =
∂2E

∂uα(l)∂uβ(l′)
(2)

1.1.3. Dynamical Matrix

Dαβ(q) =
∑
l′

Φ
(2)
αβ(0, l

′)
√
m0ml′

eiq·(Rl−Rl′ ) (3)

1.1.4. Self-Consistent Phonon (SCPH) Equation

ω̃2(q, s) = ω2(q, s) + 2Π(q, ω) (4)

1.1.5. One-Loop Self-Energy

Π(2)(q, s) =
∑
q′,s′

|Vqq′ss′ |2

ω(q′) + ω(q′′)
(5)
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1.2. SCP in ShengBTE

SCP calculations at finite temperatures were executed to acquire anhar-
monic phonon frequencies and their corresponding eigenvectors. These com-
putations made use of Interatomic Force Constants (IFCs) derived under
both harmonic and anharmonic conditions at 0 K. Temperature-dependent
anharmonic frequencies, denoted as Ωqj(T ). ¡Q

∗
q′Qq′ >= [ ℏ

2Ωq′
][1 + 2n(Ωq′)]

With the inclusion of four-phonon scattering, ∆λ represents zeroth-order
in iterations computed as:

∆λ =
1

N

(+)∑
λ′λ′′

Γ
(+)
λλ′λ′′ (ξλλ′′Fλ′′ − ξλλ′Fλ′)

+
1

N

(−)∑
λ′λ′′

1

2
Γ
(−)
λλ′λ′′ (ξλλ′′Fλ′′ + ξλλ′Fλ′)

+
1

N

(++)∑
λ′λ′′λ′′′

1

2
Γ
(++)
λλ′λ′′λ′′′ (ξλλ′′′Fλ′′′ − ξλλ′Fλ′ − ξλλ′′Fλ′′)

+
1

N

(+−)∑
λ′λ′′λ′′′

1

2
Γ
(+−)
λλ′λ′′λ′′′ (ξλλ′′′Fλ′′′ − ξλλ′Fλ′ − ξλλ′′Fλ′′)

+
1

N

(−−)∑
λ′λ′′λ′′′

1

2
Γ
(−−)
λλ′λ′′λ′′′ (ξλλ′′′Fλ′′′ − ξλλ′Fλ′ − ξλλ′′Fλ′′)

+
1

N

(iso)∑
λ′

Γ
(iso)
λλ′ ξλλ′Fλ′

(6)

1

τ 0λ
=

1

N

 (+)∑
λ′λ′′

Γ
(+)
λλ′λ′′ +

1

2

(−)∑
λ′λ′′

Γ
(−)
λλ′λ′′(−)

+
1

N

(iso)∑
λ′

Γ
(iso)
λλ′

+
1

N

1

2

(++)∑
λ′λ′′λ′′′

Γ
(++)
λλ′λ′′λ′′′ +

1

2

(+−)∑
λ′λ′′λ′′′

Γ
(+−)
λλ′λ′′λ′′′ +

1

6

(−−)∑
λ′λ′′λ′′′

Γ
(−−)
λλ′λ′′λ′′′

 (7)

The scattering rate of an electron, transitioning from its initial state nk,
where n represents the band index, and k denotes the wave vector, to its
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final state mk+ q, is quantified by Fermi’s golden rule, as follows:

τ−1
nk→mk+q =

2π

ℏ
|gnm(k, q)|2δ(εnk − εmk+q) (8)

where ℏ represents the reduced Planck’s constant, ε signifies the electron en-
ergy, δ corresponds to the Dirac delta function, and g stands for the coupling
matrix element. Generally, the influence of various scattering mechanisms is
encapsulated by the coupling matrix element

gadnm(k, q) =
√
kBT

∑
G̸=−q

[
D̃nk : S̃l

cl
√
ρ

+
D̃nk : S̃t1

ct1
√
ρ

+
D̃nk : S̃t2

ct2
√
ρ

] < mk+q|ei(q+G)·r|n
√
k >

(9)

gpinm(k, q) =
√
kT

∑
G̸=−q

[
ñh : S̃l

cl
√
ρ

+
ñh : S̃t1

ct1
√
ρ

+
ñh : S̃t2

ct2
√
ρ

]
< mk+ q > |ei(q+G)·|nk >

|q+G|
(10)

gponm(k, q) =
√

ℏωpo/2
1/2 ∑

G̸=−q

(
1

ñ · ϵ∞ · ñ
− 1

ñ · ϵs · ñ
)1/2×< mk+ q|ei(q+G)·r|nk >

q+G|
(11)

giinm(k, q) =
∑
G̸=−q

n
1/2
ii Ze

ñ · ϵs · ñ
mk+ q|ei(q+G)·r|nk

|q+G|2 + β2
(12)

Several scattering mechanisms play pivotal roles in the electron scattering
rate, including acoustic deformation potential scattering (gadnm), scattering by
acoustic phonons through the piezoelectric interaction (gpinm), polar optical
phonon scattering (gponm), and scattering from fully ionized impurities (giinm).
Here, D̃nk = Dnk+vnk

⊗
vnk. The symbols l, t1, and t2 pertain to properties

related to longitudinal and transverse modes. ñ is a unit vector in the direc-
tion of scattering, calculated as (q+G)/|q+G|; ϵS and ϵ∞ refer to the static
and high-frequency dielectric tensors, respectively; Z denotes the charge state
of the impurity center; e is the elementary electron charge; nii represents the
concentration of ionized impurities, calculated as (nh − ne)/Z; and β is the
reciprocal screening length. In 3ph and 4ph scattering processes, specific
wave vector relationships, such as q′′ = q ± q′ +Q and q′′′ = q ± q′ ± q′′ +Q,
where Q represents a reciprocal lattice vector, come into play. The scattering
probability matrices

Λ± =
πℏ
4N

|V (3)
± |2∆±

δ(ωλ ± ωλ′ − ωλ′′)

ωλωλ′ωλ′′
(13)
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Λ±± =
πℏ
4N

ℏ
2N

|V (4)
±±|2∆±±

δ(ωλ ± ωλ′ ± ωλ′′ − ωλ′′′).

ωλωλ′ωλ′′ωλ′′′
(14)

Λiso =
π

2N
ωλωλ′

n∑
b

gb|eλb · eλ
′∗

b |2δ(ωλ − ωλ′) (15)

are given by the Fermi’s golden rule. N is the total number of k points or
primitive cells. the Kronecker deltas ∆± and ∆±± describe the momentum
selection rule. The matrix elements V are given by the Fourier transformation
of force constants, or transition probability matrices:

V
(±)
λλ′λ′′ =

∑
ijk

∑
αβγ

Φαβγ
ijk

eλα(i)e
±λ′

β (j)e−λ′′
γ (k)√

MiMjMk

e±iq′·rje−iq′′·rk (16)

V
(±±)
λλ′λ′′λ′′′ =

∑
ijkl

∑
αβγθ

Φαβγθ
ijkl

eλα(i)e
±λ′

β (j)e±λ′′
γ (k)e−λ′′′

θ (l)√
MiMjMkMl

e±iq′·rje−iq′′·rke−iq′′′·rl

(17)

2. mechanical stability

For cubic APVs, there are three independent elastic constants : C11, C12,
and C44, as follow: 

C11 C12 C12 0 0 0
C12 C11 C12 0 0 0
C12 C12 C11 0 0 0
0 0 0 C44 0 0
0 0 0 0 C44 0
0 0 0 0 0 C44

 (18)

3. results
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Figure S1: OQMD Sr3PN , Sr3AsN , Sr3SbN and Sr3BiN .
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Figure S2: The temperature-dependent κL including off-diagonal terms for Sr3PN ,
Sr3AsN , Sr3SbN and Sr3BiN .
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Figure S3: Decomposed 3ph SRs into slitting and combination process for Sr3PN ,
Sr3AsN , Sr3SbN and Sr3BiN .
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Figure S4: Decomposed 4ph SRs into slitting, redistribution and combination process for
Sr3PN , Sr3AsN , Sr3SbN and Sr3BiN .
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Figure S5: 3ph scattering phase spaces including splitting and combination process for
Sr3PN , Sr3AsN , Sr3SbN and Sr3BiN .
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Figure S6: 4ph scattering phase spaces including splitting and combination process for
Sr3PN , Sr3AsN , Sr3SbN and Sr3BiN .
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Figure S7: Convergence test of q mesh in BTE calculation.
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