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Theoretical calculations

The electronic band structure, linear optical properties, and nonlinear optical (NLO) 

properties of potential NLO nitrides were calculated by the plane wave pseudo-potential method 

in Materials Studio using CASTEP package 1. The exchange and correlative potential of electron-

electron interactions were represented by generalized gradient approximation (GGA) in the 

scheme of Perdew-Burke-Ernzerhof (PBE) 2. Furthermore, the interaction of the electrons with 

ion cores was represented by the norm-conserving pseudopotentials 3, 4, and the valence 

electrons were expressed as: Li 2s1, Na 2s22p63s1, Be 2s2, Mg 2s22p63s2, Ca 3s23p64s2, Sr 4s24p65s2, 

Ba 5s25p66s2, Zn 3d104s2, Cu 3d104s1, B 2s22p1, Al 3s23p1, Ga 3d104s24p1, Si 3s23p2, Ge 4s24p2, Sn 

5s25p2, Pb 4f145d106s26p2, P 3s23p3, Sb 4d105s25p3, Y 4d15s2, La 5d16s2, Mo 4d55s1, W 4f145d46s2, Cl 

3s23p5, Br 4s24p5, and N 2s22p3, a plane-wave cut-off energy more than the element minimum 

value was set throughout the calculations. The dense k-points sampling of less than 0.05 Å−1 for 

the target compounds were adopted for the good convergence of electronic structures and 

optical properties. Moreover, the other calculated parameters utilization and convergent criteria 

were in line with the default values of the CASTEP code.

The experimental band gaps of some nitrides are unknown. In order to accurately estimate 

their band gaps and subsequently carry out calculations for NLO properties, the hybrid functional 

Heyd-Scuseria-Ernzerhof (HSE06) methodology was adopted because this hybrid functional can 

precisely predict band gaps comparable to experimental values 5-7.

The second-order NLO coefficients were calculated using the susceptibility formula based 

on the perturbation method of Sipe 8, 9, and the susceptibility formula obtained by defining the δ 

function.

For the electronic transition from valence to conduction bands (V-C process): 

𝜒(2,𝐼)
𝑎𝑏𝑐 ( ‒ 2𝜔;𝜔,𝜔)

=
‒ 𝑒3ℎ3

𝑚3Ω

𝑖 ∈ 𝑉,𝑗 ∈ 𝐶,𝑖 ≠ 𝑙

∑
𝑖𝑗𝑙𝐾

3𝜂

|0.5𝐸𝑗𝑖(𝐾) ‒ 𝐸𝑙𝑖(𝐾)|[𝛿(𝐸 ‒ 0.5𝐸𝑗𝑖(𝐾))
0.25𝐸4

𝑗𝑖(𝐾)
+

𝛿(𝐸 ‒ 𝐸𝑙𝑖(𝐾))
4𝐸4𝑙𝑖(𝐾) ]𝑃𝑎𝑏𝑐(𝑃

𝑎
𝑖𝑗(𝐾)𝑃𝑏

𝑗𝑙(𝐾)𝑃𝑐
𝑙𝑖(𝐾))
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For V-V and V-C mixing processes:

𝜒(2,𝐼𝐼)
𝑎𝑏𝑐 ( ‒ 2𝜔;𝜔,𝜔)

=
‒ 𝑒3ℎ3

𝑚3Ω

𝑖𝑙 ∈ 𝑉,𝑗 ∈ 𝐶,𝑖 ≠ 𝑙

∑
𝑖𝑗𝑙𝐾

3𝜂

|0.5𝐸𝑗𝑖(𝐾) ‒ 𝐸𝑗𝑙(𝐾)|[𝛿(𝐸 ‒ 0.5𝐸𝑗𝑖(𝐾))
0.25𝐸4

𝑗𝑖(𝐾)
+

𝛿(𝐸 ‒ 𝐸𝑗𝑙(𝐾))
4𝐸4

𝑗𝑙(𝐾) ]𝑃𝑎𝑏𝑐(𝑃
𝑎
𝑙𝑖(𝐾)𝑃𝑏

𝑖𝑗(𝐾)𝑃𝑐
𝑗𝑙(𝐾))

 (S2)

Where, 

𝑃𝑎𝑏𝑐(𝑃𝑎
𝑙𝑖(𝐾)𝑃

𝑏
𝑖𝑗(𝐾)𝑃

𝑐
𝑗𝑙(𝐾))

= 0.5𝑃𝑏𝑐(𝑝
𝑎
𝑙𝑖(𝐾)𝑝

𝑏
𝑖𝑗(𝐾)𝑝

𝑐
𝑗𝑙(𝐾) + 𝑝𝑎

𝑖𝑗(𝐾)𝑝
𝑏
𝑗𝑙(𝐾)𝑝

𝑐
𝑙𝑗(𝐾) + 𝑝𝑎

𝑗𝑙(𝐾)𝑝𝑏
𝑙𝑖(𝐾)𝑝𝑐

𝑖𝑗(𝐾))

The δ(x) is a δ function and η is damping factor in the formulas (S1) and (S2). The moment 

matrix elements  and the energy  were derived from the density functional theory 𝑝𝑖𝑗(𝐾) 𝐸𝑖𝑗(𝐾)

(DFT) calculation integrating with CASTEP code, and the imaginary part of   𝜒(2)𝑎𝑏𝑐 = 𝜒(2,𝐼)
𝑎𝑏𝑐 + 𝜒(2,𝐼𝐼)

𝑎𝑏𝑐

can obtained by using formulas (S1) and (S2). The real part  obtained by Kramers-Kronig 𝜒(2)

transform from the imaginary part. Here note that .𝜒(2) = [(𝑟𝜒(2))2 + (𝑖𝜒(2))2]1/2

Figures

Figure S1 Crystal structure of LiSi2N3 (a); coordination of Ba2+ / Pb2+ in Ba2Si5N8 / Pb2Si5N8 (b).
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Figure S2 Calculated band structure (HSE06) of GaN (a), AlN (b), LiSi2N3 (c), LiGe2N3 (d), MgSiN2 (e) and MgGeN2 (f).

Figure S3 Calculated band structure (HSE06) of BeSiN2 (a), ZnSiN2 (b), ZnGeN2 (c), Zn3MoN4 (d), Mg2PN3 (e) and Zn2PN3 (f).
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Figure S4 Calculated band structure (HSE06) of MgSbN3 (a), LiPN2 (b), CuPN2 (c), LiSiON (d), Li2PO2N (e) and NaPN2 (f).

Figure S5 Calculated band structure (HSE06) of NaSi2N3 (a), NaGe2N3 (b), CaGeN2 (c), CaP2N4 (d), SrP2N4 (e) and Sr2Si5N8 (f).
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Figure S6 Calculated band structure (HSE06) of Ba2Si5N8 (a), SrSi7N10 (b), BaSi7N10 (c), SrSi6N8 (d), α-Ca2Si5N8 (e) and β-Ca2Si5N8 (f).

Figure S7. Calculated band structure (HSE06) of Ca3Al2N4 (a), SrAlSi4N7 (b), SrYSi4N7 (c), LaSi3N5 (d), Pb2Si5N8 (e) and NaSnN (f).
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Figure S8 Calculated band structure (HSE06) of Na3MoN4 (a), Na3WN4 (b), Ba3B2N4 (c), Ba5Si2N6 (d).

Figure S9 Total density/partial density of states (PDOS) of GaN (a), AlN (b), LiSi2N3 (c), LiGe2N3 (d), MgSiN2 (e), and MgGeN2 (f).
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Figure S10 Total density/partial density of states (PDOS) of BeSiN2 (a), ZnSiN2 (b), ZnGeN2 (c), Zn3MoN4 (d), Mg2PN3 (e), and Zn2PN3 (f).

Figure S11 Total density/partial density of states (PDOS) of MgSbN3 (a), LiPN2 (b), CuPN2 (c), LiSiON (d), Li2PO2N (e), and NaPN2 (f).
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Figure S12 Total density/partial density of states (PDOS) of NaSi2N3 (a), NaGe2N3 (b), CaGeN2 (c), CaP2N4 (d), SrP2N4 (e), and Sr2Si5N8 (f).

Figure S13 Total density/partial density of states (PDOS) of Ba2Si5N8 (a), SrSi7N10 (b), BaSi7N10 (c), SrSi6N8 (d), α-Ca2Si5N8 (e), and β-Ca2Si5N8 (f).
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Figure S14 Total density/partial density of states (PDOS) of Ca3Al2N4 (a), SrAlSi4N7 (b), SrYSi4N7 (c), LaSi3N5 (d), Pb2Si5N8 (e), and Na3MoN4 (f).

Figure S15 Total density/partial density of states (PDOS) of Na3WN4 (a), Ba3B2N4 (c), and Ba5Si2N6 (c).
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Figure S16 Calculated frequency-dependent coefficients of GaN (a), AlN (b), LiSi2N3 (c), LiGe2N3 (d), MgSiN2 (e), and MgGeN2 (f).

Figure S17 Calculated frequency-dependent coefficients of BeSiN2 (a), ZnSiN2 (b), ZnGeN2 (c), Zn3MoN4 (d), Mg2PN3 (e), and Zn2PN3 (f).
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Figure S18 Calculated frequency-dependent coefficients of MgSbN3 (a), LiPN2 (b), CuPN2 (c), Zn2NCl (d), Zn2NBr (e), and LiSiON (f).

Figure S19 Calculated frequency-dependent coefficients of LiPO2N (a), NaPN2 (b), NaSi2N3 (c), NaGe2N3 (d), CaGeN2 (e), and CaP2N4 (f).
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Figure S20 Calculated frequency-dependent coefficients of SrP2N4 (a), Sr2Si5N8 (b), Ba2Si5N8 (c), SrSi7N10 (d), BaSi7N10 (e), and SrSi6N8 (f).

Figure S21 Calculated frequency-dependent coefficients of α-Ca2Si5N8 (a), β-Ca2Si5N8 (b), Ca3Al2N4 (c), SrAlSi4N7 (d), SrYSi4N7 (e), and LaSi3N5 (f).
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Figure S22 Calculated frequency-dependent coefficients of Pb2Si5N8 (a), Na3MoN4 (b), Na3WN4 (c), Ba3B2N4 (d), and Ba5Si2N6 (e).

Figure S23 The calculated refractive index dispersion curves and birefringence of GaN (a), AlN (b), LiSi2N3 (c), LiGe2N3 (d), MgSiN2 (e), and MgGeN2 

(f).
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Figure S24 The calculated refractive index dispersion curves and birefringence of BeSiN2 (a), ZnSiN2 (b), ZnGeN2 (c), Zn3MoN4 (d), Mg2PN3 (e), and 

Zn2PN3 (f).

Figure S25 The calculated refractive index dispersion curves and birefringence of MgSbN3 (a), LiPN2 (b), CuPN2 (c), Zn2NCl (d), Zn2NBr (e), and 

LiSiON (f).
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Figure S26 The calculated refractive index dispersion curves and birefringence of LiPO2N (a), NaPN2 (b), NaSi2N3 (c), NaGe2N3 (d), CaGeN2 (e), and 

CaP2N4 (f).

Figure S27 The calculated refractive index dispersion curves and birefringence of SrP2N4 (a), Sr2Si5N8 (b), Ba2Si5N8 (c), SrSi7N10 (d), BaSi7N10 (e), and 

SrSi6N8 (f).
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Figure S28 The calculated refractive index dispersion curves and birefringence of α-Ca2Si5N8 (a), β-Ca2Si5N8 (b), Ca3Al2N4 (c), SrAlSi4N7 (d), 

SrYSi4N7 (e), and LaSi3N5 (f).

Figure S29 The calculated refractive index dispersion curves and birefringence of Pb2Si5N8 (a), Na3MoN4 (b), Na3WN4 (c), Ba3B2N4 (d), and Ba5Si2N6 

(e).
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