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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 !. 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 * 4, and the valence

electrons were expressed as: Li 2s?, Na 2522p®3s, Be 252, Mg 2522p%3s2, Ca 3523p®4s2, Sr 4524pb5s2,

Ba 5525p%6s2, Zn 3d'%4s2, Cu 3d'%4s?, B 2s22p?, Al 35s23p?, Ga 3d'%4s24p?, Si 3s23p?, Ge 4s5%4p?, Sn
5s25p2, Pb 4f145d'96s26p?, P 3523p3, Sb 4d105525p3, Y 4d'%s2, La 5d'®s2, Mo 4d°5st, W 4f145d*6s2, Cl
3s523p°, Br 4s%4p°, 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 A1 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 >”7.

The second-order NLO coefficients were calculated using the susceptibility formula based
on the perturbation method of Sipe 2, and the susceptibility formula obtained by defining the &
function.

For the electronic transition from valence to conduction bands (V-C process):
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For V-V and V-C mixing processes:
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Where,

Pape(PRUOPHK)PH(K))
= 0.5P, ()P} (K)Pf(K) + P (K)p/(K)pf(K) + pi(K)pi(K)pf(K))

The &§(x) is a 6 function and n is damping factor in the formulas (S1) and (S2). The moment

matrix elements pij(K) and the energy Ei}'(K) were derived from the density functional theory

@) — @D 4 2D
(DFT) calculation integrating with CASTEP code, and the imaginary part of @Xabc = Xabc T X abc

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

2) _ N2 4 i (2N211/2
transform from the imaginary part. Here note that = [(r)(( N2+ @) | / .

Figures

Figure S1 Crystal structure of LiSi,N; (a); coordination of Ba** / Pb%* in Ba,SisNg / Pb,SisNg (b).
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Figure S2 Calculated band structure (HSE06) of GaN (a), AIN (b), LiSi,Ns (c), LiGe;N3 (d),
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Figure S3 Calculated band structure (HSE06) of BeSiN, (a), ZnSiN, (b), ZnGeNj (c), ZnsMoN,
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Figure S4 Calculated band structure (HSE06) of MgSbN3 (a), LiPN; (b), CuPN, (c), LiSiON (d), Li,PO,N (e) and NaPN, (f).
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Figure S7. Calculated band structure (HSEO6) of CasAl,N, (a), SrAISi;N; (b)
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Figure S8 Calculated band structure (HSE06) of NasMoN, (a), NasWN, (b), BasB,N, (c), BasSi,Ng (d).
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Figure S10 Total density/partial density of states (PDOS) of BeSiN, (a), ZnSiN, (b), ZnGeNj, (c), ZnsMoN, (d), Mg,PNs (e), and Zn,PNs (f).
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Figure S22 Calculated frequency-dependent coefficients of Pb,SisNg (a), NasMoN, (b), NasWN, (c), BasB,N, (d), and BasSi;Ne ().
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Figure S23 The calculated refractive index dispersion curves and birefringence of GaN (a), AIN (b), LiSi;Ns (c), LiGe,N; (d), MgSiN, (e), and MgGeN,
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Figure S27 The calculated refractive index dispersion curves and birefringence of SrP,N, (a), Sr,SisNg (b), Ba,SisNg (c), SrSi;Ny (d), BaSi;Ny, (e), and
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Figure S$28 The calculated refractive index dispersion curves and birefringence of a-Ca2Si5N8 (a), B-Ca2Si5N8 (b), Ca3AI2N4 (c), SrAISi4N7 (d),
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Figure S29 The calculated refractive index dispersion curves and birefringence of Pb,SisNg (a), NasMoN, (b), NasWN, (c), BasB,N, (d), and BasSi,Ng

(e).
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