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I. Computational methods
[bookmark: OLE_LINK51][bookmark: OLE_LINK50][bookmark: OLE_LINK52][bookmark: OLE_LINK49][bookmark: OLE_LINK55]Our calculations are performed using the projector augmented wave (PAW) method implemented in the Vienna ab initio simulation package (VASP) code[1, 2]. The standard PAW pseudo potentials are adopted[3]. We use the Perdew, Burke, and Ernzerhof (PBE) form of the generalized gradient approximation (GGA) exchange correlation functional[4] for crystal structure relaxation, and the hybrid density functional (Heyd-Scuseria-Ernzerhof, HSE06)[5] for electronic properties of X3NP (X2+ = Ca, Mg). The cut-off energy of 400 eV and the k-point meshes with a grid spacing of 2π×0.02 Å-1 were used for structural relaxation. The cut-off energy and KSPACING test of X3NP (X2+ = Ca, Mg) are shown in Fig S1 and S2. After each pressure change, full volume relaxation has been done. For band structure and density of states (DOSs) calculations, the cut-off energy is set to 400 eV. In all calculations, the total energy is converged to less than 10-6 eV. During the structure optimization, the maximum force is less than 0.02 eV/Å, where the lattice constants and atomic positions are fully relaxed. The spin-orbit coupling (SOC) effect is not considered in the calculation of the electronic properties of X3NP (X2+ = Ca, Mg) because it does not significantly affect their band edges (as can be seen in Fig S4). The phonon dispersion calculations are based on PHONOPY code with a 2×2×2 supercell[6]. The electronic and optical properties were post-processed using the VASPKIT program[7]. Tight convergence criteria were adapted for the calculations of Young’s modulus and dielectric constant, for example, the cut-off energy of 700 eV for Young’s modulus calculations and the cut-off energy of 500 eV for dielectric constant calculations. The dielectric properties of the studied compounds are calculated by density functional perturbation theory (DFPT)[8]. The static dielectric constant (εstd) consists of the electronic (ɛꝏ) and the ionic parts (εion). Based on the calculated elastic constants, the ElATools program[9] is employed to obtain the orientational-dependent Young’ s modulus. Based on the method proposed by Yu, et al[10], a python code (SL3ME)[11] is used to calculate the spectroscopic limited maximum efficiency (SLME).
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Fig. S1. (Color online) The cut-off energy test of (a) Ca3NP and (b) Mg3NP.
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Fig. S2. (Color online) The KSPACING test of (a) Ca3NP and (b) Mg3NP.


II. Structural parameters, stability, optoelectronic properties

Table S1. Lattice parameters for Ca3NP and Mg3NP with Pnma (3D) symmetry under different pressure.
	Compounds
	Pressure (GPa)
	a (Å)
	b (Å)
	c (Å)
	α = β = γ (°)
	Volume (Å3)

	Ca3NP
	0
	6.726
6.658a
6.554b
	9.424
9.452a
9.335b
	6.621
6.709a
6.655b
	90
	419.678

	
	5
	6.584
	9.248
	6.491
	90
	395.229

	
	10
	6.432
	9.100
	6.385
	90
	373.722

	
	15
	6.321
	8.978
	6.294
	90
	357.184

	
	20
	6.223
	8.868
	6.214
	90
	342.923

	Mg3NP
	0
	5.900
5.887b
	8.337
8.309b
	5.911
5.875b
	90
	290.752

	
	5
	5.814
	8.233
	5.835
	90
	279.302

	
	10
	5.728
	8.127
	5.754
	90
	267.857

	
	15
	5.655
	8.038
	5.683
	90
	258.320

	
	20
	5.592
	7.961
	5.620
	90
	250.191


aRef.,12 bRef.13

From Table S1, it can be seen that the total energy differences between X3NP (X= Ca, Mg) (space group Pnma) one-dimension (1D) and three-dimension (3D) are given in Table S2, which shows that Ca3NP maintains the Pnma phase from 0 to 20 GPa, meanwhile there is no phase transition in Mg3NP from 0 to 20 GPa range. The phonon spectra of X3NP (X = Ca, Mg) for the orthorhombic phase with Pnma space group (SG) are also illustrated in Fig. S3 which indicate that they are dynamic stability from 5 to 20 GPa.
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Table S2. The total enthalpy (H = E+PV) difference of Ca3NP and Mg3NP between Pnma (1D) and Pnma (3D) space group (SG) under different pressure.
	Pressure (GPa)
	Ca3NP
	Mg3NP

	
	Pnma (1D) (eV/f.u.)
	Pnma (3D) (eV/f.u.)
	ΔH=Htot(1D)-Htot(3D) (eV/f.u.)
	Pnma (1D) (eV/f.u.)
	Pnma (3D) (eV/f.u.)
	ΔH=Htot(1D)-Htot(3D) (eV/f.u.)

	0
	-96.569
	-99.225
	2.656
	-21.309
	-22.071
	0.762

	5
	-85.268
	-86.432
	1.164
	-19.002
	-19.776
	0.774

	10
	-73.531
	-74.449
	0.918
	-16.865
	-17.643
	0.778

	15
	-62.474
	-63.054
	0.580
	-14.816
	-15.592
	0.776

	20
	-52.126
	-52.134
	0.009
	-12.840
	-13.609
	0.769

	25
	-42.011
	-41.613
	-0.397
	-10.927
	-11.685
	0.759

	30
	-32.244
	-31.434
	-0.810
	-9.067
	-9.813
	0.746

	35
	-22.780
	-21.555
	-1.226
	-7.255
	-7.987
	0.731

	40
	-13.590
	-11.942
	-1.648
	-5.487
	-6.202
	0.715
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[bookmark: _Hlk116126046]Fig. S3. (Color online) Phonon Spectra of Ca3NP and Mg3NP with Pnma (3D) symmetry under different pressure. (a) 5 GPa, (b) 10 GPa, (c) 15 GPa, and (d) 20 GPa for Ca3NP. (e) 5 GPa, (f) 10 GPa, (g) 15 GPa, and (h) 20 GPa for Mg3NP.
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[bookmark: _Hlk116127793][bookmark: _Hlk116127812][bookmark: _Hlk116127827]Fig. S4. (Color online) Band structures of Ca3NP from (a) HSE and (b) HSE+SOC method at 0 GPa. Note that SOC has a negligible effect on the band-edge dispersion. Therefore, only HSE06 method was employed in our calculations.
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Fig. S5. (Color online) Band structures and PDOS of Ca3NP under different pressure from HSE06 method. (a), (c) 0 GPa and (b), (d) 20 GPa. (b) and (d) is aligned with a and c using the Cs 5s core level energy respectively.
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Fig. S6. (Color online) Band structures and PDOS of Mg3NP under different pressure from HSE06 method. (a), (c) 0 GPa and (b), (d) 20 GPa. (b) and (d) is aligned with a and c using the Cs 5s core level energy respectively.

















[image: ]
Fig. S7. (Color online) Band structures of Ca3NP and Mg3NP with Pnma (3D) symmetry under different pressure. (a) 0 GPa, (b) 5 GPa, (c) 10 GPa, and (d) 15 GPa for Ca3NP. (e) 0 GPa, (f) 5 GPa, (g) 15 GPa, and (h) 15 GPa for Mg3NP. The black, red, green dot mean cation atom, P atom and N atom donation respectively. The band structures under different pressure are aligned with the band structure at 0 GPa using the Cs 5s core level energy. The dash line refers for CBM (red) and VBM (blue) of X3NP (X = Ca, Mg) at 0 GPa. It is not the Fermi energy level.




























[bookmark: _Hlk116130776]Table S3. The hole and electron effective masses of Ca3NP and Mg3NP under different pressure.
	Compounds
	Pressure (GPa)
	hole
	electron

	
	
	[bookmark: _Hlk116130616]Γ-X
	Γ-Y
	Γ-Z
	Γ-X
	Γ-Y
	Γ-Z

	Ca3NP
	0
	0.226
	0.817
	0.864
	0.550
	0.333
	0.708

	
	5
	0.244
	0.721
	0.742
	0.553
	0.304
	0.727

	
	10
	0.231
	0.638
	0.604
	0.553
	0.277
	0.710

	
	15
	0.246
	0.520
	0.532
	0.548
	0.265
	0.694

	
	20
	0.229
	0.521
	0.483
	0.539
	0.259
	0.674

	Mg3NP
	0
	0.145
	0.988
	0.570
	0.204
	0.567
	0.238

	
	5
	0.159
	0.681
	0.604
	0.204
	0.610
	0.223

	
	10
	0.157
	0.842
	0.510
	0.202
	0.622
	0.212

	
	15
	0.163
	0.858
	0.468
	0.199
	0.621
	0.205

	
	20
	0.164
	0.938
	0.430
	0.196
	0.619
	0.199




Table S4. Band gap Eg (eV), electronic dielectric constant , ionic dielectric constant , Young's module Y (GPa), average electron effective mass  (m0), average hole effective mass  (m0), valence band width (eV), exciton binding energy  (eV) of Ca3NP and Mg3NP under different pressure.
	Compounds
	Pressure (GPa)
	[bookmark: _Hlk116129398]Eg (eV)
	
	
	Y (GPa)
	 (m0)
	 (m0)
	 (eV)
	[bookmark: _Hlk121140187] (meV)

	Ca3NP
	0
	2.136
	7.533 
	15.800 
	104.935
	0.530
	0.636 
	3.000
	[bookmark: _Hlk121140155]69

	
	5
	[bookmark: _Hlk116129347]2.083
	7.500 
	12.967 
	116.224
	0.528
	0.569 
	3.128
	66

	
	10
	1.956
	7.600 
	11.867 
	128.126
	0.513
	0.491 
	3.302
	60

	
	15
	[bookmark: _Hlk116129366]1.857
	7.667 
	11.167 
	136.034
	0.502
	0.433 
	3.432
	54

	
	20
	1.767
	7.767 
	10.667 
	141.747
	0.491
	0.411 
	3.554
	50

	Mg3NP
	0
	2.366
	8.767 
	18.300 
	166.630
	0.336
	0.568 
	5.722
	[bookmark: _Hlk121140176]37

	
	5
	[bookmark: _Hlk116129548]2.364
	8.600 
	16.033 
	181.311
	0.346
	0.481 
	5.928
	37

	
	10
	2.349
	8.500 
	14.067 
	193.838
	0.345
	0.503 
	6.144
	38

	
	15
	[bookmark: _Hlk116129577]2.327
	8.467 
	12.633 
	201.059
	0.342
	0.496 
	6.331
	38

	
	20
	2.300
	8.400 
	11.600 
	203.470
	0.338
	0.511 
	6.499
	39






[image: ]
Fig. S8. (Color online) The optical absorption of (a) Ca3NP and (b) Mg3NP under 0 GPa (line) and 20 GPa (dot). The black, red and blue means xx, yy and zz direction donation, respectively.

III. Mechanical and dielectric properties
For an orthorhombic structure (SG Pnma), the conditions for mechanical stability are satisfied as[14]: 


, ,

,



, , .
From Table S5, it can be concluded that X3NP (X= Ca, Mg) under different pressure satisfy the mechanical stability.

For orthotropic phase X3NP (X = Ca, Mg) (SG Pnma), the Voigt approximate bulk modulus (BV) and shear modulus (Gv), and the Reuss approximate bulk modulus (BR) and shear modulus (GR), are defined as follows[15, 16]:






Among them, Sij are elastic compliance constants. The elastic modulus of Reuss and Voigt are the maximum and minimum values, respectively. Hill believed that the calculation of bulk modulus and shear modulus should take the average of the extreme values[14]. Therefore, Hill average shear modulus and bulk modulus are respectively[15, 16].




Young modulus (Y) and Poisson ratio (ν) can be obtained from G and B, as follows:
[image: ]
[image: ]
Table S5 summarizes elastic constants (Cij), Young’s modulus (Y), bulk modulus (B), shear modulus (G), Poisson’s ratio (υ), and Pugh’s ratio (B/G) for X3NP (X = Ca, Mg) with Pnma (3D) SG under different pressure. 
[bookmark: _Hlk116134141][bookmark: _Hlk116134115]Table S5. The elastic constants (Cij), Young’s modulus (Y), bulk modulus (B), shear modulus (G), and Poisson’s ratio (υ) for X3NP (X = Ca, Mg) with Pnma (3D) SG under different pressure.
	Compounds
	Pressure (GPa)
	Cij (GPa)
	BVRH (GPa)
	GVRH (GPa)
	Y (GPa)
	υ
	[bookmark: _Hlk116134232]B/G

	
	
	C11
	C12
	C13
	C22
	C23
	C33
	C44
	C55
	C66
	
	
	
	
	

	Ca3NP
	0GPa
	103.3 
	32.2 
	42.3 
	128.7 
	39.7 
	113.2 
	45.5 
	44.6 
	49.4 
	63.5 
	42.8 
	104.9 
	0.2 
	1.5 

	
	5GPa
	119.6 
	39.5 
	55.6 
	152.1 
	50.4 
	125.5 
	48.9 
	51.3 
	52.8 
	76.2 
	46.6 
	116.2 
	0.2 
	1.6 

	
	10GPa
	138.7 
	46.6 
	68.9 
	176.3 
	63.1 
	140.8 
	52.5 
	58.8 
	55.1 
	90.1 
	50.7 
	128.1 
	0.3 
	1.8 

	
	15GPa
	156.6 
	54.3 
	80.7 
	195.6 
	76.4 
	152.6 
	54.7 
	63.3 
	56.4 
	102.8 
	53.2 
	136.0 
	0.3 
	1.9 

	
	20GPa
	174.8 
	61.8 
	92.4 
	213.9 
	91.0 
	163.5 
	56.2 
	66.1 
	56.8 
	115.6 
	54.7 
	141.7 
	0.3 
	2.1 

	Mg3NP
	0GPa
	176.1
	51.4
	36.6
	175.4
	57.6
	188.7
	81.4
	58.5
	79.7
	92.3
	69.5
	166.6
	0.2
	1.3

	
	5GPa
	200.9
	57.4
	43.3
	196.6
	71.0
	201.5
	88.3
	63.2
	84.4
	104.6
	74.9
	181.3
	0.2
	1.4

	
	10GPa
	229.2
	65.8
	50.9
	216.5
	89.0
	214.9
	96.0
	64.2
	89.1
	119.0
	78.9
	193.8
	0.2
	1.5

	
	15GPa
	255.5
	75.4
	57.7
	231.5
	108.2
	226.3
	103.1
	60.8
	93.3
	132.7
	80.6
	201.1
	0.2
	1.6

	
	20GPa
	280.0
	85.6
	64.0
	243.2
	127.8
	236.4
	109.6
	54.0
	97.0
	145.8
	80.3
	203.5
	0.3
	1.8




[bookmark: _Hlk116138102][bookmark: _Hlk120975499][bookmark: _Hlk120975515]Table S6. The ionic (ɛion) and electronic (ɛꝏ) contributions to the static dielectric constant (ɛst) for X3NP (X = Ca, Mg) with Pnma (3D) SG under different pressure.
	Compounds
	Pressure
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk121141058][bookmark: _Hlk121141164]Ca3NP
	0GPa
	16.1 
	16.4 
	14.9 
	7.7 
	7.5 
	7.4 
	[bookmark: _Hlk121141104]23.8 
	24.0 
	[bookmark: _Hlk121141318]22.3 

	
	5GPa
	13.6 
	13.2 
	12.1 
	7.6 
	7.5 
	7.4 
	21.3 
	20.7 
	19.5 

	
	10GPa
	12.7 
	11.7 
	11.2 
	7.7 
	7.6 
	7.5 
	20.3 
	19.3 
	18.7 

	
	15GPa
	12.0 
	10.9 
	10.6 
	7.7 
	7.7 
	7.6 
	19.7 
	18.5 
	18.2 

	
	20GPa
	11.4 
	10.3 
	10.3 
	7.8 
	7.8 
	7.7 
	19.2 
	18.1 
	18.0 

	[bookmark: _Hlk121141411]Mg3NP
	0GPa
	21.0
	18.9
	15.0
	8.8
	8.9
	8.6
	29.7
	27.7
	23.6

	
	5GPa
	18.6
	16.0
	13.5
	8.6
	8.7
	8.5
	27.2
	24.7
	22.0

	
	10GPa
	16.4
	13.6
	12.2
	8.5
	8.6
	8.4
	24.9
	22.2
	20.6

	
	15GPa
	14.6
	12.0
	11.3
	8.4
	8.6
	8.4
	23.0
	20.6
	19.7

	
	20GPa
	13.3
	10.9
	10.6
	8.4
	8.5
	8.3
	21.7
	19.5
	19.0
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