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SD 1. Computed values of frontier molecular orbital parameters for Al10N10, Al10N10+Li4N, and Al10N10+Li4O.
	Molecular property
	Al10N10
	Li4N
	Li4O
	Al10N10+Li4N
	Al10N10+Li4O

	ELUMO 
	-0.859
	-1.583
	-1.483
	-2.586
	-2.58

	EHOMO
	-6.829
	-4.788
	-3.01
	-3.458
	-3.458

	Bandgap (ΔE)
	5.98
	3.20
	1.527
	0.872
	0.878

	Ionization potential (IP)
	6.829
	4.788
	3.01
	3.458
	3.458

	Electron affinity (EA)
	0.859
	1.583
	1.483
	2.586
	2.58

	Chemical potential (CP)
	-3.844
	-3.185
	-2.246
	-3.022
	-3.019

	Electronegativity (χ)
	3.844
	3.185
	2.246
	3.022
	3.019

	Hardness (η)
	2.99
	1.6
	0.763
	0.436
	0.439

	Softness (S)
	0.33
	0.625
	1.310
	1.14
	1.13

	Electrophilicity index (ω)
	2.47
	3.17
	3.305
	10.472
	10.38

	Electron accepting power (ω+)
	1.3
	1.773
	2.277
	9.016
	8.926

	Electron donating power (ω-)
	6.69
	4.959
	4.523
	12.038
	11.945



















SD 2. Charge distribution of Al10N10, Al10N10+Li4N, and Al10N10+Li4O.
	Al10N10
	Al10N10+Li4N
	Al10N10+Li4O

	Atom
	Mulliken
	Natural
	Atom
	Mulliken
	Natural
	Atom
	Mulliken
	Natural

	1N
	-0.6237
	-1.24285
	1N
	-0.29405
	-1.1868
	1N
	-0.61919
	-1.235

	2N
	-0.6625
	-1.27116
	2N
	-0.0865
	-1.2541
	2N
	-0.66574
	-1.2611

	3N
	-0.6341
	-1.22278
	3N
	-0.19237
	-1.2204
	3N
	-0.63411
	-1.2253

	4N
	-0.6426
	-1.22788
	4N
	-0.13295
	-1.2191
	4N
	-0.64088
	-1.2309

	5N
	-0.9447
	-1.90638
	5N
	-0.07043
	-1.9328
	5N
	-0.96995
	-1.9322

	6N
	-0.651
	-1.24621
	6N
	-0.26852
	-1.9819
	6N
	-0.75672
	-1.2704

	7N
	-0.9302
	-1.88918
	7N
	0.04627
	-1.9551
	7N
	-0.93866
	-1.8939

	8N
	-0.639
	-1.24541
	8N
	0.00564
	-1.9798
	8N
	-0.75414
	-1.3327

	9N
	-0.9641
	-1.92796
	9N
	-0.29822
	-1.9882
	9N
	-1.07233
	-1.962

	10N
	-0.9423
	-1.91024
	10N
	0.07314
	-1.9708
	10N
	-0.94946
	-1.9047

	11Al
	0.6693
	1.25362
	11Al
	0.20691
	1.3559
	11Al
	0.59124
	1.2269

	12Al
	0.945
	1.89639
	12Al
	-0.25876
	1.8012
	12Al
	0.95766
	1.8899

	13Al
	0.6351
	1.2581
	13Al
	0.20792
	1.5596
	13Al
	0.70294
	1.2435

	14Al
	1.0157
	1.88436
	14Al
	0.38625
	1.8689
	14Al
	1.03
	1.8763

	15Al
	0.5738
	1.22568
	15Al
	0.33225
	1.1578
	15Al
	0.52337
	1.2477

	16Al
	0.9356
	1.88943
	16Al
	0.09996
	1.8704
	16Al
	0.93076
	1.8764

	17Al
	0.6747
	1.31779
	17Al
	0.19429
	1.3716
	17Al
	0.63417
	1.296

	18Al
	0.9722
	1.92476
	18Al
	0.33666
	1.9025
	18Al
	0.71361
	0.9875

	19Al
	0.6256
	1.25104
	19Al
	-1.14555
	1.5927
	19Al
	0.43978
	1.2149

	20Al
	0.5872
	1.1889
	20Al
	0.328
	1.1499
	20Al
	0.5534
	1.2086

	
	
	
	21Li
	-0.25793
	0.7812
	21O
	-0.89086
	-1.5055

	
	
	
	22Li
	-0.23074
	0.831
	22Li
	0.64441
	0.6686

	
	
	
	23Li
	0.01557
	0.6775
	23Li
	-0.01208
	0.5458

	
	
	
	24Li
	-0.3287
	0.8277
	24Li
	0.50081
	0.9102

	
	
	
	25N
	-0.28594
	-2.0586
	25Li
	0.68196
	0.5611















[bookmark: _Hlk82068392]SD 3. Computed Raman and FT-IR data for Al10N10, Al10N10+Li4N, and Al10N10+Li4O (Symmetric stretching-ν, asymmetric stretching-α, torsional bending in plane (scissoring)-δ, twisting-τ, rocking-ρ, and wagging-ω).

	Mode
	Frequency
	Infrared
	Raman activity
	Raman intensity

	Al10N10

	δN-Al
	939.05
	110.2480
	30.7926
	3730.53

	αN-N
	816.53
	91.9515
	33.2537
	5627.05

	αAl-Al
	392.65
	26.5559
	85.3043
	74921.03

	δN-Al
	378.40
	20.7184
	111.9406
	106493.88

	ρN-Al
	922.21
	52.6197
	147.0823
	18615.68

	ωN-Al
	900.91
	40.2275
	235.7481
	31564.466

	Al10N10+Li4N

	ωN-Al
	226.09
	1.8246
	258.1683
	732908.4229

	αN-Li
	565.54
	87.4078
	267.6186
	105291.6903

	δN-Li
	247.99
	1.2557
	279.7280
	654119.7673

	νN-Li
	536.28
	131.6795
	299.7464
	132803.6603

	δN-Li
	419.67
	21.3554
	308.5051
	234507.9193

	δN-Al
	546.31
	1.2215
	320.2344
	136134.4709

	ωAl-Li
	234.39
	6.5481
	325.4654
	856745.3315

	νAl-Al
	597.42
	11.3414
	370.4899
	128848.1155

	νAl-Al
	517.61
	24.6676
	480.7147
	230451.3295

	δN-Li
	302.60
	17.6277
	584.4910
	897452.5464

	ωN-Al
	635.62
	28.6479
	621.1076
	187707.3783

	ωLi-Al
	98.01
	29.0553
	1144.8880
	18224635.88

	δN-Al
	619.75
	10.0699
	1395.7798
	446754.1058

	νN-Al
	773.18
	152.5462
	1721.8904
	331225.6743

	δN-Al
	823.43
	172.8667
	1775.0076
	294447.6551

	Al10N10+Li4O

	νN-Al
	316.90
	38.2484
	168.6000
	234640.6733

	ωLi-Al
	882.66
	73.2357
	180.6977
	25410.47099

	αO-Li
	451.81
	132.6184
	188.2530
	121801.575

	αN-Al
	812.60
	155.6839
	191.4038
	32759.42004

	δN-Li
	610.56
	15.7927
	210.6384
	69740.61646

	ωN-Al
	794.52
	41.9528
	230.0789
	41521.14983

	δAl-Li
	231.85
	4.0754
	362.0037
	974940.9449

	δN-Al
	548.62
	36.2575
	415.5063
	174978.1742

	δO-Li
	391.25
	22.0650
	569.3363
	503917.4141

	αN-Al
	782.64
	81.3065
	588.7981
	110081.8741

	δO-Li
	438.63
	5.2133
	848.0514
	585417.3599

	αO-Li
	841.79
	227.5721
	1160.2674
	182676.4638


























SD 4. Simulated absorption transitions of Al10N10, Al10N10+Li4N, and Al10N10+Li4O.

	Structure
	Excited state
	Absorption (excitation energy, wavelength, oscillator strength)

	Al10N10
	S0→S1
	2.4053 eV,515.45 nm, f=0.0093

	
	S0→S2
	2.6394 eV,469.74 nm, f=0.0097

	
	S0→S3
	2.7025 eV, 458.77 nm, f=0.0129

	
	S0→S4
	2.8119 eV,440.92 nm, f=0.0146

	
	S0→S5
	2.8260 eV,438.73 nm, f=0.0251

	
	S0→S6
	2.9516 eV,420.06 nm, f=0.0311

	
	S0→S7
	3.1300 eV,396.11 nm, f=0.0223

	
	S0→S8
	3.1961 eV,387.92 nm, f=0.0301

	
	S0→S9
	3.2998 eV, 375.74 nm, f=0.0117

	

	Al10N10+Li4N
	S0→S1
	0.8289 eV, 1495.69 nm, f=0.0006

	
	S0→S2
	0.9178 eV,1350.83 nm, f=0.0258

	
	S0→S3
	1.0019 eV, 1237.55 nm, f=0.0006

	
	S0→S4
	1.1308 eV, 1096.45 nm, f=0.0113

	
	S0→S5
	1.1707 eV, 1059.08 nm, f=0.0018

	
	S0→S6
	1.2035 eV, 1030.21 nm, f=0.0173

	
	S0→S7
	1.3195 eV, 939.67 nm, f=0.0120

	
	S0→S8
	1.3325 eV, 930.45 nm, f=0.0038

	
	S0→S9
	1.3523 eV, 916.87 nm, f=0.0298

	

	Al10N10+Li4O
	S0→S1
	1.5547 eV, 797.48 nm, f=0.0364

	
	S0→S2
	1.9053 eV, 650.73 nm, f=0.0372

	
	S0→S3
	2.1330 eV, 581.26 nm, f=0.0657

	
	S0→S4
	2.3808 eV, 520.77 nm, f=0.0799

	
	S0→S5
	2.4887 eV, 498.19 nm, f=0.0222

	
	S0→S6
	2.5412 eV, 487.89 nm, f=0.1435

	
	S0→S7
	2.6554 eV, 466.91 nm, f=0.0213

	
	S0→S8
	2.7542 eV, 450.16 nm, f=0.0672

	
	S0→S9
	2.8039 eV, 442.19 nm, f=0.0112



