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Table S1. The unit-cell parameters and atomic positions of AI-N phases at different pressure.

structures lattice parameters(A) atomic coordinates
a=9.76 Al11(0.098,0.000,0.866)
b=3.10 Al2(0.113,0.000,0.360)
Cm-AlIN, c=5091 Al13(0.598,0.500,0.866)
P =0 GPa o =90.00 Al4(0.613,0.500,0.360)
B=154.08 N1(0.855,0.500,0.988)
v =90.00 N2 (0.355,0.000, 0.988)
PAMI_ALN a=238l All (0.333, 0.667, 0.768)
P =20 GPa b=2.81 Al2 (0.667, 0.333, 0.232)
c=28.67 Al3(0.000, 0.000, 0.500
a=90.00 Al4(0.000, 0.000, 0.000)
B =90.00 N1 (0.667, 0.333, 0.632)
vy = 120.00 N2(0.333, 0.667, 0.368)
P_3ml-A12N a=2.74
P =40 GPa b : igg All (0.333, 0.667, 0.768)
:;96.00 Al2 (0.667, 0.333, 0.232)
B = 90.00 N1 (0.000, 0.000, 0.500)
vy =120.00
a=3.90
b=2.63
P2m- ALN c=265 All (0.000, 0.000, 0.000)
P = 60 GPa 0= 90.00 Al2 (0.500, 0.500, 0.500)
B=96.75 N1 (0.500, 0.000, 0.000)
v =90.00
P_3m1-A12N a=2.64
P =80 GPa oo All (0.667, 0.333, 0.768)
(::_96.00 Al2 (0.333, 0.667, 0.232)
B = 90.00 N1 (0.000, 0.000, 0.500)
y = 120.00
a=3.12
b=3.12 All (0.333, 0.667, 0.250)
P63mc-AIN c=4.88 Al2 (0.667, 0.333, 0.750)
P =0 GPa a=90.00 N1 (0.333, 0.667, 0.750)
B =90.00 N2 (0.667, 0.333, 0.250)
y = 120.00
Fm3m-AIN All (0.500, 0.000, 0.000)
P =20 GPa a=3.04 Al2 (0.500, 0.500, 0.500)
b=3.04 Al3 (0.000, 0.000, 0.500)
c=3.75 Al4 (0.000, 0.500, 0.000)
a=90.00 N1 (0.000, 0.000, 0.000)
B =90.00 N2 (0.000, 0.500, 0.500)
vy =120.00 N3 (0.500, 0.000, 0.500)
N4 (0.500, 0.500, 0.000)
All (0.058,0.500, 0.236)
Al2 (0.942,0.500,0.764)
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R3m-ALN: a=7.11 Al3 (0.558,0.000,0.236)
P=0GPa b=2.75 Al4 (0.442,0.000,0.764)
c=6.64 N1 (0.0662,0.000,0.462)
o = 90.00 N2 (0.434, 0.500,0.538)
B =132.00 N3 (0.000,0.000,0.000)
v =90.00 N4 (0.566,0.500,0.462)
N5 (0.934,0.000,0.538)
N6 (0.500,0.500,0.000)
R3m-ALN; o 288 A11(0.733.0.733.0.733)
P=20GPa o600 A12(0.267,0.267,0.267)
S04 N1(0.461,0.461,0.461)
8= 2704 N2(0.000,0.000,0.000)
27,04 N3(0.539,0.539,0.538)
A11(0.750,0.250,0.500)
A12(0.750,0.750,0.500)
a=>588 A13(0.250,0.750,0.500)
b=491 Al14(0.250,0.250,0.500)
Cmmm-ALN; c=2.57 N1(0.118,0.000,0.000)
P =40 GPa o = 90.00 N2(0.500,0.000,0.500)
B =90.00 N3(0.882,0.000,0.000)
v =90.00 N4(0.618,0.500,0.000)
N5(0.000,0.500,0.500)
N6(0.382,0.500,0.000)
R3m-ALN; aT A11(0.267,0.267,0.267)
P=60 GPa o ags A12(0.733,0.733,0.733)
A N1(0.461,0.461,0.461)
8 26.63 N2(0.000,0.000,0.000)
26,63 N3(0.539,0.539,0.539)
b 2'32 A11(0.341,0.341,0.341)
Rim-ALN, o308 A12(0.477,0.477,0.477)
P o0 Cpe S i N1(0.948,0.948,0.948)
8= 2532 N2(0.740,0.740,0.740)
D 2330 N3(0.874,0.874,0.874)
R3;-AIN, a=3.89
P=0GPa E; g'gg Al (0.000, 0.000, 0.000)
S aioa N1 (0.564, 0.564, 0.564)
= 44.04 N2 (0.436, 0.436, 0.436)
v = 44.04
a=14095 All (0.000,0.500, 0.500)
b=2.82 A2 (0.371,0.500,0.730)
C2/m-AIN, c=9.95 Al3 (0.129,0.000,0.270)
P =20 GPa o = 90.00 Al4 (0.500,0.000,0.500)
B=9531 Al5 (0.871,0.000,0.730)
v =90.00 Al6 (0.629,0.000,0.730)
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N1 (0.0618,0.500,0.832)
N2 (0.900, 0.500,0.036)
N3 (0.938,0.500,0.168)
N4 (0.186,0.000,0.615)
N5 (0.314,0.500,0.385)
N6 (0.100,0.500,0.964)
N7 (0.562,0.000,0.832)
N8 (0.400,0.000,0.036)
N9 (0.438,0.000,0.168)

N10 (0.686,0.500,0.615)

N11 (0.814,0.000,0.385)

N12 (0.600,0.000,0.964)

2= 2.66
b=2.66
[~ P Al (0.000, 0.000, 0.000)
o T N1 (0.000, 0.000, 0.382)
0000 N2 (0.000, 0.000. 0.617)
v =120.00
2= 445 A11 (0,000, 0,000, 0.000)
b=372 A12 (0.500, 0.500, 0.500)
Prnm-AIN, c=2.54 N1 (0.596, 0.135, 0.000)
P =60 GPa o= 90.00 N2 (0.404. 0.865. 0.000)
B = 90.00 N3 (0.904, 0.635. 0.500)
v =90.00 N4 (0.096, 0.365. 0.500)
R3m—AlN2 a=4.45
P =80 GPa b= 3;21 All (0.500, 0.500, 0.500)
S N1 (0.064, 0.064, 0.064)
0000 N2 (0.936, 0.936, 0.936)
v =90.00
s A11(0.301,0.968,0.521)
i A12(0.836.0.318.0.820)
PLALN, o N1(0.146,0.111.0.179)
Jlaes S N2(0.177.0.660.0.818)
5~ 90.00 N3(0.955,0.278.0.057)
0000 N4(0.343.0.941.0.302)
: N5(0.654.0.308.0.570)
A11(0.161,0.500.0.923)
AI2(0.738.0.500,0.449)
AI3(0.661.0.000.0.923)
a=7.02 A14(0.238.0.000,0.449)
b=2.77 N1(0.791,0.500.0.111)
Cm-ALN; c=573 N2(0.014.0.000,0.762)
P =20 GPa o= 90.00 N3(0.837,0.000.0.680)
B =95.68 N4(0.979,0.500.0.150)
v =90.00 N5(0.038.0.500.0.375)
N6(0.291.0.000,0.111)
N7(0.514.0.500.0.762)
N8(0.337,0.500.0.680)
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N9(0.480,0.000,0.150)
N10(0.538,0.000,0.375)
PL_ALN, 77 Al11(0.849,0.396,0.650)
P =40 GPa iad AI12(0.151,0.603,0.350)
075 N1(0.815,0.178,0.046 )
o= 99' 69 N2(0.185,0.822,0.955)
8= 06,51 N3(0.500,0.000,0.501 )
6202 N4(0.211,0.794,0.783 )
: N5(0.789,0.206,0.219)
4=2.66 Al11(0.599,0.099,0.873)
b= 2'70 Al2(0.136,0.234,0.408)
e N1(0.428,0.839,0.335)
Pl -A12N5 c=5.31
P = 60 GPa 0=9330 N2(0.241,0.351,0.064)
B=92.68 N3(0.944,0.812,0.706)
y= 110' 57 N4(0.407,0.725,0.099)
' N’5(0.765,0.455,0.631)
s Al1(0.367,0.764,0.472)
b= 3:88 Al2(0.358,0.189,0.102)
PI-AlLNs c=475 N1(0.809,0.832,0.102)
P =80 GPa 0 =99 64 N2(0.934,0.320,0.829)
8= 7738 N3(0.950,0.666,0.833)
y= 94'90 N4(0.829,0.400,0.384)
' N5(0.886,0.143,0.556)
Al1(0.242,0.247,0.074)
Al2(0.242,0.753,0.074)
Al3(0.742,0.747,0.074)
Al4(0.742,0.253,0.074)
N1(0.355,0.181,0.636)
a=17.10 N2(0.855,0.319,0.636)
b=7.01 N3(0.401,0.500,0.121)
Cm-AlIN; c=3.26 N4(0.067,0.000,0.073)
P =0 GPa a=90.00 N5(0.527,0.098,0.784)
B=103.47 N6(0.027,0.402,0.784)
v =90.00 N7(0.855,0.681,0.636)
N8(0.355,0.819,0.636)
N9(0.901,0.000,0.121)
N10(0.567,0.500,0.073)
N11(0.027,0.598,0.784)
N12(0.527,0.902,0.784)
P1AIN, Al1(0.256,0.226,0.803)
P =20 GPa a=2.80 A12(0.744,0.774,0.197)
b=4.67 N1(0.780,0.197,0.088)
c=4.90 N2(0.727,0.215,0.540)
a=79.24 N3(0.220,0.803,0.912)
B=92.58 N4(0.748,0.348, 0.288)
y=9422 N5(0.273,0.785, 0.460)
N6(0.252,0.652,0.712)
All (0.244, 0.876, 0.090)
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Al2 (0.756, 0.124, 0.910)
Al3 (0.756, 0.376, 0.410)
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a=11.56 Al4 (0.244, 0.624, 0.590)
P2,/c-AIN; b =3.66 N1 (0.258, 0.755, 0.369)
P =40 GPa c=11.22 N2 (0.742, 0.245, 0.631)
a=90.00 N3 (0.742, 0.255, 0.131)
B=165.99 N4 (0.258, 0.745, 0.869)
v=120.00 N5 (0.109, 0.656, 0.110)
N6 (0.891, 0.344, 0.890)
N7 (0.891, 0.156, 0.390)
N8 (0.109, 0.844, 0.610)
N9 (0.743, 0.957, 0.055)
N10 (0.257, 0.043, 0.945)
N11 (0.257, 0.457, 0.445)
N12 (0.743, 0.543, 0.555)
Al1(0.885,0.972,0.248)
a=3.16 Al2(0.423,0.439,0.120)
b 524 N1(0.657,0.196,0.687)
PLALN, o e o8 N2(0.280,0.576,0.527)
P 0GPs 10135 N3(0.173,0.693,0.676)
B = 84.46 N4(0.806,0.089,0.533)
Y~ 9146 N5(0.918,0.617,0.174)
’ N6(0.506,0.308,0.839)
N7(0.404,0.114,0.188)
Al1(0.153,0.500,0.054)
Al2(0.294,0.500,0.478)
Al3(0.653,0.000,0.054)
Al4(0.794,0.000,0.478)
a=15.69 N1(0.243,0.202,0.749)
b=4.77 N2(0.804,0.274,0.224)
Cm-AlN; c=15.27 N3(0.304,0.226,0.224)
P =20 GPa a=90.00 N4(0.061,0.000,0.792)
B=63.26 N5(0.159,0.000,0.305)
vy =90.00 N6(0.429,0.000,0.704)
N7(0.243,0.798,0.749)
N8(0.743,0.702,0.749)
N9(0.304,0.774,0.224)
N10(0.804,0.726,0.224)
Al1(0.153,0.500,0.054)
Al2(0.294,0.500,0.478)
4=5.69 Al3(0.653,0.000,0.054)
b= 4'77 Al4(0.794,0.000,0.478)
e N1(0.243,0.201,0.748)
Cm-AlN; c=15.27
P = 40 GPa 0= 9000 N2(0.804,0.273,0.223)
B=63.26 N3(0.304,0.226,0.223)
v =90.00 N4(0.060,0.000,0.791)
’ N5(0.159,0.000,0.304)
N6(0.429,0.000,0.703)
N7(0.243,0.798,0.748)
2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx




N8(0.743,0.701,0.743)
N9(0.304.0.773.0.223)
N10(0.804,0.726,0.223)
N11(0.560.0.500,0.791)
N12(0.659.0.500.0.304)
N13(0.929.0.500,0.703)
N14(0.743.0.298.0.748)
A11(0.728.0.832,0.209)
AI12(0.771.0.332.0.790)
AI3(0.228.0.332.0.209)
A14(0.271.0.832.0.790)
N1(0.092.0.224.0.543)
N N2(0.569.0.197.0.863)
ey N3(0.115.0.539.0.411)
CrALN, s N4(0.500,0.452.0.000)
aat T N5(0.884.0.539.0.588)
5= 12729 N6(0.907,0.224.0.456)
5000 N7(0.930.0.697.0.136)
: N8(0.592,0.724.0.543)
N9(0.069.0.697.0.863)
N10(0.615,0.039,0.411)
N11(0.000.0.952.0.000)
N12(0.384.0.039.0.588)
N13(0.407,0.724.0.456)
g;‘z"gg A11(0.500,0.000,0.000)
Py AIN, 0T N1(0.062.0.000,0.343)
A oo N2(0.938.0.000,0.657)
57175 N3(0.521.0.500.0.325)
D 0000 N4(0.479,0.500, 0.675)
A11(0.000,0.500,0.000)
A12(0.000,0.500.0.500)
=284 N1(0.500.0.602,0.835)
b=4.11 N2(0.500.0.398,0.335)
Pmem-AIN, c=724 N3(0.000.0.895.0.329)
P =20 GPa o= 90.00 N4(0.000,0.105.0.829)
B = 90.00 N5(0.000.0.895.0.171)
v =90.00 N6(0.000,0.105.0.671)
N7(0.500.0.398.0.165)
N8(0.500.0.602.0.665)
PLAIN, a=2.86
P — 40 GPa b=3.56 Al (0.500, 0.000, 0.500)
c=3.74 N1 (0.956, 0.305, 0.366)
o= 102.88 N2 (0.044. 0.695, 0.634)
B=111.13 N3 (0.843, 0.349, 0.996)
v=93.98 N4 (0.157, 0.651, 0.004)
a=3.66
Cc2e-AIN, a—4.04 A11(0.000,0.272,0.000)
P =0 GPa b=3.78 A12(0.000.0.772.0.500)
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¢ =20.49 A13(0.500,0.772,0.000)
o= 90.00 A14(0.500,0.272,0.500)
B =90.00 N1(0.000,0.770,0.000)
v =90.00 N2(0.000,0.270,0.500)
N3(0.865,0.867,0.808)
N4(0.135,0.867,0.192)
N5(0.635,0.867,0.308)
N6(0.365,0.867,0.692)
N7(0.881,0.972,0.859)
N8(0.119,0.972,0.141)
N9(0.619,0.972,0.359)
N10(0.381,0.972,0.641)
N11(0.500,0.270,0.000)
N12(0.500,0.770,0.500)
N13(0.365,0.367,0.808)
N14(0.635,0.367,0.192)
N15(0.135,0.367,0.308)
N16(0.866,0.367,0.692)
N17(0.380,0.472,0.859)
N18(0.619,0.472,0.141)
N19(0.119,0.472,0.359)
N20(0.881,0.472,0.641)
A11(0.408,0.000,0.532)
A12(0.908,0.500,0.532)
N1(0.205,0.000,0.866)
a=6.46 N2(0.772,0.129,0.267)
b=3.10 N3(0.772,0.871,0.267)
Cm-AlNs ¢ =20.49 N4(0.112,0.250,0.925)
P =20 GPa o= 90.00 N5(0.112,0.749,0.925)
B=107.36 N6(0.705,0.500,0.866)
¥=190.00 N7(0.272,0.629,0.267)
N8(0.272,0.371,0.267)
N9(0.612,0.751,0.925)
N10(0.612,0.249,0.925)
PLAIN: a=3.66 Al1(0.010, 0.890, 0.230)
P =40 GPa b=4.41 N1(0.510, 0.770, 0.660)
c=6.72 N2(0.880, 0.770, 0.660)
o =85.02 N3(0.850, 0.520, 0.290)
B=281.98 N4(0.490, 0.530, 0.300)
vy = 66.28 N5(0.330, 0.000, 0.000)
424d-AIN: A11(0.000, 0.000, 0.500)
P = 60 GPa A12(0.500, 0.000, 0.250)
a=5.19 Al13(0.500, 0.500, 0.000)
b=5.19 Al14(0.000, 0.500, 0.750)
c=5.14 N1(0.680, 0.630, 0.650)
o= 90.00 N2(0.320, 0.370, 0.650)
B =190.00 N3(0.630, 0.320, 0.350)
v =90.00 N4(0.370, 0.680, 0.350)

N5(0.820, 0.630, 0.100)

2012, 00, 1-3
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N6(0.180, 0.370, 0.100)
N7(0.870, 0.320, 0.400)
N8(0.130, 0.680, 0.400)
N9(0.180, 0.130, 0.150)
N10(0.820, 0.870, 0.150)
N11(0.130, 0.820, 0.850)
N12(0.870, 0.180, 0.850)
N13(0.320, 0.130, 0.600)
N14(0.680, 0.870, 0.600)
N15(0.370, 0.820, 0.900)
N16(0.630, 0.180, 0.900)
N17(0.000, 0.500, 0.250)
N18(0.500, 0.000, 0.750)
N19(0.500, 0.500, 0.500)
N20(0.000, 0.000,0.000)

PTAIN, o ag0 A11(0.000,0.000,0.500)
P=0GPa b asa N1(0.824,0.703,0.025)
o a1l N2(0.876,0.697,0.765)
0833 N3(0.123,0.303,0.235)
B= 107.99 N4(0.595,0.017,0.436)
10976 N5(0.405,0.984,0.564)
' N6(0.176,0.297,0.975)
A11(0.000,0.000,0.000)
A12(0.500,0.500,0.000)
N1(0.839,0.000,0.856)
N2(0.661,0.500,0.144)
a=1183 N3(0.987,0.500,0.344)
b=2.80 N4(0.682,0.500,0.427)
C2/m-AlNg c=3.72 N5(0.013,0.500,0.656)
P=20GPa a=90.00 N6(0.817,0.000,0.573)
B=182.39 N7(0.339,0.500,0.856)
=90 N8(0.161,0.000,0.144)
N9(0.487,0.000,0.344)
N10(0.182,0.000,0.427)
N11(0.513,0.000,0.656)
N12(0.317,0.500,0.573)
All (0.000, 0.500, 0.000)
Al12 (0.500, 0.000, 0.000)
N1 (0.261, 0.000, 0.775)
51 N2 (0.739, 0.000, 0.225)
DY N3 (0.289, 0.264, 0.334)
Cm-AIN o430 N4 (0.789, 0.236, 0.334)
P40 GPe o000 N5 (0.211, 0.235, 0.666)
B 63.03 N6 (0.711, 0.264, 0.666)
= 90,00 N7 (0.761, 0.500, 0.775)

N8 (0.239, 0.500, 0.225)
N9 (0.789, 0.764, 0.334)
N10 (0.289, 0.736, 0.334)
N11(0.711, 0.736, 0.666)
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N12 (0.211, 0.764, 0.666)
Al1(0.235,0.500,0.365)
a=6.11 N1(0.915,0.500,0.453)
b=8.07 N2(0.738,0.500,0.330)
Pm-AIN; c=285 N3(0.562,0.500,0.210)
P=0GPa a = 90.00 N4(0.452,0.814,0.432)
B=281.98 N5(0.452,0.186,0.432)
v =90.00 N6(0.631,0.838,0.441)
N7(0.631,0.162,0.441)
Al1(0.000,0.000,0.672)
a=5.19 N1(0.000,0.000,0.166)
b=5.19 N2(0.500,0.000,0.666)
P6mm-AIN; c=3.49 N3(0.000,0.500,0.666)
P =20 GPa o= 90.00 N4(0.500,0.500,0.666)
B =190.00 N'5(0.500,0.000,0.345)
vy =120.00 N6(0.000,0.500,0.345)
N7(0.500,0.500,0.345)
Al1(0.934, 0.460, 0.523)
a=2.77 N1(0.348, 0.252, 0.968)
b=4.58 N2(0.967, 0.046, 0.523)
P1-AIN; c=4.72 N3(0.388, 0.300, 0.251)
P =40 GPa a=112.39 N4(0.467, 0.492, 0.851)
B =94.50 N5(0.840, 0.767, 0.313)
y=92.125 N6(0.132, 0.992, 0.766)
N7(0.622, 0.772, 0.068)
Al1(0.311, 0.267, 0.965)
a=347 N1(0.587, 0.355, 0.385)
b=3.84 N2(0.967, 0.046, 0.523)
P1-AIN; c=4.12 N3(0.179, 0.719, 0.290)
P =80 GPa a=114.75 N4(0.796, 0.176, 0.782)
B=91.28 N5(0.965, 0.920, 0.201)
y=101.68 N6(0.429, 0.547, 0.671)
N7(0.773, 0.121, 0.460)

Table S2. Calculated enthalpies of the predicted Al,N, compounds at different pressures.

Structure Pressure (GPa) Enthalpy (eV/atom) en th;o; 32:37;0111)

Cm-ALN 0 -5.897 -0.628
P3MI_ALN 20 -4.639 0.051
P3MIALN 40 -3.323 -1.393
P2/m-ALN 60 -1.770 -1.203
P3MI_ALN 80 -0.843 -1.820
P6yme-AIN 0 -7.445 -1.412
Fm3m-AIN 20 -6.263 -2.036
Fm3m-AIN 40 -5.304 -2.524
Fm3m-AIN 60 -4.398 2913
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Fm3m-AIN 80 -3.528 -3.238
R3m-ALN; 0 -7.033 -0.542
R3m-AlN; 20 -6.153 -1.454
Cmmm-AlNj 40 -4.978 -1.688
R3m-ALN; 60 -4.260 2.224
R3m-ALN; 80 -3.154 2272
R3m-AIN, 0 -7.203 -0.407
C2/m-AIN, 20 -6.156 -0.519
P6/mmm-AlIN, 40 -5.160 -1.530
Pnnm-AlIN, 60 -4.295 -1.892
R3m-AIN, 80 -3.350 2.073
PI-ALN; 0 -7.233 -0.218
Cm-AlLN;s 20 -6.089 -0.852
Pl _ALN; 40 -5.175 -1.302
PI -AlLN; 60 -4.124 -1.458
PI -AlN; 80 -3.322 -1.7631
Cm-AIN, 0 -6.970 0.209
P1_AIN, 20 -6.151 -0.277
P2,/c-AIN; 40 -5.372 -1.317
P2,/c-AIN; 60 -4.500 -1.637
P2,/c-AIN; 80 -3.668 -1.898
PI-ALN; 0 -7.403 -0.097
Cm-AlN, 20 -6.010 -0.474
Cm-ALN; 40 -6.035 -1.838
Cm-ALN; 60 -4.198 -1.182
C2-AlLN, 80 -3.452 -1.517
P2/m-AIN, 0 -7.436 -0.029
Pmcm-AIN, 20 -6.259 -0.242
PLAIN, 40 -5.300 -0.990
PLAIN, 60 -4.464 -1.326
PLAIN, 80 -3.430 -1.364
Cc2e-AINs 0 -7.582 -0.022
Cm-AIN; 20 -6.124 -0.013
PLAIN; 40 -5.247 -0.767
A24-AIN, 60 -4.224 -0.903
A2d-AIN, 80 13.623 2.398
P1_AIN, 0 -7.511 0.158
C2/m-AlINg 20 -6.243 -0.065
C2/m-AlNg 40 -5.370 -0.493
C2/m-AlINg 60 -4.509 -1.056
C2/m-AlNg 80 -3.692 -1.288
Pm-AIN, 0 -7.282 0.469
P6mm-AIN, 20 -5.757 0.472
P1-AlIN, 40 -5.185 -1.317
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Fig. S1 Phonon dispersion curves of C2/m-AlNg at 30 GPa.
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Fig. S2 Fluctuations of the total energies obtained by molecular dynamics simulation under the NPT ensemble
at ambient pressure at 1500 K and for C2/m-AINg phase.
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Fig. S3 Enthalpy difference between Cm-Al,N; and other phases of AI,N-.
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Fig. S4 (a) Crystal structure and (b) phonon dispersion relation of P1-AIN; at 40 GPa.
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Fig. S5 Enthalpy difference between P1-AIN; and other phases of AIN;. The black line represents the metastable
P1-AIN; searched under 80 GPa, and the pink line represents the structure searched under 40 GPa.
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Fig. S6 Band structure and density of states (DOS) of C2/m-AlNg at 30 GPa.

Fig. S7 Three-dimensional partial charge density distribution of an energy band crossing Fermi energy for C2/m-
AlINg at ambient condition. The value of isosurface is 0.01.
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Fig. S8 Two-dimensional ELF distribution diagram on (010) crystal plane.
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Fig. S9 The Lewis crystal structure with VSEPR notation for C2/m-AlNg.

Energy(eV)

COHP

Fig. S10 COHPs between Al-N4, N2-N3 and N3-N4 pairs for C2/m-AINg phase at 30 GPa. Fermi levels are set at
zero energy and marked by dotted lines.
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Fig. S11 COHPs between N1-N2, N4-N7 and N4-N5 pairs for C2m-Al,N; phase at 40 GPa. Fermi levels are set at
zero energy and marked by dotted lines.

N3-N4

N2-N3 N5-N6

Energy(eV)

3 -3
COHP

O b -oac-cpreogmemmmemmmmmoae

Fig. S12 COHPs between N3-N4, N2-N3, N7-N1 and N5-N6 pairs for C2-Al,N; phase at 80 GPa. Fermi levels are
set at zero energy and marked by dotted lines.
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Fig. S13 COHPs between N1-N2, N2-N3, N3-N4, N4-N5 and N1-N7 pairs for P1-AIN; phase at 80 GPa. Fermi
levels are set at zero energy and marked by dotted lines.
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Table S3. The calculated bond parameters and hardness of C2/m-AINg, Cm-Al,N;, Cm-Al,N; and P1-AIN-.

Structure V(A3) | bond n# d4(A) p VH g* | Hy(GPa)
N-N 4 1.34 0.70 y )
C2/m-AlNg | 99.79 N-N 8 1.37 0.69 5(9)}‘ }zg;? 43.86
Al-N 4 1.99 0.32 6:25 11.'15
Al-N 8 2.00 0.36 6.35 1224
N-N | 4 1.30 0.77 1.29 374.43
N-N | 4 1.36 0.67 1.47 260.00
Al-N | 4 1.86 0.41 3.77 33.25
Al-N |2 1.86 0.48 3.77 38.93
Cm-ALN, AI-N |2 1.87 0.35 3.83 27.63
127.65 | Al-N |2 1.94 0.34 4.28 22.34 139.32
AI-N |2 1.94 0.35 4.28 23.00
Al-N |4 1.98 0.40 4.55 23.73
AI-N | 4 2.03 0.23 4.90 12.05
Al-N |4 2.07 0.34 5.19 16.15
AI-N |2 2.09 0.23 5.35 10.41
N-N | 4 1.30 0.77 1.07 507.27
N-N | 4 1.36 0.67 1.23 352.25
N-N | 4 1.37 0.61 1.25 309.17
Al-N | 4 1.86 0.41 3.14 45.05
AI-N | 2 1.86 0.48 3.14 52.74
C2-AlLN; 111.78 | AlI-N |2 1.87 0.35 3.19 37.44 | 63.96
AI-N | 4 1.94 0.35 3.56 31.16
Al-N | 4 1.98 0.4 3.79 32.15
AI-N | 4 2.04 0.23 4.14 15.92
Al-N | 2 2.10 0.23 4.52 13.78
AI-N | 4 2.07 0.34 4.33 21.88
N-N |1 1.25 0.98 2.79 131.08
N-N |1 1.28 0.76 3.00 90.29
N-N |1 1.30 0.80 3.14 87.95
N-N |1 1.30 0.77 3.14 84.65
N-N |1 1.31 0.75 3.21 79.35
P1-AIN; 48.49 N-N |1 1.32 0.71 3.29 72.32 33.58
N-N |1 1.33 0.70 3.36 68.66
Al-N | 1 1.83 0.17 8.76 3.38
Al-N | 1 1.83 0.69 8.76 13.72
Al-N | 1 1.85 0.06 9.05 1.13
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