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Table S1. Cartesian coordinates (in A) and electronic energy (in kcal mol™) of all M2Xz
systems under analysis at the ZORA-BLYP/TZ2P level of theory.

LizF2 (-378.10)

1Li  0.000000 1.112316 0.000000
2F  0.000000 0.000000 -1.337827
3F  0.000000 0.000000 1.337827
4Li  0.000000 -1.112316 0.000000
Lizl2 (-224.03)

1Li  0.00000 1.393888 0.000000

2.1 0.000000 0.000000 -2.197345
3.Li 0.000000 -1.393888 0.000000
4.1 0.000000 0.000000 2.197345

Cs2l2 (-195.58)
1.Cs 0.000000 2.476692 0.000000

2.1 0.000000 0.000000 -2.649959
3.Cs 0.000000 -2.476692 0.000000
4. 0.000000 0.000000 2.649959

Be2O2 (-473.18)
1.Be 0.000000 0.864583 0.000000
2.0 0.000000 0.000000 -1.211816
3.Be 0.000000 -0.864583 0.000000
4.0 0.000000 0.000000 1.211816
Be:S: (-327.76)
1.Be 0.000000 0.966901 0.000000
2.5 0.000000 0.000000 -1.667858
3.Be 0.000000 -0.966901 0.000000
4.5 0.000000 0.000000 1.667858
BeSe2 (-289.51)
1.Be 0.000000 0.996091 0.000000
2.Se 0.000000 0.000000 -1.807054
3.Be 0.000000 -0.996091 0.000000
4.Se 0.000000 0.000000 1.807054
BezTez (-239.03)
1.Be 0.000000 1.034713 0.000000
2.Te 0.000000 0.000000 -2.033021
3.Be 0.000000 -1.034713 0.000000
4.Te 0.000000 0.000000 2.033021

Mg202 (-334.76)

1.Mg  0.000000 1.208250 0.000000
2.0 0.000000 0.000000 -1.448050
3.Mg  0.000000 -1.208250 0.000000
40 0.000000 0.000000 1.448050
Mg:S: (-237.42)

1.Mg  0.000000 1.325569 0.000000
2S5 0.00000 0.000000 -1.923848
3.Mg  0.000000 -1.325569 0.000000
4.5 0.000000 0.000000 1.923848
Mg:Sez (-212.19)

1.Mg  0.000000 1.356781 0.000000
2.Se  0.000000 0.000000 -2.057708
3.Mg  0.000000 -1.356781 0.000000
4Se  0.000000 0.000000 2.057708

Ba,O2 (-431.80)

S2



1.Ba 0.000000
2.0 0.000000
3.Ba 0.000000
4.0 0.000000
BazSez (-291.63)
1.Ba 0.000000
2.Se 0.000000
3.Ba 0.000000
4.Se 0.000000
Ba.Tez (-251.89)
1.Ba 0.000000
2.Te 0.000000
3.Ba 0.000000
4.Te 0.000000

B2N2 (-450.31)
1B 0.000000

2.N 0.000000
3.B 0.000000
4.N 0.000000

B2P; (-375.65)
1B -0.795110
2P 0.004919
3P 0.007423
4B 0.807768
B2As2 (-310.58)
1B 0.000000

2.As 0.000000
3.B 0.000000
4.As 0.000000

B2Sh: (-284.14)
1.B 0.000000

2.Sb  0.000000
3B 0.000000
4.Sb  0.000000
AlbAs; (-253.93)
1Al 0207997
2.As  -1.253733
3.As 1852247
4.Al  0.207997

GazN> (-329.27)

1.Ga  -1.509689
2N 0.000000
3.Ga 1509689
4N 0.000000

GazP2 (-206.19)
1.Ga  0.000000
2P 0.000000
3.Ga  0.000000

4.p 0.000000
GazAs2 (-192.07)

1.Ga 0.000000
2.As 0.000000
3.Ga 0.000000
4.As 0.000000

Inz2N> (-396.03)

1.758860
0.000000
-1.758860
0.000000

2.060208
0.000000
-2.060208
0.000000

2.140377
0.000000
-2.140377
0.000000

1.506885
0.000000
-1.506885
0.000000

0.006147
-1.674785
1.687342
0.006296

1.005312
0.000000
-1.005312
0.000000

0.883559
0.000000
-0.883559
0.000000

0.432852
-0.568107
-0.226870
0.432852

0.000000
-1.155901
0.000000
1.155901

1.505328
0.000000
-1.505328
0.000000

1.548680
0.000000
-1.548680
0.000000

0.000000
-1.457328

0.000000
1.457328

0.000000
-2.113937
0.000000
2.113937

0.000000
-2.372857
0.000000
2.372857

0.000000
-0.648131
0.000000
0.648131

0.007309
0.022881
-0.007255
0.008319

0.000000

-1.688464
0.000000

1.688464

0.000000
-1.964706
0.000000
1.964706

1.640815
0.000000
0.000000

-1.640815

0.020413
-0.000158
0.020413
-0.000158

0.000000
-1.838686

0.000000
1.838686

0.000000
-1.934219
0.000000
1.934219
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LIn  -2.395882
2N 0.000000
3In 2395882
4N 0.000000

In2P; (-214.13)

LIn  0.000000
2P 0.000000
3In  0.000000
4P 0.000000

In2As; (-204.02)

LIn  0.000000

2.As 0.000000
3.In 0.000000
4.As 0.000000

TI2N; (-390.83)
1Tl -2.575736
2N 0.000000
3Tl 2575736
4N 0.000000
TlAs; (-184.61)
1Tl 0.000000

2.As 0.000000
3.Tl 0.000000
4.As 0.000000

Ag:Cl (-185.88)
1.Ag  0.000000
2.Cl 0.000000
3.Cl  0.000000

4.Ag 0.000000
Ag2Br2 (-172.40)
1.Ag 0.000000

2.Br 0.000000
3.Br 0.000000

0.000000
-0.607592
0.000000

0.607592

0.010127
0.010127

0.010127

0.010127

1.677216
0.000000
-1.677216
0.000000

0.000000
-1.987447
0.000000
1.987447

1.710666 0.000000

0.000000 -2.079756
-1.710666 0.000000

0.000000 2.079756

0.000000
-0.593661
0.000000
0.593661

0.010127
0.010127
0.010127
0.010127

2.106571 0.000000
0.000000 -1.702548

-2.106571 0.000000
0.000000 1.702548

1.426227 0.000000
0.000000 -2.105713
0.000000 2.105713
-1.426227 0.000000

1.417299 0.000000
0.000000 -2.246899
0.000000 2.246899

4Ag  0.000000 -1.417299 0.000000
Ag:l> (-156.08)
1.Ag  0.000000 1.408121 0.000000
2.1 0.000000 0.000000 -2.432020
31  0.000000 0.000000 2.432020
4Ag  0.000000 -1.408121 0.000000

Hg:0: (-137.68)

1.Hg 0.000000
2.0 0.000000
3.Hg 0.000000

40  0.000000
HgzS: (-101.59)

1.Hg 0.000000
2.5 0.000000
3.Hg 0.000000

4.5 0.000000

1.449251 0.000000
0.000000 -1.676602
-1.449251 0.000000
0.000000 1.676602

1.457218 0.000000
0.000000 -2.101081
-1.457218 0.000000
0.000000 2.101081
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Table S2. Energy decomposition analysis data (in kcal mol™?) for the 9 different paths (Figure
1) of all M2X> systems under analysis at the ZORA-BLYP/TZ2P level of theory. Standard
deviation is also enclosed (in italics).

Li2F2

paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

Lizl2

paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

Cszl2

paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

AEint
-445.5
-445.5
-445.5
-445.5
-445.5
-445.5
-445.5
-445.5
-445.5

0.0

AEint
-319.5
-319.5
-319.5
-319.5
-319.5
-319.5
-319.5
-319.5
-319.5

0.0

AEint
-224.5
-224.5
-224.5
-224.5
-224.5
-224.5
-224.5
-224.5
-224.5

0.0

AEpauii
85.6
93.8
72.1
90.9
89.7
89.9
85.8
80.5
71.0

7.1

AEpauii
58.9
63.2
44.3
63.4
63.8
61.3
58.9
52.4
43.2

6.9

AEpauli
71.4
68.6
66.5
70.2
72.4
69.9
71.3
65.3
62.4

2.0

AEeistat
-488.7
-470.3
-439.1
-470.0
-471.0
-479.1
-487.6
-451.7
-435.4

16.6

AEeistat
-303.7
-301.7
-255.5
-293.5
-281.6
-304.0
-303.5
-286.7
-274.1

18.0

AEeistat
-267.1
-246.6
-245.3
-249.8
-252.6
-255.7
-261.9
-243.7
-241.0

8.0
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AEoi
-42.4
-69.0
-78.5
-66.4
-64.2
-56.2
-43.7
-74.2
-81.1

13.4

AEoi
-714.7
-81.1
108.3
-89.4
101.7
-76.8
-75.0
-85.2
-88.6

13.6

AEoi
-28.9
-46.5
-45.8
-45.0
-44.3
-38.8
-34.0
-46.2
-45.9

6.8

Y%elstat
92.0
87.2
84.8
87.6
88.0
89.5
91.8
85.9
84.3

2.8

Y%elstat
80.3
78.8
70.2
76.6
73.5
79.8
80.2
77.1
75.6

3.4

Yoelstat
90.2
84.1
84.3
84.7
85.1
86.8
88.5
84.1
84.0

2.3

%oi

8.0
12.8
15.2
12.4
12.0
10.5

8.2
14.1
15.7

2.8

%o0i
19.7
21.2
29.8
23.4
26.5
20.2
19.8
22.9
24.4

3.4

%oi

9.8
15.9
15.7
15.3
14.9
13.2
11.5
15.9
16.0

2.3



Be20O>
paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

Be:S:

paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

Be:Se:
paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

AEint
-2033.5
-2033.5
-2033.5
-2033.5
-2033.5
-2033.5
-2033.5
-2033.5
-2033.5

0.0

AEint
-1693.9
-1693.9
-1693.9
-1693.9
-1693.9
-1693.9
-1693.9
-1693.9
-1693.9

0.0

AEint
-1640.9
-1640.9
-1640.9
-1640.8
-1640.9
-1640.9
-1640.9
-1640.9
-1640.9

0.0

AEpauii
402.4
487.2
279.7
467.9
480.5
428.0
403.2
341.6
244.9

71.6

AEpauii
312.9
396.6
173.9
360.4
368.4
341.1
3134
263.0
164.4

72.6

AEpauli
282.6
379.9
1415
332.2
3374
318.4
282.9
241.8
139.4

76.1

AEeistat
-2067.0
-1934.4
-1773.9
-1913.1
-1914.4
-1978.7
-2065.2
-1698.4
-1638.5

101.4

AEeistat
-1405.5
-1417.0
-1052.4
-1347.1
-1240.8
-1415.2
-1405.0
-1292.3
-1212.2

136.2

AEeistat
-1283.0
-1324.7

-907.9
-1240.9
-1114.9
-1312.5
-1282.7
-1203.1
-1112.0
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150.3

AEoi
-368.9
-586.4
-539.4
-588.3
-599.6
-482.8
-371.5
-676.8
-640.0

100.4

AEoi
-601.3
-673.5
-815.4
-707.3
-821.5
-619.8
-602.2
-664.6
-646.2

94.9

AEoi
-640.5
-696.0
-874.5
-732.2
-863.4
-646.8
-641.1
-679.6
-668.2

102.2

Y%elstat
84.9
76.7
76.7
76.5
76.1
80.4
84.8
715
71.9

4.8

Y%elstat
70.0
67.8
56.3
65.6
60.2
69.5
70.0
66.0
65.2

4.7

Yoelstat
66.7
65.6
50.9
62.9
56.4
67.0
66.7
63.9
62.5

55

%oi
15.1
23.3
23.3
235
23.9
19.6
15.2
28.5
28.1

4.8

%o0i
30.0
32.2
43.7
34.4
39.8
30.5
30.0
34.0
34.8

4.7

%oi
33.3
34.4
49.1
37.1
43.6
33.0
33.3
36.1
375

55



BexTe

paths AEint AEpauli AEeistat AEoi Y%elstat %o0i
Path 1 -1561.3 247.0 -1099.1 -709.1 60.8 39.2
Path 2 -1561.3 352.7 -1180.4 -733.6 61.7 38.3
Path 3 -1561.3 112.9 -726.5 -947.7 43.4 56.6
Path 4 -1561.2 295.6 -1082.1 -774.7 58.3 41.7
Path 5 -1561.2 298.1 -927.5 -931.8 49.9 50.1
Path 6 -1561.2 288.7 -1157.5 -692.4 62.6 37.4
Path 7 -1561.3 247.2 -1098.9 -709.5 60.8 39.2
Path 8 -1561.3 214.5 -1070.3 -705.4 60.3 39.7
Path 9 -1561.3 114.7 -980.2 -695.8 58.5 41.5

0.0 75.3 159.8 108.6 6.4 6.4

Mg20:2

paths AEint AEpauli AEeistat AEoi Y%elstat %oi
Path 1 -1691.0 305.7 -1831.0 -165.7 91.7 8.3
Path 2 -1691.0 346.8 -1619.4 -418.4 79.5 20.5
Path 3 -1691.0 255.0 -1694.6 -251.4 87.1 12.9
Path 4 -1691.0 336.1 -1635.6 -391.4 80.7 19.3
Path 5 -1691.0 351.8 -1704.9 -337.9 83.5 16.5
Path 6 -1691.0 3114 -1684.6 -317.8 84.1 15.9
Path 7 -1691.0 305.7 -1823.9 -172.8 91.3 8.7
Path 8 -1691.0 253.6 -1475.5 -469.1 75.9 24.1
Path 9 -1691.0 207.2 -1483.8 -414.5 78.2 21.8

0.0 33.1 83.8 100.3 5.6 5.6

Mg:2S2

paths AEint AEpauli AEeistat AEoi Yoelstat %o0i
Path 1 -1399.5 267.2 -1396.7 -269.9 83.8 16.2
Path 2 -1399.5 307.7 -1277.2 -430.0 74.8 25.2
Path 3 -1399.5 183.0 -1190.1 -392.4 75.2 24.8
Path 4 -1399.5 294.7 -1265.1 -429.1 74.7 25.3
Path 5 -1399.5 313.1 -1266.5 -446.0 74.0 26.0
Path 6 -1399.5 275.2 -1313.8 -360.8 78.5 215
Path 7 -1399.5 267.2 -1394.1 -272.6 83.6 16.4
Path 8 -1399.5 230.4 -1217.1 -412.7 74.7 25.3
Path 9 -1399.5 163.1 -1194.9 -367.7 76.5 235

0.0 437 74.5 74.1 3.9 3.9
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Mg:2Se:
paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

Ba20O2
paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

BazSe:
paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

AEint
-1359.5
-1359.5
-1359.5
-1359.5
-1359.5
-1359.5
-1359.5
-1359.5
-1359.5

0.0

AEint
-1429.3
-1429.3
-1429.3
-1429.3
-1429.3
-1429.3
-1429.3
-1429.3
-1429.3

0.0

AEint
-1080.2
-1080.2
-1080.2
-1080.2
-1080.2
-1080.2
-1080.2
-1080.2
-1080.2

0.0

AEpauii
249.3
298.9
156.4
280.8
297.4
263.4
249.4
218.5
144.0

48.7

AEpauii
601.1
560.0
575.0
590.1
625.4
582.8
607.3
488.9
462.6

21.7

AEpauli
478.4
395.9
389.1
434.7
481.6
434.1
471.5
374.4
329.8

39.2

AEeistat
-1303.6
-1208.1
-1056.9
-1184.7
-1171.0
-1235.8
-1301.5
-1147.5
-1105.1

85.1

AEeistat
-1741.9
-1504.8
-1595.6
-1554.7
-1646.3
-1595.9
-1673.4
-1236.3
-1213.9
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78.5

AEeistat
-1351.3
-1132.1
-1153.5
-1183.6
-1255.0
-1214.7
-1326.0
-1092.7
-1055.3

84.1

AEoi
-305.2
-450.3
-459.0
-455.6
-485.8
-387.1
-307.4
-430.5
-398.3

75.1

AEoi
-288.6
-484.5
-408.8
-464.8
-408.4
-416.3
-363.2
-681.9
-678.1

65.0

AEoi
-207.2
-344.0
-315.8
-331.3
-306.8
-299.6
-231.7
-361.9
-354.7

51.5

Y%elstat
81.0
72.8
69.7
72.2
70.7
76.1
80.9
72.7
73.5

4.1

Y%elstat
85.8
75.6
79.6
77.0
80.1
79.3
82.2
64.5
64.2

7.5

Yelstat
86.7
76.7
78.5
78.1
80.4
80.2
85.1
75.1
74.8

4.1

%oi
19.0
27.2
30.3
27.8
29.3
23.9
19.1
27.3
26.5

4.1

%o0i
14.2
24.4
20.4
23.0
19.9
20.7
17.8
35.5
35.8

7.5

%oi
13.3
233
215
21.9
19.6
19.8
14.9
24.9
25.2

4.1



Ba:Te2
paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

B2N2

paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

B2P2

paths
Path 1
Path 2
Path 3
Path 4
Path 5
Path 6
Path 7
Path 8
Path 9

AEint
-1011.3
-1011.3
-1011.3
-1011.3
-1011.3
-1011.3
-1011.3
-1011.3
-1011.3

0.0

AEint
-4846.9
-4846.9
-4846.9
-4846.9
-4846.9
-4846.9
-4846.9
-4846.9
-4846.9

0.0

AEint
-4237.0
-4237.0
-4237.0
-4237.0
-4237.0
-4237.0
-4237.0
-4237.0
-4237.0

0.0

AEpauii
428.0
349.8
334.8
385.1
429.3
383.7
427.1
331.8
286.4

38.9

AEpauii
1907.6
1346.3
1392.6
1733.8
1789.0
1616.7
1907.6
1548.3
1364.5

229.4

AEpauli
613.1
899.3
200.9
681.1
674.0
690.1
613.4
478.1
2134
210.2

AEeistat
-1232.1
-1033.4
-1026.4
-1076.2
-1134.6
-1106.9
-1213.4
-1009.3

-970.0
81.4

AEeistat
-4867.2
-3670.7
-3770.7
-3850.4
-4528.1
-4027.3
-4866.4
-3071.4
-2685.2

517.8

AEeistat
-2266.3
-2733.4
-1205.3
-2465.5
-1798.1
-2634.7
-2266.2
-2424.1
-2192.3

532.9

S9

AEoi
-207.3
-327.8
-319.7
-320.2
-306.0
-288.1
-225.0
-333.9
-327.8

48.9

AEoi
-1887.3
-2522.5
-2468.8
-2730.3
-2107.8
-2436.3
-1888.1
-3323.9
-3526.2

331.2

AEoi
-2583.7
-2402.8
-3232.6
-2452.6
-3112.9
-2292.3
-2584.2
-2291.0
-2258.0

362.5

Y%elstat
85.6
75.9
76.3
77.1
78.8
79.3
84.4
75.1
74.7

3.9

Y%elstat
72.1
59.3
60.4
58.5
68.2
62.3
72.0
48.0
43.2

9.9

Yoelstat
46.7
53.2
27.2
50.1
36.6
53.5
46.7
51.4
49.3

8.7

%oi
14.4
24.1
23.7
22.9
21.2
20.7
15.6
24.9
25.3

3.9

%o0i
27.9
40.7
39.6
415
31.8
37.7
28.0
52.0
56.8

9.9

%oi
53.3
46.8
72.8
49.9
63.4
46.5
53.3
48.6
50.7

8.7



B2As:
paths
Path 1
Path 2
Path 3
Path 4
Path 5
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