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Computational Details 
 
Benchmark KS-DFT calculations 
 
We evaluated both geometries and electronic energies of all species using a series of KS-DFT functionals, namely 
BP86,[1] B3LYP,[2] PBE0,[3] M06-2X,[4] and wB97xD.[5] The geometries have been evaluated at the KS-DFT/def2-
SVP level, meanwhile electronic energies were evaluated using the def2-TZVPP basis set.[6] Dispersion corrections 
were included with the Grimme formalism D3,[7] and the Becke-Jonson damping function, when possible.[8] The 
stationary points were located with the Berny algorithm[9] using redundant internal coordinates. Analytical Hessians 
were computed to determine the nature of stationary points.[10] For the singlet open-shell solutions, we corrected 
the energies by using the (vertical) triplet spin-state solution and applying the spin-contamination correction pro-
posed by Yamaguchi.[11] The ground-state and the adiabatic singlet-triplet gaps obtained at each level are compiled 
in Table S1. Relative energies of all species at each stable spin-state multiplicity compiled in Tables S2-S3. All the 
aforementioned calculations have been performed with the Gaussian16.C01 package.[12] 
 
CASSCF calculations 
 
We performed single-point multiconfigurational calculations by the means of Complete Active Space Self-Con-
sistent Field (CASSCF) method in combination to the correlated consistent double-zeta basis set cc-pVDZ.[13] The 
geometries used were obtained at the B3LYP-D3(BJ)/def2-SVP level of theory. The chemically relevant orbitals 
have been selected and included within the active space. In particular, the active space size consists on10 electrons 
distributed within 10 active orbitals for the NHC-substituted compounds, or 10 electrons within 8 active orbitals for 
the cAAC-substituted compounds, or 4 electrons within 8 active orbitals for the NacNac-substituted ones, or 4 
electrons within 10 active orbitals for BeH2 and MgH2. The shape and symmetry of the active-space natural orbitals, 
together with its non-integer occupation, can be found in Figures S1-S17. The CASSCF calculations has been 
performed with the pySCF1.7 package.[14] 
 
Chemical bonding descriptors calculations 
 
Atom/fragment charges, bond orders, spin-resolved effective fragment orbitals (EFOs), effective oxidation states 
(EOS) and local spin analysis (LSA) have been obtained with the APOST-3D program,[15] using the topological 
fuzzy voronoi cells (TFVC) 3D-space atomic definition and a 40 x 146 atomic grid for numerical integration.  
The energy decomposition analysis (EDA) with the natural orbitals for chemical valence (NOCV) calculations on 
the optimized B3LYP-D3(BJ)/def2-SVP geometries were carried out with ADF 2019.103.[16] The basis sets for all 
elements have triple-ζ quality augmented by two sets of polarizations functions. The level of theory used were 
B3LYP-D3(BJ)/TZ2P.[17] Scalar relativistic effects have been incorporated by applying the zeroth-order regular ap-
proximation (ZORA).[18] 
 
SS-CASPT2 calculations 
 
For the smallest systems (Mg-NHCMe, Mg-cAACMe, Be-NHCMe and Be-cAACMe), we have performed SS-
CASPT2[19,20]/cc-pVDZ geometry optimizations using the cc-pVDZ-jkfit auxiliar basis set. The active spaces em-
ployed were the same as the ones used for the CASSCF//B3LYP-D3(BJ) calculations: (10,10) for the systems 
carrying NHCMe ligands and (10,8) for the one with cAACMe ligands. The natural orbitals included in the active space 
with the corresponding occupation numbers and the wavefunction CI coefficients are collected in Figures S44-S51. 
All the SS-CASPT2 calculations were carried out using BAGEL program[21]. 
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Local Spin Analysis (LSA) 
 
Let us analyze in the light of LSA a collinear system of three fragments depicted in Scheme S1. In the case of a 
singlet spin-state having one electron perfectly localized on each ligand, we would expect local spin values of <S2>f 
= 3/4 for each fragment and <S2>f = 0 for the central moiety. The fact that the spins are anti-ferromagnetically 
coupled is captured by the inter-fragment spin-coupling contribution of <S2>f-f’ =-3/4. The same situation in triplet 
state would lead to the same local spin values, but in this case the inter-fragment contribution would amount <S2>f-

f’ =+1/4, indicating parallel alignment of the spins (see Scheme S1b). 
 

 

Scheme S1. Representation of the E-L2 system local spin decomposition in an ideal singlet (a) and triplet (b) state 
diradical(oid)s with unpaired spins localized on the L fragments. 
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Table S1. Ground state multiplicity and adiabatic (spin-corrected) singlet-triplet (S-T) gap obtained using the se-
lected KS-DFT functionals. 

  Ground State Multiplicity ∆ES-T Gap (kcal/mol) 

System BP86 B3LYP PBE0 M06-2X wB97xD BP86 B3LYP PBE0 M06-2X wB97xD 

Mg-NHCMe CSS CSS CSS CSS CSS 8.9 10.9 7.8 7.5 12.1 

Mg-NHCDip CSS CSS CSS CSS CSS 9.8 13.3 11.1 0.9 14.2 

Mg-cAACMe CSS OSS OSS T OSS 5.1 3.3 3.2 -0.9 2.5 

Mg-cAACDip OSS OSS OSS T OSS 3.7 2.4 2.2 -0.7 1.5 

Be-NHCMe CSS CSS CSS T CSS 4.7 4.6 2.0 -3.4 2.1 

Be-NHCDip CSS CSS OSS T OSS 9.8 7.9 5.6 -5.5 9.0 

Be-cAACMe CSS OSS OSS OSS OSS 6.7 6.4 5.4 1.3 6.6 

Be-cAACDip CSS OSS OSS OSS OSS 8.4 8.5 8.1 4.0 6.9 

Be-NacNacMe CSS CSS CSS CSS CSS 27.1[b] 30.2[b] 29.5[b] 33.8[b] 30.5[b] 

Be-BDI* CSS CSS CSS CSS CSS 31.8[b] 35.7[b] 32.5[b] 29.3[b] 34.7[b] 

Mg-NacNacMe CSS CSS CSS CSS CSS 31.0[b] 38.3[b] 34.7[b] 37.6[b] 36.6[b] 

Mg-BDI* CSS CSS CSS CSS CSS 32.6[b] 39.2[b] 36.2[b] 47.8[b] 41.0[b] 

[a] CSS = closed-shell singlet, OSS = open-shell singlet, T = Triplet. [b] vertical singlet-triplet gap. 
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Table S2. Relative spin-corrected electronic energies for the CSS, OSS and T spin-states obtained using the se-
lected KS-DFT functionals. 

  Relative energies to the ground-state multiplicity (kcal/mol) 

System BP86 B3LYP PBE0 M06-2X wB97xD 

Mg-NHCMe 
0.0 (CSS)  

8.9 (T) 

0.0 (CSS)  

10.9 (T) 

0.0 (CSS)  

7.8 (T) 

0.0 (CSS)  

7.5 (T) 

0.0 (CSS)  

12.1 (T) 

Mg-NHCDip 
0.0 (CSS)  

9.8 (T) 

0.0 (CSS)  

13.3 (T) 

0.0 (CSS)  

11.1 (T) 

0.0 (CSS)  

0.9 (T) 

0.0 (CSS)  

14.2 (T) 

Mg-cAACMe 
0.0 (CSS)  

5.1 (T) 

0.9 (CSS)  

0.0 (OSS)  

3.3 (T) 

3.1 (CSS)  

0.0 (OSS)  

3.2 (T) 

1.9 (CSS)  

0.0 (OSS)  

-0.9 (T) 

5.6 (CSS)  

0.0 (OSS)  

2.5 (T) 

Mg-cAACDip 

3.7 (CSS)  

0.0 (OSS)  

3.7 (T) 

11.4 (CSS)  

0.0 (OSS)  

2.4 (T) 

14.0 (CSS)  

0.0 (OSS)  

2.2 (T) 

15.6 (CSS)  

0.0 (OSS)  

-0.7 (T) 

22.0 (CSS)  

0.0 (OSS)  

1.5 (T) 

Be-NHCMe 
0.0 (CSS)  

4.7 (T) 

0.0 (CSS)  

4.6 (T) 

0.0 (CSS)  

2.0 (T) 

0.0 (CSS)  

-3.4 (T) 

0.0 (CSS)  

2.1 (T) 

Be-NHCDip 
0.0 (CSS)  

9.8 (T) 

0.0 (CSS)  

7.9 (T) 

0.4 (CSS)  

0.0 (OSS) 

5.6 (T) 

2.2 (CSS)  

0.0 (OSS) 

-5.5 (T) 

5.5 (CSS)  

0.0 (OSS) 

9.0 (T) 

Be-cAACMe 
0.0 (CSS)  

6.7 (T) 

3.8 (CSS)  

0.0 (OSS) 

6.4 (T) 

5.7 (CSS)  

0.0 (OSS) 

5.4 (T) 

6.3 (CSS)  

0.0 (OSS) 

1.3 (T) 

9.9 (CSS)  

0.0 (OSS) 

6.6 (T) 

Be-cAACDip 
0.0 (CSS)  

8.4 (T) 

5.2 (CSS)  

0.0 (OSS) 

8.5 (T) 

7.1 (CSS)  

0.0 (OSS) 

8.1 (T) 

8.3 (CSS)  

0.0 (OSS) 

4.0 (T) 

11.5 (CSS)  

0.0 (OSS) 

6.9 (T) 

Be-NacNacMe[b] 
0.0 (CSS)  

27.1 (T) 

0.0 (CSS)  

30.2 (T) 

0.0 (CSS)  

29.5 (T) 

0.0 (CSS)  

33.8 (T) 

0.0 (CSS)  

30.5 (T) 

Be-BDI*[b] 
0.0 (CSS)  

31.8 (T) 

0.0 (CSS)  

35.7 (T) 

0.0 (CSS)  

32.5 (T) 

0.0 (CSS)  

29.3 (T) 

0.0 (CSS)  

34.7 (T) 

Mg-NacNacMe[b] 
0.0 (CSS)  

31.0 (T) 

0.0 (CSS)  

38.3 (T) 

0.0 (CSS)  

34.7 (T) 

0.0 (CSS)  

37.6 (T) 

0.0 (CSS)  

36.6 (T) 

Mg-BDI*[b] 
0.0 (CSS)  

32.6 (T) 

0.0 (CSS)  

39.2 (T) 

0.0 (CSS)  

36.2 (T) 

0.0 (CSS)  

47.8 (T) 

0.0 (CSS)  

41.0 (T) 

[a] CSS = closed-shell singlet, OSS = open-shell singlet, T = Triplet. [b] vertical singlet-triplet gap. 
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Table S3. Relative spin-uncorrected electronic energies for the CSS, OSS and T spin-states obtained using the 
selected KS-DFT functionals. 

  Relative energies to the ground-state multiplicity (kcal/mol) 

System BP86 B3LYP PBE0 M06-2X wB97xD 

Mg-NHCMe 
0.0 (CSS)  

8.9 (T) 

0.0 (CSS)  

10.9 (T) 

0.0 (CSS)  

7.8 (T) 

0.0 (CSS)  

7.5 (T) 

0.0 (CSS)  

12.1 (T) 

Mg-NHCDip 
0.0 (CSS)  

9.8 (T) 

0.0 (CSS)  

13.3 (T) 

0.0 (CSS)  

11.1 (T) 

0.0 (CSS)  

0.9 (T) 

0.0 (CSS)  

14.2 (T) 

Mg-cAACMe 
0.0 (CSS)  

5.1 (T) 

0.0 (CSS)  

0.0 (OSS)  

2.4 (T) 

0.6 (CSS)  

0.0 (OSS)  

0.7 (T) 

1.9 (CSS)  

0.0 (OSS)  

-0.9 (T) 

3.7 (CSS)  

0.0 (OSS)  

0.6 (T) 

Mg-cAACDip 

2.3 (CSS) 

0.0 (OSS)  

2.3 (T) 

10.3 (CSS)  

0.0 (OSS)  

1.3 (T) 

13.1 (CSS)  

0.0 (OSS)  

1.2 (T) 

15.9 (CSS)  

0.0 (OSS)  

-0.4 (T) 

21.3 (CSS) 

 0.0 (OSS)  

0.8 (T) 

Be-NHCMe 
0.0 (CSS)  

4.7 (T) 

0.0 (CSS)  

4.6 (T) 

0.0 (CSS)  

2.0 (T) 

0.0 (CSS)  

-3.4 (T) 

0.0 (CSS)  

2.1 (T) 

Be-NHCDip 
0.0 (CSS)  

9.8 (T) 

0.0 (CSS)  

7.9 (T) 

0.0 (CSS)  

0.0 (OSS) 

5.1 (T) 

0.9 (CSS)  

0.0 (OSS) 

-6.8 (T) 

1.7 (CSS)  

0.0 (OSS) 

5.1 (T) 

Be-cAACMe 
0.0 (CSS)  

6.7 (T) 

0.9 (CSS)  

0.0 (OSS)  

3.5 (T) 

2.1 (CSS)  

0.0 (OSS)  

1.7 (T) 

3.5 (CSS)  

0.0 (OSS)  

-1.4 (T) 

5.1 (CSS)  

0.0 (OSS)  

1.8 (T) 

Be-cAACDip 
0.0 (CSS)  

8.4 (T) 

1.8 (CSS)  

0.0 (OSS)  

5.1 (T) 

3.4 (CSS)  

0.0 (OSS)  

4.3 (T) 

5.5 (CSS)  

0.0 (OSS)  

1.3 (T) 

7.8 (CSS)  

0.0 (OSS)  

3.2 (T) 

Be-NacNacMe[b] 
0.0 (CSS)  

27.1 (T) 

0.0 (CSS)  

30.2 (T) 

0.0 (CSS)  

29.5 (T) 

0.0 (CSS)  

33.8 (T) 

0.0 (CSS)  

30.5 (T) 

Be-BDI*[b] 
0.0 (CSS)  

31.8 (T) 

0.0 (CSS)  

35.7 (T) 

0.0 (CSS)  

32.5 (T) 

0.0 (CSS)  

29.3 (T) 

0.0 (CSS)  

34.7 (T) 

Mg-NacNacMe[b] 
0.0 (CSS)  

31.0 (T) 

0.0 (CSS)  

38.3 (T) 

0.0 (CSS)  

34.7 (T) 

0.0 (CSS)  

37.6 (T) 

0.0 (CSS)  

36.6 (T) 

Mg-BDI*[b] 
0.0 (CSS)  

32.6 (T) 

0.0 (CSS)  

39.2 (T) 

0.0 (CSS)  

36.2 (T) 

0.0 (CSS)  

47.8 (T) 

0.0 (CSS)  

41.0 (T) 

[a] CSS = closed-shell singlet, OSS = open-shell singlet, T = Triplet. [b] vertical singlet-triplet gap. 
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Table S4. Geometrical parameters, central E atomic charges, Q(E), (E = Mg or Be), E-C and E-Mg bond orders 
(BOE-L), fragment and inter-fragment local spin (<S2>f and <S2>f1-f2), EOS results and global reliability index (R (%)) 
of the studied compounds in its ground state multiplicity and triplet state (in parenthesis).[a] 

E-L2 system dE-L [Å] 
BAL-E-L 

[°] 
Q(E) BOE-L <S2>E <S2>L <S2>L1-L2 E OS L OS R (%) 

Mg-NHCMe 
2.300 

(2.191) 
90.1 

(103.4) 
0.25 

(0.55) 
0.27 

(0.34) 
0.10 

(1.01) 
0.07 

(0.35) 
-0.02 
(0.02) 

0 
(0) 

0 
(0) 

100 
(56.5) 

Mg-NHCDip 
2.347 

(2.154) 
119.3 

(145.8) 
0.61 

(1.02) 
0.25 

(0.40) 
0.09 

(0.44) 
0.07 

(0.59) 
-0.02 
(0.11) 

0 
(+2) 

0 
(-1)[b] 

82.7 
(100) 

Mg-cAACMe 
2.174 

(2.060) 
107.8 

(169.5) 
0.60 

(1.28) 
0.35 

(0.51) 
0.12 

(0.14) 
0.10 

(0.72) 
-0.04 
(0.20) 

0 
(+2) 

0 
(-1) 

80.0 
(100) 

Mg-cAACDip 
2.040 

(2.044) 
178.9 

(179.1) 
1.34 

(1.36) 
0.45 

(0.44) 
0.08 

(0.08) 
0.68 

(0.76) 
-0.64 
(0.22) 

+2 
(+2) 

-1 
(-1) 

82.4 
(100) 

Mg-NacNacMe 2.917 180.0 0.06 0.76 0.12 0.10 -0.02 0 0 59.0 

Mg-BDI* 2.800 175.4 0.37 0.52 - - - 0 0 59.9 

Be-NHCMe 
1.639 

(1.649) 
179.9 

(180.0) 
1.10 

(1.08) 
0.56 

(0.54) 
0.06 

(0.33) 
0.14 

(0.66) 
-0.11 
(0.12) 

+2 
(+2) 

-1 
(-1) 

74.0 
(100) 

Be-NHCDip 
1.648 

(1.658) 
167.4 

(178.9) 
1.12 

(1.16) 
0.54 

(0.52) 
0.08 

(0.25) 
0.22 

(0.68) 
-0.18 
(0.15) 

+2 
(+2) 

-1 
(-1) 

73.8 
(100) 

Be-cAACMe 
1.634 

(1.644) 
176.4 

(176.0) 
1.17 

(1.25) 
0.56 

(0.53) 
0.07 

(0.16) 
0.30 

(0.70) 
-0.26 
(0.18) 

+2 
(+2) 

-1 
(-1) 

77.8 
(100) 

Be-cAACDip 
1.644 

(1.645) 
177.8 

(174.3) 
1.19 

(1.26) 
0.54 

(0.51) 
0.08 

(0.12) 
0.39 

(0.73) 
-0.35 
(0.20) 

+2 
(+2) 

-1 
(-1) 

78.9 
(100) 

Be-NacNacMe 2.541 180.0 -0.90 0.61 0.07 0.06 -0.02 -2 +1 86.7 

Be-BDI* 2.489 177.9 -0.42 0.51 - - - -2 +1 73.0 

[a] Charges, bond orders and EOS obtained at the CASSCF/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level (*BDI sys-
tems evaluated with B3LYP-D3(BJ)/def2-SVP) using the TFVC atomic definition. [b] Two pseudo-degenerated 
EFOs (in occupancy), one from each ligand. 
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Table S5. Dissociation energy (D0) values (in kcal/mol) of the studied compounds in two plausible fragmentation 
patters obtained at the B3LYP-D3(BJ)/def2-TZVPP//B3LYP-D3(BJ)/def2-SVP level.[a] Gas-phase, [b] using THF as 
solvent. 

E-L2 system D0 (E(0) + 2L(0))[a] D0 (E(+2) + 2L(-1))[a] D0 (E(0) + 2L(0))[b] D0 (E(+2) + 2L(-1))[b] 

Mg-NHCMe -18.2 -643.8 -11.0 -198.6 

Mg-NHCDip -25.2 -578.7 -22.5 -175.2 

Mg-cAACMe -29.7 -616.1 -21.7 -179.6 

Mg-cAACDip -42.7 -604.1 -37.0 -190.9 

Mg-NacNacMe -49.0 -572.3 -45.5 -166.1 

Mg-BDI* -63.9 -572.7 -59.5 -174.2 

Be-NHCMe -66.4 -796.3 -61.5 -317.4 

Be-NHCDip -75.0 -732.9 -69.5 -290.5 

Be-cAACMe -99.1 -789.9 -91.6 -317.8 

Be-cAACDip -107.4 -773.3 -100.3 -322.4 

Be-NacNacMe -70.0 -697.7 -64.8 -253.6 

Be-BDI* -83.9 -697.1 -79.0 -262.0 

 
 
Table S6. Dissociation energy (D0) values (in kcal/mol) of the studied compounds in two plausible fragmentation 
patters obtained at the M062X/def2-TZVPP//M062X/def2-SVP level.[a] Gas-phase, [b] using THF as solvent. 

E-L2 system D0 (E(0) + 2L(0))[a] D0 (E(+2) + 2L(-1))[a] D0 (E(0) + 2L(0))[b] D0 (E(+2) + 2L(-1))[b] 

Mg-NHCMe -15.5 -629.6 -8.6 -189.7 

Mg-NHCDip -18.6 -577.8 -16.3 -163.8 

Mg-cAACMe -28.3 -608.2 -24.9 -174.0 

Mg-cAACDip -39.0 -598.8 -33.8 -182.5 

Mg-NacNacMe -46.1 -566.4 -43.7 -158.6 

Mg-BDI* -48.7 -560.0 -44.6 -159.0 

Be-NHCMe -62.6 -780.3 -55.9 -304.7 

Be-NHCDip -69.9 -732.7 -64.0 -279.1 

Be-cAACMe -94.3 -777.8 -86.4 -303.2 

Be-cAACDip -102.5 -765.9 -95.2 -311.6 

Be-NacNacMe -66.9 -690.9 -62.6 -245.1 

Be-BDI* -68.3 -683.3 -63.1 -245.2 
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Table S7. Dissociation energy (D0) values (in kcal/mol) of the studied compounds in two plausible fragmentation 
patters obtained at the wB97xD/def2-TZVPP//wB97xD/def2-SVP level.[a] Gas-phase, [b] using THF as solvent. 

E-L2 system D0 (E(0) + 2L(0))[a] D0 (E(+2) + 2L(-1))[a] D0 (E(0) + 2L(0))[b] D0 (E(+2) + 2L(-1))[b] 

Mg-NHCMe -15.9 -613.2 -9.7 -174.4 

Mg-NHCDip -22.6 -587.5 -21.2 -185.2 

Mg-cAACMe -29.6 -598.1 -27.4 -165.2 

Mg-cAACDip -44.9 -592.7 -38.2 -175.2 

Mg-NacNacMe -55.1 -556.1 -51.3 -148.7 

Mg-BDI* -71.6 -561.8 -67.4 -159.4 

Be-NHCMe -55.3 -760.2 -51.0 -287.0 

Be-NHCDip -65.7 -738.2 -59.9 -295.2 

Be-cAACMe -92.8 -768.9 -84.8 -293.9 

Be-cAACDip -103.9 -759.2 -96.1 -304.4 

Be-NacNacMe -72.8 -681.3 -67.2 -236.0 

Be-BDI* -89.0 -686.8 -84.7 -248.0 
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Figure S1. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Mg-NHCMe obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S2. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Mg-NHCMe obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity.  
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Figure S3. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Mg-NHCDip obtained 
at the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S4. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Mg-NHCDip obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S5. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Mg-cAACMe obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S6. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Mg-cAACMe obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity.  
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Figure S7. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Mg-cAACDip obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S8. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Mg-cAACDip obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S9. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Be-NHCMe obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S10. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Be-NHCMe obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S11. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Be-NHCDip obtained 
at the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S12. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Be-NHCDip obtained 
at the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S13. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Be-cAACMe obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S14. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Be-cAACMe obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S15. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Be-cAACDip obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S16. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Be-cAACDip obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S17. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Be-NacNacMe ob-
tained at the CASSCF(4,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydro-
gen atoms were omitted for clarity. 
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Figure S18. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Be-NacNacMe obtained 
at the CASSCF(4,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S19. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Mg-NacNacMe ob-
tained at the CASSCF(4,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydro-
gen atoms were omitted for clarity. 
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Figure S20. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Mg-NacNacMe obtained 
at the CASSCF(4,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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Figure S21. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Be-H2 obtained at the 
CASSCF(4,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. 
 
  



 

 

S3 1 

 

 
σ (1.92) 

 
σ* (1.01) 

 
p (0.99) 

 
σ* (0.05) 

 
π* (0.01) 

 
σ (0.01) 

 
π (0.01) 

 
σ* (0.01) 

 
σ* (0.00) 

 
p (0.00) 

Figure S22. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Be-H2 obtained at the 
CASSCF(4,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. 
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Figure S23. Active-space natural orbitals with its occupancies (in e) for the singlet spin-state Mg-H2 obtained at 
the CASSCF(4,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. 
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Figure S24. Active-space natural orbitals with its occupancies (in e) for the triplet spin-state Mg-H2 obtained at the 
CASSCF(4,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. 
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CI Coefficients: (2222200000) = -0.9354, (2222020000) = 0.2355 

Figure S25. Active-space molecular orbitals and CI coefficients for the singlet spin-state Mg-NHCMe obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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CI Coefficients: (2222200000) = -0.9444, (2222002000) = 0.1636 

Figure S26. Active-space molecular orbitals and CI coefficients for the singlet spin-state Mg-NHCDip obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity. 
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CI Coefficients: (2222200000) = 0.9273, (2222020000) = -0.2400 

Figure S27. Active-space molecular orbitals and CI coefficients for the singlet spin-state Mg-cAACMe obtained at 
the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen at-
oms were omitted for clarity. 
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CI Coefficients: (2222200000) = -0.7667, (2222020000) = 0.6174 

Figure S28. Active-space molecular orbitals and CI coefficients for the singlet spin-state Mg-cAACDip obtained at 
the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen at-
oms were omitted for clarity. 
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CI Coefficients: (2222200000) = -0.9406, (2222020000) = 0.2083 

Figure S29. Active-space molecular orbitals and CI coefficients for the singlet spin-state Be-NHCMe obtained at the 
CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen atoms 
were omitted for clarity.  
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CI Coefficients: (2222200000) = 0.9283, (2222020000) = -0.2105, 
(2222020000/2222000200) = -0.1058, (2222000200/2222020000) = -0.1058, 

Figure S30. Active-space molecular orbitals and CI coefficients for the singlet spin-state Be-NHCDip obtained at 
the CASSCF(10,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen 
atoms were omitted for clarity.  
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CI Coefficients: (2222200000) = 0.9189, (2222020000) = -0.3409 

Figure S31. Active-space molecular orbitals and CI coefficients for the singlet spin-state Be-cAACMe obtained at 
the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen at-
oms were omitted for clarity.  
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CI Coefficients: (2222200000) = -0.8960, (2222020000) = 0.4094 

Figure S32. Active-space molecular orbitals and CI coefficients for the singlet spin-state Be-cAACDip obtained at 
the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. Hydrogen at-
oms were omitted for clarity.  
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CI Coefficients: (2200000000) = 0.9799 

Figure S33. Active-space molecular orbitals and CI coefficients for the singlet spin-state Be-H2 obtained at the 
CASSCF(4,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. 
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CI Coefficients: (2200000000) = 0.9774 

Figure S34. Active-space molecular orbitals and CI coefficients for the singlet spin-state Mg-H2 obtained at the 
CASSCF(4,10)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.05 a.u. 
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Figure S35. Relevant effective fragment orbitals (occupied in bold) for the singlet spin-state Mg-cAACMe obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.075 a.u. Hydrogen 
atoms were omitted for clarity.  
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Figure S36. Relevant effective fragment orbitals (occupied in bold) for the singlet spin-state Be-cAACMe obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.075 a.u. Hydrogen 
atoms were omitted for clarity. * Electron pair split between two pseudodegenerate (in occ.) EFOs.  
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Figure S37. Relevant effective fragment orbitals (occupied in bold) for the singlet spin-state Be-cAACDip obtained 
at the CASSCF(10,8)/cc-pVDZ//B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.075 a.u. Hydrogen 
atoms were omitted for clarity. * Electron pair split between two pseudodegenerate (in occ.) EFOs.   
  



 

 

S47  

 

 
0.510 

 
0.265 

 
0.372 

 
0.372 

Figure S38. Relevant effective fragment orbitals (occupied in bold) for the singlet spin-state Mg-BDI* obtained at 
the B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.075 a.u. Hydrogen atoms were omitted for clarity. 
* Electron pair split between two pseudodegenerate (in occ.) EFOs.   
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Figure S39. Relevant effective fragment orbitals (occupied in bold) for the singlet spin-state Be-BDI* obtained at 
the B3LYP-D3(BJ)/def2-SVP level of theory. Isocontour value of 0.075 a.u. Hydrogen atoms were omitted for clarity.  
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Table S8. EDA-NOCV of E-cAACDip (E = Be and Mg) at the B3LYP-D3(BJ)/TZ2P level of theory. The lowest ΔEorb-

corr is highlighted in bold. Energy values are given in kcal/mol.  

 Be-cAACDip Mg-cAACDip 

E-L2 system 
Be0(1D, 2s02p2); 
(cAAC)2 (CSS) 

Be2+(1S, 2s02p0); 
(cAAC)2

2- (OSS) 
Mg0 (1D, 3s03p2); 
(cAAC)2 (CSS) 

Mg2+ (1S, 3s03p0); 
(cAAC)2- (OSS) 

ΔEint -287.1 -847.9 -222.6 -647.2 

ΔEPauli 157.4 105.8 197.1 98.4 

ΔEdisp
[a] -10.5 (2.4%) -10.5 (1.1%) -16.1 (3.8%) -16.1 (2.1%) 

ΔEelstat
[a] -202.6 (45.6%) -449.4 (52.4%) -210.7 (50.2%) -466.8 (60.4%) 

ΔEorb -231.4 -401.4 -193.0 -241.6 

ΔEorb-HF 0.0 -42.4 -0.1 -48.2 

ΔEorb-corr
[a] -231.4 (52.1%) -443.8 (46.5%) -193.0 (46.0%)) -289.8 (37.5%) 

ΔEorb-σ(+,+)
[b] -18.3 (7.9%) -45.7 (10.3%) -13.8 (9.8%) -41.9 (14.4%) 

ΔEorb-σ(+,-)
[b] -51.9 (22.4%) -90.3 (20.3%) -18.6 (9.7%) -28.4 (9.8%) 

ΔEorb-π
[b] -150.7 (65.1%) -211.6 (47.7%) -152.0 (78.7%) -119.5 (41.2%) 

ΔEorb-rest
[b] -10.4 (4.5%) -53.9 (12.1%) -8.6 (4.4%) -51.8 (17.9%) 

<S2> 0.571 0.571 0.942 0.942 

[a] The value in parenthesis gives the percentage contribution to the total attractive interactions ΔEelstat + ΔEorb + ΔEdisp. [b] The values in parenthesis gives the 

percentage contribution to the total orbital interaction ΔEorb-corr.  
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 Be0(1D) (cAAC)2 (CSS) 

   

ΔEorb-π = -150.7 ; |υαβ|= 1.5 
HOMO = -3.31 eV 

υα= -0.75; υβ= -0.74 

LUMO = -0.64 eV 

υα= +0.49 ; υβ= +0.44 

   

ΔEorb-σ(+,-) = -51,9; |υαβ|=0.5 
LUMO+5 =36.11 eV 

υα= +0.16; υβ= +0.17 

HOMO=-4.10 eV 

υα= -0.20; υβ= -0.20 

   

ΔEorb-σ(+,+) = -18.3 ; |υαβ|=0.3 
LUMO+1=13.22 eV 

υα= +0.10; υβ= +0.10 

HOMO-1=-5.29 eV 

υα= -0.18; υβ= -0.18 

Figure S40. Plot of deformation densities ∆ρ (isovalue = 0.003) of the pairwise orbital interactions between Be0(1D, 
2s02p2) and cAACDip within Be-cAACDip, associated energies ∆E (in kcal/mol) and eigenvalues ν (in a.u.). The red 
colour shows the charge outflow, whereas blue shows charge density accumulation. Shape of the most important 
interacting occupied and vacant orbitals (isovalue = 0.05) of the fragments. The fragment molecular orbitals the 
occupied orbitals are shown in blue and yellow, while virtual orbitals are in cyan and pale yellow. Hydrogen atoms 
are omitted for clarity. 
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 Be+2(1S) (cAAC)2
-2 (OSS) 

 
  

ΔEorb-π *=-221.6 ; |υαβ|= 1.8 
LUMO = -6.89 eV 

υα= +0.20; υβ= +0.22 

HOMO = 3.97 eV 

υα= -0.84; υβ= -0.84 

   

ΔEorb-σ(+,-)  = -90.3; |υαβ|=0.5 
LUMO = -6.89 eV 

υα= +0.21; υβ= +0.21 

HOMO-1 = 1.37  eV 

υα= -0.21; υβ= -0.21 

   

ΔEorb-σ(+,+) =-45.7; |υαβ|=0.4 
LUMO = -7.64 eV 

υα= +0.19; υβ= +0.19 

HOMO-2 = 0.17 eV 

υα=-0.19; υβ=-0.19 

Figure S41. Plot of deformation densities ∆ρ (isovalue = 0.003) of the pairwise orbital interactions between Be+2(1S, 
2s02p0) and (cAACDip)2

2- within Be-cAACDip, associated energies ∆E (in kcal/mol) and eigenvalues ν (in a.u.). The 
red colour shows the charge outflow, whereas blue shows charge density accumulation. Shape of the most im-
portant interacting occupied and vacant orbitals (isovalue = 0.05) of the fragments. The fragment molecular orbitals 
the occupied orbitals are shown in blue and yellow, while virtual orbitals are in cyan and pale yellow. Hydrogen 
atoms are omitted for clarity.* ΔEorb-π has high intrafragment polarization contributions.  
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 Mg0(1D) (cAAC)2 (CSS) 

   

ΔEorb-π = -152.0; |υαβ|=1.7 
HOMO = -2.44 eV 

υα= -0.86; υβ= -0.86 

LUMO = -0.67eV 

υα= +0.46; υβ=+0.47 

   

ΔEorb-σ(+,+)  = -18.6; |υαβ|=0.4 
LUMO = -0.60 eV 

υα= +0.19; υβ= +0.19 

HOMO-1 =-5.15 eV 

υα= -0.23; υβ= -0.23 

 
  

ΔEorb-σ(+,-) = -13.8; |υαβ|=0.3 
LUMO +2= 7.42 eV 

υα= +0.12; υβ= +0.12 

HOMO = -4.75 eV 

υα= -0.16; υβ= -0.16 

Figure S42. Plot of deformation densities ∆ρ (isovalue = 0.003) of the pairwise orbital interactions between Mg0 

(1D, 3s04p2) and (cAACDip)2 within Mg-cAACDip, associated energies ∆E (in kcal/mol) and eigenvalues ν (in a.u.). 
The red colour shows the charge outflow, whereas blue shows charge density accumulation. Shape of the most 
important interacting occupied and vacant orbitals (isovalue = 0.05) of the fragments. The fragment molecular or-
bitals the occupied orbitals are shown in blue and yellow, while virtual orbitals are in cyan and pale yellow. Hydrogen 
atoms are omitted for clarity. 
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 Mg+2(1S) (cAAC)2
-2 (OSS) 

 
  

ΔEorb-π = -119.5 ; |υαβ|= 1.8 
LUMO +1 = -0.47 eV 

υα= +0.11; υβ= +0.11 

HOMO = 0.15 eV 

υα=-0.83; υβ=-0.83 

 
  

ΔEorb-σ(+,+) = -41.9; |υαβ|=0.4 
LUMO = -0.67 eV 

υα= +0.25; υβ= +0.25 

HOMO-2 = 0.01 eV 

υα=-0.23; υβ=-0.23 

   

ΔEorb-σ(+,-)  = -28.4; |υαβ|=0.3 
LUMO+1 = -0.47 eV 

υα= +0.18; υβ= +0.18 

HOMO-1 = 0.03 eV 

υα=-0.16; υβ=-0.16 

Figure S43. Plot of deformation densities ∆ρ (isovalue = 0.003) of the pairwise orbital interactions between Mg+2(1S, 
3s03p2) and (cAACDip)2

-2 within Mg-cAACDip, associated energies ∆E (in kcal/mol) and eigenvalues ν (in a.u.). The 
red colour shows the charge outflow, whereas blue shows charge density accumulation. Shape of the most im-
portant interacting occupied and vacant orbitals (isovalue = 0.05) of the fragments. The fragment molecular orbitals 
the occupied orbitals are shown in blue and yellow, while virtual orbitals are in cyan and pale yellow. Hydrogen 
atoms are omitted for clarity. * ΔEorb-π has high intrafragment polarization contributions. 
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Table S9. Central element (E) atomic charges and EOS results for a selected variety of Hilbert- and real-space 
atomic definitions. Wavefunctions evaluated (singlet spin-state) at the CASSCF/cc-pVDZ//B3LYP-D3(BJ)/def2-
SVP level of theory.  

Be-NHCMe E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.670 0.455 0.276 0 0 67.8 

NAO 1.193 0.195 0.414 2 -1 71.9 

QTAIM 1.496 0.119 0.437 2 -1 81.8 

TFVC 1.099 0.141 0.382 2 -1 74.0 

Mg-NHCMe E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.743 0.828 0.061 0 0 100.0 

NAO 0.141 0.853 0.059 0 0 100.0 

QTAIM 0.196 0.760 0.093 0 0 100.0 

TFVC 0.252 0.631 0.112 0 0 100.0 

Be-cAACMe E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.470 0.369 0.334 0 0 53.6 

NAO 1.350 0.205 0.455 2 -1 75.0 

QTAIM 1.585 0.088 0.456 2 -1 86.9 

TFVC 1.167 0.133 0.411 2 -1 77.8 

Mg-cAACMe E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.753 0.749 0.106 0 0 99.6 

NAO 0.359 0.751 0.120 0 0 100.0 

QTAIM 0.391 0.655 0.153 0 0 100.0 

TFVC 0.602 0.489 0.188 0 0 80.0 
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Table S10. Central element (E) atomic charges and EOS results for a selected variety of Hilbert- and real-space 
atomic definitions. Wavefunctions evaluated at the B3LYP/def2-TZVPP//B3LYP-D3(BJ)/def2-SVP level of theory. 
SCS = Singlet closed-shell, OSS = Singlet open-shell 

Be-NHCMe (SCS) E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.224 0.383 0.316 0 0 56.7 

NAO 1.178 0.203 0.403 2 -1 70.1 

QTAIM 1.483 0.123 0.442 2 -1 81.9 

TFVC 1.118 0.138 0.387 2 -1 74.9 

Mg-NHCMe (SCS) E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.333 0.731 0.137 0 0 100.0 

NAO 0.351 0.813 0.110 0 0 100.0 

QTAIM 0.394 0.712 0.151 0 0 100.0 

TFVC 0.510 0.591 0.165 0 0 92.6 

Be-cAACMe (SOS) E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.069 0.292 0.598 2 -1 80.6 

NAO 1.403 0.196 0.748 2 -1 100.0 

QTAIM 1.567 0.087 0.736 2 -1 100.0 

TFVC 1.157 0.130 0.678 2 -1 100.0 

Mg-cAACMe (SOS) E Charge E EFO occ. L EFO occ. E OS L OS R (%) 

LOWDIN -0.128 0.528 0.346 0 0 68.2 

NAO 0.854 0.559 0.360 0 0 69.9 

QTAIM 0.825 0.482 0.387 0 0 59.5 

TFVC 0.851 0.392 0.391 0 0 50.1 
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Table S11. Geometrical parameters and relative energies (ΔE, in kcal/mol) of the studied compounds at SS-
CASPT2/cc-pVDZ level in its ground state multiplicity and triplet state (in parenthesis). 

System dE-L [Å] BAL-E-L [°] ΔE 

Mg-NHCMe 
 2.465 
(2.234) 

86.4 
(99.0) 

0.0 
(8.7) 

Be-NHCMe 
1.664 

(1.664) 
179.9  

(180.0) 
0.0 

(-1.3) 

Be-cAACMe 
1.662 

(179.7) 
 1.666 
(175.9) 

0.0 
(5.8) 
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(1.98) 

 
(1.98) 

 
(1.97) 

 
(1.96) 

 
(1.86) 

 
(0.14) 

 
(0.04) 

 
(0.04) 

 
(0.02) 

 
(0.01) 

CI Coefficients: (2222200000) = 0.9376, (2222020000) = -0.2536 

Figure S44. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the singlet spin-
state Mg-NHCMe obtained at the CASSCF(10,10)/cc-pVDZ//SS-CASPT2(10,10)/cc-pVDZ level of theory. Isocon-

tour value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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(1.98) 

 
(1.97) 

 
(1.97) 

 
(1.97) 

 
(1.00) 

 
(1.00) 

 
(0.04) 

 
(0.03) 

 
(0.02) 

 
(0.01) 

CI Coefficients: (2222110000) = 0.9714, (2202112000) = -0.054 

Figure S45. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the triplet spin-
state Mg-NHCMe obtained at the CASSCF(10,10)/cc-pVDZ//SS-CASPT2(10,10)/cc-pVDZ level of theory. Isocon-

tour value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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(1.99) 

 
(1.99) 

 
(1.95) 

 
(1.95) 

 
(1.84) 

 
(0.158) 

 
(0.05) 

 
(0.05) 

CI Coefficients: (22222000) = -0.9356, (22220200) = 0.267 

Figure S46. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the singlet spin-
state Mg-cAACMe obtained at the CASSCF(10,8)/cc-pVDZ//SS-CASPT2(10,8)/cc-pVDZ level of theory. Isocontour 

value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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(1.99) 

 
(1.99) 

 
(1.98) 

 
(1.95) 

 
(1.00) 

 
(1.00) 

 
(0.05) 

 
(0.02) 

CI Coefficients: (22221100) = 0.9809, (22201120) = -0.1570 

Figure S47. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the triplet spin-
state Mg-cAACMe obtained at the CASSCF(10,8)/cc-pVDZ//SS-CASPT2(10,8)/cc-pVDZ level of theory. Isocontour 

value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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(1.99) 

 
(1.98) 

 
(1.98) 

 
(1.97) 

 
(1.86) 

 
(0.14) 

 
(0.03) 

 
(0.03) 

 
(0.01) 

 
(0.01) 

CI Coefficients: (2222200000) = -0.9457, (2222020000) = 0.2252, (2202220000) = 0.0544 

Figure S48. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the singlet spin-
state Be-NHCMe obtained at the CASSCF(10,10)/cc-pVDZ//SS-CASPT2(10,10)/cc-pVDZ level of theory. Isocontour 
value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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(1.98) 

 
(1.98) 

 
(1.98) 

 
(1.97) 

 
(1.00) 

 
(1.00) 

 
(0.03) 

 
(0.02) 

 
(0.02) 

 
(0.01) 

CI Coefficients: (2222110000) = -0.9742 

Figure S49. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the triplet spin-
state Be-NHCMe obtained at the CASSCF(10,10)/cc-pVDZ//SS-CASPT2(10,10)/cc-pVDZ level of theory. Isocontour 
value of 0.05 a.u. Hydrogen atoms were omitted for clarity.  
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(2.00) 

 
(2.00) 

 
(1.99) 

 
(1.97) 

 
(1.69) 

 
(0.03) 

 
(0.02) 

 
(0.01) 

CI Coefficients: (22222000) = -0.9106, (2222020000) = 0.3780, (22202020) = 0.0659 

Figure S50. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the singlet spin-
state Be-cAACMe obtained at the CASSCF(10,8)/cc-pVDZ//SS-CASPT2(10,8)/cc-pVDZ level of theory. Isocontour 
value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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(2.00) 

 
(2.00) 

 
(1.99) 

 
(1.99) 

 
(1.00) 

 
(1.00) 

 
(0.02) 

 
(0.01) 

CI Coefficients: (22221100) = 0.9927, (22201120) = -0.0554 

Figure S51. Active-space molecular orbitals with their occupancies (in e) and CI coefficients for the triplet spin-
state Be-cAACMe obtained at the CASSCF(10,8)/cc-pVDZ//SS-CASPT2(10,8)/cc-pVDZ level of theory. Isocontour 
value of 0.05 a.u. Hydrogen atoms were omitted for clarity. 
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Figure S52. Potential energy surfaces (dissociation of the E-C bond) for Be-cAACMe, Be-NHCMe, Mg-cAACMe and 
Mg-NHCMe at the B3LYP-D3(BJ)/def2-TZVPP//B3LYP-D3(BJ)/def2-SVP level of theory. 
 

 
Figure S53. Potential energy surfaces (C-E-C bending) for Be-cAACMe and Mg-cAACMe at the B3LYP-
D3(BJ)/def2-TZVPP//B3LYP-D3(BJ)/def2-SVP level of theory. 
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