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1 (Geometries of polyatomic molecules

rc_c [A]  Atom type Coordinates [A]
X y z
0.8r¢ 0.61273949  0.00000000  0.00000000

-0.61273949  0.00000000 -0.00000000
-1.08941150 -1.00326048 -0.00000000
1.08941150 -0.50119911 -0.86908571
1.08941150  1.00326037 -0.00000000
-1.08941150 0.50119911  0.86908571
-1.08941150 0.50119911 -0.86908571
1.08941150 -0.50119911 0.86908571

1.0r¢ 0.76592436  0.00000000  0.00000000
-0.76592436  0.00000000  0.00000000
-1.16726310 -1.02425417 -0.00000024
1.16705857 -0.51224615 -0.88703897
1.16726310  1.02425418  0.00000000
-1.16705864  0.51224601  0.88703905
-1.16705857  0.51224637 -0.88703885
1.16705865 -0.51224622 0.88703893
1.5r¢ 1.14865222  0.00000000  0.00000000
-1.14865222  0.00000000  0.00000000
1.38086246 -1.06476998  0.00000000
1.38086246  0.53238501 -0.92211790
1.38086246  0.53238501  0.92211790
-1.38086246 -0.53238501  0.92211790
-1.38086246 -0.53238501 -0.92211790
-1.38086246 1.06476998 -0.00000000
2.0r, 1.53153629  0.00000000  0.00000000

-1.53153629  0.00000000  0.00000000
-1.63161159 -1.08214099  0.00000000
1.63161159 -0.54105997 -0.93714346
1.63161159  1.08214099  0.00000000
-1.63161159  0.54105997  0.93714346
-1.63161159  0.54105997 -0.93714346
1.63161159 -0.54105997 0.93714346
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Table I: Optimized structures of the CoHg molecule at different C—-C distances (ro = 1.53 A).



rc_c [A]  Atom type Coordinates [A]

X vy v/
0.534800  0.000000  0.000000
-0.534800  0.000000  0.000000
-1.164905 0.903858 0.000000
-1.164905 -0.903858 0.000000
1.164905 -0.903858 0.000000
1.164905  0.903858  0.000000
0.667370  0.000000 0.000000
-0.667370  0.000000  0.000000
-1.239473  0.930284  0.000000
-1.239473 -0.930284 0.000000
1.239473  -0.930284  0.000000
1.239473  0.930284  0.000000
1.002750  0.000000  0.000000
-1.002750  0.000000  0.000000
-1.470025 0.979073  0.000000
-1.470025 -0.979073 0.000000
1.470025 -0.979073 0.000000
1.470025  0.979073  0.000000
1.337000  0.000000  0.000000
-1.337000  0.000000  0.000000
-1.738106  1.007229  0.000000
-1.738106 -1.007229  0.000000
1.738106 -1.007229 0.000000
1.738106  1.007229  0.000000

0.8r¢

1.0r,

1.51,

2.0r,
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Table II: Optimized structures of the CoHy molecule at different C—C distances (r, = 1.34 A)



rc_c [A]  Atom type Coordinates [A]
X y V/
0.8r¢ C -0.00000000  0.00000000  0.48298725
C 0.00000000  0.00000000 -0.48298725
H 0.00000000  0.00000000 -1.55033942
H -0.00000000  0.00000000  1.55033942
1.0r¢ C 0.00000000  0.00000000 -0.60373406
C 0.00000000  0.00000000  0.60373406
H 0.00000000  0.00000000  1.67487239
H 0.00000000  0.00000000 -1.67487239
1.51, C -0.00000000  0.00000000 -0.90561822
C 0.00000000  0.00000000  0.90561822
H 0.00000000 -0.00000000  1.99229169
H -0.00000000  0.00000000 -1.99229168
2.0r¢ C -0.00000000  0.00000000 -1.20749096
C 0.00000000  0.00000000  1.20749096
H -0.00000000  0.00000000  2.11784630
H 0.00000000 -0.00000000 -2.11784630

Table III: Optimized structures of the CoHy molecule at different C-C distances (r, = 1.21 A)

rsi_si [A]  Atom type Coordinates [A]
X y v/
0.8r¢ Si -0.84496638  0.00000000  -0.00000000
Si 0.84496638  0.00000000  0.00000000
H 2.08304824 -0.81409388 -0.00000000
H -2.08304824  0.81409388  -0.00000002
1.0re Si 1.05607735  -0.00000000  0.00000000
Si -1.05607735  0.00000000  0.00000000
H 1.89054607 -1.25179182  0.00000000
H -1.89054607 1.25179182  0.00000000
1.65r, Si -1.74308565 -0.01023861  0.00000000
Si 1.74308565  0.01023861  0.00000000
H -1.69429085  1.53446943  0.00000000
H 1.69429085 -1.53446943  0.00000000
2.0r¢ Si -2.11286754  0.00000000  0.00000000
Si 2.11286754  0.00000000  0.00000000
H -2.02557026  1.54248876  -0.00000002
H 2.02557025 -1.54248875  0.00000000

Table IV: Optimized structures of the SioHy molecule at different Si-Si distances (r, = 2.11 A)



rsi_si [A]  Atom type Coordinates [A]
X v z
0.81, Si -0.00000000  0.00000000 -0.85945352
Si 0.00000000  0.00000000  0.85945352
H -1.23738955  0.00000000  1.69547955
H 1.23738955  0.00000000  1.69547955
H 1.23738955  0.00000000 -1.69547954
H -1.23738955  0.00000000 -1.69547954
1.0re Si 0.00000000  0.00000000  1.07440747
Si -0.00000000  0.00000000 -1.07440747
H 1.26115194  0.00000000 -1.86009294
H -1.26115194  0.00000000 -1.86009294
H -1.26115194  0.00000000  1.86009295
H 1.26115194  0.00000000  1.86009295
1.51¢ Si 0.00000000  -0.00000000 1.61237364
Si 0.00000000  0.00000000 -1.61237364
H 1.29076726  0.00000000 -2.35236462
H -1.29076726  0.00000000 -2.35236462
H -1.29076726  -0.00000000  2.35236462
H 1.29076726  -0.00000000  2.35236462

Table V: Optimized structures of the SipH, molecule at different Si-Si distances (r, = 2.15 A).

rc_p [A]  Atom type Coordinates [A]
X y z
0.81¢ C 0.00000000  0.00000000  0.61976528
P -0.00000000  0.00000000 -0.61976528
H 0.00000000  0.00000000  1.69695869
1.0r¢ C 0.00000000  0.00000000  0.77470660
P 0.00000000  0.00000000 -0.77470660
H 0.00000000  0.00000000  1.85714243
1.51¢ C 0.00000000  0.00000000  1.16184630
P -0.00000000 -0.00000000 -1.16184630
H -0.00000001 -0.00000000 2.26691544
2.0re C 0.00000000  0.00000000  1.54912840
P -0.00000000  0.00000000 -1.54912840
H -0.00000000 -0.00000001  2.67436143

Table VI: Optimized structures of the HCP molecule at different C-P distances (r, = 1.55 A).



2 Convergence of DMRG energies with respect to the num-
ber of block states (m).

In the following, the notation DMRG(x,y)[Mumax, Mmin, Mstars, X] indicates that z electrons are corre-
lated in y orbitals, the minimal and maximal number of active-system states was set to mpy;, and
Mmax, respectively, while the minimal number of active-system states during the initialization pro-
cedure was set t0 Mgare. x 1S the quantum information loss and represents the truncation condition
for the selection procedure of the number of renormalized active-system states.

Method E /Hartree

0.8r, A 1.0r, A 1.5r, A 2.0r, A
UHF —79.177120 —79.259002 —79.153173 —79.062759
CAS(14,14)SCF —79.316523 —79.411086 —79.329205 —79.277434

DMRG(14,28)
[1024,256,1024,107°]  —79.354788 —79.455364 —79.374872 —79.324648

Ecorr —0.177668  —0.196362  —0.221699  —0.261889
Liot 1.8890 2.0416 2.4438 3.0771
[2048,512,2048,107°]  —79.355206 —79.455836 —79.375378 —79.325169
Ecorr —0.178086  —0.196834  —0.222205  —0.262410
Lot 1.9045 2.0588 2.4638 3.0983

Table VII: Energies in Hartree atomic units and total single-orbital entropies of the CoHg molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at 1o = 1.53 A.

Method E/Hartree

0.8rc A 1.0re A 1.5re A 2.0r, A
UHF —77.942930 —78.062996 —77.530114 —77.596221
CAS(14,14)SCF —78.061880 —78.186150 —78.034195 —77.935887

DMRG(14,28)
[1024,256,1024,107°]  —79.115652 —79.255367 —79.112357 —79.018001

Ecorr —1.172722  —1.192371  —1.582243  —1.421780
Liot 1.7945 2.0759 3.3067 5.1610
[2048,512,2048,107°]  —79.115692 —79.255427 —79.112509 —79.018234
Ecorr —1.172762  —1.192431  —1.582395  —1.422013
Lot 1.7958 2.0781 3.3136 5.1739

Table VIII: Energies in Hartree atomic units and total single-orbital entropies of the CoHy molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at t, = 1.34 A.



Method E/Hartree

0.8r, A 1.0r, A 1.5r, A 2.0r, A
UHF —76.690311 —76.848563 —76.503077 —75.919227
CAS(10,10)SCF —76.808500 —76.997435 —76.771656 —76.578940

DMRG(10,28)
[1024,256,1024,107°] —76.839398 —77.037885 —76.826730 —76.626680

Ecorr —0.149087  —0.189322  —0.323653  —0.707453
Liot 1.4317 2.0146 4.5505 7.6363
[1024,512,1024,107°] —76.839434 —77.037919 —76.826755 —76.626698
Ecorr —0.149123  —0.189356  —0.323678  —0.707471
Lot 1.4326 2.0154 4.5515 7.6367

Table IX: Energies in Hartree atomic units and total single-orbital entropies of the CyHs molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at T, = 1.21 A.

Method E /Hartree

0.8r, A 1.0r, A 1.5r, A 2.0r, A
UHF —75.248387 —75.401792 —75.213910 —74.889789
CAS(8,8)SCF —75.473535 —75.638802 —75.448470 —75.375017
DMRG(8,26)
[1024,256,1024,107°] —75.480802 —75.648031 —75.483715 —75.416682
Ecorr —0.232415  —0.246239  —0.269805  —0.526893
Tiot 2.7257 3.3210 4.7453 5.6009
[2048,512,2048,107°]  —75.480831 —75.648068 —75.483756 —75.416743
Ecorr —0.232444  —0.246276  —0.269846  —0.526954
Lot 2.7271 3.3229 4.7477 5.6028

Table X: Energies in Hartree atomic units and total single-orbital entropies of the Cy molecule for
different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations at
ro =1.24 A.



Method E/Hartree

0.8r, A 1.0r, A 1.65r, A 2.0r, A
UHF —578.818710 —578.907067 —578.878204 —578.739233
CAS(10,10)SCF —578.908649 —579.025449 —578.974265 —578.935304

DMRG(10,25)
[1024,256,1024,107°] —578.946088 —579.054791 —579.007412 —578.969327

Ecorr —0.127378 —0.147724 —0.129208 —0.230094
Liot 2.1644 2.6518 4.4534 3.5258
[1024,512,1024,107°]  —578.946097 —579.054801 —579.007418 —578.969341
Ecorr —0.127387 —0.147734 —0.129214 —0.230108
Liot 2.1651 2.6526 4.4565 3.5266

Table XI: Energies in Hartree atomic units and total single-orbital entropies of the Si;Hs molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at T, = 2.11 A.

Method E /Hartree

0.8r, A 1.0r, A 1.5r, A
UHF —580.026571 —580.140382 —579.884021
CAS(12,12)SCF —580.114218 —580.240374 —580.143295

DMRG(12,28)
[1024,256,1024,107°]  —580.138365 —580.263966 —580.164916

Ecorr ~0.111794  —0.123584  —0.280895
Lot 1.8496 2.1695 4.0600
[1024,512,1024,107°] —580.138395 —580.263978 —580.164927
Ecorr —0.111824  —0.123596  —0.280906
Tiot 1.8509 2.1700 4.0606

Table XII: Energies in Hartree atomic units and total single-orbital entropies of the SisH4 molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at 1o = 2.15 A.



Method E /Hartree

0.8r, A 1.0r, A 1.5r, A 2.0r, A
UHF —378.407960 —378.543563 —378.319075 —378.235245
CAS(10,8)SCF —378.492276 —378.648753 —378.507568 —378.436728

DMRG(10,26)
[1024,256,1024,107°]  —378.609447 —378.773925 —378.645700 —378.576908

Ecorr —0.201487 —0.230362 —0.669612 —0.341663
Tiot 2.0007 2.6398 5.6175 8.5429
[1024,512,1024,107°] —378.609477 —378.773945 —378.645720 —378.576924
Ecorr —0.201517 —0.230382 —0.669632 —0.341679
Lot 2.0018 2.6406 5.6179 8.5429

Table XIII: Energies in Hartree atomic units and total single-orbital entropies of the [CP]™ molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at 1, = 1.62 A.

Method E /Hartree

0.8r, A 1.0r, A 1.5r, A 2.0r, A
UHF —378.988230 —379.126068 —378.882948 —378.759870
CAS(10,15)SCF —379.092148 —379.323934 —379.120606 —379.030103

DMRG(10,26)
[1024,256,1024,107°] —379.162320 —379.360337 —379.204213 —379.120357

Ecorr —0.174090  —0.234269  —0.321265  —0.360487
Lot 2.4929 3.0015 5.5609 8.0375
[1024,512,1024,1075] —379.162341 —379.360354 —379.204229 —379.120372
Eeorr 0174111  —0.234286  —0.321281  —0.360502
Lot 2.4942 3.0024 5.5619 8.0378

Table XIV: Energies in Hartree atomic units and total single-orbital entropies of the HCP molecule
for different inter-atomic distances for unrestricted Hartree-Fock, CASSCF and DMRG calculations
at r, = 1.55 A.
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3 Additional entanglement diagrams
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Figure  1: Mutual  information  and  single  orbital  entropies  s(1);  for

DMRG(14,28)[1024,512,1024,1075] calculations for the CyHg molecule at different inter-atomic
distances. The orbitals are numbered and sorted according to their (CASSCF) natural occupation
numbers. Strongly entangled orbitals are shown on the right-hand side. Each orbital index in
the s(1); diagram indicates one molecular orbital and corresponds to the same natural orbital as
numbered in the mutual information plot (starting of index 1 and proceeding clockwise).
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2: Mutual  information and  single  orbital  entropies

for
DMRG(12,28)[1024,512,1024,1075] calculations for the CyH, molecule at different inter-atomic
distances. The orbitals are numbered and sorted according to their (CASSCF) natural occupation
Strongly entangled orbitals are shown on the right-hand side.
the s(1); diagram indicates one molecular orbital and corresponds to the same natural orbital as
numbered in the mutual information plot (starting of index 1 and proceeding clockwise).

Each orbital index in
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Figure  3: Mutual  information  and  single  orbital  entropies  s(1);  for

DMRG(10,28)[1024,512,1024,107°] calculations for the CyHy molecule at different inter-atomic
distances. The orbitals are numbered and sorted according to their (CASSCF) natural occupation
numbers. Strongly entangled orbitals are shown on the right-hand side. Each orbital index in
the s(1); diagram indicates one molecular orbital and corresponds to the same natural orbital as
numbered in the mutual information plot (starting of index 1 and proceeding clockwise).
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Figure 4 Mutual  information  and  single  orbital  entropies  s(1);  for

DMRG(12,28)[1024, 512,1024,107°] calculations for the SipH; molecule at different inter-atomic
distances. The orbitals are numbered and sorted according to their (CASSCF) natural occupation
numbers. Strongly entangled orbitals are shown on the right-hand side. Each orbital index in
the s(1); diagram indicates one molecular orbital and corresponds to the same natural orbital as
numbered in the mutual information plot (starting of index 1 and proceeding clockwise).
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Figure  5: Mutual  information  and  single  orbital  entropies  s(1);  for

DMRG(10,26)[1024, 512,1024,107°] calculations for the [CP]~ molecule at different inter-atomic
distances. The orbitals are numbered and sorted according to their (CASSCF) natural occupation
numbers. Strongly entangled orbitals are shown on the right-hand side. Each orbital index in
the s(1); diagram indicates one molecular orbital and corresponds to the same natural orbital as
numbered in the mutual information plot (starting of index 1 and proceeding clockwise).
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Figure  6: Mutual  information  and  single  orbital  entropies  s(1);  for

DMRG(14,28)[1024, 512,1024,107°] calculations for the HCP molecule at different inter-atomic
distances. The orbitals are numbered and sorted according to their (CASSCF) natural occupation
numbers. Strongly entangled orbitals are shown on the right-hand side. Each orbital index in
the s(1); diagram indicates one molecular orbital and corresponds to the same natural orbital as
numbered in the mutual information plot (starting of index 1 and proceeding clockwise).
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Figure 7: Each component of s(1); analysis for the Cy molecule at different inter-atomic distances.

Each orbital index in the s(1); diagram indicates one molecular orbital and corresponds to the same

natural orbital as numbered in the mutual information plot (starting of index 1 and proceeding

clockwise). Please note that s(1); is determined as -z lnz, where x is the number plotted in the

figure. Symbols label refer to orbital spatial symmetries as defined in Fig. 5



