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1. Computational Protocol

All periodic calculations were performed with the CP2K 6.1 quantum
chemistry software,! which employs the Gaussian-plane waves
formalism (GPW). Norm-conserving Goedecker-Tetter-Hutter (GTH)
pseudopotentials?4 along with double zeta basis set with polarisation
functions (DZVP-MOLOPT-SR) were employed for C, N, O, H atoms and
DZVP-MOLOPT-SR-GTH basis set was applied to Co atoms. A cut-off
of 450 Ry was applied for the plane wave expansion.®

The Anisimov simplified version® of the DFT+U approach’ was used
(Uef). The Ueff parameters were chosen to match the experimental X-ray
data observables (cell parameters and atomic positions) of both lcryst,Ls
and lcrystHs at 1 bar of pressure along with the corresponding Ti2 value
(abrupt Ti21 from ref8). Tests on Uesf values for Co, N, C, O, and H atoms
were performed with revPBE functional® with rvV10%%-1! as non-local
VdW correlation functional. The exact reproduction of the average Tu2
value (171 K) for the abrupt component of the SCO at 1 bar proved be
very sensitive to the Ueff values chosen for the d orbitals of the cobalt ion
(Co(d)) whilst the reproduction of the crystallographic parameters was
needed to tune the Ueff on the p-orbitals on the nitrogen atoms (N(p);
Table S2-S3). In such a framework, the best computational set up was
achieved with Ueff(Co(d)) = 1.15 eV and Ueff(N(p)) = 3.0 eV. Cell
optimisations were performed to very tight levels of convergence for the
wavefunction (1.0x10° Hartree) and for the atomic forces (1.0x10-8
Hartree bohr?).

Hessian matrices were calculated and checked to ensure that no
imaginary eigenvalues values were present. Being performed at the I'
point, 3N-3 frequencies (optical modes) were computed and used to
calculate the thermodynamic quantities (see below, Tables S14-S19).

This procedure was repeated for six out the seven pressures (1800,
2100, 2500, 2900, 3900 bar) reported in ref® at which the experimen tal
SCO activity of lcryst was measured. For p = 4300 bar, lcrystns did not
reach satisfying convergence criteria. Finally, IR/Raman spectra were
calculated for lerystLs and lerysths invacuum and in the charge field built
over the optimised structures obtained at the end of the calculations
performed with CP2K6.1 package and re-run with ORCA4.1 code,!?
using PBE functional’® and def2-TZVPP basis sets.1*16 Two different
kind of calculations were performed: (i) re-optimising the isolated
[Co''(dpzca)2] (lisors and 1lisoHs) molecules in vacuum and (ii) re-
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optimising the structures of one [Co(dpzca)2] molecule in a charge field
(Lct,Ls and 1cfHs) produced by the 3x3x1 supercell obtained at the end of
the cell optimisation with CP2K6.1 code for each pressure. The charge
field was set by replacing each atom kind with the respective Mulliken
charge at the Potential Energy (PES) minima; the 3x3x1 supercell was
obtained by replicating the original crystalline unit cells nine times. For
both 1cfLs and lcrns: three times along the shorter a- and c-axes and
once along the longer b-axes.

The effects of the cell shrinking were monitored by looking at the angular
distortions within the complex, using a variety of parameters (Equations S1-S6
and Table S10); RMSD measures the average divergence between atomic
position when the studied system is compared to a reference (in thisstudy, the
moleculesin lerystLs and leryst,Hs at p = 1 bar) (Equation S1); <D> describes
the average Co-N bond distance). { is the sum of the differences between
individual Co-N bond distance vs. the mean Co-N bond (Equation S2);1” A is
the average of the differences between individual Co-N bond distance vs. the
mean Co-N bond (Equation S3);18 X describes the localangulardeviation from
the cis octahedral angles of 90° (Equation S4);'® ® measures the trigonal
torsion, which is defined as the degree of twist from a perfect octahedron
towards trigonal prismatic: it is obtained by the sum of the differences of the
absolute value of all 24 unique angles (Equation S5).2° Finally, Q measures
the three angles, w, of each of the eighttriangles (24 angles in total) found in
a perfect octahedron (Equation S6).21 For a perfect octahedral geometry, all
the distortion parameters (Z, ©, Q) are equal to zero. <D>, {, A, X, O, were
calculated using OctaDist 2.6.1 software;?2 RMSD was calculated using VMD
software.??
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2. Computational Protocol
Validation

1.1. Uest Tuning in Geometry
Optimisation Procedure

Calculated curves for geometry optimisation performed on crystalline lcry at
different values of Ueff(Co(d)) are reported in Figure S2. Ueff(Co(d)) range
spreads from 3.0 eV (notreported in Figure S2 as AHelHs-Ls < 0 eV, detail in
Table S1) to 1.5 eV. For AUeff(Co(d) = 1.5 eV, AHelHs-Ls change is about 3.0
eV; this is more than enough to change the magnetic response of 1cry from
physically wrong (from Ueff= 3.0 eV, AHelHs-Ls < 0 eV), fully HS (Uett = 2.5 eV),
SCO-active (Ueff = 2.375 eV to Uett = 2.25 eV), almost fully LS before 400K (Ueft
= 2.0 eV) and, finally, fully LS (Ueff= 1.5 eV).

Specifically, by decreasing Ueff magnitude of 0.125 eV (from Ueff =2.375
eV to Ueff= 2.25 eV), the calculated T2 rises of 200K (Table S1). The fragility
of the SCO phenomenon should be extremely clear: even if the Ueff term can
be used to fine-tune the AHelHs-Ls gap, it is extremely complicated to get the
exact value of experimental T12; indeed, for small variation in Ueff magnitude,
the SCO phenomenon shiftslargely. Finally,the best value of Ueft to reproduce
the experimental SCO transition of 1cry was setat 2.35 eV (Tv2 =175 K, Table
S1).
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Figure S1. Correlation line established between the applied localising potential Hubbard U

(Uetr) to the Co'" d-orbitals. Reported line describes an extremely good correlation between the
magnitude of the AHel,Hs-Ls gap (eV) vs. the applied Ueft (eV).
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Figure S2. Reported results of the regular SCO transition of [Co'(dpzca)z] for different values
of Ueff (from 2.5 eV to 1.5 eV). Normal modes were calculated from a first calculation on lcry.s
and lcry,ns without applying any Uett. Next, AHel,Hs-Ls gap (eV) was obtained by proceed with a
further step of cell optimisation by applying various Ueff terms at Co(d) orbitals. Colour code:
Ueft = 2.5 eV (black), Ueft = 2.375 eV (red), Uetf =2.37 eV (blue), Uett = 2.35 eV (purple), Ueft =
2.275 eV (olive), Uett = 2.25 eV (magenta), Ueft = 2.0 eV (light green), Uett = 1.5 eV (light blue).
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Table S1. Results of calculated electronic Enthalpy (H) for on lcry,Ls and lery ns at different
values of Ueft obtained in the protocol of geometry optimisation to the AHelHs-Ls gap at the
experimental T12. In the last column on the right are reported theoretical values of T2 at the
different applied Hubbard potentials.

Uet Hei 1s Hei s Hel Hs-Ls AHe ps-s T2
(eV) (H) (H) (H) (Ev) (K)
3.0 -1718.070 -1718.010 -0.059 -1.625 HS
2.5 -1716.936  -1716.940 0.003 0.105 HS
2.375  -1716.938 -1716.949 0.011 0.302 50 < T12< 75
2.37 -1716.938 -1716.949 0.011 0.308 165
2.35 -1716.938 -1716.950 0.012 0.324 175
2275  -1716.939 -1716.955 0.015 0.430 225 <Tu2< 250
2.25 -1716.939  -1716.957 0.017 0.465 250 < Tw2< 275
2 -1716.944 -1716.974 0.030 0.823 T2 > 400
15 -1716.957 -1717.013 0.056 1.517 LS
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Table S2. Final cell parameters obtained in the protocol validation step of applying further Uefffor improving the emulation of on 1cry,Hs at pressure

1.2. Uett Tuning for Cell Parameters in Cell Optimisation
Procedure

1 bar.

LS Cell Parameters Ut
alA b /A c/A al B y/° Co(d) N(p) O(p) C(p) H(s)

EXP 8.668 27.656 8.514 90.00 91.52 90.00 - - - - -
8.578 27.275 8.167 90.03 91.33 90.12 1.6 0 0 0 0
8.577 27.276 8.168 90.03 91.38 90.10 1.75 0 0 0 0
8.576 27.279 8.168 90.03 91.39 90.10 1.8 0 0 0 0
8.575 27.286 8.169 90.05 91.42 90.12 1.875 0 0 0 0
8.566 27.289 8.175 90.09 91.47 90.07 1.9 0 0 0 0
8.575 27.237 8.186 90.00 91.48 90.23 1.65 1 0 0 0
8.573 27.25 8.186 89.95 91.27 90.22 1.65 15 0 0 0
8.569 27.238 8.197 89.96 91.19 90.23 1.65 2 0 0 0
8.375 27.532 8.367 89.93 90.78 90.04 1.65 3 0 0 0
8.566 27.243 8.200 89.97 91.15 90.25 1.65 2 0 0 0
8.556 8.555 27.342 89.98 90.07 89.97 1.15 3 0 0 0
8.375 27.532 8.367 89.94 90.77 90.04 1.65 3 0 0 0
8.574 27.155 8.184 90.02 91.60 90.19 1.65 2 0 2 0
8.38 27.561 8.386 89.96 90.76 89.92 2 3 0 2 0
8.382 27.581 8.393 89.99 90.77 89.89 2 3 0 3 0
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Table S3. Final cell parameters obtained in the protocol validation step of applying further Uefffor improving the emulation of 1cry,Ls at pressure 1

bar.

HS Cell Parameters Ueff
alA b /A c /A al Br y/° Co(d) N(p) O(p) C(p) H(s)

EXP 8.795 8.795 27.918 90.00 90.00 90.00 - - - - -
8.590 8.556 26.982 90.20 90.08 90.16 1.6 0 0 0 0
8.586 8.553 29.963 90.19 90.07 90.15 1.75 0 0 0 0
8.618 8.629 27.406 90.04 90.00 89.95 1.8 0 0 0 0
8.656 8.665 27.536 90.03 90.00 89.97 1.875 0 0 0 0
8.665 8.676 27.566 90.03 90.00 89.97 1.9 0 0 0 0
8.590 8.569 26.991 90.24 90.19 90.10 1.65 1 0 0 0
8.589 8.563 27.001 90.23 90.19 90.13 1.65 15 0 0 0
8.567 8.567 27.046 90.18 90.38 89.99 1.65 2 0 0 0
8.572 8.571 27.399 89.96 90.10 90.01 1.65 3 0 0 0
8.584 8.561 26.967 90.24 90.19 90.11 1.65 2 0 2 0
8.300 27.355 8.282 89.86 90.84 89.73 1.15 3 0 0 0
8.586 8.585 27.369 89.98 90.05 90.01 2 3 0 2 0
8.592 8.591 27.382 89.98 90.05 90.01 2 3 0 3 0
8.615 8.610 27.086 89.99 90.01 90.02 2 3 3 3 1
8.607 8.613 27.191 89.91 90.18 89.92 2 3 0 3 1
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1.3. Uert(Co(d)) Tuning in Cell

Optimisation Procedure

Table S4. Results of calculated electronic Enthalpy (H) for on 1cry,Ls and lery Hs at different
values of Ueft obtained in the protocol of cell optimisation fo the AHelHsLs gap at the
experimental Ti1/2. In the last column on the right are reported theoretical values of T12 at the
different applied Hubbard potentials.

Uett/ €V  Heins/H  Heiis/H Heins-Ls/ H AHe nss/ eV T2 (K)

2.35 -1716.96  -1716.95 -0.013 -0.361 HS

1.75 -1713.68  -1713.66 -0.013 -0.348 HS

1.25 -1713.70  -1713.71 0.014 +0.373 75<Ty,< 100
1.15 -1713.70  -1713.71 0.012 +0.322 175

1.00 -1713.71  -1713.72 0.019 +0.526 275 <Ty,< 300
0.75 -1713.72  -1713.75 0.030 +0.813 T2 > 400
0.50 -1713.72  -1713.77 0.044 +1.199 LS

0.25 -1713.73  -1713.79 0.058 +1.571 LS

0.00 -1713.75  -1713.81 0.069 +1.881 LS

Table S5. Error analysis of divergence between the calculated and the experimental
unit cell parameters at the available pressures of 1 bar (1cryHs,1bar @nd lery,Ls,1bar) @and
4300 bar (lery,Ls,4300par). Note that each calculation is performed at the absolute
temperature of 0 K. 1 bar = 104 Pa.

Lery,HS Lerys
Cell Param. 1 bar 1 bar 4300 bar
Exp. Calc. % Exp. Calc. %

a/A 8.795 8.556 -2.7% 8.668 8.366 -3.5%
b /A 8.795 8.555 -2.7% 27.656 27.536 -0.4%
c/A 27.918 27.342 -2.1% 8.514 8.357 -1.8%
a/ 90.00 89.979 -0.1% 90.00 89.971 -0.1%
B/ 90.00 90.065 +0.1% 91.52 90.925 -0.7%
v/° 90.00 89.969 -0.1% 90.00 89.901 -0.1%
Av. Error - - 1.3% 1.1%
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2. Additional Structural Data

1 - 2
RMSD = \/gz((”ix —wi )2+ (v, —wy,) + (v, — w,)?) (Eg. S1)
i=1

6
(= Z |dl - dmeanl (Eq 82)
i=1
1~o/ld —d,. . |\?
4=> Z(—l mean) (Eq. S3)
6 i=1 dmean
12
5= z 190 — ¢, (Eq. S4)
i=1
24
0= Z 190 — 6, | (Eq. S5)
i=1
24
0= Z|60—wi| (Eq. S6)
i=1
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Table S6. Reported variation in the cell volume for on 1cry,Ls and lery,Hs at different pressures.
Reference system is considered at the external pressure of 1 bar. Results are reported in A3.

p/ bar HS /A3 LS /A3 % HS % LS
1 2001.27 1925.80 - -

1800 1978.99 1906.64 -22.28 (-1.11%) -46.16 (-2.36%)
2100 1974.65 1903.71 -26.62 (-1.33%) -49.09 (-2.51%)
2500 1970.41 1899.97 -30.86 (-1.54%) -52.83 (-1.54%)
2900 1960.62 1893.81 -40.65 (-2.03%) -58.99 (-3.02%)
3900 1970.20 1862.75 -31.07 (-1.55%) -90.05 (-4.61%)
4300 1965.55 1897.99 -35.72 (-1.78%) -54.81 (-2.81%)

Table S7. Reported correlation factor in the analysis of the variation of the structural
parameters of the unit cell for on lcry,Ls and lery,Hs Versus the seven different pressures (and
related experimental Tu/2).

R2(pressure) R?(Tw2(exp.))

alA 0.47 (Fig. S3) 0.41 (Fig. S4)

b/A 0.54 (Fig. S5) 0.64 (Fig. S6)

Loyis cl/A 0.63 (Fig. S7) 0.13 (Fig. S8)
al° 0.74 (Fig. S9) 0.77 (Fig. S10)

B/° 0.64 (Fig. S11) 0.70 (Fig. S12)

v/° 0.39 (Fig. S13) 0.36 (Fig. S14)

alA 0.71 (Fig. S15) 0.49 (Fig. S16)

b/A 0.59 (Fig. S17) 0.58 (Fig. S18)

- c/A 0.93 (Fig. S19) 0.86 (Fig. S20)
ale° 0.20 (Fig. S21) 0.23 (Fig. S22)

B/° 0.23 (Fig. S23) 0.25 (Fig. S24)

vy/° 0.20 (Fig. S25) 0.21 (Fig. S26)
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Figure S3. Reported correlation factor R2 for the variation of the length of the a-axis of lcry s
at the pressure increase (R2 = 0.47).
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at the increase of the measured T12 (R? = 0.41).
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Figure S5. Reported correlation factor R? for the variation of the length of the b-axis of lcry,Ls
at the pressure increase (R? = 0.54).
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Figure S6. Reported correlation factor R? for the variation of the length of the b-axis of lcry s
at the increase of the measured T1/2 (R? = 0.64).
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Figure S7. Reported correlation factor R? for the variation of the length of the c-axis of lcry s
at the pressure increase (R? = 0.63).
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Figure S8. Reported correlation factor R? for the variation of the length of the c-axis of lcry s
at the increase of the measured T2 (R? = 0.13).
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Figure S9. Reported correlation factor R2 for the variation of the magnitude of the a angle of
lery,Ls at the pressure increase (R? = 0.74).
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Figure S10. Reported correlation factor R? for the variation of the magnitude of the a angle of
lery,Ls at the increase of the measured T2 (R? = 0.70).

S15



5000 ~

- 7 u
4000 - . L
3000 - S
3 .
2000 e
a .
L= 2
R“=0.64
1000 4
0 ]
T T T T T T T T T T T
20 91 92 93 94 95
beta (°)

Figure S11. Reported correlation factor R? for the variation of the magnitude of the 8 angle of
lery,Ls at the pressure increase (R? = 0.64).
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Figure S12. Reported correlation factor R? for the variation of the magnitude of the 8 angle of
leryLs at the increase of the measured T2 (R? = 0.70).
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Figure S13. Reported correlation factor R2 for of the variation of the magnitude of the y angle
of lery,Ls at the pressure increase (R? = 0.39).
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Figure S14. Reported correlation factor R2 for the variation of the magnitude of the y angle of
lery,Ls at the increase of the measured Ti/2 (R? = 0.36).
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Figure S15. Reported correlation factor R? for the variation of the length of the a-axis of lcryHs
at the pressure increase (R? = 0.71).
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Figure S16. Reported correlation factor R? for the variation of the length of the a-axis of
lery,Hs at the increase of the measured Tu2 (R? = 0.49).
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Figure S17. Reported correlation factor R2 for the variation of the length of the b-axis of lcryHs
at the pressure increase (R? = 0.59).
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Figure S18. Reported correlation factor R? for the variation of the length of the b-axis of lcryHs
at the increase of the measured T1/2 (R? = 0.58).
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Figure S19. Reported correlation factor R? for of the variation of the length of the c-axis of
lcry,Hs at the pressure increase (R? = 0.93).
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Figure S20. Reported correlation factor R? for the variation of the length of the c-axis of
Lery.Hs at the increase of the measured T2 (R? = 0.86).
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Figure S21. Reported correlation factor R? for the variation of the magnitude of the a angle of
lcry,Hs at the pressure increase (R? = 0.20).
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Figure S22. Reported correlation factor R? for the variation of the magnitude of the a angle of
lery,Hs at the increase of the measured T2 (R? = 0.23).

521



5000 ~

.
40004 Tl
3000 — .
@ IR ¢
<} e
2000 A e
o .
2
R“=0.23
1000 -
04 *
T T T T T T T T T T T T
89.8 90 90.2 90.4 90.6 90.8 91

beta (°)

Figure S23. Reported correlation factor R? for the variation of the magnitude of the 8 angle of
lcry,Hs at the pressure increase (R? = 0.23).
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Figure S24. Reported correlation factor R2 for the variation of the magnitude of the B8 angle of
lery,Hs at the increase of the measured T2 (R? = 0.25).
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Figure S25. Reported correlation factor R2 for the variation of the magnitude of the y angle of
lery,Hs at the pressure increase (R? = 0.20).
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Figure S26. Reported correlation factor R? for the variation of the magnitude of the y angle
of 1cry,ns at the increase of the measured Tu2 (R2 = 0.21).
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2.1. Structural Distortions vs.
Pressure

Table S8. Reported variation of structural parameters (internal to [Co(dpzca)2]: Co-N bond
length and 2 octahedral distortion and external: Co-Co intermolecular distance) obtained after
procedure of cell optimisation for 1cry,Ls at different pressures.

LS Cell Parameters
pressure Col-Co2/A Co2-Co3/A Co3-Co4/A

1 8.177 10.540 8.176
1800 8.171 10.500 8.161
2100 8.167 10.499 8.157
2500 8.161 10.498 8.152
2900 8.127 10.464 8.154
3900 8.123 10.455 8.133
4300 8.114 10.464 8.122

Table S9. Reported variation of structural parameters (internal to [Co(dpzca)2]: Co-N bond
length and > octahedral distortion and external: Co-Co intermolecular distance) obtained after
procedure of cell optimisation for lcry,Hs at different pressures.

HS Cell Parameters
pressure Col-Co2/A Co2-Co3/A Co3-Co4/A

1 8.057 8.064 8.070
1800 8.013 8.072 8.062
2100 7.987 8.059 8.056
2500 7.991 8.061 8.066
2900 8.029 8.018 8.200
3900 8.028 8.007 8.199
4300 8.028 8.007 8.199
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Table S10. Calculated structural distortion parameters for crystallographic and calculated structures (DFT) for 1crystat different pressures (1, 1800,

2100, 2500, 2900, 3900, 4300 bar), along with the experimental T2 from ref® and the calculated T1/2). 1 bar = 10 Pa.

Pressure / bar 1 4300 1 1800 2100 2500 2900 3900 4300
Tis2 (exp) / K Exp. 173 173 189 202 214 218 235 [pre'::ure ; [Tz/zﬁ;:Xp "
T1/2 (calc) / K x-ray 171 164 190 173 LS LS -
RMSD /A - - - 003221 | 0.04415 | 0.05004 | 006016 | 006482 | 007082 | 0.92 (Fig.#6) 0.98 (Fig. 6)
<D> /A | 203444 | 20505 | 1.98033 | 1.97843 | 1.98299 | 1.97794 | 1.97733 | 1.97365 | 1.97700 | 0.43 (Fig.S27) | 0.38 (Fig.533)
7/A 0.63404 | 04964 | 026140 | 0.25693 | 0.26407 | 025610 | 0.25331 | 023631 | 025671 | 0.34 (Fig.S28) | 0.24 (Fig.534)
I.yeis | A (geom.) | 0.00318 | 0.0020 | 0.00057 | 000054 | 0.00066 | 0.00054 | 0.00053 | 0.00049 | 0.00057 | 0.07 (Fig.$29) | 0.09 (Fig.$35)
5/° 76.0830 | 89.8708 | 69.3796 | 69.3845 | 70.5836 | 69.4735 | 69.5518 | €8.0682 | 69.199 | 0.17 (Fig.S30) | 0.15 (Fig.S36)
0/° 271.161 | 306325 | 230475 | 230731 | 235439 | 231.269 | 231510 | 221259 | 231.135 | 0.13 (Fig.$31) | 0.09 (Fig. S37)
a/° 12736 | 14316 | 12684 | 11964 | 13000 | 12668 | 12680 | 11728 | 127.00 | 0.06 (Fig.$32) | 1.3E-8 (Fig.S38)
RMSD /A - - - 0.04131 | 005112 | 0.05195 | 013196 | 025527 | 033967 | 0.95 (Fig.6) 0.78 (Fig. )
<D> /A | 211373 - 208150 | 2.07902 | 2.07916 | 2.07866 | 2.07788 | 2.07954 | 2.07784 | 0.58 (Fig.527) | 0.45 (Fig.$33)
7/A 0.25709 - 013399 | 0.13028 | 0.13310 | 0.13233 | 0.12746 | 0.13108 | 0.13081 | 0.26 (Fig.528) | 0.21 (Fig. S34)
Iyeens | A (geom.) | 0.00046 - 0.00021 | 0.00020 | 0.00021 | 0.00021 | 000021 | 000021 | 0.00020 | 0.01 (Fig.529) | 0.01 (Fig.S38)
5/° 110.620 - 104228 | 103785 | 104296 | 104.171 | 103.966 | 104.442 | 104.045 | 0.01 (Fig.530) | 0.03 (Fig.S36)
0/° 344.334 - 335.121 | 334596 | 336.809 | 336.455 | 338.072 | 336.264 | 336.287 | 0.22 (Fig.531) | 0.36 (Fig.$37)
a/° 164.74 - 169.49 | 169.64 | 17144 | 17112 | 17396 | 16716 | 171.92 | 0.01 (Fig.532) | 0.07 (Fig.S38)
ARMSD/A - - 9.60 9.61 9.63 9.59 9.58 9.56 9.63 0.02 (Fig. 542) | 0.02 (Fig. $43)
Lassasns 20/ ° ; ; 104.6461 | 103.8654 | 101.3695 | 105.1858 | 106.5625 | 115.0052 | 105.1516 | 0.60 (Fig.S44) | 0.22 (Fig. 545)
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Figure S27. Reported effects of the pressure increase vsthe average <Dco-n> distance. Trend
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Figure S28. Reported effects of the pressure increase vs the sum of the Co-N bond
differences from <Dco-N>, {. Trend line reports the correlation factor for 1cry,ns (red, RZ = 0.26)
and lcry,Ls (blue, R? = 0.34).
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Figure S29. Reported effects of the pressure increase vs the averaged Co-N bond deviation
from <Dco-N>, A. Trend line reports the correlation factor for lery,ns (red, R? = 0.07) and leryLs
(blue, R2 = 0.01).
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Figure S30. Reported effects of the pressure increase vs the octahedral distortion parameter
Z. Trend line reports the correlation factor for lcry,ns (red, R? = 0.01) and lcry,.s (blue, R? =
0.17).
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Figure S31. Reported effects of the pressure increase vs the trigonal torsion parameter ©O.
Trend line reports the correlation factor for 1cry,ns (red, R2 = 0.22) and lcry,.s (blue, RZ = 0.13).
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Figure S32. Reported effects of the pressure increase vs the distortion parameter Q. Trend
line reports the correlation factor for lcry s (red, R2 = 0.01) and 1cry,.s (blue, R2 = 0.06).
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2.2. Structural Distortions vs.
Measured T1,
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Figure S33. Reported effects of the measured Tu2values at pressure increase vs the vs the

average <Dco-n> distance. Trend line reports the correlation factor for lcry,ns (red, R? = 0.45)
and lcry,s (blue, R2 = 0.38).
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Figure S34. Reported effects of the measured T2 values at pressure increase vs the sum of
the Co-N bond differences from <Dco-N>, . Trend line reports the correlation factor for leryHs
(red, R2=0.21) and lcry,s (blue, R2 = 0.24).
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Figure S35. Reported effects of the measured Ti2 values at pressure increase vs the
averaged Co-N bond deviation from <Dco-Nn>, A. Trend line reports the correlation factor for
lery,ms (red, R2 = 0.01) and lcry, s (blue, RZ = 0..09).
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Figure S36. Reported effects of the measured Ti2 values at pressure increase vs the
octahedral distortion parameter £. Trend line reports the correlation factor for 1cry s (red, R? =
0.03) and 1cry,Ls (blue, R?Z = 0.15).
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Figure S37. Reported effects of the measured Tu/2 values at pressure increase vs the trigonal
torsion parameter ©. Trend line reports the correlation factor for lcry,ns (red, R? = 0.95) and
1cry,LS (blue, R2 = 092)
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Figure S38. Reported effects of the Tw2 values at pressure increase vs the distortion
parameter Q. Trend line reports the correlation factor for lcry,ns (red, RZ = 0.07) and lcry.s
(blue, R2 = 1.13E-8).
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Figure S39. Reported effects of the measured T2 values at pressure increase vs the
intermolecular Co-Co ions distance (d(Col-Co2)). Trend line reports the correlation factor for
1cry,HS (I’ed, R2 = 20E-4) and 1cry,|_S (blue, R2 = 090)
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Figure S40. Reported effects of the measured T2 values at pressure increase vs the
intermolecular Co-Co ions distance (d(Co2-Co3)). Trend line reports the correlation factor for
1cry,HS (I’ed, R2 = 083) and 1cry,LS (blue, R2 = 073)
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Figure S41. Reported effects of the measured Ti2 values at pressure increase vs the
intermolecular Co-Co ions distance (d(Co3-Co4)). Trend line reports the correlation factor for
1cry,HS (I’ed, RZ = 074) and lcry,LS (blue, R2 = 083)
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2.3. Structural Distortions
associated with Spin State
Transition
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Figure S42. Reported effects of the pressure increase vs the ARMSD variation from lery,Ls
to lcry,ms. Trend line reports the [p vs ARMSD] correlation factor (purple, R? = 0.02).
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Figure S43. Reported effects of the measured Tu2 at the pressure increase vs the ARMSD
variation from lcry,Ls to lery,Hs. Trend line reports the [Tv2 vs ARMSD] correlation factor

(purple, R2 =0.02).
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Figure S44. Reported effects of the pressure increase vs the variation of the trigonal torsion
parameter AO from lcry,Ls to lery,Hs. Trend line reports the [p vs. AG] correlation factor (purple,
R? = 0.24).
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Figure S45. Reported effects of the measured Tu/2 at the pressure increase vs the variation
of the trigonal torsion parameter AO from lcry,Lst0 lcry,Hs. Trend line reports the [Tz vs. AQ]
correlation factor (purple, R2 = 0.22).

S35



3. Additional Electronic Data
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Figure S46. Calculated PDOS for lcrystLs (top) and lecryst,ns (bottom) across the whole
pressure range (1 bar < p <4300 bar) in the energy range between -8 eV and +2 eV. For each
spin state are reported a- (+y axis) and B-orbitals (-y axis). Colour code: 1 bar (black), 1800
bar (red), 2100 bar (blue), 2500 bar (magenta), 2900 bar (purple), 3900 bar (olive), 4300 bar
(orange). 1 bar =10 Pa.
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Table S11. Reported correlation factor in the analysis of the variation of twelve characteristic peaks for TDOS and LDOS of lcry,Lsand to lery s
versus the seven different pressures (and related experimental Tu/2).

p /bar 1 1800 2100 2500 2900 3900 4300
Tua(exp.) /K 173 173 189 202 214 227 235 R*(p) (Tl,z(Ff;p))
DOS Figure Energy / eV Intensities

1.LS_TDOS 7 -1.9 25.34 25.23 24.96 24.67 24.62 2457 24.04 0.84 (Fig. S47) 0.92 (Fig. S59)

2LS_TDOS 7 -2.6 42.13 41.54 41.45 41.38 41.34 41.12 40.92 0.97 (Fig. S48) 0.74 (Fig. S60)

3.LS_TDOS 7 -3.1 42.44 4191 41.81 41.74 41.76 4151 41.46 0.97 (Fig. S49) 0.74 (Fig. S61)
4.LS_PDOS(a) S46 2.1 1389 1421 1431 1432 1453 1455 1465 | 0.97 (Fig. S50) 0.84 (Fig. S62)
5.LS_PDOS(a) S46 2.6 2073 2053 2042 2042 2038 2035 2024 | 0.97(Fig.S51) 0.81 (Fig. S63)
6.LS_PDOS(qa) S46 3.2 2093 2067 2067 2061 20.63 2046 2041 | 0.97 (Fig.S52) 0.76 (Fig. S64)
7.LS_PDOS(B) S46 2.1 2176 2157 2148 2142 2141 2119 2119 | 0.98(Fig.S53) 0.89 (Fig. S65)

8.HS_TDOS 7 05 1127 1073 1052 1044 1063 1065 10.15 | 0.75 (Fig. S54) 0.52 (Fig. S66)

9.HS_ TDOS 7 0.7 1489 1414 1391 1385 13.82  13.68 13.18 | 0.93 (Fig. S55) 0.73 (Fig. S67)

10.HS_TDOS 7 -1.9 5478 5466 5463 5458 5445 5445 54.21 | 0.86 (Fig. S56) 0.87 (Fig. S68)
11.HS_PDOS(a) S46 -0.7 8.05 7.67 7.49 7431 7.26 7.26 6.94 0.94 (Fig. S57) 0.84 (Fig. S69)
12.HS_PDOS(a) S46 2.0 29.17 2910 29.07 2904 2897 2897 28.56 | 0.64 (Fig. S58) 0.68 (Fig. S70)
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Figure S47. Reported Intensity of the band of 1¢y,Ls at-1.9 eV (1.LS_TDOS, Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.84).
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Figure S48. Reported Intensity of the band of 1¢y, s at -2.6 eV (2.LS_TDOS, Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.97).
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Figure S49. Reported Intensity of the band of 1cry,Ls at -3.1 eV (3.LS_TDOS, Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.97).
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Figure S50. Reported Intensity of the band of 1l¢ryLsat-2.7 eV (4.LS_PDOS(a), Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.97).

20.8
BRI
207 A . 2
>, 2064 AR R - 0.97
+— o
v e
2 205 -
_E_,J T
* .
ic) gt .
20.3 T e
S
20.2 T v T T T i T T T ™ 1
0 1000 2000 3000 4000 5000
p (bar)

Figure S51. Reported Intensity of the band of 1y, sat -2.6 eV (5.LS_PDOS(a), Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.97).
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Figure S52. Reported Intensity of the band of 1¢ry, sat -3.2 eV (6.LS_PDOS(a), Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R? = 0.97).
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Figure S53. Reported Intensity of the band of 1lcryLsat-2.7 eV (7.LS_PDOS(B), Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.98).
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Figure S54. Reported Intensity of the band of lcry,nsat -0.5 eV (8.HS_TDOS, Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.75).
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Figure S55. Reported Intensity of the band of lcrynsat -0.7 eV (9.HS_TDOS, Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.93).
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Figure S56. Reported Intensity of the band of 1c¢ryHsat -1.9 eV (10.HS_TDOS, Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.86).
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Figure S57. Reported Intensity of the band of lcryns at-0.7 eV (11.HS_PDOS(a), Table S11) vs the pressure
increase. Trend line reports the [I vs. p] correlation factor (R? = 0.94).
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Figure S58. Reported Intensity of the band of 1¢ry Hs at -2.0 eV (12.HS_PDOS(a), Table S11) vs the pressure
increase. Trend line reports the [l vs. p] correlation factor (R2 = 0.64).
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Figure S59. Reported Intensity of the band of lcry,Ls at-1.9 eV (1.LS_TDOS, Table S11) vs the measured Tu2.
Trend line reports the [I vs. T12] correlation factor (R2 = 0.92).
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Figure S60. Reported Intensity of the band of 1cry,Ls at-2.6 eV (2.LS_TDOS, Table S11) vs the measured Tu2.
Trend line reports the [I vs. T12] correlation factor (R = 0.74).
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Figure S61. Reported Intensity of the band of 1cry,Ls at-3.1 eV (3.LS_TDOS, Table S11) vs the measured T1/2.
Trend line reports the [l vs. T1/2] correlation factor (R2 = 0.74).
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Figure S62. Reported Intensity of the band of 1lcry,Lsat-2.71 eV (4.LS_PDOS(a), Table S11) vs the measured
Ta2. Trend line reports the [l vs. T12] correlation factor (R2 = 0.84)
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Figure S63. Reported Intensity of the band of 1cry,Lsat-2.6 eV (6.LS_PDOS(a), Table S11) vs the measured
Tw2. Trend line reports the [I vs. T1/2] correlation factor (R? = 0.81).
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Figure S64. Reported Intensity of the band of 1cry,Lsat-3.2 eV (6.LS_PDOS(a), Table S11) vs the measured
Tu2. Trend line reports the [l vs. T12] correlation factor (R2 = 0.76).
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Figure S65. Reported Intensity of the band of 1cry,Lsat-2.71 eV (7.LS_PDOS(B), Table S11) vs the measured
Tu2. Trend line reports the [l vs. T12] correlation factor (R2 = 0.89).
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Figure S66. Reported Intensity of the band of 1cry,Hs at -0.5 eV (8.HS_TDOS, Table S11) vs the measured
Tu2. Trend line reports the [l vs. T12] correlation factor (R2 = 0.52).
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Figure S67. Reported Intensity of the band of 1crynsat -0.7 eV (9.HS_TDOS, Table S11) vs the measured
Tw2. Trend line reports the [I vs. T1/2] correlation factor (R? = 0.73).
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Figure S68. Reported Intensity of the band of l¢ry,Hs at -1.9 eV (10.HS_TDOS, Table S11) vs the measured
Ta2. Trend line reports the [I vs. T1/2] correlation factor (R? = 0.87).
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Figure S69. Reported Intensity of the band of 1cry,ns at -0.7 eV (11.HS_PDOS(a), Table S11) vs the measured
Tw2. Trend line reports the [I vs. T1/2] correlation factor (R2 = 0.84).
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Figure S70. Reported Intensity of the band of 1lcry,ns at -2.0eV (12.HS_PDOS(a), Table S11) vs the measured
Ta2. Trend line reports the [l vs. T12] correlation factor (R2 = 0.68).
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3.1. LDOS: Cobalt Atoms
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Figure S71. Reported LDOS of the four Co" ions for 1cry,Lsatthe pressure of 1 bar in the energy range between

-8 eV and +2 eV. For each spin state are reported a- (+y axis) and B-orbitals (-y axis). Colour code: first Co'
(blue), second Co'" ion (green), third Co" (red), fourth Co" (black).
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Figure S72. Reported LDOS of the four Co'' ions for lcry,Hs atthe pressure of 1 bar in the energy range between
-8 eV and +2 eV. For each spin state are reported a- (+y axis) and B-orbitals (-y axis). Colour code: first Co'
(blue), second Co'" ion (green), third Co" (red), fourth Co" (black).
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Figure S73. Calculated energy of the five d-orbitals represented by complex functions (mi = -2, -1, 0, +1, +2)
for Llery,Ls (top) and to 1cry,Hs (bottom) in the energy range between -4 eV and +4 eV. For each spin state the
a- (+y axis) and B-orbitals (-y axis) are reported. Colour code: d+2 (black), d+1 (red), do (blue), d-1 (magenta), d-
2 (purple).
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Figure S74. Reported LDOS of the alfa d-orbitals of the Co'! ions of lcry,Ls at the seven studied different
pressures (p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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Figure S75. Reported LDOS of the beta d-orbitals of the Co'" ions of 1lcry,Ls at the seven studied different
pressures (p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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Figure S76. Reported LDOS of the alfa d-orbitals of the Co' ions of 1cry,Hs at the seven studied different
pressures (p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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Figure S77. Reported LDOS of the beta d-orbitals of the Co" ions of 1lcry,Hs at the seven studied different
pressures (p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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Figure S78. Reported Intensity of the band of 1cry,Ls at -1.85 eV of Co(do) atomic orbitals vs the measured T2
Trend line reports the [I vs. T12] correlation factor (R2 = 0.76).
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Figure S79. Reported Intensity of the band of 1cry,ns at -1.93 eV of Co(do) atomic orbitals vs the measured
Ta2. Trend line reports the [I vs. T12] correlation factor (R? = 0.80).
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Figure S80. Reported Intensity of the band of 1cry,Ls at -1.85 eV of Co(do) atomic orbitals vs the experimental
pressures where the SCO phenomenon was monitored. Trend line reports the [l vs. p] correlation factor (R2 =
0.84).
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Figure S81. Reported Intensity of the band of 1cry,ns at -1.93 eV of Co(do) atomic orbitals vs the experimental
pressures where the SCO phenomenon was monitored. Trend line reports the [I vs. p] correlation factor (R2 =
0.74).
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3.2. LDOS: Nitrogen Atoms
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Figure S82. Reported LDOS of the orbitals of the N atoms of 1cry,Ls atthe seven studied different pressures
(p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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Figure S83. Reported LDOS of the orbitals of the N atoms of lcry,ns at the seven studied different pressures
(p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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3.3. LDOS: Carbon Atoms
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Figure S84. Reported LDOS of the orbitals of the C atoms of 1cry,Ls at the seven studied different pressures
(p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).

557



— E (eV)

Figure S85. Reported LDOS of the orbitals of the C atoms of 1lcry,Hs at the seven studied different pressures
(p =1, 1800, 2100, 2500, 2900, 3900, 4300 bar).
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3.2. Molecular Orbitals of [Co(dpzca):]

Table S12. Reported metal-centred MOs contributing to the main peak at 1.9eV in lcry,Ls and lery,vs TDOS (Figure 7). Last three columns on the right reports the
correlation factor of the MOs energies against all seven employed different pressures; six different pressures (excluding results for p = 3900 bar); and the seven

different measured Tu/2.

p / bar 1 1800 2100 2500 2900 3900 4300 R (0) :R;Q%)(% X
Tua(exp.) | K 173 173 189 202 214 227 235 (all pressures) (pexduded)ar R*(Tw2)
2773 | 2.08711  -1.9946  -1.98643 -1.97011 -1.94562 -1.91296 -1.90208 | 0.9 (Fig.S88)  0.99 (Fig. S88) 0.79 (Fig. S106)
2783 | -2.09528 -2.02181 -2.01364 -2.00004 -1.95378 -1.92929  -1.9184 | 0.98 (Fig.S89)  0.97 (Fig. S89) 0.85 (Fig. S107)
1cry,LS 2798 | -2.09528  -2.02997 -2.01909  -2.0082  -1.95922 -1.94017 -1.92929 | 0.97 (Fig.S90)  0.96 (Fig. S90)  0.86 (Fig. S108)
2808 | -2.10072 -2.03813 -2.02725 -2.01909 -1.98915 -1.94017 -1.92929 | 0.98 (Fig.S91)  0.98 (Fig. S91)  0.85 (Fig. S109)
2700 | -2.65311 -2.57964 -2.56604 -2.54971 -2.49801 -2.49529 -2.33746 | 0.82 (Fig.S92)  0.89 (Fig. S92)  0.84 (Fig. S110)
271a | -2.64767  -2.5742  -2.56059 -2.54699 -2.49256 -2.48984 -2.31569 | 0.79 (Fig.S93)  0.88 (Fig.S93)  0.83 (Fig. S111)
272a | -2.64495 -2.5742  -2.55787 -2.54154 -2.46807 -2.46535 -2.31569 | 0.84 (Fig.S94)  0.89 (Fig.S94) 0.8 (Fig. S112)
273a | -2.6259  -2.54699 -2.53066 -2.54154 -2.46807 -2.46535 -2.25038 | 0.73 (Fig. S95)  0.83 (Fig.S95)  0.77 (Fig. S113)
274a | -2.61502 -2.54154 -2.52522 251161 -2.45991 -2.45719 -2.23678 | 0.74 (Fig.S96)  0.84 (Fig. S96) 0.79 (Fig. S114)
2750 | -2.61502 -2.53882 -2.52522 -2.50889 -2.45447 -2.45175 -2.22861 | 0.74 (Fig.S97)  0.84 (Fig.S97) 0.79 (Fig. S115)
2760 | -2.61229 -2.53882 -2.5225  -2.50880 -2.42726 -2.42454 -2.22861 | 0.79 (Fig.S98)  0.85 (Fig. S98)  0.85 (Fig. S116)
1cry,HS 273 | -2.24222 -2.16603  -2.1497  -2.13337  -2.098  -2.09256 -1.89391 | 0.75 (Fig.S99)  0.86 (Fig. S99)  0.79 (Fig. S117)
274 | -2.2395  -2.16331 -2.14698 -2.13337 -2.08439 -2.07895 -1.88847 | 0.78 (Fig. S100) 0.87 (Fig. S100) 0.81 (Fig. S118)
2753 | -2.23406  -2.16059 -2.14426 -2.12793 -2.08167 -2.07895 -1.86942 | 0.75 (Fig. S101) 0.85 (Fig. S101) 0.80 (Fig. S119)
2763 | -2.21773  -2.14426 -2.12521  -2.1116  -2.08167 -2.07895  -1.8667 | 0.72 (Fig. S102) 0.85 (Fig. S102) 0.76 (Fig. S120)
277 | -2.098  -2.01636 -1.99732 -1.98643 -1.92385 -1.92112 -1.73337 | 0.80 (Fig. S103) 0.88 (Fig. S103) 0.83 (Fig. S121)
2798 | -2.08167 -2.00004 -1.98371 -1.96738 -1.91296 -1.90752 -1.72248 | 0.80 (Fig. S104) 0.88 (Fig. S104) 0.83 (Fig. S122)
280B | -2.07895 -1.99732 -1.98099 -1.96738 -1.91024  -1.9048  -1.70615 | 0.78 (Fig. S105) 0.87 (Fig. S105) 0.82 (Fig. S123)
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Figure S87. Plotted MOs 2778 (eg shaped) for 1cry,Hs calculated at the pressure of 1bar (o cutoff = 0.04).
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Figure S88. Reported trend for the variation of MO-2778 in lcry,Ls at seven different pressures (R? = 0.99) and
six different pressures (except p = 3900 bar, RZ = 0.99).
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Figure S89. Reported trend for the variation of MO-2788 in 1cry,Ls at seven different pressures (R? = 0.98) and
six different pressures (except p = 3900 bar, R? = 0.97).
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Figure S90. Reported trend for the variation of MO-2798 in lcry,Ls at seven different pressures (R? = 0.97) and
six different pressures (except p = 3900 bar, RZ = 0.96).
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Figure S91. Reported trend for the variation of MO-2808 in 1cry,Ls at seven different pressures (R? = 0.98) and
six different pressures (except p = 3900 bar, R? = 0.98).
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Figure S92. Reported trend for the variation of MO-270a in lcry,ns at seven different pressures (R? = 0.82) and
six different pressures (except p = 3900 bar, RZ = 0.89).
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Figure S93. Reported trend for the variation of MO-277a in 1cry,ns at seven different pressures (R2 = 0.79) and
six different pressures (except p = 3900 bar, R? = 0.88).
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Figure S94. Reported trend for the variation of MO-272a in lcry,ns at seven different pressures (R? = 0.84) and
six different pressures (except p = 3900 bar, RZ = 0.89).
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Figure S95. Reported trend for the variation of MO-273a in 1cry,ns at seven different pressures (R? = 0.73) and
six different pressures (except p = 3900 bar, R? = 0.83).
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Figure S96. Reported trend for the variation of MO-274a in lcry,ns at seven different pressures (R? = 0.74) and
six different pressures (except p = 3900 bar, RZ = 0.84).
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Figure S97. Reported trend for the variation of MO-275a in 1cry,ns at seven different pressures (R? = 0.74) and
six different pressures (except p = 3900 bar, R? = 0.84).
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Figure S98. Reported trend for the variation of MO-276a in lcry,Hs at seven different pressures (R? = 0.79) and
six different pressures (except p = 3900 bar, RZ = 0.85).
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Figure S99. Reported trend for the variation of MO-2738 in lcry,ns at seven different pressures (R? = 0.75) and
six different pressures (except p = 3900 bar, R? = 0.86).
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Figure S100. Reported trend for the variation of MO-2748 in lcryHs at seven different pressures (R? = 0.78)
and six different pressures (except p = 3900 bar, R2 = 0.87).
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Figure S101. Reported trend for the variation of MO-2758 in lcry s at seven different pressures (R? = 0.75)
and six different pressures (except p = 3900 bar, RZ = 0.85).
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Figure S102. Reported trend for the variation of MO-2768 in lcryHs at seven different pressures (R? = 0.72)
and six different pressures (except p = 3900 bar, R2 = 0.85).
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Figure S103. Reported trend for the variation of MO-277B in lcry s at seven different pressures (R? = 0.80)
and six different pressures (except p = 3900 bar, RZ = 0.88).
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Figure S104. Reported trend for the variation of MO-2798 in lcryHs at seven different pressures (R? = 0.80)
and six different pressures (except p = 3900 bar, R2 = 0.88).
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Figure S105. Reported trend for the variation of MO-2808 in lcry Hs at seven different pressures (R? = 0.78)
and six different pressures (except p = 3900 bar, RZ = 0.87).
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Figure S106. Reported trend for the variation of MO-2798 in 1cry,Lsversus the measured Tu2 at seven different

pressures (R2 =0.86).
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Figure S107. Reported trend for the variation of MO-2778 in 1cry,Lsversus the measured T2 at seven different

pressures (R? =0.79).
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Figure S110. Reported trend for the variation of MO-270a in 1cry,Hs versus the measured Tu2 at seven different
pressures (R2 =0.84).
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Figure S111. Reported trend for the variation of MO-277a in 1cry,Hs versus the measured T2 at seven different
pressures (R? = 0.83).
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Figure S112. Reported trend for the variation of MO-272a in 1cry,Hs versus the measured Tu2 at seven different
pressures (R2 =0.88).
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Figure S113. Reported trend for the variation of MO-273a in 1cry,Hs versus the measured T2 at seven different
pressures (R? =0.77).
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Figure S114. Reported trend for the variation of MO-274a in 1cry,Hs versus the measured Tu2 at seven different

pressures (R2 =0.79).
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Figure S115. Reported trend for the variation of MO-275a in 1cry,Hs versus the measured T2 at seven different

pressures (R? =0.79).
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Figure S116. Reported trend for the variation of MO-276a in 1cry,Hs versus the measured Tu2 at seven different
pressures (R2 =0.85).
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Figure S117. Reported trend for the variation of MO-2738 in 1cry,Hs versus the measured T2 at seven different
pressures (R? =0.79).
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Figure S118. Reported trend for the variation of MO-274( in 1cry,Hs versus the measured Tu2 at seven different
pressures (R2 =0.81).
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Figure S119. Reported trend for the variation of MO-2750 in 1cry,Hs versus the measured T2 at seven different
pressures (R? = 0.80).
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Figure S120. Reported trend for the variation of MO-276( in lcry,Hs versus the measured Tu2 at seven different
pressures (R2 =0.76).

=
o

-1.65
-1.7—-
—1.75—-
-1.8—-
—1.85—-
1.9
—1.95—-
2]
-2.05—-

2.1

-2.15

1 I I
200 220 240

T,2(exp) (K)

I
180

Figure S121. Reported trend for the variation of MO-2778 in 1cry,Hs versus the measured T2 at seven different
pressures (R? = 0.83).
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Figure S122. Reported trend for the variation of MO-2796 in 1cry,Hs versus the measured Tu2 at seven different

pressures (R2 =0.83).
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Figure S123. Reported trend for the variation of MO-2808 in 1cry,Hs versus the measured T2 at seven different

pressures (R? =0.82).
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Table S13. Calculated values of the frontier MOs (HOMO/LUMO) and the HOMO-LUMO gap (A(MOs) for 1cry,Ls and 1cry,Hs. Last two columns on the right reports
the correlation factor for each of the three studied terms (HOMO, LUMO, HOMO-LUMO gap) for 1lcry,Ls and lcry,Hs against the seven pressures employed for this
study and the relative experimental T12 measured at that pressure conditions.

p / bar 1 1800 2100 2500 2900 3900 4300 2 ) R2
R
Tua(exp.) | K 173 173 189 202 214 227 235 P (Tu2(exp))
0.99 0.81
HOMO | 2884681 2971757 2985363 2999241 3.009037 3.056112 3.073147 | _ |
(Fig. S124) (Fig. S127)
leryls | LUMO |3330047 339816 3409044 3419920 3446868 3483059 3495332 | _ O 087
J (Fig. S125) (Fig. S128)
0.40 0.14
AMOs) | 0.446267 0426403 0.423681 0420688 0437831 0426947 0422185 | .. "o Lo
HOMO | 1.683025 1768741 1783435 1800578 1845477 1850019 2.057617 | _ 7 o
(Fig. S124) (Fig. S127)
leryHs | Lumo | 2861823 2932028 294645 2960872 3028629 3.032438 3210836 | 079
J (Fig. S125) (Fig. S128)
0.05 0.01
AMOs) | 1178798 1163287 1163015 1160566 1183152 1181519 1183219 | . 'O o VO
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Figure S124. Reported trend for the variation of the HOMO energy levels at the pressure increase for lcrynHs
(R2 = 078) and 1cry,LS (R2 = 099)
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Figure S125. Reported trend for the variation of the HOMO energy levels at the pressure increase for lcry s
(R? =0.80 and 1cry,Ls (R? = 0.99).
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Figure S126. Reported trend for the variation of the HOMO-LUMO gap (AMOs) at the pressure increase for
1cry,HS (R2 = 040) and 1cry,LS (R2 = 005)

—e—HS
—— LS
. > - _
0111 — g
[ 2
R°=0.74
0.1
<
L 009-
@]
=
@]
T 908
2_
0.07 + R - 0-81 .
DU e
W P
0.08 I : ! I T T T
170 180 190 200 210 220 230

Tyo(exp) (K)

Figure S127. Reported trend for the variation of the HOMO energy levels of 1cryHs (RZ2 =0.74) and lery,Ls (R?
=0.81) atthe measured Tu/2 at the pressure increase.
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Figure S128. Reported trend for the variation of the LUMO energy levels of 1cry,ns (RZ2 = 0.79) and lery,Ls (R2
=0.87) atthe measured Tu/2 at the pressure increase.
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Figure S129. Reported trend for the variation of the HOMO-LUMO gap (AMOs) of lcryns (R? = 0.14) and
lery,Ls (R2 =0.01) at the measured T2 at the pressure increase.
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4. Additional Data for Gradual SCO
Modelling

4.1. CP2K 6.1 Calculated IR Spectra
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Figure S130. Reported IR spectra calculated with CP2K6.1 code for crystalline lcryLs at the four different
pressures (p =1, 1800, 2100, 2500 bar) where the SCO transition was modelled properly.
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Figure S131. Reported IR spectra calculated with CP2K6.1 code for crystalline 1cry,ns at three different
pressures (p =1, 1800, 2100, 2500 bar) where the SCO transition was modelled properly.
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4.2. IR/Raman Spectra ORCA4.1 code
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Figure S132. Calculated IR and Raman spectra for 1cs,Ls (left) and Lt ns (right) obtained by extrapolation from
the crystalline cell and re-optimised using ORCA4.1 code using RI-PBE-def2-TZVPP level of theory (w = 10).
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Figure S133. Variation of the calculated Raman Spectrum of 1¢f at p = 1 bar, from 1c¢rLs and lerHs. Spectra
were obtained using ORCA4.1 code: RI-PBE-def2-TZVPP level of theory (w =5).
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4.3. Thermodynamic Terms

Table S14. Summary table of the thermodynamic contribution (Her) for lcry,ns and lery,Ls at different pressure
(from 1 bar to 2900 bar). Results are reported in eV.

Hel (V)
p / bar HS LS A

1 -46632.1965 -46632.5185 0.3220
1800 -46632.1911 -46632.5068 0.3157
2100 -46632.1854 -46632.5027 0.3173
2500 -46632.1801 -46632.4962 0.3161
2900 -46631.4015 -46632.4855 1.0840
3900 -46631.3854 -46632.4632 1.0780
4300 -46630.8149 -46632.4516 1.6363

Table S15. Summary table of the thermodynamic contribution (Sel) for 1cry,Hs and 1cry,Ls at different pressure
(from 1 bar to 2900 bar). Results are reported in eV.

Sel (V)
p / bar HS LS A

1 0.000214 0.000134 0.00080
1800 0.000214 0.000134 0.00080
2100 0.000214 0.000134 0.00080
2500 0.000214 0.000134 0.00080
2900 0.000214 0.000134 0.00080
3900 0.000214 0.000134 0.00080
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Table S16. Summary table of the thermodynamic contribution (Hvib) for 1cry,Ls at different pressure (from 1 bar
to 2900 bar). Results are reported in eV.

p / bar 1 1800 2100 2500 2900 3900

T/K Hvib (LS) / eV

25 34.205 34.213 34.213 34.220 34.224 33.951

50 34.243 34.250 34.250 34.258 34.263 34.005

75 34.337 34.344 34.344 34.351 34.357 34.117
100 34.486 34.492 34.492 34.498 34.504 34.281
125 34.683 34.688 34.689 34.695 34.701 34.492
150 34.924 34.930 34.931 34.936 34.941 34.746
155 34.977 34.983 34.984 34.989 34.995 34.801
160 35.032 35.038 35.039 35.044 35.050 34.859
165 35.089 35.095 35.096 35.100 35.106 34.917
170 35.147 35.153 35.154 35.159 35.164 34.978
175 35.207 35.213 35.214 35.219 35.224 35.040
180 35.269 35.274 35.275 35.280 35.286 35.103
185 35.332 35.338 35.339 35.343 35.349 35.168
190 35.396 35.402 35.403 35.408 35.413 35.235
195 35.463 35.469 35.470 35.474 35.479 35.303
200 35.530 35.536 35.537 35.542 35.547 35.372
225 35.893 35.899 35.900 35.904 35.909 35.744
250 36.293 36.300 36.301 36.305 36.310 36.152
275 36.732 36.739 36.740 36.744 36.748 36.598
300 37.207 37.214 37.215 37.219 37.223 37.079
325 37.717 37.725 37.726 37.729 37.734 37.596
350 38.262 38.269 38.271 38.274 38.278 38.147
375 38.840 38.847 38.848 38.852 38.856 38.729
400 39.448 39.456 39.457 39.461 39.465 39.343
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Table S17. Summary table of the thermodynamic contribution (Hvib) for 1cry,Hs at different pressure (from 1 bar
to 2900 bar). Results are reported in eV.

p/bar 1 1800 2100 2500 2900 3900

T/K Hvib (HS) / eV

25 34.046 34.059 34.068 34.064 34.124 34.218
50 34.098 34.112 34.119 34.116 34.174 34.258
75 34.215 34.227 34.232 34.230 34.284 34.356
100 34.385 34.397 34.401 34.399 34.448 34.510
125 34.602 34.613 34.616 34.615 34.660 34.713
150 34.861 34.871 34.874 34.873 34.915 34.960
155 34.918 34.927 34.930 34.930 34.970 35.015
160 34.976 34.985 34.988 34.988 35.028 35.071
165 35.036 35.045 35.048 35.047 35.087 35.129
170 35.097 35.106 35.109 35.108 35.147 35.188
175 35.159 35.168 35.171 35.171 35.209 35.249
180 35.223 35.232 35.235 35.235 35.272 35.311
185 35.289 35.298 35.301 35.300 35.337 35.375
190 35.356 35.365 35.368 35.367 35.404 35.441
195 35.425 35.433 35.436 35.436 35.472 35.508
200 35.495 35.503 35.506 35.506 35.542 35.576
225 35.868 35.876 35.879 35.879 35.912 35.942
250 36.277 36.285 36.288 36.288 36.319 36.346
275 36.722 36.730 36.733 36.733 36.762 36.787
300 37.203 37.211 37.214 37.214 37.241 37.264
325 37.718 37.726 37.729 37.730 37.755 37.775
350 38.267 38.275 38.278 38.278 38.303 38.321
375 38.848 38.856 38.858 38.859 38.882 38.899
400 39.459 39.467 39.470 39.470 39.493 39.508
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Table S18. Summary table of the thermodynamic contribution (Svib) for 1ery,Ls at different pressure (from 1 bar
to 2900 bar). Results are reported in eV.

p / bar 1 1800 2100 2500 2900 3900
T/K Svib (LS)/ eV
25 0.000 0.000 0.000 0.000 0.000 0.000
50 0.001 0.001 0.001 0.001 0.001 0.002
75 0.003 0.003 0.003 0.003 0.003 0.004
100 0.004 0.004 0.004 0.004 0.004 0.005
125 0.006 0.006 0.006 0.006 0.006 0.007
150 0.008 0.008 0.008 0.008 0.008 0.009
155 0.008 0.008 0.008 0.008 0.008 0.010
160 0.009 0.008 0.008 0.009 0.009 0.010
165 0.009 0.009 0.009 0.009 0.009 0.010
170 0.009 0.009 0.009 0.009 0.009 0.011
175 0.010 0.010 0.010 0.010 0.010 0.011
180 0.010 0.010 0.010 0.010 0.010 0.011
185 0.010 0.010 0.010 0.010 0.010 0.012
190 0.011 0.011 0.011 0.011 0.011 0.012
195 0.011 0.011 0.011 0.011 0.011 0.012
200 0.011 0.011 0.011 0.011 0.011 0.013
225 0.013 0.013 0.013 0.013 0.013 0.014
250 0.015 0.015 0.015 0.015 0.015 0.016
275 0.016 0.016 0.016 0.016 0.016 0.018
300 0.018 0.018 0.018 0.018 0.018 0.020
325 0.020 0.020 0.020 0.020 0.020 0.021
350 0.021 0.021 0.021 0.021 0.021 0.023
375 0.023 0.023 0.023 0.023 0.023 0.024
400 0.024 0.024 0.024 0.024 0.024 0.026
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Table S19. Summary table of the thermodynamic contribution (Svib) for 1cry,Hs at different pressure (from 1 bar
to 2900 bar). Results are reported in eV.

p / bar 1 1800 2100 2500 2900 3900
T/K Svib (HS) / eV
25 0.000 0.000 0.000 0.000 0.000 0.000
50 0.002 0.002 0.002 0.002 0.002 0.001
75 0.003 0.004 0.003 0.003 0.003 0.003
100 0.005 0.005 0.005 0.005 0.005 0.005
125 0.007 0.007 0.007 0.007 0.007 0.006
150 0.009 0.009 0.009 0.009 0.009 0.008
155 0.010 0.010 0.009 0.010 0.009 0.008
160 0.010 0.010 0.010 0.010 0.010 0.009
165 0.010 0.010 0.010 0.010 0.010 0.009
170 0.011 0.011 0.011 0.011 0.010 0.010
175 0.011 0.011 0.011 0.011 0.011 0.010
180 0.011 0.011 0.011 0.011 0.011 0.010
185 0.012 0.012 0.012 0.012 0.011 0011
190 0.012 0.012 0.012 0.012 0.012 0.011
195 0.013 0.013 0.012 0.012 0.012 0.011
200 0.013 0.013 0.013 0.013 0.013 0.012
225 0.015 0.015 0.014 0.015 0.014 0.013
250 0.016 0.016 0.016 0.016 0.016 0.015
275 0.018 0.018 0.018 0.018 0.018 0.017
300 0.020 0.020 0.020 0.020 0.019 0.018
325 0.021 0.021 0.021 0.021 0.021 0.020
350 0.023 0.023 0.023 0.023 0.023 0.022
375 0.025 0.025 0.024 0.025 0.024 0.023
400 0.026 0.026 0.026 0.026 0.026 0.025
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