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S$1. Additional data on electronic band structure and density of states
(DOS) of ZIF-8 materials

The electronic band structure and the density of states of ZIF-8(Zn)-AP (part a), ZIF-8(Zn)-HP (b), ZIF-8(Mg)-

AP (c), and ZIF-8(Fe)-IP (d) are compared in Figure S1.
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Figure S1. Electronic band structure and density of states (DOS) of (a) ZIF-8(Zn)-AP, (b) ZIF-8(Zn)-HP, (c) ZIF-
8(Mg)-AP, and (d) ZIF-8(Fe)-IP (2S+1 = 49) obtained at the B3LYP-D*/TZVp level. In (d), blue and pink areas
correspond to alpha and beta electrons, respectively.
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The next plots show the total density of states (light blue) and its projected values for each atom of the
asymmetric unit for ZIF-8(Zn)-AP (Figure S2), ZIF-8(Zn)-HP (Figure S3), ZIF-8(Mg)-AP (Figure S4), and ZIF-
8(Fe)-IP (Figure S5). It is evident that while for Zn and Mg the band gap is mainly associated to imidazolate

orbitals, for Fe the band gap orbitals have a main contribution from the iron orbital.
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Figure S2. Projected density of states (DOS) of ZIF-8(Zn)-AP obtained at the B3LYP-D*/TZVp level.
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Figure S3. Projected density of states (DOS) of ZIF-8(Zn)-HP obtained at the B3LYP-D*/TZVp level.
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Figure S4. Projected density of states (DOS) of ZIF-8(Mg)-AP obtained at the B3LYP-D*/TZVp level.
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Figure S5. Projected density of states (DOS) of ZIF-8(Fe)-AP (2S+1 = 49) obtained at the B3LYP-D*/TZVp level.
Positive and negative values correspond to alpha and beta electrons, respectively.
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S2. Additional data on the CASSCF and CASPT2 calculations

Single points calculations were performed using multireference methods on Fe: and Fe: clusters (see Figure

S6), carved from the B3LYP-D* optimized structure of ZIF-8(Fe)-IP (2S + 1 =49).

Figure S6. Mono-iron cluster Fe: and di-iron cluster Fez carved from ZIF-8(Fe)-IP (25 + 1 = 49) structure and used
for multireference wave function based calculations. Color code of the atoms: iron (orange), N (blue), C (grey), H
(white).

In Table S1, the CASCCF and CASPT?2 relative stability of the singlet, triplet, and pentet for the Fe: cluster is
reported for increasing dimension of the active space. The relative energy of the spin states at the CASPT2 level
has a very small dependence on the active space dimension. The pentet is the most stable spin state, followed
by the triplet and the singlet. The orbitals and their occupancy for the pentet are showed in Table S2: it is
evident as both the occupied and unoccupied orbitals composing the (4,10) active space are mainly contributed
from 3d and 3d’ atomic orbitals of iron (see also Table S3). The results are invariant also on the basis set
(compare Table S1 and Table S2), validating the use of the smaller basis set for Fez, being the larger one not

affordable.
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Figure S7. Qualitative molecular orbital diagram showing the natural orbitals for a mono-iron cluster Fe; for S = 2
obtained at the CASSCF(4,10) level using the largest basis set. Color code as in Figure 6.

S8



Table S1. Relative energy stability obtained by single point calculations on the mono-iron cluster Fe: at the CASSCF
and CASPT2 level of theory using (4,5) active spaces using two different basis set (small and large, see Computational
Methods) for increasing spin multiplicities (25 + 1). All the values are in k] mol-1.

25+1 small basis set large basis set
AE(CASSCF) AE(CASPT2) AE(CASSCF) AE(CASPT2)
1 345.7 372.9 345.5 370.6
3 217.4 237.6 217.2 235.9
5 0.0 0.0 0.0 0.0

Table S2. Relative energy stability obtained by single point calculations on the mono-iron cluster Fe: at the CASSCF
and CASPT2 level of theory using (4,10) active spaces using two different basis set (small and large, see
Computational Methods) for increasing spin multiplicities (25 + 1). All the values are in k] mol-1.

25+ 1 small basis set large basis set
AE(CASSCF) AE(CASPT2) AE(CASSCF) AE(CASPT2)
1 3139 370.6 314.5 371.8
3 203.3 234.1 203.2 234.5
5 0.0 0.0 0.0 0.0

Table S3. Relative energy stability obtained by single point calculations on the di-iron cluster Fez at the CASSCF and
CASPT?2 level of theory using (8,10) and (8,20) active spaces for increasing spin multiplicities (25 + 1). All the values
are in k] mol-1.

2541 (8,10) (8,20)
AE(CASSCF) AE(CASPT2) AE(CASSCF) AE(CASPT2)
1 0.0 0.0 0.0 0.4
3 0.0 1.1 0.0 15
5 0.0 1.7 0.0 1.9
7 0.0 2.1 0.0 1.8
9 0.1 1.7 0.1 0.0
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Figure S8. Output of the CASSCF calculation for the mono-iron cluster Fe: using a (4,10) active space for S = 2 and
the larger basis set reporting the occupancy and the coefficients for each natural orbital calculation. MOLCAS labeling

of the spherical harmonics is: 3d2+ = 3dx2_y2, 3d1+ = 3dxz, 3d0 = 3d,2, 3d1-
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Figure S9. Output of the CASSCF calculation for the di-iron cluster Fez using a (8,20) active space for S = 0 reporting
the occupancy and the coefficients for each natural orbital calculation. MOLCAS labeling of the spherical harmonics

is: 3d2+ = 3d,2
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