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S1. COMPUTATIONAL DETAILS

For the series of structures under study we perform ab-initio density functional theory (DFT) calculations within
the projector augmented wave (PAW) method as implemented in the Vienna ab-initio Package (VASP) program
using the generalized gradient approximation (GGA) functional as constructed by Perdew, Burke and Ernzerhof
(PBE).1–5 The plane wave kinetic energy cutoff is set to 500 eV. Due to the large difference in lattice vector lengths
for the structures a Monkhorst-Pack special k-point grid of 2× 2× 6 k-points is used to sample the Brillouin zone.6,7

Dispersive interactions, which play an important role in the flexibility of the crystal structure of MOFs, are included
through the DFT-D method as suggested by Grimme et al., including Becke-Johnson damping.8–11. To obtain an
accurate picture of the electronic structure, hybrid functional, HSE06+D,12–14 calculations are performed on the PBE
optimized geometries, as this was previously shown to give very accurate estimates of the experimental band gap in
MOFs.15

The atomistic model used in our DFT calculations consisted of a conventional unit cell containing four formula
units (i.e. containing 72 to 88 atoms). Figure 1 shows a ball-and-stick representation of the large pore MIL-47(V)
structure (a super cell is shown). Starting from the experimental lattice parameters and volumes the structures are
optimized under the constraint of constant volume to allow for direct comparison to the experimental results.7 Ionic
positions and cell shape are optimized simultaneously using a conjugate gradient method, and convergence is set to
the difference in energy between subsequent steps becoming smaller than 1.0 × 10−7 eV. After full relaxation, the
forces on the ions were found to be below 0.002 eV/Å.

As each of the four vanadium atoms (two V atoms on each vanadyl chain in the conventional unit cell) contributes one
unpaired electron to the system, and it is known that the configuration of these unpaired spins has a strong influence on
the electronic structure and mechanical properties of flexible MOFs,16 we considered two different spin configurations
for each of the structures: the anti-ferromagnetic (AF) ground state configuration17 and the ferromagnetic (FM)
configuration. The presence of both configurations in experimental samples has been derived from X-Ray Diffraction
data.18 The different spin configurations are manually imposed upon initialization of the structure optimization by
setting the initial magnetic moment for each atom in the cell (MAGMOM keyword). For each following calculation
the atomic magnetic moments are checked, and it is verified that the imposed spin configuration is retained. If this
is not the case, the magnetic moment is reinitialized and the structure optimization is continued from this point.

The atomic charges of the systems are calculated using the iterative Hirshfeld-I approach19 as implemented in
our in house developed code HIVE.20–22 Our implementation makes use of the grid stored (pseudo) electron density
distributions which are standardly obtained from VASP.21,22 The atom centered spherical integrations are done using
Lebedev-Laikov grids of 1202 grid points per shell, and a logarithmic radial grid.23,24 The iterative scheme is considered
converged when the largest difference in charge of a system atom is less than 1.0 × 10−5 electron in two consecutive
iterations.
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The total amount of calculation time for the current work exceeds 33 years CPU(-core)-time (Sandy Bridge, E5-2670,
2.6 GHz).

S2. STRUCTURE INFORMATION

Although the total energy differs significantly between the AF and FM structures, the underlying atomic structure
shows only very minute differences. These, however, can still be discerned in very detailed XRD analysis, allowing
for direct comparison with experiment.18 The optimized atomic structures can be obtained free of charge from The
Cambridge Crystallographic Data Centre: CCDC 1507811–1507830.

TABLE S1. Structural parameters of functionalized MIL-47(V)-X MOFs with a FM spin configuration. Lattice parameters a,
b, and c are given, as well as the volume of a unit cell containing 4 formula units (72–88 atoms). The opening angle of the
MOF θ and the linker rotation angle φ are defined in Fig. 1.

a b c Vol θ φ
(Å) (Å) (Å) (Å3) (◦) (◦)

MIL-47(V) 16.319 13.918 6.826 1550.344 80.9 8.5
-F 16.436 13.841 6.849 1558.092 80.2 9.2
-Cl 16.987 13.116 6.829 1521.587 75.3 21.8
-Br 16.482 13.760 6.848 1553.001 79.7 24.1
-2,5F 17.795 11.996 6.819 1455.568 68.0 12.6
-OH 16.729 13.428 6.842 1537.046 77.5 3.2
-CH3 16.796 13.324 6.829 1528.355 76.9 20.5
-CF3 16.175 14.111 6.867 1567.271 82.2 30.9
-OCH3 16.944 13.144 6.828 1520.498 75.6 28.6
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S3. ATOMIC CHARGES

TABLE S2. Hirshfeld-I atomic charges [in electron] for the different atoms as indicated in Fig. 1c. For the 2×-F system, the
charge of the functional group presented is that of a single -F functional group. The PBE-electron density for the FM systems
was.

V OV OBDC CO R CR C1 C2 C3 C4 C5 H1 H3 H4

MIL-47(V) 2.42 −1.01 −0.73 0.78 − −0.08 −0.08 −0.11 −0.08 −0.08 −0.11 0.12 0.12 0.12
-F 2.42 −1.00 −0.73 0.79 −0.13 0.36 −0.25 −0.07 −0.11 −0.04 −0.26 0.15 0.12 0.12
-Cl 2.42 −1.01 −0.73 0.79 0.04 0.14 −0.25 −0.07 −0.11 −0.04 −0.26 0.15 0.12 0.12
-Br 2.42 −1.01 −0.73 0.79 0.08 0.09 −0.16 −0.09 −0.10 −0.07 −0.17 0.13 0.12 0.11
-2,5F 2.42 −1.00 −0.73 0.81 −0.13 0.34 −0.22 −0.22 − − − 0.16 − −
-OH 2.42 −1.01 −0.73 0.80 −0.10 0.39 −0.23 −0.08 −0.12 −0.03 −0.30 0.14 0.12 0.12
-CH3 2.42 −1.01 −0.73 0.79 −0.05 0.20 −0.15 −0.10 −0.10 −0.07 −0.18 0.12 0.12 0.12
-CF3 2.42 −1.00 −0.73 0.78 0.12 −0.18 −0.08 −0.10 −0.07 −0.08 −0.08 0.12 0.13 0.12
-OCH3 2.42 −1.00 −0.73 0.79 0.04 0.32 −0.26 −0.07 −0.13 −0.06 −0.25 0.13 0.12 0.13

TABLE S3. Hirshfeld-I atomic charges [in electron] for the different atoms as indicated in Fig. 1c. For the 2×-F system,
the charge of the functional group presented is that of a single -F functional group. The HSE06-electron density for the AF
systems was used, and PBE reference density for reference atomic densities used to construct the promolecule/solid in the
Atoms-In-Molecules scheme.

V OV OBDC CO R CR C1 C2 C3 C4 C5 H1 H3 H4

MIL-47(V) 2.59 −1.08 −0.80 0.89 − −0.08 −0.08 −0.14 −0.08 −0.08 −0.14 0.12 0.12 0.12
-F 2.59 −1.07 −0.80 0.90 −0.16 0.40 −0.26 −0.08 −0.11 −0.04 −0.29 0.16 0.13 0.13
-Cl 2.59 −1.07 −0.81 0.90 0.03 0.16 −0.18 −0.10 −0.10 −0.06 −0.22 0.14 0.13 0.12
-Br 2.59 −1.07 −0.81 0.90 0.06 0.12 −0.16 −0.11 −0.09 −0.06 −0.20 0.14 0.13 0.12
-2,5F 2.59 −1.07 −0.80 0.91 −0.16 0.38 −0.22 −0.24 − − − 0.16 − −
-OH 2.59 −1.07 −0.81 0.91 −0.12 0.43 −0.24 −0.09 −0.13 −0.02 −0.34 0.15 0.13 0.13
-CH3 2.59 −1.07 −0.80 0.89 −0.05 0.21 −0.15 −0.12 −0.10 −0.07 −0.20 0.13 0.13 0.12
-CF3 2.59 −1.07 −0.80 0.89 0.12 −0.19 −0.07 −0.12 −0.06 −0.08 −0.09 0.13 0.14 0.13
-OCH3 2.59 −1.07 −0.80 0.90 0.06 0.36 −0.27 −0.08 −0.13 −0.05 −0.28 0.14 0.13 0.13
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S4. ELECTRONIC STRUCTURE

FIG. S1. The total DOS of the MIL-47(V) and the func-
tionalized MOFs, obtained for the HSE06 hybrid func-
tional and the FM spin configuration. The valence and
conduction band edges of the unfunctionalized MIL-47(V)
AF system are indicated by the dashed and dotted lines,
respectively. The position of the split-off π-band is indi-
cated by the arrows. Majority and minority spin compo-
nents are shown in black and red, respectively. The DOS
was smoothed using a 25 meV wide gaussian smoothing
function.

FIG. S2. Total DOS for the minority spin component
for the functionalized MIL-47(V) MOFs with a FM spin
configuration using the PBE functional. The unfunc-
tionalized MIL-47(V) (top panel) is provided as refer-
ence. The top of the minority (dashed line) and majority
(dashed-dotted line) spin components of the unfunction-
alized MIL-47(V) are indicated. The position of the split-
off π-band induced by the functionalization is indicated
as “gap state(s)”, since it is located in the minority band
gap. The functional group is noted in each panel.
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FIG. S3. Electronic band structure (left) and DOS(right) for selected functionalizations. Calculations were performed using
the PBE functional for the FM spin configuration of the unpaired vanadium d-electrons. Majority and minority spin bands
are given by solid black lines and red dashed lines respectively. In addition to the total DOS, also the atom-projected DOS is
given for the atoms of the functional group. The split-off π-bands are indicated with an arrow.
(a) First Brillouin zone with high symmetry points indicated. (b) MIL-47(V)-CF3, (c) MIL-47(V)-OH, (d) MIL-47(V)-F, (e)
MIL-47(V)-Cl and, (f) MIL-47(V)-Br
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FIG. S4. Electronic band structure (left) and DOS(right) for selected functionalizations. Calculations were performed using
the PBE functional for the AF spin configuration of the unpaired vanadium d-electrons. Majority and minority spin bands are
exactly the same. In addition to the total DOS, also the atom-projected DOS(flipped to the negative side of the scale) is given
for the atoms of the functional group. The split-off π-bands are indicated with an arrow.
(a) Unfunctionalized MIL-47(V). (b) MIL-47(V)-CF3, (c) MIL-47(V)-OH, (d) MIL-47(V)-F, (e) MIL-47(V)-Cl and, (f) MIL-
47(V)-Br
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