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1. Gaussian Basis set - CRYSTAL17

We used the following TZVP basis set in all our calculations [1], here presented in CRYSTAL17
format.
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2. Convergence tests - CRYSTAL17

Convergence tests were performed to evaluate the effect of the main CRYSTAL settings for structure op-
timization on the α-F2 C2/c crystal structure, namely TOLDEG, TOLDEX, and MAXTRADIUS. TOLDEG
defines the tolerance for the root-mean-square of the energy gradient in each self-consistent field cycle. The po-
tential energy surface (PES) of molecular crystals often exhibits a flat landscape, so very tight tolerances on the
gradient must be used. Otherwise, the algorithm may converge prematurely. The tolerance on the maximum
gradient component is 1.5 times the value of TOLDEG. TOLDEX defines the root-mean-square threshold for
atomic displacements for the optimization cycles. Just as with TOLDEG, the maximum tolerance for an atomic
displacement is 1.5 times the value of TOLDEX. Lastly, the MAXTRADIUS keyword defines the maximum
trust radius allowed in search of the minimum in the potential energy surface. This parameter, whose default
value is 4.0 in CRYSTAL17, is essential for optimizing the structure of molecular crystals having a flat energy
hypersurface. The trust region is the region of the objective function (the potential energy, in our case) that
will be approximated by a simpler (usually quadratic) model. The step size of the optimization algorithm
(changes in lattice parameters and atomic positions in our case) varies inversely proportional to the curvature
(the Hessian, in higher dimensions) at the current position on the energy hypersurface. In flat regions with small
curvature, the step size tends to be large, and the algorithm may miss a minimum due to an oversized step.
MAXTRADIUS limits the size of the step in the minimization algorithm. However, reducing MAXTRADIUS
comes with the risk of a slower convergence of the optimization algorithm. We tested the convergence of the
energy and the structural parameters after optimization by varying TOLDEG (3×10−5, 10−5, and 5×10−6),
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TOLDEX (1.2×10−3, 5×10−5, and 10−5), and MAXTRADIUS (0.25, 0.1, and 0.05). Notice that even the least
strict conditions tested are already much more stringent than the default values (3×10−4, 1.2×10−3, and 4.0
for TOLDEG, TOLDEX, and MAXTRADIUS, respectively). In fact, we chose to be rigorous in this aspect
precisely because we are dealing with a molecular crystal with a possibly flat energy hypersurface around the
global minimum. The optimization convergence tests were performed using the experimentally determined
structure for α-F2 relaxed using the default CRYSTAL17 optimization parameters as the starting point, which
is the same C2/c fluorine crystal structure of minimum energy found by USPEX at P=0.

3. Static stability - CRYSTAL17

We chose very strict convergence criteria for crystal structure optimization of fluorine C2/c and Cmce
phases, namely TOLDEG 0.00001, TOLDEX 0.0001, TOLDEE 11, and MAXTRADIUS 0.01. For the cal-
culation of the static energies of the optimized structures, the chosen conditions were XXLGRID, TOLDEE
12, TOLINTEG 10 10 10 20 40, and SHRINK 11 11 5. These conditions were chosen to ensure an energy
convergence within 1.5 µEh/atom, which is actually smaller than the expected accuracy of DFT calculations
(see below). Furthermore, these same conditions were also employed in obtaining the parameters of the Vinet
equation of state for the C2/c fluorine crystal structure.
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4. Lattice parameters and atomic positions
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Figure S1: Lattice parameters and atomic positions of the fluorine structures as a function of the pressure imposed in the
optimization. The constant pressure optimization minimizes the static enthalpy (no zero-point energy)
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5. Contributions to Total Energy
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Figure S2: Contribution to total energy as a function of volume. Circles are the DFT data calculated at the
PBE0+D3(ABC)/TZVP level of theory. Dotted lines are a guide to the eyes.
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Figure S3: Contributions to total energy as a function of pressure. Circles are the DFT data calculated at the
PBE0+D3(ABC)/TZVP level of theory. Volume was converted to pressure for each phase using their respective fit-
ted Birch-Murnahan equation of state. Dotted lines are a guide to the eyes.
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6. Dynamical stability - Unstable modes
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Figure S4: Phonon dispersion spectra for the fluorine Cmce structure at 0 GPa with representations of their eigenvectors
on an expanded 1 × 1 × 2 primitive cell. All eigenvectors have null c (z) components, meaning that they represent
oscilations of pure shear deformation between the layers of molecules. It should also be noted that the fluorine atoms in
their respective molecule move as a single entity.
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7. Dynamical stability - Potential of unstable mode at Γ
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Figure S5: Potential energy versus displacement along the eigenvector of the Γ-point mode of imaginary frequency for the
orthorhombic Cmce fluorine structure at different pressures. MCD stands for Maximum Classical Displacement [2].
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Figure S6: Potential energy versus displacement along the eigenvector of the Γ-point mode of imaginary frequency for the
orthorhombic Cmce fluorine structure at different pressures compared to the respective harmonic potential. Notice that
a proper description of this mode in the quasi -harmonic approximation is only possible above 1.0GPa. MCD stands for
Maximum Classical Displacement [2].
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