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GPAW

DFT band structure calculations were performed using a real-space grid description of
the wave function with a grid spacing of ~ 0.14 A. The resulting band gaps were found to

agree with plane-wave calculations using a 600 eV cutoff to within better then 0.01 eV.

Ground-state calculations preceding GoW, calculations were done using an energy cutoff
of 600 eV while Gy, self energies were calculated at three cutoff values up to 120 eV (103
eV, 111 eV, 120 eV) and extrapolated to infinite cutoff. GoWj calculations employed a
10 x 10 k-point sampling which is equivalent to a 20 x 20 sampling of the primitive 1 x 1
fluorographene/graphane unit cell. The frequency dependence was represented on a non-
linear grid from 0 eV to the energy of the highest transition included in the basis set where
the grid-spacing was gradually increased starting from 0.1 eV and reaching 0.2 eV at 4.0 eV.
A vacuum of 14 A was used to separate periodic images of the slabs along the surface-normal
directions. GyW)j calculations employed a 2D cutoff of the Coulomb interaction along the
surface-normal direction including analytical corrections for the ¢ — 0 contributions[1, 2.

Exchange contributions were evaluated using Wigner-Seitz truncation|3].

BSE calculations require significant care, especially when a truncated Coulomb interac-
tion is used, as the screened potential converges very slowly with the k-space sampling. We
found that in order to converge the first optical excitation to within ~ 0.05 eV it was neces-
sary to use k-grids of 18 x 18 which is equivalent to a 36 x 36 sampling of the primitive 1 x 1
fluorographene/graphane unit cell. The convergence behavior with respect to the energy
cutoff and number of bands included in calculating the screened interaction was much more
favorable though and a cutoff value of 40 eV was found to be sufficient. A test calculation
on the BrFF using a 6 x 6 k-grid showed an increase in the cutoff value from 40 eV to 180 eV
in the BSE calculation to only change the position of the first excitation peak by 0.01 eV.
The construction of the BSE-Hamiltonian included bands up to 5 eV from the valence band
maximum and conduction band minimum respectively. All BSE calculations are performed
using the statically screened interaction evaluated within the random phase approximation
and employing the Tamm-Dancoff approximation. As in the GoW, calculations a vacuum of
14 A was used to separate periodic images of the slabs along the surface-normal directions.
BSE calculations employed a 2D cutoff of the Coulomb interaction along the surface-normal

direction|[2].



As a test of the validity of our chosen settings we performed calculations on a fluo-
rographene monolayer. In order to directly compare our results to references [4] and [5],
atoms in the layer where relaxed at the PBE level using a lattice constant of 2.61 A. Using
the aforementioned settings for Gy, and BSE calculations (with the k-grids adopted to
the reduction in unit cell size) we obtain a quasiparticle gap of 7.05 eV and an optical gap
of 5.21 eV as compared to quasiparticle gaps of 7.5 eV and 6.99 eV and optical gaps of 5.4
eV and 5.14 eV given in references [4] and [5] respectively. The differences to reference [5]
are mostly due to the difference in the PBE gap for which we obtain 3.17 eV as compared
to 3.09 eV from reference [5].

We further performed calculations on a M06-2X relaxed fluorographene monolayer com-
paring the computational set-up described above to calculations using significantly increased
settings. In the latter GW self energies where extrapolated to infinite energy cutoff using
three cutoff values up to 240 eV (as compared to 120 eV). The calculation further employed
an increased number of points in the frequency integration which was chosen as starting from
0.1 eV, doubling in step-size at 8.0 eV (as compared to 4.0 eV) corresponding to an increase
in the total number of frequency points from 92 to 182. Lastly, the k-grid sampling was
increased t024 x 24 (as compared to 20 x 20). BSE calculations also employed a significantly
increased energy cutoff of 100 eV (as compared to 40 eV) and an increased k-grid sampling
of 44 x 44 (as compared to 36 x 36).

Using these latter settings we obtained quasiparticle and optical gaps equal to 7.25 eV
and 5.34 eV as compared to 7.17 and 5.27 eV using our settings.
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FIG. 1. Total DOS for all systems studied in this work. Band gap values are also indicated. Note
that the values given correspond to the band gap values obtained from the DOS and therefore

differ slightly from the direct band gaps given in the main text.
CRYSTAL

All CRYSTAL calculations employed a 24 x 24 k-grid sampling with CRYSTAL thresholds
(TOLINTEG) set to 1078, 1078, 1078 and 10~%, 1071 respectively while SETINF values 41
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and 43 were set to 30 and 20 respectively (for more information on these thresholds see the

CRYSTAL manual on the website www.crystal.unito.it).

Structure optimizations on all systems were performed using the CRYSTAL14 program[6,
7] together with the M06-2X[8] functional using the POB-triple-( basis set proposed by
Peintinger et al.[9]. In the case of Br and Cl, HSE03[10-13] band gap calculations on the
relaxed structures were done employing the Stuttgart triple-( basis set as modified for use
in periodic calculations by Steenbergen et al.[14], together with the associated quasirela-
tivistic pseudopotentials[15, 16]. For C, F and H, basis sets were constructed according to
the procedure described by Usvyat[17]. In all cases the description of the vacuum region
was enhanced by adding ghost atoms containing a 1s function with an exponent of 0.06

agt, 1 A above the position of the halogen atoms. The complete basis set used is given below.
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STRUCTURAL AND STABILITY DATA

M06-2X  PBE
a(X) b(Y) a(X) b(Y)

BrHH 5.14 5.29 5.16 5.29
BrHBr 5.21 5.50 5.22 5.45
BrHCI 5.18 5.46 5.19 5.43
BrFF 5.29 5.49 5.19 5.18
BrFBr 5.39 5.73 5.45 5.76
BrFCl 5.36 5.63 5.42 5.67

TABLE I. M06-2X- and PBE-relaxed lattice constants along the X and Y direction (see figure 1

in the main text for definitions). All values are given in A.

GrH GrF GrCl GrBr

MO06-2X PBE M06-2X PBE M06-2X PBE M06-2X PBE

BrFF -67 -59 105 8  -203 -205 -311 -303
BrFBr 18 33 189 176 -119 -113 -227 -211
BrFCl -4 12 167 155  -141 -134 -249 -232
BrHH 43 40 214 184  -93 -106 -202 -204
BrHBr 69 67 240 211  -68 =79 -176  -177
BrHCl 49 49 220 192 -88 97 -196  -195

TABLE II. Stability of the compounds considered in this work as compared to GrH, GrF, GrCl and
GrBr calculated using M06-2X and PBE. All values in kJ/mol normalized to the number of carbon
atoms in the unit cell. For comparison the M06-2X stabilities of GrF, GrCl and GrBr relative to
GrH are -172 kJ/mol, 136 kJ/mol and 245 kJ/mol respectively and -143 kJ/mol, 146 kJ/mol and
244 kJ/mol using PBE.
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