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Table 1: Theoretic sublimation energies for the X23 benchmark set on the PBE/CBS,
PBE-D3/CBS, PBE-D3/CBS+E®), PBE/SVP, PBE-D3/SVP, PBE-D3-gCP/SVP, PBE-D3-
gCP+E®), B3LYP-D3/SVP, B3LYP-D3-gCP/SVP, and B3LYP-D3-gCP/SVP+E®) level.
Only electronic energy contributions are given. The experimental value is thermodynami-
cally back-corrected as provided by Tkatchenko ef al.. All values are given per molecule and
in kcal/mol.

Func/basis: PBE/CBS PBE/SVP B3LYP/CBS Exp
Disp-Corr: - -D3 -D3 - -D3 -D3 -D3 -D3  -D3 -D3

BSSE-Corr: - - - - - -gCPp  -gCP - -gCp -gCP

3-body: - - 4EO - - - 4EO - - 4EG

Cl 6.9 21.6 204 168 31.8 208 19,6 332 223 21.2 212
C2 9.7 172 16.7 189 267 16.6 16.1 266 16.7 162 174
C3 -1.5 171 15.4 20 204 144 127 205 14.6 13.6 16.6
C4 6.6 10.3 10.1  13.1 16,5 13.0 12.8 153 11.8 11.6 8.9
C5 —-14 254 23.1 34 315 243 22.0 37.8 30.6 28.3 269
Co6 03 131 12.2 41 166 129 12.1 174 137 12.8 124
C7 1.9 6.0 5.8 5.7 9.9 2.6 24 11.0 3.7 3.5 6.5
C8 152 224 22.0 21.3 284 228 224 279 224 21.8  19.1
C9 21.1 378 36.5 342 505 373 36.1 51.8 389 37.6  40.6
C10 109 214 20.7 200 304 20.1 194 31.1 21.0 203 20.6
C11 13.4  20.1 19.7 207 274 189 184 27.6 19.1 18.7 18.9
C12 11.8  22.0 213 182 28.1 226 219 284 229 222 20.8
C13 —-1.2  19.1 17.5 24 219 162 14.6 26.1 205 18.9 195
Cl4 13.1  23.0 222 244 344 153 146 413 21.0 203  23.0
CI15 13.9 236 23.0 249 353 159 152 414 208 20.1  23.0
C16 33 157 14.9 89 209 159 151 219 17.0 162 14.7
C17 92 194 187 153 256 19.7 19.0 257 199 19.1 18.6
C18 32 146 13.7 9.6 21.1 150 143 233 173 16.5 14.8
C19 4.1 14.1 133 144 258 128 120 27.8 15.1 143 159
C20 189 335 324 295 448 308 29.7 470 33.6 325 324
C21 19.0 273 26.8 285 368 255 250 370 259 254 245
R22 3.0 207 19.1 11.8 30.6 22.1 199 329 246 229 206
R23 177 32.0 30,8 333 47.6 269 26.1 476 272 26.0 31.1
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Table 2: Mean absolute deviation (MAD), mean deviation (MD), and standard deviation (SD)
of the sublimation energy for the X23 test set and for the subset X12/Hydrogen dominated
by hydrogen bonds. We calculate the energy with different combinations of functionals (PBE
and B3LYP), dispersion correction D3, and geometric counterpoise correction gCP and com-
pare with thermodynamically back-corrected experimental sublimation energies. On the
PBE/SVP level, we give values based on deviations to the corresponding large plane-wave
basis set values in parentheses. All values are in kcal/mol.

X23 X12/Hydrogen
Method MAD MD SD MAD MD
PBE/CBS 11.7 —11.7 6.1 9.7 —9.7
PBE-D3/CBS 1.1 0.4 1.3 1.3 0.8
PBE-D3/CBS+E ()¢ 1.2 —-0.5 1.7 1.1 0.1
PBE/SVP 54(17) =3.8 (7.7) 7.0 (3.3) 2.6(9.5) —0.1 (9.5)
PBE-D3/SVP 85(8.1) 85 (8.1) 3.5(3.4) 10.5(9.7) 105 (9.7)
PBE-D3-gCP/SVP 25(21) —1.1(—15) 3.0 (2.6) 2.8(25) —1.4(-23)
PBE-D3-gCP/SVP+E(3)¢ 2.9(2.0) —2.0(-1.5) 3.2 (2.5) 3.1(2.4) —22(-22)
B3LYP-D3/SVP 10.1 10.1 4.1 12.0 12.0
B3LYP-D3-gCP/SVP 2.0 0.6 2.2 1.7 —0.1
B3LYP-D3-gCP/SVP+E ()4 1.7 —0.3 2.2 1.8 —0.8

¢ Three-body dispersion single-point energy E () on optimized structures.

S3



Table 3: Crystal structures of a subgroub of the X23 benchmark set. We calculate the geome-
tries on the PBE-D3/CBS, PBE-D3/SVP, PBE-DS-% gCP/SVP, PBE-D3-gCP/SVP, B3LYP-

D3/SVP, and B3LYP-D3-% gCP/SVP levels. Cell length are in Aand volumes in A3. All systems
are orthorhombic.

Func/bais:  PBE/CBS PBE/SVP B3LYP/CBS Exp
Disp-Corr: -D3 -D3 -D3 -D3 -D3 -D3
BSSE-Corr: - - -3gCP -gCP - -3gCP

C2 a 12.12 13.04 13.20 13.25 13.01 13.15 13.15

b 4.07 3.83 3.99 4.13 3.75 3.90 3.92

c 6.09 5.64 5.82 5.93 5.60 5.74 5.76

Vol 3002 281.5 306.5 324.8 272.9 294.0 2973

C3 a 6.62 6.58 6.71 6.83 6.51 6.61 6.64

c 8.88 8.86 8.98 9.04 8.69 8.85 8.92

Vol 389.4 3833 4037 4223 368.1 387.4  393.1

C4 a 5.01 491 5.04 5.13 491 5.01 5.12

Vol 126.0 118.3 128.2 135.1 118.6 125.9 135.0

C6 a 7.35 7.13 7.29 7.49 — — 7.39

9.39 9.09 9.23 9.43 — — 9.42

6.77 6.96 7.01 7.02 —— — 6.81

Vol 467.5 4513 4714 324.8 — - 474.1

Cc7 a 5.68 5.52 5.74 5.94 5.40 5.60 5.62

Vol 183.3 168.1 189.5 209.6 157.4 176.0 177.9

C8 a 6.86 6.75 6.91 7.07 6.66 6.79 6.86

6.69 6.50 6.61 6.76 6.44 6.56 6.63

c 8.94 8.90 8.94 9.00 8.99 9.07 9.15

Vol 4104 3904 4083 4305 396.0  404.0 4157

Cl4 a 6.69 6.59 6.97 7.38 6.41 6.66 6.55

7.64 7.45 7.64 7.71 7.50 7.66 7.84

c 6.15 5.96 6.25 6.35 5.94 6.09 6.09
Vol 314.6 292.6 332.9 361.4 285.2 310.5 312.6
C16 a 9.23 9.17 9.21 9.31 9.14 9.27 9.33

5.80 5.64 5.70 5.84 5.53 5.58 5.85

c 3.71 3.65 3.80 3.86 3.57 3.69 3.73

Vol 198.4 188.7 199.6 209.8 180.8 190.8 203.6

C17 a 8.20 8.05 8.04 8.25 - —— 8.19
b 12.16 12.22 12.46 12.68 —— —— 12.59

c 6.80 6.74 6.99 7.10 —— —— 6.77

Vol 702.5 662.9 700.3 742.2 —— —— 698.3

C21 a 5.56 5.41 5.56 5.67 5.39 5.54 5.57
c 4.67 4.66 4.70 4.78 4.64 4.67 4.68

Vol 144.4 136.5 145.0 153.6 134.9 143.6 145.1

S4



