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CRYSTAL Computational details (LiF slab)

The multielectronic wave function is constructed as an antisymmetrized product (Slater
determinant) of monoelectronic crystalline orbitals (CO) which are linear combinations of local
functions (to be indicated as AQ’s) centered on each atom of the crystal. In turn, AQ’s (basis set)
are linear combinations of Gaussian-type functions (GTF, the product of a Gaussian times a real
solid spherical harmonic to give s-, p-, and d-type AQ’s).

Li is described with a 6-11G* basis.” It consists of six contracted GTF’s for the description of
the core s shell, and two uncontracted sp and one d functions for the valence shell. For F, the basis
sets used is 7-311G** consisting of seven contracted GTF’s for the description of the core s shell,
and a contraction of three and two uncontracted sp’s, and one d function for the valence shell. All
of the exponents of the valence sp and d GTF’s have been variationally optimized.

The calculations were performed at the Hartree-Fock level. The five parameters (ITOL1,
ITOL2, ITOL3, ITOL4, and ITOLS5) controlling the accuracy of the calculation of Coulomb and
exchange integrals® were set to 10 (ITOL1 to ITOL4) and 10™*° (ITOL5). The diagonalization of the
Fock matrix was performed at 10 k points in the reciprocal space (Monkhrost net?) by setting the
shrinking factor 1S to 8. For both geometry and frequency calculations, the SCF convergence
threshold on total energy (TOLDEE in CRYSTALO6) has been set to 10™° bohr. Geometry
optimization is achieved when each of the components of the gradient and of the displacement
(TOLDEG, TOLDEX parameters in CRYSTALO6) are smaller than 4 x 10 hartree bohr™ and 107
bohr, respectively.

CRYSTALO6>° computes numerically the second derivatives of the energy using analytical
first derivatives. The calculation is done by displacing the irreducible atoms only. The full mass-
weighted Hessian matrix, in Cartesian coordinates, is then generated and diagonalized to obtain
eigenvalues and normal modes. The frequencies must be computed when the crystalline structure
is at a minimum on the potential energy surface. Therefore, harmonic frequency calculations have
been performed on the optimized (100) slab.
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Table S1. Vibrational energy ( EJY“’ ), entropy ( SJY"’) and free energy ( Fj"ib) atT=298.15Kof Liand F

atoms forming the (100) slab of LiF. The slab is composed by 28 layers and 56 atoms (a LiF
molecule per layer) related by an inversion center. Here, only the symmetrically independent
layers (I =1, ..., 14, where | = 1 is the surface layer) and atoms (j = 1, ..., 28; where the atoms 1 and
2 are in the surface layer / =1) are reported.

atom number atomtype layer E}’ib(J/moI) S}ib (J/mol/K) Fj"ib (J/mol)

1 LI 1 11910.6970 31.6228 2482.3593
2 F 1 5197.1686 23.4219 -1786.0735
3 LI 2 11864.9940 26.1043 4081.9833
4 F 2 5644.7988 20.0681 -338.5047
5 LI 3 12029.0570 25.8011 4336.4458
6 F 3 5628.3549 19.3197 -131.8203
7 LI 4 12012.8030 25.3864 4443.8563
8 F 4 5644.6972 18.9715 -11.6604
9 LI 5 12012.6180 25.2069 4497.1823
10 F 5 5643.4786 18.7913 40.8605
11 LI 6 12014.6200 25.0776 4537.7366
12 F 6 5646.0078 18.6698 79.5980
13 LI 7 12015.8110 25.0034 4561.0391
14 F 7 5644.9418 18.5936 101.2489
15 LI 8 12015.2880 24,9511 4576.1309
16 F 8 5647.4423 18.5493 116.9549
17 LI 9 12020.8020 24.9251 4589.3861
18 F 9 5645.6095 18.5095 126.9994
19 LI 10 12015.8650 24.8950 4593.4249
20 F 10 5650.4977 18.4876 138.4077
21 LI 11 12018.4850 24.8782 4601.0399
22 F 11 5650.5198 18.4823 140.0150
23 LI 12 12019.0570 24.8768 4602.0407
24 F 12 5649.3912 18.4599 145.5855
25 LI 13 12017.8770 24.8610 4605.5694
26 F 13 5653.2232 18.4593 149.5829
27 LI 14 12020.6040 24.8374 4615.3215
28 F 14 5652.3528 18.4423 153.7909

) 246587.0630 625.6534 60048.5009
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Table S2. Vibrational energy (E"™), entropy (S,"°) and free energy (F'"") at T = 298.15 K of the
layers forming the (100) slab of LiF. The slab is composed by 28 layers (a LiF molecule per layer)
related by an inversion center. Here, only the symmetrically independent layers (/ = 1, ..., 14,
where | = 1 is the surface layer) are reported. The percentage contribution of each layer to the
vibrational energy (E=100x E,"" /2), entropy (S=100x S, /%) and free energy (F=100x F,"* /%) of the

slab is also reported.

layer E™(/mol) S (/mol/K)  F"™ (J/mol) E (%) S (%) F (%)
1 17107.8660 55.0447 696.2858 6.9379 8.7980 1.1595
2 17509.7920 46.1724 3743.4786 7.1009 7.3799 6.2341
3 17657.4120 45.1209 4204.6255 7.1607 7.2118 7.0020
4 17657.5000 44.3579 4432.1959 7.1608 7.0899 7.3810
5 17656.0970 43.9982 4538.0428 7.1602 7.0324 7.5573
6 17660.6280 43.7474 4617.3346 7.1620 6.9923 7.6893
7 17660.7530 43.5971 4662.2880 7.1621 6.9682 7.7642
8 17662.7310 43.5004 4693.0858 7.1629 6.9528 7.8155
9 17666.4120 43.4346 4716.3855 7.1644 6.9423 7.8543
10 17666.3620 43.3826 4731.8326 7.1644 6.9340 7.8800
11 17669.0050 43.3606 4741.0549 7.1654 6.9304 7.8954
12 17668.4490 43.3367 4747.6263 7.1652 6.9266 7.9063
13 17671.1000 43.3203 4755.1523 7.1663 6.9240 7.9189
14 17672.9560 43.2797 4769.1123 7.1670 6.9175 7.9421
Y 246587.0630 625,6534  60048,5009 100,0000 100,0000  100,0000
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Table S3. Vibrational energy (E}"), entropy (S") and free energy (F;™) at T = 300 K of Ca, C and

O atoms forming the (10.4) slab of calcite. The slab is composed by 10 layers (/= 1, ..., 10, where | =
1 is the surface layer) and 300 atoms (j = 1, ..., 300; where the atoms 1-30 are in the surface layer /
=1; six CaCO3 molecules per layer) both in the region 1 and 2. Here, only the atoms of the region
1, which are allowed to relax according to the GULP strategy, are reported.

atom number atom type layer E}’ib (J/mol) S}'ib (J/mol/K) Fj"ib (J/mol)
1 (0] 1 11729.5690 24.1401 4487.5437
2 (0] 1 11729.5690 24.1401 4487.5394
3 (0] 1 11728.0230 24.0732 4506.0662
4 (0] 1 11728.0240 24.0732 4506.0734
5 (0] 1 11729.5690 24.1401 4487.5517
6 (0] 1 11728.0230 24.0732 4506.0594
7 Ca 1 8316.7364 30.0713 -704.6557
8 (0] 1 11714.5370 19.8868 5748.4957
9 C 1 18743.1950 8.7478 16118.8660
10 (0] 1 11714.5350 19.8868 5748.4950
11 C 1 18743.1980 8.7478 16118.8680
12 (0] 1 11712.1630 19.8760 5749.3630
13 C 1 18743.1460 8.7417 16120.6260
14 Ca 1 8316.7367 30.0713 -704.6546
15 Ca 1 8313.7962 30.1190 -721.8980
16 Ca 1 8313.7964 30.1190 -721.8992
17 (0] 1 11712.1610 19.8760 5749.3568
18 C 1 18743.1440 8.7417 16120.6230
19 (0] 1 11714.5360 19.8868 5748.4966
20 C 1 18743.1950 8.7478 16118.8640
21 (0] 1 11712.1620 19.8760 5749.3588
22 C 1 18743.1460 8.7417 16120.6260
23 Ca 1 8313.7956 30.1190 -721.8975
24 Ca 1 8316.7364 30.0713 -704.6554
25 (0] 1 11722.6760 20.8366 5471.6828
26 (0] 1 11719.1520 20.7890 5482.4547
27 (0] 1 11719.1530 20.7890 5482.4582
28 (0] 1 11722.6740 20.8367 5471.6732
29 (0] 1 11719.1520 20.7890 5482.4466
30 (0] 1 11722.6740 20.8366 5471.6807
31 (0] 2 11815.5060 19.6599 5917.5211
32 (0] 2 11815.5070 19.6599 5917.5231
33 (0] 2 11815.7610 19.6604 5917.6437
34 (0] 2 11815.7620 19.6604 5917.6409
35 (0] 2 11815.5080 19.6599 5917.5257
36 (0] 2 11815.7610 19.6604 5917.6390
37 Ca 2 8374.9968 27.5134 120.9858
38 Ca 2 8374.9951 27.5134 120.9883
39 (0] 2 11808.8970 19.2095 6046.0333
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19.1500
19.1498
19.1500
19.1498
19.1500
19.1498
19.1131
19.1131
19.1127
19.1127
19.1131
19.1127
26.8628
18.9067

8.2407
18.9077

8.2408
26.8631
26.8631
26.8628
18.9077

8.2408
18.9067

8.2407
18.9077

8.2408
26.8628
26.8631
18.9067

8.2407
19.0183
19.0194
19.0194
19.0183
19.0194
19.0183
18.7522
18.7522
18.7532
18.7532

6085.2376
16086.8310
6085.7328
16086.6210
248.0489
6085.2394
16086.8310
6031.4424
6031.5214
6031.4418
6031.5206
6031.4387
6031.5163
6035.0787
6035.0779
6035.0970
6035.0943
6035.0796
6035.0969
314.3694
6109.4467
16096.6750
6109.0854
16096.7540
314.2479
314.2487
314.3685
6109.0845
16096.7520
6109.4431
16096.6740
6109.0834
16096.7540
314.3690
314.2489
6109.4465
16096.6750
6065.1585
6064.7431
6064.7432
6065.1599
6064.7436
6065.1601
6156.6856
6156.6850
6156.3188
6156.3199
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275 0] 10 11782.3560 18.7522 6156.6876
276 o 10 11782.2860 18.7532 6156.3203
277 Ca 10 8398.4099 25.2263 830.5274
278 0 10 11799.5840 18.3784 6286.0572
279 C 10 18596.1120 8.0015 16195.6560
280 0 10 11799.6080 18.3779 6286.2279
281 C 10 18596.1400 8.0015 16195.6950
282 Ca 10 8398.4300 25.2259 830.6730
283 Ca 10 8398.4305 25.2259 830.6735
284 Ca 10 8398.4101 25.2263 830.5257
285 (0] 10 11799.6090 18.3779 6286.2283
286 C 10 18596.1360 8.0015 16195.6900
287 (0] 10 11799.5850 18.3784 6286.0572
288 C 10 18596.1110 8.0015 16195.6550
289 (0] 10 11799.6100 18.3779 6286.2277
290 C 10 18596.1380 8.0015 16195.6930
201 Ca 10 8398.4107 25.2263 830.5269
292 Ca 10 8398.4297 25.2259 830.6745
293 (0] 10 11799.5850 18.3784 6286.0600
294 C 10 18596.1130 8.0015 16195.6570
295 (0] 10 11806.0730 18.0523 6390.3842
296 0 10 11806.0800 18.0529 6390.2213
297 (0] 10 11806.0800 18.0529 6390.2213
298 0 10 11806.0720 18.0523 6390.3831
299 (0] 10 11806.0810 18.0529 6390.2241
300 ) 10 11806.0730 18.0523 6390.3845

2 3738295.7255 5611.0245 2054988.3835
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Table S4. Vibrational energy (E®), entropy (S|°) and free energy (F,™) at T = 300 K of the layers

forming the (10.4) slab of calcite. The slab is composed by 10 layers (/= 1, ..., 10, where / = 1 is the
surface layer) both in the region 1 and 2. Here, only the atoms of the region 1, which are allowed
to relax according to the GULP strategy, are reported. The percentage contribution of each layer to
the vibrational energy (E=100x E," /%), entropy (S=100x S,"* /%) and free energy (F=100x F,"* /%) of

the slab is also reported.

layer E™(/mol) S (/mol/K)  F"™ (/mol) E (%) S (%) F (%)
1 373328.9800 621.8446 186775.6100 9.9866 11.0825 9.0889
2 375025.3200 563.2087 206062.7000 10.0320 10.0375 10.0274
3 373712.3300 558.4650 206172.8300 9.9969 9.9530 10.0328
4 373911.1900 557.5773  206637.9900 10.0022 9.9372 10.0554
5 373554.6400 557.1530 206408.7500 9.9926 9.9296 10.0443
6 373716.8700 556.9692 206626.1100 9.9970 9.9263 10.0549
7 373520.2000 556.5994  206540.4000 9.9917 9.9197 10.0507
8 373652.1800 555.8850 206886.6900 9.9953 9.9070 10.0675
9 373578.7700 552.8561 207721.9600 9.9933 9.8530 10.1082
10 374295.2400 530.4663 215155.3400 10.0125 9.4540 10.4699
)y 3738295.7200 5611.0245 2054988.3800 100.0000 100.0000 100.0000
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