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S1. METAL ORGANIC FRAMEWORKS

A. MOF dataset

MOF dataset contains 21 Metal Organic Frameworks selected by us for different molecular

architecture in terms of number of atoms, metal cluster, organic linker and topology. In

Tables S1, S2 the computational time for single and total SCF, as well for gradient calculation

is reported at PBEsol0-3c and HSEsol-3c level of theory, respectively.
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TABLE S1: PBEsol0-3c wall-clock time (sec.) required for SCF and gradients calculation per-

formed on 80 CPU cores Intel R© Xeon R© E5-2630 v4 for the MOF dataset.

system Nat Nop NAO S T (Ncyc) A Ga

MIL-53 (Al)1 38 8 446 22 150 (24) 6 11

CPO-27 (Zn)2 54 6 828 8 180 (15) 12 16

MOF-5 (Zn)3 106 48 1406 16 247 (12) 21 13

UiO-66 (Zr)4 114 24 1418 17 312 (13) 24 36

IRMOF-10 (Zn)3 166 48 1994 29 407 (13) 31 22

HKUST-1 (Zn)5 156 48 2220 30 372 (11) 34 21

IRMOF-9 (Zn)3 332 8 3988 59 965 (13) 74 71

FJI-H6 (Zr)6 396 12 4322 74 1115 (14) 80 65

MIL-127 (Al)7 424 8 5496 109 1455 (12) 121 115

NU-1000 (Zr)8 558 12 6246 206 2408 (12) 140 140

PCN-60 (Zn)9 504 48 6696 201 2818 (13) 217 63

MOF-399 (Zn)10 636 48 6924 226 2992 (13) 230 89

meso-MOF-2 (Cd)11 528 48 7104 236 3051 (13) 235 66

DUT-122 (Zr)12 696 12 8648 286 4478 (14) 320 187

NU-100 (Zn)13 792 48 9768 324 5120 (14) 366 106

NU-109 (Zn)14 840 48 10488 354 6023 (15) 402 116

NU-108 (Zn)15 984 48 11400 387 5958 (13) 458 146

NU-110 (Zn)14 1032 48 12120 345 6026 (15) 402 117

DUT-49 (Zn)16 1728 24 20448 965 16266 (14) 1162 375

MOF-210 (Zn)17 1854 6 22410 1217 20123 (14) 1437 1167

MIL-100 (Al)18 2788 16 37128 2963 103165 (25) 4127 1677

aNat is the total number of atoms, Nop is the number of symmetry operators,NAO is the total number of

atomic orbitals, Ncyc is the total number of SCF cycles, S is the single SCF time, T is the total SCF time,

A is the average SCF time, G is the gradient time.
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TABLE S2: HSEsol-3c wall-clock time (sec.) required for SCF and gradients calculation performed

on 80 CPU cores Intel R© Xeon R© E5-2630 v4 for the MOF dataset.

system Nat Nop NAO S T (Ncyc) A Ga

MIL-53 (Al) 38 8 446 7 62 (10) 6 13

CPO-27 (Zn) 54 6 828 15 139 (11) 13 22

MOF-5 (Zn) 106 48 1406 14 321 (12) 27 13

UiO-66 (Zr) 114 24 1418 19 313 (12) 26 48

IRMOF-10 (Zn) 166 48 1994 30 403 (13) 31 23

HKUST-1 (Zn) 156 48 2220 46 388 (11) 35 22

IRMOF-9 IP (Zn) 332 8 3988 64 956 (13) 74 79

FJI-H6 (Zr) 396 12 4322 77 1120 (13) 86 98

MIL-127 (Al) 424 8 5496 106 1519 (12) 127 1230

NU-1000 (Zr) 558 12 6246 190 2447 (12) 204 168

PCN-60 (Zn) 504 48 6696 207 3052 (14) 218 70

MOF-399 (Zn) 636 48 6924 218 3084 (13) 237 86

meso-MOF-2 (Cd) 528 48 7104 209 3191 (14) 228 3230

DUT-122 (Zr) 696 12 8648 318 4576 (14) 327 226

NU-100 (Zn) 792 48 9768 322 5410 (15) 361 109

NU-109 (Zn) 840 48 10488 345 6026 (15) 402 117

NU-108 (Zn) 984 48 11400 399 6352 (14) 454 150

NU-110 (Zn) 1032 48 12120 422 6843 (14) 489 139

DUT-49 (Zn) 1728 24 20448 988 16296 (12) 1356 389

MOF-210 (Zn) 1854 6 22410 1243 20346 (14) 1453 1214

MIL-100 (Al) 2788 16 37128 2965 59846 (16) 3740 1763

aNat is the total number of atoms, Nop is the number of symmetry operators, NAO is the total number of

atomic orbitals, Ncyc is the total number of SCF cycles, S is the single SCF time, T is the total SCF time,

A is the average SCF time, G is the gradient time.
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The scaled time reported in Figures S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, and S12

has been calculated for each system as follow: single SCF, total SCF and gradient time have

been multiplied by the number of symmetry operators and divided by the number of atoms

and atomic orbitals (AO), respectively Data presented in Figure are gathered according to

the number of symmetry operators of the system. All calculations have been performed on

80 cores Intel R© Xeon R© E5-2630 v4.

FIG. S1: Single SCF scaled time computed with PBEsol0-3c method for the MOF data set and plotted

against the number of atoms. The plot includes results for both high symmetry (cubic) and the corresponding

symmetry-lowered MOFs.

FIG. S2: Single SCF scaled time computed with PBEsol0-3c method for the MOF data set and plotted

against the number of atomic orbitals. The plot includes results for both high symmetry (cubic) and the

corresponding symmetry-lowered MOFs.
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FIG. S3: Total SCF scaled time computed with PBEsol0-3c method for the MOF data set and plotted

against the number of atoms. The plot includes results for both high symmetry (cubic) and the corresponding

symmetry-lowered MOFs.

FIG. S4: Total SCF scaled time computed with PBEsol0-3c method for the MOF data set and plotted

against the number of atomic orbitals. The plot includes results for both high symmetry (cubic) and the

corresponding symmetry-lowered MOFs.
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FIG. S5: Gradient scaled time computed with PBEsol0-3c method for the MOF data set and plotted against

the number of atoms. The plot includes results for both high symmetry (cubic) and the corresponding

symmetry-lowered MOFs.

FIG. S6: Gradient scaled time computed with PBEsol0-3c method for the MOF data set and plotted

against the number of atomic orbitals. The plot includes results for both high symmetry (cubic) and the

corresponding symmetry-lowered MOFs.
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FIG. S7: Single SCF scaled time computed with HSEsol-3c method for the MOF data set and plotted

against the number of atoms. The plot includes results for both high symmetry (cubic) and the corresponding

symmetry-lowered MOFs.

FIG. S8: Single SCF scaled time computed with HSEsol-3c method for the MOF data set and plotted

against the number of atomic orbitals. The plot includes results for both high symmetry (cubic) and the

corresponding symmetry-lowered MOFs.
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FIG. S9: Total SCF scaled time computed with HSEsol-3c method for the MOF data set and plotted against

the number of atoms. The plot includes results for both high symmetry (cubic) and the corresponding

symmetry-lowered MOFs.

FIG. S10: Total SCF scaled time computed with HSEsol-3c method for the MOF data set and plotted

against the number of atomic orbitals. The plot includes results for both high symmetry (cubic) and the

corresponding symmetry-lowered MOFs.
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FIG. S11: Gradient scaled time computed with HSEsol-3c method for the MOF data set and plotted against

the number of atoms. The plot includes results for both high symmetry (cubic) and the corresponding

symmetry-lowered MOFs.

FIG. S12: Gradient scaled time computed with HSEsol-3c method for the MOF data set and plotted

against the number of atomic orbitals. The plot includes results for both high symmetry (cubic) and the

corresponding symmetry-lowered MOFs.
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B. MPPcrystal scaling for MIL-100 (Al)

FIG. S13: PBEsol0-3c wall-clock time speed-up (tn/t48, with n the number of cores) for integrals calculation,

Hamiltonian matrix diagonalization, single SCF and gradients calculation performed on increasing numbers

of cores. Linear scaling is reported as dotted blue line.

S2. BIOLOGICAL SYSTEMS

(a)poly(A)-poly(T) (b)poly(G)-poly(C)

FIG. S14: Unified band structure and density of states plot computed with CRYSPLOT19 for poly(A)-

poly(T) (a) and poly(G)-poly(C) (b) double strand calculated at PBEsol0-3c level of theory.
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(a)poly(A)-poly(T) (b)poly(G)-poly(C)

FIG. S15: Unified band structure and density of states plot computed with CRYSPLOT19 for poly(A)-

poly(T) (a) and poly(G)-poly(C) (b) double strand calculated at HSEsol-3c level of theory.

(a)poly(A)-poly(T) (b)poly(A)-poly(T) (c)poly(A)-poly(T)

(d)poly(G)-poly(C) (e)poly(G)-poly(C) (f)poly(G)-poly(C)

FIG. S16: PBEsol0-3c optimized structure (a, d), highest occupied (green and orange) and lowest unoccu-

pied (yellow and purple) crystal orbitals (b, e), electrostatic potential mapped on the electron density (c,

f) for poly(A)-poly(T) and poly(G)-poly(C) DNA models. Color code for atoms: O in red, C in grey, H in

white, N in blue, and P in orange

S3. AMORPHOUS SILICA SURFACES
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TABLE S3: PBEsol0-3c wall-clock time (sec.) required for SCF and gradients calculation on 80

CPU cores Intel R© Xeon R© E5-2630 v4 for different drug@silica systems.

system Nop Nat NAO S T (Ncyc) Ga

ASP@silica45 1 132 1668 50 588 (12) 138

CTZ@silica45 1 237 2693 81 1251 (13) 268

IBU@silica45 1 144 1718 53 593 (12) 143

NIT@silica45 1 143 1794 45 727 (13) 152

IBU@MCM-41 1 612 8046 419 5783 (12) 1706

7IBU@MCM-41 1 810 9612 581 8260 (13) 2402

aNat is the total number of atoms, Nop is the number of symmetry operators, NAO is the total number of

atomic orbitals, Ncyc is the total number of SCF cycles, S is the single SCF time, T is the total SCF time,

A is the average SCF time, G is the gradient time.

TABLE S4: HSEsol-3c wall-clock time (sec.) required for SCF and gradients calculation on 80

CPU cores Intel R© Xeon R© E5-2630 v4 for different drug@silica systems.

system Nop Nat NAO S T (Ncyc) Ga

ASP@silica45 1 132 1668 60 695 (12) 193

CTZ@silica45 1 237 2693 95 1457 (13) 379

IBU@silica45 1 144 1718 63 705 (11) 210

NIT@silica45 1 143 1794 59 803 (12) 225

IBU@MCM-41 1 612 8046 439 6040 (12) 1983

7IBU@MCM-41 1 810 9612 605 8143 (12) 2753

aNat is the total number of atoms, Nop is the number of symmetry operators, NAO is the total number of

atomic orbitals, Ncyc is the total number of SCF cycles, S is the single SCF time, T is the total SCF time,

A is the average SCF time, G is the gradient time.
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S4. MISCELLANEOUS SYSTEMS
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TABLE S5: PBEsol0-3c wall-clock time (sec.) required for SCF and gradients calculation per-

formed on 40 and 80 CPU cores Intel R© Xeon R© E5-2630 v4 for several systems. Data are gathered

with respect to the periodicity of the system and sorted by increasing number of atomic functions.

system PBC Nop Nat NAO S40 S80 T40 (Ncyc) T80 (Ncyc) G40 Ga
80

Crambin 0D 1 642 5553 336 209 5135 (16) 3691 (16) 680 331

Forsterite 0D 1 812 13224 1452 1074 21244 (13) 15796 (13) 4641 2319

Collagen 1D 7 245 2128 45 39 370 (12) 419 (12) 56 32

poly(C)-poly(G) 1D 11 715 7359 140 245 2069 (14) 3615 (14) 140 74

poly(A)-poly(T) 1D 11 726 7381 147 254 1925 (13) 3310 (13) 141 76

silica45 2D 1 111 1457 42 43 589 (11) 458 (11) 208 108

ASP@silica45 2D 1 132 1668 53 43 678 (12) 537 (12) 239 124

IBU@silica45 2D 1 144 1718 60 45 851 (12) 632 (12) 262 135

NIT@silica45 2D 1 143 1794 61 48 855 (13) 692 (13) 276 143

CTZ@silica45 2D 1 237 2693 105 76 1625 (13) 1173 (13) 493 258

TPM 3D 24 856 6184 105 194 1422 (12) 4438 (22) 275 159

MCM-41 3D 1 579 7785 492 412 6236 (12) 5434 (12) 3133 1586

IBU@MCM-41 3D 1 612 8046 496 419 6544 (12) 5783 (12) 3293 1706

7IBU@MCM-41 3D 1 810 9612 685 581 9827 (13) 8260 (13) 4735 2402

Crambin 3D 2 1536 12702 836 771 13072 (14) 11869 (14) 5950 3007

Forsteriteb 3D 2 1008 16416 1884 1396 21528 (10) 16069 (10) 12143 6061

MIL-100 (Al) 3D 16 2788 37128 - 2963 - 103165 (25) - 1677

aNop is the number of symmetry operators, Nat is the total number of atoms, NAO is the total number of

atomic orbitals, Ncyc is the total number of SCF cycles, SN , TN , and GN are the single SCF, total SCF,

and graient time, respectively, computed on N CPU cores. b 4x3x3 supercell is used.
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