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FIG. S1. Extrapolation curves of IP (at VBM), EA (at CBM), and indirect band gap (VBM to CBM) for BN obtained using the ABC
extrapolation model with different k-mesh ranges. All calculations are carried out using the GTH-HF pseudopotential and the GTH-cc-pVDZ
basis set. The black dashed line indicates the experimental band gap that is corrected for zero-point renormalization.
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FIG. S2. Extrapolation curves of IP (at CBM), EA (at CBM), and direct band gap (at CBM) for BN obtained using the ABC extrapolation
model with different k-mesh ranges. All calculations are carried out using the GTH-HF pseudopotential and the GTH-cc-pVDZ basis set.
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TABLE S1. Difference (TZ-DZ and QZ—-DZ, in eV) between EOM-CCSD direct band gaps computed with the GTH-cc-pVDZ and GTH-cc-

pVTZ basis sets for different systems and k-meshes. For BN, BP, Si, C, we compute the I' — I" direct band gap.

TZ-DZ QZ-DZ

Np=33 Ng=43 Np =53 N =23 N =33 N =43

System

Np=23
MgO  -0.024
LiCl —-0.069
LiF 0.005
LiH —-0.002
BN 0.024
BP —-0.061
Si —-0.011
C —-0.063

0.004 0.003 0.005 -0.003 0.032 0.034
-0.050 -0.048 -0.045 0.022 0.049 0.055
—-0.007 -0.020 -0.026 0.064 0.055 0.045
-0.002  0.002  0.004 -0.009 0.001 0.006

0.042 0.052 0.057 0.062 0.083 N/A
-0.046 -0.036 -0.029 -0.060 -0.043 N/A
-0.013 -0.005 0.005 0.007 0.007 0.018
-0.041 -0.032 -0.027 -0.067 -0.041 -0.030

TABLE S2. Conduction-band offsets (in eV) for different solids computed with different k-meshes. All calculations are carried out using the
GTH-HF pseudopotential and the GTH-cc-pVDZ basis set.

k-mesh

Nk:23
Nk=33
Ny =43
Ni=5°
Nk=63

BN BP Si C (approx. kCBM) C (kCBM)
-5.293 -2.746 -2.510 —2.454 —2.487
-5.351 -2.636 -2.463 -2.056 -2.141
-5.303 -2.619 -2.441 —-2.095 -2.164
-5.321 -2.582 -2.405 -2.065 -2.114
-5.320 N/A?4 N/A? —-2.048 N/A¢

@ Conduction-band energy at kcgy is not available.

TABLE S3. Difterence (TZ-DZ and QZ-DZ, in eV) between conduction-band offsets computed with the GTH-cc-pVDZ and GTH-cc-pVTZ

basis sets for different systems and k-meshes.

TZ-DZ QZ-DZ
System
Nk=23 Ny =33 1\7/(243 Ny =23 Nk=33
BN -0.022 -0.001 -0.006 -0.025 -0.003
BP -0.038 —-0.059 -0.042 -0.031 -0.054
Si 0.006 0.010 0.025 0.018 0.021
C 0.010 -0.048 -0.010 0.018 —0.047

TABLE S4. Predicted cohesive energies (in eV/atom) obtained with the GTH-HF pseudopotential (PP) and the all-electron (AE) Hamiltonian
at each level of theory, compared to previous literature results.

System HF MP2 CCSD
PP AE VASP[I] PP AE VASP[1] VASP [2] FHI-aims [3] PySCF[4] PP AE VASP[2]

MgO 3.61 3.63 3.59 547 552 535 5.53 537  5.09 5.10

LiCl 270 271 270 370 372 3.64 3.70 3.69  3.52 3.55

LiF 332 334 334 456 461 449 4.54 458 438 450

LiH 179 1.79 179 238 239 239 2.39 2.38 241 245 250 245

BN 461 471 474 702 7.5 712 7.15 7.25 713 642 654 657

BP 337 340 338 559 564 5.6l 5.77 558  4.89 4095

Si 3.02 3.02 297 506 507 5.05 5.21 497 446 447

C 513 527 528 7.82 799 7.97 8.04 8.08 798  7.10 726 730
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TABLE S5. Predicted EOM-CCSD band gaps (in €V) obtained with the GTH-HF pseudopotential (PP) and the all-electron (AE) Hamiltonian,
compared to previous literature results. PySCF results from Ref. 5 used extrapolation model A with N = 33—43, and VASP and FHI-aims
results from Ref. 6 used the GW-EOM-23 and GW-EOM-234 models, respectively.

AE PySCF [5] VASP [6] FHI-aims [6]

System PP

MgO  9.22
LiCl  10.18
LiF 15.93
LiH 6.28
BN 6.62
BP 2.05
Si 1.29

C 5.55

9.33
10.36
16.03

6.21

6.73

2.07

1.23

5.63

8.34
9.43
15.43
5.85
6.45
1.65
0.96
4.88

9.52
9.90
16.19
6.26
6.62
2.27
1.29
5.75

9.19

6.32

2.38

6.15




S4

[1] A. Griineis, M. Marsman, and G. Kresse, Second-order Mgller—Plesset perturbation theory applied to extended systems. II. Structural and
energetic properties, J. Chem. Phys. 133, 074107 (2010).

[2] G. H. Booth, A. Griineis, G. Kresse, and A. Alavi, Towards an exact description of electronic wavefunctions in real solids, Nature 493, 365
(2013).

[3] I. Y. Zhang, A. J. Logsdail, X. Ren, S. V. Levchenko, L. Ghiringhelli, and M. Scheffler, Main-group test set for materials science
and engineering with user-friendly graphical tools for error analysis: Systematic benchmark of the numerical and intrinsic errors in
state-of-the-art electronic-structure approximations, New J. Phys. 21, 013025 (2019).

[4] T. Goldzak, X. Wang, H.-Z. Ye, and T. C. Berkelbach, Accurate thermochemistry of covalent and ionic solids from spin-component-scaled
MP2, J. Chem. Phys. 157, 174112 (2022).

[5] E. A. Vo, X. Wang, and T. C. Berkelbach, Performance of periodic EOM-CCSD for bandgaps of inorganic semiconductors and insulators,
J. Chem. Phys. 160, 044106 (2024).

[6] E. Moerman, H. Miranda, A. Gallo, A. Irmler, T. Schifer, F. Hummel, M. Engel, G. Kresse, M. Scheffler, and A. Griineis, Exploring the
accuracy of the equation-of-motion coupled-cluster band gap of solids, Phys. Rev. B 111, L121202 (2025).


https://doi.org/10.1063/1.3466765
https://doi.org/10.1038/nature11770
https://doi.org/10.1038/nature11770
https://doi.org/10.1088/1367-2630/aaf751
https://doi.org/10.1063/5.0119633
https://doi.org/10.1063/5.0187856
https://doi.org/10.1103/PhysRevB.111.L121202

	Supplementary Information for ``Reaching the thermodynamic limit of periodic CCSD cohesive energies and band gaps''
	References


