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1 Sparsity-conserving Grid Pruning

Throughout this work the grid pruning technique by MatthewsS1 was used, which serves two

purposes: 1) a removal of unnecessary linear combinations of grid points and 2) the solution of

the system of linear equations required for forming the final Γ intermediates. Instead of defining

novel parent grids from which to prune from, the hand-optimized grid for the cc-pVTZ basis set

by Kokkila Schumacher et al.S2 is used as a parent grid. In the following, the influence of the

pruning threshold ε, i.e., the rank threshold in the underlying pivoted Cholesky decomposition

(PCD), on the accuracy is assessed. Figure S1 shows the behavior of the error (solid lines) of

THC-SOS-RI-MP2 compared to SOS-RI-MP2 as well as the growth of the numerical rank (dashed

lines), i.e., the resulting number of grid points Ngrid after pruning, for LCAs up to 160 carbon

atoms.

Figure S1: Behavior of the error (solid lines) of THC-SOS-RI-MP2 compared to SOS-RI-MP2 as
well as the growth of the numerical rank (dashed lines) with an increasingly tight pruning threshold
ε. All calculations were performed with the cc-pVDZ/cc-pVDZ-RI basis set combination and with
the hand-optimized grids for the cc-pVDZ (left) and cc-pVTZ (right) basis set as parent grids.

In general a smooth linear reduction of the error and a linear growth of the number of resulting grid

points is observed with increasingly tight pruning thresholds. Also, with the hand-optimized grid

for the cc-pVDZ basis set serving as a parent grid, the accuracy deteriorates beyond a threshold

of 10−9. This has also been observed in previous work by MatthewsS1 and is most likely due

to numerical instabilities in the pivoted Cholesky decomposition or the subsequent least-squares

fitting. While with the tightest reasonable threshold an acceptable accuracy on the order of

10−5 H for absolute energies is achieved for both parent grids, the cc-pVTZ based parent grid was
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chosen for all calculations in the main part of this paper because of the more well-behaved error.

Additionally note that by comparing the errors between the LCAs of different chain length, it is

observed that the error grows linearly with the molecule size, as reported previously.S1,S3

One potential drawback of the PCD-based grid pruning is the pivoting, which changes the order of

the grid points. To increase sparsity in the one-particle density matrix it is custom to reorder atoms

according to the reverse Cuthill–McKee (RCM)S4 algorithm in order to minimize the bandwidth

of the resulting density matrix. Likewise, this reordering also reduces the bandwidth of grid-

based intermediates like the grid metric S, for which the order of the grid points is predominately

determined by the order of the atoms since the constituting grids are atom-centered. However, the

pivoting in the PCD causes a reordering of the grid points, which results in unwanted fill-in. To

preserve sparsity, all resulting grid points after pruning are assigned to their closest neighboring

atom and then ordered according to their parent atom in the order determined by the RCM

algorithm. Figure S2 demonstrates the described situation for the THC grid metric tensor S for

LCA80 and highlights the importance of the reordering of the grid points after pivoting.

Figure S2: Block sparsity pattern of the THC grid metric S in the AO basis before (left) and
after pruning (center), as well as after reordering of the grid points (right). Red pixels indicate
significant blocks while white pixels represent blocks for which the norm is less than 10−10. All
sparsity patterns are obtained from LCA80 using the cc-pVDZ basis set and pruning from the
hand-optimized cc-pVTZ based grid for the occupied-virtual subspace. Note that the images for
the S tensor after pruning are scaled up; before pruning S was of size 45411 × 45411 and after
pruning of size 22906× 22906.
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2 Ground State Equations

In the following the working equations of the ground state expressions for the SOS-CC2 singles

amplitudes and the SOS-CC2 energy in terms of the THC-based intermediates defined in the main

part of this work are given.
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3 Excited State Equations - Triplet States

The matrix-vector products for triplet (T) states are given by

σ
SOS-CC2,(T)
ai = F̂abRbi −RajF̂ji −

∑
ck
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The derivation of the singlet equations is discussed in the main part of this work. In order to

derive the equations for the triplet states it is necessary to consider the following spin-symmetry

relationships for singlet

Raαiα = Raβiβ (5)

and triplet states

Raαiα = −Raβiβ (6)

where α, β here are the spin of the electrons. Accordingly, the intermediates of the matrix-vector

product are given by
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where for triplet states

F̄ib = −(jĉ|kb)Rck (11)
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4 Working Equations for the MO-based algorithm

Table S1: Working equations of the intermediates for the solution of eq. 24 and 29 in the main
part of this work. Notice that, for SOS-MP2 calculations, tai = 0 and only eq. (a)-(d) need to be
solved.
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Table S2: Working equations of the intermediates for the solution of the MO-THC-SOS-LR-CC2
excitation energy calculations.
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5 Detailed Results – Accuracy

In the following, detailed results for the accuracy of the proposed MO/CDD-THC-SOS variants of

the MP2, CC2, LR-CC2, and ADC(2) methods are given. Section 5.1 summarizes the ground state

energies of 27 tetraalanine conformersS5 as obtained with the THC-SOS-MP2 and the THC-SOS-

CC2 method in Tables S3 and S5, respectively. The resulting relative energies and the associated

method errors are given in Tables S4 and S6. Additionally, the performance of the proposed

methods is assessed for the Thiel benchmark setS6 in Section 5.2 for both ground and excitation

energies in Sections 5.2.1 and 5.2.2, respectively. The ground state energies relative to the MO-

RI-SOS-based reference implementation are given in Table S7 for MP2 and in Table S8 for CC2.

For the comparison of the excitation energies both the three lowest-lying singlet (S) and triplet

states (T) are considered in Tables S9–S12 for ADC(2) and LR-CC2. Likewise, the same analysis

is shown for the benchmark set used by Hohenstein et al.S7 in their work on THC-EOM-CC2 in

Tables S13–S18 in Section 5.3.
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5.1 Tetraalanine Conformer Benchmark Set

Table S3: Detailed results for the ground state energies of the 27 conformers in the tetraalanine
conformer benchmark set.S5 Errors of the MO- and CDD-based THC-SOS-MP2 methods are re-
ported as deviations from the RI-based reference implementation. All calculations are performed
with the cc-pVTZ/cc-pVTZ-RI basis set combination.

conformer ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
1 −3.667 064 −3.667 049 1.52×10−5 −3.667 048 1.5× 10−5

2 −3.668 537 −3.668 520 1.71×10−5 −3.668 520 1.7× 10−5

3 −3.674 690 −3.674 671 1.92×10−5 −3.674 671 1.9× 10−5

4 −3.668 832 −3.668 819 1.38×10−5 −3.668 818 1.4× 10−5

5 −3.668 713 −3.668 699 1.42×10−5 −3.668 699 1.4× 10−5

6 −3.672 337 −3.672 329 7.37×10−6 −3.672 329 7.4× 10−6

7 −3.674 497 −3.674 482 1.55×10−5 −3.674 482 1.6× 10−5

8 −3.674 896 −3.674 873 2.25×10−5 −3.674 873 2.3× 10−5

9 −3.674 377 −3.674 362 1.51×10−5 −3.674 362 1.5× 10−5

10 −3.675 256 −3.675 246 1.05×10−5 −3.675 246 1.1× 10−5

11 −3.675 327 −3.675 304 2.24×10−5 −3.675 304 2.2× 10−5

12 −3.675 834 −3.675 814 1.99×10−5 −3.675 814 2.0× 10−5

13 −3.670 409 −3.670 389 1.99×10−5 −3.670 389 2.0× 10−5

14 −3.670 941 −3.670 924 1.70×10−5 −3.670 924 1.7× 10−5

15 −3.676 361 −3.676 345 1.56×10−5 −3.676 345 1.6× 10−5

16 −3.673 609 −3.673 596 1.29×10−5 −3.673 596 1.3× 10−5

17 −3.675 224 −3.675 213 1.09×10−5 −3.675 213 1.1× 10−5

18 −3.672 219 −3.672 201 1.81×10−5 −3.672 201 1.8× 10−5

19 −3.672 817 −3.672 805 1.23×10−5 −3.672 805 1.2× 10−5

20 −3.672 345 −3.672 322 2.34×10−5 −3.672 322 2.4× 10−5

21 −3.673 284 −3.673 269 1.51×10−5 −3.673 269 1.5× 10−5

22 −3.674 540 −3.674 531 9.07×10−6 −3.674 530 9.2× 10−6

23 −3.674 351 −3.674 339 1.21×10−5 −3.674 339 1.2× 10−5

24 −3.673 938 −3.673 932 6.20×10−6 −3.673 932 6.3× 10−6

25 −3.672 778 −3.672 760 1.77×10−5 −3.672 760 1.8× 10−5

26 −3.618 773 −3.618 761 1.15×10−5 −3.618 761 1.2× 10−5

27 −3.673 077 −3.673 052 2.46×10−5 −3.673 052 2.5× 10−5
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Table S4: Detailed results for the relative energies of the 27 conformers in the tetraalanine con-
former benchmark set.S5 Errors of the MO- and CDD-based THC-SOS-MP2 methods are reported
as deviations from the RI-based reference implementation. All calculations are performed with the
cc-pVTZ/cc-pVTZ-RI basis set combination.

conformer ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
1 0.001 473 0.001 471 1.9× 10−6 0.001 471 1.9× 10−6

2 0.006 153 0.006 151 2.2× 10−6 0.006 151 2.0× 10−6

3 −0.005 858 −0.005 852 5.4× 10−6 −0.005 853 5.2× 10−6

4 −0.000 119 −0.000 119 4.0× 10−7 −0.000 119 3.7× 10−7

5 0.003 623 0.003 630 6.9× 10−6 0.003 630 7.0× 10−6

6 0.002 160 0.002 152 8.2× 10−6 0.002 152 8.2× 10−6

7 0.000 399 0.000 392 7.0× 10−6 0.000 392 7.0× 10−6

8 −0.000 519 −0.000 511 7.4× 10−6 −0.000 511 7.4× 10−6

9 0.000 879 0.000 884 4.6× 10−6 0.000 884 4.5× 10−6

10 0.000 070 0.000 058 1.2× 10−5 0.000 059 1.2× 10−5

11 0.000 507 0.000 510 2.5× 10−6 0.000 510 2.5× 10−6

12 −0.005 425 −0.005 425 4.7× 10−8 −0.005 425 2.0× 10−7

13 0.000 532 0.000 535 2.9× 10−6 0.000 535 3.0× 10−6

14 0.005 420 0.005 421 1.4× 10−6 0.005 421 1.5× 10−6

15 −0.002 752 −0.002 749 2.7× 10−6 −0.002 749 2.7× 10−6

16 0.001 615 0.001 617 2.0× 10−6 0.001 617 2.0× 10−6

17 −0.003 005 −0.003 012 7.2× 10−6 −0.003 012 7.4× 10−6

18 0.000 598 0.000 603 5.8× 10−6 0.000 604 5.9× 10−6

19 −0.000 472 −0.000 483 1.1× 10−5 −0.000 483 1.1× 10−5

20 0.000 939 0.000 947 8.2× 10−6 0.000 947 8.4× 10−6

21 0.001 256 0.001 262 6.1× 10−6 0.001 262 6.0× 10−6

22 −0.000 188 −0.000 191 3.1× 10−6 −0.000 191 3.0× 10−6

23 −0.000 413 −0.000 407 5.9× 10−6 −0.000 407 5.9× 10−6

24 −0.001 161 −0.001 172 1.2× 10−5 −0.001 172 1.2× 10−5

25 −0.054 005 −0.053 999 6.2× 10−6 −0.053 999 6.1× 10−6

26 0.054 304 0.054 291 1.3× 10−5 0.054 291 1.3× 10−5

27 −0.006 013 −0.006 004 9.4× 10−6 −0.006 004 9.3× 10−6
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Table S5: Detailed results for the ground state energies of the 27 conformers in the tetraalanine
conformer benchmark set.S5 Errors of the MO- and CDD-based THC-SOS-CC2 methods are re-
ported as deviations from the RI-based reference implementation. All calculations are performed
with the cc-pVTZ/cc-pVTZ-RI basis set combination.

conformer ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
1 −3.704 518 −3.703 223 1.3× 10−3 −3.703 222 1.3× 10−3

2 −3.706 243 −3.704 903 1.3× 10−3 −3.704 903 1.3× 10−3

3 −3.713 146 −3.711 714 1.4× 10−3 −3.711 714 1.4× 10−3

4 −3.706 538 −3.705 272 1.3× 10−3 −3.705 272 1.3× 10−3

5 −3.706 265 −3.704 960 1.3× 10−3 −3.704 960 1.3× 10−3

6 −3.710 283 −3.708 942 1.3× 10−3 −3.708 942 1.3× 10−3

7 −3.712 606 −3.711 233 1.4× 10−3 −3.711 233 1.4× 10−3

8 −3.713 154 −3.711 794 1.4× 10−3 −3.711 794 1.4× 10−3

9 −3.712 665 −3.711 314 1.4× 10−3 −3.711 314 1.4× 10−3

10 −3.713 348 −3.712 029 1.3× 10−3 −3.712 029 1.3× 10−3

11 −3.713 740 −3.712 329 1.4× 10−3 −3.712 329 1.4× 10−3

12 −3.714 224 −3.712 841 1.4× 10−3 −3.712 841 1.4× 10−3

13 −3.708 323 −3.706 938 1.4× 10−3 −3.706 937 1.4× 10−3

14 −3.708 678 −3.707 366 1.3× 10−3 −3.707 366 1.3× 10−3

15 −3.714 620 −3.713 261 1.4× 10−3 −3.713 261 1.4× 10−3

16 −3.711 825 −3.710 421 1.4× 10−3 −3.710 421 1.4× 10−3

17 −3.713 875 −3.712 424 1.5× 10−3 −3.712 424 1.5× 10−3

18 −3.710 408 −3.709 053 1.4× 10−3 −3.709 053 1.4× 10−3

19 −3.711 024 −3.709 635 1.4× 10−3 −3.709 635 1.4× 10−3

20 −3.710 394 −3.709 030 1.4× 10−3 −3.709 030 1.4× 10−3

21 −3.711 490 −3.710 084 1.4× 10−3 −3.710 084 1.4× 10−3

22 −3.712 674 −3.711 332 1.3× 10−3 −3.711 332 1.3× 10−3

23 −3.712 438 −3.711 118 1.3× 10−3 −3.711 118 1.3× 10−3

24 −3.711 950 −3.710 596 1.4× 10−3 −3.710 596 1.4× 10−3

25 −3.710 823 −3.709 507 1.3× 10−3 −3.709 507 1.3× 10−3

26 −3.665 611 −3.665 864 2.5× 10−4 −3.665 864 2.5× 10−4

27 −3.711 086 −3.709 761 1.3× 10−3 −3.709 760 1.3× 10−3
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Table S6: Detailed results for the relative energies of the 27 conformers in the tetraalanine con-
former benchmark set.S5 Errors of the MO- and CDD-based THC-SOS-CC2 methods are reported
as deviations from the RI-based reference implementation. All calculations are performed with the
cc-pVTZ/cc-pVTZ-RI basis set combination.

conformer ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
1 0.001 725 0.001 680 4.5× 10−5 0.001 680 4.5× 10−5

2 0.006 903 0.006 811 9.2× 10−5 0.006 811 9.2× 10−5

3 −0.006 608 −0.006 442 1.7× 10−4 −0.006 442 1.7× 10−4

4 −0.000 273 −0.000 312 3.9× 10−5 −0.000 312 3.9× 10−5

5 0.004 018 0.003 982 3.6× 10−5 0.003 982 3.6× 10−5

6 0.002 323 0.002 292 3.1× 10−5 0.002 292 3.1× 10−5

7 0.000 548 0.000 561 1.3× 10−5 0.000 561 1.3× 10−5

8 −0.000 489 −0.000 480 8.7× 10−6 −0.000 480 8.7× 10−6

9 0.000 683 0.000 715 3.2× 10−5 0.000 715 3.2× 10−5

10 0.000 392 0.000 299 9.3× 10−5 0.000 300 9.3× 10−5

11 0.000 484 0.000 513 2.9× 10−5 0.000 513 2.9× 10−5

12 −0.005 901 −0.005 904 2.9× 10−6 −0.005 904 3.1× 10−6

13 0.000 355 0.000 428 7.3× 10−5 0.000 428 7.3× 10−5

14 0.005 942 0.005 895 4.7× 10−5 0.005 895 4.7× 10−5

15 −0.002 795 −0.002 840 4.5× 10−5 −0.002 840 4.5× 10−5

16 0.002 049 0.002 004 4.6× 10−5 0.002 004 4.6× 10−5

17 −0.003 466 −0.003 372 9.5× 10−5 −0.003 372 9.5× 10−5

18 0.000 615 0.000 583 3.3× 10−5 0.000 583 3.3× 10−5

19 −0.000 630 −0.000 606 2.4× 10−5 −0.000 606 2.4× 10−5

20 0.001 097 0.001 054 4.3× 10−5 0.001 054 4.3× 10−5

21 0.001 184 0.001 248 6.5× 10−5 0.001 248 6.4× 10−5

22 −0.000 237 −0.000 214 2.2× 10−5 −0.000 214 2.2× 10−5

23 −0.000 488 −0.000 522 3.4× 10−5 −0.000 522 3.4× 10−5

24 −0.001 128 −0.001 090 3.8× 10−5 −0.001 090 3.8× 10−5

25 −0.045 211 −0.043 643 1.6× 10−3 −0.043 643 1.6× 10−3

26 0.045 474 0.043 896 1.6× 10−3 0.043 897 1.6× 10−3

27 −0.006 568 −0.006 538 3.0× 10−5 −0.006 538 3.0× 10−5
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5.2 Thiel Benchmark Set

5.2.1 Ground State

Table S7: Detailed results for the ground state energies of the molecules in the benchmark set from
Ref. S6. Errors of the MO- and CDD-based THC-SOS-MP2 methods are reported as deviations
from the RI-based reference implementation. All calculations are performed with the cc-pVTZ/cc-
pVTZ-RI basis set combination.

molecule ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
ethene −0.346 126 −0.346 126 1.7× 10−7 −0.346 126 1.7× 10−7

butadiene −0.658 266 −0.658 268 1.3× 10−6 −0.658 268 1.3× 10−6

hexatriene −0.971 382 −0.971 378 4.0× 10−6 −0.971 378 4.0× 10−6

octatetraene −1.284 868 −1.284 862 5.5× 10−6 −1.284 862 5.5× 10−6

cyclopropene −0.489 211 −0.489 212 3.3× 10−7 −0.489 212 3.3× 10−7

cyclopentadiene −0.801 368 −0.801 368 4.8× 10−7 −0.801 368 4.8× 10−7

norbornadiene −1.129 467 −1.129 454 1.3× 10−5 −1.129 454 1.3× 10−5

benzene −0.932 969 −0.932 963 6.0× 10−6 −0.932 963 6.0× 10−6

naphthalene −1.526 318 −1.526 281 3.8× 10−5 −1.526 281 3.8× 10−5

furan −0.849 522 −0.849 526 4.6× 10−6 −0.849 526 4.6× 10−6

pyrrole −0.830 485 −0.830 483 1.8× 10−6 −0.830 483 1.8× 10−6

imidazole −0.857 685 −0.857 677 7.2× 10−6 −0.857 677 7.2× 10−6

pyridine −0.960 355 −0.960 343 1.2× 10−5 −0.960 343 1.2× 10−5

pyrazine −0.990 077 −0.990 059 1.9× 10−5 −0.990 059 1.9× 10−5

pyrimidine −0.985 217 −0.985 200 1.7× 10−5 −0.985 200 1.7× 10−5

pyridazine −0.994 744 −0.994 716 2.8× 10−5 −0.994 716 2.8× 10−5

triazine −1.007 924 −1.007 900 2.4× 10−5 −1.007 900 2.4× 10−5

tetrazine −1.056 582 −1.056 545 3.8× 10−5 −1.056 545 3.8× 10−5

formaldehyde −0.394 740 −0.394 741 6.3× 10−7 −0.394 741 6.3× 10−7

acetone −0.742 969 −0.742 970 1.1× 10−6 −0.742 970 1.1× 10−6

benzoquinone −1.342 556 −1.342 550 6.0× 10−6 −1.342 550 6.0× 10−6

formamide −0.593 511 −0.593 510 6.2× 10−7 −0.593 510 6.2× 10−7

acetamide −0.767 468 −0.767 466 1.7× 10−6 −0.767 466 1.7× 10−6

propanamide −0.944 016 −0.944 017 4.0× 10−7 −0.944 017 4.0× 10−7

adenine −1.698 357 −1.698 320 3.7× 10−5 −1.698 320 3.7× 10−5

cytosine −1.404 395 −1.404 366 2.9× 10−5 −1.404 366 2.9× 10−5

thymine −1.602 804 −1.602 792 1.2× 10−5 −1.602 792 1.2× 10−5

uracil −1.424 320 −1.424 312 8.1× 10−6 −1.424 312 8.1× 10−6
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Table S8: Detailed results for the ground state energies of the molecules in the benchmark set from
Ref. S6. Errors of the MO- and CDD-based THC-SOS-CC2 methods are reported as deviations
from the RI-based reference implementation. All calculations are performed with the cc-pVTZ/cc-
pVTZ-RI basis set combination.

molecule ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
ethene −0.348 739 −0.348 686 5.3× 10−5 −0.348 686 5.3× 10−5

butadiene −0.663 446 −0.663 380 6.6× 10−5 −0.663 380 6.6× 10−5

hexatriene −0.979 143 −0.979 049 9.4× 10−5 −0.979 049 9.4× 10−5

octatetraene −1.295 213 −1.295 095 1.2× 10−4 −1.295 095 1.2× 10−4

cyclopropene −0.492 823 −0.492 790 3.3× 10−5 −0.492 790 3.3× 10−5

cyclopentadiene −0.807 157 −0.807 080 7.7× 10−5 −0.807 080 7.7× 10−5

norbornadiene −1.137 341 −1.137 264 7.7× 10−5 −1.137 264 7.7× 10−5

benzene −0.939 401 −0.939 347 5.4× 10−5 −0.939 347 5.4× 10−5

naphthalene −1.537 366 −1.537 288 7.8× 10−5 −1.537 288 7.8× 10−5

furan −0.857 677 −0.857 469 2.1× 10−4 −0.857 469 2.1× 10−4

pyrrole −0.836 547 −0.836 444 1.0× 10−4 −0.836 444 1.0× 10−4

imidazole −0.865 179 −0.865 023 1.6× 10−4 −0.865 023 1.6× 10−4

pyridine −0.968 200 −0.968 035 1.7× 10−4 −0.968 035 1.7× 10−4

pyrazine −0.998 919 −0.998 795 1.2× 10−4 −0.998 795 1.2× 10−4

pyrimidine −0.994 847 −0.994 602 2.5× 10−4 −0.994 602 2.5× 10−4

pyridazine −1.003 959 −1.003 804 1.5× 10−4 −1.003 804 1.5× 10−4

triazine −1.019 467 −1.019 106 3.6× 10−4 −1.019 106 3.6× 10−4

tetrazine −1.068 661 −1.068 384 2.8× 10−4 −1.068 384 2.8× 10−4

formaldehyde −0.400 267 −0.400 264 3.6× 10−6 −0.400 264 3.6× 10−6

acetone −0.750 418 −0.750 305 1.1× 10−4 −0.750 305 1.1× 10−4

benzoquinone −1.360 323 −1.359 716 6.1× 10−4 −1.359 716 6.1× 10−4

formamide −0.601 044 −0.601 090 4.5× 10−5 −0.601 090 4.5× 10−5

acetamide −0.775 695 −0.775 803 1.1× 10−4 −0.775 803 1.1× 10−4

propanamide −0.953 435 −0.953 162 2.7× 10−4 −0.953 162 2.7× 10−4

adenine −1.716 516 −1.715 858 6.6× 10−4 −1.715 858 6.6× 10−4

cytosine −1.422 304 −1.421 549 7.5× 10−4 −1.421 549 7.5× 10−4

thymine −1.623 172 −1.622 436 7.4× 10−4 −1.622 436 7.4× 10−4

uracil −1.444 001 −1.443 282 7.2× 10−4 −1.443 282 7.2× 10−4

S-15



5.2.2 Excited State

Table S9: Detailed results for the excitation energies to the first three singlet excited states for
the molecules in the benchmark set from Ref. S6. Errors of the MO- and CDD-based THC-SOS-
ADC(2) methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
ethene S1 8.357 8.351 0.005 8.351 0.005

S2 8.732 8.738 0.006 8.738 0.006
S3 8.930 8.928 0.002 8.928 0.002

butadiene S1 6.549 6.528 0.021 6.528 0.021
S2 8.011 7.961 0.050 7.961 0.050
S3 8.098 8.088 0.010 8.088 0.010

hexatriene S1 5.504 5.512 0.008 5.512 0.008
S2 7.075 7.081 0.007 7.081 0.007
S3 7.421 7.427 0.006 7.427 0.006

octatetraene S1 4.835 4.842 0.007 4.842 0.007
S2 6.308 6.315 0.007 6.315 0.007
S3 6.836 6.843 0.007 6.843 0.007

cyclopropene S1 7.090 7.094 0.004 7.094 0.004
S2 7.232 7.237 0.004 7.237 0.004
S3 8.245 8.263 0.019 8.263 0.019

cyclopentadiene S1 5.699 5.708 0.008 5.708 0.008
S2 7.360 7.372 0.012 7.372 0.012
S3 8.253 8.264 0.011 8.264 0.011

norbornadiene S1 5.826 5.837 0.011 5.837 0.011
S2 6.817 6.827 0.010 6.827 0.010
S3 7.608 7.623 0.015 7.623 0.015

benzene S1 5.030 5.037 0.008 5.037 0.008
S2 6.393 6.406 0.013 6.406 0.013
S3 7.499 7.509 0.009 7.509 0.009

naphthalene S1 4.302 4.311 0.008 4.311 0.008
S2 4.918 4.930 0.012 4.930 0.012
S3 6.348 6.357 0.009 6.357 0.009

furan S1 6.713 6.729 0.016 6.729 0.016
S2 6.850 6.857 0.008 6.857 0.008
S3 7.810 7.825 0.015 7.825 0.015

pyrrole S1 6.496 6.499 0.004 6.499 0.004
S2 6.632 6.640 0.007 6.640 0.007
S3 6.795 6.801 0.006 6.801 0.006

imidazole S1 6.672 6.679 0.007 6.679 0.007
S2 6.987 6.991 0.004 6.991 0.004
S3 7.040 7.044 0.004 7.044 0.004

pyridine S1 5.078 5.086 0.008 5.086 0.008
S2 5.345 5.353 0.008 5.353 0.008
S3 5.694 5.702 0.008 5.702 0.008

pyrazine S1 4.507 4.514 0.008 4.514 0.008
S2 4.924 4.931 0.007 4.931 0.007
S3 5.351 5.361 0.010 5.361 0.010

pyrimidine S1 4.751 4.759 0.008 4.759 0.008
S2 5.093 5.101 0.009 5.101 0.009
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S3 5.253 5.260 0.007 5.260 0.007
pyridazine S1 4.183 4.186 0.003 4.186 0.003

S2 4.801 4.808 0.007 4.808 0.007
S3 5.119 5.122 0.003 5.122 0.003

triazine S1 4.864 4.871 0.007 4.871 0.007
S2 5.034 5.041 0.007 5.041 0.007
S3 5.117 5.125 0.008 5.125 0.008

tetrazine S1 2.795 2.797 0.002 2.797 0.002
S2 4.179 4.186 0.007 4.186 0.007
S3 4.931 4.933 0.002 4.933 0.002

formaldehyde S1 4.064 4.077 0.013 4.077 0.013
S2 8.157 8.169 0.012 8.169 0.012
S3 9.256 9.272 0.016 9.272 0.016

acetone S1 4.448 4.462 0.013 4.462 0.013
S2 7.642 7.642 0.000 7.642 0.000
S3 9.068 9.077 0.009 9.077 0.009

benzoquinone S1 3.132 3.153 0.021 3.153 0.021
S2 3.215 3.235 0.020 3.235 0.020
S3 5.031 5.064 0.033 5.064 0.033

formamide S1 5.623 5.631 0.008 5.631 0.008
S2 7.831 7.837 0.006 7.837 0.006
S3 7.530 7.542 0.013 7.542 0.013

acetamide S1 5.657 5.667 0.010 5.667 0.010
S2 7.542 7.553 0.011 7.553 0.011
S3 7.616 7.619 0.003 7.619 0.003

propanamide S1 5.680 5.692 0.011 5.692 0.011
S2 7.525 7.541 0.015 7.541 0.015
S3 7.615 7.619 0.003 7.619 0.003

adenine S1 5.169 5.182 0.013 5.182 0.013
S2 5.444 5.457 0.013 5.457 0.013
S3 5.523 5.534 0.011 5.534 0.011

cytosine S1 4.822 4.831 0.010 4.831 0.010
S2 5.415 5.424 0.009 5.424 0.009
S3 5.870 5.886 0.015 5.886 0.015

thymine S1 5.023 5.030 0.007 5.030 0.007
S2 5.468 5.482 0.014 5.482 0.014
S3 6.419 6.435 0.016 6.435 0.016

uracil S1 5.000 5.011 0.012 5.011 0.012
S2 5.544 5.561 0.016 5.561 0.016
S3 6.350 6.363 0.013 6.363 0.013
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Table S10: Detailed results for the excitation energies to the first three triplet excited states for
the molecules in the benchmark set from Ref. S6. Errors of the MO- and CDD-based THC-SOS-
ADC(2) methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
ethene T1 4.570 4.568 0.002 4.568 0.002

T2 8.584 8.590 0.006 8.590 0.006
T3 8.620 8.618 0.002 8.618 0.002

butadiene T1 3.511 3.515 0.004 3.515 0.004
T2 5.216 5.219 0.003 5.219 0.003
T3 7.987 7.991 0.004 7.991 0.004

hexatriene T1 2.960 2.964 0.004 2.964 0.004
T2 4.424 4.398 0.026 4.398 0.026
T3 5.457 5.431 0.026 5.431 0.026

octatetraene T1 2.598 2.602 0.004 2.602 0.004
T2 3.785 3.789 0.003 3.789 0.003
T3 4.861 4.864 0.003 4.864 0.003

cyclopropene T1 4.466 4.468 0.002 4.468 0.002
T2 6.830 6.833 0.003 6.833 0.003
T3 7.909 7.912 0.003 7.912 0.003

cyclopentadiene T1 3.414 3.418 0.004 3.418 0.004
T2 5.085 5.088 0.004 5.088 0.004
T3 7.308 7.319 0.011 7.319 0.011

norbornadiene T1 3.873 3.879 0.006 3.879 0.006
T2 4.207 4.213 0.005 4.213 0.005
T3 6.870 6.879 0.009 6.879 0.009

benzene T1 4.298 4.303 0.006 4.303 0.006
T2 4.991 4.998 0.007 4.998 0.007
T3 6.010 6.017 0.007 6.017 0.007

naphthalene T1 3.300 3.306 0.006 3.306 0.006
T2 4.271 4.278 0.007 4.278 0.007
T3 4.760 4.766 0.007 4.766 0.007

furan T1 4.334 4.343 0.010 4.343 0.010
T2 5.445 5.451 0.006 5.451 0.006
T3 7.236 7.241 0.005 7.241 0.005

pyrrole T1 4.639 4.642 0.003 4.642 0.003
T2 6.603 6.610 0.007 6.610 0.007
T3 7.057 7.060 0.003 7.060 0.003

imidazole T1 4.845 4.848 0.003 4.848 0.003
T2 5.821 5.824 0.003 5.824 0.003
T3 6.765 6.769 0.004 6.769 0.004

pyridine T1 4.449 4.454 0.005 4.454 0.005
T2 4.924 4.930 0.006 4.930 0.006
T3 5.145 5.151 0.006 5.151 0.006

pyrazine T1 3.969 3.974 0.005 3.974 0.005
T2 4.529 4.533 0.004 4.533 0.004
T3 5.355 5.360 0.006 5.360 0.006

pyrimidine T1 4.447 4.453 0.006 4.453 0.006
T2 4.705 4.710 0.004 4.710 0.004
T3 5.066 5.071 0.005 5.071 0.005

pyridazine T1 3.562 3.563 0.001 3.563 0.001
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T2 4.419 4.421 0.002 4.421 0.002
T3 4.877 4.879 0.002 4.879 0.002

triazine T1 4.743 4.749 0.006 4.749 0.006
T2 4.820 4.826 0.006 4.826 0.006
T3 5.093 5.097 0.004 5.097 0.004

tetrazine T1 2.240 2.240 0.000 2.240 0.000
T2 3.956 3.961 0.005 3.961 0.005
T3 4.486 4.487 0.001 4.487 0.001

formaldehyde T1 3.678 3.688 0.011 3.688 0.011
T2 5.917 5.924 0.007 5.924 0.007
T3 7.842 7.851 0.009 7.851 0.009

acetone T1 4.145 4.157 0.012 4.157 0.012
T2 6.133 6.139 0.007 6.139 0.007
T3 7.563 7.563 0.000 7.563 0.000

benzoquinone T1 2.868 2.888 0.020 2.888 0.020
T2 2.964 2.984 0.019 2.984 0.019
T3 3.236 3.255 0.019 3.255 0.019

formamide T1 5.386 5.394 0.008 5.394 0.008
T2 5.923 5.933 0.009 5.933 0.009
T3 7.506 7.511 0.005 7.511 0.005

acetamide T1 5.443 5.453 0.010 5.453 0.010
T2 6.057 6.067 0.010 6.067 0.010
T3 7.309 7.311 0.002 7.311 0.002

propanamide T1 5.470 5.481 0.010 5.481 0.010
T2 6.075 6.089 0.013 6.089 0.013
T3 7.308 7.311 0.003 7.311 0.003

adenine T1 4.171 4.179 0.008 4.179 0.008
T2 5.034 5.043 0.010 5.043 0.010
T3 5.339 5.344 0.005 5.344 0.005

cytosine T1 3.969 3.975 0.006 3.975 0.006
T2 4.843 4.850 0.007 4.850 0.007
T3 5.280 5.287 0.007 5.287 0.007

thymine T1 3.872 3.878 0.006 3.878 0.006
T2 4.857 4.863 0.006 4.863 0.006
T3 5.606 5.618 0.012 5.618 0.012

uracil T1 3.968 3.977 0.009 3.977 0.009
T2 4.835 4.846 0.011 4.846 0.011
T3 5.619 5.632 0.014 5.632 0.014
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Table S11: Detailed results for the excitation energies to the first three singlet excited states for
the molecules in the benchmark set from Ref. S6. Errors of the MO- and CDD-based THC-SOS-
LR-CC2 methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
ethene S1 8.409 8.368 0.041 8.368 0.041

S2 8.702 8.658 0.044 8.658 0.044
S3 9.484 9.442 0.042 9.442 0.042

butadiene S1 6.613 6.585 0.028 6.585 0.028
S2 7.991 7.955 0.036 7.955 0.036
S3 8.067 8.042 0.025 8.042 0.025

hexatriene S1 5.567 5.556 0.012 5.556 0.012
S2 7.059 7.034 0.026 7.034 0.026
S3 7.384 7.376 0.007 7.376 0.007

octatetraene S1 4.896 4.884 0.012 4.884 0.012
S2 6.301 6.279 0.023 6.279 0.023
S3 6.890 6.879 0.011 6.879 0.011

cyclopropene S1 7.075 7.071 0.004 7.071 0.004
S2 7.279 7.256 0.023 7.256 0.023
S3 8.224 8.217 0.008 8.217 0.008

cyclopentadiene S1 5.745 5.728 0.017 5.728 0.017
S2 7.269 7.240 0.029 7.240 0.029
S3 7.326 7.301 0.025 7.301 0.025

norbornadiene S1 5.851 5.856 0.005 5.856 0.005
S2 6.813 6.812 0.000 6.812 0.000
S3 7.574 7.587 0.012 7.587 0.012

benzene S1 5.018 5.000 0.018 5.000 0.018
S2 6.429 6.420 0.009 6.420 0.009
S3 7.511 7.499 0.013 7.499 0.013

naphthalene S1 4.299 4.287 0.012 4.287 0.012
S2 4.953 4.951 0.002 4.951 0.002
S3 6.368 6.360 0.008 6.360 0.008

furan S1 6.712 6.702 0.010 6.702 0.010
S2 6.850 6.822 0.028 6.822 0.028
S3 7.765 7.746 0.019 7.746 0.019

pyrrole S1 6.493 6.459 0.034 6.459 0.034
S2 6.558 6.558 0.000 6.558 0.000
S3 6.797 6.790 0.006 6.790 0.006

imidazole S1 6.676 6.648 0.029 6.648 0.029
S2 6.979 6.956 0.023 6.956 0.023
S3 7.018 7.005 0.013 7.005 0.013

pyridine S1 5.070 5.016 0.054 5.016 0.054
S2 5.345 5.335 0.010 5.335 0.010
S3 5.703 5.687 0.016 5.687 0.016

pyrazine S1 4.475 4.471 0.004 4.471 0.004
S2 4.905 4.875 0.030 4.875 0.030
S3 5.316 5.314 0.002 5.314 0.002

pyrimidine S1 4.770 4.755 0.015 4.755 0.015
S2 5.129 5.109 0.020 5.109 0.020
S3 5.264 5.212 0.052 5.212 0.052

pyridazine S1 4.163 4.161 0.001 4.161 0.001
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S2 4.772 4.777 0.005 4.777 0.005
S3 5.111 5.068 0.043 5.068 0.043

triazine S1 4.931 4.906 0.026 4.906 0.026
S2 5.085 5.065 0.020 5.065 0.020
S3 5.141 5.125 0.016 5.125 0.016

tetrazine S1 2.748 2.739 0.009 2.739 0.009
S2 4.123 4.117 0.006 4.117 0.006
S3 4.931 4.876 0.055 4.876 0.055

formaldehyde S1 4.218 4.197 0.021 4.197 0.021
S2 8.243 8.213 0.030 8.213 0.030
S3 9.409 9.411 0.002 9.411 0.002

acetone S1 4.633 4.644 0.011 4.644 0.011
S2 7.712 7.709 0.002 7.709 0.002
S3 9.250 9.234 0.017 9.234 0.017

benzoquinone S1 3.269 3.291 0.021 3.291 0.021
S2 3.382 3.409 0.027 3.409 0.027
S3 4.970 4.994 0.024 4.994 0.024

formamide S1 5.853 5.844 0.010 5.844 0.010
S2 7.673 7.650 0.022 7.650 0.022
S3 7.808 7.777 0.031 7.777 0.031

acetamide S1 5.888 5.879 0.009 5.879 0.009
S2 7.594 7.570 0.024 7.570 0.024
S3 7.653 7.642 0.011 7.642 0.011

propanamide S1 5.912 5.937 0.025 5.937 0.025
S2 7.594 7.574 0.021 7.574 0.021
S3 7.653 7.663 0.010 7.663 0.010

adenine S1 5.212 5.190 0.022 5.190 0.022
S2 5.521 5.504 0.017 5.504 0.017
S3 5.584 5.579 0.005 5.579 0.005

cytosine S1 4.977 4.932 0.045 4.932 0.045
S2 5.556 5.539 0.017 5.539 0.017
S3 6.015 5.979 0.037 5.979 0.037

thymine S1 5.264 5.253 0.011 5.253 0.011
S2 5.552 5.546 0.006 5.546 0.006
S3 6.660 6.639 0.021 6.639 0.021

uracil S1 5.247 5.226 0.021 5.226 0.021
S2 5.650 5.632 0.018 5.632 0.018
S3 6.591 6.589 0.002 6.589 0.002
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Table S12: Detailed results for the excitation energies to the first three triplet excited states for
the molecules in the benchmark set from Ref. S6. Errors of the MO- and CDD-based THC-SOS-
LR-CC2 methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
ethene T1 4.570 4.535 0.035 4.535 0.035

T2 8.552 8.510 0.043 8.510 0.043
T3 8.622 8.612 0.009 8.612 0.009

butadiene T1 3.553 3.525 0.027 3.525 0.027
T2 5.258 5.236 0.022 5.236 0.022
T3 7.956 7.945 0.011 7.945 0.011

hexatriene T1 2.967 2.955 0.012 2.955 0.012
T2 4.432 4.418 0.013 4.418 0.013
T3 5.464 5.455 0.009 5.455 0.009

octatetraene T1 2.606 2.594 0.012 2.594 0.012
T2 3.795 3.780 0.014 3.780 0.014
T3 4.870 4.858 0.012 4.858 0.012

cyclopropene T1 7.075 7.071 0.004 7.070 0.005
T2 7.279 7.256 0.023 7.260 0.019
T3 8.224 8.217 0.008 8.220 0.004

cyclopentadiene T1 3.424 3.404 0.020 3.404 0.020
T2 5.090 5.070 0.020 5.070 0.020
T3 7.275 7.250 0.025 7.250 0.025

norbornadiene T1 3.884 3.881 0.003 3.881 0.003
T2 4.211 4.204 0.006 4.204 0.006
T3 6.861 6.859 0.002 6.859 0.002

benzene T1 4.296 4.280 0.016 4.280 0.016
T2 4.999 4.983 0.016 4.983 0.016
T3 6.042 6.034 0.008 6.034 0.008

naphthalene T1 3.308 3.301 0.008 3.301 0.008
T2 4.284 4.276 0.008 4.276 0.008
T3 4.768 4.759 0.010 4.759 0.010

furan T1 4.354 4.338 0.016 4.338 0.016
T2 5.478 5.452 0.026 5.452 0.026
T3 7.248 7.229 0.019 7.229 0.019

pyrrole T1 4.650 4.637 0.013 4.637 0.013
T2 6.531 6.530 0.001 6.530 0.001
T3 7.046 7.027 0.019 7.027 0.019

imidazole T1 4.863 4.842 0.021 4.842 0.021
T2 5.835 5.810 0.025 5.810 0.025
T3 6.621 6.607 0.014 6.607 0.014

pyridine T1 4.447 4.419 0.028 4.419 0.028
T2 4.935 4.895 0.040 4.895 0.040
T3 5.157 5.119 0.038 5.119 0.038

pyrazine T1 3.948 3.941 0.007 3.941 0.007
T2 4.485 4.465 0.020 4.465 0.020
T3 4.537 4.519 0.018 4.519 0.018

pyrimidine T1 4.452 4.439 0.013 4.439 0.013
T2 4.694 4.663 0.031 4.663 0.031
T3 5.090 5.051 0.039 5.051 0.039

pyridazine T1 3.553 3.546 0.007 3.546 0.007
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T2 4.423 4.398 0.024 4.398 0.024
T3 4.891 4.864 0.027 4.864 0.027

triazine T1 4.743 4.731 0.012 4.731 0.012
T2 4.850 4.833 0.018 4.833 0.018
T3 5.068 5.036 0.032 5.036 0.032

tetrazine T1 2.204 2.192 0.011 2.192 0.011
T2 3.909 3.901 0.008 3.901 0.008
T3 4.492 4.458 0.034 4.458 0.034

formaldehyde T1 3.806 3.785 0.021 3.785 0.021
T2 5.982 5.930 0.052 5.930 0.052
T3 7.911 7.882 0.029 7.882 0.029

acetone T1 4.301 4.310 0.010 4.310 0.010
T2 6.216 6.178 0.038 6.178 0.038
T3 7.629 7.627 0.002 7.627 0.002

benzoquinone T1 2.987 3.010 0.022 3.010 0.022
T2 3.107 3.133 0.025 3.133 0.025
T3 3.264 3.262 0.002 3.262 0.002

formamide T1 5.586 5.578 0.008 5.578 0.008
T2 5.992 5.958 0.034 5.958 0.034
T3 7.473 7.444 0.029 7.444 0.029

acetamide T1 5.644 5.635 0.009 5.635 0.009
T2 6.136 6.103 0.033 6.103 0.033
T3 7.279 7.257 0.023 7.257 0.023

propanamide T1 5.672 5.693 0.021 5.693 0.021
T2 6.155 6.134 0.021 6.134 0.021
T3 7.280 7.261 0.019 7.261 0.019

adenine T1 4.190 4.174 0.016 4.174 0.016
T2 5.057 5.051 0.006 5.051 0.006
T3 5.373 5.354 0.019 5.354 0.019

cytosine T1 4.032 4.010 0.022 4.010 0.022
T2 4.909 4.886 0.022 4.886 0.022
T3 5.396 5.379 0.017 5.379 0.017

thymine T1 3.915 3.909 0.006 3.909 0.006
T2 5.071 5.062 0.010 5.062 0.010
T3 5.669 5.658 0.012 5.658 0.012

uracil T1 4.013 3.998 0.015 3.998 0.015
T2 5.055 5.036 0.019 5.036 0.019
T3 5.686 5.667 0.019 5.667 0.019
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5.3 Martínez Benchmark Set

5.3.1 Ground State

Table S13: Detailed results for the ground state energies of the molecules in the benchmark set from
Ref. S7. Errors of the MO- and CDD-based THC-SOS-MP2 methods are reported as deviations
from the RI-based reference implementation. All calculations are performed with the cc-pVTZ/cc-
pVTZ-RI basis set combination.

molecule ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
butadiene −0.658 266 −0.658 268 1.3× 10−6 −0.658 268 1.5× 10−6

hexatriene −0.971 382 −0.971 378 4.0× 10−6 −0.971 378 4.3× 10−6

malonaldehyde −0.928 473 −0.928 469 4.3× 10−6 −0.928 469 4.4× 10−6

methylsalicylate −1.910 410 −1.910 398 1.2× 10−5 −1.910 398 1.2× 10−5

HBT −2.543 654 −2.543 520 1.3× 10−4 −2.543 520 1.3× 10−4

stilbene −2.151 922 −2.151 908 1.4× 10−5 −2.151 908 1.4× 10−5

GFP −2.335 196 −2.335 177 1.9× 10−5 −2.335 177 1.9× 10−5

PYP −2.046 621 −2.046 610 1.1× 10−5 −2.046 610 1.1× 10−5

acridine red −2.913 065 −2.912 992 7.4× 10−5 −2.912 992 7.3× 10−5

anthanthrene −3.281 459 −3.281 362 9.7× 10−5 −3.281 362 9.7× 10−5

N -methyl-benzcarbaxole −2.783 274 −2.783 203 7.0× 10−5 −2.783 203 7.1× 10−5

coumarin 153 −3.849 149 −3.849 068 8.1× 10−5 −3.849 068 8.1× 10−5

difluoro-indigo −3.626 637 −3.626 523 1.1× 10−4 −3.626 523 1.1× 10−4

nile red −3.927 931 −3.927 846 8.5× 10−5 −3.927 846 8.5× 10−5

oxazine 9 −3.187 605 −3.187 530 7.5× 10−5 −3.187 530 7.5× 10−5

rubicene −3.878 599 −3.878 435 1.6× 10−4 −3.878 435 1.6× 10−4

ester −3.384 816 −3.384 736 7.9× 10−5 −3.384 736 8.0× 10−5
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Table S14: Detailed results for the ground state energies of the molecules in the benchmark set from
Ref. S7. Errors of the MO- and CDD-based THC-SOS-CC2 methods are reported as deviations
from the RI-based reference implementation. All calculations are performed with the cc-pVTZ/cc-
pVTZ-RI basis set combination.

molecule ERI / H ETHC / H ∆ETHC / H ECDD-THC / H ∆ECDD-THC / H
butadiene 0.663 446 −0.663 380 6.6× 10−5 −0.663 380 6.6× 10−5

hexatriene 0.979 143 −0.979 049 9.4× 10−5 −0.979 049 9.4× 10−5

malonaldehyde 0.941 556 −0.940 910 6.5× 10−4 −0.940 910 6.5× 10−4

methylsalicylate 1.931 444 −1.930 642 8.0× 10−4 −1.930 642 8.0× 10−4

HBT 2.567 426 −2.566 600 8.3× 10−4 −2.566 600 8.3× 10−4

stilbene 2.167 465 −2.167 414 5.1× 10−5 −2.167 414 5.1× 10−5

GFP 2.360 494 −2.359 745 7.5× 10−4 −2.359 745 7.5× 10−4

PYP 2.068 245 −2.067 535 7.1× 10−4 −2.067 535 7.1× 10−4

acridine red 2.943 776 −2.941 744 2.0× 10−3 −2.941 744 2.0× 10−3

anthanthrene 3.307 075 −3.306 840 2.4× 10−4 −3.306 840 2.4× 10−4

N -methyl-benzcarbaxole 2.805 027 −2.804 581 4.5× 10−4 −2.804 581 4.5× 10−4

coumarin 153 3.887 952 −3.886 496 1.5× 10−3 −3.886 496 1.5× 10−3

difluoro-indigo 3.668 254 −3.667 169 1.1× 10−3 −3.667 169 1.1× 10−3

nile red 3.966 831 −3.965 170 1.7× 10−3 −3.965 170 1.7× 10−3

oxazine 9 3.221 792 −3.219 770 2.0× 10−3 −3.219 770 2.0× 10−3

rubicene 3.908 834 −3.908 510 3.2× 10−4 −3.908 510 3.2× 10−4

ester 3.426 647 −3.425 046 1.6× 10−3 −3.425 046 1.6× 10−3
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5.3.2 Excited State

Table S15: Detailed results for the excitation energies to the first three singlet excited states for
the molecules in the benchmark set from Ref. S7. Errors of the MO- and CDD-based THC-SOS-
ADC(2) methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
butadiene S1 6.549 6.557 0.008 6.557 0.008

S2 8.011 8.016 0.005 8.016 0.005
S3 8.098 8.103 0.005 8.103 0.005

hexatriene S1 5.504 5.512 0.008 5.512 0.008
S2 7.075 7.081 0.007 7.081 0.007
S3 7.421 7.427 0.006 7.427 0.006

malonaldehyde S1 4.179 4.189 0.009 4.189 0.009
S2 4.935 4.949 0.014 4.949 0.014
S3 7.816 7.826 0.010 7.826 0.010

methylsalicylate S1 4.289 4.301 0.012 4.301 0.012
S2 5.517 5.530 0.013 5.530 0.013
S3 5.565 5.581 0.016 5.581 0.016

HBT S1 3.961 3.973 0.012 3.973 0.012
S2 4.426 4.439 0.013 4.439 0.013
S3 4.784 4.800 0.016 4.800 0.016

stilbene S1 4.484 4.492 0.008 4.492 0.008
S2 4.647 4.654 0.007 4.654 0.007
S3 4.689 4.697 0.007 4.697 0.007

GFP S1 3.919 3.934 0.015 3.934 0.015
S2 4.195 4.208 0.013 4.208 0.013
S3 4.494 4.503 0.009 4.503 0.009

PYP S1 4.486 4.495 0.009 4.495 0.009
S2 4.685 4.695 0.009 4.695 0.009
S3 5.076 5.089 0.012 5.089 0.012

acridine red S1 2.655 2.670 0.015 2.670 0.015
S2 3.538 3.552 0.014 3.552 0.014
S3 4.475 4.489 0.014 4.489 0.014

anthanthrene S1 3.211 3.222 0.010 3.222 0.010
S2 3.297 3.318 0.021 3.318 0.021
S3 3.944 3.973 0.029 3.973 0.029

N -methyl- S1 3.537 3.550 0.013 3.550 0.013
benzcarbaxole S2 4.137 4.152 0.015 4.152 0.015

S3 4.582 4.594 0.011 4.594 0.011
coumarin 153 S1 3.474 3.497 0.023 3.497 0.023

S2 4.095 4.114 0.019 4.114 0.019
S3 4.793 4.815 0.022 4.815 0.022

difluoro-indigo S1 2.553 2.566 0.013 2.566 0.013
S2 2.950 2.966 0.016 2.966 0.016
S3 3.361 3.377 0.017 3.377 0.017

nile red S1 2.905 2.921 0.017 2.921 0.017
S2 3.402 3.410 0.007 3.410 0.007
S3 3.820 3.861 0.041 3.861 0.041

oxazine 9 S1 2.349 2.360 0.010 2.360 0.011
S2 3.239 3.249 0.011 3.249 0.011
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S3 3.971 3.975 0.004 3.975 0.004
rubicene S1 2.838 2.857 0.019 2.860 0.022

S2 3.209 3.229 0.019 3.229 0.019
S3 3.412 3.431 0.019 3.431 0.019

ester S1 4.025 4.047 0.022 4.047 0.022
S2 4.702 4.726 0.024 4.726 0.024
S3 5.098 5.118 0.020 5.118 0.020

Table S16: Detailed results for the excitation energies to the first three triplet excited states for
the molecules in the benchmark set from Ref. S7. Errors of the MO- and CDD-based THC-SOS-
ADC(2) methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
butadiene T1 3.548 3.552 0.004 3.552 0.004

T2 5.253 5.256 0.003 5.256 0.003
T3 7.979 7.983 0.004 7.983 0.004

hexatriene T1 2.960 2.964 0.004 2.964 0.004
T2 4.424 4.428 0.003 4.428 0.003
T3 5.457 5.461 0.003 5.461 0.003

malonaldehyde T1 3.673 3.682 0.009 3.682 0.009
T2 3.987 3.995 0.009 3.995 0.009
T3 6.325 6.332 0.007 6.332 0.007

methylsalicylate T1 3.922 3.982 0.059 3.982 0.059
T2 4.163 4.171 0.008 4.171 0.008
T3 4.689 4.697 0.009 4.697 0.009

HBT T1 3.359 3.370 0.011 3.370 0.011
T2 4.149 4.157 0.007 4.157 0.007
T3 4.389 4.401 0.012 4.401 0.012

stilbene T1 2.966 2.970 0.004 2.970 0.004
T2 4.100 4.105 0.005 4.105 0.005
T3 4.578 4.588 0.010 4.588 0.010

GFP T1 2.544 2.554 0.010 2.554 0.010
T2 4.054 4.060 0.007 4.060 0.007
T3 4.481 4.490 0.009 4.490 0.009

PYP T1 3.181 3.187 0.006 3.187 0.006
T2 4.572 4.576 0.004 4.576 0.004
T3 4.823 4.830 0.006 4.830 0.006

acridine red T1 2.303 2.316 0.013 2.316 0.013
T2 3.302 3.315 0.013 3.315 0.013
T3 3.613 3.624 0.011 3.624 0.011

anthanthrene T1 1.969 1.983 0.014 1.983 0.014
T2 3.158 3.170 0.012 3.170 0.012
T3 3.364 3.375 0.011 3.375 0.011

N -methyl- T1 2.863 2.873 0.011 2.873 0.011
benzcarbaxole T2 3.624 3.634 0.010 3.634 0.010

T3 3.899 3.909 0.010 3.909 0.010
coumarin 153 T1 2.779 2.796 0.018 2.796 0.018

T2 3.942 3.960 0.018 3.960 0.018
T3 4.281 4.295 0.014 4.295 0.014

difluoro-indigo T1 2.304 2.364 0.060 2.364 0.060
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T2 3.039 3.052 0.013 3.052 0.013
T3 3.550 3.563 0.013 3.563 0.013

nile red T1 2.079 2.092 0.014 2.092 0.014
T2 3.249 3.257 0.008 3.257 0.008
T3 3.742 3.754 0.012 3.754 0.012

oxazine 9 T1 1.821 1.830 0.009 1.830 0.009
T2 2.999 3.008 0.009 3.008 0.009
T3 3.558 3.569 0.011 3.569 0.011

rubicene T1 1.885 1.900 0.015 1.900 0.015
T2 2.796 2.809 0.014 2.809 0.014
T3 2.838 2.852 0.014 2.852 0.014

ester T1 2.797 2.812 0.015 2.812 0.015
T2 3.848 3.862 0.014 3.862 0.014
T3 4.149 4.165 0.016 4.165 0.016

Table S17: Detailed results for the excitation energies to the first three singlet excited states for
the molecules in the benchmark set from Ref. S7. Errors of the MO- and CDD-based THC-SOS-
LR-CC2 methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
butadiene S1 6.613 6.585 0.028 6.585 0.028

S2 7.991 7.955 0.036 7.955 0.036
S3 8.067 8.042 0.025 8.042 0.025

hexatriene S1 5.567 5.556 0.012 5.556 0.012
S2 7.059 7.034 0.026 7.034 0.026
S3 7.384 7.376 0.007 7.376 0.007

malonaldehyde S1 4.397 4.390 0.007 4.390 0.007
S2 5.103 5.064 0.039 5.064 0.039
S3 7.865 7.846 0.020 7.846 0.020

methylsalicylate S1 4.338 4.319 0.020 4.319 0.020
S2 5.643 5.634 0.009 5.634 0.009
S3 5.732 5.726 0.006 5.726 0.006

HBT S1 4.010 3.997 0.012 3.997 0.012
S2 4.454 4.440 0.014 4.440 0.014
S3 4.850 4.837 0.013 4.837 0.013

stilbene S1 4.502 4.491 0.010 4.491 0.010
S2 4.640 4.623 0.017 4.623 0.017
S3 4.697 4.683 0.014 4.683 0.014

GFP S1 4.030 4.014 0.016 4.014 0.016
S2 4.342 4.338 0.004 4.338 0.004
S3 4.506 4.488 0.018 4.488 0.018

PYP S1 4.517 4.498 0.019 4.498 0.019
S2 4.769 4.749 0.019 4.749 0.019
S3 5.314 5.295 0.019 5.295 0.019

acridine red S1 2.861 2.794 0.067 2.790 0.071
S2 3.683 3.652 0.031 3.650 0.033
S3 4.580 4.556 0.024 4.560 0.020

anthanthrene S1 3.208 3.201 0.007 3.201 0.007
S2 3.330 3.331 0.000 3.331 0.000
S3 3.949 3.964 0.015 3.964 0.015
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N -methyl- S1 3.556 3.553 0.004 3.550 0.006
benzcarbaxole S2 4.147 4.149 0.001 4.150 0.003

S3 4.605 4.597 0.008 4.600 0.005
coumarin 153 S1 3.577 3.580 0.003 3.580 0.003

S2 4.147 4.157 0.011 4.160 0.013
S3 4.850 4.864 0.014 4.864 0.014

difluoro-indigo S1 2.629 2.639 0.010 2.639 0.010
S2 3.051 3.067 0.015 3.067 0.015
S3 3.397 3.396 0.001 3.396 0.001

nile red S1 2.997 2.981 0.016 2.981 0.016
S2 3.629 3.616 0.014 3.616 0.014
S3 3.865 3.869 0.004 3.869 0.004

oxazine 9 S1 2.563 2.562 0.001 2.562 0.001
S2 3.355 3.356 0.007 3.356 0.007
S3 4.046 4.045 0.017 4.045 0.017

rubicene S1 2.852 2.860 0.008 2.860 0.008
S2 3.215 3.225 0.010 3.225 0.010
S3 3.413 3.425 0.012 3.425 0.012

ester S1 4.080 4.078 0.003 4.078 0.003
S2 4.770 4.766 0.004 4.766 0.004
S3 5.144 5.137 0.007 5.137 0.007

Table S18: Detailed results for the excitation energies to the first three triplet excited states for
the molecules in the benchmark set from Ref. S7. Errors of the MO- and CDD-based THC-SOS-
LR-CC2 methods are reported as deviations from the RI-based reference implementation. All
calculations are performed with the cc-pVTZ/cc-pVTZ-RI basis set combination.

molecule state ERI / eV ETHC / eV ∆ETHC / eV ECDD-THC / eV ∆ECDD-THC / eV
butadiene T1 3.553 3.525 0.027 3.525 0.027

T2 5.258 5.236 0.022 5.236 0.022
T3 7.956 7.945 0.011 7.945 0.011

hexatriene T1 2.967 2.955 0.012 2.955 0.012
T2 4.432 4.418 0.013 4.418 0.013
T3 5.464 5.455 0.009 5.455 0.009

malonaldehyde T1 3.738 3.711 0.027 3.711 0.027
T2 4.173 4.169 0.004 4.169 0.004
T3 6.436 6.401 0.035 6.401 0.035

methylsalicylate T1 3.971 3.958 0.013 3.958 0.013
T2 4.175 4.167 0.008 4.167 0.008
T3 4.724 4.711 0.013 4.711 0.013

HBT T1 3.392 3.387 0.005 3.387 0.005
T2 4.154 4.147 0.007 4.147 0.007
T3 4.419 4.413 0.006 4.413 0.006

stilbene T1 2.973 2.962 0.010 2.962 0.010
T2 4.102 4.092 0.010 4.092 0.010
T3 4.593 4.583 0.010 4.583 0.010

GFP T1 2.579 2.569 0.010 2.569 0.010
T2 4.082 4.071 0.011 4.071 0.011
T3 4.495 4.485 0.010 4.485 0.010

PYP T1 3.214 3.198 0.016 3.198 0.016
T2 4.589 4.576 0.013 4.576 0.013

S-29



T3 4.846 4.833 0.013 4.833 0.013
acridine red T1 2.381 2.361 0.020 2.361 0.020

T2 3.411 3.389 0.022 3.389 0.022
T3 3.712 3.678 0.033 3.678 0.033

anthanthrene T1 1.968 1.969 0.001 1.969 0.001
T2 3.168 3.165 0.003 3.165 0.003
T3 3.706 3.711 0.005 3.711 0.005

N -methyl- T1 2.867 2.866 0.001 2.866 0.001
benzcarbaxole T2 3.638 3.633 0.004 3.633 0.004

T3 3.919 3.916 0.003 3.916 0.003
coumarin 153 T1 2.831 2.837 0.006 2.837 0.006

T2 4.003 4.008 0.004 4.008 0.004
T3 4.362 4.342 0.019 4.342 0.019

difluoro-indigo T1 2.369 2.364 0.005 2.364 0.005
T2 3.061 3.058 0.003 3.058 0.003
T3 3.590 3.586 0.003 3.586 0.003

nile red T1 2.120 2.118 0.002 2.118 0.002
T2 3.451 3.439 0.012 3.311 0.140
T3 3.786 3.775 0.011 3.775 0.011

oxazine 9 T1 1.905 1.872 0.032 1.872 0.032
T2 3.090 3.057 0.033 3.057 0.033
T3 3.620 3.601 0.019 3.601 0.019

rubicene T1 1.888 1.892 0.004 1.892 0.004
T2 2.796 2.802 0.007 2.802 0.007
T3 2.844 2.850 0.006 2.850 0.006

ester T1 2.824 2.823 0.001 2.823 0.001
T2 3.874 3.871 0.004 3.871 0.004
T3 4.214 4.210 0.004 4.210 0.004
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6 Detailed Results – Computational Efficiency

6.1 Time Complexity

In the following, supplementary results for the computational complexity of the proposed THC-

based reformulations of the methods presented in the main part of this work are given.

The computational complexity of the MO/CDD-THC-SOS-MP2 methods is assessed by taking

into account the number of FLOP required to evaluate the SOS-MP2 singles amplitude for the

LCAn (Figure S3) and the ATn series (Figure S4).

Figure S3: Number of FLOP required to evaluate the SOS-MP2 singles amplitudes for a series of
LCAn (n ∈ {20, 40, 80, 120, 160, 200}) molecules. Labels represent the FLOP reduction compared
to the MO-RI-SOS-MP2 implementation and all calculations are performed with the cc-pVDZ/cc-
pVDZ-RI (left) or cc-pVTZ/cc-pVTZ-RI basis set combination (right). Extrapolated values are
marked with an asterisk (*).

For the LCAn series, MO-THC-SOS-MP2 exhibits exactly cubic scaling with the system size for

both basis set sizes considered. Overall, in comparison to the RI-based reference implementation,

the application of MO-THC yields a 17-fold diminution of the effort for the double-ζ basis set and

a 33-fold diminution of the effort for the larger triple-ζ basis set. Furthermore, a reformulation

in the local Cholesky MO basis results in improvements of up to 148-fold for the largest LCA

molecule considered, while reducing the apparent scaling exponent to ∼2.5. In the limit of the

largest fragment sizes considered, the observed scaling behavior is similar for the less-sparse ATn
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series, as shown in Figure S4.

Figure S4: Number of FLOP required to evaluate the SOS-MP2 singles amplitudes for a series of
ATn (n ∈ {1, 2, 4, 8, 12}) molecules. Labels represent the FLOP reduction compared to the MO-
RI-SOS-MP2 implementation and all calculations are performed with the cc-pVDZ/cc-pVDZ-RI
basis set combination. Extrapolated values are marked with an asterisk (*).

In addition to the results presented in the main part of this work for the larger triple-ζ basis

set, Figure S5 shows the scaling behavior of the THC-SOS-LR-CC2/SOS-ADC(2) methods for the

LCAn series using the cc-pVDZ/cc-pVDZ-RI basis set combination.

Figure S5: Number of FLOP required to evaluate the SOS-CC2 singles amplitudes (left)
and the SOS-LR-CC2/SOS-ADC(2) matrix-vector product (right) for a series of LCAn (n ∈
{20, 40, 80, 120, 160, 200}) molecules. Labels represent the FLOP reduction compared to the
MO-RI-SOS-LR-CC2/ADC(2) implementation and all calculations are performed with the cc-
pVDZ/cc-pVDZ-RI basis set combination. Extrapolated values are marked with an asterisk (*).
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6.1.1 THC Grid Comparison

Table S19: Average number of PFLOP (1015 FLOP) required per DIIS iteration to form the matrix-
vector product in MO-THC-SOS-ADC(2) and CDD-THC-SOS-ADC(2). Additionally, the ×-fold
reduction in the number of FLOP is shown with respect to MO-RI-SOS-ADC(2). All calculations
are performed using the cc-pVDZ/cc-pVDZ-RI basis set combination and the grids generated
from both the hand-optimized cc-pVDZ- (grid 1 ) and cc-pVTZ-based parent grids (grid 2 ) from
Martínez and coworkers.S2 Extrapolated values are marked with an asterisk (*).

MO-RI MO-THC CDD-THC
System Nbf PFLOP PFLOP Scaling Reduction PFLOP Scaling Reduction

grid 1
AT04 2904 6.2 0.3 — 20.3× 0.5 — 12.4×
AT08 5896 110.0* 2.6 3.0 41.0× 2.6 2.3 40.0×
AT12 5896 537.0* 8.8 3.0 61.0× 2.6 2.3 76.4×
AT16 11880 1800.0* 21.0 3.0 83.5× 15.0 2.5 119.3×

grid 2
AT04 2904 6.2 0.7 — 8.9× 0.9 — 6.9×
AT08 5896 110.0* 5.9 3.0 17.8× 6.8 2.8 15.4×
AT12 5896 537.0* 20.0 3.0 41.0× 2.6 2.3 40.0×
AT16 11880 1800.0* 49.1* 3.0 35.7× 38.0* 2.5 46.1×

Table S20: Time required to perform one iteration of the excited state calculation. Scaling and
speedups are reported for the THC-based methods relative to MO-RI-SOS-ADC(2) using the cc-
pVDZ/cc-pVDZ-RI basis set combination together with the grids generated from both the hand-
optimized cc-pVDZ- (grid 1 ) and cc-pVTZ-based parent grids (grid 2 ). Extrapolated values are
marked with an asterisk (*).

MO-RI MO-THC CDD-THC
System Nbf Time / h Time / h Speedup Time / h Speedup

grid 1
AT4 2904 1.1 0.1 8.9× 0.3 4.1×
AT8 5896 19.0* 0.8 23.4× 1.0 18.8×
AT12 8888 98.7*
AT16 11 880 312.2* 6.6* 47.0× 4.6 68.1×

grid 2
AT4 2904 1.1 0.4 2.6× 0.5 2.2×
AT8 5896 19.0* 2.3 8.3× 2.5 7.7×
AT12 8888 98.7* 8.0* 8.3× 2.1 8.9×
AT16 11 880 312.2* 19.0* 16.4× 11.1* 28.1×
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6.1.2 THC Z vs. Γ Tensor

In the following, the scaling of the computational effort required to evaluate the THC-SOS-LR-

CC2/ADC(2) matrix-vector product using either a formulation of the intermediates in terms of the

THC Z or the Γ tensor is exemplarily demonstrated for a series of LCAn molecules in Figure S6.

Here, the label CDD-THC (Γ) indicates the results obtained by using eqs. (d)–(f) in Table 2 in

the main part of this work, whereas the CDD-THC (Z) label indicates the results obtained using

eqs. (e’)–(f’) in the same table.

Figure S6: Number of FLOP required to evaluate the SOS-LR-CC2/SOS-ADC(2) matrix-vector
product for a series of LCAn (n ∈ {40, 80, 160}) molecules. Labels represent the FLOP reduction
compared to the MO-RI-SOS-LR-CC2/ADC(2) implementation. All calculations are performed
with the cc-pVDZ/cc-pVDZ-RI basis set combination and the hand-optimized cc-pVDZ-based
THC parent grid.

As expected, the MO-THC-based implementation exhibits cubic time complexity, whereas the use

of the THC Γ or the THC Z tensor in conjunction with the CDD approach reduces the scaling

exponent to ∼2.2 or ∼2.0, respectively. Despite the scaling advantage, the use of the THC Γ

tensor is favorable in terms of the number of FLOP required to evaluate the CDD-THC-SOS-

LR-CC2/ADC(2) matrix-vector due to the reduced dimension of the Γ vs. the Z tensor, i.e.,

(Ngrid ×Naux) vs. (Ngrid ×Ngrid).

S-34



6.2 Space Complexity

The memory demand of relevant intermediates in both ground and excited state calculations in

the block sparse format is directly proportional to the number of significant and therefore allocated

blocks within a given intermediate. The observed space complexity of the intermediates computed

within the CDD-THC-SOS-CC2 and CDD-THC-SOS-LR-CC2/ADC(2) algorithms scale at most

as O(N1.5) with the system size for both LCAs – Figures S7–S10 in the cc-pVTZ basis – and

the AT pairs – Figures S11–S12 in the cc-pVDZ basis. Notice that the memory demands of the

THC fitting matrices scale as O(N2) since they are always dense. Thus, in the case of CDD-based

reformulations and electronically sparse systems, the memory demands are dominated by either

the Γ or Z THC fitting matrices and formally scale as O(N2). Nonetheless, the reduction of the

space complexity and the significant memory savings for the intermediates are crucial to extend

the application of the proposed methods to systems with hundreds of atoms without the need to

batch the work load.

Figure S7: Scaling of the memory requirements of various intermediates of the CDD-THC-SOS-
CC2 method. Here relevant intermediates of dimension Ngrid × Nbf or Ngrid × Nocc are included.
For Laplace point-dependent intermediates the values are averaged over the number of quadrature
points. All calculations are performed for a series of LCAn molecules with the cc-pVTZ/cc-pVTZ-
RI basis set combination.
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Figure S8: Scaling of the memory requirements of various intermediates of the CDD-THC-SOS-
CC2 method. Here relevant intermediates of dimension Ngrid × Ngrid are included. For Laplace
point-dependent intermediates the values are averaged over the number of quadrature points. All
calculations are performed for a series of LCAn molecules with the cc-pVTZ/cc-pVTZ-RI basis set
combination.

Figure S9: Scaling of the memory requirements of various intermediates of the CDD-THC-SOS-
ADC(2) method. Here relevant intermediates of dimension Ngrid×Nbf or Ngrid×Nocc are included.
For Laplace point-dependent intermediates the values are averaged over the number of quadrature
points. All calculations are performed for a series of LCAn molecules with the cc-pVTZ/cc-pVTZ-
RI basis set combination.
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Figure S10: Scaling of the memory requirements of various intermediates of the CDD-THC-SOS-
ADC(2) method. Here relevant intermediates of dimension Ngrid ×Ngrid are included. For Laplace
point-dependent intermediates the values are averaged over the number of quadrature points. All
calculations are performed for a series of LCAn molecules with the cc-pVTZ/cc-pVTZ-RI basis set
combination.

Figure S11: Scaling of the memory requirements of various intermediates of the CDD-THC-SOS-
ADC(2) method. Here relevant intermediates of dimension Ngrid×Nbf or Ngrid×Nocc are included.
For Laplace point-dependent intermediates the values are averaged over the number of quadrature
points. All calculations are performed for a series of ATn molecules with the cc-pVDZ/cc-pVDZ-RI
basis set combination.
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Figure S12: Scaling of the memory requirements of various intermediates of the CDD-THC-SOS-
ADC(2) method. Here relevant intermediates of dimension Ngrid ×Ngrid are included. For Laplace
point-dependent intermediates the values are averaged over the number of quadrature points. All
calculations are performed for a series of ATn molecules with the cc-pVDZ/cc-pVDZ-RI basis set
combination.

Taking AT12 as an illustrative example, one set of MO-based RI integrals using the cc-pVDZ/cc-

pVDZ-RI basis set combination would require ∼6 TB of memory/disk space, with a < 20% saving

if Cholesky pseudo-MOs and sparse algebra are put to use. Hence, considering that at least one

other set of integrals must be stored in the CDD-RI-SOS-ADC(2) implementation, both the num-

ber of input/output (I/O) operations (IOP) as well as storage demands easily become a bottleneck

for common high-performance compute nodes and would render batching – with its intrinsic over-

head – mandatory. In contrast, for the same basis set the evaluation of the SOS-ADC(2) and

SOS-LR-CC2 excitation energy of AT12 using THC only requires ∼500 GB of memory space. In

addition, the presented implementations of MO- and CDD-THC-SOS-ADC(2)/CC2 only require

disk I/O for the D̂ intermediates (∼72 GB for AT12/cc-pVDZ/cc-pVDZ-RI) in the Laplace inte-

gration, while all other intermediates can be kept in memory.
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