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1 Optimized geometries

Optimized molecular structures were taken from seven recent publications1–7 and used with-

out being further modified. The geometry of water for reaction I was optimized using

MP2/aug-cc-pVTZ. The molecular structures not shown in the main text are visualized8 in

the following.

1.1 Structures

1.1.1 (S)-BINOL, C20H14O2

1.1.2 18-crown-6, C12H24O6
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1.1.3 (H2O)60

1.1.4 (Ala)29, C87N29O30H147

1.1.5 (Gly)40, C80N40O41H122

1.1.6 Elaiophylin, C54H88O18
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3 Absolute energies and reaction energies

Table 2: Total Hartree-Fock (reaction) energies calculated with our new Hartree-Fock (LDF-
HF) implementation, as described in the main text. The PNO-LMP2 correlation energies
were calculated as described in Refs. 1 and 3.

Total energies [EH]

Molecule (basis set), point group LDF-HF PNO-LMP2 (corr)

(S)-BINOL (aug-cc-pVTZ), C2 −915.5597155 −3.6654150
18-crown-6 (aug-cc-pVTZ), Ci −917.8118186 −3.5306489
Glabrescol (cc-pVTZ), C2 −1690.9257086 −6.7953254
(R,R)-Jacobsen’s ligand (cc-pVTZ), C2 −1653.8380874 −6.9497957
α-cyclodextrin (aug-cc-pVDZ), C2 −3644.3548060 −11.1409318
Nonactin (cc-pVDZ), C2 −2450.5843477 −7.7478473
Nonactin (aug-cc-pVDZ), C2 −2450.7117311 −8.1239801
Nonactin (cc-pVTZ), C2 −2451.2435252 −9.5524566
Nonactin (aug-cc-pVTZ), C2 −2451.2627601 −9.7267292
Elaiophylin (cc-pVDZ), C1 −3443.7655062 −10.8578836
Elaiophylin (aug-cc-pVDZ), C1 −3443.9690804 −11.4176254
Elaiophylin (cc-pVTZ), C1 −3444.7026349 −13.4139745
Elaiophylin (aug-cc-pVTZ), C1 −3444.7339549 −13.6648477
(Gly)40 (cc-pVTZ), C1 −8351.7897628 −30.2787817
(Ala)29 (cc-pVTZ), C1 −7208.3234100 −27.4455815
(H2O)60 (cc-pVTZ), C1 −4563.5254685 −16.0130087

Reaction Total reaction energies [EH]

I −0.0035467 −0.0088503
II −0.0105071 0.0016853
III −0.0233981 −0.0140105
IV 0.0320290 0.0521821
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4 Domain thresholds and accuracy

Figure 1: Visualization of the error (EH) in the total Hartree-Fock energy of the (Gly)16
molecule with respect to the canonical DF-HF program in Molpro9,10 using the VTZ basis
set. Several fitting domain sizes (defined through connectivity and distance criteria, see
main text) were used (left). The upper-most line (purple) shows the errors if the orbitals are
localized and the Fock-matrix is recalculated using the same fitting domains (IDF) as used
during the iterations after convergence is reached. The lines below represent the errors if the
orbitals are localized and the Fock-matrix is recalculated after convergence is reached, but
using larger fitting domain sizes, where IDF is increased by one for each subsequent line. The
lowest line (blue) shows the errors obtained when purely the energy is recalculated without
using any local approximations. Using the same color coding, the DF-HF errors using LMO
sparsity thresholds are shown in the second graph (right). Here, full fitting domains are
used and the orbitals are localized, but the sparsity threshold is reduced by a factor of 10
in each step once convergence is reached. The blue line represents the errors obtained when
the energy is recalculated without any local approximations once convergence is reached.
Triangles indicate if the calculated energy is above (triangle pointing up) or below (triangle
pointing down) the corresponding reference energy.
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5 Cost and scaling of recalculating the energy

Figure 2: Visualization of the elapsed times to recalculate the energy after the LDF-HF
procedure is converged (solid red lines) for glycine chains and alanine helices (left, right)
respectively. For all calculations the VTZ basis set and 20 CPU cores were used on a single
compute node. To demonstrate the scaling behaviour, the dashed blue lines show a N3

scaling behaviour. This theoretical N3 scaling behaviour is based on the elapsed times to
recalculate the energy for (Gly)4 (1.68 s) and (Ala)8 (23.48 s). For the largest glycine chains
and alanine helices, the recalculation of the energy consumes about 30% of the total elapsed
time while for smaller chain lengths the elapsed times for this step are (relatively) smaller
compared to the overall elapsed times.
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