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1 Diagonal Hamiltonian Matrix Elements

In the EOP-TI/CIS model, the E; and E, matrix elements are approximated by neglecting the influence of environment,
quantified by AEX _,¢(Y), because we found it to be a relatively small contribution, even at very close inter-chromophore
distances. The E3 and E4 matrix elements require evaluation of the Coulombic interaction between HOMO and LUMO
orbitals of isolated monomers. In the EOP-TI/CIS model, this contribution is represented by the cumulative atomic mul-
tipole moments (CAMM) expansion of the HOMO and LUMO electron densities, including all the terms having up to R~>
distance dependence. In Table S1 all these diagonal matrix elements are shown for ethylene and 7AC dimers at selected

geometries.

Table S1 Comparison of the diagonal Hamiltonian matrix elements for the studied T1/CIS models. The results (given in eV) were obtained for the
ethylene and 7AC dimers at three selected geometries at the CIS/6-31G(d) level. Due to symmetry of the studied model systems, E; = E, and E3 = Ej.
References to equations in the main text, that were used to compute the matrix elements, are also given.

(Ethylene), (7AQ),
Rap =30  4.169 6.0 26 36 46
Ey Eq. (4a) 8.660  8.575  8.582 5.205 5.082 5.083
E},, Eq. (14a) 8.584  8.584  8.584 5.074 5.074 5.074
AE},(B) Eq.(5) 0.076  -0.009  -0.002 0.131  0.008 0.009
E; Eq. (7a) 10.024 11426 12.520 6.093 6.822 7.337
EEFOP Eq. (23a) 10.010 11.427 12.520 6.083 6.822 7.337

Table S2 Comparison of the diagonal Hamiltonian matrix elements for the studied T1/CIS models. The results (given in eV) were obtained for the
two chlorophylls of the special pair of the PS-1 system at the CIS/6-31G(d) level. References to equations in the main text, that were used to compute
the matrix elements, are also given.

(PS-I)2

E Eq. (4a) 2.459
EX,, Eq. (14a)  2.433
AE} (B) Eq.(5) 0.026
E> Eq. (4b) 2.575
EZ,, Eq. (14b)  2.537
AEE ,(A) Eq.(5) 0.038
E;5 Eq. (7a) 3.878
EEOP Eq. (23a)  3.878
Ey4 Eq. (7b) 3.839
EEOP Eq. (23b)  3.839
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2 Timings for Computations of TI1/CIS EET Couplings

Table S3 Comparison of the CPU times of V! coupling computation for the studied TI/CIS models. The results (given in s) were obtained for the
ethylene and 7AC dimers at their equilibrium geometries at the CIS/6-31G(d) level. The reported timings, calculated as an average of 10 runs (except
PS-1), do not include the time to solve SCF or CIS problems for the monomers but in the case of VT!(.#) the time to solve the SCF problem for
the whole complex is obviously included. All calculations were performed on a single core of 1.2 GHz AMD EPYC™ 7301 16-Core processor with
the same SCF and CIS convergence settings and thresholds. Only in the case of PS-I calculations we used the more efficient 3.1 GHz Intel Xeon™
E5-2687W CPU.

(Ethylene), (7AC), PS-1
vTL(Z) 9.20 3.70-10° -
VT ZbH) 3.22 1.55-10° -
V(%) 3.18 1.53-103 4.92-10°
VI ZEOP)  582.1073 7.89-1072 5.69
ViICAMM 2.80-107° 6.74-107° 3.10-1072

3 Basis Set Extension Effects

All the results in the main article were obtained assuming 6-31G(d) basis set and in the case of EOP-TI/CIS calculations
aug-cc-pVDZ-JKFIT auxiliary EOP basis set. In Figure S1 the values of TI/CIS EET couplings and their selected components,
calculated assuming cc-pVXZ basis sets for X=D,T,Q, are plotted with respect to growing basis set cardinal number.

All the EOP-TI/CIS results were obtained assuming the corresponding aug-cc-pVXZ-JKFIT auxiliary EOP basis set.
However, the differences between results obtained using aug-cc-pVDZ-JKFIT auxiliary basis and the one corresponding
to a given orbital basis were negligible. In particular we noticed that using larger JKFIT basis than the one dedicated to a
given orbital basis resulted in differences below 1 cm~!. In case of calculations assuming smaller JKFIT basis (for instance
aug-cc-pVDZ-JKFIT instead of aug-cc-pVTZ-JKFIT) led to differences not exceeding a few reciprocal centimeters. Thus we
would recommend using aug-cc-pVDZ-JKFIT set as EOP auxiliary basis if available.

The choice of orbital basis is more important, however, also does not seem to be critical considering the overall accuracy
of the TI/CIS approach. Analysis of the trends obtained for various components shows that the Vj3. . is almost independent
of basis set choice due to opposite trends for the Coulomb and exchange contributions. The indirect components are much
more sensitive to the basis set choice. For instance the cc-pVDZ value of Vi’ . is roughly 55% of that obtained in the
cc-pVTZ and 40% of that for cc-pVQZ, however, it seems to saturate rather quickly with the basis set extension. Note also
that for the studied model systems the indirect contribution at equilibrium geometries constitutes only roughly 20-30%
of the total TI/CIS coupling. Finally, it is interesting to note that the TI/CIS values converge quickly to the exact ESD

coupling with basis set extension.
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Fig. S1 TI/CIS EET couplings and their components calculated at various level of approximation (indicated by labels in the center of a given panel)
for symmetric stacked ethylene dimer at its equlibrium geometry as a function of cc-pVXZ orbital basis set cardinal number. In the case of EOP-TI
calculation the corresponding aug-cc-pVXZ-JKFIT basis set was used.

Basis set extension effects
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4  Partitioning of EET couplings in the special pair
of PS-

Table S4 Partitioning of EET couplings computed between the lowest-
lying bright ' 7" states of two chlorophylls of the special pair of PS-1 at
various levels of approximation to TI/CIS method. Indentation indicates
constituents of a given term or it's approximation. All the results, given in
cm~!, were computed assuming 6-31G(d) basis set. The superscript ‘M’
indicates values estimated using the Mulliken approximation: Eq. (53)
for the EOP-TI model, and Eq. (51) for remaining models (see main
text). The V™) values in the EOP-TI results were computed assuming
either the distributed multipolar expansion truncated on |R|™> terms or
on atomic monopoles (values in parentheses) in Ver calculations.

TI/CIS model  TI(%) EOP
yT 1709  177.7
177.7)

Virect 155.1  160.1
Vecoul 156.7 -
VAICAMM 160.7  160.7
VExch -1.6 -
v -0.8 -0.6
Vovip 0 0
Vindirect 15.8 17.6
(17.6)

v 15.8 17.6
yTI3) 0 )
yTIG3)M 0 0
(0)
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5 Cartesian coordinates of the studied model sys-
tems

Cartesian coordinates (in A) of minimum energy struc-
ture of stacked ethylene dimer optimized using the MP2/6-
31G(d) method assuming D,, symmetry. The potential en-
ergy scans were obtained by translation of thus obtained
rigid ethylene molecules along intermolecular axis.

C  -2.08448 0.66814 0.00000
C  -2.08448 -0.66814 0.00000
H -2.08296 1.23821 0.92328
H -2.08296 -1.23821 0.92328
H -2.08599 -1.23821 -0.92328
H -2.08599 1.23821 -0.92328
C 2.08448 0.66814 0.00000
C 2.08448 -0.66814 0.00000
H 2.08296 1.23821 0.92328
H 2.08296 -1.23821 0.92328
H 2.08599 -1.23821 -0.92328
H 2.08599 1.23821 -0.92328

Cartesian coordinates (in 10\) of stacked 7-aminocoumarin
(7AC) dimer. The structure was obtained by superposition
of two flat 7AC molecules at their equilibrium geometries
located at MP2/6-31g(d) level and shifted with respect to
intermolecular axis. Such a rigid potential energy scan

shows minimum at Rag = 3.6 A. The corresponding struc-
ture is reported below.

4 1.15427 1.09400 0.00000
C -0.04215 0.38435 0.00000
¢ -0.08115 -1.01874 0.00000
C 1.14783 -1.70347 0.00000
C 2.34913 -1.01715 0.00000
C 2.36815 0.39668 0.00000
0 -1.19462 1.13458 0.00000
C -2.46341 0.54836 0.00000
¢ -2.50237 -0.90913 0.00000
C -1.36926 -1.65288 0.00000
0 -3.43016 1.28747 0.00000
H  -3.49236 -1.35196 0.00000
H  -1.42347 -2.74082 0.00000
H 1.14741 -2.79222 0.00000
H 3.28959 -1.56439 0.00000
N 3.56465 1.07202 0.00000
H 1.12173 2.18078 0.00000
H 3.59479 2.07912 0.00000
H 4.44182 0.57685 0.00000
C 1.15427 1.09400 3.60000
C -0.04215 0.38435 3.60000
¢ -0.08115 -1.01874 3.60000
C 1.14783 -1.70347 3.60000
C 2.34913 -1.01715 3.60000
C 2.36815 0.39668 3.60000
0 -1.19462 1.13458 3.60000
C -2.46341 0.54836 3.60000
¢ -2.50237 -0.90913 3.60000
C -1.36926 -1.65288 3.60000
0 -3.43016 1.28747 3.60000
H -3.49236 -1.35196 3.60000
H  -1.42347 -2.74082 3.60000
H 1.14741 -2.79222 3.60000
H 3.28959 -1.56439 3.60000
N 3.56465 1.07202 3.60000
H 1.12173 2.18078 3.60000
H 3.59479 2.07912 3.60000
H 4.44182 0.57685 3.60000



Cartesian coordinates (in A) of the special pair of PS-I chlorophylls (residues B1021 and A1011). The updated 1JBO.pdb
structure was assumed, reported by Madjet et al.,! augmented with hydrogen atoms using reduce 3.23, whose coordinates

were then optimized using PM6 Hamiltonian as implemented in Gaussian 09.

97.949 119.
98.120 119.
98.992 120.
99.384 121.
98.720 120.
97.489 119.
97.640 119.
98.437 120.
98.294 120.
97.474 118.
97.068 118.
99.336 121.
100.789 122.
101.668 123.
102.352 124.
101.910 124.
100.958 123.
103.335 125.
103.434 124.
102.062 123.
101.326 123.
101.427 123.
100.341 122.
99.839 121.
100.337 122.
102.786 123.
123.
104.172 122.
105.290 122.
106.387 121.
98.883 120.
99.210 123.
104.114 126.
104.641 124.
104.839 125.
106.077 125.
100.274 122.
102.386 124.
96.372 117.
95.111 116.
97.250 118.
98.837 121.
97.687 121.
97.085 118.
105.473 123.
104.143 122.
101.546 125.
96.037 118.
96.817 119.
98.862 124.
106.934 124.
97.730 122.
102.883 124.
97.416 117.
98.209 117.
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The cartesian coordinates of all the studied systems are also provided as the electronic supplementary material in the XYZ

format.

Notes and references
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