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Definition of the fragments in 1
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Fig. S1 Representation of the different fragmentation schemes considered in dyad 1.
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Table S1 Theoretical absolute couplings (V in cm~1) used to compute the total coupling and EET rate constant in the fully-optimised dyad 1 reported
in Table 1 using different fragment definitions (see Figure S1).

Fragment BODIPY/ZnP states | veoul yxc  yovlp yPCM - ytot
MO S1/Si 02 00 00 01 01
S1/S2 52 0.0 00 31 22

M1 S1/51 01 00 00 01 0.1
S1/S2 83 0.0 00 44 39

MC1 S1/81 01 00 00 01 0.1
S1/S» 74 0.0 00 40 34

MC2 S1/81 01 00 00 01 0.1
S1/S, 83 00 00 44 39

MC3 S1/81 01 00 00 00 0.1
S1/S, 54 00 00 30 24

MC4 S1/81 02 00 00 01 0.1
S1/S2 79 00 00 43 36
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S2 Comparison between excitations computed with PBEO and LC-wPBE in dyads 2-12

Table S2 Comparison between the transition energy (AE®:

abs

in eV), oscillator strength (f) and molecular orbital (MO) composition of the first excited
states (ES) in 1-12 obtained with the PBEO and LC-wPBE functional.

H and L stand for HOMO and LUMO, respectively. Only the major MO
contributions (> 10 %, i.e., Cl coefficient > 0.22) are reported here. The nature of the excited states is also given. M, B and CT stand for, Macrocycle,
BODIPY and charge transfer states, respectively.

PBEO LC-wPBE
Dyad ES | AE% f MO composition (CI coefficient) Nature | AE® f MO composition (CI coefficient) Nature
1 Sy 2.27 0.223 H—L+1 (0.58) M 2.03 0.037 H—L (0.52) M
H-1-L+2 (0.38) H-1-L+1 (0.48)
S, 2.30 0.030 H—L+2(0.55) M 2.03 0.006 H—L+1 (0.51) M
H-1—L+1 (0.43) H-1—L (-0.49)
S3 2.68 0.002 H—L(0.70) CT 2.78 0.656 H-2—1+42 (0.70) B
Sa 2.88 0.584 H-2—L (0.70) B 3.24 3.057 H-1-L+1 (0.52) M
H<«L (-0.47)
2 Sy 2.28 0.098 H-1-L+2 (-0.40), H—L+1 (0.58) M 2.03 0.023 H-1—-L+1 (-0.48), H—L (0.53) M
Sy 2.29 0.050 H-1-L+1 (0.42), H—L+2 (0.56) M 2.03 0.011 H-1—-L (0.49), H—L+1 (0.52) M
S3 2.66 0.001 H-—L(0.71) CT 2.78 0.648 H-2—L+2 (0.70) B
Sa 2.88 0.567 H-2—L (0.70) B 3.26 2.262 H-1—-L+1 (0.52), H—L (0.47) M
31 Sy 2.31 0.073 H—L+1 (0.57), H-1-L+2 (-0.42) M 2.04 0.0143 H-1-L+1 (-0.49), H—L (0.51) M
S, 2.31 0.035 H—L+2(0.56), H-1—L+1 (0.43) M 2.04 0.0071 H-1-L (0.49), H—L+1 (0.51) M
S3 2.72  0.000 H—L(0.71) CT 2.78 0.660 H-2—L+2 (0.70) B
Sy 2.89 0.607 H-2-L (0.70) B 3.29 2.341 H-1-L+1 (0.51), H—L (0.48) M
3f Sy 2.30 0.047 H-1—-L+2 (0.36), H—L+1 (0.49), M 2.03 0.012 H-1-L+1 (-0.43), H—L (0.47) M
H—L+2 (-0.23)
S, 2.31 0.044 H-1-L+1 (-0.37), H—L+1 (0.27), M 2.04 0.006 H-1-L (0.45), H—L+1 (0.46) M
H—L+2 (0.48)
S3 2.38 0.001 H-—L(0.66) CT 2.75 0.794 H-2—L+2 (0.66) B
Sy 2.62 0.019 H-1-L (0.70) CT 3.28 2.020 H-1—-L+1 (0.48), H—L (0.46) M
Ss 2.82 0.813 H-2—L (0.70) B 3.30 1.817 H-1-L (0.48), H—L+1 (-0.46) M
4 Si 230 0.071 H-1-L+2(0.42), H—L+1 (0.57) M 2.03 0.017 H-1—-L+1 (0.48), H—L (0.51) M
Sy 2.31 0.036 H-1-L+1 (-0.43), H—L+2 (0.56) M 2.04 0.009 H-1-L (-0.48), H—L+1 (0.51) M
S3 2.62 0.000 H—L(0.71) CT 2.80 0.645 H-2—L+2 (0.70) B
Sy 2.89 0.000 H-1-L(0.71) CT 3.31 2.241 H-1-L+1 (0.52), H—L (-0.48) M
Ss 291 0.592 H-2—L (0.70) B 3.32 1.891 H-1—L (0.51), H—L+1 (0.48) M
5 Si 1.94 0.357 H-1-L (-0.36), H—L (0.61) B, CT 1.94 0.973 H-2—L (0.69) B
Sy 1.97 0.581 H-1-L (0.61), H—L (0.36) B, CT 2.04 0.009 H-1-L+1 (0.25), H-1—-L+2 (-0.43), M
H—L+1 (0.44), H—L+2 (0.26)
S3 2.16 0.000 H-2-L (0.71) CT 2.04 0.003 H-1-L+1 (0.43), H-1—L+2 (0.25), M
H—L+1 (-0.26), H—L+2 (0.44)
Sy 2.31 0.054 H-2-L+2(-0.42), H—L+1 (0.56) M 3.29 0.351 H-3—L (0.54) B
Ss 2.32  0.026 H-2—L+1 (0.45), H—L+2 (0.54) M 3.30 1.986 H—L+1 (0.44), H-1—L+2 (0.46), M
H-3—L (-0.24)
6-a Sy 2.16 0.001 H-3—L (0.31), H—L (0.63) CT 2.03 0.015 H-1—-L+1¢ (-0.34), H—L (0.48), M
H-1—-L+2% (0.30)
Sy 2.28 0.059 H-1-L+2 (-0.40), H—L+1 (0.58) 2.03 0.013 H-1-L (0.45), H—L+1¢ (0.36), M
H—L+24 (-0.32)
S3 2.28 0.081 H-1—L+1 (0.40), H—L+2 (0.58), 2.77 0.491 H-3—L+1¢ (0.47), H-3—L+2%(0.51) B
Sy 242 0.040 H-2-L (0.70) B’ 3.28 2.269 H-1-L (0.51), H—L+1“ (-0.36), M
H—L+24 (0.32)
Ss 2.50 0.000 H-3—L (0.49), H-1—-L (0.40), CT 3.29 2.071 H—L (0.47), H-1—-L+1 (0.38), M
H—L (-0.31) H-1-L+2% (-0.34)
Se 2.62 0.000 H-1-L (0.57), H-3—L (-0.40) CT 3.92 0.000 H-4—L+1¢ (0.42), H-4—L+2% (0.44) CT
S7 282 0.376 H-3—L+2 (0.55), H-1—L+1 (-0.26) M 4.02 0.189 H-2—L+1¢ (0.40), H-2—L+2 (0.43) CT
Sg 2.86 0.278 H-4—L (0.65) B 4.08 0.018 H-8—L (0.69) M

@ these LUMO orbitals are delocalised on the two fragments
b this state corresponds to a CT in the BODIPY unit (from the triphenylamino group to the core of the BODIPY)
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Table S3 Follow-up of Table S2

PBEO LC-wPBE
Dyad ES | AE®: f MO composition (CI coefficient) Nature | AED: f MO composition (CI coefficient) Nature
6-b Sy 2.27  0.071 H—L+1 (0.59), H-1—-L+2 (-0.38) M 2.02  0.020 H-1-L+1 (0.43), H—L (0.48), M
H—L+1 (-0.23)
S> 2.27  0.089 H—L+2(0.57), H-1—L+1 (0.39) M 2.02 0.018 H-1-L(-0.43), H—L (0.23), M
H—L+1 (0.47)
S3 2.30 0.000 H—L(0.62) CT 2.77 0498 H-2—L+2 (0.69) B
S4 2.61 0.001 H-3—-L(0.38), H-2—L (0.34), CT 3.27 2232 H-1-L(0.51), H=L+1 (0.46) M
H-1-L (0.38), H=L (-0.30)
Ss 2.78 0.949 H-2—L(0.63), H-1—L+2 (0.24) B 3.27 2.091 H—L(-0.46), H-1—L+1 (0.51) M
7 S 2.24  0.167 H-1-L+1 (0.27), H—L (0.61) M, CT 2.04 0.014 H-1-L+1 (0.46), H—L* (0.43), M
H—L+2¢ (-0.23)
Sz 2.31  0.027 H-1-L(-0.30), H-1—L+2(0.31), CT,M 2.04 0.010 H-1-L?(-0.41), H-1—L+2¢ (0.23), M
H—L+1 (0.53) H—L+1 (0.48)
S3 242 0.042 H-1-L+1 (-0.32), H—L (0.34), M, CT 2.70  1.449 H-2—L1¢ (0.37), H-2—L+2% (0.52) B
H—L+2(0.52)
Sq 2.61 0.338 H-1-L (0.62), H-1—-L+2 (0.24) CT, M 3.29 2100 H-1-L“(0.37), H-1-L+1 (0.31), M
H—L* (-0.27), H=L+1 (0.39)
Ss 2.77 0.949 H-2-L(0.58), H-1—=L+2 (0.24) B,M 3.35 1.018 H-1-L° (-0.26), H-1—-L+1 (0.39) M
H—L* (-0.32), H—L+1 (-0.29)
8 S 2.31 0.034 H-1-L+2(0.43), H=L+1 (0.56) M 2.03 0.009 H-1-L(-0.49), H—L+1 (0.51) M
Sz 231 0.041 H-1-L+1 (-0.43), H—L+2 (0.55) M 2.04 0.009 H-1-L+1 (0.9), H—L (0.52) M
S3 2.59 0.000 H—L(0.71) CT 2.82 0.537 H-2—L+2(0.69) B
S4 2.82  0.001 H-1-L(0.70) CT 3.32 1.96 H-1-L (0.43), H-1-L+1 (-0.27), M
H—L (0.25), H—L+1 (0.42)
Ss 291 0415 H-2—-L(0.70) B 3.32  2.008 H-1-L(0.27), H-1—=L+1 (0.44), M
H—L (-0.41), H—L+1 (0.26)
9 S 2.24  0.059 H-2—L+1 (0.39), H-1—L (0.58) M 1.94 0.019 H-1-L+1 (0.47), H—L (0.54) M
S> 2.25 0.056 H-2->L (-0.40), H-1->L+1 (0.57) M 1.95 0.015 H-1-L (-0.48), H—L+1 (0.53) M
S3 245 0.001 H->L(0.71) CT 2.79  0.553 H-2—L+2(0.68) B
S4 248 0.000 H->L+1 (0.71) CT 3.24 1.612 H-1-L (0.47), H=L+1 (0.44) M
Ss | 2.88 0.438 H->L+3 (0.69) B 3.25 1.796 H—L (-0.43), H-1—L+1 (0.48) M
10 S 1.96 0.867 H-—L(0.70) M 1.70  0.799 H-L (0.69) M
Sz 2.02 0.613 H—L+1 (0.70) M 1.76  0.634 H—L+1 (0.69) M
S3 2,53 0.002 H—L+2(0.71) CT 2.80 0.649 H-1-L+2 (0.69) B
S4 2,59 0.001 H-1-L(0.71) CT 3.66 0.001 H-8-L(0.26), H-7—L (0.52), M
H-5—L (0.29)
Ss 2,66 0.000 H-1-L+1 (0.71) CT 3.70  0.000 H-8—L+1 (0.26), H-7—L+1 (0.52) M
H-5—L+1 (0.29)
S¢ | 2.89 0.595 H-1—L+2 (0.70) B 3.82 0.905 H-2—L (0.39), H—L+3 (-0.38) CT, M
11 S 1.81 1.103 H—L+2(0.71) B 2.10 1.213 H—L(0.65) B
Sz 1.96 0.001 H-L(0.71) CT 2.34 0451 H-1-L+1 (0.68) M
S3 1.97 0.000 H—L+1 (0.71) CT 234  0.475 H-1-L+2(0.69) M
S4 243 0421 H-2-L(0.70) M 349 2957 H-2—L(0.55), H=L+4 (0.31) B
Ss | 244 0439 H-2—L+1(0.70) M 3.98 0.058 H-3—L (0.43), H-2—L+4 (-0.29), B
H—L+8 (0.34)
12 S 1.59 0.094 H-L (0.49), H-1—-L+1 (-0.45) M 132 0.152 H-1-L+1 (-0.4), H—L (0.57) M
Sz 1.59 0.062 H—L+1 (0.47), H-1—L (0.47) M 1.33 0.118 H-1-L (0.44), H=L+1 (0.57) M
S3 2.06 0.465 H-1-L+1(0.51), H—L (0.47) M 2.36 0.519 H-1-L+1 (0.54), H—L (0.42) M
S4 2.09 0415 H-1-L(0.50), H=L+1 (0.49) M 240 0.453 H-1-L (0.55), H=L+1 (-0.42) M
Ss 217 0.000 H-2—L (0.71) CT 2,56 0.765 H-2—L+2 (0.68) B
Se 2.22  0.000 H-2—L+1 (0.71) CT 3.03 0.017 H-3—L+1 (0.48), H-1-LUMO+3 (-0.41) M
S7 248 0.685 H-2—L+2(0.71) B 3.05 0.141 H—-L+3 (0.62) M

@ these LUMO orbitals are delocalised on the two fragments
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S3 Functional and atomic basis set benchmarks

Table S4 Theoretical absolute couplings (V in cm™1) used to compute the total coupling and EET rate constant in in the fully-optimised dyad 1 reported
in Tables 4 and 5 using the MC1 fragment definition (see Figure S1) with different exchange-correlation functionals and atomic basis sets.

Method/6-31+G(d) BODIPY/ZnP states | veoul —yxc yovip yPCMy/tot
PBEO S1/S 0.1 0.0 0.0 0.1 0.1
S1/S» 74 0.0 00 40 34
B3LYP S1/S 0.1 0.0 0.0 0.1 0.1
S1/S 79 00 0.0 42 3.7
MO06-2X S1/Si 02 00 0.0 0.1 0.1
S1/S) 43 00 0.0 27 16
CAM-B3LYP S1/S; 02 00 0.0 0.1 0.1
S1/S, 36 00 0.0 24 1.2
EOM-CCSD (BODIPY) / PBEO(ZnP) S,/S; 0.1 0.0 0.0 0.1 0.1
S1/S, 68 0.0 0.0 3.7 31
PBEO/Atomic basis set BODIPY/ZnP states | veoul —yxe yovip yPCMytot
6-31+G(d) S1/Si 0.1 0.0 0.0 0.1 0.1
S1/S 74 0.0 00 40 34
6-311+G(d) S1/Si 0.1 0.0 0.0 0.1 0.1
S1/S) 6.7 00 0.0 3.7 31
6-311+G(2d,p) S1/S) 0.1 0.0 0.0 0.1 0.1
S1/S; 65 00 0.0 36 3.0

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol1-S33 | S6



S4 Rotational analysis in 1

(2) (b)

Fig. S2 Representation of the angles (a) ¥ and (b) ® considered in the rotational analysis. The BODIPY (ZnP) plane is the red (blue) plane.

Table S5 Theoretical absolute total couplings (V¥ in cm~!) in dyad 1 when incrementing by 30° the ¥ dihedral angle between the two meso phenyls
linked through the ethynyl bridge. The value of the angle ® between the planes of the BODIPY and ZnP as well as the relative electronic energies (E..
in kcal/mol). The angles are given in degrees. Note that the 0° value corresponds to the fully-optimised geometry. The MC1 fragmentation is applied.

Increment on ¥ Angle ¥ Angled | E [ vWhole
0 6 22 0.0 3.4
30 36 8 0.3 3.7
60 66 38 0.8 3.1
90 96 68 1.0 1.8
120 126 82 0.7 0.8
150 156 52 0.2 2.2

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol1-S33 | S7



S5 Orientation of the meso phenyl of the ZnP moiety in 1

We have also assessed if the orientation of the meso phenyl rings attached to the ZnP moiety has an effect on the EET coupling. We
note here that we performed a rigid rotation of the phenyls, the structures have not been re-optimised. It turns out that changing the
orientation of the meso phenyl rings of the ZnP moiety has no influence on the coupling with the BODIPY unit. Indeed, we obtained a
total coupling of 3.4 and 3.5 cm™! for the structures represented in Figure S3b and S3c, respectively.

Fig. S3 Representation of (a) 1 in its optimised structure (two views); (b) 1 after rotating the meso phenyl bearing the isocyanide ligand and (c) 1 after
rotating of one of the two substituent-free meso phenyl rings so that all the meso phenyl on the porphyrin are arranged in an “helicoidal” manner. The
differences between the optimised structure and the two modified ones are highlighted in red squares for the sake of clarity.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol1-S33 | S8



S6 Fragmentations used in Table 5 for dyads 2-11

Fig. S4 Representation of the different fragmentation schemes used to compute the coupling values reported in Table 5 in the main text. The dihedral
angles @ considered in the rotational analysis are also displayed in red.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol1-S33 | S9



Table S6 Theoretical absolute couplings (V in cm~1) used to compute the total coupling and EET rate constant in the fully-optimised dyads 1-11
reported in Table 5 (see Figure S4 for the fragment definition used here).

Dyad Vcoul yxe Vovlp VPCM ytot
1 0.1 0.0 0.0 0.1 0.1
7.4 0.0 0.0 4.0 3.4
2 0.1 0.0 0.0 0.0 0.1
11.9 0.0 0.0 6.4 5.4
31 1.2 0.0 0.0 0.6 0.7
5.7 0.0 0.0 2.9 2.8
3f 10.3 0.2 0.0 5.1 5.0
36.2 0.9 0.0 10.7 24.6
4 1.5 0.0 0.0 0.5 1.0
5.0 0.0 0.0 2.3 2.7
5 74.8 1.1 0.0 34.7 39.0
5.3 0.0 0.0 3.1 2.2
6-a 19.3 0.0 0.0 11.1 8.2
0.7 0.1 0.0 1.1 0.3
6-b 27.0 0.1 0.0 15.5 11.6
4.2 0.1 0.0 1.9 2.2
7 67.9 8.8 0.2 6.8 52.4
2142 105 04 22.7 181.4
8 3.8 0.0 0.0 1.4 2.4
29.6 0.0 0.0 12.6 17.1
9 86.4 0.8 0.0 39.3 46.3
25.8 0.4 0.0 13.4 12.8
10 28.7 0.0 0.0 12.4 16.3
56.1 0.0 0.0 23.0 33.1
11 2.1 0.0 0.0 0.9 1.2
32.1 0.0 0.0 13.1 19.1

This journal is © The Royal Society of Chemistry [year]
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Table S7 Theoretical absolute total couplings (VW' in em~!) when incrementing by 30° the ¥ dihedral angle in dyad 2-11. The value of the angle ®
between the planes of the BODIPY and ZnP as well as the relative electronic energies (E,. in kcal/mol). The angles are given in degrees. Note that
the 0° value corresponds to the fully-optimised geometry. The MC1 fragmentation is applied.

Dyad | Incrementon¥ Angle¥ Angle® | E, | VV™©¢ || Dyad | Incrementon ¥ Angle¥ Angle® | E. | VWVhoe
2 0 -1 15 0.0 5.4 6-b 0 69 37 0.3 11.8
30 29 35 1.0 4.9 30 99 34 0.4 14.1
60 59 57 3.1 4.3 60 129 46 0.0 14.5
90 89 83 4.5 4.3 90 159 66 6.4 10.0
120 119 54 3.0 4.0 120 -171 83 23.5 24.8
150 149 31 1.0 4.8 150 -141 53 3.2 5.7
31 0 0 39 0.0 2.9 7 0 -68 68 0.0 188.9
30 30 29 0.7 3.6 30 -38 49 3.4 207.4
60 60 45 2.2 4.5 60 -8 36 16.0 | 244.7
90 90 65 3.3 6.4 90 22 24 37.3 | 291.9
120 120 82 2.2 3.3 1204 52 — — —
150 150 60 0.7 2.0 150 82 81 0.4 183.1
3f 0 -24 14 7.4 25.1 8 0 83 65 0.0 17.2
30 6 23 8.8 22.7 30 113 68 0.5 16.1
60 36 88 9.7 10.9 60 143 78 5.7 13.8
90 66 89 4.9 9.3 90 173 88 20.2 11.2
1204 96 — — — 120 -157 56 18.9 7.0
150 126 40 0.0 21.4 150 -127 71 2.1 15.5
4 0 -30 59 0.0 2.9 9 0 9 62 1.1 48.0
30 0 32 0.5 4.5 30 39 70 0.6 73.3
60 30 23 0.0 4.9 60 69 50 0.0 76.7
90 60 24 1.1 4.9 90 99 64 1.3 47.7
120 90 70 2.6 2.2 120 129 72 1.9 52.7
150 120 83 1.2 1.8 150 159 50 0.2 73.3
5 0 7 32 0.8 39.0 10 0 -9 75 0.0 11.7
30 37 20 0.3 40.9 30 21 74 0.1 12.2
60 67 37 0.4 41.7 60 51 44 0.6 33.0
90 97 66 0.5 42.7 90 81 15 1.1 45.3
120 127 83 0.0 44.5 120 111 18 0.9 44.4
150 157 55 0.5 45.9 150 141 45 0.4 32.3
6-a 0 68 35 0.4 8.2 11 0 -2 88 0.0 19.1
30 98 35 0.4 9.5 30 28 89 0.3 19.0
60 128 47 0.0 11.3 60 58 89 0.8 18.4
90 158 67 6.3 8.5 90 88 87 1.1 18.2
120 -172 86 23.3 14.3 120 118 87 0.9 18.5
150 -142 53 3.6 2.2 150 148 86 0.3 18.9

“ for those angles, we obtained a steric clash between the atoms of the donor and acceptor moieties.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [voldS33 | S11



S7 Fragment definition in dyad 2
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Fig. S5 Representation of the different fragmentation schemes considered in dyad 2.

Table S8 Calculated transition energies (AE% in eV) and oscillator strengths () of the excited-states of the different fragments involved in the electronic
coupling in 2 (see Figure S5). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!) computed on the fully-optimised structure
for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment ZnP fragment EET Coupling
scheme AEta?ps f AElal.le f Vcoul yxe Vovlp VPCM ytot VWhole klh.
MO 2.83 0.684 2.33  0.022 1.3 0.0 0.0 0.7 0.5 4.5 5.8x10°
233 0.043 | 10.2 0.0 0.0 5.7 4.5
M1 2.88 0.652 2.29  0.064 20 0.0 0.0 1.0 1.0 6.4 1.1x10'0
229 0.061 | 134 0.0 0.0 7.2 6.3
MC1 2.88 0.652 2.28 0.080 0.1 0.0 0.0 0.0 0.1 5.4 8.4x10°
230 0.052 | 119 0.0 0.0 6.4 5.4
MC2 2.87 0.649 229 0.064 | 1.9 00 0.0 1.0 0.9 6.3  1.1x10'"
229 0.061 | 134 0.0 0.0 7.2 6.3
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S8 Fragment definition in dyad 3

MC1

Fig. S6 Representation of the different fragmentation schemes considered in dyad 3.
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Table S9 Calculated transition energies (AE™: in eV) and oscillator strengths () of the excited-states of the different fragments involved in the electronic
coupling (see Figure S6) in the two key conformers of 3, namely 3l (“linear” conformation) and 3f (“folded” conformation), see Figure 5 in the main
text. Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!) computed on the fully-optimised structure for each fragmentation

scheme are also given.

Conformer Fragmentation | BODIPY fragment ZnP fragment EET Coupling
31° scheme AE;}BS f AE;‘%‘S f ycoul yxe yovlp  yPCM ytot y Whole kth-
MO 2.83 0.681 2.35 0.020 3.8 0.0 0.0 2.1 1.7 1.8 8.8x10°
2.35 0.010 0.6 0.0 0.0 0.2 0.4
M1 2.88 0.650 2.31  0.040 1.4 0.0 0.0 0.6 0.7 2.7 2.1x10°
2.32  0.033 5.3 0.0 0.0 2.7 2.6
MC1 2.88 0.650 2.31  0.064 1.2 0.0 0.0 0.6 0.7 2.9 2.4x10°
2.31  0.036 5.7 0.0 0.0 2.9 2.8
MC2 2.88 0.644 2.31  0.040 1.3 0.0 0.0 0.6 0.7 2.7 2.0x10°
2.32  0.0.33 5.3 0.0 0.0 2.7 2.6
3f° Fragmentation | BODIPY fragment ZnP fragment EET Coupling
scheme AE;%S f AEgi)s f Vcoul yxe Vovlp VPCM ytot VWhole k[h.
MO 2.84 0.671 2.35 0.021 7.8 0.8 0.0 0.2 7.2 16.1  7.4x10"
2.35 0.011 226 0.0 0.0 8.2 14.4
M1 2.85 0.610 2.31 0.036 5.4 0.1 0.0 2.0 3.4 22.8 1.5x10!!
231 0036 | 329 09 0.0 9.5 225
MC1 2.85 0.610 2.31  0.057 103 0.2 0.0 5.1 5.0 25.1  1.8x10'!
231 0.040 | 362 0.9 0.0 10.7 24.6
MC2 2.85 0.595 2.31 0.036 1.5 0.2 0.0 0.6 1.0 23.2  1.5x10'!
231 0036 | 342 09 0.0 10.2  23.1
3f* Fragmentation | BODIPY fragment  ZnP fragment EET Coupling
scheme AES}ES f AEtakll)'s f ycoul yxc  yovlp  yPCM ptot y Whole kth-
MC1 2.88 0.601 2.29 0.072 | 447 0.6 0.0 20.0 24.2 80.1 1.8x10?
2.30 0.034 | 1309 0.7 0.0 55.2 764

o optimised at the PBE0-D3’ level

* optimised at the PBEO-D3 level
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S9 Evaluation of the experimental EET rate constant in 4

For dyad 4, the EET rate constant has not been experimentally reported. However, the EET efficiency (1) has been calculated to be
95.8 %, using the fluorescence intensity of the donor (BODIPY unit) in the presence (Ip) or in absence (If)) of the acceptor(ZnP) part,
according to the following equation:

I
n=1- TD (SD)
Ip
As the lifetime of the unquenched donor (73) has been experimentally measured, and considering that the EET efficiency can be written

using the fluorescence yield of the unquenched/quenched donor (®p/®p):

ke ke ke
- and dp=-— " S2
e+ ke K° D e + kor + kpET (52)

$p .
n:17¢707 with (I)]OD:
D
One can therefore estimate the EET rate constant (kggr) value according to:

L
kegr = TB(I*TI) (3)

with k., ky corresponding to the radiative, non-radiative and EET rate constants, respectively.
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S10 Fragment definition in dyad 4

MC1 MC2

Fig. S7 Representation of the different fragmentation schemes considered in dyad 4.

Table S10 Calculated transition energies (AE! in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the
electronic coupling in 4 (see Figure S7). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!) computed on the fully-optimised
structure for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment ZnP fragment EET Coupling
scheme AEg_lbs f AEta?ps f Vcoul yxe Vovlp VPCM ytot VWhOle klh.
MO 2.86 0.659 235 0.017| 14 0.0 0.0 0.8 0.5 2.0 1.2x10°
235 0.018 | 3.7 0.0 0.0 1.7 2.0
M1 2.91 0.627 231 0.042 | 1.7 0.0 0.0 0.6 1.1 3.0 2.6x10°
231 0.038 ]| 52 0.0 0.0 2.3 2.8
MC1 2.91 0.627 2.30 0.061 1.5 00 0.0 0.5 1.0 2.9 2.4x10°
231 0.037| 50 0.0 0.0 2.3 2.7
MC2 2.90 0.621 231 0.042| 1.3 0.0 0.0 0.5 0.9 2.9 2.5x109
231 0.038]| 51 0.0 0.0 2.3 2.8
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S11  Fragment definition in dyad 5
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Fig. S8 Representation of the different fragmentation schemes considered in dyad 5.

Table S11 Calculated transition energies (AE®: in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the

electronic coupling in 5 (see Figure S8). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!) computed on the fully-optimised
structure for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment ZnP fragment EET Coupling
scheme AE;‘;}‘S f AE;}_IBS f Vcoul yxc yovlp  yPCM ytot v Whole kth-
MO 2.15 0.897 235 0020 | 82 0.0 0.0 4.7 3.5 3.5 3.6x10°
2.35 0.009 1.8 00 0.0 1.3 0.6
M1 1.99 0.865 232 0.034 | 422 03 0.0 21.5 204 25.6 1.9x10'!
232 0.034 | 31.8 03 0.0 159 155
MC1 1.99 0.865 231 0.047 | 748 11 0.0 34.7 39.0 39.0 4.3x10'!
232 0027 | 53 00 0.0 3.1 2.2
MC2 1.97 0.863 232 0034|521 08 00 245 269 | 359 3.6x10'
232 0.034 | 446 09 0.0 20.0 238
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S12 Additional EET data in 6-x dyads

MC4

X=C @

Fig. S9 Representation of the different fragmentation schemes considered in dyad 6-x.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [volds33 | S18



Table S12 Calculated transition energies (AE®

abs

in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the

electronic coupling in 6-x (see Figure S9). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s=!') computed on the fully-
optimised structure for each fragmentation scheme are also given. We note that the solvent specified has been used for both optimising and computing
the EET coupling.

Dyad Solvent Fragment | BODIPY fragment ZnP fragment EET Coupling
Angg's f AE;IE;S f Vcoul yxe Vovlp VPCM ytot VWhole kthA
6-a Toluene MO 2.86 0.564 234 0.031| 05 0.1 0.0 2.9 2.3 31 3.7x10°
234 0.019 | 47 00 0.0 2.7 2.1
MC1 2.86 0.546 2.31 0.050 | 19.3 0.0 0.0 11.1 8.2 8.2 2.5x10'0
231 0.046 | 0.7 0.1 0.0 1.1 0.3
MC3 2.86 0.556 234 0.031)| 37 01 0.0 3.7 0.1 2.8 3.0x10°
234 0.019 )| 55 02 0.0 2.9 2.8
MC4 2.95 0.622 230 0.052 | 10.2 0.0 0.0 5.2 5.0 7.7 2.3x1010
230 0.048 | 155 0.1 0.0 9.6 5.9
Dyad Solvent Fragment | BODIPY fragment ZnP fragment EET Coupling
AEglb.S f AE;[; f Vcoul yxe Vovlp VPCM ytot VWhole kth.
6-a  Benzonitrile MO 2.86 0.570 233 0.029 | 25 0.0 0.0 31 0.6 3.6 5.0x10°
2.33 0.038 | 10.5 0.1 0.0 7.0 3.6
MC1 2.86 0.570 229 0.064 | 252 0.1 0.0 145 10.8 11.7  5.2x10'0
2.29 0.060 | 9.7 0.0 0.0 5.1 4.6
MC3 2.86 0.557 233 0.029 | 44 0.0 0.0 3.5 0.9 5.0 9.6x10°
2.33 0.038 | 12.0 0.3 0.0 7.4 4.9
McC4 2.95 0.627 229 0.066 | 94 01 0.0 4.9 4.6 11.0  4.6x10'0
2.29 0.062 | 241 0.1 0.0 14.1 10.0
Dyad Solvent Fragment | BODIPY fragment ZnP fragment EET Coupling
AE,th'S f AE,lh'S f Vcoul yxe Vovlp VPCM ytot VWhole kth.
6-b  Benzonitrile MO 2.86 0.575 233 0.034 | 57 0.1 0.0 5.1 0.6 3.8 5.5x10°
233 0.033 | 99 01 0.0 6.3 3.8
MC1 2.86 0.575 2.29 0.064 | 270 0.1 0.0 15.5 11.6 11.8 5.3x10°
229 0.056 | 42 01 0.0 1.9 2.2
McC3 286  0.564 233 0034| 80 01 00 56 24 52 1.1x10'
2.33 0.033 | 109 0.3 0.0 6.5 4.7
MC4 2.96 0.646 229 0.062 | 91 00 0.0 4.9 4.2 10.9 4.5%x10°
2.29 0.062 | 244 0.1 0.0 143 10.0
Dyad Solvent Fragment | BODIPY fragment ZnP fragment EET Coupling
AEg_lbs f AE[;]]JS f Vcoul yxe Vovlp VPCM ytot VWhOIe kth.
6-c  Benzonitrile MO 2.87 0.601 233 0.03 | 31 0.0 0.0 3.5 0.4 3.7 5.3x10°
2.33 0.038 | 10.7 0.1 0.0 7.1 3.7
MC1 2.87 0.601 2.29 0.064 | 25,5 0.0 0.0 148 10.8 11.8  5.3x10!0
2.29 0.059 | 10.1 0.0 0.0 5.3 4.7
MC3 2.87 0.590 233 0.030 | 50 0.0 0.0 4.0 1.0 5.2 1.4x10'0
2.33 0.038 | 123 0.2 0.0 7.5 5.1
McC4 296  0.669 229 0.065| 89 01 00 46 43 | 11.0 4.6x10"°
229 0.062 | 247 0.1 0.0 145 10.1
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S13 Fragment definition in dyad 8

MC3 MC4 MC5

Fig. S10 Representation of the different fragmentation schemes considered in dyad 8.

Table S13 Calculated transition energies (AE;*,‘J-S in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the

electronic coupling in 8 (see Figure S10). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!) computed on the fully-
optimised structure for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment ZnP fragment EET Coupling
scheme AE;}];‘S f AE;%S f Vcoul yxe Vovlp VPCM ptot VWhole kth‘

MO 2.86 0.655 233 0.025 | 184 0.0 0.0 7.8 10.6 16.7  5.1x10"
2.34 0.030 | 22.7 0.0 0.0 9.8 12.9

M1 2.91 0.618 231 0.033 | 151 0.0 0.0 6.3 8.9 18.5  6.2x10'
231 0.043 | 28.2 0.0 0.0 12.0 16.2

MC1 291 0.618 231 0035 | 3.8 0.0 0.0 1.4 2.4 17.2  5.4x10'
231 0.043 | 29.6 0.0 0.0 126 171

MC3 291 0.583 233 0.025 | 17.7 0.0 0.0 74 103 159  4.6x10'
2.34 0.030 | 21.4 0.0 0.0 9.2 12.1

MC4 2.86 0.655 231 0.034 | 3.8 0.0 0.0 1.5 2.4 17.2  5.4x10'
231 0.043 | 29.7 0.0 0.0 12.7 17.0

MC5 291 0.607 231 0035 | 3.7 0.0 0.0 1.4 2.3 17.2  5.4x10'0
231 0.043 | 29.6 0.0 0.0 12,5 17.0
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S14 Fragment definition in dyad 9
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Fig. S11 Representation of the different fragmentation schemes considered in dyad 9.

MC4

Table S14 Calculated transition energies (AE™ in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the

abs

electronic coupling in 5 (see Figure S11). Theoretical absolute couplings (V in cm~') and EET rate constant (k" in s~!) computed on the fully-

optimised structure for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment Porphyrin fragment EET Coupling
scheme AEglb.S f AE;}I;s f Vcoul yxe Vovlp VPCM ytot VWhole klh.
MC1 2.83 0.675 2.24 0.062 769 06 0.0 351 412 | 465 3.0x10'!
2.25 0.058 42.0 04 0.0 20.8 21.6
McC4 2.89 0.644 2.24 0.065 86.4 0.8 0.0 39.3 463 | 48.0 3.3x10"
2.25 0.055 258 04 0.0 13.4 128
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S15 Fragment definition in dyad 10

M1 MC1 MC2
Fig. S12 Representation of the different fragmentation schemes considered in dyad 10.
Table S15 Calculated transition energies (AE! in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the

electronic coupling in 10 (see Figure S12). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s=!) computed on the fully-
optimised structure for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment Phthalocyanine fragment EET Coupling
scheme AE;IE;S f AE;?J‘S f Vcoul yxe Vovlp VPCM ptot VWhole kthA
M1 2.91 0.622 2.01 0.638 11.0 0.0 0.0 4.7 6.3 11.7  2.1x10°
2.02 0.636 16.7 0.0 0.0 6.9 9.8
MC1 291 0.622 1.98 0.725 89 0.0 0.0 3.8 5.1 11.7  2.1x10°
2.02 0.622 18.0 0.0 0.0 7.4 10.6
MC2 2.89 0.617 2.01 0.638 11.0 0.0 0.0 4.7 6.4 11.7  2.1x10°
2.02 0.636 16.6 0.0 0.0 6.8 9.8
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S16 Fragment definition in dyad 11
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Fig. S13 Representation of the different fragmentation schemes considered in dyad 11.
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Table S16 Calculated transition energies (AE;‘{,'S in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the
electronic coupling in 11 (see Figure S13). Theoretical absolute couplings (V in cm~') and EET rate constant (k™ in s~!) computed on the fully-
optimised structure for each fragmentation scheme are also given.

Fragmentation | BODIPY fragment Subphthalocyanine fragment EET Coupling

scheme AE,‘h'S f AES}ES f Vcoul yxe Vovlp VPCM ytot VWhole kth.

MO 1.78 1.145 2.45 0.457 284 00 00 113 171 | 21.2 4.5x100
2.45 0.457 20.7 0.0 0.0 82 125

M1 1.82 1.125 2.44 0.446 1.7 0.0 0.0 0.7 1.0 19.8  3.9x10!0
2.44 0.446 331 0.0 0.0 133 197

M2 1.82 1.125 2.44 0.433 21 00 00 0.9 1.2 19.2  3.7x10'0
2.44 0.441 323 00 00 131 19.2

MC1 1.82 1.125 2.43 0.427 21 00 00 0.9 1.2 19.1  3.6x10'0
2.44 0.440 321 00 00 131 19.1

MC3 1.81 1.118 2.45 0.457 261 00 00 106 155 | 19.1 3.6x10!0
2.45 0.457 189 0.0 0.0 7.7 112

MC4 1.78 1.145 2.43 0.425 21 00 0.0 0.9 1.2 19.3  3.7x100
2.43 0.425 323 00 00 131 19.2

MC5 1.81 1.119 2.44 0.446 1.6 0.0 0.0 0.6 0.9 19.1  3.6x10'0
2.44 0.446 322 00 0.0 131 19.1

MC6 1.81 1.122 2.44 0.433 21 00 0.0 0.9 1.2 19.1  3.7x10!0
2.44 0.441 322 00 00 131 19.1
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S17 Spectroscopic informations about the BODIPYs used in the design Section

We note that to allow a direct comparison with the EET process using a zinc porphyrin, i.e., to compare with dyad 5, we designed dyad
18 although its maximal absorption wavelength (688 nm) is not within the 700-770 region (red region).

; hemi = 592 nm ; Aemi = 590 nm : Aemi = 607 Nm
CHCl3; @ = 0.20 CHClg; @ = 0.22 CHCl3; @ = 0.38

i Aemi = 600 nm ; Aemi =579 nm ; Aemi = 660 nm
EtOH; ® = 0.60 MeOH; ® = 0.55 THF; ® =0.25

Fig. S14 Structure and spectroscopic information for the BODIPYs used in the designed dyads 12-17. These data have been extracted from Refs. 1
(for 12 and 15) and 2 (for 13—14 and 16-17).
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MeO 19 OMe
Aaps = 688nm; Agmi= 715 nm Aabs = 740 NnM; Agmi= 751 nm
CHCl5; @ = 0.36 CHCl5; @ =0.28

Aabs = 731 NM; Agmi = 754 nm Aabs = 727 NM; demi = 780 Nm
CHCl3; © = 0.37 CH,Cl,; ® =0.20

Fig. S15 Structure and spectroscopic information for the BODIPYs used in the designed dyads 18-21. These data have been extracted from Refs. 2
(for 18) and 1 (for 19-21).
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S18 Fragment definition in ACP-BODIPY dyads
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Fig. S16 Representation of the different fragmentation schemes considered in dyad 12 (R=H) and 12-Me ( R=CH3).
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S19 Comparisons between 12 and 12-Me: structures and EET couplings

Fig. S17 Side (top) and top (bottom) views of the optimised structure of dyad 12.

Table S17 Calculated transition energies (AEY: in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the
electronic coupling in 12. Theoretical absolute couplings (V in cm~') and EET rate constant (k™ in s~!) computed on the fully-optimised structure for
each fragmentation scheme (see Figure S16) are also given.

Fragmentation | BODIPY fragment ACP fragment EET Coupling
scheme AEtal;).S f AE[Q}_IBS f yeoul  yxe yovip  yPCM ytot y Whole kth-
M1 2.50 0.702 2.07 0395 | 573 0.0 0.0 243 330 | 33.0 3.0x10"
207 0392 | 32 0.0 0.0 2.0 1.2
MC1 2.49 0.702 2.06 0399 | 183 0.2 0.0 8.2 10.2 38.6  4.2x10'!
2.09 0438 | 63.7 0.0 0.0 265 372
MC2 2.48 0.697 2.07 0395 | 572 0.0 0.0 240 332 33.2  3.1x10!!
207 0392 | 3.1 0.0 0.0 1.7 1.4
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Fig. S18 Side (top) and top (bottom) views of the optimised structure of dyad 12-Me.

Table S18 Calculated transition energies (AEZH;S in eV) and oscillator strengths (f) of the excited-states of the different fragments involved in the
electronic coupling in 12-Me (see Figure S16). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!) computed on the
fully-optimised structure for each fragmentation scheme (see Figure S16) are also given.

Fragmentation | BODIPY fragment ACP fragment EET Coupling
scheme AEtat]la.s f AEt:la"ln).s f Vcoul yxe Vovlp VPCM ytot VWhole kth.
M1 2.50 0.700 1.80 0301 | 96 0.0 0.0 4.8 4.8 13.9  5.5x10'0
1.86 0.308 | 22.6 0.0 0.0 9.6 13.0
MC1 2.50 0.700 1.81 0.339 | 129 0.0 0.0 5.9 6.9 12.2  4.2x1010
1.86 0294 [ 181 0.1 0.0 7.9 10.1
MC2 2.48 0.694 1.80 0301 | 98 00 0.0 4.7 5.1 13.6  5.2x10'0
1.86 0.308 | 225 0.0 0.0 9.9 126
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S20 Rotational analysis in dyad 12

Fig. S19 Representation of the dihedral angle ¥ considered in the rotational analysis.

Table S19 Theoretical absolute total couplings (VWP in cm~!) in dyad 12 when incrementing by 30° the ¥ dihedral angle between the two meso
phenyls linked through the ethynyl bridge. The value of the angle ® between the planes of the BODIPY and ZnP as well as the relative electronic
energies (E,. in kcal/mol). The angles are given in degrees. Note that the 0° value corresponds to the fully-optimised geometry. The MC2 fragmentation
is applied.

Increment on ¥ Angle ¥ Angle ® | E | vWhole
0 -120 26 0.0 33.2
30 -90 45 0.0 19.0
60 -60 70 0.1 11.7
90 -30 85 1.1 6.7
120 0 62 2.3 26.5
150 30 33 1.0 32.2
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S21 Additional EET data for 12—-21

Table S20 Theoretical absolute couplings (V in cm~1) used to compute the total coupling and EET rate constant in the fully-optimised dyads 12—21
reported in Table 7 using the MC2 fragment definition (see Figure S16). The magnitude of the transition dipole moment of the first transition of the
BODIPY fragment (ujoppy in atomic units) is also given.

Dyad | BODIPY/ACP states | veoul  yxc yovlp  yPCM o ytot e o

12 S1/S3 572 00 0.0 240 33.2 3.4
S1/S4 31 00 00 17 14

13 S1/S3 56.8 0.0 0.0 238 33.0 3.4
S1/S4 49 00 00 24 25

14 S1/S3 489 00 00 207 282 3.2
S1/S4 119 00 00 54 64

15 S1/S3 88.6 02 0.0 382 502 3.6
S1/S4 103.6 05 0.0 48.6 545

16 S1/83 437 00 00 184 253 4.0
S1/S4 60.5 03 0.0 278 324

17 S1/S3 258 01 00 107 151 5.0
S1/S4 186.7 0.8 0.0 881 97.9

18 S1/Si 100.5 0.8 0.0 414 583 4.3
S1/S; 46.8 00 00 199 269

19 S1/8) 1257 1.0 0.0 51.4 734 4.5
S1/S; 502 0.1 0.0 212 289

20 S1/S 1488 0.8 0.0 649 83.1 6.0
S1/S2 289 01 00 126 162

21 S1/S 1356 0.6 00 574 777 4.2
S1/S2 40.0 01 00 167 232
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S22 EET coupling in dyad 12-asym and 15-sym

Fig. S20 Representation of the BODIPY units 12-asym and 15-sym.

Table S21 Calculated transition energies (AE;*{,-S in eV) and oscillator strengths (f) of the excited-states involved in the electronic coupling in 12-asym
and 15-sym (see Figure S20). Theoretical absolute couplings (V in cm~!) and magnitude of the transition dipole of the first excitation of the BODIPY
(U§oppy in atomic units) are also given. The MC2 fragmentation scheme (see Figure S16) has been used.

Dyad BODIPY fragment ACP fragment EET Coupling

AEtgk_ll:;S f :u}lBrODIPY AEg_lﬁs f Vcoul yxe Vovlp VPCM ptot VWhole
12-asym* | 2.69 0.716 3.3 2.07 0395 | 374 0.0 0.0 15.2 223 61.7
2.07 0.392 | 1046 0.6 0.0 46.4 57.6
12-asym® | 2.68 0.706 3.3 2.07 0395 | 734 01 0.0 31.2 421 74.0
2.07 0392 | 1119 0.7 0.0 50.3 60.9
15-sym°® 2.12  0.715 3.7 2.07 039 | 59.0 0.0 0.0 244 345 34.7
2.07 0.393 7.1 0.0 0.0 3.0 4.0

* not re-optimised
¢ re-optimised
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S23 Effect of the solvent change on the EET in dyad 5

Table S22 Calculated transition energies (AE;*{,-S in eV) and oscillator strengths (f) of the excited-states of the two fragments involved in the electronic

coupling in 5 using the MC1 fragment definition (see Figure S8). Theoretical absolute couplings (V in cm~!) and EET rate constant (k™ in s~!)
computed on the fully-optimised structure for two different solvent are also given.

Solvent BODIPY fragment  ZnP fragment EET Coupling
AEth. f AEth. f Vcoul yxe Vovlp VPCM ytot VWhole kth.
a0s a0s
toluene® 1.99 0.865 231 0.047 | 748 1.1 0.0 347 390 | 39.0 4.3x10!!

232 0027 ] 53 00 0.0 3.1 2.2
dimethylsulfoxide® | 2.00 0.845 231 0053 | 770 12 0.0 323 435 | 437 54x10!
231 0031 ]| 68 00 0.0 3.5 3.4
dimethylsulfoxide* | 2.00 0.844 230 0.066 | 81.1 12 0.0 335 465 | 465 6.1x10!!
231 0030 | 14 00 0.0 0.7 0.7

o computed on the geometry optimised in toluene.
* computed on the geometry optimised in dimethylsulfoxide.
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