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Table S1. Absolute energies of the pristine and oxidized/reduced forms, of [6]CPP , [8]CPP , [10]CPP

and DMA[8]CPP, employed to evaluate the intramolecular reorganization energies according to the AP

method. B3LYP/6-31G* level of theory in vacuo unless specified.

Pristine-oxidized

(EF*"7) EF) (EF*) (EF7)
[6]CPP -1386.188622  -1385.971772 -1386.181967 -1385.965130
[8]CPP -1848.342797  -1848.123995 -1848.338080 -1848.119203
[12]CPP -2772.612970  -2772.395385 -2772.609876 -2772.392197

trans-DMA[8]CPP | -1959.761901  -1959.385059 -1959.756134 -1959.378882

cis-DMA[8]CPP | -1959.765271  -1959.387221 -1959.759190 -1959.381185

cis-DMA[8]CPP¢ | -1960.174084  -1959.974113 -1960.168345 -1959.968403

Pristine-reduced

(E<?) (EF) (EF) (E#7)
[6]CPP 1836.188622  -1386.218763 -1386.181737 -1386.211656
[8]CPP -1848.342797  -1848.375287 -1848.337432 -1848.369659
[12]CPP -2772.612970  -2772.650136 -2772.608969 -2772.645906

trans-DMA[8]CPP | -1959.761901  -1960.005432 -1959.757850 -1960.001579

cis-DMA[8]CPP | -1959.765271  -1960.006773 -1960.760718 -1959.002660

cis-DMA[8]CPP¢ | -1960.174084  -1960.292209 -196.168550 -1960.286809

@Calculations carried out in acetonitrile described with the CPCM model and intra-molecular dispersion

interactions with the D3(BJ) correction term.



Table S2. Frontier orbital energies and their energy gap of [8]CPP and DMA[8]CPP computed at the

B3LYP/6-31G* optimized structures of the pristine species.

AE(H-L)
E(HOMO) / eV E(LUMO)/ eV o
geo-pristine

[6]CPP -4.91 -1.78 3.13
[8]CPP -5.10 -1.71 3.39
[12]CPP -5.25 -1.64 3.61
trans-DMA[8]CPP -9.33 -7.54 1.79
cis- DMA[8]CPP -9.35 -7.47 1.87
cis- DMA[8]CPP @ -5.70 -2.95 2.75

@ Calculations carried out in acetonitrile described with the CPCM model and intra-molecular
dispersion interactions with the D3(BJ) correction term.
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Table S3  Adiabatic Potential (AP) intramolecular reorganization energies (eV) computed for the

investigated nanohoops at B3LYP/6-31G* level of theory in vacuo unless specified.

p-type charge transport

) PAP) a J,04P) b JAP JAPd

[6]CPP 0.181 0.181 0.362 0.380

[8]CPP 0.128 0.130 0.259 0.281

[12]CPP 0.084 0.087 0.171 0.191
trans-DMA[8]CPP 0.157 0.167 0.324 -
cis-DMA[8]CPP 0.165 0.164 0.330 -
cis-DMA[8]CPP¢ 0.156 0.155 0.311 -

n-type charge transport

PP a J/dP) ¢ 4AP ) APd
[6]CPP 0.187 0.193 0.381 0.373
[8]CPP 0.146 0.153 0.299 0.302
[12]CPP 0.109 0.115 0.224 0.233

trans-DMA[8]CPP 0.112 0.104 0.216 -

cis-DMA[8]CPP 0.124 0.112 0.236 -
cis-DMA[8]CPP¢ 0.151 0.147 0.298 -

¢ Contribution from the pristine system, computed according to the AP method. ? Contribution from the
oxidized form, computed according to the AP method. ¢ Contribution from the reduced form, computed
according to the AP method. ¢ from ref. !, from B3LYP/6-31+G* calculations. ¢ Calculations carried
out in acetonitrile described with the CPCM model and intra-molecular dispersion interactions with the
D3(BJ) correction term.
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Table S4 . Center of mass distances and vectorial components for the dimers extracted from the crystal

structure of [6]CPP, [8]CPP, [12]CPP and DMA[8]CPP and whose electronic couplings have been

computed.

[6]CPP
Intermol dist. dx dy dz
Name
[A] [A] [A] [A]
DOla 7.6388 -1.5846 -5.1560 5.4089
DO1b 7.6388 1.5846 5.1560 -5.4089
DOlc 7.6388 -1.5846 5.1560 5.4089
DO1d 7.6388 1.5846 -5.1560 -5.4089
DO02a 10.3120 0.0000 -10.3120 0.0000
DO02b 10.3120 0.0000 10.3120 0.0000
DO03a 11.1772 11.1772 0.0000 0.0000
DO03b 11.1772 -11.1772 0.0000 0.0000
D04a 12.1597 9.5926 -5.1560 5.4089
DO04b 12.1597 9.5926 5.1560 5.4089
DO04c 12.1597 -9.5926 -5.1560 -5.4089
D04d 12.1597 -9.5926 5.1560 -5.4089
DO05a 15.2075 11.1772 -10.3120 0.0000
DO05b 15.2075 11.1772 10.3120 0.0000
DO05c 15.2075 -11.1772 -10.3120 0.0000
DO05d 15.2075 -11.1772 10.3120 0.0000
[8]CPP
Intermol dist. dx dy dz
Name
[A] [A] [A] [A]
DOla 8.0103 0.0000 -8.0103 0.0000
DO1b 8.0103 0.0000 8.0103 0.0000
D02a 10.8835 -3.9007 -4.0051 -9.3378
DO02b 10.8835 -3.9007 4.0051 -9.3378
DO02c 10.8835 3.9007 -4.0051 9.3378
DO02d 10.8835 3.9007 4.0051 9.3378
DO03a 12.9325 -12.9325 0.0000 0.0000
DO03b 12.9325 12.9325 0.0000 0.0000
D04a 13.5944 -9.0318 -4.0051 9.3378
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D04b 13.5944 -9.0318 4.0051 9.3378
DO04c 13.5944 9.0318 -4.0051 -9.3378
D04d 13.5944 9.0318 4.0051 -9.3378
DO05a 15.2123 -12.9325 -8.0103 0.0000
DO05b 15.2123 -12.9325 8.0103 0.0000
DO05c 15.2123 12.9325 -8.0103 0.0000
D05d 15.2123 12.9325 8.0103 0.0000
[12]CPP

Intermol dist. dx dy dz

Name
[A] [A] [A] [A]
DOla 8.1878 0.0000 -8.1878 0.0000
DO01b 8.1878 0.0000 8.1878 0.0000
DO02a 12.5231 3.2933 -4.0939 -11,3676
D02b 12.5231 -3.2933 -4.0939 11,3676
D02c¢ 12.5231 3.2933 4.0939 -11,3676
D02d 12.5231 -3.2933 4.0939 11,3676
DO03a 18.5827 18.5827 0.0000 0.0000
DO03b 18.5827 -18.5827 0.0000 0.0000
DO04a 19.4871 -15.2894 -4.0939 -1.3676
D04b 19.4871 -15.2894 4.0939 -1.3676
DO04c 19.4871 15.2894 -4.0939 1.3676
D04d 19.4871 15.2894 4.0939 1.3676
DO05a 20.3066 -18.5827 -8.1878 0.0000
DO05b 20.3066 18.5827 -8.1878 0.0000
DO05c 20.3066 18.5827 8.1878 0.0000
D05d 20.3066 -18.5827 8.1878 0.0000
DMA[8]CPP

Intermol dist. dx dy dz

Name
[A] [A] [A] [A]

DOla 10.3840 0.0000 -10.3840 0.0000
DO1b 10.3840 0.0000 10.3840 0.0000
DO02a 13.8313 11.9739 -5.1920 -4.5797
D02b 13.8313 11.9739 5.1920 4.5797
DO03a 13.9330 1.5185 0.0339 -13.8500
DO03b 13.9330 -1.5185 -0.0339 13.8500
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D04a 14.5269 -12.7711 -5.1920 -4.5797
D04b 14.5269 -12.7711 5.1920 -4.5797
D05 14.8949 10.4553 -5.1581 9.2703
D06 14.9185 10.4553 5.2259 9.2703
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Table S5. Parameters employed for the calculation of MLJ and SO rate constants: effective frequency

oy and associated Huang-Rhys factor Sy spectral overlap SO employed in the evaluation of charge

transfer rate constants of [§]CPP and DMA[8]CPP at B3LYP/6-31G* level of theory.

MLJ SO

Weff ¢ S .a j'i ¢ j~classb Total /lclassc SO
(cm™) o (eV) (eV) (eV) (eV)
p-type 875 1.153  0.125 0.144 0.154 0.547

[8]CPP
n-type 1127 1.187  0.166 0.154 0.164 0.424
p-type? 794 2.537  0.250 0.084 0.094 0.256
DMA[8]CPP

n-type 656 2.102  0.171 0.096 0.106 0.600

¢ Only frequencies above 200 cm'! were considered in the calculation of the effective quantum-
chemical parameters. ? A, contribution to the intra-molecular reorganization energy from classical
intra-molecular vibrational modes. ¢ A value of A, of 0.01 eV was assumed based on recent estimates.
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Table S6 Electronic couplings V;; (B3LYP/6-31G* level of theory) and charge transfer rate constants

kcr computed for the different charge hopping paths in the crystal of [8]CPP.

[8]CPP — p-type

dimer distance yHOMO ker (ps™)
(A) (meV) Marcus MLJ Spectral overlap ¢
DO1 8.0103 1 0.00 0.01 0.01
D02 10.8835 8 0.15 0.22 0.36
D03 12.9325 16 0.55 0.84 1.36
D04 13.5944 6 0.07 0.11 0.17
DO05a 15.2123 5 0.05 0.07 0.11
[8]CPP — n-type
dimer distance yHuMo ker (ps)
(A) (meV) Marcus MLJ Spectral overlap ¢
DO1 8.0103 3 0.01 0.03 0.05
D02 10.8835 11 0.16 0.34 0.52
D03 12.9325 10 0.13 0.29 0.44
D04 13.5944 16 0.32 0.70 1.07
DO05a 15.2123 7 0.06 0.14 0.20

@ Parameters employed for spectra simulation: broadening with Gaussian function having half width at

half maximum (hwhm) of 320 cm! (0.04 eV), temperature = 300 K.
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Table S7 Electronic couplings V;; (B3LYP/6-31G* level of theory) and charge transfer rate constants

ker computed for the different charge hopping paths in the crystal of DMA[8]CPP.

DMA[8]CPP — p-type

dimer distance y,HOMO ker (ps)
(A) (meV) Marcus MLJ Spectral overlap
D01 10.3840 0 0.00 0.00 0.00
D02 13.8313 9 0.08 0.16 0.20
D03 13.9330 0 0.00 0.00 0.00
D04 14.5269 0 0.00 0.00 0.00
D05 14.8949 113 13.1 25.5 313
D06 14.9185 0 0.00 0.00 0.00
DMA[8]CPP — n-type
dimer distance y-oMo ker (ps™)
(A) (meV) Marcus MLJ Spectral overlap
DO1 10.3840 0 0.00 0.00 0.00
D02 13.8313 3 0.02 0.03 0.05
D03 13.9330 0 0.00 0.00 0.00
D04 14.5269 3 0.02 0.03 0.06
D05 14.8949 2 0.01 0.01 0.03
D06 14.9185 0 0.00 0.00 0.00

@ Parameters employed for spectra simulation: broadening with Gaussian function having half width at

half maximum (hwhm) of 320 cm! (0.04 eV), temperature = 300 K.
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Figure S1. Chemical structure of [§]CPP and its donor-acceptor derivative DMA[8]CPP

Figure S2. Comparison between the equilibrium structure of the reduced form (magenta) of [n]CPP
and the oxidized form (yellow). From outside to inside [12]CPP, [8]CPP and [6]CPP. From B3LYP/6-
31G* calculations. The three structures are not on the same scale. They were rescaled to fit one inside

the other.
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Figure. S3. Comparison between the equilibrium structure of the pristine form of DMA[8]CPP from
B3LYP/6-31G* calculations in vacuo (blue) and in acetonitrile described with the CPCM model

supplemented with intra-molecular dispersion interactions described with the D3(BJ) correction term

(cyan).
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[6]CPP [8]CPP [12]CPP DMA[8]CPP

Figure S4. The frontier molecular orbitals of [6]CPP, [§]CPP, [12]CPP and DMA[8]CPP, computed at

B3LYP/6-31G* level of theory.
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Figure S5. Comparison between the equilibrium structure of the oxidized form (yellow) and the

reduced form (magenta) of DMA[8]CPP. From B3LYP/6-31G* calculations in vacuo.

Figure S6. Comparison between the equilibrium structure of the oxidized form (gold) and the reduced
form (pink) of DMA[8]CPP. From B3LYP/6-31G* calculations in acetonitrile described with the
CPCM model supplemented with intra-molecular dispersion interactions described with the D3(BJ)

correction term.
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Figure S7. B3LYP/6-31G* calculations of the vibrational frequency contributions (from HR factors) to
the computed intramolecular reorganization energies (for n-type charge transport) of [6]CPP (top),
[8]CPP (middle) and [12]CPP (bottom). Each graph shows the contribution from pristine species on the

top and from the reduced species in the bottom part.
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[12]CPP-508cm™ [8]CPP-513cm™  [6]CPP-520cm™ [12]CPP-1233cm™  [8]CPP-1231cm™ [6]CPP-1229¢m™?

[12]CPP-1650cm™  [8]CPP-1639cm™® [6]CPP - 1629 cm'?

Figure S8. Graphical representation of the medium-high frequency vibrational normal modes
contributing to the reorganization energy of the [n]JCPP series. From outside to inside [12]CPP, [8]CPP
and [6]CPP. From B3LYP/6-31G* calculations. The three structures are not in the same scale. They

were rescaled to fit one inside the other.
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Figure S9. B3LYP/6-31G* calculations of the vibrational frequency contributions (from HR factors) to
the computed intramolecular reorganization energies (for n-type charge transport) of [8]CPP (top),
DMAJS8]CPP in vacuo (middle) and DMA[8]CPP in acetonitrile solvent (CPCM) plus dispersion
interactions described with the D3(BJ) correction term (bottom). Each graph shows the contribution

from pristine species on the top and from the reduced species in the bottom part.
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Figure S10. B3LYP/6-31G* calculations of the vibrational frequency contributions (from HR factors)
to the computed intramolecular reorganization energies (for n-type charge transport) of [§]CPP (top),
DMA[8]CPP in vacuo (middle) and DMAJ[8]CPP in acetonitrile solvent (CPCM) plus dispersion
interactions described with the D3(BJ) correction term (bottom). Each graph shows the contribution
from pristine species on the top and from the reduced species in the bottom part.
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Dosh o D05a

Figure S11. Charge transport paths for the crystal of [6]CPP. Detailed view of path D05 from the

central black molecule. Hydrogen atoms omitted for clarity.

Figure S12. Charge transport paths for the crystal of [8]CPP. Detailed view of paths D04 and D05. (B)
Only the paths D04 from the black central nanohoop are shown; (C) only the paths D05 from the black

central nanohoop are shown. Hydrogen atoms omitted for clarity.
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Figure S13. Charge transport paths for the crystal of [12]CPP. (A) View of all the neighbors of the
central black molecule considered in calculations. (B) Same as A but with fewer molecules to show the
available charge paths D01 and D04 from the black central ring; (C) same as A but with fewer
molecules to show the available charge paths D03 and D05 from the black central ring; (D) view of the
molecules belonging to central herring bones layer and charge paths D01 and D02 indicated by arrows.

Hydrogen atoms omitted for clarity.

S20



800 T T T T

Vij HOMO B3LYP —5—
i Vij LUMO B3LYP —5—
700 F DMARSBCPP -

600
500 -
400

300

Electronic coupling / meV

200 +

100

oX - = . o
13.5 14 14.5 15 15.5 16
center-of-mass distance A

center of mass distance

135 A

14.0A

145A

15.0 A

155 A

Figure S14. Electronic couplings computed for a model dime'r of DMA[8]CPP upon translation of one
molecule with respect to the other, showing the modulation of couplings for a configuration of the two
molecules favoring p-type interaction. (top) Electronic couplings computed at B3LYP/6-31G* level,
as a function of the distance between centers of mass of the two molecules. (bottom) Graphical
representation of the dimers considered in the calculations with the center of mass distance and the

distance between the two faced phenyl rings.
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Figure S15 Electronic couplings computed for a model dimer of DMA[8]CPP upon translation of one
molecule with respect to the other, showing the modulation of couplings for a configuration of the two
molecules favoring n-type interaction. (top) Electronic couplings computed at B3LYP/6-31G* level,
as a function of the distance between centers of mass of the two molecules. (bottom) Graphical
representation of the dimers considered in the calculations with the center of mass distance and the

distance between the two faced phenyl rings.
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Figure S16. Electronic couplings computed for a model dimer of DMA[8]CPP upon rotation of one
molecule with respect to the other, showing the modulation of couplings. (top) Configuration favoring
p-type interaction, (bottom) configuration favoring n-type interaction. Both B3LYP/6-31G* and

®B97XD/6-31G* results are reported.
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