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Opto-Electronic properties. Optical bandgap. Opto-Electronic properties are related
to the optical bandgap, which controls the natdréhe electroluminescence signal in
light-emitting diodes and the efficiency of light bsorption in solar
cells”Experimentally, the optical bandgap is obtainednfro)V/Vis spectra as the
lowest excitation energy from the ground statehtfirst dipole-allowed excited state.
Optical bandgaps (see Table 7S) were estimatedfonRO-TriPh by the energy of the
HOMO—LUMO transition using TD-DFT. This is to be compar® the lowest, high-
oscillator strength transitions involving fully @ellized frontier orbitals as obtained by
TD-DFT. Note that the TD-DFT approach only involyaeperties of the ground state,

i.e. the Kohn-Sham orbitals and their correspondiniital energies obtained in a



ground state calculation. Hence, HOM® LUMO excitation energies are expressed in
terms of ground state propertiééote: For references, please see the main botheof
article)

Table 5S collects the optical bandgap along withdgkperimental value reported
for the TriPh derivative in (Bu@}hin film.%* As seen in Table 5S, TD-CAM-B3LYP/6-
31G** and TD-B2-PLYP/6-31G** give the smallest dation respect to the
experimental value for RO-TriPre (0 2.7%), while TD-B3LYP/6-31G** and TD-

PW91/6-31G** provide the highest relative errors.

IPs, EAs and Intramolecular Reorganization Energy: Neglecting Aouer the
intramolecular reorganization energy consists ob tterms corresponding to the
geometry relaxation energies upon going from thetraéstate geometry to the
charged-state geometry avide versa:?
A=kt Ao (1S)
M and), can be calculated directly from the adiabatic piéenergy surface as:
M = EXG) - B(GY (2S)
An=E(G)-E(@G) (39)
where B(G®) and E(G') are the ground-state energies of the neutraliamid states,
respectively; B(G") and E(G) are the energies of the neutral molecule at fitenal
ionic geometry and the energy of the ion statehatdptimal geometry of the neutral
molecule. Oncéyis calculated, it is possible to obtain the valfi¢he vertical electron
affinity (VEA) and vertical ionization potential (%) as:
EX = AEA -1 (4S)
VIP = AIP +5" (5S)

where AEA and AIP are defined &s:



AEA 2B% - E(G) (6S)

AIPEXGY - E(GY) (7S)

The thermodynamic aver age of t* was obtained through a Boltzmann distribution:

> 17 exp(-E; /KT)
t2 — 't.2 - i
st Zn " >exp-E /kT)

(8S)

n; is the thermodynamic probability of configuratioat room temperature (300K), with
Ei being the relative energy of the rotamer with eespo the global minimum. Eq. (8S)
hence allows us to obtain tavalue which takes into account all possible hogpin
pathways between each couple of two stacked distts different azimutal angles

according to their thermodynamic probability.

Table 1S. HOMO and LUMO levels and HOMOS» LUMO excitation energies for RO-

TriPh calculated using LR functionals along 6-31@&#sis set. Units are in eV.

CAM-B3LYP LC-BLYP LC-oPBE Experimentl
HOMO -6.49 -7.41 -7.37 -5.4
LUMO 0.45 1.8 1.62 -1.7
Bandgap (TD) 3.67 4.58 4.44 3.72

2 Taken from reference 21.

Table 2S.Differences between AEA/AIP and LUMO/HOMO energfey).

B3LYP M06-2X CAM-B3LYP PW91 B2-PLYP
AIP + HOMO differences

RO-TriPh 0.97 -0.63 -0.04 2.01 0.63
RO-BiPhT 1.02 -0.31 0.06 1.63 0.64
RO-TrT 0.96 -0.62 -0.04 1.77 0.55
RO-TetraT 1.33 -0.23 0.23 1.92 0.74
AEA+LUMO differences
RO-TriPh -1.00 -0.22 -0.22 -2.17 0.04
RO-BiPhT -0.63 0.08 0.20 -1.43 0.44
RO-TrT -1.01 -0.28 -0.23 -1.88 -0.02

RO-TetraT -0.23 0.53 0.27 -1.05 0.63



Table 3S. HOMO and LUMO energy (eV) levels along with expeental values of

RO-TriPh2Units are in eV.

B3LYP MO06-2X CAM-B3LYP PW91 B2PLYP Exp.
Compound HOMO LUMO HOMO LUMO HOMO LUMO HOMO LUMO HOM LUMO HOMO LUMO
RO-TriPh -5.19 -0.47 -6.51 0.13 -6.49 0.45 -4.49 990. -6.05 0.58 -5.4 -1.7
RO-BiPhT -4.24 -0.59 -5.39 0.03 -5.40 0.33 -3.56 31.0 -5.02 0.41
RO-TriT -4.91 -0.25 -6.21 0.35 -6.24 0.62 -4.17 0.7 -5.85 0.78
RO-TetraT -4.46 -0.21 -5.71 0.50 -5.73 0.68 -3.76 .720 -5.40 0.82

aTaken from reference 2

1.

Table 4S.Intramolecular hole){") and electron)()) reorganization energies, lonization

Potentials (IP) and Electron Affinities (EA). Unése in eV.

N AIP VIP A AEA VEA
CAM-B3LYP 052 6.45 6.83 047 -067 -0.90
RO-TriPh PWO1 057 588 624 045 -035 -0.80
B2PLYP 058 650 6.83 038 -1.18 -1.38
CAM-B3LYP 060 546 575 096 -0.13 -0.62
RO-BiPhT PWO1 045 508 531 0.85 0.05 -0.40
B2PLYP 062 518 549 092 -039 -0.89
CAM-B3LYP 0.73 6.19 657 104 -085 -1.36
RO-TrT PWO1 066 559 594 085 -0.63 -1.08
B2PLYP 074 594 632 111 -115 -1.69
CAM-B3LYP 033 596 6.13 093 -0.41 -0.90
RO-TetraT PW91 0.12 548 554 0.85 0.03 -0.42
B2PLYP 0.10 567 573 087 -033 -0.77



Table 5S. Evolution of the electronic coupling for holesiglo|) and electronst(|vol|)

as a function of the rotational angle (degreesybeh neighbouring discs. Electronic

couplings are in eV.

B3LYP M06-2X CAM-B3LYP PW91 B2-PLYP
Angle tHOMOI lLUMOl ':HOMOI lLUMOl ':HOMOI lLUMOl lHOMOl ':LUMOI ':HOMOI ':LUMOI
0 0.37 0.38 0.41 0.43 0.41 0.41 0.34 0.34 0.42 0.44
5 0.36 0.36 0.40 0.41 0.40 0.40 0.33 0.32 0.42 0.42
10 0.33 0.32 0.37 0.36 0.37 0.35 0.30 0.28 0.38 0.37
15 0.29 0.25 0.33 0.28 0.32 0.28 0.26 0.22 0.34 0.29
20 0.25 0.15 0.28 0.18 0.28 0.18 0.23 0.14 0.30 0.18
25 0.19 0.09 0.22 0.11 0.22 0.11 0.17 0.08 0.23 0.11
30 0.14 0.03 0.16 0.04 0.16 0.04 0.13 0.03 0.17 0.04
35 0.09 0.01 0.11 0.01 0.11 0.00 0.08 0.01 0.12 0.01
o 40 0.05 0.03 0.07 0.04 0.07 0.03 0.04 0.03 0.07 0.04
K 45 0.03 0.04 0.03 0.04 0.04 0.04 0.02 0.03 0.04 0.04
8 50 0.01 0.03 0.02 0.03 0.01 0.03 0.00 0.02 0.02 0.03
55 0.01 0.03 0.02 0.03 0.01 0.03 0.00 0.02 0.02 0.03
60 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00
65 0.01 0.03 0.02 0.03 0.01 0.03 0.00 0.02 0.02 0.03
70 0.01 0.03 0.02 0.03 0.01 0.03 0.00 0.02 0.02 0.03
75 0.03 0.04 0.03 0.04 0.04 0.04 0.02 0.03 0.04 0.04
80 0.05 0.03 0.07 0.04 0.04 0.04 0.04 0.03 0.07 0.04
85 0.09 0.01 0.11 0.01 0.04 0.04 0.08 0.01 0.12 0.01
90 0.14 0.03 0.16 0.04 0.07 0.03 0.13 0.03 0.17 0.04
0 0.39 0.38 0.43 0.43 0.43 0.42 0.37 0.36 0.45 0.44
5 0.38 0.37 0.41 0.41 0.41 0.40 0.35 0.34 0.43 0.42
10 0.32 0.31 0.36 0.36 0.36 0.35 0.30 0.29 0.38 0.37
15 0.25 0.24 0.27 0.27 0.27 0.26 0.23 0.21 0.28 0.28
20 0.15 0.15 0.17 0.17 0.17 0.16 0.14 0.13 0.18 0.18
25 0.05 0.06 0.06 0.08 0.06 0.07 0.04 0.05 0.06 0.08
30 0.04 0.01 0.04 0.00 0.05 0.00 0.04 0.01 0.04 0.00
35 0.13 0.05 0.13 0.05 0.14 0.05 0.12 0.05 0.14 0.05
E 40 0.19 0.06 0.20 0.06 0.20 0.06 0.17 0.06 0.21 0.06
o 45 0.22 0.04 0.24 0.04 0.24 0.04 0.20 0.04 0.25 0.04
8 50 0.23 0.00 0.25 0.01 0.25 0.01 0.21 0.00 0.26 0.01
55 0.22 0.05 0.24 0.07 0.24 0.06 0.20 0.04 0.24 0.07
60 0.18 0.11 0.20 0.13 0.20 0.12 0.17 0.09 0.21 0.13
65 0.14 0.15 0.15 0.17 0.15 0.16 0.12 0.13 0.15 0.16
70 0.08 0.16 0.10 0.19 0.10 0.18 0.08 0.15 0.10 0.19
75 0.03 0.15 0.04 0.17 0.04 0.17 0.03 0.14 0.05 0.18
80 0.01 0.12 0.00 0.13 0.00 0.13 0.01 0.11 0.00 0.14
85 0.03 0.06 0.03 0.07 0.03 0.07 0.03 0.06 0.03 0.08
90 0.04 0.00 0.04 0.00 0.04 0.00 0.04 0.00 0.04 0.00
0 0.41 0.39 0.45 0.49 0.44 0.49 0.39 0.43 0.44 045
5 0.39 0.35 0.41 0.40 0.40 0.40 0.34 0.32 0.39 0.39
10 0.36 0.32 0.37 0.36 0.37 0.38 0.32 0.29 036 703
15 0.32 0.23 0.34 0.30 0.33 0.31 0.28 0.21 033 003
= 20 0.28 0.15 0.30 0.19 0.30 0.20 0.25 0.12 031 901
'(T3 25 0.20 0.10 0.21 0.11 0.20 0.11 0.17 0.08 020 001
@ 30 0.12 0.05 0.15 0.06 0.15 0.07 0.10 0.04 0.14 70.0
35 0.07 0.02 0.08 0.04 0.09 0.04 0.06 0.00 0.07 30.0
40 0.07 0.00 0.06 0.01 0.06 0.01 0.07 0.01 0.08 10.0
45 0.08 0.00 0.04 0.01 0.05 0.01 0.07 0.01 0.09 100
50 0.07 0.00 0.02 0.00 0.02 0.01 0.07 0.01 0.08 10.0



55 0.07 0.00 0.01 0.00 0.01 0.00 0.07 0.00 0.08 00.0
60 0.07 0.00 0.01 0.00 0.01 0.00 0.07 0.00 0.08 00.0
65 0.07 0.00 0.01 0.00 0.01 0.00 0.07 0.00 0.08 00.0
70 0.07 0.00 0.02 0.00 0.02 0.01 0.07 0.01 0.08 10.0
75 0.08 0.00 0.04 0.01 0.05 0.01 0.07 0.01 0.09 10.0
80 0.07 0.00 0.06 0.01 0.06 0.01 0.07 0.01 0.08 10.0
85 0.07 0.02 0.08 0.04 0.09 0.04 0.06 0.00 0.07 30.0
90 0.12 0.05 0.15 0.06 0.15 0.07 0.10 0.04 0.14 70.0
0 0.43 0.39 0.47 0.44 0.48 0.43 0.40 0.36 0.49 0.46
5 0.43 0.39 0.47 0.44 0.47 0.42 0.39 0.35 0.48 0.45
10 0.41 0.37 0.45 0.42 0.45 0.41 0.37 0.34 0.46 0.44
15 0.38 0.35 0.42 0.40 0.42 0.39 0.35 0.32 0.43 0.41
20 0.34 0.32 0.38 0.37 0.38 0.36 0.31 0.30 0.39 0.38
25 0.31 0.30 0.33 0.33 0.33 0.32 0.28 0.27 0.34 0.34
30 0.26 0.26 0.28 0.30 0.28 0.29 0.24 0.23 0.29 0.31
35 0.20 0.22 0.23 0.26 0.23 0.25 0.19 0.20 0.23 0.27
";‘5 40 0.15 0.18 0.17 0.21 0.16 0.21 0.14 0.16 0.17 0.22
Iq—l) 45 0.09 0.14 0.11 0.17 0.10 0.16 0.08 0.12 0.11 0.18
8 50 0.04 0.11 0.05 0.13 0.04 0.12 0.03 0.09 0.05 0.14
55 0.02 0.07 0.01 0.09 0.02 0.09 0.01 0.06 0.01 0.10
60 0.07 0.04 0.07 0.06 0.07 0.06 0.06 0.03 0.07 0.07
65 0.11 0.02 0.12 0.04 0.12 0.03 0.10 0.01 0.12 0.04
70 0.15 0.00 0.16 0.01 0.17 0.01 0.14 0.01 0.17 0.02
75 0.19 0.01 0.20 0.00 0.21 0.00 0.17 0.02 0.21 0.01
80 0.21 0.01 0.23 0.00 0.24 0.01 0.20 0.02 0.24 0.00
85 0.24 0.01 0.26 0.00 0.26 0.00 0.22 0.02 0.26 0.00
90 0.25 0.00 0.27 0.01 0.28 0.00 0.23 0.01 0.28 0.01




Table 6S. Average values of electronic coupling for holgsofio|) and electrons
(fteumol), calculated mobilities (usifguer= 0 eV ) for hole and electron hopping
motions, relative charge mobilities values for hatel electronsuge;” andpe) taking
the hole and electron mobilities of RO-TriPh agrefce and the ration between hole
and electron hopping mobilitieg§/ure) calculated at CAM-B3LYP, PW91 and B2-
PLYP levels. Charge transfer integrals are in e\, laopping mobilities are in ¢nv™

st

[tHomol fLumol p* w Wrel” Mrel
CAM-B3LYP
RO-TriPh 0.06 003 1.38.10 5.90-1C 1.00 1.00
RO-BiPhT 0.09 0.07 13510 1.95-100 9.83.10 3.30-1CF
RO-TriT 0.09 0.04 3.56-10 2.02:1¢ 2.58.100 3.43-1C
RO-TetraT 0.13 0.06 5.83-1b 2.38-1¢ 42.34 4.04-19
PW91
RO-TriPh 0.07 0.03 1.10-16 7.32-10 1.00 1.00
RO-BiPhT 0.08 0.06 5.32.10 4.43-1¢ 4.83 6.06- 18
RO-TriT 0.08 0.02 5.84.19 5.06:1F 5.31.10 6.91-1C
RO-TetraT 0.12 0.04 6.37 2.18-T0 578.35 2.98-18
B2-PLYP
RO-TriPh 0.08 0.03 1.29-10 1.57-10 1.00 1.00
RO-BiPhT 0.10 0.07 1.35-10 2.93-10 1.05 1.86-18
RO-TriT 0.10 0.02 3.96-1d 3.52.1F 3.06-100 2.24-1¢
RO-TetraT 0.15 0.07 13.24 5.43.70 1023.84 3.45.18

Table 7S. HOMO — LUMO excitation energies (eV) calculated withir tisolated

molecule approximation along with experimental ealor RO-TriPh.

Bandgap/ eV
TD-B3LYP/6-31G** 3.28
TD-MO06-2X/6-31G** 3.49
TD- CAM-B3LYP/6-31G** 3.68
TD-PW91/6-31G** 2.98
TD-B2-PLYP/6-31G** 3.64
Experimentaf 3.7

2Taken from reference 21.



Figure 1S. Evolution of relative energys.rotational angles between discs along

stacking axis of a dimer at each essayed level.
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Figure 2S. HOMO and LUMO energy (eV) levels calculated atNbCB3LYP, PW91l

and B2PLYP levels along with experimental valueR6GkTriPh (taken from reference

21).
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Figure 3S. AIP and AEA levels calculated at CAM-B3LYP, PWaid B2PLYP levels.
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Figure 4S. Evolution of the electronic coupling for holetsigjo|) and electrons

(ltumo]) as a function of the rotational angle (degréesjveen neighbouring discs

calculated at M06-2X level. Electronic couplings ar eV.

0.5

RO-TriPh

[ ]
0.4 v RO-BiPhT
% <& RO-THT
=~ 034 *  RO-TetraT
S
? 0.2
0.1
0.0 ‘ ; e : |
0 15 30 45 60 75 90
Rotational Angle / Degree
0.5
* ® RO-TriPh
0.4 4 v RO-BiPhT
2 o RO-TrT
=~ 03 *  RO-TetraT
g
2 0.2
0.1
0.0 -

0 15 30 45 60 75 90
Rotational Angle / Degree



Figure5S. Evolution of p* with Aguerfor RO-TriPh at M06-2X/6-31G** level.
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