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1. Bond Length Alternation Patterns and Reorganization 
Energy 

For BLA patterns of pyrl,tbu-D1A1, nbu,tbu- and hex,tbu-D2A1 see Ref. 1. 

 
Figure S1: Bond lengths in Å from XRD data (red lines) and C-DFT (CAM-B3LYP-D3/6-311G**, gas phase, blue lines, 
𝜹𝜹𝑫𝑫/𝑨𝑨 = ±𝟎𝟎.𝟔𝟔q) for a) nbu,nbu- and b) oct,tbu-D2A1. 

 
Table S1: 𝐝𝐝𝐁𝐁𝐁𝐁𝐁𝐁 (Å) values as derived from XRD data and calculated via C-DFT (CAM-B3LYP-D3/6-311G**, 𝜹𝜹𝑫𝑫/𝑨𝑨 =
±𝟎𝟎.𝟔𝟔𝟔𝟔) for the neutral ground state (GS) and with C-DFT (CAM-B3LYP-D3/6-311G**, 𝜹𝜹𝑫𝑫/𝑨𝑨 = ±𝟎𝟎.𝟎𝟎𝟎𝟎) for the charged 
ground state (GS). 

R1,R2-D2A1 𝒅𝒅𝑩𝑩𝑩𝑩𝑩𝑩 (XRD) 
 

Å 

𝒅𝒅𝑩𝑩𝑩𝑩𝑩𝑩 (C-DFT) 
Neutral GS 

Å 

𝒅𝒅𝑩𝑩𝑩𝑩𝑩𝑩 
Charged GS 

Å 
me,tbu- -0.003 0.009 -0.018 
bpr,tbu - -0.002 0.009 -0.019 
nbu,tbu - 0.0011 0.0021 -0.0271 
nbu,nbu- -0.003 0.010 -0.013 
hex,tbu - -0.0021 0.0031 -0.0271 
oct,tbu - 0.000 0.008 -0.020 

pyrl,tbu-D1A1 -0.0091 -0.0101 -0.0181 
 
 
Table S2: Internal hole reorganization energies (𝝀𝝀𝒊𝒊

𝑨𝑨𝑨𝑨/𝑯𝑯𝑯𝑯,𝐦𝐦𝐦𝐦𝐦𝐦) as computed at the C-DFT (CAM-B3LYP-D3/6-311G**, 
𝜹𝜹𝑫𝑫/𝑨𝑨 = ±𝟎𝟎.𝟔𝟔𝟔𝟔) level.  

R1,R2-D2A1 𝛌𝛌𝐢𝐢𝐀𝐀𝐀𝐀 

me,tbu- 167 

bpr,tbu - 179 

nbu,tbu - 1781 

nbu,nbu- 167 

hex,tbu - 1771 

oct,tbu - 175 

pyrl,tbu-D1A1 1271 
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2. Crystal Supercell Analysis 

 
Figure S2: Different views of a supercell of the crystal structure of me,tbu-D2A1. The central molecule (black) and 
nearest neighbours considered in the kinetic Monte Carlo simulations. 
 
Table S3: Computed (ωB97X-D3/6-311G**) charge transfer integrals (𝑱𝑱𝒊𝒊𝒊𝒊) and Brownian transfer rates (𝒌𝒌𝑬𝑬𝑬𝑬) as 
calculated with the Marcus theory for each dimer belonging to me,tbu-D2A1. 
 

Dimer 𝐽𝐽/meV 𝑘𝑘𝐸𝐸𝐸𝐸/s-1 
A 59 1.5 x 1013 
B 14 8.9 x 1011 
C 4 7.4 x 1010 

 

 
Figure S3: Different views of a supercell of the crystal structure of bpr,tbu-D2A1. The central molecule (black) and 
nearest neighbours considered in the kinetic Monte Carlo simulations. 
 
Table S4: Computed (ωB97X-D3/6-311G**) charge transfer integrals (𝑱𝑱𝒊𝒊𝒊𝒊) and Brownian transfer rates (𝒌𝒌𝑬𝑬𝑬𝑬) as 
calculated with the Marcus theory for each dimer belonging to bpr,tbu-D2A1. 
 

Dimer 𝐽𝐽𝑖𝑖𝑖𝑖/meV 𝑘𝑘𝐸𝐸𝐸𝐸/s-1 
A 34 4.4 x 1013 
A’ 8 2.4 x 1011 
B 16 1.0 x 1012 
C 3 4.5 x 1010 
D 1 3.7 x 109 
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Figure S4: Different views of a supercell of the crystal structure of nbu,tbu-D2A1. The central molecule (black) and 
nearest neighbours considered in the kinetic Monte Carlo simulations. 
 
Table S5: Computed (ωB97X-D3/6-311G**) charge transfer integrals (𝑱𝑱𝒊𝒊𝒊𝒊) and Brownian transfer rates (𝒌𝒌𝑬𝑬𝑬𝑬) as 
calculated with the Marcus theory for each dimer belonging to nbu,tbu-D2A1. 
 

Dimer 𝐽𝐽𝑖𝑖𝑖𝑖/meV 𝑘𝑘𝐸𝐸𝐸𝐸/s-1 
A 16 1.0 x 1012 
A’ 11 4.9 x 1011 
B 2 2.1 x 1010 

B’ 4 5.0 x 1010 

C 3 3.6 x 1010 

D 4 7.3 x 1010 
 

 
Figure S5: Different views of a supercell of the crystal structure of nbu,nbu-D2A1. The central molecule (black) and 
nearest neighbours considered in the kinetic Monte Carlo simulations. 
 
Table S6: Computed (ωB97X-D3/6-311G**) charge transfer integrals (𝑱𝑱𝒊𝒊𝒊𝒊) and Brownian transfer rates (𝒌𝒌𝑬𝑬𝑬𝑬) as 
calculated with the Marcus theory for each dimer belonging to nbu,nbu-D2A1. 
 

Dimer 𝐽𝐽𝑖𝑖𝑖𝑖/meV 𝑘𝑘𝐸𝐸𝐸𝐸/s-1 
A 6 1.5 x 1011 
B 8 2.7 x 1011 

B’ 6 1.3 x 1011 

C 6 1.3 x 1011 

D 3 3.5 x 1010 
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Figure S6: Different views of a supercell of the crystal structure of hex,tbu-D2A1. The central molecule (black) and 
nearest neighbours considered in the kinetic Monte Carlo simulations. 
 
Table S7: Computed (ωB97X-D3/6-311G**) charge transfer integrals (𝑱𝑱𝒊𝒊𝒊𝒊) and Brownian transfer rates (𝒌𝒌𝑬𝑬𝑬𝑬) as 
calculated with the Marcus theory for each dimer belonging to hex,tbu-D2A1. 
 

Dimer 𝐽𝐽𝑖𝑖𝑖𝑖/meV 𝑘𝑘𝐸𝐸𝐸𝐸/s-1 
A 46 1.5 x 1013 

A’ 64 2.9 x 1013 
B 3 2.6 x 1010 

C 2 9.3 x 109 

D 4 9.3 x 1010 

 

 
Figure S7: Different views of a supercell of the crystal structure of oct,tbu-D2A1. The central molecule (black) and 
nearest neighbours considered in the kinetic Monte Carlo simulations. 
 
Table S8: Computed (ωB97X-D3/6-311G**) charge transfer integrals (𝑱𝑱𝒊𝒊𝒊𝒊) and Brownian transfer rates (𝒌𝒌𝑬𝑬𝑬𝑬) as 
calculated with the Marcus theory for each dimer belonging to oct,tbu-D2A1. 
 

Dimer 𝐽𝐽𝑖𝑖𝑖𝑖/meV 𝑘𝑘𝐸𝐸𝐸𝐸/s-1 
A 80 2.6 x 1013 
A’ 31 3.8 x 1012 
B 4 5.7 x 1010 

C 3 3.5 x 1010 
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3. Supercell of pyrl,tbu-D1A1 
 

 
Figure S8: Different views of a supercell of the crystal structure of pyrl,tbu-D1A1. The central molecule (black) and 
nearest neighbour with transfer integral of 56 meV in blue and transfer integrals below or equal to 4 meV in grey. 
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4. Network Analysis 

 

Figure S9: Left: Side view onto the long axis of the crystal structures. For each crystal is reported a schematic view of 
the charge transport pathways from the central molecule (black) to the nearest neighbour molecules (red, blue, 
orange, green) showing 𝑱𝑱𝒊𝒊𝒊𝒊 ≥ 𝟑𝟑 meV and 𝒌𝒌𝑬𝑬𝑬𝑬 ≥ 1010 s-1. Middle and Right: Topology of charge transport network. 
Nodes correspond to molecular centers of mass (black dots) and edges according to the absolute values of transfer 
integrals for highest couplings (red) and moderate couplings (grey). Axes correspond to Cartesian axes x (red), y 
(green) and z (blue). 
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5. Crystallographic Data of oct,tbu-D2A1 
Table S9: Crystallographic Parameters of oct,tbu-D2A1. 

a (Å) 7.3149 
b (Å) 14.8933 
c (Å) 15.519 
α (°) 105.826 
β (°) 90.588 
γ (°) 91.263 

 

 

6. Site Energy Difference Distributions 

Figure S10:  Site energy difference distributions 𝜟𝜟𝑬𝑬𝒊𝒊𝒊𝒊 of a) me,tbu-, b) bpr,tbu-, c) nbu,tbu-, d) nbu,nbu-, e) hex,tbu- and 
f) oct,tbu-D2A1 and g) pyrl,tbu-D1A1. 



S9 
 

7. Impact of Static Disorder onto Rate Constants 
Table S10: Computed transfer rates 𝒌𝒌𝒆𝒆𝒆𝒆 (s-1) for intra- and inter-columnar dimers (long axis), when static disorder is 
included.  indicating a hop from site 𝒊𝒊 to 𝒋𝒋, and  the reversed hop from site 𝒋𝒋 to 𝒊𝒊 showcasing the asymmetry of 
transfer rates. 

 Intra-columnar Inter-columnar 
R1,R2-D2A1 Dimer Sites 𝑘𝑘𝑒𝑒𝑒𝑒   𝑘𝑘𝑒𝑒𝑒𝑒   Dimer Sites 𝑘𝑘𝑒𝑒𝑒𝑒   𝑘𝑘𝑒𝑒𝑒𝑒   

me,tbu- A 1 – 2 2.1 x 1013 1.1 x 1013 B 1 – 4 1.3 x 1012 5.3 x 1011 

bpr,tbu- A 
A‘ 

1 – 3 
1 – 3 

2.8 x 1013 
1.6 x 1012 

1.1 x 108 
7.8 x 106 

B 1 – 2 1.2 x 1012 8.1 x 1011 

nbu,tbu- A 
A‘ 

1 – 2 
1 – 2 

4.5 x 1012 

2.4 x 1012 
4.8 x 106 

3.6 x 106 
B 
B’ 
C 

1 – 2 
1 – 2 
1 – 1 

9.3 x 1010 

3.1 x 1011 

2.9 x 1011 

2.2 x 109 

1.9 x 109 

2.5 x 108 

nbu,nbu- A 1 – 2 3.9 x 1011 4.4 x 1010 B 
B’ 
C 

1 – 3 
1 – 3 
1 – 4 

1.5 x 1012 

1.0 x 1012 

5.2 x 1011 

8.0 x 106 

6.4 x 107 

8.0 x 105 

hex,tbu- A 
A‘ 

3 – 4 
3 – 4 

6.9 x 1013 
3.7 x 1013 

1.7 x 1012 
8.0 x 1011 

B 
 

3 – 1 
 

3.7 x 1010 3.3 x 1010 

oct,tbu- A 
A‘ 

1 – 2 
1 – 2 

9.9 x 1013 

1.5 x 1013 
3.5 x 1012 

4.8 x 1011 
B 
C 

1 – 2 
1 – 1 

2.7 x 1011 

5.0 x 1010 
4.5 x 109 

2.5 x 1010 
pyrl,tbu-

D1A1 
A 1 – 2 1.2 x 1014 1.2 x 1011 B 1 – 2 5.9 x 1011 1.6 x 108 
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8. Impact of Static and Thermal Disorder onto the Mobility 
Tensor 

 

Figure S11: Plot of 1000 kMC trajectories (each consisting of 105 steps) for me,tbu-D2A1, a) without and b) with 
static disorder effects (middle panels) included, and c) when considering the thermal average of transfer integrals 
along the 1D column without static disorder.  Trajectories are reported for the three Cartesian planes, namely xy, xz 
and yz. For clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the 
molecules long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 
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Figure S12: Plot of 1000 kMC trajectories (each consisting of 105 steps) for bpr,tbu-D2A1, a) without and b) with 
static disorder effects (lower panels) included.  Trajectories are reported for the three Cartesian planes, namely xy, xz 
and yz. For clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the 
molecules long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 
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Figure S13: Plot of 1000 kMC trajectories (each consisting of 105 steps) for nbu,tbu-D2A1, a) without and b) with 
static disorder effects (middle panels) included, and c) when considering the thermal average of transfer integrals 
along the 1D column without static disorder. Trajectories are reported for the three Cartesian planes, namely xy, xz 
and yz. For clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the 
molecules long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 
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Figure S14: Plot of 1000 kMC trajectories (each consisting of 105 steps) for nbu,nbu-D2A1, a9 without and b) with 
static disorder effects (lower panels) included.  Trajectories are reported for the three Cartesian planes, namely xy, xz 
and yz. For clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the 
molecules long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 

 

Figure S15: Plot of 1000 kMC trajectories (each consisting of 105 steps) for hex,nbu-D2A1, a) without and b) with 
static disorder effects included.  Trajectories are reported for the three Cartesian planes, namely xy, xz and yz. For 
clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the molecules 
long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 
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Figure S16: Plot of 1000 kMC trajectories (each consisting of 105 steps) for oct,tbu-D2A1, a) without and b) with 
static disorder effects included.  Trajectories are reported for the three Cartesian planes, namely xy, xz and yz. For 
clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the molecules 
long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 
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Figure S17: Plot of 1000 kMC trajectories (each consisting of 105 steps) for pyrl,tbu-D1A1, a) without and b) with 
static disorder effects (middle panels) included, and c) when considering the thermal average of transfer integrals 
along the 1D column without static disorder. Trajectories are reported for the three Cartesian planes, namely xy, xz 
and yz. For clarity, the three Cartesian planes were ordered in such a way to correspond to i) the side view onto the 
molecules long axis, ii) the top view and iii) the side view onto the molecule’s short axis. 
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9. Thermal Disorder  
 

 

Figure S18: Dynamic disorder effects on dimer A of the crystals of a) pyrl,tbu-D1A1, b) me,tbu- and c) nbu,tbu-D2A1, 
showing the distribution of the coupling integral 𝑱𝑱𝒊𝒊𝒊𝒊 with a Gaussian git (black line), its mean value 〈𝑱𝑱𝒊𝒊𝒊𝒊〉 and standard 
deviation 𝝈𝝈. Black dashed line represents the corresponding coupling in the frozen crystal and the green lines mark 
the ±𝝀𝝀/𝟐𝟐 values. and fluctuations of 𝑱𝑱𝒊𝒊𝒊𝒊 over 21 ps MD simulations, computed of snapshots every 30 fs for (middle), 
and the fourier transform of the autocorrelation function of the coupling integral, showing the activity of low-
frequency intermolecular phonons (right). 
 
 

 

Figure S19: Dynamic disorder effects on dimer A of the crystals of pyrl,tbu-D1A1 showing the distribution of the 
coupling integral 𝑱𝑱𝒊𝒊𝒊𝒊 with a Gaussian fit (black line), its mean value 〈𝑱𝑱𝒊𝒊𝒊𝒊〉 and standard deviation 𝝈𝝈, as well as 𝝀𝝀/𝟐𝟐 
(green dotted lines) (left) and fluctuations of 𝑱𝑱𝒊𝒊𝒊𝒊 over 100 ps MD simulations, computed of snapshots every 30 fs for 
(middle) and the fourier transform of the autocorrelation function of the coupling integral, showing the activity of 
low-frequency intermolecular phonons (right). 
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Figure S20: Dynamic disorder effects on dimer B of a) me,tbu- and dimer B and C of b) nbu,tbu-D2A1, showing the 
distribution of the coupling integral 𝑱𝑱𝒊𝒊𝒊𝒊 (Gaussian fit, black line). The mean value 〈𝑱𝑱〉 and standard deviation 𝝈𝝈 are 
reported as inset. Black dashed line represents the corresponding coupling in the frozen crystal. 

 

Table S11: Coupling integrals 𝑱𝑱𝒊𝒊𝒊𝒊 from XRD structures (meV, computed with DIPRO approach at the ωB97X-D/6-
311G** and Zindo/S level). Mean values 〈𝑱𝑱𝒊𝒊𝒊𝒊〉 (DIPRO approach, ZINDO/S level) and standard deviation 𝝈𝝈 computed 
over 21 ps MD simulations with snapshots every 30 fs for selected dimers of me,tbu-D2A1, nbu,tbu-D2A1 pyrl,tbu-
D1A1. Total reorganization energy 𝝀𝝀 in meV, as well as adiabaticity parameter 𝝃𝝃 and coherence parameter 𝜼𝜼 =

〈𝑱𝑱𝒊𝒊𝒊𝒊〉
𝝈𝝈

. 

 𝐽𝐽𝑖𝑖𝑖𝑖 
(meV) 

ωB97X-D3/ 
6-311G** 

𝐽𝐽𝑖𝑖𝑖𝑖 
(meV) 

ZIndo/S 

〈𝐽𝐽𝑖𝑖𝑖𝑖〉 
(meV) 

ZIndo/S 

𝜎𝜎 
(meV) 

𝜆𝜆 
(meV) 

𝜉𝜉(𝐽𝐽𝑖𝑖𝑖𝑖) 𝜉𝜉�〈𝐽𝐽𝑖𝑖𝑖𝑖〉� 〈𝐽𝐽𝑖𝑖𝑖𝑖〉2

〈𝐽𝐽𝑖𝑖𝑖𝑖²〉 
𝜂𝜂 

me,tbu-
D2A1 

59 67 77 52 217 0.5 0.70 0.686 1.5 

nbu,tbu
-D2A1 

16 7 40 73 228 0.1 0.35 0.229 0.5 

pyrl,tbu
-D1A1 

56 69 108 69 177 0.6 1.22 0.716 1.6 
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Table S12: Average computed charge mobilities (cm2/Vs) 𝝁𝝁 evaluated by assuming a Brownian diffusion mechanism 
via the Einstein-Smoluchowski equation (semi-classical Marcus equation for the transfer rates) without (𝝁𝝁𝒘𝒘𝒘𝒘) and 
with the presence of static disorder (𝝁𝝁𝒔𝒔), thermal disorder (𝝁𝝁𝒕𝒕) or both (𝝁𝝁𝒔𝒔+𝒕𝒕). Ratio between the computed charge 
mobility with both static and dynamic disorder with respect to the absence of disorder. 

 𝜇𝜇𝑤𝑤𝑤𝑤  
 

(cm2/Vs) 
 

𝜇𝜇𝑠𝑠 
 

(cm2/Vs) 
 

𝜇𝜇𝑡𝑡  
 

(cm2/Vs) 
 

𝜇𝜇𝑠𝑠+𝑡𝑡  
 

(cm2/Vs) 
 

𝜇𝜇𝑤𝑤𝑤𝑤
𝜇𝜇𝑠𝑠+𝑡𝑡

 

(cm2/Vs) 
 

me,tbu- D2A1 
 

0.206 0.105 0.364 0.163 0.791 

nbu,tbu- D2A1 
 

0.020 0.002 0.247 0.002 0.100 

pyrl,tbu-D1A1 0.160 0.042 0.817 0.223 1.393 
 

 

 

10. Thermal correction to the calculation of the non-
adiabatic transfer rates 

 

Considering the time dependent fluctuation of the transfer integral 𝐽𝐽(𝑡𝑡) in the non-adiabatic limit, 
the expression for the rate constant can be expressed in a series extension 

𝑘𝑘 = 𝑘𝑘(0) + 𝑘𝑘(1) + 𝑘𝑘(2) +  … (1) 
where 𝑘𝑘(0) is the semi-classical Marcus equation 

𝑘𝑘(0) =
〈𝐽𝐽2〉
ħ �

𝜋𝜋
𝜆𝜆𝑘𝑘𝐵𝐵𝑇𝑇

𝑒𝑒𝑒𝑒𝑒𝑒 �−
(𝜆𝜆 + 𝛥𝛥𝐸𝐸0)2

4𝜆𝜆𝑘𝑘𝐵𝐵𝑇𝑇
� 

 

 
(2) 

and 𝑘𝑘(1), 𝑘𝑘(2), etc. are the corrections due to the fluctuations of 𝐽𝐽. If nuclear modes are treated 
classically, the first non-zero correction is2 

  

𝑘𝑘(2) = 𝑘𝑘(0)2
ħ2

𝜏𝜏𝐶𝐶2
 �

(𝜆𝜆 + 𝛥𝛥𝐸𝐸0)2 − 2𝜆𝜆𝑘𝑘𝐵𝐵𝑇𝑇
(4𝜆𝜆𝑘𝑘𝐵𝐵𝑇𝑇)2

� �1 −
〈𝐽𝐽〉2

〈𝐽𝐽2〉
� 

 

 
(3) 
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11. Directionality of Computed Charge Mobilities 
 

Table S13: Computed charge mobilities hole (𝝁𝝁 (cm2/Vs)) evaluated by assuming a Brownian diffusion mechanism 
via the Einstein-Smoluchowski equation. The charge mobility is reported for the 3 cartesian directions x, y and z, as 
well as the average mobility overall (average_xyz) for different cases of disorder (no disorder 𝝁𝝁𝒘𝒘𝒘𝒘, static disorder 𝝁𝝁𝒔𝒔 
and thermal disorder 𝝁𝝁𝒕𝒕). 

 𝝁𝝁 (cm2/Vs) 
no disorder 

𝜇𝜇𝑤𝑤𝑤𝑤  
static disorder 

𝜇𝜇𝑠𝑠 
thermal disorder average 

𝜇𝜇𝑡𝑡  
R1,R2-D2A1 direction    

me,tbu- average_xyz 0.206 0.105 0.364 
x 0.013 0.003 0.014 
y 0.243 0.203 0.257 
z 0.370 0.119 0.791 

bpr,tbu- average_xyz 0.161 0.007 - 
x 0.044 0.001 - 
y 0.034 0.020 - 
z 0.403 0.000 - 

nbu,tbu- average_xyz 0.020 0.002 0.247 
x 0.025 0.005 0.032 
y 0.016 0.000 0.699 
z 0.019 0.000 0.024 

nbu,nbu- average_xyz 0.030 0.004 - 
x 0.026 0.010 - 
y 0.009 0.002 - 
z 0.059 0.000 - 

hex,tbu- average_xyz 0.067 0.018 - 
x 0.169 0.044 - 
y 0.012 0.007 - 
z 0.017 0.004 - 

oct,tbu- average_xyz 0.065 0.017 - 
x 0.166 0.034 - 
y 0.027 0.016 - 
z 0.003 0.001 - 

pyrl,tbu-
D1A1 

average_xyz 0.160 0.042 0.817 
x 0.453 0.117 2.468 
y 0.028 0.010 0.041 
z 0.001 0.001 0.005 
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