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Supplementary Figures 
 

 

Supplementary Figure 1. Absorbance spectra of the investigated thin films. Steady-state 
absorbance spectra of 50 nm thin films of 5% and 10% a6T:C60 together with films of neat C60 
and neat a6T. The latter absorbs below 550 nm and hardly affects the blend absorbance due to 
its low concentration. 
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Supplementary Figure 2. Transient absorption spectra of a neat C60 film. TA spectra of a neat 
C60 thin film (50 nm) at time delays of 0.2 ps, 0.5 ps, 5 ps, 100 ps, 500 ps, and 1000 ps are 
shown. The neat film was excited at 610 nm with an excitation density of 6.2x1018 cm3, such 
that only Frenkel type excitons are generated.1, 2 The exciton signature consists of a negative 
ground state bleaching around 500 nm and excited state absorption at 550 nm and 930 nm. The 
exciton signature decays with a time constant of 150 ps.  
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Supplementary Figure 3. Transient absorption data of the 5% sample. Top panel: TA spectra 
of the 5% 𝛼6T:C60 blend at selected time delays (0.2 ps, 1 ps, 10 ps, 100 ps, 500 ps, and 1.0-
1.5 ns) with 610 nm pump excitation at a density of 1.0x1019 cm-3 (VIS/NIR1) or 4.4x1018 cm-

3 (NIR2). Bottom panel: Spectral components of the MCR-ALS decomposition obtained for all 
fluences measured for the 5% blend, with the C60 Frenkel-type exciton (blue, held constant as 
in neat C60 film), the first charge component (orange, Charge 1) and the second charge 
component (green, Charge 2), expressed as the extinction coefficient of the three species.  

 

Comment: TA spectra of the investigated samples (5%, 10% and bilayer) measured with the 
VIS, NIR1 and NIR2 spectrometers after excitation at 610 nm (at one of the used fluences) are 
shown in Supplementary Figures 3-5. Three different spectrometers were used to cover 
different spectral regions and show consistent results (VIS: 470-720nm, NIR1: 840-1150nm, 
NIR2: 690-1600 nm). The lower panels show the species components of excitons and charges 
obtained by MCR-ALS analysis. The extinction coefficients were determined from the 
excitation density, as described in the methods section. 
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Supplementary Figure 4. Transient absorption data of the 10% sample. Top panel: TA spectra 
of the 10% 𝛼6T:C60 blend at selected time delays (0.2 ps, 1 ps, 10 ps, 100 ps, 500 ps, and 1.0-
1.5 ns) with 610 nm pump excitation at a density of 1.2x1019 cm-3 (VIS/NIR1) or 8.6x1018 cm-

3 (NIR2). Bottom panel: Spectral components of the MCR-ALS decomposition obtained for all 
fluences measured for the 10% blend, with the C60 Frenkel-type exciton (blue, held constant as 
in neat C60 film), the first charge component (orange, Charge 1) and the second charge 
component (green, Charge 2), expressed as the extinction coefficient of the three species. 

 

 

Supplementary Figure 5. Transient absorption data of the bilayer sample. Top panel: TA 
spectra of the 𝛼6T:C60 bilayer at selected time delays (0.2 ps, 1 ps, 10 ps, 100 ps, 500 ps, and 
1.0-1.5 ns) with 610 nm pump excitation at a density of 1.0x1019 cm-3 (VIS/NIR1) or 1.5x1018 
cm-3 (NIR2). Bottom panel: Spectral components of the MCR-ALS decomposition obtained 
for all fluences measured for the bilayer, with the C60 Frenkel-type exciton (blue, held constant 
as in neat C60 film), the first charge component (orange, Charge 1) and the second charge 
component (green, Charge 2), expressed as the extinction coefficient of the three species.  
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Supplementary Figure 6. SVD analysis of the TA data from the ‘dilute-donor’ blends. 
Ordered singular values from the singular value decomposition of the TA spectra of C60:a6T 
5% (blue circles) and 10% (orange triangles) blends, measured on the VIS and NIR1 
spectrometers. The three most significant singular values are shown with increased marker size. 

  

Comment: The number of components into which the TA spectrum of an OPV system can be 
decomposed is best determined by an understanding of the experimental conditions and 
material system, as well as a qualitative analysis of the spectrum. In order to minimize the 
number of potential components, the C60:a6T blends were excited in a way that only Frenkel 
type C60 excitons are present. After hole transfer, at the interface, the exciton is split into bound 
and free charges which normally have indistinguishable spectra. The expected number of 
components is therefore two: one exciton and one charge. However, after performing SVD3 on 
the TA data matrices, it is observed that the singular value of the second and third components 
(shown in Supplementary Figure 6) are both significant suggesting that there may be more 
than two components contributing to the TA spectra.4  
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Supplementary Figure 7. Width of the 𝛼6T cation band. Temporal evolution of the width 
(FWHM) of 𝛼6T cation band in the TA spectra of the 10% C60:a6T blend excited with 3.7x1019 
cm-3 at 610 nm (NIR2).  
 
 

Comment: The 𝛼6T cation band in the TA spectra at all time delays was fit with a Gaussian 
function for the 5% and 10% blends and bilayer, at the highest available fluence in the NIR2 
range. The peak position is shown in the main text (Figure 2B). In Supplementary Figure 7, 
the temporal evolution of the band width (FWHM) of the 10% blend is shown, indicating a 
spectral narrowing. The width determination for the 5% and bilayer were challenging due to 
the lower excitation density and stronger mixing with the C60 exciton signal. 
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Supplementary Figure 8. Point charge model versus explicit C60 anion. Comparison of 
charge-transfer-state absorption (full model, blue) and cationic α6T with negative point charge 
(minimal model) for the face-on configuration (see inset and Figure 3C of main manuscript). 

Comment: To test our “minimal model” in which the C60 anion is represented as negative point 
charge, we also considered a “full model” where the C60 anion is included explicitly. For the 
latter case, the charge transfer state is obtained by localizing the charge and spin density of one 
excess electron or hole on the C60 and α6T subunits accordingly by means of constrained DFT 
(cDFT). For this situation, we then performed TD-DFT calculations. The result in 
Supplementary Figure 8 shows that both the full model and our minimal model give the same 
qualitative result regarding the interpretation we give in the main manuscript. That is the broad 
bimodal spectrum is also present in the full model and therefore confirms our reasoning. 

The simulations at the cDFT+TD-DFT level are numerically extremely challenging and cannot 
be repeated for the large number of different C60 positions which we present in the manuscript 
(Figure 3) for the minimal model. For comparison, the minimal model requires the calculation 
of the first 20 transition to ensure convergence in the energy region of interest whereas the full 
model requires 100 transitions or more. On top of that, increasing the number of basis functions 
(for the larger number of atoms) leads to another large multiplication factor for the computing 
resources. To be able to carry out the “full model” simulation, we use a smaller basis set (3-
21G instead of 6-31G*). As one can see from Figure S8, this results in a nearly identical 
spectrum for the minimal model (red curve vs black curve), except the fact that the empirical 
red shift that we apply has to be changed by 0.08 eV. The total computational demands for the 
full-model simulation with 3-21G basis were >30 times computationally more expensive for a 
single position of C60. Note that the spectra in Figure 3B-D of the main manuscript were 
obtained by 100 different orientations each and cannot be repeated in the full model. 

There are two major differences between the minimal and the full model: First, an additional 
peak is formed at around 1100 nm in the full-model simulation, and second, the peak at 730 
nm appears about 50 nm blue shifted and of lower intensity for the full model. The former can 
be attributed to a C60 anion absorption. The inset of Figure S9 shows the transition density of 
the additional peak which is clearly localized at the C60 anion (polaron absorption of the C60 
anion). The second difference, on the other hand, can be rationalized by the electrostatic 
interaction between the densities constrained at α6T and C60 due to which the center of negative 
charge at the C60 is pulled towards the α6T cation resulting in a stronger symmetry break than 
in the point-charge model. Note that a stronger blueshift at simultaneous lower intensity would 
enhance the agreement between theory and experiment (see Figure 4A in the main manuscript).  
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Supplementary Figure 9. Transient absorption dynamics from different measurement series. 
Dynamics of the three components of the MCR-ALS decomposition in each of the blends and 
bilayer for every recorded measurement, normalized by the excitation density (shown in the 
legend in cm-3) to give the relative population. Top: 5% C60:a6T blend recorded with VIS/NIR1 
(dashed black line) and NIR2 (solid lines). Middle: 10% C60:a6T blend recorded with 
VIS/NIR1 (dashed black line) and two NIR2 measurement series (solid and dotted lines). 
Bottom: C60:a6T bilayer recorded with VIS/NIR1 (dashed black line) and NIR2 (solid lines). 
Three different spectrometers were used to cover different spectral regions (VIS: 470-720nm, 
NIR1: 840-1150nm, NIR2: 690-1600 nm), and data was recorded for different excitation 
densities. Due to experimental constraints, it was more difficult to reach high densities with the 
NIR2 setup. A high consistency is seen between different measurements, and clear trends with 
excitation density appear within each measurement series  
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Supplementary Figure 10.  Kinetic modelling for the 5% blend. Dynamics of the S1 exciton 
(top), CTCs (middle) and SCs (bottom) populations for the 5 % ⍺6T:C60 blend as determined 
by MCR-ALS decomposition, together with the fits (black lines) obtained from the kinetic 
modelling at various excitation densities (shown in the legend in cm-3). Dashed line: recorded 
in VIS/NIR1 range, solid lines: recorded with the NIR2 spectrometer. 
 
 
Comment: The kinetic modelling, as described in the main text, was carried out globally for all 
excitation densities and for different measurement series recorded with different spectrographs, 
adding robustness to the results. The fits to the MCR species dynamics are shown in 
Supplementary Figures 10-12 and reproduce the experimental data very well. Most excitation 
densities were recorded for the 10% blend. Here, we note a less good fit at the highest densities, 
especially for the SCs. The reason is the increased experimental uncertainty at the higher 
densities, as the pump beam had to be strongly focussed, leading to slight beam walk and 
changes in the beam profile with timedelay. Therefore, densities >1.5x1019 cm3 were not 
included in the global analysis of the 10% blend but simulated with the parameters obtained at 
lower fluences.   
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Supplementary Figure 11. Kinetic modelling for the 10% blend. Dynamics of the S1 exciton 
(top), CTCs (middle) and SCs (bottom) populations for the 10 % ⍺6T:C60 blend as determined 
by MCR-ALS decomposition, together with the fits (black lines) obtained from the kinetic 
modelling at various excitation densities (shown in the legend in cm-3). Dashed lines and solid 
lines are two measurement series recorded with the NIR2 spectrometer.  
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Supplementary Figure 12. Kinetic modelling for the bilayer sample. Dynamics of the S1 
exciton (top), CTCs (middle) and SCs (bottom) populations for the ⍺6T:C60 bilayer as 
determined by MCR-ALS decomposition, together with the fits (black lines) obtained from the 
kinetic modelling at various excitation densities (shown in the legend in cm-3). Dashed line: 
recorded in VIS/NIR1 range, solid lines: recorded with the NIR2 spectrometer.  
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Supplementary Figure 13. Temperature-dependent absorption spectra. Steady-state 
absorbance spectra of the 𝛼6T:C60 systems (10%) at different temperatures. This was recorded 
to mimic any heating effects occurring during the TA spectroscopy. The differential spectrum 
between 100°C and 20°C represents possible thermal effects occurring between pumped and 
non-pumped shots in the TA. The effects are weak and occur below 500 nm (outside our TA 
measurement window). 
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