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Supplementary Note 1.

CD imaging of c-PFBT thin films with diffraction-limited resolution
Supplementary Fig. 1 shows CD imaging results for four different areas (80 x 60 um?) of the c-PFBT
thin film investigated in Fig. 2 of the main manuscript. The CD images in panels a-d look very similar,
as do the corresponding CD spectra integrated over the entire field of view (210 x 160 um?) on the
right side. The corresponding gabs images are presented in panels e-h. The four regions have a very
similar appearance, suggesting a good uniformity of the c-PFBT thin film over larger length scales.
This is confirmed by the gaps statistics on the right side of panels e-h, where the gabs distributions are
very similar and perfectly described by Gaussian functions with large average gaps values of —0.28 +
0.06. Note that the images in panels c and g correspond to the representative regions selected in
panels a and b of Fig. 2 in the main manuscript, respectively.
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Supplementary Fig. 1 CD imaging with diffraction-limited resolution for different regions of the
c-PFBT thin film analysed in Fig. 2 (main manuscript). a-d Microscope images (80 x 60 um?) for the
circular dichroism of the c-PFBT thin film at different positions. Plots on the right show the CD signals
integrated over the entire field of view (210 x 160 um?, thin black lines: full spectra, thick red lines:
spectral region selected by the band pass filter (470 + 10 nm) used for CD imaging). e-h
Corresponding images for the dissymmetry factor gaps, with histograms on the right including
Gaussian fits as dashed black lines, determined over the entire field of view. The length of the black
scale bar in each image indicates a distance of 25 um. The images in panels c and g correspond to
the panels a and b of Fig. 2 in the main manuscript, respectively.
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Supplementary Note 2.

Invariance of CD images under sample rotation and flipping

Figure 1c in the main manuscript already showed that the thin films exhibit virtually no changes in
the CD response and the dissymmetry factor gabs upon turning or flipping of the thin film samples
on a several millimetre length scale. Here, we additionally demonstrate that this also holds over the
micrometre length scale observed in the CD images. An example is shown in Supplementary Fig. 2
for the same film used in Fig. 1c of the main manuscript. We intentionally picked a scratched area,
which makes the 90° stepwise rotation in anticlockwise direction easily visible. The scratches also
provide a convenient reference for comparing individual features in the images. As one can clearly
see, the images are indeed invariant under rotation, with an average gabs value of —0.32. The area-
integrated spectra for OD;, ODg, OD—ODg and gabs are also virtually identical. Therefore, we can also
exclude contributions on the micrometre scale resulting from a combination of linear dichroism and
linear birefringence in our sample in combination with any possible anisotropies of the CD
microscopy setup. As a nice side information further illustrating the power of CD imaging, we can
see that in the region of the scratches there is strongly reduced CD activity (blueish colours), which
indicates that the film in the scratched regions must be either very thin (low CD activity) or even
completely missing.
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Supplementary Fig. 2 Invariance of a CD image under anticlockwise rotation of the film sample.
a Microscope image (80 x 60 um?) for the dissymmetry parameter gabs of a 240 nm thick c-PFBT thin
film (top) with a histogram of gaus values (middle) including a Gaussian fit (dashed black line),
determined over the entire field of view, and spectra integrated over the entire field of view (210 x
160 um?, bottom) showing the optical density for left- and right-circularly polarised light (OD. (black
line), ODk (red line)), the CD spectrum (blue line) and the gabs spectrum (green line), with the thick
red line indicating the spectral region selected by the band pass filter (470 £ 10 nm) used for CD
imaging. b-d Same as in panel a, but sample manually rotated anticlockwise in 90° steps. The length
of the black scale bar in each CD image indicates a distance of 25 um.
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We also repeated the same measurements after flipping the sample. Here we needed to search for
a different scratched spot, and the results are shown in Supplementary Fig. 3. Again, the images are
virtually invariant under 90° anticlockwise rotation. The average gans value of this different region is
slightly lower (—0.26) but still very close to the value for the region shown in Supplementary Fig. 2.
Also here, we can exclude contributions on the micrometre scale resulting from a combination of

linear dichroism and linear birefringence in our sample in combination with any possible
anisotropies of the CD microscopy setup.
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Supplementary Fig. 3 Invariance of the CD image under anticlockwise rotation after flipping the
same sample used in Supplementary Fig. 2. a-d Microscope images for gabs, gabs distributions and

absorption, CD and gabs Spectra, obtained using the same procedure as in Supplementary Fig. 2,
employing subsequent 90° anticlockwise rotation steps.

S4



Supplementary Note 3.

Comparison of CD images and crossed-polariser images

Supplementary Fig. 4 shows a comparison of images of a c-PFBT thin film for the dissymmetry
parameter gaps (panels in a, same as in Supplementary Fig. 3a-d) and images for another region of
the same film using a conventional crossed-polariser arrangement (panels in b). In both cases, the
images were rotated anticlockwise in 90° steps. The crossed-polariser images show very similar
island-type structures which lead to changes in the polarisation of the linearly polarised illumination
beam. The distinct black lines of the scratches suggest that the c-PFBT film in these regions is either
very thin or missing, so that no change in polarisation takes place.

a Gaps iIMages b Crossed-polariser images

s ¥

Supplementary Fig. 4 Comparison of CD images and crossed-polariser images obtained for
anticlockwise rotation of a c-PFBT thin film sample. a Same microscope images (80 x 60 um?) for
the dissymmetry parameter gaps of @ 240 nm thick c-PFBT thin film as shown in Supplementary Fig.
3 manually rotated in steps of 90° (from top to bottom). b Same as in panel a, but for another region
of the same film located between crossed polarisers. The length of the black and white scale bars in
each of the images indicates a distance of 25 pum.
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Supplementary Note 4.

Contour diagrams of transient CD and absorption experiments
Supplementary Fig. 5 shows the complete data set of the transient absorption spectra for left-
circularly and right-circularly polarized probing (panels a and b) and the resulting transient circular
dichroism spectra (panel c) for the 241 nm thin c-PFBT film as contour plots. The sample was excited
at 320 nm. Spectra for selected delay times from this data set were already provided in Fig. 4a of
the main manuscript. It is clearly visible that the bleach regions (blue) around 340 and 455 nm of
the transient absorption spectra for RCP probing (panel b) are more negative than for LCP probing
(panel a). This is the reason for the positive features (red) in the TrCD contour plot (panel c), which
is the difference between the contour plots in panels a and b. The TrCD spectra closely resemble
the inverted steady-state CD spectrum. Weak circularly polarised stimulated emission is visible in
panel c as a feature of violet colour above 520 nm.
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Supplementary Fig. 5 Contour diagrams of ultrafast transient absorption and transient circular
dichroism spectra of a 241 nm thin c-PFBT film after excitation at 320 nm. a Transient absorption
for probing with left-circularly polarised light. b Transient absorption for probing with right-circularly
polarised light. c Transient circular dichroism (difference of the contour diagrams shown in panels a
and b). Note the logarithmic time axis.
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Supplementary Note 5.

Additional UV—-Vis broadband transient absorption experiments
Supplementary Fig. 6 shows ultrafast broadband transient absorption experiments for a 157 nm thin
c-PFBT film at the pump wavelengths 320 nm (Sx excitation, panels a and b) and 450 nm (S:
excitation, panels c and d). In each case, experiments were carried out at low and high initial exciton
number densities: for 320 nm excitation No(Sx) = 1.5 x 108 and 8.9 x 10*® cm=3, and for 320 nm
excitation No(S1) = 1.7 x 10'8 and 1.0 x 10*° cm~3.
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Supplementary Fig. 6 Ultrafast broadband transient absorption experiments for a 157 nm thin
c-PFBT film. a Pump wavelength: 320 nm, No(Sx) = 1.5 x 10'® cm=. b Pump wavelength: 320 nm,
No(Sx) = 8.9 x 10'® cm~3. ¢ Pump wavelength: 450 nm, No(S1) = 1.7 x 10*® cm~3. d Pump wavelength:
450 nm, No(S1) = 1.0 x 10*° cm~3. Dotted violet and orange lines in panels a and c are the inverted
steady-state absorption and the S; stimulated emission spectrum, respectively. e Kinetics averaged
over the wavelength range 460—470 nm for 320 nm excitation (black solid line: No(Sx) = 1.5 x 10*®
cm~3, red solid line: No(Sx) = 8.9 x 108 cm~3) and 450 nm excitation (green dashed line: No(S1) = 1.7
x 108 cm~3, blue dashed line: Np(S1) = 1.0 x 10*° cm~3), with a magnification for short times in the
inset.
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We focus here on additional spectroscopic information of central importance for the kinetic
modelling procedure. First of all, we compare the different spectral evolution for excitation at 320
and 450 nm. Around zero time-delay, the transient absorption spectra for 320 nm excitation (panel
a) show a bleach feature, which has the same shape as the inverted steady-state absorption
spectrum (dotted violet line). In contrast, for 450 nm excitation (panel c) the transient spectra clearly
show also a stimulated emission feature above 500 nm, which comes from the S; exciton state. For
excitation at 320 nm (panel a), this S; stimulated feature is initially missing and only builds up at
later times, see the spectra at 0.1, 0.3 and 1 ps. We therefore assign this process to internal
conversion from the Sy state to the S; state. The kinetic fit in the wavelength range 525-570 nm
(Supplementary Fig. 7) provides the lifetime of the S« state as % total = 206 fs. As shown in the kinetic
modelling (main manuscript), the corresponding rate constant kytotal = Zx total + = 4.85 x 10?2 st is the
sum of the rate constant kx for internal conversion from S; to Sx and the rate constant kcpx for charge-
pair formation (i.e. generation of an electron—hole pair). This value was employed as an important
constraint in the kinetic modelling procedure and leads to an accurate value of the S;—CP branching
ratio. The long-lived absorption of the CP state is clearly visible in the transient absorption spectra
above 600 nm (cf. the red spectra at 1000 ps in panels a—d).

Supplementary Fig. 7 Kinetics for the decay of the Sx exciton state of c-PFBT. Open circles: Kinetics
after excitation at 320 nm (averaged over the wavelength range 525-570 nm, No(Sx) = 1.5 x 10*®
cm™3). Solid red line: Kinetic fit (convolution with the cross correlation of 75 fs) employing a

monoexponential decay and a constant negative offset. The fit provides the Sy lifetime #tota = 206
fs.

For both excitation wavelengths, a higher initial exciton number density No leads to a drastic
acceleration of the decay of the bleach region, that means an accelerated recovery of the ground
state So due to higher-order processes. This is highlighted by the four kinetic traces shown in
Supplementary Fig. 6e. This dependence on Ny is consistent with the TrCD kinetics (Fig. 7a, main
manuscript). However, interpretation of the TrCD kinetics is much easier, because it is only sensitive
to the Sp population dynamics. In contrast, for the transient absorption kinetics it is more difficult
to disentangle the overlapping spectral contributions of the S, S1, CP and Sp species.
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Supplementary Note 6.

Transient fluorescence experiments

Supplementary Fig. 8 shows the fluorescence decay curve of the S; exciton state of a c-PFBT thin
film after excitation by a pulsed LED at 454 nm detected using time-correlated single photon
counting (TCSPC). These measurements are at very low fluence, with an estimated initial S; exciton
number density No(S1) = 2 x 10° cm~3. This value is 9—-10 orders of magnitude smaller than in the
transient absorption and transient circular dichroism experiments. At such a low Ny value,
singlet—singlet annihilation processes can be completely neglected. The observed decay is therefore
due to the intrinsic lifetime of the S; excitons. The fitting procedure provides the time constant 71 =
235 ps. The fit also shows a second, minor time constant ©» = 1070 ps (A2 = 0.9%), which could be
due to a very small amount of a fluorescing impurity in the polymer which is not detectable in the
transient circular dichroism and transient absorption experiments.
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Supplementary Fig. 8 Fluorescence decay of the S; exciton state of a c-PFBT thin film after
photoexcitation at 454 nm measured by TCSPC. Open circles: Fluorescence decay. Solid circles:
Instrument response function (IRF). The red line is a biexponential fit obtained from deconvolution,
with the time constants (amplitudes) 7 = 235 ps (A1 =99.1%) and 72 = 1070 ps (A2 = 0.9%). Note the
semilogarithmic representation. Fit residuals are provided in the bottom panel. An appropriate
longpass filter (Schott GG495) was employed to cut off stray light from the excitation source.
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Supplementary Note 7.

Kinetic model

To describe the relaxation processes of c-PFBT after photoexcitation, we employ the kinetic model
introduced in Fig. 7b of the main manuscript, which is based on the one used by us previously for
describing the photoinduced dynamics of the copolymer F8BT!. The mechanism is summarised and
explained in the following in more detail:

S, —%S —A5S, (S1)
S, —fe se + h' (S2)
25, —fut 35S +S, (S3)
S, —fme 5 g (S4a)
S, —fwme 55 (S4b)
S, —=>S, (S5)
S —fem e + h' (S6)
e + h'—fe S (S7)

Step S1 describes the unimolecular relaxation of the initially excited c-PFBT species to So. This decay
starts from the S; singlet exciton state for the pump wavelength 450 nm (rate constant k1 = 7173,
where 71 is the corresponding lifetime of 235 ps, cf. Supplementary Fig. 8) or a higher excited singlet
exciton state denoted as Sx (rate constant kx = 7, for excitation at 320 nm into a higher singlet
absorption band), which then decays via S1 to So. As discussed in our previous publication on F8BT?,
only higher electronic states, denoted as Sy, are capable of directly dissociating into a charge pair
state (CP, electron (e”) and hole (h*)) as indicated by step S2 in the mechanism (rate constant kcpx =
orx ).

Still, there are clear spectral hallmarks for the formation of the CP state upon population of S,
as indicated by the transient absorption feature above 600 nm (Supplementary Fig. 6), and the
pronounced dependence of the kinetics of the So recovery on the initial exciton number density
N(S1). Thus, there must be higher-order processes populating a higher-energy exciton state S, from
S1. These are singlet—singlet annihilation (SSA) channels, which are efficient at high exciton number
densities, but less important at low exciton number densities. There are two competing SSA
processes: One is the diffusive bimolecular SSA channel (step S3), in which two Si1 exciton species
diffuse along the polymer chains with a diffusion constant D and then react, once they reach the
critical contact distance Rc. This leads to the formation of a high-energy S, exciton state and an So
ground state. The corresponding rate constant kaiff (= zaiff *) is?:

K, =47DR, (s8)

SSA between two S; excitons may also occur via nonradiative Forster resonance energy transfer
(FRET)3>4. This requires overlap of the emission band of the S; donor and the ESA band of the S;
acceptor’. The loss of S; species via FRET is of first order (step S4a, with the rate constant kesrster =
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Trorster 1) and leads to simultaneous excitation of the S; acceptor, which is also of first order (step
S4b, again with the rate constant kesrster = Zrorster +). The total rate of S; loss due to FRET is therefore:

dN(sS,)
Tl = _2kF6rster N(Sl) (59)

The rate constant kesrster displays a characteristic R® dependence on the donor—acceptor distance
R, where 7 is the radiative S; lifetime of the donor and Ry is the distance, at which there is equal
probability for the radiative decay and the FRET process>*:

6
1(R
ke .  =——2
Forster Tl ( R ] (510)

Therefore, close S;1 pairs react much faster than more distant pairs. Because the S; exciton number
density N(S1) decreases during relaxation, at later times only more distant pairs with smaller kesrster
values remain. This makes the Forster process intrinsically time-dependent, and the average rate
constant {krsrstery for the S; ensemble decreases steadily over time. In a kinetic mechanism, one
would like to get rid of this R dependence and retain only the dependence on the exciton number
density N(S1). Therefore, similar to earlier treatments’®, we use the relation between the S; exciton
number density and the average exciton radius (r) (or, equivalently, the corresponding exciton
distance (R) = 2«r)):

N(S,) = (§7Z<r>3 j_l = (én(R}aj_l (S11)

Rearranging Eq. S11 for (R) and substituting it into Eq. S10 provides (rewritten as an ensemble
average)

6
1( R 7°R,°
kérser = . = . N(S )2
< Forst > , (<R>J 367, 1 (S12)
Reformulating Eq. S9 as an ensemble average and combining it with Eq. S12 leads to
dN(S,) 7°R°
dt L= _2<kF6rster> N(Sl) = 18’; N(Sl)3 = _kFRET N(Sl)3 (513)

1

As a result, the rate of the S; exciton loss is proportional to N(S1)3, resulting in an apparent third-
order behaviour with the rate constant krrer. For the sake of an easier treatment, we therefore
replace the Forster-type SSA processes S4a and S4b in the kinetic scheme by the equivalent steps
S14a and S14b:

35, —% 2S5 +S, (S14a)
35,—% S +25, (S14b)

We need to use two third-order steps with the same rate constant kr to correctly account for the
stoichiometry of the FRET process. For the decay of S1 we obtain from steps S14a and S14b
dN(s,)
—L =—6k. N(S,)} (S15)
with the third-order rate constant ki = keret/6.
To obtain the corresponding Forster radius Ro, we us a connection between (kesrster) (first order,
Eqg. S10) and kerer = 6 kr (Egs. S13 and S15) by comparing the respective half-lives. The third-order
half-life t1/2,3.0. obtained from Eq. S15 is:
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1

t =
1/2,3.0. 4kFN(Sl)2 (S16)
Correspondingly, we obtain from the first-order expression in Eq. S13
; In(2)
1210, A/ \ (517)
2<kF6rster>

Next, we use Eqgs. S12, S16 and S17 to arrive at an expression for the Forster radius Ro (under the
assumption that the two half-lives should be the same):

<ka'rster>36 z-1 |n(2) 18 Tl i/kF In(2) 72 Z'l
= 6 =
ZN(S, ) t . ZN(S,) : (518)

T
Equation S18 was employed to convert the third-order rate constant ke (obtained from the kinetic
modelling) into the corresponding Ro value.

The remaining steps in the kinetic mechanism deal with the fate of the excited species S, resulting
from the SSA processes. The S, exciton state either decays back to S; with k, = 7! (step S5), or
produces a charge pair (electron—hole pair, step S6) with kcpn = 7cpn L. Recombination of the charge
pair occurs on much longer time scales (krec = 7rec %), as indicated by step S7.

0
1/2,1.0.
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Supplementary Note 8.

Summary of optimised fit parameters for the TrCD kinetics

Supplementary Table 1 summarises the kinetic fit parameters employed for the optimised kinetic
simulations of Fig. 7c in the main manuscript. Note that the dominant SSA process is the diffusive
channel and that Forster resonance energy transfer plays a minor role and leads only to a small
improvement of the fit.

Supplementary Table 1 Summary of parameters obtained from the kinetic analysis of the fluence-
dependent measurements of c-PFBT upon photoexcitation at 320 nm.

Physical quantity (unit) Value Physical quantity (unit)  Value
No,nign(Sx) (cm~) 9.60 x 108

No,ow(Sx) (cm™3) 2.29 x 108

Kke(Sx —> S1) (s7Y) 4.40 x 10%2 7 (fs) 227
keex(Sx — €+ h*) (s7Y) 4.50 x 101 epx (PS) 2.22
Ky otal = kx + Kepx (57) 4.85 x 10'2 Ttotal (F5) 206

Dcpy (%) 9.3

k1(S1 — So) (s7Y) 4.26 x 10° 71 (ps) 235

ke(3 S1— Sn+ 2 So) (cm®s7) 2.00 x 1077

ke(3S1 = 2Sn+ So) (cm®s7?) 2.00 x 1077

kerer (cm® s71) 1.20 x 107%¢

(Kesrster)(S1 —> So) (s7%)° 1.63 x 10" (No,ign) Ro (nm)P 11.6
9.26 x 10 (Noow)

kait(2 S1 — Sn + So) (cm3s7Y) 8.00 x 1078

kn(Sn —> S1) (s°3) 3.8 x 10 o (Fs) 3
kepn(Sn = e+ h*) (s72) 2.3 x 108 een (fs) 40
kn,total = Kkn + kcpn (5_1) 4.0 x10% Tn,total (fS) 3

@CPn (%) 6
krec(€™ + h* = So) (cm3s7Y) 7.9 x 10710

9From Eq. S12.
b From Eq. S18.
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Supplementary Note 9.

Kinetic simulations for two limiting cases

To address the relative importance of the different singlet—singlet annihilation processes in Sy, i.e.
bimolecular diffusive and FRET, we provide here two instructive results from the kinetic modelling.
Supplementary Fig. 9 shows the result, which is obtained when there is only the diffusive SSA
process (with optimised rate constant kqitt = 1.0 x 107/ cm~3 s~ and no FRET (ks = 0)). The fit curves
for high and low initial exciton number densities No(Sx) are almost as good as in Fig. 7c of the main
manuscript, only at longer times they are slightly too fast.

0 10 20 0 200 400

Time (ps) Time (ps)

Supplementary Fig. 9 Results of the kinetic modelling with only bimolecular diffusive singlet—
singlet annihilation. The model employed the same parameters as in Supplementary Table 1, with
the following two exceptions: kgitf = 1.0 x 1077 cm3 s and k¢(3 S1 —> Sn + 2 So) = ke(3S1 — 2 S+ So) =
0. Initial Sx exciton number densities 9.6 x 10® cm~3 (top) and 2.3 x 10'® cm~3 (bottom). The
dynamics on short time scales (up to 20 ps) are shown on the left side and long time scales (up to
500 ps) on the right side. Blue circles: Recovery of Sp population as experimentally determined in
the TrCD measurements with corresponding blue fit lines obtained from the kinetic model; black,
red, green and violet lines: number density of the S« excitons, S; excitons, electron-hole pairs (e”,
h*) and the S, excitons, as obtained from the kinetic model.

As a comparison, Supplementary Fig. 10 shows results for the other limiting case. Here, the diffusive
SSA process was switched off (kqitr = 0) and the rate constant for Forster resonance energy transfer
was adjusted. Importantly, it is only possible to match the rise for one of the initial exciton number
density conditions. In the current example we did this for No(Sx) = 9.6 x 108 cm~3 (top) using k¢ =
6.0 x 10727 cm® s~. This provides a very good match, however the simulation for the lower exciton
number density No(Sx) = 2.3 x 108 cm~3 (bottom) rises too slowly. This can be easily understood as
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follows: The FRET process shows an apparent third-order behaviour (cf. Eq. S13) for which the half-
live of the S; decay is proportional to N(S1)~2 (cf. Eq. S16). In contrast, for the second-order diffusive
mechanism the half-life is proportional to N(S:)~%. Therefore, if the diffusive SSA process is able to
match both kinetics at high and low No(Sx) (and correspondingly N(S1)) already quite well, the third-
order FRET process must become much too slow with decreasing N(S1), because of the larger and
larger half-life due to the inverse square dependence on N(Si1). These two limiting cases from the
kinetic modelling therefore clearly show that the diffusive SSA process must be the dominant
process which is responsible for the observed dependence of the TrCD kinetics on the exciton
number density. Adding a small contribution of the Férster mechanism slows down the kinetics
somewhat at longer times, which results in the slightly better fit presented in the main manuscript
(Fig. 7c).
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Supplementary Fig. 10 Results of the kinetic modelling with Forster resonance energy transfer
(FRET) as the only singlet—singlet annihilation process. The model employed the same parameters
as in Supplementary Table 1, with the following two exceptions: kqiff = 0 and kg(3 S1 — Sn + 2 So) =
ke(3S1— 2 S+ So) = 6.0 x 10727 cm® s72. Initial Sx exciton number densities 9.6 x 10'® cm~3 (top) and
2.3 x 108 cm~3 (bottom). The dynamics on short time scales (up to 20 ps) are shown on the left side
and long time scales (up to 500 ps) on the right side. Blue circles: Recovery of So population as
experimentally determined in the TrCD measurements with corresponding blue fit lines obtained
from the kinetic model; black, red, green and violet lines: number density of the S excitons, S1
excitons, electron-hole pairs (e, h*) and the S, excitons, as obtained from the kinetic model.

A larger number of parameters enters the kinetic model (Supplementary Table 1), so we would
like to finally comment on the uniqueness of the fit and possible concerns regarding overfitting the
TrCD data. We note that the majority of parameters is either determined independently (and
therefore can be kept fixed) or is very well defined, as summarised by the following points:
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1)

2)

3)

4)

5)

6)

7)

Because the TrCD kinetics is only sensitive to the concentration of the So population (a single
species), there are no ambiguities regarding relative contributions of different overlapping CD-
active species with different species-associated CD values. The TrCD kinetics can be therefore
taken as a direct measure of the time-dependent change of the So number density.

We employed three different initial exciton number densities. In addition to the two initial
number densities Noow(Sx) and Nopign(Sx) in the TrCD experiments, there is also the condition of
very low number density covered by the TCSPC experiment (Supplementary Fig. 8) which directly
provides the rate constant ki1 for the decay of the S; state (in the absence of singlet—singlet
annihilation processes), see step S1. k1 is therefore fixed.

The initial exciton number densities of the TrCD experiments and the TCSPC experiment were
independently determined and are therefore also fixed.

In addition, the transient absorption kinetics in Supplementary Fig. 7 provides the total rate
constant kytotal for the decay of the initially populated Sx state, which decays via two parallel
channels. This value poses a strict limit on the sum of the two rate constants for the formation
of the S1 state (kx) and the formation of the charge pair state (kcpx), i.€. Kx total = kx + Kcpx.

The ratio of the rate constants kx and kcpx (steps S1 and S2) and the ratio of the rate constants
kn and kcpn (steps S5 and S6) are also well defined by the experimentally observed yield for the
long-lived CP state, which can be directly determined from the incomplete recovery of the TrCD
kinetics. Only 85% of the Sp population is recovered at about 500 ps, see Supplementary Figs. 9
and 10 (top right panel, blue line), so only 15% of the initially excited c-PFBT population ends up
in the CP state (green line). The rate constant kywtal Was measured independently. Therefore, kx
and kcpx are well defined, with kx >> kcpx. kn and kcpn are also well defined: Because the total yield
of the CP state is only 15%, k, must be considerably larger than kcpn. In addition, the sum kn total
= kn + kcpn must be large, because the singlet—singlet annihilation processes would otherwise be
too slow, and it would not be possible to fit the fast rise of the TrCD signal at early times.

As demonstrated by the systematic parameter variations in Supplementary Figs. 9 and 10, the
dependence of the So recovery on the different initial exciton number densities is governed by
the competition of bimolecular diffusive SSA (step S3) and FRET (steps S14a and S14b), which
leads to accurate values for the SSA rate constants kqitr and k.

The final electron—hole recombination step S7 has only a very weak influence on time scales up
to 500 ps, as shown by the green lines in Supplementary Figs. 9 and 10 (right panels), and
therefore the value for krc should only be taken as a rough estimate.

We therefore conclude that all parameters entering the kinetic model are well defined and provide
detailed kinetic information regarding the individual processes involved.
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