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1. DLS results of DPP-QD coaggregates
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Figure S1 Particle size analysis for DPP and DPP-QD aggregates with DLS.

2. TA spectra and kinetics of DPP aggregates

3.5 ' ' : : 3.5

30 3.0

2.5
2.0+
151
1.0
0.5
0.0
0.5
0.5 T T

450 500 550 600 650 B R P P ey
Wavelength (nm) t(ps)

AmOD
AmOD

Figure S2. (A) Selected fs-TA spectra of the DPP aggregates at a series of time delays after
excitation at 610 nm. The asterisk indicates the spectral region affected by pump scatter. (B)
Kinetic traces extracted from the TA spectra in (A) at 467 nm (the Sz absorption), 523 nm (the T1
absorption) and the 560 nm (the So bleach). It is worthwhile to note that the bleach signal appears
with a time constant of 14 ps, synchronous with the decay of the S; signal and the growth of the
Ti signal. This result is characteristic of the singlet fission process, which converts one more
ground state molecules to the triplet excited state upon photoexcitation.



3. TA spectra and Kinetics of QD/DPP coaggregates with 970 nm excitations
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Figure S3. (A) Selected fs-TA spectra of the DPP/QD (r =2.2 nm) aggregates at a series of time
delays after excitation at 970 nm. (B) Normalized kinetic traces extracted from Main Text Figure
3 (A) at 650 nm, after photoexcitation 610 nm, and from Figure S2(A) at 650 nm, 523 nm and 467
nm, after excitation at 970 nm.

100 1000

The decay of PIA of the QDs is independent of the excitation wavelength. The PIA signal decays
at the same rate across the 500-700 nm region. However, at 467 nm, the kinetics are dominated by
a positive feature associated with the unrelaxed exciton, which quickly disappears. After a 1-ps
time delay, the 467 nm region behaves as a pseudo-isosbestic point.

4. Removing the PbS PIA background from the TA Kkinetics of DPP within DPP/QD
coaggregates.

By comparing the PIA intensities at 650 nm, where there is no overlapping DPP signal, for TA
spectra collected with 610 and 970 nm excitation, we determined that the spectra obtained with
970-nm photoexcitation must be scaled by a factor of 2.6 before being subtracted from spectra
obtained with 610-nm photoexcitation. We subtracted these scaled signals at corresponding
wavelengths from the raw kinetic traces collected with 610 nm excitation to obtain the pure
kinetics of DPP aggregates within assemblies with QDs (Figure S4).
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Figure S4. Subtraction of the scaled kinetic traces at (A) 467 nm and (B) 523 nm obtained with
970-nm excitation from the raw data collected with 610-nm excitation to obtain the pure kinetics
of the S; and Ty states of DPP within the DPP/QD co-aggregates.

5. DADS Analysis for the TA Data of DPP/QD Co aggregates
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Figure S5. Decay associated difference spectra analysis for the singlet fission process of DPP co-
aggregated with PbS QDs with r = 2.2 nm. The PIA of the QDs has been removed before analysis
by subtracting the transient background of QDs.

The decay associated difference spectra (DADS) were obtained for the singlet fission process
within DPP co-aggregated with 2.2-nm QDs (Figure S5). The analysis was based on the kinetic
model shown in Eq. 1 of the main text, and carried out using the SufaceXplorer software. The
spectral feature with a 1.9 ps decay lifetime is associated with the fast singlet fission process, and
the 13.7 ps species corresponds to the slower singlet fission process. The differential-like feature
with a decay lifetime of 330 ps represents the change of the spectral feature from (T1T1)! to
(T1...... T1), which involves a decrease of absorption intensity in the 450-510 nm region and a
growth at ~525 nm.

6. Comparison of hole transfer within the co-aggregates of PbS QDs with r=1.6 and 2.2 nm.
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Figure S6. The comparison of normalized kinetic traces of the QD PIA at 650 nm for QDs with
radii of 1.6 and 2.2 nm.

The decays in Figure S6 are fit with three exponential components as listed in Table S1. The
average decay time constant is 26 ps for r = 1.6 nm, and is 18 ps for r = 2.2 nm QDs. The faster
decay of the QD shelf signal for r = 2.2 nm QDs indicates a faster hole transfer from QD to DPP,
which suggests that DPP is closer to the QD surface for r = 2.2 nm than for r = 1.6 nm.

Table S1. Exponential fitting parameters for the decay Kkinetic traces in Figure S6

QD Radius (nm) 1, ps (Amp. %) 11, ps (Amp. %) 11, pS (Amp. %) Tavg, PS
1.6 nm 11 (39) 120 (29) 1200 (32) 26
2.2 nm 5 (24) 40 (27) 360 (49) 18




7. Quantification of the ligand density of PEGT on PbS QDs

We applied *H NMR to quantify the number of bound PEGT ligands per QD using dimethyl
sulfoxide as the internal integration standard. First, we measured the NMR spectrum of a sample
with 10 mg of PEGT (M.W.=1000) and 20 eq. DMSO dissolved in 0.8 ml DO, and determined a
ratio of the integration areas eq. PEGT:eq DMSO = 14.7:1. Second, QDs in D20 with known
concentrations were measured with DMSO as internal standard, to calculate the numbers of PEGT
ligands per QD in each sample. Last, the densities of PEGT ligands were obtained by dividing the
number of PEGT ligands by the surface areas of the QDs, treating them as spheres. The results
are listed in Table S2.

Table S2. Quantification of the densities of PEGT ligands on QDs of different radii, r.

r(QDs) Cretrc Cops PEGT/QD Density

(hm)  (mM) (UM) /nm?
2.7 218 1270 172 1.9
2.4 123 7.64 161 2.2
2.2 116 7.63 152 2.5
2.0 188 13.00 144 2.9
1.8 140 1050 133 3.3

1.6 141 1230 114 3.6




