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Supplementary Figure 1. QD morphologies. Transmission electron microscope (TEM)
images of (a) 4.2 nm, (b) 4.8 nm, (c) 5.1 nm and (d) 5.5 nm CdSe QDs. Insets are their
respective size distribution histograms.
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Supplementary Figure 2. Optical properties of QDs. Absorption spectra of (a) 4.2 nm,
(b) 4.8 nm and (c) 5.1 nm CdSe QDs (red) and their second derivative spectra (grey).
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Supplementary Figure 3. PL of doped QDs. Photoluminescence (PL) spectra of two n-
doped samples with nominal average numbers of band-edge electrons of 0.45 (black) and
1.2 (red), in comparison to that of the neutralized sample (blue).
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Supplementary Figure 4. Photons absorbed per QD. Scaled TA signal amplitude at
600 ps, after multiexciton Auger recombination has finished, as a function of the excita-
tion fluence of the 547 nm pump (blue squares). The saturation curve is fitted to a Pois-
sonian model for photon absorption (black solid line).* Specifically, the photon absorp-
tion statistics at a photon energy much higher than the bandgap is assumed to be a Pois-
sonian, and hence after multiexciton Auger recombination the TA signal amplitude is
simply proportional to the fraction of photoexcited QDs in the ensemble (1-e™"”, <N> is
the average number of photons absorbed per QD). <N> is proportional to the absorption
cross section and excitation fluence. From the fit, we can determine <N> at any specific
pump fluence (red dashed line). A typical pump fluence used in our experiment is 11.2
wJ/em?, corresponding to <N> of ~0.017.
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Supplementary Figure 5. Electron lifetime in QDs. 1S exciton bleach recovery kinetics
of pristine QDs under 340 nm excitation (blue squares) and re-neutralized QDs under 1S
(red circles) and 1P (green triangles) excitations for (a) 4.2 nm, (b) 4.8 nm, (c) 5.1 nm
and (d) 5.5 nm CdSe QDs. The exciton bleach lifetime, which is a measure of the 1S
electron lifetime, is barely affected by the doping and re-neutralization processes.
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Supplementary Figure 6. Absorption spectra of n-doped QDs. Absorption spectra of
the pristine (pink), n-doped-1 (blue), n-doped-2 (red) and re-neutralized (green) samples
of (a) 4.2 nm, (b) 4.8 nm and (c) 5.1 nm CdSe QDs. The average numbers of doped con-

duction band electrons for n-doped-1 and n-doped-2 are estimated for each QD.
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Supplementary Figure 7. Spin blockade in lightly n-doped 4.2 nm QDs. (a,b) TA
spectra of n-doped-1 probed at indicated time delays following excitation at (a) 1S.-
1S320 and (b) 1P.-1P3» ) transitions. (¢) TA kinetics probed at the 1S bleach for n-doped-
1 under 1S¢-1S3/, (blue square) and 1P.-1P3; (red circle) excitations, scaled at their
slowly-decaying tail. Inset are the 1S kinetics obtained by performing a subtraction be-
tween the two traces in the main panel (green square) and the kinetics monitored at the 1P

bleach (orange circle).
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Supplementary Figure 8. Phonon bottleneck in heavily n-doped 4.2 nm QDs. (a,c)
TA spectra of n-doped-2 probed at indicated time delays following excitations at (a) 1S.-
1S30 and (c) 1P.-1P3/ 5 transitions. (b) TA kinetics probed at the 1S bleach for n-doped-
2 under 1S¢-1S3/21 excitation (blue square). The black solid line is its bi-exponential fit to
time constants of 1.4 (78%) and 74 ps (22%). (d) TA kinetics probed at the 1S absorption
(red circle) and 1P bleach (blue square) for n-doped-2 under 1P.-1P3, excitation.
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Supplementary Figure 9. Spin blockade in lightly n-doped 4.8 nm QDs. (a,b) TA
spectra of n-doped-1 probed at indicated time delays following excitation at (a) 1S.-
1S32n and (b) 1P.-1P3» ) transitions. (¢) TA kinetics probed at the 1S bleach for n-doped-
1 under 1S¢-1S32, (blue square) and 1P.-1P3; (red circle) excitations, scaled at their
slowly-decaying tail. Inset are the 1S kinetics obtained by performing a subtraction be-
tween the two traces in the main panel (green square) and the kinetics monitored at the 1P
bleach (yellow circle).
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Supplementary Figure 10. Phonon bottleneck in heavily n-doped 4.8 nm QDs. (a.c)
TA spectra of n-doped-2 probed at indicated time delays following excitations at (a) 1S.-
1S320 and (c) 1P.-1P3, 5 transitions. (b) TA kinetics probed at the 1S bleach for n-doped-
2 under 1S.-1S3/21 excitation (blue square). The black solid line is its bi-exponential fit to
time constants of 0.6 (75%) and 7.7 ps (25%). (d) TA kinetics probed at the 1S absorption
(red circle) and 1P bleach (blue square) for n-doped-2 under 1P.-1P3/,}, excitation.
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Supplementary Figure 11. Spin blockade in lightly n-doped 5.1 nm QDs. (a,b) TA
spectra of n-doped-1 probed at indicated time delays following excitation at (a) 1S.-
1S3/24 and (b) 1Pc-1P32, transitions. (¢) TA kinetics probed at the 1S bleach for n-doped-
1 under 1Sc-1S3h (blue square) and 1P.-1P3» 1 (red circle) excitations, scaled at their
slowly-decaying tail. Inset are the 1S kinetics obtained by performing a subtraction be-
tween the two traces in the main panel (green square) and the kinetics monitored at the 1P
bleach (yellow circle).
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Supplementary Figure 12. Phonon bottleneck in heavily n-doped 5.1 nm QDs. (a,c)
TA spectra of n-doped-2 probed at indicated time delays following excitations at (a) 1S.-
1S3/24 and (c) 1Pe-1P3/ 1 transitions. (b) TA kinetics probed at the 1S bleach for n-doped-
2 under 1S¢-1S3,, excitation (blue square). The black solid line is its bi-exponential fit to
time constants of 1.4 (76%) and 63 ps (24%). (d) TA kinetics probed at the 1S absorption
(red circle) and 1P bleach (blue square) for n-doped-2 under 1P.-1Ps,} excitation.
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Supplementary Figure 13. Hot electron lifetime n-doped QD films. (a) Absorption
spectra of a lightly-doped QD film (black) and its corresponding neutralized film
(red).The optical scattering prohibits us from determining the nominal number of doped
band-edge electrons in the film. Nonetheless, we can still semi-quantitatively control the
number of doped electrons by controlling the amount of reducing reagent used. (b) TA
spectra of the lightly-doped QD film at indicated delays under 1P excitation. (c) TA Ki-
netics of the lightly-doped QD film probed at the 1S bleach feature under 1S (blue
squares) and 1P (red circles) pump conditions. Inset is the difference between the two
kinetics (green triangles) and its fit (black solid line). (d) Absorption spectra of a heavily-
doped QD film (black) and its corresponding neutralized film (red). (e) TA spectra of the
heavily-doped QD film at indicated delays under 1P excitation. (f) TA kinetics of the
heavily-doped QD film probed at the 1S absorption feature under 1P pump (blue squares).
The black solid line is a fit to the decay kinetics.
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