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Figure S1. TEM images of CsPbBr3 NCs with varying sizes from 2.6 to 6.2 nm.
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Figure S2. Hot exciton relaxation dynamics (monitored at B1) for NCs with (a) L = 3.5 nm, 

(b)L = 4.0 nm and (c) L = 4.3 nm pumped with 400 nm (blue diamonds) and with the 

indicated wavelengths which selectively excite theirX2 (orange circles).

Figure S3. (a) Transient absorption (TA) spectra of L = 6.2 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 

TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).
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Figure S4. (a) Transient absorption (TA) spectra of L = 5.0 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 

TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).

Figure S5. (a) Transient absorption (TA) spectra of L = 4.5 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 

TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).
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Figure S6. (a) Transient absorption (TA) spectra of L = 4.0 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 

TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).

Figure S7. (a) Transient absorption (TA) spectra of L = 3.5 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 

TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).
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Figure S8. (a) Transient absorption (TA) spectra of L = 3.0 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 

TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).

Figure S9. (a) Transient absorption (TA) spectra of L = 2.6 nm NCs at indicated delays 

following the pump pulse. The bleach feature B1 and absorptive feature A1 are labeled. (b) 
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TA kinetics probed at the peaks of A1 (red circles) and B1 (blue diamonds) are their single-

exponential fits (solid lines).

Figure S10. Hot exciton relaxation dynamics (monitored at B1) for L = 4.0 nm NCs at 

varying temperatures.
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Figure S11. Absorption spectra of pristine NCs (with OA ligands; black solid lines) and 

DDT-capped NCs (sky blue solid lines) of samples with (a) L = 3.9 nm, (b) L = 4.3 nm, and 

(c) L = 5.0 nm.

Figure S12. Hot exciton relaxation dynamics (monitored at B1) for (a) L= 4.0 nm, (b) L= 5.0 

nm pristine NCs (with OA ligands; blue diamonds) and DDT-capped NCs (purple circles).
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Figure S13. Calculated surface fraction of wavefunctions for X2 (green) and X1 (blue).

Wavefunction calculations

Exciton wavefunctions of CsPbBr3NCs were calculated by a single-band effective mass 

approximation model (EMA) in COMSOL Multiphysics® Modeling Software using the 

semiconductor module. Note that because of similar electron and hole effective masses in 

CsPbBr3, calculating either one should be a representation for exciton wavefunction. Here we 

calculate wavefunctions for the first and second hole states to represent X1 and X2. We 

considered the hole as a particle in 2-region cubic potentials, whose sizes were defined by the 

size of the cubic CsPbBr3NCs (measured by TEM) and the overall size of the NC-ligand 

complexes, respectively. The length of the ligand chain was assumed as 2 nm. The potentials 

were set as follows:
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𝑉(𝑥) =  { 0,                    ‒ 𝐿
2 ≤ 𝑥 ≤ 𝐿

2
𝑉𝑂𝐴 ‒ 𝐻𝑂𝑀𝑂, ‒ 𝐿

2 ‒ 2 ≤ 𝑥 ≤‒ 𝐿
2 𝑎𝑛𝑑 𝐿 2 ≤ 𝑥 ≤ 𝐿

2 + 2 �
in which L stands for the edge length of the cubic CsPbBr3NCs in the unit of nm, and 

 is the energy difference of the HOMO of oleic acid molecules and the top of the 𝑉𝑂𝐴 ‒ 𝐻𝑂𝑀𝑂

valence band in the bulk CsPbBr3 material.

The effective masses of the holes in the above two regions were defined as:

 (S2)

𝑚 ∗
ℎ (𝑥) =  { 𝑚 ∗

ℎ,𝐶𝑃𝐵,                         ‒ 𝐿
2 ≤ 𝑥 ≤ 𝐿
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0.45𝑚𝑒, ‒ 𝐿

2 ‒ 2 ≤ 𝑥 ≤‒ 𝐿
2 𝑎𝑛𝑑 𝐿 2 ‒ 2 ≤ 𝑥 ≤ 𝐿

2 + 2 �
in which  is the mass of free electron and  the hole effective mass in CsPbBr3 bulk.𝑚𝑒 𝑚 ∗

ℎ,𝐶𝑃𝐵

The detailed values of the above parameters were listed below. 

Following the procedures in ref3, we obtain the surface fraction (F) of wavefunction 

interacting with ligands by integrating wavefunctions in the outermost unit cells and 

tunneling into NC surfaces, i.e., in the range of L/2-0.6 to L/2+2 (in the unit of nm). 0.6 nm is 

the unit cell parameter for CsPbBr3 lattice. The surface fractions calculated for X1 and X2 are 

plotted in Fig. S13.  

𝑉𝑂𝐴 ‒ 𝐻𝑂𝑀𝑂 𝑚 ∗
ℎ,𝐶𝑃𝐵

Values 0.83 eV1 0.22me
2
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