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Electronic Structures of CsPbBr3 Perovskite:

Density functional theory (DFT)-based first-principle calculations were carried out to 

determine electronic structures of CsPbBr3 perovskites. The cubic phase of CsPbBr3 belonging to the 

space group Pm3m with (No.221) was taken into account. Figure S1a shows the band structure of 

CsPbBr3’s unit cell with cubic structure. Here, both the valence band maximum (VBM) and 

conduction band minimum (CBM) were located at the k-point R, signifying a direct bandgap 

semiconductor. The bandgap (Eg) was estimated to be 1.44 eV, which is smaller than ~2.3 eV of the 

experimental result. However, it is consistent with the literature reports based on the generalized 

gradient approximation (GGA) with Perdew-Berke-Ernzerhof for solids (PBEsol), i.e., 

(PBEsol_GGA) method (the typical underestimation, i.e., smaller value, of bandgap).S1.S2 Figure S1b 

demonstrates the projected density of states (PDOS) in which the VBM is dominated by 4p5 whereas 

the CBM by 6p2 orbitals. 

Figure S1. (a) Electronic band structure of CsPbBr3. (d) Projected density of states (PDOS) of 

CsPbBr3.
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Conversion of Water Contact Angle to Surface Energy to Solubility Parameter:

According to Li and Neumann, the water contact angle ( ) has a following relationship, c

            (S1) 2cos 1 2 expc sv lv lv sv            

where, ,  and  are surface energies for liquid-vapor, solid-vapor, and solid-liquid, lv sv sl

respectively, whereas the constant  is 0.000115 m4 mJ-2, and = 72.8 mJ m-2 for water.S3 Hence,  lv

when = 10.57° for CsPbBr3,S4 = 71.59391 mJ m-2 is calculated by solving Equation (S1) via c sv

the Newton-Raphson method. Then, through the relationship ,S5  1 2 -3 2
2 cal cm     1.829058 sv

 is estimated to be 15.5 cal1/2cm -3/2 . In the same vein, when = 37.57° (processed via 
3CsPbBr c

toluene) and 23.69° (processed via dodecane) for CsPbBr3 NCs,S6 = 61.60304 mJ m-2 and = sv sv

61.59607 mJ m-2, resulting in =14.356≈14.36 cal1/2cm -3/2   and =14.355 
3CsPbBr NC  3CsPbBr NC 

≈14.36 cal1/2cm -3/2, respectively. Interestingly, the quasi 2D hybrid lead bromide perovskite 

(BA2FAn−1Pbn Br3n+1,  n → 1; BA and FA stand for n-butyl ammonium and formamidinium, 

respectively) was reported to have the solubility parameters of from 15.38 cal1/2cm -3/2 to 15. 60 

cal1/2cm -3/2 depending on the processing conditions, verifying the aforementioned dataS4,S6 are 

reasonable values.S7 
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Figure S2. TEM image of unpurified two-step synthesized CsPbBr3 NCs showing particles 

distribution. Blue-emitting NC size: ~ 3.5 ± 0.4 nm; Green-emitting NC size: ~13.5 ± 3.5 nm.
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Figure S3. TEM images of CsPbBr3 NCs with CuBr2 (unpurified) synthesized by two-step process 

with CuBr2:PbBr2 (= 1:4 molar ratio) displaying a bimodal distribution of NCs. Blue-emitting NC 

size: ~ 3.8 ± 0.7 nm; Green-emitting NC size: ~21.4 ± 9.5 nm.
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