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Figure S1. Deconvoluted Gaussian sub-peaks of O1s XPS spectra of (a) ZnO, (b) ZnO-

OA (0.5 ml) and (c) ZnO-OA (1.0 ml), respectively. 

 

  



Calculated values: deconvoluted Gaussian sub-peaks of O1s XPS spectra of (a) ZnO, (b) 

ZnO-OA (0.5 ml) and (c) ZnO-OA (1.0 ml), respectively. 

 

 

 

 
  



Table S1. ZnO nanoparticles hybridized with various inorganic and organic materials 
for electron transport layer or emissive materials.  

 
 

Materials 
 

Approaches Results References 

1 ZnO/OA  Passivation of surface 
defects Strong blue emission 

J. Am. Chem. Soc. 
2007, 129, 16029–

16033 

2 ZnO@TiO2 Blue emitter White emission Sci. Rep. 2015, 4, 
4085−4090 

3 Zn1-xMgxO  
(x=0~0.1)  ETL for QLEDs Increased luminescence 

of CIS/ZnS QLEDs 
Chem. Mater. 2015, 

27, 197–204 

4 ZnO/PEIE ETL for inverted 
QLEDs 

Enhanced electron 
injection by lowering 

work function 
Sci. Rep. 2015, 5, 1–5 

5 ZnO/OA ETL for MAObBr3-
PVP PeLEDs* 

Enhanced luminescence  
and current efficiency 

J. Alloys Comp. 2019, 
786, 11–17 

6 ZnO@SnO2  ETL for Improved Efficiency of 
Perovskite Solar Cell 

J. Am. Chem. Soc. 
2019, 141, 17610–

17616 

7 ZnO(Ga, Mg) ETL for QLEDs Optimization of e/h 
injection 

RSC Adv. 2019, 9, 
32066–32071 

8 ZnO/C60 
ETL for CsPbI3 

PeLEDs* 

Enhanced luminescence 
by suppression of exciton 

quenching 

J. Phys. Chem. C 
2020, 124, 28277–

28284 

9 ZnO-OA/ZnO Double ETL for 
QLEDs 

Enhanced luminescence 
by hole blocking This study 

*PeLEDs : perovskite LEDs 

  



Table S2. XPS O1s spectra evaluated from ZnO, ZnO-OA (0.5ml) and ZnO-OA (1.0ml), 

respectively. 

 

 
Peak 1 

(Zn-O) 
 

Peak 2 

(VO) 

Peak 3 

(Zn-OH) 

Peak 4 

(Zn-OOC) or 

(Zn-OA) 

 

ZnO 49.7  20.5 22.0 7.8 100 

ZnO-OA 

(0.5ml) 
9.9  20.6 54.2 15.3 100 

ZnO-OA 

(1.0ml) 
2.9  20.6  76.5 100 

 

 


