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Supplementary Figures 

 

Fig. S1 Schematic of synthesis process of La2O3@NP-NS 

 

Fig. S2 a La 3d and b O 1s XPS spectrum of 2.27 nm La2O3@NP-NS before and after Ar 

annealing 
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Fig. S3 Structural characterization of La2O3 nanosheets before annealing. a TEM image of 

hexagonal La2O3 nanosheets. b-c HRTEM images of La2O3 nanosheets. d Corresponding SAED 

pattern of La2O3 nanosheet 

 

Fig. S4 La2O3  nanosheets grown for 5 h at a-c 45 ℃, d-f 60 ℃, g-i before annealing: a, d, g 

SEM images, b, e, h AFM topography images, and c, f, i height profiles along the red dashed 

lines in corresponding AFM topography images 
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Fig. S5 Morphology and thickness of 8.68-nm La2O3@NP-NS and 28.26-nm La2O3 nanosheets 

after Ar annealing. a−b SEM images, c−d AFM topography images, inset in c is high-

magnification AFM topography scan of nanosheets, and e−f height profiles along the red dashed 

lines in corresponding AFM topography images of nanosheets grown for 5 hours at a, c, e 60 ℃, 

b, d, f 80 ℃ 

 

Fig. S6 Fitted XPS spectrum of characteristic X-ray peak of La 3d a and O1s b
 
from 2.27-nm 

La2O3@NP-NS, 8.68-nm La2O3@NP-NS, and 28.26-nm thick La2O3 nanosheets 
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Fig. S7 Structural characterization of 28.26-nm La2O3. a Low-magnification TEM image of 

hexagonal La2O3 nanosheet on a holey carbon TEM grid. b High-magnification TEM image. c 

SAED pattern. d HRTEM image 

 

Fig. S8 a La 3d and b O 1s XPS spectrum of 2.27-nm La2O3@NP-NS on FTO and Si substrate 

 

Fig. S9 a OER polarization curves of FTO substrate measured in 1 M NaOH aqueous. b Nyquist 

plots of FTO substrate measured in 1 M NaOH solution at a potential of 310 mV vs. RHE 
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Fig. S10 Electrocatalytic OER performance of commercial IrO2 powder. a OER polarization 

curves measured in 1 M NaOH solution. b Tafel plots. c Nyquist plots measured in 1 M NaOH 

solution at a potential of 310 mV vs. RHE. d Mass activity determined from current density as a 

function of ŋ. e TOF determined from j as a function of η   

 

Fig. S11 Electrocatalytic OER performance of commercial RuO2 powder. a OER polarization 

curves measured in 1 M NaOH solution. b Tafel plots. c Nyquist plots measured in 1 M NaOH 

solution at a potential of 310 mV vs. RHE. d Mass activity determined from current density as a 

function of ŋ. e TOF determined from j as a function of η   
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Fig. S12 a OER polarization curves measured in 1 M NaOH solution. b Tafel plots. c Nyquist 

plots measured in 1 M NaOH solution at a potential of 310 mV vs. RHE. d Mass activity 

determined from current density as a function of ŋ. e TOF determined from j as a function of η 

 

Fig. S13 Cyclic voltammograms curves of of a 2.27-nm La2O3@NP-NS, b 8.68-nm La2O3@NP-

NS and c 28.26 nm thick La2O3 nanosheets, d ILE synthesized La2O3 NPs, commercial e IrO2, f 

RuO2, and g La2O3 powder. The scan rates were varied from 10 to 60 mV s−1 
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Fig. S14 ECSA of of a 2.27-nm La2O3@NP-NS, b 8.68-nm La2O3@NP-NS, and c 28.26-nm 

La2O3 nanosheets, d ILE synthesized La2O3 NPs, commercial e IrO2, f RuO2, and g La2O3 

powder 

 

Fig. S15 Electrocatalytic OER performance comparison of 2.27 nm La2O3@NP-NS and La2O3 

nanosheets before Ar annealing. a) OER polarization curves measured in 1 M NaOH solution. b) 

Tafel plots. c) Nyquist plots measured in 1 M NaOH solution at a potential of 310 mV vs. RHE. 

d) Mass activity determined from current density as a function of ŋ. e) TOF determined from j as 

a function of η 
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Fig. S16 SEM images of 2.27 nm La2O3@NP-NS on FTO substrate before a and after b11-hour 

OER 

 

Fig. S17 a La 3d and b O 1s XPS spectrum of 2.27 nm La2O3@NP-NS on FTO substrate before 

and after OER measurement 

 

Fig. S18 a Current density measured at η = 345 mV (vs. RHE) as a function of time. b OER 

polarization curves of 2.27-nm La2O3@NP-NS before and after 27-hour OER. SEM images of 

2.27-nm La2O3@NP-NS on FTO substrate before (c) and after (d) 27-hour OER 
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Table S1 OER performance comparison between this work and other catalysts 

Catalysts Over potential (mV)  

@10 mA cm-2 

Mass loading 

(mg cm-2) 

Mass activity (A 

g-1) 

@310 mV 

TOF (s-1) 

@310 mV 

    Refs. 

2.27-nm 

La2O3@NP-NS 

        310 0.0014       6666.7    5.79    This work 

CoFe-LDHs         310 0.2        5.0       -       [S1] 

NiFe MOFs         300   -       < 3100       -       [S2] 

Co2(OH)3Cl         270 0.105       286.4    0.73       [S3] 

Co3O4/CeO2         270   -           -   < 0.25       [S4] 

Co3O4         376   -           -   < 0.39       [S5] 

NiFeCr         342   -           -      -       [S6] 

CoFe LDHs         324 0.02           -     -       [S7] 

NiO nanoparticle         335 0.02        72.5  0.0018       [S8] 

Ni0.81Fe0.19O         310 -         - <0.26       [S9]  

Co3O4         339 1.5        3.33        -       [S10]  

Ni@NC         390 0.4        2.5    0.136       [S11]  

Co3O4 NW/CC         320 0.82        9.76        -       [S12]  

Ni2P 

nanoparticles 

        290 0.14        142.9        -       [S13]  

nNiFe LDH/NGF         337 0.25          -        -       [S14]  

IrO2         338 0.21         12.4   0.022       [S15] 

Mn Oxide         540 0.028         71.4        -       [S16]  
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