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S1. Optimization of LCO : CO Molar Ratio



To determine the optimal composition, we synthesized composites with different molar
ratios of LCO and CO (LCO : CO = 1:1, 1:3, and 1:5) and evaluated their bifunctional

activities.

S2. Determination of ECSA and Specific Activity

The ECSA was estimated from the double-layer capacitance (Cy) determined by CV
measurements at various scan rates in the non-faradaic region. A specific capacitance (Cs)
of 0.04 mF cm was assumed for the calculation (ECSA = Cg4 / Cy). The specific activity

was then obtained by normalizing the measured current by the ECSA.
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Fig. S1. LSV results (in 0.1M KOH aqueous solution) investigating the OER catalytic
properties of the catalysts synthesized by the coprecipitation method: (a) LCO _CO 1, (b)

LCO_CO_5, (c) LCO_CO composite. (LCO_CO 1

:La: Co=1:1 (molar ratio),

LCO _CO 5:La:Co=1:5 (molar ratio), LCO CO:La:Co=1:3 (molar ratio)).
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Fig. S2. LSV curves (in 0.1M KOH aqueous solution) for the oxygen reduction reaction
(ORR) of the catalysts synthesized by the coprecipitation method: (a) LCO_CO 1, (b)

LCO_CO 5, (c) LCO_CO composite. (LCO CO 1 : La:

Co =1 : 1 (molar ratio),

LCO _CO 5:La:Co=1:5 (molar ratio), LCO CO:La:Co=1:3 (molar ratio)).
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Fig. S3. Rietveld refinement patterns of the LCO_CO composite. The observed intensity
is represented by red crosses (Yops), the calculated pattern by a blue line (y.,), and the
difference between them by a magenta line (diff) at the bottom. The vertical tick marks
indicate the Bragg reflection positions for LaCoOj (blue, upper) and Co;0,4 (orange,
lower). The refinement was performed using the WPPF method, yielding reliable fitting
parameters: Ry, = 4.04%, R, = 2.86%, and S = 1.24.
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Fig. S4. (a) STEM-BF image and (b-d) corresponding EDS elemental mapping images
(La, O, and Co) of the LCO_CO composite. The scale bars represent 200 nm.
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Fig. S5. XPS survey spectra of (a) CO, (b) LCO, and (¢c) LCO_CO composite, showing
the characteristic peaks of La, Co, O, and C.
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Fig. S6. XPS O 1s spectra of the LCO_CO composite (a) before and (b) after Ar-ion
sputtering for 5 seconds. The persistence of the peak at ~531.3 eV after the removal of
surface contaminants confirms its assignment to lattice oxygen vacancies (Oy,) rather

than purely adsorbed species.
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Fig.S7. CV curves (in 1 M KOH) of the catalysts synthesized by the coprecipitation
method: (a) CO, (b) LCO, and (c) LCO_CO.
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Fig. S8. Pore size distribution (PSD) curves of (a) CO, (b) LCO, and (¢) LCO_CO

composite calculated from the N, adsorption isotherms using the BJH method.
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Fig. S9. Current density normalized by ECSA of LSV curves (in 0.1M KOH aqueous
solution) for the oxygen evolution reaction (OER) of the catalysts synthesized by the
coprecipitation method: (a) CO, (b) LCO, and (¢) LCO_CO composite.
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Fig. S10. Current density normalized by ECSA of LSV curves (in 0.1M KOH aqueous
solution) for the oxygen reduction reaction (ORR) of the catalysts synthesized by the
coprecipitation method: (a) CO, (b) LCO, and (¢) LCO_CO composite.




Table S1. Comparison of ORR and OER catalytic activity parameters for LCO CO

composites synthesized with different LCO : CO molar ratios.

Sample Half-wave Potentials at AE
potential (E},) | 10 mA/cm? [V]

[V] [V]
(a) LCO_CO 1 0.585 1.785 1.2
(b) LCO_CO_5 0.561 1.770 1.21
(c) LCO_CO 0.587 1.729 1.14

Table S2. Quantitative phase analysis of the LCO_CO composite determined by Rietveld

refinement (WPPF).
Sample LCO [wt.%] CO [wt.%]
LCO_CO 67.3 32.7

Table S3. Elemental compositions (at.%) of CO, LCO, and LCO_CO composite
catalysts determined by energy-dispersive X-ray spectroscopy (EDS).

Sample Co [at.%] O [at.%] La [at.%]
CO 31.0 69.0 -
LCO 15.1 68.57 16.3

LCO _CO 25.0 70.3 4.8

Table S4. Double-layer capacitance (Cg;) values of CO, LCO, and LCO_CO composite

catalysts derived from cyclic voltammetry measurements at various scan rates.
(a) CO (b) LCO (c) LCO CO
Cy (mF) 0.3312 0.3076 0.2964




Table S5. Comparison of bifunctional catalytic activities (ORR and OER) of the
LCO_CO composite with recently reported catalysts.

Catalyst Electrolyte E» H1o0 AE | Yea Ref.
(0] V) M r

LCO _CO 0.1 MKOH | 0.587 | 1.729 | 1.14 | 2026 @ This

work
La(5B,,)03 IMKOH 0723 1.681 | 0.96 | 2025 1
LSCO 0.1 M/ 0.85 1.69 0.96 | 2025 2

1 M KOH

LSF0.95/C 0.1 M KOH | 0.66 1.70 1.04 | 2021 3
CoFe,04/NCNTs 0.1 M KOH | 0.80 1.65 0.85 | 2019 4

(FeCrCuNiMn);04/3D-G | 1 MKOH  0.837 | 1.589 | 0.75 | 2025 5
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