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Figure S.1. X-ray diffraction patterns for (a) P_CX-based composites and (b) CX_P-based 
composites. 

 



To determine the crystallite size of the different crystal phases, the Scherrer equation (Eq. S.1.) 
was applied to the most intense peaks and isolated to avoid miscalculation. In the case of the 
LaMnO3 phase, the peak at 2θ value close to 23º was selected, whereas for the La(OH)3 and 
La2O3 phases were selected the peaks at 2θ values close to 16 and 30º, respectively. Regarding 
the MnO and Co phases, it was taken the peaks at 2θ values close to 35 and 44º, respectively. 

The Scherrer equation is the following one [1]: 

Dc = kλ
βcos (θ)

     Eq. S.1. 

 

where Dc is the crystallite size (nm); k is the constant related to the grain shape whose value is 
0.89; λ is the wavelength of the radiation source which is 0.15406 nm; β is the full width at half 
maximum (FWHM) in radians, and θ is the Bragg angle.  

 

Table S.1. Crystallite size determined by the Scherrer equation. 

Sample 

C LaMnO3 La2O3 La(OH)3 MnO Co Co3O4 

nm nm nm nm nm nm nm 

P - 25 - - - - - 

P+CX - 24 - - - - - 

CX-P-N2 * - - - * * - 

CX-P-O2 * - - - - - * 

P-CX-5.6 * - 17 14 22 8 - 

P-CX-5.3 * - 18 10 18 11 - 

(-) Indicates the non-presence of the crystal phase in the composite. 

(*) Indicates the presence of the crystal phase, but the determination of the crystallite size was 
not possible. 
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Figure S.2. TG curves for the carbon-containing samples. (▬) CX; (▬) CX_P_N2; (▬) 
CX_P_O2; (▬) P_CX_5.6; (▬) P_CX_5.3. 
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Figure S.3. XPS spectra obtained from (a) La 3d; (b) Mn 2p; (c) Co 2p; and (d) O 1s for the 
pristine perovskite and composite materials. (▬) P; (▬) P+CX; (▬) CX_P_N2; (▬) 
CX_P_O2; (▬) P_CX_5.6; (▬) P_CX_5.3. 

 

Table S.2. The mass percent of the different elements analyzed by XPS. 

Sample 

C O N La Mn Co 

wt.% wt.% wt.% wt.% wt.% wt.% 

P 13.85 22.77 - 50.67 9.49 3.21 

P+CX 73.94 9.70 - 13.41 2.21 0.74 

CX-P-N2 78.79 7.57 1.58 10.98 1.08 - 

CX-P-O2 74.74 10.07 1.23 11.97 1.36 0.62 

P-CX-5.6 93.29 3.66 - 2.47 0.58 - 

P-CX-5.3 94.59 3.54 - 1.47 0.40 - 
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Figure S.4. XPS spectra and deconvoluted XPS spectra at (a) N 1s; (b) Co 2p; and (c) N 1s for 
the different materials.  
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Figure S.5. Cyclic voltammetry of the composites in 0.1 M KOH medium saturated with either 
N2 (a) or O2 (b). Scan rate: 10 mV s-1. (▬) P and (▬) P+CX. All current densities are reported 
by the geometric area of the electrode. 
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Figure S.6. RDE linear sweep voltammograms for composites in 0.1 M KOH saturated with 
O2 at 1600 rpm; (b) number of electrons involved in ORR at increasing potential. (▬■▬) P; 
(▬■▬) CX; (▬♦▬) P+CX; (▬▼▬) CX_P_N2; (▬▲▬) CX_P_O2; (▬◄▬) P_CX_5.6; 
(▬►▬) P_CX_5.3; (▬●▬) 20 wt.% Pt/C.  

 



 
Figure S.7. Scheme of the different active sites involved in the oxygen reduction reaction for 
the CX_P_N2 sample. The balls with different colours indicate the different crystal phases: (●) 
La2O3; (●) La(OH)3; (●) MnO; and (●) Co. 

Firstly, it can be determined that at least five different active sites catalyze the ORR, and a 
synergistic effect due to the presence of these sites may further enhance the ORR performance. 

The C-O-M covalent bonds can lead to great ORR performance due to the movement of 
electrons from the carbon to the metal-based compounds through these covalent bonds (case i) 
[2-4]. This fact facilitates the the O2

2-/OH- displacement [3,4]. Similarly, the Co/MnO 
heterointerfaces favour the adsorption of oxygen species due to the movement of electrons 
from the Co phase to the MnO phase (case ii). It cannot be discarded that also electrons could 
migrate from the carbon material to the MnO facilitating even more the ORR (case v) [5]. 

In addition, the Mn, Co-based materials with low crystallinity stabilized by La-based 
compounds generate active sites from lattice defects (case iii) [6]. Finally, the Co-Nx-C sites 
can also promote the ORR by favouring the chemisorption of intermediates and facilitating 
electron transfer (case iv) [7].  
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