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Figure S1. The different concentrations of the decay curve in LaMn0.6Ni0.4O3 

Figure S1 exhibited the different concentrations of the decay curve in LaMn0.6Ni0.4O3. It 

can be found when the concentration is too high or too low, significantly 

influencing the dynamic decay curve. Because catalysts are black powder, so when the 

concentration is too high, on the one hand, the solution is too dark for light 

transmission and prone to sedimentation; on the other hand, it will cause 

excessive carrier generation during excitation. It is well known that excessive 

carrier caused faster recombination or secondary excitation; the concentration is too 

low that excited few carriers are unsuitable for carrier monitoring. Finally, 0.05mg/mL 

was chosen to be the optimal concentration. 



 

Figure S2. XRD patterns of perovskite a) LCMO, b) LMNO, c) LNCO (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) 

Fig. S2 shows the X-ray diffraction (XRD) of LCMO, LMNO and LNCO. All catalysts were 

confirmed to be a pure phase with no impurities, stating that Co, Mn and Ni were successfully 

doped at B-sites to form a solid solution. However, the crystal shape, peak width, peak position 

and peak strength all change with the doping of different elements and ratios, which indicates that 

doping can change the crystallinity and lattice parameters. When the peak shift to a high angle 

means that the doping ion radius is smaller than the original metal ion. The Scherer method 

calculated the lattice size of LCMO, LMNO and LNCO. It was found that LaCo0.6Mn0.4O3, 



LaMn0.6Ni0.4O3 and LaNi0.6Co0.4O3 have the smallest lattice size in three series, which indicated 

the maximum lattice distortion. The distortion of perovskite crystal structure indicated that the 

crystal had higher system energy, while the higher system energy had higher catalytic activity. All 

in all, doping would be caused crystal lattice defects to promote the adsorption of reactants. 

 

 
Figure S3. SEM images of LCMO powers synthesized by sol-gel combustion method at 700°C for 7h. a) 

x = 0, b) x = 0.2, c) x = 0.4, d) x = 0.6, e) x = 0.8, f) x = 1.0. 

SEM characterized the morphological features. It can be seen that all samples are porous 

material. Porous materials are beneficial to CO2 adsorption and promote surface 

reactions. For LCMO, when x=0, 0.8, 1, the particle size is relatively uneven, and there are 

many aggregations. When Co=0.2, 0.4, 0.6, the particle size gradually becomes uniform 

with less agglomeration, the porosity increases correspondingly, and the pores between 

particles are connected to each other. It can be clearly seen that x=0.6 shows the best 

morphology, and the overall distribution of x=0.6 is the pore structure formed by the 

connection of particles, which is conducive to the storage and transmission of reaction 

products in the catalytic reaction. LMNO and LNCO have similar laws; we will not list 

them here. 

 

 

 

 

 

 

 



Table S1. The BET analysis and CH4 yield of LCMO, LMNO and LNCO (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0)

Sample Surface area (BET) m2/g Pore size (nm) CH4 yield(umol/g) 

LaCoO3 21.99 17.651 130.65 

LaCo0.2Mn0.8O3 9.12 18.39 349.87 

LaCo0.4Mn0.6O3 22.82 23.43 471.90 

LaCo0.6Mn0.4O3 19.51 27.43 510.68 

LaCo0.8Mn0.2O3 10.80 20.38 250.96 

LaMnO3 21.99 17.65 340.49 

LaMn0.2Ni0.8O3 10.56 18.39 342.31 

LaMn0.4Ni0.6O3 15.57 23.43 429.59 

LaMn0.6Ni0.4O3 21.60 27.43 573.26 

LaMn0.8Ni0.2O3 22.22 20.38 291.55 

LaNiO3 4.11 30.38 107.80 

LaNi0.2Co0.8O3 10.06 30.42 187.43 

LaNi0.4Co0.6O3 13.40 23.27 164.17 

LaNi0.6Co0.4O3 6.51 36.90 358.52 

LaNi0.8Co0.2O3 2.66 34.75 348.91 

Table S1 shows the specific surface area, pore diameter and CH4 yield of LCMO, 

LMNO and LNCO catalysts. The specific surface area at 4.11~22.82 m2/g can be 

considered a porous material. It can be seen from table S1 that the pore size changes 

with the doping value, but there is no consistent trend among different materials. 

Compared to pure LaNiO3, LaCoO3 and LaMnO3, the influence of doping on the 

specific surface area has no particular law. However, for the most part, doping can 

effectively increase the specific surface area of the catalyst. From the catalytic results, 

the specific surface area does not correspond to the catalytic activity of the catalyst, 

so it can be said that the specific surface area cannot be used as a primary factor to 

judge the catalytic activity. 



 

Figure S4. UV-vis diffuse reflectance spectra of the LCMO powders (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) 

In the LCMO UV-diffuse reflectance spectrum, it can be seen that the compounds show 

strong absorption in the wavelength range of 200-800nm, which means that the catalyst 

has a strong response from UV to visible light. In other words, the catalysts have a solid 

response to visible light, representing that visible light can ultimately drive 

photocatalytic reactions. The same is true of the other two series (LMNO, LNCO) 

 

 

Figure S5. The energy gap of the LCMO powders (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) 

To estimate the catalysts' optical band gap (Eg), the Tauc equation was used to fit Eg of 

the catalysts. Fig. S5 shows the Eg of LCMO powders. As far as we know, Eg not only 



determines the choice of the photo-responsive region but also reflects the mobility of 

electrons from the valence to the conduction band. Lower Eg can absorb visible light 

more effectively and facilitate the separation of electrons-holes pairs from the valence to 

the conduction band, potentially improving the photocatalytic performance. Obviously, 

B-doping can effectively reduce Eg.

Table S2. The Eg, CB, VB and CH4 yield of LCMO, LMNO and LNCO (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) 

The CB was fitted by the mott-Schottky diagram (Figure S6), and the Eg value was 

obtained by DRS spectral. The VB value can also be calculated through the formula ECB = 

EVB- Eg. Tab. S2 showed the Eg, CB and VB values of all B-doped solid solution catalysts, 

which indicated that B-doped catalysts had lower Eg than those of the pure 

catalysts. From the catalytic results, the value of Eg does not correspond to the 

catalytic activity. This conclusion is similar to the results of BET. It can be concluded that 

there is a specific relationship between the Eg and the catalytic activity. 

Figure S6. Mott–Schottky plots of LaNi0.4Mn0.6O3, LaCo0.6Mn0.4O3, LaNi0.6Co0.4O3 

Sample Eg (eV) CB VB CH4 yield(umol/g) 

LaCoO3 1.86 -0.31 1.55 130.65 

LaCo0.2Mn0.8O3 1.68 -0.28 1.40 349.87 

LaCo0.4Mn0.6O3 1.77 -0.26 1.51 471.90 

LaCo0.6Mn0.4O3 1.38 -0.30 1.08 510.68 

LaCo0.8Mn0.2O3 1.81 -0.27 1.54 250.96 

LaMnO3 1.83 -0.24 1.59 340.49 

LaMn0.2Ni0.8O3 1.79 -0.27 1.52 342.31 

LaMn0.4Ni0.6O3 1.82 -0.28 1.54 429.59 

LaMn0.6Ni0.4O3 1.50 -0.24 1.26 573.26 

LaMn0.8Ni0.2O3 1.52 -0.24 1.28 291.55 

LaNiO3 1.78 -0.27 1.51 107.80 

LaNi0.2Co0.8O3 1.48 -0.25 1.23 187.43 

LaNi0.4Co0.6O3 1.42 -0.24 1.18 164.17 

LaNi0.6Co0.4O3 1.45 -0.25 1.20 358.52 

LaNi0.8Co0.2O3 1.69 -0.26 1.13 348.91 



 

Figure S7. The XPS spectra of (a) Co 2p, (b) Mn 2p, (c) Ni 2p, (d) O 1s of LCMO and LNCO 

As shown in Fig. S7, the chemical valence and surface morphology of the elements in 

LCMO, LMNO and LNCO catalysts were analyzed by XPS. The results show that the 

elements contained La, Co, Mn, Ni, O and C in all samples, and no peaks of other 

elements appear. The binding energy in the spectrum proves that there are at least two 

oxidation states of ions. As shown in the Fig. S7a, Co exists in two oxidation states, Co2+ 

and Co3+. High binding energy corresponds to Co3+, and low binding energy corresponds 

to Co2+. Similarly, two major peaks corresponding to Mn 2p 3/2 and Mn 2p 1/2 were 

observed at 641.8 and 653.5eV, respectively (Fig. S7b). The strength of peak Mn4+ 

increased with the doping ratio, while the Mn3+ showed an opposite trend to balance the 

charge. Because the binding energy of the Ni 2p 3/2 peak is almost the same as that of the 

satellite peak of La 3d 3/2 in LNCO, these peaks overlap, analyzing Ni ion valences 

difficult (Fig. S7c). Oxygen has three oxidation states: lattice oxygen, surface oxygen and 

adsorbed oxygen (Fig. S5d). The surface oxygen increased with the different doping 

ratios, which indicates that doping can effectively improve the adsorption capacity of 

reactants. 

 

 

 



 

Figure S8. Two exponential decay function and fitting curve of LaCo0.6Mn0.4O3 

 

 

 

 



 

 

Figure S9. The error of lifetime of LCMO, LMNO and LNCO 

 

 


