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Supplementary Results

Fig. S1 FE-SEM images of the Rh/BNHCS catalyst at different magnifications.
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Fig. S2 TEM images of the Rh/BNHCS catalyst at different magnifications.

Fig. S3 (a-b) TEM images and (c) corresponding Rh size distribution of the Rh/HCS catalyst.



Fig. S4 CV curves of (a) Rh (20%)/BNHCS, (b) Rh (20%)/HCS, (c) Rh (20%)/RGO, (d) Rh 

(20%)/CNT, and (e) Rh (20%)/C electrodes in 1 M KOH solution. 

Fig. S5 CV curves of the (a) Rh(5%)/BNHCS, (b) Rh(10%)/BNHCS, (c) Rh(20%)/BNHCS, (d) 

Rh(40%)/BNHCS catalysts with different scanning rates. 



Fig. S6 CV curves of the (a) Rh(20%)/HCS, (b) Rh(20%)/RGO, (c) Rh(20%)/CNT, and (d) 

Rh(20%)/C catalysts with different scanning rates.



Fig. S7 Continuous CV curves of the (a) Rh(20%)/HCS, (b) Rh(20%)/RGO, (c) Rh(20%)CNT and 

(f) Rh(20%)/C catalysts in 1 M KOH with 1 M CH3OH solution. 



Fig. S8 The relaxed atomic structures for the adsorption of CO molecule on (a) Rh/HCS and (b) 

Rh/BNHCS. The gray and red balls represent C and O atoms, respectively. 

Table S1. Comparison of catalytic performance of diverse electrocatalysts.

Catalysts
ECSA

(m2·g-1)
Mass activity 

(mA·mg-1)
Specific activity 

(mA·cm-2)
Scan rate
(mV s-1)

Electrolyte

Rh(5%)/BNHCS 62.9 630.9 1.00 50
1 M KOH + 
1 M CH3OH

Rh(10%)/BNHCS 77.7 803.8 1.04 50
1 M KOH + 
1 M CH3OH

Rh(20%)/BNHCS 113.4 1362.9 1.20 50
1 M KOH + 
1 M CH3OH

Rh(40%)/BNHCS 97.7 1051.4 1.08 50
1 M KOH + 
1 M CH3OH

Rh(20%)/HCS 79.6 643.5 0.81 50
1 M KOH + 
1 M CH3OH

Rh(20%)/RGO 57.9 450.1 0.78 50
1 M KOH + 
1 M CH3OH

Rh(20%)/CNT 51.4 330.7 0.64 50
1 M KOH + 
1 M CH3OH

Rh(20%)/C 51.2 237.5 0.53 50
1 M KOH + 
1 M CH3OH

Pt(20%)/C 27.6 182.1 0.61 50
1 M KOH + 
1 M CH3OH

Pb(20%)/C 41.5 240.3 0.58 50
1 M KOH + 
1 M CH3OH



Table S2. Comparison of methanol oxidation behaviors for the Rh(20%)/BNHCS catalyst with 

various state-of-the-art Rh-based electrocatalysts.

Catalysts
ECSA

(m2 g-1)
Mass activity

(mA mg-1)
Scan rate
(mV s-1)

Electrolyte Reference

Rh(20%)/BNHCS 113.4 1362.9 50 1 M KOH + 
1 M CH3OH

This work

Rh/CNT-MXene 89.4 911.0 50 1 M KOH + 
1 M CH3OH

[S1]

Rh/CNT-RGO 105.4 814.0 50 1 M KOH + 
1 M CH3OH

[S2]

Rh/SWCNH 102.5 784.0 50 1 M KOH + 
1 M CH3OH

[S3]

Rh/Ti3C2Tx 71.6 600.2 50 1 M KOH + 
1 M CH3OH

[S4]

Rh nanospheres 50.7 292.0 50 1 M KOH + 
1 M CH3OH

[S5]

Rh nanosheets 45.5 333.0 50 1 M KOH + 
1 M CH3OH

[S6]

Rh nanotubes 60.9 325.0 50 1 M KOH + 
1 M CH3OH

[S7]

Rh nanodendrites 43.4 256.0 50 1 M KOH + 
1 M CH3OH

[S8]

Table S3. The charge-transfer resistances (Rct) of different catalysts.

Catalysts Rct value (Ω) Error (%)

Rh/BNHCS 42.4 4.5

RH/HCS 25.7 4.3

Rh/C 350.0 3.0



References

[S1] Y. Wang, X. Yang, Y. Zhang, C. Zhang, L. Yang, Q. Jiang, H. He, G. Ying, and H. Huang, 

Mater. Today Energy, 2024, 40, 101495.

[S2] Y. Xue, J. Xiong, H. Zhang, H. He, and H. Huang, Catal. Sci. Technol., 2022, 12, 6016-6023.

[S3] X. Guo, Q. Zhang, Y. Li, Y. Chen, L. Yang, H. He, X. Xu, and H. Huang, Rare Met., 2022, 41, 

2108-2117.

[S4] J. Qin, H. Huang, Y. Xie, S. Pan, Y. Chen, L. Yang, Q. Jiang, and H. He, Ceram Int., 2022, 48, 

15327-15333.

[S5] Y. Kang, Q. Xue, Y. Zhao, X. Li, P. Jin, and Y. Chen, Small, 2018, 14, 1801239.

[S6] J. Zhu, S. Chen, Q. Xue, F. Li, H. Yao, L. Xu, and Y. Chen, Appl. Catal. B, 2020, 264, 118520.

[S7] S. Wang, S. Liu, Z. Wang, Z. Dai, H. Yu, Y. Xu, X. Li, L. Wang, and H. Wang, J. Mater. Chem. 

A, 2021, 9, 4744-4750.

[S8] Y. Kang, F. Li, S. Li, P. Ji, J. Zeng, J. Jiang, and Y. Chen, Nano Res., 2016, 9, 3893-3902.


