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Figure S1. Characterization of the prepared carbon quantum dots (CQDs). (a) TEM, (b) XPS, 

and (c) C1s spectrum of the CQDs. In the XPS spectrum, peaks at binding energy of 295.92, 

521.33 and 981.21 eV corresponding to the C 1s, O1s and O KLL, respectively. In C 1s XPS 

spectrum, C-C bond located at the binding energy of 283.92 eV. The C-O and C=O functional 

groups marked at 285.14 and 288.29 eV are related to the surface functionalization of CQDs.



Figure S2. (a) SEM image, (b) EDS mapping and (c) TEM image of the bubble-like structures on 

the prepared P-doped porous carbon nanosheets confined Te nanocrystals (PCCT). From the SEM 

image in Figure S2a, bubble-like structures with some breakage could be found. The EDS 

mapping result in Figure S2b showed the uniform distribution of C, Te, and P elements in the 

prepared sample. In the TEM image in Figure S2c, the yellow arrow pointed places corresponded 

to the bubble-like structures.

     



Figure S3. (a) N2 adsorption and desorption isotherms and (b) BJH pore size distributions of the 

prepared P-doped porous carbon nanosheets confined Te nanocrystals (PCCT).



Figure S4. P 2p XPS spectral of the prepared PCCT. The peaks located at binding energy of 

131.8 and 132.6 corresponding to P-C. Peaks at 134.5 and 135.7 eV represent P-O-C and P-O, 

respectively. This result demonstrates the P doping of the prepared PCCT product.



Figure S5. Raman spectrum of the prepared PCCT sample. Raman shifts at 1375 and 1879 cm-1 
match with the D-band and G-band of carbon, respectively.



Figure S6. CV curves of PCCT cathode and Ni foam current collector at 10 mV s-1 in 2 M KOH. 

The comparison shows the negligible capacity contribution of the current collector.



Figure S7. The Te 3d XPS spectral of the charged PCCT cathode material. After charging, the Te 

3d5/2 and Te 3d3/2 signals shift to the binding energy of 576.01 and 586.48 eV, which matched well 

with the Te (IV). 



Figure S8. The energy and coulombic efficiency of the PCCT cathode at different current 

densities. Energy efficiencies at 1, 2, 3, 5 and 10 A g-1 are 0.76, 0.72, 0.66, 0.59 and 0.50, 

respectively. Coulombic efficiency at all current densities are all higher than 98%.



Figure S9. The (a) SEM image, (b) HRTEM image, (c) XPS spectrum, and (d) Te 3d XPS 

spectrum of the electrode materials after 10000 cycles. From the SEM image in S9a, nanosheet 

structures could still be found after cycling, suggesting the high robustness of the prepared 

electrode material. From the HRTEM image in S9b, clear lattice structure of Te nanocrystals (red 

cycles) and the amorphous structure of the carbon matrix (yellow arrow) could be found. In the 

XPS spectrum of the electrode material (Figure S9c), peaks from PTFE binder (F 2s, C 1s, F 1s, F 

KLL), conducting carbon black (C 1S, O 1s), and the prepared PCCT (P 2p, C 1s, O 1s, Te 3d) 

could be found. The Te 3d XPS spectrum in Figure S9d further revealed the zero valence of Te. 

These results demonstrated the high structure stability of the PCCT electrode material, as well as 

the highly stable Te/Te (IV) electrode process.



Figure S10. Electrochemical properties of the prepared PCCT as anode materials. (a) CV curves 

at various scan rates. (b) GCD curves at 1, 2, 3, 5 and 10 A g-1. (c) Specific capacities at different 

current desities. (d) Cycling performance of the PCCT anode at a current density of 2 A g-1 for 

10000 cycles, no obvious capacity decay can be found, and the coulombic efficiency stayed above 

98% during the whole cycling.



Figure S11. The Coulombic efficiencies of the assembled BSH system at different 
current densities. The efficiencies are all above 98%, revealing the high reversibility 
of the system.



Figure S12. The leakage current curve of the assembled BSH aqueous system 
charged at 5 mA to a floating voltage of 1.6 V and kept at 1.6 V for 1 h. The leakage 

current is 19.3μA.



Figure S13. Contribution of capacitive-controlled capacity at different scan rates for the BSH 

device. As the increase of scan rates, the capacitive capacity with fast electrode kinetics becomes 

dominant, which explains the high rate capability and the capacity decrease at high scan rates of 

the device.    



Table S1. Detail comparison of the hybrid device based on the prepared P-doped porous carbon 

nanosheets confined Te nanocrystals (PCCT) as both cathode and anode with the reported 

symmetric and asymmetric supercapacitors. 

References

[56] L. J. Li, G. L. Wang, T. Wei, Z. J. Fan, P. Yan, Nano Energy 2016, 19, 165.

[57] N. Mao, H. L. Wang, Y. Sui, Y. P. Cui, J. Pokrzywinski, J, Shi, W. Liu, S. G. Chen, X. Wang, 

D. Mitlin, Nano Res. 2017, 10, 1767.

[58] S. K. Hussain, G. Nagaraju, S. C. Sekhar, J. S. Yu, Energy Storage Mater. 2020, 27, 405.

[59] S. H. Kazemi, B. Hosseinzadeh, H. Kazemi, M. A. Kiani, S. Hajati, ACS Appl. Mater. 

Interfaces 2018, 10, 23063.



[60] Y. V. Kaneti, R. R. Salunkhe, N. L. W. Septiani, C. Young, X. Jiang, Y. B. He, Y. M. Kang, 

Y. Sugahara, Y. Yamauchi, J. Mater. Chem. A 2018, 6, 5971.

[61] C. Lai, Y. Sun, X. Zhang, H. Yang, B. Lin, Nanoscale 2018, 10, 17293.

[62] W. Liu, M. Ulaganathan, I. Abdelwahab, X. Luo, Z. Chen, S. J. R. Tan, X. Wang, Y. Liu, D. 

Geng, Y. Bao, J. Chen, K. P. Loh, ACS Nano 2018, 12, 852.

[63] Y. Tang, S. Chen, T. Chen, W. Guo, Y. Li, S. Mu, S. Yu, Y. Zhao, F. Wen, F. Gao, J. Mater. 

Chem. A 2017, 5, 3923.

[64] Z. Wang, J. Gu, S. Li, G. C. Zhang, J. Zhong, X. Fan, D. Yuan, S. Tang, D. Xiao, ACS 

Sustainable Chem. Eng. 2019, 7, 258.

[65] Q. Q. He, H. Y. Wang, N. Lun, Y. X. Qi, J. R. Liu, J. K. Feng, J. Qiu, Y. J. Bai, ACS 

Sustainable Chem. Eng. 2018, 6, 15688.

[66] M. Liang, M. Zhao, H. Wang, J. Shen, X. Song, J. Mater. Chem. A 2018, 6, 2482.

[67] X. Li, H. Wu, A. M. Elshahawy, L. Wang, S. J. Pennycook, C. Guan, J. Wang, Adv. Funct. 

Mater. 2018, 28, 1800036.


