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Computational methods 

Within the framework of density functional theory (DFT), all first-principles 

calculations are conducted using the Vienna Ab initio Simulation Package (VASP)1. 

The exchange-correlation functional adopts the generalized gradient approximation 

(GGA) of Perdew-Burke-Ernzerhof (PBE) form2, and the nuclear-electron interaction 

is described by the projected augmented wave (PAW) pseudopotential3.The kinetic cut-

off energy is set at 450 eV. During all the calculations, the energy convergence criterion 

is specified as 10-5 eV, and the force convergence criterion is set at 0.05 eV/Å. In 

addition, the spin interaction is also considered for each system. The van der Waals 

interaction is described by the DFT-D3 functional4, and a vacuum layer of more than 
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15 Å is included in each system to avoid periodic interactions along the z-direction. The 

k-point mesh for the general models is sampled with a separation of 0.02 Å-1. Each 

configuration undergoes full relaxation until meeting the established convergence 

criteria. The binding energies are calculated using the following formula5: 

𝐸𝑏 = 𝐸𝑠𝑙𝑎𝑏+𝑀 − 𝐸𝑠𝑙𝑎𝑏 − 𝐸𝑀 

where Eb is the binding energy of the adsorbed process, Eslab+M stands for the total 

energy of the slab with the adsorbed Na2Sn, Eslab indicates the energy of slab models, 

and EM denotes the energy of Na2Sn. The Gibbs free energy (ΔG) calculations utilized 

the following formula5: 

∆𝐺 = 𝐸𝑏 + ∆𝐸𝑍𝑃𝐸 − 𝑇∆𝑆 

where the temperature (T) is 298.15 K, while ΔEZPE and TΔS denote the zero point 

energy difference and entropy difference between the gas phase and the adsorbed phase, 

respectively. 

 

 

Fig. S1 SEM images of (a) Ti3AlC2 MAX and (b) Few-layer Ti3C2Tx MXene. (c) 

Magnified SEM image. 
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Fig. S2 SEM images of (a) CoFe-PBA and (b) C/CoFe alloy. (c) Magnified SEM 

image. (d) TEM image. 

 

 

Fig. S3 SEM image and corresponding elemental mapping of few-layer Ti3C2Tx 

MXene. 

 

 

Fig. S4 SEM image and corresponding elemental mapping results of C/CoFe alloy. 
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Fig. S5 XRD patterns of MAX, CoFe-PBA and CoFePBA-MXene. 

 

 

Fig. S6 Raman spectra of MXene, C/CoFe and C/CoFe-MXene. 
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Fig. S7 (a) N2 adsorption-desorption isotherms and (b) pore width distribution curves 

of MXene, C/CoFe and C/CoFe-MXene. 

 

 

Fig. S8 High resolution XPS spectra of (a) Co 2p, (b) Fe 2p and (c) Ti 2p. 

 

 

Fig. S9 High resolution XPS spectra of (a) Co 2p and (b) Fe 2p on C/CoFe before and 

after adsorption. 
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Fig. S10 High resolution XPS spectra of Ti 2p on (a) C/CoFe-MXene, (b) MXene 

before and after adsorption. 

 

 

Fig. S11 The symmetric cell with (a) C/CoFe-MXene, (b) C/CoFe and (c) MXene 

electrodes at scan rates from 1.0 to 10 mV s-1. 

 

 

Fig. S12 The first five CV curves of the cell with (a) C/CoFe and (b) MXene 

electrodes. 
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Fig. S13 The galvanostatic charge/discharge profiles of the cells with (a) C/CoFe and 

(b) MXene electrodes at different rates. 

 

 

 

Fig. S14 The cycle performance of the C/CoFe-MXene cathode with different sulfur 

loading at 1C. 
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Fig. S15 (a) XRD pattern of C/CoFe-MXene, C/CoFe and MXene electrodes after 

cycling. (b) SEM images and TEM images (inset) of C/CoFe-MXene after cycling. 

High resolution (c) Co 2p, (d) Fe 2p XPS spectrum after cycling. 

 

Firstly, the comparison between cycled MXene and C/CoFe-MXene was conducted. 

The (002) XRD peak of MXene almost vanished after cycling, implying its great 

degradation of MXene (Fig. S15a). By contrast, the (002) MXene peak of C/CoFe-

MXene nanocomposites only turns broader and the peak position did not change 

significantly, which indicates the good retention of MXene and its robust interlayer 

path. These results prove that the incorporated C/CoFe alloy serves as a pillar to prevent 

MXene from restacking during the long-term cycling and is favorable to the structure 

stability of C/CoFe-MXene. The cycled C/CoFe and C/CoFe-MXene were then 

compared. XRD results (Fig. S15a) show that both samples well retain CoFe alloy 

phase after their cycling and there are no big differences in their XPS results (Fig. S15c-

d). It means that the C/CoFe alloy catalyst is relatively stable during cycling. The 
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C/CoFe-MXene nanocomposite exhibits a better electrochemical performance than 

C/CoFe alloy. Thus, one can conclude that MXene is beneficial to the dispersion of the 

C/CoFe alloy, which makes the C/CoFe alloy catalyzes and adsorbs NaPSs more 

uniformly and efficiently. 

 

 

Fig. S16 In situ EIS plots of cells with (a) C/CoFe and (b) MXene electrodes at 

different states 
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Fig. S17 The optimized atomic configuration of (a) CoFe-MXene, (b) CoFe and (c) 

MXene. 

 

Fig. S18 The optimized adsorption configuration (side view) of (a) CoFe-MXene, (b) 

CoFe and (c) MXene. 
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Fig. S19 The optimized adsorption configuration (top view) of (a) CoFe and (b) 

MXene. 
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Table S1. Comparison of C/CoFe-MXene with some related work for RT Na-S 

batteries 

 

 

Table S2. Adsorption energies of NaPSs on different samples 
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