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S.1 Rate performance of Mo6S8 cathode in high voltage and low voltage regime 

In order to show the rate performance of CP Mo6S8 cathode, we re-plotted the data from 

Figure 3b in Ref. S1 (ref. 27 in the main manuscript), which reported the capacity of nanosized 

CP as a function of cycling rate (C rate). As shown in Figure S1, it is apparent that the CP 

cathode exhibited better rate capability in low voltage regime in terms of both capacity retention, 

defined as the capacity normalized by that at 0.1 C rate and capacity decay, defined as the 

decreased capacity compared to that at 0.1 C rate.   

 

Figure S1. Rate performance of CP Mo6S8 cathode in high voltage (blue) and low voltage (red) 

regimes. Data is re-plotted from reference S1. 

  



 

 

S3 

 

S.2 AIMD trajectory of Mg at different compositions  

Figure S2 shows the trajectory of Mg atoms in AIMD simulation at two different 

compositions. At low Mg concentration only a few hopping events were observed. The trajectory 

did not percolate the lattice. In sharp contrast, at high concentration a percolating trajectory was 

observed. 

 

Figure S2. Trajectory of Mg in AIMD simulations. The blue lines show the 3a sublattice in CP 

structure. For simplicity Mo and S atoms are omitted. The snapshots were taken every 160 fs or 

40 MD steps for (a) and 400 fs or 100 MD steps for (b). 

  



 

 

S4 

 

S.3 Site preference in high voltage regime  

The CP structure contains several interstitial sites for the insertion of Mg. To examine the site 

preference, we calculated the energy difference at the composition of Mg0.33Mo6S8 and 

Mg1Mo6S8.  For Mg0.33Mo6S8, one Mg was initiated at inner site, outer site, 3a and 9d positions 

in the supercell of Mg1Mo18S24. For Mg1Mo6S8, three Mg was initiated at inner site, 3a and 9d 

positions in the supercell of Mg3Mo18S24. Because of the large number of possible configurations 

the occupancy of outer site at Mg1Mo6S8 was not analyzed. Table S1 reported the relative energy 

for different interstitial sites. For both compositions we found that the inner site is the most 

stable, in good agreement with previous experimental studies.
S2

 

Table S1. Relative energy of MgxMo6S8 (unit: eV) at x=0.33 and x=1. 

 inner site outer site 3a 9d 

Mg0.33Mo6S8 0 0.095 0.670 0.545 

Mg1Mo6S8 0 - 0.887 1.033 
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S.4 Vibrational frequencies of Mg at 9d site  

To examine whether 9d site is a saddle point or a local minimum at low Mg 

concentrations, we calculated the vibrational frequency of Mg atoms. In our calculation, one Mg 

atom was initiated at 9d site and the geometry was optimized by allowing all atoms to relax. Due 

to symmetric confinement that Mg atom stayed at 9d after relaxation. Afterwards, the positions 

for all other atoms were fixed and a small displacement was added to that Mg atom. The 

vibrational frequency was calculated under harmonic approximation. Table S2 shows the 

frequency for two compositions. In both cases we found an imaginary frequency and two real 

frequencies, demonstrating 9d is indeed a saddle point. For comparison, Table S2 also shows the 

frequencies for Mg at inner site, where all frequencies are real.  

The calculated frequencies allow us to estimate the hopping rate as 
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where fi and fj is the real vibrational frequency at inner site and transition state, respectively. 

With Equation S1 the pre-exponential part was calculated to be 2.2×10
12

 s
-1

 and 2.6×10
12

 s
-1

 at 

the composition of Mg0.0833Mo6S8 and Mg0.9167Mo6S8, respectively. We used the average value of 

2.4×10
12

 s
-1 

to estimate the diffusivity using Equation 8 in the main manuscript. 

Table S2. Vibrational frequencies (unit: ×10
12 

Hertz) of Mg in CP. The unit i indicates 

imaginary frequency. 

  f1 f2 f3 

9d Mg0.0833Mo6S8 13.58 4.92 1.34i 

Mg0.9167Mo6S8 12.27 5.09 1.13i 

Inner site Mg0.0833Mo6S8 7.71 5.94 3.20 

Mg0.9167Mo6S8 8.84 6.17 3.01 
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S.5 Influences of occupying different inner sites 

Mg insertion in CP cathode generates partially occupied inner sites. Hence the 

configurational degree of freedom includes two parts: the filling at 3a lattice and the occupation 

of inner sites around 3a position. To investigate the influence of the latter part, we explicitly 

calculated the energy of Mg1Mo6S8 with different orderings of three Mg atoms occupying 18 

inner sites in a single unit cell. In this case 3a lattice is completely filled and the energy 

difference is only caused by the ordering of occupied inner sites. A total of 36 distinct 

configurations were calculated and the histogram of DFT energy is shown in Figure S3. Clearly, 

the energetic difference caused by the ordering of inner sites is slightly less than the thermal 

energy (26 meV at 300 K). Hence we conclude that the ordering of Mg/vacancy can be 

simplified as the filling pattern at 3a lattice while ignoring the different occupation at inner sites. 

 

Figure S3. Histogram of DFT energy for Mg1Mo6S8. 
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S.6 Convex hull of Mg insertion from Mg0Mo6S8 to Mg1Mo6S8 

We applied the convex hull method to generate the ground states for Mg insertion from 

Mg0Mo6S8 to Mg1Mo6S8. In the convex hull method, the energies for a group of distinct 

configurations were calculated and the convex hull was created by creating the relative energy 

profile as a function of Mg concentration. The relative energy was obtained using 

� = �� − (1 − �)�� − ���       (S2) 

where Ex, E0 and E1 is the DFT energy for MgxMo6S8, Mg0Mo6S8 and Mg1Mo6S8, respectively. 

For Mg1Mo6S8 we used the lowest energy from Figure S3 as the reference state in calculation. 

Figure S4 shows the ground states identified in current work. A total of 92 configurations 

were calculated. Besides Mg0Mo6S8 and Mg1Mo6S8, three more ground states are found at 

x=0.33, 0.5 and 0.67. Analyzing the filling of 3a lattice at the ground states and during AIMD 

simulation gives the intercalation pathway as shown in Figure 5b in the main manuscript. 

  

Figure S4. Convex hull of Mg insertion from Mg0Mo6S8 to Mg1Mo6S8. 
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Figure S5 shows the predicted voltage profile considering the intermediates states 

between x=0 and x=1. The voltages were calculated with only the formation energies without 

considering the entropy contribution. We observe a drop of 0.17 V at x=0.333. From x=0.333 to 

x=1, the predicted voltage showed small variation of 0.04 V. The experimental voltage profile 

from reference S1 showed a plateau from x=0 to ~x=0.5 and then dropped to the low voltage 

regime. Considering typical DFT error for the voltage prediction is around 0.1-0.2 V, we 

consider our prediction at least qualitatively agreed with the experiments. A detailed 

experimental study will provide more conclusive evidence about the phase behavior at room 

temperatures as being discussed in the manuscript. 

 

Figure S5. Predicted voltage profile (red) and average voltage (black) from Mg0Mo6S8 to 

Mg1Mo6S8.  
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