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Fig. S1. The possible substituting sites for Mo, marked as “1, 2, 3, 4” for the T phase with 

periodically repeating (2×1×1) supercell A and H phase unit cell B, respectively. For the T-

Nb2O5 phase, “1” configuration is lower than “2”, “3”, “4” site models by 0.06, 0.13 and 0.33 

eV, respectively. For the H-Nb2O5 phase, “1” site owns the lowest energy among others by 0.7 

eV for “2” and “3” site, by 0.74 eV for “4” locations. 

  



Fig. S2. The possible configurations with ratios of Mo/Nb of 0.032 A 0.067 B and 0.010 C in 

the T phase; with ratios of Mo/Nb of 0.040 D, 0.077 E and 0.120 F in the H phase. Light blue, 

blue, and red balls indicate Nb, Mo, and O atoms, respectively. 

  



Fig. S3. A, XRD pattern of α-MoO3, and B, charge/discharge curves of α-MoO3//Li half cell. 

  



 

Fig. S4. XRD patterns for A, T-Nb2O5, B, Nb1Mo0.02O2.56, C, Nb1Mo0.05O2.65, D, Nb1Mo0.10O2.80, 

E, Nb1Mo0.15O2.95, F, Nb1Mo0.25O3.25 and G, H-Nb2O5. 

  

A B 

C D 

E F 

G 

10 20 30 40 50 60 70 80

T-Nb
2
O

5

In
te

n
s
it
y
 (

a
.u

.)

2-Theta (degree)

 

 

10 20 30 40 50 60 70 80

Nb
1
Mo

0.02
O

2.56

2-Theta (degree)

In
te

n
s
it
y
 (

a
.u

.)
 

 

10 20 30 40 50 60 70 80

Nb
1
Mo

0.05
O

2.65

In
te

n
s
it
y
 (

a
.u

.)

2-Theta (degree)
10 20 30 40 50 60 70 80

Nb
1
Mo

0.1
O

2.8

In
te

n
s
it
y
 (

a
.u

.)

2-Theta (degree)

10 20 30 40 50 60 70 80

Nb
1
Mo

0.15
O

2.95

In
te

n
s
it
y
 (

a
.u

.)

2-Theta (degree)
10 20 30 40 50 60 70 80

Nb
1
Mo

0.25
O

3.25

In
te

n
s
it
y
 (

a
.u

.)

2-Theta (degree)

10 20 30 40 50 60 70 80

H-Nb
2
O

5

In
te

n
s
it
y
 (

a
.u

.)

2-Theta (degree)



 

 

Fig. S5. SEM images of A, T-Nb2O5, B, H-Nb2O5, C, α-MoO3, D, Nb1Mo0.02O2.56, E, 

Nb1Mo0.05O2.65, F, Nb1Mo0.15O2.95, and G, Nb1Mo0.25O3.25. 

  



 

 

Fig. S6. EDX of as-prepared A, Nb2O5, B, Nb1Mo0.02O2.56, C, Nb1Mo0.05O2.65, D, Nb1Mo0.15O2.95, 

E, Nb1Mo0.25O3.25, and F, MoO3. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S7. XPS spectra of Nb2O5, Nb1Mo0.02O2.56, Nb1Mo0.05O2.65, Nb1Mo0.15O2.95, Nb1Mo0.25O3.25, 

and MoO3. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S8. TEM images of A-B, T- Nb2O5 and C-D, H-Nb2O5. 

  



Fig. S9. BET results of A, Nb1Mo0.1O2.8, B, T- Nb2O5 and C, H-Nb2O5. 

  



Fig. S10. The neutron powder diffraction patterns of A, H-Nb2O5 and B, T-Nb2O5. 

  



Fig. S11. A, CVs of T-Nb2O5, Nb1Mo0.02O2.56, Nb1Mo0.05O2.65, Nb1Mo0.1O2.8, Nb1Mo0.15O2.95, 

Nb1Mo0.25O3.25. B, CVs of α-MoO3 and H-Nb2O5. 

  



 

Fig. S12. The corresponding dQ/dV plots of Nb2O5 and Mo mixed Nb2O5 compounds. 

  



Fig. S13. First four-scan CVs of A, Nb1Mo0.1O2.8, B, H- Nb2O5 and C, T-Nb2O5. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S14. Rate performance of Nb1Mo0.02O2.56, Nb1Mo0.05O2.65, Nb1Mo0.1O2.8, Nb1Mo0.15O2.95, 

and Nb1Mo0.25O3.25. 

  



Fig. S15. Ex situ XPS spectra for A, Nb 3d and B, Mo 3d of Nb1Mo0.1O2.8. 

  



Fig. S16. CVs for A, Nb1Mo0.1O2.8, B, H- Nb2O5 and C, T-Nb2O5. b value for D, Nb1Mo0.1O2.8, 

E, H- Nb2O5 and F, T-Nb2O5.  

  



 

Fig. S17. In situ XRD test of T-Nb2O5 to demonstrate the structural evolution upon 

(de)lithiation process recorded accompanied by the cyclic voltammetry measurement at 0.1 mV 

s-1. The lattice spacing change of the (001) plane during the in situ XRD measurement. 

 

  



 

 

Fig. S18. Structure of lithiated H-Nb2O5 along edge-shared NbO6 octahedron linked by NbO4 

tetrahedron after geometry optimization. The 14 embedded Li atoms in the mentioned above 

configuration are labeled, and divided into three regions, marked as “①, ②, ③”. Green, red, and 

purple indicates Nb, O, and Li atom, respectively. 

  



Fig. S19. A, Local bonding structure of an implanting Li atom and its neighboring atomic 

coordination in region “①”. The bridging coordination between Li atom and O2e is highlighted with 

purple dashed lines. B, Local bonding structure viewed from the y-axis. The Li bridged O2e is 

marked with a purple dashed circle. Green, red, and purple represents Nb, O, and Li atom, 

respectively. 

  



Fig. S20. A, Local bonding structure of an implanting Li atom and its neighboring atomic 

coordination in region “②”. The bridging coordination between Li atom and O2e is highlighted with 

purple dashed lines. B, Local bonding structure viewed from the y-axis. The Li bridged O2e is 

marked with a purple dashed circle. Green, red, and purple represents Nb, O, and Li atom, 

respectively. 

  



Fig. S21. A, Local bonding structure of an implanting Li atom and its neighboring atomic 

coordination in region “③”. The bridging coordination between Li atom and O2e is highlighted with 

purple dashed lines. B, Local bonding structure viewed from the y-axis. The Li bridged O2e is 

marked with a purple dashed circle. Green, red, and purple represents Nb, O, and Li atom, 

respectively.  

  



Fig. S22. A, Local bonding structure of an implanting Li atom and its neighboring atomic 

coordination in region “③”. The bridging coordination between Li atom and O2e is highlighted with 

purple dashed lines. B, Local bonding structure viewed from the y-axis. The Li bridged O2e is 

marked with a purple dashed circle. Green, red, and purple represents Nb, O, and Li atom, 

respectively.  

 

  



Fig. S23. GITT tests for A, Nb1Mo0.1O2.8, B, H-Nb2O5, and C, T-Nb2O5. 

  



 

Fig. S24. The corresponding relation between the peak current and scan rate of T-and H-Nb2O5 

and Nb1Mo0.1O2.8 compounds. According to the Randles-Sevcik equation, the calculated 

diffusion coefficients were 1.53×10-10 (Nb1Mo0.1O2.8), 1.88×10-10 (T-Nb2O5) and 1.33×10-10 (H-

Nb2O5) cm2 s-1, showing a similar trend as the values obtained from GITT analysis. 

  



Fig. S25. Cycling stability of Nb1Mo0.1O2.8, H- and T-Nb2O5. 

  



Fig. S26. A, XRD of LiFePO4. B, Rate performance, C, charge/discharge curves, D, CV curves, 

E, b value, and F, the capacitance contribution of LiFePO4 //Li half-cell. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S27. CVs of LiFePO4 //Li, Nb1Mo0.1O2.8 //Li half cell and LiFePO4 //Nb1Mo0.1O2.8 full cell. 

  



Table S1. Atomic ratios obtained from EDX spectra. 

Materials Element Weight % Atomic % Net Int. Error % 

Nb2O5 
O K 38.67 78.55 18.80 12.77 

Nb L 61.33 21.45 38.20 6.54 

Nb1Mo0.02O2.56 

O K 33.77 74.77 16.70 12.73 

Nb L 64.58 24.62 43.90 5.61 

Mo L 1.64 0.61 1.00 61.24 

Nb1Mo0.05O2.65 

O K 36.94 77.32 19.50 13.03 

Nb L 58.48 21.08 40.50 6.76 

Mo L 4.58 1.60 2.90 35.96 

Nb1Mo0.1O2.8 

O K 27.55 68.89 8.70 10.72 

Nb L 66.16 28.49 19.10 4.71 

Mo L 6.29 2.62 1.70 17.31 

Nb1Mo0.15O2.95 

O K 31.58 72.91 15.20 12.20 

Nb L 59.62 23.70 40.90 5.06 

Mo L 8.80 3.39 5.40 14.07 

Nb1Mo0.25O3.25 

O K 37.75 78.01 19.70 11.63 

Nb L 48.07 17.10 32.70 5.63 

Mo L 14.18 4.89 8.80 10.49 

 

  



Table S2. Refinement results of Nb2O5 with various Mo amount, including the structure data, 

phase fractions, errors and quality of fit factor. 

 

 Structure data T Phase 

Fraction（%） 

B Phase 

Fraction（%）  

H Phase 

Fraction（%） 

Rwp 

T-Nb2O5 T-Nb2O5，B-Nb2O5 96.16（1.08） 3.84（0.14）  16.0 

Nb1Mo0.02O2.56 T-Nb2O5, H-Nb2O5 84.09（0.92）  15.91（0.24） 15.9 

Nb1Mo0.05O2.65 T-Nb2O5, H-Nb2O5 54.18（1.15）  45.82（0.73） 23.9 

Nb1Mo0.10O2.80 T-Nb2O5, H-Nb2O5 4.43（0.33）  95.57（1.09） 26.0 

Nb1Mo0.15O2.95 T-Nb2O5, H-Nb2O5 7.43（0.07）  92.57（1.35） 33.4 

Nb1Mo0.25O3.25 T-Nb2O5, H-Nb2O5   100（0.06） 45.2 

H-Nb2O5 H-Nb2O5   100（2.55） 32.9 

  



Table S3. BET surface area of Nb1Mo0.1O2.8, H- and T-Nb2O5. 

  

Materials Synthesis temperature (°C) BET surface area (m2 g-1) 

Nb1Mo0.1O2.8 700 3.8776 

T-Nb2O5 700 3.2083 

H-Nb2O5 1000 3.0724 



Table S4. The performance comparison of half cell. 

Materials 
Potential window 

(V vs Li+/Li) 
Capability (mA h g−1)  Cycling life References  

Micro-sized T-Nb2O5 1.2-3.0 175 (0.1C) ~100% retention after 100 cycles (1C) 
[1] 

 

Micro-sized H-Nb2O5 1.2-3.0 ~225 (0.1C) <80% retention after 100 cycles (0.1C)  

Micro-sized H-Nb2O5 1.0-3.0 ~250 (0.25C) ~83% retention after 500 cycles (10C) [2]  

Nano-sized Ti2Nb10O29−x@C 1.0-2.5 ~300 (1C) 98.7% retention after 500 cycles (10C) [3]  

Micro-sized TiNb2O7 1.0-3.0 ~350 (0.2C) >90% retention after 1,000 cycles (1C) [4]   

Micro-sized Nb14W3O44 1.0-3.0 221.3 (0.5C) 96.5% retention after 4000 cycles (10C) [5]  

Micro-sized Nb16W5O55 1.0-3.0 ~250 (0.2C) 95% retention after 250 cycles (10C) [6]  

Nano-sized Cr0.5Nb24.5O62 0.5-3.0 344 (0.1C) 92.8% retention after 1,000 cycles (10C) [7]  

Nano-sized ZrNb24O62 0.8-3.0 320 (0.1C) 90.2% retention after 1,500 cycles (10C) [8]  

Submicron-sized V3Nb17O50 0.8-3.0 254 (0.1C) 91.8% retention over 2000 cycles (10C) [9]  

Micro-sized Nb1Mo0.1O2.8 1.0-3.0 362 (0.2C) 
90.5% retention after 500 cycles (5C) 

80% retention after 4000 cycles (5C) 
This work  

 

  



Table S5. Adsorption energies of Li atom labeled in Fig. S4 on the pure and Mo-doped H-Nb2O5 

phase. The 2nd, 3rd, 4th represents the adsorption energy of pure, Mo-doped H-Nb2O5 phase and 

adsorption energy change between pure and Mo-doped H-Nb2O5 phase. 

Label number Eads-pure (eV) Eads-Mo-doped (eV) ΔE (Eads-pure-Eads-Mo-doped) (eV) 

1 -2.64 -3.11 0.47 

2 -2.64 -3.01 0.37 

3 -2.90 -3.24 0.34 

4 -3.35 -3.54 0.19 

5 -3.29 -3.10 -0.19 

6 -3.29 -3.58 0.29 

7 -3.66 -3.75 0.09 

8 -3.58 -3.66 0.08 

9 -3.60 -3.71 0.11 

10 -3.64 -3.75 0.11 

11 -3.28 -3.50 0.22 

12 -2.96 -3.17 0.21 

13 -3.62 -3.71 0.09 

14 -3.43 -3.57 0.14 

 

  



Table S6. The performance comparison of full cell. 

 

  

Materials Voltage (V) Capability (mA h g−1)  Cycling life Reference 

LiFePO4/Nb14W3O44 1.0-2.5 226.9(0.5C) ~91.9% retention after 1000 cycles (10C) [5] 

LiFePO4/Ti2Nb10O29 1.0-2.5 ~240 (1C) ~41.7% retention after 1000 cycles (C) [10] 

LiNi0.5Mn1.5O4/Al0.5Nb24.5O62 1.5-3.5 ~175 (5C) 89.2% retention after 800 cycles (5C) [11] 

LiMn2O4/Cu2Nb34O87 1.0-3.2 229 (0.1C) 93.7% retention after 500 cycles (5C) [12] 

LiMn2O4/V3Nb17O50 1.0-3.2 195(0.1C) 85.7% retention after 500 cycles (5C) [9] 

LiFePO4/Nb1Mo0.1O2.8 1.0-2.5 278 (0.2C) 
~88.6% retention after 1000 cycles (5C) 

~80% retention after 4000 cycles (5C) 
This work 
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