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Fig. S1. (A-B) Scanning electron micrographs of (A) CB, and (B) OLC. Fitted Raman spectra of (C) 

CB, and (D) OLC. 
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Fig. S2. (A-B) Thermograms of (A) TNO-CB-CO2, and (B) TNO-OLC-CO2 synthesis following the 

synthesis protocol of hybrid materials. The corresponding mass spectra of TGA-MS 

measurements of (C) TNO-CB-CO2, and (D) TNO-OLC-CO2 synthesis. 

 

 

 
Fig. S3. (A-B) Scanning electron micrographs of (A) TNO-CB-Air, and (B) TNO-OLC-Air. 
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Fig. S4. (A) Rate handling performance of the hybrid and non-hybrid materials in the potential 

window of 1.0-2.5 V vs. Li/Li+. (B) Cyclic stability performance of the hybrid and non-hybrid 

materials in the potential window of 1.0-2.5 V vs. Li/Li+. 

 

 

 
Fig. S5. Kinetic analysis of (A) TNO-CB-CO2, (B) TNO-OLC-CO2, (C) TNO-CB-Air, and (D) TNO-OLC-

Air calculated from cyclic voltammograms at the different scan rates for the potential 

window of 1.0-2.5 V vs. Li/Li+. 
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Fig. S6. Kinetic analysis of (A) TNO-CB-CO2, (B) TNO-OLC-CO2, (C) TNO-CB-Air, and (D) TNO-OLC-

Air calculated from cyclic voltammograms at the different scan rates for the potential 

window of 0.05-2.5 V vs. Li/Li+. 

 

 

 
Fig. S7. (A-C) Analysis of the TNO-CB-CO2 electrode: (A) Scanning electron micrographs, and (B-C) 

elemental mapping by EDX. (D-F) Analysis of the TNO-OLC-CO2 electrode: (D) Scanning 

electron micrographs, and (E-F) elemental mapping by EDX. 
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Fig. S8. Nyquist plot of hybrid and non-hybrid materials. The inset displays the equivalent circuit 

used for fitting of the electrochemical impedance spectra. 

 

 

 
Fig. S9. X-ray diffraction patterns of (A) TNO-CB-Air, and (B) TNO-OLC-Air electrodes at the 

different lithiated/delithiated states (denoted as “Li” and “Deli”). 
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Fig. S10. (A) X-ray diffractogram of LiMn2O4 (LMO) with the reported Bragg positions from PDF 70-

3120. (B) Rate handling performance of LMO. 

 

 

 

 
Fig. S11. Structural illustrations of the crystal lattice of (A) titanium niobium carbide (Ti,Nb)C, and 

(B) Ti2Nb10O29. 
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Table S1. Rietveld refinement results of TNC-CB and TNC-OLC. 

Sample Phase Space 
group 

Lattice 
parameter 

(Å) 

Volume 
(Å3) 

Domain 
size 
(nm) 

Amount 
(mass%) 

Rwp 

(%) 

TNC-CB 
(Ti,Nb)C 𝐹𝑚3̅𝑚 a = 4.43(4) 87.09(4) 19.7(4) 98 

2.3 

WC 𝑃6̅𝑚2 
a = 2.90(3) 
c = 2.85(3) 

20.82(3) >200 2 

TNC-OLC 

(Ti,Nb)C 𝐹𝑚3̅𝑚 a = 4.43(4) 88.12(4) 15.3(4) 98 

2.5 

WC 𝑃6̅𝑚2 
a = 2.90(6) 
c = 2.85(6) 

20.76(6) >200 2 

 

 

Table S2. Le Bail analysis results of the analysis of X-ray diffraction patterns of TNO-CB-CO2, TNO-

OLC-CO2, TNO-CB-Air, and TNO-OLC-Air. 

Sample Phase Space 
group 

Lattice 
parameter 

(Å) 

Interaxial 
angle 

(°) 

Volume 
(Å3) 

Domain 
size 
(nm) 

Rwp 
(%) 

TNO-CB-CO2 Ti2Nb10O29 A12/m1 
a = 15.64 
b = 3.82 
c = 20.52 

β = 113.4 1124.1 55 3.4 

TNO-OLC-CO2 Ti2Nb10O29 A12/m1 
a = 15.62 
b = 3.81 
c = 20.52 

β = 113.4 1122.4 63 3.7 

TNO-CB-Air Ti2Nb10O29 A12/m1 
a = 15.71 
b = 3.85 
c = 20.61 

β = 113.4 1145.3 56 3.5 

TNO-OLC-Air Ti2Nb10O29 A12/m1 
a = 15.71 
b = 3.85 
c = 20.62 

β = 113.4 1146.0 88 3.6 
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Table S3. Electrochemical performance comparison of titanium niobium oxides (TiNb2O7, and Ti2Nb10O29). CNTs: carbon nanotubes. CF: carbon fiber. rGO: reduced 

graphene oxide. CNFs: carbon nanofibers. CC: carbon cloth. DEC: diethylene carbonate. DMC: dimethyl carbonate. EC: ethylene carbonate. EMC: ethyl methyl 

carbonate. PC: propylene carbonate. MSR: Mechanically-induced self-sustaining reaction. 

 

Materials Synthesis 
Capacity at 
a low rate 

(mAh/g, A/g) 

Capacity at 
a high rate 

(mAh/g, A/g) 

Voltage 
range 

(V vs. Li/Li+) 

Capacity 
retention 
(%, cycle 
number) 

Electrolyte Reference 

TiNb2O7/graphene 
hybrid 

Solvothermal 
method 

300, 0.03 150, 1.5 1.0-3.0 67, 300 1 M LiPF6 in EC:DMC [1] 

Nano-TiNb2O7/CNTs 
Direct hydrolysis 

method 
300, 0.03 150, 4.5 0.8-3.0 97, 100 

1 M LiPF6 in 
EC:DMC:DEC 

[2] 

TiNb2O7/C nanoporous 
microspheres 

Spray-drying 
method 

393, 0.1 120, 3.6 1.0-2.6 75, 300 1 M LiPF6 in EC:DEC [3] 

CF/TiNb2O7 
Solvothermal 

method 
250, 0.25 175, 1.75 1.0-2.5 88, 1000 1 M LiPF6 in EC:DMC [4] 

rGO-TiNb2O7 
microsphere 

Solvothermal 
method 

225, 0.23 25, 2.5 1.0-3.0 61, 500 1 M LiPF6 in EC:EMC [5] 

Ti2Nb10O29/C composite Solid-state reaction 296, 0.25 150, 4.5 1.0-2.5 87, 100 1 M LiPF6 in EC:DMC [6] 

Ti2Nb10O29/rGO 
Solid-state reaction, 

ball-milling 
250, 0.03 100, 1 1.0-2.5 77, 50 1 M LiPF6 in EC:DMC [7] 

Ti2Nb10O29/carbon onion 
nanohybrid 

Sol-gel method 290, 0.01 169, 2 1.0-2.8 76, 800 1 M LiPF6 in EC:DMC [8] 

Ti2Nb10O29/carbon hybrid 
fiber 

Electrospinning 260, 0.025 180, 5 0.8-3.0 60, 500 1 M LiPF6 in EC:DMC [9] 

Ti2Nb10O29/C microsphere 
Solvothermal 

method 
276, 0.27 215, 6.4 1.0-2.5 89, 200 

1 M LiPF6 in 
EC:EMC:DEC 

[10] 

CNFs/Ti2Nb10O29/CC 
Electrophoretic 

deposition, 
solvothermal method 

300, 0.03 200, 12 1.0-2.5 80, 1000 1 M LiPF6 in EC:DEC [11] 

TNO-CB-CO2 MSR, CO2 oxidation 
272, 0.01 157, 1 1.0-2.5 82, 500 

1 M LiPF6 in EC:DMC This work 
304, 0.01 155, 1 0.05-2.5 70, 500 

TNO-OLC-CO2 MSR, CO2 oxidation 
253, 0.01 151, 1 1.0-2.5 76, 500 

1 M LiPF6 in EC:DMC This work 
350, 0.01 144, 1 0.05-2.5 67, 500 
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Table S4. Results of the R1, and R2 obtained by fitting the data from Fig. S8. 

Material R1 (Ω) R2(Ω) 

TNO-CB-CO2 16.2 168.8 
TNO-OLC-CO2 12.7 138.7 
TNO-CB-Air 28.2 234.4 
TNO-OLC-Air 7.3 184.4 
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