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Experimental Section

Synthesis

The synthesis process of Li2CuTi3O8/C hybrid nanotubes is as follows. Firstly, 70 mg 

sulfonated polymer nanotubes (SPNTs) were dispersed in 4 mL ethanol under 

ultrasonication for 0.5 h. Secondly, 1.22 g tetrabutyltitanate (TBT) was added to the 

mixture and stirred for 12 h. Then, 0.2 g LiNO3 and 0.46 g Cu(NO3)2·3H2O were 

dispersed in 8 mL ethanol solution and added into the above system and stirred for 6 h 

at 60 °C. After centrifugation, the residue was wiped with tissue paper to remove the 

excess liquid. The obtained solid was dried. Finally, the as-synthesized precursor was 

calcined at 900 °C for 6 h in N2 (heating rate: 5 °C min−1) to obtain Li2CuTi3O8/C 

porous hybrid nanotubes (denoted LC). The synthesis path of sample LC is shown in 

Scheme S1.

Scheme. S1 Fabrication process of the Li2CuTi3O8/C porous hybrid nanotubes (LC).

Characterization

Morphologies and structure features of the samples were studied by using field 

emission scanning electron microscope (FESEM Hitachi S-4800) and high resolution 

transmission electron microscope (HRTEM JEOL JEM-2010F). Phase composition of 

the samples was characterized with X-ray diffraction (XRD, Bruker D8 advance with 



Cu Ka radiation). Thermogravimetric analysis (TGA) was carried out with a Netzsch 

STA 449C at a heating rate of 10 ℃ min-1 from 30 to 800 ℃ in air. Nitrogen 

adsorption-desorption isotherms were recorded by using an Autosorb-iQ Pressure 

Sorption Analyzer (Quantachrome Instruments U. S.) at 77 K. The Brunauer-Emmett-

Teller (BET) method was utilized to calculate the specific surface areas. Pore size 

distributions were calculated by the Density Functional Theory (DFT) method.

Electrochemical Characterization

2032 coin cells were used to measure electrochemical performances of the sample, 

with Li metal as the counter and reference electrodes. A slurry consisting of 80 wt% 

active materials, 10 wt% carbon black and 10 wt% poly (vinylidene fluoride) binder 

in N-methyl-2-pyrrolidone (NMP) was casted on a Cu foil, followed by drying at 110 

℃ over night in a vacuum oven. In an argon-filled glove box, celgard 2400 membrane 

was used as the separator and LiPF6 (1 M) in ethylene carbonate/diethyl carbonate 

(1:1 vol) was employed as the electrolyte. Cyclic voltammograms (CVs) were 

collected on an electrochemical workstation (CHI660D, Chenhua, China) at a scan 

rate of 0.1 mV s-1. Galvanostatic charge-discharge tests were performed on a Land 

(CT2001A China) between 0.01 and 3.00 V (versus Li+/Li). Specific capacities were 

calculated based on the total mass of the composite material.

Fig. S1 TEM image of LC after 1000 cycles at 10 A g-1.

Table. S1 Cycling performances and capacities of modified Li4Ti5O12 compositions and 



Li2ZnTi3O8 based materials reported in the open literature.

Typical materials
Current 
density 

(mA g-1)

Cycle 
numbers

Remaining 
capacity 

(mAh g-1)

Tested 
condition 

(V)
Ref

Li4Ti5O12@C 175 200 170 0.01-3.0 1

Li4Ti5O12@C-Cu 1000 200 185 0.02-3.0 2

Cu-doped-

Li4Ti5O12

175 200 207.5 0.01-3.0 3

Fe-doped-

Li4Ti5O12

87.5 200 228.7 0-3.0 4

Al-doped-ZnO/

Li4Ti5O12

175 250 190 0.1-3.0 5

Nb-doped-

Li2ZnTi3O8

227 50 173.7 0.05-3.0 6

Mo-doped-

Li2ZnTi3O8

2000 200 147 0.02-3.0 7

N,C-doped-

Li2ZnTi3O8/TiO2

1000 200 140.7 0.02-3.0 8

Cr-doped-

Li2ZnTi3O8

1000 200 162.2 0.05-3.0 9

Li2ZnTi3O8

@α-Fe2O3

1000 200 160 0-3.0 10

200 200 402.8 0.01-3.0 this work
LC

2000 200 191.9 0.01-3.0 this work



Fig. S2 Nyquist plot of LC.

Table S2. EIS fitting results of Ti-based spinel compositions.

Typical materials RS(Ω) Rct(Ω) Ref

Li4Ti5O12/PANI 11.2 109.4 R11

Li2ZnTi3O8 6.176 138.7 R12

Li2COTi3O8 6.5 192 R13

Li2Zn0.5Cu0.5Ti3O8 7.525 96.33

Li2CuTi3O8 7.84 111.3

R14

Li2CuTi3O8 11.99 110.6

Li2MnTi3O8 19.91 209.4

Li2Cu0.5Mn0.5Ti3O8 7.524 96.35

R15

LC 5.056 58.88 This work



Fig. S3 Galvanostatic intermittent titration technique curves of LC for the charge and discharge 

process at 10 mA g-1 (a) and the chemical diffusion coeffcient of Li+ as a function of voltage 

calculated from the GITT curves (b).

Table S3. Li+ diffusion coefficient of spinel type materials reported in the literatures.

Typical materials DLi+ (cm2 s-1) Ref

Li2CuTi3O8 6.41E-14

Li2MnTi3O8 8.76E-15

Li2Cu0.5Mn0.5Ti3O8 4.79E-14

R15

Li4Ti5O12 3.30E-13 R16

Li4Ti5O12/Graphene 3.90E-10 R17

Li4Ti5O12/TiO2 7.66E-11 R18

Li4Ti5O12/PANI 1.58E-12 R11
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