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16 Material characterization

17 Powder X-ray diffraction (XRD) measurements were carried out on a Rigaku 

18 diffractometer by using Cu-Kα radiation (λ=1.5406 Å). Fourier transform infrared 

19 spectroscopy (FTIR) was recorded on a Nicolet 5700 FTIR spectrometer. The 

20 thermogravimetric (TG) measurement was carried out by a TGA Q500 analyzer under 

21 an air-flow with a heating rate of 8 ℃ min-1. The microstructures of samples were 

22 investigated by a transmission electron microscope (TEM, JEM-2100). Scanning 

23 electron microscopy (SEM, JEOL SM-6360LV) was used to observe the morphology 

24 of the samples. The Raman spectra were collected from LabRAM HR Evolution 
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1 spectrophotometer (Jobin-Yvon) with a wavelength of 514.5 nm. The pore size 

2 characteristics and Brunauer-Emmett-Teller (BET) specific surface areas of samples 

3 were obtained by N2 isotherm adsorption/desorption measurements using an 

4 Micromeritics ASAP 2020. 

5 Electrochemical measurements

6 All the electrochemical measurements were carried out using standard coin-cells 

7 (CR 2032) assembled in an argon-filled glovebox. The working electrodes were 

8 prepared as follows. The active material, polyvinylidene fluoride (PVDF), carbon 

9 black were mixed at the mass ratio of 80:10:10 in N-methylpyrrolidone (NMP) 

10 solvent via vigorously stirring to form a uniform slurry. Then, the slurry was coated 

11 on a copper foil and dried under vacuum at 65 ℃ for 24 h. The typical loading of 

12 active material is about 1.75 mg cm-2. The half-cells were assembled using a lithium 

13 foil as the counter electrode and a polypropylene film as the separator. The electrolyte 

14 was 1 mol L-1 LiPF6 dissolved in a mixture of ethyl carbonate (EC) and dimethyl 

15 carbonate (DMC) in a volume ratio of 1: 1. Galvanostatical charge-discharge cycles 

16 were carried out on a LAND-CT2001A battery tester at different current densities in 

17 the voltage range of 1.0-2.5 V. The electrochemical impedance spectroscopy (EIS) 

18 and cyclic voltammetry (CV) curves were measured on an electrochemical 

19 workstation (CHI660E). The CV curves were carried out in the potential range of 1.0 

20 to 2.5 V at different scan rates. The EIS were performed in the frequency range of 

21 0.01-100 KHz with an AC signal amplitude of 5 mV.
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1

2

3 Fig. S1. FTIR spectra of (a) PDA-Ti(OH)4, Ti(OH)4, and PDA, (b) GO-PDA, GO, and PDA.

4

5

6  Fig. S2 SEM (a),(b),(c) images and HRTEM (d) of LTO-C.
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1

2 Fig. S3. (a) XRD patterns of rGO, LTO-C-rGO, LTO-rGO, and pure LTO. (b) Raman spectra of 

3 LTO-C-rGO and LTO-rGO.

4

5

6

7 Fig. S4. (a) Irreversible Li storage at the interface between the graphene nanosheets and the 

8 electrolyte. (b) Reversible Li storage at the edge sites and the internal defects (e.g., vacancies) of 

9 nanodomains embedded in graphene nanosheets; (c) Reversible Li storage between (002) 

10 planes.1-3

11
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1

2
3 Fig. S5. TG profiles of LTO-C-rGO, LTO-rGO, and LTO-C

4

5

6

7

8

9

10 Fig. S6. (a) N2 adsorption-desorption isotherm and (b) pore size distribution of pure LTO, 

11 LTO-rGO, and LTO-C-rGO.
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1

2

3 Fig. S7. Discharge/Charge curves of LTO-C electrode at different rates (from right to left): 0.1, 

4 0.5, 1, 3, 5, 10, and 20 C.

5

6

7

8

9
10 Fig. S8. The relationship plots between peak current and ν1/2.
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1 Specific capacity for the graphene-based composite electrode material:4

2 CI=CL×LTO wt.%+CG×G wt.%                                     (S1)

3 where CI is the total specific capacity of the composite, CL is the theoretical specific 

4 capacity of LTO, and CG is the theoretical specific capacity of graphene. The 

5 theoretical specific capacities of LTO and graphene are 175 and 1100 mAh g-1, 

6 respectively. 

7

8 Calculation of Li+ diffusion coefficient (D0) by CV test results

9 The peak current (ip) is proportional to the square root of scan rate (ν1/2), which is 

10 expressed by the Randles-Sevcik equation (S1):5

11 0
2/12/1

0
2/35 )10×69.2(=i CνADnp                                             (S2)

12 In this equation, n is the number of electrons (=1 e−) transferred in the Faradaic 

13 reaction, A is the surface area of the electrode (≈1.54 cm2), D0 is the Li+ ion diffusion

14 coefficient, ν is the scan rate, and C0 is the bulk concentration of Li+ ions in the 

15 electrode (≈0.15 mol cm-3).
16
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1 Table S1. The performance comparison of the current LTO-C-rGO with previously 

2 reported LTO-based anodes:

3

4

5

6

7

8

9

10

11

12

13

14

15

16 Table S2. EIS test results of pure LTO, LTO-rGO, and LTO-C-rGO sample

Samples Rs/Ω Rct/Ω  /Ω•cm2•s-1/2  D/ cm2•s-1

pure LTO

LTO-rGO

LTO-C-rGO 

11.22

11.02

11.24

31.23 

14.29

9.01

27.41 

13.68

8.49

1.04×10-12 

4.17×10-12

1.08×10-11 

17

Materials Capacity retention Rate 
performance Ref

Li4Ti5O12/graphene 
(1000:5)

about 77% after 500 
cycle at 5 C

157 mA h g-1 
at 1 C 6 

Li4Ti5O12/graphene 94.8% after 300 cycles 
at 20 C

171.7 mA h 
g-1 at 1 C 7

Li4Ti5O12/graphene 89.8% after 100 cycles 
at 0.5 C

157.6 mA h 
g-1 at 1 C 8

Li4Ti5O12 Coated with 
boron-doped carbon 
(3%)

90% after 200 cycles 
at 1 C

160 mA h g-1 
at 1 C 9

Gd-doped Li4Ti5O12 88% after 100 cycles 
at 10 C

150 mA h g-1 
at 1 C 10

Li4Ti5O12/rGO 95.4% after 100 cycles 
at 10 C

176.6 mA h 
g-1 at 1 C 11

Li4Ti5O12/N-doped rGO  94.8% after 300 cycles 
at 10 C

152 mA h g-1 
at 1 C 12

Li2MoO4 modified 
Li4Ti5O12/C

92.5% after 200 cycles 
at 10 C

167.5 mA h 
g-1 at 1 C 13

Li4Ti5O12/C/rGO 94.5% after 500 cycles 
and 97% after 300 

cycles at 20 C 

184 mA h g-1 

at 1 C This work



S10

1 Calculation of Li+ diffusion coefficient (D) by EIS test results

2 According to the following equation., the diffusion coefficient (D) of Li+ can be 

3 calculated.13-14

4 
2442

22

2 LiCFnA
TRD                                                  (S3) 

5 where R is the gas constant, T is the absolute temperature, A is the surface area of the 

6 anode, n is the number of electrons transferred in the half-reaction for the redox 

7 couple of Ti4+/Ti3+, F is the Faraday constant, CLi is the molar concentration of Li+, σ 

8 is the Warburg factor that can be derived from the following equation:

9 2/1-
re ++= σωRRZ cts                                              (S4)

10 Zre and ω-1/2 are in a straight line with a slope of σ, using which in equation (S3) the 

11 Li+ diffusion coefficient (D) can be obtained.
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