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Experimental

Synthesis of graphene oxide (GO) sheets

Graphite powder (6 g) was added into the solution of concentrated H2SO4 (24 

mL), K2S2O8 (5 g), and P2O5 (5 g) at 80 ℃. The mixture was kept at 80 ℃ for 4.5 h, 

cooled to room temperature, diluted with deionized water (DI, 1 L), left overnight, 

filtered and then dried at 60 ℃ in vacuum.

The preoxidized graphite was added into concentrated H2SO4 (240 mL) in an ice 

bath, and then KMnO4 (30 g) was slowly added in the mixture above under stirring to 

promote the further oxidation of graphite with the temperature below 20 ℃. Then, the 

mixture was stirred for 2 h in an ice bath to keep the temperature at 35 ℃, diluted with 

DI water (500 mL) in the same bath to keep the temperature below 50 ℃, stirred for 

another 2 h, and further diluted with DI water (1.4 L). 30% H2O2 (40 mL) was then 

immediately added into the mixture to form a brilliant yellow product which was 

filtered and washed with 1:10 HCl (2 L) aqueous solution and DI water (2 L). The 

resulting GO sheets were ultrasonically dispersed for 0.5 h, filtered and dried at 60 ℃ 

in vacuum.

The dispersed GO sheets (2 g) were ball-milled for 38 h using ethanol (20 mL) 

as the dispersing medium with 400 r min-1 and then dried at 60 ℃ in vacuum to form 

the final GO sheets. The mass ratio of the mixture to balls is 1:20. The vessel of the 

ball-milling jar is 100 mL.

Physical and electrochemical performance measurements

Thermogravimetric (TG) and carbon content analyses were conducted on a 

RD496 thermal analyzer from room temperature to 900 °C and to 800 °C in air, 
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respectively. The phases were investigated via a X-ray diffraction technique 

conducted on a Bruker D8 Advance X-ray diffractometer with Cu Kα radiation (λ = 

1.54 Å) in the 2θ ranges of 5-85 ° for LZTO/G as well as LZTO, and 5-40 ° for GO as 

well as G with 4 ° min-1. The morphologies of the products and the electrodes were 

observed by SU8220 and S4800 scanning electron microscopes (SEM), respectively. 

The high-resolution transmission electron microscope (HR-TEM) (FEI Tecnai F20) 

was used to observe the nanoscale microstructures. The specific surface areas and 

pore size distributions were measured via N2 adsorption on a specific surface area and 

pore size distribution analyzer (3H-2000PS2). A four-probe system (SB100A/2) was 

used to measure the electronic conductivity. Fourier transform infrared (FTIR) spectra 

were obtained from a TENSOR27 FTIR spectrometer. X-ray photoelectron 

spectroscopy (XPS) measurements (PHI 5600 CI, mono-chromatic Al-Ka radiation) 

were used to identify the surface species. Raman spectra were recorded on a micro-

Raman spectroscope (Renishaw 1000) with an excitation wavelength of 532 nm. 

The electrochemical measurements were performed in CR2025 coin-type cells. 

The working electrode was composed of 85 wt.% active material for LZTO or 

LZTO/G, 10 wt.% conductive agent of acetylene black, and 5 wt.% binder of 

polyvinylidene difluoride (PVDF). Charge-discharge and cyclic voltammetry (CV) 

measurements were in the range of 0.02-3.0 V. Electrochemical impedance 

spectroscopies (EIS) were recorded with an ac voltage of 5 mV from 10 mHz to 100 

kHz. 
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Fig. S1 (a) TG-DTA curves of the precursor of Li2ZnTi3O8; (b) XRD pattern of the 

precursor for LiOH·H2O, LiNO3, ZnO and TiO2 preheated at 250 °C for 3 h and then 

600 °C for 4 h in air; (c) FT-IR spectrum of GO.

Fig. S1a shows the TG-DTA curves of the precursor for Li2ZnTi3O8 at a heating 

rate of 10 °C min-1 from room temperature to 900 °C in air. It can be seen that there 

are three obvious weight losses during heating the precursor, corresponding to the 

three peaks on the DTA curve. The weight loss in the range from room temperature to 

100 °C may be related to the evaporation of absorbed water from the precursor. 

Subsequently, the weight loss from 320 to 370 °C may originate from the loss of 

crystal water from LiOH·H2O. In the range of 500-570 °C, a sharp weight loss 

associated with the decomposition of LiOH and LiNO3 appears on the TG curve. 

When the temperature exceeds 570 °C, a platform appears on the TG curve, indicating 
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zero weight loss and the formation of a relatively stable material after 570 °C checked 

by XRD shown in Fig. S1b.

Fig. S1c shows the Fourier transform infrared (FT-IR) spectrum of GO. The 

observed representative peaks of GO include the bands at 1042 cm-1 (C-O stretching 

vibration of epoxide), 1175 cm-1 (C-OH stretching for phenolic), and 1720 cm-1 (C=O 

stretching of carbonyl and carboxyl groups located at the edges of the GO networks). 

These characteristic peaks of GO confirm the presence of the oxygen-containing 

functional groups in carbon frameworks.
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Fig. S2 (a) X-ray diffraction patterns, (b) Raman spectra, (c-d) SEM images and (e-f) 

TEM images of GO and G.



10

Fig. S3 TG-DTG curves of LZTO/G composite.

The G content in LZTO/G composite quantified by TG measurement is shown in 

Fig. S3. The evaporation of adsorbed water from the composite occurs from room 

temperature to 150 °C with the slow weight loss of 1.0-2.0 wt.%. The oxidation of 

carbon in air occurs from 300 to 510 °C with sharp weight loss. No weight loss occurs 

above 510 °C, indicating that the parent LZTO is stable. According to the TG result, 

the G content is 8.67 wt%. 
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Fig. S4 (a) XPS spectrum and (b) high resolution C 1s XPS spectrum of LZTO/G; (c) 

Raman spectra of LZTO/G and GO.

The XPS spectrum (Fig. S4a) confirms the existence of Zn, Ti, O and C elements 

in LZTO/G. As shown in Fig. S4b, the high-resolution XPS spectrum of C 1s can be 

fitted into two peaks at 284.8 and 286.1 eV corresponding to C-C and C-O, 

respectively. The existence of C-C with high amount demonstrates that GO was 

reduced during the calcination. In addition, the ID/IG value of LZTO/G is larger than 

that of GO obtained from Raman spectra (Fig. S4c), which further confirms that GO 

was reduced.
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Fig. S5 N2 adsorption-desorption isotherms of (a) LZTO and (b) LZTO/G (Insets, the 

pore size distributions of the LZTO and LZTO/G anode materials).
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Fig. S6 (a) SEM image and (b) EDS spectrum of LZTO/G particles. Corresponding 

EDS element mappings of (c) C, (d) O, (e) Ti and (f) Zn in the LZTO/G particles.
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Fig. S7 Cyclic voltammograms of (a) LZTO and (b) LZTO/G electrodes from the 1st 

to the 6th cycle, and (c) comparison of cyclic voltammograms for LZTO and LZTO/G 

electrodes for the 1st cycle at a rate of 0.5 mV s−1 in the range of 0.02-3.0 V (vs. 

Li/Li+).

The CV curves of the LZTO and LZTO/G were recorded at 0.5 mV s−1 in the 

potential range of 0.02-3.0 V and are shown in Fig. S7. There is a pair of cathodic and 

anodic peaks in the range of 1.0-2.0 V for each sample, corresponding to the Ti4+/Ti3+ 

redox couple. The cathodic peak below 0.5 V originates from multiple restoration of 

Ti4+ as previous reports [S1,S2]. It is noted that, for each electrode, the reduction 

process differs between the initial and subsequent cycles, originating from the 

activation and/or polarization of the electrode [S3,S4]. The potentials of the anodic 

peak and the cathodic peak (φpa and φpc), and the difference between anodic and 

cathodic peak potentials (φp) are listed in Table S4 for the two electrodes at the 1st 



19

cycle. Compared with LZTO electrode, LZTO/G electrode has smaller φp (0.553 V), 

indicating that the polarization is small for the electrode and the insertion and 

deinsertion of Li+ ions are easy.
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Fig. S8 (a) Impedance spectra of LZTO and LZTO/G electrodes (inset, corresponding 

equivalent circuit) and (b) relationship between Zre and ω-1/2.

For the LZTO and LZTO/G electrodes, the electrochemical impedance data were 

collected on as assembled cells before cycling and are presented in Fig. S8a. The inset 

is the equivalent circuit model. Rb is the combined impedance of the electrolyte and 

cell components corresponding to the small intercept; Cdl and Rct, are the double layer 

capacitance and charge transfer resistance corresponding to the semicircle, 

respectively; W represents Warburg impedance. Compared with LZTO electrode, the 

LZTO/G has smaller charge transfer resistance of 187.6 Ω (Table S6), which is 

advantageous to its electrochemical performance. 

The diffusion coefficients of Li+ ions in LZTO and LZTO/G are estimated based 

on the Warburg diffusion in low frequency using the following equation  

2 2 2 4 4 2 2/ (2 )
Li

D R T A n F C                                        (1)
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where R is the gas constant (8.314 J mol-1 K-1); T is the room absolute temperature 

(298.5 K); A is the surface area of the electrode (1.13 cm2 in this work); n is the 

number of electrons transferred in the half reaction for the redox couple; F is Faraday 

constant (96,485 C mol-1); C (8.5×10-3 mol cm-3) is the concentration of Li+ ion in the 

compound, and σ is the Warburg factor which obeys the following relationship:

1/2
e ctreZ R R                                                  (2)

Fig. S8b shows the relationship between Zre and ω-1/2. Based on the Eq. 1-2, the 

lithium diffusion coefficients (DLi
+) of LZTO and LZTO/G can be calculated and the 

specific values are 1.06×10-15 and 3.65×10-15 cm2 s-1, respectively. Compared with 

LZTO electrode, LZTO/G has higher lithium ion diffusion coefficient, which 

indicates the fast diffusion of Li+ ions and thus insures good rate capability of 

LZTO/G.
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Fig. S9 SEM images of (a) LZTO and (b) LZTO/G after cycling for 200 cycles at 1 A 

g-1; cross-sectional SEM images of (c) LZTO and (d) LZTO/G after cycling for 200 

cycles at 1 A g-1.

Table S1 Electronic conductivity of LZTO and LZTO/G materials.

Samples σ (S cm-1)

LZTO 7.7×10-6

LZTO/G 0.3767
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Table S2 Lattice parameters of LZTO and LZTO/G.

Samples a (Å) V (Å3)

LZTO 8.372(2) 586.8(5)

LZTO/G 8.373(9) 587.2(1)

Table S3 Specific surface areas, total pore volumes and average pore diameters of 

LZTO and LZTO/G. 

Samples Specific surface

area (m2 g-1)

Total pore 

volume (mL g-1)

Average pore diameter 

(nm)

LZTO 18.9 0.119 25.1

LZTO/G 30.0 0.141 18.8

Table S4 Values of the CV peaks for LZTO and LZTO/G electrodes at the first cycle.

Samples φpa (V) φpc (V) φp (V) = φpa - φpc

LZTO 1.646 1.008 0.638

LZTO/G 1.606 1.053 0.553

Table S5 Electrochemical performance of LZTO in recent publications.

Material Current 
density (A g-

1)

2nd 
specific 
capacity 
(mAh g-1)

Cycle 
numbers

Capacity 
retention

Reference

Li2ZnTi3O8 0.1 235 50 59.6% [S5]
Li2Zn0.5Cu0.5Ti3O8 0.1 240 50 67.5% [S5]
Li2ZnTi3O8+COS 1 195 550 61.5% [S6]
Li2ZnTi3O8+PVDF 1 160 550 25% [S6]
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LZTO-700-3 1 180.3 200 66.9% [S7]
LZTO@C-700-1 1 236.5 200 60.8% [S7]
LZTO@C-700-3 1 251.9 200 71.7% [S7]
LZTO@C-700-5 1 245.7 200 69.7% [S7]
LZTO-700-3 2 152.2 200 72.3% [S7]
LZTO@C-700-1 2 182.8 200 67.2% [S7]
LZTO@C-700-3 2 208.2 200 73.1% [S7]
LZTO@C-700-5 2 207.8 200 65.7% [S7]
LZTO@C-N-1 1 200.6 200 71.3% [S8]
LZTO@C-N-2 1 207.9 200 77.7% [S8]
LZTO@C-N-3 1 208.2 200 83.0% [S8]
Li2ZnTi3O8/LiCoO2 2 175 550 40% [S9]
Li2ZnTi3O8 2 150 550 26.7% [S9]
Li2ZnTi3O8/La2O3 2 180 550 50% [S10]
Li2ZnTi3O8 2 160 550 25% [S10]
Li2ZnTi3O8 2 175 550 71.4% [S11]
Li2ZnTi2.95 Ce0.05O8 2.27 176.9 500 75% [S12]
Li2ZnTi3O8 2.27 157.1 500 22.6% [S12]
Li2ZnTi3O8@Li2MoO
4

0.5/2 210 500 64.3% [S13]

Li2ZnTi3O8@Li2MoO
4

0.5/3 190 500 67.9% [S13]

Li2ZnTi3O8/C@Cu 1 222 550 67.6% [S14]
Li2ZnTi3O8/C 1 220 550 45.5% [S14]
Li2ZnTi3O8/C@Cu 2 200 550 52.5% [S14]
Li2ZnTi3O8/C 2 198 550 40.4% [S14]
LZTO-700-3 2 163.3 100 84.4% [S15]
LZTO-700-3 3 134.9 100 84% [S15]
LZTO/G 1 221.4 400 76.4% The work
LZTO/G 2 213.9 300 72.3% The work
LZTO/G 3 207.2 300 72.7% The work
LZTO/G 5 201.2 200 71.7% The work
LZTO/G 6 161.5 200 83.5% The work

Table S6 Impedance parameters calculated from equivalent circuit model and lithium 
ion diffusion coefficient.

Samples Rb (Ω) Rct (Ω) DLi+ (cm2 s-1)

LZTO 5.461 223.3 1.06×10-15

LZTO/G 5.229 187.6 3.65×10-15
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