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Results and discussions

Na3V2(PO4)3 was synthesized via sol-gel assisted the hydrothermal process. Firstly, 
NH4VO3 was dissolved in deionized water at 80 ⁰C, then citric acid was added into the 
solution with a molar ratio of 1.5:1 (Citric acid:NH4VO3). Citric acid acts as a 
chelating agent and carbon source. Subsequently, an appropriate amount of Na2CO3 
and NH4H2PO4 were added into the solution and stirred to obtain a homogeneous 
solution. Finally, the solution was transferred into Teflon lined autoclave and kept at 
180 ⁰C for 40 h. The obtained aerogel was crushed and GO was added into the 
mixture and stirred vigorously on a hot plate to evaporate excess water overnight. The 
precursor was preheated at 350 ⁰C for 5 h in Ar atmosphere. The preheated precursor 
was grounded and calcined at 750 ⁰C for 8 h in Ar/H2 (95:5).

Figure S1. (a) X-ray diffraction results of GO and rGO reduced by urea, (b) the Raman spectra of 
GO and rGO.

In order to check the degree of reduction GO to rGO in BOC/rGO by urea, control 
experiment under the same condition was performed. as shown in Figure S1, The peak 
at 2θ = 12.1° dues to (001) plane for GO, In contrast, the major diffraction peak (002) 
appears at 25.2°, which is induced by the reduced interlayer distance by the reduction of 
oxygenated functional groups between the carbon layers1. Furthermore, the intensity of the 
peak ratio ID/IG exhibits an obvious increment from 0.88 to 0.99, which can be attributed to 
the increased sp2 carbon atoms and defects in the matrix by reduction2. This further 
indicates that GO has been partly reduced to rGO.
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Figure S2. The XPS full spectra of BOC/rGO sample.

As shown in Figure S2, the full XPS spectra show typical XPS peaks for Bi4f, Cl2p, 
C1s and O1s, which is in line with the chemical composition of BOC/rGO. It is 
obvious that there is no N1s XPS peak in the range of 380-400 eV, demonstrating no 
nitrogen atoms were induced into rGO by urea reduction.

Figure S3. (a) The charge/discharge curves of the pure BiOCl and (b) cycling performance and 
coulombic efficiency of the pure BiOCl.

Figure S4. (a) The charge/discharge curves of the pure rGO and (b) Cycling performance and 
coulombic efficiency of the pure rGO.
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Figure S5. (a-d) The BOC/RGO at different amount of rGO from 7.2%, 17.3%, 25.7%, 31.33%, 
named as BOC/RGO-LL, BOC-RGO-L, BOC-RGO, BOC-RGO-H.

Thermogravimetric analysis was carried out using a SHIMADZU Differential 
Thermal-Thermogravimetric Analyzers (SHIMADZU, DTG-60H from room 
temperature to 1000 ℃ at a scan rate of 5 ℃/min under oxygen protection. As shown 
in Figure S5, a typical endothermic peak appeared at about 300-350 ℃, which can be 
assigned to the decomposition of BiOCl. After calibration, the obtained results 
showed the rGO amount of BOC/RGO-LL, BOC-RGO-L, BOC-RGO, BOC-RGO-H 
is 7.2%, 17.3%, 25.7%, and 31.33%, respectively.

Figure S6. (a) The charge/discharge curves of BiOCl@rGO and (b) cycle performance and 
columbic efficiency of BiOCl@rGO.
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Figure S7. (a-b) XPS spectra of C 1s for BOC/RGO-L and BOC/RGO-H. (c) the area ration 
of peak 283.7 eV vs. peak 284.6 eV.

In order to evaluate the amounts of Bi-C bonds on improving the electrochemical 
properties, XPS spectra were further performed to estimate the amounts of Bi-C 
bonding. As shown in Figure S7, similar peaks were observed in the C1s XPS spectra 
of BOC/RGO-L and BOC/RGO-H, the peak at 284.6 eV can be assigned to the -C-C 
bands, while the other two peaks located at 285.6(7) eV and 286.6 eV can be assigned 
to -C-H and -C-O-C (or -C-OH) bands, respectively. Besides, a small peak located at 
283.6(7) eV can be assigned to the Bi-C bonds, in line with the observation of lower 
chemical valance of bismuth. At the same time, the intensity ratio between peak 
(284.6 eV) and peak (283.6(7) eV) is 5.64%, 17.4%, and 16.45% for BOC/RGO-L, 
BOC/RGO, and BOC/RGO-H respectively, indicating the amount of Bi-C bonds 
increases upon rGO mass and reaches an optimized value of around 17%. However, it 
is worthy noticed that even though the amount of interfacial Bi-C bonds of 
BOC/RGO-H is quite similar to that of BOC/RGO, the specific capacity of 
BOC/RGO-H is much lower, the lower capacity may be caused by the longer Na+ 
diffusion path length and the higher migration energy barrier induced by randomly 
stacked excess rGO. It further confirms that the excellent electrochemical properties 
of BOC/RGO are attributed to the synergistic effect of the interfacial Bi-C bonding 
coupling and effective rGO wrapping instead of the independent effect.
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Figure S8. Rate performance of the BOC/rGO anode for SIBs

Figure S9. (a-b) The voltage and current change with time during PITT performance for 
BOC/rGO, and (c-d) the current decays with time for discharge and charge process.

Figure S10. (a-b) The voltage and current change with time during PITT performance for 
BOC@rGO, and (c-d) the current decays with time for discharge and charge process.

The potentiostatic intermittent titration technique (PITT) was performed with a 
potential step of 200 mV was applied from open voltage to 2.5 V, at each step, the 
voltage was kept for 200 s and the current was recorded as a function of time, after 
that, the potential was removed and relaxed for 500 s before next potential. (Figure 
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S10). the time (t) dependence of the transient current (It) at each potential voltage can 
be expressed by the following equation3:

                       (1)𝐼𝑡 =
2𝐹𝑆(𝐶𝑆 ― 𝐶0)𝐷𝑁𝑎

𝐿 exp (
𝜋2𝐷𝑁𝑎𝑡

4𝐿2 )

                                 (2)𝐷𝑁𝑎 = ―
𝑑𝑙𝑛(𝐼𝑡)

𝑑𝑡
4𝐿2

𝜋2

where S the surface area of the electrode, F is the Faraday constant, Cs-C0 is the 
concentration difference at the surface and L the thickness of electrode materials. 
After plotting Ln(It) vs. t, we can get the sodium diffusion coefficient from Eq. (2).

Figure S11. (a) The two oxidation peak current vs. scan rate (Vs-1) and (b) the calculated 
diffusion coefficient from two oxidation peaks.

Figure S11 shows the peak current Ip vs. square root of the sweeping rate from 0.1-3.0 
mVs-1 in the voltage range of 0.1-2.5 V vs Na+/Na, which has been recorded by the 
CV spectra of BOC/rGO from Figure 4a. In the case of the semi-infinite and finite 
diffusion, the peak current Ip is proportional to the square root of the sweeping rate 
(v1/2 ) for any separated redox reaction in CV curve, which can be expressed as 
follow4, 5:

Ip = 2.69×105 n3/2 AD1/2 v1/2 △Co                    (3)

where n is the number of electrons transferred in reaction, A is the area of the 
electrode, D is the diffusion coefficient, △Co is the change in concentration 
corresponding to the specific electrochemical reaction, which is estimated by the 
change of the quantity of electric charge by the integral area of peak in our 
experiment6. The calculated D value order is in line with the results calculated from 
PITT testing as shown in Figure 5 (a).
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