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Table S1. Atomic parameters of Na2Co2(SeO3)3 calculated from Rietveld refinement of X-ray 

powder diffraction data (space group: Cmcm, a = 11.1449 (1) Å, b = 7.5591 (3) Å, c = 10.2655 

(1) Å, cell volume  = 864.821(2) Å3, Rexp = 5.16, RBragg [%] = 6.39,  Rf [%] = 6.35, 2 = 4.65) 

Site Wycko. x y z Uiso(Å2) Occ. 

Se1 8f 0 0.2336(1) 0.5303(1) 0.012(2) 1 

Se2 8f 1/2 - 0.0141(2) 0.8044(2) 0.017(2) 0.5 

Co1 8g 0.1906(1) 0.2409(2) 1/4 0.005(1) 1 

O1 8f 0 0.1765(4) 0.3800(4) 0.017(2) 1 

O2 16h 0.1824(5) 0.1730(2) 0.6031(3) 0.018(2) 1 

O3 8f 1/2 0.1240(7) 0.7198(10) 0.017(2) 0.5 

O4 16h 0.6824(1) -0.0658(4) 0.7257(7) 0.019(5) 0.5 

Na1 4c 0 - 0.0220(5) 1/4 0.024(1) 1 

Na2 8e 0.2564(9) 0 1/2 0.031(1) 0.5 

 

 

Table S2. Magnetic parameters of the as prepared, charged and discharged Na2Co2(SeO3)3. 

Electrode Θ (K) CM (emu·K/mol) μeff (uB) μeff/mole of Co (μB) 

Pristine - 65.75 8.98 8.46 4.23 

4.5V charged - 40.01 4.23 5.80 2.90 

1.5V discharged - 52.45 7.71 7.84 3.92 

 

  



 

Figure S1. (a) Rietveld refinement of the powder XRD pattern of the Na2Co2(SeO3)3/GO 

composite. The experimental data is shown in red circles, the calculated pattern is shown in black, 

the difference curve is shown in blue, and the Bragg positions are shown in magenta. (b) X-ray 

diffraction patterns of the pristine Na2Co2(SeO3)3 (blue) Na2Co2(SeO3)3/GO composite (red), for 

comparison. 

  



 

                        
Figure S2. Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) curves of 

the pristine Na2Co2(SeO3)3 and the Na2Co2(SeO3)3/GO composite materials. 

  



 
 

Figure S3. HRTEM images showing a thin layer of an unidentified phase (α) on the surface of 

(a) the pristine Na2Co2(SeO3)3 and (b) the Na2Co2(SeO3)3-GO composite particles. 

 

 

 

 

 

  



 
Figure S4. (a) AC impedance spectra (empty circles) of pristine Na2Co2(SeO3)3 along with fitted 

curves (solid line) at various temperatures. The inset shows the expansion of the high frequency 

region. Equivalent circuit used to fit the impedance data is shown in the inset; here, the subscripts 

b and gb denote bulk and grain boundary components, respectively. The impedance plane 

semicircles are depressed due to the distribution of the relaxation times and hence, a non-ideal 

capacitor or CPE is used to represent the depressed semicircle. Generally, the high frequency 

semicircle is attributed to bulk processes, and the low frequency semicircle arises from grain 

boundary contributions. (b) Arrhenius plot of ionic conductivity. The experimental data is shown 

in black dots and the activation energy for Na+ ion migration is calculated from the slope of the 

fitted line (red). 

  



             
Figure S5. Contour plot of Operando XRD patterns of the Na2Co2(SeO3)3/GO electrode recorded 

over the first charge/discharge cycle at a rate of C/20 in the voltage window of 1.0 - 4.5 V (vs. 

Na/Na+), along with voltage profile of the cell.  

 



 

Figure S6. EDX spectra of a) as-prepared Na2Co2(SeO3)3 and b) the electrochemically charged 

material, Na2-xCo2(SeO3)3. The corresponding elemental analyses from the EDX data are shown 

in the inset tables and indicate that the composition of the pristine material 

(“Na2.08Co2(SeO3)3.2”) is very close to Na2Co2(SeO3)3 in accord with that expected, and that of 

the electrochemically oxidized material after the 1st charge is Na0.4Co2(SeO3)3.  While EDX is 

not intended to be quantitative, the data clearly shows that significant Na+ is deintercalated on 

charge, and the oxidized composition is in perfect accord with the electrochemical capacity on 

charge.   



 

Figure S7. SEM images of Na2Co2(SeO3)3/GO composite materials after 100 cycles, indicating 

some fracturing of the active material. The Na cell was cycled at C/20 within a voltage window of 

1.0 - 4.5 V (vs. Na/Na+). 

  



 
 

Figure S8. Electrochemical performance of the pristine Na2Co2(SeO3)3 electrode: (a) cyclic 

voltammograms during the first three cycles at a scan rate of 0.1 mV s-1; (b) voltage-capacity 

profiles for the first three cycles at a C/20 rate (1C = 98.4 mA g-1) in a voltage window of 1.0 – 

4.5 V vs. Na/Na+; (c) cycling performance and corresponding Coulombic efficiency at a 0.05 C 

rate; (d) rate capability data at varying C rates and the corresponding Coulombic efficiencies. 

                                             

  



 
Figure S9. Voltage-capacity profiles of the Na2Co2(SeO3)3/GO electrode for the first five cycles 

at a C/20 rate (1C = 98.4 mAh g-1) in a voltage window of 1.5 – 4.5 V vs. Na/Na+. 

 


