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Fig. S1. XRD pattern for pure CZTS thin films deposited on Mo substrate at different time 
intervals (a) 12 h for sample A1, 24 h for sample B1, 48 h for sample C1 

 

 

Fig. S2. SEM cross-sectional images of (a) Sample A (b) Sample B and (c) Sample C 
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                                                 Fig. S3. EDS spectrum of Sample A 
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Fig. S4. Charge/discharge profile of pure CZTS growth on Mo substrate by hydrothermal method 

at different time intervals (a) sample A1 (12h) (b) sample B1 (24h) (c) sample C1 (48h) and (d) 

corresponding cyclic performance.   
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Fig. S5. (a) Coulombic efficiency (b) Areal capacity of Sample A, B and C and (c) Discharge 

capacity of Sample B 
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Calculation of volumetric capacity.  

The thickness of the CZTS@C films was measured to be 1.7, 2.4 and 3.2 µm for all electrodes 

with different mass loading of 0.35, 0.53 and 0.8 mg cm-2.  

Therefore, the density () of the electrode is: 

lectrode-1g cm-3    

lectrode-2g cm-3    

lectrode-3g cm-3                                                                  

The gravimetric capacity (Cg) of present electrode is measured to be 1214, 784 and 520 mAh/g as 

reported in Figure. 4. The volumetric capacity (Cv) is calculated:  

                         Electrode-1             Cv=Cg* =1214*2.05 = 2488 mAh cm-3  

                         Electrode-2             Cv=Cg* = 784*2.20 = 1724 mAh cm-3 

                         Electrode-3             Cv=Cg* = 520*2.5 = 1300 mAh cm-3 
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Fig. S6. SEM images of sample A1 (a) after 10th and (b) after 100th cycle (Inset: High 

magnification scale 1 m) 
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Fig. S7. (a-b) before and after cycling sample B1 and (c-d) before and after cycling sample B 
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           Fig. S8. Ex-situ XRD for all carbon coated CZTS after 100 cycles.   

 

 

 

Fig. S9. (a) Nyquist plots of sample A1, B1 and C1 after 100 cycles, and (b) their corresponding 

linear fitting between Zre and ω-1/2
 in the low frequency region. 
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Table S1. Carbon content measured from elemental analysis (EA) 

 

 

 

 

Table S2. EIS of pure CZTS and carbon coated CZTS samples after 100 cycles  

 

 

Sample name  Carbon amount from EA (wt. %) 

CZTS@C samples 4.4 

Sample name  
With code 

R1 (Ohm) R2 (Ohm) R3 (Ohm) 

Sample A1 7.4 35 43 

Sample B1 6.3 40 51.2 

Sample C1 9 42 121 

Sample A 6.5 6.7 30.7 

Sample B 7 6 31 

Sample C 7.4 7 31.7 


