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Figure S1. XRD pattern of as-synthesized g-C3N4.   

Figure S1 shows the XRD pattern of the as-prepared g-C3N4, where the attributed two distinct 

diffraction peaks at around 2θ ~ 13o (100) and 27o (002) along with an additional week 

diffraction peak at 2θ ~ 44.3o (300) confirm the layers of triazine units with a 3D A-B stacking, 

which belongs to hexagonal unit cell and space group of P6̅m2 with lattice parameters of a = b 

= 4.7420 Å, c = 6.7205 Å, α = β = 90°, γ = 120°.1 The characteristic diffraction peak 

corresponds to (100) planes observed because of the interlayer structural packing, whereas the 

peak of (002) originates because of interplanar stacking of aromatic systems of g-C3N4.
2               
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Figure S2. FTIR spectrum of g-C3N4.   

Figure S2 shows the FTIR spectrum of the g-C3N4, where the characteristic peak at around 

808 cm-1 is attributed because of the breathing vibration of triazine ring.3,4 The peak at ~ 887 

cm-1 represents the deformation mode of cross-linked heptazine. The characteristic peak at ~ 

1637 cm-1 is assigned to the C=N stretching vibration mode, whereas the additional 

characteristic peaks at 1236 cm-1, 1320 cm-1, 1404 cm-1, 1463 cm-1, and 1553 cm-1 are attributed 

to stretching modes of C-N heterocycles.5 In addition, a characteristic broad peak centered at 

around 3176 cm-1 corresponds to the N-H bond stretching mode.6 

 

 

 

 

 

 

4000 3500 3000 2500 2000 1500 1000

8
0
8

8
8
71

2
3
6

1
3
2
0

1
4
0
4

1
4
6
3

1
5
5
3

1
6
3
7

T
ra

n
s
m

it
ta

n
c
e
 (

a
.u

.)

Wavenumber (cm
-1

)
3
1
7
6



S-4 

 

 

Figure S3. BET N2 adsorption/desorption isotherms of g-C3N4.   

 

Figure S4. TGA curve of as-prepared g-C3N4.   

Figure S3 shows the BET N2 adsorption/desorption isotherms of g-C3N4 corresponds to the 

surface area of ~ 40.1 m2/g. The TGA curve of the g-C3N4 is shown in Figure S4, where a 

rapid decay of TGA curve is attributed in the temperature range from ~ 450 ℃ to ~ 625 ℃ 

denoting the thermal decomposition temperature range of g-C3N4. 

GO and rGO samples were characterized by SEM, XRD and Raman. Figure S5a,b show the 

SEM images of GO and rGO, where more porous 2D sheets are observed in the rGO sample 

as compared to pristine GO. The evidence of the reduction of GO can be confirmed from the 

XRD patterns (Figure S5c), where a strong diffraction peak at 2θ ~ 10.6o corresponds to (001) 

diffraction planes was observed in GO which is vanished in rGO. Moreover, a new distinct 

peak at around 2θ ~ 24.2o (002) attributed is attributed in rGO. In addition, the defect states in 
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rGO was slightly increased because of increase in the surface related defect states during 

reduction process (Figure S5d, Raman spectra).         

 

Figure S5. (a,b) SEM images of GO and rGO. (c,d) XRD patterns and Raman spectra of GO 

and rGO.   
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Figure S6. (a) Top-view and (b) cross-section SEM images of the photo-cathode. Scale ~ 

1µm. 

 

 

Figure S7. CV responses of g-C3N4@rGO/FTO electrode at scans of (a) 50 mVs-1, (b) 70 mVs-

1 and (c) 100 mVs-1 in dark and illuminated (λ ~ 420 nm, intensity ~ 50 mWcm-2) conditions.   
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Figure S8. CV profiles of (a) rGO/FTO and (b) activated carbon/FTO electrodes recorded in 

dark and illuminated (λ ~ 420 nm, intensity ~ 50 mWcm-2) conditions at same scan rate of 50 

mVs-1.   

Figure S8 shows the CV profiles of rGO/FTO electrode (Figure S8a) and activated 

carbon/FTO electrode (Figure S8b) acquired by three-electrode testing in dark and illuminated 

(λ ~ 420 nm, intensity ~ 50 mWcm-2). Interestingly, negligible increase in the area under CV 

of rGO/FTO electrode is observed because of the relatively weak light sensitive response of 

rGO. However, as expected no change in the area under CV plot of the activated carbon/FTO 

electrode is observed (see Figure S8b).          

 

 

Figure S9. (a) Digital photograph (left) and schematic representation (right) of an optical coin 

cell (CR2450) with an optical window of ~ 8 mm diameter designed for Photo-ZIC devices. (b) 
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CV responses of the Photo-ZIC at different scan rates of 50 mVs-1, 100 mVs-1, 200 mVs-1, 300 

mVs-1, 400 mVs-1 and 500 mVs-1 in dark. 

 

Figure S10. (a) CV profiles (50 to 500 mVs-1) of a Photo-ZIC in 1M Zn(CF3SO3)2 aqueous 

electrolyte. Comparative CV studies of the photo-ZIC in 1M Zn(CF3SO3)2 aqueous electrolyte 

at different scans of (b) 50 mVs-1, (c) 100 mVs-1, (d) 300 mVs-1 and (e) 500 mVs-1 in dark and 

illuminated (λ ~ 420 nm, intensity ~ 50 mWcm-2) conditions.   
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Figure S10a shows the CV profiles of the Photo-ZIC in 1M Zn(CF3SO3)2 aqueous electrolyte 

at different scans (50 to 500 mVs-1). Similarly, the photo-charging responses can be observed 

of the Photo-ZIC in Zn(CF3SO3)2 aqueous electrolyte, which implies that ZnSO4 or 

Zn(CF3SO3)2 aqueous electrolytes can be used for the realization of photo-rechargeable ZIC 

based on the optically and electrochemically active g-C3N4 cathode. Comparative CV plots of 

the Photo-ZIC in 1M Zn(CF3SO3)2 aqueous electrolyte at different scans of 50 mVs-1, 100 mVs-

1, 300 mVs-1 and 500 mVs-1 in dark and illuminated conditions (λ ~ 420 nm, intensity ~ 50 

mWcm-2) show the clear enhancements of capacitive responses under light illumination as 

compared to dark (Figure S10b-e).  

 

Figure S11. (a) Energy level diagram of the Photo-ZIC demonstrating the participation of 

photogenerated electrons and holes for photo-charging under illumination. (b) Cyclic current 
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response (∆𝐼 =  𝐼𝑙𝑖𝑔ℎ𝑡 − 𝐼𝑑𝑎𝑟𝑘; where 𝐼𝑑𝑎𝑟𝑘 and 𝐼𝑙𝑖𝑔ℎ𝑡 are the currents in dark and illuminated 

conditions) of the Photo-ZIC in illuminated and dark conditions at 0 V applied voltage. 

 

Figure S12. CV curves of (a) rGO/FTO//Zn, (b) activated carbon/FTO//Zn and (c) g-

C3N4@SuperP/FTO//Zn based ZICs in dark and illuminated (λ ~ 420 nm, intensities of ~ 50 

mWcm-2) conditions. 

 

Figure S13. CV responses in dark and different light illuminated conditions. Scan rate = 200 

mVs-1.   
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Figure S14. In operando optical characterisation of the Photo-ZIC. (a) Galvanostatic charge-

discharge profile and (b) reflectance spectra at different charge and discharge voltages.     

 

Figure S15. Intensity dependence CV responses of the photo-ZIC at λ ~ 420 nm with intensities 

of ~ 20 mWcm-2 (black) and ~ 50 mWcm-2 (red). 
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Table S1.  Comparative voltage response and photo-charge conversion efficiency of the Photo-

ZIC with previously reported photo-rechargeable supercapacitors (with externally integrated 

solar cells).  

Photo-rechargeable Energy 

Storage Unit 

Architecture Voltage 

response 

Photo-charge 

conversion efficiency 

AC//AC SC and DSSC7  Integrated 460 mV - 

PEDOT//PEDOT SC and 

DSSC8 

Integrated 690 mV - 

CNTs-TiO2//CNTs-TiO2 SC 

and DSSC9 

Integrated 600 mV 1.5% 

WO3//WO3 SC and PSC10 Integrated 680 mV - 

BC-PPy nanofibers//MWCNTs 

SC and PSC11 

Integrated 710 mV 10 

MWCNTs//MWCNTs SC and 

DSSC12 

Integrated 650 mV 1.83% 

TiO2//MWCNTs SC and 

DSSC13 

Integrated 630 mV 2.73% 

TiO2//TiO2 SC and DSSC14 Integrated 610 mV 1.64% 

PANI//PANI SC and DSSC15 Integrated 620 mV 2.12% 

Porous Si//porous Si SC and 

DSSC16 

Integrated 640 mV 2.1% 

TiO2//MWCNTs SC and 

polymer solar cell17 

Integrated 400 mV 0.82% 

PEDOT-carbon//PEDOT-

carbon SC and PSC18 

Integrated 710 mV 4.7% 

Carbon//Carbon SC and PSC19 Integrated 910 mV 71% 

CF@TiO2@MoS2//CF@TiO2

@MoS2 SC and DSSC20 

Integrated 750 mV 1.8% 

Carbon//Carbon SC and PSC21 Integrated 950 mV 7.1% 

Photo-ZIC (This work) Single 850 mV 0.01% 

AC: Activated carbon, SC: Supercapacitor, DSSC: dye-sensitized solar cell, PSC: perovskite 

solar cell, MWCNTs: Multi-walled CNTs.  
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Figure S16. (a) Self-discharge and (b) voltage floating test under continuous light illumination 

(λ ~ 420 nm, intensities of ~ 50 mWcm-2) of the Photo-ZIC.  

 

 

 

a

b

0 10000 20000 30000 40000 50000 60000 70000

400

600

800

1000

0

 

 

V
o
lt
a
g
e
 (

m
V

)

Time (s)

200

0 500 1000 1500 2000 2500 3000
200

300

400

500

600

700

800

900

1000

 

 

V
o
lt
a
g
e
 (

m
V

)

Time (s)



S-14 

 

 

Figure S17. Cyclic charge-discharge profile for 500 cycles of the Photo-ZIC at the specific 

current of 15 mAg-1: (a) few charge-discharge cycles and (b) Capacity retention and coulombic 

efficiency plots. The Photo-ZIC retains ~ 95.3% capacity their capacity over 500 galvanostatic 

charge-discharge cycles.   

 

Figure S18. Comparative 1st (black), 500th (red) and 1000th (blue) CV responses of the Photo-

ZIC under illumination. 
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Figure S19. SEM images of the (a,b) g-C3N4@rGO/FTO cathode and (c,d) Zn anode before 

and after 1000 CV cycles under illumination. (e) Normalised PL spectra of the g-

C3N4@rGO/FTO cathode before (black) and after (red) 1000 CV cycles under illumination (λ 

~ 420 nm, intensity ~ 50 mWcm-2).  
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Calculation: 

The photo-charge conversion efficiency (η) can be expressed as22, 

 𝜂 =
𝐸𝑜𝑢𝑡

𝐸𝑖𝑛
× 100% =

𝐸𝑚×𝑚

𝑃𝑖𝑛×𝑡×𝐴
× 100%  

𝜂 =
0.668 (𝑚𝑊 𝑔−1)  ×  0.0002 (𝑔) ×  3600 (𝑠)

50 (𝑚𝑊 𝑐𝑚−2)  ×  191 (𝑠)  ×  0.5 (𝑐𝑚2)
× 100%  

𝜂 ≈ 0.01 %  

where, 𝐸𝑚 (= 668 mWhkg-1) and 𝑚 (= 0.2 mg) are the energy density and electrode mass of 

the photo-ZIC respectively, 𝑃𝑖𝑛 ( = 50 mW cm-2) is the illuminated light intensity, 𝑡 (= 191 s) 

is the photo-charging time and 𝐴 (= 0.5 cm2) is the light illuminated active surface area. 
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