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Materials and Methods

The synthesis of reduced graphene oxide (rGO) was performed by microwave irradiation method. 
Few mg of graphite flakes were subjected to microwave irradiation at 600 W for 60 s followed by 
ultrasonication in a mixture of methanol and double (DD) water for several hours. The obtained 
graphene oxide was dried and treated with hydrazine monohydrate (Alfa Aesar) and finally washed 
and filtered until pH neutral to obtain rGO. To prepare the rGO solution, 0.1 mg of rGO powder 
was dissolved in 2 mL of N-methyl-2-pyrrolidone (NMP) by probe sonication for several minutes 
until a clear dispersion was obtained.

The synthesis of CdSe QD was performed by wet chemical method wherein the Se precursor was 
prepared by refluxing sodium sulfite (Na2SO3) and selenium (Se) in a round bottom flask for two 
hours. The prepared Na2SeSO3 solution was filtered and poured into a beaker containing Cd(NO3)2 
and 2-mercaptoethanol heated at ~ 50 °C. The prepared CdSe solution was filtered and diluted in 
access ethanol for extracting the QD. For application in device, the extracted CdSe QD powder 
was mixed in a polymer host matrix as indicated below.

For the active layer, 0.35 g of Pluronic F-127 was taken with 10% of CdSe QD and rest acetonitrile 
(ACN) to make the final weight 1 g. The mixture was alternated between fridge and room ambient 
condition every few hours for proper mixing.

All the device measurements were performed using CHI 660E electrochemical workstation. For 
generating 1 sun illumination (1000 W.m-2) PET solar simulator #SS80AAA was utilized. UV-Vis 
absorption study was performed using Shimadzu UV-1800 spectrophotometer. The TEM images 
were obtained using JEOL JEM 2100F field emission gun TEM at an operating voltage of 200 kV by 
placing the sample on a lacey grid.  In case of LED illumination, Syska 15W White LED lamp was 
used. Field emission gun scanning electron microscopy (FEG-SEM) was performed with Nova 
Nano FEG-SEM 450. For FEG-SEM cross-sectional images, the sample was prepared on glass 
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slide by spin-coating successive layers of TiO2, rGO, and TiO2. The thickness of the coatings was 
increased by enhancing the concentration of rGO and TiO2 solutions (twice) in order to attain 
proper imaging under FEG-SEM. The inverted optical microscopy images were captured using an 
Olympus microscope. All the measurements were performed in a closed environment at 25 °C to 
avoid any external influence.

The following equation was used to calculate the specific capacitance of prepared devices:

  

𝐶𝑠 =
𝐼

𝑚 
Δ𝑉
Δ𝑡

where ‘I’ is the current applied to discharge the device (A), ‘m’ is the mass of the active material 
(g), ΔV is the potential window (V), and Δt is the discharge time (s). The obtained value would be 
in F/g.

The solar to output energy conversion and storage efficiency (ηc) can be calculated as per the below 
formular:

ηc = (Eoutput / Elight) × 100%

Where Eoutput refers to the discharge energy of the device in mAVh/cm2 while Elight refers to input 
energy from the illumination in mWh/cm2.

The bandgap or energy gap of the prepared CdSe QD was determined using Tauc’s plot from the 
data obtained as per the UV-Vis absorption analysis. The corresponding Tauc’s equation is

(αhν) = B (hν − Eg)r

Where ‘B’ is a constant, ‘α’ is the absorption coefficient, ‘hν’ is the photon energy, ‘Eg’ is the 
optical band gap and ‘r’ is an index dependent on the nature of electronic transition responsible for 
optical absorption. The value of ‘r’ is ½ for direct allowed transitions and 2 for indirect allowed 
transitions [A]. Since CdSe is known to have a direct bandgap, the data plot was obtained between 
(αhν)2 vs hν as shown in Figure S1. 



3

 

Figure S1. (a) Absorption onset and (b) Tauc’s plot of the prepared CdSe QD

Figure S2. HR-TEM image of rGO depicting the sheet stacking
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The prepared MLS of rGO-TiO2 layers on a glass substrate was observed under an inverted optical 
microscope as shown in Fig. S3a and S3b. The rGO was also coated on the FTO glass without the 
TiO2 layer for better clarity of the coated and uncoated surface. The black particles are of rGO 
while the rest is mesoporous TiO2 as indicated in Fig. S3a. This constituted one pair of rGO-TiO2 
layer. Similarly, the coating of a second pair of rGO-TiO2 layer is also clearly visible in Fig. S3b. 

 
Figure S3. Optical microscopy images of (a) one pair of rGO-TiO2 layer (magnification 50x) and 
(b) two pairs of rGO-TiO2 layers (magnification 100x). Scale bar - 20 µm.

Figure S4. Two electrode CV of CdSe QD in solution phase under 1 sun illumination
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Figure S5. A schematic representation of the phenomenon relating to slight increase in potential 
upon turning OFF the lamp observed in Fig. 3c. 

 

Figure S6. (a) OCVD of D-II with photo-charging time of 10 s and discharged in RA condition 
until the device’s potential just started rising. (b) OCVD with a light irradiation time of 10 s and 5 
s, respectively with discharging under RA condition. Blue star indicates light ON and maroon star 
indicates light OFF. 
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Figure S7. D-II (left) when prepared and (right) after 200 cycles of continuous photo-charging 
and discharging. The possible reason is the slow evaporation of the solvent which leaves 
unoccupied sites in the active layer. Also, the continuous oxidation and reduction of QD leads to 
agglomeration, thus increasing the particle size and color leading to degradation.

Table T1. Comparative study of the relevant literature to the present work

Device Configuration Specific 
Capacitance

Photo-
Charging 
time (s)

Peak 
Voltage 
(V)

ηc 
(%)

Cycling 
stability

Ref

FTO/ZnO/Ag2S/ZnS/PEDOT/ 
PVP-[HEMIm][BF4]/PEDOT 
/FTO

0.667 mF/cm2 40 0.33 8.25 
× 
10-4

50 B

FTO/TiO2/N719/TEABF4/ 
MnO2/CNT

13.1 mF/cm2 2400 0.955 - - C

FTO/TiO2/N719/I2/Pt/PEDOT/ 
LiClO4/PEDOT/Pt/FTO

0.52 F/cm2 80 0.69 - - D

FTO/TiO2/MAPbI3/PMMA/PV
A-H2SO4PANI/CNT

103.4 mF/g 80 0.7 0.76 - E

FTO/TiO2/CsPbBr3/C/Si gel/C 33.8 mF/cm2 3 1.2 5.1 1000 F

ITO/P3HT/ Na2SO4-PVA gel 
/ITO

2.44 mF/cm2 50 0.28 1.7 
× 
10-3

- G

FTO/rGO-TiO2/CdSe-F127/ 
rGO-TiO2/FTO

307.4 mF/g 3 - 5 0.35 4.35 
× 
10-3

200 This 
work
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The UV-Vis absorption of multiple pairs of rGO-TiO2 layers was performed and the corresponding 
absorption trend is shown in Figure S8. The two pairs of rGO-TiO2 layers result in a smooth 
absorption in the visible region with an exponential rise in the UV region. The employed rGO does 
not show any absorption in the visible region [I]; however, it is a perfect candidate for refracting 
the light owing to its significant difference in RI with TiO2. Focusing on the absorption of two to 
ten pairs of rGO-TiO2 layers in the visible region (400 – 700 nm), a clear increase in the absorbance 
is observed up to the eighth pair followed by a decrease in the tenth pair. Since, only TiO2 absorbs 
in the visible region while the rGO-TiO2 layering causes greater number of photons to bend 
towards the photo-active material, an overall enhancement in the absorption can be observed. The 
rise in absorbance occurs up to a certain thickness (in this case eight pairs) beyond which the 
reduction in transparency results in loss of absorption in the visible region. This subtly justifies 
our hypothesis and observations for the prepared photocapacitor devices.

Figure S8. UV-Vis absorption of different pairs of rGO-TiO2 layers coated on FTO glass. Single 
FTO was used for coating the layers and the UV-Vis absorption measurement was performed after 
each rGO-TiO2 layer coating. The coating of TiO2 was performed through doctor-blade technique 
to enable significant difference in absorption characteristics of different layers. Hence, the 
thickness of the rGO-TiO2 layers in this measurement is greater from the ones prepared for the 
devices.

A comparison of the developed photo-capacitor with that of a DSSC [H] is shown in Figure S9 for 
better understanding of the device characteristics. A prominent contrast in the I-V pattern of the 
two devices can be observed. A typical photovoltaic characteristic was obtained from DSSC 
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wherein the generated VOC is the true potential of the device while in case of D-I the generated 
VOC is close to 1 V which is far from its true potential (~ 0.25 V, Fig. 3). Upon close observation, 
the obtained I-V characteristics of the device D-I is similar to its CV nature (Figure 2a) in the said 
range. It should be noted that the I-V measurements were also performed at the same scan rate as 
CV measurement (0.1 V/s). Furthermore, it is important to note that in the OCVD analysis of 
DSSC after light irradiation a fast decay in potential occurs, reaching close to zero potential in a 
time span of few seconds [H], which is not the case in the developed photocapacitor devices.

Figure S9. The I-V analysis of a conventional DSSC and D-I.

Figure S10. The devices assessed after sixty days of fabrication. (a) Xenon lamp intensity and (b) 
the RA light lux along with the generated potential by the devices connected in series. The 
responses are shown in video SV1, SV2, and SV3.



9

Movie SV1. The device responsiveness to room ambient light (as low as ~ 30 lx) is shown by 
periodically covering the device to eliminate the absorption of stray light.

Movie SV2. The charging of the device within couple of seconds upon illumination with Xenon 
lamp at ~ 0.8 sun condition.

Movie SV3. Time lapse video of the device charging under room ambient light (~ 30 lx).
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