
Materials Research Express

PAPER • OPEN ACCESS

Facile synthesis of CdS Quantum dots for QDSSC
with high photo current density
To cite this article: T Archana et al 2020 Mater. Res. Express 7 015528

 

View the article online for updates and enhancements.

Recent citations

Quantum Dot Sensitized Solar Cell:
Photoanodes, Counter Electrodes, and
Electrolytes
Nguyen Thi Kim Chung et al

-

This content was downloaded from IP address 157.51.189.101 on 04/08/2021 at 09:44



Mater. Res. Express 7 (2020) 015528 https://doi.org/10.1088/2053-1591/ab67f9

PAPER

Facile synthesis of CdS Quantum dots for QDSSC with high photo

current density

TArchana1, KVijayakumar1, G Subashini2, ANirmalaGrace2,MArivanandhan1,3 andR Jayavel1

1 Centre forNanoscience andTechnology, AnnaUniversity, Chennai-600025, TamilNadu, India
2 Centre forNanotechnology Research, Vellore Institute of Technology, Vellore-632014, TamilNadu, India
3 Author towhomany correspondence should be addressed.

E-mail: arivucz@gmail.com

Keywords: quantumdots, stabilizing agent, SILAR, photocurrent density, surface defects

Abstract

Environment-friendly and cost effective greenCdSQuantumDots (QDs) are synthesized using

Azadirachta Indica extract as a novel non-toxic stabilizing agent and to excogitate its light harvesting

potentiality forQDSensitized Solar Cells (QDSSCs). The effect of different configuration of greenCdS

basedQDSSCs viz (i) different phase of TiO2 photoanodes (ii)with andwithout ZnS passivating layer

(iii)with Platinumcounter electrodes (CE) and (iv)CuSCEhave been investigated. Despite tralatitious

SILARCdS basedQDSSC showed better efficiency (1.93%) than greenCdS basedQDSSC (0.77%), the

later unveil higher photocurrent density (10.61mA) possibly due to effective encapsulation of

Azadirachta Indicawhich suppresses the surface defects in greenCdSQDs favoring the transport of

photo generated carriers. Thework facilitate scope for cost effective and environment-friendly green

synthesizedCdSQDs that significantlymodulated photovoltaic properties ofQDs based solar cells in

an inviolable condition.

1. Introduction

Tomeet the increasing energy demands,extensive research have been carried out on photovoltaic technologies

over the last several decades. To promote the utilization of photovoltaics as significant energy device, dyes have

been replacedwith a new type of light absorbingmaterials namelyQuantumDots. Semiconductor Quantum

Dots (QDs) have attracted significant notability as sensitizermaterial for fabrication of low cost third generation

Solar Cells [1–5]. Cd- and Pb- basedQDs have been extensively studied for quantumdot–sensitized solar cells

(QDSSCs) due to their band gap tunability, quantum confinement, high absorption coefficient, solution

processability and near optimal band gap energy [6–9]. QDSSCs are attracting enormous attention and number

of relevant research articles is increasing annualy. Recently, Luther’s group reported highest photoconversion

efficiency ofQDSSC of 13.43%. Though different strategies have been tried in improving performance and

stability ofQDs inQDSSCs. There are only limitedworks reported in controlling the toxicity ofQDs that has

limited their pervasive use inQDSSCs [10]. The smaller size of nanoparticles can result in the capability to enter

to the human body by inhalation, ingestion, skin penetration or injections; thereby, creating the potential to

interact with intracellular structures. The toxicity fromnanomaterials, specifically because of occupational

exposure was studied by European Respiratory Journal (2009), and the health impairments were reported for a

period between 5 and 13months [11]. Better control of nanomaterial toxicity can be done by the safe design of

nanoparticles using greener research approach. Consequently, green chemistry–mediated synthesis ofQDs is

profoundly imperative to reduce its toxicity and extend its applications [12–22].

Manoj et al (2019) reported the green synthesis of Cu nanoparticles [17]. Loo et al (2012) explained about the

synthesis of Ag nanoparticles fromCamellia sinensis extract [20]. Kavitha et al (2018) have green synthesizedCdS

QDs using tea leaf extract and studied their antimicrobial activity [21]. Recently, copper indium sulphide–based

ternaryQDs have been fabricated as an alternative toCd- and Pb-basedQDs forQDSSCs; however the former

QDs showed lesser efficacy [9].Moreover, greenCdS-basedQDSSCs have been rarely investigated.
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Further,Azadirachta Indica (A.indica) is a well-known green source for stabilizing the nanoparticles and

used for synthesizing Ag and Pt nanoparticles [15, 16]. Howbeit,A.indica is not yet used as a stabilizing agent to

synthesis CdSQDs. Thus, in the present work, the CdSQDswere synthesized usingA.indica extract as a

stabilizing agent andQDSSCswere fabricated using greenCdSQDs. The present work demonstrates the

feasibility of using greenCdS as a novel approach for improving the performance ofQDSSC.QDSSCswere

comparatively investigatedwith different cell combinations and also comparedwith conventional SILARCdS-

basedQDSSCs. For further in-depth study of photoconversion efficiency of greenCdS, its sensitizing property

analysed at different cell configuration. Different combinations of photoanode phases (anatase and rutile),

sensitizers(greenCdS and SILARCdS ), counter electrode (Pt andCuS ) to increase values of efficiency by

improving the light harvesting ability and the electron transfer rate ofQDSSCs and by reducing the charge

recombination rate at the interfaces [13, 19, 23].

Inorder to study the phase change induced quantization effect of greenCdS , its photoconversion efficiency

is studied for both anatase and rutile phase of TiO2 photoanode [23].

HigherFermi level of anatase over rutile by 0.1 eV, resulting in a lower oxygen affinity and a higher level of

hydroxyl group onTiO2 surfaces. These hydroxyl groups contribute to the higher photocatalytic activity of

anatase . In addition, anatase possesses an indirect bandgap and rutile has a direct band gap. Anatase possesses a

wider absorption gap. It is generally proposed that excitation electronmass of the outer shell electrons of anatase

is lower than that of rutile, leading to a highermobility of electrons in anatase .Hence performance of green

synthesizedCdS is analysed for anatase and rutile TiO2 coated photoanode.

Recent studies onQDSSCs have shown an abate in overall conversion efficiency because of serious electron

loss from charge recombination at the electrolyte– electrode or at the electrolyte–counter electrode interfaces.

To study on electron losses and to supress these losses , different approaches such as use of passivating layer, also

replacement of Pt counter electrode withCuS have been explored.

2. Experimental

For green synthesis of CdSQDs, A. indica plant extract was prepared by following the procedure as reported in

the literature [21, 22]. TheCdSQDs synthesis was rendered in two stages. Infirst stage 0.02MCdCl2was added

to 50 ml ofA.indica extract and kept for 3 days in the dark roomat ambient temperature. In the second stage,

0.5 ml of 0.025MNa2Swas added and incubated for 4 days to formCdS nanoparticles. The resultantfinal

solutionwas yellowish in color with greenish tint. As obtained precipitate was centrifuged at 10000 rpm for

10 min andwashedwith deionizedwater for three times [18, 19, 22]. Finally, the obtained product was

lyophilized for further characterization studies.

The surfacemorphology and composition of greenCdSwere analyzed using Field emission scanning

electronmicroscopewith energy-dispersive x-ray analysis (FESEM-FE IQuanta F EG 200). Further, the shape

and size of CdS samplewere interpreted by high resolution transmission electronmicroscopy (HRTEM; JEOL

TEM2400). The functional groups of the preparedCdSmaterials were elucidated by FTIR (Jasco 6600)

spectrophotometer. TheUV–vis absorptionwas recorded using Perkin ElmerOptima 5300DV.

TiO2was synthesized by hydrothermalmethod using TTIP as precursor at 240 °C for 12 h. The obtained

TiO2was calcined at 500 °C for anatase phase and 700 °C for rutile phase. TiO2 photoanodewas prepared by

doctor blademethodwith active area of 0.25 cm2
[23]. GreenCdSwas loaded on to TiO2 photoanode by direct

absorptionmethod [24]. For comparative analysis, the CdSQDswere loaded on to TiO2 photoanode using

SILARmethod too [25]. TiO2 photoanodes were immersed in solution of 0.4 MCdCl2 in1:1 ratio ofmethanol

andwater for 45 s followed by rinsingwithmethanol for 30 s and then immersed in 0.2 MNa2S solution of 1:1

ratio ofmethanol andwater for 45 s, followed by rinsingwithmethanol. The deposition temperaturewas kept at

ambient temperature (∼32 °C). In this present work, the deposition cycle was chosen as 8 cycles [25–30]. The

QDSSCwas fabricated by sandwichingQDs loaded photoanode and Pt andCuS counter electrode [31]. The Pt

counter electrodewas fabricated by using thermal depositingmethod. In detail, a drop ofH2PtCl6 solution

(5 mMchloroplatinic acid in isopropanol)was dropped onto FTOglass, followed by heating at 400 °C for

15 min. SILAR approachwere used to prepare CuS counter electrodes on the FTO substrate. FTO samples were

cleaned ultrasonically with acetone, ethanol, andDIwater for 10 min each. The cleaned substrates were dried

withN2 gas. The copper sulphide counter electrodewas obtained by applying 4 cycles of SILAR using cationic

and anionic aqueous solution of 0.5 MCu (NO3)2 and 0.5 MNa2S. Finally, electrodewas dried at 120 °C for

10 min ZnSwas coated on theQD loaded photoanodes as a passivating layer (2 cycles) and studied their impact

on the performance ofQDSSC. The ZnS passivating layer was deposited over theGreenCdS and SILARCdS

QDs by 2 cycles of SILAR deposition using aqueous solution containing 0.1 M zinc acetate and 0.1 M sodium

sulphide as anionic and cationic source respectively. The polysulphide electrolyte was prepared by 0.5 M sodium

sulphide ,0.1 MKCl and 0.2 m sulphur in 7:3 ratio of ethanol andwater whichwas stirred in dark for 5 h [27, 31].
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I-V characteristics of theQDSSCwere studied by Solar Simulator (1 SUNOriel Class AAA). Electrochemical

impedance spectroscopy (EIS)measurements were recorded byCHI electrochemical workstation (CHI 660C)

at frequency ranging from10MHz to 100KHz and impedance spectra were analyzedwith EC lab software1.

3. Result and discussion

Figure 1(a) shows theXRDpattern of greenCdSwhich is wellmatchedwith standard JCPDS data (No.10–454)

and confirms the cubic structure of CdS. Among the diffraction peaks, (111) peak is having large intensity which

shows the preferred orientation of the particles. Broadened diffraction peakswith high full width at half

maximumare possibly due to smaller dimension of the particles. Inset offigure 1(a) shows FESEM image and

EDAXof greenCdS, which confirms the sphericalmorphology of CdS and the composition of Cd and S along

with the presence of weak oxygen peak. Figure 1(b) shows a strong absorption peak centered at 433 nmdue to

band edge emission of CdSQDswithwide band gap of 2.85 eV (Inset offigure 1(b)). The band gap of prepared

QDs is blue shifted as shown infigure 1(b)due to the quantum confinement effect [26–28]. Figure 2(a), b shows

theHRTEM images of greenCdS particles. The images confirm the sphericalmorphology of the particles with

size of 2–5 nm,which is less than excitonic Bohr radius (∼3 nm) of CdS thereby authenticatingQD formation

thereby the blue shift is observed infigure1(b). The inset offigure 2(b) shows theHRTEM image of a singleQD

with clear lattice fringes and the inter planar distance of 0.33 nm [21], which corresponds to preferred

orientation of (111) of CdSQDs, as confirmed fromXRDpattern (figure 1(a)).

The FTIR spectra ofA.indica plant extract, greenCdS and SILARCdS are shown infigure 2(c). The IR

spectrumof green extract (figure 2(c) (i)) set out double absorption peaks centered at 3435.18 and 3191.18 cm−1

is due to primary and secondary amines of plant extract [32, 33]. The peaks at 2949.81 and 2840 cm−1 represent

Figure 1. (a)X-ray diffraction pattern of greenCdSQDs, inset of (a) FESEM image and EDAXwith elemental composition of green
CdSQDs(b)UV–vis absorption spectrum, for green and SILARCdS ,inset of (b)Tauc plot for greenCdSQDs(c) Fluorescence spectra
of greenCdSQDs inset of (c)Fluorescence spectra for SILARCdS.

3

Mater. Res. Express 7 (2020) 015528 TArchana et al



the aliphatic C-Hofmethanol solvent. The band at 1653.92 cm−1is due to stretching of C=O fromketone

groups ofA.indica and the peak at 1001.9 cm−1 is owing to the presence of aliphatic amines. FTIR peaks of green

CdS are laid out infigure 2(c) (iii), includes the band at 630.87 cm−1which is the characteristic peak of Cd-S

stretching and confirming the formation of CdSQDs. Presence of few organic components can also be observed

in FTIR spectrumof greenCdS at 1579.33, 1415.33 and 1117 cm−1 due toC–C stretching, O-Hbending and

C-O stretching, respectively. FTIR spectrumof SILARCdS (figure 2(c) (ii)) showed peaks corresponding toCd-S

stretching and small intense peaks near 2840 cm−1 is by virtue of aliphatic C–H. FTIR spectra uphold the

presence of organicmolecules probably confoundingwith the greenCdSQDs.

Growthmechanism of greenCdSQDs are explained by considering the interaction between the organic

molecules of plant extracts andCdS surfaces [33]. Plants extracts have the potential to hyper-accumulate and

biologically reduce ions. A. indica extract consists of polyphenols, proteins, caffeine, amino acids [33]. Protein

binders within the plant extract playsmajor role in controlling size of CdS, as reducing agent, shape-control

modifier and stabilizing agent [34]. At the initial stage, during the addition of cationic source (cadmium

chloride) to plant extract, Cd2+ ions bindwith plantmediated protein due to in situmetallic stress from

bioactivemolecules present in plant extract. On further addition ofNa2S, it facilitates formation of S2- ions and

binds to plantmediatedCd2+ ions and formCdSQDs. Bioactive components like amines, carboxylic acids,

ketones, hydroxyl groups as identified fromFTIR spectrumof plant extract (figure 2(c)) plays dominant role in

reducing cadmiumand then stabilizing themby interactingwith Sulphur and formingCdSwith controlled sizes

and shapes [34].When organic components or alien ions are attached to growth surface strongly, the available

growth sites are occupied, thereby growth process terminates. Presence of small amount of organic residuals

with greenCdSQDs can be seen fromFTIR (figure 2(c)) and EDAX (figure 1(a))which can act as an organic

capping and reducing its toxicity [22]. In addition,Hemolysis assaywas performed to evaluate the hemo-

compatibility of the greenCdSQDs and shown infigure 2(d). GreenCdSQDs shows the toxicity value of 0.026%

which seems to be very low [35]. Further toxicity was analyzed by studying cytotoxic effect of greenCdSQDs in

Figure 2. (a)TEM image (b)HRTEMof greenCdSQDs (c) FTIR for leaf extract and greenCdSQDs (d)Hemolytic analysis of green
CdSQDs.
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comparisonwithCdSQDs [21]. Toxicity is studied onHuman lung epithelial cells (A549) and the results are

shown infigures 3(a)–(d). Figures 3(a)–(c) gives phase contrast image of cells captured using LiecaDME8

microscope at 40Xmagnification. The cellmorphology at various treatments ofQDs is also provided in

figures 3(a)–(c). The cellmorphology was significantly altered in CdSQDs treated cells compared toGreenCdS

QDs. The results are shown infigure 3(d). The results indicate thatGreenCdSQDs does not induce any

cytotoxic effect in cell at concentration as high at 100 μgwhen compared toCdSQDs. The cell viability was only

64% in cell treatedwithCdSQDs at 50 μgwhen compared toGreenQDswhich showedCell Viability of 97%.

TheCell viability was only 4% inCdSQDs at 100 μg concentrationwhen compared to greenCdSQDswhich

showed a viability of 80% at the same concentration. The results indicate that GreenCdSQDs does not induce

any toxic effect on human cell lines and hence can be considered as nontoxic and environmental friendly in

nature.

Figures 4(a) (i) and (ii) showed theXRDpatterns of greenCdS loaded anatase and rutile TiO2 photo anodes,

respectively. Figures 4(a) (iii) and (iv) are the XRDpatterns of SILARdeposited CdS on anatase and rutile TiO2

photo anodes, respectively. The typical diffraction peaks corresponding to anatase TiO2matcheswith JCPDS

cardNo.21-1272 (figures 4(a) (i) and (iii)) and rutile TiO2matches with JCPDS card no: 21-1276 (figures 4(a) (ii)

and (iv)). Further, CdS related diffraction peaks are wellmatchedwith JCPDS card no: 10-454which confirms

the effective loading ofQDs into the photo anodeswith different phases. FTO related peaks are also clearly

observed in the XRDpatterns. UV–vis absorption spectra of greenCdS and SILARdeposited CdS loaded

TiO2with rutile and anatase phases are shown infigure 3(b). The high absorption in visible regime of greenCdS

loaded photo anode favoring larger absorptionwindow thereby betterQDSSC performance[36].Moreover,

greenCdS loadedTiO2 photoanode showed relatively high intensity of absorption compared to SILAR

deposited CdS. The presence of auxochromes in organicmoieties of greenCdS increases the intensity of

absorption.Moreover, hypsochromic shift can be seen for greenCdS loaded photoanode compared to SILAR

CdS owing to confinement effect of GreenCdSQDs loadedTiO2 photoanode. Figures 4(c) and (d) shows the

FESEM image and EDAX spectrumof greenCdSQDs loaded TiO2 photo anode, showing effective loading of

CdSQDs into the photoanode and theQDs are indicated as yellow color dotted circle in the image (figure 4(c)).

The fabricatedQDSSCswere testedwith standard (AM1.5) 100 mV solar simulator under 1 sun illumination

condition. The obtained cell parameters are shown in table 1. Figures 5(a)–(c) unfold schematic representations

ofQDSSCwith different configurations such as SILARCdS sensitizedQDSSC, greenCdS sensitizedQDSSC and

greenCdS basedQDSSCwith ZnS passivating layer, respectively. Figure 5(d) (i) shows the I-V characteristics of

greenCdS and SILARCdS basedQDSSCs fabricated using rutile and anatase TiO2 as photoanodes and platinum

as counter electrodes. As can be seen from figure 5(d) (i), theQDSSCwith anatase TiO2 photoanode showed

Figure 3.Phase contrast image of cells (A549) (a) untreatedCells (b)Cells treatedwith greenCdSQDs(c)Cells treatedwithCdSQDs
(d)Percentage cell viability.

5

Mater. Res. Express 7 (2020) 015528 TArchana et al



relatively better performance compared to rutile TiO2 photoanodes for both kind of green and SILARCdSQDs.

The relatively high performance of anatase TiO2 photoanodes basedQDSSCs are possibly due to the shift in the

Fermi level by 0.1 eV compared to rutile phase resulting in a lower oxygen affinity and a higher level of hydroxyl

groups onTiO2 surfaces which favors carrier transport. Anatase possesses an indirect bandgapwhile rutile has a

direct band gap thusminima of the conduction band of anatase is away from themaxima of the valence band,

enabling the excited electrons to stabilize at the lower level in the conduction and leading to a longer life (slower

charge carrier recombination) and highermobility than that of rutile with a direct band gap. Also, anatase

possesses awider absorption gap. Excitation electronmass of the outer shell electrons of anatase is lower than

that of rutile, leading to a highermobility of electrons in anatase. Hence improved performance can be observed

Figure 4. (a)XRDdiffraction patterns of (i)GreenCdS onAnatase TiO2 coated on FTO (ii)GreenCdS onRutile TiO2 coated on FTO
(iii) SILARdeposited CdS onAnatase TiO2 on FTO (iv) SILARdeposited CdS onRutile TiO2 on FTO (b)DRS spectrum for greenCdS
loaded on anatase and rutile TiO2 (c) SEM images and EDAX spectrumof greenCdSQDs loaded TiO2 photoanode.

Table 1. I−Vcharacteristics ofQDSSCs fabricatedwith different combinations.

Cells Cell Configurations Voc (mV) JscmA cm−2 Fill Factor (%) Efficiency (%)

QDSSC1 Rutile TiO2/GreenCdS/Pt 28.7 4.73 23.07 0.02

QDSSC2 Anatase TiO2/GreenCdS/Pt 115.1 5.80 28.17 0.19

QDSSC3 Rutile TiO
2
/SILARCdS /Pt 343.5 5.90 32.45 0.66

QDSSC4 Anatase TiO2/SILARCdS /Pt 352.8 9.36 33.98 1.12

QDSSC5 Anatase TiO2/GreenCdS/CuS 169.0 10.61 24.80 0.44

QDSSC6 Anatase TiO2/SILARCdS/CuS 495.9 9.21 47.58 1.36

QDSSC7 AnataseTiO2/GreenCdS/ZnS/CuS 258.7 10.56 28.07 0.77

QDSSC8 Anatase TiO2/SILARCdS/ZnS/CuS 419.3 9.66 47.69 1.93

Ref [30] CdS (CBD) onTiO2 355.0 2.57 18.00 0.17

Ref [31] CdS (SAM) on std TiO2(p25) 529.0 0.17 59.00 0.05
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for anatase phase TiO2 photoanodewith both green synthesized CdS and SILARdeposited CdS [37, 38].

Therefore, the anatase TiO2 based photoanodes are used for further improving theQDSSCperformance by

employing the passivating layers and replacing the counter electrodes.

Figure 5(d) (ii) shows the I-V characteristics of green and SILARCdS loaded anatase TiO2 basedQDSSCs

withCuS as counter electrodes.Moreover, the I-V characteristics of theQDSSCswere analysedwith andwithout

ZnS passivating layers. As reported passivation layer helps exciton generation in the core to remove defects, such

as unsaturated surface atoms on the surface, and to reduce alternative decay pathways and reducing the charge

recombination rate at the interfaces. Hence an improved performance can be seenwith ZnS layer coating. As can

be seen fromfigure 5(d) (ii), the performance ofQDSSCwithCuS as counter electrode are relatively high

compared to theQDSSCwith Pt counter electrode (figure 5(d) (i)). The sulphur from the polysulphide

electrolytemay chemisorbs on to the Pt electrode surface, which resulted higher charge resistance at the interface

of counter electrode/electrolyte and lowers the performance.Whereas, the ZnS ismore compatible with

polysulphide electrolyte thereby it shows relatively high performance (figure 5(d) (ii)).

From the I-V curves (figure 5(d) (ii)) it can be inferred that the current density of greenCdS basedQDSSC is

relatively higher (10.61 mA) compared to SILARCdS based cell (9.2 mA) because of higher visible photon

absorption as can be seen fromUV–vis spectra (figure 1(b)). The presence of organicmoieties with greenCdS

causes suppression of surface defects and improving flocking of charge carriers. The broadened light absorption

from250 to 520 nmwith high intensity favors light harvesting efficiency and presence of retral organic

molecules effectively encapsulate theQDs and thereby improved electron hole injection that eventualize

improved current density of greenCdS basedQDSSC. An overall abate in open circuit voltage (Voc) results in

lowering of photo conversion efficiency of greenCdS basedQDSSCs. The decay inVoc ismainly attributed due

to recombination losses that deliberately downturn excitonic life time of charge carries. A significant

improvement of 65% inVoc is observed for greenCdSQDSSC after passivatingwith ZnS. From the results, it is

obvious that the ZnS layer preventing retension of electrolyte towards sensitizer and to TiO2 photoanode layer

that can expedite the recombination of the charge carriers. This phenomenon is schematically shown in

figure 5(c). Althoughmore photo-generated carriers are generated in the greenCdS, the likelihood of electron-

hole recombination is still high. Consequently, the photo conversion efficiency of the greenCdS basedQDSSCs

is lower (0 .77%) compared to SILARdeposited CdS (1.93%). Hencemuch better control of recombination

process have to be done for achieving higher conversion efficiency in greenCdS sensitized solar cells.

Figure 5. Schematic representation of (a) SILARCdS (b)GreenCdS (c)GreenCdSwith passivating layer (d) I−VCharacteristics of
fabricatedQDSSCswith (i) platinum counter electrode (ii)CuS counter electrodes.
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Electrochemical impedance spectroscopy (EIS) analysis is used to evaluate the internal resistance and charge

transfer kinetics ofQDSSCs. Figures 6(a)–(c) shows theNyquist plots of green synthesizedCdS and SILAR

deposited CdS basedQDSSCswith platinumand copper sulphide as counter electrodes. The plots were analysed

using EC lab software and the obtained parameters from the EIS analysis are summarized in table 2. FromEIS

data, it is clear that the series resistance values are high forQDSSCswith platinumcounter electrodes compared

to thatwith copper sulphide counter electrodes [38–41].

As shown infigure 6, Rs represents the series resistance andRct represents the charge transfer resistance

between counter electrode and electrolyte. The lower Rct value shows higher electrocatalytic activity of CuS

basedQDSSCs. Relatively higher Rct values of Pt basedQDSSC shows the incompatibility of the cell with sulphur

based electrolyte which is used in theQDSSc. Therefore, theQDSSCswithCuS as counter electrode showed

relatively higher photocurrent compared to cell with Pt counter electrode.Moreover, theQDSSCwith ZnS

passivating layer showed relatively low charge transfer resistance compared to the cell with no passivating layer.

The EIS data revealed that theQDSSCwithCuS counter electrode andZnS passivating layer is an optimum

configurationwith lowRs andRct.

Figure 6.EIS Spectra ofQDSSCs (a)GreenCdS and SILARCdSwith andwithout ZnSwith platinumCounter electrode (b)GreenCdS
with andwithout ZnSwithCuSCounter electrode (c) SILARCdSwith andwithout ZnSwithCuSCounter electrode.

Table 2.EIS characteristics ofQDSSCs fabricatedwith
different combinations.

Cell Configurations Rs (ohm) Rct (ohm)

TiO2/GreenCdS/Pt 2657 331.41

TiO2/GreenCdS/ZnS/Pt 2589 231.85

TiO2/SILARCdS/Pt 2308 301.7

TiO2/SILARCdS/ZnS/Pt 1735 159.99

TiO2/GreenCdS/CuS 976.8 262.9

TiO2/Green/ZnS/CuS 908.5 207.5

TiO2/SILARCdS/CuS 13.87 15.7

TiO2/SILARCdS/ZnS/CuS 13.8 11.5
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4. Conclusion

CdSQDswere synthesized usingA. indica as a stabilizing agent and its potential ability to enhance the

performance ofQDSSCwere investigated in comparisonwith conventional SILARCdS.GreenCdSQDs based

QDSSCswith ZnS passivating layer showed relatively higher current density 10.61 mAwithCuS counter

electrode compared to other combinations of cells. TheUV–vis absorption spectra revealed the improved

optical absorption especially in the visible region for greenCdSQDs compared to SILARCdSQDs based

QDSSCs. Surfacemodification by ZnS passivating layer on greenCdS suppress recombination thereby

improving theVoc and photo conversion efficiency of greenCdS basedQDSSC. Further, the experimental

results demonstrated that greenCdSQDs are favorable as a sensitizer forQDSSCs, as it exhibits the efficiency of

0.76% in a proof-of-concept device. Key research challenges like toxicity of chalgocinides were controlled by

effective green synthesis approach resultingQDswith presence of organicmoieties without necessarily

modifying its electronic property.
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