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Abstract : Cadmium sulphide incorporated reduced graphene oxide as counter electrode
material was synthesized from graphite using modified Hummer’s method. Graphene oxide
(GO), reduced graphene oxide (rGO), cadmium sulphide (CdS) and cadmium sulphide
incorporated reduced graphene oxide (CdS - rGO) were synthesized by wet chemical methods.
The synthesized GO was reduced to rGO using hydrazine hydrate as the reducing agent. The
synthesized materials were characterized by XRD, FTIR, SEM, EDAX and UV- Visible
absorbance spectroscopy. The XRD data confirmed the formation of GO from graphite. The
crystallite grain size for all the synthesized materials were calculated from XRD data using
Scherrer’s formula as 35.1, 6.0, 9.2 and 4.5 nm for GO, r GO, CdS and CdS- rGO
respectively. The FTIR spectra of CdS- rGO revealed peaks confirmed the presence of Cd-S
bond. The morphology of synthesized samples ofGO possessed a layered structure and CdSrGO had interlaced layer structure. EDAX spectra revealed the presence of carbon and
oxygen in GO and the presence of cadmium and sulphur along with carbon and oxygen in
CdS- rGO. The UV- Visible spectra showed a red shift when GO was transformed to rGO and
CdS-rGO. Dye sensitized solar cells (DSSC) were fabricated using TiO2 as photoanode,
synthesized materials as photocathode, I-/I3- as electrolyte and N 719 ruthenium dye as
sensitizer. Fabricated DSSC’s were subjected to I-V studies. The photoconversion efficiency
was calculated and found that CdS- rGO showed maximum efficiency of 7.2%.
Keywords : Graphene oxide, reduced graphene oxide, CdS incorporated rGO, DSSC,
photocathode.

Introduction
The development of sustainable and clean energy resources is becoming more promising as the
conventional resources are getting depleted. Solar energy utilization, like photovoltaic cells1,2, photocatalysis 3
is much sought after as there is an abundant quantity of sunlight that is available all over and also is a process
that involve less carbon emission. The invention of the third generation power source also termed as dye
sensitized solar cells (DSSC), by Brian'O' Regan and Michael Gratzel, has created a new perspective in the
energy conversion process. DSSC's are popular as it is easy to fabricate, is environmental friendly and possess
good photoconversion ability4. But the production costs of these are high which limit their commercial
application. Also, platinum is used as counter electrode(CE) which is quite expensive. The challenge in using
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DSSC is to replace the platinum electrode by cheaper material without compromising the efficiency5,6.
Efforts are being made to develop materials from transition metals that could be used as counter
electrode that would show high catalytic activity 7,8,9,10. Among transition metal compounds, cadmium sulphide
has been widely studied due to its smaller band gap( 2.4eV) that makes it effective in visible light absorption
11,12,13
. The synthesis of CdS involves simple process and is a low cost process. However, the efficiency
obtained using CdS has found to be very low and also CdS is easily subjected to photo-corrosion. These
disadvantages led to the synthesis of material comprising of CdS and material like graphene oxide. Graphite
reacts with strong oxidizing agents, such that oxygen containing functionalities are introduced in the graphite
structure. The oxidized graphite is called graphite oxide which is a compound made up of carbon, hydrogen and
oxygen14. When graphite oxide is sonicated it exfoliated into one or many layers which is called as graphene
oxide (GO). GO is easily dispersible in water and other organic solvents compared to graphite oxide. GO can be
differentiated from graphite oxide by its number of layers present in the synthesized material. Many recent
research work have been carried out with graphene sheets incorporating into the inorganic metal nanoparticles
to enhance its activity. However graphene has been increasingly used as a support for metal or metal oxides
with excellent activity 15. The presence of oxygen group in GO sheet helps to attach with the inorganic
nanoparticles 16. The controlled reduction of GO forms sp3clusters resulting in the formation of semiconductor
material 17.
Research works have been carried out in GO-CdS and rGO-CdS for application in photo catalytic
activity and electrochemical studies 18,19. Research work based on CdS incorporated rGO towards application in
dye sensitized solar cells is not yet reported. So the present work is based on the synthesis of CdS
nanoparticles, rGO nanoparticles and CdS- rGO nanocomposites for the application of DSSCs.

Experimental Method
Chemicals and Reagents
All chemicals and reagents such as cadmium acetate dihydrate, (Cd(CH3COO)2.2H2O), graphite (C),
sodium sulfide nonahydrate (Na2S.9H2O), potassium permanganate (KMnO4), ortho phosphoric acid (H3PO4)
and hydrazine hydrate (N2H4), were purchased from Avra and Spectrochem chemicals which were of analytical
grade and were used directly without any further purification. The glass wares were washed thoroughly and
dried in hot air oven before use.
Preparation of reduced graphene oxide(rGO) and CdS- rGO
raphene oxide was synthesised from graphite powder by modified Hummer’s method 20, which was reduced to
rGO using hydrazine hydrate. Incorporation of CdS in rGO was carried out using wet chemical method. The
well dispersed solution of rGO was completely transferred into 50 mL of cadmium acetate solution and heated
at 80 with stirring for 4 hrs. To the above solution, 50 mL of sodium sulfidesolution was added and reaction
was continued for 3 hours.The product was washed and dried.
Fabrication of DSSCs
Solar cell was fabricated as a thin coating on the FTO (Fluorine doped tin oxide) plates by doctoral
blade method 21,22. The active electrodes were prepared using TiO2. The coated plates were sintered at 120oC
for 2 hours and was dipped in ruthenium dye and sintered at 120oC for four hours. Three counter electrode
were prepared using synthesized nanoparticles. Two binder clips were used to hold the electrode together and
the liquid electrolyte (I- /I3-) were drawn into the space between the electrodes by capillary action.
Instrumentation / characterization
XRD patterns of the synthesized samples were recorded using XPERT PRO analytical instrument
(MAC Science MO3XHF22) with a scan rate of 2.0 min-1, an accelerating voltage of 40kV, an applied current
of 30mA and using Cu K radiation. The optical properties were studied in the range of 200-900 nm using
Jasco V-700 UV-Visible spectrophotometer. The Fourier transform infrared spectra (FTIR) were recorded in
the range of 450-4500cm-1 using Schimadzu IR AFFINITY-1S. The morphology and composition of the
sample were studied using the instrument FEI Quanta 200, Environmental SEM and EDX, HITACHI S2400
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were studied by GS610

Results and Discussion
XRD analysis
XRD analysis was employed to determine the phase, structure and grain size of the particles. Fig 1
shows the XRD pattern of CdS , rGO and CdS-rGO nanocomposites. The XRD pattern of CdS revealed the
formation of cubic zinc blende structure exhibiting only three broad peaks at 26.4 (111), 43.8 (220), 51.8 (311)
((ICDD) PDF 41-1049). XRD pattern of rGO revealed the formation of layered sheet like structure which
exhibits only one broad peak at 24.59 (002) in accordance with the diffraction data (JCPDS file No.41-4019).
The reduction of graphene oxide into rGO is also confirmed by the XRD pattern of rGO 23. The complete
disappearance of peak at 10 and the formation of peak at 24.59 confirms the presence of rGO.
XRD pattern of the synthesized CdS-rGO exhibited only three broad peaks at 26.5 (002), 43.8 (220),
and 51.9 (311) diffraction data ((ICDD) PDF 89-0440). The XRD pattern of CdS-rGO nanocomposite displays
all peaks corresponding to CdS and no obvious peak is observed for rGO in the composite. This could be due to
the growth of CdS nanoparticles within the graphene interlayers which probably affect the regular stacking
leading to exfoliation 24,25. The crystallinity of CdS has been retained and the presence of graphene material has
not affectedCdS 26. The crystallite size was calculated using Debye Scherer's formula27, and it was found to be
7.2, 5.3 and 4.5nm for CdS, rGO and CdS-rGO respectively.

Fig1. XRD pattern for CdS NPs, rGO NPs and CdS-rGO nanocomposites
Table1. Physical characteristics values by XRD analysis

Sample
CdS
rGO
CdSrGO

Peak
Position
(2 )°
26.4
24.5

Lattice
FWHM
Strain( )
( )
Gpa
0.00464 0.00453
1.34
0.305

26.5

0.75

0.48

Lattice
Parameter
Å
5.8
3.38
a = 4.14
c = 6.71

Volume
(V)
(Å)3
198.2
38.6
70.9

Average
Crystallite
Size (D)
7.2
5.3
4.5
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Morphology and Elemental Composition
SEM measurements were carried out for CdS NPs, rGO NPs and CdS-rGO nanocomposites. Fig 2 (a)
shows a SEM morphology of CdS NPs which reveals the spherical shape. Fig 2 (b) corresponds to interlaced
layer like pattern confirms the presence of reduced graphene oxide. Fig 2 (c) clearly reveals that the distribution
of CdS NPs over rGO sheets. CdS-rGO shows sheet like pattern with elevations and depressions inferring that
CdS nanoparticles have grown on the surface of rGO. Hence it was confirmed that the CdS NPs have been
successfully incorporated into rGO.

(a)

(b)

(c)

(d)

Fig 2. SEM image of (a) CdS NPs (b) rGO NPs and (c) CdS-rGO Nanocomposites and(d) EDAX
spectrum of CdS- rGO nanocomposites.
The EDAX spectrum of CdS-rGO nanocomposites [Fig 2(d)] shows the presence of elements with no
other impurities. The Table 2 gives the composition of elements present in CdS-rGO nanocomposites.
Table 2 EDAX spectral data for CdS-rGO nanocomposites
Weight
Sample
Elemental
percentage (%)
C
09.26
O
42.53
Cd
28.79
CdS-rGO
S
19.42
Total
100.0
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Optical Properties
Fig. 3 shows the UV-visible absorption spectra of synthesized reduced graphene oxide , CdS NPs and
CdS-rGO nanocomposites. The rGO nanoparticles has an absorption peak at ~ 262 nm , CdS nanoparticles has
absorption peak at ~ 425 nm and the CdS-rGO absorption peak at ~ 315 nm. It is obvious from the UV–Vis
absorption spectra that a blue shift of about 110 nm is observed in the absorption edge of CdS nanoparticles on
the graphene surface in CdS-rGO composite in comparison to pure CdS nanoparticles. Noteworthy rise in the
absorption intensity and hypsochromic shift shows significant improvement in the optical properties of the
composite sample in comparison to CdS nanoparticles. This can prove beneficial for enhancing the visible light
capturing potential of the synthesized nanocomposite and hence used as counter electrode in solar cells. A
significant red shift of about 53 nm is observed in the absorption edge of CdS nanoparticles on the graphene
surface in CdS-rGO composite in comparison to pure rGO nanoparticles. The absorption intensity and
bathochromic shift shows significant improvement in the optical properties of the composite sample in
comparison to rGO nanoparticles. It was deduced that there is strong interaction between rGO and CdS linked
on it, which facilitates the nucleation and growth of nanoparticles on the graphene surface

Fig. 3 UV-Vis absorption spectra of CdS NPs, rGO NPs and CdS-rGO nanocomposites
Fourier transform infrared spectroscopy
The spectra of CdS shows (Fig. 4) peak at 3600-3100 cm-1which could be attributed to the –OH group
of water adsorbed by the samples. Small peak near 400-470 cm-1 indicated the formation of CdS nanoparticles
as this region was assigned to metal-sulphur (M-S) bond. The peak at 650 cm-1corresponded to the
characteristic peak of CdS. For the rGO, the FTIR results shows that peaks corresponding to epoxy was
observed at 1123.8 cm-1 , peak due to -OH was reduced in intensities in the FTIR spectra of rGO. The peak at
2333.29 cm-1 may be due to the formation of layered structured of rGO28. Compared with the spectra of GO,
there was almost no C−O and O−H absorption bands in CdS-rGO spectra, which meant that majority of the
oxygen-containing groups were reduced . For CdS-rGO the FTIR results confirms the presence of CdS and
rGO by the peak at 1000-1120 cm-1 which may be due to presence of C-O or S-O (acetone or sulphate) and the
sharp peak around 650 cm-1 may be due to the presence of the CdS.
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Fig. 4 FTIR spectra of rGO NPs, CdS NPs and CdS-rGO nanocomposites
Photovoltaic studies
The photovoltaic cell was fabricated using titanium dioxide as photoanode, synthesized materials CdS,
rGO and CdS-rGO as photocathode (counter electrode), ruthenium N719 dye as sensitizer and I -/I3- as
electrolyte. The fabricated cells were subjected to I-V studies. Fig. 5 gives the photovoltaic parameters and the
solar cell efficiency were calculated. The photovoltaic parameters, short circuit current (Jsc), open circuit
voltage (Voc), fill factor (FF) and power conversion efficiency ( ) were calculated from the J-V (Table 3). The
average short- circuit current (Jsc) for the cells is higher in the DSSC where reduced graphene oxide is the
counter electrode. The higher Jsc in reduced graphene oxide solar cell is due to its greater light harvesting
capacity29. The efficiency of a solar cell is defined as the output power density divided by the input power
density. If the incoming light has a power density (Pin), the efficiency will be
=Vo x Jsc x FF/Pin-------1
The fill factor (FF) is defined as the ratio of the product of the maximum power output (Pm) to the
product of short circuit photo current and open circuit voltage
FF= Imp x Jmp/ Voc x Jsc ------ 2
Where Imp and Vmp represent the photocurrent and photovoltage corresponding to the maximum power . The
four parameters Jsc, Voc, FF and ɳ are used to characterize the performance of a solar cell (Table 3).
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Fig 5. J-V Graph of CdS NPs, rGO NPs andCdS-rGO nanocomposites
Table 3 J-V characteristics data of CdS , rGO and CdS-rGO
Sample
CdS
rGO
CdS-rGO

Jsc(mA/cm2 )
9.8
14.7
16.4

Voc(V)
0.68
0.76
0.88

FF
0.52
0.58
0.68

(%)
2.7
5.6
7.2

Conclusion
Graphene oxide was synthesized by modified Hummer's method and was reduced to rGO using
hydrazine hydrate as reducing agent. Cadmium sulphide was incorporated into rGO by wet chemical method.
The structure of synthesized materials were determined by XRD analysis cubic zinc blende, layered
sheet for CdS and rGO nanoparticles. The FTIR data of CdS, the presence Cd-S bond was confirmed. The
FTIR spectra of rGO shows the absence of absorption peaks corresponding to oxygen functionalities thereby
confirming that the reduction process has taken place effectively. The successful incorporation of CdS in rGO
was also confirmed by FTIR. The optical properties of synthesized products was also determined. The
morphological studies of synthesized compound were carried out and its elemental composition were
determined by EDAX. CdS NPs are strong in interaction with rGO nanosheets which is appealing for the
photocatalytic applications and their ability to develop unique electron transfer properties. Compared to CdS
and rGO nanoparticles, CdS incorporated reduced graphene oxide showed more efficiency of 7.2% in DSSCs.
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