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Abstract - Due to the fact that the world’s natural energy 

conventional resources exhaustion, the need for a promising 

substitute is a must and therefore the requirement of solar 

energy came to existence for its eco-friendly benefit. The 

conventional Si solar cells due to its high installation cost limits 

the usage which gave rise to Dye Sensitized Solar Cells (DSSC) 

for its easy manufacturing with low-cost materials,  effective 

working under low light conditions and less susceptible to 

losing energy as heat that increased its potential value. This 

paper focuses on the  modification of DSSC with graphene in 

different forms that increases the porosity of the photo-

electrodes facilitating higher absorption due to its small size 

giving higher conversion efficiency. Graphene oxide (GO) 

photo anode films, graphene –TiO2 counter electrode 

graphene-anthocyanin photosensitizer, graphene-polyaniline 

(PANI) as catalyst on ITO glass and phosphorus doped 

graphene as electrocatalyst counter electrode discussed in this 

paper improved its electrical conductivities and catalytic 

activities for its efficiency enhancement.  
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I. INTRODUCTION 

SSCs) which were co-invented by Michael Grätzel and 

Brian O’Regan in 1988 at UC Berkeley has a function 

of converting sunlight to electricity by the means of a 

semiconductor titanium dioxide(TiO2) and organo-metallic 

dyes. The photo-electrode of DSSC has a task of absorbing 

sunlight and accepts and transports electrons to a nano-

crystalline film semiconductor of large band gap like TiO2, 

ZnO, Nb2O5, and ZrO2. A very small efficiency (1-2%) and 

minimal power generation (12%) of the DSSC makes it’s 

market entry very poor. TiO2 is most widely used for its 

outstanding  electrical, optical, and chemical properties 

since 1991[1,2] and the electron transportation and reduced 

recombination are dynamic process occuring in TiO2  nano-

crystalline film. In a typical TiO2- based DSSCs, 

photogenerated electrons transport through mesoporous 

TiO2 films to counter electrode like Pt for collection. The 

high charge collection efficiency requires fast electron 

transport to avoid the recombination with the reduced redox 

species[3,4]. Several approaches are undertaken for the 

efficiency improvement, where each component are 

researched individually from their respective counterparts, 

for optimal functioning of the cell which includes 

morphological change of TiO2 photoanode, Photosensitizers 

,Counter electrode,etc. by incorporating carbon nano-tubes 

(CNT’s) of graphene which is the gist of this paper. Placing 

two of more DSSCs in tandem form for maximum 

absorption of light, introduction of novel electrolytes for 

efficient dye regeneration leads to photovoltaic performance 

enhancement. 

II. GRAPHENE 

It is a carbon 2D allotrope composed of a stable hexa-atomic 

honey comb structure with a theoretical thickness of only 

0.34 nm and has sp
2
 hybridized carbons [6,7]. Zero-

dimensional fullerene, one dimensional carbon nano-tubes, 

and three-dimensional graphite are the forms in which 

graphene can be reconstructed [8]. 
 

 
 

Fig. 1 The chemical structure of graphene (Yan et al., 2012) 

 

High specific surface area , high electronic conductivity and 

superior mechanical strength are the exciting properties of 

graphene that makes it useful as bio-sensors, 

electrochemical energy storage and electronics. Mostly, 

graphene is electrochemically modified and functionalized 

with other materials to prepare composites like cathodic 

reduction of graphene oxide, electrophoretic deposition, 

electro-deposition techniques, electro-spinning, 

electrochemical doping and electrochemical polymerization.  

 

III. MECHANISM OF A TYPICAL DSSC 

The efficiency of a DSSC depends on:- the excited state and 

the ground state energy levels of photosensitizer, the Fermi 

level of TiO2 photo-electrode and redox potential of  

mediator (I
−
/I3

−
) in the electrolyte. 

D 
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DSSC converts incident photons on TiO2 electrode to 

current by absorption by Ruthenium dye complex 

photosensitizer  that excites photons to the excited state (S∗-

conduction band of TiO2  electrode) from the ground state 

(S).  

S + hν → S∗                                                (i) 

S∗ →S
+
 + e

−
 (TiO2)                  (ii) 

 

 
Fig.2  Electron Flow Mechanism and electricity generation in a DSSC 

The electrons in TiO2 conduction band by back contact 

diffuses between TiO2 nano-particles reaches the counter 

electrode where the oxidized photo-sensitizer (S
+
) accepts 

electrons from the I
−
 ion redox mediator leading to 

regeneration of the ground state (S), and oxidation of I
−
 to  

I3
−
 which diffuses to the counter electrode and then it is 

reduced to I
−
.   

                            S
+
 + e

−
 → S                                   (iii)                                                                   

                          I3
−
 + 2 e

−
 → 3 I

−
                              (iv)    

                                                               

DSSC dispersion to water leads to pH reduction of the 

solution below 7 because the titania nanoparticles surface  is 

covered by hydroxyl groups which charges the surface of 

nano-particles.  

                Ti
IV

 + H2O =  Ti
IV

 -OH + H
+
                          (v)                         

                Ti
IV

 –OH+ H = Ti
IV

 – OH
+
                            (vi)                                                  

 

The Vander Waals’ attractive force and electrical double 

layer repulsion are the two kinds of forces that exist between 

nanoparticles dispersed in a solution.  

When the aqueous solution is applied on a substrate, it 

dehydrates and strong chemical bonds are formed between 

surface titanium atoms or between titanium atoms and the 

substrate, leading to aggregation. 

 

            Ti - OH 
+
 OH –Ti = Ti - O _-Ti 

+
 H2O               (vii)                                   

 

Thus, an acid present in the titania nano-particle solution 

plays two roles:- Firstly, it suppresses agglomeration by 

influencing the attraction between the nanoparticles and 

second is the enhancement of the inter-particle connectivity 

during drying, enabling the formation of a robust film 

without the need of sintering at high temperatures. 

 

IV. GENERAL FABRICATION OF DSSC 

A typical conventional DSSC consists of 3 components: 

TiO2 dye sensitized  photoanode, an I
-
/I3

-
 electrolyte

 
and a 

counter electrode (CE). The photoanode consists of TiO2 

paste  which is pasted on ITO(Indium doped Tin Oxide) 

glass. Pt films incorporation is done on ITO
 
glass for the CE 

material having high electrical
 

conductivity and 

electrocatalytic ability for I
-
/I3

-
  redox reaction. The heating  

of the system at 150 °C was done for 10 min followed by 

dipping of TiO2 into the dye solution for 10 min and heating  

mildly if the coloration is too slow followed by washing 

with fresh ethanol. A spacer (plastic film with hole(s)) was 

placed on the TiO2/dye electrode and some drops of the 

electrolyte solution were put into the hole(s) to prevent the 

solvent (acetonitrile) from drying out which needs to be 

done quickly. Then both the electrodes are combined facing 

each other and fixed with binder clips followed by 

connection of the cell with a variable resistance and a 

voltmeter to determine the cell voltage. For the absorption 

of light the side of TiO2 electrode is provided with a light 

source of known intensity[9]. 

 

 

V. MODIFICATION OF DSSC FOR PERFORMANCE 

ENHANCEMENT 

 

A. Graphene-oxide(GO) transparent Counter Electrode 

This modification of graphene  uses  its oxide for DSSC 

counter electrode. GO synthesis was performed by modified 

Hummer’s method in which graphite powder was added to 

concentrated H2SO4 with continuous stirring followed by 

slow addition of KMnO4 to prevent a rapid temperature 

increase and this reaction mixture was kept for 6 hours  at 

40 ◦C and quenched subsequently by adding ice containing 

about 30 wt.% H2O2. The GO suspension obtained was 

filtered by PTFE- (polytetrafluoroethylene) filter membrane 

where the remaining solid was washed with 1 M HCl, 

acetone, and water to get a GO aqueous dispersion which 

was freeze-dried and the product obtained was dispersed in 

deionized water and diluted with DMF-dimethylformamide 

for its appropriate  use as a coating solution which was 

placed on  conductive fluorine-doped tin oxide (FTO) glass 

followed by cleaning and ultrasonicating in distilled-water, 

acetone, and isopropyl alcohol and heating for 30 min in 

oven at 100 ◦C for residual solvent removal[10,11].  

The obtained GO counter electrodes were thermally treated 

at 150, 250, and 350 ◦C for 10 min in air. The general Pt 

counter electrode was spin-coated by chloroplatinic acid 

(H2PtCl6) in isopropanol with thermal treatment at 400 ◦C 

and the TiO2 photo electrodes were sandwiched between 

GO and Pt counter electrodes with thick hot-melt sealing 
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material with inner space filled with some  ionic  liquid for 

DSSC construction. 

A change of electrical properties and catalytic activity of 

GO films was observed post the thermal treatment on the 

performance of DSSCs. Without thermal treatment an 

efficiency of 0.50% was countered while with thermal 

treatment showed an increasing nature with corresponding 

temperature increase where the highest performance is at 

350
○
C. 

B. Graphene- TiO2  photoelectrode 

In this, GO-TiO2 photoanode is constructed   which involves 

addition of tetrabutyl titanate into the mixed solution of 

ethanol and acetic acid with strong stirring along with 

addition of deionized water. Subsequently, dispersion of 

ethanol and deionised water was done with GO by 

sonication for 30 min, and the GO solution thus obtained 

was then dropped into the tetrabutyl titanate solution 

followed by refluxing at 80
○
C for 2 h. The solution was 

mixed with NaOH, and the whole mixture was transferred to 

a Teflon-lined container for heating at 180
○
C for 20 h 

followed by collection of the resulting products by filtration, 

washing/centrifugation, and drying for 3 h at 80
○
C [3,13]. 

The DSSC with only TiO2 photo-electrode generates an 

efficiency of about 3.11% only but when incorporated with 

2D graphene increases to 4.83% leading to increment of 

both photocurrent density and open circuit voltage. 

Graphene offers a superhighway for the transfer of 

electrons[15] by forming 1D CNTs bridges between TiO2 

nano-particles[14] thus reducing charge recombination and 

increasing open circuit voltage as a result of high 

electron[16].  

C. Graphene- Anthocyanin dye Photosensitizer  

The extracted anthocyanin dye from red cabbage was added 

to the graphene suspension in ethanol . the temperature of 

FTO glass was increased to 450
○
C with few  drops of 

chloroplatinic acid solution on it. A mixture of  N-butyl- N-

methyl imidiazolium iodide, iodine, guanidinium 

thiocyanate and t-butyl pyridine in valeronitrile and 

acetonitrile was used as electrolyte. For the preparation of 

titania graphene suspension different formulations were 

used on the basis of the volume ratio of the graphene to 

titania dispersion: T0G, T2G, T4G, 

and T6G for 0:5, 1:5, 2:5, and 3:5 volume ratios respectively 

to make the final spray followed by spraying on FTO glass 

by spray pyrolysis set-up and sintering at 450
○
C for 1 hr and 

it was used as a photosensitizer.[17] 

 

The anthocyanin group bonding process with mesoporous 

GO is called Chelation. The photocurrent increases with 

increase in graphene concentration and the efficiency 

increases from 0.185% without doping to 0.443% with 

doping that is 2.4 times when added  to TiO2 and direct 

addition to anthocyanin extracts. 

 

D. Phosphorus doped reduced Graphene (PrGO) as 

Electro-catalyst  Counter Electrode 

For the synthesizes of PrGO, a dispersion of GO and 

triphenyl-phosphine in ethanol was ultrasonicated for 30 

min followed by spreading and drying on an evaporating 

dish. The solid mixture was annealed at 600-1000 
○
C  by 

placing into a quartz tube for 30 min with Ar and H2 

followed by washing and collecting to obtain the final PrGO 

sample. This sample and polyvinylidene fluoride were then 

dispersed with N-Methyl-2-pyrrolidone with ultrasonic hom 

and the dispersion was pasted on FTO glass followed by 

vacuum heating at 120
○
C to obtain the counter 

electrode.[18] 

 

The efficiencies of conversion of the cell increases from 

3.49% to 4.18% with respective increase in the annealing 

temperature from 600 to 1000
○
C as the oxygen functional 

groups are removed which produces more topological 

defects with high electrocatalytic activity. 

 

E. Graphene modified Polyaniline(GN/PANI) to be used 

as catalyst for counter electrode 

Aniline(ANI) solution of different concentrations was 

refluxed with GN at 210
○
C for 3 h for GN/PANI composite 

film preparation that were electro-polymerized on FTO 

glass from aqueous solution containing about 1.0 M 

GN/PANI and 2.0 M HCl, with a constant potential of 0.8 V 

application and once the desired amount of charge was 

passed, electro-polymerization was stopped. The substrate 

thus obtained was rinsed with HCl, air dried and was used as 

respective PANI counter electrode[19]. 

 

If the surface of FTO is fully covered with GN/PANI film 

then the fill factor of the cell is likely to decrease.  The cell 

shows a highest efficiency of 7.17% with 0.05% of GN for  

the composite film of GN/PANI as compared to individual 

PANI films and GN films as GN/PANI provides a  large 

surface area for the reduction of I3
-  

ions. 

 

VI. CONCLUSION 

It can be clearly concluded that addition of graphene to 

DSSC in various forms provides a 2D conducting  

framework for the movement of photo-electrons , thereby 

increasing the values of current and decreasing the 

resistances. Also a longer electron lifetime was observed in 

the presence of graphene, thus  suppressing the unwanted 

electron recombination.  
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