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Abstract 

This research aims to prepare by mixtures 

method with dope carbon black as a working 

electrode and the apply it to the dye sensitized 

solar cells (DSSCs). The thin film of titanium 

dioxide nanocrystalline semi - conductor with 

dope carbon black, the cells were coated on to 

transparent conducting oxide glass sheet by 

means of the doctor blade technique as a 

working electrode. But the polymer electrolyte 

were prepare by adding potassium iodide and 

iodine salts with a ratio of KI:I2 was 10:1, into 

a polymer electrolyte composed of poly-

ethylene glycol, ethylene carbonate and 

poly(styrene–co–acrylonitrile). The polymer 

electrolyte mixtures became homogeneous and stirring at a temperature of 80 °C.  Found that efficiency 

for the DSSCs by polymer electrolyte based on yielded an overall light to electrical energy conversion 

efficiency ( (%) ) of the DSSCs was 5.5095%, An open-circuit voltage ( )Voc  of 0.58 V, voltage at the 

point of maximum power output max( )V  of 0.42 V, short-circuit current density ( )Jsc  of 11.11 mA.cm–2, 

current density at the point of maximum power output max( )J  of 10.50 mA.cm–2 fill factor ( )FF  of 0.684 

under an irradiation of 80 mW.cm–2. And the long-term stability test of the DSSCs with a polymer 

electrolyte is evidently superior to the DSSCs with liquid electrolyte based on the observation period 

lasting for 90 days. 
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1. Introduction 
In between 2000 and 2030 demand for fossil 

fuels will be increase by about 70%, supplying 

80%, of all energy consumed worldwide, are 

facing rapid resource depletion. The resource 

reserves of fossil fuels throughout the whole 

world in 2002 were projected to last 40 years for 

oil, 60 years for natural gas and 200 years for 
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coal. Combined with the depletion of fossil 

fuels resources, global warming, and its 

associated climate change, there is an urgent 

need for the environmentally sustainable energy 

technologies. Among all the renewable energy 

technologies, photo - voltaic technology 

utilizing solar energy is considered the most 

promising one [1]. because of their high energy 

conversion efficiency (~10 – 13%) and low 

production cost [2]. Substituting the gel liquid 

electrolyte [3] is the most efficient way to 

prevent the leakage and evaporation of 

electrolytes [4 – 9]. Several types of based on 

polymers [10] as gelators have been used in gel 

electrolyte for the dye sensitized solar cells 

(DSSCs). The concentration of I- ions is 

sufficient for reducing the oxidation sensitizer 

of the DSSCs during operations, if the I3– ions 

are supplied by only added the lithium iodide or 

sodium iodide the gel electrolyte.  

It is interesting that the organic iodine salts 

containing large cations, such as N-methyl 

pyridine iodide [11]. or 1, 3–dimethyl–3 - 

imidazolinium iodine are also added to gel 

electrolyte to supply parts of I- ions. The same 

strategy was adopted for the DSSCs based on 

liquid electrolytes [12, 13]. It implies that large 

cations in gel electrolytes contribute to 

improving the performance of aquasi-solid-

state the DSSCs. In addition, lithium iodide 

commonly used for the DSSCs is deliquescent 

and more expensive than other alkali metal 

iodine salts, such as sodium iodide (NaI), and 

potassium iodide (KI) [14].  

The DSSCs by modifying low molecular 

weight polyethylene glycol at both chains ends 

with functional groups having quadruple 

hydrogen bonding sites [15]. The overall 

conversion efficiency of the DSSCs was 3.34% 

at 100 mW cm–2. 

In this work, the polymer electrolyte was 

prepared by adding potassium iodide and iodine 

salts with the ratio of KI:I2 10:1, into  polymer 

electrolyte composed polyethylene glycol, 

ethylene carbonate, and poly (styrene–co–

acrylonitrile). And use them for the DSSCs 

devices. I have fabricated DSSCs using the 

titanium dioxide nanocrystalline, with dope 

carbon black as working electrode thin films, 

using the sol-gel method. The DSSCs were 

tested yielded an overall conversion efficiency  

( (%) ) of the DSSCs under an irradiation with 80 

W.cm–2. And the long-term stability test of the 

DSSCs with the based on polymer electrolyte is 

evidently superior to the DSSCs based on liquid 

electrolyte with the observation period lasting 

for 90 days. 

 

2. Materials and Methods 
Preparation nanocrystalline TiO2 

The titanium dioxide nanocrystalline 

semiconductors with dope carbon black as 

working electrode thin films were prepared as 

the following procedure. A sol-gel processing 

of the titanium dioxide nanocrystalline were 

prepared using by mixed powder of 79.90%, 

into 0.1 M nitric acid aqueous solution, in an 

iso-propanol solution, 0.05 g carbon black and 

distilled water were added for adjusted of value 

pH 3 – 4.  

A conducting glass substrate (TCO glass 

sheet resistance 8 Ω/sq) was coated onto the 

titanium dioxide nano- crystalline with dope 

carbon black on the working electrode thin film 

with the doctor blade technique. Finally, the 

titanium dioxide nanocrystalline porous with 

dope carbon black as a working electrode thin 

film was sintering by firing the transparent 

conducting oxide glasses of sheet at 450 °C for 

30 minutes and was used as the anode. After 

that, a titanium dioxide (TiO2) with dope carbon 

black as working electrode porous thin film 

electrode was immersed to absorb in the 

sensitizing  dye bis (tetrabutylammonium) -cis-

di (thiocyanato) -N,N- bis (4-carboxylato-4-

carboxylic acid-2,2-bi pyridine) ruthenium (II) 

(commercial name is N719 dye). Other solvents 

and reagents were used as received, adequately 

and then the other impurities were used as 

received, for 24 h. washed up with anhydrous 

ethanol and dried in moisture-free air. 
 

Polymer electrolyte  

A series of mixtures were prepared based on 

the polymer electrolyte by adding these 

potassium iodide mixture iodide salts. The 

mixture with the ratio of KI:I2 was 10:1., adding 

0.5 g potassium iodide, 0.05 g iodine salts, into 
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a consisting, 1.5 g polyethylene glycol, 1.5 g 

ethylene carbonate 98%, and 10 mL poly 

(styrene–co–acrylonitrile).  

The polymer electrolyte was obtained when 

the mixtures became homogenous and could not 

flow under stirring at a temperature of 80 °C. 

Finally, the based on polymer electrolyte was 

obtained. 

 

Conversion efficiency 

Tested yielded an overall conversion 

efficiency of the DSSCs under an irradiation 

with 80 W cm–2 by I – V test can be measured 

such as the equipment model EDAQ (ET 030), 

automatical computer control. 

 

3. Results and Discussion  

The photoelectronic execution [i.e. fill factor 
)(FF  and an overall conversion efficiency ( (%) )] 

of the DSSCs were calculated by the following 

equation [16]. : 

 

            
scoc JV

JV
FF maxmax=                  (1) 

 

         100(%) maxmax =
inP

JV
                        (2) 

 

   

          

              100=
in

scoc

P

FFJV
            (3) 

Where scJ  is the short-circuit current density 

(mA.cm–2), ocV  is the open-circuit voltage (V), 

is the incident light power, maxJ  (mA cm–2), maxV

(V) are the current density and voltage at the 

point of maximum power output on the VJ −

curve, respectively. 

Were used to identify the phase formation by 

X-ray diffraction (XRD). It was found that the 

phase of the titanium dioxide nanocrystalline 

were anatese structure and diffraction peaks on 

the observation at 2  = 25.28°, 37.80°, 48.04°, 

55.06°, 62.68°, 70.30°, and 75.02°. Correspond 

to the reflection from 101, 004, 200, 211, 204, 

220, and 215. And the carbon black structure 

and diffraction peaks were observed at 2  = 

26.44°, and 37.74°, shown in (Fig. 1). Scanning 

electron microscopy (SEM) with magnification 

sizes of as  20,000 and  30,000.  And 

transmission electron microscopy (TEM) images 

of the thin film nanocrystalline and structure 

with the sizes of as 100 nanometres are shown 

in Fig. 2 (a), (b) and Fig. 3 (a),(b). Which 

indicated a very small the titanium dioxide 

nanocrystalline. And an analysis by energy 

dispersive X-ray microanalysis (EDX), the 

resulting energy dispersive phase of the 

titanium dioxide nanocrystalline with dope 

carbon black as a working electrode element 

consisting of titanium (Ti), carbon (C), and 

oxygen (O) were 63.11, 5.59 and 31.29 wt %, 

respectively, are shown in Fig. 4. 
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Fig. 1 XRD patterns of the thin film titanium dioxide nanocrystalline with dope carbon black as a 

working electrode 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(a)                                                                                (b) 

Fig. 2 SEM micrograph (a) and (b) of the thin film titanium dioxide nanocrystalline with dope carbon 

black as working electrode 
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Fig. 3 TEM image (a) and (b) of the thin film titanium dioxide nanocrystalline  with dope carbon black 

as working electrode 

 

 

 

 

 

                     (a)                                               (b)                                                      (c) 

Fig.  4  (a),(b) and (c) EDX of the thin film titanium dioxide nanocrystalline with dope carbon black as 

working electrode 

Table 1 The photocurrent density-voltage data of the DSSCs with dope carbon black as working 

electrode 

Jsc (mA cm–2) Voc  

(V) 

FF  (%)  

 

11.11 

 

0.58 

 

0.684 

 

5.5095 

 

 



S .  S a n th a v e es u k  e t  a l .  /  C RE A T I VE  S C IE N C E  1 6 ( 2 )  ( 2 0 2 4 )  2 5 4 8 00  

 6 

0 100 200 300 400 500 600 700

9.0

9.5

10.0

10.5

11.0

11.5

 

p
h

o
to

cu
rr

en
t 

d
en

si
ty

 (
m

A
/c

m
2

)

voltage (mV)

  Jsc    =  11.11 mA/cm
2

  J
max

   =  10.50 mA/cm
2

  Voc  =  0.58 V

Vmax =  0.42 V

  FF    =  0.684

n(%)  =  5.5095 

 

Fig. 5 J-V curve for the DSSCs under an irradiation with 80 mW.cm–2 

Fig. 5 and (Table 1). Shows the photocurrent 

density-voltage characteristics J-V curve of the 

efficiency of the DSSCs with dope carbon black 

as a working electrode, based on an electrolyte 

by added these potassium iodide  

 

mixture iodine salts. The mixture with the ratio 

of KI:I2 was 10:1. Had an overall conversion 

efficiency ( (%) ) of the DSSCs was 5.5095 %, 

an under irradiation with  80 mW cm–2.
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Fig. 6 Long-term stability test of the DSSCs with dope carbon black as working electrode with the 

based on polymer electrolyte compared with liquid electrolyte 
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And Fig. 6, the result showed that the long-term 

stability test of the DSSCs with dope carbon 

black as working electrode, based on the 

polymer electrolyte by adding these potassium 

iodide mixture iodine salts. The mixture with 

the ratio of KI : I2 was 10:1. The result shows 

that on polymer electrolyte compared with 

liquid electrolyte. Based on the duration of 90 days 

of observed, the long-term stability test of the 

DSSCs with the polymer electrolyte is evidently 

superior to the DSSCs with liquid electrolyte as 

shown in Fig. 6. 

 

4. Conclusion 

In this work, efficiency for the DSSCs by 

polymer electrolyte based on yield an overall 

light to electrical energy conversion efficiency 

for the DSSCs, by using the yielded of an  

open-circuit voltage ( )Voc , of 0.58 V, voltage at 

the point of maximum power output max( )V , of 

0.42 V,  the short-circuit current density ( )Jsc , 

of 11.11 mA.cm–2, the current density at the 

point of maximum power output max( )J  of 10.50 

mA.cm–2 fill factor ( )FF  of 0.684, and an overall 

conversion efficiency (%) of the DSSCs was 

5.5095 %, under an irradiation of 80 mW.cm–2.   

Its the long-term stability test of the DSSCs with 

the on polymer electrolyte is evidently superior 

to the DSSCs with liquid electrolyte based on 

the duration of 90 days of observation.  
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