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Performance of DSSC with Cu Doped TiO2 
Electrode Prepared by Dip Coating Technique 

L. B. Patle,  A. L. Chaudhari* 
 

Abstract— Dye Sensitized Solar Cells were fabricated using pure and Cu doped TiO2 electrodes with 1, 2 & 3 wt % of Cu contents. The 
electrodes were prepared by spin coated TiO2 blocking layer followed by co-precipitation dip coated porous TiO2 layer. The structural 
analysis was carried out by XRD (Bruker D8 Cu-Kα1) and confirmed the crystalline anatase tetragonal structure. The UV-Vis Spectroscopy 
analysis was carried out and found that incorporation of Cu2+ into titanium affects the band gap of TiO2. Field Emission Scanning Electron 
Microscopic (FE-SEM) analysis indicating the Cu content is affecting the porosity of film and hence conversion efficiency of DSSC. The 
performance of Dye Sensitized Solar cells (DSSCs) were investigated with chemically absorbed Ruthenium N719 dye electrode under light 
illumination with standard solar simulator (AM 1.5G, 100mW/cm2). The short circuit current density (Jsc) reduces by increasing Cu 
concentration while open circuit voltage (Voc) shows variations. 

Index Terms— Cu Doped TiO2, Dip Coating, Porosity, DSSC, Open Circuit Voltage.   

——————————      —————————— 

1 INTRODUCTION                                                                     

HE wide band gap semiconductors are intensively becom-
ing popular in sensitized solar cells since Michael Gratzel 
and co-workers reported low cast high efficient dye sensi-

tized solar cells (DSSCs) [1]. The dye sensitized solar cell is 
becoming alternative of conventional energy sources due to its 
low cost as compare to silicon solar cells and simplicity of its 
manufacturing [2]. The DSSC consists of dye sensitized semi-
conductor electrode on transparent conducting oxide (TCO) 
electrode, I-/I-3 redox electrolyte and platinum counter elec-
trode. Commonly TCOs are fluorine doped tin oxide (FTO) or 
indium tin oxide (ITO) on glass or plastic substrates used in 
DSSCs. Under light illumination the electrons of the adsorbed 
dyes excited and injected into the conduction band of semi-
conductor. Injected electrons diffuse from the semiconductor 
to transparent conducting oxide interface where electron flows 
through external load [3]. For the semiconductor photo elec-
trodes many wide band gap semiconductors such as ZnO, 
TiO2, SnO2, and Nb2O5 etc are commonly used [4-7]. Among 
these TiO2 is most popular semiconductor material for its rela-
tively high reactivity, chemical stability and excellent charge 
transport ability [8]. Using the anatase TiO2 photo electrode 
the photoelectric conversion efficiency (η) of the DSSC has 
been reported 12% [9]. 

The heart of the DSSC is mesoporous TiO2 electrode which 
plays fundamental role for photon to current conversion 
process. Many researchers are working to modify the proper-
ties of TiO2 electrode such as surface morphology, conduction 
band position, driving force of electron injection and 
trap/defect level distribution etc, in order to get better light to 
current conversion efficiency. To enlarge the driving force of 
electron injection for a given dye with an insufficiently high 

lowest unoccupied molecular orbit (LUMO), fine-tuning of the 
conduction band edge of TiO2 positively is a feasible strategy 
to improve the conversion efficiency and Jsc. In order to modi-
fy above mentioned properties a commonly adopted method 
is doping of metal atoms into TiO2 semiconductor [10]. Many 
researchers have tried to dope different metal atoms such as  
Mn and Co [11], Nb [12], Sn [8], Fe [13], W [14], N [15] etc. in 
order to optimize the properties of TiO2 and enhance the pho-
ton to current conversion efficiency. Apart from doping of 
metal atoms many efforts have been made to change the mor-
phology, shape and size of TiO2 nanoparticles used for DSSCs. 
B.R. Sankapal et al. reported TiO2 multi wall nano tubes nano-
composites in order to enhance super capacitance of TiO2 elec-
trode [16], Ahmed El Ruby Mohamed et.al reported TiO2 na-
notube arrays [17], Zhuoran Wang et al reported Multilayer 
TiO2 nanorods [18], in order to enhance active surface area for 
dye absorption.  

In this article, Cu doped TiO2 porous films deposited by dip 
coating method, which is novel step toward enhancing the 
porosity of the film. The doping of Cu was confirmed by x-ray 
diffraction (XRD) and EDAX. The objective of this article is to 
investigate the effect of copper doping on band gap of TiO2 

semiconductor and porosity of the film. The porosity of the 
film was evaluated by SEM images using the procedure used 
by M. Rosi et al, reported by Mukhtar Effendi and Bilalodin 
[19]. Further to investigate the performance of DSSC with TiO2 
photo electrode by copper dopant the device performance of 
the solar cell is evaluated in terms of cell efficiency (η) and fill 
factor (FF) expressed as:  
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Where JSC is the short-circuit current density (mAcm-2), VOC 
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the open-circuit voltage (VOC), and Pin the incident light pow-
er. Jmax and Vmax correspond to maximum current density and 
maximum voltage values respectively [20]. 

2 EXPERIMENTAL 
2.1 Materials 
Titanium Tetra Isopropoxide (TTIP) (99%) from Sigma Aldrich 
and Copper Acetate from Merck reagents of analytical grade 
without further purification were used to prepare pure and Cu 
doped TiO2 electrode using dip coating method.  Double dis-
tilled water and hydrogen peroxide were used as solvents and 
purified glycerol was used as binder. 

2.2 Sample Preparation 
TiO2 blocking layer was prepared by sol-gel spin coating me-
thod on FTO glass substrates (sheet resistance 15 Ω per sq and 
optical transmission above 95%). Prior to deposition, the FTO 
coated conducting glass substrate was digressed in nitric acid 
for 30 sec, cleaned with  acetone and soap solution, further 
rinsed in distilled water and dried in UV light. For the block-
ing layer, solution “a” was prepared by mixing 40ml TTIP and 
60ml absolute ethanol and solution “b” was prepared by mix-
ing 15 ml acetone and 30 ml absolute ethanol. Both solutions 
were stirred for 10 minutes and sequentially mixed the solu-
tion “b” in solution “a”. The mixture was stirred for one hour 
at room temperature to form insoluble gel and kept for 24 
hours.  

Further the gel was probe sonicated for 10 minutes with 20 
kHz frequency to obtain homogenous TiO2 gel. The gel was 
dropped on FTO substrate and sequentially spun at 500, 2000 
and 5000 rpm for 20 sec, 120 sec and 30 sec respectively to 
spreading, maintaining the uniform thickness and drying 
purpose. The deposited film was annealed at 250oC for 30 mi-
nutes and finally TiO2 thin film was obtained. 

2.3 Preparation of TiO2 mesoporous film and Cell 
fabrication  

To prepare pure and Cu doped TiO2 mesoporous films, the 
TTIP was dissolved into distilled water for 1M solution with 
continuous stirring for half an hour. Another solution of cop-
per acetate in distilled water was prepared separately for 1, 2 
and 3 wt. % of copper concentration. The solution of copper 
acetate further added drop wise into TTIP solution for half an 
hour and the solution was kept for rigorous stirring for 2 
hours. The obtained precipitate was filtered and washed with 
water for several times and found white precipitate. The 20ml 
H2O2 was further mixed with white precipitate and got trans-
parent orange solution. This solution was further diluted with 
distilled water and color changed from orange to yellow. The 
solution was kept for 2 days in order to get appropriate viscos-
ity of the solution for film deposition. The spin coated thin 
film (back covered by ticso tape) further dipped in titanium 
solution and pulled out with uniform pulling rate 1mm/s and 
dried at 100oC temperature for 5 minutes. This process was 
repeated for ten cycles in order to get film thick enough for 
DSSC application. The deposited films further annealed at 
450oC in muffle furnace for 2 hrs. The remaining solution was 
further filtered, washed with distilled water several times and 

dried at 100oC temperature in air. Then precipitate was cal-
cined at 450oC for 6 hours to obtain pure and Cu doped TiO2 

nanoparticles. 

The prepared film thickness was measured by a surface profi-
ler and found 8 - 9 µm thick. The prepared electrodes were 
immersed in 0.5 mM ruthenium complex cis - diisothiocyana-
to-bis (2, 2’-bipyridyl-4, 4’-dicarboxylato) Ruthenium(II) bis 
(tetrabutylammonium) in ethanol for 24 hours. A mixture of 
0.1M Lithium iodide, 0.05M I2, 0.6M I, 2-dimethyl-3-n-
propylimidazolium iodide and 0.1M tert-butylpyridine in de-
hydrated acetonitrile was redox electrolyte. The platinum 
coated FTO glass (from solaronix) was used as counter elec-
trode. The device performance was tested on keithley Source 
meter (Keithley Instruments, Inc. Model 2420) under dark and 
illumination. The simulated light supplied from AM 1.5 G so-
lar simulator (Newport Co.). The incident light intensity was 
1000W/m2 condition calibrated with standard Si Solar cell. 

3 RESULTS AND DISCUSSION 

3.3 X-ray analysis 
Figure 1 shows the X-ray diffraction patterns of pure and Cu 
doped TiO2 nanoparticles determined by X-ray diffractometer 
(Bruker D8 Advance Diffractometer) with CuKα1 radiations (λ 
= 1.5418 Å) in the 2θ range of 20o to 80o at room temperature. 
The dominant peak is obtained at 2θ = 25.387 corresponding to 
(101) plane of TiO2. Rest of the peaks can be indexed to the 
anatase phase (JCPDS no. 73-1764) which confirms prepared 
TiO2 is anatase tetragonal structure. Further it is observed that 
in pure TiO2 samples some peaks of rutile structure are 
present (2θ = 27.479 and 36.166 corresponds to (110) and (101) 
respectively is matching with JCPDS data (84-1284)). It may be 
due to the annealing temperature was at 450oC. Yan Hua Peng 
et.al reported that at 600oC temperature mixture of anatase 
and rutile phase are present [21]. As the Cu concentration in-
creases intensity of rutile peaks reduces. It may be due to the 
active surface area increases by increasing copper concentra-
tion and by increasing active surface area rutile converts into 
anatase phase [22]. From the x-ray diffraction pattern all the 
peaks can be assigned to TiO2 crystal and the samples do not 
contained any peaks of copper oxide which are reported in the 
literature (2θ=35.6oC and 38.7oC) [23]. It is also observed that 
the diffraction peaks shift to lower theta values with increas-
ing Cu concentration. This shifting of peaks may be due to the 
ionic radius of Cu2+ (0.73 Å) is greater than that of Ti4+ (0.61 Å). 
The shifting of peaks to lower theta value is more obvious in 
higher theta with increasing Cu contents. 

The anatase tetragonal lattice parameters such as the distance 
between adjacent planes in the miller indices ‘d’ is calculated 
from Braggs equation n𝛌𝛌=2dsinθ and lattice constant ‘a’ and ‘c’ 
are calculated from Lattice Geometry equations [24]. The par-
ticle size of pure and Cu doped TiO2 sample were calculated 
by the x-ray line broadening technique using Debye Scherer 
equation (D=kλ/βcosθ). The lattice parameters and grain size 
of pure and Cu doped TiO2 nanoparticles are summarized in 
table 1. Figure 2 shows the effect of Cu concentration on the 
TiO2 nanoparticles. As the doping level of Cu concentration 
increases, the grain size goes to decrease. This may be due to 
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dopant ions of Cu and sintering temperature which inhibits 
the crystal growth during heat treatment. 

TABLE 1: PARAMETERS AND GRAIN SIZE OF PURE 
AND CU DOPED TIO2 NANOPARTICLES 

Sample d(hkl) at 
2θ 

=25.38 

Lattice parame-
ter in (Ao) 

Volume 
in (Ao)3 

Grain 
size D 
(nm) a c 

Pure TiO2 3.5056 3.7770 9.6119 137.1208 17.84 
1% Cu TiO2 3.4957 3.7775 9.4547 134.9139 17.35 
2% Cu TiO2 3.5131 3.7798 9.5390 136.2826 13.09 
3% Cu TiO2 3.5031 3.7754 9.5631 136.3090 9.44 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1: XRD pattern of pure and Cu doped TiO2 nanopar-
ticles 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 2: Effect of Cu concentration on the grain size of 

TiO2 

3.3 Optical analysis 
Figure 3 shows the UV-vis spectra of pure and Cu doped 

TiO2 samples recorded in the wavelength range 200-800 nm at 

room temperature. The optical absorption of Cu doped TiO2 
shifted toward lower energy in the visible range as the Cu 
concentration increases. This indicates the band gap is narrow-
ing upon doping concentration. The band gap of prepared 
sample was calculated by Tauc’s equation given as (αhν) = 
A(hν-Eg)n [25]. Where ‘α’ was obtained from absorption data, 
‘A’ is an energy – independent constant, ‘hν’ is the photon 
energy (h is plank constant and ν is wave number) and ‘n’ de-
pends on type of transition. The graph has been plotted be-
tween (αhν)2 versus energy (hν). From the graph it is found 
that the absorption edge of Ti1-x CuxO samples display a gra-
dual shift from blue to red shift with their bandgap which de-
crease from 3.33 eV to 2.98 eV. This consecutive shifting of ab-
sorption peak from red shift to blue shift is consistent with the 
shift of diffraction peaks from higher angle to lower angle 
shown in figure (1). The band gap is one of the factors affect-
ing the open circuit voltage of the DSSCs hence the presence of 
Cu in the semiconductor structure may leads to increase in the 
open circuit voltage of the DSSCs [26]. 

 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

Figure 3: (αhν)2 versus Energy of Pure and Cu doped TiO2 

3.4 Surface morphology of TiO2 electrode 
The Surface morphology of TiO2 electrodes were carried 

out by field emission scanning electron microscope (FESEM) is 
shown in figure 4. The TiO2 blocking layer (figure 4.a) depo-
sited by spin coating illustrates a homogeneous compact layer 
without cracks. Figure 4(a) shows that the compact layer de-
posited is uniform and granular crystalline with average grain 
size about 22 nm. Figure 4(b - d) shows the SEM images of 
pure and Cu doped TiO2 film prepared by dip coating me-
thod. The overall porous surface area of pure and Cu doped 
TiO2 film can be observed, which provides high surface area 
for the further dye absorption. The size of porous area is calcu-
lated using the procedure reported by Mukhtar Effendi et.al 
[19]. The porosity of the film increases by increasing Cu con-
centration, summarized in figure 5. This may be due to the 
defects will be increased by increase in doping concentration 
[12]. Further this was observed that after increasing Cu con-
centration the agglomeration of the particles takes place and 
starts to peeled off the TiO2 film.  Figure 6(a - b) shows the 
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EDAX data of film with 1 and 2 wt % of Cu doped TiO2 film 
which confirms the doping concentration of copper into TiO2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: FESEM TiO2 blocking layer thin film (a), Pure 

TiO2 porous film (b), 1 % Cu doped TiO2 (c), 2% Cu Doped 
TiO2 (d) 

 

 
Figure 5: Effect of Cu concentration of Porosity of film 

 
Figure 6: EDAX data of (a) 1% Cu Doped TiO2, and (b) 2% 

Cu doped TiO2  
 

3.5 Device performance 

The constructed dye sensitized solar cell has a structure 
FTO/compact TiO2/porous TiO2/dye/electrolyte/platinum/FTO 
shown in figure 7(a). From the voltage to current density plot 
we analyze the photovoltaic characteristics of device. The pa-
rameters such as open circuit voltage (Voc), short circuit cur-
rent (Jsc), field factor (FF) and efficiency (η) were calculated 
from the recorded J-V data which are summarized in table 2. 
From the figure 8(a) it can be observed that upto 2% of copper 
concentration Voc increases. The increase in open circuit vol-
tage may due to the decrease in band gap. For 3% Cu concen-
tration the open circuit voltage suddenly decreases. The open 
circuit voltage is the difference between the flat band potential 
and the redox potential of electrolyte. A. E. Shalan et.al re-
ported that Voc is also related to trap density which causes the 
charge recombination [11]. M. I. Rosenbluth et al conclude that 
the recombination is dynamic cause for decrease in open cir-
cuit voltage. [27].  By increasing Cu concentration the flat band 
potential may shift positive and trap density may increase due 
to which the recombination increases and hence decreases the 
open circuit voltage. The decrease in short circuit current has 
several causes such as impurities of Cu present on the surface 
of the semiconductor may cover active surface area of TiO2 
and after increasing Cu concentration the electron concentra-
tion increases etc. The effect of enhancement of electron con-
centration can be understand by the theoretical model for elec-
trical conductivity σ = neµ. Here e represents elementary 
charge, n represents concentration of electron and µ 
represents the electron mobility. Xujie Lu et al reported the 
increase in electron concentration enhances the electron con-
ductivity and improve electron transport efficiency which in-
creases the photocurrent density [12]. However with respect to 
defect concentration the electron mobility decreases rapidly 
due to electron scattering by defects. More defects increases 
charge recombination, which is the dominant factor for copper 
concentration. Since copper is highly sensitive material and 

in-

creases the 
defects in 
TiO2 
elec-
trode.  
 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 8, August-2016                                                                                        1008 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

2

4

6

8
(b)

(d)

(c)

(b)

(a)

C
ur

re
nt

 D
en

si
ty

 (m
A/

cm
2 )

Voltage (V)

 (a) Pure TiO2
 (b) 1% Cu Doped TiO2 
 (c) 2% Cu Doped TiO2
 (d) 3% Cu Doped TiO2

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.586

0.587

0.588

0.589

0.590

0.591

0.592

0.593

0.594

0.595

(a)

V oc
 (V

)

Cu Concentration (wt %)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

5.5

6.0

6.5

7.0

7.5 (b)

J sc
 (m

A 
cm

-2
)

Cu Concentration (wt %)

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 7: (a) Schematic illustration of device, (b) J-V Cha-

racteristics of device for pure and Cu doped TiO2 photo elec-
trode. 
 
From the SEM analysis it may conclude that by increasing 
copper concentration the defects are increasing in TiO2 film 
and hence the photocurrent density decreases. The photon to 
current conversion efficiency (η) goes to decrease consistently 
with increasing Cu contents. This may be due to increase in 
concentration of impurities with increasing Cu contents. These 
increased impurities could produces blockage around the ac-
tive surface area of TiO2 and act as charge trapping site for the 
electron hole recombination. The decrement in efficiency is 
also consistent with grain size. 
 
Table 2: Photovoltaic characteristics of DSSCs made with pure 
and Cu doped TiO2 photo electrode. 

 
Photo  

electrode 
Voc  

(Volt) 
Jsc  

(mA cm-1) 
FF η (%) 

Pure TiO2 0.5916 7.4814 0.5194 2.299 
1% Cu-TiO2 0.5917 6.8461 0.5637 2.283 
2% CuTiO2 0.5942 6.0584 0.5717 2.058 
3% Cu-TiO2 0.5866 5.5277 0.5159 1.673 

 
 
 
 
 

 

 

 
 

 
Figure 8: Plot of open circuit 

voltage (a) and short circuit current density (b) vs Cu Concen-
tration 

4 CONCLUSIONS 
Simple, inexpensive dip coating method at room temperature 
is reported for deposition of pure and Cu doped TiO2 photo 
electrode over spin coated compact TiO2 blocking layer. Pre-
pared dip coated TiO2 semiconductor meet enough porosity 
for the application of DSSC. The films deposited were pre-
pared by 10 cycles and observed thickness about 8-9 µm. The 
thickness could be increased by increasing cycles but when 
dried the coated TiO2 film gets peeled off from the substrate. 
Even increasing the Cu concentration after 3% the TiO2 film 
gets detached from the substrate. This shows that the adhesion 
of film is very poor for more than 10 cycles as well as Cu con-
centration more than 3%. Further the investigation has shown 
the effect of Cu doping in TiO2 semiconductor reduces the 
band gap of TiO2 upto 10%. This decrease in band gap energy 
of TiO2 semiconductor corresponds to increase in open circuit 
voltage of the DSSC. On the other hand increase in Cu concen-
tration the short circuit current and photon to current conver-
sion efficiency of the DSSC decreases. 
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