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Use Of Cu-C-Tio2 In Dye Sensitized Solar Cell
Monika Trivedi, ChetnaAmeta, Meenakshi S. Solanki, RakshitAmetaand Surbhi Benjamin
Abstract: A novel and simple strategy has been used for the preparation of TiO2 nanoparticles co-doped with carbon (non-metal) and copper (transition
metal) by sol-gel method. The dye sensitized solar cell was fabricated with Cu-C-TiO2 nanocrystalline layer on FTO conductive glass, sensitized with
rhodamine B dye. I− / I3 − redox couple was used as liquid electrolyte and carbon (graphite) as counter electrode. The experimental results of rhodamine
B sensitized Cu-C-doped TiO2 showed Voc= 101.2 mV, isc= 0.0545 mA, Vpp= 55.9 mV andipp= 0.0496 mA and FF = 0.50. The photo-to-electric power
conversion efficiency was 0.004% under 66.0 mWcm-2 light intensity. The undoped andCu-C-TiO2 nanoparticles were analyzed by X-ray diffraction
(XRD), scanning electron microscopy(SEM) and Fourier transform infrared (FT-IR) techniques.
Index Terms: DSSC; Co-doped; FTO; Titanium dioxide; Solar cell; Copper sulfate; Rhodamine B; Carbon
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1 INTRODCTION







Solar energy is a promising and abundant source of energy
to fulfil the future demands of world. Solar energy is being
harvested all over the globe mainly using photovoltaic
devices. Solar cells generate power by direct conversion of
light into electricity by using semiconductor. The silicon
panels are widely used for this purpose, but these are very
costly and have complex technologies. The photovoltaic
technology ofpolycrystalline thin-film based on silicon solar
cells are the best option for sustainable future energy
technology. The efficiencies of silicon and GaAs
monocrytstalline solar cells reached quite close to predicted
theoretical values. The thin film solar cells based on CdTe
and Cu(In,Ga)Se2 were demonstrated to have record
efficiencies [1]. Dye sensitized solar cell is thin film solar
cell and it was invented by Gratzel and O’Regan [2].
However, it had been a very crucial issue to enhance its
power conversion efficiency as compared to other solar
devices. Hagfeldt [3] reported 12% power conversion
efficiency by using molecular- and nanometer-scale
components in the fabrication of DSSC.Nowadays, DSSC
earned widespread attention because of their low cost
manufacturing, approachable fabrication and modulated
optical properties like variation in color and transparency
Mathew et al. [4] used donor–π-bridge–acceptor porphyrin
dye SM315 for the sensitization of the solar cell, with cobalt
(II/III) redox shuttle electrolyte. This cell shows about 13%
power conversion efficiency. Different approaches have
been attempted achieve effective power conversion
efficiency such as coating of insulating layer or higher band
gap materials [5, 6]. Doping of TiO2 with other elements is
one of the efficient ways to modify its physical and chemical
properties [7]. Doping of a semiconductor with metals and
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non-metals shows improvement in the activity of that
material. Doped semiconductor shows strong red shift of
their absorption into the visible region as compared with
undopedsemiconductors [8]. Metal doping improved the
open-circuit voltage due to the upward shift of the Fermi
level while defect oxygen generated retardation in the
negative shift of the Fermi level [9]. Doping with metals and
non-metals such as nitrogen doped nanostructured titania
electrode shows 8% power conversion efficiency [10].
7.05% Efficiency was achieved with co-doped Tm3+ and
Yb3+ TiO2 sensitized with N719 dye for DSSC [11].Indium
doped ZnO (In-ZnO) compact layer and a TiO2 protective
layer has been developed by Zheng et al. [12]. This cell is
36% more efficient than unmodified In-ZnO DSSC. In the
present work Cu-C-TiO2 was synthesized by sol-gel
method. The DSSC was fabricated with this co-doped TiO2
and the effect of different parameters like dye
concentration, electrolyte concentration, light intensity and
exposed surface area of semiconductor on the electrical
output was examined.

2. EXPERIMENTAL
2.1 Preparation of nanocrystalline pure and Cu-CTiO2
Both pure and Co-doped Cu -C-TiO2 were synthesized by
using sol-gel method. 2 mL of titanium tetraisopropoxide
was mixed with 10 mL of 2-propanol in a beaker. A solution
of 10 g of CuSO4 and 10 g fructose was prepared in 100
mL distilled water. Both these solutions were mixed with
continuous stirring by a glass rod. Precipitates of Cu-CTi(OH)4 was obtained. This mixture was transferred to the
oven for drying at 60-110ºC up to dryness. After cooling
down to room temperature, it was calcined in furnace at
400ºC for 3 hours. Again it was brought to room
temperature and the obtained powder of Cu-C-TiO2 was
grinded in agate mortar with pestle to from fine crystals.
The same procedure was followed to prepare undoped TiO2
with the difference that no dopant was added (copper
sulphate and fructose). It is schematically presented in Fig.
1.
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isopropoxide group. The peak present at 988 cm-1 is due to
antisymmetric stretching of Ti-O bonds in Ti-O-Ti [20-22].

Fig. 1.Sol-gel method for the preparation of undoped and
doped TiO2

2.2 Fabrication of Cell
The photoanode was prepared with Cu-C-TiO2 paste in
acetic acid with few drops of dishwashing liquid as a
surfactant. This paste was coated onto the FTO glasses
(2.2 mm thickness, 7-9 ohms cm-2, L 25 mm x W 25 mm,
Shilpa Enterprises, Nagpur, India) by doctor blade method
and left for a few minutes to let it dry. Then the glass was
heated on a hot plate at 450ºC for 45 minutes. A solution of
rhodamine B (1.0 x 10-3 M) dye in ethanol was used for
thesensitization of the working electrode. The working
electrode was immersed in dye solution for 15 minutes and
then rinsed with ethanol to remove extra dye.A graphite
coated counter electrode was clipped onto the top of the
working electrode. 0.43 M iodine and 0.46 M potassium
iodide was dissolved in 10 mL of ethylene glycol. This I―/
I3― redox shuttle was used as liquid electrolyte.

3. Characterization of doped Cu-C-TiO2and
undoped TiO2
3.1 FTIR spectra of doped Cu-C-TiO2
The Fourier Transform Infrared Spectroscopy (FTIR)
spectra of the synthesized samples in potassium bromide
(KBr) pellets were recorded on a Perkin Elmer Spectrum
RX1 spectrometer in the range from 4400 cm−1 to 450 cm−1
at a scanning rate of 1 cm−1/min The FTIR spectra of Cu-CTiO2 is given in Fig. 2.The peaks between 1620-1630 cm-1
and the broad peaks appearing in between 3100–3600 cm–
1
are assigned as vibrations of hydroxyl groups [13]. The
broad peaks at 3483 cm-1 and the peaks at 1623 cm-1 are
characteristic of the H–O bending mode of hydroxyl groups
present on the surface due to moisture. These are crucial to
the photocatalytic reactions, since they can react with
photoexcited holes generated on the catalyst surface and
produce hydroxyl radicals[14]. Twin peaks at 639 and 617
cm-1 indicated the Cu-O stretching vibration. The metal salt
(Cu-O-C) peak is appeared at 1150 cm-1 [15]. The
vibrational mode of ν Ti-O-Ti appeared at 488 cm−1 [16]
while Cu-O bending was observed at 520 cm-1 [17]. The
bands appearing at 520-590 cm-1 are due to stretching
vibrations of M-O (Ti-O & Cu-O). The band at 1111 cm–1 is
assigned to the (Ti-O-C) bridging vibrations of isopropoxy
groups [18, 19]. The peak at 852 cm–1 is related to the

Fig. 2. FTIR spectra of Cu-C-TiO2

3.2 X-ray Diffraction
The average crystalline size (D) of the undoped and Cu-CTiO2 material can be calculated from the Debye-Scherrer
formula.

–––(1)
Where D is the crystalline size (nm), λ is the wavelength
(nm), β is the full width at half maximum intensity (FWHM-in
radian), and θ is the Bragg diffraction angle (o). The X-ray
diffraction of undoped TiO2 and Cu-C-TiO2 samples are
given in fig. 3 and 4. The XRD patterns were recorded on
Panlytical X’ pert Pro model X-ray diffraction using Cu Kα
radiation as the X-ray source. The diffractograms were
recorded in the 2θ range of 20-80º. It is also confirmed by
the spectra that both undoped and doped TiO2 are
crystalline in nature.The average crystalline size of the
undopedTiO2 is 10.15 nmand Cu-C-TiO2 is 70.87
nm.However, it was observed that after doping the particle
size is increases.

Fig. 3. XRD of undopedTiO2
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Fig. 4. XRDof Cu-C-TiO2

3.3 Scanning Electron Microscopy (SEM)
The morphology of undoped (Fig. 5a) and doped TiO2 (Fig.
5b) was studied. SEM has been used to observe the
morphological changes caused by loading of metal and
non-metal on the surface of titania. It observed that
incorporation of the dopants Cu and Carbon on TiO2
increases particle size (From XRD data).
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4.2 Variation of Current with time
The effect of variation of Current with time on the electrical
output of the cell was observed, and results are reported in
Table 2. The current was measured with a digital multimeter
(Mastech-M830bZ).
The photocurrent of cell rapidly
increases on illumination and after a few minutes, it reaches
to its maximum. This current is represented as i max. When
illumination time was further increased, the current starts
decreasing gradually, and it reaches an equilibrium value.
This value is represented as ieq. When the source of
illumination was removed, the current starts decreasing
further.
Table 2. Variation of current with time
Time
(min.)
0.0
5

Fig. 5a. SEM of Undoped
TiO2

Fig. 5b. SEM of Cu-C-TiO2
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4.PHOTOVOLTAIC PERFORMANCE OF DSSC
4.1 Variation of potential with time
The effect of variation of potential with time on the electrical
output of the cell was observed, and results are reported in
Table 1. The cell was placed in dark and the potential was
measured. Then, the cell was exposed to light (66.0 mWcm2
). A change in potential was observed with the time of
illumination. The potential was measured with digital
multimeter (Mastech-M830bZ). The cell was charged for 70
minutes, as it attained a constant potential. Then the
irradiation was cut off. It was observed that the potential
starts increasing with time, but it never reached its initial
value indicating that the reaction is not completely
reversible.
Table 1. Variation of potential with time
Time (min.)
0.0
5

Potential
(mV)
-194.5
-96.6

Time (min.)
75
80

Potential
(mV)
-24.8
-28.8

Photocurrent
(µA)
3.8
54.4
(imax)
34.1
27.0
19.9
16.0
13.8
12.6
11.6
11.6
11.6
11.5
11.4
11.3
11.5 (ieq)

Time
(min.)
75
80

Photocurrent
(µA)
8.5
5.4
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4.4
3.7
3.7
2.9
3.0
3.3
2.6
2.3
2.2
2.1
2.0
2.0

[Rhodamine B] = 1.3 x 10-3 M; Electrolyte = [I2]= 0.43 M [KI]
= 0.46 M; Exposed surface area = 1.3 x 1.3 cm2; Light
intensity = 66 mWcm-2

4.3 Effect of dye concentration
The dependence of the photopotential and the photocurrent
on the dye concentration was observed by taking different
concentration of rhodamine B (1.6 x 10-3 M – 3.0 x 10-4 M),
and the results are reported in Table 3. It was observed that
the electrical output of the cell increased on increasing the
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concentration of rhodamine B. Thereafter it shows a revers
trend on increasing concentration of dye further. It may be
explained of the bases that as the concentration of dye was
increased, the number of sensitizer molecules also
increases resulting in higher output of the cell. A reverse
trend was observed on increasing of concentration of dye
further. It may be due to the effect that dye starts acting as
internal filter for the incident light and does not permit the
desired intensity of the light to reach to semiconducting
photoanode.

4.5 Effect of exposed surface area of electrode
The effect of surface area of semiconductor was also
observed, and the results are reported in Table 6. The
potential and current increase with increasing area of
electrode. It may be due to more exposed area of electrode.
Table 6. Variation in exposed surface area
Area (cm2)
1.3 x 1.3
1.1 x 1.1
1.0 x 1.0
0.8 x 0.8
0.6 x 0.6

Table 3. Effect of dye concentration
[Dye]
(103 M)
1.6

Potential (mA)

Current (µA)

68.35

21.2

1.3

101.2

54.5

1.0

126.4

32.4

0.6

118.9

35.9

0.3

79.9

7.9

4.4 Effect of electrolyte concentration
The effect of concentration of the component of liquid
electrolyte (I2 and KI) on the electrical power of the cell was
observed, and the results are reported in the Tables 4 and
5. For this purpose the concentration of one component
was kept constant while other was varied. It was observed
that as the concentration of iodine was increased, the
potential and current both decrease, while on increasing the
concentration of potassium iodide, there was a decreasing
behavior in potential but increasing in current. The optimum
conditions were obtained for I2 as 0.43 M and KI as 0.46 M.

Current (µA)

91.0
101.2
53.0
40.6
33.8

23.4
54.3
48.5
46.1
35.9

Current (µA)
54.5
41.6
32.8
20.4
5.8

4.6 Effect of light intensity
The effect of light intensity on electrical output of cell was
observed, and the results are reported in Table 7. Light
intensity may also affect the electrical parameters of DSSC
and therefore light intensity was changed from 50.0 to 66.0
mWcm-2. It shows an increasing trend with increasing light
intensity because an increase light intensity increases the
photons per unit area.
Table 7. Variation of light intensity
Light Intensity
(mWcm2)
30.0
40.0
50.0
60.0
66.0

Table 4. Effect of concentration of iodine
Potential (mA)

Potential (mA)
101.2
80.2
75.4
50.1
43.8

Rhodamine B = 1.3 x 10-3 M; Electrolyte = [I2] = 0.43 M and
[KI] = 0.46 M; Light Intensity = 66 mWcm-2

Exposed surface area = 1.3 x 1.3 cm2; Electrolyte = [I2]=
0.43 M [KI] = 0.46 M; Light intensity = 66.0 mWcm-2

[ I2 ]
(M)
0.39
0.43
0.47
0.51
0.55

ISSN 2277-8616

Potential (mA)

Current (µA)

64.5
71.3
80.2
93.0
101.2

20.4
23.0
29.2
33.8
54.5

[ Rhodamine B] = 1.3 x 10-3 M; Electrolyte = [I2]= 0.43 M
and [KI] = 0.46 M; Exposed surface area = 1.3 x 1.3 cm2

4. i5. i-V CHARACTERISTICS OF THE CELL

[Rhodamine B] =1.3 x 10-3 M; Exposed surface area = 1.3 x
1.3 cm2;Light intensity = 66.0 mWcm-2

The open circuit voltage (Voc) (keeping the circuit open) and
short circuit current (isc) (keeping the circuit closed) of the
cell were measured with a digital multimeter. The values of
photocurrent and photopotential were observed with the
help of a carbon pot (log 470 k) connected in the circuit by
applying an external load. The variation of potential with
respect to current is presented in Table 8 and graphically in
Fig. 6.

Table 5. Effect of concentration of potassium iodide
KI
(M)
0.44
0.46
0.48
0.50
0.51

Potential (mA)
74.2
101.2
56.7
37.0
21.0

Table 8. i-V Characteristics

Current
(µA)
2.5
54.3
28.5
20.4
16.6

-3

[Rhodamine B] =1.3 x 10 M; Exposed surface area = 1.3 x
1.3 cm2;Light Intensity = 66.0 mWcm-2

Potential (mV)

Photocurrent (µA)

101.2

0.0

99.1

0.2

92.8

2.6

91.8

5.0

89.6

9.6

Fill Factor
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75.7

15.3

70.5

33.0

68.3

37.0

67.6

39.9

66.6

40.5

55.9

49.6

32.4

50.0

10.5

52.4

5.9

52.7

0.9

53.2

0.0

54.5

The performance of cell was also calculated using this
relation. The cell showed 0.004 % over all power
conversion efficiency. Comparative electrical parameters,
fill factor, and conversion efficiency of DSSC with undoped
and co-doped TiO2 are given in Table 9.
Table 9. Comparative results with undoped and co-doped
TiO2 in DSSC.

0.50

Rhodamine B = 1.3 x 10-3 M; Electrolyte = [I2 ] = 0.43 M and
[KI] = 0.46 M; Exposed surface area = 1.3 x 1.3 cm2 ; Light
Intensity = 66 mWcm-2

Current (µA)
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60
55
50
45
40
35
30
25
20
15
10
5
0

Sampl
e

ipp
(mA)

Pure
TiO2
Cu-CTiO2

0.003
5
0.049
6

Vpp
(mV
)
9.6
55.9

isc
(mA)
0.008
5
0.054
5

Voc
(mV)
17.5
101.
2

FF
0.2
2
0.5
0

ɳ x 102
(%)
0.00654
5
0.4

6. PERFORMANCE OF CELL
The performance of cell was measured by applying the
external load necessary to have current and potential at
power point, after removing the source of illumination. It is
the time taken in decreasing half of its maximum power. It
was observed that the electrical output does not reach zero
even after 70 minutes. The cell worked for 10 minutes even
in the dark.

7. CONCLUSIONS

0

5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
Potential (mV)

Doped TiO2

Undoped TiO2

Fig. 6. The Photocurrent-voltage curve of doped and
undoped TiO2 based DSSC

Co-doped semiconductor (Cu-C-TiO2) was synthesized with
sol-gel method. A DSSC was assembled with this
semiconductor. A mixture of I2 and KI was used as
electrolyte. The observation showed that doping of metal
and non-metal increased the photocatalytic activity of
semiconductor in visible light. The performance of cell was
improved, when compared with undoped TiO2. The cell
fabricated with doped material was 61.11 time more
efficient then undoped material.
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5. CELL EFFICIENCY
The conversion efficiency of the cell is the ratio of electrical
output at power point and the power of incident radiations.
The solar energy-to-electricity conversion efficiency (ɳ) was
determined by the equation (2). Where Pinis intensity of the
incident light.
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