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Abstract: We have synthesized and used several natural dyes such as extracted from: Spinach, Beet, Henna, 
Strawberry, Red cabbage, and Mloukhia. The absorption of the extracted dyes diluted in ethanol or distilled 
water were measured using UV–Vis spectrophotometer. We have studied the topology of these films by 
scanning electron microscope (SEM), X-ray photoelectron spectroscopy (XPS) and x-ray diffraction (XRD) 
patterns of synthesized TiO2. The contents of Ti and O of synthesized TiO2 are 30 % and 50 % corresponding to 
closely Ti4+ state. The absorption of the TiO2 thin films immersed in these dyes was also measured in order to 
tune the change. The absorption in Beet and Red cabbage is more significant compared to other natural dyes. 
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Dye-sensitized solar cell (DSC) has been focused 
as a novel photovoltaic device for the last two 
decades [1]. DSC is expected as a low-cost solar cell 
because it requires neither expensive row materials 
nor large-scale equipment for its manufacturing. In 
addition, it has a great potential to be a lightweight 
and flexible solar cell. 

Since 1991, when Gratzel and O’Regan [2] firstly 
reported the prototype of dye-sensitized solar cell 
(DSSCs), many efforts were done to improve the 
power conversion efficiency by using new materials. 
As the nature and morphology of titanium dioxide 
films play a significant role in determining the 
overall efficiency of DSSCs. The titanium dioxide is 
a white semiconductor that is not sensitive to visible 
light was firstly deposited on the TCO face of one 

electrode than a layer of dye molecules which will 
absorb the light in the visible spectrum. 

The performance of DSSCs depends for a large 
part of the dye that is used as photosensitizer [3]. 
Transition metal compound such as ruthenium 
polyridyl complexes were used widely as effective 
dye-sensitizer [4]. However, this type of dye is 
expensive and introduces public environmental 
awareness. We use some usual natural dyes. Some of 
them have already been used, but the others are local 
dyes and we try to check the opportunity to realize 
good solar cells using those pigments.  

The second electrode is called the cathode, is 
coated with a catalytic material for electron transfer. 
In most cases, this catalyst is carbon or platinum. 
Since a very small quantity of catalyst is needed, the 
electrode remains transparent. The space left between 
the two electrodes is filled with an electrolyte that 
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ensures charge transportation through a redox couple. 
Iodide/tri-iodide in a nitrile solvent is used. In this 
work, we present preliminary measurements on the 
films of the first electrode before forming the device 
in order to analyze different effects.  

 
 

2. Materials and Experimental 
 

The Transparent Conductive Oxide (TCO) 
coated glass (TCO22-7: 2 mm thick glass substrate 
with a 7 Ω/sq fluorine doped tin oxide coating on 
one side 5.00×5.00 cm2) was employed. We have 
used nanocrystalline TiO2 purchased from Solaronix 
Inc., pipets, mortar and pestle, water bath, tweezers, 
scotch Magic, hot plate (Stuart) and dye extracted 
from the natural product. 

 
 

2.1. Preparation of Natural Dye Sensitizers 
 

In this research, natural dyes as shown in Fig. 1, 
were extracted from Fresh Beet, Red Cabbage, 
Spinach, Strawberry, Mloukhia and Henna. 
 
 

Natural Dye 

Beet 

 

Red Cabbage 

 

Spinach 

 

Strawberry 

 

Mloukhia 

 

Henna 
 

 

 
Fig. 1. The used natural dyes. 

 
 

Heat in a water bath at 100 ml of distilled water, 
let boil for 2 minutes, then put Beet (55 g) or Red 
Cabbage (64 g) cut into very small pieces, cover and 

close the heating plate temperature and cool as shown 
respectively in Fig. 2a and 2b. 

Given two beakers for one, Henna powder (5.25 
g) and the other for Mloukhia powder (3.25 g) and 
put into each beaker 40 ml of ethanol, mixed each 
with a Pasteur pipette and allowed to stand for 10 
minutes as shown in Fig. 2c and take the upper 
solution with a syringe. 
 
 

 
 
 
 

 
 
 
 

 
(a)

 
(b)

 
(c)

 
Fig. 2. Beet (a) and Red Cabbage (b) were diluted  

in distilled water, Henna and Mloukhia (c) were diluted 
in ethanol. 

 
 

Take three spinach leaf (13 g), lavas with distilled 
water then placed in a mortar and pestle and added  
15 ml of ethanol for 5 min and grind as shown  
in Fig. 3a, take the upper solution extracted with a 
syringe. Take 3 fresh strawberry, put them in a 
mortar and add 30 ml of distilled water and stirred 
around with a pestle as shown in Fig. 3b, the 
resulting solution was filtered through a RC 0.45 μm 
filter (0.45 µm Pore Size, 13 mm Membrane 
Diameter), as shown in Fig. 3c. 
 
 

 

  
 
 
 
 
 

(a) (b) (c)
 

Fig. 3. Spinach diluted in ethanol (a), Strawberry diluted in 
distilled water (b) and filter solution of Strawberry(c). 

 
 

2.2. Preparation of Photoanodes 
 

We grind about 10 gram of nanocrystalline 
titanium dioxide (TiO2) (Prolabo, purity 98°/°,  
M= 79.9 g/mol, lot N°: K76G) in a porcelain mortar 
and pestle with a few drops (2.5 ml) of very dilute 
acetic acid (prepared by adding 0.1 ml concentrated 
acetic acid to 50 ml of distilled water). We alternated 
grinding and added a few drops of very dilute acetic 
acid until obtaining a colloidal suspension, a 5 ml 
ethanol (10 %) and a few drops of the non–ionic 
surfactant Tritron X100. We grind about half an hour 
the titania paste as shown in Fig. 4a. In order to start 
with a homogenous paste, we don’t shake the bottle; 
this can create air bubbles and prevent a good 
deposition. 
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We cleaned TCO glass slides with ethanol and 
paper towel, the conductive side of TCO glass was 
identified by using Ohmmeter. After that, the 
deposition area of the TiO2 was defined at the surface 
of the conductive side of TCO glass by using scotch 
Magic (this tape can be easily removed from the glass 
without leaving traces of adhesive materials) tape 
with 3 mm for four side. Then, a few drops of TiO2 
suspension was added above the deposition area that 
has been defined (Fig. 4b). Then the suspension was 
spread smoothly by using a squeegee. After the slide 
dries, while heating up the electrode to sinter the film 
at 450 ºC for 40 minutes, first turns brownish as 
shown in Fig. 4c and later it turns yellowish-white 
due to the temperature dependent band-gap 
narrowing in the pure titanium dioxide (anatase), this 
is the sign that the sintering process is completed. 
The last step is to allow the slide to cool down 
naturally to room temperature. 
 
 

 
(a) 

 

 

 

(b) 

 

 

 

(c) 
 

Fig. 4. Paste of TiO2. (a). Film of TiO2 deposited on TCO 
glass (b).TiO2 film turns brownish (c). 

 
 
2.3. Characterization 
 

The photoanodes were characterized by using  
an X-ray diffractometer (XRD), and has been 
performed using an X’pert Pro X-ray diffractometer 
(Δ2θ = 5–60°, 0.033° as increment, integration time  
50 s and Cu Kα1 radiation, λ = 1.5406 Å).  
To evaluate the absorbance of films we used the UV-
vis spectrophotometer (UV-Cecil CE 3041) in the 
region 400-800 nm. 

We have used the Scanning Electron Microscope 
(SEM) to characterize the morphological structure. 
The system, SUPRA™ 40 (ZEISS), is a field 
emission SEM (FE-SEM) capable of delivering high 
quality imaging solutions. 

The coating/substrate interface has been 
investigated by Xray Photoelectron Spectroscopy 
(XPS). The XPS spectra have been obtained with an 
ESCA PHI5300 spectrometer by means of non-
monochromatic MgKα X-ray source, depth profile 
mode. 
 
 

3. Results and Discussions 
 

The SEM micrographs of the TiO2 layer are 
shown in Fig. 5. The TiO2 layer is homogenous and 
well attached to the TCO layer on the glass substrate. 
No cracks have been identified. The spherical TiO2 
nanoparticules are homogenously distributed within 

the TiO2 layer without agglomeration. The 
nanoparticle size of TiO2 is about 100 nm and the 
film thickness was 3~4 μm. 
 
 

 
 

Fig. 5. Structure of TiO2 (SEM). 
 
 

The quantitative XPS analysis of synthesized 
TiO2 is shown in Fig. 6, the survey spectrum of the 
TiO2 contains the Ti2p and O1s peaks of the titanium 
dioxide. The Ti2p1 and Ti 2p3 spin-orbital splitting 
photoelectrons are located at binding energies of  
464.4 eV and 458.7 eV, respectively. The O1s peak of 
TiO2 is shown at 530.64 eV and a shoulder located 
towards the side of higher binding energies [5]. 
Corresponding to the Ti2p spectra, the O1s spectra also 
indicated two sub peaks: 530.1 and 531.0 
corresponding to TiO2 and Ti2O3, respectively. The 
contents of Ti and O of synthesized TiO2 are 30 % 
and 50 % corresponding to closely Ti4+ state [6]. 
 
 

 

 

 

 

(a) 

 

 

 

 

(b) 
 

Fig. 6. XPS of synthesized TiO2 (a) SEM of the pooled 
region (b) XPS spectra a zoom shows two pictures 

due to Ti2P and O1s. 
 
 
Fig. 7 shows a typical XRD pattern for the TiO2 

films deposited on TCO substrate at 450 °C. The 
XRD peaks at 25.35°, 38.63°, 48.12°, 55.08° 
correspond to anatase (1 0 1), (1 1 2), (2 0 0), (2 1 1) 
crystal planes, respectively [7] while no rutile phases 
were observed. We find that the deposition 
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conditions chosen for this work, material crystallizes 
following the anatase structure characterized by three 
main orientations (101), (112), (200) with lattice 
parameters (a = b = 3.78) and c = 9.51. The XRD 
pattern also shows that anatase (2 1 1) is the 

preferential growth orientation and its intensity 
increases with rising temperature, indicating that the 
TiO2 film becomes more crystalline as the deposition 
temperature is increased as mentioned by Zhang et al. 
[8].  

 
 

 
 

Fig. 7. XRD patterns of TiO2. 

 

 
 

As the nature and morphology of titanium dioxide 
films play a significant role in determining the 
overall efficiency of DSSCs. We have also 
synthesized and used several natural dyes such as 
dyes extracted from: Spinach, Beet, Henna, 
Strawberry, Red Cabbage, Mloukhia. The absorption 
of the extracted dyes diluted in ethanol or water were 
measured using UV–Vis spectrophotometer were 
shown in Fig. 8.  
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Fig. 8. UV – Vis Absorption spectra of natural dyes. 
 
 

The spinach, Mloukhia and Henna extract was 
using ethanol as solvent, while the Beet, Red 
Cabbage and Strawberry used distilled water. It can 
be seen the absorption peak from Table 1. 

In the Beet and Red Cabbage one region of 
maximum absorbance was found in the blue close to 
480 nm and other in the green close to 560 nm; this is 
consistent with the peaks of maximum absorbance of 
betanin [9] and chlorophyll A. However, due to weak 

definition in both regions, the existence of a mixture 
of chlorophyll B should be inferred, with a higher 
proportion of chlorophyll A.  

 
 

Table 1. The absorption peak of natural dyes. 
 

Natural dye Peak (nm) 
Spinach 465, 535, 607, 667, 702 
Beet 479, 536 
Mloukhia 465, 537, 615, 665 
Red cabbage 579 
Red cabbage and Beet 480.5, 545 
Henna 480, 536, 608, 666 
Strawberry 501 

 

A similar case happens with Spinash in which a 
maximum absorbance region was found in the range 
from 350 to 400 nm corresponding to a mixture of 
anthocyanins [10]. 

For Molukhia and Henna, two peaks were found: 
the first one around 480 nm (blue light) and the 
second one at 665 nm (red light); they are attributable 
to the mixture of chlorophyll [11]. 

The absorption of the TiO2 thin films immersed in 
these dyes in the Petri dishes, the TiO2 film side face 
down for 10 hours was also measured in order to tune 
the absorption of the composed film Fig. 9 shows the 
UV–vis spectra with Spinach, Beet, Henna, Red 
cabbage, Mloukhia extracts adsorbed on TiO2 film.  

We note similar shape for the optical absorption 
for the Spinach, Henna and Mloukhia films. Those 
dyes were diluted in ethanol, it seems the henna films 
have dominant absorption in this region of the 
spectra. A similar shape of the absorption spectra was 
observed for the beet and Red Cabbage extracted and 
diluted in distilled water. 
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4. Conclusions 
 

In this work, we present spectroscopic 
measurements on natural local dyes which will be 
used in the fabrication of dye sensitized solar cells. 
The films with nanoparticles of TiO2 and those dyes 
are also analyzed. A study of the absorbance of some 
natural dyes diluted in ethanol or distilled water was 
done. The TiO2 thin films were immersed in dyes and 
analyzed. The contents of Ti and O of synthesized 
TiO2 are 30 % and 50 % corresponding to closely  
Ti4+ state. The nanoparticles size of TiO2 is about  
100 nm and the film thickness was 3~4 μm. 
According to the SEM image, the films have 
homogenous surface with a porous state. The 
absorption in Beet and Red cabbage is more 
significant compared to other natural dyes. These 
results are promising of solar cells with good 
efficiencies.  
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Fig. 9. Light absorption spectra of dyes absorbed on TiO2. 
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