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Synthesis and Optical, Photoconductivity Study of
Safranin O Dye Sensitized Titania/Silica oxide
system Prepared by Modified Sol-gel Method
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Abstract: Binary TiO2/SiO2 oxides were prepared by modified
sol-gel method and calcined at 500°C for 5 hours. The
TiO2SiOz2nanocomposites  was  sensitized  with  different
concentrations of Safranin O dye solutions ranging from 1x10?
mM to 5x102mM. The amount of dye adsorbed, amount of dye
absorbed per unit mass and percentage of dye adsorbed increases
with increase of concentration of dye. The Safranine O dye-
sensitized TiO2/SiOznanocomposites exhibit an intense peak at
520 nm due to n—n* transition enhances the spectral response of
TiO2/SiO2nanocomposites to visible light. The field dependent
dark and photoconductivity studies reveals that the dark and
photocurrent are increase linearly with applied field. From the
photoconductivity results, it was observed from the plots that for
the highest concentration of dye sensitized (5x10° M), the photo
current density increases by an order of 75 in comparison with
that of TiO2/SiOz2nanocomposites.

Keywords: Ti02-SiO2, Oxides, Composites, Mesoporous,
Photoconductivity, Semiconductors, Dye Sensitization.

l. INTRODUCTION

Due to the non-toxicity, availability, nature and low cost,
TiO- has been the most preferred semiconductor material for
the working electrode of dye sensitized solar cells. For dye-
sensitized solar cells in addition to TiO,, semiconductor
used in porous nanostructured electrode includes ZnO,
CdSe, CdS, SiO;, WOs, SnO,, Nb,Os and Ta,Os [1].
However, titanium dioxide is the most promising
semiconductor for dye-sensitized nanostructured electrode
for DSSCs[1]. The working electrode absorbs dye molecules
and conducts photoelectrons [1]. The desirable properties of
the working electrode are large surface area to absorb large
amounts of dye. In order to increase the surface area,
mesoporosity and to address the issue of oxygen deficiency
of TiO,, SiO; is added into TiO,. At low contents of
titanium oxide, titanium atoms are mainly located in
tetrahedral positions of the silica network with a high
dispersion, avoiding the formation of Ti-O-Ti bonds [2].
These materials show a high activity as redox catalysts,
especially in epoxidation processes [3, 4]. To achieve a high
light-to-energy conversion efficiency in the DSSC, dye
should possess good adsorption onto the
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TiO, surface and efficient electron injection into the
conduction band of the TiO, [5, 6]. The adsorption of the
dye to the TiO; surface Usually takes place through special
anchoring group attached to the dye molecule. In the
Safranin O dye, N*CI" group will form a bond with the metal
oxide surface by offering a proton to the metal oxide lattice
[7]. In the present work we have synthesized
TiO2/SiOznanocompositesin - suitable  proportions by
modified sol-gel method. The present work aims at studying
the optical and dark and photoconductivity response of
Safranine O sensitized TiO2/SiO;nanocomposites.

A Preparation of TiO2/SiOz2Nanocomposites

The solution of titanium (IV) isopropoxide Ti (OC3zH7)4
and tetra-ethylorthosilicate Si(OC,Hs)s was added drop wise
in isopropyl alcohol and stirred. The resultant precipitate
was washed several times in alchol and calcinated at 500°C
for 5 hours [8].

B. Dye sensitization of TiO2/SiOz2nanocomposites

The different concentrations of Safranine O dye solutions
ranging from 1x10mM to 5x102mM in isopropyl alcohol
were prepared. The as-synthesised
TiO-/SiOznanocomposites were then soaked into the dye
solution for 24h until the dye molecules got completely
adsorbed onto the pores of the composites [9].

C. Characterization

The UV-Vis spectra for the synthesized samples were
recorded using UV-Vis-NIR spectrophotometer at room
temperature in the range 200-1000 nm. The field dependent
dark and photoconductivity studies were obtained using
Keithleypicoammeter. The experimental setup was
discussed elsewhere by Ponniah and Xavier [10].

D. Results and Discussion

The adsorption of Safranine O dye onto the
nanocomposites were carried out in a batch process by using
aqueous solution of Safranin O dye in the concentration
range from 1x10°mM to 5x10°mM [11]. Fig. 1 showed the
UV-Vis absorption spectrum of Safranin O dye solution
with different concentrations. Fig. 2 showed the calibration
curve of Safranin O with different concentrations drawn
from fig. 1. It clearly showed that the absorbance of the
safranin O dye increases linearly with the increase of
concentration of the dye solution. The concentrations of the
dye solution before and after the addition of nanocomposites
were calculated with the help of prepared calibration curve
with standard Safranin O dye solution.
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The amount of dye adsorbed, amount of dye adsorbed per

unit mass and percentage of dye adsorbed were calculated 09-
using the -
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Fig. 1 UV-Vis absorption spectra of Safranin O with
different concentrations

Fig. 4 XRD pattern of as-synthesized and Safranin O
dye-sensitized TiO2/SiOz2nanocomposites with different
concentrations
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Fig. 2 Calibration curve of Safranin O with different Fig. 5 Fourier Transform Infrared spectrum of pure and
concentrations Safranin O dye-sensitized TiO2/SiO2nanocomposites
with different concentrations
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Fig. 6 HRSEM images of as-synthesized
TiO2/SiOz2nanocomposites
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Fig. 7 UV-Vis spectrum of 1x10-° M Safranin O dye-
sensitized TiO2/SiOznanocomposites inset shows the
corresponding plot of (ahv)?vs hv
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Fig. 8 UV-Vis spectrum of 2x10° M Safranin O dye-
sensitized TiO2/SiO2nanocomposites inset shows the
corresponding plot of (ahv)?vs hv
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Fig. 9 UV-Vis spectrum of 3x10°° M Safranin O dye-
sensitized TiO2/SiOz2nanocomposites inset shows the
corresponding plot of (ahv)?vs hv
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Fig. 10 UV-Vis spectrum of 4x10-° M Safranin O dye-
sensitized TiO2/SiOz2nanocomposites inset shows the
corresponding plot of (ahv)?vs hv
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Fig. 11 UV-Vis spectrum of 5x10° M Safranin O dye-
sensitized TiO2/SiOznanocomposites inset shows the
corresponding plot (ahv)?vs hv
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Fig. 12 UV-Vis absorption spectra of pure and Safranin
O dye-sensitized TiO2/SiOznanocomposites with
different Concentrations
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Fig. 13 Field dependent dark conductivity of Safranin O
dye-sensitized TiO2/SiOznanocomposites
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Fig. 14 Variation of dark conductivity of Safranin O dye-
sensitized TiO2/SiOz2nanocomposites with various fixed
applied fields
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Fig. 15 Field dependent photo conductivity of Safranin O
dye-sensitized TiO2/SiOznanocomposites
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Fig. 16 Variation of photo conductivity of Safranin O
dye-sensitized TiO2/SiOznanocomposites with various
fixed applied fields
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Equations 1, 2, and 3 [11, 12] respectively and tabulated in

table 1. It was observed that the amount of dye adsorbed,

amount of dye absorbed per unit mass andPercentage of dye

adsorbed increases with increase of concentration of dye.

Amount of dye adsorbed = (Co-Ce)V (D)

Amount of dye adsorbed per unit mass ge = (Co-Ce) VIW (2)

Percentage of dye adsorbed = (Co-Ce)/Co X 100  (3)

Where @, the amount of dye adsorbed on the absorbent

(mg/g).

Co and Ce (mg/L), initial and final concentration of dye

solution respectively.

V, volume of the dye solution (mL).

W, amount of the absorbent (g).

The amount of dye adsorbed vsconcentration of dye
solution plot were shown in fig 3. It showed that the amount
of dye adsorbed increases linearly with the increase of
concentration. XRD pattern of as-synthesized and Safranin
O dye-sensitized TiO2/SiOznanocomposites with different
Concentrations were shown in Fig. 4. It showed the presence
of avery broad peak at 22°. The broad peak indicates that the
particles are amorphous in nature [13]. The XRD results
agreed with the literature that TiO2 were precipitate out from
the TiO2/SiO, composite because the 4-fold co-ordination of
Ti will transform to 6-fold coordination upon annealing [14,
15]. This confirmed that both the TiO, and SiO;
nanostructures were present. The diffraction data revealed
the  presence  of prominent peaks due to
TiO,/SiOznanocomposites and complete absence of peaks
due to Safranin O dye. The reason for the absence of peaks
was due to the low concentration of dye used for
sensitization and also the dye was physically adsorbed into
the pores of the nanocomposites. This clearly showed that

9

the dye was not chemically bonded to
TiO,/SiOznanocomposites.
Fourier Transform Infrared spectrum of

TiO,/SiOznanocompositesand  Safranin O  dye-sensitized
TiO,/SiOznanocomposites with different concentrations was
shown in Fig. 5. The absorption bands at 3640 cm™ and
1630 cm? were due to O-H stretching and bending
vibrations observed in all the cases [16]. The peaks at 630
cm?, 1110 cm™ and
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800 cm? were corresponds to the characteristic
vibrational mode for TiO,, asymmetric and symmetric SiO>
stretching vibrations respectively [17, 18, 19, 20]. This
confirmed that both TiO, and SiO. phases had formed in all
the cases. The band near 940 cm™* was assigned to Ti-O-Si
stretching vibration and there wascomplete absence of peaks
due to Safranin O dye. The reason for the absence of peaks
was due to the low concentration of dye used for
sensitization and also the dye was physically adsorbed into
the pores of the nanocomposites [21]. The dye was not
chemically bonded to nanocomposites. This result coincides
with the results of XRD. Thus the spectra indicated that
there was physical adsorption between the nanocomposites
and dye. This type of interaction may play a significant role
in the photochemical reaction involving both the dye and the
TiO./SiOznanocomposites. This may also influence the
photosensitization,  photoredox and  photoexcitation
processes [22]. As these compounds were used for
photoconductivity and solid state electrical conductivity
studies, the influence regarding such physical interactions
was most valid and an important requirement.

The HRSEM images of TiO./SiOznanocomposites was
shown in fig. 6. High amount of porosity was visible and
also confirmed the presence of mesopores. It was observed
that TiO./SiOznanocomposites were agglomerated. The
particle size for synthesized TiO2/SiOznanocomposite was in
the range of 11 nm to 12 nm.

The UV-Vis spectrum of 1x10° M, 2x10° M, 3x10°
5M, 4x10° M and 5x10-° M Safranin O dye-sensitized

TiO,/SiOznanocomposites and corresponding (ahv)?vs hv
plot were shown in fig. 7, 8, 9, 10 and 11 respectively.
Using Tauc’s plot the optical band gaps of the Safranin O
dye-sensitized TiO2/SiOz;nanocomposites were calculated to
be 2.7 eV and 3.5 eV. The UV-Vis absorption spectrum of
as synthesized and Safranine O  dye-sensitized
TiO,/SiOz2nanocomposites with different concentrations was
shown in Fig.12.
The Safranine O dye-sensitized TiO2/SiOznanocomposites
exhibited an intense peak at 520 nm due to n—n* transition
[23]. On analyzing the absorption spectra of dye-sensitized
Ti0O,/SiOznanocomposites, the sensitization of
nanocomposites by dye molecules in all the cases were
confirmed, thereby enhancing the spectral response of
TiO,/SiOznanocomposites to visible light, which was further
established byphotoconductivity results. The dark
conductivity plots of as synthesized and 1x10° M, 2x10-° M,
3x10° M,
4x10° M, 5x10° M Safranin O dye-sensitized
TiO2/SiOznanocomposites with applied electric field was
shown in fig. 13. All the plots indicates the linear increase of
dark and photo current densities with increase in applied
field depicted the ohmic nature of the contacts [16, 24, 25].
From the graph, it is evident that the dark current density
values of the Safranin O dye-sensitized
TiO,/SiOznanocomposites increases with increase of dye
concentration. Fig. 14 showed the variation of dark current
density with dye concentration in Safranin O dye-sensitized
TiO2/SiOznanocomposites for the fixed field of 200V/cm,
450V/cm and 600V/cm. It was observed from the plots that
for the highest concentration of dye (5x10° M), the dark
current density increased in an order of 56 in comparison
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with TiO,/SiOznanocomposites. For example, for a fixed
field of 450V/cm, the dark current density value of as-
synthesized TiO2/SiOznanocomposites was 0.0104 mA,
whereas the dark current value of 5x10-5 M Safranin O dye-
sensitized TiO./SiO.nanocomposites was 0.58 mA.The
significant increase in the dark current density value of
Safranin O dye-sensitized TiO»/SiO.nanocomposites was
attributed to the enhancement of number of free charge
carriers upon addition of the organic dye Safranin O to the
as-synthesized TiO,/SiOznanocomposites via a charge
transfer process from the dye to the semiconductor [26].
Another contributing factor was the ability of these acquired
charge carriers to migrate without much interaction amongst
them [26]. The possibility of tunneling of charge carriers
through the potential barrier

was also contributed towards better conductivity [27].

The photo conductivity plots of as synthesized and 1x10°
M, 2x10° M, 3x10° M, 4x10° M, 5x10-° M Safranin O dye-
sensitized TiO/SiOznanocomposites with applied electric
field was shown in fig. 15, a similar trend as in the dark
current is seen. From the graph, it was evidentthat the photo
current  density  values of the Safranin O
dye-sensitized TiO2/SiOznanocomposites increases with
increase of dye concentration. It was observed that the photo
current densities were higher than the dark current densities
in all the cases . The variation of photocurrent with dye
concentration for the fixed field of 200V/cm, 450V/cm and
600V/cm was shown in fig. 16. From the graph, it was
observed that for the highest concentration of dye (5x10°
M), the photo current density increased in an order of 75
incomparison with that of TiO./SiOz;nanocomposites. For
example, for a fixed field of 450 V/cm, the photo current
density value of as-synthesized TiO2/SiOz;nanocomposites
was 0.01341 mA, whereas the photo current value of 5x10°
M Safranin O dye-sensitized TiO2/SiOznanocomposites was
1.0122 mA.The remarkable increase of photocurrent
densities in the case of Safranin O dye-sensitized
TiO/SiOznanocomposites was attributed to the presence of
Safranin O dye in the composite which improves the
spectral response of the TiO,/SiO.nanocomposites in the
visible region. The threshold of light absorption generally
corresponds to the excitation of an electron from valance
band to conduction band [28, 29]. In the case of as-
synthesized TiO,/SiO;nanocomposites, since it was photo-
inactive in visible light, no significant increase in
photocurrent was observed, whereas in the case of Safranin
O dye-sensitized TiO2/SiOznanocomposites, the photoactive
Safranin O dye molecules were capable of absorbing
photons of visible light and were excited to higher energy
levels from where the electrons were transferred to
conduction band of TiO2/SiOz;nanocomposites and hence
increase the free charge carrier concentration of the
composite and in turn its photocurrent. Fig. 17 showed the
difference in dark and photo current densities vs amount of
dye adsorbed by TiO,/SiO;nanocomposites. From the graph,
it was found that the difference in dark and photocurrent
density increased linearly with increase of dye
concentration. The Safranin O

dye has thus made the TiO,/SiO;nanocomposites
photosensitive to the visible light.
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Il.  CONCLUSION

The binary system of TiO./SiOznanocomposites were
synthesized by modified sol-gel method. XRD results
confirms the formation of Ti-O-Si linkages in
TiO2/SiOznanocomposites, also revealed the presence of
prominent peaks due to TiO./SiOz;nanocomposites and
complete absence of peaks due to Safranine O dye due to the
dye was physically adsorbed into the pores of the
nanocomposites. FTIR confirmed the formation of Ti-O-Si
linkages in TiO,/SiOznanocomposites. Using Tauc Plot, the
band gaps were calculated for all the dye-sensitized
TiO,/SiOznanocomposites. There was no change in the band
gap with the increase of concentration of the dye solution.
Field dependent dark and photoconductivity of Safranin O
dye-sensitized TiO2/SiOz2nanocomposites showed
remarkable increase of photocurrent densities which could
be attributed to the presence of Safranin O dye in the
TiO2/SiOznanocomposites which facilitates the onset of a
charge transfer process wherein a photon absorbed by a dye
molecule gives rise to electron injection into the conduction
band of TiO; nanostructures. The Safranin O dye has thus
made the TiO2/SiOz;nanocomposites photosensitive to the
visible light. Thus Safranin 0] sensitized
TiO./SiOznanocomposite will be a potential candidate for
the construction of dye-sensitized solar cells
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