
Recent developments in dye sensitized titanium dioxide solar cells

S.Ramalakshmi2, P.Shakkthivel1*
1Department of NanoScience and Technology, Alagappa University, Karaikudi - 630 003, Tamilnadu, (INDIA)

2Department of Industrial Chemistry, Alagappa University, Karaikudi - 630 003, Tamilnadu, (INDIA)
E-mail : apsakthivel@yahoo.com

Received: 23rd January, 2010 ; Accepted: 2nd February, 2010

Physical CHEMISTRY

Review

TiO
2

 nanoparticles;
Solar cells;

Bulk heterojunction solar
cell;

Polymer solar cell;
Quantum dots.

KEYWORDSABSTRACT

Dwindling energy crisis has to be alleviated with the help of latest devel-
oped new technologies. The emerging novel concept in harvesting solar
radiation may pave the way for enhanced non-polluting, green and sus-
tainable energy sources development. Although conventional solar cells
were built from inorganic materials for high efficiency, their usage is limited
because of its high cost and complicated processing techniques.
Photoelectrochemical cells (dye sensitized solar cells) are the cheap alter-
natives for conventional solar cell consists of transparent conducting glass
electrode coated with porous nanocrystalline TiO

2
 (nc-TiO

2
), adsorbed

dye sensitizer along with redox electrolyte. The blends of organic and
inorganic materials in hybrid solar cells offer an unique property in design-
ing hybrid inexpensive and high efficiency photovoltaic (PV) sources. Con-
jugated polymers can be tailored for band gap uniformity and easy exciton
evolutions with reduced exciton decay. The recombination of back elec-
tron transfer is diminished by producing barrier layer on the inorganic
nanoparticle semiconductor electrodes. By selecting an optimized condu-
cive technology in various steps of fabrication stages, efficient high pho-
ton to electricity conversion is achievable. In the present review, latest up-
to-date perspectives of solar cell technology are organized in various tech-
nological concepts.  2010 Trade Science Inc. - INDIA

INTRODUCTION

Solar cell is a device which converts solar energy
into electrical energy by photovoltaic effect. French Sci-
entist  A.E.Becquerel was first synthesized the solar cell
in 1839[1]. The conversion of sunlight into electricity is a
clean, abundant and renewable energy source. Efficiency
of conventional solar cells made from inorganic materi-
als reached up to 24%[2]. Recent research mainly fo-
cused on the conversion efficiency in between 30% and
70% while retaining low cost materials and fast pro-

cessing techniques[3].
A broad range of solar cell technologies are cur-

rently being developed, including dye sensitized
nanocrysta- lline photoelectrochemical solar cells, poly-
mer/fullerene bulk heterojunctions, small molecule thin
films and organic�inorganic hybrid devices[4].

The dye sensitized solar cells DSSC is attracted
the research community because of its high efficiency
and long term stability.

Recent reports include the results of an increase in
power generation efficiency by conducting surface pro-

An Indian Journal
Trade Science Inc.

Volume 5 Issue 1

PCAIJ, 5(1), 2010 [10-19]

June 2010

Physical CHEMISTRY
ISSN : 0974 - 7524

id4253171 pdfMachine by Broadgun Software  - a great PDF writer!  - a great PDF creator! - http://www.pdfmachine.com  http://www.broadgun.com 

mailto:apsakthivel@yahoo.com


Review
S.Ramalakshmi  and P.Shakkthivel 11PCAIJ, 5(1) June 2010

Physical CHEMISTRYPhysical CHEMISTRY
An Indian Journal

cessing through exposing microwaves on the titanium
oxide (TiO

2
) surface and also an increase in power gen-

eration efficiency by doping nitrogen ions on the TiO
2

membrane[5].
In this review, we have given main focus on the

nanostructured TiO
2
 DSSC development in the recent

years. This review is organized to disseminate the
progress of the solid state DSSC and Gratzel cell clearly.

Dye sensitized solar cell

The dye sensitized solar cell is comprised of a trans-
parent conducting glass electrode coated with porous
nanocrystalline TiO

2
 (nc-TiO

2
), dye molecules attached

to the surface of the nc-TiO
2
, an electrolyte containing

a reduction-oxidation couple such as I- / I3 and a cata-
lyst coated counter-electrode[6]. Schematic represen-
tation of the dye sensitized light converting Photovol-
taic cell is presented in figure 1.

In DSSC, the incoming photon is absorbed by the
dye molecule adsorbed on the surface of the
nanocrystalline TiO

2
 particle and an electron from a

molecular ground state S
o
 is excited to a higher lying

excited state S*. The excited electron is injected to the
conduction band of the TiO

2
 particle leaving the dye

molecule to an oxidized state S. The injected electron
percolates through the porous nanocrystalline structure
to the transparent conducting oxide layer of the glass
substrate (negative electrode, anode) and finally pass

through an external load to the counter-electrode (posi-
tive electrode, cathode). At the counter-electrode, the
electron is transferred to triiodide in the electrolyte to
yield iodine and the cycle is closed by reduction of the
oxidized dye by the iodine in the electrolyte[7]. Due to
the energy level positioning in the system, the cell is
capable of producing voltage between its electrodes
and across the external load as shown in Figure 2.

Electrical characteristics of a solar cell

The current�voltage characteristics of a solar cell in

the dark and under the illumination are shown in Figure
3. In the dark, there is almost no current flowing, until the
contacts start to inject heavily at forward bias for volt-
ages larger than the open circuit voltage. Under light illu-
mination, at short-circuit current condition the maximum
generated photocurrent flows and at flat band condition
the photo-generated current is balanced to zero.

At maximum power point (MPP), the product of
current and voltage is larger[8]. The photovoltaic power
conversion efficiency of a solar cell is determined by:

in

scoc
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where V
oc

 is the open circuit voltage, I
sc
 is the short-

circuit current, FF is the fill factor and P
in
 is the incident

Figure 1 : Schematic representation of dye sensitized solar cell
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light power density, which is standardized at 1000W/
use, 1000W/m2 for solar cell testing with a spectral in-
tensity distribution matching that of the sun on the earth�s
surface at an incident angle of 48.2, which is called the
AM 1.5 spectrum[9]. I

mpp
 and V

mpp
 are the current and

voltage at the maximum power point in the fourth quad-
rant of the current�voltage characteristic diagram. To

improve the current-voltage characteristics, photovol-
taic cell is in urge and could be possible to explained by
electrode and fabrication techniques.

Role of dyes in photovoltaic system

The dyes having the general structure of ML
2
(X)

2,

where L stands for 2,2-bipyridyl-4-4-dicarboxylic
acid, M for ruthenium and X for halide, cyanide, thio-
cyanate, or water[10,11]. The excitation of Ru complexes
via photon absorption is of metal to ligand charge transfer
(MLCT) type. This means that the highest occupied
molecular orbital (HOMO) of the dye is localized near
the metal atom, whereas the lowest unoccupied mo-
lecular orbital (LUMO) is localized at the ligand spe-
cies. In the case of the bipyridyl rings, at the excitation,
an electron is lifted from the HOMO level to the LUMO
level. Furthermore, the LUMO level, extending even to
the COOH anchoring groups, is spatially close to the
TiO

2
[12] surface, which means that there is significant

overlap between electron wavefunctions of the LUMO
level of the dye and the conduction band of TiO

2
. The

movement of electron in the semiconductor surface is
mainly attributed to the size and crystallinity of the semi-
conductor particles.

Improvements in TiO2 semiconductor surface

To enhance the electron conductivity of TiO
2 
elec-

trode, rate of electron percolation through the film must
be improved. However, the nanoporous TiO

2
[14] is not

perfect yet due to the close proximity of electrons and
holes throughout the porous film and the absence of a
substantial potential barrier at the semiconductor/elec-
trolyte interface, Indicating that the interfacial charge re-
combination still remains one of the major energy-wast-
ing pathways. The BaTiO

3
 coating layer (2.27nm) on

TiO
2
 surface (12m thickness) was fabricated on trans-

parent conducting glass using screen printing method
and reported an efficiency of 7.52%, V

oc 
of 0.766V[15].

The BaTiO
3 
modification is owing to the formation of

an energy barrier against the electron transfer from TiO
2

to I3 and the increased electron density in the TiO
2

caused by the increased electron lifetime.
Alternatively a thin TiO

2
 compact layer[16] with the

thickness of 100nm at the FTO/nano-TiO
2 
interface has

been developed by spray pyrolysis can increase the
performance of V

oc
 of 0.689V, J

sc
 of 17.8mA /cm2 and

FF of 0.66 from 7.5 to 8.1%. The electrochemical im-
pedance measurements reveal that the effective com-
pact layer of TiO

2 
plays an important role in suppress-

ing charge recombination of DSSCs at the interface
between FTO and electrolyte. On the other hand the
most efficient DSSC has been reported by covering
the transparent films of (12m) the high-purity TiO

2

anatase with a scattering layer(6m) to improve the red-
light harvesting[17]. The resulting photocurrent and en-
ergy-conversion efficiency of the cells are significantly
improved to V

oc
 of 0.76V, J

sc
 of 18mA/cm2 and con-

version efficiency from 8.1 to 9.9%[18]. Atmospheric-
pressure nonequilibrium DC pulse discharge plasma jet

Figure 2 : Working principle of dye sensitized solar cell Figure 3 : Current�voltage (I-V) curve of an organic solar cell
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technique as a means for the preparation of TiO
2
 films

on FTO coated glass substrates is used for DSSCs..
The DSSC made by the TiO

2
 film with plasma treat-

ment is exhibited an energy conversion efficiency of
about 5.7% at 100mW/cm2 light intensity, I

sc
 of 16mA/

cm2, and V
oc 

of 0.82V[19]. In plasma treatment the sur-
face impurities are completely removed and N

2 
on the

surface was progressively promoted.
Oxygen vaccancy in the TiO

2 
restricts the absorp-

tion of light harvesting dyes on the semiconducting ox-
ides. Barrier for dye sensitization of nano TiO

2 
and fur-

ther electron transfer is reduced by treating the TiO
2 
in

the atmosphere and O
2 
plasma. Exposing of TiO

2
 in the

O
2 
treatment is produce the uniform, clean and stoichio-

metric structure without any O
2 
deficiency. A feasible

method to develop DSSC is arrived by using the Ar or
O

2 
treated TiO

2
[20-25].

Al
2
O

3
 coated TiO

2
 electrodes by electro deposi-

tion gives the efficiency of 5.6%. Better stability is ob-
served by enhancing the TiO

2
 electrodes using surface

treatment. Al
2
O

3
-coated TiO

2
 electrode successfully de-

veloped by reactive dc magnetron sputtering in DSSC
enhancing J

sc
 of 5.97mA/cm2, V

oc
 of 0.691V, efficiency

from 3.93% to 5.91%[26]. It is found that the Al
2
O

3

coating and the O
2
 plasma treatment increase the dye

adsorption amount, decrease the trap sites on TiO
2
 and

suppress the back transfer of photo-generated elec-
trons from Al

2
O

3 
coated TiO

2
 electrode to the electro-

lyte at the TiO
2
/dye/electrolyte interface.

A novel transparent conductive oxide film based
on the triple-layered indium tin oxide (ITO)/antimony
doped tin oxide (ATO)/titanium oxide (30nm) dye-sen-
sitized solar cells are fabricated by using radio frequency
magnetron sputtering technique[27]. Deposition of ATO
layer(100nm) is increased the adhesion and thermal sta-
bility of the thin electrode. An impressive change in sheet
resistance and optical transmittance are observed by
the introduction of insulating thin TiO

2
 layer on the top

of the ATO layer, whereas photovoltaic performance is
enhanced to J

sc
 of 10.27mA/cm2, V

oc
 of 0.825V and

efficiency from 5.91% to 6.29%.
Instead of using only nanocrystalline TiO

2
 particle

films, mixture of submicron-sized particle with
nanocrystalline TiO

2
 one and/or a bilayer structure con-

sisting of light scattering layer and crystalline semitrans-

parent TiO
2
 layer can be used to improve photocurrent

density. This is due to the fact that the confinement of
incident light by light scattering particles can gain more
photons in the vicinity of the dye and TiO

2 
scattering

layer[28]. When light collides with the large number of
TiO

2
 particles having sub-micrometer size, the light scat-

ters strongly (Mie scattering), which increases the path
length of the incident light in the nanocrystalline TiO

2

films. Eventually, the scattering effect of the large TiO2
particles enhance the photocurrent density and thereby
overall conversion efficiency. The scattering effect is de-
pendent on the size[29], refractive index and position[30]

of the scattering particles. The conversion efficiency of
14µm thick main-layer is slightly improved to 9.15%,

J
sc 

of 16.4mA/cm2, V
oc

 of 0.813V upon depositing
0.5m scattering layer.

A high light-to-electricity conversion of 9.33%, J
sc

of 19.22mA/cm2, V
oc

 of 0.72V is obtained for a cell
with titania nano network structure composed of single
crystalline anatase nanowires synthesized by a surfac-
tant-assisted �oriented attachment� mechanism at a low

temperature of 353 K[31].

Solid-state dye sensitized solar cell

The use of a liquid electrolyte in the dye sensitized
solar cell is problematic for the long-term stability of
the cells, because of the volatile solvent of the electro-
lyte leaks easily out of the cell through possible holes or
cracks in the sealant. Replacement of the liquid hole
transport medium by a solid-state analogue could solve
this problem[32].

A recent alternative embodiment of the DSSC con-
cept is the replacement of the redox electrolyte with a
solid-state hole conductor, which may be either inor-
ganic /organic thereby avoiding the use of a redox elec-
trolyte[33].

Solid state dye-sensitized solar cell is schematically
shown in Figure 4. The meso porous metal oxide elec-
trode (TiO

2
) is placed in contact with a solid state hole

Figure 4 : Schematic description of a solid state dye sensi-
tized solar cell
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conductor. A monolayer of the sensitizing dye is attached
to the surface of the nanocrystalline electrode film. Af-
ter the excitation of the dye, an electron is injected into
the conduction band of the semi conductor oxide elec-
trode. The sensitizer dye is regenerated by the electron
donation from the hole conductor[34].

In the solid state cell, the charge transport is elec-
tronic whereas when using liquid or polymer electro-
lyte, ionic transportation takes place[35]. The hole con-
ductor must be able to transfer holes from the sensitiz-
ing dye after the dye has ejected electrons into the TiO

2
;

that is, the upper edge of the valence band of p type
semiconductors must be located above the ground state
level of the dye (Figure 5). Furthermore, hole conduc-
tors have to be deposited within the porous
nanocrystalline layer penetrating into the pores of the
nano particle and finally it must be transparent in the
visible spectrum, or, if it absorbs light, it must be an
efficient in electron injection as the dye. The successful
hole transport materials to replace the liquid electrolyte
are CuI, CuBr and CuSCN[36,37].

A better stability was observed by covering the TiO
2

electrode by a thin MgO layer. DSSC fabricated with
MgO layer and CuI as a Hole Transport Material have
showed the efficiency of 2.9%[38]. Although CuI has
attracted very much attention as a p-type semiconduc-
tor the interface of TiO

2
 /CuI degrades due to the re-

lease of iodine and the successive formation of a trace
amount of Cu

2
O and /or CuO[39].

When 1-methyl-3-ethylimidazoliumthiocyanate
(MEISCN) is used as a molten salt in DSSC, a power
conversion efficiency of 3.75% was obtained[40] Com-
pared to inorganic p-type semiconductors, organic p-

type semiconductors possess the advantage of low cost
processability.

Among organic p-type semiconductors, 2,2,7,7-
tetrakis(N,N-di-p-methoxyphenyl-amine)9,9-
irobifluorene (OMETAD) has gained practical advan-
tage[41]. A dye-sensitized heterojunction between TiO

2

and OMETAD showed the efficiency of 3.75 %. The
performance of the solid state dye sensitized solar cells
based on spiro-OMETAD was further improved by
blending the hole conductor matrix with a combination
of 4-tert-butylpyridine (tBP) and Li[CF

3
SO

2
] 2N, an

efficiency of 2.56% under AM 1.5 illumination was
achieved[42]. The efficiency of a similar device was fur-
ther improved to 3.2%[43], by improving the dye ad-
sorption in the presence of silver ions in the dye solu-
tion.

Polymer electrolyte in dye sensitised solar cell

Recently, Polymer electrolyte based solar cells have
attracted a great interest in developing high efficiency,
low cost and large area PV devices[44].

Polymer electrolytes are composed of alkaline salts
dissolved in a high molecular mass polyether or polypro-
pylene oxides[45]. In polymer electrolytes, the polymer
matrix should be an efficient solvent for the salt, ca-
pable of dissociating it and minimizing the formation of
ion pairs[46]. Poly (3 alkylthiophenes) is used as a poly-
mer electrolyte to replace the liquid electrolyte. Im-
proved performance has been exhibited by DSSC pre-
pared with the I-/I

3
 - redox couple dissolved in solid or

gel polymer electrolytes based on poly ethylene oxide,
poly acrylonitrile, ethylene carbonate, propylene car-
bonate, acetonitrile, NaI, and I

2
.

Figure 5 : Energy diagram for an efficient charge transfer
between solid state dye sensitized solar cell components

Figure 6 : Linking CdSe QDs to TiO2 surface with a bifunc-
tional surface modifier
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Poly 3-hexyl thiophene P3HT[47] has side chains
that make it soluble in a variety of common organic
solvents. The formation of polymeric semiconductor films
by self assembly are offers distinct advantages such as
cost effective, uniformity, and scalability over the other
solution processing techniques.

In conjugated polymers the delocalized p
z 
orbitals

constituting the p-bond actually produce two orbitals a
lower bonding (p) orbital and a higher antibonding (p*)
orbital. The difference between the energies of these
diffused states give the energy gap of the semi conduct-
ing polymer material. The absorption of light with en-
ergy equal to or above the band-gap energy is gener-
ates an electron in the p* level and a hole in the p level.
In contrast to the inorganic semiconductors, where photo
generated electrons and holes are free in the conduc-
tion and valence band respectively, the generated elec-
trons and holes in the conductive polymer are loosely
bound together by Columbic force. This electron-hole
pair is called exciton and it moves within the material as
an one entity. The diffusion length of the excitons is typi-
cally in the order of 10nm[48]. When the exciton length
is longer than diffusion length, most of the exciton de-
cay occurs which is the main loss factor in the polymer
based cells.

DSSC fabricated by employing a copolymer,
[poly(epichlorohydrin-co-ethylene oxide)], Epichlomer-
16 electrolyte gives 2.6% power conversion efficien-
cies[49,50]. A promising result of 5.3% efficiency was
obtained when an I

2
/NaI-doped solid state Epichlomer-

16 with Al
2
O

3
 coated TiO

2
 electrode[51]. The most effi-

cient solar cell have been made by using carboxylated
P3HT derivative in conjunction with 7µm thick TiO

2

film[52] showed the I
SC 

of 9.75mA/cm2 and V
oc

 of 0.4V.
The carboxylated P3HT derivative with 4m thick TiO

2

films produced V
oc

 of 0.54V[52]. Karthick shankar and
co-workers-demonstrated a higher V

oc
 of 0.76V using

carboxylated P3HT derivative in conjunction with 4µm

long nano tube arrays[53].

Gel electrolyte in dye sensitised solar cell

The success of gelled electrolytes is an encourage-
ment outcome to proceed further in the search for al-
ternative contacting charge transport phases to substi-
tute the electrolyte in a sensitized photovoltaic system.
A polymeric gel electrolyte is considered as a compro-

mise between liquid electrolytes and hole conductors in
quasi solid state dye sensitized solar cells[54]. A mixture
of NaI, ethylene carbonate, propylene carbonate and
polyacrylonitrile enhances the solar to electric energy
conversion efficiencies upto 5.3% in a quasi-solid-state
device[55].

Gel polymer electrolyte is covered the surface of
TiO

2 
which could suppress the back electron-transfer

in the DSSC, and exhibits the open circuit voltage.The
addition of the liquid electrolyte to polymer gel electro-
lyte based on poly(ethylene-co-methyl acrylate), LiI,
and I

2
 by casting-injection method has increased the

ionic conductivity. Dye sensitized solar cell synthesized
using this process has higher conversion efficiency of
5.2%[56]. The performance of the DSSC has been im-
proved by using Poly (vinylidenefluoride-co-
hexafluoropropylene) (PVDF-HFP) to solidify 3-
ethoxypropionitrile (MPN) showing 6% conversion ef-
ficiencies under full sunlight and also high stability under
thermal stress[57].

Bulk hetero junction dye sensitised solar cell

Bulk heterojunction cell is developed based on in-
organic/organic solar cells concept. Excitons created
upon photoexcitation are separated into free charge
carriers at interfaces between two semiconductors in a
composite thin film such as a conjugated polymer and
fullerene mixtures[58]. Electrons will then be accepted
by the material with the higher electron affinity (electron
acceptor, usually fullerene or a derivative), and the hole
accepted by the material with the lower ionization po-
tential, which also acts as the electron donor. The solu-
bility of the n-type and p-type components is an impor-
tant parameter of the construction of hybrid solar cells
processed from the solution based method. Bulk
heterojunction hybrid solar cells have been demonstrated
in various semi-conducting polymer blends containing
CdSe, CuInS2, CdS and PbS[59] nanocrystals.

It is noteworthy that the charge recombination be-
tween the injected electrons that are trapped in surface
states and the oxidized species in the hole-conducting
media remains one of the major limiting factors for the
lower efficiency of the DSSCs. To reduce such surface
states and to improve the conversion efficiency is done
by heterojunction, such as passivating the recombina-
tion centers at the interface of a nanoporous TiO

2
 film



Review
16 Recent developments in dye sensitized titanium dioxide solar cells PCAIJ, 5(1) June 2010

An Indian Journal
Physical CHEMISTRYPhysical CHEMISTRY

with TiCl
4
.
 
The density of trapping sites is reduced by

utilizating the composite or bilayer semiconductor elec-
trodes such as MgO-Al

2
O

3
, SnO2-ZnO, Al

2
O

3
-TiO

2
,

and so forth[60].
The formation of energy barrier at the surface of

the TiO
2
 electrode/electrolyte interface can be used for

reducing the recombination process of the photo in-
jected electrons. Such barrier can be made by coating
the TiO

2
 (6m) with a single layer of Nb

2
O

5 
(2.7 nm)

gives the I
sc
 of 1 1.4mA/cm2 and V

oc 
of 0.732V[61].

Bilayer structure is more advantageous than the single
layer structure for several reasons. Exciton splitting is en-
hanced by the donar-acceptor interface, the active re-
gion is extended to both the donor and the acceptor sides
of the junction thereby roughly doubling its width to about
20nm, and the transport of electrons and holes is sepa-
rated into different materials by reducing the recombina-
tion losses. In addition to this, by using two different semi-
conductors, the band gaps can in principle be tuned to
match the better solar spectrum. To enhance the exciton
splitting process, devices with electron accepting and
donating molecules have been developed. In these so-
called donor-acceptor bilayer devices as shown in Fig-
ure 7, the excitons can be dissociated at the donor-ac-
ceptor interface due to a relative energy level difference
of the donor and acceptor molecules (Figure 8). The
donor and acceptor molecules can be conjugated poly-
mers, organic macromolecules or dyes.

Efficient light scattering is obtained with the bilayer
composed of a thin transparent layer containing 20nm
particles and a scattering layer containing 275nm TiO

2

spheres. The rough TiO
2
 spheres are increased the over-

all conversion efficiency of DSSCs to 6.56%[62]. The
use of planar donor-acceptor junction is only doubles
the active region of the solar cell with respect to the
single layer device, which is still usually not enough for
efficient light absorption. To overcome this problem and
to increase the optical absorbing thickness the concept
of interpenetrating network of electron-accepting and
electron-donating molecular species can be done[63].

A hybrid device by blending MDMO-PPV with
titanium(IV)-isopropoxide, exhibited an I

sc
 of 0.6mA/

cm2 and V
oc 

of 520mV with a fill factor of 0.42 and an
external quantum efficiency of 11%[64]. Bulk
heterojunction solar cells fabricated by blending of

CuInS
2
 and a p-type polymer (PEDOT : PSS); poly

(3,4-ethylene dioxythiophene) : poly (styrene sulfonic
acid) in the same cell configuration showed better pho-
tovoltaic response with 20% external quantum effi-
ciencies[65,66].
Quantum dots as sensitizers

Semiconductor quantum dots are another attrac-
tive option for panchromatic sensitizers. These are II-
VI and III-V type semiconductor particles, whose size
is small enough to produce quantum confinement ef-
fects. The absorption spectrum of such quantum dots
can be tailored by changing the particle size.

Alternative techniques to increase the photo re-
sponse besides doping are include the utilization of tun-
able narrow band gap semiconductor nanoparticles or
quantum dot (QDs) sensitizers such as CdS, CdSe,
and CdTe to sensitize wide band gap semiconductor
such as the metal oxides TiO

2
. QDs with their large

extinction coefficient are strongly absorb the visible light,
eject electrons into the conduction band of metal ox-
ides and thereby, contribute to increased solar energy
conversion[67].

Attachment of CdSe QDs onto nanocrystalline TiO
2

has been shown to be successful with an immersion
method using a bimolecular linker. Size quantization is
allows us to tune the visible response and to vary the
band offsets to modulate the vectorial charge transfer
across different sized particles. In addition, these QDs
are open up new ways to utilize hot electrons or gener-
ate multiple charge carriers with a single photon[68]. Im-
pact ionization (or inverse Auger scattering) processes

Figure 7 : Schematic electronic band structure of 3.5nm CdSe
with an effective band gap of 2.17eV and nanocrystalline TiO

2
/

N with a 3.2eV band gap, associated with normal TiO
2
 and a N

dopant state approximately 1.14eV above the valence band
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in PbSe nanocrystals have shown that two or more ex-
citons can be generated with a single photon of energy
greater than twice the band gap[69,70]. To explore the
salient features of QDs, Istvan Robel, have assembled
TiO

2 
and CdSe nanoparticles using bifunctional surface

modifiers such as HS-R-COOH, when employed as a
photo anode in a photoelectrochemical cell, exhibits a
photon-to-charge carrier generation efficiency of
12%[71].

An exciting discovery made in the recent years is
that multiple exciton generation (MEG) obtained from
the absorption of a single photon by a quantum dot if
the photon energy is at least two times higher than its
band. The challenge is now to find the ways to collect
the excitons before they recombine in the semiconduc-
tor interface. As recombination occurs in an pico sec-
ond time scale, the use of mesoporous oxides as elec-
tron collectors present a promising strategy, because
the electron transfer from the quantum dot to the con-
duction band of the mesoporous oxide electrode is oc-
cur within a femto seconds[72].

The doping of N
2
 is alter the surface of the TiO

2

film and alter its surface Interaction between TiO
2
 and

CdSe QDs becomes stronger. The efficient electron
injection into the TiO

2
 film could also be facilitated by

N doping that in turn, influences nanocrystalline sur-
face. CdSe QDs linked to TiO

2
/N nanoparticles were

found to be significantly increase the photocurrent and
power conversion of the films compared to those of
standard TiO

2
/N films without QD sensitization or TiO

2
/

N without QD sensitization[73]. A power conversion ef-
ficiency (e) of 0.84% was found along with a fill factor
(FF%) of 27.7% for 1.1m thick TiO

2
/N-TGA-CdSe

thin films[74]. The results show that the combination of
nitrogen doping and QD sensitization of the TiO

2
 thin

films is an effective way to enhance the photo response,
which is promising for photovoltaic and photo electro-
chemical device applications.

CONCLUSION

Photochemical processes that hitherto have been
the guarded secret of the plants, but that will have been
mastered by human industry which will know how to
make them bear even more abundant fruit than nature,

for nature is not in a hurry and mankind is. And if in a
distant future the supply of coal becomes completely
exhausted, civilization will not be checked by that, for
life and civilisation will continue as long as the Sun shines!
Potential barrier for interfacial charge recombination is
formed to receive high electron density with increased
electron lifetime. High purity TiO

2 
scattering layers have

been developed to improve the red light harvesting.
Oxygen vacancies in the TiO

2 
has been reduced by treat-

ing oxygen or argon plasma for uniform and stoichio-
metric surface layer. Regenerative dye sensitizers can
donate electron and hole at the electrode/ electrolyte
interface. Until then around 12% of efficiency is achieved
with the dye sensitized TiO

2 
based solar cells. The con-

ducive polymer can dissolve the alkaline salts to mini-
mize the formation of ion pairs. Epichlomer-16 offers
the promising characteristics for potentially low cost
polymer based solar cells.

Polymeric gel electrolyte is considered as a com-
promise between liquid electrolytes and hole conduc-
tors and it has attracted the researcher for the stabilized
electrolyte synthesis. To enhance the exciton splitting
process, modification of donor-acceptor is required.
Quantum confinement can be tailored by changing the
particle size by utilizing the tunable narrow band gap
semiconductor nanoparticles. The inorganic quantum
dots CdS, CdSe, and CdTe are aligned using the bi-
molecular linker. An exciting discovery is innovated for
the multi exciton generation by treating the TiO

2
 surface

with N
2
. Eventhough hybride solar cells show low effi-

ciency, the simple processability and cost efficient tech-
niques are attracted much attention. However, to meet
a required efficiency for commercial applications the
PV systems with atleast 25% light to line electricity have
to be developed.
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