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ABSTRACT

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 frominorganic materia sfor high efficiency, their usageislimited
because of its high cost and complicated processing techniques.
Photoel ectrochemical cells (dye sensitized solar cells) are the cheap alter-
nativesfor conventional solar cell consists of transparent conducting glass
electrode coated with porous nanocrystalline TiO, (nc-TiO,), adsorbed
dye sensitizer along with redox electrolyte. The blends of organic and
inorganic materialsin hybrid solar cellsoffer an unique property indesign-
ing hybrid inexpensive and high efficiency photovoltaic (PV) sources. Con-
jugated polymers can betailored 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 varioustech-
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nological concepts.

INTRODUCTION

Solar cell isadevicewhich converts solar energy
into dectrica energy by photovoltaic effect. French Sci-
entist A.E.Becquerel wasfirst synthes zed the solar cell
in1839%, Theconversionof sunlight intodectricityisa
clean, abundant and renewableenergy source. Efficiency
of conventiond solar cellsmadefrom inorganic materi-
alsreached up to 24%!?. Recent research mainly fo-
cused onthe conversion efficiency inbetween 30%and
70% whileretaining low cost materialsand fast pro-
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ng techniques™.

A broad range of solar cell technologiesare cur-
rently being developed, including dye sensitized
nanocrysta- Iline photoel ectrochemicd solar cdlls, poly-
mer/fullerenebulk heterojunctions, smal moleculethin
filmsand organic-inorganic hybrid devices!.

The dye sensitized solar cells DSSC is attracted
theresearch community because of itshigh efficiency
andlongterm stability.

Recent reportsincludetheresultsof anincreasein
power generation efficiency by conducting surface pro-
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cessing through exposing microwaves on thetitanium
oxide(TiO,) surfaceand also anincreasein power gen-
eration efficiency by doping nitrogenionsontheTiO,
membrane®.

In thisreview, we have given main focus on the
nanostructured TiO, DSSC devel opment intherecent
years. This review is organized to disseminate the
progressof thesolid sate DSSC and Gratzdl cdll clearly.

Dye sensitized solar cell

Thedyesenstized solar cell iscomprised of atrans-
parent conducting glass el ectrode coated with porous
nanocrystalineTiO, (nc-TiO,), dyemoleculesattached
tothesurfaceof thenc-TiO,, an electrolyte containing
areduction-oxidation couplesuch as |-/ I° and acata-
lyst coated counter-electrode’®- Schematic represen-
tation of the dye sensitized light converting Photovol-
taiccdl ispresentedinfigure 1.

In DSSC, theincoming photon isabsorbed by the
dye molecule adsorbed on the surface of the
nanocrystalline TiO, particle and an electron from a
molecular ground state S_ isexcited to ahigher lying
excited state S*. Theexcited eectronisinjected tothe
conduction band of the TiO, particleleaving the dye
mol eculeto an oxidized state S. Theinjected electron
percol atesthrough the porous nanocrystaline structure
to the transparent conducting oxide layer of theglass
substrate (negative el ectrode, anode) and finaly pass
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through an externa |oad to the counter-el ectrode (posi-
tiveelectrode, cathode). At the counter-electrode, the
electronistransferred totriiodideintheelectrolyteto
yieldiodineand the cycleisclosed by reduction of the
oxidized dye by theiodinein the€eectrolyte”. Dueto
the energy level positioning inthesystem, thecell is
capable of producing voltage between its el ectrodes
and acrossthe externa load asshownin Figure 2.

Electrical characteristicsof asolar cdll

Thecurrent—voltage characteristics of a solar cell in
thedark and under theilluminationareshowninFigure
3. Inthedark, thereisadmaost no current flowing, until the
contactsstart to inject heavily at forward biasfor volt-
ageslarger thantheopencircuit voltage. Under lightillu-
mination, at short-circuit current condition themaximum
generated photocurrent flowsand at flat band condition
the photo-generated current isba anced to zero.

At maximum power point (MPP), the product of
current andvoltageislarger®. The photovoltai c power
converson efficiency of asolar cell isdetermined by:

Eff|c|ency =M
P
FF = | mpp X Vmpp
%V,

whereV _istheopencircuit voltage, | isthe short-
aircuit current, FFisthefill factor and P, istheincident
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Figurel: Schematicrepresentation of dyesensitized solar cell
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Figure2: Working principleof dyesensitized solar cell
light power density, whichisstandardized at 1000W/
use, 1000W/m?for solar cell testingwithaspectra in-
tendity distribution matching that of thesun ontheearth’s
surfaceat anincident angleof 48.2, whichiscaled the
AM 1.5 spectrum'®, | pandV _ arethecurrentand
voltageat themaximum power point inthefourth quad-
rant of the current—voltage characteristic diagram. To
improvethe current-voltage characteristics, photovol -
taiccdl isinurgeand could be possibleto explained by

€l ectrode and fabri cation techni ques.

Roleof dyesin photovoltaic system

Thedyeshavingthegenerd structureof ML (X),
where L standsfor 2,2'-bipyridyl-4-4'-dicarboxylic
acid, M for ruthenium and X for haide, cyanide, thio-
cyanate, or water’*, Theexcitation of Ru complexes
viaphoton abosorptionisof metd toligand chargetransfer
(MLCT) type. Thismeansthat the highest occupied
molecular orbital (HOMO) of thedyeislocalized near
themetal atom, whereasthelowest unoccupied mo-
lecular orbital (LUMO) islocalized at theligand spe-
cies. Inthecaseof thebipyridyl rings, at theexcitation,
andectronislifted fromtheHOMO leve tothe LUMO
level. Furthermore, the LUMOlevd, extendingevento
the COOH anchoring groups, isspatially closeto the
TiO,* surface, which meansthat thereis significant
overlap between e ectron wavefunctionsof theLUMO
level of the dye andthe conduction band of TiO,. The
movement of electron in the semiconductor surfaceis
mainly attributed tothe sizeand crystdlinity of thesemi-
conductor particles.

Improvementsin TiO,semiconductor surface
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Figure3: Current-voltage(l-V) curveof an organic solar cell
To enhancethe € ectron conductivity of TiO, elec-
trode, rateof éectron percolation through thefilm must
beimproved. However, the nanoporous TiO,* isnot
perfect yet dueto the close proximity of el ectronsand
holesthroughout the porousfilm and the absence of a
substantial potentia barrier at the semiconductor/elec-
trolyteinterface Indicatingthat theinterfacia chargere-
combination gill remainsoneof themgjor energy-wast-
ing pathways. The BaTiO, coating layer (2.27nm) on
TiO, surface (12um thickness) wasfabricated ontrans-
parent conducting glass using screen printing method
and reported an efficiency of 7.52%, V_ of 0.766V™.
The BaTiO, modification isowing to theformation of
anenergy barrier against theelectrontransfer fromTiO,
to I® and the increased electron density in the TiO,
caused by theincreased e ectronlifetime.
Alternatively athin TiO, compact layer® with the
thicknessof 100nmat the FTO/nano-TiO, interfacehas
been developed by spray pyrolysis can increase the
performanceof V__of 0.689V, J_of 17.8mA /cm?and
FF of 0.66 from 7.5t0 8.1%. Thedectrochemical im-
pedance measurementsrevea that the effective com-
pact layer of TiO, playsanimportant rolein suppress-
ing charge recombination of DSSCs at theinterface
between FTO and electrolyte. On the other hand the
most efficient DSSC has been reported by covering
thetransparent films of (12um) the high-purity TiO,
anatasewith ascattering layer(6um) toimprovethered-
light harvesting™. Theresulting photocurrent and en-
ergy-converson efficiency of thecelsaresignificantly
improvedtoV _of 0.76V, J_of 18mA/cm?and con-
version efficiency from 8.1 to 9.9%¢. Atmospheric-
pressure nonequilibrium DC pulsedischarge plasmajet
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techniqueasameansfor the preparation of TiO, films
on FTO coated glass substratesis used for DSSCs..
The DSSC made by the TiO, film with plasmatreat-
ment isexhibited an energy conversion efficiency of
about 5.7% at 100mW/cn* light intensity, I of 16mA/
cm?, andV__of 0.82V1*. In plasmatreatment the sur-
faceimpuritiesare completely removed and N, onthe
surfacewasprogressively promoted.

Oxygen vaccancy inthe TiO, restrictsthe absorp-
tion of light harvesting dyes on the semi conducting ox-
ides. Barrier for dyesensitization of nano TiO,and fur-
ther electrontransfer isreduced by treatingthe TiO, in
theatmosphereand O, plasma. Exposing of TiO, inthe
O, treatment isproducetheuniform, clean and stoichio-
metric structurewithout any O, deficiency. A feasible
method to develop DSSC isarrived by usingtheAr or
O, treated TiO, 12>,

Al O, coated TiO, electrodes by electro deposi-
tion givestheefficiency of 5.6%. Better stability isob-
served by enhancing the TiO, el ectrodes using surface
treatment. Al O,-coated TiO, e ectrodesuccessfully de-
vel oped by reactive dc magnetron sputteringin DSSC
enhancing J_of 5.97mA/cnv, V __of 0.691V, efficiency
from 3.93% to 5.91%%9. It is found that the Al,O,
coating and the O, plasmatreatment increasethe dye
adsorption amount, decreasethetrap siteson TiO, and
suppress the back transfer of photo-generated elec-
tronsfromAl.O,coated TiO, el ectrodeto the el ectro-
lyteat the TiO,/dye/electrolyteinterface.

A novd transparent conductive oxidefilm based
onthetriple-layeredindiumtin oxide (ITO)/antimony
dopedtin oxide (ATO)/titanium oxide (30nm) dye-sen-
stized solar celsarefabricated by using radio frequency
magnetron sputtering technique?l. Deposition of ATO
layer(100nm) isincreased theadhesi on and thermd sta
bility of thethindectrode. Animpressvechangein sheet
resistance and optical transmittance are observed by
theintroduction of insulatingthin TiO, layer onthetop
of theATO layer, whereas photovoltaic performanceis
enhanced to J_ of 10.27mA/cm?, V __of 0.825V and
efficiency from5.91%10 6.29%.

Instead of using only nanocrystalline TiO, particle
films, mixture of submicron-sized particle with
nanocrystaline TiO, oneand/or abilayer structurecon-
sgting of light scattering layer and crystdline semitrans-

parent TiO, layer can be used to improve photocurrent
dengty. Thisisdueto thefact that the confinement of
incident light by light scattering particlescan ganmore
photonsinthevicinity of thedyeand TiO, scattering
layer®1, When light collides with thelarge number of
TiO, particleshaving sub-micrometer size, thelight scat-
tersstrongly (Mie scattering), which increasesthe path
length of theincident light inthe nanocrystalineTiO,
films. Eventudly, the scattering effect of thelarge TiO2
particlesenhance the photocurrent density and thereby
overal conversonefficency. Thescattering effectisde-
pendent onthesizé?), refractiveindex and position)
of the scattering particles. The conversion efficiency of
14pm thick main-layer is slightly improved to 9.15%,
J_of 16.4mA/cm?, V __of 0.813V upon depositing
0.5um scattering layer.

A highlight-to-€electricity conversion of 9.33%, J_
of 19.22mA/cnv, V__of 0.72V is obtained for acell
withtitanianano network structure composed of single
crystalline anatase nanowires synthesi zed by asurfac-
tant-asssted “‘oriented attachment” mechanism at a low
temperature of 353 K1,

Solid-state dye sensitized solar cell

Theuseof aliquid dectrolyteinthedyesensitized
solar cell isproblematic for thelong-term stability of
thecells, because of thevolatile solvent of the e ectro-
lyteleskseasily out of thecdll through possbleholesor
cracksinthe sealant. Replacement of theliquid hole
transport medium by asolid-state anal ogue could solve
thisproblem(*2.,

A recent dternative embodi ment of the DSSC con-
cept isthereplacement of theredox eectrolytewitha
solid-state hole conductor, which may be either inor-
ganic/organicthereby avoiding theuse of aredox elec-
trolyte’™,

Solid state dye-sensitized solar cdll isschematicaly
shownin Figure4. Themeso porous metal oxideeec-
trode(TiO,) isplacedin contact with asolid statehole

Hole Conductor

o e " % % o A = .
L LE N

s e e » 'r M '." ° @ : ,g—,——""Adsorbed dye

-l ol P . e B 0 —I»Metal oxide electrode

| ITO or SnO,F

‘ Glass substrate

Figure4 : Schematic description of a solid state dye sensi-
tized solar cell
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Figure5: Energy diagram for an efficient chargetransfer
between solid state dye sensitized solar cell components
conductor. Amonolayer of thesengtizingdyeisatached
to the surface of the nanocrystal line e ectrodefilm. Af-
ter the excitation of thedye, an e ectronisinjected into
the conduction band of the semi conductor oxide elec-
trode. Thesengitizer dyeisregenerated by thedectron
donation from the hole conductort®.

Inthe solid state cell, the chargetransport iselec-
tronic whereaswhen using liquid or polymer electro-
Iyte, ionic transportation takes place™!. Theholecon-
ductor must beableto transfer holesfrom the sensitiz-
ing dyeafter thedyehasgected dectronsintothe TiO,
that is, the upper edge of the valence band of p type
semiconductors must belocated abovetheground state
level of thedye (Figure5). Furthermore, hole conduc-
tors have to be deposited within the porous
nanocrystallinelayer penetrating into the poresof the
nano particleand finally it must betransparent in the
visible spectrum, or, if it absorbslight, it must be an
efficientin electroninjection asthedye. The successful
holetransport materiasto replacetheliquid electrolyte
are Cul, CuBr and CuSCNE637,

A better stability was observed by covering the TiO,
electrode by athin MgO layer. DSSC fabricated with
MgO layer and Cul asaHole Transport Material have
showed the efficiency of 2.9%!%. Although Cul has
attracted very much attention as ap-type semiconduc-
tor theinterface of TiO, /Cul degrades duetothere-
lease of iodine and the successiveformation of atrace
amount of Cu,O and /or CuO®.,

When 1-methyl-3-ethylimidazoliumthi ocyanate
(MEISCN) isused asamolten saltin DSSC, apower
conversion efficiency of 3.75% was obtai ned“? Com-
pared to inorganic p-type semiconductors, organic p-
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type semiconductorspossessthe advantage of |ow cost
processability.

Among organic p-type semiconductors, 2,2',7,7'-
tetrakis(N,N-di-p-methoxyphenyl-amine)9,9’-
irobifluorene (OMETAD) hasgained practical advan-
tage™!. A dye-sensitized heterojunction between TiO,
and OMETAD showed theefficiency of 3.75%. The
performanceof thesolid state dye sensitized solar cells
based on spiro-OMETAD was further improved by
blending thehole conductor matrix with acombination
of 4-tert-butylpyridine (tBP) and Li[CF,SO,] 2N, an
efficiency of 2.56% under AM 1.5 illumination was
achieved“. Theefficiency of asimilar devicewasfur-
ther improved to 3.2%“3, by improving the dye ad-
sorptioninthepresenceof silver ionsin thedye solu-
tion.

Polymer electrolytein dye sensitised solar cell

Recently, Polymer dectrolytebased solar cdllshave
attracted agreat interest in developing high efficiency,
low cost and large area PV devices*.

Polymer eectrolytesarecomposed of akainesalts
dissolved inahigh molecular masspolyether or polypro-
pylene oxides®!. In polymer e ectrolytes, the polymer
matrix should be an efficient solvent for the salt, ca-
pableof dissociating it and minimizing theformation of
ion pairg“l. Poly (3 akylthiophenes) isused asapoly-
mer electrolyteto replace theliquid electrolyte. Im-
proved performance has been exhibited by DSSC pre-
pared with thel/1 - redox coupledissolvedin solid or
gel polymer dectrolytesbased on poly ethyleneoxide,
poly acrylonitrile, ethylene carbonate, propylene car-
bonate, acetonitrile, Nal, and L.,
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Poly 3-hexyl thiophene P3H T hasside chains
that makeit solublein avariety of common organic
solvents Theformation of polymeric semiconductor films
by self assembly are offersdistinct advantages such as
cost effective, uniformity, and scal ability over the other
ol ution processing techniques.

In conjugated polymersthedel ocalized p, orbitals
constituting thep-bond actually producetwo orbitalsa
lower bonding (p) orbital and ahigher antibonding (p*)
orbital. Thedifference between the energiesof these
diffused states givetheenergy gap of the semi conduct-
ing polymer material. The absorption of light with en-
ergy equal to or abovethe band-gap energy is gener-
atesandectroninthep* level andaholeinthepleve.
In contrast to theinorganic semiconductors, wherephoto
generated el ectronsand holes arefreein the conduc-
tion and va ence band respectively, the generated el ec-
trons and holesin the conductive polymer areloosaly
bound together by Columbic force. Thiselectron-hole
pairiscaled excitonand it moveswithinthemateria as
anoneentity. Thediffuson length of theexcitonsistypi-
calyintheorder of 10nmi“8. When theexciton length
islonger than diffusion length, most of theexciton de-
cay occurswhichisthemainlossfactor inthe polymer
based cdlls.

DSSC fabricated by employing a copolymer,
[ poly(epichlorohydrin-co-ethyleneoxide)], Epichlomer-
16 electrolyte gives 2.6% power conversion efficien-
cied*®5a, A promising result of 5.3% efficiency was
obtained whenan|,/Nal-doped solid state Epichlomer-
16 with AlLO, coated TiO, el ectrode>!. Themost effi-
cient solar cell have been made by using carboxylated
P3HT derivativein conjunctionwith 7um thick TiO,
film® showed thel . of 9.75mA/cn?and V _of 0.4V.
Thecarboxylated P3HT derivativewith4umthick TiO,
filmsproducedV _ of 0.54V4. Karthick shankar and
co-workers-demonstrated ahigher V__of 0.76V using
carboxylated P3HT derivativein conjunction with4um
long nano tubearrays™!.

Gdl eectrolytein dye sensitised solar cell

Thesuccessof gelled e ectrolytesisan encourage-
ment outcometo proceed further inthe search for a-
ternative contacting chargetransport phasesto substi-
tutethee ectrolytein asensitized photovoltaic system.
A polymericgdl electrolyteisconsidered asacompro-
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mise betweenliquid € ectrolytesand holeconductorsin
quas solid statedye sensitized solar cell 4. A mixture
of Nal, ethylene carbonate, propylene carbonate and
polyacrylonitrile enhancesthe solar to el ectric energy
converson efficienciesupto 5.3%inaquas-solid-gate
device®™.

Gel polymer e ectrolyteis covered the surface of
TiO,which could suppressthe back electron-transfer
inthe DSSC, and exhibitstheopen circuit voltage. The
addition of theliquid e ectrolyteto polymer gel eectro-
lyte based on poly(ethylene-co-methyl acrylate), Lil,
and |, by casting-injection method hasincreased the
ionic conductivity. Dyesendtized solar cell synthesized
using thisprocess has higher conversion efficiency of
5.2%%. The performance of the DSSC hasbeenim-
proved by using Poly (vinylidenefluoride-co-
hexafluoropropylene) (PVDF-HFP) to solidify 3-
ethoxypropionitrile (MPN) showing 6% conversion ef-
fidenciesunder full sunlight and aso high stability under
thermal stresg®".

Bulk heterojunction dyesensitised solar cell

Bulk heterojunction cell isdeveloped based onin-
organic/organic solar cells concept. Excitons created
upon photoexcitation are separated into free charge
carriersat i nterfaces between two semiconductorsina
compositethin film such asaconjugated polymer and
fullerenemixtures™. Electronswill then be accepted
by thematerid with thehigher e ectron affinity (dectron
acceptor, usudly fullereneor aderivative), and thehole
accepted by thematerial withthelower ionization po-
tential, which aso actsasthe e ectron donor. The solu-
bility of then-type and p-type componentsisanimpor-
tant parameter of the construction of hybrid solar cells
processed from the solution based method. Bulk
heterojunction hybrid solar cdllshave been demongtrated
invarious semi-conducting polymer blends containing
CdSe, CulnS2, CdS and PbS* nanocrystals.

Itisnoteworthy that the charge recombination be-
tweentheinjected e ectronsthat aretrapped in surface
states and the oxidized speciesin the hole-conducting
mediaremainsoneof themgjor limiting factorsfor the
lower efficiency of the DSSCs. To reduce such surface
statesand to improvethe conversion efficiency isdone
by heterojunction, such as passivating the recombina
tion centersat theinterface of ananoporousTiO, film
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with TiCl,. Thedensity of trapping sitesisreduced by
utilizating the compositeor bilayer semiconductor eec-
trodes such asMgO-Al.O,, Sn02-ZnO, Al,O,-TiO,,
and so forth(s?,

Theformation of energy barrier at the surface of
theTiO, electrode/eectrolyteinterface can beused for
reducing the recombination process of the photo in-
jected el ectrons. Such barrier can bemade by coating
the TiO, (6um) withasinglelayer of Nb,O, (2.7 nm)
givesthel_of 1 1.4mA/cm?andV of 0.732V,

Bilayer dructureismoreadvantageousthanthesingle
layer Sructurefor severd reasons. Exciton splittingisen-
hanced by the donar-acceptor interface, theactivere-
gionisextended to both the donor and the acceptor Sdes
of thejunctionthereby roughly doublingitswidth to about
20nm, and thetransport of electronsand holesissepa
rated into different materia sby reducing therecombina:
tionlosses. Inadditiontothis by usngtwo different semi-
conductors, theband gapscanin principlebetunedto
match thebetter solar spectrum. To enhancetheexciton
splitting process, deviceswith e ectron accepting and
donating molecul eshave been developed. Inthese so-
called donor-acceptor bilayer devicesasshowninFig-
ure7, theexcitons can bedissociated at the donor-ac-
ceptor interfacedueto arelaiveenergy level difference
of the donor and acceptor molecules (Figure 8). The
donor and acceptor molecul es can be conjugated poly-
mers, organic macromoleculesor dyes.

Efficient light scattering isobtained with thebil ayer
composed of athin transparent layer containing 20nm
particlesand ascattering layer containing 275nmTiO,
spheres. Therough TiO, spheresareincreased theover-
all conversion efficiency of DSSCsto 6.56%0%3. The
useof planar donor-acceptor junctionisonly doubles
the activeregion of the solar cell with respect to the
snglelayer device, whichisstill usudly not enoughfor
efficient light absorption. To overcomethisproblemand
toincreasethe optical absorbing thicknessthe concept
of interpenetrating network of e ectron-accepting and
€l ectron-donating molecul ar species can bedong®.

A hybrid device by blending MDMO-PPV with
titanium(IV)-isopropoxide, exhibited an|_ of 0.6mA/
cnandV __of 520mV withafill factor of 0.42 and an
external quantum efficiency of 11%f®4. Bulk
heterojunction solar cells fabricated by blending of
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Figure7: Schematicelectronicband structureof 3.5nm CdSe
with an effectiveband gap of 2.17eV and nanocrystalline TiO/

N with a3.2eV band gap, associated with normal TiO,andaN
dopant stateapproximately 1.14eV abovethevalenceband
CulnS, and ap-type polymer (PEDOT : PSS); poly
(3,4-ethylenedioxythiophene) : poly (styrene sulfonic
acid) inthesamecdl configuration showed better pho-
tovoltaic response with 20% external quantum effi-
ciencied®,

Quantum dotsassensitizers

Semiconductor quantum dots are another attrac-
tiveoption for panchromatic sensitizers. Thesearell-
V1 andlll-V type semiconductor particles, whosesize
issmall enough to produce quantum confinement ef-
fects. The absorption spectrum of such quantum dots
can betailored by changing theparticlesize.

Alternative techniquesto increase the photo re-
sponse besidesdoping areincludetheutilization of tun-
able narrow band gap semiconductor nanoparticlesor
quantum dot (QDs) sensitizers such as CdS, CdSe,
and CdTeto sensitize wide band gap semiconductor
such asthe metal oxides TiO,. QDswith their large
extinction coefficient arestrongly absorb thevisblelight,
g ect electronsinto the conduction band of metal ox-
idesand thereby, contributeto increased solar energy
conversion®.

Attachment of CdSe QDsonto nanocrystalineTiO,
has been shown to be successful with animmersion
method usngabimolecular linker. Sizequantizationis
allowsustotunethevisibleresponseandto vary the
band offsetsto modul atethe vectoria chargetransfer
acrossdifferent sized particles. Inaddition, these QDs
areopen up new waysto utilize hot e ectrons or gener-
atemultiplecharge carrierswith asingle photon®. Im-
pact ionization (or inverseAuger scattering) processes
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in PbSe nanocrysta shave shown that two or more ex-
citons can be generated with asingle photon of energy
greater than twice the band gap'®™. To explorethe
sdient featuresof QDs, Istvaln Robel, have assembled
TiO,and CdSenanoparticlesusing bifunctiond surface
modifierssuchasHS-R-COOH, when employed asa
photo anodein aphotoel ectrochemical cell, exhibitsa
photon-to-charge carrier generation efficiency of
129%™,

An exciting discovery madein therecent yearsis
that multipleexciton generation (MEG) obtained from
the absorption of asingle photon by aquantumdot if
the photon energy isat least two timeshigher thanits
band. The chalengeisnow to find thewaysto collect
the excitonsbeforethey recombinein the semiconduc-
tor interface. Asrecombination occursin an pico sec-
ond time scale, the use of mesoporousoxidesaselec-
tron collectors present apromising strategy, because
theelectron transfer from the quantum dot to the con-
duction band of the mesoporousoxideelectrodeisoc-
cur within afemto secondg™.

The doping of N, isater the surface of the TiO,
filmand dter itssurface Interaction between TiO, and
CdSe QDs becomes stronger. The efficient electron
injectionintothe TiO, film could aso befacilitated by
N dopingthat in turn, influencesnanocrystalline sur-
face. CdSe QDslinked to TiO,/N nanoparticleswere
found to besignificantly increase the photocurrent and
power conversion of the films compared to those of
standard TiO,/N filmswithout QD sensitizationor TiO,/
N without QD sensitization(™. A power conversion ef-
ficiency (e) of 0.84% wasfound aongwith afill factor
(FF%) of 27.7%for 1.1umthick TIO/N-TGA-CdSe
thinfilmg™. Theresults show that the combination of
nitrogen doping and QD sensitization of the TiO, thin
filmsisan effectiveway to enhancethe photo response,
whichispromising for photovoltaic and photo el ectro-
chemica deviceapplications.

CONCLUSION

Photochemical processesthat hitherto have been
theguarded 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 natureisnotinahurry and mankindis. Andifina
distant futurethe supply of coal becomescompletely
exhausted, civilization will not be checked by that, for
lifeand civilisationwill continueaslongasthe Sunshined
Potentia barrier for interfacid chargerecombinationis
formed to receive high electron density with increased
electronlifetime. High purity TiO, scatteringlayershave
been devel oped to improvethered light harvesting.
OxygenvacanciesintheTiO, hasbeen reduced by treat-
ing oxygen or argon plasmafor uniform and stoichio-
metric surface layer. Regenerative dye sensitizerscan
donate el ectron and hole at the electrode/ el ectrolyte
interface. Until then around 12% of efficiencyisachieved
withthedyesensitized TiO, based solar cells. The con-
ducive polymer can dissolvetheakainesaltsto mini-
mizetheformation of ion pairs. Epichlomer-16 offers
the promising characteristicsfor potentially low cost
polymer based solar cells.

Polymeric gel electrolyteis considered asacom-
promi se between liquid € ectrol ytes and hol e conduc-
torsand it hasattracted theresearcher for the stabilized
electrolyte synthesis. To enhancethe exciton splitting
process, modification of donor-acceptor isrequired.
Quantum confinement can betail ored by changing the
particle size by utilizing the tunable narrow band gap
semiconductor nanoparticles. Theinorganic quantum
dots CdS, CdSe, and CdTe are aligned using the bi-
molecular linker. Anexciting discovery isinnovated for
themulti exciton generation by tregtingthe TiO, surface
withN,.. Eventhough hybride solar cellsshow low effi-
ciency, thesmple processability and cost efficient tech-
niques are atracted much attention. However, to meet
arequired efficiency for commercia applicationsthe
PV systemswith atleast 25%light tolinedectricity have
to bedevel oped.
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