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ABSTRACT

Prepared V**, Fe** doped TiO, and pure TiO, in co-precipitation method,
and prepare nanocrystalline TiO, filmwith the three kinds of titanium diox-
ide in different order. The titanium dioxide crystal structure is mainly the
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anatase and few rutiles. According to atomic force microscope (AFM)
examination, the shape of TiO, is spherical shape and particle size of itis
about 3-6nm. Assembles the solar cell and Surveys their electro-optical
performance. Theresults showed that the Fe-Ti-V electrode performanceis
better then others, the short-circuit current is 1.1mA « cm and the open-

circuit voltage (V. ) is83mV.
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INTRODUCTION

Increasing energy demandsand concernsover glo-
bal warming haveled to agreater focuson renewable
energy sourcesin recent years. Theconversion of solar
energy islikely to play akey role as one of the tech-
nologiesthat can replacefoss| fuesinthe generation of
mass energy. However, the current high cost of solar
pandsmadefrom traditiona inorganic semiconductors
imposesarestrictionontheir massusage. TiO, hasthe
superior physicsand chemigtry nature, thusit becomes
ahot research spot. Sincethefirst efficient dye-sensi-
tized solar cell wasreported by Gratzel et al.in 1991
thiskind of new solar cell has attracted world wide
attention for itslow production cost, easy handling and
relatively high light-to-electrical conversion efficiency.
Dye-sensitized solar cells (DSSC) are composed of
nanocrystalineTiO, film, electrolyte containing aredox
couple and counter electrodes. The function of
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nanocrystaline TiO, filmisto absorb the appropriate
wavelength of sunlight .Photo excitation of thevaence
band resultsintheinjection of an electroninto the con-
duction band of the oxide. The peoplehave done mas-
sively about the TiO, research, such astitaniumdioxide
nanotubes*?, doped titanium dioxide®.

Inthiswork, we prepared ananocrystallineTiO,
filmwhich hasthreedifferent titanium dioxidecompos-
tions, and useit to assemble solar cdlls.

EXPERIMENTAL

Chemicalsand instruments

Anhydrouslithiumiodide(Lil), iodine(l,), TiCl,,
ammonia, FeCl,, NH,VO,, ethanol, areanalytical re-
agents, F-doped SnO, coated glass (FTO-glass) as
trangparent conductive glassfor photod ectrodes, All
experiment water used isdouble-distilled water.
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Diffractometer (Dandong),Atomic force microscopy
AJIIl (Shanghai AJ Nano-Science Development
Co.Ltd.), BRANSON-BUT-2030-25-06-type Super-
sonic clearer, Shangha Wei Yu BME100L high shear
mixed emulsonmaching, Tianjin OpticsIngtrument plant
GY-1Bromine-tungstenlamp.

Preparation of electrode

Ingtill 22mITiCl, to 200 mL deionized water by the
speed of 1d/s, and lay it until it changedto clarify. Dis-
solves NH,VO, 2x10°mol in 50ml distilled water.
Mixestwo kind of solutionstogether, and pour theso-
[utioninthree-neck bottles. Heet it until boil. Under the
conditionsof 100 degreesfor 20 minutes, add theam-
moniawater which thevolumefractionis50% adjust-
ment to the neutral or theweak alka escent, then heats
up 3 hours before the cessation of heating reaction.
Washing thereaction productswith distilled water until
itisnoimpuritiessuchasNH,* and Cl-, thenweobtan
the Vanadium-doped titanium dioxide. Preparelron-
doped titanium dioxide and puretitanium dioxidewith
the above smilar method.

Take 3g abovedifferent titanium dioxidetojoin
separately to the 297ml distilled water, emulsifies 10
minutes by aspeed 5000r/min.

Spraying theemulsonontheconductiveglasswhich
has been cleaned asfollow:

First, only spurtsthe puretitanium dioxideonthe
conductiveglass(Figure 1a).

Second, like Figure 1b in the shape of asandwich,
iron-dopedinthebottom, puretitanium dioxideinthe
middle, vanadium-doped titanium dioxide at thetop,
thethicknessof each layer isthe same.

Thethird likesthe second (Figure 1c), but in con-
trast with the second, vanadi um-doped titanium diox-
ideinthelower, puretitanium dioxidein themiddle,
iron-doped titanium dioxideat the top, the thickness of
each layer isalsothe same.
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Figure 1. Schematic diagram of theTiO, electrode
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Thesethreekindsof nanocrystalineTiO, filmtotal
thicknessisthesame. Thefilm wasdeposited ononly
the FTO-coated side of the glass.

Thenanocrystaline TiO, film dried at room tem-
perature, heatsup to 450°C maintains 30 minutes™. A
10um-thick film of TiO, wasthen printed onthetreated
conductingglass.

RESULTSAND DISCUSSION

XRD analysis of electrode

TheX-ray diffraction spectrum of thenanocrystdline
TiO, filmisshowninFigure2. It shows peskscharac-
teristic of anataseand thefew rutiles. Theresults sug-
gest that significant crystal growth occursintheTiO,
filmsduring heat treatment, but thereno obviouschar-
acterigticsof vanadium or iron peak. Thepossiblerea
sonisthat the doping quantity istoo few!®, The Fe*
ionicradiusis0.064 nmandthe V=" 0.059nmdl smilar
with the Ti* (0.075 nm). Under high temperature,
Fe*andV*>" arehighly uniformdistributionintotheTiO,
|attice, they replaced thelattice position of Ti*.

700

650 ]
600]
550]

500]

450]]

400]]

350 W\j\

300] C

250]
|

200] I
|
WMMWMMMWM

i

150 - [ L WY W b

100] M-/

2 % 4 0 e 70
Figure2: XRD pattern of thesamplesapureTiO,b 1% V ¢
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Figure3: AFM surfaceimagesof TiO, films
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Figure2istheTiO, thinfilm eectrode’s atomic force
microscope chart, it showsthat thee ectrode surfaceis
the spherica pellet and the particlesizeis 3-6nm.

Results

A GY-1Bromine-tungstenlamp (Tianjin OpticsIn-
strument plant) served asalight source. Theluminous
intensity is60mwW/cm?. Figure4 and 5, respectively,
for themeasured short-circuit current and open circuit
voltage of the current comparison. We can seefrom
the diagram that Fe-Ti-V isthe best structure of the
el ectrode comparewith others. The open-circuit volt-
ageof it is83mV, thisdatais higher than 51% com-
pared to the puretitanium dioxide’s result, enhanced
93% compared to the V-Ti-Fe structure’s electrode.
The short-circuit current is 1.1mA-cm 2, thisdatais
higher than 74% compared to the puretitaniumdioxide’s
result, enhanced 26% compared to the V-Ti-Fe
structure’s electrode. The possible reason is that Fe-
doped TiO, isthe n-type semi conductor, and V-doped
TiO, is the P-type semiconductor. In this electrode
structure, Fe-doped N-type emiconductor isthe cell
window layer and direct contact with the conductive
glass, after battery absorption appropriate wave band
sunlight, stimulatesthe valence band electron to pro-
ducethe conduction band electron. V-doped TiO, for
the P-type semiconductor contactswith transmission
electronic mediaafter battery absorption appropriate
wave band sun’s rays, produces the valence band hole.
Thisistheformation of thefoll owing el ectronic access
cycle Thestimulation produces e ectron after conduc-
tiveglass spreadsto Pt through the outsidewireto the
€lectrode In Psemiconductor’s hole and battery’s con-
ductivemediacontact. Thissynergy helpstoimprove
battery performance.

In conclusion, the solar cell performance of a
nano-crystalline solar cell wasmuchimproved by this
new method. Thiswork has also proved that enhanc-
ing theoptical absorption lengthof TiO, filmisafea-
sible strategy to realize ahigh efficiency DSC with a
Doping technol ogy.

= oy,

‘mA

Voc,/mV

[1]

[2]

(3]

[4]

[5]

[6]

—

i
[T CC TS, PR R Y

Ding Shi-Wen et al. 63

—— Short Comimunication

Short—circuit current
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Figure4: Comparison of short-circuit current

Open circuit voltage
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Figure5: Comparison of open circuit voltage
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