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1. Introduction 2. Experimental

TiO, is an important multifunctional wide bandgap (Eg Hydrothermal Synthesis of TiO, Nanospheres
=3.2 eV) semiconductor with excellent physical @xies, Nanoporous spheric&lO, structures with a diameter of
chemical stability, environmental compatibility ahow 500 nm were synthesized by a two-step process of co

production cost. TigQoffers a broad range of applications trolled hydrolysis and a subsequent hydrothermattren
such as photocatalysis, water splitting, dye-siesitsolar  [8]- Typically, TTIP (15.0 mmol, Aldrich) stabilizein eth-
cellsand quantum-dots sensitized solar clls Recently, ~ anol (10 ml, Aldrich) was dissolved in a premixedusion
among these structures the hollow spheres havectstr of ethano! (50 ml) and acetonitrile (40 ml, Aldrjctvith
an increasing interest compared with their solignter- ~ Methylamine (2.5 mmol) and water (60 mmol). Theusol
parts because of their low density, high surfaemagood 10N turned milky within a few seconds, and thepared
surface permeability and large light-harvestingcefhcy suspen?on wa1s_hst|rre(|j| fotr %j hto forrr:wd_;l[ge amorsﬁ;]cuoz
[2]. Multiple light diffraction and reflection caalso occur \r/]vaérr](e)svrx)/agrrmeesd. witr? e(;ﬁa?]%le anézjnl[(r)zgrr)]sferrez d”?;%ig};gs
because of the particular hollow structure of ssigheres. made of titanium containin’g ethanol (50 ml). Thepera-
The various chemical and physicochemical method® ha ture of the autoclave was raised to @Gt a.rate of &
been used for the preparation of spheres in tbeatiire T .

such as reactive micro-emulsion precipitation, gl pro- min”, and h?'d at this temperature for 6 h. Aﬁer hydro
cess, acid catalytic hydrolysis followed by hydesthal thermal _reactlon thg product was washed and dii86°€.
treatment, facile and large scale synthesis bydtidrmal Prep?rau_on %f V\brcqu ng EIectroge . |

method, carbon spheres, CVD technique, template-fre / Athuio(glr:];\es_s ?]F:aepan)svrﬁgzgegcggihg sustfstsa':mg delgols
%@egpw::;hﬁyiscjrlf;(;ztee}oi[; argcuhti;ec;uErg Zt)zgi%;/m sition of Tio; film. Anatase TiQ colloidal solution was

: ) . prepared by using the conventional metHedstly, the film
induced anatase Tihollow structures and Mixed-phase _, 0 25um in thickness was prepared by using spray py-

titania nanospheres by laser ablation. o rolysis method. In this method 0.25 to 0.3 g of P24ticle
Typically, bilayered structures consistingaahain TiQ size ~25 nm Ti@ powder) was mixed with 5-6 ml acetic

layer prepared from the tiny nanoparticles (10-89 and @ 4¢id and ground to avoid agglomeration. Then 20coM

light-scattering layer (LSL) from the large paréisl(200-  |gjdal solution (TKC-302, particle size ~3-6 nm)suaixed

400 nm) have been designed for efficient utilizataf the  and allowed to ultrasonicate for homogeneous mix&eg-

solar spectrum and enhancement of photovoltaic @env ondly, 0.15 g of Ti@ (500 nm) nanospheres were mixed

sion efficiency [3-4]. The LSL on top of the maiiOflay-  with appropriate amount of acetic acid as well 8sml

er confines the incident light within an electramtediffracts  colloidal solution and finally 10 ml ethanol. Thesired

it backward. Thereby, the dye molecules anchoredhen amount of spheres solution was sprayed on the cudh

TiO, surface utilize solar spectrum more efficiently. TiO, film. The pure TiQand spheres coated film was sin-

Conventionally, the large particles of rutile, ZrGrTiO; or tered about 50 for 3 h. The film was immersed into the

other high-refractive-index metal oxides have besed as  N719 dye solution for adsorption overnight.

scattering layer for DSC. But Ti®ased nanomaterial have The preparation of liquid electrolyte

large external structure, retaining well developedes and The compositions of 0.1 M Lil, 0.05 M,10.6 M 1, 2-

a large surface area, will be suitable for thispese, since  dimethyl-3n-propylimidazolium, 0.5 M 4ert butylpyri-

these structures can generate photo-excited etesctioe to  dine and finally 0.1 M GuSCN in acetonitrile waedsas

the large amount of dye uptake and exhibit a camalle  €lectrolyte.The sputtered Pt electrode was used as a coun-

light-scattering property at the same time. Thusdaveral  ter electrode.

TiO,-based nanostructures such as hollow spheres 45], n 3- Resultsand discussion

noporous spheres [6-7] and others have been stisitpss X-ray Diffraction _ )
applied as LSL. The XRD measurement was carried out by usiggli

In this paper, hollow spheres were synthestzgdwo RINT ultima-IIl in the angle range oft2rom 10 to 70 de-

step process of controlled hydrolysis and subsedugtro- ~ 9rées. The XRD profiles for the prepared spherdicate

thermal method. The obtained Tihanospheres were pure anata;e_ phase. Thg crystaliite sizes of tlmaw
mixed with colloidal solutionand coated as a scattering grains consisting of spherical structures were dbtmb_e n
layer on TiQ electrode the range of 11-12 nm according to Sherrer’s eqoati
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SEM Pictures

The surface morphologies of spheres coated fli€2-
trode and powders were observed by field emisstam-s
ning electron microscope (JEOL JSM-6320F). In Hig)
spheres are very clear and their diameter is abddtnm.

wavelength range 550-700 nm. The effect is atteibuib
the scattering effect of the coated layer [9].
Photovoltaic Properties

The photovoltaic performances are summarinethble
for the prepared DSCs without and with the J&pheres

Figure 1(b) shows SEM image of the spheres heated a£0ating derived from the I-V characteristics. Byraaucing

240°C for 1 h and indicates that the prepared spheaes h
hollow structures. It can be observed from Figc) that
some of spheres exists on the top of ;TkDt the coated
spheres are mostly mixed with colloidal solutionhaparti-
cle size 3-5 nm, which suggests the improvemerintef-
connection of the spheres for good electrical cotioe.
Figure 1 (d) shows a top view of the sample whiathi-i
cates the presence of spheres on the top layay alith the
smaller particles.

Fig. 1 SEM images of spheres (a,b), cross section (c) and top
view (d) of the smaple.

IPCE Charactereistic

the scattering later, short-circuit current densiy is ap-
preciably increased, while the fill factor and opércuit
voltage, \bc are not changed. Generally, the coating of
large particles increases surface area and a ltattesng

is possible for electrons, henceMs slightly decreased.
But in the present case we coated spheres by mixitig
appropriate colloidal solution, which makes the face
smoother. The efficiency of DSC is improved from 8.4 to
9.56% by introducing the scattering layer with gaaticle
size of 500 nm mixed with colloidal solution.

Tablel |-V characteristics of various DSSCs fabadat

Sample name

®c

Jsc

FF

n (%)

Pure TiQ

0.78

15.84

0.67

8.41

Pure TiG/10ml sphere coating

0.79

17.95

0.67

9.56

Pure TiG/20ml sphere coating

0.77

17.6

0.64

8.73

Pure TiG/ (0.3g /10ml mixing)

0.78

15.39

0.69

8.33

Pure TiG/ (0.159/10ml mixing)

0.78

15.72

0.67

8.25
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Fig. 2 IPCE curves of the samples with and without spheres
coating.

The IPCE and current-voltage characteristicerew

measured by using a JASCO xenon lamp power supply

XCS-150 in which a light intensity of 100 mWeémThe
active area of the cells was 0.25°c is found from the
IPCE curve as shown in Fig. 2 that the improvedntua
efficiency by the spheres coating can be seeneénldhg
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4. Conclusion

The hydrolysis and subsequent hydrothermal method i
introduced to prepare the 500 nm-sized hollow sghand
the spheres are spray coated as a scatteringdaytbe top
of pure TiQ electrode. The XRD reveals that the crystallite
sizes are 11-12 nm for the particles with the sphestruc-
ture. The spherical particle size is found to beuad 500
nm from the SEM observations and the spheres kxists
as a top layer of the TiCelectrode. Finally, DSCs are fab-
ricated based on the electrode and its IPCE andharac-
teristics are measured. The maximum efficiency .66%
is achieved for the 10 ml sphere solution coatedpsa on
the top of the Ti@electrode.
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