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Abstract: Pure and Sc doped TiO, nanoparticleswith different molar fractionsof Scwere prepared by a ©l-gel process, and
were characterized by meansof XRD, TGDSC, TEM, UV-Visand AL ectra Effects of calcination temperature and Sc
content on microstructure and optical properties of asprepared TiO, sanpleswere investigated and the influencing mecha-
nisnswere discussed The results show that Sc dopant greatly inhibits the crystallization fron amomphous state to anatase
and the phase trandomation from anatase 0 rutile Retarding effect of Sc on the grain growth of TiO, was al© observed and
the effect becames significant with the increase of Sc content Campared with pure TiO,, the UV -V is abmption band edge
of Sc doped samples show's obvious blue-shift, however, there is no noticeable increase in the shiftwith increasing Sc con-
tent The ultraviolet absorbing cgpacity of TiO, samplesat 200 300 nm is reduced and then enhanced with increasing Sc
content  The samples doped with 1L 5% and 2% (mole fraction) Sc show stronger ultraviolet absoiption than pure one
Photoluminescence peaks at 410 and 460 nm were detected on all the samples, which means that the doping of Sc does not
generate nev luminescence phenamena, but the luminescence intensity is enhanced with the increase of Sc content
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Bulk TiO, isawide band-ggp n-type samiconduc-
tor material and recently, nano TiO, has attracted
much attention for their unique properties such aspho-
electric convertion, optically nonlinearity and low
probability of nonradiative transition due o low phonon
energy. It iswell knovn that TiO, has o main crys
talline modifications, anatase and rutile, which are
themodynamically the stable and metastable, repec-
tively Moreover, the twvo modifications show different
characteristics in many properties Nano anatase parti-
cles have been found  possess high photoelectric ac-
tivity and excellent light abomption ability at ultraviolet
band Numerous resarches have been reported that
the doping of oxides could promote or inhibit the ana-
tase-to-rutile trandomation and the doped nanosized 11
TiO, may shov more superior properties The addition
of rare earths(La, Ce, Er, Pr, Gd, Nd, Sn) may ex-
tend the optical reponse range of TO,'* *'. New en-
ergy levelof - Q 8 and - Q 5 &/ gpears in the sur-

vices®. St and its campounds, owing o ecial prop-
erties arewidely used in preparing luminescence ma-
terials, electroluminescence materials and laser materi-
als® ', However, study on TiO, doped by Sc has
not been reported © far In this paper, pure and Sc
doped TiO, nanoparticleswith different molar fractions
of Sc were prepared and effects of doped Sc on the
crystalline, phase trandomation, grain size and opti-
cal properties of TiO, were investigated by means of
XRD, TGDSC, TAM, UVVisand AL gectra

1 Exper mental

Preparation of pure and Sc doped
T O, nanoparticles

The samples were gynthesized by the l-gel
process In thismethod, 17 ml tetra-n-butyl titanium

face forbidden band of TiO, doped with CeD,'*' and
the materials show heatcatalysis and photocatalysis phe-
namend®.  Photooxidation effect was found in WO, -
TiO, ystan'®. Eu-TiO, and (Er, Y) -TiO, exhibited
interesting phobluminescence characteristics™®.  Er-
TiO, isexpected © be a potential integrated optical de-

* Received date; 2006 - 01 - 06, revised date: 2006 - 06 - 10

(Ti(OBu),) disolved in 40 ml of abolute ethanol
was added drop-wise under vigorous stirring © a mix-
ture olution containing 10 ml distilled water, 40 ml
ablute ethanol, 10 m1 acetic acid and 3% digersant
agent(Dodecy! sulfonic acid sodium salt) 1o carry out
hydrolysis After further stirring for 1 h, the reaulting
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trangarent colloidal sugpension was obtained and then
itwas aged for 2 days till the fomation of gel The gel
was dried at 343 K for 24 h and then ground The pow-
derwas calcined at different tanperatures for 2 h, and
then pure TiO, nanoparticleswere obtained Smilarly,
0 2%, Q 5%, 1%, 1 5%, 2% and 4% (mole frac-
tion) Sc doped TiO, sampleswere al®o prepared ac-
cording o the above procedure by substituting Sc
(NOs;) ; olution with certain concentration for 10 ml
digtilled water.

1 2 Characterization of TO, nano particles

DSC-TG meaurement of the dry gels was per-

fomed on aNETZSCH STA 449C themal analyzer in
N, with a heating rate of 10 - min’ ' To detemine
the phase composition and grain size of the prepared
TiO,, XRD analysiswas carried out on the ARL X'
TRA diffractometer using Cu Kt radiaton (A =
0.15418 rm). The mass fraction of anatase in TiO,,
Ca, was calculated from the Eq !
1
T1+1.26k /1
where |y and |, are intensities of the most intense line
of the repective phases e g, d =0 3245 mm for
(110) plane of rutile and d =Q 351 M for (101)
plane of anatase, and 1 26 is a proportionality con-
Stant

The average grain size of TiO, was calculated with

the peak widths using the Scherrer' s equation

KA

° =6, B o8 2
whereD is the average grain size of TiO,; A is the X-
ray wavelength; B andp s are the FWVHM of the sample
and the standard ( single-crystal silicon) , regectively,
the number K =0 89 is a coefficient 0 is the diffrac-
tion angle

Ca x 100% (1)
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Fig 1 DSC-TG curvesof pure(a)

The investigation of the particle momphology and
size was perfomed on a JBV -200CX transnission elec-
tron microsoope (TEM) and the micrographswere re-
corded at 300 kV. The sampleswere presed into discs
under 3M Pa and their UV -V is diffuse reflection gec-
tra(DRS) were measured using a UV -V is scanning
pectrophotometer (Shimadzu UV -2401 PC). The pho-
oluninescence (AL) aemission gectra of the samples
were recorded using PE L S50B fluorescence gpectrom-

etry.
2 Realtsand D iscussion

21 DSC-TG

Fig 1 shows the DSC-TG curves of as-synthesized
pure and 1% Sc doped TiO, dry gels A endothemic
peak centered at90 , accompanied by weight loss in
TG curves, was observed for both of the two systams,
which is attributed  desomption of adorbed water and
ethanol in the gels Theweight loss in the region fram
150 © 300 rewltsfram the charring and decomposi-
tion of the adsrbed organic matters For pure TiO,
sanple, there are several continuous overlgpped exo-
themal peaksfrom 300 © 500 , which corregpond to
the further charring and decomposition of the organic
matters and the crystallization of TiO, gel from amor-
phous b anatase®. For the doped smple, the exo-
themic peak at this temperature range is not obvious
and the corregponding weight loss process shov's a low-
er rate and higher end tenperature compared with the
pure one This suggests that the doping of S
inhibitsthe trandomation process fram amomhous
anataee and increases the crydtallizing temperature
XRD reaults proved that the crystalline process has
been fulfilled for the Wwo smples after

calcinationsat 500 . In the wvo systans, ascan be
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<en fram Fig 1, there is no a remarkable exothemic
peak correpponding o the trandomation from anatase
o rutile, which mplies that the trandomation is a
gradual and temperate process

22 XRD

Fig 2 shows the XRD patternsof the sanples cal-
cined at 600 and 700 It can be sen that in all the
sanples calcined at 600 , only anatase exists W hen
calcined at 700 , diffraction peaksof rutile gopear in
the pure sample( The percentage of anatase was calcu-
lated 0 be 84 7%), whereas all the doped smples
are still complete anatase modification As a rewult, a
conclusion can be made that the doped Sc inhibits the
trandomation fran anatase o rutile and increases the
trandomation temperature

It al can be s«en fran Fig 2 that all the sanples
dov broad diffraction peaks which is the general
characterigtics of nano particles Moreover, the broad-
ening becames significant with the increase of Sc addi-
tion Fig 3 shows the grain size of all samples calculat-
ed using Scherrer' s equation A s shown in Fig 3, the
grain size of the Sc doped samples is aways snaller
than that of the pure TiO, and decreaseswith the in-

creasing Sc addition The reaults indicate that the
500
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Fig 2 XRD pattemsof pure and Sc doped TiO, nanoparticles calcined at 600
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Fig 3 Grain size of TiO, nanoparticles calcined at 600 and 700
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doped Sc significantly retards the grain growth of TiO,
and the effect is intensified with increasing anount of
St Fig 4 shows the TEM images of pure and 4mol%
Sc doped TiO, calcined at 600 It can be seen that
the particles are nearly ball and the average diameter is
aound 25 and 10 nm, regectively, which are consist-
entwith the grain size presented in Fig 3

W hen the ionic radius of the dopant is larger or
snaller than Ti'" (0 068 M), the dopant is intro-
duced aubstitutionally into the TiO, lattice, producing
sme lattice disiortion and accunulating ssme defomar
tion energy, which inhibits the phase trandomation of
anatasg ***!.  The onic radius of ST s
0.0745 m'*® | which is larger than that of Ti'". It
should be noted fram Fig 2 that the values of diffrac-
tion anglesof the Sc doped sanples are aimost identical
with those of pure TiO,, which mplies that the doped
Sc doe not enter intb TiO, lattice and substitute Ti' .
In addition, no any diffraction peaks of Sc-containing
canpounds gopeared in all XRD pattemns Thes re-
aults suggest that the doped Sc may distribute hamoge-
neoudy in TiIO, nano particles as snall S;,O; clusters
Thus the Ti-O-Sc bond will be fomed around
anatase microcrystallines during the calcinations pro-
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cess which reaults in inhibiting the trandomation of an-
atase and its grain growvth ™.

23 UV-Vis

Fig 5 shows the DRS gectra of the samples calcined
at 600 It can be seen that all the samples sow obvi-
ous abption band edge, diplaying a typical sami-oon-
ductor characteristics However, oampared with pure
TiO,, there is evident blue-shift occurred for the doped
sanples As indicated by the theory of quantum size
effect, the snaller the grain sze, the wider the band-
g, and the larger the shift of band edge ™. Therefore,
the above reaults indicate that the Sc doped TiO, nanopar-
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Fig 5 UV-Vis gectraof TiO, nanoparticles calcined at 600

ticles are snaller in size and show obvious quantum
size effect, which reaults in the shift og band edge
the short wavelength side However, since the de-
crease of grain size is not obvious enough with increas
ing Sc addition, which can be easily sen in Fig 3,
there is no evident increase in the shift of band edge
It alo can be sen fram Fig 5 that the ultraviolet ab-
Drbing capacity of the sanples at 200 300 m is re-
duced and then enhanced with increasing Sc content
The samples doped with 1. 5% and 2% Sc show stron-
ger ultraviolet absomption than pure one

24 R

The AL gectra of all the ssmples calcined at 600
were measured using the excitation wavelength of
300 rm as shown in Fig 6 It is clearly sen that the
energy level of all samples are amost identical, i e,
all ssmples show obvious AL peaksat 410 and 460 m,
goart fram a difference in peak intensity  This suggests
that the doping of Sc does not bring about newv lumines
cence bands, but shaws influence on fluorescence in-
tensity It has been known that the photluminescence
of TIO, nanoparticles is caused by urface oxygen va-
cancies and defects A large number of oxygen vacan-

cies in the surface of TiO, nanoparticles and short free-
path of electronsowing to snall particle size reault in a
high probability for electrons o be trapped by vacan-
cies o fom excitons Therefore, exciton levelswill be
fomed near the bottom of conduction band, whichwill
in tum generate exciton luminescence bands™. The
twvo FL peaksat 410 and 460 rm might be attributed to
tie luminescence of free and <lf-tgpped excion, re-
Pectively. Generally, the snaller the particle size, the
more the number of oxygen vacancy, the higher the
probability of foming exciton, and themore intense the
excibn luminescencé’ **'. A's shawn in Fig 6, the
luninescence intensity of TiO, nanoparticles is en-
hanced as the addition of Sc increased, which can be
eplained by the quantum size effect and increased
concentration of oxygen vacancies and defects of Sc
doped TiO, particles as a reqult of the fact that the do-
ping of S inhibits the phase trandomation and grain
growvth of TiO, nanoparticles

Intensity (a.u.)

350 400 450
\/nm

Fig 6 R gectraof TIO, nanoparticles calcined at 600
A o =300 M)

3 Conclusion

The doping of Sc greatly inhibits the crystallization
fran anomhous state 0 anatase and the phase trandor-
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mation fran anatase © rutile Retarding effect of Sc on
the grain growth of TiO, was al® observed and the
effect becames significant with the increase of Sc addi-
tion

The UV+Vis abomtion band edge of Sc doped
sanples show obvious blue-shift compared with pure
TiO,, but there is no noticeable increase in the hift
with increasing Sc content The ultraviolet absorbing
capacity of TIO, samples at 200 300 mm is reduced
and then enhanced with increasing Sc content The
sanples doped with 1. 5% and 2% Sc show stronger ul-
traviolet abmtion than pure one

All smples show obvious photluninescence
peaksat 410 and 460 nm, which means that the doping
of Sc does not generate nav luminescence bands, but
the luminescence intensity is enhanced with the in-
crease of Sc content
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