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a b s t r a c t

Nanostructured CeO2:Tb3+ film has been fabricated on glass substrate through sol–gel technique via dip-
coating process. (NH4)2Ce(NO3)6, Tb(NO3)3·6H2O, ethylene glycol have been used as precursors for sol
preparation. X-ray diffraction (XRD), scanning electron microscopy (SEM), UV/VIS and photolumines-
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cence (PL) spectral studies have been employed to analyze the structural and optical properties of the
film. XRD pattern has been used to analyze the crystallite nature and calculated particle size by Scherrer
equation of nanostructured CeO2:Tb3+ film, found in the range 3–4 nm. SEM image has been observed
to analyze the surface topography of the film which is well porous, highly agglomerated and uniformly
distributed nanoparticles on the film surface. Optical band gap of nanostructured CeO2:Tb3+ film has been
estimated as 3.57 eV. A significant enhancement in band shape of CeO2:Tb3+ spectrum has been observed

ir pro
hotoluminescence in PL spectra, showed the

. Introduction

Recently, luminescent metal ions doped cerium oxide
anophosphors with a narrow size distribution (<10 nm) and
igh luminescent efficiencies are of great importance because
f their applications in high-performance luminescent devices,
iological fluorescence labeling, luminescent paints and inks for
ecurity codes [1–4]. Because, these metal oxide nanophosphors
ossess higher chemical and thermal stability than commonly used
ixed metal alloy phosphors such as ZnS:Cu, Al and Y2O2S:Eu3+

5,6]. This advantage make them highly attractive for the applica-
ion of laser materials due to these materials are chemically more
table in high vacuum and under electron excitation. Therefore,
t is a continuous search to develop new oxide nanophosphor

aterials with high performance for phosphor applications.
Generally rare earth (RE) ions based on intra-configurational

lectronic transitions show sharp spectral transitions in visible
egion arising from their 4f electrons [1,7,8]. When combined with
ltra-violate light emitting diode (UVLEDs), phosphors should be

n a thin-film form and provide advantages such as high emission
fficiencies, good compatibility with semiconductor devices and
ow fabrication cost. Furthermore, the excitation at near-ultraviolet

avelength is preferable to the use of LEDs as light sources. In

ontrast to rare earth doped nanophosphors such as CePO4:RE,
2O3:RE, CeF3:RE or NaYF4:RE, RE doped cerium oxide films in view
f luminescence has been relatively less studied [9–13]. Tetravalent
erium ions (Ce4+) have no 4f electron. This implies that CeO2 can
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mising usages as optical materials in optoelectronic devices.
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be a promising photoluminescence host material because of strong
light absorption through the charge transfer (CT) from O2− to Ce4+

[1–8].
In recent years some attempt have been performed for the

preparation of RE ion doped cerium oxide by various techniques
such as pyrolysis [4], solvothermal synthesis [2,14], sonochemi-
cal synthesis [15], the two-stage co-precipitation process [16,17],
sol–gel process [1,8], solid-state ceramic reactions [18], microwave
irradiation [19] and so on [14–22]. Relatively few reports are
based on structural and optical properties of RE ions doped CeO2
[1,15–19]. Fujihara et al., used spin-on/pyrolysis method for depo-
sition of luminescent thin films of Eu3+ and Sm3+ doped CeO2 on
quartz glass substrate [4].

In the present article, we report sol–gel derived nanostructured
Tb3+ doped CeO2 film deposited on glass substrate and studies their
optical characteristics at temperature.

2. Experimental

2.1. Chemicals and reagents

All chemicals used for the fabrication of CeO2:Tb3+ film including ammonium
cerium nitrate (NH4)2Ce(NO3)6, terbium nitrate Tb(NO3)3·6H2O and ethylene gly-
col were analytical grade and procured from E-Merck India Ltd, Mumbai, India.
Borosil glass plates were procured from Borosil Mumbai, India. The deionized water
obtained from Millipore water purification system (Milli Q 10 TS) was used for the
preparation of solution.
2.2. CeO2:Tb3+ film preparation

CeO2:Tb3+ film was fabricated on glass substrate by the literature method with
little modification [23]. Ce(NO3)3·6H2O and terbium nitrate Tb(NO3)3·6H2O were
used as precursor for film fabrication. 1:10 molar ratios of terbium and cerium nitrate
precursor solutions were added into ethylene glycol at room temperature. A semi-

dx.doi.org/10.1016/j.jallcom.2010.07.009
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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n of nanostructured CeO2:Tb3+ film.
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CeO2 material has been discussed in literature by many investi-
gators [2,13,29].

Optical band gap (Eg) of nanostructured CeO2:Tb3+ film was
estimated using the equation for semiconductor: ˛h� = C(h� − Eg)n
Fig. 1. X-ray diffraction patter

ransparent viscous gel was obtained for film fabrication on glass substrate. The film
as deposited on glass substrate using dip-coating technique with a selected pulling

peed of 10 cm/min. The prepared film was dried in air at room temperature and
fterward annealed at 600 ◦C for 30 min.

.3. Characterization

X-ray diffraction (XRD, Cu Ka radiation (Rigaku)) study was performed to
dentify the crystal structure of sol–gel derived CeO2:Tb3+ film. Scanning elec-
ron micrograph (SEM), LEO-440 was used to examine the surface morphology
f CeO2:Tb3+ film. Optical absorption spectra of bulk CeO2 and nanostructured
eO2:Tb3+ film was recorded on Shimadzu UV-2100 spectrophotometer in the wave-

ength range 200–600 nm (Bulk CeO2 powder was dispersed in ethanol for film
abrication on glass substrate via drop casting method). Photoluminescence (PL)
pectra were measured at room temperature with a spectrophotometer (Perkin
lmer L-55).

. Results and discussion

Fig. 1 shows results of X-ray diffraction studies carried out
n nanostructured CeO2:Tb3+ film deposited on glass substrate
hrough sol–gel chemical process in 2� range 20–70◦. The results
f XRD pattern indicate that terbium doped CeO2 film is well crys-
alline and reveals five distinct diffraction peaks corresponding to
1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes, which are perfectly simi-
ar to the JCPDS data (Card No. 34-0394) [2,4,24]. The broadening
f diffraction peaks in the diffractogram confirms the nanocrys-
alline nature of the deposited CeO2:Tb3+ film [2,24]. According to
he Scherrer equation, the strongest peak (1 1 1) at 2� = 28.4◦ and
2 2 0) at 2� = 47.17◦ are used to calculate the average grain size of
eO2:Tb3+ film to be 3–4 nm. The lattice constant (a) for the nanos-
ructured CeO2:Tb3+ film also calculated from peak position and its
alue found to be 0.544 nm, which is little high to the reported value
or bulk CeO2 (0.5411 nm). The calculated value of lattice constant is
easonably found high due to successful doping of Tb3+ ion into the
eO2 crystal lattice [25–27]. In addition, the broadening in the XRD
eflection planes owing to the increased lattice defect and disorder
ormation induced by doping [2,4]. Lin et al. reported increase lat-
ice constant value due to the lattice expansion effect resulting from
ncrease oxygen vacancies and Ce3+ ions with decreasing particle
ize [28].

Scanning electron micrograph was used to analyze the sur-
ace texture of deposited film of sol–gel derived nanostructured
eO2:Tb3+ film assembled on glass substrate (Fig. 2). SEM image
hows the film is well porous, homogenous, and spherical nanopar-

icles are uniformly distributed with well interconnected to each
ther.

Fig. 3 exhibits the UV/Vis spectra of nanostructured CeO2:Tb3+

lm with bulk CeO2 film. The absorption spectrum of nanostruc-
ured CeO2: Tb3+ film shows a broad band with maxima at 301 nm.
Fig. 2. SEM micrographs of nanostructured CeO2:Tb3+ film.

The absorption edge of nanostructured CeO2:Tb3+ spectrum shifts
toward shorter wavelength in respect to bulk CeO2 indicates that
the grain size of nanostructured film is decreases. This kind of blue
shifting phenomenon in absorption spectrum of nanocrystalline
Fig. 3. Absorption spectra of (a) bulk CeO2 film (b) nanostructured CeO2:Tb3+ film.
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ig. 4. Plot of (˛h�)2 as a function of photon energy, Ed, for the nanostructured
eO2:Tb3+ film.

here, ˛ is the absorption coefficient, h� is photon energy, C is
he constant, n = 1/2 for a directly allowed transition, and n = 2 for
n indirectly allowed transition. Optical absorption coefficient ˛ is
alculated according to the equation ˛ = (2.303 × 103A�)/lc, where

is the absorbance of a sample, � is the real density of CeO2
7.28 g cm−3), l is the path length, and c is the concentration of the
erium oxide. Fig. 4 shows the plot of (˛h�)2 versus photon energy
or nanostructured CeO2:Tb3+ film. The absorption edge of present
anocrystalline CeO2:Tb3+ film (Ed) (3.57 eV) is blue-shifted evi-
ently compared with that of the reported value (Ed) (3.15 eV),
hich is mainly resulted from quantum confinement effect [2,13].
in et al. concluded that the blue shift of absorption peak and
bsorption edges in the UV–vis absorption spectrum result from
he quantum size effect [30].

Photoluminescence properties of nanostructured CeO2:Tb3+

lm along with bulk part CeO2 film were investigated by measur-
ng the emission (Excitation 220 nm) spectra (Fig. 5). The spectrum

f nanostructured CeO2:Tb3+ film exhibits a broad band in blue-
reen region (maxima at 390 nm), which is almost similar to the
ndoped CeO2 spectrum. It is found that the emission band in
oped film is dominant and gradually shifts toward longer wave-

ig. 5. Photoluminescence spectra (a) bulk CeO2 film (b) nanostructured CeO2:Tb3+

lm.
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[
[
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[
[
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length. This significant enhancement in the emission band of doped
film spectrum may be due to doping effect of Tb3+ ion in CeO2
matrix. This characteristic emission band is already assigned as
intra-configurational Ce4+–O2− charge transfer (CT) transition in
undoped CeO2 by Danielson et al. [31,32]. A comparison of these
two spectrum strongly suggest that emission is achieved through
charge transfer between the O2 valence band and Ce4+ conduction
band and subsequent energy transfer to Tb3+. The molar absorption
coefficient of Ce4+ is very high when compared with that of Tb3+ and
Tb3+ is substituted at the Ce4+ site, it is possible that the CT band
of Ce4+ inhibit the CT band of Tb3+ in this lattice. In luminescent
materials, energy transfer mechanism between ions of the same
or different types and between the host and the activator are well
known. They are either due to resonance or exchange interaction
or multipolar interaction between the ions of the same or differ-
ent type, which deepens on the critical energy transfer distance
(Rc) between the absorbing group in the crystal lattice. The energy
absorbed by the CT from O2− valence band to Ce4+ conduction band
is transferred to the Tb3+ and produces the blue-green emission.
The energy level of Tb3+ (4fn) in CeO2:Tb3+ nanocrystalline film is
suitable to accept energy from the excited state of Ce4+ following
the allowed f–d transition upon its excitation with UV light [2,4,24].
This might result from the large quantity of CeO2 existing on the
film surface, which quenched the fluorescence emission of Tb3+ to
a large extent. Therefore, characteristic 4f–4f emission transitions
of Tb3+ detected in nanostructured CeO2:Tb3+ film spectrum might
be due to small concentration of terbium ion in the film (Fig. 5). So
far, few studies on PL of CeO2 have been reported.

4. Conclusions

Sol–gel derived nanostructured CeO2:Tb3+ film was fabricated
on glass substrate through dip-coating process using cerium
ammonium nitrate, terbium nitrate and ethylene glycol as precur-
sors. The average grain size of nanostructured film was estimated
by Scherrer equation as 3–4 nm. Optical absorption band of
CeO2:Tb3+ film exhibit blue shift in respect to their bulk coun-
terpart (CeO2 film). Absorption spectral results indicated that the
direct band gap of CeO2:Tb3+ (3.57 eV) decreases as the particle
size decrease. A significant enhancement in PL intensity suggests
the successful doping of Tb3+ ion in nanostructured CeO2:Tb3+ film.
Efforts should be made to improve the quality of the film for appli-
cation to luminescent device fabrication and solar cell materials.
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