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Synthesis and luminescence properties
of nanocrystalline BaTiOs:Nd**
obtained by sol-gel methods
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Neodymium-doped barium titanate (BagjGanocrystalline powders were prepared by the sol-gel
method. Structure and average grain sizes were analysed by X-ray powder diffraction (XRD) measure-
ments. Grain sizes amount from 30 to 60 nm, depgndin dopant concentration and sintering tempera-
ture. The luminescence properties of BajiNa** were investigated as a function of the concentration of
Nd®* (0.5-2 mol %) and sintering temperature (700-185p The influence of N¥ concentration on
the grain size and crystal structure of Bagi@nocrystallite powders was found and a weak hot emission
from the*Fs; level was observed for the nanopowders obtained.
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1. Introduction

Barium titanate (BaTig), a classical ferroelectric neial belonging to a numer-
ous group of perovskite materials, is characterized by a general formula BBO
pending on the valencies of the metal cations (A and B), perovskite materials are sub-
divided into two main groups, described by the formuld8BZO; (e.g. BaTiQ,
PbTiOy) and A'B*0; (e.g. NdAIQ, LaAlO,). In both groups the crystal structure is
usually depicted in a pseudocubic form.dntains two cation sites in the crystal lat-
tice: (A) large cations located in the comgiB) small cations occupying the centre of
the unit cell, and oxygen ions on the centethe cell walls. Possible displacement in
ion arrangement in the unit cell is directBsponsible for characteristic properties of
these materials [1, 2].
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Recent developments in nanotechnology tere@w and interesting challenges for
researchers and opens broader fields atfal applications of nanomaterials. One
of many methods for obtaining such matexigd—7] is the sol-gel technique [8]. The
sol-gel method for obtaining nanocrystalline particles of BaTsCrelatively simple
and easy to carry out. Furthermore, tiiisthod has a few important advantages in
comparison to the conventional solid statehud (SSM) [9]. The sol-gel route is less
expensive (temperatures lower than 1000, enables a high concentration of dopant
to be introduced, and assures a better cbofroeaction conditions such as pH or
temperature.

Grain size of the nanocrystalline barium riiée strongly influences its structure
and ferroelectric properties. Therefosize effects in nanoparticles of BaTiBave
been the subject of many studiesf19]. A hypothesis on a crital size above 50 nm
for the existence of ferroelectric propertiess been put forward by Frey and Payne
[14]. Moreover, Uchino [15] and Saegud#®] found the tetragonal phase, responsible
for the ferroelectricity, disappear at graiaes below 100 nm. lour previous studies,
the stabilization and enhancement of thieatgonal structure with increasing euro-
pium ion concentration in BaTihas been reported. A strong size dependence of the
luminescence properties of Elnas been shown as well [8, 17].

In this work, we present results pfeparation and chacterization of N&-doped
BaTiOs, obtained via the sol-gel method. The main aim of our work was to investigate
luminescence properties (spectra, decay times) of Bafa@ocrystalline powders in
terms of the size dependence effect, obtaategsintering temperatures in the range of
700-1200°C and doped with neodymium ions wadirious concentrations. We have
also studied the influence of gnasize on the hot emission from tl,, level and the
effect of doping with N& on the crystal structure of BaTi@anopowders.

2. Experimental

Details concerning the preparation of Bajianocrystallites have been described
by us elsewhere [17]. Barium acetate,niten butoxide and neodymium oxide were
used as starting materials. Acetylacetone aretic acid were selected as solvents for
titanium butoxide and barium acetatespectively. Neodymium chloride was ob-
tained by reacting stoichiometric amourts neodymium oxide with hydrochloric
acid. Dissolved barium acetate was addedpwise to titanium butoxide solution
while stirring. The obtained solutiongere vigorously stirred at 5GC for about 2 h.
The neodymium salt was dissolved in a small amount of water and added slowly to
the obtained transparent yellow sath different molar ratios of Nt to BaTiQs. The
sols obtained were heated at approximately ADd@or 24 h to form barium titanate
gels. The samples of crushed gels were heated abov&C7@0form nanocrystalline
BaTiO; powders doped with Nd
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3. Results and discussion

3.1. XRD analysis

Samples of BaTi@doped with Nd" ions of different conentrations and sintered
at 700-1100C were characterized by X-ray diffraction. The XRD patterns of BaTiO
powders doped with Ndions of various concentratiomse presented in Fig. 1. Peaks
shown in the patterns are sharp and well defined, indicating that all samples are well
crystallized. The patterns were compared the reference standard cards for
tetragonal and cubic BaTiQ18, 19]. The average size of crystallites, estimated from
the broadening of diffraction peak using t8cherrer equation [20], varies from 30 to
55 nm depending on sintering temperatand dopant concentration (Fig. 2).

O JCPDS 31-0174 (cubic) BaTiO,
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Fig. 1. XRD patterns of the BaTi@owder samples
doped with Nd'of various concentrations

An analysis of the XRD patterns for samples with different neodymium ion con-
centrations (0.5-2%) and heated at 1060showed that all samples, except the one
with 0.5% Nd, were in the cubic phaskaracteristic of paraelectric BaLid-urther-
more, we observed a dependence of the dagamdentration on the grain size, which
has also been reported by Buscaglia [2] and Tsur [21]. It is well known that the
dopant ionic radius is a main parameter determining the substitutions in thesBaTiO
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crystal lattice. Thus, Nid ions (1.08 A) are mainly placed at Baites (1.35 A) and

not at T ones (0.68 A), due to the size incompatibility. Increasing dopant concentra-
tion causes an overall shrinkage of the BaTi@it cell, changing lattice parameters
and resulting in a change of the crystal structure.
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Fig. 2. Effect of dopant concentration
on the average size of BaR®d®* crystallites

In nanosized grains, effects resulting from a progressive decrease of particle size
are more pronounced. Many authors, when ideng the size effect on the structure
and ferroelectric properties of BaT§Gemphasized importance of grain size, respon-
sible for new phenomena occurring in nanosiured materials in comparison to their
equivalents composed of larger ystallites [14, 22, 23]. Thus, increasing
concentration of N¥ ions causes a decrease in grain sizes (from 54 nm for 0.5% of
Nd** to 30 nm for 2.5%) up to a boundary value of dopant concentration (1,5% of
Nd**). Above that value there is no furthercdease of the grain size. Moreover, the
shrinkage of the unit cell and decrease inagsize causes additional changes in the
crystal structure. An analysi the diffraction peak arounddZ 45 ° for the sample
doped with 0.5% of Nt showed its splitting into a doublet ascribed to 200 and 002
peaks, characteristic of the tetragonal phase of BaB@mples with the concentra-
tion of Nf* ions exceeding 1% are characterizgdthe paraelectric cubic crystal
structure. This is quite different form oprevious results. We have proved that the
incorporation of E¥f ions into the barium titanateystal causes a significant increase
of the sample tetragonality [8]. Such behaviour is probably caused by the existence of

europium of two different valencies in the crystal structuaeger EG" ion will be
placed at BY sites, whereas smaller Eenters Ti" or B&" sites.
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3.2. Emission spectra and discussion

The emission spectra of barium titanate nanocrystallites doped with neodymium
ions at various concentrations (0.5-2 mol % vs. Bgriénd heat-treated at
temperatures in the range 700-108) were measured at room temperature. They are
shown in Fig 3a. All spectra consist dfaracteristic bands, ascribed to fﬁgﬁ“lj
(J = 11/2, 9/2) electronitransitions of N ions, according to the established ener-
getic model [24]. The band with a maximum at 876 nm corresponds B;the*l11/,
transition, and the one at 1064 nm to tRg,—"l¢, transition. Additionally, a weak
emission corresponding to th& 4, Hyz)—"lg,» transitions (Fig. 3b) was observed.
The hot emission froniFs, and®Hg, levels takes place during an excessive self-
heating of samples due to the scatterrigoptical excitation energy in individual
nanocrystals. This explains the increasetdnsity under increasing excitation power
[25]. Thus, higher-lying levels were popwddtat the cost of desired laser emission
from the metastabl&=;,level.
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Fig. 3. Emission spectra of BaTy®ld**: a) with different concentrations of Rl
b) hot emission from*Esy,, 2Hgy) to thelq, level
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We performed measurements of poweratatent emission as a function of the
average size of BaT¥INd®* grains. No increase of the hot-emission intensity with
increasing excitation power was observed. This indicates that the particles of
nanocrystallite BaTi@warmed up only slightly. The aggregation of grains, facilitat-
ing escape of the excess heat from the $nipvourable luminescence properties
and a weak hot emission make*Ndoped BaTi@ a promising material for use in
thin layers.

4. Conclusion

BaTiO; nanocrystals were obtained via thé-gel route. The structure and aver-
age size of BaTi@nanocrystallites were determined. The average size ranged be-
tween 30 and 60 nm, depending on the dopantentration and sintering tempera-
ture. The influence of dopant concentratmmnthe grain size and crystal structure of
BaTiO; was established. Crystallites in samples with low concentrations *fidvcs
are larger than those in highly doped samples (over 1% 87.Nkhe former ones
have the tetragonal ferroelectric crystal stnoetin contrast to the latter ones, crystal-
lizing in the cubic paraelectric phase. Maver, selecting a specific type of dopant
enables nanocrystallite powders of Ba@ith a desired crystal structure to be ob-
tained. In this way, properties of thedi product can be controlled (ferroelectric or
paraelectric state). By controlling the dopaotcentration, the sizes of nanocrystal-
lites can be minimized. The luminescence properties df Were investigated as
a function of the thermal treatment, centration and excitation power. Weak emis-
sion from the'Fs;;— ‘I, has been observed due to a slight thermal self-heating of
BaTiO; nanopowders.
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