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Abstract

Nanoparticles of rubidium-doped gadolinium titanates oxide were prepared by the sol-gel process from the titanium alcoxyde
Ti(OBu), and the two oxides Rb,COj3; and Gd,03. Thermal gravimetric (TG) and differential thermal analysis (DTA) results suggest that
thermal decomposition of the xerogel takes place when the xerogel is heated at 400 °C. X-ray powder diffraction (XRD) measurements
were carried out to study the structure evolution of the sample and to determine the crystalline phases present after heat treatment. A
well-crystallized single-phased nanopowder was obtained after calcination at 1000 °C. X-ray diffraction combined to the Raman analysis
confirmed the powder’s single-phase nature at this temperature. The Rb™ did not enter the pyrochlore crystal lattice to substitute Gd>*
or Ti*" as shown by XRD and X-ray photoelectron spectroscopy (XPS). It is probably dispersed uniformly onto gadolinium titanate
nanoparticles. Crystal structure of the non-stoichiometry pyrochlore Rb™-doped phase Gd, 4Ti,Og 7, was determined using the Rietveld
method. Conductivity analysis shows that the presence of Rb™ dopant in Gd, sTi,O¢- leads to an increase of the ionic conductivity

compared to the non-doped Gd; gTi,O¢ 7.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Sol-gel process has, in the past years, gained much
notoriety. It offers new approaches to the synthesis of
homogeneous materials with desirable properties of hard-
ness, optical transparency, chemical durability, tailored
porosity, and thermal resistance [1]. However, the char-
acteristics and properties of a particular sol-gel inorganic
network are related to a number of factors that affect the
rate of hydrolysis and condensation reactions, such as pH,
temperature and time of reaction, reagent concentrations,
catalyst nature and concentration, aging time and tem-
perature, and drying. By controlling these factors, it is
possible to vary the structure and properties of the sol-gel-
derived inorganic network over wide ranges. In comparison
with traditional method, the sol-gel method offers a better
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chemical homogeneity and low-temperature processing. It
allows also the control of the chemical pore size distribu-
tion of the nanoparticulate materials [2].

Pyrochlore oxides of general formula A,B,O; exhibit
many interesting physical properties such as ferroelectricity
and fast ionic conductivity [3]. They are of great interest to
a wide community of materials scientists not only because
of the fascinating phenomena and properties exhibited, but
also due to their potential technological applications in fuel
cells and other similar devices. Ideal pyrochlore oxides
structure (Fd3m, Z = 8), can be considered as an ordered
vacancy fluorite structure AX, (Fm3m, Z=1) [4].
Compared to the fluorite structure, two kinds of cations
are ordered into rows in (1 10) directions, resulting in the
axes of the pyrochlore unit cell being twice that of the
fluorite unit cell. The pyrochlore structure presents two
kinds of polyedra, AOg and BOg and there are two
unoccupied O-sites (8(b) site) in the BOg. Thus, there is a
possibility that the oxide ion can be transported via a
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hopping mechanism through the vacancy sites. This
property is improved when the pyrochlores show a non-
stoichiometry of the A-site, B-site or O-site [5,6].

The stoichiometric material Gd,Ti,O, which is prepared
by traditional solid-state reaction, has been proposed by
Raju et al. [7] with a refined unit-cell lattice parameter of
10.185A. Preparing sample according to this process
generally requires repeated grinding and long heating
cycles at temperatures higher than 1200°C to achieve
complete reaction. Yamaguchi et al. [8,9] reported that the
doping increases the degree of non-stoichiometry of the
Gd,Ti,07 and improved the electrical properties. Recently,
Mori et al. [4] confirmed that the standard deviation of the
lattice parameters has a tendency to decrease with
increasing Gd-site vacancies in the pyrochlore oxide
Gd,Ti,07 (@ = 10.1905(4) A).

In this work, we have prepared the rubidium-doped
gadolinium titanate compound with the aim to study the
impact of the doping rubidium on the structural properties
and conductivity. Differential thermal analysis (DTA),
thermogravimetric analysis (TG) and X-ray powder
diffraction (XRD) were performed to define the conditions
of pyrochlore formation. The presence of rubidium in the
sample is confirmed by X-ray photoelectron spectroscopy
(XPS). The structure of the rubidium-doped pyrochlore
was refined. It is quite interesting to compare the
conductivity of the rubidium-doped gadolinium titanate
to that of other members of this family.

2. Experimental procedure
2.1. Sample preparation

The rubidium-doped gadolinium titanate powder was
synthesized by a sol-gel process. This method offers an
alternative to produce nanocrystalline materials and
chemically homogeneous particles in low crystallization
and sintering temperatures. It involves the evolution of
inorganic networks through the formation of a colloidal
suspension (sol) and gelation of the sol to form a network
in a continuous liquid phase (gel) [2]. For the synthesis of
crystalline rubidium-doped gadolinium titanate pyro-
chlore, a series of reaction protocols have been investigated
by controlling many factors such as molar ratio, reaction
temperature and mutual solvent. The rubidium-doped
Gd,Ti,0O7 pyrochlore with good dispersity was successfully
obtained using the following precursors: Rb,CO3, Gd,03
and Ti(OR); at the molar ratios 0.015, 0.5 and 1,
respectively. The synthesis process was as follows: Rb,CO3
and Gd,O; were dissolved separately on a solution of
acetic acid/octanoic acid (50 vol%) and stirred for 20 min
to form transparent solutions, then Ti(OBu), was added to
the above solution containing Rb,CO; and Gd,O;. It was
shown that clear monolithic gels rather than colloidal
precipitates can be obtained when hydrolysis is performed
in the presence of acetic acid. The mixture was then stirred
and kept under reflux at 80 °C temperature for 48 h until

gelation occurred. The final product was dried at 150 °C for
12h. The crystal structure and crystallite size of the
precipitate depend on the thermal treatment temperature.
Both properties are of great importance in the behavior of
the material.

The sample was calcinated at different temperatures:
600, 800 and 1000 °C for 3 h.

For the sake of comparison, another sample was
synthesized by the same procedure but with only acetic
acid and treated at 1000°C. At this temperature, the
powder presented a mixture of Gd,Ti,O; [7] and TiO,
rutile [10] phases. No structural evolution was shown if the
sample was thermally treated at 1400 °C. Fig. 1 shows the
X-ray patterns of the two powders synthesized differently
and calcinated at 1000 °C.

2.2. Thermal measurements

To determine the thermal character and change of
chemical structure of xerogel during calcination process,
thermogravimetric analysis (TG) combined with differen-
tial thermal analysis (DTA) were performed. A TG-DTA
Setaram 92 device was used. Experiments were carried out
in air from room temperature up to 600 °C, with a heating
rate of 5°Cmin~" in a Pt crucible.

2.3. Crystallographic study

XRD was used for identification of crystalline phases by
comparison with database by EVA program. The XRD
patterns were performed on a D8 Advance Bruker
diffractometer, using a Bragg-Brentano geometry,
equipped with an energy dispersive detector. Data were
collected in the in the range of 10°<20<70° by step
scanning, using 20 increments of 0.02° and a fixed time of
3h. An additional powder X-ray diffraction data for the
powder calcinated at 1000 °C was collected at ambient
temperature in the 12—-120° 20 domain with a 0.02° step and
a 25s per step counting time.
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Fig. 1. X-ray diffraction patterns of the obtained powder calcinated 3 h at
1000 °C corresponding to xerogels synthesized with acetic acid and or
acetic/octanoic acids.
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Rietveld refinement [11] of the X-ray data was carried
out using the FullProf program [12]. The crystallite size can
also be determined from the broadening of corresponding
X-ray spectral peaks by Scherrer formula [13]: L = KA/
(B cos ), where L is the crystallite size, / is the wavelength
of the X-ray radiation (CuKa = 0.15418 nm), K is usually
taken as 0.89, and f is the line-width at half-maximum
height. This is the generally accepted method to estimate
the mean crystallite size of nanoparticles.

2.4. X-ray photoelectron spectroscopy (XPS)

The XPS spectrometer used was a XSAMS00 (KRA-
TOS) operated in the fixed analyzer transmission (FAT)
mode, with a pass energy of 20¢V, the non-monochroma-
tized AlKa X-radiation (hv = 1486.6eV) and a power of
120W (12mA x 12kV). Samples were mounted on a
double-face adhesive tape and analyzed under a typical
pressure in the range of 10~ Pa. All sample transfers were
made in air. Samples were analyzed at room temperature,
at take-off angle relative to the surface holder (TOA) of
45°, Spectra were collected and stored in 300 channels with
a step of 0.1eV, and 60s of acquisition by sweep, using a
Sun SPARC Station 4 with Vision software (KRATOS). A
Shirley background was subtracted and curve fitting for
component peaks was carried out using Gaussian and
Lorentzian products. No flood gun was used for neutraliz-
ing charge accumulation. As a reference for charge
accumulation compensation, contamination C 1s binding
energy was set to 285eV [14]. For quantification purposes,
sensitivity factors were 1.80 for Ti 2p, 0.66 for O 1s, 0.25
for C 1Is, 1.23 for Rb 3d, and 5 for Gd 3ds,.

2.5. Infrared study

The Fourier-transformed infrared (FT-IR) spectra were
recorded with an FT-IR spectrometer operated in trans-
mission mode. Prior to analysis, each sample was diluted in
IR-grade potassium bromide (5%) by weight and pressed
into self-supported discs 8 mm in diameter and approxi-
mately 100 mg in weight.

2.6. Raman measurements

The Raman spectra were recorded at room temperature
with the 647.1 nm excitation line from a Spectra Physics
krypton ion laser. The compound was studied with a very
low laser power (3 mW at the sample). Four accumulations
of few seconds have been used for each spectral range. No
damage of the material by the laser has been observed. The
beam was focused onto the samples using the macroscopic
configuration of the apparatus. The scattered light was
analyzed with a XY Raman Dilor spectrometer equipped
with an optical multichannel charge-coupled device liquid
nitrogen-cooled detector. In the 15-1000cm™" frequency
range, the spectral resolution is approximately 0.5cm™".

2.7. Conductivity measurements

Conductivity investigations were made on sample
pelletized at room temperature (diameter 5Smm, thickness
ca. 3mm), then sintered at 1000°C for 15h. Gold
electrodes were sputtered under vacuum on both flat
surfaces of pellets. The sample was placed in a conductivity
jig inside a tube furnace. The measurements were obtained
by impedance spectrometry in the frequency range
1-10° Hz, using a frequency response analyzer Schlumber-
ger 1170; for a given temperature, each set of values was
recorded after 1h stabilization time.

3. Results and discussion
3.1. Thermal analysis

In order to determine the optimum calcination tempera-
ture at which the organic template is removed and the
inorganic phase is crystallized, themogravimetric analysis
(TG) and differential thermal analysis (DTA) measure-
ments were carried out on the xerogel. Fig. 2 shows the TG
and DTA curves of the xerogel. The TG curve shows two
small weight losses at about 70 and 100 °C accompanied by
two endothermic peaks, in the DTA curve, at 72 and
110 °C which are attributed to the elimination of residual
water and the dehydration of hydroxide hydrates in the
precursors [15,16]. An endothermic peak is to be noticed at
270 °C on the DTA curve, it indicates the melting of the gel
[17]. The decomposition and decarbonization of organic
species give rise to two exothermic peaks at about 350 and
400 °C in the DTA curve with an important weight loss
below 400 °C [18]. These results suggest that the organic
template is removed from the xerogel upon calcination at
450 °C.

3.2. X-ray powder diffraction

Fig. 3 displays X-ray powder diffraction patterns of the
samples heat-treated in the temperature range 600—-1000 °C.

T T T T T T T T T T 100
01 — 76 80
— DTA
. . F60 =
X i X0 -
57 3
o - 40 f
2 L ®
L20 T
4 - |
-0
'6 T T T T T T T T T T T '20
0 100 200 300 400 500 600
Temperature/°C
Fig. 2. TG-DTA curves of xerogel synthesized with acetic/octanoic acids.
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At 600 °C, the pyrochlore accompanied with Gd,TiOs [18]
start to grow. However, as the calcination temperature
increased, the peaks got sharpened likely due to the crystal
structure formation. A mixture of Gd,Ti,O; [7] and
Gd,TiOs [19] is therefore obtained above 800°C. At
1000 °C, all diffraction peaks of the sample were indexed
as those of the cubic pyrochlore structure. At this
temperature, Gd,TiOs phase disappeared completely.

3.3. Structural characterizations

All the reflections in the diffractogram of the sample
calcinated at 1000 °C are indexed with respect to the cubic
phase of space group Fd3m. However, it was observed that
the XRD peaks of Gd,Ti,O; [7] and rubidium-doped
Gd,Ti,O7 had the same positions by and large suggesting
that Rb" did not enter Gd,Ti,O; crystal lattice to
substitute Ti*" or Gd*". The relatively huge difference
between the Rb™ (1.49 A) radius and those corresponding
to Ti*" (0.64A) and Gd** (1.19 A) rationalize that such
substitution could not occur and Rb™ cations are
thoroughly dispersed over Gd,Ti,O, particles. Applying
the Debye-Scherrer formula and the full-width at half-
maximum (FWHM) to the (222) reflection revealed an
average size of about 10nm for the rubidium-doped
Gd,Ti,O7 particles.

The Fullprof program [12] was used for the Rietveld
refinement. A pseudo-Voigt function was used to describe
the profile of Bragg peaks. The starting model of Gd,Ti,O5
used in the refinement was based on the crystal determina-
tions report in Ref. [7]. Acceptable Bragg factors and
plausible isotropic thermal displacement parameters were
obtained, when we assume that there are vacancies in the
gadolinium site. With this model, the refinement was stable
and converged smoothly. The refinement revealed that a
non-stoichiometric compound Gd; gTi,O 7 is obtained.
Oxygen vacancies are formed by charge compensation.

*

# Gd,Tiy07
« Gd,TiOg

1000°C * *

W] |

*
800°C . l ‘

600°C

Similar results are obtained by Mori et al. [20] They
confirmed that Gd,Ti,O;_s pyrochlore compounds are
synthesized if the Gd content, x, is 1.72<x<2.03.

The agreement between the observed and calculated
diffraction patterns is shown in Fig. 4. The refinement
results are summarized in Tables 1 and 2.

In the rubidium-doped Gd, gTi,Og -7 pyrochlore oxide,
the Ti*" is located at the center of corner-sharing oxygen
octahedra to form the three-dimensional Ti,O¢ network,
surrounding one-dimensional hexagonal channel along the
[111] direction. Although the Gd,O’ chains occupy these
holes, they only weakly interact with the more rigid Ti,Og
network (Fig. 5). The Ti—O distance (1.983(5) A) (Fig. 6) is

11000 ey
9000 E * Yobs E
C — Ycalc
E — Yobs-Ycalc
- 7000 r | Bragg_position 1
3 : :
S 5000 F 3
= E ]
® u ]
§ 3000 ]
£ [ ]
1000 F “ l :
L [ A PO i | Ak
r | Pttt e it e in 111
-1000 [ 4
B ! Profil difference
o f I !
-3000 * t . L L
0 20 40 60 80 100 120
26 (°)

Fig. 4. Rietveld refinement plot showing the observed and calculated
diffraction data and their difference for Gd; gTi,Og¢ 7.

Table 1
Refinement structural parameters of rubidium-doped Gd; §Ti,O¢ 7

Rb-doped GdllgTizosj

Space group Fd3m
a(A) 10.189(3)
v (A%) 1057.801(9)
V4 8

7 1.99

Ry 5.78

RBrugg 6.94

Rexp 3.83

R, 5.56

Table 2

Atomic coordinates and occupancy in the unit cell of rubidium-doped
Gd; §Ti206 7

Atom Site X y z Biso Occupancy
L L o e o B L o o o o e ARARRE
10 20 30 40 50 60 Gd 16 ¢ 0 0 0 1.153(1) 0.903(2)
26(°) Ti 16 d . ! 3 1.787(7) 1
O 438 f 0.418(1) i 3 1.546 (3) 0.910(4)
Fig. 3. X-ray powder diffraction patterns of the obtained powder o 8a 1 ! 1 1.301 (3) 1

calcinated 3 h at 600, 800 and 1000 °C.
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higher compared to the observed one in Gd,Ti,O; [7]
1.974 A. The second cation in this structure, Gd>7, is
surrounded by eight oxygen atoms in compressed scaleno-
hedral geometry with six long Gd—O and two short Gd-O’
bonds. The Gd—O distance (2.488(4) A) is lower than the
observed one in the pyrochlore Gd,Ti,O; (2.543 A) [7].
Gd** cations and O’ anions in this oxide form a three-
dimensional network constituted of tetrahedral corner
sharing. The Gd-O’ distance, 2.206(2) A, is similar to the
observed one in Gd,Ti,07 [7] (Fig. 7).

Bond lengths for rubidium-doped Gd;gTi,O¢; and
Gd,Ti,O7 [7] are given in Table 3.

3.4. XPS measurements

Fig. 8a depicts the XPS survey spectrum of the
rubidium-doped Gd; gTi,O¢ 7 prepared by sol-gel process
after calcination at 1000 °C. The XPS peaks show that the
particles contain mainly Ti, Gd, O, Rb and carbon. The C
element is ascribed to the residual carbon from precursor
solution and the adventitious hydrocarbon from the XPS
instrument itself. Its binding energy was, therefore set at
285eV and used as reference for charge accumulation
correction. The binding energies of Ti 2p3,,, Gd 4ds), O 1s,
and Rb 3ds,, so obtained were 457.8, 1186.7, 529.5 and
109.6 eV, respectively. All these values are 0.6 to 1eV lower
than the ones found in the literature for the same species—
Ti**, Gd**, O®” in TiO,, and Rb™ [21]. This is a known
phenomenon when an external reference is used, especially
if an inorganic sample is being analyzed, since an
important contact potential may exist between the inor-
ganic sample and the organic contaminant film [22].

The highly symmetric shapes of the titanium XPS lines
indicate that the titanium is present only as Ti**. In fact,
the presence of titanium with an oxidation state lower than

+4 should have been evidenced by the presence of
shoulders on the low binding energy side of the peak,
which was not observed [23]. The XPS quantification
shows that, at least at the surface, the Ti content is higher
than the Gd one. This proves the non-stoichiometry of the
gadolinium titanate pyrochlore formed.

The O 1s peaks displayed asymmetric shape with wider
left side as shown in Fig. 8b which could be fitted with two
components centered at 529.6 and 532.1eV tentatively
assigned to oxide and hydroxyl oxygen chemisorbed on the
surface of the sample, respectively [21].

1.983(5)

Fig. 6. View of TiOg trigonal antiprism in Gd,; gTi,Og 7 illustrating the
coordination around the smaller cation.

Fig. 5. Cubic pyrochlore structure viewed along the (110) axis showing Ti octahedra and the Gd cation channels.
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Fig. 7. Gd>" coordination spheres in Gd; gTi,0g 7.

Table 3
Interatomic distances (A) for Gd,Ti,O5 and rubidium-doped Gd; §Ti,O¢ 7
pyrochlores

GdzTi207 [7] Rb-doped Gdl_gTizoéj
Gd-O0 =2.543 Gd-O = 2.485(5)
Gd-O' =2.205 Gd-O' = 2.206(2)
Ti-O =1.974 Ti-O = 1.983(5)

The Rb 3d region is composed of a single doublet (3ds)»
and 3d;;) with a 1.5eV split denoting the existence of a
single rubidium species (Fig. 8c).

3.5. FT-IR spectroscopic investigations

The IR transmittance spectrum of the dried xerogel at
150°C (Fig. 9) shows a broad band between 3400 and
3700cm~' which is associated with the fundamental
valence vibrations of the hydroxyl groups within the
titanols or water. This band is, in general, the result of
the following superimposed valence modes: (a) free TiO-H
at the surface of the titania gel at 3700 cm™'; (b) hydrogen
bonded surface and internal TiO-H at 3550cm™'; and (c)
absorbed water at 3500-3400 cm ™' valence band [24]. Fig.
9 exhibits sharp bands around 2900 cm ™' corresponding to
the stretching vibrations of the aliphatic CH, groups [2].
The presence of two bands at 1580 and 1450 cm ™" is due to
Vasym (COO) and vy, (COO) [24,25]. The sharp band
around 1400cm~! is characteristic to the bending vibra-
tions of the CHj3 groups [24]. The characteristic bands of &
CO are observed at 1100 and 900cm~"'. The absorption
band at 1030cm ™' is associated with the bending of the

C-O-Ti linkage [11]. In addition, we observe a peak
around 780cm~' which is attributed to the C=O
vibrations. The Ti—O stretching in this sample appears at
570 cm™" [26].

The IR spectra of the investigated rubidium-doped
Gd, 3Ti,O; pyrochlore calcinated at 1000 °C recorded in
the range 400-4000cm ™' is shown in Fig. 9. There are
seven IR-active optic modes in the range 750-50cm™"
originating from stretching and bending metal-oxygen
bonds in the IR spectra of the pyrochlore oxides with a
formula A;B,O; [27]. Subramanian et al. [3] have
attributed the band around 600 cm™" (v;) to B-O stretching
vibrations in the BOg octahedron and that around
500cm™" (v,) to the A—O’ stretching vibrations. One broad
band at 600cm™" ascribable to Ti-O stretching vibration
was obviously observed. The band at 520 cm ™" is just in the
region of A-QO’ stretching vibration frequency in the
tetrahedron of pyrochlore. Hence, it will be reasonable to
assign the band to the Gd—O’ stretching vibrations. This is
because the stretching vibration frequency (v) of the bond
relates to the reduced mass of the bound atoms [28]. The
lower the stretching vibration frequency of the bond, the
higher the mass of the bound atoms. The absorption
characteristic of vO-H stretching has vanished, due to the
water evaporation from the surface of the powder. The
sample is deprived of all organic substances contained in
the xerogel.

3.6. Raman spectroscopy analysis

Raman spectra of rubidium-doped Gd; gTi,O¢ 7 calci-
nated at 1000 °C is plotted in Fig. 10. Broad peaks are
observed. This is probably related to the small size of nano-
rubidium-doped Gd; gTi,Og 7 grains in this phase. Similar
result is obtained by X-ray diffraction patterns.

The lowest frequency lines, 100 and 210cm™' are
undoubtedly assigned to the F,, mode [29]. The strongest
band centered at 310cm™' is attributed to O-Gd-O
bending mode and, in fact, it consists of two modes (E,,
F»,) with very similar frequencies. The band at 450 cm™!
was assigned to the Ti—O stretching vibration. Another
intense band observed at about 520cm™' is A, and
attributed to Gd—-O stretching [30]. Two very weak bands
are also observed at 570 and 690 cm™". There are no bands
assigned to the presence of Gd,TiOs. The Raman results
confirmed the powder’s single-phase nature observed by
XRD even when treated at 1000 °C.

It would be more interesting to notice a decrease in the
bands frequencies of the rubidium-doped Gd; gTi,Og4 7 at
ca. 100, 210, 520 and 690cm™! compared to those of
Gd,Ti,07_s [4] and Gd,Ti,O5 [31] which is probably due
to the effect of rubidium dopant.

3.7. Ionic conductivity

Temperature dependences of the conductivity in the
rubidium-doped Gd, gTi,O¢ 7 pyrochlore is studied in the
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Fig. 8. XPS survey of rubidium-doped Gd; gTi,Og 7 pyrochlore calcinated at 1000 °C (a), of O s (b) and Rb 3d (c) on the surface of powder prepared
using a sol-gel process.
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calcinated 3 h at 1000 °C.
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temperature range 495-855°C. In Fig. 11, the Arrhenius
plOtS of the rubidium—doped Gd]AgTi206‘7 and GdligTi206A7
are superimposed. From the graph, it is clear that the
conductivity of these samples increased with increasing
temperature. It should be due to thermally activated
hopping conduction of the oxide-ion in this compound.
Conductivity should be represented by the function
6T = exp(—E/kgT), where o is the conductivity, T is the
absolute temperature, E is the activation energy for
electrical conduction and kg is the Boltzmann constant.
The activation energy for migration is defined as the
difference between the energy of the system when the

migrating oxygen ion is at the saddle point and the energy
of the oxygen vacancy at equilibrium. It is obtained from
the experimental points, fitted by least squares to the
equation log(¢T) = logog—E/kgT. Conductivity plot of
Rb-doped Gd, gTi,O47 shows an onset at 800 °C with a
change in activation energy from 0.33 to 1.08eV, corre-
sponding to the formation of a new high-temperature
phase. This lattice value is slightly higher than the observed
ones in Gd, Ti,O;_, (0.93¢eV) [4].

The increase in temperature causes probably disordering
of the structural vacancies which in turn increases the ionic
conductivity [32]. Oxygen ion conduction in this family of
compounds proceeds via an oxygen vacancy mechanism
[33], which consists of sequential jumps of oxygen ions into
vacant sites. The high-temperature phase shows high
oxygen conductivity at relatively low temperature. Its
value reaches 1.94 x 107> Scem ™! at 855 °C, which is higher,
compared with the observed one in Gd;gTi,Og~
(6 =8.76x107°Scm™") at the same temperature. The
increase of conductivity in the Rb-doped Gd,; 3Ti,O7 can
be due to a possible improvement of the surface
conductivity and to the quality of the inter-granular
contact points.

4. Conclusion

In this paper we report the synthesis method of
rubidium-doped gadolinium titanates nanoparticles based
on a sol-gel process. DTA and TG results show that
decomposition and carbonization of organic substances
take place when the xerogel is heated at 400 °C. A well-
crystallized single-phased nanopowder was obtained after
calcination at 1000 °C. X-ray powder diffraction combined
to the Raman analysis confirmed the powder’s single-phase
nature at this temperature. XRD combined with XPS
showed that Rb did not enter pyrochlore crystal lattice to
substitute Gd*>* or Ti*". It is probably dispersed
uniformly onto gadolinium titanate nanoparticles. The
synthesis with the presence of rubidium leads to a non-
stoichiometry pyrochlore-doped phase Gd,; gTi,0g4 7. Con-
ductivity analysis shows that the presence of Rb dopant in
Gd, 3Ti,O¢ 7 leads to an increase of the ionic conductivity
at 855 °C compared to the non-doped Gd; 3Ti,Og 7.
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