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Abstract Lanthanum lithium titanate, belonging to

the solid solution La0.66Li0.33TiO3, was prepared by

sol–gel method from LiNO3, La(NO3)3�6H2O and

Ti(OC4H9)4 in ideal cation stoichiometry for La0.66-

Li0.33TiO3. The synthesized product was characterized

by X-ray powder diffractometry (XRD) and thermal

analyses (DTA-TG). Electron microscopy investiga-

tions (SEM and TEM) was used to evaluate the mor-

phology of synthesized La0.66Li0.33TiO3.

The bulk quantities of nano-sized particles of lay-

ered La0.66Li0.33TiO3 have been obtained at 1,000�C

using the modified sol–gel method. The mean diameter

of La0.66Li0.33TiO3 nano-crystals was about 123 nm.

Introduction

Ionic conducting solid materials have received con-

siderable attention in the last few years due to their

potential utility in several solid state devices: electro-

chemical sensors, secondary (rechargeable) batteries,

electrochromic displays etc.

The studies of solid electrolytes with lithium ionic

conductivity have been of much interest because of

potential applications in battery systems. Oxides like

La1–xLixTiO3 present a perovskite—type structure

(ABO3) with cation deficiency at the A-sites. It has been

shown that this deficiency is favorable for high ionic

mobility of monovalent cations through the bottleneck

formed by four adjacent BO6 octahedra. Since the

A- and B- sites in this structure can tolerate different

ions with different valence states, several studies have

been reported on the influence on the ionic conductivity

of the A-site substitution in Ln0.5Li0.5TiO3 (Ln = La, Pr,

Nd, Sm) and B-site substitution in Ln1/3LixNb1–xTixO3

(Ln = La, Nd). Moreover and since these compounds

present some vacancies in their structure, intercalation

of lithium ions can be considered [1–9].

The La1–xLixTiO3 powders have been previously

synthesized by solid-state reactive firing of reagent

grade starting materials like La2O3 and TiO2 and

Li2CO3 mixed in appropriate amounts. The formation

of La1–xLixTiO3 phase necessitated to repeat the

thermal treatment at 800�C for 4 h, 1,150�C for 28 h

and 1,250�C for 12 h; after that the thermal treatment

powders were sintered at 1,350�C for 6 h [10, 11].

Research works in this area have focused the attention

on new synthesis route for low-temperature crystal-

lized oxides, which showed some promise in improving

the cycle life of rechargeable lithium batteries. Several

wet-chemical methods have been used to obtain solid

solution with better homogeneity and control of stoi-

chiometry by several other researchers. Among these,

coprecipitation and sol–gel are the most widely inves-

tigated for ceramic powder preparations. The powders

obtained from the coprecipitation technique are highly

agglomerated in nature and further ball milling is

necessary to obtain fine powders with small particle

size. The success of sol–gel process in the synthesis of

ceramic powders is due, in particular, to the possibility
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of working at low temperature and attaining good

homogeneity in the solution phase. This method for the

synthesis of inorganic materials has a number of

advantages over more conventional synthetic proce-

dures. For examples, high purity materials can be ob-

tained by mixing precursor solutions [12–17].

In this paper we present the results obtained on the

powder X-ray diffraction (XRD), thermal analysis

(TG-DTA) and electron microscopy (SEM and TEM)

studies of lanthanum lithium titanate La0.66Li0.33TiO3

synthesized by the modified sol–gel method.

Experimental

Figure 1 shows a flowchart of the synthesis procedure

for lanthanum lithium titanate powders by the sol–gel

method. Lanthanum lithium titanate powders was

synthesized by the modified sol–gel method from

LiNO3, La(NO3)3�6H2O and titanium butoxide

Ti(OC4H9)4 (Merck reagents with purities > 99%) in

ideal cation stoichiometry for La0.66Li0.33TiO3. The

method is based on condensation polymerization

between ethylene glycol (HOCH2CH2OH) and citric

acid (HOH)(CO2H)(CH2CO2H)2 in presence of solu-

ble metal–citrate complexes. The precursor samples

were heat-treated between 600 and 1,100 �C during

2 h. The molar ratio of the metals was determined by

inductive coupled plasma—mass spectrometry using an

ICP-MS Agilent 7500a device [18].

The synthesized product was characterized by X-ray

powder diffractometry (XRD) and thermal analyses

(DTA-TG). Electron microscopy experiments (SEM

and HRTEM) was used to evaluate the morphology of

synthesized La0.66Li0.33TiO3.

Simultaneous differential thermal analysis (DTA)

and thermogravimetric analysis (TGA) experiments of

the polymerized complex gel precursor of La0.66Li0.33-

TiO3 were made using a Shimadzu DTG-TA-51H de-

vice. The synthesized powders were characterized by

XRD. X-ray diffraction experiments were performed

on a Shimadzu 6,000 automatic diffractometer equip-

ped with a graphite monochromator and CuKa radia-

tion (k = 1.5406Å, the scanning region 2h was equal to

20–80�). Microstructural investigation of synthesized

powders was performed using scanning electron

Metal-citrate acid complexes

Polymerized complex gel  

Drying at 110°C

Thermal treatment at  
600-1100°C, 2h 

La0.66Li 0.33TiO3

Condensing at 120°C to promote 
polyesterification

(HOH)CO2H(CH2CO2H)2

HOCH2CH2OHTi(OC4H9)4

Mixing and stirring at 20°C

La(NO3)3.6H2O

Li(NO3)3

Mixing and stirring at 60°C

Powder precursor

Fig. 1 Synthetic procedure of
La0.66Li0.33TiO3 powder
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microscopy (SEM) with Jeol JMS 5,800 L electron

microscope. The samples were coated with gold and

examined in the as-fired condition, i.e., without pol-

ishing. High-resolution transmission electron micros-

copy (HRTEM) was used to evaluate the purity and

the phase composition of La0.66Li0.33TiO3. The bright

field—transmission electron microscopy (BF-TEM)

investigations was made with Philips CM 120 ST

microscope operating at 100 kV and magnification

maxim 1,200,000·. The resolution obtained in our cases

was about 2Å. Lattice plane images give information

about crystal structure and selected area electron dif-

fraction (SAED) images help us to identify the phase.

Also the crystals size distribution was studied.

Results and discussions

ICP chemical analysis showed that the cations’ molar

ratio corresponds to the formula La0.66Li0.33TiO3. We

have estimated the oxygen content by balancing the

electroneutrality of the solid. Figure 2 shows the DTA-

TG curves, which display the formation temperature of

the La0.66Li0.33TiO3 obtained by the modified sol–gel

method. An endothermic peak appears on DTA curve

at 99 �C corresponding to water adsorbed in the pores

and exothermic peaks (301, 332, 345, 423, 464, 551 and

608 �C) corresponding to the combustion of the acid

metal–citric complex. It appeared that the mix citric

acid + ethylene glycol act as a complexing agent in the

pyrolysis of the gel precursor, accelerating the

decomposition of metal–citric acid complexes and the

formation of La0.66Li0.33TiO3 oxide.

The X-ray diffraction patterns of nanocrystalline

La0.66Li0.33TiO3 powders obtained by the modified

sol–gel method was recorded. The X-ray patterns for

the precursor and the samples treated below 750 �C

Fig. 4 SEM micrograph of La0.66Li0.33TiO3 powders synthesized
by thermal treatment at 1,000 �C for 2 h
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Fig. 2 DTA-TG curves of
La0.66Li0.33TiO3 powder
precursor

Fig. 3 XRD patterns of La0.66Li0.33TiO3 powders obtained by
the sol–gel method
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were primarily those of amorphous solids, indicating

that the precursor sample was not crystallized at low

temperatures. The presence of both La0.66Li0.33TiO3

and amorphous phases in obtained sample heat-trea-

ted at 800 �C was detected. All XRD reflections of

the obtained sample heat-treated above 900 �C

exhibited a single phase of La0.66Li0.33TiO3. The most

significant X-ray pattern indicates that the crystalli-

zation of the La0.66Li0.33TiO3 phase is complete at

1,000 �C. Figure 3 shows the XRD pattern of syn-

thesized La0.66Li0.33TiO3 after thermal treatment for

2 h at 1,000 �C. The X-ray diffraction patterns were

indexed in a tetragonal cell with a = b = 3.87Å
´

and

c = 7.74 Å
´

.

Surface morphology and texture as well as particles

size of the synthesized La0.66Li0.33TiO3 were observed

by SEM and TEM investigations. In the Fig. 4 are

presented the SEM imagines for of the synthesized

La0.66Li0.33TiO3 and in the Fig. 5 are presented the

micrograph obtained by bright field—transmission

electron microscopy investigations (BF-TEM).

The TEM samples are deposited on 300 mesh grid

formvar coated from 10 wt% nanoparticles in ethanol.

BF-TEM reveal a large agglomerate of nanoparticles

with dimensions below 1 lm. The particle diameter is

evaluated by mean value of the distances between pairs

of parallel tangents to the projected outline of the

particle (Feret’s diameter) and mean diameter is cal-

culated assuming a lognormal distribution of experi-

mental data.

Diameters distribution and fitting curve assume a

lognormal distribution for diameter dispersion (Fig. 6).

The lognormal function used for fit the experimental

curves is given by (1):

y ¼ Ae�
ln2 x=xCð Þ

2w2 ð1Þ

where A is an arbitrary constant related to particle

number, xc represent the distribution maximum and w

is strong correlated with particle diameter dispersion.

Fig. 5 BF-TEM micrograph
of La0.66Li0.33TiO3 powders
synthesized by thermal
treatment at 1,000 �C for 2 h

Fig. 6 Diameters distribution and fitting curve assuming a
lognormal distribution Fig. 7 SAED image of La0.66Li0.33TiO3 powder
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Using Scherer relation we can estimate the mean

diameter. The relation (2):

D ¼ 57:3 � k � k
b � cos h

ð2Þ

implies the use of k shape factor of particles, b half

intensity width and h Bragg angle for selected ring.

The HRTEM investigation of obtained particles

shows that the single crystal structure of La0.66Li0.33-

TiO3 is tetragonal with a = 0.387 nm and c = 0.775 nm.

The phases that are present in La0.66Li0.33TiO3

powder are identified with selected area electron dif-

fraction (SAED) as shown in Fig. 7. This figure shows

the SAED image of La0.66Li0.33TiO3 powder that

shows presence of large crystal (bright spot on dif-

fraction rings). In the Fig. 8 are presented SAED

patterns of tetragonal single crystal orientated along

[001] axis. Rigth insert represent FFT amplitude of

selected area from image and down filtered image

using a blob filter that keep only spot from FFT image.

Conclusions

The La0.66Li0.33TiO3 powders in the sample prepared

by sol–gel method are formed at a lower temperature

than the temperature needed to obtain this solid

solution by the conventional solid-state reaction. The

early formation of the La0.66Li0.33TiO3 starts at 700 �C;

the sol–gel method appeared to be more suitable due

to the mixing of elements at molecular level during the

synthesis. Crystallization of the La0.66Li0.33TiO3 phase

began at temperature below 800 �C and becomes

complete at 1,000 �C.

The optimum heating temperature for synthesized

La0.66Li0.33TiO3 by modified sol–gel method is

1,000 �C. The La0.66Li0.33TiO3 nano-crystals with mean

diameter of about 123 nm were obtained by modified

sol–gel method.
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