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Summary: LaNiO3 nanopowders are synthesized by sol–gel and sol-gel combustion methods using 

citric acid, ascorbic acid and sucrose as chelating agents, and ethanol and water as solvents. The 

precursor thermal decomposition towards the final solid was analyzed by X-ray diffraction, differential 

thermal analysis and thermogravimetric techniques which were also used to provide the adequate 

temperature of calcination (800°C) for achievement of the final perovskite. After calcination, the 

nanocomposites were characterized by powder size distribution, Fourier transform infrared 

spectroscopy and X-ray diffraction.  
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Introduction 
 

Materials with composition ABO3 with rare 

earth elements and 3d transition metals in the positions A 

and B, respectively, are critical perovskite mixed oxides 

which exhibit impressive catalytic, magnetic, optical and 

electrical properties [1-4]. Lanthanum Nickel oxide in 

the form perovskite (LaNiO3) is among most interesting 

perovskite mixed oxides as it can be used as an electrode 

material for conversion and storage [7-11], it is active for 

redox reactions containing CO, NO or soot [12, 13], or 

as a catalyst for the combustion of volatile organic 
compounds [14-15], as a consequence of its electronic 

and catalytic properties. The method of preparation 

frequently has an effect on the chemical and physical 

properties of a material and which affect its potential 

application. For the synthesis of LaNiO3 with various 

characteristics, different preparative procedures were 

used. Ceramic process, molten salt method, co-

precipitation method, hydrothermal method and the sol-

gel technique have been employed in this sense [4]. The 

sol-gel preparation method has many advantages, such as 

better control of the structure, including porosity and 

particle size, high purity, no need for special or expensive 
equipment, better homogeneity and less energy 

consumption. In this work, the sol-gel method was 

chosen to synthesize and examine different preparation 

parameters (type of solvent or complexing agents as well 

as reaction temperature) which can affect the properties 

of LaNiO3. In this regard, in order to prepare different 

LaNiO3 catalysts, the Pechini approach was utilized as a 

sol-gel route while sol-gel combustion using citric acid, 

ascorbic acid and sucrose as chelating agents, and 

methanol, ethanol and water as solvents were explored.  
 

 

Experimental 
 

Preparation 
 

Preparation of the oxides LaNiO3 by sol-gel using 

distilled water and ethanol as solvents  
 

LaNiO3 was prepared by the sol-gel method 

using the Pechini approach where citrate was used as 

complexing agent [16]. La (NO3)3.6H2O (Sigma 

Aldrich), Ni (NO3)3.6H2O (Sigma Aldrich), Ethanol 

(99%, Fluka), distilled water (H2O) and citric acid 
monohydrate (Sigma Aldrich) were used as reagents. 

The solutions of citric acid and metal nitrates with water 

and ethanol were made independently and later mixed 

together and stirred for 5 h. The ethanol was slowly 

evaporated at 80ºC and so the solution was concentrated 

to obtain a gel which was later dried at 100oC in an oven 

whose temperature was slowly raised. Then, a solid 

amorphous citrate precursor was obtained by keeping the 

temperature constant overnight. The citrate precursor 

was calcined at 800oC for 5 h in air [17, 18]. The 

calcination temperature was determined by precursor 
decomposition analysis under air, as exposed below.  

 

Preparation of the oxides LaNiO3 by sol-gel employing 

citric acid, ascorbic acid and sucrose as complexing 

agents. 

 

LaNiO3 was prepared using the Pechini 

approach where citrate was used as complexing agent 

[16]. La (NO3)3.6H2O (Sigma Aldrich), Ni (NO3)3.6H2O 

(Sigma Aldrich), distilled water (H2O) and citric acid 
monohydrate (Sigma Aldrich), ascorbic acid (Fluka) and 

sucrose (Fluka) were used as reagents. The solutions of 
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complexing agent and metal nitrates with water and 

methanol were made independently and later mixed 

together and stirred for 5 h. The methanol was slowly 

evaporated at 80ºC and so the solution was concentrated 

to obtain a gel which was later dried at 100 oC in an oven 
whose temperature was slowly raised. This produced a 

solid amorphous citrate precursor upon keeping the 

temperature constant overnight. The citrate precursor 

was calcined at 800oC for 5 h in air [17, 18]. The 

calcination temperature was determined by precursor 

decomposition analysis under air, as shown below.  
 

Preparation of the oxides LaNiO3 by sol-gel combustion 
 

LaNiO3 was prepared using the sol-gel 

combustion method with citrate as the complexing agent 

[16]. La (NO3)3.6H2O (Sigma Aldrich), Ni (NO3)3.6H2O 

(Sigma Aldrich), distilled water (H2O) and citric acid 

monohydrate (Sigma Aldrich) were used as reagents. 

The solutions of complexing agent and metal nitrates 
with water and methanol were made independently and 

later mixed together and stirred for 1 h. The methanol 

was slowly evaporated at 80ºC and so the solution was 

concentrated to obtain a gel which was later heated at 

250oC, at which all precursors were combusted and 

finally the temperature was decreased to room 

temperature. The precursor was calcined at 800oC for 5 h 

in air [17, 18]. The calcination temperature was 

determined by precursor decomposition analysis under 

air, as examined below.  
 

Characterization 
 

X-ray diffraction 
 

XRD Patterns were collected on a Bruker AXS 

D8- advance diffractometer employing Cu Kα radiation. 
In all diffractograms, a step size of 0.02o (2θ) was used 

with a data collection time of 15 s. Data were collected 

between 2θ values of geometry. Identification of 

crystalline phases was carried out between 10 and 80° 

using standard θ/2  configuration and by comparison with 

JCPDS standards. The unit cell parameters were obtained 

by fitting the peak position of the XRD pattern using the 

Match and X’pert Highscore programs. 
 

Infrared spectroscopy 
 

Fourier transform spectrometer (FTIR) 

(Shimadzu 8400S) was used to obtain infrared 

transmission spectra which were recorded in the 400-
4000 cm-1 range. A granular technique was used with 1 

mg of sample added to 200 mg of KBr. 
 

Thermal characterizations (TGA) of precursors 
 

Thermogravimetric analysis (TGA) of the 

precursor decomposition was performed on a Perkin-

Elmer TGA7 device, respectively, from 20 to 900 ºC at a 

heating rate of 10 oC min-1. This analysis aims to 

determine the temperature of decomposition of the 
precursors under atmospheric air (after the drying step of 

the preparation at 100 oC) in order to decide about 

calcination conditions required to achieve the desired 

oxide material. 
 

Powder size distribution (PSD) 
 

With the aim of determining the effect of the 

type of complexing agent or solvent employed as well as 

the synthesis method on the particle size, the distribution 
of the grain size of the samples was analyzed by laser 

granulometry. The obtained powder after the calcination 

was dissolved in deionized water using magnetic stirrer 

combined with ultrasound for 15 minutes prior to the 

analysis. Then the powder size distribution was 

performed by using a laser particle size analyzer 

(Mastersizer 2000, Malvern). 
 

Results and Discussion 
 

XRD Patterns obtained for the compounds 

under study are shown in the following Figs: 

 

 

 
(a) 
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(b) 

 
(c) 

 
(d) 

 

Fig. 1: XRD patterns of LaNiO3 prepared by sol-gel and calcined at 800 oC using different solvent or 

complexing agent: a) sample S1, Water and citric acid, Peaks marked with * correspond to NiO, b) 

sample S2, ethanol and citric acid, c) sample S3, sucrose and water d) sample S4, ascorbic acid and 

water. 
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The observed values of the 2θ with JCPDS 

standards (00-033-0711) for this type of compound 

(based on X'pert highscore software) demonstrate the 

presence of the perovskite phase LaNiO3 in all cases 

(S1, S2, S3, S4), identified as the perovskite-type 
phase with rhombohedral symmetry, space group 

R3m [19, 20, 21]. Additional peaks were shown in the 

diffractogram of the sample S1 (LaNiO3 prepared by 

water and citric acid), the most intense ones appearing 

at 2~ 37.2, 43.3 and 62.80 which correspond to cubic 

NiO (00-047-1049) [19, 22]. 

 

XRD patterns of LaNiO3 prepared by sol-gel 

combustion using water and citric acid, before and 

after calcination are shown in the following Figs: 

 

As shown in Fig. 2, LaNiO3 prepared by sol-gel 

combustion requires calcination at 800 °C for 5 hours 

with a rate of 5°C.min-1 in order to form the perovskite 

phase of rhombohedral symmetry and space group of 

R3m. The observed peaks are consistent with JCPDS 
standard for this type of compound (based on X'pert 

highscore software) and demonstrate the presence of a 

single phase which is the perovskite LaNiO3 [23, 24]. 

 

Infrared spectra of the samples prepared with 

various complexing agents and different methods of 

synthesis after calcination are almost identical. Fig 3 

shows a characteristic infrared spectrum for the 

sample prepared by sol-gel using water and citric acid 

after calcination at 800 °C. 

 

 
(a) 

 
(b) 

 
Fig. 2: XRD patterns of LaNiO3 (S5) prepared by sol-gel combustion using Citric acid and water a) before (precursor after 

the combustion reaction) and b) after calcination at 800 oC (sample S5). 
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Fig. 3: Infrared spectrum (400-600 cm-1 region) of LaNiO3 prepared by sol-gel using water and citric acid 

after calcination at 800 oC. 

 

The infrared spectra of these five samples 

after calcination at 800°C showed strong and well-

defined absorption bands, typical of perovskite oxides 

[25]. Typically, the M-O (M = Ni) vibrations of 
octahedral MO6 units dominated the spectra. Thus, the 

infrared spectra showed a band at about 420 cm-1 

attributed to vibrations of the Ni-O bond in the 

perovskite LaNiO3 and in contrast to the infrared 

spectra observed before calcination [26]. 

 

TGA results for the xerogel precursors (after 

the drying step) are displayed in Fig 4: 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

 

Fig. 4: TGA curves during heating under air of the 

LaNiO3 precursors (after the drying step) 

prepared by sol-gel using: a) S1, water and 

citric acid, b) S2, ethanol and citric acid, c) 

S3, sucrose and water d) S4, ascorbic acid 

and water. 
 

When examining the TGA curves for the four 

samples (S1, S2, S3, and S4) during heating under air, 

they can be divided into three decomposition 

processes: The first region, which extends from 25 up 

to about 200 °C, exhibits a similar weight loss for 

three of the samples (S1, S2, and S3) ranging between 

85 and 95 % In contrast, the weight loss for the fourth 

sample, S4, was only 5% in that region, which 

indicates the desorption of adsorbed or hydration 

water that may remain in the precursors and the 
sudden charring of citric acid, ascorbic, and sucrose 

polymer [23, 27, 16, 28]. In the second region, up to 

400 °C, weight loss changes between 1 and 30 % 

correspond to the slow combustion of carbon and the 

oxidative decomposition of citrates complexing the 

metals in the precursors [29, 31]. The third and final 

region, in which all organic complexes are eliminated, 

begins differently for each sample, with weight loss 

ranging from 3% to 30% [30]. Changes can occur in 

the crystal structure in this region, which we call 

allotropic variables, not necessarily accompanied by 

weight loss. The results of the thermal analysis show 
that the weight loss may reach 98 %, and this may be 

due to the fact that the method of synthesis includes 

organic compounds with a considerable weight and 

which, according to this analysis, are only completely 

removed at relatively high temperatures, which is 

considered one of the defects in the field. 

 

The analysis of the distribution of the grain 

size of the samples was employed in order to show the 

influence of the complexing agent, solvents and the 

synthetic methods employed on the particle size by 
laser granulometry. The results are displayed in Fig 5:

 

  

 
(a) 

 
(b) 
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(c) 
 

 
(d) 
 

 
(e) 

 
(f) 

 

Fig. 5: Particle size distribution of LaNiO3 prepared by sol-gel (samples calcined at 800 oC) using:  a) S1, water 

and citric acid, b) S2, ethanol and citric acid, c) S3, sucrose and water and d) S4, ascorbic acid and 

water. Sample S5 prepared by sol-gel combustion using citric acid and water e) before and f) after 

calcination at 800 oC. 
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Table-1: Particle size of the samples prepared by different complexing agent, solvents and the synthetic methods. 
sample S.M C.A S particle size (μm) volume % 

S1 S.G ci.a w 12.5 - - 15 - - 

S2 S.G ci.a eth 0.159 - - 25 - - 

S3 S.G suc w 0.159 0.58 - 26 6 - 

S4 S.G as.a w 0.159 2.244 - 19 4 - 

S5 

before cal 
S.G.C ci.a w 0.159 0.630 1.589 25 2.27 2.16 

S5 

after cal 
S.G.C ci.a w 0.112 7.096 - 1.6 5 - 

 

Unimodal particle size distribution of 

samples S1 and S2 is observed, in which the peak is 

centered at 30 microns and 159 nm with volume 

distribution of 15 and 25 %, respectively. As for the 

other samples, we note the presence of bimodal 

particle size distribution. Thus, for sample S3, the first 
mode consists of a peak centered at 0.159 microns 

with volume distribution is 26%, and is followed by a 

second mode with 6% of the distribution whose mean 

particle diameter is 0.580 microns. Concerning 

sample S4, the first mode is centered at 0.159 microns 

with volume distribution of 19%, and is followed by 

the second mode with 4% of the distribution whose 

mean particle diameter is 2.244 microns. Sample S5 

(before calcination)exhibits three modes of particle 

distribution, the first of which has a peak centered at 

0.159 microns whose volume distribution is 25%, 
followed by a second mode of 2.27 percent of the 

distribution with a particle diameter of 0.630 microns, 

and a third mode at 1.589 microns and V= 2.16 %. 

Finally, sample S5 (after calcination) has two modes 

of particle distribution, the first mode of which is 

related to a peak centered at 0.112 microns whose 

volume distribution is 1.6%, and is followed by a 

second mode with 5% of the distribution whose 

particle diameter is 7.096 microns. 

 

The following Table 1 represents the particle 

size of the samples prepared by different complexing 
agent, solvents or synthetic method: 

 
 

S.M: synthesis method, S.G: sol gel, S.G.C: sol gel 

combustion; C.A: complexing agent, ci.a: citric acid; 

suc: sucrose; as.a: ascorbic acid; S: solvent, w: water, 

eth: ethanol. 

 

It is noted that the particle size of the sample 
prepared by citric acid with ethanol as solvent (0.159 

μm) is similar than that prepared by using sucrose or 

ascorbic acid as complexing agents while the particle 

size of LaNiO3 prepared by sol-gel combustion (after 

calcination) is lower than that synthesized by citric 

acid in water (12.5 μm).  

 

The most homogeneous distribution is that of 

the sample prepared by citric acid in ethanol, in which 

unimodal distribution is detected with mean diameter 

of 159 nm. Not to mention the effect of dispersant and 

the effect of crushing, a reltively small particle size is 

obtained upon using the sol-gel method (after 

calcination) and in any case the best homogeneity is 

that of sample prepared by sol-gel method (citric acid 
- ethanol) for which 159 nm size is detected [32]. 

 

Conclusions 

 

In this work we have synthesized the 

perovskite LaNiO3 using two methods: sol-gel and 

sol-gel combustion with two solvents (ethanol and 

water), and different complexing agents. 

Physicochemical characterization of the system 

LaNiO3 have brought us to the following conclusions: 

 
1. The study by X-ray diffraction, has allowed us to 

identify the phase of LaNiO3 system at the 

selected temperature of calcination (800 oC). In 

turn, it evidences that the oxides have a perovskite 

structure with rhombohedral symmetry and space 

group R3m. 

2. The analysis by laser particle size has allowed us 

to follow the evolution of the particle size of the 

oxide LaNiO3 which exhibits different 

distribution as a function of preparation 

parameters employed in each case. 

3. Thermogravimetric analysis (TGA) allowed us to 
identify different transformations that take place 

during the thermal treatment of the precursors 

under air and the corresponding calcination 

temperatures required to convert the hydroxide 

form of the various metals to the oxide form, 

which starts from 500 ° C as well as it allowed 

determining the stability range of the pure 

perovskite phase in the temperature range studied. 

4. Infrared spectra (IR) of the oxide LaNiO3 show 

that the bands related to the hydroxide group and 

water and (C=O) have disappeared completely 
after calcination at 800 oC. The intense band 

observed at 420 cm-1 corresponds to the stretching 

vibration which indicates the formation of the Ni-

O band in all samples and evidences that the oxide 

LaNiO3 becomes developed in both solvents 

(ethanol-water) and upon use of different agents 

of complexation or synthesis method. 
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