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Abstract 
 The nanocrystalline LaCoO3 catalysts were synthesized by low temperature 

combustion method using different compositions of oxidants. The samples were characterized 

using powder X-ray diffraction (XRD), scanning electron microscope (SEM) and 

transmission electron microscope (TEM). X-Ray diffraction (XRD) results showed that the 

crystalline samples contain the peaks corresponding to LaCoO3 pervoskites. Transmission 

electron microscopy (TEM) images confirmed the nanocrystalline nature of catalyst. The 

crystalline particles had an average particle size of 11-20 nm at the calcination temperature 

500°C.The photocatalytic activity of catalysts was investigated for photodegradation of 

Indigo Carmine dye under the irradiation of UV-light. The experiments were carried out to 

investigate the factors influencing the photocatalytic degradation, such as the catalyst 

dosage, initial concentration of dye solution, pH. The experimental results showed that 

crystallite size and surface area are the important parameters for controlling the degradation 

of dye. The photodegradation of dye was favored by pH 6 at the catalyst dosage of 50 mg/L   

and dye concentration of 60 mg/L.   
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1.1 Introduction 
 

Transition metal oxides with perovskite structure (ABO3) have attracted considerable 

interest for many years in the field of material science and heterogeneous catalysis [1]. The 

perovskite-type oxides are non-toxic, easily handled and mild oxidizing catalysts. Despite of 

several advantages over traditional catalysts, they have been less explored in organic 

synthesis. The catalytic applications of perovskite-type oxides include hydrogenation, partial 

and complete oxidation of lower hydrocarbons, volatile organic compound abatement, NO 

reduction, fuel cells, benzylation and esterification [2, 3]. A large variety of transition or non-

transition metal ions can be introduced in the perovskite structure to improve its properties. 

Lanthanum cobaltite (LaCoO3) based materials exhibit interesting electrical and 

electrocatalytic properties, combined with very high electronic conductivity and good ionic 

conductivity [4]. In order to achieve the good performance and the functional properties 

required, dense materials with well defined microstructure are desirable. It is important to 

prepare high-quality nanocrystalline LaCoO3 based materials with controlled stoichiometry 

and microstructure. Therefore, attempts have been made by many researchers to synthesize 

nanocrystalline LaCoO3 powders and thin films. 
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For obtaining the pure phases, developments in method of synthesis have been applied to 

lower the reaction temperature and to prepare finer and homogeneous powders [5-10]. The 

properties of the final materials obtained are strongly dependent on the preparation method. 

The methods used for synthesis of nanomaterials includes, sol-gel [11–13], thermal 

decomposition of precipitated precursors [14, 15], combustion of precursors [16], 

hydrothermal method [17] etc. Combustion synthesis (CS) is generally used for synthesis of 

single phase pure multi-component materials. The combustion technique is based on redox 

reaction between a fuel and oxidant present in the precursor solution. Recently, a new 

process; low-temperature combustion synthesis (LCS) has been developed for the 

synthesizing of metal oxide based ceramic powders. The LCS technique has proved to be a 

novel, extremely facile, time-saving and energy-efficient route for the synthesis of ultra fine 

powders. LCS is based on gelling and subsequent combustion of an aqueous solution 

containing salts of the desired metals and some organic fuel, giving a voluminous and fluffy 

product with large surface area. As an alternative to previously reported methods, in this 

work we propose a low temperature combustion method for synthesis of nanocrystalline 

LaCoO3 materials. 

 

2. Experimental  

Lanthanum nitrate, cobalt nitrate, stearic acid (SA), ammonium nitrate (AN) and nitric acid 

were used as starting materials for synthesis of nanocrystalline LaCoO3 powders. Here, metal 

nitrates were used as the source of metal and supplier of NO3
-
 oxidizing agent. In 

stoichiometric ratio, nitrates, stearic acid and ammonium nitrate were dissolved in deionized 

water. The pH of solution was adjusted to 6.5-7 by using ammonia. Three different mixtures 

of La:Co:SA:AN with the different compositions 1:1:1:2, 1:1:2:4, 1:1:4:8 were prepared and 

coded as sample R-I, R-II and R-III respectively. The mixtures were heat treated at 70ºC for 2 

hr to get gel like structure. The foamy gel was then ignited at 300ºC followed by calcination 

at 500ºC for 3 hr. The resin was decomposed to remove the organic constituents, leaving the 

desired ceramic as a residue. The puffy and porous powders of nanocrystalline LaCoO3 were 

obtained.  

The crystal phases of the resulting powders were examined by X-ray diffraction (XRD) 

technique. The morphology of the powders was observed by scanning electron microscopy 

(SEM) while the average particle size and morphology of primary particles were estimated by 

transmission electron microscopy (TEM). The BET surface area was evaluated by N2 

adsorption on a constant-volume adsorption apparatus.  

The photocatalytic activity of was determined in terms of decolorization of Indigo Carmine 

(IC) dye. IC dye that is the most common dye used as synthetic organic colorant in various 

industries, especially in textile, leather and silk industries. The experiments were carried out 

in a glass immersion photochemical reactor charged with 100 ml dye solution of known 

concentration. The amount of suspended catalysts was kept at 25, 50, 75 and 100 mg/L. 

Experimental runs were carried out at acidic pH conditions (pH = 6). The xenon arc bulb of 

300 W was used as a source of UV-light. At the interval of 10 min, dye solution from reactor 

was removed and absorbance of dye solution was measured. The degradation (D) of dye was 

calculated as; 

 

D  =  E0-E/E0 

 

Where, Eo and E are the initial and final absorbance of dye solution. 
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3. Result and discussion  

Phase analysis, performed by X-ray powder diffraction, showed that all the peaks 

correspond to perovskite type structure. The intensity of the peaks increases with the increase 

of ammonium nitrate and SA. The position of peaks corresponds to that of the strongest peaks 

of LaCoO3 perovskite. The characteristic peaks of LaCoO3 perovskite at 2θ 32.90°, 33.29° 

and 47.49° were matched with LaCoO3 perovskite having hexagonal symmetry 

corresponding to JCPDS 25-1060. XRD analysis indicated that the selected calcination 

conditions (3 h at 500ºC) were sufficient to give well crystallized materials. The average 

crystallite sizes were determined from XRD pattern according to the Scherrer’s equation [18],  

 

D = 𝑘 𝑐𝑜𝑠𝜃  

 

where D is the average crystallite size, k is a constant equal to 0.9, λ is the X-ray 

wavelength equal to 0.1542 nm, and β is half the peak width. The crystallite size, calculated 

from XRD-data using the Scherrer formula decreased with increase in quantity of oxidant in 

reaction composition (Table 1).  

 

 
 

Figure 1. XRD pattern of synthesized LaCoO3 samples calcined at 500ºC. 

 

 
Table 1. Mixture compositions, crystallite size (nm) and specific 
surface area (m/g) of synthesized materials. LaCoO3. 

 

Sample 
La:Co:SA:AN 
Compositions 

Crystallite size 
(Dnm) 

      Specific 
surface area 

(m
2
/g) 

R-I 1:1:1:2 19.1 17.2 

R-II 1:1:2:4 15.4 21.6 

R-III 1:1:4:8 11.8 28.9 
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Figure 2. SEM images of (a) R-I, (b) R-II and (c) R-III and TEM image of (d) R-III. 
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Figure 3. Effect of crystallite size on photodegradation of IC dye (dye concentration: 60 mg/L, catalyst 

dosage: 50 mg/L, pH: 6).  

 

Figure 2a-c, shows the microstructures of the samples R-I, R-II and R-III. In all the cases, 

the average crystallite size was in the nanoscale range, between 18 and 30 nm. However, the 

SEM micrographs show a more uniform grain size distribution, a finer powder size and more 

homogenous microstructure for the mixture of La:Co:SA:AN with 1:1:4:8 composition. TEM 
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micrographs of sample R-III is shown in Figure 2d. Crystallites with dimensions similar to 

the calculated by XRD data could be observed. 

Surface areas of the samples were determined by nitrogen adsorption isotherm, evaluated 

from the BET equation. The experiment was performed on a Micromeritics ASAP 2020 

instrument. Prior to each measurement, the sample was degassed for 600 min at 350ºC under 

vacuum. The obtained results showed that the specific surface area (BET) of the sample R-III 

is higher (Table 1) than that of R-I and R-II. It was observed that, with increase in the 

concentration of SA and AN in La:Co:SA:AN mixture, the specific surface area increases 

with decrease in crystallite size. The obtained results suggested that, the mixture of 

La:Co:SA:AN with 1:1:4:8 composition is the suitable for preparation of nanosized and 

porous LaCoO3 perovskites. Moreover, further development in synthesis technology it is 

necessary to obtain LaCoO3 perovskites with high specific surface area as well as high 

activity. 

The photocatalytic performance of prepared nanocrystalline LaCoO3 was evaluated under 

UV light source. Diluted aqueous solution of IC dye was used for the evaluation of the 

photocatalytic performance. Before examining the photocatalytic activity of the 

nanocrystalline LaCoO3, adsorption was carried out by keeping 250 mL of IC dye solution 

and catalyst dosage of 0, 25, 50, 75 and 100 mg/L respectively in the dark at room 

temperature for 1 h. Figure 3 gives the photocatalytic performance of the samples R-I, R-II 

and R-III (with different crystallite sizes) for photodegradation of IC dye. The photocatalytic 

activity is quite different for the catalyst with different crystallite sizes. It was observed that 

photocatalytic activity decreases with the increase of crystallite size. This phenomenon 

proves that the photocatalytic activity of nanocrystalline LaCoO3 catalyst is in close 

connection with the crystallite size. The connection is as follows: photocatalytic activity of 

catalyst is high when the crystallite size is about 11.8 nm, while it is quite low when the 

particle size is over 19 nm. In the experiment, sample R-III with crystallite size 11.8 nm had 

shown higher photocatalytic activity, therefore further studies were carried out for sample R-

III only. 

In order to avoid excess catalyst and to ensure total absorption of light photons for efficient 

photodegradation, usage of the optimum catalyst amount is important. The optimum amount 

of catalyst is found to be dependent on the initial solute concentration [19]. Figure 4 shows 

the effect of catalyst dosage and irridation time on photodegradation of IC. It can be observed 

that, catalyst dosage of 50 mg/L easily degrade the targeted amount of dye solution in 50 min. 

On the other hand, solutions with 25, 75 and 100 mg/L of LaCoO3 catalyst get decolorized 

after 60 min. The slow dye degradation at high catalyst dosage is due to deactivation of active 

sites by deposition of the other products on catalyst surface [20]. Moreover, at high catalyst 

dosage, light penetration through the dye solution reduces which in turn decreases the 

kinetics of degradation process. 

Influence of initial dye concentration on the degradation of IC dye was studied at pH 

6 and different dye concentrations varying from 10 mg/L to 100 mg/L in the presence of 50 

mg/L catalyst under UV-light. As shown in Figure 5, the photodegradation rate depended on 

the initial concentration of dye. It observed that 60 mg/L of dye concentration was the 

optimum concentration for efficient degradation of IC dye. It can be seen that, lower 

concentration of dye facilitates the photocatalysis. This is because at high concentration of 

dye, the deeper colored solution becomes less transparent to the UV light. This leads into 

absorption of a significant amount of UV light by dye molecules causing the decrease in 

formation of OH

 radicals at catalyst surface. Therefore, the formation of insufficient number 

of OH
 

radicals attacks the limited number of dye molecules resulting in the decrease in 

photodegradation efficiencies [20]. Moreover, the concentration of active site on catalyst 

surface is constant and the dye concentration is varying. Thus, increase in the number of dye 
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molecules accommodating in inter layer spacing inhibit the action of catalyst which thereby 

decreases the reactive OH
 
radicals. 
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Figure 4. Effect of catalyst dosage and irridation time on photodegradation of Indigo Carmine dye (dye 

concentration: 60 mg/L, pH: 6). 

 

The effect of pH, on photodegradation of dye was studied. The pH value is an 

important parameter for reaction taking place at the catalyst surface. The experiment pH of 

dye solution was varied from range 3-12 at dye concentration 30 mg/L and catalyst dose 50 

mg/L (Figure 6). From It can be seen that the degradation efficiency of IC dye decreased with 

the increasing of pH up to 5 and beyond this the rate of degradation becomes constant. This 

effect may be attributed to more efficient generation of hydroxyl radical by LaCoO3 catalyst 

with an increasing concentration of OH
-
 ion. 
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Figure 5. Effect of dye concentration photodegradation of Indigo Carmine dye (catalyst dose: 50 mg/L, pH: 6). 
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Figure 6. Effect of pH of dye solution on photodegradation of Indigo Carmine dye (dye concentration: 60 mg/L, 

catalyst dosage: 50 mg/L).  

At the end of the photocatalytic reactions, the suspensions were filtered to recover the 

catalyst particles, which were rinsed with fresh water and dried at 100ºC for 12 h. The 

recovered photocatalyst was then washed again with a mixture of distilled water and ethanol 

to remove any trace of adsorbed compounds. At the end of this operation, catalyst was again 

dried and reused in a new photocatalytic reaction. The possibility of catalyst recovery and 

reuse in further catalytic cycles is of great importance as it contributes to the decrease of 

operational costs and reduces the negative environmental impact resulting from disposal of the 

used material. The sample R-III was recovered for reuse in photodegradation of IC dye. Figure 

7 showed that, in second and third run, about 9% and 12% loss in efficiency occurred 

respectively compared to the fresh sample. A possible explanation is that, nano scale 

inorganic materials have a high tendency to aggregate [21] resulting in unavailability of 

active sites. Moreover, the interaction of dye molecules or other intermediates with catalyst 

may lead in to reduction of surface area resulting in deceased photodegradation. 
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Figure 7. The recyclability test of LaCoO3 catalyst for photodegradation of Indigo Carmine dye 

 (dye concentration: 60 mg/L, catalyst dosage: 50 mg/L, pH: 6).   
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4. Conclusions 

A novel and simple low temperature combustion method for the preparation of 

nanocrystalline LaCoO3 perovskite is presented. From the XRD, SEM and TEM results, it 

was confirmed that the increase in the concentration of stearic acid and ammonium nitrate in 

reaction mixture, decreases the grain size, increases the surface area of the LaCoO3 particles. 

For the system La:Co:SA:AN with the composition 1:1:4:8, the method produced crystalline 

material with crystallite size of about 12 nm and large specific surface area 28.9 m
2
/g. 

Photocatalytic experiment results indicated that the activity of nanocrystalline LaCoO3 has 

great relation with the crystallite size, that is, the LaCoO3 showed high activity when the size 

was 11.8 nm and is greatly reduced when the size is above 19 nm. The experimental data 

confirm the earlier observations that LaCoO3 with crystallite size 11.8 nm and specific 

surface area 28.9m
2
/g efficiently degraded the targeted quantity of Indigo Carmine dye in 50 

min at pH 6. Thus nanocrystalline LaCoO3 catalyst synthesized by low temperature 

combustion synthesis is an efficient material to degrade the Indigo Carmine dye even at low 

catalyst dosage.        
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