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Abstract A novel LaMnO3 photocatalyst with perovskite

structure was prepared by sol–gel combustion method.

The combustion reaction mechanisms of nanocrystalline

LaMnO3 powders were investigated by thermal analysis,

infrared spectra, and X-ray diffraction technique. The

results showed that the gels exhibited self-propagating

behavior after ignition in air. Nanocrystalline LaMnO3

powders can be synthesized in one step by using sol–gel

combustion synthesis. The photocatalytic activity of the

LaMnO3 powders were evaluated by degradation of methyl

orange (MO) in water under UV light irradiation. The

results showed that the LaMnO3 powders exhibit good

photocatalytic activities under UV light irradiation. The

degradation percentage after 36 h on LaMnO3 powders

was about 76%.

Abbreviation

MO Methyl orange

Introduction

In recent years, Lanthanum manganites (LaMnO3) with

unique electrical, magnetic, and catalytic properties have

attracted increasing interests for their applications in solid

oxide fuel cells [1], giant magneto resistance [2] and

catalytic combustion [3–5]. LaMnO3 has been conven-

tionally synthesized by solid-state reaction. However,

conventional solid-state reaction for preparing LaMnO3

powders requires high temperature and usually produces

agglomerated particles, which hinders its application in

catalysts. Recently, wet-chemical techniques have been

applied to prepare LaMnO3 powders such as co-precipi-

tation [6], polymeric gel [7], hydrothermal treatment [8],

and sol–gel synthesis [9]. Among them, co-precipitation is

difficult to control all cations to precipitate in the solution

at the same time, which results in composition segrega-

tion. Sol–gel technique usually uses expensive alkoxides

as raw materials. Hydrothermal treatment usually needs

long time reaction. Thus, study on a simple and economic

way to prepare LaMnO3 powders has become an urgent

concern.

Sol–gel combustion synthesis has emerged as an

attracting technique for the production of highly pure and

crystalline oxide powders [10–14]. This technique is

based on the sol–gel process and the subsequent com-

bustion process. An aqueous solution containing the

desired metal salts and organic fuel forms the gel through

sol–gel process, and then the gel is ignited to combust,

giving a voluminous and fluffy product with a large sur-

face area. This technique has the advantages of low

synthesis temperature, rapid reaction, and one-step syn-

thesis process.

In the present study, we report on the fabrication of

nanocrystalline LaMnO3 powders by the sol–gel combus-

tion method. The combustion reaction mechanism, syn-

thesized process, and photocatalystic property of LaMnO3

powders were investigated. The obtained results further

extended the application of LaMnO3 to degradation of

organic contaminants in water.
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Experimental procedure

Catalyst preparation

Analytical-grade lanthanum nitrate (La(NO3)3 � 6H2O),

manganese nitrate (Mn(NO3)2 � 6H2O), and citric acid

(C6H8O7 � H2O) were used as raw materials. According to

the principle of propellant chemistry, the net oxidizing

valence of the metal nitrate should be equal to the net

reducing valence of the fuel for the stoichiometric redox

reaction between fuel and oxidant. The reaction between

citric acid and metal nitrates for LaMnO3 synthesis is

presented as Eq. 1:

36LaðNO3Þ3 � 6H2Oþ 36Mn(NO3Þ2 � 6H2O

þ 50C6H8O7 � H2O �!NH3�H2O
36LaMnO3 þ 90N2 "

þ 300CO2 " þ 682H2O " ð1Þ

Appropriate amount of metal nitrates and citric acid

were firstly dissolved in distilled water. The pH value of

the mixed solution was adjusted to 7 by addition of

ammonia. The obtained transparent solution was then

heated at 130 �C for 24 h on a hot plate with continuous

stirring for dehydration. During dehydration process,

polycondensation reaction happened between citric acid

and nitrates, and a transparent gel formed. The gels were

put into oven preheated to 300 �C. After a few minutes, the

gel was ignited and burnt in a self-propagating combustion

manner until all gels were completely burnt out to form

oxide product.

Catalyst characterizations

The thermal decomposition behavior of the gels was

characterized by thermogravimetric and differential ther-

mal analysis (DTA/TG, STA 409) at a heating rate of

10 �C/min in air. The phase identification of the as-syn-

thesized powders was performed using X-ray diffractom-

eter (XRD, Philips PW 1710) with CuKa radiation

(k = 1.5405 Å). The functional groups of the products

were detected by infrared spectra (IR, VERTEX 70). The

BET surface area of the catalyst samples was calculated

from the nitrogen adsorption/desorption isotherms. These

isotherms were determined at the liquid nitrogen temper-

ature (77 K) using a Micromeritics ASAP2100 automatic

equipment. UV–Vis diffuse reflectance spectrums (DRS) of

the samples were measured by using Hitachi U-3010 UV–

Vis spectrophotometer. The obtained diffuse reflectance

spectra were converted to absorption spectra on the basis of

the Kubelka–Munk theory. The morphology of the as-

synthesized powders was observed by scanning electron

microscopy (SEM, SIRION 200).

Photocatalytic reactions

The photocatalytic activities of nanocrystalline LaMnO3

powders were valued by the decomposition of MO in

water. The optical system for the photocatalytic reaction

was a 40 W high-voltage mercury lamp with a maximum

emission at 360 nm. The photocatalytic reaction proce-

dures were as follows: MO solutions (300 mL, 10 mgL-1)

containing 0.6 g of LaMnO3 powders were put in a glass

beaker. Prior to irradiation, the suspensions were magnet-

ically stirred without UV irradiation for 30 min to establish

adsorption/degradation equilibrium. The distance between

the liquid surface and the light source was about 8 cm.

During irradiation, 5 mL suspension was successively

taken from the reaction cell at given time intervals and

separated through centrifugation (4200 rpm, 15 min). The

supernate was analyzed by recording variations of the

absorption band maximum (464 nm) in the UV–Vis spectra

of MO by using a UV–Vis spectrophotometer (Hitachi U-

3010).

Results and discussion

DTA/TG results of the xerogel precursor are shown in

Fig. 1. It can be seen that there is one slight endothermic

peak and one sharp exothermic peak in the DTA curve. The

sight endothermic peak appears at around 100 �C accom-

panied by 5% weight loss in the TG curve are ascribed to

loss of residual water in the gel. The sharp exothermic

peak, at about 250 �C is nearly vertical in the DTA trace,

accompanied by a drastic weight loss at the same temper-

ature is caused by the autocatalytic anionic oxidation–

reduction reaction between the nitrates and citric acid. The

weight loss associated with this sharp exothermic peak is
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Fig. 1 DTA/TG traces for the xerogel precursor
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about 60%, in good agreement with the value calculated

from the reaction of Eq. 1.

Figure 2 shows the FT-IR spectra of the dried gels and

as-synthesized powders in the range from 500 to

4000 cm-1. The spectra of dried gel (Fig. 2a) shows that

the characteristic bands of the O–H stretching vibration in

water and citric acid are at about 3200 and 670 cm-1 [10,

15], while the anti-symmetrical and symmetrical stretching

vibration bands of carboxyl ion related to citric acid are

located at 1620 cm-1 [16, 17]. The bands located at 1380

and 820 cm-1 are ascribed to the N–O bending vibration of

NO�3 [17]. After combustion, the characteristic bands of

NO�3 ; O–H, and carboxyl ion almost disappeared (Fig. 2b).

On the other hand, it appears a significant spectroscopic

band at about 600 cm-1 corresponding to the stretching

mode involving the internal motion along the length of the

Mn–O–Mn or Mn–O bond [18]. The disappearance of the

characteristic bands of the carboxyl ion and NO�3 ions in

the FT-IR spectra of as-synthesized powder suggests that

carboxyl ions and NO�3 ions take part in the reaction during

combustion. Thus, the combustion can be considered as a

thermally induced anionic redox reaction of the gel

wherein the carboxyl group act as reductant and NO�3 ions

act as oxidant, as reported by Chakrabarti et al. [19].

XRD analysis was used to aid further interpretation of

the reaction processes. Figure 3 shows the XRD patterns

of xerogel and as-synthesized powders. The xerogel

powder is amorphous in nature. The as-synthesized pow-

der is a single phase LaMnO3 with perovskite structure.

This indicates that the LaMnO3 powders can be directly

formed after the auto-combustion of the gel without fur-

ther calcination. The crystalline size of the as-synthesized

powder estimated from the half-width of (002) peak via

the Scherrer formula:

D ¼ 0:9k
b cos h

where D is the crystallite size in nm, k is the radiation

wavelength (0.15405 nm for CuKa), b is the corrected half-

width, and h is the diffraction peak angle. The calculated

crystallite sizes are 29.8 nm.

Figure 4 shows the SEM micrographs of the as-syn-

thesized powders. The powder has spongy aspect consisted

of agglomerates and large number of pores. The size of the

pore was found to be in the range of 0–2 lm. It is well-

known that the surface area of a catalyst greatly affects its

catalytic activity. The BET measurement showed that the

surface area of as-synthesized LaMnO3 powders prepared

by sol–gel combustion method was about 33 m2 g-1.
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Fig. 4 SEM image of LaMnO3 prepared by sol–gel combustion

synthesis
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Figure 5 shows the Kubelka–Munk spectra of LaMnO3

powders. The characteristic absorption edge for LaMnO3 is

approximately at about k = 730 nm, possessing potential

photocatalytic activity. Photocatalytic processes are based

on electron/hole pairs generated by band gap radiation,

which can give rise to redox reactions with species

absorbed on the surface of the catalysts. Therefore, it was

considered that the LaMnO3 powders would exhibit pho-

tocatalytic properties because of their photoabsorption

properties.

MO solution was used to evaluate the photocatalytic

activity of the LaMnO3 powders. Figure 6 shows the

absorption spectral changes of the MO solution decom-

position of the LaMnO3 powders prepared by sol–gel

combustion method. Inset of Fig. 6 is the temporal evolu-

tion of the concentration (C/C0) of MO, in which C0 and C

represent the initial equilibrium concentration and reaction

concentration of MO, respectively. As it can be seen, the

catalyst exhibited good activity in the degradation of MO

solution under UV light. The concentration of MB

decreased with the increasing of radiation time. The deg-

radation percentage after 36 h on LaMnO3 powders was

about 76%. A gradual decrease in the absorption intensity

at 464 nm can be observed, indicating that the MO mole-

cule has been degraded. The significant temporal changes

in the concentration of the MO clearly proved the photo-

catalytic activity of LaMnO3 powders under UV light

irradiation.

Conclusion

The nanocrystalline LaMnO3 powders can be synthesized

by the sol–gel combustion method using corresponding

metal nitrates as oxidizers and citric acid as fuel. The

combustion can be considered as a thermally induced

autocatalytic anionic redox reaction of the gel. After

combustion, the gel is directly transformed into a single

phase LaMnO3 powders with spongy aspect. The nano-

crystalline LaMnO3 powders exhibited a good activity in

the degradation of MO under UV light irradiation. The

degradation percentage of MO after 36 h on LaMnO3

powders was about 76%, indicating good photocatalytic

activity of the obtained LaMnO3 powders.
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Fig. 5 Kubelka–Munk conversion spectrum of LaMnO3 powders
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