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Abstract: Nanometer oxides La1−xSrxMnO3 were synthesized by absolute alcohol as solvent. The desired metal cations were chelated 
in a solution using citric acid as the chelating agents. In order to get the optimum preparation condition for La1−xSrxMnO3, the pH of 
primal commix solution, the molar fraction of citric acid and baking temperature of predecessor block were researched by orthogonal 
test design method with different x. The thermal decomposition of the metal carboxylate precursor gels was studied by TG/DTA and 
the products derived from calcinations of the gels were characterized by XRD and TEM. The polarization curves were acquired on an 
electrochemical work station (LK98) and the discharge curves were acquired on a testing instrument of batteries (DC-5) with a 
constant current discharge under 120 mA/cm2. The results reveal that the nanometer oxides can be achieved by absolute alcohol as 
solvent and it has better catalytic activity. 
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1 Introduction 
 

When lanthanum manganite LaMnO3 is partially 
substituted by Sr2+, the ionic concentration of Mn4+ will 
increase with increasing of Sr2+. Oxides La1−xSrxMnO3 
would have 1+x unconjugated electrons[1], which makes 
La1−xSrxMnO3 have better electric catalysis than 
LaMnO3[2]. The La1−xSrxMnO3 powders are usually 
synthesized by sol-gel method, which has some 
advantages such as lesser particle, high surface area and 
special physical chemistry capability[3]. Usually, gels 
are prepared under water liquor, which may be produced 
with serious conglomeration. In order to debase the 
conglomeration, a lots of methods were adopted such as 
appending surface-active agent and milling[4]. But the 
effect is not available. When wet gel is prepared in water 
solvent, a number of freedom watering-molecules react 
with hydroxyls that are presented on the surface of 
colloid grains to from hydrogen bonds. Along with the 
liquor evaporating, there are lots of lacuna in gels and 
plenty of curved liquid surface, hence the particles are 
reunited by capillarity which helps the watering- 
molecules and hydroxyls to become a hydrogen bond 
[5−6], which come into being hard reunite. When the 

gels are baked, the reuniting of particles are strengthened. 
In order to reduce the surface tension of waterish gels 
and improve the dispersing- ability, the key is to get rid 
of those bridged watering-molecules and hydroxyls[7]. 
So the dehydration process of gels is very important. 
Absolute alcohol has good dehydration character. It can 
replace moisture that is absorbed on the surface of grains 
by its surface tension, and decrease the capillarity. Thus, 
absolute alcohol can get rid of the water of coordination 
and make alkoxy instead of hydroxyl, which can minish 
effectively particle size of nanometer powders and 
improve their dispersing. In this work, water solvent was 
replaced by absolute alcohol when sols were prepared 
with different x. The pH of primal commix solution, 
complexing agent citric acid and bake temperature were 
studied by orthogonal test design method in order to 
obtain the optimum preparation condition for 
La1−xSrxMnO3. 
 
2 Experimental 
 
2.1 Sample preparation 

In our preparation process, the La(NO3)3·6H2O, 
Sr(NO3)2 and Mn(NO3)2 in appropriate quantity were 
dissolved in absolute alcohol, and citric acid was added  
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in proper molar ratio, churning up for 2 h with plusator 
in constant temperature water tank. Water was 
evaporated at 298 K until the gels appear. Then the 
precursor was calcined in air for 5 h at 873 K[8] to 
obtain the oxides. 
 
2.2 Orthogonal test design 

To sol-gel method, the particle size and crystal 
structure are different if experimental factors or levels 
are changed, and the catalysis is subsequently changed 
[9]. The pH, ratio of citric acid, different x values for 
primal commix solution and baking temperature of 
precursor are all the major factors to influence the 
particle size and crystal structure of La1−xSrxMnO3. In 
this work, orthogonal test was designed by four factors 
and five levels, which is listed in Table 1. 
 
Table 1 Factor and level of orthogonal test for synthesis of 
oxides La1−xSrxMnO3 

Level 
Factor 

x pH Baked 
temperature/℃ 

Content of 
citric acid

1 0 2 400 3 
2 0.1 4 500 2 
3 0.2 6 600 1 
4 0.3 8 700 1/2 
5 0.4 10 800 1/3 

 
2.3 Sample characterization and electrochemical 

measurement 
The precursors were characterized using thermo- 

gravimetric analysis(TG) and differential thermal 
analysis(DTA) with heating rate of 10 ℃/min in air from 
20 ℃ to 1 100 ℃. The baked process of oxide was 
confirmed by the peak value of radiation and 
decalescence. 

The phase analyses perovskite-type crystalline and 
precursors calcined at various temperatures were carried 
out on X-ray diffractometer(XRD) using Cu Kα radiation 
(λ=0.154 184 nm). The conditions of spectral recording 
were in a 2θ angle step scanning from 10 ℃ to 80 ℃ 
with a 2.4 s delay for each 0.05 step[10−11]. 

A transmission electron microscopy(TEM) was used 
to analyze the particle size, the morphology of particles 
and the dispersion of powders. 

To prepare the active layer of the air electrode, a 
mixed catalyst, active carbon and PTFE suspension (60% 
in H2O, mass fraction) were ground in excess ethanol 
and then dried at 60 ℃ to give a dough-like paste, which 
was finally rolled into a thin layer of 200 μm in thickness. 
The air electrode was characterized with a three- 
electrode configuration with a nicked board counter- 
electrode and a Hg/HgO/OH (7 mol/L) reference 
electrode. The electrolyte was 6 mol/L KOH, and the 

area of electrode was 1 cm2. The polarization curves 
were acquired on an electrochemical work station (LK98) 
under a constant potential-sweep rate of 3 mV·s−1. The 
discharge curves were acquired on a testing instrument of 
batteries (DC-5) with a zincic board cathode, constant 
current discharge under 120 mA/cm2. 
 
3 Results and discussion 
 
3.1 Analysis of pH value and citric acid capacity 

Citric acid is a ternary carboxylic acid, and there are 
different compounds with lanthanon when the pH and 
citric acid capacity are changed. Steady compound can 
be formed by adjusting pH of solution. In the acidic 
solution, compound can be formed by rare earth ion and 
citric acid anion (H2Cit)− or (HCit)2−, but metal and ion 
can not generate complex reaction completely if pH is 
too low. When pH is 6−8, neutral compound [LnCit] can 
be formed by the equal rare earth ion and citric acid, 
while [Ln2(Cit)3]3− and [Ln(Cit)2]3− will be formed when 
citric acid is superfluous; the neutral compound may 
solve when pH ＞ 7 because its hydroxyl can be 
neutralized and form Ln(Cit)−1[12]. Orthogonal test 
shows that depositions appear when pH is 2−3 and along 
with the increase of pH, and deposition can not be 
dissolved. This verifies that metal and ion cannot react 
completely when molar ratio of citric acid to nitrate is 
1:3. 

Table 2 shows the stability of La1−xSrxMnO3 
precursor solutions and gels under different pH and 
contents of citric acid. This verifies that steady sols and 
gels can not be formed when pH is 2−4 and metalline ion 
separates out in deposition from solution. Steady sols and 
transparent gels can be formed when pH is 6−8 and 
molar ratio of citric acid to nitrate is 21׃, but muddy gels 
would appear when the ratio is 11׃. In order to avoid 
three-dimensional meshy structure of gels to be 
destroyed and powder particle size augment when they 
were baked, the pH cannot exceed 10. 
 
Table 2 Stability of LaxSr1−xMnO3 precursor solutions and gels 

pH
Molar ratio of 
citric acid to 

nitrate 

State of precursor 
solution State of gel 

2 1:1 White precipitate Precipitate 
2 2:1 White precipitate Precipitate 
4 1:1 White precipitate Precipitate 
4 2:1 White precipitate Precipitate 
6 1:1 Yellowish clear solution Muddy gel 
6 2:1 Yellowish clear solution Transparent gel
8 1:1 Yellowish clear solution Muddy gel 
8 2:1 Yellowish clear solution Transparent gel

10 1:1 White precipitate Muddy gel 
10 2:1 Yellowish clear solution Muddy gel  
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When the ratio is 11׃, white precipitate appears in 
the commix solution when pH is 3−3.5, then solution 
gets translucent when pH is increased from 6 to 8. But 
when the solution is evaporated, depositions will be 
separated out and form muddy gels. In order to obtain 
transparent gels, the fitting ratio of citric acid to nitrate is 
 .and pH is 6−8 1׃2
 
3.2 Analysis of TG/DTA 

The thermogravimetry of La0.8Sr0.2MnO3 precursor 
in Fig.1 shows that the mass the of drying gels begins as 
soon as the procedure is heated up. The process of mass- 
loss slows down at 160−220 ℃, which is caused by the 
volatilization of ethanol; while the process is fleet at 
about 230 ℃, which attributes to the decomposing of 
superfluous citric acid. There is a mass loss at 570 ℃, 
which is believed that the compounds of citric acid are 
decomposed and the perovskite phase is obtained. 
 

 
Fig.1 DTA-TG curves of oxide La0.8Sr0.2MnO3 
 
3.3 Analysis of XRD and TEM 

The baking condition has an important effect on the 
preparation of oxides. Perovskite crystal cannot be 
formed if the baking temperature is too low. The particle 
may reunite and surface areas may reduce if using 
exorbitant baking temperature. The heatedly 
decomposition were researched by TG-DTA before the 
dry gel were baked. The time and baking temperature, at 
which perovskite crystal structure maintains were 
confirmed by XRD finally. 

Fig.2 shows the XRD pattern of gel precursors that 
is baked in air at 873 K for 2 h. It can be seen that the 
oxides have obvious characteristic diffraction peaks and 
less imparity, and a single-phase powder with the 
perovskite structure can be synthesized at 873 K. 

Fig.3 shows the TEM image of powders that are 
prepared by absolute alcohol as solvent. Fig.4 shows the 
TEM image of powers that are prepared in the water. It 
can be seen from Fig.3 that powders’ dispersing is 

improved effectively. It is verified that absolute alcohol 
as solvent can reduce capillarity remarkably and prevent 
original particles from reuniting. It can be seen from 
Fig.4 that there are serious reuniting. 
 

 
Fig.2 XRD pattern of catalyst La0.8Sr0.2MnO3 
 

 
Fig.3 TEM image of powers with absolute alcohol as solvent 
 

 
Fig.4 TEM images of powers with water as solvent 
 
3.4 Analysis of catalytic activity 

Two nanometer powders La0.8Sr0.2MnO3 were 
prepared by different methods. Air electrodes were 
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prepared with the two oxides as catalyst. Fig.5 shows the 
polarization curves of different air electrodes and Fig.6 
shows the discharge curves. 
 

 
Fig.5 Polarization curves of air electrode with different solvents 
 

 
Fig.6 Discharge curves of air electrode with different solvents 
 

It is verified that La0.8Sr0.2MnO3 is prepared by 
absolute alcohol as solvent, which can remarkably 
decrease cathode polarization of air electrode and 
improve discharge voltage. Its electrochemical capability 
has precedence over the powders, which are prepared by 
usual sol-gel method. 

Fig.7 shows the polarization curves of air electrode 
with different substitutions of Sr. It can be seen that the 
polarization of electrode decreases with increasing Sr 
content (from 0 to 0.3). But the inflexion appears when 
x=0.4. La0.7Sr0.3MnO3 has the highest catalytic activity 
but LaMnO3 has the lowest one. The order for catalytic 
activity under same voltage with different contents of Sr 
is La0.7Sr0.3MnO3＞La0.8Sr0.2MnO3＞La0.6Sr0.4MnO3＞

La0.9Sr0.1MnO3＞LaMnO3. The causation is that the 
content of Mn4+ is increased when La3+ ions are replaced 
by Sr2+, namely, LaMnO3+Sr2+ → -SrLa 23

1
++

− xx  
,LaOMnMn 3

3
43

1
+++

− + xxx thereby more electronics are 
transferred between Mn4+  and Mn3+[13]. Oxygenic 
reduction reaction is usually processed by two 

electronics transferred in alkaline solution. −
2HO  is 

intermediate product and OH− is the final product[14]. 
 

 
Fig.7 Polarization curves of air electrode with different 
contents for Sr 
 

The course of reaction is 
 
O2+2e+H2O→ −

2HO +OH−                      (1) 
−
2HO2 →O2↑+2OH−                          (2) 

 
When partial La is replaced by Sr, the decomposing 

speed of −
2HO  is increased and the over voltage of 

oxygenic reduction reaction is debased, thereby the 
electro-catalytic activity of catalyst is heightened 
remarkably[15]. But the crystal structure of oxides will 
distort when the content of Sr is superfluous[16], thus the 
La0..4Sr0..6MnO3 has infra-electro-catalytic activity. 
 
4 Conclusions 
 

1) Nanometer oxide La1−xSrxMnO3 powders were 
synthesized by absolute alcohol as solvent using citric 
acid as the chelating agents. It is verified that absolute 
alcohol as solvent can remarkably improve powders’ 
dispersing and prevent original particles from reuniting. 

2) Stable La1−xSrxMnO3 precursor gels can be 
obtained with higher pH and superfluous citric acid. The 
results show that the optimal pH is 8, and the molar ratio 
of citric acid to nitrate is 2:1. 

3) The oxide La1−xSrxMnO3 powders have better 
catalytic activity when they are synthesized by absolute 
alcohol as solvent. The cathodal polarization of oxygen 
electrode is notably debased and discharge voltage is 
notably heightened. There are the highest electric 
catalytic activity when x=0.3. 
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