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Abstract La1-xSrxFeO3 (x = 0.0–1.0) nanoparticles

have been synthesized by a sol–gel method. The samples

are characterized by thermogravimetric/differential thermal

analysis (TG/DTA), X-ray diffraction (XRD), fourier

transform infrared spectroscopy (FTIR), scanning electron

microscopy (SEM), and transmission electron microscopy

(TEM). The La1-xSrxFeO3 (x = 0.0–1.0) materials have

been sintered at 650 �C. Both the structural properties and

phase transitions with increasing strontium content in

La1-xSrxFeO3 are presented by analysis of XRD data.

Formaldehyde gas-sensing properties of La1-xSrxFeO3 have

been investigated. The experimental results show that the

optimum operating temperatures of La1-xSrxFeO3 varies

with Sr content of x. Among all the samples, La0.7Sr0.3FeO3

shows a maximum response to formaldehyde. Finally, the

formaldehyde gas-sensing mechanism has been presented.

Introduction

Formaldehyde (HCHO), a colorless, strong-smelling gas, is

one of the harmful indoor volatile organic compounds

(VOCs). It, a possible carcinogen [1], can cause nervous

system damage [2], immune system disorders [3], and

respiratory disease [4]. The increasing concern over HCHO

monitoring and control environmental pollution has gen-

erated great interest in developing new sensing materials

and sensor technology in the last decade. The focus is not

only on the development of new sensing materials to

improve sensitivity, selectivity, and stability of sensors, but

also on the development of new and better fabrication

techniques to ensure reliability, safety, reproducibility, and

low cost. Compared with the techniques to detect indoor

HCHO [5–8], semiconductor gas sensor has been investi-

gated extensively due to low cost, simple structure, as well

as simple readout and sensor operation. Semiconductor

materials for detecting HCHO include NiO [9], ZnO/

ZnSnO3 [10], CdO-In2O3 [11], NiO-doped SnO2 [12], Ni-

doped ZnO [13], MWCNTs (multi-wall carbon nanotubes)-

doped SnO2 [14], and La–Bi–Fe–O [15].

It is reported that synthetic methods have great influence

on the structural and electrical properties of semiconductor

oxides [16, 17]. Therefore, numerous methods have been

investigated to prepare semiconductor oxides such as

electrochemical synthesis [18], co-precipitation [19], solid-

state reaction [20], combustion [21], hydrothermal process

[22], citric-EDTA complexation [23], and sol–gel pro-

cess [24]. Compared with other methods, the sol–gel pro-

cess has many advantages including excellent chemical

stoichiometry, lower operating temperature, convenience

for controlling the process and nanoscale particles.

Perovskite-type oxides with the general formula ABO3

(A: rare earth, B: transition metal) and A1-xA
0
xBO3 or

AB1-xB
0
xO3 (A-site or B-site substituted ABO3) have been

widely studied in the fields of catalysts [25], fuel cells [26],

and oxygen transport membranes [27]. The perovskite-type

oxides have attracted much attention on gas-sensing
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properties due to their stability and sensitivity [28, 29].

LaFeO3 can be used as a sensing material for detecting

humidity, CO, and ethanol vapor [30–32]. La-site or Fe-

site-substituted LaFeO3 has been used as ethanol or form-

aldehyde gas-sensing materials [33–36]. It is found that

the gas-sensing behaviors vary with composition x in

A1-xA
0
xBO3 or AB1-xB

0
xO3 materials [37, 38].

In this study, strontium-substituted LaFeO3 with the

general formula of La1-xSrxFeO3 (x = 0.0–1.0) was pre-

pared by a sol–gel technique. The structural characteristics

of La1-xSrxFeO3 were investigated using various tech-

niques including TG/DTA, XRD, FTIR, and TEM. The

HCHO sensing properties of all samples were carried out at

gas concentration ranging from 10 to 100 ppm to select a

suitable composition material with a low operating tem-

perature and high sensitivity sensing. Thus, these oxides

were examined as novel sensing materials to HCHO.

Experimental

Preparation of La1-xSrxFeO3 materials

La1-xSrxFeO3 (x = 0.0–1.0) materials were prepared by a

sol–gel method with analytical grade La(NO3)3�6H2O,

Sr(NO3)2, Fe(NO3)3�9H2O, and citric acid as starting

materials. 18.077 g citric acid was dissolved in 25 ml

deionized water to yield [citric acid] = 3.44 M and was

heated to 80 �C with continuous stirring. Stoichiometric

quantities of La(NO3)3�6H2O, Sr(NO3)2, and

Fe(NO3)3�9H2O were dissolved in 25 ml deionized water

to yield [Fe] = 0.344 M. Then the nitrate salts solution

was added dropwise into citric acid solution to make a

homogeneous mixture. The mixed aqueous solution was

heated with continuous stirring for about 6 h until a highly

viscous gel formed. The gel was dried at 120 �C for 24 h to

get dry foamy powders, followed by grinding to form a fine

precursor. Finally, the precursor was calcined at 650 �C

for 6 h.

Characterization of La1-xSrxFeO3 materials

X-ray diffraction (XRD) patterns of the powders were

examined in 2h region of 20–80� with a scanning speed of

4� min-1 on Rigaku, Model D/MAX 2400, Japan, with Cu

Ka (1.5406Å) radiation. The thermal decomposition

behavior of the precursor powders was recorded by means

of thermogravimetry (TG) and differential thermal analysis

(DTA) (TGA/SDTA851e, Mettler-Toledo, Switzerland). A

heating rate of 10 �C min-1 was used for the measurements

from room temperature to 800 �C. Fourier transform

infrared spectroscopy (FTIR) spectra were measured as

KBr disks using a Bruker EQUINOX 55 with a spectral

range from 2000 cm-1 to 400 cm-1. Chemical analysis

was performed using a SRS 3400 X-ray fluorescence

spectrometer. Transmission electron microscopy (TEM)

was carried out to obtain direct information about the size

and structure by Tecnai G220 S-Twin transmission electron

microscope. The grains were dispersed in ethanol on a

carbon-coated TEM copper grid.

Gas sensors fabrication and measurements

The as-prepared samples were mixed with deionized water

and carefully ground into paste in an agate mortar. The

paste was coated onto a hollow ceramic tube (Ø

1 mm 9 4 mm) with two electrodes spaced 1 mm, and

subsequently sintered at 600 �C for 2 h. A heater consist-

ing of a 30 X resistor wire was inserted through the tube.

The power consumption of the heater is 0.3 W at the

working temperature of 200 �C. The electrodes and heater

wires were soldered on a base element [14].

The gas-sensing properties of the gas sensor were pro-

cessed in a sealed chamber of an automatic testing system.

The volume of the chamber was 1200 cm3. Figure 1 gives

a sketch diagram of the measuring system [39]. Bottled

formaldehyde gas with concentration of 100 ppm balanced

by nitrogen vapor was used. The carrier gas was bottled

synthetic clean air. Both the bottled formaldehyde gas and

the bottled air were produced by Guangming Special

Vapors Institute of Dalian, China. The formaldehyde gas

and the air were mixed in certain ratios using two mass

flow controllers (MFCs) of 200 sccm (standard cubic

centimeter per minute) for both formaldehyde and air. The

dry mixed gas was sent into a sealed testing chamber. For a

target concentration, the flow ratio was calculated as

follows:

CHCHO ¼
V1

5
� F1

V1

5
� F1 þ V2

5
� F2

CBottledHCHO ð1Þ

Fig. 1 Sketch diagram of the measuring system
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where CHCHO is the target HCHO concentration (ppm).

CBottledHCHO is the concentration of bottled formaldehyde

gas (ppm), V1 and V2 are two MFCs’ controlling voltages

(V). F1 and F2 are two MFCs’ maximum flow (sccm). The

controlling voltage was 5 V when MFC reached its highest

value. CBottledHCHO = 100 ppm and F1 = F2 = 200 sccm

in this case. The procedure was as follows: pure air was

introduced into the sealed chamber first. When the voltage

of the sensor was stable, the detected gases were introduced

into the testing chamber. Finally, the pure air was intro-

duced for cleaning the testing chamber after the voltage of

the sensor was steady in the detected gases.

The MFCs were operated by output signals of a D/A

data acquisition card controlled by a computer. The change

of the voltage of the sensor indicated the change of the

conductivity of the sensor surface, which was caused by the

change of gas concentration in the chamber. A computer

monitored and recorded the change of the voltage signal by

an A/D data acquisition card.

The working temperature of the sensor was provided by

applying a DC power (GPS-3303C, Guwei Electronic,

Taiwan) to the heater. The working temperature range of

the sensor was from 160 to 440 �C. In order to improve

stability and repeatability, the sensor was aged at 300 �C in

air for 240 h. The sensor was connected with an external

resistor in series at a voltage of 5 V. The resistance of the

gas sensor in target gas is calculated as the follows:

RS = RL 9 (5 - VL)/VL, where RS, RL, and VL are the

resistance of the sensor, the resistance of the reference

resistor, and the measured voltage, respectively. Sensor

response is defined as S = Rg/Ra, where Rg and Ra are

electrical resistance in testing gas and in air, respectively.

Results and discussion

TG/DTA analysis

Figure 2 presents thermal decomposition curves of

La0.8Sr0.2FeO3 precursor. TG curve changes slowly below

150 �C, which may be regarded as a result of evaporation

of residual water in the dried precursor powders. From 150

to 460 �C, the weight loss is about 78 %, which is

accompanied by two remarkable exothermic peaks around

250 �C and 360 �C depicted in DTA curve. The first exo-

thermic reaction, between 150 and 305 �C, is mainly due to

the decomposition of the organic compound. The second

one, from 305 to 460 �C, is attributed to the process of

formation of perovskite crystalline structure. No further

weight loss or peak appears beyond 500 �C, revealing that

all the organic materials have been burnt out and there is no

change in the phase of La0.8Sr0.2FeO3. The reaction

mechanism can be formulated in terms of equation as

follows:

0:8La NO3ð Þ3�6H2Oþ 0:2Sr NO3ð Þ2þFe NO3ð Þ3�9H2O

þ C6H8O7 � H2O! La0:8Sr0:2FeO3 þ 6CO2

þ 18:8H2Oþ 2:9N2 þ 2:7O2 ð2Þ

Structural properties

According to the thermal analysis of TG/DTA, 400, 500,

600, and 650 �C were selected to sinter the La0.8Sr0.2FeO3

precursor. Figure 3 displays XRD patterns of La0.8Sr0.2-

FeO3 sintered at different temperatures for 6 h. It can be

seen from Fig. 3a that three broad band peaks appear at

around 32�, 46�, and 57� of 2h, respectively, which reveals

that an elementary perovskite phase is formed. The major

perovskite peaks (JCPDS 35-1480) are all presented in

the XRD patterns of 500, 600, and 650 �C (shown in
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Fig. 2 TG/DTA curves of La0.8Sr0.2FeO3 precursor
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Fig. 3 XRD patterns of La0.8Sr0.2FeO3 material sintered at different

temperatures: a 400 �C, b 500 �C, c 600 �C, d 650 �C
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Fig. 3b–d), but minor phases of SrCO3 (JCPDS 05-0418)

are also found in the patterns.

The FTIR spectra of La0.8Sr0.2FeO3 precursor sintered at

different temperature in the frequency range of

2000–400 cm-1 are shown in Fig. 4. The spectra display

absorption bands at 594, 575, 573, and 573 cm-1 for the

materials sintered at 400, 500, 600, and 650 �C, respec-

tively. These bands are related to Fe–O stretching vibration

located in the octahedral site [40, 41]. It can be inferred

that the elementary perovskite phase is formed after the

material was annealed at 400 �C for 6 h. Small absorption

bands centered at 474, 467, and 474 cm-1 are shown in

Fig. 4b–d, respectively. These small bands belong to the

stretching vibrations of Sr2? situated at 12 coordinated

position [42]. With the increase of sintering temperature,

the compound formation is enhanced, which can be con-

firmed by the adsorption bands shifting from higher fre-

quency to lower frequency. The FTIR peaks at around

1640 cm-1 are attributed to the stretching vibration of O–H

of adsorbed water molecules from the ambient [41]. The

FTIR peaks related to SrO appear at 1072, 1068, and

1066 cm-1 in Fig. 4a–c, respectively, but it becomes

almost flat in Fig. 4d. As shown in Fig. 4a-d, the absorp-

tion bands appearing at 1460 cm-1 and 860 cm-1 are

attributed to the asymmetry vibration and out-of-plane

bending vibration of CO3
-2 [43]. The content of SrCO3

decreases as the sintering temperature increases. The

results are confirmed by the appearance of SrCO3 displayed

in Fig. 3. These may be due to the decomposition of the

organic compound during sintering process, a large number

of CO2 is released immediately, which leads to the for-

mation of SrCO3 with SrO decomposed from Sr(NO3)2.

This phenomenon was also observed by J. Karpinski et al.

[44, 45]. Most of the alkaline earth metal oxides and rare

earth metal oxides, in particular BaO, SrO, and Re2O3,

contain metal carbonate [46, 47].

The semi-quantitative elemental composition of the as-

prepared La0.8Sr0.2FeO3 was experimentally determined

using X-ray fluorescence spectrometer. The obtained

experimental stoichiometric ratio of La:Sr:Fe:O is

0.795:0.218:1:2.904, which matches the expected compo-

sition based on synthesis quantities. The partial substitu-

tions at La-site with Sr create structural defects such as

oxygen vacancies, which may greatly affect gas-sensing

properties. Oxygen vacancies can act as preferential

adsorption sites for gas molecules. The surface defects

often dominate the electronic/chemical properties and

adsorption behaviors of semiconductor oxide surfaces.

Oxygen vacancies bind more tightly with gas molecules

attracting more charges from the surfaces compared with

oxygen-vacancy-free surface [48].

Figure 5 shows the XRD patterns of La1-xSrxFeO3

(x = 0.0–1.0) samples sintered at 650 �C for 6 h. The main

peaks of La1-xSrxFeO3 (x = 0.0) are identified as LaFeO3

(JCPDS 75-0541) perovskite, and the main phase in La1-x

SrxFeO3 (x = 1.0) is confirmed as SrFeO2.97 (JCPDS card

40-0905). All the XRD patterns of La1-xSrxFeO3

(x = 0.1–0.9) are similar to those of LaFeO3 or SrFeO2.97,

but some impurity phases related to SrCO3 (JCPDS card

05-0418) are seen in La1-xSrxFeO3 (x = 0.3, 0.4, 0.6–1.0),
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Fig. 4 FTIR spectra of La0.8Sr0.2FeO3 material sintered at different

temperatures: a 400 �C, b 500 �C, c 600 �C, d 650 �C
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and some impurity peaks related to Fe3O4 (JCPDS

28-0491) and La2O3 (JCPDS 24-0554) are shown in La1-x

SrxFeO3 (x = 0.0 and 0.1). However, no impurity phase is

found in La1-xSrxFeO3 (x = 0.4 and 0.5). Table 1 presents

the XRD parameters, such as lattice constant, cell volume,

the full width at half maximum (FWHM), crystallite size,

space group, and symmetry, calculated from the XRD

patterns. The lattice parameters are calculated by the

d = (h2/a2 ? k2/b2 ? l2/c2)-1/2) formula from the XRD

patterns. In addition, the crystallite size is evaluated by

Debye Scherror formula of 0.9k/bcosh, where k is the

wavelength of the target CuKa 1.5406 Å and b is the full

width at half maximum of 32� in 2h. The crystallite size

increases with the increasing of the content of strontium

except in the cases of x = 0.7 and the end members.

Similarly, as the content of strontium increases, diffraction

peaks of La1-xSrxFeO3 perovskite phase shift to higher 2h
direction, and they become correspondingly narrow. The

unit cell volume decreases with the increasing of Sr content

in La1-xSrxFeO3 (x = 0.1–0.9), indicating that the

replacement of La3? by Sr2? leads to lattice contraction.

Although the ionic radius of Sr2? is larger than that of

La3?, the replacement of La3? by Sr2? in La1-xSrxFeO3

may lead to an increased covalency between the iron and

oxygen ions and a decreased bond length of Fe–O due to

the formation of Fe4? ions, which reduces the unit cell

volume [49]. Phase transitions with increasing strontium

content in La1-xSrxFeO3 are displayed (see Table 1). The

phase is cubic (space group Pm-3 m) for LaFeO3. For

x = 0.1–0.3, the XRD patterns are refined using an

orthorhombic phase in the space group Pnma. A rhombo-

hedral phase (space group R-3c) is observed for

x = 0.4–0.9. A phase transition to cubic (Pm-3 m) occurs

when x = 1.0.

The SEM micrographs of La0.7Sr0.3FeO3 and La0.8Sr0.2FeO3

powder sintered at 650 �C are shown in Fig. 6. These micro-

graphs indicate agglomerated and well-defined particles with

homogeneous crystallite size distribution. The porous feature

of the samples may be attributed to the liberation of a large

amount of gas during sintering process.

Figure 7 shows the TEM image of La0.7Sr0.3FeO3

sample with average particle size of 20–25 nm, which is

consistent with the crystallite size calculated by Debye

Scherror formula of 0.9k/bcosh in Table 1.

Formaldehyde gas-sensing properties

Gas-sensing experiments were performed at different

operating temperatures to find the optimum operating

condition. Figure 8 displays the relationship between the

different operating temperature and the response of La1-x

SrxFeO3 (x = 0.0–1.0) sensors to 50 ppm HCHO. The

optimum operating temperatures and the response of La1-x

SrxFeO3 gas sensors are listed in Table 2. It can be seen

that the optimum temperatures vary with x. Among the

sensors, La0.7Sr0.3FeO3 sensor shows the maximum

response of about 26 to 50 ppm HCHO at the optimum

operating temperature of 200 �C.

The responses of La1-xSrxFeO3 sensors to different

HCHO concentrations at their own optimum temperatures

are shown in Fig. 9. According to the relationship between

the responses of the sensors and strontium content x, it can

be easily seen that the sensors response curves are sepa-

rated into four sets A, B, C, and D. For the sensors in sets

A-C, the response of the sensors in set A is higher than

those of the sensors in sets B and C, and the response of the

sensors in set C is the lowest. The responses of the sensors

in set A decrease with x increasing from 0.3 to 0.6 when the

Table 1 XRD parameters of La1-xSrxFeO3

x Lattice constant Cell volume

(10-3nm3)

FWHM (�) Crystallite

size (nm)

Space group Symmetry

a (nm) b (nm) c (nm)

0.0 0.392 0.392 0.392 60.09 0.430 21.3 Pm-3m (221) Cubic

0.1 0.554 0.553 0.789 241.71 0.437 18.9 Pnma (62) O

0.2 0.553 0.551 0.783 238.64 0.423 19.5 Pnma (62) O

0.3 0.552 0.549 0.782 236.84 0.421 19.6 Pnma (62) O

0.4 0.551 1.346 354.01 0.416 19.9 R-3c (167) R

0.5 0.550 1.343 351.56 0.367 22.5 R-3c (167) R

0.6 0.549 1.342 350.22 0.360 26.8 R-3c (167) R

0.7 0.548 1.340 348.44 0.510 17.5 R-3c (167) R

0.8 0.546 0.846 218.32 0.334 29.7 R-3c (167) R

0.9 0.545 0.836 215.32 0.322 31.4 R-3c (167) R

1.0 0.385 0.385 0.385 57.23 0.459 18.0 Pm-3m (221) Cubic

O Orthorhombic, R Rhombohedral
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sensors are exposed to 10–50 ppm HCHO. For the sensors

set B, the responses decrease with x varying from 0.0 to

0.2. For the sensors in set C, the response of La0.2Sr0.8FeO3

sensor is larger than that of La0.3Sr0.7FeO3 sensor. All the

sensors in sets A-C show a good linear relationship

between the responses and HCHO concentrations. How-

ever, the sensors in set D increase rapidly from 30 to

40 ppm HCHO. The responses of the sensors in sets A-C

decrease with x varying with 0.3, 0.4, 0.5, 0.6, 0.0, 0.1, 0.2,

0.8, and 0.7. Figure 9b shows the responses of

La0.7Sr0.3FeO3 sensors to 10–100 ppm HCHO concentra-

tions at 200 �C. It is obviously found that the La0.7Sr0.3FeO3

sensor shows the highest response to HCHO among all the

La1-xSrxFeO3 (x = 0.0–1.0) sensors. The high difference of

La1-xSrxFeO3 sensors responses may be mainly due to the

different compositions of the materials. The gas-sensing

properties are relative to crystallite size, surface state,

oxygen adsorption quantity, activation energy of oxygen

adsorption, and lattice defects. These parameters depend on

the changing composition of materials [50]. For example,

with an increase in amount of Sr dopant, the optimal oper-

ating temperature of LaxSr1-xFexO3 sensors varies, which

implies that Sr doping may have an effect on the adsorption

activation energy of the material.

Figure 10 illustrates the response and recovery time of

La0.7Sr0.3FeO3 gas sensor in air and in 50 ppm HCHO. The

response and recovery times (defined as the time required

to attain 90 % of the final value) of the sensor to 50 ppm

formaldehyde are about 260 s and 70 s, respectively. The

response and recover times are much longer than those of

previously published (between 10 s and 60 s for different

concentrations of formaldehyde [10, 12, 13, 15, 35, and

36]). This delay is due to a slow gas exchange in the test

chamber concerning the volume of the chamber and the gas

flow rate.

In order to study the selectivity of the La0.7Sr0.3FeO3 gas

sensor to formaldehyde, the responses of the sensor to

50 ppm acetone, ammonia, methanol, benzene, ethanol,

and toluene at 200 �C were carried out. As is shown in

Fig. 11, the response of the sensor to formaldehyde is

higher than the responses of the sensor to other gases. The

response of the sensor to formaldehyde is 26, while to

acetone, ammonia, methanol, benzene, ethanol, and tolu-

ene, the responses are 9, 1.2, 10.5, 1.4, 19, and 1.5,

respectively, which indicates that ethanol is the main

Fig. 6 SEM images of a La0.7Sr0.3FeO3 and b La0.8Sr0.2FeO3 powder

sintered at 650 �C

Fig. 7 TEM image of La0.7Sr0.3FeO3 sample
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interference gases for the sensor. Cross sensitivity is a well-

known disadvantage for the metal oxide gas sensors. The

selectivity of La0.7Sr0.3FeO3 gas sensor can be improved by

optimizing the doping (elements and their concentration)

[51], the operation temperature [52], or neural network

methods [53]. The detailed information will be discussed in

future.

In order to investigate the long time stability of the

La0.7Sr0.3FeO3 gas sensors, the responses of the two sen-

sors to 50 ppm formaldehyde were repeated every 5 days

for total 30 days. Figure 12 gives the responses of two

La0.7Sr0.3FeO3 gas sensors to 50 ppm formaldehyde at

200 �C. It can be seen from the figure that each sensor

exhibits a nearly constant sensor signal during the test,

indicating a good stability of the La0.7Sr0.3FeO3 gas sen-

sors. The inset in Fig. 12 shows the transient response of

the sensors to 50 ppm formaldehyde at 200 �C. The

reversibility and repeatability of two La0.7Sr0.3FeO3 gas

sensors are also satisfactory.

Gas-sensing mechanism

The resistance increases when the sensors are exposed in

formaldehyde, which reveals that La1-xSrxFeO (x =

0.0–1.0) shows p-type semiconductor conductivity behav-

ior in formaldehyde gas. The possible formaldehyde gas-

sensing mechanism is suggested as follows:

The La1-xSrxFeO3-based sensor is influenced by the

oxygen adsorbed on the surface of the material. The metal
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Fig. 8 The response of La1-xSrxFeO3 (x = 0.0–1.0) sensors to 50 ppm HCHO at different temperatures

Table 2 The optimum operating temperatures and the response of

La1-xSrxFeO3 sensors

x Temperature

(�C)

Response

(Rg/Ra)

0.0 280 6.0

0.1 260 5.4

0.2 260 4.5

0.3 200 26.0

0.4 320 11.9

0.5 220 12.4

0.6 200 7.3

0.7 260 6.1

0.8 300 3.0

0.9 280 4.2

1.0 240 9.2
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ions on the surface of La1-xSrxFeO3 can adsorb atmo-

spheric oxygen easily. The electronic states of the adsorbed

oxygen species on the surface of La1-xSrxFeO3 materials

undergo following reactions [54]:

O2ðgasÞ $ O2ðadsÞ ð3Þ

O2ðadsÞ þ e� $ O�2ðadsÞ ð4Þ

O�2ðadsÞ þ e� $ 2O�ðadsÞ ð5Þ

O�ðadsÞ þ e� $ O2�
ðadsÞ ð6Þ

where the subscripts gas and ads represent molecular

oxygen and the state of adsorption, respectively. When

temperature increases, the equilibrium shifts to the right.

This will decrease the barrier height for a hole to transport

and the oxygen species capture electrons from the sensing

materials, which will lead to the decreasing of the resis-

tance. Since adsorption is an exothermic reaction, the

quantity of adsorbate decreases at higher temperature.

However, since the oxidation of formaldehyde is thermally

activated, the reaction rate increases depending on tem-

perature. The response results from the interaction of the

above two reactions, thus it reached to an optimum [55].

When in the presence of reducing gas HCHO, the

oxygen adsorbed on the surface of the sensing material

react with HCHO as follows [39, 56]:

ðHCHOÞads þ O�ðadsÞ ! CHOOHþ e� ð7Þ

ðHCHOÞads þ 2O2�
ðadsÞ ! CO2 þ H2Oþ 4e� ð8Þ

The products could be formic acid (CHOOH) and/or

water, and CO2. Both of these reactions release electrons.
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The released electrons are compensated with the holes

of La1-xSrxFeO3, which leads to the decreasing of con-

ductivity of the material. As a result, the resistance of the

sensor will increase.

Conclusions

Nanocrystalline La1-xSrxFeO3 (x = 0.0–1.0) powders have

been synthesized by a sol–gel method. It is found that the

main phases of all the samples sintered at 650 �C are

perovskite structures. Some impurity phases related to

SrCO3, Fe3O4, and La2O3 are shown in La1-xSrxFeO3

(x = 0.0–0.3, 0.6–1.0). However, no impurity phase is

found in La1-xSrxFeO3 (x = 0.4, 0.5). As Sr content of

x increases, the phase varies with cubic, orthorhombic, and

rhombohedral and cubic phase. XRD data and TEM images

confirm that the average crystallite size of La0.7Sr0.3FeO3 is

about 25 nm. The La1-xSrxFeO3 materials present a p-type

semiconductor behavior in formaldehyde. The optimum

working temperatures of La1-xSrxFeO3 change with com-

position x, and the responses of La1-xSrxFeO3 to HCHO

depend on composition x. Among La1-xSrxFeO3

(x = 0.0–1.0) materials, La0.7Sr0.3FeO3 shows the maxi-

mum response of about 26 to 50 ppm HCHO at the opti-

mum operating temperature of 200 �C. The response and

recovery times of La0.7Sr0.3FeO3 to 50 ppm HCHO are

260 s and 70 s, respectively. Ethanol is the main interfer-

ence gases for the La0.7Sr0.3FeO3 sensor.
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