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Abstract 
For the production of gas-sensitive sensors, easily obtained nanostructured substances are required. Therefore, one of the 
most important scientific problems is the search for new compositions and an improvement in the used materials. The aim 
of this study was the creation of thin-film materials based on yttrium and lanthanum chromite nanopowdersYCrO3 and 
LaCrO3, doped with strontium ions, and the identification of their gas-sensitive properties.
The synthesis of nanopowders was carried out by the sol-gel method for LaCrO3 and the citrate method for YCrO3. Doped 
powders were obtained using the same synthesis methods as the original samples. The phase and elemental composition 
of the obtained samples was determined. The result of this study demonstrated that the actual composition of the 
nanopowders is close to the nominal one. Gas-sensitive properties were determined by measuring the specific surface 
resistance of the obtained samples to the content of carbon monoxide CO with a concentration of 50 ppm. 
It was found that the obtained samples possess n-type of conductivity and a good response to the presence of traces of 
carbon monoxide. Yttrium chromite-based nanofilms exhibit better gas-sensitive response compared to LaCrO3. The 
maximum value was obtained for Y0.9Sr0.1CrO3, demonstrating a gas sensitive response of 2.83 at a temperature of 200 °C.
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1. Introduction
Production safety is one of the main problems 

today. Emitted toxic gases require immediate 
detection for subsequent timely elimination. 
Therefore, gas-sensitive sensors are used; and 
the search for modern material compositions that 
allow detecting small concentrations of gases in 
a short time is carried out.

Today, gas sensors based on n-type 
semiconductors are widely used. The most 
significant progress was achieved in the 
development of gas-sensing transistors, Schottky 
barrier devices, and semiconductor gas-sensing 
resistors [1]. All semiconductors with the 
electronic type of conductivity have a sensory 
response, but wide-bandgap semiconductors are 
widely used. Such semiconductors include: SnO2, 
ZnO, In2O3, WO3, characterized by the highest 
gas sensitivity. Important physical and chemical 
properties of these materials are the electronic 
type of conductivity, transparency in a wide range 
of the electromagnetic radiation spectrum and 
high surface reactivity [2–6]. At the same time, 
semiconductors with p-type conductivity can 
also act as gas sensors [7], however, in this case, 
oxidizing gases act as priority detected gases.

The need for detector selectivity leads to the 
search for more complex structural compounds, 
one of which is the perovskite – orthorhombic 
structure of the Pbmn spatial group with the 
general formula ABO3. There is a wide variety of 
gas sensors with a perovskite structure capable of 
detecting various gases and volatile compounds.

One of common material is a composite of 
iron oxide and lanthanum oxide, of perovskite 
type LaFeO3. It has both high ionic and electronic 
conductivity at high temperatures and is suitable 
for detecting gases such as butane, propane, 
propylene, butylenes, ethylene, methane, 
formaldehyde, and carbon dioxide [8–10].

In addition to lanthanum ferrite, its close 
analogue, lanthanum cobaltite, is also actively 
used, which exhibits satisfactory sensory 
properties for reducing gases such as carbon 
monoxide and ammonia vapors [11].

Alternative gas sensors with a perovskite 
structure are transition metal chromites. Their 
main advantage is the ability to detect inorganic 
gases – carbon monoxide and dioxide, nitrogen 
oxide (II) [12, 13]. Gas detection occurs at slightly 

higher concentrations of gases than when using a 
lanthanum ferrite-based gas sensor. The response 
time and recovery time is up to 3 minutes, 
however, with a higher concentration of the test 
gas. Chromites are also promising due to their low 
cost, selectivity for specific gases and mechanical 
strength, although the operating temperatures 
of the sensors also remain high [14-16]. Due to 
its simplicity and cost-effectiveness, the sol-gel 
method remains the main method of synthesis of 
such materials [17-19].

Further developments in chromite-based 
gas sensors are aimed at reducing operating 
temperatures and gas concentrations required 
for detection. The aim of this study was to create 
nanocrystalline films based on yttrium and 
lanthanum chromite nanopowders doped with 
strontium ions, as well as to identify their gas-
sensitive properties depending on the dopant 
content. 

2. Experimental 
Doped nanopowders of lanthanum chromite 

were obtained by the sol-gel method. The work 
used a technique used in our laboratory for 
the synthesis of ferrites [20], and adapted for 
lanthanum chromite. A mixture of La(NO3)3, 
Cr(NO3)3, and Sr(NO3)2 solutions was added to 
boiling water with constant stirring using a 
magnetic stirrer, based on their stoichiometric 
ratios to obtain LaCrO3, La0.95Sr0.05CrO3, and 
La0.9Sr0.1CrO3. The resulting solutions were 
boiled for 5 min. Then, while stirring, ammonia 
water was added dropwise through a separatory 
funnel, taken in a quantity sufficient for the 
complete precipitation of cations, based on the 
stoichiometric ratio of the reagents. The solutions 
were stirred for another 5 min. The resulting 
precipitates were separated on a vacuum filter 
and dried for several days to constant weight 
at room temperature. The final nanopowders 
were obtained by heat treatment of dehydrated 
precipitates in a muffle furnace (SNOL 8.2/1100) 
at a temperature of 950 °C for 1 h. 

The citrate method was used to obtain 
yttrium chromite (with and without dopant). 
The technique was also similar to that of the 
synthesis of yttrium ferrite [21] and adapted for 
chromite. The Cr(NO3)3·9H2O, Y(NO3)3·6H2O, and 
Sr(NO3)3·4H2O were dissolved in distilled water 
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in stoichiometric proportion. The solutions were 
heated for better dissolution of the salts and 
then cooled. Then, while stirring, the calculated 
amount of ammonia was added dropwise until 
precipitate was formed. After the addition of citric 
acid, it was heated again until the precipitate 
dissolved. The solutions were then completely 
evaporated and burned until ash was formed. 
The resulting powders were annealed in a muffle 
furnace (SNOL 8.2/1100) at a temperature of 
950 °C for 1 h. 

For  the  study  of  the  gas-sensi t ive 
properties, the synthesized powders were 
dispersed in ethyl alcohol with the addition of 
cetyltrimethylammonium bromide (CTAB) as a 
surfactant until a paste was formed. Then the 
synthesized powders were applied to a conductive 
element (silicon wafer) using the spin-coating 
method (SpinNXG-P1H unit) and annealed for 1 h 
at 100 °C. The mode of application created a fixed 
thickness of 150±5% nm. Electrical contacts to the 
thin films, located at the vertices of the square 
silicon wafer, consisted of tungsten carbide with 
a diameter of 0.5 mm. The distance between 
contacts was 1 mm. 

The phase composition of nanopowders 
was determined using an X-ray diffractometer 
Thermo ARL X’TRA (X-ray radiation, l = 0.154 
nm), which included a computer equipped with 
software for automatic shooting and processing 
of diffractograms. The initial shooting angle is 
2q = 10°, the final angle is 2q = 70°, step = 0.02. 
The decoding of the obtained diffractograms 
was carried out using the JCPDC PCPDFWIN 
database [22].  In this work, the elemental 
composition of the obtained powders was studied 
by local X-ray spectral microanalysis [23] on a 
JEOL-6510LV installation with a Bruke energy 
dispersive microanalysis system. The specific 
surface resistance of the obtained thin films was 
studied by the Van der Pau method at the CIUS-
4 installation. The specific surface resistance of 
the samples, necessary to establish gas-sensitive 
properties, was measured in air, as well as in the 
presence of the test gas (CO) with a concentration 
of 50 ppm. The technique was similar to that 
described in [24]. The required concentration of 
carbon monoxide was achieved by diluting the 
certified gas mixture with dry synthetic air. The 
measurements were carried out in a stationary 

system (a closed chamber with a volume of 50 
liters). The electrical contacts to the thin films, 
located at the vertices of the square, consisted 
of tungsten carbide with a diameter of 0.5 mm. 
The distances between the contacts were 1 mm. 
Heating was carried out at a rate of 1° C/min. 
During the experiment, temperature control 
was carried out continuously. A chromel-kopel 
thermocouple was used for this purpose. The 
value of the sensor signal was determined as the 
ratio of the specific surface resistance in air to 
the specific surface resistance of samples in the 
presence of carbon monoxide: [25]

SG = RG/ RA ,

where SG – sensory signal, RA – specific surface 
resistance of films in air, RG – specific surface 
resistance of films in the presence of a reducing 
gas.

3. Results and discussion
3.1. X-ray phase analysis (XPA)

For the conformation of the expected 
composition, the phase composition of the 
nanopowders was determined using X-ray phase 
analysis (XPA). The obtained diffraction patterns 
are shown in Figs. 1 and 2. According to the 
results of X-ray diffractometry, the sample LaCrO3 
synthesized by the sol-gel method, consisted of 
one phase, orthorhombic lanthanum chromite. 
The sample YCrO3 obtained by the citrate method, 
had one phase of yttrium chromite. Impurity 
phases were not detected.

According to X-ray diffraction data, 
La0.95Sr0.05CrO3, La0.9Sr0.1CrO3, Y0.95Sr0.05CrO3, and 
Y0.9Sr0.1CrO3 samples were characterized by the 
presence of a single phase, YCrO3 and LaCrO3 
respectively. A shift of the peaks compared to the 
initial phases and a decrease in the interplanar 
distances of the unit cell were observed, which 
indicates the successful incorporation of 
strontium ions into the crystal lattices of yttrium 
chromite and lanthanum chromite. The increase 
in shifts and decrease in interplanar distances of 
unit cells for doped yttrium chromite samples 
correlated with the percentage content of 
strontium ions.

The size of the obtained particles was 
determined from the coherent scattering region 
using the Debye–Scherrer formula and was 25–
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Fig. 1. X-ray diffraction patterns: a) LaCrO3; b) La0.95Sr0.05CrO3; c) La0.9Sr0.1CrO3

а

b
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Fig. 2. X-ray diffraction patterns: a) YCrO3; b) Y0.95Sr0.05CrO3; c) Y0.9Sr0.1CrO3
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27  nm for yttrium-substituted chromites and 
11–22 nm for lanthanum-substituted chromites.

3.2. Electron probe X-ray microanalysis 
(EPXMA)

The elemental composition of nanopowders 
was studied using the local X-ray spectral 
microanalysis (EPXMA) method. The results 
obtained are presented in Tables 1 and 2. The 
EPXMA data confirm the inclusion of strontium 
in LaCrO3 and YCrO3 lattice. The results showed 
that the actual composition of nanoparticles is 
close to their nominal composition. However, 
the lack of oxygen in all samples compared to 
the expected composition should be noted. This 
was a consequence of the formation of oxygen 
vacancies during the synthesis process and 
should have a beneficial effect on gas-sensitive 
properties, especially for yttrium ferrite.

3.3. Measurement of surface resistivity by the 
Van der Pauw method

Based on the results of measuring the specific 
surface resistance, it was found that yttrium 
chromite reacts to the presence of CO gas at 
a concentration of 50 ppm, which is shown in 
Fig. 3. As can be seen in Fig. 4 a response was 
also observed for lanthanum chromite samples, 
however, compared to yttrium chromite, the 
resistance curves had a smoother character.

The resistance of thin films of yttrium 
chromites at temperatures from 20 to 200 °C and 
samples of lanthanum chromite from 20 to 180 °C 
in the presence of carbon monoxide dropped 

sharply, which was sue to the interaction of 
adsorbed CO molecules with atmospheric oxygen 
adsorbed on the surface of the film. The following 
interactions occurred:

with the involvement of oxygen:

O2(gas) → O2(ads)

O2(ads) + e– → O2
–

(ads)

O2
-
(ads) + e– → 2O–

(ads),

with the involvement of detectable gas (CO):

CO(gas) → CO(ads)

CO(ads) + O– → CO2(ads) + e–

CO2(ads) → CO2(gas).

The released electrons are conduction 
electrons, and an increase in their concentration 
led to the observed decrease in surface resistance. 
This, in turn, indicated the electronic type of 
conductivity of the samples, probably caused by 
vacancies in the anion sublattice, the presence of 
which follows from the EPXMA data. At the same 
time, there is evidence in the literature about 
the possibility of lanthanum chromite and hole 
conduction [26].

The graphs of the dependence of the gas-
sensitive response on temperature, which 
indicate the susceptibility of sensors based on 
YCrO3 and LaCrO3 to the studied gas are shown 
in Fig. 5. A directly proportional dependence of 
the sensory signal on the degree of doping was 
observed. The sensory signal increased with the 
increase in the strontium content. 

Table 1. Results of elemental analysis of LaCrO3, La0.95Sr0.05CrO3, La0.9Sr0.1CrO3 powder, synthesized by the 
sol-gel method

Nominal composition of 
nanoparticles

Elemental composition, at. % The actual composition of 
the samplesLa Sr Cr O

LaCrO3 19.41 0 20.28 60.31 La0.96CrO2.97

La0.95Sr0.05CrO3 19.11 1.01 20.31 59.57 La0.94Sr0.05CrO2.93

La0.9Sr0.1CrO3 18.26 2.04 20.42 59.28 La0.89Sr0.1CrO2.9

Table 2. Results of elemental analysis of YCrO3, Y0.95Sr0.05CrO3, Y0.9Sr0.1CrO3 powder, obtained by the 
citrate method

Nominal composition of 
nanoparticles

Elemental composition, at. % The actual composition of the 
samplesY Sr Сr О

YCrO3 20.03 0 20.78 59.19 Y0.96CrO2.85

Y0.95Sr0.05CrO3 19.84 0.98 20.74 58.44 Y0.96Sr0.047CrO2.82

Y0.9Sr0.1CrO3 19.53 1.97 20.66 57.84 Y0.95Sr0.095CrO2.8
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Fig. 3. Dependence of specifi c surface resistance on temperature in air and in the presence of CO for: a) YCrO3; 
b) Y0.95Sr0.05CrO3; c) Y0.9Sr0.1CrO3 

а

b

c
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Fig. 4. Dependence of specifi c surface resistance on temperature in air and in the presence of CO for: a) LaCrO3; 
b) La0.95Sr0.05CrO3; c) La0.9Sr0.1CrO3 

а

b

c
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At room temperature, the sensitivity of 
sensors in the presence of carbon monoxide was 
virtually absent. As the temperature increased, CO 
adsorption occurred on the surface of the samples. 
Electrons passed from adsorbed molecules into 
the surface layer, which reduced the specific 
surface resistance of nanomaterials. The maximum 
value of the sensor response of gas-sensitive thin 
films was achieved at a temperature of 200 °C for 
yttrium chromites. For lanthanum chromites, 
clearly defined maximum was not identified, 
and the similar value of the sensory signal was 
maintained in the temperature range of 180-240 
°C, which was especially distinct for the sample 
with the maximum dopant content. The YCrO3, 
Y0.95Sr0.05CrO3, Y0.9Sr0.1CrO3, LaCrO3, La0.95Sr0.05CrO3, 
and La0.9Sr0.1CrO3 samples had a tendency to a linear 
decrease in resistance, explained by the desorption 

of carbon monoxide molecules with increasing 
temperature, and consequently, the breaking of 
bonds between gas molecules and surface atoms 
of the samples. With an increase in the strontium 
content, lower resistance values are detected, and 
the difference between the resistance in the air and 
in the gas under study increases. 

The obtained values of the sensory signal 
exceed similar results known from the literature 
for both lanthanum chromite proper [17] and 
lanthanum cobaltite analogous to it [11]. It should 
be noted that, in comparison with the work [17], 
such a result was achieved simultaneously with 
a decrease in the concentration of the detected 
gas at a comparable temperature. In the case of 
yttrium cobaltite, the superior value of the sensor 
signal was achieved at a significantly higher 
temperature (200 °C instead of 100).

а

b

Fig. 5. Gas sensitive response as a function of temperature for: a) YCrO3; b) LaCrO3
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4. Conclusions
Thin films based on synthesized YCrO3 and 

LaCrO3 nanopowders were obtained using sol-
gel and citrate methods and doped with 5 and 10 
at. % Sr. The synthesized samples were single-
phase and had a good agreement between the 
actual and nominal compositions. Good gas 
sensitivity was detected in the presence of carbon 
monoxide at a concentration of 50 ppm using 
the Van der Pauw method. The dependence of 
the sensory signal on the dopant content was 
established. The maximum sensor signal value 
of 2.82 corresponded to Y0.9Sr0.1CrO3 sample at a 
temperature of 200 °C.
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