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ABSTRACT The mutual influence of the process of electric charge generation in nitrate organic precursors
and a constant external magnetic field on the magnetic properties formation was considered for lanthanum
strontium manganite La0.7Sr0.3MnO3±y powders obtained via combustion reactions. The investigated proper-
ties of the obtained samples include hysteresis, magnetocaloric and magnetoresistive effects. The correlation
between formation process of extended ensembles of nanoparticles and the functional properties of complex
oxide materials was also discussed. The manifestation of a strong magneto-gas-selective effect has been ob-
served during the combustion of precursors in a constant magnetic field, which affects the charge generation
process.
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1. Introduction

Complex oxides based on lanthanum manganite with a perovskite-like structure are widely used as multifunctional
materials, for example, in various sensor devices, energy converters and other due to their unique properties. They in-
clude magneto-optical properties [1], the presence of colossal magnetoresistance effects [2–5] and magnetocaloric prop-
erties [6–12] that are acceptable for practical, including biomedical, applications. In particular, the colossal magnetore-
sistance is due to the presence of manganese ions with oxidation states of +3 and +4 in the perovskite structure, leading
to the emergence of kinetic ferromagnetic electron exchange and ferromagnetic ordering in doped manganites containing
ions with mixed valences, which is achieved, for example, by introducing heterovalent substituents into the lanthanum
sublattice. One of the most important aspects of the use of lanthanum manganite materials is their high catalytic proper-
ties [13–16]. Due to these properties, the aforementioned perovskites are used in solid oxide fuel cells and thermocatalytic
devices for environmental protection. The functional properties of these materials are influenced by synthesis character-
istics, particle size and morphology. In some cases, complex oxide materials consisting of nanoscale particles and their
ensembles exhibit the most favorable properties. Methods based on the use of appropriate salts (often nitrates) as starting
forms have significant advantages in the synthesis of such materials. Among the above-mentioned methods, Solution
Combustion Synthesis (SCS) occupies one of the most important positions due to its simplicity of implementation, the
possibility of varying the conditions for obtaining the materials, which makes it possible to control their properties. In
particular, Solution Combustion Synthesis allows one to obtain highly efficient nanostructured complex oxide catalysts,
including deposited ones [14, 17–19]. In addition, it is advisable to pay attention to the formation of magnetic properties
of the materials during synthesis.

In addition to the target electromagnetic properties of lanthanum manganite-based perovskites, it is also important to
consider the potential influence of the magnetic properties of catalytic materials on heterogeneous catalytic reactions [20–
24], such as the combustion of toxic substances. The phenomenon of the so-called magnetogas-selective effect, which is
based on the determinative flow of paramagnetic oxygen molecules from the air onto the catalyst surface and the expulsion
of diamagnetic molecules of catalytic oxidation products and nitrogen, helps to increase the efficiency of thermocatalytic
devices. At the same time, simultaneous reduction of nitrogen oxides occurs. Similar effects have been observed in liquid
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reaction media. The magnetogas-selective effect could be used in various reactions to control their kinetics. On the surface
of lanthanum manganite-based catalysts, heterogeneous redox reactions occur even at temperatures below 100 ◦C [14],
where the catalytic material is able to exhibit ferromagnetic properties. Therefore, the possibility of the above effect
should be considered.

The properties of complex oxide materials obtained via combustion reactions are influenced by such conditions as
process temperature, composition and concentration of the gases formed. One of the important phenomena accompanying
the synthesis processes of complex oxides by combustion of nitrate-organic precursors [5,16,19,25–56] is the generation
of high-density electric charges in the precursors and nanoparticles [45, 56–63]. The possibility of charge formation is
associated with the release of ionized molecular groups into the gaseous environment and also with the lability of the
oxidation state of transition metal ions which are the part of the precursors and the resulting material. The density of
such charges correlates with the potential difference between the precursor and the earth, which can be conveniently
measured [45], and its value reaches hundreds of volts. The potential differences detected on different sides of the
combustion front during the implementation of the self-propagating high-temperature synthesis method do not exceed
tenths or units of volts [64–71], and ionization of the gaseous environment is also possible when using this method.
In many cases, the presence of charges during SCS determines the morphology of the synthesized complex oxides and
has a significant impact on powder sintering processes. The temperature interval of intense sintering can be reduced by
hundreds of degrees in the presence of high charges [57, 59]. The presence of high charges leads to mutual repulsion of
nanoparticles, formation of small contact area between them, which significantly increases the reserve of excess surface
energy of particles.

It should be noted that there is information in the literature on the influence of external magnetic fields on the forma-
tion of electromagnetic properties of complex oxides [72]. It seems interesting and useful to study how the combination
of two factors – the presence of charges in the precursors and the influence of an external field – affects such properties.
Previously [57], on the example of the lanthanum-strontium manganite La0.7Sr0.3MnO3±y , it was found that the appli-
cation of an external alternating electromagnetic field leads to a decrease in saturation magnetization and coercive force
of the obtained materials, due to the disordering effect of the aforementioned field. The presence of medium intensity
charge generation generally has a favorable effect on the hysteresis properties. The investigations in the above work [57]
were carried out on samples with identical crystallographic structures and oxygen non-stoichiometry, which allows one to
compare the results correctly. In this work we have investigated the influence of a constant magnetic field applied during
synthesis on the magnetic properties of lanthanum-strontium manganites.

2. Experimental part

The synthesis of lanthanum manganite powders LaMnO3±δ , including doped La0.7Sr0.3MnO3±δ , was carried out by
combustion of nitrate-organic precursors obtained by mixing two separately prepared solutions. The first one contained
the respective metal nitrates dissolved in distilled water, the second one contained the organic component. Mixing the
solutions resulted in the formation of precursors. The ratio of the organic part to the nitrates was stoichiometric (ϕ = 1)
according to the combustion reaction [59] with the formation of water, carbon dioxide and nitrogen as the main gaseous
products, or exceeded it (ϕ > 1). The following starting reagents (analytical grade) were used: lanthanum (III) nitrate
hexahydrate La(NO3)3 ·6H2O, strontium nitrate Sr(NO3)2, manganese (II) nitrate tetrahydrate Mn(NO3)2 ·4H2O, glycine
(Gly) NH2CH2COOH, polyvinyl alcohol (PVA) (C2H4O)n (viscosity of 4 % aqueous solution at room temperature 11 cP,
content of residual acetate groups not exceeding 2 %) and polyvinyl pyrrolidone (PVP) (C6H9NO)n (molecular weight
40000, Sigma-Aldrich, PVP40).

For the preparation of precursors, two solutions were prepared separately in distilled water containing nitrates of the
corresponding metals and an organic component. Solutions of polymer components (concentration of PVA or PVP – 5
or 10 wt.%, respectively) were prepared by heating in a water bath. When mixing the two solutions, the quantitative
proportions were set in accordance with the stoichiometry of the nitrate combustion reaction with the formation of nitro-
gen, carbon dioxide and water as gaseous products [56]. The resulting solution was poured onto inert substrates, further
evaporation of water (drying) took place at room temperature, this process took up to 7 days, as a result of which pre-
cursors in the form of films containing a stoichiometric amount of an organic component (ϕ = 1) or its double excess
(ϕ = 2) were obtained. Combustion of precursors was carried out in porcelain cups using an alcohol lamp to initiate the
combustion process. The combustion was carried out in the absence or under the influence of a constant magnetic field.
The composition of gaseous combustion products (in particular, the concentration of nitrogen oxide NO, carbon monoxide
CO) was determined using a Testo 350 XL gas analyzer (Testo, Germany). The final heat treatment was carried out at a
temperature of 650 ◦C in the absence or under the influence of a constant magnetic field.

The synthesis was carried out after drying the precursor in air by placing it in a quartz tube reactor with an air
flow of 2 l/min and heating it with an alcohol burner. The level of charge generation was determined as the potential
difference between the precursor and the ground using an IPEP-1 electrostatic field meter (MNIPI, Republic of Belarus)
with a special metal screen made of an inert material as the measuring lead. The device was calibrated by applying a
potential of a given value to the screen using a B5-46 DC source (Priborelectro, Russian Federation). Similarly, to the
method described above, synthesis was carried out by placing the reactor in a constant magnetic field created in the gap
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between the electromagnet poles. Phase composition was determined by diffractometer D8 Advance (Bruker, Germany)
in CuKa radiation (λ = 1.5418 Å). X-ray images were taken in the range of 20 ◦ ≤ 2θ ≤ 80 ◦ with a step of 0.04 and
a shutter speed of 1 second at the point. Phase identification was carried out using the Fpeak and MATCH! software
packages. Alternatively, the pre-synthesized samples were annealed in a magnetic field. SEM was carried out by means
of AURIGA CrossBeam scanning electron microscope (Carl Zeiss NTS, Germany); the data were controlled, monitored
and analyzed using the Analysis Station software package, AURIGA series, version 3.7. The granulometric composition
of the obtained powders was determined by laser diffraction on a SALD-7101 dispersion analyzer (Shimadzu, Japan).
The hysteresis characteristics and magnetoresistance effect of the samples were measured using a LakeShore VSM 7407
(Lake Shore Cryotronics, USA) vibrating-sample magnetometer with the option of measuring magnetoresistance using
compacted pressed samples. The magnetocaloric effect was measured by the direct method – the adiabatic temperature
change was recorded when the magnetic field was switched on. The magnetic field was applied using a Halbach magnetic
system; the field strength was up to 17 kOe. The system used allowed the field strength to change abruptly from 0 to
maximum.

3. Results and discussion

Complex oxide samples LaMnO3±δ and La0.7Sr0.3MnO3±δ were synthesized by combustion of nitrate-organic pre-
cursors differing in organic component and its quantity. The combustion was carried out in the absence or under the
influence of a constant magnetic field. Phase composition was controlled after the heat treatment at 650 ◦C. The XRD
analysis showed that samples were single phase independently from the precursors’ content and the conditions of both
combustion and annealing. Lanthanum manganite LaMnO3±δ and solid solutions on its base with R-3c spatial group
were formed. The example of XRD patterns is shown in Fig. 1.

FIG. 1. XRD of La0.7Sr0.3MnO3±δ samples synthesized from different precursors without impact of
external magnetic field: 1 – PVP, ϕ = 1; 2 – PVP, ϕ = 2; 3 – PVA, ϕ = 1; 4 – PVA, ϕ = 2; 5 – Gly,
ϕ = 1; 6 – Gly, ϕ = 2

Magnetic (hysteresis) characteristics of lanthanum strontium manganite samples synthesized under the influence of a
constant magnetic field in the absence of a significant external electric field have been obtained (Fig. 2). An example of the
experimental curves used to calculate the magnetic parameters is shown in Fig. 3. Experimental data (after two hours of
annealing at 650 ◦C) revealed certain regularities in the formation of the magnetic properties of the samples, which can be
roughly divided into three groups according to the intensity of the charge generation during the synthesis. The first group
consists of samples whose synthesis was accompanied by high charge generation (potential difference ground – precursor
was up to and above 100 V), the second one – samples with low intensity of charge generation (potential difference close
to zero) and the last – samples in the average range for this parameter. The first group included materials synthesized from
precursors containing PVA, the second – PVP and the third one – Gly. The first group of samples was characterized by
the tendency to an increase of magnetic properties when a constant magnetic field was applied during the combustion of
precursors. While for the samples from the second and third group the measured parameters decreased (coercive force,
Curie temperature) or had a maximum at the average field strength (saturation magnetization) as the field strength applied
during combustion increased.
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FIG. 2. Characteristics of the obtained samples. Hs is the strength of the magnetic field, which was
applied during the synthesis

Analysis of the trends obtained from the experimental data shows that the saturation magnetization value also showed
a maximum as a function of field strength (at 2 kOe) for the samples that had intermediate charges during synthesis. In
contrast, the coercivity of the samples and the Curie temperature showed a minimum. Samples with low charges showed an
increase in coercivity and Curie temperature with increasing field and the dependence with a maximum for magnetization.
It should be noted that in this case the values of the magnetic parameters (saturation magnetization, Curie temperature)
were higher for the samples obtained in the absence of an external field.

The maximum influence of the value of the external magnetic field strength applied during the synthesis on satura-
tion magnetization value was observed for the samples with high generated charges, while the coercive force was more
dependent on the change of the magnetic field for the samples with low values of generated charges. The maximum satu-
ration magnetization values achieved in the described series of experiments had samples from the range of high generated
charges, the coercive force values were higher for samples with medium and low charges. Correspondingly, the Curie
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FIG. 3. Example of experimental magnetization dependence on (a) field strength for LSM sample (syn-
thesized from PVA-containing precursor (ϕ = 2), combustion under the impact of external magnetic
field 2Oe, annealed at 650 ◦C during 2 hours without impact of external magnetic field during thermal
treatment): (1) black curve at 77 K; (2) red curve at 300 K; (b) temperature for LSM, obtained from
PVA-containing precursor (ϕ = 2) annealed at 650 ◦C during 2 hours without impact of external mag-
netic field during combustion of precursor and thermal treatment

temperature was higher for samples with low charges. Based on the results obtained, it can be assumed that the pres-
ence of a magnetic field generally positively influences the formation of the magnetic structure of individual perovskite
particles, which is most pronounced in the case of high charge generation in precursors during synthesis. However, the
presence of high charges, as mentioned above, leads to strong mutual repulsion of nanoparticles and apparently prevents
their specific aggregation into extended ensembles, which provides the increase of the coercive force, the Curie temper-
ature. The dependence of the properties, e.g. the Curie temperature, on the effective size of the formations obtained in
powders has already been noted [5,73] for doped lanthanum manganites. There are also data on rather complicated corre-
lations between the magnetic properties [5, 73] (magnetization) and the size and shape of manganite particles of different
composition or their aggregates, which in turn may be related in particular to the magnetic moment of the manganese
ions, the bonding angle of the Mn-O-Mn clusters in the nanoparticle structure, on their surface and at the interparticle
boundaries. These aspects can also be influenced by synthesis conditions via combustion reactions (magnetic field effect,
etc.), particle shape, packing density, etc.

Magnetocaloric and magnetoresistive effects were investigated for samples obtained under and without a magnetic
field influence (for samples with different intensities of charge generation during the synthesis). Fig. 4 shows an example
of the temperature dependence of the electrical resistivity measured in the absence of a magnetic field and in a constant
magnetic field of 17 kOe or a compact sample of lanthanum strontium manganate in the form of a flat parallelepiped.
The sample was obtained from a precursor containing a stoichiometric (for the combustion reaction) amount of glycine
in a 3 kOe field. The coercive force was also higher for these samples (relatively low charges) (Fig. 2). The higher
values compared to samples obtained from precursors with high charges may also indirectly indicate the positive effect
of extended particle aggregation, which is not prevented by mutual repulsion of nanoparticles. Fig. 5 shows an example
of the measurement of the magnetocaloric effect on a sample of doped lanthanum manganate characterized by the effect
value of about 0.4 K in the temperature range ∼ 200 – 300 K. The sample was obtained from a precursor with intensive
charge generation in the absence of an external field. For comparison, the result for the sample with bulk composition
La0.7Ag0.3MnO3±y (synthesis in field 3 kOe, PVA ϕ = 2, low charges) is given. The indicated effects for the samples
synthesized in combustion reactions have an acceptable value, which indicates the possibility of further studies to establish
the influence of external electromagnetic fields during synthesis on the mentioned target parameters.

Regarding the formation of the morphology of the obtained samples, it could be noted that the possibility of obtaining
a material containing extended ensembles of particles is associated with the superposition of at least two opposite factors.
On the one hand, there is electrostatic repulsion between nanoparticles [74] due to charge generation, and on the other
hand, magnetic interaction between particles is possible [75]. It can be assumed that an additional factor contributing
to the minimization of particle contact is the presence of gases emitted during the combustion process. Considering the
relatively low Curie temperature of the resulting samples, slightly above 100 ◦C, magnetic attraction with the emergence
of the corresponding mutual spatial orientation is mainly possible below this temperature. In the absence of an external
magnetic field, the residual (spontaneous) magnetization is the determining factor, while in the presence of a magnetic
field it is induced by the field. In this case, we can assume that the formation of extended ensembles can occur mainly
when the material cools down after the combustion of the precursor. In the literature, there are examples of modeling the
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FIG. 4. Example of determining the magnetoresistance effect value: a – with a maximum value of
150 % at 77 K; 10 % at 0 ◦C and about 5 % at room temperature for lanthanum strontium manganate
sample, synthesized from glycine containing precursor (ϕ = 1) in a field of 3 kOe; b – lanthanum
strontium manganate sample, synthesized from glycine containing precursor (ϕ = 2) in a field of 3 kOe

FIG. 5. Examples of magnetocaloric effect measurements for samples: a – La0.7Sr0.3MnO3±y; b – La0.7Ag0.3MnO3±y

superposition of attraction and repulsion forces [76] (the interaction potential V ), in particular, during the formation of
extended structures of ferrogels in a liquid medium [74, 77–79], using the corresponding equations. When considering
the interaction potential V of the particles formed in combustion reactions, in principle, the closely acting van der Waals
forces [80] can also be taken into account. However, these forces do not contribute significantly (Fig. 6). In contrast to
the particles of gels, steric repulsion, which is typical for colloidal systems, is not taken into account [81]. The relatively
low permittivity of the gas medium compared to aqueous solutions, where ferrogels and similar formations are formed,
should be considered. This will weaken the electrostatic repulsion.

An approximate scheme of the interaction potential V of manganite particles may look as follows (Fig. 6). Such a
consideration approximates the interaction of at least two complex oxide particles at the initial stage of their chain for-
mation. In this case, the real sizes of the particles and the effective distances between them in the La0.7Sr0.3MnO3±y
sample can be used to estimate the above potentials (Fig. 7). If the average size of a “cell” occupied by each parti-
cle is assumed to be 100 nm, then according to [61], where the charge density on the precursor surface is given as
∼ 2 · 10−6 C/cm2 or 1013 elementary charges per 1 cm2, we can estimate the charge of each of the 1010 particles to be of
the order of 2 · 10−16 C. This corresponds to the order of 103 excess charges per particle or evaluated by 1 excess elemen-
tary charge per 3.5 · 105 crystallographic cells of lanthanum-strontium-manganite. The potential of electrostatic repulsion
between particles by means of Coulomb’s law in such a case is evaluated as 18 V, which corresponds to rather typical
measured potential difference ground – precursor in the process of synthesis of complex oxides. This value increases with
higher charge densities and correspondingly higher precursor-ground potential difference U .

Consideration of the estimated resultant curve for electrostatic repulsion and magnetic interaction of particles (Fig. 6)
at different precursor charges indicates the possibility of self-organization and formation of extended magnetic formations
in the region of intermediate charges. Despite the approximate nature of the estimation, a correlation with the actually
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FIG. 6. The dependence of interaction potential of particles V/kT from the distance between particles:
a – electrostatic repulsion at a potential difference ground – precursor 1, 10, 100 V (bottom-up), van der
Waals force and magnetic interaction; b – resultant curves for the same potential difference ground –
precursor

(a) (b)

(c) (d)

FIG. 7. SEM of La0.7Sr0.3MnO3±y samples, obtained by combustion of PVA containing precursors
with different ϕ value: a – potential difference ground – precursor fixed during synthesis about 200 V
(weak particle contact); b – potential difference ground – precursor fixed during synthesis about 10 –
20 V (dense contact); c – beginning of chain aggregates formation; d – fractal (branched structures).
SEM images were obtained without changing the integrity of the fragments of materials synthesized via
combustion reactions
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observed interparticle interactions can be seen. Thus, the generation of high charges leads to the predominance of repulsive
forces, while relatively low charges or their practical absence lead to denser contacts between particles (Fig. 7). It is
noteworthy that the particles themselves are close in size, which is apparently determined by physicochemical features
of the oxide material synthesis processes under combustion reaction conditions [82, 83]. Resulting particles with a size
of 50 – 350 nm form submicron and micron aggregates up to 20 µm (Fig. 7). Certain regularity can be observed in the
spatial arrangement of the particles. The difference in powders obtained from precursors with different charge generation
intensities is clearly seen when comparing their intense sintering temperature [57, 59]. This difference is also clearly
seen in the dependence of the specific surface area on the value of the generated potential difference ground – precursor
(Fig. 8). It is very interesting that for deterministic [82,83] particle sizes of complex oxides of different compositions, the
dependence of the specific surface area of powders on the above potential difference is practically the same. This can be
seen, for example, for doped lanthanum manganite and cerium iron oxide (Fig. 9).

FIG. 8. The dependence of the specific surface area (m2/g) on the maximum potential differ-
ence (V ) of the precursor-ground during synthesis from organic nitrate compositions of complex oxides
Ce0.9Fe0.1O2 [65] (circles) and lanthanum manganites (squares)

FIG. 9. SEM of Ce0.9Cu0.1O2 sample synthesized from PVA containing precursor (ϕ = 1)

Apparently, the chains of nanoparticles are not limited to their ability to associate by magnetic interaction. If such
particles have more than two active interaction centers, the chains can branch into Y and X (Fig. 7) and more complex
chains with the formation of dendritic (fractal) structures, the mechanism of whose formation is described in the literature,
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at least for such objects as magnetic fluids [84]. It can be assumed that in the future it would be productive to use a
mathematical technique similar to the models of such media as magnetic fluids and ferrogels to describe and predict the
behavior of systems in which the synthesis of magnetic nanoparticles takes place. It is clear that our approach to estimating
the possibility of forming extended ensembles of nanoparticles is quite suitable for the systems in which complex oxides
exhibit ferromagnetic properties at much higher temperatures than lanthanum manganites. In the first place it concerns
hexaferrites Sr, Ba with magnetoplumbite-type structure, since the Curie temperature of such complex oxides is equal
to their synthesis temperature in combustion reactions. It should also be assumed that the resulting curve of interaction
potentials between particles V for complex oxides, including lanthanum manganite, under the influence of magnetic field,
at the same intensity of charge generation U , will be located below the curve obtained in the absence of external field
(Fig. 6). It is clear that exposure to an external magnetic field, other conditions being equal, increases the tendency to form
nanoparticle chain associations by increasing the magnetization of the material. At the same time, dendritic associates
similar to those observed for manganites (Fig. 7) can also be found in other systems whose morphology formation is not
related to magnetic interaction. A sample based on cerium dioxide (Fig. 9) can serve as an example. It can be assumed
that one of the conditions determining the formation of dendritic structures is usually an intensive volumetric combustion
of the precursor. On the other hand, proper chain ensembles are most likely to be formed under smoldering combustion
or close to the SHS regime.

Some additional assumptions about the processes of synthesis of complex oxide materials via combustion of organic
nitrate precursors could be proposed. Some peculiarities of obtaining the double perovskite Sr2Ni0.7Mg0.3MoO6−d [60]
as a potential anode material for solid oxide fuel cells have already been considered. This and similar materials exhibit
ferromagnetic properties only at rather low temperatures due to the low Curie temperature [83, 85]. However, the forma-
tion of the target product occurs through the appearance of intermediate oxide products containing either molybdenum or
nickel. At the same time, the formation of nano-sized molybdenum oxide particles with an intermediate degree of oxida-
tion, which can form in the presence of organic compounds, nickel oxide and other phases, which may also have magnetic
properties and give rise to extended ensembles, as observed in electron micrographs of samples [60], cannot be excluded.
The presence of such chains may also contribute to the high electrical conductivity of the material [60], obtained from
a precursor with sufficiently intense charge generation. Another important point is the possibility of generating charges
of different sign on the particles of the intermediate phases, which differ in the presence of transition metal ions (Ni,
Mo). The sign of the charge, among other conditions, is related to the tendency of such ions to change the direction
of the degree of oxidation [57]. In case of formation of charges of different signs, such nanoparticles will experience a
sufficiently strong mutual attraction, judging by the value of the electrostatic interaction potentials discussed above. This
point will probably contribute to a good contacting of the intermediate phase particles and facilitate the synthesis of the
final product, as observed in [60].

Further research can include aspects such as the formation of extended structures in complex oxide materials during
their synthesis when coatings are deposited on substrates using combustion reactions. In such a case, the texturing factors
are the electrostatic repulsion of the particles and the topological orientation effect of the substrate. An example is the
textured coating of YBa2Cu3O7−δ on an oxide support (Fig. 10); in precursors based on the respective metal nitrates and
polyvinyl alcohol, the appearance of charges of negative sign was recorded [61].

FIG. 10. SEM of YBa2Cu3O7−δ coating on an Al2O3 carrier with a zirconium dioxide sublayer ob-
tained by pyrolysis of nitrate-polyvinyl alcohol compositions [86]
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Another important point concerning the synthesis processes discovered during the study should be noted. A fairly
strong manifestation of the magnetic-gas-selective effect during the combustion of organo-nitrate compositions was es-
tablished. This effect was discussed above [20–24]. In this case, during the precursor (PVA, ϕ = 1) combustion in a
magnetic field (H = 3 kOe), the potential difference U of the order of +60 V was determined while this value was
about −8 V when the combustion of the same precursor occurred in the absence of a magnetic field. It should be noted
that the value of U reached +100 V and even more when the combustion occurs under the influence of an electromagnetic
field [59]. Consequently, a constant magnetic field prevented the removal of negatively charged paramagnetic molecu-
lar groups like H2O−, CO−

3 during combustion, whereas the application of an alternating electromagnetic field, on the
contrary, promoted it [50, 59]. The pattern established initially allows us to control the process of charge generation and
influence the formation of the morphology of the samples; it requires further study. On the other hand, this point makes
more understandable the results of formation of magnetic properties of samples (Fig. 2), where non-monotone dependence
on the external field strength is observed, because the intensity of manifestation of the magnetic-gas-selective effect may
be related to the field strength.

4. Conclusion

In conclusion, it should be noted that the influence of the magnetic field on the results of synthesis of lanthanum man-
ganites appears in a rather complex superposition with such a factor as the presence and intensity of generation of electric
charges, determined by synthesis conditions, in particular, the composition of precursors. Nevertheless, it is possible to
trace the regularity of such mutual influence. When considering the effect of magnetic field, it is reasonable to divide the
studied systems into groups according to the intensity of charge generation: high, medium and low. An external magnetic
field had a predominantly positive influence on the lanthanum-strontium-manganite samples, in which high intensity of
charge generation was observed in terms of their magnetization enhancement, apparently due to obtaining a more perfect
magnetic structure of crystallites. Under conditions of medium and low intensity of charge generation, when the electro-
static repulsive forces are lower, but still strong enough to minimize contacts between nanoparticles, conditions are created
for the formation of chain-like ensembles as well as dendritic forms. At the same time, the application of a magnetic field
has a positive effect on the value of the coercive force of the samples, and increase of the Curie temperature. The use of the
detected trends allows one to purposefully optimize the conditions of manganite production, including the choice of the
conditions for obtaining materials with such properties as magnetocaloric and magnetoresistance effects, on the basis of
the available data on the intensity of charge generation in a given system of starting reagents. A magneto-gas-selective ef-
fect was found to occur during the combustion of nitrate organic precursors, leading to a decrease in the resulting potential
difference between the ground and the precursor. This phenomenon requires further detailed investigation.
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