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Abstract
The manganates Sm1.5–xSr1 + xBa0.5Mn2O7 for x = 0, 0.1, and 0.3 were successfully synthesized by the co-precipitation 
route. The compounds’ crystalline structures were analyzed through powder X-ray diffraction using the refinement Rietveld 
method. The refined structure parameters are entirely in agreement with those expected in the case of An + 1BnO3n + 1 for 
n = 2 corresponding to the iso-structural Sr3Ti2O7 type. Magnetic measurements of Sm1.5–xSr1 + xBa0.5Mn2O7 (x = 0, 0.1, and 
0.3) revealed the existence of a predominant antiferromagnetic ordering. Furthermore, isothermal magnetization shows that 
magnetization saturation is not fully attained at high fields, which can be explained by a strong super-exchange interaction 
of the antiferromagnetic state. The electrical resistivity at zero field shows that these compounds are electrically insulating 
materials, which can be explained by the predominance of the antiferromagnetic ordering.
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1  Introduction

The Ruddlesden–Popper (RP) phases with general formula 
T2–2xD1 + 2xM2O7 (where T is the trivalent rare earth cation 
such as La, Sm, Pr, etc., D is the divalent alkaline earth 
cation such as Sr, Ca, Ba, etc., and M is a transition metal 
such as Mn, Fe, Co, etc.) [1–10] have attracted consider-
able research interest in recent years due to their interest-
ing electrical, magnetic, and electrochemical properties 
[11–16], including magnetic storage and spintronics [17, 
18]. Moreover, they have garnered increasing attention as 
oxygen catalysts due to their compositional flexibility, dis-
tinctive layered structure, and exceptional intrinsic activity 
[19]. Furthermore, these materials have been investigated 
as solid electrolytes for lithium-ion batteries to tackle safety 
and performance issues associated with conventional liq-
uid electrolytes. They offer advantages such as high ionic 
conductivity, stability, and compatibility with lithium 
metal anodes [20]. The general formula of the RP phases 
could also be written as (T, D)n + 1MnnO3n + 1 consists of 
RP phases T1−xDxMnO3 blocks which are n octahedra thick 
and separated by rock-salt DO layers. The simple perovskite 
structure is with n = ∞ in the RP series. Several studies have 
been carried out about RP manganates for n = 2 such as the 
(La2–2xCa1 + 2xMn2O7) series [12]. It has been shown that 
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the magnetic and electrical properties of the RP compound 
with n = 2 are very sensitive to the chemical nature of T and 
D ions [13]. Systematic studies on T2–2xD1 + 2xMn2O7 mate-
rials have been devoted to examining the structural, elec-
trical, and magnetic mechanisms that control the reported 
properties. Mixed valence Mn3+/Mn4+ is very important to 
understand these mechanisms. We noted that, first, the origin 
of these transitions is attributed to the double-exchange or 
super-exchange interactions between the manganese cations 
and oxygen, which are generally explained by the ferromag-
netic and antiferromagnetic coupling between Mn3+(t2g3eg1) 
and Mn4+(t2g3eg0) cations and second, the structure defect 
such as deformation of the MnO6 octahedra, which implies 
a distortion of the structural network due to the Jahn–Teller 
effect [21–24]. Several studies on the RP phases based on 
samarium of the formula Sm2–2xA1 + 2xMn2O7 (A: alkaline 
earth) [25–28] have reported the existence of an antiferro-
magnetic transition below Néel temperature (TN). Moreo-
ver, other similar compounds exhibit a double magnetic 
transition at low temperatures such as the Sr1.6Sm1.4Mn2O7 
compound [28]. To our knowledge, no compound of the 
RP phases (n = 2) based on samarium with a mixture of 
two alkaline earth metals (barium and strontium) has been 
reported. In this work, we report a synthesis approach of 
manganates Sm1.5–xSr1 + xBa0.5Mn2O7 (with x = 0, 0.1, and 
0.3). Their crystal structures were characterized by X-ray 
diffraction (XRD) using the Rietveld method refinement. 
The electrical and magnetic properties of bilayered manga-
nates are also investigated.

2 � Experimental

2.1 � Synthesis protocol

Poly-crystalline compounds Sm1.5–xSr1 + xBa0.5Mn2O7 with 
x = 0, 0.1, and 0.3 were synthesized by the co-precipitation 
method from stoichiometric amounts of samarium oxide 
Sm2O3 (99.99% Purity), strontium nitrate Sr(NO3)2 (99.99% 
Purity), barium nitrates, Ba(NO3)2 (99.99% Purity) and man-
ganese nitrate tetrahydrate Mn(NO3)2.4H2O (99.99% Purity). 
The reagents are dissolved simultaneously in 100 mL of 
distilled water, 10% nitric acid is added to promote their 
solubilization, then the mixtures are stirred at 343 K for 
24 h, and the obtained precipitates are introduced into a 
platinum crucible for heat treatment. The conventional sin-
tering was carried out under air in a muffle furnace. The 
first annealing step was carried out at 973 K for 24 h to 
decompose the residual nitrates. The obtained powders are 
ground in an agate mortar then pelletized using a hydraulic 
press, and brought to temperatures of 1173 K, 1473 K, and 
1673 K, respectively, for the second, third, and fourth heat 

treatments. Each heat treatment lasts 24 h and is interspersed 
with an intermediate step of grinding and pelletizing.

2.2 � Instrumental analyses

The analysis of the products was carried out using X-ray 
powder diffraction. The X-ray data were collected at room 
temperature on a BRUKER D8 Advance (θ-θ) diffractometer 
with CuKα radiation (40 kV, 40 mA). XRD patterns were 
recorded in the range of 2θ = 10°–100° with a 0.01° step. 
Rietveld refinement was performed using the Fullprof pro-
gram. The crystallite size and micro-strain were estimated 
using Williamson–Hall (WH) plots for FWHM of XRD pat-
terns after Rietveld fitting. The magnetic measurements were 
conducted in the temperature range of 2–275 K at a magnetic 
field of 0.05 T, using a BS2 magnetometer developed at Neel 
Institute. The magnetic measurements versus the magnetic 
field varying from 0 to 5 T were also measured. The electric 
resistivity of samples was measured using a source measure 
Keithley 236 with a standard four-probe technique with an 
Ag electrode in the temperature range of 150–320 K.

3 � Results and discussion

3.1 � Structural characterization and refinement

The structure of Sm1.5–xSr1 + xBa0.5Mn2O7 (x = 0, 0.1, and 
0.3) samples has been refined on powder X-ray diffrac-
tion patterns by the Rietveld refinement method using 
Fullprof software. The pseudo-Voigt function was used to 
describe the lines’ shape of the diffraction patterns. The shift 
errors parameter, unit cell parameters, background coeffi-
cients, the Caglioti coefficients U, V, and W, atomic posi-
tions, isotropic shift parameters, and preferred orientation 
were successfully refined. The occupancy rate parameters 
are fixed according to the ideal stoichiometry of the crystal-
lographic site. The experimental and calculated X-ray dif-
fraction patterns after full refinement are shown in Fig. 1 
(a). Indeed, all these parameters, including the unit cell 
parameters, reliability factors, atomic positions, and ther-
mal displacement parameters, are presented in Table 1. The 
XRD diagrams were fitted using a pseudo-Voigt function 
and a third-order polynomial was employed to assimilate 
the background function. The results show a good agree-
ment between the observed and the calculated diffraction 
profiles, with good reliability refinement factors (Table 1). 
The results show that all samples present single phases 
and all diffraction peaks for each phase are indexed in the 
tetragonal system with the limiting condition for reflection 
h + k + l = 2n and I4/mmm as space group [29, 30]. Two 
distinguished crystallographic sites exist in the structure of 
these compounds that can host Sm3+, Ba2+, and Sr2+ cations. 
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The first one is the perovskite cage of dodecahedral coordi-
nation with Wyckoff site 2b, and the second one is a nine-
coordinated with Wyckoff site 4e. The manganese ions Mn3+ 
and Mn4+ are located in an octahedral environment with 

Wyckoff site 4e. Figure 1b shows the structure schema of 
Sm1.5–xSr1 + xBa0.5Mn2O7 generated by ATOMS software.

Several studies have proven that the substitution of an 
alkaline earth ion by a rare earth ion occurs preferentially 

Fig. 1   a Rietveld refinement patterns of Sm1.5–xSr1 + xBa0.5Mn2O7. 
The upper symbols illustrate the observed data (circles) and the cal-
culated pattern (solid line). The vertical markers show the calculated 

positions of Bragg reflections. The lower curve is the difference dia-
gram. b Crystal structure schema of Sm1.5–xSr1 + xBa0.5Mn2O7
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at the DO layered with (D = alkaline earth ion or rare earth) 
[31–33]. However, the small size of the rare earth ions 
compared to the alkaline earth ions leads to a privileged 
occupation of the latter in the perovskite cage. The lengths 
of the bonds and the angles between the atoms in the stud-
ied structures adopt values conventionally encountered 
in previous studies [30–33]. Bond lengths and angles for 

compounds x = 0, 0.1, and 0.3 are listed in Table 2. The 
lengths of the equatorial Mn–O(2) bonds are shorter than 
the apical Mn–O(1) and Mn–O(3) bonds and the lengths 
of the apical Mn–O(1) bonds are shorter than those of the 
Mn–O(3)bonds, this is due to the existence of a distortion 
at the MnO6 octahedra. Therefore, the Mn ions have five 
neighboring oxygen anions (O(1) and 4O(2)), precisely four 

Table 1   Crystallographic parameters obtained from Rietveld refinement of compounds x = 0, 0.1, and 0.3 in the system Sm1.5–xSr1 + xBa0.5Mn2O7

Crystal system Tetragonal Z 2

Space group I4/mmm T 298 K

x = 0 [25] x = 0.1 x = 0.3

a (Å) 3.8398 (7) 3.8390 (3) 3.8420 (10)
c (Å) 20.3814 (5) 20.3650 (7) 20.2990 (2)
V (Å3) 300.5 (11) 300.1 (13) 299.6 (7)
RF 7.50 4.99 6.41
Rwp 27.30 13.72 17.42
Rp 7.26 3.96 7.14
Rexp 21.22 14.87 14.50
χ2 1.87 1.02 1.23

Compounds Atoms Wyckoff sites x/a y/b z/c Biso (Å2) Occupancy

Mn 4e 0.0 0.0 0.0990 (2) 0.2410 (5) 1.000
Sr (1) 2b 0.0 0.0 0.5 0.59 0 (10) 0.481
Sm (1) 2b 0.0 0.0 0.5 0.59 0 (10) 0.352
Ba (1) 2b 0.0 0.0 0.5 0.59 0 (10) 0.166

Sm1.5SrBa0.5Mn2O7 Sr (2) 4e 0.0 0.0 0.31611 0.58 0 (5) 0.260
(x = 0)[25] Sm (2) 4e 0.0 0.0 0.31611 0.58 0 (5) 0.574

Ba (2) 4e 0.0 0.0 0.31611 0.580 (5) 0.166
O (1) 2a 0.0 0.0 0.0 1.34 (19) 1.000
O (2) 8 g 0.0 0.5 0.1029 (6) 1.34 (19) 1.000
O (3) 4e 0.0 0.0 0.2008 (8) 1.34 (19) 1.000
Mn 4e 0.0 0.0 0.09850 (2) 0.28216 (12) 1.000
Sr(1) 2b 0.0 0.0 0.5 0.82944 (3) 0.360
Sm (1) 2b 0.0 0.0 0.5 0.82944 (3) 0.414
Ba (1) 2b 0.0 0.0 0.5 0.82944 (3) 0.166

Sm1.4Sr1.1Ba0.5Mn2O7 Sr (2) 4e 0.0 0.0 0.31640 (6) 0.74670 (2) 0.366
(x = 0.1) Sm (2) 4e 0.0 0.0 0.31640 (6) 0.74670 (2) 0.493

Ba (2) 4e 0.0 0.0 0.31640 (6) 0.74670 (2) 0.1666
O (1) 2a 0.0 0.0 0.0 0.09094 (7) 1.000
O (2) 8 g 0.0 0.5 0.10258 (3) 1.30505 (19) 1.000
Mn 4e 0.0 0.0 0.09855 (2) 0.35194 (2) 1.000
Sr(1) 2b 0.0 0.0 0.5 0.45034 (8) 0.433
Sm (1) 2b 0.0 0.0 0.5 0.45034 (8) 0.342
Ba (1) 2b 0.0 0.0 0.5 0.45034 (8) 0.1666

Sm1.2Sr1.3Ba0.5Mn2O7 Sr (2) 4e 0.0 0.0 0.31668 (14) 0.72374 (1) 0.433
(x = 0.3) Sm (2) 4e 0.0 0.0 0.31668 (14) 0.72374 (1) 0.429

Ba (2) 4e 0.0 0.0 0.31668 (14) 0.72374 (1) 0.166
O (1) 2a 0.0 0.0 0.0 0.17931 (2) 1.000
O (2) 8 g 0.0 0.5 0.10284 (2) 1.92017 (7) 1.000
O (3) 4e 0.0 0.0 0.19803 (2) 3.08770 (9) 1.000
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oxygen atoms (4O(2)) distant at the same distance, and the 
oxygen atom O(3) is further away, which implies that the 
MnO6 octahedra are almost irregular. The origin of this 
deformation may be due to the Jahn–Teller effect generated 
by the Mn3+ (t2g3eg1) ions.

Figure 2a. shows the evolution of a and c lattice param-
eters versus the strontium substitution rate and Fig. 2b. 
shows the volume unit cell versus the strontium substitution 
rate. To fully explain the evolution of unit cell parameters, 
two main factors are taken into account: the first one is the 
cations ionic radii of Sm+3 and Sr2+, and the second one is 
the oxidation of Mn3+ in to Mn4+ due to the substitution of 
samarium by strontium according to the following coupled 
substitution: Sm3+ + Mn3+ → Sr2+  + Mn4+.The evolution 
of a unit cell is governed by the ionic radii of both Sr2+ 
and Sm3+cations. At equal coordinates, the cationic radius 
of strontium is higher than that of samarium [34]; conse-
quently, a weak expansion occurs in the ab plane; therefore, 
a unit cell parameter increases weakly with the strontium 
substitution rate.

The evolution of the c parameter and unit cell volume 
as a function of strontium amount, are strongly correlated. 
Owing to the preservation of local electro-neutrality, the 
substitution of Sm3+ by Sr2+ generates partial oxidation of 

manganese Mn3+ to Mn4+. Further, the decrease of Mn3+ 
ions amount normally implies a decrease in Jahn–Teller type 
distortion; this leads to the compression of the apical Mn–O 
bond along the “c” axis. Consequently, the c parameter 
decreases with the strontium substitution rate. The MnO6 
octahedral distortion (Δ) [28] has been calculated by the 
following Eq. (1) and the results are shown in Fig. 2©.

with d(Mn–Oequatorial) as the equatorial bond distance in 
MnO6 octahedra and d(Mn–Oapical) as the average distance of 
two apical bonds (Fig. 2(d). The compound with x = 0 hav-
ing a 75% of Mn3+, with a high strain (Δ = 1.065), and for 
x = 0.1 having 70% in Mn3+ exhibits a slightly lower value 
of strain than that of the first compound (Δ = 1.056), finally 
for x = 0.3 (60% in Mn3+) is characterized by an even lower 
strain (Δ = 1.045) than that of compounds with x = 0 and 
x = 0.1. The substitution of Sm3+ by Sr2+ generates partial 
oxidation of manganese Mn3+ to Mn4+ and, thus, a decrease 
in the Jahn–Teller effect type distortion, which leads to the 
reduction of MnO6 octahedral deformation. The crystallite 
size and lattice strain were calculated using a WH plot [35, 
36] following Eq. (2):

(1)Δ = d
(

Mn−Oapical

)

∕ d
(

Mn−Oequatorial

)

,

Table 2   Bond Lengths and angles for Sm1.5–xSr1 + xBa0.5Mn2O7 (x = 0, 0.1and 0.3)

Compounds Atoms Bond lengths (Å) Atoms Bond angles (°)

Sm1.5SrBa0.5Mn2O7 (x = 0)[25] Mn–O (1) 1 × 2.0178 (16) O(1)–Mn–O(2) 92.4(4)
Mn–O (2) 4 × 1.9216 (5) O(1)–Mn–O(3) 180.0(10)
Mn–O (3) 1 × 2.0748 (23) O(2)–Mn–O(2) 175.26(2)
Sm /Sr/Ba(1)–O (1) 4 × 2.7152 (14) O(2)–Mn–O(2) 89.90(2)
Sm /Sr/Ba(1)–O (2) 8 × 2.8430 (9) O(2)–Mn–O(3) 87.6(7)
Sm /Sr/Ba(2)–O (2) 4 × 2.5310 (8) O(1)–Sm/Sr/Ba (1)–O(1) 90.00(2)
Sm /Sr/Ba(2)–O (3) 4 × 2.7370 (2) O(2)–Sm/Sr/Ba (1)–O(2) 179.9(6)
Sm /Sr/Ba(2)–O (3) 1 × 2.4518 (16) O(3)–Sm/Sr/Ba (2)–O(3) 89.08(6)

Sm1.4Sr1.1Ba0.5Mn2O7 (x = 0.1) Mn–O (1) 1 *2.0060 (18) O(1)–Mn–O(2) 92.16(13)
Mn–O (2) 4 *1.9210 (6) O(1)–Mn–O(3) 180.01(19)
Mn–O (3) 1 *2.0500 (1) O(2)–Mn–O(2) 89.89(6)
Sm /Sr/Ba(1)–O (1) 4 *2.7140 (4) O(2)–Mn–O(2) 175.02(13)
Sm /Sr/Ba(1)–O (2) 8 *2.8370 (7) O(2)–Mn–O(3) 87.51(11)
Sm /Sr/Ba(2)–O (2) 4 *2.5310 (2) O(1)–Sm/Sr/Ba (1)–O(1) 90.00(16)
Sm /Sr/Ba(2)–O (3) 4 *2.7400 (17) O(2)–Sm/Sr/Ba (1)–O(2) 94.90(15)
Sm /Sr/Ba(2)–O (3) 1 *2.4380 (1) O(3)–Sm/Sr/Ba (2)–O(3) 88.95(9)

Sm1.2Sr1.3Ba0.5Mn2O7 (x = 0.3) Mn–O (1) 1 *2.002(16) O(1)–Mn–O(2) 92.50(6)
Mn–O (2) 4 *1.9233(4) O(1)–Mn–O(3) 180.00(11)
Mn–O (3) 1 *2.0200(21) O(2)–Mn–O(2) 174.92(18)
Sm /Sr/Ba(1)–O (1) 4 *2.717(14) O(2)–Mn–O(2) 89.89(12)
Sm /Sr/Ba(1)–O (2) 8 *2.837(16) O(2)–Mn–O(3) 87.50(7)
Sm /Sr/Ba(2)–O (2) 4 *2.523(21) O(1)–Sm/Sr/Ba (1)–O(1) 90.00(16)
Sm /Sr/Ba(2)–O (3) 4 *2.730(26) O(2)–Sm/Sr/Ba (1)–O(2) 94.70(13)
Sm /Sr/Ba(2)–O (3) 1 *2.414(16) O(3)–Sm/Sr/Ba (2)–O(3) 89.32(5)
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where D is the crystallite size (nm), k is a Scherrer’s constant 
(0.94 for spherical particles), λ (nm) is the wavelength, β 
(rad) is the full width at half of the maximum (FWHM) of 
the intense and broad peaks, θ is the Bragg angle and ε is 
the average value of lattice strain. Figure 3 illustrates the 
WH plot of Sm1.5–xSr1 + xBa0.5Mn2O7, (a) for x = 0, (b) for 
x = 0.1, and (c) for x = 0.3. The values of mean crystallite 
size are about (45 ± 5) nm; it is noted that the size of the 
crystallites does not change with the substitution rate. The 
correspondence to the obtained microstrain by WH plot for 
these samples is very small (ε = 0.11%). Furthermore, the 
WH plot showed that the compounds do not suffer from a 
pronounced microstrain.

(2)� cos � = k�∕D + 4� sin �, 3.2 � Magnetic properties

The magnetic measurements versus temperature were carried 
out for the polycrystalline samples Sm1.5–xSr1 + xBa0.5Mn2O7 
x = 0, 0.1, and 0.3. The evolution of magnetization measure-
ment versus temperature at magnetic field 0.05 T is shown 
in Fig. 4a–c, respectively, for x = 0, 0.1, and 0.3 compounds.

One can observe that magnetization indicates the exist-
ence of the predominant antiferromagnetic order at low 
temperatures for all compounds. Therefore, these com-
pounds' magnetic behavior is fundamentally governed by 
a single magnetic transition established at the Neel tem-
perature (TN) of approximately 25 K. The antiferromag-
netic behavior present in these materials can be essentially 
explained by the super-exchange interactions through the π 

Fig. 2   a Evolution of the unit cell parameters vs. substation rate, b evolution of volume of the elementary cell vs. substation rate, c octahedron 
distortion vs. substation rate, and d MnO6distorted octahedra schema
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bond of the O2− ion between the t2g orbitals of neighboring 
ions of Mn3+and Mn4+ (t2gMn4+–π(O2−)–t2gMn3+) lead 
to an antiparallel alignment of magnetic moments. More-
over, surface defects and impurities can introduce local 
disturbances in the magnetic order and influence global 
magnetic behavior. Additionally, hybridization can also 
affect the number and distribution of electrons involved 
in the exchange interaction as a result it can modify the 
strength of the exchange interaction or lead to the for-
mation of different magnetic phases and finally affect 
magnetic response. The magnetic behavior of these com-
pounds presents a true analogy with most of the phases 
rich in samarium [26, 27]. The isothermal magnetization 

measurements versus field MH from 0 to 10 T were car-
ried out for the compounds x = 0, x = 0.1; and x = 0.3 at 
5 K. The results are shown in Fig. 4d. It can be seen that 
at 5 K the isotherms for the three compounds studied show 
similar MH patterns behavior. The MH curves of the three 
compounds show a slight curvature at weak fields, show-
ing the saturation is never reached even with a strong mag-
netic field ≈ 10 T. This phenomenon confirms the presence 
of strong super-exchange interactions of the antiferromag-
netic state at low temperature [37]. The absence of satura-
tion at 5 K despite a high magnetic field ≈of 10 T indi-
cates a strong antiferromagnetic order at low temperatures. 
Similar behavior has been observed in CaMn2O4 [38] and 
Er2Mn2O7 [39] compounds.

Fig. 3   The Williamson–Hall plot of Sm1.5–xSr1 + xBa0.5Mn2O7, a for 
x = 0, b for x = 0.1, c for x = 0.3

Fig. 4   Magnetization vs. temperature at magnetic field 0.05  T 
(a), (b), and (c), respectively, for the compounds x = 0, x = 0.1, and 
x = 0.3, in system Sm1.5–xSr1 + xBa0.5Mn2O7. d variation of the mag-
netization vs. field at 5 K
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3.3 � Electric properties

The electrical resistivity measurements of both compounds 
x = 0.1 and x = 0.3 were made using the four-point method. 
Figure 5a represents the thermal evolution of their electrical 
resistivity under zero field. We notice that, below 315 K, 
the resistivity increases while the temperature decreases, 
indicating a progressive localization of charge carriers in 
the form of small magnetic polarons [40–43]. This confirms 
the existence of an electric insulating behavior in these 
compounds.

The electrical behavior characterizing these compounds 
is similar to that presented in previous studies for the poly-
crystalline phases associated with antiferromagnetic interac-
tions.[28, 44]. The electrical behavior in the high-temper-
ature insulating regime is usually represented by the first 
approximation considering that the resistivity is governed 
by a classical thermal activation law, in which the resistivity 
is expressed by the following Eq. (3):

where Ea is the activation energy of the small charge car-
rier, ρ0 is a constant (the electrical resistivity at an infinite 
temperature), kB is the Boltzmann constant, and T is the 
temperature. The activation energy was calculated following 
a linear form of the activation law expressed by the follow-
ing Eq. (4):

The curves Lnρ vs. 1/T for the compounds with x = 0.1 
and x = 0.3 are shown in Fig. 5b The values ​​of the activa-
tion energy of the compounds with x = 0.1 and x = 0.3 are, 
respectively, 133 and 135 meV. The activation energy is 

(3)� = �0 exp
(

Ea∕kBT
)

,

(4)Ln� = Ln�0 + Ea∕kB.1∕T .

found to increase slightly with the increase of the strontium 
rate. This phenomenon can be explained by the decrease in 
charge carrier activation, which usually decreases with the 
incorporation of strontium into the crystal structure, thus 
stabilizing the insulating state of these oxides. This behav-
ior is also confirmed by Liu et al. [27]. In addition, this 
behavior can be explained considering the structural aspect 
by a reduction of the average distortion of the octahedral 
network MnO6 due to the incorporation of Mn4+ ions within 
the network. Therefore, the decrease in the intensity of the 
cooperative Jahn–Teller effect favors the degeneration of the 
orbital eg and t2g, which generates an increase in the activa-
tion energy of the charge carriers. It is noted that the Mn3+/
Mn4+ ratio decreases by increasing the strontium amount, 
which leads to a decrease of eg orbital electrons, weakening 
the double-exchange mechanism.

4 � Conclusion

The co-precipitation route successfully synthesized the 
manganates Sm1.5−xSr1+ xBa0.5Mn2O7 compounds with 
x = 0, 0.1, and 0.3. The structural refinement results show 
that all samples present single phases and all diffraction 
peaks for each phase are indexed in the tetragonal system 
iso-structural phase of Sr3Ti2O7-type structure with I4/mmm 
as a space group. Magnetic measurements vs. temperature 
indicate the existence of the predominant antiferromagnetic 
order of super-exchange interactions at low temperatures for 
all compounds. The magnetic behavior of prepared materi-
als is governed by a single magnetic transition established 
at the TN ≈ 25 K. The electrical resistivity measurements 
for x = 0.1 and x = 0.3 show that both compounds have an 

Fig. 5   a The thermal evolution of the electrical resistivity vs. temperature under zero field and b curves Lnρ vs. f (1/T) for 
Sm1.5–xSr1 + xBa0.5Mn2O7 compounds for x = 0.1 and x = 0.3
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insulating behavior which is due to the predominance of the 
antiferromagnetic ordering.

Data availability  All data included in this study are available upon 
request by contact with the corresponding author.
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