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Structural, dielectric and magnetic properties were investigated in the YCr1�xAlxO3 with 0 < x < 0.5 com-
positions. XRD and XPS studies show that the partial substitution of the Al3+ ion decreases the cell volume
of the orthorhombic structure without changes in the oxidation state of the Cr3+ ions. We discuss two
mechanisms that could have a significant influence on the magnetic properties. The first is related to local
deformation occurring for x < 0.1 of Al content and the second is related to change of the electronic struc-
ture. The local deformation is controlled by the inclination of the octahedrons and the octahedral distor-
tion having a strong effect on the TN and the coercive field at low Al concentrations. On the other hand,
the decreasing of the magnetization values (Mr and Hc) is ascribed to changes in the electronic structure,
which is confirmed by a decreasing of the contribution of Cr 3d states at Fermi level due to increasing Al3+

content. Thus, we analyzed and discussed that both mechanisms influence the electronic properties of
the YCr1�xAlxO3 solid solution.

� 2018 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, a significant amount of research has been con-
ducted in the orthochromite family due to their interesting mag-
netic and transport properties. In the past decades, their high
thermic stability along with the excellent electrical conductivity
in a wide range of temperature was attractive for a solid oxide fuel
cell (SOFCs) applications, high-temperature electrode, and thermo-
electric materials [1–3]. In recent years, the investigation has
focused on the multiferroic properties since some members of this
family present the coexistence or coupling between ferroelectric
and magnetic properties [4–6]. The cross-coupled effect allows
electric field control with potential impact in the spintronic and
data storage high –frequency magnetic devices [7–9]. The ortho-
chromite family are isostructural and crystallize in the orthorhom-
bically distorted perovskite structure with centrosymmetric Pbnm
space group. Although the space group is incompatible with tradi-
tional ferroelectric materials, the YCrO3 has been reported with
biferroic properties; i.e., the magnetic and ferroelectric transition
occur at 140 and 473 K, respectively [5,10]. It is well known that
the G-type antiferromagnetic structure arises from the Cr3+ (d3)
sublattice. The magnetic configuration, according to Bertaut nota-
tion [11] is C4 (Gx, Ay, Fz) for YCrO3. Below of TN, the spin configu-
ration remains weakly ferromagnetic due to antisymmetric
Dzyaloshinski-Moriya (DM) interaction. In orthochromite family,
the Cr–O–Cr angle tune the TN when Y is substituted by rare earth
ions [12]. It has also been found that the polar behavior can be
reached through chemical pressure via B cation substitution in
the perovskite structure, as it has been found in YCr1�xMxO3

(M = Fe or Mn) compound [13]. The cationic substitution at the A
and B sites in the perovskite structure has proved to be an effective
alternative to induce new phenomena or to improve the magnetic
and transport properties [14–17].

Other interesting features may occur in these materials, if,
instead of substitutions of partially filled 3d orbitals, the Cr3+ is
substituted by the fully 3d orbitals ions as, for example, Al3+ ions.
Significant changes in transport properties should be expected
since YAlO3 is an insulating material with an experimental energy
gap of 7.1 eV [18]. The replacement of the Cr3+ by Al3+ produce a
complete solubility without a change in the orthorhombic Pbnm
space group. The Cr3+ ions is a transition metal with partially filled
3d orbitals and strong crystal field stabilization energy at the octa-
hedral site, whereas Al3+ has full 3d orbitals and thus exhibits no
crystal field effects. Furthermore, such a substitution can enhance
the hybridization between the internal states and so affect the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmmm.2017.12.106&domain=pdf
https://doi.org/10.1016/j.jmmm.2017.12.106
mailto:dural@cnyn.unam.mx
https://doi.org/10.1016/j.jmmm.2017.12.106
http://www.sciencedirect.com/science/journal/03048853
http://www.elsevier.com/locate/jmmm


A. Durán et al. / Journal of Magnetism and Magnetic Materials 453 (2018) 36–43 37
structural, electronic and magnetic properties. From the magnetic
and transport point of view, the YCr1�xAlxO3 ceramic compounds
have not been investigated.

Crystal structure, electronic and magnetic properties were stud-
ied in YCr1�xAlxO3. XRD and XPS analysis confirm the high-quality
samples obtained using the combustion method. The Al substitu-
tion has notable effects on the electric and magnetic properties.
Here, we found that not only the changes in the electronic struc-
ture by the Al substitution affect the transport properties, but also
the geometrical deformation has important effects on the magnetic
parameters. These results are analyzed and discussed in this work.
Fig. 1. (a) X-ray diffraction patterns for the YCr1�xAlxO3 with 0 < x < 0.3 composi-
tions. The inset shows the shift of the plane (024), (204), (312) and (223) as Al
content. (b) YCr0.8Al0.2O3 sample refined by Rietveld analysis at room temperature.
2. Experimental details

Powder samples of YCr1�xAlxO3 (YCAO) with x = 0.000, 0.025,
0.050, 0.075, 0.100, 0.200, 0.300 and 0.500 compositions were syn-
thesized by combustion method. Stoichiometric quantities of Y2O3

(Sigma-Aldrich 99.99%), Cr(NO3)3�6H2O (99.0%) and Al(NO3)3�9H2O
(Alfa-Aesar 98%) were weighted. The stoichiometric Y2O3 powder
was dissolved in aqueous solution of 1:1 HNO3 (Sigma-Aldrich
70%). Once the powders of Y2O3 are dissolved, the nitrate salts
are added until the mixture was completely dissolved. The final
solution containing the metallic ions was concentrated (by evapo-
ration) and diluted (adding deionized water) several times until
complete removal of HNO3 in excess. Then, the cationic solution
was mixed with glycine (Sigma-Aldrich 98.5%), stirred and heated
at 170 �C to start the ignition process (1.5 g of glycine by 1 g of
YCAO). Finally, the dried gel burnt in a self-propagating combus-
tion manner to form loose combustion powder. The as-
combustion powders were heated at a rate of 5 �C.min�1 to reach
1250 �C for 6 h in air. Phase identification in the samples was car-
ried out with a Siemens D5000 X-ray (XRD) diffractometer using
Co-Ka radiation and Fe filter. The powder X-ray diffraction patterns
were measured in steps of 0.02� for 14 s in the 2h range of 10� to
120� at room temperature. The crystallographic phases were iden-
tified using the JCPDS database. The crystallographic parameters
were refined using the QUANTO program with multi-phase capa-
bility [19]. X-ray photoelectron spectroscopy analysis was per-
formed in an ultra-high vacuum (UHV) system Scanning XPS
microprobe PHI 5000 Versa Probe II, with an Al Ka X-ray source
(hm = 1486.6 eV), and an MCD analyzer. The surface of the samples
was etched for 2 min with 3.0 kV Ar+ at 0.04 mA mm�2. The XPS
spectra were obtained at 45� to the normal surface in constant pass
energy mode (CAE), E0 = 100 and 10 eV for survey surface and
high-resolution narrow scan, respectively. The peak positions were
referenced to the C 1s hydrocarbon groups at 285.00 eV central
peak core level position.

The YCr1�xAlxO3 calcined powder was compacted in a cylindri-
cal die with a diameter of 6 mm. Then, the sample was sintered as
follows: green pellets were placed in alumina (99.9%) plate cru-
cibles and heated at a rate of 5 �C.min�1 to 1680 K and kept there
for 4 h and then cooled to room temperature. To evaluate the
dielectric properties, the sintered pellets (6 � 1.2 mm) were finally
coated with conductive silver paint, dried at 500 C for 1 min and
cooled down to room temperature. The electric features of the
samples were measured with an LCR (HP 4284 A) bridge from 1
kHz to 50 kHz. Magnetic measurements were performed using a
Dynacool-PPMS system by Quantum Design.
3. Result and discussion

Fig. 1 (Upper panel) shows the X-ray diffraction patterns for the
Y(Cr1�xAlx)O3 with 0.000 � x � 0.300 compositions. All diffraction
peaks were completely indexed to an orthorhombic cell (JCPDS
n� 34-0365) with space group Pbnm. Aluminum substitution brings
remarkable changes in the position of the diffraction peaks shifting
to higher angles as seen in the inset of Fig. 1. The X-ray diffraction
patterns were Rietveld-fitted considering the possibility that Al
ions can occupy Cr3+ ions sites. Thus, the XRD calculated patterns
matched satisfactorily with the experimental patterns in a whole
range of Al substitution. As an example, we show in Fig. 1 (bottom
panel) the fitted X-ray diffraction pattern for the YCr0.8Al0.2O3 com-
pound. Crystallographic data from the final refinement as well as
the corresponding set of the R reliability factors are presented in
Table 1. The lattice parameters, and the unit cell volume as a func-
tion of Al content (x) is shown Fig. 2. The lattice parameters
obtained for the undoped sample are in agreement with other pub-
lished results [5,6,20]. As can be seen, the lattice parameters
decrease systematically with increasing the Al content; as a result,
the unit cell volume decreases. This result might be explained con-
sidering the difference of the ionic radii between Cr3+ (0.615 Ǻ) and
Al3+ (0.535 Ǻ) ions [21]. Note that the lattice parameters behavior
is consistent under the criterion of chemical pressure effect, where
the Al substitution produce an isotropic compressive effect in the
YCr1�xAlxO3 crystal. Selected bond lengths and bond angles are
listed in Table 2. Each Cr3+/Al3+ atom is coordinated by six oxygen
atoms with three pairs of different bond distances. The apical bond
lengths (Cr–O1) are shorter with symmetrical distance than the
equatorial (Cr–O2) bond lengths. Upon Al3+ substitution, the net
result is a decreasing of the average hCr–Oi bond length and an
increase in the octahedral distortion (D). The D was obtained
according to Ref. [22]. These effects on the structure are expected
due to the difference of ionic radii between Cr3+/Al3+ in the octahe-
dral environment. Furthermore, the octahedral tiltings can be cal-
culated using the expressions h ¼ ð180� hCr—Oð1Þ—CriÞ=2 and
cosu ¼ cosðð180� hCr—Oð2Þ—CriÞ=2=p cos h [Ref. 23]. However,



Table 1
Structural parameters and atomic positions for YCr1-xAlxO3 system at room temperature.

x = 0.00 0.010 0.025 0.050 0.075 0.100 0.200 0.300
a (Å) 5.5255(3) 5.5264(1) 5.5224(1) 5.5173(3) 5.5132(1) 5.5070(1) 5.4912(2) 5.4735(2)
b (Å) 7.5384(3) 7.5402(1) 7.5356(1) 7.5295(2) 7.5265(1) 7.5202 (1) 7.5061(2) 7.4898(3)
c (Å) 5.2455(2) 5.2473(2) 5.2447(1) 5.2420(3) 5.2415(2) 5.2384(2) 5.2340 (3) 5.2279(3)
V (Å3) 218.49 218.66 218.26 217.77 217.50 216.94 215.73 214.32
Y x 0.0654(3) 0.0654(3) 0.0653(3) 0.0653(4) 0.0653(3) 0.0652(4) 0.0652(2) 0.0651(2)

z 0.9835(1) 0.9835(1) 0.9836(1) 0.9836(2) 0.9836(1) 0.9837(2) 0.9837(2) 0.9838(2)

B (Ǻ2) 0.20(3) 0.20(3) 0.31(4) 0.37(4) 0.36(3) 0.47(3) 0.31(4) 0.39(5)

Cr/Al B (Ǻ2) 0.26(3) 0.28 (3) 0.22(3) 0.36(3) 0.29(3) 0.26(5) 0.36(3) 0.46(3)

O(1) x 0.466(2) 0.466(2) 0.467(2) 0.467(1) 0.467(2) 0.468(2) 0.468(2) 0.469(2)
z 0.093(1) 0.093(1) 0.093(2) 0.092(2) 0.092(1) 0.092(2) 0.091(1) 0.091(1)

B (Ǻ2) 1.24(3) 1.24(3) 1.20(3) 1.46(3) 1.70(2) 1.64(1) 1.46(3) 1.20(3)

O(2) x 0.284(1) 0.284(1) 0.284(2) 0.284(1) 0.285(1) 0.285(2) 0.286(1) 0.286(2)
y 0.052(1) 0.052(1) 0.051(3) 0.051(1) 0.050(1) 0.050(2) 0.049(1) 0.049(2)
z 0.311(1) 0.311(1) 0.312(1) 0.312(1) 0.313(1) 0.313(1) 0.314(1) 0.314(1)

B (Ǻ2) 1.30(2) 1.30(2) 1.20(3) 1.35(2) 1.24(5) 1.39(5) 1.51(3) 1.29(5)

Rb (%) 6.9 13.2 12.2 12.2 12.6 12.4 12.3 13.7
Rwp (%) 9.3 18.5 17.8 17.8 18.6 18.6 18.4 20.0
Rexp (%) 5.3 11.7| 10.9 10.9 10.7 11.2 11.5 10.5
v2 (%) 1.8 1.6 1.6 1.6 1.7 1.7 1.6 1.9

Note. Space group: Pnma. Atomic positions: Y: 4c (x, 0.25, z); Cr: 4b (0, 0, 0.5); O(1): 4c (x, 0.25, z) and O(2): 8d (x, y, z).

c

a

b

Fig. 2. Lattice parameters and unit-cell volume as a function of the Al content in the
YCr1�xAlxCrO3 compound.
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we should note that the compressive effect by Al substitution
increases the tilting along the c-axis ([001]-direction), while, on
the other hand, the tilting angle along the ab-plane ([110] direc-
tion) decreases. Thus, the continuous deviation of the Cr(1)–O–
Cr(1) bond angles and the octahedral distortion with Cr/Al
substitution should produce a strong influence on the magnetic
properties as will be discussed in what follows.

To determine the valence state of the ions in the Y(Cr1�xAlx)O3

structure, we studied the core level (CL) by X-ray photoelectron
spectroscopy (XPS). Fig. 3 shows the XPS survey spectra from 0
to 700 eV after Ar+ etching the polycrystalline surface. The core
level associated with Y3+, Cr3+, Al3+, and O2– elements are identified
in their respective binding energy.

Fig. 4 shows the high-resolution spectra for the Al 2s and Cr 2p
CL. The Cr 2p3/2 and Cr 2p1/2CL are localized at 576.22 eV and
585.62 eV, respectively. These values are consistent with the
reported for Cr2O3 in the NIST XPS database: Cr 2p3/2: 576.0 eV–
577.1 eV, average: 576.55 eV. On the other hand, at 118.58 eV is
localized the Al 2s CL; this value is within the values range
reported for Al2O3 in the NIST XPS database ref.: Al 2s: 116.25
eV–119.2 eV, average: 117.72 eV. The results showed here infer
that the ions are in valence Cr3+ and Al3+, respectively. Note also
that the intensity of the Cr 2p CL decreases while the Al 2s CL
increases with increasing Al content. The result is consistent with
the gradual decrease of the lattice parameters, which shows that
the partial Al3+ substitution takes place without changes in the oxi-
dation state of the Cr3+ ion (See Table 1). Fig. 5 shows the XPS
valence band spectra for all samples (inset) compared with the the-
oretical electronic density of states (DOS) of YCrO3, which was
determined from the band structure calculations. As expected, is
observed a good correspondence between XPS valence band and
DOS. As we can see there, the main contributions between �7.0
eV and 0.00 eV are Y 3d, Cr 3d, and O2p sates [24]. The bands close
to Fermi level are of particular importance since they are responsi-
ble for the transport properties. In this case, the Cr 3d states local-
ized between 0 and �0.8 eV contribute to the Fermi Level. The XPS
valence band spectra show a peak decreasing in the intensity of the
Cr 3d states near N(EF) as Al content increases as seen in the
expanded scale in the inset of Fig. 5. This fact means that the
DOS population at the Fermi level, in particular, the component
Cr 3d localized near N(EF) decreases. This fact suggests changes
in the transport properties as Al content is increased in the YCrO3

matrix. To investigate the effect of the Al substitution on the trans-
port properties, we calculated the electrical AC conductivity at
room temperature from the capacitance and loss tangent data for
each frequency (xi), according to the following formula;

rxiðTÞ ¼ l
s
�xi � Cpxi

ðTÞ � tan dxi



Table 2
Geometrical parameters characterizing the crystal structure of YCr1�xAlxO3 system. The octahedral distortion parameter D of a coordination polyhedron BON with an average
bond length B–O hdi, is defined asD = (1/N)Rn=1,N {(dn � hdi)/hdi}2. The tilt angles u and h of CrO6 octahedral around pseudocubic [001] and [110] direction are obtained from the
two angles; h1 and h2 [Ref. [23]].

x = 0.000 0.010 0.025 0.050 0.075 0.100 0.200 0.300
Cr–O1:2 1.956(3) 1.956(2) 1.955(3) 1.952(2) 1.951(2) 1.949(3) 1.944(2) 1.939(2)
Cr–O2:2 1.897(3) 1.898(3) 1.892(2) 1.891(3) 1.889(3) 1.888(3) 1.884(3) 1.879(3)
Cr–O2:2 2.059(2) 2.059(3) 2.061(3) 2.059(3) 2.058(3) 2.057(2) 2.054(2) 2.049(2)
hCr–Oi 1.971 1.971 1.969 1.967 1.966 1.965 1.961 1.956
D(Cr–O) � 10�3 2.31 2.31 2.51 2.53 2.52 2.54 2.57 2.61
Cr–O(1)–Cr 148.99(2) 148.99(2) 149.10(3) 149.37(2) 149.36(2) 149.47(3) 149.72(2) 149.81(2)
Cr–O(2)–Cr 148.67(1) 148.67(3) 148.83(2) 148.83(3) 148.83(3) 148.83(2) 148.82(2) 148.82(3)
hhi 15.51 15.51 15.45 15.32 15.32 15.27 15.14 15.10
h/i 10.88 10.88 10.86 10.67 10.67 10.59 10.41 10.34

Fig. 3. XPS survey spectra of YCr1�xAlxCrO3 polycrystalline samples.

Fig. 4. (a) High-resolution XPS spectra of the Cr 2p and
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where l and s are the thickness and the area of the electrode depos-
ited on the sample, respectively. Electrical conductivity as a func-
tion of Al content at room temperature is shown in Fig. 6. There,
it is observed a drastic decrease of the electrical conductivity from
2.8E�3 for x = 0 to 3.65E�4 for x = 0.01 and 3.44E�5 S.m�1 for x =
0.075 measured at room temperature and 100 kHz. After that, the
electrical conductivity remains more and less constant taken the
value of about 3.2E�5 for x = 0.3 of Al content. If we see with details
the inset of Fig. 6, the XPS valence band spectrum for x = 0.075, 0.10
and 0.20 do not change significantly, which can explain the plateau
observed in the electrical conductivity of these Al composition.
However, the electrical conductivity shows an inconsistent since
the electrical conductivity increases slightly for x = 0.3 sample.
Reports have shown that the electronic properties of YCrO3 change
with the replacement total of Cr ions by Al ions; for example, it is
observed an increase in the band gap of 1.43 eV for YCrO3 to 7.1
eV for YAlO3 [Refs. 18,25], respectively. As a consequence, a change
in the conductivity is reported, for the undoped YAlO3 is about 2.5
E�6 S.cm�1 at 800 �C [Ref. 26,27]; while, for YCrO3 is 2.8E�3 S.cm�1

at room temperature. However, details permittivity studies are in
progress to understand the effect of the Al substitution on the cur-
rent density and polar behavior.
(b) Al 2s of YCr1�xAlxCrO3 polycrystalline samples.



Fig. 5. Comparisons of XPS Valence band and electronic density of states for YCr1�xAlxCrO3 polycrystalline samples. The scale on the right side corresponds to DOS and the left
to XPS Valence band. The inset shows the zoom from �1.0 to 1.0 eV in the valence band.

Fig. 6. Electrical conductivity for YCr1�xAlxO3 at room temperature taken at 100
kHz.

Fig. 7. The molar DC susceptibility of YCr1�xAlxO3 for 0 < x < 0.5 in applied
magnetic field of 1 kOe. (a) ZFC mode and (b) FC mode.
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The molar DC susceptibility from room temperature down to
2 K in the ZFC and FC mode is seen in Fig. 7a and b. For pristine
sample, the ZFC curve shows a very weak magnetic signal at low
temperature, which is monotonically increased with increasing
temperature up to Néel temperature, TN where a sudden drop of
susceptibility occurs at 142 K. On the other hand, a typical ferro-
magnetic saturation curve is observed in the FC mode with a mag-
netization value of �0.16 emu/mol at 2 K. The strong splitting of
the ZFC and FC mode is an experimental observation of weak fer-
romagnetism associated with Dzyaloshinsky-Moriya antiferromag-
netic (AFM) interaction between Cr3+–Cr3+ ions [10,28]. Note that
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the Cr/Al substitution have strong effects in the magnetization
curves. Thus, it is observed that i) TN decreases to 129, 115, 100
and 65 K for x = 0.05, 0.1, 0.2, 0.3 and 0.5 composition. ii) The sat-
urated susceptibility curves are restored in the ZFC mode, and the
magnetic transition is broader with Al substitution. iii) The suscep-
tibility value decreases from �0.060 emu/mol for x = 0 to 0.019
emu/mol for x = 0.5 and from 0.16 for x = 0 to 0.072 emu/mol for
x = 0.5 at 2 K in the ZFC and FC mode, respectively.

Fig. 8a and b show the magnetization versus applied magnetic
field measured at 5 and 50 K. The pristine sample shows a typical
hysteresis loop in agreements with the reported curves [10,29,30].
For clarity, Fig. 8c and d show the effect of the Al substitution on
the coercive field, Hc and remnant magnetization, Mr at 5 and 50
K, respectively. It is observed that the Hc increases from 11.8 kOe
for x = 0 to 18.9 kOe for x = 0.1 and then the Hc decreases monoton-
ically to 3.5 kOe for x = 0.5 at 5 K. A similar behavior of Hc is
observed at 50 K, where the Hc increases slightly for x = 0.05 and
then decreases down to 1.41 kOe for x = 0.5 composition. On the
other hand, the Mr does not show any anomaly as is seen in the
Hc plot, but; it is observed that the Mr is almost the same for the
x = 0.05 and 0.1 samples when both samples are warmed from 5
to 50 K (Fig. 8d). It is interesting to understand the role that Al3+

plays in the magnetic properties. As mentioned before, the domi-
nant exchange interaction between the Cr3+–Cr3+ ions give a
G-type canted antiferromagnetic configuration due to D-M
exchange interaction. It is well known that the TN of RCrO3 is
strongly influenced by R ionic radii independently of the intrinsic
magnetic moment of R ions. It is observed an increase of the tilting
angle along the [001] direction from 10.3� for LaCrO3 to 17.8� for
LuCrO3 producing a change in the TN from �285 to �112 K, respec-
tively [12]. One question that at once arises here is, whether the
Al3+ substitution has the same effect on the octahedral tilting
and, consequently, on the TN in the same way as the rare earth sub-
stitution in the orthochromites. As mentioned before, the Cr–O–Cr
angles along the [100] and [010] direction correspond to the
Fig. 8. (a, b) Magnetization as a function of the applied magnetic field at 5 and 50 K for
values as a function of Al content taken from magnetization curves at 5 and 50 K.
anti-phase octahedral tilting a� = a� and the angle along the
[001] direction corresponds to the in-phase octahedral tilting, a+.
These octahedral tiltings occur in the basal ab-plane and along
the c-direction, respectively. These values along with octahedral
distortion are listed in Table 2. In YCr1�xAlxO3, we observe a similar
situation as is observed in the RCrO3 family since Al3+ substitution
increase the tilt ɸ[001] angle from 11.20 to 11.40 changing the TN
from 140 to 65 K. If we apply the earlier criterion, the TN must
decrease as is observed here. Thus, we can infer that the TN
decreasing is predominantly associated with the Cr–O(2)–Cr tilting
angle in YCr1�xAlxO3. In other words, the Al+3 substitution weakens
DM interaction. To find a correlation between the tilting angles
(/, h) and octahedral distortion (D) with the ferromagnetic param-
eters, Hc; we graph these parameters as a function of Al3+ content
as seen in Fig. 9. A noticeable increase in the Hc is observed for
x = 0.05 of Al as shown in Fig. 9d. Here, two types of mechanisms
can be proposed to explain that: i) a geometrical deformation,
which is tuned not only by the tilt angle along the [001] and
[110] direction but also the octahedral distortion, D and ii)
changes of electronic structure as a result of the Cr–Cr exchange
interaction dilution by the nonmagnetic Al3+ ion. These two possi-
bilities are discussed here. The first one can be observed in the
Fig. 9 and is limited by the hatched bar, and it occurs for x < 0.05
of Al content. From this graph, we can infer that a strong local
deformation can be appreciated by a sudden increase of the octa-
hedral distortion and the angles around x = 0.05 composition. In
this point, the maximum in Hc infers that the local deformation
is pinning the ferromagnetic domains producing an increase of
Hc. For x > 0.05 a competing effect between the local deformation
and the dilution of the Cr–Cr exchange interaction by Al substitu-
tion begin to be dominant resulting in a monotonic decreasing of
the ferromagnetic parameters. Thus, we can infer that the ferro-
magnetic decreases (Hc, Mr) for x > 0.05 should be ascribed to the
change in the electronic structure. The XPS valence bands can cor-
roborate this assertion, which is shown in the inset of Fig. 6. The
YCr1�xAlxO3 with 0 < x < 0.5 compositions. Graphs (c) and (d) show the Hc and Mr



Fig. 9. The octahedral distortion (D), the tilting angles (/, h) and Hc parameters are
compared and plotted as a function of Al content.
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decrease of the XPS valence band at the Fermi energy infers the
DOS population of the Cr 3d component at the Fermi level,
decrease. Thus, we suppose that the electronic depopulation of
the DOS at Fermi energy by the Al3+ substitution dilutes the dom-
inant Cr–Cr exchange interaction being the main responsible for
the decreasing of the ferromagnetic signal (low Hc and Ms) at 5
and 50 K beyond of x = 0.1 composition.
4. Conclusion

In this study, we presented a systematic study that begins with
the synthesis, the structural details to finish with the electric and
magnetic response of the YCr1�xAlxO3 samples. It is observed that
the lattice parameters and volume decrease with Al substitution.
Also, the XPS high-resolution spectra for the Al 2s and Cr 2p win-
dow confirm 3+ oxidation state in the solid solution. The Al3+ sub-
stitution has notable effects on the electric and magnetic
properties. It is found that the electrical conductivity shows a dras-
tic decreasing for x < 0.075 of Al content after that the electrical
conductivity remains constant. Furthermore, two mechanisms that
tune the magnetic properties are discussed and proposed. The first
one is related to the local deformation at low Al concentration
(Al < 0.10), and the second, it is a consequence of the nonmagnetic
Al3+ dilution. Local deformation influences the Hc since these local
field deformations pinning the ferromagnetic domains, so increase
the Hc for low Al3+ content. On the other hand, as Al3+ ions are
introduced in the YCrO3 matrix, the depopulation of Cr3+ ions, at
the Fermi energy and the octahedral tilting decrease the magneti-
zation and the TN, respectively. This fact is confirmed by the
decreasing of the intensity of the valence band contribution of
the Cr3+ ion at the Fermi energy as is observed by XPS. Thus, it is
found that not only the dilution of the Cr–Cr exchange interaction
by the nonmagnetic Al3+ ion but also the tilting and the octahedral
distortion tune the magnetic properties.
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