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We have investigated low temperature magnetic and magnetocaloric properties of manganese 

(Mn) doped YCr0.85Mn0.15O3 (YCMO) polycrystalline compound, synthesized via solid state 

reaction route. The lattice volume was found to increase in comparison to that of pristine YCrO3 

(YCO) compound. On the other hand, the paramagnetic-antiferromagnetic Néel temperature (TN  

~ 132 K) was found to be lower than that for YCO ceramic. On cooling below TN, under field 

cooled (FC) mode with an applied magnetic field of 0.02 T, magnetization flipped the polarity 

from positive to negative at Tcomp = 62 K. Furthermore, the magnetization switching temperature, 

defined as compensation temperature, exhibited field dependency and decreased with increasing 

field. Besides, the magnetization reversal phenomenon disappeared under higher applied 

magnetic field values. For the first time, the magnetocaloric effect for this compound was 
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measured near 36 K through the parameters like magnetic entropy change (-∆S) = ~ 0.186 J kg-1 

K-1 and the relative cooling power (RCP) ~ 6.65 J kg-1, under an applied field of 5 T.  

Keywords: 1. Chromites, 2. Magnetization reversal, 3. Magnetocaloric effect 

*corresponding author email: neerajpanwar@curaj.ac.in ; neeraj.panwar@gmail.com 

 

1. Introduction 

The orthochromites (RCrO3: R stands for trivalent rare-earth ion) have been extensively 

investigated during this decade because of their various interesting physical properties such as 

temperature induced magnetization reversal (TIMR) [1–3], exchange bias (EB) [3, 4], spin 

reorientation (SR) [3, 4] and magnetocaloric effect (MCE) [2, 5, 6]. These effects make 

chromites as the potential applicants for thermomagnetic switches [7], sensors [7, 8], thermally 

assisted random access memory [9] and magnetic refrigeration devices [10, 11]. Historically, 

magnetization reversal (MR, also called negative magnetization) was first observed by Néel in 

spinel ferrimagnetic oxides due to different temperature dependence of sublattices magnetization 

and their antiferromagnetic (AFM) coupling. MR is more prominently observed in RCrO3 

systems in comparison to orthoferrites (RFeO3) or any other materials [12]. As far as MR in 

chromites is concerned, AFM spin order between the 3d electrons of Cr3+ ions and 4f electrons of 

R3+ ions is responsible for the observed behavior [3, 7-8, 13-15]. Moreover, the doping of 

transition metal (TM) ions like Mn3+ or Fe3+ at the Cr site also leads to the appearance of MR 

phenomenon. This doping induced MR in chromites is ascribed either in terms of competition 

between single ion anisotropy or Dzyaloshinskii-Moriya (DM) interaction and due to the 

paramagnetic (PM) moment of dopant ions under the negative internal field [16, 17].There are 
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reports of MR generation in TM doped orthochromites such as SmCr0.85Mn0.15O3[18], 

EuCr0.85Mn0.15O3[19], LaCr0.85Mn0.15O3[16], YCr1-xMnxO3[20], SmCr1-xFexO3[21], LaCr1-

xFexO3[17], LuCr1-xMnxO3 [22], and Sm0.9Gd0.1Cr0.85Mn0.15O3 [23]. Manganese ion i.e. Mn3+, has 

one extra electron in d-shell in comparison to Cr3+ (3d3) ion. This fourth electron, present in the 

eg orbital, is of particular interest and is responsible for the ferromagnetic (FM) double-exchange 

interaction between Mn3+ and Cr3+ ions in the AFM matrix. 

Compound YCrO3 also comes under orthochromites even though it does not contain any rare-

earth ion. It possesses orthorhombic perovskite structure with Pnma space group. It is reported to 

exhibit canted antiferromagnetism (CAFM) below the Néel temperature (TN = 140 K) [24- 26] 

and dielectric anomaly like a ferroelectric transition at 473 K [27]. Recently, Mall et al., through 

the electron paramagnetic resonance (EPR) studies and dielectric meausremnts, have suggested 

the presence of possible magnetodielectric coupling in YCrO3 system at 230 K, much above its 

Néel transition temperature [28]. Experiments have also been performed to tailor its electrical, 

optical and magnetic properties by TM doping at Cr site. For exmpale, Sinha et al. [29] explored 

electrical and optical properties of Mn doped YCrO3 nanoparticles. The optical band gap and 

activation energy were found to get enhanced with increasing Mn concentration. Zhang et al. 

noticed that the electrical resistivity and activation energy increased at first and then 

decreased with increasing Mn content in YCr1-xMn xO3 compounds [30]. The ceramics 

exhibited the hopping conductivity and the anomaly in electrical resistivity was explained 

due to the variation of Cr4+ and Mn4+ ions concentration as Mn content changes. Li et al. 

[20] explored the magnetic properties of YCr1-xMnxO3 system (x = 0.15 - 0.4). Mao et al. [31] 

demonstrated the coexistence of sign reversal of both magnetization and exchange bias in 

YFe0.5Cr0.5O3 compound. Besides MR, field induced spin reorientation transition and exchange 
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bias have also been reported in holmium (Ho) modified YFe0.5Cr0.5O3 compound [32, 33]. 

Oliveira et al. [6] reported MCE of YCrO3 compound form 98 K to 182 K temperature range, the 

magnetic entropy change (−∆�) = 0.36 Jkg-1K-1 and the refrigerant capacity or relative cooling 

power (RCP) = 7.1 J kg-1 was obtained near TN,  under an applied field of 5 T. The literature 

survey revealed that magnetic field dependence of magnetic properties especially magnetization 

reversal and the low temperature magnetocaloric effect (< 50 K) have not been performed on 

YCr0.85Mn0.15O3 ceramic yet. Therefore, in this article we report such studies onYCr0.85Mn0.15O3 

compound, for the first time.  

2. Experimental details 

Polycrystalline YCr0.85Mn0.15O3 (YCMO) compound was synthesized following the 

conventional solid state reaction method using high purity of Y2O3 (99.9%, Sigma Aldrich), 

Cr2O3 (99.9%, Sigma Aldrich) and MnO2 (99.99%, Sigma Aldrich) as starting materials. 

Stoichiometric mixtures of these compounds were pulverized thoroughly and first calcined at 

900 °C for 24 h followed by crushing the lump and second calcination at 1350 °C for 24 h. Then 

the products were hydrostatically pressed in the form of cylindrical pellets, and sintered in air at 

1400 °C for 24 h. The crystal structure of samples was characterized by x-ray diffractometer 

(PANalytical-Empyrean) and analyzed using the Rietveld analysis program. The XRD data were 

recorded using Cu Kα radiation with wavelength 1.540 Å at a scanning rate of 0.01degree per 

second from 20° ≤ θ ≤ 80°.The surface morphology was studied by a field emission scanning 

electron microscope (FESEM) using Mira3TESCAN instrument. Magnetization measurements 

were conducted using a vibrating sample magnetometer attached with a Quantum Design 

Physical Property Measurement System. The protocols of warming process for zero field cool 

(ZFC) case, and the cooling process for field cool (FC) case were adopted for the data 
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acquisition. Magnetization versus magnetic field (M-H) data were also acquired at different 

temperatures between 2-74 K range for the calculation of magnetic entropy change. 

3. Results and Discussion  

3.1 Structural properties 

Room temperature Rietveld refined (using FullProf program) x-ray diffraction (XRD) 

pattern of YCMO compound is displayed in Fig. 1(a) while the estimated lattice parameters; a = 

5.5501(1) Å, b = 7.5146(2) Å and c = 5.2464(2) Å, and the goodness-of-fitting		(	��), reliability 

factors, Wyckoff positions and the density value are provided in Table I. All the characteristic 

peaks can be indexed to an orthorhombic G-type	(	 > �/√2 > �) structure with Pnma (ICSD 

No. 98-025-1108) space group. It can be noticed from Table I that the lattice volume of the 

polycrystalline YCMO ceramic is larger than that reported for undoped YCrO3 (YCO) compound 

[4, 25]. This is attributed to the bigger size of Mn+3 (0.645 Å) ion as compared to Cr+3 (0.615 Å) 

ion. Further, from the lattice parameters, we calculated the octahedral bond length	(� − �, here 

B stands for Cr ) and tilt angles according to the Zhao formalism[34]; 

� − � = 	�/4� ,     		� = cos��( �/	),        ∅ = cos��(√2�/�)    (i) 

The � tilting results from the bending of the < � − � − � > angle, while the ∅ tilting arises 

from the decreasing of the c and b axes. The calculated values of bond length (� − �), tilt angles 

�[101] and ∅[010] are found to be 1.987 Å, 19.05° and 9.12°, respectively. Mn doping resulted 

in the increasing of the	� tilt angle and decrease of ∅ tilt angle in comparison to the values of 

pristine YCrO3 compound [35]. The FESEM image of sintered pellet is delineated in the Fig. 

1(b). The grain growth usually takes place during sintering process and the present micrograph 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

6 

 

revealed the polyhedral shaped polycrystalline grains of varying size. The average grain size of 

the compound, estimated from the grain size distribution histogram using Microsoft Visio-2013 

software, was 373 nm [inset Fig. 1(b)]. The stoichiometric ratios of the constituents of YCMO 

compound was confirmed by Energy-dispersive X-ray spectroscopy (EDXS) and the same is 

illustrated in Fig. 1(c).The presence of subtle amount of aluminum (Al) in the EDXS image may 

be from the alumina (Al2O3) crucible, which was used for the preparation of the compound. 

Table I: List of reliability factors and atomic positions from the Rietveld refinement. 

Reliability factors 

			��																					!"																																										!#$																									!%         Volume(Å3)           Density (g/cm3) 

  2.18         3.57%                      12.9%               16.5%        218.8105                      5.595 

Atomic positions 

                      Wyckoff positions                 x                     y                    z                  Occ. 

Y                             4c                               0.0681(4)        0.25               0.0181(5)      0.9691 

Cr                            4b                               0                     0                    0.5                 0.8056 

Mn                          4b                                0                     0                    0.5                 0.1502 

O1                           4c                               -0.035(3)         0.25               0.595(2)        0.8660 

O2                           8d                                é0.711(1)      -0.054(2)      0.301(2)        1.7789 
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Figure 1: (a) XRD pattern, (b) FESEM micrograph and (c) EDXS image of YCMO ceramic. 

3.2 Magnetic Properties:- 

Fig. 2(a) displays the ZFC and FC magnetization versus temperature (M-T) curves of 

YCMO compound at an applied field of 0.02 T in a temperature range from 2 to 300 K. From 
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room temperature to Néel temperature TN ~ 132 K [calculated from the derivative of 

magnetization and shown in inset of Fig. 2(a)] the sample exhibited the paramagnetic behavior. It 

is worth mentioning here that TN for the pristine YCrO3 is ~141 K [4, 24-25].The TN of YCMO 

sample decreased with respect to that of pristine YCO because of the development of  double-

exchange interaction between Mn4+/Cr3+ and Mn3+ ions [18–20, 36]. The itinerant electron of 

Mn3+ (&'() *(+) ion hops between Mn3+ and Mn4+/Cr3+ (&'() *(,) through oxygen ion. This 

mechanism leads to the development of the ferromagnetic (FM) behavior and the 

weakening of the antiferromagnetic interaction among Cr3+ ions and the ensuing decrease 

in Néel temperature. 

 Further, in order to get more insight about the magnetic behavior of the present 

compound, we plotted reciprocal of magnetic susceptibility χ -1 versus T curve (inset Fig. 2(a)). 

In the high temperature region (above 150 K), χ -1 behaves linearly and well fitted by the Curie-

Weiss law as shown by the solid line. From the fitting, the calculated effective magnetic moment 

(μ.//) and asymptotic paramagnetic Curie temperature (θW) are found to be 4.6 µB/f.u. and - 242 

K, respectively. The theoretically obtained negative value of θW (though experimentally no 

temperature exists below 0 K) signifies the antiferromagnetic interaction among the Cr3+ 

ions [6]. Had it been a ferromagnetic interaction, the sign of θW would have been positive. 

The estimated theoretical value from	μ.//(�	0) = 12(μ.//34 )� + (1 − 2)(μ.//67 )�	was 4.04 µB/f.u. 

which is due to the contribution of a spin-only Cr3+ and a free-ion Mn3+ moment. It is satisfying 

to note that the theoretical and experimental values are close to each other. 

Below TN in both ZFC and FC mode (under H = 0.02 T), magnetization increases with 

decreasing temperature. The MFC curve develops a hump with peak at Tpeak = 102 K and 
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magnetization maximum Mmax ~ 0.26 emu/g. Thereafter, it decreases monotonously crosses zero 

magnetization (MFC = 0) at compensation temperature Tcomp ~ 62 K. Finally, MFC approaches a 

minimum value of Mmin ∼ -1.09 emu/g at 2 K. On the other hand, MZFC remains almost constant 

up to ~ 60 K. Below this temperature, MZFC decreases rapidly. The subtle difference in the 

crossover temperatures between ZFC and FC data may be ascribed to the random distribution of 

net moments in the ZFC mode and their preferred orientation along the external field in FC 

mode. Like other Mn doped chromites, in present system, the magnetization reversal resulted 

from an interplay of different interactions such as Mn3+- Mn3+, Mn3+- Cr3+ and Cr3+- Cr3+ which 

are either FM or AFM in nature [20]. The amount of magnetization reversal is usually measured 

in terms of the ratio of MMin and MMax, i.e. MMin/MMax, and for the present studied compound it is 

found to be ~ - 4.2 at H = 0.02 T. Its value reported in literature for other chromites like 

LaCr0.85Mn0.15O3 and EuCr0.85Mn0.15O3 compounds, is -2 and -0.6, respectively under the same 

field condition [16, 19]. The crossover temperature was also found to decrease with increasing 

field. Further, there is an anomaly observed at 36 K in ZFC magnetization under 0.1 T applied 

magnetic field. This anomaly temperature is defined as spin reorientation transition, TSR. At this 

temperature, magnetization changes slope and it is believed that the spins of Cr3+ions which are 

coupled AFM rotate from the Γ4 (c-axis) to the Γ2 (a-axis). Mn3+ ion is found to induce such 

rotation of spins in chromites [19] since it is a highly magnetic anisotropic Jahn Teller 

active ion. Therefore, the magnetic interaction energy in systems with Mn3+ ion consists of 

isotropic Heisenberg exchange term, the antisymmetric Dzyloshinskii-Moriya (DM) 

interaction and the last term due to magnetocrystalline anisotropy energy. In compounds 

like the present one where a highly magnetic anisotropic ion is present, the last term 
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dominates over others and causes a decrease in magnetic energy and the ensuing spin 

reorientation transition. 

In order to further understand the magnetization reversal, FC magnetization curves at 0.02 

and 0.1 T, respectively were fitted (shown by solid line) using the following equation [14]: 

9 = 967 + 6(:;<:)
=�>    (ii) 

where M, MCr, C, HI, H and θ stand for the total magnetization, weak FM component of canted 

Cr3+ ions, a Curie constant, an internal field from Cr3+ ion, an applied field and a Weiss 

temperature, respectively. The evaluated parameters are shown in Table II. The negative value of 

HI confirms the assumption that it is opposite to the applied field and its value being larger than 

the applied magnetic field allows the spins of ions to get aligned antiparallel to Cr3+ ions. The 

size of AFM domains is expected to increase with increasing applied field and that gives rise to 

increase in HI and MCr values. With the application of much higher applied field i.e., H ≥ 0.2 T, 

MFC curves shift towards positive magnetization axis without any considerable change in M-T 

behavior, as shown in Fig. 2(c). This is due to the evolution of AFM domains size during 

increasing the applied field. 

Table II : Fitting parameters for M-T curves recorded in FC mode. 

 

External field (Tesla) MCr  (emu/g) HI (Tesla) θ (K) 

0.02 1.242 -0.0468 -43 

0.10 1.336 -0.1303 -91 
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Figure2: (a)-(c) ZFC and FC magnetization curves measured at 0.02 T, 0.1 T, 0.2 T and 0.3 T. 

FC data fitted at 0.02 T and 0.1 T with Eq. (ii). Inset of fig. 2(a) is the reciprocal of dc magnetic 
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susceptibility χ −1 versus temperature (the solid line represents a Curie Weiss-type fit) along with 

dM/dT graph, (d) magnetization versus magnetic field at different temperatures and the 

temperature dependence of the saturation magnetization and the coercivity Hc of the weak FM 

component are shown in the inset of fig. 2(d). 

 

In order to understand the magnetic behavior below TN, we have acquired magnetization 

isotherms M(H) at different temperatures 2 K, 25 K, 50 K, 75 K, 100 K and 125 K in the range 

of ± 9 T magnetic field.  The data are plotted in Fig. 2(d), from where it can be inferred that the 

loops are well symmetric about the field axis and exhibit hysteresis without any saturation. These 

loops are attributed to the coexistence of weak FM (low field) and AFM (high field) components 

where magnetization increases linearly in the larger magnetic field region, and the net 

magnetization is thus given by the relation [24] M(H) = χAFH+Ms, where χAFH is the 

antiferromagnetic contribution and Ms is the saturation magnetization of the weak 

ferromagnetism. Thus the value of Ms can be obtained by subtracting the antiferromagnetic 

contribution from the total magnetization. Inset of Fig. 2(d) shows the decreasing trend of Ms and 

coercive field (HC) values with increasing temperature up to 125 K. Chromites, like the present 

one, exhibit hysteresis in the magnetization temperature behavior. The area under the hysteresis 

curve represents the losses. This eventually abates the cooling efficiency. Such problems of 

chromites can be overcome by synthesizing them using any procedure that produces particle size 

less than 100 nm. 

3.3 Magnetocaloric Property: 
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Magnetocaloric effect (MCE) is related to the magnetic refrigeration, it is induced via the 

coupling of the magnetic sublattice with the magnetic field. The magnetic entropy change (∆S) 

associated with the MCE, can be evaluated from the magnetization data using the Maxwell 

relation [37]; 

                        													∆�(?)∆: =	@ (A3(=,:)
A= ):BC:D

:;       (iii) 

where HI and HF are the initial and final applied magnetic fields, respectively. Generally, ∆S is 

calculated from the M-H curves acquired in the first quadrant. Next, equation (iii) can be 

simplified using trapezoidal rule [38]; 

∆�(?EF)∆: = δ:
�δ= (δ9� + 2∑ δ9H + δ944��HI� )                        (iv) 

The relative cooling power (RCP) is usually calculated by integrating the magnetic entropy 

change between temperatures T1 and T2 at different magnetic field values [39]; 

                                                 !JK	 = @ ∆�(?)∆:	B?=L
=M                                                           (v) 

where T1 and T2 are the low and high temperature limits in the refrigeration cycle. 

In order to calculate the magnetocaloric effect for YCMO compound, M(H) data were obtained 

between 2-74 K temperature range with an interval of  ∆T = 5 K under the magnetic field (∆H) 

variation from 0-9 T. The results are plotted in Fig. 3(a). Thereafter, −∆S versus temperature for 

different ∆H values was derived from the M-H curves using equation (iv). Fig. 3(b) illustrates 

the result of magnetic entropy change. It can be seen that	−	∆S is positive in the entire 

temperature range with value ~ 0.186 J kg-1 K-1 observed near TSR under 5 T applied magnetic 

field. This value is significantly smaller than that observed for chromites with magnetic rare-

earth ions [36]. Nevertheless, it is comparable to chromites having nonmagnetic ions at the rare-

earth site like SmCrO3 (0.25J kg-1 K-1) and EuCr0.85Mn0.15O3 (1.82J kg-1 K-1) under the same field 
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conditions [40, 19]. The RCP values was estimated from Eq. (v) with integration temperatures T1 

= 14 K and T2 = 62 K. The maximum RCP is obtained 6.65 J kg-1 at H = 5 T magnetic field. The 

values of −	∆S and RCP at other fields are given in Table III. Although, Li et al. [20] have 

reported the magnetocaloric data of YCr1-xMnxO3 system (x = 0.15 - 0.4), however; their 

temperature range of study was above 70 K. Apparently, no data was available in literature at 

low temperature range for doped or undoped YCO compound to compare with the present 

compound, therefore; this is the first magnetocaloric data on doped YCrO3 ceramic below 50 K. 

 

Table III:  Magnetic entropy change and relative cooling power at various applied magnetic 

field. 

 

HMax (T) -ΔSMax (J kg
-1

 K
-1

) RCP (J kg
-1

) 

1 0.02 1.05 

3 0.102 3.66 

5 0.186 6.65 

7 0.273 9.87 

9 0.365 13.52 
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Figure 3: (a) M- H curves in first quadrant at different temperatures, (b) magnetic entropy 

change as a function of temperature under different magnetic field values. 

Conclusion  

In summary, we have carried out detailed low temperature investigations of magnetic and 

magnetocaloric properties of YCMO orthochromite. Below Néel temperature and under low 

applied magnetic field, magnetization reversal was observed in the FC magnetization curve 

which disappears with high magnetic field. Spin reorientation transition was observed and the 

magnetocaloric effect perceived through indirect measurement of magnetic entropy change and 

the relative cooling power, for the first time, exhibited maximum value near the spin 

reorientation temperature. 
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