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ABSTRACT 

Structural and magnetic properties of LaCrO3, La0.95CrO3, La1.05CrO3, LaCr0.95O3 and 

LaCr1.05O3are reported in this work. These series of perovskite samples were prepared by 

combustion synthesis and were characterized by X-ray diffraction (XRD), physical 

property measurement system (PPMS) techniques to exam the effect of different doping 

level on La and Cr on physicochemical properties. Comparing with the original sample 

LaCrO3 with a predominant antiferromagnetic phase transition near 295 K, others show an 

approximate but unequal value due to the structural changes. Investigated by Rietveld 

analysis, we observed this change which will affect the distortion angle of the CrO6 

octahedral to further influence the magnetic structure and causes the shifting of magnetic 

conversion temperature. 
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CHAPTER 1: INTRODUCTION  

Transition metal oxides have become very attractive materials for researchers, especially 

the perovskite type oxide compounds, has got more and more attention in the field of 

material physics and chemistry due to its elusive and changeable magnetic properties [1]. 

A number of these complex oxides, which have a perovskite structure, exhibit diverse 

magnetic properties not only in the form of bulk samples [2] but also as single crystals [3]. 

Among them, chromium compound was fascinating rely on their intriguing magnetic and 

ferroelectric properties. Due to the interaction between 4f and 3d orbitals, their magnetic 

properties are complex. The presence of t-e orbital hybridization [4], distortion of oxygen 

octahedron [5] and Cr3+-O-Cr3+ super-exchange interaction makes the reasons confusing. 

Back to 1950s, Koehler has begun to investigate some magnetic properties of magnetic 

perovskite compounds whose A-site is Lanthanum [6]. Some relevant research also focuses 

on LaCrO3, such as Zhou’s study on the magnetic structure of LaCrO3 under High Pressure 

from In situ neutron diffraction [7]. According to Fig 1 graphed by VESTA [8], LaCrO3, a 

G-type distorted perovskite material, has been considered as having an orthorhombic 

crystal structure with the space group Pnma [9]. Due to the deflection of the CrO6 

octahedron, the conventional Cr-O-Cr angle deviates from the 160 degrees of the ideal 

perovskite, which in turn causes the internal structure of LaCrO3 to be distorted. 

Furthermore, due to the corresponding changes in the crystal field effect and super-

exchange effect, the magnetic properties of LaCrO3 will also change. Recently there’s also 
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a lot of studies based on the influence of doping transition metal have published, like Ir 

doped LaCrO3 [10] and Al half-doped LaCrO3 [11]. 

In this study, a series of LaCrO3 polycrystalline powder with different doping level on 

lanthanum and chromium, respectively, were synthesized using solid-state reaction method. 

The effect of different doping level onto the magnetic conversion temperature was also 

investigated and compare them together. 

 

(Fig 1. Orthorhombic crystal structure (with space group Pnma) with one unit cell (solid lines) of 

LaCrO3 and the AFM structure in one AFM unit cell. The arrows on the Cr ions indicate the spins of 

chromium atom.) 
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CHAPTER 2: EXPERIMENTAL 

We prepare our polycrystalline samples strictly using stoichiometric mixtures of raw La2O3 

(ALFA AESAR, 99.9%) and Cr2O3 (ALFA AESAR, 99.6%) compounds, preparing La2O3 

and Cr2O3 powders respectively in the ratio of x to y, through the traditional solid-state 

reaction method which was done by a box furnace [12], to get our sample LaxCryO3. After 

being milled and mixed using a Vibratory Micro Mill, the sample was heated in air to 

1000°C at a rate of 180°C/h to facilitate the prereaction process to remove moister and to 

make sure the two ingredients are well mixed [13]. Two another similar heating procedure 

was conducted at 1100°C and 1200℃, respectively, in order to make sure the sample was 

well-prepared. At the same time, we also observed that some samples changed color from 

green to yellow-brown during the sintering process. This may be due to the generation of 

La and O defects in the crystal lattice [14]. Powder X-ray diffraction (XRD) data were 

acquired using a diffractometer at room temperature using a Cu-α radiation tube operating 

at 45 kV and 200 mA. XRD data were performed in step scanning mode in the range of 10–

90° (2θ) with a step size of 20° and a scanning speed of 20°/min. The structural analysis 

system (FULLPROF) software was used to perform Rietveld refinement of the diffraction 

pattern and extract the structural parameters. The Bragg peak is modeled using the pseudo-

Voigt function, and the background is estimated using polynomial background modeling. 

We measured the magnetization of the LaCrO3 samples using a Quantum Design physical 

property measurement system (PPMS DynaCool instrument). The dc magnetization 

measurements were conducted at an applied magnetic field of 0.01 T using two modes: the 
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zero-field cooling (ZFC) mode and the field-cooling (FC) mode. The measurements were 

performed in the temperature range of 1 to 399 K. The magnetic transition temperature can 

be found computationally by calculating the magnetic susceptibility and plotting the 

magnetic susceptibility temperature curve. 

 

CHAPTER 3: RESULTS AND DISCUSSION 

SECTION1 XRD data analysis 

Figure 2 shows the Rietveld-refined X-ray diffraction (XRD) pattern of the LaxCryO3 series 

samples (Fig. 2(a~e)) and the comparison diagram of all data (Fig. 2f). The distribution of 

differences between observed and calculated diffraction patterns is shown at the bottom of 

the figure. The R factors Rp, Rwp and Rexp all show small values, and χ obtains a good fit 

(none are greater than 4). The lattice constant and volume of the unit cell a are distributed 

around 5.517A, b is distributed around 5.478A and c is distributed around 7.760A. The 

obtained volumes are also around 234.6A2. This is within the acceptable range of early 

reports [15]. The XRD comparison chart can also reflect that our series of LaxCryO3 

materials have roughly the same peak shape and crystal phase as pure LaCrO3, and since 

our samples are prepared uniformly, this basically verifies the accuracy of our materials. 
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(Fig 2. Observed (circles) and calculated (solid lines) XRD patterns for LaCrO3 series sample The 

vertical bars mark the positions of Bragg reflections (space group Pnma) , and the lower curves 

represent the difference between observed and calculated patterns a) La0.95CrO3, b) LaCr0.95O3, 

c)La1.05CrO3 d) LaCr1.05O3, e) LaCrO3, f) LaCrO3 series sample data with plans) 

 

SECTION2 Magnetization versus temperature 

Figure 3 shows magnetization measurements of a small amount of LaCrO3 series 

polycrystalline sample. The unit of vertical axis has been transformed into μB per Cr3+ ion 

which may help to illustrate the magnetic induction of a single chromium atom. According 

to Fig. 3(a), we can find that there is a significant difference between the FC curve and the 

ZFC curve below about 290°C. In the case of an external magnetic field (FC), the samples 

of the LaxCryO3 series compounds all show a low degree of magnetization at high 

temperatures but significantly increase to a fixed value after cooling down above the 
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magnetic transition temperature point which nearly makes its magnet value quadrupled in 

30K. In the absence of an external magnetic field (ZFC), the magnetic induction intensity 

of Cr ions does not show much change with temperature changes, but only shows a slight 

increase near the magnetic transition point temperature due to the spontaneous 

magnetization effect. There is not much difference between the two above the magnetic 

switching temperature. The above phenomenon perfectly proves that LaCrO3 is a 

paramagnet above the magnetic transition temperature and a G-type antiferromagnet below 

the magnetic transition temperature and rules out the possibility for a ferrimagnet, which 

fit well with Brajesh’s work [16]. This magnetic transition temperature should be regarded 

as the Neel temperature.  

 

(Fig 3. (a) The magnetization (M) of chromium ions in the LaxCryO3 series compounds, measured at 

μ0H = 0.01 T, is presented as a function of temperature for both ZFC and FC. 

(b) The inverse magnetic susceptibility χ−1 (circles) of chromium ions in the LaxCryO3 series 

compounds is plotted against temperature for both ZFC and FC. The color of the curve in the figure 

represents the type of compound and detection method. The fit results are listed in Table I.) 

We also calculated the inverse magnetic susceptibility χ−1 = μ0H/M as shown in Fig. 3(b), 

and we found that the paramagnet of  LaCrO3 exhibits a phenomenon that does not comply 

with the CW law in the range from the magnetic transition temperature to room temperature. 
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Only by doing more LaCrO3 experiments at high temperatures can further conclusions be 

drawn. 

 

SECTION3 Magnetic transition temperature 

The study of magnetic transition points is crucial to understanding and applying magnetic 

materials. It provides important information about magnetic moment interactions, spin 

structure, and magnetic phase transition mechanisms in materials. The accurate positioning 

and understanding of magnetic transition points can help us design and optimize the 

application of magnetic materials in magnetic storage, sensors, magnetic sensors and other 

fields [17]. We successfully found the magnetic transition temperature point of the 

LaxCryO3 series samples and the results were accurate to a certain point, listed in Fig 4(a~e). 

First, we selected an approximate temperature value range. In order to reduce errors, we 

selected this temperature range from 280K to 310K, and extracted the FC value of this 

interval for each sample. We first used a derivation to determine the temperature point at 

which the inclination angle is maximum but we failed since we had many measured data 

points. So we fitted the curve after the first derivation with Gaussian, and then performed 

a second derivation on the fitted result, so as to accurately find which point has the largest 

change, so as to determine the magnetic transition point value of our sample. Table 1 below 

has listed all the data we collect. We can clearly find that the magnetic deflection 

temperature of the two samples that changed the number of chromium atoms is significantly 

lower than the other three samples, with an average reduction of about two degrees. The 
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performance of the sample with changed lanthanum coordination number is not much 

different from that of the prepared ordinary LaCrO3 sample. 

 

 



14 
 

 

 

(Fig 4. (a~e) The magnetization (M) of chromium ions in LaxCryO3 series compounds were measured as 

a function of temperature at 0.01T, and both zero-field-cooled (ZFC) and field-cooled (FC) values were 

obtained. (b) The inverse magnetic susceptibility 𝜒−1 of chromium ions in LaxCryO3 series compounds 

were also measured as a function of temperature, and the corresponding ZFC and FC values were 

plotted. The dash-dotted line indicates the analyzed Neel temperature.) 
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(Table 1: Nair temperature of the compiled LaCrO3 series samples) 

 

SECTION4 Local distortion modes for La, Cr and O ions 

Determining the detailed local crystal environment is essential for determining the 

electronic structure, spin configuration, orbital degeneracy and crystal field effects of 3d, 

4d, 5d or 4f-compounds [18]. In order to further analyze the relationship between atomic 

structure and magnetism and quantitatively measure the local crystal environment, we use 

the following formula to calculate the distortion parameters of each atom [19]: 

 

where n is the coordination number, dn is the bond length along one of the coordination 

directions, and d is the average bond length. Through this formula, we calculated the local 

distortion parameters of ions in a series of LaxCryO3 samples. As shown in Table 2, we list 

the calculated distortion parameters for all ions. Among them, we mainly focus on the 

distortion parameters of Cr to explore the impact of oxygen octahedral deflection on the 

magnetic characteristics of the sample. Figure 5 shows a LaCrO3 unit cell after removing 

the remaining atoms, leaving only the chromium octahedron and its coordination with 

oxygen atoms. We can more intuitively observe the influence of the bond length of Cr-O1 
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and Cr-O2 and the angle between Cr-O1-Cr and Cr-O2-Cr on the declination angle between 

oxygen octahedrons. 

 

(Fig 5. A simplified diagram of the coordination diagram of six chromium ions and oxygen ions selected 

in the LaCrO3 unit cell, the connection method of Cr-O1 and Cr-O2 and the influence of the angle on 

the distortion of the oxygen octahedron) 
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(Table 2. By using the FULLPROF SUITE, the structural parameters of La0.95CrO3, La1.05CrO3, 

LaCr0.95O3, LaCr1.05O3 and LaCrO3 at room temperature are refined, including lattice constant, unit 

cell volume, atomic position, isotropic thermal parameter (B), bond length, Bond angles, distortion 

parameters and fit. The number in parentheses is the estimated standard deviation to the last significant 

digit.) 
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By comparing the relationship between the oxygen octahedral deflection angle and the 

magnetic conversion temperature, we can find that among the five samples, excluding the 

measurement error of LaCr1.05O3, the oxygen octahedral distortion of La1.05CrO3 is the 

largest, with a value of 2.706 ×10-4, and has the largest Nel temperature of 295.69734K. It 

is followed by LaCrO3 with a distortion degree of 1.742×10-4 and a Nel temperature of 

295.61868K. It is followed by La0.95CrO3 with a distortion degree of 0.0025×10-4 and a Nel 

temperature of 295.20015. Finally, LaCr0.95O3 has a distortion degree of 0.0021×10-4 and a 

Neel temperature of 293.93257K. It is not difficult to speculate that as the distortion of the 

oxygen octahedron decreases, the magnetic transition temperature of LaCrO3 transforms 

from a paramagnet to a G-type antiferromagnet, also the Nair temperature is dropping. 

Moreover, compared with changing the coordination number of Cr, when changing the 

coordination number of La, the change in magnetic transition temperature is relatively 

smaller, which also shows that when changing the coordination number of Cr, the change 

in the number of Cr ions has an impact on the overall magnetic field. The impact of structure 

is huge. For the three samples that change the La coordination number, the increase in the 

La coordination number obviously reduces the degree of distortion of the oxygen 

octahedron, thereby increasing the magnetic transition temperature. The specific influence 

mechanism may require more subsequent magnetic detection experiments on LaCrO3 

samples with different coordination ratios of La to further explore. 
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CHAPTER 4: Conclusion 

We prepared a series of LaxCryO3 samples by solid-state sintering method, further 

confirmed the nature of the material by comparing XRD images, and conducted FC and 

ZFC tests on these samples respectively. By performing Rietveld refining on the data, 

calculating the degree of oxygen octahedral distortion, and comparing and analyzing the 

obtained magnetic transition temperatures, we summarized the shift in Neel temperature of 

LaxCryO3 samples with different La and Cr ion coordination numbers. The increase in the 

coordination number of La atoms in the material leads to an increase in the degree of 

oxygen octahedral distortion, and shows an increase in the Neel temperature of the 

corresponding material. The reduction in the coordination number of Cr atoms leads to a 

reduction in distortion and a slightly larger reduction in Neel temperature. More 

experiments should be done to explore more patterns. 
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