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Abstract. RCrTiO5 compounds shows interesting magnetic behaviour because of the presence 

of two magnetic sublattices, R
3+

 and Cr
3+

. NdCrTiO5 is one of the compounds from this group, 

because only few reports there on NdCrTiO5. Therefore, this contribution focuses on the 

synthesis, structure, morphology and magnetic properties of nano NdCrTiO5. The 

orthorhombic crystal structure with lattice parameters, a, b, c is 7.5715 ± 0.0007, 8.7270 ± 

0.0008 and 5.7916 ± 0.0006 Å, respectively, was confirmed through x-ray diffraction. The 

average particle size obtained from the transmission electron microscopy is 33 ± 1 nm, selected 

area diffraction pattern confirms the crystalline nature of the sample and energy dispersive x-

ray spectroscopy confirms the elemental composition. From the temperature-dependent 

magnetization measurement on the nanoparticles the Néel temperature, temperature, TN, could 

not be obtained. This is in contrast with the previously observed TN in bulk samples at 18 and 

21 K and might be due to the reduced size of the material.  Further, the ferromagnetic nature of 

the material was observed from the magnetization as the function of field measurement with 

coercivity 0.018 ± 0.001 T, 0.019 ± 0.001 T and exchange bias 0.004 ± 0.001 T, 0.003 ± 

0.001 T, at 2 K and 10 K, respectively. The observed anomalous properties are discussed 

considering the size effect.  

1.  Introduction  

In order to improve the device technologies by utilizing various magnetic materials signifying the 

properties such as, exchange bias (EB), magnetization reversal (MR), spin switching (SS), spin 

reorientation (SR) and significant magnetocaloric effect (MCE) [1-2]. In a multiferroic material, 

multiple ferroic states co-exist [1-2] and it is visualized that the co-dependence of the order parameters 

might contribute to spintronics, in addition to novel memory devices [3-5]. In general, remarkable and 

exciting physics are probable wherever two or more type of spin sublattices contributes to the 

observed magnetism in the material [6-8]. RMn2O5 (R = rare-earth ions), are the group of compounds, 

multiferroic in nature, which are attracting the attention of various researchers because of the two 

contributing magnetic sublattices in the compound [8-10]. These RMn2O5 compounds crystallize in an 

orthorhombic structure, having a space group Pbam [8-9]. In these compounds, the sublattice of rare-

earth ion is magnetized moderately through the Mn ions [8].  

The RCrTiO5 family also has an orthorhombic crystal structure similar to that of RMn2O5 [11-12]. 

In this series of compounds, one can expect to find exceptional and fascinating magnetic behavior 

because of the co-existence of two magnetic sublattices; Cr
3+

 and R
3+

. There are only a few reports on 

these materials until now and most of them are in bulk form [1, 4-7]. Hwang et al. [4] synthesised the 

NdCrTiO5 and estimated its dielectric constant and pyroelectric current. Das et al. [13], showed 



 

 

 

 

 

 

magnetic properties such as SR and compensation in bulk DyCrTiO5, as well as in HoCrTiO5 and also 

observed EB effect. Recently, the reports published on nano DyCrTiO5 and GdCrTiO5, are showing 

structural and magnetic behavior of the material [14-15]. Exchange coupling among different atoms of 

an oxide compound having a rare-earth constituent depicts interesting magnetic behavior [1, 4, 13]. A 

shift in the hysteresis loop across the applied field axis originates in FM-AFM systems because of this 

exchange coupling. The magnitude of this shifting is known as exchange bias field (   ) [16]. This 

exchange bias effect is attributed to the coupling between two magnetic sublattices in the perovskites 

[17-18]. Zheng et al. [19] also observed an exchange bias effect in YMnO3, which is ascribed to the 

uncompensated surface spins of the nanoparticles. Nowadays, the world is looking towards the 

nanostructured materials because of their improved properties, which comes from their enhanced 

surface-to-volume ratio, as well as uncompensated surface spins [20]. The uncompensated surface 

spins present significantly modify the magnetic properties as well as other physical properties [20-21]. 

The change in the structural properties subsequently brings about concomitant changes in the magnetic 

nature of these materials [22-28]. 

Nano NdCrTiO5 is one of the promising materials from the RCrTiO5 group yet to be explored. 

Various magnetic transitions are expected and interpreting the underlying physics responsible for the 

observed properties of NdCrTiO5 in the nano form will be most interesting. Therefore, this 

contribution reports on the properties of NdCrTiO5 particles synthesized using the sol-gel technique 

[20-21], considering x-ray diffraction (XRD), transmission electron microscopy (TEM), magnetization 

(M) as function of temperature (T) as well as with magnetic field (0H) results. In addition the 

modification of magnetic properties on reducing the particle size to nano dimensions will also be 

discussed in this work.  

2.  Experimental details  

Synthesis of the NdCrTiO5 sample was carried out by the sol-gel method [20-21]. The calculated 

stoichiometric amounts of Nd(NO3)3, Cr(NO3)3 and Ti(OC3H7)4 were mixed with ethanol. The solution 

of the precursors were stirred using a magnetic stirrer [20-21]. Ten milliliters (10 ml) of distilled water 

was poured into the solution while constantly stirring. The solution was continuously stirred for 

another half an hour, where after the solution was aged for 24 h.  A solid sample was obtained after 

drying the aged solution and crushed to powder. The powdered sample was then calcined at 800 ºC for 

three hours in a box furnace. The prepared sample was used for characterization, using x-ray 

diffraction (XRD) technique with Cu-Kα radiation (λ = 1.5406 Å), transmission electron microscope 

(TEM) and vibrating sample magnetometer (VSM) using a Cryogenic Cryogen Free Physical 

Properties Measurement System, with a vibrating sample magnetometer insert. 

3.  Results and discussion 

3.1.  Structural properties of NdCrTiO5  

Firstly, the NdCrTiO5 sample was characterized using XRD techniques to determine the structural 

properties of the material. The XRD pattern obtained is shown in Figure 1 and it was analyzed using 

FULLPROF software [29]. The data for the sample shows it having orthorhombic crystal structure 

with a Pbam space group, similarly as was observed in bulk sample prepared by solid state route [4]. 

The unit cell parameters a, b and c has found to be 7.5715 ± 0.0007, 8.7270 ± 0.0008 and 5.7916 ± 

0.0006 Å, respectively, while the cell volume found from the refinement parameters is 382.69 ± 0.06 

Å
3
. In previous reported data [4] on a polycrystalline bulk NdCrTiO5 sample the cell parameters a, b 

and c, as 7.5812 ± 0.0002, 8.6803 ± 0.0002 and 5.8123 ± 0.0003 Å, respectively. The XRD patterns 

could be well resolved with the       reflections of the orthorhombic structure and the distinct 

diffraction peaks signify the crystallinity of the particles. No other peaks corresponding to any other 

impurities have appeared. Minor shifting has been observed in few peak positions because of internal 

stresses in nano material in line with previously reported results [30]. Along with peak shifting, peak 

broadening is observed due to nano size of the material (confirmed from the TEM) [31]. In the 



 

 

 

 

 

 

orthorhombic phase a large number of peaks are observed, but for the sample in the nano form a few 

peaks are merged [14-15]. In this case the difference between the experimental and calculated data is 

obtained due to shifting and merging of peaks [30-31]. Further, the crystallite size of the sample has 

been calculated using Scherrer’s formula and found to be 39.0 ± 0.6 nm [14-15]. 

 

  

 
 

Figure 1. The fitted XRD pattern of the NdCrTiO5 nanoparticles using the FULLPROF program 

[29]. 
 

 

 

The TEM image of synthesised NdCrTiO5 is shown in Figure 2(a) and the particle size distribution 

is shown in Figure 2(b). The sample consist particles of various sizes and shapes. The particle size 

distribution histogram is fitted using log-normal fit [20]. The average particle size for the synthesized 

sample is found to be 33 ± 1 nm, with particle size distribution ranging from 20 to 70 nm. Using the 

sol-gel technique, the NdCrTiO5 nanoparticles are synthesised in a shortened time of only three hours 

and the calcination temperature is also low compared to solid state synthesis [4]. In the case of bulk 

NdCrTiO5 the heating time is more than 24 h and temperature is 1300 ºC [4]. Comparing with the 

earlier synthesis process of NdCrTiO5, the present sol-gel synthesis method is therefore relatively easy 

and consumes less time. Figure 2(c) shows the TEM image of the selected area electron diffraction 

(SAED) pattern. From the dotted SAED pattern it is predicted that sample is of crystalline nature [20]. 

In general, energy-dispersive x-ray spectroscopy (EDS) is used to determine the elements 

composition, here the EDS is shown in Figure 2(d). The obtained result of elemental composition from 

EDS is Nd, Cr, Ti, O, C and Cu. The Nd, Cr, Ti and O are from the synthesised material, whereas C 

and Cu are from the TEM grids. Previous reports [4-5] on bulk NdCrTiO5 samples showed interesting 

dielectric and magnetoelectric properties. Thus, as a starting point, in the present study the magnetic 

properties of the nano NdCrTiO5 are investigated. 



 

 

 

 

 

 

 
 

Figure 2. (a) TEM image, (b) particle size distribution using log-normal fit, (c) SAED pattern and 

(d) energy dispersive x-ray spectroscopy of the NdCrTiO5 nanoparticles. 
 

 

3.1.  Magnetic properties of NdCrTiO5  

The dc-magnetization as a function of temperature was carried out for NdCrTiO5 nanoparticles under 

zero-field-cooling-warming (ZFCW), field-cool-warming (FCW) protocols [14-15]. In ZFCW cycle, 

the sample is made to cool down to the base temperature of 2 K without any applied magnetic field. 

Then a magnetic field is applied and magnetization measured from 2 to 300 K. Thereafter, the same 

applied field is applied and the sample is cooled at the same rate as in ZFCW cycle. After reaching at 

2 K, the magnetization (M) as a function of temperature (T) is measured from 2 to 300 K in a FCW 

measurement [14-15]. 

The M(T) curves for NdCrTiO5 are shown in Figure 3(a) and (b). Figure 3(a) indicates the 

measurement carried out at an applied field 0.05 T and Figure 3(b)  is for the measurement cycles 

carried out at applied field 0.1 T. In bulk samples the Néel temperature, TN, is observed around 18 to 

21 K, but this case no such transition is observed in the mentioned temperature range. This might be 

due to changes in magnetic properties because of nano-sized nature of the material [4-5] studied here. 

According to literature, it has been found that with changing the size of oxide materials, the various 

properties can be significantly influenced and changed [21-28]. Based on the previous reports [14-15, 

21-28], it can be considered that the change in dimensions can bring about novel properties in the 

material, as noticed in the present work. As examples, consider earlier reports on bulk DyCrTiO5 [13] 

indicated SR (spin reorientation), not observed in nanoparticles of the same material [14]. However, in 

bulk GdCrTiO5 [1] SR is not observed, but in nano GdCrTiO5 [15] SR is observed. 



 

 

 

 

 

 

 
 

Figure 3. M(T) data for NdCrTiO5 nanoparticles with probing fields of  (a) 0.05 T and (b) 0.1 T. 

 

Figure 4 shows the M(0H) loops of the NdCrTiO5 nanoparticles, recorded at 2, 10, 30, 60, 80 K 

with ZFCW protocol. With increase in temperature, the curve indicates paramagnetic behavior of the 

material. From the curves obtained at 2 and 10 K, the exchange bias (Hex) and coercivity (Hc) is 

evaluated, using following equations, Hex = [H1+H2]/2 and for coercivity, Hc = [H1H2]/2, where H1 

and H2 are the positive and negative crossing of the M      curves on the applied field axis [17, 32-

33]. The obtained value of coercivity, 0.018 ± 0.001, 0.019 ± 0.001 T and exchange bias, 0.004 ± 

0.001, 0.003 ± 0.001T, at 2 and 10 K, respectively. The finite values of coercivity indicate the soft 

ferromagnetic nature of the material [34]. The recorded M(0H) curves indicate the weak FM nature of 

the material. 

 
 

Figure 4. Magnetization as a function of applied field at 2, 10, 30, 60, 80 K, for NdCrTiO5 

nanoparticles. 

 

Further, M      measurements carried out at 2 K under FCW condition to confirm the exchange 

bias effect in the material as depicted in Figure 5(a). In Figure 5(b) the zoomed view of the measured 

curves of both ZFCW and FCW are asymmetric in nature with shifting of hysteresis loop. The ZFCW 

showing positive exchange bias, whereas FCW condition gives negative exchange bias, that is clearly 

demonstrate the exchange bias effect of the synthesized sample. Deepak et al. [17], demonstrates that 

the EB obtained in the single phase, La0.5Pr0.5CrO3, is because of the exchange coupling between Pr
3+

 

and Cr
3+

. EB have been observed in SmCrO3 due to the interaction between Sm
3+

 moment and Cr
3+

 

moment [32]. Similarly, TmCrO3 exhibiting EB effect, which obtained due to the interaction of Tm
3+

 

and Cr
3+

 [35]. In one of the earlier report, Hong et al. [36] showing EB in a single-phase NdMnO3 



 

 

 

 

 

 

system due to the coupling between Nd
3+

 and Mn
3+

. EB was for the first time observed in YMnO3 

nanoparticles, which is attributed to the exchange coupling between uncompensated spins found on the 

surface of the nanoparticles [19]. In a recently reported nano DyCrTiO5 system EB is ascribed to 

complex magnetic interaction of surface uncompensated spins between each other [14]. Similar to the 

reported results, in the present case EB is attributed to the surface uncompensated spins and their 

magnetic interaction. 

 

 
Figure 5. Magnetization as a function of applied field for the NdCrTiO5 nanoparticles (a) at 2 K 

ZFCW and FCW, (b) zoomed view of the loops. 
 

 

 

4.  Conclusions  

In the present case, NdCrTiO5 nanoparticles were synthesized using a simple sol-gel technique to 

explore the role of size on structural and magnetic properties. The synthesised NdCrTiO5 nanoparticles 

were calcined at 800 ºC for three hours. The orthorhombic crystal structure was confirmed from the 

XRD pattern having lattice parameters, a, b, c of 7.5715 ± 0.0007, 8.7270 ± 0.0008 and 5.7916 ± 

0.0006 Å, respectively. The nanosize (33 ± 1 nm) of the particles as well as elemental composition of 

the material was confirmed from the TEM results. Due to nanosize of the material TN is not observed 

from the temperature-dependent magnetization measurement, which was observed in bulk samples. 

Field dependent magnetization study showed the exchange bias effect which is consequence of 

uncompensated spins on the surface of the material. These observed anomalous properties might be 

due to the size effect. 
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