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Abstract. Hematite (α-Fe2O3) undergoes a first order spin reorientation transition called the 
Morin transition: upon cooling, the moments align antiferromagnetically along the 
rhombohedral axis, and the net magnetic moment goes to zero. Morin transition temperature is 
around to 260K in bulk materials and depends on the mean particle size. In this work, the 
Morin transition has been studied by neutron diffraction as function of temperature and applied 
magnetic field in 47 nm nanoparticles. The Rietveld analysis of the diffraction spectra around 
the Morin transition shows a similar behavior to that found in bulk samples. On the other side, 
the magnetic field induced phase transformation has been analyzed. 

1.  Introduction 
Because of their inherent environment-friendly feature, iron oxide materials have been extensively 
studied in diverse fields including catalysis [1,2], environment protection [3], gas sensors [4,5] 
magnetic storage media [6], and clinical diagnosis and treatment [7]. In order to pursue an excellent 
performance, many efforts have also been carried out on the synthesis and properties of iron oxide 
nanostructures [1,4,8,9]. Iron oxide is an important transition metal oxide which usually exists in 
nature in three phases: magnetite (Fe3O4), maghemite (γ-Fe2O3) and hematite (α-Fe2O3). Hematite is 
the most stable form of iron oxide (α-Fe2O3). Its electronic, catalytic and magnetic properties are of 
increasing interest from the application point of view in different fields [10]. At room temperature, 
hematite is weakly ferromagnetic with a rhombohedral corundum structure (Space group R-3c) [11]. 
The magnetic moments are approximately perpendicular to the rhombohedral axis with a small canting 
of the magnetic sublattices, giving a small net magnetic moment. Upon cooling, the material 
undergoes a first order spin reorientation transition, the Morin transition. The moments align 
antiferromagnetically along the rhombohedral axis and the net magnetic moment goes to zero. Morin 
transition temperature Tm, is around to 260 K in bulk materials [12,13]. However, Tm depends on the 
mean particle size, d. When the size is smaller than 100 nm, Tm decreases abruptly [14,15]. This effect 
is due to the increase of the surface-volume ratio of the particles, which yields to a lack of symmetry at 
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nanometric scale. Therefore, particle size reduction hinders the magnetic interaction producing the 
long-range antiferromagnetic order. For nanoparticles smaller than 10 nm, the antiferromagnetic order 
does completely vanish [16]. In this work, the Morin transition has been studied by neutron diffraction 
as function of temperature and applied magnetic field. The Rietveld analysis of the diffraction spectra 
around the Morin transition shows a similar behavior to that found in bulk samples. On the other side, 
the magnetic field induced phase transformation has been analyzed “In situ” in the diffractometer. 

2.  Experimental 
Nanoparticles of hematite were elaborated by modified aqueous sol-gel method [17]. Saturated 
aqueous metal nitrate solution was prepared and maintained at room temperature under stirring for two 
hours. After that, it is heated under vigorous stirring until total water evaporation. The temperature 
was maintained at 250 ºC until the total thermal degradation. The nanostructured material was 
obtained after burning the precursor powder under air atmosphere at 400 ºC. The mean diameter size is 
47 nm determined by Scherrer formula after instrumental correction but particles show irregular 
shapes. Neutron diffraction experiments were performed on the D1B (CRG‐D1B‐12‐249). The 
Rietveld Method as implemented in the the Fullprof [18] program has been used to analyze the 
neutron spectra.  

3.  Results and Discussions 
Figure 1 shows a three-dimensional picture (intensity, angle 2θ and temperature) of the phase 
evolution observed “in situ” at the diffractometer. At room temperature, the diffraction pattern 
corresponds to hematite (Space group R-3c). The transition to the antiferromagnetic structure can be 
detected at around Tm=240K through the pure magnetic (003) reflection measured at 32º 
(rhombohedral setting). The peak intensity linked to the ferromagnetic phase lowers  as the 
temperature decreases. Results show the absence of changes in the transformation temperature when 
compared with bulk alloys. On the other side, a multidomain structure is expected to be present due to 
the particle size and then interparticle interaction could be neglected [19]. 

 

 

Figure 1:  Thermo-diffraction patterns in a mesh-plot corresponding to the hematite nanoparticles of 
47 nm size. The colour code indicates different intensities (in arbitrary units) from blue (minimum) to 
red (maximum). The Morin transition is clearly noticed by an increase of the intensity of the reflection 

at 2θ ca. 32º and a decrease of the reflection at 2θ ca. 35º. 
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Figure 2 shows the observed and calculated neutron powder diffraction patterns from D1B for α-

Fe2O3 at 280 K (above) and 200 K (below). The difference between observed and calculated is shown 
below the diffraction patterns, with tick marks indicating the Bragg reflection positions from the 
nuclear and magnetic contribution. The (003) Bragg reflection is also indicated. 

 
 

Figure 2:  Refined patterns for T = 280 K (T>TM)-Above and T = 200 K (T<TM)-Below. The 
experimental data have been represented as red circles, the calculated curve as solid black line and the 
difference between them as solid blue line. The green vertical lines represent the Bragg positions for 

the nuclear (top) and magnetic (bottom) phases. 
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Crystallographic and magnetic information obtained at 10 K and 280 K are shown in Table 1. As 

the symmetry of the system does not allow to determine the direction of the magnetic moment in the 
hexagonal basal plane, we can only distinguish between the in-plane and out-plane components of the 
magnetic moment. Above Tm, the magnetic moments are approximately perpendicular to the 
rhombohedral axis with a small canting of the magnetic sublattices  with the scattering plane (around 
17º), giving a small net magnetic moment. Upon cooling below 250 K, the moments align 
antiferromagnetically along the rhombohedral axis and the net magnetic moment goes to nearly zero. 
This change is mainly reflected in the the intensity of the (003) peak changing radically to a much 
smaller value below Tm, (see figure 1) although at least six reflections have important magnetic 
contribution reducing the magnetic Bragg error. 

 
 

Table 1: Refined cell parameters and in-plane and out of plane magnetic moments at 10 K 
(below Tm) and 270 K (above Tm). 

 
Nevertheless, the moments are not perfectly aligned with the rhombohedral axis. The Rietveld 

refinement of the structure at low temperature gives an estimate of the angle at which the moments tilt 
out away from the [111] direction. This angle is around 12.6 º at 10 K, which agrees with previously 
published values [20,21].  
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Figure 3: Magnetic field induced Morin transition recorded at 235 K (Left) and magnetization [22] 

and the (003) reflection  intensity as a function of the applied magnetic field (Right). 
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Finally, regarding the magnetostructural transition, an increase in magnetization upon heating 

across the Morin transition has been observed previously [22]. The magnetization change during the 
transformation has been estimated as ∆M=0.3 emu/g for the maximum applied field of H=60 kOe. 
Besides, a shift of the Morin transition to lower temperatures as the applied magnetic field increases, 
indicates that the magnetic field stabilizes the high temperature phase with respect to the low 
temperature one. Thus, the Morin transition should be induced by an external magnetic field in a 
particular temperature range. Figure 3 (left) shows, for example, the effect of a magnetic field 
application at T= 235 K. The sample is in the antiferromagnetic state at zero field but the application 
of a 30 kOe leads to the weak ferromagnetic phase as shown by the large increase of the (003) 
reflection intensity. This direct observation evidences the magnetic field induced transition from anti 
to ferromagnetic behavior. Figure 3 (Right) shows a comparison between the magnetization measured 
by squid magnetometry [22] and the (003) reflection intensity as a function of the applied magnetic 
field. 

4.  Conclusions 
Neutron diffraction experiments performed “In Situ” allow determining the magnetic transition that 
occurs in Hematite nanoparticles. The Rietveld analysis of the diffraction spectra around the Morin 
transition shows a similar behavior to that found in bulk samples. On the other side, the magnetic field 
induced phase transformation from anti to ferromagnetic state has been observed. 
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