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Goethite (α-FeOOH) is an iron oxyhydroxide, one of the most abundant mineral in our planet [1]. 

Despite being a very well-known material, studied for at least half of a century, goethite still has some 

magnetic properties that are not fully understood. At room temperature, goethite is considered as 

antiferromagnetic (AFM). However, several studies show that goethite has a magnetic component and 

relaxation effects, as it can be seen by Electron Paramagnetic Resonance (EPR) [2]. Among many 

studies on this subject, we cite the Superferromagnetism model (SFM) [3,4]. In this model, the 

relaxation effects could arise from magnetic mismatches caused by defects in the structure as grain 

boundaries, dislocations and voids in the crystallites [4]. 

 

In this work we conducted two different types of synthesis. Both were performed by two modified 

methods of Schwetmman [1,5]. For GC sample, FeCl2.4H2O was dissolved in water, then added 

NaHCO3 to goethite formation for 1 hour [5]. For GD sample Fe(NO)3.9H2O was dissolved in water and 

added KOH solution; the suspension was left to goethite formation for 52 days at 50°C [1]. With this 

different processing we aim at generating two different goethite samples in terms of imperfections and 

defects such as grain boundaries, voids and dislocations. In fact, Infra-red (IR) spectra and X-ray 

diffractogram of those samples are similar. 

 

Transmission electron microscopy (TEM) analysis, in a JEOL 2100F, reveals that both kinds of samples 

contains particles in rod-like format, as it appears in Figure 1A of GD sample (GC sample have shown 

similar results in terms of morphology). The atomic resolution image, Fig 1B, obtained from region 

indicated by the red box in Figure 1A shows the tip of superimposed rods. Most detailed analysis shows 

some narrow disordered regions, perhaps a low angle grain boundary, as indicated by arrows. In this 

HRTEM image the distance between the lattice fringes was measured as 0.25 nm.  High resolution 

images, shown in Figure 2, indicate that the surface of some rods is not smooth but show atomic-scale 

steps. While GD rods exhibit a slight surface roughness (Figure 2A), the occurrence of these 

irregularities in GC is more pronounced, presenting a surface containing well-defined steps (Figure 2B). 

 

EPR analysis performed on a JEOL (JES-PE-3X) spectrometer operating in X-band (~ 9.5 GHz), have 

shown resonance lines characteristics of goethite [2]. However, the area over the resonance signal is at 

least 20 times greater in GC sample than in GD. This observation is in agreement with more pronounced 

degree of imperfections at GC, because some kind of imperfections can generate non-compensated 

moments [4]. These subjects are currently under investigations [6]. 
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Figure 1.  TEM images of GD goethite particles. (A) Bright field TEM image of goethite nanorods and 

(B) HRTEM image of the boxed area region marked in (A). 

 
Figure 2: HRTEM of goethite, (A) GD and (B) GC samples.  
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