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Critical evaluation of the revised akdalaite model for ferrihydrite—Reply
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AbstrAct

The XRD pattern of hydromaghemite, previously interpreted as a mixture of hydroxylated ma-
ghemite, ferrihydrite, and hematite (Barrón et al. 2003; Liu 2008), has been reinterpreted as being from 
a new form of ferrihydrite called “ferrimagnetic ferrihydrite” (ferrifh, Michel et al. 2010; Barrón et al. 
2012). Although ferrihydrite sensu stricto and ferrifh have distinct XRD patterns, their profiles have 
been fit with the same akdalaite-type model using atomic pair distribution (PDF) analysis (Michel et 
al. 2007, 2010). This ambivalence shows that the crystal structure problem is ill-conditioned, as often 
the case for the study of nanostructured materials by PDF (Billinge and Levin 2007).
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Manceau (2011) surmised that the ferrimagnetic phase named 
“ferrimagnetic ferrihydrite” (ferrifh) by Michel et al. (2010) was 
identical to the phase previously named “hydromaghemite” by 
Barrón et al. (2003). Barrón et al. (2012) have now acknowledged 
that the two names are for the same phase. Hydromaghemite was 
coined originally because the XRD pattern of the as-synthesized 
material exhibited “several characteristic reflections of cubic 
maghemite, such as those at 0.295 nm (220), 0.251 nm (311), 
and 0.147 nm (440)” (Barrón et al. 2003), and by analogy to 
hydrohematite, which also releases some H2O on heating. The 
other reflections from the as-synthesized material were attributed 
by the Spanish group in their early work to 6-line ferrihydrite 
(6Fh) and hematite (Barrón et al. 2002, 2003; Liu et al. 2008). 
The same XRD pattern as shown by Barrón et al. (2003) is now 
claimed to arise predominantly from a single phase, ferrifh, 
which is said to have the same structure as 6Fh (Michel et al. 
2010; Barrón et al. 2012). However, this structural interpretation 
conflicts with the fact that hydromaghemite/ferrifh and 6Fh do 
not have the same diffraction profile (Fig. 1). 

The broad and asymmetrical shape of the most intense line 
at 2.50–2.55 Å for 6Fh was interpreted in the Drits model (Drits 
et al. 1993) by the existence of a defective-component, called 
the d-phase, which is a nanostructured form of the periodic 
f-phase. Therefore, the Drits model predicts that well-crystallized 
ferrihydrite crystals with seven diffraction lines should exist 
(Manceau 2011). Recently, R.G. Ford (personal communica-
tion) brought to the author’s attention that a 7-line ferrihydrite 
had been synthesized by Berquo et al. (2007). The XRD trace 
of this 7Fh specimen is also significantly different from that of 
hydromaghemite/ferrifh, which reinforces the conclusion that 
ferrihydrite (6Fh/7Fh) and hydromaghemite/ferrifh are distinct 
materials (Fig. 1).

This difference calls into question the validity of the akd-
alaite-model used to fit the high-energy X-ray scattering (HEXS) 
data of both ferrifh and 6Fh by pair distribution function (PDF) 

analysis (Michel et al. 2007, 2010). In agreement with other 
studies on nanostructured materials (Juhas et al. 2006; Farrow 
et al. 2007; Billinge and Levin 2007; Fernandez-Martinez et al. 
2010), Manceau (2011) concluded that HEXS data do not contain 
enough information to regress all crystallographic parameters of 
ferrihydrite by the PDF technique, thus explaining why one set * E-mail: Alain.Manceau@obs.ujf-grenoble.fr
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Figure 1. Experimental X-ray diffraction patterns for ferrimagnetic 
ferrihydrite (ferrifh, Michel et al. 2010), 6-line ferrihydrite (Manceau 
2009), and 7-line ferrihydrite (Berquo et al. 2007), and calculated pattern 
for ferrifh from the akdalaite-model of Michel et al. (2010).


