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Constraints on structural models of ferrihydrite as a nanocrystalline material
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INTRODUCTION

Ferrihydrite (Fh) is believed to be an important reactive 
Fe oxyhydroxide phase in aqueous environments (Jambor and 
Dutrizac 1998; Rancourt et al. 2001, 2005), but may not be as 
important as previously believed in soils (Thompson et al. 2006) 
and aquatic sediments (van der Zee et al. 2003). It has been the 
subject of much mineralogical and geochemical inquiry and there 
are several competing models for its structure (e.g., Towe and 
Bradley 1967; Eggleton and Fitzpatrick 1988; Drits et al. 1993; 
Janney et al. 2000a, 2000b, 2001; Jansen et al. 2002). 

Recently, Michel et al. (2007a, 2007b) have advanced that 
they have resolved a structure for Fh that is valid for all variet-
ies of synthetic Fh on the two-line (2L-Fh) to six-line (6L-Fh) 
continuum of powder diffraction patterns (Schwertmann et 
al. 2004). Their work is based on synchrotron radiation (λ ≈ 
0.13 Å) powder diffraction data of three synthetic samples that 
was Fourier transformed to obtain measured pair distribution 
functions (PDFs). The latter extraction involves subtraction of 
parasitic scattering using data collected on a blank (i.e., empty 
sample holder and ambient medium). Use of a standard was 
also needed for calibration of sample-to-detector distance and 
detector tilt, as was software to transform the 2D flat-detector 
data into a 1D diffractogram. Uncertainties related to the instru-
mental broadening were not removed such that the exponential 
decay of PDF correlations was a combination of nanoparticle 
and instrument effects. 

Following this, a thus extracted PDF was fitted with a model 
PDF based on a supposed structure (and stoichiometry). The 
latter fit has several adjustable parameters, including those for 
structural variables, atomic occupancy, isotropic atomic displace-
ment, resolution dampening, and peak sharpening. 

Whereas there are certain conceptual advantages to working 
with PDFs rather than diffraction data, it is well known that any 
numerical Fourier transformation process of data with statistical 
measurement noise will always have significant potential for 
numerical artifacts and its extract will always be dependent on 
certain needed normalizing, termination/extension, or smooth-
ing constraints. In addition, when fitting even directly measured 
diffraction or spectroscopy data (containing peaks with widths 
and shapes) with models involving adjustable instrumental or 
profile-shape parameters, there is always a chance of misinter-
preting numbers of lines, positions, and intensities in overlap-
ping peaks. 

For these reasons, we prefer to work directly with the diffrac-
tion data as transformed (to remove all instrumental and sample 
artifacts) without using any adjustable parameters and to fit this 
(sample form factor) data with structural models that contain 
only structural features, without any instrumental parameters. 
Recently, Rancourt and Dang (2005) have described a rigor-
ous, calibrationless, and standardless method that allows the 
intrinsic sample form factor (on a per atom basis), <F(θ)2>/N, 
to be obtained from routine powder X-ray diffraction data for 
any arbitrarily complex material sample. 

Here we use the method of Rancourt and Dang (2005) on two 
pure synthetic Fh samples and with two diffractometers having 
different diffraction geometries and scattering conditions. We 
then use the Debye sum method (e.g., Rancourt and Dang 2005, 
Eq.16) to calculate exact model simulations of <F(θ)2>/N, with 
any desired realistic features such as occupancies, particle size 
and shape, and atomic positional disorder effects. The latter is 
implemented in an in-house computer program being developed 
in collaboration for commercial distribution: NanoSim. 

The Debye sum method gives the exact diffraction pattern 
(i.e., sample form factor) of a single model nanoparticle (or 
averages of several different model nanoparticles, always ori-
entationally averaged for powder diffraction) without including 

ABSTRACT

Recently, Michel et al. (2007a) have presented a structure for ferrihydrite that we show to be 
incorrect. We do this by comparing (1) the sample form factor without adjustable parameters from 
powder X-ray diffraction data using a recently developed method with (2) exactly simulated (Debye-
sum method) theoretical sample form factors for the recently proposed structure (including vacancy, 
particle size and shape, and positional disorder effects). Michel et al. (2007a) used pair distribution 
functions (PDFs) extracted from synchrotron diffraction data fitted with calculated PDFs using adjust-
able scale and peak shape parameters. The PDF method gives consistent short-range (coordination 
sphere) correlations but under-emphasizes intermediate-range correlations that represent more stringent 
constraints on the structure. Main characteristic diffraction peaks of six-line ferrihydrite (lines 2, 3, 
and 4) are not reproduced by the proposed structural model. We expect our method to offer rigorous 
tests of proposed structures of any nanocrystalline materials. 
Keywords: Ferrihydrite, X-ray diffraction, structure, oxyhydroxide, nanoparticle

* E-mail: dgr@uottawa.ca


