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Finding the layer scattering origin of rectorite for basal peak calculations
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Abstract

We calculate here the basal peak profiles of Na-rectorite (regularly interstratified Na-illite-smectite) 
with two different scattering origin choices, one based on the octahedral cationic plane and the other 
on the basal oxygen plane of the tetrahedral sheet. Our calculation shows that the scattering origin of 
the octahedral cationic plane, which has been often used in previous diffraction models, is ineffective 
for profiling the measured peak skewness and irrationality. Alternatively, the calculation using the 
scattering origin of the basal oxygen plane better mimics the measured peak profiles and provides 
more reliable crystallite thickness distributions for Bertaut-Warren-Averbach analyses. This origin is 
also useful for demonstrating the scattering sequence, the layer chemistry heterogeneity, and the effect 
of the crystallite margin on rectorite scattering. 

Keywords: Rectorite, X-ray diffraction, scattering origin, basal reflections, layer boundary

Introduction

Interstratified illite-smectite (I-S) progressively reacts to 
form more illite-rich phases as burial depth increases (Hower et 
al. 1976). Therefore, the smectite-to-illite transition is used for 
evaluating a potential hydrocarbon source rock, because the tran-
sition temperature corresponds to the oil formation temperature, 
the so-called oil window (Pollastro 1993). The I-S array is often 
described using a MacEwan crystallite concept that views I-S 
as a finite Markov chain of illite and smectite. This crystallite 
concept is useful for theoretically profiling the X-ray diffraction 
(XRD) pattern of I-S using a junction probability depicted by 
layer proportion and stack ordering (Reynolds 1980). 

In calculating XRD patterns for MacEwan crystallites, a 
scattering origin choice is crucial for demonstrating basal peak 
irrationality, because the irrational feature is subject to the phase 
of scattered X-rays determined by the relative distance between 
the scattering atoms and the origin. In particular, the basal peaks 
are more and more irrational as the crystallite size decreases. 
Tettenhorst and Reynolds (1971) first applied the smectite basal 
peak irrationality to predicting its scattering origin, and Kang 
et al. (2006) revised the scattering origin choice of smectite 
by reexamining the irrational features. For I-S, the scattering 
origin choice is further fundamental to understanding the layer 
boundary condition (Altaner and Ylagan 1997), layer chemistry 
(Środoń et al. 1992), crystallite surface structure (Lindgreen et 
al. 1991), expandability (Eberl and Środoń 1988), disarticulation 
and rearrangement (Nadeau et al. 1984), crystallite thickness 
measurement (Drits et al. 1998), and so forth. However, the is-
sue has not been extensively discussed so far, except by a few 

pioneers (Plançon 2004; Sakharov et al. 2004). The goal of this 
study is to find the appropriate scattering origin of rectorite by 
comparing calculated and measured basal peak profiles. 

Experimental methods

Sample and equipment
The bulk rectorite sample (Arkansas) was acidized using 1 M acetic acid 

for removing any carbonate impurity. The treated sample was separated into <1 
µm size fraction using centrifugation and saturated with exchangeable interlayer 
cations with 0.5 M CaCl2 solution. After rinsing away any extra electrolytes, the 
sample was deposited onto a glass slide to make a standard preferred orientation 
sample and then exposed to ethylene glycol vapor for 24 h at 60 °C. The basal 
peaks were measured using a Bragg-Brentano diffractometer (MXP 18A RINT-
2500, MacScience) equipped with a CuKα X-ray tube (40 kV/30 mA), a graphite 
monochromator, 1° divergence slit, and 0.15° receiving slit. The data set was 
acquired using 2 s/0.02 °2θ step-scanning. The measured peaks were analyzed 
using a Bertaut-Warren-Averbach (BWA) method (Drits et al. 1998) for determin-
ing crystallite thickness distributions of rectorite. The interference function (Φ) 
required for the analyses was obtained by dividing the measured peak intensities 
by the Lorentz-polarization factor (Lp) and the squared amplitude of the layer 
scattering factor (G) used in our basal reflection calculations (see below). Φ was 
analyzed using the MudMaster program (Eberl et al. 1996) set in auto flipping 
and zero smoothing power. 

Peak profile computation 
We chose rectorite because it was possible to mathematically inspect the ef-

fect of the scattering origin choice on the basal peak irrationality of I-S with the 
interstratification effect minimized. Rectorite shows the layer repetition ⋅⋅⋅ISIS⋅⋅⋅ 
(Bailey et al. 1982), which allows us to regard the layer pair of illite and smectite 
as a diffraction unit of rectorite (Fig. 1). Thus, it is possible to calculate rectorite 
basal reflections using the well-known peak profiling method of Moore and 
Reynolds (1997). If the layer pair is scattered in order of illite to smectite, the 
scattering is given by: 

GI→S = GI + GSeiφ		  (1)

where, eiφ represents the phase difference between illite and smectite scattering 
origins. In the same manner, the smectite-to-illite scattering is written as: 
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