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Layered double hydroxides LDH, as highly flexible compounds in terms of chemical

compositions,  have  been  widely  studied  in  the  literature  in  the  recent  years.  In

particular, the chemistry of the interlayer region endows these materials with many

interesting  properties  which  allow  their  use  for  numerous  applications  such  as

anionic  exchange  resins,  sensors  or  biosensors,  drug  delivery  systems  and  more

recently as filler in polymers [1].

Owing to the low crystallinity of hybrid LDHs, establishing the structure-property

relationship for these materials is not an easy task. Indeed, these materials contain

many defects attributed to mismatches in the geometry/charge density of the host

layers and guest anions preventing an ideal packing of the slabs and also inhibiting

crystal growth.  Yet, the structure-property control is essential if one wants to tailor

and fine-tune properties (optical,  thermal,  chemical)  in very broad ranges and to

design advanced hybrid LDH for specific applications.

The lecture will focus on the application of X-ray scattering for a detailed description

of the structure and the microstructure of LDH materials. The content is directed to

both  relative  newcomers  in  the  field  and  to  more  experienced  users  wishing  to

broaden their understanding of X ray analysis of LDH. First, fundamentals on X-ray

powder scattering will be presented, and then different computer-based methods of

structure analysis will be discussed.

The  different  kinds  of  structural  disorders  encountered  in  LDH  system  will  be

reviewed with the effects on the line width of Bragg reflections in the powder X-ray

diffraction patterns of LDH. The recursive formalism of DIFFaX makes it possible to

examine in details the effect of various kinds of disorder on the line width of Bragg

reflections.  By treating a  crystalline  solid  as  consisting of  a  stacking  of  sheets  of

atoms interconnected by stacking vectors,  many different  kinds of  stacking faults

may be engineered into the solid by varying the stacking vectors and the resulting

changes in the PXRD pattern can be computed. If a large number of basal reflections

indexed as 00l are observed, as it is often the case with hybrid LDH intercalated with

organic anions, the 1-D electron density map along the crystallographic c stacking

axis could be determined via the reverse Fourier transform of the observed structure

factors with the signs obtained based on the hydroxide layer part of the structure.

This approach can yield specific information about the orientation and structure of

the intercalated guest species [2, 3].



With  high  resolution  synchrotron  X-ray  powder  diffraction  data,  the  scattering

density ρ(x,y,z) can be calculated in all directions and may then be displayed as either

a  2-  or  3-dimensional  Fourier  map.  Yet,  this  implies  a  refinement  of  the  total

envelope of  a powder pattern using LeBail-method to extract the intensities.  The

peak profiles can be modelled using Thompson–Cox–Hastings modified pseudo-Voigt

(TCH-pV) function and linear combinations of spherical  harmonics to evaluate the

microstructure  of  LDH  in  terms  of  crystallite  size  and micro  strains  [4,  5].  The

influence of microstructure changes on LDH properties such as the electrochemical,

chemical and optical properties is an important practical issue.

The atomic pair distribution function PDF analysis of total X-ray scattering has been

increasingly used for structural analysis. Taking into account both Bragg and diffuse

scattering,  PDF  technique  has  proved  to  be  a  valuable  approach  complement  to

conventional diffraction for the study of the short-range and medium range structural

order in LDH. Thus,  it  was evidenced a mosaic-type domain nanostructure for LDH

layer compositions and considered as a key structural to promote the electrochemical

performances of LDH [6].
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