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In contrast to conventional radiation source, the main 
properties of synchrotron radiation are
1) the extremely good instrumental resolution over extended
angular ranges (for example, full widths at half maximum of
<0.01° out to a d-spacing of 1Å at a wavelength of 0.7Å), 
2) excellent peak-to-background discrimination, 
3) peak shapes which are very well described by the commonly-
used pseudo-Voigt function (including a simple and reliable 
asymmetry correction for axial divergence at lower angles), 
4) high brigthness (large amount of flux in a well collimated 
beam) 
5) an intense continuous wavelength distribution spectrum, from 
which monochromatized X-radiation can be selected and the 
consequent possibility of using anomalous scattering as a general
probe of cation distribution for elements with Z>35.



Although there is no sharp dividing line 
between crystalline and so called amorphous 
materials, for clarity in this discussion we 
somewhat arbitrarily designate as 
crystalline those materials characterized by 
three-dimensional periodicity over 
appreciable distances, say, of the order of 
six or more unit translations. Conversely, 
materials possessing only one or two-
dimensional, or lesser, degrees of order are 
referred to as amorphous.





For very small cluster containing few atoms it 
is preferable to calculate the pattern from the 
Debye formula. 

If we consider a liquid, it has no structure 
with respect to a fixed origin since the atoms are
continually moving about. 

In an amorphous solid (glasses, glassy metals,
resins, unoriented solid polymers), the atoms have 
permanent neighbours but there is no repeating 
structure, only local configurations. 
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The diffraction pattern from a 
amorphous sample (i.e. a glass) exhibits broad 
features, indicating the lack of translational 
symmetry in its structure. 

The quantity obtained from a 
conventional scattering experiment is the 
radial distribution function (RDF), which is a 
description of the average environment of an 
atom, for example, in a glass.
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Here ρ(r) is the number of atoms per unit
volume at a distance r from the reference 
atom, and 4πr2ρ(r)dr, as reported above, is 
the number of atoms contained in a spherical 
shell of radius r and thickness dr.





Letting ρ0 be the average density of atoms in
the sample, eq may be rewritten as
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By means of the Fourier integral theorem, this 
expression can be trasformed to
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The RDF is defined as 4πr2ρ(r), where ρ(r) is the radial 
density function and r is the radius; ρ(r) is the average 
number density of atoms at a distance r from an 
average atom at the origin. 
The RDF, therefore, is the number of atoms in a shell 
of unit thickness at a distance r.
The number of neighbors coordinating a central atom is 
obtained by integrating a peak in the RDF, and the 
average distance of these neighbors is obtained from 
the peak position.







Even in one-component system, 
the interpretation of the RDF is 
difficult because the local structure is 
spherically averaged.

In a multicomponent system, the 
problem is even more complex because 
the average environment portrayed by 
the RDF might bear little resemblance 
to the actual environment of any given 
component.



Anomalous scattering
experiments permit species-

specific distribution functions 
to be obtained, which give a 

more direct view of the 
amorphous structure.



When the X-ray energy is close to an absorption edge 
of an atom, the X-ray scattering factor changes 
significantly through the anomalous scattering factors
(ASF’s) f’ and f’’. For example, the scattering factor of
Se is reduced from its maximum value by approximately
10 electrons at the K absorption edge energy.
Therefore, Se (atomic number Z=34) scatters more like
Cr (Z=24). Suppose scattering patterns are obtained 
from an Ag-Ge-Se glass at two X-ray energies close to 
the Se K absorption edge.
The scattering behaviour of Se is different at each 
energy, but the behaviour of Ge and Ag is the same.
The difference between the two patterns can be 
related to the distance correlations involving Se atoms.
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Anomalous Small-Angle X-ray
Scattering

f = f0 + f ´ (E) + f ´´(E)



The Debye formula for the intensity is
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The result of this type of experiment is the 
difference distribution function (DDF) around Se.
The DDF is 4πr2ρSe(r), where ρSe(r) is the density of 
atoms at a distance r from a central Se atom.

The idea of obtaining structural information 
from the derivative of the scattered X-ray intensity 
with respect to energy was first proposed by
Shevchik. 

However, the differential anomalous scattering
(DAS) technique outlined above was first developed 
and applied experimentally to amorphous GeSe and 
glassy GeSe2 by Fuoss.







The potential of anomalous scattering
experiments is not limited to obtaining DDF’s.
It is possible to obtain the partial distribution 
function (PDF), in which the intensities of both 
the central atom and its neighbors are known. 
The αβ PDF describes the distribution of β
atoms around a central a atom; it is equal to
4πr2ρab(r), where ρab(r) is the number density 
of β atoms at α distance r from an a atom at 
the origin. 



The total number α−β distances in the 
structure is constant, leading to the 
condition

Xaρab(r)=Xbρba(r)

where X is the mole fraction.



Keating demonstrated how M(M+1)/2 independent
scattering experiments can be used to determine the same 
number of indipendent PDF’s. In each experiment, the
scattering factors of one or more of the components must 
be altered in indipendent way. 

The energy dependence of the anomalous scattering
factors provides one means to accomplish this. 

If we consider a three components glass, six
scattering patterns must be collected, two in the vicinity of 
the K absorption edge of each component.

The PDF’s are difficult to obtain because the 
independence that can be achieved by varying the anomalous
scattering factors is limited. In practice, the results are
very sensitive to experimental error.
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The RDF and the DDF’s are related to 
the PDF’s by



Nucleation and crystallization 
behavior of glass-ceramic 

materials in the 
Li2O-Al2O3-SiO2 system



The ternary system Li2O-Al2O3-SiO2
is know to give transparent glass ceramic 
materials with low thermal expansion 
coefficient and high mechanical properties. 

The mechanical properties are 
improved by a high crystalline fraction. 

If the size (<40nm) of the crystallites 
is much smaller of the visble wave length 
the material is transparent.



The technological solution to the problem of 
obtaining high crystallinity and small 
crystallites is to modify the glass composition 
introducing a small amount  of nucleating oxides 
that develop a large numbers of very small 
nuclei. These nuclei have to be developed by a 
thermal treatment carried out at a temperature 
lower than the crystallization one. 
The main phases constituting the glass will 
crystallize on these nuclei during a second 
thermal treatment. A large number of nuclei 
allow to obtain a high crystallinity degree and 
small crystallites.
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