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This special issue was commissioned to celebrate a historical event, the first one hundred

years of the Debye scattering equation (DSE) (Debye, 1915), also celebrated by a

conference held at Cavalese, Italy, 14–18 June 2015 (http://www.dse2015.org/). The Debye

scattering equation is a way of calculating the scattered intensity from an isotropic

sample, such as a powder, a liquid or an amorphous material, which does not presume

periodicity of the underlying structure, the basis of the more famous Bragg and Laue

equations. The DSE was written down just two years after these crystallographic equa-

tions, but until recently it did not find widespread use. The reasons are twofold. First, for

most of the 20th century research was principally focused on crystalline materials.

Second, for systems of reasonable size the DSE is very computationally costly to

compute. In fact, its first widespread application was in the field of small-angle scattering,

where various possible approximations made it an effective and essential analysis tool

[Glatter (1977); Glatter & Kratky (1982); Feigin & Svergun (1987)]. The situation has

now radically changed. There is a huge research effort focused on nanomaterials, and

nanostructure in crystalline materials, and computing power has increased such that the

DSE can now be computed for systems of a size to be of practical interest. There is

therefore enormous growth in applications of the DSE.

Small, non-periodic objects scatter with broad peaks and smoothly varying intensities

called diffuse scattering. Modern X-ray synchrotron, neutron and electron diffraction

instruments are able to measure the diffuse scattering with good accuracy, using the so-

called ‘total scattering’ approach in which both Bragg (where there are present) and

diffuse intensities are measured over wide ranges of reciprocal space. The data may be

Fourier transformed to real space, as in the popular atomic pair distribution function

(PDF) method, or studied directly in reciprocal space. Either way, for finite objects the

DSE is the correct approach to compute the total scattering intensity (and by Fourier

transform the PDF) from atomistic models of the cluster under study. The DSE is finding

application in many studies in recent years in quite diverse fields of applied sciences

ranging from nanotechnology to biology, solid-state physics and chemistry. This special

issue presents a small but quite representative snapshot of the various ways in which the

DSE is being applied.

Peter Debye’s original intuition was that, despite the random arrangement of mole-

cules in gases and liquids, interference between scattering centres can be observed and

could reveal details of the atomic arrangement in the molecules. Full exploitation of that

had to wait for gas-phase electron diffraction. However, besides contributing to the early

understanding of molecular structure, the DSE played a role in the development of

fundamental scattering methods, such as the SAXS concept of radius of gyration

(Guinier, 1937, 1939), and from the 1930s the pioneering studies on liquids and glasses

[e.g., Zachariasen (1932); Warren (1933, 1934, 1940); Zernicke & Prins (1927)]. Just after

the introduction of the first transmission electron microscopes, Germer & White (1941)

showed how to use the DSE to study metal-cluster aggregates; profiting from the regular

arrangement of atomic distances in a crystal lattice they recast the DSE in a more

computationally efficient form:

electronic reprint



IeuðqÞ ¼ Nf 2 þ f 2
XN
i

XN
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sin qrij

qrij
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¼ Nf 2 þ f 2
XM
n¼1

Bn sin qrn
qrn

; ð1bÞ

where ‘eu’ indicates electron units. Equation (1a) is the DSE

in the usual form for a monoatomic system (with atomic

scattering factor f), and provides a double sum, over all N

atoms with atomic distances rij, with wavevector transfer

modulus q (= 4� sin �/�) ; whereas equation (1b), proposed by

Germer & White, and still used to date in many applications of

the DSE, requires a single sum of the sinc function

ðsin qrn=qrnÞ weighted on the number (Bn) of atomic pairs

separated by the same distance (rn).

The relationship between the DSE and the autocorrelation

function of the density of atoms in real space �ðrÞ, the

founding equation of the PDF approach, was first derived by

Zernicke & Prins (1927):

Ieu qð Þ ¼ Nf 2 1 þ
Z

4�r2 � rð Þ � �a

� � sin qr

qr
dr

� �
; ð2Þ

with �a as the average density in the sample. The quantity

4�r2�ðrÞ is the radial distribution function, representing the

deviation from a sample average of the number of scattering

centres in a shell of thickness � at distance ri from another

atom as (Warren, 1990)

Yi ¼
Zriþ�=2

ri��=2

4�r2 � rð Þ � �a

� �
dr: ð3Þ

This quantity can be used, if �ðrÞ � �a 6¼ 0 over a reasonably

short range, to rewrite equation (2) as

Ieu qð Þ�N ¼ f 2 þ f 2
X
i

Yi

sin qri
qri

; ð4Þ

establishing the sine Fourier relationship between the DSE

and the radial distribution function and the PDF.

So, it is a great moment in time to have a special issue

dedicated to the Debye scattering equation: the DSE just

turned 100 years old, but it is now being used more than ever,

two causes for celebration. We thank the contributing authors

for their contributions, and we very much hope that you enjoy

the special issue. Perhaps one day soon you will use the DSE

in your own work, if you haven’t already!
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