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Time-Resolved Chemistry

Machine key parameters• 12-35 keV• 5 fs (FWHM)• 100 Hz repetition rate (50 Hz useable)
• Linear polarisation• Photon energy scanning, two-colour, spectral controlX-ray spectroscopy (SLS: SuperXAS)

• Covers an interesting range of the periodic table (materials, biology)
• K-edges of Se, Br, Ag, Ru, Rh, I
• L-edges of Os, Ir, Pt, Au, Pb

• Complementary to existing branches (soft, tender, hard)
• Opportunity for technical development in RIXS, XES methods 

(spectrometers, detectors etc.)

X-ray scattering (SLS: Material Science)
• Pair Distribution Function scattering (Total scattering)
• Retrieve atomic structure of liquids, nanoparticles, amorphous 

materials (in operando, in situ, use the penetration depth)
• Generally uses photon energies from 50-150 keV, but lower 

energies also provide opportunities
• 5 fs (FWHM) pulses are ideal for scattering experiments
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large range of Q. But both atomic form factor and atomic dis-
placement parameter can lead to significant intensity decrease
at high Q, making the data quality very poor in this region.
Thanks to the advancement of modern x-ray synchrotron fa-
cility and spallation neutron sources, extremely high flux of
x-ray photons and neutrons can be obtained. Coupled with
high energy, or short wave-length l , high Q region can now
be accessed (since Q is inversely proportional to l ) and a high
quality Fourier transform can be implemented. Here, some
mathematical basics are explained and several functions are
introduced. Some function has strict physical definition, such
as g(r); some have computational convenience, such as G(r);
and some provides intuitive understanding, such as R(r). To
begin with, the pair distribution function g(r) is defined as fol-
lows:
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in which r0 is the average number density of atoms, N is the
total number of atoms, and ri j is the distance between atom i

and atom j. d (r� ri j) is the Dirac delta function which equals
a single unit only when r = ri j. In practice, the reduced atomic
pair distribution function G(r) is more frequently used,

G(r) = 4prr0[g(r)�1].

This is because G(r) can be directly calculated from the mea-
sured total scattering function S(Q) through Fourier transfor-
mation
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where Q is the amplitude of the transferred momentum calcu-
lated by the difference between scattered wavevector and inci-
dent wavevector. S(Q) by definition is calculated by measured

coherent scattering intensity I
coh(Q)
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where ci is the atomic concentration of the i-th type of ele-
ments and f

i(Q) is its atomic x-ray scattering factor or neutron
scattering length. The coherent scattering intensity I

coh(Q)

can be directly collected from the experimentally measured
total intensity I(Q) when properly corrected for incoherent in-
tensity, background noises, detector efficiency, multiple scat-
tering, etc. By now, the relationship between measurable total
scattering intensity I(Q) and structural function g(r) has been
established. To better understand the meaning of g(r), it is
necessary to introduce the closely-related radial distribution
function (RDF), R(r), which offers a more intuitive picture:

R(r) = 4pr
2r0g(r).

As shown in Fig. 1(a), rR(r) indicates the number of atoms
that can be found inside the spherical shell with radius r and
thickness dr centering around another atom.[11] For detailed
introduction on different correlation functions for describing
the total scattering, interested readers could find a systemati-
cal review in which David A. Keen compared the commonly
used correlation functions.[38]

Figure 1(b) shows a typical PDF pattern (G(r)) for a ma-
terial. It is a real-space function and a wealth of structural in-
formation can be directly obtained from it. The peak position
indicates the distance of atomic pairs. The area of peaks is re-
lated to the abundance of relevant pairs weighted by their scat-
tering power. The width of peaks is related to disorder inside
the material which can be structural disorder or/and atomic
thermal vibration. The maximum distance at which peaks are
observable gives insight to the size of coherent domain.[39,40]

Fig. 1. (a) Atom distribution of CeO2 in real space, and a sphere centered at an atom with radius r and annulus thickness dr.[11] (b) High-energy
x-ray total scattering derived pair distribution function in real space, G(r), provides real-space structure information which is independent of
structure modeling.[39]

For a successful total-scattering measurement, scattering
data needs to cover a wide range of Q. Practically, this means
a short wavelength is required for the experiment since Q is
inversely proportional to l . It also means a very high flux
of radiation source is needed because both atomic form fac-

tor and structural disorder (including thermal vibration and
static uncertainties) can lead to significant dampening in the
high Q region. The former mostly influences x-ray experi-
ment and the latter influences both x-ray and neutron experi-
ments. Because of these considerations, PDF experiments are

028802-2

Grigory Smolentsev, Majed Chergui, Maarten 
Nachtegaal, Claudio Cirelli, Camila Bacellar, Philip 
Johnson, Gregor Knopp, Christoph Bostedt, Chris 
Milne, Olga Safonova, Nicola Casati

Sol. RRL 2017, 1, 1700126

Chin. Phys. B Vol. 29, No. 2 (2020) 028802


