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Photoelectric absorption (PE) can be represented by a transition amplitude Ape and
a cross-section in barns per atom σpe [1, 2] (1 barn = 10−24 square cm). In first order,
Am=pe = ⟨f |Hm=pe|i⟩ where Hm=pe is the interaction Hamiltonian for a physical
process m, i is the initial state and f is the final state. σm = A2

m (conventionally barns
per atom). Using [µ/ρ]m = σm

uA with u the atomic mass unit and A the relative atomic
mass, yields the common formula.

Early developments used a plane wave photoelectron instead of a curved wave
or Green(s) function approach, with key improvements to phase offsets from scatter-
ing [3]. Early work used point scattering from nuclei [4]; later work used muffin-tin
potentials around each atom to yield scattering from electron orbitals [5, 6]; more
recent work uses full-potential scattering from a density functional theoretical basis;
in principle all electron density can contribute in each order. Early work predicted
only two-leg paths, or single scattering paths (imax = 1 [7]); recent work predicts 3-,
4- and more -leg paths (i.e. double, imax = 2, triple, imax = 3, or more scattering
from different atomic sites before recombining at the origin [5, 8, 9]). Early, it was
claimed that a few dominant single-scattering paths are sufficient but higher-order and
multiple-legged paths have been seen to be significant in many data sets and to aid in
explaining experimental data and distinguishing between hypotheses of structure. The
many-body reduction factor S2

0(k) was introduced later; although initial derivation
and discussion recognised that it should be k-dependent, it is almost always fitted as
a constant S2

0 in analysis. Major current variations depend upon the approximations
made to simplify the relativistic wavefunction and potential.

The cumulant approach expands the atomic distribution function g(R) follow-

ing ⟨x⟩ =
∫
dRxg(R)∫
dRg(R)

so without the Gaussian assumption e−2σ2
jk
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and hence can

in principle observe anisotropy and bonding. χ(k) ∝
〈
eikRj

〉
with

〈
eikRj

〉
=

exp
[
Σn = 1∞ (2ik)n

n! Cn

]
where the cumulant terms are C1 =< r >;C2 =< r2 > − <

r >2;C3 =< r3 > −3 < r2 >< r > +2 < r >3;C4 =< r4 > −3 < r2 >2 −4 <
r3 >< r > +12 < r >2< r >2 −6 < r >4; ... and note the main change is the poten-
tially non-zero values for C3 and C4. In more detail, the distribution function can be
investigated, like crystallography, as a tensor.

Case study: Fast oxidation reactions in solution

Conventional XAFS experiments performed with double crystal monochromators
impose limitations on the time resolution of the collected data, due to the fact that
the monochromator crystals have to be mechanically scanned. To overcome these
restrictions, the energy dispersive XAS (EDXAS) mode has been developed. [10] This
collection mode exploits a polychromator to spatially diverge the incoming white
beam and, together with a CCD-based detector, allows the collection of XAS spectra
with millisecond dwell times. Owing to the detector geometry, the entire spectrum is
collected at the same time over a specific energy range. Recently, EDXAS has been cou-
pled with UV-vis spectroscopy to study the reactivity of a [N4Py·FeIV(O)]2+ non-heme
iron-oxo complex (N4Py = N,N-bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine)
with different organic substrates in acetonitrile solution solution (Figure 6b in the
main document). [11] This combined approach is particularly compelling, as it allows
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one to overcome the potential interferences from the species present in solution by
shifting the point of view to the metal cation with XAS, while also obtaining mech-
anistic insights orthogonal to those yielded by UV-vis spectroscopy. In this study, Fe
K-edge XAS spectra were measured for the oxidation of a series of differently substi-
tuted thioanisoles by [N4Py·FeIV(O)]2+ with a time resolution down to 120 ms. This
reaction produces the corresponding methyl phenyl sulfoxides and the reduced com-
plex [N4Py·FeII(O)]2+. The shift in the Fe K-edge onset energy E0 over time was then
calculated in order to obtain pseudo-first-order rate constants. The obtained rate con-
stants were found to be identical to those determined by the simultaneously collected
UV-vis data, showing the potential of EDXAS in cases where the investigated metal
ion is silent in the UV-vis region. Additionally, it was observed that the EDXAS data
provide sufficient resolution to detect a different behaviour in the oxidation kinet-
ics of the many substrates. The reaction kinetics was in fact found to correlate with
the electron withdrawing or donating nature of the ring substituents, reflecting the
electrophilic character of the oxidizing complex.
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