Science Highlight - June 2022

Powerful X-rays Explore the Molecular Composition in a Historical
Collection of Australian Plant Resins

For thousands of years, Aboriginal Australians have utilized the extraordinary properties
of certain plant exudates (resins, kinos and gums) for practical applications and cultural
expression. Today, pIant exudates continue to be incorporated in a variety of contempo-

Fig. 1 Top: Exudate in a gum tree,
Adelaide, South Australia. Bottom:
Historical collection of jars contain-
ing Australian plant exudates.
(Flinders University, South Australia,
Kaurna County)

rary cultural contexts, such as hafting stone tools to
handles, preparing paint binders or priming layers for
bark paintings. In the early 20th century, a group of
unknown naturalists assembled a large collection of
plant exudates - most of which were collected
between 1876 and 1905 - carefully annotating the
provenance information. These samples have been
stored up to the present in labeled brown glass jars,
and the first documentation of the collection was in
the laboratories at the Art Gallery of South Australia.
In the late 1980s the collection was transferred and
held in the South Australian state forensic laboratory
until the early 2000s, before the collection was
bequeathed to Flinders University by two former
scientists with the intention for further research about
this unique time capsule of samples (see Fig. 1). This
collection provides a unique window into the compo-
sition of particularly well-preserved historical plant
exudates, of cultural and technological interest.

A team of scientists from Australia, Belgium, France,
Italy, and the US has used the penetrating power of
hard x-rays at the Stanford Synchrotron Radiation
Lightsource and the Synchrotron Soleil (France) to
untangle the molecular composition of the plant
materials in this collection [1]. Organic materials are
rich in carbon and oxygen, elements that are conven-
tionally studied with soft x-ray absorption near-edge
structure (XANES) spectroscopy. However, the appli-
cation of soft x-rays requires a very specialized

sample environment and preparation, not suitable for the samples of this collection. The

team therefore used a different approach that
employs penetrating hard x-rays in a technique
called x-ray Raman scattering (XRS). In XRS,
instead of absorbing the x-rays, only a small
fraction of their energy is transferred to the
carbon and oxygen 1s core electrons. Thus,
effectively a XANES spectrum is obtained, but
by x-ray energy loss rather than x-ray absorp-
tion. The challenge with XRS is the fact that the
signal is very weak, and that the detection
requires a large array of analyzer crystals for
measuring the inelastically scattered x-rays.
SSRL operates one of the world’s premier XRS
instruments providing both high spectral reso-

Fig. 2 XRS spectrometer at SSRL using 40
diced spherically curved Si crystals in an
intersecting Rowland-circle geometry.

lution and a large solid angle for effective signal collection (see Fig. 2) [2]. Using XRS and
complementing studies performed at synchrotron Soleil and at the University of Pisa, the




team was ab|e to deter_ A Xanthorrhoea C  Eucalyptus
mine the key chemical
characteristics of these
aged Australian plant exu-
dates, relating them to
each plant genus. Fig. 3
shows a series of carbon K-
edge XRS spectra and their
corresponding  functional
groups. As the chemical
composition and material
properties of exudates
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organic compounds long

used by Aboriginal Australian peoples and exploring their use and function in
archaeological materials and cultural heritage objects.
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