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New structural details about the specific
arrangement of atoms in conjugated
polymers
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Advanced X-ray techniques have revealed new structural details about
the specific arrangement of atoms in conjugated polymers, an important
class of materials that are used in LEDs, organic solar cells, transistors,
sensors and thermoelectric power devices.

Conjugated polymers are organic macromolecules with an unusual
electronic structure, a backbone with alternating single and double
bonds, which produces interesting, useful optical and electrical
properties.

Because of a level of disorder in the arrangement of atoms in conjugated
polymers, the use of direct methods, such as conventional X-ray
diffraction, reveals only limited information.

Researchers from Monash University led by Prof Christopher McNeill,
in association with American collaborators at Brookhaven National
Laboratory, have demonstrated that resonant X-ray diffraction
performed at X-ray energies that resonate with sulfur atoms in the
polymer can discriminate between different types of packing structures
in conjugated polymers.

The research was published in the Journal of the American Chemical
Society and earned an inside back cover of the publication.

Instrument scientist Dr. Lars Thomsen said near-edge absorption fine
structure (NEXAFS) spectroscopy performed on the Soft X-ray
spectroscopy beamline at the Australian Synchrotron provided
spectroscopic information that was necessary for the analysis of the
resonant diffraction data.
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Thomsen has collaborated on the structural investigation of conjugated
polymers using synchrotron techniques with McNeill, Professor of
Materials Science and Engineering at Monash University for many years.

The resonant diffraction measurements were undertaken at NSLS-II at
Brookhaven National Lab in the United States by first author Guillaume
Freychet.

"Conjugated polymers have a ring structure, like benzene, with orbitals
coming out above and below the rings. The electrons move through the
orbitals," explained Thomsen.

"If you have a device that has a couple of electrodes on either side and a
conjugated polymer layer in between, you want all the polymers
orientated in the same direction, so the electrons can move through
freely from one electrode to the other," he added.

"NEXAFS can give you the information about the alignment of the
polymers with respect to the surface," he said.

"When using organic polymers in a device, it is important to align the
molecules in a certain way to get the best performance," explained
Thomsen.

Thomsen said the energy range for the experiment was a little beyond
what is usually used on the instrument, but they were able to acquire data
with good results.

More information: Guillaume Freychet et al. Resonant Tender X-ray
Diffraction for Disclosing the Molecular Packing of Paracrystalline
Conjugated Polymer Films, Journal of the American Chemical Society

(2021). DOI: 10.1021/jacs.0c10721
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