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Lamellar neutron diffraction sample environment:
vapour atmosphere and temperature control with
Raman spectroscopic monitoring of gas phase
equilibration

Here we investigate the lipid membrane reorganization caused by sorption of ethanol from the gas phase. The
physical effects of the short chain alcohols, e.g. ethanol & butanol, on cell membranes seem to be a funda-
mental limitation on the amount of alcohol that can be produced by fermentation. This technology is already
an important renewable alternative to fossil fuels. We hope that information from neutron spectroscopy and
molecular dynamic simulations, will help tailor organisms with appropriate bilayer composition for enhanced
and more efficient alcohol production from fermentation. Lamellar neutron diffraction and contrast variation
of stacked lipid bilayers provides a means to analyze scattering length density compositional information of
bilayer systems in the direction normal to the stack (Kucerka et al., 2008) and the nature of disorder in these
stacks (Hamley, 2022). Such insights have provided indispensable in understanding the interaction of small
solute molecules with bilayers (Kent et al., 2015) and provide high quality structural data for refinement of
molecular dynamics force fields (Dickson et al., 2014). Here we present a new sample environment developed
at the Heinz Maier-Leibnitz Zentrum which allows us to measure low-background lamellar neutron diffraction
in the Bragg-Brentano geometry with controlled temperature and vapor composition at the sample position.
A Raman spectrometer provides real time monitoring of the chemical and isotopic composition of the sample.
This capability has been used for: contrast variation of the absorbed moisture vapor phase used for phasing
of the Fourier reconstruction from intensity data at three contrasts; and analysis of the changes in structure
of a fluid phase dipalmitoylphosphatidylcholine with adsorption of ethanol from the gas phase.
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