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1. Introduction
The macroscopic properties of wood derive from the microscopic structure of
the plant cell walls and depend greatly on the moisture content. However,
there is uncertainty in the fundamental nature of the cell wall structural
components, especially elementary cellulose microfibrils, and their behavior in
the presence of water. While approximate models exist for the cellulose
microfibril bundles, their exact structure is unknown.
Combining both molecular dynamics simulations [1] and tailored scattering
measurements [2,3] provides complementary results about the nanostructure
and moisture behavior of wood. Comparing simulated scattering data with
experimental results sheds new light into the wood nanostructure and how it
responds to moisture [4].

3. Simultaneous wide- and small-angle X-ray
scattering - Changes in crystal structure
Wide-angle X-ray scattering allows probing the smaller 0.1nm - 1nm
structure of the individual cellulose microfibrils. The peaks in the scattering
pattern are a result of crystalline packing of the individual cellulose
polymers. With modern X-ray devices, simultaneous measurement of both
the small-angle and wide-angle scattering is possible.

Hierarchical structure of the wood cell wall. Illustration by Safa Hovila ©VTT

2. Small-angle neutron scattering - Bundle Swelling
Small-angle scattering probes structures of the mesoscopic 1-100nm
scale and helps with determining how microfibrils are packed inside the
cell wall. However, prior knowledge of the structure is needed.

Scattering patterns from wet (left) and dry (right) wood, and the equatorial
intensity as a function the scattering vector. Location of the fitted Gaussian
peaks tells the lattice spacing and the width can be used to determine the
"crystal size".

4. New approach - Merging with molecular simulations
2

Microfibrils along with hemicelluloses on their surface are modelled using molecular
simulation methods. The scattering from the resulting structures can be then
mathematically calculated. The results will then be compared with measurements.

The above model [2] based on closely packed infinite cylinders can be fitted to
scattering patterns from drying wood to see how fibrils behave under different
moisture conditions.
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On the left, neutron scattering pattern (D11/ILL) from a spruce
sample in D2O. On the right fits to scattering intensity at different
times while drying.

Simple microfibril cross-section(left) forms the basis of the microfibril
model (middle). Included in the model in addition to cellulose (yellow)
are hemicelluloses (green and blue). From the atomistic coordinates, a
scattering pattern (right) can be calculated.
Future work on the molecular model includes the inclusion of water, simulation
of a larger and longer bundles, and taking periodicity into account.
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Distance between microfibrils seems to decrease while drying. After an hour,
the sample was too dry to provide meaningful results. ΔR/R was chosen to be
0.2 due to agreement with previous X-ray scattering results [3].

On the left, a fibrillar model of increasing complexity. On the right a periodic
fibril lattice viewed from above, including water between the bundles.
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