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1 Laboratory Diffraction Contrast Tomography (LabDCT)

In a traditional attenuation based X-ray CT setup, an x-ray beam is incident on the sample, with the sample absorbing
some photons as the x-rays pass through it. The transmitted beam recorded on a detector giving a projection image. By
mathematically reconstructing a number of projections taken about a 360° rotation of the sample, a virtual volume rep-
resentation of the sample is formed which can be analysed to reveal internal structure (Feldkamp et al., 1984), including
features such as cracks or defects (Lu et al., 2018). The deployment of x-ray optics has led to instruments with greater
contrast and improved resolution (Lavery et al., 2014) that have provided valuable insight into a range of materials in-
clduing soft biological structures (Shearer et al., 2016), polymer particles (Gamble et al., 2016) and parasitic behaviour
(O’Sullivan et al., 2018). Diffraction Contrast Tomography additionally incorporates diffraction data to provide crystallo-
graphic analysis of the sample. Overall, DCT involves three main steps. Firstly an attenuation X-ray CT scan is acquired in
the same manner as above. Secondly, a DCT scan is performed, with a tungsten aperture placed between the source and
sample to centralise the beam, and a tungsten beam stop between the sample and detector to prevent stronger transmitting
x-rays from flooding the detector, as shown in figure 1. The source-to-sample and sample-to-detector distances are kept
equal to obey the Laue condition, which focuses the diffracted beam onto the detector in line-shaped spots, increases the
signal to noise ratio and substantially reduces overlap between different diffraction spots. Diffraction images are recorded
as the sample is rotated through 360°. Finally, the known crystal lattice parameters are used with the absorption and
diffraction datasets to search for all possible crystal position-orientation combinations, and identify those with the highest
confidence. Readers interested in the physics behind DCT are directed to McDonald et al. (2015), Holzner et al. (2016)
and Bachmann et al. (2019). Whilst DCT was first implemented on synchrotron beamlines (Ludwig et al., 2010; Lienert
et al., 2011; Reischig et al., 2013), the integration of DCT modules within laboratory-based XRM systems has made DCT
an accessible laboratory technique (labDCT) (McDonald et al., 2015; Feser et al., 2015) that can provide information
on grain centroids and orientations, grain shape and grain boundary networks. A photograph of the prepared hexamine
sample is shown in Figure 2a, with examples of attenuation X-ray CT and diffraction projections shown in Figure 2b,c.
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Figure 1 The experimental DCT setup, modified from a traditional X-ray CT setup through an aperture and beamstop. Both the

source and detector are an equal distance L from the sample to obey the Laue focusing condition, giving line-like spots in the diffraction

imageBachmann et al. (2019).

Figure 2 (a) Hexamine crystal powder bed within polyimide tubing; (b) An absorption projection image showing the powder bed; (c) A

single labDCT diffraction projection image showing the line-like diffraction spots.
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2 Modelling Hexamine Crystal Morphology

Figure 3 Molecular packing of hexamine (a) looking along the ¡001¿ direction; (b) looking along the ¡010¿ direction.

The packing of molecules within a Hexamine unit cell is shown in Figure 3, highlighting the body-centered cubic nature.

Figure 4 (a) Lattice energy Ecr as a function of increasing limiting radius of the sphere of calculation using the Dreiding set. Range of

experimental sublimation enthalpy ∆Hsub measurements is shown shaded in grey for comparison. (b) the % of the lattice energy added

with an increase in the radius of the sphere using the Dreiding II potential set.

The lattice energy convergence as a function of limiting radius of the calculation is shown in Figure 4a. The calculated
lattice energy Ecr using the Dreiding potential set converged to −18.18 kcal/mol, which has good agreement with the
experimental lattice energy calculated from the heat of sublimation ∆Hsub summarized in Table 1. This suggests that
the Dreiding potential provides an acceptable reproduction of the strength and nature of the synthons within the crystal
structure for hexamine. Figure 4a also shows that the electrostatic interactions contributed a relatively small amount to
the lattice energy, without contributions from hydrogen bonds, reflecting that the majority of the molecule is apolar in
nature.
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Table 1 Experimental sublimation enthalpies (∆Hsub) for hexamine crystals from the literature. For comparison, the calculated lattice

energy Elatt is −18.18 kcal/mol.

∆Hsub (kcal/mol) Tmelt (K) Reference

17.9 ± 0.7 298 Wada et al. (1960)
18.8 316 De Wit et al. (1983)
18.4 313 Stephenson and Malanowski (1987)

Figure 4b shows the addition of energy as more molecules are added to the crystal structure as the limiting radius is
increased, with respect to the origin molecule. This is shown as a column graph with each column representing the
percentage of the energy added at that step; i.e., the column at 10 Å is the amount of energy added with the increase
between 7 and 10 Å of the radius of the sphere.

3 Powder Bed Structure

The size-distribution statistics for the powder bed are provided in Table 2. The particle size data from attenuation X-ray
CT shows a wide range of sizes, indicative of the highly agglomerated nature of the powder bed. The crystallite size-
distribution from DCT has a much narrower range of sizes, and matches the particle size data filtered less than < 300 µm.

Table 2 Size distribution of the hexamine powder bed measured from attenuation X-ray CT and DCT. All measurements in microns.

D10 D50 D90

Particle size distribution 225 495 1069
Crystallite size distribution 105 210 258
Size distribution of particles < 300 µm 116 215 261

4 Crystal Interactions

Table 3 provides the crystallographic information from DCT measurements used to reconstruct models of the interacting
crystallites.

Table 3 A summary of the experimental information for the crystal clusters in Figure 10 of the main article for creating the model crystal

interactions.

Crystal Equivalent Diameter
(µm)

Reference
crystal

Transformation to reference crystal co-ordinate system
Rotation Axis Rotation Angle Translation (µm)

G1 164 G1 n/a n/a n/a
G2 105 G1 [-0.68,-0.72,0.11] 66.4° [-28.9,-106.6,-15.4]
G3 228 G1 [0.06,-0.46,0.89] 1.4° [-120.8,5.5,-76.3]

I1 271 I1 n/a n/a n/a
I2 264 I1 [0.33,0.89,-0.32] 65.8° [10.8,159.0,179.8]

J1 229 J1 n/a n/a n/a
J2 305 J1 [0.58,0.59,0.57] 60.1° [15.3,183.7,-138.0]
J3 223 J1 [0.39,0.73,0.56] 47.3° [240.3,209.1,-79.0]
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