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with suitable optical properties (Itié et al., 2015; Hansen et al.,
2015; Portale et al., 2013). Many of these environments rely on
the use of quartz capillaries as they exhibit excellent chemical,
thermal and optical properties for many experiments.
Connecting these capillaries to Swagelok tubing by means of a
temperature, pressure and chemically resistant seal enables
their use in static or flow systems under variable gas pressures
(Martis et al, 2014; Norby, 2006). Existing setups use two-
component Loctite glue or quick-setting epoxy resin to glue
the capillary in a custom-made socket, allowing to pressurize,
for example, 0.7/0.5 mm (outer/inner diameter) quartz capil-
laries up to 135 bar (Hansen et al., 2015; Brunelli & Fitch,
2003; Llewellyn et al., 2009). Unfortunately, preparation and
application of the adhesive sealant are not evident and the
final assembly can be laborious (Jensen et al., 2010).

2. Sample cell design

The proposed setup circumvents the aforementioned diffi-
culties by using a piece of heat-shrink tubing to connect
the capillary to (standard) Swagelok components with a fast,
chemical- and heat-resistant seal. The general procedure is
illustrated in Fig. 1 for a 1 mm quartz capillary (Hilgenberg,
Germany). The option to re-use Swagelok parts significantly
lowers the marginal cost of the setup, providing an affordable
method to carry out in situ X-ray experiments on pressurized
samples. The cross-linked nature of the polyolefins forming
the heat-shrink tubing provides good chemical and mechanical
resistance and renders this setup suitable for demanding
(catalytic) experiments (Beveridge & Sabiston, 1987).
Applicability of the setup for in situ high-pressure experi-
mentation has been showcased by monitoring CH, hydrate
formation in the pores of a hydrated hydrophobic silica
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Figure 1

(a)-(b) A small piece of heat-shrink tubing of size 2.4/1.2 mm (inside diameter before/after heating)
is manually stretched to 44 times its initial length, (¢) cut into £5 cm segments and slid over the
capillary. (d) In the next step, a =2 cm piece of standard Swagelok tubing (which has been deburred
on the outside and the inside) with an outer diameter of 1/8 inch (= 3.175 mm) is slid over the
covered capillary. (d)-(e) The heat-shrink tube is then slowly heated from the bottom up (towards
the open end of the capillary) with a heat gun (first at 100 and then 350°C). For the setup to work
properly, it is crucial to use heat-shrink tubing shrinking lengthwise along the capillary towards the
inside of the Swagelok tube after the initial stretch. The best results were obtained with 2.4/1.2 mm
heat-shrink tubing (product code LSTT-R-2.4-0) manufactured by TE Connectivity (part of the
Raychem group, USA). The shrinking procedure is exemplified in a video available in the supporting
information (Video S1). (e) Any residual heat-shrink tubing sticking out of the Swagelok tube after
shrinkage is removed with a razor blade. The open end of the capillary is then carefully cut at the
Swagelok tube, preferably with a ceramic blade to prevent the formation of micro-fractures along the
capillary wall. (f) A set of 1/8-inch Swagelok nuts and ferrules connects the capillary to the Swagelok
parts and (g) allows pressures up to 65 bar in the case of 1 mm quartz capillaries. A second video
showcasing pressurization of the newly developed capillary setup with 60 bar of N, is also provided in
the supporting information (Video S2).
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(Borsboom et al., 1998). These ice-like
clathrate materials are typically formed
at high (gas) pressures and low
temperatures as a result of the
favourable van der Waals interactions
between non-polar guest molecules
such as CH, and the surrounding water
molecules (Casco et al., 2015).
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Figure 2
WAXS diffraction pattern showing the formation of the CH, clathrate
hydrate inside the pores of a hydrated hydrophobic reverse-phase silica
material. Reflections that are characteristic of CH, hydrate structures
are denoted by ‘C’, whereas reflections attributed to the simultaneous
formation of hexagonal ice are indicated with ‘ice’. The onset of clathrate
formation is clearly visible at —57 °C and is accompanied by a decrease in
CH, pressure of +0.5 bar.
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