
1�5� 10�5 W m�1 K�1. N2 boils at 77 K; propane remains liquid
between 83 and 228 K. It is often thought that a gas bubble that can
form around an object dipped in liquid N2 makes it less effective as
a coolant than liquid propane, which is much less likely to form
bubbles. However, from model calculations, Bald (1984) suggested
that the gas insulation problem in liquid N2 would not be significant
in the cooling of small objects of low thermal conductivity, because
there is not enough heat transport to the surface to maintain the gas
layer. He also concluded that liquid N2 could potentially yield the
highest cooling rate among commonly used coolants. But in a
review of plunge-cooling methods, Ryan (1992) gives preference to
liquid ethane. Walker et al. (1998) measured the cooling rates in N2
gas (100 K), liquid N2 (77 K) and liquid propane (100 K) of a bare
thermocouple and of a thermocouple coated with RTV silicone
cement. The thermocouples were made from 0.125-mm wire and
the coating was about 0.20–0.25 mm thick. With the gas stream,
cooling of the centres of the samples from 295 K to 140 K took 0.8
and 2 s, respectively; with liquid N2 the times were 0.15 and 0.6 s,
and with liquid propane they were 0.15–0.18 and 1.2 s (time
reproducibility is to within �10%). Given the simplicity of liquid-
N2 immersion, there seems little reason to choose the more
complicated and more hazardous liquid-propane technique.

10.1.3. Principles of cooling equipment

There are many ways to construct a low-temperature apparatus
based on the cold-stream principle that functions well, but they are
all made according to a small number of basic principles.

All gas-stream crystal-cooling devices must have three essential
components: (a) a cold gas supply, (b) a system of cold gas delivery
to the crystal, and (c) a system for frost prevention at the crystal site.

10.1.3.1. Cold gas supply

Two methods are commonly used: generation of gas by boiling
liquid N2 with an electrical heater, and cooling of a gas stream in a
liquid-N2 heat exchanger.

Because precise voltage and current control are easily realized,
the boiler method has the advantage of providing very accurate
control of the flow rate with minimal effort. Precise control of the
flow rate is typically not attained when the rate is controlled with
standard gas-flow regulators, because they control volume, not
mass.

In addition to control of the flow rate, precise control of the
temperature requires exceptional insulation for the cold stream. The
longer the stream path, the higher the requirements for insulation.
As a rule, temperature rise during transfer should not exceed 15 K at
a flow rate of 0�2 mol N2 min�1; preferably, it should be
significantly lower. Higher cooling loss leads to excessive coolant
consumption and to instability caused by changes in ambient
temperature. High flow rates also tend to cause undesirable cooling
of diffractometer parts. No commercially offered device should be
accepted if it does not meet the criterion given above.

Appropriate insulation can be readily attained either with
silvered-glass Dewar tubing or with stainless-steel vacuum tubing.
Glass has the advantage of being available from local glassblowing
shops; it generally provides excellent insulation. The main
disadvantages are fragility and a rigid form that makes accurate
positioning of the cold stream difficult. Stainless steel can provide
superb insulation, given an experienced manufacturer; unsatisfac-
tory insulation is quite common. A major advantage is the
availability of flexible transfer lines that greatly simplify the
positioning of the cold stream relative to the diffractometer.

10.1.3.2. Frost prevention

Three areas must be kept frost-free: the crystal, the crystal mount
and the delivery end of the transfer tube. The first successful
solution to this problem was the dual-stream design of Post et al.
(1951). It provides for a cold stream surrounded by a concentric
warm stream. If the warm stream is sufficiently dry, this will
prevent frost around the outlet. The crystal will remain frost-free
only if mixing of the two flows occurs downstream from the crystal.
For a stream aligned with the axis of the goniometer head, an
additional shield is needed to keep the goniometer head frost-free.

10.1.4. Operational considerations

10.1.4.1. Dual-stream instruments

Fig. 10.1.4.1 shows a schematic drawing of the region around the
crystal in a traditional dual-stream apparatus, first described by Post
et al. (1951). The device provides for a cold stream surrounded by a
concentric warm stream. The diameter of the cold stream is
typically around 7 mm with a shield stream of 2–3 mm. The two
streams flow parallel to the axis of the crystal mount. In a properly
functioning apparatus, the warm stream supplies enough heat to
keep the tip of the tube carrying the cold stream above the dew
point. It is important that the streams do not mix, or the crystal
temperature will not be stable. This is achieved by careful balancing
of flow rates to minimize turbulence. (Absence of turbulence can be
judged by the shape of the shadow of the cold stream in a parallel
beam of bright light.) In a laminar cold stream, the crystal is well
protected and no unusual precautions are needed. The region of
constant, minimum temperature will typically have a diameter of
about 3 mm. Turbulent flow will result in no constant-temperature
region, so it is important to verify the stream quality.

The cold stream has sufficient heat capacity to cool down the
goniometer head, and sometimes other adjacent equipment parts as
well. A simple solution consists of an aluminium cone equipped

Fig. 10.1.4.1. Schematic drawing of a dual-stream setup with the streams
parallel to the diffractometer � axis. The top part represents the outlet
end of the stream delivery device. A represents the outline of the warm
shield stream and B represents the interface between the cold stream and
the warm stream. The goniometer head (not shown) is protected by a
shield.
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