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Technology Offer 
 

Catcher for stabilization of high-viscosity extrusion jets (Ref.-Nr.: 0105-6614-BC) 
 
The offered invention relates to a device that reduces free-jet instabilities inherent to high-
viscosity extrusion injection, facilitating delivery of protein microcrystals for serial diffrac-
tion X-ray crystallography. 
 
Advantages 
 

• Continuously stabilizes the position and speed of a viscous jet, even if the jet is subjected 
to strong, intermittent, physical forces 

• Functions for most high-viscosity carrier media 
• Optimal settings can generally be found within a minute or two of manual adjustment 
• Simple, compact, robust 

 
Applications 
 

• High-viscosity extrusion experiments, especially experiments at synchrotrons 
• Time-resolved HVE measurements 

 
 
Background 
 
In serial diffraction X-ray crystallography measurements on bio-
logical samples (for instance, protein crystals) that require a lipid 
environment, the biological samples are embedded in a lipidic cu-
bic phase (LCP). The high viscous LCP containing the biological 
samples is injected into a pulsed X-ray beam by means of a noz-
zle, and a diffraction image is obtained by diffraction of the X-ray 
on the biological sample. The diffraction of the X-ray on the bio-
logical sample may be disturbed if the jet containing the biological 
samples is not stable. For example, if the free end of a vertical jet 
oscillates, the biological samples move into or out of the X-ray 
beam. In order to stabilize the free end-oscillations of the jet, a 
stationary solid ‘catcher’ plate is positioned such that the jet after 
being irradiated by the X-ray beam attaches to and coils up on the 
plate. This prior-art method reduces the sideways motion of the 
jet but does not eliminate it, as the jet material piles up on the 
stationary plate and the accumulating pile electrostatically repels 
the jet, displacing the jet relative to the X-ray beam. 
 
 
Technology 
 
The innovative catcher presented here employs a moving rather than a stationary catcher surface. 
The jet once again adheres to the catcher but, rather than piling up, is carried away by the moving 
surface. A scraper shears the deposited material off the catcher surface. The speed of the moving 
catcher surface is set such that jet material is carried away at approximately the same rate at 
which it arrives. As a result, a steady-state dynamical system is established, in which the jet flows 
steadily from the nozzle to the attachment point on the moving catcher surface, to be carried away 
as an attached ribbon on the catcher and then removed by the scraper. In this dynamic steady-
state equilibrium, the attachment point of the jet on the collector is fixed in space, with the jet 

 

Fig. 1: Drawing of a rotating rod 
catcher 

slap-back onto the nozzle tip and also restricts side-to-side
oscillations of the jet. Yet two new problems then arise: (1)
The HVE material collected can pile higher and higher until it
reaches the tip of the nozzle, physically blocking the jet flow in
that manner. (2) Since newly arriving sample carries the same
charge polarity as that of the material already deposited, the
jet is electrostatically repelled from the accumulating pile. The
contact point of the jet therefore wanders around the accruing
pile, following a random path dictated by electrostatic forces.
This wandering endpoint pulls the jet around with it, again
displacing the jet relative to the X-ray beam. Sideways motion
of the jet has been reduced but not eliminated. Applying
suction through a hollow collector may assist matters,
although very often the jet material then simply accumulates
around the periphery of the suction opening. Yet even when
the jet roams sufficiently little as to be usable for X-ray
crystallography, its motion may preclude other types of
measurements. We encountered this situation during HVE-
based spectroscopy measurements in 2022. These measure-
ments were extremely sensitive to stray light background,
including light reflected from the jet itself and therefore
influenced by motion of the jet. The method and device
described herein were developed and found to markedly
stabilize the jet, making such measurements possible but also
being clearly of interest for HVE injection in general.

2. Results and discussion

2.1. Dynamic collection of the HVE jet

Our methodological innovation is to employ a moving
rather than a stationary collector surface. The jet once again
adheres to the collector but, rather than piling up, is carried
away by the moving surface (see Movie S1 of the supporting
information). A ‘scraper’ at some distance removed from the
attachment point then shears the deposited material off the
collector surface. The speed of the moving collector surface is
set such that jet material is carried away at approximately the
same rate at which it arrives. This then becomes a steady-state
dynamical system, in which the jet flows steadily from the
nozzle to the contact/attachment point on the moving
collector surface, to be carried away as an attached ribbon on
the rotor surface and then removed by the scraper. In this
dynamic steady-state equilibrium, the attachment point of the
jet on the collector is fixed in space, with the jet traversing a
fixed path from the nozzle to this point. The jet is effectively
pinned by these two endpoints. Moreover, there is no pile-up
whatsoever of the charged viscous material on the collector at
the attachment point. This eliminates both aforementioned
problems (1) and (2), so the jet flows continuously and stably.

To allow for a compact device, dynamic HVE jet collection
is easily based on rotary motion, for example, by collection on
(1) a rotating cylinder, (2) a rotating flat disc and (3) a looped
conveyor belt. We have designed and fabricated versions of all
three varieties, and used the first type in several variants at
three different experimental facilities, for different purposes,
under different environments and with different types of

samples. The HVE jet was successfully stabilized in all cases.
An image of this dynamic collector is provided in Fig. 1(a),
taken from CAD-construction drawings of the device. The
overall height of the assembly (excluding the HVE nozzle at
the top) is 16 cm. A small, variable-speed DC gear motor
(McMaster–Carr 2709K14, 19.1 VDC, 21 rev min!1 at 100 in-
oz) turns a rod (or cylinder) of appropriate diameter, rotating
it about a horizontal axis. The HVE sample stream flows
vertically downwards from above to contact and adhere to the
rotating rod near its top. By varying the DC motor drive
voltage, the rotational speed of the motor is set to carry the
arriving HVE sample stream away at approximately the same
speed with which it arrives. The attached ribbon of jet material
then rotates with the cylinder to arrive at a rubber blade,
which scrapes the sample material off the cylinder. The device
is simple but effective.

By switching the polarity of the DC drive voltage, the
direction of rotation of the rotor can be reversed. Dual
mounting holes allow the scraper to be shifted to the opposite
side of the sagittal plane. The assembly can be shifted forwards
and backwards relative to its support strut by use of different
holes in the plate below the motor. Diverse experimental
geometries can thus be easily accommodated. A translational
stage (10 mm resolution) at the base of the assembly moves the
assembly and rotor transversely with respect to the HVE jet,
thereby setting the jet attachment point on the rotor. A simple
sliding support post allows the cylinder to be moved up and
down manually to set the vertical separation between the
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Figure 1
(a) CAD-construction drawing of the Rotating Rod HVE Catcher.
Dynamically stabilized HVE collection in use for (b) crystallographic
data collection at beamline ID29 at the ESRF and for (c) spectroscopy
measurements on protein microcrystals embedded in viscous jets. The
catcher was used to stabilize the injection of different protein
microcrystals (ranging in size from 2 to 40 mm) embedded in LCP or
SuperLube grease (Sugahara et al., 2015). The compact design of the
catcher is ideal for use in crowded environments such as goniometers and
optical setups. Movie S1 of the injection at ID29 [shown in (b)] can be
found in the supporting information.
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traversing a fixed path from the nozzle to this point. The jet is effectively pinned by these two 
endpoints. Moreover, there is no pile-up of charged viscous jet material on the collector at the  
attachment point. 
 
In preferred embodiments of the innovative catcher jet material 
collection is based on rotary motion, for instance, by collection 
on a rotating cylinder, or a rotating flat disc, or a looped con-
veyer belt. The drawing of an innovative rotating catcher that 
collects the jet material on a rotating cylinder is given in Fig. 1. 
The overall height of the catcher assembly is 16 cm. A varia-
ble-speed DC gear motor rotates the cylinder of appropriate 
diameter about a horizontal axis. The jet (colored red) streams 
vertically downwards from above to contact and adhere to the 
rotating cylinder near its top. By varying the DC motor drive 
voltage, the rotational speed of the motor is set to carry the 
arriving jet material away at approximately the same speed 
with which it arrives. Residual speed mismatch between jet 
and cylinder surface is accommodated automatically, so that 
collection of the jet material on the cylinder surface is relatively 
insensitive to speed mismatch. The attached ribbon of jet ma-
terial rotates with the cylinder to arrive at a rubber blade, which 
scrapes it off the cylinder. Optimal setting of the rotational 
speed, of the separation of the cylinder surface from the noz-
zle, of the horizontal offset of the nozzle relative to the cylinder 
axes can be found in a minute or two of manual adjustment. 
The rotating catcher, as shown in Fig. 1, was used in meas-
urements at beamline ID29 of the ESRF synchrotron, Greno-
ble, to stabilize injection of different protein microcrystals rang-
ing in size from 2 to 40 um 
 
Fig. 2 shows a cross-sectional view of an innovative catcher that is designed for use in a vacuum 
chamber and employs a miniature (commercially available) timing belt to convey the deposited 
jet material from the deposition point. As seen in the cross-sectional view, the cylindrical housing 
of the timing belt slides through a clamping O-ring-seal at the bottom of a custom vacuum nipple 
that mounts on the bottom of the vacuum chamber. This sliding motion allows the distance of the 
belt from the nozzle tip to be varied. A second sliding connection near the top of the cylindrical 
housing allows for tensioning of the timing belt.  
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Fig. 2: Cross-sectional view of 
a conveyer-belt catcher 
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Conveyor-Belt HVE Catcher for LCLS-MFX HERA Chamber - Ohogonal and Sectional Views
RB. Doak, Max-Planck-lnstitut med. Forschung, Heidelberg, Germany, 15-Dec-2022

Figure 4 - Yet another ATS geometry, a conveyor belt. A scale bar is shown.

PATENTING CONSIDERATIONS

A primary requirement for patenting is that the device or methodology not be "obvious to an
experienced practitioner of the art." The use ofHVE sample injection was first reported in an oral
presentation at a conference in 2103 [3]. Our development of the ATS methodology and devices
began nine years later. The use ofHVE injection expanded markedly at both XFEL and synchrotron
facilities in those intervening years. Numerous XFEL and synchrotron "expert practitioners" of the
HVE art now conduct HVE sample injection worldwide. All of them battle with the same HVE jet
instabilities outlined at the onset of this disclosure. Apparently the ATS method and possible ATS
devices have most definitely not been obvious to these "experienced practitioners" of the art.

Jet stabilization by an ATS collector is so effective that we expect these devices to become defacto
standards for HVE injection, at both XFELs and synchrotrons, as soon as knowledge of the
methodology is disseminated. The potential market for therefore depends critically on the hegemony
ofHVE sample injection relative to other means of sample presentation. Critical to this question is the
the concept of serial diffraction as a means of reducing X-ray radiation damage during data collection.
"Serial diffraction" refers to the collection of diffraction patterns one after another, each from a
different crystal, as opposed to recording several diffraction patterns from a single crystal.

Serial diffraction was developed explicitly for XFEL measurements and, since each XFEL pulse
destroys the exposed sample crystal, is mandatory in that case. This complete annihilation
notwithstanding, the presence of radiation damage effects in a XFEL diffraction pattern is actually
reduced! Key to understanding this seeming enigma is the extremely short duration (femtoseconds) of
the XFEL pulse. Simply put, the X-ray pulse has come and gone before the crystal even begins to
disintegrate, and consequently the scattered X-ray photons have carried away information about an
essentially undisturbed crystal structure. Serial Femtosecond Xtallography (SFX), based on this
"diffraction-before-destruction" paradigm, therefore greatly reduces radiation damage effects in the
recorded diffraction pattern. Hundreds, perhaps even thousands, of XFEL diffraction experiments
over the last decade have confirmed the validity of "diffraction before diffraction" when using XFEL
pulses of a few tens of femtoseconds or less.
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