Liquid sample delivery at EuXFEL
Joana Valerio1
European XFEL, Holzkoppel 4
22869 Schenefeld
Germany
ABSTRACT
One of the most distinctive characteristics of the European XFEL is the high repetition rate of the X-ray pulses. The intra-train repetition rate of up to 4.5 MHz represents a significant challenge for the sample injection systems1. The Sample Environment & Characterisation (SEC) group of the EuXFEL is developing sample delivery systems for all scientific instruments, in addition to providing user support in sample preparation, characterization, and delivery. 

A notable sample delivery method employed by the group is the injection of liquid samples, particularly through the utilization of nozzles that have been fabricated with sub-micrometer precision using 3D printers2. Additionally, the group employs a variety of Drop-on-Demand (DoD) systems3.

Cylindrical microjet injection systems remain the most prevalent type of sample injection system employed in the fields of soft and hard X-ray science. Nevertheless, this methodology is subject to several intrinsic constraints.  For example, the curved surface of the nozzle presents a challenge in determining the path length of the X-rays within the sample. The sample must have a well-defined and controllable thickness of just a few tens of microns or less, and the efficiency of sample usage requires the use of micron-sized liquid sheet jets. In light of these limitations, various 3D-printed nozzle designs have been developed to produce micron-thick and highly stable microscopic flat sheet jets. These designs are based on colliding and impingement4 nozzle designs, to make this technology more widely available to users, especially for spectroscopy.

Furthermore, this talk will summarise the high-throughput 3D-printed liquid sample environments, including GDVNs, mixed GDVNs and DFFNs, which have highly reproducible geometric properties suitable for time-resolved serial femtosecond crystallography (SFX)5 and single particle imaging (SPI)6 experiments at the XFEL. 

In addition, an overview is given of the liquid injection setups and injection platforms available at the facility, which can be used by user groups for testing and training purposes.
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