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We present a newly commissioned droplet train that enables micro- to millisecond time-resolved ambient-pressure X-ray photoelectron spectroscopy (AP-XPS) studies of solution-phase processes. The droplet train is based on gas flow focusing, which uses a pressure drop across an orifice to shape a liquid into a jet flowing through it. This approach provides enhanced positional stability and, because the liquid does not contact the orifice, improved resistance to clogging. The liquid jet is broken into uniformly sized and regularly spaced droplets by vibration using a piezoelectric element, producing droplet repetition rates of several thousand droplets per second.
Micro- to millisecond time resolution is achieved by varying the height of the droplet generation point above the analysis position (defined by the intersection of the X-ray beam and the analyzer axis) and by introducing an appropriate time-zero trigger. When combined with tender X-ray AP-XPS, which generates high kinetic energy photoelectrons, routine measurements of liquids at pressures up to 25 mbar (i.e., above the vapor pressure of water at room temperature) can be performed with reasonable data acquisition times. The higher kinetic energy of the photoelectrons also increases bulk sensitivity compared to conventional soft X-ray AP-XPS measurements.
This capability opens new possibilities for time-resolved XPS studies of reactions and processes in bulk liquids. The droplet train is one of the experimental modules available at the Spectroscopic Analysis with Tender X-rays (SpAnTeX) end-station of the Berlin Joint Lab for Electrochemical Interfaces (BElChem) at the BESSY II synchrotron in Berlin, Germany. After introducing the technical aspects of the droplet train, we will present example measurements, including studies of nanoparticles in solution and aqueous CO₂ capture solutions, and conclude with an outlook on future developments of the instrument.

