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Serial Femtosecond Crystallography on tiny 3D
crystals
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The elucidation of structures of macromolecules is an important step in the quest of understanding the chemi-
cal mechanisms underlying biological function. X-ray crystallography is a mature method that is only limited
by the quality of the crystals investigated and by radiation damage. Intense, femtosecond X-ray pulses pro-
vided by X-ray free-electron lasers promise to break the nexus between radiation damage and crystal size,
thereby allowing structure determination using nano- and microcrystals. Recent serial femtosecond crystal-
lography (SFX) experiments at the LCLS have shown the feasibility of this approach [1]. A continuous liquid
microjet was used to inject randomly oriented crystals with a flow rate of ˜ 10 microl/min into the FEL beam
[2,3]. The diffraction patternswere collected in vacuum at the repetition rate of the FEL in the CAMP [4] or CXI
instruments [5] using pnCCD or CSPAD detectors, respectively. Due to the mismatch between continuous
sample flow and stroboscopic data collection, sample consumption is huge. FEL-triggered drop-on-demand
approaches have been proposed and are being explored [3]. For very precious samples, other possibilities need
to be explored which include preparation on fixed targets and cryo-stages, which are ideally integrated into
dedicated endstations with appropriate detectors. Since the crystals intersect the FEL beam very fleetingly,
only thin slices through the rocking curve are recorded, requiring many measurements of the reflections to
allow a Monte-Carlo like integration of the beam profiles [6,7]. A pink or Laue beam has not only more flux
than a monochromatic beam but is also more efficient in sampling reciprocal space. A shot-to-shot analysis
of the spectrum would be highly desirable, for example to allow accurate profile fitting including coherent
diffraction features as would be the availability of a divergent beam that can be matched to the sample size.
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