
Experimental Report

This experiment was carried out at ID13 on Feb. 25th 2015, ending 2 days before the proposal deadline.
Here we summarize the preliminary results from this successful feasibility study.  The aim of the 
experiment was to prove the feasibility of a new X-ray reflectivity (XR) method that allows the 
recording of XR curves from a liquid sample's curved edge. The angle of reflection can be chosen by 
vertical translation of the sample in a horizontal beam. A very small vertical beam size is favorable for 
this method, because it limits the angular range illuminated by the beam which results in higher 
resolution in momentum space. The beam size used at the nanofocus end station of ID13 was 200 nm 
in vertical direction at an energy of 15.2 keV. The sample chosen here was a mercury droplet 
(approximately 0.5 ml) with an estimated radius of curvature of 2.7 mm sealed in a KEL-F cell in a 
nitrogen atmosphere (see Figure 1). Due to its high absorption, mercury minimizes the fraction of the 
direct beam transmitted through the sample.

A photodiode detector was used for initial sample alignment. Figure 2 shows a plot of the diode 
intensity against the vertical sample translation. The obtained curve is the beginning of the mercury 
reflectivity curve. This curve exhibits a sharp critical angle and oscillations probably arising from the 
presence of a thin oxide layer.

  
  

Figure 1: KEL-F sample cell Figure 2: Reflectivity curve obtained from diode scan.

One of the challenges of this experiment is to achieve the dynamic range of 8 orders of magnitude 
required to collect a complete reflectivity curve without adding an absorber which may affect the 
beamsize and structure. Key to this aspect of the experiment was the availability of the Eiger 4 M large 
area detector which allowed us to have 12 bit resolution in .007 s exposures  in combination with a 
pixel size of 75µm. In addition to this new detector on ID13, we employed two approaches to vary the 
intensity. The Dectris EigerX 4M was used in a distance of 30 cm from the focal point to be able to 
access qz values up to 2.5 Å-1 by varying the sample height. To increase resolution in the lower qz 
ranges from 0.002  Å-1 to 0.0003 Å-1 , the detector distance was increased in steps up to 220 cm. In the 
first approach, we varied the number of focusing lenses. In a second approach the same number of 
lenses was employed throughout the reflectivity scan and the vertical opening of the beamline power 



slits was varied to optimize the intensity for the various stages of the reflectivity. Both approaches 
deliver promising data but a detailed analysis of the reflected beam will be required to see which 
method is preferable.
    
We observed a clear specular reflection up to 2.2 Å-1, with counting times of 400 seconds. Initially data 
were collected in 1µm steps (Δq=0.004 Å-1) around the critical angle and the step size was gradually 
increased to a maximum to 20µm above 1.5 Å-1 (Δq=0.08 Å-1). Figure 3 shows raw detector images 
collected at qz=1 Å-1 and qz=0.9 Å-1. Due to the complexity of the data analysis the final reconstruction 
of the reflectivity curve from the 2D detector data could not be finished before the deadline of this 
report. Figure 3 shows sample raw detector images.

Figure 3: Two raw detector images at qz=1 Å-1 and qz=0.9 Å-1. The shift of the reflected beam 
(highlighted by boxes) is clearly visible at a detector distance of 30 mm.  The powder rings are due to 
the cell.
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