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The ability of modern synchrotron and XFEL light sources to produce highly intense coherent X-

ray beams in the μm and sub-μm range offers the possibility to image soft condensed matter on 

ultrasmall length and ultrafast time scales. This ability allows to access a variety of coherent X-ray 

diffraction concepts e.g. X-ray Photon Correlation Spectroscopy (XPCS) and X-ray Cross 

Correlation Analysis (XCCA) [1, 2, 3]. 

The highly intense beam and the vacuum conditions in such experiments imply constraints on the 

sample housing, e.g. radiation damage of the samples or the walls of the sample container may 

affect the sample structure. One possibility to overcome this problem is a fast steady stream 

injection system that produces a thin liquid-jet in a vacuum. 

Liquid-jets offer the possibility to study disordered 

samples in the fluid phase by a very fast steady streaming. 

We developed in collaboration with the group of H. 

Chapman (CFEL, Hamburg) a liquid-jet setup which is 

capable of producing a homogeneous thin liquid-jet of 

thicknesses down to 1 μm [4]. In this experiment we 

studied the small angle X-ray scattering (SAXS) structure 

of colloidal nano-particles as a prototypical application of 

our liquid-jet setup.  

Spherical silica particles served as test colloidal particles. 

A focused X-ray beam of 150 µm x 100 µm at energy of 7 

keV was used. The scattered beam is detected at a sample 

– detector distance of ~ 2.5 m with a Mar165 detector. Due 

to the relatively large x-ray beam a liquid-jet of a thickness 

of 70 µm was used, see Figure 1.  

Due to the time consuming work to change the beam line 

parameter to 7 keV we were able to test our liquid-jet 

setup for one day only. In this time we took twenty SAXS 

patterns with an exposure time of 600 seconds. The sum of 

them shows a strongly pronounced anisotropy at the 

structure factor, see figure 2a. The intensity as a function 

of the azimuthal angle at the structure factor shows four 

strongly pronounced maxima which results from the 

anisotropy of the SAXS pattern, see figure 2b. This 

anisotropy is absent in the non-flow equilibrium solution. 

It therefore reflects a flow induced structure with enhanced 

spatial correlations especially parallel and perpendicular to 

the flow direction [5]. The intensity close to the beam stop 

is due to reflected X-rays from the jet surface. A fit of the 

form factor leads to the following parameters: particle 

radius r = 12.5 nm, polydispersity p = 12.4 % and 

concentration c = 35 wt. %. These parameters fit very well 

to the sample solution (colloidal silica particles in water; 

Aldrich Chemistry Ludox TMA). In figure 3 are the 

integrated intensities at the maxima and minima of the 

Figure 1: Photography of the liquid-jet 
with silica particles. 

Figure 2: a) Anisotropic scattering pattern 
of spherical silica particles in a liquid-jet. b) 
Intensity as function of azimuthal angle at 
structure factor (Q = 0.017 Å-1 – 0.022 Å-1). 
 



structure factor (see figure 2) normalized by the form factor separately depicted. Standard fits with 

both soft and hard sphere models fail to describe the data pointing to the flow induced origin of the 

structure formation. This finding has to be studied in more detail in a follow-up experiment.  
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Figure 3: Structure factors obtained at the maxima and the minima positions of the SAXS pattern 
(Fig.2).  
 


