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Characterization methods using X-ray or synchrotron radiation enable high-resolution imaging of 
the structure and dynamics of polymers and soft matter on the nanoscale [1,2]. However, the 
majority of samples degrade when exposed to high-energy radiation, preventing a detailed 
characterization. Moreover, precious samples are often only available in small amounts. The 
combination of state-of-the-art X-ray analysis techniques with microfluidics is a promising 
approach to overcome these limitations. Microfluidics provides an environment, where fluid 
volumes down to the femtoliter range can be handled and manipulated with a high degree of control 
at short residence times [3]. 

Here we present the first application of the micro- and nanofocus X-ray scattering beam line 
(MiNaXS) P03 at PETRA III for investigating the alignment of poly(isoprene-b-ethylene oxide)  
(PI-b-PEO) copolymer cylinder micelles in micro flow fields. We use X-ray transmittant 
microfluidic devices that are fabricated using soft lithography in PDMS [4]. The local orientation 
distribution of the micelles in curved and tapered microchannels is determined by small angle X-ray 
scattering (SAXS) and simulated using Scatter [5]. 

An aqueous solution of PI-b-PEO cylindrical micelles (20% w/w) is pumped into a microfluidic 
device at a constant flow rate of 9 nL s-1 using high-precision syringe pumps. The channels are 
100 µm in height and 150 down to 50 µm in width. In contrast to conventional device fabrication 
techniques using glass slides to seal the microchannel network, we cover the PDMS replica with 
Kapton(R) tape enabling the application of X-ray radiation for characterization of the fluid flow 
therein. A synchrotron beam with a size of 20 x 40 µm2 (vertical x horizontal direction) operating at 
a wavelength of 0.0969 nm is used to scan through single microchannels and study the alignment of 
our cylinder micelles. The scattering signal is detected in a distance of 3.08 m by a Pilatus 300 K 
detector. Its 487 x 619 pixels have a size of 172 x 172 µm2 and are distributed on a total area of 
83.8 x 106.5 mm2. The experimental setup and the microfluidic device are shown in Figure 1. 

 

Figure 1: left: Experimental setup of microfluidic SAXS at the beamline MiNaXS/P03 at PETRA III  
right: Kapton(R)-based microfluidic device. 



A first example of the scattering patterns of cylindrical micelles in a tapered microchannel is shown 
below. The cylinder micelles are highly orientated along the laminar flowing fluid stream as they 
enter the tapering, as illustrated in Figure 2. 

  

Figure 2: illustration of the X-ray scattering of cylinder micelles in a microchannel. 

The X-ray data analysis with Scatter yields structural information about the material [5], as shown 
in Figure 3. We determine the size of the unit cell (a) to be 44 nm and the length of the cylindrical 
micelles (L) to be 40 nm. The diameter of the micelles (d) is 11.5 nm. 

 

Figure 3: left: scattering pattern of shear oriented cylindrical micelles middle: simulated scattering pattern 
right: hybrid image for comparison. 

The microfluidic platform presented herein enables high-resolution studies of the structural 
dynamics of polymers, colloids and proteins using synchrotron radiation. The knowledge of the 
internal material structure under shear in flow fields is of high relevance for industrial processing 
techniques, such as injection molding or extrusion, where it can be used to optimize single 
processing steps and help to understand the underlying principles of structural dynamics on the 
nano- and micron-scale. 
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