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Lipids 

Lipids are, besides cholesterol, the basic modules of membranes of eukaryotic cells. 
They have amphiphilic character, what can be lead back to their composition of a hydrophilic 
head and hydrophobic tails. This difference in dissolubility leads to the ability to form 
bilayers, for example the lipid membranes of animal cells, when they are dissolved in water. 
Thereby the hydrophilic heads have contact to the surrounding water, while the 
hydrophobic tails pointing to each other, avoiding the water, as sketched in figure 1. 
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Figure 1: Lipid bilayer 
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This bilayer is in general not a plane layer, moreover it is bended and can form curved 
structures like micelles, as it appears when lipids form to a cell membrane.  
 
In lipid-water bulk systems, the lipids can align to highly ordered complex structures. The 
possible formations are called phases, due to their dependency of lipid to water or lipid to 
lipid ratios on the one hand, but also to the temperature of the system on the other. The 
most common phases are lamellar, hexagonal, inverted hexagonal and several cubic phases. 
The temperature and composition dependency of the phases can be illustrated in a phase 
diagram. Figure 2 shows such a diagram for the lipid Monoolein with sketches of the spatial 
formation of the lipids in the corresponding phases.  
 

 
 

 

 

 
Figure 2: Phase diagram of the lipid Monoolein1

 
 

 

The crucial parameter, which is determining the spatial structure of the lipid water 
ensemble, is the packing parameter. It is defined as V/Al, where V is the entire volume of the 
lipid molecule, and Al the product of the head area A and the length of the lipid l. Figure 3 
displays examples of packing parameters and corresponding lipid structures. 
 
 

                                                           
1
 Martin Caffrey and Vadim Cherezov. Crystallizing membrane proteins using lipidic 

mesophases. Nature protocols, 4(5):706–731, 2009 



  
 
 

 

 
 

 

 

 
Figure 3: Definition of Packing Parameter and examples of lipid structures allocated to packing 
parameters less than one, one and larger than one. 
 
 
 

Principles of X-Ray Scattering 

X-rays are electromagnetic waves with wavelength in the range of 0.1 to 100 Å and are 
emitted by electrons. The most widely used procedure to create these waves is to impact 
electrons on a metal target. Here, two mechanisms take effect and contribute to the 
emission of x-rays. If the electron strikes onto another electron which is tightly bound to the 
nucleus, it can ionize the atom by spurting out the electron. If that happens, an electron 
from an outer shell has to fall into the hole inside the atom. Since the new state of the 
electron is energetic lower, it emits the released energy in form of x-ray radiation. Every 
material that is used as target emits photons with characteristic wavelengths. Dependent to 
the shell in which the electron resided, before it fell into the hole, radiation of different 
wavelengths is released. The denotation for the photon energies is displayed in figure 4.  
 
 
 

 

 

 
Figure 4: Atomic levels involved in copper Kα and Kβ emission.  
 



Examples of a complete x-ray spectrum emitted by a x-ray tube is shown in figure 5. It can be seen 
that the Kα and the Kβ line are sitting on top of a crest. This continuous radiation is produced by the 
impacting electrons while they are decelerated or stopped by the target. Because this 
bremsstrahlung has no defined wavelength, it is usually treated as parasitic and has blocked by 
optical components, like a Goebel-mirror.  
 
 
 

 

 

 
Figure 5: Sketches of complete spectrums of molybdenum and copper, produced by an x-ray tube,  
 
 
 
 
 

Powder diffraction 

 
A classical experimental x-ray scattering technique is the powder diffraction. The sample, 
which is grained to powder, is poured into a sample holder, usually a tiny glass tube. This 
tube is mounted into the direct beam, and in a distance D an x-ray detector is recording the 
diffraction pattern. It is assumed that the grains are small enough and available in such an 
amount, that the beam hits enough grains to have all possible orientations of the grains 
inside the x-ray footprint. In figure 6, an example for a typical setup is given. Due to the 
randomly orientated grains of the sample, the incident beam is diffracted in all possible 
spatial angles that are fulfilling the Bragg conditions            Presuming the direct 
beam as an axis of rotation, the grains of the sample are oriented in all possible angles 
around this axis. This property results in the so called Debye-Scherrer-rings, which are the 
typical diffraction patterns of powder diffraction measurements. 
 
 
 



 

 

 

 
Figure 6: Scattering geometry of a powder diffraction  measurement. The incident beam is scattered 
by randomly orientated grains, which results in the Debye-Scherrer-rings at the detector. 
 

General Setup 
A complete setup to perform the powder diffraction measurement is provided in the x-ray lab. The 

main components are the x-ray source, which is producing x-ray radiation with a spectrum sketched 

in figure 5, the Goebel mirror to focalize the beam and block parasitic radiation, the sample-stage to 

place the sample and a detector to detect the direct and the scattered beam (figure 7).  Because high 

doses of x-ray radiation are carcinogenic, the whole setup has to be hidden behind a lead-hood, 

which cannot be entered during the measurements. To keep full control over the measurements, the 

most mobile parts are movable by stepping motors, which can be controlled from outside the hood. 

 

 

 

 
Figure 7: Common x-ray diffraction setup. 
 

  



 

X-Ray Source 
 

A common x-ray tube is sketched in figure 8. The wavelength of the emitted Kα and  Kβ radiation 

depends on the target-material. In this practical course, a molybdenum target with a Kα-line at 

0,7107 Å is used. 

 

 

 

 

 
Figure 8: Example for an x-ray tube. Inside the evacuated tube, the electrons are emitted by heating 
the filament, accelerated by the anode and focused on the target by magnetic lenses. The appeared 
radiation is highly divergent and has to be focused after leaving the tube. 
 

Goebel Mirror 
 
A Goebel mirror is an optical component and is used to focalize and monochromatize the x-ray 
radiation after the source. In principal, a parabolic curved mirror is parallelizing the beam. The 
reflectivity is given by a Bragg multilayer, which consists of two alternating materials with a huge 
contrast of electron density, like tungsten and silicon. 
By choosing layers in such an order and thickness, that only the K radiation fulfils the Bragg condition 
for the adjusted angles of incidence, photons with different energies do not experience constructive 
interference and thus are absorbed by or passing through the mirror. Due to the parabolic alignment 
of the layers, all incoming radiation is reflected into the same direction and the beam gets 
collimated. It is possible, that due to a divergent beam also radiation with different wavelength than 
the desired one is reflected. However, this beam is guided into another spatial angle than the K 
 beam and can therefore be blocked by a slit after the mirror. 
 



 

 

 

 
Figure 9: Schematic buildup of a Goebel-mirror. See text for further explanation. 
 
 

 


