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Charge density analysis via powder diffraction
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The electron density of a molecular-scale system is the most 

information-rich observable available in natural science. It can 

be obtained either from quantum mechanical calculations or 

estimated experimentally from accurate X-ray diffraction data. 

For the past three decades electron densities have been 

determined in numerous crystals based on modeling of 

accurate structure factors measured by single crystal X-ray 

diffraction. The X-ray electron density method is today well 

established and it has provided important insight into the 

nature of chemical bonding and physical properties of systems 

spanning from small organic molecules to inorganic crystals 

and even proteins. In many ways inorganic materials represent 

the ultimate challenge for experimental electron density 

determination. In these systems the scattering from the valence 

electrons is very weak compared with the core electron 

scattering and inorganic crystals often suffer from strong 

absorption effects. In addition the excellent crystal quality 

makes extinction in the low order reflections highly 

problematic. Normally single crystal X-ray data are 

considered to be more accurate than powder diffraction due 

factors such as peak overlap. However, for simple inorganic 

structures peak overlap is limited and furthermore in powder 

diffraction all data are measured on the same scale. In this talk 

our efforts in determining experimental electron densities from 

synchrotron powder X-ray diffraction will be discussed.
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At the limits of diffraction, from the very small to 

the very fast
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The long standing interest of science in extremely small 

particles arises from the observation that their physical 

properties change with decreasing size, and become governed 

by the surface, or interface. Yet, the form and function of 

nanoparticle surfaces is continually debated. While images 

from electron microscopy (EM) have opened our eyes to the 

world of matter at this length scale, it has become clear that,

like snowflakes, no two particles are exactly alike. This makes 

predicting the behavior of a large ensemble of nanoparticles 

by EM observations alone extremely difficult, and necessitates 

the development of complementary statistical characterization 

methods. 

Since the seminal work of Scherrer [1], the field of line profile 

analysis (LPA) has continually developed and yielded 

increasingly accurate descriptions of how distributions of 

particle size, and lattice strain, are reflected in the peak shape.

In some cases these methods are based on approximations 

which are only appropriate for large crystallites, consisting of 

millions of unit cells. Therefore, it is important to carefully 

assess and develop LPA methods for small crystals before it 

can be reliably used to characterize ensembles of 

nanoparticles.

Toward this goal, this talk will overview the use of direct 

methods, like Debye function analysis [2], as well as, recent 

improvements of reciprocal space methods --- specifically in 

the context of particle size, shape and faulting defects [3,4]. 

Concurrently, it will be shown how atomistic computer 

simulations can yield a lot of insight when developing and 

evaluating LPA theory at this small size scale. 

Furthermore, the recent advents of serial femtosecond 

crystallography and hard x-ray free electron lasers [5] allow 

for exciting possibilities to study small particles. These two 

techniques contain a wealth of information in the thousands of 

snapshots from different particles, and can be viewed as 

powder diffraction measured one crystallite at a time. This 

serves as a unique experimental opportunity to test the theory 

describing diffraction from small imperfect particles at 

ultrafast timescales.  
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