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A key concept in Bader's theory of  'Atoms In Molecules' (AIM) 
[1] is the transferability of topological electronic properties of 
submolecular fragments to macromolecular systems. In the 
biologically important class of amino acids and oligopeptides a 
considerable number of experimental charge density studies have been 
performed by high resolution X-ray diffraction. Transferability 
provided, these data can be used to derive electronic properties even 
for polypeptides or other polymeres, where crystals of sufficient 
diffraction quality can hardly be obtained. 

 The analysis of Ala-Xxx-Ala-type tripeptides is one of the steps 
following the path from small molecules to polymeric structures. 
Starting from Ala-Ala-Ala, the central amino acid was replaced by 
glycine, histidine and others. For that study, high resolution data sets 
(sin / =1.18Å) were collected in our group at 25K, respectively. The 
multipole refinements were accomplished with the program package 
XD [2]. The main attention was directed to the two different peptide 
bonds between Ala and Xxx in the zwitterionic molecules.  

The transferability of the electronic properties could be 
extensively verified, but effects of the crystal packing are not 
negligible.  
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Submolecular electronic properties of functional groups in natural 
products are of particular interest for the pharmaceutical chemistry. 
The solid-state electron density, wich can be obtained experimentally 
by high-resolution X-ray diffraction, is a main source to gain these 
informations. During the last years, experimental charge density 
studies on 15 of the 20 natural amino acids have been performed and 
the results were compared with those obtained from various 
calculations [1]. 

Since the remaining ones are hard to crystallize in sufficient 
quality, we directed our interest to cocrystals with various solvents 
and we were able to measure high resolution X-raydata sets of L-
phenylalanine and DL- and L-tryptophaneformic acid complexes 
[2],[3] which have the further interesting property to exhibit strong 
Speakman-type hydrogen bonds with D···A-distances <2.5Å. 

The results of all so far known charge density studies of the 
natural amino acids are compared in terms of topological properties 
with special focus on the strong hydrogen bonds in the noted mixed 
complexes.
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A high resolution X-ray diffraction dataset (sin / =1.2Å-1, 100K 
MoK  CCD, Rint 3.6% for 98 205 unique reflections) of vitamin B12 
propanol solvate was interpreted in terms of the multipole formalism 
[1,2]. The structure was refined to full convergence, first using a fixed 
model density composed of invariom pseudoatoms [3] with standard 
radial functions, followed by a fit of all parameters including 
multipole populations restricted by local site symmetries and chemical 
equivalencies. This model was modified, in subsequent refinement 
cycles, by implementing bound-atom radial functions projected from 
theoretical molecular densities [4]. The results of the two refinements 
and DFT calculations were compared in terms of local topological 
properties and d-orbital populations of the Co site. 
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Wavefunction fitting experiments aim to build an ‘experimental’ 
wavefunction by combining traditional quantum mechanical 
calculations with experimental measurements according to some well 
defined procedure. One such approach developed by Jayatilaka [1] 
and implemented in the program Tonto, attempts to minimise a 
function based on the sum of the quantum mechanical energy and a 
weighted chi-squared function, in order to determine the 
wavefunction.

Using Tonto, experimental wavefunctions and related properties 
have been determined for a series of organic NLO materials [2] using 
high resolution X-ray diffraction data. The results of which have been 
compared with those derived from Charge Density analyses of high 
resolution, low temperature X-ray data collected at Durham 
University.  
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Opioids are not only of interest from their biological activity but 
also because of their unusual chemical structure. They consists of an 
oligocyclic strained cage structure with different types of rings and 
bonds. Matta [1] presented a method of reconstruction larger 
molecules from submolecular fragments based on theoretical 
calculations. To compare these results with  experimental findings, we 
examined the charge densities of the title compounds obtained from a 
high resolution X-ray experiment at 25 K and CCD area detection. 
The datasets were refined with the XD program package [2]. A full 
topological analysis was performed including a submolecular 
partitioning making use of the zero flux surfaces of the electron 


