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Within the field of charge density determination, powder diffraction is a challenging technique and 

conventionally considered inferior compared to single-crystal experiments. A fundamental target of 

this project has therefore been to establish that accurate information about chemical bonding has 

become accessible by powder diffraction. For high-symmetry crystals, it may even be superior 

owing to negligible extinction effects. We recently demonstrated this for benchmark diamond data 

measured at the P02.1 beam line.
[1]

 The charge density analysis of these data went beyond a 

standard multipolar description, revealing how the formation of covalent C–C bonds introduces 

subtle deformations in the core density of the carbon atoms. This highlights the ultimate aim of the 

project, namely to exploit the high energy and resolution offered by the beam at the P02.1 station to 

study core polarization phenomena in materials of increasing complexity.  

 

The beam time in 2013 was used to measure high-quality data on both standard and chemically 

interesting materials. They all possess high-symmetry crystal structure and data were collected to 

exceptionally high    ( )    resolutions (Table 1). To ensure low background and enhance the 

signal-to-noise ratio, the measurements were performed with an all-in-vacuum diffractometer.
[2]

 

Beam time also went to the testing and finalizing of a novel, customized helium spray cooler. It is 

now implemented in the all-in-vacuum diffractometer and enables a cold temperature of 100 K. 

 

Helium Spray Cooler 

To facilitate future charge density studies and a more widespread application of the all-in-vacuum 

diffractometer, it was vital to add a cooling 

option. The solution became a customized helium 

spray cooler. Liquid nitrogen cools the helium 

gas, and vacuum in the 1-3 mbar range is reached 

within the diffractometer canister during 

operation. Although this set-up seemingly 

contradicts the concept of measuring samples in 

vacuum, the faint presence of He only causes a 

marginal increase in the background intensity. The 

cooling performance was evaluated using Cu as a 

standard. It has a cubic, monatomic crystal 

structure and exhibits a clear temperature 

response. Even though data with a high sin(θ)/λ 

resolution is obtained at room temperature, the 

new cooling option substantially improves the 

amount of available core information and the 

signal-to-noise ratios (Figure 1). A cold 

temperature of 100 K was verified by both the relative change in the Cu lattice and the low-

temperature Debye-Waller factor. With this upgrade, it has for high-symmetry systems become 

feasible to collect powder patterns with a     ( )   resolution exceeding 2 Å
-1

. 

 

Figure 1. Powder patterns for Cu at room temperature 

(RT) and at the cold temperature obtained with the He-

spray. 



Table 1. Overview of the data collected at the P02.1 beam line. The     ( )   resolution is given 

for each data set and provides a measure of the amount of available core information.  

Sample 298 K 100 K 

Cu 1.70 Å
-1 

2.30 Å
-1

 

Au  2.30 Å
-1

 

Si  1.95 Å
-1

 

NiO 2.20 Å
-1

 2.50 Å
-1

 

FeSi 1.90 Å
-1

 2.20 Å
-1

 

NaCl 1.00 Å
-1

 1.30 Å
-1

 

LaB6 1.75 Å
-1

  

BN 1.70 Å
-1

 1.70 Å
-1

 

 

Charge Density Study 

As an example of the ongoing data treatment, we show the modelling of the core density in boron 

nitride. The procedure for extracting structure factors and modelling the core and valence features 

is identical to that of the diamond study.
[1]

 Figure 2 displays the residual densities that are obtained 

when the structure factors is fitted against (a) a standard multipolar model that only takes the 

deformation of the valence electrons into account and (b) an extended multipolar model, 

abandoning the conventional assumption of an inert core. This clearly demonstrates that it is 

possible to model the core deformation of more complicated compounds.      

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Residual density maps for multipolar modelling against the boron nitride data. (a) Model 

only describes valence features. (b) Model is extended with a flexible core description. Positive (solid 

red), negative (dashed blue) and zero (dashed black). Contour levels are drawn in steps of 0.05 e/Å
3
.  
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