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Normally, the first choice for crystal structure analysis is the single crystal method. But, 
sometimes good single crystals cannot be prepared in terms of size and quality, or single 
crystal state cannot be maintained due to phase transitions, etc. The single crystal method 
cannot be applied in those cases, and you have to try structure analysis from powder 
diffraction data to obtain crystal structure information. 
 
There are several advantages to crystal structure analysis from powder, but there are 
several difficulties at the same time. It is difficult to decompose diffraction peaks in powder 
diffraction data because there are more peak overlaps in higher diffraction angles. This is 
often the case even at medium angles, due to low crystal quality, small crystallite sizes, low 
symmetry of the crystal system, etc., especially for organic compounds. 
 
This makes it difficult to obtain precise diffraction peak positions and precise diffraction peak 
intensities. 
 
In order to determine precise atomic coordinates, it is necessary to obtain precise diffraction 
intensities in the high angle region. However, as described above, precise peak positions 
and intensities cannot be obtained from powder diffraction data in high angle regions, which 
is a fatal problem for crystal structure analysis. 
 
Figure 1 shows the differences between the crystal structure of a cocrystal of benzoic acid 
and flufenamic acid obtained from powder and the corresponding structure analysis result 
obtained from a single crystal. 
 

 
Figure 1. The ball-and-stick molecules are obtained from powder, and the yellow skeletons are from 
single crystal. The histograms show bond length differences and bond angle differences. You can see 
0.2 or 0.3-Å differences in bond lengths, and 20 or 30-degree differences in bond angles. 

 

Of course, very good results are sometimes obtained if the target compound has a very 
simple structure. But normally it is difficult to determine good atomic coordinates from 
powder diffraction data without any assumptions/restrictions. To apply 
assumptions/restrictions, we would like to introduce a new method related to restraint 
settings. So far, a lot of discussions have been made on restraint settings to obtain good 
crystal structures from powder diffraction data. The new method may not be the best, but 
there are several advantages which will be described later. 
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“Restraint” is a kind of moderate condition. Structure parameters can be refined under 
restraints as keeping molecular structures. The overall cost function used in least-squares 
refinement is expressed by the formula, 

where Rwp is the residual sum of squares to represent the degree of coincidence between 
measured and calculated data. Rres

d, Rres
a are the cost functions to represent the degree of 

appropriateness of bond lengths and angles. And Rres values are expressed as follows. 

Each Rres is the sum of squares of the differences between each bond length(di)/bond 
angle(aj), and the target value(d0i, a0j) divided by each sigma(σi

d, σj
a), standard uncertainty. 

 
But there are no guidelines how to set d0i, a0j, sigma values (σi

d, σj
a). 

 
So the purpose of this study is to determine how to set the most appropriate restraint 
parameters (d0i, a0j, σi

d, σj
a) in order to achieve the best and unique results even without 

knowledge of the molecular structure(s). 
 
First, it is considered to be better to bring the restraint parameter values from a database 
rather than using general theoretical bond lengths. CSD/Mogul provides statistical values 
such as average, median, and dispersion of the target bond length, bond angle, and torsion 
angle based on many similar compounds or partial structures in CSD. 
 
Second, we introduced sres, which determines the weight of the restraint terms. The restraint 
stiffness can be changed with this parameter. 

If the difference between a bond length/angle and the average value is normalized by each 
σ properly, the normalized standard uncertainty of a certain number of differences in bond 
lengths/angles should become statistically 1. There is a certain number of bond lengths and 
angles in a structure. By adjusting sres such that the normalized standard uncertainty (σNorm) 
becomes 1, an appropriate result is considered to be obtained. 

To verify the practical effectiveness of this method, some experiments were done according 
to the following procedure. First, the average values and standard uncertainties for each 
bond length and angle of the compound to be analyzed were obtained from CSD/Mogul. 
Second, after the structure parameters were converged to some degree, the normalized 
standard uncertainty (σNorm) was re-estimated. Then, the structure refinement and the 
estimation of the normalized standard uncertainty (σNorm) were iterated. Third, when the 
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https://www.ccdc.cam.ac.uk/solutions/csd-system/components/mogul/
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normalized standard uncertainty (σNorm) became 1±0.01, the optimization iteration was 
finished. 
 
Table 1. Structure analysis results of the 13 compounds using restraints. M and N are the 
numbers of the bond lengths and angles in the asymmetric unit, and S is the goodness of fit. 

 
Figure 2 shows the result of tolazamide. According to the histograms of bond length and 
angle differences between single crystal analysis result and powder analysis result, there are 
a few big differences in bond lengths and angles in terms of absolute values. However, after 
the differences are normalized by each standard uncertainty, all the normalized length 
difference and angle difference are within ±2.5 σ from each target value.  

Figure 2. (a) Molecular structure of tolazamide, (b)histogram of the normalized differences in bond 
lengths and angles, (c) histogram of the differences in bond length, (d) histogram of the differences in 
bond angles. 
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In conclusion, chemically-proper results can be obtained by this method so that the final 
simulated data can reproduce the measured data. Moreover, this method can be applied to 
your structure analysis without a lot of knowledge about structure chemistry by making use 
of the database and tool, CSD/Mogul. In other words, the result does not depend on the 
knowledge or experience of the analyst. Last but not least, this method is suitable for 
automation. We hope to provide automated software to perform crystal structure analysis 
from powder diffraction data in near future. 


