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One of the most utilized purposes of powder X-ray diffraction is “phase identification.”  
If information on the compounds contained in the powder sample is available, it can be 
determined if each compound is included in the sample by comparing its powder X-ray 
diffraction pattern with the experimental diffraction data of the sample using a pattern-
matching method. On the other hand, if compounds contained in the sample are unknown,  
a search & match algorithm searches material databases for compound candidates whose 
diffraction peak positions and intensity ratios match the experimental diffraction data of the 
sample. ICDD PDF-2 and COD are widely used material databases, both consisting of more 
than 300,000 entries. Normally, the number of targeted compounds should be reduced by 
providing information on the elements and/or major component(s) contained in the sample. 
However, it is usually very difficult to find correct phases from a large number of entries 
based on the limited information provided by peak positions and intensity ratios only. 

 

The greatest improvements in the components of X-ray diffractometers in the past few years 
is in the increased capability and functionality provided by 2D detectors. In 2014, Rigaku 
started to sell HyPix-3000, a 2D hybrid pixel array detector, which has a large active area 
(~3,000 mm2) with a small pixel size (100 μm x 100 μm). HyPix-3000 is a multidimensional 
detector which supports 0D and 1D measurement modes to obtain 1D profiles, as well as  
2D mode to obtain 2D diffraction/scattering images. When a 2D scan along the 2θ axis is 
performed, Debye rings with ±10~15 degrees can be measured with 300 mm as the 
goniometer radius. 

 

Assume a powder sample consisting of several crystalline phases. Since a crystalline 
compound has a unique crystal structure (unit cell parameters, space group, atomic 
coordinates, etc.), each crystalline phase can be identified based on its peak positions and 
intensity ratios, which are different from those of any other phases. The crystallite sizes 
and/or the state of preferred orientation sometimes differ from one phase to another. In that 
case, different types of Debye rings can be observed on 2D images. In other words, if the 
crystallite sizes are relatively small, uniform and randomly oriented, ideal Debye rings will be 
observed. On the other hand, if the crystallite sizes are large or their orientation distribution 
is not random, the intensity distribution of the Debye rings will not be uniform, sometimes 
even spotty. These characteristics in Debye rings from one phase can be assumed the 
same. Therefore, if the characteristics of each Debye ring on the 2D image can be extracted 
by analyzing its intensity distribution, diffraction peaks on an experimental data can be 
grouped by each crystalline phase. This will make it easier to search compounds contained 
in the sample from a huge number of entries in crystalline material databases. 
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A concrete example is described below. 

When a 2D image is loaded in the Powder XRD plugin of SmartLab Studio II, it will be 
converted to a 1D profile automatically. The 2D image and 1D profile will then be tiled 
horizontally as shown below. 2D data is also converted to data in orthogonal coordinates 
with the horizontal axis = 2θ and the vertical axis = β. This makes it easier to compare the 
positions of Debye rings and diffraction spots with the peak positions on a 1D profile. 

 

As soon as experimental data is loaded in the Powder XRD plugin, peak search is performed 
and a peak list is created. Although phase identification (search & match) can be performed 
based on the peak list, it would be better to analyze the intensity distribution of Debye rings 
and group them before the search & match, as described above. When you run a function 
called “β profiling”, it extracts the characteristics and performs cluster analysis of the Debye 
rings.  
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As shown below, each diffraction peak will be assigned to one of the crystalline phases, 
even though the compounds are unknown, after the β profiling is done. Hereafter, the goal 
is not to identify multiple compounds contained in a powder mixture. Rather the analysis 
proceeds as for phase identification of a powder sample consisting of a single compound. 
It almost goes without saying that it is now much easier to find the correct compound. 

 

In this example, the sample turned out to be a mullite (aluminosilicate) powder mixed with a 
small amount of quartz (silicon oxide). As shown above, the crystallite sizes of mullite were 
fairly uniform with little preferred orientation, while those of quartz were relatively large. 
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In summary, diffraction peaks overlap with each other due to multiple crystalline phases, 
large unit cell volumes, low symmetry of the crystal system, and so on. One Debye ring is 
not always derived from just one crystalline phase. However, the probability of finding correct 
phases using the search & match algorithm increases using cluster analysis of Debye rings 
on 2D data. 

 


