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Abstract: This paper presents a new method to separate interfering spectra obtained in 
wavelength dispersive x-ray fluorescence spectrometry (WDXRF). This method permits 
improved results to be obtained, compared to conventional analytical results and enables the 
determination of chemical species of the same element without chemical separation. This is done 
by separation of the spectra due to electronic transitions of the valence electrons. The Rietveld 
method [11] overcomes the problem of superimposed peaks of the species present in the 
specimen and simultaneously enables determination of the species and does not require standard 
specimens and calibration curves. This signifies a marked improvement in comparison to other 
techniques. Specimen surface preparation to obtain spectra is a critical stage and its effects can be 
minimized by using Rietveld refinement, which permits the determination of intensity 
relationships of superimposed peaks with the aid of mathematical models. This establishes the 
basic conditions to obtain more accurate results in quantitative analysis. In the determination of 
chemical species, it is possible to separate, for example, Cr (III) and Cr (IV), with almost 100% 
superimposition. 
 
Introduction 
 
In response to increasing demand for safe analytical tools for quantitative and qualitative 
determination of chemical elements in a wide variety of materials, the field of analytical 
chemistry has contributed significantly with increasingly more sensitive methodologies that are 
selective and dependable. 

This search for new alternatives that are safe and quick has resulted in the development of many 
instrumental analytical techniques. Besides representing a significant progress, these techniques 
have been used in the development of many applications in a variety of areas. 

Among the new instrumental analytical techniques, X-ray fluorescence [4, 15, 6] has been 
prominent, mainly due to rapidity in the determination of major, minor and the micro constituents 
in a variety of materials. Often these constituents need to be identified quickly or quantified in 
exploratory analysis in areas such as chemistry, metallurgy, geology, archeology, the arts, 
materials science, biochemistry, polymer science, forensic science etc. Also, the number of users 
and applications has increased steadily. 
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Presently, with technological advances, there are increasing demands from users for the 
determination of specimen composition and the species present in them. In this context, the X-ray 
fluorescence technique has a drawback. Since it is normal practice to use inner electron electronic 
transitions to identify and quantify the chemical element, it is the total amount of the element 
present that is determined and not the species in the specimen. The spectra required for the 
identification of the species require electronic transitions involving electrons in the valence band, 
where peak superimposition is almost total.  

In published literature, the papers reporting the determination of species of some chemical 
elements have done so by modifying accessories of WDXRF and by using difficult mathematical 
models, involving even deconvolution of interfering lines. Asada et.al.[1] studied the effect of 
oxidation state on the intensities of the Kβ5 and Kβ´´ lines that result from electronic transitions 
involving the 3d level in transition elements. Urch and Wood [14] studied variations in the 
valency of Mn in minerals. Tannienen et.al. [12] used the Kβ emission spectra to determine the 
valency of Fe. Iwatsuki and Furusawa [3] used the Kβ2 /Kβ1.3 intensity to study the chemical 
states of Se and Br. Klockenkämper and Koch [5] determined the different phases of Al in steel 
and Pinkerton et.al. [10] studied the variation in valency of S. 

The introduction of chemometry [9, 2], in X-ray fluorescence enabled the determination of 
species with the aid of powerful computing programs which require hundreds or thousands of 
data for processing, followed by laborious statistical interpretations. 

In the new methodology presented here, the spectra separation process is simple, quick, and 
precise, requiring only knowledge about the crystallographic characteristics of the crystal 
analyzer used in the X-ray fluorescence spectrometer and that of the spectra of the specimen. To 
separate the spectra of the species, the Rietveld method [13,16,17] and the GSAS program 
(GSAS AND EXPGUI PACKAGES) created by Larson and Dreele [7] are used. These two, the 
Rietweld method and the program have been widely used in X-ray diffraction analysis to adjust 
crystallographic standard. 
 
Methods and materials  
 
Specimens in metallic form, as powder compact or as a solution can be analyzed. 

To obtain the spectrum containing the species Cr (III) and Cr (VI), the characteristic radiations of 
the 3d sublevel (electrons in the valence band) to K level electron transitions were used. Second 
order radiations were used as they rendered improved separation effects. The spectra of the 
interfering elements were obtained in the X-ray fluorescence spectrometer – model RIX-3000 of 
RIGAKU at the X-ray Fluorescence Laboratory of the Chemistry and Environment Centre of 
IPEN/CNEN-SP. 

The data obtained with the spectrometer were transferred to an appropriate program to have 
“.dat” format files and subsequently in “.gsas” format to permit separation using the Reitveld 
Method [12] and the GSAS AND EXPGUI PACKAGES program created by Larson and Dreele 
[7]. 
  
Optimum conditions of the crystal analyzer 
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To determine the optimum conditions of the LiF(220) crystal analyzer, that was used to obtain 
the superimposed spectra, a spectrum containing the Cu Kα1 – CuKα2 lines was used. This was 
introduced in the GSAS-EXPGUI program using the crystallographic conditions of the LiF (200) 
crystal analyzer. Through phase refinement, separation of the Kα1 (65.48º) and Kα2 (65.66º) 
lines was observed. After complete refinement of the phases the optimum conditions of the 
instrument for this crystal analyzer were obtained and used to refine the superimposed spectra 
obtained with this instrument. 
 
Spectrum containing superimposed cr (iii) and cr (vi) peaks 
 
The position of Cr (III) can be seen at 5847.9 eV and that of Cr (VI) at 5947.1 eV [8]. 
Transformation of these values in wavelength gave: Cr (III) at 2.0848 Å and Cr (VI) at 2.0850 Å.  
Figure 1 shows the superimposed spectrum of Cr (III) and Cr (VI) as obtained with the LiF 220 
crystal. 
 
 

 

Figure 1 - The superimposed spectrum of Cr (III) and Cr (VI) as obtained with the LiF 220 
crystal. 

 
 
The spectrum shown in Figure 1 was introduced in the GSS-EXPGUI program using the 
optimum crystallographic conditions of the LiF (220) crystal analyzer and the conditions of the 
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two phases. After primary refinement of the phases (Figure 2) separation of the Cr (III) Kβ1.3 
and Cr (VI) Kβ1.3 lines can be observed. At this stage of refinement, the minimizing values by 
least squares (CHI**2) is 6.9. 

Figure 3 shows the spectrum in which the zero of 2θ of the crystal analyzer and the ratios of the 
intensities of the Cr(VI) Kβ1.3/ Cr(III) Kβ1.3 have been adjusted. At this stage of refinement the 
minimizing values by least squares (CHI**2) was equal to 0.2. 

The specimen that was analyzed was prepared by mixing 200 ppm of Cr (III) and 100 ppm of Cr 
(VI). A measured amount of 0.1mL of the mixture was deposited on a filter paper. Since the ratio 
observed was 0.49999, it indicated a deviation of 0.02%, confirming that the methodology was 
precise. 
 

 

Figure 2 - Superimposed spectrum of Cr (III) and Cr (VI) obtained with a LiF 220 crystal and 
with separation of the Cr (III) Kβ1.3 and Cr (VI) Kβ1.3 lines. 

   
 
cONCLUSIONS 
 
The methodology presented here is quite simple, quick and precise and does not require a large 
amount of data as in chemiometric methods. The separations can be easily carried out with a 
program that can be obtained free of charge. 

With the separations that have been proposed, it is possible to determine the composition of the 
specimen and the species present in it. 
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The drawback of the method is the necessity to know the crystallography of the crystal analyzer 
and separation of the lines with just one interference. 

Using the X-ray fluorescence technique and the Rietveld method it is possible to easily resolve 
the problem of superimposed peaks of species present in the specimen. This enables the 
determination of the species simultaneously without the need for standard specimens and 
calibration curves. This is the main advantage, compared to other techniques. 

In X-ray fluorescence, specimen preparation and its surface state are important factors to obtain 
the spectrum. The effects due to these factors can be minimized using Rietveld refinement. 
 

 

Figure 4 - The zero of  2θ of crystal analyzer has been adjusted and the ratio of the intensities of 
the Cr III) Kβ1.3 and Cr (VI) Kβ1.3 lines has also been adjusted.  
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