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X-RAY FLUORESCENCE ANALYSIS 

 

I   QUALITATIVE ANALYSIS 

THEORY 

When a sample is irradiated with high energy x-ray photons it will emit characteristic x-ray lines 
whose energy depends on the atomic number of the element of the sample material. If a 
sample consists of a chemical compound or mixture, its fluorescence spectrum will also be 
complex. Because the inner electron shells between which the x-ray transitions occur are not 
involved in the chemical bonds, the characteristic lines are largely independent of the chemical 
bonds of the element. This means that the x-ray fluorescence spectra of a chemical compound 
are, in a first approximation, a superposition of the spectra of its components. 
 
For the qualitative analysis of the chemical composition of a sample, initially all peaks found in 
the fluorescence spectrum are correlated to the elements. This is done by means of the values 
for the energies of the characteristic lines found in the table. For the correlation, the "pattern" 
of each of the spectral series is also considered, for example, together with the Kα line there 
must also be the Kβ line with a lower (approx. one fifth to one tenth) intensity in the spectrum. 
The Lα line appears accompanied by the Lβ line of a similar intensity and the Lγ line of a lower 
intensity. 
 
Information about the relative concentrations of individual elements in the compound can be 
gained from the relative intensities of their fluorescence lines. 
 

EXPERIMENT I 

Aim: To determine the components of a brass sample (target 3) and a magnetic compound 
(target 4). 

1) The experimental set-up is shown in Fig. 1(i).  

 

 

 

Fig. 1(i):  Setup of the experiment:     (ii) Cassy Lab Software layout 
 a - collimator, b - target, c - target table , d - detector  
  

(i) (ii) 

MCA Box 
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2) Switch on all the mains supply. 

SOFTWARE SETTING 

3) Call “CASSY LAB”. 

4) In “SETTINGS” window, click on “MCA BOX” [Fig. 1(ii)] to open up the “Measuring 
Parameters” window. 

5) Set the following parameters: “gain = -5, measuring time = 300 s “. 

6) Click “Update setup” and close both windows. 

 

MACHINE PANEL SETTING 

7) Press the SENSOR button and set the sensor angle manually to 90o using the “ADJUST” knob. 

8) Press the TARGET button and adjust the target angle manually to 45° using the “ADJUST” 
knob.  

9) Place the calibration target (Fe + Zn) onto the target table. 

10) Press the U button and set the tube high voltage U to 35 kV using the “ADJUST” knob. 

11) Press the I button and set the emission current I to 1 mA using the “ADJUST” knob. 

12) Switch the high voltage on. 

13) Start measurement on the CASSY LAB software. 

14) When measurement ends, switch off the high voltage. 

 

ENERGY CALIBRATION 

1) Perform energy calibration using the spectrum of the calibration target (Fig. 2). 

 

 
Fig. 2: Fluorescence spectrum of the calibration target 
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a. Right click “Energy Calibration”. 

b. In the “Energy Calibration” dialogue window, enter the energies for the Fe Kα-line 
(6.403  keV) and the Zn Kα-line (8.638 keV). 

c. Right click “Other Evaluations” → “Calculate Peak Centre”. 

d. Mark the range of the 6.403 keV peak. 

e. Enter the given peak centre value into the “Energy Calibration” dialogue window. 

f. Likewise, determine the peak centre value for the Zn line. 

g. Click “Accept”. 

h. For identification and labeling of the lines, right click “X-ray Energies” and click on the 
element symbol Fe followed by “Adopt” & “OK”.  Repeat for Zn. 

 

DETERMINING ELEMENTAL MAKE-UP OF UNKNOWN SAMPLE 

1) Repeat steps 12 to 14 for the target sample No. 3 & 4. 

2) For identification of the alloy components: 

a. Use the cursor to mark the unknown peak. 

b. Note the corresponding energy. 

c. Check out the “Characteristic X-Ray Energies” table. 

d. Right click “X-Ray Energies”. 

e. Select the element symbol and click “Adopt” followed by “OK”. 

3) Identify all the 3 components in target sample 3 [brass sample] and at least 4 components 
in target sample 4. 
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II   QUANTITATIVE ANALYSIS 

THEORY 

To make a quantitative analysis of the chemical composition of a sample, many other factors 
need to be taken into account, factors which influence the relationship of the line intensities of 
various elements. Matrix effects for example play a large role, whereby "matrix" here is 
understood to mean the physical and chemical neighborhood of the element under scrutiny. 
Also the surface quality and the geometric properties of the sample need to be considered. 
Furthermore the influence of the measuring system as well as the detector response probability 
and the dead time all need to be accounted for. 
 
Since the intensity of the peaks depends not only on the concentration of the element but also 
on the position of its absorption discontinuities relative to the excitation spectrum, the matrix 
effects also occur via the absorption (especially the discontinuity absorption) of the primary 
radiation through the other elements of the compound. The fluorescence radiation of the 
element under scrutiny is also in part absorbed by the matrix to a considerable degree, before 
reaching the detector. 
 
In this experiment, the quantitative analysis of the chemical composition of a brass sample 
containing lead is carried out. The components in this alloy were already identified in 
experiment I. The matrix effects are not considered. 
 
For calculating the mass ratios, the fact that is made use of is that the height of a peak is 
proportional to the number n of radiating atoms. In the reference spectrum this number n0 is 
determined by the density of the substance ρ, its atomic weight A, the radiated area S and the 
effective thickness d of the irradiated layer: 

 

A
dSn ρ..0 =  

For the number of atoms of each type in the alloy, to first approximation the expression  
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can be used. In this H and H0 are the peak heights in the spectrum to be analyzed and in the 
reference spectrum, V=S∙d  is the irradiated volume. 
 
 
Using this information, the mass ratio Ci of the element number i in the alloy is 
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EXPERIMENT II 

Aim: To determine the mass ratios C of the individual alloy components of the brass sample 
(Target No. 3). 

1) Repeat the procedures in experiment I and collect the spectrum for the brass sample. 

2) Use the energies of the Kα-line of the highest peak (element X) and the Lα-line of the lowest 
peak (element Z) for calibration. 

3) Label the peaks corresponding to element X, Y, Z. 

** It is apparent that the second highest peak consists of 2 non-resolved lines: element Y Kα and 
element X Kβ. The Kα line of element X is in part superimposed with the Kα line of element Y ** 

4) Collect the individual reference spectrum for element X, Y and Z using the samples provided 
in the sample box. 

5) Evaluation: 

a. Resolution of the superimposed lines in the fluorescence spectrum of the brass sample 

The mass ratios of the alloy components are calculated by comparing the heights of the 
strongest lines in the brass fluorescence spectrum and the reference spectra. These lines 
are: the Kα of element X, the Kα of element Y and the Lα of element Z. 
 
To determine the heights of the X element Kα and the Y element Kα , the brass 
fluorescence spectrum must be resolved in the energy range from 7.5 keV to 9.1 keV. 
The spectrum in this range is fitted with three Gaussian curves at the known energies of 
the X element Kα line, the X element Kβ line and the Y element Kα  line. 
 
i. In the pop-up menu of the diagram window select the item "Other Evaluations" → 

"Gaussians of specified energy". 

ii. Mark measuring points in the energy range 7.5 keV to 9.1 keV. 
 
The result is a fitted contour of the fluorescence spectrum. Record the values of “A1” for 
the X element Kα line and Y element Kα line. These values can be read off from the status 
line at the bottom left corner of the screen. Record these A1 values under the “H” 
column in Table 1.  

 
To determine the height of the Lα line for the Z element in the fluorescence spectrum of 
the brass spectrum, a Gaussian curve is fitted to it: 
 
iii. In the pop-up menu of the diagram window select the item "Other Evaluations" 

→"Fit Gaussians" (Alt+G). 

iv. Mark the Z element Lα line (energy range from 10 keV to 11.5 keV). 

v. Insert the result (A1) in Table 1 (H). 
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b. Determination of the line heights in the reference spectra 

i. In the pop-up menu of the diagram window select the item "Other Evaluations" 
→"Fit Gaussians" (Alt+G). 

ii. Mark the X element Kα line in the reference spectrum. 

iii. Insert the result (A1) in Table 1 (H0 ). 

iv. Finally determine the heights of the Y element Kα line and the Z element Lα line in 
their reference spectra and insert the values in Table 1. 

c. Determination of the mass ratios 

The mass ratios of the alloy components are determined according to Eq. (I). Record the 
values of the peak heights in the brass fluorescence spectrum (H) and in the reference 
spectra (H0 ) in Table 1. 

 

Table 1: Determination of the mass ratios C of the alloy components of the brass sample. 

Element ρ, g/cm3 Line H H0 ρ∙H/H0 Ci % 

X  Kα     

Y  Kα     

Z  Lα     

 

 

DISCUSSION 

• How would you account for the counting errors seen in Experiment I and how would 
these errors be accounted for if the background reading is significant? 

 
• How does “Matrix Effect” arise? What role does the “Matrix Effect” play in the analysis 

of the chemical composition of the sample?  
 


