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STUDYING THE SPECTRAL INTERFERENCE EFFECTS OF 

ALUMINIUM EXPERIENCED IN THE COURSE OF ICP-AES ANAL YSIS 
USING AN AXIALLY-VIEWED ICP SPECTROMETER 

 
OLIVÉR BÁNHIDI * 

 
Earlier we have reported the study of the interference effects of aluminium and nickel 

on the ion and atom lines of alkaline earth metal elements [1, 2]. According to our 
investigations strong interferences can be experienced especially on the Mg, Ca and Sr 
lines. The concentration of the alkaline-earth metal analyte tested ranged 0.25–0.75 
mg/dm3, which is rather low, but there might be samples, such as Sr in Al alloys, where this 
concentration range may be interesting too. On the other hand, there are many cases, when 
these elements are in a substantially higher concentration, so the information concerning the 
interferences of aluminium on the lines of the elements present in higher concentration also 
may be interesting. In this paper we report the study of the effect of aluminium matrix 
present in a concentration range of 0–5000 mg/dm3, while the analyte concentration is in 
the range of 1–15 mg/dm3.  
Keywords: interference effects of aluminium, alkaline earth metals, ion and atom spectral 
lines. 
 
Introduction 
 

In our previous papers we have investigated the effects of Al and Ni on the spectral 
lines of alkaline earth metals, such as Be, Mg, Ca and Sr. Both atom and ion lines were 
involved in the study. Ba was not among the analytes examined, as it does not have a 
sensitive atom line. In the course of the experiments it turned out, that both Al and Ni have 
larger interference effects on atom lines of the investigated elements than on those of ion 
lines. The effect was just significant in case of Be, and rather high impact could be 
measured on the lines of Mg, Ca, Sr. The phenomenon can be measured on a rather wide 
range of high-frequency power (900–1300 Ws). As for the concentration ranges, the matrix 
was present from 0 up to 5000 mg/dm3, while the analyte concentration was 0.25–0.5 
mg/dm3, which is rather low, though there might be cases, e.g. Sr in aluminium alloys – 
when such low concentration – can also be interesting and important. Nevertheless it is also 
important to know, whether this effect works at higher analyte concentration, and if the 
answer is yes, how strong it can be. Therefore the study of the interferences of Al at higher 
analyte concentration was carried out. As one of our goals was to check whether the 
differences among the matrix effects on atom and ion lines persist at higher analyte 
concentration, therefore similarly to the previous work, both ion and atom lines were 
involved in the study.  
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So that the present results could be compared to those measured earlier, we used the 

same procedure to evaluate the signals and to present the effects we experienced. 
 
1. Experimental 
 
1.1. The measuring instrument and the measuring conditions 
 

The measurements were carried out with the help of a Varian-make ICP spectrometer, 
its type is 720 ES, the instrument we used earlier. As for as the measuring conditions, there 
is an important difference, in this study the measurements were performed only just at one 
level of the radiofrequency power, 1050 W. The other parameters – integration time, 
number of readings etc. – were the same. 
 
1.2. Line selection and the analyte elements 

Table 1 
The spectral lines chosen for the study 

Element First ionisation 
energy [eV] 

Type of the 
line 

Wavelength 
[nm] 

Excitation 
energy [eV] 

Mg II 279.553 4.47 
Mg II 280.270 4.59 Mg 7.6 
Mg I 285.213 4.38 
Ca II 315.887 3.96 
Ca II 317.933 3.93 
Ca II 393.366 3.18 

Ca 6.1 

Ca I 422.673 2.96 
Sr II 216.596 5.78 
Sr II 407.771 3.07 
Sr II 421.552 2.96 

Sr 5.7 

Sr I. 460.733 2.71 
Ba II 233.527 5.35 
Ba II 455.403 2.74 
Ba II 493.408 2.53 
Ba II 614.171 2.04 

Ba 5.2 

Ba I 705.994 1.77 

Our aim was to measure possibly all the alkaline-earth metals, so that the most 
comprehensive information could be obtained about the interference effects. On the other 
hand, a higher and wider concentration range was going to be applied regarding the analyte 
elements. This fact made difficult to include Be among the analytes studied, because its 
available atom and ion lines are rather sensitive, so it might have turned out that the CCD 
detector measuring some of its lines would have overflown at higher concentration, so the 
result could not have been evaluated. On the other hand, as a result of the higher 
concentration range it was possible to include Ba among the elements investigated. It was 
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because at higher concentration suitable signal can be obtained even on the less sensitive 
lines. The lines selected for the study can be seen in Table 1. 
 
1.3. Concentration of the Al-matrix and those of analyte elements 
  

As in the earlier studies the Al matrix was applied at a concentration of 0, 200, 500, 
1000, 2000 and 5000 mg/dm3. The solutions were prepared using 20 g/dm3 Al stock 
solution made by dissolving high-purity aluminium. 

The analyte elements, i.e. Mg, Ca, Sr, Ba, were applied at a concentration of 0, 1.0, 2.5, 
6.2, and 15 mg/dm3, so the concentration range is a bit more than 1 order of magnitude. 
1000 mg/dm3 multielement certified reference material solution (Certipure IV, made by 
Merck GmbH) was used in the experiments. 
 
2. Results 
 
2.1. Processing the measured intensity values 
 

The net intensities of the investigated alkaline-earth elements measured in the matrix 
element-free solutions were used as reference, i.e. the net intensities measured at different 
matrix element concentrations were compared to that of obtained in matrix-free solutions, 
and  

Table 2 

The net intensities and intensity ratios measured on 3 Mg lines, 
at an analyte concentration of 1 mg/dm3  

Mg II, 279.553 nm Mg II, 280.270 nm Mg I, 285.213 nm 
Al [mg/dm3] 

Inet [a.u.] Iratio Inet [a.u.] Iratio Inet [a.u.] Iratio 

                0   578052         –    158925        –    77613       – 
            200   610412       1.0511    162167    1.0161    68669   0.8808 
            500   605225       1.0376        161792    1.0099    65831   0.8411 
          1000   600111       1.0329    160724    1.0075    62900   0.8066 
          2000   559443       0.9269    148433    0.8972    57094   0.7054 
          5000   565816       0.9611    149161    0.9252    56069   0.7100 
 
heir ratio (i.e. Imatrix/Iaqueous) was investigated as the function of matrix and analyte 
concentration. 

As the number of the measured lines were high, a lot of intensity data had to be 
recorded. 

The date were processed by a spreadsheet program. In Table 2 and Table the measured 
net intensities as well as the calculated intensity ratios (Imatrix/Iaqueous) of 3 Mg lines at an 
analyte concentration of 1.0 mg/dm3 and that of 15 mg/dm3 are presented.  

 
 
 
 



8 Olivér Bánhidi 

 
Table 3 

The net intensities and intensity ratios measured on 3 Mg lines,  
at an analyte concentration of 15 mg/dm3 

Mg II, 279.553 nm Mg II, 280.270 nm Mg I, 285.213 nm C(Ni) 
[mg/dm3] Inet [a.u.] Iratio Inet [a.u.] Iratio Inet [a.u.] Iratio 

                0   7170830         –  2191330        –  1029450       – 
            200   7354630    1.0252  2160140   0.9855  1006270   0.9272 
            500   7058910    0.9836  2119780   0.9668    970603   0.9423 
          1000   6883420    0.9595  2049830   0.9351    922022   0.8954 
          2000   6674980    0.9276  1994580   0.9076    867083   0.8400 
          5000   9513880    1.3254  2957340   1.3486  1293330   1.2555 
 
Similar tables were created for each line of all elements measured. 
 
2.2. The Figures based upon the intensity ratios of the tables 
 

Using the data in the tables different figures were created, where the intensity ratios 
measured on different lines of an analyte studied were presented as the function of the 
matrix concentration at a given concentration of one of the analytes investigated. In Figure 
1, 2 the intensity ratios of Mg lines can be seen at the lowest and the highest analyte 
concentration, while in Figure 3 and 4 the same is presented in case of Ca and the strontium 
data can be seen in Figure 5 and 6. 
 
2.3. Calculation the relative difference of the intensity ratios of atom and ion lines 
 

Looking at these figures it can be seen that the intensity ratios of the atomic lines of the 
elements studied are always lower than that of the ion lines in case of each elements. The 
difference is usually higher at higher concentration of the interfering element.  
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Figure 1. Intensity ratios measured on the Mg lines, at an Mg concentration of 1 mg/dm3 
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Figure 2. Intensity ratios measured on the Mg lines, at an Mg concentration of 15 mg/dm3 
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Table 4 

The lines chosen for calculating the relative intensity reduction  
of the atom lines of the element studied 

Element Mg Ca Sr Ba 

Atomic line [nm] 279.553 422.673 460.733 705.994 
Ion line        [nm] 285.213 317.933 216.596 233.527 

 
In Table 4 this reduction is presented for each element in form of relative %. The 

calculation is based upon the following formula: 

Difference [rel. %] = 100*(IRion – IRatom)/IRion 

Where IRion is the intensity ratio of the ion line and IRatom is the intensity ration of the 
atom line. For the calculation the intensity ratio of one ion line and that of the atomic line of 
each element were used. The lines used in the calculation are indicated in Table 5. 
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Figure 3. Intensity ratios measured on the Ca lines, at a Ca concentration of 1 mg/dm3 
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Figure 4. Intensity ratios measured on the Ca lines, at a Ca concentration of 15 mg/dm3 
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Figure 5. Intensity ratios measured on the Sr lines, at a strontium concentration  
of 1 mg/dm3 
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Figure 6. Intensity ratios measured on the Sr lines, at a strontium concentration 

 of 15 mg/dm3 

Table 5 

The relative intensity ratio difference between an atom and an ion line at low and high 
concentration of the Al matrix, as a function of the analyte concentration 

Analyte concentration  

1 mg/dm3 2.5 mg/dm3  6.2 mg/dm3   15 mg/dm3  

Al [mg/dm3] Al [mg/dm3] Al [mg/dm3] Al [mg/dm3] 
Element 

200 5000 200 5000 200 5000 200 5000 
Mg 16.20 26.13 10.35 20.84 6.57 16.13 4.69 5.27 
Ca 27.57 59.54 20.47 56.20 13.57 50.52 7.72 53.36 
Sr 30.45 58.16 20.41 53.64 13.79 45.16 9.53 43.01 
Ba 51.72 48.50 24.47 40.02 11.34 21.68 2.73 10.34 

 
3. Discussion of the results 
 

Axially viewed ICP spectrometers are said to produce more interferences than those of 
radial viewed instruments, therefore care must be taken of the examination of possible 
interferences in the course of method development. As it can be seen there may be strong 
differences concerning the extent of the interferences on the different type of spectral lines. 
In most cases the intensity of the spectral lines was lower in the presence of aluminium, 
than in the aluminium-free solution. Looking at the curves in all the 6 Figures it is obvious 
that in all cases the line intensity decreased in the presence of matrix in greater extent on 
atom lines than on ion lines. It also can be noticed that except for the Mg lines at high 
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analyte concentration the difference increases with increasing matrix concentration. If the 
intensity ratios, i.e. the relative intensity referred to the signal measured in the aluminium-
free solution are examined as the function of the analyte concentration and that of the 
matrix concentration, the relative difference between an ion and an atom line may also be 
interesting. When looking at the data presented in Table 5, it can be realized that the 
difference between the behaviour of the ion and atom lines studied depends not only on the 
matrix concentration and that of the analyte concentration but also on the element 
examined. While at low analyte concentration (1 mg/dm3) there is a substantial difference 
among the ratios in all elements both at low and high matrix concentration, the behaviour of 
the lines changes at high analyte concentration, and this change is different for each 
element. At low analyte concentration a strong reduction of the differences can be noticed 
for all elements, but at high analyte level (15 mg/dm3) the reduction in the difference 
depends largely on the elements. In case of Mg and Ba the reduction is high, while the 
differences decrease only in a moderate extent on Ca and Sr lines. 
 
Conclusions 
 

As for the analytical practice these results support the importance of matrix-matching 
[3] and suggest that careful line selection and study of the possible interferences have key-
importance when atom-emission methods are developed so that correct analytical results 
could be obtained when new type of matrix is to be analysed. 
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