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Abstract: Using Laser Induced Breakdown Spectroscopy (LIBS) as a qualitative and 
quantitative elemental composition determination method, a complete sample examination can be 
done quickly. The purpose of the paper is to present a methodology and to realise a semi-
quantitative calibration of a PORTALIBS 2000 spectrometer. The (semi)quantitative calibration 
consists in identification of the wavelengths most sensitive at magnesium. A set of seven 
experiments was conducted, using seven different concentrations of MgO. There were identified 
six wavelengths sensitive at magnesium and the corresponding measured signals were analysed. 
 

Keywords: spectral analysis; (semi)quantitative determination; wavelengths 
analysis  

1. Introduction 

Laser Induced Breakdown Spectroscopy (LIBS) is a form of atomic 
emission spectroscopy, capable of real-time determination of the elemental 
composition of any substance [1,2]. In principle any gas, liquid or solid 
samples can be analyzed using this method. The PORTALIBS 2000 
spectrometer, used in the present study, is dedicated to the analysis of solid 
sam

f material from sample to be 
stu

ples. 
The LIBS method is based on plasma cloud analysis resulted from the laser 

ablation of a small quantity of sample material [1,2,3]. The analyses performed 
using LIBS method is using a small amount o

died in the range of “pg” (picograms) or less. 
Laser ablation represents the technique that converts a small part from 

sample into vaporized state via plasma, following the impact between a laser 
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bea

and their intensity also. Due to the influence of these 
par

s not explain the usual dramatic fluctuation 
of 

n reflected from 
sam

elengths 
corresponding to magnesium and to analyze the signal intensities determined on 

gths, in order to develop a (semi)quantitative calibration. 

2. 

 was represented by 7 different amounts of 
MgO mixed with 50 ml of distilled water resulting 7 different solutions to be 
ana

 
Table 1: Am s of MgO ad  ml distilled w

So n id MgO  [g] MgO q l/dm3] 

m and the sample surface [2,3]. The plasma cloud occurs due to high power 
of laser beam reaching to samples surface. 

The amount of vaporized material and the resulting plasma from the laser 
ablation are correlated with the operational parameters (e.g. the distance 
between the focusing lens and the sample, the laser beam power density emitted 
from laser source, the environmental conditions from the analysis chamber such 
as pressure, composition, etc.). By changing these parameters the analytic 
signals will be modified 

ameters, the analysis results on the elemental composition of materials can 
be compromised [4,5,6]. 

The intensity of the laser beam from the same source may vary with 
maximum 5%, but this variation doe

the results from one experiment to another. Those variations may be 
determined by a lot of causes [4,7]. 

The qualitative and quantitative analysis of elemental composition of studied 
samples requires a study on the electromagnetic radiatio

ple, which is detected (using an optical system) and converted into electrical 
signals using Charge Coupled Devices (CCD) sensors [8, 9]. 

The purpose of the paper is to identify the measuring wav

these wavelen

Material 

The chemical material of study

lyzed, characterized in table 1. 

ount ded in 50 ater. 
lutio  quantity uantity [mo
#1 1.0030 0.497712 
#2 2.0096 0.997211 
#3 3.0015 1.489416 
#4 4.0096 1.989659 
#5 5.0175 2.489803 
#6 6.0006 2.97764 
#7 7.0028 3.474956 

 
The experiments were developed using as support, samples of filter paper 

with a thickness of 0.28 mm, provided by Carl Schleicher & Schüll. The 
samples dimensions used in experiments were 33x33 mm. The samples were 
immersed in homogeneous solution and allowed to dry before the analysis. 
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Two samples of paper filters were prepared for each solution. Thus were 
obtained 14 samples for analysis. Each of these samples was measured in 
different 4 points (where the laser beam reached the sample) marked with 
circles on Fig. 1.a. The home made mounting device, of the samples into the 
analysis chamber is presenting in Fig. 1.b. The assembly of the filter paper on 
the mounting device is shown in Fig. 1.c. 

 

 
Figure 1: a) Filter paper sample; b) Mounting device;  

c) Assembly of filter paper on mounting device 

s spectra were obtained using a portable LIBS system, model 
PO

is was tested before with success, in other qualitative 
and

e experiments were used three 
DC

enting the necessary time for the integration of signal, was set on 30 ms 
ime elapsed since CCD reached the signal and digitizer - DIG send it to local 

PC). 
 

3. Method 

 The sample
RTA-LIBS-2000, provided by StellarNet. A detailed description can be 

found in [9].  
This method of analys
 quantitative determinations made on different samples (soil, metals, and 

nonmetals) [9, 10,11,12]. 
A schematic diagram of the experimental setup is shown in Fig. 2. 

Experimental device is equipped with a Nd:YAG laser source of 25 mJ with 
pulse duration of 4 ns, repetition rate of 1 Hz. The obtained radiation is 
transformed into electrical signal by a CCD detector with 2048 pixels as part of 
detection and conversion unit (DCU). In all th

U and the total spectrometric covered range is 186 - 856 nm. The optical 
resolution of DCU is 0.2 nm according to [10]. 

All experiments were conducted with a delay time for the spectrum 
acquisition after the formation of the plasma, set on 32 μs. The integration time, 
repres
(t
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Figure 2: Experimental setup schematic diagram of PORTALIBS 2000 

AC - analysis chamber; LS - laser source; S - sample; OS - optical sensors; FOC - fiber 
optic cable; CCD - Charged Coupled Device; DIG - digitizer; DCU - detection and 

conversion unit; C - USB cable; PC - computer. 

4. Results 

For each concentration of MgO were obtained eight spectra (2 samples x 4 
measurements) and averaged spectra were calculated and presented in Fig. 3 - 9 
for each sample.  
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Figure 3: Spectrum for MgO sample #1. 
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Figure 4: Spectrum for MgO sample #2. 
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Figure 5: Spectrum for MgO sample #3. 
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Figure 6: Spectrum for MgO sample #4. 



Vlad T. DOBRA, Mugur C. BĂLAN,  and Lorentz JÄNTSCHI 
 

168 

0

100

200

300

400

500

180.00 280.00 380.00 480.00 580.00 680.00 780.00

Wavelength [nm]

In
et

ns
ity

 [a
.u

.]

 
Figure 7: Spectrum for MgO sample #5. 
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Figure 8: Spectrum for MgO sample #6. 
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Figure 9: Spectrum for MgO sample #7. 
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In order to identify the wavelengths of Mg on which the device is measuring, 
was interrogated the National Institute of Standards and Technology (NIST) 
database [13]. It was found that PORTALIBS 2000 is measuring a number of 
43 wavelengths in perfect match with NIST wavelengths for Mg. In Fig. 10 are 
shown the wavelengths and corresponding intensities for all the performed 
experiments. Only intensities measured on these wavelengths were considered 
in the analysis. The values corresponding to the smallest concentration of MgO 
were represented with light blue and the greatest concentrations were 
represented with dark blue. 

There were selected three wavelengths with tendency of signal increasing 
with the increasing concentration of MgO from solution: 279.48 nm, 279.79 nm 
and 280.42 nm.  

There were also selected three wavelengths with tendency of signal 
decreasing with the increasing concentration of MgO from solution: 502.37 nm, 
506.96 nm and 571.11 nm. 

On Fig. 10 were marked with green all the wavelengths with tendency of 
signal increasing and with red all the wavelengths with tendency of signal 
decreasing. 

 

 
Figure 10: Specific Mg wavelength measured by experimental device.  

In Fig. 11 were represented the averaged values of signal intensities 
corresponding to the 3 wavelengths with tendency of signal increasing with 
increasing of concentration. 
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Figure 11: Averaged values of signal intensities for Mg wavelengths with increasing 

tendency with increasing concentration of MgO  

- Values respecting the trend; - Values don’t respecting the trend 

 
In Fig. 12 were represented the averaged values of signal intensities 

corresponding to the 3 wavelengths with tendency of signal decreasing with 
increasing of concentration. 

 

 
Figure 12: Averaged values of signal intensities for Mg wavelengths with decreasing 

tendency with increasing concentration of MgO. 

- Values respecting the trend; - Values don’t respecting the trend 
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In order to determine the degree of association between the concentration of 
MgO and the signal intensity for chosen wavelengths, 7 correlation coefficients 
were calculated according to [14]and presented in table 2. 

Table 2: Correlation coefficients between concentration of MgO and signal intensity of 
chosen wavelength 

Correlation coefficients Wavelengths (λ, [nm]) 
Correlation Model 571.11 506.96 280.42 279.79 279.48 502.37
Gamma 1 1 0.905 0.810 0.714 0.714
K-Tau-a 1 1 0.905 0.810 0.714 0.714
K-Tau-b 1 1 0.905 0.810 0.714 0.714
K-Tau-c 0.857 0.857 0.776 0.694 0.612 0.612
Pearson 0.997 0.961 0.941 0.931 0.920 0.810
Spearman 1 1 0.964 0.893 0.857 0.786
s-Quant 0.998 0.981 0.952 0.912 0.888 0.798
Σ 6.852 6.799 6.347 5.858 5.420 5.148

 
In table 3 are presented the differences between maximum possible sum of 

correlation coefficients, which is 7, and the real sum of correlation coefficients, 
calculated for each of six selected wavelength (last row in table 2). These 
differences reveal the degree of association and/or disassociation between the 
signal intensities and the concentration of samples. High values of mentioned 
differences are indicating height degree of dissociation and low degree of 
association. Low values of mentioned differences are indicating low degree of 
dissociation and height degree of association. Furthermore, height degree of 
association suggests height correlation between measured signal intensity on a 
certain wavelength and the sample concentration. Height degree of 
disassociation suggests low correlation between measured signal intensity on a 
certain wavelength and the sample concentration. 

Table 3: Differences between maximum sum (7) of correlation coefficients and the sum 
calculated for each of six selected wavelength 

Wavelength (λ, [nm]) Differences values Interpretation 
571.11 0.148 Low 
506.96 0.201 ↑ 
280.42 0.653 
279.79 1.142 

Degree of 
disassociation 

279.48 1.580 ↓ 
502.37 1.852 Height 
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5. Discussion 

The spectra shown in figures 3 – 9 are containing the averaged signal 
corresponding to the 6153 lines from the three signal detectors. 

Analyzing the figures 3 - 9 can be observed that between 200 nm and 400 
nm there is a number of wavelengths that can be associated with the sample 
concentration. 

By simple analysis of spectra of each concentration, other sensitive 
wavelengths can not be remarked. Analyzing the numerical data set, obtained 
from each experiment, it can be found if there are any other wavelengths 
sensitive to the concentration of the sample. 

Six of the Mg specific wavelengths, were selected for the current research. 
Three chosen wavelengths are presenting a tendency of signal increasing 

with increasing of concentration (Fig. 11). It can be observed that all the values 
of signal intensities obtained for solution #6 and the value of signal intensity 
corresponding to 279.48 nm from sample #4 doesn’t fit to the general trend. 

Three chosen wavelengths are presenting a tendency of signal decreasing 
with increasing of concentration (Fig. 12). It can be observed that at 502.37 nm 
the signal intensity corresponding to sample #6 doesn’t fit to the general trend. 

The correlation coefficients (table 2), is highlighting a strong correlation 
between the signal intensity and concentration of MgO from samples on all the 
six selected wavelengths. 

The maximum sum of correlation coefficients is 7 (ideal case). The 
maximum sum of calculated correlation coefficients is 6.852 (table 2). 

The difference between the sum of correlation coefficients corresponding to 
wavelengths 571.11 nm and 506.96 nm is 0.053. This value represents the 
minimal difference from the set of differences between the sums of correlation 
coefficients corresponding to wavelengths. For complete calibration of 
PORTALIBS 2000 needed in quantitative analysis, the two wavelengths must 
be taken into consideration, because both have same and height degree of 
association between signal intensity and concentration quantitative analysis. 

Table 3 presents the order of wavelengths based on the degree of 
disassociation between signal intensity and concentration quantitative analysis. 
This order was established by differences made between maximum sum of 
correlation coefficients, and the sum calculated for each of six selected 
wavelength 

6. Conclusions 

In order to achieve the purpose of the research (the semi-quantitative 
calibration of PORTALIBS 2000 for Mg), were identified six wavelengths with 
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observed strong correlations between the corresponding signal intensity and 
concentration of MgO from samples. 

It was highlighted that wavelengths of 571.11 nm and 506.96 nm must be 
taken into consideration when complete quantitative calibration has to be 
performed because both have height degree of association between signal 
intensity and concentration. 
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