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General procedure for quantitative analysis with LIBS 

Introduction 

In general, qualitative and semi-quantitative analysis with LIBS is relatively straightforward. For a 

quantitative elemental analysis though a set of standard samples, some sample preparation and some 

knowledge of the technique is necessary. Quantitative LIBS analysis requires the calibration of the LIBS 

instrument. The output of a LIBS calibration procedure will be a calibration curve, typically a linear or 

quadratic function that relates a LIBS quantity (e.g., 

the intensity of an emission line) to the 

concentration of the analyte in the sample. The 

procedure for the construction of a calibration curve 

is similar to that used by other atomic emission 

techniques such as Spark AES or ICP-AES; in a 

first step a set of standard samples with varying 

analyte concentrations are analysed. Then, a 

measured LIBS value for each standard is plotted 

versus the concentration of the element of interest. 

Finally, the set of points obtained are fitted to a 

calibration function. Such a function can be either 

linear or a second or even a third order polynomial 

depending on many factors such as the emission 

line chosen, the nature of the sample, etc. The calibration function can be used later for obtaining the analyte 

concentration of an unknown sample. 

In the following sections a very general guide is given that includes recommendations and practical tips to 

perform quantitative LIBS analysis.  

Samples 

Requirements/Guidelines to take into account 

• A set of standard samples is required for which the concentration of the element of interest is known. 

• The range of concentration values of the set of standards employed for the calibration curve 

construction should be similar to the concentration values expected during normal operation of the 

system. 

• The samples must be preferably homogeneous. In LIBS analysis, the focussed laser beam is 

sampling an area of usually less than 1 mm2. Therefore, for a heterogeneous sample a large number 

of replicate measurements at different sample positions would be necessary to obtain representative 

results. 

• The matrix of the standard samples and the matrix of the samples to be quantitatively analysed 

should be the same/similar. Two LIBS measurements will differ for the same concentration of an 

element if the sample matrices are different. For example, the determination of the magnesium 

content of a glass sample will produce an inaccurate result if the LIBS instrument has been 

calibrated for determining magnesium in aluminium alloys. 

• Surface condition, roughness and contamination with substances like grease, fingerprints, or dust 

will have an impact on the measurements. Samples must be cleaned using a solvent to remove 

surface contamination. It is also highly recommended to apply cleaning/conditioning laser shots in 

order to remove layers of oxide or contamination that could still be present and eliminate variations 

in roughness at the sample surface. 

Example of LIBS calibration curve where y is the LIBS 

measurement metric and C is the element concentration. 
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Preliminary studies 

Conditioning shots: As pointed out before, the surface of the sample may be contaminated even if it has 

been cleaned with a solvent. The easiest way to account for this is by firing a number of laser shots before 

acquiring a spectrum. There is not a fixed number as this can vary from sample to sample, but 10- 100 shots 

are usually applied. The decay of emission lines of contaminant elements such as Na, Ca or Mg is a 

necessary condition (but not sufficient). Another factor to take into account when selecting the number of 

conditioning shots is the stability of the intensity of 

emission lines of interest (or the ratio between 

lines). For this purpose it is recommended to plot 

the intensity evolution of “pollutant” element lines 

as well as the lines of the elements of interest (or 

ratios) as a function of the number of pulses in the 

same sample position. An example of this graph is 

displayed here, the intensity of a calcium line 

(pollutant) drops after 50 laser pulses while the 

intensity of the chromium line (analyte) stabilises 

after the same number of pulses. In this example, a 

minimum of 50 conditioning shots would be 

recommended for the construction of the Cr 

calibration curve. 

Average shots: To improve the precision of a LIBS measurement, the spectra obtained from several laser 

shots at the same sample position are normally averaged. The previous graph can be used as well for the 

determination of the number of average shots to be applied. As a general rule, the minimum number of 

average shots that leads to an acceptable reproducibility (that depends on the specific application) of the 

LIBS measurement should be selected. 

Selection of spectral lines: The emission line/s selected for the calibration curve construction should, if 

possible, fulfil the following conditions: 

• Emission lines should be free of spectral interference. An interference-free line would allow more 

flexible data processing such as handling of peak areas, baseline corrected peak intensities, etc.   

• Use of non-resonant lines is preferable (self-absorption can hinder the calibration performance). 

• When using internal standardisation 

(described later in this paper), matrix and 

analyte emission lines should be at similar 

wavelengths to avoid chromatic effects and, 

when applicable, both lines should fall in 

the same detector/ spectrometer channel. 

The graph to the right illustrates the 

improvement in reproducibility when these 

guidelines are followed. It should be noted 

that even though the relative standard 

deviations (RSDs) of the three iron lines 

(404.581 nm, 428.240 nm and 558.675 nm) 

in this example are similar (~5%), the 

calculated ratio using an iron line (428.240 

nm) in the same spectrometer channel as the 

Cr line (425.435 nm) produces a lower 

relative standard deviation for all the 

measured samples. 

Optimization of delay and integration times of the LIBS acquisition: The analyst should aim ideally 

for a LIBS spectrum featuring a low continuum emission and well resolved emission lines. This can be 

 
Conditioning/Average shots graph as a preliminary step 

for the construction of a Cr calibration curve in steel 

 

Comparison of the RSD (%) of the Cr I 425.435 nm to Fe 

line ratio using different Fe lines for various samples. 10 

replicate measurements per sample were carried out 
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achieved by increasing the acquisition delay; however increasing the delay reduces the emission line 

intensities and a compromise between the two antagonistic phenomena is usually made. The integration 

time should be selected in such a way that the plasma emission collected is maximized as long as the LIBS 

spectrum stability/quality is not compromised. 

Construction of the calibration curve / Data processing 

Replicate measurements: It is advisable to take measurements from several points of the sample surface 

to improve the accuracy/statistics of the LIBS measurement when the size of the sample allows it. 

Data extraction strategy: A calibration curve relates a measured analytical signal to the concentration of 

the analyte. In LIBS, several quantities are typically employed for the construction of a calibration curve: 

• Peak intensity: This is the most basic metric 

used for calibration and uses just the 

maximum intensity of the analyte emission 

line peak. 

• Peak area: In this case, the limits of the 

analyte peak are specified by a start 

wavelength and a stop wavelength and the 

area under the peak is calculated. The full 

area under the peak is used as the calibration 

metric. 

• Baseline-corrected peak intensity: In this 

approach the maximum intensity of the 

analyte emission line is used after baseline subtraction to obtain the calibration metric. 

• Baseline-corrected peak area: This calibration type is similar to the basic peak area calibration 

except that in this case the peak baseline is used to correct the area under the emission line peak. 

• Analyte/Matrix intensity ratio (or internal standardisation method, see description below): The ratio 

of two metrics (calculated using one of the methods described before), one corresponding to an 

analyte emission line and one corresponding to a matrix emission line are used to obtain the 

calibration curve. 

The choice of the LIBS metric will depend among others on the resolution of the system (i.e. an analyte 

line suffering interference will not allow a reliable definition of the baseline). In practice, when several 

lines/metrics are available, it is advisable to compare their results before deciding the best option. 

Internal standardisation: An internal standard is an element/substance whose concentration is 

approximately constant for all the set of standard samples; this is normally a matrix element. A calibration 

curve produced using internal standardisation involves plotting the ratio of the LIBS analyte metric to the 

LIBS internal standard metric against the analyte concentration. The use of an internal standard is a common 

practice and can lead to significant improvements in analytical performance. Internal standardisation can 

help compensate for several random instrumental or plasma intensity fluctuations. Again, if several lines 

are available, it is advisable to compare their performance to identify the best pair of lines. 

Data analysis procedure:  

1. Plot all the experimental points, including all the replicate measurements. The outliers can be 

evaluated and discarded (if necessary) using the Grubbs test1. If possible, label the points and 

look for systematic errors. A simple way of doing this is to plot the measured metrics against 

the measurement time or number of analysis (see an example in the figure following). 

Determination of the LIBS analytical metric 
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Calibration curve including all measurements. If a 

possible outlier is noticed, Grubbs test can be used to 

accept or discard the experimental point. 

 

LIBS metric vs the number of measurements. The first 

measurement of each set of replicate measurements (10 

in this example) is always higher revealing a systematic 

error. 

2. Once outliers have been discarded, the calibration curve/equation can be obtained using 

regression software. Linear or quadratic functions are usually employed in LIBS. It is 

statistically more appropriate to use all the replicate measurements rather than the average 

values for each sample as an input to the regression software as the estimation of the different 

errors/uncertainties will be more accurate (ISO 11095:19962). 

Use and evaluation of a calibration curve (General rules): 

• The calibration curve should be used to estimate only concentrations within the range of 

concentrations defined by the standard materials employed during the construction of the calibration 

curve. 

• The concentration of an unknown sample is calculated (using the same experimental conditions 

employed for the calibration curve construction) by entering the value of the measured LIBS metric 

into the calibration function and solving the 

equation. 

• The first non-zero digit of the standard 

deviation of a calculated calibration 

coefficient is the last significant figure of 

the coefficient. Two digits can be kept to 

avoid excessive round-off in further 

calculations1. The table below illustrates 

this idea for a linear calibration curve. 

Result from calculation Reported 

m= 0.9898123 ± 0.01464 m=0.989 ± 0.015 

a= 0.2281459 ± 0.025348 a= 0.228 ± 0.025 

• When plotting error bars on the calibration graph, the method used to calculate the error bars should 

be clearly stated. Two generally accepted options are the standard deviation of the replicate 

measurements and the confidence intervals. If error bars are computed using the standard deviation 

option, the number of replicate measurements should be reported, since two points with the same 

Example of linear calibration curve.  Error bars 

correspond to the calculated standard deviation of 10 

replicate measurements 

Outlier?  Grubbs test 
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standard deviation value but obtained with different number of replicate measurements do not have 

the same statistical value.  

• Limit of detection (LOD) is the minimum concentration of analyte that can be detected at a given 

confidence level. For a linear calibration curve (y= a + mC), it is typically defined as: 

𝐿𝑂𝐷𝑆𝑏𝑙 =
𝑘𝑠𝑏𝑙

𝑚
, (𝑘 = 3:  𝑚𝑜𝑠𝑡 𝑎𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒) 

where sbl is the standard deviation of the blank (or the sample with the lowest concentration of the 

analyte available). A minimum of 20 measurements are recommended to obtain the value of sbl. It 

should be noted that this definition is based entirely on the measurement of one unique sample (the 

blank) assuming also that there are no errors in the estimation of the calibration function coefficients. 

An alternative definition3 that has the advantage of being calculated from the whole calibration 

curve, i.e. using all the experimental points, is given by:  

𝐿𝑂𝐷𝑆𝑦/𝑥 =
𝑘𝑠𝑦/𝑥

𝑚
, (𝑘 = 3:  𝑚𝑜𝑠𝑡 𝑎𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒),  

where sy/x is the standard error of the regression and is calculated using the following equation: 

𝑠𝑦 𝑥⁄ = √
∑(𝑦𝑖 − �̂�𝑖)2

𝑑𝑓
    

where yi and �̂�𝑖 are the measured and estimated LIBS metric for the ith sample. The degrees of 

freedom, df, is calculated as the difference between the number of points employed for producing 

the calibration curve and the number of coefficients calculated. A more complete definition of the 

LOD can be found at ISO 11843-2:20004.  

For a quadratic calibration curve (y = aC2 + bC + d) the LOD can be obtained by solving the 

following equation:  

𝑎𝐿𝑂𝐷𝑆𝑏𝑙
2 + 𝑏𝐿𝑂𝐷𝑆𝑏𝑙 = 3𝑠𝑏𝑙  𝑜𝑟 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑙𝑦 𝑎𝐿𝑂𝐷𝑆𝑦/𝑥

2 + 𝑏𝐿𝑂𝐷𝑆𝑦/𝑥 = 3𝑠𝑦/𝑥 

• Limit of quantification (LOQ) is the smallest amount of analyte that can be measured with 

reasonable accuracy and is usually defined as: 

𝐿𝑂𝑄 ≈ 3.33 𝐿𝑂𝐷 

Estimated values between the LOD and the LOQ should be reported as “detected but not 

quantifiable” 

• Precision5 is a measure of the dispersion of the results around the mean value (𝑥) of a set of 

measurements. When the precision of an analytical instrument is evaluated over a short period of 

time the term used is repeatability. It is usually expressed by the relative standard deviation (RSD) 

of a set of replicate measurements: 

𝑅𝑆𝐷(%) = 100
𝑠

𝑥
 , 𝑠: 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 

The precision of a given instrument over different days is termed as intermediate precision and is 

usually evaluated with the aid of control charts (see next section for more details). 

• Accuracy: Accuracy is a measure of the difference between the estimated concentration (Cest.) and 

the true concentration (C). Accuracy is expressed in terms of the relative error, Δ𝐸: 

Δ𝐸(%) = 100
|𝐶𝑒𝑠𝑡. − 𝐶|

𝐶
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Control charts and recalibration of the instrument 

Control charts: A drift/shift or random behaviour 

of the LIBS system can be observed due to different 

causes such as a change in the laser energy, 

distance-to-sample variations or even temperature 

fluctuations that affect the optical alignment of the 

spectrometer components. When a calibration 

curve is used for an extended period of time, control 

charts are usually employed to monitor the 

validity/applicability of the calibration function. 

Even though detailed descriptions of different 

control strategies can be found in the literature (for 

example ISO 11095:19962), a brief description of 

the approach is presented here. In a control 

procedure, standard samples (at least one at the 

upper end of the calibration range and one at the 

lower end) are analysed on daily/shift basis and the estimated concentration values are plotted in a control 

chart. If these values are within the limits defined by the user, the calibration curve can still be employed. 

When the estimated values fall outside the defined limits a recalibration of the system is needed. It should 

be noted that the limits definition is arbitrary and depends on the precision required for each specific 

application.  

Recalibration of the system: It is important to stress that recalibration does not involve the production of 

a new calibration curve. The main idea is to use the knowledge/information acquired during the original 

calibration procedure to recalibrate the system using fewer standard samples, hence minimising the analysis 

time. In the following, two alternatives for the recalibration of the system are discussed:  

• One-point calibration method (ISO 11095:19962): If the calibration function initially obtained is 

linear, the recalibration of the system can be carried out using two standard samples, a blank (or a 

sample at the lower range of the calibration curve) and a sample with an analyte concentration at 

the upper range of the calibration curve. The same experimental conditions and data analysis that 

was employed to the obtaining of the original calibration curve must be employed. Once the two 

samples are measured, a new calibration curve can be obtained from this data. 

• Transformation function method6: Again a minimum of two samples with concentrations in the 

upper and lower range need to be analysed. This method involves obtaining a linear transformation 

function that relates the LIBS metrics determined during the production of the calibration curve and 

the actual LIBS metrics. 

𝑦𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 = 𝐴 + 𝐵𝑦𝑎𝑐𝑡𝑢𝑎𝑙 

Once the linear transformation function coefficients are obtained the function can be applied to the 

new measurements to obtain the transformed LIBS metric and then the original calibration function 

can be used. 

It should be noted that both methods described here use few points to recalibrate the LIBS system and 

thereby the uncertainty of the estimated concentrations using a recalibrated system would be higher than 

that obtained using a new calibration curve produced using the whole set of standards. The one-point 

calibration method it can be only used when there is no doubt about the linearity of the original calibration 

curve. On the other hand, the transformation function method assumes that the drift of the system can be 

described with linear function. It is always advisable to check the performance of the recalibrated system 

using the control charts described above before confirming the validity of the recalibration. 

Example of Control chart using two reference samples. 

When one of the estimated values falls outside the defined 

limits a recalibration of the system is necessary. 
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