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ABSTRACT: 

Laser Induced Breakdown Spectroscopy (LIBS) is a technique that allows a straightforward and 
fast analysis of materials. Despite of its multiple advantages, including analysis of solids, liquids 
or gases, without sample preparation under atmospheric conditions, LIBS suffers several 
drawbacks such as relatively poor sensitivity and lack of reproducibility in comparison with 
others methods. In an effort to improve its analytical performance, two different double pulse 
approaches, a collinear femtosecond and an orthogonal nanosecond schemes, have been tested in 
the case of metallic samples. 
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RESUMEN: 

La espectroscopia de plasmas inducidos por láser (LIBS) es una técnica empleada en el análisis de 
materiales que puede aplicarse a sólidos, líquidos o gases, y no requiere de la preparación de la 
muestra, ni trabajar en condiciones atmosféricas particulares. Sin embargo, posee una baja 
sensibilidad y reproducibilidad comparada con otros métodos. Con el objetivo de mejorar las 
prestaciones analíticas de la técnica, se han empleado dos configuraciones de doble pulso láser en 
el caso de muestras metálicas. 

Palabras clave: Espectroscopia de Plasmas, LIBS, Doble Pulso. 
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1. Introduction 

Laser Induced Breakdown Spectroscopy (LIBS), 
also found in the literature as Laser Induced Plasma 
Spectroscopy (LIPS), is an analytical technique that 
allows obtaining the elemental composition of a 
sample through the detection of the plasma emission 
produced by a laser-ablation process [13]. Briefly, 
when a laser pulse is focused on a sample’s surface, 
a plasma constituted by the elements located in a 
small volume of the sample is generated. This 
plasma includes atoms, ions, molecules, clusters and 
fragments, which emit radiation during the de-
excitation process mainly in the range 200-900 nm. 
Since the atomic transitions are unique for each 
element, the spectroscopic analysis of this radiation 
allows obtaining the elemental composition of the 
sample. 

Comparing with other analytical techniques, LIBS 
offers several advantages such as simplicity and 
robustness of the instrumentation. The analysis of 
solids, liquids or gases under atmospheric conditions 
is possible without any specimen preparation. 
Moreover, there is no sample size or shape 
constriction and the analysis is performed in few 
seconds allowing measurements in field or under 
industrial conditions. Furthermore, due to the optical 
nature of the technique, stand-off analysis is possible 
which permits measuring in hostile environments 
and under extreme conditions.  

During the last decades, LIBS applications have 
grown steadily in several niches including industrial, 
environmental and cultural heritage fields [4-6]. 
Despite of the multiple advantages of LIBS, 
analytical performance in terms of limits of 

detection and reproducibility is frequently lower 
than other analytical techniques such as inductively 
coupled plasma mass spectroscopy. A high amount 
of work has been carried out in order to improve the 
analytical capabilities of LIBS. Several ways have 
been explored such as the use of double pulse 
schemes, ultrashort lasers or buffer gases [7-13]. In 
this work, the effect of two different double pulse 
arrangements on the LIBS signal acquired from 
brass analysis has been studied. The first set of 
experiments was performed using a collinear double 
pulse configuration with ultraviolet femtosecond 
pulses. When a suitable interpulse delay is chosen, 
the collinear arrangement leads to an enhancement 
of the LIBS signal of 5 fold and a significant 
increase of the reproducibility compared with the 
single pulse case. The second set of experiments was 
carried out using an orthogonal double pulse 
arrangement with nanosecond laser pulses. In this 
case, an ultraviolet radiation was focused onto the 
sample while an infrared one was directed parallel to 
the surface in order to reheat the ignited plasma. The 
use of the orthogonal configuration allows obtaining 
acceptable analytical signal using very low ablative 
energy pulse, thereby minimizing the sample 
damage, very important issue when dealing with 
cultural heritage specimens. 

 

2. Experimental set-up 

2.a Collinear femtosecond double pulse 
experiments 

Double pulse femtosecond LIBS experiments were 
carried out with a laser source emitting 450 fs pulses 
at 248 nm with a repetition rate of 1-5 Hz. In order 
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to generate two pulses and introduce a controlled 
interpulse delay between them, a Michelson 
interferometer was used to split the initial beam in 
two different arms with equal energy (~0.5 mJ). One 
of the arms features a micrometer resolution 
motorized translation stage which allows introducing 
an interpulse delay Δt between the laser pulses 
within the range 0-1000 ps. The two collinear pulses 
were focused by a 75 mm focal length fused silica 
lens down to a spot diameter of about 150 μm. 
Plasma emission was collected through the focusing 
lens and the collimated light passing through a 
dichroic mirror was focused into an optical fiber 
connected to an imaging spectrograph (TRIAX-320, 
Jobin Yvon/Spex) equipped with an intensified CCD 
detector (DH520-18F, Andor Technology). Fig. 1 
depicts the schematic experimental setup. 

 

 
Fig. 1. Schematic diagram of the experimental setup for 
the collinear double pulse measurements. 

 

2.b Orthogonal nanosecond double pulse 
experiments 

For the nanosecond orthogonal double pulse studies, 
two Nd:YAG lasers were employed. A 355 nm 
nanosecond pulse was focused onto the sample 
though a fused silica lens (50 mm focal length) 
down to a spot diameter of 100 μm while a 1064 nm 
pulse laser was used to reheat the ignited plasma. 
The reheating pulse was delivered parallel to the 
sample’s surface and focused using a 200 mm focal 
length lens. A delay generator allowed controlling 
the interpulse delay between pulses. Plasma 
emission was collected using a fiber optic connected 
to an imaging spectrograph (MS257, Oriel) equipped 
with an intensified CCD detector (DH520-18F, 
Andor Technology). A schematic diagram of the 
experimental setup is shown in Fig. 2.  

Both experiments were carried out using brass 
samples (60% Zn, 40% Cu). 

 
Fig. 2. Schematic diagram of the experimental setup for 
the orthogonal double pulse measurements. 

 

3. Results and discussion 

3.a Collinear femtosecond double pulse 
experiments. 

It has been proven that ultrashort pulses increase the 
ablation reproducibility. However, due to the lack of 
interaction between the ignited plasma and the laser 
radiation, femtosecond pulses yield spatially smaller 
plasmas and lower intensities of spectral lines in 
comparison with the nanosecond pulse case. Aiming 
in the enhancement of the femtosecond LIBS 
intensity signal, a collinear double pulse 
configuration was evaluated. It was found that when 
an adequate interpulse delay is used, that is 200 ps, 
double pulse scheme leads to an increase of the 
LIBS signal ranging from 5 to 10 fold depending on 
the line emission. Fig. 3 shows a comparison 
between single and double pulse spectra using the 
same total energy, 1 mJ.  

In addition, it has been found that the double pulse 
arrangement enhances the reproducibility of the 
LIBS analysis. The relative standard deviation was 
reduced from values of around 25% in the single 
pulse scheme to values lower than 10% in the double 
pulse one over a set of 50 different measurements in 
each case. 

3.b. Orthogonal nanosecond double pulse 
experiments 

Some applications, mainly those related with 
cultural heritage, require a minimal damage on the 
sample. In order to achieve this, low pulse energy 
would be used although this option is restricted 
because of the low emission intensity of the 
generated plasma. For this reason, an orthogonal 
nanosecond double pulse configuration was studied. 
Using the same total energy, single and reheating 
orthogonal double pulse schemes were compared in 
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terms of crater diameter and LIBS intensity when a 
brass sample was analyzed. As we could expect, 
since the reheating pulse is directed parallel to the 
sample, both craters have equal size and a small 
crater diameter of 30 μm was found when 3 mJ per 
pulse was employed. 

When double pulse configuration is used, a 
considerable enhancement of the emission intensity 
was found, as can be seen in Fig. 4. This fact allows 
reducing even more the ablative energy pulse, 
reducing thereby the sample damage and still 
maintaining a high intensity analytical signal. 

Fig.3. Comparison of LIB spectra of a brass sample using a collinear double pulse (upper curve) and single pulse scheme 
(lower curve). A total energy of 1 mJ and delay between pulses of 200 ps were employed in the double pulse experiment. 
Single pulse spectrum was scaled (5) for visualization purpose. 
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Fig.4. Comparison of spectra of a brass sample using an orthogonal reheating double pulse (upper curve) and single pulse 
scheme (lower curve). An ablation energy of 3 mJ was applied in both configurations. In the double pulse case, a pulse 
energy of 200 mJ and a interpulse delay of 1 μs were used for reheating the plume ignited by the first pulse. Single pulse 
spectrum was scaled (5) for visualization purpose. 
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4. Conclusions 

Two different double pulse arrangements have been 
tested in order to enhance LIBS features. In the first 
one, a collinear scheme with a femtosecond source 
was employed, leading to an improvement of a 
factor ~5-10 in the LIBS signal, in comparison with 
single pulse irradiation. Moreover, the 
reproducibility of this signal was multiplied by a 
factor of 2, improving the statistics of the analysis. 

The second set of experiments was carried out 
using an orthogonal double pulse scheme with a 
nanosecond source. This configuration permitted 
obtaining good analytical signal at low energy 

pulses by reheating the plasma ignited with the first 
pulse. This arrangement can be suitable for those 
applications where a minimal damage in the object 
is required. 
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