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LIBS 

LIBS goes everywhereé 

Desert Tunnels 
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Planets 

Urban environment 
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Ʒ LIBS    

Underwater analytical technologies 

Bow Railing of the Titanic 

Courtesy: National Geographic Society 
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Single pulse excitation 

 

Short ns pulses 

 

 

 

 

 

 

Dual pulse excitation 

 

Short ns pulses 

 

 

 

 

 

 

Multi-pulse excitation 

 

Extended ns pulses 

 

 

 

 

 

 

EXCITATION MODES IN LIBS  
 
Clues for underwater LIBS of submersed solids  

- Simple design 

- Efficient ablation 

- Insufficient energy for  

  plasma formation 

 

- Difficult to maintain in extreme 

  environment 

- Efficient ablation 

- Efficient plasma formation 

- Simple design 

- Large ablation rate 

- Intense plasmas 

 



Monopulse LIBS inside liquids 

LIBS signal generation underwater using dual pulse excitation 

V. Lazic, J.J. Laserna, S. Jovicevic 

Spectrochim. Acta B 82 (2013) 42 



Double pulse LIBS inside liquids 



Factors affecting the DP-LIBS signal  

V. Lazic, J.J. Laserna, S. Jovicevic, Spectrochim. Acta B 82 (2013) 50 
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 Fig. 1. Overview of the remote LIBS instrument used for the analysis of submerged archeological objects. 

S. Guirado,  F.J. Fortes,  V. Lazic,  J.J. Laserna 

 Chemical analysis of archeological materials in submarine environments using laser-induced breakdown spectroscopy. 

On-site trials in the Mediterranean Sea 

Spectrochimica Acta Part B: Atomic Spectroscopy, Volumes 74ï75, 2012, 137ï143 

http://dx.doi.org/10.1016/j.sab.2012.06.032 



Pressurized air supply 

Power unit 

Auxiliary module 



 Fig. 2. Effect of operational parameters on underwater LIBS signal: A) net intensity of Cu (I) (521.93 nm) as a function of the lens-to-

sample distance and B) Cu/background intensity LIBS ratio as a function of the angle of incidence between the laser radiation and 

the sample surface. 
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Depth 

The effect of water pressure: matrix effect 





First Field Trials  
Málaga Bay  
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Materials recognition underwater using LIBS  

Depth ï 30 m 

S. Guirado, F.J. Fortes, V. Lazic, J.J. Laserna 

Spectrochimica Acta, Part B, 2012, 74, 137 



Next generation LIBS system for  
underwater solids analysis  
 
Multipulse excitation through fiber optics  



Multipulse excitation in OF 



Iron sample 



Single-pulse vs multi-pulse excitation 

SP-LIBS 

MP-LIBS 

SP-LIBS 

Å Pulse duration: 8 ns      

Å up to 30 mJ/pulse 

 

MP-LIBS 

Å Pulse duration: 21 ns      

Å up to 95 mJ/pulse 

 

Fe plate 



Implementation - multipulse excitation using an OF 





Single pulse vs multipulse excitation: experimental results 



Single pulse vs multipulse excitation: experimental results 



Ca in pottery 



Depth 

Fractionation in single pulse LIBS 





Single pulse vs multipulse excitation: experimental results 



Calibration curves for bronces 

 

  Single pulse excitation vs multipulse excitation 



Calibration curves for bronces 

 

  In air vs underwater analysis 



 
Features  

Multipulse excitation  
Optical fiber length -  55 m  
Maximum depth -  50 m  
Power consumption -  2700 W  
Weight -  150 Kg  
Dimensions -  75 x 80 x 110 cm (0.66 m 3)  



Builder: Arsenal de Toulon 

Laid down: 1802 

Launched: 1803 

Commissioned: 1804 

In service: 1804-1805 

Out of service: 1805 (wrecked on 23 

October 1805) 

Struck: 23 October 1805 

Captured: 21 October 1805 (Battle 

of Trafalgar) - later re-

captured from the British 

prize crew 

Fate: Wrecked on 23 October 

1805 - CADIZ 

General characteristics 

Class and type: Bucentaure class ship of 

the line 

Displacement: 1 630 tonnes 

Length: Å 51 m (167 ft) (gundeck) 

Å 59,26 m (overall) 

Beam: 14 m (46 ft) 

Draught: 6 m (20 ft) 

Complement: 840 

Armament: Å 80 guns 

Å 30 × 36-pounders 

Å 32 × 24-pounders 

Å 18 × 12-pounders 

Å 6 × 36-pounder 

howitzers 

French ship Bucentaure (1803) 
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Inspection of  
Shipwreck of the Bucentaure  



Gun surface  



Gun  



PIECE OF BALLAST  

UNIDENTIFIED PIECE  

GUN  PIECE OF COPPER  

PIECE OF LEAD  

Other  objects  analyzed   underwater  (depth  -  17  m)  

Inspection of  
Shipwreck of the Bucentaure  



Inspection of the San Pedro de Alcántara -  July 2015  
shipwreck -  unknown date and origin ï  
possibly XVIII century, spanish  
 




