Opticka emisni spektrometrie laserem
buzeného plazmatu - LIBS

Laser Induced Breakdown Spectrometry

LIPS - Laser Induced Plasma Spectrometry

(LAS — laser ablation spectrometry)
(LSS — laser spark spectrometry)




Zakladni princip:

-interakce vzorku s laserovym paprskem o vysoke hustoté zareni
(~0.1 —10 GWcem™ - laserova ablace), pulzni lasery

-prudky ohtev povrchu vzorku, odpareni uvolnéni materialu ve forme
aerosolu a par

emise elektromagnetického zareni

casovym




evny vzorek

ICP-AES laser beam
ICP-MS mikroplasma
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¢astice, aerosol (v plasmatu

odpareni
atomizace

pevny vzorek

praskani N ® / \ zah¥ivani, taveni,
tlakova odparovani, exploze
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Nejcastéji pouzivané typy pulznich laseru:

Pevnolatkové: nanosekundove pulzy
Nd:YAG - 1064 nm zakladni vlnova délka
- 532 nm druha harmonicka frekvence
- 266 nm ctvrta harmonicka frekvence

Ti-safirovy — femtosekundove pulzy




Vliv délky pulsu

pii1 kratSich pulsech snizovani taveni a naparovani materialu, minimalizace
frakcionace selektivnim vyparovanim z taveniny

mensi energie mikroplazmatu — sniZzovani atomizace materialu ablatovaného ze

vzorku
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Field-Portable LIBS Analyzer

Limity detekce (kovy v pudé€)
Be 10 ppm

Ba 320 ppm

Pb 156 ppm

palmtop cormputer

analyziz unit  [contains
spectragraph, detector, and
lazer powersipply
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Detekce s vyuzitim optického vlakna




Detekce s vyuzitim optického vlakna




LASER
1064 nm 266 nm

Nd:YAG Brilliant ‘ ‘ ‘

10 Hz 5 ns



LIBS

‘ Nd:YAG Brilliant

10 Hz 5 ns
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Instrumentace: Monochromator TRIAX 320 (Czerny — Turner 320 mm),
3 miizky (1200, 2400 a 3600 vrypli/mm), vstupni a vystupni Sté€rbina 0-2mm
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Fotonasobic
Hamamatsu R928

Klicovaci patice
C1392 — 56 (off-typ)

Pridavna elektronika
fizeni fotonasobice
impulsem Q — switch
délka okna 5 az 25us
us




Casovy rezim laseru

100 ms (10 Hz)
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Casovy rezim meéreni
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Profil ¢ary Ni(I) 352.454 nm

1000

Energie laseru 60 mJ
nap¢ti na fotonasobici— 1015V

vstupni/vystupni Stérbina 0,01 mm
vzorek 597 (11,84 % Ni)

s 0rr? v




Prubéh signalu 50 ns az S us po pulsu laseru v maximu ¢ary Cr I - 520,84 nm (I
na pozadi p¥i 520,50 nm (I,) a rozdil signali v maximu a na pozadi (I, .- I,).
Meéreni vzorku 558 (27,98 % Cr), primérny signal po 128 pulsech laseru.
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Si(I) 288,158 nm odecet pozadi 288,358nm (I, .- I,).
prumérovani 128 pulsi laseru
3 méreni v ruznych mistech vzorku

Si 288,158 nm
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Intenzifikovany CCD detektor (1CCD)

Jobin Yvon
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Amplitude Andor IntelliGate™

(Arbitrary Units) Typically <200 ns
f=

MCP (microchannel plate)
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Aplikace

» rychlé snimani celych spekter

» méteni v prostiedi ochranné atmosféry (Ar, He) nebo pfimo na vzduchu

»sondy s optickymi vlakny — méfeni na neptistupnych mistech (napt. kontrola svart

pod vodou)




Aplikace

»analyzy na dalku (1-10 m) — taveniny, nepfistupna zatizeni (Casti atomového reaktoru

za olovénym sklem)
»analyza kovovych materialli, keramickych materiald, skel, nerostnych surovin
»single — shot rezim (minimalni naruseni vzorku — vyrobku ¢i zafizeni)
»analyza archeologickych nalezii, uméleckych predméta
»monitoring zivotniho prostiedi, vyrobnich procesii

>analyza a tiidéni odpadii pevne vzorky  plyny kapaliny




Lokalni analyza — mikroanalyza




Mapovani povrchu

Mapovani povrchu hlinikoveé slitiny

TrETTrL

Distance,

266 nm, 8 ud

|.V. Cravetchi et al. / Spectrochimica Acta Part B 59 (2004) 1439-1450



Mapovani povrchu
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Mapovani povrchu
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Schematic of the micro-LIBS experimental setup.

Micro-laser-induced breakdown spectroscopy technique: a powerful method for performing quantitative surface
mapping on conductive and nonconductive samples

Denis Menut, Pascal Fichet, Jean-Luc Lacour, Annie Rivoallan, and Patrick Mauchien

20 October 2003 Vol. 42, No. 30 APPLIED OPTICS



Mapovani povrchu
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Fig. 2. Resolution of micro LIBES measured on a steel sample
during a mapping test. The surface profile was obtained with the Fig. 4 Amnalytical resolution of a laser probe. At least four lazer

uze of a hight-phase microscopic interferometer. shot= are required for the best concentration.
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Fig. 5. Mapping of a ceramic pellet surface with 2-pm spatial [CmdICat + 1K) ua.)
resolution before and after heating of the pellet. Fig. 6. Calibration of Ce in [CeO,, UD,] pellets.

Denis Menut, Pascal Fichet, Jean-Luc Lacour, Annie Rivoallan, and Patrick Mauchien
20 October 2003 Vol. 42, No. 30 APPLIED OPTICS




Mapovani povrchu
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Fig. 7. Identification and characterization of the location of an impurity in a s sample with 2-pm spatial reaclhation.

Denis Menut, Pascal Fichet, Jean-Luc Lacour, Annie Rivoallan, and Patrick Mauchien
20 October 2003 Vol. 42, No. 30 APPLIED OPTICS



Stanoveni hloubkoveho profilu

vyhody jednoduchost, cena, minimalni priprava vzorku, vyuziti pro
ruzné druhy vzorku, atmosféricky tlak (dalSi metody - GD-OES, LA-ICP-
OES/MS, SIMS, EPXMA)

»>Vliv vlastnosti laseroveho paprsku na tvar krateru a hloubkové rozliseni
(vinova delka, profil paprsku délka pulzu)

»Siroky rozsah - tloustky vrstev (desitky nm az stovky um)



Hloubkovy profil

B Primérna ablaéni rychlost (AAR)

[nm/pulz]

Intenzita

tloustka vrstvy




Vzorky

Tloust’ka Zn Obsah Zn
Vzorek )
vrstvy [um] [g.cm™]
Galfan 6 59
Galvanneal 9 59,1




Kratery
500




Vzduch

3D profily ablaénich krateru

po dopadu 200 laserovych
pulzi o energii 100 mJ

Helium



Vliv Casové prodlevy

Helium

S us 10 us

1,0 1 1,0 -




Intenzita

Hloubkové rozliseni
DR = AAR * dr

Pocet pulzl

Helium (100 mJ/pulz)

Tloust’ka vrstvy DR Fe [um] DR Zn [pm]

Vzorek Zn [um] 5 10 5 10




Stanoveni prostoroveho rozlozeni prvku ve
vzorcich
3 D mapovani

»kombinace mapovani povrchu a stanoveni hloubkoveho profilu

wliv vlastnosti laseroveho paprsku na tvar krateru, hloubkové a
prostoroveé rozliSeni (vinova deélka, profil paprsku délka pulzu)

»aplikace na vrstevnaté materialy (keramické dlazdice)

»zatim nepfilis rozSifena technika (postery na konferencich)



Analyza uméleckych predmeétu
Hellenic Project for Wider Application (Recko)
mnozstvi materialu 20-200 ng

hloubka krateru 1-20 pm
prameér krateru < 100 um




Analyza uméleckych predmeétu
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K. Melessanaki et al. Spectrochimica Acta Part B: Atomic Spectroscopy 56(2001)23372346



Analyza uméleckych predmeétu

Fig. 2. Fragment of Foman sculpture: the areas analyzed by LIBS are shown by ammows.

F. Colao et al. / Spectrochimica Acta Part B 57 (2002) 1219—1234



Kombinace LIBS a LIFS

Monitor

Detection
System:

Drelay generator,
PC, Dhode Array

Nd: ¥ AG Laser

Focnsing  Ablation Plume
- r's

Lens

elay Generator

Yelavel Pulse
Delavefl Pulse Mirror

MNd: ¥ AG laser

Sensitive and selective spectrochemical analysis of metallic samples: the combination of laser-induced breakdown
spectroscopy and laser-induced fluorescence spectroscopy: H.H. Telle,, D.C.S. Beddows, G.W. Morris, O. Samek
Spectrochimica Acta Part B 56 (2001) 947-960



Kombinace LIBS a LIFS

Beam

Expander meZe detekce ~ 1 ppm

Radiation from

doubled Ti:sapphire \ \' kOVOV)'/Ch mate rIéIeCh

Sample and
Positioning

Stage,

FIIR
Mlodulator
Cilan

Radiation from  Polarisor
Fundamental of
Nd:YAG

Table 1
Experimental parameters for LIFS for elements investigated in this study. Eelevant speciral data are included

Element Frobe Oibservation T Experimental Fulse energies
wavelength wavelength (ns) sEL-up Probe ‘Ablation

39440 (2w 3615 ; 4 20

42540 (2w} 2748 3: 15
425.97

42508 (2w) 43258 ? L:F; M
450,79 29

5i 251.61 (3w) 28816 5.3 L.F 1 20

Abbreviarions: L, laboratory set-up F, remote fibre set-up: M, remote FTTR modulator set-up. Values for the radiative lifetimes
 were obtained from Lide [15].




Kombinace LIBS a LIFS
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Kombinace LIBS a LIFS

optical fiber

spectrometer

measuring
chamber

various
directions
for plasma
observation

Analysis of heavy metals in soils using laser-induced breakdown spectrometry combined with laser-
induced fluorescence

Frank Hilbk-Kortenbruck,, Reinhard Noll, Peter Wintjens, Heinz Falk, Christoph Becker
Spectrochimica Acta Part B 56 (2001) 933-945



Kombinace LIBS a LIFS
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Frank Hilbk-Kortenbruck,, Reinhard Noll, Peter Wintjens, Heinz Falk, Christoph Becker
Spectrochimica Acta Part B 56 (2001) 933-94



Kombinace LIBS a LIFS

5P E=5418 eV

arsenic
cadmium
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nickel i 515, E = 0.000 eV

thallium a) cadmium
Zinc

228.80 nm

. ) . o 6 2D E = 4.489 8V
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Fig. 7. lllustration of the detection limits (LOD,, ) demon-
strated with LIBS {O) and LIBS-LIF { &) for the analysis of
soils at atmospheric pressure in comparison with German
regulatory limits for unpolluted soils (Z0, O). The bars depict
the range of analyte concentrations covered by the calibration y 6PxE=0986eV

samples.

276.78 nm

51 zpﬂzn E = 0.000 eV

Frank Hilbk-Kortenbruck,, Reinhard Noll, Peter Wintjens, Heinz Falk, Christoph Becker (b) thallium
Spectrochimica Acta Part B 56 (2001) 933-94




opticky kabel .
tavenina

Nd: YAG - Laser

Al trubka

Nd: YAG laser
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Hloubka:

Délka:
Vyska:
Vaha:

Laser:

Spectrolaser 1000HR

38cm
72cm
30cm
25kg
Nd:YAG 1064nm

Optika: 4 Czerny-Turner Spektrografy
Detektory: 4 CCD (simultanni rezim)
Rozsah: 180 - 930nm

RozliSeni: ~ 0.15nm
Doba Analyzy: 20 s




PharmaLIBS™ 250




L.os Alamos National Laborator

kontrola nozd na bobech: Zimni Olympijské Hry v Salt Lake City 2002
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NASA - vyvoj marsovskeho vozitka
vybavencho LIBS analyzatorem

ChemCam (Curiosity rover)
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V soucasné dobé€ aktualni a rozvijejici se technika:

pokrok ve vyvoji lasert (spolehlivost, cena, velikost)

relativné jednoducha instrumentace (kompaktni pfenosna zatizeni)

in—situ a on-line monitoring (sondy s optickymi vlakny)

méfeni ,,na dalku* (remote monitoring)

aplikace na Sirokou Skalu materialti — priimysl, zivotni prostiedi, medicina ...
vyvoj komercnich pftistroji

vyzkum a vyvoj novych metod stanoveni

Mezinarodni konference

rancie)
LIBS 2008 (Berlin, Némecko)
EMSLIBS 2009 (Tivoli Terme, Rim, Italie)
LIBS 2010 (Memphis, Tennessee, USA)
EMSLIBS 2011 (Izmir, Turecko)
LIBS 2012 (Kahira, Egypt)
EMSLIBS 2013 (Bari, Italie)

LIBS 2014 (Peking, Cina)
EMSLIBS 2015 (Linz, Rakousko)

LIBS 2016 (Chamonix, Francie)
EMSLIBS 2017 (Pisa, Italie)

LIBS 2018 (Atlanta, USA)

EMSLIBS 2019 (Brno, Ceska Republika)




