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* LIBS — shrnuti

Specialni Aplikace LIBS
* Studium Cistoty a homogenity kapilarniho plazmatu

* Vyuziti laserovych ablaci ve stomatologii

* Ur€eni slozeni zubnich past
* Ur€eni slozeni zubnich vyplni
 Pfimési v zubech
» LIBS analyza kapalin / v kapalinach
 LIBS vyuzitim dvou laserovych pulzl
* LIBS vyuzitim jednoho laserového pulzu

LIBS jako doplnujici detekéni metoda
* Detekce stopovych prvku v rostlinach

,LIBS® s laserem vyzarujicim na 46,9 nm



LIBS - shrnuti

- Technika LIBS vyuziva intenzivni zafeni (fAddové GW/cm?), vytvofené
fokusovanim laserového svazku pulzniho laseru ke generaci sviticiho
mikroplazmatu (z pevnych, kapalnych nebo plynnych vzorku)

v ohniskové vzdalenosti fokusujici CoCky.

« Slozeni plazmatu odpovida slozeni analyzovaného materialu.

- Typicka LIBS plazma je generovana pouzitim laserového svazku
o energii 10-50 mJ v pulzech s dobou trvani pfiblizné 10 ns.

« Fokusovanim tohoto svazku na plochu o velikosti ~0,01 mm? muzeme

dosahnout elektronové hustoty od 10" cm=3 do 10'® cm-.



LIBS - shrnuti

- K vyuziti metody LIBS k analytickym ucelum je nutné urcit parametry
laserem generovane plasmy a to elektronovou hustotu, teplotu, tvar
spekiralnich Car a jejich vliv na analytické vysledky.

« Detekeni limity se pohybuji od desitek do stovek ppm.

« Snizeni detekcnich limitu (az na jednotky ppm) muze byt dosazeno,
pokud jsou atomy daného prvku v jiz vytvofeném plazmatu excitovany
laditelnym kontinualnim &i pulznim laserem (metoda LIBS+LIFS).

- LIBS muze byt aplikovana pro rychlou a jednoduchou zékladni analyzu
materialu (vyhodnoceni dat v realném Case).

- Zadna nebo velmi mala pfiprava analyzovaného materialu.

« Moznost mobilni spekiroskopické analyzy.



LIBS - shrnuti

» Od pocatku existence LIBS az do soucasné doby se
vyskytuji velmi rozmanité oblasti aplikaci, popsané v mnoha
odbornych publikacich.

- Jako priklad bychom mohli uvést monitorovani kvality
materialu a svaru v pfipadé kovovych konstrukci nebo
oblast monitorovani zivotniho prostredi (kapalné, plynne,
pevne vzorky); zkoumani kontaminaci v prumyslovych i
tézko dostupnych/nebezpeénych prostredich vyuzitim

optickych viaken atd.



LIBS

Specialni Aplikace LIBS
* Studium Cistoty a homogenity kapilarnino plazmatu

* Vyuziti laserovych ablaci ve stomatologii

 Ur€eni slozeni zubnich past
* UrCeni slozeni zubnich vyplni
 Pfimési v zubech

* LIBS ve vodé/pod vodou (kapalinou)

* LIBS vyuzitim dvou laserovych pulzu
» LIBS vyuzitim jednoho laserového pulzu



LIBS - Studium ¢istoty a homogenity kapilarniho

plazmatu

* Motivace: Studium Ccistoty kapilarnino plazmatu - méfeni Cistoty a
homogenity Al vrstvy vytvofené pomoci kapilarniho vyboje v ruznych
mistech metal-vapor generatoru.

3

a) b)

a) Nacrt experimentalniho zarizeni pro generaci plazmatu: 1 — kapilara, 2 — anoda, 3 —
katoda, 4 —kondenzator, 5 — civka, 6 — generator HV pulzt, 7 — vakuova komora, 8
— tok plazmy.

b) Generator s difuzni komorou: A — generator, B — difuzni komora C — kanal pro
homogenni plazmu.



LIBS - Studium ¢istoty a homogenity kapilarniho

plazmatu

* Motivace: Studium Ccistoty kapilarnino plazmatu - méfeni Cistoty a
homogenity Al vrstvy vytvofené pomoci kapilarniho vyboje v rdznych
mistech metal-vapor generatoru.
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LIBS - Vyuziti laserovych ablaci ve stomatologii

Urcéeni slozeni zubnych past

« Motivace: Lidské zuby jsou kazdodenné vystavovany mnozstvi
chemickych latek pfi pfijimani potravy, pfi ¢isténi zubl nebo pfitomnosti
zubnich vyplni. Kazda z téchto latek muze kontaminovat zub a urcité
prvky mohou migrovat i do zubni tkané. Z téchto ddavodu bylo
experimentalné zjisténo slozeni péti vybranych zubnich past. V
pocate€nich experimentech byly detekovany prvky jako napf. Ti, Zn, Cr,
CaaAl



LIBS - Vyuziti laserovych ablaci ve stomatologii

Urceni slozeni zubnich past
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LIBS - Vyuziti laserovych ablaci ve stomatologii

76000 - ﬂ T 68000

Urcéeni slozeni zubnich vyplni

Dals$i latka, kterd muze potencionalné Ej ﬂ ﬂfm v
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Obr. 5a Spekirum ziskané ze zubni vyjplné - amalgam Obr. 5b  Spektrum ziskané ze zubni vypIn& A - bild 11



LIBS - Vyuziti laserovych ablaci ve stomatologii

Primeési v zubech

* Protoze Al bylo zjisténo jako pfimés jak v zubnich pastach, tak i ve
vyplnich, byly dalSi experimenty zaméreny pouze na tento prvek.

- Na vzorcich 20 lidskych zubl (z toho Sesti détskych) byly provedeny
LIBS experimenty vedouci k identifikaci Al asi v jedné tretiné vzorku.

« Al bylo pfitomno jak ve vrchni vrstvé zubu, tak i v jeho objemu (zub je
slozen pfedevsim z hydroxyapatitu, vody a kolagenovych viaken).

« Prekvapivé bylo, ze k migraci Al doslo i u dvou prvnich détskych zubd.

- Dané experimenty naznacuji, Zze k migraci mohlo dojit z Al obsazeného v

zubni pasté nebo vyplni.

12



LIBS - Vyuziti laserovych ablaci ve stomatologii

Primeési v zubech
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Spektrum ziskané ze zubu (vzorek od dospélého pacienta)
ve vzdalenosti 1,5 mm od kraje vyplné. Zub byl podéIné rozfiznut.
Vyplii byla centrovdna uprostied zubu a méla pfibliZn€ kruhovy tvar,
polomér 1 mm
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LIBS - Vyuziti laserovych ablaci ve stomatologii

Kvantitativni analyza

Kalibraéni krivky

Table 1

Contents of sample pellets — Al /Pb/Sr weight relative to Ca weight.| Matrix, CaCOy; aluminium trace, AI(NO,); X 9H,0; lead

trace, PbCO, Pb(OH),; and strontium trace, SrCO}

Element concentration, relative to Ca (%)

Sample no. 1 2 3 4 5 6 7

Al 0.024 0.037 0.057 0.118 0.19 0.50 1.00
Pb 0.028 0.034 0.067 0.112 0.22 0.49 0.97
Sr 0.025 0.030 0.065 0.124 0.25 0.62 1.00

"Measurement error in trace amounts: 0.002.

SAMEK, O. BEDDOWS, D.C.S. TELLE, H.H. KAISER, J. LISKA, M CACERES, J.O.
URENA, A.G.: Spectrochimica Acta Part B 56, 2001, 865-875. 14



LIBS - Vyuziti laserovych ablaci ve stomatologii

Kvantitativni analyza

Kalibraéni krivky
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Fig. 3. Calibration curves for (a) (b) and (c) Sr, ob-
tained applying univariate analysis to line ratios of the trace
element and Ca, recorded from reference pellets (CaCO,
matrix). For the calibration, line pairs included \,; = 308 nm,
Ay =309 nm, Ag, =461 nm and Ap, =261 nm for the trace

element, and k-, =272 nm, A, =301 nm, A\, =432 nm and
Acy =453 nm for calcium. (3-::) are marked
by DL. Selected measurement data from and

samples are included (indicated by open symbols).
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LIBS - Vyuziti laserovych ablaci ve stomatologii

Kvantitativni analyza

Srovnani
Table 2
Relative and absolute contents of Sr and Ca in bone and teeth
Sample Measurement Average Ca in Sr content Sr /Ca ratio Reference
method specimen (%) (ppm) (ppm)
Human bone ICP-AES =24.5% 60-280 = 250-1100 [20]
(general average)
1ibia bone LIBS it + 65 This work
Femur bone LIBS 330 + 28 This work
Femur bone® AAS 205+ 12 This work
Teeth (dentin) AAS =28.2% 200 710 [19]
Wisdom tooth (enamel) LIBS 310 & 26 This work
Wisdom tooth (dentin) LIBS 220 + 20 This work

“Cross-reference measurement.

SAMEK, O. BEDDOWS, D.C.S. TELLE, H.H. KAISER, J. LISKA, M CACERES, J.O.
URENA, A.G.: Spectrochimica Acta Part B 56, 2001, 865-875. 16



LIBS - Vyuziti laserovych ablaci ve stomatologii

Prostorove rozlozeni
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Fig. 5. One-dimensional measurement map for the ratio of
Mg content to Ca content, for a section of a caries-infected
tooth. The increased Mg concentration clearly identifies the
part of the tooth ‘softened’ by caries.

Fig. 4. One-dimensional measurement map for Sr concentra-
tion, recorded along the outside of an infant’s tooth. The
differences of Sr concentration in the tooth parts of different
hardness are quite evident.
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LIBS - Vyuziti laserovych ablaci ve stomatologii

Prostorove rozlozeni
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Fig. 6. Two-dimensional measurement map for Sr concentra-
tion, recorded from a cross-sectional cut through a wisdom

tooth. The Sr concentration diminishes toward the root canals
(black in areas in the picture).

SAMEK, O. BEDDOWS, D.C.S. TELLE, H.H. KAISER, J. LISKA, M CACERES, J.O.

URENA, A.G.: Spectrochimica Acta Part B 56, 2001, 865-875. 18



LIBS - Vyuziti laserovych ablaci ve stomatologii

Prostorove rozlozeni
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Fig. 7. Two-dimensional measurement map for Sr concentra-
tion, recorded from a cross-sectional cut through a tibia bone.
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SAMEK, O. BEDDOWS, D.C.S. TELLE, H.H. KAISER, J. LISKA, M CACERES, J.O.
URENA, A.G.: Spectrochimica Acta Part B 56, 2001, 865-875. 19



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivajici dva laserove pulzy

*  Princip:
* Prvni laserovy pulz vytvofi plynovou bublinu (odpafi ¢ast roztoku).
« Druhy pulz zahfeje/ionizuje plyn+pary uvnitf bubliny (v ¢ase maximalni
expanze)
» dulezita synchronizace
 Lze pouzit na detekci pfitomnosti riaznych chemickych prvka v

kapalinach nebo na analyzu predmétt ponofenych v kapalinach.

20



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivajici dva laserové pulzy — Priklad — detekce

manganu v roztoku
Vyuziti: - napf. monitorovani kvality pitné vody — WHO a EN ISO 11885 1198 —
03/EPA: Mn 0,5 - 0,05 mg/I

ICCD
e Spectrometer ]f,,,_ O S
ptical Fibre

Delay Generator 2 Generace plazmatu
Tt A B
o (P o N A=532nm,t=6ns
i 'z'm” e 1. puls 7 MW/cm?

Delay Generator 1

\ 2. puls 6,2 MW/cm?
T FI1 Qi Fi2 Q2 Lamp M:} .
00000

F=100 f=50| C—J At =80 ps
Sample Cell with mag\netic stir bar (maximum expanse
bubliny vytvorené
Fig. 1. Schematic dual-pulse LIBS setup. prvnim pulsem)

KOCH, S. COURT, R. GAREN, W. NEU, W. REUTER, R.: Spectrochemica Acta Part B
60, 2005, 1230-1235. 21



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivajici dva laseroveé pulzy — Priklad

—:-IUI+1 200 pm

laser induced
plasma emission

Fig. 2. Shadow image of cavitation bubble showing the laser ablation fibre
(lefi) and the spectroscopic fibre (top).

Generace plazmatu
A=532nm,1=6ns
1. pulz 7 MW/cm?

2. pulz 6,2 MW/cm?

AT = 80 ps

(maximum expanse
bubliny vytvorené
prvnim pulzem)

KOCH, S. COURT, R. GAREN, W. NEU, W. REUTER, R.: Spectrochemica Acta Part B

60, 2005, 1230-1235.

22



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivajici dva laseroveé pulzy — Priklad

— e
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Nastaveni pozic

Optical Fibre op:[iclsyczh vlaken a
snimani
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bubliny a emise
plazmatu.
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] ) i,
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— A =532 nm

Delay Generator 1
T Hiol piooa2

oo Lokalizace vzniku

bublin + emise plazmy
(kFemikovy terc)

Sample Cell with magnetic stir bar

Fig. 1. Schematic dual-pulse LIBS setup.
Casovani experimentu:

DG 1: Energie Pulzu 1, Energie Pulzu 2, Zpozdéni mezi pulzem 1 a 2.

DG 2: Spektroskopicka analyza (pozorovaci okno: zpozdéni 450 — 600 ns,
délka 1 - 10us), Snimani plazmy (Casoveé rozlisend)

KOCH, S. COURT, R. GAREN, W. NEU, W. REUTER, R.: Spectrochemica Acta Part B
60, 2005, 1230-1235. 23



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivajici dva laserové pulzy — Priklad, Vysledky
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Fig. 5. A: Calibration curve between 6 and 100 mg'l Mn, 10 mg/l Srand 51 as internal standards; B: Calibration curve between 0.02 and 6 mg/l Mn, 1 mgl Sr
as mtemnal standard. The mset shows a magnification of the values down o 0.6 mg/l.

Kalibraéni kfivky sestrojeny pomoci znamych koncentraci stroncia (Sr) a kfiemiku (Si).

KOCH, S. COURT, R. GAREN, W. NEU, W. REUTER, R.: Spectrochemica Acta Part B
60, 2005, 1230-1235. 24



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivajici dva laserové pulzy — Priklad, Vysledky

Table 1
Compilation of expermmentally determmed manganese concentrations,
pollutton limits, and seasonal variations in the Wadden sea

Reference MmN ~Concentration Mg ~concentration)
pumol/|

LIBS LoD

samek et al. [9] 10 mgl 182,02

Yueh et al. [10] T00 pg/l 12.74

Kumar et al. [11] 0.6 ppm 10.92

This paper B0 pgl 1.46

Pollution limits in drinking water
WHO [19] 0.5 mg/l 9.10
EPA [20] 005 mg/l 091

Concentration in the Wadden sea
Summer [ 18] 88 gl 1.60
Winter [ 18] 0.5 pgl 0.01

All concentrations are also given i micromoles per liter.

Experimentalné stanoveny koncentrace manganu (z predes$lych praci).
Diskutovana prace: detekéni limit ~ 80 ug/I.

KOCH, S. COURT, R. GAREN, W. NEU, W. REUTER, R.: Spectrochemica Acta Part B
60, 2005, 1230-1235. 25



LIBS - analyza kapalin / v kapalinach

Neslo by to jednim laserovym pulzem?

26



LIBS - analyza kapalin / v kapalinach

LIBS vyuzivaijici jeden laserovy pulz

Spectrometer
fibre

Air supply
Fibre-air tube
com bination

Nd: YAG laser Lenges
Quantel Brilliant
- Pres optické vlakno se Sifi ablacni pulz

Energy ke vzorku, vlakno rovnéz slouzi k

afténuation Mirror with

hole in centre

prenosu svetla emitovaného vytvofenou
mikroplazmou do spektrometru.
- Laserovy pulz dopada pod

naraznikovym plynem (buffer gas).

Fig. 1. Schematic layout of the underwater LIBS arrangement.
Inset: enlarged view of the target site.

BEDDOWS, D.C.S. SAMEK, O. LI§KA, M. TELLE, H.H.: Spectrochemica Acta Part B
57, 2002, 1461-1471. 27



LIBS - analyza kapalin / v kapalinach

Srovnani méreni pod vodou a ha vzduchu
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Fig. 6. LIBS spectra obtained for different ‘stone’ samples sub-
merged under water: (a) brick: (b) pre-fabricated slab: and (c)
concrete. Prominent elemental lines are mdicated; spectra are

normalised to the strongest line in each trace.
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LIBS - analyza kapalin / v kapalinach

Table 1
Detection limits of selected elements (relative to Fe) in steel samples, measured in air and underwater, using the buffer gas flow—
bare fibre head described in Section 2

Element Analytical lines Relative detection limits (in ppm)
(nm) Under water/Bare fibre In air/Bare fibre In air/Fibre with optics
Cr/Fe 427 48/426.04 310445 260425 1504 508
Cr II/Fe 283.65/283 24 ~400° 305433° —
Si/Fe 288.16/283.24 455455 450+ 454 3804 90°
405426°
Mn/Fe 403.08 325448 270425 2104 70°
403.31/404 58
40345

Laser power density on target: [r=0.15 GW /em’. For comparison, data obtained with a fibre probe set-up with focussing optics
(see Ref [9]) are mcluded for comparison.

* Data from Ref [9].

® Estimate, no full calibration curve constructed.

 Data from Ref [17]. based on multivanate analysis.

4 Data from Ref [13].
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LIBS

LIBS jako doplnujici detekéni metoda
* Detekce stopovych prvku v rostlinach

30



LIBS - Detekce stopovych prvku v rostlinach

Detekce stopovych prvki v rostlinach

Motivace:

Jednim z problému v oblasti rostlin s hyperakumulaénimi vlastnostmi
(jedna se o rostliny, které akumuluji vétSinu toxickych kovu jako je napf.
olovo, méd, kadmium atd.) je nedostatek informaci o transportu iontu
téchto kovll a o tom, ve které Casti rostliny se tyto kovy koncentruiji.
SoucCasné analytické metody, pouzivané na zjisStovani vyskytu
zminénych prvka v rostlinach, neumozniuji prfesné plosné nebo 3D
rozliseni.
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LIBS - Detekce stopovych prvku v rostlinach

Detekce stopovych prvki v rostlinach
Vzorky

« Listy, Casti stonku a kofenové cCasti ruznych rostlin (vétsinou
slunecCnice) péstovanych v kontrolovanych podminkach (v

laboratofri).
- Tézkeé kovy se pfidavaji v pfedem urCenich koncentraci ve formé

roztoku do vyzivovaci smési rostlin.

University of
L ‘Aquila, Italy
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LIBS - Detekce stopovych prvku v rostlinach

Pouzité detekéni metody (kromé LIBS)
a) Rentgenova mikroradiografie

ENEA Frascatti, m

AR oA Sample Rome, ltaly, Hercules source
The sample was irradiated

@ with a radiation of an energy
~140 nd/cm?2 (measured by

calibrated PIN diode)

Filter

X-ray radiation
1000-1400eV

™

Film support  Focusing lens

Cu target Pump Laser beam
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LIBS - Detekce stopovych prvku v rostlinach

Pouzité detekéni metody (kromé LIBS)
a) Rentgenova mikroradiografie

Radiography images of control (Ctrl) and for 10
days Cd or Pb treated Helianthus annuus samples
with different concentration of contaminants a) 1
2 { mM b) 5 mM and c¢) 10 mM. The length of the bar
Pb a) Pbb) Pb ¢) on image Pb c) is 400 um.

Concentration of the metal in | Surface density of the metal in the leaves

the Hydroponic solution (mM) | Cd (ug/cm?) Pb (ug/cm?)
1 5.8 60

5 43 86

10 68 105

Values obtained from the densitometry analysis of the radiographs shown in upstairs.
34



LIBS - Detekce stopovych prvku v rostlinach

Pouzité detekéni metody (kromé LIBS)
b) Rentgenova mikrorotomografie

Monochromatic

incident
X-ray beam
S ifm
pll
Sample Scintillator  CCD Planar
slage screen camcra radiographs

Elettra Synchrotron, Trieste, Italy o
SYRMEP beamline @m
Energy range |
8-40 keV, precision 0.002 keV

Detection: 16 bit CCD camera

Pixel size S5um. 35



LIBS - Detekce stopovych prvku v rostlinach

Pouzité detekéni metody (kromé LIBS) b) Rentgenova mikrorotomografie




LIBS - Detekce stopovych prvku v rostlinach

Pouzité detekéni metody (kromé LIBS)
b) Rentgenova mikrorotomografie
” g YL yz Slice of the Helianthus annus
Sl o root section (part) obtained by
5 dual energy difference
measurements (13.15 keV -
12.975 keV) together with the
lead  distribution in  the
appropriate  volume of the
sample.
The thickness of the
reconstructed volume was ~ 1.5

mm (400 slices).

Slunednice, korenova c¢ast. Kukufice, kofenova c¢ast. 37



LIBS - Detekce stopovych prvku v rostlinach

Pro¢ LIBS? ®

 LIBS umoznuje vysoké plosné rozliSeni (plosné rozliSeni je vétSinou
limitovano jenom rozmeérem fokusovaneho laserového svazku) a
hloubkové profilovani (s prfesnosti nékolik desitek nanometru).

 Jednda se o (pomérné) levnou a dostupnou metodu.

* Lze ji aplikovat na velky pocet vzorku (hodi se na predbéznou
klasifikaci - vybér vzorkd pro méfeni na synchrotron).

- Umoznuje viceprvkovou analyzu.

 Problém — kvantitativni analyza — nejsou ,standardni“ vzorky.
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LIBS - Detekce stopovych prvku v rostlinach

Detekce olova a kadmia

5000 3000 1
Pbl Pbl
4000 4
L 2000 Call call |
3 30004 I 3
£ 200 - g
E Call Call | E 1000 L
1000 }Lh o |
04 uLli IJ " J.A 4 L Il - O—UAh d
394 396 3098 400 402 404 406 3 396 398 400 402 404 406
a) Wavelength (nm) b) Wavelength {nm)
4000
Call
3000 Gall Pbl
g > LIBS spectra of 5 days 10 mM PbAc treated
£
o0 Helianthus annus leaf sample. The laser was
sl L UL AL focused a) on the vein of the leaf and b) and c)
> 9 36 W8 Ry 06 ; . .
Wavelength (nm) outside of the vein 2 and 4 mm, respectively.
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LIBS - Detekce stopovych prvku v rostlinach

1000 +

Intensity (a.u.)

a)

Detekce olova a kadmia

200 -

!

~5.0

T T r T r
326.0 326.5 327.0

Wavelength {nm)

800
600

400 - Cdl

/
£

Mt mbhel

T T T r
325.0 3255 326.0 326.5 327.0 3275 328.0
b) Wavelength (nm)

Intensity (a.u.)

LIBS spectra of 5 days 10 mM CdAc treated
Helianthus annus leaf sample. The laser was
focused a) on the vein of the leaf and b) about 1Tmm

outside of the vein. 40



LIBS - Detekce stopovych prvku v rostlinach

1000 +

Intensity (a.u.)

a)

Detekce olova a kadmia

200 -

!

~5.0

T T r T r
326.0 326.5 327.0

Wavelength {nm)

800
600

400 - Cdl

/
£

Mt mbhel

T T T r
325.0 3255 326.0 326.5 327.0 3275 328.0
b) Wavelength (nm)

Intensity (a.u.)

LIBS spectra of 5 days 10 mM CdAc treated
Helianthus annus leaf sample. The laser was
focused a) on the vein of the leaf and b) about 1Tmm

outside of the vein. 41



LIBS - Detekce stopovych prvku v rostlinach

Detekce zeleza — fs LIBS

CCD Camera
T White light
Femtosecond
RS Dichronic
B beamsplitter
Light delivery
Focusing lens system and . . . . . vy
¢ © system for Figure 2 Demonstration of imaging/focusing capability of the
tral lysi . i
spectialanalysis experimental setup. a) shows a leaf sample before ablation; b)
- after ablation. The cell structure of the leaf is clearly visible. The
crater diameter 18 about 70 pm
Sample

Figure 1 (online color at www.Iphys.org) Schematic diagram of SAMEK’ O LAMBERT’ J HEGENRODER’ R LIgKA’ M
experimental setup KAISER, J. NOVOTNY, K. KUKHLEVSKY, S.: Laser

Phys. Lett. 3, 2006, 21-25. 42



LIBS - Detekce stopovych prvku v rostlinach

Detekce zeleza — fs LIBS

1
]
Y, mm

1
L= B s R L+ -]

0 4 12 18 20 24 28 32 36
X, Mim

Relaxation Weighted Magnetic Resonance Imaging

Fe

-
[#=] [=]
[=] [=]
[=] [=]

1

600

Intensity, a.u.

403 404 405 408 407 408
Wavelength, nm

[i%]
[}
o
o
1

— no
w o
[=] [=]
[=] o

1

Intensity, a.u

A mum

I
403 404 405 406 407 408
Wavelength, nm

Figure 3 (online color at www.lphys.org) The sequence of Fe
detection in cornus stolonifera. a) Photograph of a leaf sample
used for analysis, b) standard distribution of Fe in the sample ob-
tained using the RWMRI technique (the two ablation spots are
indicated), Fe values are in ppm, c) LIBS spectra of vein — abla-
tion spot on the right (diameter of the crater is about 100 pzm, Fe
concentration of about 20 ppm) - Fe spectral line is indicated, d)
LIBS spectra of a spot which is about 2 mm away from the vein
— ablation spot on the left (diameter of crater is about 100 pum, Fe
concentration of about 5 ppm) - Fe spectral line is indicated
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LIBS - Detekce stopovych prvku v rostlinach

Detekce zeleza — fs LIBS

-
e

ISAS 15KV 600 /28mm

3000
Ca (b)

2500 |-
Figure 4 The sequence of Fe detection in maize sample. a) pho-

tograph of a sample used for analysis (dried maize leave samples
were obtained from the University of Hohenheim), ablation spot
is indicated using the black dot, b) LIBS spectra of ablated spot
where the Fe concentration is of about 40 ppm (diameter of the
crater 1s about 100 pm), Fe spectral line is indicated, ¢) image of
ablated spot obtained with an electron microscope

U
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500
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44



LIBS

,LIBS* s laserem vyzafujicim na 46,9 nm
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LIBS - Laser

Preionization
pulse
+20kV

Capillary chamber

Capillary channel

. to vacuum pumps
Argon input A

5 I

_ﬁ

soft X-ray beam

Vacuum line for
soft X-ray detection

e

Shutter valve

Rogowsky coil

From 10 nF water dielectric
Marx capacitor C
generator

+400 kV

Experimentalni zafizeni vyuzivajici kapilarniho
vyboje ke generaci laserového zareni na vinove
délce 46,9 nm. Zafizeni se nachazi na

University of L"Aquila, ltalie. 46



LIBS — Prvni krok - ablace

reference diode
e mirror
laser
L 1 \

m
beam splitter i \P

Shotnumber. 5. 10 20 30 40
Laser | _
fluence l

10 J/em2

1 J/cm?

0.1 J/ecm2
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LIBS — Prvni krok - ablace

reference diode

soft x-ray mirror
laser

— A
beam splitter sample \P

Priklad vyuziti  kapilarniho
laseru - vrtani dér do
biologickych  struktur (na
obrazku list Helianthus
annuus). Rozmér
zobrazenych dér je ~ 20 um.
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