LIBS

Analyza slozeni artefaktu

Monitorovani laserového cCisténi
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Echelle spektrum dreva obsahujiciho chrom- Mikroskopicky obraz krateru po 450
méd-bor (spektralni rozsah 245-700 nm). pulsech, energie 55 mJ.
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Distribuce ochranného prostfedku ve dreve (penetraCni hloubka), energie pulsu 50 mJ.



Monitoring odstranovani starych natéru

LIBS signal (arb. units)
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Odstranovani vosku z platen
nebo dreva (preklizka) je
casové narocné. Proces lze
snadno automatizovat
pouzitim laseru a detekce
LIBS.

LIBS spektra vosku vykazuji
zfetelné pasy CO a CN. Po
dosazeni spodni vrstvy se
objevuje pik 423 nm a
Cisténi je ukonceno.



Emission Intensity (arb. units)
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LIBS spektrum olovnaté olejové barvy
(lolovnata béloba / Inény olej). Na vnitfnim
obrazku spektrum olovnaté béloby. Vinova
délka laseru 1064 nm.

Emission Intensity (arb .units)
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LIBS spektrum smési pigmentU: olovnata
béloba, kadmiova ¢erven a ultramarinova
modr. VInova délka laseru 266 nm.
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LIBS spektra: (a) kadmiova citronova zlut
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LIBS spektra (a) kadmiov

(Cd0.9Zn0.1S BaS0O4) a (b) chromova Zlut
(PbCrO4). Vinova délka laseru 1064 nm.

(CdSe03S07) a (b) rumélka (HgS).
VInova délka laseru 1064 nm.
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LIBS spektra malby (horni spektrum), stfibrné folie (stfedni spektrum) a podkladové vrstvy
(dolni spektrum). Malba obsahuje pigment obsahujici Fe (hnédy, pravdépodobné FeO),

podklad je siran vapenaty.
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LIBS spektra originalni malby a
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Daguerrotypie
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FiG. 3. LIBS spectrum obtained from the daguerreotype shown in Fig.

1b indicating the presence of lead within the silver plate.

Gold paint

Fig. 1. Mid-19th century daguerreotypes portraying (a) a man and (b)
a woman wearing gold rings on her right hand.
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Fig. 2. LIBS spectra obtained from the daguerreotype of Fig. la fol-
lowing irradiation of the same point on the surface of the plate with
three consecutive pulses. Each spectrum corresponds to a single laser
pulse indicating the variation in species concentrations through the very
top layers of material.



Malované omitky

Fragmenty nasténné malby, Palaikastro Malovana omitka, Théby (Recko).
(Kréta.)



LIBS spektra malovanych omitek

(a) Théby (vzorek THC 2)

(b) Palaikastro (vzorek PK 62)
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LIBS spektrum tmavé Cerveného vzorku z LIBS spektrum zeleného vzorku z Théb
Palaikastro(PK 64) (THA 2b).

(a) prvni puls (slaba ¢ara Fe)
(b) druhy puls (narust emise Si)
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LIBS analyza slitiny Au.
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Fig. 4. LIBS spectra of Minoan metal samples obtained: (a) on the Fig. 5. LIBS spectra from: (a) Byzantine metal ring; (b) Minoan
flat face of copper rivet; (b) on the outside of metal pin; (c) in the metal chisel; (¢) Minoan golden bead.

core of the same metal pin.



emission intensity (arbitrary units)
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LIBS prokazal stopy stiibra na dievéné rukojeti bronzové dyky
(Nd:YAG laser, 1064 nm, 15 ns puls, 3-5 mJ per pulse).

LIBS rukojeti dyky z ostrova
Pseira (late-Minoan period,
cca 1600 BC).



Vyrobni technologie bronzu
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Fig. 7. Comparison of copper and arsenic concentration obtained by LIBS for
the set of 37 archaeological samples.
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Intensity (a.u.)
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Srovnani spekter pro laser 355 nm a pro laser at 1064 nm.




Cisténi kamene
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2 pulses on black crust

2 pulses on laser cleaned area
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LIBS spectra in the spectral region from 245
to 310 nm obtained by two laser pulses
each on the black crust and the laser-
cleaned region.

2 pulses on black crust K

2 pulses on laser cleaned area
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LIBS spectra in the spectral region from 310
to 385 nm obtained by two laser pulses each
on the black crust and the laser-cleaned
region.
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LIBS ablatovaného materialu z rizné
hloubky dendritické krusty (Pentelicky
mramor, normalizovano na Ca |l 317.93
nm).

LIBS spektra 2., 8., 14. a 22. pulsu, ablace tmaveé krusty.
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Fig. 1. Concentration change of Si, Al, Ti and Mn during the encrustation removal
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Single shot spektrum kaolinem pokrytého papiru.
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Fig. 6. LIPS spectrum of pigments originating from blue pencil mark on the back cover of Leopolita’s Bible, and a spectrum of a non-
coloured paper region; plasma induced by a 355nm laser.
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Figure 15: LIBS spectrum of the red region (TR13 sample).
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Fig. 2. LIBS spectra of black pigments on: (a) Minoan poly- Fig. 3. LIBS spectra from glazed ceramic sherds. (a) Yellow glaze
chromed sherd (inset: high-resolution spectrum); (b) Byzantine (inset: high-resolution spectrum); (b) green glaze (‘mark Sn emission
glazed ceramic sherd. lines).



Terra sigillata




% £ § O H
: P .
S ol 8 30 ;I f
= - o= 5 £ g
< N 3 Sl §
2 3 s 2
A S
|
1] : :
E
L“’M 003 0,04

300
wavelength [nm]

LIBS spektra

o . Discriminacni analyza vysledku (elipsy
Esg g:@i;ikz%\r/ezf rg:l; HS odpovidaji 90% hladiny vyznamnosti)



— healthy

Kosti a zuby -

1) ——» carrious

intensity (au)

Obsah Mg a Ca v zubni tkani poSkozené kazem.
Zvysena koncentrace Mg zfetelné indikuje e

postizené partie.
1.2 7 carrious I
| healthy l I I
| 2 | 3 | 4 | 5 |

1

—

ration Mg/Ca
[=] f=1
[=.9 [-]

=
e

=
[5]

=

location



Autenticita vyrobku z koralu

(@) b
2000 3500 7
Mg Il 279.5 nm
1800 3000 Call 393.3nm
1600 A
m o 2500
£ 1400 1 2 Ca Il 396.8 nm
3 1200 Mg | 285.2 nm 8 20001
— 1000 A g
> >
2 = ] Cal 4226
@ 800 - Cl 247.8nm g 1500 2 nm
@ @
= 600 + ‘ 'E 1000 A
400
200 4 500 U
C T T T U 0 '
210 230 250 270 290 350 370 390 410 430 450
(©) wavelength (nm) ) wavelength (nm)
C
2000 - 800 -
1800 4 Na | 588.9 nm 700 4
1600 Nal 589.5 nm
— — 600 -
‘2 1400 4 “E H1 656.2 nm
3 1200 - 3 9007
&G O
<, 1000 ~ >, 400+
= =
koral . g 8001 g 300- v
oral vs. vapenec S s
= = 2001
400
0 T T T 1 0 T T T 1
540 560 580 600 620 610 630 650 670 690
wavelength (nm) wavelength (nm)

Fig. 5. Emission spectra of a fresh white coral sample in a low pressure plasma of 1.3 kPa in the wavelength region between (a) 220 and 290 nm, (b) 370 and 440 nm,
(c) 550 and 620 nm and (d) 620 and 680 nm.



L aserem indukovana fluorescence
(LIF)



Laser induced fluorescence

Basic Planar Laser-Induced Fluorescence (PLIF)
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Fluorescence intensity/ arbitrary units

(a) Zinc white (b) Cinnabar
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LIF spectra of unvarnished
tempera systems taken at a
resolution of 1 nm with a laser
fluence of 1.2 mJ cm-2:

(a) zinc white,

(b) cinnabar,

(c) Naples yellow, and

(d) lead chromate.

The exciting laser wavelength is
248 nm.

(e) UV fluorescence image of a
cross section of an unvarnished
laser-ablated region of a Naples
yellow tempera sample.
(Magnification is 500).
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Fluorescence excitation spectrum (390 nm)
(emission maxima at 290 nm and 330 nm),

and excitation spectrum (emission
maximum 385 nm) from 0.1%

450

(w/w) aqueous solution of rabbit skin glue.

l’CKL‘“ﬂIifJII =280 nm
= lt:m;ilalion =355nm

Intensity (103 counts)

300 350 400 450 500
Wavelength (nm)

Wavelength dependence of fluorescence
emission from films of egg white
(excitation at 248 nm, emission maximum
340 nm; excitation at 355 nm, emission
maximum 420 nm).



Detekce mikroorganismu
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Normalised LIF spectra of green algae
(continuous line) and cyanobacteria
(dotted line). Excitation 355 nm.
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Fluorescence spectra of green algae on
a marble substrate. Before a biocidal
treatment (continuous line) and after

(dotted line). Excitation wavelength 355
nm.
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Fluorescence image related to the alga colonisation on the northern portal of Lund
Cathedral. The intensity of the chlorophyll fluorescence in the band around 685 nm is
indicated in grey levels and makes evident the important biodeteriogen colonisation
on the stone surface.
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Fluorescence spectraof Ho o r
sandstone from the external walls of
Lund Cathedral:

1) 12th century stone;
2) 19th century stone;
3) 12th century stone with algae.

Excitation 337.1 nm. The same
behaviour was observed in the
remote measurements with the
excitation at 355 nm.



Pixel

Intenisty (a.u.)

Katedrala v Parme

a a picture of the area investigated,;
b the thematic map obtained

from the ratio between the
integrated area in the range 396

to 408 nm and the integrated area
in the range 409 to 450 nmn (the
yellow-red areas in the image
indicate areas subject to protective
treatment); ¢ fluorescence spectra
taken from the bottom left area of
x10° the protiro and referring to those
pixels of the thematic map in b
where the protective treatment was
strongly present (yellow—red pixels);
and d fluorescence spectra

taken in the bottom right area of the
2000 protiro where the protective treatment
is present in a lower degree
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Intensity [a.u.]

Znecisténi kamene
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LIF spektra of Parského mramoru: Cisty a incrustovany povrch (266nm
(vlevo) a 355nm (vpravo))



Spektrometrie laserem
indukovaného plazmatu (LIBS)

Prvkova analyza




Malaga

Analyza portalu katedraly.
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