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LA-ICP-MS
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Aplikace LA-ICP-MS
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Malba na
keramice

Laser pattern

Fig. 5. Post-ablation photograph showing line pattern which has been ablated across the slip-decoration boundary of a Mimbres pottery sherd
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Fig. 6. Elemental scan showing replicate analyses over time as laser pattern is ablated across white slip to black decoration border

on a Mimbres pottery sherd
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Fig.9 Concentration profile for an iron bloom sample from Mont
. : . . . . . Chemin (Switzerland), compared to the concentration profiles in
Fig.1 Optical microscopy view of a cross-section of an iron . - . ..

. . . the Develier-Courtételle samples, showing low values for Ni in the
bloom fragment embedded in a synthetic resin Mont-Chemin sample
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Fig.10 Plot of the Cu/As-ratio versus Co/Ni-ratio in archaeologi-
cal iron samples from Neftenbach (Roman), Wartau (Celtic) and
Develier-Courtételle (early medieval), measured by LA-ICP-MS
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Fig. 2 Lead isotope ratio distribution of the two iridescent Art
Nouveau glasses. Glass T1 consists of two layers of approximately
equal thickness (coloured green and blue, respectively). Error bars
represent total combined uncertainties (k = 1).
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Fig. 3 Lead isotope ratios of Ephesos glass samples after external mass bias correction via the NIST SRM 610 glass reference material. Error bars
represent total combined uncertainties (k = 1). For sample description see Table 1.




Ostatni aplikace

Kovov¢ predméty (provenience, technologie)
Rukopisy a malby (pigmenty)
Keramika a porcelan

Drah¢ kameny (provenience, napodobeniny)
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Fig. 1. Laser pyrolysis GC-MS chromatogram of volatile organics from native pig muscle, irradiated
with a CO,-laser (10 W, 1 kW em 2, aerosol sampled on carbotrap adsorber, desorption with carbon
disulfide, on-column injection).
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Analyza pigmentu
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Figure 5 (a) A negative ion LDMS spectrum of the red inkldye region of the Qur’an sample. (b) An expanded view
of the higher m/z portion of the spectrum.
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Fig. 11. Laser desorption ionisation mass spectrum of Winsor and Newton Finity ‘Permanent Green Light’ acrylic paint. The paint was painted on
cellulose TLC plate surface and after drying analysed directly by LDI-TOFMS using a nitrogen laser at 337 nm.
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Identifikace organickych pojiv v malbach

Relative intensity (%)
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Triptych Benedetta Bonfigliho, Madona s ditétem, sv.
Jan Kititel.sv. Sebestian (XV. stoleti).
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MS/MS spektrum dvojnasobné nabitych iont
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Degradace
historickych
laku

Fotochemicka degradace ptirodnich
triterpenoidll pouzitych jako laky

Hmotnostni spektra laseroveé
desorpce/ionizace dammaru (nahote)
a mastixu (dole) na grafitu.
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Ramanova spektrometrie
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Princip Ramanovy spektrometrie

'.
B
' ’ @
E = E,sin(v,c t) S N S
n=ok
) |
Vo Vo Vyib Vo Vyib
l (€)
v Ivvib
(2)

Rayleigh Stokes Raman

Anti-Stokes Raman




Raman vs. FTIR
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Ramanova mikroskopie
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Ramanova
mikroskopie
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Fig. 1. Optical images (column 1), Raman images (column 2), and spectral bands used for Raman imaging (column 3) of permineralized carbonaceous fossils
at or near the upper surfaces of polished chert thin sections: (A) Cell wall in the conductive tissue (lignified xylem) of an aquatic fern cf. Dennstaedtia from the
essentially unmetamorphosed ~45-Ma-old Clarno Formation of Oregon. (B) Tangential section of the tubular sheath of a Lyngbya-like oscillatoriacean
cyanobacterium in a conical stromatolite (Conophyton gaubitza) from the subgreenschist facies ~650-Ma-old Chichkan Formation of Kazakstan. (C) Transverse
cell wall of a broad cellular trichome (Gunfiintia grandis), and (D) a narrow prokaryotic filament (G. minuta), in domical stromatolites of the greenschist facies
=2,100-Ma-old Gunflint Formation of Ontario, Canada. Each Raman image was produced by combining several hundred pixel-assigned point spectra ("*spexels”),
like those shown for each specimen in column 3, acquired over a small square part of the total area analyzed. The resolution of the Raman images is defined
by the pixel dimensions of their component spexels; for A-C, 2 um per pixel, and for D, 0.5 um per pixel.




Raman + FTIR mikroskopie
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Konfokalni
mikroskopie

Svételnym zdrojem je laserove zateni. Konfokalni mikroskop
poskytuje mimofadné ostry, kontrastni, vysoce informativni obraz
s vysokym rozliSenim. Struktury nachdzejici se nad a pod rovinou
fokusace nemaji téméf zadny vliv na kvalitu obrazu. Hloubka
ostrosti je vZdy minimalni.
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Konfokalni Ramanova mikroskopie
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Figure 3. Scheme of confocal Raman apparatus.
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Analyza nasténnych maleb (kaple Ponthoz.)




Aplikace Ramanovy spektrometrie
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Analyza lidskych
pozustatku

Analyza vlasu

Kosterni poziistatky z vyzkumu z
Newcastlu (siln€ podméacena
lokalita): m&kké tkan¢€ rozlozZeny,
zachovaly se vlasy.
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Ramanova spektra vlasu z lidského skeletu (pozorovana degradace keratinové tkang), pfitomnost pasu
1050 cm™! ve spektrech 1 a 2 (archeologické vzorky) je charakteristicky pro PbCO3, pravdépodobné z

olovéné rakve. Vzorek 3 moderni, tmavé vlasy.
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Ramanova spektra historickych vzorkil vlast ve vynikajicim stavu zachovani: Robert Stephenson (1859). 4
spektrum Stephensonovych blond vlasti, B moderni blond vlasy.




Analyza zubu
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Figure 3. FT-Raman external enamel normalized spectra of the teeth examined: (A) Bologna, Italy, 0 BP; (B) Sassari, Italy, 150 BP; (C) S.
Agata, Ravenna, Italy, 650 BP; (D) Bagnacavallo, Italy, 1700 BP; (E) Monte Casasia, Italy, 2700 BP; (F) Passo di Corvo, Foggia, Italy,
5800-6300 BP.




Analyza mumifikovanych tkani




FT-Raman spektra

(a)  soucasna lidska ktze (stratum
corneum),

(b)  stratum corneum ledovcového muze
Otziho,

(c) perudnska svétle-pigmentovana
mumie,

(d)  gronska mumie (30-letd Zena)

(e) peruanska tmaveé-pigmentovana
mumie.
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Umeéla mumitikace

Sarkofagy mumii Khnum-Nakhta a Nekht-Ankha (12. dynastie, cca. 2000 BC).
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Ramanova spektra mumifikované kize Nekht-
Ankha v rizném stavu zachovani (a) nahore,
Spatn¢ dochovana, (a) dole, dobie zachovana a
(b) vzorek obsahujici mumifikaéni substanci —
siran sodny (natron). Zajimavé je Spatné
zachovani kiize v mistech pfitomnosti
mumifika¢ni chemikalie.




Ramanova
spektrometrie
pigmentu

Polychromovana socha sv. Anny v Santa
Maria la Real, Sasamon, Spanélsko (13.
stol.).
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Ramanova spektra auripigmentu (As,S,), realgaru (As,S,), mozaikoveho zlata (SnS,) a rumélky (Hg S).




r N
O ltar Ze Pigment Chemical formula Raman bands cm’”’

Vermilion HeS 255, 309, 347, 376
Azurite 2CuCO;-Cu(OH), 251, 404, 623, 770, 838, 1098
‘e A 1’ Malachite CuCOyCu(OH), 153, 168, 179, 223, 272, 352, 435, 516, 538,
an Antolin y San
Lead White  PbCO; 409, 1054

Lapislazuli Nag[AlgSicO24]S8, 258, 286, 545, 581, 802, 1097, 1358, 1642

B emab é, ? Massicot PbO 286, 384, 419

Gypsum CaS042H,0 182, 216, 416, 495, 623, 673, 1009, 1140

Table 1. Chemical formula and Raman band observed (in em”, wavenumber) of
the identified pigments.
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Fig. 5. The Raman spectra of the pictorial materials obtained from the “San Antolin y San Bernabé”
altarpiece. The axis are Raman intensity and wavenumber (cm™).
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Ramanova spektra (a) orthorhombicky masikot, (b) tetragonal klejt (both PbO), (¢) suiik (Pb,0,).




Identifikace pigmentl na keramice

Ramanovo spektrum ¢erné malby na
cernobilého stfepu (Ancestral
Puebloan) z Wallace Ruin, Colorado.

saze, ,,carbon black* (1584 a 1341 cm™!)

magnetit (hlavni pas pti 672 cm™)
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Figure 2. Raman spectra of CaCOs, pearl, and faux pearl.




Identifikace
drahych kamenu

Raman Intensity (a.u)
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Nefrit - Ca,(Mg,Fe).S1,0,,(OH),

Jadeit - NaAlSi1,0,




Identifikace
slonoviny
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Identifikace rohoviny (keratinu)
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FT-Ramanova spektra: (1) kopyto, (i1) roh kudu, (i11) nehet, (iv) kravsky roh, (v) Zelvi krunyt




Glazury a porcelan
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Ramanova spektra glazur/skel:

Dougga (Ifrigiya), mékky porcelan Sevres,
kartaginské koralky, mékky porcelan St-
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Identifikace
fosilnich pryskyftic

Fosilni pryskyrice:

(1) Barma, (i1) Libanon, (ii1) Mexiko, (iv)
Dominikanska republika, (v) V pobiezi
Anglie, (vi) V Afrika, (vii) Kolumbie,
(viii) S Némecko.
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Fig. 2. FT-Raman spectra of the v(CH) stretching region,
2600-3300 cm ~' (Nd**/YAG laser excitation at 1064 nm,;
nominal laser power, 50 mW; spectral resolution, 4 cm ',
2000 scans accumulated).
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Fig. 3. FT-Raman spectra of the wavenumber region 100-
1800 cm ~ '; conditions and sample identification as for Fig, 2.
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Identifikace textilnich vlaken
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FIG. 1—Raman microprobe spectra of a range of fiber types using
excitation at 632.8 nm. (A) ravon; (B) polypropylene; (C) wool; (D) polyes-
ter; (E) nylon.
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Fig. 2. FT-Raman spectra of soft bast fibres, (i) jute; (ii) ramie; and (iii) flax: (a) 2600-3200 cm ™! region; (b) 2001700 cm ~!
region: 1064 nm excitation, spectral resolution 4 cm ~!, 2000 scans accumulated, laser power 40 mW.,
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HG. 6. Stack-plot of the infrared spectra for crystalline material (as
KBr disks) from (a and b) Egyptian mummy linen samples, and (c)
Kasr-el-Yahud linen sample; wavenumber region 1000-1280 cm~'.
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Fig. 2. Fiber damage to linen fabrics in highly colored area (enlarge-
ment 6x).
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Fig. 3. FT-Raman spectra of calcium oxalate ¢ monohydrate
and b dihydrate; Av=100 to 1700 cm ~'; 4 cm —' resolution;
1064 nm excitation.
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Fig. 4. Distribution of calcium oxalate monohydrate and
dihydrate in encrustation of A.oxytoma thallus.




Ostatni aplikace

Pergamen

Papir a inkoust

Organicka barviva (textilie)
Obsidian (provenience)
Keramika (fezy)

/ZneCisténi a degradace povrchu kamene




DalSi metody

LIBS
LIF
LIDAR

AAS s laserovymi diodami




