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Elektromagnetické vinéni

Elektromagnetické vinéni (téz elektromagnetické zareni) je déj, pfi némz se
prostorem Siri pricné vinéni elektrického a magnetického pole. Popsano je pomoci
tzv. Maxwellovych rovnic.

Integralni tvar Diferencialni tvar
d cD
1 §Hdﬂ:1r+—%l rotH:J+O—_
) dt oF
d¢ B
2 f dr rotE o
3 §DdSZQ divD=p
4 §Bds=0 divB =0

Zahrnuje dve slozky, které jsou na sebe kolmé:
* Intenzita elektrického pole E
¢ MagnetICké IndUkCE B Electromagnetic Wave
A

B tagnetic field
Electric field




Elektromagnetické zareni
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Elektromagneticke Vinowva delka A Poufiti, vyskyt Pozn.
zafeni, vinéni
Radiové viny Rozhlas, televize
Diouhe (DV) 2000m-1000m
Stredni (SV) B0Om-150m
Kratke (KV) SOm=15m
Velmi kratké (VKV) 15m-1m
Ultra kratké (UKV) Tm=-01m
Mikroviny 01m-=023mm mabilni telefony , GPS, WilMax, i
_ Wifl, mikrovinne trouby, radar =
Infradervené zafeni 0.3mm - 750 nm | dalkové oviadade, nocni vidénl, E.
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Svétlo 760 nm— 390 nm | Viditelné svétio =
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oranZoyve
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Zeleng
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flalove
Ultrafialove zareni 380 nm =10 nm Opalovani, solaria, sterilizace
Rentgenove zafeni 10 nm =1 pm lekarska diagnostika, —
| primyslova diagnostika B ,%,
Lafeni gama < 300 pm ozafovani nadory, kosmické Eﬁr

Zareni, jaderné reaktory




EFFECT OF ELECTROMAGNETIC RADIATION
ON MOLECULES
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Interakce mezi hmotou a energii
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Kvantova teorie

h.v

M. Planck: Kvantova teorie E
A. Einstein: Fotoelektricky jev
N. Bohr: Kvantovy model atomu

L. De Broglie: Dualita hmota-zareni
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Vinowve pojeti
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Elektromagnetické zareni latek

Vsechny predmeéty kolem nas vydavaji elektromagnetické zareni. To se v
pripadé studenych téles nachazi v infraCervené Casti spektra, ktera neni pro
lidské oko viditelna. S rostouci teplotou télesa se vyzarovani tepelného zareni
presouva ke kratSim vinovym délkam (k vyssim frekvencim).

Nejnizsi teplota, pri které je zareni daného télesa pozorovatelné pouhym
okem, se oznacuje jako Draperuv bod — ten odpovida zhruba 525 °C. P¥i
této teploté vyzaruji vSechny objekty, bez ohledu na material, z néhoz jsou
vyrobeny, cervené sveétlo.
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Kdyz prfedmét dale zahrivame, méni se postupné jeho 630
barva z Cervené pres oranzovou a zlutou k bilé. Pri jeste 680
vysSich teplotach se zareni posouva smérem do ultrafialove i

770
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Zareni cerného télesa

Cerné téleso je fyzikalni abstrakce télesa, které dokonale pohlcuje veskerou energii
dopadajiciho zareni. V absolutné cCerném télese je v rovnovaze vyzarovani a
pohlcovani zareni.

Wiendv posunovaci zakon

S rostouci teplotou =zarice se
posouva maximalni  hodnota
spektralni hustoty zarivého toku
ke kratSim vinovym délkam.

energie zafeni (na 1 nanometr)
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Stefanuv-Boltzmanniv zakon

Intenzita zareni vyzarovana absolutné cernym télesem roste umeérné ctvrté mocniné
termodynamické teploty.

| — celkova intenzita zareni (podil vykonu a plochy) [W-m™2]
] = O'T4 0 - Stefan-Boltzmannova konstanta 0 = 5,67.108 W.m2 .K*
T - termodynamicka teplota

Stefan-Boltzmann Law

Surface area
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The Stefan-Boltzmann Law

The total energy radiated per

second is the Luminosity L:
A

| . L=4nR*cT"

Each square meter
of the star’s surface

emits ﬂ'T4 watts.

\

A spherical star of radius R, has a surface area S = 4mR?

A star’s luminosity is related to both a star’s size and temperature:
(a) Hotter stars emit more. (b) Larger stars emit more.
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Rayleighuv-Jeansliv zakon

= priblizny zakon pro zareni cerného télesa platny pro dlouhé vinové délky
(radiové viny a mikrovlny), tj. pro energii fotonu h.v* << k.T.

Zarivy vykon pripadajici na 1 m? povrchu ¢erného télesa a na jednotkovy interval

vinové délky, resp. frekvence, je

L=2nrck T/\
I,=2nck Tv?/c?

Zasadni nesoulad s experimentem se
objevuje  u  Rayleighova-Jeansova
zakona od oblasti ultrafialového zareni.
S klesajici vinovou délkou by spektralni
intenzita vyzarovani meéla rdst do
nekonecna a absolutné Cerné téleso by
vydavalo tepelné zareni o nekonecném
vykonu (tzv. ultrafialova katastrofa).
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Plancklv vyzarovaci zakon

o v 7 7 . A4 . 7 . 3
Planckuv vyzarovaci zakon vyjadfuje zavislost u(v) dv = 8rhy L 4
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Spektrografie

Semikvantitativni

Semidestruktivni

Jiskra
El. oblouk

Emisni spektra se zachycuji na
fotografickou desku

Sample

Collimating lens

Figure 2.2

440

wavelength in nm

10 nm

Photographic plate

Schematic drawing of an optical emission spectrograph. Light from the
sample 15 focused onto the input slhit of the spectrograph and is then
dispersed via a prism (or diffraction grating) and recorded on a phoio-
graphic plate. (Adapted from Britton and Richards, 1969; Fig. 108, by
permission of Thames and Hudson Lid.)
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Emission Spectra of the Elements




Plamenovy test

Plamenova fotometrie

Roztokova analyza
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Atomova emisni spektrometrie s

indukéné vazanym plazmatem (ICP-OES)

[ Axial detector |

l

Radial
detector

ARARARA AR AR VAL R AR AR

tangential -~ ==

gas flow \
/ axial
carrier gas gas flow
and sample
Figure 24 Schematic diagram of an ICP torch. The sample is caried into the torch by

the carner argon gas, and 15 gnited by radio-frequéncy heating from the
RF coils. The tangential arpon fow hifts the Aame from the burner,
preventing melting. The position of the detector in axisl or radial mode
15 showr ( From Pollard er of,, 2007; Fig. 3-3, by permission of Cambridpe
LUiniversity Press.)
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Fig. 34.2 Inductively coupled plasma polychromator (From SKOOG. Principles of Instrumental
Analysis. SE. @ 1998 Brooks/Cole, a part of Cengage Leaming, Inc. Reproduced by permission.

www.cengage.com/permissions)




Roztokova analyza

Destruktivni

Rowland Circle Detector
L J
Detector
v
Measuring
instrument
ICP source (= Condi?iuning % Sample
device
(a) Simultaneous Multichannel Detector
Echelle Grating High-Dispersion
Monochromator

Detector || — —

Intermediate

=it MNeon Lamp

™ Fiber optic

I
Entrance
slit

_ Presslection
Prism Monochromator

() Sequential Detector

Fig. 34.4 Simultaneous multichannel (a) and sequential detectors (b) ({a) Adapted from SKOOG.
Principles of Instrumental Analysis, 5SE. @ 1998 Brooks/Cole, a part of Cengage Leamning, Inc.
Reproduced by permission. www.cengaze.com/permissions (b) Image used with permission from
PerkinElmer, Inc., Waltham, MA)




Multichannel Spectrometers

Spectrographs
Charge-Coupled Devices — 2 CCD’s — one for vis and one for UV.

Parabolic
collimator Visible

Schmidt prism

) cross-disperser

SeRRLE

Visible
transducer

by

FIGURE 10-11 An echelle spectrometer with segmented array of CCDs. (From T. W. Barnard et al.,
Anal. Chem., 1993, 65, 1231. Figure 1, p. 1232. Copyright 1993 American Chemical Society.)




Inductively Coupled Plasma
Spectrometry

Sequential Instrument

Dual detectors

Mercury lamp
Computer-controlled
viewing mirror
-—

b

Refractor plate

@ 2007 Thomson Higher Education
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Inductively Coupled Plasma
Spectrometry

Sequential Instruments
Scanning Echelle Spectrometers
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Inductively Coupled Plasma

Advantages
-high precision

Disadvantages

-cost

Polychromators

Spectrometry

Multichannel Spectrometers

Photomultiplier

Rowland circle .
tubes

~ Mirror

Concave
diffraction
grating

PMT

power supply

Stepper
motor

i
Prealigned
exit slits

Movable
r:
entrance

slit

Mercury
calibration

lamp

Two-position
mirror

Integration

electronics

Computer

FIGURE 10-8 Direct-reading ICP emission spectrometer. The polychromator is of the Paschen-
Runge design. |t features a concave grating and produces a spectrum around a Rowland circle.
Separate exit slits isolate each spectral line, and a separate photomuiltiplier tube converts the
optical information from each channel into an electrical signal. Notice the radial viewing geometry.
PMT = photomultiplier tube. (From J. D. Ingle Jr. and S. R. Crouch, Spectrochemical Analysis,

p. 241, Upper Saddle River, NJ: Prentice-Hall, 1988, with permission.)




Inductively Coupled Plasma
Spectrometry

Multichannel Spectrometers

Spectrographs

Charge-Injection Devices — based on echelle spectrometers
and 2D array devices
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Inductively Coupled Plasma
Spectrometry

Multichannel Spectrometers

Spectrographs
Charge-Coupled Devices — 2 CCD’s — one for vis and one for UV.

FIGURE 10-11 An echelle spectrometer with segmented array of CCDs. (From T. W. Barnard et al,,
Anal. Chem., 1993, 65, 1231. Figure 1, p. 1232. Copyright 1993 American Chemical Society.)
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Laser Induced Breakdown Spectroscopy

Laser

Sample —
\ " Mirror
Optical Fiber
Photodiode
Controller
Spectrograph __
P : Computer
Lo i I o I o
O P o QO
—
Boxcar

Schematic diagram of the experimental set-up used for the LIBS experiments and for the photoacoustic measurements.
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LIBS
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LIBS signal (arb. units)

v o

Monitoring odstranovani starych natéru
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o/
o Odstranovani vosku z platen

nebo dreva (preklizka) je
casove narocCné. Proces lze
snadno automatizovat pouzitim
laseru a detekce LIBS.
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LIBS spektra vosku vykazuji
zfetelné pasy CO a CN. Po
dosazeni spodni vrstvy se
objevuje pik 423 nm a cisténi je
ukonceno.
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Kovy a slitiny
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Autenticita vyrobku z koralu

(a) (b)
Mg Il 279.5 nm
1800 3000 ~ Call 393.3 nm
1600 A
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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.
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Molekulové pasy

LIBS

Spojeni s Ramanovou spektrometrii
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Fig. 6. Evolution of LIBS spectrum with the number of pulses
during the removal of black paint on wood: (a) pulse 1, (b) pulse 2,
(c) pulse 4, (d) pulse 7 and (e) pulse 9. Irradiation wavelength:

308 nm.




Stand-off LIBS
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Stand-off LIBS

High resolution ICCD Spectral data for analysis
Standoff LIBS spectrograph system
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Spektrometrie laserem indukovaného
plazmatu (LIBS)

Terénni a mobilni zarizeni
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Fig.4.2.2: Typical experimental set-up for LIBS analysis.

':EJ Giakoumaki et al., in: "Handbook on the Use of Lasers in Conservation and
Conservation acience , 008,




Absorpce zareni

Refl - COMPLIMENTARY COLORS
eflected light

VIOLET YELLOW
All light is reflected, making the -

BLUE ORANGE

object appear white.

GREEN RED




Absorpcni spektrum

Soubor temnych car (past ve spojitém spektru svétla), které vznikaji pfi

pohlcovani zareni latkou.
a) Carové spektrum

b) Pasové spektrum

Na rozdil od emisnich spekter nemusime vzorek latky rozzhavit na velmi vysokou

teplotu.

Kirchhofftiv zakon

Téleso, které vysila zareni urcitych
vinovych délek, rovnéz tyto vinové
délky absorbuje.
Slou¢ime-li emisni a absorpcni
spektrum stejné latky, ziskame
spektrum spojité.

Source of continuous
spectrum (blackbody)
N‘\/\/‘_ﬂ Gas cloud

e | ||

Absorption line spectrum

Continuous spectrum Emission line spectrum




Zdroj zareni, spektrum
(Carové, pasoveé, spojité)

Absorption Emission
Incaming photan is Higher-erergy
abszorbed by the atom phaton is emitted
Excited Fl
Mucleus Q shate 1] c Electran
/ /L-:-wer\ /
erergy
[ / lewel \ | &)
i L
’ Lozt
Elactrar £} sRargy Fi Mucleus

lewel

Incoming photan is
abzorbed by the atom

Lonwar-emargy
phaton is emitted

absorption line spectrum

L=t =0 o

IrkreRy

o= B

o4 |

oz

L= -3

Q;_.n.!u. .ﬁ. . . .

emission line spectrum

g L= 50 S = o =0 Too

Twoways of showing the same spectra on the left are pictures of the
dispersed light and aon the right are plots of the intensity s wavelength.
Motice that the pattern of spectral lines in the absorption and emission
lime spectra are the same since the gas is the same.




Emisni a absorpcni spektra

Cantinuum Spectrum
:Ht-tnlll.".-'f#; /&‘ : .

Emission Line spectrum

Hot Gas /ﬁ‘

Cold Gas Absomtion Line Spectrum

! g
.:'-.,'. J',.ﬁf_' s

[— —_—
-

T

Fraunhoferovy c¢ary ve sluneCnim spektru jsou dusledkem absorpce svétla
atomy ruznych prvkul ve slunecni atmosfére.

Ca Fe Mg Fe Na 02 H 02

700 nm




Emisni spektrum

Soubor frekvenci elektromagnetického zareni vyzarovaného latkou.

a) Spojité spektrum
b) Carové spektrum

c) Pasové spektrum

Spojite spektrum

obsahuje elektromagnetické viny vsech vinovych délek v urcitém intervalu, zdroj:
rozzhavené pevné a kapalné latky(napf. vlakno zarovky, roztavené kovy, ...)




Cdarové spektrum

tvorené Uzkymi, navzajem oddélenymi spektralnimi ¢arami o rlizné intenzité, zdroj:
vyboj v plynu za snizeného tlaku jiskrovy vyboj.

emisni spektrum sodiku

Pasoveé spektrum

tvorené pasy s mnozstvim spektralnich Car tésné blizkosti, mezi nimiz jsou temné
useky, zdroj: zarici molekuly latek.

emisni spektrum smeési par
kadmia, rtuti a zinku




Lambert — Beeruv zakon 7
A=log,6 “o =c¢lc

/

| = tloustka kyvety
¢ = koncentrace roztoku
€ = absorpcni koeficient, € = f(A)

Zakon plati pro monochromatické svetlo

L, I
dl
- Ei of ¢f
a I dl
=1 - kedl
I
T(%) = 1001— I—{ls5—=1-dl A= ecl
0 T = transmitance il
A=1 lo Jlff
=]o —
5107 A = absorbance

A = _logloT




Absorbing species with
/v cross-sectional area o

’.//
Q¥
EERN oy =1

—»| | edz

P,

path length b

Total Area (S)
A

Spectrum of
If one slab of absorbing material of thickness [ reduces the intensity of a beam of light to half. white light

=1

» [ Lo =L
I, 2

Then twe slabs of the same absorbing material will then reduce the intensity of a
beam of light to one quarter. JEEPE e

|‘_f _.I‘_!_’I o Spectrum

5 | : | 7 t itted b
» — =10 kal H — H —_— (;irt;strr:in ‘Iaayely
120 4 e

And three slabs will reduce the intensity of a beam of light to one eight. Pl S

|"f _'I"f _'I"f _'I P Spectrum

o L o ;@ transmitted by
I 2

two thin layers
0

% Transmission
of a thin layer




Grafické vyjadreni Lambert-Beerova zakona

= linearni funkce

1.2
1

y = 0.02x -

0.8
< 0.6

/

0.4

0.2 |
0

0.0

20.0 40.0 60.0

concentration (uM)




Spektrometrie
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Spectroscopic Techniques and
Chemistry they Probe

UV-Vis

UV-vis region

bonding electrons

Atomic Absorption

UV-vis region

atomic transitions (val. e-)

FT-IR IR/Microwave | vibrations, rotations
Raman IR/UV vibrations

FT-NMR Radio waves | nuclear spin states
X-Ray Spectroscopy X-rays Inner electrons, elemental
X-ray Crystallography | X-rays 3-D structure




Spectroscopic Techniques and Common Uses

UV-vis

UV-vis region

Quantitative
analysis/Beer’s Law

Atomic Absorption

UV-vis region

Quantitative analysis
Beer’'s Law

FT-IR IR/Microwave Functional Group Analysis
Functional Group
Raman IR/UV Analysis/quant
FT-NMR Radio waves Structure determination
X-Ray Spectroscopy X-rays Elemental Analysis
X-ray Crystallography | X-rays 3-D structure Anaylysis




UV-VIS

Svétlo (viditelné zareni) je soucasti spektra elektromagnetického zareni, lidské oko

vhima elektromagnetické vinéni o frekvencich 7,6:10% Hz — 3,9-1014 Hz.

o 1 It 10 10 16t 10 (00 10 10 10 it o iR

i — 1 L 1 | | L L ] | 1 ] 1 1 | 1
m radio IR rentgenove zareni
.................... ,_’ 4 ’ ‘. b
TV
______ mikroviny PR\’ X..... S
1 T i 1 T T T | 1 1 T | | T —3 E
1 1® 10° 1ot 10 10 10 10® 10 0% 10%® 10® 102 10%

Bilé svétlo

i T _Ei
L 700 600 500




Svételné spektrum je cast elektromagnetického spektra, ve kterém je zobrazena
zavislost barev svéetla na vinovych délkach.

Chromatické svétlo: slozené ze svétla vice vinovych délek, napf. bilé svétlo
(slozené ze sedmi barev)

Monochromatické svétlo: pouze jedna vinova délka, napr. laser




Michani barev

Aditivni (souctové) - RGB

Jednotlivé slozky barev se scitaji a vytvari svétlo vétsi intenzity. Smichanim dvou
zakladnich barev vznikne komplementarni (doplnkova) barva k treti zakladni

barvé. Princip aditivniho michani barev se uplatinuje na pocitacovych monitorech
a TV obrazovkach.

Subtraktivni (odcitaci) CMYK

S kazdou dalSi pridanou barvou se ubira ¢ast puvodniho svétla. Vyuziti v
barevnych tiskarnach.

CMYK model

magenta

RGB model




Absorpce zareni

* odrazené svetlo = barva predmeétu
e cerné teleso vse pohlcuje, bilé vse

/s N/

odrazi

Yellow |

primary h
A

complementary complementary

White
light

\)
complementary

W N N\
B ® ]
Shining white light on different colored paints :, : : : "-:.. ': ': : ; '; '; :




Priklad

white light coming in

green surface

Amount of Light Absorbed

Chlorophyll A

Chlorophyll B

Wavelength of Light (nm)




. ’ Citlivost lidského oka na barvy
LI d S ke O kO 3 druhy bunék oka hrubé odpovidaji

modrd, zelend a éervend

Relativni citlivost

400 480 500 600 650 TOO0
Winova délka [nm]
{d) Organization of the retina (e) Convergence
in the retina Pigment
Amacrine Horizontal
To optic Blg;:{:ar Rod epithelium
nerve

Neurons where | Ganglion
signals from rods cell
and cones are Bipolar

Cone (color vision)
Rod (monochromatic vision)




mm 330 M0 9450 9 50D

30

400 &30

1Boin Do dogs and human see spectrum

700 600

Canine View

Human View

|
500

How we see
Colours: Red, Green & Blue

Wavelength (nm)

How dogs see
Colours: Blue & Yellow (can be compared to the

We see all other colours in combination of these  vision.of a colour-blind human)

3 colours

Have a wider peripheral vision
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Sensitivity
=
L]

Sensitivity

a0

500 800 700
Wavelength (nm)

Sensitivity

UW B G
M‘ m
: | | LS
300 200 500 GO0

Wavelength (nm)

U B G R
m Q
1] ' d ' ]
300 400 500 600 0o

Wavelength (nm)




Human Vision Bird Vision

1 Bird.vision




CCD a CMOS detektory

U CCD je nakumulovany naboj presouvan pres
matici Schottkyho fotodiod. Elektrony
reprezentujici jednotlivé pixely jsou posouvany
do vystupniho zesilovace, kde je elektricky naboj
preveden na napéti. Vyhodami tohoto detektoru
oproti typu CMOS je lepsi svetelna citlivost, coz
se projevi v lepSi kvalité obrazu pri Spatném
osvetleni. CCD senzory také dosahuji vyssi
rychlosti prevodu signalu a vysledny obraz
vykazuje relativné nizky Sum. Nevyhodou téchto
detektorl je vyssSi cena a je slozitéjsi instalace do
kamery.

CMOS vyuziva integrovanych obvodl vysoké
hustoty, umoznujici umistit na Cip velké mnozstvi
MOS tranzistoru. Produkce téchto detektorl je
sériova a levnéjsi nez u CCD prvku. Vyhodou CMOS
senzorl je také nizka spotreba energie, nizsi
napajeci napéti a obecné jednodussi elektronika,
umoznujici navrh kamer s mensimi rozmery.

— Light quanta
= CCD Chip

"‘1‘.‘-‘.-\"1-
-\""H\__
Lens To Computer
-___,.-""' e 4
et A

CCD photon to electron CMOS

- conversion N
LT e
. charge i [
N e g EEE

[ [ [
[ [ [
0_4 ol vl sl Bl s

¢ I

CCDs move photogenerated charge from pixel to pixel and convert it to voltage at
an output node. CMOS imagers convert charge to voltage inside each pixel.

i, gl Ol () Ol (%)
(e et o) o Ll

[CMOS Sensor]
Light

Amplifier Horizonta register




UV-VIS spektrometrie

Higher Visible Spectrum Lowar Violet: 400 - 420 nm
Frequeancy Frequency Indigo: 420 - 440 nm
" - Blue: 440 -490 nm

: Green: 490-570 nm
| | | | I 570 -585 nm
400 500 &00 700 =00 585 -620 nm

Wavelength in nanometers Red: 620-780 nm

Collimator Wavelength Selector Detector
(Lens) (Slit) {(Photocell)

T p i 0-20
——= A‘il 1 K

Digital Display
Light source Monochromator Sample or Meter
(Prism or Grating) Solution

(in Cuvette)




TRANSITION METAL

ION COLOURS

Transition metals form coloured compounds
and complexes. These colours can vary
depending on the charge on the metal ion,
and the number and type of groups of atoms
(called ligands) attached to the metal ion. In
aqueous solutions, the ions form complexes
with the colours shown to the right.

OH,
Hzoxf,h‘ | WOH;
M+

HZO/| “WoH,

OHs
HYDRATED TRANSITION METAL ION

Electrons are arranged around the nucleus of
the metal atom in orbitals. Transition metals,
unlike other metals, have partially filled d
orbitals, which can hold up to 10 electrons.
When ligands are present, some d orbitals
become higher in energy than before, and
some become lower. Electrons can then move
between these higher and lower d orbitals by
absorbing a photon of light. This absorption
of light affects the percieved colour of the
compound or complex. The wavelength of the
light absorbed is affected by the size of the
energy gap between the d orbitals, which is
in turn affected by the type of ligand and the
charge on the metal ion.

2014 COMPOUND INTEREST WWW.COMPOUNDCHEM.COM

VANADIUM
Ti V

TITANIUM

7+

MANGANESE IRON
Mn Fe

2+

COBALT
Co

6os

CHROMIUM

Cr

NICKEL
Ni

2+

COPPER
Cu







Collimator
(Lens)

—_—

Light source

UV-Vis Spectrophotometer

Wavelength Selector
(Slit)

Monochromator
(Prism or Grating)

Sample
Solution

(in Cuvette)

Detector
(Photocell)

: ; A qﬁidl Io It I -

Digital Display
or Meter




Double Beam UV-Vis
Spectrophotometer

reference
’ ’ 5 I.‘“'“. ‘?_"*.__' .
AN
source »
monochromator \
Y
mirrors®

- = detector
sample




Fixed Wavelength Instrument

 LED serve as source
* Pseudo-monochromatic light source

No monochrometer necessary/ wavelength selection
occurs by turning on the appropriate LED

4 LEDs to choose from

sample
\ I beam of light
®
@

LEDs ° I . photodyode




Skenovaci UV-VIS spektrometr

Scanning Instrument

Tungsten \5|it
Filament (vis) \

monochromator

P

cuvette

Photomultiplier
tube

c'll

Deuterium lamp
Filament (UV)




Diode array UV-VIS spektrometr

mirror
Diode array detector

328 individual detectors

Tungsten \

Filament (vis

Deuterium lamp
Filament (UV)

monochromator




UV-Vis spectrum

UV-Vis spectrum shows the absorbance of one or more sample
components in the cuvette when scanned through various

Sample wavelengths
Solution

Absorbance

400 440 480 520 560 600 640 680 720 760

Wavelengths (nm)

For the Solution first we’ll determine where the maximum absorption occurs.




180 nm

o—-—>0L 135nm

=0
TT—> 1] 165 nm /:

" \})/
|
/ICI’\ /O\\
e

\ M n—>0l 183 nm weak
//C_O 279 nm
TT—> 1 150 nm >/
\ n—>cgl] 188 nm \
/C=O n—>T1J 279 nm weak )

Similar structures have similar UV spectra:

O

4 o

O

A__ =238,305nm Amax = 240, 311 nm A__ =173,192 nm




Barva souvisi s rozsahem konjugovaného systému

Lycopene:

A = 114 +5(8) + 11*(48.0-1.7*11) =476 nm
Ao (Actual) = 474.
f’f{t:fk NH, o NH, CI”
___§ Acidic
B medium
Aniline
Blue Shift ) L Red Shift hmax =280 nm hmax =265 nm
(Hypsochromic) *i:_lh_'pmchrumlt Bathochromic > (Bathochromic)
Peaks shift to N Peaks shift to longer Gt i R
shorter wavelength. wavelength. N N
OH
Alkaline
medium :
OH O
200 nm 800 p-nitrophenol

Ao = 255 nm Ao = 265 Nm




Kolorimetrie

Fosfor
pH
Zelezo

Dusik (amoniakalni, nitratovy)

Pockas
L=
ﬂlmmnlng';-'a':.'“"-w"
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Kolorimetrie

Signal processing

Phoaphate Color Chart

o [
=

250 ppb
125 ppb

50 ppb

0 ppb




Kolorimetrie

/
/

MER)
205
' r
Spot test Reaction [ S |
F A LL .- - o
{ g —

Data Analysis




Kolorimetrie - o

mobilniho
telefonu

Phone screen with
buttons and dizplay

Hdder for phone external to box

Hilewll Eipwld o Lresl]

TN |0 0 I




Atomova absorpcni spektrometrie

Roztokova analyza

destruktivni

V plameni

V kyveté

Anoda
*,

’ Hollow cathode

b

X

/ R

£ 4
Glass Argon of neon
shield gas

at 1-5 tom

Chuartz
Or Pyrax
window

| | — == Monochromator

Detector

4

AC.amplifier
and ractifior

Fig. 4.1 Atomic absorption with hollow cathode lamp (From SKOOG. Principles of Instrumental
Analysis, 5E. © 1998 Brooks/Cole. a part of Cengage Learning, Inc. Reproduced by permission.
wWww.cengage.com/permissions)




Fluorescence

Absorption, Nonradiative Relaxation and Luminescence

Enerogy

Making heat and 1x red out of 1x blue

Energy level Analogy from
diagram everyday life




Fluorescence

sample cuvette

excitation fluorescence
beam \L
::"L'I"'I-"r.':__é._.
Zh filter
light source detectar

@ 2001 BM. Tissue

Excited
State (S4)

Ground
State (S,)

Excitation

Fluorescence

T

Er|225 CHF
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excited singlet states

] . .
3 vibrational
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2] energy
" levels
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excited
triplet state

HE}

@ — I8 - BE] sample
Light source excitation
Monochromator .
b Monochromator
emission

l
@ Light detector

Spectrum

I

“ Chrysene

1 Absorption

Fluorescence

Phosphorescence

_J

I
200 250 300

L] L ] L] 1
350 400 450 500 550
Wavelength (nm)




Fluorescence v UV sveétle

Aplikace ultrafialové fluorescence - zviditelnéni ¢asem degradovaného textu
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Fluorescence intensity/ arbitrary units

_{a) Zinc white

(b) Cinnabar

400 600

(c) Naples yellow

400 600

(d) Lead chromate

400 600

400 600

Wavelength/ nm
)
‘“‘" i’ Jﬂ"tﬁ"@r P
20 um i ©
v -

Pigmenty

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).




Detekce mikroorganismu

[e2)
T

£

intensity (a.u.)

O "

] | L 1

600 700 800
wavelength (nm)

Normalised LIF spectra of green algae
(continuous line) and cyanobacteria (dotted
line). Excitation 355 nm.

inensity (a.u.)

1.0

metatin

FENRENF T RRERR RN ST TYS SR Y]
L

LR ] suy (1] ]
sEEs ll..lgn IIIIT|IIII III.....

‘%40 660 680 700 720 740 780 780
wavelength (nm}

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.




Pixel

Intenisty (a.u.)

0

Wavelength (nm)

= ;
400 450 500 550 600 650 700

Katedrala v Parme

Intensity {(a.u.

10 20 30 40 50 60 70
Pixel

D L
400 450 500 550 600 6h0 700
Wavelength (nm)

i
—_ (3] (%] = wn [a7] e | (o] w

Ratio

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); c fluorescence spectra
taken from the bottom left area of
the protiro and referring to those
pixels of the thematicmap inb

where the protective treatment was
strongly present (yellow—red pixels);
and d fluorescence spectra

taken in the bottom right area of the
protiro where the protective treatment
is present in a lower degree




Chemiluminiscence

= emise viditelného zafeni (luminiscence) v dusledku chemické reakce.

Napr. luminol v pritomnosti peroxidu vodiku za pritomnosti vhodneho
katalyzatoru:

C,H-N,0, + H,O, — 3—APA[0] — 3 —APA + light
luminol hydrogen peroxide
kde:
*3-APA je 3-aminophthalate
*3-APAJ[¢] is the vibronic excited state fluorescing as it decays to a lower
energy level.




D-luciferin

+ ATP + 0,
- vy
§5~}?“;} Firefly
f luciferase
\ } . Visible -
-ﬁ- !Igh} <y
Oxyluciferin
Fluorophore +PP. 4 AMP +CO
o.g. GFP : ?
Fluorescence Bioluminescence
Luciferin
N
«O:\: ‘D + ATP
H S Oxyluciferin
I
- L0
110 8 ai=s
Luciferase| Mg?*
02
=<
Llo’@i - OAMP + PP
LuciferyIAdenylate Pyrophosphate

Complex

Lampyris noctiluca (svétluska vétsi)

Pyrophorus noctilucus
(kovarik cucujo)




Svitivnik malozuby (Pachystomias microdon)
sviti Cervenym svetlem

Kalmar galérovy
(Cranchia scabra

Hlubinna krakatice Watasenia scintillans v normalnim
svétle a "rozsvicena" v temné hlubiné




InfraCervené zareni (IR)

= tepelné zareni, neviditelné okem, jeho zdrojem je
kazdé téleso které ma teplotu vyssi nez je absolutni
nula. Pri pohlcovani se IR zareni méni na vnitrni
energii pohlcujiciho télesa (téleso se ohfiva).

vibrational excited states

_/l\\ allowed
/ \ transitions

- (a) (b) - (e
oround dipole moment no change in dipole moment (o
slate changes dipole moment changes 1 )
? o ?w "_v;;-‘
..-""H -‘H“"h\. . “TtNu ) - S g
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HTH" H %
— S . ) § W oround
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Vibrations of Molecules

Symmetrical

Antisymmetrical

stretching stretching Scissor ing
Rocking Wagging Twisting




Infracervena spektrometrie (FTIR)
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Priklad

Oxid uhlicity nema v zakladnim stavu
molekulovy dipdl. Nékteré vibrace molekul
CO, vytvareji struktury s molekulovym
dipélem. Z tohoto divodu CO, silné
absorbuje infraCervené zareni. Podobné se
chova i methan, vodni para a dalsi
sklenikové plyny. Tyto plyny absorbuji
infraCervené zareni ze zemského povrchu a
emitovat je zpét ve vsech smérech.

U hlavnich plynt atmosféry, N, a O,, k
absorpci nedochazi a zarfeni prochazi
atmosférou do vesmiru.

Relative global

warming
Current Residence time, efficiency,
Gas concentration In years 100-year horizon
X0, 373 ppm 50-200 1
CI 1:1 1.77 ppm 12 23
MNO 316 ppb 120 296
CFC-11 0.26 pph 45 4600
HCFC-212 Q.15 ppb 12 1700
HFC-1 344 .01 ppb 14 1300

Halon-1301 0.003 pph 65 6900

+.“+

Svnunetiie Stretch
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o e 0200~
Bending Mode Asvmmetric Stretch
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Deformation (doubly degenerate) Stretch (triply ¢
IR inactive IR active (3019 em ')

Reflected radiation
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Nocni videni a
termokamery

Termografie = analyza infraCervené energie vyzarované télesem. Termografickym
mericim systémem lze zobrazit teplotni pole na povrchu sledovaného
objektu. InfraCervené zareni je pro lidské oko neviditelné, proto se termovizni
snimky vizualizuji za pouziti okem viditelnych palet, které prirazuji barvu ridznym
teplotam (rdznému mnoizstvi tepelného toku).

Heat source surroundings
(e.g. Sun, halogen lamp...)

' - Aobj £.T.W,p
e (1-8) Wy (e Wy @
(.1 - f)-wa.‘m

--------------------- Infrared camera




Detekce infracerveného zareni u hadu

Zmije, krajty a hroznysi maji na tvari otvory, tzv.
jamkové organy, které obsahuji membranu
schopnou detekovat infraCervené zareni az do
vzdalenosti jednoho metru. V noci umoznuiji
hadim "vidét" obraz predatora nebo kofisti
(podobné jako infracervena kamera).

How we see How snakes see

Mo infrared They can seg some color, but also infrared, They use

thermal image of their prey for hunt.

Q

- |
—_—
o .
:-‘\J e

",

“ .
Infrared
receptor




Upir obecny (Desmodus rotundus)

- Cidlo tepelného zareni se nachazi v
cumaku upira, anatomicky je podobné
obdobnému organu hadu.

~20 CENTIMETERS
Mosquito detects Mosquito first Mosquito detects
CO; plume sees human thermal plume
(from human breathing) and moisture




InfraCervena spektrometrie
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Sample Preparation

» (Gaseous samples
Long pathlength to compensate for the
diluteness

» Liquid samples
Can be sandwiched between two plates of a salt
e sodium chloride
 potassium bromide

« calcium fluoride

» Solids
 KBr pellet
*  Nujol mull
* Dissolving in organic
solvent(CCl,)




Infracervena spektrometrie s Fourierovou
transformaci (FTIR)

Fixed
mirror

| —

Sample Detector Computer

] _
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S
0
= ——
e
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Moveable Beam =

IR source
FT-IR spectrometer with interferometer (Reprinted from “Applied Spectroscopy™. Jerry

Fig. 35.6
Workman, Jr., page 9. Copyright 1998, with permission of Elsevier)




Infracervena spektrometrie s Fourierovou transformaci (FTIR)

fixed mirror
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—a— - - S e - Interferogram
I - SAPIC TIME DOMAIN

beamsplitter

moving IR Detector

mirror

Percent Transmission { Sample Emission

Absorbance ¢ Background Emission




A Fourier transform converts the time domain to the frequency domain
with absorption as a function of frequency.

wavelength (um)
5.5 ‘ | 13 14 1516

_Scissor

n-octane

3500

3000 2500 2000 1800 1600 1400 1200 1000 800
wavenumber (cm ') |

fingerprint region

Copyright © 2005 Pearson Prentice Hall, Inc.




The typical IR absorption range for covalent bonds is 600 - 4000 cm-'. The graph
shows the regions of the spectrum where the following types of bonds normally
absorb. For example a sharp band around 2200-2400 cm-' would indicate the
possible presence of a C-N or a C-C triple bond.
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Prenosné FTIR zarizeni
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Fig. 1. The Delhi iron pillar before the construction of the iron grill cage around the stone platform.

%, Transmittance

950

9401

930

920

910

80.0

88.0

880

B70/

Delhi Iron Pillar Rust

4 T T 4

| T g38 <3

[=] E t:!qLL & @ ) |_i'_‘

L £ v e ¥ b

| 1 I 8 1 1 l |
3500 3000 2500 2000 1500 1000 500

Wavenumbers (cri)

Fig. 5. FTIR spectrum from the DIP rust.




FTIR mikroskopie

Ik} e izl

Fig. 10.11. Egyptian bronze solid cast statuette of the God Osiris, inlaid with gold and

blue glass. The surface has been extensively altered to massive light blue and dark Base of Microacops
green corrosion, identified as an overall patina of atacamite, with patches of
chalconatronite. Frontal view. (For a colored version of this figure, see Plate 10.111.) Figure 825  Oplical paths of FTIR microscope with IR radiation: (2) transmittance; and (b) reflectance.

M, mirror; O, Cassegrain fens. (Reproduced by permission of PerkinElmer Inc. )
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Fig. 10.17, FTIR Spectrum obtained, in situ, from the dark green surface of the

Egyptian bronze Osiris shown in Fig. 10.11. The patina was shown to be of atacamite,

but the result was only obtained with some difficulty and the chalconatronite patina
could not be identified by this technique without sampling.




Infracervena spektrometrie

Terénni a mobilni zarizeni




Reflektografie

A — Kelacrad gy

Sratfered waver

TR AA
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Frassmiied Waves

Figure I5. Case of notural environmenis: sum of specular reflaciion and diffuse reflection
fvolume reflection is ignored here).

Aplikace infracervené reflektografie - zviditelnéni podkresby




Reflektografie

Aplikace infraCervené reflektografie - zviditelnéni tetovani na mumifikovanych
rukou z pohrebisté Semna South, Nubie (dnesni Sudan), stari cca 2000 let.




Nd:YAG 1064 nm
He—-Ne 632.8 nm

Ramanova spektrometrie

Raman Spectroscopy
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Princip Ramanovy spektrometrie
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- comparison of Raman and IR Spectra
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Scatter collector

Iris mirror
diaphragm
Sample
o
S ——F——3 T
I ™~
| Objective
Window / tens
A Interference
filter

Laser

TABLE 18-1 Some Common Laser
Sources for Raman Spectroscopy

_\V_

Spectrometer

ScterdaTemenmiry Lav i

Laser Type Wavelength, nm
Argon ion 488.0 or 514.5
Krypton ion 530.9 or 647.1
Helium-neon 632.8

Diode 785 or 830
Nd-YAG 1064

@ 2007 Themson Higher Education

Excitation
collector
mirror
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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,), mozaikového zlata (SnS,) a rumelky (Hg S).




7 v
O I t a r z e Pigment Chemical formula  Raman bands cm™

Vermilion HeS 255. 309, 347, 376
, Azurite 2CuCO,Cu(OH), 251,404, 623, 770, 838, 1098
“" S A I S Malachite CuCOsCu(OH), 153, 168, 179, 223, 272, 352, 435, 516, 538,
an ntO IN y an 722,755, 1062, 1100, 1372, 1496
Lead White  PbCO; 409. 1054

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

B e r n a b 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.

Massicot Venice red

Lead white m
M 200 000 roros Vermilion

500 1000
300 600
250
Malachite
Gypsum
Azurite
Lapislazuli
T 1066 = —
EE)[I ’ 600 Ef;'l)ﬂ

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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Rozpoznani imitaci
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Figure 2. Raman spectra of CaCOs, pearl, and faux pearl. A S o 1)
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Ramanova mikroskopie




Ramanova mikroskopie maleb

Portrét mladika (neznamy severoitalsky malir,
cca 1515)

Paint layers

Imprimatura

(bl
Raman inengiiy
at 1017 eme!

‘ Faman intensity
I at 1008 e
—

50 pm

Ramanovské mapy vzorku S llb.

(a) opticky obraz, (b) anhydrit, (c) sddrovec (gypsum).




Ramanova
mikroskopie

mikrofosilie
v jurskych
rohovcich

1200 1400 1600 1800
Raman Shift (cm™)
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B -1
30 40 50 80 70 30 40 50 0 70 Raman Shift (cm™)

1000 1200 1400 1600 1800
Raman Shift (cm™)

1200 1400 1600 1800

36 38 40 42 44 46 Raman Shift (cm™)

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 (Gunflintia 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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Glass Fiber
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M : 95% propustné zrcadlo pro vizualizaci plochy
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propousti ramanovsky posunuté zareni (Stokes) from laser
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Ramanova spektrometrie

Terénni a mobilni zarizeni




Analyza nasténnych maleb (kaple Ponthoz.)




Ostatni metody




Rentgenova
fluorescencni analyza
(XRF)

Rentgenova

Radionuklidova
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X-rays window
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Fig. 37.1 X-ray tube ("Fundamentals of Physics”, Second Edition Extended, David Halliday and

Robert Resnick, copyright 1981, Reproduced with permission of John Wiley & Sons, Inc.)
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Portable X-Ray Fluorescence
(PXRF)

GPU analyzes speciral data to
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Elektronova mikrosonda
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* Figure 2.6 The X-ray emesion and Aunger processes. An inner vacancy in the K shell
de-excites via one of two competing processes — (o) M-ray etmasion, in
Transmitied alectrons and which an L electron drops down and the excess energy 15 carried away by
inslastically scatterad alectrons : ¥ D
an X-ray photon, or (B the Auger process, in which an L electron drops
i s s 5 a T - Ly oIE i AWHY y H h
Figure 2.12 Interaction of primary lectrons with a thin solid sample, showing the down, but the excess energy 15 carried away by a third clectron — in this

various processes which can take place. { Alter Woldssth, 1973; Fig 4-1.) case from the M shell




CCD camera

Fig. 3.1. General types of electron microscope. (a) Scanning electron microscope
(SEM); (b} transmission electron microscope (TEM).




(&) ib)

Fig. 3.2, Interaction of electrons with a solid showing effects of interaction volume.
(a} SEM sample; (b) sample thinned for TEM.

SRR LE T

Fig. 3.25. BSE image of a copper—arsenic alloy. The alpha phase is composed of
regular grains, containing 3% As. Along the grain boundaries CugAs intermetallics,
with an As concentration up to 28% (bright phase), are present next to copper
sulphide inclusions (dark phase). Magnification 400 [87]. Reproduced with per-




Fotoelektronova spektroskopie (ESCA)
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PIXE a PIGE

Beam monitor
Argon X-rays detector

Collimators

__} P _{g_.

fﬁ] (B} X-raysdetector
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Fig. 11.1. The non-vacuum PIXE set-up used at LARN.




PIXE step 2

;.'.HE
ag

NRA

Fig. 5.1. Physical principles of IBA techniques. Particle-induced X-ray emission
(PIXE) is a two-step process: an inner-shell electron of the target atom is expelled by
the impinging ion, then follows an electronic rearrangement accompanied by X-ray
emission. Rutherford backscattering spectrometry (RBS) relies on a purely elastic
process based upon the electrostatic repulsion between positively charged projectile
and target nuclei. NRA oceurs when the projectile and the target nuclei come close
enough to undergo a nuclear reaction with emission of characteristic photons or
charged particles.




Neutronova aktivacni analyza

neutron

-particl
0\ " B-particle
Fou e Neutron AL T
IEDRRRMRS Copture PR Lo Y8 SR NS
agte ‘. 0.. .'... .".‘ .-... -
o’ -...o. ' e et .
- Radioactive
Target Compound \\ decay
nucleus \

..
A A+l A+1 ® Sy Saety)
Prompt gamma

radiation
PGAA

A+1 X* A+1 X

Z+1 Z+1
Decay gamma

radiation
NAA




o e " —

-
&

""I-

T e e

Printer/plotter

!
I

|
| Sample
|
I

I
|
I

|
|

I

I
LY

= High-voltage
Lead shield ‘} Eﬁ:ﬁ;
= |_ Germanium
';,..--‘“"" detector
| Analog
] pulse
___J
‘ g
Preamplifier
Liquid
nitrogen
monitor

R

Amplified
Analog —
Amplifier analog to digital Digitized
pulse | converter| Pulse

Multi-channel analyzer
with: keyboard
CRT display

intemal
microprocessor

data storage

Fig. 321 Germamum-lithium detector (From SKOOG. Principles of Instrumental Analysis,
S5E. © 1998 Brooks/Cole, a part of Cengage Learning, Inc. Reproduced by permission.
WWW.Cengage.com/permissions)




Hmotnostni spektrometrie




lzotopy

2The detection limits are based on-a 98% confidence level (3 standard deviations), .

b |dentifying a single part pertrillion of an element in a sclution is analogous to locating a single white raisin in a house (2,700 sg ) full of regular raisins,
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Figure 1. Elements determined by ICP-MS and approximate detection capability.
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Fig. 31.5 Quadrupole mass spectrometer with inset of xz and yz planes (From SKOOG. Principles
of Instrumental Analysis, SE. @ 1998 Brooks/Cole. a part of Cengage Learming, Inc. Reproduced
by permission. www.cengage.comy/permissions )
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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. 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.
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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.




Akrylatove barvy

s000 + PY 3: MNa*
] 268 m/z 268 17
4500 -
: PY 3: MH*
4000
: 395
3500
3 PY 74: MH*
3000 - 387 397 419
2600 - } l l |
1 —_— ||
2000 bl htsensminilh T___'__ *:"“'M_ﬂw __!T@LuMWLm .L .‘ L»L b »JU’L’WLM
a2 _ 4(|)0 m/z
E PB15
1000 PEG PG7 -
500 |‘ | I |
00 &0 | 800 1000 1200 1400 1600 1800 I2ol 200  mz

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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|dentifikace organickych pojiv v malbach
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MS/MS spektrum trojnasobné nabitych iontd pro
m/z 551.61, z hydrolyzovaného extraktu. Pfitomny
jsouy a b fragmenty peptidu ovotransferrinu 443-

Triptych Benedetta Bonfigliho, Madona s ditétem, sv. 457 (TDERPASYFAVAVAR).

Jan Kftitel.sv. Sebestian (XV. stoleti).




MS/MS spektrum dvojnasobné nabitych iontd
m/z 714.82, z hydrolyzovaného extraktu z
triptychu Benedetta Bonfigliho. Pfitomny jsou
fragmenty y and b fragmentu peptidu
lysozymu 52-63 (FESNFNTQATNR).

Zaver:

jako pojivo byly v
triptychu Benedetta Bonfigliho
pouzity vajecny bilek a Zloutek
triptych.

MS/MS spektrum m/z 402.28, z
hydrolyzovaného extraktu z triptychu Benedetta
Bonfigliho. Pritomny y a b fragmenty peptidu
vitellogeninu Il 50-53 (AGVR).
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Degradace
historickych laku

Fotochemicka degradace pfirodnich
triterpenoidl pouzitych jako laky

Hmotnostni spektra laserové
desorpce/ionizace dammaru
(nahore) a mastixu (dole) na grafitu.
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Rentgenova difrakcni
analyza (XRD)

0 & S 6 S O S

Figare 246 Bragg diffmction by crysial planes. The path difference between beams | and 2 is
S0+ JT=2 M) sind. {Reproduced with permission from W, Callister I, Materialy Science and Eapi-
eeeving: An Iedroduction. Tihed., John Wilsy & Sons Inc., New York. & 2006 John Wilsy & Soas Inc)
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Figure 6.2 Schematic diagram of a XRD diffractometer




Egyptian Osiris: blue corrosion
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Fig. 10.14. X-ray diffractogram obtained, in situ, for the light blue area of the patina
of the Osiris shown in Fig. 10.12, on the back. The principal constituent of this patina
is chalconatronite.







