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Viastnosti svétla

frekvence — v - pocet cykll za ¢as (st = Hz)
vinoéet — v = v/c (cm™)
vinova délka - A (nm)

Energie ~ v
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VIna nebo castice

* klasicka teorie (Maxwell) — viny
» kvantova teorie (Planck) — svetelna kvanta

F = hr

Planckova konst & = 6,62606896(33) - 10" J s
h=4,13566733(10)- 10" eV s

Fotoelektricky jev (Einstein)
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THE ELECTROMAGNETIC SPECTRUM
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INTERAKCE ZARENI S
HMOTOU
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Spektrum atomu vodiku

o

3 serie o 1000 10000 um
Lyman (UV), Balmer (VIS), Paschen (IR)
Rydberg (pfed QM!) popis:

1 1 1 -
—=R - — R=1.097373 x 10" m~!
/\l ((nf)i ?‘1.2) ( X m )

» Bohr — model atomu
el. na urCitych orbitach
vyzareni =

prechod mezi hladinami

|

|
Carové spektrum ||| | ||
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VIS

Spektra <« UV met.han!_ZCH infrared

molekul 11! : ALk
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Einsteinovy koeficienty &

1 ~ AN hv
. Spor;ténni Emise (a absorpce)
(%)AEI = Aging Ay = —An.
 (stimulovana) Absorpce Er
(%) = —Banip(v) S AN hy
Bia
- , . E
« Stimulovana Emise :
(@) = Byingp(v): hv
dt Bay Er
I ANy
Eq
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Jablonski diagram

fluorescence a fosforescence

S3
excited
52 \ hi.gher energy
‘ / triplet states
S, »

2
5 absorbed
cC oas
exciti !
- i emitted

light

So
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Stokesuv posun

Z Jablonskiho diagramu vyplyva, Ze energie emitovaneho
zareni (fluorescence) je typicky nizSi nez energie n
absorbovaného zareni. Tento jev byl poprveé pozorovan G. G. |
Stokesem v roce 1852 na University of Cambridge. |

SOLUTION

S OF QUININE ?

YELLOW=GLASS
OF WINE

EMISSION FILTER
TRANSMITS > 400nm

“.J,I
6.6. STOKES G. G. Stokes

BLUE -GLASS
IN CHURCH WINDOW
EXCITATION FILTER <400nm
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Fluorescence

Absorpcni a emisni spektra antracenu.

WAVENUMBER (kK)

35 25 20
(*103)10 T , oo | h | e o ey T
8 F : : :

MOLAR EXTINCTION
COEFFICIENT (&)
~

Cisla 0, 1, a 2 odpovidaji
riznym hladinam vibraéni
energie.
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Frank-Condonuv princip

« prfechod elektronu je
mnohem rychlejsi, nez
pohyb jader

» vibronicky prechod zakladni
stavu — excit. stav
vertikalni; az Casem dochazi
K zmeénam usporadani
atomu — fotochemii

Energy

Nuclear Coordinates

29.11.2023 12



FOTOCHEMIE

29.11.2023
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Prehled fotochemie

Tl
Intersystem
S crossing
\“ Internal
£C conversion
S FAuorescence %hosphore énce
0

0-0

N\

\J Photoproduct

NejCastéjSi — nezafivy pfechod (prebyteCna energie — teplo) =
nedochazi k chem. zménam
Fotochemickéeé procesy ~ Casu = dochazi k chem. zménam
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Doba zivota excitovanych stavu molekul

« Base nukleovych kyselin maji velmi velmi
kratkou dobu zivota a navic maly
fluorescenéni kvantovy vytézek, coz
Zznamena, Ze se do zakladniho stavu vraceji

nezarivym prechodem.

NH,
¢ 1
N N/) N N/)\NHZ
e 6-aminopurin (adenin) a 2-aminopurin

Doba zivota 1 ps desitky ns
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ProC base NK a pro¢ WC parovani?

 DNA base (G,C,A,T) maji velmi kratkou dobu zivota
excitovanych stavu (~1ps) - chrani pfed fotochemickym
znicenim (napr deaminace; po excitaci prejdou do zakl.
stavu a exc. energie se premeni na teplo).

* Byl tento mechanismus dostateCny v podminkach vzniku
zivota na Zemi kdy puriny a pyrimidiny tvorily prvni
makromolekularni struktury?

 Musime analysovat nejen isolované base, ale i jejich
komplexy.

29.11.2023 16



Spektra NK

« 30 paru tvorenych Ga C

* jen ve 3 pripadech Siroké
pasy (A1,A2,A3) —>
rozmyti energie interkonverzi

» ve vS8ech ostatnich
pripadech vzdy Carove
spektrum —>

rozklad 3

Tyto vysledky ukazuji, Ze doba

zivota GC WC struktur je
o 2 Fady kratsi W % B c 2 by
nez ostatnich GC struktur WY ‘ M
I I | | | | I I | |
33000 34000  cm”

a tedy vydrzi vice zareni
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SPEKTROSKOPIE

29.11.2023
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Spektroskopie — prehled

NMR EPR IR VIS UV  X-Ray

spiny jader spiny el. rotace vibrace el.pfechody el. pfechody vnitfnich el.

100 102 10 1 107 102 10 104 W5 104 107 108 10 100 10-m 1012
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radio waves infrared Vo pltmwolei "hard* X-rays
. - e
microwaves o "soft” x-rays gamma rays
2 s :

Frequency (Hertz)
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Energy of one photon (electron volts)

p ol
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Nuklearni magneticka rezonance

NMR

29.11.2023
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Nuklearni magneticka rezonance

 Resonance zareni se spiny atom. jader ve
vnejsim magnetickem pol

 Vetsina jader ma spinove kvantove Cislo (m))
— > ma magneticky moment (maly magnet)

a b
-:_ +h i \'é)‘z
! ——
-h

S

LN

FIGURE 1.1 Angular momentum. The angular momentum vectors, I, and the
allowed z components, /., for (a) a spin-3 particle and (b) a spin-1 particle are
shown. The location of I on the surface of the cone of precession cannot be
29.11.2023 specified because of quantum-mechanical uncertainties in the /, and /, compo- 21
nents.




NMR resonance

AE = hv =ho=B_yh

Zavisi:
1) typjadra
(v — gyromagneticky polomér)
2) spinovy stav (m)
3) sila magnetu
(B, - intenzita mag. pole)
Rezonancni podminka: m= v

AE = hv =,ﬁ‘(1) = BO’}/ o => v, — Larmorova frekvence
29.11.2023 22
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L armorova frekvence

 frekvence resonance
— prechody spinu => absorpce radiofrekvencniho zareni
=> detekce

NMR — studie vlastnosti molekul s mag. at.j. pri aplikaci
mag. pole, kdyz sledujeme frekvenci resonancniho pole

NMR spektrometr
silné magnety -supravodic
(kapalné He, T = 4K)
sleduje se stinéni
indukci na jadrech
rozdilné okoli jadra
— rozdilné stinéni

29.11.2023



NMR-aktivni jadra v proteinech

* Prirozena:
1H, spin 1%
31P, spin V%
* Obohacena diky bakterialni expresi:
’H, spin 1
13C, spin %2
15N, spin 72
* Neviditelna
12C, 160, 14N , spin O

29.11.2023
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Chemicky posun

O — COI"Ef O = Ojgcal 7 Osoused T Osolvent
— ppm

« standard = Tetramethylsilan TMS

ketones and aldehydes
car“bo ic acid{HO-C{=0)} carboxyl'“id ester, amide
aldehyde{H-C=0} urethanes(NC{0)O)
] [ ]
1.aromatic
Electron-poor Electron-rich 2. olefinic{C=C})
—> )
aromatic nitrile{C=N)
EDG*: the electron-donating groups
EDG* EWG* ) ic(0-C-O
<> EWG*: the electron-withdrawing groups anom& )
1 0Ieﬁnic(H-C=C) CR,OH
2. Anomeric{H-C[-0}-0) CH,0H
] CHy0
H-C-O{H-C-0-CO-R>H-C-OH or H-C-0-C) Cc-0 :
[ ]
—
H-C-N —
-CH>-CH,>-CH
—1 3 -C->-CH->-CH,>-CH,
14 13 12 11 10 9 8 7 6 E 4 3 2 1 O (TMS) 220 200 190 180 160 140 120 100 80 60 40 20 a(TMS)

Chemical shift{5,} Chemical shift()

29.11.2023 25



Jemna struktura NMR

 dusledek interakce mag. pole okolnich
jader na mag. pole jadra

* J nezavisi na sile aplikovaneho pole

ne[i'gnl:tb:rr'isng Relative intensity Type of signal
0 /1 singlet
N
S S
SN
3 quart
: SN /<\\“< et
5 exte
6 1/1\(5\Z>O\ZO/1<5/ lS\6>K1 septet

29.11.2023
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NMR EtOH

« 3 protony CH; rozstépi resonance protonu na CH, v
pomeru 1:3:3:1

« 2 protony CH, rozstépi resonance protonu na CH; v
pomeru 1:2:1

« vSechny Cary jsou rozStépeny do dubletu OH protonem,
ale toto stépeni nelze detekovat (volna rotace OH)

—

/ CH,

29.11.2023 50 ' 4.0 ' 3.0 | 2.0 ' 1.0 ' 0.0 27
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« 1D NMR

— identifikace jednoduchych
latek (organika)

. 2D NMR (*H a 13C NMR)

— rozliSeni geometrie
jednotlivych skupin
— vétSi molekuly (proteiny)
 MRI (Magnetic resonance imaging)

— zobrazeni ve 3D mist, ktera
rezonuji (voda, Gd3*)

29.11.2023 28



MIKROVLNNE
SPEKTROSKOPIE

29.11.2023
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EPR, ESR

« Elektronova spinova (paramagneticka) resonance
* molekuly s neparovym elektronem

 resonance v oboru mikrovin

 Detekce radikalu
Priklad CH,-

29.11.2023

Signal

v = 9388.

2 MHz :
|
: Absorbance
I
|
I
|

First Derivative

3346

3348 3350 3352
Magnetic Field Strength (G)

3354
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Rotacni spektroskopie

* mikrovinna cast spektra
e moment hybnosti | = Z mr?
« zavisi na geometrii — délky vazeb a jejich uhly

. E,=J(J+1)h%8m2

Priklad: CO, m}u
1

E—
|

Wavenumbericm-1
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InfraCervené spektroskopie

IR

29.11.2023
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IR spektroskopie

vibrace

E, = (v+72) ho

 v=0,1,2

ZPVE (zero point vibrational energy)

c=c GC::DN
C—N C—C
4000 N H O H 3200 2800 2300 2100 1800 1500  Finger print
X-H_Attached to heteroa C-H Triples irmmg—em—.
| | | | N | | |
' | i | 2,380 ’ LJ-EG:HED ' cm™
4000 3000 co, 2000 Aol 1000
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Vibrace

Symmetrical stretching .\ ,
Antisymmetrical stretching _:
Scissoring .\ ’
Rocking .\ ’
Wagging

Twisting /‘
34
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Viditelna a ultrafialova oblast

UV-VIS

29.11.2023

KFC/KFCH - VII - spektroskopie
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UV-VIS

Absorpce (Absorbance, Transmitance)

— vzorek pohlcuje svétlo (Lambert-Beertv zakon)

— zvysuje se teplota

— indukce chemické reakce Wl 7

— dochazi ke zpétné emisi svétla
Emise

— vzorek svetlo vyzaruje

— fluorescence o

— fosforescence =C g0
Rozptyl (Rayleighuv a Ramanuv)

— dochazi ke zmené sméru svételného paprsku

— muze dochazet ke zméné frekvence

Cold Gas

29.11.2023

Continuum Spectrum

Ermission Line Spectrum

Absomtion Line Spectrum

}‘
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Absorpce

« UV — prfechody valenénich elektronu

»
excitace ] 7
*
T * ! | ’
i |
: »*! il * .
E NeTl [Tl |NeT |0l
: _ : | n
Figure 11-2 Relative electronic orbital
energies and selected transitions in order
of increasing energy o

* VIS — barevnost latek
(Cisténi pradla — fluorescencni barviva -
fluoreskuji do modra '
prekryvaji tim zlutou barvu
» pradlo je (pusobi) bélejsi

29.11.2023
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Lambert-Beeruv zakon

lo

- =
‘ —— . S - "
— c a I,
Iy
= el
[
I=1e" I, : intenzita pfichazejiciho svétla
_ —eey,l I : intenzita proslého svétla
I'=110 | - draha v cm
1, ¢y - koncentrace v mol/l
A= logT = &yl k : absorpéni koeficient
7 ¢ . molarni absorpéni koeficient
T=—=10"4 nebo molarni absorbtivita v
I, cm?2 .mol! nebo I.mol-l.cm.

29.11.2023
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Vliv podminek na spektrum

100 7 v
*e
10041 11

7N 1,2,4 5-tetrazin

Extinktion

A1-0 0-0 0-1A 0-2A 0-3A 0-4A
1 1
600 550 500 nm 450

|. Plynna faze, teplota mistnosti Vibracni struktura spektra je dobfe patrna

Il. V isopentan-methylcyklohexanové ouze v plvnné fazi
matrici, 77K p p y

Ill. V cyklohexanu, teplota mistnosti

IV. Ve vodé, teplota mistnosti
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Opticka otacCivost

* CD (Cirkularni dichroismus)

.
------
. )

— rozdil v absorpci levo- a toCive F ey
Kruhoveého polarizovaneho svetla Polarizitor
Right and Left Hand O

5 circalarly pelarised CD signal

i 2 lighet 5

E E WL&{ Preferential

) : Photon Optically “‘.’“'PT“ of
- i

wavelength (nm) wavelength (nm)

* ORD (Opticka rotacni disperze) . DHa,

— rotace roviny linearné polarizovaného = = ;4

svétla vzorkem NS 7
rv y = Rotation of polarized light 5}'\’ 4
— obtizna interpretace e
29.11.2023



Ramanova spektroskopie

* Rozptyl svetla

« zdroj = koherentni zareni o specifické vinove délce

(laser)

Y
m

Stokes Rayleigh

29.11.2023

anti-Stokes

Raman spectrum of Sulfur

Raman Raman
Stokes Anbi-Stokes
WVirtual
states 218 Rayleigh
- (suppressed by
. ,E.? noich. .tilter)
&
a7 472 218
= 153
Vibrational i
states - 1 5 3
-472
L o
400

0 -400
Wavenumber (cm!)

41



X-RAY

29.11.2023
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fenown
"_dista nce

X-ra primary

sourcye beam
diffmcted/
beams

detector

1999 GARLAND PUBLISHING INC.
A member of lre Tagler & Frands Group
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Bragguv zakon difrakce

 Difrakce je pozorovatelna, kdyz rozptylené viny
X-zareni konstruktivne interferuiji

— maji stejnou fazi.
2dsin6=nAx\

W. H. Bragg & W. L. Bragg
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X-ray DNA

Rosalind Franklin & Raymond Gosling
Nature 171 (1953)

James Watson & Francis Crick
Nature 171 (1953)
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X-ray proteiny a viry
S crystal

X-rays
. diffraction
-~ pattern
phases
electron

density map

refinement

atomic
model

29.11.2023 46



Zaver: Interakce se zarenim

« Zareni — definuje vinova délka (1/frekvence)
* Podle typu zareni

— Radiové
— Mikrovinné

— Infradervené
— Viditelné

— Ultrafialoveé
— Rentgenove

— Gamma

-> spiny jader -> NMR,

-> spiny elektronu -> EPR,
rotace -> rotacni spektroskopie,

-> vibrace vazeb -> IR

-> valencni elektrony -> UV-VIS, Raman
absorbce, excitace, fluorescence

-> valencni elektrony -> UV-VIS

-> vnitfni elektrony -> X-Ray, XRD,
difrakce

-> jadra -> jaderny rozpad, SPECT
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