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IR spektroskopie

Excitace vibra¢nich a rota¢nich pfechodt

Stretching vibrations Bending vibrations
Mear Mear Mear
E{ In-plane rocking In-plane scissoring COut-ofplane wagging  Out-of-plane twisting
Symmetric Asymmetric
Valencni vibrace Deformacni vibrace
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IR spektroskopie

N atomu = 3N stupiu volnosti

Vibraéni modus: molekularni pohyb, ve kterém atomy vibruji ve fazi
se stejnou frekvenci

Linearni molekuly: 3N -5 modu (odecet rotace)
Nelinearni molekuly 3N — 6 modu



IR spektroskopie

Podminka viditelnosti absorpce v IR spektru — vibrace musi byt provazena
zmenou dipolového momentu

(napf. asymetrické vibrace)
(EImg. zareni je oscilujici dipolovy moment)

ole el he oTe O N O

no change in dipole change in dipoke



Podminky viditelnosti IR

Absorpce zafeni jen u molekul s dipolmomentem, ktery se méni absorbci kvant

Vektor el. pole vibrujici molekuly se periodicky méni — absorbce zafeni s nimz je
V resonanci:

e v=12n.Vk/u Hooktiiv zdkon

silova konstanta / redukovana hmotnost

k = f(typu vazby) C-C ... 0,5 kNm'!, C=C ... 0,95, C=C ... 1,5
p=m.m,/(m,  m)

« E,=kK2(rr)’=(v+%).hv, (aplik. Sch. rovnice)
* E.=K2(1r;r)’=(v+%).hv,

 AE=hv=E,  -E,=hy,

Neaktivni

* Neaktivni molekuly — jednoatomové

« symetrické nepolarni (H,, N,, O, ...)

* majici symetrické valen¢ni vibrace (CO,)



Podminky viditelnosti IR

« (Oblasti spektra

— fingerprint — 900 — 1300 cm!

— charakteristicke pasy vazeb — 1300 — 3700

Functional group reglom
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 Vlivy

— skupenstvi —v, > v;» v (s — vhodn¢ na urceni struktury, ne zmény)
— vodikové vazby — rostou dipolarni interakce

— konjugace — mensi v

— 1sotopova zaména v = f(1/u) — D za H apod.



IR spektroskopie
E=hv

Vinodet = cm!

Blizka 0.78 - 2.5 um 12800 — 4000 cm-!
Stiedni 2.5-50 pm 4000 — 200 cm-!
Vzdalena 50 -1000 um 200 - 10 cm!
X—-H 3600 — 2700

X=Y 2700 — 1900

X=Y 1900 — 1500

X-Y 1500 - 500

A B

°—0

Voar = 11210 (Kyp/tiag)'? kde g = M,Mg/(M, + M)

Kde kK je silova konstanta, MA, MB hmotnosti
atomd, v vinocet



IR spektroskopie
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Typické IR spektrum

IR spektroskopie

Fraquency (D)

2930
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[‘/ ASSIGNMENTS ‘“"\
3350 OH - Stretch /L‘(\m
2950 - CH Aliphatic Stretch i

L 2860 - CH Aliphatic Stretch
2950 1425 - CH Bending 1425 J

1065 - C0 Stretch
2860 1065




Priklady vibraci

v OH (alkohol)
v NH2(amin)
v SH (thioly)
0 HOH (voda)

biopolymery

v SH (cystein)

v NH2 (amidy)

v C=0 (Asp, Glu)

v COO-
v C-N
v NH3+

o jadro (Tyr)

v NH (Trp)

v O-PO (fosfat)
o jadro (nukl. baze)
v CO, o6NH (pep. vazba)

oCN, 6NH

cm-!

3300-3700
3200-3500
2500-2600
1550-1650

2600-2700
3200-3400
1710-1720
1410-1570
1625
1670
1515
3400
900
1520-1570
1620-1670
1500-1550

Polohy abs. pasu podle typu
vazeb

X-H 3600 — 2700
X=Y 2700 — 1900
X=Y 1900 — 1500
X-Y 1500 - 500



IR spektroskopie

IR spektra proteint

Amid | - 1655 cm™? v N-CO
Amid Il — 1550 cm™* 8§ NH CN

Zavislost spektra peptidoveé vazby na typu struktury

Amid | (D,0O)
a-helix 1651 -1657
B- struktura 1620 -1640

1670 -1680
RC 1640 -1648



IR spektroskopie

FT-IR spektroskopie
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IR spektroskopie

FT-IR spektra proteinu
CaF2, D,0, 60 mg/ml, 10 pl
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Figure 2. Absorption spectra of ~60 mg/ml myoglobin solutions in
D,O preincubated at 62 and 78 °C for 15 min. Spectral conditions
are identical to those described in Figure 1.

Figure 1. Absorption spectra of ~60 mg/ml solutions of cytochrome ¢
and trypsinogen dissolved in D,O. Ten microliters of each protein
sample was placed between calcium fluoride windows separated
by a 15-um spacer. The data were recorded at 4cm! resolution,
and each spectrum is the result of 50 scans.



Ramanova spektroskopie

 NC 1930

* Neelasticky rozptyl

— srazky fotonu s Castici

* Neni absorpcni

* Merime vyzarenée svetlo

Sir C. V. Raman



Ramanova spektroskopie

* Rozptyl, mereni vyzareneho svetla
o Virtualni stav — excitace
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Ramanova spektroskopie

- The sample 15 excited with laser light

- elastically scattered light (Rayleigh)
-inelastically scattered light (B am an)

- Filter eliminates intense Rayleigh scattering
(typically 10° tim es stronger than the Raman scattering)

- Grating disperses the light onto
a detector to generate a spectnum

!

Be fore After
Spectrometer

O l ?‘\. [diffraction
* _> 1 .'II \ - wrating |
O E >
exciting Sample,  molecule :
lazer molecyle  ibrtes light out filter ‘

detector

Light loses energy to the moleculs wihration
Ratman shift:

Viasar = Vscattered = A""Ra.man

The Spectrum gives informations
about molecule hondings

1t 1 Jtet Aed Fes bt SIe et e 1666 b (e b6 di6 BGE wEe b

Coru 1 Ramn S b e

Ram an spectroscopy combined with a conventional optical microscope opens the
posability of Raman mictostructural investigations on the pm scale.




Ramanova spektroskopie

VR = Vo ~ Vvibr

Av=v_ —vg
= Vo= (Vo = Vyip)

Av = v,
A0 =555 nm
vo =18 000 cm!

Pokud v, = 1600 cm!

vg =18 000 — 1 600 = 16 400 cm’!
Ag =610 nm

Rayleigh

Stockes
N Anti-Stockes
/\

Vo =~ Vvib Vo ¥ Wyip



Ramanova spektroskopie

A |
- S |

Zdroje: lasery

He-Ne — 633 nm
Ar 488 nm




Ramanova spektroskopie




Ramanova spektroskopie

Polarizovatelnost molekuly a vibracni mody

Viditelnost vibrace v Ramanové spektru vyzaduje zménu
polarizovatelnosti vazby

Doplrikové k IR

Symetrické vibrace CO2

O - O O — O - G- O




Ramanova spektroskopie

Indukce dipdlu P v elektrickém poli E;

P=a. E; o — polarizovatelnost
E, = E, cos(2nv, t) v; vInoCet zareni
a= o, + o,cos(2nv, t) v, vibr. frekvence molekuly

p = E,a,cos(2nvit) + E a,cos(2nvit).cos(2nv,t)
+ E a,[cos2nt(v; +v,) + cos2nt(v; - v, )]

Pomér intenzit Stockesovych a anti-Stockesovych linii

IA/IS — (Xi _—VX)4’C (-hvv/kT)
(Vi T VV)

Anti-Stockesovy linie jsou mnohem slabsi



Ramanova spektroskopie

Infrared

Raman

Fyzikalni efekt

Absorpce

Zmeéna diplového momentu
(silné, iontové vazby jako
O-H, N-H)

Rozptyl

Zmeéna polarizovatelnosti
(silné: kovalentni vazby
jako C=C, C-S, S-9)

Priprava vzorku

Optimalni tloustka (transmission mode)
kontakt vzorku nutny

Bez kontaktu, destrukce jednoduchay pfiprava
voda nebo sklo nerusi méfeni

Komplikace Silna absorpce skla, vody, CO, Fluorescece
Materialy Zejména organicke latky Neomezeno
Frekvencni 4000 - 700 cm"

rozsah

4000 - 50 cm-' (Stokes and Antistokes)



http://www.cis.tugraz.at/felmi/HP3.html
http://www.cis.tugraz.at/felmi/HP3.html
http://www.cis.tugraz.at/felmi/HP3.html

Ramanova spektroskopie

Bézna Ramanova spektroskopie
Excitace svéetlem E < AE = E_ - E,
Napr.

A chromoforu 220 nm, A svétla 488 nm

Rezonanéni Ramanova spektroskopie

Elektronove a vibraCni prechody — excitace svetlem E > AE=E_, - E
A svétla je kratSi nez A odpovidajiciho el. pfechodu

(A chromoforu 550 nm, A svétla 500 - 400 nm, laditelny laser)
Rezonancéni Ramanuv efekt — zesileni urcitych linii

z
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VoW Vo Votvy
skupina v (cm-1) skupina v (em-1)
c-C 800-860 C-N 880-930
C=C 1600-1650 C=N 1650
Cc=C 2100-2250 C=N 2150
Cc-0 820 - 880 C-Haj 2930
CcC=0 1710-1750 C-Hayr 3050
Ramanova spektra bilkovin
peptidova vazba aromatické AK
v C-N, 8 N-H 1235 (Bskladany list) Phe (kruh) dychani 1000
1275 (o Sroubovice) 8 C-H 1203
1235 -1245 Siroky pas RC
v C=0 1635 (a Sroubovice) Tyr 6 C-H 1210
1670 (B skladany list) 830,850
1665 Siroky pas RC lesoflszo 0,5 skryty
1,4 v roztoku
Try (kruh) 1361
-S-8- 510, 525, 540
C-S 630, 670, 700

(o

1 i

} . ]
41800 {90 1000 60p




Ramanova spektroskopie

194 L. Rivas et al. / Journal of Molecular Structure 565-566 (2001) 193—196
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Fig. 1. RR and SERR spectra of Cyt-¢” in the marker band region excited at 413 nm. The SERR measurements were carried out after adsorption
of the protein at 0.0 V. (A) RR spectra of Cyt-c"(ox) in solution; (B) RR spectra of Cyt-¢”(red) in solution; (C) SERR spectra of Cyt-¢"(ox)
measured at 0.0 V; and (D) SERR spectra of Cyt-c"(red) measured at —0.7 V.

Resonanc¢ni Ramanova spektra cyt c: 1340 — 1550 cm-1: oxidaCni a vazebny stav
hemového Fe. 1375 a 1504 cm-1 — oxidovany stav, bis-His hemu (6¢LS konfigurace).
Redukovany stav: 1353 — 1468 cm-1 (5¢cHS konfigurace)



Ramanova spektroskopie
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FIG. 2. RR spectra in the 300-700 cm™* region for C'*0 (a) and
C"®0 (b) adducts of reduced cyt bs (25 uM) at pH 3.1 and their
difference spectrum, a-b (c). The ordinate scales of spectra a and b
are normalized by the intensity of porphyrin bands. Measured at
room temperature.

Vazba izotopt CO na cytochrom b5.



Ramanova spektroskopie
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FIG. 3. Circular dichroism spectra of (A) rLb and (B) Leu88Asp in
the far-UV region. Conditions: sodium phosphate, pH 7.0, p = 0.10
M, 25.0°C.

FIG.1. The active site of the nicotinate derivative of ferric soybean
leghemoglobin a (22). Hydrogen bonds are indicated with dashed

lines.

Analyza mutantd Leu88Asp
Prakticky totozna CD spektra
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FIG. 4. Room temperature resonance Raman spectra of (A) ferric
rLb and (B) Leu88Asp recorded using 413-nm excitation. Inset: Low-
temperature (90 K) resonance Raman spectra of ferric LeuB8Asp
recorded using 413-nm excitation. Conditions: sodium phesphate, pH
70, p=010M

RR: 1482, 1565 — 6 koordinacCni Fe, s vysokym spinem

1505, 1582 — 6 koordinacni, nizky spin

divoky kmen a mutant prakticky totozné



Ramanova spektroskopie
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Fig. 1. Infrared spectra of DPPC-dg, at 22°C (- - +) and 55°C
( ) in aqueous dispersion.




