IR spektroskopie
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IR spektroskopie

N atomu = 3N stupnu volnosti

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

Linearni molekuly: 3N -5 modu
Nelinearni molekuly 3N — 6 modu




IR spektroskopie

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

(napf. asymetrické vibrace)
(Elmg. zareni je oscilujici dipolovy moment)
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IR spektroskopie

0.78 - 2.5 pm
2.5 -50 pm
50 -1000 pm

12800 — 4000 cm-!
4000 — 200 cm-!
200 - 10 cm’!

3600 — 2700
2700 - 1900
1900 — 1500

1500 - 500
A B

O—0O

Voo = 1211 (Kag/Hag) 2 kde pag = MAMg/(M, + M)

Kde k je silova konstanta, MA, MB hmotnosti

atomu, v vinodet




Typické IR spektrum

IR spektroskopie

Fraguensy [Chsl)
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3350 OH - Stretch /L—(\m
2950 - CH Aliphatic Stretch :
2860 - CH Aliphatic Stretch

2350 ¥ 1425 - CH Bending s J
1085 - CO Stretch
2260 10ES

2950 !




Priklady vibraci

v OH (alkohol)
v NH2(amin)
v SH (thioly)
o 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, dNH (pep. vazba)
OCN, oNH

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
=Y 1900 — 1500
-Y 1500 - 500




IR spektroskopie

IR spektra proteint

Amid | -1655cm!' v N-CO
Amid Il = 1550 cm? d NH CN

Zavislost spektra peptidové vazby na typu struktury

Amid | (D,0)
a-helix
- struktura

RC

1651 -1657
1620 -1640
1670 -1680
1640 -1648




IR spektroskopie

FT-IR spektroskopie

F(v)= frey e 2 My and  f(n= 21 F(v) e

(2w

MIRROR 1

INPUT

i

e |
L

[

OUTPUT

Filg. 1 A Schematic of a generic Michelson Interferometer.
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Fig. 5 Diagram of a dispersive spactral Instrument and an
FT-IR spectral Instrument.




IR spektroskopie

FT-IR spektra proteint
CaF2, D,0O, 60 mg/ml, 10 pl
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Figure 1. Absorption spectra of ~60 mg/mL solutions of cytochrome ¢
and frypsinogen dissolved in D,O. Ten microliters of each protein
sample was placed between calcium fluoride windows separated
by a 154um spacer. The data were recorded at 4-cm™ resolution,
and each spectrum is the result of 50 scans.
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Figure 2. Absorption spectra of ~60 mg/mL myoglobin solutions in
D50 preincubated at 62 and 78 °C for 15 min. Spectral conditions
are identical to those described in Figure 1.




Ramanova spektroskopie
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Ramanova spektroskopie

- The sample is excited with lazer light

- elastically scattered light (Rayleigh)

-inelastically scattered light (Raman)

- Filter eliminates intense Rayleigh scattering
(typically 109 tim es stronger than the Faman scattering)

- Grating disperses the light onte
a detector to generate a spectrum
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Ram an spectroscopy combined with a conventional optical microscope opens the
possibility of Raman microstructural investigations on the pm scale.




Ramanova spektroskopie

Rayleigh

VR = VO —Vyipr

AV =Vv0 — vg
=V0o—-(VO—V,)

Av =V,

Stockes
Anti-Stockes
A0 =555 nm yaN

vo = 18 000 cm-!

VO —VV vo+vvy NM

Pokud v, = 1600 cm'!

V, =18 000 -1 600 = 16 400 cm!
Ay =610 nm




Ramanova spektroskopie

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

Symetrické vibrace CO2

O J—C — O O — — O - C - O




Ramanova spektroskopie

Indukce dipolu P v elektrickém poli Ei

P =a.E1 O — polarizovatelnost
Ei = Eo cos(2mnwv;, t) v; vinocCet zareni
o= 00 + o cos(2mv, t) Vv, Vibr. frekvence molekuly

p = E,a,cos(2mvit) + E o, cos(2mvt).cos(2mw,t)
+ E_a [cos2mt(v, +v,) + cos2Tit(V, - v, )]

Pomér intenzit Stockesovych a anti-Stockesovych linii

IA/IS — Qi _—VV)4-6 (-hvv/kT)
(V. +Vv)

Anti-Stockesovy linie jsou mnohem slabsi




Ramanova spektroskopie

Infrared

Raman

Fyzikalni efekt

Absorpce

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

Rozptyl

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

Priprava vzorku

Optimalni tloustka (transmission mode)
kontakt vzorku nutny

Bez kontaktu, destrukce jednoduchay pfiprava
voda nebo sklo nerusi méreni

Komplikace Silna absorpce skla, vody, CO,, Fluorescece
Materialy Zejména organicke latky Neomezeno
Frekvenéni 4000 - 700 cm™’ 4000 - 50 cm™' (Stokes and Antistokes)

rozsah




Ramanova spektroskopie

Rezonanéni Ramanova spektroskopie

Elektronové a vibracni prechody — excitace svetlem E>AE=E_ - E
A svétla je kratSi nez A odpovidajiciho el. prechodu

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

z

Bézna Ramanova spektroskopie
Excitace svetlem E<AE =E_, - E,
Napf.

A chromoforu 220 nm, A svétla 488 nm,
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Vo=Vv Vo

Votvy

skupina v (cm-1) skupina
Cc-C 800-860 C-N
C=C 1600-1650 C=N
Cc=C 2100-2250 C=N
c-0 820 - 880 C-Haji
C=0 1710-1750 C-Har

Ramanova spektra bilkovin

peptidova vazba

v C-N, 8 N-H

v C=0

1235 (Bskladany list)
1275 (o Sroubovice)

v (em-1)

880-930
1650
2150
2930
3050

aromatické AK

Phe (kruh) dychani 1000

& C-H

1235 -1245 Siroky pas RC

1635 (o Sroubovice)
1670 (B skladany list)
1665 Siroky pas RC

{00

| i

Tyr 5 C-H

laso/leso

Try (kruh)

8-8-
Cc-s

1203

1210
830,850

0,5 skryty
1,4 v roztoku

1361
510, 525, 540
630, 670, 700

4800

{400

|
1000




Ramanova spektroskopie

194 L. Rivas et al. / Journal of Molecular Structure 565-566 (2001) 193—196

1375
N

1350 1400 1450 1500 1550 1350 1400 1450 1500 1550
Av/ em’ Av/ cni'

Fig. 1. RR and SERR spectra of Cyt-c” 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-¢”(ox) in solution; (B) RR spectra of Cyt-¢"(red) in solution; (C) SERR spectra of Cyt-¢"(0x)
measured at 0.0 V; and (D) SERR spectra of Cyt-c”(red) measured at —0.7 V.

Resonancni 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

BLoC
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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 by (25 uM) at pH 3.1 and their
difference spectrum, a-b (c). The ordinate scales of spectra a and b

are normnalized by the intensity of porphyrin bands. Measured at
room temperature.

Vazba izotopu CO na cytochrom b5.




Ramanova spektroskopie
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FIG.1. The active site of the nicotinate derivative of ferric soybean s
- 4. Room temperature resonance Raman spectra of (A) ferric
leghemoglobin a (22). Hydrogen bonds are indicated with dashed rLb and (B) Leu88Asp recorded using 413-nm excitation. Inset: Low-
lines. temperature (90 K) resonance Raman spectra of ferric Leu88Asp
recorded using 413-nm excitation. Conditions: sodium phosphate, pH

7.0, p=0.10 M.

Analyza mutantd Leu88Asp

Prakticky totozna CD spektra
RR: 1482, 1565 — 6 koordinacni 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.




