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Vibrace CO2

= pocet a typ vibraci je dan symetrii molekuly
= vibracni frekvence jsou dany vlastnimi hodnotami dynamické matice
v okoli rovnovazné polohy

Vibrational mode Molecular structure IR and Raman activity

Equilibrium m No activity at
structure equilibrium position
S ical ' —h du/0Q = 0 IR inactive
ymmetrica m da/0Q # 0 Raman active
stretch 1388 cm!

ommm =m) am du/0Q # 0 IR active

Asymmetrical da/dQ = 0 Raman inactive
stretch 2349 cm’!

\‘ '/ ou/0Q # 0 IR active

Bending da/dQ = 0 Raman inactive
— 667 cm’!
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Ramantv rozptyl

nepruzny rozptyl svétla (Smekal 1923)
energie fotonl zpravidla preddna latce

Raman, Krishnan 1928 (Nobelova cena 1930), nezavisle Landsberg, Mandelstam 1928
rubinovy laser (Maiman 1960), predpovézeno Einstein 1917

= Siroce aplikovatelna spektroskopie (kapaliny, plyny, krystaly) s charakteristickymi otisky materialt
® reaguje na usporadani zkoumané latky ramansky filtr
prostrednictvim interakce svétla

s rovnovaznymi vibracemi jejich atomua

monochromator

= velmi slaby jev lasery 4 - " ©~
(rozptyli se asi jeden foton z milionu) detektor

= nutnost precizni detekce rozptylenych
fotonU (vinova délka témér nezménéna)
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beam expander
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Renishaw inVia



raman intensity [counts]

raman renishaw, 50x, 514 nm, 10 mW, 1000 s
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Ramanuv rozptyl

Virtual
v . energy *
nepruzny rozptyl svétla na states ‘ A
kmitech molekul ¢i krystalové mrize
Vibrational
energy states
4

3

- - 2

—1Y y!

0

Infrared Rayleigh Stokes  Anti-Stokes
absorption scattering Raman Raman

scattering scattering

dopadajici elmag. vina: E = Eo COS wt
odezva atom: u(t) =u, cosQt

indukovany elektricky dipolovy moment: o =, + alu(t)+ azuz(t)+ e

polarizovatelnost spojena s vibraci:

L. . B} 1 -
P = oF = o,E, cos wt + o, E U, cos wt cos Qt = o, E,, cos wt + EoclEouo[cos(aH Q)t + cos(w — Q)t]

vybérova pravidla pro Ramandv rozptyl prvniho Fadu: o =w'+Q k=k'+K



Ramantv rozptyl

pocet vibraci N-atomové molekuly: 3N-6 (-translace a rotace)
(3N-5 pro linedrni)

Pocet vibraci v krystalu: 3N-3 (-translace)
s N atomy v elementarni burice
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Ramantv rozptyl

pocet vibraci N-atomové molekuly: 3N-6 (-translace a rotace)

Pocet vibraci v krystalu: 3N-3 (-translace)

s N atomy v elementarni burice
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epitaxe 15 um, neoxidovany, 20mW at 514 nm, AFM 10x, Janis 71K, 1x10s, pos 1

energie [eV]
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(mikro) Ramansky spektrometr

mrizka

edge/notch filtr Stérbina

© University of Bristol

Renishaw inVia, detail optické cesty
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514 nm RazorEdge”® ultrasteep long-pass edge filter, SEMROCK
e Laser Wavelength =514.5 nm

¢ 97 cm! transition

® Tog>93% 517.8—1160.5 nm

Custom sizing available in less than a week (sizing fee applies).

Part # LPO2-514RE-25
$995



http://www.semrock.com/FilterDetails.aspx?id=LP02-514RE-25

hloubka ostrosti

idealni opticky systém: bodovy pfedmét - bodovy obraz
v okoli obrazu se paprsky rozbihaji v kuzelu,
jehoz uhel zavisi na velikosti apertury

realny opticky systém: bodovy predmét = difrakéni stopa
kvlli konecnd velikosti apertury je svétlo fokusovano do tunelu vdlcového tvaru
A focal |V

1 1 1
A 47°D?
— I 00
% 0:05 Qmsc Sirka difrakcniho tunelu:

a2 N\ L d 11

m— >\
j - S T o
i 7001 (0002 -5&5\ o1 0015 ﬂ, 3 ZD

~

pro objektivZ=20x: | =86 um,d =4.6 um
A=250mm, D =2mm, A =550 nm

intenzita ramanského rozptylu imeérna poctu vazeb v difrakcni stopé

délka difrakéniho tunelu:

paprsky
vokoli clona
ohniska c¢c=f/d

N O1.4



operace se spektry - rozklad vibracnich pasu

vypocet druhé derivace predstavuje jednorozmérné zjednoduseni analyzy laplasianu
skalarniho pole. da se ukazat, zZe

2_

-mapuje krivost spektra, ¢imzZ rozpoznava i piky,
se kterymi neni spojen lokalni extrém ve spektru

-zestihluje piky jiz ve spektru pfitomné — napriklad
' gaussovsky pik zhruba trikrat, pricemz jej vybavi
/\ charakteristickymi postranimy zakmity

0.5+

y [i1=—(yli —1]-2[i] + y[i +1])

-0,5 4

dlsledek: zaporné vzata druha derivace zméreného spektra v oblasti pasu AMIDE uda
navrh poctu a polohy pikl k rozkladu



raman intensity [counts]

raman renishaw, 50x, 514 nm, 10 mW, 1000 s
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operace se spektry - faktorizace

predpokladejme spektrum Y[K] , které chceme rozlozit na zndmé komponenty Xi[k]

!
optimalnim zpsobem: Y[K] = Zai X.[K] , pficemz
i=1

z podminky i[y[k]—iaixi[k]j — MIN  dostavame
j=10: Y a3 (e [kDg k])= X yiklx ]

i=1 \=1 a'g - N 1 J

X..
J Yj

pokud by spektra byla ortogonélm’,Xij = é‘ij , byl by rozklad prostou projekci @; =Y ,

v obecném pripadé je tfeba resit vzniklou soustavu rovnic Z a Xij = YJ-
i

pred rozkladem spektra je nutné odstranit pripadnou luminiscenci,

je vhodné vyloucit problematické oblasti (Rayleigh(v rozptyl apod)



raman intensity [counts]

raman renishaw, 50x, 514 nm, 10 mW, 1000 s
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ramanska spektra (¢astecné fosforylovaného) CTD a jeho aminokyselinovych konstituent(



Ramanské mapovani

Moderni vybaveni umoznuje specificky typ méreni a
jeho zobrazeni — tzv. ramanské mapy:

Vzorek je automaticky zméren na mnoha mistech a
vybranym nalezenym pikdm jsou pfifazeny barevné
odstiny, jejichz sytost odpovida vysce piku.
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Ramanska mapa grafitové Supiny

Pokud obraz slozime, vypovidaci
hodnota barevného ténovani
napy je pro nas vysoka.



Povrchoveé zesilena ramanska spektroskopie

raman filter

monochromator

N University of Bristol

beam expander

fokusation



Ramanv rozptyl - koncentrace HZOH

o  CHOH
0
QH HO CHs
cukr v ¢aji: 93 mM OH 0 CH,0H | o
1 ¢ajova lzicka (8 g sacharézy C,,H,,0,,, 342.3 g/mol) v 250 ml ¢aje OH  OH <N | N\(
N N
/ “CHj3

H3C

kofein v coca-cole: 0.494 mM o

96 mg/I, purinovy (tri methyl xanthine) alkaloid CgH,,N,0,, 194.19 g/mol
NH2

. , 4 HO
serotonin v krevni plazmé: ~ 1 uM

neurotrasmiter, vnimani dostupnosti zdrojd, 176.215 g/mol

A\
N
H

albumin v krevnim séru: 0.63 mM

cca 2/3 krevnich bilkovin, 35-50 g/I, 67 kDa,

kddovan 609 amino kyselinami, 585 zUstava ve findInim produktu
(prvnich 24 aminokyslein tvofi signalni ¢ast genu)

ALE: koncentrace alaninu z albuminu: 38.7 mM
(61 alanint ve finalnim produktu)
A: koncentrace ‘proteinové patere’ z albuminu: 0.37 M




plazmonova rezonance

LFIEF at point A

Kovové matridly vykazuji v tésné blizkosti
svych povrchu zesileni elektrického pole
dopadajicich elmag vin.

pouzivané materialy:

Ag — nejveétsi zesileni
Au — nejstabilnéjsi
Cu, Sn, grafen..

SERS poprvé pozorovan na zdrsnénych stribrnych elektrodach

1 I 1 ] T I I I 1 I II I T
i A\ E E i
A -18
< 2000 | ]
= ; 116
) L } .' \ ! .
a !
5 ool el
w 1000+~ Ag u .
m | . 11
| -
- L I -
ok D 110
1 I 1 l 1 I 1 I 1 I 1 I L 8
200 300 400 500 600 700 800 900
Wavelength (nm)
100 1
80 -
X
3 60
=
=
3
= 40
L
o
20
Ag
0 T T T T
200 nm 500 nm 1 pm 2 um 5 pum

Wavelength

Poloha a sila plazmonové rezonance
zavisi na optickych konstantach kovu.

LFIEF (local field intensity enhancement)
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priprava nanocastic
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: 2x10% - LFIEF | .
- excitace 514nm, 633 nm - at point B 1
1x10% - -
i { LFIEF
9x10% M atpoint A 4

g 6x10°

3x103 -

0

300 350 400 450
Wavelength (nm)

- oba druhy nanocastic pasivovany citratem, nesou na povrchu zaporny naboj
- pripravené koloidni roztoky stabilni po dobu tydnd/mésic(

agregace nanocastic vede k dalSimu navyseni zeileni
fizené srazeni nanocastic — MgSO,, Nadl, ..
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aggregation

LFIEF at center

E 4 LFIEF
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Raman intensity [counts]

100 uM Rhodamine 6G, 20x capillary, 10x10s, 30 mW at 633 nm rhodamine 6G SERS
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Raman intensity [counts]

35000

30000

25000

20000

15000

10000

5000

-5000

Rhodamine detection limit:

Rhodamine 685G SERS

'R6G 500 NM + Ag NP
R6G, 100 UM ———

12000 .

rhodamine 6G SERS

observed raman scattering
intensity enhancement:

50 000x

Rhodamine 6 G SERS

400

600

10 nM

800 1000  120( 10000
Raman shift [ Licr
8000

6000
4000 +

2000 t

Raman intensity [ counts]

-2000 '

ReG 50 nM + Ag MNP
R6G 5 nM 4 Ag MNP

R6G 100 uM ——

400

600

800 1000 1200 1400 1800
Raman shift [ 1/cm]

1800



raman scattering, capillaries

cylindrical capillaries: different light focusing in different sections
-> astigmatism

(p”=OD

20x lens: focal cylinder
astigmatism mending: | =86 um, d =4.6 um
focal interval: 9 um
- immersion (Imm capillary, K10, water)

- square capillaries

o, ~330D



SILMECO

Komercni substraty (SILMECO) umoznuji nakdpnuti vzorku na povrch.



Continuous wavelength tunable Raman spectroscopy
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TERS — Tip ENHANCED RAMAN SPECTROSCOPY

AEM tip

ol

Diameter ~ 5-10 nm
Sample \
/ Far field illumination {(~500 nm) \

EPCEITEC

Central European Institute of Technology
BRNO | CZECH REPUBLIC




AFM tip as a hot spot

Substrate
| ! | i | i | E |
3x10% | (b) -
2% 10% i
L
L il
5
{x 103} LFIEF atpoint A il
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| L | L | L | L |
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Figure 1.7 (a) A typical TERS geometry: a

flat substrate and a tip (both made of gold
in this case) are brought together with a
gap of a few nanometers in between. The
tip in this case has a conical body with a
hemisphere termination (10nm in diame-
ter), and it is separated by 5 nm from the
surface. A 3D simulation in the electrostatic
approximation at 620 nm excitation (with
the field E in the vertical direction) shows

the displayed LFIEF map (in a false-colour
log-scale as shown in the previous figures).
If we monitor the LFIEF for different A’s at
point A (which is 0.5 nm above the surface
and immediately below the tip), we obtain
the result displayed in (b). This would be ap-
proximately the position that could be occu-
pied by a molecule lying on the surface. The
peak at ~620 nm is the coupled plasmon
resonance between the tip and the surface.
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Au wire, etched
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Reflectivity mapping of on-site etched Au STM tip in contact
with Au@BK7 substrate at room ambient; the scale bar is 1
um. The inset shows higher resolution measurement
overlayed with Raman map revealing the hot spot.



Questions?
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