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Ramanuv rozptyl

1923 nepruzny rozptyl svétla (Smekal)
1928 Raman, Krishnan (Nobelova cena 1930)

nezavisle Landsberg, Mandelstam

1960 rubinovy laser (Maiman), predpovézeno Einstein 1917

" Siroce aplikovatelna spektroskopie (kapaliny, plyny, krystaly) s charakteristickymi otisky materialC
" reaguje na usporadani latky prostrednictvim interakce svétla s rovnovaznymi vibracemi jejich atom(
" velmi slaby jev (rozptyli se asi jeden foton z milionu)

" nutnost precizni detekce rozptylenych fotont (vinova délka témeér nezménéna)



Ramanuv rozptyl - (linedrni) tfiatomova molekula
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v realu se meziatomarni sily pocitaji ab initio

m N-atomova molekula: 3N-6(5) vibracnich stupnt volnosti (stretching, bending, rocking, twisting..)

€2, byva fadu 102 Hz, pfimo méfitelné IC absorpéni spektroskopif

Jak bude molekula reagovat na dopadajici svétlo?



Ramanuv rozptyl - (linearni) tfiatomova molekula

m (dopadajici) elmag. vina E=F,cos ((x)t)

vybudi v latce polarizac¢ni odezvu P= E , konstantou umérnosti je polarizovatelnost o

m rozvineme-li polarizovatelnost do rady o =a,+—=—q+...

podle vibra¢ni soufadnice g=(q,C0S (Qt) dostaneme po dosazeni

pruzny rozptyl nepruzny rozpty!
Rayleigh Raman

P=o,E,cos(wt)+~ 2% g E [cos((w—Q)t)+cos((0+Q) )]

2 0(
/ Stokesova anti-Stokesova
vétev vétev
vybérové pravidlo (Cerveny posun) (modry posun)
Ramanovy spektroskopie
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v(532nm)=18 797/cm
ve viditelné oblasti: w = 10 Hz - Aw = 10% Av(Si—Si)=520/cm

Nsiores (Si—Si)=547 nm



Ramanuv rozptyl - specificita
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Ramanuv rozptyl v krystalech



Ramanuv rozptyl - krystaly

Kmity — viny: disperzni relace vy iy : iy iy CM iy

xj:aexp(i(u)t—kaj))
X,=A exp(i(wt—kaj)) Blochiiv teorém
dynamicka rovnice:
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charakteristicka rovnice:

21*(1—cos(ka))—2k(m+M)w’+mM w*=0

wZZﬁ(m+MiJm2+Mz+2 mMcos(ka))
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Ramanuyv rozptyl

m zakony zachovani
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v(532nm)=18 797/cm
v(Si—Si)=520/cm

Nsiokes (Si—Si)=547 nm



Ramanuyv rozptyl

V obecném krystalu je vzdy 3N vétvi, kde N je pocet atom0 v primitivni bunce.
Z toho jsou vzdy 3 akustické (translace krystalu) a zbyvajicich 3N-3 je optickych

Zakony zachovani:

W,k w',k' k=k'+K |
(1):(1)'+Q(K) 12

Y Q,K cK=Q(K)

dyd-wizpT/pT/suouoyd/Tss/As|pey~ae:zeibny xdwe)//:dny



Ramanuyv rozptyl

V obecném krystalu je vzdy 3N vétvi, kde N je pocet atom0 v primitivni bunce.
Z toho jsou vzdy 3 akustické (translace krystalu) a zbyvajicich 3N-3 je optickych

Zakony zachovani:
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Ramanuv rozptyl - RTG

V obecném krystalu je vzdy 3N vétvi, kde N je pocet atom0 v primitivni bunce.
Z toho jsou vzdy 3 akustické (translace krystalu) a zbyvajicich 3N-3 je optickych

Zakony zachovani:
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SERS
Povrchové zesileny Ramantv rozptyl
(Surface enhanced Raman Scattering)

vyuziva plasmonové rezonance k zesileni lokalniho pole

vyzaduje nanocastice




Ramanuyv rozptyl - citlivost CHQOH

CHQOH
HO C|'|3
cukr v éaji 93 mM OH O CH,OH
1 Cajova lzicka (8 g sacharézy C,H,,0,,, 342.3 g/mol) v 250 ml Caje ©OH \]/
CH3

kofein v coca-cole: 0.494 mM
96 mg/I, purinovy (tri methyl xanthine) alkaloid C4H,,N,0O,, 194. 19 g/mol

NH2

serotonin v krevni plazmé: ~ 1 uM
neurotrasmiter, vnimani dostupnosti zdrojd, 176.215 g/mol HO

albumin v krevnim séru: 0.63 mM

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

kédovan 609 amino kyselinami, 585 zlstava ve findlnim produktu
(prvnich 24 aminokyslein tvofri signalni ¢ast genu)

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




plazmonova rezonance
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Schluecker S. (Ed.): Surface enhanced Raman spectroscopy, Wiley 2011



priprava nanocastic

LFIEF at point A
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SERS

Raman intensity [counts]
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TERS

Hrotem zesileny Ramanutv rozptyl
Tip Enhanced Raman Scattering

TERS tip

Raman scattered light Sample

Objective lens 3 ‘i

Excitation Laser

www.researchgate.net



TERS
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STM- and AFM- TERRS. Shown in the left panel is the Raman map over Au surface to localise

the hot spot (the scale bar is 1 um). The dark feature is the projection of an Stm tip in tunnelling
contact with the Au surface. Upper row: STM-TERRS of BCB adsorbed over Au substrate (right,
excitation 633 nm) using the pulse-etched golden STM tip (SEM, centre, scale bar 100 um). Lower row:
AFM-TERRS of BCB adsorbed over Au substrate (right, excitation 532 nm) using 150 nm nominal

Ag coated nose-type tip (SEM, centre, scale bar 1 um, 200 nm within insets). All TERS probes were
prepared in-house. (Hemzal, Klenovsky, Munz 2016, SEM courtesy of Brno University of Technology)



CWT Raman

Ramanska spektroskopie s laditelnym laserem

a
Rezonan¢ni Ramandyv jev

Tunable excitation SERRS spectra
of 1uM solution of rhodamine 6G in
Ag NP colloid (with absorption
maximum at 450 nm). The
individual wavelengths of
excitation are given in legend, the
vertical axes share absolute units
(normalised to 50 s acquisition at
100 uW). The inset shows
conventional Raman spectrum of
100 uM R6G (acquisition 100 s by
30 mW at 633 nm). As the optical
path for both samples was same,
the SERRS enhancement can be
easily calculated, close to EF=10°
at 1510/cm peak. (2015)
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Raman tweezers

Raman + opticka pinzeta

www.thorlabs.com

Laserin . Laserin
Gaussian beam profile Gaussian beam profile

www.researchgate.net

oteviené téma DP
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