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Mikroskopie rastrovaci sondou Il
analyticke/opticke metody.
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Mikroskopie rastrovaci sondou
canning Probe Microscopy

parametricke
Zobrazeni
povrchu
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vazbha

XYZ polohovy system



Rozdéleni SPM podle druhu prenasené informace

Pfenos naboje
STM
ECM

Silové interakce - AFM

Prenos elektromagnetického zareni
ThM
SNOM
TERS/TEFS




Mikroskopie rastrovaci sondou STM-AFM
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Tunelové spektroskopie
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AFM: Semikontaktni rezim:
Chemicka identifikace atomu
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Mikroskopie povrchového naboje

Mapovani: vystupni prace => katalyticka aktivita, ohyb pasu polovodicu,
povrchové elektronove stavy, povrchove naboje a korozni procesy




Rozdéleni mikroskopickych metod podle rozliseni

OPT: opticka mikroskopie

SNOM: mikroskopie blizkeho pole

: elektron.rastr.mikroskopie
HRTEM: transmisni

el.mikroskopie ' STM, AFM

Tunelova mikroskopie,
mikroskopie atomarnich sil

10° X, Ymm




Opticka mikroskopie a spektroskopie
V. mikroskopii rastrovaci sondou




Svételny zdroj

3D konfokalni rastrovaci mikroskop
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Mikroskopie Mikroskopie blizkého
vzdaleného pole pole

d = 2/(0 sin u) = L/N,

.. rozliSeni (min. vzdalenost)

... vVinova délka svétla

.. index lomu prostredi

.. uhel paprsku (k opt. ose)
N;... numericka apertura




) canning ear-field ptical ''icroscopy/Spectroscopy
. SNOM

Mikroskopie a spektroskopie blizkého pole
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Reflexni SNOM

reflexni SNORM

— Reflection
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Transmisni a fluorescencni SNOM

transmisni SNOM

fluorescenéni SNOM
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Fluorescencni SNOM
Zobrazeni jednotlivych molekul
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Zobrazeni technikou SNOM
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AFM/SNOM
bezkontaktni snimani vibraci bunéénych membran
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Time profile of PC12 (neuroendocrine tumor of the medulla) cell
recordings for three different cell conditions: normal, Nerve
Growth Factor and necrosis. (a) control; (b) 24 hours NGF; (c) 4
hours H,0O, (necrosis). Time frame is of 100 seconds total

for each recording, Fourier spectrum: (d) control; (e) 24 hours
NGF; (f) 4 hours H,0O,. Lower frequencies are plotted in the
smaller insets for clarity.. \ertical scale Volts for the time profiles
and Volts/Frequency (Hz) for the Fourier plots.




SNOM lithografie
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Nanocasticovy zesilovac sveétla

Povrchoveé zesilena Ramanova spektroskopie
urface nhanced aman pectroscopy
SERS

Hrotem zesilena Ramanova spektroskopie

Ip nhanced ama pectroscopy/Microscopy
TERS




Interakce s elmg. polem:
Povrchovy plasmon a plasmonova resonance




Kovova nanoc¢astice = plasmonovy rezonator —
zesilovac sveétla

Nanocasticovy plasmon:
- cectron cloud Min. rozmér ¢astic: > 2 nm
=> neexistuji lokalizované
energetické hladiny

(pas/oblak)

metal particle




Opticky mikroskopicky snimek (temné pole) svétla rozptyleného nanocasticemi

C. Soennischen: Plasmons in metal nanostructures. Disertace. L.-M. Universiat Mnichov 2001




Vyuziti plasmonove
resonance
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http://www.thebritishmuseum.ac.uk/

Vyuziti plasmonove resonance

-zvetseni citlivosti spektroskopickych technik

-posun plasmonoveé resonance adsorpci molekul na mezifazi (posun &)
=> mereni tloustky adsorbovanych vrstev, vazebne konstanty ligandu...




Ramanova spektroskopie

rozptyl
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Povrchove zesilena Ramanova spektroskopie
urface Enhanced Raman Spectroscopy

Max. zesileni - dopadajici i rozptylené svétlo - (Raman)
jen pro frekvence s minimalnim posunem
(velmi posunuté nemohou byt obé v rezonanci => mensi zesileni)

kombinuje vyhody
=> vysoky svetelny zisk

+
Ramanovy spektroskopie => strukturni informace




Hrotem zesilena Ramanova
spektroskopie

Ip - nhanced ~“aman —pectroscopy
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TERS Iinstrumentace

i Scattered light to the spectrograph
He-Ne

Laser beam to the sample

Ripees= 1000nm

comparison of focus long

g : working distance
with tip apex area objective




Priklady pouziti TERS

Brilliant Cresyl Blue {BCE) Dyve on Gold

BCB onsmooth gold

indegration timwe: 100 =
accunulabions: 2
ohjecime: 100X
larerpower: 1%

:
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Raman shift / cm -1
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Srovnani/kombinace SERS a TERS
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B Pettinger et al | Jowrnal of Electroanalvtical Chemistry 554555 (2003 ) 293299




vyznam TERS

+ Plasmonova resonance lokalizovana na povrchu kovoveho hrotu

(vyzarujici anténa, max.intenzita el.pole na hrotu) => hrot funguje jako témer
idealni bodovy zdroj sveétla

+ Mobilni ,, hot spot® — snimani reprezentativnino signalu z celéeho
povrchu vzorku

+ Proces muze byt ladén (z/do resonance) vkladanim napéti na hrot

+ umoznuje praci in situ

+ zesileni ~ 107



http://www3.interscience.wiley.com/journal/69502447/home
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AFM-TERS: zobrazeni + analyza
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TERS spectroscopic examination of a single tobacco mosaic virus. (A) Before each TERS
measurement, an AFM scan with the silver coated AFM tip 1s performed in order to position the AFM tip
directly on a virus. (B) The TERS spectroscopic fingerprint of a tobacco mosaic virus shows that all TERS
bands can be assigned protein and RNA contributions.




Zobrazeni v rezimu TERS
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AFM-TERS: zobrazeni + analyza

XYZ scanning
RAMAN / FLUORESCENCE / TERS XYZ AFM/STM probe RAMAN / FLUORESCENCE / TERS

EXCITATION & COLLECTION scanning = EXCITATION & COLLECTION
stage e

\ Laser spot

'IUO \ 3
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( high NA ] " [ hlghNA ,
objective objective

100x
high NA
AFM/STM probe 1) ( , AFM/STM probe
PR XYZ scanning ob]er.tlvc =
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RAMAN / FLUOHESCENCE / TERS
EXCITATION & COLLECTION -
Scanning Near-Field Optical Microscopy

100x
high NA
¢:|hjactl1|f!1

AFM/SNOM probe
Optical fiber with nanoaperture

H

a) Based on quartz SNOM fiber, shear-force feedback
b) Based on silicon cantilevers with nanofabricated aperture
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AFM-TERS/SNOM: zobrazen




AFM-TERS/SNOM: zobrazeni + analyza




CS TERS — SNOM (MultiView)

Objective
L ] d=1.5nm

Incident Laser




Pro praci v kapalinach a plynech
RozliSeni ~ 0,1 nm

Pro praci v kapalinach a plynech
RozliSeni ~ 0,1 nm

pro praci v kapalinach a plynech

pavel.janda@jh-inst.cas.cz
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