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Mikroskopie rastrovaci sondou
canning Probe Microscopy
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Mikroskopie rastrovaci sondou STM-AFM

VZOREK ||~V fro(V) exp [-22V(2mbg /)]
h = h/2x, f,15(Vg)...redukovana Planck.konst.

z...vzdalenost hrot-vzorek (~ 101 nm)
sila pusobici

na pruzinu

vzdalenost od
povrchu h




Rozdéleni SPM podle druhu prenasené informace

Elektrony - tunelova mikroskopie
lonty - elektrochemicka mikroskopie

mikroskopie atomarnich sil
Dlouhého dosahu: magnetické, kulombické
Stitedniho dosahu: van der Waals (dipol-dipol, indukce dipol-nepolar., kapilarni
sily:kapalina-sonda...)
Kratkého dosahu: vazebné interakce (atraktivni)
repulzivni (deformaéni)

-IC - Termalni mikroskopie
-UVIVislIC - optickd mikroskopie/spektr. blizkého pole
- Hrotem zesilena opticka mikroskopie/spekir.




Rozdéleni mikroskopickych metod podle rozliseni

OPT: opticka mikroskopie
vzdaleneho pole

SNOM: mikroskopie blizkeho pole

TERS: Hrotem zesilena (Ramanova) (HR)TED
spektroskopie/mikroskopie

SEM: elektron. rastrovaci ' STM, AFM
mikroskopie

HRTEM: elektron. transmisni
mikroskopie

STM, AFM: Tunelova mikroskopie,
mikroskopie atomarnich sil



Opticka mikroskopie a spektroskopie
V. mikroskopii rastrovaci sondou




3D konfokalni rastrovaci mikroskop

Mikroskopie vzdaleného pole
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Mikroskopie Mikroskopie blizkého
vzdaleného pole pole




canning ear-field ptical ''icroscopy/Spectroscopy
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Reflexni SNOM - Shear Force Microscopy
(mikroskopie strihovych/smykovych sil)
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Transmisni a fluorescencni SNOM

transmisni SNOM
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Luminiscenchi 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,O, (necrosis). Time frame is of 100 seconds total

for each recording, Fourier spectrum: (d) control; (e) 24 hours
NGF; (f) 4 hours H,0,. 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.
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SNOM litografie
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Nanocasticovy zesilovac sveétla

Plasmonoveé resonancni zesileni

Povrchove zesilena Ramanova spektroskopie
urface ~nhanced aman pectroscopy
SERS

Hrotem zesilena Ramanova spektroskopie

Ip nhanced aman pectroscopy/Microscopy
TERS




Elektronova hustota na mezifazi vodic/dielektrikum




SPR Reflection Intensity (%)

Povrchovy plasmon
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Povrchovy plasmon a plasmonova resonance




Kovova nanocastice = plasmonovy rezonator
radiacni vina (vyzarujici) - zesilovac svetla

Nanocasticovy plasmon:
Min. rozmer castic: > 2 nm
=> neexistuji lokalizovane
energeticke hladiny
(pas/oblak)

metal particle

s electron cloud




Realizace povrchoveé plasmonove resonance




Vyuziti povrchove plasmonoveé resonance:

Povrchové zesilena Ramanova spektroskopie

~UrfaCe =nhancea :aman -pPecLrosScopy.

ZvétsSeni citlivost yskopickych technik
fluorescence ERS - povrchove zesileni Ramanovy spektroskopie
O 10790 umozZ nu1e identifikaci jediné molekuly

Posun plasmonové resonance adsorpci molekul na mezifazi (posun &)
=> meéreni tloustky adsorbovanych vrstev, vazebné konstanty ligandu...

Biosensory zalozené na barevnych zménach
Senzory typu ,lab-on-a-chip“
Label-free senzory, nanoplasmonika




Ramanova spektroskopie

Adopad

Arozptyl

Excitation
Energy




Povrchove zesilena Ramanova spektroskopie SERS

Viax. zesllenl — pro dopadajicli I rozptylene svetio

pro frekvence s minimalnim posunem
(velmi posunuté nemohou byt obé v rezonanci => mensi zesileni)

Rompinuje vyneay FlIUBLESCENCE a rRamManoVvVy: SPEKITOSKOpPIE

=> vysoky svételny zisk + strukturni informace

Zesileni na kovovych nanostrukturach - nano¢astice, nanodraty..
Vis: Au, Ag (elektrochemicky zdrsnélé Ag: Fleischman M., 1974)
NIR: Cu

Nevyhody: Nutnost vytvoieni nanostrukturovaného povrchu
Nehomogenity v pokryti nanostrukturami, agregace nanog¢astic,
~HOt-Spots*“ (signél neni reprezentativni vzhledem k povrchu)




Opticky mikroskopicky snimek (temné pole) svétla rozptyleného nanoc¢asticemi

C. Soennischen: Plasmons in metal nanostructures. Disertace. L..-M. Universiat, Mnichov 2001
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http://www.thebritishmuseum.ac.uk/

Hrotem zesilena Ramanova
spektroskopie ( )

Ip nhanced aman pectroscopy

HROT SPM
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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) Dye on Gold

BCEB onsmwooth gold

Integration time: 100 =
accumulabions: 2
ohjecimre: 100X
Larerpower: 1Im%W

:
E
:
:E.

Faman shift / em -1



http://www.fhi-berlin.mpg.de/?lang=e

Kombinace SERS a TERS
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AFM-TERS/AFM SNOM - srovnani

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

EXCITATION & COLLECTION Sf:tg;i:g = EXCITATION & COLLECTION

i
\ \ Laser spot
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100!
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nb}ecthm ohjecthro
: high NA , AFM/STM probe
AFM/STM probe XYZ scanning ‘ ob}or.tlvn i

XYZ scanning f
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XYZ scanning stage RAMAN / FLUORESCENCE / TERS
. EXCITATION & COLLECTION

Scanning Near-Field Optical Microscopy
b. [ 100x
high NA
objective
g |
; AFM/SNOM probe

Optical fiber with nanoaperture

LT
)

a) Based on quartz SNOM fiber, shear-force feedback
b) Based on silicon cantilevers with nanofabricated aperture




CS TERS — SNOM (MultiView)

Incident Laser

Objective
L ] d=1.5nm




vyznam TERS

+ Plasmonova resonance lokalizovana na povrchu kovoveho hrotu

(vyzarujici anténa, max.intenzita el.pole na hrotu) =>

hrot funguje jako temer idealni bodovy zdroj svetla

+ Mobilni ,,hot spot® — snimani reprezentativniho signalu z celeho
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
http://www3.interscience.wiley.com/journal/99017434/issue

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 is 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.




yza

| + anal

Ve

AFM-TERS/SNOM: zobrazen

i B % HDPE/LDPE polymer



AFM-TERS/SNOM: zobrazeni + analyza




AFM-TERS: zobrazeni + analyza




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

pro praci v kapalinach a plynech

pavel.janda@jh-inst.cas.cz


http://www.jh-inst.cas.cz/%7Ejanda
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