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Mikroskopické metody/r0zliseni
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canning Probe Vicroscepy:
Mikroskopie skenovaci sondou
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SPM podle nosice infor .-

Elektrony - tunelova mikroskopie S "™
vodivostni/lconductive AFN. (CAFM, PFTUNA)

lonty - elektrochemicka mik osn “oie 2 STM/AFM
Silové interakce - AFM/F.CAFM

Electromagnetic (UV/Vis/Ik * 4nt) - optical methods:

- IR - Thermal mic. asc. ny ThM

- UVIVis/IR — near-" . *ld « ptical microscopy/spectr. SNOM

- Tip-Enhar~eu - Jtical .nicroscopy/spectr. TERS/TEFS
Electromag... lec. -ostatic. field

- Kelvin probe n. croscopy KPFM/Surface Potential Microscopy




- Tunelova Mikroskopie
inning, Rohrer, IBM, 1981, Nobel Prize 1986




Tunelova Mikroskopie: Sonda (hrot)




Tunelova mikroskopie: Topografie povrchu
Podminka: Uniformni povrchova hustotae-




Tunelova mikroskopie: Topografie povrchu
Nestejnomérné povrchova hustota e- => vznikWartefaktu
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Tunelova barierova (distancni) spektroskopie
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Si-surface, W-tip/UHV
Barrier Height
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Tunelova napét'ova spektroskopie
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Sonda (hrot) pro EC STM

COATED
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00 E, mV (MSE) th: Ic+ &

Voltammetry of Pt-Ir STM tip (polymer coated) (‘ﬂz 10 - 40 kam?

in 0.1 M H,S0, (dcozygenated)
v =200 mV/sec




EC STM:

Detekce tunelovych proudu v elektrochemickém usporadani

-l —
FEEDBACK

tiunnefing current

BIPOTENTIOSTAT

: E_=const.

B
t




EC STM: Zobrazeni samousporadanychfionovrstev
(Self-Assembled lVionolayers, SAM) na pon@keném povrchu
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,Nanotisk“ pomoci STM hrotu {#ip-assisted)

(STM)hrotem-deponované nanocastice Cu d 28 nm, h~1 nm

"X 50.000 nm/div
Z 2.000 nm/div

Cu clusters on Aulll




tomic ~or WGroscopy

Mikroskopie marnich sil
a technikgf'’zal@zen&yia silovych interakcich




Silové interakce

Rozsah vzdalenosti pusobici_sily . rezim
Dlouhy - Magnetcke; coulompbicke
Stredni - van der Waals (dipol-d\, »l, indukuvané - dipol-nonpolar)

.semikontaktni”

Kratky - atraktivni (vazebné), . ‘oul< vni (deformacni) “kontaktni”
Techniky odvozene od AEM™Ny, < (1 | clocili=ien)
/gch yostni AFM (Congderctivity AFM, CAEM) — (== b ele [V (0
elu1|c| 'FM (TL\lA)
el (e e WA Y Sev i\ 3 | I=ARNPZobrazeni (V) prubehu EC experimentu
+ tip-assisted“ ,elektro-litografické* techniky
enovaci Ele emicka Mikroskopie — zobrazeni zprostredkované

elektrony y reakm prenosu nabOJe (Faradalcke proudy) — (ve zpétné vazbé)
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AFM - princip

Photo Detector

SAWPLE ‘

Constant piezo extension Constant orce
Feedback “OFF” vertical position of tip Feedback “ON”
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AFM - silova krivka

charakterizuje interakci hrot-vzorek

Force acting on
cantilever (spring)

contact F = -kz (Hook)

retracting k...spring const.
@ r——\‘> (0,01 -1 N/m)
repuIS|on '/
R -12 cantilever
F > -1/z2(107°N)

T oo
non-contact region distance z

semicontact region < —

approaching

maximum adhesive force

<+ on retraction curve
attraction
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AFM sonda: Hrot a pruzina (cantilever)




Skenovani ve zvolenych%&h siloveé krivky
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AFM v oblasti odpudivych sil: Kontaktni rezim
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AFN zobrazeni
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Kontaktni rezim AFM - repulzini sily
— (nano)indentace, nano-litografie

Cantilever Deflection i
? ) Sample Indentation

matrix
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Kontaktni rezim AFM - pritazlive sily:

h 4
Adheze
Frikce (tfecing;




Pritazlive (lateralni) sily (frikce) pro materialovou
analyzu (LFM)

contact MOde 15240 1000

Lateral Forces
photodetector

photodetector

region of increased friction forces

angle of twisting —L
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friction force
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Kontaktni rezim AFM:
Dynamicka silova mikroskopie/spekitroskopie
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AFM DFS v materialové analyze’-"Zr/ZrO,

Topography "
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Sily adsorpce proteinu ipebuse

na zubni skloviné

‘ I-z dependence
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Techniky kombinujici AFM a eléktronovou

vodivost \,

Kontakt Im:

onductive jcroscopy ( )
Qﬁ(tm rezim:
% neling FM ( )




Vodivostni AFM (CFI\)
Tunelujici AFM (TUNA)

Klectrostatic interaction
between tip and sample.
Spreading Resistance imaging

Constant Force mode

conductive tip
(B-doped diamond, n-doped Si)

Carotenoid embedded in 1-docosanethiol attached to Au.
Current measured between biased Pt-coated AFM cantilever

and Au substrate.
Maximum current (I,)) vs. contact force. W. Phys. Chem. B 103 4006-4010 (1999)]

swright © NT-MDT, 2002
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Kontaktni tapping do nastaveného

PeakForce Tapping QNM
Kompletni silova Krivka je snimana v Kaz
povrchu

lem_bode'skenovaneno

Charakteriatika:
- 3D topografie (kontaktni rezim) pri . ‘ole.«ém max. tlaku na hrot
- zpétna vazba je nastavenAa 1. * zvoleny Peak Force (v kontaktu)
- Kvantitativni nanomect «nicka “n2’,za povrchu
uantitative anos. ‘le echanical analysis
Mapovani nanomeche.. ‘ickv .n vlastnosti povrchu

disipace
ziskanych _ ‘mv *anné z ruznych casti silové krivky.
Chybi lateral ‘ slozka pohybu sondy (Setrnéjsi k povrchu vzorku)




AFM PFQNM - Peak Force Tapping

Figure 2.5f Force curve. Force vs. distance

Zaznam silové krivky z,,l;,.,,
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Figure 2.5¢ The “heartbeat.” Force vs. Tume 1 50 nm
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AFM PFQNM —interpretace oblastisilové krivky:

Deformace

Figure 2.5j Deformation

Deformace:
Kompresni deformace povrchu silou F,,,, (Peak
Force), po korekci na ohyb cantileveru. Muze
zahrnovat elasticky a plasticky deformacni
komponent.

Pri dominanci plastické deformace = tvrdost.
Max.deformace = velikost posunu na distan¢ni ose

mezi F =0 a Peak Force.

Deformation Fit Region

/

Distance [nm]
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Separation (nm)




AFM PFQNM - interpretace oblasti silové krivky:
Adheze

Figure 2.5¢ Adhesion on a PS+LDPE blend

Adheze - pritazliva sila mezi hrotem a vzorkem.

Na vzduchu: van der Waals, elekirostatika (povrchovy
naboj) a kapilarni sila (meniscus — hydrofilni povrch) =>
Hamakerova konstanta (~ velikost vdW interakce mezi
2 objekty)

Kapilarni sila — adheze dosahujici <10 nm nad povrch.
Polymery s dlouhymi Ffetézci — meniscus >>10 nm
nad povrch.

F

adhes™ dtipapex
Plocha mezi kifivkami odpovida adhezivni praci/energii

Force (nN)

Adhesion




AFM PFQNM —interpretace oblasti sflové krivky:
Tuhost (Y,,/DMT)

Tuhost = odpor proti elastické deformaci.

Vysoka hodnota Youngova modulu => nizka elasticka
deformace

DMT modulus
fit region 3 )

,Redukovany“ Young (DMT) modulus
Fap = 413Yy\rg,2° + Fogn
(Derjaguin, Muller, Toropov (DMT) aprox.)




AFM PFQNM - interpretace oblasti silové krivky:
Disipace

Figure 2.5h Dissipation (shaded area) in a polystyrene (PS) and Low-density polyethylene (LPDE) blend

30

Disipace - transformace energie v
kazdém cyklu. Hystereze v energetické
rovnovaze cyklu pritlacovani
(priblizovani) a uvolnovani (oddalovani)
tj. plocha mezi krivkou odpovidajici
priblizovani and oddalovani

Elasticka deformace: hystereze => 0,
=> minimalni disipace energie.

170
Z Height (nm)




Figure 2.5d Adhesion map of a PS+LDPE blend

Kompozit PS/LDPE
8 -<~3GPalY ppe~0.3GPa

AFM PFQNM -
interpretace
silové krivky

AN

Figure 2.5b DMT Modulufap of a PS+LDPE blend




AFM v kapalinagh
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AFM PFQNM - interpretace oblasti silove krivky:
Méreni tloustky mékkych vrstev
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nehmotnych” nano-obj
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AFM zobrazeni
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AFM-PFQNM - interpretace oblasti silowe krivky:
Identifikace povrchovych plynovychwnanodomeén
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433 pN

Adhesion Dissipation
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In-situ AFM zobrazeni v elektrochemickém experimentu

CANTILEVER

POTENCIOSTAT

PIEZO DRIVER

-

10.0 20.0 L

Cu deposit on HOPG basal plane removed by SPM tip



AFM ve " kenujici " lektrochemickeé, 'ikroskopii
(SECM)

AFM-SECM
Piezoelectric
Actuator

Feedback: Farad. current

WE2 (CE)

quasi-reference

electrode r




AFM v elektrolitografii

elektrodepozice kovu z kapky roztoku jeho soli'fomoci hrotu AFM

W 4 metal salt

dissolved metal salt . ! ?
| z
surface-reduced 4 i ¢
/ % 7
metal ' ; g
| Um

Constant Force mode




»
ECAFM/litografie: lokalni elektroghemicka

depozice/rozpousténi vrstev oxidu pomocrharotu AFM

AI(OH),”

B Aluminum R

Thin oxide film

A|203 + 3H2° + 2OH-= 2A|(0H)4-




AFM - Semikontaktni reiim Akustic./mgt. buzeni
(tapping) oscilaci cantileveru

oscilace v rezonanci
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"V"cantilever (k= 0.58 N/m)
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Semikontaktni rezim (tapping) - fazevé zobrazeni
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AFM artefakty

scanning
direction




AFM artefakty

‘A Q“‘ s 16 ‘
.“. FLi®
~

i

. Aba ANA™ aas &
~ “ ~




AFM artefakty: Zobrazeni AFM, hrotu




Speciality: Dualni funkce mikropipety:
AFM skenujici hrot a mikrodavkeyacC

Scanner

% I micropipette

sample

TS

Photodetector




AFM nano-litografie a zobrazefii skenujici
mikropipetou




AFM in vivo — skenujici endoskop

Physiological liquid

stabilization stage scanning stage AFM stage
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