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Tunelova Mikl%s{opie: Sonda (hrot)
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Tunelova mikrogkopie — topografie

Podminka: Uniform% povrchova hustota e-
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Tunelova mlkl’@kople — topografie

nestejnomérna poyrchova‘ustota e- => vznik artefaktu
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\\ EC STM:

Detekce tunelovych proudy v elektrochemickém usporadani
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Voltammetry of Pt-Ir STM tip (polymer coated) %: 10 - 40 "]Fklli‘z

in 0.1 M H,50, (deoxygenated)
v=200 mV/fsec




EC STM: Zobrazeni samousporadanych monovrstev
(Self-Assembled lVionolayers, SAM) na ponoreném povrchu

5.AMm X 5.nm

S50 nmx 50 nm S50 nmx 50 nm
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AFM Asilova krivka
charakterizuje ihterakci hrot-vzorek
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Kontaktni reiim\QFM - repulzivni sily
— (nano)inglentade, nano-litografie
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Kontaktni rezim AFM:
Dynamicka silova m‘ikrggkopielspektroskopie
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Pritazlive (a)aalqi) sily — nanomechanika molekul

“napinani” Iineérw molekul mezi hrotem a vzorkem
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Vodlwstnl AFM (CFM)
Tunelulici AFM (TUNA)

Electrostatic interaction

between tip and sample.

Spreading Resistance imaging

Constant Force mode .

conductive tip
(B-doped diamond, n-doped 51)

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

j -ind Au substrate. . Phys. Chem. B 103 4006-4010 (1999)]

I Maximum curreni () vs. contaci force.
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Figure 2.5¢ The “heartbeat.” Force vs. Time
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AFM PFQNM —iMterpretace oblasti silové kFivky:
formace

Figure 2.5j Deformation
—Peafcrmace:—
Konipresni deformace povrchu silou F,,, (Peak

Force), po korekci na ohyb cantileveru. Miize

zahrnovat elasticky a plasticky deformaéni
komponeri.

Pfi dominanci piastické deformace = tvrdost.
viax.deformace = velikost posunu na distanéni ose
nezi F =0 a Peak Force.

Deformation Fit Region

Listance [nm]

an } 50
“eparation (nm)




AFM PFQNM - in retace oblasti silové krivky:
heze

Figure 2.5¢ Achesion on a I'S+LDPE blend

Adheze - pritazliva sila mezi irotem a vzorkem.

Nz vzduchu: van der Waals, elektrostatika (povrchovy
nahoi) a kapilarni sila (imeniscus — hydrofilni povrch) =>
Hamalkerova konsiainta (~ velikost vdW interakce mezi
2 ohjeltty)

Kapiiarni siia — adheze dosahujici <10 nm nad vovrch.
Polymeiy s dlctthymi fetézci — meniscus >>10 nmn

nad povrch

Fadhes~ dtipap X

Plocha mezi kfivkami odpovida adiiezivi praci/energii

Farce (k)

Adhesion

a0
Separaiion (nm)
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AFM PFQNM —interpretace oblasti silové krivky:
Tuhbst (Y,,/DMT)
= N\

Tuhost = odpor proti elastické deformaci.

Vysoka hcdnota Youngova modulu => nizka elasticka
deformace

DMT modulus
fit region

,Redukovany® Young (DM T) modulus
Fap = 413YyNrg,2® + Fogp
‘Derjaguin, Muller, Toropov (DMT) aprox.)




AFM PFQNM - inteMgretace oblasti silové krivky:

Dis{pace
= \

Figure 2.5h Dissipation (shaded aren) in 2 polystyrene (F'S) and Low-density polyethylene (LPDE) blend

3n

Disipace - transfoimace eneigie v
kaZdém cyklu. Hystereze v energetické
rovnovaze cyklu pritiaCovani
(pfibiizovani) a uvolnoviini (oddalovani)

tj. ploch2 mezi kfivkcu odpovidajici
priblizovani and oddalovani
Elasticka deiormace: hysicreze => 0,
=> minimalni disinace energia.




Figure 2.5d Adhesion map of a PS+LDPE blend

ALY, ope~0.3GPa)f ¢ .
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icure 2.5b DMT Moduluf@ap of a PS+LDPE blend
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AFM zobrazeni "nehmotnych” nano-objektu:

Plynové nao‘l‘)ub IRy na ponorenych povrsich
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In-situ AFM zobrazeni &&Iektrochemickém experimentu

CANTILEVER

POTENCIOSTAT
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Cu deposit on HOPG hasal plane remove
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AFM ve “ kenujiciNv Jektrochemické '/ ikroskopii
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AFM\ elektrolitografii

elektrodepozice kovu z kap}xroztoku jeho soli pomoci hrotu AFM
-

Pty
F N
i 1 1 g
‘ - i 1
, surface reduced # . i
metal e ot o
EEY TR N0
\ _
N
\

Constant Force mode




. \

ECAFM/IItogr ie: lokalni elektrochemicka
depozme/rozpoustenl Qtev oxidu pomoci hrotu AFM

MeOx/MeHO:

Thin oxide film

ALO; + 3H,0 + 20H™= 2AI(OH),”
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AFM - Semikontaktr{i tapping Akustic./mgt. buzeni

oscilaci cantileveru

oscilace v rezonanci

C=NO,MIOND

AMDITLCE
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cant. deflection
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Speciality: Du&lgl funkce mikropipety:
AFM skenyijici hrot a mikrodavkovac
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AFM nano-litbqafie a zobrazeni skenujici
migropipetou
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AFM in vivo A{kenujici endoskop

Physiological liqui&

Diagnosing carhlage%u@ses at an early st

healthy osteoarthntlc

M. Stolz et al., Biophys. J. 2004; 86 3269-3283

Arthroscopic

Arthroscope
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|nstrument d

stabilization &‘
L

scanning stage AFM stage

Institute of Microtechnology M.E. Miiller Institute (MSB)
University of Neuchatel Universtiy of Basel
R_Imer M. Stolz
T. Akiyama U. Aebi
N.F. de Roojj
U. Staufer
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