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Microscopic methods/resolations

OPT: Optical Microscopy

SNOM: Scanning Near Field
Optical Microscopy
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SPMs by information carriersb
®

Electron - tunneling microscopy STM/SCSTM,
conductive AFM CAFWM (P):TUNA)
lon - electrochemical microscopy e STM/AFM
Force interactions - atomic fcrce microscopy AFM/ECAFM

Electromagnetic (UV/V:</IR light) - optical methods:

- IR - Thermal microsccoy ThM

- UVIVis/IR — neat f.eld optical microscopy/spectr. SNOM

- Tip-Enhanced »pt'cal microscopy/spectr. TERS/TEFS
Electromag.'aisctrostatic. field

- Kelvin prove microscopy KPFM/Surface Potential Microscopy




Tunneling Microscopy
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Tunneling barrier (distance) spectrgscopy

Psample » Prip local work function, /; tunneling current,
Z tip-sample distance, m, e-mass

Barrier Height
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Tunneling voltage spectroscopy
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Tunneling microscopy — topograghy
uniform surface e-density




Tunneling microscopy — topograghy
nonuniform surface e-density => artefagcts
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EC STM

lectrochemical ~canning unneling ''icroscopy



EC STM:

Detection of tunneling currents in EC experiimental setting

BIPOTENTIOSTAT




Probeltip for EC STM

500 E, mV (MSE)

Voltammetry of Pt-Ir STM tip (polymer coated)
in 0.1 M H,80, (deoxygenated)
v =200 mV/sec

\ G=10 - 40 pFfent
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EC STM: Imaging Self-Assembled l\(anolayers
on immersed surface

50 nmx 50 nm 50nmx 50 nm

5nmx 5:nm




Tip-assisted ,,nanoprint®
STM tip-deposited nanoparticles Cu d 2 &wwi, h<1 nm

/A 50.000 nm/div
Z 2.000 nm/div

Cu clusters on Aulll
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AFM

Force Interactions
Range/mode

Long - magnetic, coulombic - noncontact
van der Waals (dipol-dipol, induced = dipol-nonpolar)

binding (attractive) interactione, repulsive (deformation) —

exssitu / in fluids

Conductive AFM (CAFM)
Electrochemical AFN {EC AFM)

Scanning Electrochemical Microscopy (SECM)




AFM fundamentals




AFM fundamentals — force curve

Force acting on
FAcantilever (spring)

contact F= -kz_ (Hook)
k...spring const.

Fon -2) (0,01 - 1 N/m)

repulsmn

VdW

I 1 (-
"/F < ; non-contact region distance z
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approaching

~_maximum adhesive force
on retraction curve




AFM Probe:
Tip and spring (cantilever)
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AFM in repulsive forces: Cortact Mode
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AFM imaging in contact mode
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Contact mode AFM - repulsive forees
— indentation, nano-lithography
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Contact mode AFM —
Dynamic Force Microscopy/Spectrogcepy (DFM/S)




AFM DFS material analysis - Z¢iNb/ZrO,




Techniques combining AFM and e-conductivity

Contact mocie:
onductive orce . -icroscopy (CFM)

Non-ccentact mode ( ):
neling FM (TUNA)



onductive orce 'icroscopy (GEM)
neling “FM (TUNAj

Electrostatic interaction

between tip and sample.

Carotenoid embedded in 1-docosanethiol attached to Au. Q

Current measured between biased Pt-coated AFM cantile\

and Au substrate.
Maximum current (I ) vs. contact force.

m

ey B 103 4006-4010 (1999)]
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Contact mode AFM - attractiveaorces:

Adhesion
Friction




Attractive Lateral Forces (friction) forynaterial
analysis (LFM)

Contact Mode

Lateral Forces

region of increased friction forc

angle of twisting
cantilever

friction force
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Functionalization

Adsorption of proteins on to
. h + .:. g ~ glutaraldehyde enamel
albumine 55i)e;ence
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PeakForce Tapping QNM:
Complete force curve for
3D imaging
and

surface uantitative anoscalé’, echanical analysis
Force curve is collected 2i-¢ach point of scan




Figure 2.5f Force curve, Force vs. distance

10
generates complete force curve

Pericaic contact with surface

at:every point of scanning

- contact 3D (height) images
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AFM PFQNM —interpretation of forge\curve:
Deformation

Figure 2.5j Deformaricin@
Deformation:

Surface compressi ax (Peak Force) after
correction to c r deflection. May include

elastic and omponents.
Dominant deformation = hardness.

Max.de ion = distance between F =0 and
Peak

Qa.lt Region

Distance [nm]

50
Separatlun (nm)




AFM PFQNM —interpretation of forceeurve:
Adhesion

Figure 2.5¢ Adhesion on a PS+LDPE bley

Adhesion - attractive force tip-Sample.

On air: van der Waals, elec @tic (surface
charge) and capillary forcedineniscus -
hydrophilicity) => Ham constant.

Capillary force - adfiesien <10 nm above surface.
Polymers with | ains — meniscus >>10 nm
above surface

Force (i)

adhes
rea Q curves corresponds to adhesion

Adhesion




AFM PFQNM —interpretation of forga curve:

Stiffness (Y,,/DMT)

v

DMT modulus

fit region 3 B

Stiffness = resist z,gainst elastic deformation.
High value of Youn@wodulus => low elastic deformation

,Reduced” Young (DMT) modulus
Fy, = 4/3Yy\rg,2° + Foqp
(Derjaguin, Muller, Toropov (DMT) aprox.)




AFM PFQNM - interpretation of for¢e curve

Figure 2.5h

Dissipation

Dissipation (shaded area) in a polystyrene (PS) and L

3n

each cycle. Hysteresis of
balance between loadi
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Figure 2.5d Adhesion map of a PS+LDPE blend

Composite
PS/LDPE

(Yos~3GPal Y, ppe~0.3GPa)

AFM PFQNM -
interpretation
of force curve

Figure 2.5b DMT Modulufap of a PS+LDPE blend
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PFQNM on soft layers - interpretation diforce curve
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AFM-PFQNM of gaseous nanodemains
- interpretation of force curve
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AFM in liquids

cantnever
a Glass slide




AFM in EC: AFM imaging in sit(:
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Cu deposit on HOPG hasal plane removed by SPM tip



ECAFM/lithography: tip-assisted local electrochemical
deposition/dissolution of oxige

CERSSA NI r.‘wr.'-nnv
8 _Aluminum

Thin oxide film

ALO; + 3H,0 + 20H™= 2AI(OH),”




Semi(contact) mode - tapping  Adysiic/mgt. drive

oscillation in resonance
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Semicontact mode (tapping) phasgyimaging
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AFM artefacts

AFM tip / __scanning direction
A 7 *
\ / H‘x ¥ N /

scanning
direction




AFM artefacts




AFM artefacts: Self-image of AFM tip




Special: Dual function of micropipette:
AFM scanning tip and micro-disgpe&iser

Scanner
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Nano-lithographic AFM with scannind micropipette




Special: AFM in vivo - Scanning Force(Endoscope

Physiological liquid

Arthroscope

Arthros - pic

instr 'me ot

stabilization stage scanning stage AFM stage

Diagnosing cartilage diseases at an £arly swagye

healthy osv oarthrivc

Institute of Microtechnology M.E. Miiller Institute (MSB)

University of Neuchatel Universtiy of Basel
R. Imer M. Stol;
M. Stolz et al., Biophys. J. 2004; 86 3269-3283 N -F‘_”‘(';g?;{)';j U. Aebi
U. Staufer
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