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Microscopic metods by resolution

OPT: optical microscopy

SNOM: scanning near-field optical
microscopy

: scanning electron.
microscopy
STM, AFM
HRTEM: high resolution
transmission el. microscopy

10° X, Ymm

tunneling microscopy,
atomic force microscopy
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SPM methods by information acquired

Charge Transfer

Electrons - STM
lons - electrochemical microscopy ECM

Force interaction - AFM

Long range: magnetic, coulombic

Medium range: van der Waals (dipole-dipole, dipole-non-polar., capillary
forces: liquid-probe...)

Short range: bonding interaction (attractive)
repulsive (deformation)

Electromagnetic radiation

-IR - Thermal microscopy ThM

-UV/Vis/IR - optical microscopy/spectr. Near-field SNOM
-Tip-enhanced optical microscopy/spectr. TERS/TEFS



canning 'unneling ' icroscopy,
canning 'unneling - pectroscopy



Tunneling microscopy
Binning, Rohrer, IBM, 1981, Nobel Prize 1986

TIP
@I, W)

SAMPLE

Approximation of tunneling current
L+~ Vp firs(Vi) exp [-22V(2m g /?)]

h =h/2xn, f +s(Vg)...reduced Planck.const.
dependence I+ = (Vg ) is given by e-structure of tip and sample
z...distance tip-sample (~ 10 nm), Vg upto £1-2V, I+ ~nA- pA



Barrier/Distance Tunneling Spectroscopy
(barrier properties of tunneling gap)

Barrier (distance) spectroskopy

For low Vg is (dl/dZ)/1; ~ (2N2m)/h (g + D)

where @ , @+ local work function, I tunneling current, Z tip-sample distance,
m, e-mass

Instrumental arrangement: modulation VVVVV Z-piezzo, acquired function
dl;/dZ => &g, 1ip Barrier height

Simplification: @ = const., lateral variation in measured barrier height ~ local @

6

Barrier Height

D.A. Bonnel: Scanning Tunneling Microscopy and Spectroscopy
Yoz 2 Ot VCH 1993

Contact




Tunneling voltage spectroscopy
(mapping e-density of states )
Voltage spectroscopy :

For Vg < work function of tip and sample
(typlcally 10 mV),

dl;/dVg ~local surface density of states (real
or from local band structure of sample)

Instrumental arrangement: Modulation VVVVV AU T
Vg, acquiring I~V curve, |_ /11 l fl
usually as d(log I;)/d(logVg) vs Vg 05 05 05 05 -05 05 -05 05

e dd I | B 'I.II = I'rnergy ::.e-'.'}

Information obtained: map of surface states
(UHV) images states filling, ad-atoms and
dangling bonds ...

[B. Persson, A. Baratoff, Phys.Rev.Lett. 59, 339]
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EC STM — arrangement
detection of tunneling currents in electrolyte

> ,
é— FEEDBACK

tiinnefing current

BIPOTENTIOSTAT




, Nanoprint“: nanoparticle @~8 nm, height <1 nm

7 ¥ 50,000 nm/div
Z 2.000 nm/div

Cu clusters on Aulll




Tip -induced dissolution

300 fm % 300 am

Xie, D. M. Kolb: J.Eleciroanal.Chem. 481 (2000), 177.




SECM — detection of Farad. current

Detection of substrate catalytic activity

-
m
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m
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0
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Substrate: generation
Tip: detection

SUBSTRATE

Red reduced form in solution
Ox oxidised form







AFM: Fundamentals/Force Curve

Force acting on spring

\ I:Hertz - ('h)3/2

distance from
surface h

k...spring const. 0,01-1 N/m Modes:
(cantilever) semicontact noncontact



AFM Semicontact mode:

Chemical 1dentification of atoms

——p——

P s m

Force curve
before normalization

Force [I'IN]
f:o I':J - 2

123456789
tip-surface distance [R]

—— Van der Waals force

Sn—Si relative interaction

—— Short-range chemical force ' speis
\ \ ratio 77%

—— Total force

Curve normalized
to maximum interaction
of system substrate-tip

Dynamic Force Spectroscopy.
Short range forces — chemical interaction

Atom counts

0.0 04 08 1.2 1.6 2.0 24
Maximum attractive total forces (nN)



AFM
tip and microspring (cantilever)

measure 5 um




Conductive AFM

Electrostatic interaction
between tip and sample.
Spreading Resistance imaging

Constant Force mode .

( A) conductive tip

. _— (B-doped diamond, n-doped 5i)
- 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. . Phys. Chem. B 103 4006-4010 (1999)]
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AFM Repulsive forces: Contact mode
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. AFM Contact mode
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Muscovite
(mica)

Oriented PTFE
(Teflon) molecules



Nanolithography
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Cu deposit on HOPG hasal plane removed by SPM tip




AFM attractive forces
(adhesion, bonding interaction)




Microscopy of adhesive (lateral) forces
(LFM)

Contact Mode
Lateral force

@)\ D photodetector




Microscopy of lateral forces
(LFM)

Teflon on glass:
-AFM topography
-mapping of friction
forces (left insert)
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AFM of adhesive (axial) forces

cantilever deflection cantilever deflection 1

e
approaching
| receding

e

Fts (Z)
(Si/SiOy)/air




Protein adsorption on tooth enamel

Functionalization

=+ ... o ..:;' ghutaraldehyde
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rhmie F-z dependence
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Semicontact mode (tapping) Acoustic /mgt. excitation

mechanical oscillator
In resonance

Input parameters:

frezs Agp (=20 NM)

rez?

C=2NOLIOND

output parameters
A, Af, A@, d (deflection)

"V"cantilever (k= 0.58 N/m)

AMPITUCE
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AFM with modified tip
Semicontact mode (tapping): Bonding interactions

AFM tip functionalized by
couple ligand-receptor

B blocked locations

Monoclonal antigen 1RK2 to A-chain of
ricine (tip-1gGl).
Visible is Y-structure of antigene.

adhesive forces of AFM-semicontact mode on air. [Veeco]

ligand-receptor
couples




AFM in liquids

cantilever

drive piezo Tapping holder

Water
droplet

™ gyringe




Nanobubbles at the immersed interface (liquid/solid)

\/

\/

Cantilever. deflection

lopography.



AFM In vivo: Scanning Force Endoscope

Physiological liquid

instrument i ;
: %
]

Arthroscopic
stabilization stage : scanning stage - AFM stage

Diagnosing cartilage diseases at an early stage ! ; : E !
1

healthy osteoarthritic - - -
Institute of Microtechnology M.E. Miiller Institute (MSB)
University of Neuchatel Universtiy of Basel
= — = R I_mer M. Stol?
M. Stolz et al., Biophys. J. 2004; 86 3269-3283 N o Achl
U. Staufer
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AFM: Noncontact mode
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1. topography

h{topo)

van der Waals. forces
(semicontact)

Noncontact AFM:

agnetic Force

2. mag. forces
—_—

=

L T Fangy

noncontact imaging

ICroscopy

X 10.000 pw/div
Z S50.000 nW/div

gnetic Test Track on Hard Disk
Magtest.mim




AFM: Artefacts
s

T
' &
& & 1
aul.'l.u- apk

n.sm

.I-.'
0

1.00

P
|
- -l""l"'”'""'\.

g
e 1

|-,|"‘-::.._ ALy
LS




vp
C.
Q
=
—
=
(@
\
b

) ear-Tield ptical '/ ICroSCOPY/SPECTroscopy




Far-Field Microscopy Near-Field Microscopy

d=A/(@sin a)= AN,
A...wavelength
a...incident angle
N,...numeric aperture
O...refraction index
d...resolution

Image reconstruction
point by point

Resolution = from wavefront fragments
Abbe, Rayleigh criterion Resolution = Probe aperture &
Refraction index, incident angle, Distance from the sample

diffraction limit



Near-Field Optical Microscopy/Spectroscopy

2=500 nm

sklenéné vlakno

Alpovrch ___\_w I '

SNOM(NSOM) hrot

rozlifeni limitované
pramérem vlakna 1
optické
=i |
\

/ vlikno
vzorek IS . \
= rozliSeni oinezené \ !
ifrakei 25-100 nm _ '

=N

étlovodu




Reflection SNOM

10 nm i

| |detector
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NT MDT




Transmission Fluorescence SNOM

JHIR\
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111 l 11

|:'=“:| filter

NT MDT



Combined SPM Image: AFM - SNOM
-

AFM topography (a) and SNOM (b,c) images on
f\ ultrathin sections of apoptotic Jurkat cells embedded
MNWM{J 1{\1\/ in araldite resin: SNOM reflection (b)

o e o SNOM transmission (c)

Position [um] Scan area 25 X 25 !,lm
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Fluorescence SNOM
Single molecule Imaging
b

AFM
Topography

SNOM

_22ym

Distance [nm]



SNOM lithography

4888 6888 plali i) 188688

ﬁUE=:B.Bi46:RHS= 828844 N AXCuM)

1) a.18
a.882

Zdroj: Veeco




Nanoparticle light amplifier

urface- nhanced ' aman - pectroscopy
SERS

Ip nhanced aman pectroscopy
(Microscopy)
TERS




Metal nanoparticle = Plasmon resonator

light amplifier

Nanoparticle plasmon:

Min. dimension: > 2 nm

=> non-localised energetic levels
(band/cloud)

Interaction with light => excitation of ecloud

oscillation
Small particles: dipole radiation (a, b) => emission

Large particles: quadru-/n-pole radiation =>
emission 1s suppressed (c)



C. Seennischen: Plasmons in metal nanostructures. Thesis. L.-M. Universiat Munich 2001
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Utilization of plasmon
resonance

Ag
Tr ul
r

iang
Hannp
=100

=18 c

f o

I5ms -'i]-:]-] nm <50 nm
nm

Ag, Au nanoparticles

4 Stained Glass

heres  Spheres  Spheres  Spheres
4 k

70% Ag + 30% Au


http://www.thebritishmuseum.ac.uk/

Utilization of plasmon resonance

- Increasing sensitivity of spectroscopic techniques
fluorescence, Raman spectroscopy ...
(surface enhancement of Raman spectroscopy ~ 10— 10%x
allows identification of single molecule)

-resonance shift due to adsorption on the interface
-measurement of adsorbed layer thickness, binding constants
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resonance () to Ip nhancement( ) () area (A= Iy /1)
— "RT"'RO

A=541nm, d;s=4 nm



TERS instrumentation

1 Scattered light to the spectrograph
He-Ne

Laser beam to the sample

Ripegs= 1000nm

comparison of focus long

g : working distance
with tip apex area objective

gold sample




TERS Examples

Brilliant Cresyl Blue (BCE) Dyeon Gold

BCB onsmooth god

mtepration tme: 100 =
accumulations: 2
ohjectere: 100X

laser power: 1%

1
E
g
&

Raman shifi / cm -1

Monolayer of adsorbate
on Au film, STM Ag-tip


http://www.fhi-berlin.mpg.de/?lang=e
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Comparison SERS and TERS

« 11

E
' = tip tunneling
TERS 2

=
R
=
S,
-

ity

Intens

tip retracted

2o SRS

1000 2000
Raman shift /cm™

SERS (rough Au surface) a
TERS (same + Au-Tip)/ads. CN-
Integration time 1sec, laser 5 mW

B Pertinger et al. | Jowrnal of Electroanalvtical Chemistry 334335 (2003 ) 293299




TERS Imaging

Imaging bundle SWCNT

In vibrational modes

RBM (290 cm?)

D (,,disorder* 1300 cm)

G+ tangential C-C stretching
(1594 cmY)

... ,.tip off* (,,far-field* confocal)
Il... ,tip on* (TERS)

Intensity / a.u. (—— )
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AFM-TERS: Imaging + Analysis

mroteie
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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.

Metallized (Au) AFM Tip for TERS/AFM
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Manipulation on Molecular Level
Contact: Manipulation, Semicontact: Imaging

DNA Manipulation: Pushing DNA Manipulation: Cutting

Ning Xi

Department of Electrical and Computer Engineering

Michigan State University



Microscopy by Scanning Micropipette

rozmitani

P

_mikropipeta

~ vzorek
rd

F. Iwata




Nanolithography: SPM with scanning L-pipette

prac.hmi




‘ W” J. Heyrovsky Institute of Physical Chemistry, ASCR v.v.i.
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Laboratory of Scanning Probe Microscopy

AFM/STM Nanoscope llla Multimode
In gasses and liquids
Resolution ~ 0.1 nm

AFM/STM TopoMetrix TMX 2010
AFM Dimension Icon

In gasses and liquids
Resolution~ 0.1 nm

http://www.jh-inst.cas.cz/

pavel.janda@jh-inst.cas.cz
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DOUBLE LAYER REGION

@ ~ 0.1 eV, nonexponential tanneling

Halbritter resonant (intermediate) states (n) oriented dipoles HOH-OH,

specif. adsorbed ions/molecules (shape resonances)
parallel along layer of oriented dipols deff)=dAn+1) == I;Eill::-‘:ff)=(,'I'5,."(n+1)

structural changes 1n layers of waler molecules near the electrode
formation of clusters of water molecules 1n gap

Toney
Kaukonen




Ramanova spektroskopie

Elasticky rozptyl svétla na molekularnich/atomérnich strukturach: 4,0, = 4gopag
Neelasticky rozptyl (mala ¢ast ~ 1/10°) => posun 4: A,y # Adopad
=> excituje vibracni/rotacni a elektronicke stavy

Vibracni/rotacni excitace (posun 1) & zména polarizovatelnosti (intenzita)
(deformace e-oblaku vzhledem k vibra¢nim koordinatdm) => Ramantv posun
molekula absorbuje energii — Stokesitv rozptyl — ,,red shift™: 4,1 > Agopag
molekula (na vyssi energetické hlading) ztrati energii — anti-Stokesiiv rozptyl
— ,blue shift™: 4,511 < Agopad

Resonan¢ni Raman:

ldopad = 2exci_t.e _
=> zesileni intenzity vibra¢.modu

odpovidajiciho excit.e-hladiny




the p-polarized electromagnetic field (i.e. field, which has its electric component

parallel to the plane of incidence) propagating towards the boundary of two me-
dia at angle of incidence 6.

(a) Excitation of a plasmon on the metal-dielectric interface with
p-polarized light, propagating at angle of incidence # greater than the angle
of total internal reflection. Inset illustrates the surface charges. (b) Plasmon-
induced field intensity at the interface.




Dopadajici svétlo 4 (hv) excituje oscilace oblaku elektronii
vodivostniho pasu s naslednym zesilenim elmg. pole na
fazovem rozhrani (povrchu)

Vv resonanci absorpce svétla A vzroste o nékolik radi
= povrchova plasmonova resonance

Kovova nanostruktura funguje jako antena.




Interakce s elmg. polem:
Povrchovy plasmon a plasmonova resonance

E, elmg. pole: el. slozka polarizovana paraleln€ s mezifazim,
Ogopad > Goaraz- Kis K, VInove vektory dopadajiciho pole a plasmonu.

(2m) .,
— |nsin 6,




Interakce s elmg. polem:
Nanocasticovy plasmon a plasmonova resonance

metal particle

s electron cloud

Nanocasticovy plasmon:
Min. rozmér ¢astic: > 2 nm
=> neexistuji lokalizované
energetickeé hladiny
(pas/oblak)

wp ~ (N €2/g; m*)
op plasmonova frekvence
m* ef.hmota vodiv.e-

g, permitivita prostredi

Interakce se svétlem => excitace oscilaci e-oblaku => polariton (el.polarizace)
Interakce malé nanocastice se svétlem => (a, b)
vEtsi nanocastice => kvadrupolova radiace (c)



Povrchové 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 svételny zisk

+
Ramanovy spektroskopie => strukturni informace

-nanostruktury Au, Ag, Cu (NIR-Vis) -,,
-Hot-Spots* (signal neni reprezentativni vzhledem k povrchu)



vyznam TERS

+ Plasmonova resonance lokalizovana na povrchu kovoveho hrotu
(anténa, max.intenzita el.pole na hrotu) => hrot funguje jako témeft
idealni bodovy zdroj svétla.

+ Mobilni ,,hot spot* — snimani reprezentativniho signalu z celého
povrchu vzorku

+ Proces muize byt ladén (z/do resonance) vkladanim napé€ti na hrot

+ umoznuje praci In situ

+ zesileni ~ 107

- Vyvojove stadium, neuplné definované podminky:
vliv tvaru hrotu, slozeni hrotu, elektrolytu...

Surface-enhanced and STM-tip-enhanced Raman Spectroscopy at Metal
Surfaces

Bruno Pettinger, Gennaro Picardi, Rolf Schuster, Gerhard Ertl
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6,
14195 Berlin, Germany

S. Kuwata: Near Field Optics and Surface Plasmon
Polariton
Springer Verlag, 2001


http://www3.interscience.wiley.com/journal/69502447/home
http://www3.interscience.wiley.com/journal/99017434/issue
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http://www3.interscience.wiley.com/journal/99017434/issue
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