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1. Modos Vibracionales

1 [ 1 1 1
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2. Reglas de Seleccion

O IR: Absorcion de foton por dipolo () del modo normal de
vibracion.

O Raman: Dispersion inelastica mediada por momento
dipolar inducido (polarizabilidad «) generado por la OEM.




1. Modos Vibracionales

O Numero de modos depende de los grados de libertad

m Moléculas no Lineales
1 N° modos=3N-6
0 Ejemplo: Benceno

= 30 modos

m Moléculas Lineales
11 N° modos=3N-5
0 Ejemplo: CO,

" 4 modos
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2. Reglas de Seleccion: IR vs Raman
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2. El efecto Raman

The Raman Effect
h (Voi Vvib)
...... e wene\irtual state
Rayleigh scattering
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2. El efecto Raman
The Raman Effect Vo

oy T . h{vo +v

- non-resonant excitation (Stokes) or annihilation (Anti-Stokes) (Vo)

of a vibrational quantum
- energy shift between the exciting and scattered photon is characteristic

for the molecules involved in the scattering process h "

Anti-Stokes Rayleigh
Virtual State intensity
Energy 5 Rayleigh Stokes hv ----- 1 I~ y4

A " A
hv hv
Anti-Stokes Stokes
Final Final
Y Initial Initial ¥ Initial H A \ } \

fig.1.1: Energy level diagram for Raman scattering 1000 o 1000

wavenumber (1/cm)

-theoretical prediction 1923 by A. Smekal

| - exgerimentally discovered 1928 by Sir Chandrasekhara Raman, Nobel Prize 1930
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2. Infrarrojo vs. Raman

wavelength (LUm)
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2. Esquema Tipico de Experimento

Sample
Objective

Lens

Notch/Edge Filter

. Spectrometer

6
IFfayleigh ~10°x IRaman

Abril de 2019 - - - - -
- typical integration times: seconds - several minutes
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2. Bspectroscopia Raman

300 600 900 1200 1500 1800

Abril de 2019

chemical, but NO spatial resolution
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2. Identificacion de Bandas

Functional Group/ Vibration Region Raman InfraRed
Lattice vibrations in crystals, LA modes 10 - 200 cm” strong strong
§(CC) aliphatic chains 250 - 400 cm™ strong weak
v(Se-Se) 290 -330 cm”” strong weak
v(S-S) 430 -550 cm™ strong weak
v(Si-0-Si) 450 -550 cm™ strong weak
v(Xmetal-O) 150-450 cm”’ strong med-weak
v(C-l) 480 - 660 cm”’ strong strong
v(C-Br) 500 - 700 cm’” strong strong
v(C-Cl) 550 - 800 cm’™ strong strong
v(C-8S) aliphatic 630 - 790 cm’™” strong medium
v(C-S) aromatic 1080 - 1100 cm™” strong medium
v(0-0) 845 -900 cm”’ strong weak
v(C-0-C) 800 -970 cm”’ medium weak
v(C-O-C) asym 1060 - 1150 cm” weak strong
Abril de 2019 12




v(CC) alicyclic, aliphatic chain vibrations 600 - 1300 cm™ medium Medium

v(C=S) 1000 - 1250 cm™ strong weak
v(CC) aromatic ring chain vibrations *1580, 1600 cm’” strong medium
*1450, 1500 cm™ medium medium

*1000 cm™’ strong/medium weak

— 8(CH3) 1380 cm™ medium strong
5 gl(_lg')"zi ym 1400 - 1470 cm™ medium medium
5 Ci‘g;":gym 1400 - 1470 cm” medium medium
v(C-(NO2)) 1340 - 1380 cm™ strong medium

v(C-(NO2)) asym 1530 - 1590 cm™ medium strong

v(N=N) aromatic 1410 - 1440 cm™ medium -
v(N=N) aliphatic 1550 - 1580 cm™ medium -

8(H20) ~1640 cm™ weak broad strong
v(C=N) 1610 - 1680 cm™ strong medium

v(C=C) 1500 - 1900 cm™ strong weak

v(C=0) 1680 - 1820 cm™ medium strong

v(C=C) 2100 - 2250 cm’” strong weak

v(C=N) 2220 - 2255 cm’” medium strong

v(-S-H) 2550 - 2600 cm’” strong weak

v(C-H) 2800 - 3000 cm’” strong strong
v(=(C-H)) 3000 - 3100 cm” strong medium

v(=(C-H)) 3300 cm™ weak strong
Abril de 2019 v(N-H) 3300 - 3500 cm” medium medium

v(O-H) 3100 - 3650 cm™” weak strong




2. Métodos Teodricos

O Calculos ab initio o Primeros Principios

O DFET

m Gaussian

Abril de 2019
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2. Simulacion de IR y Raman

|34 atoms, 156 electrons, neutral, singlet

| Inquire [Select Atam 14

Stop Animation |
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3 Microscopia ()ptica Clasica

What is the resolution limit of a classical optical microscope?

Ernst Abbé (1840-1905): diffraction theory

Ax20,61x(A/NA) N

®
NA=n Sin®

air: NA<0,95 (340nm @ 532nm exc.)
water: NA<1,2 (270nm @ 532nm exc.)

oil: NA<14 (230nm @ 532nm exc.)

resolution limit = A /2

Abril de 2019




3. Microscopia Confocal

confocal microscopy
detector
pinhole
classical
beamsplitter
laser
confocal
- much smaller background
- 3-D information
P objective - slightly higher resolution possible
Rorllde 2019 (1 re spatial, but NO chemical information

focal plane




3. Microscopio Contocal +
Espectroscopia Raman

3-D Imaging with chemical sensitivity

 take a complete Raman spectrum at every image pixel
» extract the relevant information (peak intensity, width, position etc.)

« display this information as image

Parque Cientifico y Tecnologico de Pando (PCTP) /
instituto Polo Tecnolégico de Pando (IPTP)
ANII- Proyecto EQC_X_2012_1_14

18




3. Microscopio Contocal +

BEspectrometro Raman

Abril de 2019

Imaging with chemical sensitivity
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3. Esquema

Multi Mode Fiber
UHTS 300 Confocal Pinhole

Upto 70% Transmission
EMCCD - 0.7 ms Integration Time

High efficient

_ﬁ Filter
Single Mode
Fiber “

H I Optimized

Raman Optics
¢

Abril de 2019 20

Requirements: -

* Highest Sensitivity

* True Confocal

» Fast Acquisition of Spectra

« Easy Change from Confocal to AFM




3. Caracteristicas de la Técnica

O No Destructivo

O Identificaciéon Quimica Directa

O Identificacion de Propiedades de Materiales

O Facil o nula preparacion de muestra

O Solidos cristalinos, solidos amorfos y Liquidos

O Deteccion 3-dimensional

O Variacion de Temperatura (Linkam)

O Combinacion de deteccion quimica con AFM (EFM &

MFM)

Abril de 2019 21




3. WITec Alpha 300 RA

WITec Confocal Raman Microscope System Alpha300R de alta
sensibilidad para longitudes de onda de excitacion de 532 nm y 785 nm.

O

O

O

O
O

Imagen Espectral Raman: adquisicio’n de espectros Raman completos
en cada pixel (mapping)

Adquisicio’n de espectros Raman en arcas seleccionadas (micro-
Raman)

Ime{genes 3D Raman confocal.

Microscopia confocal de Retlexion

Resolucion dptica: Limite de difraccion, tipico 300 nm @ 532 nm
delongitud de onda de excitacion (objetivo NA 1.4)

Tamano de la muestra: max. 120 mm x e y direccion, 25 mm de altura

Dos espectrometros y detectors CCD optimizados, uno para IR
cercano y otro para rango Visible.

Abril de 2019

O

Criostato para micro-confocal rango T= -196 C a 600 C (Linkam)



3. Platatorma Piezoeléctrica

O Plataforma piezoeléctrica para el barrido de muestras.

O Rango continuo de barrido de hasta 200pm en ejes X e Y y 20
um en eje Z.

O Dispositivo de barrido lineal con feedback de loop cerrado

O Resolucidon de barrido:
® Precisién de posicionamiento:

B <2nmenejeejes XeY
m <0.2nm 2 A)enejeZ

o AFM, MFM y EFM
= FSE_1_2014_1_102008 Fondo Sectorial de Energia - ANII

1 48 sNanomateriales para almacenamiento de energia: nueva serie de catodog
Abril de 2019 3
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3. Doble CCD optimizada para cada

region del espectro

dual wavelength system (532nm + 785 nm)

| ~ loss of 532 nm system when

| T —— — | equipped with DD-CCD
1 \f 77 sl T 1N | gain at 785nm excitation when
£ - 7 - /égi N — equipped with DD-CCD
E 40 I W
0§ 30 gﬂé\ / /;//

\/ : .;/ Front llluminated CCD camera has
/ much lower QE.

&00 700
Wavelenath (nm)

solution for optimized dual wavelength system:

=> 2 spectrometers + 2 cameras

532nm excitation: 500nm blaze, standard BI-CCD
Abril de 2019 24

785nm excitation:  750nm blaze, DD-CCD
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4. Aplicaciones

Microscopia Raman Confocal



Imagen Raman: dispersion agua-aceite

100

Body lotion, imaging parameters:

|
E,,,,_

SO

" CHo

H20

i

= -

e

[

\: ’1' -'

0 500 1000 1500

2000 2500 3000
raman-shift [1/cm]

2 mW excitation @ 532nm, 100x oil, NA=1,25
20 x 20 um, 180 x 180 pixels (= 32400 spectra)
50MsISpactum

'’
N 2
L' .'.97




Reconstruccion Imagen Raman 3D

Sample: Oil/Water Emulsion

3-D Reconstruction

Evaluated Band: CH-Stretching
Excitation: 532nm

Scan Range XY: 100x100 um
Scan Range Z: 30 um/32 layers

Total number of Spectra: 517 500
Total Acquisition Time: 23 min

28




Stents para Drug Delivery

Raman cross-sectional image

of a coating of a drug plus

polymer on a stent.

Polymer (red),

amorphous drug (green),

crystalline drug (blue),

polymer + amorphous drug ( yellow).
100x 10 microns scan.

Imalae Courtesy:
DA Iabsclﬁom%QSurModics (www.surmodics.com)

Intensity (a.u.)

S000

s000

000

2000

Amorphous

Crystalline
1 1

200 1000

1200 2000 2500

YWavenumber (cm'1)

j=julnln]
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Polimeros

Thin Film of PMMA - PET

AFM image

Raman image

A PMMA

| P __q-_.l‘\- M,

f*'_LJLm-ﬁ\Jl.!l PET M

A
20x20x0.2 ym?3 scan area

Abril de 2019

20x20 pm2 scan area, 150x150 pixel
0,05 s integration time
total 22500 spectra
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Blend PMMA+SBR

Fig. 5: Overview AFM image of a PMMA-SBR blend.

ril
Fig. 9: Color coded Raman image of SBR resulting from the
integral intensity of each spectrum.

[
L
/C
0Z ocH;

1200 1400 1600 1800 2000 2200 2400

2600 2800 3000 3200
rel 1/om

SBR -{(CHZ cn)—{cu2 CH=CH- CH2

WMWMMMN\W
260 700 I z

Fig.10: Color coded Raman image of PMMA resulting from the
integral intensity of each spectrum.

e

o A

—
1200 1400 1600 1800 2600 2200 2400 =n 2
rel Afem

=37
Fig. 11: Corresponding spectra: SBR (blue) and PMMA (red).



— W\J/J\JJ\_.___ R ' fat |

1 aqueous p
——. LSS | :
/ T e — fatll
[ \
emulsifie
500 1000 1500 2000 2500 3000
rel. 1/cm
Fig. 2a: Raman Image of an emulsion used in food Fig. 2b: Corresponding spectra of the compounds contained within the emulsion.

production. Scan range: 30 ym x 30 pm, 120x120 pixels
(=14400 spectra, 532 Nd:Yag Laser for excitation, 100 x oil
objective (NA=1.25). Red + green: fatty matrix, blue:
aqueous phase, yellow: emulsifier PGPR

Chocolate blanco

80

saccharose

JMMW\/LM___W_W T i 0 excipients
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Chocolate Blanco (toblerone)

o Sacharose, Maltose and Fats

Scan _000 Spec Data 1_F (Extracted)

- 4 ’
— . e & 1 — >
4 - g 2 T
-697 (-758,65) CCD cts HO 965,75 (35,101} CCD cks | NO. DC’“
Pixel (97/1) | R: 25,573 pm Pixel (120/137) | R: 5.5475 Wi r)w
- F N =
- 1
. ’ L #‘ﬁ\-/\_
a
1

1
1
1
1
1
1

1200

gqu

300

200 800 1200 1600 2000 2400 2800 3200 3600
rel. 1/cm
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Medidas de Tensiones Residuales

Sample: Vickers Indent in Single Crystal Sapphire
Internal Stress Measurement based on Peak Shift of Raman Spectrum

AFM Image of Vickers Indent

— +—sapphire

B 417 rel. 1/cm
A 1G Mode

counts [a.u.]

400 500 600 700 800
. . -1
Abril de 2019 ragltive wavenumber [cm ] 34




Reconstruccion 3D

Sample: Vickers Indent in Single Crystal Sapphire
Visualization of Stress Distribution

o t
Layer by Layer £ 9

= Visualization D B el i i
i i - Q 5
Tim ~ A6um 2ym ﬂ -20pm 2um 24|.|mlz|.|r|| | ' —;;pm

—> 3-D Reconstruction
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Aplicacion Celdas Solares

Composition of a CIGS (Culn,_ Ga,Se,) solar cell

« Multilayer structure

« (Ga concentration increases the
bandgap energy
— increase of efficiency of solar cells

* [nterface between CIGS and Mo
back contact

— Formation of a MoSe, compound
=> ohmic type contact

« Experimental Parameter:
— Frequency doubled NdYAG laser
Samples: :
— Cu poor composition of CIGS ' "~ Glass Substrate
— Ga concentration is varied from
x=0(CIS)= x=1(CGS)

Abril de 2019 36




Mapping: Vartacion de

Concentracion con posicion

Composition of a CIGS (Culn,_ Ga,Se,) solar cell

Raman line scans on cross-sections to identify
MoSe:; interface layers

End

N W B O O

1
Start

Abril de 2019




Mapping de Variacion de

Concentracion con posicion

Raman line scans on cross-sections to identify
MoSe; interface layers

CIGSA IVIOSe A, CIGSA IVIoSe A

End
S | 6 6 A
O, 5 5
> _
o I3 3
=
~ i —~— 1 1 S
Raman Shift [cm b tart
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Tabletas: API y Excipientes

Confocal Raman Image overlaid Corresponding Spectra
on the topography Red & Blue : API
Abril de 2019 Green : Excipient 39




Stents para Drug Delivery

Raman cross-sectional image

of a coating of a drug plus

polymer on a stent.

Polymer (red),

amorphous drug (green),

crystalline drug (blue),

polymer + amorphous drug ( yellow).
100x 10 microns scan.

Imalae Courtesy:
DA Iabsclﬁom%QSurModics (www.surmodics.com)

Intensity (a.u.)

S000

s000

000

2000

Amorphous

Crystalline
1 1

200 1000

1200 2000 2500

YWavenumber (cm'1)

j=julnln]
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Polimeros

Thin Film of PMMA - PET

AFM image

Raman image

A PMMA

| P __q-_.l‘\- M,

f*'_LJLm-ﬁ\Jl.!l PET M

A
20x20x0.2 ym?3 scan area

Abril de 2019

20x20 pm2 scan area, 150x150 pixel
0,05 s integration time
total 22500 spectra

41



— W\J/J\JJ\_.___ R ' fat |

1 aqueous p
——. LSS | :
/ T e — fatll
[ \
emulsifie
500 1000 1500 2000 2500 3000
rel. 1/cm
Fig. 2a: Raman Image of an emulsion used in food Fig. 2b: Corresponding spectra of the compounds contained within the emulsion.

production. Scan range: 30 ym x 30 pm, 120x120 pixels
(=14400 spectra, 532 Nd:Yag Laser for excitation, 100 x oil
objective (NA=1.25). Red + green: fatty matrix, blue:
aqueous phase, yellow: emulsifier PGPR

Chocolate blanco

80

saccharose

JMMW\/LM___W_W T i 0 excipients
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Experiencias

WITec alpha300RA
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Fijemplo 1: Blend PMMA+PS

Mezcla de Poliestireno (PS) con polimetilmetacrilato
(PMMA). Se idenfican dos zonas (roja y verde), se
obtiene un espectro raman en ambos lugares. El
espectro indica que la zona marcada en verde es
PMMAY la roja PS

900

é

CCD cts
300

Observando las diferencias en el mapping 11l
correspondiente al recuadro negro, donde se obtiene \

- \
Abril dep2fihdigen combinada de ambos componentes. J e

500 1000 1500 _ 2000 2500 3000 3500

300 0
H—
=

JLU/LW . )\ i S\ 44
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Fijemplo 2: Asesoramiento

o Ejemplo de identificacion de componentes:
= Activo
= Excipientes

0 Primero se realiza Analisis por
Componente Principales (PCA)

o Luego se procede a la generacion de
imagenes con el software Project FOUR

Abril de 2019 45



PCA: Componente 1

IMAGEN ORIGINAL MASCARA DE LA ZONA SELECCIONADA (en rojo)

200 40 B0 80 100 120 140 ESPECTRO PROMEDIO 20 40 B0 80 100 120 140
[ [ [ I I

D_/"x\ Materia Prima (Activo) “

=] o
R

é/—__—_—j_—
<

—

—

_—J‘_'_P/
|

t||f\ A | ‘llhl\r\ I‘\ \
. N \‘ f\/‘v‘/“\/ \\ J l\ ] |
/ IU YARWAY Vi \"\/‘P k f\w A e _,/f \/ﬁf lll\,.w;

N A A A et A it s g Ptmeih P

500 1000 1500 2000 2500 3000
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PCA: Componente 2

IMAGEN ORIGINAL MASCARA DE LA ZONA SELECCIONADA (en rojo)

ESPECTRO PROMEDIO 200 40 B0 B0 100 120 140
0= I T | | | =

ol Delta Manitol (excipiente) ’

| /M\JJL\/\M\/\ 1

500 1000 1500 2000 2500 3000
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PCA: Componente 3

IMAGEN ORIGINAL MASCARA DE LA ZONA SELECCIONADA (en rojo)
AR . T W
20-‘- * "'_L"' | -
40;’ ‘. " RN ]
-
BOF w - |
- . -
op Sk g
" - - L] y
100} * g™ % 3 1
= I k‘ -"
120 e 0 © e R
‘ - - .'_1 N
el |y R
20 40 B0 80 100 120 140 ESPECTRO PROMEDIO 20 40 B0 80 100 120 140
= T | | T —
0k —
L Beta Manitol (excipiente) i

0 1 —
o | | J .

h

g
NN ¥ \ Lo o F A
)L \\J«Jl) Lh,r\,_J\,/JI UqJL.H_,r' ;-\_,_J'fl'\ﬁ/'ll L'\Jl\k,,:""ll \J\"r l\/\ g \“JJ IVH ~-—s ; \

A\
NN AN o )
| | | | | | ]
500 1000 1500 2000 2500 3000
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Formulaciones: Mannitol+ API

[ BoN | Scan_000_Spec.Data 1_F - Filters
‘ °5| create Fiers| Quick Fiters | Extract | al ||[jF MP_1
p 7 Show _Filter Name I Start l Stop I Unit: I Kind: Iium
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N
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Conclusion:

O 1 solo activo

O 2 excipientes:
= Manitol forma Beta
= Manitol forma Delta

Abril de 2019
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Fjemplo 3: Grateno

Abril de 2019

Eo, phonon at I

T 1 V]
Pristine Graphene

Intensity (A.U.)

1250

1500

1750

2000 2250 2500 2750

Raman Shift cm’')

3000 3250
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Fjemplo 3: Grateno

D 2D, D+D"

K
———————————— Phonon
............................ Defect (4]
o
e Intervalley scattering with TO e Double-resonant, intervalley
phonon at K-point, gpn # 0 scatterings requires no
o D peak requires defect defects
abril dsgattering to conserve e Strong e -ph coupling: 2D
momentum ) peak is more intense than G

52



Fjemplo 3: Grateno

"Position and fwhm of the G and 2D peak(...)confirm presence of single-layer
graphene”

e Position of 2D peak depends
' Raman shift (cm'?) on number of layers

S I e Additional layers increase
FWHM of 2D peak (more e~
states for resonant scattering)

e Occurence of peaks at 1350
cm~! (D) and 1620 cm~" (D’)
reveal defects of graphene
sample

graphite

10 layers

5 layers

2 layers

o
(o

1 layer

Abrilgis 3819 2700 2800

2600 2700 2800 [7] >3




Ejemplo 3: Grateno y MLLGG

(d)
5i | 2Layers 1Llayen Si
Substrate: : : Substrate
- | 1 1
' : 1136+ 01nNm
|

1.2

nm
08

04

G (e)

8 G
| 5 A mono-layer
b e KR 051
, | 8§L¥ L JL bi-liyer
Optica al
J multi-layer

1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
rel licm
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Fjemplo 3: Grateno
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Fjemplo 3: Grateno
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Fjemplo 3: Grateno
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Fjemplo 3: Grateno
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Ejemplo 3: Grateno en Solucion
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Fjemplo 3: Cuantificacion de
D@f@CtOS v Phil. Trans. R. Soc. A (2010)
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Figure 3. (a) Evolution of the first-order Raman spectra (using a A=>514nm laser) taken from a
graphene monolayer sample deposited on an SiO9 substrate, subjected to Art ion bombardment.
The ion doses are from the bottom to the top, 1010, 1011, 1012, 1013 and 104 Art cm—2 (Lucchese
et al. 2010). (b) The Ip/I; data points from three different monolayer graphene samples as
a function of the average distance Lp between defects. The solid line is a modelling of the
experimental data with equation (3.1). The inset shows a plot of Ip/Ig versus Lp on a log scale
for Lp for two samples: (i) open points for an approximately 50-layer graphene sample and solid
circles are for a small piece of HOPG near a graphene piece and (ii) solid diamond points, for a
2mm thick bulk HOPG sample, the measured values of which are here scaled by (Ip/Ig) x 3.5
(Lucchese et al. 2010).
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Fjemplo 4: Nanotubos de Carbono

Fig. 5.1 Different carbon
allotropes with
nanometer-scale phases
ranging from 0D C60
fullerenes, 1D carbon
nanotubes, 2D graphene, to
3D diamond and graphite

Diamond Fullerene

Single-walled

carbon nanotube

Graphite (graphene)

Fig. 5.2 The vector Cy
describes how a sheet of d

graphene is rolled up to av
create a carbon nanotube [6] ’

(n,0) zigzag
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Fjemplo 4: Nanotubos de Carbono

Fig. 5.3 Typical Raman
spectrum of an individual
single-walled carbon
nanotube recorded with a
confocal micro-Raman
spectroscope using a green
532 nm laser. The feature
marked “*” is the attenuated
elastically scattered Rayleigh
line. Features marked ““**”
come from the Si support
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Fjemplo 4: Nanotubos de Carbono

C1

a4 + 2

WRBM =

(b)

™

Fig. 5.4 Raman-active vibrational modes of carbon nanotubes. (a) The so-called radial breathing

mode (RBM) is a prominent feature of the tubular nanostructure and not present in planar graphite.

The Raman shift of the RBM is approximatively inversely proportional to the tube diameter. (b)
Arm\éxihfeplef a tangential mode (TM). In analogy to graphitic Raman modes it is often also called 63
G-mode or high-energy mode (HEM)
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Fjemplo 7: Caracterizacion de N'T
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PCA para los
fotoelectrodos de
HTNT
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Modelado: Espectros Raman de

polimortos de T10,

Espectros Raman Calculados
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Fig. 8. (a) Atom decomposed phonon density of states for H,Ti;0;-0.67H,0. (b) Experimental and simulated Raman spectra for H,Ti;0,-0.67H,0. The black arrows show the

correspondence between experiment and simulation. Note: The intensity was normalized for an easy comparison. (¢) Phonon eigenvectors obtained from DFT calculations,
associated to the most relevant Raman peaks.
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Resumen: Micro Raman Confocal

O No Destructivo

O Identificacion Quimica Directa

O Identificacion de Propiedades de Materiales
O Preparacion sencilla de muestra

O Soélidos y Liquidos

O Deteccidon 3-dimensional

O Combinacion de deteccion quimica con AFM

O Variacion de Temperatura (Linkam)
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Micro Raman AFM Dual
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Raman Effect AFM Principle

Raman Image
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AFM y Raman
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Contact mode: Triangulos de Al




Grateno: Microscopia de Fuerza
Atomica
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Grafeno: Puntos Cuanticos

Abril de 2019



Grafeno: Puntos Cuanticos

0 60 nm de diametro y 13 nm de alto

12,196 (0} rm

NO 12
2041218% | R: 0 nm Aute P
' Abril de 2019 78




EFM & MFM

Z - scanner

' Conductive Tip

Conductive Sample

XY - scanner
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A) Topography image acquired
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level fine structure.
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Resumen: AFM/EFM/MFM

O Diferentes Modos de Medida:
m Contacto
m No Contacto

m Liftmode
O AFM/EFM/MFM

O Topologia y Propiedades Fisicas:
® Dureza
m Viscosidad
m Adhesion

O Posibilidad de medir en Liquidos
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