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MicroscopyMicroscopy

Th Diff t ClThree Different Classes:
• Optical Microscopy

El Mi• Electron Microscopy
• Scanning Probe Microscopy

Two Different Methods: 
• Wide-field irradiation (Standard Optical 

Microscope, TEM)
• Scanning of a fine Beam over the Sample 

(Confocal Laser Scanning Microscopy, SEM)



Optical MicroscopyOptical Microscopy
• Organic compounds suffers from (1) low image contrast in standard bright field optical g p ( ) g g p

microscopy, (2) diffraction limit d=λ/2θ (200 nm), and (3) image blurring by out-of-
focus light

• Dark Field Microscopy: exclude the directly transmitted light and collects only the 
scattered light
Ph C t t Mi U f h l t t ll h hift t d i• Phase Contrast Microscopy: Use of phase plate; converts small phase shift generated in 
the specimen into the intensity contrast

• Confocal Microscopy: eliminate out-of-focus light (optical sectioning), recently CLSM 
(confocal laser scanning microscope: combines fluorescnece)

• Scanning Near Field Optical Microscopy (SNOM or NSOM): subwavelength size aperture• Scanning Near-Field Optical Microscopy (SNOM or NSOM): subwavelength-size aperture, 
beyond the resolution limit, one of the SPM family

• Fluorescence Microscope, Polarizing Optical Microscope

C f l

NSOM

Confocal

In the near field, resolution is determined by the aperture diameter. 
Essentially, this is the use of evanescent field
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Dark Field Microscopy

Phase Contrast Microscopy

CLSM



Electron MicroscopyElectron Microscopy
• Electron wavelength ( 3 7 x 10-3 nm for 100 kV) gives atomic resolution• Electron wavelength (~3.7 x 10 3 nm for 100 kV) gives atomic resolution
• Transmission Electron Microscopy (TEM): resolution ~0.05 nm
• Scanning Electron Microscopy (SEM)
• Scanning Transmission Electron Microscopy (STEM): reduced radiation• Scanning Transmission Electron Microscopy (STEM): reduced radiation 

damage
• Sampling of molecular materials: metal coating for SEM, thin film coating 

on C-coated Cu grid for TEM

SEMSEM

TEM



Poliomyelitis is caused by infection with a member of the genus 
E t i k li i (PV) Thi f RNA i fEnterovirus known as poliovirus (PV). This group of RNA viruses prefers 
to inhabit the gastrointestinal tract.[1] PV infects and causes disease in 
humans alone.[3] Its structure is very simple, composed of a single (+) 
sense RNA genome enclosed in a protein shell called a capsid.[3] In 
addition to protecting the virus’s genetic material, the capsid proteins p g g p p
enable poliovirus to infect certain types of cells.
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X ray Reflection from LB FilmsX-ray Reflection from LB Films
d of LB multilayer film of cadmium octadecanoate is 5 0• d001 of LB multilayer film of cadmium octadecanoate is ~5.0 
nm → giving θ=~10 for the first order Bragg peak

0012 sinn dλ θ= n=1, Y-type LB thus 2x 
molecular length 





Kiessig FringesKiessig Fringes 
X ray interference pattern from thin film at a glancing• X-ray interference pattern from thin film at a glancing 
angle(few tenths of a degree) close to the critical angle θc: 
NOT the Bragg diffraction

sin m λθ =

where  is the m-th fringe max.
and t is the film thicknes
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Absence of Bragg peaks means 
poor degree of L to L ordering.poor degree of  L to L ordering.



Electron Diffraction: LB FilmsElectron Diffraction: LB Films
• Structure normal to the film plane: grazing angle e-diffraction 
• In-plane structural feature: transmission geometry: orthorhombicIn plane structural feature: transmission geometry: orthorhombic 

R(001) packing of the subshell



IR SpectroscopyIR Spectroscopy
• Probes the vibrational features of given functional groups: quantized• Probes the vibrational features of given functional groups: quantized 

vibrational levels, specific absorption of IR frequency
• Normal modes: one in which all the nuclei undergo the same frequency 

motion and move in phase (3N-5 for linear molecule and 3N-6 for p
nonlinear molecule: thus 3 normal modes for water)

• Only the component of radiation polarized in the direction of the 
transition dipole moment wil induce a change from one vibrational
energy level to anotherenergy level to another .
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1 of 4000  corresponds to  of 2.5 mcmν λ μ−



(a) the projection of the transition dipole moment on the layer plane is monitored
(b) ATR l d h i f fi ld(b) ATR : sample coated on the prism, use of evanescent field
(c) RAIRS: grazing incidence (85-88 degree) : s-pol phase shift of π after reflection, p-pol

phase shift of π/2 after reflection. Surface selection rule

Note that CH3 stretch at 2870Note that CH3 stretch at 2870
Gets stronger in RAIRS



Raman Scattering: Inelastic OneRaman Scattering: Inelastic One
• Elastic Scattering (Rayleigh Scattering): Is ∝λ4

• Raman Scattering: inelastic virtual state perturbation theory• Raman Scattering: inelastic, virtual state, perturbation theory
• Surface –Enhanced Raman Spectroscopy (SERS): interaction with surface 

plasmon
• To be Raman-active, a molecular rotation or vibration must cause some ,

change in a component of molecular polarizability.
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Surface Analytical TechniquesSurface Analytical Techniques



Scanning Probe Microscope (SPM)Scanning Probe Microscope (SPM)
• Scanning Tunneling Microscope (STM): 1981 Nobel Prize for 

Physics in 1986, lateral and vertical resolutions of 0.1 and 0.01 nm.y ,
• Atomic Force Microscope (AFM): contact, non-contact, and 

tapping mode



Film Thickness MeasurementFilm Thickness Measurement


