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The techniques of surface science

ÅAES, AFM, EELS, ESCA, EXAFS, FEM, FIM, FTIR, HEIS, HPXPS, 

HREELS, IRAS, ISS, LEED, LEIS, NEXAFS, NMR, RBS, SERS, 

SEXAFS, SFG, SHG, SIMS, STM, TEM, TDS, UPS, XANES, SPS, 

XRDé 

ÅSurface properties: structure, composition, oxidation states, chemical 

properties, electronic properties, mechanical properties Ÿ atomic 

resolution, smaller energy resolution, shorter time scales, in situ, high 

pressure

ÅSources: electrons, atoms, ions, photons



ÅUltra-high vacuum (UHV) conditions Ÿ atomically clean surfaces

the Flux, F, of molecules striking the surface of unit area at pressure P

ÅUHV (<1.33 x 10-7 Pa = 10-9Torr) Ÿ to maintain a clean surface for ~ 1h

Ultrahigh vacuum (UHV)

ÅMean free path: distance that a particle travels on average between 

collisions Ÿ longer mean free path for electron in e- spectroscopy 

M: average molecular weight of gases species, NA: Avogadroôs number

m = M/NA, kB = R/NA

Zw = P/(2 ḿkBT)½ (1.0.1) in textbook



Electromagnetic radiation (light, photon)

Light and electron sources

Skoog,  Holler, Crouch, Principles of Instrumental Analysis (Thomson)



Electric component of electromagnetic wave

velocity of propagation vi

frequency ɜ: number of 

oscillations per second

In a vacuum, vi is independent of wavelength and a maximum 

Ÿ c = 2.99792 x 108 m/s

In a air, vi differs only slightly from c (about 0.03% less): ~ c

wavenumber  ɜ: the reciprocal of wavelength in cm (cm-1) 

E = hɜ= h(c/ɚ) = hcɜ

Skoog,  Holler, Crouch, Principles of Instrumental Analysis (Thomson)



eV nm cm-1 Hz

The electromagnetic spectrum

Skoog,  Holler, Crouch, Principles of Instrumental Analysis (Thomson)



Visible: 400~700 nm (1.8~3.1 eV)

UV: 200~400 nm (3.1~6.2 eV)

X-ray: 0.01~10 nm     

(125~125,000 eV)



Skoog,  Holler, Crouch, Principles of Instrumental Analysis (Thomson)



Types of lasers



X-ray

M-shell

L-shell K-shell

Photo-electron

Electron Characteristic X-rays



X-ray sources



Synchrotron

X-ray absorption spectroscopy

Absorption edge (energy that is just needed 

to eject a particular core electron, e.g., 1s e-

(K edge), 2p3/2 e- (L3 edge)

Fe & Fe oxides 

K-edge: 7.112 keV

Within 10-40 eV: X-ray absorption

near-edge structure (XANES) (or near-edge

absorption fine structure (NEXAFS))

Ÿ oxidation state & ligand environment

About 50 keV: extended X-ray absorption

Fine structure (EXAFS) 

Ÿ distance & arrangement of atoms



Photons, 
electrons, 
neutral 
molecules

Photons, 
electrons, 
ions,  
molecules

Spectroscopic surface methods

Skoog,  Holler, Crouch, Principles of Instrumental Analysis (Thomson)

Atomic lamps: H (10.2 eV)

He (21.1, 42.82 eV) Ÿ UV sources, UPS

Xe lamp (170~3000 nm)  



Skoog,  Holler, Crouch, Principles of Instrumental Analysis (Thomson)



Electron and ion
Ultra high vacuum (UHV)

Excitation                Detection

X-ray photoelectron spectroscopy (XPS)    Photons(X-ray)        Electrons

UV photoelectron spectroscopy (UPS)        Photons (UV)          Electrons

Auger electron spectroscopy  (AES)            Electrons                 Electrons

Low-energy electron diffraction (LEED)     Electrons                 Electrons

High resolution e- E loss spec. (HREELS)   Electrons                 Electrons

Rutherford backscattering  (RBS)                H+ or He+               H+ or He+

Secondary ion mass spec. (SIMS)                Ions                         Ions

Laser desorption mass spec. (LDMS)          Photons                   Ions



Scanning probe techniques

Ÿ Surface structure, manipulation of atoms & molecules at surface

-Microscopy: a sharp tip close to the surface Ÿ scanning electron or

force and so on Ÿ STM, AFM and so on

-Similar idea: NSOM (Near field scanning optical microscopy) Ÿ a 

small-diameter optical fiber close to the surface (diameter/distance 

< wavelength of the light) Ÿ image resolution far below light 

wavelength

-SP techniques: current, van der Waals force, chemical force, 

magnetic force, capacitance, phonon, photon

-UHV or at atmosphere or in solution, in situ vs. ex situ techniques



Scanning tunneling microscopy (STM)


