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OUTLINE

This class deals with basic principles of surface and interface at solid and liquid. 

Those include structures and adsorbates, experimental techniques, 

thermodynamics & kinetics on surface, liquid interfaces, and application to 

catalysis, electrocatalysis, and nanoscience.

TEXTBOOKS

Kurt W. Kolasinski, Surface Science – Foundations of Catalysis and Nanoscience 

(3rd edition), Wiley. 2012. (old Versions are all right.)

REFERENCES

G. A. Somorjai, Introduction to Surface Chemistry and Catalysis, John Wiley. 

(e-Book available in SNU Library)

Duncan J. Shaw, Introduction to Colloid and Surface Chemistry, John Wiley.  

(Korean reference: 임재석, 임굉, 콜로이드과학및표면화학, 내하출판사, 2015)



SCHEDULES 

1.  Introduction to Surface & Interface (Introduction) (1 week)

2.  Surface and Adsorbate Structure (ch.1) (1-2 weeks)

3.  Experimental Probes and Techniques (ch.2) (3-4 weeks)

4.  Chemisorption, Physisorption and Dynamics (ch.3) (5-6 weeks)

5.  Thermodynamics and Kinetics of Adsorption and Desorption (ch.4) (7-8 weeks)

6.  Thermodynamics of Surface and Interface (ch.5) (9-10 weeks)

7.  Liquid Interfaces (ch.5) (11-13 weeks)

8.  Application to Catalysis and Nanoscience (ch.6, 7, 8) (14-15 week)

GRADING (≥B+ <80%) Midterm Exam 40%, Final Exam 40%, Homeworks & 

Attendance 20 %

LECTURE ROOM & TIME:  Rm #302-720, 12:30-13:45 Mon. & Wed.

OFFICE HOUR: Rm #302-729, 14:00-17:00 Mon. & Wed.

TA: Min Her(허민), Rm 311-217(ICP), 880-1587, 010-3139-0781, her9305@snu.ac.kr



• Spontaneous spreading of oil on water: Benjamin Franklin

• Platinum-surface-catalyzed reaction of H2 & O2 in 1823 (Dobereiner): 

portable flame (“lighter”)

• Discovery of heterogeneous catalysis by 1835: Kirchhoff, Davy, Henry, 

Philips, Faraday, Berzelius

• Photography by 1835: Daguerre process

• Study of tribology or friction by this time

• Surface-catalyzed chemistry-based technologies: Deacon process 

(2HCl + O2 → H2O + Cl2), SO2 oxidation to SO3 (Messel, 1875), CH4

reaction with steam to CO & H2 (Mond, 1888), NH3 oxidation (Ostwald, 

1901), C2H4 hydrogenation (Sabatier, 1902), NH3 synthesis (Haber, 

Mittasch, 1905-12)

• Surface tension measurement → thermodynamics of surface phases 

(Gibbs, 1877)

• Colloids (Graham, 1861), micelles (Nageli), metal colloids (Faraday) 

→ paint industry, artificial rubber in early 20th century

History of surface science

Early 1800s

1860-1912



• Light bulb filament, high-surface-area gas absorbers in the gas mask, 

gas-separation technologies → atomic & molecular adsorption 

(Langmuir, 1915)

• Studies of electrode surface in electrochemistry (from 19th century)

• Surface diffraction of electrons (Davisson & Germer, 1927)

• Surface studies: Germany (Haber, Polanyi, Farkas, Bonhoefer), UK 

(Rideal, Roberts, Bowden), USA (Langmuir, Emmett, Harkins, Taylor, 

Ipatief, Adams), and other countries

• Gas-phase molecular process on the molecular level

• Ultra high vacuum (UHV) system 

• Surface characterization techniques

• Scanning tunneling microscope(STM, Binning & Rohrer,1983) (Nobel 

Prize in 1986): atomic scale image & manipulation

• Graphene (Novoselov & Geim, 2004) (Nobel Prize in 2010) 

• Nobel Prize in 2007 to Gerhard Ertl for “chemical processes on solid 

surfaces”

• Nanotechnology in 2000’s

Early 20th century

After 1950s & 2000s



• Surface: interface between immiscible bodies

• Outer space: solid-vacuum interface

• Surfaces on earth are exposed to another solid or gas or liquid → 

interface: s/s, s/l, s/g, l/l. l/g

Surfaces and interfaces



Interfaces

• On earth, surfaces are 

always covered with a 

layer of atoms or 

molecules → interfaces

s/g, s/l, l/l, s/s/ l/g

Somorjai, Introduction to Surface Chemistry and Catalysis 



External surfaces

• Surface concentration → estimated from the bulk density

molecular density per cm3, ρ → surface concentration per cm2, σ = ρ⅔

e.g., 1 g/cm3 → ρ ~ 5 x 1022 → σ ~ 1015 molecules cm-2

• Clusters and small particles

Dispersion

volume of cluster ~d3, surface area ~ d2 → D ~ 1/d (inverse of the 

cluster size)



Somorjai, Introduction to Surface Chemistry and Catalysis 



• D depends somewhat on the shape of the particle and how the atoms 

are packed: the spherical cluster has smaller surface area than the cube 

cluster → lower dispersion (D) in round shape          

• Higher D in catalysts → lower the material cost 

Somorjai



Internal surfaces: microporous solids

• Thin films: of great importance to many real-world problems and surface 

science

• Clays, graphite: layers → intercalation (for battery, filter, absorbent etc)

• Zeolites: ordered cages of molecular dimensions → large surface area



Surface science & heterogeneous catalysis

• The basis of chemical industry 

Kolasinski



Surface and Adsorbate Structure

Lecture Note #2 (Spring, 2019)

Reading: Kolasinski, ch.1

1. Structural properties of solids and their surfaces

2. Electronic properties of solids and their surfaces

3. Vibrational properties of solids and their surfaces



Clean surfaces

• Ultra-high vacuum (UHV) conditions → atomically clean surfaces

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

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

Z in (1.0.1)





• Adsorption → always an exothermic process → positive heat of 

adsorption, ∆Hads

the residence time, τ, of an adsorbed atom

where τ0 is correlated with the surface atom vibration times (~10-12 s), R 

gas constant , T temperature. τ can be 1s or longer at 300K for ∆Hads

> 63 kJ/mol

the surface concentration σ (in molecules cm-2) of adsorbed molecules 

on an initially clean surface → product of the incident flux (F) and the 

residence time

σ = Fτ

substrate-adsorbate bonds are usually stronger than bonds between 

adsorbed molecules

cf.



1st layer of close-packed spheres 2nd layer of close-packed spheres

3rd layer of close-packed spheres: ABA (hexagonal close-packed)

CBA (cubic close-packed)

hcp: ABABAB…

ccp: ABCABC…

Surface structure

Atkins: Physical Chemistry



hcp fcc  (one example of ccp)

fcc (face-centered cubic)



close-packed spheres (hcp, ccp)

coordination numbers = 12

packing fraction: 0.740 (26% empty space)   



bcc (body-centered cubic)
coordination numbers = 8

packing fraction: 0.680 (32% empty space)   

Ru



Miller index: crystal planes

plane (hkl): reciprocals of intersection distances, set {001} = (100), (010), (001)

Direction [hkl]: direction normal to a plane (hkl) 

(110)                                 (230)                               (110)                              (010)



fcc



Somorjai





• Ideal structure of low-Miller-index surfaces of face-centered cubic (fcc)



bcc

hcp







• Ideal structure of low-Miller-index surfaces of body-centered cubic (bcc)



• Ideal structure of low-Miller-index surfaces of diamond cubic crystals



; cubic

; orthorhombic

dhkl Separation of planes





Surface atom density (σ0)





High index and vicinal planes

• Dislocation: mismatch of atomic planes

dislocation densities: ~106-108 cm-2 at metal or ionic crystal surfaces, 104-

106 cm-2 in semiconductor or insulator crystals 

surface concentration of atoms ~1015 cm-2 →each terrace contains roughly 

1015/106 = 109 atoms 

Somorjai



• Model of surface structure of solids

Atoms in terraces are surrounded by the largest number of nearest 

neighbors. Atoms in steps have fewer neighbors, and atoms in kink sites 

have even fewer. Or line defects (steps and kinks) and point defects 

(atomic vacancies and adatoms)

On a rough surface, 10~20% steps, 5% kink, <1% point defects



• Notation of high-Miller-index, stepped surfaces

(755) Surface of fcc:

6 atoms wide (111) terrace, 

1 atom height (100) step

Notation of terrace + step:

W(hkl) x (hsksls)

Kinked surface

e.g., (10,8,7) = 

7(111) x (310)





Bimetallic surfaces

Unique properties of a surface composed of two metals



Oxide and compound semiconductor surfaces

Insulator oxides (> 6 eV band gap): SiO2, Al2O3, MgO

Conductor or semiconductor oxides (< 4 eV): CeO2, In2O3, SnO2, ZnO

Ionic crystals





Carbon family: diamond, graphite, graphene, etc





Porous solids



Adsorbate structures (Overlayer structures)

Wood’s notation: simple but limited

P: primitive

C: centered

R: rotation angle





Notation of surface structures

• Ideal structure of low-Miller-index surfaces of face-centered cubic (fcc)

Surface unit-cell vectors aꞌ and bꞌ can be expressed by bulk a and b

→ superlattice: unit cell different from substrate unit cell: p as primitive, c 

as centered 



Matrix notation: can represent any structure

Coherent vs. incoherent structures 

m a1 = n b1

n/m = rational #   : coherent

irrational #  : incoherent



• Surface structure of 

adsorbate (superlattice)

(1 x 1): surface atoms 

identical to the bulk unit 

cell → substrate structure

e.g., Pt(111)-(1 x 1) 

(= fcc(111)-(1 x 1) 

R: rotation angle





• Adsorption of atoms (e.g., Na, S, Cl): high coordination surface sites on 

metal surfaces

• Smaller atomic adsorbates (H, C, N, O): high coordination + penetration 

within substrate



• Relaxation: contraction of the interlayer distance at a clean surface 

between the first and second layer of atoms

When atoms or molecules adsorb, the surface atoms again relocate to 

optimize the strength of the adsorption-substrate bond

Relaxation



• Bond-length contraction or relaxation: in vacuum, all surface relax → 

reduced spacing between the 1st and 2nd atomic layers

The lower atomic packing/density, the larger the inward contraction

cf.

Nano-segregated surface: 

Markovic 



• The forces that lead to surface relaxation → reconstruction of surface 

layer

e.g., dangling bonds in semiconductor

Reconstruction





• Reconstruction in metal surfaces: several % in Pt, Au, Ir and so on





• Reconstruction of high-Miller-index surfaces: roughening transition





Adsorbate induced reconstructions



Chiral surfaces



Electronic structure of solids

Metals, semiconductors and insulators

Fermi level (EF): the energy of the highest occupied electronic state (at 0 K)
At higher T, e--h+ pair formation
Vacuum energy (Evac): the energy of a material and an e- at infinite separation
Work function (Φ):

e: the elementary charge
→ minimum energy to remove one e- from the material to infinity at 0 K.
actual min. ionization energy is great than Φ due to no state at EF for SC &
insulator



Band model



Dependence of the work function (Φ) on surface properties
→ e- density does not end abruptly at the surface (Fig.1.16), instead, it oscillates
near the surface (Friedel oscillation)

probability that an electronic level at energy E is occupied by an electron at

thermal equilibrium f(E) → Fermi-Dirac distribution function

Fermi level EF; value of E for which f(E) = 1/2 (equally probable that a level is

occupied or vacant)

At T = 0, all levels below EF (E < EF) are occupied (f(E) → 1); all levels E > EF

vacant



Band gap (Eg), Eg = Ec – Ev

Fermi level of intrinsic semiconductor



Energy levels at metal interfaces

Electron flow: R to L



Energy levels at metal-semiconductor interfaces





Surface electronic states



Size effects in nanoscale systems



Vibrations of solids



Surface plasmon resonance (SPR)

Surface plasmon resonance (SPR) is the collective oscillation of valence 

electron in a solid stimulated by incident light. The resonance condition is 

established when the frequency of light photons matches the natural 

frequency of surface electrons oscillating against the restoring force of 

positive nuclei. SPR in nanometer-sized structures is called localized surface 

plasmon resonance. SPR is the basis of many standard tools for measuring 

adsorption of material onto planar metal (typically gold and silver) surfaces or 

onto the surface of metal nanoparticles. It is the fundamental principle behind 

many color-based biosensor applications and different lab-on-a-chip sensors. 

(from Wikipedia)

//upload.wikimedia.org/wikipedia/commons/d/d5/Surface_Plasmon_Resonance_%28SPR%29.jpg


Surface plasmon

플라스몬(plasmon)이란 금속 내의 자유전자가 집단적으로 진동하는 유사 입자를
말한다. 금속의 나노 입자에서는 플라스몬이 표면에 국부적으로 존재하기 때문에
표면 플라스몬(surface plasmon)이라 부르기도 한다. 그 중에서도 금속 나노
입자에서는 가시~근적외선 대역 빛의 전기장과 플라스몬이 짝지어지면서 광흡수가
일어나 선명한 색을 띠게 된다. (이 경우, 플라스몬과 광자가 결합되어 생성하는
또다른 유사 입자를 플라스마 폴라리톤이라고 한다.) 이 현상을 표면 플라스몬
공명(surface plasmon resonance)이라 하며, 국소적으로 매우 증가된 전기장을
발생시킨다. (위키백과)


