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Physisorption (physical adsorption)

• Van der Waals interaction 

• Small adsorption energy: ≤ 20 kJ/mole 

• Similar to condensation

• Multilayer adsorption possible

• No charge transfer

• Substrate non-specific

Chemisorption  (chemical adsorption)

• Chemical bonding (covalent bonding)

• Large adsorption energy: ≥ 200 kJ/mole

• Charge transfer : work function change

• Limited to a monolayer

• Substrate specific

• Gas specific  

Physisorption vs. Chemisorption

Type of interactions
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Cryogenic temperatures: liquid He (4K), liquid N2 (77K)



• Adsorption, especially chemisorption → surface free energy↓→ surface 

tension, γ↓

• Chemisorption → usually exothermic process → ∆S < 0 (gas in 2D), ∆G

< 0 (constant T & P, free energy↓, spontaneous) → ∆G = ∆H - T∆S → ∆H 

< 0 (exothermic) 

• Temperature↓ → Adsorption↑ 

• exception: dissociate adsorbates & high translational mobility on the 

surface (∆S > 0 ). Repulsion between adsorbates by coverage↑ → less 

exothermic

e.g., H2 on glass: endothermic, H2(g) → 2H (glass), ∆S > 0 → ∆H > 0 



Terminology

• Adsorption site density 

Ns = # of sites /cm2  ~ 1015 /cm2

• Coverage  

fractional coverage  θ = Ns /N

saturation coverage : θs =1

• Wall collision rate Zw

Zw = # molecules striking a surface /cm2. s

Zw = P /(2π mkT)1/2 ~ 1015 molecules /cm2. s

@ 10-6 Torr and 298 K

1 L (Langmuir) = 10-6 Torr·s  of gas exposure.

• Monolayer completion time ~ 1sec @ 10-6 Torr



Binding sites and diffusion

Potential energy surface (1-D and 2-D)

Surface sites are separated by energetic barriers → diffusion barrier



Step-up diffusion (Es)

Diffusion for strongly 

interacting atoms (metal on 

metal)



Non-dissociative chemisorption

Theoretical treatment of chemisorption



As a molecule approaches a surface, its electronic states interact with 

the electronic states of the metal

→ this broadens the MOs and it also lowers the energy of the MOs

→ the reason why MOs experience a shift and broadening is that they 

interact with the electron of the substrate 



Blyholder model of CO chemisorption on a metal







• Charge transfer : work function change

• e- donation + backdonation

• Orbital symmetry

• Transition & noble metal : d-band metal

• Heat of adsorption: bond strength

• Dissociation

• Activated adsorption

2π*            5σ



Molecular oxygen chemisorption



The binding of ethene



Dissociative chemisorption: H2 on a simple metal



Kubas interaction



What determines the reactivity of metals?







Atoms and molecules incident on a surface



Adsorption dynamics

• The outcome of the gas-surface collisions;

1) Trapping: becoming a bound state after the 1st collision

2) Direct reflection to the gas phase

• The trapping probability is determined by the amount of the 

energy transfer to the surface.

• Energy transfer occurs via multiphonon excitations.

z
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surface



Non-activated adsorption



Hard cube model for non-activated adsorption



Activated adsorption



Activated adsorption

X2 (g) → 2 Xad

• Important process in heterogeneous catalysis

• Very small s0 due to the presence of an adsorption barrier

• A fast N2 can overcome the barrier to directly populate the 

atomic state

N2/ W(110)

• A large kinetic energy dependence of s0

H2/ Cu(100)





Direct vs. precursor mediated adsorption (Table 3.2)



Competitive adsorption & collision induced processes



Classification of reaction mechanism

Langmuir-Hinshelwood mechanism



Eley-Rideal mechanism

Hot atom mechanism



Measurement of sticking coefficients



• Sticking probability 

s = # molecules adsorbed/ # molecules impinging on a surface 

• Molecular beam method, in which the partial pressure change is monitored with a 

QMS (quadrupole mass spectroscopy) 

(Chemisorption)

Factors influencing s0 in chemisorption

• Gas- surface combination

• Efficiency of energy transfer in gas-surface collisions

• Surface orientation of the surface for a given single

crystal material

• Presence of an energy barrier for dissociative 

adsorption: activated adsorption


