
Chemical reactions on solid surfaces 
play critical roles in many technologies: 

1. Catalysts for 
producing fuels, 
pollutant removal 
and chemical 
production

2. Microelectronics 
fabrication

3. Electro optic 
devices

4. Solar energy 
devices

5. Nanotecnology
6. Chemical / 

biochemical 
sensorsAtomic-resolution STM image of alloy surface

from group of Peter Varga, TU Vienna



Part 2:  A very short summary of some 
important considerations in the 

kinetics of 
surface-catalyzed reactions



Elementary step energy diagram:  Water-gas shift on Cu(110)

J. Nakamura and CTC, Faraday Trans. 86 (1990) 2725



Microkinetic modeling of ethylene oxidation over silver
C. Stegelmann, N.C. Schiødt, C.T. Campbell and P. Stoltze, J. Catal. 221 (2004) 630.

(modified Barteau mechanism)



“The Degree of Rate Control”
Mathematical construct  for quantifying which steps in 
mechanism are kinetic bottlenecks, or rate-controlling

First introduced:  CT Campbell, Topics in Catalysis 1 (1994) 353.
Best explanation:  CT Campbell, J. Catal. 204 (2001) 520.

Xrc,i =    (δR / δki)       • (ki / R),Ki, kj≠i

The degree of rate control for elementary step i :

Tells how much the net rate increases per unit increase 
in rate constant for step i (both on a % basis) 

If there is a single rate-determing step (RDS),
Xrc,RDS =    1

Note that:
∑ Xrc,i =  1

i

where R = net rate to desired product,
ki = rate constant for step i
Ki = eqbm constant for step i



Degree of rate control reported in microkinetic model for same reaction by Linic and Barteau, J. Catal. 214 (2003) 200. 

Only shown for 
“kinetically relevant”
steps. 
For other 13 steps:
← XRC,i = ~0

Degree of rate control for key steps versus temperature:
Selective ethylene epoxidation over Ag

-------------------------------------------------



Simplified reaction scheme for 2-methylhexane conversion over USY zeolite.
N Agarval, MA Sanchez-Castillo, RD Cortright, RJ Madon & JA Dumesic, Ind. Engr. Chem. Res. 41 (2002) 4016.



Reaction Steps with the Highest Degree of Rate Control (XRC,i) 
for ~30% Conversion of 2-Methylhexane at 773 K

a The feed consists of 10 mol % 2-methylhexane and no olefins.

Only 5 steps have
bigger than 6%

effect!!

Their later study of
a rxn w/ 370 steps
showed only ~10 were
kinetically significant:
J. Catal. 205 (2002) 67



TIAX has incorporated Degree of Rate Control calculations in 
Bistro™, their software for implementing microkinetics of reaction 

mechanisms.
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Specify time dependent or 
constant inlet conditions

Specify time dependent or 
constant inlet conditions

Calculate  transient performance of 
chemical reactor using MATLAB.

Calculate  transient performance of 
chemical reactor using MATLAB.

Control solution of 
the stiff differential 
equations.

Control solution of 
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• Easy entry of reactions 
and parameters
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Export models to Runway™
(system simulator)

Export models to Runway™
(system simulator)
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NH3 + Rh = NH3Rh
NH3Rh + Rh = NH2Rh + HRh
NH2Rh + Rh = NHRh + HRh
NHRh + Rh = NRh + HRh

H2 + Rh = H2Rh
H2Rh + Rh = 2 HRh

HRh + ORh = OHRh + Rh
H2O + Rh = H2ORh

H2ORh+ORh= 2 OHRh
HRh + OHRh= H2ORh + Rh

Rh + N2 = N2Rh
NO + Rh = NORh

NORh + Rh = NRh + ORh
N2Rh + Rh = 2 NRh

NORh + NRh= N2Rh + ORh
O2 + 2 Rh = O2Rh2

   O2Rh2= 2 ORh
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Reaction j
ζij
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For example, in ammonia formation in 3-way catalytic converters, TIAX found N2 and 
O2 adsorption to be kinetically significant only at high coverage.

Reaction Network O2
Conc.

Applications    TIAX Bistro™ 3-way catalysis

Effect of Reaction i on Reaction j



Prefactors for Desorption Rate Constant for
Linear Alkanes on MgO(100), Pt(111) and C(0001)

Steven L. Tait, Zdenek Dohnálek, CTC, Bruce D. Kay
J.  Chem. Phys. 122, 164708 2005; and 125, 234308 2006.
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Adsorbate more localized than 
transition state (‡):  larger q.

Adsorbates at step edges:
EVEN BIGGER prefactors!

DE Starr and CTC, 
Pb desorption from Mo(100) 
(in preparation)



C.T. Campbell, Y.-K. Sun and W.H. Weinberg, Chem. Phys. Lett., 179 (1991) 53.

Prefactors for dissociation of adsorbates ~1010 - 1012 s-1

(transition state more localized than adsorbed reactant)

νdiss / s-1
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Prefactors for Pdn cluster migration on MgO(100)
(now from DFT calculations)

INCREASE WITH CLUSTER SIZE!

Lijun Xu, Graeme Henkelman, CTC, and Hannes Jonsson,
Surf. Sci. 600, 1351 (2006).

Pd4 hop: 
← 200x larger   
than monomer!

← monomer hop

← Pd3 hop

← Pd2 hop
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