
ChemE 2200 – Chemical Kinetics Lecture 4
Today:

Reversible Reactions, cont’d
“Can reaction rates (kinetics) predict equilibrium concentrations (thermodynamics)?”
“Can equilibrium concentrations (thermodynamics) predict reaction rates (kinetics)?”

Temperature Dependence of Reaction Rates
“Why do reaction rates generally increase exponentially with temperature?”

Recap: Reversible Isomerization in a Batch Reactor
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Reading for Kinetics Lecture 5: McQuarrie & Simon, Chp 29.1-29.2.
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Mathematical Model for a First-Order Reversible Reaction, cont’d

If we seek only the concentrations at equilibrium (t ), 
we may apply kinetics in a more direct manner. 

At any time, 
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Mathematical Model for a First-Order Reversible Reaction, cont’d
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If we know reaction rates (chemical kinetics),
we can calculate equilibrium concentrations (chemical thermodynamics).

How to reconcile with the reaction-coordinate energy-level diagram? 

If we know equilibrium concentrations (chemical thermodynamics)
can we calculate reaction rates (chemical kinetics)? No.

Exception:  if one knows Grxn to the unstable intermediate (Transition State Theory).

thermodynamics

rxnG

kinetics



Temperature Dependence of Reaction Rates 

A  products        rrxn = k [A]n
Independent of T

Increases exponentially with T. Why?

reaction coordinate

A

products 

ground state  0
translational: vx  vy  vz  0

rotational: J’s  0

vibrational: v’s  0
electronic: ground state

Because K.E.  0, 
excited states are
a continuum.

Define kinetic barrier height
as activation energy  Ea.

Reactant A needs E > Ea to react.
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Criteria for Chemical Reaction
Consider the bi-molecular reaction O + CO   O=C=O (linear molecule)

The collision of O and CO must have sufficient energy:  Ecollision > Ea

The collision of O and CO must have the proper orientation and the proper trajectory.
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RTEaeAk /

Criteria for Chemical Reaction
Consider the bi-molecular reaction O + CO   O=C=O (linear molecule)

The collision of O and CO must have sufficient energy:  Ecollision > Ea

The collision of O and CO must have the proper orientation.

rrxn = k [O][CO]

Qualitatively, k = (rate of attempts)  (probability that attempt is successful)

k = (rate of attempts)  [(steric factor)  (Boltzmann energy distribution)]

Arrhenius Theory (1889) - Empirical

A is the Arrhenius ‘pre-exponential’, aka ‘frequency factor.’

Arrhenius Theory assumes A is independent of temperature:  A  T 0

Kinetic Theory of Gases:  A  T ½

Transition State Theory:  A T 1 for gas-phase reactions

The temperature dependence of the Boltzmann factor
usually overwhelms any temperature dependence of A.



Arrhenius Parameters A and Ea from Experimental Data
Example:  A + B  products rrxn = k [A]n[B]m

Measure rrxn at different temperatures and concentrations.  Calculate k at each temperature.

Assume Arrhenius Theory:  
RTEaeAk /

Goal: A straight line to verify the assumption.
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Arrhenius Theory - Typical Parameters

5 0.05 0.1 0.4
4

1015/sec

Kinetics
Lecture 5

43 0.45 3108 2104 10/sec

380 4.0 1066 10331033
10/sec

~0 ~0 1 1 1011 L/(molsec)

11 0.12 0.01 0.1 1012

85 0.89 21015 4108 1012

114 1.2 21020 1010 1011

144 1.5 1025 31013 1012

0  Ea < 400 kJ/mol For XY  X + Y
A  vibrational frequency
A  1015 - 1017/sec

For X + Y  XY
A  collision rate
A  1010 - 1012 L/(molsec)



Unconventional Applications of the Arrhenius Law

Flashing Rate in Fireflies
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C. D. Synder and A. v’t H. Snyder, Amer. J. Physiol. 51, 536 (1920).
W. J. Crozier, J. Gen. Physiol. 7, 136 (1936).
Keith J. Laider, University of Ottawa, J. Chemical Education, 49 344 (1972). 

Activation Energy for Firefly Flashing = 51 kJ/mol



Unconventional Applications of the Arrhenius Law

Chirping Rate in Crickets

C. A. Bessey and E. A. Bessey, Amer. Natur. 32, 263 (1898).
R. T. Edes, Amer. Natur. 33, 935 (1899).
A. F. Shulls, Can. Entomol. 39, 213 (1907)
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Activation Energy for Cricket Chirping = 56 kJ/mol 

T(°F) = chirps in 15 seconds + 37



Unconventional Applications of the Arrhenius Law
Counting Rate in Humans

H. Hoagland, Sci. Mon. 56 56 (1943).



Unconventional Applications of the Arrhenius Law
Counting Rate in Humans

H. Hoagland, Sci. Mon. 56 56 (1943).
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Activation Energy for Counting = 95 kJ/mol



Unconventional Applications of the Arrhenius Law

Longevity as a Function of Body Temperature

MSE 305, Phase Diagrams & Kinetics,
U. Virginia, Leonid Zhigilei, Fall 2003. Activation Energy = 380 to 420 kJ/mol
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Svante August Arrhenius (1859-1927)

1884 – PhD in Physical
Chemistry at the
University of Uppsala:
“Investigations on the
Galvanic Conductivity
of Electrolytes.”

Earned a 4th-Class Degree.

Upon defense, reclassified
as a 3rd-Class Degree.

1903 – His PhD work is
awarded a Nobel Prize
in Chemistry.

In forming a solution, a salt
disassociates into charged
particles, called ‘ions.’
Arrhenius proposed that
chemical reactions in
solution were reactions
between ions.

1889 – Proposed the
concept of activation
energy to explain why
most reactions require
heat to proceed. 

1896 – In his theory to
explain the ice ages,
was the first to use
basic principles of
physical chemistry to
calculate temperature
increases caused by
atmospheric CO2.

First proposal of the
greenhouse effect. 


