
Focus 17: Chemical Kinetics

The rates of chemical reactions

Integrated rate laws

Reactions approaching equilibrium

The Arrhenius equation

Reaction mechanisms

Photochemistry



Photochemical processes
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Jablonski diagram



Primary quantum yield



Primary quantum yield



Example



Example



Example

Nevents = Ndecomposed
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Primary quantum yield



Primary quantum yield

The sum of all primary quantum yields 
for all events must be equal to 1



Mechanism of decay of excited singlet states

In the absence of a chemical reaction:
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Mechanism of decay of excited singlet states

In the absence of a chemical reaction:

The excited state decays by 
a first-order process!



If you excite a big group of molecules at time zero, the lifetime τ is how long, on average, a molecule 
stays excited before relaxing (by fluorescence, internal conversion, ISC, etc.).

Lifetime of an excited state
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Mechanism of decay of excited singlet states

In the absence of a chemical reaction:

The excited state decays by 
a first-order process!

first-order exponential decay has a direct relationship between the decay rate and the lifetime



Mechanism of decay of excited singlet states

In the absence of a chemical reaction:

Decay–When the light is turned off,



Mechanism of decay of excited singlet states

In the absence of a chemical reaction:

Decay–When the light is turned off,



Quantum yield of fluorescence 



Quantum yield of fluorescence 

Rate  x  time
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Quenching

Without Q



Quenching

= 
𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑄

𝑤𝑖𝑡ℎ 𝑄

Without Q
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With and 
without a Q
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Quenching



Quenching

relates fluorescence quenching to the concentration of quencher



Stern–Volmer plot

A Stern-Volmer plot is a useful tool for studying fluorescence quenching and provides valuable 
information about the interaction between a fluorophore and a quencher molecule.



Stern–Volmer plot

A Stern-Volmer plot is a useful tool for studying fluorescence quenching and provides valuable 
information about the interaction between a fluorophore and a quencher molecule.

Stern–Volmer constant



Quenching

resonance energy transfer is efficient when the donor and acceptor are separated by a 
short distance (of the order of nanometres).



Focus 18: Reaction Dynamics

Collision theory

Diffusion-controlled reactions

Transition-state theory

The dynamics of molecular collisions

Electron transfer in homogeneous systems



Reactive encounters

Three aspects of a successful collision:
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Collision density in gases

ZAB is the collision frequency per unit volume
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Collision density in gases

ZAB is the collision frequency per unit volume



Collision rate in gases

Factor of 1/2 has been introduced to avoid double counting of collisions

For A-A collision



The energy requirement 

The variation of the reactive cross-section with energy 



The energy requirement 

The variation of the reactive cross-section with energy 

kinetic energy of 
two colliding 
species

Simple collisional cross-section

The minimum kinetic energy for a 
reaction to occur = activation energy



Steric requirement 

The steric factor is an adjustment that takes into account the orientational requirements 
for a successful collision
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Steric requirement 

The steric factor is an adjustment that takes into account the orientational requirements 
for a successful collision

Reasonably good alignment; moderate steric demand

Very large P (>1) because of long-range ionic attraction 
helping collisions

Extremely specific orbital orientation needed for new 
bond formation.

Very poor alignment needed; hard collision geometry


