
 

 

 

 

 

 

 

 

 

 

 

 

 

Photochemistry 



 
 

Photochemistry 

• Photochemistry is the underlying mechanism for all of 
photobiology. When a molecule absorbs a photon of 
light, its electronic structure changes, and it reacts 
differently with other molecules. The energy that is 
absorbed from light can result in photochemical 
changes in the absorbing molecule, or in an adjacent 
molecule (e.g., photosensitization). The energy can 
also be given off as heat, or as lower energy light, i.e., 
fluorescence or phosphorescence, in order to return 
the molecule to its ground state. Each type of molecule 
has a different preference for which of these different 
mechanisms it uses to get rid of absorbed photon 
energy, e.g., some prefer fluorescence over chemistry. 



 
 

The Basic Laws of Photochemistry 

• The First Law of Photochemistry 

The First Law of Photochemistry states that light must 
be absorbed for photochemistry to occur. This is a 
simple concept, but it is the basis for performing 
photochemical and photobiological experiments 
correctly. If light of a particular wavelength is not 
absorbed by a system, no photochemistry will occur, 
and no photobiological effects will be observed, no 
matter how long one irradiates with that wavelength 
of light. 



 
 

The Second Law of Photochemistry 

• The Second Law of Photochemistry states that 
for each photon of light absorbed by a 
chemical system, only one molecule is 
activated for a photochemical reaction. This 
law is true for ordinary light intensities, 
however, with high-powered lasers, two- 
photon reactions can occur, i.e., the molecule 
is raised to a higher energy state than 
produced by single-photon absorption. 



 



 



 



 



 

 



A molecule absorbs a single quantum of light 

is becoming excited (Stark, Einstein) 

2. 

Only light that is absorbed can produce 

photochemical change (Grotthus, Draper) 

1. 

 
 

Laws of Photochemistry 
 
 




E = h = h c 

h = Planck’s constant (6.6 · 10-34 Js) 

c = speed of light (3 · 108 ms-1) 

 = wavelength 
 

 = frequency 

 
 

Energy of photons (A. Einstein) 
 
 
 

 

 
 
 

 



One particle of a chemical substance can absorb only 
one photon from a light beam: E = h

N = Avogadro’s number (6.02 · 1023) 

 
 

Einstein’s Equivalency Principle 
 
 
 
 

 
 
 
 
 

 

 For one mole: E = Nh  
 

 

 

 

 

 

 

 

 
 



2 X* 2 
h 

X 

A bonding electron is lifted to a higher energy level (higher 
orbital) 

 
 

Mechanisms of Light Absorption 
 

Excitation: 
 
 
 

 

 
 
 
 

 



a)  X2* → X2 + M* (excess energy transferred to 
the surrounding) 

b) X2* → X2 + h (fluorescence or phosphorescence) 

c) X2* + Y → chemical reaction (excess energy 
supplies the activation energy of the 
reaction) 

 

INTERACTION OF LIGHT AND MATERIALS: 
 
 
 
 
 

 

 
 
 
 
 

 
 
 
 

 



2. 

X + X (photodissociation) 
  

X2
 h 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. 
 
 
 
 
 
 
 
 
 

 

 

 (energy of the photon supplies the „dissociation heat”)  

Types of photochemical reactions: 
 

a) Photodissociation 
 

b) Photosynthesis: when a larger molecule is 
formed from simple ones 

 
c) Photosensitized reactions: when an excited 
molecule supplies activation energy for the reactants 



Br2 Br + Br 
(dark reactions) 

H2 + Br H + HBr 

HBr 
 h  

H + Br (photochemical reaction) 

2 
+ Br 2 

2HBr 
 h  H 

 
 

 

Photodissociation 
Photolysis of hydrogen bromide 

 
 
 

 

 
 

 

Overall: 
 

 



1 
QUANTUM YIELD = 

2 
= 2 

number of quanta absorbed 
 =  number of molecules undergoing the process  

Note: 
 
 
 
 

 1 photon absorbed, 2 molecules of HBr dissociated:  
 
 
 
 
 

 

 
 
 
 
 
 
 
 



2O3 (+M*) 2O2 + 2O (+M) 

(<240 nm) O + O 
h 

O2 

1 
QUANTUM YIELD = 

2 
= 2 

 

 
 
 
 
 

 
 
 
 
 

 Notes: M absorbs energy released in the reaction  
 
 

 

 

 
Ozone formation in the atmosphere 

(at about 25 km altitude) 



Cl2 + H2 2HCl [no reaction in darkness] 

 
 
 
 

Photosynthesis 
 

The photosynthesis of hydrogen chloride 
 
 
 
 

Overall reaction: 
 
 
 
 



Photochem. initiation 2Cl 
h

< 500 nm Cl2 

Cl + H2 HCl + H Dark reactions 

H + Cl2 HCl + Cl 
Chain reaction 

H + H + M H2 + M* 

Cl + Cl + M Cl2 + M* 

Recombination 
reactions (chain 
is terminated) 

Note: 
 

Quantum yield is about 106 (explosion) 

 

 

  Mechanism:  
 
 
 

 
 

 

 

 



 

 
 
 
 
 
 
 

 

  Overall reaction:  
 
 
 
 
 

6CO2 + 6H2O 
 h; chlorophyll  

several steps 
C6H 12O 6+6O2 

 

carbohydrate 

Photosensitized reactions 
 

Photosynthesis in plants 



1. Chlorophyll acts as a catalyst absorbing and 
transferring the photon energy for reduction of 
carbon dioxide to carbohydrate 

 
 

2. This reaction maintains the life on the Earth: 

 

  Notes:  
 

 

 
 
 

sunlight 
CO2; H2O 

carbohydrate 
 

  
 

  

 

Food 
Fossile energy 

(coal, oil, natural gas) 


