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According to Wilhelm Ostwald, a catalyst is any substance that 
changes the speed of a reduction without appearing in the end 
product. Catalysis can be understood as the acceleration of a 
chemical reaction by means of a catalyst. Catalysts are used in 
approximately 80% of all industrial chemical processes.

In the simple case of the reaction of a reactant A to a product 
P by means of a catalyst K, one can imagine that the cataly-
sis occurs via an intermediate product X. The reactant and the 
 catalyst thus first form an intermediate product. In a second 
step, the catalyst is released and the intermediate product is 
converted to form the product P. The catalyst is unchanged 
after the reaction and is available again for further reactions.

One possible explanation of catalysis is the theory of the 
transition state. This theory assumes that the reactants 
involved in the reaction have to cross an energy barrier for the 
reaction to take place. The molecular state at the maximum 
of the energy barrier E1 is referred to as activated complex. 
The products form directly from this molecular state. During 
catalysis, the activated complex is formed from the reactants 
and the catalyst. The energy E2 , which is required to form the 
complex with the catalyst, is lower than the energy E1 which 
would be required without the catalyst. This lower energy 
requirement means that a larger number of reactants react 
per time unit to form products, i.e. the reaction rate is higher.

There are two types of catalysis:

• Homogeneous catalysis
The catalyst and the starting substances of the chemi-
cal reaction are in the same phase. This means that the
reaction takes place either in the liquid or in the gaseous
phase. In the liquid phase, the properties of the solvent (e.g.
viscosity) also influence the reaction rate in addition to the
type of reactants and catalyst.

• Heterogeneous catalysis
The catalyst is in the solid phase in most cases. The start-
ing substances of the reaction are in the liquid or gaseous
phase. In addition to the actual chemical reaction between
reactants and catalyst, processes such as diffusion inside
the solid catalyst and sorption processes have a significant
influence on the reaction rate.

Many reactions are too slow for technical applications 
at ambient temperature because the required activation 
energy is very high. Catalysts lower the required activation 

energy and accelerate the chemical reaction. Thus, some 
reactions would not be possible without a catalyst reducing 
the energy required for production.

In a photochemical activation, the activation energy 
to enable or accelerate the reaction is applied by 
means of electromagnetic radiation. When the atoms 
or molecules absorb this radiation, they achieve a 
higher energy level and are activated. For an effective 
reaction process, the emission spectrum (wavelength 
range) of the light source used has to be as similar to 
the absorption spectra of the reacting substances as 
possible.

Spectrum of electromagnetic waves:

1 X-radiation, 2 ultraviolet radiation, 3 visible light, 
4 infrared radiation

In industrial-scale photochemical reactions, the electromag-
netic radiation leads to the formation of radicals. The most 
important property of radicals is that they have an unpaired 
valence  electron instead of an electron pair. This electron gives 
the  radical its great reactivity and enables the reaction rates 
necessary for the industrial process. One advantage of photo-
chemical activation is the possibility to activate specific chem-
ical bonds by selecting a suitable emission spectrum. Another 
advantage is the fact that the reaction rate can be easily 
 influenced by switching light sources on or off.

The following applications are examples of the industrial use of 
photochemical reactions:

• chlorination of hydrocarbons

• vitamin D production

• polyvinyl chloride (PVC) production

• treatment of wastewater contents

The electromagnetic radiation is mostly generated by means of 
lamps working according to the electric discharge principle. The 
gas used is normally mercury vapour.

The following lamp types are generally distinguished:

• Low-pressure lamps
These lamps generate a nearly monochromatic light
(light of a single wavelength) with a wavelength of
254nm (UV-C).

• Medium-pressure lamps
These lamps emit radiation of various wavelengths in the
UV range and in the visible range. The emission spectrum is
in the range of 200...600nm.

• High-pressure lamps
The spectrum of these lamps ranges from the short-wave
UV range (V-UV) far into the visible range. It is used in many
photochemical reactions.

Reaction schematic of a simple catalytic reaction as a 
schematic (top) and cycle (bottom):

A reactant, K catalyst, X intermediate product, 
P product

Energy change with and without catalyst (exothermic):

E energy, R reaction coordinate,  
E1 energy required to form an activated complex without catalyst, 
E2 energy required to form an activated complex with catalyst,  
ΔHR reaction enthalpy
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Example of a photochemically activated reaction to decompose organic, nonbiodegradable substances:

H2O2 hydrogen peroxide, ·OH hydroxyl radical, A organic, nonbiodegradable substance, B organic intermediate products, 
C inorganic end products

A

∙OH

B

B

C

H2OH2O2

H2O2 H2O CO2

CO2

UV
UV

∙OH

∙OH

∙OH

343342




