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Photochemistry is the study of the chemical 
reactions and physical changes that result 
from interactions between matter and 
visible or ultraviolet light.
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Photochemistry is the study of the chemical 
reactions and physical changes that result 
from interactions between matter and 
visible or ultraviolet light.
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The production of the electronically-excited state 
by photon absorption is the feature that 
characterizes photochemistry and separates it 
from other branches of chemistry.
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There are three basic processes of light-
matter interaction that can induce transfer of 
an electron between two quantized energy 
states:

1. In absorption of light, a photon having energy equal to the energy 
difference between two electronic states can use its energy to move 
an electron from the lower energy level to the upper one, producing 
an electronically-excited state. The photon is completely destroyed 
in the process, its energy becoming part of the total energy of the 
absorbing species.

R + hν12 → R*
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Two fundamental principles relating to light absorption 
are the basis for understanding photochemical 
transformations:
• The Grotthuss–Draper law states that only light which 
is absorbed by a chemical entity can bring about 
photochemical
change.
• The Stark–Einstein law states that the primary act of 
light absorption by a molecule is a one-quantum 
process. That is, for each photon absorbed only one 
molecule is excited. 
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There are three basic processes of light-
matter interaction that can induce transfer of 
an electron between two quantized energy 
states:

2. Spontaneous emission occurs when an excited atom or 
molecule emits a photon of energy equal to the energy 
difference between the two states without the influence 
of other atoms or molecules
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2. Spontaneous emission occurs when an excited 
atom or molecule emits a photon of energy equal to 
the energy difference between the two states 
without the influence of other atoms or molecules

Light is emitted from the bulk material at random times and in 
all directions, such that the photons emitted are out of phase 
with each other in both time and space. Light produced by 
spontaneous emission is therefore called incoherent light. 

R* → R + hν12
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3. Stimulated emission occurs when a photon of 
energy equal to the energy difference between the 
two states interacts with an excited atom or 
molecule 

The photons produced by stimulated emission are in phase with 
the stimulating photons and travel in the same direction; that 
is, the light produced by stimulated emission is coherent light. 

R* + hν12 → R + 2hν12
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The total spin, S, of a number of electrons can 
be determined simply as the sum of the spin 
quantum numbers of the electrons involved 
and a state can be specified by its spin 
multiplicity:

S = ∑ ms
Spin multiplicity = 2S + 1
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ground-state singlet

excited singlet state

excited triplet state
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Photochemistry has been considered one of the 
key approaches to green chemistry
• extremely mild conditions under which such 

reactions are carried out;
• the photon can be considered the green 

reagent par excellence;
• photochemistry is currently rarely considered 

in organic preparations even at laboratory 
scale, let alone in industrial practice.  
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Photochemistry has been considered one of the key 
approaches to green chemistry:
• photochemical reactions are not sufficiently clean for 

use in synthesis and mixtures are generally formed; 
• complex and expensive experimental apparatus is 

required; 
• the course of such reactions is not easily predicted, or 

at any rate not rationalized through the well 
• established paradigms used in thermal chemistry; 
• photochemical syntheses are rarely used in the industry 

and thus it does not make sense to introduce 
• a methodology that is unlikely to be scaled up. 
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The lamps most used are:
1. low pressure mercury arcs, emitting at 254 nm, typically 

8–15 W; these are long (10–20 cm) tubes, well suited for 
the external illumination of the reaction vessels, cooling 
is not required or is obtained by means of a fan when 
lamps are in a confined space;

2. the same lamps, fitted with an outside phosphor that 
converts light to longer wavelength, the most common 
ones having an emission band centered at 310 or 365 nm;

3. medium pressure mercury arcs, emitting most intensively 
in the near UV, typically 100 W and more; these are 
compact sources (2–5 cm), suited for internal 
illumination through an immersion well; are shorter-lived 
and more expensive and require water cooling (often 
under pressure for the high wattage, 500 W).
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Synthesis and Rearrangement of Open-Chain Compounds
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Synthesis and Rearrangement of Open-Chain Compounds
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Synthesis of Three- and Four-Membered Rings 
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Synthesis of Five-, Six (and Larger)-Membered Rings 
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Synthesis of Five-, Six (and Larger)-Membered Rings 
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Oxygenation and Oxidation



ORGANIC ELECTROSYNTHESIS IN 
GREEN CHEMISTRY

INTRODUCTION
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