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Introduction

Light-induced polymerization reactions are largely

encountered in many industrial daily life applications or in

promising laboratory developments. The basic idea is to

readily transform a liquid monomer (or a soft film) into a

solid material (or a solid film) on light exposure. The huge

sectors of applications, both in traditional and high-tech

areas, are found in UV curing (this area corresponds to the

largest part of radiation curing that includes UV and electron

beam curing), laser imaging, microlithography,

stereolithography, microelectronics, optics, holography,

medicine, and nanotechnology.

UV curing represents a green technology (environmentally

friendly, nearly no release of volatile organic compounds

(VOCs), room temperature operation, possible use of

renewable materials, use of convenient light sources (light-

emitting diodes (LEDs), household lamps, LED bulbs, and

the sun) that continues its rapid development. The

applications concern, for example, the use of varnishes and

paints (for a lot of applications on a large variety of

substrates, e.g., wood, plastics, metal, and papers), the

design of coatings having specific properties (for flooring,

packaging, release papers, wood and medium-density fiber

(MDF) panels, automotive, pipe lining, and optical fibers),

the development of adhesives (laminating, pressure

sensitive, and hot melt), and the graphic arts area (drying of

inks, inkjets, overprint varnishes, protective and decorative

coatings, and the manufacture of conventional printing

plates).

Other applications of photopolymerization reactions

concern medicine (restorative and preventative denture

relining, wound dressing, ophthalmic lenses, glasses,



artificial eye lens, and drug microencapsulation),

microelectronics (soldering resists, mask repairs,

encapsulants, conductive screen inks, metal conductor

layers, and photoresists), microlithography (writing of

complex relief structures for the manufacture of

microcircuits or the patterning of selective areas in

microelectronic packaging using the laser direct imaging

(LDI) technology; direct writing on a printing plate in the

computer-to-plate technology), 3D machining (or three-

dimensional photopolymerization or stereolithography) that

gives the possibility of making objects for prototyping

applications, optics (holographic recording and information

storage, computer-generated and embossed holograms,

manufacture of optical elements, e.g., diffraction grating,

mirrors, lenses, waveguides, array illuminators, and display

devices), and structured materials on the nanoscale size.

Photopolymerization reactions are currently encountered

in various experimental conditions, for example, in film, gas

phase, aerosols, multilayers, (micro)heterogeneous media

or solid state, on surface, in ionic liquids, in situ for the

manufacture of microfluidic devices, in vivo, and under

magnetic field. Very different aspects can be concerned with

gradient, template, frontal, controlled, sol–gel, two-photon,

laser-induced or spatially controlled, and pulsed laser

photopolymerization.

As a photopolymerization reaction involves a

photoinitiating system, a polymerizable medium, and a light

source, a strong interplay should exist between them. The

photoinitiator has a crucial role as it absorbs the light,

converts the energy into reactive species (excited states,

free radicals, cations, acids, and bases) and starts the

reaction. Its reactivity governs the efficiency of the

polymerization. A look at the literature shows that a

considerable number of works are devoted to the design of

photosensitive systems being able to operate in many



various (and sometimes exotic) experimental conditions.

This research field is particularly rich. Fantastic

developments have appeared all along the past three

decades. Significant achievements have been made since

the early works on photopolymerization in the 1960s and

the traditional developments of the UV-curing area. At

present, high-tech applications are continuously emerging.

Tailor-made photochemistry and chemistry have appeared in

this area. The search for a safe and green technology has

been launched. Interesting items relate not only to the

polymer science and technology field but also to the

photochemistry, physical chemistry, and organic chemistry

areas.

We believe that the proposed book focused on this exciting

topic related to the photosensitive systems encountered in

photopolymerization reactions will be helpful for many

readers. Why a new book? Indeed, in the past 20 years,

many aspects of light-induced polymerization reactions

have been obviously already discussed in books and review

papers. Each of these books, however, usually covers more

deeply selected aspects depending first on the origin

(university, industry) and the activity sector of the author

(photochemistry, polymer chemistry, and applications) and

second on the goals of the book (general presentation of the

technology, guide for end users, and academic scope). Our

previous general book published more than 15 years ago

(1995) and devoted to the three photoinitiation-

photopolymerization-photocuring complementary aspects

already provided a first account on the photosensitive

systems.

For obvious reasons, all these three fascinating aspects

that continuously appear in the literature cannot be

unfortunately developed now (in 2011) in detail in a single

monograph because of the rapid growth of the research. A

book that mostly concentrates on the photosensitive



systems that are used to initiate the photopolymerization

reaction, their adaptation to the light sources, their excited

state processes, the reactivity of the generated initiating

species (free radicals, acids, and bases), their interaction

with the different available monomers, their working out

mechanisms, and the approach for a complete

understanding of the (photo)chemical reactivity was

missing. This prompted us to write the present book. It aims

at providing an original and up-to-date presentation of these

points together with a discussion of the

structure/reactivity/efficiency relationships observed in

photoinitiating systems usable in radical, cationic, and

anionic photopolymerization as well as in acid and base

catalyzed photocrosslinking reactions. We wish to focus on

the necessary role of the basic research toward the progress

of the applied research through the large part we have

devoted to the involved mechanisms. In fact, everybody is

aware that there is no real technical future development

without a present high-quality scientific research. In our

opinion, such an extensive and complete book within this

philosophy has never been written before.

Science is changing very fast. During the preparation of a

book, any author has the feeling of walking behind the

developments that unceasingly appear. It is rather difficult

to have the latest photography of the situation by the end of

the manuscript; this is also reinforced by the necessary

delay to print and deliver the book. Therefore, we decided

here to give not only the best up-to-date situation of the

subject but also to take time to define a lot of basic

principles and concepts, mechanistic reaction schemes, and

examples of reactivity/efficiency studies that remain true

and are not submitted to a significant aging on a 10-year

timescale.

The book is divided into four parts. In Part I, we deliver a

general presentation of the basic principles and applications



of the involved photopolymerization reactions with a

description of the available light sources, the different

monomers and the properties of the cured materials, the

various aspects and characteristics of the reactions, and the

role of the photosensitive systems and the typical examples

of applications in different areas. The part especially

concerned with the polymer science point of view (as other

books have already dealt in detail with this aspect) focuses

on general considerations and latest developments and to

what is necessary to clearly understand the following parts.

Then, we enter into the heart of the book.

In Parts II and III, we give (i) the most exhaustive

presentation of the commercially and academically used or

potentially interesting photoinitiating systems developed in

the literature (photoinitiators, co-initiators, photosensitizers,

macrophotoinitiators, multicomponent combinations, and

tailor-made compounds for specific properties), (ii) the

characteristics of the excited states, and (iii) the involved

reaction mechanisms. We provide an overview of all the

available systems but we focus our attention on newly

developed photoinitiators, recently reported studies, and

novel data on previous well-known systems. All this

information is provided for radical photopolymerization (Part

II) and cationic and anionic photopolymerization and

photoacid and photobase catalyzed photocrosslinking (Part

III).

In Part IV, we gather and discuss (i) a large set of data,

mostly derived from time-resolved laser spectroscopy and

electron spin resonance (ESR) experiments, related to both

the photoinitiating system excited states and the initiating

radicals (e.g., a complete presentation of the experimental

and theoretical reactivity of more than 15 kinds of radicals is

provided); (ii) the most recent results of quantum

mechanical calculations that allow probing of the

photophysical/photochemical properties as well as the


