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Preface

The Handbook of Polymer Science and Techonology: Composites and Specialty Applica-
tions, Volume 4 is organized with 14 chapters covering the end-use properties and
applications of engineering plastics, polymer blends and alloys, and polymer composites.
As has been done throughout this series of handbooks, emphasis is on relating molecular
properties to end-use performance in consumer- and engineering-related applications.
Chapter 1 relates molecular structure to polymer physical and photochemical properties.
Chapters 2 through 4 provide detailed discussions on the preparation and properties of
elastomeric blends and plastic blends. The subjects of polymer compatibility, phase
separation, crystallization, and the basis for designing polymer alloys and blends and their
processing characteristics are treated. Chapter 5 provides an overview of the general
properties and conventional applications of vinyl plastics, giving orientation and back-
ground for Chapters 6 through 11. Chapters 6 through 9 are devoted to the theory and
design of plastic composites for applications in construction. Product-design information,
in terms of the proper selection of polymers based on properties and stress mechanics
theory for the design of plates and panels, is reviewed in detail. Chapter 10 is devoted to
the subject of fiberglass-reinforced plastics. This chapter provides information on selec-
tion and application of various resin/catalyst systems for various high-strength applica-
tions. Applications such as process vessel design, fluid transport system design, and
functional structures based on fiberglass-reinforced plastics are discussed in this chapter.
The balance of this volume, Chapters 11 through 14, is devoted to specialty applications
presently viewed as emerging technologies. Chapter 11 describes transport properties of
polymeric films, with emphasis given to present and potential consumer-oriented applica-
tions. Chapter 12 describes charge mosaic membranes. Chapter 13 describes applications
of polymers to plasma films. Finally, Chapter 14 covers the application of lithography.

The efforts of nineteen specialists were enlisted in the preparation of this volume. Their
devotion of time and effort are gratefully acknowledged. Special thanks is also extended
to Marcel Dekker, Inc., for its fine production of this series.

Nicholas P. Cheremisinoff
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INTRODUCTION
Present Status of Polymer Photophysical and Photochemical Research

Throughout human history, people have responded to lights, as evidenced by various
religions. So far, light has never been used as a destructive force. Future macromolecular
research will have to take account of both photophysical and photochemical concepts, but
it is not an easy task to regard light as a form of high-grade energy differing macro-
molecularly from heat.

Recent developments in polymer photophysics and photochemistry include the follow-

ing:

1.
2

The flash photolysis method was established by Porter and Norrish in 1949,
Instrumental analyses of organic molecules were established in the period 1950—
1960.

Laser apparatus first appeared in 1960, with the Q-switch laser in 1962 and the
mode lock laser in 1968.

Organic photochemistry was established by Hammond, Zimmerman, Turro, et al.
in the period 1960—1970, including the appearance of the Woodward-Hoffman
rule in 1965.
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Recent trends in photophysical and photochemical research in the field of polymers are
shown in Table 1. Although several journals in which polymer photophysics and photo-
chemistry appear (e.g., J. Amer. Chem. Soc., J. Chem. Phys., J. Phys. Chem., Makro-
mol. Chem., etc.) are not listed in Table 1, this table shows the outline of recent trends in
polymer photophysical and photochemical research. The number of published reports on
polymer photophysics and photochemistry increases each year. This tendency is espe-
cially noticeable in the field of macromolecules. Reports on research using both steady-
state and time-resolved measurements have increased recently. The number of reports
from the United States and Japan combined is more than the total number from all other
countries. Much of the work in Japan is connected with applied photochemistry, not as
much with systematized photophysics. On the other hand, in Europe most research is
concerned with the new systematized polymer photophysics and photochemistry.

Interactions Between Photons and Molecules

Research concerned with light comprises two fields: optics and photophenomena. Photo-
physics and photochemistry apply to interactions between photons and molecules, optics
to the field of light. This chapter deals only with photophenomena (photophysics and
photochemistry).

The photophenomena begin with the absorption of light by molecules. The case of no
change in molecular structure is classified as a photophysical process; the case of a change
in molecular structure is classified as a photochemical process. Therefore, it is important

Fluorescence
L o _ Phosphorescence
Thermal

Deactivation
Intramolecular Process 0 0pm-=————————- —
A=B PHOTO-
Excimer PHYSICAL
iy *| B
Ak CESSES
Exciplex PROCES
hw e
A=B
* Energy Migration
@[3 |
* Energy Transfer
O G
A=-B
Photodimerization
Intermolecular AxB
Process Photocyclization
i Photoaddition PHOTO-
r_ CHEMICAL
PROCESSES

Photoionization
e —_— Photoisomerization
etc.

Intramolecular Process

Figure 1  Photophysical and photochemical processes of organic compounds.
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to clarify in detail photophysical and photochemical processes after the absorption of
light. A diagram of typical photophysical and photochemical processes in organic com-
pounds is shown in Figure 1. Photophysical and photochemical processes are classified in
Table 2, together with literature references. Although the table includes light scattering
processes, we do not deal with them in this chapter.

An energy diagram of photoprocesses of organic compounds is shown in Figure 2. The
remarkable feature of interaction between photons and molecules in the fields of photo-
physics and photochemistry is that the processes demonstrate discrete energies (quantum,
energy pack). In general, organic molecules exist as the singlet ground state (Sy). A
molecule is excited to the excited singlet state (S,,) after the absorption of a photon. Then

Table 2 Classification of Books and Reviews for Photophysical and Photochemical Processes

Property Classification Ref.
Photophysical 1. Quantum theory of light 1,2
2. Various phenomena in light field
a. Absorption 3,4
b. Light scattering 5,6
c. Raman spectroscopy 7,8
d. Depolarized light 9
e. Laser photophysics 10-12
f.  Instruments 13
3. Photophysical processes of organic molecules
a. General 14—-16
b. Charge transfer complex 17
c. Fluorescence 18
d. Phosphorescence 19, 20
e. [Excimer 21
f. Exciplex 22
g. Energy transfer 23
h. Thermal deactivation 24
Photochemical 1. General 25-28
2. Photoisomerization 29
3. Photoreaction of electron transfer 30
4. Photocycloaddition reaction
a. Photodimerization 31, 32
b. Photocycloaddition 33
¢.  Woodward-Hoffman rule 34
Macromolecular structure 1. General 35-38
2. Charge transfer complex 39
3. Fluorescence 40
4. Excimer and exciplex 41
5. Energy transfer and migration 42
6. Photoisomerization 43
7. Labeled polymer 44
8. Time-resolved emission techniques 45
9. Polarized light 46
10.  Polymer dynamics 47, 48
11.  Degradation of polymer chain 49, 50
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the molecular state changes to the lowest excited singlet state (S,) via an internal conver-
sion process. The S, state of molecule can be transformed to many other states via
photophysical and photochemical processes (fluorescence, intersystem crossing, excimer
and exciplex formations, singlet-singlet energy transfer, nonradiative transition, and many
photochemical processes). Similarly, the lowest excited triplet state (7', spin flip) of a
molecule can be transformed to many other states via the photophysical and photochemical
processes (phosphorescence, triplet-triplet energy transfer, nonradiative transition, and
many photochemical processes). Consequently, it is important to consider photoprocesses
in photophysics and photochemistry based on energy diagrams.

The characteristics of polymer photophysics and photochemistry are summarized as
follows:

1. Basic photophysical and photochemical processes occur for each functional group
in a polymer.

2. The local concentration of functional groups in polymers is higher than that of
small molecules. Therefore, it is essential that the polymer photophysical and
photochemical properties be fairly influenced by the local structures and local
dynamical motions of the polymer chain.

In this chapter we first discuss briefly the photophysical and photochemical processes
of monomer units and functional groups. Then the characteristics of polymer photophysi-
cal and photochemical processes are dealt with based on the classification of polymer
structure as molecular assemblies.

PHOTOPROPERTIES OF MONOMER UNITS ANPFUNCTIONAL
GROUPS

Photophysical Properties
Absorptions and Emissions

For absorption and emission processes to occur in a molecule, Weeeeritions must be
satisfied:

1. There must be a state f with a higher energy level E, than the initial state i with E;
such that hv = E, — E;.

2. There must be specific interaction between the electric component of the incident
radiation and the molecule or functional group, which results in a change in the
dipole moment of the molecule during the transition; that is, the transition moment
integral, (f|M|i) = M must be nonzero, where i and f are the wavefunctions of the
initial and final states of a molecule.

When the electronic transition of a molecule occurs in the solid angle d€) of k space,
the absorption transition probabilities W, d{) per unit time from the i state to the f state in
the process of photon absorption (%, v) are determined by

e \? aymy, - .
W, dQ) = (E) 2—ﬂ.]—c|(ﬂ2jek/8kvpj|’>|2 dQ) (1)
where
e, r;, p = electronic charge, vector, and operator that has the form p; = ihV;, respec-

tively



