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Abstract The chapter follows two pathways into polymer photodegradation. The
first one consists of an introduction into the obtaining of photodegradable polymers
by inserting several photolabile entities, such as o-nitrobenzyl, coumarin-4-
ylmethyl, p-hydroxyphenacyl or acetal, with emphasis on the o-nitrobenzyl
group. The second and main pathway of the chapter encompasses literature stud-
ies related to photochemical decomposition mechanisms occurring in different types
of multicomponent polymer systems. UV radiations, oxygen, temperature and
humidity represent the main driving forces in polymer irreversible photochemical
deterioration, occurring through radical intermediates (hydroperoxides, chro-
mophore carbonyl groups or conjugated double bonds) as chained mechanisms.

1 Introduction

The designing of multicomponent polymeric systems is an interesting research field
because of the multiple possibilities for obtaining new materials without resorting to
complicated synthesis methods of new polymers. Polymer mixtures, interpenetrated
and semi-interpenetrated polymeric networks are some of the most popular multi-
component polymeric systems. Also, the polymeric materials usually contain many
other micromolecular substances such as: plasticizers, colorants, antioxidants, fillers
and various types of additives that may affect the photochemical stability [1].
Although the interest in photochemical stability of polymeric materials is still
limited to some photodegradation topics, such as degradative processes, the linkage
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between the degradative processes and chemoluminescence effects, modifications
induced by light on chemical bonds, the sensitivity of polymers to different
wavelengths and environmental issues, these still represent state of the art chal-
lenges [2]. The interest in photodegradable and/or photosensible polymeric mate-
rials significantly increased in recent years due to advantages of ultraviolet or
visible light as trigger agent that can be easily controlled both spatially and tem-
porarily [3–5]. Photodegradable polymeric materials are usually designed to check
their degradability during exposure to sunlight.

Design of new polymers who are able of splitting into toxic fragments after
overcoming their lifetime is, along with recycling, the main technique used to avoid
the accumulation of plastic waste in the environment [6]. In the range of degradable
plastics photodegradable polymers occupy a special place due to their multiple
practical applications in agriculture as ground cover with plastic sheets (plasticul-
ture) [7], in packaging industry and in household where the waste materials left
after unpacking and the kitchenware plastics or the trash bags should quickly
degrade without negative impact on the environment, in smart materials manu-
facture for microelectronics devices and in biomedical applications [8]. Hydrogels
with photo-degradable bonds have high potential of applications in tissue engi-
neering due to their possibilities of release on demand of bio-active principles or of
cells included in the tridimensional polymer structure [9]. Some papers shows that
small particles encapsulated in light sensible polymers with different structures have
been designed with the purpose to decompose through photo-activation for
releasing the active principles [10–12]. A careful handling of several parameters
such as wavelength, light intensity, irradiation dose, temperature, exposure time and
mechanical stress, the stability of the polymeric material, the degradation rate and
its shape may be controlled [13]. By including in the polymer main chain of some
photolabile chemical structures, such as o-nitrobenzyl derivatives (I), compounds
based on coumarin-4-ylmethyl (II), p-hydroxyphenacyl (III) or acetal (ketal) moi-
eties IV), polymeric materials with controlled photo-degradability have been
obtained.
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Photo reconfigurable polymeric materials contain some chemical structures such
as cinnamate derivatives (V) or functionalized coumarin (VI), which are enabled via
reversible photochemical dimerization [13].
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Photoizomerization is another type of reversibile structural modification sup-
ported by the macromolecular chains during exposure to light [8, 13].

Some examples on photodegradative processes of different photochemical
decomposition mechanisms of multicomponent based polymeric materials, either
made photodegradable via incorporated specific entities or not, are further depicted
in this chapter.

2 Photodegradation Mechanisms of Multifunctional
Polymeric Materials

It is first of all worth mentioning that polymeric materials during photodecompo-
sition are not fully degraded to lower molecular mass polymer chains by different
photochemical reactions, rather photochemical reactivity introduces different
functions, such as aldehyde, carboxylic acid, alcohol or ketone end-groups [14, 15].
Generation of these oxygen based end-groups may also account for further cellular
b-oxidation processes occurrence [16, 17].

There are two basic pathways for obtaining photodegradable polymers, either by
chemically modifying the polymer main chains with the insertion of a light
responsive photodegradable chromophore entity, such as polyolefins or carbonyls
[18], or by blending them with specific additives able of initiating photochemical
decomposition processes (typically radical autoxidation reactions) within the
polymer [6, 19, 20].

As previously discussed in the introductory chapter, the Norrish type reactions
account for photodecomposition of polymers with carbonyl moieties, such as
polyacrylates, polyesters and polyketones, and through abstraction of the hydrogen
atom [21, 22]. After forming of free radicals through Norrish I reactions, pho-
todegradation further proceeds via autoxidation.

Other chromophore entities than carbonyl ones may be used for obtaining
photodegradable polymers, such as metal–metal bonds in the main chains, which
undergo homolytic scission by absorbtion in the visible light domain [23–26].

Another pathway implied in the obtaining of photodegradable polymers consists
in the blending of light responsive radical initiators. A very often used compound in
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this sense is TiO2 which generates free radicals capable of reacting with oxygen to
yield hydroperoxides, as shown below.

TiO2 �!hv TiO�
2 �!O2;RH TiO2 þR� þHOO�

Cleavage of O–O bonds from hydroperoxides further assure photodecomposi-
tion together with alkoxy radicals b-scissions afterwards. Another route to polymer
photodegradation resides in the further reactions of the hydroperoxides to generate
other chromophores and/or new functional entities, such as carbonyls, carboxylic
acids, alcohols and olefins, which further contribute to main chain scissions [6]
(Scheme 1).

As previously discussed, the generated carbonyl entities further cleave main
chains through Norrish reactions, while b-scissions are the main driving force in
most polymer backbones photo-oxidative degradation [27] (Scheme 1).
Specific UV absorbers may also be blended into the polymer for lowering or
retarding the photodecomposition rate by reducing light intensity to carbonyl
entities.

Another approach for obtaining photodegradable polymers consists in using the
sol–gel technique to covalently couple different inorganic photosensitizers to
specific polymer pendant moieties [28, 29], such initiators possessing solid state
selectivity regarding inorganic aggregates [6].

Lei et al. [3]. reported the first photodegradable polymers multifunctionalization
for micropatterns by firstly obtaining three ortho-nitrobenzaldehyde monomers,
containing allyl, propargyl and epoxy entitites, through reacting
5-hydroxy-2-nitrobenzaldehyde with bromides of allyl, propargyl and with
epichlorohydrin (Scheme 2) (Reproduced with permission. Copyright 2014,
American Chemical Society [3]).

The obtained monomers were further polymerized through the Passerini multi-
component polymerization pathway by further reactions with 1,6-hexanedioic acid
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Scheme 1 Different reactions of hydroperoxides
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and 1,6-diisocyanohexane to yield three poly(ester-amides). The obtained polymers
are thusly photodegradable through the ester bonds containing ortho-nitrobenzyl
entities (Scheme 3) (Reproduced with permission. Copyright 2014, American
Chemical Society [3]). Since the obtaining of photocleavable polymers consists of
multistage time consuming processes, through the Passerini approach such disad-
vantages are greatly reduced by directly obtaining the desired polymers from
o-nitrobenzaldehyde and further expanding their applications range [30].

The functional groups from the starting monomers may be further modified
either by click chemistry, such as thiol-ene, epoxy-amine reaction and copper
catalyzed azide–alkyne cycloaddition. Authors also applied the Passerini synthesis
pathway to a mixture of the three initial monomers to obtain a combined pho-
todegradable polymer with triple functionality (P4) (Scheme 4). Reproduced with
permission. Copyright 2014, American Chemical Society [3]. The photocleavable
character may be determined by UV–Vis and gel permeation chromatography
(GPC) techniques, when the polymers cleave into the corresponding
ortho-nitrosobenzaldehydes and carboxylic acids.

Scheme 2 Obtaining of functional monomers from 5-hydroxy-2-nitrobenzaldehyde. Reactions
conditions: (a) allyl bromide, K2CO3, DMF, room temperature, overnight; (b) Propargyl bromide,
K2CO3, DMF, room temperature, overnight; (c) epychlorohydrin, K2CO3, DMF, 80 °C, 24 h.
Reproduced with permission. Copyright 2014, American Chemical Society [3]

Scheme 3 Photocleavable polymers via the Passerini synthesis pathway. Reproduced with
permission. Copyright 2014, American Chemical Society [3]
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The modification of different structural properties upon irradiation could lead to
polymer disruption or release of different loadings thus making such materials good
candidates for a wide palette of applications which range from controlled drug
delivery to surface modifications [31–36]. Obtaining of various other such polymers
was reported in the literature [37, 38].

The photodegradable characteristic of such polymers may be exploited as
photoresists. In this sense, the triply functionalized polymer was tested as pho-
toresist for obtaining reactive patterns, since the multiple groups may be used in
surface modification. Photopatterning was undertaken by a UV lamp and a TEM
grid photomask. This may be achievable, as previously mentioned, by:

Scheme 4 Obtaining of the photocleavable triple function polymer and the sequential function-
alizations. Reproduced with permission. Copyright 2014, American Chemical Society [3]

72 D. Rosu et al.



(1) crosslinking the film with amine–epoxy process (2) directly patterning of the
surface due to photocleavable property; (3) copper catalyzed azide–alkyne
cycloaddition (CuAAC) and (4) thoil-ene reaction. The surface used was a silicon
wafer (Scheme 5) Reproduced with permission. Copyright 2014, American
Chemical Society [3].

Another challenging and emerging field is that of obtaining phototriggable
polymers from renewable bioresources. This is to address the issues surrounding
synthetic commercially available polymers (e.g. poor degradability and sustain-
ability) by obtaining biobased polymers with photocleavable units which may be
preprogrammed for light decomposition. Two key compounds in doing so are
5-hydroxymethylfurfural (HMF) and one of its oxidation products,
2,5-furandicarboxylic acid (FDCA). For example, terephthalic acid may be replaced
by FDCA in PET, with similar final properties. Rajendran et al. obtained a polymer
based on FDCA with nitrobenzyl group for triggering photodecomposition upon
light irradiation. Firstly, authors obtained model compounds to test the phototrig-
gering efficiency of the widely mentioned 2-nitrobenzyl group. Authors converted

Scheme 5 a Multifunctional patterning on a silicon wafer using the photoresist polymer P4.
b SEM micrograph of the patterned film; c Confocal fluorescence of the patterned silicon wafer
film functionalized with Azido-FITC and d rhodamine dye. Reproduced with permission.
Copyright 2014, American Chemical Society [3]
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fructose into HMF and FDCA and further functionalized them with
2-nitro-1,3-benzenedimethanol as phototrigger [39]. Photoirradiation of the
obtained polymer was undertaken at 350 nm, monitored by 1H–NMR and UV–Vis
methods and was reported as being very efficient. There was yielded nitrosoalde-
hyde which degraded to furan carboxylic acid. (Scheme 6—reproduced with kind
permission from John Wiley and Sons—License no. 3879230249556) [39]. Its
unsymmetrically substituted ester photodecomposed with the same efficiency
(Scheme 7(b)—reproduced with kind permission from John Wiley and Sons—
License no. 3879230249556) [39].

With the success obtained after testing the model compounds, authors further
synthesized polymer/oligomers from FDCA, not only to assess photocleavage
efficiency, but also to attempt monomer recovery. The reaction is given in
Scheme 8 [39] (reproduced with kind permission from John Wiley and Sons—
License no. 3879230249556). The product was washed with acetone and CH2Cl2
for removing the low molecular weight oligomers. Its photodegradability was
monitored in both suspension and solid state, in the latter occurring much slower.
The photodegradation of the polymer was complete with the yielding of the starting
monomer FDCA. Authors further expanded with success their approach to
copolymers with glycols as phototriggers [39].

Scheme 6 Synthesis of biobased model compounds for phototriggered degradation, where Bz is
benzyl, TIPS is triisopropylsilyl and DMF is N,N-dimethylformamide [39] (reproduced with kind
permission from John Wiley and Sons—License no. 3879230249556)
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Christensen et al. [40] studied the UV photodecomposition behavior of poly
(vinyl chloride) (PVC) and poly(caprolactone) (PCL) polymers in a 1:1 w/w blend
and the corresponding homopolymers by monitoring the CO2 emission during
irradiation. The authors observed that the blend yielded lower CO2 emission, thus
the existing of specific beneficial morphological interactions between blend com-
ponents which reduce photodegradation by a control over photo-oxidation. In
individual PCL, chains entanglements reduce the possibility of crystalline regions
formation, as opposed to PCL in the 1:1 ratio blend with PVC, in which PVC
perturbs carbonyl entities vibration of PCL due to their interactions with chlorine
atoms, thus acting as plasticizer. If PCL would have exhibited a higher crystallinity
degree as PVC in the blend, then it would reduce oxygen diffusion. If PVC would
have exhibited a higher crystallinity degree as PCL in the blend and
phase-separated into partially or full crystalline domains, as suspected by the
authors, this would greatly reduce the overall oxygen diffusion rate, effect which
would be greater enhanced if both polymers would yield phase separation

Scheme 7 Photodegradation of biobased model compounds: a symmetrical ester; b unsymmet-
rically ester [39] (reproduced with kind permission from John Wiley and Sons—License no.
3879230249556)

Scheme 8 Synthesis of the biobased polymer/oligomer [39] (reproduced with kind permission
from John Wiley and Sons—License no. 3879230249556)
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phenomena. Crystallite shapes are very important, since they cause light to scatter
into the blend, thus generating the opposite by favoring photo-oxidation.

Li et al. [41] studied the natural photo–aging for polypropylene (PP) and PP
nanocomposites with CaCO3 and SiO2 exposed for 88 days and characterized them
by means of FTIR, high temperature gel permeation chromatography (HGPC) and
pyrolysis gas chromatography–mass spectrometry (PGC–MS). It was found that the
PP nanocomposites were more prone to photodecomposition than the initial poly-
mers and with higher oxidation rates, through many chain scissions with formation
of much lower molecular mass alcohol, ester and ketone entities and unsaturated
double bonds which recrystallized and enhanced the nanocomposites crystallinity.
Authors gave three possible reasons for the faster photodegradation rate of the PP
nanocomposites compared to the unfilled polymers, with further research needing to
be conducted on this aspect in the future for confirmation. The first reason refers to
the functional groups covering the nanoparticles which may catalyze
photo-oxidation. Hydroxyl groups are absorbed on the nano filler surfaces, more
pregnant for SiO2, thus activating photodegradation reactions. The second reason
may reside in the agglomeration of filler nanoparticles leading to their weak
adhesion to the PP matrix and interfacial incompatibility under stress due to
crystallization contraction, more enhanced in the lesser compatible SiO2 nanopar-
ticles to the PP matrix. The weaker SiO2 nanoparticles compatibility to the PP
matrix is due to a higher number of hydroxyl groups on the surface. Authors based
the third reason on their finding of the nanoparticle acting as a nucleation agent.
This reduces PP spherulites sizes, enhancing interface crystallinity, which, together
with the amorphous domains, is another photo-oxidation site.

Rosu et al. [42]. studied the photochemical stability of a cotton cellulose sub-
strate painted with a series of reactive azo-triazine dyes (Table 1—reproduced with
permission of Springer—License no. 3887660087491) [42]. The materials were
exposed to UV irradiations with k > 300 nm. The purpose of the study consisted in
establishing of a photodecomposition mechanism of the dyed textiles, since other
studies reported that aryl amines and free radicals, resulted during photodegradation
of such dyes, are toxic to human skin after their absorbtion during perspiration.
Details of the attachment mechanisms of the dyes to the cellulose substrate, dyeing
process and toxicological studies of the dyes were reported in a Ph.D. thesis [43].
The same thesis reports colorimetric analyses of the dyed textiles during the UV
irradiation, followed by dye extractions in aqueous media with acid and alkaline pH
for human perspiration simulation and spectrophotometric identification of the dyes
in solutions.

Colorimetric studies indicated a darkening tendency of surfaces painted with
RY-143 and RO-13 dyes (light color dyes) and insignificant color modifications of
surfaces painted with RR-2 and RR-183 dyes (dark color dyes), due to accumulation
of blue and green chromophores on cellulose surface during 100 h irradiation time
due to cellulose surface photo–oxidation reactions. Surface coloring in comple-
mentary colors (blue and green) during photoirradiation led to simultaneous hypo-
chrome and bathochrome displacements of the absorbtion maxima. There could also
be observed a widening in the absorbtion spectrum towards higher wavelengths, up to
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800 nm, which is a supplementary indication of new chromophores formation on the
irradiated surfaces. The darkening of samples surfaces was attributed to C–N bond
scissions from amine entities with the resulting of new chromophore structures [42]
(Scheme 9—reproducedwith permission of Springer—License no. 3887660087491)
andwas associated with the bathochrome displacement. Also, this darkeningwas also
correlated with the substitution degree and number of amine entities. Scheme 10 [42]
(reproduced with permission of Springer—License no. 3887660087491) shows the
formation of intermediate blue chromophores from radical IX in Scheme 9 during
photoirradiation of RY-143 dye, the other dyes exhibiting similar photochemical
behavior [42].

Initiation of the photodegradation process may be undertaken through hydroxyl
radical intermediates resulted after hydroperoxides decomposition. The general
photodecomposition mechanism of RY-143 dye from the textile substrate is given
in Scheme 11 [42] (reproduced with permission of Springer—License no.
3887660087491). The dye’s chromophore entities, consisting of azo groups and
aromatic rings, are destroyed after the attack of intermediate free radicals with the
resulting of nitrogen, process associated with the hypochrome effect. The FTIR
spectrum recorded after photoirradiation indicated significant modifications in the
absorbtion ranges specific to glucose ring and carbonyl groups for the cellulose
substrate painted with RY-143 dye. Results have demonstrated the apparition and
intensification of photo-oxidative processes by the appearance of new absorbtion
bands specific to carbonyl entities and an increase in absorbance signals specific to

Table 1 Characteristics of the four reactive azo–triazine dyes used in the study [42] (reproduced
with permission of Springer—License no. 3887660087491)

Name/manufacturer Chemical formula kmax Mw

Reactive Yellow 143
(RY-143)/Hutsman
textile effects

CH3
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Reactive Orange 13
(RO-13)/Hutsman
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N N

N
N N

SO3Na

SO3Na
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OH
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Reactive Red 183
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H3CO

SO3Na
N N

N

N
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C2H5

OH

H
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Cl

Cl
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615.33
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glycosidic rings, suggesting cellulose chain-end initiated depolymerization pro-
cesses and lowering of molecular mass. The dye molecules from the cellulosic
substrate may be dissolved by human perspiration thus provoking hazardous health
issues. Authors have observed an increase in the extracted dye quantity with irra-
diation dose and pH increase [42, 43].

Collagen photochemical behavior in multicomponent polymeric materials is
another extensively debated topic. One must first comprehend basic photochemical
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processes occurring in individual pure collagen. Rabotyagova et al. [44] studied the
photochemical behavior of pure collagen irradiated at 254 nm and found changes at
every structural level. In early photodegradation stages collagen shifts from the
triple helix conformation, protector of single collagen macromolecules against
peptide cleavage, to random coil, associated with water elimination (Fig. 1) [44]
(Reproduced with permission of Springer—License no. 3890680622983).
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With the collagen triple helix once degraded, free radicals generate massive
peptide bond scission (Fig. 2) [44] (Reproduced with permission of Springer—
License no. 3890680622983. Hydroxyl radicals resulted from the water round the
collagen backbone make interactions with its macromolecules to yield new radicals.

The chemically destructive UV irradiation effect on the collagen hierarchical
structure was confirmed by FTIR, AFM and sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) studies. These negative effects of electromagnetic
radiation on collagen matrices are an important study in tissue remodeling.

Sionkowska [45] studied the photochemical behavior of collagen and PEG based
blends by FTIR, UV–Vis, viscometry and microscopy before and after UV irra-
diation (k = 254 nm) and observed that the two components were immiscible in the
blend, thus exhibiting lower photochemical stability and poor mechanical properties
compared to individual components. The photochemical stability of collagen was
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Fig. 1 Possible UV decomposition mechanism of collagen at 254 nm [44] (reproduced with
permission of Springer—License no. 3890680622983)

Fig. 2 Collagen backbone scission mechanisms [44] (reproduced with permission of Springer—
License no. 3890680622983)
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dependent on PEG concentration in the blend. Photodegradation in collagen is
initiated from the side groups through the amino acids tyrosine and phenylalanine
chromophores which absorb light under 300 nm, while in PEG photodegradation
occurs through main chain scission initiated by weak chemical linkages. Active
primary macroradicals are produced during photo–oxidation of one of the blend
components and initiate photodegradation of the second component. Free active
radicals from both components react with each other leading to blend properties
alteration (Fig. 3) [45] (reproduced with kind permission from Elsevier—License
no. 3890091014498). FTIR spectra indicated that the films were not so photo-
chemically degraded compared to pure collagen and that changes in the properties
of blends in solution occur at a lower irradiation time compared to the ones in solid
state. Optical micrographs indicated that surface characteristics of collagen and the
blends as films are not strongly altered after UV exposure. (Fig. 4) [45] (reproduced
with kind permission from Elsevier—License no. 3890091014498).

Fig. 3 Possible UV degradation mechanism in PEG/collagen films [45] (reproduced with kind
permission from Elsevier—License no. 3890091014498)
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Sionkowska et al. [46] further studied the photochemical stability of poly(vinyl
pyrrolidone) in the presence of 1, 3 and 5 % collagen irradiated at k = 254 nm in air
for 24 h and characterized the samples by by UV–Vis and FTIR spectroscopy and
thermal analysis (TGA, DTG). It was observed that PVP was thermally and photo-
chemically less stable in the presence of collagen. Collagen led to crosslinking of PVP
and increased its polarity during irradiation, indicating surface photo-oxidation.

Arrieta et al. [47] conducted hydrolytic and photochemical aging studies for a
Kevlar–Polybenzimidazole (PBI) blend in yarn form. UV irradiation was conducted
at k = 340 nm and four different temperatures (50, 60, 70 and 80 °C) between 4
and 31 days. The PBI structure is given in Fig. 5 [47] (reproduced with kind
permission from Elsevier—License no. 3890161358622).

The UV exposure led to a decrease in breaking force. New FTIR absorption
bands appeared, corresponding to C=O bond vibration in end groups with car-
boxylic acid. A photodecomposition mechanism was proposed (Fig. 6) [47]
(Reproduced with kind permission from Elsevier—License no. 3890161358622),
occurred through the Photo-Fries rearrangement, which yielded 2-aminobenzo
phenones and carboxylic acid end groups (Fig. 7) [47] (reproduced with kind
permission from Elsevier—License no. 3890161358622).

Fig. 4 Optical micrographs of the PEG/collagen films before and after UV irradiation [45]
(reproduced with kind permission from Elsevier—License no. 3890091014498)

Fig. 5 Chemical structure of
PBI [47] (reproduced with
kind permission from Elsevier
—License no.
3890161358622)
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The accumulation of high absorbent products from the Photo–Fries rearrange-
ment led to the occurrence of a “screening” effect at the yarns’ surface which
protected the Kevlar underlying layers by preventing amide bonds cleavage. The
material was afterwards exposed to relative humidity levels of 60 and 80 % and
temperatures of 50, 60 and 80 °C) during which the breaking force decreased
continuously. FTIR spectra indicated new carboxylic acid groups resulted from
amide bond hydrolysis under acid catalyst. Results indicated that hydrolysis
competed with a recombination reaction by consuming –COOH containing moi-
eties. Authors elaborated a differential kinetic equation of the aging process based
on the amount of resulted –COOH which they solved by analytic methods.

Cui et al. [48] studied UV radiation effect on renewable biobased polymer sheets
by SEM and photoacoustic FTIR (PAS-FTIR) (Fig. 8) [48] (reproduced with kind
permission from Elsevier—License no. 3891281355385).

UV irradation was undertaken at 300 nm on a 12 h cycle: of 8 h UV at 60 °C,
followed by 4 h condensation at 50 °C, at exposure times of 250, 500, 750, 1000
and 2000 h. UV irradiation and cycled weathering led to crosslinking and surface
cracking. The main driving forces of the photodegradation process were
hydroperoxide formation and decomposition, the latter occurring through formation
of oxidation products, such as ketones, alcohols and aldehydes (Fig. 9) [48]

Fig. 6 Photochemical aging mechanism of Kevlar [47] (Reproduced with kind permission from
Elsevier—License no. 3890161358622)

Fig. 7 Photo-Fries rearrangement mechanism in Kevlar [47] (reproduced with kind permission
from Elsevier—License no. 3890161358622)
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(reproduced with kind permission from Elsevier—License no. 3891281355385),
and decreasing with penetration depth increase, due to lowering of oxygen
concentration.

Through oxygen consumption, the formed hydrocarbon radicals convert into
peroxy radicals which further lead to the formation of hydrocarbon radicals and
hydroperoxides via hydrogen atoms abstraction from the polymer chain. The new
carbonyl entities generated during photo-oxidation also act as UV absorbers,
decomposing afterwards through a Norrish reaction and yielding esters, acids,
alkenes and enols, as general products resulted during photodecomposition. SEM
and depth profile studies results indicated decomposition occurrence in thin layer
surface due to limited oxygen diffusion through the interior layers. (Fig. 10) [48]
(reproduced with kind permission from Elsevier—License no. 3891281355385).
The formation of hydroperoxides and new carbonyl entities from main chain
decomposition was demonstrated by PAS–FTIR.

Further various recent examples on the photochemical behavior of multicom-
ponent polymer based materials were given in Chap. 1. Theoretical aspects
regarding polymer photochemistry and Chap. 8. Lifetime prediction of multicom-
ponent polymeric materials.

Fig. 8 Ring-opening metathesis polymerization of Dilulin and dicyclopentadiene [48] (repro-
duced with kind permission from Elsevier—License no. 3891281355385)
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Fig. 9 Second oxidation reactions in alkoxy radical [48] (reproduced with kind permission from
Elsevier—License no. 3891281355385)

Fig. 10 Cross-section SEM images of UV-degraded structures at a 250 h; b 500 h; c 1000 h;
d 2000 h [48] (reproduced with kind permission from Elsevier—License no. 3891281355385)
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3 Conclusions

Photodegradable polymers and polymer based materials have witnessed a growing
interest in the last two decades, since their properties may be controlled both
spatially and temporarily by phototriggering groups or agents. A continuously
troubling issue is that of the hazardous environmental impact of polymeric mate-
rials. That is why much effort is undertaken into the developing and design of
polymers able of splitting into comprising corresponding monomers after service
lifetime end. Photodegradable polymers possess a wide palette of applications, such
as in agriculture as plastic sheets for ground cover (plasticulture), in the packaging
industry and household where they must degrade fast and without an environ-
mentally negative impact, in the obtaining of smart materials for microelectronics
and in biomedical applications. Hydrogels with phototriggered controlled release of
bioactive principles or cells have high applications potential in tissue engineering.
By including photolabile chemical structures in the polymer main chain
[o-nitrobenzyl, coumarin-4-ylmethyl, p-hydroxyphenacyl or acetal (ketal)] and by
monitoring parameters such as wavelength, light intensity, irradiation dose, tem-
perature, exposure time and mechanical stress, one may control the stability,
degradation rate and polymer shape.
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