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The essential constituents of a UV curing system are a resin, which is an oligomer whose backbone confers the properties

to the final polymer; a monomer, which acts as a cross-linking agent and adjusts the viscosity of the mixture to an

acceptable level for application; and a photoinitiator, which is responsible for the light absorbance and governs the curing

depth and rate.
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1. Introduction

The essential constituents of a UV curing system are a resin , which is an oligomer whose backbone confers the

properties to the final polymer; a monomer, which acts as a cross-linking agent and adjusts the viscosity of the mixture to

an acceptable level for application; and a photoinitiator , which is responsible for the light absorbance and governs the

curing depth and rate . All of them participate in the cross-linked free radical polymerization reaction and are

incorporated into the final polymer.

2. Resins

A resin is an oligomer, which is a chain formed by the union of monomer units, that will constitute the framework of the

cured polymer network . It cannot be considered a polymer because the latter is a macromolecule with a much larger

number of monomer units , whereas these oligomers usually contain from 1 to 12 repetitive units . They are usually

formed through step-growth polymerization, a type of polymerization mechanism in which bifunctional or multifunctional

monomers react to form first dimers, then trimers and, eventually, long-chain oligomers . The type of monomer and their

length, together with the cure extension, will determine the properties of the final polymer .

The main classes of UV-curable resins that can be polymerized by a radical mechanism are unsaturated and acrylate

resins . The most common backbone structure for unsaturated resins is polyesters, and for acrylate resins, they are

polyurethanes, although other structures, such as polyesters, can also be used .

2.1. Unsaturated Resins

Unsaturated resins periodically contain monomers with double bonds in their backbone, which will react during the free

radical polymerization. They are generally polyesters, which means that they have ester linkages in their backbone chain,

generated through condensation reactions between diols and unsaturated dicarboxylic acids, also called esterification

reactions (Scheme 1) . More than one type of each reagent could be used, obtaining then an oligomer with over three

different monomers. In any case, the unsaturations come from the structure of the diacid.

Scheme 1. Generic synthesis

of an unsaturated polyester oligomer.

The Fischer esterification specifically refers to the acid-catalyzed reaction of carboxylic acids and alcohols. It is one of the

methods that can be employed to synthesize polyester oligomers . The alcohol from the diol nucleophilically attacks

a protonated dicarboxylic acid, and after proton transfer, a water molecule is lost from the structure of the diacid. The

resulting product is in an ester, which, since both reactants are difunctionalized, still contains an alcohol and a carboxylic

acid group, able to further condensate and create a chain of esters (Scheme 2).
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Scheme 2. Fischer esterification

mechanism .

2.2. Acrylate Resins

Acrylate resins contain acrylate or methacrylate groups at their ends that will react during the free radical polymerization

. They are more efficient than unsaturated resins for UV curing. Urethane acrylates, which contain a polyurethane

backbone, are the most common, but polyester or polyether backbones are also used (Scheme 3) . Given that all

acrylates are derived from oil, which is a scarce material and also highly polluting, environmental pressure from climate

change forces researchers to reduce the use of oil and/or look for alternative solutions, such as the conversion of

renewable biomass into materials, polymers and composites . The development and application of bio-based materials

is therefore aimed at replacing commercial UV-curable acrylate resins. In detail, they are mainly epoxy, polyurethane and

polyether acrylate oligomers. Resins have different functions depending on the chain structure. The evolution of the

polymer chain structure has made polyester acrylate oligomers increasingly functional. Commercially, this has been

replicated in the growing UV curing market. However, there are also drawbacks, caused by the fact that products of

relatively low intensity are needed. Despite the disadvantage of high viscosity, polyester acrylates (PEA) lead to UV-

curable resins with good hardness, high tear resistance and wear resistance, ozone resistance and polarity . Looking

for ways to reduce viscosity, and being part of the spectrum of non-petroleum-derived biodegradable polymers ,

poly(lactic acid) (PLA) and the use of biocurable UV coatings offer green advantages to the industry , PLA still has

weaknesses although it is applied prematurely, and is far from the market. In particular, its resistance needs to be

improved, especially at high temperatures. In order to influence improvements, in contrast to the linear polymers ,

the networking of PLA and the incorporation of star-shaped chains have been described, as well as modification by

copolymerization with poly(ε-caprolactone) (PCL) to improve its hardness, also favoring the positive reduction of viscosity

. Notably, recently, maleimides have appeared to be competitors of acrylates in photopolymerization because they can

operate without a photoinitiator and also because their polymerization rate is directly competitive with that of acrylates 

. Nonetheless, polyurethanes are synthesized similarly to polyesters; however, the polyol reacts with a di- or

triisocyanate instead of a diacid . The polyol does not necessarily have to be a polyether; for instance, polyesters

could also be used . The synthesis is catalyzed by a tertiary amine, which, according to Farka’s mechanism, interacts

with a proton source to form a complex that subsequently reacts with the isocyanate (Scheme 4) .
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Scheme 3. Generic synthesis of (a) a polyester

acrylate oligomer and (b) a urethane acrylate oligomer .

Scheme 4. Farka’s carbamation

mechanism .

The urethane acrylate oligomer can be divided into soft and hard sections. The soft segments are produced from the

polyols, and the longer they are, the more flexible is the resin. The hard segments are produced from isocyanate and are

immobile and stiff; moreover, they can form intermolecular hydrogen bonds between the hydrogen attached to the

nitrogen and the carbonyl oxygen .

3. Monomers

Monofunctional monomers are used to lower the viscosity of the mixture and to add flexibility to the final polymer thanks to

their cross-linking ability. In order to incorporate into the polymer, they must contain carbon–carbon double bonds .

Amongst the most common monofunctional monomers are unsaturated monomers, often used with unsaturated polyester

resins, acrylate monomers , and usually paired with acrylate resins and thiol monomers, which can be added as curing

accelerators .

3.1. Unsaturated Monomers

The unsaturated monomer per excellence is styrene, a small molecule with little steric hindrance in comparison to the

resin. Scheme 5 depicts how styrene forms cross-linked chains between unsaturated oligomers.
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Scheme 5.

Formation of cross-links by the reaction of styrene with an unsaturated polyester oligomer.

3.2. Acrylate Monomers

A great variety of acrylate monomers are available, so that the ideal monomer or combination of monomers can be

chosen in order to adjust the flexibility of the final polymer (Scheme 6).

Scheme 6. Chemical structures of

mono-, di- and triacrylate monomers .

The number of unsaturated groups will affect the flexibility of the final polymer. A higher number of unsaturations will form

a higher number of cross-links and will cause the polymer to be more rigid. On the other hand, flexibility can be increased

by using either long-chain linear monomers such as 1,6-hexanediol diacrylate, which will link oligomers while still allowing

them to move, or bulky monomers with high steric effects, such as isobornyl acrylate, which will hinder the formation of

cross-links near them .

A special type of acrylate monomer is phosphates (Scheme 7a). They act as adherence promotors to metal surfaces,

making them useful in certain applications . Phosphate anions can replace hydroxy anions on metal oxide surfaces, so

that the phosphate is adsorbed into the metal surface, making its removal difficult since chemical bonds have been

formed .

Scheme 7. Chemical structures of (a) a methacrylate

phosphate monomer and (b) a trifunctionalized thiol monomer.

3.3. Thiol Monomers

Thiol monomers combined with ene monomers can form thiol-ene systems, which are suitable UV-curable resins

(Scheme 7b). However, monomers are more volatile than oligomers. Hence, thiols are rarely used as monomers due to

their unpleasant odor, but can be used as oligomers, which are less volatile .

Their main advantage is that little to no photoinitiator is required in order to polymerize since thiols can function both as

monomers and photoinitiators . When exposed to UV light, they produce a thiyl and a hydrogen radical pair through

sulfur–hydrogen bond cleavage . However, this process is not as efficient as with an initiator; for this reason, the

initiating species is often generated from the hydrogen abstraction reaction between a photoinitiator and the thiol

(Scheme 8) . The resulting thiyl radical adds to a double bond of a monomer and, from here, the rest of the

mechanism proceeds in the same way as in Scheme 9. Given that most of the thiols used are polyfunctionalized, they act

as powerful cross-linking agents .
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Scheme 8. Initiation

step of a free radical polymerization using thiols as both photoinitiators and monomers, where I is a photoinitiator and M

any monomer, including those that are part of an oligomer .

Scheme 9. Steps of a cross-

linked free radical photopolymerization reaction, where I is a photoinitiator, D a donor and M any monomer, including

those that are part of an oligomer .

4. Photoinitiators

Photoinitiators are able to convert light energy into chemical energy in the form of a reactive species, which can be

radicals or cations, leading to the initiation of the polymerization chain. In the case of free radical polymerization reactions,

radical photoinitiators are used. They are considered essential components of UV curing systems because most of the

commonly used monomers are not able to generate free radicals upon exposure to UV light .

4.1. Unimolecular Photoinitiators

Photoinitiator systems termed unimolecular involve only one molecular species to generate the radical active species

through homolytic cleavage. These photoinitiators are typically acetophenone derivatives, benzoin ethers, amino ketones

or phosphine oxide derivatives. In most cases, the cleavage may occur in the α-position to the carbonyl group (Norrish

Type I), but it can occur at the α-position in the presence weak bonds such as carbon–halogen, carbon–nitrogen, carbon–

oxygen or carbon–sulfur next to the carbonyl moiety (Scheme 10). One of the products of α-cleavage is always a benzoyl

radical, while in β-cleavage, it is always a phenacyl radical. The other radical formed will depend on the structure of the

initial photoinitiator, and it will not always be active—it could often be disproportionate or recombine .

Scheme 10. Possible dissociation processes

of photoinitiators based on acetophenone .

Other types of unimolecular photoinitiators are those that can form biradicals through intramolecular hydrogen abstraction

(Norrish Type II). This occurs in molecules with a hydrogen atom in the α-position, able to undergo an intramolecular 
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-hydrogen shift. The resulting ketyl radical will most likely terminate by coupling with another free radical species, while

the other radical will initiate polymerization .

Upon the absorption of light with a specific frequency, photoinitiators are promoted from the ground electronic state to an

excited singlet state, from where they can undergo inter-system crossing to a triplet state of comparable energy (Figure
1). It is from the triplet state that the molecule will cleave, generating the radical species . However, Figure 1,

supplemented with the cleavage reaction of triplets only, could be somewhat incomplete since the unimolecular

photoinitiators may cleave either from the singlet or triplet state, depending on the photoinitiator structure, but the

cleavage of singlets is more likely due to their higher energy. Bimolecular photoinitiators work usually from the triplet state,

because the lifetime of most of singlet states is too short to enable bimolecular reactions.

Figure 1. Jablonski diagram illustrating the photoinitiation

of a type I acetophenone initiator.

4.2. Bimolecular Photoinitiators

Photoinitiator systems termed bimolecular involve a photoinitiator that absorbs light, and a co-initiator that serves as a

hydrogen or electron donor. In both cases, the formation of radicals takes place when the photoinitiator is either in the

singlet or triplet excited states. These photoinitiators are typically benzophenone derivatives, thioxanthones,

camphorquinones, benzyls or ketocoumarins .

In initiation by hydrogen abstraction, the co-initiator is usually an ether or an alcohol with an α-hydrogen. The resulting

ether or alcohol radical will be the only initiating species. On the other hand, in photoinitiation by electron transfer, the co-

initiator is typically an amine, and it forms an excited-state complex with the photoinitiator, from where electron transfer

occurs. It is immediately followed by the proton transfer of an α-hydrogen from the amine, resulting in an active amine

radical capable of initiating polymerization. The fact that an amine is present in the system helps to neutralize oxygen

inhibition. In both cases, a ketyl radical is formed, which only participates in termination (Scheme 11) .

Scheme 11. Hydrogen abstraction

and electron transfer of a photoinitiator based on benzophenone .

In addition, there are other bimolecular photoinitiators, not described here, which are among the most common

components used in photoinitiating systems in the last decade, including, among others, polymethine dyes , squaric

acid derivatives  or BODIPY dyes .

5. UV Light

UV light could be considered the fourth essential component of UV curing. In physics, the term ‘light’ refers to

electromagnetic radiation of any wavelength. The spectrum of electromagnetic radiation can be organized by decreasing

wavelength and thus increasing energy into radio waves, microwaves, IR radiation, visible light, UV radiation, X-rays and

gamma rays (Figure 2). Radiation within the UV spectrum can be further divided by wavelength into UVA (315–400 nm),
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UVB (280–315 nm) and UVC (100–280 nm) . The sun emits mainly visible light and infrared radiation, but it also emits

some UV radiation. Of the UV light that reaches the Earth’s surface, more than 95% is UVA, with a small remainder of

UVB and almost no UVC .

Figure 2. Electromagnetic

radiation spectrum.

Each type of radiation will interact differently with matter depending on how energetic it is. Microwaves only cause

changes in the rotational states of atoms and molecules, IR radiation can also trigger vibrational transitions , visible and

UV light are energetic enough to modify the electronic structure by exciting outer-shell electrons, and X-rays can excite

inner-shell electrons (Figure 3).

Figure 3. Schematic representation of electronic (E ),

vibrational (E(v)) and rotational (E(J)) ground and excited states of a diatomic molecule.

The fact that UV and visible light can excite valence shell electrons means that it can trigger chemical reactions such as

free radical photopolymerization. In organic molecules containing σ, π and n electrons, the absorption of UV–vis radiation

is restricted to those molecules that contain chromophore functional groups with valence electrons of low excitation

energy, such as photoinitiators. The electronic transitions that may occur in these systems are depicted in Figure 4.

However, among the outlined transitions, only n → π* and π → π*, the two lowest in energy, are available in the UV–vis

spectrum .

Figure 4. Electron transitions that may occur in

organic molecules.
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For the UV curing to be viable, the absorption spectrum of the photoinitiator must overlap with the emission spectrum of

the light source . The most common types of UV lamps are mercury and Light Emitting Diode (LED) lamps. The

irradiation wavelength for mercury lamps ranges from 185 to 650 nm; however, they are being substituted by the less

hazardous LED lamps, which irradiate at a much narrower range of 390–400 nm, the least energetic UV radiation.

However, the recent developments in LED technology, emitting at 365–370 nm, have allowed the design of novel,

powerful and efficient light sources that lead to the free radical and cationic photopolymerization of monomers , up to

the synthesis of interpenetrating polymer networks (IPNs) .

Figure 5 depicts the absorption spectrum of some unimolecular and bimolecular photoinitiators . It can be seen how

photoinitiators A and C absorb at the UV LED wavelength range, while photoinitiators B and C would not be activated with

an LED lamp.

Figure 5. Absorption spectra of two unimolecular

photoinitiators (A,B) and two bimolecular photoinitiators (C,D) dissolved in acetonitrile at a 0.01% mass fraction .

The overlap between the initiator and light source must preferably not coincide with the absorption peaks of other

components in the photopolymerization , such as monomers or pigments. In systems where there is overlap, higher

light intensities and photoinitiator concentrations are often used.

References

1. Cai, Y.; Jessop, J.L.P. Decreased oxygen inhibition in photopolymerized acrylate/epoxide hybrid polymer coatings as
demonstrated by Raman spectroscopy. Polymer 2006, 47, 6560–6566.

2. Xia, Y.-Z.; Zhang, D.; Li, Z.; Lin, H.; Chen, X.-N.; Oliver, S.; Shi, S.-X.; Lei, L. Toughness modification of cationic UV-
cured cycloaliphatic epoxy resin by hydroxyl polymers with different structures. Eur. Polym. J. 2020, 127, 109594.

3. Sangermano, M. Advances in cationic photopolymerization. Pure Appl. Chem. 2012, 84, 2089–2101.

4. Decker, C. Photoinitiated curing of multifunctional monomers. Acta Polym. 1994, 45, 333–347.

5. Ahmadi, M.; Panahi, F.; Bahri-Laleh, N.; Sabzi, M.; Pareras, G.; Falcone, B.N.; Poater, A. pH-Responsive Gelation in
Metallo-Supramolecular Polymers Based on the Protic Pyridinedicarboxamide Ligand. Chem. Mater. 2022, 34, 6155–
6169.

6. Zhou, L.-P.; Liu, H.-T.; Liu, A.; Zhou, L.; Du, C.; Li, Y. Easily fabricated icephobic surface with external and self-
replenishing properties. Appl. Surf. Sci. 2022, 579, 152069.

7. Das, T.K.; Poater, A. Review on the Use of Heavy Metal Deposits from Water Treatment Waste towards Catalytic
Chemical Syntheses. Int. J. Mol. Sci. 2021, 22, 13383.

8. Jenkins, A.D.; Kratochvíl, P.; Stepto, R.F.T.; Suter, U.W. Glossary of basic terms in polymer science (IUPAC
Recommendations 1996). Pure Appl. Chem. 1996, 68, 2287–2311.

9. Obi, B.E. Polymer Chemistry and Synthesis. In Polymeric Foams Structure-Property-Performance; Elsevier:
Amsterdam, The Netherlands, 2018.

10. Decker, C. Kinetic Study and New Applications of UV Radiation Curing. Macromol. Rapid Commun. 2002, 23, 1067–
1093.

11. Zhao, D.; Liu, S.; Wu, Y.; Guan, T.; Sun, N.; Ren, B. Self-healing UV light-curable resins containing disulfide group:
Synthesis and application in UV coatings. Prog. Org. Coat. 2019, 133, 289–298.

[18]

[65]

[66]

[67]

[67]

[68]



12. Gao, Y.; Romero, P.; Zhang, H.; Huang, M.; Lai, F. Unsaturated polyester resin concrete: A review. Constr. Build. Mater.
2019, 228, 116709.

13. Maurya, S.D.; Kurmvanshi, S.K.; Mohanty, S.; Nayak, S.K. A Review on Acrylate-Terminated Urethane Oligomers and
Polymers: Synthesis and Applications. Polym. Plast. Technol. Eng. 2018, 57, 625–656.

14. Nava, H. Polyesters, Unsaturated. In Encyclopedia of Polymer Science and Technology; John Wiley & Sons, Inc.:
Hoboken, NJ, USA, 2015.

15. Fischer, E.; Speier, A. Darstellung der Ester. Chem. Ber. 1895, 28, 3252–3258.

16. Zimmermann, H.; Rudolph, J. Protonic States and the Mechanism of Acid-Catalysed Esterification. Angew. Chem. Int.
Ed. 1965, 4, 40–49.

17. Slark, A.T.; Sherrington, D.C.; Titterton, A.; Martin, I.K. Branched methacrylate copolymers from multifunctional
comonomers: The effect of multifunctional monomer functionality on polymer architecture and properties. J. Mater.
Chem. 2003, 13, 2711–2720.

18. Cai, Y.; Jessop, J.L.P. Decreased oxygen inhibition in photopolymerized acrylate/epoxide hybrid polymer coatings as
demonstrated by Raman spectroscopy. Polymer 2006, 47, 6560–6566.

19. Xie, F.W.; Halley, P.J.; Avérous, L. Rheology to understand and optimize processibility, structures and properties of
starch polymeric materials. Prog. Polym. Sci. 2012, 37, 595–623.

20. Park, M.N.; Oh, S.W.; Ahn, B.H.; Moon, M.J.; Kang, Y.S. Synthesis of poly(methyl urethane) acrylate oligomer using 2-
Isocyanatoethyl methacrylate for UV curable coating. J. Nanosci. Nanotechnol. 2009, 9, 1277–1280.

21. Pretula, J.; Slomkowski, S.; Penczek, S. Polylactides-methods of synthesis and characterization. Adv. Drug Deliv. Rev.
2016, 107, 3–16.

22. Kale, G.; Auras, R.; Singh, S.P.; Narayan, R. Biodegradability of polylactide bottles in real and simulated composting
conditions. Polym. Test. 2007, 26, 1049–1061.

23. Garlotta, D. A literature review of poly(lactic acid). J. Polym. Environ. 2001, 9, 63–84.

24. Paraskar, P.M.; Hatkar, V.M.; Kulkarni, R.D. Facile synthesis and characterization of renewable dimer acid-based
urethane acrylate oligomer and its utilization in UV-curable coatings. Prog. Org. Coat. 2020, 149, 105946.

25. Lee, S.H.; Kim, S.H.; Han, Y.K.; Kim, Y.H. Synthesis and degradation of end-group functionalized polylactide. J. Polym.
Sci. Part A Polym. Chem. 2001, 39, 973–985.

26. Ren, J.M.; Mckenzie, T.G.; Fu, Q.; Wong, E.H.H.; Xu, J.T.; An, Z.; Shanmugam, S.; Davis, T.P.; Boyer, C.; Qiao, G.G.
Star polymers. Chem. Rev. 2016, 116, 6743–6836.

27. Cameron, D.J.A.; Shaver, M.P. Aliphatic polyester polymer stars: Synthesis, properties and applications in biomedicine
and nanotechnology. Chem. Soc. Rev. 2011, 40, 1761–1776.

28. Yuan, Z.; Liu, Q.; Pan, X.; Wang, J.; Jin, M.; Li, J. Preparation and properties of star-shaped UV-curable polyester
methacrylate resins with Low viscosity derived from renewable resources. Prog. Org. Coat. 2021, 157, 106324.

29. Bonneaud, C.; Burgess, J.; Vitale, A.; Trusiano, G.; Joly-Duhamel, C.; Friesen, C.M.; Bongiovanni, R.
Perfluoropolyalkylether Maleimides for Protection From Oxygen Inhibition and Surface Modification of Photoinitiator-
Free UV-Cured Polymers. Front. Mater. 2020, 6, 346.

30. Khudyakov, I.V. Fast photopolymerization of acrylate coatings: Achievements and problems. Prog. Org. Coat. 2018,
121, 151–159.

31. Chattopadhyay, D.K.; Raju, K.V.S.N. Structural engineering of polyurethane coatings for high performance applications.
Prog. Polym. Sci. 2007, 32, 352–418.

32. Chattopadhyay, D.K.; Panda, S.S.; Raju, K.V.S.N. Thermal and mechanical properties of epoxy acrylate/methacrylates
UV cured coatings. Prog. Org. Coat. 2005, 54, 10–19.

33. Akindoyo, J.O.; Beg, M.D.H.; Ghazali, S.; Islam, M.R.; Jeyaratnam, N.; Yuvaraj, A.R. Polyurethane types, synthesis and
applications—A review. RSC Adv. 2016, 6, 114453–114482.

34. Dworakowska, S.; Bogdał, D.; Zaccheria, F.; Ravasio, N. The role of catalysis in the synthesis of polyurethane foams
based on renewable raw materials. Catal. Today 2014, 223, 148–156.

35. Raheem, K.; Cassidy, J.; Betts, A.; Ryan, B. Use of confocal Raman microscopy to characterise ethyl cyanoacrylate
adhesive depth curing. Phys. Chem. Chem. Phys. 2020, 22, 23899–23907.

36. Mailhot-Jensen, B.; Komvopoulos, K.; Ward, B.; Tian, Y.; Somorjai, G. Mechanical and friction properties of
thermoplastic polyurethanes determined by scanning force microscopy. J. Appl. Phys. 2001, 89, 5712–5719.



37. Parvate, S.; Mahanwar, P.; Dispers, J. Advances in self-crosslinking of acrylic emulsion: What we know and what we
would like to know. Sci. Technol. 2019, 40, 519–536.

38. Bae, C.J.; Ramachandran, A.; Chung, K.; Park, S. Ceramic Stereolithography: Additive Manufacturing for 3D Complex
Ceramic Structures. J. Korean Ceram. Soc. 2017, 54, 470–477.

39. Roper, T.M.; Kwee, T.; Lee, T.Y.; Guymon, C.A.; Hoyle, C.E. Photopolymerization of pigmented thiol–ene systems.
Polym. J. 2004, 45, 2921–2929.

40. Ahmed, M.M.M.; Chi, Y.-T.; Hung, Y.-H.; Reyes, L.M.C.; Yeh, J.-M. UV-cured electroactive polyurethane acrylate
coatings with superhydrophobic surface structure of biomimetic peacock feather for anticorrosion application. Prog.
Org. Coat. 2022, 165, 106679.

41. Truc, T.A.; Pébère, N.; Hang, T.T.X.; Hervaud, Y.; Boutevin, B. Evaluation of corrosion performance of a UV-cured
polyurethane coating in the presence of organic phosphorous compounds. Prog. Org. Coat. 2004, 49, 130–136.

42. Findik, V.; Findik, B.K.; Aviyente, V.; Monari, A. Origins of the photoinitiation capacity of aromatic thiols as
photoinitiatiors: A computational study. Phys. Chem. Chem. Phys. 2021, 23, 24377–24385.

43. Chawla, M.; Poater, A.; Besalú-Sala, P.; Kalra, K.; Oliva, R.; Cavallo, L. Theoretical characterization of sulfur-to-
selenium substitution in an emissive RNA alphabet: Impact on H-bonding potential and photophysical properties. Phys.
Chem. Chem. Phys. 2018, 20, 7676–7685.

44. Chawla, M.; Poater, A.; Oliva, R.; Cavallo, L. Structural and energetic characterization of the emissive RNA alphabet
based on the isothiazolo pyrimidine heterocycle core. Phys. Chem. Chem. Phys. 2016, 18, 18045–18053.

45. Tullier, M. Thiol-Acrylate Polymerization Kinetics and Applications in Microfluidics. Ph.D. Thesis, Louisiana State
University, Baton Rouge, LA, USA, 2016.

46. Tehfe, M.-A.; Mondal, S.; Nechab, M.; Dumur, F.; Bertrand, M.P.; Graff, B.; Gigmes, D.; Fouassier, J.-P.; Lalevée, J.
New Thiols for Photoinitiator-Free Thiol-Acrylate Polymerization. Macromol. Chem. Phys. 2013, 214, 1302–1308.

47. Lago, M.A.; de Quirós, A.R.; Sendón, R.; Bustos, J.; Nieto, M.T.; Paseiro, P. Photoinitiators: A food safety review. Food
Addit. Contam. Chem. Anal. Control Expo. Risk Assess. 2015, 32, 779–798.

48. Rist, G.; Borer, A.; Dietliker, K.; Desobry, V.; Fouassier, J.P.; Ruhlmann, D. Sensitization of α-aminoketone
photoinitiators: A time-resolved CIDNP and laser spectroscopy investigation. Macromolecules 1992, 25, 4182–4190.

49. Kim, M.H.; Lee, J.-B.; Choi, K.-Y. Discoloration mechanism of UV-curable polymer/metal hybrid coating. J. Ind. Eng.
Chem. 2013, 19, 292–298.

50. Decker, C.; Masson, F.; Schwalm, R. Weathering resistance of waterbased UV-cured polyurethane-acrylate coatings.
Polym. Degrad. Stab. 2004, 83, 309–320.

51. Myers, T.N. Initiators, Free-Radical. In Encyclopedia of Polymer Science and Technology; John Wiley & Sons, Inc.:
Hoboken, NJ, USA, 2002.

52. Noble, B.B.; Mater, A.C.; Smith, L.M.; Coote, M.L. The effects of Lewis acid complexation on type I radical
photoinitiators and implications for pulsed laser polymerization. Polym. Chem. 2016, 7, 6400–6412.

53. Tomal, W.; Ortyl, J. Water-Soluble Photoinitiators in Biomedical Applications. Polymers 2020, 12, 1073.

54. Kabatc, J.; Zadruyńska, A.; Czech, Z.; Kowalczyk, A. The synthesis, spectroscopic and electrochemical properties, and
application of new dyeing photoinitiator systems for acrylate monomers polymerization. Dyes Pigm. 2012, 92, 724–731.

55. Kabatc, J.; Jurek, K. New two- and three-cationic polymethine dyes. Synthesis, properties and application. Dyes Pigm.
2015, 112, 24–33.

56. Giacoletto, N.; Ibrahim-Ouali, M.; Dumur, F. Recent Advances on Squaraine-based Photoinitiators of Polymerization.
Eur. Polym. J. 2021, 150, 110427.

57. Kabatc, J.; Kostrzewska, K.; Jurek, K. Squaric acid derivative effects on the kinetics of photopolymerization of different
monomers. RSC Adv. 2016, 6, 74715–74725.

58. Balcerak, A.; Kwiatkowska, D.; Kabatc, J. Novel photoinitiators based on difluoroborate complexes of squaraine dyes
for radical polymerization of acrylates upon visible light. Polym. Chem. 2022, 13, 220–234.

59. Skotnicka, A.; Kabatc, J. New BODIPY Dyes Based on Benzoxazole as Photosensitizers in Radical Polymerization of
Acrylate Monomers. Materials 2022, 15, 662.

60. Germer, T.A.; Zwinkels, J.C.; Tsai, B.K. Theoretical Concepts in Spectrophotometric Measurements. Exp. Methods
Phys. Sci. 2014, 46, 11–66.

61. Maverakis, E.; Miyamura, Y.; Bowen, M.P.; Correa, G.; Ono, Y.; Goodarzi, H. Light, including ultraviolet. J. Autoimmun.
2010, 34, J247–J257.



62. Baroncini, M.; Canton, M.; Casimiro, L.; Corrà, S.; Groppi, J.; la Rosa, M.; Silvi, S.; Credi, A. Photoactive Molecular-
Based Devices, Machines and Materials: Recent Advances. Eur. J. Inorg. Chem. 2018, 2018, 4589–4603.

63. He, X.; Gao, Y.; Nie, J.; Sun, F. Methyl Benzoylformate Derivative Norrish Type I Photoinitiators for Deep-Layer
Photocuring under Near-UV or Visible LED. Macromolecules 2021, 54, 3854–3864.

64. Robert, J.D.; Caseiro, M.C. Basic Principles of Organic Chemistry, 2nd ed.; W.A. Benjamin, Inc.: Menlo Park, CA, USA,
1977; Photochemistry.

65. Sangermano, M.; Razza, N.; Crivello, J.V. Cationic UV-curing: Technology and applications. Macromol. Mater. Eng.
2014, 299, 775–793.

66. Dietlin, C.; Schweizer, S.; Xiao, P.; Zhang, J.; Morlet-Savary, F.; Graff, B.; Fouassiera, J.-P.; Lalevée, J.
Photopolymerization upon LEDs: New photoinitiating systems and strategies. Polym. Chem. 2015, 6, 3895–3912.

67. Rongxia, B.; Shiyong, L.; Wencai, X.; Ruiqiang, M.; Di, H.; Kelin, M.; Jiangwei, H.; Yong, X.; Caichang, L.
Characterization of the UV-visible absorption spectra of commonly used photoinitiators. J. Syst. Control Eng. 2017, 1,
18–20.

68. Ashfaq, A.; Clochard, M.-C.; Coqueret, X.; Dispenza, C.; Driscoll, M.S.; Ulański, P.; Al-Sheikhly, M. Polymerization
Reactions and Modifications of Polymers by Ionizing Radiation. Polymers 2020, 12, 2877.

Retrieved from https://encyclopedia.pub/entry/history/show/61256


