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Push—pull benzophenone derivative-based visible
photoinitiating systems: synthesis,

characterization, properties, and application for
free radical photopolymerization under LEDs

Qingging Wu,

*a Jingdong Guo,? Mingsen Deng® and Fushao Li®

This study presents four (4-benzylamino-3-nitrophenyl) (phenyl)methanone derivatives (BP-NBR). They

exhibit broad absorption peaks in the wavelength region of 350-500 nm, exhibiting a fairly good overlap

with the emission spectra of light-emitting diodes (LEDs). In the presence diaryliodonium (lod) or ethyl

4-(dimethylamino)benzoate (EDB), BP-NBR show high efficiency, although they show low activity as

one-component system upon LED exposure. The proposed mechanism is as follows: the benzophenone

segment is inactive due to its non-coplanar benzene groups. Instead, the 2-benzylamino-nitrophenyl
segment serves as the photosensitizer. Moreover, the para-substituent of the benzylamino group has an
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effect on its initiation efficiency. The photoinitiation rate offered by BP-NBR/EDB is faster than that

offered by the commercial photoinitiator 4-aminobenzophenone (BPNMe,)/EDB system upon exposure

DOI: 10.1039/d6ra01087c to 450 nm LED

photopolymerization.

light. Thus,

rsc.li/rsc-advances

1. Introduction

Photopolymerization has garnered significant attention over
the past few decades as an alternative to traditional thermal
polymerization. As it proceeds in the absence of solvents and
offers excellent spatiotemporal control,’ it has been adopted
in a wide array of industrial applications. These range from
their use in coatings and adhesives to electronic chips, dental
resins, and advanced 3D/4D printing technologies.*** The
photoinitiator (PI) plays a pivotal role within a photocurable
resin formulation.™ It is responsible not only for initiating the
photopolymerization reaction but also for determining the
ultimate properties and performance of the cured materials.™

Recently, the development of photocurable resins that can
be polymerized under visible light-emitting diode (LED) expo-
sure has garnered considerable attention.”*° LED technology
has developed rapidly in recent years and has gained wide-
spread popularity due to its numerous advantages, including
high-quality illumination, low energy consumption, the
absence of ozone release, long operational lifetimes, and
durability.”* However, a critical challenge that remains to be
solved is the mismatch between the absorption spectra of
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BP-NBR exhibit application potential in

long wavelength LED

conventional photoinitiators (PIs) and the emission spectra of
available light sources, such as in the case of UV-LEDs emitting
above 365 nm and visible LEDs.”> This mismatch results in
inefficient excitation of PIs, which is often reflected in the low
conversion of monomers to polymers. Consequently, the
resulting material may contain unreacted and often toxic
residual monomers. From an industrial perspective, this leads
to significant economic losses due to increased raw material
consumption, higher energy usage, and elevated production
costs.”*** Therefore, there is an urgent need to develop novel PIs
that are compatible with LED light sources, particularly those
emitting at 405 nm or even 435 nm.

Simple diaryl iodonium salts are widely used as initiators for
light-induced polymerization.”*?* However, their absorption
characteristics do not align with the emission spectra of
commercially available light sources, including UV-A LEDs,
visible LEDs, and even medium-pressure mercury lamps.* To
address this limitation, it is necessary to develop high-
performance initiation systems that combine an iodonium
salt with a photosensitizer molecule capable of enhancing the
polymerization initiation efficiency.***® In this context, photo-
sensitizers are required to enable the effective activation of
iodonium salts under visible light irradiation.

As a UV PI, benzophenone is particularly useful; its versa-
tility, low price, and strong absorption make it ideal for various
applications. However, due to its maximum absorption wave-
length of 257 nm, its absorption capacity in the visible light
range is poor. With the development of LED light sources,

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Chemical structures of the Pls (BP-NBR, BPNMe,, BP, ITX, and TPO), additives (EDB and lod), monomer (HDDA), and capture agent

(PBN).

broadening the absorption spectrum range of benzophenone
series PIs has become an important research direction.**° In
the present work, (4-benzylamino-3-nitrophenyl)(phenyl)
methanone derivatives were employed as photosensitizers in
conjunction with iodonium salts, providing an efficient strategy
for initiating and controlling photopolymerization processes.
The presence of both amino (electron-donating) and nitro
(electron-withdrawing) groups creates a push-pull system
within the molecule, which facilitates an efficient intersystem
crossing to the excited triplet state,*~** thereby enhancing the
photosensitizing efficiency. Upon irradiation, these photosen-
sitizers induce electron transfer to iodonium salts, generating
reactive species that subsequently initiate the polymerization of
monomers to polymers.

The structures of the investigated PIs, additives, monomer,
and capture agent are shown in Scheme 1. Four new benzo-
phenone derivatives (BP-NBR) with absorption at longer wave-
lengths than the commercial 4-(dimethylamino)benzophenone
(BPNMe,) were reported. These compounds were incorporated
into two-component photoinitiating systems, namely, PI/Iod
and PI/EDB, to generate active radicals for free radical poly-
merization upon visible light irradiation. The introduction of
various substituents onto the benzophenone scaffold provided
an opportunity to investigate the structure-reactivity-efficiency
relationships of these derivatives as photosensitizers in free
radical polymerization.

2. Results and discussion
2.1 Synthesis of BP-NBR

BP-NBR were synthesized by nucleophilic substitution between
(4-amino-3-nitrophenyl)(phenyl)methanone and benzyl
bromide derivatives. The synthetic route is shown in Scheme 2.
The synthesis procedure and the 'H NMR, "*C NMR, FTIR, and
HRMS spectra are shown in the SI.

© 2026 The Author(s). Published by the Royal Society of Chemistry

2.2 Absorption properties of BP-NBR

The UV-visible absorption spectra of BP-NBR in acetonitrile are
shown in Fig. 1a. The maximum absorption wavelengths (Amax)
were observed at 413 nm, 415 nm, 411 nm, and 409 nm for BP-
NB, BP-NBtBu, BP-NBI, and BP-NBCF;, respectively. Remark-
ably, BP-NBR exhibit a narrow absorption band in the near-Uv
region (350-450 nm), attributed to the ® — =* transitions.
This spectral feature ensured a fairly good overlap with the
emission spectra of the LEDs used in this work (at 405 nm,
435 nm and 450 nm). The maximum absorption wavelength of
BPNMe, in acetonitrile located at 345 nm is considered for
comparison.”>** BP-NBR display a redshift of approximately
65 nm in their A, relative to BPNMe,, which is primarily
ascribed to the enhanced intramolecular charge transfer (ICT)
effect resulting from the presence of both nitro and benzyla-
mino groups.*® The theoretical absorption spectra of BP-NBR
are presented in Fig. 1b-e. Based on the oscillator strength (f),
the theoretical spectra reveal a weak excited singlet transition S;
for all the variants. The calculated energy absorption bands are
in agreement with the experimental data.

The optimized geometries and corresponding frontier
molecular orbitals (highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO)) of BP-NBR
were calculated using time-dependent density functional theory
(TD-DFT) at the B3LYP/6-311g(d,p) level. Results are summa-
rized in Table 1. The benzophenone segment in BP-NBR adopts
a non-coplanar conformation, which may influence its photo-
physical behavior. The dihedral angles () between the two
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Scheme 2 Synthetic route of BP-NBR.
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Fig. 1 (a) UV-vis absorption spectra of BP-NBR in acetonitrile (IBP-NBR] = 1.5 x 10~% mol L™3). (b)—(e) Theoretical UV-vis absorption spectra of

BP-NBR in acetonitrile calculated using B3LYP/6-311g(d,p).

phenyl rings of the benzophenone segment are shown in Table
1, which were 50.5°, 50.6°, 50.6°, and 50.9° for BP-NB, BP-
NBtBu, BP-NBI, and BP-NBCF;, respectively. The large dihe-
dral angles indicate a significant twist in the benzophenone
core. The HOMO energy denotes the electron donation behavior
of the molecular system, while the LUMO energy reflects its
electron-accepting ability; these values govern the chemical
stability of the molecule.*

The HOMO-LUMO energy gaps were calculated to be 3.54,
3.53, 3.54, and 3.55 eV for BP-NB, BP-NBtBu, BP-NBI, and BP-
NBCF;, respectively, indicating that the substituents had
a negligible effect on the energy gap. Molecular orbital (MO)
analysis revealed that all investigated compounds exhibited
a charge transfer characteristic. For instance, in BP-NB, the

Table 1
HOMO-LUMO energy gaps

HOMO was predominantly localized on the benzene ring, which
is connected to the nitro group, whereas the LUMO was mainly
localized on the nitro-benzene moiety. This spatial separation
of the electron density upon excitation is a characteristic of ICT.

There was no fluorescence emission signal at an excitation
wavelength of 420 nm. This is in accordance with the
literature reports.””~** These reports indicate that a very short
singlet lifetime and a rather large yield of phosphorescence are
common features of such systems. However, the short lifetime
of the triplet at room temperature did not allow its direct
spectral characterization. The singlet excited states (S;), the
vertical excited state (S,), and triplet states (T; and T,) were
calculated using TD-DFT, and their relative energies are depic-
ted in Fig. 2 and Table S1. Upon photoexcitation, BP-NBR were

Contour plots of the frontier molecular orbitals for Pls, dihedral angles between the two phenyl rings of benzophenone, and their
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Fig. 2 Jabtonski-type diagram showing the singlet state and triplet
state energies relative to that of the Sy state for BP-NBR. (IC: internal
conversion; ISC: intersystem crossing; FL: fluorescence; PH:
phosphorescence).

promoted from S, to S,. Subsequently, S, underwent a rapid
internal conversion (IC) to S;. From S,, several deactivation
pathways were possible: return to the ground state (S,) via IC,
fluorescence emission, photochemical reaction, or intersystem
crossing (ISC) to the higher triplet state T,. The T, state then
decayed internally to the lowest triplet state T;, which could
further undergo photochemical reactions.

To accurately elucidate the nature of electron excitations and
explore the degree of intramolecular charge distribution in the
BP-NBR systems, we employed the hole-electron analysis
method. The distribution of holes and electrons in the singlet
excited state is presented in Table 2. In the diagrams, the orange
and blue denote electron and hole densities, respectively, with
electron exciton occuring from the blue regions (holes) to the
orange regions (electrons). In the S; state, electrons are
predominantly concentrated on the nitro group, while holes are
mainly located on the -NCH,- and CO groups, indicating an
electronic transition from the -NCH,- and CO groups to the
nitro group.

2.3 Photopolymerization kinetics

To evaluate the efficiency of these compounds as PIs, photo-
polymerization kinetics studies were performed upon irradia-
tion with 405 nm LED light. Results indicated that BP-NBR were
able to initiate the free radical polymerization of HDDA,
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Fig. 3 Photopolymerization profiles of HDDA initiated by Pls upon
exposure to 405 nm LED light (I = 120 mW cm™2): (a) double bond
conversion vs. time and (b) R, vs. time; [PI] = 1%.

indicating their lower reactivity compared with 4-bi-
s(benzylamino) benzophenone derivatives.”® The final conver-
sion achieved with BP-NBR was 2-12%. The photoinitiated rates
(Rp) followed the order of BP-NBCF; > BP-NB > BP-NBI > BP-
NBtBu. As shown in Table 1, the dihedral angles between the
two phenyl rings of the benzophenone segment range from
50.5°-50.9° for BP-NBR, confirming their non-coplanar geom-
etry. This twisted conformation provided a structural rationale
for the low initiating activity in one-component BP-NBR systems
(Fig. 3). In conventional benzophenone-based type II PlIs,
a coplanar conformation facilitates intersystem crossing to the
reactive triplet state and subsequent hydrogen abstraction. The
pronounced non-planarity observed here (§ = 50°) likely di-
srupted this process, rendering the benzophenone moiety
photochemically inactive. The 2-benzylamio-nitrophenyl
segment, which maintained a push-pull configuration, served
as the actual photosensitizing unit. Additionally, in the BP-NBR
structure, the nitrobenzene segments abstract hydrogen from
the benzyl amino group due to the formation of an intra-
molecular hydrogen bond between the nitro and benzyl amino
groups. Then nitrogen-centered radicals may be yielded, but
their instability makes them inefficient at adding to acrylate
monomers, resulting in low initiation activity of the one-
component initiating system.

However, BP-NBR were efficiently activated in the presence
of ethyl 4-(dimethylamino)benzoate (EDB). Under various LEDs
exposures, BP-NBR/EDB successfully initiated the polymeriza-
tion of HDDA, and the photopolymerization kinetics profiles are
shown in Fig. 4. The final conversion achieved with different BP-
NBR/EDB systems was nearly identical. The photoinitiated rates
followed the order of BP-NBCF; > BP-NBI = BP-NB > BP-NBtBu.
This can be attributed to the physical constraints inherent in

Table 2 Distribution of the holes and electrons of BP-NBR in the singlet excited state

PIs BP-NB BP-NBI

BP-NBtBu BP-NBCF;

So = S j@%ﬁ-’— %
N
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Fig.4 Photopolymerization profiles of HDDA initiated by Pls/EDB upon exposure to different LEDs: (a and b): 405 nm, (I = 120 mW cm™2); (c and
d): 435 nm (I = 110 mW cm~?); and (e and f): 450 nm (I = 140 mW cm~2). (a, c and e): double bond conversion vs. time and (b, d and f): R, vs. time;

[PIl = 1%, [EDB] = 3%.

the photopolymerization reaction. The termination of the
polymerization reaction was primarily governed by the limita-
tion of chain segment mobility resulting from the glass transi-
tion of the system. As the reaction approached high conversion,
the system viscosity increased dramatically, hindering the
diffusion of the remaining double bonds and thereby termi-
nating the polymerization. Consequently, although the initia-
tion rate determined the time required to reach the gel point, all
systems achieved a similar ultimate conversion dictated by the
glass transition of the system.

For comparison, BPNMe, was employed as a benchmark PI
and was irradiated with 450 nm LED light (Fig. 4e and S19). The
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Fig.5 Photopolymerization profiles of HDDA initiated by (a and b) Pls/
EDB and (c and d) Pls/lod upon 405 nm LED light irradiation (I = 120
mW cm ). (aand c): double bond conversion vs. time and (b and d): R,,
vs. time; [Pl = 2 x 107> mol g%, [EDB] = [lod] = 5 x 10~° mol g~*
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BP-NBR/EDB systems showed a higher initiation rate and final
conversion than the BPNMe,/EDB, BP/EDB and ITX systems.
The final conversion of BP-NBR/EDB was lower than that of the
TPO system or ITX/EDB systems. In these systems, the nitro-
benzene moiety, in combination with tertiary amines, has been
reported to act as an efficient PI for acrylic monomers.”” As
shown in Fig. 5a and b, when BP-NBR were used at the same
molar ratio relative to the monomer, the photoinitiation rate
followed the order of BP-NBCF; > BP-NBI > BP-NB > BP-NBtBu.
Furthermore, BP-NBR were capable of initiating the polymeri-
zation of HDDA in the presence of Iod. The corresponding
photopolymerization profiles are presented in Fig. 5c and d. In
this case, the order of photoinitiation rate was BP-NB > BP-
NBtBu = BP-NBI > BP-NBCF;.

2.4 Photochemical mechanism

The photolysis behavior of BP-NB in various systems was
investigated, with the corresponding spectral changes shown in
Fig. 6. Upon irradiation with 405 nm LED light, the absorption
spectrum of BP-NB alone initially decreased within the first 5
minutes, followed by an increase upon prolonged exposure. A
similar trend was observed in the presence of EDB: the absor-
bance decreased after 5 min of irradiation and then increased
with continued illumination. In contrast, the steady-state
photolysis of BP-NB in the presence of Iod proceeded slowly
under the same irradiation conditions, with the absorbance
decreasing monotonically over time and no subsequent
increase. This distinct behavior was directly associated with the
specific interaction between BP-NB and Iod.

Electron paramagnetic resonance spin trapping (EPR-ST)
experiments were carried out at room temperature to identify
the active radicals generated in different BP-NB-based systems
using «a-phenyl-N-tert-butylnitrone (PBN) as the trapping agent.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Photolysis spectra of BP-NB in different systems upon 405 nm LED light irradiation for different times. ([BP-NB] = 1.5 x 10~* mol L%,

[EDB] = [lod] = 3 x 1073 mol L™t in acetonitrile).
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Fig. 7 EPR-ST spectra of the radical adduct captured by PBN in
different photoinitiating systems in tert-butylbenzene exposed to
405 nm LED light (black line: experimental spectra; red line: simulated
spectra).

As shown in Fig. 7, no active radicals were detected in the
system containing BP-NB in tert-butylbenzene alone.”* In
contrast, in the presence of EDB, the aminoalkyl radicals were
observed in the BP-NB/EDB system, with hyperfine coupling
constants of ay = 14.0 G and ay = 2.3 G. For the BP-NB/Iod
system, the detected radical exhibited hyperfine coupling
constants of oy = 14.3 G and ay = 2.3 G.

The proposed photochemical mechanism of BP-NBR is
illustrated in Scheme 3. BP-NBR are bifunctional molecules

containing both electron donor and acceptor groups.” Upon
irradiation, BP-NBR absorb photons and get promoted to an
excited state. Then, a photochemical hydrogen atom transfer
occurs from the amine to the nitro segment, facilitated by the
formation of a hydrogen-bonded complex during the reac-
tion.*** This process may involve both intramolecular and
intermolecular hydrogen transfers. Given that hydrogen bonds
are present in the ground state of BP-NBR, the intramolecular
pathway is likely predominant. The photoinduced intra-
molecular hydrogen transfer disrupts the extended conjugated
system of the excited-state BP-NBR, leading to a decrease in
absorbance. Subsequently, a nitrogen-centered radical is
generated. The nitrogen radical is unstable and reacts poorly
with monomers. Further, it cannot be captured by PBN.
Consequently, no radical species were detected by EPR-ST in the
BP-NB system, which aligned well with the photopolymerization
results. The final products resulting from radical quenching
possessed a larger and more stable conjugated system, exhib-
iting enhanced absorption near the An,.x (or at longer wave-
lengths). This is corroborated by the photolysis results, which
showed enhanced absorption at longer wavelengths after
exposure times exceeding 15 min.

The proposed mechanism for BP-NBR in the presence of
EDB is shown in Scheme 4. Although BP-NBR alone exhibits
certain stability, it has been found to undergo intermolecular
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Scheme 3 Proposed mechanism for the one-component BP-NBR systems.
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hydrogen abstraction in the presence of EDB.** The interaction
between BP-NBR and EDB involves an electron transfer reac-
tion, followed by proton transfer, generating the EDB-derived
radical (EDB (4y) capable of initiating free radical polymeriza-
tion.***” This proposed pathway was consistent with both the
EPR-ST and photopolymerization results. Additionally, the
absorbance of BP-NB in the BP-NB/EDB system was slightly
higher than that in the one-component BP-NBR systems, sug-
gesting that BP-NBR and EDB formed a weak charge transfer
complex in the ground state.

The proposed mechanism for BP-NBR in the presence of Iod
is shown in Scheme 5. Upon irradiation, BP-NBR absorb
a photon and get promoted to an excited state (either singlet or
triplet). Subsequently, an electron transfer occurs from the
excited BP-NBR (donor) to Iod (acceptor). This interaction ulti-
mately leads to the generation of an aryl radical (Ar-), which
serves as the initiating species for free radical polymerization.
The formation of Ar- was confirmed by the EPR-ST results.
Specifically, the phenyl radicals (Ar-) were detected as PBN/Ar-
radical adducts upon the irradiation of the BP-NB/Iod solution;
simulation of the experimental EPR spectrum yielded hyperfine
coupling constants of ay = 14.3 G and o = 2.3 G. These

radicals were 4-tert-butylphenyl radicals derived from Iod, and
the results were consistent with the previous studies.®** Based
on the EPR-ST investigation and real-time FTIR experiments,
aryl radicals were generated in this bimolecular photoinitiating
system upon visible LED irradiation. In the BP-NBR/Iod
photolysis system, the absorbance of BP-NBR decreased rapidly
upon irradiation, with no subsequent increase observed in
contrast to the behavior seen in the BP-NBR alone or BP-NBR/
EDB systems (Fig. 6).

The Rehm-Weller equation was employed to calculate the
free energy change associated with the photoinduced electron
transfer from the donor to acceptor. To perform these calcula-
tions, the photoredox properties of all the components of the
photoinitiating system were required. Therefore, the reduction
and oxidation potentials of BP-NBR were determined by cyclic
voltammetry (Fig. 8). The free energy changes (AG) for the
electron transfer processes were then calculated using the
classical Rehm-Weller equation, and the results are shown in
Table 3. As shown, the AG..*' values were all negative, indicating
that both the electron transfers from BP-NBR to Iod and EDB to
BP-NBR were thermodynamically favorable.*

Scheme 5 Proposed mechanism for the BP-NBR/lod system.
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Fig. 8 Cyclic voltammograms for BP-NBR in acetonitrile.

Potential(V)

Table 3 Parameters for characterizing the free energy changes of the PET reaction between Pls and lod or EDB*

PIs Eox (V) Erea (V) Eg AGe™" (eV) AGroq™ (eV) AGgpg™ (eV)
BP-NB 1.49 —0.68 2.36 —0.19 —0.19 —0.68
BP-NBI 1.48 —0.64 2.37 —0.25 —0.21 —0.73
BP-NBtBu 1.49 —0.64 2.39 —0.26 —0.22 —0.75
BP-NBCF; 1.50 —0.67 2.37 —0.20 —0.19 —0.70

“ Egy-siglet state energy calculated from molecular orbital calculations. The reduction potential for the diaryliodonium salt: E;.qlod = —0.68 V vs.

SCE;**** the oxidation potential for the EDB: E,,EDB = 1.00 V vs. SCE.*>*®
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Fig. 9 TGA and DTG thermograms of BP-NBR under a nitrogen atmosphere.

2.5 Thermal stability

Thermogravimetric analysis (TGA) was performed to evaluate
the thermal stability of BP-NBR. The corresponding thermog-
ravimetric analysis/differential thermogravimetric(TGA/DTG)
thermograms are presented in Fig. 9. Under an N, atmo-
sphere, the temperatures corresponding to 10 wt% weight loss
(T4) ranged from 218 °C to 256 °C, following the order of BP-NB
(256.8 °C) > BP-NBtBu (237.2 °C) > BP-NBI (230.6 °C) > BP-

© 2026 The Author(s). Published by the Royal Society of Chemistry

NBCF; (217.8 °C). The onset of decomposition varied among the
derivatives: BP-NBCF; began to decompose at around 150 °C,
BP-NBtBu and BP-NBI at around 200 °C, and BP-NB at around
230 °C, followed by a rapid weight loss in all cases. The residual
char yields at elevated temperatures followed the order of BP-
NBI (20.5%) > BP-NBtBu (16.0%) > BP-NB (6.3%) > BP-NBCF;
(2.6%). These results demonstrated that the electron-
withdrawing CF; group significantly accelerated thermal
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decomposition, while the electron-donating tert-butyl group
imparted intermediate stability, and the unsubstituted BP-NB
showed the highest thermal resistance at 150-250 °C. In the
temperature range of 350-600 °C, BP-NBR underwent a contin-
uous weight loss, without distinct multiple decomposition
steps, suggesting a single-stage degradation mechanism for all
variants. However, the variation in residual char yields implied
differences in the degradation pathways: BP-NBI and BP-NBtBu
appeared to undergo partial carbonization, while BP-NB and BP-
NBCF; decomposed completely to volatile products. The
electron-donating nature of the tert-butyl and heavy iodide
groups stabilized intermediate radical species, promoting
recombination and char formation, while the electron-
withdrawing CF; group favored fragmentation and volatiliza-
tion. The TGA experiment demonstrated that the BP-NBR
possess excellent thermal stability and storage stability,
meeting the requirements for industrial applications.®’

3. Conclusions

In summary, four (4-benzylamino-3-nitrophenyl) (phenyl)
methanone derivatives (BP-NBR) were synthesized and utilized
in free radical photopolymerization. These compounds exhibi-
ted broad absorption in the 350-500 nm range, enabling effi-
cient overlap with the emission spectra of commercially
available LEDs. Although BP-NBR alone showed low initiating
activity under LED irradiation, they effectively sensitized both
Iod and EDB in two-component photoinitiating systems.
Notably, the BP-NBR/EDB systems exhibited faster photo-
initiation rates than the commercial benchmark BPNMe,/EDB
system under 450 nm LED light irradiation, demonstrating
their superior performance at longer wavelengths. Mechanism
studies indicated that the 2-benzylamino-nitropehnyl segment
serves as the photosensitizing unit. The para-substituent on the
benzylamino group significantly influenced the photoinitiation
efficiency, with electron-withdrawing groups (CF;) enhancing
the initiation rate in the presence of EDB and electron-donating
groups (tert-butyl) showing higher activity in combination with
Iod. Thermogravimetric analysis confirmed their good thermal
stability, meeting the requirements for industrial applications.
The findings of this work highlight the potential of push-pull
benzophenone derivatives as versatile photosensitizers for long-
wavelength LED photopolymerization.
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