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a b s t r a c t

As one of the most essential components in photocuring system, photoinitiators (PIs) exert a crucial influ-

ence on the properties of the cured product. However, commercially available PIs encounter challenges in

simultaneously achieving efficient photoinitiation performance and excellent light absorption properties,

significantly limiting their applications in various fields. Here, two bis-chalcones and four corresponding

oxime esters (OXEs) were designed and synthesized as highly efficient PIs. Featuring a structure compris-

ing bis-chalcone and two diphenyl sulfides, the conjugated systems in these compounds enhance their

light-absorption properties in near-ultraviolet and visible region, effectively. Both the frontier molecular

orbital simulations and excited state calculations suggest the contribution of sulfur atoms to electron de-

localization and the formation of conjugated structure. Due to the high reactivity of the N–O bond in

OXE moiety, the four OXEs exhibit exceptional free radical photoinitiating ability in commercial acrylic

monomers/oligomers with LED@365nm as light source. Notably, one of them demonstrates superior per-

formance in the photoinitiation of multifunctional crosslinker, achieving more than 70% conversion within

3 s, coupled with outstanding absorption at 365nm. These chalcone-based OXEs are considered to exert

significant potential in the realm of free radical photocuring.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Possessing the “5E” (Efficient, Energy Saving, Environmentally

Friendly, Economical and Enabling) characteristic, photopolymer-

ization has been extensively utilized across various critical fields,

such as 3D printing, photoresists and coatings [1-14]. Photoinitia-

tors (PIs), as crucial components in photocuring formulations, de-

termine the rate of photopolymerization, thereby exerting an es-

sential influence on the properties of the resultant products. How-

ever, commercially available PIs confront significant challenges as

conventional light sources are gradually being replaced by light-

emitting diode (LED) [15]. Specifically, LED has narrower wave-

length range and lower power compared to conventional mercury

lamp. For this reason, massive traditional commercial PIs would be

eliminated for the insufficient light-absorption properties. To ad-

dress this issue, researchers have focused on enhancing the light-

absorption properties of PIs [16-21]. For example, Wang et al. de-

signed a series of dyes with double benzylidene ketone structure,

which exhibits notable light-absorption within the visible light re-

gion [17]. However, due to the intrinsic diffusion limitations of
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Type II PIs and co-initiators, their photoinitiating rates are unsat-

isfactory, constraining their practical applications [3,22-24]. There-

fore, there is a pressing need to develop novel PIs that combine

exceptional light-absorption properties with outstanding photoini-

tiating abilities.

Chemical structure invariably exerts a significant influence on

compound performance. Therefore, it is prudent to balance the

photoinitiating abilities and light-absorption properties by in-

troducing chemical moieties properly for PIs’ molecule design.

Chalcones, the cornerstone of numerous biologically intriguing

compounds sourced from nature, have garnered substantial re-

search attention over decades [16,25]. Due to their brilliant light-

absorption properties and photosensitivity, chalcones have been

used in photocuring either as Type Ⅱ PIs or photosensitizers

[26-33]. Recently, Chen et al. have successfully introduced triph-

enylamine into four chalcone structures as one-component Type

Ⅱ PIs, improving the absorption in visible-light region obviously

[26,27]. Meanwhile, chalcone has favorable energy interaction

with iodonium salt (Iod) [28], leading to the development of

three-component photoinitiating systems comprising chalcone, Iod,

and co-initiator [29-31,34]. These systems demonstrate impres-

sive light-absorption properties and photoinitiating abilities in both

radical and cationic photopolymerizations. However, the extensive
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Fig. 1. (a) The construction strategy of chalcone-based OXEs. (b) Synthesis routes of AS1, AS2, AS3 and BS1.

usage of iodonium salt has greatly increased the cost. In addi-

tion, researchers have improved the photoinitiating performance

of chalcones by incorporating the oxime ester (OXE) moiety [35-

37], which triggers the formation of highly active free radicals

through the photolysis of the N–O bond [22,38-41]. Tang et al. in-

troduced the OXE moiety into cyclopentanone-based chalcone suc-

cessfully, resulting in PIs with outstanding light-absorption prop-

erty and photobleaching ability [35]. Nevertheless, the ring struc-

ture of cyclopentanone exhibited negative influences on the for-

mation of conjugated system and electron transfer, thereby dimin-

ishing the photoinitiating rate [42]. Hence, it is imperative to fully

exploit the advantages of both the chalcone moiety and the OXE

moiety through meticulous molecular design, achieving high pho-

toinitiating performance and excellent light-absorption properties

simultaneously.

In this study, chalcone, diphenyl sulfide and OXE were un-

precedentedly combined together, giving four chalcone-based OXEs

(Fig. 1a). These OXEs exhibited outstanding light-absorption prop-

erties in the near ultraviolet and visible light region, which was

attributed to the large conjugated system comprising chalcone

and two diphenyl sulfides. Additionally, electron delocalization and

electron transfer over whole molecule of four OXEs were con-

firmed by energy level transition calculations and frontier molecu-

lar orbital simulations, validating the efficacy of the structure de-

sign strategy. Moreover, real-time Fouriertransform infrared spec-

troscopy (RT-FTIR) and photorheological experiments demonstrated

the excellent photoinitiating abilities of these OXEs in acrylic

monomers/oligomers under near-ultraviolet LED, highlighting the

significant contribution of the OXE moiety. The construction strat-

egy proposed here effectively maximizes the advantages offered

by three moieties (chalcone, diphenyl sulfide and OXE), achieving

outstanding photoinitiating abilities and excellent light-absorption

properties simultaneously.

The chalcone structure exhibits brilliant photobleaching ability

and notable light-absorption in visible light region, and the moiety

connected to the chalcone determines its characterizations. Hence,

diphenyl sulfide was selected to play this role in consider of its

impressive conjugation effect [40,43]. Specifically, a bis-chalcone

(AS) was synthesized via an Aldol condensation reaction. Featur-

ing a bis-chalcone moiety and two benzene sulfides, AS boasts

a large conjugated system symmetrically delocalized throughout.

Furthermore, the lone electron pairs of sulfur atoms in diphenyl

sulfide provide strong electron push-pull effect via p-π conjuga-

tion, significantly enhancing the conjugated system and electron

transfer properties. The conjugated structure and electron transfer

were identified by theoretical calculations. In addition, another bis-

chalcone (BS) was also synthesized to explore the influence of ring

structure. Subsequently, OXE moiety was introduced into two bis-

chalcones to achieve enhanced photoinitiating performance. Since

the photoinitiating abilities of OXEs are significantly influenced by

the substituents attached to ester group [22], three distinct sub-

stituents were carefully selected to impart diverse characteristics

into OXEs. The structures and synthesis route of two bis-chalcones

(AS and BS) and four OXEs (AS1, AS2, AS3 and BS1) derived from

them were outlined in Fig. 1b.

Taking AS1 as an example, the synthesis process of OXEs

was discussed in detail. Firstly, bis-chalcone AS was synthesized

through an Aldol condensation reaction with acetone and two 4-

(phenylthio)benzaldehydes. As illustrated by the 1H NMR spectrum

(Fig. 2a), the resonance signals assigned to the vinyl protons (H1

and H2) appeared, indicating the successful synthesis of AS. Subse-

quently, the carbonyl group was introduced to form 1-AS through
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Fig. 2. 1H NMR spectra of (a) AS, (b) 1-AS and (c) AS1 (500MHz, CDCl3, 298K).

a Friedel-Crafts reaction, which was confirmed by the resonance

signal of methyl protons (H4) in Fig. 2b. The OXE moiety was in-

troduced through two consecutive steps, including a reducing re-

action with hydroxylamine hydrochloride and an esterification re-

action with acetic anhydride. A resonance signal assigned to the

methyl protons (H5) on the ester group was observed (Fig. 2c),

demonstrating the successful synthesis of AS1. Detailed synthesis

methods for other compounds were depicted, and the structures

of PIs were confirmed using 1H NMR, 13C NMR and HRMS (Scheme

S1 and Figs. S2-S17 in Supporting information).

In order to check the light-absorption properties of chalcones

and OXEs, ultraviolet-visible (UV-vis) absorption spectra and fluo-

rescence emission spectra of six compounds were conducted (Fig. 3

Fig. 3. UV–vis absorption spectra of (a) bis-chalcones and (b) OXEs. Steady-state

photolysis curve of (c) AS and (d) AS1. All tests were conducted in ethyl acetate

with PI’s concentration of 1× 10–4 mol/L under 365nm LED, and the light intensity

is 100mW/cm2.

and Fig. S18 in Supporting information). High similarities between

chalcones and their derived OXEs have been observed according

to the results, indicating the significant influence of the chalcone

moiety on OXEs. As shown in Fig. 3a, it is evident that two bis-

chalcones exhibited strong light absorption properties with absorp-

tion peaks around 360nm. This remarkable absorption property of

AS and BS stems from their conjugated system, which comprises

the chalcone structure and the connected benzene sulfides. Mean-

while, four OXEs, exhibiting strong absorption at 365nm, inherited

the outstanding light-absorption properties observed in chalcones

(Fig. 3b). All of the four OXEs showed superior absorption than that

of the commercial OXE-02. It is noteworthy that the cyclic struc-

ture in BS1 showed a negative influence on the absorption prop-

erty, evident by the blue shift of the absorption peak and the de-

cline in absorption coefficient (Table S1 in Supporting information).

Additionally, as shown in Fig. S18a, chalcones and OXEs displayed

analogous low fluorescence emission intensity except AS3, imply-

ing a propensity for non-radiative deexcitation processes [44], such

as the generation of free radicals. Interestingly, unlike other com-

pounds, AS3 showed a relatively strong fluorescence emission in-

tensity, which could be attributed to the benzene in the OXE moi-

ety. Detailed absorption data for chalcones and OXEs were pro-

vided in Table S1.

Interestingly, AS1, AS2, and AS3, all derived from AS, exhib-

ited distinct absorption peaks and absorption coefficients, which

could be attributed to the influence of dihedral angles. As illus-

trated in Fig. S19 (Supporting information), the dihedral angle be-

tween the chalcone plane and the connected benzene plane in AS

and its derivatives were outlined. Their geometric structures were

optimized via CAM-B3LYP/6–31G level calculations. For AS1, AS2

and AS3, the size of dihedral angles (DAS1 < DAS2 < DAS3) were

inversely correlated with absorption coefficients (ε365 nm, AS1 >

ε365 nm, AS2 > ε365 nm, AS3; ε405 nm, AS1 > ε405 nm, AS2 > ε405 nm, AS3).

This was attributed to the fact that a smaller dihedral angle means

a better coplanarity between the chalcone plane and the connected

benzene plane, thereby enhancing the light-absorption [45]. With

the smallest dihedral angle among four OXEs, AS1 exhibited the

most favorable light absorption properties.

Steady-state photolysis experiments were performed to study

the photochemical mechanism of chalcones and OXEs. As illus-

trated in Fig. 3c and Fig. S18b, both AS and BS exhibited signifi-

cant photobleaching properties, with rapid intensity decreased at

their maximum absorption peaks within 2min under exposure to

LED@365nm. The photobleaching mechanism of chalcone has been

extensively studied that the carbonyl in chalcone structure is de-

stroyed under illumination, leading to the destruction of the en-

tire conjugated structure [27,29,46]. Derived from chalcones, all

four OXEs exhibited similar photolysis behavior to their respec-

tive chalcones (Fig. 3d and Figs. S18c-f). And they also displayed

rapid photolysis rate in the visible-light region under LED@365nm,

which suggested a comparable photobleaching mechanism with

chalcones. In this section, the outstanding light-absorption prop-

erties of chalcones and OXEs have been confirmed, indicating the

effectiveness of our strategy to combine chalcone with diphenyl

sulfide.

To gain insight into the excitation features of the chalcones and

OXEs, energy level transition information was computed through

time-dependent density functional theory (TD-DFT). The first ten

singlet excitations and oscillator strengths of six compounds were

depicted in Table S2 (Supporting information), and the calculated

absorption peaks was corresponded with the measured UV–vis

spectra, as illustrated in Figs. 4a and b, and Fig. S20 (Supporting in-

formation, right). For all six compounds, the S0 (ground state)→ S1
(lowest singlet excited state) excitations were negligible, exhibiting

very weak oscillator strengths (f < 0.01). The theoretical predicted

maximum wavelength (λmax) for AS and BS on the low energy side
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Fig. 4. UV–vis absorption spectra of (a) AS and (b) AS1, with the absorption peaks

marked along with their corresponding transitions. Frontier molecular orbital dia-

grams with several main transitions of (c) AS and (d) AS1. The acronyms of HOMO

and LUMO stand for highest occupied molecular orbital and lowest unoccupied

molecular orbital, respectively.

were 354 and 344nm, respectively, corresponding to S0 → S2 exci-

tations with strong oscillator strengths (1.6779 and 1.6776, respec-

tively). The OXEs displayed similar calculated λmax to chalcones,

with λmax, AS1 =352nm, λmax, AS2 =352nm, λmax, AS3 =352nm and

λmax, BS1 =339nm. In addition to S2 excitations, S6 (AS3 and BS1)

or S7 (AS1 and AS2) excitations also exhibited relatively strong os-

cillator strength with absorption at about 260nm, attributed to the

absorption of the OXE moiety.

The frontier molecular orbitals of six compounds were com-

puted and illustrated in Figs. 4c and d and Fig. S20 (left) to ana-

lyze the detailed mechanism of orbital transition progress. AS and

AS1 were chosen as examples to elucidate the intrinsic relation-

ship between chalcone moiety and OXE moiety. As shown in Ta-

ble S1, the πHOMO →π LUMO transition of AS (82%) and AS1 (62%)

constitute the primary type of their S2 excitations, respectively.

The πHOMO →π LUMO transition of AS (Fig. 4c) reveals significant

electronic delocalization from the diphenyl sulfide moiety (primar-

ily the sulfur atom) to the conjugate system of bis-chalcone moi-

ety, indicating the effective enhancement on the conjugated sys-

tem by the sulfur atom. Furthermore, as demonstrated in Fig. 4d,

the πHOMO →π LUMO transition of AS1 is closely resembles that of

AS, showing the significance of chalcone moiety in constructing the

conjugate system and enhancing the light absorption property of

OXE. This resemblance is also found in AS2, AS3 and BS1 (Fig. S20),

further validating the effectiveness of the molecular construction

strategy by combining chalcone and OXE. On the other hand, the

πHOMO →π LUMO+3 transition of AS1, corresponding to the S7 exci-

tation, reveals an obvious electronic delocalization over OXE moi-

ety, leading to high reactivity of the N–O bond [39]. The results

of theoretical simulations elucidate the effects of the conjugated

Fig. 5. (a) EPR spectra of the radicals captured by PBN in DMF under exposure to

LED@365nm. Light intensity is 100mW/cm2. (b) Proposed radical generation mech-

anism of AS1.

structure composed of chalcone and diphenyl sulfide on orbital

transitions and electron transfer, further illustrating the subtlety of

the molecular design.

To analyze the type of free radicals generated by OXEs under il-

lumination, electron spin resonance spin trapping (ESR-ST) experi-

ments were conducted and the free radicals produced by four OXEs

were trapped by PBN in DMF (Fig. 5a). The hyperfine coupling con-

stants for the radical adduct generated by AS1 are αN =15.10G and

αH =3.60G, which can be assigned to the methyl radical (CH3·)
[47]. Similarly, the radical adducts generated by the other three

OXEs were assigned and summarized in Table S3 (Supporting infor-

mation), confirming the cleavage of N–O bond in OXE and the sub-

sequent decarboxylation reaction under irradiation [22,38]. Taking

AS1 as an example, the free radical generation mechanism of OXEs

is illustrated in Fig. 5b. Firstly, a transition of AS1 occurred upon

its excitation under irradiation, leading to the generation of free

radicals through two different pathways. Regarding the chalcone

moiety, a hydrogen atom abstraction reaction occurs between the

carbonyl in chalcone moiety and amine-linked methyl/ethyl in the

co-initiator, resulting in the generation of corresponding radicals

(Norrish II) [27,29,46]. And for the OXE moiety, the cleavage of N–O

bond is thermodynamically favorable due to its low bond energy,

leading to the generation of carbonyl oxygen radical and nitrogen

free radical with low initiation activity. Subsequently, the decar-

boxylation reaction of carbonyl oxygen radical occurs with the gen-

eration of carbon dioxide and the highly active methyl radical (Nor-

rish I). The two coexistent mechanisms for free radical generation

contributed to the rapid photopolymerization rate and curing in-

tegrity of OXEs. Moreover, the multiple initiating methods can ex-

pand the application potential of OXEs in complex environments.

The photoinitiating performance is the primary criteria for eval-

uating a PI. And monitoring the DBC of monomers under illumina-

tion using FTIR is a common method to evaluate photoinitiating

performance. As shown in Figs. 6a and b, and Fig. S21 (Support-

ing information), three commonly used commercial monomers or

oligomers were selected to assess the potential of four OXEs for

application as PIs under LED@365nm. Additionally, OXE-02 was

tested under identical condition to serve as a control group. The

DBC data are summarized in Table S4 (Supporting information).

The results indicate that all four newly synthesized OXEs demon-

strate outstanding photoinitiating properties in three monomers,

indicating their effectiveness and versatility as PIs with LED as

light source. Among them, the AS1 showed the most favorable

photoinitiating performance compared to AS2 and AS3 (Fig. 6c),

which could be attributed to their disparities in light-absorption

and the generation of free radicals. Specifically, AS1 exhibited a

higher absorption coefficient (365nm) of 2.75, compared to AS2

(2.30) and AS3 (2.26), as shown in Table S1. Moreover, the methyl
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Fig. 6. Curves of (a) PEGDA and (b) HDDA polymerization initiated by four OXEs and OXE-02 under exposure to LED@365nm. (c) Photoinitiation performance comparison

of four OXEs in PEGDA, HDDA and TMPTA under LED@365nm for 300 s. (d) Photorheological test of PEGDA with AS1. The intersection of the loss modulus and storage

modulus curves is the gel point, and tgel (s)= t1 (s) −30. (e) AS1 in PEGDA under different light sources (Light intensity IMercury = I365 = I405 = I450 =100mW/cm2). (f) AS/AS1

with co-initiator MDEA in PEGDA under LED@365nm. For all experiments above, the concentration of MDEA and PIs are 1.5× 10−5 mol/g, and DBC represents the double

bond conversion rate.

substituent (–CH3) on ester exhibits higher reactivity in initiating

polymerization compared to n-pentyl substituent [–CH2(CH2)3CH3]

and benzene substituent (–C6H5) [22]. In addition, photorheologi-

cal experiments also demonstrated the remarkable photoinitiating

performance of AS1. As shown in Fig. 6d, the point of intersection

(gel point) between the storage modulus curve and the loss mod-

ulus curve emerged at 3.6 s after the initiation of irradiation, indi-

cating a notably rapid photoinitiating rate superior to that of AS2

(4.8 s), AS3 (10.5 s) and BS1 (no gel point observed) (Table S5 in

Supporting information). Furthermore, AS1 exhibited clear superi-

ority over OXE-02 in PEGDA and HDDA with the impressively rapid

polymerization rate and high final DBC (FDBC, t = 300 s), indicat-

ing significant potential in the photocuring field. Despite achieving

relatively high FDBC values, polymerizations initiated by BS1 dis-

played slower curing rate compared to other groups, with initial

DBC (IDBC, t = 3 s) values of 8%, 14% and 24% for PEGDA, HDDA

and TMPTA, respectively. Moreover, BS1 exhibited inadequate pho-

toinitiating performance, as evidenced by the absence of a gel

point observed in photorheological experiments after 60 s of irradi-

ation. These results could be attributed to the distorted conforma-

tion of cyclohexanone-based bis-chalcone, which impedes electron

delocalization and consequently delays excitation and photochem-

ical reactions.

Considering the brilliant photoinitiation properties of AS1, fur-

ther experiments were conducted to elucidate the polymerization

process in detail. A concentration gradient experiment was carried

out on AS1 to investigate the influence of dosage on photoinitia-

tion performance. As illustrated in Fig. S22a (Supporting informa-

tion), as the concentration increased from 0.05 wt% to 0.50 wt%,

both the IDBC and FDBC showed a noticeable increase (IDBC from

16% to 39%; FDBC from 34% to 87%). However, this increase slowed

down when the concentration was further raised from 0.50 wt%

to 1.00 wt% (IDBC from 39% to 70%; FDBC from 87% to 88%. Apart

from dosage, light intensity also exhibited a strong influence on

photoinitiation ability. With the light intensity of LED@365nm es-

calating from 10mW/cm2 to 100mW/cm2 (Fig. S22b in Supporting

information), the IDBC showed noticeable growth (from 5% to 70%),

while the change in FDBC was small (from 73% to 87%). In addition,

the choice of light source exerts significant influence on photopoly-

merization, and thus the photoinitiation performance of AS1 under

different light sources was characterized in Fig. 6e. According to

the results, AS1 demonstrated suitability under exposure to mer-

cury lamp, near-ultraviolet LED (365nm) and visible-light (405nm)

LED with high FDBC of 85%, 88% and 74%, respectively. However,

the FDBC under LED@450nm remained modest (35%), attributed

to the weak absorption of AS1 at 450nm.

In the above experiments, the hydrogen abstraction reaction of

the carbonyl in chalcone was restrained due to the absence of co-

initiators, suggesting that free radicals were mainly generated by

the OXE moiety. To assess the contribution of the chalcone moi-

ety, co-initiator MDEA, along with AS/AS1, was employed to ini-

tiate the photopolymerization of PEGDA under LED@365nm illu-

mination (Fig. 6f). The carbonyl hydrogen abstraction process is

highly dependent on the hydrogen donor (MDEA), which is the

reason that the Type II free radical formation mechanism is ig-

nored in AS group and AS1 group. Thus, the AS+MDEA group rep-

resents Type II free radical formation mechanism (carbonyl hydro-

gen abstraction), while the AS1 group represents Type I free rad-

ical formation mechanism (homolysis of oxime ester bond). Ac-

cording to the results, the AS1 group shows significantly higher

DBC (IDBC=70%; FDBC=88%) compared to the AS+MDEA group

(IDBC=49%; FDBC=82%). This result suggests that the Type I free

radical formation mechanism plays a dominant role in photopoly-

merization. Moreover, the AS1+MDEA group combines both Type I

and Type II free radical formation mechanisms, exhibiting the most

outstanding photoinitiating abilities with the highest DBC values

(IDBC=89%; FDBC=96%). The result suggests that the free radicals

generated by N–O bond cleavage exhibit greater reactivity and thus

play a predominant role in photopolymerization.

It is well-documented that chalcone exhibits significant photo-

sensitivity and a favorable energy transfer relationship with iodo-

nium salt and co-initiator [29-31,34]. Here, two three-component

photoinitiation systems, AS/Iod/MDEA (0.1%/2%/2%, w/w/w), and

AS1/Iod/MDEA (0.1%/2%/2%, w/w/w), were designed to explore

the photosensitivity of AS and AS1 in free radical polymeriza-

tion of PEGDA. As depicted in Fig. S23 (Supporting informa-

tion), both two groups exhibited outstanding photoinitiation abil-

ity under LED@365nm and LED@405nm. Furthermore, the pres-

ence of AS/AS1 significantly enhanced the photoinitiating abil-

ity of Iod/MDEA two-component photoinitiating systems under

LED@405nm (IDBC from 18% to 67%/74%, FDBC from 62% to

84%/86%) (Table S6 in Supporting information). Unlike the re-
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sults in Fig. 6f, AS/Iod/MDEA and AS1/Iod/MDEA groups exhibited

similar photoinitiating abilities, which could be attributed to the

low concentration of AS and AS1. Meanwhile, this similar pho-

toinitiating performance suggests an energy interaction between

the chalcone moiety and Iod. In summary, four OXEs exhibit ex-

ceptional photoinitiating abilities in free radical polymerization,

clearly showing the enhancing effect of the OXE moiety on pho-

toinitiating performance.

In summary, we successfully combined chalcone, diphenyl sul-

fides and OXE together, resulting in two novel bis-chalcones and

four corresponding OXEs with outstanding light-absorption proper-

ties and photoinitiating performance. These compounds exhibited

prominent absorption peaks at approximately 360nm, which was

attributed to the conjugated structure derived from bis-chalcone

and two diphenyl sulfides evidenced by frontier molecular orbital

simulations and excited state calculations. The four OXEs demon-

strated outstanding free radical photoinitiating ability when ex-

posed to LED@365nm in acrylic monomers/oligomers. Particularly,

AS1 achieved over 70% DBC within 3 s, which was superior to OXE-

02. Moreover, high photoinitiating performance of AS1 (over 60%

conversion) was attained at a relatively low concentration (1.5×
10−6 mol/g). In addition to LED@365nm, AS1 was also proved to be

effective under visible LED, achieving over 70% conversion within

5min. This study introduced an effective approach for construct-

ing OXEs based on chalcone, offering insights for future molecular

design endeavors in photopolymerization field.
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