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poxy with adjustable fluorescence
and UV-shielding enabled by reactive addition of 9-
anthracenemethoxyl glycidyl ether†

Wei Xu,* Matthew D. Eaton, Sara Moreno-Da Silva and Emilio M. Pérez

Functionalized epoxies show unique advantages in some special applications. Herein, a fluorescent and UV-

shielding dual-functional epoxy resin, epoxy-EAn, is prepared via synthesizing and incorporating a reactive

additive, 9-anthracenemethoxyl glycidyl ether (EAn), into the resin system. The results show that EAn

performs an outstanding migration resistance. The addition of a small amount of EAn (0.1%) enables

epoxy-EAn to emit bright blue-violet fluorescence under UV light, making epoxy-EAn a feasible

fluorescent adhesive for reconstruction and repair. The fluorescence emission intensity is adjustable by

the treatment with UV light and heat. Correspondingly, the epoxy-EAn can serve as an information

storage material to realize information input and decryption. In addition, epoxy-EAn also possesses the

ability to shield UV radiation, and transmittance in the near ultraviolet and middle ultraviolet region (200–

400 nm) can decrease to zero when the EAn concentration is 0.8%. Meanwhile, epoxy-EAn also shows

excellent mechanical properties similar to that of the pure epoxy. This work paves a facile way to

fabricate a multi-functional epoxy suitable for various occasions.
1 Introduction

Given their excellent mechanical strength, adhesion perfor-
mance, transparency, thermal resistance, and anti-corrosive
properties, thermoset epoxy resins have been widely used in
various elds, such as adhesives and coatings etc.1–5 Compared
to traditional epoxy resins, functionalized epoxies with addi-
tional properties have been attracting attention in special
applications such as the restoration of art, cultural assets, and
odontology where the original appearance should be preserved
to the greatest extent.6–9 Thus, the colourlessness and trans-
parency of the epoxy adhesives are required, which, however,
makes it inconvenient to detect the repair process and to
remove the unexpected and excess adhesive stains and
residue.10 Fluorescent epoxy adhesives which are unnoticeable
under normal display lighting but uorescent under UV light
can balance this contradiction.6,11–13 Besides, polymers with
adjustable uorescence also have shown the application in the
eld of anti-counterfeiting, information storage and informa-
tion encryption etc.14–16 On the other hand, it has been known
that UV radiation from sunlight and other environment light
source is one factor causing damage to some organic materials,
such as wood, paper, and bers.17,18 This energy-rich radiation
usually induces photo-oxidative destruction and further causes
de Cantoblanco, C/Faraday 9, E28049

tion (ESI) available. See DOI:

the Royal Society of Chemistry
material's performance changes.19,20 In this regard, to develop
epoxy with UV-shielding properties that can block the harmful
high energy UV radiation and diminish UV damage to the
coated materials is increasingly of interest.

The introduction of additives to epoxy resins to improve UV
properties has previously been explored.21 Anthracene, a poly-
cyclic aromatic hydrocarbon, can absorb a wide range of UV
radiations and transfer them into harmless uorescence.22

Meanwhile, the relatively high glass transition temperature of
cured epoxy resin benets limiting the dimerization of the
anthracene structures. Therefore, it should be feasible to ach-
ieve epoxies with uorescence and UV-shielding properties
simultaneously by adding the anthracene as a functional addi-
tive. To our knowledge, there are few studies about employing
anthracene or its derivatives to realize the uorescent or UV-
shielding properties in epoxies, and even fewer considering
the potential of uorescent epoxy containing anthracene
structure for information encryption and as information
storage materials. Moreover, for organic additives, one of the
challenges that needs to be considered is the migration of
additives from the bulk material towards the surface.19,23 This
may lead to the gradual disappearance of the functionality of
the materials, and the migrated additives may cause environ-
mental or health problems.20,23 It was reported that employing
the reactive additives containing active groups is a feasible
strategy to overcome the aforementioned obstacles.24 These
reactive additives have the ability of bonding with the polymer
chains to prevent the migration of additives.
RSC Adv., 2021, 11, 36719–36725 | 36719
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Scheme 1 Synthesis of 9-anthracenemethoxyl glycidyl ether (EAn)
from 9-(hydroxymethyl)anthracene (HAn).

Scheme 2 Synthesis of bisphenol-A epoxy resin using DER 332 and
DETA.
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In this paper, we present a uorescent and UV-shielding
dual-functional epoxy resin (epoxy-EAn) by synthesizing and
employing a reactive anthracene derivative, 9-anthraceneme-
thoxyl glycidyl ether (EAn), into the bisphenol-A thermoset
epoxy resin. The uorescence and UV-shielding properties of
the resultant epoxy-EAn with different EAn concentrations were
systematically studied by the emission spectra and the trans-
mission curves, respectively. The durability of these properties
was examined by observing the uorescence and UV trans-
mission of epoxy-EAn aer suffering from UV radiation. The
potential of epoxy-EAn as information storage materials was
explored by adjusting the uorescence intensity in the
patterned area. Furthermore, the migration resistance of EAn
and the mechanical properties of epoxy-EAn were evaluated by
leaching experiment and dynamic mechanical analysis (DMA),
respectively, for discussing the practicability of epoxy-EAn in
various elds.

2 Experimental
2.1. Materials

9-(Hydroxymethyl)anthracene and epichlorohydrin were
purchased from TCI and Sigma-Aldrich, respectively. The
diglycidyl ether of bisphenol A (DER 332) and the hardener
Diethylenetriamine (DETA) were purchased from Sigma-
Aldrich. The remaining chemicals and solvents were
purchased from Acros Organics. All chemicals were used as
received without further purication.

2.2. Instrumentation and characterizations

NMR spectra were recorded on a BrukerAvance 400 (1H: 400
MHz) at 298 K, using partially deuterated solvents as internal
standards. Chemical shis (d) are denoted by ppm. Multiplici-
ties are distinguished as follows: s ¼ singlet, d ¼ doublet, t ¼
triplet, m ¼ multiplet, b ¼ broad, dd ¼ doublet of doublets.
Fourier transform infrared (ATR-FTIR) analysis of samples was
conducted on the Bruker ALPHA FTIR spectrometer. Fluores-
cence spectra were taken using HORIBA Fluoromax-4 spectro-
uorometer with excitation slit width of 0.3 nm and emission
slit width of 1 nm. Transmission curves was measured using
Agilent Technologies Cary Series UV-Vis-NIR Spectrophotom-
eter. The used UV light source for functional durability test is
VL-4.LC from VILBER LOURMAT. The distance between the
light source and samples is about 5 cm. Dynamic mechanical
analysis (DMA) was conducted by DMA 850 from TA Instru-
ments in the single cantilever mode with a strain of 50 mm and
a frequency of 1 Hz. The sample size is 7 mm � 2 mm � 50 mm
and the temperature range is from 0 to 150 �C with a heating
rate of 3 �C min�1.

2.3. Synthesis

(1) Synthesis of 9-anthracenemethoxyl glycidyl ether (EAn).
The preparation process of 9-anthracenemethoxyl glycidyl ether
is illustrated in Scheme 1 according to a previous reported
method.25 Specically, 9-(hydroxymethyl)anthracene (4.17 g, 20
mmol), epichlorohydrin (10.5 ml, 120 mmol), and KOH (2.24 g,
36720 | RSC Adv., 2021, 11, 36719–36725
40 mmol) were added into 25 ml tetrahydrofuran (THF). The
mixture was stirred and reuxed at 80 �C for 24 h under
a nitrogen atmosphere. Aer cooling to room temperature and
the following ltration, the ltrate solution was rotary evapo-
rated to dryness. The resultant solid product was puried by
recrystallization from 15 ml ethanol/toluene (1/1), and then
dried by rotary evaporator to obtain the light yellow 9-anthra-
cenemethoxyl glycidyl ether powder.

1H-NMR (400 MHz, CDCl3): d (ppm) ¼ 8.48 (s, 1H), 8.41 (d,
2H), 8.02 (d, 2H), 7.58–7.46 (m, 4H), 5.69–5.54 (m, 2H), 3.94–
3.91 (m, 1H), 3.64–3.63 (m, 1H), 3.23–3.22 (m, 1H), 2.81–2.78
(m, 1H), 2.65–2.63 (m, 1H).

(2) Preparation of the cured epoxy resin samples. A certain
amount of EAn was mixed with DETA (0.3 ml, 2.75 mmol). Then
the mixture was heated on the hot plate of 60 �C for 25 min for
fully dissolution of anthracene derivate additive. Next, epoxy
monomer DER 332 (1.9 ml, 6.48 mmol) was added for mixing.
Aer vacuum degas, the resultant mixture was cured at 60 �C for
1 h and 65 �C for another 1 h to get the cured dual-functional
epoxy resin (epoxy-EAn). Correspondingly, the epoxy with 9-
(hydroxymethyl)anthracene (HAn), namely epoxy-HAn, can be
prepared according to the similar process. On the other hand,
for the neat epoxy without any anthracene derivative addition, it
was prepared by directly mixing DER 332 and DETA for curing at
60 �C for 1 h and 65 �C for 1 h (Scheme 2). For all epoxy samples,
the ratio of epoxy group in DER 332 to reactive hydrogen in
DETA is 0.94 to 1.

3 Results and discussion

The epoxy resin represents a class of cured resin that is formed
by the crosslinking between diglycidyl ethers and hardeners.
Herein, we prepare a bisphenol-A epoxy resin by using epoxy
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra07433d


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
N

ov
em

be
r 

20
21

. D
ow

nl
oa

de
d 

on
 1

1/
8/

20
25

 3
:2

2:
44

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
monomer DER 332 and the hardener DETA and take it as the
example to demonstrate the feasibility of constructing the
uorescent and UV-shielding dual-functional epoxy resin. To
endow the epoxy with aforementioned functions, an anthracene
derivative, namely 9-anthracenemethoxyl glycidyl ether (EAn),
was synthesized. According to Scheme 1, EAn can be attained by
the simple one-step reaction between 9-(hydroxymethyl)
anthracene (HAn) and epichlorohydrin, and its structure has
been conrmed by NMR (Fig. S1, ESI†). The disappearance of
hydroxyl absorptions (3408 cm�1) in FTIR spectrum of EAn
compared to HAn also reveals the success of the reaction
(Fig. S2, ESI†). The structure of EAn includes an epoxide group
and an anthracene part. The epoxide group can react with
almost all epoxy hardeners, which enables EAn to covalently
bond with epoxy resin molecular network. Meanwhile, the
anthracene part in EAn plays the role of generating uorescence
by absorbing UV light. Therefore, aer adding EAn for the epoxy
preparation, the obtained epoxy resin (epoxy-EAn) is expected to
possess the corresponding functions of uorescence and UV-
shielding.

To conrm the uorescence of the prepared epoxy-EAn, the
UV-VIS absorption and the photoluminescence spectrum of
samples were tested as shown in Fig. 1a. It was found that the
epoxy-EAn can absorb the wide waveband range of UV light with
three main absorption peaks appearing at around 350 nm,
368 nm, and 389 nm attributed to the existence of anthracene
structure in EAn. Correspondingly, under the excitation of UV
light (368 nm), epoxy-EAn shows an obvious uorescence
emission spectrum at the visible light region from 400 nm to
500 nm, and the maximum emission peak is located at around
418 nm. In contrast, for the neat epoxy without any EAn
Fig. 1 (a) UV-VIS absorption and fluorescence emission spectrum of
epoxy-EAn (EAn concentration of 0.01%). (b) Fluorescence emission
spectra of epoxy-EAn with different EAn concentrations.

© 2021 The Author(s). Published by the Royal Society of Chemistry
addition, there is no obvious UV absorption peaks (Fig. S3†) and
uorescence emission (Fig. 1b) observed at the same test
condition. This indicates the contribution of EAn addition in
forming uorescent epoxies. Additionally, the uorescence
emission spectra of samples using different EAn concentrations
were also tested. As illustrated in Fig. 1b, epoxy-EAn with EAn
concentration of 0.1% performs the noticeably improved uo-
rescence intensity than that of the sample with low EAn
concentration (0.01%). Further increasing the EAn concentra-
tion (0.8%) leads to partly decrease in emission intensity and
the spectrum redshi, which may be attributed to the
aggregation-caused quenching and relaxation of EAn additives.
The mechanism about the effect of EAn concentration on
uorescence spectra needs further discussed.

Even though emission spectra of a series of epoxy-EAn
samples were detected, its further application for restoration
requires (1) the uorescence should be generated under some
common UV light sources, and (2) the generated uorescence
has to be visible to the naked eyes. Herein, a common and
commercially available UV light source with wavelength of
365 nm and 254 nm are chosen as the exciting light source.
Fig. 2 illustrates the photograph of the uorescence from epoxy-
EAn with different EAn concentration from 0.01 to 0.8%. It is
found that under the natural light, all epoxy samples are
transparent and colourless (I). Aer putting these samples
under the 365 nm UV light source, the neat epoxy remains the
original state and cannot emit the observable light. In contrast,
all epoxy-EAn samples show visible and strong blue-violet
uorescence (II). Among them, the sample with EAn concen-
tration of 0.1% shows the relatively brighter uorescence
compared to its counterparts, which is in consistent with the
uorescence emission spectra in Fig. 1b. The uorescence
Fig. 2 Photograph of epoxy samples under (I) natural light, (II) 365 nm
UV, (III) 254 nmUV. Among, sample 1 is the neat epoxy and samples 2–
4 are epoxy-EAn with EAn concentration of 0.01%, 0.1%, and 0.8%,
respectively. (IV) Fluorescence of epoxy-EAn (0.1%) before and after
exposure of 10 h under UV (365 nm). (V) Repaired ceramic bowl using
epoxy-EAn (0.1%) as adhesives under visible light and UV light (365
nm). The red circles indicate adhesive residue.

RSC Adv., 2021, 11, 36719–36725 | 36721
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becomes much weaker under short wave UV light of 254 nm
(III), which is conrmed by the decreased uorescence emission
intensity shown in Fig. S4,† either. Therefore, the 365 nm
wavelength UV light is recommended as the ideal exciting light
source for epoxy-EAn to generate uorescence. Based on these
results, a usually transparent but UV triggered uorescent epoxy
was successfully obtained, which could serve as the adhesives
for the restoration of materials. Fig. 2(V) illustrates a repaired
ceramic bowl using epoxy-EAn adhesives. The broken pieces of
the ceramic bowl were bonded by epoxy-EAn cured in an oven.
The repaired cracks and the adhesive residue on the ceramic
bowl are not obvious under natural light but clearly observable
under 365 nm UV light because of the uorescence from epoxy-
EAn adhesives. The adhesive residue therefore can be easily
identied and removed before curing to avoid their negative
effect on the appearance of the ceramic bowl.

The uorescence of epoxy-EAn can be maintained for
a longer time. As shown in Fig. 2(IV) and Fig. S5,† the epoxy-EAn
still can generate bright uorescence aer being exposed under
365 nm UV light for 10 h and under native light for 3 months,
which meets the operation requirement of uorescent adhe-
sives for restoration. We further observe the uorescent spectra
of the UV treated epoxy-EAn samples with different radiation
times. The result in Fig. 3a illustrates that the emission inten-
sity of the sample gradually decreases with the extended expo-
sure time. Aer exposure of 10 h under UV light, the uorescent
intensity of the sample (0.1%) at 418 nm decreases from around
1.45 � 105 cps to 1.01 � 105 cps. This light-triggered adjustable
Fig. 3 Fluorescence spectra of (a) epoxy-EAn (0.1%) exposed to
365 nm UV for different time, and (b) leaching solution of epoxy-EAn
(0.1%) and epoxy-HAn with consistent molarity of additives (0.56 �
10�2 M).

36722 | RSC Adv., 2021, 11, 36719–36725
uorescence may be attributed to the dimerization of anthra-
cene structure in EAn,26 which endows the epoxy-EAn with the
potential as information storage materials. Fig. 4 shows the
information storage process into an epoxy-EAn layer, including
information input and information decryption. Specically, an
epoxy-EAn (0.8% EAn) layer with the 0.1 mm thickness was
prepared rstly on a glass slide by curing, which shows uo-
rescence under UV light (Fig. 4a). Then, the epoxy-EAn layer was
heated on the hot plate of 100 �C and meanwhile, exposed
under the 365 nm UV radiation. A photomask with patterned
holes of the characters “UV” as the stored information was
covered on the epoxy-EAn layer for selective UV exposure. Aer
3 h, the information input was nished as shown in Fig. 4b.
Under natural light, the epoxy-EAn layer looks homogeneous
without a clue of pattern (Fig. S6†). However, under 254 nm UV
light, the character “UV” appears on the epoxy-EAn layer as
shown in Fig. 4c, meaning the stored information is decrypted.
It is known that the uorescence intensity of epoxy-EAn reduces
accompany with the UV treatment (Fig. 3a). Therefore, aer
selective UV exposure, the area under the patterned holes of
photomask generates weaker uorescence, while the other area
mains the original uorescence performance. Consequently,
the uorescence pattern is observed to reveal the stored infor-
mation. Besides, we also found that the operation temperature
plays important role during the information input process. This
process fails without heating treatment, which may be because
the dimerization of EAn is prevented under low temperature.
The uorescence pattern can be erased and destroyed to
a certain extent by the overexposure under 254 nm UV and the
heat treatment of 100 �C without photomask as shown in Fig. 4d
and S7,† which benets protecting information security and
avoiding secondary leak of information.

From the perspective of application, themigration resistance
of additives is a critical performance metric for the functional
epoxies, and it can be evaluated by the leaching experiment. The
Fig. 4 The information storage process into an epoxy-EAn layer
(0.8%). (a) Photograph of epoxy-EAn under natural light and 254 nm
UV light. (b) The information input process by selective exposure of
epoxy-EAn under 365 nm UV and on the hot plate of 100 �C via
a photomask. (c) The information decryption by revealing the char-
acter “UV” under 254 nm UV light. (d) Photograph of epoxy-EAn under
254 nm UV light after overexposure of the sample under 254 nm UV
and the heat treatment under 100 �C without a photomask for infor-
mation erasure.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 (a) Transmission curves for the neat epoxy and epoxy-EAn with
different EAn concentrations (thickness of 1 mm). (b) Maximum
transmission in full test interval vs. the thickness of epoxy-EAn (0.8%).
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experimental procedure includes: (1) soaking 450 mg epoxy into
10 ml DMF for leaching of 24 h, and (2) spectral analysis to the
leaching solution. As shown in the uorescence spectra in
Fig. 3b, for the leaching solution of epoxy-EAn (0.1%), there is
almost no uorescence emission detected. This indicates that
most EAn was reserved in the epoxy-EAn sample aer leaching,
and the prepared epoxy-EAn therefore shows the excellent
migration resistance of EAn. To better highlight this advantage
of epoxy-EAn in migration resistance of additives, we also
prepared another functional epoxy (epoxy-HAn) by adding the
consistent molarity of 9-(hydroxymethyl)anthracene (HAn) as
additive for comparison. HAn, as the precursor for synthesizing
EAn, is another anthracene derivative, and its structure can be
found in Scheme 1. The result in Fig. 3b shows that the leaching
solution of epoxy-HAn causes much higher uorescence inten-
sity than epoxy-EAn leaching solution, which means the HAn
easily was extracted into the leaching solution from the epoxy
and performs an unsatisfactory migration resistance. This
difference in additives migration could be attributed to the
different linking way between additives and epoxy network. For
epoxy-EAn, the epoxy group in EAn can react directly with the
amino groups in the DETA hardener during the curing process,
and EAn therefore is covalently bonded to the epoxy network
(Scheme 3). This inhibits the migration of EAn from epoxy-EAn
into the outside environment. However, for epoxy-HAn, it is
hard for HAn to react with both hardener DETA and epoxy
monomer DER 332 at the used mild curing condition. There-
fore, HAn is mainly physically encapsulated in the epoxy
network and prone to migration. The results conrm the
excellent migration resistance of EAn as well as the better
stability of epoxy-EAn.

As described in the UV absorbance spectrum in Fig. 1a,
epoxy-EAn exhibits an obvious absorbance to a wide waveband
range of UV radiation. This endows epoxy-EAn with the poten-
tial as UV-shielding materials. The shielding performance can
be examined by measuring samples' transmittance to UV light.
Fig. 5a demonstrates the transmission curves of epoxy-EAn
samples with different EAn concentrations. The results show
that the neat epoxy can hardly block the ultraviolet A (315 to 400
nm) and the transmittance to ultraviolet A is as high as 36% to
60%. Even though the blocking performance is relatively
Scheme 3 Synthesis of epoxy-EAn by covalent incorporation of EAn
into epoxy network.

© 2021 The Author(s). Published by the Royal Society of Chemistry
enhanced in shorter waveband region, the transmittance
remains above 10% until the UV wavelength is lower than
303 nm, implying the lack of the neat epoxy in UV-shielding
property. In contrast, the epoxy-EAn shows signicantly
increased shielding ability to UV radiation. For the sample with
EAn concentration of only 0.1%, themaximum transmittance in
full test interval (200 to 400 nm) is around 9.7%, which is much
lower than that of the neat epoxy (60%). Raising the concen-
tration of EAn contributes to the increment of UV shielding
performance. When EAn concentration arrives at 0.8%, the
transmittance of epoxy-EAn to UV radiation decreases to almost
zero, proving its excellent UV-shielding performance in whole
near ultraviolet (300 to 400 nm) and middle ultraviolet (200 to
300 nm) region. Meanwhile, it is observed that epoxy-EAn is as
transparent as the neat epoxy in visible light region with the
comparable transmittance of around 65% at 500 nm. This
further approves the possibility of epoxy-EAn as UV-shielding
materials.

The UV-shielding performance of epoxy-EAn is also relevant
to their thickness. As shown in Fig. 5b, thinner samples lead to
the higher transmittance. Nonetheless, when the thickness
decreases to around 0.56 mm, the sample with EAn concen-
tration of 0.8% still shows the adequate blocking performance
to UV light and the maximum transmittance in full test interval
(200–400 nm) is only 1.1%. By means of adjusting the EAn
concentration and the thickness, the epoxy-EAn can serve as
a candidate of the UV-shielding coating for conforming
different occasions. Besides, it should bementioned that the UV
light may cause the dimerization of EAn and affect the UV-
RSC Adv., 2021, 11, 36719–36725 | 36723
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Fig. 7 (a) Storage modulus and (b) tan(d) curves of the neat epoxy and
epoxy-EAn (0.8%).
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shielding performance of epoxy-EAn. We therefore studied the
UV-shielding durability of epoxy-EAn by comparing the trans-
mission curves of samples aer UV treatment for different
exposure time. As shown in Fig. 6a, for epoxy-EAn with EAn
concentration of 0.8% and thickness of 1 mm, no obvious
change in transmission curves is observed aer exposure of 10 h
under UV radiation (365 nm). This can be attributed to the high
glass transition temperature of epoxy, which limits the dimer-
ization of EAn. Besides, the adequate addition amount of EAn
also contributes the long-term effectiveness of epoxy-EAn in UV-
shielding. On the other hand, the advantage of EAn as reactive
additives in migration resistance was conrmed again by
comparing the UV absorption spectra of the leaching solutions
of epoxy-EAn (0.8%) and epoxy-HAn. As shown in Fig. 6b, aer
immersing 450 mg epoxy samples into 10 ml DMF for leaching
of 24 h, the leaching solution of epoxy-HAn generates strong UV
absorbance because of HAn's migration into the leaching
solution. In contrast, for the leaching solution of epoxy-EAn, the
absorption intensity is much weaker due to the covalent
bonding of EAn with epoxy network, which is in consistent with
the previous leaching experimental results (Fig. 3b). The
description above reveals that a functional epoxy resin with
adjustable uorescence and UV-shielding has been obtained by
adding EAn, and the resultant epoxy-EAn shows application
potential in various occasions.

The effect of EAn addition on mechanical properties of
epoxies is determined by Dynamic mechanical analysis (DMA).
The storage modulus and loss factor (tand) curves of both epoxy-
Fig. 6 (a) Transmission curves for epoxy-EAn (0.8%, thickness of 1
mm) exposed to 365 nmUV for different time, and (b) UV absorption of
the leaching solution of epoxy-EAn (0.8%) and epoxy-HAn with
consistent molarity of additives (4.48 � 10�2 M).

36724 | RSC Adv., 2021, 11, 36719–36725
EAn (EAn concentration of 0.8%) and the neat epoxy are plotted
in Fig. 7a and b, respectively. According to the result in Fig. 7a,
epoxy-EAn shows an improved storage modulus compared to
the neat epoxy in low temperature region. With the improve-
ment of the temperature, the two samples show the approxi-
mate storage modulus with slight difference. The obvious
decrement from 70 to 95 �C in curves can be attributed to the
glass transition of samples. Besides, it is also noted that there is
an additional broad peak from 100 to 140 �C, which is caused by
the post-curing of epoxies.27 As aforementioned, the samples
were fabricated at 65 �C, which leads to the incomplete curing.
The post-curing therefore happens as the temperature incre-
ment during the DMA scan and transfers the samples into a new
state with improved crosslinking degree, modulus, and glass
transition temperature. Consequently, there are also two peaks
in the tan(d) curves (Fig. 7b) at around 90 and 135 �C, which are
corresponding to the original glass transition and the glass
transition aer post-curing, respectively. Even though there are
partly difference in the storage modulus and tan(d) curves
between the epoxy-EAn and the neat epoxy, epoxy-EAn performs
the comparable mechanical strength and the similar thermal
transition to those of the neat epoxy, which indicates the ability
of epoxy-EAn to meet the mechanical properties requirement
for various application occasions.
4 Conclusions

A functional epoxy with adjustable uorescence and UV-
shielding properties, epoxy-EAn, was successfully prepared via
synthesizing and incorporating 9-anthracenemethoxyl glycidyl
© 2021 The Author(s). Published by the Royal Society of Chemistry
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ether (EAn) into the epoxy network. The addition of a small
amount of EAn (0.1%) enables epoxy-EAn to emit bright blue-
violet uorescence under UV light of 365 nm. The resulting
epoxy-EAn shows potential as the uorescent adhesives for
restoration. Besides, the uorescence intensity is light-triggered
adjustable to achieve the information storage application. The
epoxy-EAn with 0.8% EAn shows not only the uorescence but
also the UV-shielding ability in the whole near ultraviolet and
middle ultraviolet region (200–400 nm). Meanwhile, the
prepared epoxy-EAn shows the excellent migration resistance of
EAn to solvent and the mechanical property similar with that of
the original epoxy, revealing its feasibility and advantages
conforming various occasions.
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Journal of Cultural Heritage, 2014, 15, 44–48.

21 M. Sottile, G. Tomei, S. Borsacchi, F. Martini, M. Geppi,
G. Ruggeri and A. Pucci, Eur. Polym. J., 2017, 89, 23–33.

22 J. Van Damme and F. Du Prez, Prog. Polym. Sci., 2018, 82, 92–
119.

23 S. K. Olsson, H. Matsunaga, Y. Kataoka, M. Johansson,
J. Matsumura, M. Westin and E. Östmark, Polym. Degrad.
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