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ABSTRACT: The amino- and metal-ion sensing capability of a
novel type of well-defined block copolymers based on 9-
anthrylmethyl methacrylate (AnMMA; hydrophobic, fluores-
cent) and 2-(acetoacetoxy)ethyl methacrylate (AEMA; hydro-
phobic, metal chelating) has been investigated in organic
media. AEMA,-b-AnMMA,, diblock copolymers were prepared
for the first time using reversible addition-fragmentation chain
transfer (RAFT) polymerization. All polymers were character-
ized in terms of molecular weights, polydispersity indices and
compositions by size exclusion chromatography and 'H NMR
spectroscopy, respectively. The glass transition (Tg) tempera-
tures of the AEMA, and AnMMA, homopolymers and the
AEMA,-b-AnMMA,, diblock copolymers were determined using
differential scanning calorimetry. These systems were eval-
uated toward their ability to act as effective dual chemosensors

INTRODUCTION Polymeric materials possessing fluorescent
moieties have attracted significant attention because of their
potential applications such as fluorescent chemosensors'?
and biosensors,® fluorescent imaging agents,” optical mate-
rials for organic light emitting devices,® and metal-ion sen-
sors,” to mention only a few.

A widely used fluorescent molecule known for its interesting
photophysical properties is anthracene, a polycyclic aromatic
hydrocarbon.®871° Because of the lack of interaction with
polymeric materials, the anthracene group has been selected
by various research teams to be introduced into polymers.'*

Anthracene-containing polymers have been used in the
12-14

fabrication of optoelectronic devices, photoluminescent
films,>1° photoresists,”'18 chemiluminescent ﬂuorophores,lg_21
and so forth.

To date, a limited number of reports appear in the literature,
dealing with the preparation of well-defined polymers based
on 9-anthrylmethyl methacrylate (AnMMA). Instead, most
reports refer to the noncontrollable conventional free radical
polymerization of anthracene-containing monomers.'”'® An
established controlled radical polymerization process namely
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(i.e., amino- and metal-ion sensors) in an organic solvent (chlo-
roform). More precisely, the fluorescence intensity of both the
AnMMA, homopolymers and the AnMMA,-b-AEMA, diblock
copolymers in solution exhibited a significant decrease in the
presence of triethylamine. Moreover, the presence of iron (lll)
cations were also found to significantly affect the fluorescence
signal of the anthracene moieties when those were combined
in a block copolymer structure with the AEMA units, due to
complex formation occurring between the f-ketoester groups
of the AEMA, segment and the cations. © 2011 Wiley Periodi-
cals, Inc. J Polym Sci Part A: Polym Chem 50: 52-60, 2012

KEYWORDS: block copolymers; fluorescence; reversible addi-
tion-fragmentation chain transfer (RAFT)

atom transfer radical polymerization, although successfully
used in the preparation of well-defined polymers based on
anthracene,?*?* fails in preparing well-defined polymers
based on 2-(acetoacetoxy)ethyl methacrylate (AEMA), the
second monomer used in this study.**

Fluorescence quenching is an effective mechanism that can
be used for the identification of ions (both cations and
anions) in solution.?>?® A structural requirement of a fluo-
rescent metal-ion sensor is the coexistence of a light-emitting
and a metal receptor group linked together via covalent
bonding. For high sensor efficiency, the ion-receptor interac-
tion must be able to modify the fluorescence properties of
the light-emitting group.?”*® Numerous examples appear in
the literature describing the chemosensing ability of small
molecules combining a fluorescent group with a metal bind-
ing moiety.*>! Currently, the design and synthesis of poly-
mer-based metal ion sensors combining fluorescent
and metal-chelating groups presents high interest. Polymer-
based metal-ion sensors have been reported by various
groups.’?3° However, most of the developed systems are
homopolymers characterized by a structural complexity and
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FIGURE 1 Chemical structures of the two monomers and the CTAs used in this study.

demanding synthetic methodologies toward their prepara-
tion. In this work, a simple and cost-effective synthetic
approach involving a controlled radical polymerization pro-
cess was used toward this purpose.

We have chosen to combine AnMMA with AEMA, a monomer
possessing bidentate f-dicarbonyl moieties in a diblock co-
polymer architecture. The well-known strong affinity of the
latter to multivalent cations*® prompted some groups to syn-
thesize polymers with f-dicarbonyl or f-ketoester repeating
units.?”~*! We first used two different routes for the prepara-
tion of well-defined coordinating block copolymers bearing
f-ketoester functionalities involving group transfer poly-
merization** and reversible addition-fragmentation chain
transfer (RAFT) polymerization.?* RAFT represents a
versatile polymerization technique that allows for the prepa-
ration of well-defined polymers of various architectures,*?
such as block copolymers,**~*8 star polymers,**=°? graft poly-
mers,”® hyperbranched polymers,®*>® and polymer (co)net-
works.”” "> The process shows many of the characteristics of
“living” polymerizations, that is, control over the molecular
weight (MW), narrow MW distributions (MWDs) and linear
MW-conversion profiles.°® Furthermore, RAFT is compatible
with a wide range of monomers®’ and reaction condi-
tions.®>°3 For the first time, AEMA is combined with AnMMA
to yield well-defined functional diblock copolymers present-
ing fluorescent and metal chelating properties. Hence, this
work describes the unique combination of a rare example of
a ligating monomer polymerized by RAFT, with a fluorescent
polymethacrylate, the controlled polymerization of which has
been rarely reported. The RAFT process was readily used to
prepare well-defined AnMMA, homopolymers as well as
diblock copolymers based on AnMMA and AEMA. The molec-
ular and compositional characteristics of the resulting homo-
polymers and copolymers were determined by size exclusion
chromatography (SEC) and 'H NMR spectroscopy, respec-
tively. Furthermore, differential scanning calorimetry (DSC)
was used for determining the glass tranasition tempera-
ture(s) of the polymers.
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This is the first demonstration of the capability of well-
defined block copolymer systems possessing specific func-
tionalities within the two block segments (i.e., fluorescent
and metal binding) to act as effective dual-chemosensors for
(i) compounds with lone electron pairs such as amines and
(ii) transition metal ions. The latter, that is, the effectiveness
of the AEMA,-b-AnMMA,, diblock copolymers toward metal-
ion sensing is demonstrated by the strong fluorescence
quenching observed on complexation of the ions with the
strong bidentate f-ketoester groups present on the AEMA,
chelating block segment.

RESULTS AND DISCUSSION

Figure 1 illustrates the chemical structures and names of
monomers, initiator and the chain transfer agents (CTA)
used for polymer synthesis.

Molecular Weights and Composition of the AEMA, and
AnMMA, Homopolymers and the AEMA,-b-AnMMA,
Diblock Copolymers

Well-defined AEMA, and AnMMA, homopolymers and
AEMA,-b-AnMMA,, diblock copolymers were successfully syn-
thesized following typical RAFT methodologies described in
Experimental section. The RAFT polymerization of the AEMA
monomer first described by Krasia et al.?* proceeds in a
well-controlled manner resulting in polymers characterized
by monomodal and narrow MWDs. To the best of our knowl-
edge for the first time in this study, well-defined AnMMA,
homopolymers and AEMA,-b-AnMMA,, diblock copolymers
are prepared by RAFT. The molecular characterization of
these materials was carried out by means of SEC and 'H
NMR. Table 1 summarizes the chemical structures of all
homopolymers and diblock copolymers prepared in this
study along with their MW and composition characteristics.

Low to moderate polydispersity indices (PDIs) were
observed for the homopolymers and diblock copolymers,
varying between 1.23 and 1.43. However, as seen in the table
low polymerization yields were obtained in the cases of the
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TABLE 1 Characteristics of the Homopolymers and Block Copolymers Based on AEMA and
AnMMA Obtained by RAFT (Polymerization Yields, Molecular Weights, and Polydispersity

Indices)

Yield
Experimental Structure® (%)
AnMMAg (CDTB) 375
AnMMA,; (CPBD) 90
AEMA,, (CDTB) 85
AEMA ,-b-AnMMAgs (CDTB) 17
AEMA,,-b-AnMMA 13 (CDTB) 20
AEMA,; (CDTB) 90
AEMA,-b-AnMMA,; (CDTB) 25

@ Determined by SEC and 'H NMR.

SEC Results®

Theor. MWP

(g mol™") M, PDI
18,381 16,177 1.31
25,062 13,228 1.27
5,694 9,235 1.23
17,688 18,802 1.33
25,810 38,870 1.43
2,414 4,749 1.26
14,279 15,822 1.34

® [(g monomer)/(mol RAFT agent)] x (polymerization yield) + MW of CTA (for homopolymers) and [(g
monomer)/(mol CTA agent)] x (polymerization yield) + M, of macro-CTA (for diblock copolymers).
¢ M,: number average molecular weight; PDI: polydispersity index; CDTB: cumyl dithiobenzoate; CPBD: 2-

cyano-2-propylbenzodithioate.

AnMMA, homopolymer and the AEMA,-b-AnMMA, diblock
copolymers when cumyl dithiobenzoate (CDTB) was used as
the CTA. A significant increase in the polymerization yield was
observed when 2-cyano-2-propylbenzodithioate (CPBD) was
used instead as the CTA for the preparation of the AnMMA,
homopolymer by following exactly the same experimental con-
ditions. As reported by Moad et al,’' at certain RAFT agent
concentrations, retardation—that is partially manifested by an
inhibition period corresponding to the required time to con-
vert the RAFT agent into a polymeric RAFT agent—occurs in a
much less extent in the case of CPBD compared to CDTB.

Figure 2 displays the SEC traces of the AEMA;; homopoly-
mer and the corresponding AEMA,;-b-AnMMA,; diblock co-

polymer. The MWD of the latter is shifted toward higher
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FIGURE 2 SEC eluograms of the AEMA,; (black) and the

AEMA,-b-AnMMA 43 (gray).
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MWs compared to that of the homopolymer, demonstrating
the block efficiency from homopolymer to block copolymer.

The expected chemical structure of the polymers was con-
firmed by "H NMR spectroscopy. Figure 3 shows the 'H
NMR spectra of the AEMA;; homopolymer and the AEMA;;-
b-AnMMA,3 diblock copolymer.

The peak assignments are shown in the spectra. The AEMA
comonomer compositions were determined from the ratio of
the areas under the characteristic signals of the AEMA and
AnMMA, appearing at 3.6 and 5.6 ppm, respectively.

Thermal Properties
DSC measurements provided the glass transition (7,) tem-
peratures of the AEMA, and AnMMA, homopolymers and the
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FIGURE 3 '"H NMR spectra of the AEMA,; homopolymer and
the AEMA,,-b-AnMMA,; diblock copolymer.
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FIGURE 4 DSC thermograms of the AEMA,, homopolymer, the

AnMMA3s homopolymer, and the AEMA,,-b-AnMMAg; diblock

copolymer.

AEMA,-b-AnMMA,, diblock copolymers. The T, of the AEMA,
homopolymer was determined to be —3 °C, which is close to
our previous findings** whereas the T, of the AnMMA,
homopolymer was found to be around 125 °C. Block copoly-
mers exhibited two Tgs (~10 °C for the AEMA, block and
~144 °C for the AnMMA, block), suggesting that microphase
separation may exist in the bulk. In general, the T,s in block
copolymers can be influenced by the sizes of the phases gen-
erated and the compatibility of the different components
(blocks). According to Buzin et al.®* in the case where the
two blocks in a diblock copolymer are incompatible, the
lengths of the two segments are the determining factor for
the sizes of the phases generated due to microphase separa-
tion; the morphology of the latter will depend on their ratio.
The Tgs of both components are affected by the continuing
molecules that cross the interface. Depending on the phase
mobility, variation in the T,s of the different block segments
can be observed compared to the T, values of the corre-
sponding homopolymers. Moreover, in the case of the
AnMMA segment, the observed differences in the glass tran-
sition of the AnMMA3z¢ homopolymer and the AnMMAgs
block segment incorporated within the diblock copolymer
(appearing at 125 and 144 °C, respectively) may be rein-
forced by the increased MW and the more pronounced n-n
interactions occurring between the AnMMA aromatic side
chains of the AnMMAg; segment present in the diblock,
which promotes chain immobility.®®

Fluorescence Sensing Toward Amines

Electron donating groups located in the proximity of anthra-
cene moieties result in a drastic decrease in the fluorescence
intensity of anthracene due to electron transfer phenomena
occurring between the lone electron pair of the amines and
the photoexcited anthracene units.®®

The AnMMA3¢ and AEMA,;,-b-AnMMAg; systems were exam-
ined toward their ability to act as macromolecular sensors
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for amines in organic solvents. To demonstrate the effective-
ness of these new polymers toward amine sensing, triethyl-
amine was chosen as an example. For this purpose, the
fluorescence intensity of a polymer solution was monitored
in the presence of various concentrations of triethylamine
(ranging from 3.6 mM to 1 M). As seen in Figure 5, an
increase in the amount of the amine present in solution
causes a decrease in the fluorescence intensity. As previously
stated, the fluorescence quenching through electron transfer
requires that the amine is adjacent to the anthryl groups.66
The presence of triethylamine at a much higher concentra-
tion (varying between 3.6 mM and 1 M) compared to the
concentration of the anthracene moieties within the copoly-
mer (1 x 10~* M) renders the electron transfer process
possible.

It should be noted at this point that the possibility of elec-
tron transfer from the anthracene groups to chloroform mol-
ecules is not possible;'" hence, the fluorescence quenching is
sorely attributed to the electron transfer of the electron lone
pair of triethylamine to the anthracene moieties as illus-
trated in Figure 5.

Fluorescence Sensing Toward Metal Ions

The AEMA,-b-AnMMA, block copolymers are expected to
complex and solubilize different metal-ion salts in organic
media due to the presence of the strong bidentate f-
ketoester groups within their structure. The latter are known
to act as effective stabilizers for various metal ions of differ-
ent geometries and oxidation states.>®

The p-ketoester moiety exists in two tautomeric forms (the
keto and the enol) which are in equilibrium. Both tautomers
are capable of complexing transition metal ions. For the sys-
tems investigated in this study (AEMA,-b-AnMMA)), the 'H
NMR spectra recorded in CDCl3 (an example is presented in
Fig. 3) show that the keto tautomer is the dominant one.

The ability of the AEMA,-b-AnMMA, diblock copolymers to-
ward metal-ion sensing (Fe(Il[)) has been investigated in
chloroform. Chloroform is a common solvent for both blocks
in these copolymer systems; hence, the polymer exists only
as unimers in solution. On FeCl3-H,0 addition in the solution,
a color change was observed within a few seconds from light
yellow to deep wine red, attributed to the complex formation
between the Fe(Ill) ion and the f-ketoester groups. Presum-
ably, as shown in Figure 6, the octahedral structure of the
ferric salt is preserved and only the four water molecules
adjacent to the iron atoms are replaced by two keto tauto-
meric ff-ketoester ligands. Figure 7 presents the ultra-violet/
visible (UV-Vis) spectrum of the AEMA4;-b-AnMMAg3/
FeCl3-6H,0 complex in chloroform. In the spectrum, the sig-
nal appearing at 550 nm confirms the complex formation.®”

As chloroform is a good solvent for the FeCl3-6H,0 salt, it
should be mentioned that an excess of chloroform favors
decomplexation. This is indicated by a color change of the
solution on dilution, from wine red to yellow/orange (color
of FeClz-6H,0 in CHCl3).

JOURNAL OF POLYMER SCIENCE PART A: POLYMER CHEMISTRY 2012, 50, 52-60

55



56

ARTICLE
0o i —— ARMMA,,
350 ‘ ——+ EtN (3.6 mM)
| —— + ELN (3.6 mM)
> 160 —— + EtN (3.8 mM)
FET ——+ ELN (3.8 mM)
5 1 + ELN (3.6 mM)
s 200 + ELN (3.8 mM)
-4 ] + EtN (1 M)
= 150 2
5 ]
o 100
5D
o] 1\ S
T 7 T v T Y T T T Y T A
350 4D A 500 550  &OD &S0
Wardeapth (am)
9
— AEP.’Alz'D-AﬂVUASS
’ +ELN (3.6 mM)
2. - +ELN (5 mM)
J +ELN (10 mM)
'g +ELN (50 mM)
3 - +ELN (0.1 M)
- - +ELN (0.5 M)
=
8 1m
3
(=R
l_
T T . T T

Polymer

WWW.POLYMERCHEMISTRY.ORG ~ Ghemlistry

Fluoreroence Intemsty
2

15 4

1.

v T g T v T g T v T
L1 ] 2 L] s s 1
llll Concefrafion (mmll.)

- - N

s & 8

1 1 i 1 i
n

Flomience Intems ity

-
-~
-]
1 M
]

12D+

100 T g T g T T T v T g T
L1 b2 D4 D& [} 3 ib
lI_l Coucefrafion (smll)

FIGURE 5 AnMMA35 and AEMA,,-b-AnMMAg; fluorescence spectra (polymer concentration = 10~% M based on anthracene groups)
recorded in chloroform in the presence of different quencher (EtzN) concentrations, ranging from 3.6 mM to 1 M.

It is noteworthy to emphasize at this point the importance
of the use of a block copolymer structure toward Fe(III)
sensing in this particular solvent, since, as previously dem-
onstrated,®” complexation of FeCl3-6H,0 performed in chlo-
roform using poly(butyl methacrylate)-block-poly((2-acetoa-
cetoxy)ethyl methacrylate) (BuMA,-b-AEMA,) revealed that
the coordination of the Fe(Ill) onto the AEMA, segment
reduced its solubility in that particular solvent. The latter

CI2H,0

e

resulted in the formation of aggregates consisting of a poly
(AEMA)-metal ion core and a poly(BuMA) corona. Therefore,
it is expected that in the case of a random copolymer con-
sisting of AnMMA and AEMA units, the complexation of
Fe(Ill) ions with the latter will cause the destabilization of
the random copolymer chains in solution due to the fact that
these are not capable of self-organizing into soluble core-
shell micellar nanostructures.

- _

0 cl
Jr
CI.7H;0 +H,0

X
$

FIGURE 6 Substitution of “L” type of ligand molecules (H,0) in FeCl3-6H,0 by the “keto” form of the f-ketoester group.
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FIGURE 7 UV-Vis spectrum of AEMA,,-b-AnMMAg3/FeClz-6H,0
complex formed by the keto form of the f-ketoester ligands in
chloroform.

Based on the above, it is expected that in the case of the
AEMA,-b-AnMMA, /Fe(IlI) systems, micellar nanostructures
are generated in solution, consisting of a poly(AEMA)-Fe(III)
core. It is assumed that this self-organized micellar nanoen-
vironment leads to the confinement of the complexed transi-
tion metal ion and of the fluorescent moieties within nano-
sized domains, reinforcing the interaction between the two,
thus promoting chelation-enhanced fluorescence quenching.

Figure 8 presents the fluorescence quenching curves
recorded in chloroform at 368 nm excitation wavelength
(Zexc) as a function of the concentration of the Fe(III) salt. As
seen in the graphs, a drastic decrease in the fluorescence in-
tensity is observed on complexation. As expected, the
quenching effect on the anthracene chromophore is further
enhanced on increasing the salt concentration in the system.
These results are in agreement with similar observations
reported by other groups’ and have been attributed to the
presence of unpaired d electrons in transition metal ions
that can effectively quench the anthryl chromophore. Accord-
ing to Buruiana et al,'’ the quenching processes that can
take place in anthracene-containing systems may involve dif-
ferent quenching mechanisms namely excimer or exciplex
formation, metal-n complex, electron transfer and energy
transfer. Paramagnetic metal ions such as Fe(IlI) (d®) pos-
sessing unpaired d electrons, when present at high concen-
trations lead to an effective quenching of the anthracene flu-
orescence. The possible quenching mechanism in the AEMA,-
b-AnMMA, /Fe(Ill) systems may involve the energy transfer
from the singlet excited-state anthracene chromophores to
the low-lying half-filled 3d orbitals of the Fe(Ill) paramag-
netic cation.®® Moreover, the decrease in the fluorescence in-
tensity is accompanied by a blue shifting in the spectrum.
Blue shifts in the fluorescence spectra were previously
observed on complexation of Fe3" as well as other metal
ions including Pb?*, Fe*", Cu', Sb®" and lanthanides with
polymers.286?
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Materials and Methods

Benzene (Fluka, > 99.5%), ethyl acetate (Scharlau, 99%), tet-
rahydrofuran (Scharlau, 99.9%) were stored over CaH,
(Merck, 99.9%) and distilled under reduced pressure imme-
diately prior to the polymerization reactions. Chloroform
(Scharlau, 99.9%) was dried over anhydrous MgSO,. Metha-
nol (LabScan, 99.9%), n-hexane (LabScan, 99%), toluene
(Sigma-Aldrich), HCI (Merck, 37% solution), diethyl ether
(LabScan, 99.5%), benzoic acid (Merck, 99%), aqueous solu-
tion of tetrabutylammonium hydroxide (Sigma-Aldrich, 40%
wt), triethylamine (Merck, >99%), pyridine (Sigma-Aldrich,
>99.9% [HPLC]), benzyl chloride (Sigma-Aldrich, 99%), car-
bon tetrachloride (Riedel de Haén, >99.8%), a-methylstyrene
(Sigma-Aldrich, 99%), sodium methoxide (Aldrich, 30% solu-
tion in methanol), methacryloyl chloride (Sigma-Aldrich), 9-
anthracenemethanol (Aldrich, 97%), 2-cyano-2-propyl benzo-
dithioate (Sigma-Aldrich, >97% [HPLC]) and deuterated
chloroform (Merck) were used as received by the manufac-
turer. The following inorganic compounds were used without
further purification: Sulfur (Aldrich, powder ~100 mesh),
silica gel (Aldrich, 60 A, 70-230 mesh), NaOH pellets (Schar-
lau), NaHCO3 (Sigma-Aldrich, 99.5%), NaCl (HiMedia), and
anhydrous MgS0, (Scharlau). 2-Acetoacetoxy ethyl methacry-
late (Aldrich, 95%) was passed through a basic alumina col-
umn prior to the polymerizations and used without further
purification. 2,2-Azobis(isobutylnitrile) (AIBN, Sigma-Aldrich,
95%) was recrystallized twice from ethanol and dried
in vacuo at room temperature for 3 days.

Synthesis of Cumyl Dithiobenzoate (chain transfer agent)
CDTB was synthesized in two steps, following a procedure
reported by Rizzardo and coworkers.”® Briefly, the first step
involved the preparation of dithiobenzoic acid via the reac-
tion of sulfur, sodium methoxide, and benzyl chloride in

160 - —— AEMA _-b-AnMMA__
——+FeCl,6H,0 (12.3 mM)
—— +FeCl,6H,0 (18.5 mM)

140

120

100

Fluorescence Intensity
8
1

. : . e T . r v .
400 450 500 550 600 650 700
Wavelength (nm)

FIGURE 8 AEMA,,-b-AnMMAg; (polymer concentration = 10~%
M based on anthracene groups) fluorescence spectra recorded
in chloroform in the presence of different quencher
(FeCl;-6H,0) concentrations (12.3 and 18.5 mM).
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methanol at room temperature for 18 h. Subsequently,
dithiobenzoic acid was left to react with a-methylstyrene in
carbon tetrachloride at 70 °C for 18 h to obtain CDTB in
19.3% yield after purification by column chromatography
(silica gel), using n-hexane as a solvent.

'H NMR (300 MHz, CDCl3) & (ppm): 7.87 (d, 2H), 7.58-7.22
(m, 8H), 2.01 (s, —CHs).

Synthesis of 9-Anthrylmethyl Methacrylate, AnMMA

For the synthesis of the AnMMA, anthracenemethanol (3 g,
0.014 mol) was dissolved in tetrahydrofuran (12 mL). Subse-
quently, triethylamine (3 mL, 0.016 mol), pyridine (2 mlL,
0.016 mol), and methacryloyl chloride (2.1 mL, 0.016 mol)
were added with a 20% excess, in the reaction flask. The
methacryloyl chloride was added dropwise during stirring at
0 °C. After addition, the mixture was allowed to reach room
temperature and was then left to stir for 1 h. Continuously,
water (10 mL) was added and the mixture was extracted
with diethyl ether followed by the extraction of the organic
phase with HCI (1 M, 3x 5 mL), then with NaHCO3 solution
(5% in water 3x 5 mL) and with a saturated NaCl solution
(3x 5 mL). Afterward, the solvent was removed under
reduced pressure and the product was recrystallized from
methanol (42% yield).

'H NMR (300 MHz, CDCl3) & (ppm): 7.2-8.5 (m, —Ph), 6.2 (s,
—CH,Ph), 6.05 (s, —Ph), 5.50 (s, —Ph), 5.30 (s, =CH,), 3.49
(s, =CH,), 2.17 (s, —CH,), 1.9 (—CHs).

Synthesis of AnMMA Homopolymers

AnMMA (800 mg, 2.87 mmol) was placed in a round-bottom
flask and dissolved in freshly distilled benzene (1.2 mL)
under a dry nitrogen atmosphere. CDTB (7.89 mg, 0.029
mmol) and AIBN (2.61 mg, 0.016 mmol) were dissolved in
benzene and then were transferred into the flask via a sy-
ringe. The reaction mixture was degassed by three freeze-
evacuate-thaw cycles, and placed under a dry nitrogen
atmosphere at 65 °C for 20 h. The polymerization was termi-
nated by cooling the reaction down to room temperature.
The produced homopolymer (300 mg, 37.5% polymerization
yield) was retrieved by multiple precipitations in methanol
and was left to dry in vacuo at room temperature for 24 h.
The synthesis of AnMMA, was also carried out using the
commercially available CPBD (6.4 mg, 0.029 mmol) as the
CTA following the same experimental conditions (718.7 mg,
89.8% polymerization yield).

'H NMR (300 MHz, CDCl3) 6 (ppm): 7.2-8.5 (m, br, Ph), 6.2

Synthesis of AEMA Homopolymers

To a round-bottom flask (25 mL) maintained under a dry
nitrogen atmosphere, AEMA (2.7 mL, 14.0 mmol) was added.
CDTB (127 mg, 0.47 mmol) and AIBN (14.0 mg, 0.09 mmol)
were dissolved in freshly distilled ethyl acetate (3.0 mL) and
were transferred into the flask with the aid of a syringe. Sub-
sequently, the resulting solution was degassed by three
freeze-evacuate-thaw cycles, placed under a dry nitrogen
atmosphere and heated at 65 °C for 20 h. The polymeriza-
tion was terminated by cooling the reaction down to room
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temperature. The produced AEMA, (2.48 g, 85% polymeriza-
tion yield) was retrieved by precipitation in methanol and
was left to dry in vacuo at room temperature for 24 h.

'H NMR (300 MHz, CDCl3) 6 (ppm): 11.90 (s, —OH (enol)),
5.10 (br, s, =CH (enol)), 4.2 (s, —CH;), 4.08 (s, —CH;), 3.6
(s, —CH_), 1.8 (s, —COCH3), 1.74-0.76 (—CH,, —CH3).

Synthesis of AEMA,-b-AnMMA,, Diblock copolymers

To a round-bottom flask, the macro-CTA, AEMA,, (M5 =
9,235 g mol ™, 200 mg, 0.022 mmol) was placed and kept
under a dry nitrogen atmosphere. AIBN (1.6 mg, 0.0096
mmol) and AnMMA (1.08 g, 3.909 mmol) dissolved in tetra-
hydrofuran (1.3 mL) were then transferred into the flask via
a syringe. The reaction mixture was degassed by three
freeze-evacuate-thaw cycles and placed under a dry nitro-
gen atmosphere at 62 °C for 20 h. The polymerization was
terminated by cooling the reaction down to room tempera-
ture. The produced diblock copolymer was retrieved by mul-
tiple precipitations in methanol and was left to dry in vacuo
at room temperature for 24 h.

'H NMR (300 MHz, CDCl3) & (ppm): 11.90 (s, —OH (enol)),
7.16-8.03 (br, —Ph), 5.6 (br, —NCH;), 4.35 (s, —CH,), 4.16
(s, —CH,), 3.56 (s, —CH,), 2.35 (s, —COCH3), 0.85-1.74 (br,
—CH,, —CH3).

Characterization

NMR spectra were recorded in CDCl; with tetramethylsilane
used as an internal standard using an Avance Brucker 300
MHz spectrometer equipped with an Ultrashield magnet. The
MWs and PDIs of the polymers were determined by SEC
using equipment supplied by Polymer Standards Service
(PSS). All measurements were carried out at room tempera-
ture using Styragel HR 3 and Styragel HR 4 columns. The
mobile phase was THE, delivered at a flow rate of 1 mL
min~! using a Waters 515 isocratic pump. The refractive
index was measured with a Waters 2414 refractive index de-
tector supplied by PSS. The instrumentation was calibrated
using poly(methyl methacrylate) standards with low PDI
(MWs of 7,39,000, 4,46,000, 2,70,000, 1,26,000, 65,000,
31,000, 1,44,00, 4,200, 1,580, 670, 450, and 102 (methyl
isobutyrate) g mol™') supplied by PSS. DSC was used to
measure the T,s of the homopolymers, and block copolymers
using a Q100 TA Instrument with a heating rate of 10 °C
min~*. Each sample was scanned twice between —100 and
4150 °C. The second run (heat) was used for data analysis.
UV-Vis spectra were recorded at room temperature using
dual-beam grating spectrophotometer (Jasco V-630). Meas-
urements were carried out in chloroform by placing the solu-
tions in a 1 cm quartz cells. Fluorescence emission spectra
were recorded in chloroform by using a Jasco 6300 spectro-
fluorimeter. The excitation wavelength was set at 368 nm.
The polymer concentration in solution was 1 x 107* M
(polymer concentration based on anthracene groups)
whereas the concentration of the triethylamine varied from
3.6 mM to 1 M and of the FeCl3-6H,0 12.3 and 18.5 mM.
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CONCLUSIONS

In summary, we have presented for the first time the effec-
tiveness of well-defined methacrylate-based AEMA,-b-AnM-
MA, diblock copolymers possessing f-ketoester metal chelat-
ing and anthryl fluorescent side-chain functionalities to act
as dual-chemosensors for amines and transition metal ions
in organic solvents. The preparation of these systems
involved an easy, cost-effective, and versatile controlled radi-
cal polymerization technique that enabled the synthesis of
polymeric materials characterized by predetermined MWs
and low MWD. The aforementioned block copolymer chemo-
sensors and the simple strategy followed for their synthesis
may be useful in the design and development of new and ef-
ficient chemosensors in the future.
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