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Novel blue-emitting carboxyl-functionalized
poly(arylene ether nitrile)s with excellent thermal
and mechanical properties†

Hailong Tang,ab Zejun Pu,a Xu Huang,a Junji Wei,a Xiaobo Liu*a and Zhiqun Lin*b

A series of novel carboxyl-functionalized poly(arylene ether nitrile)s (CPAENs) were synthesized via

nucleophilic substitution polycondensation reactions of 2,6-dichlorobenzonitrile with carboxyl-

functionalized phenolphthalin and diphenol compounds, using N-methyl-2-pyrrolidone (NMP) as solvent

in the presence of anhydrous potassium carbonate. The resulting CPAENs exhibited high glass transition

temperatures ranging from 181 �C to 251 �C, and were thermally stable up to 400 �C under either

nitrogen or air atmospheres. The incorporation of phenolphthalin-units into the polymer chain imparted

an improved solubility of CPAENs in organic solvents, such as NMP, N,N-dimethylformamide, and

tetrahydrofuran. The CPAENs were amorphous and can be readily cast into transparent films with a

tensile strength of 75.1–104.7 MPa and a tensile modulus of 2.6–3.2 GPa. All CPAENs displayed a highly

intense UV absorption in the wavelength range of 280–330 nm and a characteristic blue-emitting

fluorescence under the UV irradiation.
Introduction

Poly(arylene ether)s such as poly(arylene ether sulfone)s,
poly(arylene ether ketone)s, poly(arylene ether nitrile)s, poly-
(phenylene oxide) and poly(phenylene sulde) have garnered
considerable attention as they are an intriguing class of engi-
neering thermoplastics possessing excellent chemical and
thermal properties for a broad spectrum of applications. The
aromatic constituent in poly(arylene ether)s contributes to high
thermal stability and good mechanical properties of poly(aryl-
ene ether)s, and the ether linkages facilitate the polymer pro-
cessing while maintaining its thermal stability. Notably, many
different kinds of poly(arylene ether)s have found the wide-
spread applications in electronics, energy, and automotive and
aerospace industries.1–6 Among them, poly(ether ether ketone)
(Victrex® PEEK, ICI, UK)7 and poly(arylene ether nitrile) (PEN-
ID300®, Idemitsu, Japan)8 have been commercialized and
recognized as high-performance engineering thermoplastics
due to their good mechanical properties, and high chemical
and thermal resistance.
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It is noteworthy that poly(arylene ether nitrile)s (PAENs) are
an important new class of high-performance engineering ther-
moplastics that exhibit outstandingmechanical properties, high
thermal stability, excellent radiation resistance, and good
chemical inertia and dielectric properties.9–13 Unlikemany other
poly(arylene ether)s, PAENs have strongly polar nitrile groups
pendent on aromatic rings, whichmost probably promotes their
adhesion tomany substrates via the interaction with other polar
groups on the substrate. PAENs can also serve as a potential site
for the polymer crosslinking via trimerization of the nitrile
groups to form thermally stable sym-triazines.14,15These eminent
performances make PAENs attractive candidates as matrices in
advanced composites in aerospace industries.16 Nevertheless,
owing to premature crystallization from organic solvents, the
PAENs have the poor solubility, thus posing challenges in their
synthesis, processing and widespread applications.17

To this end, in recent years the functionalization of PAENs
has received much attention to broaden the applications of
PAEN-based materials. One effective strategy involves the
incorporation of pendant functional groups, such as sulfonic
acid groups, carboxyl groups, etc. This can be realized by either
postsynthesis chemical modication of the polymer chains18,19

or direct synthesis using functionalized monomers.20 Recently,
the sulfonated derivatives of PAENs have been reported. For
example, a series of copoly(aryl ether ether nitrile)s containing
sulfonic acid groups13 and copoly(aryl ether nitrile)s containing
a naphthalene structure with sulfonic acid groups12,16 were
synthesized as proton conducting membrane materials for fuel
cells. The sulfonated PAENs as high-performance polymer
electrolyte membranes for fuel cells were also reported.21–23
Polym. Chem., 2014, 5, 3673–3679 | 3673
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The polymer functionalization with carboxyl groups has long
been of interest as the carboxyl-functionalized polymers not only
improve their solubility, but also enable some new additional
properties, such as the adsorption of heavy metal ions,24,25 the
preparation of composites by coordination with inorganic
ions,26,27 etc. Furthermore, many derivatives with other func-
tional groups can be readily obtained by reacting with carboxyl
groups in carboxyl-functionalized polymers.28 To date, poly-
imide, polyaryletherketone, polycarbonate and aromatic poly-
ester with pendant carboxyl groups have been developed.28–31 In
sharp contrast, to the best of our knowledge, there is little work
on the functionalization of PAENs with carboxyl groups.

Herein, we report a series of novel carboxyl-functionalized
poly(arylene ether nitrile)s (CPAENs) by the direct synthesis
using carboxyl-functionalized monomer, and systematically
explore their structure–property relationships, including
thermal stability, solubility, mechanical and uorescence
properties for potential use in high-performance fuel cells,
optical devices, and membranes for gas and solvent separation.

Experimental section
Materials

N-Methyl-2-pyrrolidinone (NMP), N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAc), dimethyl sulfoxide
(DMSO), tetrahydrofuran (THF), chloroform (CHCl3), toluene,
sodium hydroxide (NaOH), anhydrous potassium carbonate
(K2CO3), and zinc powder were purchased from Tianjin Bodi
Chemical Holding Co., Ltd. 2,6-Dichlorobenzonitrile (DCBN)
was obtained from Yangzhou Tianchen Fine Chemical Co., Ltd.
Phenolphthalein (PP), resorcinol (RS), hydroquinone (HQ), and
bisphenol A (BPA) were supplied by Chengdu Haihong Chem-
ical Co., Ltd. All the materials were used without further puri-
cation unless otherwise stated.

Synthesis of a carboxyl-functionalized monomer

A typical procedure for synthesis of a carboxyl-functionalized
monomer is illustrated in Scheme 1. Phenolphthalein (50 g,
0.16 mol), sodium hydroxide (75 g, 1.88 mol), and zinc powder
Scheme 1 Synthetic route to the carboxyl-functionalized monomer,
phenolphthalin.
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(32.5 g, 0.50 mol) were added into 1.2 L of water. The mixture
(a purple solution) was kept at a xed temperature of 60 �C
under continuous stirring until the purple disappeared
completely. The mixture was then ltered to remove zinc.
Subsequently, dilute hydrochloric acid was poured into the
ltered colorless solution until a white precipitate was
completely formed. The white solid was then isolated by
ltering the mixture, and rinsed repeatedly with deionized
water until a neutral pH was reached. The carboxyl-functional-
ized monomer, phenolphthalin (PPL), was obtained aer drying
in a vacuum oven at 100 �C for 48 h and characterized.

Yield: 90.5%; mp 234 �C (by DSC); 1H NMR (300MHz, DMSO-
d6): d (ppm) ¼ 6.39 (s, 1H, CH), 6.64–6.79 (m, 8H, 2C6H4OH),
6.96–7.73 (m, 4H, C6H4COOH), 9.24 (s, 2H, OH), 12.81 (s, 1H,
COOH); FTIR (KBr): n (cm�1) ¼ 1693 (C]O), 1599, 1571, 1510
(phenyl), 2954 (CH), 3620 (OH) (Fig. S1 and S2†).

Synthesis of carboxyl-functionalizedpoly(arylene ethernitrile)s

In a typical synthesis procedure, DCBN (22.0 g, 128 mmol), PPL
(20.5 g, 64 mmol), HQ (7.05 g, 64 mmol), anhydrous K2CO3

(35.4 g, 256 mmol), NMP (85 mL), and toluene (35 mL) were
added into a 250 mL three-neck round bottom ask equipped
with a Dean–Stark trap, condenser, mechanical stirrer, and
thermometer. The system was heated to 140–160 �C to remove
water from the reaction by azeotropic distillation with toluene
for 3 h. Toluene was then removed by distillation and the
temperature was gradually raised to 190–200 �C. The system was
kept stirring for about 5 h until its viscosity did not increase any
more. Aerwards, the reaction mixture was poured into ethanol
to precipitate the copolymer. The precipitate was then acidied
by dilute hydrochloric acid aer crushing. Finally, the collected
copolymer was washed ve times with boiling water and dried
in a vacuum oven at 130 �C for 12 h to produce a white solid
(yield: 83.7%). The other CPAEN copolymers were also synthe-
sized using the similar procedure noted above.

In order to yield a series of carboxyl-functionalized poly(aryl-
ene ether nitrile) (CPAEN) copolymers with various structures
and properties, different phenolic compoundswere employed as
the rst diphenol monomer (M1), including resorcinol, hydro-
quinone, bisphenol A andphenolphthalein, andphenolphthalin
as the second diphenol monomer (M2). The copolymers are
denoted by CPAEN(M1/M2). It is important to note that the mole
fractions of two diphenolmonomers (x, y) can be adjusted freely,
and all the copolymers were xed at x ¼ y ¼ 50% in this study.

Characterizations

Relative molecular weights and molecular weight distributions
of copolymers were determined by gel permeation chromatog-
raphy (GPC) measurements, which were performed on a Waters
1515 GPC system with a Waters 2414 refractive index detector,
using THF as an eluent and polystyrene as the standard.

Fourier transform infrared (FTIR) spectra in reection mode
were recorded on a Nicolet Nexus 670 FTIR spectrometer. Film
samples of ca. 20 mm thickness were used for the test, which
were vacuum-dried at 100 �C for 12 h prior to the measurement.
The proton nuclear magnetic resonance (1H NMR) spectra were
This journal is © The Royal Society of Chemistry 2014
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Scheme 2 Schematic synthesis procedure of carboxyl-functionalized
poly(arylene ether nitrile)s (CPAENs), where x and y are the mole
fractions of the first diphenol monomer and phenolphthalin in the
feed, respectively.

Table 1 Molecular weights of carboxyl-functionalized poly(arylene
ether nitrile)s (CPAENs)

Polymer Mw
a (g mol�1) Mn

a (g mol�1) PDIb

CPAEN(PPL) 19 230 11 470 1.68
CPAEN(RS/PPL) 11 360 5850 1.94
CPAEN(HQ/PPL) 65 580 46 180 1.42
CPAEN(BPA/PPL) 76 970 51 680 1.49
CPAEN(PP/PPL) 55 970 34 170 1.64

a Determined by GPC vs. polystyrene standards in THF. b Polydispersity
index, PDI ¼ Mw/Mn.
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taken on a Bruker Avance DPX 300 spectrometer at 300 MHz,
using deuterated dimethyl sulfoxide (DMSO-d6) as the solvent,
and tetramethylsilane (TMS) as an internal reference. Wide
angle X-ray diffraction (WAXD) was performed at room
temperature on an X'Pert PRO Alpha-1 diffractometer using Cu
Ka radiation.

Differential scanning calorimetry (DSC) measurements were
conducted on a TA Instruments DSC Q100 module. Samples
were placed in aluminum pans under nitrogen and heated from
30 �C to 300 �C at a heating rate of 10 �C min�1. In order to
remove any previous thermal histories, all samples were initially
heated from room temperature to 300 �C, and then cooled to
30 �C with a rate of 20 �C min�1. Thermogravimetric analyses
(TGA) were carried out on a TA Instruments TGA Q50 module
under owing nitrogen or air, from room temperature to 800 �C
at a heating rate of 20 �Cmin�1. All samples were kept at 100 �C
for 30 min in the TGA apparatus to avoid the effect of ambient
humidity prior to the measurement.

Mechanical properties of the copolymer lms were
measured on a SANS CMT6104 series desktop electromechan-
ical universal testing machine with a cross-head speed of 5 mm
min�1. The results were reported as the average value for ve
samples (size: 10 mm � 100 mm).

Ultraviolet-visible (UV-vis) absorption spectra were recorded
using a Shimadzu 3100 UV-vis-near-IR spectrophotometer.
Fluorescence emission spectra in NMP were measured using a
Hitachi F-7000 FL spectrophotometer at a polymer concentra-
tion of 1.5 mg mL�1.

Results and discussions
Synthesis and characterization of carboxyl-functionalized
poly(arylene ether nitrile) copolymers

A set of carboxyl-functionalized poly(arylene ether nitrile)
(CPAEN) copolymers were synthesized by the nucleophilic
substitution polycondensation reactions of 2,6-dichlor-
obenzonitrile and phenolphthalin with various diphenol mono-
mers (i.e., rst diphenol) using anhydrous potassium carbonate
as a catalyst in NMP, as depicted in Scheme 2. The number-
average molecular weight (Mn) and weight-average molecular
weight (Mw) of as-synthesized polymers determined by GPC are
shown inTable1. Theirpolydispersity index (PDI¼Mw/Mn) is also
summarized in Table 1.

TheFTIR spectraofCPAENsare shown inFig. 1. Two sharpand
strong absorption bands observed at 1500 cm�1 and 1460 cm�1

can be attributed to the skeleton vibration of benzene rings. The
other two weak bands at 1600 cm�1 and 1580 cm�1 were also
associated with the absorption of benzene rings. Moreover, a
characteristic ether band at 1243 cm�1 was seen, which is due to
the phenylene ether stretching vibrations.32 These observations
indicated the formation of aryl ether (Ar–O–Ar) via nucleophilic
polycondensation reaction. The peak at 1718 cm�1 corresponded
to the C]O absorption of the free carboxyl groups,29 and the
absorption band at 2231 cm�1 was assigned to the symmetrical
stretching vibration of nitrile groups (–CN). They are all the
characteristic absorption of PAENs and evidenced in all CPAENs.
The characteristic absorption bands of CPAEN(RS/PPL) and
This journal is © The Royal Society of Chemistry 2014
CPAEN(HQ/PPL) different from other CPAENs were observed at
1130 cm�1 (Fig. 1b) and 1191 cm�1 (Fig. 1c), respectively, which
canbeattributed to the skeletal vibrations of the phenoxy group in
RS-units and HQ-units, respectively.33 The characteristic absorp-
tion band of CPAEN(BPA/PPL) was found at 2969 cm�1 (Fig. 1d),
corresponding to the stretching vibration of C–H in methyl
groups. A sharp and strong characteristic absorption bandat 1770
cm�1 was obtained in CPAEN(PP/PPL) (Fig. 1e), arising from the
stretchingvibrationofC]Oof lactone rings inphenolphthalein.34

The structural properties of CPAENs were also studied by
liquid phase 1H NMR spectroscopy with DMSO-d6 as the
solvent. As examples, the typical 1H NMR spectra of
CPAEN(PPL) and CPAEN(BPA/PPL) are shown in Fig. 2a and b,
respectively. A characteristic peak at d ¼ 12.98 ppm represented
the carboxyl proton in the PPL-unit, and the proton attached to
the tertiary carbon of the PPL-unit was identied at 6.71 ppm,
Polym. Chem., 2014, 5, 3673–3679 | 3675
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Fig. 1 FTIR spectra of carboxyl-functionalized poly(arylene ether
nitrile)s: (a) CPAEN(PPL), (b) CPAEN(RS/PPL), (c) CPAEN(HQ/PPL), (d)
CPAEN(BPA/PPL), and (e) CPAEN(PP/PPL).
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which suggested that the copolymers had the structure of
PAENs with a pendant carboxyl functional group. The chemical
shi at d ¼ 6.54–7.83 ppm can be assigned to the protons on
phenyl rings. An intense characteristic peak at d ¼ 1.67 ppm
resulted from the methyl protons in the BPA-unit. Furthermore,
the intensity of the distinct signal of six methyl protons in the
BPA-unit is 5.31 (i.e., peak c in Fig. 2b), and the intensity of the
proton attached to the tertiary carbon of the PPL-unit is 0.92
(i.e., peak i in Fig. 2b). Therefore, the ratio of the BPA-unit to the
PPL-unit in CPAEN(BPA/PPL) can be estimated to be 0.49 to
0.51, which is in good agreement with the feed ratio.
Fig. 2 1H NMR spectra of (a) CPAEN(PPL) and (b) CPAEN(BPA/PPL).

Fig. 3 DSC curves of carboxyl-functionalized poly(arylene ether
nitrile)s (CPAENs). I: CPAEN(PPL); II: CPAEN(RS/PPL); III: CPAEN(HQ/
PPL); IV: CPAEN(BPA/PPL) and V: CPAEN(PP/PPL).
Thermal properties

Thermally induced phase transition behavior of CPAENs was
examined by DSC over two heating cycles under a nitrogen
atmosphere (Fig. 3). The glass transition temperatures (Tgs) of
CPAENs were found to be in the range of 181–251 �C, which
are much higher than that of the commercial PEN-ID300® (Tg¼
148 �C).17 Furthermore, the Tgs progressively increased from
CPAEN(RS/PPL), CPAEN(HQ/PPL), CPAEN(BPA/PPL),
CPAEN(PPL) to CPAEN(PP/PPL), depending primarily on the
rigidity and exibility of structural units and their contents in
the copolymers. Clearly, the CPAEN(PP/PPL) showed the highest
Tg (251 �C) due to the presence of PP-units, which have a higher
rigidity than other structural units due to the lactone ring
structure. In comparison, the PPL-units carry a relatively lower
rigidity than PP-units due to the internal rotation of benzoyloxy
hanging on the tertiary carbon and exible side groups (i.e.,
carboxyl group). This resulted in a lower Tg of CPAEN(PPL)
(237 �C) than that of CPAEN(PP/PPL). The Tg of CPAEN(HQ/PPL)
(202 �C) is slightly higher than that of CPAEN(RS/PPL) (181 �C)
because of the greater symmetry of the HQ-unit than the
RS-unit.33 Furthermore, according to the previous reports,10,33

the Tgs of PAEN(RS), PAEN(HQ), PAEN(BPA) and PAEN(PP)
without the addition of PPL-units are 145 �C, 175 �C, 178 �C and
3676 | Polym. Chem., 2014, 5, 3673–3679 This journal is © The Royal Society of Chemistry 2014
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Fig. 4 TGA curves of carboxyl-functionalized poly(arylene ether
nitrile)s (CPAENs) under (a) nitrogen and (b) air atmospheres,
respectively.

Table 3 Solubility of carboxyl-functionalized poly(arylene ether
nitrile)s (CPAENs)a,b

Polymer NMP DMF DMAc DMSO THF CHCl3 Toluene

CPAEN(PPL) ++ ++ ++ ++ ++ � �
CPAEN(RS/PPL) ++ ++ ++ ++ ++ � �
CPAEN(HQ/PPL) ++ ++ ++ ++ + � �
CPAEN(BPA/PPL) ++ ++ ++ ++ + � �
CPAEN(PP/PPL) ++ ++ ++ ++ + � �
Ref. 33 +� � � � � � �
a Solubility was tested with a 20 mg polymer in 1 mL of solvent. b The
symbols denote the follow meanings: ++, fully soluble at room
temperature; +, fully soluble on boiling temperature; +�, partially
soluble on boiling temperature and �, insoluble on boiling
temperature.

Scheme 3 Structures of reference PAENs in ref. 33.
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260 �C, respectively. This signied that the incorporation of
PPL-units into the polymers increased their Tgs, except
CPAEN(PP/PPL), which can be rationalized on the basis of
rigidity of the triphenylmethane structure of the PPL-unit.

The thermal stabilities of CPAENs were evaluated by TGA
under both nitrogen and air atmospheres (Fig. 4). As summa-
rized in Table 2, the decomposition temperatures at 5% weight
loss (T5%s) under nitrogen and air atmosphereswere in the range
of 407–457 �C and 400–450 �C, respectively. For 10% weight loss
(T10%s), the decomposition temperatures under nitrogen and air
atmospheres ranged from 435 �C to 493 �C and from 449 �C to
480 �C, respectively. The char yields (CYs) at 800 �C under
nitrogen for CPAENs were in the range of 51–59 wt%. The high
char yield of these copolymers under nitrogen can be ascribed to
their high aromatic contents. Taken together, these results
indicated that all CPAENs possessed excellent thermal
stabilities.
Table 2 Thermal stability of carboxyl-functionalized poly(arylene
ether nitrile)s (CPAENs)

Polymer

In nitrogen In air

T5%
(�C)

T10%
(�C)

CYa

(%)
T5%
(�C)

T10%
(�C)

CPAEN(PPL) 408 435 56 403 451
CPAEN(RS/PPL) 407 448 59 400 449
CPAEN(HQ/PPL) 450 489 58 422 456
CPAEN(BPA/PPL) 444 476 51 432 466
CPAEN(PP/PPL) 457 493 54 450 480

a Char yield at 800 �C in the nitrogen atmosphere.

This journal is © The Royal Society of Chemistry 2014
Solubility

The solubility of CPAENs in common organic solvents is
summarized in Table 3. Obviously, all CPAENs were readily
dissolved in strong polar aprotic solvents, such as NMP, DMF,
DMAc, DMSO at room temperature. Even in intermediate polar
solvents, for example THF, CPAENs also showed good solubility.
We note that according to the measurements performed by
ourselves as well as described in the literature,33 the PAEN con-
sisting of RS-units (a in Scheme 3) and PAEN containing HQ-
units (b in Scheme 3) showed very poor solubility in commonly
used organic solvents. They were found to be only partially
soluble in NMP at boiling temperature. This suggested that the
incorporation of PPL-units into the polymer chain markedly
improved the solubility of polymers, which may be attributed to
the following two aspects: (1) the pendant benzoyloxy groups in
PPL-units prevent the polymer chains from closely packing,
thereby allowing the solvent molecules to diffuse into the poly-
mer chains; and (2) the introduction of strong polar groups (i.e.,
carboxyl groups) improve the solubility of the polymers in polar
solvents, based on the solubility principle of “like dissolves like”;
consequently, the CPAENs have poor solubility (even insoluble)
in nonpolar or weakly polar solvents, such as CHCl3 and toluene.
Crystallization and mechanical properties

The crystallization behaviors of CPAENs were investigated by
means of wide-angle X-ray diffraction (WAXD) at room
temperature. As evidenced in Fig. 5, the WAXD diffractograms
displayed almost completely amorphous diffraction patterns,
Polym. Chem., 2014, 5, 3673–3679 | 3677
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Fig. 5 WAXD diffractograms of carboxyl-functionalized poly(arylene
ether nitrile)s (CPAENs). I: CPAEN(PPL); II CPAEN(RS/PPL); III:
CPAEN(HQ/PPL); IV: CPAEN(BPA/PPL) and V: CPAEN(PP/PPL).

Table 4 Mechanical properties of carboxyl-functionalized poly(aryl-
ene ether nitrile)s (CPAENs)

Polymer

Tensile
strength
(MPa)

Elongation
at break
(%)

Tensile
modulus
(GPa) Film state

CPAEN(PPL) 75.1 3.5 2.6 Flexible
CPAEN(RS/PPL) —a —a —a Brittle
CPAEN(HQ/PPL) 99.3 5.9 2.8 Flexible
CPAEN(BPA/PPL) 83.1 4.4 2.9 Flexible
CPAEN(PP/PPL) 104.7 5.0 3.2 Flexible

a The polymer lm is too brittle to be measured.

Fig. 6 (a) UV-vis absorption, and (b) fluorescence emission spectra of
carboxyl-functionalized poly(arylene ether nitrile)s (CPAENs).
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which is consistent with the DSC studies where all CPAENs did
not show any melting and crystallization peaks (Fig. 3). The
amorphous nature can be ascribed primarily to the introduction
of the PPL-units that produced a wider separation of polymer
chains, thereby lowering chain packing efficiency with a gain of
free volume. It is worth noting that the amorphous structure of
all CPAENs was also reected in their good solubility (Table 3).

Due to the good solubility in common organic solvents and
high molecular weight, all CPAENs can be easily cast into
transparent, tough and exible lms from NMP solution, except
CPAEN(RS/PPL) which had low molecular weight. Their tensile
properties, including tensile strength, elongation at break and
tensile modulus, determined from the stress–strain curves are
summarized in Table 4. The tensile strength and the elongation
at break were in the range of 75.1–104.7 MPa and 3.5–5.9%,
respectively. As compared to the analogous poly(arylene ether
nitrile)s without PPL-units,35,36 the obtained CPAENs exhibited
relatively lower tensile properties. This may be due to the
presence of the bulky pendant benzoyloxy groups in PPL units,
which increases the distance of polymer chains and reduces the
intermolecular interactions. Moreover, the CPAEN(PP/PPL)
exhibited the best tensile properties with a tensile strength of
3678 | Polym. Chem., 2014, 5, 3673–3679
104.7 MPa and a tensile modulus of 3.2 GPa, which was due
most likely to the rigidity, contributed by the PP-unit.
Optical properties

The optical properties of CPAENs in NMP solutions were
explored by UV-vis absorption and uorescence emission
spectroscopies. As shown in Fig. 6a, owing to the high aromatic
content, all CPAENs exhibited a highly intense UV absorption
band in the wavelength region of 280–330 nm, with an
absorption maxima at approximately 315 nm, which can be
attributed to the p / p* electronic transition of aromatic
rings.37 The uorescence emission spectra of CPAENs due to the
short lifetime of the excited state are shown in Fig. 6b. The
CPAENs exhibited a characteristic emission band in the solu-
tion state, with the emission maxima at 425 nm for
CPAEN(PPL), 415 nm for CPAEN(BPA/PPL) and 427 nm for other
three CPAENs. This may be ascribed to the fact that the
triphenylmethane structure can be transformed into a stable
triphenylmethyl radical, which is delocalized over the
surrounding three benzene rings.38,39 A slight blue shi (10–12
This journal is © The Royal Society of Chemistry 2014
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nm) was observed for CPAEN(BPA/PPL) as compared with other
CPAENs. The CPAEN solutions were colorless and transparent
under visible light, and emitted blue uorescence under the UV
irradiation at 365 nm (Fig. S3†).

Conclusions

In summary, a class of novel carboxyl-functionalized poly(aryl-
ene ether nitrile)s (CPAENs) with different structures have been
successfully synthesized by the nucleophilic substitution poly-
condensation reactions by employing a carboxyl-functionalized
monomer. Quite intriguingly, the incorporation of PPL-units
into the polymers not only greatly improved their solubility, but
also markedly raised their glass transition temperatures. All
CPAENs were amorphous and exhibited excellent thermal and
mechanical properties. They displayed a highly intense UV
absorption and possessed a blue uorescence under the UV
irradiation. These remarkable characteristics suggested that the
CPAENs can be considered not only as new promising candi-
dates for processable high-performance engineering plastics,
but also as potential functional materials. The CPAENsmay also
be exploited as reactive polymers to yield a large variety of
functional derivatives possessing other additional properties by
their reacting carboxyl groups in CPAENs. Further investigations
on the functionalization of CPAENs are currently underway.
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