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Abstract

Carboxylated poly(arylene ether ketone)s with hyperbranched and linear architectures were synthesized by the self-
condensations of aromatic dicarboxylic anhydrides. A linear poly(arylene ether ketone) was obtained from an AB monomer,
4-phenoxyphthalic anhydride, whereas a hyperbranched poly(arylene ether ketone) was obtained using an AB, monomer,
1,3-bis(3,4-dicarboxyphenoxy)benzene dianhydride. The method for the synthesis of the hyperbranched poly(arylene ether
ketone) is notable, because it provides a high ion-exchange capacity, above 7mmolg~!, through a one-pot
polycondensation. These functional polymers are soluble in several organic solvents and aqueous NaOH, in contrast to

typical poly(ether ketone)s, while they retain the high thermal stabilities of their backbones.

Introduction

Poly(arylene ether ketone)s (PAEKSs) are recognized as
being high-performance engineering thermoplastics due to
their high thermal and chemical stabilities along with their
mechanical strengths; consequently, they are used in a
variety of applications. PAEKSs are typically obtained in two
ways, namely, through nucleophilic aromatic substitution
reactions that form ether bonds or by Friedel-Crafts elec-
trophilic substitutions that form ketone bonds [1-5]. A
variety of functional units, such as sulfonyl [6-10], car-
boxyl [11-15], hydroxyl [13], methyl [13], azobenzene
[16], and phthalocyanine [17] groups, have been introduced
in order to control the properties of PAEKSs and expand their
applications. These functionalized PAEKs are prepared
through the co-polymerization of monomers bearing the
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desired functional groups or through the post functionali-
zation of pre-prepared PAEKSs.

The synthesis of a hyperbranched polymer is a facile
method for producing a functionalized PAEK, as it can
contain numerous functional groups on its termini and
can easily be prepared through the self-polycondensation of
AB,-type monomers or through A, + B; approaches [18].
These approaches have been used to synthesize other aro-
matic polymers, such as poly(arylene ether sulfone)s [19],
polyamides [20, 21], and polyimides [22, 23]; these polymers
have been proposed for catalytic applications [24-26]. In the
case of PAEKSs, Shu and Leu [15] reported the synthesis of a
hyperbranched PAEK with carboxylic acid termini through
the polycondensation of 5-phenoxyisophthalic acid, an AB,-
type monomer. A polymer with the same design has been
used to modify carbon nanotubes [27]. Wang et al. [17]
reported the synthesis of a hyperbranched PAEK functiona-
lized with nickel phthalocyanine through an A;+ Bj
approach. More recently, our research group reported the
synthesis of a hyperbranched PAEK with a 2.8 mmol g~
carboxylic-acid-group content through the polycondensation
of  4,4'-(m-phenylenedioxy)bis(benzenecarboxylic  acid),
which resulted in a high molecular weight [28]. This polymer
was proposed to be a weakly acidic catalyst for the hydrolysis
of cellulose. Moreover, this polymer acted as an oxidation
catalyst for alcohols after modification of the terminal car-
boxylic groups with 2,2,6,6-tetramethylpiperidin-1-oxyl
(TEMPO) moieties [29, 30].
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In this context, we have focused our interests on the
self-polycondensations of aromatic dicarboxylic anhy-
drides as a more facile approach to producing carboxy-
lated PAEKS. Friedel-Crafts electrophilic substitutions of
aromatic rings with dicarboxylic anhydrides form ketone
bonds and a free carboxylic acid group, and this process
does not require any post functionalization. Moreover,
this polycondensation process is clearly advantageous
because it does not produce any byproducts, whereas the
typical synthesis routes mentioned above produce
halogen-containing byproducts. This polycondensation
chemistry has been used in a very limited number of A, +
B, examples [14, 31], but no self-polycondensation
employing the Friedel-Crafts reaction has been reported
for the preparation of functionalized PAEKSs. In addition,
we have a particular interest in the hyperbranched poly-
mers obtained from the self-polycondensations of aro-
matic dicarboxylic anhydrides, because they provide
phthalic acid units on their terminals, which might result
in a new class of catalytic materials for the hydrolysis of
cellulose [32].

The objective of this study is to establish a facile
approach to obtain carboxylated PAEKs with hyper-
branched and linear structures through the self-
condensations of aromatic dicarboxylic anhydrides. We
hereby demonstrate the self-polycondensation of 4-
phenoxyphthalic anhydride (Scheme 1) to obtain a lin-
ear PAEK loaded with 4.16 mmol g~! carboxylic acid
groups (LPAEK-(COOH)) and that of 4,4’-(m-phenyle-
nedioxy)bis(phthalic anhydride) (Scheme 2) to obtain a
hyperbranched PAEK with 7.14 mmol g~ carboxylic
acid groups (HBPAEK-(COOH);). The hyperbranched
PAEKs exhibited a very high ion-exchange capacity
(IEC) compared with well-known ion-exchange resins
such as Amberlyst-15° (4.7mmolg™') and Nafion®
(1.0-1.1 mmol g~"), and are soluble in several organic
solvents and aqueous NaOH, in contrast to typical poly
(ether ketone)s, while they retain the high thermal sta-
bilities of their backbones.

Materials and methods
Materials

All materials were of reagent grade, purchased from Wako
Chemical (Osaka), Tokyo Chemical Industry (Tokyo),
or Sigma-Aldrich (Tokyo), and used without further
purification.

Syntheses of 4-phenoxyphthalonitrile (1)

Phenol (2.39mL, 29.5mmol) and 4-nitrophthalonitrile
(4.72 g, 27.2 mmol) were dissolved in N,N-dimethylforma-
mide (DMF, 60mL) in a 500 mL flask equipped with a
condenser, after which K,CO;5; (7.39 g, 53.5 mmol) was
added. The mixture was stirred at 80 °C for 3h and then
poured into water (1.5 L). The precipitate was collected by
filtration, washed with water, and dried under vacuum at
70°C to obtain a whitish powder (4.97 g, 91%). Proton
nuclear magnetic resonance (lH—NMR) (400 MHz, DMSO-
ds, 0): 8.09 (d, 1 H), 7.77 (s, 1 H), 7.50 (t, 2 H), 7.37-7.34
(dd, 1H), 7.32 (t, 1H), 7.19 (d, 2 H). Infrared spectrum
(IR) (KBr, cm™"): 2233 (nitrile stretch).

Syntheses of 4-phenoxyphthalic acid (2)

4-Phenoxyphthalonitrile (1) (5.79 g, 26.3 mmol) and KOH
(85%, 8.20 g, 125 mmol) were dissolved in 1:1 (v/v) water/
ethanol (120 mL) in a 500 mL flask equipped with a con-
denser and refluxed for 24 h. Another portion of KOH
(85%, 8.20 g, 125 mmol) was added and the mixture was
refluxed for a further 24 h, after which it was poured into
water (1.5 L). After adjusting the pH to 1 with 1 M aqueous
HCI, the precipitate was collected by filtration, washed with
dilute HCI and water, and then dried under vacuum at 70 °C
to obtain a whitish powder (5.11 g, 82%). 'H-NMR (DMSO-
dg, 0): 12.89 (s, 2H), 7.96 (d, 4H), 7.51 (t, 1 H), 7.11 (d,
4H), 6.97-6.95 (dd, 2H), 6.89 (s, 1 H). IR (KBr, cm )
3000-2500 (O-H, broad), 1672 (C = O stretch).

CN HZO/EtOH COOH

COOH
P205 A|C|3 COOH
El Jgr:

AB monomer

Scheme 1 Synthesis route to the linear PAEK
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Scheme 2 Synthesis route to the hyperbranched PAEK

Synthesis of 4-phenoxyphthalic anhydride (3)

4-Phenoxyphthalic acid (2) (2.56 g, 9.92 mmol) was dissolved
in dichloromethane (100mL) in a 200mL flask equipped
with a condenser. Phosphorous pentoxide (P,Os, 6.8 g) was
added and the mixture was refluxed for 3 h. After filtration,
the solvent was removed by evaporation, and the
4-phenoxyphthalic anhydride (3) residue was purified by
sublimation under vacuum at 120°C to obtain a whitish
powder (0.857 g, 36%). "H-.NMR (DMSO-dg, 6): 8.08 (d,
1H), 7.54 (d, 2H), 7.51 (d, 1 H), 7.42 (s, 1 H), 7.35 (t, 1 H),
7.22 (d, 2 H). IR (KBr, cmfl): 3100-3000 (C-H stretch), 1851
(C = O stretch).

Synthesis of 1,3-bis(3,4-dicyanophenoxy)benzene
(4)

Resorcinol (3.3 g, 30mmol) and 4-nitrophthalonitrile
(10.4 g, 60 mmol) were dissolved in dimethyl sulfoxide
(DMSO) (60 mL) in a 100 mL flask fitted with a N, balloon
and stirred at room temperature for 24 h. The mixture was
poured into 1:1 (v/v) water/methanol (1.2L) and filtered.
The precipitate was washed with water and dried under
vacuum at 60 °C to obtain a whitish powder (10.8 g, 99%).
'H-NMR (DMSO-dg, 8): 8.13 (d, 2H), 7.93 (d, 2H), 7.61

-
Q. ieg
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2) HCl aq

COOH

COOH
—>
H,O/EtOH
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HBPAEK-(COOH)3

COOH

COOH
COOH

(m, 1H), 7.56 (dd, 2H), 7.15 (s, 1H), 7.14 (dd, 2H).
IR (KBr, cm™'): 2231 (nitrile stretch), 1246 (C-O stretch).

Synthesis of 1,3-bis(3,4-dicarboxyphenoxy)benzene
(5)

1,3-Bis(3,4-dicyanophenoxy)benzene (4) (10.8 g, 30 mmol)
and KOH (85%, 20 g, 300 mol) were dissolved in 1:1 (v/v)
water/ethanol (200 mL) in a 500 mL flask equipped with a
condenser and stirred at 95 °C for 64 h. After hot filtration,
dilute HCI was added to the filtrate, and the precipitate was
collected by filtration and dried under vacuum at 60 °C to
obtain a whitish powder (12.5 g, 98%). '"H-.NMR (DMSO-dg,
8): 13.24 (s, 4H), 7.78 (d, 2H), 7.52 (t, 1 H), 7.17 (m, 4 H),
6.99 (m, 3H). IR (KBr, cm™'): 1708 (C=0 stretching).

Synthesis of 1,3-bis(3,4-dicarboxyphenoxy)benzene
dianhydride (6)

1,3-Bis(3,4-dicarboxyphenoxy)benzene (5) (12.5 g, 28.5 mmol)
and acetic anhydride (120 mL) were added to a 300 mL flask
fitted with a condenser and stirred at 120 °C for 5 h. After
cooling in an ice bath, the precipitate was collected by fil-
tration, washed with toluene, and dried under vacuum at
80°C. The crude powder was recrystallized from acetic
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anhydride to obtain a whitish powder (8.5g, 74%). 'H-
NMR (DMSO-dg, 6): 8.10 (d, 2H), 7.64-7.62 (m, 5 H),
7.14-7.12 (m, 3 H). Carbon-13 ('3C) NMR (DMSO-dq, 8):
163.3, 162.5, 156.0, 134.1, 132.3, 127.9, 125.3, 125.1,
117.1, 113.5, 112.5. IR (KBr, cm™!): 1850 (C = O stretch),
1246 (C-O stretch).

Synthesis of LPAEK-(COOH)

AICl; (1.67 g, 12.5 mmol) was dispersed in 1,2-dichlor-
oethane (DCE, 12 mL) in a 100 mL flask equipped with a
condenser and stirred under N, at room temperature for
30 min. In a separate vial, 4-phenoxyphthalic anhydride
(3) 1.20 g (5.0 mmol) was dissolved in DCE (12 mL) and
this solution was transferred to the flask by syringe. After
stirring at 50 °C for the prescribed reaction time, the
mixture was poured into 1M aqueous HCl (500 mL),
and the precipitate was collected by filtration. The col-
lected powder was washed three times with dilute HCI and
dried under vacuum at 70 °C. This crude powder was
dissolved in a small amount of DMSO and reprecipitated
in acetone, collected, washed with water, and then dried
under vacuum; at 80 °C to obtain LPAEK-(COOH) as a
whitish powder.

Synthesis of HBPAEK-(COOH);

AlCl; (1.67 g, 12.5 mmol) was dispersed in DCE (2mL) in a
100 mL flask equipped with a condenser and stirred under N,
at —20°C for 20 min. In a separate vial, 1,3-bis(3,4-dicar-
boxyphenoxy)benzene dianhydride (6) (0.95g, 2.36 mmol)
was dissolved in DCE (26 mL), and this solution was trans-
ferred to the flask by syringe. After stirring at 50 °C for the
prescribed time, the mixture was poured into water (250 mL),
and the precipitate was collected by filtration. The collected
powder was washed with 5M aqueous HCI (100 mL)
and then stirred in 6 M aqueous NaOH (10 mL) at 80 °C for
2h. After filtration, dilute HCl was added to the filtrate,
and the precipitate was collected by filtration, washed
with dichloromethane and water, and then dried under
vacuum at 35°C to obtain HBPAEK-(COOH); as a
brownish powder.

Polymer esterification

To perform size exclusion chromatography (SEC) on the
prepared polymers, their carboxylic acid termini were
converted into ethyl esters in the following manner. The
carboxylic acid-terminated polymer (0.11 g) and K,COj3;
(0.26 g, 18.8 mmol) were dissolved in DMSO (0.5 mL) in a
5 mL reactor and stirred at 50 °C for 1 h. Iodoethane (603
pL, 7.5 mmol) was then added and the mixture was stirred
for another 24 h. The polymer was partitioned between

SPRINGER NATURE

water (10 mL) and ethyl acetate (10 mL) in a separating
funnel, and the collected organic phase was washed twice
with saturated brine. After drying over MgSO, and eva-
poration, the residue was dried under vacuum at 60 °C to
obtain a polymer with ethyl ester termini, namely, LPAEK-
(COOEt) and HBPAEK-(COOEt);.

Characterization

'H and '*C NMR spectra were recorded on a JEOL ECS400
(400 MHz) spectrometer. '°C NMR spectra were recorded
using distortionless enhancement of polarization transfer
with a flip angle of 90° (DEPT-90) and a pulse delay of 5 s.
IR spectra were recorded on a JASCO 4100 spectrometer
using the KBr pellet method. Thermogravimetric analysis
(TGA) was performed with an SII TGA 7300 system at a
heating rate of 10 °C min~!. SEC was performed in DMF
containing 0.05 M LiBr as the eluent on a Viscotek GPC-
1000 system equipped with a TDA 302 triple detector and a
TSK-GEL a-M column. The weight-averaged molecular
weight (M,,) was calculated from light-scattering data.
Inherent viscosity was measured using a 0.5 g dL™' polymer
solution in concentrated H,SO,4 using an Ostwald visc-
ometer in a thermostatic bath at 30°C. The IEC was
determined by reverse titration as follows: 30 mg of poly-
mer was stirred overnight in 3 mL of 0.1 M aqueous NaOH
and then diluted to 10 mL with Millipore water prior to
titration with a 0.05 M HCI standard solution.

Results and Discussion
Polymer synthesis

LPAEK-(COOH) was prepared by the polymerization of the
AB monomer, 4-phenoxyphthalic anhydride (3), for times
ranging from 3 to 48h; the results are summarized in
Table 1. Polymerization for 3 h resulted in a 61% yield of a
polymer with a M,, of 13,000. The M,, was observed to
increase with increasing reaction time to give an insoluble
precipitate after 48 h. The decrease in yield with increasing
reaction time is mainly ascribable to the difficulties asso-
ciated with collecting the polymer due to high viscosity.

HBPAEK-(COOH); was prepared by the polymerization
of the AB, monomer, 1,3-bis(3,4-dicarboxyphenoxy)ben-
zene dianhydride (6), for times ranging from 1 to 24 h.
Polymerization for 1 h resulted in a 38% yield of a polymer
with a M,, of 12,000. The M,, increased with increasing
reaction time to reach 224,000 after 24 h. The higher
molecular weight of HBPAEK-(COOH) compared with
LPAEK-(COOH); is probably due to its solubility during
polymerization, which is improved by the hyperbranched
architecture.
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Polymer structure

The detailed structures of the synthesized polymers were
characterized by NMR spectroscopy. Figure 1 displays the
"H-NMR spectra of LPAEK-(COOH) and its monomers in
their dehydrated and hydrolyzed forms. The spectra of the
monomers correspond to those reported elsewhere [33]. For
LPAEK-(COOH), the dicarboxylic anhydride has two
available positions for the Friedel-Crafts acylation reaction;
consequently, the NMR spectra of the polymers are slightly
complicated. To obtain further details, including

Table 1 Characterization data for polymers produced over different
reaction times

Reaction  Yield M,/ m/m IEC Hinn
time [h] [%] 10° [mmol/ [dL/g]
gl
LPAEK- 3 61 13 048 4.4 0.22
(COORH) g 58 25 037 43 0.26
24 41 37 047 42 0.35
48 32
HBPAEK- 1 38 12 047 72 0.08
(COOR); 3 46 29 051 7.3 0.12
8 63 68 034 66 -
12 56 150 054 64 -
24 53 24 056 7.4 -

“Determined by SEC in DMF containing 0.05M LiBr using a light-
scattering detector, after converting the polymers to LPAEK-(COOEt)
and HBPAEK-(COOE?t);

"Measured for a 0.5 g dL™! polymer solution in conc. H,SO, at 30 °C
“The polymer did not dissolve

DMF, N,N-dimethylformamide; IEC, ion-exchange capacity; SEC,
size exclusion chromatography

NN
e a,d° a o
z b ¢ o
x10 J M
2 i@:COOH
by a:b ~0” S coon
z e
x10
_.__—/\
COOH
0 j jCOOH o j e

x10 ﬂ hii dﬂ
I N

0] _Jw M
o~ | |20

14.0 13.5 13.0 12.5 85 8.0 7.5 7.0 6.5 6.0
Chemical shift (ppm)

Fig. 1 '"H-NMR spectra of LPAEK-(COOH) produced over different
reaction times and its monomers

regioselectivity information, the '*C-DEPT-90 spectra of
LPAEK-(COOH) (M,,: 25,000) and its monomers were also
recorded (Fig. 2a). The DEPT sequence was used, because
it provides a high signal/noise ratio on the basis of 'Jey
coupling, rather than simple peak assignment. Peaks were
assigned based on the two-dimensional spectra recorded
with the heteronuclear multiple quantum correlation
(HMQC) sequence (Figure S1) and by comparisons with the
spectra of the monomers. As all peaks were reasonably
assigned, the polymerization illustrated in Scheme 1
appears to have been successful. As the 'Joy coupling
constants for all C—H bonds in this polymer are similar and
this '3C-DEPT-90 spectrum was recorded with a sufficiently
long pulse delay, this spectrum provides quantitative
information [34]. Therefore, the regioselectivity was deter-
mined by comparing the areas of peaks e and j in the '*C-
DEPT-90 spectrum, which gave m/n values of 0.37-0.48
(Table 1), suggesting that this condensation slightly favors
the para-position of the aromatic ring of the dicarboxylic
anhydride.

'H-NMR and "*C-DEPT-90 spectra for HBPAEK-
(COOH); (My,: 29000) and its monomers are shown in
Figs. 3 and 2b, respectively. The spectra of the monomers
correspond to those reported elsewhere [35, 36]. The NMR
spectra of HBPAEK-(COOH); could be more complicated
than those of LPAEK-(COOH) because of its hyper-
branched structure that contains linear, dendritic, and

(a) d ° Q i ) _cooH
o cooH| [ o c
@b c g h
n m
af b

140 130 120

Chemical shift (ppm)

110 100

COOH COOH

(b) . /©/COOH QCOOH
fror /@mﬁ@% @“"’:}

c,d,h,l,m

j

140

130
Chemical shift (ppm)

120 110 100

Fig. 2 DEPT-90 spectra of a LPAEK-(COOH) (M,,: 25,000) and b
HBPAEK-(COOH); (M,,: 29,000)
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terminal units, as illustrated in Fig. 4; the regioselectivity of
HBPAEK-(COOH); was determined in the same manner as
that of LPAEK-(COOH). We attempted to distinguish the
linear, dendritic, and terminal units in the NMR spectra to
determine the degree of branching but found that the dif-
ferences in the chemical shifts among these units were too
small. In Fig. 3, for instance, the (k, 0) and (b, g) peaks of
HBPAEK-(COOH); were slightly broader than those of
LPAEK-(COOH), which probably reflects small changes
derived from the linear, dendritic, and terminal units;
however, the peaks are not well enough resolved. Therefore,
peak assignments were determined based on the linear units.
All '"H-NMR (Fig. 3), '*C-DEPT-90 (Fig. 2b), and HMQC
(Figure S2) spectra were reasonably assigned, suggesting

[¢)
-Q

o o
b, K Kk dS
u o
a o
b c %
COOH

/©/COOH
¢ o

: : COOH
'COOH f

I N

o~ W
i B T NV T N—
x20 M
L M‘/\’\/I\/\I_

14.0 13.513.0 12.5 8.5 8.0 7.5 7.0

Chemical shift (ppm)

6.5 6.0

Fig. 3 '"H-NMR spectra of linear HBPAEK-(COOH); produced over
different reaction times and its monomers

B unit

o/
(6]
(6]
@\ polymenzatlon
(6]

AB, monomer

A unit

N

tQ,

&

that HBPAEK-(COOH); had been successfully formed. The
regioselectivity was determined by comparing the areas of
peaks e and j in the '*C-DEPT-90 spectra, which gave m/n
values of 0.34-0.56, suggesting that the para-position of the
aromatic ring of the dicarboxylic anhydride is slightly
favored during condensation.

Physicochemical properties

The IECs of LPAEK-(COOH) and HBPAEK-(COOH); were
investigated by reverse titration, the results of which are
summarized in Table 1. All tested LPAEK samples exhibited
reasonable IEC values close to the theoretical value (4.16
mmol g’l), whereas the HBPAEK-(COOH); samples exhib-
ited even higher IEC values, 6.4-7.3 mmol g’l, due to the
presence of phthalic acid units. It should be noted that the IEC
values for HBPAEK-(COOH); are much higher than those of
typical ion-exchange resins and polymers with such high
IECs were obtained through a one-pot polycondensation
followed by a simple purification procedure.

The inherent viscosities of LPAEK-(COOH) and
HBPAEK-(COOH); were investigated using an Ostwald
viscometer and are summarized in Table 1. Some of the
polymer samples were not able to be measured in this
viscosity study, because they did not dissolve in H,SO,.
The inherent viscosity of HBPAEK-(COOH);, 0.08-0.12
dL g_l, is smaller than that of LPAEK-(COOH), 0.22-0.35
dL g~!, which probably reflects the low entanglements of
these hyperbranched polymers.

The solubilities of LPAEK-(COOH) (M,,: 25,000) and
HBPAEK-(COOH); (M,,: 29,000) in a variety of solvents
were investigated, the results of which are summarized in
Table 2. These polymers are soluble in N-methyl-2-pyrro-
lidone, N,N-dimethylacetamide, DMSO, DMF, THF,

: COOH

ﬁﬁﬁco:@@i

COOH

/©/COOH

~

Liear unit Termlnal unit

Dendritic unit

Fig. 4 The polymerization of the AB, monomer to afford HBPAEK
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Table 2 Solubilities of HBPAEK-(COOH); and LPAEK-COOH in
various solvents®

Table 3 Weight losses at the various stages during the thermal
decompositions of HBPAEK-(COOH); and LPAEK-COOH

NMP DMAc¢ DMSO DMF THF
HBPAEK® + + + + +
LPAEK® + + + + +
Acetone DCM  Chloroform Hexane Ethyl
acetate
HBPAEK® + - - - -
LPAEK® + - - - -
Toluene MeOH EtOH Deionized 0.1M
water NaOH
aq
HBPAEK® - - - - +
LPAEK® - - - - +

*The polymer (50 mg) was dissolved in 1.5 mL of solvent. + soluble at
room temperature, + partially soluble, — insoluble at room temperature

"M, 29,000
“M,: 25,000

DMAc, N,N-dimethylacetamide; DMF, N,N-dimethylformamide;
DMSO, dimethyl sulfoxide; NMP, N-methyl-2-pyrrolidone

a . . .
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Fig. 5 TG and DTG traces for a LPAEK-(COOH) (M,: 25,000) and b

HBPAEK-(COOH); (My: 29,000). The numbers indicate the weight
loss at each stage

acetone, and 0.1 M aqueous NaOH. These solubilities are
ascribable to the carboxylic acid groups, whereas typical

Stage LPAEK-(COOH) HBPAEK-(COOH);
I Moisture Moisture
COOH Q
1T Unknown coon > Cﬁii
(o)
O
111 QOOH > @
COOH
o
v Carbonization o
O
A% Carbonization Carbonization

poly(ether ketone)s are known to be generally insoluble in
solvents.

The thermal stabilities of the LPAEK-(COOH) (M,,:
25,000) and HBPAEK-(COOH); (M,,: 29,000) were studied
by TGA, as summarized in Fig. 5 and Table 3. The deri-
vative thermogravimetric (DTG) trace for LPAEK-(COOH)
exhibits five peaks followed by gradual weight loss due to
carbonization. Stage I, below 100°C, corresponds to
moisture evaporation. Stage II is difficult to assign but
might involve some crosslinking reactions related to the
carboxylic acid groups, while Stage III is possibly ascrib-
able to the decomposition of the carboxylic acid groups,
followed by gradual carbonization. Although the DTG trace
for HBPAEK-(COOH); exhibited the same trend and was
similar to that obtained for LPAEK-(COOH);, different
behavior was also observed due to its phthalic acid groups.
Although Stages I and II correspond to the loss of water,
Stage II is probably associated with a ring-closure reaction
that forms phthalic anhydride units at the termini of the
hyperbranched polymers. Carbonyl-group decompositions
are also distributed across Stages III and IV, corresponding
to the decompositions of single carboxylic acid groups and
those of phthalic anhydride units. These results suggest that
the main backbones of LPAEK and HBPAEK are thermally
stable up to approximately 400 °C, whereas the carboxylic
acid groups decompose near 300 °C.

Conclusions

Carboxylated PAEKs with hyperbranched and linear
architectures were successfully synthesized by the self-
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condensations of aromatic dicarboxylic anhydrides. The
synthesis of the hyperbranched PAEK from 1, 3-bis(3, 4-
dicarboxyphenoxy)benzene dianhydride, as an AB, mono-
mer, is especially notable because of its high IEC (over 7
mmol g~ 1), and it was obtained through a one-pot poly-
condensation. These functional polymers are soluble in
several organic solvents and aqueous NaOH, in contrast to
typical poly(ether ketone)s, and retain the high thermal
stabilities of their main backbones. Further studies of the
applications of these polymers in various fields, such as
catalysis and ionic materials, will form part of the future
work.
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