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ABSTRACT: A series of novel poly(aryl ether sulfone) co-
polymers containing dicyanophenyl group were prepared by
the reaction of bis(4-chlorophenyl)sulfone with (3,4-dicyano)
phenylhydroquinone and 4,4'-isopropylidenediphenol. On
this basis, a series of poly(aryl ether sulfone)s containing met-
allophthalocyanine units were synthesized by the reaction of
poly(aryl ether sulfone)s containing dicyanophenyl group
with excessive amounts of 1,2-dicyanobenzene and the corre-
sponding metal salt in quinoline. All these copolymers were
found to have high glass transition temperature and thermal

stability. These copolymers were found to be soluble in com-
mon solvents, and capable of forming transparent films by
solution casting. The copolymers containing metallophtha-
locyanine units showed strong optical absorption in the
visible region, and exhibited blue photoluminescence in sol-
ution. © 2006 Wiley Periodicals, Inc. ] Appl Polym Sci 102: 3457—
3461, 2006
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INTRODUCTION

Since the synthesis of phthalocyanines in the early
1930s," a rich and varied chemistry and technology has
developed around these interesting materials. There
are literally thousands of publications and patents
related to phthalocyanine and its analogs.>> Owning to
their application in optical data processing and cata-
lytic activity, recently, there has been renewed interest
in phthalocyanine compounds.® Phthalocyaqnine
compounds have high thermal, hydrolytic, and oxida-
tive stability. They show high absorption intensities at
longer wavelengths. This latter property is even signifi-
cant, since one of the goals of contemporary optical
storage device design is to use solid semiconductor
laser for writing purposes. These solid-state lasers emit
at wavelengths greater than 800 nm, i.e., in the near
infrared (IR) region. It was reported that the metalloph-
thalocyanine end-capped poly(aryl ether sulfone)s
were synthesized from the o-phthalonitrile end-capped
polymers.'"” These polymers had high T, and were
soluble in common organic solvent. Some metals, for
example Cu, Zn, Fe, Ni, Co, were used in the above
preparation. It is always advantageous to synthesize
amorphous polymers having high glass transition tem-
peratures and excellent thermo-oxidative stability, as
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they are soluble in common organic solvents, allow for
easy solution processing and chemical modification.

In this article, we have prepared the new bisphenol
containing dicyanophenyl pendant group. We report
herein the synthesis of novel poly(aryl ether sulfone)
copolymers containing dicyanophenyl and metalloph-
thalocyanine moieties using the new bisphenol. These
resulting copolymers are characterized using gel per-
meation chromatograph (GPC), infrared spectrometer
(IR), thermogravimetric analysis (TGA), differential
scanning calorimeter (DSC), UV-visible, and fluores-
cence spectroscopy.

EXPERIMENTAL
Materials

4,4'-Isopropylidenediphenol (BPA), phthalonitrile
(Adrich Chemicals), NMP, quinoline, toluene, chloro-
form, methanol, acetone, ethanol, and n-butanol were
obtained from commercial sources and used as re-
ceived. Bis(4-chlorophenyl) sulfone and 4-imidophtha-
lonitrile were synthesized in our lab.

Instrumentation

The "H NMR and "*C NMR spectra were recorded on
a Bruker 510 instrument using dimethysulfoxide-d,
(DMSO-dg) as the solvents. The IR spectra were re-
corded using the KBr pellet method with a Nicolet
Impact 410FTIR spectrophotometer. The elemental
analysis was carried out with a Thermoquest CHNS-
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Ovelemental analyzer. The GPC analysis was carried
with a Waters 410 instrument with tetrahydrofuran as
an eluent and polystyrene as the standard. The glass
transition temperatures (T¢s) were determined using a
modulated DSC (model Mettler DSC821°) instrument
at a heating rate of 10°C/min under nitrogen flow of
100 mL/min. The reported T, values were recorded
from the second scan after first heating and quench-
ing. The TGA was performed on a PerkinElmer Pyris
1 TGA under a protective nitrogen atmosphere (100 mL/
min) at a heating rate of 10°C/min. The UV-visible
absorption spectra were recorded on a UV2501-PC
spectrophotometer and the fluorescence measurements
were carried out with an LS 55 spectrophotometer.

Synthesis
Synthesis of (3,4-dicyano)phenyl hydroquinone (4)

To a 1000-mL beaker equipped with a mechanical stir-
rer, a dropping funnel, and a thermometer water
(50 mL), ice (50 g), and 4-amidophthalonitrile (com-
pound 1) (5.575 g, 0.025 mol) were added. Hydrochlo-
ric acid (21 mL) was added dropwise into the stirring
mixture through the dropping funnel, and then a con-
centrated water solution of sodium nitrite (1.725 g,
0.025 mol) was added dropwise. The mixture was
stirred for 1 h at 0-5°C, and changed into an opaque
suspension. The resulting solution (containing com-
plex 2) was filtered and added dropwise to a mixture
of 1,4-benzoquinone(2.16 g, 0.02 mol), sodium bicar-
bonate (16.80 g, 0.2 mol), and water (100 mL). After
that, the reaction mixture was stirred at 10-15°C for
about 2 h and then at room temperature for 2 h. Then
the precipitate was collected by filtration and washed
thoroughly with water and kept at 60°C in a vacuum
oven. Brown crystals (complex 3) were obtained after
recrystallization from n-butanol.

In a 250-mL three-necked flask equipped with a me-
chanical stirrer, a dropping funnel, and a condenser,
compound 3 (11.70 g, 0.05 mol), zinc powder (9.75 g,
0.15 mol), and water (200 mL) were added. Hydrochlo-
ric acid (36%, 34 mL) was added dropwise into the mix-
ture under stirring and reflux over a period of 1 h. After
this addition, the reaction system was allowed to reflux
for 0.5 h. The hot mixture was then filtered and the fil-
trate was poured into a large amount of water. Next,
the solid was then collected and dried in a vacuum
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oven. A white solid (complex 4) was obtained after
recrystallization from the mixture of water and ethanol
(6/4, v/v). The Yield for this monomer is 66%, and its
melting point (mp) is 262°C (DSC). Elem. Anal. Calcd.
For C14HsN,0O; (236.23 g/mol): C, 70.74%, H, 3.57%, N,
11.57%. Found: C, 71.18%, H, 3.41%, N, 11.86%. IR (KBr,
v, cm ): 3308 (—OH), 2245 (—CN). '"H NMR (DMSO,
3, ppm): 9.37 (s, 1H, —OH), 9.00 (s, 1H, —OH), 8.27 (s,
1H), 8.14 (d, 1H, | = 8.5), 8.08 (dd, 1H, ] = 8.5), 6.83 (d,
1H, ] =8.5), 6.77 (s, 1H), 6.73 (dd, 1H, ] = 8.5). *C NMR
(DMSO, 3, ppm): 150.36, 147.07, 144.16, 133.98, 133.68,
123.99,117.55,117.21,116.05,114.35,111.87.

General procedure for synthesis of polymers (7)

The procedure for synthesis of a series of copolymers
7 is as follows. For 7b, to a 100-mL three-necked
round-bottom flask equipped with a magnetic stirrer,
a Dean-Stark trap and condenser, and a nitrogen inlet,
the monomer 4 (0.708 g, 3 mmol), 5 (BPA) (2.736 g, 12
mmol), 6 (4.172 g, 15 mmol), N-methylpyrrolidone
(NMP) (25 mL), K,CO; (2.07 g, 15 mmol), and tolu-
ene(20 mL) were added. Under an atmosphere of
nitrogen, the solution was heated to 130-140°C and
maintained at that temperature for 2 h to remove all
water by means of a Dean-Stark trap using toluene.
The polycondensation was continued for 6-8 h at
170-180°C. Then the viscous solution was slowly
poured into water and stirred vigorously. The thread-
like polymer was pulverized into a powder after cool-
ing. The powder was washed with hot methanol and
water several times and dried at 100°C under vacuum
for 24 h. The copolymers were prepared with varying
mole fractions of 4 (m) and BPA(5) (n). The copoly-
mers with different m/n ratio viz. 10/90, 20/80, and
40/60 were prepared and designated as 7a, 7b, and
7¢, respectively.

Procedure for synthesis of copolymers containing
metallophthalocyanine (8)

For the synthesis of the copolymers containing metal-
lophthalocyanine, the copolymer 7a was selected. To a
250-mL three-necked flask equipped with a condenser
and nitrogen gas inlet, the copolymer 7a (1 g), phthalo-
nitrile (1 g), the corresponding metal chloride (0.6 g),
and 150 mL of quinoline were added. Under an atmos-
phere of nitrogen, the mixture was heated to 210-230°C

=0 HO OH

-

Zn HCI
NC €N NC CN
3 4

Scheme 1 Synthesis of monomer 4.
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Scheme 2 Synthesis of copolymer series 7 and 8.

for 6-8 h, and after this period; the reaction mixture
became dark blue. The mixture was poured into a lig-
uid mixture of 300 mL methanol and 20 mL of hydro-
chloric acid (11.8M), with vigorous stirring. The pre-
cipitated particles were washed with acetone, ethanol,
and water. The precipitate was collected by filtration
and extracted by chloroform, using a Soxhelt extractor.
The chloroform solution was concentrated and precipi-
tated into methanol. The dark blue fibrous material was

produced and dried at 110°C for 24 h. In the present
work, copper, zinc, and cobalt chloride were used.

RESULTS AND DISCUSSION
Synthesis of bisphenol monomer

The synthetic route of the biphenol monomer 4 is
shown in Scheme 1.

Synthesis of copolymers containing

metallophthalocyanine
The copolymers prepared as shown in the Scheme 2
7d were characterized by the FTIR, GPC, DSC, and
o CN : TGA. The yield was found to be about 70%. The IR
g W spectra for the copolymers 7a, 7b, 7c, and 8a are pre-
£ -CN P
Z . W 7a
g -CN - TABLE I
s ) | " 84 Properties of the Copolymer Series 7 and 8
' T, TGA-5%
/ Polymer (°C) °C) M, M, Polydispersity m;y,
/ 7a 178.5 462 15,404 24,599 1.60 0.38
7b 179.9 429 11,636 15,799 1.36 0.30
: J ) 7c 182.3 423 11,101 17,077 1.54 0.28
2000 i, 200 4000 8a 1880 450 19,416 36793 190 0.38
fom ) 8b 1941 436 18390 35501 193 036
8c 180.0 461 18,034 35,171 1.95 0.36

Figure 1 IR spectra of copolymers 7a-7c and 8a.
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TABLE II
Elemental Analysis Result of Copolymer 8a-8c
H C N Pc Rate of
Polymer (mol %) (mol %) (mol %) (mol %) conversion (%)
8a 4.933 71.40 1.039 8.36 83.6
8b 4.856 71.49 1.081 8.70 87.0
8c 4.849 71.45 1.086 8.71 87.1

sented in Figure 1. From the spectra, it is clearly evi-
dent that the intensity of the —CN band at 2227 cm ™" is
more for 7c when compared to 7a and 7b. It is as
expected that the mole fraction of —CN containing
monomer is more in 7c¢ than in 7b and in 7a. However,
from the spectrum for copolymer 8a, it is clear that the
peak at 2227 cm ™ is missing indicating the completion
reaction at this site.'>"'” The properties of copolymers
7a—7c are listed in Table I. The glass transition tempera-
ture (Tgs) of the copolymers varied from 1785 to
182.3°C. It is also evident from this table that T¢s of
these copolymers is increasing with the content of
compound 4. The 5 wt % weight loss temperatures
of these copolymers varied from 423 to 462°C indicating
that these copolymers exhibited thermal stability.

The properties of the metal containing copolymer
series 8 are presented in Table I. It can be seen that
the polydispersity of the copolymers were 1.90, 1.93,
and 1.95, respectively, which is larger than that of
copolymer series 7. As depicted in Scheme 2, the
metal-complex ring can be formed by either intermo-
lecular or intramolecular. The former would cause the
crosslinking and insolubilization. The behavior can be
avoided by using an excess 1,2-dicyanobenzene fol-
lowed by extracting with chloroform as described in
the experimental section. Presumably, the larger poly-
dispersity of polymer series 8 comes from the GPC
measurements because the incorporation of the very
bulky metal contains rings pendants.'®!” Also from the
same table, we can see that T, values varied from 180
to 188°C. These values are almost the same as those of
the corresponding copolymer series 7. The 5 wt %
weight loss temperatures of 8a, 8b, and 8¢ are 450, 436,

T T
il a.50 8.00 .50 =i E50 .00

Figure 2 'H NMR spectra of polymer 8b.
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Figure 3 UV-visible spectrum of copolymers 8a-8c in
chloroform solution (solution concentrations: 5 mg/mL).

and 461°C, which are close to that corresponding to the
copolymer 7a. These copolymers also exhibited good
thermal stability. The contents of C, H, and N were
obtained via elemental analysis. Then the contents of
metallophthalocyanine in polymers were calculated
(Table II). The rate of conversion was further calculated
to be 83.6-87.1%. Figure 2 shows the "H NMR spec-
trum of copolymer 8b, in which the signals of protons a
and b appear at 6 8.47 and & 8.99, respectively, as broad
peaks. Because protons 4 and b are not very close to the
core of the large metal-complex ring, the downfield
shift effect of the metal-complex ring on the chemical
shifts of protons a and b is not significant. However,
the ring current affects the conjugated system, so the
chemical shifts of protons a and b are high. The signal
intensities of protons a and b are weak, because the
content of the metal-complex units is about 7.7% as
estimated from the NMR characterization. This value
indicates that 77% of the dicyanobenzene groups were
converted and incorporated into copolymer 8b.

All the copolymers containing metallophthlocya-
nine were found to be nonbirefrigent confirming their
amorphous nature. These copolymers were found to
be soluble in common solvents like N,N-dimeyhylfor-
mamide (DMF), N,N-dimeyhylacetamide (DMAc), di-
methysulfoxide (DMSO), N-methylpyrrolidone (NMP),
and chloroform, etc. It was also found that the copoly-
mers were capable of forming transparent films by
solution casting.

Photoabsorption and photoluminesecence

The absorption spectrums of copolymer 8a—8¢ in dilute
CHCl; solution (5 mg/mL) are shown in Figure 3.
From the figure, it is clearly evident that strong absorp-
tion in the visible range existed for the copolymers 8b
and 8c, whereas for 8a is medium. These copolymers
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containing metallophthlocyanine are found to be col-
ored as expected. Figure 4 show the fluorescence emis-
sion spectra of the copolymers 8a-8c in dilute CHCl;
(5 mg/mL) at room temperature on excitation at 330 nm,
the emission peaks were observed at 425-430 nm in the
visible blue region. The absorption maxim values and
fluorescence emission values of the copolymers 8a—8¢c
are presented in Table III.

CONCLUSIONS

The novel bisphenol (3,4-dicyano)phenylhydroquinone
was prepared in a three-step reaction. A series of novel
poly(aryl ether sulfone) copolymers containing dicya-
nophenyl group were prepared by the reaction of bis
(4-chlorophenyl)sulfone with (3,4-dicyano)phenylhy-
droquinone and 4,4'-isopropylidenediphenol. In addi-
tion, a series of poly(aryl ether sulfone)s containing
metallophthalocyanine units were synthesized by the
reaction of poly(aryl ether sulfone)s containing dicya-
nophenyl group with excess amounts of 1,2-dicyano-
benzene and the corresponding metal salt in quinoline.
All these copolymers were found to have high glass

-~ --8a

Intensity

300 400 500 600

Wavelength (nm)

Figure 4 Fluorescent spectra of copolymers 8a—8¢ in chlo-
roform solution (solution concentrations: 5 mg/mL).

TABLE III
Optical Properties of Copolymers 8a—8c

Color in the

Polymer A, (nm) Aex (nm) Aem (NM) chloroform
8a 688 327 425 Light yellow
8b 603, 672 328 430 Dark green
8c 687, 716 330 429 Gray

transition temperature and thermal stability. These
copolymers were found to be soluble in common sol-
vents, and to be capable of forming transparent films by
solution casting. The copolymers containing metal-
lophthalocyanine units showed strong optical absorp-
tion in the visible region, and exhibited blue photolumi-
nescence in solution. The polymers are being as fluores-
cent materials and electroluminescent materials.
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