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Synthesis, Structures and Properties of Polyimide
Based on 2,2'-Bis(4-aminophenoxy phenyl) Propane

CUILI KONG, QINGHUA ZHANG, XINFEI GU,
AND DAJUN CHEN

State Key Laboratory for Modification of Chemical Fibers and Polymer
Materials, College of Materials Science and Engineering, Donghua University,
Shanghai 200051, P. R. China

2,2-Bis[4-(4-aminophenoxy)phenyl] propane (BAPP), as a monomer to prepare
polyimide, was synthesized from Bisphenol A and p-chloronitrobenzene via the nucleo-
philic substitution reaction. The structures of the diamine monomer BAPP and an inter-
mediate dinitrocompound 2,2'-bis(4-nitrophenoxy phenyl) propane (BNPP) were
confirmed by FTIR and NMR. A novel polyimide was derived from BAPP and
3,3',4,4'-oxydiphthalic dianhydride (ODPA) in DMAc by a two-step method. FTIR,
DSC, TGA, and DMA were employed to characterize the precursor and the
polyimide. The glass transition temperature of the polyimide was about 225-230°C.
The measurement of mechanical properties indicated that the polyimide exhibited a
typical yield behavior of thermoplastic polymers, which is very different from other
polyimides. The elongation at break of the polyamic acid and polyimide was 6% and
29%, respectively.

Keywords BAPP, polyimide, synthesis, characterization

Introduction

Aromatic polyimides possess many useful properties such as high transition temperatures,
excellent dimensional stability, low dielectric constants, and outstanding thermal and
thermo-oxidative stability. The materials have been widely used in industry as structural
materials, matrices of composites and integrated circuit insulators (1-4). However, in
many cases, they are insoluble and intractable, which restrict their application, due to
their highly conjugated, rigid-rod-like chemical structures. Many efforts have been
made to improve their processability while maintaining their excellent thermal and mecha-
nical properties (5—11). Many types of flexible segments introduced to the polymer can
alter crystallinity and intermolecular interactions to consequently increase solubility and
processability, such as —C—, —-O—-, —CH,—, >C(CHj3;), and —COOH (12-15).

In this report, 2,2-bis[4-(4-aminophenoxy)phenyl] propane (BAPP) was prepared
in two steps through the nucleophilic substitution reaction of Bisphenol A and
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p-chloronitrobenzene in the presence of potassium carbonate, followed by catalytic
reduction with hydrazine and Pd/C. Polyimide was synthesized from BAPP and
3,3',4,4’-oxydiphthalic dianhydride (ODPA). The synthetic routine to prepare the novel
polyimide was expected to lower the cost of the polymer because of the low price of
Bisphenol A and improve the processability of the polymer because of the introduction
of the flexible segments —O— and >C(CHj3), in the polyimide backbone.

Experimental

Materials

Bisphenol A and p-chloronitrobenzene, purchased from Shanghai Chemical Reagents Co.,
were used as received. 3,3',4,4’-Oxydiphthalic dianhydride (ODPA) was kindly supplied
by Shanghai Resin Institute of China and was recrystallized prior to use.

N,N-Dimethylacetamide (DMAc, Fluka) was purchased from Shanghai Chemicals
Agency.

Synthesis of 2,2’'-Bis(4-nitrophenoxy phenyl) Propane (BNPP)

Bisphenol A (20 mmol) and p-chloronitrobenzene (40 mmol) were dissolved in 100 ml of
DMAc in a 250 ml flask with stirring. After complete dissolution, postassium carbonate
(20 mmol) was added to the flask in one portion and the solution was stirred at room
temperature for 30 min. After that, the solution was heated to 125°C and the reaction
was carried out for 10 h under an atmosphere of N,. The resulting solution was cooled
to room temperature and was then poured into methanol/water (volume ratio 1:1) to
give the crude dinitro compound. The crude compound was recrystallized from acetic
anhydride to yield yellow crystals, 8.36 g. The yield of BNPP was 89%, and the
melting point was 122°C by means of DSC.

Synthesis of 2,2’-Bis(4-aminophenoxy phenyl) Propane (BAPP)

A 250 ml three-neck flask was charged with BNPP (10 mmol) and 10% Pd/C (0.05 g) in
ethanol (150 ml), and then hydrazine monohydrate (10 ml) was added to the stirred
mixture at 70°C over 30 min. After addition, the mixture was heated at the reflux tempera-
ture for 8 h. The reaction solution was filtered to remove Pd/C and the crude solid was
recrystallized from ethanol to obtain 3.4 g of white crystals (83%), mp: 129°C (by DSC).

Synthesis of Polyimides

ODPA was added to the solution of BAPP in DMACc in several portions. The mixture was
stirred at 0°C for 20 h under an atmosphere of N, to form the polyamic acid. The film was
cast onto a glass plate, followed by heating this solution of polyamic acid for 2 h at 80°C,
1 hat 120°C, 1 h at 180°C, 1 h at 250°C 1 h to 300°C. The n;,;, of the flexible polyimide
film was 1.3 dL/g. DMAc was partly evaporated at 120°C and completely evaporated at
180°C, since the boiling point of the solvent is ~160°C.

Measurements

The IR spectra were recorded on a NEXUS-670 Fourier Transform Infrared (FTIR) spec-
trometer. The "H-NMR spectra were determined on a BRUKER-400 NMR spectrometer.
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The DSC analysis was performed on a TA Instruments DSC 822° in flowing nitrogen at a
heating rate of 10°C/min. Thermogravimetric analysis (TGA) was performed on a Perkin-
Elmer TGA 7 analyzer and the thermal stability of samples was determined in N, at a
heating rate of 10°C/min. To measure the mechanical properties, the polymer films
were cut into strips with a width of ~5mm in advance. The measurement was
conducted on an XQ-1 instrument with a gauge length of 20 mm and a crosshead speed
of 5 mm/min. Each specimen was measured five times and the values were averaged.

Results and Discussion

To synthesize the diamino-monomer BAPP, the intermediate dinitro monomer (BNPP)
was first prepared through the aromatic nucleophilic substitution of p-chloronitrobenzene
in the presence of potassium carbonate in DMAc. The electron-withdrawing NO, group in
p-chloronitrobenzene activates the chloro-atom for displacement. Then, hydrazine hydrate
and the Pd/C catalyst in refluxing ethanol were used to reduce BNPP, resulting in a high
yield. The synthetic routine of BAPP is summarized in Scheme 1.

Figure 1 shows the FTIR spectra of BNPP and BAPP. The nitro group of BNPP gives
two characteristic bands at 1510 cm™' and 1345 cmfl, attributed to asymmetric and
symmetric stretching of the N=0O group. BNPP shows another characteristic band at
1250 cm ™" (C—N stretching). Once BNPP is reduced, the characteristic absorptions of
the nitro group disappear, and the amino group shows a pair of N—H stretching bands
in the region of 3300-3450cm '. The appearance of characteristic absorptions
indicates that the reaction of Bisphenol A with p-chloronitrobenzene takes place and
produces BNPP and, furthermore, BNPP has completely been deoxidized into BAPP.

In the "H-NMR spectra in Figure 2, the absorption signals of aromatic protons of
BNPP appear in the region of 7.1-8.3 ppm, and those of BAPP shift to a lower field
between 6.5—7.2 ppm because of the inductive effect of electron-withdrawing NO,
groups. The absorption of the amino groups of BAPP in the region of 4.9 ppm indicates
that the NO, groups are reduced to NH,.

¢
CH3
l KzCOg/ DMAC
o
CH3

NH;.NHp.Hz0
Pd/C EtOH

Hs
CH,

Scheme 1. The synthetic routine of BAPP.
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Figure 1. FTIR spectra of BNPP, BAPP, and polyimide (PI).
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Figure 2. 'H-NMR spectra of BNPP (a) and BAPP (b) in DMSO-dg.
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Polyimides were synthesized from diamine BAPP and dianhydrides ODPA by a con-
ventional two-step procedure: ring-opening polyaddition at room temperature to polyamic
acid, followed by sequential heating of the polyamic acid films to 300°C to obtain the cor-
responding polymers, as shown in Scheme 2. The bottom curve of Figure 1 gives the
typical FTIR spectrum of polyimide. The characteristic absorption bands of the imide
ring are observed near 1778 cm ™', 1710 cm™ ' (asymmetrical and symmetrical C=0
stretching vibration) and 1379 cm ! (C=N stretching vibration). Those of the amide
and carboxyl groups in the regions of 2900—3200 cm~' (COOH and NH,), 1713 cm ™'
(C=0(COOH)), 1658 cm ' (C=0(CONH)) and 1546 cm ' (C-NH-) disappear, indi-
cating a virtually complete conversion of the precursor into polyimide.

Thermal stabilities of the polymers were determined by thermogravimetric analysis
(TGA) in nitrogen atmosphere. Thermograms of polyamic acid and polyimide are given
in Figure 3. The thermal decomposition takes place at ~500°C and the temperature for
10% wt loss for polyimide is at 525°C. When the temperature is up to 800°C, the
weight loss of polyimide is ~40%. However, for the TGA curve of polyamic acid, the
weight loss is divided into two stages: The weight loss in the range of 120-210°C is
caused by water produced from the conversion of the precursor into polyimide, whereas
the weight loss in the second stage (>300°C) exhibits a similar decomposition behavior
as polyimide. In general, the polyimide possesses good thermal stability.

The thermal properties of the polymer were evaluated by DSC and DMA. Figure 4
shows the DSC spectra of a typical poly(amic acid) and polyimide. The appearance of
an endothermic peak in the range of 120-200°C on the PAA curve is attributed not
only to water produced in the process of cyclization, but also to the degradation of
PAA occurring in this temperature region. However, polyimide does not show this
phenomenon, as shown in Figure 4. None of the polyimides exhibit a crystallization or
melt transition in the DSC measurements. DMA data support the result of the temperature
region of PAA degradation. As shown in Figure 5a, the DMA spectrum of PAA exhibits a
sharp decrease of the storage modulus at 120°C, and then it increases when the

o} O
CH3 I Il
l o o]
CI;H O\ /O
3
i g
0 o}
DMAci RT
i T
CH5
i HC N Y
CH3; HO-. c—CH
Il I n
0 s}

l 1,0
o] 0]
St ¢ ¢
OO0 OOy
CHs (I% (”:
O e} n

Scheme 2. The synthetic routine of polyimides.
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Figure 3. TGA of polyamic acid and polyimide.

temperature rises to 150°C until 200°C. In comparison, polyimide does not show the
severe decrease of the storage modulus in the heating temperature region. The phenom-
enon indicates that the degradation of PAA with elevated temperature does not last for
a long time. Instead, when the temperature is up to 150°C or more, the occurrence of
the imidization leads to the increase of the molecular weight and consequently the
increase of storage modulus (16). A result of the degradation of PAA in the temperature
region is that it is a severe barrier for preparing polyimide fibers via wet spinning PAA. In
our experiments, although we found it was easy to spin PAA dope to prepare PAA fibers,
the thermal imidization procedure was relatively difficult. When PAA fibers were heated
to 120°C or more in a heating tube under a little tension, they easily broke. Furthermore, it
was also difficult to eliminate the remaining DMAc solvent in the PAA fibers either via
heating PAA fibers under a given tension or immersing the fibers into a coagulation
bath, such as water or alcohol. How to overcome this barrier is a significant problem to
produce polyimide fibers via the procedure of imidizing PAA fibers. Therefore, the

Pl
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Figure 4. DSC of polyamic acid and polyimide.
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preparation of PI fibers has been carried out by spinning soluble polyimide dope in a
phenol solvent instead of spinning PAA solution (17-19).

Furthermore, the DSC thermogram of polyimide in Figure 4 shows a glass transition
temperature (T,) of 230°C. This is a relatively lower value compared to those of common
rigid polyimides and can probably be attributed to the flexibility of the polymer backbone
containing —O— and >C(CH3;), groups. The DMA spectra of polyimide in Figure 5b show
a loss tangent (tan 6) peak at 225°C, which means T, at this temperature. The difference of
Tes obtained by DSC and DMA is caused by the different measuring methods. The
relationship between the storage modulus (E’) and loss modulus (E”) is dependent on
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Figure 5. (a) The plots of storage modulus vs. temperature of PAA and PI; and (b) the plots of E/,
E” and tan & vs. temperature of PI.
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Figure 6. Typical stress-strain curves of PAA and Pl

the temperature. Below 210°C, the fact that E’ is more than E” by one order of magnitude
indicates that the polyimide exhibits an elastic behavior. However, when the temperature
is higher than the glass transition temperature, E’ is near to E”, namely, the tan & value is
about 1.0, and consequently the polymer exhibits an obvious viscoelastic behavior.

The mechanical properties of polyamic acid and polyimide were measured under
standard atmosphere. Typical stress-strain curves of the polymers are shown in
Figure 6. The obvious yield behavior at an elongation of ~14% is shown in the S—S
curves of polyimide. The maximum elongation at break is 29%. However, polyamic
acid possesses poor mechanical properties. The elongation at break of PAA is only 6%
and it does not exhibit an apparent yield. The tensile strengths of polyamic acid and
polyimide are 40.5 MPa and 100 MPa, respectively. The measurement of mechanical
properties indicates that the novel polyimide exhibits a yield behavior typical of thermo-
plastic polymers.

Conclusions

The BAPP was prepared in two steps through the nucleophilic substitution reaction of
Bidphenol A and p-chloronitrobenzene in the presence of potassium carbonate,
followed by catalytic reduction with hydrazine and Pd/C. FTIR and NMR were used to
confirm the structures of the intermediate dinitrocompound BNPP and the diamine
monomer BAPP. Polyimide from BAPP and ODPA was synthesized using two-step
polymerization. The measurements of DSC, DMA, and TGA indicate that the novel
polyimide possesses good thermal properties. Moreover, the polymer exhibits a typical
yield behavior of thermoplastic polymers.
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