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ABSTRACT: Two novel monomers, 9,9-bis[4-(4-carboxy-
phenoxy)phenyl]xanthene (BCAPX) and 9,9-bis[4-(4-ami-
nophenoxy)phenyl]xanthene (BAPX) were prepared in two
main steps starting from nucleophilic substitution of 9,9-
bis(4-hydroxyphenyl)xanthene (BHPX) with p-fluorobenzo-
nitrile and p-chloronitrobenzene, respectively. Using tri-
phenyl phosphite and pyridine as condensing agents, two
series of polyamides containing xanthene cardo groups
with the inherent viscosities (0.82-1.32 dL/g) were pre-
pared by polycondensation from BCAPX with various aro-
matic diamines or from BAPX with various aromatic
dicarboxylic acids in an N-methyl-2-pyrrolidone (NMP) so-
lution containing dissolved calcium chloride, respectively.
All new polyamides were amorphous and readily soluble
in various polar solvents such as N,N-dimethylformamide

(DMF), NMP, N,N-dimethylacetamide (DMAc) and pyri-
dine. These polymers showed relatively high glass transi-
tion temperatures between 264 and 308°C, decomposition
temperatures at 10% weight loss ranging from 502 to
540°C and 488 to 515°C in nitrogen and air, respectively,
and char yields at 800°C in nitrogen higher than 56%.
Transparent, flexible, and tough films of these polymers
cast from DMAc solutions exhibited tensile strengths rang-
ing from 86 to 109 MPa, elongations at break from 13 to
22%, and initial moduli from 2.15 to 2.63 GPa. © 2010 Wiley
Periodicals, Inc. ] Appl Polym Sci 116: 1650-1659, 2010

Key words: polyamide; xanthene cardo unit; 9,9-bis[4-(4-
carboxyphenoxy)phenyl]xanthene; 9,9-bis[4-(4-aminophen-
oxy)phenyl]xanthene

INTRODUCTION

Aromatic polyamides such as poly (p-phenylene ter-
ethphalamide) and poly (m-phenylene isophthala-
mide) constantly attract much interest because of
their high-temperature stability, excellent mechanical
strength, and good chemical resistance that qualify
them as high-performance polymeric materials."?
However, these materials suffer often poor processa-
bilitiy due to their high melting or softening temper-
atures and limited solubility in most of organic sol-
vents partly because of the strong interchain
interaction, thus limiting their applications. To over-
come these limitations, many efforts have been
made with the aim of making structural modifica-
tions of the polymer backbone, such as the introduc-
tion of ether linkages,>* substituted methylene link-
ages™® as well as asymmetrical structures’'? into
the aromatic polymer main chains and the incorpo-
ration of bulky substituents>™® within the parent
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chain. Another successful approach for improving
the processability of aromatic polyamide without an
extreme loss of their outstanding properties is to
incorporate cardo groups into the polymer back-
bone. The introduction of cardo groups along the
polymer backbone has been shown to impart greater
solubility, enhanced rigidity, and better mechanical
and thermal properties.'” Tt has been reported that
the presence of cardo groups such as fluorene,'®"”
phthalide,® phthalimidine,*** cyclododecylidene,*
adamantine,** tricyclo [5.2.1.0*°]decane,® norbor-
nane®® and tert-butylcyclohexylidene” groups into
the backbone of polyamides yields polymers with
enhanced solubility, processability, and good ther-
mal stability. Although many excellent polyamides
are known and commercially available, new polya-
mides are continuing to appear as researchers con-
tinue to conduct fundamental studies on chemical
structure/property relationships. In previous study,
polymers containing xanthene cardo groups in the
polymeric chain such as poly (aryl ether)s*®?* and
poly (aryl ester)s® have been prepared and charac-
terized. However, to our knowledge, polyamides
with xanthene cardo groups have not been reported.
Herein, we wish to describe the synthesis and char-
acterization of a series of novel polyamides contain-
ing xanthene cardo group in the main chain. The
solubility, crystallinity, and thermal and mechanical
properties of the polymers were also investigated.
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EXPERIMENTAL
Materials

Xanthone, phenol, p-fluorobenzonitrile, and p-chloro-
nitrobenzene were used as received. 9,9-Bis(4-hydrox-
yphenyl)xanthene (BHPX) was synthesized by reac-
tion of xanthone with thionyl chloride, followed by
treatment with phenol in refluxing xylene according
to our recent method,”" and then recrystallized from
toluene; mp 239-240°C ( 1it.*® 241°C). Reagent grade
aromatic diamines (Aldrich Co.) such as p-phenylene-
diamine (PPD) (4a), m-phenylenediamine (MPD) (4b)
and 4,4'-oxydianiline (ODA) (4d) were purified by
sublimation; 4,4’-methylenedianiline (MDA) (4f) was
crystallized twice from benzene. Benzidine (4c) and
1,4-bis(4-aminophenoxy)benzene (4e) were recrystal-
lized from ethanol. Aromatic dicarboxylic acids
(Aldrich Co.) such as terephthalic acid (5a), iso-
phthalic acid (5b), 44’-oxydibenzoic acid (5¢) and
4,4-biphenyldicarboxylic acid (5d) were used as
received. Anhydrous potassium carbonate (Beijing
Chemical Reagent Co., China) was dried in vacuum
at 100°C before use. Anhydrous calcium chloride
(CaCl,) was dried under vacuum at 200°C for 10 h.
LiCl was dried for 16 h at 180°C under vacuum. Tri-
phenyl phosphite (TPP) was purified by fractional
distillation under reduced pressure. Pyridine (Py)
was refluxed in an inert atmosphere in the presence
of KOH for 6 h, distilled and stored over 4 A molecu-
lar sieves. N-Methyl-2-pyrrolidone (NMP) was dis-
tilled over calcium hydride under reduced pressure
and stored over 4 A molecular sieves.

Monomer synthesis
9,9-Bis[4-(4-cyanophenoxy)phenyl]xanthene (BCYPX)
(2a)

In a 250-mL round-bottom flask equipped with a
Dean-Stark trap and a condenser, BHPX (1) (36.6 g,
0.1 mol) was dissolved in a mixture of N,N-dime-
thylformamide (DMF) (200 mL) and toluene (50
mL). Anhydrous potassium carbonate (27.6 g, 0.2
mol) was added to this solution. The suspension so-
lution was heated to reflux, and water was removed
by azeotropic distillation with toluene. After the
water was completely removed, the residual toluene
was distilled out from the system. Then the reaction
mixture was cooled to about 60°C, and p-fluoroben-
zonitrile (24.3 g, 0.2 mol) was added. After refluxing
at 150°C for 6 h, the solution was allowed to cool
and poured into 500 mL of water. The precipitated
white powder was collected by filtration, thoroughly
washed with water, and dried. The crude product
was purified by recrystallization from acetonitrile to
give a white fine granular crystal; yield, 47.2 g (83
%); m.p. 219-220 °C. FTIR (KBr):vpax = 2227 (CN

stretch) and 1251 cm ™! (C—O—C stretch). '"H NMR
(CDCls): 6 = 760 (d, ] = 88 Hz, 4 H), 732 (t, | =
8.0 Hz, 2 H), 719 (d, ] = 8.0 Hz, 2 H), 7.09 (t, | =
8.0 Hz, 2 H), 7.04-7.02 (m, 8 H), 6.96-6.93 (m, 6 H).
13C NMR (CDCly): & = 161.18 (C'?), 153.53 (C°),
152.43 (C'), 142.33 (C®), 134.20 (C'), 131.74 (C%),
129.87 (C°), 129.77 (C?), 128.34 (C%), 123.18 (C),
119.54 (C'%), 118.84 (C'®, CN), 118.23 (C"), 116.75
(Ch, 106.09 (C'), 53.54 (C7). Elem. Anal. Calcd for
C39H24N203 (56863 g/mol) C, 82.38 (70,' H, 4.25 0/0,
N, 4.93%. Found: C, 82.15 %; H, 4.35 %, N, 4.85%.
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9,9-Bis[4-(4-carboxyphenoxy)phenyl]xanthene
(BCAPX) (3a)

Xanthene-dinitrile (2a) (25.6 g, 0.045 mol), potassium
hydroxide (51 g, 0.45 mol), ethanol (150 mL), and
water (150 mL) were introduced into a 500-mL flask,
and the suspension was refluxed for 2 days to form
a clear solution. The resulting clear solution was fil-
tered while hot to remove any possible impurities.
After cooling to room temperature, the pH value of
the filtrate was adjusted by concentrated hydrochlo-
ric acid to 2-3. The white precipitate formed was
collected by filtration, washed repeatedly with water,
and dried under vacuum at 150°C for 5 h; yield, 21.8
g (80 %); m.p. 247-249°C. FTIR (KBr):vpax = 2500-
3450 (H-bonded O—H stretch), 1681 (C=O stretch),
and 1238 cm ™! (C—O—C stretch). 'H NMR (DMSO-
de): & = 12.08 (s, 2 H), 791 (dd, | = 8.4, 8.8 Hz, 4 H),
7.36 (t, ] =7.6 Hz, 2 H), 725 (d, ] = 8.0 Hz, 2 H), 7.17
(t, ] =76 Hz, 2 H), 708 (d, ] = 8.8 Hz, 8 H), 6.98
6.95 (m, 6 H). >C NMR (CDCly): § = 171.36 (C'°,
CO), 162.18 (C'), 154.26 (C°), 152.51 (C'"), 141.84 (C®),
132.44 (C'), 13157 (C%), 129.94 (C"), 12991 (C),
12821 (C?), 123.79 (C%, 123.08 (C°, 119.23 (C!),
117.69 (C"), 116.68 (C'), 53.52 (C”). Elem. Anal. Calcd
for C39H2607 (60663 g/mol) C, 77.22 0/0,' H, 4.32%.
Found: C, 77.03 %; H, 4.41%.

14
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9,9-Bis[4-(4-nitrophenoxy)phenyl]xanthene
(BNPX) (2b)

BHPX (1) (36.6 g, 0.1 mol) and p-chloronitrobenzene
(31.5 g, 0.2 mol) were dissolved in 150 mL of DMF.
Anhydrous K,COj; (27.3 g, 0.2 mol) was added to this
solution, and the suspension was then refluxed at
160°C for 8 h. After cooling to room temperature, the
mixture was poured into 500 mL of water to precipi-
tate a yellow solid that was collected by filtration,
washed with hot water, and dried. The crude prod-
uct was purified by recrystallization from DMEF/
methanol; yield, 49.3 g (81 %); m.p. 263-264°C. FTIR
(KBr):Vimax = 1515, 1344 cm ™! (N=0O stretch), 1248
cm ! (C—O—C stretch). '"H NMR (CDCl,): & = 8.19
(d, J=86Hz 4H),731( ] =280Hz2H), 720 (d,
J] =80Hz 2 H), 709 (t ] =76 Hz, 2 H), 7.07-7.03
(m, 8 H), 6.99-6.94 (m, 6 H). *C NMR (CDCl,): § =
162.38 (C'%), 152.67 (C°), 151.48 (C''), 148.50 (C%),
142.25 (C%), 141.92 (C'), 131.22 (C®), 129.74 (C°),
129.45 (C%, 128.31 (C?), 12594 (C'), 123.12 (C3),
119.97 (C'%), 117.25 (C*), 116.70 (C"), 53.51 (C’).
Elem. Anal. Caled for C37H»4N,0; (608.61 g/mol): C,
73.02 %; H, 3.97 %; N, 4.60%. Found: C, 73.12 %; H,
3.90 %; N, 4.70%.
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0

9,9-Bis[4-(4-aminophenoxy)phenyl]xanthene
(BAPX) (3b):

13 14
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4
S
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A mixture of dinitro compound (2b) (29 g, 0.05 mol),
hydrazine hydrate (27 g) and 10% Pd/C catalyst
(0.1 g) in ethanol (200 mL) was refluxed overnight.
The resulting solution was filtered hot to remove the
catalyst. The filtrate was cooled to room temperature
and precipitated into water. The product was col-
lected by filtration and dried; yield, 23.3 g (85 %);
m.p. 209-211°C (by DSC). FTIR (KBr):vpax = 3370,
3223 em™ ! (N—H stretch), 1172 cm™! (C—O—C
stretch). "H NMR (CDCl,): 8 = 7.25 (t, ] = 7.6 Hz, 2
H), 713 (d, ] = 8.0 Hz, 2 H), 7.02 (t, ] = 8.8 Hz, 2
H), 6.92 (d, ] = 8.0 Hz, 2 H), 6.87-6.81 (m, 8 H), 6.77
(dd, ] = 8.0 Hz, 4 H), 6.65 (dd, ] = 8.0 Hz, 4 H), 3.53
(br s, 4 H). >*C NMR (CDCly): § = 157.47 (C°), 152.62
(C'Y, 148.26 (C'?), 142.78 (C"), 139.38 (C%), 131.07
(C%), 130.54 (C°), 130.03 (C?), 127.80 (C%), 122.82 (C%),
121.32 (C™), 116.41 (Ch), 116.20 (C'), 116.14 (C'),
53.20 (C7) Elem. Anal. Calcd for C37H28N203 (54864
g/mol): C, 81.00 %; H, 5.14 %; N, 5.11%. Found: C,
C, 81.14 %; H, 5.23 %; N, 5.20%.
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A typical synthesis for polyamide 6d is as follows. A
mixture of 0.7008 g (1.25 mmol) of diacid 3a,
0.2503 g (1.25 mmol) of 4,4'-oxydianiline (4d), 0.3 g of
calcium chloride, 0.8 mL of triphenyl phosphite,
0.8 mL of pyridine, and 4 mL of NMP was heated
with stirring at 120°C for 3 h. The obtained viscous
polymer solution was poured slowly into 300 mL of
stirring methanol to precipitate a white fiberlike prod-
uct, which was isolated by filtration, thoroughly
washed first with methanol and then with boiling
water, and dried at 150°C under vacuum. The yield
was almost quantitative. The inherent viscosity of the
polyamide (6d) was 1.15 dL/g, as measured at a con-
centration of 0.5 g/dL in DMAc at 30°C. The IR spec-
trum exhibited absorptions at 3500 (N—H stretch),
1651 (C=0 stretch), and 1243 cm ! (C—O—C stretch).

The other polyamides were synthesized
analogously.

Polymer synthesis

Measurements

'"H (400 MHz) and C (100 MHz) NMR spectra
were recorded on Bruker Avance 400 MHz spec-
trometer in dimethyl sulfoxide-d, (DMSO-ds) or
chloroform (CDCl;). FT-IR spectra of the monomer
and polymers in KBr pellets were determined on a
Perkin-Elmer SP One FTIR spectrophotometer.
Microanalyses were performed with a Carlo Erba
1106 Elemental Analyzer. Melting points were deter-
mined on X, melting point apparatus and are uncor-
rected, unless otherwise specified. The glass-transi-
tion temperatures (Tg’s) were performed on a
Perkin-Elmer DSC-7 instrument at a heating rate of
20°C/min under nitrogen protection. The second
scan was immediately initiated after the sample was
cooled to room temperature. The T, values were
reported from the second scan after the first heating
and quenching, and taken from the midpoint of the
change in the slope of the baseline. The thermal sta-
bility of the polymers from 50 to 800°C was deter-
mined with a Seiko SSC-5200 thermogravimetric
analysis (TGA) at a heating rate of 10°C/min under
a protective nitrogen atmosphere (120 mL/min) or
in air. Wide-angle X-ray diffraction patterns were
recorded at room temperature (ca.25°C) on power
with a Rigaku Geiger Flex D-Max III x-ray diffrac-
tometer, using Ni-filtered CuK, radiation (operating
at 40 kV and 15 mA); the scanning rate was 2°/min
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Scheme 1 Synthesis of the diacid 3a and diamine 3b.

over a range of 2 ® = 2-40°). The mechanical prop-
erties were measured on an Instron 1122 testing
instrument with 120 x 5 mm? specimens in accord-
ance with GB1040-79 at a drawing rate of 50 mm/
min. The inherent viscosities were measured at
0.5g/dL concentration in DMAc with an Ubbelohde
viscometer at 30°C, in which the polyamides were
pretreated by drying in oven at 120°C for 1 h to
remove the adsorbed moisture.

RESULTS AND DISCUSSION
Monomer synthesis

Previously, 9,9-bis(4-hydroxyphenyl)xanthene (BHPX)
(1) was synthesized from 9,9-dichloroxanthene with
excess of phenol in the presence of 3-mercaptopro-
pionic acid,® but the yield of BHPX was low (14 %).
In our recent study, 82% yield of BHPX was obtained
by reaction of xanthone with thionyl chloride, afford-
ing 9,9-dichloroxanthene, followed by treatment with
phenol in refluxing xylene in a one-pot, two-step syn-
thetic procedure.”
9,9'-Bis[4-(4-carboxyphenoxy)phenyl]xanthene (3a)
and 9,9-bis[4-(4-aminophenoxy)phenyl]xanthene (3b)
were prepared in two steps according to Scheme 1.
Intermediate compounds  9,9-bis[4-(4-cyanophen-
oxy)phenyl]xanthene (2a) and 9,9-bis[4-(4-nitrophe-
noxy)phenyl]xanthene (2b) were synthesized by
nucleophilic aromatic halogen displacement of p-flu-
orobenzonitrile and p-chloronitrobenzene, respec-
tively, with BHPX (1) in the presence of potassium
carbonate in DMEF. The dinitrile 2a was then readily

converted into dicarboxylic acid 3a by alkaline hy-
drolysis. The diamine 3b was obtained by catalytic
hydrogenation of the dinitro compound 2b using hy-
drazine hydrate and Pd/C catalyst in refluxing etha-
nol. All the intermediate and monomer structures
were confirmed by FT-IR, NMR, and elemental
analysis.

Figure 1 presents the FTIR spectra of dinitrile 2a
and diacid 3a. Characteristic bands for CN stretch at
2227 and C—O—C at 1251 cm ' are consistent with
structure 2a. After hydrolysis, the CN peak disap-
peared and typical bands for the carboxyl groups

)

g

2 nn

4 CNa 1251

g / coc

=@
1681 1238
C=Ost £ coc

40000 3000 2000 1500 1000 4500
Wave number (em’)

Figure 1 IR spectra of of dinitrile 2a (A) and diacid 3a
(B).
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Figure 2 (A) "H-NMR (DMSO-dg) and (B) *C-NMR (CDCl;) spectra of dicarboxylic acid (3a).

were observed around 1681 (C=O stretch), C—O—C
at 1238 cm ™! and 2500-3450 cm ™! (hydrogen-bonded
O—H). When 2b is reduced to 3b, the FTIR spectra
show that the absorption peaks of nitro groups in 2b
(1515 and 1344 cm™ ') disappeared, and the absorp-
tion peaks of amino groups in 3b (3370 and 3223
cm ') appeared suddenly.

Figure 2 illustrates the 'H-NMR and "“C-NMR
spectra of dicarboxylic acid 3a in DMSO-ds and
CDCl; solution, respectively. Assignments of peaks
for both spectra are shown. In the "H-NMR spectrum,
the aromatic protons (H") ortho to the carboxyl
groups and those (H?, H®, and H*) on the xanthene
unit were clearly distinguished, whereas the aromatic
protons (H” and H'®) ortho to the ether groups, those
(H') ortho to the xanthene unit, and those (H') on the
xanthene unit were overlapped. However, all carbon
nuclei in diacid 3a gave well-separated peaks in the
13C-NMR spectrum. The resonance of carbonyl car-
bon occurred at the farthest downfield of 171.36 ppm.

Journal of Applied Polymer Science DOI 10.1002/app

Figure 3 shows the "H-NMR and "*C-NMR spectra
of diamine 3b in CDCl; solution and the assignments
to all carbons and protons. All expected absorptions
are observed. In the 'H-NMR spectrum, the absorption
signals of aromatic protons appear in the range of &
6.65-7.25 ppm, and all the aromatic protons except for
those (H” and H'®) were clearly distinguished. The res-
onance at 3.53 ppm is due to the amino protons. Fur-
thermore, in the >C-NMR spectrum, the C'*> and C'*
carbons are partially overlapped, whereas the other
carbon nuclei show well-separated peaks.

Polymer synthesis

Two series of aromatic polyamides with xanthene
cardo groups, 6a—6f and 7a-7d, were prepared from
the diacid 3a with various aromatic diamines 4a—4f
and from the diamine 3b with various commercially
available dicarboxylic acids 5a-5d (Scheme 2) accord-
ing to the procedure developed by Yamazaki et al.**
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Figure 3 (A) 'H-NMR and (B) "*C-NMR spectra of diamine 3b in CDCl; solution.

All polymerizations proceeded homogeneously
throughout the reaction, and highly viscous solu-
tions were obtained. The polyamides with white col-
ors were isolated in good yields (9597 wt %). The
physical properties and elemental analysis of the
xanthene-containing polyamides were listed in Table
I. As shown in Table I, these obtained polyamides
exhibited high inherent viscosity of 0.82 to 1.32 dL/
g, which was high enough to obtain flexible and
tough polymer film by casting from their DMAc sol-
utions. The elemental analysis values of the polya-
mides are also listed in Table I. In all cases the car-
bon values were found to be lower than the
calculated ones for the proposed structures. This can
probably be explained by the high char yields of ar-
omatic polyamides. On the other hand, moisture
absorption could also give rise to slight differences
in the values of the elemental analyses.

Structural features of these polyamides were con-
formed by FTIR and NMR spectroscopy. The FTIR
spectra of these polyamides exhibited the character-
istic absorptions of polyamides at 3300-3400 cm ™'
(N—H stretching), 1650-1670 em ™! (C=0 stretch-
ing) and 1500-1550 cm ! (combined N—H bending
and C—N stretching), with strong absorptions of
aryl ether group stretching in the region of 1230-
1240 cm ™" The only structure difference between
polyamides 6a—6f and 7a-7d is the orientation of
the amide groups. Figure 4 shows a typical 'H-
NMR and "”C NMR spectra for the polyamide 7a.
Assignments of each carbon and proton are also
given in the figures, and these spectra are in good
agreement with the proposed structure. The reso-
nance peaks appearing in the region of 10.42 ppm
in the "H-NMR spectrum also support the forma-
tion of amide linkages. The results further

Journal of Applied Polymer Science DOI 10.1002/app
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Scheme 2 Synthesis of polyamides 6a-6f and 7a-7d.

demonstrated that the polyamides containing xan-
thene units in the main linker have the expected
chemical structures.

Thermal properties

The thermal behavior of these polymers evaluated
by TG and DSC is summarized in Table II. Polya-
mides 6a—6f and 7a-7d showed the glass transition
temperature (T,) values in the range of 264-302°C
and 271-308°C, respectively, by DSC. The T, values
generally decreased with the decreasing order of seg-

mental flexibility of the diamine moiety. It should be
pointed out that the polyamide 6¢ and 7c exhibited the
higher T, values (302 and 308°C, respectively) because
of the effect of the rigid biphenylene polymer back-
bone. When the two sets of isomeric polyamides are
compared, polyamides 6a-6d displayed a compa-
rable T, with analogous 7a-7d by means of DSC,
indicating that constitutional isomerism of the
recurring unit did not affect significantly the poly-
mer rigidity.

The TG curves for these polymers, typical of
which are shown in Figure 5, indicated that all of

TABLE I
Yields, Inherent Viscosities and Elemental Analysis of Polyamides

Elemental analysis

C (%) H (%) N (%)
Polymer Code Yield (%) Ninh (dL/g)* Formula Caled Found Caled Found Caled Found
6a 9% 1.05 (CasHzgN,Os),,  80.11 78.98 3.88 4.03 415 4.00
6b 95 1.01 (C45H26N205) 80.11 79.01 3.88 4.06 4.15 3.95
6¢ 97 1.17 (Cs51H30N>05), 81.59 80.02 4.03 3.76 3.73 3.35
6d 96 1.15 (C51H30N206)n 79.88 78.62 3.94 3.48 3.65 3.21
6e 95 1.28 (Cs52H3oN205), 81.66 80.48 422 3.87 3.66 3.18
6f 96 1.30 (Cs7H34N,07), 79.71 78.55 3.99 3.11 3.26 2.95
7a 97 0.92 (C45H30N205), 79.63 78.22 446 412 413 3.65
7b 95 0.86 (C45H30N205), 79.63 78.96 4.46 4.05 4.13 3.60
7c 97 1.32 (C51H34N,05),, 81.15 80.17 4.54 412 3.71 3.08
7d 97 0.82 (C51H34N506)n 79.47 78.25 445 4.02 3.63 3.12

* Inherent viscosity (ninn) determined at a concentration of 0.5 g/dL in DMAc at 30°C.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 4 '"H-NMR (A) and "*C-NMR (B) spectra of the polyamide 7a (DMSO-dy).

the polyamides did not lose eight below 500°C in  10% weight loss temperatures is in the range of 502—
nitrogen. The 10% decomposition temperatures both ~ 540°C and 488-515°C in nitrogen and air atmos-
in air and nitrogen atmosphere and the char yield at  phere, respectively, and more than 54% weight was
800°C in nitrogen are summarized in Table II. The  retained even at 800°C.

TABLE II
Thermal and Tensile Properties of Polyamides
TL (°C) Tensile Propertiesd
Tensile Tensile
Char strength Elongation modulus

Polymer T,°(°C) InN; Inair  Yield® (%) (MPa) to break (%) (GPa)

6a 288 525 504 59 95 16 2.48
6b 264 532 510 62 86 13 2.42
6c 302 540 502 67 109 15 2.63
6d 283 535 515 60 100 17 2.40
6e 279 502 488 56 88 14 2.15
6f 272 508 494 57 90 21 2.26
7a 294 520 500 60 98 15 2.38
7b 271 512 498 59 96 18 251
7c 308 535 512 64 104 22 2.35
7d 281 521 502 58 102 13 2.30

® The samples were heated to 400°C with a heating rate of 20°C/min and rapidly
cooled to 30°C at —100°C/min. The midpoint of baseline shift on the subsequent sec-
ond DSC heating trace was defined as T,.

P Decomposition temperatures at which 10% weight loss was recorded by TGA at a
heating rate of 20°C/min.

¢ Residual weight (%) when heated to 800°C at a scan rate of 20°C/min in nitrogen.

4 Films were cast from slow evaporation of the polymer solutions in DMAc. The cast
films were dried under vacuum at 150°C for 6 h prior to the tensile test.
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Figure 5 TG curves for aromatic polyamide 6a in nitro-
gen (A) and air (B).

Mechanical and crystal properties

Strong, transparent and flexible films could be easily
obtained from DMAc solutions of these polymers.
Their mechanical properties with tensile strengths of
86-109 MPa, elongations at break at 13-22%, and
tensile moduli of 2.15-2.63 GPa, shown in Table II,
are good and could be used as tough materials.
Additionally, as can be seen from Table II, the iso-
meric polyamides 6a—6d and 7a-7d exhibited similar
tensile properties.

The wide-angle X-ray diffraction confirmed that
all polyamides, even that obtained from p-phenyl-
enediamine and benzidine, were completely amor-
phous. This is reasonable because the presence of
bulky pendant structure hindered chain packing and
reduced intramolecular interactions. Thus, the amor-

SHENG ET AL.

phous nature of these polymers was reflected in
their good solubility.

Solubilities of polymers

The solubility of these xanthene-containing polya-
mides was studied qualitatively, and the results are
summarized in the Table III. All polyamides were
readily soluble in polar aprotic solvents (such as
NMP, DMAc, and DMF), and even in pyridine, and
some of them also in DMSO and m-cresol. However,
almost all of the polymers were insoluble in chloro-
form, THF, and methanol. These polyamides exhib-
ited higher solubility than the conventional aromatic
polyamides, which is attributed to the introduction
of bulky xanthene and aryl ether units along the
polymer backbone. In addition, in comparison with
two sets of analogous polyamides of 6a and 7a,
which had an isomeric repeat unit, they revealed
similar solubility behavior. This indicates that the
presence of xanthene in either diamine or dicarbox-
ylic acid moiety did not noticeably affect polymer
solubility.

CONCLUSIONS

Two novel monomers of dicarboxylic acid and dia-
mine with xanthene structures were successfully
synthesized in high purity and high yields. And the
corresponding polyamides with high molecular
weight were prepared based on these monomers in
good yields. The introduction of the xanthene cardo
group and aryl ether groups into aromatic polymer
backbones resulted in aromatic polyamides with
good thermal stability, as well as excellent solubility
in organic solvents. Thus, the present aromatic

TABLE III
Solubility Behavior of Polyamides®
Solvent”

Polymer NMP DMAc DMF DMSO m-Cresol THF MeOH CHCl; Py
6a ++ ++ ++ + + +- - - ++
6b ++ ++ ++ ++ ++ - - - ++
6¢ ++ ++ ++ + + - - - ++
6d ++ ++ ++ ++ ++ +- - - ++
6e ++ ++ ++ + ++ - - - ++
6f ++ ++ ++ ++ ++ - - - ++
7a ++ ++ ++ + ++ +- - - ++
7b ++ ++ ++ ++ ++ - - - ++
7c ++ ++ ++ + + - - - ++
7d ++ ++ ++ ++ ++ - - - ++

? Measured at 3.0% (w/v). ++ = soluble at room temperature; + = soluble on heat-
in% at 100°C; +— = partially soluble; — = insoluble even on heating.
NMP, N-methyl-2-pyrrolidone; DMAc, N,N-dimethylacetamide; DMF, N,N-dime-
thylformamide; DMSO, dimethyl sulfoxide; THF, tetrahydrofuran; Py, pyridine.
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polymers are considered new candidates for process-
able high-performance polymeric materials.
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