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SUMMARY: A new bis(ether-carboxylic acid), 9,9-bis[4-(4-carboxyphenoxy)phenyl]fluorene (3), was syn-
thesized from the nucleophilic fluorodisplacement ofp-fluorobenzonitrile with the dipotassium bisphenolate
of 9,9-bis(4-hydroxyphenyl)fluorene, followed by alkaline hydrolysis of the intermediate bis(ether nitrile). A
novel series of aromatic polyamides containing ether and bulky fluorenylidene groups were prepared by the
direct polycondensation of the diacid3 with various aromatic diamines inN-methyl-2-pyrrolidone (NMP)
solution containing dissolved CaCl2 using triphenyl phosphite and pyridine as condensing agents. The obtai-
ned polyamides have inherent viscosities in the range of 0.50–1.75 dL/g. All the polymers are readily soluble
in a variety of organic solvents, such as NMP,N,N-dimethylacetamide (DMAc),N,N-dimethylformamide
(DMF), andm-cresol, and afford transparent, flexible, and tough films by solvent casting. These polyamides
have glass transition temperatures ranging from 200 to 3038C and show no significant weight loss up to
4508C, with 10% weight loss being recorded above 5118C in nitrogen or air.

Introduction
Aromatic polyamides have found wide commercial
acceptance due to their unique property combinations1).
They can be fabricated into strong abrasion-resistant
fibres and films with very high modulus, good thermal
stability and high solvent resistance. However, most of
the aromatic polyamides are insoluble in organic sol-
vents; they are only soluble in concentrated mineral acids.
The insolubility and also high transition temperatures
make these polymers difficult to process. Therefore,
much effort has been spent on synthesizing processable,
tractable polyamides without compromising desired prop-
erties. To accomplish this goal, the incorporation of flex-
ible bridging units and/or bulky groups into the polya-
mide backbone has been widely used2–11). Introduction of
aryl ether linkages is known to impart processability to
the polymer without significant reduction in thermal sta-
bility. Incorporation of bulky pendant groups can impart a
significant increase in both glass transition temperature
(Tg) and thermo-oxidative stability by restricting segmen-
tal mobility while providing good solubility due to
decreasing packing density and crystallinity. Combining
these two structural modifications minimizes the trade-
off between processability and properties of aromatic
polymers.

An impressive series of highTg soluble polymers,
referred as cardo polymers, was pioneered in the early
1960s and reviewed by Korshak et al.12) Such polymers
contain at least one element in the repeating unit that

includes a cyclic side group such as 9,9-fluorenylidene
which imparts a combination of enhanced thermal stabi-
lity, high Tg, and improved solubility. It has been demon-
strated in our previous articles13–16) that incorporation of
both ether and a fluorene group into the macromolecular
backbone resulted in aromatic polyamides, polyimides,
and poly(amide-imide)s with good thermal stability and
high Tg. The polyamides and poly(amide-imide)s also
showed excellent solubility; however, the polyimides
showed some or limited enhancement in solubility.
Recently, aromatic polyazomethines were reported from
diphenylfluorene-based dialdehyde and aromatic dia-
mines that showed excellent solubility, highTg, and rea-
sonable thermal stability17).

In a continuation of the study on fluorene-based poly-
mers, the present article describes a successful prepara-
tion of novel soluble and tractable aromatic polyamides
without much sacrifice of thermal properties by incorpor-
ating bulky diphenylfluorene moiety into the polymer
backbone. For this, a new aromatic dicarboxylic acid
monomer having diphenylfluorene unit and ether-linked
groups was synthesized, which was subjected to direct
polycondensation with various aromatic diamines. It was
hoped that incoporation of the bulky diacid would
decrease hydrogen bonding between amide groups and
generally disrupt the co-planarity of aromatic units to
reduce packing efficiency and crystallinity. This should
promote solubility while maintaining highTg through
controlled segmental mobility.
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Experimental part

Materials

9-Fluorenone(Fluka) and p-fluorobenzonitrile (Wako) were
usedasreceived.p-Phenylenediamine(4a; TCI) andbenzi-
dine(4c; TCI) werepurified by vacuumsublimation.m-Phe-
nylenediamine(4b; Janssen)waspurified by vacuumdistil-
lation. 4,49-Oxydianiline (4d; TCI), 3,49-oxydianiline (4e;
Mitsui PetrochemicalInd.,Tokyo,Japan),4,49-methylenedia-
niline (4f; TCI), 1,4-bis(4-aminophenoxy)benzene(4g;
TCI), and a,a9-bis(4-aminophenyl)-1,4-diisopropylbenzene
(4h; Mitsui PetrochemicalInd.) were usedwithout further
purification. According to a reported procedure18,19), 4,49-
bis(4-aminophenoxy)biphenyl(4i; m.p. 198–1998C), 2,2-
bis[4-(4-aminophenoxy)phenyl]propane(4j ; m.p. 125–
1268C), 2,2-bis[4-(4-aminophenoxy)phenyl]hexafluoropro-
pane (4k; m.p. 162–1638C), 1,1-bis[4-(4-aminophenoxy)-
phenyl]-1-phenylethane(4l; m.p. 67–688C), bis[4-(4-ami-
nophenoxy)phenyl]sulfone (4m; m.p. 228–2308C), and
a,a9-bis[4-(4-aminophenoxy)phenyl]-1,4-diisopropylbenzene
(4n; m.p. 187–1898C) werepreparedby thechlorodisplace-
mentreactionof p-chloronitrobenzene(TCI) with the corre-
spondingbisphenolsin thepresenceof potassiumcarbonate,
giving the bis(4-nitrophenoxy)compounds,followed by cat-
alytic hydrazine reduction. Calcium chloride (CaCl2) was
dried at 1808C undervacuum.Pyridinewaspurified by dis-
tillation afterbeingrefluxedwith KOH. N-Methyl-2-pyrroli-
done (NMP) was distilled over calcium hydride under
reducedpressureandstoredover4 Å molecularsieves.Simi-
larly, triphenylphosphite(TPP;Fluka)waspurified by distil-
lation underreducedpressure.

Synthesisof 9,9-bis(4-hydroxyphenyl)fluorene(1)

In a 500-mL flask, 28.7g (0.159mol) of 9-fluorenoneand
5 g of ZnCl2 weredissolvedin 60.0g (0.637mol) of molten
phenol. The mixture was heatedat about 608C on an oil
bath, and then dry hydrogenchloride was bubbled in for
about1 h. The reactionsystembecamevery dark and was
quite viscous but in about 4 h it suddenlysolidified. The
resultingsolid wasdissolvedwith 100mL of hot 2-propanol,
andthe mixture wasdiluted with 700 mL of waterto give a
lump of viscous,pale yellow product.After washingwith
hot water, the viscousmasssolidified gradually. The pale
yellow solid wascollected,washed,anddried. The yield of
the crude product was 55.1g (99.1%). The crude product
waspurified by recrystallizationfrom tolueneto give white
granularcrystalswith a yield of 26.6g. Thefiltrate wascon-
centratedto about 1/3 of its original volume, and another
11.7g of theproductwascollected.Thus,thetotal yield was
about69% of theory. The melting point of bisphenol1 was
220–2228C (2248C by DSC at a heatingrateof 108C/min)
(lit.20) 2248C).

Synthesisof 9,9-bis[4-(4-cyanophenoxy)phenyl]fluorene(2)

Fluorene-diphenol1 (14.6g, 0.042mol) wasdissolvedin 70
mL of N,N-dimethylformamide(DMF) and70mL of toluene
in a 250-mL round-bottomedflask equippedwith a Dean-

Stark trap. Anhydrous potassiumcarbonate(11.5g, 0.08
mol) wasaddedto this solution.Thesuspensionsolutionwas
heatedto reflux, andwaterwasremovedby azeotropicdistil-
lation with toluene.After waterwasremovedcompletely, the
residualtoluenewasdistilled off. Then,the reactionmixture
was cooled to about 608C, p-fluorobenzonitrile (10.2g,
0.084 mol) was added,and the reactionwas continuedat
1508C for 6 h. After cooling, the solution was precipitated
into waterto give a white powder. The productwasisolated
by filtration, washedrepeatedlywith water and methanol,
and dried to give 22.3g (96%) of dinitrile 2, m.p. 278–
2808C (2828C by DSC).

IR (KBr): 2222(C3N) and1249cm–1 (C1O).

C39H24N2O2 (552.63) Calc. C 84.76 H 4.38 N 5.07
Found C 84.36 H 4.72 N 4.98

Synthesisof 9,9-bis[4-(4-carboxyphenoxy)phenyl]fluorene
(3)

Into a 1-L round-bottomedflask were placed22.2g (0.04
mol) of fluorene-dinitrile 2, 45g (0.8 mol) of potassium
hydroxide, 300 mL of ethanol, and 200 mL of distilled
water. The suspensionwas refluxed for 8 days to form a
clear solution. The resulting solution was filtered hot to
remove any possibleimpurities. After cooling, the filtrate
wasacidifiedby concentratedHCl to pH = 2–3, andthepre-
cipitated white powder was isolated by filtration, washed
thoroughly with water, and dried in vacuo, to give 22.8g
(96%) of the fluorene-baseddicarboxylicacid 3; m.p. 286–
2888C (2938C by DSC).

IR (KBr): 2500–3500 (broad,O1H), 1691 (C2O), and
1243cm–1 (C1O).

C39H26O6 (590.63) Calc. C 79.31 H 4.43
Found C 79.13 H 4.29

Generalpolyamidesynthesis

Synthesis of polyamide5a is describedas a typical proce-
dure.A mixture of fluorene-diacid3 (0.7383g, 1.25mmol),
p-phenylenediamine(0.1315g, 1.25mmol), CaCl2 (0.3g),
TPP (0.9 mL), and pyridine (1 mL) in NMP (3 mL) was
heatedto 1208C with stirring. After 3 h of stirring at this
temperature, it wascooledto room temperature andprecipi-
tated into methanol.The polymer (5a) was isolated as a
white fiber which waswashedthoroughlywith methanoland
hot water, collected by filtration, and dried; yield, 0.85g
(97%); inherentviscosity 1.08 dL/g in DMAc containing5
wt.-% LiCl at a concentrationof 0.5g/dL at 308C.

IR (film): 3324 (N1H), 1656 (C2O), and 1241 cm–1

(C1O).

(C45H30N2O4)n (662.74)n Calc. C 81.55 H 4.56 N 4.23
Found C 80.70 H 4.60 N 4.02

Measurements

Elementalanalyseswererun in a Perkin-Elmer2400C, H, N
analyzerat theNationalTaiwanUniversity(Taipei).Inherent
viscositiesof the polymersweremeasured usinga Cannon-
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Fenskeviscometerat 308C. IR spectrawere obtainedon a
JASCOFT/IR-7000Fouriertransformspectrophotometeron
KBr pelletsor solutioncastfilms. Solution1H and13C NMR
spectrawere recordedon a JEOL EX-400 NMR spectro-
meter. Differential scanning calorimetry (DSC) analyses
wereperformedon a PerkinElmer DSC 7 at a scanrateof
208C/min in flowing nitrogen.Glasstransitiontemperatures
(Tg’s) werereadat themiddleof thechangein theheatcapa-
city, andweretakenfrom thesecondheatingscanafterquick
cooling from 4008C. Thermogravimetry(TG) experiments
were performedwith 10 l 1 mg samplesheatedin flowing
nitrogen and air (50 cm3/min) at a scanrate of 208C/min
with a Rigaku Thermoflex TG 8110. The measurements
were takenafter an initial 2508C/10min drying step.Wide
angleX-ray diffraction patternswererecordedat room tem-
peraureon a RigakuGeigerFlex D-Max IIIa X-ray diffracto-
meter, using Ni-filtered Cu-Ka radiation (1.5418 Å). The
scanningratewas28/min overa 2h rangeof 5–408. Tensile
properties of solution cast films were determined from
stress-straincurvesobtainedwith anInstronUniversalTester
model1130with a loadcell of 5 kg. A gaugelengthof 2 cm
andan extensionrateof 5 cm/min wereusedfor this study.
Measurementswere performedwith film specimens(length
6 cm, width 0.5cm, and thicknessabout 0.1mm), and an
averageof at leastfive individual determinationswasused.

Resultsand discussion

Monomersynthesis

Fluorene-bisphenol1 was prepared by a HCl-catalyzed
condensation reaction of excessphenol with 9-fluore-
none20). The new dicarboxylic acid monomer3 having
diphenylfluoreneunit andtwo etherlinkageswassynthe-

sized according to a well-developed method21–24) as
shown in Scheme1. The intermediate dinitrile 2 was
obtainedfrom the nucleophilic fluorodisplacement of p-
fluorobenzonitrile with the potassiumphenolate of fluor-
ene-bisphenol 1 in DMF. The dinitrile was then readily
convertedinto diacid 3 in high purity and high yield by
alkaline hydrolysis.The structuresof dinitrile 2 anddia-
cid 3 were confirmedby elementalanalysisandIR spec-
troscopy.

Polymersynthesis

A seriesof aromaticpolyamides,5a–n, weresynthesized
using the Yamazaki-Higashi25) phosphorylation polycon-
densationprocedurefrom dicarboxylic acid3 andvarious
aromatic diamines (Scheme2). All polyamidations pro-
ceeded in homogeneous, transparent and viscous solu-
tions throughout the reaction, and the polyamideswere
isolated as tough fibers in quantitative yields. Inherent
viscosities for 5a–n ranged from 0.50 to 1.75 dL/g
(Tab.1), indicating moderateto high molecular weight
polyamides.The molecular structuresof the polyamides
were verified by FTIR basedon characteristic absorption
bandsobservedaround3300(N1H stretch), 1650(C2O
stretch), 1510 (N1H bending), and 1230 cm–1 (C1O
stretch).

Polymerproperties

The crystallinity of the prepared polyamides was evalu-
atedby wide-angle X-ray diffraction measurements.All

Scheme1:
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the polyamidesshowed analmost completely amorphous
nature.It appearsthat the presenceof diaryl etherkinks,
togetherwith the bulky non-coplanar diphenylfluorene
unit in the diacid moiety, leadsto loose chain packing.
Due to a similar reason,all of thesepolyamidespossess
excellent solubility in organic solvents,in spiteof thefact
that someof them were derived from diamines with a

rather rigid structure such as p-phenylenediamine and
benzidine. All the polyamides are readily soluble in
DMAc, NMP, DMF, and m-cressol,and most of them
alsoin DMSO andTHF (Tab.2). In addition,the present
polymersdisplayeda comparablesolubility with thoseof
thestructurally relatedpolyamidesfrom 9,9-bis[4-(4-ami-
nophenoxy)phenyl]fluorene and aromatic dicarboxylic
acids reportedpreviously14), thussupporting that the pre-
sence of diphenylfluorene in either diamine or dicar-
boxylic acidmoiety did not affect noticeably thepolymer
solubility.

All of thesepolyamidesgave good-quality creasable
films suitablefor the measurement of tensile properties.

Scheme2:

Tab.1. Synthesisconditionsand inherentviscosities of poly-
amidesa)

Polymer Amountsof reagentsusedb) ginh

dL=g

c)

NMP
in mL

Py
in mL

TPP
in mL

CaCl2
in g

5a 3 1 0.9 0.3 1.08
5b 3 1 0.9 0.3 0.73
5c 3 1 0.9 0.4 0.92
5d 2.5 1 0.9 0.3 0.92
5e 2.5 1 0.9 0.3 0.69
5f 2.5 1 0.9 0.3 0.67
5g 2.5 1 0.9 0.3 0.53
5h 3 1 0.9 0.4 0.58
5i 3 + 2d) 1 0.9 0.4 1.13
5j 3.5+ 4 1 0.9 0.4 0.83
5k 3.5+ 3 1 0.9 0.4 1.75
5l 4 1 0.9 0.5 0.78
5m 4 1 0.9 0.5 1.42
5n 3.5 1 0.9 0.4 0.50

a) 1.25mmol eachof the diacid 3 anddiaminemonomerwere
used.

b) NMP: N-methyl-2-pyrrolidone;Py: pyridine; TPP: triphenyl
phosphite.

c) Measured in DMAc-5wt.-% LiCl at 308C at a concentration
of 0.5g/dL.

d) “3 + 2” meansthat an initial amountof 3 mL of NMP was
usedand an additional 2 mL of NMP was addedwhen the
reaction solutionwastoo viscous to stir.

Tab.2. Solubility behaviora) of polyamides

Polymer Solventb)

DMAc NMP DMF DMSO m-Cresol THF

5a + + + +h + –
5b + + + + + s
5c + + + + + –
5d + + + + + s
5e + + + + + s
5f + + + + + s
5g + + + + + +
5h + + + +h + +
5i + + + +h + –
5j + + + + + +
5k + + + s + +
5l + + + + + s

5m + + + + + +
5n + + + +h + +h

a) +: soluble at room temperature,+h: soluble on heating, s:
swelling,–: insolubleevenonheating.

b) DMAc: N,N-dimethylacetamide, NMP: N-methyl-2-pyrroli-
done,DMF: N,N-dimethylformamide,DMSO:dimethylsulf-
oxide,THF: tetrahydrofuran.
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The resultsare summarized in Tab.3. Thesepolyamide
films had tensile strengthsof 59–115 MPa, elongations
to break of 7–83%, and initial moduli of 1.4–2.2 GPa.
The polymers derived from flexible group-linked long-
chain diamines revealedhigher extensibility. It may be
attributed to the fact that thesediamine residuesadopta
conformation that causes the polymer chain to coil
strongly, through the disposition of the aromatic rings
adjacentto the etherlinkages, but that under stressthese
conformations are modified to give a more linear unit.
The effective uncoiling of the diamine residues about
their etherlinkagescould provide a mechanismfor con-
siderablechainextension.

The thermalpropertiesof thepolymerswereevaluated
by means of TG and DSC. Fig. 1 illustratestypical TG
curves for the representative polyamide 5a in both air
andnitrogenatmospheres.All thepolymersdid not show
significant weight lossbelow4508C either in air or nitro-
gen.The temperaturesat 10% weight losswere recorded
in the range of 521–5608C in air and 511–5658C in
nitrogen,asshown in Tab.4. They left a high charyield
rangedfrom 52.2%to 71.6%dueto high aromaticity.

Polyamides5a–n showed Tg valuesbetween303 and
2008C, following the decreasingorder of rigidity, steric
hindrance,and symmetry of the polymer backbone. In
general,the introduction of flexible ether linkagesor less
symmetrical m-phenyleneunit leads to a decreasedTg.
For example,p-phenylenediamine-basedpolyamide 5a
exhibited thehighestTg of 3038C in this seriespolymers,
while the m-phenylenediamine-, 4,49-oxydianiline-, 3,49-
oxydianiline-, and 1,4-bis(4-aminophenoxy)benzene-
derivedpolymers5b, 5d, 5e, and5g showed a decreas-
ing Tg of 277, 259, 254, and 2318C, respectively. It can
alsobenoted that thereis a largewindow betweentheTg

and the decomposition temperature, which could be
advantageousin theprocessingof thesepolymers.

Thethermal propertiesof thenewaromaticpolyamides
were comparedwith those of the polyamides with iso-
meric repeating unit (for brevity, referredto as the iso-
meric polyamides)derived from 9,9-bis[4-(4-aminophe-
noxy)phenyl]fluorene and various dicarboxylic acids
reportedpreviously14). Tab.5 comparesthe thermalprop-
ertiesof two setsof isomeric polyamides.Thelower Tg of
5b thanof 5b9 suggeststhat the attachmentof m-pheny-
lene in the diamine moiety reducedthe chain rigidity.
However, theTg’s of 5a and5c were comparable to those
of the isomeric pairsof 5a9 and5c9. In addition, the pre-
sent polyamidesshowed an almost comparablethermal
stability with their isomeric counterparts.

Tab.3. Tensilepropertiesof polyamidesa)

Polymer Strengthto
breakin MPa

Elongation
to break in %

Initial modulus
in GPa

5a 76 27 1.7
5b 70 11 1.7
5c 80 9 2.2
5d 115 11 1.8
5e 110 10 1.8
5f 104 7 2.0
5g 88 83 1.4
5h 63 73 1.6
5i 70 14 1.9
5j 94 63 1.8
5k 60 51 1.4
5l 59 33 1.6
5m 75 69 1.5
5n 77 61 1.5

a) Films werecastfrom polymersolutionsof DMAc.

Fig. 1. TG curvesfor polyamide5a at a heating rateof 208C/
min

Tab.4. Thermal propertiesof polyamides

Polymer Tg

8C

a) Decomposition
temperatureb)/ 8C

Charyieldc)

in %

in N2 in air

5a 303 542 543 69.8
5b 277 535 543 71.6
5 c 302 542 545 66.8
5d 259 538 535 68.4
5e 254 557 551 70.2
5f 268 522 540 71.1
5g 231 528 536 64.5
5h 240 511 521 53.2
5i 236 565 560 69.8
5j 219 528 533 63.4
5k 208 526 533 62.6
5l 241 524 530 65.5
5m 224 532 531 59.6
5n 200 528 528 55.2

a) Baselineshift in the secondheatingDSC trace,with a heat-
ing rateof 108C/min in nitrogen.

b) Temperatureat which 10% weight losswasrecordedby TG
at aheatingrateof 208C/min.

c) Residualwt.-% at 8008C in nitrogen.
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Conclusions
Theether-linked extendeddicarboxylic acid3, containing
the diphenylfluorene unit, was successfully synthesized
in high purity and high yield. High-molecular-weight
polyamideswere synthesizedin goodyieldsby thedirect
polycondensationof the dicarboxylic acid with aromatic
diamines by means of triphenyl phosphite and pyridine.
Thesepolymers are amorphous and readily soluble in
variousorganic solvents. Flexible and tough films have
beenobtainedby solventcasting. They showgood ther-
mal stability, moderateto high Tg’s, anda large window
betweendecomposition andglasstransition temperatures.
All these properties make the diphenylfluorene-based
polyamides potential candidates for high-performance
thermoplastic materials.
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