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　　　　　　　　　　　　　　　　　Abstract

A series of fluorine-containing aromatic homopolyacetals and copolyacetals with a wide

range of unit ratios were synthesized by the solution polycondensation of 2,2-bis(4-

hydroxyphenyl)-l,l,l,333-hexafluoropropane　(bisphenol　　AF),　2,2-bis(4-

hydroxyphenyl)propane (bisphenol A), or both with 2-(trifluoromethyl)benzal chloride,

and the effect of fluorine substitution on the properties of these polymers is discussed in

relation to the fluorine contents.

Introduction

Attention has been focused on the preparation of fluorine-containing condensation

polymers because of their unique properties and high performance.^ A series of studies

on the synthesis, characterization, and evaluation of fluorine-containing aromatic

condensation polymers has revealed that hexafluoroisopropylidene-group'containing

polymers, such　as　polyketones,^　polyazomethines,-'　polybenziraidazoles,'^

polybenzothiazole/ and/or their respective copolymers, have unique properties such as

good solubility in organic solvents, toughness and flexibilityatlow temperatures, water

and oil repellency, high thermal stability, and flame resistance in addition to the

prominent characteristics inherent in the corresponding polymers without fluorine･

Thus, the incorporation of hexafluoroisopropylidene groups into existing aromatic

condensation polymers can not only make them soluble or processable but also give

them additional characteristics.

　　　Because of the outstanding properties of thermal stability, transparency, impact

resistance. and self-extinguishment, aromatic polycarbonates, such as that derived from

bisphenol A, are万ranked as high-performance engineering plastics. Structurally related

aromatic polyformal has been obtained from bisphenol A and dichloromethane.^ This

polymer also has prominent physical properties comparable to those of bisphenol A-

based polycarbonate.^ We have already reported on the preparation and characterization

of　ａ　series　of　heχafluoroisopropylidene-group゛containing　polycarbonates^　and

polyformals^ derived from bisphenol AF, bisphenol A, or both. The physical properties

of bisphenol A-based polycarbonate and polyformal, such as their solubility,

mechanical, surface, and optical properties, and thermal stability, were successfully

improved by fluorine substitution.

　　　In this study, ａ series of fluorine-containing aromatic homopolyacetals and

copolyacetals with a wide range of unit ratios were synthesized by the solution

polycondensation of bisphenol AF, bisphenol A, or both with 2-(trifluoromethyl)benzal

chloride, and the effect of fluorine substitution on the properties of these polymers is

Proceedings of the 3rd China-Japan Seminar on Advanced Aromatic Polymers



discussed in relationto the fluorine contents.

Results and Discussion

Bisphenol AF-based homopolyacetal was synthesized by the solution polycondensation

of bisphenol AF with 2-(trifluoromethyl)benzalchloride in highly polar media in the

presence of potassium hydroxide and 18-crowii 6-ether atlOO℃. Polar aproticso】vents

such as DMAc, DMF, DMSO, HMPA, and NMP were used as media:

　　　The optimum reaction conditions for the polycondensation of bisphenol AF with

dichloromethane were reported previously,^ where the use of excess dichloromethane to

bisphenol AF was required for producing polyforraal ofａhigh molecular weight. Thus,

in thisreactionthe stoichiometry of bisphenol AF and dichloromethane does not have to

be controlledbecause the firstintermediate fonned in the reaction, -0CH2C1, is more

reactive　than　dichloromethane. Therefore, the　effect　of the amount　of 2-

(trifluoromethyl)benzalchloride on the reduced viscosity of the resultingpolymer was

firststudied in NMP for 3 h. The viscosity value markedly increased with the

increasing ratioof 2-(trifluoromethyl)benzalchloride to bisphenol AF. Thus, the use of

excess 2-(trifluoromethyl)benzalchloride is also essential for the formation of the

polyacetal with a high molecular weight. The media also had ａremarkable effectboth

on the yield and reduced viscosity of the polymer obtained. The use of DMAc, DMSO,

and NMP led to the formation of polyacetals with reduced viscositieshigher than 0.5

dL/g in high yields. The polymerization in NMP proceeded relativelyrapidly and was

essentiallycompleted in 3 h. The optimum reaction conditions thus obtained were 10

mmol of 2-(trifluoromethyl)benzal chloride. 20 mmol of potassium hydroχide, 0.75

mraol of 18-crown 6-ether, and ５ mL of NMP, on ａ7.5 mmol scale of bisphenol AF，

leading to the formation of bisphenol AF-based homopolyacetal having reduced

viscosityof 0.58 dlVgin 86％yield atlOO℃forS h.

　　　Ａ series of copolyacetals and bispheno] A-based homopo】yacetal were

synthesized by the reaction of bisphenol AF/bisphenol Ａ mixtures at feed ratios of

80/20, 60/40, 50/50, 40/60, 20/80, and O/100 with 2-(trifluoromethyl)benzalchloride

under the aforementioned preferableconditions:
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A series of copolyacetals were obtained quite readi】ywith high reduced viscosities

ranging from 0.43 to 0.97 dL/g and in high yields,regardless of the ratioof bisphenol

AF (Table I)･

　　　Regardless of the fluorine content, these polymers all dissolved in highly polar

solvents such as DMAc， DMF, HMPA，and NMP. They were also highly soluble in

common organic solvents such as benzene, toluene, dichlororaethane, chloroform,

ethyl acetate, and tetrahydrofuran.　Both bisphenol AF-based and bisphenol A-based

homopolyacetals, two representative polyacetals, equally dissolved in toluene, ethyl

acetate, and tetrahydrofuran up to ａhigh concentration of 500 g/L at room temperature.

The fluorine substitution generally enhances markedly the solubility of aromatic

condensation polymers because the fluorine atom has ａ low intermolecular cohesive

energy. Their high solubility behavior should be ascribed to the decrease of the energy

and also to the reduction in both polymer chain packing and regularity due to the

presence of 2-(trifIuoromethyl)phenyl groups in the side chain. All the polyacetals gave

colorless, transparent. and tough films when cast from the chloroform solutions and

also when hot-pressed at temperatures greater than the respective Ts's.

　　　The tensile strength, elongation at break, and tensile moduli of the chloroform-

cast films were 35 MPa, 2%, and 2.2 GPa fc:)rthe bisphenol AF-based homopolyacetal;

39 MPa, 2%, and 2.4 GPa for the 50/50 bisphenol AF/bisphenol A-based copolyacetal;

and 31 MPa, 2%, and 2.2 GPa for the bisphenol A-based homopolyacetal. This results

indicates that the incorporation of hexafluoroisopropylidene groups into bisphenol A-

type polyacetal has littleeffect on the mechanical properties of the films.

　　　The thermal behavior data of the polyacetals are tabulated in Table I. The Tg゛s of

the polyacetals evaluated by DSC were around 130℃regardless of the fluorine

contents. Tg's have been reported by us to be 88-123℃for the polyformals derived
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from dichloromethane,^ values that are lower than those of the polyacetals obtained

here. The presence of bulky pendant 2-(trifluoromethyl)phenyl groups in these

polymers increases the chain rigidity along the PClymer backbone. consequently

increasing the Tg's. The TG curves of the polyacetalsexhibited a 5% weight loss (DTs)

at 302-346℃, a 10% weight loss (DTio)at 316-353℃, and residual weight at 500℃

(RW)of 57-66% under nitrogen. Thus, the DT5 and ｌ:)Tiotended to increase

significantlyand monotonously with increasing fluorine content. Because the methyl

group is more susceptible to therma】degradation than aromatic rings, thisbehavior can

be explained by ａ comparison of the thermal stabilityof the heχafluoroisopropylidene

and isopropylidene groups.

　　　The dielectricconstant (8')at ｌ MHz were 2.43 for the bisphenol AF-based

homopolyacetal and 2.68 for the bisphenol A-based horaopolyacetal, both of which

were remarkably lower than the value of the reference bisphenol AF-based

homopolyformal,^ 2.88. It is, therefore, concluded from this result that the

incorporation of 2-(trifluoromethyl)phenylgroups into the side chain is more effective

than the incorporation of hexafluoroisopropylidene groups into the polymer backbone

for the depression of e'.

Conclusions

Ａ series of fluorine-containingaromatic horaopolyacetals and copolyacetals with a wide

range of unit ratios were easilysynthesized through the solution polycondensation of

bisphenol AF, bisphenol A, or both with 2-(trifluoromethyl)benzal chloride. The

incorporation of hexafluoroisopropylidene groups into the bisphenol A-type polyacetals

successfully brought about an increase in the thermal stabilityand an decrease in the

dielectricconstant of the polymers, whereas the film properties were scarcely affected

by the modification. The soluble polyacetals obtained are thought to be promising

electricinsulation materialsfor fieldsin microelectronics.
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