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Abstract

A series of cardo polyimides were prepared from cardo diamines containing different alkyl substituents and
4.4 -oxydiphthalic anhydride(ODPA), 3,3°4,4"-benzophenonetetracarboxylic  dianhvdride(BTDA), 3,3°.4.4'-
bipheny] tetracarboylic  dianhydride(tBPDA) and pyromellitic dianhydride(PMDA). The results show that the
incorporation noncoplanar structure led by the introducing alkyl substituents on cardo diamine can improve the so-
lubility of cardo polvimides in organic solvents. Most of cardo polyimides exhibited excellent solubility in com-
mon organic solvents such as m-cresol, chloroform, tetrahydrofuran(THF), N-methyl-2-pyrrolidinone(NMP),
N.N-dimethylacetamide(DMAC) etc and intrinsic viscosity in N,N-dimethylacetamide(DMAC) ranged from
0.31-0.92dVg.
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1. Introduction

Polvimides containing a rigid backbonc as a result of totally aromatic or heteroaromatic
repeat units generally exhibit high thermal stability and good mechanical properties. However,
they are generally insoluble and infusible in their fully imidized form, leading to processing
difficulties; and this process of poly (amic acid) intermediate has several inherent problems such
as emission of volatile byproducts (e.g.., H-O) and storage instability etc. To overcome these
problems, much research cffort has been focused on synthesis of soluble and processable
polyimides in fully imidized form without deterioration of their own excellent properties.

The introduction of “cardo™ groups into polymers such as polvimides!'!, polvamides'>*,
polyamidei‘mides['“, polyquinolines etc. can give them specific properties: (1)excellent heat
resistance; (2)excellent solubility. Therefore, the introduction of “cardo™ groups into the backbone
of polymers is an effective approach for improving solubility and thereby processability of
polyimides'!. Because cardo polyimide contains a bulkly bis-phenylfluorenc moicty as the loop
like moiety, they have high glass transition temperature while providing high solubility in diffcrent
organic solvents.

In the present study, our objective is to investigate the effect of incorporation of different
alkvl substituents on cardo diamine in the solubility and thermal stability of cardo polyimides. A
serics of cardo polvimides were svnthesized and characterized based on ortho alkyl substituted -
cardo diamines such as 9,9-bis(4-aminophenyl)fluorene(BAFL)., 9,9-bis  (3-methyl
-4-aminophenyl)fluorcne(BAFL(2Me)) and 9,9-bis  (3,5-diethyl-4-aminophenyl)  fluorenc
(BAFL(4Me)) and different dianhyvdrides such as 4,4 -oxydiphthalic anhydride(ODPA) .
3.3°4.4’-benzophenonetetracarboxylic dianhvdride (BTDA) , 3,37,4,4 -bipheny! tetracarboxylic -
dianhydride(BPDA). pyromellitic dianhvdride(PMDA). Thesc polymers were characterized by
Gel permeation chromatography (GPC), TGA, DMA clc.
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2. Experimental section

2.1 Materials

9,9-bis(4-aminophenyl)fluorene, 9.9-bis(3-methyl-4-aminophenyl)fluorenc and 9.9-bis(3,5-
dimethyl-4-aminophenyl) fluorene was synthesized in our laboratory., 4,4 -oxvdiphthalic
anhydride(Shanghai Research Institute of svnthetic resin), 3,3'4,4 -benzophenonctetracarboxylic
dianhydride, 3.3".4.4 -biphenyltetracarbovlic dianhydride (Ube Industries, Ltd), pyromellitic
dianhydride (Shanghai Research Institute of synthetic resin).

2.2 Polyimide synthesns

A tvpical polymerization procedure is as follows (Fig.1). Equivalent molar dlamme and
dianhydride was dissolved in dried m-cresol in 250ml four-necked flask fitted with a nitrogen inlet,
a thermometer, a condenser and a mechanical stirrer. The reactive mixture was heated to reflux
temperature under nitrogen atmosphere for 5h, and then the solution was precipitated in ethanol in
a high speed blender. The product was filtrated and washed by excess ethanol, and was dried in a
vacuum oven at 80°C /2hr and 200°C /Shr.
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Fig.1 Synthetic route of cardo polyimide
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2.3 Measurements

Inherent viscosity measurements were made with 0.5% (w/v) solution of polymers in DMAc at
25+0.1°C using an Ubbelhode viscometer. Number average molecular weights (Mn) and
weight-average molecular weights (Mw) by gel permeation chromatography (GPC) using a Watcrs
2414 instrument. The thermogravimetric analyses(TGA) were made with Perkin — Elmer 7 Series
Thermal Analysis system. Experiments were carried out under N, atmosphere at a heating rate of
10°C /min. Dynamic Mechanical Analysis (DMA) was obtained using a Netzsch DMA242.

3. Result and discussion

3.1 Synthesis of polyimides

Soluble polyimides werc synthesized by direct polymerization in m-cresol. Because these
polyimides had a higher degree of polymerization and better organic solubility than those from the
thermal cvcodehydration of PAAs in two steps[SJ Polyimides la-lc, Ila-Ilc, Il1a-lIld was preparcd
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by the method. But the polyimide 1d. IId were insoluble in hot m-cresol, and werce prepared by the
classical two -step method and chemical imidization. Intrinsic viscosity in DMAc of the soluble
polvimides ranged from 0.31 to 0.92 dl/g and Mns varied from 19000 o 52000 rclative to
polystyrene standards (Table 1).

Table 1 Molecular weight and viscosity data for THF soluble polyimides synthesized

Code Polyvmer Mnx107 Mwx107 n°(dl/g)
ia BAFL-ODPA 2.1 3.2 0.33
Ib BAFL-BTDA 1.9 29 0.31
Ic BAFL-BPDA —> — 0.85
Id BAFL-PMDA — — —
Ila BAFL(2Me)-ODPA 4.0 59 0.55
Ib BAFL(2Mc)-BTDA 4.9 8.7 0.59
Ilc BAFL(2Me)-BPDA 5.2 2 0.92
Iid BAFL(2Me)-PMDA =~ —
llla BAFL(4Me)-ODPA 2.6 4.4 0.34
1Ib BAFL(4Me)-BTDA 2.7 47 0.40
Ilic BAFL(4Me)-BPDA 3.2 5.7 - 0.58

I1d BAFL(4Me)-PMDA -~ - _—
a.Intrinsic viscosities measured in DMAc at 25C;
b.—: insoluble in THF

3.2 Organo-solublity

As shown in Table 2, most of cardo polyimides 5eing prepared from cardo diamines and
ODPA, BTDA . BPDA or PMDA cxhibited excellent solubility in common organic solvents such
as m-cresol, chioroform, THF, NMP, DMAC etc. The results show that the incorporation
noncoplanar structure led by the introducing alkyl substitucnts on cardo diamine can significantly
improve the solubility of cardo polyimides in organic solvents. For example, BAFL(4Me¢)-PMDA
can cven dissolve in hot m-cresol, NMP and chloroform.

Table 2  Solubility® Of Polyimides

Polyimide NMP DMAc m-Cresol CHCI, THF
BAFIL.-ODPA S S S S S
BAFL-BTDA S S S S S
BAFL-BPDA S Ins S S Ins
BAFL-PMDA Ins Ins Ins Ins Ins

BAFL(2Me)-ODPA S S

BAFL(2Me)-BTDA S S

BAFL(2Me)-BPDA S Ins

BAFL(2Me)-PMDA Ins Ins Ins Ins Ins
BAFL(4Me)-ODPA S S S s S
BAFL(4Me)-BTDA S S S S S
BAFL(4Me)}-BPDA = S , Ins S S S
BAFL(4M¢)-PMDA *S G *S *S Ins

a.Solubility: S, soluble at room temperature; Ins, insoluble; *S, soluble on heating: G, gel.
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3.3 Thermal and thermo-oxidative stability

To discuss thermal and thermo-oxidative stability, the onset temperaturc corresponding to 5%.
10% and 15% weight loss of this system was measured by TGA in dry nitrogen (Table 3). All
- polvimides show good thermal and thermo-oxidative stability, powder samples of thescs
polyimides undergo 5% weight loss between 430°C and 354°C in nitrogen at a heating rate of 10°C
/min. Incorporation of ortho alkyl substituents resulted in the descend of thermal stability, but the
5% weight loss temperature still exceed 400°C.

Table 3 Thermal stability of polyimides
TGA wt. loss(°C)

Polyimide % 0% 15%
BAFL-ODPA 554 582 593
BAFL-BTDA 353 - 586 598
BAFL-BPDA 532 588 597
BAFL-PMDA 553 580 590

BAFL(2Me¢)-ODPA 483 514 537
BAFL(2Me)-BTDA 470 509 535
BAFL(2Me)-BPDA 476 319 532
BAFL(2Me)-PMDA 472 511 542
BAFL(4Me)-ODPA 430 473 493
BAFL(4Me)-BTDA 454 480 498
BAFL(4Me)-BPDA 466 437 503

BAFL(4Me)-PMDA 529 564 579

Morcover, the Tg value of ODPA-type Cardo polyimde ranges for 307 to 368°C mcasured by
using a Netzsch DMA242. This indicated that cardo polyimides show good thermal and
‘thermo-oxidative stability. The increase of number of alkyl substituents on cardo diamine resuited
the decrease of Tg. which results was unexpected, the reason need to be researched further.

4. Conclusion

Cardo polyimides were prepared from cardo diamines and ODPA, BTDA , BPDA or PMDA,
and characterized by Gel permeation chromatography(GPC), TGA, DMA etc. The incorporation
noncoplanar structure led by the introducing alkyl substituents on cardo diamine can improve the

* solubility of cardo polvimides in brganic solvents without sacrificing thermal propertics..
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Code Polymer Mnx107 Mwx 107 n°(dl/g)
Ia  BAFL-ODPA 2.1 3.2 033
b BAFL-BTDA 19 29 0.31
le BAFL-BPDA —b — 083
Id BAFL-PMDA — — —
lla BAFL(2Me)-ODPA 4.0 59 0.55
Ib BAFL(2Me)-BTDA 49 8.7 0.59
e BAFL(2Me)-BPDA 52 92 0,92
Id BAFL(2Me)-PMDA -~ —
lla BAFL(4Me)-ODPA 2.6 44 0.34
11ib BAFL(4Me)-BTDA 2.7 4.7 040
il BAFL(4Mc)-BPDA 3.2 5.7 0.58

lild BAFL(4Me)-PMDA - - —

a. FEPERNEE 25°C, DMAc il s
b, — AT THP SR

Hl
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Polvimide - NMP DMAc m-Cresol CHCi,4 THY
BAFL-ODPA S S s s S
BAFL-BTDA S S S S s
BAFL-BPDA S Ins S S Ins
BAFL-PMDA : Ins Ins Ins Ins Ins

BAFL(2Me)-ODPA s S S S
BAFL(2Me)-BTDA S S s s
BAFL(2Me)-BPDA s Ins S S S
BAFL(2Me)-PMDA Ins Ins Ins Ins Ins
BAFL(4Mc)-ODPA s s | s B
BAFL(4Me)-BTDA S S S
BAFL(4Me)-BPDA S Ins S
BAFL(4M¢)-TMDA -3 G .5 *S Ins

a. :@ﬁﬂ{: S- %:ﬂm%. InSv 7[:?5: *S' 1Jﬂ?3§ﬁn’1’:f: Go ll’r:.i‘éﬂica

ATHER TR E IR TN, 5%, 10% 0 1S%HEBERRERNA TGA 7T HRES T
SE (R ERENRMEEER T RIFHARELIEN, Cardo BB WALHHAFES
() 5% 3R TIRAETE 430°C £ 544°C Z W] SIMNEERAREARSERREL TR, HR
TRALK AR KT 400 °C, ‘ ‘

# 3 EBUREm ARl
TGA wt. loss(°C)

Polyimide

5% 10% 15%
BAFL-ODPA 554 582 - 593
BAFL-BTDA 553 586 598
BAFL-BPDA 332 588 397
BAFL-PMDA 553 580 590
BAFL(2Me¢)-ODPA 483 514 337
BAFL(2Me)-BTDA 470 509 535
BAFL(2Me)-BPDA 476 519 532
BAFL(2Mc)-PMDA 472 5H 542
BAFL(4Mc)-ODPA 430 473 493
BAFL(4Mec}-BTDA 454 480 498
BAFL(4Mc)-BPDA 466 487 503
BAFL(4Me)-PMDA 529 564 379
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M4k, {4FH Netzsch DMA242 #li5 1ty ODPA %! Cardo BBt IERG (¢ Tg {H7F 307°C 51 368°C
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4. 45ig ‘
FUR Cardo —2f& 5 0DPA. BTDA. BPDA. PMDA RZMi4i%& 5| T Cardo WG, Jhidlid
GPC. TGA. DMA %5 UH(T TR 1. MMIdTE Cardo ZNE LI NS PRSI CALBEE A PRIE -

IR BRI RN 3R s Cardo B R IERE TR A WL U P S AR 1 .
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