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[571 ABSTRACT 

Controlled molecular weight phenylethynyl terminated 
imide oligomers (PJTIs) have been prepared by the cyclo- 
dehydration of precursor phenylethynyl terminated amic 
acid oligomers. Amino terminated amic acid oligomers are 
prepared from the reaction of dianhydride(s) with an excess 
of diamine@) and subsequently endcapped with phenylethy- 
nyl phthalic anhydride(s) (PEPA). The polymerizations are 
canied out in polar aprotic solvents such as N-methyl-2- 
pyrrolidinone or NN-dimethylacetamide under nilrogen at 
room temperature. The amic acid oligomers are subse- 
quently cyclodehydrated either thermally oz chemically to 
the corresponding imide oligomers. Direct preparation of 
PITIS from the reaction of dianhydride(s) with an excess of 
diaminqs) and endcapped with phenylethynyl phthalic 
anhydride(s) has been performed in m-cresol. Phenylethynyl 
phthalic anhydrides are synthesized by the palladium cata- 
lyzed reaction of phenylacetylene with bromo substituted 
phthalic anhydrides in triethylamine. These new materials 
exhibit excellent properties and are potentially useful as 
adhesives, coatings. films, moldings and composite matri- 
ces. 

6 Claims, 2 Drawing Sheets 
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IMIDE OLIGOMERS ENDCAPPED WlTH 
PHENYLETHYNL PHTHALIC ANHYDRIDES 

AND POLYMERS THEREFROM 

This is a continuation of application Ser. No, 081330,773 
filed on Oct. 28, 1994, now U.S. Pat. No. 5,567.800. 

ORIGIN OF INVENTION 

The invention described herein was made jointly in the 
performance of work under NASA Grant NAG 1-125 1 with 
Viiginia Commonwealth University and an employee of the 
United States Government. In accordance with 35 USC 202. 
the grantee elected not to retain title. 

BACKGROUND OF INVENTION 

Polyimides (PI) are heterocyclic polymers commonly 
prepared by the condensation reaction of an aromatic 
diamine with an aromatic dianhydride or derivative thereof 
and having a repeat unit of the general structure 

0 0 
II II 

where Ar is a tetravalent aromatic radical such as 1.2,4,5- 
tetrasubstituted benzene. Ar may also be a bis(o- 
diphenylene) having the general structure 

where Y=nil, 0, S .  SO,. CO. C(CH3),, or any othea appro- 
priate divalent radical. Ar‘ is a divalent aromatic radical 
which may be 1.3-phenylene. 1.4-phenylene. 4.4‘- 
b ipheny lene .  4 ,4 ’ -oxyd ipheny lene ,  4.4’- 
sulfonyldiphenylene, or any other appropiate divalent radi- 
cal. 

The synthesis and characterization of Pi has been exten- 
sively studied and documented. Reviews on Pi are available. 
[J. W. Verbice. Jr., “Polyimides” in Encyclopedia of Poly- 
mer Science and Engineering, 2“Ed., John Wiley and Sons. 
New York. Vol. 12.364 (1988); C. E. Sroog, Prog. Polym. 
Sci.. 16, 591 (1991)l. 

A variety of monomers, oligomers and polymers contain- 
ing ethynyl (acetylenic) and substituted ethynyl (i.e. 
phenylethynyl) groups have been reported. The ethynyl 
groups in the polymer are either pendant to the chain, in the 
chain, or at the chain ends. Many of these materials have 
been used to prepare coatings, moldings, adhesives and 
composites [F! M. Hergemother, “Acetylene Terminated 
Prepolymers” in Encyclopedia of Polymer Science and 
Engineering. John Wiley and Sons. New York, Vol. 1, 61 
(1985)l. Good processability by either solution casting and 
or compression molding has been observed for the ethynyl 
and substituted ethynyl containing materials. In general, 
thermally cured ethynyl and substituted ethynyl containing 
materials exhibit a favorable combination of physical and 
mechanical properties. Some ethynyl endcapped materials 
such as the ThermidB resins are commercially available 
(National Starch and Chemical Co., Bridgewater, N.J. 
08807). Phenylethynyl containing amines have been used to 
terminate imide oligomers [F. W. Harris, A. 

2 
Pamibuhk la .  R. Gupta, S. Das. T. Wu, and G. Mock, 
Polym. Prep., 24 (2). 325, 1983; E W. Harris. A. 
Pamibuhikala, €? Gupta, S. Das. T. Wu. and G. Mock. J.  
Macmml. Sci.-Chem, A21 (8  & 9). 1117 (1984); C. W. 

5 Paul, R. A. Schultz, and S. I? Fenelli, “High-Temperature 
Curing Endcaps Far Polyimide Oligomers” in Advances in 
Polyimide Science and Technology, (Ed. C. Feger. M. M. 
Khoyasteh. and M. S. Htoo). Technomic Publishing Co.. 
Inc., Lancaster, Pa., 1993. p. 220; R. G. Byrant. B. J. Jensen, 
and F! M. Hergemother, Pdym. Pnp, 34(1). 566, 19931. 
Imide oligomers terminated with ethynyl phthalic anhydride 
[P. M. Hergemother, Polym. Prep., 21 (1). 81. 19801 and 
substituted ethynyl phthalic acid derivatives [S. Hino, S .  
Sato, K. Kara. and 0. Suzuki. Jpn. Kokai Tokkyo Koho JP 
63. 1%. 564. Aug. 15, 1988; Chem A b s ~ ,  115573w, 110. 
(1989)l have been reported. 

It is a primary object of the present invention to provide 
novel phenylethynyl phthalic anhydrides and new imide 
oligomers endcapped with phenylethynyl groups. as well as 
polymers prepared therefrom which exhibit higher 

20 elongations. hiher glass transition temmratures and higher 

10 

25 

30 
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45 

50 

55 
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fraciire toughness, is compared to &in materials. - 
Another object of the present invention is to provide novel 

polymeric materials that we useful as adhesives, coatings. 
films, moldings and composite matxices. 

Another object of the present invention is the composition 
of several new phenylethynyl phthalic anhydride (PEPA) 
endcapping reagents. 

SUMMARY OF THE INVENTION 
According to the present invention the foregoing and 

additional objects are obtained by synthesizing controlled 
molecular weight imide oligomers endcapped with phenyl- 
ethynyl groups by different methods. First. amino terminated 
amic acid (AA) oligomers are prepared by the reaction of 
dianhydride(s) with an excess of diamine(s) under a nitrogen 
atmosphere at ambient temperature in  N-methyl-2- 
pyrrolidinone (NMP). The endcapping reagent, a phenyl- 
ethynyl phthalic anhydride (PEPA), was added after the 
formation of the amino terminated AA oligomer. phenyl- 
ethynyl terminated amic acids have also been prepared 
where the PEFA endcapping reagent is added at the begin- 
ning of the reaction. The phenylethynyl terminated imide 
oligomers (Par) were prepared by cyclodehydration of the 
precursor AA oligomers endcapped with phenylethynyl 
groups in NMP by azeotropic distillation with toluene. 
PElTs are also prepared in N,N-dimethylacetamide contain- 
ing glacial acetic acid at elevated temperature. The AA 
oligomer can also be convested to the corresponding pGJ?s 
by treatment with chemical cyclodehydrating agents such as 
acetic anhydride. The direct preparation of PElTs has been 
performed in mnesol containing isoquinoline at elevated 
temperature. 

Phenylethynyl terminated imide oligomers are prepared 
by the reaction of the half alkyl ester of aromatic tetracar- 
boxylic acids and the half alkyl ester of phenylethynyl 
substituted phthalic acids with aromatic diamines by heating 
in NMP. PETIS prepared by the alkyl estex route can also be 
prepared by heating neat or in solvents such as m-cresol. 
Phenylethynyl terminated imide oligomers are also prepared 
by the polymerization of monomeric reactants (PMR) 
appnoach by heating a mixture of a diamine and the ethyl 
ester derivatives of dianhydrides and phenylethynylphthalic 
anhydrides. 

In  addition, the amino terminated AA oligomer can be 
cycludehydrated to the corresponding amino terminated 
imide and the PEPA endcapper subsequently reacted with 
the soluble amino terminated imide oligomer. The imide 
oligomer must be soluble in order to perfom this endcap- 
ping reaction. Upon reaction of the amino terminated imide 
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oligoma: with the PEPA endcapper, the temperature is 
increased to effect cyclodehydration to complete imidiza- 
tion. 

The inherent viscosities (qh) of the AA oligomers range 
from 0.16 to 0.53 dug. After cyclodehydration to PETIS. the 5 
qrnh range from 0.12 to 0.43 dwg. The glass transition 

In one aspect. the present invention is a controlled 
molecular weight imide endcapped with phenyl- 
ethynyl phthalic anhydride consisting of repeat units having 
the structural 

temperatures (T,) of the uncured as-isolated PETIS range 
from 208"-262" C. In some cases a crystalline melt tem- 
perature is observed far the uncured PETIS. The temperature 2o 
of onset and peak exotherm due to reaction of the phenyl- 
ethynyl group range from 371'414' C. and 419'452' C., 
respectively as evidenced by heating in a sealed DSC pan at 

1 h in a sealed DSC pan the T, of the cured polymers ranges 
from 237"-276" C. Thermogravimetric analysis (TGA) at a 25 
heating rate of 2.5" C./min of the uncured as-isolated F"I 
powders showed no weight loss occurring below 300" C .  in 
air or nitrogen with a 5% weight loss occurring -4%" C. in 
air and -512" C. in nitrogen. After a thennal cure (350" 
CJflowing air/l h), TGA at a heating rate of 2.5" CJmin of M 
the cured polymers shows no weight loss occurring below 
300" c. in air or nitrogen with a 5% weight 108s Occurring 
-522" C. in air and -525" C. in nitrogen. The average tensile 
strength. tensile modulus. and break elongation for unori- 
ented thin films ranged from 153-20.2 hi, 407463 hi, and 35 
5 4 9 %  at 23" C.; and 8.6-12.2 ksi, 293-344 ksi, and 
17-83% at 177" C., respectively. The Critical stress intensity 
factor (K,J of these materials at 23" C. ranges from 
2760-3529 I b G  and the critical strain energy release rate 
(G,J at 23' C. ranges from 17.7-27.4 in Win2. The poly- 4o 
mers prepared from these materials exhibit higher 
elongations. higher glass transition temperatures and higher 

BRIEF DESCRIPTlON OF THE DRAWING 

wherein Ar' is a radical selected from the group consisting of 

a7Q- 
a x m  

- o @ o - * - o ~ o - ,  -"ao- -OQ o--, 

a heating rate of 20" CJminute. After curing at 350" C. for and 

wherein the catenation is selected from the group consisting 
of 2 3 ;  23'; 2-49; 33'; 3,4 and 4.4, and x is a band or x is 
a radical selected from the group consisting of 

0, COY W O W ,  C(CFA,  

fracture toughness as compared to similar materials. 

For a more complete understanding of the present 45 Cdfs 

invention, including its objects and attending benefits. ref- C6Hs 
erence should be made to the Description of the Referred 
Embodiments, which is set forth in detail below. This 
Detailed Description should be read together with the 
accompanying drawing, wherein: 

FIG. 1 is an equation showing the preparation of phenyl- 
ethynyl substituted anhydrides according to the present 
invention; and 

FIG. 2 is an equation showing the synthesis of controlled 
molecular weight phenylethynyl terminated imide oligomers 55 
(PITI) according to the present invention. 

so Wherein Ar is a radical selected from the group consisting 
of 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Phenylethynyl substituted phthalic anhydrides are pre- 
pared by the palladium catalyzed reaction of phenylacety- 
lene with bromo substitutedphthalic anhydrides as shown in 
the equation of FIG. 1. The catenation of the phenylethynyl 
group on the phenyl ring may be para or meta and multiple 
phenyl rings may have mixed connecting positions. The 
general reaction sequence for the synthesis of controlled 65 
molecular weight PETIS is represented in the equation of 
FIG. 2. 
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-continued and W is a bond; Ar' is a radical represented by m:m, and 5 

Ar is a radical represented by 
10 

Wherein Y is a bond or Y is a radical selected from the group - -  
15 consisting of 

0 

0, CO, SOz, C(cP,k, -C 

and W is a radical represented by ''a+-; 20 

25 Ar' is a radical represented by 

Wherein W is a bond or W is a radical selected fkom the 
group consisiting of 

30 lgL0-, fJJo-9 
and Ar is a radical represented by 

35 

0.5 

and 
40 

0.5 

45 

and W is a bond; Ar' is a radical represented by 

50 

In the general structural formula above, it is especially 
preferred 8. Ar' is a radical represented by 

55 Ar is a radical represented by 

60 0.75 moa 
and and Ar is a radical represented by 
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and W is a bond: Ar' is  a radical represented by and Ar is a radical represented by 

and Ar is a radical represented by 

0.2s Boa 
and 

0.7s ma, 
and W is a bond; Ar' is a radical represented by 

0.85 Q0@ 

0.1s lTJJocJrocJ 
Ar is a radical represented by 

and W is a bond; Ar' is a radical represented by 

0.75 moa 
and 

0.2s CJJogJroCJJ 

and W is a bond. 

phthalic anhydride having the general structural formula 
lo In another aspect. the present invention is a phenylethynyl 

0 
20 

Wherein W is a radical selected from the group consisting of 

45 A particularly preferred phenylethynyl phthalic anhydride 
according to the present invention has the following struc- 
tural formula: 

5o Qc&jJo@J~ c \\ 0 

5s 

In another aspect. the present invention is a phenylethynyl 
terminated amic acid oligomer having the general structural 
formula. 
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10 
wherein Ar' is a radical selected from the group of -continued 

and 
Wherein Y is a bond or Y is a radical selected from the group 
consisting of 

20 
0 

0, co, sa, C(CF3h, -c 

ll@i-v -"ao-; -"ao-, 
35 QO-, @O-, 

-"Ipo-, 40 l Q L 0 ~ " - ,  

ax% 

-olcJLo-, -"ao- CSYC 

wherein the catenation is selected from the group consisting 
of 22'; 23'; 2 4 ;  3 3 ;  3.4' and 4.4' and X is bond or X is a 25 
radical selected from the group consisting of 

Wherein W is a bond or W is a radical selected from the 
group consisting of 

eo-' 30 

CH2,Ov COY CWOH), C(C&h, -0 

and 

Cd& 

Wherein Ar is a radical selected from the group consisting 45 
of 

55 

Especially preferred are the following specific controlled 
molecular weight amic acid oligomers terminated with phe- 
nylethynyl phthalimide. reference being made to the general 
structural formula above. 

60 
(A) wherein Ar' is a radical represented by 

65 
and 



11 
and Ar is a radical represented by 

and W is a bond; 

(B) wherein Ar' is a radical represented by 

and Ar is a radical represented by 

and W is a radical represented by 

(C) wherein Ar' is a radical represented by 

and Ar is a radical represented by 

0.5 moa 
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-continued 

and 0.5 
5 

10 

and W is a bond; 
(D) Ar' is a radical represented by 

Ar is a radical represented by 
15 

20 

0.75 

and 0.25 

25 and W is a bond; 
(E) Ar' is a radical represented by 

30 

Ar is a radical represented by 

and 

35 

0.25 

40 

0.75 m a ,  
and W is a bond. 

45 JJI another aspect. the present invention is a process for 
synthesizing controlled molecular weight imide oligomers 
endcapped with phenylethynyl phthalimide and having the 
general structural formula 

6o by cyclodebydration of precursor amic acid oligomers ter- 
minated with phenylethynyl phthaliamic acid and having the 
general structural formula 
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a . W - C E C  

0 H : - b  0 

C-N-M+N-C 
c z c - w  I 

I 
H 

C-OH HO-C C-N-AfjN-  

0 0 0  
I1 
0 

It II II 

wherein the cyclodehydration reaction is carried out in a 
polar aprotic solvent such as N,N-dimethylacetamide, 
N-methyl-2-pyrrolidone, N-cyclohexyl-2-pyrrolidinone, 
m-cresol. and dimethylsulfoxide; wherein the reaction is 
carried out with the application of heat; wherein the reaction 
is carried out in the presence of a member selected from the 
group consisting of glacial acetic acid, isoquinoline. toluene, 
xylenes, and herein the reaction is carried out using acetic 
anhydride. 

In t h i s  process. advantageous results are achieved if the 
phenylethynyl terminated amic acid oligomers having the 
general structural formula 

10 
endcapped by phenylethynyl phthalic anhydride. Especially 
good results are obtained if the film is cast from a solution 
of a phenylethynyl terminated amic acid oligomer as speci- 
fied above wherein the solution comprises polar aprotic 

15 solvent selected from the group consisting of N.N- 
dimethylacetamide, N-methyl-2-pyrrolidinone, 
N-cyclohexyl-2-pyrrolidinone, m-cresol,  and 
dimethylsulfoxide. and the film is themally cured in air or 
an inert atmosphere such as nitrogen. argon. or helium. Very 
good results are obtained if the film is prepared by corn- 

In yet another aspect. the present invention is a cured neat 
resin molding prepared from controlled molecular weight 

% pression molding of powders under heat and pressure. 

are prepared by reacting an excess of a diamine with a imide oligomer endcapped by phenylethynyl phthalic anhy- 
dianhydride and phenylethynyl phthalic anhydride. 35 dride. Best results are obtained when the molding is pre- 

In another aspect, the present invention is a process far pared under heat and pressure. 
synthesizing controlled molecular weight imide oligomers In yet another aspect, the present invention is a m d  
endmi?@ with Phenylethynyl P h t h w d e  bY an adhesive prepared from controlled molecular weight imide 
-no terminated imide oligomer with Phenylethynyl oligomer endcapped by phenylethynyl phthalic anhydride. 
phthalic anhydride to form the phenylethpyl amic acid Best results are achieved if the w e d  adhesive is prepared terminated imide oligomer, wherein the reaction is carried 4o unk heat and 
Out i n  a polar aprotic solvent such as N,N- aspect, the present invention is a cuTed dimethylacetamide, N-methyl-2-pyrrolidinone, compositepre~ed~omcontrolledmolecularweightimide 

oligomer endcapped with phenylethynyl phthalimide and N-cyclohexyl-2-pyrrolidinone, m-cresol, and dimethylsul- 
foxide; and wherein said reaction is carried out without the 
application of heat; followed by cyclclodehydration of the 45 are achieved if the cured 
phenylethynyl amic acid tenninated imide oligomer. composite is prepared under heat and pressure. 

results are achieved if the cyclo&hy&a- Having generally desm.ed the invention, a more com- 
tion reaction is carried out in a polar aprotic solvent such as plete understanding thereof can be Obtained by reference to 

In yet 

fibers. 

~ ~ ~ d a l l ~  

N,N-dimethylacetamide. N-methyl-2-pyrrolidinone. the following e x ~ l e s ~  which are provided herein for 
N-cyclohexyl-2-p~olidinone, m-cresol, and beay l su l -  50 purposes Of illustration Only and do not h l i t  the invention. 
foxide; if the reaction is carried out with the application of 
heat; if the reaction is carried out in the presence of a 
member selected from fie group 
acid. isoquinoline, toluene, xylenes, and if the reaction is 
carried out in the presence of acetic anyhdride. 

In another aspect, the present invention is a process for A mixture of triethylamine (1000 ml) and benzene (120 
synthesizing controlled molecular weight imide oligomers ml) was heated to reflux for 3 h under a nitrogen atmosphere 
endcapped with phenylethynyl phthalimide by reacting a to remove any residual water. The mixture was cooled to 
diester derivative of a dianhydride and the ester daivative of room temperature and 4-bromophthalic anhydride (60.7462 
phenylethynyl phthalic anhydride with an excess of a 60 g, 0.2676 mol), phenylacetylene (27.3314 g, 0.2676 mol). 
diamine. cuprous iodide (0.1174 g. 0.6164 -01). miphenylphos- 
Very good results are obtained if the reaction is carried out phine (0.5070 g, 1.9329 mmol), and bis(tripheny1phosphine) 

in an alcohol solvent such as methanol, ethanol, isopropanol, palladium dichloride (0.1013 g, 0.1443 mol)  were added 
phenol. and if the reaction is carried out with the application and the mixme was heated at reflux under a nitrogen 
of heat. 65 atmosphere for 20 h. The cooled reaction mixture was 
In yet another aspect, the present invention is a cured film Ntered and the precipitate added to water. The crude solid 

prepared from a controlled molecular weight imide oligomex was washed several times in distilled water and dried under 

Endcappr Synthesis 

of The following example illustrates the reaction sequence in 
FIG. 1 for the Pewation Of the endmPPm- 

55 4-fienylethynylphthaiic Anhydride (4-PEPA) 
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vacuum at 85" C. for 1 h to afford 48.50 g (73% crude yield) 
of a brown powder mp (DSC. 10" CJmin) 152" C. (sharp). 
The product was recrystallized from 1:l toluenehexanes to 
afford 41.30 g (62% yield) of an orange-brown aystalline 
solid mp (DSC, 10" C h i n )  151" C. (sharp). An exotherm 
with a peak of 389" C. had a AH of 390 J/g. IR (KBr): 2206 
cm-' (-C=C-); 1843 cm-' and 1771 cm-' (asymmetric 
and symmetric C=O stretch). Anal. calcd for CI6HsO3: C, 
77.42%; H3.14%; Found C, 77.12%; H. 3.14%. Mass 
spectroscopy: d e  248 (calcd. molecular weight: 248.2414 
g/mol). 

4-(4-Bromophenoxy)phthalic Anhydride 
A mixture of 4-bromophenol (21.7029 g, 0.1254 mol), 

Cfluorophthalic anhydride (22.9027 g, 0.1379 mol). and 
potassium fluoride (11.1003 g. 0.1911 mol) in sulfolane 
(142.34 g, 21.95% wlw) was heated at 165"-170" C. for 10.5 
h. The cooled light brown mixture was precipitated in water 
and the solid collected by filtration. The crude solid was 
subsequently washed in water and dried under vacuum at 
75" C. to afford 35.1 g (88% crude yield) of a pink-orange 
powder. mp (DSC, 10" C./min)=lO4" C. (broad). The crude 
product was recrystallized from 2.6:l cyclohexane/benzeoe 
to afford 26.97 g (67% yield) of a light mange powder, mp 
(DSC, 10" C./min)=106" C. (sharp). IR (KBr): 1843 cm-' 
and 1767 cm-' (asymmetric and synunetdc C=O stretch). 
Anal. calcd. for C,,H,O,Br: C, 52.69% H, 2.21%; Br, 
25.04%; Found C, 52.09%; H, 2.23%; Br. 25.32%. Mass 
spectroscopy: d e  319.9 (calcd. molecular weight: 319.1194 
glmol). 
4-(4-Phenylethynylphenoxy)phthalic Anhydride 

A mixture of triethylamine (600 ml) and benzene (100 ml) 
was heated to reflux for 3 h under a nitrogen atmosphere to 
remove any residual water. The mixture was cooled to room 
temperature and 4-(4-bromophenoxy)phthalic anhydride 
(26.0078 g, 0.0815 mol). phenylacetylene (8.3230 g. 0.0815 
mol). cuprous iodide (0.1111 g, 0.5834 mmol), triph- 
enylphosphine (0.5493 g, 2.0942 mmol), and bis 
(triphenylphosphine) palladium dichloride (0.1208 g, 
0.1721 mmol) were added and the mixture was heated at 
reflux under a nitrogen atmosphere for 24 h. The cooled 
reaction mixture was filtered and the precipitate added to 
water. The crude solid was washed several times in distilled 
water and dried under vacuum at 115" C. for 3 h to atford 
10.49 g (33% crude yield) of a brown powder, mp (DSC, 10" 
CJmin) 199" C. (broad). The crude product was recrystal- 
lized from 1:l toluenehexane and dried at 105" C. under 
vacuum for 2 h to afford 8.03 g (29% yield) of a yellow-tan 
powder. mp (DSC, 20" C./min) 202" C. (broad). An exo- 
them with a peak of 420" C. had a AH of 120 J/g. IR (KBr): 
1853 an-' and 1765 cm-' (asymmetric and symmetric 
C=O stretch). Anal. calcd for C,,H,,O,: C, 77.64%; H. 
3.55%; Found C, 76.80%; H. 3.66%. Mass spectroscopy: 
d e  339.9 (calcd. molecular weight: 340.3400 glmol). 

Imide Oligomers Endcapped With Phenylethynyl 

Example 1: 3,4'-Oxydianjline and 44'- 
Oxydiphthalic Anhydride, Using 5 mole % 

Stoichiometric offset and 10 mole % 4- 
Phenylethynylphthalic Anhydride 

The following example illustrates thereaction sequence in 
FIG. 2 for the preparation of the controlled molecular weight 
PEII: where Ar' is equal to a diphenylene where X is an 
oxygen atom located in the 3,4'-position. Ar is equal to a 

(4-PEpopA) 

phthalic Anhydrides 

16 
bis(o-diphenylene) where Y is an oxygen atom located in the 
4.4'-position. and where W is equal to a nil group. The 
stoichiometric imbalance is 5 mole % and the endcapping 
reagent is 10 mole % of 4phenylethynylphthalic anhydride. 

Into a flame dried 250 mt three necked round bottom flask 
equipped with nitrogen inlet. thermometer. mechanical 
stirrer, and drying tube were placed 3.4'-oxydianiline (6.753 
g. 0.0337 mol) and 50 ml (12.5% w/w) of N.N- 
dimethylacetamide (DMAc). After dissolution. 4.4'- 

10 oxydiphthalic anhydride (9.9389 g, 0.0320 mol) and 45 ml 
of DMAc (15.7% w/w) were added The solution was 
allowed to stir for -8 h at room temperature under a nitrogen 
atmosphere. 4-Phenylethynylphthalic anhydride (0.8372 g. 
0.0034 mol) and 3 ml of DMAc (16.0% w/w) were added 

15 and the reaction stirred at room temperature for an additional 
16 h. The inherent viscosity of the amic acid oligomeric 
solution (0.5% in DMAc at 25" C.) was 0.36 dug. Glacial 
acetic acid (9 mI) was added to the solution and the 
temperature increased and maintained at -120" C. for 16 h 

20 under a nitrogen atmosphere. As cyclodehydration to the 
imide occurred, a precipitate formed The mixture was 
cooled, the isolated precipitate was washed with hot water 
and warm methanol, and dried under vacuum at 160" C. for 
5 h to provide a tan powder (15.2 g, 93% yield). The inherent 

25 viscosity of a 0.5% solution in m-cresol at 25" C. was 0.12 
U g .  The T, of the uncured as-isolated oligomer was not 
apparent on the initial DSC scan. but T,s were observed 
(DSC. 20" C.hnin) at 254'. 285", and 315" C. with an 
exothermic onset and peak at 394" C. and 434" C., respec- 

30 tively. The T, of the cured polymer (cure conditions: 350" 
C./1 Nflowing air) was 248" C. Unoriented thin lilms cast 
from a DMAc solution of the amic acid oligomer and cured 
at 100". 225". and 350" C. for 1 h each in flowing air gave 
tensile strength, tensile modulus, and elongation at break at 

35 23" C. of 17.3 ksi, 413 ksi, and 38% and at 177" C. of 9.4 
hi. 318 ksi, and 60%, respectively. The T, of the cured film 
was 251" C. 

Example 2: 3.4'-Oxydianiline and 4.4'- 
Oxydiphthalic Anhydride. Using 5.14 mole % 

Stoichiometric o f f s e t  and 10.28 mole % 4- 
Phenylethynylphthalic Anhydride 

The following example illustrates the reaction sequence in 
FIG. 2 for the preparation of the controlled molecular weight 

45 PET? where Ar' is equal to a diphenylene where X is an 
oxygen atom located in the 3,4'-position, Ar is equal to a 
bis(edipheny1ene) whae Y is an oxygen atom located in the 
4.4'-position. and where W is equal to a nil group. The 
stoichiometric imbalance is 5.14 mole % and the endcapping 

50 reagent is 10.28 mole % of 4-phenylethynylphthalic anhy- 
dride. 

Into a flame dried 250 ml three necked round bottom flask 
equipped with nitrogen inlet, thermometer, mechanical 
stirrer, and drying tube were placed 3.4'-oxydianiline 

55 (8.4413 g. 0.0422 mol) and 50 ml (14.0% whv) N-methyl- 
2-pyrrolidinone (NMP). After dissolution. 4.4'- 
oxydiphthalic anhydride (12.4053 g. 0.0400 mol) and 50 ml 
of NMP (16.8% w/w) were added. The solution was allowed 
to stir for -8 h at room tempmature under a nitrogen 

60 atmosphere. 4-Phenylethynylphthalic anhydride (1.0758 g, 
0.0043 mol) and 10 ml NMP (16.2% w/w) were added and 
the reaction stirred at room temperature for an additional 16 
h. The inherent viscosity of the amic acid oligomeric solu- 
tion (0.5% in NMPat 25" C.) was 0.38 d u g .  Toluene (70 ml) 

65 was added to the amic acid oligomeric solution and the 
temperature increased and maintained at -150" C. for -16 h 
under a nitrogen atmosphere. As cyclodehydration to the 

5 

40 
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irnide occurred. a precipitate formed. The mixture was mixture was brought to reflux and maintained for -4.5 h. As 
cooled, the oligomer was washed in hot water. warm the anhydrides were converted to the corresponding ester 
methanol, and dried under vacuum at 160" C. for 5 h to derivatives, the solution cleared. To the cooled solution was 
provide an off-white powder (19.46 g, 97% yield). The added 3.4'-oxydianiline (12.6620 g. 0.0632 mol) and 50 nil 
inherent viscosity of a 0.5% solution of the imide oligomer 5 absolute ethanol and the mixture stirred for -16 h at room 
in m-cresol at 25" C. was 0.29 d u g .  The Tg of the uncured temperature under a nitrogen atmosphere. Approximately 92 
as-isolated oligomer (DSC. 20" CJmin) was 236" C.,  T, g of solution was decanted and the solvent evaporated. To 
was 323" C. and the exothermic onset and peak occurred at the remaining solution was added 80 ml NMP and the 
397" C. and 442" C., respectively. The T, of the cured temperature increased and maintained at -170" C. for -20 h. 
polymer (cure conditions: 350" C./1 Nstatic air) was 243" C. io As cyclodehydration to the imide occurred, a precipitate 

formed The mixture was cooled, the oligomer was washed 
Example 3: 3.4-Oxydianiline and 4.4'- in hot water. wann methanol, and dried under vacuum at 

Oxydiphthalic Anhydride, Using 5.14 mole % 240" C. for 4 h to provide a brown powder (11.90 g). The T8 
Stoichiometric offset and 10.28 mole % 4- of the uncured as-isolated oligomer (DSC. 20' C./min) was 

Phenylethynylphthalic Anhydride 15 226' C. and T,s at 274". 303", and 325' C. The T8 of the 

to afford 21.93 g of a brown powder. The uncured as-isolated 
monomers (DSC, 20" CJmin) exhibited endothermic melts 

(cure conditions: 350" C./1 h/DSC pan) was 235" C. 

Eixample 5 :  3,4'-Oxydianiline and 4.4'- 
Oxydiphthalic Anhydride, Using 5.14 mole % 
Stoichiometric offset and 10.28 mole % 4-(4- 
Pheny1ethynylphenoxy)phthalic Anhydride 

The following example illustrates the readon sequence in cured ~ o l ~ m e r  (cure conditions: 350" CJ1 MW p a )  was 
mG. 2 for the preparation the controlled m o l d m  weight 2410 c* The Of was 

where Ar* is equal to a diphenylene where is an 
oxygen atom located in the 3,4'-position, Ar is equal to a 

4,4'-positi0n, and where is qual to a nil group. The 
stoichiometric imbalance is 5.14 mole % and the endcapping 
reagent is 10.28 mole % of 4phenylethynylphthalic anhy- 
dride. 

bis(o-&phenylene) where Y is an oxygen atom located in the Zo at 13207 lU"* and l55" c*The T, Of the cured Polymer 

Into a flame dried 250 ml three necked round bottom flask 25 

with nitrogen inlet, th-ometer, mechanical The following example ~ u s ~ a ~ s  the Radon sequence in 
stirrer- and drying tube were Placed 3,4'-oxydianiline PIG. 2 for the ppxat ion  ofthe controlled molecular weight 
(8,4413 g, o*u22mol) and 50 lid (14.0% w h )  of~-cresol- p m  where Af is equal to a diphenylene where X is an 
M e r  dissolution, 4A'-oxydiphthalic hydr ide  (12.4053 g, 3o oxygen atom 1-a in the 3,4'-psition, ~r is equal to a 
0.~00 mol)* 4-pheny1ethynylphUlac anhydride (1.m58 g+ bis(o-diphenylene) where Y is an oxygen atom located in the 
0.0043 mol) and 60 ofm-~esOl(15*0% w/w) were a m  4,4'-position. and where W is equal to a 4-phenoxy group. 

Isquinoline (5 was added to the miXture* m e  endcapping reagent i s  10.28 mole % of 4-(4- 
and the reaction stirred at room tempatwe for -16 h. 

temperature was increased and maintained at -200" C. for 35 phenyle~ynylpheno~y)ph~c  anhydride. 
-6S under a nibrogen The mixture was Into a flame dried 300 ml three necked round bottom flask cooled, the oligomer precipitated in methanol. washed in equipped with nitrogen inlet. mechanical warm methanol, and dried at 150" C. under vacuum for 5 h stirrer, and drying tube were placed 3,4,-oxydianiline 

inherent viscosity of a 0.5% solution of the imide oligomer 4o 2-pyrrolidinone (NMP). After dissolution, 4,4t- 

was 0.33 dL/g* The Tg Of the uncured as-isoMed 'ligomef. phenylethyny1phenoxy)phthalic anhydride (1.2645 g. (DSC, 20" C./min) was 219' C. with an exothermic onset 0.0037 mol) and 45 ml NMp (14.9% whK) were and and peak at 37 1" C. and 425" C.. respectively. The T, of the the reaction for h. The 

psill h had a GI, (critical strain energy release rate) of 19.72 
in 1Win2 and a T, of 234 " C. 

Example 4: 3.4'-Oxydianiline and 4,4'- 

Stoichiometric offset and 10.28 mole % 4- 
Phenylethynylphthalic Anhydride 

ne s t o ~ c ~ o m e ~ c  imbalance is 5.14 and the 

to provide an off-white powder (20.0 g. loo% yield)* The 

in m-Cresol at 250 '. was 0.29 dug and in NMp at 250 c. 
(7.2371 g, 0.0361 mol) and 50 ml (12.3% w h )  N-methyl- 

oxydiphthalic anhydride (10.6358 g, 0.0343 mol), 444- 

at room cured polymer (cure conditions: 350" C*I1 wflowng air) 45 inherent viscosity of the 
was 2460 c' A -le cowression acid oligom&c solution 

(0.5% in NMp at 250 C.) was 0.53 d u g .  Appro-tely 30 at 350" c'noo 
of amic acid ofigomeric solution was used to cast an 

unoriented thin film. Toluene (70 ml) was added to the 
remaining amic acid oligomeric solution and the tempera- 

a nitrogen atmosphere. As cyclodehydration to the imide 
occurred, a precipitate formed. The mixture was cooled, the 
oligomer was washed in hot water, warm methanol, and 

ThefOuOWing exampkillustrates thereadon sequence in dried under vacuum at 210" C. for 3 h to provide an 
FIG. 2 for the preparation of the controlled molecular weifit 55 off-white powder (13.05 g, 100% yield). The T, of the 
PEI'l where Ar' is equal to a diphenylene where X is an uncured as-isolated oligomer (DSC. 20" C./min) was 216" 
oxygen atom located in the 3,4'-POSitiOn. Ar is equal to a C.,T,s were 273" and 323' C. and the exothermic onset and 
bis(o-diphenylene) whereY is an oxygen atom located in the 414" C. and 452" C., respectively. The T, 
4.4'-positi0n9 and where W is qua l  to a nil group. The of the curedpolymer (cure conditions: 350" C./1 Nstatic air) 
stoichiometric imbalance is 5.14 mole % and the endcapping 60 was 2Cl.6" c. Unoriented thin films =st from a NMp solution 
reagent is 10.28 mole % of 4phenylethynybhthak anhy- of the amic acid oligomer cured at 100". 225", and 350" C. 
dride. for 1 h each in flowing air gave tensile strength, tensile 

Into a 250 ml three necked round bottom flask equipped modulus, and elongation at break at 23" C. of 16.9 h i ,  408 
with nitrogen inlet. thermometer. mechanical stirrer, and hi, and 35% and at 177" C. of 8.6 hi. 293 hi. and 56%. 
condensor were placed 4,4'-oxydiphthalic anhydride 65 respectively. The T, of the cured film was 247" C. A sample 
(18.6081 g. O.O60Omol), 4-phenylethynylphthalic anhydride compression mol&d at 350" CJ200 psill h had a G,, 
(1.6137 g, 0.0065 mol), and 130 nil absolute ethanol. The (critical strain energy release rate) of 25.7 in lb/in2. 

O x y w h m c  mydride,  using 5.14 mole % 50 tUre hCreaSed and IdIltaiIled at -150" C. fOr -16 h Under 

occurred 
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Mixtures of dianhydrides have been used to alter proper- 
ties as illustrated in Examples 6 and 7. 

Example 6: 3,4'-Oxydianiline and 1.1,4,4'- 

Tetracarboxylic Dianhydride, Using 5.14 mole % 
Stoichiometric Offset and 10.28 mole % 4- 

Phenylethynylphthalic Anhydride 

The following example illustrates the reaction sequence in 
FIG. 2 for the preparation of the controlled molecular weight 
PEI? where Ar' is equal to a diphenylene where X is an 
oxygen atom located in the 3tl-position; Ar (1) is equal to 
a bis(o-diphenylene) where Y is an oxygen atom located in 
the 4,4'-position and Ar (2) is equal to a bis(2-diphenylene) 
where Y is a nil group located in the 4,4'-position. and where 
W is equal to a nil group. The ratio of dianhydrides [Ar 
(1):Ar (2)] is 1:l. The stoichiometric imbalance is 5.14 mole 
% and the endcapping reagent is 10.28 mole % of 
4-phenylethynylphthalic anhydride. 

Into a flame dried 500 ml three nechd round bottom flask 
equipped with nitrogen inlet. thermometer, mechanical 
stirrer. and drying tube were placed 3,4'-oxydianiline 
(17.1723 g. 0.0858 mol) and 100 ml of NMP (14.3% w/w). 
After dissolution. 4.4'-oxydiphthalic anhydride (12.6288 g, 25 
0.0407 mol) and 3 3',4A'-biphenyl tetracarboxylic dianhy- 
dride (11.9775 g, 0.0407 mol) and 100 ml of NMP (16.8% 
w/w) were added and the solution stirred for -8 h at room 
t empera tu re  under  a ni t rogen atmosphere.  
4-Phenylethynylphthalic anhydride (2.1501 g. 0.0087 mol) 3o 
and 15 ml of NMF' ( 16.5% wlw) were added and the reaction 
stirred at room temperature for an additional 16 h. The 
inherent viscosity of the amic acid oligomeric solution 
(0.5% in NMP at 25" C.) was 0.43 d u g .  Approximately 30 
g of amic acid oligomeric solution was used to cast an 35 
unoriented thin film. Toluene (100 ml) was added to the 
remaining amic acid oligomeric solution and the tempera- 
ture increased and maintained at -150" C. for -16 h under 
a nitrogen atmosphere. As the amic acid oligomer was 
cyclodehydrated to the imide. the imide oligomer remained 4o 
in solution. The solution was heated for an additional 5 h at 
-175" C. under a nitrogen atmosphere. The mixture was 
cooled the polymer precipitated in  water, washed in hot 
water, warm methanol, and dried under vacuum at 160' C. 
for 3 h to provide an off-white powder (35.10 g, 88% yield). 45 
The inherent viscosity of a 0.5% solution of the imide 
oligomer in NMP at 25" C. was 0.38 dug.  The T, of the 
uncured as-isolated imide oligomer (DSC, 20" C./min) was 
239" C. with an exothermic onset and peak at 377" C. and 
436" C., respectively. The T, of the cured polymer (cure 5o 
conditions: 350" C./1 Nstatic air) was 263" C. Unoriented 
thin films cast from a NMP solution of the amic acid 
oligomer cured at 100". 225". and 350" C. for 1 h each in 

Oxydiphthalic Anhydride, and 33'.4,4'-Biphenyl 5 

15 

20 

168 
20 

PETI where Ar' is equal to a diphenylene where X is an 
oxygen atom located in the 3.4'-position; Ar (1) is equal to 
a bis(o-diphenylene) where Y is an oxygen atom located in 
the 4tl'-position and Ar (2) is equal to a bis(o-diphenylene) 
where Y is a nil group located in the 4,4'-position. and where 
W is equal to a nil group. The ratio of dianhydrides [Ar 
(1):Ar (2)] is 1:l. The stoichiometric imbalance is 7.635 
mole 8 and the endcapping reagent is 15.27 mole % of 
4-phenylethynylphthalic anhydride. 

Into a flame dried 500 ml three necked round bottom flask 
equipped with nitrogen inlet. thermometer. mechanical 
stirrer, and drying tube were placed 3,4'-oxydianiline 
(18.0309 g. 0.0900 mol) and 100 ml of NMP (14.9% w/w). 
After dissolution, 4.4'-oxydiphthalic anhydride (12.9223 g, 
0.0417 mol) and 33',4,4'-biphenyl teiracarboxylic dianhy- 
dride (12.2558 g. 0.0417 mol) and 100 ml of NMP (17.3% 
w/w) were added and the solution stirred for -8 h at room 
tempera ture  under  a n i t rogen  a tmosphere .  
4-Phenylethynylphthalic anhydride (3.3440 g, 0.0135 mol) 
and 50 ml of NMP (15.3% w/w) were added and the reaction 
stirred at room temperature for an additional 16 h. The 
inherent viscosity of the amic acid oligomeric solution 
(0.5% in NMP at 25" C.) was 0.32 d u g .  Approximately 28 
g of amic acid o l i g o d c  solution was used to cast an 
unoriented thin film. Toluene (100 ml) was added to the 
remaining amic acid oligomeric solution and the tempra- 
ture increased and maintained at -160" C. for -24 h under 
a nitrogen atmosphere. As the amic acid oligomer was 
cyclodehydrated to the imide, the imide oligomer remained 
in solution. ltie mixture was cooled. the polymer precipi- 
tated in water, washed in hot water. warm methanol, and 
dried under vacuum at 150" C. for 3.5 h to provide an off 
white powder (39.4 g. 94% yield). The inherent viscosity of 
a 0.5% solution of the imide oligomer in NMP at 25' C. was 
0.32 d u g .  The Tg of the uncured as-isolated imide oligomer 
(DSC, 20" CJmin) was 222" C. with an exothermic onset 
and peak at 372" C. and 419" C., respectively. The Tg of the 
cured polymer (cure conditions: 350" CJ1 Wstatic air) was 
267" C. Unoriented thin films cast from a NMP solution of 
the amic acid oligomer cured at 100". 225", and 350" C. for 
1 h each in flowing air gave tensile strength, tensile modulus, 
and elongation at break at 23" C. of 17.9 ksi, 427 ksi. and 
40% and at 177" C. of 10.8 ksi. 344 ksi. and 63%. respec- 
tively. The Tg of the cured film was 268" C. 

Mixtures of diamines have been used to alter propexties as 
illustrated in Examples 8 and 9. 

Ekample 8: 0.85:0.15 3,4'-Oxydianiline and 13-bis 
(3-aminophenoxy)benne, and 33',4,4'-Biphenyl 
Tetracarboxylic Dianhydride, Using 9.02 mole % 

Stoichiometric Offset and 18.04 mole % 4- 
Wenylethynylphthalic Anhydride 

flowing air gave tensile strength, tensile modulus. and The following example illustrates the reaction sequence in 
elongation at break at 23' C. of 20.2 ksi, 43 1 hi. and 69% 55 mG. 2 for the preparation of the controlled molecular weight 

The T, Ofthe cured film Was 262' c. * sample COmPreSSiOn oxygen atom located in the 3.4-position and Ar'(2) is equal 
ndded at 350" C J 2 0  P d l  h had a Gc S t r a i n  to a diphenylene where X is a 13-dioxybenzene and Ar is 
energy release rate) Of 17.68 hl hh2 and a Tg Of 248' c. equal to a bis(o-diphenylene) where Y is a nil grwp located 

and at 177" c. Of 10.7 hi. 341 hi. and 70%. respectively. pm where M( 1) is equal to a &phenylene where x is an 

&ample 7: 3,4'-Oxydianiline and 1,1,4,4'- 
Oxydiphthalic Anhydride, and 33',4.4'-Biphenyl 

Tetracarboxylic Dianhydride, Using 7.635 mole % 
Stoichiometric offset and 15.27 mole % 4- 

Phenylethynylphthalic Anhydride 

The following example illustrates the reaction sequence in 
FLG. 2 for the preparation of the controlled molecular weight 

s&&, and drying tube were placed 3.4'-oxydianiline 
(10.8126 g. 0.0540 mol), 1,3-bis(3-aminophenoxy)benzene 

60 inthe 4A'-position, and where W is equal to a &I goup. The 
ratio of diamines [Ar' (1)Ar' (2)] is 0.85:0.15. The stoichio- 
metric imbalance is 9.02 mole % and the endcapping reagent 
is 18.04 mole % of 4-phenylethynylphthalic anhydride. 

Into a flame dried 250 ml three necked round bottom flask 
65 equipped with nitrogen inlet, thermometer, mechanical 
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(2.7857 g, 0.0095 mol) and 90 ml of NMP (12.8% w/w). 
After dissolution. 3,3',4,4'-biphenyl tetracarboxylic dianhy- 
dride (17.0049 g. 0.0578 mol). 4-PhenY1e*YnY1Phth&C 
anhydride(2.8449g.0.0115 mol) and 9OmlofNMF'(15.3% 
w/w) were added and the reaction stirred at room tempma- 5 The s t o i c ~ o m e ~ c  imbalance is 29-03 mole 
ture for 20 h. The inherent viscosity of the amic acid 
oligomeric solution (0.5% in NMP at 25" C.) was 0.27 dug. 
Approximately 25 g of amic acid oligomeric solution was 
used to cast an unoriented thin film. Toluene (70 ml) was Into a flame dried 250 ml three necked round bottom flask 
added to the remaining amic acid oligomeric solution and 10 equipped with nibogen inlet, thermometer. mechanical 
the temperature increased and maintained at -1 80" c. for stirrer, and drying tube were placed 3,4'-oxydianiline 
-24 h Under a dWF-n amOsPhere- As the amic acid (10.5323 g, 0.0526 mol), 1,3-bis(3-aminophenoxy)benzene 
0&3Om= was CYcl'JdehYbted to the hide,  a FeUebk (5.1256 g. 0.0175 mol) and 25 ml of NMF' (37.8% w/w). 
formed. The mixture was cooled, the oligomer washed in hot After dissolution, a slurry of 33',4,4'-benz+enone tetra- 

W a r m  m h n d ,  and dried Unda vacuum at 240" c. 15 carboxylic dianhydride (16.0382 g, 0.0498 mol) and 
for 4 h to Provide a Yellow Powder (24.2 g, 78% Yield). The 4-phenylethynylphthalic anhydride (10.1079 g. 0.0407 mol) 
inherent Viscosity Of a 0.5% SOhltiOn Of the imide OligOIlWX in 50 ml of N M p  (33.696 W/W) were added to the stirred 
in m-cresol at 25" C. was 0.28 d u g .  The Tg Of the Uncured solution. of m p  was used to rinse in 
as-isolated oligomer (DSC, 20" CJ&) was 208" C. and the the The solids content was 25.2% w h  (120 ml 
T,,, was 288" C .  The Tg of the cured polymer (cure condi- 20 total w). The -me was stirred at room 
tiOllS: 350" CJ1 h/St&C &) Was 249" c. UIlOIhkd thin temperature under nitrogen. The inherent viscosity of the 
films cast from a NMP sohItion Of the d c  acid OligOm€T -C oligomefic solution (0.5% in m a t  250 C.) was 
cured at loo", 225', and 350" c. for 1 h each flowing air 0.16 dug. Toluene (70 d) was to the -C add 
gave tensile Strength, tensile modulus, and elongation at oligomeric solution and the temperame incrmxd and main- 
break at 23" C. of 18.8 hi,  455 h i ,  and 32% and at 177" c. 25 tained & - 1800 C. for -24 h under a atmosphere. As 
Of 12.2 hi. 332 hi, and 83%. reSpedVely. The Tg Of the the &C acid oligoma was cyclod&y&ated to the imide. a 
cured film was 270" C. A sample compression molded at the oligomer 
350" CJ150 psillh had a GE strain energy rekase washed in hot warn, wann methanol. and dried under 
rate) of 27.4 in Ib/in2. vacuum at 240" C. for 4 h to provide a yellow powder (38.4 

30 g, 98% yield). The T8 of the uncured as-isolated oligomer 
(DSC, 20" C h i n )  was 262" C. and the T,,, was 341" C. The 
Tg of the cured polymer (cure conditions: 360" CJ1 Nstatic 
air) was 276' C. 

In the tables which follow. oligomer and polymer char- 
acterization is presented in Table 1; unoriented thin film 
propdes are presented in Table 2; adhesive properties are 
presented in Table 3; and composite properties are presented 
in Table 4. 

to a diphenylene where X is a 134oxybenzene and Ar is 
equal to a bis(o-diphenylene) where Y is a carbonyl group 
located in the 4.4'-position. and where W is equal to a nil 
group. The ratio of W e s  [Af (1):M (2)] is 0.75:0.25. 

and the 
endcapping reagent  i s  58.06 mole of 
4-phenylethynylphthac anhydride. 

45 

formed. m e  -m was 

-le 9: 0.75:0.25 3,4'-0xydidne and 1,J-bis 
(3-aminophenoxy)benzene, and 3 3l.4.4'- 

Benzophenone Tetracarboxylic Dianhydride, Using 
29.03 mole % Stoichiometric offset and 58.06 

mole % 4-Phenylethynylphthalic Anhydride 
The following example illustrates the reaction sequence in 

FIG. 2 for the preparation of the controlled molecular weight 
PGI? where Ar'( 1) is equal to a dipheoylene where X is an 
oxygen atom located in the 3.4'-position and Ar'(2) is equal 

35 

TABLE 1 

1 
1 
2 
3 
3 
3 
4 
5 
6 
7 

0.38 0 .29  
0.31 0 .19  
0.47 0.43 
0.43 0.38 
0.32 0.33 
0.29 0.28 
0.49 0.363 
0.53 - 
0.27 0.2S3 
0.16 - 

236 (323) 243 
211 (268,329) 237 
232 (277) 256 
239 263 
2m 267 
221 m 
225 (323) 264 
216 (273, 323) 2A6 
208 (288) 249 
262 (341) 276 

489 
508 
493 
481 
505 
513 
486 
487 
505 
451 

516 
513 
515 
521 
528 
512 
494 
502 
503 
470 

'Imidt-1: ODPAI3p'-ODAIPEpA 
hi&-2: 3: 1 O D P A : B P D N 3 , 4 ' - O D A  
hide.-3: 1 : l  O D P A B P D N 3 , 4 ' - O D ~ A  

hide.-% ODPAI3,4'-0DAIpBeOPA 
Imide-6: BPDA/(S5)3,+-ODA:(.lS)APB/PEPA 

21nhmnt viscosity detcnnimd 011 0.5% (wk) NMP solution at 25" C. 
'Inhcmt viscosity dttermiosd on 0.5% (whr) g-1 solutio0 at 2S" C .  
9, aad T, of as-isolated oligomers (Imidc) by DSC at a hating rate of 20" Cfmin 
sPawdcrcd samples after hold at 350" C/1 hl6tati air, C-Imide: cured imide powder 

Imtk-4: 1:3 ODPABPDA13,4'-ODA/PEPA 

IuI~~c-7: B T D m  1 3,4'-0DAApB/pEpA 



5,760,168 
23 24 

TABLE 2 

UNORIENTED THIN FILM TENSILE PROPERTIES 

Calc'd 
(W TI* Elongation at 

Imide' g/mol "C? TestTrmp.,"C. Shngtbksi M d w , k s i  Break,% 

1 

1 

2 

3 

3 

3 

4 

5 

6 

7 

251 

258 

259 

262 

268 

267 

272 

247 

no 
274 

23 
177 
23 
177 
23 
177 
23 
177 
23 
177 
23 
177 
23 
177 
23 
177 
23 
177 
23 

17.3 
9.4 
15.5 
9.3 
17.1 
10.0 
20.2 
10.7 
17.9 
10.8 
19.2 
10.4 
17.8 
11.5 
169 
8.6 
18.8 
12.2 
15.3 

413 
318 
463 
313 
42 1 
338 
43 1 
341 
427 
344 
430 
315 
452 
343 
408 
293 
455 
332 
407 

38 
60 
5 
17 
38 
38 
@3 
70 
40 
63 
40 
56 
41 
35 
35 
56 
32 
83 
5 

~~~ ~~ ~~ ~~ ~ ~ 

'Imide-1: ODPN3,4'-ODAIpEpA 
-2: 3:1 ODF'A:BPDA/3,4'-ODA/PEPA 
hnidc-3: 1:l :ODPA.BPDAl3,4'AIDAPEPA 
Imide-4: 1 :3:ODPABPDA/3,4'-ODA/PEPADAlPEPA 
Imid65: ODPAI3,4'-ODAIpEpOPA 
Imid66: BPDA/(.85)3,4'-ODA( .lS)AF'B/PEpA 
-7: BTDM3:l 3,4'-ODAAFB/PEPA 
2Dettrmincd by DSC at 200 Cfmin cm film samples cured at 100,225,350" C. for 1 h each in 
flow* air. 

TABLE 3 

PRELIMINARY Ti-WTi TBNSILE SHBAR PROPERTIES OF 
ODPAl3.4'-ODA/4-PEPA (CALcD(M) = 9ooo dnlol)' 

35 

Test cohcsive 
Temp., Dc. 7 Failure,% 

40 
C0-1 23 7100 100 

177 4300 100 
kt Fuel2 23 7200 95 

177 4500 90 
Hydra& Fluif 23 73433 95 

177 4400 75 
Water Boil' 23 m 85 45 

177 3400 55 
loo0 W177" Clair' 23 7100 90 

177 4800 90 
5ocw) Id1770 Cfair 23 5600 55 

177 4650 85 5n 

TABLE 4-continued 

PRELIMINARY COMPOSl'IE PROPERTIES OF 
ODPA/3.4-QDA/4-PEPA (CALCD (Mi, = gOa, n/mol)* 

Test 
~ P c r t y  Layup Tcmp., Dc. valw 

Stren$th, ksi 177 7.6 
Comprtsaive Stnnsth, hi Unidirectional 23 im 
*composite cursd 1 h at 350" C.Iz00 pi, solution coatcd IM-7 carton 

graphite fibcrs, fiber volume ffaction -66% with 4% void oontcnt 

We claim: 
1. Aphenylethynyl terminated amic acid oligomer having 

the formula 
-- 

'1 h at 350" CJl00 pi, tape -1% wlptilcs 
Wnstrtalcd samples soaked in solvent for 72 h at ambicnt temperature 
% n s t n d  samples b o i  in water for 72 h 
4vnstreascd samples aged in ilowirlg air 

55 

TABLE 4 
0 0 

PRELIMINARY COMPOS€l?I PROeERTIES OF 
ODPA13,4'-ODA/4PEPA lCALCD IM) = 9ooo ~~/molY' 

Test 60 

Ropacy k - P  Temp., OC. Valw 

Flcxurai Shmgth, ksi Unidirectianal 23 310 
177 180 

in 18.1 65 
Flexural Modulus, mi Unidinctional 23 20.4 

Short Beam Shcm UIlidlrectid 23 16.4 

II II 0 
II TC\ 7 - O H  HO-C 

HO-C /h\ C-N-M B jN- " Fw-cEca 
II II II 

II II 0 
+N-C. .C-OH II 

I \ /  HO-C 

HO-C /h\ C-N-M B jN- " Fw-cEca 
II II II 
0 0 0 

and being selected from the group consisting of 



25 
wherein Af in the formula is 

Ar in the formula is 

and 
W i n  the formula is a bond; 
wherein Ar' in the formula is 

Ar in the formula is 

and 
W in the formula is 

wherein Ar' in the formula is 

Ar in the formula is 

0.5 and 

0.5 

and 
W in the formula is a bond; 

5,760,168 
26 

wherein Ar' in the formula is 

10 
0.15 

15 

Ar in the formula is 

20 

and 
W is a bond; and 

wherein Ar' in the formula is 
25 

0.75 

30 

0.25 

35 
Ar in the formula is 

40 

45 and 
W is a bond 
2. A cured polymer prepared from the phenylethynyl 

3. A cured film prepared from the phenylethynyl t d -  

4. A cured neat resin molding prepared from the phenyl- 

5. A m d  adhesive prepared from the phenylethynyl 

6. A composite prepared from the phenylethynyl t d -  

terminated amic acid oligomer of claim 1. 

nated amic acid oligomer of claim 1. 

ethynyl terminated amic acid oligomer of claim 1. 

terminated amic acid oligomer of claim 1. 

nated amic acid oligomer of claim 1. 

50 

55 

* * * * *  


