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Composite Materials". The contract efforts were accomplished 
under the cognizance of the Directorate of Materials & 
Processes, Aeronautical Systems Division, Wright-Patterson Air 
Force Base, Ohio, with the technical work directed by 
Dr. W. E. Oibbs, as project engineer. 
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ABSTRACT 

Dlmethylacetamlde and dimethylsulfoxide have been, 

successfully employed as dry-spinning solvents for poly-2,2'- 
(m-phenylene)-5,5'-bibenzimidazole. The physical properties of 

both fibers appear to be comparable. Since dimethylacetamide 

produces a lighter colored yarn and in general lends itself to 

easier solvent removal, it emerges as the more desirable 

solvent for dry-spinning operations. 

The fibers exhibit remarkably high resistance to 

hydrolysis and thermal ageing although under the more realistic 

condition of air ageing the thermal properties are not nearly as 

impressive as under nitrogen. The N-H bond in polybenzimidasoles 

is suspect as the weak link leading to degradation in the hot 
oven. To test this hypothesis N-substltuted polymers were pre¬ 

pared via the méthylation of N-sodio polybenzimidazoles. 

Oriented and crystalline polyhydrazide fibers can be 

converted by a unique cyclodehydration reaction into oriented 

and crystalline fibers of poly{l,3^-oxadlazoles). Conversion 

of fibers (T/B/foi - 5/24/9*0 of the polyhydrazide derived from 
equimolar amounts of isophthallc dihydrazide and terephthaloyl 

chloride (0I0T) gave fibers (T/H/foi ■ 2.6/3.1/124) of poly(l,3- 
/1,4-phenylene-2,5-(1,3,4-oxadiazole), PODZ-l/T, which have 
excellent retention of their fiber structure even when exposed 

to temperatures up to 400°C. for prolonged periods of be¬ 
such heat treatments afford a final polyoxadlazole fiber (T/E/Mi - 

1.2/1.2/90). The chemical structure of model compounds containing 

up to 13 alternating rings consisting of 2,5-(l»3>4-oxadla?.ole), 
m-, and p-phenylene moieties was found to be stable up to 440 - 
500*C. This is in agreement with observed stabilities of the 

corresponding polymer towards thermal degradation. 

This technical documentary report has been reviewed 

and is approved. 

Zi 

WILLIAM E. QIBBS 
Acting Chief, Polymer Branch 
Nometallie Materials laboratory 
Directorate of Materials and Processes 

ill. 
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I. Introduction and Objective 

The objectives of work reported herein are the synthe¬ 
sis and characterization of various poly(phenylbenzImidazoles) 
poly(phenyloxadlazoles) and related highly aromatic compounds In 
order to prepare fibers and fibrous products of super thermal 
resistance. 

II. Polybenzimidazoles - James J. Kane 

Discussion 

Benzimidazoles 

Benzimidazole derivatives are synthesized from 
o-phenylenediamine and carboxylic acids or their derivatives: 

+ R-COX 

X - 

_ 

5 

OH, Cl, OR, OAr. 

The benzimidazole products are generally high melting 
crystalline solids possessing both acid and basic characteris¬ 
tics, They exhibit unusual chemical resistance to acidic, 
basic, and oxidizing reagents. The tautomeric nature of the 
benzimidazole system unsubstituted In the 1-poeltlon Is a well 
known phenomenon rendering both nitrogens In the heterocyclic 
system equivalent. Similarly, hydrogen bonding In benzimid¬ 
azole® unsubstituted In the l-posltlon has been demonstrated 
qnd appears to be due to association via hydrogen bonds betreen 
the îslno grouping and the tertiary nitrogen in the amldlne- 
like structure. The chemical Inertness of benzimidazoles is 
explicable in tenas ©f the aromatic nature of the system which 
derives delocalization energy fren overlapping of the» sextet 
of f electrons available to both th® teanzeno and heterocyclic 
rings as described by the classical structures; 

Manuscript released by the authors June, 1962 for publication 

as an ASD Technical Documentary Report. 
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%« Mgh melting charactörletics by the 
benzlMdasoles are e apee tally pronounced In derivative» unsub" 
etituted In the 1-position, a prerequisite necessary for 
association via hydrogen bonding. 

Pelybensteidazoles 

Application of the general synthetic mit® to beasteM*» 
asolea to include bifunctional materials was first aoeoBplished 
by Brlntap and Rob toso® (l) through their discovery that M®«o- 
diamines and aliphatic dloie acids or their derivatives react to 
fom linear condensation polymers designated as polybenaimM- 
asoles. â Boâificatlos of this proeedare resulting in tbs 
pr#j»íration of polybsnsifflidaæoles containing reeurrtog aroaatie 
units was developed by Harvel and Vogel (2) through fch® malt 
polyissriMtion of bis-o-dlaatoes @nâ diphenyl ©star® of aromatic 
dlearba^lie acidas 
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f 
I 

Poly-2,21-(m-pbonylene)-5,51-blbenglmldanole 

The polymers prepared by Marvel and Vogel were based on 
the fcefcraamina% 3,3 ' -dlaminobenzidine and 1,3,4,6-tetraialnobenaene 
and the dlolo acid moieties employed were phthallo, isophthallo, 
terephthallo, 2,2'-biphenyl, and 3,5“pyridyl. In general, the 
condensation polymers have been high malting, or infusible 
materials exhibiting, as anticipated, high thermal and chemical 
resistivities. 

Poly-2,2'-{o-phenylen©)-5,5'-bibeasimidazole, based on 
3,3f"diaminobsnsidice and diphenylioophthalafce fas chosen as the 
most attractive polymer for large scale preparation and spinning 
operations because of the carnsrelai availability of the tetra- 
amiM salt 3,3 ' ■■"dlaffllnofoenaidlne tetralsydrochleride » 

Details of purification of starting materials and poly« 
æerization techniques tire described, in the Experimental Section. 
Bîe free base, 3,3!-disaiaobaazidin^ is liberated irm the hydro- 
chloride salt with a 40 sodium hydroxide solution. Purification 
is accomplished by repeated recrystallizationa from methanol. 
Polymerisation of 3,3'-dicainobansidlne end diphonylieophthalate 
is accosnlished by heating a nizture of the teo reactants in the 
melt at 260-2906 to effect the polycondensation which i® accom¬ 
panied by phenol and water evolution. 
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The reaction mechanism appears to he straightforward 
and is outlined below. 

Sine© both water end phenol appear to be evolved at the 
rite it la probably seí® t® assim» that ring formation 

omars, m the golpoer chain grow ratter ttea by the altesmtive 
procès® of preMMmry poly-o-amlnoamlde fesmtlon and subs^uoat 
©Iteinatic® of water with ring elosiTO to fo» the teb#ro©yol!o 
portioTê of the repeating «nit. The driving fore® for ring 
closure would be axpseted to b® ssreat, bocana® of the msuXtlng 
deloosli*afcion energy derived by tta nm eroaatlo system, Tnrn, 
at tiw température employed, said© formation wà Imiteol© 
formt-ion plight b® ©a^cted to occur at nltdlar rates. 
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The polymerization reaction la carried out by immersing 
a flask containing the solid reactants under a nitrogen atmosphere 
in a 260* bath. After melting, reaction ecEmenees at about 250 
as evidenced by rapid evolution of phenol and water. The react!« 
mss soon sets up as a glassy solid of inherent viscosity of 0.3“ 
0.4 (inSO) which must be removed from the flask, ground, and re¬ 
heated at temperatures ranging from 260-400° over a 9-12 hour 
period under 0.05 ma Hg pressure. During this treatment, the 
remainder of the phenol is removed. The polymer obtained, a 
bright yellow solid, has an inherent viscosity of 0.8 (KÎS0). 
The polÿbenzimidazole does not mslt up to 500°C. end is soluble 
in roso, formic acid, sulfuric acid, N-methylpyrrolidone, EClAe, 
and EIP. Insoluble portions, apparently crosslinlted polyner 
account for about 10g of ths tfoight of final product. After 
reprecipitation from CIÎS0, DHAc, or EH? with water, the polymer 
is obtained as a tan powder. Infrared spectra of films cast 
from EiAo are typical of benzimidazoles. 

Polÿbenzimidazole Fibers 

Poly-2,2'-(m-phenylene)-5,5'-blbenzimidazole has been 
dry spun from E1S0 and from ElAc. Details of the spinning 
conditions will be found in the Experimental Section. After 
spinning, the yarn was extracted with water for two days and 
drawn 1.7X in 5 lbs, steam pressure. The yarn was then redrawn 
over a hot pin at the following temperatures and draw ratios : 
400°, l.lXi 350“, 1.6X; 350“, 1.3¾ 350“, 1.1X; 300“, 1.2X. 
The redrawn fiber was highly oriented but amorphous. Treatment 
of the fiber with a solvent mixture of formic acid «rater (50¡50 
by volume) educed a slight degree of crystallinity but 
destroyed orientation. In Table I ar® oexpiXeû ths physical 
testing data for all the samples of poly-2,2'-(n-phanylerra)-5,54» 
bibenzimidaæole. The yarn has over-all rather fcproeslv© tensile 
properties, balng as good as or better tiran PODZ-I/T (T/E/Mi » 
2.6/3.1/124) (see Table IX). 

for comparisons teta describing ths tensile properties 
for poly»2,2f-(a-ph9nyXen©)»§,5‘”bib®«iaiöazolo dry-spun frm^ 
mSO, drawn lM is 12 lbs. steoa pressuro c.sd 1,22 over a 360* 
hot pin are also tabulated in Table I. In gossrsl, ths teo yam® 
am ccmparable cad the data strongly suggest that ths difference 
ir. spinning solvents (ESSO and DMo) tec no effect on ths tensile 
properties of th& fibers. Dimethylaeotaaide, then, erorges es 
the, more destoabl® of tbs two solvents stoss it doos not invclvs 
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as botbarsoo» solvent removal problems as CKSG. In addition» 
the yarn obtained by spinning fron ESÍAo Is lighter in color 
(straw-yellow) than that obtained from EMSO (dark brown). 

stability and hydrolytic tests have been con¬ 
ducted on the fibers spun from DKSO and are tabulated in Tables 
II and in. These tests have not been repeated on fibers 
obtained fron DMAc but the limits of air ageing temperatures 
seem to be the same for both fibers since samples of the latter 
material had virtually no strength after 24 hours in a 400° 
oven and after 15 min. in a 5®GC oven. Hydrolytic stability of 
poly-2,2'-(m-pbenylene)-5,5'-bibenzimidazole is unusually good 
as shown hy the data in Table III. 

Pilma cast from DMAc are tough and self-supporting and 
when subjected to a 400® oven for a half day they are still 
tough but take on a purple-brown color and cannot be redissolved. 
This behavior strongly suggests crosslinking. 

This same purple-brown coloration is observed in the 
fibers as they are drawn over the hot pin at 350-400®. The 
color disappears where the fiber is removed from the heat 
source suggesting a reversible thermal excitation. Samples of 
bulk polymer were submitted for Electron Spin Resonance studies 
to detect the presence of unpaired electrons and determine 
whether or not the process is reversible. The results obtained 
are qualitative but reveal an absorption band for unpaired 
electrons which is increased in intensity by light. The process 
appears not to be reversible» however. 

The ability of this polymer to withstand exposure to 
high temperatures in the presence of air has bean disappointing 
as indicated by the «Sata in Table 11, and this behavior ha® 
fessn theorised m due to the susceptibility of th© N-H bond to 
undergo bond breaking at high temperatures and subsequent 
oxidation in the presence of air. Even in inert atmosphere 
(nitrogen) poly~2,2’~(ra-phsnylena)-5»5'"bibenEimidasole sub¬ 
jected to temperaturos'up to 500®G. appears to crosslink sine© 
the resulting material* while not crystalline* is no longer 
soluble in the usual solvents* mSO, EOT» K-IAc, and formic »eld. 

Substituted Folfbensiaidazolss 

Thus» a long steading dasir© has besa to obtain pelf- 
b«wiæida*oles substituted, preferably by fin aromatic eubetitu«t 
is the l-poeition ©f the hateroeyelic ring. On® approach to this 
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TABLE X 

1) POiar-2,2 ' - (o-PHENYLEHE )-5^51 -BIBENZlîlIDAZOIB SPUN FROM EMAc 
gmSR PROPERTIES- -- 

A. 

Straight 
Loop 
Knot 
Hot-Vet 

Drawn 1.6¾ times at 5# atem 

T* B*3 Bf J“ 

2.19 21.4 73.6 86 
1.53 5.1 
2.26 27.7 47.0 
1.27 47.8 28.0 

TR i? 
.i ¿a 

66 33 

WB *e 
A -L ¿fi 

57 34 13 

B. Drawn 1.65 times at 5# steam 
and redrawn 1.1 times at 400*C 

Straight 
Loop 
Knot 
Hot-Vet 

T JL. JÜ- -i J1 10 
3.26 41.2 76.7 85 59 30 
1.56 4.2 
2.38 24.0 50.1 
1.93 51.2 25.5 

VH * 
JL JL M 
60 31 12 

C. 

Straight 
Loop 
BïOt 
Hot-Vet 

Drawn 1.65 times at 5# steam 
and redrawn 1.6 ticas at 350*0 

TR 
T b m JL ± w 

4.33 10.8 110 75 58 41 
0.64 1.8 
Q.6f 2.2 30.3 
1.94 18.1 4?.0 

WR % 
± ± 10 

48 31 18 

D. 

Stmight 
Loop 

Drawn 1.65 times at 5# at«« 
md redrawn i.l tiaes at 350*0 

TR % 
T E m 3 1' ¡á 

ftffirtWWSWSJÄW cfBsaBWflAMW»» -siaWttWî 

2.99 17.6 92.7 77 54 30 
1.38 3.8 
1.9(7 8.4 5.1 
1.52 41.4 40.0 

m* 

50 27 

10 
«3MCWVW 

12 
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TABLE I (CCMT'D. ) 

E. Brawn 1.¾ times at 5# steam 
and redrawn 1.2 times at 300*0 

TR * 
_5_ JSL- J. -5. i£ 
10.0 119.7 81 57 - 
1.6 
5.3 20.6 

31.2 40.3 

T 

Straight 3.43 
Loop 0.40 
Knot 0.8l 
Hot-Wet 1.70 

WR £ 
-5. ¿2 

52 28 - 

2) P0Lr-2a2'-(m-raSNYIMB)-5,5'-BIBES2IKI]DA20rE SPUN FRON ENSO 
FIBER PROPERTIES_ 

A. Brawn 1.8 times at 12# steam 
and redrawn 1.2 times at 360*0 

Straight 
Loop 
Knot 
HOt-Wet 

T E m 
4.16 6.9 121 
1.60 1.5 104 
2,80 4.0 67 
2.40 23.4 74 

TR % 
JL JL AÔ 
88 68 - 

WRJ> 
-1 -L 10 

62 36 - 

a) - T » Tenacity (gr./denier) 
h) - E * Elongation (56) at Break 
c) - Ml « Initial Modulus (gr./dealer) 
d) - TR » Tensile Recovery {%), at 3, 5» 10 Elongation 
®) - WH - Work Recovery {%), at 3, 5, 10 Elongation 
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TABLE II 

1) THERMAL STABUITT OP POLT-a^S'-^-PHEHYI^HB)-?»?'- 
msmzmmzoîE fibers___ 

T (ln air) 

Rood Temp. 
300 

n 

tv 
n 

ft 

350 
n 

400 
tv 
w 
ft 

450 
n 

500 
fl 

Time (hoars) 

24 
48 
72 

144 
240 

18 
24 

1 
2.5 

6 
18 

1 
3 

0.25 
1 

i/E/m.* 

4.5/13A9 
4.1/13/T9 
3.6/9/66 
3.6/9/66 
2.8/6/22 
2.5/6/22 
3.0/4/66 
2.4/3/40 
3.8/15/80 
2.3/10/60 
1.0/6/60 

TiJTT0 
2.5/2.5/27 

Disintegrated 
TVJTT0 

Disappeared 

2) ÏÏDTRAVIOIST STABIMTT OF 
rnmwzTimmQiE fibers ., _ 

Exacmve Tlrne^ (hogra ) . JE/Mli_ 

0 
24 
48 
78 
96 

220 

4.5/13/97 
4.3/13/97 
4.3/9/80 
4.1/6,/35 
4.2/10/80 
4.1/10/83 

a} - Bee footnotes ln Tafel® 3L 
fe) - Ona how to Xanoteater is the equivalent of 3 hours of 

Florida sunlight, 
c) - Too weak to test. 
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TABLE III 

HYDROLSTIC STABILITIES OP POLY-B^^Co-PEENyißiE)^^' 
HffiEMZIWIDAZOLS FIBERS 

Medium Time (hours) T/E/Wla 

None 
lOJÈ NaOH 
95-100* 

fl 

20 NaOH 
95-100° 

ff 

b0 NaOH 
95-100* 

n 

10 H2SO4 

95-100° 
f» 

20 HgSOj) 
95-100° 

i» 
n 

n 

95-100° 
» 

n 

« 

4.5/13/97 
1 3.9/22/74 

3 3.8/26/61 
6 4.2/29/70 

24 3.9/38/55 
1 4.4/23/75 

3 4.0/23/70 
6 3.8/25/65 

24 3.8/25/68 
1 4.1/49/56 

3 3.0/56/50 
6 2.8/50/39 

24 3.0/54/33 
1 3.6/36/50 

3 3.2/35/48 
6 3-6/42/44 

24 3.4/38/52 
1 3.4/42/44 

3 3.5/37/45 
6 3.3/49/39 

24 3.6/37/52 
1 3.4/36/46 

3 3.6/45/53 
6 3.4/50/44 

24 3.1/52/43 

to Table 1, 
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typo polymer le through the use of appropriately substituted 
tetraamlnes. Marvel and Vogel (2) have reported the synthesis 
of the polymer based on l,3«dlamlno-4#6-dlanlllnobensene and 
Isophthallo sold and concluded that Its ability to withstand 
thermal degradation Is no better than the unsubstituted analog. 
The preparation of this polymer has been repeated in this 
laboratory, but only small quantities of low molecular weight 
polymer have been obtained. 

An alternative approach to polybenzlmldazoles sub¬ 
stituted In the 1-positlon Is by direct substitution at this 
position on preformed polymer. Such a reaction talcos advantage 
of the acidic nature of the hydrogen on the heterocyclic ring 
and is a well known general reaction of benzinidasoles. Thus, 
poly-2,2'-(m-phenylene)-5,5'-bibenzimldasole was converted to 
the M-methylated polymer by treatment of Its sodium salt In DMAo 
with methyl iodide: 

iKfm’Od emlyBia of the ¡astftylated polymer tadloat®d 
a fcsmw® in I-E absorption intensity as well as a shift of this 
absorption band to a lower wavs number. It is Interesting to 
speculate that such a shift might be attributed to the decrease 
In hydrogen bonding which would be entieipated Sxi the polytcaz- 
iaMazoie if most of the 1-positions in the polymer chain wore 
methylated. This is analogous to the differences observed in the 
spectra of concentrated, end dilute solutions of conroounCs capable 
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of jLntennolecular hydrogen bonding. She appearance of aliphatic 
C-H absorption bands In the Infrared spectra also Indicates that 
the desired méthylation has been effected. She methylated poly- 
benzimidazole is soluble In formic acid and has been oast Into 
tough films from that solvent. However, uni lice the starting 
material. It Is Insoluble ln EKSO, EKF, and ElAo. Such a dif¬ 
ference might be expected between tbe anphoteric starting 
material and the basic product, x-ray analysis Indicates that 
the methylated material is amorphous. The net? polymer does not 
melt, but It does soften at approximately 400°C. A quantitative 
determination of the extent of alkylation is not yet possible as 
no reproducible chemical analysis of the polymer has been accom¬ 
plished. However, the presence of the N-H absorption In the 
Infrared spectra is ample Indication that alkylation Is incom¬ 
plete . 

The sodium salt of poly-2,2'-(n-phonylene)-5> 51- 
bibenz imidazole has been treated in DMAc with iodobenzene with 
the hope of preparing the N-phenylated polymer. The Infrared 
spectra of the product Is Identical to that of the starting 
material Indicating that phénylation, if it occurred at all, 
is negligible. It may be necessary to resort to higher tempera¬ 
tures end sealed tubes to effect this reaction. However, even 
if N-arylated polybenzlmldazoles may not be available by this 
method, it does appear to be a convenient means for the prepara¬ 
tion of N-alkylated polymers, and possibly a method which will 
prove useful for the modification of polybonzimidazoles. 

PolybenzImidazoles Containing "insulating groups" 

toother goal sought was the preparation of polybenz- 
imldasoles containing "insulating groups" within the polymer 
chala in order to relievo chala stiffness and produce a more 
tractable polyœsr. The preparation of 3,4,3 ',4 ' -totraasino- 
diphenylsulfom and 3,4,31,41 -tetraaminodiphenylether was under¬ 
taken to order to provide tetraamlnoa for possible syntheses of 
new polybenzimidazoles with -0- and -SO2- "insulating gsxyups” 
between t¡» aromatic rings with the hop^i of imparting flexibility 
within the polymer chato. 

The tetrsaainodiph®nyXsulfona tes been prepared by 
eceverslon of 3,3,-diaiti*0“4,4,HiicM,orodiphsnyl8ulfmQ to IM 
corresponding dsrlvativ® with alcoholic axsionia 
»I subsequent re (Motion to the tetraamtoe with alcotelio godlwa 
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sulfid». Attempts to prepare the polybenzimidazole based on 
this ^trasmine and iaophthallc acid by the usual methods were 
unsuccessful. When tetraamlnodl^henylsulfone Is heated with 
dlphanyllsophthalate or dlblphenyUsopbthalate under the usual 
conditions for polybeszloidazole formation, the reaction com¬ 
mences with evolution of water and phenol or g-phsnylphenol at 
290* to produce only low yields of low molecular weight polymer. 
This result apparently is due to the Imalscibillty of the two 
reactants in the salt even at temperatures up to 300*. Thus, 
polymerization occurs only at the Interface of the two layers. 
In order to promote polymerization, several reactions have been 
attempted In solvents. Those tested were "Aroclor"* end £- 
phenylphenol. No polymerizations have been successful In these 
solvents even at temperatures up to 250°. 

An alternative method for preparation of this poly- 
benzimidazole Involves synthesis first of the polyaaino-amide 
followed by cyclic dehydration to form the polybenzimidazole t 
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An attempt to prepare the polyamlno-aalde «as made by 
reaction of tetraaminodiphenylsulfone with isophthaloyl chloride 
in hexametbylphospboramide. The product, a white solid which 
does not melt up to 400' appears to be highly crosslinked and 
exhibits typical amide absorption in the infrared region. 

Tetraaminodiphenylether was obtained by nitration of 
4,4'-diacetylamlnodiphenylether followed by hydrolysis and 
reduction to the desired tetraamine. Nitration of the diacetyl¬ 
amlnodiphenylether by the known method (3) with 70$ nitric acid 
in glacial acetic acid could not be repeated. However, the 
method of Marvel (private ccnanunication) using acetyl nitrate 
was successful. Hydrolysis and catalytic hydrogenation 
afforded the desired tetraamine. 

The polybenzimidazole based on 3,4,3,,4,-tetraamlnodi- 
phenylether and isophthalic acid has not yet been successfully 
prepared. The tetraamine, prepared only in small amounts, is 
extremely sensitive and has never yet boon maintained as a color¬ 
less material for more than a few minutes. The product obtained 
by heating this tetraamine with diphenylisophthalate appeared to 
be decomposition products. 

The polybenzimidazole based on 3,3'-diaminobenzidine 
and diphenylsulfone-4,4 ' -dicarboxylic acid has been prepared by 
the melt condensation of the tetraamine and the diphenylester 
of the dibasic acid. The polymer, which does not melt up to 
400®, has been prepared in small quantities and cast into small 
films from formic acid, but otherwise is not yet characterized. 

Experimental 

Ite’lficatien of B^S^Oiaainobenzidine 

S^’-Maminobenzldin® tetrahydroohlorlto (Burdick and 
Äöteon Laba, Muskegon, Michigan) is dissolved to deoxygenated 
water and poured into a 4$ solution of aqueous &©4iuas hydroxide 
to liberate fr©® bas«. Cruda diamíriobengidinô is filtered under 
nitrogen, wasted with cold water and finally wasted with sold 
methanol to resiov© most of the color from thsi solid. The cruds 
disastoobemidino is immediately dissolved to boiling asthanol 
(approx. 10 gr. psr 1.5 liter methanol). Th© mathmolic solu¬ 
tion is treated with decolorizing charcoal which has been washed 
with hot methanol and dried in a nitrogen atmosphere. After 
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filtering under nitrogen to remove charcoal, the solution Is 
iranedlAtely cooled to -10°C, in a flask purged with nitrogen, 
stoppered tightly and placed In the freezer. After three 
crystallizations the 3,3’-dlamlnobenzldine, m.p, 179-180®, Is 
suitable for polymerization. The dlamlnobenzldine, once puri¬ 
fied by the above procedure has been stored In the vacuum oven 
with nitrogen bleed-ln for several weeks without any noticeable 
decomposition. 

Pffi.Sp&Mkag of Poly-2,21 -(m-phenylene)-5.51 -blbenzialdazole 

Poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole was pre¬ 
pared according to the method of Marvel and Vogel (2) and re- 
precipitated from MAc, The bulk polymer, a yellow powder of 
inherent viscosity 0.62 (0.5# In EISO) was dissolved In EMAc to 
make a solution containing 27.5# solids by weight. Yarn was 
spun from this viscous solution through a spinning column at 
approximately 200°C. After drawing 1.6 times in 3 to 5 Ibe. 
steam, samples of the yarn were redrawn at ratios varying from 
1.1 to 1.6 times over a hot pin varying in temperature from 300 
to 400*0. as indicated in Table I. Dry spinning data is tabu¬ 
lated below. 

PHY SPDIHING DATA 

Spun on Column A 
Adaptor 20# Steam V 126*0. 
Heat Temperature 94*0. 
Pressure .145 psi 
Solution Delivery 1.75 ml./min. 
Spinneret Holes 5 
Sis® .005 
Temperature 123®-125® »120® 0. 
Temperature of Incoming Hg 206-215*0. 
Temperatur© of Column Top l86öc. 

Bottom 206“c. 
Hat» Hg Flew 5 cu. ft ./min. 
WiM-up Speed 115 fd./min. 

Reparation of foly-2,21 -(m-phegyleae )-5.5? -bifesnziaidazole 

a® polymerization of S^'-diamiRObensMto «sá di» 
píi«iylisephthalate was carried out according to ths directions 
of C. S. Marvel and H. Vogel (l), Ths polymsr was obtained in 
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93$ yield* and after reprecipitation from dimethylsulfoxide, 
polymer with an Inherent viscosity of 1.78 (0.5$ In formlo add) 
waa obtained. Pilma oast from SHF and dlmethylaeetamlde were 
amorphous. 

Preparation of 1.3-Dlanllino-4.6~dlnltrobengene 

1.3- Dlnitro-4,6-dichlorobenzene (50 gr., 0.21 mole) 
was dissolved in 100 ml. of aniline and heated to a gentle 
reflux for four hours. The reaction mixture was then cooled, 
diluted with 400 ml. of water and filtered. The black filtrate 
was taken up In acetone, repreclpltated with water, filtered, 
and washed with cold ethanol. The remaining orange solid was 
dissolved In benzene and repreclpltated with ethanol to yield 
47 gr. (60$ yield) of orange-red 1,3-dlanilino-4,6-dinitro¬ 
benzene, m.p. 185-186°. 

Preparation of 1,3-Dlamino-4.6-dlanlllnobenzene 

1.3- Dianilino-4,6-dinitrobenzene (7.0 gr., 0.02 mole) 
was suspended in 200 ml. of absolute ethanol saturated with dry 
KOI. To this was added 0.9 g. of 10$ palladlzed charcoal. The 
reaction mixture was subjected to an initial hydrogen pressure 
of 40 psi. After 30 minutes the calculated amount of hydrogen 
was consumed and the reaction mixture was filtered to remove the 
catalyst. The filtrate was poured into 200 ml. of 4$ sodium 
hydroxide solution. The free amine precipitated and was immedi¬ 
ately filtered off under nitrogen and recrystallized from benzene 
to yield 2 9 g. (50$ yield) of l,3-diamiBO~4,S~dianilinobenzen@, 
Whit© needle®, melting at 250-206° after reerystallizstion from 
methylene chloride. 

Anal. Caled, for C, 74.5j B, 6,25) I, 19.3* 
Founds €,“7575) H, 6.301 N, 19.3. 

Framration of Poly-S.S^lpLeRyl-S.a'-dilmidazobonaepe 

l,3”Di®mino-4,6-di®nllinobenzen® (1.45 g,, 0,005 æoî®} 
mâ áipfeenyliâophthalate (1.59 g.# 0.0(¾. mol®) were placed in & 
50 al, flask, purged with nitrogen and heated to 250® under 

After 30 minutos, vacuum was applied (0.1 ssa*} and ttm 
mixture Mated to 300® for 000 hour, After cooling, the reaction 
mixture (¾ solid plug) ms msoved, finely ground, returrsd to 
the Msôoiiœa flask and heated at 350° for eight hours. Tbs 
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polyror mus then cooled and ground to a green brown powder, m.p. 
3OO-31O* (hot bar). This material was insoluble ln EMSO and HIP, 
Pilme east from formic acid were extremely brittle. 

Preparation of 3.311 -Dlnltro-4,4»-dlaminodlphenyleulfone 

3,3’-Dinitro-4,4'-dichlorodiphenyleulfone (75 g.# 0.2 
mole).and 200 ml. of absolute alcohol were placed In a bomb and 
charged with ammonia (23 g.). After sealing the bomb. It was 
heated at 150* for 8 hours. After cooling, the reaction mixture 
was poured into 200 ml. water, filtered and washed to yield 63 g. 
(SW of 3,3’-dlnltro-4,4’-dlaminodiphanylsulfone, m.p. 290*. 
After recrystallization from ethanol it melted at 3050. 

Preparation of 3.4.3^41 -Tetraaainodlphenylsulfone 

3,3*-Dlnitro-4,4’-dlaminodlphenyleulfone (36.1 g., 
0.11 mole), was added to a solution containing sodium sulfide 
nonahydrate (307 g., 0.86 mole) In 625 ml. of ethanol and 60 ml. 
of water. After refluxing for 16 hrs. with stirring, most of 
the ethanol was distilled off. Water (200 ml.) was added to the 
residue and the mass was filtered and washed with cold water 
until neutral to yield 27 g. (91# yield) of 3,4,3',4'-tetraamino- 
diphenylsulfone m.p. 170-175°. After reorystalllaation from 
oxygen-free water, it melted at I8O-I810. 

Anal. Caled, for CxaHiiiîtySOgs C, 51.79l N, 20.13. 
Pound* C, 51.8; N, 20.0. 

Préparai¿on of Dlblphenylylieophthalate 

g-Phenylph®nol (114 g., O.56 mole) and isophthaiyl 
chloride (19I g., 0.12 mole) were heated m a melt with stirring 
for 5 hrs. at 260®. After recrystallization from tolusne the 
srud© product amouasted fco 250 g. (94# yield). After two addi¬ 
tional crystallizations from toluene, the g-phenylptenol malted 
at 230-232°. 

Eeaetic® of 3»4,3,,4,-T®traaainodlphsnylatjlf®n® with Diphenyl- 
isophthalst® 

In & smll dîstHlatioîi apparatus a mixture of tetra- 
8*alno«ii|il«QylwuilfoB@ (2.783 g», 0.01 asolé) and diph©ayli@op!i- 
tîalat© (3.183 S»* 0.01 sole) «s heated on® hour under nitrogen 
at temperatures fr« 270® to SIO^C. Tha black, glassy material 
was powdered end heated for m additional hour at temperatures 
tmm 290* to 325“o. 'Sim reafultlng black product ms latmstabl®. 
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Reaction ©f 3/ 3 ', 4 * -Tetraamlnodlphcnylsulfone with Dlblphenylyl 
Isophthalate___ 

Tetraamlnodiphenylsulfone (2.783 g„ 0.01 mole) and 
dlblphenylyllsophthalate (4.705 0.01 mole) was treated exactly 
as above. The resulting product appeared to be the same material 
as obtained In the above reaction. 

Polymerisation of 3> 4,3',4 *-Tetraamlnodiphenylsulfone and Diphenyl- 
isophthalate In Solution___ 

1. "Aroelor^lgqA 

Diphenyl Isophthalate (3.18 g., 0.01 mole) and tetraamino- 
dipheoyleulfone (2.78 g., 0.01 mole) were dissolved In 50 g. of 
nAroclor"-1254 and heated to 260° under nitrogen for four hours. 
The solution darkened and after cooling was diluted with 100 ml. 
of benzene and filtered. The brown solid obtained proved to be 

3»4,3',4‘-tetraamlnodiphenylsulfone starting material. No 
polymeric materials were Isolated. 

2. p-Fhenylphonol 

The reaction described above was repeated except that 
25 g. of ¿-phenylphenol were used In place of "Aroclor". Keat¬ 
ing was maintained at 250° for 4 hours under nitrogen. The 
deposit of water droplets on the condenser walls indicated that 
some reaction was taking place but, after cooling, the entire 
reaction mixture dissolved in methanol and no polymeric materials 
were isolated. 

Reaction of 3,4,3 *,4 *-Tefcraamincdiphenylsuiíone and Isophthaloyl 
Chloride in Hexamethylphosphoramide _____ 

Ätraamlnodiphenylsulfone (2.783 g., 0.01 mole) and 
isophthaloyl chloride (2.O3O g., 0.01 mole) was dissolved in MPA 
(35 ml.) with rapid stirring. After 15-30 minutes the solution 
viscosity increased and gel formation was apparent. After one 
hour the reaction nlxtur© ma poured into 300 ml. of methanol, 
filtered and washed with additional methanol. The resulting off» 
white solid did not melt up to 400®C. and exhibited characteristic 
Mid® absorption in the Infrared region,, 
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mtm&tlrn of Foly-2,2 » -(m-phwaylene )-5,5 » »blbenglmldagoi« 

Poly-2,2'-(m-phenylene)-5,5»-bibenajmidaeole (3.1 g., 
0.01 mole) was dissolved in EMAc (80 ml.). To this solution «as 
added a 47# dispersion of sodium hydride in mineral oil (7.0 g.). 
The reaction flask was then fitted with a drying tube and the 
mixture stirred for 1.5 hours In an ice bath before the dropwise 
addition of methyl iodide (total 30 g.) was begun. After this 
addition was complete, stirring was continued until the reaction 
mixture and ice bath warmed to room temperature. After addition 
of water (150 ml.) the brown solid polymer was filtered, washed 
several times with water, methanol, and ethyl ether and dried in 
the vacuum oven at 165®. The polymer had an inherent viscosity 
of 1.44 In formic acid. Infrared absorption bands at 2.90u (free 
N-H) and 3.40p, (C-H stretching) suggest that the polymer Is highly 
methylated. The N-methylpolybenzimidazole was obtained In 85# 
yield (3.0 g.). It does not melt but does soften slightly at 
400®. 

Phénylation of Poly-2,2 » - (m-phenylene )-5.5 * -Mbenzlmldazole 

The procedure described above was followed using lodo- 
benzene in place of methyl Iodide. Infrared absorption band at 
3.1 to 3*3d (N-H) Indicates that phénylation was negligible. 

Preparation of N3 N *-Diacetyl-4■4 «-dlaminodlphenvl Ether 

4,4»-Diaminodiphenylethar (50 g., 0,25 mole) was dis¬ 
solved in pyridine (450 ml.) and the mixture was cooled to 5®. 
Acetic anhydride (50 ml.) was added to the mixture dropwls# with 
stirring, After addition was complete# the reaction mixture was 
warmed to rom temperature and allowed to stand overnight. The 
whit© solid which separated was filtered, washed with water# and 
dried to yield 35 g. (50$ yield) of N#N‘-diaö@tyl-4#4«»diaiaino- 
diphäsnyl@tl*r» m,.p, 242®. 

The preparation of this tetraamine was carried out 
according to directions received by private eomminication tram 
the labor®,tory of C. S, Marvel, 4,4»«.DiaeetylamiBodip]tenyl©tber 
was nitrated with aeetylnltrate to yield 3,35-dinitrO”4,4‘-di- 
Ecetylaminodiphenylether which after hydrolysis la alcoholic 
potassium hydroxide and subsequent hydrogénation with Raney 
nickel catalyst afforded tbs desired 4i3s,4*»t«tra&Mnodipl»r5yl» 
tfeb&r, m.p., 123-124®C, 
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Polymerisation of 3*3'^^' -Tetraaolnodiphenylethar and Diphenyl- 
leophthalata ____ 

Diphenylisophthalate (3.18 g., 0.01 mole) and 3,3',4,4«- 
tetraamlnodlphenylether (2.30 g., 0.01 mole) were placed jn a 240* 
bath under nitrogen. The resulting melt turned black almost im¬ 
mediately. Heating was continued for several hours and the tempera¬ 
ture was gradually raised to 310°. There was never any indication 
of phenol or water evolution. 

Hydrolysis of 4,4 » -Dicarboraethoacydii rl sulfone 

To 80 ml. of a 10^ aqueous KOH solution was added 4,4'- 
dlcarbofaethoxydiphenylsulfone (10 g.). The reaction mixture was 
refluxed for 2 hours before cooling end diluting with 100 ml. of 
water. After filtering the reaction mixture was acidified with 
cono. HCl. The resulting white precipitate was filtered and washed 
with water until neutral washings were obtained to yield after 
drying 9.0 g. (quant.) of 4,4'-dicarboxydiphenylsulfone, m.p. 370*. 

JtXJ garatlon of 4,4* -Dlcaxbophenoxydlphonvlsulfone 

'Three grams of 4,4'-dicarboxydiphenylsulfone were dis¬ 
solved in dry pyridine (35 ml.). To this mixture was added phenyl- 
sulfite (11.5 g.) (3) and the mixture heated 2 hours on the steam 
plate. After standing overnight, the reaction mixture was diluted 
with 35 ml. of water and acidified with cone. HC1. The resulting 
gum-like solid was filtered and washed repeatedly with ethyl ether 
to yield 3*0 g. (65# yield) of 4,4,-dlcarbophenoxyd!phanyisulfone 
m.p. 220-223® after recrystallisation from ether-benzene. 

Polymerisation of 4,4,-Dicarbophenoxydiphenylsulfone and 3,3«- 
Siaatoobenzidiaa 

3,3*-Diaminobenzidine (1.07 g., 0.0¾ sol®) and 4,4'- 
dioaibopihenoxydiphenylsulfons (2.29 g** 0.005 mole) wer® melted 
in a 250* bath under nitrogen. Polymerization conasnoed at 
about 250-26Ô® with ©volution of water and phenol, fha tempera¬ 
ture was raised fco 290® and heating continued until the icaifc 
set up to a, solid glassy mass. The glass was broken up and 
reheated at temperatures ranging from 290-3801° for 3 hears uMör 
vasuiæs (0.05 mm Eg). The yield of polymer ms I.54 g. (70$) of 
y®Uow-brown material which doss not molt up to 400®''and ii** 
soluble in fomio acid. 
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I 
III. PoIy-l>3.4-oxadlazolcs - P. T. Wallenberger 

Background 

Iba aaarch for high toaparature-reelatanfc fibers ln 
th# past years has resulted In two major developments. One was 
the preparation of poly[2,2»-(l,3-phenylene)-5,5*-benslaldasolej 
bulk polymer and films by Vogel and Marvel (2) and the subsequent 
fabrication of this polymer Into tough fibers by Fraser and Rane. 

The other development ms that Fraser discovered 
that aromatic poly[2,5-(1,3,4-ozadlazole)] fibers had superior high 
t«ape rature-resistant properties as well as excellent fiber proper¬ 
ties. The fabrication of these fibers was accomplished by a unique 
cyolodahydration of polyhydinsides in fiber fora at elevated ten- 
peratures. This fiber conversion is presently the only route to 
poly(l,3,4-cxadiazole) fiber. There are two other synthetic routes 
that lead to bulk polymer (4a,b), but lack of appropriate polymer 
solvents and Infuslblllty of most poly (oxadlasoles ) precludoc 
fabrication of films and fibers. 

0 
OIOT Fiber 

A 
-> 

Qbs pdlycjxmâiaxol© fiber# naiasly, poly [1,3-/1,4- 
l*®Vl«e-g,5-|l,3,4»osadi,a2?ol©)3 (50:50), FO.K-I/P, «bowed aost 
ff^LSlftg tlíSEMl stebiliti®® a It is obtained by cyclo**' 

of tM alternatif poî^ûmzl&B dariwd trm tew- 
pht&aloffl ©lilortd® and iac®hthalie dibjdra^Ma, 
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asió fiber conversion should be quantitative fraa the 
chemical standpoint In order to afford the desired high-ten^perature 
properties, and It must be carefully controlled from a mechanical 
standpoint In order to maintain the fiber properties through various 
Intermediate polyhydrazlde-polyaxadlarole stages. A combination 
of both requirements la even more difficult to meet on a practical 
scale since temperatures of at least S80eC. are required for a 
reasonable rate of the chemical reaction, and since sustained tem¬ 
peratures above 320° would degrade still unconverted polyhydraaide 
links. Plnally, possible side reactions, as noticed by Stolle (5a) 
and Pelliszare (5c ), for the thermal cyelodehydration of dlbenzcyl- 
hydrazine may also prove to be detrimental in attaining polyoxa- 
diazole fibers with optimum fiber properties and optimum thermal 
stabilities. 

Thus, it was not unexpected that reproducibility of this 
unique polymer reaction (in fiber form) was extremely difficult 
and required research under most accurately defined reaction condi¬ 
tions, and this report summarizes our present knowledge of polyoxa- 
diazoles, polyhydrazides, polyhydrazide chelates, and of model 
compounds. 

Polyhydrazides 

Por a long time it has been recognized that the reaction 
between carboxylic acida, esters, anhydrides, or carbonyl chlorides 
with hydrazine affords carboxylic hydrazides. 

' 

4 

-OH 
-Cl 
-OH 
-OCR 

> + NEj-HHg R-C-MK-NHj, 4 

0 

HgO 
HC1 
R0H 
ECOH 

> 

V 

Bse rate tien of eetens with hydrazine or 85-100$ hydrazin® hydrate 
Î» reg« Med to be qmxttt&tlm while other acid derivatives 
frequently lead to undesirable mixtures of mono-, di-, tri«, aM 
tetraaeyl ÏTsydrazinea. Mester», when treated with ^drazine tydrat® 
in alcohol# yield nearly ^santit®tiv®ly tá» dssirad dibySmsMes 
wlîich a» polysfâr intermediate® (8), 
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1. Préparation of Bulle Polymer 

Low teapenatura polymerization of equimolar amounts of 
dlhydrazlde and carbonyl chloride In amide solvents, such as 
hexane thyIphoaphoremlde (BMPA), N-ciethylpyrrolldone (NMP), con¬ 
taining 2-5J6 lithium chloride was found to be the only preparative 
method (6) that consistently yielded high molecular weight poly- 
hydrazideo. Preparative methods (7) found In the patent literature 
did not yield high molecular weight polyhydmzldes which could be 
fabricated Into films and fiber. 

Thus, OIOT was prepared from equimolar amounts of leo- 
phth&lio dihydrazlde and terephthalcyl chloride In amide solventa, 
such as hexamethylphosphoramlde (MPA) or N-methylpyrrolldone (NMP). 
The reaction proceeds at room temperature (or below) and high 
molecular weight polymer Is attained after 4-16 hours of reaction. 
The polymer, precipitated with water or methanol, has Inhärent 
viscosities (linh) In dimethyl sulfoxide (KISO) ranging from 
O.5-I.50. The preferred preparative solvent la hexamathylphos- 
phoramlde. 

HgNHN 
A 

I ] /hm% 
HMPA 
0-10°C. 

mim the resulting polyhydxasldes oftaa contain mmll 
mmmtB of ash after eoabustlos, it is advisabl® to carsy ait 
th® polya»rfjgation in polyethylene flasks and with "Teflon"« 

font11 « OTB-fluorocarbon fiber. 
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stlrars. Further mAtags with distilled and deionised water 
are In order to prevent facile chelation of hydrazlde links with 
netal Iona. 

2. Fabrication of Fibers 

Two spinning solvents have been used during this study, 
dimethyl sulfoxide (DMSO) and dimethyl acetamide (Kilo). The 
latter solvent allows spinning at lower temperatures, hence provides 
for milder operating conditions. 

Che batch of OIOT, - 1.03 (K1S0), was spun from 
EMSO (2556 solids) and drawn 2X at 10 lbs. of steam, dried and 
redrawn 1.2X at 310°C. over a hot plato. Ao-epun yam (T/Vïîi • 
1.8/117/41) was thus oriented (T/tyfcli - 3.2/27/51) and finally 
crystallized (T/E/t^ •» 5.2/24/80). A one-year old eaa^le (runh - 1.6) 
of an oriented yam (T/È/ÏIi « 3*5/38/69) would not allot» redrawing 
and was not further investigated. A further batch, prepared in 
HMPA and spun fresa DMSO has been more thoroughly evaluated with 
respect to fiber properties, which are given in Table IV. 

Alternatively, EîAc may be used as spinning solvent. 
Results are also contained in Table IV. Use of this solvent allows 
higher draw ratios, and lower spinning tenperatures. tifren preparing 
DHAc solutions, excessive heating should be avoided since the 
polymer precipitates at about 120-130* C. 

A number of spins were carried out with EIAo containing 
2 or 556 liCl as solvent. The advantage of this modified solvent 
is that solution oorrsnees more smoothly then in straight Elle 
aM that yam with high moduli can ba obtained. Results are also 
listed in Table IV. 

Spinning of OIOT from E-ISO customarily affords fiber 
with a dark yellow color, particularly after redrawing at 300* C. 
This «y I» attributable to tho oncst of conversion or to degrada- 
tica» Sven yam obtained from Elle was slightly yellow colored. 
1¾ avoid this discoloration altogether, it was necessary to cany 
out tte spinning operation, with E-ISO under nitrogen. Perfectly 
shit® yam rasuited after drawing at ÏOCfC. end redrawing at 320*0. 

24 



S IO Jr 2 < ^ Ö va in o\ S. 
• • • H ^ < 

00 JST <n U\ H O <H • •**•••• 
«nwoeiHoivow 

I 
< •• O 

^ 111 
^ ^ o\*t h m cvj m 

go vo in « ,. t^co inco 1 BS • •*••••• COH CO CJ CO OO 
H H Jt H OJ in COCO NONO H HH 

I » 
t *5. <. 
ov*r on^-on^ • ••••• 
^ m H -St CNJ ï^ 

00 N- 
N. NO 

coin ^ oj 

as ssl 

-V 

’î iâ 

NO 

^ S § 
CONO H in CM N- 

mNo 

vo in 
XVI XVI 

"S CO 

WW* 

.^So 
Sri §â 

«s 

B9 

ï s 
s -iâ S- 

£“1 ^ 
ilif 

25 



P
O

L
Y

H
Y

D
R

A
Z

 ID
S
 

(O
IO

T
) 

F
IB

E
R
 

P
R

O
] 

< s. < rovo u\j^ • ••••• 
* N O CM O CM 

^ ^ C • ••••« 
coroo fOH^ 

II& 
llsiïî 

IfVO «I o'vo* 
ro 

§1 Í 
sa < 
co ^ 59 S îb 

H H uS I 

O 

3 

m 

t 
•H 

I 
■Ô*> 

> 
H 
O 
m 

s 

t 
H 

•% 

Cl 

CI » 

5 |i 
< o" ? 

S8 33 

h S\ in \ \ h- 

^ ^ < o vo co invo m caco 

O s ro ro 

VO H 

O Cl TJ • 

_ 11» 
H ro CM RI 00 ® O • 

VDRlORlORI-sftO ¿»it 

tt) 
I 

III 

o 

If 
!v 

I § ! ^ 
Ci • • o\ 

<<?.<< 
ih co cojt ¿To ca ro 

-st m vo co 
< c < c on co va o 

t^co 
« may 
JM w Ç. 

g <L 
cvi o in ci o .=*• jtf tw ^ o\ 

5¾ 

H VO 

O 
0 

19 
CO 

VO 

¢- ON p\ «H \ Ov O' 
h oo en K co" K S 

JaÎH^H^HCO* . , 

> i 
î I 
^ g 

« ^ 
m 

i U 
m 

i 

o 
O 
0i 

1 

m «. 

g g 

111*0 il ft ft® 0¾ mea SS 

-S 

* Ç S3 Ä C *> ri o è o ® o 

3 
% 

c > a ^ e § O 0 u o 
ù ri Qt o m 

& 
S)« 

s ^ 
o ^ 
o 
Ä « o 

t§ 
> o 
o m 
V 
o © 

ÍX5 H 
»H 

X m 
U iï 
O 0 
^ B 

4> * |gl 
O X & 

^oi^î 
^■gg 4Ä O © 

Jî> © 
Í2 tó 

JP 
© O 

m 

s^l 

t 

I 

¿3 
O 

«H 

ts 
Sí 

«H 

-g 
II 
f S 

K H 

O 
« 

S 

g 
o 
P» ÎTj 

U ¿P 

IS 
“P 

•H ^ 

§1 m «h 
â ^ 

26 



To «von further broaden the acope of attainable OIÖT 
properties prior to oootersico. It we of Interest to etufly the 
effects of heat setting on tenacity and x-ray crystallinity. 
GS» results are tabulated In liable v. 

TABLE V 

heat sbttikq op oiot yarns 

Before Fiber 

1) Dram (oriented) 3.2/27/61 

2) Redrem (oriented and crystalline) 6.0/8/151 

t/e/M* After 

3.7/I9/B5 

6.8/10/147 

■ftH« treatment enhanced crystallinity and tenacity of the two 
fibers to high levels. 

It may be seen that proper choice of epinning, drawing 
and heat setting conditions (Tables iv and v) nates it possible to 
obtain OIOT with tenacities ranging from 3 to 7 GPd.» with elonga¬ 
tions ranging fresa 4-27# end with moduli ranging fresa 60-169. 

GMS study, therefore, affords a great variety of yarns 

with various combinations of properties, each of which nay be 
critical in attaining optimum properties of PCES-I/T fiber after 
conversion. 

3. Stabilization of Polvhydraglde Enolatee 

Polyhydras Idea, in basic solution# exhibit an intensely 
»«now color (presumably due to conjugation in the enol fora) as 
tea been discussed alraady (6). tJhcn fürs or fibera are exposed 
to tertiary aslms# similar color chrngco occur. As to cmlno 
evaporates (on drying or prolonged exposure to^alr) the color 
disa^ears and tho sample becomes colorless. rabeo », a tort, 
aolna, «as added to polyhydrazlde films and fibers, acco^llcMiïg 
& ■mrmmnt mÄ ImmmlbM color change to yellow. Fibora in 
tlie fora mm studied to see 21 th© enol fora is easier converted 
into F0B2 than th© normal structure. 

«ftSessrk for ioü&rj Froe®BsJng Corp.’s catalyst. 
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4. Ultraviolât Stability 

Polyhydraride films east from ZMe or fron HMPA shoMsd 
no color break up to 1000 hours in the Fade-Cmater. 

Samples of 0I0T In Its yellow fom, stabilised by "Babeo" 
wen eaposed to the Pade-Ometer. While no color break occurred* 
the sample became brittle ln lese than 200 hrs. of exposure. 

5* Solvent Retention 

OIOT films have been cast from various solvents. Pilas 
cast from BMSO produced large amounts of odors attributable to 
CMS* H430g and EMSO when heated to 180-350°. In order to remove 
the solvent, the films were soaked in boiling water for one reek 

and dried at 80°C. (vac.) for one week. After this treatment, up 
to 5£ sulfur was still contained in the film samples as evidenced 
by mic roana lysis. Such solvent retention in OIOT fibers nay cause 
degradation when the fiber ia redrawn and crystallised at 300° C. 
prior to conversion into polyoxadlazole fiber. 

OIOT films, cast from hexar^thylphosphoramide (HMPA), 
which is the preferred preparative solvent, occasionally contained 
up to 1$ solvent (as calculated from phosphorous analysis ) even 
after drying for 72 hrs. at 80°C. (vac.). Films cast from EIAe 
did not show such drastic solvent retention. 

6, Model Compounds 

îh© delicate balance of reaction eondlfcione by wMeh 
polyhydrasides are converted into polyoxadMsole® rade it necessary 
to prepare a nuuiber of pertinent model corpounds which contain 
th© bydrasid® link for eraltmtlon. 
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mes« model eoopoBOás arm reproduced 71* B . 
Hrawm-imm H-l and H-fi are dlhydrczldes. Eraaples H-3# H«4 “ ® ^ 
are ollgohydrazldes (in analogy to polyhydrazides ) whiefe 
to undergo eyclodehydmtlon and yield oligooiadiazoles . Whydrozldea 
are prepared by refluxing the appropriate dlalUylester with 
hydrazine hydrate In ethylalc<*ol (8). 8®?TÔJ °¡ ' 
which are di-sec. hydrazldes. Is prepared (9,10) In P^dlne ®®^ 
tion by reaction of a dlhydrazlde tilth a suitable carbonyl chloride. 

HgNHN 

/V? 

u° 

-Cl 

Reflux In 
Pyridine 

The substituted polyhydrazlde, H-6, thought capaM« of 
sterlcally facilitating cyelodehydratlon, was *5" 
dlchloroterephthalcyl chlori.de and isophthallo dlhydrazlde in 
equimolar amounts. Hexamethylphosphoramlde was the solvent without 

addition of inorganic salts. 

Chelating Properties of Po^bgdmriágâ. 

Poîyhydrazideo, In analogy to slrple monomeric hydmzldes (11), 
readily undergo chelation with a host of inorganic salts. ^Jt 
«as ooticed that even carefully prepared polyhydrszldos contained 
0 5* to 2.0¾ ash after ccffi&istion, it «as apparent that mish salts 
Sight be datrimntal and prevent copíete cyclodohydratlm toto 
mSoxadiasoles. A study dosigaed to eliminate this trace chelation 
slmultsnaously led to experiments deoeribcd here, ml^t 
possibly open up a new area of investigation. If utility for QIW/ 
chelate films or fibers can be found. 
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1. Preparation of Chelate Filas 

Initial chelating studies of OIOT polymer were carried 
out with film because of greater ease of handling. A 0I0T/&g&2 
chelate film which was prepared was cccpletely transparent, color¬ 
less and could be dried In vacuum at 80° over the week-end without 
change of appearance. When heated at 8o* In an air ateospher®, this 
film turned brown. The original HgCljg/OIOT chelate film was placed 
in a Pads-Ornete r and did not show the uaual color break to yellow 
expected from ultraviolet ageing. Instead, the exposed side of the 
film turned dark gray and became very brittle after ISO hours of 
exposure. 

Other metal salt chelate polycers of OIOT were prepared 
but films could not be cast, owing to their Insolubility In various 
solvents. 

Chelation of OIOT films occurred, however, readily on 
plates or on brass plates. The film cast on brass adhered 

well for 4 hours in boiling water. Discoloration of the OIOT 
occurred simultaneously which is Indicative of a picking up of metal 
lone. A film of OIOT east on aluminum could not be removed by 
boiling the film with the aluminum plate In hot water. It was still 
firmly attached to the aluminum base after boiling the sample for 
3-4 days In water. This interesting adhesion lo possibly due to 
a polymer-to-metal self-bonding. 

2. Fabrication of Chelate Plbors 

Such chelate properties of filas and fibers may lead 
to Interesting applications in the field of high terpsrature eate- 
rtftls. Chelated OIOT fibers might possibly afford a new class 
of high temperature-resistant fibers. Such fibers which carry 
metal salt® could be further treated by reducing the metal salts 

to Me®. 

OIOT fibers were, the re tore, chelated in a KIP bath 
containing about 10-15^ of mstal salt. In so« eases, a email 
aEomt of tertiary main®, e.g., N^'-dtoothyl anllino, cas added 
to sate tí» ea.lt bath mo« basic. This gens rally resulted in 
less extensiv® chelation. 
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When oriented (drawn) fiber (T/fytoi - 3-2/^7/51) was 
used« the fiber properties« after chelation, as shown In labié VII 
appeared to correspond to those characteristic of unorlented 
(as-spun) OIOT fiber (T/t/ili - I.8A18AD with no Indication of 
x-ray orientation. 

Ions such as cobalt, ohronluB, silver, tin, and copper 
have been used In this exploratory Investigation. A special ea@e, 
however, seemed to result when AgNOg was used as metal salt. In 
IMP, chelation resulte In a straw colored OIOT/AgKTCh} fiber. When 
this fiber is run through a subsequent N,N'-dimethyl aniline bath, 
the tert. amine, surprisingly, will reduce AgNOj on OIOT to give 
Ag°/OIOT, with fibers having a silvery, grey, or black appearance 
depending upon conditions, such as tempera turo, exposure time and 
concentration of solutions. 

The change in yam properties and the reversion of 
oriented to amorphous yam (Table vn)was paralleled by a similar 
property chang» when crystalline and oriented (drawn and redrawn) 
OIOT fiber waa chelated (Table VIII; 27, 28). The chelated yam, 
in this Instance, had lost Its original crystallinity, and appeared 
to correspond to oriented (drawn) OIOT fiber (T/S/il± ■ 3«2/27/01 ) 
with respect to fiber properties. 

TABLE VIII 

27 

28 

29 

CoClp-Bath ~ 

IMP 

mp + nm* 

vm + IMA* 

HIGH TEMACITY CHEMIE FIBERS 

OIOT Fiber Chelate Fiber Crystallinity 
T/e/teL- T/E/t*L__ 

5.2/2VB0 2.3A5/55 

5.2/24/80 3.4/27/59 

1.0/96/39 0.8AQ0/39 

of Additive 

+ 

trace 

4. 

Color 
of Fiber 

Green 

Olive 

Green 

-dimethyl mâMm. 
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A sample of aa-spur. (amorphoua ) OIOT fiber eas also 
ebelated (Table Vin, 29). It retained all Its fiber properties. 

m gh t«qperature stability ml^it result if these high 
tenacity chelate fibers were reduced to OIOT/toe® fibers. 

3. Reaction with Alkoxldae 

During the course of Investigations on polyhydras ides» 
It was noticed that OIOT gave highly viscous and partly swellable 
solutions when treated with alleoxy derivatives such as sodlua 
■sthoxlde or aluminum isopropoxlde. When a 1^ solution of OIOT to 
dimethyl sulfoxide was wanned to 70®, an unusual viscous gel-lis» 
mass resulted. No change In appearance resulted on standing for 
over 2 days at room temperature. Evaporation on a steam bath 
resulted In a continuous film which was yellow In appearance aM 
did not melt below 400®C. After drying In a drying oven overnight, 
it was analyzed and shown to contain 305» ash. 

A similarly viscous solution resulted by treating a 1^ 
solution of polyhydraslde In dimethyl sulfoxide with sodium 
aethoxide. However, In this Instance, a brown solid precipitated. 
It was washed with ethanol and dried. Mlcroanalytlcal analysis 
showed It to contain 20.2$ ash. 

A structural analysis of both metal alkcxlde derivatives 

of OIOT has not yet been successful. 

Polvf1.4-oxadlazoles) and Fiber 

1. Synthetic Routes to Rate Polymer 

Hulsgen and coworkers have reported extensively (12,13) 
on the reaction of tetrasolee with acid chlorides. It gives 
1,3,4-oxadiazoles. He successfully 



I 
V 

made ollgooyolio oxadlazoles. Including ona consisting of a 
nine-meobered ping system with alternating g_-phenylene rings and 
oxadlazole rings, nils reaction has been used to prepare a number 
of model compounds for PODZ-I/T as described In a later section. 

Fiitggftn and eoworters attäüpted preparation of polyoxa- 
dlazoles (13) by the following variation of the Initially explored 
reaction. 

The resulting product resembled the 9Hmeœbered ©ligo- 
oxadlazole but could not be reorystalllzed. TMs polyoarlzation 
was, therefore, not further pursued. 

Abshlre and Karvel (4) have reported the preparation of 
several aromatic polycxadlazoles from ditetrazoles and dlacid 
chlorides In Inert solvents. This type of preparation was repeated 



using anido solvents such as haxansthylphosphoraolde in ths hope 
that higher molecular weight polymer would result. A few experi¬ 
ments using this route yielded polyox&diazole with viscosities 
lower than 0.3 (to sulfttrlo add). 

Another method for preparing polyoxadlazoles was briefly 
studied. It Involves reaction of bis-ortho esters and dlhydrazides 
In accordance with the monomeric model reaction reported by 

Ainsworth (14). 

The preparation of bis-ortho esters can be carried out by treating 
dllmlnoesters with absolute alkanols according to monomeric model 
reactions (15). Three diimlnoester hydrochlorides (16,17) have been 
prepared. They ares dimethyl imlnosucclnate, diethyl Iminosuccinate, 
and diethyl imlnoisophthalate. The diethyl ortho-succinate has 
been prepared with great difficulty In reasonably pure form and 
reacted with isqphthalic dlhydraslde. No high polymer resulted. 

2. PoLvoxadlozole Bulk Polveer from 0I0T 

The inaccessibility of high molecular weight polyoxa- 
dlasoles by above routes, the lack of solvents for such polymers 
and the excellent synthesis of high molecular weight polyhydrazides 
discovered by Prazer made 0I0T and Its fibers the potential 
intermediate for PGDZ-I/T. 

The eyelodehydratien of Eonamerie model reactions is 
carried out at elevated tasçaratunea (thermal conversion) or in 
solution with chlorosuifenic acid, sulfuryl chloride, toluene 
sulfonic seid, tosyl Chlorid«, organic anhydrides, sM sulfuric 

acid. 

R-C^ 
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Hone*, several types of conversions were studied and 

are described In the following paragraphs. Thermal conversion of 

polyhydrezide fibers Is described In a later chapter. 

Conversion of polyhydrazlde bulk polyeer at elevated 

temperatures was studied by heating a finely ground (40 mesh) ta>*le 

of 0I0T for 48 hrs. at 283* (0.4 bei.). The resulting PCDZ-I/T 

bulk polymer analyzed correctly for polyoxadlazole, as Judged by 

carbon, hydrogen, and oxygen analyses. 

Six samples of polyhydrazide fiber were heated In a 

steel bomb with steam at 254°C. (Inside torperature) and 585 lbs. 
pressure. Steam at this temperature did not effect cyclization 

and the fiber degraded badly. 

Thermal conversions of polyhydrazldes In solution were 

also attempted In hexarsthyIphosphoranlde at 200°C. by heating a 

10^ solution for 24 hrs. under nitrogen. During the course of the 

reaction, solid polymer precipitated ehlch analyzed for polyoxa- 

djazole with a 90$ degree of conversion as Judged by carbon, hydrogen, 

and oxygen analyse8. 

MUd dehydrating agents in solution, such as N,N- 
dicyclohexylcarbodilmlde, trlchloroacetonltrlle, and tetrachloro- 

dlfluoroacetone were without effect. No change In oxygen analysis 
was obtained when samples were withdrawn over a period of four 

days. Strong dehydrating agents such as acids or bases degraded 

the polyhydrazide partially or totally while conversion occurred. 

mngsberg (19) had reported that symmetrica! aromatic 
dlhydrasldea could be converted into 2,5-dlsubstltuted 1*3.4- 
esadiazoles by the reaction of phosphoazo-derivatives of eyclo- 
haxylamine [CgHuN-MICgHn]. a 2*5$ solution of OIOT in a 
mixture of dimethyl sulfoxide and o-dichlorobenzens was treated 
with the phosphoazo -derivative of cyclohoxylanine and of rmilin®. 

heating on a steam bath a yellow color appeared in each eaoej 

both solutions were precipitated with aeeton®, washed and dried. 

B» amiyfcieal results showed that high molecular weight poly- 

hyd.m.tîiîe was recovered unchanged in each casa. Heno®, this msthoá 

is not suitable for conversion of polyhydrazldes into polyoxadlasole®. 
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Bie polyaer from the above solution and bulk conversions 
was not soluble In conventional polymer solvents Including trl- 
fluoroacetlc add, hence could not be fabricated Into films and 
fibers. Por this reason. It was necessary to convert polyhydrazlde 
fibers by thennal conversion Into polyozadl&zola fibers. 

3. Conversion of Fiber In Vacuum 

Bils study was designed to furnish Information about 
the dehydration-cycllzatlon t&schanlsa In conjunction with fiber 
properties. The goal was to find optlnua conversion conditions. 
Such conversions were carded out with polyhydrapide (0I0T) fibers 
at 222°, 2tó°, 265* and 283°C., whereby the fiber sanples were 
wound around ssa.ll perforated metal bobbins. Bose bobbins ware 
placed In a tube which was evacuated and then heated in solvent 
vapors corresponding to above boiling points. A ear^pl® of bulk 
polymer (40 mesh) was likewise converted at 283“ (vac.). 

Por fiber ccnversions, 0I0T yam (T/F/fói ® 5/2H/&0 ) 
was used. Samples of individual runs, coapdslag 3-6 bobbins, were 
periodically withdrawn In order to follow the conversion with time. 

The withdrawn samples were analyzed (l/E/Mi, ¢0, IR) 
and showed the following results which are typical for this type 
of conversion. 

No conversion occurred at 222* withir J2 hre. as evi¬ 
denced by virtually unchanged oxygen analyses. However, the yam 
properties changed from T/E ■ 5*2/20 to 2.6/¾. 

At 242* there was a slow conversion, estimated by oxygen 
analysis to b© 50# in about 43 hrs. The yam properties gradually 
changed from T/E » 5*2/20 to 1.9/5» 

At 265* the yam conversion proceeded with noticeable 
rate but within 30 hrs. the yam properties had changed fres 
T/E « 5.2/20 to 0.7/O.6. After 72 hrs. at 233° the sitse result 
(T/E ® 1.0/l.O) ms observed with nearly conflate conversion to 
PÖKL 

Conve»ion studies in vacuum were mmberuam and gave 
inhc»ogene«is fiber ©sjexjIss after conversion. 
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4. Ccaavaralon of Fiber m Solveafe ^porg. 

It nas believed that eoaverslon in solvent vapors at 
tetnoeratores ranging frcaa 270-290°C. would provide better ecnver- 
sion conditions because of better heat transfer . Jltos^ 
of conversions were carried out In refluxing diphenylffiethane, 
265*0?, and diphenylethane, 283*0. Because of the known chelating 
tendency of polyhydrazides, the conversion °f ekoiM of OïOT os 
carried out on "Teflon" bars, thus avoiding glass rods or ^tal 
bobbins. A larger sacple of OIOT, after conversion at 265 , os 
used for thercal stability studies which provided a eeocsd 
cycle. The initial polyoxadiasole propartios ara given In Tabla IX. 

TABLE IX 

P0iy-1.3,4-OXADIAZOLB (POPZ-l/D FIBER PROP! 

Ten. (T), ^ Elong. (E), Mod. (%) 2.6/3.1/124 

Denier ^,0 

Loop (Tenacity/Elongation) 1.8/2.8 

Denier 
Knot (Tenaclty/Slengation/Modulus) 2.3/2.8/79 

Denier 

X-ray Ciystallinity Ca*ount/|>erfectlon ) low/low 

X-ray Orientation (degrees) 31* (cuter) 

38e 

Oseygea Analysis (Ihecr. 11.1C^) 

fcte investi^tion It was noticed that saiero- 

analytical data are not as reliable as wcuM be desirable. 
meeeg>leb® ccseMbUok or actual precamo of ©«h of un!:nyra origin 

would require ft detailed analytical study. 

gal©roanalytleal results begin, to indicate cos- 

pletio© of emmmlm (with consistently oxyc^a 
'such as tfeOB® shorn in feble IX cteraetoristic for initial 
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polyexadiÄSole fiber properties. Further heating of ouch initial 
polyoxadiazole fibers st 28o* or, more efficiently, et 300-4004C. 
slightly changes Initial properties, T/E/^i - 2.6/3.1/124 to 
final properties, ^/¾¾¾ ■ 1.0/L.0A°9 which then no longer change 
on continued heating, but still show high oxygen values and 
occasionally ash of undetexvilned origin. 

5. Conversion of Fibers in Nitrogen 

In order to obtain large sarnica and to circumvent the 
cumboraoaae procedure of exposing fibers to solvent vapors (whereby 
solvents quite often show signs of degradation). It was decided to 
use muffle furnaces (with Hg leads) for conversion of 0I0T fibers 
at 280*C. 

Hence, a great variety of polyhydrasides was converted. 
Steall or large samples were placed In furnaces and allowed to react 
for periods usually In excess of 2 days, until mlcroanalytlcal 
data showed constant values as sign of complete conversion. 

Only a few representative sarplea, as shown In Table x, 
Indicate that conversion proceeds to the Initial polyoxadlazole 
fiber. 

TftELE X 

DÍITIâlí FOLYOXADIAZOLB FROPERITES 

29 2.6/3,1/124 12.10 

49»1 2.8/3.6/104/3.9 13.38 

49»3 2.4/6.6A02/3.5 12.40 

49*4 3.0/3.2A49/2.8 11.89 

?0~2 3.2/^4/140/3.5 12.20 

Note 

Converted in boiling dtpiienyl- 
methane 273*C. 

Converted in nitrogen at 280*C, 
{furnace ). 

Converted In Mg at 280®C. 

Cyelized In furnace (Kg, 280*0.). 
Sassple contained ash. 

Courtesy W. Swesny asá 
C. Srullsn. Sorple eoata.inM ash. 
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Further heating at 300-400*0., In analogy with above- 
mentioned eases, produces final poiyoxadiazole properties 
(T/fyKj.^ 1.0/1.0/90) as will be discussed In conjunction with 
thermostability studies In a later section. 

Thus, conversions in muffle furnaces at 28o°C. represent 
the most suitable means of converting polyhydrezida fibers into 
polyoocadiazole fibers. While see» Irprover^nts can be visualized, 
such as better conversion control with standardized analytical 
methods, there appears to be much reason to believe that tkcce 
properties are representative of polyoxadlazole fibers derived from 
all-eresatio polyhydrazlde fibers. Since PODZ-I/T effectively 
represents a polyphenyl analogue. Its fibers are expected to 
possess high chain stiffness, as expressed by low elongations and 
high moduli. 

6. Model CoBToounds 

Oligo-oxadiazoles have been prepared as model eerpounda 
for thermal stability studies of PODZ-I/T* Generally there are 
two possible synthetic approaches. Oao utilises the ring closure 
of hydmzides to give osadiazoles, the other calms use of the 
Hulsgen reaction (12,13), 1.«.» the reaction of totmsoles with 
add chlorides. 

JHHNHL 
F- -C C 

H n 

0 0 

.>oo 
’mm? unmibstltuted model eo^oraads for TOM-I/T 

(o0d®4 0-1 to 0-8) wes« prepared ecoordingly {Tabla XI ). ®s« 
lower aœ&ar® (3 to 5 rlns21) eonvsalcntly prepared frea 
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oUlgo-tydiMldes H-3, E-4, and H-5 by ccevertlng them into the 
oorrespending oligo-oacadlaaolee. tte higher msmbewd cradlaaolee 
(5 to 9 rings) were prepared by the Atlsgen reaction fl&fel® XII) 
because synthesis and purification of the precuroor-hydrazidcs 
would present a forbidding problem» Model compound 0-5» a flTO- 
nembered ootadiazole, was prepared by both cathode with identical 
properties. Ctediasoles 0-7# a S-csnborad nodal ccrpound, end 0-8j 
a ISnseabered polyphenyl analogue (molecular weight ** 1000) are 
cost useful for a eceparatlve evaluation of thorcal stabilities of 
polycocadl&zoles and ollgo-oradlazóles (as discussed later ) end for 
a spectral analysis (Figure 1). 

Halogen (13) has shown that the oxadlazole moiety is 
spectrally equivalent to a fc-phenylene coiety as evidenced by 
identical bathochrcaic shifts in going frca biphenyl (2 rings ) to 
texphenyl (3 rings) to noviphenyl (9 p-sphonylene rings) and in 
going from 2-phenyl-1,3#4-ozadlazolô (0-2, 2 rings) to 2,5- 
dlphenyl-1,3,4-coadiasole (0-3, 3 rings) to 0-4 (5 rings) and 0*4 
(9 rings)» T*1!1* nine-ceabered noviphenyl analogue was the highest 
Berber he was able to prepare. 

Uh» om^ugatien in ^«jpolyphenylme and ^«pelyesadiasoltg 
^ different fren that observed is R-polyphenyls and 

coataining s-phenylene rings. Gillen and Esy (20) 
fossd ttßt ti» long'-wave abseiption maxim in a-polyphcs^ls an® 
©«astaafc to position for n « 2-16 end that the extinction 
consists additiv©ly of "oiohooyl ertinotlonn, 

Slae« P01S-1/¾1 is not a js-pelyphenyl analogue, eonjs^» 
tlm to it® spectms waîld be Halted, The saare should bo true 
of TODZ-l/r model ciS3>«fflä8 rach as 0-5 Í5 rtogß )» 0-7 (9 ntogs ), 
and 0-8 (13 rings). 
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OXADIAZOLE SPECTRA 
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ttlB la borna out by Inspection of the try spectra of 
unattbatltuted oxadlazoles contained In Table XI (Figure 1). 1 
However* since the aradlas ole structure Is equivalent to ¡»«phecjrlene* 
the only »-structures in oligo-oxadlazoles 0-5, 0-7, and 0-8 
originate from aeta-phenylene moiety. 

The light absorption of oxadlazoles prepared for fole 
stud7 should, therefore, be representative of the following 
polypheny Is (Table XIII): 

TABLE XIII 

OXADLAZOLES AND m-FOLSPHENYLS 

Qxadlazole Equivalent m-PoIyphenyl 

Th» analyses of various substituted oxadlazoles, as 
prepared for this study as toterrodlates, art tabulated in 
Table XIV, together with physical properties of « few stellar 
eossposado m reported by Sulsgsa (12,13), Tt».m eœfHjmd® Mm 
not be*« waluatsd further. 
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Thermal Stabilities of Polymers 

1. Thermal Stability of the Oxadlazole Structure 

The thermal stability of poly(l,3,4-oxadiazole) fibers 

was Investigated In order to assess accurately their possible 

utility at elevated temperatures. This study was carried out on 

thermogravimetric balances, and the programmed thermogravimetric 

analyses (TGA) are reproduced in Figures 2 and 3. 

Curve 1 (Fig. 2) is reproduced from a programmed TOA 
run (N2) using PODZ-l/T fiber with fiber properties (T/e/Mi - 
2.6/3.1/124) as shown in Table IX. 

Curve 2 (Fig. 2) is reproduced from a paper of Abshire 

and Marvel for PODZ-l/T bulk polymer with an inherent viscosity 

of T) - 0.01 (2JÉ, H2SO4). 

Curve 3 (Pig* 2) is a record of a TOA run using a 

9-membered ollgo-oxadlazole (mol. weight ^ 600). 

Curve 1 (Fig. 3) is reproduced from programmed TOA of 

the polyhydrazide 0I0T,. which is converted into PODZ-l/T. This 

reaction - although normally carried out isothermally - proceeds 

also with programmed temperature increase. Water loss occurs 

and the plateau shortly before 400-450° shows that polyoxadiazole 

has formed. 

Curve 2 (Fig. 3) is the record of a TOA run using poly- 
(octamethyiene uihydrazide). As in case of curve 3 (Fig. 2), 

conversion occurs, is completed at about 350°C., and P0DZ-(CH2)q 
gives evidence as stable species at temperatures above 350°C. 

Thus, aromatic poly-1,3,4-oxadlazoles (examples 1 and 2; 

Fig, 2) are thermally stable and decompose between 450 and 500“C. 

Aliphatic polyoxadlazoles (example 5) degrades between 4QQ-450°C. 

Such differences between aliphatic and aromatic species, which are 

reflected also in melting points, are expected. The aliphatic 

example has, therefore, been included only for reference. 

2• Fiber Properties at Elevated Temperatures 

Polyoxadiazole fibers, PODZ-l/T were investigated care¬ 

fully by a study concerned with the thermal stability with respect 

to fiber properties. 
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TABLE XV 

Sours 

2 

4 

6 

24 

52 

72 

96 

120 

IW 

166** 

24 

48 

72 

THERMAL STABILITE OF PODZ-I/T FIBER (300-400*0,j 

Initial Fiber Proparti«* T/E/Ml/dan. - 2.6/3.1/124/3.0 

2.5/4.8A02/3.2 

2.6/3.2/108/3.0 

1.3/1.4/114/2.9 

1.1/1.1/93/3.2 

1.2/1.2/87/2.7 

1.7/1.6/87/3.0 

2.0/1.8/105/3.1 

1.2/1.2/112/2.7 

350^., 

96.5/>100/50.0 

100.0/>100/8l.2 

50.0/45.2/90.0 

42.4/35.2/75.0 

46.2/38.1/70.0 

65.4/51.6/70.0 

76.9/58.1/84.7 

46.2/38.7/90.3 

Air (b.o.) 

2.1/2.2/103/2.7 

2.1/2.2/113/2.9 

1.7/1.6/U0/3.0 

80.8/71.0/83.1 

80.8/67.7/91.1 

65.4/51.6/88.7 

2 

4 

6 

24 

150 

2 

4 

6 

24 

48 

1 

2 

6 

12 

24 

48 

72 

300*0.. Hltrown (b.o.) 

T/E/Ml/Dcn. 

2.7/4.2/104/3.3 

2.8/3.6/91/2.8 

2.3/2.2/104/2.7 

2.3/2.4/107/2.9 

1.7/1.6/87/2.9 

5100/5100/84.0 

>100/>100/74.5 

92.5/71.5/84.0 

92.5/77.5/86.5 
65.4/51.6/70.0 

325*0.. Hltroaan (b.o.) 

2.6/2.7/145/2.5 

2.8/3.9/139/2.9 

2.4/2.0/136/2.9 

2.0/1.8/149/2.8 

Not tested 

100.0/87.1/>100 

>100/>100/>100 

92-3/64.5/>10O 

76.9/58.1/>100 

350*C.. Nitrogen (b.o.) 

2.8/3.9/102/2.8 

2.4/2.8/101/3.2 

2.7/3.4/118/2.8 

1.9/1.9/105/2.9 

2.3/2.2/132/2.9 

2.5/2,6/128/2.8 

1.7/1.4/164/2.9 

>100/>100/82.5 

92.5/90.5/81.5 

>100/>100/69.0 

73.2/61.2/84.5 

88.5/71.0/5100 

96.2/83.9/5100 

65.4/45.2/>100 

96* I.I/I.I/IO2/3.3 42.3/32.3/82.3 

375*0« Air*** (b.o.) 

2 1.8/1.8/81/2.9 69.2/58.I/65.3 

4 1.9/2.2/72/2.8 73.I/71.O/58.I 

6 1.7/1.7/66/2.7 65.4/54.89/53.2 

48® 

1 

2 

4 

24 

40* 

1 

1.6/1.3/100/2.7 61.5/41.9/80.6 

400*0., Air (b.o.) 

2.0/2.3/77/2.6 76.9/74.2/62.1 

2.4/2.7/64/3.1 92.3/87.1/51.6 

2.1/7. .9/81/2 .5 

2.5/2.6/67/2.6 

1.8/1.8/84/2,,8 

450-0., 

8O.8/6I.3/65.3 

96.2/83.9/54.O 

69.2/58.1/67.7 

SwpX®3 partly burnt and degraded 

96* 1.2/1.2/83/2.7 46.2/38.7/66.9 

375*C■, Nitrogen (b.o.) 

2 1.5/1.3/118/2.9 57.7/42.9/95-2 

6 1.2/1.2/97/3.3 

24 1.6/1..4/112/2.7 

46® I.3/I.I/92/3.O 

46.2/38.7/78.2 

6I.5/45.2/9O.3 

50.0/35.5/74,2 

400*0., Nitrogen (b.o.) 

4 1,7/1.8/100/3.0 65.8/58.1/00.6 

6 1.6/1.3/89/2.9 59.6/48.4/71.8 

24* 1.3/1.2/102/2.8 50.4/38.7/82.3 

450-0., Nitrogen 

$&8ipl.«8 partly burnt and degraded 

®Longer ©xposur*# times produced fib«r which waa too brittle to 
^Pifeer was too brittle to teat in duplicate 8 

aaraplea partially degraded >4 hr a „ in <3upli«*te runs Cue to uneven heating. 
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A number of PODZ-l/T fiber samples, on perforated metal 

bobbins, were placed into muffle furnaces, the temperature. of 

which was accurately controlled by Pyrovans. By this procedure, 

samples - in air or in nitrogen atmosphere - were kept at constant 

temperatures between 300° and 4508C. for prolonged periods of 
time. At given time intervals, samples were withdrawn and fibers 

were tested (T/fc/Mi/den./#0). 

The results of this study are contained in Table XV. 

Polyoxadiazole, PODZ-l/T, with Initial fiber properties (T/E/Mj/den. - 

2.6/3.I/I24/3.O) were heated and attained final PODZ-l/T fiber 
properties [T/E/toi/den./^ I.I/I.I/90] after a certain time at 
temperatures between 300® and 400#C. (in air or nitrogen). 

In agreement with the TOA curve 1 on Figure 2 the 

PODZ-l/T fibers disintegrated at temperatures between 400° and 

450°C. 

Data reported in Table XV refer to b.o. (boiled-off) 

fiber properties. 

3. Final Oxadiazole Fiber Properties after 

HT-exposure__ 

As becomes evident from Table XV, polyoxadiazole 

properties change upon exposure to high temperatures. Thus, 

Table XVI was compiled to elucidate final and constant fiber 

properties of PODZ-I/x. 

TABLE XVI 

FINAL POLYOXADIAZOLE PROPERTIES 

44-9 

39-4 

48-4 

54-4 
43-4A 

43-5 

TA/Ml/Den, 0# Note 

I.I/I.I/93/3.2 
1.2/1.2/112/2.7 

2.I/I.8/I36/3.6 
1.3/1.1/92/3.0 

I.I/I.I/IO2/3.3 
1.2/1.2/83/2.7 

11.57 

11.80 
» 
# 

« 

«■ 

After 

After 

After 

After 

After 

After 

52 hrs. at 300° (air). 
168 hrs. at 300°C. (air). 

48 hrs. at 400°C. (air). 

48 hrs. at 375°C. (Ng). 

96 hrs. at 350“C. (air). 

96 hrs. at 350° (Ng). 

* Not yet available. 
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Onia, It appears that the Initial PODZ-l/T fiber 

(Sable X) obtained by complete cyclization of OIGT possesses 
a fiber structure which gradually changes Into a theroaliy more 

stable but stlffer structure. Thus* the final polyoacadiazole struc¬ 

ture has lower elongations and higher zsodull and Is* therefore* 

most characteristic of a polymer consisting exclusively of intra- 

Unear aromatic rings. 

1. Poly (1.3.4-oxadlazole Fiber Properties 

Poly(l,3,4-o«idlazole ) fiber, PODZ-I/T* with high thensal 

stabilities has been prepared by cyclodehydration of polyhydraside 

fiber, OIOT. 

OIOT fiber for this study was prepared with various 
levels of properties and with various degrees of crystallinity. 

In general* tenacities (T) ranged fren 3 1° 7 gpd»* elongations 

(¢8) from 10-24# and moduli (Mi) ranged from 80-169. 

Optimum conversion of OIOT fiber proceeds at 280*0. In 

a muffle furnace under positive nitrogen pressure and is completed 

In 48-72 hrs.* as evidenced by analyses. 

PODZ-I/T fiber obtained in this manner had the following 

typical fiber properties: T/É/î-îi/den. « 2.6/3.1/124/3.1 and 
was thermally stable when exposed to prolonged periods of time 

to temperatures of 400*C. 

During heat treatment between 300 and 400*C. the initial 

polycocadiazol© fiber apparently undergoes a structural change and 

final reproducible polyoxadlasole fiber properties are: 

T/fc/toi/dea. ^ 1.3 A • VW3 • 0 • 

Chemically, the polyomdiaaole structure ms found to 

degrade severely between 450-500*0. 

2. Cone Ms iona 

Öse preparation of poly{1,5» 4 —cxry3iasol®} represent© 
a snjor breakthrough in tsodem polypi?* technology. ’«Mle reactions 
ok polysasps are usuaJJy sot very efficient, poly(l,3#4-<xssd.iasolffi3 ) 

53 



?eaâl3y reetult tor thenaal cyclodefcyxlrafcloß of polyt^dnisldee. 
The reaction goes to completion even In fiber form, end the 
resulting poly(l,3,4-oatadiaaole) fibers have measurable fiber 
properties even after prolonged exposure to 400*C. in air or 
nitrogen. 

Bsperlcental 

Preparation of OIOT ln NMP and KffA 

A solution of 48.5 g. isophthalie dlhydrazlde In 323 ml. 
Nnnethylpyrrolidone containing 15 g. lithium chloride la cooled 
in an ice bath. To this stirred solution ara added ¡50.75 g. tere- 
phthalQjrl chloride, and the reaction nixed is stirred overnight 
prior to Isolation which affords a polyner with a malt temperature 
of 370*0. and an Inherent viscosity of 0.84, 

In a similar experlEont in rhich only 10 g. lithium 
chloride are used and the diaoid chloride added in 5 equal portions 
at 5Hmlnute intervals, the Inherent viscosity Is I.50. 

The most useful solvent is hexermjthylphosphomrd.de (HTIPA). 
Polymer prepared In HTIPA at roca temperature is trashed three tinas 
with distilled and deionized tater and threo timas ulth dry methanol. 
It is then dried at 83*0. (vac.). The polynar prepared in this 
manner had a polymer calt temperature in emcees of 370*0. and 
Inherent viscosities of at least O.90 to 1.00. 

Dirathyl acetamide (üTIäc), although a good solvent for 
prepared polyhydrazide OIOT, cannot be usod to preparo high molecular 
weight polymar fron the Intormodlate, Eia best rçinh tas 0.3 to 0.4. 

Preparation of OIOT in hexamathyl phosphoramld® did not 
respire tte addition of lithium chlorlda to tha prcparctlve solution, 
as w&s aacescaiy when using N-csthylpyirolldcma (KHP) as solvent. 

OIOT solutions up to 25# in concentration K®re found 
t© be a table in NMP, B&ISO, and to Elle oontalnl rg 2 to 
M.C1 for porlods ©xcee-disg mo month, Even an original prepara¬ 
tive aolutioa containing OIÛîyïp.îHl/TiCl tm.s rather stable, So 
lÆterwt viscosity changed fren 0,90 (dey of OIOT preparation) to 
O.67 (after four reeks of betes te KWA/BCl eoluticn)". 



OIOT/agClg Chalate Pila 

OIOT, 0.75 g. (0.0046 soles) ln 3 al. OKAo «as diluted 
to 10 al. To this solution «as added 1.3 g. (0.0048 aoles) 
mercurio chloride which dissolves. Hie faint yellow color, of the 
solution, disappears simultaneously. Through an eyedropper were 
added 0.3 ml. of trie thy lamina which turned the solution very 
viscous and gave It an Intense yellow color. It tas diluted with 
stirring to a fixai volume of 40 ml. A fila was cast from this 
rather dilute solution. This fila was dried In a vacuum oven at 
80*C. over a period of a week-end. A tough film of the cholate 
resulted. When this film was dried in air Instead of In vacuum, 
it turned brown and discolored. A similar discoloration was noticed 
when this fila was heated to 250eC. 

2.5- Dichloroterephthaloyl Chloride 

2.5- Dlchloroterephthalic acid, 160 g., was refluxed over¬ 
night with 50 ml. of thienyl chLorida. 3he yellow suspension 
gradually became a yellow solution after a feu drops of EH? was 
added. It was filtered through glass wool to remove black solid 
particles from the acid chloride solution. Excess thienyl chloride 
was removed by vacuum distillation. The oily residue was 
up in n-hexane, stirred with charcoal and filtered hot. Crystal¬ 
lization produced colorless 2,5-dichlorotarephthaloyl chloride, 
m.p, 8l'C. 

AnaJU Caled, for CsH^Cl^t C, 35.33; H, 0.74; Cl, 52.16; 
found* C, 35-531 H, 0.76; Cl, 52.87; C, 35.45; H, 0.76; Cl, 52.07; 
C, 35.45; H, 0.90; Cl, 52.95. 

Bibenzoylhydrasine fio) 

The preparation of this compound has been carried out In 
two ways. The first reaction was that of banzoyl chloride in 
BKAe reacted with hydrazine hydrate in E!Ao. The product of this 
reaction «sas identical with that of a preparation which is 
described in Organic Synthesis. Els preparation involved reac¬ 
tion of lydrasio® sulfate (0.5 moles) with freshly distilled' 
berkzqy! chloride (1.0 mol©) .and sodium hydroxide. Tho yield of • 
the recrystallized product, m.p. 2336C., was 80 g, (66$). 

Äled. for C, 70.00; H, 5.04; N, 11.66; 
C, 69.90; H, 5.10; », 11.64; C, 69.70; H, 4.95. 

55 



sjsii Jf< a: 
Dlb«asoyltewphthallo dltaaräroside m¡¿ preptrtá la nifto 

solution with added add acceptor. In a 250 ml. round bottom 
three-necked flask adapted with stirrer, condenser, and dropping 
funnel was placed 73 ml* of MAe and 9*7 8» (0.05 moles) of tere- 
phthalle dlhydrazide uhlch previously bad been rigorously dried. 
To the stirred 2.0 ml. of triethylanlne solution was added a 
mixture of 50 ml. of MAc containing 21.0 g. (O.15 moles) of 
benzoyl chloride. The addition ma complete after one-half hour, 
îhe resulting solution was stirred and heated for one hour. It 
was poured Into a large volume of cater. 7m resulting product was 
filtered and washed with hot methanol, hot water, and acetic add. 
white solid was dried In vacuum at 100*0. it was recrystallized 
and the final pure product (I6.0 g.; B4fS) had a sharp melting 
point of 360*0. 

Anal. Caled, for C22H18N4O41 C, 65.66; H, 4.51; N, 13.93; 
Pound: C, 65744; H, 4.68; N, 13.8O; C, 65.43; H, 4.60; N, 13.80. 

N1-Dlbenzoyllsoohthallc Dlhydrazide 

BUs solution was prepared In a similar fashion as the 
para-phenylene analog above. The solution was washed with water, 
and the precipitate was recrystallized from glacial acetic acid. 
The pure white product (13.6 g.; 66#) had a melting point of 
318-320*0. 

Anal. Caled, for C22H18N4O41 C, 65.66; H, 4.51; N, 13.93; 
Pound: C, 65.70; H, 4.59; N, 13.80. 

2,5~Mphenyl-l,3>4-oxadia%ole 

Dlbenaoylhydrazlne, 7.20 g. (0.03 moles) was dissolved 
and refluxed In phosphorus oxychloride (80 ml.) for four hours. 
Excess phosphorus oxychloride ma completely removed by distillation 
and the residue was carefully treated with water {in th® hood). 
It tos then washed with water end filtered,. The whit© solid was 
»crystallized froa alcohol to yield a total of 6.0 g. (94#) 
of 2,5-diphQayl”l,3i4“Oxadlazol©, m.p. 144°C. (lit. 138®). 

teal. Caled, for C^Hj^güs C, 75.67; H, 4.54; I» 12.61; 
FcsMj c, 74.9¾ H, 4.¾ N, 12.39; C, 74-92; H, 4.38. 

The 
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1,4-m-[g»gihenyl-5-(1,3.4-oxadiazolTl ) jbcnaeno 

Dibenzoylterephthalle dlhydrazlde, 8.04 g. (0.02 noies) 
nas refluxed in suspension with 18 ml, of phosphorus oxychloride 
for 12 hours. Obere was a noticeable change in appearance and 
crystal structure of the suspended solid in going from material to 
the product. Neither material was soluble In phosphorous oxy¬ 
chloride . Excess phosphorous oxychloride was distilled off under 
vacuum. Water was dropwlse (and carefully) added to the residue. 
It was filtered and recrystallized from dlnsthylformamlde (50 ml./ 
1 g.) to give white shiny plates of the ollgo-oxadlazole, m.p. 
310°C. (lit. 308*0.) (4,6). 

Anal. Calad, for C^Hi^Og: C, 72.12; H, 3.85; 
Pound: C, 71.60; H, 4.01. 

1,3-D1-(2-phenyl-5-(1,3,4-oxadlazolyl ) jbenzene 

This compound was prepared from the corresponding 
dlhydrazlde as described above for the para-phenylene analog. It 
was refluxed for 24 hours. Bie only difference noted was that 
starting material and product were soluble. The final solution was 
filtered (glass wool) to remove small amounts of foreign particles. 
A large amount of the product ciystalllzed out (Fraction I) over 
the week-end. It was filtered and the mother liquor was evaporated 
to dryness (Fraction II). After complete removal of the excess 
phosphorous oxychloride the residue of the mother liquor from the 
distillation was treated carefully with water and the additional 
precipitate was filtered. Both fractions, the original precipitate 
and the additional amount of oxadiazole recovered from the mother 
liquor, were separately recrystallized from dimathylforoamldQ 
(20 mi./1 g.). The melting point of the product® was 250®C, 
This product is not described in the literature. 

Anal, Caled, for C? 72,12; H, 3.851 
0, 8.74; Found: C, 71.70? H, 3.9O; 0, 9.00. 

mis compound, ras prepared fey alternate «stiiods, rasssiy, 
those described by Huisgen (12,13), who discovered that, the reac¬ 
tion of tetrasoles with aeM chlorides gives high yields of 
l,3,4“OX&diEsolss. His method was adapted to the following mmwet 
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6.4o g. of m-phenylene dltetmzole ln I50 ml. of dry pyridine «as 
treated with 17.0 ml. of benzoyl chloride and refluxed for 1-1/2 hre. 
To Insure completion of reaction, the reflux was cut back to 80°C., 
a temperature which was maintained for the reaction overnight. 
It was cooled and a few drops of water were added to destroy excess 
acid chloride. It was then poured into 500 ml. of water. The 
precipitate was filtered and washed with water. An amount of 14.0 g. 
of dry, crude material was obtained. It was recrystallized fren 
dlmethylfomamlde (charcoal) and filtered. The filtrate was placed 
In the refrigerator. The first crop was washed with 10 ml. of BMP 
and then with 100 ml. of water. The white needles (6.6 g. ) were 
dried, m.p. 250°C. Only a very small amount of additional crop 
(1.5 g.) could be obtained from the filtrate, m.p. 250*C. The total 
yield was 83.555 of the theory. 

Anal. Caled, for C22H14N4O2: C, 72.12j H, 3-85; 
Pound: C, 71.6OJ H, 4.10. 

^-Cyanobenzoyl Chloride 

A sample of 50 g. of £~cyanobenzoio acid (Qenessee 
Research Corporation) was treated with 250 ml. of thionyl chloride 
under mild reflux (60*C.). Two drops of DMF were added which 
noticeably reduced the reaction time. Conplete solution (with 
brown color) occurred after two hours. Excess thionyl chloride was 
distilled off. Initially under aspirator vacuum, later under high 
vacuum. A brown residue remained. Biis residue was taken up in 
50 ml. of dry benzene, filtered from a snail amount of brown 
material which was possibly the anhydride. The solution was treated 
with charcoal, filtered and precipitated with 25O ml. of hexane. 
Three fractions were obtained. Fraction I consisted of 21 g. of 
slightly yellow leaflets. Fraction II was obtained on cooling to 
Q*C. and consisted of 18 g. of slightly yellow leaflets. Fraction III 
was obtained on cooling to -40®C., and consisted of 10 g. of a 
yellow to orange colored powder which awaits further purification. 
The molting points of Fractions I and II are In agreement with the 
literature (13*18)# 65-67*. 

Anal. Caled, for CQH4OMCI: K, 9,¾¾ Fmsnd: M, 9.20¾ 
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1> 3-Dl-[g-Ù^^<æ&enyl )-5-(1,3,4-oxadi&zolyl ) ]bcnzena 

A mixture of 21.4 g. (0.1 mole) of m-phenylene dltetrazole 
and 33.I g. of &*cyanòbenzoyl chloride (0.2 moles) was placed in 
ISO ml. of dry pyridine. The reaction vessel was gently heated. 
After the bulk of the reaction had occurred* the reaction was 
refluxed for two hours. The reaction was then poured Into two liters 
of distilled water with good stirring, and was filtered and washed 
three times with water. It was dried overnight In a vacuum oven at 
80°C. The crude yield 30.0 g. of brown solid. It was recxystallized 
from large amounts of dlmethylfonnaolde (30 g./l500 tax./130°C, ) 
using charcoal to give a white powdery product, m.p. 345-347°0- 
The final yield of pure product was 25.5 g. (60JÍ). A second crop 
has not been purified. 

m-Fhenyleneditstrazole 
... » 

This material was generously supplied by Dr. A. H. Fraser 
in pure form. It was not further purified prior to Its use In 
preparations described In this report. 

Anal. Caled, for CßHgKß: C, 44.85; H, 2.82; N, 52-32; 
Found» C, 45-20; H, 2.92; N, 52-00. 

l,3-Di-[2~(£-[tetrazoyl-(5)]-phenyl)-1,3,4- 
oxadlazolyl-(5)l-benzene (0-l4) 

A mixture of 24.09 g- (0.0575) of l,3-dl-[2-(^-cyanophenyl)- 
1,3»4-oxadiazolyX-(5)]-benzene (which had previously been prepared 
from m-phenyleneditetrazol© and ¡j-cyanobanzoyl chloride) and 
13.0 g. (0.20) sodium azide, 8.48 g. (0.20) lithium chloride and 
600 «1. dimethylformaaide was gently i'isated to reflux. Ena reflisx 
was maintained for 1 week. After the first day a slightly pink 
solution resulted with a whit© precipitate which Increased in amount 
as ths reaction proceeded. Th© mixture ras poured onto 2 liters 
of distilled rater. It was acidified with a stall volume of 1/2 cone, 
hydrochloric acid and filtered. Mater and KP am difficult to 
remove (very slow filtration). The solid «a@ fcwlc® boiled with 
water after filtration and then dried at 150/25 sal. It ras 22 
«crystallised fres áissflgrlaoetas3.de {DMAc ) to remre a terneiously 
adhering brown impurity. The product, ready for further reaction, 
analysed correctly and ted a m.p. *> 200eC, 

Anal. Galcd. for 024^14^12¾^^.¾)5 C, 57»36; H, 2.80. 
Pounds C, 56.62; B, 3.25* 
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l,3-Dl-l2-(£-[phenyl-l,3»4-<MEadlaeolyl-(5 ) ]- 
phenyl)-1,3.4^xe.dlazolÿl-(5)]-benzene (0-7) 

Above prepared dltetraaole, 21.0 g. (0.04) was suspended 
In 230 al. boiling pyridine and reacted with I5.0 ml. (0.12) benroyl 
chloride for a period of 8 hours. The white crystalline product 
was extracted with pyridine and IMF. 

ß-Ktembered Ollgo-oxadlazole (0-8) 

The preparation of this ccsopound proceeded in analogy 
to the lower meabered ollgo>cacad^azoles. 4.02 g. (0.004 soles) 
of the ditetrazole, 0-14» were reacted with 4.28 g. of fc-cyano- 
benzoyl chloride (0.025 soles) In pyridine for 24 hrs. Precipita¬ 
tion with water and recrystallization frera IMP yielded 5.00 g. 
pure of dieyano derivative, O-15, n.p. > 320° (degr. ). Reaction 
with LIN3 In analogy to previously described methods and subsequent 
treatment with benzoyl chloride gave 0-8, which was extracted with 
pyridine and IMF since no recrystalllzlng solvents were found. 
M.p. > 400*C.j UV spectrum virtually superinposable with that of 0-7. 

Dimethyl Imlnosucclnate 

A solution of 100 g. (1.25 moles) of succlnonltrlle 
ln 80.I g. (2.5 moles) of dry methanol and 100 ml. of dry dloxane 
was saturated with dry HC1 gas. The white solid precipitated 
while the solution cooled In an Ice water bath warned up gradually. 
The addition of HC1 gas was discontinued and the solution was 
stirred for 1 hr. The solid, being the ditaydrochloride of dimethyl 
iainosucclmte, was filtered, washed twice with dry ethyl ether, 
and stored in a desiccator. 

Diethyl Imlnosuceinste 

Forty grams suceinonitrile were dissolved in 240 ml. 
of dry ether and 46.0 g, of absolute ethanol in a 500 ml. Erleraasyer 
flask adapted with calcium chloride tube, themaseter, magnetic 
stirrer, and ice water bath. Dry hydrogen chloride was added to 
th© stirred solution. After about one-half hour of KC1 addition, 
two layers appeared, the dihydrochloride of diethyl iisinosuceinàt# 
erystelllset! froa th© loner layer with noticeable increase In 
temperature. The solid which resulted was tsashed twice with ether 
to remove excess HOI and dried in a desiccator. 



C, 39*19; H, 7*40; 
7*35* 7.41; Cl, 26.9* 27*1. 

(O.l Bole), a.p. 158-160, 
__ _ and 20 al. of benzene ln 

an Erlenmëyer fíásk. The mixture was stirred and 9*2 g. of absolute 
alcohol (0.2 moles) was added. With continued stirring In an lee 
wattr bath, the solution was saturated with dry HCl gas, atosporod 
and allowed to stand for 24 hrs. The solution was turbid after «• 
hour and crystals appeared after 15 hrs. The solid was filtered, 
cashed with ether and dried in a desiccator. 

Anal. Caled, for C12H18N2O2CI2Ï c> 49.15; H, 6.14; 
Cl, 24. Pound: C, 46.70; H, 6.20; Cl, 25*4. 

72 g. of dry diethyl Iminoisophthalate were placed 
portion-wise into a double-layered solution of saturated potesssiua 
carbonate and ether with rapid stirring. She ether layer was 
several tiznas decanted and replaced. The final ether layer (350 ml.) 
containing free diethyl iminoisophthalate was dried over anhydrous 
sodium sulfate overnight. The ether was then evaporated on a 
Hinco Rotovae with gentle warming. Sie solid was recovered without 
exposure to air and moisture and stored in a desiccator. The 
total dry weight of the pure product ms 9.4 g. 

Diethyl OrthosueciMte 

Methyl imlnosuceiaat® dibydrochloride, 95 8** were 
dissolved in, 600 ml, of absolut® alcohol In a 3-nectod flask 
adapted with nitrogen inlet ealelus chloride tube and stirrer„ 
Sv» solution was stirred for 3 days at roca temperature. It 
then wads alkaline with a X0£ solution of eodiua ethoxld© 
(pfeenolphtfealaln). Excess ©thsnol ms distilled off &eâ 200 ®1. 
of ether were added. Solid which ted precipitated ms filtered 
and washed with ether. Ä® ether ms evaporated in a Hinco Hetovae. 
Iho solid which again precipitated was washed once eoï» with a 
roall amount of ether and the diethyl orthosueciniäte in ©th@:e 
ma distilled, Birees fraction® were obtained: (l) fteoa teapamter® 
(0,0 si.} coasiating of etissr and ftlsoholi (2) boilisag point 
SB-Tire. (0.8 isa. ); and (3) 78“C. (1,0 cm.). 

Anal. Caled, for 081(10211201: 
Cl, 28.94; Pound: C, 38.63, 38.27; H, 

Methvl iwrtnoiflcphthalate 

12.8 g. of isophthalonitrlle 
—1———M «n i» «i. f\t «fcfarl acetato 
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Chslatlng of OIOT Yarna 

OIOT yam «as passed through a W bath containing ** lOjÉ 
salt oetal in 750 al. DMF at 100° + 5°C., with a 12" contact in 
bath. The windup speed was uniformly 15 PPM. Samples of yarn 
thus obtained were dried in a vac oven at 85*0, 

Occasionally it «as desired to chelate the yam in more 
basic solutions to study the difference In chelation With the 
basicity of the bath. In these cases a saall. amount of N,N'- 
dimethylanillne was added. 

The addition of dime thylaniline to the DMF bath of AgNOj 
proved disadvantageous because of Ag* plating with simultaneous 
and vigorous reaction. In case where the effect of N.N'-dlcothyl- 
anlllne in connection with AgNOj chelating teas studied, the following 
arrangement proved useful. 

The yam was passed through a DMP/AgNO^ bath at 100*0. 
+ 5*0. and then through a subsequent DMP-NjN’-dimathylaniline 
bath. In these cases Ag* was directly plated on the fiber [oolor 
of the yam grey, silvery or black] while emission of the second 
bath yielded AgNOg-chalate fiber with straw color and different 
x-ray diffraction. 
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• Aeronautical System« Dirision, Dir/Material« And 
ProcesBe«; Wright-Patterson APB, Ohio. 
$pt Hr ASD-TI3R-62-679. RESEARCH ON AROMATIC POLI* 

MERS FOR THEHMALLÏ-STABLE FIBERS AND FIIMS. Final 

report, July 62, 66p. incl illue., table«, 20 reís, 
j Unclassified Report 

Diaethylacetamlde and dimethylsulfoxide have been 

i «ucceeefully «ployed as dry-spinning solvent« for 

I poly-2,2 * - ( m-phenylene )-5,5' "bibenzimidazole. The 

• physical properties of both fibers appear to be 

I comparable. The fibers exhibit remarkably high 

resistance to hydrolysis and thermal ageing al¬ 

though under the more realistic condition of air 

ageing the thermal properties are not nearly as 

impressive as under nitrogen. The N-H bond in 

polybenzimidazoles is suspect as the weak link 

leading to degradation in the hot oven. To test 

j this hypothesis N-substituted polymers vere 

I prepared via the méthylation of N-sodio polybenz- 

I imidazoles. Oriented and crystalline polyhydrazide 

fibers can be converted by a unique cyclodehydra¬ 

tion reaction into oriented and crystalline fibers 

of poly(l,3,4-oxadlazoles). Conversion of fibers 

(T/E/Mi * 5/2k/$k) of the polyhydrazide derived 
from equimolar amounts of isophthalic dihydrazide 

and terephthaloyl chloride (OIOT) gave fibers 

(T/E/Mi « 2.6/3.1/1245 of poly(l,3-/l,4-phenylene- 
2,5“( 1;3;k-oxaílíazcleJ, PCDS-l/7, which have 

excellent retention of their fiber structure even 

when exposed to temperatures up to 400*C. for pro¬ 
longed periods of time. Such heat treatments 

afford a final polyoxadiazole fiber (t/e/MI ® 1.2/ 

I.2/9O). ,#lThe chemical structure of model compounds 
containing up to I3 alternating rings consisting of 
2,5-{l>3^oxadiazole); m», and p-phenylene 

moieties was found to be stable up to 440°-500#C. 

This Is in agreement with observed stabilities of 

the corresponding polymer towards thermal degrada- 
! tion. 
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