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IT HAS been estabhshed that benzene decomposition starts at 600 °, while m the case of 
hexafluorobenzene the same process begins at temperatures above 650 ° [1]. However, :t 
has not yet been found poss:ble to prepare perfluoroarylene polymers w:th decomposition 
temperatures higher than those of their unfluormated analogues. The decompos:t:on of 
perfluoropolyphenylenes [2], and of polytetrafluorophenylene ox:des or sulphldes [3] takes 
place at lower temperatures compared w:th their unfluorlnated analogues. This is thought 
to be the result of pheno]ate or thlophenolate endgroups partmlpatmg m further reactions 
with the fluorinated phenylene un:ts of the macrochams of these polymers, upon heating. 
The heat-resmtance of carboxyl groups attached to a fluorinated benzene ring m qmte low [4]; 
for mstance, the decarboxylat:on of pentafluorobcnzo:c acid takes place at 197 °, while m the 
case of tetrafluoro-m-phenylened:amtrm the same process :s observed at 203 °. Fluorinated 
phenylened:ammes, e.g. tetrafluoro-m-phenylened:amme or octafluorobenz:dme, are stable 
monomers. However, the thermal and hydrolyt:e stab:hty of polyam:des based on the latter 
are not equal to those of their unfluormated analogues [5, 6]. The functmnal groups respon- 
ruble for polymer formatmn are attached d:rected to the fluorinated benzine rings m the mo- 
nomers referred to above 

I f  an a t t e m p t  were made to separate the fluorinated ring from the funct ional  
groups in the original monomers  by  means of  unfluorinated units, such as phenyl-  

ene rings, it could well be t h a t  the  difficulties referred to above might  be overcome, 
and  polymers  possessing thermal  s tabi l i ty  and  other  properties close to those of  
their unf luormated  analogues might  then  be obtainable.  

Accordingly we synthesized novel  dicarboxylic acids, namely  derivatives of  
d iphenyl  ethers of  hyd roqm none  of  te t raf luorohydroquinone.  F r o m  dichlorides of 
these acids and  different a romat ic  diamines we prepared a series of  polyam:des  
and  invest igated their  thermal  stabili ty,  hydrol~%ic stabili ty,  and certain other  
properties.  

* Vysokomol. soyed. A14: No. 10, 2079-2085, 1972 



Aromatm fluorine-containing polyamides 2443 

I t  s h o u l d  be  n o t e d  t h a t  t h e  a b o v e  d i c a r b o x y l i c  ac ids  a n d  t h e i r  d i c h l o r i d e s  

were ,  as  e x p e c t e d ,  h e a t - r e s i s t a n t ,  a n d  i t  w a s  t h e r e f o r e  poss ib le  t o  p u r i f y  t h e m  

b y  v a c u u m - d i s t i l l a t i o n .  

T h e  f o l l o w i n g  a re  t h e  e l e m e n t a r y  u n i t s  o f  t h e  s y n t h e s i z e d  p o l y a m i d e s .  
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EXPERIMENTAL 

D~-(p-carboxyphenyl) ether of tetrafluorohydroqu~none 3 72 g of chromm anhychlde 
was added, in small portions, whilst stirring, to a suspenmon of 2 8 g of dl-(p-cresyl) ether of  
tetrafluorohydroqumone m 15 ml of aeetm anhydride, 15 ml of its anhydmde and 3 1 ml o f  
sulphnmc acid (d= 1 82) at 40-45 °. Stirring was continued for 1 hr at  40-45 °, after whmh the 
mixture was decanted rote 200 ml of water The precipitate was filtered, washed with water .  
an dined Ymld 2 7 g (82 6~) ,  m p 368-370 ° (pumfieatlon by vacuum-distillation). 

Found, % F 17 50; 17 55 C20H10F406 Calculated. ~ F 17 98 

The (hchlorlde was prepared from the acid and phosphorus pentachlomde at 140-150 °, the~ 
purified by vacuum-dlstfllatmn, and t he product used m the expemments had m p .  157-158 ° 
(from benzene) 

F(mnd, ~o: C1 15 20; 15 32 C20HsCI~F402 Calculated, ~o. C1 15 28. 

D~-(p-earboxyphenyl) ether of hydroqu,none To a solutmn of 10 g of dl-(p-cresyl) 
ether of hydroqumone m I70 ml of pymdme and 84 ml of water were added, with sttrrmg 
for 5 hr, 28 34 g of potassmm permanganate,  and the mixture was boiled for 1 hr, cooled, 
and after 100 ml of water had been added, aeldffied with hydroehlorm acid The residue x~as~ 
dried, and erystalhzed Ymld I1 27 g (94~),  m.p. 313-315 ° (from reed aeetm acid). 

Found, ~o C 68 45, 68 53; t t  3-92; 3 98. C~0I-I~Os Calculated, ~ C 68.57; t t  4-0~ 

The dmhlomde was prepared from the acid and phosphorus pentaehlorlde, and ~ a s  
pumfied by vacuum-dlstfllatmn and the product used has m.p 207-209 ° (from benzene) 

Found, ~ C1 18-10; 18 20 C26I-I~2()1204 Calculated, ~ C1 18.34 

Synthes~s of the polyam,dee. To a solution of 0.02 mole of dlamme and 0 04 mole tm- 
ethylamme m 75 ml of chloroform was added, at 8-10 °, whilst sttrrmg, a solutmn of 0-02 mole 
of the fluorine-containing amd dmhlomde m 75 ml of chloroform (m the mveatlgatmn 
mvolwng the unfluormated acid dmhlomde a solutmn of the lat ter  m 150 ml of chloroform 
was used), stirring at room temperature was continued for 3 hr The polyamlde was ther~ 
filtered off, washed to completely remove C1 runs, and vacuum-dined to constant weight.  
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T h e  structure of the resulting polyamides was verified through the results of elementary 
analysis (for mtrogen in the case of polyamides I - I I I ,  a n d  for fluorine in the case of polyamides 
IV-V'I). The reduced viscosity was measured m sulphurm acid at 30 ° for polyaml"des I-V-I 
(0.5 g/dl). The melting point of polyamldes I -VI  was determined m sealed capillaries. The 
hydrolytic stability (weight loss after heating a weighed portion of polymer containing a 
20-fold excess of 10 ~o aqueous caustic soda or 10 ~ aqueous sulphurm acid) was determined 
by the weight method. The evolution of gas upon heating the polyamldes was determined 
b y  the manometric method; the weight loss on heating the polymers in a vacuum, or in the 
presence  of atmospheric oxygen, was determined on a MaeBaln balance. In all oases the 
heating rate was 3 deg/mm. The curves m the Figures are based on the average results of 
three parallel experiments. 

DISCUSSION OF RESULTS 

The Table gives some properties of the polyamades synthesized under identical 
conditions. The yields of all the polymers axe fairly high and are within limits of 
74-89%. The reduced viscosity of the unfluorinated polyamides I - I I I ,  determined 
in concentrated sulphurie acid, is 0.4-0.48, while for polymers IV and V con- 
gaining the fluorine atoms, it is slightly below 0.308-0.32. The viscosity of poly- 
mer VI could not  be determined as it is insoluble in sulphurie acid. The different 
viscosities obtained for the fluorinated and unfluorinated polyamides are ap- 
parent ly  unrelated to differences in the central unit of the dicarboxylic acid. 

P R O P E R T I E S  OF THE SYIWX~ESIZED POLYAMIDES 

Poly - 
amlde 

I 

II 

III 

Yield, r/r~, 
dl/g 

89 0-48 
78 0-40 
87 0-46 

Weight loss (yo) 
duo to action of 

lo% lO% 
N a O H  H ~ S 0 4  

2 5 1.0 
2.9 3 6 
2 2 2.0 

Poly- 
amlde 

I Weight loss (Yo) 
due to notion of Ymld, t~red, 

% dyg 10% 10% 
N a O H  H2SO~ 

IV 
V 

VI 

79 0 .308 L-2 1.4 
85 0 32 L 6 2 0 
74 - -  L3 2 2  

W e  know f rom da ta  in the  h t e r a tu r e  t h a t  oxygen  a toms are poor  intermediaries 
in regard  to passing on the  mutua l  effects of  subst i tuents  located in different 
d iphenyl  e ther  rings [7] Therefore the  effects of  the  f luorinated or unf luor inated 

phenylene  rings on the  reac t iv i ty  oi the acid chloride groups should not  differ 

to a n y  grea t  extent .  The r a the r  lower viscositms of  polymers  I V  and V compared  
wi th  I and  I I  cannot  be t aken  ye t  as signs of  lower molecular weight. I n  a pre- 
vious inves t igat ion [8] it was shown, tak ing  as examples  f luorinated polyure thanes  
p repared  f rom t r i f luoromethylphenylenedi isocyanates ,  t h a t  with identical  in- 
t r insic  viscosities the  molecular  weight  of  the  f luorinated po lyure thane  was 
higher t h a n  t h a t  of  the  po lyure thane  p repared  f rom toluenedi isocyanate  I n  a 
s t u d y  of  po lyure thanes  prepared  f rom phenylenedi l socyanates  containing fluor- 
ina ted  or unf luor inated a lkoxyl  subs t i tuents  ~t was found t h a t  with equal viscos- 
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tries the molecular weights of the fluorinated polymers were five times higher than  
those of their unfluorinated analogues [9]. 

The hydrolytic stability of polyamides I -VI  is fairly high. After the poly- 
amides had been boiled with an acid or alkali the weight loss was found to be  
1-3.6%. The stability of the fluorinated polymers in alkaline medium is shghtly 

p mm//g 

Z 0 -  

/ 0 -  17 , I2I 

340 3#0 420 k60 $00 " ° 

FI~. 1 Magmtudo of gas evolution of polymers I-VI vs temperature. 

higher than that  of their unfluorinated analogues The weight loss in alkaline 
medium is 1.2-1.6 for the fluorinated polymers compared with 2.2-2.9 wt o/,o for 
their ~mfluormated analogues The hydrolytic stability of polymers IV-VI  is 

~ 2 0 -  

A 
140 

- 

4 0 -  

2 0 -  

I 

I, I 
/80 

280 320 

I Y  

220 260 300 340 380 420 4 ~  60C 

36"0 4SO 4~0 48O 520 r,°C 

FI~. 2. TGA curves of polyamldes I-VI on heating ,n  vacuo (a) and m air (b) 

much superior to tha t  of aromatic polyamides synthesized from tetrafluoro-m- 
phenylenediamine [5] or octafluorobenzidine [6], for whmh the weight loss 
amounts to 1 4 - 9 4 ° ,  under the same conditions 
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I t  was desired to investigate the behaviour of polyamides I-VI upon heating 
these materials. Figure 1 shows the evolution of gas in relation to temperature. 
The presence of fluorine atoms in the dicarboxylic acid molecule has very little 
effect on the gas evolution compared with the unfluorinated polyamides. T h e  

pressure change on heating the polymers up to 400, 460 and 480 ° was 0.5, 1 
and 2.5 mmHg for polyamide III, compared with 1.2 and 3.5 mmttg for polymer 
1V. Similar results were obtained for the remaining pairs of polyamides (I and 
IV or II  and V). In all cases, however, the gas evolution was slightly higher for 
the fluorinated polymers than for the unfluorinated ones. The polymers con- 
raining p-phenylene units (polyamides I and IV) have better heat-stability than 
those containing m-phenylene units (polyamides I I  and V). 

Figure 2a shows the relation of weight loss to temperature for polyamides 
I-VI. The weight loss for all the fluorinated polyamides is lower than than 
for their unfluorinated analogues. Polyamides I and IV containing p-phenylene 
units have better heat-resistance than polymers II  and V. 

The slight difference between the magnitude of the evolution of volatile 
products and the weight losses for the fluorinated and unfluorinated polyamides 
may be due to the participation of terminal amine groups and fluorinated benzene 
rings in nucleophilic reactions. Certainly, on heating polyamide VI up to 200 °, 
gaseous products of an acid character were liberated, and resulted in a change 
in the red colour. Even when the unfluorinated polyamide I I I  was heated up 
to 400 ° no gaseous products giving rise to a change in the Congo red colour were 
detected. The fluorine ion was found in the alkaline solution by which the 
gaseous products of the reaction were absorbed. 

I t  should be noted that hexafluorobenzene and its derivatives are inclined 
to nucleophilic substitution reactions, while electrophilic substitution reactions 
are characteristic for benzene. For example, the action of ammonia on hexa- 
fluorobenzene at 100-150 ° [10] leads to the formation of pentafluoroaniline, tetra- 
fluoro-m-phenylenediamine, and products of more advanced substitution. The 
heating of fluorinated polyamides IV-VI also leads to reactions of nueleophilic 
substitution involving the participation of amine endgroups with consequent 
evolution of hydrogen fluoride, seeing that the resulting secondary aromatic 
amines, being of lower basicity, do not bind hydrogen fluoride at elevated tem- 
peratures. 

The conclusion that it is, in fact, amine endgroups, and not amide groups of 
the  polyamides, that participate in the nucleophilic substitution reactions is 
confirmed by the relatively slight difference in the gas evolution observed for 
the fluorinated and unfluorinated polyamides in the region of 250-400 °. The 
difference in the pressure change in the system is in this case 0.5-1 mmHg. 

Figure 2b shows the weight loss during heating for polyamides I-VI in the 
presence of atmospheric oxygen. The weight loss of polyamides I-VI under con- 
ditions of thermooxidati~re degradation depends to a considerable extent on 
their structure. In the case of the polymers based on m- or p-phenylenediamine 
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the  in t roduc t ion  of  fluorine a t o m s  into the  d icarboxyl ic  acid un i t  lowers the i r  
s t ab i l i ty  c o m p a r e d  wi th  the  unf luor ina tod  po lyamldes .  

The  opposi te  was  found  t rue  in t he  case of  po lymer s  I I I  and  VI:  the  f luor ina ted  
po lyamide  V I  is more  s table  t h a n  i ts  unf luor ina ted  ana logue  I I I .  

Thus  the  decreasing order  of  s t ab i l i ty  of  po lyamides  I - V I  t owards  v a c u u m  
hea t ing  was  found  to  be  as follows V I > I I I > I V > I > V > I I  (for a case where  
t he  weight  loss is equal  to 5%).  The  reduc t ion  in t he  s tab i l i ty  of  the  po lyamides  
under  condi t ions of  t h e r m o o x i d a t i v e  degrada t ion  was  found  to  be  in the  order  
VI> I> I I> V> IV> III 

The  f luor inated po lyamide  V I  had  the  highest  t h e r m a l  s tab i l i ty  a m o n g  the  
po lymer s  synthes ized  in this  i nves t iga tmn  

CONCLUSIONS 

High-me l t ing  po lyamides  based  on d i - (p -ca rboxypheny l )  e thers  of  hydroqu i -  
none  and  t e t r a f luo rohydroqu inone  and  a roma t i c  d iamines  have  been synthesized,  
and  some of  the i r  p roper t ies  inves t iga ted  I t  has  been  found  t h a t  in some cases 

the  t h e r m a l  and  hydro ly t i c  s tab i l i ty  of  the  po lyamides  was i m p r o v e d  b y  the  pres-  
ence of  t e t ra f luoro-p-phenylene  rings no t  d i rec t ly  a t t a c h e d  to  the  amide  groups.  

Translated by R. J. A. I-IEND~Y 
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