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Thermal analysis has been carried out on the process of degradation of polyamido- 
benzimidazole in solution in 97.8~ sulphuric acid for 0.2 to 200 hr at 20 to 110 ~ 
Hydrodynamic and optical methods were used to establish that the degraded macro- 
molecules exhibit the same equilibrium rigidity and optical anisotropy of unit length 
as the undegraded molecules of polyamidobenzimidazole of various molecular weights. 
Thermal degradation proceeds according to the law of probability. The activation 
energy of degradation, 134 k J/tool, coincides with that for low molecular weight amides. 
Hence, the main degradation mechanism is the breaking of the macromolecules at the 
amide bonds. This phenomenon can be used for analytical purposes to achieve a con- 
trolled decrease in the length of the macromolecules. In 112.5~ oleum, thermal 
degradation proceeds much faster and the activation energy is lower by a factor of 
two-three. 

The investigation of the resistance of high-strength polyamide materials to the 
action of aggressive media, determined by the activation energy of the chemical 
degradation of the macromolecules, is of great practical interest [1]. The rate of 
degradation of polyamide molecules in solutions of sulphuric acid depends on the 
temperature, the concentration of the acid and the chemical structure of the 
macromolecules [2]. The phenomenon of acid hydrolysis can be used to obtain 
samples of lower molecular weight M, with the analytical purpose of establishing 
the relationship between hydrodynamic, optical and other properties of the macro- 
molecules of polyamides and their M, if a decrease in their length during hydrolysis 
not accompanied by a change in chemical structure. In the course of hydrolysis, 
the amide bond in the macromolecule is broken first but, as has already been shown 
[2], acid hydrolysis of a heterochain polymer can also be accompanied by the 
breaking of other bonds of the macromolecule. 

In order to establish the mechanism of hydrolytical thermal degradation of 
polyamidobenzimidazole (PABI) in concentrated H~SO4, the hydrodynamic and 
optical properties of the products of hydrolysis of this polyamide were investigated 
in this work. 

If  chemical bonds responsible for the high equilibrium rigidity of the PABl 
molecules [3] were broken during hydrolysis, this would lead to a change in the 
conformation of the macromolecule (its coiling), and hence to a change in the 
hydrodynamic properties of the products of hydrolysis, whereas the degradation 
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of  optically anisotropic groups (e.g. the opening o f  imidazole rings) would lead 
to a decrease in the optical anisotropy of  the monomer  unit. Both factors should 
cause a sharp decrease in the flow birefringence of  the solution. Hence, the confor-  
mational  (hydrodynamic and optical) characteristics o f  the macromolecules o f  
hydrolysis products  were compared  over a wide range o f  molecular weights with 
the characteristics o f  PABI  samples and fractions (investigated previously by the 
same methods [3, 4]). Different values of  M of  these samples and fractions were 
obtained by varying the conditions o f  the synthesis and by fractionation. The 
kinetics o f  the hydrolysis o f  PABI  in concentrated H2SO~ were also characterized 
and the activation energy o f  this process was calculated. 

Experimental 

Polyamidobenzimidazole (PABI) exhibits the following structure:  

--N N c 

C C N 

A PABI  sample o f  molecular weight M = 52 000" was used as the initial sample. 
The concentrat ion o f  sulphuric acid (97.8 70) was established by titration with an 
aqueous  alkali solution, and its density and viscosity at  26 ~ were P0 = 1.8306 
g/cm 3 and r/0 = 0.191 poise. PABI  was dissolved in sulphuric acid at room tem- 
perature for  three days with stirring. The hydrolysis o f  PABI  in this sulphuric 

Table 1 

Hydrodynamic characteristics, measured in 97.8 700 H2SO4 at 26 ~ of the products of hydrolytic 
thermal degradation of polyamidobenzimidazole at 110 ~ in 97.8% H2SO4 (series A) 

Sample Time of [r/]. 10 -s, D. l0 g, MD~ 10 -s, 
number thermal em3/g emZ/s g/mol 

degradation 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 

0 
10 
20 
40 
80 

160 
300 
600 

6130 

4.7 
3.9 
3.2 
2.3 
1.7 
0.95 
0.54 
0.30 
0.03 

0.09 
0.10 
0.I1 
0,13 
0.15 
0.21 
0.29 
0.43 
2.00 

52.0 
47.0 
41.4 
36.1 
31.2 
20.3 
13.6 
7.5 
0.8 

* The authors wish to express their thanks to Dr. L. V. Avrorova, Prof. A. V. Tokarev and 
Prof. G. I. Kudryavtsev for preparing and supplying the sample. 
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acid was carried out in two ways. In the first (series A), solutions of PABI in 
H z S O 4  at  a c o n c e n t r a t i o n  c = 0 .55  g /d l  in sealed glass ampoules were placed in a 
thermostat and heated at 110 -4- 0.2 ~ for varius periods of time from 10 rain to 
100 hr (Table 1). In series B, solutions of PABI in H2SOa at c = 1.00 g / d l  in sealed 
ampoules were thermostated for 200 hr at various temperatures from 50 to 90 ~ 
(Table 2). The use of different concentrations of the initial solution is not essential, 
because it has been shown previously [2] that the rate of  hydrolysis of PABI in 
solution in sulphuric acid at moderate polymer concentrations is virtually indepen- 
dent of the solution concentration (for poly-p-phenyleneterephthalamide, PPPT, 
this conclusion has been established in ref. [5]). 

The products of hydrolysis in solution were investigated by the methods of 
molecular hydrodynamics (translational diffusion and intrinsic viscosity) and 
optics (flow birefringence). The procedures for the determination of the diffusion 
coefficient D, the intrinsic viscosity [t/] and the flow birefringence [n] of PABI 
in sulphuric acid have been described previously [3, 4]. The experimental values of 
[t/], D and MD, for series A are given in Table 1. The dependence qsp/C = [tl]Z+k'c, 
according to which the values of [~/] for the products of series B were determined, 
is shown in Fig. 1. The average value of the Huggins' constant k' was 0.6. Diffusion 
coefficients D were calculated from the slopes of the dependence of the displace- 
ment dispersion of the diffusion boundary on time (A2> = A02 + 2 D t  (Fig. 2). 
The molecular weights of the products of hydrolysis were calculated via the 
equation MI~, = (A~T/qo)3/D 3 [r/] by using the value of Tsvetkov - Klenin's hydrody- 
namic constant, Ao = 3.6 �9 10 -1~ erg/degr, mol 1/3 [3]. The values of [t/I, D and MD, 
are listed in Table 2. 

The flow birefringence (FB) of the hydrolysis products of series B was investi- 
gated in a teflon dynamooptimeter, with a rotor height of 6 cm and a width of the 
gap between the rotor and the stator of 0.055 cm. The dependence of the flow 

Table  2 

H y d r o d y n a m i c  character is t ics ,  m e a s u r e d  in 97.8 ~o H2SOa at  26 ~ of  the  p roduc t s  o f  hydro ly t ic  
t he rma l  deg rada t ion  of  p o l y a m i d o b e n z i m i d a z o l e  in 97.8~o H2SO4 for  200 hr  at  different  

t empe ra t u r e s  (series B) 

Sample Tempera- II [r/]. 10 -2, D. 107, dn/zlc, MDv t �9 10 -~, 
number ture, ] cm3/g cm~/s cm~/g g/tool 

~ 

50.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 

4.7 
4.4 
3.7 
3.15 
2.4 
1.5 
0.90 
0.49 
0.26 

0.09 
0.095 
0.10 
0.11 
0.135 
0.175 
0.25 
0.36 
0.57 

0.24 
0.29 
0.26 
0.30 
0.31 
0.28 
0.31 
0.27 
0.25 

52 
47.5 
41.7 
39.4 
30.3 
22.3 
12.1 

8 
3.8 

k'  l0 T, 
min-1 

0.55 
1.3 
1.8 
4.1 
7.5 

18.7 
31.2 
72 
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birefringence A n  of  solutions in sulphuric acid on the flow rate  gradient  9 was 
measured for  all products  (Fig. 3). The linear character  o f  these dependences and  
the low values o f #  (10 < 9 < 80 s - I )  permi t ted  a reliable ext rapola t ion to # --+ 0. 
These measurements  were carried out for  each produc t  o f  the hydrolysis o f  PABI  
at several concentrat ions c (c < 0.2 �9 10 -3 g /cm ~) (Fig. 4). Characterist ic values of  

FB [n] = l im lim - - ' A [  __--s-- / in H2SO, are given in Table 3. 
c~0  g~0 ~ gcqo ) 

oe 2 
c- 6 o o 3 

4 

0.1 0.2 0.3 0.4 (I-5) I~ 

Concentrat ion, g/dl  

I I I 
0 0.5 1.0 (6-9) ~ 

Concent roction ~ ~/d l  

Fig. ]. Plots of ~sp/c vs. c for the products of hydrolysis of polyamidobenzimidazole in 
97.8 ~ H2SO~ (series B). Here and in subsequent Figures the numbers on the curves are the 

sample numbers in Table 2 

o 

~e o9 

b 7 
o o " O.o ~ , 6  

o o o o . 4 

o o O~ o o o cl~ " ~ 1 7 6  2 
, o o 

o o 

(9) 0 o o ~ oo O o ~ 1 7 6 1 7 6  o o o o 

(7,8) 0 

(2~4~6) 0 100 200 

Time. ~ hr 

Fig. 2. Displacement dispersion of diffusion boundaries ( d  2) vs. time t in 97.8 % H2SO4 for 
the same samples as in Fig. 1 
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o I f I T 
20 ~0 60 D., 

g ~ s  -1 

Fig.  3. F l o w  birefrLngence An  o f  so lu t ions o f  sample  4 o f  p o l y a m i d o b e n z i m i d a z o l e  in  97.8 
H=SO 4 vs. f l ow  rate g rad ien t  g ;  so lu t ion  concen t ra t ions  c = 0.11 ( I ) ,  c = 0.07 (2), c = 0.054 

(3), c = 0.037 (4) and c = 0.016 (5) g /d l  

220 

% 

c: c" 180( 

& 
_ 1 

140( 

I00c:. 

6001 

40( 

o 
o v 

o 7 

20C 
8 

o ~ ' > - I ' ~  ~ ~ q I ~.. 
0.1 0.2 (5-9) 

Concentration ~ g /d l  

I ~ 1 l I 
0 0.05 0.1o (1-4) ~" 

Concentration ~ g/d[  

Fig. 4. Concentration[dependence of reduced birefringence An/gc~o for products 1-- 9 of the 
hydrolysis of polyamidobenzimidazole in 97.8 ~ H2SO4 
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Table 3 

Dynamooptical properties, measured in 97.8 % H2SO4 at 21 ~ of products of hydrolytic thermal 
degradation of polyamidobenzimidazole (series B) 

Sample  MDn 10 - s ,  I n ] '  lOS, tn]/[t/] .  10,o, [~n]/([n]~ [X/g] 10 5, 
n u m b e r  g /mol  g - = cm 4 s = cm s=/g [ T/]] [[ rt] ] co S. G 

52 
47.5 
41.7 
39 
34 
22.3 
12 

8 
3.8 

1700 
1570 
1280 
1000 
630 
425 
270 
103 
32.7 

360 
350 
345 
340 
315 
303 
285 
206 
148 

1.06 
1.03 
1.01 
1.0 
0.926 
0.891 
0.838 
0.606 
0.435 

10 
7 
4.4 
2.85 
1.5 

0.425 
0.34 
0.296 
0.258 
0.229 

For  the products  o f  the PABI  hydrolysis with intrinsic viscosities [~/] > 2 �9 102 
(i.e. at MD, ~ > 3.4 �9 104), the dependence o f  the orientation angle ~ with respect 
to the flow direction on the rate gradient b' was measured (Fig. 5). Figure 6 shows 

= ( 45~ - ~ ] on  the solution concentra-  the dependence o f  the value o f  (X/Y)g-0 [ - - - - - ~ 1  ~ 0  

t ion for the PABI  investigated. The extrapolation of  these dependences to zero 
solution concentrat ion gives the values o f  the characteristic orientation angle 

IX/y]= lim lim [45~-7- ~ ~ "  - -  " ~ ,  also listed in Table 3. It should be noted that the solu- 
e~O g ~ O  

45 

"o �9 o 

J 
~ /.,/., * A o 

~3 

2 I 

b,- 
0 ~000 

g~5 -1 

Fig. 5. Orientation angle c~ vs, rate gradient for solutions of degraded sample 4 in 9%8 % 
H2SO~; c = 0.016, 0.030 and 0.037 (1), c = 0.054 (2) and c = 0,07 (3) g/dl 
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~0 

j 
2 

~ ~ o~ 

0 [ 1 D- 
0.05 0.10 

Concentration, g/dr 

Fig. 6. Reduced orientation angle (Z/g)g~o vs. solution concentration for degraded samples 
1--  5 of polyamidobenzimidazole 

tions of the products of  PABI hydrolysis in sulphuric acid are more coloured than 
those of undegraded PABI samples of the same M at the same concentration. 
Hence, it was possible to determine their [X/9] values over a narrower range of 
MD, (for undegraded PAB1 fractions the orientation angles could be measured 
at the same parameters of the instrument used up to MD, ~ 10 �9 10 z [4]). 

D i s c u s s i o n  o f  r e s u l t s  

Hydrodynamic properties 

The molecular weight of the products of  hydrolytic thermal degradation of 
PABI in sulphuric acid at 1 l0 ~ (series A) decreases very rapidly with time (Table 1). 
Although the refractive indices of the hydrolysis products in this series are close 
to that for the initial sample [2], their hydrodynamic properties differ somewhat 
from those of the undegraded fractions. This can be caused by the fact that, owing 
to the high rate of  thermal degradation under these conditions, the duration of  
hydrolysis was low and comparable to the time required for the heating of the whole 
volume of the solution. Heterogeneous heating, in turn, should lead to an increase 
in the molecular inhomogeneity of the products of series A as compared to that of  
the initial sample. 
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An entirely different situation is observed after a prolonged exposure of PABI 
solutions to lower temperatures (series B). The change in the values of [~/], D and 
MD~ for the products of hydrolysis of series B, obtained by a prolonged (200 hr) 
heating of  PABI in sulphuric acid at various temperatures, is given in Table 2. 
Figure 7 shows a comparison of these hydrodynamic characteristics with those of 
the PABI samples investigated previously, for which the difference in M was 
achieved by varying the conditions of  synthesis and by fractionation [3]. To within 
experimental error, the experimental points fall on the plot of the dependence of  
Ig[t/] on lg D obtained previously for undegraded fractions, and the value of the 
slope of this dependence is characteristic of rigid-chain polymers, with the equilib- 

o', 2 .5 - -  

2 . 0 -  

1.5 

I I 
1.0 1.5 2.0 

Ig (0 o .10 9) 

Fig. 7. Value of lg [~/] vs. lg D o for the products of hydrolysis of polyamidobenzimidazole in 
97.8 % H2SO4, series B (points) and undegraded fractions [3] (full curve) 

g- 
o 2.C 

1.5 

10 

A 1 

25 

o 

2O 

35 4.0 L,.5 5.0 

Ig Moq 

Fig. 8. Values Of lg [~] (1) and lg Do (2) vs. IgMo,  for the products of hydrolysis of poly- 
amidobenzimidazole in 97.8 % H~SO4 
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rium rigidity corresponding to that of PABI macromolecules (for the PABI mole- 
cules the length of the Kuhn segment is A = 250 A according to hydrodynamic 
data [3], and A = 500 A according to optical data [4]). 

The dependences of [q] and D on MD, are represented on the logarithmic Scale 
(Fig. 8) by straight lines corresponding to the equations: 

[r/] = 1.7" ln-3A,rl.15 xv  lraDr / 

D o = 2.7 " 10-SM~ ~ . 

The exponents in these equations are close to those obtained for the undegraded 
fractions [3] and are also characteristic of rigid-chain polymers. Hence, the com- 
parison of the hydrodynamic properties of the undegraded fractions and the prod- 
ucts of hydrolysis indicates that the elements of the chemical structure of PABI 
responsible for the high equilibrium rigidity of the PABI macromolecules remain 
invariable during hydrolysis. 

Optical properties 
The dependence of the reduced birefringence [n]/[r/] on the molecular weight 

is a characteristic feature of the solutions of rigid-chain polymers. The values of 
[n]/[r/] for the products of PABI hydrolysis in sulphuric acid of series B given in 
Table 3 also decrease markedly with M. This change in [n]/[q] with M c a n  be com- 
pared to the dependence obtained previously for the PABI fractions in sulphuric 
acid [4]. This comparison is made in Fig. 9, which also show the theoretical curve 

, A 

o . . . . . . .  

..~ o ~ o o o o  �9 

2OO 

0 . 5 -  

100 

O -  O' : i ~ I , 1 i p. 

M .10 -4 

I , I , ] , 1 t I I 1 I I t I : I , ,~ 
0 2 4 6 8 10 12 14 16 X 

0 0 

0 O 0 

. . . .  [n] 
Fig. 9. C h a n g e  in reduced  o t re [ rmgence  ~-]  with increas ing  M or  l eng th  o f  the  mac romolecu le ,  

2M~ 
expressed  as the  n u m b e r  o f  pers is tent  l eng ths  x - -  M o A  ' )" = 17.7 ,~ for  ( o )  p r o d u c t s  o f  

hydro lys i s  and  (�9 u n d e g r a d e d  f rac t ions :  theoret ica l  curve  6(Z)/6m was p lo t ted  [6] a t  
~m = 0.57 
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of the changes in relative FB i[n]l/ l[n]l  [6]plottedat theexperimentalvalues of 
t[~]Jll[rt]/~ 

([n]/[r/])o0 = 340 �9 10 -1~ (([n]/[~/])o0, is the limiting FB at M ~ co), Aa = 300 �9 
�9 10 -2z and A = 500 A, i.e. for the parameters of the PABI chain determined pre- 

viously [4] for the PABI fractions by FB over a wide range of M. The fact that the 

G 

1.5 

1.0 -- % o ~  

1 9 9 , 
0,5~- ~. ~ o o o 

. . . . . . . . . .  v_,._~_ "__- 

0 �9 20 a0 
Moq �9 10-3 

Fig. 10. Parameter G vs. molecular weight MD. of (1) undegraded tractions and (2) products 
of hydrolysis of polyamidobenzimidazole in 97.8 % HzSO4 

experimental points for the products of hydrolysis are concentrated near the curve 
plotted for the PABI fractions means that the conformations of the molecules of 
these products of hydrolysis and the PABI fractions are identical�9 Both these prod- 
ucts and the PABI fractions are characterized by the same equilibrium rigidity 
and the same optical anisotropy of the monomer unit Aa. Hence, during the hy- 
drolysis of PABI in sulphuric acid, optically anisotropic groups of  the chain are not 
destroyed. 

In the investigations of FB, the value of the characteristic orientation angle 
[z/g] was determined. It is related to the M of the macromolecules by the equation 
[6-8]: 

[Z/g] = G M[r/]r/~ 
R T  

where G is the coefficient depending on the conformation and the rigidity of the 
macromolecules. Comparison of the values of [Z/g] for the products of hydrolysis 
and the undegraded PABI fractions in sulphuric acid at the same values of [r/] or 
MD,~ (Fig. 10) shows that for the products of hydrolysis the values of [z/g] are 
lower. This difference may indicate that the polydispersity of these samples is 
different, since the value of [Z/g] is strongly dependent on the polydispersity [7, 9] 
and at low rate gradients is determined mainly by the presence of long macromole- 
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cules. In this case the lower values of [z/g] for the products of hydrolysis would 
indicate that the longer macromolecules are more broken in the thermal degrada- 
tion process. 

Kinetics of  PABI  hydrolysis in 97.8% H2S04 

In hydrolysis occurring according to the laws of chance, the decrease in the molec- 
laru weight of the polymer with time is described by the equation [10]: 

l 1 1 
= ~ + kt (I) 

Mw M; - oo 

where M ~ M w and Mo are the molecular weights of the initial sample, the prod- 
uct of hydrolysis and the monomer unit of PABI, including two amide bonds, 
respectively (for PABI, Mo = 354.4 d), t is the degradation time and k is the degra- 
dation rate constant. 

The initial PABI sample is characterized by low polydispersity [3], and there- 
fore its weight-average molecular weight, Mw, is close to MD~. The same conclu- 
sion for PPPT can be drawn from a comparison of the data in refs [11, 12]. This 
justifies the use of the hydrodynamic molecular weight MD~ instead of M w. 

The linearity of the dependence of I/MD~ on t in the hydrolysis of PABI in sul- 
phuric acid (Fig. 11, curve 1) confirms the random character of the degradation of 
the macromolecule when the probability of breaking of the macromolecule is 
proportional to its length. This solution is of fundamental importance, since it 
predicts the decrease in the polydispersity of the products of hydrolysis with in- 
creasing degree of thermal degradation. In fact, if we consider simultaneous ther- 

2 o 

15 1' 

10 

5 

0 200 400 600 
T ime,  rain 

O. I ] I ] ~. 
28 3.0 

T -1 .10 3 ,K 

Fig. 11. (1) Decrease in molecular weight MDn of the macromolecules of polyamidobenz- 
imidazole with t ime during hydrolysis in 97.8 % H2SO4; and  (2) degradation rate constant  

k vs.  reciprocal temperature 
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mal degradation of the macromolecules of different initial molecular weights 
obeying Eq. (1) with k ~ k(M),  it is easy to obtain the equation for the relative 
dispersion of the weight molecular-weight distribution (MWD) (AM)~'/M~,.2" 

(AM)2/M2 w ~_ (AM~ 2 " (M,~ I2 
( M ~  ) 2 [ M ~ ] 

where the symbol o refers to the values of the parameters in the initial state. 
Hence, when the law of probability of thermal degradation is obeyed, the relative 

Mz - 1 / of the weight MWD approaching dispersion or, which is the same Mw J 

Gaussian distribution in type decreases as the square of the change in the molecu- 
lar weight of the sample. In particular, for samples 2 -  5 in series B it can be assum- 

Mz 
ed that their polydispersity parameter - ~  - 1  gradually decreases by a factor 

of 1.2 to 3 as compared to the initial sample. This may be a reason of some differ- 
ence in the optical and hydrodynamic characteristics between the products of 
hydrolysis and the undegraded PABI fractions. 

The thermal degradation rate constant of PABI in H2SO 4 at 110 ~ determined 
from the slope of straight line 1 in Fig. 11, is k = 0.65 �9 10 -~ min -1 and is inde- 
pendent of M. The absence of the dependence of k on M has also been observed 
for PPPT [13], and the assumption of the probability character of the hydrolysis 
of polyamides in sulphuric acid was probably first reported in ref. [14]. 

The values of k at other temperatures were also calculated according to Eq. (I) 

I (Fig. 11, curve 2) is a straight line. (Table 2). The dependence of - I n  k o n ~  

This shows that the chemical mechanism of breaking of the macromolecules along 
the length is energetically the same over the entire range of temperatures investi- 
gated (50-110~ The activation energy of this process, calculated from the slope 

1 
of the Arrhenius dependence of - I n  k o n e ,  is E = 134 + 4kJ/mole. This value 

coincides with the energy of breaking of the amide bond in low molecular weight 
amides in 92-  100% H2SO4 [15] and is close to the energy (E = 118 + 8 kJ/mole) 
of activation of the hydrolysis of PPPT in 96.5 % H2SO~ over the temperature range 
from 36 to 103 ~ [13]. Hence, the mechanism of thermal degradation of the macro- 
molecules in concentrated sulphuric acid is the same for PABI and PPPT, and 
evidently consists in the breaking of the macromoiecules at the amide bonds. This 
conclusion supports the suggestion that the phenomenon of hydrolytic degrada- 
tion can be used to achieve a controlled decrease in the length of the polyamide 
macromolecules for analytical purposes (with the simultaneous decrease in the 
polydispersity of the polymer sample). The choice of the experimental conditions 
for the thermal degradation of PABI in 97.8 % HzSO4, and in particular for the 
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decrease  of  its molecu la r  weight f rom M~ to Mw, is de te rmined  by the equat ion  

i M w  = M~ + 3.53 11 0 �9 10 M w t  e x p ( -  16.1 �9 10~/T)] 

where t is in min.  
This method  is o f  prac t ica l  impor tance  i f  it is bo rn  in mind  tha t  the f rac t iona t ion  

o f  these po lymers  is difficult. 
The ra te  of  the rmal  degrada t ion  of  PABI  in concent ra ted  sulphuric  acid  is 

s t rongly  dependent  on its concentra t ion.  Thus,  in o l e u m  at a H2SO4 concent ra t ion  
o f  112.5 %, PABI  is no t iceably  degraded  even at r o o m  tempera ture ,  the degrada-  
t ion ra te  constant  k exceeding k in 97.8 % H2SO4 by two- three  orders  o f  magnitude�9 
A t  the same t ime,  the ac t iva t ion  energy o f  the the rmal  degrada t ion  o f  PABI  in 
112.5 % oleum, ca lcula ted  by the me thod  descr ibed above,  is app rox ima te ly  two-  
three t imes lower than  in 9 7 . 8 ~  H2SO4. 

The foregoing descr ip t ion  o f  the kinetics of  the acid  hydrolys is  of  po lyamide  at  
var ious  temperatures ,  i.e. the de te rmina t ion  of  k and the act ivat ion energy o f  this 
process,  is based on the possibi l i ty  for the de te rmina t ion  of  the molecular  weight 
o f  the p roduc ts  of  hydrolysis .  In  this sense, the method  for  the de te rmina t ion  of  M 
f rom the intr insic viscosities and diffusion coefficients of  po lyamides  in sulphuric  
acid (which became possible  after the deve lopment  o f  the method of  diffusion 
analysis  [16]) pe rmi t t ed  quant i ta t ive  t rea tment  o f  the thermal  degrada t ion  data .  
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Rs - -  On a effectu6 l'analyse thermique de la d6gradation du polyamidobenzimidazole 
en solutions 97.8 70 d'acide sulfurique pendant 0.2 b, 200 h, b. 20-110% On s'est servi de 
m6thodes hydrodynamiques et optiques et 6tabli que les macromol6cules d6grad6es montrent  
la m~me rigidit6 b. r6quilibre et la mSme anisotropie optique par unit6 de tongueur que les 
mol6cules non d6grad6es du polyamidobenzimidazole de divers poids mol6culaires. La d6gra- 
dation thermique proc~de selon une loi de probabilit6. L'6nergie d'activation de la d6grada- 
tion, 134 kJ/mole, coincide avec celle des amides h faibles poids mol6culaires. Par cons6quent, 
le m6canisme principal de la d6gradation consiste en la rupture des macromol6cules aux 
liaisons amides. Ce ph6nom~ne peut ~tre appliqu6 en analyse, afin de r6aliser une diminution 
contr616e de la longueur des macromoMcules~ Dans de l'ol6um tt 112.57o, la d6g~adation 
s'effectue bien plus vite et l'6nergie d'activation est plus faible d 'un facteur 2/~ 3. 

ZUSAMMENFASSUNG - -  Die Thermoanalyse der Zersetzung yon Polyamidobenzimidazol wurde 
in LSsungen yon 97.8 70 Schwefelstiure wtihrend 0.2 bis 200 h bei 20 bis 110 ~ durchgeftihrt. 
Hydrodynamische und optische Methoden wurden eingesetzt um festzustellen, dab die abge- 
bauten Makromolektile dieselbe Gleichgewichtsrigidittit und optische Anisotropie der L~in- 
geneinheit aufweisen wie die nicht abgebauten Molektile yon Polyamidobenzimidazol ver- 
schiedenen Molekulargewichts. Die thermische Zersetzung verltiuft nach dem Gesetz der Wahr- 
scheinlichkeit. Die Aktivierungsenergie der Zersetzung, 134 kJ/mol, stimmt mit den der 
Amide niedrigen Molekulargewichts iiberein. Folglich besteht der Hauptmechanismus der 
Zersetzung in der Spaltung der Makromolekiile in den Amidbindungen. Dieses Phtinomen 
kann ftir analytische Zwecke verwendet werden um eine gesteuerte Abnahme der L~inge der 
Makromolektile zu erzielen. In l12.5%igem Oleum verltiuft die Zersetzung viel schneller 
und die Aktivierungsenergie ist um einen Faktor yon 2 bis 3 niedriger. 

P e 3 1 o M e  - -  Bsmoauea Teptcfl4qeCKI~ ananH3 ~ecTpyK/~ri M O J l e K y J I  nonHaMH~16en3KMrt~a3o~a a 
paCTBOpax B 97.8~/o cepnofi KriCnOTe 13 Te~leHHe 0.2~200 qaCOB ripri TeMnepaTypax 20--110 ~ 
FKIIpo~I~HaMI4xlecKILMI4 H OriTHXieCKriMIl MeTO~aMri yCTaHOBJIeHO, qTO ~r MaK- 
pOMOJIeKyJlbl xapaKTepri3yIOTCll TO~ ~Ke paBHOBeCriO~ 7KeCTKOCTIaIO ri OriTH~IeCKO~ aHIl3QTpOririe~ 
ej~ri~i~i ~TI*tH~I~ ~ITO H riejIecTpyKTI, IpoBan/-ri, ie MOrieKyJ'lbl rlOJ'iriaMri~6en3HMrijIa30.rla pa3JIl,iqrioifl 
MOJ~eryJ~pHOfl Macc~,I. TepMojIecTpyKIIri~ ripOTeKaeT riO Bepo~ITHOCTHOMy 3aKOHy. ~Heprrt~ 
arTrma1Inri J~ecTpyKl4q, llt 134 K~X/MOJ~ coana~aeT co 3riaqeHrieM JIJIg Hri3KOMOJIeKyJLqpHbIX aMri- 
ROB. CJie~oBaTe.rIbrio, OCriOBI-IHM Mexar~i3MOM ~ecTpyKI.lriH ~IBJI~eTc:a pa3pr~B MaI(pOMOJIeKy~I rio 
aMn~rmnvra CB~I3~IM. YImaeHHe 3TO MO~KeT 6blTI~ HCriOYm3oBario B arianriraqecrax tteriax ~na rOH- 
TpOJIripyeMoro yMermmermfl ~-tHn~! MaKpOMOriery~. B 112.5~o oneyMe TepMo~ecTpyKtl~I~ npo- 
TeraeT MrlOrO 6~icTpee, a arieprria aKTllaaltrU~ nprtMepHo B JIBa - -  Tpri pa3a Hnxe. 
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