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Abstract 

Flow birefringence (FB) has been investigated in solutions of products of hydrolytic degrada- 
tion of poly(naphthoyleneimide benzimidazole) (PNIB) in 96% sulphuric acid PNIB solutions 
have previously been subjected to heating at various temperatures from 65 to 120~ and then in- 
vestigated at 22~ by FB and viscometry. A monotonic decrease in intrinsic viscosity and the 
molecular weight M of thermal degradation products with increasing degradation temperature 
was detected. At the same time, the shear optical coefficients in a series of products with de- 
creasing M first increases and then, at treatment temperatures exceeding 90~ decreases with 
decreasing [rl] in accordance with decreasing M of the product. Possible reasons for the detected 
anomaly have been discussed. 
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Introduction 

It has been proven previously for poly(amide benzimidazole) (PABI) [1] that 
for analytical purposes the M of the polymer can be reduced to the desired value 
by the hydrolytic degradation of the macromolecules in a sulphuric acid solu- 
tion. Moreover the products of this thermal degradation form a polymer - ho- 
mologous series. This conclusion was based on the fact that after this 
degradation, the macromolecule still contains both the structural elements re- 
sponsible for the optical anisotropy of unit chain length and the equilibrium ri- 
gidity of the macromolecule. 

In order to check the applicability of this method of M control to other poly- 
mers, in the present work flow birefringence (FB) in sulphuric acid solutions of 
another heterocyclic polymer, poly(naphthoyleneimide benzimidazole) (PNIB) 
was investigated in different stages of its hydrolytic thermal degradation. The 
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results were compared with the properties of samples which did not undergo 
any thermal treatment. A previous investigation of PNIB by FB in sulphuric 
acid solutions has led to the establishment of its optical characteristics [2]. 
PNIB samples with different intrinsic viscosities [q] from 0.7 to 12.0 dl/g in 
[2] were obtained by varying the conditions of synthesis. It was not possible to 
prepare a polymer - homologous PNIB series by fractionation because PNIB is 
soluble only in concentrated H2SO4. PNIB solutions in this acid are molecularly 
disperse and stable: their properties do not change for a long time (not less than 
a year) at room temperature [3]. 

Experimental 
PNIB based on a dianhydrid of 1,4,5,8-naphtalenetetracarboxylic acid and 

5-amino-2(p-aminophenyl)benzimidazole was obtained by a published method 
[3], washed, and vacuum - dried to constant weight. After 2 days 96% H2SO4 
was poured on the high molecular weight PNIB sample. PNIB solution in 
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Fig. 1 Dependence of rlsp/c on concentration for PNIB solutions in 969; sulphuric acid. 
Numbers on the curves correspond to product numbers in Table 1 
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Fig. 2 Dependence of FB on flow rate gradient g for product No. 10 (curve 1-5) and prod- 
uct No. 4 (curve 6-11), solution concentration c(g/dl) are as follows: 0.0924(1); 
0.0597(2); 0.0502(3); 0.0352(4); 0.0203(5); 0.0262(6); 0.0201(7); 0.0130(8); 
0.0100(9); 0.0078(10); 0.0060(11) 

96% H2SO4 at a concentration of 0.987 g/dl in sealed glass ampoules was kept 
in a thermostat at a selected and fixed temperature in the T range from 65 to 
120~ Temperature fluctuations did not exceed _+0.3~ T h e  heating time of 
100 h was sufficient to establish the equilibrium state [ 1]. 

The solvent used was 96% H2SO4 with a density po= 1.838 g/ml, viscosity 
qo=0.2026 g/cm s at 22~ and a refractive index riD= 1.4280. Viscosity was 
measured in an Ostwald capillary viscometer with solvent flow time of 130 s 
under the conditions of negligible gradient dependence. The value of intrinsic 
viscosity [vii was obtained by extrapolation of reduced viscosity to c=0 .  The 
dependences of rl,p/C on c are shown in Fig. 1, and the values of [q] and the 
Huggins constant are given in Table 1. 

FB was investigated in a teflon dynamooptimeter with an inner rotor, the ro- 
tor height was 6.0 cm, and the gap between the stator and rotor was 0.055 cm. 
A visual optical recording system [4] was used with a compensator 0.0323• 
where X is the wavelength of the light source X=532 nm. 
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Fig. 3 Dependence of Anlgcrlo on solution concentration c. Numbers on the curves corre- 
spond to product numbers in Table 1 

Results and discussion 

FB observed in a PNIB solution in 96% H2SO4 is positive in sign, which 
corresponds to the high polarizability of the PNIB molecule in the direction of 
its geometrical axis, which is due to the cyclic structure of the main chain. In 
the investigated gradient range of flow rate g from 20 to 1000 s, the value of FB, 
increases proportionally to g (Fig. 2). For all degradation products of the initial 
sample, Fig. 3 shows the dependences of An/gcrio on solution concentration, 
which where used to calculate intrinsic birefringence 

lim lim 
[n] = (An/gcrlo). 

c--->o g--->o 

The values of shear optical coefficient [n]/[q] are listed in Table 1. 
For PNIB samples with [11] > 2.9 dl/g, the orientation angles of the optical 

axis of the solution were measured, and their dependence on g was investigated 
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Fig, 4 Orientation angles ct as a function of rate gradient g for products obtained by the 
method of thermal degradation in solutions in 96% sulphurie acid (numbers on the 
curves correspond to product numbers in Table 1) at the following concentrations 
c(g/dl): 1 - from 0.004 to 0.03; 2 - from 0.01 to 0.031; 3 - from 0.011 to 0.031; 

4 - from 0.013 to 0.026; 5 - from 0.08 to 0.1; 6 - 0.08 
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Fig. 5 Dependence of Zig at g ~ 0 on concentration for various PNIB degradation products 
in sulphurie acid. Numbers on near the curves correspond to product numbers  in Ta- 
ble 1 
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(Fig. 4). The experimental points virtually fall on the straight lines having the 
ordinate intercept 45 ~ , which shows that the solutions are of the molecular type 
and made it possible to determine the initial slopes of x/g at g ~ 0 for the 
curves of the dependence of X on g. In this case, concentrations were attained 
at which the angle was virtually independent of solution concentration (Fig. 5). 
Hence, it was possible to determine the intrinsic orientation of FB 

lim lim 
Ix/g] = (X/g). c-->o g---~ 

Its values are also given in Table 1. 

(2) [q]/dt g -1 
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Fig. 6 Shear optical coefficient [nl/[rl] vs. intrinsic viscosity for solutions of the PNIB degra- 

dation products in 96% sulphuric acid (open circles the 'whiskers' at which corre- 
spond to experimental error). Filled circles represent the date of Pogodina et al. [2] 
for undegraded PNIB products. Curve 2 is the singled out range of low M 

The character of experimental dependences shown in Figs 1-5 does not dif- 
fer qualitatively from that observed previously [2] for undergraded PNIB sam- 
pies. Therefore, it is  possible to pass to quantitative date processing. 

The data in Table 1 show that with increasing degradation temperature the 
[11] value of the product decreases. Is it due to decreasing M of the product? To 
answer this question, the relationship between intrinsic orientation [x/g] and M 
[4] was used: 

M~/s = [x /glRT/GInIno 
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Using the value of the coefficient G=0.6 [5] M were calculated for products 
1-6 for which [g/g] could be evaluated (Table I). It is clear that a decrease in 
the [rl] value of the product from 10.9 to 2.9 dl/g is accompanied by a mono- 
tonic decrease in M~ from 140.103 to about 50.103. This relationship is similar 
to that which has been observed for PABI [1]. 

However, it follows from Table 1 that in the same series of products, the 
shear optical coefficient [n]/[rl] does not decrease but exhibits a tendency to in- 
crease. In Fig. 6 [n]/[rl] is shown as a function of [I"1] for products of hydrolytic 
thermal degradation (circles) and undergraded PNIB samples investigated pre- 
viously [2] (full curves 1 and 2). It is clear that with decreasing [11] (approxi- 
mately to the value of 4 dl/g), the shear optical coefficient of the product 
exhibits an anomalous tendency to increase, which is higher than the experi- 
mental error (deviation of points upwards from curve 1 in Fig. 6). To check the 
tendency, one more series of experiments was performed using experimental 
technique (data la in Fig. 6). It is clear that discussed tendency is confirmed by 
these data. Only in the further stages of thermal degradation, a characteristic 
decrease in [n]/[rl] is observed with decreasing [rl] (coincidence of filled circles 
with curve 2 in Fig. 6). 

This nonmonotonic change in the shear optical coefficient with a change in 
[~] differs profoundly from the properties of PABI for which the FB data coin- 
cided for the undegraded samples and the products of hydrolytic degradation 
[ 1]. This should be explained and this explanation will provide an answer to the 
question what decrease in M may be accompanied by an increase in [n]/[rl]. It 
may be assumed that this anomaly indicates that this series of products of PNIB 
thermal degradation in a sulphuric acid solution is not a polymer-homologous 
series, and PNIB hydrolysis in sulphuric acid is accompanied by a change in the 
structural inhomogeneity of the sample. 

In the gaussian range of lengths of the macromolecules, the [n]/[rl] ratio is 
determined by the optical anisotropy of the segment [4]. Hence, the increase in 
[n]/[rl] in this M range (for solutions of the molecular type) implies an increase 
in either the segment length or the optical anisotropy of unit length of the mac- 
romolecule. The above suggestion is equivalent, therefore, it leads to the con- 
clusion that at low temperature degradation in H2SO4 (monitored from a 
decrease in [rl]), the decrease in M is accompanied by the formation (or an in- 
crease in the fraction of) optically more anisotropic structures. At higher deg- 
radation temperatures, the decrease in [n] and [n]/[rl] reflects a decrease in M 
as a result of the degradation of the backbone of the macromolecule. To obtain 
more definite conclusions, additional investigations are required. 

* :g :g 
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Z u s a m m e n f a s s u n g -  In L6sungen der Produkte des hydrolytischen Abbaus von Poly(naph- 
thoylenimid-benzimidazol) (PNIB) in 96%-igen Schwefels/iurel6sungen, die zuvor auf ver- 
schiedene Temperaturen zwischen 65 und 120~ erhitzt wurden, wurde anschlieSend die Str6m- 
ungsdoppelbrechung (FB) und die Viskosit~t untersucht. Mit zunehmender Abbautemperatur 
konnte ein monotoner Rfickgang der Grenzviskosit/it und des Molekfilgewichtes M der thermis- 
chen Abbauprodukte beobachtet werden. Gleichzeitig nehmen jedoeh die optischen Sche- 
rungskoeffizienten in einer Reihe von Produkten mit steigendem M zuerst zu und sinken dann bei 
Behandlungstemperaturen fiber 90~ mit abnehmender [rl] in 0bereinstimmung mit sinkendem 
M des Produktes wieder ab. M6gliche Grfinde ffir diese Anomalie wurden ebenfalls diskutiert. 
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