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FLOW BIREFRINGENCE OF POLYAMIDES AND POLYESTERS IN ACID
SOLUTIONS

TATJANA V. FILIPPOVA AND IRINA N. SHTENNIKOVA
Institute of Macromolecular Compounds of Russian Academy of Sciences,
S.-Petersburg, 199004, Russia

Abstract  Flow birefringence and viscometry of dilute acid solutions of poly-
amide and polyester are used for investigations of hydrodynamical, optical and
conformational characteristics of their molecules. Quantative data on the equilib-
rium rigidity of the molecules are compared with those obtained before for the
molecules with similar structure.

INTRODUCTION

In recent years great attention has been paid to the new matenals with liquid crystalline,
thermo-mecbanical and fibre making properties. High equlibrium rigidity of the macro-
molecules often determines lyotropic or thermotropic mesomorphism in a concentrated
solution or bulk. It was shown in cellulose and its derivatives' that cycles in the main
chains brings macromolecules to the high rigidity. The extreme rigidity of synthetic poly-
isocyanates” is connected with quasiconjugation along the chain. As our investigations
have shown™* the high rigidity of aromatic polyamides is due to the para-position of
phenylene ring and trans-configuration of amide groups - the "crankshaft” conformation.
For fibre strength modification different heterocycles were introduced in polyamide
molecules’. Poly(biphenilsulfone terephthalamide) (PPhSTPhA) investigated in the
present work has the structure:

f ¥ I

—un-—c c—

50,
]
This copolyamide differs from poly(para-phenylene terephthalamide)
(PPPhTPhA) by the presence of dibenzothiophene sulphone® and as is the case for most
of para-polyamides 1is soluble only in sulphuric acid. In concentrated solution this poly-
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mer forms lyotropic liquid-crystalline mesophases.
Another polymer for our studies is para-aromatic polyester with the following
structure: i PN
—oOrc—o~Dro-c c—

This thermotropically mesogenic phenyl-substituted para-aromatic polyester is soluble in
muxture of acids (14.4% monochloroacetic + 35.5% dichloroacetic + 50.1% threechloro-
acetic)acid.

EXPERIMENTAL DETAILS

Some samples of PPhSTPhA marked in the Table 1 by asterisk are the result of thermal
degradation (heating temperature 70-105°C for 100 hours in sealed ampoules)’. Intrinsic
viscosity [n] and flow birefringence (FB) were measured in 96% sulphuric acid (n, =
22#107 ps, p = 1.843 g/em’ ). The values of [ given in the Table 1 were determined in
Ostwald viscometer at a solvent flow time 1, = 62.4 5. FB An was measured by a
previously discribed method® in a teflon dynamo-optimeter with an inner rotor (height =

TABLE 1 Hydrodynamical and optical characteristics of PPhSTPhA

[n}*10?  [a}n]*10°  [x/g]*10°  My#10*  Myge10* G

cm’/g cmsg’ 5!
9.0 460 35 5.25 5.76 0.64
8.0 460 30 4.68 5.55 0.71
7.0 450 23 3.80 4.86 0.82
6.5 450 23 412 5.24 0.70
425 460 12 2.57 4.18 0.99
4.0% 440 7.5 2.40 2.78 071
1.95¢* 340 18 1.78 1.37 0.65
1.00* 280 0.66 0.78 0.98 0.80
0.48¢ 200 0.47

0.36* 170 0.39

0.15* 167 0.22

0.09 130 0.16

0.06* 45 0.12
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6 cm, gap = 0.055 cm). The ratio of dynamo-optical constants [n] = [jm to [n] gi-
g0

c>0 g”oc

ves the shear optical coefficient [n)/[n] (Table 1) which characterizes the optical pro-
perties of dissolved macromolecules. The FB orientational angles, ¢, dependence on
flow mate gradient, g, were observed. Values of the characteristic orientation angle

? are given in Table 1. High [n}[n] values and its dependence on [1]

make it poasible to use the theory of optical and hydrodynamic properties of kinetically-
rigid worm-like chains'.

The molecular weights My, were determined from experimental [1}] values using
Equation (1) obtained for PPPhTPhA*

[n] = M+ (48 + 0.42 M%) (1)
and My, we calculated using Equation (2) and the experimental {y/g] and [n] values
[w/8] = GM#[n]n/RT 3]

where G is a model cofficient’.

The experimental dependence of [n}/[n] on M (Figure 1) can be written' as
following

[o)n] = BBAM/(M + Ms) 3
where A is a Kuhn segment length and B is an optical anysotropy of unit length; B =
= 4x(n® + 2)%/45n0kT is an optical coefficient (n is refractive index of solvent, k is
Boltzmann constant and T is absolute temperature); M,, M., and Mg are molecular
weight of monomer unit, unit of chain length, and Kuhn segment.

When M —» o0 Equation (3) comes to

(n}n)- =BBA (3a)
and when M —» 0 Equation (3) comes to

&([n}n)yoM = Bp/M. (3b)

The ratio of Equations (3a) to (3b) is equal to Ms =8%10° =M,* S; M, =376 and § =
21 (S -- number of monomer units in Kuhn segment).
The analyses of A, the length of monomer unit projection on the molecular axis
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[0}/[n)*10"cms g

e@ e © ©
400-
o
e

004 &

oo

®

. [ M,*10*
0 2 4

FIGURE 1 Dependence of [n)/[n] on M for PPhSTPhA

makes it possible to select A = (16.8 + 0.2)*10® cm. For this A the Kuhn segment
length A for PPhSTPhA is (350 +10)»10% cm  and optical anisotropy of the
monomer unit Aa = 310#10° cm. Comparing M]n] and [x/g] in Equation 1 and 2 one
can obtain G values. The values for polyamidobenzimidazole (PABI) and PPPhTPhA
investigated before and PPhSTPhA at high M are G =0.75 1 0.05 so in agreement with

G
® O PPISTPhA
1.54 ¢ PAH
& PPPHIPhA
J
104 ® & n o]
oa ° = =0
ol e ‘.’.‘g" %o
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FIGURE 2 Dependence of G on M of poly-para-amides
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theory this G value reflects coil-draining of polyamide molecules.

For rigid-chain aromatic polymers** the dependence of [n)/{y/g] on [n)fn] can
be linear:

[}x/8] = RT(nG)] BB/M, HAMy) ' [n}n] ] )
Using the intercept, (BRT/n,G)*BMy, and slope, &([n)/{x/g]/d(n}[n]) =RT(M.G)AM,
one can calculate f = 20¢10™7 cm? and A = (340 £ 10 )#10® cm.

TABLE 2 Optical and conformational properties of para-aromatic polyamides

POLYMER ([n]/[n])m*lolo p*10"" A=*10® o AE,
cmsg cm’ cm cN/itex GPa
H ¥ § 400 17 300 290
-c—~O)~c-& LB
0 360 18 290 30
i 2N
~C—N c
-O-< Q.
FH
X g0 g 520 19 345 310 40
—N—Q—,— O—r-¢ c—
80,

From Table 2 we see the increase in equilibrium rigidity of PPhSTPhA
molecules over that of PABI and PPPhTPhA which is caused by introduction of a
heterocycle none distorting "crankshaft" but increasing the length of the rigid-chain part.
This agrees with the change in fibre strength and elastic modulus.

Another fibre making para-aromatical polymer - polyester IIl (Table 3) is
soluble only in the mixture of chloroacetic acids. Experimental results by
flowbirefringence and intrinsic viscometry make it possible to know the molecular
weights of the samples from the equation [] = K;M* (K, = 0.00129 and o = 1.22)'°
and to calculate the equilibrium rigidity from Equation (3a), on the assumption p =
=8.3%10"" cm, so A = (230 £ 20)*10% cm.

Comparing the polyesters from Table 3 we can say that the main contribution
to the rigidity of polyesters is an ester group with trans-structure and quasiconjugation
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along the chain so that the molecular order in the para-aromatic esters chains depends on
their regularity and position of phenyl side group.

TABLE 3 Optical and conformational properties of para-aromatic polyesters

STRUCTURE [n}[n]*10"° p*10"7 A*10%,cm  Ref
cms g" cm?
H ° 130 81 00X 2 8
~c —gc-ogo—
H H 150 8.1 ot 9
-!I'—<[( ?:—-2—0—4 »—0— 22 2
H o 0 160 8.3 230 + 20 This
-o-Or-c~0-O) 0—¢ - work
@
o 240 86 350t 10
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