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FLOW BIREFRINGENCE OF POLYAMIDES AND POLYESTERS IN ACID 
SOLUTIONS 

TATJANA V. FlLIPPOVA AND IRINA N. SfUENNKOVA 
Jndtute of hkcmmo1ecular Compounds of R u s h  Academy of Sciences, 
S.-Petemburg, 199004, Russia 

Abstract Flow bjref?ingence and viscometxy of dilute acid solutions of ply- 
amide arad polyestex are used for investigations of hydrodyaamical, opt~cal and 
cdixmatioaal characteristics of their molecules. Quantatiw data on the equrlrb- 
rim rigidity of the molecules are compared with those obtained behe for the 
molecdea with similar structure. 

L"RODUC"I0N 

In mwnt years great attention has been paid to the new materials with liquid crystalline, 

t h e r n o - ~ ~ d  and fih maklng propertres. High equllbrim rigidity of the macm 

molecules often detmmw . ly-ic or thermotropic mesomorphism in a concentrated 

solution or W. It was shown in cellulose and its derivatives' that cycles in the main 

chains bnngs macro~lt!Culea to the high rigidity. The extreme rigidity of synthetic ply- 

isocyanates2 is camected with quasiumjugatim along the chain. As our investigations 

have the hgh rigidity of aromatic p o m d e s  is due to the para-positicm of 

phenylene ring and traneconfigumtian of amide p u p s  - the "crankshaft" confarmation. 

For fibre strength modification di&mt heteroqdes were in- in po-& 

molecules5. Poly(tnphenilsulfane terephtbalamide) (PPhSTphA) investigated in the 

presentworkhastllestructure: 

=)?! 
This c4lpolyamide diffem fbm poly(pala-phenylene terephihalamide) 

(PFThTPhA) by the pmence of dibmmthiophene sulphone6 and as is the case for most 

of para-polyamides is soluble only in sulphuric acid. In concentrated solution this ply- 
[I4951157 
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mer fcnma lyotropic liquiduystalline meaophm. 

Another polylm for our Btudies ia para-aromatc polyester with the following 
structure: 

This thermotropcally meaOgenic pbenyl-sub&uted pnra-aromatic plyeater is soluble in 

mixture of acids (14.4% m o d d c  + 35.5% dichloroacetic + 50.1% tbreechloro- 
acetic)acid. 

EXPWIMENTAL DETAILS 

Same samplw ofPPhSTPhA marked in the Table 1 by asbrisk am the d t  of thexmal 

degradation (heating temperature 70-105OC for 100 hours in d e d  ampoules)'. Intrinsic 

vkoaity [q] and flow birehgence (FB) were measured in %% aulphuric acid (q, = 

' i n  

Oetwad viscornSter at a solvent flow time T~ = 62.4 s. FE3 An was m d  by a 

pviousb disaibad rnethod in a teflon dynam0-optirmterwit.h an inner mtur (height = 

22*1Om2 ps, p = 1.843 gfcm3 ). The valuea of [q] given in the Table 1 were 

TABLE 1 Hydrodynarmcal and optical characteristics 0fPPhSTPhA 

9.0 
8.0 
7.0 
6.5 
4.25 
4.0' 
1.95' 
1 .oo' 
0.48' 
0.36. 
0.15' 
0.09 
0.06' 

460 
460 
450 
450 
460 
440 
340 
280 
200 
170 
167 
130 
45 

35 
30 
23 
23 
12 
7.5 
1.8 

0.66 

5.25 
4.68 
3.80 
4.12 
2.57 
2.40 
1.78 
0.78 
0.47 
0.39 
0.22 
0.16 
0.12 

~~ 

5.76 
5.55 
4.86 
5.24 
4.18 
2.78 
1.37 
0.98 

~ 

0.64 
0.71 
0.82 
0.70 
0.99 
0.71 
0.65 
0.80 
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FLOW BIREFRJNGENCE OF POLYAMIDES AND POLYESTERS [I4971159 

vea the shear optical coefficient [n]/[q] (Table 1) which characterizes . theopticalpro- 

perties of dissolved macmmoldw. The FB orientational angles, q#, dependence on 
flow rate gradient, g, were observed. Values of the characteristic orientation angle 

rn given in Table 1. High [nlfiq] valw and its dependence on [q] r x i  4 5 0 - ~  

IgJ' l i57- C 4 J  

make it paible  to use the theory of optical and hydrodynamic pope&- of kinetidy- 

ngid worm-like chains'. 
The molecular weights M,, were dekmmed . from experimental [q] values using 

Equatim (1) obtahed fix PPPh'PhA4 

[q] = M2* (48 + 0.42 M1R)-3 (1) 

Ixlsl= GM*IqIllm (2) 

and wx/d  lie calculated US@ Equation (2) and the experimentat [x/sl and [q J values 

w k  G is a model cofficient'. 

following 

The experimental dependence of [nlfiq] on M (Figure 1) canbe written' as 

[nlfilll = BBWW + Ms) (3) 

where A iaaKuhnsegmentlength and p iS anopticalanysotmpyofunitleng&B= 

= 4K(nz + 2)'/45nkT is an optical coedEcient (n is rehtive index of solvent, k is 

Boltpnann conafanf and T is absolute tempera&); %, MI., and Ms are molecular 

weight of monomer unit, unit of chain lengtb, and Kuhn segment. 

WheaM + a Equation (3) oames to 

[nlfilllm = BPA (3a) 

a(InI/[lll)laM = B P M  (3b) 

andwhenM-, 0 Equation (3) comes to 

The ratio of Equations (3a) to (3b) is equal to Ms = 8*103 = M,,* S; M, = 376 and S = 

2 1 (S -- numb of monomex units in Kuhn segment). 

The adysea of A, the length of mamma unit pmjectian an the molecular axis 
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FIGURE 1 Dependenoe of [n]/[q] on M foa PphSTphA 

makea it psible  to select h = (16.8 f 0.2)*104 CIIL For this h the Kuhn segment 

A f i  p p h s ~ p h ~  is (3% *10)*10~ cm 4 optid anis- ofthe 

monomer unit ba = 310*10-25 cm. ComPering M[qJ and [dg] in Equation 1 and 2 one 

can obtain 0 valw. The values for polyamrdobeoprm ' 'dezole (PABI) and PpphTphA 

m ~ b e f o r e a n d P P h S T P h A a t h r g h  Mare G=0.75 f0.05sohagreementwith 

G 

FIGURE 2 Dependence O f  G an M O f  p~ty-para-amidee 
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FLOW BIREFRINGENCE OF POLYAMIDES AND POLYESTERS [ 1499116 I 

POLYMER 

18 290 30 

19 345 310 40 

Fram Table 2 we see the incI.ease in equilibrium rigidity of PPhSVhA 

molecules over that of PABI and FTPhTPhA which is caused by introductian of a 
hetemcycle none dmtortq "crankshaft" but incmiwhq the 1- of the rigid-chain part. 

This a- withthe change in fibre dmgthand elastic madulus. 

Another fibre makmg para-aromatical polymer - polyester IU (Table 3) is 

soluble only in the mixture of c h l m t i c  acids. Expermed results by 

flowbkfiingence and intrinsic viscametry make it possible to know the molecular 

wights of the samples from the equation [q] = K,J@ (K, = 0.00129 and a = 1.22)" 

and to calculate the equdibrium riejcllty thin Equation (3a), on the assumption p = 

= 8.3* lo-* can, so A = (230 f 20)* 10' cm. 

Coanparing the polyesters fbm Table 3 we can say that the main contribution 

to the rigidity of polyesters is an eater group with trans-structure and quasicopljugatim 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
1:

55
 2

1 
A

ug
us

t 2
01

2 



624 I500j T.V. FILIPPOVA AND I.N. SHTENNIKOVA 

alqthechainaothatthemolccular~intbepara~tic ester9 chains depedl on 

their regularity and position of phenyl side group. 

TABLE3 0 p t i c a L a t x . I ~  'd properties ofpuru-aromatic polyesters 

STRUCTURE [n]/[q]*lO-'o p*lO" A*1O8, cm Ref 
cm s2g1 Cm2 

Thia work auppoatcd by the Ruslsh F d t i m  of Flwlnrmntnl Investigatians 
(grant %-03-33734). 
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