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The linear poly (2-methoxycyanurate) of bisphenol-F was synthesized by interfacial polycondensation from 
bisphenol-F and 2-methoxy-4,6-dichloro-s-triazine. The fractions obtained by fractional precipitation were 
characterized by light scattering, osmometry and viscosity. The short- and long-range interaction parameters 
were determined in different solvent systems and at four different temperatures. The results were examined 
in the light of excluded volume theories to determine the conformation of the polymer. 
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INTRODUCTION 

The thermal stability of polymeric materials is of 
particular use in aerospace applications and in 
instruments where failure of most plastics is observed 
due to degradation and/or softening. An extensive 
literature exists on thermally stable polymers in which 
aromatic and heterocyclic rings are linked together in 
the main chain L2. A variety of polycyanurates known 
for their thermal stability because of the s-triazine ring 
in the main chain have been reported 3-6. However, 
systematic studies of solution properties which provide 
information about the behaviour of macromolecules in 
solution and may therefore reflect many useful properties 
are scarce for this class of polymers 7's. 

This paper reports the synthesis of high molecular 
weight poly(2-methoxycyanurate) of bisphenol-F 
(PMCBF) and its characterization by using light 
scattering, osmometry and viscosity. The investigation 
of the solution behaviour in various solvent systems was 
carried out to obtain an insight into the conformational 
behaviour of the polymer. 

EXPERIMENTAL 

Materials 
Monomer 4,4'-dihydroxy diphenylmethane (bisphenol- 

F) was prepared from phenol and formaldehyde as per 
reported methods 9. 2-Methoxy-4,6-dichloro-s-triazine 
(MDT) was synthesized from cyanuric chloride 1°. 
Solvents used for dilute solution studies were analytical 
grade materials. 

*To whom correspondence should be addressed 

Polymer preparation 
A solution of bisphenol-F (0.25mol), sodium 

hydroxide (0.5 mol), cetyl dimethyl benzyl ammonium 
chloride (0.625 g) in distilled water (250 ml) was stirred 
vigorously in a 500 ml three-necked flask equipped with 
a stirrer and thermometer to obtain complete emulsion. 
To the emulsified mixture a solution of 2-methoxy-4,6- 
dichloro-s-triazine (0.25 mol) in chloroform (65 ml) was 
then added and stirring was continued for 5 h at 10°C. 
The polymer from the organic layer was precipitated out 
in methanol, and then washed several times with water 
to remove salt and emulsifier. Finally it was washed with 
acetone and dried at 60°C. The reaction is shown in 
Scheme 1. 

To study the effect of solvent on the behaviour of 
polymer is solution, the solvents used were chloroform 
(CF), which was found to be a good solvent, and its 
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binary  mixtures  with d ich loroe thane ,  d ioxane  and  
n-bu tanol ,  which were found to be p o o r  solvents.  

The po lymer  ob ta ined  was f rac t iona ted  by f ract ional  
p rec ip i ta t ion  at  30°C using C F  as solvent  and  n -bu tano l  
as prec ip i tant .  Intr insic  viscosity measurements  of  the 
fract ions were carr ied out  using an U b b e l o h d e  suspended  
level v iscometer  at  four  different t empera tu res  (30, 35, 
40 and  45°C) and  in different solvent  systems of  C F  and  
its b inary  mixtures.  The  b ina ry  mixtures  employed  were 
CF ,  C F : d i c h l o r o e t h a n e  ( D C E ,  70:30 v / v ) ,  C F : d i o x a n e  
(80:20 v /v ) ,  C F : d i o x a n e  (70:30 v / v )  and  C F : n - b u t a n o l  
(90:10 v /v ) .  

A B r i c e - P h o e n i x  l ight scat ter ing p h o t o m e t e r  was used 
to de te rmine  the weight -average  molecu la r  weight ( ) ~ , )  
of  fract ions in C F  at 30°C and  at  a wavelength  of  436 nm. 
Solut ions  used for the l ight scat ter ing measurements  were 
centr ifuged with an ul t racentr i fuge machine  (Janetzki ,  
VAC 601) at  30000  rev min -x for ~ 3 0  rain. The  
superna tan t  l iquid was t ransferred into  a G5 sintered 
glass funnel and  filtered. The  solvent  was also fil tered 
th rough  a G5  funnel p r io r  to use. The relat ive intensi ty  
of  the incident  beam and  the response  of  the 
pho tomul t ip l i e r  tube were s t andard ized  by  the scat tered 
rad ia t ion  from a ca l ib ra ted  opa l  ( m o n i t o r e d )  reference 
s t andard .  The  ins t rument  was ca l ib ra ted  with a s t a n d a r d  
polys tyrene  sample  of  k n o w n  molecu la r  weight.  The  
specific refractive index increment  was measured  on a 
B r i c e - P h o e n i x  differential  re f rac tometer  in C F  at  30°C 
and  was found to be 0.173 ml g -1 .  The de te rmina t ion  of  

the radius  of  gyra t ion  and  the s o l v e n t - p o l y m e r  
in terac t ion  p a r a m e t e r  A 2 was carr ied  out  by the graphica l  
Z i m m  method .  The  number -ave rage  molecu la r  weights 
( M , )  were determined by osmotic  pressure measurements  
using a H e w l e t t - P a c k a r d  502 high speed m e m b r a n e  
osmomete r  and  non-aqueous  type  0 - 8  membranes  in C F  
at 30°C. 

R E S U L T S  A N D  D I S C U S S I O N  

The intr insic viscosities ( [ q ] )  of  f ract ions (s - f rac t ions)  
of  P M C B F  in different solvents  and  at  different 
t empera tu res  are shown in Table 1. The results indicate  
tha t  [ q ]  and  the solvent  power  for a given fract ion 
at  a given t empera tu re  are  in the fol lowing o rde r :  
C F  > C F : D C E  (70:30 v / v )  > C F : n - b u t a n o l  (90:10 
v / v )  > C F : d i o x a n e  (80:20 v / v )  > C F : d i o x a n e  (70:30 
v /v ) .  Results  reveal  tha t  [r / ]  decreases with increase in 
t empera tu re  in all solvent  systems but  the decrease  in 
[r /]  with t empera tu re  is more  p r o n o u n c e d  in b ina ry  
mixtures  than  in pure  C F .  

The ~ , ,  and  Mn values,  rad ius  of  gyra t ion ,  end- to -end  
dis tance  and  Az values ( l ight  sca t ter ing)  of  the fract ions 
with the co r respond ing  [ 0 ]  values in C F  at  30°C are 
summar ized  in Table 2. 

The v i s c o s i t y - m o l e c u l a r  weight  re la t ionships  were 
obta ined  in different solvents and  at  different temperatures  
accord ing  to the M a r k - H o u w i n k - K u h n - S a k u r a d a  
( M H K S )  relat ion.  The  M H K S  cons tan ts  are  shown in 

Table 1 Viscosity data (dl g -  x ) of PMCBF fractions in different solvent systems and at different temperatures 

Temperature CF:DCE CF :dioxane CF :dioxane CF :n-butanol 
Fraction JO" w ( x 10 -5) (°C) CF (70:30 v/v) (80:20 v/v) (70:30 v/v) (90:10 v/v) 

$4 7.52 30 2.68 - - - 2.20 
35 2 . 5 4  . . . .  
40 2 . 4 4  . . . .  
45 2 . 3 8  . . . .  

S 7 3.19 30 1.56 1.56 1.03 0.77 1.50 
35 1.49 1.49 1.02 0.76 - 
40 1.44 1.43 1.00 0.75 - 
45 1.40 1.39 0.99 0.74 - 

S s 2.40 30 1.32 1.24 0.92 0.71 1.05 
35 1.25 1.21 0.90 0.68 - 
40 1.22 1.17 0.89 0.67 - 
45 1.17 1.11 0.87 0.65 - 

$1o 1.25 30 0.94 0.87 0.66 0.55 0.80 
35 0.91 0.85 0.65 0.52 - 
40 0.88 0.81 0.62 0.51 - 
45 0.86 0.77 0.60 0.50 - 

$12 1.10 30 0.81 0.78 - 0.52 0.73 
35 0.79 0.77 - 0.51 - 
40 0.77 0.75 - 0.50 - 
45 0.75 0.73 - 0.49 - 

S13 0.86 30 0.70 0.71 0.58 - 0.60 
35 0.68 0.69 0.56 - - 
40 0.66 0.67 0.54 - - 
45 0.65 0.65 0.52 - - 

Sl4 0.65 30 0.58 0.56 0.48 0.44 0.55 
35 0.56 0.55 0.47 0.43 - 
40 0.55 0.54 0.46 0.41 - 
45 0.54 0.53 0.44 0.39 - 
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Table 2 Light scattering and osmometry data of PMCBF fractions in CF at 30°C 

2 1/2 ~,R2,~ 1/2 10,t) <S >, A2(x 
Fraction 3°°c [q]cno3 ]~'w ( x 10 -5) h.l. ( x 10-'*) (A) ~,/~-) .o.,, (cma molg -2) 

S, 2.68 7.52 39.80 498 982 1.40 

$7 1.56 3.19 8.70 310 611 6.60 

S a 1.32 2.40 8.14 251 495 7.09 

Sto 0.94 1.25 5.50 178 351 7.65 

S,2 0.81 1.10 5.30 179 353 8.32 

S 13 0.70 0.86 4.94 145 286 8.41 

$14 0.58 0.65 4.40 120 237 8.91 

I ( h+ 1 1,,2 (R2)ol/w 2 = 6($2>z - ~ ] j  

h : : o.84  

Table 3 Mark-Houwink-Kuhn-Sakurada constants a for PMCBF 
in different solvents at the temperatures indicated 

Temperature K' ( x 104) 
Solvent (°C) a (dl g- 1 ) 

CF 30 0.62 6.34 
35 0.60 7.19 
40 0.60 7.40 
45 0.59 7.87 

CF:DCE 30 0.61 6.71 
(70:30 v/v) 35 0.59 8.17 

40 0.59 8.24 
45 0.58 8.91 

CF :dioxane 30 0.46 29.00 
(80:20 v/v) 35 0.48 23.20 

40 0.49 20.60 
45 0.50 17.10 

CF:dioxane 30 0.37 73.50 
(70:30 v/v) 35 0.38 59.70 

40 0.39 55.50 
45 0.40 46.20 

CF:n-butanol 30 0.58 8.30 
(90:10 v/v) 

° [ t l ]  ---- K ' M "  

Table 3. Results indicate that the MHKS constant K' 
decreases and the exponent a increases with increasing 
solvent power as expected. It can be seen from Table 3 
that even though the exponent values in binary mixtures 
of CF:dioxane (80:20 and 70:30v/v) are <0.5, the 
polymer remains in solution. This phenomenon may be 
attributed to the tightly coiled configuration of the 
polymer, i.e. the strained compact configuration 
regarding the bond rotation. Polymer precipitation 
results as the polymer-polymer interaction increases in 
the two opposing forces, namely the polymer-polymer 
interaction and the polymer-solvent interaction, which 
is normally the case below 0 conditions. In the case of 
PMCBF, the polymer remains in solution even below 0 
conditions. This is only possible if the polymer 
configuration is strained and the strain in a polymer 
molecule minimizes the chance of polymer-polymer 
interaction as a result of which, even below 0 conditions, 
for the two opposing forces stated above the latter 
remains predominant. Similar results have been reported 7. 

The molecular-weight dependence of the end-to-end 
distance and solvent-polymer interaction parameter for 

PMCBF are given by the following relations: 

(R 2 ) 1/2 = 0.464~o.s7 (1) 

A 2 = 0.95 x 10-2/~w 0"21 (2) 

Note that (R2)~w/2 increases and A 2 decreases with 
increase in molecular weight, which is in accordance with 
excluded volume theory 11. 

In order to obtain short- and long-range interaction 
parameters and the unperturbed dimensions from the 
[ r / ] -M relation determined under non-0 conditions, 
various excluded volume theories 12-2° were employed. 
The values of the short- (Ko) and long-range interaction 
parameters (B) thus obtained in different solvents and 
at different temperatures are presented in Tables 4 and 
5, respectively. The results indicate that for PMCBF all 
theories yield linear relations and a common intercept 
over the entire molecular weight range and in all the 
solvents studied. However, large variations are observed 
in B values from theory to theory. The magnitude of B 
reflects the type of assumptions involved in each of the 
theories. Qualitatively, all the theories agree very well, 
stating that B decreases in good solvents and increases 
in poor solvents with rise in temperature. This suggests 
that the polymer chain is flexible and the flexibility can 
be attributed to the ether link in the backbone chain 21. 
The K 0 and B values of PMCBF under various 
experimental conditions and the corresponding molecular 
weight parameters are shown in Table 6. In the 
unperturbed state the PMCBF chains assume the 
((R2>ow/J~lw) 1/2 value to be 0.92 A at 30°C. This value 
varied by 2% in different solvents at 30°C which could 
be explained in terms of minor specific solvent effects. 
However, the temperature coefficient of unperturbed 
dimensions changes drastically from a good to a poor 
solvent. Chlorinated hydrocarbon, when employed as the 
solvent or in mixed solvents, results in non-ideal polymer 
solutions with positive non-ideality. On the other hand, 
CF-dioxane mixtures as solvents result in negative 
non-ideal behaviour. In the former case, the temperature 
coefficient of the end-to-end distance remains small 
whereas it assumes a rather large value in the latter 
solvent systems. In fact the two opposing phenomena, 
solubility and rotational potential barrier, are operative 
in deciding the effect of temperature on polymer 
configuration. The increase in solubility is greater in a 
poor solvent than in a good solvent with increase in 
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Table 4 Estimated values of the short-range interaction parameter Ko ( x 10 a dl mol 1/2 g-a/2) for PMCBF according to different theories = 

Temperature 
Solvent (°C) SF FFS BJ FOP IP KSR DB YT 

CF 30 2.06 1.94 2.13 2.09 2.40 2.08 2.03 1.96 

35 2.03 1.93 2.09 2.06 2.40 2.05 2.00 1.94 

40 1.99 1.92 2.04 2.02 2.39 2.00 1.97 1.92 

45 1.97 1.91 2.02 2.00 2.39 1.99 1.94 1.91 

CF:DCE 30 2.04 1.92 2.06 2.04 2.13 1.93 1.94 1.94 

(70:30 v/v) 35 2.02 1.91 1.96 1.94 2.11 1.93 1.92 1.93 

40 2.02 1.90 1.95 1.93 2.07 1.92 1.92 1.92 

45 2.01 1.88 1.92 1.91 2.06 1.91 1.91 1.91 

CF:dioxane 30 1.99 1.99 1.99 1.99 2.10 1.99 1.99 1.99 

(80:20 v/v) 35 1.94 1.95 1.95 1.95 2.06 1.95 1.94 1.94 

40 1.84 1.84 1.84 1.84 1.94 1.84 1.84 1.84 

45 1.74 1.74 1.73 1.73 1.82 1.73 1.74 1.74 

CF:dioxane 30 1.98 1.91 2.06 2.00 2.40 2.00 1.97 1.92 

(70:30versus) 35 1.86 1.83 1.95 1.91 2.31 1.90 1.86 1.83 

40 1.82 1.76 1.88 1.84 2.22 1.84 1.82 1.79 

45 1.71 1.69 1.77 1.75 2.14 1.74 1.71 1.69 

CF:n-butanol 30 1.93 1.82 1.86 1.84 2.35 1.84 1.88 1.89 
(90:10 v/v) 

=SF, Stockmayer-Fixman; FFS, Flory-Fox-Schaefgen; BJ, Bueche-Jame; FOP, first-order perturbation; IP, Inagaki-Ptitsyn; KSR, 
Kurata-Stockmayer-Roig; DB, Domb-Barrett ; YT, Yamakawa-Tanaka 

Table 5 Estimated values of the long-range parameter B ( x 1027 cili a ) for PMCBF according to different theories 

Temperature 
Solvent (°C) SF FFS BJ FOP IP KSR DB YT 

CF 30 0.83 0.55 0.52 0.60 0.94 0.76 0.76 0.96 

35 0.72 0.45 0.46 0.52 0.76 0.67 0.65 0.81 

40 0.68 0.40 0.43 0.49 0.68 0.61 0.59 0.73 

45 0.62 0.36 0.40 0.45 0.60 0.57 0.55 0.66 

CF:DCE 30 0.79 0.50 0.49 0.53 0.84 0.67 0.70 0.87 

(70:30 v/v) 35 0.68 0.44 0.42 0.48 0.72 0.60 0.63 0.72 

40 0.62 0.36 0.38 0.44 0.65 0.55 0.55 0.68 

45 0.56 0.30 0.31 0.39 0.58 0.49 0.51 0.60 

CF:dioxane 30 -0.20 -0.06 -0.15 -0.14 -0.10 -0.17 -0.14 -0.14 

(80:20 v/v) 35 -0.16 -0.05 -0.11 -0.12 -0.07 -0.13 -0.12 -0.11 

40 -0.07 -0.03 -0.03 -0.05 -0.02 -0.06 -0.05 -0.05 

45 0.02 0.02 0.03 0.03 0.01 0.04 0.02 0.01 

CF:dioxane 30 -0.77 -0.65 -0.81 -0.65 -0.78 -0.75 -0.48 -0.45 

(70:30 v/v) 35 -0.65 -0.58 -0.71 -0.58 -0.69 -0.68 -0.48 -0.39 

40 -0.64 -0.52 -0.63 -0.53 -0.61 -0.62 -0.47 -0.38 

45 -0.52 -0.44 -0.52 -0.45 -0.50 -0.53 -0.40 -0.33 

CF:n-butanol 30 0.54 0.41 0.42 0.46 0.51 0.58 0.54 0.55 
(90:10 v/v) 

temperature ,  while the ro ta t iona l  potent ia l  barr ier  is 
affected equally in both.  As a result, in good  solvents 
where appreciable  excluded volume effects prevail ,  ei ther 
the solubili ty pa ramete r  or  the lowering of  the potent ia l  
barr ier  does not  contr ibute  much  to the change of  
configurat ion.  However ,  the ro ta t iona l  potent ia l  barr ier  
takes over  the solubili ty effect to a small extent  and the 
molecular  dimensions decrease minutely  with rise in 
temperature .  On  the other  hand,  in p o o r  solvents the 
strained compac t  conf igurat ion at ta ined below 0 
condi t ions  is made  free of  strains by raising the 

tempera ture  th rough favourable  bond  rotat ion.  It is 
justified therefore that  the tempera ture  coefficient of  the 
unper turbed  end- to-end distance assumes larger  values 
in the ' be low 0 '  state and small values in the ' a b o v e  0 '  
state. 

To  examine the validity of  the excluded volume 
theories for the exper imental  results, theoret ical  plots of 
the excluded volume parameter  (z)  versus the expansion 
factor ( ~ )  were constructed according to var ious 
theoret ical  expressions suggested by Corne t  22. The  
exper imental  points  of  P M C B F  in all solvents together  
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Table 6 The short- (Ko) and long-range (B) parameters of PMCBF solutions for the given experimental conditions of solvent and temperature 

M, J 
Temperature Ke ( x 103) ° B ( x 1027) b 

Solvent (°C) (dl mol 1/2 g-a/2) (cm 3) (A) 

- d i n  (R2)o~ 

d T (  x 10 a ) 

CF 30 2.10 0.830 0.92 
35 2.09 0.720 0.92 1.29 
40 2.06 0.680 0.91 
45 2.04 0.620 0.91 

CF:DCE 30 2.06 0.790 0.92 
(70:30 v/v) 35 2.03 0.680 0.91 1.63 

40 2.02 0.620 0.91 
45 2.01 0.560 0.91 

CF :dioxane 30 1.99 - 0.196 0.90 
(80:20 v/v) 35 1.94 -0.156 0.89 5.87 

40 1.84 -0.070 0.88 
45 1.74 + 0.020 0.86 

CF:dioxane 30 2.07 -0.770 0.90 
(70:30 v/v) 35 1.97 -0.650 0.88 5.48 

40 1.91 -0.630 0.88 
45 1.83 -0.520 0.86 

CF:n-butanol 30 1.93 0.540 - - 
(90:10 v/v) 

"Averaged over all theories except IP 
~According to SF; qw = 0.94 (Schulz-Zimm distribution) 

with the theoretical lines are shown in Figure 1. In order 
to avoid clustering of experimental points, the curve is 
split into separate curves for different theories. All the 
excluded volume theories give best fit with the 
experimental data in the vicinity of the 0 state and 
particularly in the range of 0.96 ~< a s ~< 1.08. It is 
interesting to note that the F O P  and BJ theories where 
inappropriate expansion of polymer chains is considered 
at higher excluded volume consistently deviate only 
above cts > 1.08. On the other hand, KSR and F,o deviate 
only in the below 0 state where ~, < 0.96, in contradiction 
to the observations of Orofino 23. Thus the present 
analysis not only takes into consideration the adequacy 
of the theory but also considers its self-consistency. 
Calculations based on B values derived from various 
theories and the unique value of K 0, showed that only 
the Fixman theory was consistent over the whole range 
of excluded volume effect covered by the present 
experiment. 

The theoretical plots of e versus % for different theories 
are shown in Figure 2, where e is the Pti tsyn-Eizner 24 
exponent and is related to the MHKS constant a by the 
relation : e = (2a - 1 )/3. It is also related to at and z by 
the relation : 

d lnct  
- (3 )  

d in  z 

This analysis seems to be more sensitive than the previous 
analysis. The analysis indicates good agreement in the 
region 0.98 ~< % ~< 1.02, which is a narrow range 
compared to that of the previous one. The inherent 
reason for this discrepancy is because in the previous 
analysis all excluded volume theories have adjusted a 
constant parameter while in the latter analysis there is 
no forced constant in the theories. Results indicate that 
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Figure 1 z versus  ~, for P M C B F  in all solvents with the theoretical 
curves due to different theories. YT, Yamakawa-Tanaka :  DB. 
D o m b - B a r r e t t ;  P, Ptitsyn; F, Fixman;  KSR, Kurata Stockma.vcr 
Roig; FOP,  first-order perturbat ion;  B J, Bueche Jarne: F.o, I:lor.~ 
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P O L Y M E R ,  1993,  V o l u m e  34, N u m b e r  6 1 3 0 7  



Synthesis and characterization of PMCBF." S. Kansara et al. 
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0 . 9 4  0 9 6  1.02 1.06 1.10 1.14 1.18 

Figure 2 e versus ct~ for PMCBF in all solvents with the theoretical 
curves due to different theories: (A) BJ; (B) FOP;  (C) F; (D) KSR; 
(E) YT; (F) F,o 

except for F,o theory all the theories agree very well with 
the experimental points at high excluded volume effect 
which supports the fact that F,o theory overestimates the 
excluded volume effect. At below 0 conditions on the 
other hand, considering experimental error, all the 
theories agree well while the F,o theory remains far below 
the experimental points. This indicates that the F,o 
theory underestimates the excluded volume effect in the 
below 0 state. It has been reported 23 that the F,o theory 
is applicable even in 0 conditions based on experimental 
data of polystyrene in cyclohexane below the 0 
temperature. In the present analysis, the below 0 state 
was achieved by changing the solvent and temperature, 
and the reliability of our experimental data was verified 25. 

The unperturbed dimensions of the chain and the 
solvent-polymer interaction parameter B were derived 
for PMCBF using the relation of the two-parameter 
theory given by Kurata26: 

A2M1/2= 1,65 x 1023((R2)°~ 3/2 
\ M / 

+ 0.968 × 1023BM 1/2 (4) 

The linear plot of a ~1/2 ~1/2 ,~2,,-w versus ---w shown in Figure 
3 yields an intercept 0.12 and hence end-to-end distance 
of 0.90 ~,. The results show excellent agreement with 
those derived according to excluded volume theories from 
[ r / ] -M data. The theories of A 2 suggest that the ratio 
A2M/[rl] is a linear function of ct a lone  27'2a. 

A2M 

In] 
- f ( ~ )  

= 2 0 0 ( 1 - ~  -3) (Ref. 29) 
= 414 logl-1 + 0.885(~ 2 -- 1)] (ref. 30)(5) 

The value ofA2M/D1 ] for PMCBF in CF is in the range 
of 99-135. 

40 

_O 50 

20 

l0 

I I I I I I I 
0 I 2 3 4 5 6 7 

- 1/2 M. (xl0 -2) 

Figure 3 Kurata plot of a ~1/2 ~1/2 ~2z,.w versus ---w for PMCBF fractions 
in CF at 30°C 
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Figure 4 A2/~w/Fr/] versus ~ - 1 for PMCBF in all solvents with 
the theoretical curves for Krigbaum, and for Flory-Krigbaum-Orofino 
(FKO) theories with the combinations of Flory modified ( F,m ), Ptitsyn 
(P) and Fixman (F) theories 

The A 2 value for real polymer solutions is given by: 
( S 2 )  3/2 

-4 2 = 41r3/2N A - -  ~h(~') (6) 
M 1 / 2  

where N A is Avogadro's number and 2h(~) is a function 
of intra- and intermolecular interactions. Several 
theories 11,26.28,31 were used to determine ~,h(~)(W). The 
experimental data of A2M/[~l] in the range of 99-135 
yield W values of 0.30-0.42. The FKO, 0 function gives 
comparatively higher W values, while other theories give 
very low limiting W values, so the theories were combined 
with FKO, 0 to examine the experimental data. Figure 

2 1 4 shows theoretical curves of A2Alw/[t/] versus ~, - 
for the FKO,o theory combined with the F, m, P and F 
theories. The semiempirical relation given by Krigbaum 
is also shown. The points indicate the experimental 
results from light scattering measurements. It is clear 
from the figure that all lines are far from the data points, 
indicating that the behaviour of the parameter cannot be 
explained by the present theories. The literature 27,82'83 
reveals that poly(methyl methacrylate), poly(vinyl 
acetate), poly(phenylene oxide) and poly(2-methoxy- 
cyanurate of bisphenol-A) show similar behaviour 
regarding A2h4w/[r/]. The discrepancy may be due to 
an inaccurate determination of A2 and a contribution 
from the third virial coefficient. However, the accurate 
determination of A2 and reasonably good linearity of the 
A2-M relation overruled the above possibilities. 
Therefore it seems that the deviation shown by several 
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po lymers  mus t  have some basis  inherent  in the bas ic  
p roper t ies  of  the po lymer  chains.  To unde r s t and  this,  
cellulose n i t ra te  and  po lys tyrene  were cons idered  as they 
show low and  in te rmedia te  values of  A2M/[~I-] ,  
respectively.  The  cellulose n i t ra te  is k n o w n  for its r ig idi ty  
and  assumes an  ex tended  chain  rod- l ike  conf igura t ion  
while the flexible po lys tyrene  chains  assume a loose  coil  
conf igura t ion .  As rod- l ike  molecules  canno t  en tangle  
whilst  flexible chains  can be involved  in en tang lements  
between molecules ,  this implies  tha t  A 2 M / [ r / ]  behav iou r  
is dec ided  by  the en tanglements .  The  above  examples  
also indicate  tha t  the  degree of  coil ing o r  the degree of 
ease of  en tang lements  increases  cons ide rab ly  with the 
flexibili ty of  the chains.  I t  is observed  in P M C B F  tha t  
the chains  are  highly flexible and  possess  high 
t empera tu re  coefficients of molecu la r  d imens ions .  The  
high flexibili ty gives rise to excessive en tang lements  which 
m a y  be of a t o r tuous  na ture .  The  effects of  such 
en tang lements  have never  been t aken  into  account  in the 
de r iva t ion  of A 2 theory .  Therefore ,  it  is conc luded  tha t  
the present  exper imenta l  d a t a  for highly flexible P M C B F  
chains m a y  no t  comply  with present  A2 theory .  
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