
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Molecular Parameters of Sodium Carboxymethyl Amylose in Dilute
Solution
P. K. Mannaab; P. K. Choudhurya

a Department of Applied Chemistry, Calcutta University, Calcutta, India b Research Division, Johnson
and Johnson Ltd., Bombay, India

To cite this Article Manna, P. K. and Choudhury, P. K.(1974) 'Molecular Parameters of Sodium Carboxymethyl Amylose in
Dilute Solution', Journal of Macromolecular Science, Part A, 8: 5, 909 — 917
To link to this Article: DOI: 10.1080/00222337408066407
URL: http://dx.doi.org/10.1080/00222337408066407

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337408066407
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A8( 5), pp. 909- 917 (1974) 

Molecular Parameters of Sodium 
Carboxymethyl Amylose in Dilute Solution 

P. K. MANNA* and P. K. CHOUDHURY 

Department of Applied Chemistry 
Calcutta University 
Calcutta, India 

A B S T R A C T  

Carboxymethyl amylose was fractionated and the fractions 
were characterized by light scattering and viscometry. The 
viscosity and the molecular weight data have been used to  
evaluate the Mark-Houwink' s constant a, expansion factor a, 
Flory' s universal constant $o, and unperturbed dimension of 
the chain. The configurational parameters,  e. g., effective 
bond length b, Kuhn-Kuhn chain segment length A 
factor a have also been determined and compared with those 
of s imilar  cellulose derivatives obtained in our laboratory. 

and s ter ic  m' 

I N T R O D U C T I O N  

A number of conformational and thermodynamic studies on cellulose 
and cellulose derivatives, e. g., hydroxymethyl cellulose [ 11, ethyl 
hydroxyethyl cellulose [ 21, and carboxymethyl cellulose [ 31, have been 
made recently. But so far little attention has been paid to  s imilar  in- 
vestigations on amylose and its derivatives. This work was therefore 
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910 MANNA AND CHOUDHURY 

undertaken to evaluate the configurational parameters of sodium 
carboxymethyl amylose in 0.5 - M NaCl solution by means of viscosity 
and light scattering. 

E X P E R I M E N T A L  

P r e p a r a t i o n  of S o d i u m  C a r b o x y m e t h y l  A m y l o s e  
NaCMAl 

Amylose was separated from amylopectin from the two samples of 
starch viz. high molecular weight potato starch (Sample I) and an 
industrially processed low molecular weight amylose (Sample 11) by 
th,e standard method [ 41. Carboxymethylation of amylose, its 
purification, and the determination of degree of substitution were 
carried out in the usual way [ 51. The degree of substitution of the 
two samples w a s  found to be 0.62 and 0.56, respectively. The 
samples were fractionated into well-defined fractions, acetone being 
used as the nonsolvent. The fractions were dried under vacuum and 
dissolved in 0.5 M NaCl solution. - 

V i s c o s i t v  M e a s u r e m e n t  

All  viscosity measurements were made with a standard Ostwald 
viscometer havin a flow time of 142.5 sec for 5 ml of 0.5 M NaCl 
solution at 30 f 0.1" C Kinetic energy corrections were conadered to 
be negligible. 

L i g h t - S c a t t e r i n g  M e a s u r e m e n t  

Light-scattering measurements were made as previously described 
[ 51 using green mercury line ( A  = 5460 A). The data were graphed 
according to the method of Zimm [ 61, a typical plot being shown in 
Fig. 1. The root-mean square radius of gyration was calculated from 
the slope of line of zero concentration as r 3 initial slope 

@a)$  = - - 
n A (  1eXa Intercept 

where n is the refractive index of the solvent. The second virial co- 
efficient (A,) was obtained from the slope of the zero angle line. The 
refractive index increment was determined at 5460 by using Brice- 
Phoenix differential refract om eter at 30°C. 
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FIG. 1. Zimm plot for sodium carboxymethyl amylose (Sample lb) 
in 0.5 - M NaC1. 

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

I n t r i n s i c  V i s c o s i t y -  M o l e c u l a r  W e i g h t  R e l a t i o n s h i p  

The variation of intrinsic viscosity with molecular weight for linear 
polymer chains is expressed by the Mark-Houwink relationship [ '71 

[ 771 = K M ~  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



912 MANNA AND CHOUDHURY 

0.6 
CI 

Y 
F-' 
8 0.4 
J 

FIG. 2. Log-log plot of [ q ]  vs Mw for sodium carboxymethyl 
amylose. 

where K and a are constants independent of molecular weight for a 
specific polymer-solvent system. From the log-log plot of intrinsic 
viscosity and molecular weight (Fig. 2), the value of a for sodium 
carboxymethyl amylose in 0.5 M NaCl has been found to be 0.66, 
which indicates that the shape 3 this amylose derivative lie in 
between free-draining and the solvent immobilizing forms. 

E x p a n s i o n  F a c t o r ,  a 

The expansion factor a w a s  calculated by use of the relationship 
due to Orofino and Flory [ 81: 

A, = 16 (5) PA (B2)zs/2/iiiw2] In [' + (t 'Iz) ( a - I)] 

The values of a shown in Table 1 seemed to be of a somewhat lower 
magnitude. Such lower magnitudes of expansion factors have also 
been reported for cellulose derivatives [ 9, 101 such as hydroxyethyl 
cellulose (HEC) and NaCMC in aqueous solvents. The inherent 
stiffness of the amylose chain might be responsible for this 
negligible expansion ( a  - 1). 
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914 MANNAANDCHOUDHURY 

F l o r y ’ s  U n i v e r s a l  P a r a m e t e r ,  cpo 

According to Flory and Fox [ 111, the intrinsic viscosity of polymer 
molecules is related to  their  dimensions according to  the relationship 

where Cp is a universal constant independent of the solvent and polymer, ma )z”zois the root-mean-square end-to-end distance of the polymer 
molecule, and a is the weight-average molecular weight. For this  

equation to be valid, it is necessary for the molecule to coil sufficiently 
so as to  approach spherical symmetry and for the internal hydro- 
dynamic resistance to be great enough for  & to approach its asymptotic 
value [ lo]. 

alternative relation was proposed: 

W 

In order  to simplify calculation from light-scattering data, a 

where q‘ is a factor correcting for sample heterogeneitry according 
to 

- -  
where MZ:Mw:Mn = (y  + 2):(y + 1):y. In the present case y = 1 and 
thus q’ = 1.95. A discussion of this factor is given by Krigbaum and 
Sperling [ 121. 

ing molecular weight. However, in order  to  isolate the causes of the 
variation in 9,, the equation was recast  into the equivalent form 

The 9, values (Table 1) show a tendency to decrease with increas- 

- 
Mw [ V I  1 

(S2), ( 3 2 ) ; ’ z  63’2 
qJoo=q’y -- 

since gz = R2/8, In the present case,  the values of the  ratio @‘)),/aw 
were observed to be approximately constant. The values [ 771 /(s2 )Z1’2, 

however, decrease with a decrease in molecular weight. This  then 
reflects on the hydrodynamic behavior of the molecule, so  that i t s  
permeability increases with a decrease in molecular weight. 
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SODIUM CARBOXYMETHYL AMYLOSE 915 

The values of q 0 ,  however, show a larger  scattering, which makes 
it difficult to define the exact relation between $ o  and molecular 
weight. This scattering may arise from the effects of both experi- 
mental e r r o r  and the interpretation of the theory. The largest  
experimental e r r o r  may be associated with the determination of the 
radius of gyration (sa)Z1’a. Again, in t e r m s  of excluded volume 
parameter Z, the radius of the macromolecule [ 131 ( a )  and that of i ts  
effective hydrodynamic radius [ 141 ( a  ) are expressed as 

17 
a 3  = 1 + 2.02 

and 
’= 1 + 1.552 

17 

Thus when the excluded volume effect is not negligible, the parameter 
$o is not constant. Hence in a system in which there is both a 
variable free draining and an excluded volume effect, the parameter $o 
is subjected to  two opposing tendencies-with decreasing molecular 
weight, increasing permeability causes $o to decrease,  whereas the 
excluded volume effect causes it to increase. The interpretation of 
the experimental values of $o is therefore difficult. 

E v a 1 u at i o n  of Un p e r t u r b e d D i m e n s i o n , ( R;/Mw) 1’2 

A number of graphical procedures [ 13, 15, 161 a r e  available for 
the determination of unperturbed dimensions of polymer molecules 
from intrinsic viscosity and molecular weight measurements in non- 
ideal solvents. All these methods, in general, involve determination 
of the’ constant KO of the expression 

where 

KO = $o(R~/MW)3’z  

In the present case,  the unperturbed dimension of carboxymethyl 
amylose in  0.5 
Fixman relation [ 131. 

NaCl solution was determined using the Stockmayer- 

[ 17]/Mw1’* = K + 0.51$,B aW1” 
Thus, from the graph of [ 771 mw-1’2vs Mw, a value of KO of 1.10 X lom3 
was obtained from the intercept of the ordinate (Fig. 3). By using the 
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916 MANNA AND CHOUDHURY 

. -  
0 3.0 

FIG. 3. Stockmayer- Fixman plot for  sodium carboxymethyl amylose. 

Kurata-Yamakawa [ 141 value of +o = 2.87 x lo", a value of 0.726 x 
10" was obtained for the unperturbed dimension. 

C o n f i g u r a t i o n a l  P a r a m e t e r s  

Important parameters for designating a polymer coil as flexible or 
stiff in solution are b, the effective bond length; Am, the Kuhn-Kuhn 
chain segment length; and 6 ,  the s te r ic  factor. All these parameters  
were calculated by using relationships as previously stated [ 171. The 
values of these parameters are shown in Table 2 together with those 
for some cellulose derivatives and polystyrene for comparative study. 

TABLE 2. Configurational Parameters of Sodium Carboxymethyl 
Amylose in 0.5 M NaCl and Those of Other Polymeric Chains in 
Appropriate S o l s n t s  

System b (A)  A, ( A )  6 Ref. 

Sodium cellulose xanthate 

Sodium carboxymethyl 

Sodium carboxymethyl amylose 

in 1 NaOH 29 - 3.8 17 

cellulose in NaCl 37.4 - - 17 

in 0.5 M NaCl 12.5 30.4 2.04 Present work - 
Polystyrene in toluene 8.6 - 2.2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SODIUM CARBOXYMETHYL AMYLOSE 917 

The effective bond length of sodium carboxymethyl amylose (12.5 for 
Sample lb) is seen to be higher than that of polystyrene (8.6) but 
smaller  than those of sodium cellulose xanthate and sodium carboxy- 
methyl cellulose (NaCMC), which shows that NaCMA is more flexible 
than NaCX and NaCMC in this solvent. Again, considering the values 
of Am of NaCMA (30.4 A) and those of cellulose derivatives, it could 
be concluded that NaCMA in 0.5 M NaCl is considerably less extended 
than the cellulose derivatives. The low value of 6 (2.04) for  NaCMA 
(the same sample) further signifies the highly flexible nature of the 
amylose chain. 
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