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AN EXPI.ANATION OF THE RHEOLOGICAL BEHAVIOUR OF MIXED AQUEOUS
SOLUTIONS OF ANIONIC AND NON.IONIC CELLULOSE ETHERS

R . o . M a n n i o n 1 ,  c . D . M e l i a 1  ,  , f  . R . M i t c h e I r z ,  s . E . H a r d i n g 2 ,  a n d  A . e . G 5 e e n 3 ;  D e p t .  o f
P h a r m a c e u t i c a l  S c i e n c e s r  ,  D e p t .  o f  A p p l " i e d  B i o c h e m i  s L r y z ,  N o t t i n g h a m
Univers i ty ,  Not t ingham NG7 2RD and E.R.Sgu ibbJ ,  More ton ,  Merseys ide  L46 1QW.

Cel lulose ethers are extensively used throughout the pharmaceut ical  industry.
Their  abi l i ty to impart  v iscosity is ut i l ised in a var iety of dosage forms
ranging fron suspensions to tablets.  Previous studies have described how on
m i x i n g  a g u e o u s  s o l u t i o n s  o f  a n i o n i c  a n d  n o n - i o n i c  c e L I u l o s e  e t h e r s  t h e
viscosity of the mixture is greater than that which would have been ant ic ipated
f rom the  v iscos i t ies  o f  the  ind iv idua l  so lu t ions  ( t la lker  and Wel ls  1982) .  These
observat ions have been explained in terms of an increase in the strength of
inter-chain cross-Iinking mediated by hydrogen bonding between carboxyl and
hydroxyl  groups (Walker and Wells 1982).  This paper descr ibes how the enhanced
viscosit ies of such solut ions can be explained in terms of changes in molecular
shape. We have shown previously (Mannion et aI  1989) that the zero shear
specif ic v iscosity of a solut ion containing two polysaccharides ,  A and B, at a
total  concentrat ion C, is given by equat ion 1.
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fo and f ,  are the weight fract ions of each polysaccharide. t t l l l  and t lBl  are
the intr insic viscosit ies of each polysaccharide. XA, XB, KA, and KB are
constants the values of which are propert ies of the individual polysaccharides.
This eguat ion has been adapted to account for changes in the intr insic
viscosity of an ionic polysaccharide which occur due to al terat ions in the
ionic strength of the solvent:
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B  is  the  ion ic  po lysacchar ide .  f$ l  i s  the  in t r ins ic  v iscos i ty  o f  B  a t  in f in i te
ionic strength. I  is the total  ionic strength of the solut ion. S is a measure
of chain st i f fness of the polyelectrolyte, egual to the gradient of  a graph of
intr insic viscosity against the reciprocal of  the sguare root of  the ionic
s t rength .
Using hydroxypropylmethylcel lulose (HPMC) and sodium carboxymethylcel lulose
(CMC) at a total  polysaccharide concentrat ion of 12 w/w experimenta).  values
for the zero shear specif ic v iscosit ies of mixed solut ions were obtained using
a Deer rheometer.  These were compared with the values predicted by eguat ion 2.
F i g u r e  1  s h o w s  t h a t  t h e r e  i s  g o o d  a g r e e m e n t  b e t w e e n  t h e  p r e d i c t e d  a n d
experimental  values. We bel ieve this indicates that the enhanced viscosit ies
observed when agueous solut ions of anionic and non-ionic cel lulose ethers are
mixed is pr incipal ly due to coi l  expansion of the polyelectrolyte.
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