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ABSTRACT 

N o n - i o n i c  e m u l s i f y i n g  wax/water  t e r n a r y  systems composed o f  

water, c e t o s t e a r y l  a l c o h o l  and n o n - i o n i c  p o l y o x y e t h y l e n e  a l k y l  

e t h e r  sur f a c t  a n t s  ( R -  ( OCH~CH~)AOH w i t h  po lyoxyethy lene (POE) c h a i n  

lenqths ,  A, v a r y i n q  from 10-30 and R = c e t o s t e a r y l  were examined 

as  t h e y  aged f o r  s e v e r a l  weeks. The techniques employed i n c l u d e d  

r h e o l o g i c a l  ( F e r r a n t i - S h i r l e y  cone and p l a t e  v i s c o m e t e r ) ,  

m i c r o s c o p i c a l  ( b r i g h t  f i e l d  and between crossed p o l a r s ) ,  thermal  

( thermograv imetry  and D.S.C) and u l t r a c e n t r i f u q a t i o n ,  

The r h e o l o g i c a l  p r o p e r t i e s  o f  t h e  samples were complex. They 

c o n f i r m e d ,  however ,  t h a t  a l l  t e r n a r y  sys tems i n c r e a s e d  i n  

c o n s i s t e n c y  on s t o r a g e .  F o r  each t e r n a r y  s y s t e m  a p p a r e n t  

v i s c o s i t i e s  ( 7 a p p )  increased as the samples aqed. I n  a d d i t i o n ,  

t e r n a r y  systems p r e p a r e d  w i t h  s u r f a c t a n t s  wi th  l o n g  POE cha ins  

were g e n e r a l l y  o f  a h i q h e r  c o n s i s t e n c y  t h a n  s i m i l a r  t e r n a r y  

systems c o n t a i n i n g  s h o r t e r  POE chains.  

2499 

Copyright 0 1988 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2500 ECCLESTON AND BEATTIE 

Each t e r n a r y  system was cons ide red  t o  be composed o f  

c r y s t a l l i n e  and g e l  (Lp) phases dispersed i n  bu lk  ( f r e e )  water. 

The o v e r a l l  consistency o f  each system was r e l a t e d  t o  the swe l l i ng  

a b i l i t y  and the r e l a t i v e  amounts o f  q e l  phase p r e s e n t :  t h i s  i n  

t u r n  depended on t h e  POE c h a i n  l e n g t h  o f  t h e  s u r f a c t a n t .  The 

s t r u c t u r a l  chanqes on s t o r a q e  were due t o  t h e  f o r m a t i o n  o f  

a d d i t i o n a l  g e l  phase. Th is  occu r red  because h y d r a t i o n  o f  POE 

chains t o  fo rm q e l  phase was l i m i t e d  a t  t h e  h i g h  tempera tu re  o f  

manufac ture .  On storage a t  lower temperature .(25') the  increased 

s o l u b i l i t y  o f  the POE chains allowed a d d i t i o n a l  g e l  phase t o  form. 

However, t h i s  now occu r red  r e l a t i v e l y  s l o w l y  because o f  t h e  

c r y s t a l l i n e  n a t u r e  o f  t h e  hydrocarbon cha ins .  M i c r o s c o p i c a l  

o b s e r v a t i o n s  suppor t  t h i s  theo ry ,  f o r  the t imescale o f  observed 

i n t e r a c t i o n  co r re la ted  w e l l  w i th  the consistency and ' f r e e '  water  

changes on storage. 

INTRODUCTION 

Many d e r m a t o l o g i c a l  emuls ions  a r e  f o r m u l a t e d  u s i n q  mixed 

emu ls i f i e rs  o f  t h e  s u r f a c t a n t / f a t t y  a l c o h o l  t y p e  ( e m u l s i f y i n q  

waxes). The s u r f a c t a n t s  may be i o n i c  or non-ionic, although i n  

qeneral non-ionics are p re fe r red ,  because they are l e s s  i r r i t a n t  

t o  the s k i n  and e x h i b i t  fewer i n c o m p a t i b i l i t i e s  with charged drugs 

and e x c i p i e n t s  than  t h e  i o n i c s .  M i c r o s t r u c t u r a l  d i f f e r e n c e s  

between i o n i c  and n o n - i o n i c  p r e p a r a t i o n s  a r e  n o t  a lways 

recopnised. However, o i l - in -water  creams s t a b i l i s e d  by such mixed 

e m u l s i f i e r s  are no t  simple two phase o i l  and water emulsions, bu t  

mu l t i component  systems c o n t a i n i n q  a d d i t i o n a l  aQueous (e.cj. 

l a m e l l a r  l i q u i d  c r y s t a l l i n e  o r  g e l )  phases.  These a d d i t i o n a l  

phases form when emu ls i f i e r ,  i n  excess o f  t h a t  necessary t o  fo rm a 

monomolecular f i l m  a t  the o i l  droplet/water i n te r face ,  i n t e r a c t s  

w i t h  water .  The phase behav iou r  o f  a v a r i e t y  o f  i o n i c  and 

n o n - i o n i c  mixed emu ls i f i e r /wa te r  systems, and t h e i r  relevance t o  

cream m i c r o s t r u c t u r e s  have been the  s u b j e c t  o f  r e c e n t  r e v i e w s  

( 1 - 3 ) .  
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2501 

A m a j o r  d i s a d v a n t a g e  o f  u s i n q  non- ion ic  e m u l s i f y i n q  waxes is 

t h a t  t h e  r e s u l t a n t  o/w creams and l o t i o n s  o f t e n  q e l - u p  a f t e r  

manufacture. This may r e s u l t  i n  a p roduc t  which has u n p r e d i c t a b l e  

p r o p e r t i e s  on s t o r a a e ,  i . e .  becomes so t h i c k  t h a t  i t  i s  

unacceptable c o s m e t i c a l l y  or t h a t  drug b i o a v a i l a b i l i t y  is a l t e r e d .  

Rheolog i c a l  i n v e s t  i g a t  i o n s  i n  t o  s t r uc t ur a 1  b u il d -up showed t h a t 

whereas i o n i c  l o t i o n s  and creams reached t h e i r  normal semi -so l id  

c o n s i s t e n c i e s  wi th in  a few hours o f  p repara t ion ,  t h e  c o n s i s t e n c i e s  

o f  sys tems p r e p a r e d  w i t h  n o n - i o n i c  e m u l s i f y i n g  waxes inc rease 

cons iderab ly  on extended s t o r a q e  ( 4 - 6 ) .  Moreover ,  a n a l y s i s  o f  

v i s c o e l a s t i c  d a t a  c l e a r l y  i n d i c a t e d  t h a t  b o t h  t h e  mechanism by 

w h i c h  n o n - i o n i c  and i o n i c  p r e p a r a t i o n s  form and t h e i r  f i n a l  

m i c r o s t r u c t u r e s  d i f f e r  cons iderab ly  (4,7). 

The p r e s e n t  paper  r e p o r t s  an i n v e s t i q a t i o n  i n t o  s u c h  

s t r u c t u r a l  changes on s t o r a q e ,  and i s  p a r t  o f  an o v e r a l l  

i n v e s t i g a t i o n  i n t o  the m i c r o s t r u c t u r e s  o f  complex p h a r m a c e u t i c a l  

e m u l s i o n s  and t h e  i n f l u e n c e  o f  d r u g s  on them. F o r  t h i s  work 

t e r n a r y  systems, formed by  m i x i n q  s i m i l a r  c o n c e n t r a t i o n s  o f  m i x e d  

e m u l s i f i e r  i n  w a t e r  t o  t h o s e  used i n  c o m m e r c i a l  creams, were 

examined. Such t e r n a r y  systems have been shown t o  be s u i t a b l e  

mode ls  t o  s t u d y  t h e  s t r u c t u r e s  o f  e m u l s i o n  c o n t i n u o u s  phases  

(1,Z). The systems were prepared wi th a s e r i e s  o f  s u r f a c t a n t s  o f  

i n c r e a s i n g  HLB numbers wi th  po lyoxyethy lene c h a i n  l e n g t h s  v a r y i n g  

from 10-30. 

MATERIALS AND METHODS 

Mater i a1 s 

Water  was d o u b l e  d i s t i l l e d  and d e - i o n i s e d .  C e t o s t e a r y l  

a l c o h o l  B.P. (Evans, UK) and n o n - i o n i c  s u r f a c t a n t s  o f  t h e  

po lyoxyethy lene a l k y l  e t h e r  type ( C H ~ ( C H ~ ) X C H ~ -  

(OCH~CH~)AOH where X = 14 

t o  30 ( T e x o f o r  A s e r i e s ,  A.B.M. C h e m i c a l s ,  UK) were u s e d  as  
r e c e i v e d .  I n  t h e  t e x t  i n d i v i d u a l  s u r f a c t a n t s  a r e  abbrev ia ted  as 

A10, A14, A18, A30 and A I P  where t h e  numbers d e n o t e  t h e  e t h y l e n e  

or  16 and A v a r i e d  f rom 10 
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2502 ECCLESTON AND BEATTIE 

TABLE I 
Composi t ion o f  t e r n a r y  systems (9) 

T,A10 T,A14 T , A I A  T , A I P  T,A3fl 

Sur fac tan t "  3.6 4.6 5.5 6.4 8.2 
- 

C/S A lcoho l  25.6 25.6 25.6 25.6 25.6 

Water 300.0 300.0 300.0 300.0 300.0 - 

* For  each t e r n a r y  sys tem 1, A X ,  X r e p r e s e n t s  t h e  s u r f a c t a n t  
po lyoxyethy lene c h a i n  l e n g t h  

o x i d e  c h a i n  l e n g t h  and A I P  represents  Cetomacrogol 1000 BPC ( A  = 
20-24). 

PreDarat ion o f  Ternarv Svstems 

T e r n a r y  systems were p r e p a r e d  a c c o r d i n g  t o  t h e  formulae i n  

Table 1 by a s t a n d a r d i s e d  p r o c e d u r e  t h a t  i n v o l v e d  m e l t i n q  t h e  

c e t o s t e a r y l  a l c o h o l  and s u r f a c t a n t  t o g e t h e r  and a d d i n q  w a t e r  

(which had been p r e v i o u s l y  b o i l e d  t o  remove a i r )  a t  a p p r o x i m a t e l y  

t h e  same t e m p e r a t u r e  ( 8 0 ° C ) ,  then c o o l i n g  s l o w l y  w h i l s t  m i x i n q  

w i t h  a S i l v e r s o n  homoqen iser .  The homoqen iser  speed was 

c o n t r o l l e d  throughout  t o  a v o i d  i n c o r p o r a t i o n  o f  a i r .  

The m o l a r  r a t i o s  o f  each p o l y o x y e t h y l e n e  ( P O E )  a l k y l  e t h e r  

s u r f a c t a n t  t o  c e t o s t e a r y l  a l c o h o l  (1 :25)  and t h e  t o t a l  

c o n c e n t r a t i o n  o f  each mixed e m u l s i f i e r  i n  water (10%) were chosen 

because wi th  Cetomacrogol 1000 t h i s  molar r a t i o  and c o n c e n t r a t i o n  

p r o d u c e s  systems o f  t h e  s o f t  s e m i s o l i d  c o n s i s t e n c y  used 

commecially. Samples were s t o r e d  a t  25'C. 

Microscopy 

Each t e r n a r y  system was examined u s i n g  t h e  Po lyvar  microscope 

( R h e i c h a r t - J u n g ,  A u s t r i a )  i n  b r i q h t f i e l d  and be tween c r o s s e d  

po la rs .  The systems were examined immediate ly  a f t e r  p r e p a r a t i o n  

and a t  f requent  i n t e r v a l s  over a one month s torage per iod .  
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2503 

Rheo 1 og y 

R h e o l o q i c a l  e x p e r i m e n t s  were p e r f o r m e d  a t  25'C u s i n q  a 

F e r r a n t i - S h i r l e y  cone and p l a t e  v iscometer i n  automat ic  mode w i th  

a sweep t ime o f  600 seconds. The maximum shear r a t e  was 1684 sec-1 

and t h e  r e s u l t a n t  f l o w  curves were d i s p l a y e d  on an X - Y  p l o t t e r .  

Samples were t e s t e d  immediately a f t e r  p r e p a r a t i o n  and f r e q u e n t l y  

over one month's s toraqe.  

Thermoqravimetr ic A n a l y s i s  

The r a t i o  o f  f r e e  and i n t e r l a m e l l a r l y  bound w a t e r  was 

determined as  sys tems aqed u s i n q  t h e  t h e r m o q r a v i m e t r i c  method 

d e s c r i b e d  by  De V r i n g e r  e t  a 1  ( 8 ) .  This i n v o l v e s  r e c o r d i n g  t h e  

weiqht l o s s  a t  2'C/minute (Stanton-Redcrof t  TG 750, UK) when about 

4mq o f  each t e r n a r y  system was heated from ambient temperature t o  

a p p r o x i m a t e l y  8O'C, (1 .e.  when no f u r t h e r  w e i q h t  l o s s  was 

r e g i s t e r e d ) .  

U l t r a c e n t r  i f u g a t  i o n  

Samples were u l t r a c e n t r i f u q e d  (MSE Superspeed 75, MSE, UK) a t  

25'C f o r  t imes ranq ing  from t h r e e  t o  twenty hours a t  130,OOOq and 

t h e  q u a n t i t y  o f  f r e e  water determined by weiqhinp t h e  water t h a t  

separated. 

D i f f e r e n t i a l  Scanning C a l o r i m e t r y  (D.S.C.) 

P r e l i m i n a r y  D.S.C. exper iments between ambient and +lOO°C were 

performed on systems aged f o r  about two months u s i n g  t h e  M e t t l e r  

DSC 30 system ( M e t t l e r ,  Swi tzer land) .  

RESULTS 

Appearance o f  Systems 

Sample T,A10 was a w h i t e ,  m o b i l e  l o t i o n  i m m e d i a t e l y  a f t e r  

p r e p a r a t i o n  and a l though some t h i c k e n i n q  was v i s i b l e  i t  r e m a i n e d  

mobi le  on storaqe. A l l  o t h e r  samples were semi-so l ids.  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2504 ECCLESTON AND BEATTIE 

FIGURE 1 
R e p r e s e n t a t i v e  p h o t o m i c r o g r a p h s  o f  f r e s h l y  p r e p a r e d  t e r n a r y  
systems i n  b r i q h t f i e l d  and b e t w e e n  c r o s s e d  p o l a r s .  ( a )  a n d  
( b )  = T , A 1 0 ;  ( c )  and ( d )  = T , A 1 4 ;  ( e )  and ( f )  = 1 , A I P .  
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2505 

FIG.  1 CONTINUED 
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2506 ECCLESTON AND BEATTIE 

FIG. 1 CONTINUED 
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2507 

Micr  osc op y 

R e p r e s e n t a t i v e  p h o t o m i c r o g r a p h s  o f  f r e s h l y  prepared systems 

a r e  shown i n  F i q u r e  1. I n  o r d i n a r y  l i q h t ,  a l l  t e r n a r y  sys tems 

c o n t a i n e d  l a r g e  masses o f  p a r t i a l l y  i n t e r a c t e d  e m u l s i f y i n g  wax i n  

a d d i t i o n  t o  many smal le r  p a r t i c l e s .  The s m a l l e r  p a r t i c l e s  w h i c h  

appeared as  d i s t o r t e d  m a l t e s e  c r o s s e s  i n  p o l a r i s e d  l i g h t ,  were 

p r e s e n t  i n  f r e s h  and aqed systems.  The p a r t i a l l y  i n t e r a c t e d  

e m u l s i f y i n g  wax was most  p r o m i n a n t  i n  T,A10, where l a r g e  ( o f t e n  

g r e a t e r  t h a n  50pm) dense masses o f  matez ; . ia l  w i t h  c i l i a t e d  

s t r u c t u r e s  r a d i a t i n g  f r o m  them, were apparent ( F i g .  l a ) .  These 

unreacted masses were s m a l l e r  i n  t e r n a r y  s y s t e m s  p r e p a r e d  w i th  

s u r f a c t a n t s  o f  longer  POE c h a i n  lengths .  For example, t h e r e  were 

l a r g e  numbers o f  p a r t i c l e  s i z e s  o f  up t o  40pm i n  system T,A14, b u t  

most were less than 25pm i n  system T,A lP.  

On extended storaqe,  f u r t h e r  i n t e r a c t i o n  o c c u r r e d  and t h e s e  

s t r u c t u r e s  had e i t h e r  d i s a p p e a r e d  a l t o q e t h e r  as  i n  h i g h  POE 

sys tems,  o r  h a d  chanqed and r e d u c e d  i n  s i z e  ( l o w  POE number 

s y s t e m ) .  I n  t h o s e  masses r e m a i n i n q ,  m a i n l y  o r i e n t a t e d  'on ion  

r i n q '  s t r u c t u r e s  r a t h e r  than c i l i a ,  s u r r o u n d e d  t h e  c e n t r a l  mass 

( c f .  F iqs .  l a ,  b & c ) .  

Rheoloav 

The f l o w  c u r v e s  o b t a i n e d  f o r  a l l  t h e  samples were complex, 

Representa t ive  p l o t s  a r e  shown i n  F i q u r e  2. I m m e d i a t e l y  a f t e r  

p r e p a r a t i o n  samples T ,A10 and T,A14 showed c l o c k w i s e  h y s t e r e s i s  

loops  and sometimes t h e  up and down curves crossed over,  i m p l y i n q  

t h a t  t h e  s h e a r i n g  c y c l e  i t s e l f  causes some s t r u c t u r a l  bu i ld-up.  

I n  aged samples,  t h e  f l o w  c u r v e s  r e v e r t e d  t o  t h e  more u s u a l  

a n t i c l o c k w i s e  h y s t e r e s i s  l o o p s .  The f l o w  c u r v e s  f o r  t h e  o t h e r  

systems (T,Al8; T , A l P ;  T,A30) a l s o  changed a f t e r  s toraqe.  

A 1  1 t e r n a r y  systems showed increases  i n  apparent v i s c o s i t i e s  

on s t o r a q e  b u t  a t  d i f f e r e n t  r a t e s  and t o  d i f f e r e n t  ex t e n t s  ( F i q .  

3 ) .  

shown i n  Table 2. 

F o r  c l a r i t y ,  i a p p ' s  f o r  i n i t i a l  and one month systems are 
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2508 ECCLESTON AND BEATTIE 

0 1 6 27  0 3 2 7  

1 7 2 0  0 1 2 0  

0 3 .27 

Shear Stress dyne (cm-') 

FIGURE 2 
F e r r a n t i - S h i r l e y  cone and p l a t e  v i scomete r .  R e p r e s e n t a t i v e  
f l o w  cu rves  f o r  t e r n a r y  systems ( a )  T , A 1 0 ;  ( b )  T , A 1 4 ;  ( c )  
T , A 1 8 ;  ( d )  T , A I P  and ( e )  T , A 3 O ,  aged f o r  t h e  s t a t e d  t i m e s  
(days) 
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2509 

2.5 T, Alp - 

T, A18 - a - 
> 

T, A30 c .- 

T,A14 

TfA10 

1 I I I 

10 20 30 
Time (days) 

FIGURE 3 
The v a r i a t i o n  o f  a p p a r e n t  v i s c o s i t y  a t  t h e  l o o p  apex, l a p p ,  
(Poise)  for each t e r n a r y  system with s t o r a g e  t i m e  (days) .  

TABLE 2 

Apparent V i s c o s i t i e s  a t  t h e  l o o p  apex, 7app (Po ise)  

immediately a f t e r  p r e p a r a t i o n  and a f t e r  one month's 

s to rage 

_____ T,A10 T,A14 T,A18 T , A I P  T,A30 

0 Hours 0.30 0.39 0.74 1.02 1.36 

1 Month 0.62 0.80 1.93 2.40 1.61 
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2510 ECCLESTON AND BEATTIE 

Systems prepared w i t h  s h o r t e r  POE c h a i n  l e n q t h  s u r f a c t a n t s  a r e  

g e n e r a l l y  o f  a l ower  consistency, and show less s t r u c t u r a l  b u i l d  

up than those conta in lnq  lonqer POE c h a i n  l e n q t h s  ( c f .  Table 2, 

F i g u r e s  2 and 3 ) .  I t  was noted t h a t  although T,A30 was a h i q h l y  

s t ruc tu red  semisol id, showinq chanqes on s t o r a q e ,  i t s  apparent  

v i s c o s i t i e s  were n o t  as h i g h  as those expected from the qenera l  

t rend o f  inc reas inq  napp increase w i th  inc reas ing  POE chain l enq th  

and i t s  f i n a l  consistency was lower than te rna ry  systems T,A18 and 

T,AIP. 
U l t r a c e n t r i f u q a t i o n  

A l l  the te rnary  systems separated i n t o  t w o  layers  a f t e r  

c e n t r i f u q a t i o n .  The t o p  l a y e r  was a t h i c k ,  whi te  semiso l id  and 

was composed m a i n l y  o f  d i s t o r t e d  s p h e r u l i t e s  and c r y s t a l l i n e  

m a t e r i a l ;  t h e  c r y s t a l  masses appeared t o  have i n t e r a c t e d  f u r t h e r  

d u r i n g  c e n t r i f u g a t i o n .  The percentage o f  f r e e  water  was 

c a l c u l a t e d  f rom t h e  weiqht o f  water t ha t  separated as the  bottom 

layer .  Results obtained were e r r a t i c  and are discussed l a t e r .  

Thermogravimetric Analys is  

F i q u r e  4 shows t y p i c a l  t h e r m o q r a v i m e t r i c  curves f o r  T,A30. 
S i m i l a r  d a t a  were o b t a i n e d  for  t h e  o t h e r  t e r n a r y  systems 

th roughou t  t h e  s t o r a q e  cyc le.  I n  each te rna ry  system there  were 

two i n f l e x i o n s  i n  the  weiqht l o s s  curve; the  f i r s t  peakinq a t  43°C 
and endinq a t  46-48'C and the second peakinq a t  55'C and endinq a t  

6 2 4 3 ° C .  I n  qeneral, free water decreased b o t h  as samples aged 

and as t h e  number o f  POE g roups  i n  t h e  s u r f a c t a n t  i n c r e a s e d  

F igure 5, although values were aqain ra ther  e r r a t i c .  

DSC thermograms f o r  aged systems were ob ta ined .  I n  a l l  

systems a broad endotherm s t a r t i n g  about 50'C and peaking a t  60'C 
was o b t a i n e d  ( F i g u r e  6 ) .  The en tha lp ies  were a l l  approximately 

11J/g. This represented the mel t ing  en tha lp ies  o f  the  hydrocarbon 

chains o f  the mixed emu ls i f i e r .  
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2511 

2 0  , 3 0  4 0  5 0  6 0  

T e m p e r a t u r e  ( O C )  

FIGURE 4 
T y p i c a l  t h e r m o g r a v i m e t r i c ,  A ( m q )  and d i f f e r e n t i a l  
t h e r m o g r a v i m e t r i c ,  B ( m q  s e c - 1 )  c u r v e s  s h o w i n g  t h e  s t a g e s  o f  
water l o s s  (T,A30). 

DISCUSSION 

Each t e r n a r y  sys tem i s  a m u l t i p h a s e  s y s t e m  composed o f  

h y d r a t e d  c r y s t a l l i n e  c e t o s t e a r y l  a l c o h o l  and g e l  (L  ) phase 

d ispersed i n  ' f r e e '  water. The q e l  phase c o n s i s t s  e s s e n t i a l l y  o f  

c r y s t a l l i n e  h y d r o c a r b o n  b i l a y e r s  o f  a l c o h o l  and s u r f a c t a n t ,  

separated by aqueous l a y e r s  c o n t a i n i n q  h y d r a t e d  p o l y o x y e t h y l e n e  

g r o u p s  o f  t h e  s u r f a c t a n t  (2,9,10). M i c r o s c o p i c a l l y ,  t h i s  phase i s  

v i s i b l e  as l a r q e  ( o f t e n  s e v e r a l  P m ,  c f ,  F i g u r e  1 )  m u l t i l a m e l l a r  

B 
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25 12 ECCLESTON AND BEATTIE 

E.O. groups 

FIGURE 5 
V a r i a t i o n  o f  % f r e e  w a t e r  (w/w) w i t h  t h e  number o f  s u r f a c t a n t  
e thy lene ox ide  groups for  t e r n a r y  systems aqed for one month. v 

I I I I I I 
2 0  4 0  6 0  8 0  100 

Temperature ( O C )  

FIGURE 6 
D.S.C. d a t a  f o r  t e r n a r y  sys tems ( a )  T,A10; ( b )  T,A14 and ( c )  
T,AIP, aqed for  two months. 
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2513 

v e s i c l e s  which show r a t h e r  d i s t o r t e d  e x t i n c t i o n  c rosses  i n  

po la r i sed  l i g h t .  Although f a t t y  a l c o h o l  a lone  can o n l y  e x h i b i t  

l i m i t e d  s w e l l i n g  t o  fo rm c r y s t a l l i n e  h y d r a t e s ,  f a t t y  

a lcoho l /sur fac tan t  g e l  phases can swe l l  t o  a much g r e a t e r  amount 

( 2 , 3 ) .  
S t r u c t u r a l  changes i n  each sample were represented by apparent 

v i s c o s i t y  values (qapp) ca l cu la ted  a t  the apex o f  each h y s t e r e s i s  

loop. Although such values should be t rea ted  w i t h  caut ion  as they 

are no t  fundamental rheo log i ca l  parameters, t hey  have been shown 

i n  t h e  p a s t  t o  be use fu l  guides o f  consistency i n  c l o s e l y  r e l a t e d  

systems, as l o n q  as they  a r e  a l s o  c o r r e l a t e d  w i th  v i s u a l  

observat ion o f  f low curve changes. The rheo log ica l  data confirmed 

t h a t  a l l  te rnary  systems increased i n  cons is tency  on s t o r a g e  and 

t h a t  t h e  ex ten t  and t ime sca le  o f  these increases were r e l a t e d  t o  

t h e  number o f  POE groups  p resen t  i n  t h e  s u r f a c t a n t .  The 

s t r u c t u r a l  chanqes were usua l l y  accompanied by reduc t ions  i n  the  

amount o f  f ree  water. I n  add i t ion ,  systems con ta in ing  su r fac tan ts  

o f  h igh  POE number contained l e s s  f ree  water and were t h i c k e r  than 

those conta in ing  shor te r  POE chains. 

The t e c h n i q u e s  ( u l t r a c e n t r i f u g a t i o n  and thermograv imetr ic)  

used t o  i nves t i ga te  the  r e l a t i v e  amounts o f  f ree  and 'bound' water 

i n  each t e r n a r y  system were n o t  s a t i s f a c t o r y .  A l though  

thermograv imet r ic  r e s u l t s  appeared t o  somewhat c o r r e l a t e  w i t h  

r h e o l o g i c a l  da ta ,  i n  t h a t  systems o f  h igh  consistency genera l l y  

c o n t a i n e d  l e s s  f r e e  wa te r ,  u l t r a c e n t r i f u g a t i o n  d a t a  were 

c o m p l e t e l y  e r r a t i c ,  and no d i s c e r n a b l e  t r e n d s  were observed.  

S im i la r  incons is tenc ies  were observed by Rowe and Bray  (1.1) i n  

u l t r a c e n t r i f u g a t i o n  r e s u l t s  f o r  i o n i c  emulsions. Water evaporat ion 

dur ing preparat ion o f  the systems does no t  completely e x p l a i n  t h e  

gross ly  e r r a t i c  r e s u l t s ,  nor does the  f a c t  t h a t  the consistency o f  

each system w i l l  i t s e l f  be i n c r e a s i n q  as water  s e p a r a t e s  d u r i n q  

c e n t r i f u g a t i o n .  It i s  poss ib le  t h a t  with these systems t h e  s t rong 

f o r c e s  exper ienced  d u r i n q  c e n t r i f u g a t i o n  cause a d d i t i o n a l  

s t r u c t u r a l  changes. Microscopica l  examinations o f  the  system both 

before and a f t e r  c e n t r i f u g a t i o n  imp l i ed  t h a t  c r y s t a l l i n e  masses 
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ECCLESTON AND BEATTIE 2514 

had f u r t h e r  i n t e r a c t e d .  The i n c o n s i s t e n c i e s  i n  thermograv imet r ic  

data were due t o  t h e  f a c t  t h a t  evapora t ion  o f  these systems is a 

v e r y  complex phenomenon, p o s s i b l y  i n v o l v i n g  s i m u l t a n e o u s  

dehydra t ion  o f  POE groups as w e l l  as evapora t ion  o f  b u l k  water. 

When t h e s e  r e s u l t s  a r e  c o r r e l a t e d  w i t h  m i c r o s c o p i c a l  

examinat ions,  they imp ly  f i r s t l y ,  t h a t  t h e  o v e r a l l  c o n s i s t e n c y  o f  

each t e r n a r y  sys tem i s  r e l a t e d  t o  t h e  s w e l l i n q  a b i l i t y  and t h e  

amount o f  qe l  phase present,  and secondly t h a t  t h e  amount o f  g e l  

phase r e l a t i v e  t o  t h e  o t h e r  phases depends on t h e  po lyoxyethy lene 

chain l e n g t h  o f  t h e  s u r f a c t a n t .  

Each t e r n a r y  system was prepared by m i x i n g  mol ten a l c o h o l  and 

s u r f a c t a n t  w i t h  water a t  h i g h  temperature,  and then c o o l i n g  w h i l s t  

s t i l l  m i x i n g  t o  t h e  s t o r a g e  and t e s t i n g  temperature (25'C). A 

very complex phase s i t u a t i o n  is envisaged d u r i n g  t h i s  p r e p a r a t i o n  

procedure because h y d r a t i o n  o f  t h e  polyoxyethy lene cha ins  a l thouqh 

l i m i t e d  a t  t h e  h i q h  temperature,  is c o n t i n u a l l y  i n c r e a s i n q  as  t h e  

systems c o o l  t o  t h e  s torage temperature.  Above t h e  hydrocarbon 

chain m e l t i n g  temperatures,  mixed l a m e l l a r  l i q u i d  c r y s t a l l i n e  and 

m i c e l l a r  phases a r e  present  as w e l l  as r e l a t i v e l y  l a r g e  masses o f  

mol ten a l c o h o l  and s u r f a c t a n t .  I n  t h e s e  masses t h e  h y d r o c a r b o n  

c h a i n s  o f  t h e  s u r f a c t a n t  a r e  d i s p e r s e d  amonqst t h o s e  o f  t h e  

a l c o h o l  and the POE groups  a r e  p r e s e n t  b o t h  a t  t h e  s u r f a c e  and 

c l u s t e r e d  wi th in  t h e  masses. 

As systems c o o l  and t h e  POE r e q i o n s  become more so lub le ,  water 

penet ra tes  i n t o  t h e  masses and, i f  t h e  h y d r a t i o n  f o r c e s  are  s t r o n q  

enough l a m e l l a r  l i q u i d  c r y s t a l s  w i l l  s e p a r a t e .  When t h e  

hydrocarbon chain c r y s t a l l i z a t i o n  temperature is reached ( a p p r o x  . 
50°C c f .  D.S.C. d a t a ) ,  the  l i q u i d  c r y s t a l s  t rans form t o  qel phase, 

and t h e  p a r t i a l l y  h y d r a t e d  emu s i f y i n g  wax p r e c i p i t a t e s  ( c f .  

F i g u r e  1 ) .  On s t o r a q e ,  w a t e r  c o n t i n u e s  t o  p e n e t r a t e  i n t o  t h e  

c r y s t a l l i n e  masses t o  f u r t h e r  h y d r a t e  t h e  POE r e q i o n s ,  and 

a d d i t i o n a l  g e l  phase forms. T h i s  o c c u r s  r e l a t i v e l y  s l o w l y ,  

because o f  t h e  c r y s t a l l i n e  n a t u r e  o f  t h e  h y d r o c a r b o n  c h a i n s  

c a u s i n g  w a t e r  p e n e t r a t i o n  and r e a r r a n g e m e n t  i n t o  s w o l l e n  g e l  

b i l a y e r s  t o  be ext remely slow. As a d d i t i o n a l  g e l  phase f o r m s  on  
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CETOSTEARYL ALCOHOL/POLYOXYETHYLENE ALKYL ETHER SURFACTANTS 2515 

s t o r a g e ,  t h e  amount o f  f r e e  w a t e r  is r e d u c e d  and t h e  t e r n a r y  

systems th icken.  

The t e n d e n c y  o f  g e l  phase t o  s e p a r a t e  f r o m  t h e  c r y s t a l l i n e  

masses and the  th ickness  o f  t h e  i n t e r l a m e l l a r  water l a y e r s  i n  t h i s  

phase w i l l  depend on t h e  n e t  r e p u l s i v e  f o r c e s  caused by h y d r a t i o n .  

The n a t u r e  o f  h y d r a t i o n  f o r c e s  have been d i s c u s s e d  r e c e n t l y  f o r  

p o l y o x y e t h y l e n e  a l k y l  e t h e r s  c o n t a i n i n q  b o t h  s h o r t  ( < l o )  and l o n g  

(up t o  30) POE chains ( 1 2 - 1 5 ) .  The s o - c a l l e d  i n t e r l a m e l l a r  o r  

' b o u n d '  w a t e r  is c o n s i d e r e d  t o  i n c l u d e  a l l  t h e  arrangements o f  

water molecules r e l a t i v e  t o  t h e  po lyoxyethy lene c h a i n s  i n c  l u d i n q  

hydrogen bonding, d i p o l e  i n t e r a c t i o n s  and water t h a t  i s  p h y s i c a l l y  

t rapped b o t h  wi th in and between t h e  POE chains.  

I n  t e r n a r y  systems prepared wi th s u r f a c t a n t s  o f  s h o r t  e thy lene 

ox ide  c h a i n  length ,  e s p e c i a l l y  T,A10, the  h y d r a t i o n  fo rces  are  n o t  

s u f f i c i e n t  t o  f o r c e  the  hydrocarbon chains o f  the e m u l s i f y i n g  wax 

c r y s t a l s  apar t  f o r  s i g n i f i c a n t  q u a n t i t i e s  o f  a d d i t i o n a l  g e l  phase 

t o  f o r m  on s t o r a g e .  Thus p a r t i a l l y  h y d r a t e d  e m u l s i f y i n g  wax 

masses a r e  v i s i b l e  m i c r o s c o p i c a l l y  i n  b o t h  f r e s h  and aged t e r n a r y  

sys tems T,A10 and T,A14. It was observed t h a t  the consis tency o f  

t h e s e  sys tems h a d  i n c r e a s e d  when s h e a r e d  d u r i n g  r h e o l o q i c a l  

e x p e r i m e n t s .  I t  i s  l i k e l y  t h a t  t h e  shear ing  f o r c e s  mechanica l ly  

d i s r u p t  t h e  masses, exposing t h e  s u r f a c t a n t  c h a i n s  t o  t h e  w a t e r ,  

with t h e  fo rmat ion  o f  the  a d d i t i o n a l  q e l  phase. 

As t h e  POE cha in  l e n g t h  i s  increased from A10 t o  A30 h y d r a t i o n  

f o r c e s  i n c r e a s e .  A l t h o u g h  o n l y  two molecules o f  water h y d r a t e  

each e thy lene ox ide  qroup by hydroqen bonding, l o n q  POE m o l e c u l e s  

may a l s o  t r a p  a d d i t i o n a l  w a t e r  between t h e  cha ins  (16-19) ,  thus 

a d d i t i o n a l  q e l  phase separates from t h e  masses. The t h i c k n e s s  o f  

t h e  i n t e r l a m e l l a r  l a y e r s  w i l l  a l s o  be g r e a t e r  as POE c h a i n  l e n g t h  

i n c r e a s e s .  M i c r o s c o p i c a l l y ,  t h e  c r y s t a l l i n e  masses reduce i n  

number and are  smal le r  as  POE c h a i n  l e n q t h  i n c r e a s e s .  The aged 

sample T,A30, a l though semi -so l id ,  i s  o f  a lower  consis tency than 

e x p e c t e d .  T h i s  may be because w i t h  v e r y  l o n q  POE c h a i n s ,  

i n c r e a s e d  c r o w d i n g  now p r o h i b i t s  h y d r a t i o n  o f  t h e  s u r f a c t a n t  SO 
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2516 ECCLESTON AND BEATTIE 

tha t  t h e  th ickness  o f  t h e  i n t e r l a m e l l a r  l a y e r s  is  s m a l l e r  t h a n  

expected. 

CONCLUSIONS 

1. T e r n a r y  systems composed o f  w a t e r ,  c e t o s t e a r y l  a l c o h o l  and 

n o n - i o n i c  po lyoxyethy lene a l k y l  e t h e r  s u r f a c t a n t s  ( R - ( O C H ~ C H ~ ) A O H  

wi th polyoxyethy lene cha in  l e n q t h  A,  v a r y i n q  from 10-30 and 

R = c e t o s t e a r y l  were examined as t h e y  aged u s i n g  r h e o l o g i c a l ,  

m ic roscop ica l ,  thermal  and u l t r a c e n t r i f u g a t i o n  techniques. 

2. I n  genera l ,  t e r n a r y  systems c o n t a i n i n g  s u r f a c t a n t s  wi th longer  

POE chains were o f  a h igher  c o n s i s t e n c y  and c o n t a i n e d  l e s s  f r e e  

w a t e r  t h a n  s i m i l a r  t e r n a r y  systems p r e p a r e d  w i t h  s h o r t e r  POE 

c h a i n s .  I n  a d d i t i o n ,  each t e r n a r y  sys tem showed s t r u c t u r a l  

bu i ld -up  on storage; as consis tency increased f r e e  water decreased 

and mic roscop ica l  changes were v i s i b l e .  

3. Each t e r n a r y  sys tem is  a m u l t i p h a s e  s y s t e m  composed o f  

hydra ted  c r y s t a l l i n e  c e t o s t e a r y l  a l c o h o l  a n d o ( - c r y s t a l l i n e  g e l  

( L  ) phase d i s p e r s e d  i n  ' f r e e '  w a t e r .  The g e l  phase c o n s i s t s  

e s s e n t i a l l y  o f  c r y s t a l l i n e  h y d r o c a r b o n  b i l a y e r s  o f  a l c o h o l  and 

s u r f a c t a n t ,  s e p a r a t e d  by aqueous l a y e r s  c o n t a i n i n g  h y d r a t e d  

polyoxyethy lene groups o f  t h e  s u r f a c t a n t .  This phase is i d e n t i f i e d  

m i c r o s c o p i c a l l y  by c h a r a c t e r i s t i c  d i s t o r t e d  e x t i n c t i o n  crosses i n  

p o l a r i s e d  l i g h t .  

4. The o v e r a l l  c o n s i s t e n c y  o f  each t e r n a r y  system i s  r e l a t e d  t o  

t h e  s w e l l i n g  a b i l i t y  and t h e  amount o f  g e l  phase present ;  t h i s  i n  

t u r n  depends on t h e  POE c h a i n  l e n g t h  o f  t h e  s u r f a c t a n t .  I t  i s  

shown t h a t  t h e  s t r u c t u r a l  changes on ageing are  due t o  t h e  slow 

fo rmat ion  o f  a d d i t i o n a l  g e l  phase on storage.  As f r e s h  g e l  phase 

forms,  s e q u e s t r a t i o n  o f  f r e e  water occurs and t h e  consis tency o f  

t e r n a r y  systems i n c r e a s e ,  The s t r u c t u r a l  changes o c c u r  because 

h y d r a t i o n  o f  POE c h a i n s  is l i m i t e d  a t  t h e  h i g h  temperatures o f  

m a n u f a c t u r e ,  b u t  i n c r e a s e s  c o n t i n u a l l y  as  sys tems c o o l .  On 

s t o r a g e ,  t h e  i n c r e a s e d  s o l u b i l i t y  o f  t h e  POE c h a i n s  causes  

P 
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a d d i t i o  n a  1 g e l  phase t o  form. 

t o  the  s low rearranqements o f  c r y s t a l l i n e  hydrocarbon chains.  

This occurs r e l a t i v e l y  s l o w l y  due 

REFERENCES 

1. Ecc leston,  G.M. i n  "Chemistry o f  M a t e r i a l s  used i n  Druq 

D e l i v e r y  Systems. 

Volume 6". Ed. Florence, A.T . ,  B lackwel ls ,  London, pp. 

124 (1986). 

C r i t i c a l  Reports on App l ied  Chemistry,  

2. Ecc leston,  G.M., Pharm.Internat. ,  7, 63 (1986). 

3. Ecc leston,  G.M., Cosmet.Toi let . ,  101, 73 (1987). 

4. Barry ,  B.W. and Saunders, G.M., J . C o l l o i d  I n t e r f a c e  Sc i . ,  

- 
- 

- 41, 331 (1972). 

5. Ecc leston,  G.M., J.Pharm.Pharmac., 29, 157 (1977). 

6. E c c l e s t o n ,  G.M., 1n t .J .Cosmet ic  S c i . ,  2, 133 

7. E c c l e s t o n ,  G.M., B a r r y ,  B.W. and D a v i s ,  S.S., J. 

- 

( 1982). 

Pharm.Sci., - 62, 1964 (1973). 

H.E., C o l l o i d  and Polymer Sci., - 264, 691 (1986). 

H.E., I b i d . ,  - 265, 167 (1987). 

H.E., I b i d ,  - 265, 448 (1987). 

642 (1987). 

8. De V r i n g e r ,  T . ,  J o o s t e n ,  J. G.H. and J u n g i n g e r ,  

9. De V r i n g e r ,  T. ,  J o o s t e n ,  J.G.H. and J u n q i n g e r ,  

10. De V r i n g e r ,  T. ,  J o o s t e n ,  J.G.H. and J u n q i n g e r ,  

11. Rowe, R.C.  and B r a y ,  D., J.Pharm.Pharmacol . ,  - 39, 

12. Mackay, R .A .  i n  I I N o n i o n i c  S u r f a c t a n t s  : P h y s i c a l  

Ch em i s t r y It . M.Schick ( e d . )  M a r c e l  Dekker ,  I n c . ,  

New York, Chapter 6 (1987). 

13. L y l e ,  I . G .  and T i d d y ,  G . J . T . ,  Chem.Phys.Lett., 

124, 432 (1986). - 
14. C a r v e l l ,  M., H a l l ,  D . G . ,  L y l e ,  I . G .  and T i d d y ,  

81 9 223 G.J.T., F a r  ada y Discuss.Chem.Soc., - 
(1986). 

,l5. M a r z a l l ,  L., J . D i s p e r s i o n  S c i .  and Tech., - 2, 

443 (1981). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2518 ECCLESTON AND BEATTIE 

16. 

17. 

18. 

19. 

E l w o r t h y ,  P.H. and MacFar lane,  C.B., J.Chem.Soc., 

537 (1962). - 
12, 293 E l w o r t h y ,  P.H., J .Pharm.Pharmacol . ,  - 

(1960). 

S c h o t t ,  H., J.Chem. and Enq. Data,  - 11, 417 

(1966). 

E l  E i n i ,  D.I.D., B a r r y ,  B.W. and Rhodes, C .R . ,  

J .Col l .1nter face S c i . ,  - 54, 348 (1975). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




