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ABSTRACT 

Ethoxy la t ed  d e r i v a t e s  have been used as s u r f a c t a n t s  f o r  some 

y e a r s .  I n  t h i s  work, e t h o x y l a t e d  c a s t o r  o i l  and e t h o x y l a t e d  o l e y l  

a l c o h o l  a lone  and /o r  t h e i r  1:1 mix tu res  were used a s  s u r f a c t a n t s  

i n  o i l J w a t e r  type of emulsion systems. 

The phys icochemica l  p r o p e r t i e s  of e t h o x y l a t e d  c a s t o r  o i l  

(S imul so l  OL 50) and e t h o x y l a t e d  o l e y l  a l c o h o l  (Sirnulsol  9 8 )  have 

been i n v e s t i g a t e d .  

Both of t h e s e  m a t e r i a l s  have p r o p e r t i e s  asscic i a t e d  w i t h  non- 

i o n i c  s u r f a c t a n t s ,  a l t hough  cons ide ra t i l y  s o l u b l e  in w a t e r ,  t h e  

compounds have s l i g h t  s o l u b i l i t y  i n  nonpo la r  s o l v e n t s .  

S u r f a c e  t e n s i o n s  of aqueous so1ut : ions were measured ove r  a 

s u r f a c e  t empera tu re  range of 20' t o  4OoC. CMC were determined by 

n a  
P r e s e n t e d  a t  t h e  2 I n t e r n a t i o n a l  ConLerence on Pha rmaceu t i ca l  

Technology (AI?GI )  (1980) ,  P a r i s ,  F rance .  
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384 YALABIK-US, BULUT, AND HINCAL 

t e n s i o n  measurements.  pH, r e f r a c t i v e  i n d e x ,  c o n d u c t i v i t y  and den- 

s i t y  of t h e  twv s u r f a c t a n t s  were a l s o  determined.  

INTRODUCTION 

In t h i s  wvrk, some p h y s i c a l  and chemica l  p r o p e r t i e s  of e t -  

h o x y l a t e d  c a s t o r  o i l  and e t h o x y l a t e d  o l e y l  a l c o h o l  were i n v e s t i -  

ga t ed .  

The two e t h o x y l a t e d  s u r f a c t a n t s  a r e  b o t h  n o n i o n i c  and are 

comple t e ly  m i s c i b l e  w i t h  water. In a d d i t i o n  t h e y  a r e  u s e f u l  a s  

d e t e r g e n t s  and e m u l s i f i e r s  i n  p h a r m a c e u t i c a l  and cosme t i c  i ndus t ry .  

The two e m u l s i f i e r s  a l o n e  a n d / o r  t h e i r  1:l m i x t u r e s  were used  

as s u r f a c t a n t s  i n  o i l l w a t e r  type of  emulsion systems.  

EXPERIMENTAL 

Material&- Water was d e i o n i z e d  and d i s t i l l e d  i n  g l a s s  v e s s e l s  

-1 
and had a s u r f a c e  t e n s i o n  of 72.6 mNm a t  2OoC ( 7 ) .  

B u f f e r  S o l u t i o n s ,  0.05 M B o r a t e ,  0.05 M P h t h a l a t e  and 0.05 M 

Phospha te  B u f f e r s  w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  Merck Index.  

E t h o x y l a t e d  Caster O i l  ( S i m u l s o l  OL-50) (Seppic-France)  was 

used as r e c e i v e d .  I t  w a s  a monionic e m u l s i f i e r  d e r i v e d  from e t -  

h o x y l a t i o n  of  a t r ig1yce r i . de  of  v e g e t a b l e  o r i g i n  ( C a s t o r  o i l ) .  I t  

w a s  s u b s t a n t i a l l y  homogeneous, amber c o l o u r  l i q u i d ,  r e a d i l y  m i s -  

c i b l e  w i t h  w a t e r .  I t s  HLB v a l u e  is 13. I t s  v i s c o s i t y  a t  20°C i s  

450 cps and h a s  a m e l t i n g  p o i n t  of abou t  10°C (3,5). 

The m a t e r i a l  co r re sponds  t o  a s t r u c t u r e :  

C a s t o r  o i l  - (O-CH2-CH2)40 
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ETIIOXYLATED DEliIVATES 38 5 

E t h o x y l a t e d  O l e y l  A l c o h o l  (S imul so l  98) , ( S e p p i c  F r a n c e )  w a s  

used as r e c e i v e d .  I t  was a n o n i o n i c  e m u l s i f i e r  b a s e d  on an ethoxy-  

l a t e d  f a t t y  a l c o h o l .  I t  was a s o f t  y e l l e w  wax w i t h  s l i g h t .  cha rac -  

t e r i s t i c  o d o u r ,  which i s  r e a d i l y  m i s c i b l e  w i t h  water .  I ts  HLB 

v a l u e  i s  16.3. S i m u l s o l  98 h a s  a m e l t i n p  p o i n t  of a b o u t  37"C(3,5).  

The mater ia l  c o r r e s p o n d s  t o  a s t r u c t u r e :  

O l e y l  alcohol-(O-CH2-CH ) 2 20 

Methods - Sur f  ace Tens i o n  : Sur f  ace' Tens iome t.e'c (Mode 1 20- 

F i s c h e r ,  U.S.A.) was used t o  measure the  s u r f a c e  t .ensions of t h e  

aqueous s u r f a c t a n t  s o l u t i o n s .  The i n s t r u m e n t  was c a l i b r a t e d  as 

i n d i c a t e d  i n  i t s  c a t a l o g u e  and w i t h  wa tca r  a t  20°C. ,4 j a c k e t e d  

g l a s s  d i s c  connec ted  t o  a t h e r m o s t a t e d  w a t e r  b a t h  and e q u a l  s o l u -  

t i o n  volumes were used.  The mean of  s i x  measurements were t aken .  

Measurements were c a r r i e d  o u t  a t ,  2 0 , 2 5 , 3 0  and 40°C. 

pH w a s  de t e rmined  u s i n g  pH m e t e r  (Model 12-Corning, U.S.A.). 

The r e s u l t s  were t h e  mean of  f i v e  d e t e r m i n a t i o n s .  

C o n d u c t i v i t y  w a s  de t e rmined  by C o n d u c t i v i t y  Br idge  (Model 31- 

Y S I ,  U . S . A . ) .  The r e s u l t s  were t h e  mean of t h r e e  r e a d i n g s .  

R e f r a c t i b e  i n d i c e s  were d e t e r m i n e d  w i t h  an  A b b G  r e f r a c t o m e t e r  

(Model G and E Carl Zeiss J e n a ,  D . D . R . ) ;  and t h e  mean of t h r e e  

d e t e r m i n a t i o n s  were t aken .  

D i f f e r e n t  c o n c e n t r a t i o n s  ( X  w/w) of t h e  m i x t u r e s  of s u r f a c -  

t a n t s  and w a t e r ,  aqueous b u f f e r  s o l u t i o r i s  and o i l  i n  t i g h t l y  

cove red  g l a s s  t ubes  which were e q u i l i b r a t e d  a t  2 5 ° C  and shaken 

f a r  2 4  h o u r s ,  a t  125 s t r o k e s  p e r  minute  by l a b o r a t o r y  s h a k e r  

(Type L 8 8  1-Gerhardt ,  Germany) f o r  s o l u b i l i t y  s t u d i e s .  The l i m i t  

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



386 YALABIK-KAS , BULUT, AND HINCAL 

of s o l u b i l i t y  was i n d i c a t e d  by t u r b i d i t y  of the  s o l u t i o n s  i n  the  

tubes. 

D e n s i t i e s  were determined by 10 m l  pycnometers a t  25OC. The 

r e s u l t s  were the  mean of f i v e  de te rmina t ions .  

U l t r a v i o l e t  S p e c t r a  was taken by double-beam U.V. spec t ro-  

photometer over 340-200 nm (model DB-GT-Beckman, U.S.A.). 

Infra-Red S p e c t r a  was taken by Gra t ing  I.R. Spectroscopy over  

4000-250 cm-' (Model 457-Perkin E l m e r ,  U.S.A.). 

RESULTS 

pH of aqueous s o l u t i o n s  of the  two s u r f a c t a n t s  were around 

5.9-6.0 over  the c o n c e n t r a t i o n  range of 0.0005-1.0 (w/v). The pH 

was n o t  changed w i t h  increased  c o n c e n t r a t i o n ,  only a s l i g h t  i n f l e c -  

t i o n  p o i n t  c o i n c i d e n t  w i t h  t h e  c r i t i c a l  mice l le  c o n c e n t r a t i o n  (CMC) 

is  reached f o r  only S imulso l  OL-50. 

The r e f r a c t i v e  i n d i c e s  of the  two s u r f a c t a n t s  over  a concent- 

r a t i o n  range of 0.0005-1.0 % (w/v) have n o t  shown any i n f l e c t i o n  

and remained almost cons tan t .  The conductance of Simulsol  OL-50 

s t a r t e d  d e c r e a s i n g  i n  va lue  around t h e  CMC and increased  f u r t h e r  

a f t e r  the  CMC p o i n t .  Whereas, S imulso l  9 8  remained cons tan t .  

The curve of s u r f a c e  t e n s i o n  v e r s u s  log C ,  where C i s  the  

s u r f a c t a n t  c o n c e n t r a t i o n ,  i n  aqueous and b u f f e r  s o l u t i o n s ,  i s  

l i n e a r  w i t h i n  a c e r t a i n  c o n c e n t r a t i o n  range,  above which the sur -  

f a c e  t e n s i o n  remains n e a r l y  c o n s t a n t  as the  c o n c e n t r a t i o n  is 

increased .  The concent ra t ion  a t  which t h e  two l i n e a r  p o r t i o n s  of 

the  curve i n t e r s e c t  (F igures  1 ,2 ,3 ,4)  w a s  considered t o  r e p r e s e n t  

the  CMC va lue .  
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ETHOXYLATED DEFXVATES 389 

0 

7- .  . - .  . - . ,  
1 0-1 I C - ~  -1 

C o n c e n t r a t i o n ,  ( X )  ( g . d l  ) 

FIGURE 3 

The s u r f a c e  t e n s i o n  of aqueous s o l u t i o n s  of Simulsoll  98 a t  
d i f f e r e n t  t e m p e r a t u r e s .  

0 20°C 

A 25OC 

0 3OoC 

8 37OC 

A 4OoC 

The CMC i n  w a t e r  was de te rmined  a t  d i f f e r e n t  t e m p e r a t u r e s  

2 0 , 2 5 , 3 0 , 3 7  and 4O0c ( F i g u r e s  1,2). The e f f e c t  of t e m p e r a t u r e  on 

CM.C of b o t h  of t h e  s u r f a c t a n t s  are shown i n  F i g u r e s  1 ,3 ,5 .  Measure- 

ments of t h e  s u r f a c e  t e n s i o n  in t h e  p r e s e n c e  of 0 .05 M b u f f e r s  a t  

2O0C showed t h a t  t h e  CMC w a s  r educed  when compared w i t h  t h e  un- 
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ETIIOXYLATED DERIVATES 39 1 

TABLE 1 

CRITICAL MICELLE CONCENTRATION OF SIMULSOL OL .- 50  

I N  AQUEOUS SOLUTIONS AND AT DIFFERENT pH’S OF VMLIOUS TEMF’ERATURES 

b u f f e r e d  aqueous s o l u t i o n s  of t h e  s u r f a c t a n t s  ( T a b l e s  1, 3 ) .  A s  t h e  

pH of t h e  s u b s t r a t e  was i n c r e a s e d ,  t h e  CMC remained c o n s t a n t  a t  

20°C and a l s o  a t  37OC. 

The s u r f a c e  t e n s i o n s  of t h e  two s u r f a c t a n t s ,  S imul so l  OL 50 

and Simulsol  98, i n  t h e  p r e s e n c e  o f  0.05 M b o r a t e ,  phosphate  and 

p h t h a l a t e  b u f f e r s ,  were d e c r e a s e d  when compared t O  t h e  CMC o b t a i n e d  

i n  water (Tab les  1 ,3  and F i g u r e s  2 , 4 ) .  As s e e n  i n  T a b l e s  1 and 3, 

there is a t e n  f o l d  d i f f e r e n c e  between t h e  CMC o f  t h e  two s u r f a c -  

t a n t s .  

The s o l u b i l i t i e s  of S i m u l s o l  OL-50 and S i m u l s o l  98 a t  25OC 

i n  d i s t i l l e d  w a t e r ,  co rn  o i l ,  and 0.05 X b u f f e r  s o l u t i o n s  a r e  

shown i n  Tab les  2 and 4 ,  r e s p e c t i v e l y .  

The d e n s i t i e s  of S i m u l s o l  OL-50 and S i m u l s o l  9 8  a r e  1.057.0 

-3 -3 Kgm and 1040.0 Kgm , r e s p e c t i v e l y .  
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ETBOXYLATED DEliIVATES 39 38 

TABLE 3 

THE C R I T I C A L  MICELLE CONCENTKITION OF SIMUI.SOL 9 8 

IN AQL'EOUS SOLUTIONS AND AT DIFFERENT pH'S OF VARIOUS 

25 2.0 1 30 1 2 .0 

Ult ra-Viole t  and Infra-Red s p e c t r a  of the  two sr i r fact .ants  

axe a l s o  determined.  

U . V .  s p e c t r a  of Simulsol 98 and S i n u l s o l  OL-501 show ti maximum 

peak a t  232 arid 234-236,  r e s p e c t i v e l y .  Infra-Red spec t ra .  of Simulsol  

01,-50 i s  i n  accordance w i t h  i%l l e r ' s (8 )  inves t iga t i .on .  

DISCUSSION 

Simulsol. 01,-SO (EO 4 0 )  and S i m u l s c i l  9 8  (,EO 2011 a r e  nonionic  

s u r f a c t a n t s  which a r e  r e a d i l y  s o l u b l e  j.n water  a n d  i n  a q w o u s  

b u f f e r  s o l u t i o n .  A s  t h e  pH increases  tt:.ere i s  no change i n  t h e  

a,queous s o l u b i l i t y  tendencies  (Tables  2.: and 1 ; ) .  

CMC would be expected t o  i n c r e a s e  a s  the  temperntiire increase:; 

due t o  a thermal a g i t a t i o n  decreas ing  adhesion between monomers. 

This is t r u e  f o r  ion ized  s u r f a c t a n t s  ai: higher  tempera tures .  A t  

lower temperztures  t h e  CMC decreases  with increa:; ing temperatures  

probably due t o  d e s o l v a t i o n  of  p a r t s  of t h e  rnonomer ( 4 , 6 , 9 ) .  For 
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S o lub  i l i t v  t e n d e n c i e s  

5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 

S S S G G G G  I s  D i s  t i  1 l e d  
water 

S S S S G G G G G G  pH 4.0 

pH 6 . 8  

b u f f e r  

S S S S G G G G G G  
b u f f e r  

S S S G G G G  i s  pH 9 . 2  I b u f f e r  

S = S o l u b l e  

Su  = Suspended 

I = I n s o l u b l e  

G = Gel  

n o n i o n i c  s u r f a c t a n t s ,  t h e  CMC d e c r e a s e s  w i t h  t e m p e r a t u r e  up t o  t h e  

h i g h e s t  v a l u e  measured,  

po lyoxye thy lene  c h a i n s  of t h e  monomer, may be so l a r g e  t h a t  t h e y  

o v e r  weigh e f f e c t s  of t h e r m a l  a g i t a t i o n  i n  b r e a k i n g  up t h e  

m i c e l l e s  ( 4 ) .  T h i s  i s  s u p p o r t e d  by t h e  CMC v e r s u s  t e m p e r a t u r e  curve 

( F i g u r e  5 ) .  The CMC of S i m u l s o l  OL-50 and 9 8  d e c r e a s e s  w i t h  tempe- 

r a t u r e  r a n g e  of 2O-4O0C. The CMC of S imul so l  9 8  i s  i n  acco rdance  

w i t h  B e c k e r ' s  work ( 2 ) .  

i n d i c a t i n g  t h a t  d e s o l v a t i o n  e f f e c t  on 

The e f f e c t  of e l e c t r o l y t e s  on n o n i o n i c  s u r f a c t a n t s  i n  g e n e r a l l y  

t o  lower t h e  CMC, p r o b a b l y  because  of e l e c t r o s t a t i c  s c r e e n i n g  a c t i o n  

by s a l t s  ( 1 , 4 ) ,  The 0.05 M p h t h a l a t e ,  phospha te  and b o r a t e  b u f f e r s  

lowered t h e  CMC by an  o r d e r  of magni tude from t h a t  measured i n  

water i n  b o t h  of the s u r f a c t a n t s  ( F i g u r e s  2 , 4  and T a b l e s  1,3). 
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5 1 0  15 20 25 30 35 4@ 45 50 

Ternparaturf1 , OC 

FIGURE 5 

The e f f e c t  of t empera tu re  on t h e  aqueous CMC (of S i m u l s o l  OL 50 

and S i m u l s o l  98 

0 Sim. OL - 5 0  

0 Sim. 98 

Measurement of t h e  s u r f a c e  t e n s i o n  of i n c r e a s i n g  c o n c e n t r a t i o n s  of 

b u f f e r e d  s o l u t i o n s ,  e s p e c i a l l y  0.05 M p h t h a l a t e  b u f f e r ,  showed a 

s l i g h t  d e p r e s s i o n  a t  t h e  i n f l e c t i o n  p o i n t  a s s o c i a t e d  w i t h  t h e  CMC, 

( F i g u r e  4 ) ,  s u g g e s t i n g  t h e  p re sence  of s m a l l  q u a n t i t i e s  of impu- 

r i t ies .  Th i s  i s  due t o  t h e  i m p u r i t i e s  adsorbed a t  t h e  s u r f a c e  

below the CMC, b u t  s o l u b i l i z e d  by t h e  m i c e l l e s  beyond t h e  CMC(10). 

The s o l u b i l i t i e s ,  CMC v e r s u s  t empera tu re  c u r v e s  and t h e  

e f f e c t  of e l e c t r o l y t e s  on CMC, a l l  s u p p o r t  t h a t  t h e  behav iour  of 

o u r  s u r f a c t a n t s  i s  t y p i c a l  of a n o n i o n i c  s u r f a c t a n t s .  
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