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LYOTROPIC MESOPHASE BEHAVIOUR OF n-C16H33EO3 
- EVIDENCE FOR TWO "V2" PHASES. 
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Unilever  Research, P o r t  Sunl ight  Laboratory,  
Quarry Road East,  Bebington, Wirral, 
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* 
Permanent address ,  Robert Robinson Labora tor ies  , 
Unive r s i ty  of Liverpool ,  U . K .  

(Submitted f o r  pub l i ca t ion  20th October 1981.) 

Nonionic s u r f a c t a n t s  of the  a l k y l  polyoxyethylene 
e t h e r  v a r i e t y  commonly form hexagonal (H1) o r  l ame l l a r  (La) 
l y o t r o p i c  mesophases wi th  water1. 
f r equen t  occurrence of I1 o r  V1 cubic  mesophases. 
r e p o r t s  e x i s t  t o  d a t e  of t he  occurrence of r eve r sed  phases 
wi th  these  materials. While the  s u r f a c t a n t s  a r e  known t o  
form s e v e r a l  s o l i d  complexes wi th  water ,  t h e i r  mel t ing  
po in t s  are below those  of t he  anhydrous s u r f a c t a n t s  . I n  
an o p t i c a l  microscope s tudy  of  the l i q u i d  c r y s t a l s  formed 
by water  p e n e t r a t i o n  i n t o  n-hexadecyl t r i oxye thy lene  g lycol  
e t h e r  (C16E03) we have observed a s o l i d  complex wi th  a 
mel t ing  p o i n t  above t h a t  of the pure s u r f a c t a n t .  We a l s o  
observe a cubic  reg ion  which w e  c l a s s i f y  as a reversed  
s t r u c t u r e  (V2). Moreover, t he  occurrence of a r e f r a c t i v e  
index  d i s c o n t i n u i t y  w i t h i n  t h i s  reg ion  s t r o n g l y  sugges ts  
t h a t  two d i f f e r e n t  phases are p resen t .  The cub ic  reg ion  

L e s s  well-known i s  the  * No 

2 

* 
Footnote:  Phase l a b e l l i n g  according t o  r e f .  1, 11, V1 

r e f e r  t o  cubic  s t r u c t u r e s  occur r ing  a t  compositions between 
m i c e l l a r  s o l u t i o n  (L1) and H1 phases ,  o r  between HI and La 
phases resp .  Subsc r ip t s  1 o r  2 r e f e r  t o  mesophases where 
the  a lkyl -cha in lwater  i n t e r f a c e  has  curva ture  of t h e  same 
s i g n  t o  t h a t  of normal o r  reversed mice l l e s .  
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148 G. J.  T. TIDDY, K. RENDALL and P. GALSWORTHY 

c o e x i s t s  wi th  water f o r  p a r t  of the  temperature  range over 
which i t  occurs .  When water d rop le t s  form w i t h i n  the  cubic  
reg ion  on h e a t i n g ,  they adopt angular  shapes which sugges t  
t h a t  a s i n g l e ,  long-range s t r u c t u r e  e x i s t s ,  r a t h e r  than a 
ttpowdert' o r i e n t a t i o n  of domains. 

EXPERIMENTAL 

The s u r f a c t a n t  w a s  syn thes i sed  by r e a c t i n g  hexadecyl 
bromide wi th  the  sodium s a l t  of t r i e t h y l e n e  g lyco l .  P u r i t y  
e s t ima ted  by g.1.c.  w a s  >98%. Opt ica l  microscopy w a s  
c a r r i e d  ou t  us ing  a Reicher t  "Neopan" p o l a r i s i n g  microscope 
wi th  a Kof f l e r  ho t -s tage .  Temperatures (OC) are accura t e  
t o  + lo. - 

PENETRATION EXPERIMENT 

T h i s  i s  a s i m p l e ,  r a p i d  technique t h a t  a l lows  the  
range of mesophases occur r ing  i n  a given system t o  b e  
determined. A sample of the  pure s u r f a c t a n t  i s  sandwiched 
between a microscope s l i d e  and cover-s l ip .  Contac t ing  the  
cover -s l ip  wi th  a drop of water r e s u l t s  i n  the  spreading  of 
water around t h e  s u r f a c t a n t .  Thus a s u r f a c t a n t l w a t e r  
concen t r a t ion  g rad ien t  occurs  a t  t he  edge of t he  s u r f a c t a n t  
sample,  where any mesophases form as d i s t i n c t  bands.  
D i f f e r e n t  mesophases are d i s t ingu i shed  by t h e i r  microscope 
t e x t u r e s  (us ing  c ross -polars )  , and by t h e i r  d i f f e r i n g  flow 
p r o p e r t i e s  (monitored by gen t ly  p r e s s i n g  on the  cover -s l ip)  
The temperature  of measurement can be a l t e r e d  by us ing  a 
microscope hot -s tage .  If the  s u r f a c t a n t  i s  a l i q u i d ,  
space r s  p laced  between s l i d e  and cover -s l ip  are usua l ly  
r equ i r ed  t o  o b t a i n  a l a y e r  s u f f i c i e n t l y  t h i c k  f o r  t he  easy 
obse rva t ion  of b i r e f r ingence .  

RESULTS AND DISCUSSION 

The s o l i d  anhydrous s u r f a c t a n t  C16E0 m e l t s  a t  31' t o  
form a l i q u i d  (L2) .  
very s lowly.  On contac t  w i th  wa te r ,  a reg ion  of "grainy" 
appearance occurs  a t  the  l i q u i d  s u r f a c t a n t  (L2)  /water  
boundary above 31°, which changes t o  an La phase a t  39.5'. 
The La phase w a s  i d e n t i f i e d  from i t s  o p t i c a l  t e x t u r e  and 
r e l a t i v e  v i s c o s i t y .  It forms myelins which extend i n t o  
water (Fig.  l a ) .  On cool ing  below 39.5' t h e  myelins adopt 

On cool ing ,  t h e  s o l i a  re-forms only 
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LYOTROPIC MESOPHASE BEHAVIOUR OF n-C16H33E03 149 

an angular  c o n f i g u r a t i o n  (Fig.  l b ) ,  lose  water and t h e  La 
phase becomes r i g i d .  On re-heat ing,  normal L, phase re- 
forms a t  39.5'. 
appearance corresponds t o  a s o l i d - l i k e  phase.  Since the  
m a t e r i a l  does no t  form wi thout  w a t e r  i t  i s  termed a " s o l i d  
complex''. Whether i t  i s  a type of g e l  s t r u c t u r e  (Lg)  w i th  
l i q u i d - l i k e  wa te r  and r i g i d  s u r f a c t a n t  l aye r s  i s  c u r r e n t l y  
under i n v e s t i g a t i o n .  

Thus w e  conclude t h a t  the "grainy" 

FIGURE l ( a )  FIGUW l ( b )  

(a) 

(b) "Angular" conf igu ra t ion  of  myelins i n d i c a t i n g  

Myelin formation a t  L,/water boundary ( 4 0 ' ) .  

s o l i d  complex (38O). [Magn. x 75, c rossed  
polars] . 

Above 39.5O t h e  L,.phase p e r s i s t s  t o  50°. I t  i s  
rep laced  by a cubic  reg ion ,  which i s  observed f i r s t  a t  t h e  
water - r ich  boundary (46 .5 ' )  and has f u l l y  mel ted ( t o  L2) by 
61.5'. , The cubic  reg ion  i s  de tec t ed  by i t s  very h igh  
v i s c o s i t y  and the  absence of b i r e f r i n g e n c e .  
cubic  reg ion  t h e r e  i s  a r e f r a c t i v e  index  d i s c o n t i n u i t y  
(F ig .  2 ) .  I t  occurs  on inc reas ing  o r  decreas ing  the  

Within the  
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150 G .  J.  T. TIDDY. K .  RENDALL and P. GALSWORTHY 

temperature ,  and i s  similar i n  appearance t o  mesophase/ 
mesophase boundaries  observed i n  o t h e r  systems.  We 
t e n t a t i v e l y  sugges t  t h a t  i t  rep resen t s  a boundary between 
two d i f f e r e n t  cubic  mesophases. A t  least  two d i f f e r e n t  
t 'bicontinuous' '  s t r u c t u r e s  are thought t o  be p o s s i b l e  wi th  
t h e  "V" cubic  phases3, bu t  t h i s  i s  the  f i r s t  r e p o r t  wi th  
evidence f o r  two s t r u c t u r e s  i n  a s i n g l e  su r fac t an t /wa te r  
system. 

FIGURE 2 FIGURE 3 

FIGURE 2: Succession of phases a t  1.48'. (Right  t o  
l e f t ,  phases are L,/V2 ( 1) /V2( 2) /L /Water .) 
phase is b i r e f r i n g e n t .  

FIGURE 3 :  Water d rop le t s  formed a t  cover -s l ip  su r face  
i n  V2(2) reg ion  ("&lo> . 

Only L, 
[Magn. x 351. 

[Magn. x 4003. 

The behaviour  of compositions between water (conta in ing  
d i s so lved  s u r f a c t a n t  monomer) and the  water-r ich mesophase 
boundary i s  complex. 
s u r f a c t a n t  conten t  occurs over t h e  temperature  range 43-50°. 
The L3 reg ion  w a s  f i r s t  reported4 f r C 
been observed f o r  s e v e r a l  compounds . N . m . r .  and 

A t h i r d  l i q u i d  (L3) wi th  in te rmedia te  

EO and has  s ince  
9 ,6  l2 
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LYOTROPIC MESOPHASE BEHAVIOUR OF n-C16H33E03 151 

conduc t iv i ty  measurements suggest5 t h a t  i n  C12E04 i t  i s  a 
m i c e l l a r  s o l u t i o n  con ta in ing  ob la t e  sphero id  mice l les  . 
There a r e  t ie-l ines between L3 and La o r  t h e  cubic  reg ion ,  
and between w a t e r  and L3. Above t h e  L3.phase the  cubic  
reg ion  c o e x i s t s  w i th  water .  This behaviour  i s  t y p i c a l  of 
V2 r a t h e r  than V1 phases.  Also,  t he  V1 phases of o t h e r  
poly-EO s u r f a c t a n t s  occur wi th in  t h i s  temperature range f o r  
d e r i v a t i v e s  having EO numbers g r e a t e r  than s i x .  Thus w e  
a s s ign  the  reg ion  a V2 s t r u c t u r e .  
"reversed" mesophase repor ted  f o r  a s u r f a c t a n t  of t h i s  type.  

temperature  range 50-61 .!d shows t h a t  more and more water  
d rop le t s  a r e  formed i n  the water-r ich V2 phase a s  temperature 
i s  increased .  When they occur  a t  t h e  glass/mesophase 
s u r f a c e ,  these d r o p l e t s  have an unusual angular  shape 
(F ig .  3 ) .  
t o  each o t h e r ,  occur f o r  t h e  boundaries .  Thus the  d rop le t s  
form t r i a n g u l a r  o r  r e l a t e d  shapes a t  the su r face .  No 
s p e c i a l  c l ean ing  o r  su r face  t reatment  of t h e  g l a s s  was used. 
Thus i f  a powder arrangement of cubic  domains were p resen t  
w e  would expec t  no r egu la r  p a t t e r n  of d rop le t s  t o  occur.  
The observa t ion  of a r egu la r  p a t t e r n  i n d i c a t e s  t h a t  t he  
water - r ich  cubic  region c o n s i s t s  of a l l s ing le-crys ta l"  
s t r u c t u r e ,  un l ike  the  poly-domain powders observed f o r  L, 
o r  HI phases .  This is c o n s i s t e n t  wi th  a micelle network 
( t tb icont inuous l l )  s t r ~ c t u r e l , ~  f o r  t h i s  reg ion ,  which might 
be expected t o  form l a rge  "s ingle-crys  ta l s l ' .  

This i s  t h e  f i r s t  

Observat ion of the  V /water  boundary over  t h e  

Note t h a t  only t h r e e  d i r e c t i o n s ,  a t  60' o r  120' 

To summarise, using o p t i c a l  microscopy we have evidence 
f o r  t he  occurrence of a s o l i d  complex, an La and two V2 
cubic  phases i n  ~ 1 6 ~ 0 3  water  mixtures .  An unusual p a t t e r n  
of water  d rop le t s  i n  the water-r ich V phase i s  c o n s i s t e n t  
w i th  a network s t r u c t u r e  f o r  t h i s  reg ion .  

2 
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