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CIBSlHACT L y o t r o p i c  m i c e l l a r  nematic and smect ic  phases 
observed i n  t h e  m i x t u r e  of sodium o l e a t e  and 

g l a c i a l  a c e t i c  a c i d  has been s t u d i e d  by X -  r a y  and 
o p t i c a l  methods. I t  i s  found t h a t  a nemat ic  phase i s  
abserved w i t h  smal l  c o n c e n t r a t i o n  o f  sodium o l e a t e  a t  
h i g h e r  temperatures. Smectic A and Smectic E phases 
a l s o  occur a t  lower  temperatures and w i t h  low 
c o n c e n t r a t i o n  o f  sodi u m  o lea te .  O p t i c a l  a n i s o t r o p y  of 
L y o t r o p i  c nematic phase ha5 been es t ima ted  u s i n g  
exper imenta l  va lues  o f  d e n s i t y  and r e f r a c t i v e  index 
data. The o rde r  parameter o f  t h e  m i c e l l a r  nemat ic  phase 
is c a l c u l a t e d  f rom t h e  o p t i c a l  data.  X - r a y  
d i f f r a c t i o n  s tudy  was c a r r i e d  o u t  i n  smect ic  phase. 
Many s t r i k i n g  o p t i c a l  t e x t u r e s  l i k e  fan,  f o c a l  c o n i c  
and drops w i t h  low c o n c e n t r a t i o n  of sodium o l e a t e  a r e  
a I. so i 1 1 i t  st r a.t ed . 

I NTRODLJCT I ON 

L y o t r o p i c  nematic l i q u i d  c r y s t a l s  a r e  f r e q u e n t l y  observed i n  

samples w i t h  t h e  h i g h  c o n c e n t r a t i o n  o f  some s u r f a c t a n t  

s o l  u t i  ons of  a n i  sometr i c m i  c e l l  es w h i  ch  po55e55i ng 1 ong 

range o r i e n t a t i o n a l  orderi-'. Genera l l y  s t a b l e  m ice l  l a r  

nematic phases occur  over  a wide temperature and compos i t i on  

i n  a two component system between i s o t r o p i c  m ice l  l ar  

s o l u t i o n  and smect i  c phasesv6. Nematic phase of  d i s c  

shaped m i c e l l e s  N and c y l i n d r i c a l  shaped m i c e l l e s  N occur  

i n  some o f  t h e  l y o t r o p i c  system5. Ex amp1 e, 

Caesiumpentadecaf l i r o r o  oc tanoate  ( C ~ P F O )  /water  7system 

e x h i b i t s  a nematic phase N which occurs  i n t e r m e d i a t e  t o  a 

l a m e l l a r  phase and an i s o t r o p i c  m i c e l l a r  

D C 

D 
solut ion ' .  

63 1 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
14

 1
8 

Fe
br

ua
ry

 2
01

3 



632 NAGAPPA ET AL. 

The lymtropic  phase t r a n s i t i o n s  I -N -L correspond w i t h  t!#e 

thermotropic i s o t r o p i c  (1) - Nematic (N) - Smectic A (SA)  

exh ib i ted  by r o d  shaped molecules. 9 s i m i l a r  correspondence 

i n  symmetries ~ x i ~ i t  be?t.wepn t . t i t? ptiasrra:; i r ivo l  vrrd i n  ttie 

l y o t r c p i c  I - N - H t r a n s i t i o n s  and those i n  t he  

th--., lotropic I - N - columnar t r a n s i t i o n s  exh ib i t ed  by d i sc  

shaped molecules. O u r  a i m  i s  t o  emphasize on t h e  

p o s s i b i l i t i e s  of  t h e  general and simple method which permi ts  

no t  on ly  of  ob ta in ing  t h e  m i c e l l a r  nematic phase but  a l s o  

smectic FI and smectic E phases i n  t h e  mix tu re  of sodium 

o lea te  and g l  aci a1 ace t i c  acid.  W e  present here the  resqil t s  

of  x-ray s tud ies  i n  smectic E phase which appears a t  room 

temperature and b i re f r i ngence  and t e x t u r e  s tud ies  f o r  

micel lar  nc?matic ptiase N a t  h igher  temperatures. I n  t t ie 

l i g h t  of  t h e  above i n v e s t i g a t i o n s  we a r e  ab le t o  understand 

the  coupl ing between aggregate s t r u c t u r e  and mesophase 

order. 

D 

C 

D 

EXPEHI MENTAL 

The mater ia l  used i n  t h i s  i n v e s t i g a t i o n  v iz . ,  sodium 

oleate is obtained from The B r i t i s h  D r u g  house L td .  , England 

and g l a c i a l  ace t i c  a c i d  from Kodak Ltd.  , Kodak house, 

Bombay. Sodium o lea te  i s  f u r t h e r  pcrr i f  i e d  tw ice  by 

r e c r y s t a l l i s a t i o n  method us ing  benzene a5 asolvent. The 

concenkrations were prepared by mix ing sodium o lea te  w i t h  

ace t i c  ac id  i n  a sea led  conta iner  which were then heated t o  

10@k f o r  about s ix  hours. The samples were subjected t o  

several  cyc les of  heat ing,  s t i r r i n g  and c e n t r i f u g i n g  t o  

ensure t,cxnogeiii t y .  

The t r a n s i t i o n  temperatures of  t he  mixtures i n  d i f f e r e n t  

phases were obtained i n  t h e  course of  heat ing or coo l i ng  

uci ng hut stage and p o l a r i z i n g  microscope. The p a r t  i a1 phase 

diagram of sodium o lea te  i n  g l a c i a l  a c e t i c  a c i d  shown i n  
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MICELLAR NEMATIC LYOPHASE 633 

. f i g .  1 arid i r td icate. j  tttat. b y  i nc reas ing  ttre sodiurrl o l ea te  

concent-rat ion the  nematic range decreases and f i n a l l y  ceases 

t o  e x i s t  f o r  a mole f r a c t i o n  X 1s 0.096. The phase 

trarisi 1 , i r x r  f r n m  N -I_ is very w e l l  ar.counte.d w i t h  the h e l p  

of  Mcmil lan s mean f i e l d  theoryP, which exp la ins  t h e  general 

features of  N-S t r a n s i t i o n  i n  thermotropic l i q u i d  c r y s t a l s .  

Chandrasekhar e t .  al., a l s o  e luc ida ted  t h e  experimental 

s tud ies  on N-S t r a n s i t i o n  of  t he  nematic mix tures and 

located the  t r i c r i t i c a l  p o i n t  where t h e  change of  phase 

occurs from f i r s t  order t o  second order. I n  t h e  present 

study we conclude that. I -N  t r a n s i t i o n  i s  f i r s t  order and N 
D D 

- L t r a n s i t i o n  is second order because of  coexistence of 

phases near I - N t r a n s i t i o n .  The second order t r a n s i t i o n  

of  N - L phase i n d i c a t e s  t h a t  t he re  i s  a c o n t i n u i t y  i n  t h e  

s t r u c t u r e  of t h e  amphiphi le aggregate. Therefore, i t  i n f e r s  

t h a t  a t  ND - L t r a n s i t i o n ,  t h e  nematogenic d i s c  shaped 

u 

A 
10 

A 

D 

D 

m i c e 1  I es coridense or) ttre 1 amel 1 ar- plarres 1nstF=ad o f  

aggregate i n t o  i n f i n i t e l y  extending molecular lamel lae 0.11 

TEXTURE STUDIES 

Opt ica l  t e x t u r e  s tud ies  have been c a r r i e d  ou t  us ing  L e i t z  

or thoplan p o l a r i z i n g  microscope. A l l  t h e  tex tu res  obtained 

here are  a t  low concentrat ion o f  sodium o lea te  from 2 t o  

10%. The sch l i e ren  t e x t u r e  obtained at higher  

temperature of  t h e  samples between 2 t o  10% of  sodium o l e a t e  

correspond t o  t h e  m i c e l l a r  nematic phase i s  shown i n  f i g .  

2(a), 2(b)  and 2 ( c ) .  On f u r t h e r  cool ing,  N phase changes t o  

L phase which i s  character ised by t h e  foca l  conic and fan  

t e x t u r e  i s  shown i n  F i g  3 (a ) ,  3 ( b ) .  Before c r y s t a l l i s i n g  t h e  

smectic A phase changes aver t o  smectic E phase which is 

character ized by r a d i a l  crosses on t h e  e l l i p s e s  shown i n  f i g  

4. Occasional ly i n  s o m e  reg ions w e  get  drops and maltase 

12.13 
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MICELLAR NEMATIC LYOPHASE 635 

Fig.3. 

Fig.4.  

a b C 
Microphotographs of a) focal conic with SchJleren 
texture for phase transit ion flomnematic t o  smectic. 
Crossed polars 500x. b> Focal conic fan shaped 
texture. Crossed polars 5OOx. 

Microphotograph of focal C o n i c  t exture  with ra&d 
crosses.Crossed polars 400x. 

(5 )  
Fig-5. Microphotograph of drops with crossed polars 400X. 

Fig.6. Temperature variation of order parameter of idcellar 
nematic phase. The solid line represents  Maier-SauPe 
curve. 
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636 NAGAPPA ET AL. 

crossc+s, as s h o w n  i n  f , i q .  5. l h e  drops e : :h ib i t  t i v  and Vv 

s c a t t e r i n p  pa t te rns .  

B 1 KEFR 1 NGENCE S TUDl ES 

It is very w e l l  es tab l i shed  t h a t  t h e  m i c e l l a r  nematic 

phase, 1 n 1 y o t r o p i  c system i e formed by amphiphi 1 i c 

aggregation w i t h  b i l a y e r  s t r u c t u r e  .. A s  i n  nematic phase 

t h e  b i l a y e r  m i c e l l e s  s h o w  some deqree of p a r a l l e l  

o r i e n t a t i o n  which i s  respons ib le  f o r  macroscopic an isot rnpy 

o f  t h e  phasei5. 

14 

The b i r e f r i n g e n c e  s t u d i e s  are u s e f u l  f o r t h e  e s t i m a t i o n  

o f  t h e  order parameter and a150 h e l p f u l  t o  understand t h e  

degree of  o r i e n t a t i o n  of t h e  m i c e l l e s  . I n  t h e  present 

i n v e s t i g a t i o n  w e  have measured t h e  temperature v a r i a t i o n  o f  

t w n  r e f r a c t i v e  i n d i c e s  n and n o f  t h e  m i x t u r e  f o r  l o w e r  

concentrat ion o f  sodium o l e a t e  us ing  fibbe re f rac tomete r  f o r  

t he  wavelength 589.3 n m  i n  t h e  nematic and smectic phases. 

The r e + r a c t i v e  index n d u e  t o  e x t r a o r d i n a r y  r a y  i s  p o l a r i z e d  

p a r a l l e l  t o  t h e  l e n g t h  o f  t h e  specimen and n due t o  

o rd ina ry  r a y  i s  p o l a r i i e d  perpendicu lar  t o  t h e  l e n g t h  of t h e  

specimen and l y i n g  i n  t h e  p lane o f  t h e  specimen. Saupe" 

f o r  t h e  used t h e  modi f i ed Lorenz. -Lorentz f ormul ai6 

c a l c u l a t i o n  of or- i  e n t a t i o n a l  orderparameters. The o rd ina ry  

and ex t rao rd ina ry  i n d i c e s  n and n are 

11,iS 

2 

I 

2 

I 2 
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MICELLAR NEMATIC LYOPHASE 637 

"AC 
where N 15 the number of molecules per unit volume and 

and W are mole fractions of the acetic acid and sodium 

oleate respectively. a s are  the mean polarizabllxties of 

sodium oleate and acetic acid. For the estimation of the 

orientational order parameters we assume the contribution o f  

birefringence (An) is only due to sodium oleate because 

the polarizability tensor of sodium oleate can be 

approximated with principal polarizibility a parallel to 

the long axis and a perpendicular t o  it. The optical 

anisotropy (ha) contribution f r o m  acetic acid is neqlected. 

Therefore, only (Aa) of sodium oleate molecule is 

considered. (ha) = (al-az) and S = 112 ( 3  coszB-l) is the 

degree of order of sodium oleate molecule where €3 is the 

angle between long molecular axis and the optic axis of the 

nematic phase. Cos2f3 is the average over the molecular 

mot1 on. 

so 

0 

17 

2 

Subtracting equation (2) from (1) and using 

An = ( n -n ) << 1 we obtain 
i 2  

In order to estimate the value of optical anisotropy 

(Aa) of sodium oleate molecule, the values of b,$**il - e- 7 

polarizability along the long axis of the molecule and (all 
efi 

the polarizability perpendicular to the long axis of the 

molecule are to be determined. The value of (a,,J of each 

methylene group is calculated from the optical anisotropy of 

the bond polarizability for 5893 8 i*'10 assuming that the 

molecules have all transcofiguration. and hence(al),(rmay also 

be calculated. Using the values o f  (a, ,)cif ,  (aL  )aif and a 

the mean polari~ability~the value of (Aa) is estimatedZo The 

value of ( A a )  for sodium oleate molecule turns out to be 

11.55 x 10-24~rn3-The order parameter S of the micellar 

eii 
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638 NAGAPPA ET AL. 

nematic phase is ca lcu la ted  w i t h  t he  h e l p  ot (ha)  value. 

Temperature v a r i a t i o n  of  order parameter is shown i n  f i g  6. 

Boden e t .a l ,  po in ted  ou t  i n  t h e i r  study t h a t  t h e  v a r i a t i o n  

o f  t h e  b i re f r i ngence  w i t h  temperature is dependent upon bo th  

the  s i z e  and shape of  t h e  m ice l l es  i n  a d d i t i o n  t o  t h e i r  

dependence on o r i e n t a t i o n a l  order. However, we a l s o  n o t i c e  

t h a t  order parameter va r ies  w i t h  mole percent i n  t h e  

m ice l l e r  nematic phase. It i s  observed t h a t  t he  order 

parameter decreases w i t h  decreasing sodium 01 eate 

concentrat ion.  Maier-Saupe curve i s  alsoshown i n  f ig.6. The 

values of  b i re f r i ngence  a re  i n  good agreement w i t h  t h a t  

measured by i n te r fe rence  technique explained i n  one of  our 

e a r l i e r  paper . 21 

NMR and I R  s tud ies  are a l so  c a r r i e d  out  t o  show t h e  

existence o f  smectic E phase a t  room temperature. 

-- X-RAY DIFFRACTION STUDIES 

Order parameter o f  m i c e l l a r  nematic phase i s  very wel l  

documented from X-ray d i f f r a c t i o n  s tud ies  by e a r l i e r  

Unfor tunate ly  we are  unable t o  ca r ry  ou t  

X-ray d i f f r a c t i o n  s tud ies  a t  h igher  temperature range where 

the  m i c e l l a r  nematic phase ex is ts .  

X-ray record ing  f o r  t h e  mix tu re  a t  room temperature i s  

c a r r i e d  out us ing Joel  (Japan) make w i t h  t h e  f o l l o w i n g  

s e t t i n g s  - 35Kv, l'SmA, TC 4, CPS 400, Channel Centre 100, 

Channel w i  d t h  100 , h = l  - 934 8. Thi s reco rd i  ng i nd i cates 

r e f l e c t i o n s  which correspond t o  E phase. The c e l l  parameters 

w e r e  obtained by us ing  a mult id imensional  min imizat ion 

(s implex) programme. Here t h e  programme s t a r t s  w i t h  an 

i n i t i a l  se t  o f  parameters (a,b,c,a1(3,yf and r e f i n e s  these 

set  of  parameters u n t i l  a l l  t h e  observed r e f l e c t i o n s  are 

accounted t o  w i t h i n  21% o f  t h e  experimental d spacings. The 

parameters thus  obtained a r e  g iven i n  t a b l e  ( l ) . I t  a l so  
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MICELLAR NEMATIC LYOPHASE 639 

gives t h e  volume of  t he  u n i t  c e l l  as 183.67x10-23~m3~hi~h i 5  

t he  approximate volume of t h e  mice l le .  

Standard dev ia t i on  is < 1% 

~ 

a= 12.38~ 10-'cm b=1@.66x 10-'cm c=14. l e x  10-Ocm 

a=97.98 p=ea. 57 y=94.07 

Table 1) 

CONCLUSION 

The nematic lyomesophases are  use fu l  s o l u t e  hosts. These 

general m i c e l l a r  p roper t i es  are combined w i t h  an i so t rop i c  

o r i e n t a t i o n d l  e f f e c t s  a r i s i n g  from aggregates shapes and 

magnetic proper t ies.  ?he microscopic i n v e s t i g a t i o n  a l lows us 

t o  d i f f e r e n t i a t e  t h e  th ree  phases I -N -SA-S . The phase 

diagram e x h i b i t s  t h e  phase behaviour and revea ls  t h a t  

m i c e l l a r  nematic phase e x i s t s  a t  l o w  concentrat ion and h i g h  

temperature and smectic R and E phases a t  lower temperature. 

B i re f r ingence study revea ls  t h a t  t h e  c o n t r i b u t i o n  of 

b i re f r i ngence  i s  mainly due t o  sodium oleate.  The above 

f a c t s  are a lso  supported by NMR, I R ,  X-ray and Op t i ca l  

t e x t u r e  s tud i  e r  . 
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