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NEMATIC LYOTROPIC LIQUID CRYSTALS AS MEDIA FOR 
CHEMICAL REACTIONS 

V. RAMESH AND M. M. LABES 
Department of Chemistry,  Temple U n i v e r s i t y ,  
P h i l a d e l p h i a ,  PA 1 9 1 2 2 ,  U. S. A .  

INTRODUCTION 

An o l d  theme i n  l i q u i d  c r y s t a l  r e s e a r c h ,  f i r s t  i n t r o -  

duced by Svedberg i n  1 9 1 6 ,  is  t h e  examinat ion  of how 

chemical r e a c t i v i t y  i s  modulated by t h e  a n i s o t r o p y  of t h e  

medium t o  r e s u l t  i n  changes i n  r a t e s  of r e a c t i o n  o r  

s t r u c t u r e s  of product .  We have r e c e n t l y  r e t u r n e d  t o  t h i s  

problem by examining r e a c t i o n s  i n  aqueous l y o t r o p i c  nematic 

media. One can i d e n t i f y  systems i n  which phase  t r a n s i t i o n s  

occur  from rod t o  d i s c  t o  s p h e r i c a l  a g g r e g a t e s  of amphi- 

p h i l e s  as f u n c t i o n s  of e i t h e r  t empera tu re  o r  c o n c e n t r a t i o n  

of s u r f a c t a n t ,  c o s u r f a c t a n t ,  o r  e l e c t r o l y t e ,  and s tudy  

model r e a c t i o n s  occur r ing  through t h e s e  phase  t r a n s i t i o n s .  

One can o r i e n t  t h e  l y o t r o p i c  medium i n  a magnet ic  f i e l d  

and assess t h e  degree  of o rde r ing  of r e a c t a n t  and product  

and t h e i r  p e n e t r a t i o n  i n t o  t h e  m i c e l l a r  media by s p e c t r o -  

s cop ic  methods 

There are d rama t i c  d i s c o n t i n u i t i e s  i n  r e a c t i o n  rates 

occur r ing  a t  t h e  phase t r a n s i t i o n s  from l a m e l l a r  (N ) t o  

c y l i n d r i c a l  (NC) t o  s p h e r i c a l  ( I ) micel la r  s t r u c t u r e s .  

We have examined s e v e r a l  model r e a c t i o n s  of both a b i -  

molecular  and unimolecular  n a t u r e  such  as:  c a t a l y z e d  es ter  

and phosphina te  ester hydro lyses  i n  a c a t i o n i c  s u r f a c t a n t ;  

bromination of an o l e f i n  i n  an a n i o n i c  s u r f a c t a n t ;  uni-  

molecular  pho to i somer i za t ion  of a merocyanine t o  a s p i r o -  

L 
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58 V. RAMESH AND M .  M. LABES 

pyran i n  a n i o n i c  s u r f a c t a n t s .  These r e s u l t s  are summarized 

below. 

Brornination of t r a n s - s t i l b e n e  i n  SDS lyomesophase 1 

It was t h e  s t r a t e g y  of t h i s  s tudy  t o  i n v e s t i g a t e  t h e  

k i n e t i c s  of a t y p i c a l  b imolecu la r  react i o n  th rough  t h e  

rod-disc-sphere ( N  -N -I) phase  t r a n s i t i o n s  i n  o r d e r  t o  

a s c e r t a i n  t h e  e f f e c t s  of environment on t h e  r e a c t i v i t y .  

The r e a c t i o n  chosen w a s  the  brominat ion  of t r a n s - s t i l b e n e ,  

s i n c e  t h e r e  a l r e a d y  e x i s t e d  a c a r e f u l  s tudy  of t h i s  sys tem 

i n  aqueous m i c e l l e s  and v e s i c l e s . *  

was sodium d e c y l s u l f a t e  (SDS) s i n c e  i n  t h e  t e r n a r y  phase  

diagram of SDS, 1-decanol and w a t e r ,  as a s e n s i t i v e  

:unction of e i t h e r  c o n c e n t r a t i o n  o r  t empera tu re ,  t r a n s i -  

C L  

The lyomesophase system 

t i o n s  occur between t h e  N N and I phases .  L’  c 

of t r a n s - s t i l b e n e  i n  SDS lyomesophase a g g r e g a t e s  w e r e  

determined. P l o t s  of k a s  a func t ion  of t empera tu re  and 

a s  a f u n c t i o n  of c o n c e n t r a t i o n  through the N N and I 

phases  a r e  shown i n  F i g s .  1 and 2 r e s p e c t i v e l y .  On each  

p l o t ,  t h e  exper imenta l  v a l u e s  f o r  t h e  phase  t r a n s i t i o n  

tempera tures  determined o p t i c a l l y  a r e  i n d i c a t e d .  The r a t e s  

of brominat ion  are  s i g n i f i c a n t l y  lower i n  t h e  N phase .  

A c t i v a t i o n  e n e r g i e s ,  e n t h a l p i e s ,  and e n t r o p i e s  a l l  show 

pronounced changes through t h e  phase t r a n s i t i o n s ;  f o r  

example, AH = 63, 39, and 1 2  Kcal mol 

I phases  r e s p e c t i v e l y .  However, because  of t h e  small 

tempera ture  r a n g e s  a c c e s s i b l e ,  t h e s e  v a l u e s  a r e  i n h e r e n t l y  

i n a c c u r a t e .  It i s  c l e a r  from these  o b s e r v a t i o n s  t h a t  

changes i n  t h e  shape of t h e  aggrega te  a l t e r  the s o l u b i l i -  

z a t i o n ,  o r i e n t a t i o n ,  o r  l o c a l  motions of g u e s t  mo lecu le s  

l ead ing  t o  s u b s t a n t i a l  r e a c t i v i t y  changes .  

Pseudo- f i r s t  o rde r  ra te  c o n s t a n t s  f o r  t h e  b romina t ion  

c ,  L 

C 

-1 N C ,  and f o r  N L ,  # 
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LYOTROPICS AS MEDIA FOR CHEMICAL REACTIONS 59 

Reactions Studied i n  Lyomesophase Aggregates 

of SDS, KL and MTAB 
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61 

Fig. 1. Arrhenius plot of the bromination 

L’ NC of trans-stilbene in t he  N 
and I phases of SDS/water/ 
l-decanol::35/58/7 wt % 
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62 V. RAMESH AND M. M. LABES 

2 

-I--NL-+Nc+NL+- NC- 

I I I I I 
Water 60 59 58 57 56 55 

SDS 33 34 35 36 37 38 

Concentration (wt% 1 

Fig .  2.  Pseudo- f i r s t  o r d e r  ra te  c o n s t a n t s  
-1 k ( s  ) f o r  t h e  brominat ion  of  

t r a n s - s t i l b e n e  as a f u n c t i o n  of 

SDS/water c o n c e n t r a t i o n  a t  20 C ,  

and cons t an t  1-decanol c o n c e n t r a t i o n  

0 

( 7 w t  Z )  
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LYOTROPICS AS MEDIA FOR CHEMICAL REACTIONS 63 

4 Unimolecular i somer i za t ion  of merocyanine t o  s p i r o p y r a n  

In o r d e r  t o  a s s e s s  t h e  e x t e n t  t o  which d isc- rod-sphere  

phase  t r a n s i t i o n s  i n  nernatic l y o t r o p i c s  might i n f l u e n c e  t h e  

r e a c t i v i t y  of un imolecular  p r o c e s s e s ,  t h e  unimolecular  i so -  

m e r i z a t i o n  of a photochromic merocyanine 1 t o  an  indo l ino -  

sp i ropyran  1. w a s  s t u d i e d  i n  t h e  nematic lyophases  formed 

by potassium l a u r a t e 5  (KL) , myristyltrimethylammonium 
bromide6 (MTAB) , o r  SDS wi th  1-decanol and wa te r .  

Not on ly  were t h e  r a t e  c o n s t a n t s  (k) of t h e  i somer iza-  

t i o n  measured, bu t  we were a l s o  a b l e  t o  de te rmine  t h e  

"order  parameter" S of both t h e  r e a c t a n t  and p r o d u c t .  I n  

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

1 i n  t h e  N L ,  N and I p h a s e s ,  w e  measured t h e  a b s o r p t i o n  

maxima f o r  merocyanine i n  t h e s e  phases  and compared them 

w i t h  s o l v e n t s  of known p o l a r i t y .  S i n c e  no s h i f t  i n  X max 
was observed f o r  merocyanine i n  t h e  N N and I p h a s e s ,  

i t  i s  obvious  t h a t  merocyanine molecules  expe r i ence  s i m i l a r  

m i c r o p o l a r i t y  i n  t h e  t h r e e  phases .  

C - 

L'  c 

7 

P l o t s  of i s o m e r i z a t i o n  r a t e  c o n s t a n t s  k ,  as  a f u n c t i o n  

of tempera ture  (Arrhenius  p l o t s )  and a s  a f u n c t i o n  of 

c o n c e n t r a t i o n  f o r  t h e  KL lyomesophase a r e  d e p i c t e d  i n  

F i g s .  3 and 4 .  The expe r imen ta l  v a l u e s  f o r  t h e  phase  

t r a n s i t i o n  tempera tures  de te rmined  o p t i c a l l y  are i n d i c a t e d  

on each p l o t .  The s t r i k i n g  o b s e r v a t i o n  i s  t h a t  t h e r e  are 

marked d i s c o n t i n u i t i e s  i n  r e a c t i o n  r a t e s  as a f u n c t i o n  of 

c o n c e n t r a t  i on  o r  t empera tu re  which cor respond t o  t h e  phase  

t r a n s i t i o n s  from d i sc -  t o  rod- t o  s p h e r e - l i k e  a g g r e g a t e s .  

Of p a r t i c u l a r  s i g n i f i c a n c e  i s  t h e  r e t a r d a t i o n  i n  i somer i -  

z a t i o n  r a t e  by t h e  N p h a s e .  While t h e  r a t e  of i somer iza-  

t i o n  is a f f e c t e d  by t h e  n a t u r e  of t h e  s u r f a c t a n t  a g g r e g a t e ,  

no s i g n i f i c a n t  changes i n  a c t i v a t i o n  energy through t h e  
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'. 
- 

I 

'. *.#' ' 

- 

NL 

w- I -N~+NC- 

I I 

2 6.0 Kl 2 5.0 24.0 

-1 
F i g .  4 .  I s o m e r i z a t i o n  ra te  c o n s t a n t s  k ( s  ) 

a s  a f u n c t i o n  of KL/water concen t r a -  

t i o n  a t  28  C and a t  cons t an t  

1-decanol c o n c e n t r a t i o n  ( 6 . 2 4  w t  %) 

0 
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66 V.  RAMESH AND M. M. LABES 

phase t r a n s i t i o n s  a r e  observed .  For example, :act i s  

2. 

r e g a r d l e s s  of whether t h e  phase  i s  N L ,  N C  o r  I .  

8.5 k c a l  mol-I i n  KL and 2. 13.3 k c a l  mol- i n  SDS 

O r d e r  parameter  v a l u e s  (S) were determined by  

p o l a r i z e d  a b s o r p t i o n  spec t roscopy f o r  both s p i r o p y r a n  and 

merocyanine i n  t h e  N Low S 

v a l u e s  f o r  s p i r o p y r a n  (S = -0.002) and h i g h  S v a l u e s  f o r  

merocyanine (S = -0.099) are an  i n d i c a t i o n  t h a t  t h e  degree  

of o r i e n t a t i o n a l  o rde r ing  f o r  t h e  g l o b u l a r  s p i r o p y r a n  

molecules i s  l o w ,  whi le  t h a t  f o r  t h e  r o d  shaped merocyanine 

molecules  i s  much h i g h e r .  F u r t h e r ,  t h e  l a r g e  change i n  S ,  

i n  going from 1 t o  2, i s  i n d i c a t i v e  of  t h e  s i g n i f i c a n t  

molecular motion r e q u i r e d  dur ing  t h e  r e a c t i o n .  T h e r e f o r e ,  

t h e  c o n s t r a i n t s  o f f e r e d  by t h e  l o c a l  o r d e r  encountered  by 

- 1 i n  t h e  a g g r e g a t e  cannot  be  ignored .  

1 + 2 i s o m e r i z a t i o n  a r e  lowes t  in t h e  N 

obvious  t h a t  t h e  b i l a y e r  n a t u r e  of  t h e  d i s c  l i k e  aggrega te  

o f f e r s  t h e  most c o n s t r a i n t  t o  r i n g  c l o s u r e .  T h i s  cou ld  

most probably  a r i s e  due t o  t h e  r o d - l i k e  merocyanine 

molecules  be ing  e f f e c t i v e l y  " inco rpora t ed"  w i t h i n  t h e  b i -  

layer  ma t r ix  p r e v e n t i n g  f a c i l e  r i n g  c l o s u r e .  I n  f a c t ,  a 

s imilar  e x p l a n a t i o n  has  been advanced t o  e x p l a i n  the 

r e t a r d a t i o n  of i s o m e r i z a t i o n  r a t e s  of 1 i n  t h e  smec t i c  B 

phase  of n - b u t y l s t e a r a t e .  

and NC phases  of SDS and KL. L 

S ince  r a t e s  of  

phase ,  i t  i s  L - 

8 

The i n t e r n a l  o r  m i c r o v i s c o s i t y  a r i s i n g  from r e s t r i c t e d  

segmental  mot ions  of t h e  hydrocarbon c h a i n s  i n  t h e  v i c i n i t y  

of merocyanine molecules  p l a y s  a s i g n i f i c a n t  r o l e  i n  

de te rmining  t h e  r a t e s  and mechanism of t h e  i s o m e r i z a t i o n .  

Although t h e  bulk  v i s c o s i t i e s  of NL and N p h a s e s  are n o t  

ve ry  d i f f e r e n t ,  m i c r o v i s c o s i t i e s  a r e  probably q u i t e  

d i f f e r e n t .  T h i s  d i f f e r e n c e  coupled wi th  t h e  changes  i n  

9 
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LYOTROPICS AS MEDIA FOR CHEMICAL REACTIONS 67 

l o c a l  o r d e r  encountered  by t h e  merocyanine molecules  are 

most l i k e l y  e x p l a n a t i o n s  f o r  t h e  ra te  changes a t  t h e  phase 

t r a n s  i t  i o n s .  

o-Iodosobenzoic a c i d  ca t a lyzed  c l eavage  of c a r b o x y l a t e  

and phosph ina te  esters 

10 

11 

The k i n e t i c s  of o-iodosobenzoic a c i d  ( I B A )  c a t a l y z e d  

c l eavage  of c a r b o x y l a t e  and phosphate  esters i n  c a t i o n i c  

d e t e r g e n t  sys tems have been exp lo red  i n  de ta i l . ' '  

i c a n t  r a t e  enhancements w e r e  observed  upon m i c e l l i z a t i o n  

of t h e  esters.  We env i s ioned  t h a t  t h i s  would be an i d e a l  

r e a c t i o n  t o  i n v e s t i g a t e  i n  lyomesophase a g g r e g a t e s  t o  

s t u d y  t h e  i n f l u e n c e  of t h e  n a t u r e  of s u r f a c t a n t  a g g r e g a t e  

on b imolecu la r  r e a c t i v i t y .  Moreover, m i c e l l e  bound I B A  

c a t a l y z e d  c l eavage  i s  an impor tan t  p r o c e s s  i n  t h e  detox- 

i f i c a t i o n  of organophosphorous compounds. M y r i s t y l t r i -  

methylammonium bromide (MTAB) , a c a t i o n i c  s u r f a c t a n t ,  

which forms b o t h  a nematic c y l i n d r i c a l  and lamellar lyo- 

phase  depending on t h e  c o n c e n t r a t i o n s  of water ,  ammonium 

bromide and 1-decanol was employed as t h e  lyomesophase 

medium. 

S i g n i f -  

6 

R e s u l t s  of t h i s  s tudy  are summarized i n  Tab le  I .  The 

pseudo f i r s t  o r d e r  rate c o n s t a n t  (k)  f o r  t h e  c l e a v a g e  of 

p -n i t ropheny l  l a u r a t e  (PNPL) i n  the lamellar N phase  w a s  

C observed  t o  b e  approximate ly  5 t i m e s  lower t h a n  i n  t h e  N 

phase." 

a g g r e g a t e  i s  more dramat ic  i n  t h e  phosph ina te  ester 

c l e a v a g e  (p-nitropheny l e t h y l  (pheny1)phosph i n a t e ,  PNPEP) , 
where, a more t h a n  3 o r d e r  of magnitude d i f f e r e n c e  i s  

found between t h e  r a t e  c o n s t a n t s  i n  t h e  NL and N 

D i l u t i o n  of t h e  NL t o  the I phase  causes  a pronounced 

enhancement i n  t h e  r a t e  of c leavage .  

L 

The e f f e c t  of t h e  n a t u r e  of t h e  s u r f a c t a n t  

phase .  
C D
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68 V. RAMESH AND M .  M. LABES 

The observed t r e n d s  i n  r e a c t i v i t y  sugges ted  t h a t  

changes i n  t h e  n a t u r e  of t h e  s u r f a c t a n t  aggrega te  a l t e r s  

t h e  s o l u b i l i z a t i o n  s i t e s ,  o r i e n t a t i o n  and l o c a l  mot ions  

of t h e  a g g r e g a t e  bound e s t e r s  l e a d i n g  t o  s u b s t a n t i a l  

r e a c t i v i t y  changes.  An F T I R  s tudy  on PNPEP s o l u h i l i z e d  

i n  t h e  E L ,  N and I aggrega te  of MTAB w a s  under taken  t o  

a s c e r t a i n  whether t h e  microenvironment exper ienced  by 

PNPEP i s  d i f f e r e n t  i n  t h e  l a m e l l a r ,  c y l i n d r i c a l ,  and 

s p  ti er i c  a 1 ag g r eg a t  e s  . 
-3  

C 

F i g .  5 d e p i c t s  t h e  FTIR s p e c t r a  of  a 3 . 4  x 10  M 

s o l u t i o n  of PNPEP i n  t h e  NL,  N and I p h a s e s  of MTAB. 

F o r t u n a t e l y  t h e  l i q u i d  c r y s t a l l i n e  h o s t  m a t r i x  h a s  no 

i n f r a r e d  a b s o r p t i o n  bands i n  t h e  r e g i o n  1380 cm t o  

1066 c m  making i t  a c c e s s i b l e  f o r  i n v e s t i g a t i n g  t h e  

a b s o r p t i o n  bands of t h e  g u e s t  PNPEP. Three  s t r i k i n g  

o b s e r v a t i o n s  a r e :  

(1) The symmetric s t r e t c h i n g  f requency  of t h e  -NO group 

s h i f t s  by Q, 10 cm-' i n  go ing  from t h e  l a m e l l a r  ( 1 3 4 5 . 3  cm-') 

t o  t h e  c y l i n d r i c a l  aggrega te  (1336.7 ern-') ( F i g .  6 ) .  

( 2 )  The r e l a t i v e  i n t e n s i t i e s  of t h e  in -p lane  a romat i c  C-H 

rocking  bands a t  Q 1 1 2 2  cm and 1100 c m  a r e  d i f f e r e n t  

i n  t h e  t h r e e  phases .  

( 3 )  The symmetric s t r e t c h i n g  f requency  of t h e  -NO group 

a p p e a r s  a t  1336.7 cm f o r  t h e  i s o t r o p i c  phase  d e r i v e d  

from both  t h e  N and N p h a s e s ,  

C 

-1 

-1 

2 

-1 -1 

2 -1 

L C 
S i n c e  i n  K B r ,  C C 1 4 ,  and n-hexane s o l v e n t s ,  t h e  

symmetric s t r e t c h i n g  band o f  t h e  -NO group a p p e a r s  a t  

1 3 4 5 . 3  cm-' and t h e  r e l a t i v e  i n t e n s i t i e s  of  t h e  bands a t  

1122 cm-l and 1110 cm 

phase ,  one  can conclude t h a t  PNPEP i s  s u l u h i l i z e d  i n  t h e  

hydrocarbon i n t e r i o r  of t h e  l a m e l l a r  N L  agg rega te .  

2 

-1 
L a r e  s i m i l a r  t o  t h a t  i n  t h e  N 

The 
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%-- 
NL - 

CCL,. . . . . . . . . 
I -.-I-.- 

Waven u m bers 

F i g .  5 .  FTIR spec t ra  of PNPEP i n  the N L ,  N 

I phases of MTAB and 'CC1 

and C 

4 
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70 V .  RAMESH AND M. M. LABES 

Wavenum bers 
F i g .  6 .  FTIR s p e c t r a  of PNPEP i n  t h e  NL, NC and I 

phases  of MTAB and C C 1 4  d e p i c t i n g  t h e  

n i t r o  group symmetr ic  s t r e t c h i n g  band 
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LYOTROPICS AS MEDIA FOR CHEMICAL REACTIONS 71 

10  cm-' s h i f t  of t h e  1345 .3  cm-' band can be a t t r i b u t e d  

t o  a change i n  t h e  s i t e  of s o l u b i l i z a t i o n  of PNPEP i n  t h e  

N and I a g g r e g a t e s .  I t  i s  most l i k e l y  t h a t  PNPEP i s  

l o c a t e d  i n  the p o l a r  i n t e r f a c e  r e g i o n  i n  t h e  c y l i n d r i c a l  

and s p h e r i c a l  a g g r e g a t e s .  

C 

The o r d e r  parameter  (S)  f o r  t h e  symmetric s t r e t c h i n g  

2 L C band of t h e  NO group of PNPEP i n  t h e  N and N p h a s e s  

determined by p o l a r i z e d  F I I R  spec t roscopy w a s  found t o  be  

-0.15 and -0.02 r e s p e c t i v e l y .  The n e g a t i v e  s i g n  f o r  (S) 

i m p l i e s  t h a t  t h e  -NO group of PNPEP l i e s  p e r p e n d i c u l a r  t o  

t h e  nematic d i r e c t o r  o r  p a r a l l e l  t o  t h e  hydrocarbon c h a i n s .  

The h i g h e r  magnitude f o r  (S) i n  t h e  N phase  i n d i c a t e s  

t h a t ,  on t h e  ave rage ,  t h e  PNPEP molecules  are more o rde red  

w i t h i n  t h e  hydrocarbon c h a i n s  i n  t h e  N phase  t h a n  i n  t h e  

N phase .  

2 

L 

L 

C 
The r o l e  of e l e c t r o l y t e s  i n  i n h i b i t i n g  anion-molecule 

13  r e a c t i o n s  i n  m i c e l l a r  medium h a s  been i n v e s t i g a t e d .  

Rate r e t a r d a t i o n s  have been a t t r i b u t e d  t o  t h e  e x c l u s i o n  

of t h e  nuc leoph i l e  by t h e  an ion  of t h e  added s a l t .  S ince  

t h e  N phase  h a s  and r e q u i r e s  NH B r  as one of i t s  

components, t h e  " e l e c t r o l y t e  e f f e c t "  i n  s c r e e n i n g  t h e  

hydrocarbon s o l u b i l i z e d  s u b s t r a t e  from a t t a c k  by I B A  i s  

impor t an t .  

L 4 

Based on t h e  observed k i n e t i c  and s p e c t r o s c o p i c  d a t a  

w e  propose  the fo l lowing  model: PNPEP molecu le s  are 

s o l u b i l i z e d  i n  t h e  hydrocarbon r e g i o n s  of t h e  l a m e l l a r  

a g g r e g a t e s ,  a r e  f a i r l y  w e l l  o rdered  wi th  r e s p e c t  t o  hydro- 

carbon c h a i n s  i n  t h e i r  v i c i n i t y ,  and a r e  e f f e c t i v e l y  

screened  from t h e  aqueous r eg ions  by t h e  e l e c t r o l y t e .  I n  

t h e  c y l i n d r i c a l  and s p h e r i c a l  a g g r e g a t e s  PNPEP is  l o c a t e d  

n e a r e r  t o  t h e  i n t e r f a c e  r eg ion .  A s  a consequence, 
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12 V .  RAMESH AND M. M. LABES 

IBA-nucleophi l ic  a t t a c k  on PNPEP i s  more f a c i l e  i n  t h e  

c y l i n d r i c a l  and  s p h e r i c a l  a g g r e g a t e s  t h a n  i n  t h e  l a m e l l a r  

a g g r e g a t e .  Consequent ly ,  t h e  r a t e s  of c l e a v a g e  are  much 

h i g h e r  i n  t h e  N and I p h a s e s  t h a n  i n  t h e  N p h a s e .  C L 

CONCLUSIONS 

T t  now a p p e a r s  t h a t  i t  i s  q u i t e  g e n e r a l  t h a t  t h e  

N -N t r a n s i t i o n  a f f o r d s  r e a c t i v i t y  c o n t r o l  i n  o r g a n i c  

r e a c t i o n s .  F o r  t h o s e  b imolecu la r  p r o c e s s e s  o c c u r r i n g  a t  

t h e  i n t e r f a c e ,  one might  e x p e c t  t h e r e  t o  b e  c a s e s  where 

t h i s  c o n t r o l  i s  q u i t e  d r a m a t i c .  Indeed ,  i n  t h e  case of 

I B A  c l e a v a g e  r e a c t i o n s  t h e  N phase  a l l o w s  t h e  s o l u t e s  t o  
C 

b e  exposed a t  t h e  aqueous i n t e r f a c e ,  whereas  t h e  NL phase  

f u n c t i o n s  as a p r o t e c t i v e  envi ronment  f o r  t h e  same s o l u t e s .  

I n  un imolecu la r  p r o c e s s e s ,  r a t e  c o n t r o l  i s  s t i l l  a f f o r d e d  

as a consequence  of t h e  d i f f e r e n c e s  i n  m i c r o v i s c o s i t y  

and m i c r o p o l a r i t y  between t h e  two p h a s e s .  I n  a l l  t h e  

c a s e s  s t u d i e d ,  t h e  rod-sphere  t r a n s i t i o n  i s  c o n s i d e r a b l y  

l ess  d r a m a t i c  i n  i t s  e f f e c t  on r e a c t i v i t y .  

C L  
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