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NEW MODELS FOR THE MESOPHASES OF DlSOVlUM 
CROMOGLYCATE (1NTAL)  

JOHN E LYDON 
The &.tbwLy Depahtment ud Biaphyb- i a ,  The U n i v e ~ i t y ,  
LEEUS, LS2 9JT, England 

(SubrniLttd d m  pubfica;tiun 2 b  May 1 9 8 0 )  

A b n a a c t :  
l i q u i d  c r y s t a l  phases of t h e  an t i -as thmat ic  drug ,  
disodium cromoglycate (DSCG). I t  i s  suggested t h a t  t he  
M phase c o n s i s t s  of square  hollow cy l inde r s  of DSCG 
packed i n  a hexagonal a r r ay  i n  a water continuum. Each 
hollow cy l inde r  c o n s i s t s  of a s t ack  of r i n g s  of f o u r  
DSCG molecules and i s  f i l l e d  wi th  water .  The N phase ,  
which occurs  a t  h ighe r  d i l u t i o n ,  i s  p i c t u r e d  as a 
nematic  a r r ay  of  t he  same hollow cy l inde r s  b u t  s epa ra t ed  
by s o  much water t h a t  a l though the  l o c a l  p a r a l l e l i s m  i s  
r e t a i n e d ,  t he  hexagonal o rde r ing  i s  10s t. 

New models are proposed f o r  t he  two l y o t r o p i c  

1 n;thO duc-tion : 
(DSCG) which i s  marketed by Fisons Limited under the  t r a d e  
name of INTAL,  has  a remarkable a f f i n i t y  f o r  water. The 
anhydrous s o l i d  av id ly  absorbs water t o  form f i r s t  an 
i n t e r s t i t i a l  s o l i d  s o l u t i o n  and then  two l y o t r o p i c  l i q u i d  
c r y s t a l  phases .  Ne i the r  of these  mesophases has  a congruent 
mel t ing  po in t  and a change of temperature  r e s u l t s  i n  a 
p e r i t e c t i c  type of behaviour.  

The an ti- as  t hula t i c drug d i  s od i um c r  omogl y ca t e  

The o p t i c a l  microscopy and X-ray d i f f r a c t i o n  of t he  two 
mesophases have been s t u d i e d  by Hartshorne and Woodard.' 
mesophase formed a t  lower water  concent ra t ions  showed some 
s i m i l a r i t y  t o  the  l y o t r o p i c  hexagonal (middle) phase and was 
the re fo re  l a b e l l e d  the  M phase.  Hartshorne and Woodard 
descr ibed  a model f o r  t h i s  phase 'I. .. i n  which the  DSCG i s  
c l u s t e r e d  i n t o  rods sepa ra t ed  by a water  continuum, and wi th  
the  p o l a r  -COONa groups occupying t h e  su r faces  of t he  rods." 
The mesophase formed a t  h ighe r  water  concen t r a t ions  was 

The 
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20 J.E.LYDON 

i d e n t i f i e d  as nematic and was l a b e l l e d  t h e  N phase.  

The e x t e n t  of hydra t ion  of these  mesophases i s  remarkable.  
The s o l i d  s o l u t i o n  can hold up t o  n ine  molecules of water  
pe r  molecule of DSCG, the  M phase up t o  4 3  molecules of 
water ,  and the  N phase up t o  260 molecules.  

The bf iU-Q 0 6  Xhe. hy&cc;tQd CILYhhI.&%W dam 

Cox, Woodard, and McCrone made a pre l iminary  X-ray 
d i f f r a c t i o n  s tudy of t h e  hydrated c r y s t a l l i n e  form of DSCG.’ 
They found the  u n i t  c e l l  t o  be  t r i c l i n i c  with space group 
P1 and wi th  dimensions a = 11.5A, b = lS.Sfi, c = 3.92A. A l l  
of the angles  a r e  c lose  t o  90°. 
u n i t  c e l l  and the  molecules a r e  s tacked one above the o the r  
wi th  the  s h o r t  c a x i s  corresponding t o  the  needle  ax i s  of 
the  c r y s t a l .  They i n f e r r e d  t h a t  the  molecule i s  f l a t  and i s  
shaped l i k e  a l e t t e r  U. 

There i s  one molecule p e r  

A subsequent ,  f u l l  c r y s t a l  s t r u c t u r e  de te rmina t ion  by 
Hamodrakas, Geddes, and She ld r i ck ,  confirmed t h e  u n i t  c e l l  
dimensions and the  space group b u t  showed t h a t  t h e  molecule 
i s  appreciably non-planar.3 
wi th  the  p lanes  of the  two r i n g  systems inc l ined  a t  an angle  
of 5 3 O .  The c r y s t a l  s t r u c t u r e  was complicated because one 
of the Na+ ions  i s  d isordered .  
and l i e s  i n  a s i t e  where i t  i s  next  t o  t h e  carboxylate  ions  
of two molecules and the  carbonyl group o f  a t h i r d .  There 
i s  no clear d i v i s i o n  between hydrophobic and hydroph i l i c  
regions i n  the  c r y s t a l  and t h e  genera l  impression one ga ins  
i s  t h a t  the DSCG molecule i s  t o t a l l y  unsu i t ab le  f o r  t h e  
formation of a convent ional  l y o t r o p i c  l i q u i d  c r y s t a l  phase. 

I t  is  shaped l i k e  a l e t t e r  V 

The o the r  i s  c l e a r l y  hydrated 

The Hantnhome und Uoudahd mod& Xhc M and N phanen 

By comparing the  dimensions of the hexagonal l a t t i c e  of 
the M phase ( a s  determined by X-ray d i f f r a c t i o n )  w i th  t h e  
measured d e n s i t i e s ,  Hartshorne and Woodard came t o  the  
conclusion t h a t  a l though t h e  cy l inde r s  a r e  separa ted  by 
varying amounts of wa te r ,  t h e  a c t u a l  cy l inde r  diameter remains 
cons tan t  throughout t he  composition range o f  the phase.  The 
value which they ca l cu la t ed  f o r  t h e  c ross -sec t iona l  a r ea  of 
the  cy l inde r s  corresponds t o  a diameter of 16A f o r  a 
c i r c u l a r  c ross  sec t ion .  
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NEW MODELS FOR THE MESOPHASES OF INTAL 21 

For t h e  N phase,  Hartshorne and Woodard proposed a 
model ' I . . .  i n  which p l ana r  molecules are arranged wi th  t h e i r  
p lanes  p a r a l l e l  $ or approximately p a r a l l e l  t o  one another ,  
and which i s  nematic  i n  t h e  sense  t h a t  t he  d i s t r i b u t i o n  of 
the  c e n t r e s  of t h e  molecules i s  random and t h a t  they have 
freedom t o  move p a s t  each o t h e r  i n  d i r e c t i o n s  p a r a l l e l  t o  
t hese  p lanes ."  
d i s c o t i c .  

Such a s t r u c t u r e  would now be  c a l l e d  

The DSCG molecule i s  not  recognisably amphiphi l ic  o r  
d i scogenic  and it  i s  n o t  easy  t o  see  why a compound of 
t h i s  type should form e i t h e r  an M 1  phase o r  a d i s c o t i c  
phase. 

The column diameter  of 16A determined by Hartshorne and 
Woodard seems t o  be  extremely s m a l l .  There can only be 
t h r e e  o r  fou r  molecules l y i n g  i n  the  cy l inde r  s e c t i o n  
( t h e i r  p r e c i s e  number depending on t h e i r  o r i e n t a t i o n  
wi th  r e s p e c t  t o  the  cy l inde r  a x i s ) .  This  s i t u a t i o n  i s  
hard ly  comparable wi th  t h a t  of a normal M1 phase where 
the  columns have wel l -def ined hydrophobic cores  and 
the  cy l inde r  c ross -sec t ion  accommodates some dozens of 
molecules.  

The amount of water between the  M phase cy l inde r s  i s  
very l a r g e .  Even f o r  t h i s  phase a t  i t s  lowest  water 
con ten t ,  t he  cy l inde r s  are sepa ra t ed  by l O A  of water ,  
and i t  i s  n o t  easy  t o  see why t h e  threshold  cond i t ion  
f o r  t he  formation of t h i s  phase should correspond t o  
such a h igh  degree of hydra t ion .  

I n  add i t ion  t o  the  sharp  low angle  r e f l e c t i o n s  
(corresponding t o  the  inter-column hexagonal spacing)  $ 

Hartshorne and Woodard found a d i f f u s e  high angle  
r e f l e c t i o n  corresponding t o  a spacing of 3.4w. I take  
t h i s  t o  imply t h a t  t h e r e  must b e  some common s t r u c t u r a l  
element l a r g e r  than the  molecule shared by t h e  M and N 
phases - and t h i s  i s  no t  a f e a t u r e  of t he  models 
descr ibed  above. 

New mode& don ;the menophahen 

I n  the  l i g h t  of the  d i f f i c u l t i e s  l i s t e d  above, I propose 
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22 J.  E. LYDON 

modified models f o r  t he  two mesophases. I sugges t  t h a t  i n  
both cases  t h e  DSCG molecules form hol low,  square cy l inde r s  
f i l l e d  wi th  water. I n  the  M phase these  l i e  i n  a hexagonal 
a r r a y  i n  a water  continuum depic ted  i n  Figure l ( i i ) .  (Such 
a s t r u c t u r e  would have more i n  common wi th  a complex, hexagonal 
l y o t r o p i c  phase than wi th  an M1 type.)  I n  t h e  N phase t h e  
DSCG columns are sepa ra t ed  by so  much water t h a t  a l though the  
l o c a l  p a r a l l e l i s m  i s  r e t a i n e d ,  t h e  hexagonal o rde r ing  i s  l o s t .  

i ii 

F l G U R E  I :  The c o n t r a s t i n g  models f o r  t h e  M phase of 
DSCG. 

( i )  The model of Hartshorne and Woodard wi th  
c y l i n d r i c a l  columns of DSCG i n  a hexagonal 
a r r a y  i n  a water  continuum. 

( i i )  The modified model wi th  hollow square columns 
of DSCG f i l l e d  wi th  water  and a l s o  l y i n g  in a 
water  continuum. 

A cons ide ra t ion  of t he  molecular  geometry i n  t h e  hydrated 
c r y s t a l l i n e  s o l i d  sugges ts  t h a t  i n  a more d i l u t e  s i t u a t i o n ,  
a s t a b l e  arrangement i s  given by r i n g s  of fou r  molecules 
ly ing  round the  corners  of a square and he ld  toge ther  by 
e l e c t r o s t a t i c  s a l t  b r idges  as  shown i n  Figure 2 .  

These models appear t o  o f f e r  s a t i s f a c t o r y  explana t ions  
f o r  the  very h igh  degree of hydra t ion  of the  mesophases and 
f o r  t he  l a rge  va lue  of t he  minimum spacing of t he  hexagonal 
l a t t i ce  of t he  M phase.  They are compatible wi th  t h e  uniaxial  
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NEW MODELS FOR THE MESOPHASES OF INTAL 23 

x 

FIGURE 2 :  
columns of DSCG of t he  M and N phases viewed down the  
column a x i s ,  showing how the  four  molecules a r e  l inked 
by e l e c t r o s t a t i c  s a l t  b r idges .  I n  t h i s  f i g u r e  each 
molecule has been drawn as i t  appears when viewed 
down the  needle  ax i s  ( t h e  a a x i s )  of t h e  hydrated 
c r y s t a l .  

The small  s o l i d  c i r c l e s  represent  oxygen atoms and the  
l a rge  hatched c i r c l e s  r ep resen t  hydrated Na+ ions .  

The proposed model f o r  t he  hollow square 

o p t i c a l l y  nega t ive  na tu re  of both mesophases and expla in  the  
presence of the  h igh  angle d i f f u s e  r e f l e c t i o n  i n  the  X-ray 
d i f f r a c t i o n  p a t t e r n s  i n  both cases .  The phase diagram of 
the  DSCG/water system shows t h a t  7 3 O  i s  t h e  maximum 
temperature a t  which the  M phase can e x i s t  and t h i s  
temperature must r ep resen t  the upper temperature l i m i t  f o r  
the hollow square cy l inde r s  ( a  s o r t  of K r a f f t  po in t  i n  
reverse) .  
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24 J.E.LYDON 
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