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Summary 

Moving the phosphatldylcholme group from the 3- to the 2-potation m 
monolayers of dlstearoyl-sn-glycero-3-phosphochohne at the off/water rater- 
face expands the surface pressure-area isotherm and markedly increases the 
surface pressure at whmh phase separatmn occurs w~th only a shght change 
m the monolayer  surface density at the onset of  the transltmn. This ~s 
mterpreted m terms of a change m an ordenng parameter m the sohd-condensed 
state. 

Following Demel's early observations here (unpubhshed results) that  
dlhexadecanoyl~sn-glycero-3-phosphoethanolamme monolayers spread at the 
oil/water interface show pronounced phase changes further work on oil/water 
monolayers was instituted on a wide range of pure synthetm glycerophospho- 
hplds kindly supphed by the laboratones of  Chapman and Van Deenen. Phase 
changes were seen to be more ublqmtous with phosphohplds and by  studying 
variables such as temperature,  chmn length, unsaturatlon, head group type,  
mmc strength, pH and the nature of the off phase, phase propertms became bet ter  
defmed (unpubhshed results). From this work it became clear that  increase of  
chmn length or decrease of  temperature favour the phase transition, that  mmc 
strength and moderate  pH changes have only a marginal effect,  whereas olefmm 
bonds cause complete degeneratmn As at the mr/water interface [ 1 ] ethanol- 
amines are more condensed than chohnes of  the same chmn length. The 
phosphohplds de-mLx from different solvents at different surface coverages and 
surface energms, and from other phosphohplds [2] at areas and pressures 
whmh depend on head group and chain length differences All the above studms 
on phase transltaons were hmlted to synthetm, 1,2-dmcyl compounds  -- the 
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naturally occurnng isomer The avmlablhty of  a small sample of  the 1 , 3  
isomer* gave us the exciting possibility of  investigating the phase change with 
head group and chain length held constant but w~th packing the phase change with 
place m any sohd condensed phase 

Thin-layer chromatography runs on the sample of  1,3 d~stearoyl sn- 

glycero-3 phosphochohne showed traces of  lysophosphotldylchohne and a 
less polar compound (~ 0 5%), these levels were judged low enough not to 
affect the positron of  the phase transltmn point or the surface pressure (~), 
area per molecule (A) isotherms (n-A isotherms) at the area above the phase 
change The sample was therefore used without further punfmatlon although 
~t was appreciated that the slope of the isotherms at the area below the phase 
change could, m pnnclple, be affected The punflcatmn of  materials and 
techmques for obtaining accurate n-A isotherms at the oil/water interface 
were the same as described elsewhere [3] 

1,3 dlstearoyl sn glycero-3-phosphochohne gwes the distract two 
dlmensmnal phase trans~tmn whmh is shown m Fig 1 Although the n-A 

~sotherm for the 1,3 isomer is such more expanded than the one for the 1 , 2  
isomer there is no slgmfmant difference m the areas at the phase transltmn 
(AT) In contrast the surface pressures at the kink point (nT) are markedly 
different 
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Flg  1 Surface  pressure  vcrmls area per  m o l e c u l e  i s o t h e r m s  at the  h e p t a n e / 0  01  M NaCl i n t e r f a c e  
~ ,  1 , 3 - d l s t e a r o y l - s n - g l y c e r o - 3 - p h o s p h 6 o h o h n e  T e m p e r a t u r e  = 2 0  -+ 0 3°C o,  1 ,2 -dmtearoy l~sn -g lycero -  
3 - p h o s p h o c h o h n e  d a t a  f r o m  [ 1 ] .  Tempe~a*ure  = 2 0  + 0 I°C 1 , 3 - c h s t e a r o y l ~ s n - g l y c e r o - 3 - p h o s p h o e h o h n e  
m o n o l a y e r s  spread  f r o m  s o l u U o n  (0  3 m g / m l )  m a m i x t u r e  o f  h e p t a n e / e t h a n o l  (9  1, v /v )  The  curve  
flttang r o u t i n e  o f  ref  3 was  u s e d  to  c o r r e c t  for spread ing  errors 

*We are grate fu l  to Pro fes sor  van D o r p  and his  c o l l e a g u e s  ( U m l e v e r  Research  L a b o r a t o r y ,  V laard lngen)  
for the ir  g e n e r o u s  gaft o f  1 , 3 * d l s t e a r o y l - s n - g l y c e r o - 3 - p h o s p h o c h o h n e  



383 

From molecular models ~t can be seen that  the phosphatldylchohne 
group on the 1,2-isomer can curl under the glycerol backbone to give a head 
group cross-sectmnal area no greater than that  given by the two alkyl chmns 
and shll preserve an arrangement of the zwlt tenon co-planar with an interface 
taken perpendmular to the cahms This is no t  possible with the 1,3-isomer 
and either the head group increases the cross-sectional area of the molecule 
or the positive choline group moves away from the interface An increase m 
area would explmn the expansion of the sohd-condensed portmns of the 
isotherms m Fig 1 but  does not  explmn the expansion m the dilute regmn 
(A > A T m Fig 1) if the classmal Volmer term, kT/(A-Ao), with the co-area 
Ao taken as the cross-sectmnal area of  a vertmally oriented molecule is apphed 
There ~s no long range repulsive electrostatm mteractmn from out-of-plane 
zw~ttenons 

In prehmmary studms with a molecualr fmld theory of two-dlmensmnal 
cntmal phenomena the form of some of the phosphohpld phase transltmns 
was obtmned using both ordering and cohesive terms (Bell, G.M and Mmgms, 
J., to be pubhshed). The chmn length dependence of the cohesive term is shown 
by the marked dependence of AT on chmn length for saturated 1,2-dmcyl 
phosphatldylchohnes and ethanolammes (unpubhshed results), but because 
the isotherms m each class superpose at A > AT the long-range contnbutmns  
are either zero or chmn length mdependent.  Dlspersmn mteractmns among 
the ldentmal chains for the two isomers here ought to be similar and the 
near-correspondence of the AT values would mdmate that  this is the case. 
The difference m n T  and the expansmn of the rest of the isotherms must 
therefore be attmbuted to changes m ordenng terms brought about by changes 
m head group size or onenta tmn or chmn packing near the glycerol backbone 
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F i g  2 P l o t  o f  ~r-?r K v e r s u s  1 / A  2 f o r  d l s t e a ~ o y l - s n - g l y c e r o - 3 - p h o s p h o c h o h n e  at  the h e p t a n e / 0 , 0 1 M  N a C I  
in ter face  Ir K = I c T / ( A - A o )  , w h e r e  A o Is a c o - a r e a  a n d / ¢ T  = 4 0 4  6 . 1 0  -16 e r g s / m o l e c u l e  a t  20°C B 1 ,3 -  
d l s t e a r o y l - s n - g l y c e r o - 3 - p h o s p h o c h o h n e ,  A o = 5 0  A 2 / m o l e c u l e ,  o ,  1 , 2 - d l s t e a r o y l - s n - g l y c e r o - 3 - p h o s p h o -  
c h o h n e ,  A o = 4 0  A : / m o l e c u l e  

The plot m Fig. 2 shows that, provided some allowance ]s made for the 
difference m Ao, then m the range o f A  > A T m Fig. 1 any residual repulsive 
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term ~'R can be wnt ten  in the form 

7r R = K 1 / A  2 

The value of  K1 for 1,3-dlstearoyl.n-glycero-3-phosphochohne is almost 
double that  for the 1,2 molecule up to the kink point  Strong cohesive forces 
then come into play at approximately the same molecular separations to induce 
phase separation The near-zero slope of the isotherm for 1,2-dlstearoyl.n- 
glycero-phosphochohne at areas just below AT is not  held for the 1,3-isomer and 
if the effect of trace impurities can be discounted this would correspond to a 
decrease in the number density of molecules in the aggregates With the evidence 
presented here it would seem that  the properties of the whole isotherm are 
intimately connected with short range order and that  a detailed knowledge of 
the lattice energy of the n-mers at the transition is needed before any useful 
formulation of an equation of state for phosphohpld monolayers at the 
oil/water interface can be considered 
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