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SUMMARY 

Neutral synthetic ligands of calcium and sodium which enter into the liquid 
membrane composition of the selective electrodes of these ions have been incorporated 
within the bilayer. 

The membrane conductance measured shows that each of these two ligands 
behave as ion carriers for calcium or sodium ions. The selectivities with respect to the 
other alcaline or alcaline earth ions are similar to those observed by potentiometric 
measurements with thick liquid membrane selective electrodes. 

INTROD UCTION 

The permeability of bimolecular lipid membrane to inorganic cations induced 
by neutral ionophores results from the formation of selective complexes between the 
carrier and the small ion. The transport of K + mediated by valinomycin has been the 
subject of numerous experimental and theoretical studies. In the field of analytical 
chemistry, the property of forming liposoluble complexes with ions shown by certain 
neutral antibiotics has been applied to the preparation of thick liquid membrane 
specific electrodes. Valinomycin thus yields an analytically useful sensor for K + 
[1, 2] with a discriminating factor of about 5000 with respect to Na +, while the anti- 
biotics of the nonactin group have been used. for the determination of NH4 + [3] with 
a good selectivity factor with respect to Na + and K +. 

As a result of these successful attempts, Pretsch and coworkers [4] have 
systematically undertaken the synthesis of neutral substances capable of forming 
selective complexes with given inorganic ions for inclusion in the liquid membranes 
of ion selective electrodes. Thus specific sensors for Na +, Ca/+, and Ba 2+ [4] can 
actually be prepared using a different neutral ligand in each case. 

Certain results indicate that a mediated transport of Ca 2+ across lipid black 
films or liposomes can be brought about by means of the X 537 and A 23187 iono- 
phores which are charged substances [5, 6]. Again monensine [7], also a charged 
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antibiotic, gives rise to a selective transport of Na + across bulk liquid membranes. 
It seemed, therefore, interesting to investigate whether the class of neutral com- 

plexing molecules which shows ion selectivity at zero current when incorporated 
within the bulk membranes, could also behave as an ion carrier and induce a certain 
conductance across a bilayer lipid membrane. As cations, Ca 2+ and Na ÷, were 
chosen for this study because of their importance, together with K ÷, in biological 
processes. The formulae for the calcium and sodium specific ion ligands L I and L .  
used in this study are respectively: 
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E X P E R I  M E N T A L  

The sample of calcium ligand L I used was kindly given by Professor Simon, 
while the sodium ligand Ell was prepared by his method of synthesis from triethylene 
glycol and dibenzyl amine [8]. The product obtained was finally purified by chroma- 
tography using a silica column. 

Bilayer membranes were prepared using a 7 mM glyceryl monooleate solution 
in n-d.ecane to which were added small amounts (always less than 1%, by volume) of 
an L~ ethanolic solution. 

It was thus possible to attain concentrations of L~ in the lipid hydrocarbon 
mixture as high as 10 -2 M. 



-8 

The sodium ligand not being soluble in n-decane and only slightly soluble in 
water, very small volumes (less than 2 o~,,) of an ethanolic solution of L u were added 
to the aqueous solution whose concentration never exceeded 10- ~' M, above which 
precipitation was observed. 

The lipid bilayers were prepared by the bubble technique [9], in which a very 
small volume of the lipid-hydrocarbon solution was deposited on a hole of 1.2 mm 
diameter in the wall of a "teflon" cup. 

The two aqueous solutions on both sides of the bilayer were identical and 
contained a single electrolyte, the anion of which was the chloride ion. Two identical 
Ag-AgC1 electrodes, 1.5 cm 2, were immersed in each solution. The limiting conduc- 
tance at zero voltage and zero time was measured by means of the charge pulse 
technique previously described [10]. 

RESULTS A N D  D I S C U S S I O N  

Figs 1 and 2 represent the logarithm of the limiting conductance 200 versus the 
logarithm of calcium, magnesium and barium chloride concentrations in the aqueous 
phase when the lipid bilayer contains the L~ ligand; the concentration of ligand L~ in 
the membrane forming solution is 1.86" 10 -3 M for Fig. 1 and 1.2- 10 -3 M for Fig. 2. 
In both cases the highest membrane conductances are obtained with Ca 2 + 

For a ligand concentration 1.2 • 10 -3 M in the membrane forming solution 
the bilayer conductance for 0.1 M aqueous solutions of  Na +, K + and Li + have been 
measured. They are respectively 2.10-7, 6.10-8 and 2.10-8 .(2-~ . cm-2 .  

I f I I 
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Fig. 1. Variation of  log 200 with the logarithm of the concentration of  Ca 2 ÷ and Mg 2+ in the aqueous  
solution. Concentrat ion of  L~ in the glyceryl monooleate-decane solution, 1.86 • 10-3 M. 
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Fig. 2. Variat ion o f  log 2 ° o with the  logar i thm o f  the concent ra t ion  o f  Ca  2 + and  Ba 2 ÷. Concen t ra t ion  
o f  LI in the glyceryl monoolea te -decane  solut ion,  1.2 • 10 -3  M. 

The selectivity factor g j i  p ° t  related to the interference effect of  a foreign ion (j) 
affecting the response of  an ion selective electrode specific of  the ion (i) is defined by 
the classical Nicholsky equation: 

E = R T Log {ai+Kji v°t ajZ,/z,) 
ZiF 

Ammann et al. have determined the values of Kjl p°t for a thick liquid membrane 
calcium electrode including the L I ligand [11 ]. 

For the five cations which have been studied here these authors have found the 
following sequence for gjca2+  P°t, the selectivity factor: 

K + ~_ Ba 2+ > Na + > Li + > Mg 2+ 

One notices that this sequence is somewhat different from those obtained for the bi- 
layer conductances for the same concentrations of  alkaline or alkaline earth chloride 
in the aqueous phase. 

The curve in Fig. 3 shows the variation of ;t oo with the concentration of L t 
ligand in the lipid-decane solution when the aqueous phase is a 1 M solution of CaC12. 
The linear part  of  this curve has a slope of approximately 3.7. I f  one assumes, as 
Eisenman does [12], that the membrane conductance is proportional to the number of  
ligand-ion complexes, inside the bilayer lipid membrane and that in this layer the 
equilibrium complex formation obeys the same law as in a thick membrane,  then the 
value of the slope suggests that the complex between Ca 2 + and L l must be composed 
of  an ion of the metal associated with more than one molecule of  L[. This observation 
is also similar to the one made in the case of  another class of  neutral synthetic com- 
plexing ligands [12]. 
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Fig. 3. Variation o f  the conductivity with the concentrat ion of  Lx in the membrane.  Aqueous  solution, 
1 M CaCI2. 

Fig. 4 represents the variation of the monoglyceryl oleate-decane bilayer 
conductances when the aqueous solutions contain NaCI at different concentrations 
and the L n ligand at a fixed concentration of 2.10-7 M. Although the exact concentra- 
tion of I_al inside the bilayer is not known, we may expect that it is only slightly 
affected by the NaCI concentration in the aqueous solution. The measured conduc- 
tances increase with the NaC1 concentration but the values are lower than those 
obtained with tile L~ ligand added to the membrane and C a  2 +  in the aqueous phase; 
in any case one can draw no conclusion from this observation because the L .  concen- 
tration inside the bilayer is presumably smaller than those of L I. 
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Fig. 4. Variation of  log 3. °o with the logari thm of  the concentrat ion of  Na  + in the aqueous solution, 
Concentrat ion o f  L .  in this phase, 2 • 1 0  . 7  M. 
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Wi th  the same a m o u n t  o f  l igand L n in t roduced  in the aqueous  phase,  the mea-  
sured conductances  for  o ther  a lkal ine chlor ides  I 0 - 1  M in the aqueous  phase  (KCI,  
LiCI, CsC1) have the same value o f  3.10 -7  ~2 -1 • cm -2,  while with a lkal ine  ea r th  
cat ions  at  the same concen t ra t ion  the b i layer  conduc tance  values are still smal ler  and  
respect ively:  10 - s  ~2 -1 • cm -2  and  3.10 -9  0 -1 • cm -2  for  Ca 2+ and  M g  2+. L igand  

L n has also been inco rpora t ed  in a bu lk  membrane  by  A m m a n n  et al. [13] in the 
p r epa ra t i on  o f  a sod ium selective electrode and  they found  the fol lowing sequence 
for  the selectivity factors  KjNa+ P°t de te rmined  as has been descr ibed  above  for  the 
Ca 2 + selective membrane  electrode:  

Ca 2+ _ K + > Li + > Cs + > Mg 2+ 

In this case too,  one notices a difference between a th ick  l iquid membrane  and  a bi layer  
bo th  conta in ing  the l igand Llv Nevertheless,  the pr incipal  results ob ta ined  show tha t  
the highest  b i layer  conductances  values are reached with Ca 2+ and  N a  + when the 
m e m b r a n e  conta ins  the l igand which is responsible  for  the proper t ies  o f  selective 
electrode s tudied by A m m a n n  and coworkers  [11, 13 ]. 

A t  this stage, it  would be somewhat  difficult to d raw add i t iona l  conclus ions  
f rom these observat ions  because o f  the difference in the na ture  o f  the factors  bear ing  
on these two m e m b r a n e  systems. 

The po ten t iomet r i c  selectivity cons tant  is affected no t  only  by  the fo rma t ion  
constants  o f  the complex  in the organic  solvent  and  the s t anda rd  free en tha lpy  o f  

t r a n s f e r  between the water  and  the solvent  bu t  also by the diffusion coefficient of  the 
an ion  which  is present  inside the bu lk  membrane .  On the con t r a ry  for  b i layer  l ipid 
membranes  it is classically admi t t ed  tha t  the anions  are excluded f rom the m e m b r a n e  
and tha t  complex  fo rma t ion  takes  place only at  the interface.  
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