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Liquid membrane phenomena: Characterization of liquid membranes
generated by lecithin t

AbhayK Jain*,RajeshK Srivastava& ChandanPrasad
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The transport behaviour of liquid membranes generated by lecithin at the sintered glass membrane­
water interface has been studied. Data on hydraulic permeability, electroosmotic velocity, streaming pot­
ential and streaming current have been used to calculate the transport coefficients (R;k) accounting for li­
quid membranes, using the theory developed by Kedem and Katchalsky for composite series mem­
branes. The trends observed in degree of coupling corresponding to liquid membranes are indicative of
the applicability of liquid membranes as model systems for biological membranes. The efficiencies of
electro-kinetic energy conversion for both electroosmosis and streaming potential have been evaluated
and the results thus obtained have been shown to be consistent with the steady state thermodynamic
theory.

ability of these membranes as model system for bio­
logical membranes.

In view of Eqs (1) and (2), the conversion efficien­
cy, TI for electroosmosis and streaming potential can
be written as10

Theory
The phenomenological relations for the simul­

taneous transport of matter and electricity in the lin­
ear range can be expressed as8,

where Jv and I are volume flow and flow of electric­
ity, respectively, and ap and a+ are their conjugate
driving forces. Coefficients I;k are called the pheno­
menological coefficients and in view of Onsager's
reciprocal relation (ORR), we have

L12=~1 ••• (3)

... (1)

... (2)

... (4)

... (5)

where subscripts e and s stand for phenomena of
electroosmosis and streaming potential respectively.

In a Coupled system the maximum conversion ef­
ficiency, T11D3ll, is uniquely determined by degree of
coupling, q, which is related to the transport coeffi­
cients in the following mannerll,

= _R12or R21 (6)
q j ...RllR22

l'Je = - JvaP/la+

l'Js = - I~+/J~P

Jv = Lll~P+ LI2~+

I = ~1 aP+ ~2a+

Introduction
The spontaneous orientation of surfactant mole­

cules at the interface leads to a reduction in interfa­

cial energy and is of fundamental importance in the
formation of molecular aggregates and thin films
which persist in liquid state1. Thus, liquid mem­
branes form spontaneously even without impinge­
ment as a result of surfactant capacity of dissolved
molecules2. Surface activity is, of course, related to
the hydrophilic and hydrophobic balance of these
molecules1.

Because of the surface active nature of lecithin3•4,

it is natural to expect that in the liquid membranes
generated by lecithin the hydrophobic end of these
molecules will be preferentially oriented towards
the supporting membrane and hydrophilic end will
be drawn outward away from the supporting mem­
brane1.3• Liquid membranes generated in this way
form composite structure with the supporting mem­
brane with which they act in series4 -7.

In this paper we report electroosmosis of water
through liquid membranes generated by lecithin at
the sintered glass membrane .•water interface. The
transport data have been analysed using the theory
of thermodynamics of irreversible processes8•9 with
a view to evaluating transport coefficients account­
ing for liquid membranes alone and calculating the
degree of coupling and the efficiency of energy con­
version across liquid membranes. Analysis of the
data indicates formation of multilayers of liquid
membranes. Evidence is also provided for the suit-
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In the present work, liquid membranes were gen­
erated in two situations, i.e., on one side and on both
sides of the supporting membrane. In situation (i),
one compartment (say I) was filled with lecithin so­
lution of desired concentration and other compart­
ment (say n) was filled with water. In situation (ii),
both compartments were filled with lecithin solu­
tions of same concentration. In all experiments the
solution was monitored with a conductivity meter
(Toshniwal, India) to note the aging of the solution
and if any change in the conductance was recorded,
the solution was replaced by fresh aqueous solution
of the same concentration.

Results and Discussion
The data of hydraulic permeability, electroo­

smotic velocity, streaming potential and streaming
current obtained in situation (i) and in situation (ii)
have been plotted in Figs 1-4. In all cases straight
line plots were obtained which are in conformity
with the linear Eqs (1) and (2). Values of various
phenomenological coefficients, viz., ~1> 42.:Lzl and
:Lz2for all concentrations of lecithin and for both si­
tuations estimated from the slopes of above men­
tioned plots are summarized in Table 1.However, it
should be pointed out that the maximum error, cal­
culated from the estimates of various errors, in ex­
perimentally determined values was never more
than ± 5.0%. The validity of ORR is also obvious
from data in Table 1.

Concentration dependence of transport coefficients
An examination of the values of phenomenologi­

cal coefficients (Table 1) reveals that the Lu..coeffi­
cients decrease with increasing concentration of le­
cithin. An obvious implication of this observation is
that the decrease in!'k values is due to possible for­
mation of multilayers6,7, 13,14at the interface by lipid­
lipid interactions and hydrogen bonding in aqueous
medium. The lowering of interfacial energy is con­
sistent with the fact that adsorption also occurs
spontaneously. Since interfacial energy decreases
with increase in concentration, the adsorption is ex­
pected to increase and exceed monolayer capacity
of the surface15. In such a situation, a model based
on multilayer adsorption is indicative 15. Though
physical existence of these layers arranged in series
cannot be distinguished in our macroscopic trans­
port experiments, qualitatively, their contribution in
increasing the resistance is not too insignificant to
be ignored (Table 2).

Evaluation of transport coefficient for liquid
membranes

It is plausible to consider under the present exper­
imental conditions that the series membrane gener-

..• (9)

.. ·1(tO)

shown in our earlier work7 that for the

anes the degree of coupling and m '­
ion efficiency are composed additi ely

of elementaf contributions of the constituent m m­

brane elem nts and each contribution is wei ted

by a fractio of straight coefficients. These rela onscan be writt n as7, for degree of coupling,

T '\' rbrq = L... q ik

and for maximum conversion efficiency,

where

b~k= (R~IRj2)112RllRb

and supe~rriPts T and r stand for total comp
series me rane and rth membrane element .
series syste .

Materials nd Methods
Lecithin (Sigma) was recrystallized from abs lute

alcohol be re use in order to avoid possible f rma­
tion of bl k films 3. Water was distilled once over

potassium permanganate and ethanol was pu . ed
by the me od described in the literature6• que­
ous soluti ns of lecithin were prepared by the eth­
od used e lier5,12,13.The critical micelle conc ntra­

tion, eM , of aqueous solutions, determined re­
ported ea ier6, was found to be 1.7 ±0.1 x 10 5M.

The ele troosmotic cell used in the present study
and detail of procedure followed for the me sure­
ments of ydraulic permeability, electroosmo 'c ve­
locity, str aming potential and streaming c rrent
have alre dy been described in an earlier ublic­
ation6• S tered glass membrane (porosity 4) of
thickness 2.43 x 1O-2m and area 7.74 x 1 -4m2,
which se arated the transport cell into tw com­
partmen was used to support the liquid mem­
branes. e whole study was made at cons t tem­
perature y placing the electroosmotic cell in ther­
mostat m tained at 38 ±0.1 0c.

where R;k co fficients are related to the Lik coe""­
cients by Eq. 7).

~k = ILlik/ILI ... 7)

ILlikbeing th minor of the determinant correspo d­
ing to ~k an ILl is the determinant of the mat' of
~k' Since for e symmetrical matrix La. the com le­
ments ILl:ka e symmetrical too, the ~k'S obey he
ORR.

~k =~i ••. /(8)
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Fig. 3-Streaming potential data for various concentrations of
lecithin [Curves X to XII represent situation (iill.

membrane elements, i.e., the supporting membrane
and two unit layers of lecithin liquid membrane-one
unit on each side of the supporting membrane. With
these considerations, we can write9,16 for situation (i)
as,

R;~= Rfk + R!k

and for situation (ii) as

R~k=~+2~k

1-(l
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Fig. i-Hydraulic permeability data for various concentrations
oflecithin [Curves X to XII represent situation (ii)]

ated in situation (i) consists of two membrane ele­
ments, viz., supporting membrane and one unit of
lecithin liquid membrane. While in situation (ii), the
series system can be described by three constituent
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Table I-Values of l;k co

fficients at different concentration of Lecithin

[Lecithin]

1.;1 x lOlZ1.;z X 1010Lz, X lOlOLzz X 104 -I.~
(10-5 M)

(m5N-'S-')(mJAJ-')(mJAJ-I)(AV-I)

(a) Situation (i)0.0

1.4072.882.890.264

0.5

1.2922.122.110.217

1.0

1.0201.661.640.180

1.3

0.8121.261.240.146

1.5

0.7340.940.920.130

1.7

0.6330.740.740.114

2.0

0.5600.640.630.103

3.0

0.5220.500.500.088

3.5

0.4560.360.350.068

(b) Situation (ii)
'f1.0

0.4020.2840.2800:058

1.7

0.2800.1820.1820.041

3.0

0.2400.1400.1380.034

seen from Table 2 that q decreases with increasing
concentration of lecithin in the dispersion. This
trend is less pronounced for q values accounting for
liquid membranes alone (Table 3).

We now focus attention on testing Eq. (9) which in
situation (i) can be expressed as,

The values of the qT can be computed at any con­
centration of the lecithin solution using the values of
qg,R1IR~2R;1and RI2 (Table 2a) and ql, R\I and R~2
(Table 3a) in Eq. (13). Functionally, R.\ are the va­
lues corresponding to zero concentration. RTkare
the values corresponding to any concentration of le­
cithin and RJkare the values corresponding to the li­
quid membrane alone at any definite concentration
of lecithin. The value of qT thus computed at
1.7 x 10 - 5M concentration of lecithin comes out to
be 2.75 x 10~2 which agrees well with values deter­
mined from Eq. (6) (Table 5). To test Eq. (14), the
values of Rill and Ri2 were noted from Table 3(b)
and Rjl and R!2 values were noted from Table 2(b)
at 1.7 x 10 - 5 M concentration. The values of q* esti­
mated from Eq. (14) were found in good agreement
(Table 5). However, when values of Rill and Ri2
were used from Table 3(a), the values of q* obtained
from Eq. (14) were not found to agree with the va-

In Eqs (1 ) and (12) superscripts g, I, T and
for sinte ed glass membrane, lecitJrin liqui
brane, s 'es membrane in situation (i) an
membra e in situation (ii) respectively. Befo
ing use 0 Eqs (11) and (12) for evaluating th values
of trans ort coefficients corresponding to liquid
membra e in two situations, it is necessary t trans­
form L;k oefficients given in Table 1 into R.k coeffi­
cients us' g Eq. (7). R.k coefficients thus est mated
are reco ed in Table 2. The values of RJki Table
3(a) wer calculated using Eq. (11) whereas he va­
lues of given in Table 3(b) were obtaine using
Eq. (12). The decreasing trend of R.k coe 'cients
(Table 2) and R.k coefficients (Table 3) furth r cor­
roborate the formation of multilayers at th inter­
face.

Liquid embranes generated in the presen study
have wa r permeability lower than that r ported
for BLM but closer to that for biomembrane 17. Va­
lues of el ctrical resistance of freely formed Ipid bi­
layers in eneral are much higher3 than thos for bi­
omembr nes3,17. Liquid membranes formed in this
study ha values of electrical resistance com arable
with tho. reported for biomembranes3,17. his in­
dicates e applicability of these membr nes as
models f r biomembranes (Table 4 ).

Degree ~ coupling

Degre s of coupling for both modes, ~amelY'

electroos nosis and streaming potential, ha e been
calculate !3 using Eq. (6). From Table 2 it is bvious
that the egrees of coupling for both mo es are
equal as 1consequence of ORR. Further it can be

( g Rg )1/2 (' ')112

T_ g Rll 22 , Rll R22
q-q RTRT +q TRTII 22 Rll 22

and in situation (ii)

( g g) 1/2 (R' R' ) 1/2

*= g RllR22 +2 I II 22
q q R*R* q R*R*II 22 II 22

... (13)

... (14)

"I!!"I .
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Table 3 - Values of v.arious r.esistance clefficie. nts (Rk), ql and l1:nax for lecithin liquid membranes
Rill x 10-12 - RI12 X 10-" - RI21 X 10- R~2X 104 q~X 102 q~ X 102 l1~.max x 104

(m-'NS) (m-'A- IJ) (m 'A-IJ) (ohm) from plot
11~vs ~p

(a) RJkvalues evaluated considcrlng unit layer of liquid membranes, i.e., situation (i)

1.0
0.2701.3001.2631.7681.881.680.880.88

1.7

0.8692.5002.4604.9851.201.180.340.36

3.0

1.2053.1343.0827.5771.041.040.240.27

(b) RJkvalues evaluated considerin two unit layers of liquid membranes, i.e., situation (ii)1.0 I

0.889 2.2152.1576.7270.910.880.200.21

1.7

1.4304.0524.03710.3021.061.050.260.28

3.0

1.7284.7034.56612.8120.990.970.200.24

Table 4-Comparison of permeabilijies and resistances of lecithin, BLM and biomembranes

System
PermeabilityMethodResistance

Lecithin

IO-'ms-IPressure difference1020hm m2

BLM

10-; to 10-" ms IOsmotic and diffusionI to 107 ohmm2

Biomembranes

IO-'to 10 "msIOsmotic and diffusion10 to 104 ohm m2

Table 5-Comparison of the values of qT and q* calculated from Eqs (13) and (14)qTx102 q*x102

Calc. fromEq. 14

[Lecitliin]
(10-'

Calc. fromCalc. from

Eq.(13)
Eq.(6)

1.0 I

3.873.87

1.7

2.752.75

3.0

2.332.33

Using R;kvalues
from Table 3(a)

1.58

1.36

1.29

Using R'kvalues
from Table 3(b)

1.86

1.70

1.54

Calc. from

Eq.(6)

1.86

1.70

1.55

also for lecithin liquid membranes alone. Represen­
tative relationships between Yle and L\P and Yls and
L\cjl corresponding to two fixed values of input forces
are shown in Figs 5 and 6. These figures clearly de­
monstrate the validity of all the three conclusions
listed above. The values of Yle.rnax and Yls.rnax for all
concentrations and for all systems obtained from
the maxima of the curves of the type shown in Figs 5
and 6 are given in Tables 2 and 3.

The values of Ylrnax for all systems were also com­
puted from the values of ~k (Table 1) using the rela­
tionship20,

lues deteIjrnined using Eq. (6). This discrepalncy isindicative I of multilayer formation of liquid Imem­
branes.

Elec.tnrk netic energy conversion

From t e discussion of steady state energy con­version d fined by Eqs (4) and (5), the fol~owing
conclusio s have been arrived at10,18,19:

(1) Th maximum values for conversion etcien­
cy, Ylrnax, or a fixed value of input force alw ys oc­
curs wh the output force equals half its steady
state val

(2) Th values of Ylrnax are independent of Ithe in-
put force

(3) Yle.Lx = Yls.rnax, which in fact is a conseauence
ofORR.

FOIIO~'~g the method described earlierlO~the va­

lues of Yl and Yls were calculated using Eqs 4) and
(5) for si tered glass membrane, series me branes
in situati n Ii), series membranes in situation Iii) and

(1+ ~io)1I2 -1
lJrnax = (1 + ~iof2 + 1

where

... (15)

- ... (16)

'11
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... (19)

•
$::" 0'4

In situation (ii), the Eq. (10) can be recast as

( Rg Rg ))/2

* _ g 11 22

J't'Jmax- J't'JmaxR*llR*22

( J RJ )1/2
+2x ~ Rll 22

VTlmaxR* R* -II 22

The Eqs (18) and (19) were tested by a method si­
milar to that used in testing Eqs (13) and (14). The
Eq. (18) was found valid in toto whereas Eq. (19)
was found valid only when values of Rlk and Rlk
were taken from Table 3(b) and Table 2(a) respect­
ively. The comparison of the 't'J~axand 't'J*maxvalues
has been shown in Table (6).

The discrepancies obtained in q* (Table 5) and
't'J:n (Table 6) values can be rationalized in terms of
polarity of flow which leads to a correlation between
macroscopic observables and membrane struc-

0'2

0.1

0.1

o
o 2'5 5-0 7·5 10.0 12·5

4. X103 <'/ott)

Fig. 6-Dependence ofT], on output force ~~ accounting for li­
quid membrane alone.

3'02·50·5

_ 1-0 X 10-5 M 2·0 V
- 1'0 X 10-5 M 4,0 V
_ 1·7 X 10-5 M 2·5 V
6-6 1·7 X IIj5 M 5'0 V

•.• 3'0 X 10-: M 2'5 V
lHJ 3-0 x 10 M 5-0 V

1'0

1'2

0'2

~
0-8

~
>C•

0'8

~
0'4

in which subscripts 0 and i represent the output and
input powers. The values of 't'Jmaxthus estimated
match the values obtained from experimental curves
of the type shown in Figs 5 and 6. The quantity ~ in
Eq. (15) is termed as figure of meritz° and it follows
as a consequence of ORR that

J3io(or~e)=~Oi(or~s) ... (17)

The validity ofEq. (17) is obvious from Table 2. The
values of 't'Jmaxcalculated using Eq. (15) are in fair
agreement with the values predicted from the maxi­
ma of the curves plotted between 't'Jeand ~p and 't'Js
and ~+(Table 2). This indicates that the results dis­
cussed here are consistent with the theoretical de­
ductions 10 and experimental findings 7•

The Eq. (10) for series system in situation (i) can
be written as,

(Rg Rg ')/2 (R1 R1 ))/2

_ g 11 22 I 11 22

J't'J~ax- J't'JmaxR;\RI2 +J't'Jmax R;\RI2 ... (18)

1·0 1·5 2·0
6P X 102 Nm-2

Fig. 5 - Dependence of '1eon output force ~p accounting for li-
quid membrane alone.

Table 6-Comparison ofthe values of'1~ax and '1*maxcalculated from Eqs (18) and (19)

[Lecithin]

'1~axx 10.1 '1~axx 103
(IO-5M) Calc. from

Predicted from Calc. from Eq. (19)Predicted from the

Eq.(I8)
the plot of plot ofT]: vs ~p

'1~ vs ~p
Using Rik fromUsing Rik from

Table3(a)
Table3(b)

1.0

0.370.380.0640.0860.086

1.7

0.180.180.0460.0720.070

3.0

0.130.140.0400.0600.060
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ture16. Th polarity offlow is expected to arise from
the transiti n layers which may be considered s ad­
ditional m mbrane elements. This situation is ikely
to occur i the present system because of s ecific
orientatio 21 of the surfactant molecules at t e in­
terface an interaction between the surfactant ole­
cules the selves by lipid-lipid interaction th ough

hydrogen onds22•
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