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ABSTRACT

Determination of surface properties of monolayers in the Langmuir~Wilhelmy
method is often hampered by leakage. Several possibilities for prevention and
correction are presented and discussed. A two barrier system and application
of a second surfactant and force transducer yields good reduction of lezkage
effects,

INTRODUCTION

The measurement of surface pressure versus specific area {(rm - A) loops
contributes considerably to the understanding and determination of surface
properties of monolayers. These measurements are mostly carried out in the so
called Langmuir-Wilhelmy method.

In this method a rectangular teflon trough is used (see Fig.l), filled with
a 1liquid subphase so that the meniscus appears above the trough rim. A
surfactant film is brought onto the surface, equally spreading while the
solvent evaporates. A Wilhelmy dipping pilate, suspended from an
electrobalance, 1s wused to measure surface forces; these forces are
interpreted as surface tension (t) or surface pressure 7 (5 = T, =T, T,
being the surface tension of the clean surface). = - A curves are then
obtained by compressing and expanding the surfactant film, which is domne with
a moving barrier.

This technique is known to have some complications. A non-zero and varying
contact angle between monolayer and Wilhelmy plate (1) and leakage effects
along the barrier are well known complications., Although attention has been
paid to leakage artefacts (2), the problem is not solved yet. In order to
obtain information about leakage some investigators use a second force
transducer and Wilhelmy plate placed behind the moving barrier {3). A non zero
surface pressure behind the barrier then indicates leakage.
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The aim of the present paper 1s firstly to show that this way of detecting
leakage may lead to great 1inaccuracies and sgecondly to show how such

inaccuracies can be reduced by using special precautions.

1 2

i ; Fig.l. Experimental set up of the

]

Langmuir-Wilhelmy Method:

1 = electrobalance;

3 Y 3
/ 2 = xy~recorder;
3 = Wilhelmy plate;
ﬁ Yr }7] 4 = monolayer;
s prs 5 = movable barrier;
I 6 = gubphasge;
A 5 6 7 7 = trough.

THEORY

We shall start by showing how corrections for leakage can be carried out
taking into account the measured values of the surface pressure behind the
moving barrier (right hand side). We will 1llustrate this with a numerical

example and make use of a simplified form of a ™ ~ A curve on compression:

21
"TE e, (0
in which a, and a, are parameters. The choice of Eq. (1) is based on the
shape of a 1 — A curve for a DPPC monolayer (*) (3). A numerical least squares
fitting procedure, applied between A = 50.10_20 and A = 100.10-10 m2
resulted {n a, = 132107 ¥o and a, = 45107202,

The original curve as well as the result of the fitting procedure are
presented in Fig.2,

We consider a trough in which a barrier divides the surface in a LHS part
{area Sl) and a RHS part (area Sr)' The surface pressures measured in each
part are Ty and Te respectively. When starting N surfactant molecules are

applied to the LHS part.

(%) DPPC: dipalmitoylphosphatidylcholine, the main constituent of

lungsurfactant
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During the experiment the barrier 1is moved. If no leakage occurs the
measurement of T yields the correct 7 - A curve. However, if leakage does
occur the molecules will cover the LHS part (NQ molecules) as well as the

RHS part (Nr =N-N,= x*N molecules, x being the leakage fractiom).

e > r T v ¥

50 0 A 0 ()

Fig.2. T™~A curve of a DPPC monolayer at 20 C (compression); measured

curve, --~— result of curve fitting Eq.(l).

We shall take a measurement before and after compression each consisting of

simultaneous reading of the data of L and T Sy and Sr’ Let the

measurement before compression satisfy:

Ny = N = 2,10(18) N, =0

5, - 4.10.C 42 s, - 10.°2) ;2
. -3) )

L .85,10 N/m L 0 N/m

and let the measurement after compression be given by

le = N.(%_;)x)2 er = 1(1;!21) )
S!LZ = 10, n Sr2 = 4,10 n
(l—x).al X.8y
LIy N/m LI N/m

] 2/N - (l—x).a2 SrZ/N - x.a,
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We can now calculate the influence of the leakage fraction x on "2 and
Tt The results are presented in Fig.3a and curve 1 of Fig.3b respectively.
If we take the inaccuracy of the m measurement to be .5 mN/m we see in Fig.3b
curve 1 that the measured value of T2 does not exceed this value, not even
for values of x as big as 40%, so that corrections make no sense. This 1is due
to the fact that the surface in the RHS compartment contains at the beginning
of an experiment only a small amount of surfactant. Moreover, the RHS surface
area 1is expanding while compressing the monolayer and therefore the pressure
values ", are points on the flat part of the 5 - A curve. So small
inaccuracies of the m values will cause great 1inaccuracies in the values of
Nr. The value of the extra measurement behind the barrier can be improved
considerably by using a second barrier. By moving this barrier we can control
the value of Sr' The influence on the T value of reduction of Sr2 is
for the same numerical example as used above — shown in Fig.3b. curves 2-5. We

see that appropriate compression of Sr2 makes the T2 value exceed the

inaccuracy of the measurement,

3 1.5
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My TTrZ
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Fig.3. Influence of leakage fraction x on a)wn,,, and b) 7 _,; parameter in
-2 2 2 r2 -2 2
b) 1s S 2% 1 : 4,10 m; 2 : 3.10 m; 3 : 2,10 m;

4 : 10 2 m .

FEEDBACK METHOD
Another solution to reduce or even eliminate the influence of leakage 1s

based on the fact that it 1is caused by a surface pressure difference over the

barrier. This surface pressure difference can be
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eliminated with a set up in which the position of the second barrier 1is
controlled by a feedback and servo-system, in such a way that the surface
pressure difference remains zero (see Fig.l). This is achieved by using a
surfactant between the two barriers. As second surfactant DPPC is preferred
because of its very low surface tension under compression (near zero) which

serves the feedback method.
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Fig.4 Set up of the two barrier system with feedback.
EB = electrobalance

MD = motordrive

EXPERIMENTS AND RESULIS

In order to test the feedback wethod experiments were carried out on DPPC
monolayers at 20 € in a Langmuir trough (50x15xl cms) with two barriers, the
first of which was provided with a hole to serve as (artificial) leak. Surface
pressure in both compartments was measured with Platinum Wilhelmy plates
suspended from a Universal Transducer Cell (UC2, Gould) and from an
electrobalance (Cahn RH) 1in the left and right part respectively. The DPPC
monolayer was applied to the surface from a spreading solvent (chloroform).
The monolayer in the left part was compressed and expanded between
1.8#10¢72) and 0.6#410C2) u? with a rate of 0.04 m%/s.
Fig.5 shows a compression curve while holding the second barrier., Due to
leakage v, cannot increase much; at the same time no effect on L is

recorded since Sr is expanding.
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Stopping the barrier motion causes relaxation of mn, to its equilibrium value

which equals “r' Fig.6 shows compression while thi second barrier 1is moved
along (manually) in such a way that T, o= LI When the second barrier
approaches the Wilhelmy plate in the RHS part it 1is stopped while the first
barrier continues compression. As a consequence the monolayer in the RHS part,
created by leakage, expands so T decreases, When the first barrier is
stopped both 7T, and m relax to equilibrium ( T, = ﬂr). The same
phenomena are recorded on expansion. The drastic reduction of leakage
influence is reflected in the high surface pressure under compression

{(73mN/m), which is in accordance with the leakage free measured value.

110 mN/m .
—-wﬂ\,~“w~’/hyvﬁvw<;£_
/ N
Py e 1 !
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Fig.5. Compressing (c) and expanding (e) a DPPC monolayer in the presence of a

leak while holding second barrier (s = stop barrier motion).

1y = !

Fig.6. T and "r during compression and expansion while moving both

barriers.



185

DISCUSSION AND CONCLUSION

Whenever the properties of surfactant are evaluated in a Langmuir trough,
leakage problems have to be solved. Solutions can be sought in two ways. The
first is preventing leakages by special barrier constructions as proposed by
Tabak and Notter. However, even in their own opinion, the ribbon type barrier
remains 'cumbersome to work with' (2). Furthermore, when dam type barriers are
used by other investigators it is often assumed that leakage does not occur
and no check 1s wmade. The second way is correction by measuring the surface
pressure behind the barrier. Although information about leakage artifacts is
now gained, no correct 7= A curve is actually measured; the effect becomes
apparent only after the compression when values of Sr are sufficiently small
to allow quantification of the leakage.

The experiments described in this paper indicate a different solution which
in fact is a combination of preventing leakage and measuring surface pressure.
It is shown that leakage problems can be solved by using a second barrier
which compresses the monolayer between the two barriers in such a way that the
measured surface pressures satisfy Ty = T Fig.6 shows that in this case
correct values for T are obtained and thus in this way correct 7w~ A curves
can be measured.

The main disadvantage of this two barrier method 1s the difficulty of
measuring surface pressure between two moving barriers. On the other hand the
results (Fig.3) suggest a solution in which the area behind the first moving
barrier is kept small by a second barrier, When a surfactant is applied
prevention will be more effective, and will be best when surface pressures are
measured to drive the second barrier., Correct measurements, leaving out the
second Wilhelmy plate, are, in principle, also possible. If in both RHS and
LHS compartments the same surfactant is applied on the liquid substrate with
equal surface areas, and if for both parts are equal surface area changes, the
resultant surface pressures will be equal and thus the driving force for

leakage minimal.

Part of this work was supported by the Netherlands Organization of Pure
Research (2.W.0.),
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