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VISCOSITY OF BIMOLECULAR FILM OF CIS-9-OCTADECENYLAMINE (OLEYLAMINE)
IN AQUEOUS SOLUTION
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The viscosity of bimolecular film was estimated from the motion
of an o0il lens (diameter: ca. 0.2 mm) in film (thickness: ca. 5 nm).
The o0il lens consists of the bulk liquid remained as an island in
large film (area: ca. 600 mm2). For the film formed from
oleylamine/n-decane (0.2/1, v/v) solution, the two-dimensional

film viscosity was 5.6 x 10™2 N s/m at 22°C.

The fluidity of biological membranes is essentially associated with its
functions. For example, the control of the fluidity of biological membranes
by cholesterol has a significant effect on the multiplication of cells.1)
Therefore, it seems that the study of fluidity of the black film (a model of
biomembrane) is of importance. The viscosity of monolayers has been widely
investigated by numerous investigators.z) The viscosity of soap films in
air was also studied by Mysels et al.3) However, the viscosity of the black
film in aqueous solution has not been reported so long as we have known.

One of the causes probably is the difficulty of the formation of large black
film.

From the motion of the oil lens in our large film (Fig.1), the viscosity
of the black film can be estimated.

Large black film (area: ca. 600 mmz) of oleylamine could be formed on
the vertical frame in a NiCl2 aqueous solution (Fig.2).4) The thinning
process to the black film from the colored film is similar to that of soap film
in air, but the o0il iens (diameter: ca. 0.2 mm) of bulk liquid remains as an
island in the black film. After many lenses float upward in a vertical black

film, they coalesce to a Gibbs triangle (Plateau-Gibbs border) one after another.
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The viscosity of black film can be estimated from the ascending motion of
lens in the bilayer. The buoyant force, f, provides the driving force of the
ascending motion of lens, while opposing force is provided by the film viscosity
and by the viscosity of the adjacent aqueous solution. The balance between
these forces should determine the steady state rate u of this motion. If the
well-known Stokes' law can be applid to the motion of lens in the black film,
we have

f=6mPpur (1)
where 7 denotes the total viscosity, r the radius of lens, and ¢ a correction

factor. In the case of a disk (thickness: infinitesimal) moving edgeways,

we have ¢ = 0.566.5)
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Fig.1. 0il lens in black film, Fig.2. Large black film on
A: Aqueous solution, B: Black film a frame, A: Aqueous solution
(thickness d =~ 5x10-9m), C: 0il 1lens (30 mM,NiClz), B: Large black
(radius I‘Q51X10-4m), @ : Contact angle. film (width w = 12 mm, length

1 =60 mm), C: Frame of Teflon=-

coated wire (diameter, 2 mm).

The total viscosity 7 consists of the contributions from the film (film

viscosity'ﬁ;) and from the aqueous solution (solution viscosity 7a)' Therefore,

as a first approximation, we have

- S¢ Se
=75 +s,7f+s, +,Sl7d (2)
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where S; denotes the area of an image in horizontal plane resulting from the
projection of the interface between the film and the oil lens (i.e. S; = 2rd)
and S; that of the interface between the o0il lens and the adjacent agueous

solution. Since sﬁg % s Eq.2 can be approximated by Eqg.3.

-5t
=5+ (3)
Therefore the two-dimensional film viscosity 7: can be obtained as follows,
S
1=7% ¢
-— S d -
=5 V-1 (4)

where d denotes the thickness of film.
The buoyancy is directly proportional to the difference in density
between the aqueous solution and lens, viz.
f=v (f&'fl )e (5)
where f; denotes the density of the aqueous solution, ji the density of the lens,
and v the volume of the lens. Assuming the lens consists of two spherical
segments,

v =3—§);% (2 - 3 cos@ - cos’B) (6)

where g is the contact angle between the black film and the lens in Fig.1.
Assuming the correction factor ¢ for the lens to be equal to that of a disk
(thickness: infinitesimal) moving edgeways, i.e. ¢>= 0.566, ﬁfis obtained from

Egs.1, 4, 5, and 6.

T- S e eeliagg™®) (o -fs -Taf (7
The radius r and rate of ascent u of the lens can be estimated from successive
photographs. Most of the lenses had radii somewhat under 0.1 mm.
Typical velocities were (1 — 2) x 1074 m/s. It is possible, in principle,
to deduce the contact angle from measurement of the spacing of Newton's rings
in the 1ens.6) Owing to the large contact angle in our case, however, the
observation of the spacing of Newton's rings was difficult. Therefore, we
estimated photographically the contact angle by the following procedure (Fig.3).
A small volume (ca. 0.2 cm3) of the oleylamine/n-decane solution (sample solution,
0.2/1, v/v) was delivered onto the upper rim of a small Teflon cup, with the help
of a Teflon tube (c) attached to a syringe. The cup was lowered slowly into

the NiCl, solution [Fig.B(c)ﬂv(f)]. A slight convex film was formed on the upper
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rim of the cup [Fig.B(f)J. The film (E) showed the interference. The thinning
process fFig.S(f) to (g)] that leads to the black film from the colored film
usually begins at the lower part (F) of the film, as the excess o0il is extruded
to the top of the convex.film. A small lens (G) is formed at the top of the
convex film. If a capillary comes into contact with the lens, the diameter of
lens becomes smaller because of the migration of oil into the capillary, i.e. the

capillarity.

13m
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Fig.3. Preparation of the oil lens for thé contact angle
measurements, A small lens (G) is formed at the top of
the convex black film (F) via the process (c) to (g).

A: Aqueous solution (30 mM NiClZ), B: Small Teflon cup,
C: Teflon tube attached to a syringe, D: A drop of
oleylamine/n-decane solution, E: Colored film, F: Convex

black film, G: A o0il lens (diameter, ca. 0.5 mm).
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In order to estimate the contact angle, the small lens was observed by
a microscope in the horizontal direction. When the diameter of lens was less
than 0.5 mm, no significant dependence of the size of lens on contact angle was
found, The contact angle @ in Fig.3 (h) was measured to be 17% 0,5°, When
n-octane (08) or n-dodecane (012) was used instead of n-decane, the contact angle
remained to be the same within the experimental error.

The viscosity %, and density §, of the NiCl, solution (30 mM at 22°C) were
taken to be 9.9 x 1074 s/m2 and 1.01 x 1077 kg/mB, respectively. Assuming
the density 5 of the lens to be equal to that of the sample solution, the
densities for Cg, C,, and C,, solvents were taken to be 0.722 x 10 °3, 0.741 x 107
and 0.757 x 107 kg/mS, respectively.

On the other hand, assuming the black film to be a parallel plate condenser,
we find from the observed value of the static capacitance that the thickness of

4)  That is to say,

film depends on the kind of solvent of the sample solution.
the thickness d for 08, C1O and 012 solvent was 3.3, 4.6 and 3.8 nm, respectively.
When above values are substituted in Eq.7, 7? can be obtained. The mean
value of ?f for 35 lenses in the film formed from oleylamine/n-decane solution
was 5.6 x 10"8 N s/m (5.6 x 10"5 surface poise) at 2200, while the mean values of

8 8 N s/m, respectively.

7 for Cq and C, solvents were 7.4 x 107° and 8.5 x 107
These values of ﬁf for three films are comparable to the three-dimensional
viscosities of 12, 22 and 22 N s/m2, respectively. The viscosity of the film
formed from oleylamine/n-decane solution is smaller than that of the film from
oleylamine/n-octane or from oleylamine/n-tetradecane. The film viscosity
consists of the contributions from the two surfaces and from the intralamellar
liquid. If the solvent of sample solution remains appreciably among the oleyl
chains, the viscosity of the intralamellar liquid should become smaller. From
the influence of the solvent of sample solution on the thickness of black film,
it is obvious that n-decane tends to remain among the oleyl chains rather than
other n-alkanes.4) Therefore, we presume that the viscosity of the film formed
from oleylamine/n-decane solution becomes smaller owing to the larger quantities
of solvent in the film.

The viscosity of the soap film formed in air from the solution of sodium

dodecyl sulfate is ca. 10 times larger than that of our black films.B)

7)

Joly and Jarvisa) reported viscosity measurements on expanded monolayer.
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Its surfqpe viscosity had smaller wvalue (10'7 to 10’8

N s/m) than typical value
(10'6 to 10™% N s/m) for a condensed monolayer of the saturated straight-chain
acids. Since the oleylamine formed an expanded monolayer on N1012 solution,

the small viscosity of our oleylamine black film is attributable to the expansile
property of oleyl chains.

From the facts presented above, it is concluded that the viscosity of black

film can be estimated by our new technique,

The authors wish to thank Dr. Hirofumi Okabayashi of our laboratory for

his valuable discussions.

References

1) A.J. Verkleij, P.H.J. Ververgaert, L.L.M. Van Deenen, and P.F, Elbers,
Biochim. Biophys. Acta, 288, 326 (1972).

2) G.L. Gaines, "Insoluble Monolayers at Liquid-Gas Interfaces", Interscience
Publishers, New York, N.Y. (1966), p.214.

3) K.J. Mysels, K. Shinoda, and S. Frankel, "Soap Films", Pergamon Press,
New York (1959), p.80.

4) The method to prepare the large black film and its property will be published
in Bull. Chem. Soc. Jpn.

5) H. Lamb, "Hydrodynamics", 6th ed., §339, Cambridge (1932).

6) D.A. Haydon and J.L. Taylor, Nature, 217, 739 (1968).

7) M. Joly, J. Chim. Phys., 44, 206 (1947).

8) N.L. Jarvies, J. Phys. Chem., 69, (1965).

(Received September 7, 1976)



