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THESIS

Presented in candidature for the degree of

Doctor of Phildsophy

of the Universility of Durham

by

Cyril Clifford Addison
BeSCe, A.T.C,

entitled

Adsorption at the Interface between Two Fluids, with
speclal reference to the adsorption of certain dyes at

liquid-liquid interfaces.

Being an account of the work carried out during the
Sessions 1934 - 36 - 36, at the Science Laboratories,
Durham University, (Durham Division), under the
direction of Dr. C«W.Gibby M«sSc., AsI.C.
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25. Adsorption at the Interface between Two Fluids. Part I. The
Adsorption of Methylene-blue, Methyl-orange, Congo-red, and Orange-11
at Benzene—Water and Chlorobenzene—Water Interfaces.

By C. W. GiBBY and C. C. ADDISON.

VERY few quantitative investigations of adsorption at liquid-liquid interfaces are on
record. Lewis (Phil. Mag., 1908, 15, 499; 1909, 17, 466) investigated the adsorption of
a number of substances at the interfaces between their solutions and a hydrocarbon oil.
In general, however, he records only one measurement for each substance, so that the
magnitude of the experimental error is uncertain; moreover, a comparison of experimental
results with Willard Gibbs’s adsorption equation requires data over a considerable range
of concentration. Patrick (Z. physikal. Chem., 1914, 86, 545) found the weights of various
substances removed from solutions of various concentrations by a shower of small drops
of mercury; only comparative results were obtained, no attempt being made to deter-
mine the area of the mercury surface, or to prove that it was saturated. Nonaka (J. Soc.
Chem. Ind. Japan, 1928, 31, 297) investigated the adsorption of soap at benzene—water
and toluene-water interfaces, and suggested that the adsorbed layer is unimicellular.

We have measured (i) the adsorptions of four dyes from various concentrations of each
in water, at water-benzene and water-chlorobenzene interfaces, near 17°; (ii) the inter-
facial tensions of the systems. The four dyes mentioned in the title were specially purified.
Benzene and chlorobenzene were chosen because of their ease of purification, the difference
in their polar nature, and the insolubility of the dyes in them : Congo-red, methylene-
blue, and methyl-orange were extremely insoluble; but orange-II dissolved very slightly
when the solvents were in contact with concentrated solutions of it, but insufficiently to
affect the results. The structures of these dyes, drawn to scale from data by Sidgwick
and Bowen (Ann. Reports, 1931, 28, 402), are shown in Fig. 1.

The equation first deduced by Gibbs (“ Scientific Papers,” I, 235), viz., T',, = — do/dy,,
in which I is the surface excess of solute, ¢ the interfacial tension, and %y the potential
of the adsorbed component, leads to the expression I' = — ¢(do/dc)/RT in so far as the
activity of the solute may be equated to its concentration (¢). The quantity I', which
must have the same dimensions as ¢(ds/dc) [RT, viz., those of mass per unit area, does not
represent a concentration excess over that of the homogeneous part of the solution outside
the range of surface forces, but the mass actually attached to unit area of the interface.
The volume in which this adsorbed mass is contained is immaterial, for the surface layer
was implied by Gibbs to extend to a thickness great enough to include all such adsorbed
matter.

It is particularly to be observed that Gibbs’s equation in this form is intended to apply

only to the adsorption of a single component from a solution in which its behaviour is
119
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283. Adsorption at the Interface between Two Fluids. Part II. The
Adsorption of Fwe Dyestuffs at a Paraffin—Water and at an Air—
Water Interface.

By C. W. Giey and C. C. ADDISON.

Part I (this vol., p. 119) described investigations of the adsorption of methylene-blue,
methyl-orange, Congo-red, and orange-II at the surfaces of drops of benzene and chloro-
benzene moving through aqueous solutions of those dyes. The investigations have now
been extended to include two additional types of interface and a fifth dyestuff, Bordeaux-
extra. Robinson (Faraday Society Discussion on Colloidal Electrolytes, 1935, p. 250)
deduced from conductivity measurements that this dyestuff *“ exists in very dilute solutions
in the form of single ions, or nearly so.” It was therefore used because it should in this
respect provide a substance having properties in the greatest possible contrast to those of
micelle-forming dyestuffs such as Congo-red.

It was expected on general grounds that aromatic dyestuffs would be adsorbed from
aqueous soiution by aromatic liquids in which they were insoluble. Benzene and chloro-
benzene were used in the hope of finding some correlation between the polar nature of an
adsorbent and its adsorbing power. To provide a contrast to the action of these liquids,
the adsorption at the interfaces between aqueous solutions and air, and aqueous solutions
and a liquid aliphatic hydrocarbon (a light paraffin free from aromatic hydrocarbons),
has been investigated. It was anticipated that adsorption at the air-water and paraffin-
water interfaces would be much less than in the case of the aromatic liquids.

No adsorption of any of the five dyes at the air-water interface could be detected.

This is consistent with the fact that the surface tension of the solutions, as determined by
1306



























Adsorption at the Interface between two Flulds.

Chapter 1l.

Introduction.

This research was undertaken for the purpose of
Investigating that particular branch of surface chemistry
which 1s concerned with the concentration of a solute at
the interface between its aqueous solution and some other
medium 1In which it 1s insoluble. Adsorption at the
liguid-liquid interface has been given prominence, but
some alr-water experiments have been carried out for
comparison.

Apart from a very few approximate determinations at
liquid=-liquid interfaces, which are discussed later,
previous research on adsorption phenomena can‘conveniently
be considered as being of two main types.

The one, which 1s especially important in industry,
has been concerned with the adsorption on to a solid
surface, from elther gaseous or aqueous media. Owing to
the essentlally uneven nature of solld surfaces, and
particularly of such common cormercial adsorbents as
carbon and cellulose, only an approximate estimatlon of
the surface area can be made. The necessarlly approximate
nature of all results derived therefrom suggests that the
translation of these results into terms of moleculsar
thicknesses etc. at the lnterface 1s scarcely justifiable.

The other has been concerned chiefly with the
adsorption, at a gas-liquid interface, of very large
molecules, which remain in the surface either because they
are only partly soluble in the liquid layer, or because
they can produce there a layer so stable that it is
capable of independent exlstence.

- Adsorption work at liquid-liquld interfaces, however,

though difficult to investigate experlmentally, possesses



some unigue advantages. In such experiments it is possible
to investigate the influence of the polar nature of the
adsorbent on the extent of adsorption. The adsorption

values for one and the same solute have been found to vary
over a wide range as a result of changes in what 1s usually
regarded as the "inert" medium. The liquid-liquid interface
is as plane as is physically possible when due consideration
is taken of the thermal agitation of the molecules; it will,
therefore, offer no resistance to whatever orientating
forces the molecular attractions may set up.

Tt 1s interesting to note that the concentration of
any solute at the interface between two other media can
be regarded as due to either a purely chemical, or a
purely physical csause.

On the one hand, there 1s a natural tendency for some
molecules to concentrate on the interface. Because of their
similar polar nature, they may be attracted by the medium
across the phase boundary, although not sufficlently so to
be soluble in that medium. Again, as in the sasdsorption of
long-chain fatty acid and hydrocarbon molecules on an
alr-water interface, the adsorbate may not be completely
soluble in the agueous layer. Only part of the molecule
is attracted to the agueous layer, and thils tendency,
together with the lateral cohesive forces between the
hydrocarbon molecules themselves, causes the adsorbate to
spread out on the surface in a fllm, which can behave as
a two-dimensional gaseous or liquid film according to ths
lateral pressure exerted on ite.

On the other hand, adsorption may be regarded as sa
mechanical movement towards the mlnimum potential energy
of the system which 1lts presence at the interface would
produce. This lowering of surface tenslon is most readily
pictured in terms of the molecular distribution caused by

the various molecular attractions. If water molecules



have a greater attraction for one another than for the
solute, it is a natural consequence that the latter should
go to the phase boundary. Since surface tension 1s determined
by the attractions between the moleculés in the actusal
surface, the smaller mutual attractions at the surface due
to the concentration of the solute there must bring about
a corresponding drop in the surface tension.

Although these chemical and physical influences are
so closely interconnected that it might almost be argued
that they are one and the same factor, the experiments described
in this thesis have shown that a large adsorption resulting
from the attraction of strongly polar groups in the
adsorbent is not reflected to nearly the same degree in
the drop in interfacial tension. Conversely, certain
solutds whose tension-concentration curves are similar,
are found to be adsorbed to wildely differing extents.

Gibbs's Thermodynamic Conception of adsorption.

Willard Gibbs, in his mathematlcsl studies of the
influence of surfaces of discontinulty upon the equilibrium
of heterogeneous masses, deduced a direct relationship
between the quantlty of any substance adsorbed in the region
of an interface, and the change 1n potential brought about
by 1ts movement from the hamogeneogs phase to the boundary.

Since discontinuity between two phases is not mathematicall
absolute, it 1s necessary in precise treatment to refer to
some arbltrary geometrical surface, which is considered as
belng parallel to the surface of discontinuity, and
reasonably coincident with it. This "dividing surface" is
designated by the symbol S.

It is convenient to imagine a closed surface cutting
S, and including part of the homogeneous mass on each side.
This closed surface is limited in so far as that, while
any lack of perfect homogeneity exists, the closed surface

is such as may be generated by a moving normal to S.
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