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Effect of Surfactant Concentration on the Interfacial
Viscosity of a Nonaqueous System

By RICHARD D. HAMILL* and ROBERT V. PETERSEN

The interfacial viscosities of the glycerin-olive oil interface after either ammonia or
2-amino-2-methyl-1,3-propanediol (AMP) had been added were studied by means

of a viscous traction interfacial viscometer.
0.6, 2, and 6 mg. ammonia/100 ml., and 2, 6, and 20 mg. AMP/100 ml,

The amine concentrations used were

The

results indicate that more rigid films were produced at the interface as amine con-
centrations were increased. The original viscosities and the increased viscosities
resulting from. increased amine concentrations were as would be predicted from

fatty acid films.

However, viscosities were not so high as thought to be necessary

for stability against coalescence in emulsions.

PREVIOUS sTUDIES from this laboratory have

demonstrated that nonaqueous emulsions of
glycerin and olive oil can be prepared by means
of anionic, cationic, or nonionic surfactants (1,
2). It has further been pointed out that a high
degree of emulsion stability can be achieved with
extremely low concentrations of saponifying
amines such as ammonia or 2-amino-2-methyl-
1,3-propanediol (AMP). Indeed, concentrations
barely sufficient to produce monomolecular films
of the amine soap at the interface produced
stable emulsions (3).

The effect on emulsion stability of a rigid inter-
facial film as a mechanical barrier to coalescence
has been studied by several investigators. In
1941, King (5) proposed that the strength and
compactness of the interfacial film in an emulsion
were the most important factors favoring
stability. A year earlier, Schulman and Cock-
bain (6, 7) implied the necessity of high inter-
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facial viscosity for emulsion stability by stating
several conditions essential for optimum stability
including the need for a “condensed” interfacial
film. Becher (8) has also suggested that the
formation of a rigid interfacial film is a mechanism
in stabilizing emulsions. Sumner (10) supports
this concept by suggesting that the mechanical
strength of the film of emulsifying agent around
the droplets is important. Blakey and Lawrence
(11) found a partial correlation between enmulsion
stability and surface viscosity at the solution-air
surface. More recently, the mechanical re-
sistance of the film and emulsion stability have
been related (12, 13).

Because of the remarkable stabilizing effect of
ammonia and AMP and because it has been re-
peatedly suggested that a relation exists belween
emulsion stability and the interfacial viscosity
and mechanical strength of the film in oil-water
systems (4-13), it seemed important to study the
interfacial viscosities of the glycerin—olive oil sys-
tem containing varying concentrations of amine to
determine if a similar relation exists which could
help to explain the unusual stability of emulsions
of these components.

EXPERIMENTAL
The term interfacial viscosity, as used through-

out this study, is defined as the shear viscosity of a
monolayer spread or adsorbed at the interface



Vol. 55, No. 11, November 1966

between two ligquids. The term surface viscosity,
on the other hand, is the shear viscosity of a mono-
layer spread or adsorbed at the surface of a liquid
(14). Both interfacial and surface viscositics have
the dimensions M7 !, instead of ML~'T! as for
bulk viscosity (where M, L, and T represent mass,
in Gm,, distance, in cm., and time, in sec., respec-
tively), and are measured in units of Gm. sec.”!
called ““surface poise” (s.p.).

Interfacial wviscosity was measured by means
of the instrument shown in Fig. 1. Except for the
diameter of the wire (0.078 c¢m. instead of 0.064
cm.) used to form the concentric rings and the
driving mechanism (Bodine speed reduction motor
and appropriate pulley arrangement), this instru-
ment was constructed according to the specifica-
tions of the modified viscous traction interfacial
viscometer of Davies and Mayers (15). The
specifications of the instrument will be mentioned
briefly. The two concentric stainless steel wire
rings were held in place by the larger support rods

Fig. 1.—In-
terfacial viscom-
eter,

attached to the upper plastic platform. Three
wires of the same diamecter as used for the rings
were soldered to each ring and made to lie in the
plance of the rings for a short distance (about 1.5
cnt.) before they were bent upward and soldered
to the support rods, The diameters of the outer and
inner rings were 12.5 and 11.6 cm., respectively.
A Pyrex dish, 18.5 em. in diameter and 4 cm. high,
was centered on the turntable and held the liquids
which formed the interface to be studied. The
turntable rotated at 1 rev. in 38 sec. The wire
rings were held stationary by both the support
rods and the upper platform, but the platform could
be adjusted, thereby raising and lowering the rings
to the desired position.

The methods employed in the use of the instru-
ment were also patterned after those described by
Davies and Mayers (15). ‘The results obtained are
dependent upon the amount of retardation of the
film flowing in the canal when the interface is clean
and when an additive is present. To measure re-
tardation, talc particles were placed at the interface
and the time for 1 rev. was measured. The rings
were raised slightly above the interface producing a
meniscus, which acted as a trough to insure that
the talc particles remained in the canal.

In order to determinc if the difference in wire
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diamecter modified the calibration curve used by
Davies and Mayers when applied to this instrument,
three experiments were performed. First, the two
interfaces (benzene/water and ethyl acetate/water)
utilized by the original investigators when cali-
brating their instrument at the oil-water interface
were formed and duplicate results were obtained.
Second, Davies and Mayers reported interfacial
viscosities of monolayers adsorbed from 4 X 1073 M
sodium lauryl sulfate solutions at the benzene -
water interface as 1.5 X 107¢ s.p. at 20° and as
1 X 107* s.p. at 22°, The viscometer constructed
for this study gave an interfacial viscosity of 1.2 X
10~% s.p. at 21°. Third, Davies (4) reported the
surface viscosity of stearicoacid on 0.01 N HCI as
6.25 X 107¢ s.p. at 20.1 A.2. A similar film was
used to verify this value with the present instru-
ment. A benzene solution of stearic acid was ap-
plied to the surface of 0.01 & HCl using a micrometer
syringe. Surface area calculations were corrected
for the small area occupied by the wire rings. A
surface viscosity of 6.5 X 10~¢ s.p. was obtained
when measuring this film. These data suggest
that the results obtained with this instrument are
remarkably similar to those obtained by Davies
and Mayers and that their calibration curve can
be used within the range of duplicate results.

Six solutions of amine in glycerin were prepared
to correspond with the concentrations of ammonia
(0.6, 2, and 6 mg./100 ml.) and 2-amino-2-methyl-
1,3-propanediol (AMP} (2, 6, and 20 mg./100 ml.)
used in emulsions studied and reported in a sep-
arate publication (16). These concentrations were
based on the total amount of olive oil and gycerin
contained in the dish. The ratio of glycerin to
olive o0il was 60:40 analogous to a phase volume of
0.40 used in the olive oil-in-glycerin emulsions
previously studied (16).

The mean time of 1 rev. at the clean glycerin—
olive oil interface was determined. Following this,
mean revolution times were measured at the glye-
erin—-olive oil interface after varying amounts of
ammonia or AMP had been added. All deter-
minations were made at 20°.

Each interface was measured within a few min-
utes after it was formed and at intervals over the
next 2 hr. Several revolutions were timed and
averaged to obtain the mean time of 1 rev. The
mean tine of the clean glycerin—olive oil interface
was subtracted from the mean time of each sample
to determine the amount of retardation. The
calibration curve (Fig. 2) was then used to obtain
the interfacial viscosity in s.p.

RESULTS

Table I lists the results of the interfacial vis-
cosity studies at the glycerin—olive oil interface.

When the interface was clean (no amine added)
the mean time of 1 rev. was 171 sec., corresponding
to no retardation and therefore, no interfacial
viscosity. Upon the addition of 0.6 mg. ammonia/
100 ml. to the glycerin phase, the mean time of 1
rev. at the interface was 185 sec. representing a
14-sec. retardation. This was equivalent to an
interfacial viscosity of 1.2 X 107* s.p. The mean
revolution time rose to 204 sec. with the addition
of 2 mg. ammonia/100 ml. to the glycerin phase.
This represented a retardation of 33 sec. and a



:0 Fig. 2.—Cali-
2 Dration  curve
= for the inter-
s facial  viscom-
z cter. [After
2 1073 Davies and
2 Mayers (15).]
1074 T

1
100 1000
RETARDATION TIME {sec.)

viscosity of 2.2 X 107" s.p. A 5H2-sce. retardation
time was shown when 6 mg. ammonia/100 ml.
was added to glycerin. This corresponded to a
mean revolution time of 223 sec. and an interfacial
viscosity of 3.4 X 1074 s.p.

Upon the addition of 2, 6, and 20 mg. AMP /100
ml. to the glycerin phase, mean revolution times
of 206, 217, and 225 sec., respectively, were ob-
tained; these represent retardation times of 35,
46, and 54 sec., and interfacial viscositics of 2.3 X
1074, 3.0 X 107 and 3.6 X 1074, respectively.

All interfaces formed with either ammonia or
AMP in the glycerin phase showed constant mean
revolution times within 30 min.

DISCUSSION

This study was undertaken to measurc the effects
of various concentrations of ammonia or AMP
upon the interfacial viscosities of the glycerin—
olive oil interface.

The existence of surface viscosity was first ob-
scrved by Platcau in 1869 (14). Plateau observed
that a fluid surface exhibited resistance to de-
formation or flow from the difference in damping
rates of a compass needle oscillating on the surface
and in thc interior of a liquid. Since that time
several methods for the measurement of surface
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and interfacial viscositics have been developed
(4, 15, 17-22). However, the modified “flow
through a canal” method of Davies and Mayers
was selected for this study because of several in-
herent advantages. Ewers and Sack (21) have
discussed the wvalidity of the “flow through a
canal” technique with soluble layers. They pointed
out that where surface pressure is applied to soluble
layers, part of the adsorbed film merely dissolves
in the interior of the liquid instead of passing
through the canal. The “viscous traction” mod-
fication of Davies (4) and Davies and Mayers
(15) overcomnes this disudvantage by allowing the
liquid substrate to cause the film to move. Another
advantage in the usc of this modification is that the
width of the canal can be varied and made as
narrow as required to increase the sensitivity when
working with monolayers of very low viscosity.
Joly (14) states that this method is considered best
for measuring films of low Newtonian viscosity.
The existence of both Newtonian viscosity and
viscosity of a low magnitude (1074 s.p.) can easily
be cstablished for the glycerin—olive oil system.
The very presence of olive oil with its free fatty acid
content makes it rcasonable to hypothesize that
the surfactant found at the interface is a fatty acid
typc. Furthermore, Joly (23) states that prac-
tically all monolayers of fatty acids and triglycerides
are Newtonian and are of a low order of magnitude.

The disadvantage in the use of this instrument
involves the mathematical interpretation of the
hydrodynamics of the process. Since this is ex-
tremely complicated, Davies and Mayers cali-
brated their instruments using films of known sur-
face viscosities. After calibrating the instrument
at the air-water surface, they applied it to the oil-
water interface, In the first instance, a benzene
water interface was measured and flow in the canal
was found to take only 10 sec. longer than at the
clean air-water surface. When ethyl accetate was
used in place of benzene, 1 rev. took only 5 sec.
longer. Because of this approximate cquality, they
concluded that the viscous drag, which the rotating
oil exerts on the tale in the canal, balances the extra
drag on the interface by the stationary canal walls
2ia the adjacent oil. Therefore, the same calibra-
tion curve which was determined at the air-water
surface was used at the oil-water interface. Davics

‘I'aBLE L—INTERFACIAL VIsCOSITY OF GLYCERIN-OLIVE OIL INTERFACE AFTER TIE ADDITION OF EITIIER
AMMONIA OR AMP

Mean Time of

Additive 1 rev., sec.
No additive 171
(L70-175)"
0.6 my. NH;/100 ml. 185
(182-187)
2 mg, NH;/100 ml. 204
(203-205)
6 mg. NH;3/100 ml. 223
(221-223)
2 mg. AMP/100 ml. 206
(202-209)
6 mg. AMP/100 ml. 217
(215-219)
20 mg. AMP/100 ml. 225

(223-229)

Interfacial Viscosity,

Retardation, see. X 1071 s.p.
0 0
14 1.2
33 2.2
52 3.4
35 2.3
46 3.0
54 3.6

¢ Numbers in parentheses indicate the range of observed revolution times from which mean time was calculated.
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and Mayers claim that their instrument cau be
used to study interfacial viscosities from 107* to
101 s.p. The only portion of the curve utilized
in this study was between 1074 and 1073 s.p., which
was essentially within the range where duplicate
results were obtained with known films.

The results obtained demonstrate that there is a
measurable increasc in viscosity when the concen-
tration of ammonia is raised from 0.6 mg./100 ml.
to 6 mg./100 ml. At 0.6 mg./100 ml. the inter-
facial viscosity was 1.2 X 107*s.p. This increased
to 2.2 X 107! s.p. at 2 mg./100 ml. and rose again
at 6 mg./100 ml. to 3.4 X 107*s.p.

The addition of AMP to the glycerin phase showed
a similar increase in interfacial viscosity, At 2
mg./100 ml., the interfacial viscosity was 2.3 X
10~ s.p. The interfacial viscosity rose to 3.0 X
107% at € mg./100 ml. and to 3.6 X 107¢ s.p. at
20 mg./100 ml.

Davies and Rideal (24) state that monolayers
of fatty acid esters which give ‘‘gaseous’” films of
great areas are characterized by Newtonian flow
and low viscosities (107% to 10~* s.p.). Mono-
layers of higher fatty acid esters and of oleic acid
also show Newtonian flow and viscosities of this
order, but show an increase in viscosity as the con-
centration is increased and the available surface
area decreased producing a more “condensed” film.

Davies (25) reports that an interfacial viscosity
of at least 1072 s.p. seems to be required if the inter-
facial film is not to allow coalescence during the close
approach of two droplets. The results of this
study indicate that a more rigid film is produced
at the interface as the amine concentration is in-
creased. The results also indicate that the orders
of magnitude of the viscositics and their increases
over the concentrations studied were similar to
viscosities predictable from Newtonian fatty acid
films, but that they were not so large as Davies
suggoests is needed for coalescence inhibition.

The knowledge that a more viscous interfacial
film is present in the glycerin—olive oil system is not
meaningful in itself, but when correlated with
published work on the stability of glycerin—olive
oil emulsions (16), a significant relation can be
hypothesized.  When  cither ammonia or AMP
was employed in the emulsion system, stability as
seen by droplet size distribution data, increased as
the added amine was increased. This study then
has demconstrated that stability can be achieved
in these emulsions with interfacial viscosities which
arc on the order of 100 times lower than that con-
sidered necessary.

SUMMARY

A viscous traction interfacial viscomceter, pat-
terned after the one described by Davies and
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Mayers, was used Lo measure interfacial viscosity at
the glyeerin-olive oil interface after either ammonia
or 2-amino-2-methyl-1,3-propanediol (AMP) had
been added. The concentrations of amine employed
corresponded with those used in an olive oil-in-
glycerin emulsion stability study.

The results indicate that a more rigid film was
produced at the interface as the amine concentration
was Increased.  The interfacial viscosity increased
from 1.2 X 107 s.p. at 0.6 mg. ammonia/100 ml.
to 3.4 X 107 *s.p. at 6 mg./100 ml. The interfacial
viscosity of the AMP film increased similarly. At
2 mg. AMP/100 ml., the interfacial viscosity was
2.3 X 107* s.p. This rose to 3.6 X 10! s.p. at
20 mg./100 ml.

The viscosities mecasured and the increases
seen are as would be predicted from known fatty
acid films. However, the viscositics were on the
order of 100 times smaller than that thought
necessary for  stability against coalescence  in
cmulsions.
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