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a b s t r a c t
Biocompatible and biodegradable molecules of Phenyl- and Tyrosine-glycerol ether surfactants are good
candidates for eco-friendly cosmetic emulsions. Both molecules have a hydrophobic alkyl chain with 12
carbon atoms, but different amino acids in the hydrophilic head: phenylalanine (PhGE12 ) and tyrosine
(TyrGE12 ). This study reports on the activity of liquid/liquid interfaces with the glycerol ether surfactants being dissolved in the organic phase (olive oil) and the aqueous phase containing the non-ionic
poly(oxyethelene) (20) sorbitan monooleate (trade name Tween 80). Measurements refer to a) dynamic
surface tension by drop proﬁle tensiometry and drop volume tensiometry and b) interfacial dilatational
viscoelasticity by oscillating drop proﬁle analysis. It is shown that PhGE12 attains much lower interfacial
tension values and exhibits faster interfacial adsorption than TyrGE12 whereas interfacial dilatational
viscoelasticity values are comparable between the two surfactants. Oil-in-water emulsions are prepared
and their stability is assessed by monitoring the time evolution of creaming index. To interpret observations, measurements of the emulsions’ initial droplet size distributions and apparent bulk viscosity are
employed. It is found that at similar surfactant concentrations, PhGE12 emulsions exhibit better stability
than TyrGE12 emulsions. This might be attributed to the lower interfacial tension in PhGE12 emulsions
that yield droplet size distributions richer in intermediate (∼50 m) and small size (∼0.5 m) droplets
and to their higher apparent viscosities. On the other hand, increasing the concentration of either surfactant leads to a substantial increase of emulsions stability which is in line with the lower interfacial tension
and higher apparent viscosity measurements but does not agree with the insensitive versus surfactant
concentration droplet size distributions and interfacial dilatational viscoelasticity.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction

∗ Corresponding author. Tel.: +0030 2310 99 7772; fax: +0030 2310 99 7772.
E-mail address: karapant@chem.auth.gr (T.D. Karapantsios).
http://dx.doi.org/10.1016/j.colsurfa.2014.02.033
0927-7757/© 2014 Elsevier B.V. All rights reserved.

Emulsions are omnipresent. They dominate our daily life
ranging from cosmetic products, foods, cleaning and pharmaceutical products to paint and oil industries [1]. Knowledge of the
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physicochemical properties of such formulations is essential to
optimize manufacturing conditions, provide cosmetic elegance and
control the delivery of cosmetic agent to the skin.
Emulsions are heterogeneous mixtures consisting of at least
two immiscible liquids [2]. Emulsions are made stable by the use
of emulsiﬁers, i.e., surface active agents (surfactants), amphiphilic
polymers or proteins, which sufﬁciently reduce interfacial tension
[3]. Such molecules stabilize the oil droplets at the time of manufacture by the formation of an interfacial ﬁlm, and also control the
interfacial rheological properties of the formulation between wide
limits. Therefore, many researchers in the physical-chemistry ﬁeld
have tried to assess the efﬁciency of emulsiﬁcation and the stability
of emulsions based on measurements of static/dynamic interfacial
tension and of interfacial viscoelasticity [4–9]. However, in most
cases systematic measurements over a broad range of interface lifetimes (using independent techniques) is missing and so results are
rarely conclusive.
At the other end of the line, one can ﬁnd a vast number of
technology oriented publications where emulsiﬁcation and emulsion stability are assessed by macroscopic quantities such as the
propagation of the phase separation front, droplet size distribution,
emulsion apparent viscosity etc. These quantities are often enough
to appraise the production of emulsions and the subsequent phase
separation due to the gradual ﬂocculation and aggregation of the
dispersed phase droplets leading ultimately to a cracked or separated emulsion. However, they cannot explain the mechanisms
that dictate the speciﬁc properties and shelf-life of emulsions. It is
apparent that a combination of physicochemical and macroscopic
measurements is advantageous to shed light on the underlying
mechanisms.
It has long been recognized that mixed emulsifying agents (cosurfactants) often yield more stable emulsions than single ones
do, and, in most cases the high stability is ascribed to the complex formation at the interface, which results in an interfacial ﬁlm
of great strength which prevents coalescence of droplets. Usually,
ﬁlm strength is quantiﬁed by interfacial elasticity measurements.
Nevertheless, when emulsifying agents are present in both phases
of the emulsion then the situation is more complicated and the
possibility cannot be excluded that there is interaction between
molecules across the interfaces affecting also the bulk rheological properties of the system e.g. increase the emulsion apparent
viscosity.
Two amino-acid glycerol ether surfactants have been synthesised and chemically characterised in detail in previous work
[10,11]. These are Phenylalanine (PhGE12 ) and Tyrosine (TyrGE12 )
with 12 carbon atoms in their hydrophobic chain. Air/water interfacial activity (dynamic surface tension and interfacial dilatational
viscoelasticity) of both surfactants has been dealt with in two recent
articles [12,13]. These molecules dissolve readily in water only at
high pH value and this limits their use only to speciﬁc applications
e.g., mercerization of fabrics. On the other hand, both molecules
dissolve easily in organic solvents revealing strong potential for
emulsions applications.
This work ﬁrst examines the interfacial activity at the oil/water
interface of Phenylalanine (PhGE12 ) and Tyrosine (TyrGE12 ) dissolved in olive oil in the presence of poly(oxyethelene) (20) sorbitan
monooleate (Tween 80) in the aqueous phase. This includes measurements of dynamic interfacial tension by two independent
techniques (drop proﬁle tensiometry and drop volume tensiometry), which in combination cover a wide range of interface age,
and of interfacial dilatational viscoelasticity. Then, emulsions particularly rich in oil content—such as those in skin and health
care applications—are produced in a broad range of surfactants
concentrations and their stability versus time is registered by monitoring the displacement of the creaming front (creaming index) in
time. Measurements of initial droplet size distributions and initial
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emulsion apparent viscosity have been combined with measurements of oil/water interfacial properties to interpret observations.
An effort is made to provide insight on what might explain the
behavior of such oil rich surfactants.
2. Materials and methods
2.1. Preparation of solutions for interfacial measurements
Organic solutions of amino-acid glycerol ether surfactants (PhGE12 and TyrGE12 ) are prepared at concentrations of
1 × 10−6 –5 × 10−4 M (mol/L of oil phase). Due to an extra hydroxyl
anion (phenolic group instead of a simple aromatic ring), TyrGE12
is more hydrophilic than PhGE12 . Olive oil (Altis, Elanthy S.A., 2012)
is the organic solvent. Olive oil is a high valued natural product
typically used in foods and cosmetics. Dilution of surfactants in
oil is carried out at low heating and mild stirring. Olive oil is
purchased from the market and used as received, viz. puriﬁed from
the company that bottled it.
Poly(oxyethelene) (20) sorbitan monooleate (Tween 80) (synthesis grade, Merck) is used at a constant concentration of 40% w/v
in the aqueous phase for all measurements (C = 3.05 × 10−1 mol/L
of aqueous phase). Its trade name, Tween 80, is used henceforth for
convenience. It derives from polyoxylated sorbitol and oleic acid. It
is a nonionic surfactant with HLB 15, which means that it is soluble
in water and not in oil. Dilution of Tween 80 in Millipore water is
accomplished at mild heating and stirring. The pH value of aqueous
phase is 7.3 (at 24.2 ◦ C).
2.2. Interfacial (liquid/liquid) measurements
2.2.1. Dynamic interfacial measurements
Measurements are conducted by two independent techniques
spanning different ranges of interfacial lifetimes. This is important,
ﬁrst, to show that measurements are complementary and so are
not technique dependent and, second, to extend information over
a broad range interfacial lifetimes.
2.2.1.1. Drop volume tensiometry. Dynamic interfacial tension
measurements at short interface lifetimes (less than 3 s) are performed with a drop volume tensiometer (DVT; TVT 2, LAUDA). DVT
provides estimation of the interfacial tension of a freshly formed
interface via an aqueous drop created into the oil phase. The instrument is calibrated against Millipore water and clearness of glass
syringe and stainless steel capillary is checked with measurement
with Millipore water. All measurements are carried out with freshly
made solutions. The sample cell is ﬁlled with the organic solution of
amino acid glycerol ether surfactant. A graded glass syringe (2.5 ml)
with a stainless steel capillary, which has a diameter of 1.385 mm, is
ﬁlled with Tween 80 aqueous solution. Then the syringe is adjusted
to the test cell of the tensiometer. The temperature of both test cell
and syringe is kept constant at 25 ± 0.1 ◦ C. Initial drop time is 0.4 s
and the subsequent drops time is 0.42 s. The experimental scenario
consists of 3 drops per cycle for 10 consecutive cycles.
2.2.1.2. Drop proﬁle analysis. Dynamic interfacial tension measurements at long adsorption times, (several seconds to hours), are
employed via drop proﬁle tensiometer (DPT; PAT-1S SINTERFACE).
The instrument is placed on an anti-vibration table, (Halcyonics
Micro 40/60/80). The tensiometer allows long-time experiments
keeping either the volume or the surface area of a drop constant.
Calibration took place against Millipore water. Due to the long times
involved, surface lifetime is explicitly measured. The temperature
of the solutions is kept constant at T = 25 ± 0.1 ◦ C. In this study a
pendant drop (V = 4 mm3 ) of Tween 80 aqueous solution is used.
The drop is created by a computer driven dosing system at the tip
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of a stainless steel capillary (d = 2 mm), immersed in a sealed glass
cuvette, which contains the organic solution of amino acid glycerol
ether surfactant.
2.3 Interfacial dilatational viscoelasticity
Complex interfacial dilatational modulus is measured by an
oscillating drop proﬁle analysis (ODPA) technique using a dedicated
mode of the drop proﬁle tensiometer (ODPA; PAT-1S Sinterface).
Analysis of data is carried out on the basis of a simple rheological
model using just one relaxation frequency. This approach assumes
that the relaxation frequency and the intrinsic elastic modulus of
the adsorption layers are independent from the applied oscillation
frequency. The apparatus and operational procedures are described
in detail elsewhere [14]. As with DPT, a pendant drop of Tween 80
aqueous solution is created at the tip of the capillary immersed in
the organic solution of amino acid glycerol ether surfactant. The
software allows controlling the surface volume of the drop as a
function of time and thus imposing harmonic oscillations of the
drop volume. The volume oscillation amplitude is 5% of the initial drop volume (V = 4 mm3 ). The oscillation frequencies are 0.001,
0.005, 0.01, 0.02, 0.05, 0.1 and 0.2 Hz. Measurements are taken after
3000 s of adsorption to allow quasi-equilibrium conditions.
2.4 Emulsiﬁcation process
Oil in water emulsions are prepared using olive oil as the organic
phase (45% w/w of the emulsion) in which the amino-acid glycerol ether surfactants are dissolved. Tween 80 solution in Millipore
water is used as the aqueous phase (55% w/w of the emulsion). Initially, proper amount of an amino acid glycerol ether surfactant (at
various concentrations, mol/L (M) of the oil phase) is dissolved to
the oil and Tween 80 (always 16% w/v of emulsion) is dissolved to
the aqueous phase in different beakers. The above proportion of
the two phases is realistic for cosmetic applications e.g. skin emulsions [15–18]. On the other hand, the concentration of Tween 80
in the aqueous phase is selected lower than usual in such applications in order to yield emulsions that destabilize in a reasonable
observation period (less than two days) and so allow easy and fast
comparisons between the two surfactants.
Beakers are heated at 70 ◦ C in a water bath, until both solutions become clear. Emulsiﬁcation is implemented by mixing the
aqueous phase (35 ml) with the oil phase (25 ml) using a Rushton
impeller (d = 4.6 cm), rotating at the central axis of a glass vessel
(dint = 9.5 cm). The impeller is placed 1.0 cm above the bottom of
the vessel. Four bufﬂes are placed at 90o intervals around the vessel, preventing vortexing and air suction. Emulsiﬁcation starts by
adding slowly the hot aqueous phase into the hot oil. Agitation
speed is initially set at 150 rpm. When water addition is completed,
agitation speed is increased to 350 rpm for 1.5 min and then to
4500 rpm for 30 min, time sufﬁcient for the emulsion to cool down
to ambient temperature(25 ± 1 ◦ C).
Conductivity measurements conﬁrm that in the produced emulsions the aqueous phase is the continuous phase and olive oil is
the dispersed phase. At the end of the emulsiﬁcation period, the
produced emulsion is transferred into two glass beakers (50 mm
diameter, 70 mm height) in order to perform volumetric measurements. Additionally, a small quantity of emulsion is taken for
measurements of apparent viscosity and droplet size distribution.
The pH value is approximately 7 (23.6 ◦ C ± 0.1) for all the measured
concentrations of surfactants.
2.5 Creaming index from volumetric measurements
Direct visual observations are employed to determine the
instantaneous heights of the emulsion and of the aqueous phase

Fig. 1. Schematic representation of creaming index estimation.

inside the beakers during phase separation and from these values
estimate the creaming index according to formula (1) (Fig. 1)
CI =

Haq
× 100
Htot

(1)

Creaming index represents the global (i.e. over the whole liquid
volume) separated water fraction. It is the most customary measure
of emulsion destabilization reﬂecting phase separation. Nevertheless, there are two disadvantages associated with the creaming
index: (i) the interface separating the cream phase (droplet-rich)
from the serum phase (droplet-depleted) is never sharp except in
the occasion—unlike for real systems of monodispersed droplet
size distributions and (ii) it is only possible to obtain information
about the location of the interface between the cream phase and
serum phase and not about the full vertical concentration proﬁle of
droplets.
2.6 Droplet size distribution (DSD)
DSD is obtained with Mastersizer Hydro 2000 MU system
(Malvern Instruments Ltd) based on laser diffraction. The detection range of the instrument varies from 0.020 to 2000 m. The
apparatus is appropriated to perform measurements at low concentrations of particles/droplets in a transparent environment but
also in slightly dark media. Due to the opaqueness of the emulsion
samples a diluent is employed. The main purpose of dilution is to
avoid multiple scattering by getting droplets far away from one
another. A relative refractive index of 1.4582 (oleic acid), a particle
absorbance of 0.1 and a continuous phase refractive index of 1.33
(distilled water) are the parameters chosen in order to calculate the
size distribution of droplets [19].
2.7 Emulsion apparent viscosity
Emulsions’ apparent (bulk) viscosity is measured by a rheometer (Physica MCR301, Anton Paar) ﬁtted with a cone-plate system
(rcone = 2.5 cm,  cone = 1o ). A small amount of emulsion is put on
the plate and then the cone comes down to a speciﬁed distance
(d = 0.049 mm). Measurements are performed in a shear rate range
of 1–10000 s−1 for three concentrations of both amino acid glycerol
ether surfactants, namely 5 × 10−6 , 5 × 10−5 and 5 × 10−4 M.
3. Results and discussion
It is useful to report ﬁrst data regarding the equilibrium (static)
interfacial tension of the system obtained by the Wilhelmy plate
technique at 25 ◦ C [20]. The air/liquid surface tension of the aqueous phase (Millipore water with Tween 80) is 35 ± 1 mN/m. The
critical micelle concentrations (CMC) for PhGE12 and TyrGE12 at the
oil/water system are 2.66 × 10−5 M and 3.05 × 10−5 M, respectively.
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Fig. 3. Dynamic interfacial tension of organic solutions of (a) PhGE12 and (b) TyrGE12 ,
with Tween 80 in the aqueous phase, with Drop Proﬁle Tensiometry technique for
long interfacial lifetimes at 25 ◦ C.
Fig. 2. Dynamic interfacial tension of organic solutions of (a) PhGE12 and (b) TyrGE12 ,
with Tween 80 in the aqueous phase as measured by Drop Volume Tensiometry for
short interfacial lifetimes at 25 ◦ C.

3.1. Dynamic interfacial tension
3.1.1. Drop Volume Tensiometry
Figure 2 displays the variation of dynamic interfacial tension of
the two amino acid glycerol ether surfactants with respect to interface lifetime as measured by Drop Volume Tensiometry (DVT). With
the exception of the two higher concentrations, where measurements are comparable between the two ethers, PhGE12 presents
lower interfacial tension values than TyrGE12 . In addition, drop
interfacial lifetime (time up to drop detachment) is smaller for solutions of PhGE12 , which means that this molecule adsorbs faster at
the tip of the capillary. Both observations indicate that PhGE12 solutions present a higher surface activity than solutions of TyrGE12 for
medium and low concentrations but for C ≥ 2 × 10−4 M the activity
becomes comparable between the two molecules.
3.1.2 Drop proﬁle analysis
Figure 3 presents the variation of dynamic interfacial tension
of the two amino acid glycerol ether surfactants with respect to
interface lifetime as measured by Drop Proﬁle Tensiometry (DPT).
Measurements indicate that interfacial tension has dropped considerably after 1800 s (30 min), time used for the preparation of
emulsions. When increasing surfactant concentration, interfacial
tension drops more quickly to very low values. Nevertheless, even
at very long interface lifetime (3000 s) the slopes of the curves indicate that  d is not equal to equilibrium values. This is probably due
to steric repulsion between adsorbed surfactant molecules from the
same side or both sides of interface. Tween 80 has three hydrophilic
polyoxyethylene groups with hydroxyl moieties and a hydrophobic
one (oleic acid). Therefore, it can be settled at the interface with the
hydrophobic polyethylene group oriented toward the oil phase or
can be folded over the interface. Surfactant molecule TyrGE12 , with
the phenolic ring on the amino acid’s side chain, takes a position at
the interface with its hydrophilic head towards the aqueous phase,
because the hydroxyl group of the phenolic ring prefers the contact

with water [21]. Since the hydrophilic head of TyrGE12 is considered
“bulky” due to the phenolic ring, steric interaction between Tween
80 and TyrGE12 may be strong. On the contrary, surfactant molecule
PhGE12 , which has a simple aromatic ring, tends to be folded down
towards the oil phase [21]. Although the folded molecule occupies
appreciable area inside the oil phase, it is likely that it does not
interfere sterically with the hydrophobic chain of Tween 80.
Olive oil’s main component is oleic acid, which has a carboxyl
moiety on its head group. Although it has a very low solubility in
water (6 × 10−9 mol/cm3 ) [22], molecules at the interface are oriented with their carboxyl groups towards the aqueous phase. Since
the oleic acid has a carbon chain with 18 carbon atoms [23,24],
molecules are placed close to each other, occupying a fairly large
area of the interface [24].
In the presence of micelles (C > CMC), fast micelle dissociation
and/or disintegration is an additional driving force which accelerates adsorption [25,26].
Once more, with the exception of the two higher concentrations,
where measurements are comparable between the two ethers,
PhGE12 presents lower interfacial tension values than TyrGE12 ,
therefore, expressing a higher surface activity.
Measurements from DVT and DPT although refer to different
interface lifetimes both support that phenylalanine is more surface active than tyrosine, for concentrations smaller than the CMC
whereas for C ≥ 2 × 10−4 M the two molecules have comparable
performance.
3.2 Interfacial dilatational viscoelasticity
Figures 4 and 5 illustrate the dependence of the storage
modulus (Er real part, dilatational elasticity) and loss modulus
(Ei imaginary part, dilatational viscosity), respectively, of the
two surfactants’ adsorbed layers on surfactant concentration and
oscillation frequency. Interfacial dilatational viscoelasticity values
for the two surfactants do not show a big difference to each other
and so one would not expect differences in emulsion’s stability
between the two surfactants due to dilatational viscoelasticity.
Both the storage modulus and loss modulus show an increasing
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Fig. 6. Creaming Index (%C.I) versus time for emulsions of (a) PhGE12 and (b) TyrGE12
with Tween 80 in the aqueous phase.

Fig. 4. Storage modulus (Er real part, dilatational elasticity) of (a) PhGE12 and (b)
TyrGE12 adsorbed layers versus surfactant concentration and oscillation frequency
with Tween 80 in the aqueous phase.
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Fig. 5. Loss modulus (Ei imaginary part, dilatational viscosity) of (a) PhGE12 and (b)
TyrGE12 adsorbed layers versus surfactant concentration and oscillation frequency
with Tween 80 in the aqueous phase.

At frequencies below 0.05 Hz, the storage modulus is again higher
than the loss modulus but chieﬂy for the higher concentrations. On
the contrary, for all the examined concentrations and frequencies of
TyrGE12 —apart from scattered exceptions—the storage modulus is
higher than the loss modulus. The tendency at high frequencies the
storage modulus to be higher than the loss modulus manifest the
domination of the elastic character of the adsorption layer which
is a good sign for emulsiﬁcation process. On the contrary, at low
frequencies there is tendency the loss modulus to be comparable
to the storage modulus and, furthermore, both moduli to attain low
values. These ﬁndings imply unfavorable conditions for emulsion
stability (phase separation occurs at low shear rates).
Both surfactants exhibit a general decreasing trend in both the
storage modulus and loss modulus with increasing concentration.
The trend diminishes as frequency decreases where both moduli
appear more and more insensitive to concentration variations.
Small peaks at speciﬁc concentrations must not be overvalued as
they may result from experimental peculiarities and, in addition, do
not really affect the general trend. The above trend is opposite to
observations (see below) where emulsions get considerably more
stable as surfactant concentration increases. Therefore, dilatational
viscoelasticity may not be the governing factor of emulsion stability.
3.3 Emulsion stability assessed by the creaming index
The interface separating the cream from the serum phase is not
sharp. The cream phase presents a gradual denser opacity from the
separating interface to the top whereas the serum phase is everywhere turbid, although less and less with time. Even so, it is still
possible to identify the location of the boundary with the highest
contrast between the two phases and this is considered as the separating interface to estimate the creaming index (Section 2.6) shown
in Fig. 6.
All examined emulsions gradually destabilize and this is
reﬂected in an increasing creaming index. Separation of phases
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Fig. 7. Droplet size distribution by volume% for emulsions of (a) PhGE12 and (b)
TyrGE12 in the presence of Tween80 in the aqueous phase.

distributions cannot really explain the increase in emulsions stability when increasing surfactant concentration since the droplet
size distributions vary only slightly with surfactant concentration.
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Figures 7 and 8 show the droplet size distribution in % volume
and % number, respectively, of emulsions containing the two amino
acid glycerol ether surfactants. Measurements are performed right
after the end of emulsiﬁcation so they refer to the initial droplet size
distribution of the emulsions. The values shown in Figs. 7 and 8
are averages computed from four repetitions. The mean variance
coefﬁcient (stdev/average) among repetitions is 0.1.
As can be seen, all emulsions prepared with the employed emulsiﬁcation process have comparable droplet size distributions. This
is not surprising for systems rich in emulsiﬁer (in our case Tween
80) to adequately stabilize the droplets [28–30]. Generally, there
are two major categories of droplets: оne with predominant size
around 100 m and another with predominant size around 1 m.
Apparently, droplets with size around 100 m occupy the larger
volume of the droplets, but droplets with size around 1 m are
more numerous.
Comparing the two surfactants together appears that emulsions
containing phenylalanine have slightly smaller droplet sizes in the
small size category (∼0.5 m). In addition, the PhGE12 emulsions
contain more droplets of intermediate size (∼50 m). The above
support the notion that emulsions with phenylalanine might be
more stable than emulsions with tyrosine. However, it remains
open if the above differences in droplet size distribution between
the two surfactants are alone adequate to explain the observed
differences in emulsions stability. Furthermore, droplet size

5E-6 M

0.8

2

Volume (%)

is fast for emulsions with low surfactant concentration, but more
concentrated emulsions take longer time to destabilize. As the concentration of PhGE12 and TyrGE12 in the organic phase increases,
emulsion stability increases; yet, not in a linear fashion. Three
groups of emulsions are roughly identiﬁed depending on surfactant concentration: those with concentrations up to 1 × 10−5 M,
those with concentrations from 5 × 10−5 M to 2 × 10−4 M and
those with concentration 5 × 10−4 M. In the group of lower concentrations, which correspond to the most unstable emulsions,
phase separation proceeds rapidly. For tyrosine, the separation
process begins right after decanting the emulsion into the observation glass beakers and is almost complete (∼53% v/v is the
total proportion of the aqueous phase) in about six hours. On
the contrary, in the group of the highest concentration, which
corresponds to the most stable emulsions, separation is very
slow and is not complete at the end of the observation period
(2500 min). Within each group, there are no clear differences in
emulsion stability between the different surfactant concentrations.
Emulsions containing PhGE12 are more stable than emulsions containing TyrGE12 , at equal concentrations. In other words,
PhGE12 is a more effective emulsion stabilizer than TyrGE12 . In
PhGE12 emulsions, even for the three lowest concentrations the
creaming index does not exceed ∼45% even at the end of the observation period which indicates that a portion of the two phases is
still stably dispersed.
In emulsions with so high volumetric proportion of the dispersed phase like the present ones (47% v/v) larger droplets of
the dispersed phase are in contact to each other forming a network inside the continuous phase. This prevents oil droplets from
moving freely one past another and so delays phase separation by
buoyancy (the role of emulsions’ apparent viscosity is examined
below). Unless some local rearrangement occurs which allows a
brief movement of smaller droplets the main mechanisms for phase
separation in the examined time frame are ﬂocculation and coalescence of adjacent droplets, which create larger entities/droplets of
higher buoyant force.
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Fig. 9. Apparent bulk viscosity () versus shear rate () for emulsions of (a) PhGE12
and (b) TyrGE12 in the presence of Tween80 in the aqueous phase at T = 25 ◦ C.

3.5 Emulsions apparent viscosity
Figure 9 displays the variation of apparent (bulk) viscosity of
emulsions containing the amino acid glycerol ether surfactants
with respect to shear rate. Viscosity measurements last about
15 min, so no appreciable change in the droplet size distribution
during measurement is expected. Higher viscosity is an indication
of more stable emulsions, since viscosity acts to retard the motion
of droplets.
The present emulsions show a shear-thinning behavior which is
intense at low shear rates but fades out at high shear rates. Moreover, an increase on surfactant concentration yields an increase on
emulsions’ viscosity. This becomes more so as shear rate decreases.
Since emulsion’s destabilization takes place at low shear rates, the
different apparent viscosity appears a possible explanation of the
observed differences in emulsions stability.
As pointed out by a number of authors [31–35], emulsion viscosity is a very complex function of the viscosity of the external phase,
volume fraction of the dispersed phase, viscosity of the internal
phase, droplet size distribution, nature of the interfacial ﬁlm, emulsiﬁer concentration, the extent of ﬂocculation, etc. From the above,
that droplet size dictates largely the rheology (bulk viscosity and
storage moduli) of emulsions [36].
The higher apparent viscosity of PhGE12 emulsions may be
partly explained by the somewhat smaller droplets compared to
TyrGE12 emulsions. Indeed, there is evidence that the apparent
viscosity of concentrated emulsions (dispersed phase larger than
20% v/v) containing small droplets is higher than that of emulsions
containing large droplets [37].
In recent publications we examined the interfacial activity of
these same two glycerol-ether surfactants at the air/water interface. It was shown that TyrGE12 attains much lower surface tension
values and exhibits faster interfacial adsorption than PhGE12
whereas it takes higher viscoelasticity values for concentrations

below the CMC [12,13,38]. This is completely different from the
present ﬁndings regarding the water/oil interface. This is not surprising since it is known that not only the chemical structure of the
surfactant but also the nature of the interface dictate the type and
conformation of the assembled structures. On this account, the OH
group in TyrGE12 prefers contact with water whereas, in PhGE12 ,
the phenyl ring, lacking the hydrophilic hydroxyl group, is folded
down into the oil. It has been shown that this behavior, confers ionic
character to PhGE12 in contrast to the nonionic character of TyrGE12
[39]. It is therefore possible that the ionic character of PhGE12 in
the organic phase combined with the non-ionic Tween 80 in the
aqueous phase yield more stable liquid/liquid interfaces (i.e. emulsions) than the combination of the non-ionic molecules TyrGE12
and Tween 80. This is in line with the argument that at high water
fraction emulsions extensive hydrogen bonds can form leading to
decrease in the molecular distances of the emulsion system as well
as to increase of resistance to ﬂow [40].
On the other hand, since the droplet size distributions are comparable among surfactant concentrations (Figs. 7 and 8), it is not
obvious why emulsions’ viscosity changes so much. For such a large
volume content of the oil phase (∼47% v/v), large droplets are in
contact with each other (packed) inside the aqueous phase. Friction
between droplets, and therefore emulsion viscosity, might increase
as surfactant concentrations increases depending on the mechanism of droplet ﬂocculation and colloidal interactions between
droplets [25]. This might be reﬂected in an increasing interfacial
shear viscoelasticity of the adsorbed layer at the liquid-liquid interface but such measurements are beyond the capacity of this work.
4 Conclusions
Drop volume tensiometry and drop proﬁle analysis are used to
measure dynamic interfacial tension for PhGE12 and TyrGE12 solutions in olive oil in the concentration range 1 × 10−6 –5 × 10−4 M.
Oscillating drop proﬁle analysis is used to study the interfacial dilatational rheology of solutions in the frequency range
0.001–0.2 Hz. Independent measurement of three experimental
parameters (creaming index values, emulsion apparent viscosity
and droplet size distribution) are employed for the assessment
of the stability of oil-in-water emulsions produced with different surfactant compositions and in the presence of Tween 80 in
the aqueous phase. PhGE12 attains lower interfacial tension values and exhibits faster adsorption kinetics than TyrGE12 . Emulsions
containing PhGE12 show better stability compared to those with
TyrGE12 , as seen from creaming index measurements. Droplet size
distributions reveal that in PhGE12 containing emulsions there are
a bit more small (∼0.5 m) and intermediate droplets (∼50 m),
which might explain their higher apparent viscosity and their better stability. Increasing surfactant’s concentration for both glycerol
ether molecules lead to a substantial increase of stability of the
produced emulsions. This is in accordance to trends versus surfactant concentration of interfacial tension and apparent viscosity but
opposes trends of interfacial dilatational viscoelasticity and drop
size distributions. Overall, these observations make these surfactants, especially the PhGE12 molecule, good candidates for use in
cosmetic emulsions e.g., cleaning ﬂuids, personal hygiene creams
etc.
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