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INFLUENCE OF RIPENING AND CREAMING ON THE 
AGGREGATION RATE OF DODECANE-IN-WATER 

NANOEMULSIONS. IS CREAMING RATE AN 
APPROPRIATE MEASURE OF EMULSION STABILITY?
YORLIS MENDOzA, KAREEM RAHN-CHIqUE, ANTONIO M. PUERTAS, 

MANUEL S. ROMERO-CANO AND GERMAN URBINA-VILLALBA

ccording to the Laplace 
equation (Evans and 
Wennerström, 1994), the 

internal pressure of a drop of oil sus-
pended in water is directly proportional 
to its interfacial tension γ  and inversely 
proportional to its radius (Ri). The inter-
facial tension originates a difference be-
tween the chemical potential of the mole-
cules of oil inside the drop and those of 
an unbounded bulk oil phase. This addi-
tional free energy is equal to (4π  )γ/
Nm,i, where Nm,i is the number of mole-
cules of drop ‘i’ (4π  )ρoNA/3MW 
(where ρo: density of the oil, MW: its 
molecular weight, and NA: Avogadro’s 
number (6.02×1023 molec/mol)). Hence, 
the referred difference in the chemical 
potentials is equal to

    
          (1)
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where VM: molar volume of the oil. Eq. 1 
indicates that the molecules of oil which 
belong to drops of different sizes have dis-
tinct chemical potentials. This promotes 
the diffusive transfer of oil through the 
water phase, a phenomenon known as Ost-
wald ripening. The theory of Lifthitz, Sle-
sov and Wagner (LSW; Lifshitz and Sle-
sov, 1961; Wagner, 1961), predicts that the 
ripening rate can be quantified in terms of 
the linear increase of the cubic critical ra-
dius of the emulsion as a function of time:

  
    (2)

where Rc, Dm, C(∞) and α stand for the 
critical radius of the dispersion, the dif-
fusion constant of the oil molecules, 
their bulk solubility in the presence of 
a planar Oil/Water (O/W) interface, and 
the capillary length defined as

                         (3)

where : universal gas constant, and T: 
absolute temperature. Finsy (2004) dem-
onstrated that the critical radius of the 
dispersion is equal to its number average 
radius (Ra):

                     (4)

where NT: total number of drops. Accord-
ing to LSW, drops with radii smaller than 
the critical radius decrease in size, and 
vice-versa. Since the critical radius 
changes as a function of time, the theory 
predicts that all drops are constantly dis-
solving or growing, favoring the develop-
ment of a self-similar drop size distribu-
tion (DSD) at very long times. The pre-
dictions of the theory regarding Eq. 2 
and the form of the DSD correspond to 
the so-called ‘stationary regime’ in which 

SUMMARY

The behavior of four oil-in-water (O/W) ionic nanoemul-
sions composed of dodecane, and mixtures of dodecane with 
squalene and tetra-chloro-ethylene, is studied. The nanoemul-
sions were stabilized with sodium dodecyl sulfate (SDS). The 

variation of the turbidity and the average radius of the emul-
sions were followed as a function of time. The results illus-
trate the shortcomings of characterizing the stability of emul-
sions by their creaming rate.
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process changes the radii of the particles 
by molecular exchange, the creaming ve-
locity changes due to Ostwald ripening. 
A similar phenomenon occurs if a set of 
individual drops flocculate irreversibly 
to form an aggregate. The total mass of 
the aggregate is substantially higher than 
that of their drops and, therefore, the in-
fluence of the buoyancy force on the dis-
placement of the cluster is larger. This 
can be appreciated if the radius of drop 
i is substituted by the hydrodynamic ra-
dius of an aggregate of size k (

) in Eq. 5.
Moreover, since the rela-

tive movement of the drops, either by 
convection (orthokinetic flocculation) or 
by diffusion (perikinetic flocculation), de-
pends on particle size, the flocculation 
rate also does. If the drops coalesce after 
flocculation, the critical radius of the 
emulsion increases and larger drops will 
dissolve. On the other hand, if the ripen-
ing occurs in the absence of coalescence, 
the DSD of the emulsion still changes fa-
voring the occurrence of a variety of ag-
gregates with distinct flocculation rates.

The examples given in 
the last two paragraphs illustrate the 
complex situation that might occur if a 
pair of destabilization processes occurs 
simultaneously. Fortunately, the effect of 
the gravity field can be disregarded if the 
difference between the density of the 
phases is small (see Δρ in Eq. 7). Simi-
larly the ripening process could be di-
minished if the chosen oil is sparingly 
soluble in the water phase (see

 
C(∞) in 

Eq. 2). When these conditions are met, 
the process of coagulation proceeds as 
described by Smoluchowski (1917). Ac-
cording to this author, the number con-
centration of aggregates of k primary 
particles existing at time t, nk(t), results 
from a balance between the aggregates 
produced by the collisions between clus-
ters of smaller sizes i and j (such that 
i+j= k) and the aggregates of size k lost 
by the collisions with clusters of any oth-
er size:

(9)

The kernel of Eq. 9 is 
the set of coagulation rates be-
tween aggregates i and j {kij}. 
The evaluation of these rates 
is very difficult. Fortunately, 

the rate of doublet formation (k11) is ac-
cessible from turbidity measurements. By 
definition, the turbidity of a dispersion 
(τexp) is equal to

                 (10)

a characteristic, left-skewed, drop-size 
distribution with a cut-off radius of 1.5Rc 
should be attained.

As the drops of any 
emulsion, the drops of a nanoemulsion 
are also subject to a constant buoyancy 
force resulting from the gravity field of 
the earth and Archimedes’ law:

                  (5)

This force causes the 
formation of cream at the top of the con-
tainer and generates a gradient of concen-
tration in the number of particles per unit 
volume n(t) along its vertical axis. The 
velocity of creaming can be easily esti-
mated, if the Brownian movement of the 
particles is neglected, from the determin-
istic term of the equation of motion of 
emulsion stability simulations (ESS; Urbi-
na-Villalba, 2000) as

   (6)

where DL: height of the container 
(ΔL=ri(t+Δt)-ri(t), ri(t): position of particle 
‘i’ at time t, η: viscosity of the water 
phase, and kB: Boltzmann constant. Using 
Eq. 5 for the buoyancy force, Eq. 6 yields

    (7)

Assuming that the height 
of the container is DL= 10cm (typical 
size of the sample vessel in a spectropho-
tometer), a dodecane drop located at the 
bottom of the container will require ei-
ther 17s (Ri= 100μm) or 205 days (Ri= 
100nm) to reach the top, depending on its 
size.

Notice that the potential 
energy of the buoyancy phenomenon does 
not affect the chemical potential of the 
oil molecules, which is constant and inde-
pendent of Ri:

where h0 and h are the height of the liq-
uid column and the position of the drop 
along its vertical axis, respectively.

According to Eq. 8 the 
ripening rate is not influenced by gravi-
ty. However, since the Ostwald ripening 

where I0: intensity of the incident light, 
and I: intensity of light emerging from a 
cell of path length Lc (generally of the 
order of 10-2m). Theoretically, the turbidi-
ty can be expressed as

    
                       (11)

where σk: optical cross section of an ag-
gregate of size k. Thus, according to Eqs. 
10 and 11, the turbidity of a dispersion 
measures the amount of light that is lost 
by the scattering of the aggregates exist-
ing in a liquid.

If the time of measure-
ment is short enough and the dispersion 
is sufficiently dilute, the initial slope of 
the turbidity as a function of time can be 
directly related to the rate of doublet for-
mation k11 (Lips et al., 1971; Lips and 
Willis, 1973):

 (12)

where Abs= log(I0/I): absorbance of the 
dispersion, n0= n(t= 0), and σ1 and σ2 are 
the optical cross sections of a spherical 
drop and a doublet. According to the 
Rayleigh, Gans and Debye theory (RGD; 
Kerker, 1969), the cross sections of sin-
glets and doublets can be computed using 
Eq. 12 whenever

          (13)

being λ: wavelength of light in the medi-
um (λ= λ0/nw (where nw: index of refraction 
of water, and λ0: wavelength of light in 
vacuum)), and m: relative refractive index 
between the particle and the surrounding 
medium (no/nw). Whenever Eq. 13 holds,

(14)

where ϑ: angle of observation (αk=2πRk/γ), 
and Pk(ϑ) is the form factor of an aggre-
gate of size k, deduced by Puertas et al. 
(Puertas et al., 1997, 1998; Maroto y de 
las Nieves, 1997). In the case of a sphere 
(singlet),
   

            (15)

with u= 2Rsin(ϑ/2). In the case of a dou-
blet,

 (16)

In this work, the stabili-
ty of four different nanoemulsions is 
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studied. This emulsions are composed of: 
a) dodecane (Nano A), b) dodecane (C12) 
+ squalene (SQ) (Nano B), c) C12 + tetra-
cloroethylene (TCE) (Nano C), and final-
ly d) C12 + SQ + TCE (Nano D). Four 
types of stability measurements are used:

1. The variation of R3 vs t
 

                            (17)

2. The profile of the emulsion transmit-
tance as a function of the container 
height at different times.

3. The creaming velocity (Eq. 7).

4. The rate of doublet formation k11 (Eq. 
12).

According to Kamogawa 
et al. (1999) the addition of an insoluble 
component to the oil (like squalene) de-
creases its aqueous solubility. It is also 
recognized that mixtures of dodecane 
with a denser substance (like TCE) can 
be used to produce a neutrally buoyant 
combination of oils. Hence, it is expect-
ed that Nano A will experience all desta-
bilization phenomena occurring in a typ-
ical emulsion, while in the emulsions B 
and C the occurrence of ripening and 
buoyancy, respectively, will be restricted. 
Since Nano D contains both TCE and 
SQ, hypothetically only flocculation and 
coalescence are expected.

Experimental Procedure

Materials

Dodecane (Al-
drich, 99%, 0.75g/cc) 
was eluted twice 
through an aluminum 
column in order to 
improve its purity. 
Sodium chloride (Sig-
ma, 99.5%), iso-penta-
nol (Scharlau Chemie, 
99%, 0.81g/cc), tetra-
chloroethylene (J.T. Ba-

ker, 100%, 1.614g/cc), so-
dium dodecyl sulfate 
(Sigma, 99%) and squa-
lene (Aldrich, 99%, 
0.809g/cc) were used as 
received. The water used 
was distilled and deion-
ized (1.1μS·cm-1 at 25ºC) 
using a Simplicity purifi-
cator from Millipore 
(USA).

Nanoemulsion synthesis 
and characterization

Nanoemulsions were 
prepared using the phase inversion com-
position method (Solè et al., 2006; Wang 
et al., 2008). In order to guarantee the 
occurrence of minimum tension during 
the mixture of the components, the 
phase diagram of a system composed of 
dodecane, NaCl, iso-pentanol, SDS and 
water was previously built (Rahn-Chique 
et al., 2012a, b). For this study, 0.95g of 
an 11.5% wt/wt aqueous solution of 
NaCl were mixed with 0.846g of oil and 
0.2g of SDS. Then, enough iso-pentanol 
was added to reach 6.5% wt/wt in the 
total mixture. The mixture was then 
stirred with a mechanical stirrer at a ve-
locity of 14500rpm while additional wa-
ter was added at a rate of 8-10cm3·s-1. 
During this time (1min), the agitator was 
moved conveniently to guarantee the 
correct homogenization of the mixture. 
Following this procedure, O/W nano-

emulsions with average diameters of 
401-440nm were obtained.

The composition of the 
oil was systematically varied in order to 
produce systems with small ripening rate 
and/or neutral buoyancy. To these aims, 
previous experiments with non-ionic sur-
factants (Cruz, 2012) and hexadecane 
(García-Valero, 2011) showed that mixtures 
of dodecane with at least 7% wt/wt of 
squalene (SQ), or 30% wt/wt of tetrachlo-
roethylene (TCE), respectively, were re-
quired. Since the addition of TCE pro-
motes a considerable degree of ripening 
(see below), and the addition of squalene 
lowers the density of the mixture consider-
ably, it was necessary to make a compro-
mise in order to obtain a system of maxi-
mum stability: C12 56% wt/wt, TCE 23% 
wt/wt, SQ 21% wt/wt (Nano D). The nom-
inal compositions of the mother emulsions 
used and their physical properties are giv-
en in Tables I and II.

Due to the detection lim-
its of the instruments, two different dilu-
tions were necessary in order to follow the 
evolution of the systems (Table III). In all 
dilutions, the final concentrations of NaCl 
and SDS were adjusted to 5 and 8mM, re-
spectively. The evolution of the average 
radius as a function of time was measured 
using a Brookhaven Goniometer at n0= 
4×109 particles/cc. Electrophoretic mea-
surements (Delsa 440SX, Beckman-Coult-
er) and turbidity evaluations as a function 
of height (Quickscan, Formulaction) were 
carried out at n0= 4×1010 particles/cc. The 

TABLE I
COMPOSITION OF THE EMULSIONS

System / Composition A B C D
SDS (%wt) 1.5 1.5 1.5 1.5
NaCl (%wt) 0.94 0.94 0.94 0.94
Isopentanol (%wt) 1.04 1.04 1.04 1.04
Weight fraction of water 0.93 0.93 0.93 0.93
Weight fraction of oil 0.07 0.07 0.07 0.07
Weight % of dodecane 100 93 70 56
Weight % of squalene — 7 — 23
Weight % of tetrachloro-ethylene — — 30 21

TABLE II
PROPERTIES OF THE MOTHER EMULSIONS

System / Composition A B C D
Density of oil mixture (g·ml-1) 0.750 ±0.001 0.756 ±0.001* 0.991 ±0.001* 0.955 ±0.001*
Refractive index of oils 1.425 ±0.002 1.430 ±0.002 1.449 ±0.002 1.450 ±0.002
Average drop radius (nm) 400 ±100 420 ±90 410 ±70 400 ±100
N0 (particles/ml) 2.2×1012 2.2×1012 1.7×1012 8.3×1012

Zeta potential of drops (mV) -84 ±14 -89 ±14 -73 ±17 -94 ±14
CRGD 0.313 0.330 0.320 0.396
α 2.19 2.19 2.19 2.19

*These errors were formerly estimated by weighting five 1ml samples of the mixtures. However, 
such a procedure only validates the precision of the measurements. Since the provider (Aldrich) 
can only assess the exactness of the density of pure dodecane up to three significant figures, 
this estimation of the error (0.001) was employed in all cases.

TABLE III
COMPOSITION AND PROPERTIES OF DILUTED NANO EMULSIONS

System / Composition A B C D
SDS (M) 8×10-3 8×10-3 8×10-3 8×10-3

NaCl (M) 5×10-3 5×10-3 5 x 10-3 5×10-3

N0 (particles/ml) for turbidity measurements 4×109 4×109 4×109 4×109

N0 (particles/ml) for creaming velocity evaluation 4×1010 4×1010 4×1010 4×1010

Creaming Velocity (cm·s-1) (3.6 ±0.5)×10-6 (2.1 ±0.5)×10-6 ~0 (-3.4 ± 0.5)×10-7

  (m3·s-1) (2.7 ±0.9)×10-26 (1.6 ±0.9)×10-28 (4.7 ±0.2)×10-26 (-3.1 ±0.8)×10-27
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latter measurements were undertaken at 
200 acquisitions/h during eight days. The 
creaming rate was calculated with the Mi-
gration software (Formulaction, 2002) em-
ploying

(18)

Evaluation of the flocculation rate for 
doublet formation (k11)

To select a convenient 
wavelength for turbidity measurements, 
the absorption spectra of each emulsion 
and each emulsion component were mea-
sured separately between 200 and 
1100nm using a UV-Visible spectropho-
tometer (Turner SP 890). The optimum 
wavelength for scattering studies is that 
which warrants negligible adsorption of 
all components, and shows a significant 
variation of the absorbance as a function 
of time. For the present studies a value of 
λ= 800nm was selected.

The appropriate parti-
cle concentration for aggre-
gation studies was estab-
lished from plots of (dAbs/
dt)0 vs n0. For this purpose, 
the mother emulsions were 
diluted to produce initial par-
ticle concentrations (n0) be-
tween 8×109 and 6×1010 drops/
cc (in the case of system A 
the higher limit was extend-
ed to 2×1011 drops/cc). The 
absorbance of each emulsion 
(tmax) was measured at least 
thrice during 60s after the 
addition of 600mM NaCl, 
following the procedure pre-
viously described by Rahn-
Chique (2012a, b). From 
these curves, the initial slope 
of the absorbance (dAbs/dt)0 
was computed. An approxi-
mately linear region of 
(dAbs/dt)0 vs n0 was found to be below 
6×1010 particles/cc.

Using a fixed particle 
concentration of n0= 4.0×1010 particles/cc, 
the absorbance of each emulsion (A, B, C 
and D) was evaluated as a function of 
time, at different electrolyte concentra-
tions (350-600mM NaCl). One mother 
emulsion of each type (A, B, C, D) was 
synthesized for each salt concentration. 
The average radius of the drops and the 
polidispersity of each type of emulsion 
were quite reproducible: A (407-430nm, 
19-22%), B (407-414nm, 20-22%), C (401-
443nm, 19-21%) and D (400-450nm, 25-
27%). The appropriate amount of salt was 
introduced directly into the sample cell of 

the spectrophotometer (Turner, SP 890) 
by injecting 0.6cc of brine to 2.4cc of 
each diluted emulsion.

Results and Discussion

According to LSW the 
rate of Ostwald ripening is given by a lin-
ear slope of  vs t (Vexp in Eq. 17). How-
ever our simulations (Urbina-Villalba et 
al., 2009; 2012a, b) suggest that floccula-
tion and coalescence contribute significant-
ly to Vexp. Thus,. Vexp= VFCOB (where F, C, 
O and B stand for flocculation, coales-
cence, Ostwald ripening, and buoyancy). If 
a repulsive potential exists between the 
drops, the calculations predict a concave 
downward curve whose slope decreases 
with time approaching the LSW limit. The 
curve oscillates above and below its aver-
age slope because it results from two op-
posing trends: 1) the increase of the aver-
age radius of the emulsion produced by 
the elimination of drops either by coales-
cence and/or complete dissolution, and 2) 

the decrease of Ra by the molecular ex-
change between the drops, which only 
lowers the average radius. Consequently, 
the curve of R3 vs t shows a saw-tooth 
variation in which Ra grows when the 
number of drops diminishes, but it de-
creases at a constant number of drops.

Due to their small size, 
nanoemulsion drops are expected to be 
non-deformable. In the present case the 
drops are also highly charged, due to the 
adsorption of SDS. The electrostatic sur-
face potential of the drops increases in 
the order C<A<B<D (Table II) evidencing 
that the composition of the oil affects the 
adsorption process. Consequently, their 
flocculation rates are expected to de-
crease in the order C>A>B>D. Besides, 
since aggregation is a necessary step pri-
or to coalescence, both flocculation and 
coalescence are restricted for these sys-
tems in the absence of salt. Incidentally, 
the highest value of Vexp corresponds to 
system C, and its lowest variation to sys-
tem D (Figure 1).

According to Eq. 2 
the ripening rate of dodecane 
in the stationary regime 
should be equal to 
1×10-26m3·s-1. Figure 1 illus-
trates the long-time behavior 
of the systems. It can be ob-
served that the value of R3 
oscillates as a function of 
time. If the average slope of 
each curve is subtracted 
from R3(t), a deviations histo-
gram can be calculated. The 
frequency of the deviations 
can then be adjusted to a 
Gaussian distribution. The 
standard deviation of the dis-
tribution quantifies the am-
plitude of the oscillations, 
which is found to decrease in 
the order A>C>D≥B (Figure 
2). Thus, the addition of SQ 
to systems A and C (systems 
B and D, respectively), de-

creases the amplitude of the oscillations. 
Moreover, the average slope of systems A 
and C also decrease (Table III). These re-
sults can be justified in terms of the lower 
solubility of the oil mixture, which decreas-
es with the addition of SQ. In fact, increas-
ing the solubility of C12 (system A) by the 
addition of TCE (system C) should increase 
Vexp, as it was experimentally found (Table 
III). This does not occur when we move 
from system B to system D, because in this 
case the solubility increases with the addi-
tion of TCE, but also decreases with the in-
crease of SQ (from 7 to 23%; Table I).

Thus, the following ques-
tion can be asked: Is the variation of  vs 
t a consequence of the degree of floccula-

Figure 1. Change of  vs t for each nanoemulsion.

Figure 2: Frequency of the deviations of  
vs t with respect to its average slope.
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tion of the emulsions, or is it the result of 
the Ostwald ripening phenomenon? The 
truth is that when several destabilization 
processes are combined, Vexp is neither a 
sound measure of flocculation (see below) 
nor a good measure of the ripening rate. In 
fact, system D shows a negative slope 
(-3.1×10-27m3·s-1) that cannot be explained 
by LSW theory, but is perfectly consistent 
with our previous simulations: if the rate 
of elimination of the drops is substantially 
decreased by lowering both the coales-
cence rate and the dissolution of the parti-
cles, only molecular exchange survives. In 
this case the simulations predict a decrease 
of the average radius as a function of time 
that LSW is unable to justify. In our view, 
this information, along with the fact that 
the zeta potential of systems A and B is 
very similar (Table II) but their behavior is 
distinct, indicates that the Ostwald ripening 
phenomenon predominates: Vexp ≈VOB.

In regard to buoyancy, 
Figure 2 confirms that despite the small 
size of their drops, the systems with the 
lower densities (A and B) are subject to a 
substantial degree of creaming. The base 
of the container clarifies as a function of 
time, showing higher transmittances, and 
the top is progressively obscured. Instead, 
the systems with TCE (systems C and D) 
do not show a significant amount of 
creaming. Notice the very different behav-
iors of these two systems in regard to Vexp 
(Figure 1), despite their similarities with 
respect to Vg (Figure 3 and Table III). Fig-
ures 1 and 3 demonstrate that Vexp and Vg 
show different trends in regard to emulsion 
stability. In particular, the creaming rate is 
not a convenient measurement of emulsion 
stability, because creaming is not the main 
destabilization phenomenon in the present 
systems. In our understanding, the most 
unstable system is the one which presents 
the quickest departure from its initial state 
(and vice-versa). This is not necessarily 
equivalent to the fastest variation of the 
macroscopic properties. Moreover, such 
change can be caused by a predominant 
destabilization phenomenon, or a combina-
tion of several contributing phenomena. 
The system with the highest Vexp rate (C) 
will only show the highest creaming rate if 
Δρ is appreciable, and this is not the case.

Figure 4 shows the varia-
tion in the initial slope of the absorbance 
as a function of the ionic strength. This 
slope is proportional to the initial aggrega-
tion rate (k11 in Eq. 12), but also depends 
on the optical cross sections of singlets and 
doublets (at constant n0). With respect to 
(dAbs/dt)0 each set of data can be divided 
into two linear regions which in the case 
of solid particles correspond to diffusion 
limited cluster aggregation (DLCA) and re-
action limited cluster aggregation (RLCA), 

respectively. The inflexion point is located 
around 400mM NaCl, which determines 
the critical coagulation concentration 
(CCC). Above this salt concentration, the 
surface charge of the drops is screened by 
the electrolyte, and a maximum aggrega-
tion rate is achieved. Below 400mM NaCl 
electrostatic interactions dominate.

As it is evident from Fig-
ure 5, σ1 and σ2 are sensitive functions of 
the average radius of the emulsions (Table 
II). Within the DLCA regime, systems A 
and C show maxima for minimum values 
of Ra and vice-versa. Since the average ra-
dius of the emulsions was measured in the 
absence of salt, it appears to be coinciden-
tal that the emulsions of these two systems 
show similar dependences of k11 with re-
spect to the salt concentration. Instead, a 
smooth variation of k11 vs [NaCl] is exhib-
ited by the systems containing squalene (B 
and D) in the same range of salt concentra-
tions. It is also remarkable that the curves 
of k11 vs [NaCl] are not straight lines with-
in the RLCA regime. All systems show a 
change of slope around 370-385mM (see 
also Figure 6 and related discussion in 
Rahn-Chique et al., 2012a).

Theoretically, the most 
unstable system with regard to aggregation 
is the one with highest k11, lowest CCC, 
and highest dk11/d[NaCl] (for 
[NaCl]<CCC). All systems studied show a 
CCC of 400mM. However, for the DLCA 
regime the absolute values of k11 decrease 
in the order: C>>D≈B≥A, while for the 
RLCA regime they vary as B>A>D>C. In 
regard to the change of k11 with respect to 
the ionic strength (dk11/d[NaCl]), 
B<A<D<C. In our view, the absolute value 
of k11 is a determining factor in regard to 

aggregation, and therefore, the relative sta-
bility of these systems depends on the salt 
concentration.

In any event, since the 
change of  vs t is the result of all desta-

Figure 4. Initial slope of the absorbance as a 
function of ionic strength for systems A, B, C 
and D.

Figure 5: Dependence of k11 on the salt con-
centration for systems A, B, C and D.

Figure 3. Change in transmittance of the mother emulsions as a function height and time.
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bilization phenomena, it appears to be the 
most reliable measure of stability in these 
nanoemulsions.
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INFLUÊNÇA DO AMADURECIMENTO E FORMAÇÃO DE CREME NA TAXA DE AGREGAÇÃO DE 
NANOEMULSõES DE DODECANO/ÁGUA. é A TAXA DE FORMAÇÃO DE CREME UMA MEDIDA APROPRIADA 
DA ESTABILIDADE DA EMULSÃO?
Yorlis Mendoza, Kareem Rahn-Chique, Antonio M. Puertas, Manuel S. Romero-Cano e German Urbina-Villalba

RESUMO

INFLUENCIA DE LA MADURACIÓN Y FORMACIÓN DE CREMA EN LA TASA DE AGREGACIÓN DE 
NANOEMULSIONES DE DODECANO-AGUA. ¿ES LA TASA DE FORMACIÓN DE CREMA UNA MEDIDA 
APROPIADA DE LA ESTABILIDAD DE LA EMULSION?
Yorlis Mendoza, Kareem Rahn-Chique, Antonio M. Puertas, Manuel S. Romero-Cano y German Urbina-Villalba

RESUMEN

O comportamento do raio médio e a turbidez foi estudada em 
função do tempo. Os resultados ilustram as limitações de ca-
racterizar a estabilidade de emulsões a través de sua taxa de 
formação de creme.

dio (DSS). La variación del radio promedio y la turbidez fue 
estudiado en función del tiempo. Los resultados ilustran las li-
mitaciones de caracterizar la estabilidad de emulsiones a tra-
vés de su tasa de formación de crema.

Estuda-se o comportamento de quatro nano-emulsões iónicas 
de óleo em água (O/W) compostas por dodecano puro e mistu-
ras de dodecano com esqualeno e tetracloroetileno. As nanoe-
mulsões foram estabilizadas com dodecil-sulfato de sódio (DSS). 

Se estudia el comportamiento de cuatro nano-emulsiones ió-
nicas de aceite en agua (O/W) compuestas por dodecano puro 
y mezclas de dodecano con escualeno y tetracloroetileno. Las 
nanoemulsiones fueron estabilizadas con dodecil-sulfato de so-


