This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:07

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl19

Microstructures in an Oil-In-Water
Microemulsion: A Nmr Self-Diffusion Study

L. Coppola ®, U. Olsson ° , R. Muzzalupo 2, G. A. Ranieri ® & M. Terenzi
a

& Department of Chemistry, University of Calabria, 87030, Arcavacata di
Rende, Italy

® Division of Physical Chemistry 1, Chemical Center, Lund University, P.O.
Box 124, S-221 00, Lund, Sweden

Version of record first published: 04 Oct 2006

To cite this article: L. Coppola, U. Olsson, R. Muzzalupo, G. A. Ranieri & M. Terenzi (1997):
Microstructures in an Oil-In-Water Microemulsion: A Nmr Self-Diffusion Study, Molecular Crystals and
Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 299:1, 451-456

To link to this article: http://dx.doi.org/10.1080/10587259708042027

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708042027
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:07 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 299, pp. 451-456 © 1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in India

MICROSTRUCTURES IN AN OIL-in-WATER MICROEMULSION :
A NMR SELF-DIFFUSION STUDY

L. Coppola , U. Olsson (*), R. Muzzalupo, G.A. Ranieri and M. Terenzi

Department of Chemistry, University of Calabria,87030 Arcavacata di Rende, Italy.
(*) Division of Physical Chemistry 1, Chemical Center, Lund University, P.0. Box 124,
$-221 00 Lund, Sweden

Abstract -We present accuratc measurements of oil and surfactant self-diffusion coefficients
made in the microemulsion phases of the pentacthylene glycol dodecyl ether (C);Es)-water-
decane system, using the “Pulsed Gradient Simulated-Echo” NMR technique

Microstructures of three microemulsion phases obtained with different surfactant-to-oil
weight ratios have been analysed. Particular attention was focused on the phase boundaries
where the microemulsions consist of normal oil swollen micelles in equilibrium with excess
oil. Increasing the temperature, a micellar growth was supported by self-diffusion results and
finally a bicontinuos phase was found.

INTRODUCTION

Surfactant- water-oil mixtures can form a very large variety of microstructured

liquids and liquid crystals. During the last few years we have seen an increase in the
experimental determination of microstructures of temary solutions which are generally
referred to as microemeulsions’.
Microemulsions are isotropic and thermodynamically stable mixtures which present an
interesting colloidal heterogeneity. Comparable amounts of oil and water usually form a
bicontinous structure in a certain temperature range, whereas in the oil or water corner of the
Gibbs triangle, nanometer sized droplets of water in oil (W/O) or oil in water (O/W) are
formed.

In this study we focus on a particular surfactant-water-system containing the non
ionic surfactant pentacthylene glycoldodecyl ether (C,;Es), heavy water and decane. Water
rich microemulsion phases have been prepared with three different surfactant-to-oil weight
ratios (R). The Cj;Es/decane weight ratios were kept constant at values at R;~50/50,
R#40/60 and R;~30/70, thus we have studied threc different areas in the temperature-
composition phase prism as illustrated in Fig.1. Surfactant and oil self-diffusion coefficients
as a function of temperature were measured with accurate and precise FT NMR self-diffusion
experiments. Here particular attention was focused on the phase boundary where the
microemulsions, consisting of normal oil-swollen micelles, are in equilibrium with excess oil.
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We have also observed the structural changes with increasing temperature from this boundary
up to the lamellar liquid crystal phase.

Terap, w 0

Figure 1- Concentration-temperature phase prism and the areas
analysed.

EXPERIMENTAL SECTION

The surfactant, CH3(CH:),0CH(OCH,CH,)sOH (C;;E5), was obtained from Nikko
Chemicals and was used without further purification. The decane (99.9%) and heavy water
were purchased from Sigma. Studies of phase equilibria were performed using a thermostated
water bath wrth the samples contained in sealed ampoules equipped with magnetic bars.
Phase boundary temperatures were checked by visual inspection, polarising microscopy and
by analysis of H-NMR spectra of deuterated water. Macroscopic phase separation was
found to be very slow in heterogeneous regions. Mixtures in these regions were therefore
centrifuged for many hours until macroscopic phase separation was achieved,

Self-diffusion coefficients of oil and surfactant molecules were performed using the
Stimulated Spin-Echo experiment (Tanner) which consists of three RF pulses and a pair of
short magnetic gradient pulses. The echo signal amplitude, A, for a given chemical species is
given by :

-kD

AW = 4 e
where A, is the amplitude in the absence of an applied gradient and the time function
k=(y8g)*(A-5/3) depends on the experimental variables. Self-diffusion coefficients were
calculated by a least-squares fit of the observed echo amplitude for different values of & (the
gradient pulse delay). Stimulated spin echo experiments as a function of temperature were
performed on a Bruker WM 300. The reproducibility and precision of the self-diffusion
coefficients was estimated to be about +/- 2%.
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GENERAL PHASE BEHAVIOUR

In this section we report some of the basic self-assembly properties of the ternary
Cy;Es/decane/water system at three constant surfactant-to-oil ratios, namely R,;=50/50,
R,=40/60 and R,=30/70.

A partial schematic phase diagram (omitting three-phase regions) of the water rich
part (>70 wt.% water) of the R, system is shown in Fig.2a. The phase diagram is plotted as
temperature versus the total weight percent of surfactant and oil (wt% S+0). The data are in
agreement with the paper of Olsson et al.%.

A microemulsion phase (L) is stable within the approximate temperature range 24-31 °C. At

lower temperatures, the microemulsion coexists with an essentially pure oil phase (L1+0).
Above the L, phase a lamellar liquid cristalline phase (L) is formed. At higher water

contents (>90 wt.% water) however, the upper phase boundary of the microemulsion phase
corresponds to a lower consolute boundary, with a critical point. Here, the microemulsion
splits into a dilute (with respect to surfactant and oil) and a concentrated phase that are in
equilibrium.
The phase diagram of the ternary system at the surfactant-to-oil ratio of R,=40/60 is shown
in Fig.2b. This phase behaviour is qualitatively similar to that of the R, system. An important
and noteworthy difference is that with increasing temperature the microemulsion phase shows
a decreased stability range and the equilibrium line with excess oil is shifted to a temperature
of 27°C. Also the upper phase boundary is slightly displaced in temperature, while the
lamellar phase presents a similar range of existence when compared to the R, system.
In Fig.2c we show the phase diagram of the system at the surfactant-to-oil ratio R5=30/70.
The equilibrium between the microemulsion and excess oil is now at a higher temperature and
the range of stability of the microemulsion phase is drastically reduced. Another important
point which we should observe is the disappearance of the lamellar phase and a two phase
region (L,+W) is observed up to a surfactant plus oil weight fraction of wt%(S+0)=50.

The structural evolution of this ternary system with temperature may be related,
within the flexible surface model, to the strong temperature dependence of the spontaneous
curvature (H,) of the surfactant monolayer. Water changes from a good to a bad solvent for

the oligoethylene oxide chains with increasing temperature resulting in a change in H from

being preferable towards oil (here defined as H >0) to preferable towards water (Ho<0).
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Figure 2- Partial phase diagrams of Cy,Es/D,O/decane system at three
S/0 weight fraction.

In the microemulsion (L) phase the curvature is towards oil (Ho>0), while in the lamellar

phase at higher temperatures, the curvature of the planar surfactant films are on average zero.
The curvature free energy density also predicts that the phase separation of the

microemulsion phase with excess oil (L1+O) would occur at a certain value of H. On this

boundary, which has been termed the ‘emulsification failure' boundary, the model predicts
spherical droplets, corresponding to a maximum curvature for a given interfacial area to

enclosed volume ratio.

SELF-DIFFUSION AND MICROSTRUCTURES

Measurements of self-diffusion coefficients by means of the PGSE technique have
evolved to become one of the most important tools in the characterisation of surfactant
systems’. This is particularly true for microemulsion liquid solutions where there is a direct
connection between the self-diffusion coefficients of mixture components and the phase
microstructure. Here it is convenient to summarise the following limiting cases:

a) Qil-in-water droplet structure: Dyus>>Doy and Dyye & Doy = Dycaptet - Dyater Will be of

the same order of magnitude as neat water.

b) Water-in-oil droplet structure: D,n.«<<Dy and D,us & Dy & Daropter - Do Will be of

the same order of magnitude as neat oil.

¢) Bicontinuos structure. D, and Dy both high while Dy,s is low. Doy and Dyge will

be of the same magnitude as neat liquids.
In this section we report the temperature dependence of the surfactant and o1l self diffusion

coefficients for the three microemulsion phases at different C;,Es/decane ratios.
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In Fig.3 we show the self-diffusion data for the microemulsion phase R,, for two
mixtures with wt%(S+0)=10 and wt%(S+0)=20. The self-diffusion behaviour is almost the
same in both mixtures. Within the temperature range 20-28°C D,=D,.s, suggesting that the
two components are present in the same aggregate (oil droplet structure). Above and below
the “emulsification failure” boundary the droplets diffuse at the same rate indicating that the
aggregate size remains constant. Increasing the temperature, oil and surfactant self-diffusion
still remains constant but takes a minimum value which is due to an increase of the droplet
sizes. Olsson et al.* have pointed out that this behaviour is consistent with a limited growth
from spherical to prolate micelles with an axial ratio < 3.5. At temperatures around 27-28 °C,
surfactant and oil show different self-diffusion coefficients suggesting the presence of a

bicontinous microemulsion structure.
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Figure 3 (Left) Temperature dependence of oil (0) and surfactant (®) self-
diffusion coefficients across the microemulsion phase of the R, system.
Lower: wt% (S+0)=10, Upper: wt% (S+0)=20.

Figure 4(Right): Temperature dependence of oil (0) and surfactant (@)
self-diffusion coefficients across the microemulsion phase of the systems
R, (lower) and Rs (upper). wt% (S+0)=20 for both..

Fig.4 shows the temperature dependence of oil and surfactant self-diffusion for the R,
and R; systems. Close to the lower phase boundary the surfactant and oil diffuse at the same
rate, indicating translation in the same aggregate, namely oil droplets.

For the R; system a small minimum in the self-diffusion data was observed as the temperature

increased. This effect was interpreted, as for the system R,, as a change from spherical to
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prolate micelles. Calculations similar to those made by Olsson® gave in this case an axial
ratio of ca. 2.3. No minimum, however, was observed in the self-diffusion coefficients for the
R; system, Increasing the temperature from the low phase boundary, the oil droples continue
to have a constant self-diffusion coefficient.

The self-diffusion coefficients for the R; and R, systems increase dramatically at the same
temperature, 31 °C. The surfactant and il diffusion are no longer equal, with the oil diffusing
faster than the surfactant (bicontinous structure).

CONCLUSION

Temperature dependence experiments of oil and surfactant self-diffusion coefficients
have been performed on three microemulsions phases where the surfactant-to-oil weight ratio
was R,=50/50, R,=40/60 and R;=30/70. Interesting results have been obtained concerning
the structural transitions induced by temperature. We may summarise the findings as follows:

1) In agreement with previous studies, all three systems show a globular structure close to
the “emulsification failure” boundary.

2) With increasing the temperature the R, and R, systems present a minimum in the self-
diffusion date due to structural transition from spherical to prolate micelles. In the R,
system this effect is absent.

3) The oil and surfactant self-diffusion coefficients increase dramatically with the
temperature and diverge, indicating the onset of a bicontinous structure.

MURST, the Italian Ministery for University, and CNR are acknowledged for financial
support.

REFERENCES

1) U. Olsson ans H. Wennerstrom, Adv. Colloid Interface Sci., 49, 113 (1994)

2) M.S. Leaver, U. Olsson and H. Wennerstrém, J. Phys I, 4, 515 (1994)

3) O. Soderman and P. Stilbs, Prog. Nuc. Magn. Reson. Spectrosc., 26, 445 (1994)
4) M.S. Leaver, 1. Fur¢ and U. Olsson, Langmuir, 11, 1524 (1994)




