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Microemulsions for selective molecular separation 

 
Abstract 

The subject invention provides microemulsions having, as one component thereof, 
electron-deficient aromatic rings, e.g.. di(trifluoromethyi) benzene, for efficient 
separation and/or isolation of target molecules, e.g., bupivacaine.  
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This invention was made with government support under a grant awarded from the 
National Science Foundation under ERC Grant Number EEC 9402989. The government 
has certain rights in the invention.  

Parent Case Text 

CROSS-REFERENCE TO A RELATED APPLICATION 

This application claims the benefit of provisional patent application Ser. No. 
60/375,281, filed Apr. 22, 2002, which is hereby incorporated by reference in its 
entirety.  

Claims 

We claim:

1. An oil-in-water microemulsion comprising a surfactant and, optionally, a co-
surfactant wherein said microemulsion has at least one component that creates a 
force, wherein said force attracts a target molecule while having either no effect on, 
or repels, non-target molecules, such that target molecules earl be separated from 
non-target molecules, wherein said force results from a molecule comprising an 
electron-deficient aromatic ring wherein said electron-deficient aromatic ring is a 
benzene ring to which is attached one or more electron withdrawing side chains, 
wherein at least one electron withdrawing trifluoromethyl side chain is present on said 
benzene ring. 

2. The microemulsion, according to claim 1, wherein said molecule comprising an 
electron-deficient aromatic ring is a di(trifluoromethyi) benzene. 

3. The rnicroemulsion, according to claim 1, comprising 1,3 di(trifluoromethyl) 
benzene. 

4. The microemulsion, according to claim 3, wherein the target molecule is 
bupivacaine.  

Description 

BACKGROUND OF INVENTION 

In many fields it is often necessary to separate different entities at the molecular 
level. The efficiency of such separations, or even the ability to make the separations 
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at all, is often a determining factor in the feasibility of a particular product or 
method. Particularly at the industrial scale, there is a need for new and improved 
processes which facilitate separation, at the molecular level, of closely related 
molecules in a bulk medium. 

A microemulsion is a thermodynamically stable dispersion of one liquid phase into 
another, stabilized by an interfacial film of surfactant. Microemulsions are typically 
clear solutions, as the droplet diameter is approximately 100 nanometers or less. The 
interfacial tension between the two phases is extremely low. 

Microemulsions are distinct from (macro)emulsions, which are thermodynamically 
unstable dispersions of macroscopic droplets of one or more liquid and/or liquid 
crystalline phases in a continuous liquid. However, a microemulsion may be one of 
the phases of an emulsion. The microemulsion may appear as one of three phases, 
for example, a middle phase in simultaneous equilibrium with a top or upper oleic 
phase, and a bottom or lower aqueous phase. Because the three phases are close to 
a tricritical point (where all three phases simultaneously become a single phase), the 
interfacial tensions among the three phases are several orders of magnitude less 
than the tensions produced by conventional micellar solutions. Moreover, by suitable 
changes of temperature, salinity, or other compositional variable, the composition of 
the middle phase can be made to vary continuously between that of the bottom and 
top phases. 

Microemulsions may be oil-in-water, water-in-oil, or bicontinous states of matter 
characterized by isotropic composition, thermodynamic stability, submicron particle 
dimension, and transparency. Typically, the elements include an oil, a surfactant 
(e.g., ionic, nonionic, or both), and a cosurfactant mixed into a bulk media (e.g., 
water, saline). Because the core of a microemulsion can be be oil, these 
microemulsions may be useful for molecular separation of hydrophobic molecules 
from a bulk solution of an aqueous nature into the oil core of each microemulsion 
nanoparticle. However, because hydrophobic forces nonspecifically apply to all 
lipophilic molecules, such microemulsions will also partition nontargeted molecules. 
For example, whereas a microemulsion may sequester a toxic agent from blood, it 
may also remove other lipophilic agents that are either native (e.g., steroids) or 
foreign (e.g., injected drugs) and that may be beneficial. 

Currently, no way exists to preclude unintended removal of these non-targeted 
molecules. Thus, these microemulsions cannot distinguish targeted and nontargeted 
molecules for separation from bulk media. Therefore, a need exists for improved 
methods for molecular separation. 

BRIEF SUMMARY 

The subject invention provides unique materials and methods for selectively removing 
one type of molecule from a medium while leaving other types of molecules in the 
medium. The subject invention enables selective separation of molecules from a 
medium using forces unrelated to hydrophic forces, which nonspecifically apply to all 
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lipophilic molecules. In a preferred embodiment of the subject invention, 
microemulsions are specifically designed to facilitate effective separation of even 
closely related chemical entities. 

Specifically exemplified herein are microemulsions that are designed to have either 
electron-deficient structures or electron-rich structures in order to drive the 
separation process. By modifying the electron densities of the microemulsions it is 
possible according to the subject invention to separate compounds having different 
electron densities. 

The systems of the subject invention can be used to separate contaminants from a 
bulk material. Alternatively, systems of the subject invention can be designed to 
isolate even trace amounts of a desired product from bulk media. 

The materials and methods of the subject invention are applicable in a wide variety 
of settings. For example, the separation technology of the subject application can be 
of benefit for multiple processes including, chemical, oil, cosmetic, pharmaceutical, 
agricultural, and military. 

In a specific embodiment, the microemulsions of the subject invention can be used 
for nerve gas detoxification purposes in vivo or ex vivo. In another embodiment, the 
pharmaceutical industry can use the materials and methods of the subject invention 
to extract lipophilic compounds. The primary benefit is to add an additional technique 
for molecular separations. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1A and 1B show the presence or absence electron interactions to facilitate 
molecular separation. 

FIGS. 2A and 2B show two, commonly used local anesthetic molecules: cocaine 
(panel A) and bupivacaine (panel B). 

FIG. 3 shows molecular structure of 1,3 di(trifluoromethyl) benzene. 

FIGS. 4A and 4B show the molecular separation achieved using the method of the 
subject invention. 

DETAILED DISCLOSURE 

The subject invention provides unique materials and methods for selectively removing 
molecules from a medium. In a preferred embodiment of the subject invention, 
microemulsions are specifically designed to facilitate effective separation of even 
closely related chemical entities. 

The subject invention provides materials and methods for selectively removing 
molecules from a medium using forces unrelated to hydrophobic forces, which 
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nonspecifically apply to all lipophilic molecules. Specifically exemplified herein are 
microemulsions that are designed to have either electron-deficient structures or 
electron-rich structures in order to drive the separation process. By modifying the 
electron densities of the microemulsions it is possible according to the subject 
invention to separate compounds having different electron densities. 

The novel features of the subject invention include: 1. For the first time, 
microemulsions are functionalized for selective separation of molecules from a bulk 
medium. 2. Microemulsions are designed based on electron acceptor or electron 
donating properties of the dispersing components of the microemulsion. 3. The 
microemulsions of the subject invention are advantageous due to their stability 
compared to macroemulsions. 4. The microemulsions can be prepared even in water 
having inorganic ions. 5. The subject invention provides a highly cost effective, 
simple, and efficient separation process. 6. The subject invention provides a novel 
way of dispersing or extracting molecules for direct applications or for incorporation in 
various formulations. 7. The subject invention enables separation or extraction of 
molecules wherein the tiny particles enable better coverage of a larger area. 

One definition of a microemulsion is: an oil-in-water emulsion with a particle size 
below visible light scattering and which is physically stable. To the naked eye, a 
perfect microemulsion is indistinguishable from an aqueous solution. Microemulsions 
typically contain a surfactant and/or other amphiphile(s); one or more nonpolar 
components, such as hydrocarbons; water; and, frequently, inorganic salt(s). The 
surfactant(s) may be nonionic, ionic, or amphoteric; but most ionic surfactants also 
require a nonionic cosurfactant or amphiphile to suppress formation of liquid crystals. 

In a preferred embodiment, the method of the subject invention involves utilizing an 
additional force in the microemulsion system that attracts the targeted molecule while 
having either no effect on, or repels, non-targeted molecules. In one embodiment, 
the oil is of a singular nature that is chosen specifically to attract the targeted 
molecule using both hydrophobic forces and a new, unique force. Subsequently, a 
microemulsion is synthesized from this oil. In another embodiment, molecules that 
are added to a conventional oil specifically attract the targeted molecule with 
minimal-to-no effect on molecules not targeted for separation. Advantageously, these 
novel microemulsions can selectively distinguish between targeted and nontargeted 
molecules for separation. 

One embodiment of the subject invention provides a microemulsion concentrate that 
can be diluted or mixed with water, saline or hard water, to instantaneously form an 
oil-in-water microemulsion. 

Following is an example that illustrates procedures for practicing the invention. These 
examples should not be construed as limiting. All percentages are by weight and all 
solvent mixture proportions are by volume unless otherwise noted 

EXAMPLE 1 
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In one embodiment, the materials and/or methods of the subject invention can be 
used to separate drugs of the same class. A specific embodiment involves separating 
local anesthetics. As shown in FIG. 1, a microemulsion having an electron deficient 
aromatic ring strongly attracts a molecule that has an electron-rich aromatic ring or 
vice-versa due to the presence of .pi.-.pi. interactions. This is accomplished by 
exploiting differences in electron density in .pi. electron orbitals. 

In a specific embodiment, as illustrated in FIG. 2, differences in electron density in 
the .pi. electron orbitals of the benzene rings of local anesthetic molecules, 
bupivacaine and cocaine, are used to selectively separate the two molecules. In these 
molecules, the .pi. electron orbitals are aligned at right angles to the planar surface 
of the benzene rings. Differences in substitution by the side chain in cocaine or 
bupivacaine cause either electron depletion (.delta..sup.+) or enrichment 
(.delta..sup.-). Such characteristics can be used to selectively separate these 
molecules. 

According to the subject invention, any oil or "mating" molecule with a benzene ring 
is acceptable in providing a microemulsion system, as long as the substitutions are 
electron withdrawing from the benzene ring into the side chains. In this case, the 
electron deficient ring is a component of a molecule (e.g., 1,3 di(trifluoromethyl) 
benzene) that, at room and physiological temperatures, is an oil (FIG. 3). Thus, these 
oil molecules can be used to construct the lipid core of a microemulsion or may be 
added as solutes into the lipid core of a microemulsion wherein another oil serves as 
the lipid core. 

FIG. 4 shows that the method of the subject invention can be used to selectively 
partition bupivacaine, but not cocaine. 

In addition, selection of surfactant or cosurfacant with appropriate electron properties 
can cause selective molecular separations. 

It should be understood that the examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light thereof 
will be suggested to persons skilled in the art and are to be included within the spirit 
and purview of this application. 
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