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Abstract - We present a comprehensive comparaison of four microstructures present in oil phases of 
extractant – considered as weak surfactant- used for nuclear fuel reprocessing and minor actinides 
partitioning. Due to their surface active properties, some extractants (TBP, TODGA, diamide, …) are 
organised into reverse micelles interacting through an attractive potential. The Van der Waals attractions 
between the cores of reverse micelles were found to be the key for the understanding and modelling of the 
formation of the "third phase", analogue to a liquid-gas phase separation known in the field of 
microemulsions. In some cases, micelles are transformed into a regular molecular solution by modest 
heating. Apart from micellar and regular solutions, two new modes of association of extractant molecules 
have been identified. Networks of H-bounds are obtained when "modifiers" such as octanol are added by 
formulators in order to improve stability range. Microphase separation in a more crystalline phase can be 
obtained with increasing extractant and ion concentrations. The metal ion distribution coefficient depends 
on the associated or disassociated state of the extracting molecules.    
 

 
INTRODUCTION 
A major problem to be solved in liquid/liquid 
extraction for nuclear fuel reprocessing and 
minor actinide partioning is the third phase 
formation, i.e. the splitting of the organic phase 
into two layers. Most important papers in this 
field consist in the determination of the third 
phase formation according to several parameters 
such as the concentration of extractant or 
extracted solute, temperature, pH and nature of 
the diluent. Few studies report on the phase 
structure behaviour of extractant organic phase 
before and after third phase formation. In 1991, 
Osseo Asare [1] was the first to review all the 
experimental evidences of the presence of 
aggregates in the TBP extracts used in the 
PUREX process. He indicated that the 
occurrence of phase splitting was due to the 
formation of reverse micelles, or microemulsion, 
in the organic diluent by the aggregation of TBP 
complexes. Thus, the third phase is similar to a 
middle phase Winsor III type microemulsion in a 
typical surfactant system, where the 
microemulsion (middle phase) is in equilibrium 
with both the aqueous and the oil phase. The 
transition from a biphasic system (oil in 
equilibrium with excess water) to a triphasic 
system can therefore be assimilated to a Winsor 
II/Winsor III transition. Following this colloidal 
aspect, some studies in the literature reported on 
the aggregation of various extractant in non polar 
diluents using vapour pressure osmometry [2], 

nuclear magnetic resonance [3] or small angle 
neutron scattering [4-10] to understand the 
extraction mechanism and the stoichiometry of 
the complexes formed in the organic phase.   
In the frame of the research of a physical model 
to predict the occurrence of third phase 
formation in DIAMEX process, we investigate 
organic phase of different extractants using a 
colloidal approach [5-10].   

Up to now, we have evidenced four different 
microstructures at supramolecular scale in the 
extractant organic phase. Due to their surface 
active properties, some extractants (TBP, 
TODGA, diamide, …) are organised into reverse 
micelles interacting through an attractive 
potential. In some cases, micelles are 
transformed into a regular molecular solution by 
modest heating. Apart from micellar and regular 
solutions [7], two new modes of association of 
extractant molecules have been identified 
recently. Networks of H-bounds are obtained 
when "modifiers" such as octanol are added by 
formulators in order to improve stability range 
[8].  Microphase separation in a more crystalline 
phase is obtained with increasing extractant and 
ion concentrations. The fourth microstructure 
identified is a dispersion of tactoids (spindle-
shaped island in the dilute phase) in the form of 
small amounts of liquid crystals, giving 
macroscopically a gel. This last mode of 
supramolecular association, (discovered in the 
case of thorium with DMDBTDMA) has usually 
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to be avoided in order to obtain easily 
manipulable extraction plant design. We present 
in this paper a review of these four 
microstructures present in oil phases of 
extractants -considered as weak surfactants-  as 
well as the link between supramolecular 
structures and thermodynamical properties used 
for liquid/liquid extraction 
 
 
SUPRAMOLECULAR ORGANISATION OF 
EXTRACTANT 
 
Swollen reverse micelles with attractive 
interactions 
Due to their surface active properties, some 
extractants (TBP, malonamide, TODGA, … ) [5-
10] are organised into reverse micelles 
interacting through an attractive potential. The 
micelles consist of a water core surrounded by 
extractant molecule as schematised in Figure 1 
for the N,N’-dimethyl N,N’-dibutyl 
tetradecylmalonamide diamide extractant (noted 
here after DMDBTDMA) [5].  This 
supramolecular  organisation has been evidenced 
by using the characteristic small angle X-ray (or 
neutron) scattering patterns where 
heterogeneities (~ a few angströms in diameters) 
in the solution are evidenced by an increase of 
the scattering intensity  ( > 0.2 cm-1 with SAXS) 
by comparison to the signal of the pure solvent 
(~ 0.02 cm-1 with SAXS).  
  
 

 
Figure 1: Schematic view of a reverse micelle 
with malonamide extractant (DMDBTDMA). 
The polar core is composed of extracted ion pairs 
and co-extracted water (blue sphere) and polar 
heads of malonamide, surrounded by the 
hydrophobic chain of the extractant. 

 
Physical chemistry of amphiphilic molecules 
applies: osmolarity is much less than molarity, 
oil-water surface tension decreases, conductivity 
of the “oil phase” is high and detectable. 

When a solution of DMDBTDMA ( > 0.2 
M) in dodecane is contacted with water or a 
nitric acid solution, aggregates are formed with 
an aggregation number between 4 and 10 and a 
radius of the polar core between 0.5 and 1.2 nm. 
The Van der Waals attractions between the cores 
of reverse micelles have been shown to be the 
key for the understanding and modelling of the 
apparition of the so-called  "third phase" [5], 
analogue to a liquid-gas phase separation known 
in the field of microemulsions.   
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Figure 2: (top):  Third phase boundary 
experimentally determined as a [extractant] vs 
[HNO3]aq,eq map for DMDBTDMA. (bottom): 
SANS spectra of the organic phase 
DMDBTDMA 0.8M in dodecane contacted with  
a nitric acid aqueous phase. When third phase 
boundary is approached, characteristic low-q 
increase in SANS is measured. The scattered  
intensity of D-dodecane is constant and equal to 
9 10-3 cm-1. 
 
The Figure 2 gives the SANS spectra of the 
organic phase of DMDBTDMA (0.8M) in 
dodecane with increasing the nitric acid 
concentration in the contacted aqueous phase. 
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The increase of the intensity at low q 
corresponds to an increase of the attractive 
interactions between swollen reverse micelles. A 
modelisation with a Baxter model [11] for hard 
sphere with surface adhesion permit to conclude 
that: with increasing [HNO3]ini (from 0 to 4 M) , 
the attractive potential goes from -1.8 kT to -2.5 
kT for a typical range of the attractive potential 
of 1 to 2 nm. The demixing results from an 
increase in the attraction between swollen 
micelles, this is a classical liquid-gas transition.  
The typical SAXS or SANS signature of a 
reverse micelles solution (i.e. dispersed water 
droplets) is a spectra with a maximum at low q 
followed by a decay in I(q) as expected from the 
form factor of nanometric sphere  (Figure 2). 
 
Effect of the chain length: 
 

0

0,5

1

1,5

0 1 2 3 4 5 6 7 8 9 10

C16 C12 C6

[DMDBTDMA] mol/L

[HNO3] aq., eq., mol/L

3φ
2φ

Hexane

dodecane

hexadecane

0

0,5

1

1,5

0 1 2 3 4 5 6 7 8 9 10

C16 C12 C6

[DMDBTDMA] mol/L

[HNO3] aq., eq., mol/L

3φ
2φ

0

0,5

1

1,5

0 1 2 3 4 5 6 7 8 9 10

C16 C12 C6

[DMDBTDMA] mol/L

[HNO3] aq., eq., mol/L

3φ
2φ

C16 C12 C6

[DMDBTDMA] mol/L

[HNO3] aq., eq., mol/L

3φ
2φ

Hexane

dodecane

hexadecane

 
Figure 3: Third phase boundaries experimentally 
determined as a [extractant] vs [HNO3]aq,eq map. 
(left) for different chain lengths of alkane with 
DMDBTDMA as extractant 
 

A systematically study of the influence of 
both the chain length of the diluent and of the 
diamide on the instability of the organic phase 
have shown that those solutions behave as 
classical reverse micelles of AOT [12]. As for 
AOT, because of the “penetrating chain” concept 
(short oils penetrate and swell the outer layer of 
the reverse micelle which stabilise the micelles), 
increasing the chain length of the diluent conduct 
to an instability (third phase formation) (figure 
3). As for AOT, because of the concept of the 
sterical stabilisation (the chain protruding from 
any aggregate stabilise polar solutes in oils) 
decreasing the chain length of the extractant 
conduct to an instability [12].  A molecular study 
of these systems has shown that the ratio 
[HNO3]org/[extractant] versus [HNO3]aq,eq are 
independent of the chain length of alkane or 
extractant and on the occurrence of third phase 
apparition (slope of 0.34 for all systems). As for 
nitric acid, co-extracted water is not affected by 

these variations. Thus, the extraction mechanism 
of HNO3 and H2O are independent on variations 
of diluent-extractant interactions and on changes 
in extractant amphiphile balance. The transfer of 
nitric acid and water from the aqueous to the 
organic phase is rather controlled by the 
extractant polar head. The differences in the third 
phase apparition with changing chain length of 
diluent or extractant can not be explained by a 
change in the complexation constant. Thus, the 
instability (third phase apparition) has a 
supramolecular origin: attraction between polar 
cores containing polarisable extracted ion. 

The generalities of phase transition in AOT 
microemulsion induced by temperature, salt, 
nature of oil, ionic strength, and addition of 
alcohol can be used to predict qualitatively the 
third phase apparition [13]. But with extracting 
molecule, some effects known in model systems 
have not been found: For example, the 
emulsification failure where the water core part 
is expelled by the oil phase due to curvature 
constraints [ 14].  
Moreover, as the conductivity increases when 
approaching the third phase, following the 
conductivity is a simple way to detect the 
instability.  
 
Effect of the polar core:  
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Figure 4: Limiting organic concentration (LOC) 
before phase splitting versus DMDBTDMA 
concentration in dodecane contacted with  ( ) 
HNO3, ( ) Nd(NO3)3 LiNO3 1 mol/L, pH=2, (∆) 
UO2(NO3)2 LiNO3 1 mol/L, pH=2 
 
The supramolecular organisation in reverse 
micelles has been shown to occur also when 
other nitrate salt like neodynium, uranyl, thorium 
nitrate are extracted by DMDBTDMA. The 
attractive potential between reverse micelles is of 
the same order when the extractant is linked to 
neodynium nitrate or uranyl nitrate but lower 
when the extractant is linked to nitric acid. This 
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has to be relied to the maximum attainable 
concentrations in the organic phase (LOC). The 
LOC of metal nitrate (Nd(NO3)3 and UO2(NO3)2) 
is of the same order but lower than the LOC of 
HNO3 (figure 4). The more polarisable the core 
of the micelles, the higher the attractive 
interactions between reverse micelles and the 
lower the LOC.  
 A study at the molecular scale for 
neodymium nitrate extraction, shows that before 
third phase formation, water molecules are 
coextracted with neodynium (III) nitrate and that 
in the third phase neodymium (III) nitrate 
extracted species are reorganised with 
elimination of water [10]. Similar conclusion 
was obtained for the uranyl nitrate extraction. 
This observable difference between nitrate salt 
and nitric acid extraction can be attributed to an 
increase contribution of free energy of 
complexation in the free energy of the solution 
when cations such as neodynium or uranyl are 
extracted.  
 The supramolecular organisation of 
extractant organic phase must have an influence 
on the distribution coefficient DM= [M]org/[M]aq, 
where [M]org is the concentration of metal ion in 
the organic phase and [M]aq the concentration of 
the metal ion in the aqueous phase.  
The Figure 5 gives the distribution coefficient 
(D=DM) measured versus the diamide 
(DMDBTDMA) concentration for europium and 
americium nitrate extraction. DM is increasing 
with increasing the extractant concentration with 
a slope of five. This clearly shows that in 
solution several diamides molecules surround the 
metallic cation while in the crystal only 2 
molecules are in the inner sphere of the 
coordination of metal [23]. There is a 
supramolecular organisation. Moreover, for very 
low concentration of extractant (< 0.05mol/L) 
the distribution coefficient are so small that they 
can not be easily measured. This indicates that 
extraction is obtained trough a supramolecular 
organisation.   
 Therefore, the knowledge of the 
supramolecular organisation is crucial to 
understand in a good way the liquid/liquid 
extraction mechanism. For a better 
understanding of extraction when 
supramolecular organisation are present in the 
solution, a systematic correlation between 
extraction coefficient and aggregation number 
have to be obtained. 
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Figure 5:  Distribution coefficient of americium 
and europium vs. DMDBTDMA concentration 
(mol/L) in dodecane. Aqueous phase: LiNO3 5 
mol/L. T: 25°C.  

 
Regular molecular solution 

In some cases, micelles are transformed into 
a regular molecular solution by modest heating: 
this transition can have consequences on 
extraction plant design. This is the case of TBP 
solution where the molecular aggregates of TBP 
disappear to form a regular solution above 60°C 
[7]. A regular solution is also obtained when 
extractant concentrations well below the critical 
micellar concentration are used.  The signature 
from X-ray and neutron scattering is clear, since 
“form factor” of single dispersed molecules only 
is seen, the intensity being close to the intensity 
scattered by solvent.  In this case, the solution is 
a simple molecular dispersion, the entropy of 
dispersion dominates and the oil is a good 
solvent for the complexing molecules. Van’t 
Hoff equation is similar to a perfect gas and 
apparent molar mass derived from osmotic 
pressure measurement gives the true molar mass.  

 
Co-surfactant effect or H-bound network 
imposed by a modifier 

To avoid a third phase formation, “modifier” 
molecules with a hydrocarbon chain containing a 
polar atom are often added to the organic phase. 
A well known modifier is n-octanol. The 
adjunction of a modifier changes the 
physicochemical properties of the extractant and 
has a direct influence on the maximum attainable 
solute concentration in the organic phase. 
Octanol (a H-bonded liquid) is known to form 
oligomers that correspond to a region of high 
electronic density [15,16]. The SAXS spectra of 
octanol/dodecane mixture gives a broad peak 
corresponding to an average distance between 
these polar zones (between 16 and 20 Å). This 
supramolecular organisation includes polar areas 
consisting of hydroxyl groups more densely 
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packed than the rest of the solution. Those 
aggregates can be linked together by long 
polymeric chains resulting in a continuous and 
dynamic hydrogen bond network in the whole 
solution with the presence of regions containing 
higher or lower concentrations of polar groups. 
In addition, when octanol is saturated with water, 
the water molecules tend to locate preferentially 
in the polar areas described previously, forming 
larger and more distinct hydrophilic regions than 
in pure octanol [8, 15 16].  

 Similarly,  the addition of octanol to a 
dimethyldioctylhexylethoxymalonamide  
(DMDOHEMA) solution organised into reverse 
micelle must have some consequences on the 
supramolecular organisation. 

 We demonstrated that for small amounts of 
octanol, the modifier has a co-surfactant effect 
and does not perturb the organisation of the 
extractant into reverse micelles. A “co-
surfactant” is a molecule which cannot induce 
formation of a micelle in a given solvent by 
itself, but once a micelle is formed, the co-
surfactant molecule participates to the 
micelle[17]. The scattering spectra is in this case 
typical of reverse micelles, but the volume of the 
micelles and the external specific surface of the 
polar core of the aggregates of extractant 
increase due to the presence of the co-surfactant. 
It is not so easy to distinguish between a simple 
micelle and a micelle swollen by co-surfactant.  
Absolutely scaled scattering experiments are 
needed to demonstrate that the co-surfactant 
molecules are embedded in the micellar 
aggregate. Physical chemistry of quaternary 
microemulsion applies: stability domains in 
compositions are increased as well as dynamics 
of the reactions. Dynamics is increased, because 
co-surfactants are present either embedded in the 
aggregates or as monomer in the solvent. Fast 
exchange at nanosecond scale is present. 
Micelles including co-surfactants can be used to 
increase performance in applications due to 
faster molecular exchange and larger domain of 
stability. Chemical equilibrium such as ion 
exchange can be treated formally as in the case 
of “simple” reverse micelles, except that 
competition for complexation between the 
complexing agent and the co-surfactant head-
group must be considered. 

 
When octanol is used as a co-solvent, a 

structural transition in the molecular organisation 
of the solution occurs. A less divided structure 
appears organised by a hydrogen-bond network 
that contains the diamide. Figure 6 shows the 

change in X-ray scattering spectra of 0.7 M 
DMDOHEMA solutions when pure dodecane is 
replaced by dodecane/octanol mixture. Clearly, 
the X-ray intensity scattered at small angles 
decreases when the amount of octanol in the 
solvent increases. In addition, a broad peak 
appears at around 0.3 Å-1 as the volume fraction 
of octanol increases in the organic phase. This 
peak corresponds in real space to the distance 
between regions of high electronic density. This 
distance varies from 21 to 19 Å as the volume 
fraction of octanol in the solvent increases. Such 
a peak was already observed in pure 
dodecane/octanol mixtures but at a higher q 
position. Thus, it is assumed that a hydrogen 
bond network appears whenever a sufficient 
quantity of octanol is present in solution. 

The main point to be mentioned in the 
scattering patterns is the difference between the 
scattering of dispersed droplets, with a maximum 
intensity at zero q followed by a decay in I(q) as 
expected from the form factor of a nanometric 
sphere, and the system where polar residues are 
distributed along a three-dimensional network of 
typical mesh size 1 to 2 nm, that gives a broad 
peak at high q. SAXS is therefore a powerful 
direct technique to distinguish between micelles 
incorporating surfactant and co-surfactant, and 
structured solvent : the SAXS patterns are so 
different.  
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Figure 6. Small angle X-ray scattering spectra of 
solutions of [DMDOHEMA] = 0.7 M in various 
solvents: ( ) : extractant reverse micelles in 
dodecane; or extractant dispersed in structured 
solvent : ( ) φdodecane/φoctanol = 24/76 and  (▲) 
octanol 

 
This transition is confirmed by following the 

SAXS spectra when solutions are contacted with 
water or nitric acid. Figure 7 shows X-ray 
scattering spectra of 0.3M DMDOHEMA 
organic solutions in dodecane/octanol (d/o) 
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mixtures of two different compositions. Both 
solutions were equilibrated with water or 4M 
nitric acid. For the composition d/o= 25/75 
(Figure 7 (a)) the X-ray scattered intensity 
remains essentially the same whenever the 
solution is contacted with water or nitric acid at 
4M, there is a broad peak corresponding to a 
distance of 20Å in real space. For a composition 
d/o = 85/15 (Figure 7 (b)), the X-ray intensity 
scattered at small angles is much higher when 
the organic solution is contacted with acid than 
with water due to the increase attractive 
interaction between reverse micelles with 
increasing the polarisability of the polar core. 
This phenomena is not visible in the "octanol 
rich" solution (d/o = 25/75) where a hydrogen 
bond network is present in solution. 
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Figure 7:  Absolute scattered intensity versus 
momentum transfer q of 0.3M DMDOHEMA 
solution in dodecane/octanol (φdodecane/φoctanol = 
25/75) contacted with ( ): H2O, ( ): HNO3 4M. 
(b): Absolute scattered intensity versus 
momentum transfer q of 0.3M DMDOHEMA 
solution in dodecane/octanol (φdodecane/φoctanol = 
85/15) contacted with ( ) : H2O, ( ) : HNO3 
4M. 
 

All those results are coherent with the fact 
that a structural transition - between swollen 
reverse micelles and a polar network with 
octanol as a co-solvent - occurs when large 
quantities of n-octanol are added in the extractant 

organic solution. The molar ratio of octanol for 
this transition to occur depends on the diamide 
concentration. For example for 0.7M diamide the 
transition from swollen reverse micelles to a 
structured solvent is observed for an octanol 
concentration higher than 1 mol.L-1. Important 
variations in extraction properties are expected in 
parallel to this micelle-to-co-solvent 
microstructural transition. The dodecane solution 
is more finely divided than the “octanol rich" 
one. In the first system, clear polar micro-
domains are separated from the apolar solvent by 
an interface, whereas in the second system the 
transition between polar and apolar areas is 
spatially more extended, probably opened and 
the difference in electronic density between the 
two regions is smaller. 

 
Liquid crystal state  
 

The microstructure of the DMDBTDMA 
diamide organic solution in the third phase has 
been studied. In some cases microphase 
separation in a more crystalline phase are 
obtained,  i.e. dispersion of tactoids in the form 
of small amounts of liquid crystals, giving 
macroscopically a gel. This last mode of 
supramolecular association has usually to be 
avoided in order to obtain easily manipulable 
extraction plant design [18]. 

Moreover some differences are obtained 
depending on the nature of the extracted ions, 
while before the third phase apparition the 
solutions are composed of swollen reverse 
micelles with attractive interactions. 

The third phase has different structures 
when Nd(NO3)3 or Th(NO3)4 or UO2(NO3)2 are 
extracted. These differences have probably to be 
relied to the nature of the complexes formed in 
the third phase. When an aqueous phase 
containing 1.4M of neodymium is contacted with 
a 0.5M DMDBTDMA in dodecane a third phase 
is obtained as a gel. The SAXS spectra of this 
gel give a broad peak indicating an organisation 
of the Nd atoms in the gel. 

When an aqueous phase of  thorium (0.35M) 
is contacted with a 0.35 M DMDBTDMA in 
hexane a gel is obtained. By SANS, we 
demonstrated that this gel corresponds to a 
microphase separation.  

When an aqueous phase of uranyl ( 0.1M) is 
contacted with 0.35M DMDBTDMA in hexane a 
powder is obtained. The SANS spectra of this 
concentrated phase gives a sharp peak 
corresponding to a distance of 2 nm in real 
space.  
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Microphase separation with tactoids is 
known for solid colloids since more than 50 
years [19]: a connected network of a “condensed 
phase” is in equilibrium with a continuous phase 
of “colloid poor solvent”.  In the well studied 
case of lamellar partly delaminated clay 
particles; the universal and characteristic small 
angle scattering signature is obtained: a  steep 
power-law decrease at small angles in 
conjunction of the scattering due to the 
condensed “tactoids” [20]. These tactoids can be 
any type of crystalline condensed arrangement,  
such as hexagonal, lamellar or cubic. Some 
extractant molecules, in the presence of thorium 
or in some poorly penetrating solvents, form 
helixes which can transform in cylindrical 
micelles.  Those assemble easily in hexagonal 
crystallites with submicron size. Since all of 
these hexagonal tactoids are connected, the 
macroscopic behaviour is an apparently 
homogeneous gel, with detectable birefringence 
if tactoids are enough developed.  The physical 
chemistry, and ion equilibrium in these types of 
gels remains to be studied. It is expected to be 
dominated by the miscibility gap between the 
two possible states of the complexing molecules 
in between these two microstructures.  

 
CONCLUSION 

The four possible microstructures known for 
complexing molecules in oil at the present 
described and compared in this work are:  

A- A simple molecular dispersion. This 
occurs with TBP at high temperature (>60°C) or 
with extractant used at a much diluted 
concentration. Physical chemistry of regular 
solutions applies and ion extraction as well as 
equilibrium can be treated as chemical 
equilibriums with defined stoichiometry and 
equilibrium constants. 

 
B- (B1) “Reverse” micelles with curvature 

of the polar/apolar interface towards the centre of 
the micelle, i.e. towards a polar core containing 
the polar heads of the complexing agents, the 
extracted ions, co-extracted solvent and  counter 
ions. The “Signature” of a dispersion of reverse 
micelles by small angle scattering  ( X-rays or 
neutrons) is easy to recognise, since factorisation 
of the structure factor due to inter-micellar 
interactions and the scattering of an individual 
micelle applies, as in any dispersion of 
interacting globular micelles [17]. Moreover, the 
attractive potential between micelles can be 
derived from scattering studies and used to 

predict explicitly domains of stability in phase 
diagrams.  

(B2) In some cases reverse micelles are 
formed by the extractant molecule with inclusion 
of other solutes in oil as “co-surfactant”. 
Physical chemistry of quaternary microemulsion 
applies: stability domains in compositions are 
increased as well as dynamics of the reactions. 
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C  D  
Figure 8: Four organized microstructures 

recognized for extractant solutions  (black : 
extractant molecule, grey: co-surfactant or co-
solvent) 

(B1) W/O micelles or reverse aggregates of 
surfactant molecules 

(B2) W/O micelles with another solute 
acting like a co-surfactant 

(C) Random dynamical networks in 
organized solvent, acting like adsorption sites for 
solubilised complexing molecules  

(D) Microphase separation containing 
“tactoids” i.e. coexistence of locally condensed 
structures such as a hexagonal phase. 

 
C-: A “molecular” dispersion of  extractant 

molecules, adsorbed on an existing dynamically 
structured network of hydrogen bonds in the 
solvent. The “signature” by scattering is also 
clearly different from the other cases: structured 
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solvent shows a broad scattering peak at a typical 
distance in real spacing of two nanometres. This 
is the distance between dynamical regions of 
high electronic density formed by the OH groups 
as demonstrated in the case of octanol in 
dodecane. Existence of these heterogeneities 
quenches the formation of micelles. 
Microstructure can be seen as amphiphilic 
molecules coexisting with a living polymer. The 
corresponding physical chemistry is not known, 
and specific theory has to be developed for ion 
adsorption, by analogy with weak 
polyelectroytes, the closest analogue to the 
network of hydrogen bonds decorated with  
complexing molecules as sketched in Figure 8. 

-D: The last recently microstructure detected 
for complexing agents is a microphase separation 
containing “tactoids”. This microstructure is 
shown schematically on Figure 8.  The sample, is 
of very high viscosity  or forms a gel. This 
organisation has to be avoided in order to obtain 
easily manipulable extraction plant design 

 
Presence of any of the four microstructures 

described here, in a given system has profound 
consequences in dynamical and kinetic 
behaviour. Emulsification of a micellar solution 
is very different from emulsification of water in 
oil and kinetics of phase transfer is deeply 
influenced by the presence of a surfactant 
monolayer at the oil/water interface [21]. 
Recognition of the presence of one of the 
possible microstructures is therefore very 
important in any chemical engineering design 
task, such as design of centrifugal extractors, 
pulsed columns or other designs aimed to favour 
dynamical contact of immiscible liquids 
containing active material [22] . 
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