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Abstract 
Aqueous two-phase system (ATPS), also called “water-in-water” emulsion, is a multi-

component system (aqueous droplets dispersed in a continuous aqueous phase), formed after 
gently mixing two aqueous solutions of immiscible polymers. It allows the formation of 
different compartments without adding any organic solvent, according to a green process. 
Nevertheless, the kinetic stability of ATPS is generally difficult to control. Phase diagrams, 
which express the concentration of a polymer as a function of that of the other in solution, are 
used to characterise ATPS and to determine conditions for preparing emulsions from selected 
polymers. In this study, dextran and polyethylene oxide aqueous mixtures with different 
processing parameters are investigated. Phase diagrams are generated through two automatic 
methods (Turbiscan and LUMiSizer® technologies) and a manual one. With the diagrams 
obtained, it is concluded that the purity of polyethylene oxide affects the ATPS, whereas the 
use of polymers in powder or in solution form has no effect. In view of this result, it is allowed 
to prepare ATPS formulation by a simple one-step process from polymers in powder form.  
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Introduction 

Aqueous two-phase systems (ATPS), 
also known as “water-in-water” emulsions, 
are mixtures of hydrosoluble but 
incompatible polymers in water. In these 
systems, droplets (in general in the 
micrometer range) of an aqueous solution of 
one of the polymers are dispersed in a 
continuous phase consisting of an aqueous 
solution of the other polymer 1. Such systems 
can be scaled up easily and they are cheap to 
formulate 2. Given the mild conditions used 
and the rapidity of the process 3,4, ATPS are 
particularly useful for the separation and 

purification of biomolecules 5,6, such as 
proteins, enzymes (e.g. fungal laccases used 
in the production of antibiotics, anti-cancer or 
anaesthetic molecules), monoclonal 
antibodies (e.g. IgG, anti-CD34)7 and even 
cells 8 (platelets isolated from blood 9, 
confinement of cells to form  3D culture of 
cancer cells (spheroids) 10). Some differences 
between the three-dimensional structures of 
closely related proteins can also be identified 
by exploring their partitioning in ATPS with 
different ionic compositions 11. In medicine, 
ATPS are used in gene therapy (for the 
isolation of DNA or nucleic acids) and 
vaccination (purification and concentration 

1 I 



  

 2 

of viruses) 7. ATPS are formed by a “green” 
process without adding any organic solvent 
12,13. This is a particularly attractive 
characteristic for the agrofood sector, for the 
detection or extraction of low-molecular 
weight molecules and residues of medicinal 
products in water, even at very low 
concentrations (e.g., residues of antibiotics, 
pesticides or herbicides) 7. Various other 
applications have been developed for ATPS, 
including uses in the separation of metals or 
metal ions, textile dyes in washing water, and 
the extraction of products of fermentation by 
micro-organisms 7.   

ATPS can be formulated by mixing at 
least two thermodynamically incompatible 
polymers in aqueous solution 14. Aqueous 
phases including a polymer and a salt (e.g. 
PEG/phosphate), respectively, can also form 
ATPS 2. Other systems use different 
compounds, such as guar gum, 
hydroxypropyl starch, polysorbate, ethylene 
or propylene oxide copolymers (EOPO) 2. 
Many of the most frequently studied ATPS 
are based on pairs of dextran and 
polyethylene oxide polymers of different 
molecular weights (polyethylene glycol 
(PEG) or polyethylene oxide (PEO)). These 
two different types of polymers are 
immiscible in certain proportions, in which 
their mixture results in ATPS 15.  PEG 
polymers, with the formula (-CH2CH2O-)n, 
are linear polyethers composed of ethylene 
glycol monomers. Their chain length is 
variable, making it possible to adjust their 
molecular weight for diverse possibilities. A 
PEG is often referred as “PEO” if its 
molecular weight exceeds 20 kg.mol-1. 
Dextran is a natural polysaccharide polymer 
produced by bacteria. The use of 
dextran/PEG polymer combinations to create 
ATPS presents several advantages for the 
separation of biomolecules, such as proteins 
16. However, such emulsions are restricted by 
their dynamic behaviour, which leads to 
droplet deformation 14. The Quality-by-
Design approach ensures high-quality 
formulation through the use of a well-
designed process. It has already been used to 
improve our understanding of novel 

formulation processes, for drug-loaded 
nanoparticles for example 17. In this context, 
many characterisation studies are required 
during the development of ATPS. Emulsion 
structure has been shown to depend on 
viscosity, interfacial tensions, resistance to 
bending and interfacial permeability 18. All 
these properties affect the phase separation 
process 18. Many characterisation methods 
are based on the study of the interfacial 
tension between the dispersed and continuous 
phases 14,19–21. Theories and models have 
been developed to explain the 
deformation/relaxation behaviour of ATPS 
1,22.  The main problem with such 
formulations is the strong destabilisation 
displayed by emulsions, in which rapid 
droplet deformation causes significant 
instability. Some studies 19,20 have 
characterised emulsions with phase diagrams 
23, to determine the optimal formulation 
conditions. Phase diagrams express the 
concentration of a polymer as function of that 
of another polymer in solution (Fig.1). They 
present “tie-lines”, which connect two points 
corresponding to the concentrations of the 
totally separated phases. They also show the 
binodal curve, which defines the limits of the 
multiphase system. Below this curve, the 
polymers are miscible. Phase diagrams can 
be used to evaluate the effects of temperature 
and polymer molecular weight on the 
composition of the aqueous phases of 
emulsions, for example. At higher polymer 
molecular weights, the binodal curves are 
pushed down to lower polymer 
concentrations 24. These diagrams can be 
used to determine the conditions required for 
the formation of emulsions from given 
polymers as function as their concentrations. 
For biomedical applications, ATPS 
containing less than 5 wt% of either PEG (25 
to 45 kg.mol-1) and dextran (450 to 650 
kg.mol-1) are more suitable due to short 
dissolution time and low interfacial tension 
25. However, ATPS composed of PEG 
(8 kg.mol-1) and dextran (500 kg.mol-1 or 
66.9 kg.mol-1), with concentrations of 9.6 wt 
% of PEG and 1.0 wt % of dextran (500 
kg.mol-1), or concentrations of 4.2 wt % of 
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PEG and 9.8 wt %  of dextran (66.9 kg.mol-

1)  provided the best conditions for lipase or 
lutein extraction, respectively 26,27. Finally, 
for the couple of PEO (200 kg.mol-1) and 
dextran (500 kg.mol-1), Balakrishnan, et al. 
determined phase diagram studying 
concentrations up to 8 wt% of PEO and 4 
wt% of dextran 19. Thus, in this study, the 
phase diagrams of PEO (molecular weight 
200 kg.mol-1) and dextran (molecular weight 
500 kg.mol-1) mixtures as a means of 
characterising ATPS were explored in this 
last range of concentration. A workability 
area was identified for this pair of polymers, 
and a binodal curve and phase diagram were 
generated. One manual and two automatic 
methods of characterisation (Turbiscan and 
LUMiSizer® technologies) were compared. 
LUMiSizer® uses cutting-edge STEP- (space 
and time-resolved extinction profiles) 
technology whereas Turbiscan TOWER uses 
S-MLS (static multiple light scattering). Both 
these technologies involve optical methods 
for the characterisation of concentrated liquid 
dispersions without the need for dilution. 
Near-infrared light source extinction profiles 
are obtained from transmission detectors that 
recover signals by scanning from the bottom 
to the top of the sample. The main difference 
between these two technologies is the 
destabilisation process, which is accelerated 
by centrifugal force in the LUMiSizer® 
technique. The impacts of polymer state 
(solid or solution) and PEO purity on the 
phase diagrams were evaluated. 

  

Material & Method 
Materials 

Dextran from Leuconostoc 
mesenteroides (Mw: 500 kg.mol-1), and 
polyethylene oxide (PEO) (Mw: 200 kg.mol-

1) were provided by Sigma-Aldrich (Saint-
Quentin Fallavier, France). Water purified 
with the MilliQ filtration system (Millipore, 
Paris, France) was used for all formulations. 

 
Methods 
PEO purification process 

Impurities present in the PEO were 
removed by dissolving the PEO in water and 

centrifuging (5810R centrifuge, Eppendorf 
AG Hamburg, Germany) for 5 minutes at 
4,000 rpm. The impurities were removed as 
the pellet. The supernatant was centrifuged 
several times under the same conditions until 
no impurities pellet was obtained. The 
supernatant containing PEO was then freeze-
dried (Lyovac GT2 (Steris, Germany)/CC-
505 (Huber, Germany)) to obtain a purified 
PEO powder. 
 
Preparation of aqueous mixtures of dextran 
and PEO 

For mixtures of polymers in solutions 
(liquid state), aqueous stock solutions of 100 
mg/mL dextran and 200 mg/mL PEO were 
first prepared. These two solutions were then 
mixed in different proportions.  
For mixtures of polymers in powder form 
(solid state), the dextran and PEO powders 
were weighed directly and dissolved in water.  
 
Binodal determination 

The binodal curve was determined by 
the visual method. Different concentrations 
of PEO and dextran mixtures (ranging from 
0.0 wt% to 2.0 and 4.0 wt%, respectively) 
were studied, with the polymers in powder 
form or in aqueous solution. The binodal 
points were determined by visual for signs of 
phase separation (interface observation) after 
three days at room temperature. If phase 
separation occurred, two phases were 
observed, corresponding to an emulsion. If no 
phase separation occurred, there was only a 
single phase, corresponding to a solution. 
Obtained results were reported on a map 
constructed with initial concentration of each 
polymer. Thus, a first global workability map 
was designed based on formulations from 
polymers in powder form with non-purified 
PEO. The edges of the binodal curve were 
then studied under different conditions (PEO 
purified and non-purified, and polymers in 
solution or in powder form).  
 
Phase diagram generation 

Phase diagrams were obtained by 
mixing polymers to obtain final 
concentrations of 2.0 wt% dextran and 1.0 to 
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8.0 wt% PEO. The effects of the initial state 
of the polymers (solution or powder) and 
PEO purity were studied. Phase separation 
was investigated with one manual and two 
automatic methods.  

Manual method: aqueous mixtures 
were stored at room temperature for 5 days 
and the height of each phase was measured 
manually.  

Turbiscan automatic method: in a 4 
mL cylindrical cell, aqueous mixtures were 
stored at room temperature for 5 days and 
analysed with a Turbiscan TOWER 
(Formulaction, Toulouse, France). Analyses 
were performed for 4 hours (1 scan every 5 
minutes) at 25°C and the height of each phase 
was measured graphically with Turbisoft 
software. Further details of this method are 
provided in the Supporting Information (Fig. 
S3).  

LUMiSizer® automatic method:  in a 
rectangular cell (10 mm-diameter round top), 
aqueous mixtures were centrifuged in a 
LUMiSizer® (LUM GmbH, Berlin, 
Germany) at 4,000 rpm for 5 minutes at room 
temperature. The two forming phases were 
clear and the height of each phase was 
measured graphically with SEPView® 
software.  

An abacus was set up with water in 
the glassware used to correlate the height and 
volume of a phase. From obtained equation, 
the volume of total aqueous mixture (V total) 
and the volume of each phase (V polymer 
phase) were determined and the mass of 
water in the polymer-rich phase (m water 
phase) were calculated according to Eq. 1, 
assuming a homogeneous distribution of 
water in the samples. Then, in each polymer-
rich phase, experimental polymer 
concentrations were calculated according to 
Eq. 2. 

 
(1) m water phase (g)  

= !		#$%&'	%(%$)	(+)	×	.	/()0!&'	/1$2&	(!3)
	.	%(%$)	(!3)

               
(2) Experimental polymer concentration (wt%)  

= !	/()0!&'		(+)
!	/()0!&'	(+)4!	#$%&'	/1$2&	(+)

  
 

(where m polymer and m water total are the 
initial mass (g) of polymer and water in the 
total aqueous mixture). 

Finally, phase diagrams were 
generated with the experimental polymer 
concentrations, and tie-lines were then 
normalised by bringing the slopes down to 
theoretical initial concentrations. 
 
Results & Discussion 
Binodal  

The binodal, separating the solution 
from the emulsion of an aqueous mixture of 
dextran and PEO, is shown Fig. 2. In the 
studied area, from a dextran concentration of 
2.0 wt%, the experimental binodal was found 
below 2.0 wt% of PEO. For aqueous mixtures 
containing 2.0 wt% dextran (corresponding 
to the experimental dextran concentration for 
subsequent phase diagram construction), the 
experimental binodal was located above 2.0 
wt% of PEO. Similar results were found for 
the studied areas described in the Supporting 
Information (Table S1), whatever the 
conditions tested: purified and unpurified 
PEO, and polymers in solution or powder 
form. The degree of purity of the PEO and the 
physical state of the polymers therefore had 
no impact on the binodal for the 
concentrations tested. However, the binodal 
obtained here was higher than that reported in 
the literature 19.  Indeed, at 2.0 wt% dextran, 
the binodal curve was determined for a PEO 
concentration of between 1.75 wt% and 2.0 
wt% (Fig. 2), whereas Balakrishnan, et al.19 
obtained the binodal for a PEO concentration 
below 1.0 wt%. This highlights the margin of 
error imputed to operator variability for the 
manual method.  

 
Phase diagram  

Table 1 shows the equations and 
linear correlation coefficients obtained with 
the water abacus for each method. These 
equations were used to calculate the polymer 
concentration in each phase to define the tie-
line slopes and to construct the phase 
diagram. However, a relative error must be 
imputed to the calculation due to the 
approximation of polymer density, which is 
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significantly different from water density, 
especially for high concentrations. Similarly, 
Amrhein, et al. also highlighted the impact of 
neglecting density in phase diagram 
construction 28. For each method, phase 
diagrams were generated for PEO (from 1.0 
to 8.0 wt%) and dextran (at 2.0 wt%).  

Experimental results used to 
determine tie-lines were presented Table S2. 
Based on these experimental results, the 
phase diagrams were normalized to fit 
theoretical polymer concentrations. Phase 
diagrams were compared by superimposition 
and the interpretation of the results was based 
on differences in tie-line slopes at the same 
polymer concentrations. For all the 
conditions tested, at 2.0 wt% dextran, the 
aqueous phase system had a single phase with 
1.0 wt% and 1.5 wt% PEO.  

 
Indeed, according to the experimental 

binodal line obtained, polymer 
concentrations were too low for the formation 
of an emulsion. Below the binodal line, the 
studied system formed a stable homogeneous 
mixture 29. Whatever the experimental 
conditions, for 2.0 wt% PEO, two phases 
were observed after emulsion destabilisation. 
Weight percent values are indicated in Table 
S2, but tie-lines are not presented here. For 
points for which polymer concentrations 
were close to the binodal, the tie-lines crossed 
the tie-lines of high-concentration points. 
This pattern of behaviour has been reported 
before, particularly for polymer-salt ATPS, 
and can be explained by changes in phase 
density with compound concentration 30. 
Moreover, the measurement at this point was 
not considered accurate because the 
refractive indices for light scattering changed 
on passage through the glassware and the 
meniscus at the interface between the two 
phases. At this point, very close to the binodal 
concentration, there was probably also a 
commingling of polymers, with incomplete 
phase separation, even if not visible by eye. 
Ferreira, et al. described the binodal in terms 
of saturation or space occupation by 

polymers 29. The impact of the physical state 
of the polymer (solid or solution) was then 
evaluated by superimposing phase diagrams 
for the different methods used. The phase 
diagrams obtained are presented in Fig. 3 and 
Fig. 4 for experimental concentrations of 2.0 
wt% dextran and 1.0 wt% to 8.0 wt% PEO, 
to focus on the emulsion area. These 
concentrations were chosen because they are 
already studied in the literature from 
polymers in solution 19. Results with 
unpurified PEO were presented in Supporting 
Information (Fig. S1). The phase diagram in 
Fig. 3A was established with the manual 
method (method used for binodal 
determination) and shows the results 
obtained for polymers in powder or solution 
form. Following the superimposition of tie-
lines for the 2.0 wt% dextran points, no 
difference in the PEO concentration in the 
PEO-rich phase was observed with polymers 
in either powder or solution form and 
whatever the method used (Fig. 3A, Fig. 3B 
and Fig. 3C). For the manual method, the 
dextran-rich phase seemed to be more 
concentrated in ATPS formed from polymers 
in powder form than in those formed from 
polymers in solution (Fig. 3A). However, 
automatic methods identified no differences 
in the dextran-rich phases (Fig. 3B and Fig. 
3C). The manual method appeared less 
accurate for determining phase heights, and 
consequently volumes. In Fig. 4A, showing 
phase diagrams established with the manual 
method, differences were observed when tie-
lines for 2.0 wt% dextran were superimposed. 
However, as discussed above, the inaccuracy 
of the manual method made it impossible to 
draw any firm conclusions about these 
results. The analyses performed with the 
automatic methods revealed no effect of PEO 
purity on PEO concentration in the PEO-rich 
phase (Fig. 4B and Fig. 4C). By contrast, 
dextran concentration tended to increase in 
the dextran-rich phase after PEO purification 
(Fig. 4B and Fig. 4C). Impurities in PEO raw 
material was identified in the literature as 
silica particles 19.  

 Silica impurities present in the 
emulsion can sediment out during the 
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separation process, as silica has a higher 
density (approximately 2 g.cm-3) than PEO 
and dextran ones (close to 1 g.cm-3) 31. The 
resulting error on the final concentrations in 
each phase led to imprecision in the diagram. 
These findings are consistent with those of a 
previous study highlighting the utility of 
automatic methods for the accurate 
characterisation of ATPS 28. Thus, the greater 
reliability of automatic methods results in an 
absence of difference between phase 
diagrams generated with powders and phase 
diagrams generated with solutions. Thus, 
these results demonstrate that, both powder 
and solution forms of polymers can be used 
indiscriminately to prepare ATPS in these 
range of polymers concentration. The impact 
of polymer purity for polymers in powder 
form was also investigated. Phase diagrams 
for the various methods with and without 
purification of PEO were superimposed (Fig. 
4) (Results for polymers in solution were 
reported in Supporting Information (Fig. 
S2)). Silica would therefore have been found 
in the bottom dextran phase, resulting in an 
overestimation of the height and volume of 
the dextran-rich phase and a lower estimation 
of concentration than for purified PEO. The 
concentration of PEO in the PEO-rich phase 
would probably be unaffected in the phase 
diagram, because adding low-solubility 
compounds such as silica would modify the 
total volume of the ATPS, the apparent 
volume of bottom phase (the dextran-rich 
phase), but not that of the top phase (PEO-
rich phase). The degree of polymer purity 
therefore had an impact on the phase 
diagram. For all conditions (purified and 
unpurified PEO, polymers in solution or in 
powder form) the information provided by 
phase diagrams differed with the method 
used. Finally, a comparison of the manual 
method with the Turbiscan and LUMiSizer® 
methods showed that the automatic methods 
were more reliable for ATPS 
characterisation. Optimisation of the 
accuracy of phase diagram construction 
required complete phase separation. In the 
system studied, phase separation occurred at 
low polymer concentrations because of large 

sizes of the molecules 32. Interactions with 
water increased with the molecular size of the 
polymers. However, this configuration, with 
a continuous top phase (continuous phase 
located on top after separation, as for PEO in 
this case), was not optimal for phase 
separation. Indeed, it has already been shown 
that partitioning is faster for a continuous 
bottom phase 33. The application of a 
centrifugal force to accelerate phase 
separation, as with the LUMiSizer® method, 
may be useful for overcoming viscosity or 
molecular size parameters, which affect the 
duration of phase separation. In any case, the 
centrifugal force parameters must be 
optimised for the system, to prevent potential 
losses of the product of interest 34. The use of 
gravitational force for partitioning, as in the 
Turbiscan method, is also potentially useful, 
for phase separation in mild conditions. 
However, this method is more time-
consuming. These two automatic methods 
provided equivalent results. The choice of 
equipment should therefore be based on the 
desired application.   
 
Conclusion 

Many applications for ATPS have 
been described. However, understanding 
phase separation behaviour remains a 
challenge that must be resolved before this 
formulation process can be scaled up 
according to a Quality by Design approach.  
ATPS prepared with dextran and 
polyethylene oxide were characterised 
through phase diagrams obtained by three 
different methods. A workability area was 
defined by determining the binodal and tie-
lines composing the phase diagram for this 
pair of polymers. The physical state (in 
solution or solid) of the polymers had no 
effect on the phase diagram. The impact of 
polymer (PEO) purity was also investigated 
and PEO purification was found to result in a 
higher concentration of dextran in the 
dextran-rich phase, highlighting the 
importance of using high-purity raw 
materials.  
In conclusion, automatic methods were more 
accurate, faster and reliable than the manual 
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method for characterising ATPS. Due to 
approximations in height determinations 
from the profiles obtained, assays remain the 
most accurate method of phase diagram 
construction. Nevertheless, automatic 
methods, such as the Turbiscan and 
LUMiSizer® methods, are very easy to use 
and to quickly generate phase diagrams. So 
they have a great interest for the comparison 
of different experimental conditions and for 
scale up processes. In this study, the results 
obtained with these methods highlighted the 
importance of the degree of purity of the 

polymer. Finally, the most attractive results 
were obtained by comparing polymers forms. 
Thus, a simple one-step process, easily 
scalable in industrial process, from a mixture 
of polymers in powder form with adding 
water can be proposed to prepare ATPS 
formulation. 
 
Abbreviations: ATPS: aqueous two-phase 
system; Dex: dextran; PEO: polyethylene 
oxide; Wt%: mass concentration as a 
percentage.  
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Figure 1. Schematic representation of phase diagram with binodal curve separating ATPS from 
no ATPS region, and tie-lines obtained for the couple of polymers PEO and dextran 
 

 
Figure 2. Map representing the binodal (blue area) for the aqueous dextran and PEO system 
separating the one-phase region (solution, red area) from the two-phase region (emulsion, green 
area). Aqueous systems were prepared from PEO (unpurified) and dextran in powder form, 
with concentrations ranging from 0.0 wt% to 2.0 and 4.0 wt%, respectively. 
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Figure 3. Normalised phase diagrams obtained with purified PEO from polymers in powder 
(solid line) and solution (dotted line) form, with three different methods: A – Manual method, 
B – Turbiscan, C – LUMiSizer® 
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Figure 4. Normalised phase diagrams obtained with polymers in powder form, with purified 
(solid line) and unpurified (dotted line) PEO, for the three different methods tested: A – Manual 
method, B – Turbiscan, C – LUMiSizer® 
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Table 1. Equations and correlation coefficients for the abacus for the manual and automatic 
methods, with Y representing the volume of water (in mL) and X the height of the phase (in 
mm) in the vial used 

 Method 
 Manual and Turbiscan LUMiSizer® 
Equation Y = 0.1336 X Y = 0.0682 X 
Correlation coefficient R2 = 0.9990 R2 = 0.9998 
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Supporting Information  
 
Table S1. Results obtained for binodal determination, by comparing polymers in powder and 
solution form, and purified and unpurified PEO. Concentrations ranged from 1 to 2 wt% for 
dextran and 2 to 4 wt% for PEO 

Polymer form Powder Solution 

Results Purity Purified PEO Unpurified PEO Purified PEO Unpurified PEO 

Concentration (wt%) PEO Dextran PEO Dextran PEO Dextran PEO Dextran 

Experimental data 

1.0% 1.9% 1.0% 2.1% 1.2% 2.0% 1.1% 2.0% Solution 

1.5% 2.0% 1.5% 2.0% 1.7% 2.0% 1.5% 1.8% Solution 

2.1% 2.0% 2.0% 2.0% 2.2% 2.0% 2.2% 2.0% Emulsion 

1.0% 3.0% 1.0% 3.0% 0.9% 3.2% 1.2% 3.0% Solution 

1.5% 3.0% 1.5% 3.0% 1.5% 3.1% 1.9% 3.1% Emulsion 

2.1% 3.0% 2.0% 3.0% 2.1% 3.1% 2.4% 3.1% Emulsion 

1.0% 4.0% 1.0% 4.0% 1.1% 4.1% 1.2% 4.2% Emulsion 

1.5% 4.0% 1.6% 4.0% 1.4% 4.3% 1.8% 4.1% Emulsion 

2.1% 4.0% 2.0% 4.0% 2.0% 4.3% 2.3% 4.2% Emulsion 
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Table S2. Polymer concentrations (%wt) determined under different conditions of purity 
(purified and unpurified PEO) and polymer state (solution or powder), with the manual method 
and two automatic methods: Turbiscan and LUMiSizer® 

    Manual Turbiscan LUMiSizer® 

 
Theoretical  

Concentrations 
(%) 

Experimental  
Concentrations 

(%) 

Experimental  
Concentrations 

(%) 

Experimental  
Concentrations 

(%) 

Fo
rm

 

Pu
ri

ty
 

Dex 
initial 

PEO 
initia

l 

Dex 
initial 

PEO 
initial 

Dex in 
Dex-
rich 

phase 

PEO 
in 

PEO-
rich 

phase 

Dex 
initial 

PEO 
initial 

Dex in 
Dex-
rich 

phase 

PEO 
in 

PEO-
rich 

phase 

Dex 
initial 

PEO 
initial 

Dex in 
Dex-
rich 

phase 

PEO 
in 

PEO-
rich 

phase 

Po
w

de
rs

 

Pu
ri

fie
d 

PE
O

 

2.0 1.0 1.9 1.0 N/A N/A 1.9 1.0 N/A N/A 2.0 1.0 N/A N/A 

2.0 1.5 2.0 1.5 N/A N/A 2.0 1.5 N/A N/A 2.0 1.5 N/A N/A 

2.0 2.0 2.0 2.1 12.6 2.4 2.0 2.1 13.4 2.4 2.0 2.1 10.7 2.6 

2.0 3.0 2.0 3.1 12.7 3.6 2.0 3.1 12.2 3.7 2.0 3.0 9.5 3.8 

2.0 4.0 2.0 4.0 14.5 4.7 2.0 4.0 14.5 4.7 2.0 4.0 10.5 5.0 

2.0 6.0 2.0 6.0 17.1 6.8 2.0 6.0 16.6 6.8 2.0 6.0 11.5 7.3 

2.0 8.0 2.0 8.1 18.6 9.2 2.0 8.1 21.0 9.0 2.0 8.0 14.8 9.3 

U
np

ur
ifi

ed
 P

E
O

 

2.0 1.0 2.0 1.0 N/A N/A 2.0 1.0 N/A N/A 2.1 1.0 N/A N/A 

2.0 1.5 2.0 1.5 N/A N/A 2.0 1.5 N/A N/A 2.0 1.5 N/A N/A 

2.0 2.0 2.0 2.0 10.4 2.5 2.0 2.0 11.2 2.5 2.0 2.0 10.7 2.5 

2.0 3.0 2.0 3.0 10.0 3.8 2.0 3.0 10.5 3.7 2.0 3.0 9.4 3.8 

2.0 4.0 2.0 4.0 11.4 4.9 2.0 4.0 12.5 4.8 2.0 4.0 10.4 4.9 

2.0 6.0 2.0 6.0 13.1 7.1 2.0 6.0 15.8 6.9 2.0 6.0 12.1 7.2 

2.0 8.0 2.0 8.0 15.5 9.2 2.0 8.0 N/A N/A 2.0 8.0 13.9 9.3 

So
lu

tio
ns

 

Pu
ri

fie
d 

PE
O

 

2.0 1.0 1.8 1.0 N/A N/A 1.8 1.0 N/A N/A 1.9 0.8 N/A N/A 

2.0 1.5 1.9 1.2 N/A N/A 1.9 1.2 N/A N/A 1.9 1.4 N/A N/A 

2.0 2.0 1.8 1.8 21.2 2.0 1.8 1.8 27.7 2.0 1.9 2.0 35.8 2.1 

2.0 3.0 1.9 2.8 10.2 3.5 1.9 2.8 11.6 3.4 1.9 2.8 9.4 3.5 

2.0 4.0 1.9 3.6 11.4 4.3 1.9 3.6 12.2 4.2 2.0 3.8 9.6 4.8 

2.0 6.0 2.0 5.4 14.1 6.3 2.0 5.4 15.1 6.2 1.9 5.9 87.6 6.0 

2.0 8.0 2.0 7.5 15.7 8.6 2.0 7.5 18.9 8.4 2.0 8.0 15.3 9.2 

U
np

ur
ifi

ed
 P

E
O

 

2.0 1.0 1.9 0.9 N/A N/A 1.9 0.9 N/A N/A 1.9 0.9 N/A N/A 

2.0 1.5 1.6 1.3 N/A N/A 1.6 1.3 N/A N/A 1.9 1.5 N/A N/A 

2.0 2.0 1.9 1.8 16.9 2.1 1.9 1.8 16.9 2.1 1.9 2.0 57.6 2.1 

2.0 3.0 1.9 2.7 10.6 3.3 1.9 2.7 10.4 3.4 1.9 3.1 9.2 3.9 

2.0 4.0 2.0 3.6 12.4 4.2 2.0 3.6 11.0 4.3 1.9 4.1 9.9 5.1 

2.0 6.0 1.9 5.6 17.3 6.3 1.9 5.6 14.6 6.4 2.0 6.1 12.2 7.3 

2.0 8.0 2.0 7.5 17.2 8.4 2.0 7.5 18.5 8.4 2.1 8.3 14.8 9.7 
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Figure S1. Normalised phase diagrams obtained with unpurified PEO, from polymers in 
powder form (solid line) and polymers in solution (dotted line), for the three different methods 
tested: A – Manual method, B – Turbiscan, C – LUMiSizer®) - The tie-line at 8.0 wt% PEO 
was not determined with the Turbiscan method, due to the impossibility to determine the height 
of the sample accurately from the transmission profile obtained (B) 



  

 17 

 
 

Figure S2. (Normalised phase diagrams obtained with polymers in solution, with purified (solid 
line) and unpurified (dotted line) PEO, for the three different methods tested: A – Manual 
method, B – Turbiscan, C – LUMiSizer®)  
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Figure S3. Method for determining height from Turbiscan transmission profiles – example for 
the transmission profile obtained with polymers in powder form and purified PEO at a 
concentration of 3 wt% 
 

 


