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Abstract 

The partitioning behavior of norfloxacin (more hydrophilic) and sodium diclofenac (more 

hydrophobic) was studied considering the use of aqueous two-phase systems.(ATPS) based in 

copolymers and dextran. For this research, the phase behavior of systems composed of water, a 

copolymer (Pluronic PE6400, Pluronic L35, Pluronic  PE6800, PEG-ran-PPG monobutyl ether 

and PEG-ran-PPG) and dextran (Mw=40000 and 6000 g.mol
-1

) were investigated. The phase 

diagrams showed that by increasing the molecular weight and the copolymer PPG/PEG ratio, the 

biphasic region is enlarged. After defining the bionodal curves, a preliminary screening on the 

partition of two pharmaceutic ingredients (sodium diclofenac and norfloxacin) was carried. After 

selected the most appropriate ATPS for the partition of both drugs, namely systems based on 

diblock copolymers (poly(ethylene glycol)-poly(propylene glycol)) – dextran T6 and one random 

copolymer (poly(ethylene glycol)-ran-poly(propylene glycol)) – dextran T6, the effect of the 

copolymer concentration and different mixture points was assessed. In the end, the results 

showed that by increasing the copolymer concentration and tie-line length, the partition 

coefficient of the pharmaceutical ingredients increased in the block copolymer-based ATPS and 

decreased in systems containing the random copolymer.  

 

Keywords: aqueous two-phase systems, dextran, copolymers, partition, norfloxacin, sodium 

diclofenac 

 

 

 

 

  

                  



1. Introduction 

Aqueous two-phase systems (ATPSs) are formed by the mixture, in water, of two different 

water-soluble compounds, like polymers, salts, carbohydrates, or ionic liquids, whose 

interactions, upon mixing at defined concentration, temperature and pressure ranges, promote a 

phase split. The interfacial tension in these systems is low, so mass transfer occurs easily and 

quickly [1–3]. ATPSs are claimed as biocompatible, nonflammable, and scalable systems [4–6]. 

They have been used for the separation and purification of biological products such as 

antibodies, antibiotics , proteins and also for metal ions and small organic molecules [7]. The 

ATPSs combining dextran and polyethylene glycol (PEG) are one of the most conventional 

systems used in the partition/purification of drugs, proteins, enzymes, and others [3,8–12]. In this 

system, the top phase is PEG-rich (hydrophobic phase), while the bottom phase is rich in dextran 

(hydrophilic phase). Because of the main characteristics (e.g. high viscosity and lower difference 

of hydrophobicity between the phases) of these conventional polymer-based systems, a poor 

separation of biomolecules with similar structures are observed [13–17]. To overcome this 

drawback, copolymers based in PEG (polyethylene glycol)-PPG (polypropylene glycol) can be 

used instead of PEG. The PEG-PPG copolymer is more hydrophobic than PEG due to the 

presence of PPG monomers, thus allowing to tune the difference in the hydrophobicity between 

both phases [13–17]. 

PEG-PPG copolymer was used for the first time in the formation of ATPSs more than two 

decades ago [13]. This copolymer has been applied by several authors instead of PEG, 

conjugated with other phase forming compounds, such as dextran, potassium phosphate, sodium 

sulfate, and others [11,18–22]. The PEG-PPG copolymer can be used in both random and block 

conjugations to prepare ATPSs. The phase formation and physico-chemical properties of the 

systems are highly dependent on their structure and PPG/PEG ratio. By increasing the molecular 

weight and PPG/PEG ratio, the hydrophobicity of the copolymer increases. Therefore, a 

significant difference in the systems’ phase behavior (binodal curves), and thus on the biphasic 

                  



regions, is observed [11,13,23,24]. In addition to the hydrophobicity, the water solubility of the 

co-polymers is also influenced by the temperature. The presence of PPG moieties in these 

copolymers leads to a decrease of the cloud point temperatures of the phase diagram. 

Considering the thermo-responsive nature, copolymers are able to be separated from the other 

solvents, only by raising temperature. Additionally to studies reporting their use for the 

separation of different proteins, [25–28]. these systems were evaluated also for the partition of 

small molecules, namely for the concentration of ciprofloxacin in a food sample [29], curcumin 

[30] and insulin [31]. Other studies have highlighted the potential of these systems to target high-

value compounds separation but mostly, to the feasibility of developing more environmental 

sustainable and economic separation processes. In this sense, this type of systems was selected in 

this work to carry the partition of two drugs, norfloxacin and soldium diclofenac. These drugs 

were used in this work as two model drugs, representative of pollutants that can be found in food 

and in water effluents, respectively. Norfloxacin is a representative of fluoroquinolones, while 

sodium diclofenac is a widely used anti-inflammatory drug, both toxic for environment. The 

presence of norfloxacin has been detected in food [32] , while sodium diclofenac is being 

recurrently detected in water effluents and streams [33] . Despite the different methods proposed 

for the determination of these compounds, namely spectrofluorometry, high performance 

capillary electrophoresis, for norfloxacin and ozonation, chloride oxidation and reverse osmose 

for sodium diclofenac [34], their complexity is limiting their use [20], thus imposing the need of 

searching simpler methodologies to concentrate the drugs and allow their quantification and 

elimination. 

Considering the applicability and versatility of these systems, in this work, five PEG-PPG 

copolymers (P luronic PE6400, Pluronic PE6800, P luronic L35, PEG-ran-PPG monobutyl ether 

(PPB) and PEG-ran-PPG-ran-PEG (UCON) were used to study the effect of the copolymer 

structure, Dextran molecular weight and the copolymer PEG/PPG ratio on the formation of the 

ATPSs. The complete phase diagrams were determined at room temperature. The copolymer-

                  



based ATPSs were then applied on the pre-concentration and partition of norfloxacin and sodium 

diclofenac, where the effects of copolymer type/structure, dextran molecular weight, and 

different mixture points were evaluated.  

 

 

2. Materials and methods 

2.1. Materials 

Pluronic PE6400 and Pluronic PE6800 (PO-EO-block polymers with approximately 40% EO) 

were acquired from BASF. Dextran T6 (molecular weight around 6000 Da) and Dextran T40 

(molecular weight around 40000 Da), Pluronic L35, PEG-ran-PPG monobutyl ether (PPB) and 

PEG-ran-PPG-ran-PEG (UCON) from Leuconostoc spp were purchased from Sigma. UCON is a 

random copolymer with average molar weight around 3900 Da and composed with 0.50 ethylene 

glycol and 0.50 propylene glycol. Sodium diclofenac and norfloxacin were acquired from Alfa 

Aesar with mass fraction purity of 95%, prepared in distilled water. The compounds structure are 

depicted in Figure 1. In Table 1 we represent the molecular weight (Mw), PEG percentage 

(%PEG), hydrophilic-lipophilic balance (HLB), cloud point temperature (TCp), surface tension 

(σ), density (ρ), viscosity (η), ethylene glycol monomers number (-EGn) and polypropylene 

glycol monomers number (-PGn-) of the phase forming components, at 296 K, are in Figure 1.

                  



 
Figure 1. Compounds structure.  

 
 
Table 1. Molecular weight (Mw), percentage of PEG monomer (%PEG), hydrophilic-lipophilic balance (HLB), cloud point (TCp), surface tension 

(σ), density (ρ), viscosity (η), ethylene glycol monomers number (-EGn) and polypropylene glycol monomers number (-PGn-) of the phase forming 
components, at 296 K.  

Copolymer Mw /g.mol
-1

 %PEG HLB TCp 
(1)

 /ºC σ 
(1)

 /mN.m
-1

 ρ 
(1)

 /g.cm
-3

 η 
(1)

 /cP (-EGn-)  
(1)

 (-PGn-) 
(1)

 

PPB 3900 53 -   1.056
 

3800 - - 

Pluronic PE6400 2900 40 7-12 [35] 60 41 1.06 - 13 20 

Pluronic PE6800 8000 80 > 24 [35]      51 1.05 1000 73 28 

Pluronic L35 1900 50 19 [36] 73 49 1.06 375 11 16 

UCON 2500 50 - - - 1.095 710 - - 
(1)  

Data reported by the supplier;  

                  



2.2. Methodology 

2.2.1. Phase diagrams and tie-lines 

The binodal curves were determined at room temperature (298 K) and atmospheric pressure 

through the cloud-point titration method [37] following the methodology reported in a previous 

work [38]. Aqueous solutions of dextran (Dextran T6 at 50 wt% and Dextran T40 at 40 wt%), 

and aqueous solutions of the different copolymers were prepared gravimetrically (±10
-4

 g) at 

different concentrations to determine the binodal curves. The experimental solubility curves were 

correlated by the Merchuk equation (Eq. 1) [37].  

                [(             
) (           

)]                                                     (1) 

A, B and C are the constants obtained by regression of the binodal data. For the tie-line 

determination, the gravimetric method proposed by Merchuk et al. [37] was adopted. A ternary 

mixture within the biphasic system of each diagram was gravimetrically prepared within ±10
-4

 g, 

vigorously stirred, and left to equilibrate for at least 12 h. At this point, the phases were separated 

and weighed for the TLs determination by the lever-arm. The weight percentage of copolymer, 

dextran and water, at each phase, were calculated through equations 2 through 5.   is the ratio 

between the mass of top and bottom phase. The tie-line length (TLL) and the slope of tie-line 

(STL) are defined by Eqs. (6) and (7): 

                     [(               
   

) (               
 
)]                              (2) 

                     [(               
   

) (               
 
)]                                (3) 

                 
              

 
 

   

 
                                                                        (4) 

               
            

 
 

   

 
                                                                                 (5) 

    √                                   
                                 

   (6) 

     
            

                      

                         
    

                                                                                        (7) 

 

                  



2.3. Sodium Diclofenac and Norfloxacin partitioning  

The ATPSs composed of dextran, copolymer and water were prepared gravimetrically (u(m) = 

     g). The mixtures were prepared and stirred vigorously and left to reach thermodynamic 

equilibrium and complete phase separation for at least 24 h at 298 K [39]. Both top (copolymer-

rich phase) and bottom (dextran-rich phase) phases were carefully separated, weighed and 

sampled for UV analysis. In this work, the partition coefficient (Kp) and the percentage 

extraction efficiency (EE%) were defined following Eqs. (8) and (9): 

   
[    ]   

[    ]   
                                                                                                                             (8) 

     
          

              
                                                                                                          (9) 

where [    ]   and m(drug) represent the concentration and mass of the drug. The subscripts 

Top, Bot and initial stand for the top phase, bottom phase and initial mass. 

Sodium diclofenac and norfloxacin were quantified by UV-Vis Spectroscopy at 276 and 274 nm, 

respectively, using previously determined calibration curves. Ternary mixtures at specific 

concentrations of each component were prepared, using only water instead of the aqueous 

solutions of drugs, to be used as controls. Three replicates were prepared for each assay, 

allowing for the determination of the average partition coefficient and extraction efficiency. 

 

3. Results and discussion 

3.1. Binodal curves determination  

The binodal curves of Dextran T40 and Dextran T6 + UCON, Pluronic L35, Pluronic PE6400 or 

Pluronic PE6800 + water were determined at (298 ± 1) K and atmospheric pressure. The 

experimental binodal data, mixture points and equilibrium phases compositions are reported in 

the Supporting Information (Tables S1 to S10) whereas the respective phase diagrams orthogonal 

representations are shown in Figure 2. To eliminate the interference of molecular weight of the 

                  



different phase forming components on the analysis, the binodal curves are also represented in 

molality units. 

 

Table 2. Merchuk parameters and correlation coefficient (  ) obtained by fitting Eq. 1.  

 Copolymer                     

D
e
x
tr

a
n

 T
4
0

 

Pluronic L35 16.8 ± 0.2 -0.203 ± 0.005 6.5 ± 0.2 0.996 

UCON 151 ± 0.3 -0.212 ± 0.007 5.5 ± 0.3 0.993 

Pluronic PE6400 23.5 ± 0.6 -0.38 ± 0.01 4.3 ± 0.6 0.992 

Pluronic PE6800 10.0 ± 0.2 -0.21 ± 0.01 26.3 ± 0.1 0.996 

PPB 11.8 ± 0.3 -0.31 ± 0.01 32.4 ± 0.2 0.993 

D
e
x
tr

a
n

 T
6

 

Pluronic L35 27.9 ± 0.6 -0.215 ± 0.008 2.40 ± 0.01 0.992 

UCON 24.0 ± 0.3 -0.196 ± 0.005 2.7 ± 0.1  0.999 

Pluronic PE6400 26.0 ± 0.6 -0.238 ± 0.008 5.5 ± 0.3 0.998 

Pluronic PE6800 20.1 ± 0.4 -0.38± 0.01 3.6 ± 0.1 0.993 

PPB 23.8 ± 0.7 -0.35 ±0.01 51.1 ± 0.1 0.985 

 

As depicted in Figure 2, the tendency of two-phase formation is higher in dextran T40-based 

ATPS than dextran T6. Due to the effect of volume exclusion, Dextran T40 has lower affinity 

with copolymers hence Dextran T40 + copolymer ATPS are represented by higher biphasic 

regions (or in other words, it is required a lower amount of phase forming components to allow 

the phase separation). The main tendency of phase separation is defined as Pluronic PE6800   

PPB > Pluronic PE6400 > UCON > Pluronic L35, when fixing the dextran weight fraction 

percentage in 15 wt%. Due to the lower HLB and the higher molecular weight, Pluronic PE6400 

is more able to form ATPS when compared with Pluronic L35. As the molecular weight 

increases (increasing volume exclusion) and the HLB decreases (increasing hydrophobicity) the 

                  



immiscibility region expands, which in in agreement with previous reports in literature studing 

the conjugation of the same compolymers and maltodextrin [21].  

 
Figure 2. Experimental binodal curves determined for the ATPSs composed of different 
copolymers + Dextran T6 and Dextran T40.  
 

 

The binodal curves for the system based on Dextran T40 + PEG 20000 were previously reported 

in literature  [40]. With these results , it is possible to observe that the hydrophobicity, imposed by 

the presence of PPG moieties, has a significant effect on the phase separation, because both 

Pluronic PE6800 and PPB are able to form ATPS with a large immiscibility region. PEG 20000 

and Pluronic PE6800 and PPB are different in their natures (different monomers). Following the 

works of Zaslavsky[41] and Sadeghi [42] one may conclude that polymer nature has more effect 

on two phase region.  

In this work, the studied ATPSs were tested as separation platforms for two drug ingredients,  

namely sodium diclofenac and norfloxacin. To evaluate the capacity of these ATPS on the 

partition of both drugs between phases, we started by defining the composition of the phases 

                  



obtained considering the mixture points selected to performe the partition tests.  To have a more 

complete study, several tie-lines were determined for each ATPS as described in Figures 3 and 4. 

Some of the tie-lines determined are representing the mixture points used in the partition tests 

(being these reported in Table S11 and A12 from ESI). For the proper appreciation of the effect 

of the mixtures points from the thermodynamic point of view, the TLL or the composition of the 

phases should be maintained. However, in this work, the tie-lines were determined for the 

definition of the phases composition, and thus, neither the maintenance of the TLL or 

composition of phases were considered.  

                  



 

Figure 3. Phase diagrams comprising the binodal curves and respective experimental TLs  for 
ATPSs composed of copolymers + dextran T40. 

0

2

4

6

8

10

12

14

16

18

0 10 20 30 40

[L
3

5
]/

(w
t%

) 

[dextran T40]/(wt%) 

 

0

2

4

6

8

10

12

14

16

18

0 10 20 30 40

[U
C

O
N

]/
(w

t%
) 

[dextran T40]/(wt%) 

0

2

4

6

8

10

12

14

16

0 5 10 15 20 25

[P
P

B
]/

(w
t%

) 

[dextran T40]/(wt%) 

0

5

10

15

20

25

0 5 10 15 20 25 30

[P
e

6
4

0
0

]/
(w

t%
) 

[dextran T40]/(wt%) 

0

2

4

6

8

10

12

0 5 10 15 20 25

[P
E

6
8

0
0

 
]/

(w
t%

) 

[dextran T40]/(wt%) 

                  



 

Figure 4. Phase diagrams comprising the binodal curves and respective experimental TLs for 
ATPSs composed of copolymers + dextran T6 .  

 

 

3.2. Optimization of sodium diclofenac and norfloxacin partition 

After the definition of the complete phase diagrams, namely the binodal curves and some tie -

lines for each system, the influence of the copolymers’ structure on the partition of both drugs, 

namely ciprofloxacin and sodium diclofenac were selected for the proposed separation. For this, 
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monobutyl ether (PPB) and  PEG-ran-PPG-ran-PEG (UCON) and Dextran T6 (6 KDa) were 

investigated. The systems with dextran T40 (40 KDa) were excluded from this initial study. 

Since the study was contemplating the study of the influence of the copolymer structures, the 

used of a high molecular weigth dextran was avoided, and with it, also potential problems of 

diffusion and mass transfer able to somehow mask the results were also avoided. The partition 

(Kp) and extraction efficiency (EE%) of both drugs were evaluated at distinct mixture points 

(Table 3). As it can be seen, sodium diclofenac is more concentrated in the top phase. Sodium 

diclofenac is considered a hydrophobic molecule, as suggested by its octanol-water partition 

coefficient (            ), which justifies the highest affinity of this pharmaceutical 

ingredient to the most hydrophobic (copolymer rich phase) phase. This distribution is more 

pronounced for systems based in Pluronic PE6400, as it is concluded from the highest partition 

coefficient results determined. Compared with Pluronic L35, Pluronic PE6800 and both random 

copolymers, Pluronic PE6400 has the highest molecular weight and PPG percentage, being thus 

more hydrophobic. Norfloxacin, on the other hand, is hydrophilic, as indicated by its low 

octanol-water partition coefficient (            ), thus having a higher affinity towards the 

more hydrophilic phase which is confirmed by the EE% and partition coefficients (    ) 

obtained. 

                  



 

 Table 3. Mass fraction composition of each mixture point (100wDex and 100wCopolymer), partition coefficient (KDIC and KNOR), extraction efficiency 

(EEDIC and EENOR) parameters for systems based in copolymers + Dextran T6 + water. Std means standard deviation and TLL means tie-line length. 

 

Dextran T6                                                                                TLL 

Pluronic L35 19.97 ± 0.05 9.9 ± 0.1 4.2 ± 0.3 1.10 ± 0.01 78 ± 1 48.4 ± 0.2 35.30 

UCON 19.66 ± 0.05 9.9 ± 0.1 6.8 ± 0.9 1.3 ± 0.1 86 ± 2 53.2 ± 0.9 37.90 

Pluronic 

PE6400 
19.89 ± 0.05 9.9 ± 0.1 12.4 ± 0.8 1.8 ± 0.2 87.8 ± 0.9 50 ± 2 39.31 

Pluronic  

PE6800 
19.41 ± 0.05 4.5 ± 0.2 1.1 ± 0.1 1.2 ± 0.1 78 ± 1 75 ± 1 42.51 

PPB 14.8 ± 0.2 6.01 ± 0.07 0.8 ± 0.2 1.5 ± 0.1 39 ± 2 54 ± 2 23.94 

                  



After the study of the influence of the different copolymers’ strucures, the systems based in 

PE6400, Pluronic L35 and UCON plus dextran T6 were selected for further studies, considering 

the higher partition coefficients they represent and the vicinity of their binodal curves. In this 

next study, the ATPS selected were tested considering the mixture points of 10 wt% copolymer 

and 20 wt% of dextran T6. However, during the study, we found that for the PPB and PE6800-

based systems, the mixture point was far from the binodal curve, and thus other two mixture 

points were selected, respectively (6:15) and (5:20). To notice that the principal objective of this 

work is to optimize the systems conditions for the highest partition of both drugs, which means 

that, the mixture points were selected considering this criteria and not other criteria like the 

fixation of TLL or phase compositions. After analysing the respective results of partition 

coefficient obtained for diclofenac for ATPS-based in Pluronic PE6800 and PPB, it was 

concluded their lower selectivity towards the partition of both drugs (meaning Kp ≈1 for both 

compounds), which may be a consequence of the higher hydrophilic nature of these copolymers, 

and for that reason these two system were not used in further studies. After all the consideriatons 

made so far, the cpolymers Pluronic PE6400, Pluronic L35 and UCON were further used to test 

the effect of Dextran molecular weigth (Table 4).  

 

                  



Table 4. Mass fraction composition of each mixture point tested (100wDex and 100wCopolymer), (KDIC and KNOR), extraction efficiency (EEDIC and 

EENOR) for systems based in copolymers and dextran T6 or T40. Std means standard deviation. 

 

ATPS Copolymer                                                                                  

d
e
x

tr
a

n
 T

6
 

Pluronic 

PE6400 
19.89 ± 0.05 9.9 ± 0.1 12.4 ± 0.8 1.8 ± 0.2 87.8 ± 0.9 50 ± 2 

UCON 19.66 ± 0.05 9.9 ± 0.1 6.8 ± 0.9 1.3 ± 0.1 86 ± 2 53.2 ± 0.9 

Pluronic 

L35 
19.97 ± 0.05 9.9 ± 0.1 4.2 ± 0.3 1.1 ± 0.0 78 ± 1 53.2 ± 0.9 

d
e
x

tr
a

n
 T

4
0

 

Pluronic 

PE6400 
9.9 ± 0.1 10.0 ± 0.1 3.2 ± 0.4 1.5 ± 0.2 81.0 ± 0.4 68 ± 1 

UCON 11.97 ± 0.08 9.9 ± 0.1 0.7 ± 0.1 1.1 ± 0.1 44 ± 2  56 ± 1 

Pluronic 

L35 
10.0 ± 0.1 10.0 ± 0.1 3.0 ± 0.1 0.9 ± 0.2 75.0 ± 0.5 47 ± 4 

                  



Briefly, and as it can be seen from the results depicted in Table 4, Dextran T6 is the one 

presenting the highest capacity to concentrate both drugs in opposite phases, and thus further 

studies were carried to unsderstand the partition of both drugs in different mixture points 

selected. These mixture points were selected (Table 5) consideiring their higher proximity with 

the binidal curves, to avoid any problems of precipitation of the phase forming components or 

high viscosity of the phases. According to Table 5, a symmetric distribution of norfloxacin 

between phases for some ATPSs was observed, which can be attributed to the higher percentage 

of water in the top phase (as reported in Table S13 from ESI), another key factor to define the 

partition tendencies of the solutes under study. The results obtained for random copolymer are 

also shown in Table 5. As it is obvious, the distribution of sodium diclofenac and norfloxacin in 

random and block copolymers is different, in agreement with literature [23,43].  

                  



Table 5. Mass fraction composition of each mixture point (100wDex and 100wCopolymer), partition coefficient (KDIC and KNOR), and extraction 

efficiency (EEDIC and EENOR) parameters for systems based in copolymer + dextran T6 + water. Std means standard deviation and TLL means tie-

line length. 

Dextran T6                                                                             TLL 

Pluronic 

L35 

11.99 ± 0.08 15.97 ± 0.06 4.5 ± 0.5 1.1 ± 0.1 91 ± 1 72 ± 2 42.6 

19.97 ± 0.05 9.9 ± 0.1 4.2 ± 0.3 1.10 ± 0.01 78 ± 1 48.4 ± 0.2 35.3 

20.01 ± 0.05 17.01 ± 0.06 5.4 ± 0.1 2.2 ± 0.5 91.4 ± 0.1 81 ± 3 64.5 

20.00 ± 0.08 12.00 ± 0.05 6.3 ± 0.7 1.8 ± 0.1 86 ± 1 64 ± 1 44.3 

UCON 

19.66 ± 0.05 9.95 ± 0.09 6.8 ± 0.9 1.3 ± 0.1 86 ± 2 53.2 ± 0.9 37.90 

17.95 ± 0.06 10.96 ± 0.09 5.6 ± 0.9 1.1 ± 0.2 86 ± 2 56 ± 2 39.05 

20.00 ± 0.05 11.03 ± 0.09 2.6 ± 0.7 0.96 ± 0.01 73 ± 3 50.1 ± 0.1 43.4 

 14.99 ± 0.07 14.99 ± 0.07 0.8 ± 0.1 0.9 ± 0.2 63 ± 12 64.1 ± 0.5 51.5 

Pluronic 

PE6400 

14.90 ± 0.07 10.9 ± 0.09 6.5 ± 0.1 1.3 ± 0.2 80.8 ± 0.8 46 ± 2 30.08 

9.7 ± 0.1 14.69 ± 0.07 10.8 ± 0.5 1.5 ± 0.1 94.3 ± 0.2 70 ± 2 29.14 

12.24 ± 0.08 14.68 ± 0.07 36 ± 2.0 1.4 ± 0.1 98.2 ± 0.1 67 ± 1 37.47 

9.5 ± 0.1 19.97 ± 0.05 83 ± 17 1.7 ± 0.1 99.6 ± 0.1 85.1 ± 0.7 49.00 

19.89 ± 0.05 9.9 ± 0.1 12.4 ± 0.8 1.8 ± 0.2 87.8 ± 0.9 50 ± 2 39.31 

 

                  



As Svensson and co-authors observed, the structure of the copolymer phase (block/random) does 

not affect the distribution of hydrophilic molecules [43]. Unlike, what it was noticed for the 

block copolymer-based ATPS, the distribution of molecules in random copolymer-based ATPS 

decreases with increasing the tie-line length. As the length of the tie-line increases, the weight 

fraction of copolymer increases in the top phase, which increases the number of available 

polymer molecules to interact with the target molecule. In the case of block copolymers, due to 

the high content on PPG hydrophobic groups, a stronger hydrophobic phase is formed favoring 

the interaction between the random copolymer and the most hydrophobic pharmaceutical 

ingredient [44].  

 

4. Conclusions 

In this work, the phase behavior of systems composed of copolymers and dextran were 

investigated. Here, the respective binodal curves and tie-lines were experimentally determined. 

This work showed that, by increasing the molecular weight and PPG/PEG ratio, a larger biphasic 

region was obtained. After a preliminary screening, some of these systems were selected and 

further applied on the partition of two pharmaceutical ingredients, namely sodium diclofenac and 

norfloxacin. The two pharmaceutical ingredients with different levels of hydrophobicity have 

shown different partition profiles, depending on the ATPSs under study and the 

hydrophobic/hydrophilic nature of each aqueous phase created. In this sense, it was concluded 

that the most hydrophobic solute has partitioned preferentially towards the most hydrophobic 

phase and the most hydrophilic solute for the most hydrophilic phase. In general, a good 

concentration of both pharmaceutical ingredients in opposite phases was achieved. 

 

 

 

                  



Acknowledgments:  

This work was developed within the scope of the project CICECO-Aveiro Institute of Materials, 

UIDB/50011/2020 & UIDP/50011/2020, financed by national funds through the FCT/MEC and 

when appropriate co-financed by FEDER under the PT2020 Partnership Agreement. The author 

Farzaneh Ghazizadeh Ahsaie thanks the Iranian Ministry of Science & Technology for 

supporting her expenses during her sabbatical internship at University of Aveiro, Portugal.  P.J.C. 

thanks FCT for his contract under the Investigator FCT 2015 (IF/00758/2015). 

 

CRediT author statement 

Farzaneh Ghazizadeh Ahsaie : Investigation, formal analysis, writing – original draft 
Gholamreza Pazuki: writing – review & editing, supervision 
Tânia E. Sintra: writing – review & editing 
Pedro Carvalho: writing – review & editing 

Sónia P.M. Ventura: Conceptualization, methodology, resources, writing – review & editing, 
supervision, funding acquisition 
 
 

 

Declaration of Interest Statement 
 
The authors declare no conflict of interests regarding the manuscript entitled Study of the 

Partition of Sodium Diclofenac and Norfloxacin in Aqueous Two-Phase Systems based on 

Copolymers and Dextran. 

 
 

 
 
 

 

References 

[1] R.R.G. Soares, A.M. Azevedo, J.M. Van Alstine, M. Raquel Aires-Barros, Partitioning in 

aqueous two-phase systems: Analysis of strengths, weaknesses, opportunities and threats, 

Biotechnol. J. 10 (2015) 1158–1169. doi:10.1002/biot.201400532. 

[2] C. Wu, J. Wang, Y. Pei, H. Wang, Z. Li, Salting-out effect of ionic liquids on 

                  



poly(propylene glycol) (PPG): Formation of PPG + ionic liquid aqueous two-phase 

systems, J. Chem. Eng. Data. 55 (2010) 5004–5008. doi:10.1021/je100604m. 

[3] Alan D. Diamond James T. Hsu, Protein Partitioning in PEG/Dextran Aqueous Two-

Phase Systems, AIChE J. 36 (1990) 1017–1024. doi: 10.1002/aic.690360707 

[4] Z.W.& J.H. Benlin Qin, Xuecong Liu, Haiming Cui, Yue Ma, Aqueous two-phase assisted 

by ultrasound for the extraction of anthocyanins from Lycium ruthenicum Murr., Prep. 

Biochem. Biotechnol. 47 (2017) 881–888. doi:10.1080/10826068.2017.1350980. 

[5] M. González-González, M. Rito-Palomares, Aqueous two-phase systems strategies to 

establish novel bioprocesses for stem cells recovery, Crit. Rev. Biotechnol. 34 (2013) 

318–327. doi:10.3109/07388551.2013.794125. 

[6] M.L. Moody, H.D. Willauer, S.T. Griffin, J.G. Huddleston, R.D. Rogers, Solvent property 

characterization of polyethylene glycol/dextran aqueous biphasic systems using the free 

energy of transfer of a methylene group and a linear solvation energy relationship, Ind. 

Eng. Chem. Res. 44 (2005) 3749–3760. doi:10.1021/ie049491c. 

[7] Y. Xu, M.A. De Souza, M.Z. Ribeiro-Pontes, M. Vitolo, A. Pessoa, Liquid-liquid 

extraction of pharmaceuticals by aqueous two-phase systems, Rev. Bras. Ciencias Farm. J. 

Pharm. Sci. 37 (2001) 305–320.  

[8] G. Johansson, K. Reczey, Concentration and purification of β-glucosidase from 

Aspergillus niger by using aqueous two-phase partitioning, J. Chromatogr. B Biomed. 

Appl. 711 (1998) 161–172. doi:10.1016/S0378-4347(97)00601-4. 

[9] W. Fan, C.E. Glatz, Charged Protein Partitioning in Aqueous Polyethylene Glycol – 

Dextran Two-Phase Systems : Salt Effects, Sep. Sci. Technol. 34 (1999) 423–438. 

doi:10.1081/SS-100100659%0APLEASE. 

[10] A. Mehrnoush, S. Mustafa, M.Z.I. Sarker, A.M.M. Yazid, Optimization of serine protease 

purification from mango (mangifera indica cv. chokanan) peel in polyethylene 

glycol/dextran aqueous two phase system, Int. J. Mol. Sci. 13 (2012) 3636–3649. 

                  



doi:10.3390/ijms13033636. 

[11] E. Dos Santos Tada, W. Loh, P.D.A. Pessôa-Filho, Phase equilibrium in aqueous two-

phase systems containing ethylene oxide-propylene oxide block copolymers and dextran, 

Fluid Phase Equilib. 218 (2004) 221–228. doi:10.1016/j.fluid.2004.01.001. 

[12] M.F.F. Silva, A. Fernandes-Platzgummer, M.R. Aires-Barros, A.M. Azevedo, Integrated 

purification of monoclonal antibodies directly from cell culture medium with aqueous 

two-phase systems, Sep. Purif. Technol. 132 (2014) 330–335. 

doi:10.1016/j.seppur.2014.05.041. 

[13] P.A. Harris, G. Karlström, F. Tjerneld, Enzyme purification using temperature-induced 

phase formation, Bioseparation. 2 (1991) 237—246. doi: 10.1385/MB:19:3:269. 

[14] L.R. De Lemos, R.A. Campos, G.D. Rodrigues, L.H.M. Da Silva, M.C.H. Da Silva, Green 

separation of copper and zinc using triblock copolymer aqueous two-phase systems, Sep. 

Purif. Technol. 115 (2013) 107–113. doi:10.1016/j.seppur.2013.04.048. 

[15] G.D. Rodrigues, L. Da Silva Teixeira, G.M.D. Ferreira, M.D.C.H. Da Silva, L.H.M. Da 

Silva, R.M.M. De Carvalho, Phase Diagrams of aqueous two-phase systems with organic 

salts and F68 triblock copolymer at different temperatures, J. Chem. Eng. Data. 55 (2010) 

1158–1165. doi:10.1021/je900581a. 

[16] V.M. de Andrade, G.D. Rodrigues, R.M.M. de Carvalho, L.H.M. da Silva, M.C.H. da 

Silva, Aqueous two-phase systems of copolymer L64+organic salt+water: Enthalpic L64-

salt interaction and Othmer-Tobias, NRTL and UNIFAC thermodynamic modeling, 

Chem. Eng. J. 171 (2011) 9–15. doi:10.1016/j.cej.2011.03.015. 

[17] G.D. Rodrigues, L.R. De Lemos, L.H.M. Da Silva, M.C.H. Da Silva, Application of 

hydrophobic extractant in aqueous two-phase systems for selective extraction of cobalt, 

nickel and cadmium, J. Chromatogr. A. 1279 (2013) 13–19. 

doi:10.1016/j.chroma.2013.01.003. 

[18] T.C.L. Pau Loke Show , Chin Ping Tan , Mohd Shamsul Anuar , Arbakariya Ariffc, Yus 

                  



Aniz Yusof, Soo Kien Chen, Direct recovery of lipase derived from Burkholderia cepacia 

in recycling aqueous two-phase flotation, Sep. Purif. Technol. 80 (2011) 577–584. 

doi:10.1016/j.seppur.2011.06.013. 

[19] B. Jiang, X. Zhang, Y. Yuan, Y. Qu, Z. Feng, Separation of antioxidant peptides from 

pepsin hydrolysate of whey protein isolate by ATPS of EOPO Co-polymer 

(UCON)/Phosphate, Sci. Rep. 7 (2017) 1–12. doi:10.1038/s41598-017-13507-9. 

[20] Y.Y. Yang Lu , Bo Chen , Miao Yu, Juan Han , Yun Wang, Zhenjiang Tan, Simultaneous 

separation/enrichment and detection of trace ciprofloxacin and lomefloxacin in food 

samples using thermosensitive smart polymers aqueous two-phase flotation system 

combined with HPLC, Food Chem. 210 (2016) 1–8. doi:10.1016/j.foodchem.2016.04.074. 

[21] E.S.M. Filho, P.A. Pesso, A.J.A. Meirelles, Liquid − Liquid Equilibrium of Aqueous 

Biphasic Systems Containing Ethylene Oxide − Propylene Oxide Block Copolymers and 

Maltodextrins, J. Chem. Eng. Data (Propylene. 59 (2014) 2310−2319. doi: 

10.1021/je500375x 

[22] X. Rico-Castro, M. González-Amado, A. Soto, O. Rodríguez, Aqueous two-phase systems 

with thermo-sensitive EOPO co-polymer (UCON) and sulfate salts: Effect of temperature 

and cation, J. Chem. Thermodyn. 108 (2017) 136–142. doi:10.1016/j.jct.2017.01.009. 

[23] M. Svensson, K. Berggren, A. Veide, F. Tjerneld, Aqueous two-phase systems containing 

self-associating block copolymers. Partitioning of hydrophilic and hydrophobic 

biomolecules, J. Chromatogr. A. 839 (1999) 71–83. doi:10.1016/S0021-9673(99)00038-2. 

[24] M.C. de Oliveira, M.A.N. de Abreu Filho, P. de A. Pessôa Filho, Phase equilibrium and 

protein partitioning in aqueous two-phase systems containing ammonium carbamate and 

block copolymers PEO-PPO-PEO, Biochem. Eng. J. 37 (2007) 311–318. 

doi:10.1016/j.bej.2007.05.010. 

[25] L.N. Lei Wang, Wenxuan Li, Yuanyuan Liu, Wenjing Zhi, Juan Han, Yun Wang, Green 

separation of bromelain in food sample with high retention of enzyme activity using 

                  



recyclable aqueous two-phase system containing a new synthesized thermo-responsive 

copolymer and salt, Food Chem. 282 (2019) 48–57. doi:10.1016/j.foodchem.2019.01.005. 

[26] A. Paula, B. Rabelo, E. Basile, A. Pessoa, Bromelain partitioning in two-phase aqueous 

systems containing PEO – PPO – PEO block copolymers, J. Chromatogr. B. 807 (2004) 

61–68. doi:10.1016/j.jchromb.2004.03.029. 

[27] T.C.L. Pau Loke Showa, Chin Ping Tanb, Mohd Shamsul Anuara, Arbakariya Ariffc, Yus 

Aniza Yusofa, Soo Kien Chend, Primary recovery of lipase derived from Burkholderia 

cenocepacia strain ST8 and recycling of phase components in an aqueous two-phase 

system, Biochem. Eng. J. 60 (2012) 74–80. doi:10.1016/j.bej.2011.10.005. 

[28] R. Dembczyński, W. Białas, K. Regulski, T. Jankowski, Lysozyme extraction from hen 

egg white in an aqueous two-phase system composed of ethylene oxide-propylene oxide 

thermoseparating copolymer and potassium phosphate, Process Biochem. 45 (2010) 369–

374. doi:10.1016/j.procbio.2009.10.011. 

[29] Y.Y. Bo Chen, Juan Han , Yun Wang , Chengzhuo Sheng , Yu Liu , Guocai Zhang, 

Separation, enrichment and determination of ciprofloxacin using thermoseparating 

polymer aqueous two-phase system combined with high performance liquid 

chromatography in milk, egg, and shrimp samples, Food Chem. 148 (2014) 105–111. 

doi:10.1016/j.foodchem.2013.10.011. 

[30] H. Shaker Shiran, M. Baghbanbashi, F. Ghazizadeh Ahsaie, G. Pazuki, Study of curcumin 

partitioning in polymer-salt aqueous two phase systems, Elsevier B.V, 2020. 

doi:10.1016/j.molliq.2020.112629. 

[31] L.H. Haraguchi, R.S. Mohamed, W. Loh, P.A. Pessˆ, P.A. Pessôa Filho, Phase equilibrium 

and insulin partitioning in aqueous two-phase systems containing block copolymers and 

potassium phosphate, Fluid Phase Equilib. 215 (2004) 1–15. doi:10.1016/S0378-

3812(03)00368-6. 

[32] A. Rusu, G. Hancu, V. Uivaroşi, Fluoroquinolone pollution of food, water and soil, and 

                  



bacterial resistance, Environ. Chem. Lett. 13 (2014) 21–36. doi:10.1007/s10311-014-

0481-3. 

[33] N. Vieno, M. Sillanpää, Fate of diclofenac in municipal wastewater treatment plant - A 

review, Environ. Int. 69 (2014) 28–39. doi:10.1016/j.envint.2014.03.021. 

[34] H.F.D. Almeida, I.M. Marrucho, M.G. Freire, Removal of Nonsteroidal Anti-

Inflammatory Drugs from Aqueous Environments with Reusable Ionic-Liquid-Based 

Systems, ACS Sustain. Chem. Eng. 5 (2017) 2428–2436. 

doi:10.1021/acssuschemeng.6b02771. 

[35] R.S. and P.C.G. Jamie Hurcom, Alison Paul, Richard K. Heenan, Alun Davies, Nicholas 

Woodman, The interfacial structure of polymeric surfactant stabilised air-in-water foams, 

Soft Matter. 10 (2014) 3003–3008. doi:10.1039/c3sm52877d. 

[36] Z. Chen, L. Zhang, Y. Li, Addition of pluronics® to reducible disulfide-bond-containing 

Pluronic®-PEI-SS specifically enhances circulation time in vivo and transfection 

efficiency in vitro, J. Biomed. Mater. Res. - Part B Appl. Biomater. 102 (2014) 1268–

1276. doi:10.1002/jbm.b.33111. 

[37] J.A.A. Jose C. Merchuk , Barbara A. Andrews, Aqueous two-phase systems for protein 

separation: Phase separation and applications, J. Chromatogr. A. 711 (1998) 285–293. 

doi:10.1016/j.chroma.2012.03.049. 

[38]  and S.P.M.V. Francisca A. e Silva, Rui M. C. Carmo, Andreia P. M. Fernandes, Mariam 

Kholany, Jo o A. P. Coutinho, Using  onic Liquids to Tune the Performance of Aqueous 

Biphasic Systems Based on Pluronic L-35 for the Purification of Naringin and Rutin, ACS 

Sustain. Chem. Eng. 5 (2017) 6409–6419. doi:10.1021/acssuschemeng.7b00178. 

[39] J.H.P.M. Santos, M. Martins, A.J.D. Silvestre, J.A.P. Coutinho, S.P.M. Ventura, 

Fractionation of phenolic compounds from lignin depolymerisation using polymeric 

aqueous biphasic systems with ionic surfactants as electrolytes, Green Chem. 18 (2016) 

5569–5579. doi:10.1039/c6gc01440b. 

                  



[40] F. Tjerneld, I. Persson, J.M. Lee, Enzymatic cellulose hydrolysis in an attrition bioreactor 

combined with an aqueous two‐phase system, Biotechnol. Bioeng. 37 (1991) 876–882. 

doi:10.1002/bit.260370912. 

[41] B.Y. Zaslavsky, V.N. Uversky, A. Chait, V.N. Uversky, A. Chait, Analytical applications 

of partitioning in aqueous two-phase systems: Explor- ing protein structural changes and 

protein-partner interactions in vitro and in vivo by solvent interaction analysis method 

Boris, Biochim. Biophys. Acta. 1864 (2016) 622–644. doi:10.1016/j.bbapap.2016.02.017. 

[42] R. Sadeghi, M. Maali, Toward an understanding of aqueous biphasic formation in polymer 

e polymer aqueous systems, Polymer (Guildf). 83 (2016) 1–11. 

doi:10.1016/j.polymer.2015.11.032. 

[43] M. Bortenschlager, N. Schöllhorn, A. Wittmann, R. Weberskirch, Triphenylphosphane-

functionalised amphiphilic copolymers: Tailor-made support materials for the efficient 

and selective aqueous two-phase hydroformylation of 1-octene, Chem. - A Eur. J. 13 

(2007) 520–528. doi:10.1002/chem.200600718. 

[44] E.Z. Hamad, W. Ijaz, S.A. Ali, M.A. Hastaoglu, Influence of polymer structure on protein 

partitioning in two-phase aqueous systems, Biotechnol. Prog. 12 (1996) 173–177. 

doi:10.1021/bp950086d. 

 

                  


