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ABSTRACT

Partitioning of methylene blue (MB) was studie@dueous two phase systems (ATPS) prepared by naigirgpus
solutions of polymers or of a triblock copolymethvqueous salt solutions. The partition coefficié€) of MB in

ATPS was investigated as a function of tie lingtler{TLL), electrolyte nature (N8Q, and L;SQy), polymer molar
mass, hydrophobicity of the polymers, and tempezatdB molecules concentrated preferentially in the phase
(the polymer rich phase). The partitioning behavigrMB was dependent on tie line length and polymetar

mass.It was observed that the MB patrtition coefficiemtdependent on electrolyte nature, following thiatiee

order NgSQ, > Li,SQ,. Values of K for MBlecreasedvith increases in the hydrophobicity of the topgdnHigher

temperatures facilitated thteansfer of MB molecules to the top phaséjcating an endothermic process.

Keywords: aqueous two phase systems, methylene blue,ipartibefficient.

INTRODUCTION

Aqueous two phase systems (ATPS) have been coediderattractive method to extract different conmaisusuch
as metals [1,2], biomolecules [3,4], and dyes [b-12TPS can be formed by mixing aqueous solutiohs/ater-
soluble polymers (PEO is the polymer most commarsigd) and salts in a specific concentration angéeature
[13]. These systems are composed by two phasespluege is rich in polymer (top phase), and othesphthe
bottom phase, contains more salt. Nevertheleservigthe major component in both phases [13].dmparison
with traditional liquid-liquid extraction (water/ganic solvent), the partitioning of the solutesAmPS occurs
between two non-miscible aqueous phases, whiclevident environment benefits.

Methylene blue (MB) is a cationic dye widely usad the textile industry [14]. Depending on the typk
contamination, MB can cause harmful effects suckaasiting, diarrhea, gastritis, mental confusiond grofuse
sweating [15]. Therefore, many treatment procebse® been developed for the removal of methylene lom
wastewater such as photocatalytic degradation [pBpto-Fenton processes [17], biodegradation [E8id
adsorption processes [19,20]. However, there arstumties in the literature reporting the use of &TBrmed by
polymers and sulfate salts as a possible methedtedcting methylene blue from wastewater.

The aim of this work was to study the partition &br of the cationic dye, methylene blue (MB),aiqueous two
phase systems (ATPS) formed by polymers and suffalts. The influence of tie line length (TLL), efelyte
nature, polymer molar mass, hydrophobicity, andoemature on the partition coefficient of MB wasestigated.

EXPERIMENTAL SECTION
Materials
Poly(ethylene oxide), PEO, with molar masses of0180d 6000 g.mot was obtained from Vetec (Brazil). The

Poly(ethylene oxideplock-poly(propylene oxideplock-poly(ethylene oxide) copolymer, L64, with an awa
molar mass of 2900 g.m‘é] was purchased from Aldrich. The salts, 8@, and LbSO,.H,O, were purchased from
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Vetec (Brazil). Methylene Blue (MB) was acquiredrfr Vetec (Brazil). The chemical structure of MBlisstrated
in Figure 1. Distilled water was used in all of #wgeriments. All reagents were used as received.

HBC\'TJ S N N/CHg
CH, CH,

Figure 1. Schematic representation of the chemicatructure of methylene blue

Partitioning experiments

The aqueous two phase systems (ATPS) were prepgredxing aqueous solutions of polymers or a copay
with aqueous salt solutions to obtain a total sysmomposition in accordance with the correspondihgse
diagram reported in the literature [21-23]. Foufedlent compositions were chosen from each phaasgrain. The
prepared aqueous two phase systems were alloweguttbrate at either 25 °C or 40 °C for 24 h itharmostatic
water bath (Tecnal, Brazil). After this time, thiggaots from the top and bottom phase were remoxetbtal of
2.5 g from each phase were mixed with 1.5 mg ohglehe blue in a glass tube. These systems wetaonsly
mixed and left in the thermostatic water bath #tezi25 °C or 40 °C for 24 h.

2.3. Partition coefficient
The partition coefficient (K) of methylene blue (NBetween the two phases is defined as:
Ar
Kayjg = —
ME Ag

where A and A; are the absorbance of MB adjusted by the resgedilution factor in the top and bottom phases,
respectively.

The absorbance of MB in both phases was deterntigadeasuring the absorption at 665 nm in a Shiméadizu
2600 spectrometer. Three experiments were perfoimerder to determine the average of the partitioefficient.
The relative standard deviation of the partitioef€icient was less than 10 %.

K of MB was determined for four different tie litengths (TLL) for all of the ATPS, where TLL is:

Polymer p-nlymer)‘ + [c:alt - c:alt)‘

[
TLL= ((c] —C?
N
Cooymer and G are the polymer and salt concentrations in % (wiwXhe top (T) and bottom (B) phases of the

ATPS used. TLL is a thermodynamic parameter thatvshthe difference between polymer and salt comatons
in the top and bottom phases of the ATPS.

RESULTS AND DISCUSSION

Influence of tie line length (TLL) and salt on treatitioning of methylene blue

The experimental partition coefficients of methyeblue as a function of TLL values of the ATPS fedrby
PEO1500/NgSOy/H,0 and PEO1500/LEQ,/H,0 at 25 °C are presented in Figure 2. The reshltsvghat TLL
values have a great effect on MB patrtitioning. Wittreases in the TLL of the ATPS, methylene bltefgrentially
partitions to the polymer rich phase, as showedhxsalues higher than 1. This behavior indicatesaffaity of

methylene blue to the top phase. Similar resultewebtained for the partitioning of different dyiesaqueous two
phase systems [5-12].
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Figure 2. Partition coefficient of methylene blue a a function of TLL values of the ATPS formed by PB1500/NaSO/H,0 and
PEO1500/LLSO4/H-0 at 25 °C

The effect of salt on the partitioning of methyldsiee (MB) is shown in Figure 2. The relative ordéthe partition
coefficient of MB is PEO1500/N8CQ, > PEO1500/LiSQ,, indicating that sodium sulfate is more efficiémtthe

partitioning of MB in the polymer rich phase thathium sulfate. da Silva and Loh [24] showed tha PEO
structure is more positively charged in ATPS fornwath lithium than with sodium. Therefore, a highate of

interaction occurs between the cationic dye, metigl blue, and PEO1500-N¢han in ATPS formed by
PEO1500/L4S0,,

The Gibbs standard energy changgG°) was obtained to understand the influence dfaathe partition behavior
of MB in the ATPS formed by PEO1500/p80, and PEO1500/LEC, at 25 °C. The Gibbs standard energy change
(AyG®) was determined by following the thermodynangi@ationship:

AyG° = -RTInKyp
where R is the universal gas constant, T is thelatestemperature, andy is the dye partition coefficient.

AG° is the change in the Gibbs energy of the systhien 1 mol of MB is transferred from the bottom gh#o the

top phase. As can be observed in FigureAd5° values are negative and show the spontaneounsféraof
methylene blue to the polymer rich phase. Additilyna\,G° values are more negative in the ATPS composed by
PEO1500/NgsQ, than PEO1500/LEO,, demonstrating the greater preference of MB tatdipephase of the ATPS
formed by PEO1500/N&GC;,
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Figure 3. Values of Gibbs standard energy change ttie transfer of methylene blue as a function of TL values of the ATPS formed by
PEO1500/NaSO,/H,0 and PEO1500/LySO4/H0 at 25 °C
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Influence of PEO molar mass on the partitioningnathylene blue

Figure 4 shows the partition behavior of methyldhee (MB) in the aqueous two phase systems formed b
PEO1500/NgSO, and PEO6000/N&CO, at 25 °C. The experimental results revealed tiaphrtition coefficient of
methylene blue is influenced by the molar mass BOP Kyg decreases with increases in PEO molar mass. A
similar tendency was found in the partitioning @drbolecules in aqueous two phase systems [25]. Béliwvior

can be explained as a reduction of the configunati@ntropy of the polymer rich phase as the PECamuass
increases [26].
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Figure 4. Effect of the molar mass of PEO on the pttion coefficient of methylene blue

Influence of the hydrophobicity of polymers onphetitioning of methylene blue

In order to gain insight about the effect of hydropicity of macromolecule on partitioning behavidrmethylene
blue, ATPS formed by L64 copolymer and sodium sals used. L64 is a triblock copolymer with the (EG)
(PO)o — (EO) 3 structure while EO is ethylene oxide and PO igplene oxide. This type of triblock copolymer
self-associates in aqueous solutions after inangatie temperature and/or concentration, formingeftar-like
aggregates consisting of a core dominated by hyudhisip segment of PO surrounded by a corona of pydlio
segment of EO [27]. Therefore, L64 is a polymer enoydrophobic than PEO.

Figure 5 shows the partition coefficient of metmgdeblue (K;g) in the ATPS formed by PEO1500/}0,/H,0 and
L64/NaSOy/H,0 at 25 °C. As can be observed,gKdecreases with increases in the hydrophobicithefpolymer
rich phase. The relative order of the partition fioent is PEO1500 > L64. This behavior indicatibat the
presence of PO segments in the macromolecule steuctduces the interaction between methylene dhaethe
polymer. Consequently, a higher content of mettg/lelne molecules concentrate in the bottom phasecoATPS
formed by L64 than in the ATPS formed by PEO1500.
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Figure 5. Effect of the hydrophobicity of the polyners on the partition coefficient of methylene bluas a function of TLL values of the
ATPS formed by PEO1500/NaSO4/H,0 and L64/N&SO,/H,0 at 25 °C
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Influence of temperature on the partitioning of nyétne blue

Figure 6 showsthe effect of temperature on the partitioning oftmyene blue in the ATPS composed by
PEO1500/NgSQy/H,0. As can be observedys values change markedly when the temperature isased from
25 to 40 °C. A higher temperature leads to an as®en K, indicating that the partitioning of MB is endothéecm
This aqueous two phase system allows for a wid@éeature range for the partition/extraction of myéthe blue.

On the basis of the obtained results, thermodyngmiameters have been evaluated for the partiioofriVB in
ATPS. The Gibbs free energy change of transfigz° can be divided into two parts: (1) the enthafmange
(AyH®) and (2) the entropy changa,S°). As defined by thelassic thermodynamic relationshif,G° = AyH® -
TA,S°. Considering thah,G° values are negative (Figure 3) atgH® > 0 for the MB partition in the ATPS
formed by PEO1500/N&Q,/H,0, it's possible to suggest that entropic facteexlito the preferential distribution of
MB to the polymer rich phase in this ATPS.

60

—l—- PEO1500/Na,SO, 25°C
—A— PEO1500/Na,SO, 40°C A

45-

a8}

Z 30 A

30 36 42 48 54
TLL % (w/w)

Figure 6. Effect of temperature on the partition cefficient of methylene blue as a function of TLL vaues of the ATPS formed by
PEO1500/NaSO4/H,0O

CONCLUSION

The partitioning behavior of methylene blue in ATEB&@nposed by PEO/sulfate salfftican be controlled by an
adequate selection of the properties of the sysfEne experimental data demonstrated th# molecules
concentrated preferentially in the polymer rich gghaddditionally, it was verified that MB partitioningan be
influenced by several factors, such as the TLL tyipe of sulfate salt, the molar mass of PEO, gdrdphobicity of
the polymer, and temperature.

This work has shown that aqueous two phase sydtemmed by PEO/N#O, /H,O can be successfully used for the
partition/extraction of methylene blue.
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