International Journal of Research in Advent Tecbggl Vol.3, No.12, December 2015
E-ISSN: 2321-9637
Available online at www.ijrat.org

Effect of Electrolyte on Phase Separation of Aq$eou
Organic System

Ms. Neha B. ShindeProf. S. V. Ranade
Department of Chemical Engineering Mahatma Gandhi Mission's College of Engineering&chnology 2
Email: shindeneha280@gmail.consvranade2001@gmail.cém

Abstract- The influence of salt on Liquid- Liquid Equilibm cannot be ignored because it signifilgan
changes the equilibrium composition. Liquid-LidquiEquilibrium is the result of intermoleculdobrces
which can significantly change due to salididon which introduces ionic forces , affecti the
thermodynamic equilibrium . Aqueous electrolytquid-liquid equilibrium is often related to extrast
processes. In the present work the salt effecthensystem namely ‘2-Propanol+Water' has been siudith
various salts under varied concentration. The saksl in the above system are8@,.5H,0 and NaCOs. The
effect of salt concentration on aqueous organitesy$as been studied using Cloud Point Method.efteet of
different salt on phase separation of studied syssediscussed on the base of intermolecular iotenas. The
free energy, enthalpy and entropy of clouding p@rgstimated using simple method, and the drifimge for
two phase formation process is discussed on theedfabe estimated free energy values.

Index Terms- Alcohol, Cloud point data, Gibb’s free energy, Eifly, Entropy Liquid - liquid equilibrium, Salt
effect.

1. INTRODUCTION

Study of effect of salt on aqueous organic systeni¥nding and ion-dipole interactions. Addition o$ait
is very important for chemical industry due to itsto such a system introduces ion-dipole interactions
applications in separation and purification proesss which alter the structure of the hydrophilic solisen
Such as separation of solutropic mixtures, desijn such as alcohols in equilibrium. The molecules of
extractor, recycling of organic solvent in mixedwater that surround the ions become unavailable for
solvent system. Salt effect also finds application the hydrophilic solvents, and it becomes “saltet ou
biological separation processes such as purificadgio from the aqueous phase. The opposite process can
proteins, enzymes, nucleic acids and others. Liquigccur if a polar organic solvent is added to ancags
Liquid extraction technique utilizing Aqueous twosalt solution. It captures part of the moleculesvater
Phase Systems (ATPSs) is clean alternative fdpat have been solvating the ions; hence, the salt
traditional organic +water solvent extraction syste crystallizes. This effect is used in a processedall
due to its advantages such as easy processingyon &itractive crystallization in which salts can be
scale, high capacity, easy and precise scale g, hirecovered from concentrated aqueous solutions dy th
product yields and low cost. Therefore many resear@ddition of a polar organic solvent, rather thantitgy
groups have focused on theoretical and experimentalore expensive evaporation process. On the other
study of phase equilibrium conditions in ternaryhand, the salting out effect is utilized for renmayi
aqueous two phase systems (ATPSs). organic compounds from water.

When one short-chain alcohol and one salt ar;z= MATERIALS
dissolved in water above a critical concentratiovwg

immiscible phases are usually formed which is Table 1: Materials & Specifications
referred to as aqueous two phase systems (ATPSSs).

These types of systems have shown great poteatial f . Purity
efficient extraction and purification of biological Chemical Source (%)

products because of biocompatibility and low cost.

. 2-Propanol Rankem (India >99.7
Greve and Kula have described the use of some _ -
inAnhydrous Sodium Lobachemie

agueous biphasic systems containing short-chd . >09.5
alcohols + water + inorganic salts for the extr@actdf carbonate (I_qdla)

salt from the primary bottom phase of proteir H.0 Milipore >99.9
extraction processes in polymer + salt SyStems-Sodiumthiosulphate Emparta Merck >99
Liquid-liquid equilibria (LLE) in ATPSs are due to (Germany)

intermolecular forces, predominantly hydrogen

62



International Journal of Research in Advent Tecbggl Vol.3, No.12, December 2015
E-ISSN: 2321-9637
Available online at www.ijrat.org

Double distilled deionizer water with specific sodium carbonate salt as electrolyte, cloud point
conductance about < 0.2 pS/cm was used in dbmperature decreases with increase in concemtratio

experiments. of electrolyte at constant 2-propanol:water mole
ratio(0.0.247069). Same phenomenon is observed in
3. EXPERIMENTAL PROCEDURE case of sodium thiosulphate salt (figure 3) as

electrolyte at constant 2-propanol to water motera
(0.0.2470). In other words, the salting out abilitfy
salt increases with increase in concentration and
decrease in temperature. The experimental resartt fr
figure 2 and figure 3 lead to conclusion that disgl
out effect exists for both the salts under study tnis
effect increase with increase with concentration of
salt.

To examine the effect of change in salt
concentration on cloud point of aqueous 2-
propanol solution, a measured (2-propanol+water)
solution is taken inside the glass sample tube.
Ratio of alcohol to water is maintained at constant
value. A measured amount of salt is added into
aqueous organic system. Sample tube is placed
inside the glass water bath so that cloud point can
be easily observed. The mixture inside the sample
tube for uniform temperature distribution.
Temperature is decreased at the rate of 0.1°C per
minute with the help of ice, until solution become
cloudy or turbid. Temperature of solution is
measured using digital temperature indicator
whose sensor is inserted inside the tube. The
temperature at which first cloud appears is noted a
cloud point temperature. Then solution again
heated slowly at the rate of 0.1°C per minute till
cloud gets disappeared. This process is repeated to

This observation can be explained in terms of
kosmotropicity of salts. Zafarani-moattor et.al
researched on behavior of aqueous alcohol system in
presence of kosmotropic salt. When such salt added
into aqueous alcohol solution, the salt and alcohol
compete with each other for water molecules. Salt
have higher affinity towards water than alcohol. So
intermolecular attraction between salt and water
molecule increases and results into increased alcoh
alcohol self-intermolecular interactions of alcotad
they have weaker affinity towards water.

get reproducibility in results. Similarly, at coast
salt: water ratio, effect of change 2-propanol s
concentration on cloud point is measured.
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Figure 1: Experimental Setup to Study Effect of —+— P curve —=—CDP curve
Salt on Aqueous organic System

Figure 2 : Cloud Point (CP) and Cloud Disapperance
Point (CDP) curve for 2-Propanol (m) + sodium
4. RESULTS AND DISCUSSIONS carbonate (ca) + water (w) at constant 2-

4.1 Effect of Change in Salt Concentration Propanol:water (mole ratio) = 0.247069

To study the effect of salt (or electrolyte) on
the investigated systems, the cloud point and cloud
disappearance point temperatures were measured as
functions of mole fraction of the salt at constant
alcohol: water mole ratio. Figure 2 and figure 8wsh
the salt concentration dependence of the cloudtpoin
and cloud disappearance point at constant
concentration of aqueous 2-Propanol solution fahea
of the system studied. As shown in figure 2 in cafse
Aqueous Two Phase System (ATPS) composed of
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Figure 3 : Cloud Point (CP) and Cloud Disapperancefigure 4 : Comparison between Cloud Point (CP) and

Point (CDP) curve for 2-Propanol (m) + sodium Cloud Disappearance Point (CDP) curve for 2-
thiosulphate (ca) + water (w) at constant 2-Propano Propanol (m) + sodium carbonate / sodium
water (mole ratio) = 0.2470 thiosulphate (ca) + water (w) at constant 2-Propano

water (mole ratio) = 0.24707
4.2 Phase Separation Ability of Different Salt

In the present work, two sets of experimenyy 3 Effect of Change in Alcohol Concentration
with two different salts were carried out to study As shown in figure 5 for the system (2-
salting effect produced by addition of differenltsa  propanol- sodium carbonate-water), the experimental
aqueous solution of alcohol. results are in good agreement with literature.

As shown in figure 4, sodium thiosulphate is As shown in figure 6 and in case of ATPS
more effective than sodium carbonate at loWomposed of (2-propanol-sodium thiosulphate-water),
concentration. For the same concentration Qfs concentration of 2-propanol increases, cloudtpoi
electrolyte  sodium  thiosulphate gives highetemperature increases. On the other words, phase
decrement in cloud point than sodium carbonate. F@eparation ability of system decreases with ineréas
higher decrement in cloud point more concentraibn temperature and the salting out ability of system
sodium carbonate is required. decreases with increase in temperature. E. Nemati-

Phase separation ability of different salt carlknade et.al studied (2-propanol- water- sodium
be explained in terms of solubility of salt in watds  thiosulphate) system and established cloud poite da
the solubility of salt in water increases (i.etsalater as function of mole fraction of alcohol for given
interaction increases, alcohol get salted out mofg@mperature range (293.15-328.15). He reported that
readily. SO'UbI'Ity of sodium thiosulphate in Waterthere is no effect of Change in alcohol concergmti
(70.1 gm/100 gm of water at 20C) is higher thamn cloud point temperature in given temperaturgean
sodium carbonate (21.80gms/100gms of water) i(p93.15°K-328.15°K). But experimental results are
water. As the solubility of salt in water increagke not in agreement with this statement. Accordinthts
phase separation ability of increases. Sodiuffesult there is increase in concentration of 2-Bnop
thiosulphate and sodium carbonate both are inselublequired as temperature increases. This means ithere
in alcohol and there is no data found on solubtlity increase in cloud point temperature as concentratio
sodium thiosulphate and sodium carbonate in aICOhCﬁ-propano| increases. As shown in figure 5 for the
Therefore salt-alcohol interactions are neglected isystem (2-propanol- sodium carbonate-water), the

both the system studied and only salt-water angkperimental results are in good agreement with
alcohol-water interactions are taken into consiti@na |iterature.
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298

AGc =R.T.In x (Eq. 1)

297 A

29 1 Where x is the mole fraction concentration of
235 component at cloud point (CP or T). The values of
254 AGc, AHc, ASc are reported in Table 2, Table 3, with
293 - reference to the clouding point concentrations é6rT
2a7 | the same concentration of the alcohol in the studie
291 | systems. The values afGc, AHc, ASc are reported in

CPand CDP (°K)

Table. 4, Table 5 with reference to the cloudingnpo
2901 concentrations of T for the same concentrationhef t
salt in the studied systems.
012 014 Gle 013 0.2 Q.22 The AGc values at different CP (or T) were
X processed according to the equation given belayeto
AHc from the slope of the linear (least squares) plo
(AGc /T) against (1/T) for each of the studied ATPSs.
Figure 5 Cloud Point (CP) and Cloud Disappearance
Point (CDP) curve for
2-Propanol (m) + sodium carbonate (ca) + waterafw) AHc = d AGc/T) / d(1/T) (Eq. 2)

constant sodium carbonate: water (mole ratio) = . . .
0.025835 Moreover, the following Gibbs—Helmholtz equation

was used to calculate the entropy changes:

289

=—4=—CP curve == CDP curve

o AGc =AHc — TASc (Eq. 3)
290 4
- 2 Table 2: EstimatedAG, (kJ.mol™), AH (kJ.mol™)
w4 288 AS; (kJ.mol™) for the {2-Propanol (m) +salt (ca)
g # +water (w)} as function of mole fraction of salt
S 28 System 2-Propanol (m) +sodium carbonate (ca)
5 28 +water (w)
a 284 -
73 T AG, AH, TAS
282 1 (°K) (kd.mol") | (kJ.mol") | (kJ.mol"
! e 313.65 -13.0223 18.132 |  31.1543p
0.14 0.15 0.16 0.17 0.18 019 02
X, 313.45 -12.7678 18.132 30.8997p
e —mecOPure 313.15 -12.5252 18.132 30.6572[L
312.75 -12.3122 18.132 30.4442p
Figure 6 Cloud Point (CP) and Cloud Disappearan¢e 31115 -12.047 18.132 30.179
Point (CDP) curve for
2-Propanol (m) + sodium thiosulphate (ca) + water 309.15 -11.7968 18.132 29.9287P
(w) at constant sodium thiosulphate: water (mole| 305 15 11.4773 18.132 29 60926
ratio) = 0.011033 : : : :
300.25 -11.1548 18.132 29.2867p
4.4 EFFECT OF SALT AND ALCOHOL
CONCENTRATION ON GIBB’'S FREE ENERGY 296.15 10.8504 18.132 28.98244
(AGc), ENTHALPY (AHc) AND ENTROPY (AS) 291.55 -10.5582 18.132 28.6902p
Recently, Dan et al., with consideration of The effect on change in salt concentration on

clouding as the point of phase separation (or thgee energy, enthalpy and entropy of studied agsieou
solubility limit) estimated the free energWGc, two phase system is tabulated in Table 4.5 andeTabl
enthalpy,AHc, and entropyAS., of phase-separation 4.6 The values shows that the\G.) of ATPS

to obtain some information about the driving fonfe composed of sodium thiosulphate is moreG¢ =-
the aqueous two-phase formation process. Followings 4095 kJ.mal) than the ones of the sodium
Dan et al., the free energy of phase separation garhonate 4G = -13.0223 kJ.mdl). The salting out
clouding AGc) can be calculated from the following apjlity, kosmotropicity, of the salt can be relatecthe
relation: values of AGg) of salt. AGc) is the change in free
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energy from isolated naked ion in the gas phase @mtropy is the driving force for the aqueous twagh
aqueous solvated ion in solution, and therefore tHermation processes in these cases.

ions with the higher kosmotropicity have more

negative value, due to resulting more structuretemwa Table 4: Estimated G, (kJ.mol%), AH (kJ.mol%) AS,
molecules ‘lattice’ the ion .In present cases, rigki (kJ.mol%) for the {2-Propanol (m) +salt (ca) +water

into account that both salt have same cation (N#e), (w)} as function of mole fraction of 2-Propanol.
phase separation ability of different salt can be System: {2-Propanol (m) +sodium carbonate (ca)
referred to the more negative values afGf). +water (w)}

Therefore, it can be concluded that the sodium

thisulphate with negative AGc) values, results in o 1 1 1
more structured water ‘lattice’ around the anion T (K) | AGc (kJ.mol) | AHc (kJ.mol) | TAS (kJ.mol)
compared to sodium carbonate anion, with l¢ 297.05 -5.04373 56.3014 61.34513
negative AGc) value, and the more amount of th 295.95 -4.86714 56.3014 61.16854
mobilized water molecules available to hydrated { 295.35 -4.71199 56.3014 61.01339
alcohol molecules decreased, and subsequently | 294.85 -4.56967 56.3014 60.87107
third component, alcohol, more effectively salted-0 | 294.45 -4.43866 56.3014 60.74006
_ 294.15 -4.31771 56.3014 60.61911
Table 3: System: 2-Propanol (m) +sodium 293.85| -4.20432 56.3014 60.50572
thiosulphate (ca) +water (w) 293.15| -4.09213 56.3014 60.39353
292.35 -3.98494 56.3014 60.28634
T AG. AHe TAS — |[290.75]  -3.87291 56.3014 60.17431
(°K) (kJ.mol") (kJ.mol") (kJ.mol")
296.25 -13.4095 21.8716 35.28109 Table 5: System: 2-Propanol (m) + sodium
thiosulphate (ca) +water (w)
295.55 -12.8321 21.8716 34.70371,
T (°K) | AG, (kdJ.molY) | AH, (kJ.mol") | TAS. (kJ.mol”)
295.15 -12.3701 21.8716 34.24179)
290.15 -4.61813 14.773 19.39113
294.35 -11.9618 21.8716 33.83344
289.95 -4.51215 14.773 19.28515
293.95 -11.6219 21.8716 33.4935
1| 289.55 -4.4144 14.773 19.1874
293.35 -11.3135 21.8716 33.1850
289.35 -4.37088 14.773 19.14388
292.75 -11.0365 21.8716 32.90814
289.25 -4.32867 14.773 19.10167
292.55 -10.9813 21.8716 32.85294
288.75 -4.28619 14.773 19.05919
292.05 -10.9159 21.8716 32.7875P
288.35 -4.25547 14.773 19.02847
291.75 -10.859 21.8716 32.73061
288.15 -4.22122 14.773 18.99422
291.25 -10.7956 21.8716 32.66724
| 287.75 -4.18058 14.773 18.95358
290.95 -10.7408 21.8716 32.6123
| 287.15 -4.14687 14.773 18.91987
290.65 -10.6868 21.8716 32.5583
286.65 -4.12706 14.773 18.90006
290.25 -10.6297 21.8716 32.5013P
286.15 -4.10786 14.773 18.88086
289.45 -10.5591 21.8716 32.43067|
285.55 -4.09772 14.773 18.87072
288.15 -10.4712 21.8716 32.3427
285.05 -4.08938 14.773 18.86238
285.75 -10.3058 21.8716 32.1773Y|
284.85 -4.07999 14.773 18.85299
283.65 -10.1922 21.8716 32.06377|
284.35 -4,.10115 14.773 18.87415
280.95 -10.035 21.8716 31.90664 8415 219278 14773 18 96578
278.05 -9.91862 21.8716 31.79029! . . . .

The calculatedAH: and TAS: values are
presented in Table 3,Table 4,Table 5 and Table % CONCLUSION
which are all positive in the case of ATPSs compose The effect of Sodium Thiosulphate and Sodium
of (2-propanol+sodium carbonate+water) and (2€arbonate on aqueous 2-Propanol was studied using
propanol + sodium thiosulphate + water) and showSloud Point method. The obtained results show that
that the aqueous two phase formation processes #ie two phase formation ability of ATPSs composed
endothermic in these cases. of different salt is in the order of: Sodium
Also, the estimated AS; values are positive for the Thiosulphate >Sodium Carbonate. Effect of salt on
systems composed of (2-propanol+sodiunphase separation of aqueous 2-propanol was retiated
carbonate+water) and (2-propanol+sodiunsolubility of salt in water. As the solubility ofi in
thiosulphate+water). The positive entropy andvater increases the phase separation ability of
enthalpy of the ATPSs suggest that the increase wicreases. On the base on obtained results, itbean

concluded that two phase forming ability of thet sal
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with higher solubility is more than salt with lowe [9]
solubility due to comparatively weaker salt to wate
intermolecular interaction.

Additionally, the result obtained for the effectf
Propanol concentration on electrolyte solutionswsho
that the effect of alcohol concentration on Sodiih®]
Carbonate is higher than Sodium Thiosulphate.

Furthermore on the base of estimated free energy,
enthalpy and entropy of clouding point as functidn
mole fraction of salt and mole fraction of 2-Propkn
obtained in this work, it can be concluded that {i4]
increase of entropy is driving force for the agueou
two phase formation.
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