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	 ABSTRACT 
	










	
In case of non-ionic surfactant, the phase partition behavior (CP) of micellar solution was vary under the influence of various additive mixed systems. The non-ionic surfactant in an aqueous medium shows phase separation above the critical micelle concentration (CMC), There is a change in micellar interactions at cloud point (CP) with increase in temperature. The insertion of foreign material to surfactant solution alters the clouding temperature. In this paper we report how cloud point varies with addition of alcohol as additives. For non-ionic surfactant Polyoxyethylene (4) lauryl ether (Brij-30) the CP temperature was investigated at variable concentrations of surfactant in pure and additive mixed systems. The results we obtained shows that cloud point of pure Brij-30 surfactant decreases with enhancement in surfactant concentration from 1% to 10% (w/v) in a 22% aqueous ethanolic medium. Similarly, the cloud point values of Brij-30 in presence of n-alcohols shows increasing trend in case of propanol and butanol, specifying that their solubilization helps to form swollen water structures, thus favoring micelle hydration, while the presence of alcohols like pentanol, hexanol and heptanol shows a decreasing trend with increasing micelle size. The change in cloud points of Brij-30 in participation of various n-alcohols plays an important role in demonstrating the effect of the nature of additives on the stability of micelle. The foam ability and foam stability data discusses the stability of micelle aggregation. The important information about the thermodynamic entities were calculated using “Phase Separation Model”.
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1. Introduction

Presently surfactant chemistry is attracting new researchers due to its unique characteristics and properties in different applications [1], [2]. Surfactants are mostly used in the field of petroleum, pharmaceuticals, food processing, laundry processes, biological, medical, and safety field. They are moreover importantly utilized within the field of analytical chemistry for solubilization of organic molecules, micellar catalysis and to alter the spectral features of reaction products [3]–[6].

Surfactants are amphiphilic molecules and accumulate in an aqueous solution [7], comprising both hydrophilic head and hydrophobic tail parts in a single molecule. The nonionic surfactants are a combination of water-insoluble alkyl phenol and ethylene oxide and form an oil-dissoluble group linked to a water-dissoluble polyoxyethylene chain, which shows more dissolving ability due to hydrogen bonding between the oxygen of ether and solvent. This hydrogen bonding depends on temperature, the temperature at which the degree of hydration of the hydrophilic group is insufficient to dissolve the remaining hydrocarbon chain called a cloud point [8]. Clouding is consider to be the most important property of a non-ionic surfactant, which can be observed by changing the temperature of the solution. CP is a temperature at which a transparent single layer solution becomes hazy on heating [9]–[14]. CP is characteristic of surfactant molecular architecture. The CP phenomenon is having equal importance in both practical and theoretical fields [15]. Bellow the cloud point temperature a single phase appears and phase partition is observed above the cloud point. Most surfactant port goes to a smaller phase while the bulky watery phase contains surfactant concentration close to CMC [16]–[19]. The CP phenomenon is used in the extraction technique based on phase separation, which is a simple convenient method with minimal use of solvent and requires a, discrete amount of non-volatile, non-flammable surfactant material, which is non-hazards and eco-friendly and minimizes the risk toward mankind and environment as compared to volatile organic solvents [20]. The nonionic surfactant along with its clouding properties has impressively been utilized in the extraction and pre-concentration of species like metal ions, organic molecules, amino acids, proteins, and byproducts from fermentation [21], [22], also used as detergents, solubilizers, and emulsifiers [1], [17]. The mechanism of clouding is yet not clear still it is a point of controversy, the dehydration of the hydrophilic portion is the main necessity for the clouding process [23], [24].

The dielectric constant is get altered by the elimination of water from the hydrophilic head group [25], [26], which plays a significant role in the clouding process. The Concentration of surfactant and the presence of foreign materials like additives significantly change the CP [27], [28].

The additives consisting electrolytes, macromolecules, and ionic surfactants, tuned the CP of nonionic surfactants which have been reported by a number of researchers [29]–[34]. The bulky structured organic and inorganic species also affect the phase behavior of nonionic surfactants was well explained by many researchers [35]–[39]. The results of alcohol additives on the CP of polyoxyethylene (7.5) nonyphenyl ether nonionic surfactant indicates that the introduction of small-chain aliphatic alcohols enhances the CP while the introduction of long-chain alcohols lowers the cloud point of polyoxyethylene (7.5) nonyphenyl ethe [40]. The acceptance of the CP variation phenomenon with additives is rely on the temperature dependence of inter micellar interactions that are repulsive at minimal temperature and associative at higher temperatures with the loss of water from the hydrophilic group [41]. The clouding phenomenon is also well explained on the basis of micellar gathering which is favorable with rising temperatures [42]. As aggregation number increases, micellar size increases which causes a reduction in the hydration zone and decreases the cloud point. In this way, the CP of nonionic surfactants is transformed by additives that modify the size and shape of the micelle. This CP approach also affects the thermodynamic parameters [43].

Alcohols are widely used as additives, in emulsion formation. On the basis of the water-loving nature of alcohol, they can locate on the micellar layer of the hydrophobic core. This alcohol dissolution point in the micellar zone is an important aspect to investigate its action on the micelle system as well as on the phase partition behavior of the surfactant system. In this way alcohols can act as a co-surfactant depending upon their carbon chain, hence combining the n-alcohol with a surfactant system provides various technological applications.

Brij-30 is the most important nonionic surfactant used as an emulsifier, solubilizer, and wetting agent also used in drug formulation [44], used as a corrosion inhibitor [45], due to its high purity, nontoxicity, low cost, low cloud temperature also promotes phase separation.

Hence in this paper, we report the effect of a series of n-alcohols as additives on the coacervate phase behavior of Brij-30 surfactant.

2. Materials and Methods

The nonionic surfactant Brij-30 [Polyoxyethylene (4) lauryl ether] having CAS No. 9002-92-0 with 99% purity was purchased from Sisco Research Laboratories Pvt. Ltd. Mumbai, India, and was used without further purification. The Analytical reagent grade n-alcohols we used for this work were purchased from Merck (Germany) with a purity of >99%. All the solutions used during experimental measurements are prepared in double distilled water, the glassware we used was washed at first with 50:50 ethanol and dried with the help of a drier.

The structure of Brij-30 is shown in Fig. 1.
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Fig. 1: Brij-30.

The CP of Brij-30 is a very low point (70 °C). Hence it is difficult to prepare its clear aqueous solution at room temperature, so all the solutions which are under study were prepared in 22% ethanol solvent in an aqueous medium. The CP temperature was assessed by the method experimentally proved by Carvalho and Briganti. The CP was determined by placing a glass tube containing nearly 10 ml of the pure aqueous alcoholic Brij-30 solution or Brij-30 along with an additive mixed system into temperature-controlled apparatus with continuous shaking, the temperature was raised at the rate of 10 c/min. The temperature at which the turbidity in solution appears on heating was noted. Discontinue the heating, and cool the solution until it becomes clear note this temperature as cloud point temperature.

In this way, CP can be calculated in both the heating and cooling methods. The observed results are reproducible within ±0.10 °C. At first, turbidity occurs at the interface of the glass and the solution, after that some little amount of heating causes a cloudy appearance to the solution.

Here, CP was taken as the average value of temperatures for the appearance and disappearance of clouding.

To assure the accuracy of the result the experimental method was repeated thrice. For a clear view of temperature at cloud point a colored lamp was placed near the glass tube.

2.1. Measurement of Foamability and Foam Stability

The stability of micelle aggregation was measured by using foam ability and foam stability values which show a relation with CP temperature. Foamability and foam stability give us a piece of information about surface tension and viscosity [46]. The foaming ability and foam stability data were collected according the method well demonstrated by Myers [47]. A measuring glass cylinder of 100 cm3 volume was used for foam ability and foam stability measurements. Twenty cubic centimeters of pure surfactant solution or surfactant with additives mixed solution was taken into the measuring cylinder. Then the solution undergoes ten uniform jerks within the span of 10 seconds. The height of the foam generated represents the foaming ability and the time taken by the foam to collapse half of its initial height represents foam stability. The same procedure was repeated thrice for each solution to get an accurate value.

3. Results and Discussion

3.1. Cloud Point Values Of Pure Brij-30

CP of Brij-30 is having numerous applications in various fields. CP values of pure nonionic surfactant Brij-30 were measured in aqueous ethanolic solution as a function of concentration and the observations are noted in Table I. CP of aqueous alcoholic Brij-30 solution shows variation with concentration. CP value for Brij-30 in 22% aqueous ethanolic solution was observed to decrease as the concentration of surfactant increased. As the surfactant solution concentration increases, there is an increase in micellar molecular weight, which results in an increasing aggregation number of the micelle, and increases hydrophobicity. When the solutions are heated to a particular temperature, the polyoxyethylene chain loses water molecules resulting decrease in surfactant solubility remarkably thus decreasing CP. As shown in Table I. This decrease in CP is also supported by foamability and foam stability data. The observed increase in foam ability and decrease in foam stability with an increasing concentration of surfactant is an indication of the formation of a less stable micelles system. These lesser stable micelles have a higher rate of diffusion towards the newly formed interface during the foam formation and hence increasing foaming ability with an increase in the surfactant concentration as shown in Fig. 2.

[image: images]

[image: images]

Fig. 2: Showing variation of cloud point, foamability, and foam stability with concentration of Brij-30 surfactant in an alcoholic aqueous medium.

3.2. Cloud Point of Brij-30-N Alcohol Systems

Considering n-alcohols as additives in a 10% aqueous-ethanolic Brij-30 surfactant solution, the result of chain length of n-alcohols on the CP was studied for Brij-30. The results we obtained shows that small chain alcohols like n-propanol, and n-butanol, elevates the cloud point at different concentration range as shown in Table II. The increase in CP in presence of lower alcohols is due to an increase in micelle stability. The lower alcohols associated with the surface of the micelles help to provide expanded water structure (more hydration) along micelles help to improve micelle stability which results in increased CP value in presence of C3OH and C4OH.
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While long-chain n-alcohols like C5OH, C6OH, and C7OH lower the cloud point of Brij-30, with an increase in concentration as shown in Table II. Similar trends for the series of n-alcohols with Triton-x-100 were well explained by Allaudin and Co-workers, and Parekh and Co-workers [48], [49]. It is found that lower weight alcohols shows significant increases in CP at higher concentration values but the observed CP value for higher alcohol is less than zero as shown in Fig. 3.
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Fig. 3: Showing variation of cloud point of Brij-30 surfactant at different concentrations of n-alcohols in an alcoholic aqueous medium.

The decrease of CP for long-chain alcohols shows that the solubilization of long-chain alcohols occurs by a excessive decrease in the hydration of Brij-30 micelles. This shows that heavy alcohols are solubilized by surface assimilation at the interface of the micelle-water area containing the hydrocarbon part in the outer zone of the hydrated POE chain. The dissolution of the long-chain alcohols near to micellar zone lowers hydration of Brij-30 micelle, which promotes micellar interaction resulting in phase separation and hence decreases in cloud point. Hence heavier alcohol molecule behaves as co-surfactant and penetrates in the micelle layer, causing weakness in the polyethylene-water interactions favoring dehydration resulting in phase separation showing a lowering of CP [40]. The water dissolving capacity of Brij-30 decreases as long-chain alcohols get readily dissolved in the oily phase which decreases the CP, while the water dissolving capacity of surfactant increases by increasing hydrophilic surface area as the small-chain alcohols can be located or partitioned on the micelle surface hence increases CP values.

3.3. Thermodynamic Parameters at CP

The physical properties have interrelated with changes in the energy of a system. The variation of thermodynamic properties of the non-ionic solution surfactant solution in the presence of additives was reported by Batıgöç and Akbas [50]. The micelles interaction is associated with thermodynamic principles. Clouding is the most applicable property of non-ionic surfactants. The aqueous ethanolic solution of Brij-30 with a series of n-alcohols mixed systems gives the clouding at a certain temperature. The dissociation of the hydrophilic group in the case of non-ionic surfactant is predominant. The water is separated from the micelles at the cloud temperature. The CP values and Gibbs free energy change varies according to the chain length of alcohols as shown in Fig. 4.
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Fig. 4: Variation of chain length of n-alcohol on cloud point and ΔGocl of Brij-30 surfactant alcoholic aqueous medium.

At clouding the thermodynamic properties like change in Gibbs free energy (ΔG0cl) change in enthalpy (ΔH0cl) and change in entropy (ΔS0cl) at CP are calculated using the phase separation model [51]. The equations for free energy change, standard enthalpy change, and entropy change are given as:

(ΔGcl0)=−RTlnXs(1)

dlnXs/dT=(ΔHcl0)/RT2(2)

(ΔScl0)=(ΔHcl0−ΔGcl0)/T(3)

where ‘cl’ represents the clouding process, Xs - solutes mole fraction, T- CP, temperature in Kelvin.

The change in standard enthalpy (ΔH0cl) of clouding temperature is calculated by using the slope of the plot ln Xs vs. 1/T.

The thermodynamic parameters for pure surfactant system and additive mixed system are compiled in Tables III–VIII.
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The thermodynamic processes are related to energy change. The formations of micelles are guided by thermodynamic properties. The ΔH0cl of pure Brij-30 was −41.39 kJ mol-1 while the values of ΔG0cl and ΔS0cl show a decreasing trend with increasing surfactant concentration, similarly, with the addition of alcohol additives, the values of ΔG0cl and ΔS0cl also shows a decreasing trend. The positive values of ΔG0cl show that the clouding process is non-spontaneous also the values of ΔH0cl < ΔG0cl indicate the phase change phenomenon is exothermic and the process forwarded spontaneously with the increase of alcohols concentration.

4. Conclusion

The effect of additives on the cloud point of Brij-30 is explained on the basis of their solubility in water. The water-miscible additives like small-chain alcohols transform the water structure into collapsed or expanded structures. This affects the solvation equilibrium of surfactants and changes the cloud point. The addition of small chain alcohol elevates the cloud point of the Brij-30 surfactant. In the case of long-chain alcohols which are considered water immiscible compounds which can solubilize inside the micellar core and their effect depends on the site of solubilization so there is a direct loss of water molecule from hydrophilic groups with a change in micelle packing properties and shows a decrease in CP with the addition of long-chain alcohols. This work is exploring the effect of n-alcohols on the cloud point of Brij-30 surfactant. The CP temperature was transformed by changing the nature, and concentration of alcohols. The ΔG0cl values for pure and alcohol mixed systems are positive shows a non-spontaneous system while ΔH0cl and ΔS0cl values are negative shows the system is exothermic and the formation of bulky aggregation. With increasing concentration of alcohol, the positive ΔG0cl value and negative ΔS0cl were observed to decrease in all the cases, indicating that the process moves toward spontaneity with the increase of alcohol concentration. The Gibbs free energy is controlled by enthalpy and entropy. The change in entropy is dominant during the clouding process. Both enthalpy and entropies are negative, indicating that the hydrogen bonding and dipole-dipole interaction exist in between the components of the solution [35]. The stabilized solution is formed by the formation of heavy aggregates of surfactant and is governed by negative entropy. The negative enthalpy shows the exothermic clouding phenomena.
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TABLE I: CLouD POINT OF 1% 1O 10% AQUEOUS ETHANOLIC SOLUTION OF PURE BR1IJ-30 SURFACTANT

% of Brij-30 (w/v) CP temperature (°C) Foamability (cm3) Foam stability (sec.)
1 71.2 7.6 170
2 68.2 8.0 111
3 64.2 9.0 105
4 61.6 9.8 95
5 60.2 10.8 90
6 57.1 11.8 84
7 55.2 12.8 78
8 52.8 14.8 62
9 50.6 152 58
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TABLE III: THERMODYNAMIC PARAMETERS OF PURE BR1J-30 SURFACTANT

Brij-30 (w/v) in % AGY kJmol™! —AHY,; kJmol™! —AS% Jmol k!
1 21.35 41.39 182.27
2 19.20 179.16
3 17.84 175.65
4 16.90 174.20
5 16.16 172.71
6 15.57 172.55
7 15.06 171.99
8 14.59 171.82
9 14.17 171.69

—_
(=]

13.86 171.15
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TABLE VIII:

THERMODYNAMIC PARAMETERS OF BR1J-30 IN PRESENCE OF N-HEPTANOL

Brij-30 (w/v) + heptanol (moles)

AGY kImol™!

—AHY kImol!

—AS% Jmol k!

0.05
0.1
0.25
0.35
0.50
1.0

22.507
20.841
18.631

31.71

176.73
176.35
173.79
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TABLE VI: THERMODYNAMIC PARAMETERS OF BRIJ-30 IN PRESENCE OF N-PENTANOL

Brij-30 (w/v) 4+ n-pentanol (moles) AGYy kJmol™! —AH% kJmol™! —AS% Jmol k!
0.05 25.112 34.12 177.45
0.1 23.120 172.00
0.25 20.399 165.31
0.35 19.123 164.43
0.50 17.468 165.67

1.0 14.478 163.98
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TABLE IV: THERMODYNAMIC PARAMETERS OF BR1IJ-30 IN PRESENCE OF N-PROPANOL

Brij-30 (w/v) + n-propanol (moles) AGYy kJmol™! —AH%; kJmol™! —AS% Jmol k!
0.05 24.322 33.30 170.68
0.1 22.549 164.17
0.25 20.288 154.97
0.35 19.433 151.62
0.50 18.756 147.22

1.0 16.866 140.29
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TABLE VII: THERMODYNAMIC PARAMETERS OF BR1J-30 IN PRESENCE OF N-HEXANOL

Brij-30 (w/v) 4+ hexanol (moles) AGY, kJmol™! —AH% kJmol™! —AS% Jmol k!
0.05 25.322 30.93 169.76
0.1 22.749 166.72
0.25 18.747 167.05
0.35 - -
0.50 - -

1.0 - -
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TABLE II: CP or 10% AQUEOUS ETHANOLIC SOLUTION OF BR1J-30 ALONG WITH N-ALCOHOLS AT VARIABLE CONCENTRATIONS

CP of 10% aqueous ethanolic solution of Brij-30 with n-alcohol

Conc. of alcohols (mol kg!) Cloud Point (°C)
2

x10 Propanol n-Butanol n-Pentanol n-Hexanol n-Heptanol
0.05 64.6 62.4 60.8 58.2 46.4

0.1 67.2 64.2 59.8 48.8 30.4
0.25 72.8 68.6 56.6 24.2 16.4
0.35 74.8 71.8 50.8 <0 <0
0.50 80.6 74.8 38.4 <0 <0

1.0 84.6 83.8 14.6 <0 <0
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TABLE V: THERMODYNAMIC PARAMETERS OF BR1J-30 IN PRESENCE OF N-BUTANOL

Brij-30 (w/v) 4+ n-butanol (moles) AGYy kJmol™! —AH% kJmol™! —AS% Jmol k!
0.05 24.747 32.67 171.20
0.1 22.939 164.91
0.25 20.637 156.05
0.35 19.866 152.37
0.50 19.010 148.59

1.0 17.449 140.47
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