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Abstract 
The introduction of foreign materials to non-surfactants alters the temperature at which clouding 

happens. In this research, we explored how the non-ionic surfactant Tween 80 interacts with the 

additive PMA in water, focusing on measuring the cloud points (CP) of both pure Tween-80 and its 

mixture with PMA. Our findings revealed that as the concentration of Tween-80 rises, the CP of pure 

Tween-80 actually drops. On the other hand, when Tween-80 is mixed with PMA, the CP rises with a 

higher concentration of PMA. This suggests that PMA influences the cloud point of Tween-80, 

indicating that the clouding effect is related to the merging of different micelles. Overall, this study 

sheds light on how PMA affects the Cloud Point (CP) of Tween-80 at various concentrations. Taking 

CP as the key temperature for solubility, the researchers have looked into the thermodynamic factors 

tied to the clouding process (∆G°cl, ∆H°cl, and ∆S°cl) using the Phase Separation Model. This phase 

separation happens because of interactions between micelles. Our findings show that the clouding 

process is exothermic, with ∆H°cl being greater than T∆S°cl, indicating that both enthalpy and entropy 

play a role in this process. This research highlights that clouding is more than just the growth of 

micelles; it is a significant phenomenon in its own right. The results suggest that there is likely some 

interaction between polymers and surfactants in water. 

 

Keywords: Non-ionic surfactant, Micellization, cloud point (CP), tween 80 (Tw-80), PMA, phase 

Separation 

 

Introduction 
Nonionic surfactants are incredibly versatile and find use in a variety of fields, including the 

separation of organic compounds and metal ions. This innovative separation technique [1-3] is 

advantageous as it does not adversely affect proteins and functions as a biocatalyst [4]. Ionic 

surfactants usually don’t show clouding properties, while non-ionic surfactants struggle to 

stay stable at higher temperatures, which leads to a noticeable effect called “clouding”. The 

temperature at which this happens is known as the Cloud Point [5]. This effect is tied to phase 

separation that can occur when the temperature changes in the micellar solution of non-ionic 

surfactants, often referred to as CP [6-7]. The cloud point (CP) is an important feature of non-

ionic surfactants. Below this point, you have a single phase of molecular or micellar solution; 

above it, the surfactant's solubility in water decreases, causing a cloudy mixture due to the 

formation of large molecular aggregates in a different phase [8]. The key phenomena in 

micellar solutions and micro-emulsions are becoming increasingly important and are being 

explored in depth by many researchers [9-10]. 

Understanding the cloud point as a critical threshold reveals that as we approach this point, 

micelles start to cluster together, and once we cross it, they break apart into a separate phase. 

This cloud point behavior can be affected by several factors, including the concentration of 

surfactants, ionic strength, pressure, and the addition of other substances [11-12]. There are 

various mechanisms that help explain processes like micelle formation, solubilization, and 

the creation of complexes [13]. Measuring the cloud point is essential for evaluating the 

quality and characteristics of surfactants, whether they are used on their own or in 

combinations, especially before applying them in areas like pharmaceutical formulations, 

biomedical applications, and oil recovery, particularly under high-temperature conditions [14]. 

The relationship between polymers and surfactants has been studied through various 

methods [15-17]. Understanding how surfactants interact with polymers in water is really 
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important for many industries [18-20]. These interactions can 

be grouped into three types: solute-solute, solute-solvent, 

and solvent-solvent. The differences in the critical micelle 

concentration (CP) values of surfactants [21] are mainly 

influenced by the additives used. Many researchers have 

laid a solid foundation for investigating Polymer-Surfactant 

interactions by measuring the CP of both ionic and nonionic 

surfactants, as well as polymers on their own and in 

combinations [22-26]. 

This paper shares the results of our research into how pure 

Tween 80 behaves when mixed with PMA at various 

concentrations. We believe these findings could have a 

meaningful impact on understanding the interactions 

between medicinal products, agrochemicals, detergents, and 

more. By considering the cloud point as the key temperature 

for solubility, we've evaluated the thermodynamic 

parameters of the clouding process (∆G°cl, ∆H°cl, and ∆S°cl) 

using the “Phase Separation Model”. 

Materials and Methods 

The non-ionic surfactant Tween 80 (with a molecular 

weight of 1310) is produced by SIGMA-ALDRICH in the 

USA. The water-soluble polymer, a 15% sodium salt 

solution of polymethacrylic acid (MW 8415337), is sourced 

from National Chemicals Baroda in India. Both of these 

products were used as they were received. To prepare all 

solutions with different concentrations, we utilized doubly 

distilled water that has a specific conductance of 2-4 μS cm-

1 at a temperature of 303.15 K. 

The cloud point (CP) was determined using a controlled 

heating method with a sample solution placed in a Pyrex 

glass tube. The solution was gently heated while being 

stirred continuously in the heating apparatus [27]. The 

heating rate was kept below 1°C per minute. The 

measurements showed a reproducibility within ±0.2°C. 

Since the CP values aren't minimal, the recorded figures 

have been rounded to the nearest degree and are presented 

in the tables. 

 

 
 

Fig 1: Molecular structures of clouding species and additive 

 

Results and Discussion 

Cloud Points of Pure Tween - 80 

The cloud points of the pure surfactant Tween-80 at various 

concentrations, shown in weight percent, are detailed in 

Table-1 (A). It was found that as the concentration of 

Tween-80 increases, the cloud point (CP) of the surfactant 

actually decreases. This trend can be linked to the increase 

in micelle concentration, which leads to phase separation 

due to micelle-micelle interactions. Interestingly, at 

concentrations below 0.5 wt%, there’s a slight dip in the 

cloud point. This is mainly because there is not enough 

surfactant molecules present to create visible micelle 

clusters. Additionally, only minor changes in CP have been 

observed for some non-ionic surfactants like Triton X-100, 

Tween 20, Brij-35, and Brij-56 [28]. 

 

Mixed system of Tween-80 and PMA 

The impact of PMA on the cloud point (CP) of Tween-80 at 

different concentrations of [PMA] is detailed in Table-2 (A). 

As the concentration of the water-soluble polymer PMA 

increases, the cloud point of the non-ionic surfactant Tween-

80 rises significantly. This suggests that, when the 

surfactant concentration remains constant, a higher polymer 

concentration typically results in a higher CP [29], which can 

be attributed to the increase in micellar charge density. It 

appears that the charge density of the mixed micelle plays a 

crucial role in determining the cloud point; in simpler terms, 

a greater charge density is linked to a higher cloud point. 

Moreover, the polymer-surfactant complex shows improved 

strength due to interactions between the solute and solvent. 

In this scenario, some water molecules stay connected to the 

polymer-surfactant complex, which means a higher 

temperature is needed to break apart this strong complex 

system. Additionally, adding the polyelectrolyte PMA into 

non-ionic micelles creates electrostatic repulsion among the 

micelles, which makes it harder for phases to form and 

raises the cloud point, as shown in Table-2 (A). 

 
Table 1: A] CP of pure TW-80 at different concentration in wt% and B] Thermodynamic parameters of solubilization of Tw- 80 

 

A] CP of pure TW-80 B] Thermodynamic parameter of solubilization of Tw- 80 

 

[Tw-80] 

Wt% 

 

Molarity 

x 10--3 

 

Mole Fraction x 10 -4 

 

CP /0C 

 

[Tw-80] 

Wt% 

 

- ∆ G 0cl 

KJmole--1 

- ∆ H 0cl
 

KJmole--1 

- ∆ S 0cl 

J mole--1K--1 

0.5 3.8168 0.6870 91.8 0.5 29.07 

207.3 

 

648.0 

1 7.6336 1.3739 91.4 1 26.94 642.8 

2 15.2672 2.7474 90.2 2 24.76 638.9 

3 22.9008 4.1205 89.1 3 23.46 637.3 

4 30.5344 5.4932 87.8 4 22.52 637.0 

5 38.1679 6.8656 86.4 5 21.76 637.4 
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Table 2: A] Influence of PMA on CP of TW-80 and B] Thermodynamic parameters of Tw- 80 in presence of PMA 
 

A] Influence of PMA on CP of TW-80 
B] Thermodynamic parameter of Tw-80 in presence of PMA 

 

[Tw-80] 

Wt% 

Wt % of PMA 
[PMA] 

Wt% 

 

- ∆ G 0cl 

KJmole--1 

 

- ∆ H 0cl
 

KJmole--1 

 

- ∆ S 0cl 

J mole---1K--1 
0.001 0.002 0.003 0.004 0.005  

0.5 93.1 94.6 96.4 98.1 98.8  0.001 74.78 152.4 620.6 

1 92.4 93.8 95.3 97.0 98.0  0.002 72.53 159.3 634.3 

2 91.6 93.2 94.9 95.4 96.7  0.003 71.14 166.4 651.4 

3 90.5 91.8 92.3 93.4 95.2  0.004 70.06 171.0 663.1 

4 88.9 90.3 91.9 92.7 93.8  0.005 69.08 88.3 435.0 

5 86.5 88.2 90.2 91.9 92.1      

 

The dependence of CP on [PMA] is depicted in Fig. 3 
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Fig 2: CP of Tw- 80 at different concentrations 

 

 
 

Fig 3: Influence of PMA on CP of Tw-80 

 

Thermodynamics of Clouding 

All physical and chemical processes are influenced by 

energy factors. For instance, the spontaneous formation of 

micelles is significantly affected by thermodynamic 

principles. Understanding the energetics behind these 

processes is crucial for formulation, application, and a 

fundamental grasp of the concepts involved. By finding the 

thermodynamic parameters for pure Tween-80 in Table-1 

(B), while Table-2 (B) outlines the parameters for the 

Tween-80/PMA mixed system. When it comes to non-ionic 

surfactants, the de-solvation of the hydrophilic groups leads 

to cloudiness or turbidity in the surfactant solution at 

elevated temperatures. The appearance of the cloud point is 

mainly driven by entropy, and at this point, water molecules 

are released from the micelles. 

Taking the cloud point as the phase separation point, we've 

figured out the thermodynamic parameters for the clouding 

process, including standard free energy (∆G°cl), enthalpy 

(∆H°cl), and entropy (∆S°cl), all using the Phase Separation 

Model [30]. 

  

∆G°
c l = - RT ln Xs …………..  

 

Where “cl” stands for clouding process and ln Xs is the 

mole fractional solubility of the solute. The Standard 

enthalpy (∆H°cl) for the clouding process have been 

calculated from the slope of the linear plot of ln Xs Vs 1/T 

in Fig.2 for pure nonionic surfactants Tw-80. 

 

 d ln Xs / dT = ∆H°
c l / RT2  ………….. 

 

The Standard free energy (∆S°cl) of the clouding process 

have been calculated from the following relationship 

  

∆S°
c l = (∆H°

c l - ∆G°
c l ) / T ……………. 

 

∆H°cl < ∆G°cl indicating that overall clouding process is 

exothermic and also ∆H°cl> T∆S°cl indicate that the process 

of clouding is guided by both enthalpy and entropy [31]. 

The current study offers compelling evidence for the 

interaction between non-ionic surfactants and polyions, 

leading to phase separation at the cloud point. The effect of 

PMA on the cloud point clearly shows that this clouding 

phenomenon is tied to the merging of different micelles. 

This paper strengthens the idea that the cloud point is a 

significant phenomenon. 
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