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Abstract 

               Interfacial and thermodynamic properties Γmax, Amin, ᴨcmc , ΔG°
ads, ΔG°

m, ΔH°
m, and ΔS°

m of individual sodium octyl 

sulfosuccinate (AOT) surfactant and their mixture with (DPH) drug at two concentrations (0.001 and 0.0001 M) have been calculated. 

The calculation was performed using the surface tension at temperature range 293-323 K with the variation of surfactant 

concentration to determine the cmc of all systems studied. The variation of critical micelle concentration (cmc) with concentration of 

DPH drug and the temperature was used to calculate the parameters above. The results indicate that the cmc of AOT Decrease when 

the DPH was added and when the temperature increased at the whole temperature studied. The results obtained for interfacial 

properties show that Γmax decrease with the addition of DPH. The results of thermodynamic properties indicate that the micellization 

and adsorption at interface are spontaneous and the ΔG°ads are more negative than ΔG°m at all temperatures which reveal that micelle 

formation is less spontaneous than adsorption or surface adsorption is more preferable than micellization. 
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1. Introduction 

Surfactants were used as transporter of drug 

molecules to target organs because of; a) their ability 

to solubilize many water-insoluble drugs and thus 

increase their bioavailability, b) retention in the body 

(particularly in the blood) providing gradual 

accumulation in the target organ [1-3].The amphiphile 

Sodium di-2-ethylhexylsulfosuccinate commonly 

known as Aerosol orange T (AOT) is a versatile 

anionic surfactant having two alkyl chains as tails. It is 

widely used in chemical, biological, and 

pharmaceutical and medicinal preparations 

applications [4]. Diphenhydramine hydrochloride 

(DPH)( 2-(diphenylmethoxy)- N, N- 

dimethylethylamine hydrochloride)  is 

pharmacologically drug employed as an effective 

antihistaminic  and it holds a two phenyl group  as 

well as a tiny alkylamine chain having a terminal 

nitrogen particle, [5, 6].To our knowledge, research on 

the adsorption properties of surfactant and drug 

mixtures was done exhaustively earlier [7-10]; but, the 

work concerning the adsorption properties of AOT 

with drug mixtures is rare, such as the interactions of 

Ibuprofen (IBF), 2-(4-isobutylphenyl) propionic acid 

drug with AOT study [ 11 ], in which  tensiometric, 

fluorimetric, and calorimetric measurements  were 

used in order to investigate this system as a possible 

model drug delivery system for IBF.Physicochemical 

properties and mixed micellization behavior of the 

solutions  of each mixed  amphiphilic phenothiazine 

drug promazine hydrochloride (PMZ)[11] and an 

amphiphilic antidepressant drug amitriptyline 

hydrochloride (AMT)[12] with the anionic surfactant 

sodium bis(2-ethylhexyl)sulfosuccinate (AOT) was 

determined using conductometry at different 

compositions and temperatures in aqueous as well as 

aqueous electrolyte (25 mmolkg-1 NaCl) solutions. In 

the present work the behavior of AOT  as anionic 

surfactant  in aqueous and  in two concentrations of 

DPH drug  solutions was studied using surface tension 

measurements at four temperatures in the range (20-

50)               

 

2. Experimental 

2.1- Materials 
The anionic surfactant Dioctyl sodium 

sulfosuccinate (AOT) was obtained from Fluka, 

Switzerland, 98.5%, and used as received. 

Diphenhydramine (DPH) is a poorly water-soluble 

drug and its structure shown in Figure 1. The solution 

of individual surfactant and its mixtures with drug 
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were prepared in deionized water (sp. conductivity = 2×10-6 S cm-1) and were kept for at 

least 30 minutes for equilibrium before measuring the 

surface tension. The solutions of surfactant that have 

different concentration and percentage of mixture 

were prepared by diluting certain amounts of stock 

solution in 50 ml volumetric flask with the deionized 

water. 

 
Fig. 1. Schematic diagram showing (a)  

 

2.2 Methods 

Tensiometric measurements were taken with a du 

Nouy tensiometer (model DST 30 M, Surface and 

Electro Optics (SEO) Company- Korea) using a 

platinum ring detachment method. For each set of 

experiments, the ring was cleaned by immersed in 5M 

HNO3 solution. Each measurement was repeated three 

times to ensure the reproducibility of the results. The 

determined surface tension (γ) values were accurate 

within 0.1 mN m-1. The cmc magnitude was 

determined corresponding to the intersection of the 

lines of the pre- and post- micelle regions of the 

concentration in the plots of γ vs. natural logarithm of 

surfactant concentration. 

 

3. Results and Discussion  

The cmc for the surfactant solution was 

determined using figure 2 which shows the variation 

of surface tension (γ) of AOT surfactant solutions in 

water and in DPH solutions (0.001 and 0.0001M) as a 

function of nature logarithm surfactant concentration 

at the four temperatures 293, 303, 313, and 323 K. 

The cmc values obtained for individual AOT are1.95, 

1.47, 1.34, and 1.33 mM at temperatures 293, 303, 

313, 323 K respectively, which are in the range of the 

results previously reported [10-13]. When the DFH 

was added the cmc values obtained for AOT/DFH (10-

4M) system at 293 K are 0.3 mM, while for AOT/DFH 

(10-3M) system are 0.06 mM. These values and all the 

values of cmc obtained at different temperatures are 

listed in Table 1.  

 

Table 1. Interfacial and thermodynamic parameters for AOT surfactant and AOT + DFH (10-3and 10-4) M  

drug systems at different Temperatures 

 
 

O
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Figure 2 which shows the variation of surface tension (γ) of AOT 

 surfactant solutions in water and in DPH solutions (0.001 and 0.0001M) 

 

The results of Table 1 show that when DPH drug was 

added to the AOT solution, the cmc values decreased 

and the magnitude more increase as the concentration of 

DFH drug  increased from 10-3 to 10-4 M. This means 

that;  

1) the inonic surfactant causes a larger effect on the 

solubilization of the drug, thus delaying micellization 

[14]. 

2) the increase in the values of cmc indicates that in the 

formation of the mixed micelle, drug molecules are 

penetrating into the micelle formed by AOT. The 

penetration of drug molecules depends on the nature and 

polarity of the micellar core [6]. 

 3) the long hydrophobic chain of DPH is quite rigid, 

and hence, we would expect some difficulty in packing 

these chains into a spherical micelle like a conventional 

surfactant, and the micelles it does form will be at high 

surfactant concentrations [8]. 

The values of cmc of AOT/ DFH mixtures dicreased 

with temperature increased as expected, which may be 

due to an increase in hydrophbicity caused dy the 

dsteruction of hydrogen dond between water molecules 

and hydrophilic groups . [15]. 

 

3.1-Interfacial properties 

The surfactant species from the bulk to the surface. This 

is evident thermodynamically because it is more energy-

friendly to be adsorbed at the air / water interface than 

to remain dissolved in the bulk solution. 

Γmax is calculated from the Gibbs equation:( equation 

1)Γmax =  - 1/𝑛𝑅𝑇 [dγ/𝑑𝑙𝑛𝐶]  ---------(1)  

The minimum area occupied by surfactant molecule, 

Amin, was computed from surface excess 

concentration using equation 2:  

Amin = 1/Na Γmax  --------------------(2)                                                                

where (dγ /dlnc) is the slope of γ vs ( ln C)  plot below 

the cmc region, R is the universal gas constant (R = 

8.314 J K−1 mol−1), T is the temperature, NA is 

Avogadro's number, and n is the number of chemical 

species.  

The calculated parameters for AOT surfactant in 

aqueous solution and in the two concentration of DPH 

are listed in Table (1). The results of this table show 

that the Γmax decrease and Amin increase in presence of 

DFH, this decrease in Γmax or increase in Amin may be 

due to [12];  

 

1) Drug molecule  interaction with the head of  

surfactant,  

2) The occurrence of drug molecules at the air/water 

interface behind the surfactant molecules. Hence, the 

presence of DPH molecules around hydrophilic head 

of amphiphile will enhance repulsions among them at 

the interface and will consequence in decrease in Γmax.   

 

3.2-Thermodynamic micellization  

Thermodynamic parameters of micellization (ΔG°
m, 

ΔH°
m , and ΔS°

m ) were calculated from the 

temperature dependence of the cmc from the 

following equations :  

ΔG°
m = RT lnXcmc------------------(3) 

ΔH°
m = - RT2 (∂ lnXcmc /∂ T)        ---------- (4)                     

ΔG°
m = ΔH°

m - TΔS°
m     ---------------(5)                                                                     

ᴨcmc is calculated from the equation;  

ᴨcmc = γo–γcmc. 

 Where γo is the surface tension of pure solvent and γcmc is 

the surface tension at the cmc. ΔG°
ad at the air/water 

interface is calculated from the relation:  

          ΔG°
ad = ΔG°

m - (Πcmc/ Γmax)        - - - - - - - (6) 

Where Xcmc is the cmc of surfactant in mole fraction unit 

and (∂lnXcmc /∂T) was evaluated from the slope of the plot 

of lnXcmc versus temperature. ΔG ̊m values are negative 

and the magnitude of these adverse values increases (in 

negative value) with growing concentration of drugs, which 

means that this method (micellization) is spontaneous in 

this direction. The increasing of ΔG°
m value with the 

addition of DFH indicates micellization to be less 

spontaneous thermodynamically (Table1).  

Positive values of the enthalpy of    micellization indicate 

the enothermic nature of the micellization process which 

inecrease at all drug concentrations with temperature. 

Nusselder and Engberts [16] have suggested that for 

positive ΔH°
m values, the London-dispersion forces play a 

major role in the micellar process. The positive values of 

standard entropy of micelle formation ΔS°
m are due to the 

melting of “flickering cluster” around hydrocarbon tails of 

the surfactant monomer and the increased randomness of 

the hydrocarbon chains in the micelle core [17]. Further, 

with the addition of DPH drug, entropy of the system is 

found to increase. This is due to the fact that the head 

groupis more than hydrated than the hydrophobic tail (18-

19 ( 

Table 1 show ΔG ̊m values are negative and the magnitude 

of these adverse values increases (in negative value) with 

growing concentration of drugs, which means that this 

method (micellization) is spontaneous in this direction that 

ΔG°
ad values are negative signifying that the adsorption 

processes are spontaneous. Also the ΔG°
ad values are more 

than ΔG°
m for all system studied indicating that surface 

adsorption is more preferable than micellization which is 
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mean that adsorption is a primary and favorable process 

compared to micelle formation, which is a secondary and 

less favorable process.(20)  
4. Conclusions 

The foremost conclusions that can be drawn from the 

above resultsmay be expressed as following: 

1- The micellar behavior of individual AOT surfactant 

and AOT / DPH drug systems are investigated and the 

cmc values obtained of binary mixtures(AOT +DPH) 

is highly less than cmc of individual surfactant which 

indicate a good attractive interaction between the two 

molecules. 
2- The negative ΔG°m and positive ∆S°mconfirm the   

thermodynamic spontaneously of micellization and the 

ΔG°ad values are > ΔG°m(in negative value) for all 

system studied indicating that micellization is less 

preferable than adsorption at interface. 
3- The Γmax decrease and Amin increase in presence of, DPH 

thus, the presence of drug moleculesin contact with 

hydrophilic head of surfactant will promote repulsions 

between them which will lead to Γmax decrease. 
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