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Abstract: An attempt has made to study the influence of NaCl on the micellar behaviour of some cationic 

surfactants by conductivity measurements. With increase in concentration of salt, the critical micelle 

concentration (CMC) of cetyltrimethylammoniumbromide (CTABr) decreases. For example, the CMCs of 

CTABr in 0.5,1, 2.5 and 5mM solutions of NaCl were 0.95, 0.89, 0.70, 0.51 respectively. The degree of 

dissociation i.e. β and Gibbs free energy of micellization, ΔG
o
mic, was also determined for each CMC value. 
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I. Introduction 

Surfactants or surface active agents are the compounds which reduces the interfacial tension between 

two liquids or between a liquid and a solid. They can act as despersents, wetting agents, emulsifiers, foaming 

agents. Surfactants are the compounds that contain both hydrophobic group as their tails as well as hydrophilic 

groups as their head, so they are called amphiphilic[1-3]. Due to presence of hydrophobic and hydrophilic 

group, surfactants have both water insoluble and water soluble components. Depending on hydrophilic group, 

surfactants have been categorised into four different types[1]. Anionic Surfactants having negative charge on 

their hydrophilic end for example , soap, alkyl sulphate, Cationic Surfactants having positive charge on their 

hydrophilic end for example, alkyl quartenary system. Amphoteric surfactants are the compounds that contains 

both positive and negative charge on their water loving end, so they have a net charge of zero, for example, long 

chain amine and Non-ionic surfactants possess no ionic charge, for example, Alkoxylates, Ethoxylates[4-5].  

Surface active agents lowers the interfacial tension of water by adsorbing at liquid-liquid or liquid-solid 

interface. Hydrophilic group i.e. water soluble component remains in water while the hydrophobic group i.e. 

water insoluble component extends out of the water phase. Aggregates formed by these surfactants are called 

micelles and formation of these micelles from surface active agents are called micellization[6]. The 

concentration of surfactants above which micelles begin to form is known as the critical micelle 

concentration[7]. 

Surface active agents have wide applications in different fields. Despite their use as industrial 

surfactants in pharmaceutical, textile and crude oil manufacturer industries, they are used as household 

surfactants in cleaning purposes. Being charged species they are sensitive to pH. Some amphoteric surfactants 

are insensitive to pH while others are anionic at high pH and cationic at low pH. To protect metal surfaces from 

water, acids and salts, cationic surfactants play crucial role by acting as corrosion inhibitors at  pH below 7. One 

of the cationic surfactants such as N-Benzyl- N-alkyl dimethyl ammonium halides are used as disinfectants, 

sanitizers and germicides [1]. 

                                    

II. Factors Affecting Critical Micelle Concentration 
 II (a).  Surfactant Structure :  As the number of carbon atoms in the hydrophobic group increases, the CMC 

of surface active agents decreases. With addition of methylene group to a straight chain of hydrophobic group, 

CMC of surfactant halved. When number of carbon atoms exceeds 18, then no further decrease in CMC was 

found, this may due to the coiling of these hydrophobic chains [8]. Hydrophilic group also affects CMC of 

surfactant. When hydrophilic group is present at central  position, CMC of surfactant increases [9].                                                                                                      

II (b).  Temperature: CMC of surface active agents is affected by temperature. With increase in temperature, 

CMC first decreases to some extent and then it increases with further increase in temperature[1].                                                                                                                                                            

II(c).  Presence of added electrolyte in the solution: Presence of electrolyte in the aqueous solution affect 

CMC of surfactants .Effect is greater in case of cationic and anionic surfactant in comparison to amphoteric 

surfactants, which further has more effect than non-ionic surfactants [10, 11]. 

 

III. Materials And Methods 
All the chemicals such as CTAB, NaCl, CKC were purchased from S.D fine chemicals limited, 

Mumbai. Distilled water with conductance 1-10 µS at room temperature was used for all measurements. All the 

solutions were prepared using distilled water. The aqueous solution of NaCl (0Mm , 0.5Mm , 1mM, 2.5Mm) 
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CTABr(10mM), CKC(10mM) was prepared by weighing appropriate amount of these two surfactants on an 

electronic balance with precision .0001g. Digital conductivity meter was used to measure the Conductivities of 

solutions. A glass jacket containing conductivity cells having cell constant 1.17 and .99 with an uncertainty of 

10% was used for carrying out the measurements. 

 

IV.    Results And Discussion 
CMC is denoted as breakpoint in plot between specific conductance and concentration as shown in fig. 

1 and 2. The CMC value of CTABr and CKC determined at room temperature in water were found to lie close 

to literature values. The CMC values of CTABr and CKC were found to decrease with increase in concentration 

of Sodium chloride. 

 

  
Fig. 1. Variation of specific conductance for CTABr with concentration of Sodium chloride 

 

0

50

100

150

200

250

300

-0.2 0 0.2 0.4 0.6 0.8 1

0mM
.5mM
1mM
2.5mM





S 
cm

-1
)

Concentration(mM)

CMC
0.26mM

 
Fig. 2. Variation of specific conductance for CKC with concentration of Sodium chloride. 

 

The degree of dissociation i.e. β has been calculated by taking ratio of slopes of the post micellar 

region to the pre micellar region. The variation of β value with increase in concentration of salt for CKC has 

been shown in fig. 3. 
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Fig. 3 Variation of β values of CKC with concentration of NaCl. 

 

By knowing the value of degree of dissociation and CMC of surfactants, we can determine the standard Gibb’s 

free energy of micellization per mole with the help of equation (1) 

                                           ∆G
0

mic = (2-β) RT ln XCMC               (1) 

∆G
0
mic - The standard Gibb’s free energy of micellization per mole  

R  - Gas constant 

 T - Absolute temperature  

XCMC - CMC in mole fraction.  

The calculated values of ∆G
0

mic in aqueous solution and in presence of salts at different concentration for CKC 

and  CTABr  is  given in table 1 and 2 respectively. Negative value of ∆G
0

mic indicates the spontaneity of the 

micellization process. At high concentration of salt, ∆G
0

mic values for all surfactants become more negative i.e. 

∆G
0
mic decreases with increase in concentration of salt. ∆G

0
mic values for CKC in presence of Sodium chloride 

are comparatively more negative than CTABr.  

 

Table1: CMC and thermodynamic parameters of CKC in an aqueous solution (water) and  Sodium chloride 

(NaCl). 
Concentration of NaCl  (mM) CMC (mM) Β ∆G0

mic (kJmol-1) 

0 0.47 0.58 -16.85 

0.5 0.36 0.48 -19.05 

1 0.26 0.64 -18.04 

2.5 0.17 0.43 -22.48 

5 0.10 0.39 -25.11 

 

Table 2: CMC and themodynamic parameters of CTABr in an aqueous solution (water), Sodium chloride 

(NaCl) 
Concentration of NaCl  (mM) CMC (mM) Β ∆G0

mic (kJmol-1) 

0 1.08 0.38 -15.93 

.5 0.95 0.36 -16.41 

1 0.89 0.39 -16.45 

2.5 0.70 0.40 -17.52 

5 0.51 0.54 -16.98 

  

V. Conclusion 

 The variation of CMC value of CTABr and CKC was studied in the presence Sodium chloride. With 

the increase in concentration of salt, the CMC values of these surfactants were found to be decreased. The 

degree of dissociation i.e. β and Gibbs free energy of micellization, . ∆G
0

mic  was also determined for each CMC 

value. The values of  ∆G
0

mic were found to be negative which indicates that process of micellization is 

spontaneous. The . ∆G
0

mic  values become more negative at high concentration of salt.                                                                                     
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