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CHAPTER-VII 

Thermodynamic and Interfacial Adsorption Studies on the Micellar 

Solutions of Alkyltrim'ethylammonium Bromides in Ethylene Glycol 

(1) +Water (2) Mixed Solvent Media 

INTRODUCTION 

Surfactants are widely used both in industry and everyday life, and their 

properties in aqueous solutions have received considerable attention. Recently, the 

aggregation phenomenon of amphiphiles in nonaqueous media has been the subject of 

many researchers due to the increasing use of these materials in such areas as 

lubrication and cleaning operations, which require water-free or water-poor media.1
•
2 

The solvents used in these studies are strongly polar with water-like properties; some 

common examples include ethylene glycol, formamide, and glycero1.3
"
12 Most of 

these investigations focused mainly on two aspects: the requirement from a solvent 

for amphiphilic assembly and the structural properties of the aggregates formed in 

these media. To address these issues, a frequently used approach is the gradual 

replacement of water by other polar solvents, as this allows one to explore wide range 

of polarities. Several studies have been carried out following this approach. 13
"
21 For 

the amphiphilic aggregation to occur, the solvent media should have high cohesive 

energies, dielectric constants and considerable hydrogen bonding ability. 22
• 
23 

In the present work, the micellization behavior of three alkyltrimethylammonium 

bromides, viz., hexadecyltrimethylammonium bromide (CTAB), 

tetradecyltrimethylammonium bromide (TT AB) and dodecyltrimethylammonium 

bromide (DTAB) in EG (I) + water (2) mixed solvent media has been studied. 

Previously, very few studies on these systems have been reported. Backlund et a/. 24 

investigated the aggregation and phase behaviour of TT AB in water, EG and 

their 

Chanchal Das and Bijan Das 

J. Chern. Eng. Data (2008) (In Press) 



124 

mixtures at 30 °C. Ruiz 11 reported the thermodynamic studies of TT AB in EG (1) + 

water (2) mixtures. Gharibi et. al. 25 have also carried out electrochemical studies 

associated with micellization of TT AB, among other cationic surfactants, in the same 

solvent mixtures at 25 °C. In this investigation, we have carried out conductivity and 

surface tension measurements on the systems mentioned above to study their 

micellization behavior. The influence of temperature on the micellization and 

adsorption behaviours of these amphiphiles will also be investigated. The ability of 

EG (1) + water (2) mixtures to bring about self-association will be characterized by 

the Gordon parameter. 26 

EXPERIMENTAL 

Materials and Methods 

The surfactant CTAB was purchased from Sigma; TTAB and DTAB were of 

Fluka (Switzerland) purum grade and these were used as received. Ethylene glycol 

(99 %+, spectroscopic grade) was from Aldrich. Doubly distilled water (specific 

conductance, 2 to 3 p S cm-1
) was used to prepare the solutions. All experiments were 

carried out with freshly prepared solutions. 

The conductometric measurements were carried out on a Pye-Unicam PW 

9509 conductivity meter at a frequency of 2000 Hz using a dip-type cell of cell 

constant 1.14 cm-1
• The cell was calibrated by the method of Lind et a/.27 using 

aqueous potassium chloride solutions. Solutions were prepared by mass for 

conductance runs, the molalities being converted to molarities by the use of densities 

measured with an Ostwald-Sprengel type pycnometer of about 25 cm3 capacity. 

Corrections were made for the specific conductance of solvents at all temperatures. 

The measurements were made in a water bath maintained within ± 0.01 K of the 

desired temperature. 

The surface tensions of the surfactant solutions were measured with a KrUss 

(Gennany) K9 tensiometer by the platinum ring detachment method. The tensiometer 

was connected to a water-flow cryostat to maintain the temperature equilibration. 

Prior to each measurement, the ring was heated briefly by holding it above a Bunsen 

burner until glowing. Several independent solutions were prepared by mass and 

duplicate measurements were performed to check the reproducibility. The uncertainty 

of the measurements was within ± 1 x 1 o-3 N·m -I. 
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RESULTS AND DISCUSSION 

The critical micellar concentrations (erne) were determined from the 

inflections in the plots of conductivity as a function of the surfactant concentration 

(C). The data points above and below the inflection are fitted to two linear equations 

and the erne was obtained from the intersection. This method is found to be reliable 

and convenient for the present system because of the significant variations of 

conductivity with surfactant concentration in the pre- and postmicellar regions. The 

ratio of the slopes of the plots of K versus C above and below the erne gives an 

estimate of the micellar degree of counter ion dissociation (a). A representative plot 

(Fig. 1) shows the concentration dependence of the conductivity ofTTAB in EG (1) + 

water (2) mixtures with varying amounts of EG. Fig. 2, on the other hand, shows the 

concentration dependence ofthe conductivity ofCTAB in a given EG (1) +water (2) 

mixture with WI = 0.30 at different temperatures. Table 1 lists the values of eme and 

the micellar degree of counterion dissociation (a ) of the surfactants in different EG 

( 1) + water (2) media at 298.15 K. Table 2 reports the eme and a values in the 

mixture with WI = 0.30 in the temperature range 303.15 to 323.15 K. The emc values 

of these surfactants in water were found to be in good agreement with those 

previously reported in the literature.28 The micellar degrees of counterion dissociation 

for a given surfactant are found to increase as the mixed solvent media get richer in 

EG (cj Table 1). An increase in emc originates mainly from the small magnitude of 

the tail transfer free energy from EG compared to that from water. This effect can be 

quantified in the EG (1) + water (2) micellar solutions investigated through the 

estimation of free energy for the transfer of one methylene CH2 group from bulk 

phase to the micellar pseudophase ( L!G~H, ) by using eq. I :6• 
28 

[
L!G

0 
] (2- a )In erne= const + m R~' (1) 

According to this equation, L!G~H, can be estimated from the slope of the 

linear plot of (2- a )lneme against the number of carbon atoms (rn) in the surfactant 

chain for a homologous series of surfactants. Good straight lines were obtained for 

pure water and for the five EG (I) + water (2) mixtures studied. Table 3 summarizes 

the L!G~H, values thus obtained. The values reported here in water are found to be in 

good agreement with those reported in the literature.6
•
28 
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Figure 1. Conductivity ( K) versus concentration of tetradecyltrimethylammonium 

bromide (C) in EG (1) +water (2) mixtures at 298.15 K: o, water; o, WI 

= 0.10; v, WJ = 0.20; to., WI= 0.30; e, WI= 0.40; •, WI= 0.50. 
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Figure 2. Conductivity ( K) versus concentration of hexadecyltrimethyl ammonium 

bromide (C) in EG (I) + water (2) mixture at different temperature: o, 

298.15 K; o, 303.15 K; "", 308.15 K; t:., 313.15 K; •, 318.15 K; •, 323.15 

K. 

From Tables I and 2, it is apparent that the degrees of counterion dissociation for the 

surfactants increase regularly with both EG addition and temperature increase. This 

observed increase in a may be attributed to a decrease in the charge density on the 

micellar surface caused by the decrease in the aggregation number of the micelle. 

The ability of EG (1) + water (2) mixtures to bring about the self-association 

of the amphiphiles can be related to the cohesive energy density,29 which can be 

conveniently characterized by the Gordon parameter, G = r I V 113 
, where y and V are 

respectively the solvent surface tension and molar volume. Table 4 shows the Gordon 

parameter values for the different mixtures used as bulk phase in the micellar 

solutions studied. The G parameter points out that an increase in the amount of EG in 



128 

EG (1) +water (2) mixtures results in a decrease in the solvent cohesiveness, thereby 

improving the solvation of the hydrocarbon tails in the bulk phase and decreasing the 

solvophobic effect. The increase in the solubility of the hydrocarbon tails in EG (1) + 

water (2) mixtures gives rise to an increase in the erne as noted in Table 1. 

In order to analyze the variation of eme with temperatures, we have considered 

the mass-action model for micellization. According to this model, the process of 

micellization of cationic surfactants may be described by 

(2) 

where D+ represents the surfactant ions, X the corresponding counterions, and ~ the 

aggregate of n monomers with an effective charge of p. The Gibbs energy of micelle 

formation per mole of surfactant, ~G~, is given by, 

~G~ = RT[- .;;In aM'. + ln aD. + ( ~ )n ax_ J (3) 

in which a represents the activity of the species indicated. If the aggregation number 

(n) is large, the first term in the parenthesis is negligibly small and both aD. and 

ax_ can be replaced by the corresponding activities at the erne. In addition, taking into 

account that emes occur in dilute solutions, the activity can again be replaced by the 

concentration of surfactant (expressed in mole fractions) at the erne. Introduction of 

these approximations in eq. 3 yields30 

~G~ = (2 -a )R11nxcme (4) 

where a = pin is the degree of counterion dissociation and Xcmc is the erne of a 

surfactant in mole fraction unit. The corresponding enthalpy change ( Ml~) is given 

by 

Mlo =-RT2[(2 -a{alnxeme) -lnx (a(l-a)) J 
m aT erne aT 

p p 

(5) 

If the change in a with temperature is small over the temperature range investigated, 

this equation can be expressed as 

Ml! = -(2- a )RT2( at;cme )P (6) 

Therefore, the enthalpy of micellization may be obtained if the dependence of the 

erne on temperature is known. In the present study the contribution of the second term 
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(within the parentheses) in eq. 5 is negligible, so we used eq. 6 to estimate MI! 
values. With this purpose, In Xcmc values for the three surfactants in Eg (1) +water (2) 

mixture with w1 = 0.30 were plotted against T and the slope was taken as equal to 

(olnxcmc) .These plots are shown in Fig. 3. A linear plot was observed for each of 
ar p 

the surfactant system investigated. A similar kind of linearity has also been observed 

by Ruiz11 for TTAB in EG (1) +water (2) mixture with higher EG content. Finally, 

once 8G! and MI! have been calculated, the entropic contribution, TM!, may be 

determined from 

(7) 

In addition, the effect of a cosolvent or additive on the micellization process can be 

studied by means ofthe Gibbs energy of transfer (8G::.a,..) defined by31 

(8) 

The standard Gibbs energies of micellization ( 8G!) and the Gibbs energies of 

transfer ( 8G::.a,.. ) for the three surfactants studied in EG (1) + water (2) mixtures at 

298.15 K are given in Table I. From this table, it can be seen that the micellization 

becomes less spontaneous upon addition of an increasing amount of EG to water. 
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Figure 3. Plots of lnxcmc versus temperature for different alkyltrimethylammonium 

bromides in EG (1) + water (2) mixture with w 1 = 0.30: o, CTAB; o, 

TTAB; v, DTAB. 

The different thermodynamic parameters of these surfactants in a given EG (1) + 

water (2) mixture with w1 = 0.30 are given in Table 2. Our results show that the 

degree of counterion dissociation (a ) of micelle for all these three surfactants 

increases with temperature as found earlier for other cationic surfactants32
'
33 in 

aqueous solutions. The Gibbs energies of micellization are, in all cases, negative and 

become more negative for CT AB as the temperature increases, whereas a reverse 

trend is observed for TTAB and DTAB. This observation suggests that aggregation 

becomes more favorable with the increasing alkyl chain length of the 

alkyltrimethylammonium bromide surfactants in EG (1) +water (2) mixture with Wt = 

0.30. The enthalpy of micellization is negative and becomes more negative with 

increasing temperature. On the other hand, the TM~ values are, in general, positive 

and becomes less positive as temperature increases. These results could suggest that 
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the micellization of the alkyltrimethylammonium bromides in EG (1) + water (2) 

mixture with w 1 = 0.30 is still governed by entropy-enthalpy compensation effect, and 

the presence of EG has a minor effect on the solute-solvent interactions. Similar 

behavior has also been observed previousll4 for sodium dodecylsulfate in different 

binary aqueous mixtures. 

The values of ~G~ans estimated using eq. 8 are listed in Table 1. For all surfactant 

systems investigated, the values of ~G~ were found to be positive. The positive 

values of AG~s can be attributed to the reduction in the solvophobic interactions 

caused by the improved solvation, which leads to an increase in the solubility of the 

hydrocarbon tails in the presence of EG and consequently there will be an increase in 

eme. 

The excess surface concentration ( r max ) and the minimum area per surfactant 

molecules ( ~in ) at the air/solvent interface were obtained using the surface tension 

measurements from the fol1owing equations:35 

r =--1 (~) 
max 2RT a Inc T,p 

1 
~in= N r 

A max 

(9) 

(10) 

here R is the gas constant, NAthe Avogadro's number, y the surface tension, and C 

the concentration of surfactant in solution. The value of the surface pressure at the 

eme ( ncmc) were obtained by using the following equation: 

JTcmc =Yo- Ycmc (11) 

where Yo is the surface tension of the solvent and Ycmc is that of the surfactant solution 

at the eme. 

Finally, the Gibbs energy of adsorption (~G~s) was determined from: 

(12) 

where the standard state in the surface phase is defined as the surface covered with a 

monolayer of surfactant at a surface pressure equal to zero. The dependence of surface 

tension with the logarithm of the molar concentration of CT AB is shown in the Fig. 4. 

The values of erne, r max , ~in and ~G~s are listed in Table 5. The erne values 
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obtained by surface tension measurements are in good agreement with those obtained 

from conductometric measurements. One can see that the values of r max increase and 

those of ~in decrease, when the length of hydrocarbon chain increases. It shows that 

the more hydrophobic the surfactant molecules are, the stronger is the tendency of 

those molecules to escape from the solvent to the air/solvent interface (there is less 

affinity between solvent and surfactant molecules), resulting in a more packed 

surface. An increase in the amount ofEG in the EG (1) +water (2) mixtures results in 

a decrease in r max , and an increase in ~in • This indicates an increased solubilization 

of EG into the micelles leading to an increase in the surface area per surfactant 

molecule as the solvent medium becomes richer in EG. All of the ~G~s values listed 

in Table 5 are negative, indicating that the adsorption of surfactant at air/mixture 

interface takes place spontaneously. This process is also found to be more 

spontaneous as the hydrocarbon chain of the surfactant gets longer and as the medium 

becomes richer in water. Besides, ~G~s values are more negative than the 

corresponding ~G.~ values. This indicates that when a micelle is formed, work needs 

to be done to transfer the surfactant molecules in the monomeric form at the surface to 

the micellar state in the mixed solvent media. 36 
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Figure 4. Variation of r with log C for CTAB in different EG (1) + water (2) 

mixtures at 298.15 K: Ll, water; o, w2 = 0.10; v, w2 = 0.30 and o, w2 = 

0.50. 
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CONCLUSIONS 

The critical micelle concentration and the micellar ionization degree of 

dissociation of the investigated alkyltrimethylammonium bromides viz., hexadecyl-, 

tetradecyl-, and dodecyltrimethylammonium bromide in water-ethylene glycol mixed 

solvent media are always found to be greater than the corresponding values in 

aqueous media. From the study of the temperature dependence of the cmc of these 

surfactants in water-30 wt % of EG mixture, it has been demonstrated that the 

micellization is mainly governed by enthalpy-entropy compensation effect and the 

presence of EG only has a minor effect on the solute-solvent interaction. Data on the 

thermodynamics of adsorption indicate that the surface activity of these surfactants is 

found to decrease with thye addition of EG to water at a given temperature and that 

the adsorption of surfactant at air/mixture interface takes place spontaneously. 
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TABLE-1 

Critical Micellar Concentration (erne), Degree ofCounterion Dissociation (a), Gibbs 
Energy of Micellization ( ~G~ ), and Gibbs Energy of Transfer ( ~G~.) Values for 
Alkyltrimethylammonium Bromides in EG (l) +Water (2) Mixtures at 298.15 K a 

lOOwl 10 cmcl -~G0 I ~G~.I 
mol-dm-3 m 

a kJ-mor1 kJ-mor1 

CTAB 

0 0.93 0.269 47.19 
10 1.14 0.276 45.85 1.34 
20 1.33 0.279 44.81 2.38 
30 1.79 0.284 43.10 4.09 
40 2.57 0.315 40.46 6.73 
50 4.22 0.340 37.43 9.76 
100 91.45b 0.716 22.11 

TTAB 

0 3.74 0.250 41.67 
10 4.13 0.255 40.84 0.83 
20 4.80 0.268 39.59 2.08 
30 5.77 0.285 38.10 3.57 
40 8.14 0.327 35.39 6.28 
50 11.94 0.378 32.39 9.28 
100 147.84 0.658 19.71 21.96 

DTAB 

0 14.47 0.261 35.58 
10 16.82 0.271 34.44 1.14 
20 18.72 0.288 33.36 2.22 
30 21.11 0.312 32.07 3.51 
40 26.96 0.374 29.57 6.01 
50 35.40 0.430 27.13 8.45 
100 191.77 0.715 18.06 17.52 

a The uncertainty limits of cmc, a, and ~G~ are ± 3, ± 4, and ± 4% respectively. 

b Measured at 323.15 K. 
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TABLE-2 

Thermodynamic Parameters for Micellization of Alkyltrimethylammo- nium 
Bromides in EG (1) + Water (2) Mixture with w 1 = 0.30 at Different Temperatures a 

T/ 10 cmcl -110° I -M/0 I TM0 1 
K mol·dm-3 m m m 

a kJ·mor' kJ·mor' kJ·mor' 

CTAB 
298.15 1.79 0.284 43.10 23.59 19.51 
303.15 1.89 0.294 43.33 24.25 19.08 
308.15 2.10 0.303 43.35 24.92 18.43 
313.15 2.34 0.311 43.37 25.61 17.76 
318.15 2.56 0.320 43.43 26.30 17.13 
323.15 2.80 0.325 43.58 27.05 16.53 

TTAB 
298.15 5.77 0.285 38.10 25.57 12.53 
303.15 6.22 0.299 38.09 26.21 11.88 
308.15 6.88 0.308 38.08 26.94 11.14 
313.15 7.68 0.315 38.06 27.71 10.35 
318.15 8.46 0.326 38.00 28.41 9.59 
323.15 9.51 0.333 37.89 29.19 8.70 

DTAB 
298.15 21.11 0.312 32.07 17.76 14.31 
303.15 22.07 0.340 31.88 18.06 13.82 
308.15 23.90 0.367 31.55 18.36 13.19 
313.15 26.43 0.394 31.12 18.65 12.47 
318.15 27.36 0.417 31.00 18.97 12.03 
323.15 29.94 0.432 30.82 19.39 11.43 

a The uncertainty limits of cmc, a, 11G~, Mf~, and M~ are ± 3, ± 4, ± 4, ± 3 and 

± 5% respectively. 
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TABLE-3 

Values of the Free Energy ( i\G~H, ) for the Transfer of One Methylene (CH2) Group 

from the Bulk Phase to the Micellar Pseudophase for Alkyltrimethylammonium 
Bromide Micellar Solutions in EG (1) +Water (2) Mixtures at 298.15 K 

lOOw1 

i\G~H, I 

k1·mor1 

0 

2.92 

10 20 

2.87 2.84 

TABLE-4 

30 40 50 

2.69 2.59 2.37 

Surface Tension (y), Molar Volume (V), and Gordon Parameter (G) for EG (1) + 

Water (2) Mixtures at 298.15 K 

IOOw1 10 yl va I Gl 

N .J ·m dm3·mor1 J -3 ·m 

0 71.9 18.07 2.74 

10 66.9 21.85 2.39 

20 64.2 25.64 2.18 

30 61.7 29.42 1.99 

40 59.9 33.21 1.86 

50 58.0 36.99 1.74 

100 48.6 55.92 1.27 

a Estimated considering V = P:"x1 + ~(1- x1), where x1 is the mole fraction of EG in 

the mixture and P:" and ~are the molar volumes ofEG and water, respectively. 
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TABLE-S 

Critical Micellar Concentration (cmc), Excess Surface Concentration ( r max ), 

Minimum Area Per Molecule (~in ), Surface Pressure at the cmc ([/erne) and Gibbs 

Energy of Adsorption (~G~.) for Alkyltrimethylammonium Bromides in EG (1) + 
Water (2) Mixtures at 298.15 K 

lOOwl 103cmc/ 106 rmax I 102o ~in I 103 [/erne/ -!!,.G~I 
mol·dm"3 

mol·m·2 m2 N -1 kJ·mor1 ·m 

CTAB 
0 0.94 0.705 236 32.80 93.71 
10 1.11 0.595 278 27.54 92.14 
30 1.66 0.500 332 21.88 86.86 
50 3.86 0.470 354 17.98 75.68 

TTAB 
0 3.80 0.525 316 38.41 114.83 
10 4.14 0.395 420 32.55 123.24 
30 5.33 0.285 582 27.94 136.13 
50 10.69 0.200 830 20.79 136.34 

DTAB 
0 11.44 0.495 334 40.20 116.79 
10 13.07 0.360 462 34.88 131.33 
30 16.97 0.255 650 27.85 141.29 
50 28.35 0.180 898 19.36 134.69 


