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Abstract: 

The effect  of the addition of the solvents with two or more potential hydrogen bonding centres like ethylene glycol, glycerol, 

formamide and linear hydrogen bonding solvents with a single hydrogen bonding centre like ethanol etc. on Critical micellar 

concentration (cmc) of mixed surfactant system SDS and Tween 20 has been studied at various compositions. Mixed solvent media 

studied were ethylene glycol + water, glycero l + water, formamide + water, ethanol + water. To determine various thermodynamic 

parameters of micellization, on the basis of mass action model fo r micelle formation, the experiments were carried out  at selected 

compositions of the mixed solvents and mixed surfactant systems. The value of interaction parameters β indicates the extent of 

interactions between the two surfactants which leads  to deviation from ideal behaviour. β interactions parameters values  were 

computed for all mole fraction of Tween 20 in pure water & in aqueous solutions of ethylene glycol and glycerol. The negative  β 

values indicate the existence of synergistic attractive interactions responsible for mixed micelle formation. The measure of solvent 

polarity, Gordon cohesiveness parameters were studied for the above mixed  binary solvents. An attempt was made to correlate 

Gordon parameter of mixed binary solvent media with micellization. 
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Introduction:  

Systems containing lesser amounts of water are of considerable 

industrial importance and provide insight concerning the 

behaviour of surfactants in detergency, emulsions, foams and 

other applications (1-3). These industrially important examples 

include micelles, bilayers, vesicles, bicontinuous structures as 

well as helical and folded polymers (4-8). Mixtures of 

surfactants offer a very convenient way to optimize the 

properties of micellar solutions since by changing solution 

composition, one can effect ively tune the desired features to the 

range needed. High solvent polarity and hence low 

solubilization of non polar solutes is necessary for 

micellization. The Gordon cohesiveness parameter (9) (γ/ν
1/3

)is 

a measure of such polarity. All solvents with strong, confirmed 

evidence for surfactant assembly have Gordon parameter above 

13  dyne/cm
3
. 

 The process of micellization is exp lained in terms of 

hydrophobic interaction between water and the surfactant. The 

formation of micelles in water takes place by association of the 

hydrophobic parts of the surfactants molecules and the 

repulsions of the water molecu les from their immediate 

environment. The overall p rocess of micellizat ion involves a 

decrease in the free energy of the system. The interactions 

occurring during the formation of micelles in polar solvents 

other than water are called solvophobic. The driving force for 

micellization in such systems is less than that for water and the 

increase in ΔG is due to decrease in entropic contribution. Few 
solvents systems are highly ordered as water.  

Ethylene glycol & g lycerol are bio logical solvents.(10-

11). These solvents are highly associated (12-13) and have high 

cohesive energies and considerable hydrogen bonding 

capability, which favour aggregation of surfactant molecules 

leading to micellizat ion . The presence of the OH group as part 

of the structure of the solvent is not essential for the presence of 

solvophobic interactions . In fact ,micelles are also formed in  

solvents like formamide. There have been a number of 

investigations regarding the effect of various organic solvents 

on aggregation process of surfactants  (14-23). In the present 

paper, we selected SDS / Tween 20 systems to study the effect 

of ethylene glycol and glycerol on micellizat ion interaction 

parameter and on their Gibbs free energ ies at various 

composition of mixed solvent media (% 1,3,5,10,20,30). 

Gordon parameter of mixed solvent systems was calculated and 

an attempt was made to correlate it  with Gibbs energy of 
micellization. 

2. Experimental  

2.1 Materials  : An ionic surfactant sodium dodecyl 

sulphate with 98% purity was procured from Sigma and was 

used as such. The non-ionic surfactant – Tween  20 polyoxy  

ethylene sorbitan monolaurate of 98% purity was purchased 

from Sisco Research Laboratories, India. Solvents -ethylene 

glycol, glycero l, formamide, ethanol of AR grade were 

purchased from SD Fine Chemicals.  Water used was deionised 

and doubly distilled. 

2.2 Methods :1) Surface tension of all solutions was 

measured with a Dunoy tensiometer by the ring detachment 
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method. Care was taken to see that the solution under 

consideration attains a constant temperature before making 

measurement. The equipment was installed in a dust free room 

free from any air currents .(fig:1) 2) Conductivity measurements 

were made by using Elico digital conductivity meter model no. 

660 at d ifferent temperatures i.e. 40C and 50C  using constant  

temperature bath. The cell constant of the cell used was 1 cm
-1

. 

Precise conductance of SDS and Tween 20 individually as well 

as in the mixtures at various mole fractions in ethylene glycol 

water mixtures containing 1,3,5,10, 20,30 volume percent of 

ethylene glycol and 5,20 volume percent of  glycerol & 

formamide  in g lycerol-water  &  fo rmamide –water mixture  

respectively were used. Various percentage 10 to 95 of ethanol  
with water  were studied. 

3. Result and Discussion : 

1) Effect of solvent on micellar behaviour of SDS 

and Tween 20:The cmc in surfactant mixtures at different mole 

fraction of Tween 20 in presence of upto  20% of solvent was 

found lower than cmc in pure water. In case of ethylene glycol 

as cosolvent, cmc substantially increased at 30 % composition. 

Upto  5 % cmc decreases with increase in  percentage of 

cosolvent  in EG+ water  mixture , and then increases with 

increasing percentage of cosolvent. In 30% aqueous solution of 

ethylene glycol cmc exceeds the value exhibited in pure water.  

As suggested by Olaseni and others (24) this decrease in cmc 

with increasing % of cosolvent is due to rein forcement of water 

structure through intermolecu lar hydrogen bond formation due 

to presence of hydroxyl group present in glycol-glycerol. This 

increases hydrophobic effect which  is the driving force of 

micellization. Hence, decrease in cmc was observed due to 

presence of cosolvent . According to Ashoka R (25) increase in  

cmc with increase in % of cosolvent is due to increased 

solubilization of the non polar chains of the surfactant 

molecule. This disruption of hydrophobic interactions in 

micelles lead to rise in cmc .But there is no straight  forward  

relationship between solvophobic  Interactions  and the OH 

group density of solvent molecules. In formamide there is not a 

single OH group but it  shows micellization because of presence 

of NH2 group. The remarkable feature of all the micelle 

forming solvents is that the molecules of these solvents have 

two or more potential hydrogen bonding  centres  and form 

three dimensional hydrogen  bonded  network structures. These 

molecules are more structured around the hydrocarbon chain  of 

surfactant molecules.The structure of these micelles resemble 

micelles in water , which have an oily interior  and when the 

polar groups are exposed to the solvents, favourable  

interactions are seen between the polar heads of surfactant and 
the polar solvent. 

2) Surfactants : Surfactant interaction in presence 

and absence of cosolvent: In binary surfactant system 

composed of SDS &Tween 20 in solvent mixtures like water + 

ethylene glycol and water-glycerol various physico chemical 

changes occur due to surfactant surfactant and surfactant-

solvent interactions. Micellization of ionic and non-ionic mixed  

surfactant system is affected by addition of cosolvent in many 

ways, first by hydrogen bond formation by hydroxyl groups of 

cosolvents and second by tendency of the solvent to replace 

water molecules from surface by solubilization of hydrophobic 

alky l portion of the surfactant. These three causes show 

different effects of solvent on pure surfactant and their mixtures 

at various composition. For SDS, cmc decreases with 

increasing percentage of cosolvent & then shows rise in cmc at 

30% ethylene glycol-water mixture. But as we consider 

Tween20 cmc starts reducing as we increase % of EG upto 5% 

& then rises in cmc between 10 to 30 % EG in water +EG 

mixture. The micellar behaviour of a single surfactant in binary  

solvent mixture is different from the micellar behaviour of 

binary surfactant mixture  in b inary solvent system and it is 

highly influenced by physiochemical interactions  mentioned 

above. Rubingh’s (26) regular solution theory was applied to 

explain nonideality of surfactant binary   mixtures. 
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Where α1 is the mole fraction of Tween 20 and f1 & 

f2 are the activity coefficient of Tween20 & SDS respectively 

cmc1 and cmc2 are the cmcs of Tween  20 & SDS respectively. 
For ideal behaviour f1= f2 hence eq 2 is written as 
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For ideal behaviour mixed cmc* can be calculated by 
using Eq-2  

The experimental values shows negative deviations 

from ideal cmc values. Rubingh regular solution theory 

explains the extent of non-ideality. 
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X1 & X2 are  mole fraction of Tween 20 & SDS 
respectively 

β =  ln
 
      
      

 

      
_________________(4) 

The β values are the measure of the extent of 

interaction between the two surfactants. These interactions 

between the two surfactants result in deviation  from ideal 

behaviour. All the β values are neither constant nor any trend 

was observed with varying amount of cosolvent or cosolute, but 

all these values were negative. The negative β  values reveal the 

existence of synergies ie attractive interactions which favour 

micelle format ion. 

3) Effect of Gordon parameter  : The ability o f a 

solvent to bring about the self association of surfactant 

molecule is characterized by its Gordon parameters (27-28). 

Gordon parameter is described in terms  of cohesive energy 

density and given by the relat ion (γ/ν
1/3

).Where γ  is the surface 

tension and the molar volume ν of the solvent. Gordon 

parameter for binary solvent mixture is estimated from 

experimental surface tension value and by averaging the molar 

volumes of individual solvents. All the solvents with strong 

confirmed evidence fo r surfactant assembly have Gordon 

parameters above 13 dyne/cm
3
. Ability to p romote surfactant 

assembly originates in a combination of h igh solvent polarity & 

high hydrogen bonding ability. In table cohesiveness parameter 

values for some solvents are listed. We made an attempt to see 

whether Gordon parameters hold  true fo r b inary mixture of 

solvents, whether binary mixture of solvents with Gordon 
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parameters greater than 13 promotes micellization. We have 

calculated and tabulated cohesiveness values of all the solvent 

mixtures in  table III , which  shows that all these solvent 

mixtures have cohesiveness values more above 12.5 and also 

show an  aggregation of surfactant molecu les. In  the present 

study, it can be concluded that Gordon parameter holds true for 
binary solvent  mixtures as in the case of pure solvents.  

4) Thermodynamics of micellization : The free 

energy of micellization (G
0

m)is a measure of stability of 

micelles. The mechanis m of micelle format ion is governed by  

the cohesive interactions   between the tails of monomers and 

solvent molecules. Presence of s mall amount of ethylene glycol 

i.e. upto  10% causes more negative value of G
0

m   indicating 

that micellizat ion is more spontaneous in aqueous solution of 

ethylene glycol than in pure water.  But further increase in  the 

percentage of ethylene glycol in b inary solvent mixture reduces 

spontaneity of micellizat ion.  In case of g lycerol, micellizat ion 

process is more spontaneous in presence of glycerol as 

cosolvent than in pure water. The effect of cosolvent is  more 

pronounced in case of Formamide. Compared to ethylene 

glycol and glycerol, micellization is more favoured in presence 

of  5 % formamide. And further increase in concentration of 

formamide in its aqueous solution finds a rise in G
0

m 

(becomes less negative).It means micellizat ion process 

becomes less spontaneous , the solvophobic  interactions 

become weaker with increased percentage of formamide , 
resulting in higher cmc. 

Table 1 Critical micellar concentration (cmc), 

interaction parameter(β),free energy (G) o f b inary mixture of 

Sodium dodecyl sulphate (SDS) and polyoxy ethylene sorbitan 

monolaureate (Tween20) at various mole fractions of Tween20 

and at various compositions of  ethylene glycol +water 

,Glycerol+ water , Formamide + Water mixed media.

 

% of Ethylene 

Glycol 

Mole fraction of 

T20  

Cmc in  mol/dm
3
 

by Surface 

Tension 

 interaction 

Parameter 

G in KJ/mol 

0 0.0 8.0x10
-3

 ---- -12.163 

1 0.0 6.0x10
-3

 ---- -12.888 

3 0.0 5.8x10
-3

 ---- -12.973 

5 0.0 5.3x10
-3

 ---- -13.200 

10 0.0 6.5x10
-3

 ---- -12.675 

20 0.0 7.4x10
-3

 ---- -12.353 

30 0.0 9.6x10
-3

 ---- -11.709 

     

0 0.2 7.5x10
-5

 -6.74 -23.894 

1 0.2 3.8x10
-5

 -6.13 -25.673 

3 0.2 2.2x10
-5

  -7.06 -26.960 

5 0.2 4.0x10
-5

 ---- -25.510 

10 0.2 4.9x10
-5

 -4.47 -24.999 

20 0.2 1.2x10
-5

 ---- -28.586 

30 0.2 9.0x10
-5

 -3.38 -23.468 

     

0 0.4 3.6x10
-5

 -8.31 -25.776 

1 0.4  3.1x10
-5

 -2.37 -26.153 

3 0.4 2.0x10
-5

 -4.53 -27.257 

5 0.4 1.5x10
-5

 -5.28 -27.981 

10 0.4 2.4x10
-5

 -5.99 -26.797 

20 0.4 1.9x10
-5

 -9.33 -27.333 

30 0.4 5.0x10
-5

 -2.72 -24.935 

     

0 0.6 3.5x10
-5

 -7.25 -25.846 

1 0.6  1.7x10
-5

 -6.23 -27.696 

3 0.6 1.3x10
-5

 -5.46 -28.284 

5 0.6 1.2x10
-5

 -3.43 -28.607 

10 0.6 1.7x10
-5

 -6.17 -27.651 

20 0.6 2.7x10
-5

 -5.75 -26.510 

30 0.6 3.3x10
-5

 -3.71 -25.972 

     

0 0.8 2.2x10
-5

 -9.52 -26.674 

1 0.8  1.5x10
-5

 -4.66 -27.931 
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3 0.8 0.8x10
-5

 -9.17 -29.727 

5 0.8 0.8x10
-5

 -7.41 -29.727 

10 0.8 0.9x10
-5

 -9.78 -29.186 

20 0.8 2.2x10
-5

 -5.78 -26.994 

30 0.8 3.3x10
-5

 ---- -26.010 

     

0 1.0 3.4x10
-5

 ---- -25.905 

1 1.0 1.3x10
-5

 ---- -28.381 

3 1.0 0.9x10
-5

 ---- -29.240 

5 1.0. 0.8x10
-5

 ---- -29.830 

10 1.0 1.3x10
-5

 ---- -28.381 

20 1.0 2.0x10
-5

 ---- -27.257 

30 1.0 2.1x10
-5

 ---- -27.134 

     

% of Glycero l Mole fraction of 

T20  

Cmc mol/dm
3
 β interaction 

Parameter 

G in KJ/mol 

5 0.0 5.9x10
-3

 ---- -12.91 

20 0.0 7.0x10
-3

 ---- -12.50 

     

5 0.2 4.4x10
-5

 -4.64 -25.276 

20 0.2 5.0x10
-5

  -3.46 -24.948 

     

5 0.4 3.0x10
-5

 ---- -26.235 

20 0.4 3.2x10
-5

 ---- -26.049 

     

5 0.6 1.5x10
-5

 -6.42 -27.948 

20 0.6 2.3x10
-5

 ---- -26.894 

      

5 0.8 1.4x10
-5

 -4.71 -28.155 

20 0.8 1.4x10
-5

 ---- -28.155 

% of Formamide Mole fraction of 

T20  

Cmc mol/dm
3
 β interaction 

Parameter 

G in KJ/mol 

5 0.0 3.9x10
-3

 ---- -13.954 

20 0.0 10.0x10
-3

 ---- -11.601 

     

5 0.2 3.4x10
-5

 -2.98 -25.883 

20 0.2  1.36x10
-5

 -4.12 -27.428 

     

5 0.4 1.9x10
-5

 -1.87 -27.399 

20 0.4 6.0x10
-5

 -6.15 -24.489 

    - 

5 0.6 3.3x10
-5

 -3.71 -25.972 

20 0.6 5.2x10
-5

 -5.17 -24.869 

     

5 0.8  1.4x10
-5

 ---- -28.155 

20 0.8 2.9x10
-5

 -8.59 -26.321 

      

5 1.0 0.8 x10
-5

 ---- -29.661 

20 1.0 3.8 x10
-5

 ---- -25.666 
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Table: 2  Cohessiveness of Solvent +Water mixtures at various mole fract ions  / percentage 

Percentage of 

Cosolvent  % 

Mole Fract ion  

of Cosolvent 

Mole fract ion of 

Water 

Surface Tension 

in Dynes/cm 

Cohesiveness Aggregates 

Ethanol 

10 0.04 0.96 53.0 19.66 Yes 

20 0.1 0.9 42.6 15.24 No 

50 0.3 0.8 33.4 10.81 No 

60 0.5 0.5 31.3 9.38 No 

70 0.6 0.4 31.0 8.99 No 

80 0.7 0.3 29.6 8.33 No 

90 0.8 0.2 29.9 8.19 No 

95 0.9 0.1 29.0 7.75 No 

Ethylene glycol 

1 0.003 0.997 71.6 27.27 Yes 

3 0.009 0.991 70.6 26.77 Yes 

5 0.015 0.985 69.7 26.32 Yes 

10 0.031 0.969 68.8 25.71 Yes 

20 0.067 0.932 65.0 23.74 Yes 

30 0.110 0.889 62.9 22.40 Yes 

Glycero l 

5 0.010 0.989 71.2 26.88 Yes 

20 0.047 0.953 70.9 25.84 Yes 

Formamide 

5 0.021 0.979 69.8 26.42 Yes 

20 0.091 0.909 68.3 25.17 Yes 

 

Fig1: plot of surface Tension vs Surfactant concentration          Fig2: plot of interaction parameter(β) vs  % of EG 
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