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Chapter 3 Dodecyl series

3.1 Introduction

A new generation gemini surfactants show very low critical micellar 

concentration (CMC), better wetting properties, lower limiting surface tension 

and unusual aggregation morphologies [1-11], as compared to conventional 

monomeric surfactants. Surfactant molecules above critical micellar 

concentration (CMC) in aqueous solution are known to form variety of 

microstructures such as spherical, ellipsoidal, vesicular, rod-like and thread

like [12-19]. The microstructure of surfactant aggregates depends on 

molecular architecture of surfactant and conditions such as concentration and 

temperature [12-17]. The bis-cationic surfactants where two long chains of 

ter-amines are covalently attached through the polymethylene spacer at the 

head group have been recently well studied [19 -24]. The physicochemical 

properties of bis-cationic surfactant molecules primarily depend upon the 

structure of molecules under consideration as seen in more than 10 times 

decrease in CMC, when two DTAB molecules are covalently connected 

through polymethylene spacer at the head group level [7,20], Moreover, the 

microstructure of micelles and physicochemical properties of bis-cationic 

surfactants depend on nature and length of spacer which has been examined 

for different types of spacers such as polymethylene, polyoxyethylene, and 

aromatic rings [21-25]. Zana and coworkers [19, 20] studied micellar solutions 

of conventional bis-cationic surfactants 12-S-12 DMA through Cryo- 

Transmission electron microscopy. They have reported that surfactant with 

spacer chain length 2 and 3 show long thread-like micelles, while nearly 

spherical micelles are formed with spacer chain length 4 and 6. SANS studies 

of alkanediyl-a, w-bis(alkyldimethyleammonium bromide) type of bis-cationic 

surfactants containing -N(CH3)2 head groups and Ci0, Ci6 alkyl chain lengths 

have been extensively reported[22,25]. Wang et al [21] have reported that the 

microstructure of surfactant aggregates and thermodynamic properties of 

micelliztion of gemini surfactants with fixed alkyl chain and spacer length 

strongly depend on the nature and conformation of spacer at micelle-water 

interface and observed that gemin surfactants with a hydrophilic flexible 

spacer form more closely packed micellar structure than the one with
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Chapter 3 Dodecyl series

hydrophobic rigid spacer. Wettig et al [9,10, 22] have also reported that the 

aggregation behavior of gemini surfactant strongly depends on nature and 

length of spacer chain.

Hence in this chapter we report the synthesis, charectrization and effect of 

variation in spacer chain length on aggregation behavior of aikanediyl-a.co-bis 

(dodecyl hydroxyethyl methyl ammonium bromide) surfactant. The general 

structure of these surfactant is

c2h4oh C2H4OH
l l

H3C—N+—(CH2)s— N+— CH3i2 Br"
I I
C12H25 C12H25

12-S-12 MEA

mea = monoethanol amine 

where s = 4, 6, 8 and 10

3.2 Experimental

3.2.1 Materials

n-Dodecyl bromide, o^w-dibromoalkane and 2(methylamino)ethanol were 

purchased from Lancaster Chemical Company, Morecambe, England. All the 

reagents and solvents used were of AR grade. Solutions for SANS studies 

were prepared in D20 (at least 99 atom % D) obtained from Heavy Water 

Division, Bhabha Atomic Research Centre, Mumbai, India. Double-distilled 

and deionized water was used for all physicochemical studies.

3.2.2 Synthesis of Dimeric Surfactants and Characterization

The 12-S-12 MEA surfactants were synthesized by refluxing 2.2 moles of 

dodecyl hydroxyethyl methyl amine in dry acetone with 1.0 mole of 

a, w-dibromo alkane for 70 h., at 58 - 60°C.

ch3 CH3
I

H3C—N*— (CH^ —N‘—CH3i2 Bf
I I
CuHm * C12H25

12-S-12 DMA

dma = Dimethyl amine
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CuHjsNfCHgK^QH) + Br(CH2)sBr A

Dry acetone

C2H4OH C2H4OH
i I

H3C—N+—(GH2)s—N+— CH3,2 Br'

I I
C12H25 C12H2S

(where s = 4, 6, 8 and 10)

The solvent from reaction mixture was removed under vaccum and the crude 

white solid thus obtained was purified by washing with hexane/ethyl acetate 

mixture and recrystallized from acetone/methanol mixture for at least three 

times to obtain pure compound. The overall yield of the surfactant was 

observed to be 70 - 80 %. The identity and purity of the final product was 

confirmed by TLC, elemental, FTIR and 1H NMR analysis.

FTIR spectra of the surfactants were recorded in KBr pellets using Perkin 

Elmer FTIR Spectrophotometer RX, of resolution 2 cm'1. The absorption 

bands were observed at 3401-3656 cm'1 (OH stretching), 2916 cm'1 (CH 

stretching), 1108 cm'1 (CN stretching), 1084 cm"1 (CO stretching) and 

720 cm'1 (CH stretching of long alkyl chain).

Elemental analysis and 1H NMR spectra of products in CDCb were recorded 

using Perkin Elmer Series II elemental analyzer and 300 MHZ Bruker NMR 

Spectrophotometer respectively.

Butanediyl-1,4,-N,N’-bis(dodecyl hydroxyethyi methyl ammonium bromide) 
represented as 12-4-12 MEA, 1H NMR spectrum in CDCI3, showed signal at 

6 0.84 ppm (t, 6H 2CH3 alkyl chain), 1.25-1.40 ppm (br m, 36H, 18CH2 alkyl 

chain), 1.75 ppm (m, 4H, 2CH2 alkyl chain), 2.1 ppm (m, 4H, 2CH2 spacer
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chain), 3.25 ppm (s, 6H, 2N+CH3), 3.62 ppm (t, 12H, 2xN+(CH2)3), 3.82 ppm 

(t, 4H, 2CH2-OH) and 4.18 ppm (s, 2H, 20H).

Percentage of C, H, N calculated for C34H74N202Br2 was C: 58.10, H: 10.61, 

N: 3.98 and experimentally observed was C: 58.20, H: 10.75, N: 4.01 %.

Melting point of the surfactant was observed to be 195 + 2°C.

Hexanediyl-1,6-N-N’-bis(dodecyl hyroxyethyl methyl ammonium bromide) 
represented as 12-6-12 MEA, 1H NMR spectrum in CDCI3, exhibited signal at 

8 0.84 ppm (t, 6H, 2CH3 alkyl chain), 1.25 ppm (br m, 40H, 20 CH2 alkyl 

chain), 1.65 ppm (m, 4H, 2CH2 spacer chain), 1.95 ppm (m, 4H, 2CH2 spacer 

chain), 3.25 ppm (s, 6H, 2N+CH3), 3.59 ppm (t, 12H, 2N+(CH2 )3), 3.75 ppm 

(t, 4H, 2CH2 -OH), 4.15 ppm (s, 2H, 20H).

Percentage of C, H, N calculated for C36H78N202Br2 was C: 59.16, H: 10.75, 

N: 3.83 and experimentally observed was C: 59.49, H: 10.86, N: 4.00 %

Melting point of the surfactant was observed to be 206+ 2°C.

Octanediyl-1,8-N-N’-bis(dodecyl hydroxyethyl methyl ammonium bromide) 
represented as 12-8-12 MEA, 1H NMR spectrum in CDCI3| showed signal at 

6 0.81 ppm (t, 6H, 2CH3 alkyl chain), 1.17 ppm (br m, 40H, 20CH2 alkyl 

chain), 1.35 ppm (t, 8H, 4CH2 spacer chain), 1.74 ppm (m, 4H, 2CH2 
spacer chain), 3.20 ppm (s, 6H, 2N+CH3), 3.59 ppm (t, 12H, 2N+ (CH2) 3), 

3.93 ppm (t, 4H, 2CH2-OH), 3.99 ppm (s, 2H, 20H).

Percentage of C, H, N calculated for C38H82N202Br2 was C: 60.14, H: 10.89, 

N: 3.69 and experimentally observed was C: 60.32, H: 11.00, N: 3.73 %.

Melting point of the surfactant was observed to be 193 + 2°C.

Decanediyl-1,10-N-N’-bis(dodecyi hydroxyethyl methyl ammonium bromide) 

represented as 12-10-12 MEA, H NMR spectrum in CDCI3, exhibited signal at 

6 0.81 ppm (t, 6H 2CH3 alkyl chain), 1.30 ppm (m, 40 H, 20CH2 alkyl 

chain),1.35 ppm (t, 8H, 4CH2 spacer chain), 1.70 ppm (m, 8H, 4CH2 spacer
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chain), 3.24 ppm (s, 6H, 2N+CH3), 3.67 ppm (t, 12H, 2 x N+(CH2) 3), 4.05 

ppm (t, 4H, 2CH2-OH), 5.12 ppm (s, 2H, 20H).

Percentage of C, H, N calculated for C4oH86N202Br2 was ,C: 61.05, H: 11.02, 

N: 3.56 and experimentally observed was C: 61.25, H: 11.10, N: 3.60 %.

Melting point of the surfactant was observed to be 203+ 2°C.

3.2.3 Procedure

The measurements of conductance, surface tension, intrinsic viscosity, 

density, foamability, foam stability and SANS were done following the 

procedures described in section 2.2. Absolute viscosities of aqueous solutions 

of surfactants were determined as a function of shear rate, temperature, 

surfactant concentration and spacer chain length, using Brook Field DV-III 

digital cone and plate rheometer. The diameter of the cone was 40 mm and 

the cone angle was 0.8°. To ensure the reproducibility of the measurements, 

great care was exercised when sample was introduced into the rheometer to 

avoid shear effect on the solution. Measurements were repeated two times on 

fresh solutions and were found to be reproducible within 2%. The measuring 

device was equipped with a Peltier Plate temperature unit for good 

temperature control over an extended time.

3.3 Results and Discussion

3.3.1 Kraft Temperature

The Kraft temperatures (kT) of 12-S-12 MEA gemini surfactants were 

measured as a function of spacer chain length through conductance 

measurement as described earlier in section 2.2.2 and are given in Table 3.1. 

All surfactants showed kT below zero except the surfactant with spacer length 

4 i.e. 12-4-12 MEA. Similar trend is reported for homologues series of cationic 

gemini surfactant (12-S-12 DMA) [26, 27]. In general dimeric surfactants show 

higher kT than the corresponding monomeric ones, as observed in 16-2-16 

DMA and CTAB (45 and 25°C respectively) and 12-2-12 DMA and DTAB 

(15 and 0°C respectively)[26]. However, dimeric surfactants derived from
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arginine showed lower kT values lower than their corresponding monomeric 

counterpart [28],

Table 3.1 Kraft temperatures of 12-S-12 MEA series of surfactants

Surfactants Kraft temp.,
kT(°C)

12-4-12 MEA 30

12-6-12 MEA <0

12-8-12 MEA <0

12-10-12 MEA <0

3.3.2 Critical Micelle Concentration (CMC)

The CMC values for 12-S-12 MEA series of bis-cationic surfactants were 
determined by surface tension and conductivity measurements. The CMC 

values obtained from both the techniques show same trend with spacer chain 

length and are given in Table 3.2. It is interesting to note that CMC data of the 

12-S-12 MEA bis-cationic surfactants are observed to be 10-100 times lower 

than the conventional 12-S-12 DMA bis-cationic surfactants. For 12-S-12 MEA, 
the oxygen atom of -C2H4OH groups can form hydrogen bond with water, 

providing hydration at the head group level, which screens-out the Coulombic 

repulsion between the charged heads. This helps 12-S-12 MEA surfactant to 

form aggregates at a lower concentration than that of 12-S-12 DMA surfactant.

Figure 3.1, shows that CMC goes on increasing with the spacer chain length 

up to 6 carbon atoms and thereafter decreases with increase in the spacer 

length. Similar trend has also been reported by Zana and coworker [8,11]. 

The variation in CMC with spacer chain length can be attributed to the 

conformational changes taking place with polymethylene spacer. For spacer 

chain, s = 6, spacer remains fully in extended conformation and makes slightly 

more difficult for the spacer to locate at micelle-water interface, while for 

longer spacers s > 6, they try to fold inside the hydrophobic core establishing
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a probable attractive hydrophobic interaction between the tails and spacer. 
The average degree of ionization of counterions of the micelles was observed 

to be less than those df conventional bis-cationic surfactants (12-S-12 DMA) 

and increase with increase in spacer length (Table 3.2).

The surface active parameters such as surface excess concentration of: 

surfactant (rmax) and minimum area per molecule at air-water interface (Amin) 
determined from surface tension data using equations 4 and 5 from section: 

2.3.5 and are given in Table 3.2. From the Table 3.2, it is observed that the' 

CMC and Amin values were observed to be maximum and rmax value minimum 
for a spacer chain length of 6 methylene unite. The variation of micellar 

parameters with spacer length can be attributed to conformational changes of 

spacer at micelle-water interface. Zana [24] and De et al [29] also observed 

similar trend in dependence of micellar parameters on spacer chain length for 

12-S-12 DMA and 16-S-16 DMAgemini surfactants respectively.

The Gibb's free energy changes of micellization (AG°m) and Gibb’s free 

energy changes of adsorption (AG0aCi) were calculated by using equation 1 

and 6 from section 2.3.4 and 2.2.5 and are given in Table 3.2. The difference 

between AG°aCi and AG°m is considered as effective Gibb’s free energy change 

of micellization and is represented as AG°eff. It is also called as energy barrier: 

between the two different processes micellization and adsorption. The AG°eff 

value was observed to be smaller for spacer chain length 4 than that for. 

spacers 6, 8 and 10. This indicates that the surfactant with shorter spacer; 

shows higher aggregation tendency than that with longer spacer (6, 8 and 10).1
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Figure 3.1 Effect of spacer chain length on critical micelle concentration 
of 12-S-12 MEA series of bis-cationic surfactants at 30°C.
by conductometry (•), by tensiometry (A)
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Chapter 3 Dodecyl series

3.3.3 Thermodynamic Parameters of Micellization

The thermodynamic parameters of micellization such as AG°m , AH0m and AS°m 

at different temperatures for surfactants with variable spacer length are 

determined by using equations 1, 2 and 3 from section 2.3.4 and are given in 

Table 3.3. The observed more negative AG°m value for the surfactant with 

shorter spacer of 4 units indicates more favored micellization. Negative values 

of enthalpy (AH°m) of micellization indicate exothermic nature of micellization 

process. Nusselder and Engbert’s [30] have suggested that for the negative 

AH°m the dispersion forces play major role in the micelle formation. Also, the 

observed exothermicity can be attributed to possible surfactant-solvent 

interactions. The enthalpy values do not vary significantly with temperature, 

indicating no significant variation in the environment surrounding the 

hydrocarbon chain of the surfactant molecule with temperature. The entropy of 

micellization (AS°m) being more positive, in the system under study, 

micellization is entropy (AS°m) driven. The more positive values of entropy may 

be due to the breaking of bulk water structure around the molecules. This leads 

to more disorder in the structure of water and favors the micellization at lower 

concentration. More positive entropy values indicate micellization process to be 

more spontaneous. High entropy changes are generally associated with a 

phase change. Hence it can be assumed that the micelles form separate phase 

in these systems. The observed sharp increase in the entropy values, indicates 

that shorter spacer (s = 4) favors micellization process more than larger spacer 

(s = 6, 8 and 10).
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1 2 3 4 5 6
Concentration 10S(M)

Figure 3.2(b) Effect of temperature on 12-6-12 MEA bis cationic surfactant, 

30 (O), 35 (o),40 (a),45 (□) and 50 °C(A)

2 3 4

Concentration 10s (M)

Figure 3.2(a) Effect of temperature on 12-4-12 MEA bis cationic surfactant, 

30 (O), 35 (o), 40 (A), 45 (□) and 50 °C(A)
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5 4------------------------,------------------------ ,------------------------>------------------------,------------------------ ,------------------------

0 1 2 3 4 5 6
Concentration 10E(M)

Figure 3.2 (d) Effect of temperature on 12-10-12 MEA bis-cationic surfactant, 

30 (O), 35 (o), 40 (a),45 (□) and 50 °C(A)

2 3 4 5

Concentration 10s (M)

Figure 3.2(c) Effect of temperature on 12-8-12 MEA bis cationic surfactant, 

30 (0), 35 (o),40 (a),45 (□) and 50 °C(A)
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Table 3.3 Effect of spacer chain length and temperature on thermodynamic 

parameters of micellization of bis-cationic surfactants

Surfactant Temperature Gibb's Enthalpy Entropy

system Free energy

***»>E
oC
D

<1i (-AH°m) (AS°m)

(°C.) KJmor1 KJmol'1 Jk'1mol'1

12-4-12- 30 32.77+1.5 14.96+0.9 58.78 +1.2

MEA 35 32.01 +1.5 14.95 +0.9 55.39 +1.2

40 31.05 +1.5 14.93+0.9 51.50 +1.2

45 30.59 ±1.5 15.01 +0.9 48.99+1.2

50 30.36 +1.5 15.21 +0.9 46.88 +1.2

12-6-12 30 30.00 +1.5 13.28+0.9 55.18+1.2
MEA 35 29.95 +1.5 13.61 +0.9 53.03 +1.2

40 29.95 +1.5 13.93+0.9 51.18+1.2

45 29.95 +1.5 14.24 +0.9 49.40+1.2

50 29.95+1.5 14.58+0.9 47.58 +1.2

12-8-12 30 29.38 +1.6 15.66+0.9 45.28 +1.3
MEA 35 29.28 +1.6 16.04+0.9 42.98+1.3

40 29.23 +1.6 16.42+0.9 40.92 +1.2

45 29.18 +1.6 16.79+0.9 38.96 +1.2

50 29.18 +1.7 16.17+0.9 37.18+1.2

12-10-12 30 29.19+1.6 18.63+0.9 34.85 +1.3
MEA 35 29.12 +1.6 19.08+0.9 32.59+1.3

40 29.02 +1.6 19.53+0.9 30.32+1.2

45 28.89 +1.6 19.97+0.9 28.05+1.2

50 28.82 +1.7 20.41 +0.9 26.04+1.2

133



Chapter 3 Dodecyl series

3.3.4 SANS and Micellar Solutions 

Effect of Spacer Chain Length

To understand the effect of head polarity and spacer chain on microstructure of 

surfactant aggregates in aqueous solution, SANS measurements were carried 

out at 100 mM solution of 12-S-12 MEA surfactant with spacers (s) = 4, 6, 8 and 

10. SANS distributions (Fig. 3.3) show well defined correlation peaks 

irrespective of the spacer chain length, due to the inter-miceliar structure factor 

S(Q). The correlation peaks appear at around Qmax z 2nlD, where D is average 

distance between micelles. Increase in Qmax with spacer length at the same 

surfactant concentration indicates the increased number density (n) of micelles. 

It is observed from Figure 3.3 that the peak positions shift towards higher Q 

values with increase in spacer chain length from 4 to 6. However, the shift in Q 

is small with the further change in spacer chain length from 6 to 10. The 

observed SANS data were analyzed for aggregation number (N), fractional 

charge (a), semi-minor axis (a) taking fitting parameters and the semi-major 

axis (b) was calculated by using knowledge of above parameters 

b = 3Nv/47taz. The extracted micellar parameters values are given in 

Table 3.4.
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Figure 3.3 Effect of spacer chain length on SANS distribution for 12-S-12 

MEA bis-cationic surfactant at 100 mM concentrations and 30°C. 

s = 4(o), 6 (a), 8(o),10(o).
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The equilibrium distance between the charged heads (d) was calculated for 

bis-cationic surfactants under study with respect to spacer length and are given 

in Table 3.4. Significant decrease in aggregation number (N) and increase in 

fractional charge (a) was observed when spacer chain length increased from 4 

to 6 than when it increased from 6 to 8 and 10 (Table 3.4). This can be 

attributed to conformational changes in spacer at micelle-water interface. 

The spacer s = 6 remains in fully extended conformation whereas the spacer 

with > 6 units forms a loop extended towards hydrophobic core of micelle and 

subsequently disrupts the geometry’s of micelle. The equilibrium distance 

between the charged head increases with increase in spacer chain length, 

resulting in the increase in the spontaneous packing curvature restricting the 

growth of micelle. Surfactant with shorter spacer of 4 carbon units forms bigger 

micelles in aqueous solution than surfactant with longer spacer (s) = 6, 8 & 10 

(Table 3.4). This is also supported by observed shear thickening behavior of 

surfactant with spacer length of 4 carbons as shown in Figure 3.5. Zana et al 

[8,11] reported that the 12-S-12 DMA bis-cationic surfactant with spacer length 

4 and 6 formed spherical micelle, while surfactants in the present study with 

more polar heads 12-S-12 MEA and spacer length 4 and 6 formed more 

elongated ellipsoidal micelles, indicating that the increase in head group 

polarity of surfactant increases aggregation tendency. The change in head 

group polarity and spacer length of bis-cationic surfactant results in a significant 

change in micellar geometry. We have observed b/a ratio to decrease from 4.2 

to 2.8 with increase in spacer length from 4 to 10 indicating that the spacer 

length 4 shows higher tendency of aggregation than larger spacers 6, 8 and 10.

Effect of Temperature

Figure 3.4 shows SANS distribution for 100 mM of 12-4-12 MEA bis-cationic 

surfactant at 30, 45, and 60°C. Peak position in SANS was observed to be 

shifted to the higher Q values with overall decrease in the peak intensity and 

increase in broadness of peak, with increasing temperature. Similarly the 

correlation peak CW was found to change with temperature, indicating the 

number density of micelle changes with temperature.
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Figure 3.4 Effect of temperature on SANS distribution for 100 mM 12-4-12 

MEA bis-cationic surfactant at various temperatures.
30 °C (o), 45 °C (A) and 60 °C(d) .

The micellar parameters in these systems are given in the Table 3.5. Increase 

in temperature of surfactant system increases fractional charge (a) and hence 

electrostatics repulsion between the surfactant heads. This results in decrease 

in aggregation number (N) and reduces dimension of micelle (b/a). Since 

smaller effective charge indicates a more ellipsoidal morphology, increasing 

temperature appears to induce some what ellipsoidal to sphere transition for 

12-4-12 MEA micelles. This notation is also supported by the concomitant 

decrease in b/a ~ 4.2 to ~ 2.9 upon increase in temperature.
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3.3.5 Viscosity of Micellar Solutions

Table 3.6 shows the viscosity data for 100 mM, 12-S-12 MEA bis-cationic 

surfactant with different spacer lengths. Surfactant with spacer length 4 showed 

very high absolute viscosity in comparison with the surfactant with spacer 

lengths 6, 8 and 10, indicating the formation of larger aggregates in aqueous 

solution. Figure 3.5, shows that the surfactant with shorter spacer chain s = 4, 

shows some what shear thickening behavior, whereas surfactants with spacer 

lengths 6, 8 and 10 carbon atoms show essentially Newtonian behavior. It is 

proposed that the shear thickening is a shear-induced phenomenon [31-33], 

and can be attributed to the interparticle hydrodynamic interaction. In the case 

of surfactant solutions under study existence of charged elongated ellipsoidal 

micelles results into increase in viscosity. Table 3.6, gives the viscosities at 

different concentrations and temperatures for surfactant with spacer length of 4 

carbon atoms. As expected the viscosity decreases with decrease in the 

surfactant concentration or increase in the temperature.

50

45 ’

40

3.5
CO
to 3 0

CL
J§, 2.6
cr 2.0

,5 ;

1.0
75 1 25 175 225 275 325 375

Shear rate (Sec4)

Figure 3.5 Effect of variation of shear rate on absolute viscosity of 12-S-12 

MEA bis-cationic surfactant, at 100 mM concentration and 30°C. 

s = 4(o), 6 (A), 8(d), 10(0).
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Table 3.6 Effect of spacer length, concentration and temperature on absolute 

viscosity’s of 12-S-12 MEA bis-cationic surfactants in aqueous 

solutions.

Parameter n in m PaS

(a) Effect of spacer chain length(s) on absolute viscosity of 
12-S-12 MEA surfactants at 100mM and 30 °C.

S = 4 4.60+0.09
6 1.42+ 0.03
8 1.47+ 0.03
10 1.72+ 0.03

(b) Effect of concentrations on absolute viscosity for 12-4-12 MEA
surfactant, at 30 °C temperature.

100 mM 4.60+ 0.09
75 mM 1.70+ 0.03
50 mM 1.22+ 0.02
25 mM 1.07+ 0.02

(c) Effect of temperature on absolute viscosity, for 12-4-12 MEA 
surfactant at 100mM concentration.

4.60+0.09
2.44+0.05
1.92+0.04
1.60+0.03

30 C 
35 °C 
40 °C 
45 °C
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Spacer (s)

Figure 3.6 Foamabilty and foam stability of 12-S-12 MEA surfactant
(1% w/v solution) as function of spacers) chain length at 30°C.

3.3.6 Foamability and Foam Stability

Foamability and foam stability of 12-S-12 MEA gemini surfactant 

(1% w/v solution) was studied as per the method reported by Shah [34]. 

In this method foam is produced quickly by rapid shaking of cylinder containing 

surfactant solution causing a sudden expansion of interfacial area. The 

foamability and foam stability as a function of spacer is given in Fig. 3.6. 

Shorter spacer s = 4 shows less foamability and more foam stability than larger 

spacer s = 6, 8 and 10. Foamability and foam stability can be influenced by two 

independent factors: molecular packing in adsorbed surfactant film at the 

air/water interface [35] and micelle structure within the bulk water in foam 

lamellae [36].

This can be explained on the basis of competitive time scales for interfacial 

area expansion, the diffusion transport of surfactant monomers and the ability 

of micelle to break up in order to provide monomer flux necessary to stabilize 

the new air/water interface. Surfactant with spacer s = 4 form bigger and 

compact micelle (Table 3.4) than that of larger spacers =6, 8 &10). This 

indicates, surfactant with spacer s = 4 has low monomer flux than that of larger 

spacer and hence 12-4-12 MEA shows low foamability and high foam stability.
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3.4 Conclusions

• A series of novel bis-cationic surfactants 12-S-12 MEA where two highly 

polar quaternary amine centers are connected through varying lengths of 

polymethylene spacers of 4, 6, 8 and 10 units at the head groups, has 

been synthesized and characterized.

• The presence of ethanolic groups at quaternary nitrogen increases the 

head polarity of the surfactants, resulting into reduction in the CMC, 

average degree of ionization (aave) and higher tendency of surfactant to 

aggregate, as compared to conventional 12-S-12 DMA bis-cationic 

surfactants.

• CMC of the surfactant increases up to spacer length 6 and then it 

decreases with further increase in spacer length.

• SANS data indicate that the surfactant with shorter spacer s = 4 shows 

higher aggregation tendency than that of larger spacer.

• Viscosity of 12-S-12 MEA surfactant with s = 4 shows higher viscosity than 

larger spacer s = 6, 8 and 10.

• The flow curves of all 12-s-12 MEA surfactant show Newtonian behavior.

• It has also been found that the size of micelles decreases when the 

temperature is increased.
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