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ABSTRACT

The micellar properties of benzyl dimethyl dodecyl ammonium bromide have been studied by conductivity
method. The micellization process of cationic surfactant BDDAB in aqueous medium by conductivity
method in the presence of additives such as urea and acetamide at different temperatures ranging from
303.15 to 318.15 K has been investigated. From the conductivity data the critical micelle concentration
(CMC) and the effective degree of counter-ion binding (B), were obtained at various temperatures using a
simple non-linear function obtained by direct integration of a Boltzmann-type sigmoidal function. The
thermodynamics of micellization i.e. Gibbs free energy (1G%), enthalpy (AHy) and entropy (4S°%,) have
also been determined. The thermodynamic parameters were estimated from the temperature dependence of
the equilibrium constants for the micellization of surfactant using the phase separation model. The
stability of the micellization process for this surfactant is both enthalpy and entropy controlled. The
resulting AHy Vs TAS", plots showed significant correlation, an indication of enthalpy-entropy
compensation in the micellization process. The increase of critical micelle concentration of BDDAB with
additives has been discussed on the basis of water structure, solvent properties and hydrophobic
interaction. In the present studies, micellization behavior of benzyl dimethyl dodecyl ammonium bromide,
BDDAB has been studied in the aqueous solution, containing 0.2, 0.4 and 0.6M urea and acetamide as a
solvent, using specific conductance’s (k), in the temperature range 30-45°C at an interval of 5°C. The
CMC of BDDAB was determined from the plots of specific conductance (x) of BDDAB in aqueous and in
non-polar organic additive solution. The CMC values of surfactant increase with increase in temperature
but they decrease linearly with increase in the concentration of the additives. By using CMC data various
thermodynamic parameters have also been evaluated.
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INTRODUCTION

Benzyl dimethyl dodecyl ammonium bromide is a versatile and important cationic surfactant. In micellar
enzymology, use of different cationic surfactants has been found to be of great significance and several
studies in this area have been reported in the literature [1-5]. In non-aqueous micellar enzymatic catalysis,
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solvent selection is a very important factor for the successful application of enzymes. The use of organic
solvents in such reactions increases the solubility of organic substrates [6-8], which are insoluble or poorly
soluble in water. Also, low solubility of enzymes of facilitates the enzyme and product recovery.
Therefore, the knowledge of the physical properties and thermodynamics of micellization of surfactant in
binary solvent mixtures organic mixed systems has been extensively investigated [8-13]. Micellar
properties of cationic surfactants in bulk aqueous system have been extensively studied [14, 15]. These
studies are justified from both theoretical interest and the large number of their industrial applications. The
quaternary ammonium salts are known for their germicidal and antifungal properties [16, 17]; there is also
the possibility of employing cationic amphiphiles as vectors in gene delivery [18, 19].

Majority of fundamental studies on cationic surfactants were on those with quaternary ammonium and
pyridinium head groups [20-25]. Studies on the Benzyl dimethyl dodecyl ammonium bromides are rather
scanty. The present work is of interest because this surfactant possesses a bulky and highly hydrophobic
Benzyl dimethyl dodecyl head group which is expected to play a significant role in their micellar
properties. The critical micelle concentration CMC appears to be the most important property in the study
of the micellization of surfactants and the two models commonly employed in the theoretical
thermodynamic treatment of micelles, namely the mass action and the phase separation models both
required the knowledge of the CMC which is often obtained from the abrupt change in the physical
property-concentration curve.

The synthesis and the micellar properties of dodecyltriphenylphosphonium bromide (C,, TPPBr) have been
studied by Jiang et al [26]. The thermodynamics of the micellization of decyl-(Cy), dodecyl- (Cy,),
tetradecyl-(Cy4) and hexadecyl-(Cy6) —triphenyl phosphonium bromides by the method of isothermal
titration Calorimetry had been reported [27]. Their micellar properties in binary water-glycols mixtures
[28] as well as study on their mixed surfactants systems have also been reported [29]. In most of these
studies, Conductometric method was employed and the CMC determined from the break point in the
conductance-concentration plots. A frequent problem arising from the conductivity method is that it is
usually difficult to determine the CMC for systems in which the conductance-concentration plot does not
show a sharp transition from the pre-micellar to the post-micellar region, but rather exhibits a curvature.
Consequently, the CMC and the degree of counter-ion binding (o) obtained will be affected to a greater
uncertainty.

Survey of the available literature reveals that no serious attempt has been made to study the micellization
phenomenon of benzyldimethyldodecylammonium bromide ((BDDAB) surfactant in non-polar aqueous
solvents. Herein, we report preliminary study on the micellar properties, CMC and degree of counter ion
dissociation (a), and thermodynamic parameters (AG’,, AH’,, and AS®;) of the Benzyldimethylammonium
bromide (BDDAB) in presence and absence of additives such as urea and acetamide water mixtures. In the
present work, we have investigated the thermodynamics of aggregation of these surfactants by
Conductometric methods in aqueous medium, and over a temperature range between 30 to 45°C.To solve
the problem mentioned above, we have adopted the procedure proposed by Carpena et al [30] for the
accurate determination of the CMC and o which are necessary for calculating the thermodynamic
parameters of aggregation.
MATERIALS AND METHODS

Benzyldimethyldodecylammoniumbromide was the product from Sigma Aldrich, the additives; viz. urea
and acetamide of highly purity were obtained from Qualigens and were used without further purification.
Triply distilled water prepared in laboratory, was used for the preparation of all solution. Conductance was
measured with a Systronics microprocessor based conductivity meter (Systronics -306). Conductance was
measured at different temperature ranging from 303.15 to 318.15 K in various non polar additives. A
concentrated surfactant solution progressively added to 20mL thermostated container (temperature
accuracy #0.1) using a Qualigens variable volume pipette. After ensuring thorough mixing and
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temperature equilibration, the specific conductance was measured. The break point concentration and that
point were assumed to be CMC of BDDAB. The additives urea and acetamide was the product of Sigma
Aldrich, USA, (urea mol.wt. 60.60 and acetamide mol.wt. 59.07 gm mol™). Both the additives are dialyzed
to remove low molecular weight fractions and other associated electrolytic impurities before use. Water,
with conductivity 1.05 X 10° S.cm™ at 303.15 K was used for preparation of solutions and was obtained
by distilling deionized water from alkaline KMnQOj,, to remove organic matter. If any stock solutions of 1
M (mol kg ™) of each urea and acetamide in water were prepared and used as solvents to prepare solutions
of 0.0, 0.2, 0.4, 0.6 M and 0.0005 M BDDAB in order to cover the pre- and post- micellar concentration
range of BDDAB. The weighing was done on a precise CA-123, CONTECH electronic balance with a
precision of + 0.0001 g. All necessary precautions were taken to prepare solutions. The solutions were
stored in special air tight bottles to minimize absorption of atmospheric moisture and carbon dioxide.
Conductivities of the solutions were measured by using digital conductivity meter (Model-306, Systronics)
having cell constant 1.007cm™. The conductivity meter was calibrated by measuring the conductivities of
the solution of potassium chloride (Merck, purity >99%) of different concentrations, (0.01 and 0.1 N). The
solution and the measuring cell were immersed in an electronically controlled thermostated water bath
maintaining the temperature within £ 0.02 K.

RESULTS AND DISCUSSION

Effect of Temperature on CMC of BDDAB: From the conductivity data, the CMC was evaluated.
Representative plots of specific conductance’s versus surfactant concentration are presented in Fig.1 the
intersection point between the two straight lines gave the CMC. It was also possible to compare the degree
of counter ion dissociation (o) from the ratio between the slopes of the post-micellar region and pre-
micellar region. The values of CMC and a for Benzyl dimethyl dodecyl ammonium bromide (BDDAB)
are given in Table 1. As temperature increases specific conductance also increases and hence CMC also
increases from 0.0057 to 0.0066 as temperature was increased from 308.15 to 318.15 K.
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Fig 1. Specific conductivity vs. [BDDAB] at different temperatures in agueous medium.

CMC of BDDAB - Urea system: Table 1 Summarizes the values of CMC and o for BDDAB in urea. The
plots of specific conductance versus BDDAB + 0.2 M Urea and 0.6 M Urea concentration and
temperatures are presented in fig.2 and 3 respectively. The values of CMC and o for BDDAB+ Urea are
given in table 1. As temperature increases specific conductance also increases and hence CMC also
increases from 0.0060 to 0.0068 as Urea concentration was increased from 0.2 to 0.6 M and temperature
was increased from 308.15 to 318.15 K.
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Fig 2. Specific conductivities versus [BDDAB] at different temperatures in 0.2 M Urea.
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Fig 3. Specific conductivity versus [BDDAB] at different temperatures in 0.6 M Urea.

Table 1: Values of Critical micelle concentration (CMC) and degree of ionization (o) of BDDAB in water
and in 0.2, 0.4 and 0.6 M Urea at different temperatures.

CMC
Temperature | BDDAB BDDAB + BDDAB + BDDAB +
(K) 0.2 M Urea 0.4 M Urea 0.6 M Urea
303.15 0.0057 0.0060 0.0062 0.0063
308.15 0.0060 0.0062 0.0063 0.0064
313.15 0.0063 0.0064 0.0065 0.0066
318.15 0.0066 0.0067 0.00675 0.0068

o

303.15 0.270 0.273 0.274 0.278
308.15 0.280 0.288 0.284 0.298
313.15 0.303 0.289 0.294 0.307
318.15 0.320 0.336 0.313 0.312
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CMC of BDDAB - Acetamide system: The plots of specific conductance versus BDDAB + 0.2 M
acetamide and 0.6 M acetamide concentration and temperatures are presented in fig. 4 and 5 respectively.
Values of CMC and a for BDDAB + acetamide are given in table 2. As temperature increases specific
conductance also increases and hence CMC also increases from 0.0063 to 0.0068 as acetamide
concentration was increased from 0.2 to 0.6 M and temperature was increased from 308.15 to 318.15 K. It
has been observed that the CMC values of BDDAB are higher in presence of acetamide than in urea.
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Fig 4. Specific conductivities versus [BDDAB] at different temperatures in 0.2 M Acetamide.

Table 2: Values of Critical micelle concentration (CMC) and degree of ionization (o) of BDDAB in
0.2, 0.4 and 0.6 M Acetamide at different temperatures

CMC
Temperature | BDDAB + BDDAB + BDDAB +
(K) 0.2 M Acetamide | 0.4 M Acetamide 0.6 M Acetamide
303.15 0.0063 0.0064 0.0066
308.15 0.0064 0.0065 0.0067
313.15 0.0065 0.0066 0.00675
318.15 0.0066 0.0067 0.0068

o

303.15 0.278 0.302 0.299
308.15 0.320 0.314 0.334
313.15 0.328 0.333 0.342
318.15 0.366 0.358 0.347

www. joac.info

195



Anita D. Mudawadkar et al Journal of Applicable Chemistry, 2016, 5 (1):191-203

2.5 1 ,#T=303.15 K
X @ T=308.15 K
XX
2 - XXXX T=313.15 K
XXX X T=318.15 K
15 - X
Sp. cond. X w
(mS /cm) XX “
1 - X r ¥
o
e
0.5 - e
><L!-
NG
O —I-’ T T T T 1
0 0002 (o000 R Al OO 0012

Fig 5. Specific conductivities versus [BDDAB] in 0.6 M Acetamide at different temperatures.

Determination of Degree of ionization (a): It is observed from table 1 and 2, that, there is an increase in
CMC and a value with increasing concentration of urea and acetamide (Fig 6, 7). Hydrophobic interaction
of electrostatic repulsions is two important factors for micellization. The dielectric constant of medium
decreases in the presence of additives. This decrease in the dielectric constant is expected to cause an
increase in the electrostatic repulsions between the cationic head group at the micellar surface and also
decrease hydrophobic interactions between the hydrocarbon tails. As a result, the CMC and a values
increase with additives.

0.35

a 03 - /

0.25

0.2

300 305 310 315 320
T(K)
Fig. 6. Variation of degree of ionization (o) of BDDAB with temperature
in presence of 0.2, 0.4 and 0.6 M Urea.
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Fig 7. Variation of degree of ionization (o) of BDDAB with temperature
in presence of 0.2, 0.4 and 0.6 M Acetamide.

The polarity of the medium alone cannot be a primary guide for this effect. The delay in micellization in
the presence of urea and acetamide can be explained in terms of the formation of hydrogen bonds between
solvent and water molecules. The inhibitory effect of BDDAB can be understood by taking of the H,O-
BDDAB system, known to form stoichiometric hydrates with water of the type BDDAB, 2H,0. The
Hydrate formation substantially restricts the motion of the surfactants molecules and reduces hydrophobic
interaction with a concomitant increase in CMC. Dielectric constant of urea is very low, which decrease
polarity of the medium. As a result the hydrophobic interaction micellization occurs only at a higher
[surfactant]. Compounds that penetrate into the micelles a delay micellization by missed micelle formation
do not allow multiple hydrogen bonding and have inhibitory effect upon micellization. Destruction of the
original 3D structure of water and formation of new H-bonds between water and the alcohols play a
significant role. Alcohol-water mixture is a better solvent for surfactants than pure water and thus micelles
are formed at higher [surfactant]. Urea and acetamide acts as a structure breakers and decreases the
hydrophobic effect due to the increase of cohesive energy and dielectric constant. Therefore, addition of
additives mainly produces an increase in CMC. The interaction of the surfactant hydrophilic group also
control micellization process and can form 3D cage-like structure as can water, in binary mixture.

Thermodynamics of micellization: The thermodynamics of micellization, viz, Gibbs free energy of
micellization (AG’y), enthalpy (AH’;) and entropy (AS°.) of micellization can be derived from the
temperature dependence of the CMC. The availability of these parameters (Table. 4) at various
temperatures in all the solvents can give valuable insight into the principles which govern the formation of
micelles.
The Gibbs free energy of micellization AG’,, was calculated using the equation,

AG%, - (2-0) RT in Xcumc
Where Xcme is the CMC value expressed in the mole fraction scale.

The standard enthalpies of micellization were obtained by employing the equation,
AHC;, = - (2- o) RT? (d In Xcpe,dT)
(dIn Xcme/dT) value was calculated from slope of the plot of In Xcme versus temperature.

The entropy values of micelle formation were evaluated from the well-known relationship,
AS°n = (AH®,_AG®,)IT.

Thermodynamic parameters for BDDAB in different aqueous solutions of urea and acetamide at different
temperatures are given in tables 3 and 4. The values (AH’,) decrease at all urea and acetamide
concentrations with temperature although the (AH’,) < 0, at all concentrations revealing the exothermic
behavior of surfactant in aqueous BDDAB + urea and BDDAB + acetamide system. The positive (AS’)
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value is probably due to the destruction of iceberg structure of water because of decrease in hydrogen bond
interaction as concentration of urea and acetamide is increased.

Further, the observed drop in the magnitude (AS°y,) of values of BDDAB with rise in temperature and at all
concentrations of urea and acetamide can be suggested to indicate the contribution due to the presence of —
NH, group. The negative value of (AG®,) of micelle formation is mainly due to positive value of (AS’y)
and therefore, micellization seems to be entropy driven process. The estimated uncertainties are +0.2
kJmol ™" in case of (AH’), 2 Jmol ™" in (AS%) and +0.1 kdmol ™" in case of (AG®,). Urea and acetamide are
hydrogen bonding aprotic solvents.

Table 3: Standard thermodynamic parameters of micellization of BDDAB in presence and absence of Urea
at different temperatures T (K).

Temperature -AG°,, -AH®,, AS°h
(K) kJ mol* kJ mol™ JKmol™?
BDDAB

303.15 37.80 9.31 93.9
308.15 36.64 10.01 86.4
313.15 35.49 10.23 80.66
318.15 34.52 10.53 75.40
BDDAB + 0.2M Urea

303.15 45.07 9.34 126.31
308.15 45.35 9.74 124.34
313.15 47.00 9.98 123.38
318.15 46.60 10.14 119.73
BDDAB + 0.4M Urea

303.15 47.26 9.21 127.72
308.15 47.51 9.42 127.68
313.15 47.41 9.71 124.14
318.15 47.04 9.88 121.86
BDDAB +0.6 M Urea

303.15 47.43 11.72 119.60
308.15 47.35 12.03 116.72
313.15 46.67 12.34 115.04
318.15 47.89 12.71 113.31

Table 4: Standard thermodynamic parameters of micellization of BDDAB in acetamide
at different temperatures T (K).

Temperature -AG’, -AH®,, AS°

(K) kJ mol™ kJ mol™ JK*mol™
BDDAB + 0.2 M Acetamide

303.15 47.49 14.58 110.20
308.15 47.01 15.03 106.09
313.15 47.21 15.17 104.01
318.15 46.61 15.43 100.0
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BDDAB + 0.4 M Acetamide

303.15 47.03 15.41 106.02
308.15 47.24 16.02 103.24
313.15 47.10 16.21 100.41
318.15 46.91 16.53 97.32
BDDAB + 0.6 M Acetamide

303.15 47.29 18.11 98.14
308.15 46.79 18.44 94.04
313.15 46.93 18.97 91.14
318.15 47.33 19.56 89.31

The formation of micellization was always found to be connected with a large, negative change in AG’y,
i.e. the aggregation process is thermodynamically favored and spontaneous. In the temperature range
studied (Table 3), small differences in AG®,, are observed in the case of urea and acetamide can be noted
from the given data that both in aqueous and in additives, the AG®;, values become less negative with

increase in temperature (Fig 8, 9). No definite trends have been observed.

The result also shows that the AHOm values calculated for all additives are negative. The negative AHOm
values can be taken as evidence that London dispersion interactions represent the major attraction force for

micellization. The overall micellization process was found to be exothermic.
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32 -

-40
AGO°,,

34 -
36 - ‘/./0/‘
38 -

& BDDAB

W BDDAB+0.2 M Urea
BDDAB+0.4 M Urea

X BDDAB+0.6 M Urea

300 305 310

T(K)

315

320

Fig 8. Effect of Urea on free energy of micellization of BDDAB (AG® ;) with Temperature.
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Fig 9.Effect of Acetamide on free energy of micellization of BDDAB (AG® ;) with Temperature.
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Fig 10: Enthalpy - entropy compensation plot of BDDAB + 0.6M Urea
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Fig 11: Enthalpy - entropy compensation plot of BDDAB + 0.6M Acetamide
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The Enthalpy - entropy compensation plot of BDDAB + 0.6M Urea (Fig 10) and BDDAB + 0.6M
Acetamide (Fig 11) indicates that as enthalpy change increases entropy also. The AS’, values for
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BDDAB-additives system were positive, indicating that the micellization process is entropy dominated. As
observed in Table 3 and 4, the magnitudes of AS®, are lower in the presence of additives relative to that in
the absence of additives. This suggests that these additives still control the three-dimensional water matrix,
indicating that the micellization process of the studied surfactant is exothermic. According to the large,
positive values of AS’,, for aqueous solutions of urea and acetamide, the system becomes more random
after micellization. The positive values of AS’, clearly indicate that the micellization of the studied
surfactant in agueous as well as various additives is governed mainly by hydrophobic interaction between
the surfactant cations resulting in the breakdown of the structural water surrounding the hydrophobic
groups.
APPLICATIONS

These studies indicate that micellization of BDDAB affect in the presence of additives. In case of urea and
acetamide with BDDAB, at lower concentration electrostatic interactions prevail and are more dominant
but at higher concentration of surfactant, micellization seems to be the predominant process due to increase
in hydrophobic forces. So the studies clearly substantiate the fact that CMC of BDDAB gets decreased in
the presence of urea and acetamide additives.

CONCLUSIONS

The above study shows that the micellization of benzyl dimethyl dodecyl ammonium bromide occurs in
the presence of non-polar mixed solvents which are known to slow down the micellization process.
Therefore, these systems may be utilized for the organic reactions and enzymatic hydrolysis which occur
in non-polar solvents or in presence of binary solvents, where one of the components is water. The
micellization behavior of the cationic surfactant, the benzyl dimethyl dodecyl ammonium bromide as a
function of temperature has been studied by electrical conductivity method. This has made the calculation
of the thermodynamic functions of micellization possible. With the pseudo-phase separation model, we
have been able to show that the variation of enthalpy and entropy of micellization compensates each other.
The large changes in entropy (ATS’,) and enthalpy (AH’,,) with increasing temperature result in moderate
decrease in the Gibbs energy. The enthalpy change at all temperatures varied linearly with temperature.
From the above studies, thus it is concluded that micellization of BDDAB was affected in the presence of
additives. In case of urea and acetamide with BDDAB, at lower concentration electrostatic interactions
prevail and are more dominant but at higher concentration of surfactant, micellization seems to be the
predominant process due to increase in hydrophobic forces. The CMC values of surfactant obtained from
conductance studies show significant temperature and concentration (urea and acetamide) dependence. The
studies clearly substantiate the fact that CMC of BDDAB gets decreased in the presence of urea and
acetamide additives.

ACKNOWLEDGEMENTS

The author(ADM) is thankful to UGC, WRO, Pune for financial assistance as Minor Research Project(F-
47-627/13),The authors are thankful to Hon’ble Principal and Head, Department of Chemistry, Z.B. Patil
College, Dhule. Also Hon’ble Principal and Head Department of Chemistry, Kisan Arts Commerce and
Science College, Parola Dist. Jalgaon for providing necessary laboratory facilities and encouragement.

REFERENCES

[1] M.A Biasutti, E.B. Abuin, J. J. Silver, M Correa, E. A Lissi, Kinetics of reactions catalyzed by
enzymes in solutions of surfactants, Adv. Coll. Int. Sci, 2008, 136.

[2] N.Spreti, M. V Maeini, R Germani, D profiop, G Saelli, Substrate effect on a-chymotrypsin
activity in aqueous solutions of “big-head” ammonium salts, Mol Cat B Enym, 2008, 50.

201
www. joac.info



Anita D. Mudawadkar et al Journal of Applicable Chemistry, 2016, 5 (1):191-203

[3]

[4]

[5]
[6]
[7]
[8]

[9]
[10]
[11]

[12]

[13]

[14]
[15]
[16]

[17]

[18]

[19]
[20]
[21]
[22]

[23]

E Abuin, E Lissi, D Rexanna, Kinetics of N-glutaryl-L-phenylalanine p-nitroanilide hydrolysis
catalyzed by a-chymotrypsin in aqueous solutions of dodecyltrimethylammonium bromide, J Coll.
Int Sci,2005, 283-539.

M. S. Celej, M.G. Dandrea, P.T. Campana ,G. D.Fidelia and M. L.Bianconi, Superactivity and
conformational changes on a-chymotrypsin upon interfacial binding to cationic micelles, Biochem
J, 2004, 378 -1059.

P.Viparelli, F.Alfani and M.J. Cantarella, Experimental validation of a model for a-chymotrypsin
activity in aqueous solutions of surfactant aggregates, Mol Cat B Enzym, 2001, 15, 1.

A MBlinkousky, B D Martin and J.S. Dordicl, Enzymology in monophasic organic media,
Curropin, Biotechnol, 1992, 3, 124.

GCarrea, Biocatalysis in water-organic solvent two-phase systems, Trends Biotechnol, 1984, 39,
102.

B A Van Tol, W J Veldhuizen, J AJongejan, J A Duine, Do organic solvents affect the catalytic
properties of lipase? Intrinsic kinetic parameters of lipases in ester hydrolysis and formation in
various organic solvents, Biotechnol Bioeng, 1995, 47, 71.

L Panda and G B. Behra, Association (micellization) and partitioning of a glycol triterpenoids, J
Indian ChemsocL, 1985, 12, 44.

ur-Din- Kabir,U S.Siddiqui, S Kumar, Micellization of monomeric and dimeric (gemini)
surfactants in polar nonaqueous-water-mixed solvents, Collpolym Sci, 2006, 284, 807.

M /sBakshi, Micelle formation by anionic and cationic surfactants in binary aqueous solvents J.
Chem /soc Faraday Trans, 1993, 89, 4323.

SKolay, K KGhosh, A Mac Donald, JMoulins and R M. Palepu, Micellization of
Alkyltriphenylphosphonium Bromides in Ethylene Glycol and Diethylene Glycol + Water
Mixtures: Thermodynamic and Kinetic Investigation, J Sol Chem, 2008, 37, 59.

A Rodriguez, M MGraciani, MAngulloand M | Moya, Effects of Organic Solvent Addition on the
Aggregation and Micellar Growth of Cationic Dimeric Surfactant 12-3-12,2Br, Langmuir, 2007,
23,11496.

SPMoulik, M Haque, PK Jana, AR Das, Micellar Properties of Cationic Surfactants in Pure and
Mixed States, Journal of Physical Chemistry, 1996, 100, 2, 701-708.

D. N Rubingh, PM Holland, Cationic Surfactants: Physical Chemistry, Edited by D. N.Rubingh
and H. P.Molland, Marcel Dekker, New York and Bassel, 1991.

T Zhao, GSun, Activities of Quaternary Hydrophobicity and Antimicrobial, Pyridinium Salts,
Journal of Applied Microbiology, 2008, 104, 824-830.

J.Chlebicki, 1.Wegrzynska, O.swiecimska, Preparation, Surface-active Properties and
Antimicrobial Activities of Bis-quaternary Ammonium Salts from Amines and Epichlorohydrin,
Journal of Surfactants and Detergents, 2005, 8, 227-232.

DJoester, M Losson, R Pugin,HHeinzelmann, E Walter, H.P.Merkle, F.Diederich, Amphiphilic
Dendrimers: Novel Self-Assembly Vectors for Efficient Gene Delivery, Chemie Inter national
Edition, 2003, 42, 1486-1490.

R Srinivas, S Samanta, A.Chauduri, Cationic Amphiphiles: Promising Carriers of Genetic
Materials in Gene Therapy, Chemical Society Review, 2009, 38, 3326-3338.

H.N.Patrick, G. G.Warr, S.Manne, I.A.Aksay, Surface Micellization Patterns of Quaternary
Ammonium Surfactants on Mica, Langmuir, 1999.15, 1685-1692.

R,Barney, J.Carroll 1V, D.Delaet, Ammonium Compounds: Critical Surfactant Concentration,
Surfactant Studies of Quaternary, Journal of Surfactants and Detergents, 2006, 9, 137-140.
P.Madaan, V. K.Tyagi, Quaternary Pyridinium Salts: A Review. Journal of Oleo Science, 2008,
57, 197-215.

S.Bhattacharya, J. Haldar, Microcalorimetric and Conductivity Studies with Micelles Prepared
from Multi-headed Pyridinium Surfactants, Langmuir, 2005, 21, 5747-5751.

202
www. joac.info



Anita D. Mudawadkar et al Journal of Applicable Chemistry, 2016, 5 (1):191-203

[24]

[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]

[34]

[35]

[36]

[37]

E.Junquera, F.Ortega, E.Aicart, Aggregation Process of the Mixed Ternary System
Dodecylethylammonium bromide/Dodecylpyridinium chloride/H20: An Experimental and
Theoretical Approach, Langmuir, 2003, 19, 4923-4932.

E.Junquera, E.Aicart, Mixed Micellization of Dodecylethylammonium bromide and
Dodecyltrimethylammonium bromide in Aqueous Solution, Langmuir, 2002, 18, 9250-9258.
Y.Jiang, J. Xu,G. Chen, Molecular Conformation of lonic Surfactants in Aqueous Solution,
Science in China Series B-Chemistry, Chemical Sciences Journal, Volume 2011: CSJ-25 1, 1992,
35, 1025-1034.

M. Prasad, S.P. Moulik, A. MacDonald,R. Palepu, Self Aggregation of Alkyl (Cyo-, C12-, C14-, and
Ci6-) triphenylphosphonium bromides and their 1:1 Molar Mixtures in Aqueous Medium: A
Thermodynamic Study, Journal of Physical Chemistry B, 2004, 108, 355-362.

M. Prasad, S. P. Moulik, R. Palepu, Self-aggregation of Binary Mixtures of Alkyl triphenyl
phosphonium bromides: A Critical Assessment in Favour of more than one kind of Micelle
Formation, Journal of Colloid andInterface Science, 2005, 184, 658-666.

A. Al-Wardian, K. M. Glenn, R. M. Palepu, Thermodynamic and Interfacial Properties of Binary
Cationic Mixed Systems. Colloids and Surfaces A:Physicochemical and Engineering Aspects,
2004, 247: 115-123.

P. Carpena, J. Aguiar, P. Bernaola-Galvan, C. C. Ruiz, Problems Associated with the Treatment of
Conductivity-Concentration Data in Surfactant Solutions: Simulations and Experiments,
Langmuir, 2002, 18, 6054.

L. G. lonescuand E. F. De Souza, edited, by K L Mittal and A K Chattopaddyay (Mzrcel Dekker,
New York)in surfactant in Solution, 64, 123.

R. Jana, Aqueous surfactant-alcohol systems: A review, A. dvcollintSci, 1995, 57, 1.

G. Maclsaac, A. Al Wardian, K. Glenn and R. M. Palepu, Effects of di-, tri-, and tetraethylene
glycols on the thermodynamic and micellar properties of Triton X-100 in water, Can J Chem.,
2004, 82, 1774.

J. Nusselder and engberts J B F N, Toward a better understanding of the driving force for micelle
formation and micellar growth, J. Collint Sci, 1992, 148, 353.

B. Sarac, M. Bester-Rogac, Temperature and Salt-induced Micellization of Dodecyltrimethyl
ammonium Chloride in Aqueous Solution, Journal of Colloid and Interface Science, 2009, 338,
216-221.

G. Sugihara, M. Hisatomi, Enthalpy-entropy Compensation Phenomenon Observed for Different
Surfactants in Agueous Solution, Journal of Colloid and Interface Science, 1999, 219, 31-36.

L. Chen, S. Lin, C. Huang, Effects of Hydrophobic Chain Length of Surfactants on Enthalpy-
entropy Compensation of Micellization, Journal of Physical Chemistry B, 1998, 102, 4350-4356.

AUTHORS’ ADDRESSES

1. Dr. Tryambak J. Patil

2.

Associate Professor, Department of Chemistry,
JET’s Z. B. Patil College, Dhule 424002, (M.S.), India
E-mail: tjpatil123@rediffmail.com

Smt. Anita D. Mudawadkar

Assistant Professor, Department of Chemistry,
K V P’S Kisan Arts, Commerce and Science College, Parola, Dist- Jalgaon 425111 (M.S)
E-mail: anitamudavadkar25@gmail.com

203
www. joac.info


mailto:tjpatil123@rediffmail.com
mailto:anitamudavadkar25@gmail.com

