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Abstract:

The physicochemical behaviour of dodecyltrimethylammonium bromide (DTAB) in water and
ethanol-water mixture in the presence and absence of ZnSO, were studied by measuring the conductivity at
298.15 K. The pre-micellar (S;) and post-micellar slopes (S;) were obtained and calculated the degree of
dissociation (o) and the critical micelle concentration (cmc). With an increase in ethanol content, the cmc
and o of DTAB increased whereas, in the presence of ZnSO,, the cmc and o decreased. By using cmc and a,
thermodynamic properties as the standard free energy of micellization (AG2) were evaluated. With an
increase in ethanol content, the negative values of AGS, are decreased indicating less spontaneous in the
micellization which makes micellization less favourable. The correlation of the pre-micellar and post-
micellar slopes with the volume fraction of ethanol were discussed. DTAB micellization was tested in

contexts of specific solvent parameters and solvophobic parameter.
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Introduction:

Surfactants have a hydrophilic head and
hydrophobic tail and are vigorously used in most of
the areas of applications (1). In a given
concentration,  surfactants  display  dramatic
differences in behaviors, named cmc, which implies
the basic micelle ability of amphiphilic molecules to
self-aggregate in the solutions. In contrast, the
surfactant composition, the solubilizing media, the
concentration of surfactants and the procedure used
to create self-assemblies are all highly important for
the creation of micelle (2). The cmc is primarily
dependent upon its chemical composition; however,
this may even influence temperature & various
materials (mostly heavy electrolytes). The
conductance measurement of surfactant solutions is
the principal way of calculating cmc (3,4). The
conductivity methods are very popular nowadays to
calculate the cmc of cationic surfactant (5), anionic
surfactant (6), nonionic surfactant (7) and even in
zwitterionic surfactant (8).

The study on the effects of salts in cationic
surfactants by conductivity methods is still useful
for the researchers (9-11). Such types of research
results play a very important role in a broad area of

biological and physicochemical phenomena from
the electrolyte effects and surfactant solutions to the
transport across biological membranes and enzyme
activities which are widely used for the public
benefits  (12). The micellar solutions of
alkyltrimethylammonium bromide surfactants in the
presence of KBr are widely used in various
household, industrial and research applications (13).

There were some works on the effects of
salts in DTAB from the different methods (13-15).
In 2016, Chauhan et al measured the density and
speed of sound of DTAB in aqueous solutions of
tetraalkylammonium bromides at (293.15-318.15)
K to calculate the first critical micelle concentration
and second critical micelle concentration (16).
Recently, Sharma et al studied the effects of sodium
salicylate on the dynamic behavior of DTAB
micelles using dynamic light scattering and
quasielastic neutron scattering techniques in the
year 2017(17). But there were very few papers
related to conductivity measurement of DTAB in
the presence of salts. Pal et al used the conductivity
technique to see the effects of salt in DTAB and did
not notice the cmc (18). However, there was the
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study of the effect of salt on the cmc of DTAB in
the aqueous medium (19) and found the cmc values
of DTAB decline by adding tetra-alkylammonium
bromide salts. The reason for decreasing the cmc
values of DTAB on adding tetra-alkylammonium
bromide salts may be due to the synergistic
hydrophobic interactions between the non-polar
hydrocarbon chains of DTAB and alkyl chains of
tetra-alkylammonium bromide salts. The effects of
sodium salts NaCl, NaH,PO,., Na,HPO,, Na,COs,
Na,SO4, NazPO, and NasCit on the aggregation
behavior of DTAB in aqueous solutions was studied
and calculated the values of cmc as well as other
parameters. The decrease of cmc was noticed by
adding the salts and was found more pronounced
for the anions with higher valency than that with
lower valency (20). It was mentioned in the
literature (14) that the conductance method had
limitations to locate the cmc at increased NaBr
concentration in comparison to the calorimetry
method. Moreover, the cmc of DTAB decreased
continuously with the addition of NaBr for both
methods (21).

There is no conductivity study to calculate
the cmc of DTAB in the presence of ZnSO,. Our
work aims is to see the effects of ZnSO, on the
micellisation of DTAB in the ethanol-water mixture
from the conductivity methods which is the noble
study to calculate the various parameters as S;, S,
a, cme, AGp, as well as the correlation of AGp, with
solvent parameters and solvophobic parameter.

Materials and Methods:

Apparatus and chemicals

The digital conductivity meter systronics of cell
constant 1.002 cm™was purchased from India. The
digital balance was also purchased from India to get
exact weights of different required experimental
solutions of dodecyltrimethylammoniumbromide
(DTAB) of molecular weight 308.3 g/mol. ZnSO,
and DTAB (Figs.1 and 2) were purchased from
SAFINE CHEM Ltd., India. Ethanol was obtained
from E.Merck, India. The double-distilled water
was taken for preparing the solvent composition of
water and ethanol mixture.
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Figure 1. Structure of ZnSO,
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Figure 2. Structure of DTAB

Dodecyltrimethylammonium bromide and salt
solution preparation:

Double distilled water containing a fair
conductivity under 10° S/fcm was utilized during
the formulation of the mixture at 298.15 K. Double
distilled water and 0.10 to 0.30 volume fraction
containing ethanol were used to make 0.04 M
dodecyltrimethylammonium bromide solution in the
presence and absence of zinc sulphate.
Conductance measurement:

The specific conductance of
dodecyltrimethylammonium bromide solution in the
presence and absence of ZnSO4 was measured on
the conductivity meter. The cell was calibrated with
the help of aqueous KCI solution (0.1 Demal and
0.01 Demal) (22). Such type of calibration with the
help of aqueous potassium chloride was also found
in the literature (23).

Results and Discussion:

The specific conductance versus concentration can
be shown if a molar conductance is replaced by the
specific conductance (A = «/c). The cmc is the
interaction point of two linear straight lines and can
be calculated by solving two linear equations
described  simultaneously. The degree of
dissociation (a) in the plot of the specific
conductivity with the concentration of surfactant is
derived from slopes over and under the cmc
proportion:

(1282/81 ................. (1)

Where, S; is the slope of pre-cmc and S, is the slope
of post-cmc (24-25). In the ethanol-water mixture,
both slopes (S; and S,) decline along with the rise
of ethanol.

Determination of cmc of DTAB in the absence of
salt:

The conductance of dodecyltrimethylammonium
bromide in pure water as well as in three separate
mixtures of ethanol-water (comprising 0.10, 0.20
and 0.30 proportions of the volume of ethanol) for
measuring the cmc at 298.15 K was determined

(Fig. 3).
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Figure 3. The plot of concentration vs
conductance for DTAB in pure water and
various ethanol-water mixtures

From Fig. 3, the conductance of
dodecyltrimethylammonium bromide at 298.15 K in
pure water as well as in three separate compositions
of ethanol-water, the conductance reduces when
alcohol concentration in mixed solvent systems
increases. The pre-cmc slope (S;) and post-cmc
slope (S,) decrease with the addition of ethanol
(Table 1), cmc and a increases with the addition of
ethanol (Table 2).

Determination of cmc of DTAB in the presence
of 0.005 M salt:

The conductance of dodecyltrimethylammonium
bromide in pure water as well as in three separate
mixtures of ethanol-water in the presence of 0.005
M salt for measuring the critical micelle
concentration at 298.15 K was determined (Fig. 4).
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Figure 4. The plot of concentration vs
conductance for DTAB in presence of 0.005M
ZnSQOy, in pure water and various ethanol-water
mixtures

From Fig. 4, the conductance of
dodecyltrimethylammonium  bromide in  the
presence of 0.005 M ZnSO, at 298.15 K in pure
water as well as in three separate compositions of
the ethanol-water binary mixture, the conductance
reduces when alcohol concentration in mixed

solvent systems increases. The S; and S, decrease
with the addition of ethanol (Table 1) but higher
values of S; and S, in comparison with the DTAB
system.

Determination of cmc of DTAB in the presence
of 0.01 M salt:

The conductance of dodecyltrimethylammonium
bromide in pure water as well as in three separate
mixtures of ethanol-water in the presence of 0.01M
salt for measuring the critical micelle concentration
at 298.15 K was determined (Fig. 5).
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Figure 5. The plot of concentration vs
conductance for DTAB in presence of 0.01M
ZnSQy, in pure water and various ethanol-water
mixtures

From Fig. 5, the conductance of
dodecyltrimethylammonium  bromide in  the
presence of 0.01 M ZnSO4 at 298.15 K in pure
water as well as in three separate compositions of
ethanol-water, the conductance reduces when
alcohol concentration in mixed solvent systems
increases. The S; and S, decrease with the addition
of ethanol (Table 1) but higher values of S; and S,
in comparison with DTAB in 0.005 M ZnSO4
system. The cmc and o increase with the addition of
ethanol but lesser values of cmc and o in
comparison with DTAB in the presence of 0.005M
ZnSO4 and 0.01M ZnSO4 system (Table 2).

The value of DTAB's degree of ionization
'a’ is found to be higher in the presence of ethanol
than in its absence. With a rise in the concentration
of ethanol 'a' value continues to rise as a result of
the rise in the surface area of the ionic head group
facilitating counter ionizations (26). The evidence
indicates that the cmc, as well as a, is clarified by
the volume fraction of ethanol is firstly due to the
binding counter ions of alcohol molecule between
surfactant ions, which for steric reasons raises the
average length among ionic head groups and the
dielectric constant of the palisade layer is the
second consequence. Here the cmc obtained in the
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present work for the investigated method is
consistent with the literature values (5).

Moreover, the cmc of dodecyltrimethylammonium
bromide (DTAB) in ethanol is higher in different
concentrations of ethanol and pure water but this
decreases concurrently in the presence of ZnSQ, of
0.005 M and 0.01M respectively. The fall in cmc is
due to the stronger synergistic influence when
ZnS0Oy is added to the DTAB. With the increase in
concentrations of salt, o as well as cmc also further
decreases. Such types of results were reported in the
previous literature (27).

Table 1. S; and S, for the DTAB-ethanol,
DTAB-0.005 M ZnSO, and DTAB-0.01 M ZnSO,

with with 0.01 M

Vol. without salt
fraction (S, S7) 0.0(%?l\/ésalt (sslaléz)
of ethanol  (S/cm*M) (Slem*M) (Slem*M)
0.00 77.0,19.0 110, 26.3 173,22.1
0.10 58.0, 15.2 108, 25.9 126, 17.5
0.20 49.0,14.2 85.1, 22.3 108, 16.7
0.30 43.3,14.0 445, 12.7 77.2,12.4

Representation of variations of the slopes:
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Figure 6. Slope variance with the volume
fraction of ethanol of DTAB solutions
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Figure 7. Slope variance with the volume
fraction of ethanol of DTAB-0.006M ZnSO,
solutions
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Figure 8. Slope variance with the volume
fraction of ethanol of DTAB-0.01M ZnSO,
solutions

From Figs.6, 7 and 8, the curves of the pre-cmc
slopes are higher than the curves of the post-cmc
slopes with the addition of ethanol in the absence
and presence of ZnSO, in DTAB. The fitting of the
curve of the pre-cmc slope was done by the
polynomial equation having correlation coefficient,
r = 1 with the sharp decreases on the addition of
ethanol whereas post-cmc slopes curve was also
done by the polynomial equation having correlation
coefficient, r> = 1 with the monotonous decrease on
the addition of ethanol.

Table 2. emc and o for the DTAB, DTAB-0.005
M ZnSO, and DTAB-0.01 M ZnSQO, systems

with 0.005 with

vol. fraction without slalt M salt 0.01M salt
of ethanol [cmcé]m ) [emc [cmc
(mM), o] (mM), o
0.00 12.72,0.24  10.26,0.23 10.22,0.13
0.10 14.89,0.26 12.81,0.24 11.92,0.14
0.20 16.65,0.29 13.74,0.26 13.16,0.15
0.30 21.15,0.32 20.26,0.28 14.33,0.16

Calculations of thermodynamic parameters:

The micelle-forming free energies are determined
using the following equation (28):

where R= gas constant and T= temperature

This is clear through Table 3; AGY, is negative
in all cases but is less negative as the ethanol
concentration in the mixture increases, suggesting
that micelle development at a greater ethanol
concentration is less spontaneous. It shows the
accumulation of greater ethanol output is less
favorable. Koya et. al (29) and many other study
groupings have also identified related trends (30).
It becomes less negative in 0.005 M and 0.01M
respectively in the presence of salt ZnSO,.
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Table 3. AGjof DTAB and DTAB-ZnSO,
solutions in water and ethanol-water mixture

Vol. AG?

: AGS,  AG (kJ/mol) m
fraction  (ky/mol)  (DTAB+0.005 (ét‘r‘ngg .
ethanol (DTAB) MZnSOy) 1M ZnS0O,)

0.00 -16.56 -15.38 -13.23
0.10 -15.44 -14.44 -12.67
0.20 -14.43 -13.80 -12.16
0.30 -12.01 1211 -11.64

Variation of AGy,with solvent parameters:

The different physical gquantities like a
dielectric constant(D), viscosity(y), Reichardt's
parameter (Et), Gordon parameter(G) and
solvophobic parameter (Sp) are very important
physical parameters and their relation with the free

energy change AGS,(Figs. 9-13) gives not only the
stability of the solution but also relate micellization
of molecular association, the fluidity, polarity, and
solvent structure (31). The values of D, G, #, Er and
Sp were taken from Table 4.

Table 4. Various physicochemical parameters of
ethanol-water mixture at 298.15 K [31]

vol.

. . . Gordon Coefficient
frag']tclon C(I)Dr'é![e;ntt?lg) parameter  of viscosity
sthanol (GIImM™®)  (y/mPa:s)

0.00 78.2473 2.74 0.8959
0.10 73.5294 1.72 1.1441
0.20 70.2247 1.39 1.4346
0.30 66.0066 1.16 1.7371

-12.0
a=7.15, b=11.0, c=1.84, d=-14.8

ax3+bx2+cx+d max dev:0.0683, r’=0.997

35  -135¢t
1S
= ax3+bx2+cx+d max dev:0.443, ’=0.964
= a=9.74, b=2.78, c=3.35, d=-18.3
OOE
2
-15.0 t
Without salt
With 0.005M salt
With 0.01M salt
-16.5 ax3+bx2+cx+d max dev:0.191, r’=0.995
a=8.76, b=7.37, c=4.06, d=-20.1
0.88 1.08 1.28 1.48 1.68
n(mPa.s)

Figure 9. Graph of Gibbs free energy vs coefficient of viscosity in pure water and availability of salt

concentrations

For AGJ, vs n at 298.15 K, DTAB in 0.01M
ZnSO,4 has a much high fitting curve (look linearly
increase) with the polynomial equation of
correlation coefficient, r* = 0.997 in comparison
with DTAB in 0.006M ZnSO, where the fitting
curve (monotonously increase) with the polynomial

equation of correlation coefficient, r? = 0.964 with
the addition of ethanol. The fitting curve for DTAB
increases sharply on the addition of ethanol with the
polynomial equation of the correlation coefficient,
r? = 0.995. It is observed that both the curves are
higher than the curve of DTAB only (Fig.9).
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Figure 10. Graph of Gibbs free energy versus inve
of salt concentrations

For AGg, vs 1/D at 298.15 K, DTAB in 0.01M
ZnSO,4 has a much high fitting curve (look linearly
increase) with the polynomial equation of
correlation coefficient, r* = 0.996 in comparison
with DTAB in 0.006M ZnSO, where the fitting
curve (monotonously increase) with the polynomial

rse dielectric constant in pure water and availability

equation of correlation coefficient, r> = 0.977 with
the addition of ethanol. The fitting curve for DTAB
increases sharply on the addition of ethanol with the
polynomial equation of the correlation coefficient,
r’ = 0.995. It is observed that both the curves are
higher than the curve of DTAB only (Fig. 10).

. 2_
o max dev00242 SOl wnaur san
a=-1.04, b=-16.1, €=-0.467, a=16. v With 0.005M salt
120+ o With 0.01M salt
ax3+bx2+cx+d max dev:0.515, r’=0.960
- a=-16.9, b=-12.0, ¢=-0.831, d=37.0
3 -135
E
2
o E
O
<
-15.0
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a=-30.4, b=-1.14, c=-1.06, d=50.1
-16.5
59.6 60.6 61.6 62.6

E, (kcal mol™)

Figure 11. Graph of Gibbs free energy vs parameter of Reichardt in pure water and the presence of

salt concentrations

For AGS, vs Er at 298.15 K, DTAB in
0.01M ZnSO, has a high curve with the correlation
coefficient, r> = 1 in comparison with DTAB in
0.005M ZnSQ, with a monotonous increase having
polynomial equation of correlation coefficient, r? =

0.960 on the addition of ethanol. The fitting curve
for DTAB increases sharply on the addition of
ethanol with the polynomial equation of the
correlation coefficient, r*= 0.992. It is observed that
both the curves are higher than the curve of DTAB

only (Fig. 11).
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Figure 12. The plot of Gibbs free energy vs Gordon parameter in pure water and the presence of salt

concentrations

Some researchers (32-33) reported linear
relations between AGp, and G for several surfactants
in mixed aqueous-organic solvents. In our case AGS,
vs G at 298.15 K, DTAB in 0.01M ZnSO, has a
higher somehow convex curve with correlation
coefficient, r>=0.999 in comparison with DTAB in
0.006M ZnSO, with a monotonous decrease

(convex curve) having polynomial equation of
correlation coefficient, r* = 0.962 on addition of
ethanol. The convex fitting curve for DTAB
decreases sharply on the addition of ethanol with
the polynomial equation of correlation coefficient,
r> = 0.994. It is observed that both the curves are
higher than the curve of DTAB only (Fig. 12).

-12.0

-13.5

0
AG, (kJ/mol)

ax3+bx2+cx+d max dev:0.0930, r’=0.992
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ax3+bx2+cx+d max dev:0.574, r°=0.928

Without salt
v With 0.005M salt
With 0.01M salt

ax3+bx2+cx+d max dev:0.422, r2=0.976
a=10.8, b=-0.458, c=-9.20, d=-6.09

-15.0 a=9.26, b=4.54, c=-11.2, d=-5.05
-16.5
0.685 0.785 0.885 0.985

S
p

Figure 13. The plot of Gibbs free energy versus solvophobic parameter (Sy) at room temperature in

pure water and the presence of salt concentrations

For AGR, vs S, at 298.15 K, DTAB in
0.01M ZnSQ, has a high somehow linear increase
curve with the correlation coefficient, r>= 0.992 in
comparison with DTAB in 0.005M ZnSO, with an
increase curvilinear having polynomial equation of
correlation coefficient, r> = 0.976 on the addition of
ethanol. The curvilinear fitting curve for DTAB
increases sharply on the addition of ethanol with the
polynomial equation of correlation coefficient, r* =
0.928. It is observed that both the curves are higher
than the curve of DTAB only (Fig. 13).

Besides it can be seen from Fig. 13 that the AGY,
values decrease with increasing Sp values on
ethanol-water. This indicates that the AGS, values
depend strongly on the solvophobic power of
hydrocarbon in water-ethanol mixtures.

Conclusions:

The conductivity of dodecyltrimethylammonium
bromide was found to increase in pure water
including in three separate mixtures of ethanol-
water in the presence of zinc sulphate (0.005 and
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0.01) M with concentration. All pre-cmc and post-
cmc slopes decline with the rise in ethanol. The cmc
of dodecyltrimethylammonium bromide increases
with the addition of ethanol but decreases
simultaneously in 0.005M and 0.01M ZnSQ,. The
degree of dissociation was obtained for pure water
including in three separate mixtures of ethanol-
water as well as in presence of zinc sulphate (0.005
and 0.01) M. It was apparent that the standard free
energy of micelle formation (AGS) in most
situations is negative as the ethanol concentration in
the mixture rise, it appears slightly negative,
suggesting that micellization development gets less
spontaneous at greater rates ethanol levels. This
behaviour suggests that accumulation on low

ethanol content becomes less desirable. The
physical quantities like a dielectric constant(D),
viscosity(n), Reichardt's parameter, Gordon
parameter relation with the free energy

change(AG3,) give not only the stability of the
solution but also relate micellization of molecular
association, fluidity, polarity and solvent structure.
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