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-e current study aims to evaluate the solution properties and antibacterial efficacy study of five different brands of toilet soaps of
Nepal such as Okhati (OKT), Lifebuoy (LFBY), Lux (LX), Liril (LRL), and Chiuree Neem (NM). -e evaluation of critical micelle
concentration (CMC) and their thermodynamics and surface properties are also reported. -is study was further extended to
evaluate antibacterial efficacy against three pathogenic bacteria such as Staphylococcus aureus (S. aureus), Escherichia coli (E. coli),
and Proteus vulgaris (P. vulgaris) by disc diffusion technique, and it was done at four different concentrations of soap. -e
bioactive ingredients present in them provide antibacterial potency to cure various skin problems caused by bacterial pathogens.
Similarly, the antibacterial potency of LFBY was found higher than other soaps. Based on these studies, we can simply take LFBY
soap at the highest rank in regards to antibacterial sensitivity.

1. Introduction

-e prevalence of skin diseases is increasing due to the direct
interaction of transient microorganisms on the skin surface.
If not degermed properly they penetrate the human body
and cause internal infection. So, degerming of the body is a
matter of prime importance to maintain personal hygiene.
-e simplest and effective way to prevent the spread of
microbial infections is proper cleaning and washing of body
parts using soap [1]. -e soap contains surfactants and
antimicrobial ingredients to enhance the cleansing action
and wash pathogenic organisms. It is one of the mild de-
tergents [2], which is effective in removing contaminants
including bacteria, fungus, or viruses. Soap solution acts
upon the alien particles, emulsifies, and suspends the dirt,
oil, and germs, allowing them to be washed off. For further
protection, either chemical or plant-based antibacterial
agents are used in soaps to enhance biofunctional activities.
Chemicals like triclocarban and triclosan are added in soap
and personal care products alike as antibacterial ingredients.
-ese antibacterial ingredients of soap are effective in

preventing communicable diseases [3]. 65%–85% microbial
removal from human skin is due to the application of an-
tibacterial soap [4, 5].

A study by Riaz et al. [6] revealed greater effectiveness of
antibacterial soaps against pathogenic bacteria relative to
plain soaps. Typically, antimicrobial products are used to
stay healthy. However, there are two risks of their use; the
first is deliberately accepted chemical exposure and the next
is the increase of antibiotic-resistant pathogens, which ul-
timately makes the microbial treatment more difficult. As
per a review, Aiello et al. [7] observed that the available data
did not support the effectiveness of triclosan for reducing
symptoms of infectious disease which is a common anti-
bacterial used in soap. As recommended by the Food and
Drug Administration (FDA), the effectiveness of the anti-
septic ingredients should be studied reflecting exposure time
and real-life situations. Kim et al. [3] studied the antibac-
terial effect of some plain and antibacterial soaps against 20
bacterial strains proposed by the FDA. Under real-life
conditions, no significant differences in bactericidal effects
were found. Furthermore, in the year 2008 by Aiello et al. [8]

Hindawi
Journal of Chemistry
Volume 2020, Article ID 6989312, 13 pages
https://doi.org/10.1155/2020/6989312

mailto:bkajaya@yahoo.com
https://orcid.org/0000-0002-5973-5031
https://orcid.org/0000-0002-8185-2701
https://orcid.org/0000-0002-2648-4686
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/6989312


and also in the year 2015 by Kim et al. [3] supported the idea
that antibacterial soaps are not so significant compared to
bland soaps. Added antibacterial agents have very little time
to show bactericidal action; therefore, the mechanical aspect
of friction is of critical importance. In the food and health
care industries, hand-washing practices matter themost.-e
activity of soap, friction, and rinsing are crucial for effective
antibacterial action [9, 10].

Not all bacteria are pathogenic, and bactericides are not
required to be used on daily usable products. Antibacterial
agents are used in many personal care products such as soaps,
toothpaste, lotions, shampoos, and other household products
such as kitchenware, clothing, furniture, and toys. Irre-
sponsible and abusive use of antimicrobial products is closing
the antibiotic era. -ere have been many outbreaks of food-
borne diseases and nosocomial infections due to hand con-
tamination. Ogba et al. [1] reported S. aureus followed by E.
coli to be the most common isolates on the hands of primary
school children in Nigeria. S. aureus and E. coli are associated
with skin infections and food poisoning, respectively [11].

Nepal being rich in flora and diversity, a lot of amazing life
forms are planted here. Traditionally, plant extracts are used
for many purposes including food preservation, flavor en-
hancement, health improvement, and more. Plant oils are old
tested and reliable sources for the treatment of various skin
diseases and are therefore used in body and skincare products
[12]. Plant-derived compounds represent an unlimited source
of safe, effective, and environmentally friendly antimicrobials.
Due to the fascinating antimicrobial effects, nontoxic nature,
and low cost, many self-care products like lotions, toothpaste,
soaps, etc., manufactured here have been enriched with the
extracts of natural products [13]. -e herbal-based cosmetics
are rich in phytochemicals such as vitamins, proteins, tannins,
terpenoids, and other bioactive ingredients that possess an-
tioxidant, anticancer, antimicrobial, and other beneficial ac-
tions [14]. Low toxicity to users and the environment provides
a great deal of beauty and medicinal effects [15]. Of the five
soaps selected, two (OKT and NM) contained only herbal
products, while LX and LRL contained plant extracts added
with chemicals.

-e present paper aims to evaluate some solution be-
havior and in vitro antibacterial efficacy of five toilet soap
formulations containing both herbal and chemical-based
ingredients. -e soap contains surfactants that lower the
surface tension of the solution. Lower surface tension has
taken advantage of improved cleansing action by easy dif-
fusion on the skin surface [16]. With the increase in the
purity of soap, there is a profound effect in the electrical
conductivity, and the presence of impurities can cause some
constraints on the mobility of charge of the soap solution
[17, 18]. Most plant extracts used in herbal-based soaps have
medicinal value. In addition, the antibacterial efficacy of
natural herbal extracts in soap was compared and evaluated.

2. Experimental

2.1.Materials andMethods. All chemicals and reagents used
for this experiment were of analytical reagent grade. Five
soaps were selected for assessment and were purchased from

the local market of Biratnagar, Nepal. -ese soap formu-
lations are coded as Lux (LX), Lifebuoy (LFBY), Liril (LRL),
Okhati (OKT), and Chiuree Neem (NM). -eir ingredients
are listed in Table S1. A Kruss K20S Easy Dyne Force
Tensiometer was employed to measure the surface tension
by the ring detachment technique using a platinum ring with
the correction of Harkins and Jordan. -e Autoranging
Conductivity/TDS meter TCM 15+ was used to measure the
specific conductance of soap solutions. For the antibacterial
efficacy assessment, the glassware was washed with triple
distilled water and dried in the oven before use. Pyrogen-free
distilled water was used for the preparation of solutions and
was made at their four different concentrations such as 1 : 01,
1 : 02, 1 : 04, and 1 : 08. To explore the solution properties,
all soaps solutions were prepared at 0.2mg/mL concentra-
tion and kept as stock solutions. Further, the internal di-
lution in tap water was preformed 15 times for all. -is
study, carried in tap water, was to mimic the daily household
procedure.

2.2. Antimicrobial Assay. -e antibacterial sensitivity of the
soap was studied by the disc diffusion technique. -ree
different bacterial pathogens: E. coli, S. Aureus, and P.
vulgaris, which are known to reside on the body surface and
give evidence to cause piles of diseases, are deployed in this
evaluation. -e bacterial culture was revived by seeding
some well-isolated colonies of pathogens in nutrient broth
and incubated for two hours. -e sterile Mueller-Hinton
agar solution prepared by standard technique was left to
congeal in the sterile Petri plates. -e broth of previously
seeded bacterial culture was spread in the media and the
well-sterilized paper discs of 5mm diameter (Whatman no. 1)
impregnated with test samples were stuck on the plates. For
comparison of efficacy, a disc of antibiotic (amikacin, 30 μg/
disc), was also installed. -e plates were incubated at 37°C
for 24 hours. -e antibacterial sensitivity was then assessed
by measuring the diameter of the zone of inhibition in mm.
All the procedures were repeated three times to reduce
errors.

3. Results and Discussion

3.1. Conductivity and )ermodynamic Properties. -e spe-
cific conductance of surfactants depends on the nature of
ions formed after ionization, the nature of the solvent used,
the temperature, and the presence of additives like salts [19].
-e variation of specific conductivity with the concentration
of soap is well demonstrated in Table 1 and Figure 1. LX has
the lowest specific conductivity (0.404mS/cm) while LFBY
(0.454mS/cm) has the highest. -e decrease in specific
conductivity with dilution is due to the replacement of ions
by colloidal particles, which, although conducting, has a
lower equivalent conductivity than the ions from which they
are formed. Colloidal particles are thus formed in very low
concentrations [20]. Upon dilution, the specific conductivity
of all soaps has significantly reduced. On the overall view, we
can take the specific conductivity of LFBY, NM, and OKTas
higher values and LRL and LX as lower values.
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3.2. CriticalMicelle Concentration. -e specific conductance
of soaps in water for the calculation of the CMC at 303.15K
is shown in Figure 1.-e specific conductivity increases with
the increase of concentration with a certain slope. But at a
particular concentration, the slope changes. -e breaking
point of two linear variations is called critical micelle
concentration (CMC). A degree of dissociation (α) is ob-
tained from the ratio of postmicellar (S2) to the premicellar
slope (S1). -e variations in the pre- and postmicellar slopes
on the plots of specific conductance with a concentration of
the solution of soaps are given in Table 2.

3.3. Correlation of (κo/κCMC) with Soaps. In the year 2012,
Mukhim and Ismail [21] proposed the ratio of the solvent
surface tension to the limiting surface tension at the CMC,

(co/cCMC), to describe the solvophobic effect [22]. But here
we tried to see the ratio of solvent conductance to the
conductance at the CMC with soaps. Figure 2 shows the
variation in the ratio of the solvent conductance to the
conductance at the CMC with soaps. -e fitting is from the
polynomial equations having correlation coefficients, r2 �1.
-e highest ratio value is for LX (5), whereas the least ratio
value is for LFBY (1). -e concave curve of (κo/κCMC) with
soaps is observed (Figure 2). Hence, the higher the ratio
values of (κo/κCMC), the better the cleansing action.

We used the variation of X-axis of soaps as LFBY (1), NM
(2), OKT (3), LRL (4), and LX (5).

3.4. Correlation of Slopes with Soaps. -e premicellar slope
(S1) sharply decreases with LFBY, NM, OKT, LRL, and LX.
-e fitting of the data was done by the polynomial equation
with the correlation coefficient, r2 �1.-e postmicellar slope
(S2) increases monotonously with LFBY, NM, OKT, LRL,
and LX. -e fitting of the data was done in the quadratic
equation with the correlation coefficient, r2 �1, but it looks
like linear variation (Figure 3).

All soaps have shown the highest pre-CMC slopes and
the lowest post-CMC slopes leading to the lowest degrees of
dissociation (Table 2). -ese slopes are so sensitive that they
determine the degrees of dissociation, CMC, and other
thermodynamic parameters.-e CMC obtained for all soaps
from conductivity measurements in water at 303.15K is
given in Table 2. It indicates that CMC increases with LFBY,
NM, OKT, LRL, and LX. -e increase of CMC and α within
the ascending order of LFBY, NM, OKT, LRL, and LX in the
aqueous medium is shown in Table 2. -e reason for the
highest CMC on LX is due to the presence of the huge
numbers of ingredients that slow down the dielectric con-
stant of water, and hence CMC increases. Such an increase of
CMC with the decrease of the dielectric constant of water in
the presence of external compounds was also found in the
literature [23]. It is well known that the presence of various
compounds diminishes aggregation number of the micelles
which then causes an increment in the electrostatic repulsion
between the cationic head group of LX and leads to a re-
duction in the electrical charge density at the micellar
surface. -is may be the reason for the increase in α [24].

CMC increases sharply with ascending order of LFBY,
NM, OKT, LRL, and LX (Figure 4). -e nature of the curve
looks like somehow linear but concave fitting by the poly-
nomial equation of correlation coefficient, r2 �1.

-e increases sharply with ascending order of LFBY,
NM, OKT, LRL, and LX (Figure 5). -e nature of the curve
looks like concave fitting by the polynomial equation of the
correlation coefficient, r2 �1.

-e free energies of micelle formation of soaps are
calculated by a pseudophase separation model [23] and the
data are given in Table 2:

ΔGo
m � (2 − α)RT ln XCMC, (1)

where XCMC, R, and T have usual meanings.
ΔGo

m is negative with all soaps and becomes less negative
from the ascending order of LFBY, NM, OKT, LRL, and LX

Table 1: Concentration against specific conductivity of different
soap samples.

Conductivity (mS/cm)
S.
N

Concentration
(mg/mL) OKT NM LFBY LRL LX

1 0.200 0.441 0.448 0.459 0.429 0.400
2 0.166 0.434 0.443 0.454 0.421 0.393
3 0.143 0.430 0.438 0.449 0.416 0.386
4 0.125 0.425 0.435 0.445 0.412 0.380
5 0.111 0.423 0.433 0.444 0.409 0.378
6 0.100 0.419 0.428 0.441 0.407 0.372
7 0.090 0.417 0.425 0.438 0.402 0.367
8 0.083 0.413 0.424 0.436 0.398 0.363
9 0.076 0.409 0.423 0.435 0.392 0.357
10 0.071 0.403 0.419 0.433 0.387 0.355
11 0.066 0.398 0.416 0.432 0.385 0.352
12 0.062 0.395 0.413 0.430 0.384 0.348
13 0.058 0.391 0.409 0.427 0.382 0.345
14 0.055 0.388 0.405 0.425 0.380 0.343
15 0.052 0.385 0.401 0.421 0.376 0.341
16 0.05 0.382 0.399 0.418 0.375 0.339
17 Tap water 0.383
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Figure 1: Graph depicting the variation of specific conductance
with the concentration of different soaps: LFBY (closed triangles),
NM (closed circles), OKT (triangles), LRL (circles), and LX
(squares).
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(Table 2). -e nature of the curve looks like concave fitting
by the polynomial equation of correlation coefficient,
r2 = 1(Figure 6). -e higher negative ΔGo

m indicates that the
micellization process is spontaneous and becomes less
spontaneous from the ascending order of LFBY, NM, OKT,
LRL, and LX (Table 2). Less negativeΔGo

m indicates co-solute
does not facilitate the micellization [25].

3.5. Model for Critical Micelle Concentration. We are very
familiar with the CMC determination from the intersection
of the two straight lines drawn before and after the break in
theK against soap concentration (c) plot (Figure 7). Here, we
have also used the concept of Carpena et al. [26] for our data
of soaps. Let us take the derivative of the sigmoid type and
can be described by using a Boltzmann-type sigmoid that has
the following equation:

Table 2: Values of premicellar slope (S1), postmicellar slope (S2), degree of dissociation (α), critical micelle concentration (CMC), and Gibbs
free energy of micellization (ΔGo

m) of LFBY, NM, OKT, LRL, and LX in aqueous medium at 303.15K.

Soaps S1 (mS cm−1ml·mg−1) S2 (mS cm−1ml·mg−1) α CMC (mg·mL−1) ΔGo
m(kJmol− 1)

LFBY (1) 1.14 0.187 0.164 0.06295 −31.37
NM (2) 1.10 0.194 0.176 0.07174 −30.57
OKT (3) 1.04 0.211 0.203 0.08323 −29.93
LRL (4) 0.658 0.216 0.328 0.09502 −27.28
LX (5) 0.647 0.243 0.376 0.1089 −25.93
-e error limits of α, CMC, and ΔGo

m are within ± 4, ± 4, and ± 5%, respectively.
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Figure 4: Variation of CMC versus soaps.
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κ( c) �
A1 − A2

1 + e c−co/Δc( )
+ A2. (2)

On integrating equation (2), we get

K(c) � K(0) + A1c + Δc A2 − A1( ln
1 + e c− co/Δc( )

1 + e −co/Δc( )
 , (3)

where K0, A1, A2, and Δc are the specific conductivity of the
solution at zero concentration of the soap, premicellar slope,
postmicellar slope, and width of the transition, respectively.
-is is one of the most efficient methods, which is being used
recently, especially for the micellization of soap where
probably a weak curvature is obtained. -e central point on
the width of the transition (co) corresponds to CMC, and the
degree of counterion dissociation (α) can be determined
from the ratio of the postmicellar slope to the premicellar
slope as α� A2/A1 [23].

A smaller value of Δc means abrupt transition (micel-
lization is highly cooperative), while its higher value shows a
gradual transition (micellization process is less cooperative).
In the analysis, K(0) was set equal to zero because the
conductivity of the solvent was substracted corresponding to
each data point. Data fitting was carried out bymaking use of
initial guess values of A1, A2, co, and Δc in equation (3) to
calculate an approximate value of conductivity, K

approx
c ,

corresponding to each surfactant concentration. Chi-square,
χ2, the sum of the squares of deviations of approximate
conductivity from the experimental values, is defined as

χ2 � 
N

i�1
Ki − K

approx
i 

2
, (4)

(where N is the number of data points and Ki and K
approx
i

are the experimental conductivity and approximate con-
ductivity at a given soap concentration, respectively) was
minimized with respect to these parameters and their values
corresponding to the minimum were then used as the new
set of guess values in an iterative procedure till χ2 effectively
stopped decreasing, indicating convergence of input and
output parameters. -e minimized value of χ2 gives maxi-
mum likelihood estimate of model parameters. Equation (3)
being nonlinear in the parameters, a computer program for
the nonlinear least-squares fitting of data, as described by
Press et al. [27] and making use of the Levenberg-Marquardt
algorithm, was written with necessary modification to
perform the iterative procedure for the optimization of
parameters. -e final set of values K0, A1, A2, and Δc when
χ2 effectively stopped decreasing was taken as their best-fit
parameters. Figure 7 shows the representative conductivity
concentration plot of LFBY in water at 303.15K.

-e CMC obtained from the conventional procedure is
0.06295mg/ml, whereas CMC from the first derivative is
0.064mg/ml (equation 2) and the CMC from the integral
equation (3) is 0.0625mg/ml. Micelles only form when the
concentration of soap is greater than the CMC. -erefore,
the higher the concentration, the more micelles there are.
-e cleaning action is associated with the CMC. In our
study, we have seen that the formation of the micelles is
highest for LX. At this point, the LX will have the highest
number of micelles to wet the substrate. -e cleaning is not
effective due to fewer micelle formation in the cleaning
solution as it is superconcentrated. Fewer micelles and
foaming in the cleaning solution are not beneficial in the
cleaning application [28].

3.6. Surface Tension and Surface Properties. Soaps are usually
amphiphilic organic compounds that have the ability to
change the interfacial properties of liquids in which they are
present, even at a very low quantity. -e lower the surface
tension, higher will be the cleansing action and vice versa
[29]. We want to study the micellization behavior of soaps in
water at 303.15K from the surface tension study. -e values
of critical micelle concentration (CMC), maximum surface
excess concentration (Γmax), area occupied by per surfactant
molecule (Amin), surface pressure (πCMC), solution surface
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Figure 7: Experimental data of conductivity (circles) against
concentration, the break point of two straight lines is the CMC;
K(c), and their corresponding first derivative (squares), κ( c), for
LFBY at 303.15K. -e lines are the best fits of data.
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tension (cCMC), solvent surface tension (co), free energies of
adsorption (ΔGo

ads), efficiency of adsorption (pC20), effective
Gibbs free energy (ΔGo

eff ), relation between Amin and πCMC,
the correlation of slope (dc/dlog C), (co/cCMC), (Γ/Γmax),
(ΔGo

ads/ΔG
o
m), and (CMC/pC20) with soaps are also in-

cluded in this study. -e experimental data of surface
tension of soaps are compared with the theoretical model.

As we talk about soaps, we see the existence of a hy-
drophilic head and a hydrophobic tail. All classes of soaps
are mostly used in all areas of the present world because of
their unique properties. It is well known that the inter-
action between the soap molecules and water molecules
results in a hydrophilic affinity towards the head whereas
the hydrophobic affinity towards the tail. As a result, the
molecules are oriented on the surface of the water, tail
aligning towards the air. -is behavior is very common for
all classes of soaps. As we increase the concentration of
soap, the interaction between the soap molecules and water
molecules also increases and the formation of aggregation
takes place. Such aggregates are known as micelles [30].-e
micelles play a very important role to make the soap sig-
nificant in the related fields such as pharmaceutical and
textile industries. In the micelles, there is always a balance
between hydrophobic and hydrophilic forces [31]. Some
factors directly affect the morphological behavior of the
micellar system. -ey are additives, temperature as well as
solvent composition [32].

Figure 8 depicts the different initial values of surface
tension among different soaps. -e surface tension of LX,
being 52.9mN/m, is the least and that of LFBY (59.6mN/m)
is the highest. At all concentrations, the surface tension of
LX is relatively low and highest for LFBY (Table 3). All the
soaps have shown a general pattern of regular increment of
surface tension upon dilution. Also, we have seen that the
surface tension of soap at first decreases with increasing
concentration of soap and then follows a sigmoid curve
between surface tension (c) and log[surfactant]. -ere is a
formation of a visible break on the sigmoidal curve after
which the surface tension remains approximately constant.
-e breaking point is called the CMC [33].

Such studies of soaps are scarce but only the surface
tension of shampoos is studied [34] without explanation of
the micellization behavior of shampoos. Our first aim is to
investigate the aggregation behavior of soaps in water at
303.15K in detail and the second aim is to compare our
experimental data of surface tension of soap with the the-
oretical model.-e surface tension of soap solutions in water
was plotted against the concentration to get the CMC values
at 303.15K. -e representative figure (Figure 9) shows the
variation of the surface tension of soap in water at 303.15K.

From the plot of surface tension with the concentration
of soap solution, the following surface properties are cal-
culated [35]. -e maximum surface excess concentration at
the air-water interface Γmax has been calculated by applying
Gibbs isotherm:

Γmax � −
1

2.303nRT

dc

dlog C
 

T,P

, (5)

where c denotes the surface tension, R is the gas constant
(8.314 J·mol−1·K−1), T is the absolute temperature, C is the
soap concentration, and (dc/dlog C) is the slope of the c

versus log C plot taken at CMC. -e constant n takes the
values 2 for conventional soap where the soap ion and the
center line are univalent. -e area occupied per soap
molecule (Amin) at the air-water interface has been obtained
by

Amin �
1

NΓmax
, (6)

where N is Avogadro’s number.
-e value of the surface pressure at the CMC (πCMC) is

obtained as

πCMC � co − cCMC, (7)
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Figure 8: Graph representing the dependence of surface tension
with the concentration: LFBY (closed circles), NM (squares), OKT
(circles), LRL (triangles), and LX (closed squares).

Table 3: Concentration versus surface tension of different soap
samples.

Surface tension (mN/m)
S. N. Concentration (mg/mL) NM OKT LRL LFBY LX
1 0.200 58.5 57.1 54.9 59.6 52.9
2 0.166 58.9 57.4 55.8 60.1 53.5
3 0.143 59.2 58.0 56.9 60.4 53.8
4 0.125 59.9 58.6 57.4 61.0 54.6
5 0.111 60.5 59.2 57.7 61.6 55.2
6 0.100 60.9 59.8 58.9 62.0 55.7
7 0.090 61.6 60.7 59.3 62.5 56.6
8 0.083 62.1 61.5 59.9 63.3 57.4
9 0.076 63.0 61.8 60.7 63.8 58.0
10 0.071 64.1 62.3 61.4 64.1 58.6
11 0.066 64.5 63.0 62.4 64.8 59.3
12 0.062 65.1 63.8 63.0 65.6 59.8
13 0.058 65.7 64.4 63.5 66.1 60.6
14 0.055 66.0 65.0 64.0 66.4 61.4
15 0.052 66.5 65.5 64.7 67.2 61.8
16 0.050 67.0 66.2 65.0 67.8 62.3
17 Tap water 71.34
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where co and cCMC are the values of surface tension of water
and the soap solution at the CMC, respectively.

-e standard free energy interfacial adsorption at the air/
saturated monolayer interface can be evaluated from the
relation [36]:

ΔGo
ads � ΔGo

m −
πCMC

Γmax
. (8)

Amin refers to the property associated with the soap
monolayer at the air/water interface. -e maximum surface
excess concentration at the air/water interface (Γmax), area
occupied per surfactant molecule (Amin) at the air-water
interface, surface pressure at the CMC (πCMC), and the
standard free energy interfacial adsorption (ΔGo

ads) of soaps
solutions in water at 303.15K are calculated, respectively,
and the values are listed in Table 3.

Chakraborty et al. [37] calculated the CMC (mM) of
CTAB at 25°C by (0.959) conductivity and by (0.883) ten-
siometry. Similarly, our CMC of soaps at 303.15K by
conductivity and tensiometry almost matched each other.
-e data suggest that Γmax as well as πCMC values decrease
with soaps at 303.15K, indicating the low population of soap
molecules at the interface due to the addition of ingredients.
Negative values of ΔGo

ads indicate that the adsorption of soap
molecules on the surface is spontaneous and this phe-
nomenon is more spontaneous than the micellization due to
larger negative value than ΔGo

m. -e values of ΔGo
ads become

more negative with soaps at 303.15K that shows more
spontaneity of adsorption of soap molecules on the surface.

3.7. Variation of the Slope of Surface Tension Curve with
Soaps. -e slope of the surface tension curve (Figure 10) of
soaps solution in water at 303.15K gives various information
about the surface properties of soaps solution [33]. It is seen
that the slopes increase with soaps in the order of LFBY, NM,
OKT, LRL, and LX.

3.8. Correlation of (co/ccmc)with Soaps. Figure 11 shows the
variation of (co/cCMC) with soaps at 303.15K. -e values of
(co/cCMC) increase in the order of LFBY, NM, OKT, LRL,
and LX. -e nature of the curve is concave fitting by the
polynomial equation of the correlation coefficient, r2 �1.

3.9. Correlation of ΔGo
ads with Soaps. Gibbs energies of ad-

sorption of soaps in water show the unique variation at
303.15K (Figure 12). ΔGo

ads monotonously decreases with
soaps in the order of LFBY, NM, OKT, LRL, and LX. -e
nature of the curve is the combination of convex-concave-
convex fitting by the polynomial equation of correlation
coefficient, r2 �1.

3.10. Correlation of ΔGo
eff with Soaps. -e difference between

ΔGo
ads and ΔG

o
m is called effective Gibbs free energy (ΔGo

eff ).
-e curve of ΔGo

eff sharply decreases with convex variation
by the addition of various soaps in the order of LFBY, NM,
OKT, LRL, and LX at 303.15K (Figure 13) fitting by the
polynomial equation of correlation coefficient, r2 = 1. It is
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also observed that the values of ΔGo
eff decrease with an

increase in head group polarity of soaps, indicating that
aggregation is more favored than the adsorption process,
and also less energy is required for the aggregation process
[38].

3.11. )e Relation between Amin and πCMC. πCMC is a
measure of the cohesive force in the surfactant film, whereas
Amin describes the “orientation” of the surfactant’s molecule
in an aqueous solution. We also plotted the curve of
πCMCAmin with πCMC of LFBY, NM, OKT, LRL, and LX.-e
nature of the curve at first increases sharply for LFBY andNM
and then the curve monotonously increases for OKT and
again sharply for LRL. Eventually, the convex curve was seen
from LRL to LX at temperature 303.15K (Figure 14) fitting by
the polynomial equation of correlation coefficient, r2 �1.

3.12. Correlation of (Γ/Γmax) with Soaps. Applying the
Frumkin isotherm equation provided in the literature [39], it
was confirmed that the concentration value at which c of
water is minimized by 20mN/m and the ratio of the Gibbs

surface excess concentration (Γ) to the maximal (Γmax) is
within 0.84 to 0.999.

We have calculated the (Γ/Γmax) values for soaps from
the equation used in the literature [39]:

πcmc � −RTΓmax ln 1 −
Γ
Γmax

 . (9)

Our values of (Γ/Γmax) for soaps perfectly matched
within the range of the literature [39].

-e values of (Γ/Γmax) increase sharply for soaps in the
order of LFBY, NM, OKT, LRL, and LX at 303.15K (Fig-
ure 15) fitting by the polynomial equation of correlation
coefficient, r2 �1, and finally the curve looks like convex.-e
highest value of (Γ/Γmax) shown for LX and the lowest for
LFBY. But the values of (Γ/Γmax) for all soaps are within the
range of 0.66 to 0.99.

3.13. Correlation of (ΔGo
ads/ΔGo

m) with Soaps. -e observed
ΔGo

ads values are higher than ΔGo
min values, indicating the

adsorption at the air-solution interface is more favorable than
the formation ofmicelles in the bulk solution [40].-e ratio of
(ΔGo

ads/ΔG
o
m) is found in the range of 1.1 to 1.14 for LFBY,

NM, OKT, LRL, and LX (Figure 16). -e variation of the
curve looks concave fitting by the polynomial equation of the
correlation coefficient, r2 = 0.997. -e value of (ΔGo

ads/ΔG
o
m)

for LX is the highest and the lowest for LFBY at 303.15K.

3.14. Correlation of (CMC/pC20) with Soaps. -e ratio of
CMC to pC20(CMC/pC20) is an interesting study. Such type
of work was observed by Niranjan and Upadhyay in 2010
[41]. -e variation of the curve for soaps increases sharply
for LFBY, NM, OKT, LRL, and LX (Figure 17) fitting by the
polynomial equation of correlation coefficient, r2 = 1. Nature
of the curve looks somehow like convex.

3.15. )eoretical Model. -e surface tension data for soap
solution at 303.15K were fitted with a nonlinear least-squares
regression analysis using the Szyszkowski equation for the
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premicellar region, whereas for the postmicellar region, the
linear variation was noted. It is also well known that very
small concentrations of surface-active impurities affect the

transition region around the CMC. By analyzing the surface
tension versus concentration data, for the system in the
premicellar region is the subject of our interest [42]. Here,
soap contains cation and anion. So, we denote the mean ionic
activity coefficient of the solution by c±, and the following
relations can be written by using the Debye–Hückel equation
to relate the activity of the surfactant to the ionic strength (I):

asoap � c±Canionfreec±CCationfree,

I � [Soap]total,

log c±(  �
−0.509I0.5

1 + 1.31I0.5( )
+ 0.049I,

(10)

where Canionfree and CCationfree are molar concentrations of the
free anion and cation, respectively. It can be mentioned that
the complex formation in the premicellar region does not
affect the ionic strength. -e combination of the Langmuir
model for surface adsorption with the Gibbs equation, c, can
be explained by the Szyszkowski equation.

c � c0 − bln 1 + casoap , (11)

where b � Γ∞RT � (RT/ω), Γ∞ is the value of surface excess
of the soap when a complete monolayer is present, and ω is
the cross-sectional area of the soap molecule at the surface
per mole [43]. c is related to the equilibrium constant. By
plotting c versus asoap, we get the fitting parameters as
b(50.1 ± 0.30m · Nm− 1) and c(459 ± 0.1 (mg/ml)−2) with
correlation coefficient (r2 = 0.996) as shown in Figure 18 for
LX. It is interesting to see that ongoing from LX to LRL,
OKT, NM, and LFBY, there is an increase of b but the
decrease of c. -e correlation coefficient of the experimental
data of all soaps fits around (r2 = 0.996) with the model. But
we have shown in Figure 18, the more experimental data
above the CMC of LRL, OKT, NM, and LFBY to make
symmetry in the graph, so we have observed the correlation
coefficient of fits look more good to less good (Figure 18)
ongoing from LX to LRL, OKT, NM, and LFBY.

-e mean square average deviation, δc, between the
experimental (exp) and the predicted model (model) surface
tension values is minimized as the relation [44]:

δc �

�����������������


N
i�1 cexpi

− cmodeli 
2

N



,
(12)

where N is the number of data points. -e above model can
say “successful” if δc is the same as or lower than the esti-
mated error in the surface tension measurements, taken to be
within 1m·Nm−1 [44]. In our case, δc � 0.97m·Nm−1. -e fit
is successful. So, we are also interested to see theminimal value
of the surface tension of aqueous solution of soap at 303.15K
with the help of the equation described elsewhere [45]:

Γmax

Γ∞cCMC
+ 1 −
Γmax

Γ∞
 cwater � ccal, (13)

where Γmax � 0.00156 (Table 4), Γ∞ � 0.019877 as
b � Γ∞RT, cCMC � 55.2 for LX, and cwater � 71.34, and then
the value of ccal turns out to be 65.74m·Nm−1. -is is
somehow higher than the measured one (55.2m·Nm−1).
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Based on Van Oss concept [46], c of water changes in the
range of soap concentration in the bulk phase corresponding
to the saturated monolayer at the water-air interface.
According to this concept 30% of c of water results from the
Lifshitz-Vander Waals and 70% from the hydrogen bond
intermolecular interaction. It may be possible that the in-
volvement of soap molecules in the surface layer causes
partial breaking of hydrogen bonds which lowers c of water.

Using the value of c, the standard Gibbs energy of ad-
sorption can be calculated as [47]

ΔGo
ads � − RT ln(c), (14)

where R � 8.314 J·mol−1·K−1 is the gas constant and
T � 303.15K.-e value ofΔGo

ads is equal to−15.45 kJ·mol−1 for
LX.We are interested to compare the standard Gibbs energy of
adsorption for LX at 303.15K with the various equations.

Let us take the equation which has the degree of dis-
sociation (α), critical micelle concentration (CMC), and area
occupied by per surfactant molecule (Amin) and surface
pressure (πCMC) [48].

ΔGo
ads � 2.303(2 − α)RT log CMC − 0.6023πCMCAmin.

(15)

Here α� 0.376 from Table 3 of LX in water at 303.15K by
conductivity methods and the rest values of Amin and πCMC
was taken from Table 4, then the value of ΔGo

ads becomes
−10.0288 kJ·mol−1. From the above discussion, we observe a
minimum in the surface tension concentration curve for an

aqueous solution of LX, and it is widely accepted that the
minimum is caused by the existence of a highly surface-active
impurity in the soap solution [49]. Hence, the surface tension
of the different soap solutions depicts that LX has the best and
LFBY has the least cleansing action.

3.16. Antibacterial Sensitivity Screening. Human skin is a
rich habitat of pathogenic microbes. Antibacterial screening
of soap solutions was performed at four different concen-
trations and the data revealed pathetic conditions that
contrasted with their commercial advertisements. In vitro
antibacterial study of soaps was conducted against three
different bacterial pathogens such as S. aureus, E. coli, and P.
vulgaris by the standard Kirby–Bauer paper disc diffusion
technique [50]. -e antibacterial data are summarized in

40

50

60

70

0.0015 0.0030 0.0045 0.0060 0.0075 0.0090

y = 71.34 + (b – 71.34)∗c∗x∗(1 + c∗x)–1 max dev: 0.721, r2 = 0.986
b = 52.0, c = 248

y = 71.34 + (b – 71.34)∗c∗x∗(1 + c∗x)–1 max dev: 0.599, r2 = 0.979
b = 52.1, c = 196

y = 71.34 + (b – 71.34)∗c∗x∗(1 + c∗x)–1 max dev: 0.548, r2 = 0.978
b = 52.6, c = 166

y = 71.34 + (b – 71.34)∗c∗x∗(1 + c∗x)–1 max dev: 0.399, r2 = 0.991
b = 50.8, c = 280

y = 71.34 + (b – 71.34)∗c∗x∗(1 + c∗x)–1 max dev: 0.218, r2 = 0.996
b = 50.1, c = 459

aSOAP

γ

Figure 18: Variation of c with asoap: closed triangles (LFBY), triangles (NM), closed circles (OKT), circles (LRL), and squares (LX); solid
lines represent the model.

Table 4: Slopes, critical micelle concentration (CMC), maximum surface excess concentration (Γmax), the area occupied by surfactant
molecule (Amin), surface pressure at the CMC (πCMC), effective Gibbs free energy (ΔGo

eff ), and free energy of adsorption (ΔGo
ads).

Soaps Slopes CMC (mg/ml) Γmax106(molm− 2) Amin(Å2molecule− 1) πCMC(mNm− 1) ΔGo
eff(kJmol− 1) ΔGo

ads(kJmol− 1)

LFBY −28.0 0.0659 2.41 68.84 6.54 −2.71 −34.08
NM −23.5 0.0710 2.02 82.03 7.24 −3.57 −34.14
OKT −23.2 0.0830 1.99 83.43 9.84 −4.92 −34.85
LRL −18.4 0.0899 1.58 104.7 12.04 −7.59 −34.88
LX −18.2 0.1110 1.57 105.9 16.14 −10.29 −36.22
-e error limits of CMC, Γmax, Amin, πCMC, ΔGo

eff , and ΔG
o
ads are within ± 3, ± 5, ± 4, ± 3, ± 4, and ± 6%, respectively.

Table 5: -e diameter of zone of inhibition of the pastes against
three pathogenic bacteria.

Soap
-e diameter of zone of inhibition in mm

S. aureus E. coli P. vulgaris
Concn.
(µg/µl) 100 50 25 12.5 100 50 25 12.5 100 50 25 12.5

OKT 14 15 13 0 0 0 0 0 0 0 0 0
NM 13 19 18 11 0 0 0 0 0 0 0 0
LFBY 13 25 20 20 0 0 0 0 8 0 0 0
LX 13 21 25 15 0 0 0 0 0 0 0 0
LRL 13 23 17 8 0 0 0 0 0 0 0 0
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Table 5, and the results are evaluated on bar graph (Fig-
ure 19). LFBY soap revealed satisfactory bacterial growth
inhibition even at the lowest tested concentration relative to
other soaps. Soap solutions at 100 μg/μL concentration
became very concentrated and were soon converted to
semisolid form and were unable to show the expected an-
tibacterial action. All soaps showed their highest action at
50 μg/μL except LX, whose highest activity was shown at
25 μg/μL. From this study, looking at the data against S.
aureus, we can say that the use of small amounts of LFBY
and LX soaps can kill bacteria, among others. -e high
action shown by soap at 50 μg/μL (and 25 μg/μL for LX) can
be argued towards the superior diffusion capacity of soap at
high concentrations. -e antibacterial action shown by
herbal soaps is less than that of other soaps, but not so low,
and may still replace chemically manufactured soaps, where
bacteria are more likely to become resistant.

-e excessive use of antibiotics for the control of in-
fections has created some exceptional conditions for de-
veloping resistant elements in bacterial populations [51]. In
this era, where the strongest of antibiotics are failing to kill
pathogenic bacteria, now becoming superbugs, it may not be
a big surprise to see the low inactivity of toilet soaps. -e so-
called continued use of antibacterial soap is itself supportive
of being resistant to bacteria [4]. In the present study, among
the bacteria encountered, two are seen to be completely
resistant to any soap, whereas S. aureus is seen to be sus-
ceptible. Looking at the literature and current tests, only a
few bacteria are seen to be susceptible to the most common

form of antibacterial agents and are in the same race to be
resistant. Not only do we take antibiotics or animal feeds
with dietary antibiotics (to get healthy and support rapid
growth), contact with any creature with resistant bacteria
can supply us with those bacteria that eventually turn the
harmless bacteria into resistant [52]. More surprisingly, any
form of the cosmetic product, in which manufacturers
proudly advertise their product as pathogenic slayer can
usually induce and support the resistance in bacteria. Even
though antibacterial soaps can protect patients from the
transfer of opportunistic pathogens, prolonged use of an-
tiseptic soaps can eliminate both beneficial and harmful
bacteria, making the skin more vulnerable to pathogenic
microorganisms and ultimately antibacterial resistance.
Rather the use of herbal soaps is supported [4].

4. Conclusion

-e cleaning action of soaps is associated with the surface
tension as well as CMC. -e CMC calculated from the
surface tension and conductivity of soaps matched each
other. In comparison with other investigated soaps, the
CMC is more in the LX and has the lowest value of surface
tension. Higher CMC and lower surface tension of LX al-
ways give more micelles. Hence, the solution of LX soap is
the effective cleaning solution because of more micelles.
Similarly, the antibacterial potency of LFBY was found
higher than other soaps. Based on these studies, we can
simply take LFBY at the highest rank. -e present
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Figure 19: -e antibacterial action of the soaps against the pathogenic bacteria at four different concentrations.
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investigation reveals solution property study which controls
the cleansing and removal of dirt and bacteria. -e bioactive
ingredients present in them provide antibacterial potency to
cure various skin problems caused by bacterial pathogens.
-e antibacterial action of the herbal soap is also satisfactory
and can replace the chemical soaps in needed times. -e
surface tension data of the complex system give a very good
fitting of the experimental data of surface tension with the
help of a theoretical model, indicating that the presence of
surface-active agents is more in the soaps. Our findings may
serve as a landmark for selecting appropriate soap for the
society and also motivate to investigate further on the ex-
perimental data of surface tension and conductivity for
soaps with more theoretical models.
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