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Abstract: Two pyridinium-based new cationic surfactants have been synthesized by the reaction of 2-methylpyridine
and 3-methylpyridine with an alkyl halide (1-bromoctadecane) using dry toluene as a solvent to get the compounds,
N-(n-octadecyl)-2-methylpyridinium bromide (Al) and N-(n-octadecyl)-3-methylpyridinium bromide (A2),
respectively. The synthesized samples were characterized by using various spectroscopic techniques. The synthesized
compounds showed a critical micelle concentration in a very low-value range (0.111 mM to 0.125 mM), proving the
synthesized compounds’ best surface-acting ability. Both compounds exhibited limited antibacterial activity across
various bacterial strains, with inhibition zones ranging from 3 to 7 mm. The change in Gibb’s free energy (AG) was
also calculated from their binding constant (K,) for samples A1 (-10.0 kJ/mol) and A2 (-19.37 kJ/mol). The samples
demonstrated spontaneous interactions with the drug molecules, which proved the efficient bioavailability of the drug

due to the best incorporation of drug molecules with the aggregated monomers of surfactant molecules.
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1. INTRODUCTION

Recent advancements in the development and
application of surfactants have been notable, driven
by a focus on improving their performance [1-3].
These innovations in surfactant production are
unlocking new opportunities for their use across
various scientific disciplines, leading to more
efficient and effective solutions in areas such
as chemistry, materials science, and industrial
applications [4-8]. Although the surfactants’ study
has become a considerable field of science, an
uninterrupted regulation of environment-friendly

consumer products is still needed, by developing
new molecules, tailored for the required purposes
and applications explicitly. Especially, the
compounds of cationic surfactants are a class in
which the nitrogen atom (of the pyridine ring in
the case of pyridinium-based surfactant) possesses
a positive charge, which is referred to as the tail
of a compound, directly linked to the alkyl head
group. This framework makes them cleavable (i.e.,
also named cleavable surfactants) because their
properties are easily reformed from surface-acting
agents to non-active agents by the decomposition
process making them an efficient biodegradable
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agent. Alongside, they exhibit germicidal properties
as sanitizing agents, static-free agents, corrosion-
inhibiting agents, and inter-fiber friction-reducing
agents [9, 10]. Surfactants are so named due to their
role as surface-active agents, a term that reflects
their bioavailability and ability to interact with
surfaces [11, 12].

The nature of surfactant molecules is inorganic
as they show amphiphilic characteristics. Therefore,
they contain a hydrophilic polar head group and a
hydrophobic non-polar tail group showing water-
soluble and water-insoluble properties, allowing
the comparison of solubilities even with the
seawater [13-15]. In this regard, when surfactant
molecules migrate toward the surface of the water,
the hydrophobic part goes on to the air or into the
oil phase. If water is mixed with the oil, the polar
part is simply retained in the water phase [16]. The
aggregation as well as the positioning of the different
groups of the surfactant molecules enables the
surfactants to change the surface properties of water
at different interfaces including water-oil/water-
air interfaces [17, 18]. For instance, the decline in
the aggregation property of surfactants, regarding
their micellization, is due to the salt incorporation
having bromide ion as an anionic radical [19-21].
The general and bio-related surfactants are divided
into various fields of science regarding their
applicability in daily life as well as in vast medical
fields, including nucleic acid delivery, etc. [22-
25]. In nitrogen-based cationic surfactants, a head
group is considered a hydrophilic polar nature part,
soluble in water. In contrast, the tail group, which
is more often thought to be a long chain of alkyl
nonpolar hydrophobic parts, is insoluble in water
[26].

The proper and controlled release of drugs
is mandatory for drug therapy to living organisms
more likely to humans [27]. In most cases, non-
uniform drug concentration release is observed
and the solution of this proposed remedy is crucial.
To avoid the inimical effect produced by the high-
concentration delivery to the non-targeted spot and
low concentration to the targeted spot, the controlled
delivery of the drug is demanded [28, 29]. More
often the hydrophobic nature of drugs used for the
drug delivery phenomenon is intended to decrease
the degradation of the drug and the detrimental
effects with the efficient bio-availability on the
required site of the body because of the drug’s less

solubilization property [30, 31]. Another major
problem regarding to use of cationic or anionic
drugs is the transformation of the structure of the
cell membrane, which leads to the disturbance in
the proper functioning of cells because the drugs
cannot easily cross the cell membrane of living
organisms. The complete therapy needs an excess
amount of drug, which results in toxicity as well as
the aggregation of drugs on non-target sites [32].
The present study is accompanied by the use of
broadly used surfactants prepared by the derivatives
of pyridine. The newly prepared compounds,
followed by the use of the aggregation properties
of monomers, are used for the efficient delivery
of a required drug to the target site of the living
body. The aggregation of the molecules leads to
the micellization phenomenon, which provides the
basic environmental needs for drug encapsulation
as well as its safe delivery [33].

2. MATERIALS AND METHODS
2.1. Chemicals

All chemicals, such as alkyl halide, 2-methyl
pyridine, 3-methylpyridine, and solvents, such as
toluene, chloroform, methanol, ethanol, n-hexane,
diethyl ether, ethyl acetate, and DMSO, used in
the current work, were of analytical grade and
purchased from Sigma-Aldrich and Alfa-Aesar.

2.2. Instrumentation

A Sanyo electro-thermal melting point apparatus
was used for the melting point determination of
the synthesized compounds with the help of an
open capillary tube. A 3000MX model of Bio-
Rad Excalibur was used for recording the FT-IR
absorption spectra using KBr pallets in the range
of 4000-400 cm™ [34]. A 300 MHz-FT-NMR of
Bruker AC was used to take 'H-NMR & '*C-NMR
spectra in deuterated solvent (CDCL,). The chemical
shift of various bonds was denoted with ¢ and given
in parts per million (ppm). The structures of newly
synthesized cationic surfactants were confirmed
by FT-IR, '"H-NMR, and *C-NMR spectroscopies.
The peaks for C-N in the samples Al and A2 were
observed at 1170 cm™ and 1209 cm™, respectively,
in FT-IR spectra. Similarly, the signals for C-N
moiety in 'H NMR can be seen at 58.56 ppm and
61.98 ppm for samples Al and A2, respectively.
The determination of critical micelle concentration
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(CMC) followed by the drug interaction study was
carried out using a spectrophotometer (Shimadzu)
equipped with a UV lamp (SN:500412). The
electrical conductivities also followed by the
critical micelle concentration (CMC) of synthesized
compounds were performed by the conductometer
of Inolab 720 precision conductivity meter at room
temperature.

2.3. Synthesis of Cationic Surfactants (A1 and
A2)

The surfactants were prepared by reacting 5.20
mL of 1-bromoctadecane (0.020 moles) with 1.97
mL (0.020 moles) of 2-methylpyridine (for Al)
and 3-methylpyridine (for A2), in 40 mL of dry
toluene, separately. The reaction media were kept
on a hot plate under the refluxing environment
with continuous stirring for 12 hours until the
brownish precipitates of Al and white precipitates
of A2 appeared from their respective media.
After cooling, these precipitates were stirred with
50 mL of diethyl ether for 2-3 hours to remove
the unreacted precursors. The precipitates were
collected using filtration and finally dried in air. The
general procedure for the synthesis of both samples
and the carbon numbering pattern for NMR studies
is shown in Scheme 1.

Al: Yield: 90 %; Molecular formula = C, H, NBr;
Molecular mass = 426.4 g/mol; Physical state =
Solid; Color = Brown: Melting Point = 123 °C:
Solubility = Ethanol, Methanol, Acetone, DMSO,
Chloroform; CMC at 298.16 K = 0.1255 (mmol/
dm?): FT-IR (400-4000 cm™), C-N = 1170, C=N =
1632, C=C = 1574, -CH, (Aliphatic) = 1466, CH

Y A
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Scheme 1: Conversion of methylpyridine to N-(n-Alkyl)
methylpyridinium halide (Al and A2) and numbering
pattern for NMR results.

(Aromatic) = 3039, CH, = 1142. 'H-NMR (300
MHz, CDCI,, 6-ppm): 9.61 (1H, H°, d, /= 5.7 Hz),
8.42 (1H, HY, t, °J = 7.8 Hz), 7.997 (1H, H3, t, °J
= 3.6 Hz), 4.88 (2H, H’, t, °J = 7.8 Hz), 2.98 (3H,
H¢, s), 0.844-2.980 (37H, H*?*, m). *C-NMR (75.5
MHz, CDCL, 3-ppm): 154.19 (C), 146.66 (C?),
145.14 (C?), 130.26 (C%), 126.43 (C), 26.31 (C°),
58.56 (C7), 14.1-34.0 (C3-C*).

A2:Yield: 95 %; Molecular formula = C, H, NBr;
Molecular mass = 426.4 g/mol; Physical state
= Solid; Color = White; Melting Point = 118 °C;
Solubility = Ethanol, Methanol, Acetone, DMSO,
Chloroform; CMC at 298.16 K = 0.1174 (mmol/
dm?®); FT-IR (400-4000 cm™), C-N = 1209, C=N =
1633, C=C = 1590, -CH, (Aliphatic) = 1470, CH
(Aromatic) = 3033, CH, = 1146; 'H-NMR (300
MHz, CDCl,, 6-ppm): 9.324 (1H, H', 5), 9.216 (1H,
H3, d, /= 5.7 Hz), 8.272 (1H, H3, d, °*J = 8.1 Hz),
8.027 (1H, H%, t,3J="7.5 Hz), 2.62 (3H, H®, s), 4.92
(2H, H' t,’*J=17.2 Hz), 0.894-4.948 (37H, H**, m).
PC-NMR (75.5 MHz, CDCl,, 6-ppm): 145.61 (C"),
144.51 (C?), 142.27 (C?%), 139.64 (C*), 127.80 (C?),
26.11 (C°), 61.98 (C7), 18.78-34.11 (C3-C*).

2.4. Determination of Critical Micelle
Concentration (CMC)

The evaluation of critical micelle concentration
was performed by conductometry and UV-Visible
spectrophotometry.

2.4.1. Conductometry

Several different dilutions were prepared and tested
by the conductometer, (equipped with a conductivity
cell) calibrated by KCIl, to check the conductivity
of the surfactant-containing solution. Upon dilution
with ethanol, the conductivity decreases and a clear
change in the values of conduction was observed.
The temperature was kept at 25.0 = 0.1 °C due to
the activity.

2.4.2. UV-Visible spectrophotometry

A series of different dilutions were prepared from a
25 mL stock solution of 0.3 M. Then, 1.3 mL was
taken from the stock solution and diluted with the
help of ethanol up to 2.6 mL to make the solution
0.15 M. To analyze the absorption data of the
synthesized surfactants at different concentrations,
13 readings were taken for each 0.1 mL dilution
using a micropipette. The dilutions were
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prepared similarly to those used in conductivity
measurements.

A double-beam spectrophotometer 1800
Shimadzu, having a scanning speed range from
200 to 800 nm was used for the measurement of
absorption spectra using quartz cells with a path
length of 1 cm. At the start, both cells were filled
with 3/4" of solvent (Ethanol) for the baseline
auto-zero correction. Then the sample cell was
filled with the surfactant-containing a solution of a
known concentration of 0.3 M, which was later on
diluted to 0.15 M, to record the spectra.

2.5. Drug-Surfactant Interaction

The interaction of synthesized surfactants with the
drug was carried out by taking the solution of the
drug with a constant concentration in ethanol and
interacting it with the variable concentrations (as
discussed in the previous section) of surfactants,
i.e., from pre-micellar to the post-micellar region.
Initially, both cells were filled with solvent, for
the auto-zero baseline correction. Consequently,
a surfactant solution of different concentrations
that are formed for the pre- to post-micellar region
was mixed with the drug solution with its constant
concentration. All the spectra of surfactant, with the
drug, before and after CMC, were recorded.

2.6. Antibacterial Studies

The antibacterial activity was performed against
Staphylococcus aureus, Staphylococcus pseudo,
and Klebsiella pneumoniae bacterial strains. The
bacterial cultured plates were prepared by dissolving
Broth and Agar in deionized water in a flask and
then autoclaved for 20 minutes. After cooling down
the solution, a bacterial strain was introduced to the
flask to prepare the inoculum. All three inoculums
of bacteria were prepared following the same
procedure and kept the inoculums for 24 hours in
a shaker at a constant temperature. The already
sterilized petri dishes were filled with the prepared
solution of Agar and Broth. Then three bacterial
strains were introduced separately into the prepared
petri dishes. Then the positive and negative controls
were added along with the sample and Gentamicin
(standard drug) into the different zones of petri
dishes and were placed into the incubator carefully
for 24 hours. The bacterial strains showed the
scavenging areas, which were noted down.

3. RESULTS AND DISCUSSION
3.1. Structural Elucidation

3.1.1. Fourier transform infrared (FT-IR)
spectroscopy

The details of the spectral peaks are shown in the
experimental section and FT-IR spectra of both
samples Al and A2 are shown in Supplementary
Figures S1 and S2 (all Supplementary Figures
can be accessed at: https://ppaspk.org/index.php/
PPAS-A/article/view/1529/862). Generally, FT-
IR spectroscopy exploits the fact of structural
elucidation using functional group and type of bond
determination. The assigned peaks to different types
of bonds and various functional groups present in
newly synthesized surfactants are accomplished
through a literature review [35, 36]. The attachment
of the pyridine ring to the long alkyl chain can be
seen using the C-N bond, which is in the range of
1050-1200 cm™. A range of 717-728 cm! is purely
associated with the hydrocarbon chain length.
The peaks for the C=N of sample Al can be seen
at 1632 cm and for the sample A2, it is visible at
1633 cm™. Moreover, the C-N peaks for samples
A1 and A2 can be observed at 1170 cm™ and 1209
cm, respectively. The stretching peaks for the alkyl
chain of aliphatic —-CH, for samples Al and A2, can
be spotted at 1466 cm™ and 1470 cm™!, respectively.
However, the aromatic —C-H, stretching peak
usually appears slightly above 3000 cm™. So, for
sample Al, it can be seen at 3039 cm™, and for
sample A2, it is at 3033 cm'. The appearance of
these peaks confirms the successful synthesis of
above discussed new compounds and is in good
agreement with the relevant literature [37-39].

3.2. Nuclear Magnetic Resonance (NMR)
Spectroscopy

The details of the spectral peaks are shown in
the experimental section and the spectra of both
samples are shown in Figures S3-S6. In the case of
'"H-NMR, a signal for -H,C-N . ine) @t 4.880 ppm
for A1, and a signal for 4.924 ppm for A2 confirm
the synthesis of samples. Furthermore, in the case
of PC-NMR, the confirmatory signal due to -H,C-
N ridine) moiety was observed at 58.56 ppm and
61.98 ppm for samples Al and A2, respectively. In
the "C-NMR, the peaks for aromatic carbons (C1-
C5) of sample A1l are visible at 154.19, 146.66,
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145.14, 130.26, and 126.43 ppm, respectively.
Meanwhile, the peaks for the aliphatic carbon chain
can be seen in the 14.12-31.91 ppm range. For
sample A2, the signal for aromatic carbons (C1-C5)
can be seen at 145.61, 144.51, 142.27, 139.64, and
127.80, respectively. The peaks for the aliphatic
carbon chain can be seen in the range of 18.78-
34.11 ppm. The peak for the methyl carbon attached
to the aromatic ring appears at 26.31 and 26.11 ppm
for samples A1 and A2, respectively. Both samples
acquired chemical shift values that nearly match the
stated chemical shifts in the literature [3, 40, 41].

3.3. Determination of CMC by Conductometry

For conductometric measurements of the
synthesized compounds, the standard solutions
were prepared in ethanol at 298 K. A graph was
plotted against the concentration taken on abscissa
and conductivity on the y-axis. A point where
the accumulation of surfactant monomers started
was of actual interest while discussing the graph,
which is generally known to be as critical micelle
concentration CMC. For exact CMC determination,
the plotted graph was included with the differential
conductance corresponding to the concentration of
surfactant, which showed a sigmoid-shaped curve
(Figure 1).
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Fig. 1. The plots between conductivity (k) and differential
conductivity (dk/dc) versus total concentration for the
determination of CMC values for samples Al (above)
and A2 (below).

The graph shows that the conductance of the
solution increases due to the excessive availability
of free ions in the pre-micellar region of the
surfactant solution. This is because, in the pre-
micellar region, the molecules of the surfactant
are in the form of monomers, which shows the
presence of free cations and anions responsible for
the increase in conductance value [42].

It was also observed that after reaching the post-
micellar region of the surfactant, the conductance
of the surfactant solution was lowered. The reason
is that after the post miceller region, the free ions
get captured by the micelle of the surfactant by
incorporating inside the micelle and only the anion
of the surfactant (Br) moves from one micelle to
another. Therefore, the low conductance value is
caused by the limited availability of free ions, which
is represented on the graph as a sharp decline since
they are all involved in the production of micelles
[43, 44]. The CMC values of surfactants, A1 and
A2, are 0.1255 and 0.1192 mM, respectively.

3.4. Determination of CMC by UV-Visible
Absorption Spectroscopy

The absorption patterns of all the newly synthesized
surfactant samples A1 and A2 are different, giving
the critical micelle concentration (CMC) at different
points. Unlike the CMC determination by using
a conductometer, the CMC point identification
was carried out by plotting a graph between
concentration versus absorption and taking their
differential values to avoid instrumental error.
Whereas, A determination of both samples Al
and A2 was carried out by the wavelength and
absorption plot. The absorbance plots of samples
Al and A2 are shown in Figure 2. The CMC values
of samples Al and A2 are 0.1245 mM and 0.111
mM, respectively, which indicates that the CMC
values calculated by both techniques are in the
lower range which is beneficial for minimal toxicity
by reducing the surfactant concentration.

3.5. Drug Interaction

The interaction of synthesized surfactants was also
carried out with a standard drug ketoprofen (KP)
(Figure S7). It has efficient anti-inflammatory
activity and is also abbreviated as NSAID (non-
steroidal anti-inflammatory drug) [45].
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Fig. 2. The plots of Absorbance versus Concentration
and the rate of change of absorbance with respect to
concentration, showing the calculations of CMC values
for samples Al (above) and A2 (below).

3.5.1. Interaction of sample A1 with ketoprofen

The interaction pattern of newly synthesized
surfactant sample A1l with the drug ketoprofen can
be observed from the graphs as shown in Figure
3. As far as the absorption pattern of ketoprofen
1s concerned, it was noticed that the maximum
absorption was at 254 nm. It was detected that when
the drug was mixed with surfactant at pre-micellar
concentration, a red shift of 5 nm was observed. In a
post micellar region, an increase in drug absorption
was observed, which depicts the enhancement
of bio-availability and solubility of the drug. The
premicellar and post-micellar concentrations of
the sample with the drug are 0.115 mM and 0.14
mM, respectively [46, 47]. It was observed from
the graphs that by increasing the concentration of
surfactant, the absorption increases, which depicts
the better solubilization of KP drug at 259 nm.

3.5.2. Interaction of sample A2 with ketoprofen

The interaction of ketoprofen with sample A2
shows almost the close pattern of absorption as that

—KP

10 —KP+0.115 mM (Sample A1)
259nm | kpip14mM (Sample A1)

0.8

3

E— 0.6 4

3 54 n
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T pRES— T ]
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0.6

Absorbance (a.u.)
g

Wavelength (nm)
Fig. 3. Absorption spectra of KP; In the absence &
presence of pre-micellar and post-micellar concentration

of sample Al (above) and with changing concentration
of sample A1l (below).

of sample A1 (Figure 4). The premicellar and post-
micellar concentrations of the sample with the drug
are 0.117 mM and 0.142 mM, respectively.

3.5.3. Calculations of Gibb’s free energy and
binding constant (K,)

The interaction of samples Al, A2, and ketoprofen
shows a straight-line pattern. For the sake of
Gibb’s free energy (AG) and binding constant (K,)
determination, a graph is plotted against 1/(Cs+Ca)
versus 1/AA (Figure 5). The observed Gibb’s
free energy value was negative, which shows the
reaction spontaneity between the ketoprofen and
surfactant sample [48, 49].

As:

AA=A°-A

AA is the differential of absorbance.

A is the absorption of the drug at the same
wavelength in the presence of surfactant.

A° is the absorption of a drug in the absence of
surfactant at its A__ .

Ca is the concentration of the drug.
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Fig. 4. Absorption spectra of KP; In the absence &
presence of pre-micellar and post-micellar concentration
of'sample A2 (above) and with changing the concentration
of sample A2 (below).

Cs is the total surfactant concentration.
For sample A1,

We know the Lineweaver-Burk plot:
I/AA=m-1/(Cs + Ca)+b
y=mx-+tc
slope (m) = 0.0119 [From Figure 5 (above)].
As, m=1/K,
K=1/m=1/0.0119 = 84.03 M"!
(Also a binding constant K, = 84.03 M)
We know that
AG=-RTInK
R=28.314 J/mol'K; T=298 K ; K=84.03 M)

By putting the values in the Gibb’s free energy
equation, we get

AG=-(8.314 J/mol-K) - (298 K) -In(84.03)
AG=-(8.314 x 298) -In(84.03)
AG=-(2477.572) -In(84.03)

AG=-(2477.572) - 4.430

AG=-10995.6 J/mol~-10.0 kJ/mol

The change in Gibb’s free energy (AG) is -10.0 kJ/
mol at room temperature (298 K).
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Fig. 5. Determination of binding constant (K,) for
samples A1 (above) and A2 (below).

For sample A2,

We know the Lineweaver-Burk plot:
I/AA=m-1/(Cs+Ca)+b
y=mx-+tc
slope m = 0.0004 [From Figure 5. (below)]
As, m=1/K,
K =1/m=1/0.0004 = 2500 M
(Also a binding constant K, = 2500 M™)
We know that
AG=-RTInK
R=8.314 J/mol'K; T=298 K ; K=2500 M)
By putting the values in the Gibb’s free energy
equation, we get
AG=-19.37 kJ/mol

The spontaneity of the binding process is
referred to as the negative AG value. The greater the
negative value, the higher will be the spontaneity
and the stronger will be the binding. With the help
of concentrations of surfactants and KP, followed
by the absorbance of both samples of KP in the
presence and absence of drug, the graph is plotted
against the reciprocal of change in absorbance and
the reciprocal of drug concentration and surfactant
concentration.
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Table 1. Inhibition zones of samples Al, A2, Gentamycin (standard drug), and ethanol (negative control) against

different bacterial strains.

Al A2 Gentamycin (Positive control) Ethanol
Bacterial strains 0.1 %) (0.1 %) (0.1 %) (Negative control)
Zones of inhibition (mm)

Staphylococcus pseudo 7 5 6 6
(Gram-positive)

Staphylococcus aureus 7 4 12 15
(Gram-positive)

Klebsiella pneumoniae 5 3 5 10

(Gram-negative)

The -AG for sample Al and ketoprofen is
10.0 kJ/mol and for sample A2 and ketoprofen is
19.37 kJ/mol. The graph of sample A2 is plotted
as same as sample Al by the same calculations of
absorbances and concentrations of surfactant and
ketoprofen KP. Both the samples showed excellent
activity with the drug and the best spontaneity of
reaction. Ketoprofen showed efficient and almost
the same patterned interaction regardless of Gibb’s
free value of both reactions.

3.6. Anti-bacterial Activities of Samples A1 and
A2

The interaction of newly synthesized surfactant
samples Al and A2 was performed against
Staphylococcus pseudo, Klebsiella pneumoniae,
and Staphylococcus aureus bacterial strains and
it was observed that the synthesized surfactants
demonstrated limited inhibitory effects as reflected
by the small zones of inhibitions observed (Figures
S8-10, Table 1). The minimized result regarding the
inhibition zones of the antibacterial activity may
follow several reasons including the environmental
factor involving the temperature and pH, and the
invasion through the non-perforated bacterial
outer membrane. For instance, Gram-negative
bacteria exhibit likewise similar characteristics as
discussed. Another reason, for the low antibacterial
activity, may be the binding of the compound to the
certain infected target, which may be owing to the
hindrance in its structure, sterically. Some Gram-
negative bacteria undergo the mutation which can
be effectively responsible for the diversion of the
antibiotic or a compound to another site, instead of
the actual target, leading the compound least active
toward the anti-bacterial activities [41, 50-52].

4. CONCLUSIONS

The unequivocal authentication for the newly
synthesized pyridinium-based cationic surfactants,
named N-(n-octadecyl)-2-methylpyridinium
bromide (sample Al) and N-(n-octadecyl)-3-
methylpyridinium bromide (sample A2), was
investigated by FT-IR and NMR spectroscopic
analysis. The aggregational behavior of the samples’
monomers was manifested by the appreciable
range of critical micelle concentration (CMC)
values with the aid of conductometry and UV-
visible spectroscopy. The efficient absorbance of
the drug molecules to the samples’ monomers was
corroborated and authenticated by observing the
absorbance patterns from pre-micellar to the post-
micellar regions of the UV-visible spectrum during
the sample-drug interaction. After micellization,
the increased concentration of surfactant leads to
more absorbance of the drug within the micelles of
surfactant. The successful surpassing absorbance
pattern of the drug-sample solution is remarking
the pronounced bioavailability of the samples’,
leading it to the biomedical domain by augmenting
its applicability. The cationic samples’ binding
capability and affinity with the anionic Ketoprofen
drug encompass the substantial objective of the
research work. The negative values of Ghibb’s
free energy for both compounds, calculated from
the plots, depict the favorable spontaneity of the
compounds. Moreover, both compounds are active
toward the Gram-positive and negative bacterial
strains, especially for the pronounced activity
against Staphylococcus aureus. It is concluded that
apart from the antibacterial activity, the synthesized
samples with lower CMC values, are dynamically
active towards the profound medical versatility as
drug carriers.
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