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ABSTRACT

The micellar properties of two common surfactants, namely sodiumdodecyl sulphate (SDS) which is of anionic character
and dodecyltriamonium bromide (DTAB) of cationic type alongwith 12-2-12 gemini surfactant which was produced in
aqueous solutions of 0.001, 0.005 and 0.01 molkg' aqueous solutions of metformin hydrochloride (Mfm-HCI)
(antidiabetic drug) at 25, 35 and 45 degree Celsius has been analyzed through conductometry. The obtained conductivity
data has been used to determine one of the most important characteristic of surfactants known critical micelle
concentration (CMC); the concentration above which micelles are formed. The variation in CMC with content of
metformin hydrochloride has been compensated in terms of hydrophobic interactions. The drug has been found to
diminish the CMC of both types of surfactants (conventional and synthesized). In terms of the hydrophilic/hydrophobic
interactions existing in the system, the effect of temperature on the micellization behaviour of these discussed surfactants
has also been studied. Moreover, energetics of micellization has also been discussed by using phsedo-phase separation
model for all the studied systems in terms of thermodynamic parameters viz. standard enthalpy, AH? free energy, AG?

and entropy, AS‘of micellization and viewed in terms of different interactions that may exist in the system. The

influence on the micro polarity of micellar environment has been discussed by pyrene probe fluorescence technique and

used to determine CMC which has been discovered to have a strong resemblance to conductivity studies.

Keywords:Conductometry, Micellization, Thermodynamics, Critical micelle concentration, Hydrophobic interactions.

1. INTRODUCTION

Surfactants (surface active agents) are amphiphilic
chemicals with the ability to bind to surfaces. They are
essential components in biological and pharmaceutical
processes, and so account for a significant amount of
consumption in industrial and commercial applications.
[1-4]. Due to peculiar property of binding at interfaces,
they are utilized to number of purposes ranging from
household utility to various industrial as well as
biological processes. As far as the industrial applications
of surfactants are concerned they are used as cleaning
agents, in flotation, in washing and enzymatic processes,
in agrochemical formulations and in personal care
products [5-7]. In biology, however, they are used as a
drug carrier or penetration enhancer to tackle the
problem of medications' low solubility/permeability.
Because the pharmacological activity of a medication is

only noticed when it reaches the site of action,
medicines must have a reasonable solubility/
permeability [8]. The unique property of surfactants to
bind at surfaces hence their utilization as penetration
enhancer is due to amphiphilic character i.e. presence of
aquaphobic  (solvophobic) as well as aquaphilic
(solvophobic) groups on them. The hydrophobic/
hydrophilic character of surfactants is induced due to the
presence of non-polar (hydrophobic) hydrocarbon chain
and polar head groups on them. This kind of structure is
responsible for their water repelling as well as water
attracting  charcter. Upon dissolution of these
amphiphiles in water they start to aggregate (micelle-
zation) and form self assembled structures of peculiar
shape such as spherical, hexagonal, lamellar etc. with
different size [9]. Critical micelle concentration (CMC)

is the minimal surfactant concentration at which
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aggregation occurs [10,11]. These micelles are the main
transporter for drugs and hence may resolve
solubility/ permeability complication to some extent.

However, new kinds of surfactants known as gemini
surfactants have been replacing them in recent years due
to their superiority in terms of surface activity over
conventional surfactants. [12,13]. Gemini surfactants
also outperform other surfactants when it comes to
surface activity, such as aggregation behaviour
(micellization), solubility, and efficacy in lowering
interfacial tension. [14,15]. The better surface activity
of gemini surfactants also encourages the pharmaceutical
industries to incorporate them to be wused as
penetration/solubilization enhancer so as to challenge
solubility/permeability difficulties with the pharma-
ceutical formulations [16-18]. Thus, it would be
interesting to study the surfactants (conventional or
gemini) in combination with drugsin an attempt to
enhance the utilization of these compounds. In order to
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N
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N

do so, we used metformin hydrochloride as a model
medication to investigate the micellazation behaviour of
three diverse types of surfactants:cationic (DTAB),
anionic (SDS), and gemini surfactant (12-2-12). These
compounds' chemical structures have been provided in
scheme 1.

Metformin hydrochloride (Mfm-HCl) is an anti-
hyperglycaemic/antidiabetic drug that belongs to
the biguanidine class and has a high solubility but
low permeability, falling under Biopharmaceutical
Classification System (BCS) class III [19]. From a long
time, It's been used to treat non-insulin-dependent
diabetic mellitus (type 2 diabetes mellitus). It is also
recognized to have antioxidant, anti-tumorigenic, and
anticancer properties in addition to its glucose-lowering
properties [20, 21]. It is prescribed as a blood glucose
lowering agent even prior to developing persistent
hyperglycaemia. Mfm-HCl is also wused to treat
polycystic ovarian syndrome (PCOS) [22].
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Scheme 1:Chemical structures of a) SDS, b) DTAB, c) 12-2-12 Gemini surfactant and d) Mfm-HCl

It is the only anti-diabetic medicine that has been proven
to reduce diabetes-related cardiovascular problems [23].
Chemically, It is an N,N-dimethylimidodicarbonimidic-
diamide that is freely soluble in water, methanol, but
not acetone or ether [24].

Thus, in the present work, We have tested the
aggregation modulation of a generated cationic 12-2-12
gemini surfactant, i.e. ethanediyl-1,2-bis (dimethy-

ldodecylammonium  bromide) and  industrially
important surfactants sodiumdodecyl sulphate (SDS)
and  dodecyltrimethyltrimethylam-monim  bromide
(DTAB) in 0.001, 0.005 and 0.01 molkg" aqueous
solutions of metformin hydrochloride (Mfm-HCI) by
making use of electrical conductometry. To have a
better understanding of the peculiar behaviour, the

thermodynamic ~ parameters were calculated and
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examinedand the energetic of micellization of
considered surfactants in aqueous medium of drugby
carrying out the conductivity measurements at 298.15,
308.15 and 318.15 K. The pyrene probe analysis has
also been done to corroborate the results of
conductivity study. The study may be very helpful in
pharmaceutical formulations and to enhance the
applicability of surfactants.

2. EXPERIMENTAL

2.1. Material

Metformin hydrochloride, purified to 99.66 percent
purity, was obtained from Schwitz Biotech and was used
without any further treatment. 12-2-12 gemini
surfactant  [ethanediyl-1,2-bis(dimethyldodecylammo-
nium bromide)] has been synthesized with the help of
mixture of N, N, N, N-tetramethyl ethylene diamine
(TEMED) and 1-bromododecane (molar ratio of 1:2).
The complete procedure and characterization of
produced 12-2-12 gemini surfactant has been given in
our earlier publication [25]. Analytical reagent grade,
SDS and DTAB was gotten from S D Fine-Chem. Ltd.
Having purity >99 %. After recrystallization from
ethanol, both surfactants were utilised to conduct
studies for carrying out experiments. In a typical
experiment employed for recrystallization; 50 g SDS
was dissolved in 500 mL A.R. grade ethanol, then
filtered to remove any suspended contaminants.
Following filtering, the solution was gently heated over
a water bath until it was reduced to a quarter of its
original volume. For roughly 2 hours, the solution was
allowed to cool to ambient temperature. Pure SDS
needles with a white shaded appearance appeared
shortly after the solution reached room temperature.
The sample was decanted and recrystallized from
ethanol at least twice before being dried under vacuum
in the presence of P,Oy at about 50-60°C for 24 hr in
vacuum oven [26]. Without further purification, A.R.
grade pyrene was utilised as a probe for evaluating
fluorescence spectra of the materials. The major solvent
in this study is double distilled water, which was
obtained from a Millipore-Elix distillation unit. All of
the studies were carried out using water with a
conductivity range of 2 to 3 Sem-1 and a pH of 6.8 to
7.0 at 298.15 K.

2.2, Instrumentation
2.2.1. Conductometry
Conductivity tests were achieved with the help of a
sophisticated and advanced conductivity meter Con-510

Cyberscan. The limiting molar conductance, A, values
of NaNO,, AgNO;, Bu,NI, Bu,NBr and NaBPh, in
DMSO were used to calibrate the device at 298 K.

These electrolytes' A, values were obtained to be 41.1,
44.0, 36.0, and 35.8 S cm’mol’, respectively, which
were quite similar to those described in the literature.
[27-31]. By cycling thermostated water through a
double walled vessel containing the experimental
solution, the temperature of the solution was kept
constant up to 0.1K.The circulation was done with the
help of a high- powered digital water circulator
provided by Riviera Pvt. Ltd., Mumbai. Before
collecting the measurements, the sample was allowed to
reach the temperature of the thermostat.

2.2.2. Fluorescence Probe Studies

The LS-55 Perkins Elmer Fluorescence Spectro-
photometer was used to conduct the fluorescence probe
analysis by fixingthe excitation wavelengthat 334 nm
and excitation slit at 8.0 nm, while Surfactant emission
in the presence of pyrene was measured at 373 and 384
nm with emission slits at 2.5 nm.As a fluorescent
probe, pyrene solution with a concentration of 2%x10°
mol'kg’lwas utilised.

2.2.3. Methods

The conductivities (K) of the solution of SDS, DTAB and
12-2-12 gemini surfactant over a wide range of their
concentrations in 0.001, 0.005 and 0.01 mol‘kg’l
aqueous solutions of metformine hydrochloride. For
weighing the chemicals for solution preparation, a
Shimadzu balance with a precision of 0.0001 g was
adopted.Using a 10-100uL eppendorf micropipette, a
known volume of concentrated stock solution of SDS,
DTAB, and 12-2-12 gemini surfactant was added to the
known volume of solvent in a double walled tank to
modify the concentration of the solution. The
experiment was reiterated thrice with similar stock
arrangements of both mentioned surfactants.

For spectral analysis (fluorescence probe analysis)
pyrene solution of 2%x10° mol~kg'1concentration was
used. Pyrene solution was made by adding a known
weight of ethanol to a known weight of pyrene solution.
The mixture was sonicated to yield a clear solution [32].
Dilution was used to make the needed (2X10° mol-kg'])
pyrene solution for the experiment, which had a 0.5
percent ethanol concentration. The pyrene solution was
put into vials (1 ml each) after being sonicated for
around five minutes and maintained for a while to

evaporate the ethanol (1/3rd). The minimal amount of
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ethanol remained is thought to have no effect on the
amphiphiles' spectrum and self-aggregation behaviour.
Now, the desired surfactant solutions were put into
these vials and swirled for roughly 6 hours to ensure
that the hydrophobic pyrene was completely dissolved
in the surfactant solutions. The fluorescence spectra of
these solutions were measured in the 350-450 nm
region.All of the measurements were taken at a
temperature of 298.15X0.1 K. The instrument's
sensitivity is measured in terms of the signal-to-noise
ratio, which is 500:1 r.m.s.

3. RESULTS AND DISCUSSION

3.1. Conductivity Measurements

3.1.1. Critical Micelle Concentration (CMC) Deter-

mination

Conductometry [33] is one of the most capable
techniques for determining surfactant association
behavior/critical micelle concentration in the presence
of an additive [33]. The conductivity, K values data of
sodium dodecyl sulfate (SDS), dodecyltrimethylammo-
nium bromide (DTAB) and its dimer (of DTAB) 12-2-
12 gemini surfactant i.e. ethanediyl-1,2-bis(dimethyl
dodecyl ammonium bromide) in 0.001, 0.005 and
0.010 mol'kg'laqueous solutions of metformin
hydrochloride at 298.15, 308.15 and 318.15 K have
been summarized in table S1 of supplementary data.
However, the represented plots of conductivity plotted
against the surfactant concentration have been shown in
fig. 1. From these plots, it can be seen that conductivity
increases sharply with [surfactant] upto a certain
concentration, however, changes slowly after it. At low
concentration, the variation of conductivity can be
compensated in terms of mobility of the constituents
present in the mixture solution. At low concentration
surfactant behaves as electrolytes and according to
Onsager theory of electrolyte [34-36] the electrolytes
(surfactants) upon dissolution get dissociated into ions
which move in solution and their movement is
responsible for the conductivity of the solution. At low
concentration, the ions are free to move due to free
space in solution and hence have higher « values (sharp
increase). The number of ions increases with content of
the surfactant and hence K values increases. But at
higher concentration after particular surfactant content,
the aggregation of surfactants (micelle formation) takes
place and In the stern layer of micelle microstructure, a
fraction of counter ions condensesthat inhibit the
movement of ions resulting into slow increase in

conductivity values [37]. Also, augmentation in

K values with different magnitude before (pre-micellar
region) and after (post-micellar region) a particular
point can be explained by the fact that the presence of
micelles in the post micellar region restricts movement,
resulting in a smaller contribution to conductivity than
in the pre-micellar region, where only ions are present
(no micelles). The intersection points between the two
straight lines drawn in pre- and post-micellar regions
gives the value of critical micelle concentration
(CMC) [38]. Initially, Electrostatic and hydrophobic
interactions after CMC formation play a crucial role in
the development of micelles. Here, it is important to
mention here that the breakpoint is very sharp
unscramblingpre- and post-micellar regions. However,
there are a few examples [39, 40] of like binary ionic
surfactant combinations where the breakpoint in the
conductivity curve is broad. This can be usually-
described on the basis of two situations (i) progressive
micellization occurs instead of an instantaneous micelle
production process, as in the case of all bile salts [41] or
in the presence of organic additives [42] (ii) When
bilayer assembly [43] or insoluble salt production occurs
in addition to conventional spherical micelles, for
example, as in the case of oppositely charged ionic
surfactants’ binary combinations. The conductivity
values of SDS, DTAB and 12-2-12 gemini surfactants
increases with concentration of drug. This is obvious
due to the content of drug there is an increase in ionic
species hence mobility increases. Comparatively, the
conductivity values follow the order; SDS < DTAB <
12-2-12  geminisurfactant at similar concentration,
which can be compensated in terms of more number of

ions and size of the surfactants.

[SDS] (molkg™)
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Fig. 1:Representative plots of X vs. concen-
tration of a) SDS in b) DTAB and c) 12-2-12
gemini surfactant in 0.010 mol'kg'1 aqueous
solution of metformin hydrochloride at298.15 K

(), 308.15 K (®) and 318.15K (A).

The values of critical micelle concentration (CMC)
derived from conductivity measurements have been
tabulated in table 1. From CMC values it is noticeable

129

thatvalues of CMC in the presence of Mfm-HCI
decreases for all the surfactants. The drug content
effectively reduces the CMC values of all the surfactants
and follows the order:0.001 > 0.005 > 0.010 mol'kg1
This

can be compensated in terms of modulation in various

aqueous solutions of metformin hydrochloride.

kinds of interactions induced by drug that causes the
dehydration of hydrophilic that make it easier for the
surfactant molecule to approach each other i.e. easy
aggregation. Also, The presence of a large number of
amine functional groups on Mfm-HCI promotes better
interactions and, as a result, micellization occurs
the
the
hydrophobicity given by drug molecules appears to
diminish CMC values of all surfactants studied.The
existence of hydrogen bonding between the -H (-NH,)
of the medication and the -O (SO,) of the SDS moiety
in CMC of
surfactantsas well as because of the hydrophobic contact

sooner.Because hydrophobic interactions

are

fundamental driving force for micellization,

may also account for the decrease
between the hydrophobic tails of the surfactants and the
hydrophobic chain and branching groups of the
medication, micellization occurs before it happens in
water [44]. Moreover, Mfm-HCI has a tendency to
encourage the formation of a water matrix, which

the

encouraging micellization and lowering the CMC

decreases degree of hydrophilic hydration,
values [45].Comparatively, the CMC values follow the
order:12-2-12 gemini surfactant < SDS < DTAB. The
observed trend may be accredited to the difference in
these surfactants’ hydrophobic character. As 12-2-12
gemini surfactant is most hydrophobic in nature and

hence posses lowest CMC values.

Table 1: CMC of SDS, DTAB and 12-2-12 gemini surfactant in (m® = 0.001, 0.005 and 0.010) mol kg'l
aqueous solutions of metformin hydrochloride at different temperatures (T/K).

TK) CMCX 10° Xome X10
m” = 0,001 0.005 0.010 0.001 0.005 0.010
SDS
298 6.20 5.20 3.50 .12 0.9% 0.63
308 6.75 5.70 450 1.03 0.81
318 7.00 6.00 .85 1.08 0.87
DTAB
298.15 15.30 14.95 4,31 275 769 757
308.15 15.96 15.35 14.95 287 276 7,69
318.15 16.74 15.84 15.08 3.01 285 271
12-2-12
298.15 0.79 0.76 0.72 0.142 0.137 0.13
308.15 0.89 0.85 0.80 0.16 0.153 0.144
318.15 0.98 0.92 0.85 0.176 0.166 0.153

‘m is the concentration of metformin hydrochloride in water.

Standard uncertainties, u, are u(T) = 0.1 K, u(‘m) = 0.001 mo]'kgil, and u(CMC) = 0.1 mmo]'kg’l.
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3.1.2. Temperature dependence of CMC or X,

The temperature dependence of CMC or XCMC (CMC
values in mole fraction units) values of SDS, DTAB, and
12-2-12 gemini surfactants reveals the inhibitory
influence of temperature on micellization of these
surfactants. In general,the impact of temperature on the
surfactants’ CMC value may be analysed by two
processes; first, the dehydration (hydrophobic and
hydrophilic) of ionic head groups which may increase or
decrease the CMC valuesand second, as temperature
rises, the structured water surrounding the nonpolar
portions of the drug-surfactant may be destroyed due to
intensification of molecular thermal motion, preventing
aggregation and thereby raising CMC values.The
hydrophobic and  hydrophilic  dehydrations  show
opposite behaviour towards micellization. These factors
can be understood as, at low temperature, surfactants’
ionic head group de-solvation has been carried out by
drug molecules (hydrophilic dehydration), which
encourages micellization and lowers the CMC values.
On the other hand, at high temperature Surrounding
the non-polar region of surfactants with structured
water and breaking hydrogen bonds (hydrophobic
dehydration) between distinct species in the system
that prevent micelle formation. Both types of
hydration have been shown to decrease when the
temperature rises. Thus, the magnitude of these two
types of dehydrations is decisive factor in the overall
magnitude of CMC (X, values over a specific
temperature range.

The temperature dependency of CMC or X, (CMC in
molefraction units) values as a function of temperature
of DTAB and 12-2-12 gemini surfactant inthe presence
of Mfm-HCl is constructed in fig. 2.
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Fig. 2:Plots of X, versus temperature for a)
SDS b) DTAB and c) 12-2-12 gemini surfactant;
in 0.001 (m), 0.005 (®) and 0.010 (A) mol°kg'l
aqueous solutions of metformin hydrochloride.

Interestingly, for the present caseCMC (XCMC) values
have been found to increase as temperature rises (table
1), indicating that the hydrophobic core is dehydrated,
delaying micellization process [46]. This increase in
CMC values at higher temperatures could be owing to
the continuous increasing rupture of the water structure
around the hydrophobic region of the surfactant
molecules that oppose micelle formation, resulting in a
rise in CMC values [47].

Furthermore, as temperature rises, heat as a source of
energy rises, increasing the kinetics motion of surfactant
molecules, and collisions reduce the likelihood of

surfactant molecules to aggregate into micelles.
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3.1.3. Thermodynamics of Micellization of SDS,
DTAB and 12-2-12 Gemini surfactants
The information on the thermodynamics of the
micellization of all three categories of considered
surfactants i.e. anionic (SDS) cataionic (DTAB) and
dimeric (12-2-12 gemini surfactant) in the existence of
metformin hydrochloride has been discussed in terms of
numerous thermodynamic parameters such as standard

enthalpy, AH 7 free energy, AG; and entropy, AS o of

micellization. The information on the energetic and
spontaneity of micellization process of these surfactants
has been gathered by analyzing X, data to calculate the
said parameters.

o

The standard enthalpy of micellization AH , | is given
by the equation[48]

AH:,:_RTz[dln(XCMc)/dT]P (1)

wherethe slope of the straight line obtained by graphing
In(XCMC)against T and applying the data to a least-
squares treatment was used to compute

d(InX )/ dT.The standard free energy of micellization,
AG; and entropy of micellization, (AS 2 have been

calculated from the following equations [49]

AG, :RTln(XCMC) 2)
3)
Table 2 summarises the results of AH :1 , AG; and AS ,:;

of SDS, DTAB, and 12-2-12 in 0.001, 0.005, and 0.01
m aqueous solutions of metformin hydrochloride (Mfm-

AG’ = AH® ~TAS®

HCI) at various temperature. A close perusal of table 2;

infers that AG, value for SDS, DTAB and 12-2-12

Gemini surfactants are negative (AG? < 0) over the
entire studied temperature range. This finding suggests
that micellization of these surfactants in the presence of
Mfm-HCI is a spontaneous occurrence. The negative

magnitude of AG] enhances with increase in content of
drug as well as with rise in temperature signifying more
feasible micillaztion with temperature and drug
concentration. Also, the nature of surfactant affects the

negative AG? values and follow the order DTAB < SDS

<12-2-12 gemini surfactant (maximum negative)
advocating the most spontaneity in micellization of 12-2-
12 gemini surfactant indicating the presence of stronger
micellization driving forces in case of later one.

Table 2:Standard thermodynamic parameters AH,, AG, and AS, of micellization for SDS, DTAB and
12-2-12 gemini surfactant in (m* = 0.001, 0.005 and 0.010) mol kg'laqueous solutions of metformin

hydrochloride at different temperatures (T/K)

T/K AG®,, (k] mol™) AH® (k] mol ) AS° (] K'mol™)
m® =0.001 0.005 0.01 0.001 0.005 0.01 0.001 0.005 0.01
SDS

298.15 -22.25 -22.63 -23.16  -2.405 -2.403 -2.402 66.58 67.87 69.64

308.15 -23.09 23.52 2413 -2.487 -2.486 2.484 66.88 68.29 70.26

318.15 -24.06 -24.53 25.57  -2.570 -2.568 -2.565 67.58 69.05 72.35
DTAB

298.15 -20.31 20.37  -20.48 2411 2411 -2.410 60.06 60.26 60.62

308.15 -20.88 -20.98 -21.05 -2.494 -2.494 -2.494 59.7 60.03 60.25

318.15 -21.44 -21.58 -21.71 -2.578 -2.577 -2.577 59.3 59.76 60.17
12-2-12

298.15  -27.65 -27.75 -27.88 -2.388 -2.387 -2.387 84.78 85.10 85.55

308.15  -28.27 -28.39  -28.55 -2.472 -2.471 -2.471 83.78 84.16 84.66

318.15  -28.94 -29.11 -29.31 -2.555 -2.555 -2.554 82.96 83.49 84.15

‘m is the concentration of Mfm-HClin water. Standard uncertainties, u, are u(T) = 0.1 K, u(AG?) = 0.3 k]'molil, u(AH?) = 0.4 k]'mol’l,

and u( AS?) = 0.01 kJ-K"mol .

The AH values are also found to be negative under all
the studied experimental conditions. The negative values
of standard enthalpy of micellization suggest that the
process is exothermic in nature which may be
considered to be indicative of that the presence of

London dispersion forces in drug—surfactants system and
play important role in micellization process. From table

2

negative, which could be attributed to the reason with

)

. . o .
it is clear that AH n values are becomlng more

rise in temperature the breaking of hydrogen bonding in

Journal of Advanced Scientific Research, 2022; 13(1): Feb.-2022



Sharma et al., | Adv Sci Res, 2022; 13(1): 125-134 132

the solvent occurs and hence reduces the energy
requirement to break water cluster and it becomes more
easier for surfactant molecules to come closer to each
other i.e. easy micellization [50]. Subsequently, the

AH Zl valuesincrease with content of drug however to

small extentsuggesting lesser enthalpic contribution
towards micellization. The negative magnitude follows
the order:DTAB > 12-2-12 geminisurfactant > CTAB
signifying thatin the case of DTAB, enthalpy has the
most impact on the micellization process.

The AS values have been found to be positive for all

the studied surfactants confirms thataggregation is
entropically favored which on first thought may be
against the theoretical aspects as micellization is the
process of forming a more ordered structure from
monomeric surfactant molecules. As a result, the
expected entropy change is negative. Its positive value,
on the other hand, shows the melting of iceberg clusters
surrounding the surfactant monomer's hydrocarbon tails
and an increase in the unpredictability of the
hydrocarbon chains in the micellar core. Comparatively

AS? values follow the order:DTAB < CTAB < 12-2-

12 gemini surfactant suggesting that the entropic
contribution towards micellization is strongest for 12-2-
12 gemini surfactant. Also the total of the
enthalpic(AH?) and entropic (—TAS? ) contributions

provides the value of AG? . The results in tables 2,
show that negative values of AG, are mostly owning to
the large positive value of AS? implying a stronger

pushing force for micellization.

3.2. Fluorescence Probe Studies

In the study of micellar aggregates and membranes,
fluorescence probe analysis is becoming increasingly
essential [51, 52]. Pyrene has been frequently used
among other fluorescent probes due to several
intriguing photo-physical properties such as probe,
particularly the long life-time of pyrene monomers and
effective generation of excimers. Furthermore, pyrene
is a very hydrophobic probe with a poor water
solubility. Pyrene is preferentially solubilized in the
interior hydrophobic areas of micelles and other
macromolecular systems when these aggregates are
present. As a result, we developed the pyrene
fluorescence spectra for determining the CMC of SDS,
DTAB, and 12-2-12 gemini surfactant in Mfm-HCI
aqueous medium. The ratio of the intensities of the first
to third major vibrational peaks (I;/L)in the

fluorescence spectrum of pyrene is frequently employed
as a measure of the polarity in the probe's surroundings.
[53]. This (I11/13) ratio, often known as the "Py scale"
[54], is a measure of changes in the pyrene
microenvironment. Because of its low solubility in
water compared to a hydrophobic environment, it is
rapidly distributed into micelle interiors as soon as they
form, and the transfer is accompanied by a sharp
decrease in the 11/13 ratio, one would expect that when
a surfactant is added to an aqueous solution containing
pyrene, the onset of micelle formation would be visible.
Because of its low solubility in water compared to a
hydrophobic environment, it is rapidly distributed into
micelle interiors as soon as they form, and the transfer is
accompanied by a sharp decrease in the I,/I; ratio, one
would expect that when a surfactant is added to an
aqueous solution containing pyrene, the onset of micelle
formation would be visible. The profile of I,/Iversus
[surfactant] has been found to be sigmoidal in nature as
can be observed from fig. 3 and analyzed according to
Sigmoidal-Boltzmann equation (SBE) to determine CMC
values of the considered surfactants. The obtained
values have been indexed in table 3 along with CMC
values determined from conductivity studies for
comparison purpose.

Table 3:Experimentally determinedCMC, values
of SDS, DTAB and 12-2-12 Gemini surfactant
SDBS and DTAB in aqueous solutions of Mfm-
HCl at room temperature

CMC, 10°
m® 12-2-12
SDS DTAB Gemini
surfactant

0.001 6.21(6.20) 15.31(15.30) 0.78 (0.79)
0.005 5.21(5.20) 14.93(14.95) 0.77 (0.76)
0.010 3.52(3.50) 14.29 (14.31) 0.72(0).72

Values in the parenthesis are from conductance measurements

The usefulness of the pyrene fluorescence approach was
reported by Kalyansundaran and Thomas [55] based on
plots between the I, /1, and [surfactant]. The plots of the
pyrene I1/I3 ratio as a function of surfactant
concentration show a typical sigmoidal decline around
CMC, as is widely known. In present study (Fig. 3), the
features are also sigmoidal in nature. Similar profiles
have also been reported in literature [45, 56]. The
pyrenel,/I; ratio value below CMC indicates a polar
climate. The pyrene I1/I3 ratio reduces fast as the
surfactant concentration rises, indicating that the pyrene
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is perceiving a more hydrophobic environment. Because
the probe is incorporated into the micelles' hydrophobic
region above CMC, the pyrene I1/13 ratio reaches a
relatively constant value.
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Fig. 3:Representative sigmoidal plots of I,/1; for
12-2-12 gemini surfactant in case of 0.005M
Mfm-HCl at room temperature

4. CONCLUSIONS

The micellar behaviour two conventional surfactants
viz. sodium dodecylsulphate (anionic) and dodecyltri-
methylammonium ~ bromide  (cationic) and one
synthesized 12-2-12  gemini surfactant has been
characterized in the existence of metformin
hydrochloride (antidiabetic drug) with the help of
conductivity measurements. The conductivity data is
examined in terms of CMC values of these surfactants. It
was discovered that metformin hydrochloride reduces
CMC of the surfactants and showed the mentioned
order:0.001>0.005>0.010 mol'kgI aqueous solution
of drug, which has been suggested due to hydrophobic
interactions. Moreover, the effect of temperature on
micellization of studied surfactants has been studied by
carrying conductivity measurement at 298.15, 308.15
and 318.15 K. It has been detected that CMC of all the
surfactants increases with rise in temperature and has
been explained in terms of hydropillic/hydrophobic
dehydrations. In addition, energetic of micellization in
terms of various thermodynamic parameters has been
analyzed that suggests spontaneity in micellization of all
the considered surfactants.
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