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Effect of low levels of hydrotropes on micellization of phenothiazine drug
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Abstract—Interactions within mixtures of the phenothiazine drug promethazine hydrochloride (PMH) and cationic
hydrotropes ortho-toluidine hydrochloride (o-TDH) and para-toluidine hydrochloride (p-TDH) were investigated at
different ratios and temperatures via conductometry to understand various physicochemical properties. Critical micelle
concentration (crmc) was less than values of cmc (cmc in ideal mixed system), indicating significant interaction among
the studied constituents in solution mixtures. The cmc of pure PMH was also determined by measuring the surface
tension for comparison. A variety of micellization thermodynamic parameters (Gibbs free energy [AG,)], change in
standard enthalpy [AH?], and change in entropy [AS,]) were computed using conductometry. The micellar mole frac-
tion (X{’, X, and X{) of hydrotropes estimated by various theoretical models (Rubingh, Rodenas, and Motomura)
was assessed, and the results showed a greater contribution of hydrotropes in mixed micelles along with their values
increasing via an increase in mole fraction (¢y) of hydrotropes (o-TDH/p-TDH). Negative S values suggest extremely
favorable attractive interaction/synergism, as declines occurred in the whole quantity of amphiphile used for the desired
purpose, leading to a drop of expenditure along with ecological concern. Obtained activity coefficients (f, and f,) were
always beneath unity, meaning nonideality was found between PMH and o-TDH/p-TDH. Like the conductivity method,
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the UV-visible and FT-IR techniques also demonstrate the interaction between the PMH and o-TDH/p-TDH.
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INTRODUCTION

Surfactants are amphiphiles which include a polar hydrophilic
group and nonpolar hydrophobic group in a single molecule and
are capable of a variety of chemical interactions [1]. Understand-
ing self-association characteristics of amphiphiles such as surfac-
tants is of immense significance because of their utilization in a
broad range of both research and industrial applications [2]. Nearly
all types of surfactants self-assemble in aqueous and other solu-
tions at or above specific concentrations into micelles, and the con-
centration at which micelle formation initiates is called the critical
micelle concentration (cmc) [3-7]. Surfactant micelles are vital in
pharmaceuticals as their palisade layers can solubilize and trans-
port hydrophobic drugs [8].

There has been recent great research interest in exploring the self-
association potential of amphiphilic drugs, which show surface activ-
ity akin to typical surfactants [9-11]. The study of amphiphile-addi-
tive mixed systems has been especially significant as they are capable
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of forming mixed aggregates efficiently, at low cost, and with high
mixed micelle surface activity. A mixed system can better demon-
strate interfaces and show colloidal assets different from those of
either single constituent. As a result, in pharmaceutical sciences,
mixed micelle systems are employed to enhance the absorption of
a variety of drugs in humans [12,13].

Most natural surfactants are water-soluble and used for the sol-
ubilization of hydrophobic compounds [2]. Akin to surfactants,
hydrotropic agents called hydrotropes are freely soluble in the aque-
ous and nonaqueous solvent and, at a sufficiently higher concen-
tration than usual surfactants, start to form a stack-type association
at a minimum hydrotropic concentration (#1hc) analogous to micelle
formation of surfactant at the cmc [14,15]. Hydrotropes signifi-
cantly increase the solubility of organic constituents such as hydro-
phobic drugs in aqueous and nonaqueous systems under virtually
normal states [14,15]. The structure of hydrotropic agents is like
surfactants since a hydrophobic and a hydrophilic exist within a
monomer of a hydrotrope; however, the hydrotrope hydrophobic-
ity is usually found to be much below as compared with usual sur-
factant. Regardless of the likeness of hydrotrope and surfactant
nature in decreasing the surface tension, micropolarity, conductiv-
ity, and so on [2], there are several variances amid surfactant and
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Scheme 1. Structure of promethazine hydrochloride (PMH).

hydrotrope, i.., mhc value is achieved much higher as compared
with the cmc value. As a result of the small hydrophobic parts as
well as the high concentration required for solubilization, some
have well-thought-out them to be distinct from usual surfactants
but both types of aggregates (crc and mhc) can dissolve insoluble
hydrophobic molecules [16]. Some hydrotropes have also been
reported to improve the solubility of some aromatic molecules by
nearly 1,000-fold [17], which can be effectively exploited in separa-
tions as well as distillations of nearby boiling materials.

As a result of the technological and biological advantages de-
monstrated by mixed micelles in research, industrial, and pharma-
ceutical applications, new amphiphile and additive mixtures, rather
than single amphiphile systems, can be created for drug delivery
[18]. In this study, we analyzed the amphiphilic drug prometha-
zine hydrochloride (PMH) (Scheme 1) found in certain phenothi-
azine drugs. It is employed to cure allergy symptoms, provide sleep
support, and treat drug allergic reactions. This class of drugs causes
some unwanted effects and therefore, for safe delivery, requires a
carrier such as a cationic hydrotrope. Along with, it is well known
that cationic amphiphiles are relatively toxic; however, they are
sometimes used in pharmaceutics as their effects outweigh their
toxicity effects [2].

The structure of PMH is comprised of a rigid, planar, tricyclic
ring system and a short hydrocarbon chain with a terminal N mol-
ecule attached; the molecules usually associate in smaller assem-
blies up to 15 monomers [19]. At lower pH, the tertiary nitrogen
atom is protonated and attains a positive charge, and at higher pH
it becomes deprotonated or neutral.

The aggregation of amphiphilic materials consistently demon-
strates a variety of physicochemical characteristics. The head group
region of micelles offers a highly polar atmosphere, whereas the
central portion exhibits low polarity. Therefore, the micelles are
proficient in capturing hydrophobic drugs in their interior and
thereby increase bioavailability and the solubility of the drug in
water [20,21].

In this study; the mixed micellization behavior and composition
of the cationic drug PMH combined with two different cationic
hydrotropes, o-TDH and p-TDH (Scheme 2), were studied at var-
ious temperatures by the conductometric method. Irrespective of
conductivity measurement, UV-visible and FTIR investigation was
also conducted to further confirm PMH and o-TDH/p-TDH inter-
action. Determining electrical conductivity is a unique and straight-
forward method to determine the association behavior of singular
amphiphiles as well as mixtures of amphiphiles in the presence of
different additives. This approach is well-suited to measuring ion-
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Scheme 2. Structure of cationic hydrotropes (i) ortho-toluidine hydro-

chloride (o-TDH) (ii) para-toluidine hydrochloride (p-
TDH).

ion as well as ion-solvent interactions in mixed solution systems.
Significant PMH thermodynamic properties, the result of the solu-
tion composition and temperature, require consideration of the
effect of hydrotropes on PMH association phenomena. Prepared
stock solutions of PMH were added to different concentrations of
cationic o-TDH and p-TDH well below their cmc values at differ-
ent temperatures. By determining the cmc via the conductometric
method, we can assess various physicochemical parameters that
account for the micellization of PMH and selected cations.

EXPERIMENTAL METHODS

1. Chemicals

Separate stock solutions of PMH (98%; Sigma, USA) and hy-
drotropes o-TDH and p-TDH (99%; Fluka, Switzerland), as well
as their mixtures, were prepared in double-distilled and deionized
water with specific conductivity of 1-6 uS cm™.
2. Conductometric Technique

The conductivity value of experimental solutions was measured
by a digital conductivity meter (Jenway 4510, UK) with a dip cell
constant of 1.0cm ™" and a precision of approximately +0.5%. To
maintain the desired system temperature, a circulating-thermostat
water bath was used (error of £0.2K). The current conductivity
experiment was performed at five different temperatures: 293.15,
298.15, 303.15, 308.15, and 313.15K. For PMH-hydrotrope mix-
tures, specific concentrations of the hydrotrope solutions were em-
ployed as a solvent in place of deionized H,O. After the comple-
tion of the experiment, graphs were plotted of specific conductance
(%) vs. [PMH] in the absence as well as attendance of hydrotropes.
The cmc of the studied system was identified as the concentration
of PMH where the plot changed slope.
3. Surface Tension Measurement

Surface tension () measurements of pure PMH solutions were
performed using a 701 Attension tensiometer (Sigma, Germany)
by the detached ring method. Detailed methods of measuring sur-
face tension are provided in [13]. The y were evaluated by adding
prepared PMH stock solution to water at 293.15 K. Analysis was
repeated until yof PMH solutions were constant. The cmic value of
pure PMH was obtained from the cut-oft spot in a plot of the yvs.
logarithm concentration (log[PMH]). Temperature error was +0.2 K,
and the relative uncertainty in PMH crmc values was approximately
£3%.
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4. UV-visible Absorption Measurements

UV-visible spectroscopic studies were accomplished to figure out
the PMH—0-TDH/p-TDH hydrotrope interactions in an aque-
ous system. The absorbance spectra were noted on a Thermo Sci-
entific, Evolution 300 UV-visible spectrometer having a 1 cm path
length quartz cuvette. Herein, the effect of increasing concentra-
tion o-TDH/p-TDH hydrotrope was seen on the absorption spec-
tra of the fixed concentration of PMH drug (0.25 mmol-kg ). The
stock solutions of o-TDH/p-TDH hydrotrope were prepared in
the presence of a 0.25mmolkg' PMH to avoid the dilution
effects during titrations.
5. FT-IR Spectroscopy

A Thermo Scientific NICOLET iS50 FT-IR spectrometer (Madi-
son, USA) was employed to record the FT-IR spectra of pure PMH
and o-TDH/p-TDH and their mixture in equally ratio in an aque-
ous system in the wavelength range of 4,000 to 400 cm ™. However,
for clarity of the graph only a certain range of the wavelength is
shown in the graph. The spectrum of water was subtracted from
wholly achieved spectra of the employed system.

RESULTS AND DISCUSSION

1. Effect of Hydrotrope (o-TDH/p-TDH) on the cmc of PMH
Drug

Conductometry has long been used as a unique tool to evalu-
ate significant physical parameters in the determination of cmc
values of surface-active amphiphiles. The conductivity technique is
a simple, reliable, and most useful technique for studying aggrega-
tion phenomena of ionic amphiphiles. The conductivity of sur-
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Fig. 1. The plots of specific conductance (x) versus [PMH] in a range
of mole fractions () of o-TDH at 293.15 K. Plots 2, 3, 4, 5,
and 6 are shifted successively by 2 scale units (mS cm™).
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face-active amphiphile solutions in water increased linearly as the
concentration of amphiphiles increased. However, above a specific
amphiphile concentration, conductivity values decreased, as observed
by a change in plot slope of conductance vs. amphiphile concen-
tration. This indicates that the added amphiphiles have started to
form associate structures called micelles [2]. The actual cmic is ob-
tained from the cut-off point in the specific conductance (x) against
[amphiphiles] profile. Fig. 1 shows the plots of specific conductance
(%) vs. the [PMH] across a range of mole fractions (¢;) of o-TDH
at 293.15K.

The pKa value of pure PMH was 9.1, and in the aqueous sys-
tem used, this drug becomes positively charged [22]. The cmc val-
ues of entire systems (PMH alone and its mixtures with hydrotropes)
and mhc values of hydrotropes at numerous temperatures are in
Fig. 2 and Tables SI and S2 (Supplementary Material). The spe-
cific conductivity (x) data of PMH, o-TDH/p-TDH as well as
PMH - o-TDH/p-TDH miixtures of different mole fraction () of
o-TDH/p-TDH at different studied temperatures are shown in
Tables S3 and S15 (Supplementary Material). The crmic and mihic val-
ues of singular PMH and hydrotropes (o-TDH/p-TDH), respec-
tively, agree with values obtained previously [8,19,23-26]. The mhc
values of singular hydrotropes (o-TDH/p-TDH) were found to be
less than half of the PMH crmic value, likely because the presence of
the tricyclic ring in PMH makes them difficult to incorporate into
micellar shape (somewhat spherical) than the hydrotropes [10,23].
Therefore, both employed hydrotropes start the self-association at
lower concentration than PMH. The cinc value of PMH alone was
also evaluated by the tensiometric method at 293.15K for com-
parison with conductometry results. The evaluated cmc value of
PMH through surface measurement is shown in Fig. 3. The c¢mc
value of PMH was very similar in both techniques (36.51 mmol-
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Fig. 2. Variation of cmc of PMH-hydrotrope (o-TDH/p-TDH) mix-
ture versus mole fraction (o) of hydrotrope (filled symbols
and open symbols represent the PMH —o0-TDH and PMH -
p-TDH mixtures, respectively).
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Fig. 3. Surface tension ()) versus concentration of pure PMH in
aqueous solution at 293.15 K.

kg™ was obtained via the conductometric method and 36.53 mmol-
kg™ was found by surface tension method). By the fluorescence
method, cmc value of PMH was earlier obtained to be 39.265
mmol-kg ' by Mahajan et al. [23], which was also in good confor-
mity with our obtained cmc value of PMH (3831 mmol-kg™ at
298.15 K) via the conductivity method.

Fig. 2 and Tables S1 and S2 (Supplementary Material) show the
impact of different mole fractions (¢) of hydrotropes as well as
temperature on the PMH cmc value. Here, different ratios signify
the different mole fractions of hydrotropes (¢;) in the mixed sys-
tem of PMH and o-TDH/p-TDH solutions. Herein, oq=mole frac-
tion of o-TDH/p-TDH (first constituent) and e,=mole fraction of
PMH (here considered the second constituent) and sum of ¢4 and
o, is equal to 1. The employed concentrations of o-TDH/p-TDH
were much less than their mhc values; therefore, it is concluded
that a part of added o-TDH/p-TDH monomers only formed the
mixed micelles with the PMH monomers and the remainder of
hydrotrope monomers exist as free monomers in the solvent. The
cmc value of PMH decreased in the presence of o-TDH/p-TDH at
all temperatures. In addition, the cmc value of PMH further de-
creased as the ¢ value of o-TDH/p-TDH increased, showing that
mixed micellization in solution mixtures occurred because the cmc
of PMH decreased.

The obtained cmc values of mixed systems were close to the
value of cmc of both single components. The decrease in PMH cinc
values was due to the presence of o-TDH/p-TDH, understanding
that the process of mixed micellization occurs because of attrac-
tive interactions between involved molecules. Added hydrotropes
attached directly through the (hydrophilic) head group of cationic
PMH; hence, repulsions among the PMH monomers head group
decreased. Accordingly, the initiation of associations in drug/hydro-
trope mixtures occurred at a lower concentration [2]. The addi-
tives which more efficiently reduce the cmc value of amphiphiles
were generally solubilized on the micellar core exterior. Herein, the

extent of crmc decrease of PMH can be represented as p-TDH>o-
TDH; however, the employed mole fraction of both types of hy-
drotropes was the same, and both hydrotropes are equally hydro-
phobic. The occurrence of the ortho (besides the head) -CH, group
in 0-TDH likely caused steric hindrance; consequently; its effect on
reducing PMH cmc was slightly less than that of p-TDH. Landézuri
et al. [27] also reported the similar behavior of effect ortho and
para derivate of fluorobenzoic on association and adsorption phe-
nomena of hexadecyltrimethylammonium surfactant.

The level of interaction among the studied constituents can be
judged by the deviation of experimentally determined cic values
through their corresponding cmc” (ideal cmc) values, determined
theoretically. The cmc values of the PMH-hydrotrope mixed system
of all studied mole fractions of p-TDH and o-TDH were assessed
using Clints equation [28]:

B T O

cmc® cmey cmc,

Here, cmc,=mhc of the o-TDH/p-TDH and ¢ is their mole frac-
tion, cme,=cmc of singular PMH, and ¢, is their mole fraction.
This equation shows that under ideal behavior, the interactions
among the studied ingredients are zero or null. Applying Clints
theory [28], after comparing experimental crnc values and cmc”, it
is concluded that systems (solution mixtures) either behave like an
ideal or non-ideal system. In our case, experimental cmc values were
always lower than the cmc®, implying that the systems showed
non-ideal behavior along with attractive interaction amid the con-
stituents.

In any case, for the study of interactions between constituents, if
cme>cmc®, the system shows antagonistic behavior while crme<
cmc means the system shows synergistic behavior or attractive
interaction. As our results show cmc>cmc (Fig. 2 and Tables S1
and S2 (Supplementary Material)), synergistic or attractive interac-
tions occurred between the constituents. By mixing hydrotrope
into the PMH solution, the intercalation of the o-TDH/p-TDH
monomers takes place among drug micelles. This decreases the
repulsive interactions among the PMH head groups, causing an
increase in hydrophobicity in a mixed system [29]. The mixed
micelles formed by PMH and p-TDH showed greater hydropho-
bicity than PMH and o-TDH mixtures, meaning the PMH and p-
TDH system demonstrated higher non-ideal behavior (as obtained
experiment cwc values of PMH —p-TDH mixtures deviated more
from ideal crmc values as compared with PMH—-o0-TDH mixtures)
as well as more interactions with each other [32]. The employed
PMH drug is openly soluble in aqueous and non-aqueous system
and forms micelles. But, as is shown from its value of cmc (38.31
mmolkg™), it is not hydrophobic enough to act as its own car-
rier. It is well known that most of the drugs have some unwanted
effects, and the use of high doge (concentration) in practical appli-
cations may lead to adverse side effects and high toxicity. The use
of a higher concentration of drug means more unwanted effects.
Therefore, here hydrotropes are used as a carrier for such drugs
and their mixed micelles with the drug would increase drug bio-
availability and, as a result, a low concentration of drug would
be required for effective treatment because cmc of mixtures are
decreased.

Korean J. Chem. Eng.(Vol. 38, No. 2)
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2. Effect of Temperature

By simply increasing the temperature, two opposing effects simul-
taneously affected the micellization behavior of any amphiphile: (a)
hydration of the hydrophilic portion (head groups) of molecules was
reduced with an increase in temperature, which eased the associa-
tion accordingly and decreased crmc, and (b) the thermal motion
of the amphiphile monomers increased through an increase in
temperature; therefore, the start of micellization was delayed to
some extent, resulting in higher cmc. The magnitude of these two
opposing conditions determines the variance of crc with tempera-
ture [30]. A continuous decrease in cmc values with increasing
temperature has been reported in nonionic compounds because of
an increase in hydrophobicity; and cmc reduction with increases in
temperature followed by an increase in cmc after a certain tem-
perature means showed minima has been reported for ionic com-
pounds. In contrast, a continuous rise in cmc with temperature
has also been reported in ionic amphiphiles [2].

The variation of crmc (mhc in case of pure hydrotrope) with tem-
perature change in the case of individual constituents (PMH and
o-TDH/p-TDH) and their mixed systems in different mole frac-
tions are in Fig. 2 and Tables S1 and S2 (Supplementary Material).
For individual hydrotropes (o-TDH/p-TDH), mhc increased reli-
ably with increasing temperature. The increase in mhc with tem-
perature shows the superiority of hydrophilic hydration, because
the thermal motion of the water, as well as hydrotrope molecules,
increased, which disorders the H,O assembly near the hydropho-
bic part of the monomers. In PMH alone and PMH+o-TDH/p-
TDH mixtures, the crmc showed peak behavior with temperature,
i, reached maxima at 298.15 K. The cmc versus temperature plot
for PMH-+0-TDH/p-TDH mixtures show similar behavior to that
of pure PMH, since very low mole fractions of o-TDH/p-TDH were
added to the solution. The crmc value of PMH and PMH+0-TDH/
p-TDH mixtures at all mole fractions increased as temperature rose
from 293.15K to 298.15K, due to the reduction in dehydration of
the hydrophilic (head groups) portion. Nevertheless, as temperature
increased from 298.15 to 303.15K, the cmc of systems decreased,
and at 308.15 K, their value further reduced. This indicates that at
higher temperatures, there was a significant reduction in hydro-
philic hydration, signifying that water allied through the tricyclic
ring portion of PMH was released. This would increase the hydro-
phobicity of PMH molecules, a critical feature in micelle forma-
tion. Similar cmc-temperature curves have been obtained in drug-
additive systems [31,32].

In the present study, our purpose was to examine the associa-
tion behavior of PMH through variation of temperature. The vari-
ation of temperature 20 K with a regular interval of 5K aided our
goal as obtained crmc value displayed peaked behavior via varia-
tion of temperature having the peak at 298.15K, and this tempera-
ture is found to be beneath the human body temperature. Overall,
it is concluded that the cmc of PMH-hydrotrope mixture (as mix-
tures crmc values were obtained less than individual PMH cmc
value) would not be above the cmc value of individual PMH when
introduced in the body means their value should be lower than
that acquired at 298.15 K as is obvious from the pattern appeared
in cmc-temperature plot.

As specified in the introduction section this class of the drug
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shows some side effects and hence is employed with carriers to
minimize their side effects. Even though, PMH drug is freely solu-
ble in both aqueous/non-aqueous solutions, which indorses associ-
ation. As dlear from PMH cmic value (38.31 mmolkg ™ at 298.15K)
that PMH was not hydrophobic enough to act as their carrier.
Here, in the current study, we aimed to adjust the concentrations
of both the drug and carrier in a manner that the prepared mixed
system of drug and carrier shows acceptable results with mini-
mum side effects. From obtained results, it is obvious that even
extremely small quantities of hydrotrope (o-TDH/p-TDH) cause
mixed micelle formation in the solution mixtures of PMH-hydro-
trope, decreasing the cmc value of PMH more than 25%. The use
of higher hydrotrope (o-TDH/p-TDH) concentrations altogether
means a different situation where hydrotrope micelles work as drug
carriers but here only hydrotrope in monomeric form is used as a
drug carrier.

3. Degree of Micelle Ionization (g)

The overall obtained results have relevance in model drug deliv-
ery, but from this study we cannot conclude any direct evidence for
drug delivery. This study is based on the physicochemical interac-
tion of drugs and their possible carrier using various theoretical
models and is important from the viewpoint that hydrotrope is also
used as drug carriers. Initially, specific conductivity (x) values for
ionic amphiphiles increased as their concentration increased because
the mobility of liberated ions rises as solute increases. However,
after a particular concentration of solute was added, the specific
conductivity (x) started decreasing. Therefore, in the plot of x versus
[amphiphile concentration], a cut-off point, the cric, was obtained.
The slope before cic was higher than the slope after; as the mobility
of monomeric amphiphiles was greater than formed micelles after
cmc was reached [2]. Through the growth of the formed micelles,
the number of counter ions binding with the stern layer declined,
indicating micelle ionization was occurring.

The degree of micelle ionization (g) was evaluated via the ratio
of the slope after the start of micellization (S,) and before the start
of micellization (S,) using: g=S,/S, [33,34]. This is a common way
to evaluate the degree of micelle ionization (g) because of simplicity
and good valuation potential. The ions attached to micelles become
incapable of being charge carriers. The loss of counterion ioniza-
tion is equal to the number of ions attached to the micelles. The
value of g declined through a rise in salt concentration as well as
through micellar growth, and when temperature increased, the cric
values rose and micellar growth decreased [35,36]. Consequently,
through the rise in temperature, a rise in g values is predictable, a
phenomenon also detected in ionic amphiphiles [37]. The accu-
racy of the valuation of g value via conductivity way was further
approved by g value evaluated with the ion-selective electrode tech-
nique by other researchers [38,39]. The extent of the g value is
important to differentiate the micellar performance of the amphi-
philes. The micelles stability, as well as their shape change from
sphere-shaped to rod-like assembly, mainly depends on the visco-
elastic behavior of the amphiphile and it is directly related to the g
value [39]. Additionally, in genuine use where the micellar surface
charge plays a crucial job such as DNA transportation; therefore,
the g value valuation is significant [40]. The reaction rate of natu-
ral organic substrates with hydrophilic molecules holding the bind-
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ing capacity to the micelle is fundamentally reliant on the g value
[39].

The values of g obtained in this study (singular and mixed amphi-
phile systems) are in Tables S1 and S2 (Supplementary Material),
which also show that for a mixed system of PMH and o-TDH/p-
TDH, the g value declined consistently as ¢; of the o-TDH/p-TDH
increased in the systems. This suggests a counter ion ionization
took place, meaning an increase of counter ion binding occurred
through the micelle stern layer. The decrease in g values with in-
creasing ¢ of the o-TDH/p-TDH shows strong binding of the o-
TDH/p-TDH molecules with the PMH drug micellar surface. This
resulted in a decrease of the electrostatic repulsions which contin-
ued to increase with increasing mole fraction. In mixtures of con-
stituents (PMH+0-TDH/p-TDH), the values of g were close to
singular PMH g values, because the drug is the principal constitu-
ent of the mixture. The value of g was lower for PMH+p-TDH
mixtures than PMH+o0-TDH mixtures (Tables S1 and S2 (Supple-
mentary Material)).

The obtained value of g of mixed systems was found lower as
compared with g value of pure PMH drug showing the interac-
tion between PMH and o-TDH/p-TDH. It is reported that the
higher the g value, the higher will be the cic value [2]. Therefore,
it is concluded that cmc is directly proportional to the g, which
means lower cmc corresponds to lower g or vice versa. As cinc value
of mixed systems decreased with an increase of ¢, of o-TDH/p-
TDH, the g value also decreased with an increase of ¢ (ie., the
interaction between PMH and o-TDH/p-TDH enhanced with ¢
of o-TDH/p-TDH). Lower cmc of the mixed system means a
lesser quantity of drug-hydrotrope mixtures is needed for a partic-
ular purpose, as compared to the quantity of the pure drug. In
quantity; less use of the drug for any application carries less risk of
side effects and decreased toxicity. As shown in our case, as cmc
value of the mixed system decreases, in that case the g value also
decreases; therefore, the obtained lesser g value, also confirming
the start of micellization at a lower concentration.

4. Thermodynamics of Micellization

Amphiphilic solution systems may be composed of two differ-
ent phases: (i) ordered phase, ie., micellar phase, and (ii) disordered
phase, ie., free amphiphile monomers. The polar head groups of
molecules tend to repel one another as they maintain similar charges
as well as dipole moments. However, nearby monomers must per-
sist enough collectively to prevent water from gaining entrance to
the hydrophobic micellar core. Using Eqs. (2)-(4), Gibbs free energy
(AG,), enthalpy (AH,), and entropy (AS,), respectively, of cur-
rently studied systems, were determined, as in [41,42].

AGy,=(2-g)RTInX,,, )
0o J0InX,,.
AHm——(Z—QRT[ = } 3)
AHY —AG?
AS, =" @

Here, X, =cmc value in mole fraction and R=gas constant. As
stated earlier, in place of crmc, mhc is used in the case of singular
hydrotropes. The obtained value of all thermodynamic parameters
is presented in Figs. 4 and 5 and Tables S1 and S2 (Supplementary
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Fig, 4. Effect of mole fraction (¢;) and temperature on AH), of (a)
PMH- 0-TDH, and (b) PMH—-p-TDH mixtures.

Material).

The values of AG, for all systems were negative, showing reac-
tion spontaneity. In addition, their values varied only slightly through
temperature changes (Tables S1 and S2 (Supplementary Material)).
For pure PMH [24,43] and pure hydrotropes [25,44] the AG,) val-
ues were in agreement with earlier reported values. A greater neg-
ative AG,, was found for pure o-TDH/p-TDH than for pure PMH,
indicating that the micellization phenomena in hydrotropes was
more spontaneous. This could be because the rigid, hydrophobic
structure of PMH makes association initiation difficult. Further-
more, the AG,, of the pure drug PMH was less negative than that
for all mixed systems, but their value for mixed systems was found
to be close of the drug AG,, value because a small quantity (mole
fraction) of hydrotrope was employed in the system, indicating
that mixed systems micellization is more spontaneous than singu-
lar PMH micellization. Accordingly, we conclude that o-TDH/p-
TDH has exceptional drug binding aptitude and can be a source of
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an improved drug delivery vehicle.

It was also found that with an increase in ¢ of the hydrotropes
in the system, the negative value of AG, also increased, reaching
its maximum at maximum ¢, (Tables S1 and S2 (Supplementary
Material)). The highest negative AG,, value and the highest nega-
tive value of £ (interaction parameter, discussed in a later section)
were obtained at the highest mole fraction of o-TDH/p-TDH,
demonstrating that the aggregation takes place more favorably at
highest ¢, via increasing interaction between the studied con-
stituents after mixing, Apart from this, the AG,) values for PMH-
p-TDH mixtures were higher at all studied ¢; than for PMH—-
o-TDH mixtures, indicating that micellization phenomena in
PMH—p-TDH mixed systems were more spontaneous than in the
PMH—-0-TDH mixed system (Tables S1 and S2 (Supplementary
Material)).

Enthalpy change of micellization (AH,) was evaluated via Eq.
(3) and values of all studied systems are listed in Fig. 4. For the
pure hydrotrope, the AH,, values were negative throughout the
entire studied range of temperatures, indicating that the micelliza-
tion phenomenon in pure hydrotropes is exothermic [45]. Nega-
tive AH,, values signify that the London-dispersion interactions are
a primary force, while positive values of AH,, indicate the hydro-
phobic interactions are the main force during micellization [46].
The negative AH,) values attained for the hydrotrope were possi-
bly the result of decreased H-bonds among the water particles, con-
sequently requiring less energy to disintegrate the H,O clusters near
the hydrocarbon chain in the systems. The negative value of AH,),
in hydrotropes did not change significantly with temperature, and
only somewhat increased, signifying little variation in the hydro-
carbon portion of the surrounding o-TDH/p-TDH molecules
through the temperature change [44].

For pure PMH and PMH+0-TDH/p-TDH mixtures in all ratios
at lower temperatures (293.15 as well as 298.15 K), the AH,) values
were negative; however, at higher temperature (303.15, 308.15, and
313.15K), their values were positive. This indicates that for indi-
vidual PMH and PMH+0-TDH/p-TDH mixtures at lower tem-
perature, the micellization process was exothermic, and at higher
temperature systems become endothermic [47]. In this case, the
obtained negative AH,, values are due to the destruction of H-
bonds in H,O molecules near the hydrophobic structure of the
studied component. In contrast, at elevated temperature, the unusual
positive AH,) values were possibly due to dehydration near the
hydrophobic structure of monomers, signifying that the hydro-
phobic interactions were a primary force during the association.
The endothermic reaction (positive value of AH,)) at higher tem-
perature in pure PMH and the PMH+0-TDH/p-TDH mixed sys-
tems was probably due to dehydration from the tricyclic portion
of PMH. This shows that the expulsion of H,O molecules from
the hydrophobic PMH structure decreased the cimc [48].

The entropy changes of micellization (AS?) were calculated using
Eq. (4) and are shown in Fig. 5. For singular hydrotrope, the AS,),
values were positive at every employed temperature; however,
their values decreased as temperature increased. This shows that
self-aggregation was poorer at increased temperature as molecular
motion increased, indicating dehydration of the hydrotrope hydro-
phobic portion decreased, barring micelle formation to some extent
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[49]. Consequently, the cic values of singular o-TDH/p-TDH in-
creased with temperature increase.

However, for PMH and PMH+0-TDH/p-TDH mixtures, the
values of AS,, were positive at all temperatures but show dissimilar
behavior from the traditional amphiphiles. At lower temperature
(293.15 and 298.15K), the values of AS. were lower but as the
temperature rose to 303.15 K and above (308.15 and 313.15K), the
positive values increased dramatically (Fig. 5). At lower tempera-
ture, solution mixtures (PMH+0-TDH/p-TDH) AS,, value decreased
as the oy of hydrotrope increased. This implies that hydrotropes
decreased the randomness at lower temperature, but at higher tem-
perature, the AS) for the mixtures increased as the ¢ of hydro-
trope increased. This indicates that at higher temperature, the
presence of o-TDH/p-TDH increased the randomness of the sys-
tem. The abrupt increase in AS;) values at higher temperature oc-
curred because a large amount of water was discharged from the
tricyclic portion of PMH.
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5. Mixed Micelle Formation in PMH and o-TDH/p-TDH
Mixtures

As quantified above, the values of crmc and cmc”, specify the
attractive interaction in the solution mixtures. Consequently, the
obtained values of cric were employed to evaluate the constituent’s
composition in the mixed micelles formed. Rubingh [50] devel-
oped the first model based on a regular solution theory aimed at
the nonideal mixing of solutions. This model is frequently used
because of its simplicity. The constituent composition of mixed
micelles is evaluated using Eq. (5) [50]:

(leb)zln[(alcmc/X}fhcmcl)] . )
(I—be)zln[(l— al)cmc/(l—leb)cmcz]
X is the micellar composition of the first (o-TDH/p-TDH) com-

ponent evaluated by Rubinghs model. Furthermore, the extent of
interaction among constituents is called the interaction parameter

(), evaluated by applying Eq. (6) [51].

. ln[(cmcal/cmclx}fb)]

©)
a-x}"’

For comparison purposes, experimentally evaluated cric values
were also analyzed via another model, suggested by Rodenas [52].
In this model, the constituent composition in mixed micelles is
evaluated using Eq. (7) [52]:

od dIncmc
X}f =—(1- al)ald_%+a1 (7)

The ideal mixed micelle composition of constituent 1 (X}") was
calculated using cmc values of the solution mixtures in Eq. (8) and
this equation is derived from the Motomura model [53].

,-ld: acmc, ®
o,cme, + a,emce,

The micellar composition of constituent 1 computed via both
models (X{ [Rubingh] and X{* [Rodenas]) along with X’ (ideal,
Motomura) was always significantly greater than their correspond-
ing bulk mole fraction (¢4) (Fig. 6 and Tables S1 and S2 (Supple-
mentary Material)). All values of X;*, X, and X! increased as the
o-TDH/p-TDH concentration in the system increased, indicating
that the mixed micelles experienced greater hydrotrope participa-
tion as expected from the ¢ value, and their participation in mixed
micelles increased as ¢ increased [54,55]. At all ¢, the participa-
tion of hydrotropes in mixed micelles was determined by differ-
ent models: X{**>X{">X. Moreover, X;* and X values diverged
from the X}’ value representing the non-ideal conduct of the stud-
ied systems and in whole cases, the X{* and X values were greater
than the X{’ value, implying that o-TDH/p-TDH involvement in
mixed micelles was higher than expected under ideal mixing. Fig.
6 and Tables S1 and S2 (Supplementary Material) show that al-
though the employed mole fraction of both hydrotropes (o-TDH
and p-TDH) in the solution mixtures was the same, the contribu-
tion in mixed micelles was greater for p-TDH than o-TDH. The
lower tendency of o-TDH toward micellization is attributable to
the presence of one methyl group at ortho location, creating a
conformational hindrance that decreases its hydrophobicity. Con-
sequently; it is concluded that the p-TDH hydrotrope integrates
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Fig. 6. Effect of o, of o-TDH/p-TDH and temperature on the X;"
and X[ ((a) PMH-0-TDH, and (b) PMH—0-TDH mixtures,
filled symbols, and open symbols represent the Rubingh and
Rodenas models, respectively).

more easily into mixed micelles than o-TDH. The X’ values show
maxima at 298.15 K; however, X™ and X™? values were lowest at
298.15 K. The utilized ¢ of o-TDH/p-TDH was very low in solu-
tion mixtures. Therefore, ideally in mixed micelles, their involve-
ment must also remain minor; consequently; the X{' values were
lower and close to the values of ;. X® and X values for o-
TDH/p-TDH were much lower than the X5 and X;* of PMH in
mixed micelles, implying that the TDH/p-TDH molecules only
engaged with the formed PMH micelles.

The values of interaction parameter () among constituents
using Eq. (6) are shown in Fig. 7. The values of S provide infor-
mation regarding the type as well as the extent of interaction amid
both employed constituents. In previous studies, there are three
different /3 probabilities: negative, positive, or zero [2]. Negative
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Jil

%

Fig. 7. Effect of the mole fraction of hydrotropes (¢;) and tempera-
ture on the variation of Sin (a) PMH—o0-TDH mixed systems,
and (b) PMH - p-TDH mixed systems.

values indicate attractive or synergistic interaction between two
constituents after mixing, positive  values indicate repulsive inter-
action among components, and f=zero or near zero specifies very
little or no interaction through mixing, assuming ideal mixing.
Steric effects contribute to the /3 value when the size of the head
group portions of both mixture constituents is different or in the
branching of the hydrophobic portions of both constituents [2].
The values of £in all our studied systems were negative, repre-
senting that the formed mixed micelles were as a result of the
attractive or synergistic interactions among the studied constitu-
ents (Fig. 7). Higher negative values of £ show a greater degree of
interaction among constituents. Negative values of £ increased
with an increase in ¢; of o-TDH/p-TDH but varying temperature
showed insignificant effects on the value, showing that interaction
increased with an increase in ¢4 of o-TDH/p-TDH. The average
value of £(f3,) was —7 to —11. The £, values for the PMH—p-TDH
mixture were greater than the values for the PMH—o0-TDH mix-

ture, which was consistent for values of X* and X{* in addition to

February, 2021

their respective cmc value. This shows that p-TDH interactions
were stronger than those of o-TDH. The aromatic counter ions
were found to be more effective for penetrating the inner head
group area, causing the diminishing of repulsion among them.
This resulted in an increase in hydrophobic interaction among the
components, causing micellar growth [56].

The occurrence of synergism or attractive interaction in any
mixed system has been determined mathematically, if the system
follows two conditions [2]: (i) <0 and (ii) the absolute value of S
must be higher than [In(cmc,/cmc,)|. The S values shown in Fig, 7
are negative. The value of S was much higher than [In(cmc,/cmc,)),
showing a large degree of synergism in the experimental systems
(Fig. 7 and Tables S1 and S2 (Supplementary Material)).

6. Activity Coefficient

Another parameter, as part of the Rubingh model of mixed sys-
tems of both constituents, is the activity coefficient (f (o-TDH/p-
TDH) and £ (PMH)), determined using Eqgs. (9) and (10).

£ =exp[ A1-X")’] )

£’ =exp[ AX}")] (10)

Activity coefficients (£ (o-TDH/p-TDH) and £ (PMH)) were
also evaluated by the Rodenas model, using Egs. (11) and (12):

oy cmc

d
I a
X, cmc,

oi__(1=a)eme

Rod.

o _ (12)
(1-Xi " )emc,

The evaluated values of activity coefficients using both models
are shown in Tables S1 and S2 (Supplementary Material). In all
cases, the f; and £, value was below unity, demonstrating the exis-
tence of non-ideality in mixed systems (Tables S1 and S2 (Supple-
mentary Material)). The value of £ (o-TDH/p-TDH) and £ (o-
TDH/p-TDH) was much lower than the £ (PMH) and £
(PMH) values, confirming leading (maximum) participation of
PMH in formed mixed micelles. Summation of activity coefficient
values of PMH and o-TDH/p-TDH was also shown below one,
demonstrating the existence of interaction between both compo-
nents.

7. Excess Free Energy

The excess free energy (AG,,) was determined by employing
both current proposed models using Egs. (13) and (14) as given
below [57-61].

AGR =RT[XPInfl + (1- X)) fi] (13)
AGR = RTXInff + (1- X ) Infi] (14)

The Afo (Rubingh) and AGN “ (Rodenas) values in all cases of
the entire composition range of the o-TDH/p-TDH were nega-
tive, as seen in Fig. 8. These values reveal the higher stability of
mixed micelle formation than individual component micelle for-
mation. The negative values of AGbe (Rubingh) and AGN “ (Rode-
nas) occurred because of the increase in o-TDH/p-TDH mole
fraction (¢). This indicates that the stability of mixed systems
increased through enhanced concentration of o-TDH/p-TDH in
the solution mixtures, but their values were not notably changed
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by temperature (Fig. 8). The AG,, values were more negative for
PMH—p-TDH mixtures than PMH—0o-TDH mixtures, demon-
strating that the mixed micelles formed through PMH and p-TDH
mixtures displayed higher stability than PMH and o-TDH mixed
systems and there were greater interactions in PMH and p-TDH
mixtures. Fig. 8 also shows that the Afo and AGY “ values were in
the same range at the lowest @; of hydrotropes; however, the AGL"
values were more negative than the AG®’ values.
8. UV-visible Study

The interactions of employed phenothiazine drug PMH with o-
TDH/p-TDH (hydrotropes) have been more explored via the UV-
visible spectroscopic method. The aromatic ring of PMH drug is
accountable for its significant absorption characteristics, which
change through its local atmosphere and consequently can be uti-

—0.98
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0.4 4

T T L)
275 300 325 350 375

Wavelength / nm

Fig. 9. UV-visible spectra of PMH in absence and presence of in-
creasing concentration of (a) p-TDH and (b) p-TDH.

lized to probe PMH —o-TDH/p-TDH interactions. In an aqueous
medium, the absorption spectra of PMH drug in pure form and
by the varying concentration of o-TDH/p-TDH (hydrotrope) are
shown in Fig. 9. In the case of singular PMH (0.25 mmol-kg ™), the
wavelength (4,,,,) of maximum absorption was detected at 297
nm and this obtained wavelength was chiefly because of n-7"
transition. Earlier literature [62] shows that the maximum absorp-
tion wavelength (4,,,,,) band was sustained by the existence of lone
pairs of electrons on S-atom in the tricyclic ring of drug. As is
clear from the figure that with the gradual addition of hydrotrope
into the solution of PMH, a simultaneous increase in absorbance
(hyperchromic effect) as well as blue shift, also called hypsochro-
mic shift, takes place. The concentration of o-TDH was varied
from 0.17 to 2.38 mmol-kg "' while the concentration of p-TDH
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was varied from 0.17 to 3.13 mmol-kg " into the solution of PMH.
The obtained hyperchromism effect and hypsochromic shift con-
firm the interaction between PMH and o-TDH/p-TDH (hydro-
trope) [63]. The shift in 4,,, of PMH in the direction of shorter
wavelength through increasing concentration of o-TDH/p-TDH is
found low (about 5nm) in magnitude in the presence of p-TDH
while shifting in 4,,,, was found quite more (above 10 nm) in case
of o-TDH.
9. FT-IR Measurement

Herein, FT-IR measurements of studied systems were also been
employed to examine the interactions among the components of
mixed micellar systems [64]. The headgroup as well as hydropho-
bic chain frequencies of amphiphiles give knowledge regarding the
structural changes in the monomer of micelles [65]. In an aque-
ous system background-deducted FT-IR spectra of singular PMH
and equal ratio of PMH+0-TDH mixtures are exposed in Fig.
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10(a) and (b). The interaction of o-TDH with PMH possibly will
occur owing to the shifting in the C-N stretching, and C-H stretch-
ing and bending frequency of the PMH head group. Fig. 10(a)
shows a selected frequency region in between 1,025 to 1,470 cm™"
of singular PMH and PMH+o0-TDH mixture to investigate the
effect of o-TDH on aliphatic C-N stretching along with C-H bend-
ing in the PMH monomers head group. Employed drug PMH is
cationic and that keeps N atom to whom three alkyl groups are
attached directly. In the case of singular PMH drug spectra, the C-N
stretching frequency was detected at four different wavenumbers
(cm™) (1,061.67, 1,127.37, 1,144.41, and 1,17556 cm ). In the pres-
ence of 0-TDH in solution of PMH, ie., PMH+0-TDH mixture,
the C-N stretching frequencies in PMH were shifted from their
original position (1,061.67 (PMH) to 1,062.36 cm ™ (PMH+0-TDH),
1,127.37 (PMH) to 1,126.77 cm™ (PMH-+0-TDH), 1,144.41 (PMH)
to 1,145.02cm ™ (PMH+0-TDH), and 1,175.56 (PMH) to 1,172.52
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cm ' PMH+0-TDH)). However, in case of pure PMH, the C-H
bending was recorded at three different frequencies: first one at
1,378.02, the second at 1,414.61 and the third at 1,454.51 cm .
These obtained C-H bending frequencies in PMH were alerted in
presence of o-TDH, which was found at 1,377.35, 1,415.30, and
1,455.54 cm™" from their original position 1,378.02, 1,414.61, and
1,454.51 cm™, respectively. For the further investigation of PMH
and o-TDH interaction, we chose another frequency region
between 2,950-3,100 cm ™' to assess the consequence of o-TDH on
C-H stretching of PMH and their plot is shown in Fig. 10(b). The
C-H stretching in PMH was shown at three different wavenum-
bers (cm™): 2,984.50, 3,019.86, and 3,054.14cm ', and in pres-
ence of o-TDH, their original value was moved to 2,884.23,
3,021.09, and 3,053.23, respectively. It is concluded from the shift-
ing of C-N stretching, C-H stretching, and C-H bending fre-
quency band in PMH drug, in presence of o-TDH specifies the
clear interaction between both components [66].
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Fig. 10(c) and (d) show the FT-IR spectra of singular o-TDH as
well as the o-TDH+PMH mixed system in nearly identical ratios.
A frequency range of 1,350 to 1,485 cm™" was selected to investi-
gate the effect of PMH drug on the C-H bending of the methyl
group in o-TDH (Fig. 10(c)). The pure o-TDH showed C-H bend-
ing at 1,373.91, 1,419.18, and 1,457.77cm ™" and in presence of
PMH, these obtained C-H bending bands were shifted from their
original position (1,373.91 to 1,377.41cm™", 1,419.18 to 1,415.32
cm™', and 1,457.77 to 145577 cm™'), demonstrating an interac-
tion among these constituents. Fig. 10(d) shows the spectra of the
o-TDH and o-TDH+PMH mixed system in the frequency range
of 2,770-2,940 cm ™" to assess the effect of PMH on N-H stretching
of amine salt and C-H stretching band in o-TDH. The singular o-
TDH revealed an N-H stretching of amine salt and a C-H stretch-
ing band at 2,814.38, 2,841.44, and 2,911.52 cm™'. But, with the
addition of PMH in the solution of o-TDH, endorsed a shifting in
these bands toward a higher wavenumber (2,814.85, 2,867.80, and
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2,912.65cm™" respectively). This attained shifting of frequency in
o-TDH in presence of PMH specified an interaction among em-
ployed constituents. Because of the interactions amid PMH and o-
TDH, the frequency changes were detected; however, values are
small but reproducible [64].

Fig. 11(a) and (b) show the FT-IR spectra of PMH in the absence
and presence of p-TDH in an equal ratio. In Fig. 11(a) a frequency
region 1,020-1,485 cm ™' was selected to view the effect of p-TDH
on C-N stretching and C-H bending in the PMH molecules head
group. In presence of p-TDH, the change in C-N stretching fre-
quency in PMH spectra was sensed at three dissimilar wavenum-
bers (cm™). In PMH, the first C-N stretching was found at 1,106.52,
the second at 1,127.37, and the third at 1,175.56 cm™); and in the
presence of p-TDH these obtained frequencies were changed from
their original position to higher frequency region (i.e., at 1,106.94,
1,127.79, and 1,175.99, respectively). The effect of p-TDH on C-H
bending in PMH was detected at three different frequencies. In
pure PMH, C-H bending was found at the following frequencies:
1,378.02, 1,398.48, and 1,414.61 cm™, and these values were shifted
to 1,378.48, 1,398.05, and 1,415.25 cm ™, respectively, in presence of
p-TDH (Fig. 11(a)). The investigation of C-H stretching in PMH
molecules in the absence and presence of p-TDH is shown in Fig.
11(b) and for this, we selected 2,950-3,100 cm™" frequency region
like for PMH and o-TDH mixtures. The p-TDH altered the C-H
stretching in PMH at three diverse frequencies. In PMH, the C-H
stretching was attained at 2,984.50, 3,019.86, and 3,054.14 cm™,
and in the case of PMH+p-TDH, the attained C-H stretching fre-
quency in PMH was shifted to somewhat at a different frequency
such as 2,984.27, 3,020.95, and 3,053.54cm ™" due to interaction
between them.

FT-IR spectra of pure p-TDH and in equal ratio mixture of p-
TDH+PMH are shown in Fig. 11(c) and (d). Fig. 11(c) shows the
spectra in the frequency region between 1,340-1,485 cm™ to inves-
tigate the effect of PMH drug on the C-H bending of the methyl
group in p-TDH. The pure p-TDH showed C-H bending at
1,379.55, 1,418.65, and 1,446.18 cm™', which were shifted to the
lower frequency at 1,37844, 1,415.18, and 1,445.27 cm™", respec-
tively, in presence of PMH owing to the interaction with each
other. For the determination of the consequence of PMH drug on
N-H stretching of amine salt as well as C-H stretching band in p-
TDH, a frequency range between 2,800-2,990 cm™" was selected,
and their plot is shown in Fig. 11(d). The N-H stretching of amine
salt and C-H stretching band in the case of singular p-TDH were
found at 2,817.68, 2,849.79, and 2,979.76 cm™". In presence of PMH,
C-H stretching of amine salt and C-H stretching band were located
at a somewhat different position (2,817.68 to 2,814.30 cm™, 2,849.79
to 2,849.09 cm ™', and 2,979.76 to 2,884.42 cm ") because of inter-
action between p-TDH and PMH. Overall, the shifting in C-H
bending, C-H stretching, C-N stretching, and N-H stretching of
amine salt frequencies depicts the interaction among the constitu-
ents [67].

CONCLUSIONS

The aggregation behavior of the phenothiazine drug PMH in
the presence and absence of cationic hydrotropes o-TDH and p-

February, 2021

TDH was analyzed thoroughly by the conductometric method.
The values of cmc and emc show that PMH and o-TDH/p-TDH
form mixed micelles via attractive interactions and the interactions
in PMH-p-TDH mixtures were greater than those of PMH—o-
TDH. The values of X/ and X were higher than X validating
the higher contribution of o-TDH/p-TDH in mixed micelles, as
expected under ideal conditions. Determined [ values also indi-
cated attractive interactions among constituents and their negative
values were higher in PMH —p-TDH mixtures. The negative AG,,
values obtained show the spontaneity in the system and the extent
of spontaneity was greater in PMH—p-TDH mixed systems. The
values of AH,, were negative in case of pure hydrotropes, but for
singular PMH and PMH —o-TDH/p-TDH mixtures their values
were only negative at lower temperature and found positive at
higher temperature. For pure PMH and PMH—o-TDH/p-TDH
mixtures, at a lower temperature, the AS;, values were a smaller
magnitude while their values more or less doubled. All activity
coefficient values were below unity, signifying the nonideality in
the system. Excess free energy values in the mixed micelles were
more stable as compared with the micelles of single constituents
and their magnitudes increased through a rise in the o-TDH/p-
TDH mole fraction. The study of UV-visible outcomes shows a
clear-cut interaction between PMH and o-TDH/p-TDH as the
absorption of PMH increases along with blue shifting which takes
place with increasing concentration of o-TDH/p-TDH. The results
of FT-IR study showed the changes in wavelength of PMH on
addition of o-TDH/p-TDH or vice versa also confirmed the inter-
action between constituents.
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Table S1. Physico-chemical parameters for aqueous PMH — 0-TDH mixtures at different temperatures and composition*

o cmc/mmol-kg”  cmc/mmol-kg ™! g AG%/KJ-mol?  10*X¥ £ hod £/ R In(cmc,/cmc,)
T=293.15K
0 36.51 0.65 —-24.11
0.36x107* 33.95 36.50 0.64 —24.53 0.84 0.0015/0.0011  0.981/0.999
0.72x107* 31.20 36.49 0.63 —-24.99 1.68 0.0016/0.0010  0.939/0.993
1.08x10™* 28.20 36.49 0.61 —25.70 2.52 0.0016/0.0009  0.881/0.976 -0.85
1.44x107™* 25.0 36.48 0.59 —26.48 3.36 0.0015/0.0008  0.808/0.948
1.80x107™* 21.60 36.47 0.58 —-27.17 4.20 0.0014/0.0007  0.722/0.907
1 15.62 0.59 —28.10
T=298.15K
0 38.31 0.69 —23.64
0.36x107* 35.80 38.30 0.67 —24.22 0.85 0.0016/0.0013  0.983/0.997
0.72x107* 33.0 38.29 0.66 —24.67 1.69 0.0017/0.0012  0.943/0.985
1.08x10°* 30.01 38.29 0.65 —25.18 2.54 0.0017/0.0011  0.889/0.964 -0.86
1.44x107* 26.85 38.28 0.63 —2593 3.39 0.0016/0.0009  0.822/0.935
1.80x10™* 23.40 38.28 0.62 —-26.59 4.23 0.0015/0.0008  0.740/0.889
1 16.25 0.66 —27.03
T=303.15K
0 37.01 0.70 —-23.96
0.36x10™* 34.45 37.00 0.69 —24.38 0.78 0.0014/0.0011  0.981/0.998
0.72x107* 31.65 36.99 0.67 —25.04 1.55 0.0015/0.0010  0.939/0.988
1.08x107* 28.70 36.98 0.66 —25.56 2.33 0.0015/0.0009  0.883/0.972 -0.77
1.44x10°* 25.50 36.98 0.64 —26.35 3.10 0.0014/0.0008  0.812/0.943
1.80x10°* 22.10 36.97 0.63 —27.03 3.88 0.0013/0.0007  0.727/0.899
1 17.15 0.67 -27.09
T=308.15K
0 36.05 0.72 —24.07
0.36x107* 33.50 36.04 0.71 —24.50 0.72 0.0013/0.0010  0.980/0.996
0.72x107* 30.70 36.03 0.70 —24.98 1.43 0.0013/0.0009  0.936/0.984
1.08x10™* 27.75 36.03 0.68 —25.71 2.15 0.0013/0.0008  0.878/0.965 —0.69
1.44x107™* 24.55 36.02 0.67 —26.32 2.86 0.0013/0.0007  0.804/0.932
1.80x107™* 21.15 36.02 0.66 —27.03 3.58 0.0012/0.0006  0.715/0.885
1 18.10 0.71 —26.53




Table S1. Continued

o cmc/mmol-kg'  cmc/mmol kg™ g AGE/KJ-mol  10*XY £ flod £ glod In(cme,/cmc,)
T=313.15K
0 34.75 0.73 —24.39
0.36x107* 32.15 34.74 0.72 —24.84 0.66 0.0011/0.0008 0.978/0.999
0.72x107* 29.3 34.73 0.70 —25.54 1.31 0.0012/0.0008 0.930/0.989
1.08x10™* 26.45 3473 0.69 -26.09 1.97 0.0012/0.0007  0.869/0.977 —0.60
1.44x10™* 23.20 34.72 0.68 —26.74 2.62 0.0011/0.0006  0.791/0.946
1.80x10™* 19.80 3471 0.67 —27.49 3.28 0.0010/0.0005  0.698/0.901
1 19.05 0.73 —26.38

“Relative standard uncertainties (u,) limits are u,(cmc/cmc®)=+3%, u,(g)=%3%, u(AG;,)=%3%, u, (X =2%, u,(f*/f=+4% and u,(£/f2% =
+4%.

Table S2. Physico-chemical parameters for aqueous PMH— p-TDH mixtures at different temperatures and composition”

o cmc/mmol-kg' cmc/mmol kg™ g AGE/K]-mol  10*XY £ flod £ glod In(cme,/cmc,)
T=293.15K
0.36x10™* 33.70 36.49 0.63 —24.73 0.94 0.0015/0.0012 0.978/0.998
0.72x107* 30.65 36.48 0.62 —25.23 1.87 0.0016/0.0010 0.929/0.988
1.08x10™* 27.35 36.48 0.6 —-25.99 2.81 0.0016/0.0009 0.862/0.967 —-0.96
1.44x10™* 23.85 36.47 0.58 —26.83 3.74 0.0015/0.0008  0.799/0.934
1.80x10™* 20.05 36.47 0.56 —-27.82 4.68 0.0013/0.0007  0.679/0.879
1 14.01 0.75 —25.24
T=298.15K
0.36x107* 35.55 38.29 0.66 —24.43 0.94 0.0016/0.0013  0.979/0.997
0.72x107* 32.55 38.28 0.65 —24.90 1.89 0.0017/0.0012  0.936/0.987
1.08x10™ 29.15 38.28 0.64 —25.46 2.83 0.0017/0.0010 0.872/0.961 -0.96
144x10™ 25.65 38.27 0.62 —26.27 3.77 0.0016/0.0009 0.795/0.927
1.80x10™* 219 38.27 0.6 -27.20 471 0.0014/0.0008 0.702/0.876
1 14.60 0.77 —-25.13
T=303.15K
0.36x10™* 342 36.99 0.68 —24.59 0.86 0.0014/0.0011  0.978/0.997
0.72x107* 31.2 36.98 0.66 —25.28 1.73 0.0015/0.0010  0.931/0.988
1.08x10™* 27.85 36.97 0.64 —26.04 2.59 0.0015/0.0009  0.865/0.964 —0.88
1.44x107* 24.25 36.97 0.63 —26.71 3.45 0.0014/0.0008  0.781/0.926
1.80x10™* 20.55 36.96 0.62 —27.48 4.32 0.0013/0.0007  0.687/0.876
1 15.40 0.78 —25.18
T=308.15K
0.36x10™* 33.25 36.03 0.7 —-24.71 0.78 0.0013/0.0010 0.977/0.997
0.72x10™ 30.25 36.02 0.68 —2541 1.56 0.0014/0.0009 0.928/0.986
1.08x10™* 26.85 36.02 0.66 -26.21 2.34 0.0013/0.0008 0.857/0.959 -0.78
1.44x10™* 23.35 36.01 0.64 -27.09 3.12 0.0012/0.0007  0.774/0.923
1.80x10™* 19.55 36.01 0.63 -2791 3.90 0.0011/0.0006 0.671/0.865
1 16.60 0.8 —24.95
T=313.15K
0.36x107* 31.95 3473 0.71 —25.06 0.71 0.0011/0.0008  0.975/0.997
0.72x107* 28.9 34.72 0.69 -25.79 1.42 0.0012/0.0008  0.923/0.985
1.08x10°* 25.6 34.72 0.67 —26.6 2.13 0.0012/0.0007  0.852/0.960 —0.68
1.44x10™ 22 34.71 0.65 —27.53 2.85 0.0011/0.0006  0.759/0.918
1.80x10™* 18.3 34.71 0.64 —28.39 3.56 0.0009/0.0005 0.656/0.861
1 17.55 0.81 —24.97 0.71

“Relative standard uncertainties (u,) limits are u,(crmc/cmc)=+3%, u,(g)=+3%, u,(AGS,)=+3%, u,(X{")=2%, u,(f*/f*)=+4% and u,(f;"/£)=
+4%.



Table S3. Concentration-specific conductivity (x) data of pure drug promethazine hydrochloride (PMH) in aqueous media at different tem-

peratures
Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.2653 0.2376 3.2653 0.2277 3.2653 0.2376 3.2653 0.2376 3.2425 0.24069
6.4 0.4455 6.4 0.4158 6.4 0.4356 6.4 0.4356 6.3552 0.44126
9.4118 0.6435 9.4118 0.6138 9.4118 0.6336 9.4118 0.6435 9.3459 0.65187
12.308 0.8217 12.308 0.7722 12.308 0.8118 12.308 0.8217 12.222 0.83238
15.094 0.99 15.094 0.9306 15.094 0.9801 15.094 0.99 14.989 1.00287
17.778 1.1484 17.778 1.0989 17.778 1.1484 17.778 1.1583 17.653 1.17336
20.364 1.2969 20.364 1.2474 20.364 1.2969 20.364 1.3068 20.221 1.32379
22.857 1.4355 22.857 1.3761 22.857 1.4454 22.857 1.4454 22.697 1.46419
25263 1.5642 25.263 1.5048 25.263 1.5741 25.263 1.5741 25.086 1.59456
27.586 1.6929 27.586 1.6236 27.586 1.7028 27.586 1.7127 27.393 1.73497
29.831 1.8117 29.831 1.7424 29.831 1.8216 29.831 1.8315 29.622 1.85531
32 1.9206 32 1.8513 32 1.9305 32 1.9503 31.776 1.97565
34.098 2.0295 34.098 1.9503 34.098 2.0295 34.098 2.0592 33.86 2.08597
36.129 21285 36.129 2.0493 36.129 2.1285 36.129 2.1681 35.876 2.19629
38.095 22275 38.095 2.1483 38.095 22275 38.095 22671 37.829 229657
40 2.3265 40 2.2473 40 2.3265 40 2.376 39.72 2.40689
41.846 24156 41.846 2.3265 41.846 24156 41.846 2475 41.553 2.50718
43.636 2.5047 43.636 2.4057 43.636 2.5047 43.636 2.5641 43.331 2.59743
45.373 2.5839 45373 2475 45373 2.574 45373 2.6532 45.056 2.68769
47.059 2.6532 47.059 2.5443 47.059 2.6433 47.059 2.7423 46.729 2.77795
48.696 2.7225 48.696 2.6136 48.696 2.7126 48.696 2.8215 48.355 2.85818
50.286 2.7819 50.286 2.6829 50.286 2.772 50.286 2.9007 49.934 2.93841
51.831 2.8413 51.831 2.7423 51.831 2.8413 51.831 2.97 51.468 3.00861
53.333 2.9007 53.333 2.8017 53.333 2.9106 53.333 3.0393 52.96 3.07881
54.795 2.9601 54.795 2.8611 54.795 297 54.795 3.1086 54.411 3.14901
56.216 3.0195 56.216 2.9205 56.216 3.0294 56.216 3.1779 55.823 321921
57.6 3.0789 57.6 2.97 57.6 3.0888 57.6 32373 57.197 3.27938
58.947 3.1383 58.947 3.0195 58.947 3.1383 58.947 3.2967 58.535 3.33956
60.26 3.1878 60.26 3.069 60.26 3.1878 60.26 3.3462 59.838 3.3897
61.538 3.2373 61.538 3.1185 61.538 3.2373 61.538 3.3957 61.108 3.43984
62.785 3.2868 62.785 3.168 62.785 3.2868 62.785 3.4452 62.345 3.48999
64 3.3363 64 3.2175 64 3.3363 64 3.4947 63.552 3.54013
65.185 3.3759 65.185 3.2571 65.185 3.3759 65.185 3.5343 64.729 3.58025
66.341 3.2967 66.341 3.4155 66.341 3.5739 65.877 3.62036
67.47 3.3363 67.47 3.4551

68.571 3.3759 68.571 3.4947




Table $4. Concentration-specific conductivity (k) data of pure ortho-toluidine hydrochloride (o-TDH) in aqueous media at different tem-

peratures
Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ Kl Conc/ ! Conc/ Kl
mmol'kg' mSecm™'  mmolkg' mScm'  mmolkg' mScm'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
1.4852 0.2528 1.4852 0.1782 1.4852 0.21342 1.4852 0.13205 1.4823 0.13456
29412 0.4794 2.9412 0.342 29412 0.39367 2.9412 0.26389 2.9356 0.2689
4.3689 0.6751 4.3689 0.5057 4.3689 0.56362 4.3689 0.38852 4.3606 0.3959
5.7692 0.8646 5.7692 0.6623 5.7692 0.72327 5.7692 0.5183 5.7583 0.52815
7.1429 1.0428 7.1429 0.8044 7.1429 0.87674 7.1429 0.64705 7.1293 0.65934
8.4906 1.1932 8.4906 0.9219 8.4906 1.01476 8.4906 0.76653 84744 0.78109
9.8131 1.3374 9.8131 1.0331 9.8131 1.1569 9.8131 0.86335 9.7944 0.87975
11.111 1.4919 11.111 1.1876 11.111 1.2805 11.111 0.95605 11.09 0.97421
12.385 1.6258 12.385 1.3524 12.385 1.4041 12.385 1.04875 12.362 1.06868
13.636 1.7597 13.636 1.476 13.636 1.538 13.636 1.15175 13.61 1.17363
14.865 1.8936 14.865 1.5687 14.865 1.6822 14.865 1.24445 14.837 1.26809
16.071 2.0275 16.071 1.6408 16.071 1.8058 16.071 1.33715 16.041 1.36256
17.257 2.1511 17.257 1.7129 17.257 1.9294 17.257 1.42985 17.224 1.45702
18.421 22747 18.421 1.8159 18.421 2.0427 18.421 1.52255 18.386 1.55148
19.565 23777 19.565 1.9086 19.565 2.1457 19.565 1.62555 19.528 1.65644
20.69 24807 20.69 2.0013 20.69 22487 20.69 1.71825 20.65 1.7509
21.795 2.5837 21.795 2.0837 21.795 23517 21.795 1.80065 21.753 1.83486
22.881 2.6867 22.881 2.1661 22.881 24547 22.881 1.88305 22.838 1.91883
23.95 2.7794 23.95 2.2485 23.95 2.5474 23.95 1.95515 23.904 1.9923
25 2.8721 25 23309 25 2.6401 25 2.02725 24.953 2.06577
26.033 2.9545 26.033 24133 26.033 2.7225 26.033 2.08905 25.984 2.12874
27.049 3.0369 27.049 24854 27.049 2.7946 27.049 2.15085 26.998 219172
28.049 3.109 28.049 2.5575 28.049 2.8667 28.049 221265 27.995 2.25469
29.032 3.1811 29.032 2.6296 29.032 2.9285 29.032 226415 28.977 2.30717
30 3.2429 30 2.6914 30 2.9903 30 2.31565 29.943 2.35965
30.952 3.3047 30.952 2.7429 30.952 3.0521 30.952 236715 30.894 241213

31.89 3.3562 31.89 2.7944 31.89 3.1036 31.89 2.40835 31.829 245411




Table S5. Concentration-specific conductivity (x) data of pure para-toluidine hydrochloride (p-TDH) in aqueous media at different tempera-

tures
Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ Kl Conc/ ! Conc/ Kl
mmol'kg' mSecm™'  mmolkg' mScm'  mmolkg' mScm'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
1.4852 0.15077 1.5876 0.14765 1.4852 0.14863 1.4852 0.19838 1.4739 0.20267
29412 0.2857 3.0262 0.28156 29412 0.28459 2.9412 0.36421 29188 0.37208
4.3689 0.41548 43714 0.40659 4.3689 0.42776 4.3689 0.51562 4.3357 0.52676
5.7692 0.52363 5.7166 0.51308 5.7692 0.55548 5.7692 0.64849 5.7254 0.6625
7.1429 0.64723 7.1429 0.64399 7.1429 0.67702 7.1429 0.78136 7.0886 0.79824
8.4906 0.75126 8.1921 0.74943 8.4906 0.78311 8.4906 0.90187 8.426 0.92135
9.8131 0.85323 9.8131 0.84896 9.8131 0.89229 9.8131 1.01929 9.7385 1.04131
11.111 0.94902 11.111 0.94427 11.111 1.00044 11.111 1.11714 11.027 1.14127
12.385 1.03863 12.385 1.03344 12.385 1.09932 12.385 1.23044 12.291 1.25702
13.636 1.12103 13.461 1.12373 13.636 1.19202 13.636 1.34374 13.533 1.37276
14.865 1.20343 14.544 1.20843 14.865 1.28472 14.865 1.46734 14.752 1.49903
16.071 1.28583 15.833 1.29798 16.071 1.37742 16.071 1.58064 15.949 1.61478
17.257 1.34763 16.861 1.36896 17.257 1.45982 17.257 1.67334 17.125 1.70948
18.421 1.44033 18.103 1.45851 18.421 1.55252 18.421 1.76604 18.281 1.80419
19.565 1.52273 19.393 1.53433 19.565 1.64522 19.565 1.85874 19.417 1.89889
20.69 1.60513 20.532 1.61419 20.69 1.72762 20.69 1.96174 20.532 2.00411
21.795 1.68753 21.513 1.70293 21.795 1.79972 21.795 2.06474 21.629 2.10934
23.239 1.79053 22952 1.79247 23.239 1.91302 23.239 2.18834 23.063 223561
24.652 1.89353 24.652 1.88406 24.652 2.02632 24.652 230164 24.464 235136
26.033 1.98623 25.894 1.98849 26.033 2.12932 26.033 241494 25.835 24671
27.384 2.06863 27.137 2.05948 27.384 222202 27.384 2.51794 27.176 2.57233
28.706 2.15103 28.706 2.14027 28.706 231472 28.706 2.61064 28.488 2.66703
30 223343 30 222226 30 2.38682 30 2.69304 29.772 2.75121
31.266 2.31583 31.107 229181 31.266 2.46922 31.266 2.77544 31.029 2.83539
32.507 2.38793 32.452 2.34989 32.507 2.54132 32.507 2.84754 32.259 2.90905
33.721 246003 33.592 242571 33.721 261342 33.721 291964 33.465 29827

3491 2.53213 34.881 2.48783 3491 2.68552 3491 2.98144 34.645 3.04584




Table S6. Concentration-specific conductivity (x) data of promethazine hydrochloride (PMH) in the presence of o-TDH (c;)=0.36x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.4905 0.2334 3.2078 0.20788 3.1212 0.20788 3.2359 0.23712 3.1777 0.23876
6.5966 0.429 6.6537 0.41764 6.4632 0.42953 6.3424 0.43473 6.2281 0.43773
9.4327 0.62459 9.4416 0.59712 9.632 0.61442 9.3271 0.64221 9.159 0.64666
12.303 0.80563 12.308 0.78224 12.299 0.81121 12.197 0.82006 11.978 0.82572
1524 1.0033 15.094 0.9427 14.777 0.97128 14.958 0.98802 14.689 0.99485
17.778 1.16459 17.778 1.11319 17.405 1.13806 17.618 1.15598 17.3 1.16397
20.169 1.31751 20.364 1.26362 19.936 1.28523 20.062 1.3439 19.817 1.3132
22.701 1.47357 22.636 1.41562 22.377 1.43239 22473 1.46978 22.243 1.45248
25.267 1.61299 24.939 1.53455 24.732 1.55993 25.036 1.57095 24.584 1.5818
27.631 1.74616 27.586 1.64471 27.007 1.68747 27.338 1.70927 26.845 1.72109
29.893 1.87101 29.831 1.76505 29.205 1.80521 29.563 1.82784 29.03 1.84047
32 1.94768 32 1.87537 31.328 191313 31.712 1.9464 31.14 1.95984
34.098 2.05812 34.098 1.97565 33.382 2.01123 33.791 2.05508 33.183 2.06928
36.129 2.15851 36.129 2.075%4 35.37 2.10934 35.804 2.16376 35.158 2.17872
38.095 2.25891 38.095 2.17623 37.295 2.20745 37.752 2.26257 37.072 22782
40 2.3593 40 227651 39.16 2.30556 39.64 237125 38.926 2.38763
41.541 244532 41.846 235674 40.967 2.39386 41.469 247005 40.722 248712
43.466 2.55352 43.636 243697 42.72 248216 43.243 255897 42.464 2.57665
45373 2.62033 45373 2.50718 4442 2.55083 44.965 2.64789 44.155 2.66619
47.059 2.69061 47.059 2.57738 45.892 2.62227 46.635 2.73682 45.794 2.75573
48.696 2.76089 48.576 2.66985 47.329 2.69363 48258 2.81586 47.388 2.83531
50.252 281155 50.286 2.71778 48.957 2.765 49.833 2.8949 48935 29149
51.94 2.87397 51.727 2.78878 50.584 2.83095 51.365 2.96406 50.439 2.98454
53.459 2.93431 53.333 2.83812 52.212 2.89691 52.853 3.03322 51.901 3.05418
54.945 2.99258 54.602 2.90231 53.736 2.96286 54.302 3.10238 53.323 3.12382
56.397 3.03836 55.848 2.96286 55.035 3.00214 55.71 3.17154 54.707 3.19346
57.882 3.09038 57.6 3.00861 56.39 3.061 57.188 3.22396 56.053 3.25314
59.402 3.14656 58.947 3.05875 57.709 3.11006 58.773 329671 57.364 3.31284
60.988 3.19858 60.26 3.1089 58.995 3.15911 59.718 3.33951 58.641 3.36258
62.17 3.24436 61.538 3.15904 60.246 3.20816 60.984 3.38891 59.886 3.41232
63.521 3.30262 62.785 3.20918 61.467 325722 62.316 342952 61.098 3.46207
64.837 3.34216 64 3.25933 62.656 3.30627 63.61 3.48264 62.281 3.51181
66.289 3.39418 65.185 3.29944 63.816 3.34552 63.434 3.55161
66.341 3.33956 64.948 3.38476
67.47 3.37967

68.571 3.41979




Table S7. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of o-TDH (;)=0.72x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ ! Conc/ Kl Conc/ Kl Conc/ ! Conc/ Kl
mmol'kg' mSecm™'  mmolkg' mScm'  mmolkg' mScm'  mmolkg' mSem'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.3822 0.21939 3.1597 0.207693 3.09312 0.2083 3.3839 0.23221 3.2707 0.22137
6.7541 0.43891 6.5539 0.417264 6.40503 0.43039 6.2472 0.41975 6.0376 0.39699
9.6876 0.63182 9.2999 0.596583 9.54534 0.61565 9.1105 0.62789 8.8797 0.61489
12.52 0.81364 12.123 0.781536 12.188 0.81283 11.965 0.81268 11.618 0.81334
15.116 0.97773 14.868 0.941852 14.644 0.97322 14.497 0.99864 14.249 0.97992
17.78 1.17064 17.511 1.112188 17.248 1.14034 16.972 1.14499 16.781 1.14651
20.364 1.34544 20.059 1.262483 19.7569 1.2878 19.681 1.3318 19.09 1.30652
22.857 1.48922 22.297 1.414346 22.1756 1.43525 22.046 1.45655 21.256 1.44419
25263 1.62274 24.565 1.533169 24.5099 1.56305 24.56 1.55681 23.511 1.60572
27.586 1.75626 27172 1.64323 26.7636 1.69084 26.818 1.69389 25.752 1.70545
29.831 1.8795 29.384 1.763461 28.9417 1.80882 29.001 1.81139 27917 1.84313
32 1.99248 31.52 1.873682 31.046 1.91696 31.109 1.92888 30.206 1.93045
34.098 2.10545 33.587 1.973872 33.0815 2.01525 33.149 2.03658 32.187 2.03824
36.129 2.20816 35.587 2.074072 35.052 2.11356 35.124 2.14429 34.104 2.14604
38.095 2.31086 37.524 2.174271 36.9594 2.21186 37.035 224221 35.96 2.24402
40.405 2.39463 39.4 2274461 38.8076 231017 38.887 234991 37.758 235182
42.732 247667 41.218 2.354619 40.5985 2.39865 40.681 244782 39.5 244982
44.856 2.54984 42.981 2434777 42.3352 248712 42.483 2.55102 40.729 2.54777
46.677 2.62523 44.692 2.504924 44.0204 2.55593 43.955 2.6345 42.624 2.62257
48531 2.68732 46.353 2.57506 45.4787 2.62751 45.749 2.71219 44.421 2.71439
50.352 2.76936 47.847 2.667447 46.903 2.69902 47433 2.7841 45.966 2.79278
52.206 2.83588 49.532 2.715334 485161 2.77053 491 2.85456 47.556 2.87733
54.23 2.89353 50.951 2.78627 50.1292 2.83661 50.523 2.91202 49.12 2.94671
55.814 2.96005 52.533 2.835566 51.7422 2.9027 52.011 297273 50.414 3.015
57.163 3.00884 53.783 2.899698 53.2523 2.96879 53.726 3.03669 51.707 3.05837
58.478 3.06427 55.011 2.960193 54.5401 3.00814 54.826 3.10715 53.18 3.13317
59.827 3.11971 56.736 3.005902 55.8829 3.06712 56.298 3.16461 54.308 3.17111
60.906 3.14853 58.063 3.055997 57.1897 3.11628 57.544 3.2058 55.602 3.2329
61.85 3.17514 59.356 3.106102 58.4636 3.16543 58.87 3.26976 57.241 3.29578
62.828 3.21283 60.615 3.156197 59.7035 3.21458 60.213 3.33047 58.368 3.36407
64.008 3.27492 61.843 3.206292 60.9133 3.26373 61.491 3.36841 59.265 3.41014
65.424 3.3237 63.04 3.256397 62.0921 3.31288
66.874 3.3747 64.207 3.296471 63.2418 3.35221

64.3633 3.39153




Table S8. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of o-TDH (;)=1.08x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.2417 0.23048 3.206 0.18668 3.0034 0.20455 3.2824 0.22989 3.1863 0.2196
6.1374 0.44334 6.1502 0.39048 6.2193 0.42264 6.0598 0.41555 5.8818 0.39381
8.7184 0.64734 9.1232 0.59479 9.2685 0.60457 9.015 0.62323 8.8045 0.60838
11.677 0.85134 11.893 0.77919 11.835 0.7982 11.607 0.80455 11.391 0.77641
14.258 1.03981 14.585 0.93903 14.219 0.9557 14.158 0.97282 13.391 0.95095
16.744 1.22607 17.179 1.10885 16.748 1.11981 16.463 1.13354 16.348 1.13734
18.938 1.38714 19.677 1.2587 19.184 1.26462 19.075 1.29809 18.598 1.29607
21.277 1.55646 21.873 1.4101 21.533 1.40942 21.384 1.44198 20.707 1.43264
23.386 1.6895 24.099 1.52857 23.799 1.53491 23.602 1.56662 22.905 1.59287
25.655 1.8107 26.656 1.6383 25.987 1.66041 25.767 1.68619 25.087 1.69181
27.742 1.93777 28.825 1.75817 28.102 1.77626 28.131 1.79328 27.197 1.82838
29.76 2.05424 30.921 1.86806 30.146 1.88245 30.176 1.90959 29.427 1.91501
31.711 2.17072 32.948 1.96795 32.122 1.97898 32.155 2.01621 31.357 2.02193
336 227661 34911 2.06785 34.035 2.07551 33.602 2.12799 33224 2.12887
35.429 2.3825 36.811 2.16775 35.888 2.17205 35.737 223236 35.032 222607
37.549 247002 38.651 226764 37.682 226859 37.72 2.32641 36.784 233301
39.406 2.54319 40.396 236131 39.421 235547 39.316 244414 38.481 243022
41.075 2.62967 42.165 242747 41.107 244236 41.209 2.52551 40.459 2.50983
42.554 2.69619 43.697 251091 42.744 2.50992 42.637 2.60816 41.932 259114
44.033 2.77823 45472 2.56734 44.16 2.58022 44.368 267112 43.662 2.65293
45.607 2.82923 47.094 2.64317 45.543 2.65043 46.01 2.75626 45226 2.73423
46.992 2.89575 48591 2.70719 47.109 2.72066 47.627 2.82601 46.955 2.80903
48.503 2.96005 50.232 2.76892 48.675 2.78555 49.165 2.86871 48.248 2.87733
50.139 3.02658 51.535 2.82706 50.242 2.85046 50.451 2.943 49.376 2.9337
51.619 3.0931 52.82 2.87624 51.708 291535 52.114 3.00632 50.94 2.98357
52.878 3.15297 54.341 2.93587 52.958 2.954 53.286 3.05921 52.233 3.04644
54.514 3.21505 55.861 2.99658 54.262 3.01191 54.338 3.10481 53.361 3.11474
55.994 3.29044 56.96 3.04683 55.531 3.06019 55.818 3.17374 54.744 3.17111
57.158 3.33479 58.228 3.09678 56.768 3.10845 57.316 3.23249 56.383 3.23941
58.323 3.39688 59.463 3.14673 57.972 3.15671
59.676 3.45009 60.682 3.18845 59.147 3.20499
60.841 3.49444 61.847 3.22423 60.291 325325
62.005 3.54544 63.093 327735 61.408 3.29187

62.497 3.33048




Table S9. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of o-TDH (;)=1.44x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.069 0.25765 3.1483 0.185747 2.9493 0.20332 3.1872 0.22644 3.0907 0.21631
5.9586 0.4784 6.0394 0.388528 6.1074 0.4201 5.8841 0.40932 5.7054 0.3879
8.8481 0.71324 8.959 0.591816 9.1017 0.60094 8.7536 0.61388 8.5404 0.59925
11.446 0.90656 11.679 0.775294 11.622 0.79341 11.27 0.79248 11.049 0.76476
13.528 1.09604 14.323 0.934335 13.963 0.94997 13.747 0.95823 12.989 0.93669
16.323 1.30035 16.869 1.103306 16.447 1.11309 15.986 1.11654 15.858 1.12028
18.993 1.453 19.323 1.252407 18.669 1.27985 18.522 1.27862 18.04 1.27663
21.097 1.6033 21.479 1.40305 21.256 1.39638 21.071 1.42374 20.627 1.42147
23.495 1.72574 23.665 1.520927 23.371 1.5257 23.03 1.52507 22.349 1.54117
25.655 1.86774 26.176 1.630109 25.519 1.65045 25.02 1.6609 24.978 1.69386
27.742 1.99881 28.306 1.749379 27.596 1.7656 27.315 1.76638 26.866 1.77681
29.76 2.11895 30.365 1.85872 29.603 1.87116 29.301 1.88095 28.589 1.87672
31.711 2.2391 32.355 1.95811 31.544 1.96711 31.105 2.00031 30.502 1.96343
336 2.34832 34.283 2.057511 33.887 2.06111 32.815 2.08036 32.544 2.05768
35.429 2.45755 36.148 2.156911 35.707 2.14825 34.788 2.18473 34.496 2.15194
37.555 2.54738 37.956 2.256302 37.271 2.22425 36.748 2.27796 36.257 2.23771
39.346 2.63662 39.669 2.349503 39.511 2.30025 38.722 2.36713 38.069 232442
41.136 272351 41.406 2415333 41.241 238131 40.389 244515 39.982 241585
42.832 2.80571 4291 2498355 43.06 245731 41.877 251304 41.679 248748
44.245 2.88555 44.654 2.554503 44.534 2.52115 43.461 2.59107 43.134 2.56006
45.878 2.93957 46.246 2.629954 46.429 2.586 45.143 2.67416 44.793 2.62981
47.198 3.01002 47716 2.693654 48.083 2.66706 46.616 274914 46.298 2.70427
48.705 3.08517 49.328 2.755075 49.03 2.7076 48.006 2.81501 47.651 2.77402
50.087 3.14858 50.607 2.812925 50.158 2.75421 49.368 2.88087 48.812 2.8268
51.752 3.22373 51.869 2.861859 51.195 2.79575 50.674 2.93458 50.164 2.88806
52914 328949 53.363 2921191 52.233 2.85351 51.786 29822 51.453 2.94367
54.139 3.35994 54.856 2.981597 53.436 2.90012 52.842 3.04503
55.552 3.4163 55.934 3.031596 54.82 294167
56.714 3.47501 57.18 3.081296 56.203 3.01159
57.814 3.52198 58.393 3.130996 57.331 3.06327
58.976 3.56895 59.59 3.172508 58.895 3.12812

60.232 3.62766
61.488 3.68637




Table S10. Concentration-specific conductivity () data of promethazine hydrochloride (PMH) in the presence of 0o-TDH (2;)=1.80x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem?'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.0068 0.26234 3.0538 0.18296 2.8933 0.2021 3.0597 0.2235 3.032 0.2135
6.0714 0.49014 5.8583 0.3827 5.9913 0.41758 5.6487 0.404 5.5455 0.41106
8.4028 0.72025 8.6903 0.58294 8.9287 0.59733 8.4035 0.6059 8.2121 0.59957
11.062 0.91051 11.329 0.76366 11.401 0.78865 10.819 0.78218 10.547 0.77206
1331 1.09604 13.893 0.92032 13.698 0.94427 13.197 0.94577 12.742 0.92451
15.872 1.28537 16.363 1.08676 16.134 1.10641 15.346 1.10202 15.434 1.12174
17.98 1.47179 18.744 1.23362 18.314 1.27217 17.781 1.262 17.697 1.26003
20.407 1.60672 20.835 1.382 20.852 1.388 20.228 1.40523 20.235 1.40299
22.555 1.75077 22,955 1.49811 22.927 1.51655 22.109 1.50524 21.925 1.52113
24.78 1.89216 25.391 1.60566 25.034 1.64055 24.019 1.63931 24.503 1.67184
26.882 2.04246 27.457 1.72314 27.072 1.75501 26.222 1.74342 26.356 1.75371
29.217 2.15284 29.454 1.83084 29.041 1.85993 28.129 1.8565 28.142 1.83807
31.435 2.27026 31.241 1.89999 30.925 1.93892 30.018 1.95966 30.132 1.9295
33.128 2.37125 33.662 1.97295 32.843 2.01433 31.829 2.02375 32.008 2.01621
34.85 245814 35.241 2.05098 34.524 2.08502 33.59 2.12743 33.858 2.10481
36.543 2.54503 37.226 2129 36.442 217173 35.364 220755 35.657 2.17456
38.294 2.62488 39.06 220196 38.207 2.25279 37.239 229332 37.469 2.27447
39.549 271177 40.639 2.26884 40.445 2.3395 38.923 237721 39.23 2.36307
41.388 2.79162 41.962 233673 42.043 242151 40.659 245732 41.003 243564
42.935 2.85972 43.376 239753 44.045 249691 42.049 2.5299 42.534 2.50162
44.394 2.93957 44.955 2.45427 45.546 2.57048 43.517 2.59022 44.04 2.5742
45.62 3.01472 46.368 251 47.158 2.63829 44.984 26628 45.469 2.64112
47.108 3.09457 47.692 2.56573 48.284 2.68165 46.451 2.7316 46.974 2.71558
48.48 3.15797 49.195 2.63869 49.479 2.725 47.995 2.79852 48.289 2.77684
49.939 3.23078 50.774 2.70557 50.674 2.78438 49.233 2.85696
51.253 3.30593 52.098 275624 51.717 2.82774
52.566 3.37403 53.602 2.8069
53.967 344918 54.925 2.86871
55.427 3.51729 56.008 291836
56.653 3.60418 57.752 2.98626

57.966 3.6488
59.133 3.70986
60.272 3.77092




Table S11. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of p-TDH (2;)=0.36x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K

Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !

mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem?'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.2653 0.24057 3.71 0.22137 3.2033 0.235937 32 0.235699 3.3839 0.22372
6.4 0.45107 6.7056 0.38398 6.2784 0.432551 6.272 0.432115 6.2345 0.43817
9.4118 0.65154 9.4935 0.56502 9.233 0.629165 9.2236 0.638352 9.4664 0.63253
12.308 0.83197 12.576 0.74606 12.074 0.806117 12.062 0.815126 11.99 0.82655
15.094 1.00238 15.069 0.90758 14.807 0.973239 14.792 0.98208 14.704 0.99585
17.778 1.16276 17.753 1.07561 17.44 1.140361 17.422 1.149034 17.318 1.16515
20.364 131311 20.143 1.23172 19.977 1.287822 19.957 1.296346 19.658 1.34621
22.857 1.45344 22.491 1.36647 22.423 1.435282 224 1.433837 22.343 1.4744
25263 1.58375 24.859 1.49427 24.783 1.563081 24.758 1.561507 24.478 1.62106
27.586 1.71406 27.145 1.61223 27.062 1.69088 27.034 1.698998 26.355 1.73539
29.831 1.83435 29.354 1.7302 29.264 1.808849 29.234 1.816848 29.04 1.8832
32 1.94461 31.488 1.83834 31.392 1.916987 31.36 1.934698 31.192 2.00331
34.098 2.05487 33.552 1.93665 33.45 2.015294 33.416 2.042726 33.149 2.09916
36.129 2.15511 35.551 2.03495 35.443 2.113601 35.406 2.150755 34.767 2.19501
38.095 2.25534 37.485 2.13326 37.371 2.211908 37.333 2.248963 37.177 2.29086
40 2.35558 39.36 223157 39.24 2310215 39.2 2356992 39.054 2.39364
41.846 24458 41.176 231021 41.051 2.398691 41.009 24552 40.763 248963
43.636 253601 42938 2.38886 42.807 2487167 42.763 2.543587 42.508 2.57925
45.373 26162 44.647 245768 44.511 2.555982 44.466 2.631974 44.2 2.66888
47.059 2.68637 46.306 2.52649 46.165 2.624797 46.118 2.720362 45.841 2.7585
48.696 2.75653 47917 2.5953 47.771 2.693612 47.722 2.798928 47.436 2.83817
50.286 2.81667 49.481 2.66412 49.331 2.752596 49.28 2.877494 48.985 291784
51.831 2.87682 51.002 2.7231 50.846 2.821411 50.794 2.94624 50.232 2.99877
53.333 2.93696 52.48 2.78209 52.32 2.890226 52.266 3.014986 51.954 3.05726
54.795 2.9971 53.918 2.84107 53.754 2.94921 53.699 3.083731 53.377 3.12697
56.216 3.05724 55.317 2.90006 55.148 3.008194 55.092 3.152477 54.762 3.19668
57.6 3.11739 56.678 294921 56.506 3.067178 56.448 3.211402 56.039 3.24128
58.947 3.17753 58.004 2.99836 57.827 3.116332 57.768 3270326 57.641 3.29902
60.26 3.22765 59.296 3.04752 59.115 3.165485 59.055 3.31943 58.903 3.35676
61.538 3.27777 60.553 3.09667 60.369 3.214639 60.307 3.368534 60.148 3.4145
62.785 3.32789 61.78 3.14582 61.592 3.263792 61.529 3417638 61.16 3.46556
64 3.378 62.976 3.19498 62.784 3.312946 62.72 3.466742 62.345 3.51535
65.185 34181 64.142 3.2343 63.946 3.352269 63.881 3.506026 63.499 3.55519

65.28 3.27362 65.081 3.391592 65.014 3.545309

66.39 3.31295




Table S12. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of p-TDH (2;)=0.72x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ ! Conc/ Kl Conc/ Kl Conc/ ! Conc/ Kl
mmol'kg' mSecm™'  mmolkg' mScm'  mmolkg' mScm'  mmolkg' mSem'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.2653 0.24382 3.6283 0.21827 3.6751 0.22787 3.303 0.23642 3.3264 0.22081
6.6537 0.45008 6.5581 0.3786 6.7487 0.44035 6.1466 0.42909 6.3233 0.43276
9.5281 0.64635 9.2847 0.55711 9.1752 0.60838 9.1105 0.60597 9.3055 0.62431
12.308 0.8432 12.299 0.73562 11.833 0.79967 11.821 0.80942 11.786 0.8158
15.094 1.01591 14.738 0.89487 14.511 0.96545 14.496 0.97521 14.454 0.9829
17.778 1.17845 17.264 1.04679 17.091 1.13124 17.074 1.14099 17.03 1.16342
20.16 1.36134 19.7 1.21448 19.578 1.27752 19.205 1.28962 19.324 1.32871
22.636 1.4929 21.996 1.34734 21.974 1.4238 21.793 1.46169 21.436 1.48105
25.026 1.64172 24.312 1.47335 24.287 1.55058 24.123 1.56332 23.857 1.6068
27.586 1.7372 26.547 1.58966 26.521 1.67735 26.494 1.68711 25.907 1.71283
29.831 1.85911 28.708 1.70598 28.679 1.79438 28.65 1.80413 28.547 1.85872
32 1.97086 30.795 1.8126 30.764 1.90165 30.733 1.92115 30.662 1.97727
34.098 2.08261 32.814 1.90954 32.781 1.99917 32.535 2.04257 32.586 2.07187
36.129 2.1842 34.769 2.00646 34.734 2.09669 34.767 2.1569 34.176 2.16647
38.095 2.28579 36.661 2.10339 36.624 2.19421 36.546 225968 36.545 226108
40 2.38738 38.494 220033 38.455 229173 38.342 2.35437 38.39 236252
41.846 247881 40.271 227787 40.23 2.3795 39.766 245022 40.071 245726
43.636 2.57024 41.993 235542 41.951 246727 41.464 2.53337 41.632 2.56512
45.216 2.66081 43.665 242327 43.621 2.53553 43.616 2.62922 43.376 2.64859
47.035 2.74385 45.287 249112 45242 2.6038 44.958 271814 45.062 272264
48281 2.79777 46.863 2.55897 46.673 2.67786 46.56 2.79552 46.63 2.80127
50.29 2.87541 48.393 262682 48.161 2.74724 48.295 2.85735 48.153 2.87991
52.108 2.92286 49.941 2.67922 49472 2.81554 49.778 2.92562 49.692 2.94237
53.333 2.97661 51.325 2.74314 51.273 2.8671 51.221 2.99388 51.361 3.002
54.795 3.03756 52.732 2.8013 52.679 2.92562 52.625 3.06215 52.684 3.06812
56.216 3.09852 54.114 2.85351 54.045 2.98413 53.99 3.13041 54.008 3.12775
57.6 3.15947 55.431 2.90792 55.375 3.04264 55.319 3.18892 55.256 3.18195
58.947 3.22043 56.728 2.95638 56.67 3.0914 56.613 3.24743 56.661 325613
60.26 327122 57.991 3.00485 57.933 3.14016 57.874 3.29619 57.901 331312
61.538 3.32202 59.221 3.05332 59.161 3.18892 59.101 3.34495 59.126 3.37011
62.785 3.37281 60.421 3.10178 60.36 3.23768 60.299 3.39371 60.121 3.42051
64 3.42361 61.591 3.15025 61.528 3.28644 61.466 3.44248
65.185 3.46424 62.731 3.18902 62.668 3.32545 62.604 3.48148

63.779 3.36446




Table S13. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of p-TDH (2;)=1.08x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem?'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
32 0.24528 3.6165 0.19055 3.5649 0.22559 3.2205 0.23453 3.2366 0.21904
6.5206 0.45278 6.427 0.37557 6.5462 0.43595 5.9929 0.42566 6.1526 0.4293
9.3376 0.65023 9.099 0.55265 8.9 0.6023 8.8827 0.60112 9.0542 0.61932
12.062 0.84826 12.173 0.7499 11.917 0.79651 11.525 0.80294 11.468 0.80927
14.792 1.02201 14.429 0.89581 14.076 0.9558 13.872 0.97805 14.064 0.97504
17.422 1.18552 16.918 1.03842 16.579 1.11993 16.368 1.13307 16.57 1.15411
19.757 1.36951 19.306 1.20476 18.99 1.26474 18.534 1.29568 19.055 1.3062
22.184 1.50186 21.557 1.33656 21.315 1.40956 21.248 1.45 21.126 1.44097
24.525 1.65157 23.826 1.46156 23.559 1.53507 23.346 1.55911 23.739 1.58587
27.034 1.74762 26.016 1.57694 25.725 1.66058 25.346 1.68486 25.81 1.6872
29.234 1.87026 28.134 1.69233 27.819 1.77644 27.677 1.8041 27.776 1.84385
31.36 1.98269 30.179 1.7981 29.841 1.88263 29.752 1.92444 29.882 1.93343
33.416 2.09511 32.158 1.89426 31.798 1.97918 31.662 2.03176 31.647 2.03375
35.406 2.19731 34.073 1.99041 33.692 2.07572 33.662 2.14558 33.565 2.14015
37.333 2.2995 35.928 2.08656 35.525 217227 35.406 224207 35.559 224299
39.2 24017 37.872 2.16649 37.302 226881 37.383 2.33554 37.707 23195
41.009 249368 39.692 2.24756 39.023 2.3557 38.771 243062 39.403 240361
42.763 2.58566 41.331 2.30025 40.692 24426 40.428 25131 41.168 249886
44312 2.67677 42.88 237017 42.312 251017 42.525 2.60819 42.78 2.58296
46.094 2.76031 44.699 244008 43.884 2.57776 43.962 2.6789%4 44.628 267213
47316 2.81456 46.263 2.50392 45273 2.65108 45.541 2.75049 46.241 2.73901
49.284 2.89266 47.737 2.56269 46.716 2.71977 4712 2.81662 47.769 2.8069
51.066 2.9404 49.03 2.62045 47.992 2.76637 48.534 2.88275 49.229 2.88492
52.266 2.99447 50.414 2.67314 49.735 2.83843 50.113 2.9543 50.382 2.93559
53.699 3.05579 51.977 2.74914 51.098 2.89636 51.692 3.02584 51.842 2.9974
55.092 311711 53.526 2.79575 52.424 2.95429 52.774 3.08655 53.079 3.0582
56.448 3.17843 54.564 2.85351 53.714 3.01221 53.932 3.13425 54.76 3.13116
57.768 3.23975 55.857 2.9062 54.97 3.06049 55.09 3.19387
59.055 3.29085 57.165 2.9589 56.195 3.10876 56.594 3.24808
60.307 3.34195 58.293 2.99943 57.387 3.15703 57.677 3.3077
61.529 3.39305 59.586 3.05212 58.549 3.2053 58.791 3.36656
62.72 3.44415 59.929 341494

63.881 3.48503




Table S14. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of p-TDH (c;)=1.44x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem?'  mmolkg' mScm'  mmolkg' mScm™

0 0 0 0 0 0 0 0 0 0
3.5486 0.24318 3.5514 0.18903 3.0166 0.20778 3.1593 0.23312 3.146 0.21543
6.8324 0.449124 6.3113 0.37257 6.3629 0.43159 5.879 0.42311 5.9803 0.42222
9.7841 0.644989 8.9352 0.54823 8.6508 0.59628 8.6872 0.60094 8.8007 0.6091
12.639 0.841416 11.954 0.7439 11.584 0.78854 11.306 0.79812 11.147 0.79592
15.383 1.013442 14.169 0.88864 13.682 0.94624 13.609 0.97218 13.67 0.95895
17.596 1.173599 16.414 1.0388 16.114 1.10873 16.057 1.12627 16.106 1.13507
19.481 1.264029 18.414 1.16321 18.138 1.26263 18.182 1.28791 18.522 1.28465
22.333 1.440517 20.759 1.29988 20.292 1.41969 20.845 1.4413 20.535 1.41719
25.578 1.617015 22.699 1.41864 22.447 1.53115 22902 1.54976 23.074 1.5597
28.086 1.745574 24.564 1.51101 25.005 1.64397 24.864 1.67475 25.087 1.65936
30.632 1.85518 27.797 1.65993 27.04 1.75868 27.151 1.79328 27.351 1.79283
33.052 1.960202 29.797 1.74853 29.006 1.8638 29.187 1.91289 29.046 1.90153
35.036 2.049547 32.053 1.84844 30.907 1.95939 31.06 2.01957 31.089 1.99076
37.593 2.16285 33.782 1.9295 32.748 2.05496 33.26 2.11279 33.054 2.07371
39.478 2.245652 35.692 2.00679 34.53 2.15055 35.261 2.20196 34.892 2.17267
41.756 2.348062 37.857 2.09067 36.609 223033 37.095 2.28606 36.869 2.26693
43.346 2428683 39.767 2.16513 38.527 23114 38.861 237017 38.413 2.33385
45.657 2.506038 41.541 22264 39.959 237625 40.556 245427 40.174 24281
47.591 2.595372 43 229049 41.724 247454 42.321 252723 41.73 2.50633
49.427 2.692335 4491 235741 42919 2.54446 44.003 2.60525 43.287 2.57891
50.886 2.765338 46.579 242716 44517 2.59715 4524 267213 45252 2.6628
52.525 2.839416 48.399 24856 45.796 2.64984 46.546 2.73394 46.668 2.74574
53.672 2.887355 49.602 2.54121 47.241 2.71976 48228 2.81805 47.931 2.8136
54.984 2951635 51.15 2.60719 48.84 2.78967 49.618 2.88492 49.271 2.8711
56.77 3.009382 52.654 2.66845 50.118 2.84237 51.23 2.95788 50.687 2.92765
58.163 3.080194 54.068 271841 51.23 2.9062 52.759 3.01969

55.541 277402 52.509 2.96498 53.843 3.07543

56.729 2.81832 53.801 3.01159 55.302 3.13116

55.233 3.06935 56.678 3.19905




Table S15. Concentration-specific conductivity («) data of promethazine hydrochloride (PMH) in the presence of p-TDH (2;)=1.80x10"* in
aqueous media at different temperatures

Temp=293.15K Temp=298.15K Temp=303.15K Temp=308.15K Temp=313.15K
Conc/ Kl Conc/ ! Conc/ ! Conc/ Kl Conc/ !
mmol'kg' mSecm™”  mmolkg' mScm'  mmolkg' mSem?'  mmolkg' mScm'  mmolkg' mScm™
0 0 0 0 0 0 0 0 0 0
3.2556 0.24197 3.5865 0.22251 2.6874 0.18768 3.0803 0.23102 3.0862 0.21349
6.2683 0.44689 5.977 0.39861 5.6986 0.3941 5.7321 0.4193 5.8667 0.41842
8.9762 0.64178 8.6939 0.5411 8.1994 0.55622 8.3814 0.61088 8.3142 0.58449
11.595 0.83723 11.631 0.73423 10.254 0.71362 11.023 0.79094 10.713 0.7353
14.113 1.0084 13.786 0.87709 12.818 0.87668 13.268 0.96343 12.818 0.89176
16.143 1.16776 15.97 1.0253 14.515 1.00675 15.656 1.11613 14.796 1.0322
17.872 1.25774 17.818 1.12567 16.199 1.13117 17.727 1.27632 16.557 1.14153
20.489 1.43335 19.486 1.24598 18.037 1.24993 20.323 1.42833 19.593 1.31402
23.466 1.60897 21.168 1.32618 19.721 1.34795 22.33 1.53581 22.196 1.45446
25.767 1.73689 24.212 1.47613 22.579 1.52138 24.243 1.65968 24.952 1.5949
28.103 1.84595 26.449 1.57638 24.71 1.63543 26.472 1.77714 27.07 1.70423
30.323 1.95045 29.563 1.67664 27.134 1.75419 28.645 1.86541 29.112 1.80791
32.143 2.03935 31.647 1.7673 29.265 1.86823 30.257 1.94929 31.089 1.90217
34.489 2.15209 33.718 1.84751 31.612 1.97663 32.565 2.069 33.195 1.99548
36.218 2.23448 36.206 1.94253 33.743 2.09633 34.483 2.16796 35.172 2.09444
38.308 2.33638 37.804 2.01314 35.797 2.18304 36.331 224619 36.729 215759
39.767 24166 39.166 2.06284 37.418 228012 38.013 2.34516 38.132 224054
41.887 249357 40.848 211776 39.026 2.35082 39.555 240737 40.314 233385
43.662 2.58246 42.599 217791 40.493 242151 41.263 2.50448 41.73 240171
45.346 2.6789%4 44.114 2.24329 41.743 248654 4271 2.56854 43.427 249031
46.684 2.75158 46.116 2.31391 43.287 2.55629 44.17 2.64677 44971 2.56854
48.188 2.82529 47.881 2.38365 44.468 2.61804 45.546 2.70898 46.451 2.63641
49.241 2.87299 49.312 2.43421 45.871 2.68712 47.241 2.77684 47931 2.71935
50.444 2.93695 50.758 2.49437 47.423 2.75619 48.534 2.84942 49.207 2.77684
52.083 2.99441 52.509 2.56934 48.665 2.80826 49.949 2.93126
53.361 3.06487 54.19 262426 49.744 2.87133

554 2.68006
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