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ABSTRACT

This document is concerning with the main driving factor
for the formation of micelle, which may be introducing more
evidence to promote the past works about this phenomenon. The
variety of functional groups in the metronidazole (Met) drug as
slightly soluble in water may give a good object for understanding
the micellization when existed as an additive substance for
determining the critical micelle concentration (CMC). Two ionic
surfactants including anionic sodium dodecyl sulphate (SDS) and
cationic cetyltrimethylammonium bromide (CTAB) more
explored at different temperatures using electrical conductivity
method. The results indicated that there is a positive effect on
CMC of SDS as the CMC decreased with increasing Met
concentration which then made reduction in ionization degree (o).
Contrary, the CMC of CTAB was increased with increasing the
amount of Met as working against the formation of micelle. The
standard thermodynamics functions of micellization including
enthalpy AH®, entropy AS°, and Gibbs free energy AG® were
evaluated. It was noted that the sign of enthalpy and Gibbs free
energy of micellization for two surfactants are negative, but the
sign is positive of entropy for aggregation process of surfactants
as there is no change due to presence of met. Intuitively, the
CMCs of SDS and CTAB are directly proportional with
temperature in presence and absence of Met due to the negative
effect on the intermolecular force between molecules.

Critical micelle concentration, metronidazole,
cetyltrimethylammonium bromide, sodium dodecyl
sulphate.
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INTRODUCTION

The hydrophobic effect of surfactant is caused by the repulsion between the hydrocarbonic
group of surfactants with water which is the main driving force to form micelles spontaneously, to
make the system more stable (Aramaki et al., 1999). On the other hand, the electrostatic repulsions
between head groups of ionic surfactants are mostly diminished in the formed micelle due to presence
of free gegenions at Gouy-Chapman layer (Berezin et al., 1973). Actually, one of the most significant
characteristics of surface-active agents is enhancing the solubility of hydrophobic organo-compounds
in water (Mosa and Qadir, 2008) by sorption within or on the surface of micelles. Such property is
employed successfully in the aspects of micellar catalysis and drug delivery (Bhattacharjee et al.,
2013). An important property of surfactants which can be considered as a tool for characterizing these
molecules is the critical micelle concentration (CMC). CMC could be defined as the threshold
between micelle and not aggregated surfactant molecules which no micelle under this specific
concentration. The value of CMC could give an idea about the ability of surfactants for the formation
of three-dimensional shape of aggregate. On the other side, the presence of foreigner molecules as
additives could certainly affect the amount of CMC of these amphiphilic molecules. In other words,
the presence of an additive could certainly affect the value of CMC whether it is up or down
depending on the type of functional group (Berezin et al., 1973). Therefore, scientists have taken this
criterion into consideration in order to have an idea about the effect of presence of additive on the
micellization phenomenon (Bunton, 1977) of many types of surface-active agents. Such a study can
be helpful for finding the suitable solution system of each substance in the selected surfactants (Khalil
and Al-khiro, 2006). The effect of presence hydrocortisone-acetate as a hydrophobic additive on the
CMC to SDS and CTAB at different pH and temperatures (Khalil and Hassan, 2010a). The results
indicated that there is a change in the sign of enthalpy of micellization (AH") from negative to positive
for SDS, but still exothermic for CTAB. They also found there is a negative effect on CMC of both
surfactants due to presence of hydrocortisone acetate as increased with increasing the concentration
of the additive. The iceberg formation due to hydrophobic effect which resulted from the addition of
such compound changed the enthalpy of micellization of SDS to endothermic process in contrast to
that of CTAB situation as reflected the increases in CMC of those two surfactants (Khalil and Hashim,
2011). Studied the effect of presence of three polar aromatic amines on the CMC of ionic surfactants
with no change in the sign of enthalpy was observed (Jiang et al., 2003). Recently, (Hammad and
Khalil, 2024) investigated the effect of adding sodium hypochlorite on the CMC of each SDS and
CTAB. They found that the sodium hypochlorite supports the micellization process for both
surfactants due to minimizing the electrostatic repulsion between their head groups which then
reduces the value of o, in addition to common ion effect which also supports the stability of CTAB.
More recently, (Bawazir et al., 2024), have been studied the influence of addition of sulfathiazole
drug on the CMC value for SDS, CTAB, and triton X100. They found that CMC of ionic surfactants
decreased with increasing the drug amount. The binding constant value indicated the tendency of
medicine to solubilize in CTAB more than SDS micelles. The interaction between sulfathiazole with
triton X100 was weak, therefore, no change in its CMC.

Metronidazole (Met) is one of popular an antibiotic for oral and topical therapy that treating
infections caused by anaerobic bacteria (Lofmark et al., 2010), microaerophilic bacteria, and
protozoal (Dingsdag and Hunter, 2018; Al-Sultan and Al-Jubouri, 2005). It is slightly soluble in
water, acetone, alcohol, and methylene chloride (British Pharmacopeia, 2022) that contain a very
interesting functional groups: Imidazole, nitro, and hydroxyl (Scheme 1) which provide a substantial
information of ionic surfactant aggregation. It seems interesting to investigate the effect of the
presence of Met on the micellization behaver of SDS and CTAB. According to the literature, there is
no such study was observed.
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Scheme 1: The chemical structure of Metronidazole.

EXPERIMENTAL

Met was provided by state drug industry (SDI), Samarra-Iraq in highly pure form. All other
reagents were obtained as analytical grade commercial products from HiMedia Laboratories Pvt.Ltd.,
India. All solutions were prepared using conductivity water (4-5 pS-cm™"). WTW conductometer was
used to measure the electrolytic conductivity of the solutions (formerly as specific conductivity) with
accuracy+0.01 pS-cm'. Water thermostated Hakke NK22 was employed to control the temperature
within £0.1°C. The CMCs were determined from plots of specific conductivity versus surfactant
concentration. The measurements were repeated to check the reproducibility of the data.

RESULTS AND DISCUSSION

The study of presence the Met at a various concentration (1x10-, 5x10-, 1x104, and 5x10*M)
on the micellization of SDS has been determined at different temperatures (293.15, 298.15, 303.15,
and 308.15K) by detecting the difference in electric conductance with SDS quantities, as shown in
Fig. (1). The results indicate there is a direct proportion between CMC of SDS with temperature at
presence and absence of Met as clearly shown at (Table 1) and Fig. (2). This may be attributed to the
fact that when the temperature increases the intermolecular forces are reduced which then decreases
the tendency of aggregations. On the other hand, the results (Table 1) and Fig. (2) show a positive
effect on the CMC of SDS due to the presence of the Met as the CMC decreased with increasing the
concentration of the additive. The reason for this may be related to the presence of alkaline imidazole
ring at Met which should exist on the surface of micelles, which then decreases the CMC of anionic
surfactant by reducing the repulsion force between surfactant head groups.
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Fig. 1: The relationship between electric conductivity versus the molar concentration of SDS in
presence 1x10* M of Met at 293.15° K.
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Table 1: Influence of presence Met on the CMC of SDS at different temperatures.

Met] CMCx10° (M)
293.15°K 298.15°K 303.15°K 308.15°K
0 6.184 6.340 6.516 6.609
1x1073 5.409 5.470 5.622 5.775
5%1073 5.185 5.296 5.354 5.439
1x10* 5.095 5.130 5.210 5.366
5%10 4937 5.051 5.167 5.306
7
—8—293.15K
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Fig. 2: The plot of CMC of SDS against the molar concentration of Met at different temperatures.

The ionization degree (o) and the amount of the counterion binding with micelles () were
calculated from the ratio of the slopes of two intersecting lines (The upper orange line is slope A and
the lower blue line is sloping B as illustrated in Fig. (1)) and the relation of (B = 1-a), respectively, as
listed at (Tables 2 and 3). These generally show there is somewhat upward in o values at presence
and absence of Met with temperature due to increase of kinetic energy of molecules and then reduces
the molecular interactions between them. Interestingly, the variation of B values with Met
concentrations did not follow a limited sequence which revealed to a competition between gegenions
with Met molecules to locate in the surface of micelles, providing more stability of spherical shape.

Table 2: The values of slope A and slope B of SDS micellization in presence of Met at different

temperatures.
[Met] 293.15°K 298.15°K 303.15°K 308.15°K
Slopea Slopes Slopea Slopes Slopea Slopes Slopea Slopes
0 137189 300613 140609 285194 149957 276192 154990 259511

1x107 148065 314548 149253 311614 152151 306699 144862 318548
5x107 148833 324144 153504 312481 149901 322186 154978 315253
1x10* 149931 322982 151095 325393 153129 325978 148493 329326
5x10* 153941 319958 153046 319147 152050 327679 148550 328886

Table 3: The values of (o) and (p) of SDS in presence of Met at different temperatures.
[Met] 293.15°K 298.15°K 303.15°K 308.15°K
o i} o i} o i} o i}

0 0.45636 0.54364 0.49303 0.50697 0.54294 0.45706 0.59724 0.40276
1x107 0.47072 0.52928 0.47897 0.52103 0.49609 0.50391 0.45476 0.54524
5%107 0.45916 0.54084 0.49124 0.50876 0.46526 0.53474 0.49160 0.50840
1x10* 0.46421 0.53579 0.46435 0.53565 0.46975 0.53025 0.45090 0.54910
5x10* 0.48113 0.51887 0.47955 0.52045 0.46402 0.53598 0.45168 0.54832
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The influence of existence of Met on the micellization thermodynamic functions of SDS
including enthalpies (AH’), entropies (AS°), and free energies (AG®) at several temperatures were
estimated using following mass action model equations (Zana, 1996; Abo Gabal et al., 2023):

AH® 1
InXcyce = Intercept + R X= o (1)
AG° = (2 — a)RTInXcpye vevvnennnn. (2)
AG° = AH° —TAS° ...l 3)

Where Xcmc is the mole fraction of micellization which is estimated by dividing the
concentration of surfactant at CMC by the sum of the concentrations of surfactant at CMC, additive
and solvent (water). According to the first equation, it must be plotted InXcmc versus 1/T Fig. (3) to
calculate the enthalpy value from the slope of this relationship. The results are written in (Table 4).
The values of AH®, AG®, AS®, and -TAS” for SDS at different amount of Met and temperatures are
illustrated in (Table 5). The quantities of thermodynamic functions show that the micellization
process of SDS are being more spontaneous and exothermic at the presence of the Met. On the other
hand, the sign of AS® is positive and its values increase with increasing the Met concentration due to
liberating the sodium ion from micelles and breaking the intermolecular force between water
molecules. Finally, the amount of term -TAS" is larger than AH" value which reflected to contribute
it of spontaneity of process.

1/T(K)
0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035 0.00355
-9
[Met]=0
-9.05 |
[Met]=0.00001
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g 915 r ® [Met]=0.0005
X
= -92
-9.25 |
-93 [ \\\
-9.35

Fig. 3: The relationship between InXcmc of SDS micellization with 1/T (K) at different concentrations
of Met.

Table 4: The values of slopes, intercepts, and standard error for the relationship between InXcmc with
1/T (K) of SDS in presence of Met at different temperatures.

[Met] Slope Intercept R? r S.E.

0 -409.84 -7.7031 0.987 0.994 0.00410
1x1073 -402.94 -7.8671 0.966 0.983 0.00661
5x1073 -278.87 -8.3259 0.987 0.993 0.00285
1x10* -307.09 -8.2545 0.910 0.954 0.00845
5x10* -430.94 -7.8589 0.997 0.999 0.00198
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Table 5: The effect of presence Met on the thermodynamic functions of aggregation for SDS at different

temperatures.
[Met] Temp. AH’ AG’ AS°® -TAS®
K° KJ/mol. KJ/mol. J/mol.K. KJ/mol.
293.15 -5.2598 -34.249 98.888 -28.989
0 298.15 -5.1349 -33.913 96.521 -28.778
303.15 -4.9648 -33.239 93.267 -28.274
308.15 -4.7798 -32.477 89.882 -27.697
293.15 -5.1231 -34.429 99.970 -29.306
1x10°5 298.15 -5.0955 -34.786 99.581 -29.690
303.15 -5.0381 -34.867 98.396 -29.829
308.15 -5.1766 -36.310 101.03 -31.133
293.15 -3.5725 -34.849 106.69 -31.276
510 298.15 -3.4981 -34.626 104.40 -31.128
303.15 -3.5584 -35.770 106.26 -32.212
308.15 -3.4973 -35.676 104.42 -32.178
293.15 -3.9211 -34.800 105.33 -30.879
1x10 298.15 -3.9208 -35.364 105.46 -31.443
303.15 -3.9070 -35.771 105.11 -31.864
308.15 -3.9551 -36.692 106.24 -32.737
293.15 -5.4418 -34.533 99.237 -29.091
5104 298.15 -5.4475 -35.073 99.363 -29.625
303.15 -5.5031 -35.937 100.39 -30.434
308.15 -5.5474 -36.718 101.15 -31.171

In a similar manner, the effect of the presence of the Met on the CMC of CTAB was investigated
at different concentrations and temperatures as explained in Fig. (4). (Table 6) introduces the
difference in the CMC of cationic surfactant at presence and absence of Met with temperature
variation. The CMC values of CTAB become higher with increasing both temperature and Met
concentration.
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Fig. 4: The relationship between electric conductivity against the molar concentration of CTAB in
presence 1x10* M of Met at 293.15° K.
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Table 6: Influence of presence Met on the CMC of CTAB at different temperatures.
[Met] CMCx10* (M)
293.15°K 298.15°K 303.15°K 308.15°K

0 9.290 9.530 9.740 10.27
1x1073 9.320 9.590 9.801 10.30
5x10°3 9.380 9.647 9.866 10.38
1x10 9.416 9.710 9.982 10.40
5%10* 9.430 9.752 10.02 10.41

Indeed, the same results were gotten from the SDS measurements with various temperatures,
but the relationship with Met quantities is opposite to that of an anionic SDS surfactant. The
orientation of Met molecule as containing aromatic imidazole ring on the surface of CTAB micelle
(Berezin et al., 1973) which concentrated at the surface of micelle and the steric effect of the
quaternary ammonium head group reflected the increase of its CMC, as shown in Fig. (5). The results
recommend the possibility to use an aqueous solution of SDS as a green solvent for analytical
determination of Met in a similar manner to that of B-lactam antibiotics and benzocaine (Khalil and
Al-Khayat, 2008; Khalil and Hussain, 2010b).
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298.15K
10.2 303.15K
S 0l 308.15K
X
&)
= 98
&)
9.6 I
9.2 1 1 1 1 1 1
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[Met]x10-5
Fig. 5: The plot of CMC of CTAB versus the molar concentration of Met at different temperatures.

(Table 8) exhibits the estimated values of a and B of CTAB in presence of different
concentration of Met at different temperatures according to the data of (Table 7). Interestingly, these
show an agreement between the results of (Table 8) with that of SDS (Table 3). In general mode,
these show that the degree of ionizing of CTAB is increased with increasing temperature which may
be related to the existence of hydroxyl and nitro groups in the structure of Met that work against
iceberg phenomenon. In other words, those specific groups interact with water by hydrogen bonding
which then they reduce the tendency for the micelle formation and certainly affect a. Again, there is
no fixed relationship between each o and B with concentration of Met which may be due to the
above-mentioned SDS.

Table 7: The values of slope A and slope B of CTAB micellization in presence of Met at different

temperatures.
[Met] 293.15°K 298.15°K 303.15°K 308.15°K
Slopea Slopes Slopea Slopes Slopea Slopes Slopea Slopes
0 112411 435362 113981 444052 122314 447564 122969 443824

1x10°3 109877 435587 111770 434869 123605 444222 123890 444437
5x1073 107800 435290 119441 434716 126740 440948 125961 440206
1104 113016 425466 110018 438774 118703 439179 124836 439110
5x10* 112720 431828 116019 429441 120693 433680 122834 438713
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Table 8: The values of (¢) and () of CTAB in presence of Met at different temperatures.

[Met] 293.15°K 298.15°K 303.15°K 308.15°K
o B (1] B o B o B
0 0.2582 0.7418 0.2567 0.7433 0.2733 0.7267 0.2771 0.7229
1x10°° 0.2523 0.7478 0.2570 0.7430 0.2783 0.7218 0.2788 0.7212
5%10°3 0.2477 0.7524 0.2748 0.7252 0.2874 0.7126 0.2861 0.7139
1x104 0.2656 0.7344 0.2507 0.7493 0.2703 0.7297 0.2843 0.7157
5x10* 0.2610 0.7390 0.2702 0.7298 0.2783 0.7217 0.2799 0.7200

The quantities of thermodynamic functions of CTAB at presence and absence of Met various
with heat are listed in (Table 10). They have been calculated from plotting the mole fraction of
micellizing process vs. inversing temperature at different amounts of Met, as shown and written in
Fig. (6) and (Table 9), respectively. The values and the sign of each AH" and AG” indicating that the
aggregation process of CTAB become more spontaneous with decreasing heat which reflected in o
and P quantities. The -TAS’ term is more contribution than AH® in the value of AG”.

Table 9: The values of slopes, intercepts, and standard error for the relationship between InXcmc with
1/T (K) of CTAB in presence of Met at different temperatures.

[Met] Slope Intercept R? r S.E.

0 -580.62 -9.0228 0.949 0.974 0.01183
1x1073 -579.28 -9.0226 0.964 0.982 0.00987
5x107 -585.50 -8.9953 0.962 0.981 0.01015
1x10 -585.27 -8.9900 0.991 0.995 0.00496
5x104 -583.86 -8.9921 0.994 0.997 0.00387

Table 10: The effect of presence Met on the thermodynamic functions of aggregation for CTAB at
different temperatures.

[Met] Temp. AH’ AG’ AS° -TAS®
K° KJ/mol. KJ/mol. J/mol.K. KJ/mol.

293.15 -8.4081 -46.692 130.596 -38.284

0 298.15 -8.4155 -47.420 130.822 -39.005
303.15 -8.3353 -47.661 129.724 -39.326

308.15 -8.3171 -48.107 129.126 -39.790

293.15 -8.4174 -46.838 131.062 -38.421

1x10°5 298.15 -8.3944 -47.384 130.771 -38.989
303.15 -8.2922 -47.497 129.325 -39.205

308.15 -8.2897 -48.047 129.020 -39.758

293.15 -8.5301 -46.934 131.004 -38.404

5%10°5 298.15 -8.3982 -46.876 129.056 -38.478
303.15 -8.3365 -47.215 128.250 -38.879

308.15 -8.3428 -47.809 128.074 -39.466

293.15 -8.4394 -46.436 129.616 -37.997

1x10 298.15 -8.5119 -47.501 130.769 -38.989
303.15 -8.4168 -47.637 129.376 -39.220

308.15 -8.3486 -47.852 128.195 -39.503

293.15 -8.4413 -46.553 130.008 -38.112

5%104 298.15 -8.3970 -46.955 129.323 -38.558
303.15 -8.3575 -47.401 128.793 -39.044

308.15 -8.3493 -47.966 128.562 -39.616
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Fig. 6: The relationship between InXcmc of CTAB micellization with 1/T (K) at different
concentrations of Met.

CONCLUSIONS
The presence of Met drug in its pure form in the aqueous solutions of anionic SDS and cationic
CTAB surfactants remarkably affect their CMC in different moods. Met causes a positive effect to
the CMC of SDS and a negative effect to that of CTAB. Such an achievement could suggest that the
SDS is more suitable for external use of Met preparations in contrast to that of CTAB as the solution
of SDS is more stable and dissolves Met in less quantity of surfactants.
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