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ABSTRACT

Aim:The aim of the present study is to confirm the species formed under the used experimental conditions
and to validate the models by statistical treatment of the data. As the results obtained in this study have
specific applications in extraction metallurgy, nuclear energy industry, and analytical methods, medical,
environmental, and industrial research. These applications all require stability constant values of high
reliability and sources of critically evaluated published constants are referenced. Stability constant is
useful physical entity, which explains the importance and function of various complexes in biological
systems. Background: Despite the availability of information about the effect of organic-water media,
anionic-surfactants media on the stability of binary complexes, this data related to 5-Hydroxysalicylic
acid with essential metals Ca (Il), Mg (Il), Zn (Il) in cationic-surfactant medium is carried out in this study.
Materials and Methods: Aqueous solutions of Ca, Mg Zn and Cetyltrimethylammonium Bromide were
prepared using triple-distilled water. The alkali metric titrations were carried out in a medium containing
varying compositions of Cetyltrimethylammonium Bromide (CTAB)-water mixtures (0.0-2.5% w/v) used
by maintaining an ionic strength of 0.16 mol dm= with sodium hydroxide at 303.0+0.1 K. An ELICO (Model
L1-120) pH-meter (readability 0.01 pH units) pH meter was used to carry out the pH values. A well-defined
computer algorithm known as MINIQUAD75 was used to perform an analysis on the complex species
models. On a few different complex species, exhaustive modelling work has been done. Results: The
formed metal-ligand complexes in between Ca(ll), Mg(ll), Zn(ll) and Cetyltrimethylammonium bromide
are ML,H,, ML,H,, and ML H,. These complexes have been identified to be the predominant complex
species that have formed. On the basis of the statistical parameters, the chemical modelling approach that
provides the best fit has been adopted. The complex species were verified through the statistical study
of the data. Based on electrostatics, the change in stability of complex species as a function of surfactant
composition has been shown, the distribution of chemical species with respect to pH and compositional
diversity is also shown explores how possible complicated equilibria. The data acquisition of acid-base
equilibria and determination of stability constants were performed using MINIQUAD75 algorithm and the
distribution patterns of the complexes with varying pH and compositions of surfactants were presented
from the plots of SIM run data. Conclusion: A study of the chemical speciation of ternary complexes of
Ca(ll), Mg(ll), and Zn(ll) with 5-HSA in micellar medium reveals the compartmentalization of metabolic
reactions. The study gives an insight into the metal availability /metal transport in bio fluids. The binary
complexes make the “metal available”in biological systems due to their decreased stability. It is observed
that the stability constants are more affected by concentration of alkali than other parameters like
concentration of acid, ligand and others.
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Cetyltrimethylammonium Bromide (CTAB) is a very good
anionic surfactant; it possesses noticeable influence on the
bulk physiological system properties. They are able to dissolve,
concentrate and compartmentalize ions and molecules.!
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Aqueous micellar media has wide applications in pharmaceutical
industries, analytical chemistry, chemical synthesis, and in
industrial processes. Energy storage is one of the important
areas where micelles are used.>> Amphiphilic molecules with
hydrophobic and hydrophilic parts combine to form micelles
in water at a certain concentration.” Micellar systems have the
ability to change the acid-base balance. This chemical equilibrium
shift can be explained by differences in the properties of the bulk
solvent and the interfacial region, as well as perturbations of the
acid-base balance due to the electrostatic field effect of the charged
interface.’ Potentiometric analysis was performed in cationic and
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anionic micelles to identify the dissociation equilibria.® Their pKa
values have been found to change to approximately 0.5-3.0 in
anionic micelles. An investigation on the chemical equilibria of
different phenols, amines and carboxylic acids have been done in
aqueous micellar solutions.” In the previous investigation done by
different authors reported chemical equilibria using compounds
containing phenols, carboxylic acids and amines in micellar
media.?

Chemical speciation is an important study which is used in human
biology,’ nutrition, toxicology,' and clinical practice to determine
the quantities of different forms of an element in a sample.
Speciation affects an element's toxicity and bioavailability."""?
The speciation analysis of harmful and necessary metal ion
complexes helps clarify the role of biological active site cavities
and drug residue interacting with the metal ion. Number of
studies has been performed on chemical speciation in aqueous
media under the same conditions as in natural systems. These are
used as models for the systems that exist in natural water and
bio fluids. Nevertheless, Biosystems are linked to low dielectric
mediums of varying magnitudes, and metabolic reactions are
carried out in rigid compartments. Many other media have been
used to investigate the complexation equilibrium; among these
are dimethylformamide-aqueous mixture," dioxane-water,"
ethylene glycol-water,'® 1, 4 dioxan-water,"” propanediol-water'®
and DMSO-water.”” Taking all of the aforementioned into
account, work on binary complexes of Ca (II), Mg (II), and Zn
(IT) with 5-hydroxysalicylic acid complexes is required, as most

complexes of calcium, magnesium, and zinc show tremendous
metabolic activity.

MATERIALS AND METHODS

Materials

The materials required to perform this investigation is 0.05 M
of 5-hydroxysalicylic acid (5-HSA) solution (TCI, India), which
is prepared by dissolving the substance in a deionized water. To
make 5-hydroxysalicylic acid better soluble, acidic medium is
used, where Hydrochloric acid was employed an acidic solution, it
also keeps the acid concentration of the ligand at 0.05 M. cationic
micelles were prepared from cetyltrimethylammonium bromide
(Merck, India). Sodium chloride (Qualigens, India) is used to the
ionic strength of the system under this study, to maintain the ionic
strength of a system. Calcium, magnesium and zinc (E-Merck,
Germany) metal ions solution were prepared by taking their
respective salt solutions as raw materials using deionized water
and some amount 0.05 M HCI in order to prevent hydrolysis
and to increase the solubility. All the metal ion solutions were
standardized using standard EDTA solution. To determine errors
in solution concentration, the data were analyzed using a one-way
classification.” The Gran Plot method?"* is used to calculate the
concentrations of acid and base.

Instrumentation

A pH meter (ELICO, LI-120) was used to carry out a
potentiometric titration. The instrument was calibrated at
acidic and basic pH using 0.01 M borax and 0.05 M potassium

Table 1: Initial component concentrations (in mmol) in CTAB-water formulations for metal ligand titrations.

% w/v TMO
CTAB Ca Mg 70 TLO(5-HSA) TLO:TMO
0.0 0.1024 0.1032 0.1040 0.2478 2.50
0.3755 3.75
0.4988 5.00
0.5 0.1024 0.1032 0.1040 0.2483 2.50
0.3742 3.75
0.4958 5.00
1.0 0.1024 0.1032 0.1040 0.2493 2.50
0.3744 3.75
0.4988 5.00
1.5 0.1024 0.1032 0.1040 0.2490 2.50
0.3781 3.75
0.4978 5.00
2.0 0.1024 0.1032 0.1040 0.2480 2.50
0.3764 3.75
0.4991 5.00
2.5 0.1024 0.1032 0.1040 0.2489 2.50
0.3782 3.75
0.4977 5.00
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hydrogen phthalate solutions. The titrations were performed
at 303.0 K using NaCl as to maintain the ionic strength of 0.16
mol.dm?, cetyltrimethylammonium bromide compositions
were used having the concentrations ranging from 0.0 to 2.5%
w/v. To account for variations and errors caused by using a glass

electrode, a correction factor is used.??*

Analytical Techniques

Titrations with a strong acid-base solution were regularly
performed prior to experimental titrations to ensure that the
electrodes were adequately equilibrated with the solvent. All the
titrations carried out using a volume of 50 mL titrand along with 1
mmol mineral acid. Titrations of 1:2.5, 1:3.75 and 1:5.0 metals to
ligand ratios were performed using 0.4M NaOH. Table 1 contains
the analytical concentrations of the components. Further details
of the tests have already been announced.”?*

Modeling Approach

SCPHD is one of the best computer program employed in this
present study to calculate the correction factor” he stability
constants of different metal ligand complexes are determined by
using a computer program called MINIQUAD?75,* where it uses
the data obtained in acid-base titrations. The initial refinement
and conjunction of Marquardt algorithm approached through
limited least squares using MINIQUAD75 software program.
It is necessary to use the correction factor and the protonation
constants” of 5-HSA in order to calculate the stability constants
of binary metal-ligand complexes. Based on electrostatic
interactions and interactions of a solute with a solvent, we studied
how the composition of a cationic surfactant affects the stability
of complex species.

RESULTS

Table 2 displays the results of the computer modelling study.
The parameters such as lower U__ (deviations in component
concentrations), lower, small and mean standard deviation, and
mean validate the data through residual analysis.

Analysis of Residuals

The present study accepts the models because the y? values are
smaller than the table values. Kurtosis values indicate that the
residuals in this study are leptokurtic in shape. The skewness
values for Ca(Il) range from -0.32 to 0.04, for Mg(II) from
-0.53 to 1.02, and for Zn(II) from -0.03 to 0.15. These statistics
show that the residuals are normally distributed. Thus, the data
provided can be analyzed using the least squares method. In
addition, crystallographic R values demonstrate the sufficiency
of the model. As a result of these statistical properties, the best
fitting models accurately represent the metal-ligand species in the
CTAB medium.
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DISCUSSION
Errors Impact on the Currently Accepted Modell

To verify that the final approved model is accurate, we introduced
errors into the affected components as shown in Table 3. Due
to the errors introduced in the affected components, certain
complicated species were rejected and the standard deviation of
the stability constants was increased. This means that the model
is complete and acceptable. The inaccuracies have changed the
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Figure 1: Changes in the total stability constant values of metal-5-
Hydroxysalicylic acids complexes with mole fraction (n x10°) of combinations
of CTAB and water (a) Ca", (b) Mg" and (c) Zn", (m) log BML,H,, (e) log BMLH,,

(A)logMLH,.
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Table 2: Ca", Mg", and Zn"-5-hydroxysalicylic acid complexes in CTAB-water mixtures: best-fit chemical model parameters.

% w/v logB . (SD) pH-Range
CTAS MLH MLH ML.H

2 '3 2 4 3 g
CaII
0.0 32.06(22) 34.64(50) 45.89(62) 2.3-9.3
0.5 32.92(16) 34.99(15) 46.26(14) 2,183
1.0 32.53(39)  35.55(27)  45.95(25)  2.3-9.0
115 33.17(55) 36.39(41) 46.78(40) 2.3-9.3
2.0 33.83(45)  36.64(40)  46.52(48)  2.3-9.2
2.5 33.78(52) 36.67(44) 46.65(48) 2.3-92
MgII
0.0 32.63(66)  35.93(47)  45.60(49)  2.3-9.2
0.5 33.36(25) 35.87(23) 46.62(42) 2.3-10.5
1.0 33.48(47) 36.29(38) 46.66(39) 2.3-9.2
115 33.51(63) 36.30(30) 47.10(26) 2.3-9.69
2.0 33.70(65) 36.57(23) 47.37(17) 2.3-10.3
2.5 33.93(48)  37.22(47)  47.66(20)  2.7-10.4
ZnII
0.0 30.18(30) 33.04(52) 43.19(58) 2.2-9.1
0.5 30.52(43)  33.12(57)  43.18(51)  2.3-9.3
1.0 30.81(69) 33.18(39) 44.05(39) 22,3
15 31.56(74) 35.38(39) 44.41(25) 2,553
2.0 31.81(29) 35.54(30) 44.31(42) 2.3-9.3
2.3 31.82(71) 35.59(50) 44.58(25) 2.3-9.3

order of the components: alkali component > acid component >
ligand component > metal component > total volume component
> log F component.

The Effect of the Solvent

The dielectric constant is the most significant of each solvent's
distinguishing characteristics. The stability of complexes that
involve proton-ligand or metal-ligand is affected by factors such as
the polarity of the solvent, as well as the impact that the solvent has
on the metal ligand complex and the charges that the complexes
carry. Several parameters, such as the dielectric qualities of the
solvent, the ionic radius of the ions, and the electrostatic forces
between the ions in solution, influence the relative acid and base
strength characteristics. There is a net increase in ionization when
an acid is ionized, which causes the solvent dielectric constant to
drop. Additionally, this polarity shift can result in a rise in the
weak acid protonation constant.

The effect of micelle concentration on the stability of metal-5-
hydroxysalicylic acid complex species can be seen in Figure 1.
When the concentration of micelles increases as predicted, the
stability of complex species increases as a result of a decrease
in the dielectric constant of the system and an increase in the
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NP v = Skewness  Kurtosis  R-factor
x10
32 15.51 8.23 -0.02 2.10 0.0258
33 1.32 5.81 -0.04 3.11 0.0068
26 5.21 13.49 0.04 10.19 0.0148
39 6.94 34.45 -0.32 4.40 0.1682
40 9.72 7.73 -0.28 3.49 0.1950
43 12.5 22.13 -0.22 3.76 0.0221
42 12.82 17.49 -0.53 5.41 0.0228
61 53.45 36.58 1.02 12.49 0.0537
41 9.74 13.00 -0.45 4.22 0.0201
43 17.50 19.78 -0.12 2.19 0.0288
50 18.51 9.36 -0.23 2.58 0.0310
24 2143  3.56 -0.52 3.09 0.0364
57 33.33 104.42 -0.03 9.02 0.0365
54 50.98 115.43 0.14 8.09 0.0496
49 19.57  23.18 0.02 6.50 0.0303
45 26.19 67.84 0.08 5.68 0.0374
53 36.00 25.60 0.01 3.77 0.0385
35 21.88 18.05 0.15 4.84 0.0351

concentration of micelles. According to previous studies®*
and Born's equation,® electrostatic contacts affect the dielectric
constant of the system. The shift in stability of 5-HSA metal
complexes in the presence of CTAB indicates that electrostatic
forces predominate over non-electrostatic forces. In case of metal
complexes with CTAB composition, divergence in linear stability
change could be caused by co-solvent effects like water exposure,
specific interactions or ionic stabilizing nature. The influence of a
solvent is examined at the molecular level in this study.*°

Distribution Diagrams

5-hydroxysalicylic acid possesses three protons that can dissociate,
making it capable of producing LH, at low pH and LH, and LH*
at higher pH. Since the second hydroxyl group deprotonates at
very high pH, measuring its deprotonation equilibrium with a
glass electrode is inaccurate.

The two groups i.e., carboxyl and hydroxyl present in the
5-Hydroxysalicylic acid (LH,) are ionizable. In the pH ranges
1.4-4.0, 2-11.0, and > 10.0, the active forms of 5-HSA are LH,,
LH,, and LH*, respectively. For all three metal ions, ML H,
ML,H,, and ML, H, complexes are predicted in this study. The
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Table 3: The effect of mistakes in the influencing components on Ca"-5-hydroxysalicylic acid complexes in a 0.5% w/v CTAB-aqueous system.

Component % Error log B (D)
ML,H, MLH, MLH,
0 32.92(16) 34.99(15) 46.26(14)
Acid -5 Rejected Rejected Rejected
2 31.28(38) Rejected 44.85(49)
+2 34.26(32) 36.60(41) 47.02(44)
+5 Rejected Rejected Rejected
-5 Rejected Rejected Rejected
=2 34.61(39) 36.81(39) 47.10(45)
Alkali +2 18.56(72) 28.45(69) 42.33(43)
+5 Rejected Rejected 42.72(82)
-5 Rejected Rejected Rejected
2 32.54(36) 34.61(25) 46.44(24)
Ligand +2 32.26(26) 35.33(25) 46.54(24)
+5 Rejected Rejected 42.82(91)
Metal -5 32.91(18) 35.09(16) 46.33(17)
=2 32.92(17) 35.03(16) 46.26(15)
+2 32.92(16) 34.95(16) 46.22(14)
+5 32.91(19) 34.89(18) 46.17(16)
=5 32.82(20) 34.91(19) 46.22(19)
Volume 2 32.92(16) 34.99(16) 46.26(15)
+2 32.92(17) 34.99(16) 46.26(14)
+5 32.72(18) 34.90(16) 46.36(16)
-5 32.92(19) 34.99(18) 46.26(18)
Log F =2 32.92(17) 34.99(16) 46.26(16)
+2 32.92(17) 34.99(16) 46.26(15)
+5 32.92(18) 34.99(16) 46.26(16)

following are the possible complex equilibria of 5-HSA with Ca,
Mg, and Zn divalent metal ions.

Figure 2 shows distribution diagrams for different types of 5-HSA AT N

acid with divalent calcium, magnesium and zinc ions. The plots § “pn) wn N 2
reveal that 5-HSA produces calcium and magnesium complexes |- ;
with divalent ions at pH values ranging from 1.5 to 10.0, and zinc - o =

complexes at pH values ranging from 1.5 to 9.0. The pH range
specified produces ML, H,, ML,H, and ML, H, species.

pH

In comparison to ML H,, ML,H, and MLH, complexes are
seen at high pH, which is shown in Table 4. ML H, is formed
when ML H, species are deprotonated. It is observed that with

an increase in pH ranging from 4-10.0 for Ca(II) and Mg(II)

% Species

the concentrations of ML,H, and MLH, species decreased
simultaneously. In the instance of Zn(II), it is observed that with
anincrease in pH ranging from 5-9.0 the concentrations of ML,H,
and ML, H, species decreased simultaneously. The formation of

more MLzH4 species in the presence of Zn(II) than Ca(II) and Figure 2: 5-Hydroxysalicylic acid binary complex patterns in a CTAB-water
Mg(II) was observed. system of 1.0% w/v: (a) Ca", (b) Ma", and (c) Zinc".
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Table 4: Possible Metal-ligand chemical equilibria.

M(I) + LH, S MLH,*+ H*
MLH * S MLH + H*
2
M(ID) + LH, - MLH+ H*
M(I) + LH, S MLH+ 2H*
M(I) + 2LH, sS——— MLH, + 2H*
MLH, -~ MLH, +H*
M(I) + 2LH, S ML H* + 2H*
MLH, S—— ML H* + 2H*
M(II) + 2LH, = MLH > + 4H*
M(II) + 3LH, SSS MLH, + 3H*
MLH, - MLH* + 2H*
MLH, S MLH,* + 3H*
M(II) + 3LH; - MLH,* + 3H*
M(I) + 3LH, S — MLH,* + 6H"
M(I) + 3LH, S MLH,* + 5H*
HO HO

(]

~ ~J
N N

| /
Fe

/ o
HO.
0
ML,

OH
L]
OH

)

ML:H:

OH

OH

MLH:

Figure 3: The structure of complexes containing 5-hydroxysalicylic acid in
which S represents either solvent or water molecules.
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(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

Structures of Metal Complexes

The binary complexes formation in 5-hydroxysalicylic acid
takes place the participation of two oxygen sites, resulting in the
more stable rings. The proposed structures for all metal ions are
octahedral in this study. As six electron pairs are available, the
divalent calcium, magnesium, and zinc ion complexes should be
octahedral according to the valence shell electron pair repulsion
hypothesis, as seen in Figure 3.

CONCLUSION

In the pH range 2.0-10.5, 5-hydroxysalicylic acid forms
complexes with metal ions of calcium, magnesium and zinc,
which divalent. The metal ligand complexes formed in the
present study are ML, H,, ML, H,, and ML, H, It is observed that
there is a measurable change in the stability constants of the metal
complexes with respective to CTAB composition; it describes the
predominant role of electrostatic forces. As the concentration of
CTARB is increasing, the log_ values of Ca(II), Mg(II) and Zn(II)
complexes were increased. Stabilization and destabilization of
species are caused by electrostatic interactions and a decreasing
dielectric constant. The stability of reactant modified complexes
is in the order alkali component > acid component > ligand
component > metal component > total volume component > log
F component. This study contributes to our understanding of
the interactions between metals and ligands in aqueous-organic
solvent combinations and has the potential to be extremely
instructive for future research on medicinal applications.
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Zinc(II); EDTA: Ethylene Diamine Tetra Acetic acid; HCl: Hydro
Chloric acid; DMSO: Dimethyl Sulfoxide.

SUMMARY

Chemical Speciation/Speciation analysis is a vital study to
determine the concentrations of an individual metal ion and
its molecular forms in human biology and toxicology, as the
changes or variations in their concentrations and forms leads
to toxicity and biological disorders. In the present study the
author has studied the chemical speciation of Ca(II), Mg(II)
and Zn(II) with 5-Hydroxysalicylic acid as the above mentioned
metal ions plays crucial role in metabolism and changes in their
concentrations leads to metabolic disorders. C-TAB is selected in
these studies to maintain the dielectric properties of the medium
in comparable levels to those of the physiological fluids. The
present study provides wide knowledge on type of complexes
formed, stability of complexes, and effect of acid, base, and metal
and ligand concentrations on stability constants. The pH meter
is used for titrations and SCPHD amd MINIQUAD 75 software’s
are used to obtain the statistical data in order to understand the
metal-ligand complex behavior. The behavior of the drug with
metal ions can be easily understandable with the obtained results.
The species refined and their relative concentrations under the
present experimental conditions represent the possible forms of
metal ions in the biological fluids. Further, computer augmented
modeling studies were carried out to arrive at the best fit chemical
models and to check their validity.

REFERENCES

1. Pelizzetti E, Pramauro E. Analytical applications of organized molecular assemblies.
Anal Chim Acta. 1985;169:1-29. doi: 10.1016/50003-2670(00)86203-0.

2. Barmi MJ, Sundaram MM. Role of polymeric surfactant in the synthesis of cobalt
molybdate Nano spheres for hybrid capacitor applications. RSC Adv. 2016;
6(42):36152-62. doi: 10.1039/C6RA02628A.

3. Ramkumar R, Minakshi Sundaram MM. A biopolymer gel-decorated cobalt
molybdate Nano wafer: Effective graft polymer cross-linked with an organic acid for
better energy storage. New J Chem. 2016; 40(3):2863-77. doi: 10.1039/C5NJ02799C.

4. Szymula M, Radzki S. A study of molecular complex formation between propyl gallate
and ascorbic acid in the micro emulsion phase of sodium dodecyl sulfate, pentanol

S$740

and water system. Colloids and surfaces B: Biointerfaces. 2004;35(3-4):249-57. doi: 1
0.1016/50927-7765(03)00103-6.

5. Jaiswal PV, ljeri VS, Srivastava AK. Effect of surfactants on the dissociation constants

of ascorbic and maleic acids. Colloids Surf B Biointerfaces. 2005;46(1):45-51. doi: 10.1
016/j.colsurfb.2005.09.001, PMID 16214308.

6. Pelizzetti E, Pramauro E. Acid-base titrations of substituted benzoic acids in micellar

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

systems. Anal Chim Acta. 1980;117:403-6. doi: 10.1016/0003-2670(80)87047-4.

. Drummond CJ, Grieser F, Healy TW. Acid-base equilibria in aqueous micellar solutions.

Part 1.'Simple’ weak acids and bases. J Chem Soc Faraday Trans. 1989;1(85):521-35.

. Mukerjee P, Mysels KJ. Critical micellar concentrations of aqueous surfactant systems.

Washington: National Bureau of Standards; 1971.

. Patil SS, Ganla A, Patil SR, Deokar V, Assessment of Knowledge and Attitude About

HPV And Its Vaccine among Dental Students, J Pharm Negat. 2022;13:3732-9.

. Parajuli D, Susmitha U, Murali N, Ramakrishna A, Suryanarayana B, Samatha K.

Synthesis and characterization MXene-Ferrite nanocomposites and its application
for dying and shielding. Inorg Chem Commun. 2023;148:110319.

. Balakrishna M, Ramanaiah M, Ramakrishna B, Rao MJ, Neeraja R. Inductively Coupled

Plasma-Mass Spectroscopy: Machine Learning Screening Technique for Trace
Elemental Concentrations in Hemidesmus Indicus. Ann For Res. 2022;65(1):4431-45.

. Ramanaiah M, Balakrishna M, Ramakrishna B, Venkataramana M, Rao BVVP. Profiling

of Trace Elements in Indian Vital Medicinal Plant Momirdica charantia using Inductive
Coupled Plasma-Mass Spectroscopy. Ann For Res. 2022;65(1):3039-48.

. Balakrishna M, Ramanaiah M. Profiling of Trace Elements in Andropogan zizanioides

Medicinal Plant using ICP-MS. Jundishapur J Microbiol. 2022;15(1):7546-52.

. Mir MA, Ashraf MW Andrews K. Synthesis and the formation analysis of Ni(ll), Zn(ll)

and L-glutamine binary complexes in dimethylformamide-aqueous mixture. Results
in chemistry. 2021;3:100188.

. Naik KBK, Raju S, Kumar BA, Rao GN. Chemiccal Speciation of binary complexes of

Pb(ll), Cd(ll) and Hg(ll) with L-glutamic acid in dioxin-water mixtures. Chem Spec
Bioavail. 2021;24:241-7.

. Kumar NV, Srikanth B, Rao GN. Speciation of L-aspartic acid complexes of Co(ll), Ni(ll),

Cu(ll) and Zn(ll) in acetonitrile and ethylene glycol-water mixtures. Bull Chem Soc
Ethiop. 2012;26(2):239-47.

. Raju BR, Devi KVS, Rao GN. Speciation studies of some essential metal complexes

of 1, 10-phenanthroline in dioxin-water mixtures. Proc Natl Acad Sci U S A India.
2011;81:265-72.

. Raju BR, Devi KVS, Rao GN. Formation of binary complexes of Co(ll), Ni(ll) and Cu(ll)

with L-dopa in dioxan-water Mixtures. Bull Chem Soc Ethiop. 2011;25(1):43-52.

. Raju S, Naik KBK, Kumar BA, Rao GN. Speciation of binary complexes of L-glutamic

acid with Co(ll), Ni(ll) and Cu(ll) in low dielectric media. J Indian Chem Soc.
2012;89(1):57-62.

Rao RS, Rao GN. Computer applications in chemistry. Mumbai: Himalaya Publishing
House. 2005:302-9.

Gran G. Determination of the equivalence point in potentiometric titrations. Part II.
Analyst. 1952;77(920):661-71. doi: 10.1039/an9527700661.

Gran G. Equivalence volumes in potentiometric titrations. Anal Chim Acta.
1988;206:111-23. doi: 10.1016/50003-2670(00)80835-1.

Neeraja R, Bindu GH, Ramanaiah M, Kumar YV. Study on complex equilibria between
divalent transition metals (Co, Ni and Cu) and L-methionine in a medium of SLS-water
mixture. Rasayan J Chem. 2021;14(2):1126-32. doi: 10.31788/RJC.2021.1426187.

Ramanaiah M, Seetharam P, Balakrishna M, Raju BR. Potentiometric studies of
complex equilibria of Call, Mgll, Znll with 5-sulfosalicylic acid in cationic micelles
of CTAB. Heliyon. 2019;5(8):e02157. doi: 10.1016/j.heliyon.2019.e02157, PMID
31417969.

Seetharam P, Balakrishna M, Ramanaiah M, Sailaja BBV. Potentiometric studies on
bioactive material species of ternary complexes in SLS-Water mixtures. Mater Today
Proc. 2021;42:3046-53. doi: 10.1016/j.matpr.2020.12.827.

Neeraja R, Bindu GH, Ramanaiah M. A pH metric investigation on mixed-ligand
complexes of transition metal ions with selective bio-ligands in surfactant-aqua
mixture. Res J Chem Environ. 2021;25:21-30.

Sudhakar C, Shaik A, Ramanaiah M, Nageswara RC. Effect of solvent on protonation
equilibria of L-serine and L-tryptophan in ethylene glycol-water mixtures. Res J Chem
Environ. 2021;25(7):124-9. doi: 10.25303/257rjce12421.

Gans P, Sabatini A, Vacca A. An improved computer program for the computation of
formation constants from potentiometric data. Inorg Chim Acta. 1976;18:237-9. doi:
10.1016/50020-1693(00)95610-X.

Ramanaiah M, Sri SG, Balakrishna M, Raju BR. Effect of anionic micelles of
cetyltrimethylammonium bromide on protonation equilibria of salicylic derivatives.
J Chil Chem Soc. 2017;62(4):3677-82. doi: 10.4067/50717-97072017000403677.
Bunton CA, Romsted LS, Sepulveda LA. A quantitative treatment of micellar effects
upon deprotonation equilibriums. J Phys Chem. 1980;84(20):2611-8. doi: 10.1021/j
100457a027.

Chaimovich H, Bonilha JBS, Politi MJ, Quina FH. lon exchange in micellar solutions. 2.
Binding of hydroxide ion to positive micelles. J Phys Chem. 1979;83(14):1851-4. doi:
10.1021/j100477a011.

Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 3(Suppl), Jul-Sep, 2023



Ramanaiah, ef al.: Binary Complexes of 5-HSA with Ca(II), Mg(II) and Zn(II) in CTAB

32. Born M. Volumen und hydratationswarme der lonen. Z Physik. 1920;1(1):45-8. doi: 1 oleaginous component and the addition of alcohols to vehicle. Chem Pharm Bull.
0.1007/BF01881023. 1991;39(1):154-8. doi: 10.1248/cpb.39.154.

33. Obatta Y, Takayama K, Maitani Y, Machida Y. Effect of etanol on skin permeation of N L ) L
nonionized and ionized diclofenac. Int J Pharm. 1993;89(3):191-8. 35. Giingdr S, Bergisadi N. Effect of penetration enhancers on in vitro percutaneous

34. Takahashi K, Tamagawa S, Katagi T, Yositomi H, Kamada A, Rytting JH, et al. In vitro penetration of nimesulide through rat skin. Pharmazie. 2004;59(1):39-41. PMID
transport of sodium diclofenac across rat abdominal skin: Affect of selection of 14964420.

Cite this article: Ramanaiah M, Balakrishna M, Neeraja R, Gouthamsri S, Seetharam P. The Formation Analysis of Ca (Il), Mg (ll), Zn (Il) and 5-Hydroxysalicylic
Acid Binary Complexes in Cetyltrimethylammonium Bromide Cationic Micelles. Indian J of Pharmaceutical Education and Research. 2023;57(3s):s734-s741.

Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 3(Suppl), Jul-Sep, 2023 S741



