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ABSTRACT. Understanding the intermolecular charge transfer complexes between 2-mercaptobenthiazole
(MBT) with picric acid (PA) and iodine (I2) as 7 and o acceptors was the main goal of this investigation. In
CHCl3, the charge-transfer interaction between the PA acceptor and the MBT electron donor has been
investigated. The new CT-complex was formed using the general formula [MBT)(PA)] according to the
resultant data. Following elemental analysis and photometric titration, the reaction's 1:1 stoichiometry was
examined. However, the 1:1 iodine-MBT triiodide (I3)) charge-transfer complex, which has the general
formula [(MBT)21]"I5", has been investigated spectrophotometrically in chloroform at ambient temperature.
Around 332 and 290 nm are the locations of triiodide ion Iz~ electronic absorption bands. Due to symmetric
stretching vs(I-1) of the outer and inner bonds, respectively, the brown solid triiodide complex's Raman laser
spectra exhibit two distinct vibration bands at 161 and 114 cm™. The morphological shape of MBT charge-
transfer complexes as well as the intermolecular charge transfer interactions were discussed as seen by
scanning electron microscopy (SEM) and their infrared spectra.

Keywords: Mercaptobenthiazole; triiodide; spectrophotometrically; picric acid; iodine; Raman laser.

antimicrobial, anticancer, antidiabetic, and

antibacterial properties [1-4]. 2-

INTRODUCTION Mercaptobenzothiazole (MBT) is also utilized in

nonbiological fields, such as vulcanization,

photographic materials, dyes, polymers, and growth

Benzothiazole derivatives are heterocyclic  regulators. This well-known analytical reagent for
compounds with two rings: one is a benzene ring, mercury, iron (I1), and cadmium metal ions [5] and
and the other is a five-member ring with S and N its derivatives have insecticidal capabilities [6]. It
atoms. Benzothiazole is used in antitumor,  has also been discovered to be useful in the leather
vasodilator, antitubercular, antifungal, industry. For copper [7] and zinc [8], 2-
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mercaptobenzothiazole is a commonly used organic
corrosion inhibitor [9]. It is also used as a
component of smart coatings that are anticorrosion
and self-healing [10]. It was proposed by Larsson et
al. [11] that MBT may be used as an additive in dye
solar devicess. MBT is one of several
heterocyclomatic thiols that have been used as co-
initiators for type Il photo-initiators made of
isopropylthioxanthone and camphoroquinone.
Their effectiveness as co-initiators is like that of
aromatic amines, according to kinetic data. Some of
these “thiols” have been used as co-initiators of
hexaarylbisimidazoles because of their propensity
to give hydrogen atoms [12].

Because of the unique kind of interactions
that accompany the transfer of an electron from the
donor to the acceptor, charge-transfer complexes
(CTCs) involving various organic species have
been the subject of much research [13-21]. lodine,
as a sigma acceptor, reacted with various organic
(aliphatic/aromatic) donors, including amines and
crown ethers, to create polyiodide ions such as I3,
Is, 17, and lg,, which have intriguing uses in
electronics and solar cells [22—29]. Charge-transfer
complexes CTCs have been used successfully in a
variety of intriguing research initiatives.

The main goal of developing and
assembling different structures of organic CTCs is
research focusing on the characteristics of
metalloid, emission, high-power electronics, and
ferroelectricity. They can also be used to study how
drugs bind to their acceptors. For the investigation
of pharmaceutical preparations and
pharmaceuticals in their pure condition, CTC
creation has been used to create quick, accurate, and
simple spectrophotometric methods [30]. Because
of their structural significance in many areas of
chemistry, numerous attempts have been made to
synthesize CTCs. As a result of their widespread

application, CTCs have been thoroughly
investigated in several domains, such as molecular
electronics, medicine, biology [31],

photoconductors [32], light detectors [33],
ferroelectrics [34], liquid crystals [35], solar cells
[36], photocatalysts [37], nonlinear optical
materials [38], corrosion inhibitors [39], and
chemosensors [40]. When an electron donor and an
electron acceptor interact, charge transfer
complexes (CTCs) are created. Charge transfer
interactions or the creation of hydrogen bonds result
in the creation of a new compound (CTC). This
research explores the synthesis, properties, and
recorded examples of CTCs. It examines the
possibilities for future applications of CTCs and
emphasizes current developments in their use
across a range of industries. The intermolecular
charge-transfer complexes of picric acid or iodine

with 2-Mercaptobenzothiazole (MBT) have not
been documented in any literature study.

EXPERIMENTAL
Chemicals

Aldrich, and Merck companies provided the
2-mercaptobenzothiazole (MBT; Formula 1),
iodine, picric acid, and other chemicals and
solvents, which were used without additional
purification.

Instrumentals

A Perkin-Elmer CHN 2400 elemental
analyzer was used for the elemental analyses.
Jenway 4010 conductivity was used to assess the
molar conductance of the MBT and their charge-
transfer complexes using 10~ mol/L in DMSO. KBr
pellets were used to record IR spectra (4000—400
cm™) on a Bruker FT-IR Spectrophotometer, and
samples' Raman laser spectra were examined using
a 50-mW laser on a Bruker FT-Raman. Using a
Jenway 6405 Spectrophotometer and a 1 cm quartz
cell, the UVlvis spectra of the reactants and
products were acquired i in the 200-800 nm range in
chloroform solvent (10 M). Analytical scanning
electron microscopy was used to scan the samples
for the Jeol JSSM-630LA. The elemental analysis
was performed using the Energy-Dispersive X-ray
Analysis (EDX) instrument, an optional add-on to
the JEOL JSM-6390(LA).
Synthesis

Hofmann  [41]  first reported  2-

mercaptobenzothiazole in 1887 (Formula I). The
molecule exists in the solid form as the thione (A)
and not as the thiol tautomer (B), as evidenced by
the infrared spectra, WhICh shows v(NH) absorption
bands at about 3100 cm! but no v(SH) absorption
at about 2500 cm™. Both of solid charge-transfer
complexes of MBT with o- acceptor (I2) and =n-
acceptor (PA) were prepared by mixing (0.1 mmol;
0.168 g) of the MBT donor in 20 mL chloroform
with saturated solution of each acceptor in the same
solvent with continuously stirring for about 3 hr at
room temperature. The mixtures were allowed to
precipitate at room temperature, the resulted
colored complexes in the solid state were filtered
and washed with little amount of solvent, finally
dried under vacuum over anhydrous calcium
chloride. Analysis: The dark brown [MBT)2l]"l5"
complex with empirical formula C14H10S4N2l4; %C,
19.85(19.97); %H, 1.17(1.20); and %N, 3.29(3.33).
Analysis: The yellow solid [MBT)(PA)] charge
transfer complex with empirical formula



C13HgO7S2N4; %C, 39.36(39.39); %H, 2.01(2.03);
and %N, 14.12(14.14) (theoretical values are
shown in brackets and experimental data without

brackets.
S S

C[ % S —_— C[ />7SH
N N
N

) (B)

Formula I. Tautomer’s and deprotonated chemical
structures of 2-mercaptobenzothiazole
(MBT)

RESULTS AND DISCUSSIONS

Preface

The follow up of both brown and yellow
colors formed upon the charge-transfer complexes
between iodine and picric acid acceptors with
electron donor MBT was spectrophotometrically
studied to detect the optimal conditions for
complexation process. The MBT has three types of
donation atoms (Formula 1A), so it acts as a
powerful electron donor. The three types of
donation atoms are as exocyclic sulfur (C=S) group,
endocyclic sulfur (C-S) group, and the nitrogen
atom. In 2-mercaptobenzothiazole, the nitrogen
atom is a secondary amine that is neutral and a part
of an aromatic thiazole ring that has been fused with
a benzene ring. In a secondary amine, the nitrogen
atom hybridizes as sp®. This is because the nitrogen
atom has one lone pair of electrons and forms three
sigma bonds, two with carbon atoms and one with
a hydrogen atom, resulting in four regions of
electron density, which is typical of (sp®)
hybridization.

For MBT-PA and (MBT)2-21, molar ratios
between donor MBT and several attractive
acceptors like PA and iodine, the fraction of carbon,
hydrogen, and nitrogen components agrees with the
1:1 value. The initial materials' and the final MBT
charge  transfer  complexes'  conductivity
measurements were carried out in DMSO at a
concentration of 102 mol/L. The range of molar
conductivities for MBT charge-transfer complexes
was 38-42 Qlcm™mol?. According to the molar
conductance values, the substance was rather
electrolytic. The creation of intermolecular positive
and negative dative anions (D*—A") according to
the acid-base theory is the cause of these data [13-
26].
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Electronic spectra

For the MBT-l> system, the UV-Vis
electronic spectra (Figure 1) in CHCIs refers to both
measured absorption bands at approximately 332
and 290 nm, which are absent for all reactants.
Based on the absorption band at 332 nm, Figure 2
displays the photometric titration curve of the
MBT-I, process. The MBT: I ratio is 1:1, as the
molar ratio of the MBT-I reaction makes evident,
and the intermolecular charge-transfer complex can
be expressed as [MBT)]"ls. The elemental
analysis and Raman laser spectroscopy discussions
were consistent with this outcome. The literature
review [22] states that the synthesis of one type of
polyiodide molecule Iy (wheren=1,3,5,7,9, ...)
was attributed to the presence of similar absorption
bands at 360 and 290 nm. The production of
polyiodide charge transfer complexes is consistent
with the triiodide I3” charge-transfer complex that
was obtained in this investigation [22].
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Figure 1. UV-Vis absorption spectrum of MBT-I>
system in CHCls.
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Figure 2. Photometric titration curve of MBT-I.
system in CHCl3 at 332 nm.
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A pure grade of chloroform solvent was
used to measure the electronic absorption spectra of
MBT-PA charge-transfer complex. The CT
complex is created by mixing 1.00 mL of 5.0x10*
M MBT donor with xmL of 5.0x10* M picric acid
acceptor, where x = 0.50, 1.00, 1.50, 2.00, 2.50,
3.00, 3.50, 3.50, and 4.00 mL. Using CHCls
solvent, each system's total volume was brought to
10 mL. While the concentration of PA changed
from 0.25x10 M to 3.00x10* M for the MBT-PA
system in CHCIs solvent, the concentration of MBT
in the reaction mixture remained constant at 10 M.
The MBT:PA ratios that result from these
concentrations range from 1:0.50 to 1:4. Figure 3
displays the electronic absorption spectrum for the
1:1 ratio in chloroform. The characterization of the
actual absorption bands, which are absent from the
spectra of free reactants, is shown by the spectrum.
This band is located at 410 nm because of the MBT-
PA CT complex that was created when MBT and
PA react in a CHCIs solvent. Based on these
identified absorption bands, the photometric
titration curve is displayed in Figure 4. Plotting the
absorbance versus the mL of PA added as the n-
acceptor yielded this photometric titration curve,
which was achieved in accordance with established
procedures [42]. It is evident from the curve's
equivalency point that a 1:1 CT complex forms
between MBT and picric acid. Observing that the
solvent significantly affects the spectrum intensity
of the generated [MBT)(PA)] complex was
remarkable.
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Figure 3. UV-Vis absorption spectrum of MBT-
PA system in CHCls.
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Figure 4. Photometric titration curve of MBT-PA
system in CHCl3 at 410 nm.

Infrared spectra

The infrared spectra of [(MBT).I]".1s" and
[(MBT)(PA)] charge-transfer complexes are shown
in (Figures 5 & 6) and the bands of interest in the
I.r. spectra of MBT and its charge transfer
complexes are listed with assignments in Table 1.
The FTIR spectrum peaks of pure MBT around
30812842 cm™! was attributed to the aromatic
hydrogen stretching vibration, and the peak at 3116
cm™! corresponds to the N-H stretching vibration
[43]. The peaks at 1597-1496 cm™' and 1285 cm™!
were caused by the C=C and C=S stretching
vibrations [43]. In addition, the presence of 1429
cm!' and 671 cm™' was due to C=N-S and C-S
groups [43]. The-CH out-of-plane deformation
characteristic vibrations bands of the aromatic
naphthalene rings are at 970, 860 and 762 cm™!. The
spectra of the iodine and picric acid charge transfer
complexes differ from that of the MBT ligand as
follows:

i. The v(N-H) band at 3116 cm™* shifts to lower
frequencies.
ii. The v(N-C=S) band at 1429 cm™ is less intense.
iii. The v(C=S) band at 1322 cm™ shows no
frequency change but in all cases is less intense.
iv. The v(C-S) band at 661 cm™ is of medium
strong intensity and presence in both charge
transfer complexes.

The nitrogen atom is a more electron-rich
donor atom than the sulfur atom in the thione
structure of 2-mercaptobenzothiazole. Although
both atoms have the potential to be donor sites, their
complex behavior and relative electron richness are
different. The nitrogen atom is more nucleophilic
and a more advantageous reactive site for donation,



according to theoretical and experimental research,
especially when it comes to coordination
complexes and adsorption onto surfaces. The N
atom ability to donate electron density and create
strong bonds is highlighted by the fact that it
frequently takes part in additional stabilizing
interactions during complex formation, such as
hydrogen bonding (N-H...X). Consequently, in the
thione structure, the N atom has a greater potential
to donate electrons, particularly in the presence of
strong dative or covalent interactions. These data
are well agreement with the infrared data which
supported the place of  charge-transfer
complexation through the migration of protons (—
OH of phenolic group of picric acid acceptor) from
acidic centers to sp® nitrogen atom (NH) which is
more basicity than sulfur atoms (see Figure 7).

Table 1. Infrared frequencies (cm™') and band
assignments of free MBT, [(MBT)2I]".Is" and
[(MBT)(PA)] charge transfer complexes

Frequencies (cm™) Assign
MBT [((MBT)I]".Is [ [(MBT)(PA)] | ments
3116 3070 3099 v(N-H)
- 2700-2500 2700-2500 Hydroge
n
bonding
1597, 1496 | 1587, 1494 1597, 1494 v(C=C)
1429 1421 1421 v(N-
C=S)
1322 1317 1317 v(C=S)
671 669 655 v(C-S)

T, %

4000

T T T
3500 3000 2500

T T T
2000 1500 1000

Wavenumbers, cm™

T
500

Figure 5. Infrared spectrum of [MBT)2l]"ls" charge
transfer complex
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Figure 6. Infrared spectrum of [MBT)(PA)]
charge transfer complex
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Figure 7. Suggested structures of [(MBT)21]".15"
and [(MBT)(PA)] charge transfer complexes

Figure 8 displays the Raman spectrum of
[(MBT)0]".1, and the measured absorption
frequencies indicate the presence of the triiodide
ion, I3~ [22]. The asymmetric stretching vibrations
vas(I-1); I3 are responsible for the medium-to-weak
peaks at 161 cm™. The symmetrical stretching
vibrations vs(I-I) are identified by the characteristic
band that was observed; 5~ is situated at 142 cm™.
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Because of 8(I3), the third band was present at 114
cmL. The I3~ unit seems to be non-linear with Cay
symmetry since the Raman spectra contain both the
triiodide ion's vs and vas.
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Figure 8. Raman laser spectrum of [MBT)21]".15"
charge-transfer complex

SEM and EDX investigations

Figure 9A. SEM image of [MBT).1]".Is" charge-
transfer complex

20kV  X2,500 0089 TAIF EMU

Figure 9B. SEM image of [MBT)(PA)] charge-
transfer complex

10um

Various microcrystal array morphologies
can be seen in SEM pictures of a charge transfer
complex, contingent on the materials and synthesis
conditions.  Energy-dispersive  X-ray (EDX)
spectroscopy and other characterization methods
are frequently used in conjunction with these
pictures to examine the complex elemental
distribution and composition. While some
complexes may self-assemble into crystalline
structures, others, for instance, manifest as a film
with needle-like characteristics. The synthetic
[(MBT)2I]".1>" and [(MBT)(PA)] CT-complexes
were subjected to microstructural investigation
using a scanning electron microscope (SEM); the
resulting images are displayed in Figure 9A&B.
[((MBT)21]".1s and [(MBT)(PA)] both exhibit
crystal-like structural morphology, which further
demonstrates that donor/acceptor assembly is an
energetically advantageous superstructure.
According to microstructural morphology, the CTC
structure's size was within the precise nanometer
range.
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