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ABSTRACT

This study reports the synthesis, spectroscopic characterization, and analytical application of Pyridine-2-
carbaldehyde thiosemicarbazone (Py-2-TSC) and its cobalt(I1) complex. The ligand Py-2-TSC was synthesized
and characterized using UV-visible spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR), and X-ray
Diffraction (XRD), confirming its structural features and purity. The complexation between Co(ll) and Py-2-
TSC was optimized at pH 3, where a stable 1:1 metal-to-ligand complex formed, exhibiting maximum
absorbance at 510 nm with a molar extinction coefficient of 2.77 x 10* L mol™ cm™. The complex remained
stable for up to 24 hours and followed Beer’s law over the Co(II) concentration range of 8.48 x 107 to 8.48 x
10~ M. Both Job’s method of continuous variation and the mole ratio method confirmed the 1:1 stoichiometry.
The low dissociation constant (7.07 x 107®) and high stability constant (1.41 x 107) indicated strong and stable
complex formation. Interference studies showed good selectivity, with notable interference only from EDTA
and acetate ions. The antimicrobial activity of Py-2-TSC was evaluated against Klebsiella pneumoniae, a gram-
negative bacterium, and showed promising inhibitory effects. These findings are consistent with literature reports
that highlight thiosemicarbazone ligands as bioactive compounds with potential antimicrobial, antifungal,
antitumor, and antitubercular activities. Overall, this study establishes Py-2-TSC as a sensitive and selective
ligand for the spectrophotometric determination of cobalt(I1), while also demonstrating its potential in medicinal
chemistry.

Keywords: Pyridine-2-thiosemicarbazone, Cobalt(Il) complex, Spectrophotometry, Stability constant,
Antimicrobial activity, FTIR and XRD characterization, Job’s method

INTRODUCTION

Cobalt is a strategically important transition metal with wide-ranging applications in industry, medicine, and
biological systems [1]. It is an essential component in high-performance alloys, ceramics, and magnets, and
plays a key role in catalysis, electroplating, and pigment production [2]. Biologically, cobalt is integral to vitamin
B and is required in trace amounts for human and plant health [3]. Due to its industrial and physiological
significance, the accurate and sensitive determination of cobalt(Il) ions has drawn considerable analytical
interest [4].-.

Among the various techniques used for cobalt quantification, spectrophotometric methods offer simplicity,
sensitivity, and cost-effectiveness [5]. Ligands such as pyridine-2-Carbaldehyde thiosemicarbazones (Py-2-TSC)
have emerged as efficient reagents in the colorimetric detection of transition metals. These ligands form intensely
coloured, stable complexes with cobalt(Il), allowing precise photometric estimation even at low concentrations
[6]. The formation of'a 1:1 metal-to-ligand complex under controlled pH conditions provides a reliable basis for
stoichiometric and stability studies. Methods such as Job’s continuous variation and mole ratio plots confirm the
binding interaction, while dissociation and stability constants further validate complex formation.

In addition to their analytical value, thiosemicarbazone derivatives exhibit promising biological activities,
including antibacterial, antifungal, antitumor, and antiviral effects [7]. In the present study, the antimicrobial
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activity of the ligand Py-2-TSC was evaluated specifically against Klebsiella pneumoniae, a Gram-negative
pathogen, to explore its potential biological efficacy. These dual applications—analytical and medicinal—
highlight the potential of Py-2-TSC-based complexes in both laboratory diagnostics and therapeutic research.

This work was undertaken to explore the dual potential of Py-2-TSC ligands in coordination chemistry and
biomedicine. By synthesizing and characterizing the Co(I)-Py-2-TSC complex, we aim to contribute a reliable,
cost-effective method for cobalt detection while also probing its antimicrobial efficacy. The findings offer
insights into ligand-metal interactions and support the continued exploration of thiosemicarbazone derivatives
in analytical and pharmaceutical sciences.

Experimental Details
Synthesis and Characterization of Pyridine-2-Carbaldehyde Thiosemicarbazone
Synthesis of Pyridine-2-Carbaldehyde Thiosemicarbazone (Py-2-TSC)

Pyridine-2-aldehyde thiosemicarbazone (Py-2-TSC) was synthesized via a condensation reaction between
equimolar quantities of pyridine-2-aldehyde (10.7 g) and thiosemicarbazide (9.1 g) in ethanol under reflux for
one hour. Upon completion, a pale yellow crystalline solid separated from the solution. The product was filtered,
washed thoroughly with cold ether to remove impurities, and recrystallized from ethanol to obtain a purified
compound. The melting point of the resulting compound was recorded as 170 °C.. The molecular weight,
calculated from the empirical formula, was 180.234 g/mol. Reactions are as below-[8]

\ CHO H

N NH,
-+ HzN/ N~

(o]
=" ﬂ
Pyridine-2-aldehyde Thiosemicarbazide
]
\ C\N/ N\C/ NH.
g
/ N

Pyridine-2-aldehyde Thiosemicarbazone

Elemental Analysis

The elemental composition of the synthesized Py-2-TSC was confirmed by elemental analysis conducted at
Nikhil Laboratory, Sangli—an AGMARK-certified testing facility. The observed percentages of carbon,
hydrogen, nitrogen, and sulphur closely matched their theoretical values, validating the proposed molecular
formula. [9] It is shown in Table 1

Table 1: Elemental Analysis of Py-2-TSC

Sr. No. | Chemical Element | % Found | % Expected
1 Carbon (C) 45.92 46.67

2 Hydrogen (H) 4.22 4.44

3 Nitrogen (N) 30.82 31.11

4 Sulphur (S) 17.62 17.77
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Antimicrobial Activity

The antimicrobial potential of Py-2-TSC was tested against Klebsiella pneumoniae using the agar diffusion
method. A 0.1% ethanolic solution of Py-2-TSC was prepared, and sterile filter paper discs were impregnated
with the solution. After solvent evaporation, the discs were placed on nutrient agar plates inoculated with a fresh
culture of K. pneumoniae. The plates were incubated at 37 °C for 24 hours. The zone of inhibition was measured
in centimeters(0.8 cm). These results indicate the compound’s potential as a bioactive agent.[10]

UV-Visible Spectroscopy

The UV-Visible absorption spectrum of Py-2-TSC was recorded to analyse the electronic transitions in the
ligand. A strong absorption peak at 270 nm was observed, characteristic of m — n* transitions, indicative of the
conjugated structure of the molecule. The molar extinction coefficient (¢) was determined to be 1.115 x 10° L
mol™ cm™ at pH 3. This strong absorbance suggests extensive electron delocalization, contributing to the
compound’s reactivity and coordination behaviour with metal ions.[11]

Infrared (IR) Spectroscopy

IR spectral analysis of Py-2-TSC was carried out in the range of 4000-200 cm™ using the KBr pellet method on
a Perkin Elmer 221-IR spectrophotometer. Significant absorption bands were recorded at: ~1590 and 1610 cm™!
(C=N, pyridine ring), ~950-955 cm™* (C=S stretching), ~3300-3530 cm*' (N-H stretching of —-NHz), ~760
cm' (adjacent alkyne hydrogens), and ~1980-2500 cm!' (-N=C=S stretching modes).
These peaks confirmed the successful synthesis of the target compound and the presence of essential functional
groups, including C=N, C=S, and NH functionalities. (Fig.1 and Table 2) [12]
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Figure 1: Infrared (IR) Spectrum

Table 2. IR Frequencies and Functional Group Assignments of Py-2-TSC.

Functional Group Wavenumber (cm™) Intensity
Alkyne (C=C—H, adjacent H) ~760 Medium

C=S (Thio group) 950-1050 Strong

Olefinic >C-H 3000-3100 Medium
Aromatic >C—H stretch 3000-3100 Medium-Strong
Pyridine ring (C=N) 1590-1610 Strong
Pyridine ring (C—H bend) 600-800 Medium
Isothiocyanate (—-N=C=S) 1980-2500 Strong
Hydroxyl (—OH, bonded) 3200-3600 Broad
Aldehyde (—-CHO) C—H stretch | 2720-2820 Weak

Primary amine (—-NH>) stretch 3300-3500 Medium—Broad
Secondary amine (>NH) stretch | 3300-3500 Medium
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X-ray Diffraction (XRD) Analysis

The crystalline nature of Py-2-TSC was examined using powder X-ray diffraction (XRD). Data were collected
on a PW 3710-based diffractometer. The diffraction pattern displayed 30 reflections within the 20 range of
10.460° to 95.480°, with three major intense reflections. The values of sin’0 were calculated and indexed. The
d-spacing values (observed and calculated) matched closely, confirming the reproducibility of the diffraction
data.

Using the Hesse-Lipson procedure, the Sin*0 data were wused to calculate lattice parameters:
a=6.1374 A, b=6.2014 A and c=3.0458 A

The close agreement between the experimental (sin?0_obs) and theoretical (sin’0_cal) values (Table 3) confirms
that the compound crystallizes in an orthorhombic system. The diffraction pattern is shown in Figure 2 [13]
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Figure 2: X-ray Diffraction (XRD) Pattern

Table 3. Values of Sin2@obs & Sin20cal of Py-2-TSC

20 Hkl sin2@® observed | sin2® calculated | d (A°) observed | d (A°) calculated
54.195 | 1, 3,2001 | 0.2075 0.2076 1.691 1.69

59.125 | 3,2,2001 | 0.2434 0.2428 1.5613 1.5626

68.99 | 1,4,2001 | 0.3207 0.3205 1.3601 1.3602

69.195 | 1, 4,2001 | 0.3224 0.3324 1.3566 1.3355

75.695 | 4, 2,2001 | 0.3765 0.3784 1.252 1.235

75.94 | 4,2,2001 | 0.3786 0.3728 1.2551 1.2511

95.48 |5,2,2001 | 0.5477 0.5473 1.0408 1.0408

Spectrophotometric Study of the Co(II)-Py-2-TSC Complex
Preparation of Standard Cobalt(II) Solution

A stock solution of Cobalt(I1) (8.484 x 10~* M) was prepared by dissolving A.R. grade 0.0238 g of cobalt sulphate
heptahydrate (CoSO.:7H,0) in 100 mL of distilled water. Working standard solutions of desired concentrations
were prepared by appropriate dilution with distilled water.[14]

Preparation of Standard Pyridine-2-Carbaldehyde Thiosemicarbazone (Py-2-TSC) Solution

A standard ligand solution (8.484 x 10 M) was prepared by dissolving 0.0382 g of Py-2-TSC in alcohol and
diluting to 250 mL with the same solvent. This solution was used for complex formation and subsequent
spectrophotometric measurements.[15]
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Preparation of Buffer Solution

A phosphate-citrate buffer of pH 3 was prepared by mixing 20.55 mL of 0.2 M disodium hydrogen phosphate
(Na,HPO,) with 79.45 mL of 0.1 M citric acid and diluting to 100 mL with distilled water. This buffer was used
to maintain the optimum pH during complex formation.[16]

Spectrophotometric Procedure for Complex Formation

To study the Co(II)-Py-2-TSC complex, 1 mL of standard Co(II) solution (8.484 x 10™* M) and 1 mL of Py-2-
TSC solution (8.484 x 10~* M) were mixed with 1 mL of phosphate buffer (pH 3). The mixture was diluted to
10 mL with alcohol. The absorbance was measured at 510 nm against a reagent blank to determine the complex
formation and stability.[17]

Effect of pH

The effect of pH on complex formation was studied by preparing a series of solutions containing 8.484 x 103
M Co(Il) and Py-2-TSC, with bufter solutions adjusted between pH 1 to 10. Absorbance was measured at 510
nm, and the optimum pH was found to be 3. [18]

Determination of Amax and Molar Extinction Coefficient

The absorption spectrum of the Co(II)-Py-2-TSC complex was recorded, revealing a maximum absorbance
(Amax) at 510 nm. The molar extinction coefficient (¢) was calculated using the absorbance data and found to be
2.770 x 10* Lmol™ ecm™. [19]

Effect of Reagent Concentration

To optimize the ligand concentration, the volume of Py-2-TSC solution (8.484 x 10™* M) was varied from 0.1
mL to 1 mL while keeping Co(II) concentration constant (8.484 x 10~ M). The optimal volume for maximum
absorbance at 510 nm was determined to be 0.8 mL.[19]

Validation of Beer’s Law

Solutions with varying concentrations of Co(Il) (8.484 x 10¢ M to 8.484 x 10 M) were prepared with
equivalent Py-2-TSC concentrations. Absorbance measurements at 510 nm confirmed linearity according to
Beer’s Law in this concentration range.[20]

Determination of Complex Composition

Job’s Method of Continuous Variation:

Equimolar solutions of Co(II) and Py-2-TSC (8.484 x 10~* M) were mixed in varying proportions at pH 3, and
absorbance was measured at 510 nm. The maximum absorbance corresponded to a 1:1 metal-to-ligand ratio.[21]

Mole Ratio Method:

Solutions with a fixed metal concentration and varying ligand concentrations were prepared at pH 3. Absorbance
readings confirmed the 1:1 stoichiometric ratio.[21]

Effect of Diverse Ions

The influence of various foreign ions on the absorbance of the Co(II)-Py-2-TSC complex was investigated.
Known amounts of potential interfering ions were added to the complex solution, and absorbance at 510 nm was
measured. Most ions such as Cd?*, Fe**, Hg?", Mg?*, Sn**, and Ni#** showed negligible interference, while EDTA
and acetate ions significantly interfered and were avoided in the procedure.[22]
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RESULTS AND DISCUSSION

Synthesis and Characterization of Pyridine-2-Carbaldehyde Thiosemicarbazone

The synthesis of Py-2-TSC via the condensation reaction between pyridine-2-aldehyde and thiosemicarbazide
yielded a pale yellow crystalline solid with a sharp melting point of 170 °C, suggesting high purity. The elemental
analysis (Table 1) confirmed the theoretical composition of the compound, thus validating its proposed molecular
formula.[23]

Spectroscopic Characterization
UV-Visible Spectroscopy:

The UV-Visible spectrum of Py-2-TSC displayed a prominent absorption band at 270 nm, attributed to 7 — ©*
transitions, which are characteristic of conjugated systems[24]. The high molar absorptivity (¢ = 1.115 x 10° L
mol™ cm™ at pH 5) suggests significant electron delocalization in the molecule, enhancing its coordination
potential with metal ions.[25]

Infrared Spectroscopy (IR):

The IR spectrum provided insights into the functional groups present in Py-2-TSC. Notable absorption bands at
~1590 and 1610 cm™ correspond to C=N stretching vibrations, confirming the presence of the azomethine
moiety.[26] The bands at 950-955 cm™ and 3300-3530 cm! indicated the presence of C=S and N-H
functionalities, respectively, further verifying successful synthesis.[27] A unique band in the 1980-2500 cm™!
range was attributed to N=C=S stretching vibrations.(Table2,Fig.1)[28]

3.3 X-ray Diffraction (XRD) Analysis

The powder XRD pattern showed 30 diffraction peaks between 20 values of 10.460° and 95.480°, with three
dominant reflections. Lattice parameters calculated using the Hesse-Lipson method (a = 6.1374 A, b= 6.2014
A, ¢ = 3.0458 A) confirmed that the compound crystallizes in the orthorhombic system. [29]The close match
between observed and theoretical sin?0 values supported the high crystallinity and structural consistency of the
synthesized ligand. The lattice parameters a = 6.1374 A, b =6.2014 A, and ¢ = 3.0458 A with all angles at 90°
confirm that the complex crystallizes in an orthorhombic system. This indicates a well-ordered, anisotropic
crystalline structure with differing atomic arrangements along each axis.(Table 3,Fig. 2)[30]

Antimicrobial Activity

The disc diffusion assay against Klebsiella pneumoniae showed a clear zone of inhibition,(0.8 cm) demonstrating
the antimicrobial potential of Py-2-TSC [31]. This activity may be attributed to the presence of the
thiosemicarbazone moiety, known for its biological interactions with microbial cell components. The observed
inhibition suggests possible applications as an antimicrobial agent.[32]

Spectrophotometric Studies of Co(II)-Py-2-TSC Complex
Complex Formation:

The spectrophotometric analysis confirmed the formation of a stable, coloured complex between Co(II) and
Pyridine-2-aldehyde thiosemicarbazone (Py-2-TSC). The complex exhibited a distinct absorption maximum
(Amax) at 510 nm, which facilitated its quantitative analysis.[33] The molar absorptivity (g) was calculated to be
2.770 x 10* L mol™ cm™, suggesting a moderately strong interaction between the metal ion and the ligand. This
significant absorbance is indicative of effective coordination and the formation of a chromophoric metal-ligand
complex.[34]
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Effect of pH:

The effect of pH on the formation and stability of the Co(II)-Py-2-TSC complex was investigated over a range
of pH values. The highest absorbance was observed at pH 3, indicating that this acidic condition is optimal for
complex formation.[35] [Table 4] This can be attributed to the protonation state of the ligand and the cobalt ion
at low pH, which likely enhances the coordination efficiency and stability of the resulting complex.[36]

Table 4:-Effect of pH on Absorbance at 510 nm

pH | Absorbance at 510 nm
1 0.11

2 10.187

3 0.235 (maximum)

4 10.22

5 0.17

6 10.07

7 10.046

8 0.03

9 10.024

Reagent Concentration and Compliance with Beer’s Law:

To determine the optimum ligand concentration for complex formation, varying volumes of Py-2-TSC solution
were used while maintaining a constant cobalt(Il) concentration. It was found that a volume of 0.8 mL of 8.484
x 10™* M Py-2-TSC yielded the maximum absorbance at 510 nm.[37] Furthermore, a series of solutions with
varying cobalt(II) concentrations were analysed, and a linear relationship between absorbance and concentration
was established within the range of 8.484 x 10¢ M to 8.484 x 10~°> M. This linearity confirms the applicability
of Beer’s Law for the spectrophotometric determination of Co (II) in the presence of Py-2-TSC.[38]

Dissociation and Stability Constant

The dissociation constant (K) of the Co(II)-Py-2-TSC complex was determined from the mole ratio method
using the relation:

K=(1-a)c/(mac)" - (nac),

where m = n = I (molar ratio of metal to ligand), and ¢ = 4.242 x 10~ M (calculated from a 20-fold dilution of
0.5 mL of 8.484 x 10* M Co(II) solution in 10 mL). The degree of dissociation (o) was obtained using the
expression o = dE / (dE — do), where dE = 0.125 (optical density for complete complex formation) and do =
0.120 (observed optical density at mole ratio point), yielding o =0.125/(0.125 — 0.120) = 0.04.[39] Substituting
these values into the equation:

K = (1-0.04)-4.242x105 / (0.04-4.242x10-5)?,
we get K=0.961 x 4.242x1075/ 2.8714x10"' = 7.07 x 10°*.

From this, the stability constant (1/K) was calculated as 1/(7.07 x 107%) = 1.414 x 107, indicating a highly stable
complex.[40]

Stoichiometry of the Complex:

The composition of the Co(II)-Py-2-TSC complex was determined using both Job’s method of continuous
variation and the mole ratio method. In both techniques, the maximum absorbance was observed when equimolar
amounts of the metal ion and ligand were used, establishing a 1:1 stoichiometric ratio for the complex.[41] This
is consistent with the expected bidentate coordination behaviour of thiosemicarbazone ligands with transition
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metal ions, wherein the ligand donates two electrons to the metal centre through the azomethine nitrogen and
thione sulphur atoms. Probable structure of Co(II)-Py-2-TSC complex showing 1:1 coordination is depicted
below:[42]

N

C/NH2
_ \
s

CH

/
~ o

o

/ N
Effect of Diverse Ions:

The potential interference from foreign ions was evaluated to assess the selectivity of the complexation process.
It was observed that most common metal ions such as Cd?**, Fe**, Hg?*, Mg?*, Sn**, and Ni** had negligible effects
on the absorbance of the Co(II)-Py-2-TSC complex, indicating good selectivity and stability.[43] However, the
presence of EDTA and acetate ions significantly diminished the absorbance. This is likely due to their strong
chelating nature, which competes with the ligand for binding to the Co(II) ion, thereby disrupting the formation
of the desired complex.[44]

CONCLUSION

The present study successfully demonstrates the synthesis, characterization, and spectrophotometric
investigation of Py-2-TSC and its cobalt(Il) complex. The ligand was synthesized via a straightforward
condensation reaction and characterized using elemental analysis, UV-Vis, FTIR, and XRD, all of which
confirmed the structural features and purity of the compound. Spectrophotometric studies revealed that Py-2-
TSC forms a stable 1:1 complex with Co(II) at pH 3, exhibiting a maximum absorbance at 510 nm and obeying
Beer’s Law over a defined concentration range, indicating its potential for quantitative metal ion detection.

Preliminary antimicrobial testing against Klebsiella pneumoniae demonstrated measurable activity of the ligand,
with a zone of inhibition of 0.8 cm, consistent with literature reports on the antimicrobial potential of
thiosemicarbazone derivatives [45] Although the study focused on a single microorganism and one metal ion,
this deliberate scope provided a targeted assessment of the ligand’s bioactivity. Control experiments were carried
out to validate the observations, though photographic documentation was not recorded. Future investigations
will address this by incorporating visual documentation, expanding microbial screening, and applying more
rigorous biological protocols. Structural validation will also be strengthened through NMR analysis and
comparison of melting points with standard references.

Rather than being viewed as limitations, these aspects present opportunities for expanding the scope of this
research. The ligand’s coordination chemistry with other biologically significant metal ions—such as Cu(lIl),
Ni(IT), and Zn(II)—offers promising directions for further study. Additionally, broader antimicrobial screening
and potential structural modifications could enhance its application in medicinal, analytical, and coordination
chemistry. Overall, this work establishes a solid foundation for the multifunctional exploration of Py-2-TSC and
its metal complexes in both chemical and biological domains.
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