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1. General information

The experiment confidently utilized reagents from highly reputable commercial suppliers such as
Sigma-Aldrich, TCI, and AlfaAesar, without requiring any additional purification. Solvents from
commercial suppliers were also utilized after thorough distillation. The synthesized products
underwent successful purification via column chromatography utilizing 60-120 mesh silica gels from
SRL, India. Thin Layer Chromatography (TLC) was conducted using Merck plates coated with silica
gel 60, F,s4, which proved to be highly effective. The 'H & '3C NMR analyses were confidently
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conducted using a 400 MHz BrukerAvance FT-NMR Spectrometer, with TMS serving as a reliable
and consistent internal standard.
2. General procedure for the Synthesis of the Diaryl Sulfide Derivatives:
For this particular experiment, a round-bottom flask with a volume of 25 mL was filled with 1 mmol
of 4-iodoanisole, 1 mmol of thiophenol, and 1.3 mmol of K,CO; in DMF medium. CoFeLDH
weighing 25 mg was also added to the flask, which was then heated under reflux conditions. The
reaction mixture was stirred until the reactants were depleted, as shown by TLC. Once the reaction
had ended, the catalyst was removed by simple filtration, and the organic portion of the reaction was
separated using a separating funnel with a straightforward workup process. The final products were
then purified by column chromatography, utilizing 60-120 mesh silica gels.
| SH
. @ @ 20mg CoFeLDH . ©/S\©
* ~  110°C, DMF, oh, :

K,CO3 R

Scheme 1: Synthetic procedure for Diaryl Sulfide Derivatives
3. General procedure for the Synthesis of the Propargylamine Derivatives:
In this experiment, a 25 mL round-bottom flask was filled with a mixture of benzaldehyde (1 mmol),
phenylacetylene (1 mmol), and morpholine (1 mmol). To this mixture, 25 mg of CoFeLDH catalyst
was added in DMF (reaction medium) and heated under reflux conditions. The reaction mixture was
stirred under reflux conditions until the reactants were completely consumed, as indicated by TLC.
After the reaction was complete, the catalyst was separated by simple filtration, and the organic part
of the reaction was separated using a separating funnel with a simple workup. Finally, the

products were purified by column chromatography on 60-120 mesh silica gels.

/ H CHO
/
= © CoFe LDH = O
+ + DMF, 120°C 10h O R
R N
H
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Scheme 2: Synthetic procedure for propargylamine derivatives
4. Characterization of products:

1. (2-Methoxyphenyl)(phenyl)sulfane (3a)!"°!
OCHs
OO
Colourless oil; IR (neat) vy 2974, 2837, 753, 690 cm!; 'TH NMR (400 MHz, CDCls): 6 = 7.23-7.38

(m, 6 H), 7.09-7.12 (m, 1H), 6.86-6.92 (m, 2 H), 3.87 (s, 3H);*C NMR (100 MHz, CDCLy): & =
157.36, 134.55, 132.96, 130.13, 129.18, 128.39, 126.90, 124.10, 121.29, 110.92, 55.92;
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Elemental analysis: C% H% 0% S%
Calculated: 72.19 5.59 7.40 14.82
Experimental: 71.86 5.68 7.20 13.93
2. (3-Methoxyphenyl)(phenyl)sulfane (3b)!"*!
jeas
Pale yellow liquid, IR (neat) vi.: 3078, 3026, 2954, 2932, 2806, 691 cm'; 'H NMR (400 MHz,
CDCL): 6 = 7.19-7.40 (m, 6), 6.87-6.93 (m, 2H), 6.74-6.77 (m, 1H), 3.71 (s, 3H); '3C NMR (100
MHz, CDCl;): & = 160.07, 137.25, 135.29, 131.44, 129.96, 129.23, 127.27, 122.98, 115.93, 112.81,
55.28.
Elemental analysis: C% H% 0% S%
Calculated: 72.19 5.59 7.40 14.82
Experimental: 71.86 5.68 7.20 14.98
3. (4-Methoxyphenyl)(phenyl)sulfane (3¢)*’!

meas

Pale yellow liquid, IR (neat) vy, 3088, 3042, 2942, 2918, 2802, 692 cm’!.
'HNMR (CDCl;, 400MHz): & = 7.42 (d, J = 8.8 Hz, 2H), 7.14-7.26 (m, 5H), 6.89-6.91 (m, 2H), 3.82
(s, 3H); *CNMR (100 MHz, CDCls): & = 159.84, 138.61, 135.38, 128.94, 128.22, 125.78, 124.33,
115.00, 55.38;
Elemental analysis: C% H% 0% S%
Calculated: 72.19 5.59 7.40 14.82

Experimental: 71.86 5.68 7.20 13.93

4. (4-chlorophenyl)(4-methoxyphenyl)sulfane (3d)!"*!

oL
H,CO cl

Colourless oil, IR (neat) vy 2960, 2933, 1578, 1472, 1275, 741, 685 cm’!;
'"H NMR (400 MHz, CDCl3): & = 7.40-7.42 (m, 2H), 7.18-7.21 (m, 2H), 7.07-7.10 (m, 2H), 6.90-6.92
(m, 2H), 3.82 (s, 3H); '*C NMR (100 MHz, CDCls): 6 = 160.08,137.40, 135.89, 132.19, 131.61,
129.33, 129.03, 115.16, 55.39;
Elemental analysis: C% H% 0% S% Cl%
Calculated: 62.27 4.42 6.38 12.79 14.14

Experimental: 61.99 5.02 6.15 13.05 14.50

5. (2-Methoxyphenyl)(p-tolyl)sulfane (3¢)!'!
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Colorless liquid, IR (neat) v,,: 3002, 2935, 2835, 1576, 1473, 1272, 743, 683 cm™';
'"H NMR (400 MHz, CDCl;): 6 = 7.32 (d, J= 8.0 Hz, 2H), 7.15-7.25 (m, 3H), 6.81-6.96 (m, 3H), 3.89
(s, 3H), 2.36 (s, 3H); *C NMR (100 MHz, CDCls): 6 = 156.54, 137.74, 132.97, 130.11, 129.91,
129.81, 127.44, 125.72, 121.22, 110.63, 55.89, 21.19;
Elemental analysis: C% H% 0% S%

Calculated: 73.01 6.13 6.95 13.92

Experimental: 74.05 5.98 7.10 14.15

6. (4-Chlorophenyl)(3-nitrophenyl)sulfane (3f)!"°!

TUQ,

Yellow solid, m.p. 58 °C, IR (KBr) vpg,: 1573, 1506, 1337, 688 cm’!;
'HNMR (CDCl;, 400MHz) 6= 8.07 (d, J = 8.4 Hz, 2H), 7.49-7.99 (m, 2H), 7.25-7.45;'3CNMR (100
MHz, CDCly), 6= 148.74, 139.80, 135.20, 134.53, 134.48, 130.90, 130.07, 129.88, 123.46, 121.33.
Elemental analysis: C% H% 0% S% Cl% N%
Calculated: 54.24 3.03 12.04 12.07 13.34 5.27
Experimental: 53.98 3.20 11.95 12.23 13.53 4.98
7. (4-Nitrophenyl)(p-tolyDsulfane (3g)!'°!

L
HsC NO

Yellow solid, m.p.: 87 °C; IR (KBr) vy 1570, 1506, 1338, 686 cm;
'H NMR (400 MHz, CDCl): & = 8.06 (d, J = 8.4, 2H), 7.43 (d, J = 8.0, 2H), 7.26 (d, J = 7.6, 2H),
7.15 (d, J = 8.4, 2H), 2.41 (s, 3H); *C NMR (100 MHz, CDCl3): & = 149.35,145.14, 140.25, 135.09,
130.87, 126.49, 126.13, 123.98, 21.35;
Elemental analysis: C% H% 0% S%  N%
Calculated: 63.65 4.52 13.04 13.07 5.71

Experimental: 64.07 3.97 12.95 1323 598

8. 1-(4-(p-Tolylthio)phenyl)ethanone (3h)[°!

ST,

CHj;

2

White solid, m.p.: 93°C, IR (KBr) vz 3059, 3009, 2943, 2915, 2821, 1685, 680 cm';'H NMR (400
MHz, CDCL): § = 7.77-7.80 (m, 2H), 7.39-7.42 (d, J = 8.1 Hz, 2H ), 7.21-7.25 (m, 2H), 7.13-7.16
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(m, 2H), 2.53 (s, 3H), 2.39 (s, 3H); *C NMR (100 MHz, CDCl;): 6 = 197.18, 145.96, 139.35, 134.50,
134.14, 130.53, 128.83, 127.91, 126.66, 26.44, 21.28;
Elemental analysis: C% H% 0% S%
Calculated: 74.35 5.82 6.60 13.23
Experimental: 44.75 6.10  6.95 13.40
9. 4-(1,3-diphenylprop-2-ynyl)morpholine (4a)3°!

)
o L

Brown oil; Yield 95%; 'H NMR ( 400 MHz, CDCl; ): 8 = 7.53-7.69 (m, 2H), 7.47-7.49 (m, 2H), 7.25-
7.42 (m, 6H), 4.83 (s, 1H), 3.76 (s, 4H), 2.67 (s, 4H); '* C NMR (100 MHz, CDCl3): & = 137.79,
132.49, 131.86, 129.94, 128.36, 127.85, 127.22, 127.15, 123.01, 88.57,85.09, 66.92, 62.07, 49.91,
29.40.
Elemental analysis: C% H% N% O%
Calculated: 82.28 690 5.05 5.77

Experimental: 81.98 7.10 543  5.20

10. 4-(3-phenyl-1-p-tolylprop-2-ynyl)morpholine (4b)!3¢!

()
N
“C
o U,

'"H NMR (400 MHz, CDCl3): 6 = 7.52-7.54 (m, 4H), 7.32-7.36 (m, 3H), 7.19-7.25 (m, 2H), 4.77 (s,
1H), 3.70-3.79 (s, 4H), 2.60-2.69 (s, 4H), 2.38(s, 3H); '3 C NMR (100 MHz, CDCl;): 8 = 137.52,
134.82, 131.84, 128.97, 128.56, 128.34, 128.25, 123.07, 88.29, 85.37, 67.20, 61.82,49.91, 21.18.
Elemental analysis: C%  H% N% 0%
Calculated: 82.44 7.6 4.81 5.49
Experimental: 83.05 7.44 5.06 5.20
11. 4-(1-(4-methoxyphenyl)-3-phenylprop-2-ynyl)morpholine (4¢)?3¢!

o

(J

N

=
O OCH,
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'"H NMR ( 400 MHz, CDCl; ): 6 = 7.49-7.56 (m, 4H), 7.31-7.34 (m, 2H), 6.88-6.92 (m, 2H), 4.74 (s,
1H), 3.81 (m, 3H), 3.70-3.78 (m, 4H), 2.59-2.67 (m, 4H);'3 C- NMR (100 MHz, CDCl;): 6 = 159.23,
131.81, 129.77, 128.32, 128.25, 123.02, 114.44, 113.58, 88.29, 85.37, 67.14, 61.46, 55.30, 49.81.
Elemental analysis: C%  H% N% 0%
Calculated: 78.15 6.89 4.56 10.41
Experimental: 78.30 6.65 4.93  10.05
12. 4-(3-phenyl-1-o-tolylprop-2-ynyl)morpholine (4d)?3¢!

'H NMR (400 MHz, CDCly): & = 7.76 (s, 1H), 7.57-7.59 (m, 2H), 7.37-7.40 (m, 3H), 7.26-7.28 (m,
3H), 4.93 (s, 1H), 3.70-3.78 (m, 4H), 2.69 (s, 4H), 2.54 (s, 3H);!* C- NMR (100 MHz, CDCl3): 6 =
137.58, 135.84, 131.87, 130.80, 130.10, 129.10, 128.28, 125.45, 123.16, 88.69, 85.12, 67.29, 59.90,
49.78, 19.18.
Elemental analysis: C% H% N% O%
Calculated: 82.44 7.6 4.81 5.49

Experimental: 83.05 7.44 5.06 5.20

13. 4-(1-(2-bromophenyl)-3-phenylprop-2-ynyl)morpholine (4¢)3¢!

)
N
= 1
O Br

'"H NMR (400 MHz, CDCl3): 6 = 7.52-7.55 (m, 1H), 7.25-7.37 (m, 3H), 7.15-7.20 (m, 5H), 5.11 (s,
1H), 3.67-3.78 9 (m, 4), 2.66-2.75 (m, 4H); '* C NMR (100 MHz, CDCl;): & = 137.19, 133.35,
131.88, 130.72, 129.47, 128.43, 127.02, 125.34, 122.83, 88.75, 84.67, 67.14, 61.38, 49.77.
Elemental analysis: C% H% N% O% Br%
Calculated: 64.06 5.09 3.93 449 2243
Experimental: 64.43 498 4.05 4.68 22.15
5. Copies of NMR Spectra:
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6. Methods of In Silico Investigation and Computational Findings:

Density functional theory (DFT)

The compounds 3a-h and 4a-e were optimized structurally using the Gaussian (G16) suite. To search
for the minimized energy, the DFT model of restricted Becke's three parameters exchange
potential and Lee-Yang-Parr correlation functional (RB3LYP) method was used along with the 6-
311++G(d,p) basis set. Theenergy values and dipole moments of all molecules were
calculated and are shown in Table 7.

Molecular Docking Method:

In order to reveal the binding modes of the molecules, molecular docking studies were carried out as a
significant tool for computer-assisted drug design using Autodock Vina software. The Gaussian-
optimized output files of the ligands (3a-h and 4a-¢) were prepared in pdbqt format using Open Babel
software. The three-dimensional crystal structure of human pancreatic a-amylase (PDB ID: 4W93)
and a-glucosidase (PDB ID: 5ZCC) was retrieved from the Research Collaboratory for Structural
Bioinformatics-Protein Data Bank (RCSB—PDB) (http://www.rcsb.org/) and used as target enzymes.

Before docking, all bound waters, ligands, and co-factors were removed from the receptors. Polar
hydrogens were added geometrically during the receptor preparation, and the pdbqt file was saved on
assigning Kollman’s charges. Similarly, gasteiger charges were applied to the ligands. The grid box
parameters; a-amylase: 50x50x50 size, -12.083, 3.406, -25.838 coordinates, a-glucosidase: 40x40x40
size, 5.184, 49.073, 73.866 coordinates. Other docking parameters were kept at the default level. The
output files (protein-ligand complex) were analyzed using Discovery Studio Visualizer
(v20.1.0.19295).

Molecular dynamics (MD) simulation:

In this study, MD simulations were performed using GROMACS software
(https://www.gromacs.org/) on selected docked complexes, using the CHARMM36 force field>* for

protein targets. gmxgrep command was used to extract the ligands from the complex, and then
topology was generated using the CHARMM General Force Field (CGenFF) server,53¢ followed by
complex preparation within a 1 nm?® cubic box filled with TIP3P water. The electroneutrality of the
solvated system was maintained via the subsequent addition of sodium or chloride ions. The energy of
the system was minimized and equilibrated using NPT and NVT ensembles for 100 ps at 310 K
before a 10 ns MD simulation with 2 fs integration. After simulation, the analysis, such as RMSD,
RMSF, Rg, SASA, and hydrogen bonds, was done by GROMACS modules
of gmxrms, gmxrmsf, gmx gyrate, gmxsasa, and gmxhbond.

Pharmacokinetic properties:

The SwissADME web server (http://www.swissadme.ch/) was used to examine the ADME profiles
(Absorption, Distribution, Metabolism, and Excretion) of various compounds. The tool calculated
physical descriptors, such as H-bond donors and acceptors and topological polar surface area (TPSA),

for all compounds.In contrast,the OSIRIS property explorer (http://www.organic-
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chemistry.org/prog/peo/) was used to calculate toxicological parameters. This program predicts the
overall toxicity of a molecule by indicating fragment-based characteristics of mutagenic, tumorigenic,
and irritant properties.

7. Data of In Silico Investigation and Computational Findings:
Table 7: Calculated energy values of the compounds using RB3LYP/6-311++G (d, p) basis set

Enomo Erumo Band Dipole Moment
Compound | v) V) zap (&V) | (Debye)
3a -5.68 -0.96 4.71 0.98
3b -5.96 -0.99 4.97 1.93
3¢ -5.88 -0.85 5.02 2.85
3d -5.99 -1.03 497 3.91
3e -6.04 -0.96 5.08 1.17
3f -6.71 -2.93 3.78 5.07
3g -6.63 271 3.92 6.85
3h -6.23 -1.77 4.46 5.81
4a -6.06 -1.29 4.77 1.67
4b -5.79 -1.25 4.53 1.79
4c -5.97 -1.22 4.75 2.12
44 -6.01 -1.23 4.79 1.56
4e -6.15 -1.24 491 1.58

8. Methods of Biological Evaluation of the Synthesized Compound in Antioxidant and
Antidiabetic Models
DPPH assay:

DPPH assay was done to evaluate the free radical scavenging activity of the samples. Different
concentrations of sample solution of 2 mL (10-100 pg/mL) in methanol were mixed into 1 mL of
DPPH (0.3 mM) solution. The mixtures were stored in a dark area for 30 min and the absorbance was
taken at 517 nm against blank. The positive control was ascorbic acid. The percentage of DPPHe
scavenging activity was calculated by using the following equation:

% Scavenging of DPPHe = [(A - A1)/A,] X 100,

A, = absorbance of the control and A1= absorbance of the test samples. After determining the

% scavenging of DPPHe of the different concentrations, the ICs, values were determined for the
ascorbic acid and samples.

o-Amylase Inhibitory Assay:

The a-amylase inhibitory assay was measured by adding 25 ml sample solution (100-400 pg/mL), 50
uL of a-amylase (10 p/mL) solution in phosphate buffer (pH 6.9), and 50 puL of starch solution
(0.05%). The addition of 25uL of HCL (1M) was done to stop the reaction and further addition of 100
mL of iodine-potassium iodide solution. The final solution was incubated for 10 min at 37 °C. The
absorbance of the solution was recorded at 630 nm. Acarbose was used as a positive control. The
following formula was used to calculate the a-amylase inhibitory activity.

% Inhibitory activity = [(Aq - A1)/Ag] X 100,
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A, = absorbance of the control and A1 = absorbance of the test samples. After determining the a-
amylase inhibitory activity of the different concentrations, the 1Cs, values were determined for the
acarbose and samples.
In-vitro antidiabetic activity
a-amylase inhibition assay
The in-vitro antidiabetic potential was examined by using the o-amylase inhibition assay protocol.[>*]
Firstly, a serial dilution of the sample or standard (Acarbose) was prepared at 100 to 1000 pg/mL
concentrations, using a phosphate buffer (pH 6.9, 0.06 M NaCl). A 500 pL aliquot of the sample was
then transferred to a test tube, followed by the addition of 500 pL of a-amylase solution (13 U/mL).
This mixture was incubated at 37 °C for 30 minutes. Then the 500 pL of 1% starch solution was
added to it and further incubated for 20 min at 37°C. Lastly, ImL of 3,5-dinitro salicylic acid was
added to stop the reaction in a mixture. Lastly, the absorbance was measured at 500 nm. The test was
carried out in triplicate. The half maximal inhibitory concentration (ICsy) was determined by using the
percent inhibiting equation:
% Inhibitory activity = [(Ag — A1)/ Ag] x 100, where A, and A, are absorbance of the

control and sample respectively.
a-glucosidase inhibition assay
The a-glucosidase inhibition assay was carried out by a previously published method.l®l For this
assay, 250 pL of potassium phosphate buffer (pH: 7.4, 100 mM), 150 pL of 4-nitrophenyl-aD-
glucopyranoside (5 mM), 50 pL of standard or sample, and 150 pL of a-glucosidase were mixed and
then incubated at 37 °C for 30 min. Then 600 pL of sodium bicarbonate (200 mM) was added to stop
the reaction, and finally, the absorbance was measured at 400 nm. The percent inhibition was
calculated by using the equation,

% Inhibition activity = [(Ay— A1)/Ag] x 100; where Ay = Absorbance of the control and A=
Absorbance of the sample or standard.
In-vivo antidiabetic assay
Animals for in-vivo studies
For the anti-diabetic study, we used 40 Wistar Albino strain male adult rats that were in good health
and weighed between 150 and 300 g. We bought them from Chakraborty Enterprise, an
authorized dealer in Kolkata, India (Regd. No. 1443/PO/Bt/s/11/CPCSEA). The animals were kept
under standard conditions (20 £ 2 °C, 50 + 15% relative humidity, and a 12-hour light-dark cycle) in
polypropylene cages (Tarsons, India) with bedding made of paddy husk. Rats had full access to water
and standard food. The study received approval from the University of North Bengal's Institutional
Animal Ethical Committee (IAEC) of the Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) in West Bengal, India. All animal procedures were performed in

accordance with the Guidelines for Care and Use of Laboratory Animals of the University of North
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Bengal and approved by the Animal Ethics Committee of the University of North Bengal
(IAEC/NBU/2022/35).

Acute toxicities studies in rat

The SR acute oral toxicity was tested in male Wister albino rats as per Organisation for Economic
Cooperation and Development (OECD) Guideline 423. There were two groups of three rats in the
experiment. As the control group, Group I received distilled water. Group II received SR (2,000
mg/kg) orally once. Following administration, every four hours for fourteen days, each animal was
carefully checked for behavioural anomalies and general toxicity signs. The data on fatalities, body
weight, and food intake were recorded.

Oral glucose tolerance test (OGTT)

In a rat model, we assessed the hypoglycaemic effects of methanolic extract by modifying the Reza
et.al model.[®!] There were four groups of six rats each in the experiment. The control group of rats
received only distilled water (10 mL/kg b.w.), whereas the standard group of rats received metformin
(70 mg/kg b.w.). 200 and 400 mg/kg b.w. doses of SR were administered to two distinct groups. All
animals were starved for a whole night before the assay. Following an oral administration of the test
sample and a 30 minutes rest time for the animals, we measured the fasting blood glucose level. Then
each group was given an oral glucose solution (2 g/kg b.w.). After that, the glucose was administered,
and we took blood from the rat's tail vein at 0, 30, 60, and 120 minutes. Lastly, we measured the
blood glucose levels using an Accu-Check electronic glucometer.

Type 2 diabetes induction

The laboratory animals that had starved overnight were given 60 mg/kg body weight of streptozotocin
(STZ) diluted in 0.1 M citrate buffer (pH 4.5) prepared with sterile water intraperitoneally (i.p.). We
then gave them 100 mg/kg of nicotinamide 15 minutes later. After seven days, we chose rats with
blood glucose levels greater than 200 mg/dL as type 2 diabetic rats for the study.

Experimental design

The animals were separated into five groups, each consisting of six individuals (n = 6).

Group I: Healthy control rats were administered distilled water (2 mL/kg, p.o.) daily for 28 days.
Group II: Diabetic control rats were given distilled water (2 mL/kg, p.o.) daily for 28 days.

Group III: Diabetic rats treated with SR (200 mg/kg, p.o.) daily for 28 days.

Group IV: Diabetic rats treated with SR (400 mg/kg, p.o.) daily for 28 days.

Group V: Diabetic rats were administered the standard drug Metformin (70 mg/kg, p.o.) daily for 28
days.

The treatments were carried out continuously for 28 days. Blood samples were collected from the tail
vein on days 1, 7, 14, 21, and 28 to measure fasting blood glucose levels using a single-touch
glucometer. All animals, including the healthy control group, fasted on these days to record body
weight measurements.[60:62]

Assessment of serum parameters
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On the 28" day, all animals were sacrificed to evaluate the effects of the methanolic extract
administered to diabetic rats. The comparison included diabetic rats treated with the extracts, diabetic
control rats, healthy normal animals, and the standard metformin-treated group. Various serum
parameters were analysed, such as alkaline phosphatase (ALP), serum amylase, Serum Glutamic
Pyruvic Transaminase (SGPT), Serum Glutamic Oxaloacetic Transaminase (SGOT), blood urea
levels, and lipid profiles. These measurements were conducted using a standard enzyme-linked
immunosorbent assay (ELISA) kit, following the protocol specified in the kit.

Assessment of oxidative stress markers in liver tissues

Preparation of liver homogenate

To evaluate oxidative stress in the liver, a 10% liver homogenate was prepared per the previously
described protocol.[®] Specifically, 1 g of liver tissue was homogenized in 10 mL of cold phosphate
buffer (pH 7.4) at 4 °C. The homogenate was centrifuged at 4 °C for 10 minutes at 12000 rpm. The
supernatant obtained after centrifugation was used for the analysis of oxidative stress markers.
Determination of lipid peroxidation

Liver malondialdehyde (MDA) levels were measured using the standard protocol to assess liver
peroxidation. Lipid peroxidation in the liver was determined calorimetrically by measuring
thiobarbituric acid reactive substances (TBARS). The absorbance of the resulting clear supernatant
was measured at 535 nm against a blank using a SPECTRO star Nano UV/vis plate reader (BMG
LABTECH, Germany).

Determination of catalase

Catalase (CAT) activity was assessed using the previously established method. Absorbance changes
were measured after 1 minute at 240 nm using a UV-VIS spectrophotometer (UV-1780, Shimadzu,
Japan). One unit of CAT activity was defined as a 0.01 change in absorbance per minute.
Histopathological studies

A 10% formalin solution was used to preserve parts of the liver, kidney, and heart for histological
examination. After being sectioned with a microtome, the paraffin-embedded tissues were stained
with haematoxylin and eosin. The stained sections were subsequently seen at 40 x magnification
using a Zeiss light microscope to assess the study's micro-level impacts on cells. The tissue sections
have been taken to identify and evaluate damage to the related organs.[63]

9. Synthesis and Characterization of CoFeLDH:

The starting materials used in the present work were cobalt chloride (CoCl,.6H,0, Aldrich) and iron
(IIT) chloride (FeCl;.6H,O, Aldrich) for the cobalt and iron precursors, respectively. Sodium
hydroxide (50% w/w NaOH solution, Alfa Aeser) and sodium carbonate (Na,COs3, Fisher Chemicals)
were used as precipitating agents for the formation of layer double hydroxides. Pure deionized water
(18 MQ/cm as obtained from Millipore Milli-Q) was used throughout this work. 21CoFeC-LDH
[CosFey(OH),CO3.3H,0] was prepared directly from the mixed metal ion precursor. For the synthesis
of this LDH, 40 mmol of CoCl,.6H,0O and 20 mmol of FeCl;.6H,0 were dissolved in 100 mL of water
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in a 250 mL round bottom flask. 50% w/w NaOH solution (180 mmole) was added dropwise with
continuous stirring to the metal ion solution. 10 mmole of sodium carbonate was dissolved in 5 ml
water and added to the above solution. The precipitate was formed and aged overnight in an oil bath
at about 100 °C with continuous refluxing and stirring. The precipitate was separated by centrifuge
and washed several times with deionized water. It was dried in a vacuum over molecular sieves for
several days to obtain the LDH for further analysis and characterization. The samples are calcined in
the presence of air, He, and H, to obtain the metal/metal oxide and metal/metal nanocomposites.
Phase analysis of the as-synthesized LDH powders as well as calcined samples in hydrogen and air
was performed by powder X-ray diffraction (XRD) studies using a Siemens F-series instrument with
Cu-Ka radiation (1 = 0.15418 nm) and graphite-filter. The XRD data were collected at room
temperature over the 2q range of 5 to 70° at a step size of 0.05° (2q) and a count time of 1s/step.
Thermogravimetric (TG) analysis was recorded on a Perkin-Elmer TGAG6 instrument using different
reaction environments by flowing air, helium, and hydrogen (flow rate about 60 ml min'') at a heating
rate of 10 °C min!. XRD diffractograms were obtained to assess the crystal structure of CoFeLDH
powder. Characteristic peaks for CoFeLDH powder were observed at 10°, 25°, 32°, 38°, 46°, 56°, and
65° and these angles indicated 111, 220, 311, 400, 511, and 440 (Figure 17), Bragg reflections,
respectively. Peaks found at 56° and 65° indicate the presence of several interlayer anions. CoFeLDH
was confirmed as a crystalline material from XRD analysis. Similar findings were reported for
CoFeLDH (Sharmin et al. 2024).1°1

In addition, Fourier-transform infrared spectra (FTIR) were recorded using the KBr pellet technique
on a Perkin-Elmer FTIR-1760X instrument; 40 scans were averaged to improve the signal-to-noise

ratio within 400 to 4000 cm™! at a resolution of 4 cm!.
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Figure 17 XRD patterns of 21CoFeC-LDH and heat-treated samples in different medium.
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Figure 18 TG/DTG of 21CoFeC-LDH in He and H,.

The X-ray diffraction patterns of the as-prepared samples are shown in Figure 17, which confirm the
formation of hydrotalcite-like structures. The XRD patterns give a series of (001) peaks, such as (003),
(006), and (009), appearing as broad symmetric lines at low 2q angle, corresponding to the basal
spacing and higher order diffractions, and indicate that the samples consist of well crystallized single
phase with small constituting crystallites. When 21CoFeC-LDH was heat treated under air and He at
450 °C, Co3;0, was formed. But at 800 °C in air, both Co;04 and CoFe,0, spinel were formed, and it
is easy to distinguish these two phases as they have different XRD diffraction patterns. 21CoFeC-
LDH has both the transition metals, so under reducing conditions in the presence of H,, metal and
metal alloys were formed. As both Fe and Wairauite (CoFe alloy) have the same crystalline structure,
it is not possible to differentiate these two phases from XRD patterns. But there was no formation of
Co metal under these conditions. Thermogravimetric analysis of the sample was carried out in He and
H,, to detect the decomposition as well as the reduction reaction of LDH during calculations. The TG
curves together with the corresponding derivative TG curves (DTG) were recorded in He and H, of
the LDH shown in Figure 18. The details of the thermal analysis results are summarized in Table
16(a) and Table 16(b). The thermal behaviour of hydrotalcite in an inert medium or air is generally
characterized by two transitions: i) The first endothermic step at low temperature is due to the loss of
interlayer water, without collapse of the structure; this step is reversible [x]. ii) The second
endothermic peak at higher temperatures is due to the loss of the hydroxyl group from the brucite-like
layer, as well as of the anions. In the presence of H,, we have noticed an extra step of weight loss due
to the reduction of metal ions to metal.

Table 16(a): Weight losses and products on heating LDH in inert atmospheres

LDH system Proposed formula Residue  in | Calculated DTG Weight loss
He weight loss in | Tpax. from TG in
He (%) (°C) He (%)
21CoFeC-LDH | Co4Fe,(OH),CO5.3H,0 | Co30y, 27.8 160,215 | 27.2
CoFe,0,
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Table 16(b): Weight losses and products on heating LDH in a hydrogen medium

LDH system Proposed formula Residue in | Calculated DTG Weight  loss
H, weight loss in | Ty from TG in H,
H; (%) ) (%)
21CoFeC-LDH | Co4Fe,(OH);,CO;.3H,0 | Fe, CoFe 47.8 146, 217, | 47.6
369
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Figure 19 FTIR spectra of 21CoFeC-LDH.
The FT-IR spectra (Figure 19) for the LDH sample showed a broad, intense band between 3400 to
3600 cm! associated with a superposition of O-H stretching bands arising from metal-hydroxyl
groups and hydrogen-bonded interlayer water molecules. A weak shoulder recorded in all of them
around 3000 cm™' has been described as the O-H stretching mode of interlayer water molecules,
hydrogen-bonded to interlayer carbonate anions [x]. The bending mode of water molecules is
responsible for the weak band at about 1633 cm-!. The rather sharp, intense band at about 1355 cm™!
is due to mode n? antisymmetric stretching of interlayer carbonate, shifted from its position in free
COs* because of strong hydrogen bonding with hydroxy sheets and H,O molecule in the interlayer.
Assignment for the bands at low-frequency regions from 1000 to 400 cm-1 has been reported by
Kloprogge et al [x]. Based on comparison with their work, the bands at 507 and 757 cm™!' can be
assigned to translational modes of the hydroxyl groups mainly influenced by trivalent metals. The
following simplified decomposition mechanism of LDH under air and H, was proposed according to

the results of XRD, TG, and FTIR.

Air
Co4Fey(0OH)4,C0O3.3H,0 —> Co030, + CoFe,0,4 ¢> 4Co+2Fe
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