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ABSTRACT

Magnetically separable silica-coated cobalt ferrite (CoFe,0,@SiO,) magnetic nanoparticles (MNPs)
were synthesized by sol-gel auto combustion method. Silica matrix was employed to minimize the
agglomeration and coarsening of the MNPs. The structural and morphological properties of the as-
prepared nanocatalyst were investigated using XRD, EDX, TEM-SAED, FTIR, XPS, BET specific surface
area and VSM techniques. Furthermore, these nanoparticles were used as an efficient nanocatalyst for
simple, swift and one-pot synthesis of 5-aryl-1,2,4-triazolidine-3-thione derivatives. The reaction steps
include imine formation, cyclization, condensation and aromatization without use of any oxidizing or
reducing reagents. The present methodology offers remarkable merits like shorter reaction time, mild
reaction conditions, excellent yield, simplicity, safer reaction pathway, easy workup and recyclable
catalyst without any significant loss in catalytic activity and can be used for large scale synthesis.
Hence, the present study describing the synthesis of CoFe,0,@SiO, nanoparticles by efficient sol-gel
auto combustion method followed by the investigation of potent catalytic activities may be useful for
nanochemistry research opening a new arena in this field.
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INTRODUCTION

One of the well-known spinel ferrites, CoFe O,
is a remarkable candidate from the ferrite category
of magnetic nanoparticles which has a better
chemical as well as mechanical stability [1], [2] and
is characterized by high coercivity, high anisotropy
and moderate magnetization [3]. It finds enormous
significant applications in the fields like electronics,
ferrofluids, therapeutic applications like targeted
drug delivery, hyperthermia, MRI along with the
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potential use as a catalyst [4]. Cobalt ferrite along
with other members from ferrite family, such
as Fe,O,, have outstanding magnetic properties
but have drawbacks of higher reactivity towards
acidic as well as oxidation reaction medium which
reduces their thermal stability. Furthermore, Fe,O,
exhibits poor dispersion in liquid medium due to
larger surface area. Therefore, modification of the
surface of these ferrite MNPs with metal complexes
or organic molecules is a crucial task. So, in order
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to overcome these disadvantages, the MNPs must
be coated using thin layer of silica (inert material).
Silica coating provides an inert barrier between
the reaction solution and the MNP’s core while
maintaining the ability for surface modifications
due to the magnetic dipole interaction between
the MNPs and can resist their agglomeration
[5]. Moreover, several studies regarding the
utilization of nanocomposite have been explored
towards the wastewater treatments application.
For example, Gzara et.al. have developed PSF
cobalt nanocomposite membrane functionalized
by blending SiO, nanocomposite to enhance the
hydrophobicity of the membrane [6].

Triazoles showed interesting biological activities,
like hypoglycaemic [7], anti-TB [8], [9], analgesic
[10], anti-inflammatory [11] and antidepressant
[12]. The 1, 2, 4-triazole associated with sulphur
has been reported to present antitumor, anti-
HIV[13], antibacterial[14]-[16], antidepressant
[17], [18], antimicrobial [19], anti-tubercular [20]
and antifungal activity [19]. Therewithal, triazole
ligands were recently used to enhance physical
properties of oligonuclear and mononuclear
metal complexes [21]-[25]. Hitherto, 5-aryl-1,2,4-
triazolidine-3-thione derivatives are synthesized
using several catalysts. The scrutiny of the literature
survey of  5-aryl-1,2,4-triazolidine-3-thiones
portrays the use of sulfamic acid,[26] [C, MPy]
AICLBr,[27] PEG-400,[28] glycine nitrate,[29]
DMAPR([30] [(Py),SO][HSO,], [31] [2-HMPyBSA]
HSO, [32] Fe-FAp,[33] Sm,O,/FAp(34] CuO[35]for
the synthesis.

With this perspective, considering the need
of a recyclable and easily separable catalyst, in
the present work we report the use of potent and
efficient catalyst for the preparation of one-pot as
well as swift synthesis of 5-phenyl 1,2,4-triazolidine
3-thione  derivative using aldehyde and
thiosemicarbazide in ethanol at room temperature.

EXPERIMENTAL
Materials

Ferric Nitrate (Fe(NO,),-9H,0), Cobalt Nitrate
(Co(NO,),6H,0),  Ethanol (C,H,OH/EtOH)

Citric acid (C.H,O,) and Tetraethyl Orthosilicate
(Si(OC,H,), - TEOS) were purchased from Sigma-
Aldrich and used as received without further
purification. All glassware used in the laboratory
experiments was cleaned with a solution of acetone,
washed thoroughly with deionized water, and dried
in an oven before use.
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Synthesis of CoFe,0,@SiO ,magnetic nanoparticles

The MNPs were synthesized by the sol-gel auto-
combustion method. Ferric nitrate, cobalt nitrate,
and tetraethyl orthosilicate were used as precursors.
Citric acid was employed as a chelating-fuel agent
with citrate to nitrate ratio as 1:1. An aqueous
solution of citric acid was added to that of the
metal nitrates. The solution of EtOH/TEOS/H,O in
suitable molar ratio was added to the nitrate-citrate
solution. The solution thus obtained was subjected
to continuous stirring and heating on a hot plate at
a temperature of 40 °C till a viscous gel is formed,
which was then subjected to a sudden increase of
temperature (up to 200 °C). The auto-combustion
process got over in a short while resulting in a dark
grey powder. The as-prepared powder was then
finely ground in an agate mortar and was sintered
at 900 °C for 6 h.

Characterization of the Catalyst

The catalyst under investigations was
characterized by X-ray diffractometry (XRD; X-ray
diffractometer (Model-D8 Advance, Bruker),
Infrared spectroscopy (FTIR; JASCO 4100
spectrometer), Transmission Electron Microscopy
(TEM; Phillips CM200 microscope), Energy
Dispersive X-ray Spectroscopy (EDX; Nova Nano
SEM 450 microscope with Energy Dispersive
Spectrometer), X-ray Photoluminescence
Spectroscopy (XPS; Kratos Analytical - UK
SHIMADZU group, AXIS Supra model), The
specific surface area and porosity were characterized
by Brunauer-Emmett-Teller (BET) and Barrett-
Joyner-Halenda (BJH) analysis method at 77.40
deg. K (NOVA-100 Ver. 3.70) and Vibrating Sample
Magnetometry (VSM; Lakeshore, 7410 series
Model) techniques, at room temperature.

Synthesis of 5-phenyl 1,2,4-triazolidine 3-thione
derivative

A mixture of (10 mmol) Thiosemicarbazide,
(10 mmol) aromatic aldehyde and MNPs (5 mg) in
ethanol (5 mL) was taken in a 25 mL round bottom
flask. The reaction mixture was then stirred for an
appropriate time (Table 3). On completion of the
reaction, the catalyst was separated magnetically.
The crude product was then purified by re-
crystallization to yield 5-phenyl 1,2,4-triazolidine
3-thione. Similar steps were followed with the bare
MNPs and SiO, NPs to determine the reaction
parameters. Fig. 1 shows the reaction schematics
whereas Fig. 2 shows photographs of a dispersed
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solution of reaction mixtures and the magnetically
separated MNPs.

Spectral data of synthesized compounds
Thisis furnished in the Electronic supplementary
data file.

RESULTS AND DISCUSSION
X-ray Diffractometry

Fig. 3 presents X-ray diffractometry patterns for
MNPs before and after the reactions respectively.
These two patterns do not show any significant
changes, implying retention of the catalyst even
after the reactions. The diffractograms show a
good match with the standard JCPDS data card
bearing number # 221086 for Cobalt Ferrite [36].
The characteristic peaks (220), (311), (211), (400),
(422),(511), (440), (533), (622) and (444) present in
the diffractogram confirms simple cubic structure
corresponding to space group fd3m . The crystallite
size was calculated using the Scherrer formula,

D = 0.9\/Bcosb (in nm)

Where D is the average crystallite size, A is the

wavelength of X rays used, B is the peak broadening
of the diffraction lines measured at half of its
maximum intensity (FWHM) in radian, 0 is the
Bragg diffraction angle. Also, the Williamson-Hall
method [37] was used to determine the lattice
strain and crystallite size.

Thereafter, the XRD technique was employed to
determine the specific surface area and is consistent
with the classical techniques for the same [38]. The
bulk density of the catalyst sample was determined
using standard method [39] which was then used
to calculate the specific surface area (S) using,

S =6000/pD  (in m?*/g)

where D and p are the average diameters of
the nanoparticle and bulk density respectively. A
higher value of the specific surface area indicates
more exposure to the surrounding environment
facilitating more surface activities and good
catalytic action. Characteristic parameters of MNPs
determined using XRD data like lattice parameters,
unit cell volume, crystallite size (Scherrer and W-H
method), specific surface area and lattice strain are
listed in Table 1.

| =
A
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Fig. 1(a). Schematic diagram for reaction mechanism
Table 1. Parameters for the CoFe,0,@SiO, sample obtained from XRD
Lattice Cell Volume Crystallite Size Specific Lattice
parameters (A (nm) surface area strain
(a=b=c) (A) Scherrer ~ W-H (m%/g)
8.4270 598.4463 20.13 19.88 294.71 3.9 x 10
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F

Fig. 2. Photographs of (a) dispersed a solution of reaction mixtures and (b) magnetically separated MNPs
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Fig. 3. X-ray Diffractogram for CoFe,O,@SiO, catalyst before and after the reactions.

Table 2. Magnetic properties of CoFe,O,@SiO, nanoparticles by VSM

Sample Saturation magnetization (M) Remnant field (M) Coercivity (H)
(emu/g) (emu/g) (gauss)
MNPs 8.57 391 1757.72

Table 3. Effect of MNPs loading towards the synthesis of 5-(4Chlorophenyl)-1,2,4-triazolidine-3-thione®

N
g O HN >: g
Catalyst
JoNm, H N
HoN N Solvent H
H cl ovent ¢l
Time
la 2a
Amount of catalyst Time Yield®
Entry Catalyst (mg) (min.) (%)
1 CoFe,0, 1 10 78
2 CoFe,04 3 10 83
3 CoFe,04 5 10 87
4 CoFe,0,@SiO, 1 10 82
5 CoFe,0,@SiO, 2 10 89
6 CoFe,0,@8Si0, 3 10 90
7 CoFe,0,@Si0, 4 10 91
8 CoFe,0,@Si0, 5 10 97
9 CoFe,0,@SiO, 10 10 98
10 SiO, 5 10 58

* Reaction conditions: 10 mmol Thiosemicarbazide, 10 mmol aromatic aldehyde, 5 mg of MNPs, 5 ml
ethanol and RT. *Isolated yield.
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X-ray Photoluminescence Spectroscopy

Fig. 4(a) shows the XPS wide scan spectrum
for CoFe,O,@SiO, catalyst. Peaks present in the
spectrum correspond to Co 2p, Fe 3p, Fe 2p, Si
2s, Si 2p signals which confirm the formation of
CoFe,0,@Si0, [40]. Along with CoFe,O,, only
SiO, is the other compound detected through XPS;
which is evident by the XRD and EDX results also.
Further absence of characteristic binding energy
peaks of Fe?* ions indicates the presence of only Fe**
and Co*" ions in the ferrite phase [41].

Fig. 4(b) shows the characteristic peaks of
CoFe,O, structure, at a binding energy of 710 eV
corresponding to the presence of Fe’* at octahedral
site and other at 718 eV due to Fe** ions at tetrahedral
site [42], [43]. Fig. 4(c) shows the characteristic
peaks of Co*" ions in CoFe,O, structure, at binding
energies of 779 eV and 794 eV; which are associated
to spin-orbit splitting of Co 2p photoelectron
lines [40]. The peak at binding energy of 779 eV

corresponds to Co?* at octahedral site of cobalt
ferrite. A peak at ~781 eV is expected to originate due
to the Co*" at tetrahedral site of the spinel structure
[41]. However, in the present case, no such peak is
observed, which indicates that the Co** ions occupy
octahedral position only. Thus, presence of peaks
corresponding to Co** only at octahedral and that of
Fe at tetrahedral as well as octahedral sites infers that
the ferrite phase has an inverse spinel structure and
supports the cation distribution obtained from XRD.
Fig. 4(d) presents spectrum for SiO,. The lines at 102
eV, 153 eV and 531 eV correspond to 2p, 2s and 1s
respectively; confirming the existence of the matrix
material [43]. Thus, presence of all characteristic
peaks confirms the phase formation of the nano-
composite catalyst material.

EDX Analysis
The EDX tool was used to determine the
elemental composition of the catalyst, that is,
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Fig. 4. XPS spectra for (a) CoFe,0,@SiO, system (b) Co (c) Fe (d) Si elements
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CoFe,0,@Si0,. The peaks corresponding to
elemental content of Co, Fe, Si and O in the EDX
spectrum confirmed the desired composition of the
nanocomposites catalyst. There was no unidentified
peak observed in EDX. This quantitative data
confirms the purity, elemental composition, and
formation of CoFe,O,@SiO, nanoparticles. Fig. 5
below presents the EDX spectra.

Infrared spectroscopy

The sample was further characterized using FTIR
spectroscopy technique. Following Fig. 6 presents
the IR spectra. The IR spectrum for CoFe,O,@SiO,
was obtained in the wavenumber range of 400-4000
cm™. In spinel structure, the cations are distributed
in sublattices known as tetrahedral and octahedral

sites. For ferrites, the higher wavenumber band
(n,) appears between 500-600 cm™ whereas the
lower wavenumber band (n,) between 400 to 450
cm [44]. The bands observed around 596 cm™ (n,,
tetrahedral site) and 419 cm™ (n, octahedral site)
correspond to stretching vibrations of Fe-O and
Co-O bonds at tetrahedral site and vibrations of
oxygen perpendicular to that of tetrahedral ions
respectively [45]-[47]. The spectrum exhibits a
strong broad-absorption band centered around
1090 and 800 cm™* which are characteristics of silica.
The prominent band around 1090 cm™ is associated
with Si-O-Si asymmetric vibrations;[46] indicating
presence of SiO, in the samples. Further, this band
is attributed to transversal optical (TO) mode of the
Si-O-Si asymmetric stretching mode vibration. The

cps/eV
3.0
2.5
2.0
] Fe
C | Co
157 si Fel cCo
1.0
0.5
0.0 e R B =m|l-
1 2 3 4 5 6 7
keV
Fig. 5. EDX spectra for the CoFe,0,@SiO,
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Fig. 6. Infrared spectroscopy spectrum for the CoFe,0,@SiO, sample
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band observed about 1640 cm™ is assigned to the
deformation of molecular water and corresponds to
the stretching and bending vibrations of the H-O-H
bond, which indicate physical absorption of water
molecules by the material [45]. The characteristic
bands for the dispersed as well as bare samples lie
around the same position indicating that though the
silica coating restricts the inter-particle interaction
to reduce the agglomeration, it does not alter the
structural properties of the ferrite phase.

Transmission Electron Microscopy (TEM)

Fig. 7(a-c) presents the TEM image, selected
area electron diffraction (SAED) pattern and
particle size distribution respectively, for the
catalyst sample. The TEM image shows spherical,
non-agglomerated cobalt ferrite nanoparticles
distributed homogeneously in the silica matrix.
The average crystallite size observed from TEM
micrograph is 14 nm; which is consistent with
that obtained from XRD. The size distribution of

20 nm

nanoparticles shows a Gaussian distribution with s
=4.15.

As the SAED pattern comprises of bright
spots making up concentric rings corresponding
to (220), (311), (400), (511) and (440) planes; it
confirms the spinel ferrite structure [48], [49] and
polycrystalline nature of the sample.

Vibrating Sample Magnetometry (VSM)

Vibrating Sample Magnetometry (VSM)
technique was employed to explore the magnetic
properties of the sample. The nano-composite
sample under consideration was subjected to a
maximum magnetic field of 10 kOe using typical
VSM set-up, at room temperature. Fig. 8 presents
the typical VSM plot for the sample. From this plot,
the values of M, M, H_were determined and are
presented in Table 2.

The saturation magnetization was observed to
be on the lower side compared to bare CoFe,O,
nanoparticles (61.83 emu/g) whereas the coercivity

= Gaussian it
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Fig. 7. (a) TEM micrographs of CoFe,O,@SiO, NPs dispersed in silica matrix (b) SAED pattern and (c) particle size distribution
along with a Gaussian fitting curve.
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Fig. 8. VSM plot for the CoFe,0,@SiO, nanoparticles
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was found to be elevated as compared to the BMNPs
(1138.12) which can be attributed to the presence
of non-magnetic SiO, phase. Higher coercivity
would be suitable for magnetic separation.

Thus the magnetic properties of the dispersed
MNPs are found to be greatly affected by the ferrite
to silica ratio. This is obvious as the silica matrix is
a non-magnetic media which restricts the magnetic
interaction between the particles which is reflected
in reduced values of saturation magnetization and
the remnant field. Thus; silica matrix serves to
reduce agglomeration and coarsening of the ferrite
nanoparticles; also the magnetic properties of the

160 —

catalyst so prepared can be tuned by adjusting the
silica content.

Specific surface area and porosity studies

The considerable parameters such as particle
size and density are related to the specific surface
area measurements (m>g™'). Fig. 9 shows the BET
plots of CoFe,O,@SiO, nanoparticles. The specific
surface area of CoFe,0,@SiO, nanoparticles
calculated using the multipoint BET-equation is
9.34 m?/g. Fig. 10 shows the typical BJH desorption
pore size distribution curves of CoFe,O,@SiO,
nanoparticles. From the curves, we can see that the
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Fig. 9. BET plots of CoFe,O,@SiO, nanoparticles.
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Fig. 10. BJH desorption pore size distribution curves of CoFe,O,@SiO, nanoparticles.
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pore size of which estimated from the peak position
are about 1.565 nm (pore volume is 0.019 cc/g)
possesses a relatively narrow pore size distribution.
Therefore, these particles are actually solid, grain
clusters and small polycrystalline in nature.

The catalytic activity of the CoFe,0,@SiO, nano-
composite
5-(4-chlorophenyl)-1,2,4-triazolidine-3-thione
(2a) was synthesized from thiosemicarbazide and
4-chloro benzaldehyde with ethanol as a solvent.
This reaction was considered as a model reaction to
optimize the reaction conditions (Table 3).

The reaction was initiated with 1 mg of bare
CoFe,0, magnetic nanoparticles (BMNPs) that
furnished a yield of 78 % at room temperature
in a period of 10 minutes (entry 1). The amount
of BMNPs was then raised gradually up to 5 mg
(entries 2 and 3) which enhanced the yield up
to 87 %. At this point, to confirm the efficacy of
dispersed MNPs, the reaction was carried out with
varying amounts of DMNPs (entries 4 - 9). These
reactions were carried out with different solvents
like methanol, ethanol, iso-propanol, water-
ethanol, etc; however, after screening these solvents
for the room temperature synthesis of 2a, a better
yield was observed with ethanol (ESI, Table T1).

1 mg of DMNPs resulted in 82 % of 2a at room
temperature within 10 minutes (entry 4). This yield
was enhanced up to 98 % on increasing the amount
of DMNPs to 10 mg. However, it can be observed
from Table 3 that a significant yield was obtained
for 5 mg of DMNPs. Further increase in amount
of DMNPs (entry 9) does not augment the yield
notably and consequently it can be inferred that
5 mg of DMNPs was adequate for the conversion
of 2a. The reaction yield was observed to 58 % for
SiO, nanoparticles. Thus, it may be concluded that
the dispersed MNPs successfully carried out the

condensation of aldehyde and thiosemicarbazide
leading to imine intermediate that simultaneously
undergoes cyclization due to the MNPs.

To assess the significance of the present work
in the light of reported literature, consequences of
CoFe,0, and CoFe,0,@SiO, with other acid and
ionic liquid catalyst utilized in the synthesis of
5-aryl-1,2,4-triazolidine-3-thione were analyzed.
The analysis is presented in Table 4 which implies
that CoFe,O,@SiO, definitely serves as a better
catalyst for specified product yield and reaction
time along with the advantage of easy magnetic
separation and recyclability.

In order to substantiate efficacy and generality
of DMNPs, various conversions of substituted
aldehyde (la-k) into the corresponding
5(4-chlorophenyl) 1,2,4-triazolidine 3- thione (2a-
k) were carried out. The results accorded excellent
yield as reported in Table 5.

Aldehydes with five/six-membered heterocycle
containing one heteroatom and bearing electron-
donating/withdrawing groups were practically
converted into the corresponding triazolidine-3-
thiones with better yields. These results infer that
there is no substituent effect[27] on the reaction and
further, it is imperative to highlight that the DMNPs
being magnetically separable are easy to work
up. DEPT, 'HNMR, PCNMR, and Mass analysis
tools were then employed for the confirmation of
structures of the synthesized compounds.

Following Scheme 1 presents the proposed
plausible reaction mechanism for the reaction of
4-chloro benzaldehyde with thiosemicarbazide,
catalyzed by DMNPs for the room temperature
synthesis of 5-(4-Chlorophenyl )-1,2,4-triazolidine-
3-thione (2a).

At first, the catalyst forms partial bonds with the
carbonyl oxygen causing an electron deficiency at
the carbonyl carbon and consequently, the more

Table 4. Reaction of aldehyde and thiosemicarbazide using different catalysts

. B Ref’
Entry  Catalyst Condition (EE?) Yl(ig

1 Sulfamic acid Ethanol/Reflux 30 92[26]
2 [CisMPy]AICL;Br Water/ RT* 10 96[27]
3 Glycine nitrate Water/80°C 240 88[29]
4 DMAP Water/RT 20 95[30]
5 [(Py),SO][HSO4], Ethanol/RT 60 55[31]
6 [2-HMPyBSAJHSO,  Water/RT 7 89[32]
7 Sm,05/FAp Water/RT 15 97[34]
8 CuO Ethanol/70°C 95[35]
9 CoFe,0, Ethanol/RT 10 87t

10 Si0,/CoFe,04 Ethanol/RT 10 97t

* RT: room temperature * This work
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Table 5. Room temperature synthesis of 5-aryl-1,2,4-triazolidine-3-thione®

N
0 HN-
S : =s
.y NLN,NHE s | N H COFEQO4 S|02 _ | N H
2 H A Ethanol AF
R ) R
Time
1a-k Za-k
Entry R Time Product Yield®
(Min)
1 4-(C1)CeHs4 (12) 10 2a 97
2 4-(Br)C¢Ha (1Db) 15 2b 96
3 4-(F) C¢Hy (1¢) 11 2¢ 96
4 2-(Me)CgH,4 (1d) 10 2d 97
5 4-(NO,)CgHj4 (1) 13 2e 97
6 3-(NO,)CeHy (11) 15 2f 94
7 2-Pyridine (1g) 13 2¢g 96
8 4-Pyridine (1h) 12 2h 97
9 4-(OCH3)CeH,4 (11) 14 2i 96
10 2-Thiophene (1j) 12 2j 97
11 3,4 (C1)CeH; (1k) 16 2k 95

# Reaction conditions: 10 mmol Thiosemicarbazide, 10 mmol aromatic aldehyde, 5 mg of MNPs, 5 ml

ethanol and RT. “Isolated yield.

(4
CoFe,04

(4
CoFe,04

Sio 2a-k

(
CoFe,04

CoFe,0,4

Sio

Scheme 1. Plausible mechanism for the conversion of 5-(4chlorophenyl)-1,2,4-triazolidine-3-thione from 4-chloro benzaldehyde
and thiosemicarbazide

reactive NH, present on thiosemicarbazide attacks
carbonyl carbon and leads to the formation of
imine intermediate which cyclizes in presence of
MNPs leading to the formation of the product.

Reusability studies

Reusability of the catalyst is needed for green
synthesis which is enviable even from economical
perspective. With this context, the CoFe,0,@SiO,
catalyst was investigated for its recyclability for the
synthesis of 5-(4-Chlorophenyl )-1,2,4-triazolidine-
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3-thione from 4-chloro benzaldehyde and
thiosemicarbazide under the optimized reaction
conditions.

The reaction mixture was diluted with ethyl
acetate on completion of the reaction followed by
magnetic separation of the catalyst. The separated
catalyst was then washed successively with acetone
and absolute ethanol, dried under vacuum and
reused for consecutive recycles. The catalyst was
successfully tested to retain its effectiveness up
to five consecutive cycles without any significant
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Fig. 11. Reusability studies of CoFe204@SiO2 for the synthesis of 5-(4-Chlorophenyl-1,2,4-triazolidine-3-thione (2a)

loss. Results of the studies are presented in Fig.
11, which itself indicates the recyclability of the
present catalyst; that is, cobalt ferrite nanoparticles
dispersed in silica matrix.

CONCLUSION

Present work describes a rapid, efficient and
eco-friendly CoFe,O,@SiO, catalyst for the one-pot
synthesis of 5-phenyl 1,2,4-triazolidine 3-thione
derivative using aldehyde and thiosemicarbazide
in ethanol. The catalyst is simply separable by
an external magnet and showed good stability
throughout the catalytic runs against leaching and
sintering and retained 94 % of the initial activity
even after the fifth catalytic run. The CoFe,O, @
SiO,catalyst exhibits excellent catalytic activity for
the condensation. The most fascinating feature
of this catalyst is that it facilitates the reaction at
room temperature, increases the rate of reaction
and thereby furnishes an excellent products yield.
Therefore, we conclude that the CoFe,0,@Si0, is
the best potent catalyst for the synthesis of 5-phenyl
1,2,4-triazolidine 3-thione derivative.
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