W) Check for updates

Received: 9 October 2022 Revised: 6 February 2023 Accepted: 12 February 2023

DOI: 10.1002/jccs.202200459

YO

@)/ 10URNAL OF THE CHINESE CHEMICAL SOCIETY.

RESEARCH ARTICLE

Catalytic reduction of 4-nitrophenol using synthesized
and characterized CoS@MorphcdtH/CoS@4-MPipzcdtH
nanoparticles

Suvarcha Chauhan®? | SurbhiSoni' | Anand Kumar® |

Indra Bahadur’

Gunjan Chauhan' |
Devendra Singh Negi® |

'Department of Chemistry, Maharishi
Markandeshwar (Deemed to be
University), Haryana, India

Abstract
CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs were synthesized by precip-
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spectroscopy, FESEM-EDAX, powder x-ray diffraction, TEM, ESIMS, TG/DSC
analysis. The morphology of the CoS@MorphcdtH NPs and CoS@4-MPipzcdtH

NPs were hexagonal and rectangular, and the particles were in the range
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7-12 nm. UV-visible spectral measurements showed surface plasmon reso-
nance at 320 nm-340 nm with band gap of 3.65 eV-3.86 eV. The catalytically

active CoSNPs called were investigated for the reduction of 4-nitrophenol
Correspondence

Gunjan Chauhan, Department of
Chemistry, Maharishi Markandeshwar
(Deemed to be University), Haryana
133207, India.

Email: gunjan.ch.86@gmail.com

(4-NP) via hydrogenation using sodium borohydride (NaBH,) as a reducing
agent. Both the CoS NPs successfully reduced 4-NP to 4- aminophenol (4-AP)
in a short time, catalytic performances are almost unchanged for the first five
cycles. Herein, we report the preparation and characterizations of efficient

active CoS NPs consisting carbodithioic acid framework as a support/capping
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material, along with catalytic property.
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1 | INTRODUCTION

nausea, and headache appeared due to the short-term
exposure through the pathways of inhalation and inges-

4-NP(4-nitrophenol) is a highly hazardous pollutant and
potentially toxic to living organisms."?! The potential
cause of cyanosis is methemoglobinemia, which is due to
the delayed interaction of 4-NP with blood. It causes
vomiting and abdominal pain, while prolonged contact
with the skin results in an allergic response; therefore,
4-NP appeared to be poisonous, anthropogenic, and
inhibitory by nature.®! Symptoms such as drowsiness,

tion whereas getting in contact with the eyes results in
irritation.* Dosage, time, passageway, gender, nutritional
status, lifestyle, family traits, etc., are the parameters on
which the severity of human health depends when
comes in contact with 4-NP.4-NP is one of the most
virulent derivatives of the parathion insecticide and is
mutagenic, cytotoxic, embryo-toxic, and carcinogenic by
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4-NP resist bio-degradation, is known to be highly sta-
ble and soluble in the freshwater, marine environment,
and wastewaters, and is found to be present as pollutants
in industrial effluents. Researchers have developed many
techniques for the eradication, including adsorption, elec-
trocoagulation, electrochemical treatment, microbial deg-
radation, photocatalytic degradation, electro-Fenton, and
catalytic oxidation facilitated by the microwave method
etc.l° 1% However, all these techniques are not very effec-
tive and even energy-consuming. Using reductive conver-
sion of a lethal chemical 4-NP to a more biodegradable
4-AP (aminophenol) is another efficient solution. The
reduction from 4-NP to 4-AP has great commercial
importance as 4-AP is a valuable chemical for producing
drugs (analgesic, antipyretic) and has also been used
indifferent applications such as corrosion inhibitor, hair-
dyeing agent, and photographic developer.') Many
methods, such as homogeneous/heterogeneous catalytic
reduction, electrolytic reduction, metal-acid reduction,
and direct catalytic reduction reactions, are used for the
transformation of 4-AP from 4-NP.'2 Among them, the
catalytic reduction route minimizes the effluent disposal
problems to a great extent as it represents a greener and
more effective technology and improves product quality
with the overall process economy."'*! The reduction 4-NP
in the presence of nanoparticles (NPs) with NaBH, as a
reducing agent into 4-AP is a recent technology.'* !
There are various routes for synthesizing nanoparticles,
such as physical, chemical, and biological. The biosynthe-
sis pathway is considered a greener approach, and plants,
microorganisms, and biomolecules have been used for
the preparation of various nanoparticles.!*>>!

The present work proposes the fabrication of
CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs via
simple and cost-effective chemical precipitation
method. Dithiocarbamate complexes as a supporting/
capping materials are normally more secure, less
expensive, and steadier than the utilization of other
precursors. In addition, the appropriate changes in the
natural moiety of dithiocarbamate complex can affect
the phase, size, shape, and physical-chemical proper-
ties of the metal sulfide nanoparticles, which are well
documented in the literature.””’ 3! The advantage of
using MorphcdtH and 4-MPipzcdtH as support/
capping material is to prevent agglomeration, stabiliz-
ing metal nanoparticles, and maintain their finely dis-
persed state. Support materials MorphcdtH and
4-MPipzcdtH add complexity to final catalytic systems
by transferring charge to and/or from the surface of
metal nanocrystals, also creating noncovalent interac-
tions with the reactant used in a catalytic reduction.
The detailed characterizations of well crystalline
CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs

have been reported which offered complete and precise
information about the nanoparticles. In this report, we
also have shown the application of the CoS@-
MorphcdtH NPs andCoS@4-MPipzcdtH NPs for the
catalytic reduction of nitrophenol group. The reaction
between CoS@MorphcdtH NPs and CoS@4-MPipzcdtH
NPs has many advantages, including (i) conversion
into chemo/regio selective product (ii) reaction is used
for the reduction of nitrophenol (iii) multiple time
usage of without degradation in its activity.

2 | EXPERIMENTAL SECTION

2.1 | Materials

All the chemicals and the solvents used for this experi-
ment were listed as: ethanol, methanol, toluene,
carbon disulfide, 1-methylpiperazine, morpholine,
dimethylsulfoxide, sodium sulfide, cobalt acetate tetra-
hydrate, sodium borohydride, and 4-Nitrophenol. All
were of analytical purity and further used as obtained
from Merck. All glassware used during the experiment
was cleaned in freshly prepared chromic acid/aqua
regia solution and rinsed thoroughly with deionized
water.

2.2 | Preparation of support/capping
material

Reviewing the literature,!**! a CS, group has been intro-
duced to fabricate 4-methylpiperazine-1-carbodithioic
acid and morpholinecarbodithioic acid (MorphcdtH)
using the N-H bond of heterocyclic amines. Free carbo-
dithioicacids exist in zwitterionic form and have high sta-
bility because of higher lattice energy effects.

2.2.1 | MorphcdtH (CsHoONS,; white)

Analysis found: C-36.76, H-5.52, N-8.51, S-39.24%; Yield
98%. Decomposition Temperature: 185°C. FTIR (KBr)
cm™': (OH) 3,540-3,250 b,s, 1449, a(SCS) 985, s(SCS) 671.

222 |
yellow)

4-MPipzcdtH (C¢H;,N,S,; Creamish

Analysis found: C - 40.93, H- 6.02, N- 15.60, S- 35.90%;
Yield 99%. Decomposition temperature: 200°C. FTIR
(KBr) cm ' (N-H) 3,600-3,200 b,s, (C-H)/(N-CH,)
2850 s, 1442 s, a(SCS) 975 s, s(SCS) 675 w.
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2.3 | Synthesis of CoOSNPs

In a typical experiment, 0.1308 g of MorphcdtH and
0.1411 g of MPipzcdtH dissolved in methanol (3 mL)
were added to the 0.100 g continuously stirred solution of
Co(CH;C00),.4H,0. The reaction mixture was stirred
for 3-5 minutes until homogeneity was obtained. Metha-
nolic solution (3 mL) of Na,S (0.0938 g; 1.203 mmol) was
added slowly to continuously stirred homogeneous solu-
tion. Green precipitates of CoS@MorphcdtH NPs and
CoS@4-MPipzcdtH NPs were obtained after another
2 hours continuous stirring, respectively. The resultant
nanoparticles of CoS@MorphcdtH and CoS@4-
MPipzcdtH were collected by centrifugation technique,
washed several times with methanol, and dried overnight
by keeping in CaCl, desiccator. The reaction for the

JOURNAL OF THE CHINESE CHEMICAL SOCIETY.

synthesis can be expressed according to equations given
below:

Co(CH;COO0), - 4H,0 + Na,s “ P4 o osaMPpipzedtt
+ 2CH;COONa + 4H,0

Co(CH;COO), - 4H,0 + Na,$ 2™ cosaMorphedtH

+ 2CH;COONa + 4H,0
231 | [CoS@MorphcdtH;
(CoCyoH 5N,S50, = 416.95) green

Analysis Found: Co-13.95%, S-38.14%; Calculated: Co-14.13%,
S-38.37%, Yield 99%. Decomposition temperature: 260°C.
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FIGURE 1
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FESEM images and EDAX spectrum of CoS@4-MPipzcdtH NPs.
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232 | [CoS@MPipzcdtH);
(CoC,H,4N,Ss = 442.93) green

Analysis Found: Co-13.10%, S-36.05%; Calculated: Co-
13.30%, S-36.12%, Yield 99%. Decomposition temperature:
310°C.

2.4 | Detection method

SU8010 was used to determine the morphology and ele-
mental composition of both samples and details about
the instruments and method were found elsewhere.**]
The crystalline nature of CoS NPs was analyzed using a
powder x-ray diffraction (PXRD) method on a XPERT-
PRO x-ray diffractometer operating at the voltage of

[E— e —

Pa | 1000kv | 20ps ETD | 3 5 IIT Mandi

45 kV, the current of 40 mA with CuKea radiation at the
wavelength of1.5406nm and step size of 0.050 per sec
counting in the range 26 from 10° to 80°. The range of
the UV-visible spectrophotometer was 900-200 nm,
methanol was used as a reference and the surface spec-
trum of CoS NPs was measured. Thermal analysis of
samples was carried and details about it were found
elsewhere.[**!

2.5 | Catalytic activity

The catalytic performance of CoS NPs has been per-
formed in relation to the change in the initial concentra-
tion of 4-NP to 4-AP and the complete conversion was
detected at the time when the yellow color of the mixture
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FIGURE 2

FESEM images and EDAX spectrum of CoS@MorphcdtH NPs.
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turns into a faded yellow-green color. The catalytic
behavior was analyzed at a concentration of 0.004 g of
CoS@MorphcdtH NPs and 0.005 g of CoS@4-MPipzcdtH
NPs per 1 mL of 10~* M aqueous solution. 10 mL of the
freshly prepared aqueous solution of NaBH, (0.30 mL;
15 mM) was introduced in 100 mL of 4-NP (3.0 mL,
0.15 mM) at room temperature. It was further treated
with CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs
at different time intervals. After the addition of a
trace amount of the CoS@MorphcdtH NPs and
CoS@4-MPipzcdtH NPs indicate the formation of a new
band at 300 nm. Reduction and formation of the 4-NP
and 4-AP indicate the increased intensity. The progress of
a reaction is monitored by using UV-visible
spectrophotometry.

3 | RESULTS AND DISCUSSION

The surface morphology of the CoS@MorphcdtH NPs
and CoS@4-MPipzcdtH NPs showed hexagon shapes
were illustrated in Figures 1 and 2, respectively. Energy
Dispersive x-ray spectroscopy was used to confirm the

FIGURE 3
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elemental composition. The homogeneity of capping
agents was observed at the top layer of the sample, which
indicates that uniform distribution was achieved during
fabrication. The EDAX spectrum confirmed the elemen-
tal composition as wt. %: CoS@MorphcdtH NPs gave
cobalt, sulfur, nitrogen, and carbon of 51.45, 39.20, 2.01,
and 5.96, respectively whereas 53.14, 41.89, 1.45, and 3.06
for CoS@4-MPipzcdtH NPs.

Typical TEM micrographs of CoS@MorphcdtH NPs
and CoS@4-MPipzcdtH NPs exhibited hexagonal and
rectangle shapes respectively. The average particle
size which falling in the range 7-12 nm in diameter
follows the increasing order as CoS@MorphcdtH
NPs < CoS@4-MPipzcdtH NPs. Critical investigation
of the average particle size of CoS@MorphcdtH NPs
and CoS@4-MPipzcdtH NPs deduces that core diame-
ter changes with the increase/decrease of carbon chain
length at the fourth position in the heterocyclic ring of
carbodithioic acid as capping agents. The capping
agent is used in excess stoichiometric amounts than
required, resulting in the aggregation of the smaller
particles to form markedly larger nonspherical parti-
cles which are most possibly due to some overlapped

(b)

TEM micrographs of (a), (b) CoS@MorphcdtH NPs and (c), (d) CoS@4-MPipzcdtH NPs.
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lattice effects of the capping agent (Figure 3). Observa- Diffractograms of CoS@MorphcdtH NPs and
tion in terms of morphology is in consonance with CoS@4-MPipzcdtH NPs exhibited four peaks at nearly same
FESEM study. 20 and d-spacing values irrespective of nature of capping
200
s
)
2 100+
=
3
=
[
0 T v T T T T T T T T
20 30 40 50 60 70 80
(26)
28.72 2.9245 1.2055 7.11 3.377 5.14
36.51 2.5394 1.2141 7.20 3.377 5.12
47.22 1.9260 1.2241 7.40 3.376 5.12
56.21 1.688 1.1914  7.90 3.376 5.11 FIGURE 4 PXRD patterns and data
of CoS@MorphcdtH NPs.
200
3
s
:g 100
o T T T T T
20 30 40 50 60 70 80
(20)
29.39 2.9245 0.7786 11.02 3.377 5.15
36.22 2.5425 0.7596 11.5 3.376 5.15
46.15 1.9300 0.7651 11.8 3.375 5.14
56.75 1.6875 0.7831 12.05 3.375 5.14 FIGURE 5 PXRD patterns and data
of CoS@4-MPipzcdtH NPs.
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agents. CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs
showed in range: (a) 28.72 °- 29.39°, (b) 36.22° - 36.51°,
(c) 46.15 ° — 47.22°, and (d) 56.21 ° - 56.75° as shown in
Figures 4 and 5. The position of Bragg's bands for CoS@-
MorphcdtH NPs and CoS@4-MPipzcdtH NPs corresponds
to the above 20 values, indexed in the (100), (101), (102),
and (110) crystal planes respectively.***”! For the hexago-
nal structure of cobalt sulfide, the 20 values and their corre-
sponding d-spacing values match well with the standard
JCPDS card number - 65-3418. The average crystallite size
evaluated using Debye - Scherrer equation'®! falls in the
range of 7.11 nm-12.05 nm for CoS@MorphcdtH NPs and
CoS@4-MPipzcdtH NPs. The nature of capping agents and
their effect on crystal lattice has further been studied by
computing lattice constant. The lattice constant ‘a’ and ‘¢’
for CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs falls
within the range 3.375-3.377 and 5.11-5.15, respectively
CoS@MorphcdtH NPs and CoS@4-MPipzcdtHNPs were
synthesized by precipitation method involving three
mechanisms: inclusion, occlusion, and adsorption. The
catalytically active CoS nanoparticles (NPs) called were
investigated for the reduction of 4-nitrophenol (4-NP) via
hydrogenation using sodium borohydride (NaBH,) as a
reducing agent. Both the CoSNPs successfully reduced 4-NP
to 4- aminophenol (4-AP) in a short time and could be used
for more than five times without obvious fading in their
catalytic activities. Herein, we report the preparation and
characterizations of efficient active CoS NPs consisting
carbodithioic acid framework as a support/capping mate-
rial, along with catalytic properties.

SPR spectra of CoS@MorphcdtH NPs and
CoS@4-MPipzcdtH NPs depict the existence of peaks at
320 nm and 340 nm respectively. Observation of SPR
bands in a particular range of wavelength in nm fol-
lowed the increasing order with respect to the size of the
heterocyclic group of a capping agent. Based on the ste-
ric interactions of these groups, the trend well matched
with the size of nanoparticles as evident from TEM stud-
ies. UV-visible absorption of CoS@MorphcdtH NPs
and CoS@4-MPipzcdtH NPs exhibited broad peaks
which were blue-shifted as compared with bulk
Co8S.25293% glight variation in broadness and positions
of peaks from bulk to CoS@MorphcdtH NPs and
CoS@4-MPipzcdtH NPs (Figure 6) may be because of
the absorptions of capping agents. The band gaps in the
present study were found to be 3.86 eV and 3.65 eV for
CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs,
respectively.

ESI-MS pattern of CoS@4-MPipzcdtH NPs displayed
a peak at m/z = 442.93 corresponding to its molecular
mass and intense peak at m/z = 124.93 (93%) which is
assigned to the [CoS,]" ion. The peaks due to ion
fragments {CoS(NHCH,CH,CH,CH,N[CS;,]),}", {CoS.

Absorbance (a.u.)

0.0 T T T T T T T T T
200 240 280 320 360 400

Wavelength (nm)

1.5 (b)

1.0

Absorbance (a.u.)

0.5 1

0.0 T T T T T T T T T
200 240 280 320 360 400
Wavelength (nm)

FIGURE 6 Electronic absorption spectrum of
(a) CoS@MorphcdtH NPs and (b) CoS@4-MPipzcdtH NPs.

(CH,CHN(CS,)),} ™, {CoS.(NH(CS,)),} " ,{C0S.(CS,),} T,
{Co0S.(CS,)}", and [CoS,]" appeared at m/z 412.93 (25%);
326.93 (13%), 274.93 (19%); 244.93 (15%), 168.93 (19%),
and 124.93 (93%) respectively. The proposed fragmenta-
tion mechanism (Figures 7 and 8) is in agreement with
the ring-opening mechanism of cyclic amines which
involves the cleavage of the bond next to the nitrogen
atom.*!

TG/DSC curves of CoS@MorphcdtH NPs revealed the
IDT, decomposition range, and exotherm at temperature
of 115°C, 270-280°C, and 318°C whereas for
CoS@4-MPipzcdtH NPs these were observed at 120°C,
310°C, and 320°C respectively. The TG/DSC curve of
CoS@MorphcdtH NPs and CoS@4-MPipzcdtH NPs
exhibits two steps decomposition as shown in Figures 9
and 10. For CoS@MorphcdtH NPs, an initial mass loss of
4.33% in the temperature range 110-140°C corresponds
to the loss of one mole of water, the subsequent mass loss
of 78.37% in the temperature range 260-310°C has been
proposed to be the oxidative decomposition of two moles
of morpholinecarbodithioic acid (CsHgONS,) to give CoO
as final product. The nature of end products was compli-
mented by measuring the PXRD of residues. It was found
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FIGURE 7

that CoO is the final product which is stable for tempera-
tures up to 800°C.

3.1 | PXRD of TG residues

The composition of final product was determined
by using powder x-ray diffraction technique. For

m/z = 326.93

- 2C,H, l

s
. __s .
HN =) -Co-s- O === “NH

Ne

m/z = 274.93

[Cos,]1

m/z = 124.93

Mass spectrum and Proposed Fragmentation pattern of CoS@4-MPipzcdtH NPs.

this the residues of CoS@MorphcdtH NPs and
CoS@4-MPipzcdtH NPs obtained from TG study had
been used. The 20 values 37.89°, 42.55°, 61.27°, 73.19°,
and 75.32° of TG residues of CoS NPs correspond to the
crystal planes 111, 200, 220, 311, and 222 respectively.
PXRD pattern of residues of CoS NPs matches well with
rock-salt structure of CoO with JCPDS card
no. 431004.134 The diffraction peaks were not observed
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FIGURE 8 Mass spectrum and Proposed Fragmentation pattern of CoS@MorphcdtH NPs.

for metallic Co or Co;0,4. Thus the observed PXRD
patterns (Figures 11 and 12) of TG residues confirmed
the CoO as final decomposition product and hence
is in agreement with the proposed decomposition
pathway.?*!

3.2 | Catalytic reduction of 4-nitrophenol
Langmuir-Hinshelwood mechanism for the reduction
of 4-NP became the efficient and prevalent route.**3>!
The peculiar catalytic activity depends on the small
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FIGURE 9 TG/DSC curves of
CoS@MorphcdtH NPs.

Heat flow (w/g)

T
0 200 400 600

Temperature (° C)

< 120 °C =~ 320°C

310°C

Weight loss (%)

60 FIGURE 10 TG/DSC curves of

—TG i CoS@4-MPipzcdtH NPs.
——DSC I

=40

=20

Heat flow (w/g)

-20

v v T v
0 200 400 600
Temperature (°C)

800

600 -

500 -

300

200

Absorbance (a.u.)
—T

100 |-

FIGURE 11 PXRD of TG residue of
CoS@MorphcdtHNPs.
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(20)

size of the NPs, mostly they have higher catalytic
activity.

The surface of NPs serves as the active location where
the process of catalytic reduction occurs and the nanopar-
ticles remains active even at room temperature.

70 80

Borohydride ions bind to the surface whereas alongside
4-NP also adsorbs on the nanocatalyst surface. Subse-
quently, 4-NP is reduced by borohydride ions to 4-AP
which is a rate-determining step. 4-NP exhibits light yel-
low color and display a strong absorption band at
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FIGURE 12 PXRD of TG residue of
CoS@4-MPipzcdtH NPs. 600 -
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FIGURE 13 (a) UV-visible spectra of 4-NP before and after addition of NaBH, solution; (b) effect of CoS@4-MPipzcdtH NPs amount in
the reduction of 4NP - 4AP; (c) 4-NP with NaBH, in the presence of CoS@MorphcdtHNPs as catalyst at room temperature.
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FIGURE 14 (a). UV-visible spectra of 4-NP before and after addition of NaBH, solution; (b) effect of CoS@MorphcdtH NPs amount in
the reduction of 4NP-4AP; (c) 4-NP with NaBH, in the presence of CoS@4-MPipzcdtH NPs as catalyst at room temperature.

TABLE 1
Catalyst Morphology Target compound
CoS@MorphcdtH ~ 8 nm 4- NP
CoS@4-MPipzcdtH ~ 12 nm 4- NP

317 nm. Upon the addition of NaBH, to solution leads to
a distinct color change (light to intense yellow) due to
formation of 4- nitrophenolate ion as shown in
Figures 13a and 14a. Color change results in alteration in
the pH, that is, acidic to highly basic leading to an imme-
diate shifting in absorption peak of 4-NP from 317 nm to
400 nm because of the formation of 4-nitrophenolate
ion.[15,17,34f39]

Furthermore, the absorption intensity remains almost
unchanged even after standing for 2 hours which clearly

Comparison of rate constants of catalytic reaction in the presence of CoS@MorphcdtH and CoS@4-MPipzcdtH catalysts.

Catalyst dose Degradation rate Reusability
0.004 g 0.183 min ™" Five
0.005 g 0.189 min " Five

suggesting that the reduction did not proceeds in the
absence of the catalyst. With the addition of CoS@-
MorphcdtH NPs and CoS@4-MPipzcdtH NPs into the
reaction system led to emergence of gradually decrease in
absorption intensity of 4-NP. The formation of 4-AP in a
basic medium at room temperature!® indicated by the
appearance of a new absorption peak at 300 nm. The
reduction reaction completed within 11 min for
CoS@4-MPipzcdtH NPs and 10 min for CoS@-
MorphcdtH NPs which is evidenced by fading of the
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FIGURE 15 Reusable performance of (a) CoS@MorphcdtH NPs, (b) CoS@4-MPipzcdtH NPs as a catalyst for consecutive cycles and

pseudo-first order kinetic plot (In(A/A,) versus time for the catalytic reduction of 4-NP.

yellow-green color of the reaction solution (Figures 13
and 14). The concentration of NaBH, is in large excess to
that of 4-NP, the reduction considered as a pseudo first-
order reaction with regard to 4-NP (Table 1).

The reaction kinetics are given by In(A/Ay) = —kt,
where t denotes the reaction time, k is first-order rate
constant (min~'). The concentrations of 4-NP at time t
and 0 are denoted by A and A, respectively. A linear rela-
tionship between In(A/A,) and reaction time t is shown
in Figure 15 which follows pseudo-first-order reaction
kinetics, k was calculated to be 0.183 min ' for CoS@-
MorphcdtH NPs while for CoS@4-MPipzcdtH NPs the
rate constant is 0.189 min~' with reduction time of
10 min and 11 min at room temperature respectively.
The catalyst used in the reaction was a noble catalyst, it
was important to study the recycling of this catalyst.
The catalyst loaded for the first catalytic reaction was
treated with chloroform and loaded back into the reactor
for subsequent tests. The catalyst recycling experiments
were performed at 298.15 K-305.15 K, and the results are
shown in Figure 15. The catalyst was found to retain its
activity even after the fourth recycling without affecting
the nitrobenzene conversion. However, the selectivity for
PAP decreased to 5-7%. This reduction in selectivity may
be due to the handling losses of catalyst transfer in the
subsequent recycle runs (Figure 16).

The catalytic efficiency and kinetics were found to be
better than many of the reported materials. The dose
required for the reduction 4-NP to 4-AP in presently stud-
ied CoS@MorphcdtH and CoS@4-MPipzcdtH is lesser
than that of already reported spherical-shaped

Desorption
P NaBH,+ H,0
BOZ
OH
CoS@4-MPipzcdtH NPs
N
%
4-AP
OH
H,0 O-N  4NP
o
Reduction H,;0
FIGURE 16 The possible mechanism for the catalytic

reduction of 4-NP by NaBH, in presence of the CoS nanocatalyst is
suggested as follows: the 4-nitrophenolate anion is bound to the
CoS NPs surface by anchoring the two oxygen atoms of the nitro
group, after this reaction between the 4-nitrophenolate anion and
BH,  occurs on the surface of CoS nanocatalyst. The two
adsorbates are connected by the CoS nanocatalyst's surface in such
a way so that electrons can be moved from the oxidation site to the
reduction site.

Fe;0,@Si0,-Ag (NPs dose: 1 g, and degradation rate of
7.67 1072 s71).1*) The presently studied CoS@MorphcdtH
and CoS@4-MPipzcdtHhas displayed better reusability
than that of reported dumbbell-shaped Cu NPs*! and
AuNPs@MWCNT NPs.!*?! Litseacubeba@AuNPs reported
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earlier were able to reduce 4-NP to 4-AP at the rate of
0.348 min~' and can be reused three times,[**! whereas
the nanoparticles CoS@MorphcdtH and CoS@4-
MPipzcdtH synthesized in the present work displayed bet-
ter efficiency and can be reused five times with the capa-
bility to reduce 4-NP at the rate of 0.183 min~' and
0.189 min~ ', respectively. Jiang et al. reported that the
CTAB + PEG-10000@ Ni NPs may be reused for three
cycles!** whereas, presently studied nanomaterials CoS@-
MorphcedtH and CoS@4-MPipzcdtH exhibited better reus-
ability with five cycles. The zero-valent iron nanoparticles
(NPs dose: 5-30 mg)[45] and nanospheredTA@Fe;0,4-Ag
(NPs dose: 3-5 mg)!*®! were reported to reduce 4-NP for
five cycles; the reusability of the iron NPs is comparable
to that of the present study (CoS@MorphcdtH and
CoS@4-MPipzcdtH).

4 | CONCLUSIONS

We have reported chemical reduction method for the
fabrication of catalytic efficient CoS@MorphcdtH NPs
and CoS@4-MPipzcdtH NPs. With an average size of
approximately 12 nm, where carbodithioic acid was used
as stabilizer agent respectively. Both CoSNPs acted as a
reducing agent due to their unsatisfied oxidation state
for the hydrogenation of 4-nitrophenolate. The CoS@-
MorphcdtH NPs and CoS@4-MPipzcdtH NPs showed
excellent application toward the appearance of the peak
at 300 nm, possessed excellent stability in aqueous
solution, and exhibited superior catalytic activity toward
the reduction of NP. The reusability of the catalyst
was also performed up to five cycles. This study supports
the novel application of CoS@MorphcdtHNPs and
CoS@4-MPipzcdtH NPs, for offering an alternative path-
way for the reduction of nitro compounds to less toxic
amino compounds.
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