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Abstract

Cobalt nanoparticles (Co- NP's) were used as an eco-friendly catalyst in a green approach format in water at room
temperature to accomplish an efficient chemoselective reduction of p-nitroaniline. The product of this chemical
reduction, p-phenylenediamine, is an attractive intermediate in the preparation of polymers, hair dyes, and rubber
products. Hence, there is a great demand to develop effective catalysts for this chemical reduction of p-
nitroanilines. The reactions can be recommended for use, since the catalysts are reusable and the reactions are
high yielding (around 90 %). Co nanoparticles of different concentrations were synthesized and used as a catalyst
in the reduction of p-nitroaniline with NaBH4 to p-phenylenediamine. It was observed that the reaction rate was
high with the low concentrated sample compared to other high concentrated samples because of their size. The
reusability of 1 mM nanoparticles shows that they are a potential catalyst suitable for industrial reuse.
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AHoTariqa
HaHoyacTuHku Ko6GaabTy (Co- NP) Gy BMKOPHMCTAaHI B SIKOCTi €KOJIOTiYHO YHMCTOro KaTajisaTopa B MeXKax
3eJIEHOr0 MiAX0oJy B BOAHMX pO34YMHAX 3a KIMHAaTHOI TeMmepaTypu AasA JAJdsA 3JiHCHeHHs eQ(eKTHBHOro
XeMOoCe/J1eKTUBHOTOBiJHOB/JIEeHHS NM-HiTpoaHWIMHY. [IpoAyKT BKa3aHOro XiMivyHOro BiJiHOB/JIeHHs, N-QeHileHiaMiH,
€ NPUBAG/JIMBUM NPOMIXKHMM NPOAYKTOM B MpPOLeci OTpUMaHHs noJjiMmepis, ¢ap6 A1 BooccATa TYMOBUX BUPOGiB.
TakuM YHMHOM, iCHY€ BeJIMKa NOTpe6a B po3po6Li epeKTUBHUX KaTali3aToOpiB AJIsA IbOro XiMiyHOTro BiiHOB/IEHHA -
HiTpoaHiniHiB. Ili peaknii M0oXyTh GyTHM peKOMeH/JOBaHi A0 BHKOPHCTaHHsA, 60 KaTa/i3aTOpM MOXYTb OyTH
BHKOPHUCTAaHi MOBTOPHO, a caMi peakuii Bigpi3HAITbHCA BUCOKMM BUX0A0M (0Kos10 90 %). HaHoyacTuHku Co 6yu
CUHTEe30BaHI Ta BUKOPHUCTAHi i3 3a3HaYeHOI0 METOK BiJHOBJIeHHA N-HiTpoaHisiHa 3 gomomorow NaBHi go m-
deninenpiaminy. Byjso Biag3HayeHo, IO MBHJKICTb peaknii BHUCOKA 3a YMOBU BHKOPUCTAaHHS
HU3BKOKOHLIEHTPOBAHOr0 3pa3Ky B MNOPIBHAHHI 3 BHCOKOKOHIEHTPOBAaHMMM 3pa3KaMu i3-3a iX po3MmipiB.
MO>K/IMBiCTh IOBTOPHOr0 BUKOPUCTAHHSA HAHOYAaCTUHK 1 MM poGHTB iX MOTEHLiHHMM KaTa/1i3aTOPOM, NPUAATHUM
JAJi1sl BAKOPUCTAHHA y IPOMUC/JI0BOCTI.
Karouosi cnosa: xeMoceeKTUBHUM; NI-HITpoaHi/iH; 3e/ieHU niaxij; 6araTopa3oBe BUKOPUCTAHHS; BUCOKUU BUXIJ.
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Introduction

The reduction of nitro composites with an
excess amount of Sodium Borohydride has been
often utilized as a model reaction in the
literature [1]. Chirea et al., for example, looked
into the catalysis of p-nitroaniline reduction
using gold nanowire particles [2]. According to
Kundu et al., small globular gold nanoparticles
have higher catalytic activity in p-nitroaniline
reduction than large globular gold nanoparticles
[3]. P-phenylenediamine, an  attractive
intermediate in the productionof polymers, hair
dyes, and rubber products, is the result of this
chemical reduction [4-5]. It's also employed as
a developing agent in the production of color
photographic film. Earlire numerous
methodologies (such as flocculation, membrane
filtration, adsorption, hydrothermal, advanced
oxidation processes, biological, and catalytic
reduction) have been utilized for the treatment
of nitroaromatic pollutants. As a result, there is
a high demand for effective catalysts to aid in
the chemical reduction of p-nitroaniline [6-16].

Transition metal nanoparticles have a unique
position among other nanosized particles from
the point of view of the development of new
technologies. They are of significant interest
due to the unique catalytic, magnetic,
mechanical, optical, electrical, and biological
properties that they possess [17-27]. The
catalytic capability of the synthesized Co-NPs
nanoparticles was been established here [28]. In
the presence of sodium borohydride in a water

NH,

medium, the catalytic conditioning of
synthesized nanoparticles was investigated for
the reduction of p-nitroaniline to p-
phenylenediamine.

Materials and methods

P-nitroaniline and sodium borohydride
(NaBHs4), purchased from Fisher Scientific India.

Synthesis of Cobalt Nanoparticles using the
Asparagus racemosus roots Extract

The aqueous root extract of Asparagus
racemosus was mixed in a 1:5 ratio with 10 mM
cobalt acetate solution and incubated on a heated
plate at 60 °C for 90 minutes until color change
[28]. A comparison of UV-Vis spectra indicated that
nanoparticles were formed as a result of the
synthesis.

p-Nitroaniline catalysis

100 pL of 1 mM p-nitroaniline, 100 pL of 10 mM
NaBHy4, and the synthesized colloidal samples of Co-
NPs 10 pL were mixed in a typical catalytic
reaction (keeping nearly the same amount of
synthesized nanoparticles in all cases). To reduce
the dilution impact, different amounts of deionized
water were added to the reaction admixture. To
study the chemical reduction of p-nitroaniline, an
UV-visible spectrophotometer was used, using
quartz cuvettes with a path length of 1 cm and
newly prepared data.

The synthesized nanoparticles were separated
from the admixture by centrifugation at 10000 rpm
after the reduction process was completed, rinsed
three to four times with de-ionized water, and
reused for further cycles. The treatment was
performed wup to four times in total

NH
= Synthesized Cobalt
ﬁ\ + NaBH, ¥ - =
— MNanoparticles o
NS
o =g NH,

p-Nitro aniline

p-Phenylenediamine

Scheme 1: Reduction of p-Nitroaniline using Metal NP’s: Co-NP’s

Results and discussion

The reduction of p-nitroaniline with NaBH4 in
aqueous solutions originating from pure metal
nanoparticles (Co-NPs) results in the synthesis of
p-phenylenediamine, as shown in Scheme 1. UV-
visible spectroscopy was used to track the
synthesis of p-phenylenediamine in the presence
of metal nanoparticles in real time. In the absence

of metal nanoparticles, a blank experiment was
carried out for the reduction of p-nitroaniline
with NaBH4. After one day, the characteristic
absorbance of p-nitroaniline at 358 nm slowly
decreased.

Figure 1 shows the reaction in the presence of
above synthesized cobalt nanoparticles, with the
absorbance peak at 355 nm gradually decreasing,
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the absorbance peak at 227 nm shifting, and a
new absorption peak developing at 310 nm. This
suggests that the metallic Co-NPs obtained in the
presence of NaBH; accelerated the reduction of p-
nitroaniline to p-phenylenediamine. Since NaBH4
was utilized in considerable excess compared to
p-nitroaniline, the reduction rate of this reaction
can be considered independent of its
concentration (see Materials and Methods). As a
result, the kinetics of this chemical reduction is
first order.

Our results show that the reaction rate was
high when using a Co-NPs sample made from 1
mM of cobalt acetate as a catalyst, medium when
using the cobalt sample made from 5 mM of
cobalt acetate as a catalyst, and slow when using
the cobalt sample made from 10 mM of cobalt
acetate as a catalyst. Figure 2 shows a graphic
representation of all of these findings. In the
presence of the 1 mM nanoparticle metal sample,
92.6 % of p-nitroaniline was converted to p-
phenylenediamine, 90.0 % in the presence of the
5 mM nanoparticle metal sample, and 86.8 % in
the presence the 10 mM nanoparticle metal
sample. By comparing the spectral data the
10 mM nanoparticle metal sample, the obtained
product was validated.

The amount of nanoparticles present in the
reaction mixture, as well as the availability of
active surface area for reactant adsorption,
determine the change in reaction rate or catalytic
efficiency. We used varying amounts of metal
solutions to fix nearly the same number of metal
nanoparticles in all reaction mixtures in our
study. As a result, the variance in reaction rate or
catalytic efficiency is mostly determined by the
available surface area for reactant absorption.
The electron transfer from BHs to the p-
nitroaniline occurs in the current reduction via
metal nanoparticles.

Numerous parameters, including particle size
and shape, as well as the molecules wrapped
around the nanoparticles, have been shown to
influence the surface area accessible for reactant
absorption [9-10]. It was previously observed
that large gold nanoparticles exhibit stronger
steric interactions with BHs and p-nitroaniline
than small gold nanoparticles [29-30], owing to
the larger number of molecules wrapped around
the surface of large gold nanoparticles.

Perhaps this blend of cobalt nanoparticles has
a lower effective surface area for catalysis than
the quasi-sphere nanoparticles. Thus, the
reaction rate is slower in the cobalt sample
prepared with 10 mM cobalt acetate than in the
cobalt sample prepared with 5 mM cobalt acetate.
At this point, it is not sufficient to explain the
precise cause of these rate changes. Additional
research is required to fully comprehend this
catalytic process. The reduction of p-nitroaniline
was accomplished in all cases within two hours.
The metal nanoparticles synthesized from 1mM
of the respective precursors require less than one
hour to complete the reduction of p-nitroaniline
to p-phenylenediamine, which is less or slightly
more than the time required for chemically
synthesized gold nanoparticles, and also the
chemicals used previously (auric chloride) are
more expensive than the present catalysts [1-3].

Additionally, we investigated the reusability of
these nanoparticles formed from 1 mM metal
used as a catalyst for the reduction of p-
nitroaniline with NaBH4. The reusable catalytic
characteristics of metal nanoparticles formed
from 1mM are shown in Fig. 3. After four reuse
processes, it was discovered that p-nitroaniline
could still be converted to p-phenylenediamine in
the presence of NaBH4 with a conversion rate of

86.8%. As a result, the produced metal
nanoparticles are very effective reusable
nanocatalysts for industrial applications.

Table 1

Catalytic efficiency of Co nanoparticles with catalyst loading (x mol %)

SL. no Catalyst loading (x mol %) Time for complete the p-nitroaniline
reduction (min) conversion (%)
1 01 mm 55 86.6
2 05 mm 49 90
3 10 mm 45 93
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Fig. 1. UV-visible spectra for the successive chemical reduction of p-nitroaniline with NaBH4 catalyzed by cobalt
nanoparticles and plots of concentration versus time for the reduction of p-nitroaniline (Red line - initial reduction;
blue line - at the middle of reduction; green line - final reduction).
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Fig. 2. Schematic drawing of the metal nanoparticles and catalysis of p-nitroaniline in the presence of nanoparticles as
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Fig. 3. Recyclability of the metal nanoparticles Co-NPs obtained from 1 mM as a catalyst for the reduction of p-
nitroaniline with NaBH4.

Conclusion

Co nanoparticles of different concentrations
were synthesized and used as a catalyst in the
reduction of p-nitroaniline with NaBH. to p-
phenylenediamine. It was observed that the
reaction rate was high when using the low-
concentrated sample compared to the other high-
concentrated samples due to their size. As the
particle size decreases the surface area increases.

It was also observed that the reaction rate was
high with 1 mM in comparison with the other
samples produced from 5 mM and 10 mM as a
catalyst. This is because the nanoparticles of
1 mM have a larger effective surface area and
possess less steric hindrance for p-nitroaniline
and NaBHs when compared to nanoparticles of 5
mM and 10 mM due to their shape. The
reusability of 1 mM nanoparticles shows that it is
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a potential recyclable catalyst for industrial
applications.
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