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Abstract

A brief review of nano-catalysts application in the reduction of nitro-compounds
into corresponding anilines was reported. The influence of the metal nature,
catalyst's supports and catalysts particle size in the reaction' selectivity was
highlighted. Nano-structure of catalyst advantages was reported evincing future
challenges.
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Introduction

Catalytic reduction of Nitroarenes is a key reaction for two
important reasons: First of all because it is one of the most utilized
remediation application for the removal of nitro compounds
from the environment and secondly because hydrogenation
of nitro aromatics is considered as the most effective way to
produce corresponding amino aromatics and has been widely
used in production scale.

Itiswell-known that nitrocompoundsareimportant contaminants
for the environment and living organism as well [1,2]. Their toxic
and carcinogenic nature due to the presence of nitro groups in
their structure is widely demonstrated [3,4]. Several remediation
methods are proposed in literature such as photocatalytic
degradation [5], or electrochemical methods [6]. Nevertheless,
the reduction of nitro groups into amino compounds through
catalytic hydrogenation is one of the most utilized [7]. In the
Figure 1 is reported the schematic reaction of catalytic reduction
of Nitroarenes (Scheme 1).

On the other side, amino-compounds are very important
intermediates in the chemistry and industry of dyes,
pigments, agrochemicals and herbicides, pharmaceuticals,
rubber manufacturing, chelating agents, textile industry, and
photographic chemicals as well [8,9].

Many effective protocols have been developed to improve the
selectivity of the hydrogenation process aiming at reducing the
presence of byproducts deriving mainly from hydrogenolysis of
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other carbon-heteroatom's bonds present in the Nitroarenes
structure that affect the selectivity and restrains the
hydrogenation rates leading to difficulty in separating the final
pure products [10-13]. In addition, the presence of other sensitive
functional groups such as ketones, halogens, alkenes, nitrile
groups render often difficult the selectivity of the hydrogenations
of nitro-compound, because these sensitive functionalities are
reduced faster by hydrogenation than the nitro groups [14]. All
these undesirable reactions cannot be avoided completely over
conventional catalyses.

Different factors can be stressed in order to enhance the
selectivity and to reduce the amounts of the by-products. We can
divide them into three action classes:

*  Working on the nature of catalyst (metal, support and
metal particle size).

* Modifying the reaction conditions (solvent, temperature
and pressure) etc.

e Using additives such as promoter, inhibitor and poison
factors.

Modification on catalysts structure and use of noble metal
nanoclusters on organic or inorganic supports constitutes
one of the main applications widely exploited. The value of
Nanoparticles (NPs) is one of the most important discoveries
that have recently been developed in catalysis [15-20]. Metal
nanoclusters, as building blocks for preparing heterogeneous
catalysts, offer new possibilities of universal significance for
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designing and constructing structure controllable catalysts [21-
24].

In this short editorial, we evidenced on one side, the great efforts
and remarkable contributions of different authors for finding
solutions to the existing drawbacks in the hydrogenation of
nitro compounds and more generally in the catalytic reduction
reactions and on the other side to persuade on finding answers
exploiting the progress of nanoscience, of which catalysis is an
important field of application.

Stress is placed on development of metal nanostructures by using
innovative supports such as polyelectrolyte brushes, polyionic
liquids, micelles, dendrimers that can provide superior selectivity
as well as create premises for implementation of highly reuse/
recyclable catalysts according to green chemistry principles.

Nano-structured Catalysts

Selectivity-dependence on metal particle size and condition
reactions

The addition of metal complexes to the catalytic system can
considerably modulate both the activity and the selectivity of
the hydrogenation process. Many catalysts have been utilized for
the reduction of nitro compounds [18-20,25,26], such as metal
supported catalysts, polymer-protected metal nanoclusters,
organometallic complexes or inorganic metal compounds.
Nevertheless, the selectivity of the hydrogenation process
resulted to be metal type dependent and structure-sensitive.
Different metals and changes in catalyst's particle size drive to
different selectivity rates and different by-products.

Palladium is widely applied in the catalytic hydrogenation at
low hydrogen pressure and room temperature [27]; Cerveny
[28] provided a wide review on use of palladium as catalyst
for hydrogenation reactions conducting an investigation on
the kinetics of catalytic hydrogenations in the liquid state. The
exceptional properties of palladium, which in some places are
confronted with those of platinum, are reported in detail such as
the existence of many forms of palladium on support available,
each with its own selectivity or its capacity to give hydrogenation
reaction in mild condition or its high versatility for hydrogenation
of many types of bonds. A polymer supported palladium
catalyst, obtained by copolymerization of Pd(AAEMA)2 [AAEMA-
=deprotonated form of 2-(acetoacetoxy)ethyl methacrylate]
with ethyl methacrylate (co-monomer) and ethylene glycol
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dimethacrylate (cross-linker), was proposed by Dell’Anna et al.
[18] as catalyst with an excellent activity and selectivity in the
hydrogenation reactions of substrates such as olefins, aromatic
and unsaturated aldehydes, unsaturated ketones and nitro
compounds.

Application of this polymer supported Pd catalysts was exploited
successfully [20] for hydrogenation in aqueous medium
of quinolines to 1,2,3,4-tetrahydroquinolines under mild
temperature (80°C) and H, pressure (10 bar) (Figure 2).

Both studies demonstrated that the active species promoting
reduction process resulted to be nano-particles (NPs) in situ
formed during the catalytic reactions. Analyses of the mechanism
of nanoparticles active species in different catalytic reduction
were deeply reported in Mastrorilli et al. [24].

Previous studies [29] demonstrated the dependence of
hydrodechlorination of chlorobenzene from the size of Pd
particles supported on alumina, while in Carturan et al. [30] it
was supposed that the hydrogenation rate of nitrobenzene
decreased upon increasing the metal dispersion of supported
palladium catalysts.

In a very recent overview [31] the catalytic properties for
monometallic and bimetallic Pd catalysts was also reported. The
paper highlighted on one side the high performance of Pd catalyst
synthetized in nano-size particles to reduce hydrogenolysis and
on the other, the drawbacks related with the aggregation process
that lead to losses effectiveness in the conversion rates of the
hydrogenation reactions. Previous studies [32] demonstrated
that the ease of dehalogenation depends on, besides the active
metal, to the halogen type identifying an order among halogens
(I>Br>CI>F).

Furthermore, the overall structure and the reaction conditions
need to be stressed in order to avoid undesirable by-products
and to inhibit aggregation of palladium nano-particles. Further
investigations in this direction are still needed.

Platinum-based nano-catalysts are particularly attractive for
minimizing dehalogenation combined with a fast rate of reduction
of the nitro group [33]. Nevertheless, they are highly expensive
due to high cost of its salts. Similarly to palladium, Hoechst [34]
reported the catalyst’s particle size effect the hydrogenation of
halonitroaromatics over Pt catalysts as it. Coq et al. [12] found
that the relative adsorption strength between cloronitrobenzene

q A
X Pd-pol (0.05 mol %)
e
T=80°C, H,O
/ H, pressure 10 bar
N
N H
Figure 2 Hydrogenation of 8-methylquinoline to the corresponding 8-methyl-1,2,3,4-
tetrahydroquinoline selected as the model reaction to study the catalytic
activity and selectivity of Pd-pol.
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3
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and hydrogen increased when the Pt particle size decreased.
Nevertheless, in order to avoid losses of catalysts conversion
rates, modification of supports in which nano-particle' catalysts
are anchored is considered key factors affecting the selectivity.
Liang et al. 2008 [35], shown that a partially reduced Pt/y-Fe,O,
magnetic nanocomposite catalyst (Pt/y -Fe,0,-PR) exhibited
excellent catalytic properties in the selective hydrogenation of
2,4-dinitrochlorobenzene and iodonitrobenzenes (Figure 3).
This kind of supports (Pt/y-Fe,0,) developed for the first time;
enhance the suppression of hydrodehalogenation process. The
authors found that CO chemisorption on the Pt nanoparticles
deposited in this kind of structures was very weak, implying
thus a weak tendency of the electronic back-donation from the
Pt nanoparticles to the m* antibonding orbitals of the adsorbed
molecules: and this was considered the main cause of the superior
selectivity to the haloanilines in the hydrogenation reactions.

The modification of catalyst structure by different additives
is also considered advantageous of combining high selectivity
without losing too much activity. Several supports and
additives are reported in literature. Platinum nanoparticles
stabilized by an ionic-liquid-like-copolymer (IP) immobilized
in various ionic liquids (ILs) was developed by Yuan et al. [36]
that found a substantial increase in the efficiency of catalytic
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process for the selective hydrogenation of aromatic chloronitro
compounds to aromatic chloroamines. This reaction, that have
a considerable commercial significance due to its important
industrial applications, allowed to establish an universal catalyst—
ionic liquid system for the conversion of aromatic chloronitro
compounds to aromatic chloroamines. The use of ionic liquid
system for a best recyclability is demonstrated in the manuscript
that, in addition, underlined the considerable turnover number
(750 fold much more than Raney nickel catalyst). A comparative
analyses for using ionic liquid as excellent media for the
heterogeneously catalyzed hydrogenation of halonitrobenzenes
to corresponding haloanilines is studied also by Xu et al. [33]. The
authors selected three type catalysts of Raney nickel, carbon-
supported platinum and palladium and concluded that Platinum
is the best one. The paper revalidated also different methods for
solving the dehalogenation problem, over the modification of the
nano-structure of catalysts.

As member of Platinum group, Rhodium was also exploited
in different catalytic reduction reactions [37-39]. Supported
rhodium catalyzed hydrogenation reactions under mild
conditions was reported by Dell’Anna et al. [40]. The authors
investigated the catalytic activity of a cross-linked polymer
obtained by reaction of Rh(cod)(AAEMA) [AAEMA-deprotonated
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T= 303K, 0.05mmol substrate;
Solvent methanol 20ml;
Hydrogen pressure 0.1MPa
NO, H,
1060 100
— —a—2,4-DNCB ,
s04 —=—2.4-DNCB 80| |—e—4-CPDA i
\? —e— - CPDA gé‘- —a— m-PDA
G'E —o—J-CNAN L] —o—f-CNAN
E 60 —o— 2-CNAN E 604} —o—2oNAN
= =
= 2
LR Pt/y-Fe203-PR Z 40
= =
= o
] g
o 20 o 204
o T T T 0 2 T T
0 10 20 30 40 [ 10 20 30 40 L]
Time (min) Time (min)

Figure 3 a) Scheme of hydrogenation of 2.4-DNCB over Pt/y-Fe203-PR catalyst; b) Composition of the reaction mixture of 2,4-
DNCB hydrogenation over the Pt/y-Fe203-PR catalyst as a function of time; and c) Composition of the reaction mixture
of 2,4-DNCB hydrogenation over the Pt/C catalyst as a function of time [35]. The evolution of the reaction compounds
during the hydrogenation of 2,4-DNCB over Pt/y-Fe,0.-PR are compared with the evolution of the reactions over
Pt/C. The authors reported that over the Pt/y -Fe,0.-PR catalyst, the yield of the desired product 4-CPDA increased
monotonously, reaching 99.9% when the reaction was accomplished and the content of dechlorinated byproduct
m-PDA in the final products was less than 0.1%. While Pt/C catalyst, the highest yield of 4-CPDA in the entire
hydrogenation process was only 65%.
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form of 2-(acetoacetoxy)ethyl methacrylate] and suitable
acrylamides as comonomers, a structure similar with those
proposed for Palladium. The hydrogenation reactions of different
substrates, despite nitrobenzene’s, such as olefins, unsaturated
aldehydes and ketones were investigated by authors and the
results obtaining resulted satisfactory. Polymer protected
rhodium catalysts was synthetized by also by Madgadelene et al.
[41]. Polybenzimidazole-supported rhodium catalyst synthetized
was found to be effective for the reduction of nitrophenols,
nitrobenzoic acids and nitroanilines in methanol at room
temperature and at 1 atm hydrogen. The authors demonstrate, in
addition, the important influence of temperature, concentrations
of the catalyst, substrate and nature of the solvent on the
reaction rates. Nevertheless, the study on rhodium nano-system
catalyst are still scarcely investigated therefore further studies
are needed.

Nickel is also another metal largely utilized in the catalytic
hydrogenation due to its low costs. It is mostly utilized in its
Raney form. Ni use in the hydrogenation reactions date back
to 1897, when Paul Sabatier, a French Chemist discovered
that the introduction of a trace of nickel metal enabled the
addition of hydrogen to molecules of hydrocarbon compounds
[42]. Nevertheless, their magnetic capacities, that can make
it very interesting catalysts, are still narrowly utilized [43-45].
The modification of metal size and the selection of appropriate
supports can enhance a lot Nickel-catalysts performance. An
efficient synthesis of Ni catalyst supported on nano-ferrite and
magnetically recyclable was utilized in the hydrogenation and
transfer hydrogenation reactions by Polshettiwar et al. [46].
Despite the potential inherent stability and activity of this metal,
no enough examples of a nanoparticle-supported Ni catalyst
had been reported in literature. In the Figure 4 the schematic
synthesis and functionalization of magnetic nanoparticles
according Polshettivar is reported.

Usman et al. [47] reported a very interesting support for nano-
size Nickel particles. Highly ordered mesoporous silica (KIT-6)
was used as support by the wet impregnation method, and the
performance of Ni-catalyst was evaluated in the hydrogenation of
edible vegetable oil, comparing with that of Ni/Activated carbon
prepared using the same method as well as with unsupported
Nickel. The results confirmed the improvement of conversion
rate with an increase in mass of supported Nickel on KIT-6. The
same supporting structure should be tested also in nitroarene
reduction reactions in further researches.

Vol.2No.2:8

Other metals, such as gold or silver nanoparticles have also both
economic benefits respect to Pt and Pd in catalytic hydrogenation
[48]. Copper resulted excellent catalyst for many reactions, either
hydrogenation of organic compounds, alcohol decomposition
or dehydrogenation of alcohols and ester hydrogenolysis [49].
Nevertheless, it requires elevated temperatures and pressures
(250-300°C/250-300 atm. Ruthenium (Ru) is utilized at nano-
structures level. It resulted active at mild temperature and
pressures 70-80°C/ 60-70 atm. It is very resistant to poisoning.
Nonetheless, Ruthenium remains scarcely studied due to less
stability and high cost of its salts [50-52].

Remaining Drawbacks and Future
Challenges

The list of noble and transition metals that are modified at
nano-structure and subsequently employed in the catalytic
hydrogenation is really long (i.e., Ag [53], Co [54], and Zn [55];
bimetallic nanoparticles like alloys of Fe-Pd [56], Pd—Pt [8], and
Pt/Au and Pd/Cu [57,58]. Nano-structures in fact offer surely
several intrinsic advantages mainly connected with: i) Energy-
efficient conversion processes; ii) Mild reaction condition; iii)
Low-cost catalysts and recyclability of precious metals.

The use of the ever increasing number of tailor-made metal
catalytic species is right associated with the different still existing
problems such as the solubility of different components, catalyst
instability, metal leaching during the recycling procedure, losses
in conversion rates due to aggregation process of nano particles,
all factors that limit the utility of some metals-catalysts. Indeed,
since single solution problems does not exist, an urgent need
to develop advanced technologies able address the persisting
challenges in the reduction reactions leave enough space for
future researches.

Despite the great efforts already done, unsolved aspects should
be considered such as: development of less expensive and
easily available protocols, use of non-precious metal catalyst
able to reduce the unavoidable formation of harmful derivate,
implementation of protocols that lead to higher conversion yields
in final pure products; strategies regarding modulation of metal
particle size; introducing of support effects that avoid losses of
catalytic activity due to metal aggregation effects.

Some issues are already tackled in literature: i.e., the use of
stabilization catalysts support systems with different materials
like gum, graphene, polymers, zeolites, perlite, carbon, metal
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Figure 4 Synthesis of functionalized nano-ferrite with Ni-coating according [46].
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oxides surfactants, and ionic liquids have already been addressed
and other stabilizing systems based on responsive materials
like microgels, micelles, dendrimers, yolk—shell, core—shell
structures, and core satellite have been developed for controlling
the catalytic activity of nanoparticle catalysts [59]. Begum at al.
[7] reported recently a robust review that summarizing some
important achievements and advanced methods applied so far in
terms of metal nanoparticles stabilized by biological substances
[60] or in micellar systems [61]. Interesting aspects regard the
use of microgels as support for metal-nano particles as reported
recently in literature [4].

A Nano catalyst stabilized on the surface of polymer particles with
magnetic core is another items already addressed but need further
application. Using of nano-catalytic system easily magnetically
separable is tackled by Usman at al., as previously reported but a
recent important research can be mentioned: implemented an
interesting catalyst, named Fe , O,@P (EGDMA-co-MAA), a core-
shell microspheres with magnetite core and polymeric shell made of
ethylene glycol dimethacrylate (EGDMA) and methacrylic acid (MAA)
and used this core—shell system as a template for the fabrication of
Au NPs on the surface of polymeric shells. Other supports, such as
dendrimers, carbon and silicate stabilized metal nanoparticles have
to be considered as advance catalysts-protecting systems since they
inhibit the release of nanoclusters from supports acting as branched
protecting groups [47].

Vol.2No.2: 8

Conclusion

Different catalytic systems used for the degradation of
nitroaromatic compounds based on the literature are described
and main factors affecting the selectivity and performance of the
catalytic reduction of Nitroarenes are underlined. The advantage
of using nano-structure catalysts are evidenced posing the
attention on the still remaining unsolved problems that can be
summarized as follow:

* Losses of catalysts efficiency due to aggregation process
of metal particles.

e Low purity of final products and the complexity of product
separations methods.

* Occurring of undesirable intermediate products,

sometime harmful, during the catalytic conversion.

The paper aimed to persuade the implementation of researches
for advanced and green methods to be utilized in the synthesis
and stabilization of metal nanoparticles used as catalysts for
the reduction of Nitroarenes and other organic pollutants
and encourages exploration of nano-science progress for
individuation of no expensive and easily available protocols able
to address existing drawbacks.
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