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The amino group of anilines makes them an important 
intermediate for the production of drugs, dyes, rubber, explosives, 
fertilizers, pesticides and herbicides. Currently, almost all aniline 
in the world is produced by the catalytic reduction of nitrobenzene 
with hydrogen. To obtain anilines by gas-phase hydrogenation of 
nitrobenzenes, Ni- or Cu-containing catalysts are used.1 In 
liquid-phase hydrogenation, in addition to these metals, Pd-, 
Ru-, Au- In- and Rh-containing catalysts on various supports 
are  also used.2–16 Perovskite-type transition metal oxides are 
good alternative to noble metal catalysts due to high activity, 
thermal stability, ease of preparation and, as a result, low cost. 
They were used for CO, CO2, dinitrobenzene, guaiacol, glycerol 
and xylose hydrogenation. 

The present work was aimed to inspect the catalytic behavior 
of LaNiO3 perovskite in the direct hydrogenation of nitrobenzene  
with molecular hydrogen. Perovskite LaNiO3 containing highly 
dispersed nickel cations was tested for the first time in this 
reaction. Perovskite LaNiO3 was prepared by the glycine–nitrate 
method (details on the preparation with texture and the XRD 
characterizations of the obtained sample as well as the 

hydrogenation experiment are given in Online Supplementary 
Materials). 

Both samples, before and after catalysis, were studied by the 
electron microscopy and X-ray photoelectron spectroscopy 
methods. Survey XP spectra of LaNiO3 before and after catalysis 
contain photoelectron lines of carbon, oxygen, lanthanum, and 
nickel, and weak Auger electron lines of La MNN. The high-
resolution photoelectron spectra of C 1s and O 1s electrons are 
shown in Figures 1 and 2. 

The XP spectra of the fresh and waist samples for La and Ni 
atoms (Figure 3) show that La 3d3/2 and Ni 2p3/2 photoelectron 
lines overlap. The energy position of La 3d5/2, Ni 2p3/2 and O 1s 
electrons, the full width at half maximum of the lines, and the 
elemental composition of the surface are presented in Table 1. 
Since the photoelectron lines of La 3d3/2 and Ni 2p3/2 overlap, 
non-overlapping lines La 3d5/2 and Ni 2p1/2 were used for 
quantitative assessment.

According to Table 1, it is clear that La and Ni in the surface 
layers of both samples exist in the oxidation state of La3+ and 
Ni2+.17–19 The electron density on La3+ cations does not change 
during the catalysis process, but the line becomes narrower. The 
electron density on nickel cations Ni2+ in the sample after 
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Perovskite LaNiO3 prepared by the glycine–nitrate method 
was studied by XPS, XRD and SEM-EDS. This substance 
was tested as the catalyst in the hydrogenation of nitrobenzene 
to aniline in ethanol (150 °C, 1.5 MPa H2). The selectivity for 
aniline was 95.6% with a conversion of 98.7%. According to 
XPS data, La and Ni do not change their electronic state in 
the course of the reaction. 
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Figure  1  XP C 1s spectra: (a) before and (b) after catalysis. C 1s curves 
correspond to: alkanes (binding energy Eb = 285.0 eV, curves 1), 
carbonaceous deposits (Eb = 283.1–284 eV, curves 2); alcohols and ethers 
(Eb = 286.3–286.7 eV, curves 3), carbonates or esters (Eb =  289.6–289.7 eV, 
curves 4); curves 5 represent the real XP spectrum, i.e. the superposition of 
deconvoluted curves 1–4.
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Figure  2  XP O 1s spectra: (a) before and (b) after catalysis. O 1s curves 
are assigned to: OH– (Eb = 531.2 eV, curves 1) and to O2– species 
(Eb = 528.6–528.9 eV, curves 2); curves 3 represent the XP spectrum, i.e. 
the superposition of deconvoluted curves 1, 2. 
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catalysis decreases slightly, and the line also becomes narrower. 
The electron density on the O2– oxygen anions increases slightly 
during the catalysis process, and the line also becomes narrower. 
The La/Ni atomic ratio on the surface of the sample before 
catalysis is much higher than stoichiometric, and after catalysis 
it increases significantly (almost 2 times). The calculation of the 
Ni content according to XPS data was 7.02 wt% before catalysis 
and 13.14 wt% after catalysis. The average weight content of Ni 
is 10 wt%. This value was used in TOF calculations. Literature 
data from the surface-sensitive XPS method indicate that the 
surface of LaNiO3–x perovskite samples prepared by chemical 
synthesis is enriched with lanthanum and oxygen.20–23

Both fresh and waist samples of the catalyst were additionally 
investigated by SEM micrographs as well as electron diffraction 
study (EDS) (see Online Supplementary Materials, Figures S6, 
S7 and Table S1). The EDS data show that the La/Ni ratio in both 
samples remains practically the same (close to 1), while those 
from XPS demonstrated a significant growth of the La/Ni ratio in 
the course of the aniline hydrogenation (see Table 1). This 
significant difference may be accounted for the depth of the 
analyzed layer (20–30 Å in XPS vs. 1 mm in EDS). X-ray 
diffraction study (XDS) confirmed the crystal nature of 
perovskite LaNiO3 (see Online Supplementary Materials, Figure 
S8 and comments therein).

The experiments on hydrogenation of nitrobenzene (1.5 MPa 
H2, 150 °C, EtOH) show that after 7 h it is almost completely 
hydrogenated to the target aniline (Table 2 and Figure S9). In the 
course of the hydrogenation, intermediates such as azobenzene, 

azoxybenzene and hydrazobenzene, should be formed; however, 
they were not detected during the GC analysis.5 

Comparison of our results with the literature data (see Online 
Supplementary Materials, Table S2) shows that the selectivity 
toward aniline was in general at a level of 80–100%. With one 
exception of the gas-phase process,1 the reaction was usually 
performed in ethanol solution at moderate temperatures of 
35–150 °C. Some catalysts similar to Raney nickel and 
containing much metallic nickel provided high conversions,6,14 
while this parameter with a catalyst containing 36 wt% of nickel 
was low.3 Another catalyst with a low nickel content was 
characterized by low selectivity although with full conversion.13 
The catalyst 10%Ni/C(mineral)9 and the catalyst studied in the 
present work are comparable in terms of the nickel content and 
both provide high conversion and selectivity. However, the 
working temperature of our sample is high enough (at 
temperatures lower than 150 °C, the reaction is slow), which 
may be a challenge for further improvement of such a novel 
lanthanum-containing hydrogenation catalyst. 

In summary, the catalytic hydrogenation of nitrobenzene into 
aniline in the presence of LaNiO3 with the perovskite structure 
provides 95.6% selectivity with a conversion of 98.7%. 
According to the EDS data, the atomic ratio La/Ni did not change 
during the reaction. At the same time, in the surface layers 
accessible to XPS (20–30 Å), an increase in this ratio was 
detected. According to the XPS data, the electronic state of both 
components did not change. It was shown that Ni2+ stabilized in 
the LaNiO3 perovskite structure demonstrates good efficiency 
compared to Ni0 supported catalysts. 

This work was financially supported by the Ministry of 
Science and Higher Education of the Russian Federation (project 
075-15-2023-585). Electron microscopy characterization was 
performed in the Department of Structural Studies of Zelinsky 
Institute of Organic Chemistry, Moscow. 

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.71267/mencom.7599.
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Figure  3  XP La 3d and Ni 2p spectra (a) before and (b) after catalysis. 
S stands for shake-up satellite of La 3d lines, S1 stands for shake-up satellite 
of Ni 2p lines.

Table  1  XPS data of the LaNiO3–glycine catalyst. 

Sample
Binding energy/eV (FWHM/eV) Atomic ratio

La 3d5/2 Ni 2p3/2 O 1s(O2–) La/Ni O/La

Before catalysis 835.1 (4.3) 854.4 (2.5) 528.6 (2.3)   9.9   5.7
After catalysis 835.1 (3.0) 854.3 (1.7) 528.9 (1.7) 16.4 14.7

Table  2  Hydrogenation of nitrobenzene into aniline over LaNiO3. 

t/h Conversion (%) Selectivity (%) TOFa/h–1

1 13.2 15.4 0.208
2 34.1 36.9 0.644
3 48.2 46.3 0.761
4 50.1 62.5 0.802
6 92.6 91.1 1.438
7 98.7 95.6 1.381
a The turnover frequency was expressed taking into account the selectivity 
normalized to the Ni content for the specified time.
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K. Šliužiene, H. Tvardauskas and B. Vengalis, Lith. J. Phys., 2006, 46, 
95; https://doi.org/10.3952/lithjphys.46114.

Received: 19th August 2024; Com. 24/7599 

https://doi.org/10.1134/S003602442470016X
https://doi.org/10.1134/S003602442470016X

