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Catalysis by nanoparticles: the main features and trends
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Abstract

Catalysis by nanoparticles is an important segment of contemporary nanotechnol-
ogy. Abundant relevant information is scattered an over enormously big number
of sources, only a part of which formally regards to catalysis and/or nanotechnol-
ogy and nanoscience. With the CAPlus database, the scope of the field and its main
thematic features and trends are discussed for the period 1990-2017. The find-
ings match up expert opinion on catalysis as the core area of nanotechnology and
nanoscience.
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Catalysis is the increase in the rate of a chemical reaction due to intermediate par-
ticipating of tiny amounts of an additional substance, called a catalyst, which does
not belong to the starting materials or final products of the reaction, and is able to
act repeatedly many times without consuming in the reaction course [1]. Catalysis
plays essentially important role in global scientific and technological progress in
chemistry, chemical engineering, life sciences, and related disciplines. At the turn
of millennium, catalysis was responsible for more than USD 3.5 trillion in goods
and services of the global gross domestic product annually [2]. Originatingd inside
physical chemistry, catalysis is a well-shaped unique discipline nowadays known as
the science of catalysis or catalysis science [3].
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Normally, catalysis is classified as either homogeneous, when the reactions with
all their participants proceed in a single phase, or heterogeneous, when at least two
phases are involved. In the past quarter of century, progress of nanoscience and
nanotechnology [4—6] led to emergence of nanocatalysis [7-10] generally under-
stood as catalysis by nanoparticles and in some aspects filling the conceptual gap
between homogeneous and heterogeneous catalysis [11, 12]. Overall, the nanoca-
talysis is a new subject domain [10, 13, 14] relevant to both science of catalysis
and nanoscience and nanotechnology [7, 15]. The field dynamics is very high, and
timely recognition of its main features and trends is a challenge.

A reasonable approach to tackling the problem is a thematic analysis based on
the Chemical Abstracts Plus (CAPlus) database [16] on the SciFinder platform [17]
from the Chemical Abstracts Service (CAS). The CAPlus is specialized in chem-
istry, chemical technology and a number of related disciplines and, in contrast to
the Web of Science (WoS) and Scopus databases, covers patents which are essen-
tially significant for technology. Information in the CAPlus is multi-dimensionally
indexed with subject glossaries and headings [16]. Altogether, these allow perform-
ing thematic analysis of subject domains.

The present work reports results of the CAPlus-based analysis for catalysis by
nanoparticles for the period 1990-2017. The information search was performed in
May 2018. The query concepts catalysis and nanoparticles present anywhere in the
reference gave~105,500 documents and the query catalysis by nanoparticles with
two concepts being closely associated (SI, §1 and Table S1)~57,600 ones. Both
datasets featured 88% of non-patent and 12% of patent publications. The latter data-
set was analyzed. Its non-patent segment contained 90% of journal articles, 5% of
general reviews, 0.6% of dissertations together with other types’ documents (SI,
Table S2).

In 1990-2015, growth of annual amount of both non-patent and patent literature
in the field, clear visible from the turn of millennium, was exponent-like (Fig. 1),
with the domination of journal articles written mostly in English (SI, Table S3). The
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Fig. 1 Annual amounts of publications in 1990-2017 (data for 2016 and 2017 are incomplete due to
postponed indexing in the database)
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most productive countries are China, the United States and Japan (SI, Table S4).
Amongst organizations, Chinese ones are the most visible especially with patents;
organizations having at least 50 patents include also Japanese and French ones (SI,
Table S5). The non-patent publications are scattered over numerous journals, the
uppermost is RSC Advances established only in 2011. Of 50 most active titles, only
11 are specialized in catalysis and only 6 in nanoscience and nanotechnology (SI,
Table S6). For the top 6 journals, a noticeable growth of amount of articles on catal-
ysis by nanoparticles began only in the 2010s (Fig. 2). Amongst the most active pat-
ent offices, Chinese ones are the out-of-reach leaders followed by the International
Patent System (PCT) and United States Patent Office (SI, Tables S7-S9).

Analysis based on CAS indexing revealed noticeable thematic diversity of publi-
cations on catalysis by nanoparticles. Notably, the distribution of publications over
CA Categories indicates that this diversity, reflected by the number of assigned Cat-
egories, steadily grows; within the Categories, the most abundant, besides trivial
Catalysts, are Materials and products, Processes and apparatus, and Gas, liquid,
and solid phenomena (Fig. 3). Amongst the assigned CA Sections [16], the one
related to energy is the uppermost (Fig. 4). Note that there are 80 thematic Sections
in the CAPlus, each addressing a broad category of scientific inquiry. A document
may be assigned to more than one Section with a section cross-reference. Within
the most frequent CA Concept Headings characterizing the general subject matter
of publications, those related to surface properties and particle size are leading (SI,
Tables S10 and S11).

The most frequent terms within CA Categories are as follows (Category/terms;
trivial terms catalysis, catalysts and nanoparticles omitted): Catalysis/oxidation,
photolysis and hydrogenation catalysts; Particle phenomena/particle size and its
distribution; Surface phenomena/surface area and structure, adsorption; Materi-
als and products/platinum, palladium, hydrogen; Power and fuel topics/fuel cells
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Fig. 2 Publications in the most active journals (data for 2016 and 2017 are incomplete due to postponed
indexing in the database)
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indexing in the database)

Electrochemical, radiational, and thermal energy technology 6448 895
Catalysis, reaction kinetics, and inorganic reaction mechanisms 6126 1521
Industrial organic chemicals, leather, fats, and waxes 3969 336
Radiation chemistry, photochemistry, and photographic and... 3718 243
Electrochemistry 3213 133
Surface chemistry and colloids 2336 80
Fossil fuels, rerivatives, and related products 1517 196
Benzene, its derivatives, and condensed denzenoid compounds 1469 68
Ceramics 1466 142
Biochemical Methods 1425 181
Air pollution and industrial hygiene 1368 350
Waste treatment and disposal 1287 75
Physical organic chemistry 1168 1
Chemistry of synthetic high polymers 871 246
General organic chemistry 794" 42
Industrial inorganic chemicals 773 476
Electric phenomena [739 275
Heterocyclic compounds (more than one hetero atom) [7231 23
Plastics manufacture and processing 609 252
Inorganic chemicals and reactions 595 37
Pharmaceuticals 591 147
Heterocyclic compounds (one heteroatom) 546 18
Optical, electron, and mass spectroscopy and other related... 472 68
Nonferrous metals and alloys 384 219
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Fig.4 Distribution of publications over CA Sections

and their anodes; proton exchange membrane fuel cell; Processes and apparatus/
adsorption, calcination, fuel cells; Environment/green chemistry, recycling, air
pollution control; Spectra and spectroscopy/XPS, XRD, UV-vis. The most fre-
quent supplementary terms (authors’ terminology) are headed by oxidation (SI,

Tables S12-S20).
The most frequent substances for both the whole dataset and Category Cata-

lysts are platinum, palladium, gold, nickel, silver, and iron supported on titania,
carbon, silica, and alumina (Fig. 5; SI, Tables S21 and S22).
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Fig.5 Ten most frequent substances within Category Catalysts

The most cited journal articles and patents on catalysis by nanoparticles (SI,
Tables S23 and S24) reflect the wide diversity of both sources and subjects. Their
thematic array belongs to the aforementioned Categories. The articles appeared in
such top journals as Nature, Science, Chemical Reviews, Coordination Chemistry
Reviews, Angewandte Chemie International Edition, Journal of the American Chem-
ical Society, etc. Together with very high citation score, this confirms the signifi-
cance of the field for contemporary science and technology. The patents are mostly
focused on the synthesis/manufacturing of nanoparticles for a variety of applica-
tions. As usual, their citation score is much more less than for journal articles.

Shortly after the turn of millennium, it was suggested that catalysis is the core
area of nanotechnology and nanoscience [7, 15]. The findings of this work match
up the suggestion. Overall, one can conclude that high global research and innova-
tive activity in catalysis by nanoparticles is extremely diverse. This activity is facili-
tated by development of both synthetic approaches to nanoparticles and instrumental
methods for their precise characterization. The catalysis by nanoparticles is mostly
focused on oxidation and hydrogenation (reduction) catalysis, photo- and electroca-
talysis. Most massive applications cover fuel cells, recycling, air pollution control
and wastewater treatment technologies being important to green chemistry in gen-
eral sense. The most involved materials include platinum, palladium, gold, nickel,
silver, and iron supported on titania, carbon, silica, and alumina, i.e. are relevant
to heterogeneous catalysis in the traditional terms. The main instrumental methods
cover XPS, XRD, and UV-vis, IR, Raman and (photo) luminescence spectroscopies.
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