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Abstract

Nanotechnology is a cornerstone of the scientific advances witnessed over the past few years. Nanotechnology's
impact on our world can be measured in several ways. So, this work gathered several scientific documents on
nanotechnology and studied them using text mining tools. These contributions were subdivided by countries and re-
evaluated, allowing us to understand the main contributions of these three nations and which themes are studied more
modernly by them. Finally, a comparison is made with Brazil, which is in fifteenth place numerically. Thus, we hope that
this document will guide future work in Brazil by understanding what the most prominent nations have developed on the

subject.

1. Introduction

In the development of new technologies, several areas have passed through different transformations or created new
areas of science (1-8). Nanotechnology, defined as "atomically precise engineering", brings innovation and changes in
different areas and applications ranging from environmental recovery through sensors and medicine (9-37). As
necessities towards a new and greener process of production of materials and improvements on life quality technologies,

nanotechnology has shown intriguing and challenging routes in its development to improve human life. For that,
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understanding nanotechnology research and development tendencies favor one to be in the vanguard of technological
development, assuring contributions to diverse areas as medicine, biotechnology, catalyzes, agriculture, energy, and
others (38—44). One of its recent contributions was in the development of masks, biosensors, and tests, as well as
vaccines to SARS-COV-2 pandemics, which facilitate the development of efficient responses to this crisis (45, 46).
Applied in the energy area, it can develop nanogenerators with uses in solid oxide fuel cells and self-powered
sensors/systems using piezoelectric and triboelectric nanogenerators (47-49).

New challenges are imposed due to climate changes, and new ones may be presented in a few years in economics,
science, and life quality, requiring thoughtful strategic planning for developing countries, such as Brazil. Notably,
worldwide efforts in generating science and products based on nanotechnology can be observed worldwide, although it is
necessary to comprehend its trends in the past years to put strategic assets towards the most favored areas in
nanotechnology.

Different methodologies can be applied to evaluate its trends, such as data mining of bases by bibliometrics and
scientometrics approaches, as developed by COCCIA et al. (50). In this context, this work aims to evaluate trends and
perspectives in nanotechnology worldwide, from 2010 to 2020, by mining bibliometric data of platform Scopus comparing
Brazil nanotechnology tendency with worldwide and the three most productive countries: USA, China, and India, using the

VOSviewer and Voyant Tools software in this intent.

2. Methodology

Worldwide tendencies on research about "nanotechnology” were determined by mining data. Information from the three
most productive countries in the past decade and Brazil was obtained and analyzed according to the following steps.
First, the articles related to nanotechnology subscribed to the Scopus database were searched. Data from papers
containing the term “nanotechnology” in the title, abstract, or keywords, using the key TITLE-ABS-KEY ( nanotechnology )
AND ( LIMIT-TO ( DOCTYPE , "ar") ) were selected.

Then, the gathered information was classified by country/territory using the Scopus Database tools.

A data survey refinement from 2010 to 2020 was made for these four countries. The data files exported in RIS format are
available at GitHub ( https://github.com/jfsantosntec/Main-countries-contributing-on-Nanotechnology-A-systematic-study).
Finally, each country's RIS files were processed separately using the VOSviewer software, v. 1.6.17(51). The bibliometric
classification was made in the "overlay" and "network" modes. The overlay and network graphs for each country were
generated and analyzed. Additionally, the files were exported as NET and MAP files for the overlay and cluster
classification, respectively. Data from MAP files were organized by clusters size and by the total link strength. The top-five

nodes for each cluster were selected and plotted.

3. Results

The countries with the highest number of publications were the United States (first place), the People’s Republic of China
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(second place), and the Republic of India (third place). Brazil is in the fifteenth position and was presented to show the
magnitude of the efforts needed to improve our scientific data. The keys per country used in the survey were:

United States: TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO (
DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "United States" ) )

People’s Republic of China: TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR < 2021 AND
( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "China" ) )

Republic of India: TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO
(DOCTYPE, "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "India" ) )

Brazil: TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO (
DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "Brazil" ) ).

This section presents the data results into two broad categories. The first one includes all data obtained in the period. The
second category deals with data on nanotechnology according to the three most significant countries acting on the
subject, which are the United States of America, the People's Republic of China, and India. Besides them, Brazil, which
occupies the fifteenth position, was also included as a form of comparison and understanding the challenges that Brazilian
people will face to reach the leading players in this field.

Scopus database possesses interesting native tools for the initial analysis of data. One of the simplest is the frequency of

documents over time evaluated, as shown in Figure 1.
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Figure 1. Frequency of documents retrieved from Scopus using the key TITLE-ABS-KEY ( nanotechnology ) AND
PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE , "ar"))
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Figure 1 shows an evident anomaly in the number of publications in 2015, characterized by a peak in the number of
documents. This peak has some atypical induction mechanism, which deserves to be investigated in more detail. Thus, a
new search was made using the critical TITLE-ABS-KEY ( nanotechnology ) AND ( LIMIT-TO ( DOCTYPE , "ar")) AND (
LIMIT-TO ( PUBYEAR, 2015) ). This search returned 6998 results, from which all the respective titles were saved and

processed using Voyant Tools (see Figure 2).
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Figure 2. Main data from Voyant Tool available at https://voyant-tools.org/?

corpus=cb02ea94762c9ed14c7d78f0441568e4

Data from Corpus in Figure 2 shows that the most frequent term is nanoparticles. Thus, this term was correlated with the
others, which allowed us to determine that the highest correlations occurred with the terms "iron" (r = 0.97),
"chemotherapy" (r = 0.92), "breast" (r = 0.90), and "imaging" (r = 0.89). These values show that the search for

nanotechnological treatments against cancer during 2015 correlates strongly with nanoparticles. Thus, there must be a
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driver for this scenario.

A new search was performed using the keywords "2015", "nano", and "cancer" and the results are at shorturl.at/avJX3.
This search returned as the first result the "Cancer Nanotechnology Plan 2015" by the U.S. Department Of Health &
Human Services. We believe that this was the main driver responsible for the number of studies in 2015.

Figure 3 shows the main map extracted from the data mining of the term nanotechnology.
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Figure 3. VOSviewer network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR <
2021 AND ( LIMIT-TO ( DOCTYPE , "ar") )

Figure 3 proves the existence of six clusters, each with several nodes, and each of the clusters had its top-five nodes

listed in Figure 4.
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Figure 4. Clusters and top-five nodes from nanotechnology network, where the nodes are organized according Total link

strength values.

The sequence of clusters was determined by VOSViewer and kept as received. Thus, Cluster 1 comprises "simulation”,
"electrode", "triboelectric nanogenerator”, "TENG", and "power" nodes. Here, the presence of terms spelled in different
ways, a genuine issue during data mining, is evident, as TENG is the abbreviation for triboelectric nanogenerator. Thus,
the primary node of this cluster is the triboelectric nanogenerator.

Then, Cluster 2 presents as top-five nodes "drug”, "nanomedicine”, "vitro", "delivery", and "tumor". This second cluster
highlights the importance of nanotechnology for improving people's quality of life by treating diseases, especially cancer.
In turn, Cluster 3 top-five nodes are "XRD", "removal", "aqueous", "solution”, "valent iron" (probably from zero-valent iron),
and "nZVI" (a highly reactive reducing agent). This cluster is closely related to the environmental recovery field.

Cluster 4 top-five nodes are "toxicity", "silver nanoparticle”, "Fourier", "FTIR", and "plant". As in the case of the first cluster,
FTIR and Fourier are terms derived from the same characterization technique, InfraRed Spectroscopy with Fourier
Transform. Thus, the sum of the Total Link Strength values of these two items raises it to the category of the primary

node of this cluster. The presence of a second characterization as a primary node proves that consolidated techniques are
of great importance and need to be further explored by our research groups.

Cluster 5 top-five nodes are "science", "health", "risk", "innovation", and "scientist". This cluster is associated with

concerns about safety during the use of nanomaterials. It must always be thought of with caution, avoiding damage to the

environment and organisms that may contact these new materials.
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Finally, the top five nodes of cluster 6 are "diagnosis", "antibody", "detection limit", "RNA", and "serum". Thus, this cluster
proves the use of nanotechnology to produce systems capable of biological detection on a molecular scale, being
probably one of the most exciting edges for Science regarding improving the quality of life of people affected by various
diseases.

Figure 5 shows the Overlay Map produced by VOSViewer. This map has the same arrangement as the previous map.
However, cold (blue) or warm (red) nodes are highlighted. These colors are associated with the temporal average of the
citations of the term contained in the node. Thus, the more intense the red, the greater the average temporal value.

Therefore, the node is more recent.

-
equilibgimdata o

possible blomolecule

®_ biosagption

" . hesized agnp
TLiro ® g* 4 mosquito vector
® eP( 059
&wamlgva&d 50 L 5 " ‘_‘
saed ¢ *, ibacteri: 1 'y .

.

highertoxicity

@7 Cytotoxiproperty
- cﬂqtcﬁtivity
.

fo o8

{ } 15 U r i 4
1 ¢ - [ ] K . % .
E\Ettmmag‘ . 1 “sen ' : 3 el @
: % fo e
L P . % ‘
e . irared regiof b | & " 4

angiepep

L,
bedside
L
rna nanoparticle

tumor immenaotherapy

2015 2016 2017 2018

Figure 5. VOSviewer overlay network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND
PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE, "ar"))

The most recent nodes in each cluster are: “triboelectric nanogenerator” (Cluster 1 - 2018.5); “nanomedicine” (Cluster 2 -
2017.2); “plant” (Cluster 4 - 2017.1); “valent iron” (Cluster 3 - 2017.0); “RNA” (Cluster 6 - 2016.4); and “health” (Cluster 5 -
2015.9). Therefore, from the most recent issues point of view, the themes that should be a focal point to speed up the
nanotechnology relevance of Brazil should be the issues associated with “triboelectric nanogenerator” and with

“nanomedicine”.

3.1. UNITED STATES
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Figure 6 shows the frequency of publications in the United States over the evaluated period. Even though the publications
increased from 2010 to 2013, they dropped after 2013, going from 1850 in 2013 to about 1250 publications in 2020. The
recovery peak shown in 2015 is probably related to the global peak observed in Figure 6, mainly related to research on
cancer nanomedicine. To confirm this hypothesis, we searched for publications for the United States in 2015 using the key
TITLE-ABS-KEY ( nanotechnology ) AND ( LIMIT-TO ( AFFILCOUNTRY , "United States" ) ) AND ( LIMIT-TO (
PUBYEAR, 2015) ) AND ( LIMIT-TO ( DOCTYPE , "ar") ). The result showed 1825 documents. All the titles of these

documents were exported and processed using Voyant Tools (See Figure 7).
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Figure 6. Frequency of documents retrieved from Scopus using the key TITLE-ABS-KEY ( nanotechnology ) AND
PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO ( AFFILCOUNTRY , "United States" ) ) AND ( LIMIT-TO (
DOCTYPE, "ar"))
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Figure 7. Article titles published by the United States in 2015 processed in Voyant Tools, available at https://voyant-
tools.org/?corpus=cb97d0f75094aeca5e25ddc4bff89b56

Figure 7 shows the frequency of the terms appearing in the titles of publications by the United States in 2015. The three
most frequent terms are general words related to nanotechnology: "nanoparticles," "nanoscale," and "nano," with 219,
181, and 90 occurrences, respectively. The correlation of these terms with the other words is shown in Fig. 7 (upper-
middle graph). The three main correlations are "electrostatic," "boundary," and "carcinoma." Even though the two main
correlations are referred to the properties of nanoparticles, the third term suggests that the peak in 2015 is also related to
studies on cancer. The term "cancer" is the ninth most frequent word of this survey, with 77 occurrences (See the lower-
left graph of Fig. 7). Furthermore, the Strategic Plan for the National Nanotechnology Initiative (NNI) report in the United
States indicates that targeted drug delivery for cancer treatment was one of the significant goal applications, and now they
have achieved robust developments in this area (52).

The network graph for the United States is shown in Figure 8. It classifies the data into six colored clusters. The size of
the nodes represents the strength in which each node is related to the others. The top-five nodes of each set, organized
by the total link strength, are depicted in Figure 9. The sequences of clusters for all the countries in this study were kept

as determined by VOSViewer. It is worth noting that the colors of clusters in Fig. 8 and 9 are not correlated.
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Figure 9. Top-five nodes of each cluster network depicted in Figure 8.
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In Figure 9, Clusters 1 and 2 have the most prominent nodes and represent the most relevant research topics in the

”

United States in the evaluated period. The terms of Cluster 1 are “energy,” “electrode,” “mechanical property,” “thin film,”
and “frequency.” These are related to components for nanoelectronics. As described in the Strategic Plan for the NNI (52),
the development of nanoelectronics was one of the main goals when it started in 2001. The current electronic demand has
driven the development of architectures and devices that are only possible by using innovative nanomaterials, for
example, bendable batteries, wearables, implantable mechanisms, flexible electronics, and nanoelectromechanical
systems (NEMS). The performance of their thin and pliable components highly depends on their structural stability and
mechanical behavior. The NEMS integrate electrical and mechanical functions to convert one form of energy into another
and hence are also part of this significant area. Nowadays, the report of the NNI has stated that nanoelectronics research
is a powerful example of how nanotechnology is contributing to the progress to daily lives, health, and national and

economic security, as vital areas to the country.

Cluster 2 has the most prominent nodes in Figure 9. The top-five nodes of this cluster are related to health: “treatment,”

” o« ”

“delivery,” “drug,” “therapy,” and “nanomedicine.” According to this, research on nanotechnology in the United States is
intensely devoted to health development. The NNI report also indicates that nanomedicine is a mature and greatly
expanded area nowadays, especially cancer nanomedicine. Nanomedicine and nanoelectronics are the most developed
areas of nanotechnology in the United States (52). The interest of the United States in research on these areas is in line

with the modern demands on health and technology and drives the research tendencies worldwide (see Figure 4).

” o« ” o«

Cluster 3 contains the terms: “toxicity,” “retention,” “silver nanoparticle,” “infection,” and “fate.” Silver nanoparticles have
extended use due to their bactericide properties and infection prevention, and they are already present in many
commercial products. In general, the unique properties of nanopatrticles are due to their small particle size, high surface
area, and enhanced chemical reactivity, but this does not ensure that they only catalyze desirable reactions. Many
debates have arisen around their safe use and fate since they can become toxic in specific concentrations or exposure
times. Therefore, many researchers are devoted to studying nanopatrticles’ transport, retention, and destiny, especially
those already commercially available, like silver nanoparticles. Even though the node’s prominence of cluster 3 is not as
remarkable, the term “toxicity” stands out, showing a particular concern in this area, probably because it is related to

health, a significant matter of whatever country.

” o« ” o« ” o«

Cluster 4 comprises the terms: “science,” “concern,” “risk,” “safety,” and “industry.” This cluster is similar to cluster 3 in
terms of the concern about the risk and safety from nanomaterials exposition. Nonetheless, it can be more associated with
the role of science in facing and proposing solutions to the unsafe wastes problem at the industrial level. The inherent
risks of nanomaterials increase with their production scale. Therefore, as production increases, more significant efforts
have to be made to ensure population safety. This area of research reveals that the United States is worried not just about

developments in technology but also about the maintenance of environmental and health security.

” o« ” o«

In Cluster 5, we found the expressions: “target,” “assay,” “specificity,” “RNA,” and “biomarker.” RNA is considered a
potential platform for a biomarker for a wide range of diseases, including Alzheimer's, cardiovascular diseases, infections,
and tumors diagnostic. RNA sequencing technologies have allowed the detection of gene expression of known disease-
causing species. The diversity of RNA species is a promise for multi-gene clinical tests. According to the literature, the

current efforts of the United States are focused on the establishment of reference standards, assay optimizations, and
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tests reproducibility to facilitate the multi-gene assessment at the clinical laboratory setting (53).

Finally, Cluster 6 contains the terms: “triboelectric nanogenerator,” “TENG,” “power,” “output,” and “energy harvesting.” As
mentioned above, the nodes “TENG” and “triboelectric nanogenerator” are equivalent and refer to systems that convert
daily mechanical energy into useful electric power (54). This area of research is also one of the leading research fields
worldwide (See Fig 4). For the United States, this area does not look outstanding (See Figure 9). Nonetheless, it can be

due to a recent development in this field, and it can be verified from the temporal map (See Figure 10).
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Figure 10. VOSviewer overlay map from data obtained by the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR >
2009 AND PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "United States"
))

Figure 10 depicts the overlay temporal map of research in the United States. The scale goes from blue (oldest topic
research) to red (most recent research). The most recent nodes per cluster are: “energy” (Cluster 1 —2015.4);
“nanomedicine” (Cluster 2 — 2016.4); “infection” (Cluster 3 - 2015.5); “safety” (Cluster 4 — 2015.2); “biomarker” (Cluster 5 —
2015.7); and “triboelectric nanogenerator” (Cluster 6 — 2017.0). From them, the most recent topic of research is
“triboelectric nanogenerator". Studies on TENGs are in development worldwide. Materials design and other technological
issues are under investigation to improve electrical outputs and performance (54). Therefore, this graph suggests that from

the most outstanding areas, research on TENGs has been a potential area and undergrowth in the United States since
2017.

3.2. CHINA

The cluster map for the Republic of China is depicted in Figure 11. Five colored Clusters represent the map. The top-five
nodes of each Cluster were selected and displayed in Figure 12. In Figure 12, clusters 1 to 4 are more salient, while

cluster 5 is smaller than others. They are analyzed below.
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Figure 12. Clusters and top-five nodes from the network of Figure 9, where the nodes are organized according to the total

link strength values.

Cluster 1 in Figure 12 contains the terms: “device,” “phase,” “microstructure,” “mechanical properties,” and “strength.”
These terms are mostly related to the relationship structure-properties of materials. For solid materials with a fixed

composition, their properties are directly affected by the microstructure and crystalline phase. The desired strength and
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other mechanical properties can be obtained by tuning such parameters. A slightly different term is “device,” represented
by the primary node of this cluster. Since China is a significant producer of technological devices, we can conclude that

this country has an important research area on materials with specific properties oriented to device production.

” ” &« ” o«

Cluster 2 contains the nodes for: “nanomedicine,” “tumor,” “vitro,” “drug,” and “therapy.” This is the most distinguished
Cluster of Figure 12, where “nanomedicine” is the most notable node. This fact highlights the relevance of
nanotechnology on health research in China, calling attention to the importance of tumor research. So far, two world
powers, China and the United States have nanomedicine as the main field of nanotechnology research, and both of them
have as one of the primary focus studies on cancer treatment. Indeed, this fact impacts worldwide tendencies.

The words that compose cluster 3 are: “electron microscopy,” “SEM,” “XRD,” “removal,” and “X-ray diffraction.” The terms
“XRD” and “x-ray diffraction” are equivalent, and “SEM” is a kind of “electron microscopy.” The term “removal” is generally
used to refer to the treatment of polluted effluents. Industrialization generates water contamination by several toxic
substances like drug wastes, heavy metals, and organic pollutants. China is one of the most industrialized countries and
probably has research to solve this problem ongoing. In developing active materials to remove specific contaminants, the
employment of microscopy and XRD is a must for their characterization. Consequently, this cluster reflects the broad use
of microscopy and XRD as characterization techniques, in part due to the studies of nanomaterials for environmental
purposes.

Cluster 4 is the second biggest one of Figure 12. It contains the words: “triboelectric nanogenerator,” “energy,” “TENG,”
“sensor,” and “electrode.” Where “Triboelectric nanogenerator” and “TENG” are equivalent terms. This cluster, related to
nanosystems for energy harvesting, is similar to Cluster 6 for the United States (Figure 9). The difference is that Cluster 4
deals with the second most extensive application of TENGs, their use as sensors for detecting mechanical and chemical
stimuli (54). This cluster shows that TENG is one of the most exciting research topics in China and, therefore, also
impacts the tendencies around the world.

” .

The terms contained in Cluster 5 are: “assay,” “fluorescence,” “H202”, “detection limit,” and “biosensor.” Many biological
reactions rely on H202 concentration, but its assessment is challenging at the intracellular level due to the fast changes
produced in the cell (55). Fluorescent biosensors are suitable for these measurements because of their optimal temporal
and spatial resolution, non-invasiveness, and biocompatibility. One of the challenging goals is to determine the specificity
of H202 probes since many reactive oxygen species often interfere in the measurements. The properties of fluorescent
probes also make them suitable as sensors in detecting peroxide explosives (56). Research in this application is devoted
to designing strategic materials to enhance the sensitivity and selectivity of the nanomaterials employed. Even though this
area of research is the fifth most important in China, the nodes of this cluster are the smallest in Figure 12, suggesting
that the leading research in China is mainly related to the first four Clusters.

So far, the research on nanotechnology from 2010 to 2020 in the two world power countries, China and the United States
focuses mainly on health. Nevertheless, research in China is more diversified. It is distributed in four main fields:
nanomedicine, triboelectricity, materials for electronic devices, and characterization of materials for environmental
recovery. Temporal analysis shows that the United States is recently focusing on triboelectricity research. Below, we

examine the most recent research tendencies in China.

Figure 13 shows the Overlay Map of research topics in China, distributed by temporal predominance. The most recent
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nodes of research per Cluster are: “microstructure” and “strength” (Cluster 1 —2016.9); “nanomedicine” (Cluster 2 -
2018.2); “removal” (Cluster 3 — 2016.5); “triboelectric nanogenerator” (Cluster 4 — 2018.0); and “H202” (Cluster 5 —
2017.4). The most recent terms are “nanomedicine” and “triboelectric nanogenerator”. Therefore, the research tendencies

in China are following the tendencies in the United States, and both strongly determine the worldwide tendencies.
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Figure 13. VOSviewer overlay network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND
PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE, "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "China" ) )

3.3. INDIA

Figure 14 describes the frequency of publications in India over the evaluated period. There is a growing tendency from
2010 to 2015. After this period, there was a drop of 554 to 412 publications between 2016 and 2017, followed by
stagnation in 2018, with a similar result of 418 publications. From 2019 to 2020, a second growth tendency is seen, having
a rise of 418 to 589 publications. The first growth tendency can be addressed by the global peak tendency in
nanotechnology and the funding towards India’s national nanotechnology development plan. This plan created a road map
to direct investments applied in critical areas to ensure competitiveness towards significant players in technology as the
United States and China, although it works in a 5-years cycle. In the 12th cycle (2012-2017), the focus was directed to
develop materials for industrial and commercial purposes (57-59), leading to a decrease in publications from 2016 to

2017, but a renovation for a new cycle (2017-2022) was done causing a rise in publications in 2019-2020.
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Figure 14. Frequency of documents retrieved from Scopus using the key TITLE-ABS-KEY ( nanotechnology ) AND
PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY ,
"India" ) ).

Evaluating the data in the Corpus in Figure 15, the most frequent term is "nanoparticles" as observed in Figure 2, having
154 occurrences, followed by "using" (83); "silver" (78); "synthesis" (78); and "based" (61). The correlations of these terms
with other words were observed in the upper-center of Figure 15, having the three highest correlations attributed to the
7th, second, and fourth-ranked terms in occurrence, respectively: "drug” (r=0.93), "using” (r=0.90), and "synthesis"
(r=0.88), despite "nanoparticles" correlation was of r=0.83. The three main correlations are "chemotherapeutic”,
"pathogenic”, and "characterization" as for "nanoparticles", "formulation" was the main correlated word. In a closer look at
the Corpus, not only nanomedicine and cancer-related terms, but also green synthesis-related, indicating this country also
followed the global trend in 2015 (Fig. 1 and Fig. 2). As for the green synthesis related terms ("synthesis" and

"characterization"), these correlate with cancer treatment and also in heavy metal and wastewater treatment.
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Figure 15. Atrticle titles published by India in 2015 processed in Voyant Tools, available at https://voyant-tools.org/?
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Data from Corpus in Figure 16, as seen in Fig. 15, shows the same five most frequent terms repeated as being:
"nanoparticles”; "using"; "synthesis"; "based"; and "nano" with frequencies of 264, 168, 149, 135, and 115, respectively.
Curiously, regarding their correlation and correlated terms, none of the five were top-ranked, being the eighth term "oxide"
with 93 occurrences to have the highest correlation. The top three words correlated to "oxide" were "anisotropy” (r=0,89),
"az91" (r=0,87) and "blend" (r=0,87). These words were related to material science and engineering goods (metal
products, industrial equipment and machinery, automobiles and their parts, and transport equipment), indicating that, as
described by Rajput (57) and Samal and Manohara (58), India's economy have a large output of engineering goods and
materials like steel and alloys, being a strategic matter to have goods capable of assuring its economic growth in the next

years.
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Figure 16. Atrticle titles published by India in 2019-2020 processed in Voyant Tools, available at https://voyant-tools.org/?
corpus=60041ba969f1292b2273d77e4732af9d

India’s cluster map was depicted in Figure 17, showing 4 clusters. In figure 18, the top-five nodes for each cluster are

M. [T

presented. The first cluster contains the nodes: “number”; “performance”; “device”; “technology”; and “paper”. These can

be addressed to developing the techno-scientific basis and consolidation of efforts applied to the production of new

devices, which were observed as minor nodes in the first cluster as energy and electronics-related materials and

LI ”.

technologies. Still, some non-related nodes appear in this cluster, such as “paradigm”; “constraint”; “major issue”; and
“difficulty”, which can be associated with the discussion of regulation, safety, and standards applied to nanodevices

concerning the National Regulatory Framework Road-Map for Nanotechnology (NRFR-Nanotech) in India as described by

Rajput (57).
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Figure 17. VOSviewer network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR
<2021 AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "INDIA") )

The second cluster's top-five nodes contain “review”, “cancer”, “drug delivery”, “formulation”, and “drug”, which indicates
that India, as the USA and China, follows the same tendency in nanomedicine. The presence of the node “review”
indicates numerous review papers directed to study cancer diseases and nanocarriers applied to the development of

drugs with low rejection and cytotoxicity in vitro and in vivo assays.
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Figure 18. Clusters and top-five nodes from the network of Figure 15, where the nodes are organized according to Total

link strength values.

The top-five nodes observed in the third cluster were: “sem”, “ftir”, “spectroscopy”, “silver nanoparticles,” and “xrd”. This
cluster denotes a focus on the characterization of different materials in special silver nanoparticles. Silver as a
nanomaterial shows significant antibacterial activity and can be applied in different strategies for green synthesis, using
bacteria and eco-friendly chemicals, and in the treatment of different diseases, specifically cancer, due to its surface
plasmon resonance property (41, 60, 61). Several techniques must be applied to characterize this nanometal, such as X-
ray diffraction, Raman and Fourier transform infrared spectroscopies, and electron microscopy giving rise to the
dissemination of these methods in literature applied in the characterization of this nanometal.

The fourth and last cluster contains the top-five nodes: “tga”; “xps”; “adsorption”; “aqueous solution”; and “removal”. With
smaller nodes in comparison to the 3rd, this cluster focuses on nanomaterials and nanodevices with photocatalytic
properties and high adsorption capabilities applied in removing toxic substances like pesticides and heavy metals in water
principal analysis. This emphasis is due to recent industrialization efforts by India as a developing country, requiring

intensive use of materials for efficient waste removal of water veils.

Figure 19 shows the Overlay map of each cluster. The most recent nodes per cluster were: “sars cov” and “covid” (Cluster

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 19/31


https://www.zotero.org/google-docs/?u7lGVb

Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

2 - 2020.6); “triboelectric nanogenerator”’(Cluster 1 - 2019.8); and “cuo nps” (Cluster 3 - 2019.3). The most recent nodes
are “sars cov” and “covid”, followed by “triboelectric nanogenerator” and “cuo nps”. The first two nodes were the most
recent because of the COVID-19 pandemics, which caused a run to produce practical efforts capable of overcoming this
emergency. The node “triboelectric nanogenerator” follows the tendency of the USA and China in the production of
electronics and energy-related nanomaterials. Nevertheless, despite “cuo nps” it is related to green synthesis methods of

nanomaterial using, as an example, leaf extracts, being a recent focus in the production of nanomaterials.
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Figure 19. VOSviewer overlay network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND
PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "India" ) )

In light of these findings, and comparing with significant technological potencies like the USA and China, India follows the
same tendency in the development of nanomedicine and electronic devices, although focusing on new transistors as the
quantum-dot cellular automata, a promising successor of CMOS (Complementary metal-oxide-semiconductor) (62, 63).
India has a growing necessity in water resources due to crescent industrialization and low scores in water and wastewater
treatment compared to other BRICS countries (64). However, having a minor focus on water treatment-related research is

a possible area of interest in future research.

3.4. BRAZIL
Figure 20 shows Brazil's result of occurrence of articles in the period analyzed. It can be seen that differently from India

and USA, Brazil presents a smooth growth behavior, almost without significant variation in its tendency. The absence of a
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peak in 2015 may be attributed to internal affairs, regarded to economic apport and policy constraints towards research

and development of nanomaterials and nanotechnology in general.
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PUBYEAR > 2009 AND PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY ,
"Brazil") ).

Brazil cluster map was depicted in Figure 21, where 4 clusters were shown. For a better view of the data, the five top
nodes of each cluster were demonstrated in Figure 22. In the first cluster, the nodes "year"; "paper"; "environment";
"research" and "field" are the top-ranked in occurrences. It can be seen that the node's size is similar to each other by
their correlation, meaning that these researches focused on the production of reviews and articles on environment-related

areas, with correlation with the energy area.
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Figure 21. VOSviewer network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND PUBYEAR
<2021 AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "Brazil") )

The second cluster presents as the five top-ranked words, in crescent order: “poly”; “efficacy”; “delivery”; “drug”; and

“formulation”. As the nodes' size differs from itself, they correlate directly to nanoencapsulation and drug delivery
strategies by using polymers as nanocarriers. In this cluster, nodes such as “cancer tumor”, “doxorubicin”, “release
profile,” and “therapy” indicate a focus on the development of drug delivery systems directed to cancer treatment being
possibly the principal application of nanoencapsulation and nanocarriers by this country.

The words “layer”; “tem”; “transmission electron microscopy”; “spectroscopy”; “surface” are the five-top ranked in the third

cluster. These words correlate with characterization techniques and their aim, denoting this cluster focus. The nodes differ
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their size in a crescent order, from the word “layer” to the word “surface”, and the nodes “tem” and “transmission electron

microscopy” are the same, indicating that this technique is well disseminated in literature in this country.
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Figure 22. Clusters and top-five nodes from network of Figure 12, where the nodes are organized according to Total link

strength values.
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In the fourth cluster, the five top-ranked words were: “damage”; “dose”; “infection”; “silver nanopatrticle”; and “animal”. The
nodes are more petite than presented in other clusters, and their area of focus correlates with the second cluster,
although with an emphasis on the use of silver nanoparticles and its nanomedicine application.

Comparing the global tendency in nanotechnology and the previous countries, Brazil shows a tendency towards
nanomedicine focusing on nanocarriers, evaluation of nanosilver materials, and reviewing papers. These results do not
contrast with other countries but show that Brazil does not focus on the electronics and energy area, as for
nanogenerators, displaying that this has yet to develop in those areas. Nevertheless, Brazil must follow its internal
interests in research and development, although being in alignment with significant players in nanotechnology research
contributes to its development.

Figure 23 shows that the most recent nodes were concentrated in the second and fourth clusters, which focused on
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nanomedicine, principally in nanocarriers and silver nanoparticles. Differently from what was observed in the previous
countries, which showed most recent nodes focused on energy and electronics areas despite nanomedicine related nodes
that were less recent, in comparison. The most recent node shown was “promising strategy” (2019.5), associated with
cancer treatment strategies towards nanocarriers and drug delivery-related nodes, indicating the continuous efforts of

Brazil into nanomedicine and strategies for the treatment of diseases especially cancer.

compofsite resin

@
adh@sive t‘y.
-

H, vosviewer

2016.0 2016.5 2017.0 2017.5 2018.0

Figure 23. VOSviewer overlay network from the key TITLE-ABS-KEY ( nanotechnology ) AND PUBYEAR > 2009 AND
PUBYEAR < 2021 AND ( LIMIT-TO ( DOCTYPE, "ar") ) AND ( LIMIT-TO ( AFFILCOUNTRY , "India" ) )

Compared to other countries analyzed and the worldwide trend, it is observed that Brazil focuses more on health science-
related research using nanotechnology. In turn, India, EUA, and China, also have a relevant number of researches
directed to energy, wastewater treatment, and electronics-related papers indicating that Brazil is yet to develop in those
nanotechnology-related areas to follow the world and significant players trends in technology production. Although

nanomedicine was one of the most developed worldwide, it also indicates that this country had followed this tendency
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observed in EUA, China, and India, which maintained the focus in the time-lapse, as shown in Figures 10, 13, and 19.

4. Conclusions and perspectives

This work makes evident the relevant scientific contributions of the United States, the People’s Republic of China, and the
Republic of India to the field of nanotechnology. Despite some convergence, different subjects are researched by each of
these countries, which demonstrates different stages of maturity in the theme and different interests of each of these
nations. This information is an essential piece on the geopolitical board, as it demonstrates, between the lines, the
interests of each nation in this frontier field. Of course, each of them is looking to potentialize their impact on several new
technologies and business opportunities, which can significantly improve the quality of life of their populations. Thus,
continuous efforts must be expended for the evolution of this area of knowledge, especially when it is proven that Brazil
occupies the fifteenth place in this ranking, which demonstrates the need for more inventions in research and better

policies for targeting these resources.

5. Acknowledgments

This work was supported by Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPg304500/2019-4),
Coordenacgao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES - Finance Code 001), and Fundagao Carlos
Chagas Filho de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ E-26/210.800/2021 (Energy), E-
26/211.122/2021 (COVID), E-26/210.511/2021 (ConBraPA), and E-26/201.154/2021 (CNE)).

Conflict of interest: None

Credit author statement: Jonas Farias Santos: Methodology, Data analysis, Writing-Original draft preparation. Leydi del
Rocio Silva-Calpa: Conceptualization, Methodology, Data analysis, Writing-Original draft preparation. Fernando G. de

Souza Junior: Conceptualization, Supervision, Reviewing and Editing.

REFERENCES
1. NGAI, John. BRAIN 2.0: Transforming neuroscience. Cell. v. 185, n. 1, p. 4-8. 2022.
2. GRABOWSKA, Sandra and SANIUK, Sebastian. Business Models in the Industry 4.0 Environment—Results of Web of

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 25/31



Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

Science Bibliometric Analysis. Journal of Open Innovation: Technology, Market, and Complexity v. 8, n. 1, p. 19.
2022.

3. GRININ, Leonid, GRININ, Anton and KOROTAYEV, Andrey. COVID-19 pandemic as a trigger for the acceleration of
the cybernetic revolution, transition from e-government to e-state, and change in social relations. Technological
Forecasting and Social Change. v. 175, p. 121348. 2022.

4. PAU, Sara, CONTU, Giulia and RUNDEDDU, Vincenzo. From mine industries to a place of culture, tourism, research
and higher education: case study of the great mine Serbariu. Journal of Cultural Heritage Management and
Sustainable Development. 2022.

5. DE BEM MACHADO, Andreia, SECINARO, Silvana, CALANDRA, Davide and LANZALONGA, Federico. Knowledge
management and digital transformation for Industry 4.0: a structured literature review. Knowledge Management
Research & Practice. P. 1-19. 2022.

6. STARK, Sascha, BIBER-FREUDENBERGER, Lisa, DIETZ, Thomas, ESCOBAR, Neus, FORSTER, Jan Janosch,
HENDERSON, James, LAIBACH, Natalie and BORNER, Jan. Sustainability implications of transformation pathways for
the bioeconomy. Sustainable Production and Consumption v. 29, p. 215-227. 2022.

7. REMBEZA, Magdalena and SAS-BOJARSKA, Aleksandra. The Changing Nature of In-Between Spaces in the
Transformation Process of Cities. Urban Planning. v. 7, n. 1, p. 32-43. 2022.

8. PEREIRA, Carla Santos, VELOSO, Bruno, DURAO, Natércia and MOREIRA, Fernando. The influence of
technological innovations on international business strategy before and during COVID-19 pandemic. Procedia computer
science. v. 196, p. 44-51. 2022.

9. PAL, Kaushik, ASTHANA, Nidhi, ALJABALI, Alaa A., BHARDWAJ, Sheetal K., KRALJ, Samo, PENKOVA, Anastasia,
THOMAS, Sabu, ZAHEER, Tean and SOUZA, Fernando Gomes de. A critical review on multifunctional smart materials
‘nanographene’ emerging avenue: nano-imaging and biosensor applications. Critical Reviews in Solid State and
Materials Sciences. v. 0, n. 0, p. 1-17. 2021. DOI 10.1080/10408436.2021.1935717.

10. SOUZA JR., F.G., MARINS, Jéssica Alves, RODRIGUES, Cezar H. M and PINTO, José Carlos. A Magnetic
Composite for Cleaning of Oil Spills on Water. Macromolecular Materials and Engineering v. 295, n. 10, p. 942-948.
2010. DOI 10.1002/mame.201000090. 0002

11. SOUZA JR., F.G., OLIVEIRA, Geiza E, ANZAI, Thiago, RICHA, Priscila, COSME, Taina, NELE, Méarcio,
RODRIGUES, Cezar H. M, SOARES, Bluma G and PINTO, José Carlos. A Sensor for Acid Concentration Based on
Cellulose Paper Sheets Modified with Polyaniline Nanoparticles. Macromolecular Materials and Engineering v. 294, n.
11, p. 739-748. 2009. DOI 10.1002/mame.200900111. 0001

12. RICARDO BARBOSA DE LIMA, Nathali, SOUZA JR., F.G., GAELLE ROULLIN, Valérie and PAL, Kaushik.
Ampbhipathic Au-sulfur-poly (ethylene glycol)-b-poly (butylene succinate) system prepared by interfacial reaction as in-silico
photosensitizer and antineoplastic carrier. Journal of Drug Delivery Science and Technology v. 64, p. 102584. 2021.
DOI 10.1016/j.jddst.2021.102584.

13. ARAUJO, Robson T., FERREIRA, Gabriella R., SEGURA, Tayana, SOUZA JR., Fernando G. and MACHADO,
Fabricio. An experimental study on the synthesis of poly(vinyl pivalate)-based magnetic nanocomposites through

suspension polymerization process. European Polymer Journal. v. 68, p. 441-459. 2015. DOI

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 26/31



Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

10.1016/j.eurpolym].2015.05.015.

14. ALMEIDA, Thuanny, PAL, Kaushik and SOUZA JR, F.G. Bibliometric Analysis of the Hot Theme “Phytosynthesized
Nanoparticles.” Archives in Biomedical Engineering & Biotechnology. v. 4, n. 1, p. 5. 2020. DOI
10.33552/ABEB.2020.04.000580.

15. GOMES DE SOUZA JR, Fernando, NOGUEIRA BARRADAS, Thais, DE FREITAS CAETANO, Vinicius and
BECERRA LOVERA, Angela. Can nanoparticles improve polyaniline electrical conductivity ?[online]. preprint. 2021.
Accessed 2 February 2022. Available from: https://www.qgeios.com/read/17WBLJ.2.

16. OLIVEIRA, G. E., CLARINDO, J. E. S., SANTO, K. S. E. and SOUZA JR., F. G. Chemical modification of cobalt
ferrite nanoparticles with possible application as asphaltene flocculant agent. Materials Research. v. 16, n. 3, p. 668—
671.2013. DOI 10.1590/S1516-14392013005000048.

17. SOUZA JR., F.G., SOARES, Bluma G and DAHMOUCHE, Karim. Effect of preparation method on nanoscopic
structure of conductive SBS/PANI blends: Study using small-angle X-ray scattering. Journal of Polymer Science Part B:
Polymer Physics. v. 45, n. 22, p. 3069-3077. 2007. DOI 10.1002/polb.21305. 0006

18. SOUZA JR, F.G., ORLANDO, Marcos T. D, MICHEL, Ricardo C, PINTO, José Carlos, COSME, Taina and
OLIVEIRA, Geiza E. Effect of pressure on the structure and electrical conductivity of cardanol—furfural—polyaniline blends.
Journal of Applied Polymer Science. v. 119, n. 5, p. 2666—2673. 2011. DOI 10.1002/app.32848. 0000

19. LOPES, Magnovaldo C., MARQUES, Fernanda, SOUZA JR., F.G. and OLIVEIRA, Geiza E. Experimental Design
Optimization of Castor Oil, Phthalic Anhydride, and Glycerin Magnetic Nanocomposites Useful as Oil Spill Cleanup Tool.
Macromolecular Symposia. v. 380, n. 1, p. 1800085. 2018. DOI 10.1002/masy.201800085.

20. SOUZA JR., F.G., MARINS, Jéssica, PINTO, José, DE OLIVEIRA, Geiza, RODRIGUES, Cezar and LIMA, Luis.
Magnetic field sensor based on a maghemite/polyaniline hybrid material. Journal of Materials Science v. 45, n. 18, p.
5012-5021. 2010. DOI 10.1007/s10853-010-4321-y. 0005

21. DE ARAUJO SEGURA, Tayana Cristina, PEREIRA, Emiliane Daher, ICART, Luis Pefia, FERNANDES, Edson,
ESPERANDIO DE OLIVEIRA, Geiza and SOUZA JR., F.G. Hyperthermic Agent Prepared by One-Pot Modification of
Maghemite Using an Aliphatic Polyester Model. Polymer Science, Series B. v. 60, n. 6, p. 806-815. 2018. DOI
10.1134/51560090418060106.

22. PAL, Kaushik, ALJABALI, Alaa AA, KRALJ, Samo, THOMAS, Sabu and GOMES DE SOUZA, Fernando. Graphene-
assembily liquid crystalline and nanopolymer hybridization: A review on switchable device implementations.
Chemosphere. v. 263, p. 128104. 2021. DOI 10.1016/j.chemosphere.2020.128104.

23. MARANHAO, Fabiola Silveira, JUNIOR, Fernando Gomes de Souza, FILHO, Sérgio Thode, ATHAYDE, Bryan
Henrique de Oliveira, CARVALHO, Felipe Ferreira de, LINO, Adam and MALM, Olaf. Magnetic Porous Geopolymer: A
Cheaper and Efficient Environmental Tool for Heavy Metal Sorption. Macromolecular Symposia. v. 398, n. 1, p.
2000182. 2021. DOI 10.1002/masy.202000182.

24. SOUZA JR., F.G., FERREIRA, A.C., VARELA, A., OLIVEIRA, G.E., MACHADO, F., PEREIRA, E.D., FERNANDES,
E., PINTO, J.C. and NELE, M. Methodology for determination of magnetic force of polymeric nanocomposites. Polymer
Testing. v. 32, n. 8, p. 1466—1471. 2013. DOI 10.1016/j.polymertesting.2013.09.018.

25. NETO, Weslany Silvério, SIMOES DUTRA, Gabriel Victor, DE SOUSA BRITO NETA, Maria, CHAVES, Sacha Braun,

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 27/31



Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

VALADARES, Leonardo Fonseca, SOUZA JR, F.G. and MACHADO, Fabricio. Nanodispersions of magnetic poly(vinyl
pivalate) for biomedical applications: Synthesis and in vitro evaluation of its cytotoxicity in cancer cells. Materials Today
Communications. v. 27, p. 102333. 2021. DOI 10.1016/j.mtcomm.2021.102333.

26. COSTA, Vitor Corréa, GOMES, Fernando, THOMAS, Sabu, TOLEDO, Romildo Dias, SOUSA, Luana de Castro,
THODE, Sérgio, CARVALHO, Fernanda Veloso de, MARANHAOQ, Fabiola da Silveira, ABOELKHEIR, Mostafa Galal,
LIMA, Nathali Ricardo Barbosa de, PEREIRA, Emiliane Daher and HASPARYK, Nicole Pagan. Nanotechnology in
Concrete: a Bibliometric Review. Brazilian Journal of Experimental Design, Data Analysis and Inferential Statistics
v.1,n.1,p. 100-113. 2021. DOI 10.29327/232092.1.1-14.

27. SOUZA JR, F.G., OLIVEIRA, Geiza E, RODRIGUES, Cezar H. M, SOARES, Bluma G, NELE, Marcio and PINTO,
José Carlos. Natural Brazilian Amazonic (Curaua) Fibers Modified with Polyaniline Nanoparticles. Macromolecular
Materials and Engineering. v. 294, n. 8, p. 484—491. 2009. DOI 10.1002/mame.200900033. 0007

28. VARELA, A., OLIVEIRA, G., SOUZA JR., F.G., RODRIGUES, C.H.M. and COSTA, M.A.S. New petroleum absorbers
based on cardanol-furfuraldehyde magnetic nanocomposites. Polymer Engineering & Science v. 53, n. 1, p. 44-51.
2013. DOI 10.1002/pen.23229.

29. GRANCE, E. G. O., SOUZA JR., F. G., VARELA, A., PEREIRA, E. D., OLIVEIRA, G. E. and RODRIGUES, C. H. M.
New petroleum absorbers based on lignin-CNSL-formol magnetic nanocomposites. Journal of Applied Polymer
Science. v. 126, n. S1, p. E305-E312. 2012. DOI 10.1002/app.36998. 0000

30. ELIAS, Eldho, C, Sarath Chandran, ZACHARIAH, Ajesh K., V, Vineesh Kumar, A, Sunil M., BOSE, Suryasarathi,
SOUZA JR., F. G. and THOMAS, Sabu. Percolated network formation in biocidal 3D porous PCL/clay nhanocomposite
scaffolds: effect of organic modifier on interfacial and water sorption properties. RSC Advances. v. 6, n. 88, p. 85107—
85116. 2016. DOI 10.1039/C6RA14774G.

31. ELIAS, Eldho, SARATHCHANDRAN, C., JOSEPH, Saju, ZACHARIAH, Ajesh K., THOMAS, Jince, DEVADASAN,
Dineep, SOUZA JR., F.G. and THOMAS, Sabu. Photoassisted degradation of rhodamine B using poly(e-caprolactone)
based nanocomposites: Mechanistic and kinetic features. Journal of Applied Polymer Science v. n/a, n. n/a, p. 50612.
2021. DOI 10.1002/app.50612.

32. SOUZA JR., F.G., SOARES, Dandara, FREITAS, Raissa, SOARES, Vanessa, FERREIRA, Leticia, RAMON, Jose
and OLIVEIRA, Geiza E. Praziquantel Release Systems Based on Poly(Butylene Succinate) / Polyethylene Glycol
Nanocomposites. Current Applied Polymer Science. v. 1, p. 1-7. 2017. DOI 10.2174/2452271601666160922163508.
33. MARQUES, Fernanda Davi, NELE DE SOUZA, Marcio and SOUZA JR., F.G. Sealing system activated by magnetic
induction polymerization. Journal of Applied Polymer Science v. 134, p. 45549. 2017. DOI 10.1002/app.45549.

34. PAL, Kaushik, SAJJADIFAR, Sami, ABD ELKODOUS, Mohamed, ALLI, Yakubu Adekunle, GOMES, Fernando,
JEEVANANDAM, Jaison, THOMAS, Sabu and SIGOV, Alexander. Soft, Self-Assembly Liquid Crystalline Nanocomposite
for Superior Switching. Electronic Materials Letters P. 1—18. 2018. DOI 10.1007/s13391-018-0098-y.

35. PAL, Kaushik, KYZAS, George Z., KRALJ, Samo and SOUZA JR., F. G. Sunlight sterilized, recyclable and super
hydrophobic anti-COVID laser-induced graphene mask formulation for indelible usability. Journal of Molecular Structure.
v. 1233, p. 130100. 2021. DOI 10.1016/j.molstruc.2021.130100.

36. SOUZA JR., F.G., SENA, Maria E and SOARES, Bluma G. Thermally stable conducting composites based on a

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 28/31



Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

carbon black-filled polyoxadiazole matrix. Journal of Applied Polymer Science v. 93, n. 4, p. 1631-1637. 2004. DOI
10.1002/app.20601. 0000

37. MARANHAO, Fabiola da Silveira, OLIVEIRA, Caroline Pereira de, THODE, Sergio, DAS, Diganta B. and SOUZA,
Fernando Gomes de. Synthesis and Characterization of Modified Magnetic Nanoparticles for Removal of Dispersed Oil in
Water. Brazilian Journal of Experimental Design, Data Analysis and Inferential Statistics v. 1, n. 1, p. 148-156.
2021. DOI 10.29327/232092.1.1-18.

38. GUERRA, Fernanda, ATTIA, Mohamed, WHITEHEAD, Daniel and ALEXIS, Frank. Nanotechnology for
Environmental Remediation: Materials and Applications. Molecules [online]. v. 23, n. 7, p. 1760. 2018. DOI
10.3390/molecules23071760. Available from: http://www.mdpi.com/1420-3049/23/7/1760. Accessed 26 November 2021.
39. HUSSEIN, Ahmed Kadhim. Applications of nanotechnology in renewable energies—A comprehensive overview and
understanding. Renewable and Sustainable Energy Reviews [online] v. 42, p. 460-476. 2015. DOI
10.1016/j.rser.2014.10.027. Available from: https://linkinghub.elsevier.com/retrieve/pii/S1364032114008442. Accessed 26
November 2021.

40. MANJUNATHA, S B, BIRADAR, D P and ALADAKATTI, Y R. Nanotechnology and its applications in agriculture: A
review. . P. 15. 2016.

41. RAMOS, Ana P., CRUZ, Marcos A. E., TOVANI, Camila B. and CIANCAGLINI, Pietro. Biomedical applications of
nanotechnology. Biophysical Reviews [online]. v. 9, n. 2, p. 79-89. 2017. DOI 10.1007/s12551-016-0246-2. Available
from: http://link.springer.com/10.1007/s12551-016-0246-2. Accessed 26 November 2021.

42. SHANG, Yifen, HASAN, Md. Kamrul, AHAMMED, Golam Jalal, LI, Mengqi, YIN, Hangin and ZHOU, Jie. Applications
of Nanotechnology in Plant Growth and Crop Protection: A Review. Molecules [online]. v. 24, n. 14, p. 2558. 2019. DOI
10.3390/molecules24142558. Available from: https://www.mdpi.com/1420-3049/24/14/2558. Accessed 26 November
2021.

43. THIRUVENGADAM, Muthu, RAJAKUMAR, Govindasamy and CHUNG, lll-Min. Nanotechnology: current uses and
future applications in the food industry. 3 Biotech [online]. v. 8, n. 1, p. 74. 2018. DOI 10.1007/s13205-018-1104-7.
Available from: http://link.springer.com/10.1007/s13205-018-1104-7. Accessed 26 November 2021.

44. YAN, Ning. When nanotechnology meets catalysis Nanotechnology Reviews [online]. v. 2, n. 5, p. 485-486. 2013.
DOI 10.1515/ntrev-2013-0029. Available from: https://www.degruyter.com/document/doi/10.1515/ntrev-2013-0029/html.
Accessed 26 November 2021.

45. ASDAQ, Syed Mohammed Basheeruddin, IKBAL, Abu Md Ashif, SAHU, Ram Kumar, BHATTACHARJEE, Bedanta,
PAUL, Tirna, DEKA, Bhargab, FATTEPUR, Santosh, WIDYOWATI, Retno, VIJAYA, Joshi, AL MOHAINI, Mohammed,
ALSALMAN, Abdulkhalig J., IMRAN, Mohd., NAGARAJA, Sreeharsha, NAIR, Anroop B., ATTIMARAD, Mahesh and
VENUGOPALA, Katharigatta N. Nanotechnology Integration for SARS-CoV-2 Diagnosis and Treatment: An Approach to
Preventing Pandemic. Nanomaterials [online]. v. 11, n. 7, p. 1841. 2021. DOI 10.3390/nano11071841. Available from:
https://www.mdpi.com/2079-4991/11/7/1841. Accessed 1 December 2021.

46. SIVASANKARAPILLAI, Vishnu Sankar, MADASWAMY, Suba Lakshmi and DHANUSURAMAN, Ragupathy. Role of
nanotechnology in facing SARS-CoV-2 pandemic: Solving crux of the matter with a hopeful arrow in the quiver. Sensors

International [online]. v. 2, p. 100096. 2021. DOI 10.1016/j.sintl.2021.100096. Available from:

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 29/31



Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

https:/linkinghub.elsevier.com/retrieve/pii/S2666351121000176. Accessed 1 December 2021.

47. HU, Youfan and WANG, Zhong Lin. Recent progress in piezoelectric nanogenerators as a sustainable power source
in self-powered systems and active sensors. Nano Energy [online]. v. 14, p. 3—14. 2015. DOI
10.1016/j.nanoen.2014.11.038. Available from: https:/linkinghub.elsevier.com/retrieve/pii/S2211285514002390. Accessed
26 November 2021.

48. KARTHIK PANDIYAN, G. and PRABAHARAN, T. Implementation of nanotechnology in fuel cells Materials Today:
Proceedings [online]. v. 33, p. 2681-2685. 2020. DOI 10.1016/j.matpr.2020.01.368. Available from:
https:/linkinghub.elsevier.com/retrieve/pii/S2214785320304697. Accessed 6 December 2021.

49. WU, Zhiyi, CHENG, Tinghai and WANG, Zhong Lin. Self-Powered Sensors and Systems Based on Nanogenerators
Sensors [online]. v. 20, n. 10, p. 2925. 2020. DOI 10.3390/s20102925. Available from: https://www.mdpi.com/1424-
8220/20/10/2925. Accessed 26 November 2021.

50. COCCIA, Mario, FINARDI, Ugo and MARGON, Diego. Current trends in nanotechnology research across worldwide
geo-economic players. The Journal of Technology Transfer [online] v. 37, n. 5, p. 777-787. 2012. DOI
10.1007/s10961-011-9219-6. Available from: http://link.springer.com/10.1007/s10961-011-9219-6. Accessed 5 December
2021.

51. VAN ECK, Nees Jan and WALTMAN, Ludo. Software survey: VOSviewer, a computer program for bibliometric
mapping. Scientometrics [online]. v. 84, n. 2, p. 523-538. 2010. DOI 10.1007/s11192-009-0146-3. Available from:
http://link.springer.com/10.1007/s11192-009-0146-3. Accessed 6 December 2021.

52. USA NATIONAL SCIENCE AND TECHNOLOGY COUNCIL. 2021 National Nanotechnology Initiative Strategic Plan |
National Nanotechnology Initiative. [online]. Accessed 9 March 2022. Available from:
https://www.nano.gov/2021strategicplan.

53. BYRON, Sara A., VAN KEUREN-JENSEN, Kendall R., ENGELTHALER, David M., CARPTEN, John D. and CRAIG,
David W. Translating RNA sequencing into clinical diagnostics: opportunities and challenges. Nature Reviews Genetics.
v.17,n. 5, p. 257-271. 2016. DOI 10.1038/nrg.2016.10.

54. KIM, Dong Wook, LEE, Ju Hyun, KIM, Jin Kon and JEONG, Unyong. Material aspects of triboelectric energy
generation and sensors. NPG Asia Materials. v. 12, n. 1, p. 6. 2020. DOI 10.1038/s41427-019-0176-0.

55. MOSSHAMMER, Maria, KUHL, Michael and KOREN, Klaus. Possibilities and Challenges for Quantitative Optical
Sensing of Hydrogen Peroxide. Chemosensors. v. 5, n. 4, p. 28. 2017. DOI 10.3390/chemosensors5040028.

56. ZHANG, Yu, FU, Yan-Yan, ZHU, De-Feng, XU, Jia-Qiang, HE, Qing-Guo and CHENG, Jian-Gong. Recent advances
in fluorescence sensor for the detection of peroxide explosives. Chinese Chemical Letters. v. 27, n. 8, p. 1429—-1436.
2016. DOI 10.1016/j.cclet.2016.05.019.

57. RAJPUT, Namita. Development of Nanotechnology in India: A Review IOSR Journal of Applied Physics [online]
v. 09, n. 03, p. 45-50. 2017. DOI 10.9790/4861-0903034550. Available from: http://www.iosrjournals.org/iosr-
jap/papers/Vol9-issue3/Version-3/H0903034550.pdf. Accessed 17 February 2022.

58. SAMAL, Subhranshu Sekhar and MANOHARA, S.R. Nanoscience and Nanotechnology in India: A broad perspective
Materials Today: Proceedings [online]. v. 10, p. 151-158. 2019. DOI 10.1016/j.matpr.2019.02.200. Available from:
https:/linkinghub.elsevier.com/retrieve/pii/S2214785319302846. Accessed 18 February 2022.

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 30/31



Q Qeios, CC-BY 4.0 - Atrticle, March 10, 2022

59. KUMAR, A., RESEARCH and COUNTRIES, Information System for Developing. Nanotechnology Development in
India: An Overview [online]. Research and Information System for Developing Countries, 2014. RIS discussion papers.
Available from: https://books.google.com.br/books?id=7TBeAQAACAAJ.

60. LEE, Sang and JUN, Bong-Hyun. Silver Nanoparticles: Synthesis and Application for Nanomedicine International
Journal of Molecular Sciences [online]. v. 20, n. 4, p. 865. 2019. DOI 10.3390/ijms20040865. Available from:
http://www.mdpi.com/1422-0067/20/4/865. Accessed 17 February 2022.

61. GMEINER, William H. and GHOSH, Supratim. Nanotechnology for cancer treatment Nanotechnology Reviews
[online]. v. 3, n. 2. 2014. DOI 10.1515/ntrev-2013-0013. Available from:
https://www.degruyter.com/document/doi/10.1515/ntrev-2013-0013/html. Accessed 26 November 2021.

62. PAL, Jayanta, PRAMANIK, Amit Kumar, GOSWAMI, Mrinal, SAHA, Apu Kumar and SEN, Bibhash. Regular Clocking
based Emerging Technique in QCA Targeting Low Power Nano Circuit. International Journal of Electronics [online] P.
1-23. 2021. DOI 10.1080/00207217.2021.1972473. Available from:
https://www.tandfonline.com/doi/full/10.1080/00207217.2021.1972473. Accessed 18 February 2022.

63. KAVITHA, S S and KAULGUD, Narasimha. Quantum dot cellular automata (QCA) design for the realization of basic
logic gates. In : 2017 International Conference on Electrical, Electronics, Communication, Computer, and
Optimization Techniques (ICEECCOT) [online]. IEEE : Mysuru, 2017. p. 314-317. Accessed 18 February 2022. ISBN
978-1-5386-1205-7. Available from: http://ieeexplore.ieee.org/document/8284519/.

64. NIKORE, Mitali and MITTAL, Mahak. Arresting India’s Water Crisis: The Economic Case for Wastewater Use. P. 21.

Qeios ID: 4MZGZR - https://doi.org/10.32388/4MZGZR 31/31



	Main countries contributing on Nanotechnology
	Abstract


