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Abstract

In this paper, we present a bibliometric analysis of the Periodic Table. We have conducted
a comprehensive analysis of Scopus based database using the keyword “Mendeleev
Periodic Table". Our findings suggest that the Periodic Table is an influential topic in
the field of Inorganic as well as Organic Chemistry. Areas for future research could
include on expanding our analysis to include other bibliometric indicators to gain a more
comprehensive understanding of the impact of the Periodic Table in the chemistry-based
scientific investigations and even in the field of astrochemistry, which explores chemical
processes in space, is intricately linked to fundamental chemistry. In this context, the quote
of Carl Sagan is relevant where he eloquently expressed an inherent connection between
chemistry and astrophysics: “The nitrogen in our DNA, the calcium in our teeth, the iron
in our blood, the carbon in our apple pies were made in the interiors of collapsing stars.” In
the ongoing study we have presented a ground level investigation of the conjecture of
Sagan via Periodic Table based on bibliometric analysis whereas in the next level our
aim is to present the stellar connection of it through Hertzsprung-Russel diagram as well
as cluster of stars. The Periodic Table holistically serves as a foundational platform for
understanding chemical elements both on the Earth and in celestial bodies. The present
investigation fundamentally identifies the main working field of research and lays the
groundwork for potential connections to astrochemical studies.
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Introduction

Bibliometrics is the use of statistical methods to analyse books, articles and other
publications, especially in scientific contents. Bibliometric methods are frequently used in
the field of library and information science as a tool for finding the impact of publications
using statistics. It involves collecting data, processing it and analysing from bibliographic
database like Scopus, Web of Science or Google Scholar. In a way we can say that
bibliometric analysis can be used to explore and analyse large volume of scientific data,
unpack the evolutionary nuances of specific field and shed light on emerging areas in that
field. There are several tools available for conducting analysis on bibliometric (as can be
seen in the later part of this manuscript Sect. Methodology).

Therefore, other than library science (Bhavnani and Wilson 2009; Coombs and
Peters 2017; Cabezas-Clavijo et al. 2021) and business as well as administrative
management (Evans and Fischer 1993; Schaufeli et al. 1996; Maslach 1998; Leiter and
Maslach 2001; Schaufeli et al. 2002; Sharma 2002; Kumar et al. 2013; Wang et al. 2019;
Bakera et al. 2020) nowadays there is a growing trend to exploit this effective tool in the
other field also, e.g. ecology and evolutionary biology (Brown et al. 2018; Claireaux et al.
2018; Pesendorfer et al. 2019), psychology (Figueredo et al. 2006; Griskevicius et al. 2011;
Sacco and Osipowicz 2012; Del Giudice 2014), anthropology (Kaplan et al. 2000), public
health (Wells et al. 2017), criminology (Dunkel and Beaver 2013), accountancy (Leiby
and Madsen 2017), economics (Zeng and Yang 2023) and so on. Recently a successful
application of bibliometrics has been noted in the biological system (Nettle and
Frankenhuis 2019) where the authors used a bibliometric analysis of an interdisciplinary
research area in the context of the evolution of life-history theory.

Motivated by the above mentioned works based on the bibliometric analysis we are now
presenting here a study in the purview of basic science, especially in the field of chemistry.
However, at this juncture we would like to recall the comment by the famous astrophysicist
Carl Sagan who relates the basic chemistry to the astrophysics in the following unique
manner: “The nitrogen in our DNA, the calcium in our teeth, the iron in our blood, the
carbon in our apple pies were made in the interiors of collapsing stars. We are made of
starstuff” (Sagan 2002). Therefore, for the time being we start the present bibliometric
study from the Periodic Table as our initial platform which we shall connect later on with
the astrochemistry as well as cosmochemistry.

This investigation thus fundamentally identifies the main working field of research
dynamics and indicates the overall directional trend for the future research. As per the
best of our knowledge, there is no such study having bibliometric analysis on the Periodic
Table available in the literature as the stepping stone towards the astrochemical arena.
Therefore, the following queries will be served as the pathways for the present study by
using bibliometric analysis: (1) What is the current publication trend in the field of the
Periodic Table? (2) Who are the most influential authors and relevant journals in this
field of the Periodic Table? (3) Which are the most productive countries and institutions
involved in the Periodic Table? (4) Who are the most prolific authors and what is the author
collaborating trend in the Periodic Table? (5) Which are the most influential works in this
field of the Periodic Table?

The outline of the present work is as follows: in the Sect. An overview
of the periodic table we have provided background of the Periodic Table.
Section Methodology is a precursor of the methodology we have adopted in the
investigation. In Sect. Results and findings we have dealt with the results and findings
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on different features of the bibliometric analysis in the research field of the Mendeleev
Periodic Table, e.g. Country production (Sect. Country production), Core sources
by Bradford’s Law (Sect. Core sources by Bradford’s law), Author’s local impact by
h-Index (Sect. Author’s local impact by H-index), Author’s production (Sect. Author’s
production), Annual scientific production (Sect. Annual scientific production), Most
global cited documents (Sect. Most global cited documents), Co-occurrence network
(Sect. Co-occurrence network), Most relevant authors and countries (Sect. Most
relevant authors and countries). Section Discussions is dealt with discussion on pros
and cons of bibliometric analysis whereas in Section Conclusion we have made a few
concluding remarks along with some future scopes of the present study.

An overview of the periodic table

Dmitri Ivanovich Mendeleev, a Russian chemist was the most important donor to the
early evolution of the periodic table. In 1869, after the spurning of Newland’s Octave
Law came into focus of the Periodic Table (Mendeleev and Moseley 2014). In this, he
intentionally ordered elements based on atomic weight (not atomic mass) and observed
that chemical properties repeat periodically. Mendeléev’s genius lay in leaving gaps
for undiscovered elements, predicting their existence based on the periodic pattern and
thus the table allowed for the inclusion of new elements without disrupting existing
groups.

During Mendeleev’s work, only 63 elements were investigated. However, one can
take a presentist account to explore that there were actually 60 elements, as three of
those taken by Mendeleev were later on discovered to be mixtures (Leal et al. 2022).
After studying the properties of elements, he found that the properties of elements
were related to atomic mass in a periodic way. He arranged the elements in such a
pattern that elements with same properties come under same vertical column of the
table. Mendeleev among chemical properties used formulae of hydrides and oxides as
a basic criterion for classification. He took 63 cards and wrote property of one element
on each card. He makes a group of elements with similar properties and pinned it on
the wall. He observed that elements were arranged in order of increasing atomic mass
and elements with similar properties had periodic occurrence.

He articulated a periodic law based on his observations entitled “The properties of
elements are the periodic function of their atomic masses" (Mendeleev and Moseley
2014). In his description of periodic table of 1871, he left gaps in which unknown
elements would find their place in periodic table, believed by him. One of the
demerits of this table is that increase in atomic mass was not regular while going
from one element to other. Hence the number of elements yet to be discovered was
not predictable. There are several good review papers available in the literature on the
genesis of the Periodic Table (Rawson 1974; Kak 2004; Leal et al. 2022).

In summary, the Periodic Table represents a collaborative achievement, shaped by
scientific insights, historical context and global cooperation. Mendeléev’s work was
pivotal, but other chemists like Lothar Meyer, John Newlands and later on several
others also have contributed significantly. The periodic table evolved through a gradual
process of discovery, with various researchers independently recognizing patterns in
chemical properties.
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Methodology

It involves in two main procedures: performance analysis and science mapping analysis.
The performance analysis investigates the activity indicators of publications, emphasizing
the most significant contributions of research constituents to a given research field (Bota-
Avram 2023). On the other hand, science mapping analysis identifies and analyzes the
scientific performance of articles, authors, institutions, countries and journals based
on the number of citations, reveals the trends of the field studied through the analysis of
keywords, identifies and clusters scientific gaps from most recent publications (deOliveira
et al. 2019).

It is a quantitative method that evaluates the inter-relationships and impacts of authors,
institution, publications, and countries in a specific area. It is a kind of review method
based on computer aided scientific review. It uses mathematical and statistical tools to
identify significant authors or studies and relationship between them.

The study screened research paper keywords to identify important publications on
Mendeleev periodic table. This study examined research papers on Mendeleev periodic
table listed in the Scopus indexed journals because of its wider coverage of quality
journals and its credibility of research information, rigorous indexing and large number
of citations (Bergman 2012). We used ‘Mendeleev periodic table’ as a keyword while
screening the Scopus database. We comprehensively analysed all these papers by using
bibliometric techniques and literature to examine the research papers on Mendeleev
periodic table listed in the Scopus index. A bibliometric study is an analytical approach
that uses the empirical and quantitative values to explain the distribution dynamics of
research papers within a particular topic and a given period (Almind and Ingwersen 1997;
Persson et al. 2009).

In this paper we set our limit of searching database to document type related to article
and journal, language to English and subject area specified to chemistry, physics and
astronomy and chemical engineering. We have selected only Q1 and Q2 based database in
this paper.

In the last two decades, bibliometric techniques have become a common method
used in science and research. Many areas of research use bibliometric methods for three
reasons: expanding their area of operation, assessing the influence of a research group or
determining the effect of a specific study (Pilkington and Meredith 2009). Therefore, they
have become one of “the few truly interdisciplinary areas of research that can be extended
to almost all fields of science that can be identified” (Glidnzel 2003).

Results and findings
Country production

In Fig. 1, a graph has been drawn in which a plot between country production of articles
over time period from 1959 to 2021 is discussed. Under this graph, we can infer from the
data that USA has highest number of production of articles in the last year from 2015 to
2021. Unfortunately, Kazakhstan has no publication from 1959 to 2018. In the early years,
i.e., from 1959 till 2003 there is no article publication by the scientists of Belgium, Brazil
and China though later on they started publishing articles.
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Country Production over Time

Articles

2010

Country

Fig.1 Country production over time

Core sources by Bradford’s law

The Bradford Law can be defined as pattern that estimates the exponentially diminishing
returns of searching for references in Science journals. This pattern was first described by
Samuel C. Bradford in 1934 (Bradford 1934; Black 2004; Yatsko 2012). This law is also
known as Bradford’s law of scattering or Bradford’s distribution as it describes to show the
articles of a particular subject that are scattered through the mass of periodicals as has been
described: “there are a few very productive periodicals, a larger number of more moderate
producers, and a still larger number of constantly diminishing productivity” (Vickery 1948;
Hjgrland et al. 2005). Here a graph is plotted against number of articles and source rank
of articles using Bradford’s law (vide Fig. 2). It can be noted from the plot that the journal
‘Foundation of Chemistry’ has the highest number of articles among others and ‘Crystal-
lography Reports’ has the least numbers.

Core Sources by Bradford's Law

o Cor
Sources

Articles

AMBIX

SUBSTANTIA
CHEMTEXTS

FOUNDATIONS OF CHEMISTRY
JOURNAL OF CHEMICAL EDUCA
PURE AND APPLIED CHEMISTR
CRYSTALLOGRAPHY REPORTS

Source log(Rank)

Fig.2 Core sources by Bradford’s Law
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Author’s local impact by H-index

The H-index is an author-level matrix that measures both the productivity and citation
impact of a publication (Hirsch 2005). Basically H-index can be attributed as a amazing
tool for determining author’s relative work impact by determining author’s cited publi-
cation. From Fig. 3, it can be found out that Novaro has a H-index measure which is 2.0
based on the calculation technique.

Author’s production

It calculates and plots the author production in terms of number of publications over the
time. There is a tool in bibliometrix package for R which plots number of publication of
authors over period of time. This tool takes input of bibliographic data and returns a list
containing two data frames.

The first data frame consists of author’s name and their publication count over time,
while the second frame consists of publication count of each author.This tool can be
used to know the productivity of author’s in field of interest. Figure 4 indicates that the
author O. Novaro has the highest production over time period of 1989 to 2008.

Annual scientific production

A plot is drafted between number of articles and year time period ranging from 1959 to
2021. The peak is seen at year 2019 which gives the idea of the highest number of arti-
cles in that particular year. A sudden rise in articles from 2017 to 2019 is observed. This
plot of annual scientific production depicts the era production of articles on Mendeleev
Periodic Table. In the early year’s scientific production is very less which rises after
2017 (Fig. 5).
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Fig.3 Author’s local impact by H-Index
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Authors' Production over Time
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Fig.4 Author’s production over the time
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Fig.5 Annual scientific production

Most global cited documents

According to a bibliometrix analysis based on the number of publications, keywords and
citations in Mendeleev’s Periodic Table, the most globally cited document with 156 cita-
tions was the paper entitled “Electron affinities of the heavy elements" by R.J. Zollweg in
1969 (Zollweg 1969). On the other hand, the least cited document is “Superheavy elements in
D I Mendeleev’s periodic table" by Y.T. Oganessian and S.N. Dmitriev in 2009 with only 22
citations (Oganessian and Dmitriev 2009). This feature is very obvious as over time the paper
by Zollweg received much citation in comparison to the work by Oganessian and Dmitriev
(Fig. 6).
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Authors' Production over Time
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Fig.6 Most global cited documents over the time

Co-occurrence network

Co-occurrence network sometime referred as semantic network. It can be attributed as an
useful tool to analyse the big data and large text by identifying the main themes and topics,
or even mapping an entire research field. The method of constructing co-occurrence net-
works includes identifying keywords in the text, calculating the frequencies of co-occur-
rence and analysing the networks. Map represents the connection of various keywords to
each other with lines. These lines signify the co-occurrence of keywords with each other
in different papers in the considered data set collected from Scopus database. It is to be
distinctively noted here that ‘Periodic Table’ is the main keyword which in turn related to
atoms, molecules, chemical elements, bonds, electrons and so on which are co-related to
each other (Fig. 7).

Most relevant authors and countries

In the Fig. 8, authors are placed in an order according to decrease in the number of
documents. E.R. Scerri is the most relevant author with three documents based on the

g periodic table
# "

—{@toms
chemical’elements &

l

Fig. 7 Co-occurrence network over the time
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Fig. 8 Most relevant authors over the time

data set collected from Scopus database whereas in the bottom of the figure there is an
entry with the name M. Akeroyd.

On the other hand, the database collected from Scopus and analysed with the
bibliometrix tool provides the most corresponding author’s countries on the basis of
their publication on Mendeleev’s periodic table (Fig. 9). Countries can publish their
data in two ways: single country publication and in a collaboration with different
countries as multiple country publication. USA has the highest number of publications
as single country publication among others countries. Italy has only multiple country
publication collaboration. China, Brazil and Kazakhstan all three countries have both
the of publications, i.e., single country publication and multiple country publication.
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Fig.9 Most relevant countries over the time
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Discussions

So far we have shown different interesting features of bibliometric analysis which
are really informative for getting at a glance a global scenario of the Periodic Table as
proposed initially by Mendeleev. However, there are several issues as well as pros and cons
of this type of data analytic system. At this jucture it is to mention clearly that we could
not always able to include all the authors and their prominent publications in our specific
choice for bibliometric analysis due to lack of facility on computational part. Basically,
the accuracy of bibliometric data heavily relies on the sources and databases used. Some
databases might not capture publications comprehensively and thus leading to serious gaps.
Bibliometric analyses are based on specific tools, such as BiblioShiny and VosViewer,
but they don’t always capture the full richness of a researcher’s career. We would like to
discuss all these in the following points:

(i) We have mentioned in our methodology part of the article that out of several hundred
thousand papers on Mendeleev Periodic Table published in different kinds of journals
(viz. Q1, Q2, Q3, Q4) as well as from different books and conference proceedings and
articles but we have considered mainly Q1 journals along with Q2 journals also. So,
some of the authors, as for example Scerri is not appearing frequently even though he
has several dozens of publications on the Mendeleev Periodic Table having citations
specifically in 2019 altogether as high as 1014! To furnish this information and fillup
the gap, in a substantive way other than technical analysis, we have cited a few relevant
research papers published in Q1 and Q2 journals (Scerri 1991a, b, 1998, 2008, 2009;
Shawn et al. 2016; Scerri 2019a, b, 2020, 2021, 2022).

(i1) In this connection we would also like to mention 83 articles which are on the periodic
table and closely related topics. The vast majority of these articles, as evident from
Fig. 4, have been published by O. Navaro (from 1989 to 2008) and ER Scerri (from
2012 to 2023) dealing with the philosophical nature of the elements of the periodic
table. But our methodology did not allow us to pick up in detail all these varied themes
as well as varied journals other than Q1 and Q2 only.

(iii) In our article, from the Fig. 8, it appears that we have listed two distinct authors, i.e.
E. Scerri and E.R. Scerri! However, after investigation we have come to know they
are the same very same person. The use of different initials might have led to the
confusion as there is no way for the executing bibliometric software to detect this
apparent difference! However, eventually it is assured that they both represent one
person with a remarkable expertise in the field of chemistry and the periodic table.

(iv) Another point which is a more general in its nature that, since our study purports
to document the amount of work carried out on the Periodic Table, would it not be
worth widening our search to include books on the subject and considering their level
of citation. In this context the one book entitled with “The Periodic Table: Its Story
and Its Significance” having citations 1000 citations from 2019 could not possible to
put in our list of entries. However, our study is focused on the scientific papers only
that have contributed to the development and understanding of the periodic table,
rather than the books that have explained or explored it. We understand that books
are a valuable source of information and inspiration. But to restrict number of entries
in the ‘Testing Ground’ as otherwise the data analytic study becomes cumbersome,
time consuming and the created plots become extremely hazy to include as well as
present in a legible manner! Therefore, we have chosen to limit our search mostly to
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)

peer-reviewed publications with Q1 and Q2 categories that have been cited by other
researchers in the field.

One can notice that the peak in publication for the year 2019 was due to the 150th
anniversary of the publication of Mendeleev’s first periodic table of 1869. There should
have a mention of this event in any relevant documentation of Periodic Table. However,
our study was not focused on the historical or cultural aspects of the periodic table, but
rather on the hardcore quantitative analysis of the scientific papers that have contributed
to the development and understanding of the periodic table over time. Therefore, we
could not include any mention of this event in our article, as it was not relevant to our
research question and substantive scope.

Conclusion

This study represents the bibliometric analysis of various studies published on the Periodic
Table. We have selected Q1 and Q2 from the Scopus database. This study focused on
the year wise trends of publication of the Periodic Table. It identifies the most global

cited

documents, most relevant authors and most relevant author’s countries and authors

productivity over time that are prominently involved in its research. In addition to, this
study presents co-occurrence network analysis, annual scientific production and author’s
impact by H-index.

Some of the salient features of the present investigations are as follows:

®

(ii)

(iii)

@iv)

In co

These analyses give a direction to researchers venturing into the area of the Periodic
Table by providing information on journals, authors, collaborators and countries that
are prominent in this domain as well as co-occurrence network used in the research.
From the data we analysed we can infer that USA is the country that has the highest
publication over time. One can observe from the relevant plot (vide Fig. 3) that
Novaro is the highest productive author of time period 1989 to 2008. Also, it is
evident that the year 2019 has the highest annual scientific publication in the Periodic
Table.

The most globally cited document in the field of the Periodic Table is “Electron
affinity of heavy elements” with 156 citations published in the “Journal of Chemical
Physics”. E.R. Scerri is the most relevant author of the time with the highest number
of documents on periodic table. USA can be awarded as the most relevant country
in term of publication. Results of annual scientific production and the most cited
document have collected increasing interest in the field. It is important for the future
researchers to explore the ideas that are needed to identify the research gap. The
analysis of relevant author’s and countries indicates global interest in this domain.
Research can be attributed more powerful and impacting effect when it gives a global
result. Such studies enable research students as well as scientists to collaborate with
experts who are working globally. These results are valuable for finding research
journals, articles and other issues present in the domain of periodic table in that time
span which in turn will be beneficial for the coming generation to find out possible
outcomes in the field of research.

nnection to the scope for future study we would like to state here that in this paper,

we only included the data which is based on Scopus database of the Periodic Table
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containing Q1 and Q2 factor so the paper which are not indexed in Scopus are not included
in research. Therefore, (a) the future researcher can collect more amount of data from other
sources such as Web of Science and Google Scholar, (b) more comprehensive research
can be carried out by focusing on different network diagrams that are not studied out here,
and (c) a diversified study can be done by extending the time span of database selection
where the data set can be studied comprehensively by including different network.
Furthermore, one can study the astrochemistry problems based on the present structure
where micro-chemical elements can be connected to the macro-objects under the periphery
of cosmological realm. This aspect may be considered in one of our future projects on the
astrochemistry research which we have started here via the Periodic Table.

We can summarise that bibliometric analysis is an influential tool to explore publishing
trends and their relationship between communicated work. Furthermore, it helps in
recognizing the most influential researches as well as researcher in the field as evident in
the present study of the Periodic Table.

Acknowledgements SR gratefully acknowledges support from the Inter-University Centre for Astron-
omy and Astrophysics (IUCAA), Pune, India under its Visiting Research Associateship Programme and
for the facilities under ICARD, Pune at CCASS, GLA University, Mathura. We all are thankful to the
anonymous referee for raising several pertinent issues which have helped us to upgrade the manuscript
substantially.

Author Contributions All the authors contributed equally to this work.
Funding No funds, grants, or other support was received.
Data availibility A comprehensive data archive is available as open source in the Internet.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare that they have no conflict of interest.
Ethical approval Not applicable.

Consent to participate Not applicable.

Consent for publication Yes.

References

Almind, T.C., Ingwersen, P.: Informetric analyses on the world wide web: Methodological approaches to
‘webo-metrics’. J. Document. 53(4), 404-426 (1997)https://doi.org/10.1081/E-ELIS3-120043255
Bakera, H.K., Pandey, N., Kumar, S., Haldar, A.: A bibliometric analysis of board diversity: current status,
development and future research directions. J. Busi. Res. 108, 232-246 (2020)

Bergman, E.M.L.: Finding citations to social work literature: The relative benefits of using Web of Science,
Scopus, or Google Scholar. J. Acad. Lib. 38(6), 370-379 (2012)

Bhavnani, S.K., Wilson, C.S.: Information Scattering Encyclopedia of Library and Information Sciences,
3rd edn., pp. 2564-2569. CRC Press, Cambridge (2009)

Black, P.E.: Bradford’s law, in Dictionary of Algorithms and Data Structures. U.S, National Institute of
Standards and Technology (2004)

Bota-Avram, C.: Bibliometrics Research Methodology, In: Science Mapping of Digital Transforma-
tion in Business, Springer Briefs in Business, Springer, Cham. (2023). https://doi.org/10.1007/
978-3-031-26765-9_2

@ Springer


https://doi.org/10.1081/E-ELIS3-120043255
https://doi.org/10.1007/978-3-031-26765-9_2
https://doi.org/10.1007/978-3-031-26765-9_2

Research status of the... 313

Bradford, S.C.: Sources of Information on Specific Subjects. Engg: Illust. Week. J. (London) 137, 85-86
(1934)

Brown, H.N., Gale, B.H., Johnson, J.B., Belk, M.C.: Testes mass in the livebearing fish Brachyrhaphis
rhabdophora (Poeciliidae) varies hypoallometrically with body size but not between predation envi-
ronments. Ecol. Evol. 8, 11656-11662 (2018). https://doi.org/10.1002/ece3.4618

Cabezas-Clavijo, A., Torres-Salinas, D.: Front. Res. Metr. Anal. 6, 2021, https://doi.org/10.3389/
frma.2021.696470 (2021)

Claireaux, M., Jgrgensen, C., Enberg, K.: Evolutionary effects of fishing gear on foraging behavior and
life-history traits. Ecol. Evol. 8, 10711-10721 (2018). https://doi.org/10.1002/ece3.4482

Coombs, S.K., Peters, I.: The Leiden Manifesto under Review: what libraries can learn from it. Digit.
Lib. y. Perspect 33, 324-338 (2017). https://doi.org/10.1108/DLP-01-2017-0004

de Oliveira, O.J., da Silva, F.F., Juliani, F., Barbosa, L.C.F.M., Nunhes, T.V.: Bibliometric method for
mapping the state-of-the-art and identifying research gaps and trends in literature: an essential
instrument to support the development of scientific projects (2019). https://doi.org/10.5772/intec
hopen.85856

Del Giudice, M.: An evolutionary life history framework for psychopathology. Psychol. Inq. 25, 261-
300 (2014). https://doi.org/10.1080/1047840X.2014.884918

Dunkel, C.S., Beaver, K.M.: Life history theory and the general theory of crime: life expectancy effects
on low self-control and criminal intent. J. Soc. Evol. Cult. Psychol. 7, 12-23 (2013)

Evans, B.K., Fischer, D.G.: The nature of burnout: a study of the three-factor model of burnout in human
service and non-human service samples. J. Occup. Organiz. Psychol. 66, 29-38 (1993)

Figueredo, AJ., Va’squez, G., Brumbach, B.H., Schneider, S.M.R., Sefcek, J.A., Tal, L.R., Hill, D.,
Wenne, R.C.J., Jacobs, W.J.: Consilience and life history theory: from genes to brain to reproduc-
tive strategy. Dev. Rev. 26, 243-275 (2006). https://doi.org/10.1016/j.dr.2006.02.002

Glinzel, W.: Bibliometrics as a research field: A course on theory and application of bibliometric indica-
tors. Magyar Tudomanyos Akadémia, Kutatasszervezési Intézet (2003)

Griskevicius, V., Tybur, J.M., Delton, A.W., Robertson, T.E.: The influence of mortality and socioeco-
nomic status on risk and delayed rewards: a life history theory approach. J. Pers. Soc. Psychol. 100,
1015-1026 (2011). https://doi.org/10.1037/a0022403

Hirsch, J.E.: An index to quantify an individual’s scientific research output. PNAS 102(46), 69-72
(2005). https://doi.org/10.1073/pnas.0507655102

Hjgrland, B., Nicolaisen, J.: Bradford’s law of scattering: ambiguities in the concept of subject. In: 5th
International Conference on Conceptions of Library and Information Science, pp. 96106 (2005)

Kak, S.: Mendeleev and the periodic table of elements. Sandhan 4(2), 115-123 (2004). https://doi.org/
10.48550/arXiv.physics/0411080

Kaplan, H., Hill, K., Lancaster, J., Hurtardo, A.M.: A theory of human life history evolution: diet, intel-
ligence and longevity. Evol. Anthropol. 9, 156-185 (2000). https://doi.org/10.1016/j.aj0.2017.12.
020

Kumar, U., Prakash, V., Mandal, M.K.: Stress in extreme conditions: A military personnel, In D.M.
Pestonjee & S. Pandey (Eds.), Stress and work (pp. 101-128), Los Angeles, CA: Sage (2013)

Leal, W., Llanos, E.J., Andrés Bernal, A., Guillermo Restrepo, G.: Proceedings of the National Academy
of Sciences (PNAS) 119(30), 2119083119 (2022). https://doi.org/10.1073/pnas.2119083119
Leiby, J., Madsen, P.E.: Margin of safety: life history strategies and the effects of socioeconomic status
on self-selection into accounting. Account. Organ. Soc. 60, 21-36 (2017). https://doi.org/10.1016/j.

20s.2017.07.001

Leiter, M.P., Maslach, C.: Burnout and health. In: Handbook of Health Psychology, Lawrence Erlbaum,
London, pp. 415-426 (2001)

Maslach, C.: Theories of organizational stress. In: Cooper, C.L. (ed.) A Multidimensional Theory of
Burnout, pp. 68-85. Oxford University Press Inc., New York (1998)

Mendeleev, D., Moseley, H.: The Periodic Law, Chemists 97 (2014)

Nettle, D., Frankenhuis, W.E.: The evolution of life-history theory: a bibliometric analysis of an interdis-
ciplinary research area. Proc. R. Soc. B 286, 20190040 (2019). https://doi.org/10.1098/rspb.2019.
0040

Oganessian, Y.T., Dmitriev, S.N.: Super heavy elements in D I Mendeleev’s periodic table. Russ. Chem.
Rev. 78, 1077-1087 (2009)

Persson, O., Danell, R., Schneider, J.W.: (2009) How to use Bibexcel for various types of bibliometric
analysis, Celebrating Scholarly Communication Studies A Festschrift for Olle Persson at his 60th
Birthday, 5, 9-24 . https://doi.org/10.1177/09722629211033916.

@ Springer


https://doi.org/10.1002/ece3.4618
https://doi.org/10.1002/ece3.4482
https://doi.org/10.1108/DLP-01-2017-0004
https://doi.org/10.5772/intechopen.85856
https://doi.org/10.5772/intechopen.85856
https://doi.org/10.1080/1047840X.2014.884918
https://doi.org/10.1016/j.dr.2006.02.002
https://doi.org/10.1037/a0022403
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.48550/arXiv.physics/0411080
https://doi.org/10.48550/arXiv.physics/0411080
https://doi.org/10.1016/j.ajo.2017.12.020
https://doi.org/10.1016/j.ajo.2017.12.020
https://doi.org/10.1073/pnas.2119083119
https://doi.org/10.1016/j.aos.2017.07.001
https://doi.org/10.1016/j.aos.2017.07.001
https://doi.org/10.1098/rspb.2019.0040
https://doi.org/10.1098/rspb.2019.0040
https://doi.org/10.1177/09722629211033916.

314 K. Sharma et al.

Pesendorfer, M.B., Bogdziewicz, M., Koenig, W.D., Ledwon, M., Zywiec, M.: Declining fruit production
before death in a widely distributed tree species. Sorbus aucuparia L. Ann. For. Sci. 76, 11 (2019).
https://doi.org/10.1007/s13595-018-0791-x

Pilkington, A., Meredith, J.: The evolution of the intellectual structure of operations management 1980—
2006: a citation/co-citation analysis. J. Operat. Manag. 27(3), 185-202 (2009)

Rawson, D.C.: The process of discovery: Mendeleev and the periodic law. Ann. Sci. 31(3), 181-204 (1974)

Sacco, D.F., Osipowicz, K.: Life history theory and social psychology. Front. Evol. Neurosci. 4, 34 (2012).
https://doi.org/10.3389/fnevo.2012.00013

Sagan, C.: Cosmos, random house (2002)

Scerri, E.R.: Electronic configurations, quantum mechanics and reduction. Brit. J. Phil. Sci. 42(3), 309-325
(1991)

Scerri, E.R.: Chemistry, spectroscopy and the question of reduction. J. Chem. Edu. 68(2), 122-126 (1991)

Scerri, E.R.: How good is the quantum mechanical explanation of the periodic table? J. Chem. Edu. 75,
1384-1385 (1998)

Scerri, E.R.: The role of triads in the evolution of the periodic system. J. Chem. Edu. 85, 585-589 (2008)

Scerri, E.R.: The dual sense of the term “element, attempts to derive the Madelung rule and the optimal
form of the periodic table, if any. Int. J. Quan. Chem. 109, 959-971 (2009)

Scerri, E.R.: Can quantum ideas explain chemistry’s greatest icon? Nature 565, 557-558 (2019a)

Scerri, E.R.: Happy 150th birthday to the periodic table. Chem. A Eur. J. 25, 7410-7415 (2019b)

Scerri, E.R.: The periodic table and the turn to practice. Stud. Hist. Phil. Sci. A 79, 87-93 (2020)

Scerri, E.R.: Causation, electronic configurations and the periodic table. Synthese 198, 9709-9720 (2021)

Scerri, E.R.: Various forms of the periodic table including the left-step table, the regularization of atomic
number triads and first member anomalies. Chem. Texts 8, 6 (2022)

Schaufeli, W.B., Leiter, M.P., Maslach, C., Jackson, S.E.: The Maslach burnout inventory: general survey
(MBI-GS). In: Maslach, C., Jackson, S.E., Leiter, M.P. (eds.) Maslach Burnout Inventory Manual (3rd
edition), pp. 19-26. Consulting Psychologists Press, Palo Alto, CA (1996)

Schaufeli, W.B., Salanova, M., Gonzales-Roma, V., Bakker, A.B.: The measurement of engagement and
burnout: a two sample confirmatory analytic approach. J. Happ. Stud. 3, 71-92 (2002)

Sharma, R.R.: Executive burnout: contribution of role related factors. Ind. J. Indust. Res. 38(1), 81-95
(2002)

Shawn, C.B., Ball, P., Day, K., Scerri, E.R., Thornton, B.: Another Four Bricks in the Wall. Nature Chem.
8, 283-288 (2016)

Vickery, B.C.: Bradford’s law of scattering. J. Document. 4(3), 198-203 (1948). https://doi.org/10.1108/
eb026133

Wang, C., Lim, M.K., Lyons, A.: Twenty years of the international journal of logistics research and applica-
tions: a bibliometric overview. Int. J. Logist. Res. Appl. 22(3), 304-323 (2019)

Wells, J.C.K., Nesse, R.M., Sear, R., Johnstone, R.A., Stearns, S.C.: Evolutionary public health: introducing
the concept. Lancet 390, 500-509 (2017). https://doi.org/10.1016/S0140-6736(17)30572-X

Yatsko, V.A.: The interpretation of Bradford’s law in terms of geometric progression. Auto. Document.
Math. Linguist. 46(2), 112—117 (2012). https://doi.org/10.3103/S0005105512020094

Zeng, S., Yang, H.: A bibliometric and visualization analysis of knowledge mapping in digital economy
research, 1992-2022. Sustainability 15(8), 6565 (2023). https://doi.org/10.3390/sul5086565

Zollweg, R.J.: Electron affinities of the heavy elements. J. Chem. Phys. 50, 4251-4261 (1969)

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer


https://doi.org/10.1007/s13595-018-0791-x
https://doi.org/10.3389/fnevo.2012.00013
https://doi.org/10.1108/eb026133
https://doi.org/10.1108/eb026133
https://doi.org/10.1016/S0140-6736(17)30572-X
https://doi.org/10.3103/S0005105512020094
https://doi.org/10.3390/su15086565

	Research status of the periodic table: a bibliometric analysis
	Abstract
	Introduction
	An overview of the periodic table
	Methodology
	Results and findings
	Country production
	Core sources by Bradford’s law
	Author’s local impact by H-index
	Author’s production
	Annual scientific production
	Most global cited documents
	Co-occurrence network
	Most relevant authors and countries

	Discussions
	Conclusion
	Acknowledgements 
	References




