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dDepartamento de Qúımica, Universidede F
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Ciências Biomédicas, Universidade Federal d

Janeiro, RJ, Brazil

Cite this: RSC Adv., 2021, 11, 40216

DOI: 10.1039/d1ra90175c

rsc.li/rsc-advances

40216 | RSC Adv., 2021, 11, 40216–40
duction to celebrating Latin American talent in
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A year ago, amid the pandemic, we
proposed that the RSC should compile
a collection of Latin American contribu-
tions to chemistry. The central aim of this
collection is to showcase the quality of
the research work being carried out in
this area. The project was quite well
received, and several journals joined.
This is not a unique project in this sense;
there have been other recent collections
with the purpose of highlighting the
chemistry developed in Latin America.1–5

However, the current situation of chem-
istry in each region deserves an analysis
of its respective historical context. So, we
have taken advantage of this space rst to
provide a very general historical overview
of chemistry in Latin America and then to
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analyze certain numbers that offer us
a picture of where we stand as a conse-
quence of our history. We apologize for
focusing on only three countries in
a region that includes 46 countries (Latin
America and the Caribbean), but we are
sure that the stories and problems are
similar.
A very short history of
chemistry in Latin
America

We do not pretend to give a compendium
of the history of Latin American chem-
istry, but some facts are common to the
development of this area in our countries
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México, Circuito Exterior s
jInstitute of Chemistry – U

Gonçalves, 9500 Porto Aleg
kUniversity of Campinas (

Solar, Chemistry Institute,
lSão Paulo State Universit

Bauru, São Paulo, Brazil
mInstitute of Chemistry,

Campinas, São Paulo, 130
nInstitute of Exact Sciences

Gerais, Belo Horizonte, Mi
oInstituto de Investigacio

Departamento de Qúımica
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throughout the years.6,7 Before the arrival
of the European navigators, standardized
chemical processes used in paints, food-
stuffs, and construction had already been
developed. During the colonial period,
the exploitation of natural resources led
to the generation of new chemical tech-
niques used in different economic cycles,
such as mining and the extraction and
transformation of natural resources such
as rubber and sugar. Indeed, the name
Brazil was chosen because of the strong
red pigment extracted from the pau-
brasil tree (Paubrasilia echinata Lam.).

The techniques developed for the
mining industry became perhaps the rst
triumphs of Latin American chemistry.
One of the most eminent Brazilian
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chemists and local political leaders (he is
considered the patriarch of indepen-
dence for his ght for Brazil’s indepen-
dence from Portugal) of the 18th century
was José Bonifácio Andrada e Silva, who
discovered and identied twelve different
new minerals, among them petalite,
which is directly related to the discovery
of lithium.8 Another example is Andrés
Manuel Del Ŕıo, who strongly promoted
teaching, research, and the extraction of
iron ore in several regions. In 1801, he
analyzed a mineral known as brown lead,
extracted from a mine in Hidalgo, and
isolated a new element called Pan-
chromium (many colors) and later Eryth-
ronium (red). Convinced of the discovery
and lacking the necessary tools to
complete his analysis, he sent the ore to
Europe to be tested. In Paris, it was
concluded that the sample contained
only chromium and lead. Thirty years
later, Sefström rediscovered it and
renamed it vanadium. Although Del Ŕıo
died without knowing these results,
history has given him his place as the
discoverer of vanadium.

The independent countries in Latin
America continued to be immersed in an
economic model based on foreign
investment and the export of raw mate-
rials (unfortunately, it is still the prevail-
ing paradigm) instead of promoting the
country’s industrial and scientic devel-
opment. Chemistry was initially an
auxiliary discipline to medicine, phar-
macology, and the food industry. In the
mid-19th century, the rise of agricultural
industries prompted the rst research
efforts and the establishment of a profes-
sional community dedicated to solving
chemical problems. From an academic
and professional approach, chemistry
began in the early years of the 19th

century, for example, with the Depart-
ment of Industrial Chemistry of the
National Medical Institute in Mexico,
aimed at obtaining alkaloids and
producing active pharmaceutical ingre-
dients extracted from plant and animal
species. In Argentina, shortly aer inde-
pendence, in 1821, the University of
Buenos Aires was founded, and the rst
chair of chemistry was established,
headed by Manuel Moreno.9 A milestone
in the separation of chemistry from
pharmacy and medicine is the creation in
© 2021 The Author(s). Published by the Royal So
1896 of the Doctorate in Chemistry at the
same institution, later extended to the
universities of La Plata and Litoral at the
beginning of the 20th Century. The School
of Chemical Engineering was created at
the Universidad del Litoral, which
became a new beacon of applied chem-
istry. In the meantime, the teaching of
chemistry became popular at middle and
high school levels. In Mexico, the
National School of Industrial Chemistry
was created in 1916, becoming a Faculty
of Chemistry and Pharmacy in 1919. In
Brazil, the rst institution entirely dedi-
cated to science was the Scientic
Academy of Rio de Janeiro, created in
1772. Aerwards, several colleges and
scientic institutions were created in the
19th century, and the rst universities
were founded at the beginning of the 20th

century. Accordingly, the Brazilian
Academy of Sciences was created in 1916.

Until the 1930s, Mexico experienced
an upward development of chemistry at
the academic level. Given its biodiversity,
chemistry in Mexico focused on natural
products research. The abundant biodi-
versity attracted U.S. scientists to Mexico
to collect plant species rich in hormone
precursors. This led, in 1951, to the
synthesis of norethindrone, which
became the active ingredient of the rst
contraceptive pill. Together with Carl
Djerassi and George Rosenkranz, Luis
Miramontes patented this compound.
Miramontes’ work on the contraceptive
pill is considered Mexico’s most signi-
cant contribution to science.10 The
contraceptive pill is acclaimed world-
wide, marking a change as valuable as the
wheel or the internal combustion
engine.11

In 1941, the Institute of Chemistry of
the National Autonomous University of
Mexico (UNAM) was created. This insti-
tute had a laboratory for organic chem-
istry and natural products, where
chemistry students were trained in
research, and researchers were given
a full-time appointment to dedicate
themselves exclusively to this task.
Subsequently, several institutes were
created to address issues related to
petrochemistry and natural products and
to develop new research areas, such as
the Chemistry departments of Cinvestav
and the Universidad Autónoma
ciety of Chemistry
Metropolitana (UAM), and the Instituto
Mexicano del Petróleo (Mexican Petro-
leum Institute).

The lack of adequate working condi-
tions, insufficient nancial support, or
simply the fact that certain areas have not
been fully developed has provoked
a brain drain. Among many examples,
Mario Molina stands out, a Mexican
educated at UNAM, who did his PhD at
the University of California at Berkeley.
During his postdoctoral stay with Row-
land, Molina became interested in
certain industrial chemicals, chlorouo-
rocarbons (CFCs) and their movements
in the atmosphere, discovering that the
dissolution of CFCs affected the ozone
layer. Years later, he was awarded the
Nobel Prize “for his work in atmospheric
chemistry, especially with regard to the
formation and decomposition of ozone”.

In Argentina, the work of Chemistry
Nobel Prize Laureate Luis F. Leloir (1970)
and Houssay’s disciples (Houssay Nobel
Prize in Physiology, 1947) is an example
of a very productive research community
in biochemistry that remains a landmark
of Argentinian science.12 Unfortunately,
the promising development of Argenti-
nian science suffered devastating blows
in the 1966–1982 period. In July 1966,
aer a military coup d’état to president
Arturo Illia, the de facto government
decided to intervene at the University of
Buenos Aires. Police forces invaded the
Schools of Sciences and Philosophy and
violently evicted the university authori-
ties. This brutal event, known as “la noche
de los bastones largos” (so-called because
of the long batons with which the police
attacked students and professors),
caused a massive brain drain. More than
a thousand personnel, including more
than 300 professors, resigned; many of
them emigrated to other Latin American
countries (Brazil, Chile and Venezuela),
the U.S, Canada, and Europe. One
example is the case of César Milstein, an
Argentine researcher who won the Nobel
Prize in 1984 for his discovery of mono-
clonal antibodies. Milstein returned to
Argentina from Cambridge in 1961. The
military coup of 1962 and subsequent
racial and political persecution made
him decide to continue his career in
Cambridge. The advent of a feeble
democracy in the 1970s brought some
RSC Adv., 2021, 11, 40216–40219 | 40217
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researchers back to the country. However,
a precarious political and economic
situation, followed by the years of terror
between 1976 and 1982, in which many
researchers were killed or disappeared,
had a signicant impact on the commu-
nity.13 From 1966 onwards, the separa-
tion of the academy (more radical) and
industrial (more conservative) commu-
nities became evident, which meant less
added value for local products. The
advent of democracy in 1983 led to
a more stable situation, the scientic
community beneted from freedom of
thought and speech, and some improve-
ments took place.

One Latin American science success in
history, in terms of investment and thus
knowledge generation, is Brazil. Part of
this success is due to the creation in 1951
of the Coordination for the Improvement
of Higher Education Personnel (CAPES)
and the National Research Council (now
CNPq) governmental bodies in charge of
formulating and executing science policy,
assessment, and education. Although
part of the research in chemistry is
carried out in the National Research
Institutes, approximately 90% of chem-
istry in Brazil is associated with the 74
postgraduate programs, primarily in
public universities. Chemistry in Brazil
experienced signicant growth at the
beginning of the 21st century due to
a continuous increase in the budget
dedicated to science since 2004. This
budget rose in 2015, 350% more than in
2004. The investment growth was
accompanied by an increase in the
number of PhD graduates (from 8000 per
year to approximately 19 000 per year in
the period 2004–2015) and in the number
of scientic publications, in which Brazil
is currently the 13th country in the
ranking of scientic publications,14 being
responsible for approximately 2% of all
scientic papers published in the world
in 2020. However, the increasing trend in
the budget for Science and Technology
reversed aer 2015 and experienced
a steady decline year aer year, reaching
in 2021 the lowest budget in the entire
history of the sector (only one-third of the
total invested ten years ago).

Today, chemical research in Latin
America has diversied. Inorganic
chemistry, analytical chemistry, organic
40218 | RSC Adv., 2021, 11, 40216–40219
chemistry, physical chemistry, biochem-
istry, materials chemistry, chemistry
education and computational chemistry
have positioned Latin American
researchers as leaders within the inter-
national scientic community, mainly
due to the combination of substantial
individual efforts and networking with
central countries. The elds of green
energies and the environment are
growing, and strong clusters have been
built in nanotechnology, biotechnology
and biorenery in the last decades.
Although some incremental advances
and some high-quality hotspots exist,
several barriers are reected in the stag-
nation of the number of publications and
patents relative to global progress. These
include a lack of academic–industry
connections, an outdated infrastructure,
and insufficient highly trained chemists.
The current challenges for Latin America
involve a reconceptualization of the role
of chemistry in society, with particular
emphasis on the modernization of the
educational curriculum at all levels and
the necessary improvement of interac-
tions between academia and industry.

In terms of support, Latin American
researchers have been supported for
some decades by a reasonable (but far
from sufficient and appropriate) budget
for stipends and grants, allowing us to
generate high-quality knowledge regard-
less of the differences with the global
north. The future, however, is alarming;
drastic reductions in research funding
are increasing every year, and the scien-
tic community has been undervalued by
our governments. We cannot go back two
centuries to an economic model based on
an incipient extractive and processing
industry. Hopefully, the changes taking
place globally due to pandemics and
climate change will clarify the value of the
contribution from the chemistry
community in Latin America.

Some numbers

With the historical background in place,
let us focus on some statistics. Although
we concentrate on the contributions
published in RSC, these gures can be
generalized (vide infra). As mentioned,
the collection was quite well received,
and 24 journals were added. Given the
© 2021 The Author(s
number of contributions and space limi-
tations, only manuscripts published
during 2019 and 2020 were considered.
During these two years, 1451 articles were
published from Latin America out of
a total of 54 011, or 2.7% (Table 1, ESI).15

In these same journals, from 2011 to
2020, 259 768 articles were published, of
which 6187 (2.4%) have an author based
in Latin America (Table 2, ESI), i.e., this
percentage increases a little bit over
almost a decade.

When the search is open to all
contributions catalogued in chemistry,
regardless of editorials and in the same
time frame, there are a total of 99 107
(Table 3, ESI) out of 2 492 360 (4.0%, see
Table 4, ESI). These almost 100 000
contributions produced 1 379 238 cita-
tions or 13.9 citations per article. Now, if
we classify these manuscripts according
to their subject areas, the main contrib-
utors were: general chemistry (32.6%),
physical and theoretical chemistry
(18.0%), organic chemistry (16.4%), and
analytical chemistry (13.6%). The coun-
tries with the highest number of contri-
butions are Brazil (53 175), Mexico
(19 471), Argentina (12 050), Chile (7349),
and Colombia (5645), Table 5, ESI.
Although our number of published arti-
cles (99 234) as a region is slightly lower
than that of the UK (108 609) and higher
than that of Spain (84 906), the reality is
that the impact, quantied as the
number of citations per publication, is
lower (Latin America: 13.9, UK: 26.9,
Spain: 23.6). This is where our situation is
reected (Table 6, ESI).

The choice of a representative sample
of different areas, groups, and countries
is per se a thorny problem. The selection
was carried out (a total of 208), taking
into account that the groups were based
in Latin America and trying to maintain
the balance between areas and countries.
For the selection, two criteria were
applied: the corresponding author affili-
ation address must be from a Latin
American country, and in cases of corre-
sponding authors with multiple contri-
butions, the most representative
publication was considered. We are sure
that this blind selection resulted in a fair
and representative sample.
). Published by the Royal Society of Chemistry
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Final reflections

History and numbers make it clear that
we must seek mechanisms to urge the
recognition of Latin American talent in
chemistry, both at home and abroad. It is
imperative that our governments invest
more resources in research and protect
science through adequate public policies
to close the existing gaps with other
regions of the world. We also need gender
equity, a change in curricula, and the
strengthening of STEM programs in the
region, as well as to promote greener
technologies and sustainability in a wider
sense. Another important point is to
demand a more signicant presence of
Latin American scientists in editorial
boards, scientic societies, and interna-
tional forums (as @LatinXChem), which
will allow us to participate in decision-
making, considering a balanced diver-
sity (e.g., gender, age, area of expertise,
among others). As Cereijido argued, our
countries should abandon the concept of
© 2021 The Author(s). Published by the Royal So
“supporting the development of science”
and embrace instead “supporting their
development on science”.
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M. A. C. Nascimento and A. Vela, Int. J.
Quantum Chem., 2019, 119, e25852.

2 T. A. Soares and H. A. Wahab, J. Chem.
Inf. Model., 2019, 59, 3601–3602.

3 D. G. Rivera, Org. Lett., 2020, 22, 6693–
6697.

4 G. E. Gomez and G. J. A. A. Soler-Illia,
Chem. Mater., 2021, 33, 7569–7571.

5 V. G. Zuin, et al., Curr. Opin. Green
Sustain. Chem., 2020, 25, 1–8.

6 G. A. Matharan, Educ. Quim., 2016, 27,
67–73.
ciety of Chemistry
7 J. A. Chamizo, Rev. Soc. Quim. Mex.,
2004, 48, 165–171.

8 C. A. L. Filgueiras,Origens da qúımica no
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