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It is time we innovate from the bottom up! From the analytical chemistry curriculum to the approach
we take in teaching it. From the problems we are set to solve to the opportunities we create. Innovation
and entrepreneurship are two words that are the “hype of the moment”, indeed! But this is for the greater
good! Modern societies and highly developed countries invest heavily in education and science and have
open economies, with little or no bureaucracy to start a business or create a company. Startups, spin-offs,
investors, and profit are words that should be in the minds of young analytical and bioanalytical chemists.
Profit, contrary to what our Judaic-Christian religious background has stamped in our subconscious, is not
a bad word. It is not a sin!
But let’s start from the bottom; let’s see how we can improve the way analytical chemistry is taught and
what are the changes necessary to bring it to the 21st century. That is right! We are two decades deep into
the 21st century, and we still teach our students with the same content and the same way as in the first half
of the 20th century, if not earlier!
Is there still a place for the classical analytical march of cations and anions in this scenario?
Of course! Chemical and ionic equilibria in solution, acid-base and complexation reactions are examples
of the most fundamental knowledge necessary in analytical and bioanalytical chemistry. It is not a case
of not having these formatted as a mandatory course for chemists, but we need to review the methods,
the content, and the hours invested in these classics. For example, dozens of cations and anions are
separated, identified, and quantified in capillary electrophoresis (CE) experiments, instead of the eighthour-long class for spot testing, titrations, and precipitations. Let alone running this CE experiment on a
microfluidic platform! OK, so is this descriptive analytical chemistry important for the students? Why not
present Fritz Feigl’s spot tests on the new platform of paper-based microfluidics? These are two simple
examples for new and innovative analytical chemistry teaching.
We, analytical and bioanalytical chemists, are passionate and believe it is the most critical discipline in
the undergraduate chemistry degree, to the point that Peter Kissinger from Purdue University once said,
“three things in life are certain: death, taxes, and the need for analytical chemistry,” and that “the importance
of analytical chemistry is not arguable!” Unfortunately, this is not the case in some of the most prestigious
chemistry departments globally, where analytical chemistry is seen as a service. If this is the case, then
we do a pretty good job. Out of 113 Nobel Prizes in Chemistry awarded to date, about a dozen can be
directly linked to analytical chemistry fundamentals, instrumentation or methods, and about six others
awarded with the Nobel in Physics. Therefore, the contribution of analytical and bioanalytical chemistry to
the advancement of chemical sciences is clear. Curiously enough, about half of the chemistry prizes are
associated with biochemistry and biomolecules; thus, reinforcing the central role of bioanalytical chemistry
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as the analytical chemistry for life sciences rather than the analyses of small molecules in biofluids.
We now live in a multi- and interdisciplinary time within a complex and integrated world. For example,
the SARS-CoV-2 pandemics have shown the values of understanding virology, immunology, epidemiology,
physics, statistics, biochemistry, pharmacology, vaccines, and, most importantly, diagnostics! The stateof-the-art Next Generation Sequencing (NGS) is an analytical tool that provides the forefront information
on virus sequence and identity, the presence of mutations, and the design of probes for diagnostic tests.
The first diagnostics came from quantitative real-time PCR (polymerase chain reaction), the gold standard
method. Lateral flow (LF) rapid test diagnostics kicked in afterwards, and became a massive testing tool
for antibody search. Later, LF tests against the antigen (the virus) became available. Where did Brazil
rank in contributing to fighting the pandemics? Brazil sequenced the virus in just a couple of weeks,
started to produce a couple of vaccines, and made alternative molecular diagnostics to PCR. The three
major science funding agencies in Brazil, CAPES, CNPq, and FAPESP, quickly invested a fair amount of
money and became one of the top producers of papers. So, one might say Brazil is very well-structured?
Unfortunately, it is quite the opposite. All the chemicals and instrument supplies are imported. We designed
molecular tests, but don’t produce the reagents for the synthesis of oligonucleotides; we isolated the virus,
but don’t produce the disposable material for safely handling it; we made antibodies for rapid tests, but
don’t produce the membranes needed for LF; we developed biosensors to detect the virus, but we don’t
have a company producing them. Brazilian science and industry have become entirely dependent on
imports.
It is time we innovate and teach modern analytical and bioanalytical chemistry early on in student
courses. It is time we innovate and teach the students how to create jobs instead of seeking employment.
It is time we innovate and add entrepreneurship in the curriculum of all undergraduate courses, especially
in the chemistry degree.
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