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ABSTRACT: The Fourier transformation (FT) is a mathe-
matical process frequently encountered by chemistry students.
However, it remains an automated background process
perceived by many students as difficult to understand. In this
paper we present a simple open-source web application, which
can help students to understand the basics of the FT applied to
nuclear magnetic resonance (NMR) spectroscopy.
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Over the past 40 years, several publications in this Journal
aimed at helping students to understand the theory of

Fourier transformation (FT) and its applications in analytical
chemistry. One solution frequently proposed by authors was the
use of computer simulations, and this started even in the early
age of personal computers.1,2 Later, interactive simulations
based on MathCad (Parametric Technology Corporation)
appeared,3,4 followed by more recent interactive Excel (Micro-
soft) spreadsheets.5,6

However, both MathCad and Excel approaches require an
additional guided tutorial, and the users have to be familiar with
the basics of these two computer programs. Moreover, the two
approaches produce static images and lack visual animations.
Finally, both programs are not free and might not be accessible
for students all over the world (although free alternatives might
be available, from which compatibility issues may arise).
Here we report a free web application that explains the FT

applied to an NMR signal, in a visual and animated fashion,
without the need for a guided tutorial nor for deep computa-
tional knowledge (Figure 1).
A step-by-step strategy allows the student to

• Observe the evolution of the free induction decay (FID)
when adding new frequencies

• Visualize an animated demonstration of the FT and the
construction of the spectrum

• Study the effect on the spectrum of parameters
modification (e.g., adding background noise or changing
acquisition time)

The transition between steps is based on pop-up messages
that explain the principles of the different operations and guide
the user intuitively.
The source code of the software was written in Python, a free

open-source programming language,7 and can be found on
GitHub.8 Additionally, the software was deployed as a web
application hosted on the Pythonanywhere.com server9 and can
be executed in all recent Internet browsers (including mobile
phone and tablet browsers) without any knowledge in
programming languages. More experienced teachers and
students will be able to adapt and/or improve the software by
modifying the source code.

■ TEACHING VALUE AND RESULTS

The software was initially intended for second year pharmacy
students, for whom the time allocated to the NMR course is brief
and does not allow an in-depth explanation of the FT process.
Nevertheless, our experience has shown that the software can
find a widespread application.
We evaluated our web application with pharmacy and organic

chemistry undergraduate and graduate students, and also with
Ph.D. students and organic chemistry teachers who are not
specialized in NMR techniques but are familiar with NMR
spectrum interpretation. All of them ignored the details of the
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FT process before using the application, and the majority
recognized understanding its basics after running it.
Even if the application was designed as a self-instruction tool,

the students who tested the application subsequently raised
discussion with their teachers: A sample of frequent inter-
rogations as well as a guided teaching experience are proposed in
the Supporting Information.

■ CONCLUSION

In conclusion, the proposed application can be considered as a
good assistive tool for teachers during their NMR course, in
order to introduce the concept of the FT. It allows students to
have a full grasp of this mathematical process applied to NMR
spectroscopy in a guided and visual fashion, helping them to
understand several factors that will ultimately impact the quality
of the NMR spectrum they utilize.
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*S Supporting Information

The Supporting Information is available on the ACS
Publications website at DOI: 10.1021/acs.jchemed.9b00502.

Teacher’s guide to the application, including our teaching
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Figure 1. Screen capture of the web application.
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