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Abstract

This text is designed to give the reader a helping hand in writing a scientific paper. It provides generic advice on ways that
a scientific paper can be improved. The focus is on the following ethical and non-technical issues: (1) when to start writing,
and in what language; (2) how to choose a good title; (3) what should be included in the various sections (abstract, introduc-
tion, experimental, results, discussion, conclusions, and supporting information (supplementary material); (4) who should
be considered as a co-author, and who should be acknowledged for help; (5) which journal should be chosen; and (6) how to
respond to reviewers’ comments. Purely technical issues, such as grammar, artwork, reference styles, etc., are not considered.
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“Work, finish, publish” (Michael Faraday) [1].!

Introduction

The task of writing a scientific paper usually befalls young
researchers quite early in their bachelor, masters or PhD
degree programs. In most cases, the candidates know very
little about the publishing process, which involves a com-
plex combination of historical traditions and modern innova-
tions. Guidebooks are of course available, but these tend to
focus on purely technical issues, and miss the interpersonal
nuances that are so daunting for the beginner. In any case,
the technical issues are normally not the main problem for
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computer-literate students, so I avoid them in this document.
Instead I present my personal views on the overall process,
and leave it to the reader to evaluate them.

Long experience has taught me that there are many ways
of writing a successful paper, but nevertheless some general
principles can be identified. In what follows, all my sugges-
tions are informed by my experience as the editor-in-chief of
two international journals, the Journal of Solid State Elec-
trochemistry for 25 years, and ChemTexts—The Textbook
Journal of Chemistry for 7 years. I have also been the editor
of the series Monographs in Electrochemistry, as well as
various reference books and textbooks.

Looking back at history, the communication of scientific
results in specialist journals is a rather recent development:
its origins date back to the second half of the seventeenth

! It is on record that when a young aspirant asked Faraday the secret
of his success as a scientific investigator, he replied: “The secret is
comprised in three words—work, finish, publish.”
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century. In 1665, the Journal des s¢avans started in France,
while the Philosophical Transactions of the Royal Society
began in Great Britain. Before that time, it was common
to publish new findings in books. However, the increasing
pace of scientific developments, as well as the increasing
number of people who were devoting their lives to science,
required a more efficient and faster form of communication.
For this to be achieved, journals proved to be very success-
ful. The history of scientific journals cannot be traced here,
but I recommend the book The Scientific Journal by Alex
Csiszar [2].

Scientific communication requires a common language
that is shared by the author and the reader. Michael D. Gor-
din has described in his book Scientific Babel [3] how, over
the last few centuries, scientific communication has gradu-
ally shifted from Latin to English. The author also pays
detailed attention to the French, German and Russian lan-
guages, which played important roles in the nineteenth and
twentieth centuries. These languages retain their importance
for scientists, because they contain the foundational texts of
many important branches of science.

When to start writing a manuscript

It is trivial to say that one should write a manuscript only
when one has new results to communicate. But new results
do not appear suddenly and without ambiguity. Rather, they
tend to accumulate gradually over time, and require repeated
contextualisation to be fully appreciated. This begs the ques-
tion, at what point should one publish?

Answering this question is difficult. Students certainly
need to discuss the matter with their supervisors, who have
the necessary experience and far-sightedness. Beginners
often wildly underrate or overrate their data. Realistically,
however, all scientific publication is a compromise between
“publishing too late” and “publishing too early”.

“Publishing too late” (or never) is a well-known fault of
some overcautious individuals, who withhold their data from
public scrutiny because they are not satisfied with its accu-
racy and completeness. Although this demonstrates their
high ethical standards as regards their personal participa-
tion in the scientific process, it also reveals an indifference
to the social value of their data and the financial costs to
others of having to reproduce their results. In the final analy-
sis, tax-payers’ money that is spent on unpublished work
is wasted money, and this raises questions of probity. (In
the case of industrial research, contractual confidentiality
may also restrict publication, but that is a problem I cannot
discuss here.)

“Publishing too early” is a fault of some reckless individ-
uals who have scant regard for the integrity of the scientific
process. The institutional pressure to publish papers and the
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competition for scarce funds are the main causes of this.
Nowadays, pollution of the scientific literature by worthless,
irreproducible or sloppy work is an increasing and serious
problem. Here I can only plead with colleagues of all ages:
please do not be tempted by the short-term advantages of
overpublication. The benefits are illusory, and the damage
is untold. With the advent of mass data storage, published
papers are effectively immortal, and sooner or later bad work
(and its creators) will be found out.

Of course, “publishing too early” is most tempting for the
beginner, and the problem becomes critical when the super-
visor is also overambitious. If the supervisor pressurizes the
student to publish uncooked results, then the student has a
big problem! Now, many universities have introduced ‘thesis
committees’ consisting of the primary supervisor plus two
or three additional members. These committees can provide
valuable advice with respect to timeliness of publishing and
they may also mitigate conflicts between the student and
their main supervisor, if they happen to occur.

Personally, I have been an ombudsman at my university,
and I am pleased to say that such conflicts can be resolved
amicably by careful and trustful discussions between all par-
ties. But I fear that global science has a problem with this
issue.

The whole question of when to start writing cannot be
answered by a simple prescription, and depends to a large
extent on the personalities of the individuals concerned. My
personal advice is to start writing as soon as the main results
become discernible. Writing down the first tranche of clear
and reliable results is a useful discipline which indicates
what has been achieved and what experiments remain to
be done. If you delay writing until you think that all the
required experiments have been completed, then you will
be sadly disappointed. You will discover that much has been
omitted, and then you will have to start again with certain
crucial experiments. It goes without saying that co-authors
should be involved very early in the writing.

In what language should the paper be
written?

What language to use is rather obvious. If you want to be
understood worldwide, then you must publish in English.
In 2021, there were around 1.35 billion people, scattered
over many countries, who spoke English as a first or sec-
ond language. If you are not a native English speaker, then
I strongly recommend that you start to write in English. Do
not write in your native language with the vague notion of
translating it later into English. This is always bad policy,
because you will certainly find it more difficult to translate
your text into English than to compose it from scratch.
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Assuredly, this demands a reasonable command of Eng-
lish. But there are practical steps that you can take to help
you along the way.

To achieve a sufficient command of English, you should
read as many well-written(!) scientific papers in English as
possible. For technical English, try to focus on papers writ-
ten by native English speakers. However, do not limit your-
self to scientific papers, but also read English stories and
novels, or any other writings, that can expand your knowl-
edge of English. You should also try to distinguish the dif-
ferent styles (scientific, colloquial, etc.) and avoid mixing
them in your own writing.

At this point I suggest the book The Chemist’s English
[4] written by Robert Schoenfeld, and his paper “Say it in
English, please” [5]. Schoenfeld was editor-in-chief of the
Australian Journal of Chemistry. One trick that I have found
very effective for improving my written English is to trans-
late the draft manuscript back into my native language (in
my case German). For many years I did this for publications
in Angewandte Chemie, a journal that is published both in
English and German, and these back translations frequently
revealed the weaknesses in my English.

Concerning written text, I have some further advice
which is not specific to the English language: first of all,
write clearly and understandably! The eminent physicist Carl
Wagner (1901-1976) famously wrote “Any fool can think
and write something complicated” (“Jeder Dumme kann
etwas Kompliziertes denken und schreiben™) [6]. Always
remember these wise words! Whenever you write a very
complicated phrase, ask yourself, do you really understand
what you have written? Very often, complicated construc-
tions are the result of an insufficient understanding, or rep-
resent an attempt at “hedging” i.e. attempting to disguise
the omission of certain facts which might otherwise conflict
with the overall claims being made.

In the same book, Wagner also wrote “It is a very spe-
cial art to speak understandably about subjects when they
are not yet completely known”. With regard to clear and
understandable language, I should also like to give a serious
warning regarding the misuse of certain words and phrases
that express uncertainty: “possibly”, “probably”, “may be
an indication of”, “seems to be”, “cannot be excluded”,
“it is reasonable to assume”, etc. It is possible that these
constructions may be justified in certain circumstances, but
more often than not they hide a lack of understanding, and
trigger alarm bells in the minds of readers. Whenever you
write these phrases, ask yourself, are they necessary, are
they well-reasoned? I have seen manuscripts full of such
vague phrases, and it was clear that they were more or less
worthless!

For the language of a paper to be intelligible, it is also
necessary that a well-defined terminology is used. The
terms have to be internationally accepted (e.g. by IUPAC)

and have to be used consistently. It is not good to operate
with several synonyms, but one and the same should be
used throughout.

The structure of a scientific paper

Usually, scientific papers are structured in the following sub-
sections: (1) title, (2) name of authors and their affiliation(s),
(3) keywords, (4) graphical abstract, (5) abstract, (6) intro-
duction, (7) experimental part, (8) results and discussion,
(9) conclusions, (10) acknowledgements, (11) references,
(12) list of figure captions, (13) figures. Most journals offer
publication of ‘supporting information’ (or ‘supplementary
material’): these supplements are not part of the main paper,
but usually constitute a depository for data, figures, tables,
mathematical derivations, etc. which the reader may like to
consult for a deeper understanding, which, however, are not
vital for a general understanding of the paper. I always prefer
to put as much as possible into the main paper, and restrict
supplementary information to items which are really of less
significance. Many journals provide templates, which you
should use. In these templates, the order of items may differ
from that given above. You should always adhere strictly to
the guidelines of the journal. Some details relating to the
subsections of a paper are described below.

The title

The title is the entrance door to your paper. Reading the
title, many people make the decision whether to enter the
document or walk away. According to Thomson’s Web of
Science, about 27% of natural science papers are uncited
after 5 years, most likely because they are unread, or undis-
covered by search engines. To attract interest, the title of a
paper needs to be as short as possible, but as long as neces-
sary. It should also contain some searchable terms for easy
computer recognition. Certainly, the title also needs to indi-
cate the very essence of the paper. Prior to the advent of
computers, it was customary to use titles like “Studies in
phosphorus chemistry. Part XI1.”! What on earth does that
tell you? Nothing about the specific contents, that’s for sure.
Luckily, the time of such absurdities is over.

Phrasing the title of a scientific paper is hard work, and
usually the final choice will emerge only after long consid-
eration. It is my personal view that authors should think
about the title at the very beginning of writing a manuscript.
Since the title reveals the essence, a well-chosen title can
set the tone for the entire manuscript. And it goes without
saying that the title can still be modified many times as the
manuscript mutates into its final form.
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The keywords

Most journals request a list of keywords. These are impor-
tant for the classification of the paper in information sys-
tems. Think about the terms that best characterise the con-
tent of your paper. However, try to avoid newly created terms
or abbreviations. Although an overlap between title terms
and keywords is unavoidable, the latter should provide addi-
tional information.

The abstract

Following the title, the abstract is the most important device
for attracting the attention of readers. Personally, I have
always advocated writing the first draft of the abstract before
writing the remainder of the text. This forces the author to
identify the principal achievements at an early stage. Like
the title, the abstract needs to be as short as possible and as
long as necessary. Its function is to summarize all the main
results. I know that many experienced colleagues disagree
with my suggestion of writing the first draft of the abstract
before writing the main body of the text. However, my sug-
gestion is not meant to be an apodictic rule. You must find
out what best suits you.

Drafting the title and abstract at an early stage presup-
poses that you already have a clear picture of your achieve-
ment. If you do not have that clear picture, then a good sug-
gestion is to arrange all your diagrams and tables in a logical
sequence, and then write the text around that.

The abstract needs to contain as much quantitative infor-
mation as possible. If you have new and significant data,
give them in the abstract!

The introduction

The introduction should state the motivation and the aim of
the presented research and refer to all relevant literature. If
the paper is intended for a specialised journal, avoid rehash-
ing simple textbook knowledge, as you can assume that
expert readers will already be acquainted with it. In more
general journals, some wider introductory remarks may be
necessary.

When you discuss earlier works in your field, do not focus
purely on their shortcomings. Make sure that you acknowl-
edge their achievements. Be fair in your presentation. Cite
all relevant papers, at least the most important ones. Do not
overcite your own papers.

At the end of the introduction, state what you have
achieved and what you will present in the paper. Do not
repeat the abstract. This is important for the entire paper:
avoid repetitions!

@ Springer

The experimental part

This part should contain sufficient experimental details
(chemicals, instruments, methods, etc.) for your work to
be reproduced in another laboratory. If certain procedures
or techniques have previously been published by you, or
others, you may refer to those papers without repeating
the details. However, the reference has to be accessible. I
have seen papers in which the author wrote “the technique
is described in Ref. X”. When reading Ref. X, I found the
remark “the technique is described in Ref. Y”, and so forth
until I gave up searching! This is unacceptable.

The results and discussions

In the past, many journals have demanded that the results
and discussion be reported separately. Some journals still
demand this. Especially in the case of highly multidiscipli-
nary work it is necessary to present first the results of the
different disciplines, followed by a joint discussion refer-
ring to all the disciplines. However, if possible, I advocate
providing the results and discussion simultaneously, since
the combined text is easier to understand.

The most important point in writing the results and
discussion section is logical consistency. The most fre-
quently seen weakness appears when authors forego
logical consistency and instead provide a chronological
history of their experiments. This is often copied from
laboratory notebooks. One then finds phrases like “first
we thought that x may be the reason for y, and we per-
formed the following experiments... then it turned out
that y has nothing to do with x, and we supposed that z
might cause the observed effect. Then we did this, and
later we did that, and in the end...”. Such historical sum-
maries are extremely tedious for the reader, and may even
be misleading.

In results and discussion, it is essential to illustrate the
results with clear reference to figures and tables, and to
arrange the results within a logical framework. Figures, hav-
ing captions, and tables, having headings, should be under-
standable without reading the detailed text.

The conclusions

The most frequent fault is the copying of an abstract, or
the minor modification of an abstract, without any refer-
ence to the context of the results. The abstract does not
require justification of the work: the conclusions certainly
do. The conclusions have to provide new insight into a field
of research, and this must be explained. The best writers
will also indulge in some speculations about future work.
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These should open the readers’ eyes to novel and unexpected
applications of the findings.

When you have finished writing a manuscript, leave it
for some time untouched, and then read it again after some
days or weeks. You will discover that a fresh reading reveals
flaws, repetitions, typos, etc., which you missed the first time
around. You should also use that time to circulate the docu-
ment among trusted friends and colleagues who may act as
internal reviewers before external submission. You will be
surprised what typos your friends find! The blindness of
authors to their own typos is legendary. The modern spell-
checkers of computer systems do not prevent all typos, but
they are helpful. (They may even introduce further errors, if
you are not attentive).

Who should be co-authors and who should
be acknowledged for help?

The ethical guidelines of most scientific funding organisa-
tions (e.g. Deutsche Forschungsgemeinschaft (DFG)/Ger-
man Research Council [7]) demand that everybody who
has a distinct share, be it intellectual or experimental, in a
paper has to be listed as a co-author. Any “honorary” co-
authorship is not allowed! This is a clear statement, but a
lot of questions may arise in specific cases. Since I cannot
say it in a better way, I cite here from the DFG guidelines:

Guideline 14: Authorship

e An author is an individual who has made a genu-
ine, identifiable contribution to the content of a
research publication of text, data or software. All
authors agree on the final version of the work to be
published. Unless explicitly stated otherwise, they
share responsibility for the publication. Authors
seek to ensure that, as far as possible, their contri-
butions are identified by publishers or infrastruc-
ture providers such that they can be correctly cited
by users.

Explanations:

The contribution must add to the research content of

the publication. What constitutes a genuine and identi-

fiable contribution must be evaluated on a case-by-case
basis and depends on the subject area in question. An
identifiable, genuine contribution is deemed to exist

particularly in instances in which a researcher—in a

research-relevant way—takes part in

e the development and conceptual design of the
research project, or

e the gathering, collection, acquisition or provision
of data, software or sources, or

e the analysis/evaluation or interpretation of data,
sources and conclusions drawn from them, or
e the drafting of the manuscript.

If a contribution is not sufficient to justify authorship,
the individual’s support may be properly acknowl-
edged in footnotes, a foreword or an acknowledgement.
Honorary authorship where no such contribution was
made is not permissible. A leadership or supervisory
function does not itself constitute co-authorship.

At some educational institutions, the rules for submit-
ting a PhD thesis demand a certain number of submitted or
published papers. Unfortunately, this occasionally leads to a
sharing of authorship among two or more candidates, so that
each of them reaches the desired number, although neither
of them has a proper share in all the papers. This is unethical
and is strongly condemned.

A very crucial point is that all co-authors must give their
clear consent to the submission of the manuscript. Nowa-
days, most journals send emails to the co-authors informing
them about the submission. However, this does not liberate
principal authors from the moral imperative of sending their
co-authors copies of the manuscript in advance of publica-
tion and asking for their consent! Similar advice applies to
acknowledgements. Who would be happy about an acknowl-
edgement in a paper that they disagree with?

Which journal should be chosen?

The manuscript should be submitted to a journal which is
devoted to the branch of science concerned. Usually there
are several journals available so authors need rational cri-
teria for making a choice. Experienced authors typically
decide on the basis of publishers’ reputations (journal cita-
tion metrics) or personal connections (networks of esteem).
Nowadays, scientific information systems even make it
possible to unearth obscure papers published in “wrong”
journals, on the basis of the title, keywords and abstract.
However, indifference to journal choice is not recommended
as a career strategy!

Citation metrics have a history of about 200 years [8].
However the modern infatuation with citation metrics has
been driven by their uncritical adoption by research organi-
sations and promotion committees in making decisions
about funding and promotion.

In 2012, the San Francisco Declaration on Research
Assessment (DORA; https://sfdora.org) criticized the use of
“impact factors” for evaluating the merits of scientists. Since
then, the criticism has intensified (see, e.g., [9-13]). Authors
are now in a serious conflict situation: should they follow
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the metrics, or should they choose a journal according to
other quality measures? This question is difficult to answer.

What are other quality measures? In my view, one of
the most important is the quality of its reviewers and their
reports. Those reports are the best which are competent, fair
and helpful. Journals which provide such reports should cer-
tainly be considered. But these high-quality journals can
only be identified by long experience.

Ultimately, neither the Impact Factor nor the CiteScore
of a journal is an unambiguous measure of the quality of a
single paper. So students should not feel upset when their
papers appear in low index journals, nor should they feel
triumphant when their papers appear in high index journals.

In all cases authors should beware of publishing in preda-
tory journals (https://en.wikipedia.org/wiki/Predatory_publi
shing). Open access predatory journals publish manuscripts
without serious review. They publish only for money.

Now, a final word about “open access” publishing: this is
certainly the best way to disseminate scientific information;
however, only if the journals operate a strict peer review.
Some scientific publishers (e.g. Springer Nature, https://
www.springernature.com/gp/open-research/institutional-
agreements) also have international agreements with uni-
versities and institutions to pay the costs of publishing.

How to respond to reviews of submitted
manuscripts

It is very interesting to learn how the “peer review system”
emerged and I suggest that students read about it in a paper
by Csiszar in Nature [14]. Nowadays, when a manuscript is
submitted to a reputable journal, it will first be read by mem-
bers of the editorial board, who decide whether it should be
sent out to referees (reviewers) or sent back to the authors.
If serious deficiencies are identified then it is senseless to
bother reviewers.

When you receive the reviews of your manuscript, nor-
mally at least two or three, you need to know what to do with
them. In any event, you should be self-critical: if you get the
report “publish as is” or a similar positive evaluation, do not
image that your manuscript is perfect. Possibly the reviewer
was not competent or was very sloppy in assessing your
manuscript. Believe the positive evaluations only when you
get two or three of them!

The other extreme may be a report saying “this is a very
weak manuscript that should not be published”, without giv-
ing specific criticism. Such a report is not helpful and the
editor must take the blame for accepting it and passing it to
the author. Harsh criticisms require detailed justification,
just as extraordinary claims require extraordinary proof.

Fortunately, most reviewers take their job very seriously
and deliver clear and detailed reports. You, the author,
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should always presume that the reviewers are trying to help
you to improve your manuscript. They are not your enemy,
but on your side, and they are fair. If you do identify clear
signs of unfairness, then you should turn to the editor and
ask for further reports. It often happens that the first reac-
tion of an author is “oh, this reviewer has completely mis-
understood me” and then starts to write a long rebuttal to
the editor, explaining all the misunderstandings! However,
since reviewers are experts in their field, the author should
realize that a likelier explanation of a poor review is the poor
quality of the manuscript!

Of course, it really may be true that a reviewer has mis-
understood a manuscript. However, in most cases, it is my
experience as an editor that the misunderstandings result
from deficiencies of the manuscript, such as confusing
phrases. Therefore, it is my advice to ask yourself how this
misunderstanding could have happened. Do not blame the
reviewer; think about your own text!

When you prepare the revised manuscript, follow care-
fully the advice of the reviewers. In the revised manuscript,
you should highlight all the revised parts, which makes
it easy for the editor and reviewers to see how you have
responded. Your revised manuscript also needs to be accom-
panied by a detailed document (rebuttal) in which you list
the changes and give your explanations for the revisions.
Certainly, you are not obliged to do everything as requested
by the reviewers. If you have good arguments against the
reviewer’s proposals, bring them forward, and it will be up
to the editor and reviewers to accept or to reject them.

It goes without saying that it is unacceptable to submit
a rejected manuscript to another journal (sometimes even
the same journal) without any revisions. This is profoundly
disrespectful. When a manuscript has been rejected by a
journal, you are of course free to submit it elsewhere, but
you need to pay attention to the previous reviews.

Conclusions

Writing a scientific paper is an art as well as a science. With
all its dry scientific data and equations, it must neverthe-
less provide an exciting and fascinating story, in which the
leitmotif is present in all parts. It should never be boring.

Publishing scientific results is a very serious task and
authors must adhere to the highest ethical standards. It is nei-
ther a game nor a routine. Always remember that a published
paper will remain forever attached to your name. Do not try
to split your work into several pieces to increase the number
of your publications. The scientific community is already
overwhelmed by a flood of second-rate “minimalist” papers.
Reviewers are also inundated with reviewing requests. One
solid and comprehensive paper is worth much more than five
short papers with tedious repetitions.
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