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Preface

Writing clearly, correctly, and concisely is essential to success in chemistry,
and in this electronic age chemists are writing more than ever before.
Recently, after surveying many companies, including major employers of
trained chemists, the National Commission on Writing suggested that
employers perceive college graduates as ill-prepared to do the kind of
writing necessary in the modern workplace, where writing clearly and
cogently is not only a threshold skill but also vital to career advancement.
The simple truth that writing well matters is hard to sell to students
inclined to believe that experience with chemical instrumentation and
techniques or the possession of excellent laboratory skills will compensate
for an inability to communicate well. We know that addressing student
writing while covering the essential chemistry content in the course of a
semester challenges even the most gifted and energetic instructor; never-
theless, our students really must learn to communicate well. Qur goal in
creating this book is to provide a resource to help students learn how to
communicate effectively in writing, as well as in other forms of commumi-
cation that are extremely important in chemistry, such as oral and poster
Ppresentations.

The material in this book comes primarily from two sources: the
highly successful Short Guide to Writing about Biology, now in its sev-
enth edition, a vital component of the Pearson Short Guide Series, writ-
ten by Jan, and the material that Holly and Julian developed over the
course of many years for the junior-year “Writing in Chemistry” course at
the University of Massachusetts Amherst. We have also drawn from The
ACS Style Guide: Effeciive Communication of Scientific Information 3rd
Edition edited by Anne Coghill and Lorrin Garson (Oxford University
Press, New York, 2006). .

Certain fundamental convictions about writing and the teaching of
writing inform all aspects of this book. For one thing, we believe that revi-
sion is essential to writing well, for novices and experts alike. Writing is
both a process and a product, and writing well is a skill acquired and honed
through practice; the more constructive and timely the feedback the stu-
dents get, the more rapidly their skills will improve. We regard writing as a
tool for learning: students benefit from being required to write about
chemistry not only because it improves their skills as communicators, but
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also because it enhances their understanding of content. Writing is a
means of discovering what one actually knows and, at times, what one does
not know. Clear writing and clear thinking are inseparable, and bad writing
often reveals fuzzy thinking. Students who embrace writing about chern-
istry with seriousness and purpose benefit immeasurably, and instructors
who incorporate writing into their teaching of chemistry perform an
invaluable service to their students.

Just as Jan’s book is grounded in the premise that “Biology is 2 way of
thinking about the world,” this book is informed by the belief that chem-
istry represents a distinct way of understanding the world. Being a
chemist is not just about memorizing facts and terminology or about
learning to use laboratory apparatus, instruments, and computer soft-
ware. It is about understanding how the world works by making careful
observations, asking specific questions, designing ways to address those
questions, manipulating data thoughtfully and thoroughly, and interpret-
ing those data and related observations in terms of the behavior of matter
at the atomic and molecular levels. In common with all professionals in
academic communities, chemists reevaluate past work, ask new ques-
tions, and redefine older questions. Of course, chemistry also requires
writing. The hard work of thinking and writing about chemistry is at least
as mportant as the work of doing it. Writing provides a way to examine, to
evaluate, and to refine the ideas and insights that come from thinking
about chemistry and, ultimately, to share them.

Aware that “we only get one chance to make a first impression” and
that often this impression is made through our writing, we remind read-
ers that making a good first impression means paying attention to detai.
For chemists, many, many details of style and format are important. We
have tried not to swamp readers with the minutize of chemisiry conven-
tions, but rather to deal with only the more comunonly encountered
sttuations. We strongly recommend that readers who are on wrack to be
professional chemists obtain a copy of The ACS Style Guide.

ORGANIZATION

In addition fo convineing our readers that writing plays an extremely
important role in doing chemistry, we expect that students will find this
textbook worth consulting repeatedly for reference and guidance
throughout their academic careers. To meet the needs of chemistry stu-
dents when they are initially introduced to the discipline, we provide
guidance on lab notebooks, lab reports, and disciplinary conventions
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about format and citations. We also anticipate the needs of student
writers as they advance in their study by providing material on specific
tasks such as writing summaries, critiques, and research proposals, as well
as communicating through oral and poster presentations. Finally we pro-
vide advice about writing applications and personal statements most
likely to be useful to students as they transition from undergraduate life
to the workplace or graduate study.

The book is divided into two parts: Part I covers general issues that
apply to all types of writing (and reading) in chemistry; Part IT provides
guidelines for specific tasks. In Chapter 1, we emphasize the henefits of
learning to write well in chemistry, describe the sorts of writing that pro-
fessional chemists do, and review some key principles that characterize all
sound scientific writing. Chapter 2 emphasizes the struggle for under-
standing that must precede any concern with how something is articu-
lated. In it, we discuss how to read the formal scientific literature, how to
take useful notes, and how to take them in ways that prevent uninten-
tional plagiarism. Chapter 3 explains how to cite references and prepare a
References section. Chapter 4 focuses on the process of revision—for
content, clarity, and completeness. Chapter 5 focuses on editing for con-
cision and issues of correctness, including observing the conventions of
American Chemical Society (ACS) style. Chapters 4 and 5 also address
certain usage issues that loom large when writing about chemistry such as
passive and active voice, modifier placement, and concision. We have also
included a brief tutorial on using punctuation in Appendix A, which we
think will aid anyone unable to use punctuation with confidence.

The rest of the book covers most of the specific writing tasks encoun-
tered in chemistry coursework and in professional life: keeping laboratory
notebooks (Chapter 6), writing laboratory and ether research reports
(Chapter 7), writing summaries and critiques (Chapter 8), writing essays
and review papers (Chapter 9), writing research reports (Chapter 10),
writing research proposals (Chapter 11), answering timed essay questions
(Chapter 12), preparing oral and poster presentations (Chapter 13), and
writing letters of application for jobs and graduate school (Chapter 14).
We recognize that there are significant differences between the conven-
tions of the different branches of chemistry and that, for example, advice
about writing a lab report for an organic chemistry class may not be com-
pletely applicable to a report for a physical chemistry lab. However, we
have not provided detailed commentary on such differences; rather, we
have tried to keep the material at a more generic level, with the sugges-
tion {made many Himes) that students should, when there are likely to be
such differences, consult their instractors for further details.
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Checldists at the ends of the chapters allow students to evaluate their
own work and that of their peers. Some of these checklists include page
numbers to help students locate the text on which each-item is based.
Instructors can easily turm these checklists into grading rubrics, which
should be shared with students well before the assignments are due. In
addition, we have provided a more general “Rubric for Science Writing”
in Appendix B, which lays out in descriptive termss the attributes of sci-
ence writing along a continuum from excellence to serious deficiency, and
we encourage instructors to modify it to suit particular assignments. We
find that students benefit immensely from knowing what exemplary com-
pletion of an assignment looks like, and we recommend sharing positive
examples as well.

We recognize that there are ethical issues related to scientific writing.
Plagiarism and other acts of academic dishonesty related to the produc-
tion of written material need to be addressed and have been at the appro-
priate places. Readers are invited to take the two quizzes on the more
common aspects. of academic dishonesty at the end of Chapter 9, for
which we provide answers and commentary at the end of the book.

We do not anticipate that students will read the chapters in the
sequence in which we have presented them or that all readers will find all
chapters equally compelling and useful. Thus, we repeat certain key ideas
as they become relevant to various aspects of writing about chemistry to
make individual chapters capable of standing alone and being useful even
if a student has not read or recently reread the other chapters. We sin-
cerely hope that not only will students find the text useful as they progress
through their undergraduate careers, but instructors will also regard it as
a valuable resource on which to rely as they educate the next generation
of chemists to be not only conscientious, disciplined, and innovative
scientists, but excellent communicators as well.
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WRITING: A THRESHOLD
 SKILL

In science credit goes to.the [scientist] who convinces the world, not
to the [scientist] to whom the idea first occurs.
. . SIR WILLIAM OSLER

WHAT DO CHEMISTS WRITE ABOUT AND WHY?

An ability to write well is one of the most valuable but difficult skills that
can be mastered in college, and the chemistry classroom is an excellent
place to practice this skill. Writing is not an elusive, magical skill granted
only to some. Ample evidence shows that everyone has the capacity to
write and that people learn to write by writing, that is, writing is a skill best
acquired through practice.

The ability to write clearly, correctly, and concisely is essential to suc-
cess in virtually every professional field, including chemistry. In this elec-
tronic age, more employees—including chemists-—have to write more
than ever before. Neither experience with chemical instrumentation and
techniques nor the possession of excellent laboratory skills will compen-
sate for an inability to communicate well. In fact, a recent report from the
National Commission on Writing, based on a survey of companies that
included major employers of trained chemists, such as DuPont, Procter
and Gamble, Bristol-Meyers Squibb, Eli-Lilly, Dow, and Pfizer, suggests
that employers are unhappy with the preparation of college graduates to
do the kind of writing necessary in the modern workplace. Such compa-
nies view an ability to write clearly and cogently as a “threshold skill”-—
that is, one that is necessary even to enter into the workplace.

WHAT DO CHEMISTS WRITE ABOUT AND WHY? 3

The sort of writing that professional chemists do (grant proposals,
research reports, literature reviews, oral and poster presentations for
meetings, letters of recommendation for hiring and promotion) is similar
in many respects to the sort of writing you are asked to do in typical college
chemistry courses (essays, literature reviews, term papers, and laboratory
and research reports). Just like your writing in college, every piece of
professional writing must be written clearly, developed logically, and
proofread carefully. All statements of opinion must be supported with facts
or examples, and all uses of other people’s work must be appropriately
referenced. .

Basically, most of what chemists write is an argument: an atterapt to
persuade or convince an audience of something. The success of a
research proposal, for example, depends on your ability to convince a
panel of other cherists that what you want to do is worth doing, that you
are capable of doing it, that you are capable of interpreting the results,
that the work cannot be done without the funds requested, and that the
amount of funding requested. is appropriate for the research planned.
Research money is not plentiful. Even well-written proposals have a diffi-
cult ime; poorly written proposals don't stand a chance.

Chemists also spend time preparing the results of their research for
publication or for presentation at meetings in order to communicate with
other chemists who are doing similar or celated research. Academic jour-
nals and professional conferences are the means by which scholars in all
fields comraunicate with one another to share their ideas and, in the case of
chemistry, their most recent findings, and to consider the implications.
Research articles are really just laboratory reports based on data collected
over a period much longer than the typical laboratory session; the goals of a
research article, as for a laboratory report, are to present data clearly and to
interpret the results thoroughly in the context of previons work and basic
chemical principles—to convince your audience, in other words, through
the clarity of your writing that your results are new, true, and important.

While in all these cases—lab reports, grant proposals, journal articles,
literature reviews—chemists are writing for an audience of other chemists,
scientists are also frequently called upon to write for readers who are not
part of theix own professional community, to explain technical information
{o the general public, and to address scientific issues for broad audiences.
Writing such explanations is a much more difficult task than it may at first
seem. The additional challenge is to explain what is often highly complex or
technical information o such a way that a reader who does not have your
sclentific expertise can grasp the seriousness of a situation or problem and
its broader implications well enough to form a thoughtful opinion about it.
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Clearly, being able to write effectively will help advance your career,
yet when students in a chemistry course get critical feedback on their
writing, they sometimes complain that “this is not an English course.”
However, clear, concise, logical writing is an important tool of the
chemist’s trade, and learning how to write well is at least as important as
learning how to use a spectrophotometer or a pH meter. And unlike the
specialized laboratory techniques that you might learn as a student, mas-
tering the art of effective writing will reward you regardless of the field in
which you eventually find yourself. If your chemistry instructor is willing
to help you by providing feedback on your writing and allowing you to
revise it before the grade is assigned, take full advantage of this wonder-
ful opportunity to develop your writing slills.

THE KEYS TO SUCCESS

All good writing involves two struggles: the struggle to gain
understanding and the struggle to communicate that understand-
ing to readers. Anyone who has done much writing is acutely aware that it
is difficult and that there is no easy way to leam to write well in chemistry or
in any other field. Reading a lot of good writing (see Chapter 2), and not just
in chemistry, will help, as will keeping in mind that someone is going to be
reading what you write. Whether your audience is your college instructor,
your classmates, fellow professional chemists, or your supervisor at work,
youneed to create a docurment that your readers will understand and accept.

When you write, there is an implied contract between you and your
reader. Your reader’s obligation is to be alert and make a good-faith effort
to pay attention to the argument you are making. Your obligation as a
writer is to create a clear, concise, torward-moving, and accurate text. The
less you make your readers work, the more they will appreciate
your writing. If your reader has to stop, back up, or reread (o make sense
of what you're saying, you are in danger of losing that reader. Vague phras-
ing, inaccurate word choice, poor organization, even a lack of attention to
the conventions of Standard Written English, such as punctuation and
spelling, may all breach the contract between you and your reader.

There are no shortcuis to good writing, but there are some basic
strategies that will help considerably. We offer here a list of practices that
will help you write clearly and effectively about chemistry. Each is dis-
cussed more fully in later chapters (note the relevant page numbers).
This list is worth reviewing at the start of each semester or whenever you
begin a new assignment. .

TEN STRATEGIES FOR PREPARING YOUR FIRST DRAFT 5

A useful general principle to keep in mind whenever you write is
that good writing is writing that achieves its own particular
objectives.

TEN STRATEGIES FOR PREPARING
YOUR FIRST DRAFT

Strategy 1. Work to understand your sources (pp- 18-32). Before
you begin to write—or even plan what you will write—you need to under-
stand the data you are writing about. Examine laboratory data until you
are confident that you see its significance; read books or resedrch articles
carefully, reread sentences you don’t understand, and look up unfamiliar
words. Confirm your understanding by making notes in your own words,
rather than cutting and pasting.or copying from sources; if you can’t put
what you have read into your own words, you probably don't completely

understand it. All good scientific writing begins here: with understanding
YOUr sources.

Strategy 2. Think about why you are writing before you begin
and as you write (pp. 144-156). As we said above and will remind
you frequently in this book, good writing is writing that achieves a
particular objective. For example, the words, the voice, and the tone
you would choose were you setting out to write a really passionate love
letter are not the same words, voice, and tone that you would choose in
writing the experimental section of a chemistry lab report because, as we
hope you recognize, the two have very different goals. Having a clear
sense of your objectives when you write allows you to make better
choices about what to include (opinions or facts? how much detail?) and

©. howtosay it (use I and active voice or impersonal passive voice?) The

why is key to what and how you write; therefore, it is important to have a
clear sense of what your objectives are when you set out to write, even if
you do not yet have a clear sense of how you will achieve thex.

Strategy 3. Write in anticipation of discovery (pp. 143-144).
Your ideas.about what you want to say and how best to say it may well
change as you write and revise, since the act of writing invariably clarifies
your thinking and often brings entirely new ideas into focus. Instructors
know that asking students to respond in writing to a well-constructed
assignment is a very effective way of developing students’ awareness of

* what they know and don’t know and of developing eritical thinking skills,
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as well as developing their writing skills. This is called “writing to learn,”
and it is intimately linked with “learning to write.”

Strategy 4. Write to illuminate, not to impress (pp. 58, 127,
146). Omnce you do begin to write, use the simplest words and the clear-
est phrasing available. Make sure your writing is consistent with the needs
of your readership. Even if your intended reader is your instructor, try
keeping your classmates in mind as you write: what words and concepts
will they understand? What needs to be explained? Avoid overusing
acronyms and abbreviations, and remember to define specialized termi-
nology. Your goal is to communicate: focus on making your argument or
getting your point across, not on frying to impress your readers with big
words or highly technical vocabulary or jargon.

Strategy 5. Use sources responsibly (pp. 156-158). Passing off
someone else’s ideas as your own, or presenting someone else’s words as
though they were your original creation, is plagiarism. Plagiarism is an
academic crime. The result will almost always be a failing grade on your
paper and perhaps a failing grade in the course. Plagiarism can get you
expelled from college and miay cost you a career later. Whenever you restate
another writer’s ideas or concepts, you must do so in your own: words, and
you must credit your source explicitly. Simply changing a few words here
and there or changing the order of words in a sentence or paragraph without
acknowledging your source is still plagiarisra. Incorporating source material
into your own writing is always acceptable, but such material must atways be
incorporated appropriately and acknowledged specifically.

‘Strategy 6. Use your own words; do not quote from sources
(pp. 27-32). Direct quotations rarely appear in the formal chemical lit-
erature. This practice distinguishes writing in the sciences from writing in
disciplines like English or history, where invoking the actual words of an
original text sexves a useful purpose. In writing about chemistry, your goal
is to describe what others have done and the ideas they have presented,
but in your own words.

Strategy 7. Show rather than tell. Support all statements of
fact or opinion with evidence (pp. 54, 234, 154). In any argument,
a statement of fact or opinion becomes couvincing to the critical reader
only when that statement is supported by evidence, research, or explana-
tion; provide it. Cite relevant authoritative sources according to the con-
ventions of chemistry. : .

TEN STRATEGIES FOR PREPARING YOUR FIRST DRAFT 7

Strategy 8. Always distinguish fact from possibility (pp. 55-56).
In the course of examining your data or reading your notes, you may
form an opinion. This is splendid, and it represents the way science
advances: by offering opinions based on data, to which other scientists
may respond by adding supporting—or contradictory—evidence. But
you raust be careful not to state your opinion as though it were fact,
based on your data alone. For example, “The concentration of
trimethylselenonium ion was always less than those of the selenosugars”
is a statement of fact and must be supported with references. “Our data
suggest that when selenized yeast supplements have been taken, the

species of greatest concentration in the urine are mmwmwomcmmumu

expresses your opinion and should be supported by drawing the reader’s
attention to relevant results.

Strategy 9. Write to show that you can “think like a chemist”
(pp. 196-197). Much of the writing you are called on to produce for
your instructors in college is a request to show that you can interpret the
properties of materials, and their behavior under certain circumstances,
in terms of the behavior of the atoms and molecules of the materials and
of the nature of the electronic structure of atorms and molecules. Be sure
that you take full advantage of the opportunity to do so, especially in

“high-stakes” writing, such as answess to exam questions or reports of lab-

oratory work, whether it is a short-term activity (an instructional Iab class)
or long-term project (a senior thesis).

Strategy 10. Allow time for revision (PP. 51-69). Once your
first draft is done, you are only partway to the finish line. Accurate, con-
else, persuasive communication is not easily achieved. Although the act of
writing can itself help clarify your thinking, you need to aliow time to step

- away from the first draft and reread it with fresh eyes before making revi-

sions. A “revision” is, after all, a re-vision: another look at what you have

.. Wwritten. This second {or third or fourth) look allows you to see whether
" you have really said what you intended to say and whether you have

guided the reader from point to point as masterfully as you had hoped.

Remember you are constructing an argument: making an argument fully

convineing requires thoughtful revision. Start a writing assignment as
soon. as possible after receiving it, and always allow a few days between
the penultimate and final drafts. Tf you follow this advice, the quality of

.. what you submit will improve dramatically. You will also, almost certainly,
. .,..Hm.&ﬂ more from the assignment.
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TEN STRATEGIES FOR REVISING AND EDITING:
GETTING TO YOUR FINAL DRAFT

Strategy 1. Make sure you say what you mean to say EU.
60-63). Words are tricky. If they end up in the wrong place—especially
as misplaced modifiers—they can add considerable ambiguity to your sen-
tences. Consider the following sentence.

The bubble was clearly seen using a magnifying glass

In this case, the dangling modifier probably leads only to laughter, not to
real misunderstanding; clearly a gas bubble is not capable of using a mag-
nifying glass. The writer meant the bubble was clearly seen when a mag-
nifying glass was used. Sometimes, however, this kind of &oﬂ&.\ Hm:wmdmmm
introduces significant misunderstandings. Good science writing is pre-
cise. Be sure you say what you mean. It sometimes helps to read aloud

what you have written and to listen carefully to what you say as you read.

Strategy 2. Use transitional words and phrases to wmm_..u .a_.m
reader moving forward (p. 58). Part of your obligation as a writer is
to offer your reader the simplest possible path forward through what you

have written. You should try to take the reader by the nose in your first’

paragraph and lead him or her through to the end. line by mb.ow paragraph
by paragraph. Link your sentences carefully, using such transitional words
as “therefore” or “in contrast,” or by repeating key words so that a clear
argument is developed logically. Link your paragraphs using transitions to
continue the thought and to remind readers periodically of what they
have already read.

Strategy 3. Aveid using pronouns like ii, this, and they without
clear antecedents, that is, without clarifying what such pronouns
refer to (pp. 63-65). Hereisan example to show what we mean:

z Our results were based upon observations of short-term changes in
7 temperature. They showed that reaction rates did not depend on the
mEochﬁoﬁoﬁﬁmEmw%Qm..

The pronoun they could refer to results, observations, or changes ‘in
temperature. Granted, the reader can back up and figure out what they

- modifiers, or phrases that can be eliminated. Here are two sentences that
-provide ample illustration of what we mean by written throat clearing,

. ﬂ There is a considerable body of evidence in the literature 1o show
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Strategy 4. Don’'t make readers work harder than they have to;
do the work for the readers (Pp. 66-68). If there is interpreting to
be done, you, the writer, should be the one to do it. For example, never
direct your readers to a table of data without setting them up o see what
you consider significant.

mw\/ln‘ The difference in reaction rates is dlearly shown in Table 1

Such a stalement puts the burden of affort on the readers and leaves
them wondering, “So what?” Instead, provide the readers with guidance
that facilitates their ability to grasp more quickly what is being presented.

\  As cenbe seen from the resilis in Table 1, peptides were more
i ) rapidly hydrclyzed in the presence of the proteage enzyme than in
, acid selution, even when the temperature was raised,

Readers now know clearly what you have in mind and can examine
Table 1 to see whether they agree with your interpretation.

- 'Be concise. Give all the information necessary, but avoid using more
words than you need. The next three rules are particular strategies we
recommend for achieving concision in your writing when you revise.

Strategy 5. Eliminate throat clearing (pp. 73-76). When we

.. write, we often employ mindless little phrases to buy ourselves a little time

to think of what to say next. We call this written throat clearing as it is
Em.sﬂ#mﬁ” equivalent of the “ahem, ahem” sound that serves the same

B purpose in speech. Written throat clearing is a natural part of the process

of thinking and writing, of how people wrestle meaning into words, but

that the quality of inshanental Measurements of trace metallic
slaments in the environmens has mproved significantly over the

* . mostrecent two decadss. In view of the fact that the concentrations
of trace elements in open and coastal ocean water have been
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decreasing, according to the results presented in published papers,
it may be deduced that some of the gariier measurements were
made wnder circumstances in which the many and varied
interference effects that can be encountered with this type of sample
material were not accounted for fully, (95 words)

Here is the same passage edited for throat clearing.

The reporied concentrations of metals in seawater have decreased

# wver the past 20 years because improvements in instumment quality
mean that measurements no longer suffer from the interferences thai
produced the earlier inaccurate high results. {35 words)

By revising for throat clearing, we achieve a reduction of 64%.

Strategy 6. Avoid a too heavy reliance on weak verbs, such as fo
be and to use (pp. 77-78). The verb to be often serves a useful purpose
early in the writing process helping the writer make connections or artic-
ulate relationships; consequently, it often gets overused at the draft stage.
Utilitarian and serviceable, the verb o be is also colorless and bland: By
working while you edit to avoid a too heavy reliance on it, you can pare
down and breathe some life into the flat, unnecessarily wordy prose it
produces.

The verb fo use is a similar sort of work-horse verb that produces life-
less and flat prose when repeatedly employed in place of more specific
verbs, as often occurs in the experimental section of research reports. For
exarmple:

£ Amodel ZX-100 chronospectrometer was used for all

i endochronic measurements. For the time dilation experiments a
modified 3-electropode cell was used. To remove dissolved gases
from the solutions, high purity helium was used, and an infrared
radiztion lamp was used to heat the solutions. A saturated calomel
reference electrode with a triple junction was used as this prevenied
contamination of the solutions with mercury ions. To record the data,
a home-biuilt analog-to-digital converter was used {o commect the.
spectrometer to a personal computer. (83 words) _ .

We replace all of the was used constructions with more specific action .

verbs, and get this revision.

Endochromicity was measured with a model 730-100
&L chronospectrometer, equipped with a rodified 3-electropode cell
for the fime dilation experiments. Solutions were degassed with high
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- purity helium and heated with an infrared lamp. Marcury
contamination from the satirated calomel reference electrode was
avoided with a triple junction. Data were recorded by a personal
computer interfaced via an analog-to-digital converter built n-
house. (60 words)

~ The revision contains 27% fewer words and much less monotony
than the original.

Strategy 7. Excise unnecessary prepositions (pp. 76-77).
These little connecting words (of, in. fo) tend to proliferate when we are
still thinking our way through a sentence, making connections, and piec-
ing together bits of information. Much like throat clearing and using
forms of to be to link together concepts, Pprepositions may serve a useful
purpose when we are struggling to understand, but they, too, can con-

‘tribute to unnecessary wordiness. When you are editing your final draft,

you should be vigilant to remove as many unnecessary prepositions as
possible. Consider, for example, the following passage in which we have

" highlighted the prepositions.

27 The immcbilization of bicmolecles is 4 key feature of the basis of the
f- development of biosensing devices. In order to wnderstand ihe nature

of the processes responsibie for the change i oscillation frecuency of
a plezoelectric quartz crystal when subjectsd to the increased mass
load of an adsorbed protein, many different forms of the spectroscopy
of surfaces have been used, Several ressarchers in this area have
found that ugefd information may be obtained from examination with
ellipsometry, a form of spectroscopy that depends on the changes in

¢+ polarization of light raflected off of a surface. (25 words)

. Removing the unnecessary prepositions and some instances of throat

ﬂmmﬁm produces the following considerably shorter, less plodding passage.

i Biomolecule immobilization is a key fealure of bicsensing
o S ~_ device developiment. Processes responsible for the changesin a

, Emmo&moﬂo quartz crystal oscillation frequency due to
proten adsorption have been studisd by surface spectroscopy.

-+ Ellipsometry, in which the polarization changes on reflection are

measurad, is partficularly useful. (45 words)

- Strategy 8. Use passive and active voice effectively (pp. 80-83).

In English it is possible to describe the same action using two different

voices: the active voice or the passive voice. The active voice is preferable
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in most situations for a number of reasons. Passive voice obscures who or
what is responsible for the central action in a sentence.

Passive: Errors were made in the lab, and as a result the findings
were deemed nvalid,

Active voice makes it very clear who or what is the agent of the cen-
tral action, who is deing what, and is usually more direct, concise, and
economical than passive voice,

Active: e made errors in the lab that invalidated the findings:

Passive voice does have its uses, especially in scientific writing, but it
is often a great enemy of concise writing, which is also highly valued in
scientific writing. So which should you use when writing about chemistry?
i Use the voice that best suits your purpose in a particular situation,
;- We discuss passive and active voice in gréater detail in Chapter 5.

Strategy 9. Ensure that your writing is gender neutral {pp. 70-73).
Waork to eliminate sexist language habits from your writing by avoiding
“ using masculine nouns such as man to refer to both males and females or
modifiers derived from masculine nouns such as manmade. Instead, sub-
W. stitute neutral alternatives such as nouns like people or chemists or mod-
tfiexs like synthetic or artificial, Also avoid using the masculine pronouns
| {he, his, and him) to refer to both males and females. This can be
B accomplished by eliminating pronouns, occasionally using masculine
and feminine pronouns in tandem (he or she), or recasting the sen-
tence in the plural. We do not recommend the use of singular they, that
is, the substitution of the plural pronoun they for the singular pronouns
he and she as a means of achieving gender-neutral prose. Although this
usage is a common feature of informal English and may eventually
become accepted as Standard Written English, we recommend—that
when writing formal prose, you adopt other strategies to avoid sexism
In your writing,

Strategy 10. Handle electronic files carefully and responsibly
: {p. 151).  Back up your file in a safe location, and leave yourself enough
time for printing out a hard copy to account for such possible accidents as
printer malfunetions or running out of ink, Never miss a deadline because
of a computer-related problem. Instructors do not believe that printer
cartridges run out at deadlines any more thau they believe that dogs eat
homework or flash drives. . ..

RULES AND CONVENTIONS: THE EASY STUFF 13

RULES AND CONVEN TIONS: THE EASY STUFF

. L. Follow rules from the American Chemical Society abonut
abbreviation (pp. 84-86). Abbreviate units of measurement that are
preceded by numbers, and always use the same symbol for all vahids regard-
Jess of quantity: 1 mm (millimeter), 50 min; 1 b (hour), 2 h; 1 g (gram), 454 g

(pp. 89-00). Many commonly used imstrunental techniques can be referred
* to by an abbreviation. For example, high-performance liquid chromatogra-
- phy can be abbreviated to HPLC. Such abbreviations are in capital letters

you cannot run the sample on the HPL.C. In other words, do not use the
- abbreviation for the technigue to stand for the instrument, even though,
. ininformal conversation, we often do just that.
The mozoﬁbm abbreviations are well-known and do not need to be
L defined: DNA (deoxyribonucleic acid), GC (gas oraoamwomwm@riu IR
~“(infrared), M (molar), NMR {nuclear magnetic resonance), RNA
(ribonucleie acid), and UV {ultraviolet) (pp. 84-86).

... 2. Observe the conventions of the American Chemical Scciety
. ~about capitalization (Pp. 86-87). Do not capitalize the names of
‘chemical elements, the names of chemiegl compounds, the periodic table,
the names of spécies, the common names of equipment or techniques, or

Hnm._ formulae: CO is carbon monoxide; Co is cobalt (p. 92). Capitalize
radjectives formed from Proper names {such as Boolean), genus names
used as formal names (Bacillus subtillis), trade names (Teflon), and sur-

ar El.wugw%mw fask;). Capitalize the words
Jigure, table, chart, and scheme only when they refer to specified num-
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3. Pay attention to the discipline-specific conventions of
chemistry regarding hyphens and suifixes {pp. 87-89). Most pre-
fixes are not hyphenated. Use a hyphen to join two or three words that
together function as a wgmwm modifier (fon-exchange resin), a modifiex
that contains well, stll] ever, ill, or little (well-deserved award), spelled
out fractions (one-tenth), spelled out numbers from 21 to 99 {forty-
three), a word that is formed from a word and an initial capital lettex
(H-bomb), and double surnames (Elizabeth Davis-Calhoun). Use a
hyphen to attach prefixes such as anti, rion, and pre only under these spe-
cial circumstances: when the second word in the combination begins with
a capital letter (anti-Markovnikov) or a number (pre-2000), when the sec-
ond word in the combination begins with the same letter that occurs at
the end of the prefix {pre-equilibrivin), or when the second word in the
combination is a chemical term (non-phenyl}. )

Do not use a hyphen in modifiers that are chemical names (amino
acid concentration), to attach multiplying prefixes (triatomic), to join an
Iy adverl and an adjective (accurately measured), or to attach prefixes
such as anti, non, and pre to common adjectives (nonspecific).

4. Pay attention to form and format (pp. 16, 126). Everything
you write should demonstrate that you took the time to read any style and
formatting guidelines given to you by your instructor, supervisor, or
potential publisher; that you took the assignment seriously and are proud
of the result; and that you welcome constructive criticism of your work.
Carefully follow guidelines about margins, spacing, length, and typeface,
where to put your name and a date, and other formatting issues. Number
Ppages so that a reader can tell immediately if a page is missing or out of
order and so that readers can casily reference a particular part of the text
(“In the middle of page 7, you imply...”).

THE ESSENTIAL LAST PASS: PROOFREADING

After you have read your final draft carefully and revised it for clarity,
concision, and appropriate use of transitional word and phrases as well as
capitals, abbreviations, and formatting, you still have one important task
left. Although it is a crucial part of the writing process, few of us Yike o
proofread. By the time we have arrived at this poiut in the project, we
have put in a considerable amount of work and are certain we have done
the job correctly. Who wants to read the paper yet another time?
Moreover, finding an error means having to make a correction. But put

v
5

DO NOT DEPEND ON YOUR COMPUTER TO DO YOUR WORK FOR YOou 15

yourself in the position of your reader. Your reader typically starts off on
your side, wanting to give you a good grade or find your paper suitable for
publication. A sloppy paper—for example, one with too many typing
errors—can lose you a considerable amount of good will as a student and,
later, as a practicing scientist. Sloppy writing may suggest to the reader
that you are equally sloppy in your work and in your thinking, or that you
take little pride in your own efforts. Furthermore, failure to proofread
your paper and to make the required corrections implies ¢that you don’t
value the reader’s time, which is neither a flattering nor partcularly wise
message (o send. Never forget that you get only one chance to make a
first impression. Shoddily prepared material can easily lower a grade,
damage a writer’s credibility, reduce the likelihood that a manuscript will
be accepted for publication or that a grant proposal will be funded, or
cost an applicant a job or admission to professional or graduate school.
Why put yourself in such jeopardy for a mere half hour saved? Turmn in a
piece of work that you are proud te have produced.

DO NOT DEPEND ON YOUR COMPUTER
TC DO YOUR WORK FOR YOU

Although a computer makes revision and editing much easier than if a
draft is handwritten, a computer can do litte to help you in that all-
important first struggle —the struggle for understanding. Nor can it read
and synthesize the material from your sources or organize your paper
conceptually; it cannot, in short, think. And keep in mind that it cannot
even proofread for you—at least not very effectively.

Computerized spell and grammar checkers can catch some typo-
graphical and spelling and syntax errors, but chemistry is a field with con-
siderable specialized terminology, much of which is of no use to non-
chemists. Many chemical terms are not included in the dictionaries that
accompany computerized spelling programs. If you are fortunate enough
to be working on your own personal computer, you can easily add words
to the computer’s dictonary, but the terminology in your papers will be
changing with every new assignment. Many of the words you add for

- today’s assignment will probably not be used in next week's assignment.

Moreover, spell-check programs cannot distinguish between homo-
phones like to and too, there and their, or it’s and its, and the program will
miss typographical errors that are real words. Your computer will not
know that you have typed an when you raeant to type and. A grammar
checker might spot this error—but it might aot. By all means use spell-
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and grammar-check programs if they are readily available, but don't
depend on them as infallible. Use your own sharp eyes and keen intel-
lect—moving word by word and sentence by sentence—to complete the

necessary process of proofreading your work.

Pay attention to formatting issues. Check, for example, that sec-
tions are numbered correctly and that Greek letters or other sigms or sym-
bols you may have included have not been transformed by changes you
may have made to font or style. Be especially careful with the global “find
feature in the edit toolbox. If you are not absolutely sure
how your proposed edit will work, try it on the first few examples you
encounter before letting it loose on the entire document. Some changes

2

and replace”

cannot be reversed easily.

Chemistry writing can contain many superscripts and subscripts:
check that these are correctly formatted. Sometimes materal that has
been created by another program does not Pprint as you expect it to, even
though it looks fine on the screen, Pay close attention to any pictures or
diagrams that you have inserted from elsewhere, since these may not
“translate” well into another software program. Look especially for tables
or charts that break inconveniently between pages or for headings that sit
by themselves at the bottom of pages. Insert additional page breaks or

move elements around to avoid this kind of problem.

Finally, use one part of your word-processing program that really is
efficient: the word count feature. Make sure that your paper is within the

targeted length of your assignment or publication guidelines.

CHECKLIST FOR WRITING ABOUT CHEMISTRY

U Work to understand your sources (p. 3),

U Think about why you are writing before you begin to write and as

you write (pp. 5-6).

Write in anticipation of discovery (p. 3).
Write to illuminate, not to impress (p. 5).
Use sources responsibly (p. 6).

£ 0000

with evidence (p. 6).
Always distinguish fact from possibility (p. 7).

o

CoOOoO0OoOoQo

Use your own words; do not quote from sources (p. B).
Show rather than tell. Support all statements of fact or opinion

U000

(]

0

L
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Write to show that you can “think like a chernist™ (p. 7.
Allow time for revision (p. 7.
Make sure you say what you mean to say (p. 8).

Use transitional words and phrases to keep the reader moving
forward (p. 8).

" Avoid using pronouns like 4, they, this, and their without clear

antecedents, that is, without clarifying what such pronouns refer
to (pp. 8-9).

Do not make readers work harder than they have to; do the work
for the reader (p. 9).

Ee concise: Eliminate throat clearing (pp. 9-10).

Avoid a too heavy reliance on weak verbs {pp- 10-11).
Excise unnecessary prepositions (p. 11).

Use passive and active voice effectively (pp. 11-12).
Ensure that your writing is gender neutral (p. 12).
Handle electronic fles carefully and responsibly (p. 12).

Follow rules from the American Chemical Society about abbre-
viation (p. 13).

Observe the conventions of the American Chemical Society
about capitalization (p. 13).

Pay attention to the discipline-specific conventions of chemistry
regarding hyphens and suffizes (p. 14).

Pay attention to form and format (p. 14).
FProofread, proofread, proofread (pp. 14-15).

Do not rely too heavily on your spelling- and grammar-checking
software (pp. 15-16).

Pay attention to formatting issues (p. 16).

Use the word count tool. (p. 18).




GENERAL ADVICE ON
READING AND TAKING
NOTES

That is one of the worst feelings 1 can think of, to have had a
wonderful moment or insight or vision or phrase, to know you had
it, and then lose it. So now I use note cards.

ANNE LAMOTT

WHY READ AND WHAT TO READ

By now you will have realized that a college education consists Ewm,&\ of
guided self-teaching, a pedagogy in which reading features prominently.
That is, much of what you learn in college, particularly with regard to ?m
content of your various courses, you learn by interacting with “written
material whether it be on the screen of your computer, in the pages of a
book, or in an original research article in a scientific journal. Chemists
refer to articles in scientific journals as the primary literature. .

The primary Lterature is based on original observations and experi-
ments; it includes nformation about how those observations or experiments
were made or conducted. Review articles, which summarize the primary
literature, that appear in scientific journals are known as the secondary
literature. Chermists call textbooks and encyclopedia entries the tertiary
literature.

Reading secondary and tertiary sources is an excellent way to get up to

speed in a new area, but you will generally be learning more about what is
known than about how we have come to know it or what remains to be
found. For many assignments in upper-level undergraduate chemistry .

18

EFFECTIVE READING 1@

courses, and certainly in a graduate program, you will be asked to go
beyond the factual foundation of the field to interpret, evaluate, synthesize,
ask new questions, and maybe even design experiments to address those
questions,

To see the basis for—and often the limits of—our current knowl-
edge, you will need to explore the primary literature. Reading that litera-
ture is very different from reading the secondary or tertiary literature. Jt
is & skill that requires some practice and guidance.

EFFECTIVE READING

Too many students think of reading as the reechanical act of moving the
eyes left to right, line by line, to the end of the page, and repeating the
process page after page to the end of the chapter or assignment. We call
this “brain-off” reading. When the last page has been “read,” the task is
over and it's on to something else. In the same way, some students typi-
cally “listen” to a lecture by furiously copying whatever the instructor
writes or says, without really thinking about the information while it is
being presented.

Whether you are reading a textbook, a review article, or a paper from
the primary research literature, you must interact intellectually with the
material if you hope to understand it in a useful way and to have some-
thing worthwhile to write about later. As you read, you must become a
“brain-on” reader, wrestling thoughtfully with every sentence, every
graph, every figure, and every table. If you do not fully understand any
part of what you are reading, you must work through the problem untl it
is resolved rather than skipping over the difficult material and moving
along to something more accessible. This is especially true when reading
the primary research literature; it must be read slowly, thoughtfully, and
 patiently, and a single paper must usually be reread several times before it
" can be thoroughly understood. Don’t become discouraged after only one
or two readings. As with. playing tenmis or sight reading music, reading the
primary literature gets easier with practice.

- This kind of reading is inevitably a time-consuming process, but you
can do a number of things to smooth the way. Always begin by carefully
reading the appropriate sections of your textbook and any relevant class
notes to get a solid overview of your general subject. You should also lock
for review articles or other books on the subject, and at this point, you
might find it helpful to talk to a reference librarian about finding such
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suitable secondary and tertiary sources. In addition to books specifically
witten for students, there are books specifically written for professional
chemists. These books fall into two categories: monographs, which are
in-depth treatments of one particular topic, and handbooks, which are
in-depth treatments of a particular field. Your library will probably have a
number of these books available.

Almost all articles published in chemistry journals appear in a
standard format containing the following sections: Title, Abstract,
Introduction, Experimental, Results, Discussion, Acknowledgmeants,
and References. Often, the Results and Discussion are combined into
one section, and some journal articles also have a Conelusion section. A
mere recent trend is to decrease the number of experimental results
that appear in the print version of the article and make these available
as supplemental material that can be downloaded from a Web site.
First, read the Title and Abstract to get an overview of the paper. Next,
read the last paragraph of the Introduction. If the paper is written well,
this is where the researchers will describe what is new about the mate.
rial in the article and will state the specific issues or questions that
were addressed. Then read the titles of the tables and the captions for
the figures, so that you can see exactly what sorts of data are being pre-
sented. At this point you may find that the article is not really relevant
to your lopic after all or that it is of little help in developing your
theme. If so, this preliminary reading will have saved you from wasted
note taking. On the other hand, if the paper is of interest, YOu can now
start af the beginning and read the material in the sequence that the
researchers present it.

As you read, pay special attention to the following:

# ‘What was the goal of the work reported?

° Did the researchers achieve this goal?

¢ What evidence is presented to convince you that the goal was
achieved?

® Do you believe the evidence?

® Are numerical results accompanied by appropriate statistical
evaluations of errors?

* Are any results presented that are not discussed?

° What questions remain unanswered?

I you are planning to write a research proposal, you should ask one

additional question:

* What are the next steps to be taken?

EFFECTIVE NOTE-TAKING AND NOTE-ORGANIZING 21

EFFECTIVE NOTE-TAKING AND NOTE-~
ORGANIZING

We all know that if you want to learn something from an oral presentation
or seminar, taking notes is a good idea. Taking notes keeps you active: you
have to engage with the material to decide whether to write or not. Note-
taking is a basic skill that college instructors assume you have mastered
and one you will need in many professional settings. The purpose of tak-
fIng notes is to create a fuller written document containing all of the
important material at a later time. The sooner you revisit those notes, the
more you will be able to recall. Too many students do not revisit their
notes 1ntl it is (almost) too late—ofien just before a test or exam. One of
your goals in attending college is to acquire skills that will transfer over
inte life after college, when you are responsible for your own learning. Tt
is a good idea fo get into the habit of rewriting your lecture notes within
24 hours rather than 24 days.

Taking notes about what you are reading is much like taking notes

-+ during a lecture: you are keeping active, you are identifying the material
- that is unfamiliar, you are collecting material that is potentially useful, and

you are creating a record of your thoughts and activity. If you are in the
early stages of gathering material from multiple sources to create an essay
orterm paper, you will want to record accurately the details of what infor-
maticn came from what source. You will probably need to provide cita-
tions to your sources (for more details see Chapter 3), and since you may

. well want to find a particular source again, keep careful records of what

you read.
1t is worth giving a little thought to how you are going to organize
your notes. Almost certainly you will not want to record material in a

* bound notebook because it can be difficult to rearrange the order of the
-+ material or to insert new material other than at the end. You may want to
.- use a loose-leaf, three-ring binder, or perhaps you should invest in some
“file index cards, and a suitable box with dividers. Tt is, of course, perfectly .
~ possible to create notes as electronic text on your computer, although
~there are certain logistical issues to be considered such as portability, bat-
- tety life, and, if your reading is to be done in the library, work-surface
" availability. Viewing and organizing notes about even modest numbers of

topics can be difficult on the virtual desktop.
-+ Ifyou are reading the original literature in the form of text you have

“printed for your own use from a pdf version of the article, then do not
* hesitate to write all over it. In this way, you can readily identify those parts
_-of the article you do not understand or find convincing, and you can write
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appropriate comments and questions in the margins. You should still
make separate notes about each article that you read and add those to
your collection for the project.

READING DATA: PLUMRBING THE DEPTHS
OF FIGURES AND TABLES

In addition to text, most research articles will contain tables and figures in
which the researchers present the results of experiments. The claims the
authors make will be based on the data or information presented in the
tables and figures, and so you should pay particular attention to those
results. If the tables and figures were carefully executed, there will be
enough information in the figure caption and in the axis labels for you to
understand the essential details of the experiment. As you scrutinize the
figures and tables, ask yourself what experiment was done, why it was
done, how it was done, and what the key results seem to be. Try to form
your own opinions about what the data mean before you read the text of
the Results section.

An example of a table from a journal article is shown in Figure 1.
The title of the article is “Arsenic Speciation in Rice and Soil
Containing Related Compounds of Chemical Warfare Agents”; the
authors are Koji Baba, Tomohito Arao, Yuji Maejima, Eild Watanabe,
Heesoo Eun, and Masumi Ishizaka; and the journal, year, volume, and
page numbers are Anal. Chem, 2008, 80, 5768-5775. We see that the
title of the table does not tell us what the numbers are, and we have to
read the heading above the numbers to find that these are concentra.
tions expressed in mg WmL {or ppm) of arsenic. We also note that there
are three materials (graiv, straw, and soil) even though there are only
two “straddle” headings (as the horizontal lines with text above are
called). Each number is accompanied by a £ term, but this is not
defined (we would look to see if there was a fooinote to explain this) and
so we make a mental note that maybe this information is in the text. We
note that each number is based on the resulis for three samples (this is
how we interpret “n = 3”). We see that for each extraction solvent the
concentration of each species is given, and that several of the arsenio-
contaming compounds are referred to by 3-, 4-, and 5-letter abbrevia-
tions, as is one of the solvents. We will have to look in the text to find the
identity of these. We note that the solvents used for extracting arsenic
compounds from soil are not the same as those for extracting arsenic
compounds from the rice, grain, and- straw. ,
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We note that the concentrations of the phosphoric acid, sodium
hydroxide, and nitric acid are not given, and therefore we will have to find

umn headed “digest.” We see that the units are the same (and note that
there is a word-processing error in one of these where a *)” and “_1~
appear in the wrong order).

The way the overall original figure has been caleulated is explained in
the footnote for which we have to interpret the use of “IT” to mean con-
centration. There is enough information to checl the researchers” caleu-
lations. So for the extraction of arsenic compounds from rice grain by

the value of 0.475 given in the table. We note that there are similar issues
with the other columns of mumbers, but as 475 divided by 752 is 0.639,
the 63.2% given as the overall recovery is correct. We note that not a]]
compounds are listed for each of the three materials, and so we assume
that compounds not listed were not detected in any of the extracts. We
see that in terms of accounting for all the arsenic, nitric acid is the best

and 5o we are gratified to find on the next Page of the article some figures
that do just that. One of these figures is shown in Figure 2.
Because the caption of the figure does not explain how these num-

straw was about 13 mg kg™ according to the figure bhut only 5 mg kg™ .

according to the table, We can, however, clearly see that there is not

An important part of the way in which science advances is that other -

scientists scrutinize the results presented and ask whether the datg really

support the conclusions drawn. Tt is unlikely that your instructor will .

assign you an article to read that contains seriously flawed interpretations

Tie ’ READING TEXT: SUMMARIZE AS YOU GO 25

.

WH grain @ straw B soil

MPAA  PAA MDPAO Dpis total

Figure 9. Uptake of arsenicals by rice coltivated with a contaminated soil. Arsenic
noentrations in rice grain, straw, and soil were expressed by the white, gray, and black
ars, respectively (n = 3).

he data, but if you have selected the article yourself, then you should
aware that publication in a primary journal is no guarantee that the sci.
nce 15 lawless, and no guarantee that the presentation is error free (as
saw above from examining the figures and tables in a published arti-
The scientists who reviewed the material before publication may
d some questions that were not tully answered in the resubumis-

buit in the judgment of the journals editor, the positive features of

and sometimes it even leads to interesting new
arch questions. We discuss the process by which chemists publish
search results to the rest of the cominunity in Chapter 10.

EADING TEXT: SUMMARIZE AS YOU GO

stihe temptation to copy your source’s words verbatim. Instead, try
timarize sections of the material as you read. In this way, you will
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be processing information as you read it, and you will be one major step
closer to having something interesting to write about later. To summa-
rize effectively, you must first determine what is important. Consider
the following paragraph from a 2004 review article, published in the
journal Clinical Chemistry, by Kevin Francesconi and Florence
Pannier.

In addition to the scientific interest in selenium, there is also consider
able public awareness because of its purported efficacy as a treatment
against certain types of cancer. Encouraging results, reported in 1996
from a study carried out in the United States [5]*, provided the impetus
for an ongoing 12-year study involving 32,000 individuals to test the effi-
cacy of selenium intake against prostate cancer [6]. Furthermore,
although there are no demonstrated health benefits from having sele-
nium intake above physiologic requirements, there is a general percep-
tion that increased selenium ingestion is beneficial, which has led to a
flourishing market in selenium supplements. These supplements are
thought to be more effective when the selentum is ingested in an
“organic” form, and many suppliers provide the selenium as selenized
yeast, which contains largely selenomethionine bound in proteins in
addition to many other unknown selenium species [7]. Consumers
of sach products intent on improved health should be aware, however,
of the toxicity of selenium and the possible toxic consequences of
overindulgence.

What are the key points in this paragraph? What information would the
authors be unhappy to see left out?

* Selenium compounds may prevent some cancers.
s People should be aware that selenium compounds are toxic, so
overdosing with supplements may be dangerous.

Here is a possible one-sentence summary that incorporates both points:

Paople who take selenium supplements should be aware that,
although there is evidence that selenium prevents some types of
cancer, overdosing is dangerous because selenium compounds
are toxic.

A number that appears in the text like this (sometimes as a superscript) refers to the
source from which the writers are talding their information. This is known as “citing” a
source. At the end of the article, there will be a collection of sources cited under the head-
ing “References.” In Chapter 3, we discuss references and how to cite them,
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.. The original paragraph illustrates one or two conventions of chem-

~istry writing, which have been incorporated into the summary sentence.

The first is that writers use the name of the element as shorthand
for “a variety of compounds of the element.” When we are told that

.+ selenium may prevent prostate cancer, the writers do not mean that par-

ticipants in the trial will be eating ground-up elemental selenium. They
mean that participants will be given a compound of selenium, an exanmple
of which—selenomethionine—is given later in the original paragraph.

“The other convention is that it is understood that all chemicals are
“toxic, but that not all chemicals are equally toxic, and that in addi-
~tion to dose and the time over which the interaction occurs, toxicity
depends on how the chemical and organism interact. It is not necessary to
- write that selenium compounds are toxic at high doses because, by defin-
tion, anything is toxic at a “high” dose. What we are really being told is
that, compared with the amouxts of chemicals commonly eaten such as
various compounds of, for example, calcium, carbon, hydrogen, nitrogen,
-oxygen, sodium, sulfur, and phosphorus, the amount of a selenium com-
pound that it is safe to eat is much lower.

¢ The important features of the summary sentence are that it is
(1) accurate, (2) complete, (3) self-sufficient (it makes sense even if the
reader has never read the original text), and {4) in your own words.
“Although taking these kinds of notes may be a real challenge at first, if
you get into the habit of writing such summaries as you read, you will
find that the eventual payoff is tremendous. Moreover, summarizing in
your own words is an excellent way to avoid plagiarism, an act of acade-
mic dishonesty that is not tolerated in academic and professional
communities. Submitting anyone else’s work under your own name is
plagiarism, even if you alter some words or reorder some sentences.
Presenting someone else’s ideas as your own is also plagiarism. We dis-
cuss plaglarism in more detail in Chapter 7, which deals with writing
“essays and reviews.

Take Notes in Your Own Words

“ovw_ own words. Do not be awed and overwhelmed by other people’s
words; rather, build confidence in your own thoughts and phrasings.
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Taking notes involves critical evaluation; as you read you must
decide either that particular facts or ideas are relevant to your topic or
that they are not. If an idea is relevant, you should jot down a
summary in your own words, as discussed earlier. Try not to write
complete sentences as you take notes as this will help you avoid unin-
tentional plagiarism later and will encourage you to see through to the
essence of a statement. For the same reasons, do not write while look.
ing at the source.

Sometimes the author’s words seem so perfect that you cannot see
how they might be revised to best advantage for your paper. In this case,
you may wish to copy a phrase or sentence or two verbatim in your notes,
but be sure to enclose the material in quotation marks as you write, and
clearly indicate the source from which the quotation derives. If you
modify the original wording slightly as you take notes, you should indi-
cate this as well, perhaps by using modified quotation marks: %. ., 4. If
you feel that there is any danger that you will not be able to distinguish
between your words and those of the original text, we suggest preceding
your notes with the word Me and a colon. If you take notes this way, you
will avoid the unintentional plagiarism that might occur if you later for-
get who is responsible for the wording of your notes or for the origin of
an idea.

If you find yourself copying verbatim or paraphrasing vour source, be
sure it is nof simply because you do not understand what you are reading.
Be honest with yourself. It is always best to summarize in your own
words as you read; at the very least, you should think your way to some
good questions about what you are reading and write those questions
down. Sooner or later serious intellectual engagement is required; there
are no shortcuts available here.

Here is an example of some notes taken using the sugpested system
of notation based on the introduction to a review paper by Dan Melamed
{(Anal. Chim. Acta, 532, 2005, 1-13). The notes wera being taken for the
introduction to a research proposal concerning the determination of
arsenic in drinking water. Note that the student has aveided using
complete sentences, focusing instead on the basic points and pinning
down a few words and phrases that might be useful later. Notice also that
the student has taken notes selectively and has clearly distin-
guished his or her own thoughts from those of Melamed by pre-
ceding such thoughts with Me and a colon. The original text is shown in
Figure 3, and the student’s notes are shown in & igure 4.

Having been selective and taken care to label Lis or her own
thoughts while recording these notes, this sadent will not have to worry
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Arsenic is a relatively common, toxic element that is also a known carcino-
gen [1]. Arsenic is found in a wide variety of chemical forms throughout the
‘environment and can be readily transformed by microbes, changes in geo-
chemical conditions, and other environmental processes [2]. While arsenic
accurs naturally, it also may be found as a result of 2 variety of industrial
| applications [3], including leather and wood treatments [4], and pesticides [5].
: Anthropogenic arsenic contamination results from a variety of activities: man-
..nmmowmnﬂm metals and alloys, refining petroleum, and burning fossil fuels and
"wastes. These activiies have created a strong legacy of arsenic pollution
“throughout the world. The combination of high tosicity and widespread occur-
“rence has created a pressing need for effective monitoring and measurement
of arsenic in soils and groundwater. Toxic concentrations of arsenic have been
- detected in water supply wells in the United States [6] and abroad [71, creating
| ‘ahealth risk for a large fraction of the worlds population [8]. Arsenic is second
“only to lead as the main inorganic contaminant in the original National Priority
" List (NPL) of Superfund sites [©]. It also is one of the toxic materials regulated
under the Resource Conservation and Recovery Act (RCRA). Therefore, the
-need exists for arsenic monitoring at Superfund sites, RCRA landflls, facilities
...me&mbm arsenic-containing wastes, and sites where arsenic is found at toxic
“eoncentrations in groundwater. The current maximum contaminant level
{MCL) for all forms of arsenic in groundwater is 50 ug/1 (50 ppb), set by EPA
‘in 1975 based on a Public Health Service standard originally established in
1942. On 22 January 2001, EPA adopted a new standard for arsenic in drinking
- water'at 10 ppb, to be enforced by January 2006 [10]. Arsenic-contaminated
“waste is restricted wnder RCRA as a hazardous waste and must be treated to
‘meet limits determined by a prescribed aqueous extraction protocol, the toxi-
|/ city characteristic leaching procedure (TCLP), usually performed in a labora-
| “tory. However, recent studies have shown that the TCLP may not accurately
“Measure the ability for arsenic to migrate from a Jandfll [11]. Arsenic-contami-
-nated soil is often treated as a hazardous waste with the same Hmitations on
teatment or disposal, and often, additional regulations [12,13]. Specific Emits
requirements vary but soil arsenic requires measurements down to mg/kg (ppm)
“concentrations. The new groundwater limits may affect disposal procedures for
waste-containing arsenic, increasing the pressure to directly monitor RCRA
waste sites, as well as arsenic containing soils for their potential to leach arsenic
:{- into groundwater. Unlike organic pollutants, arsenic cannot be transformed into
‘a non-toxic material; it can only be transformed into a form that is less toxic to
-organisms in the environment, Because arsenic is a permanent part of the envi-
| fonment, there is a long-term need for Tegular monitoring at sites where arsenic-

-containing waste is collected and at sites where it occurs naturally at elevated
oncentrations. A range of analytical field assays for pollutants such as arsenic
rovide valuable tools to support improved site characterization [14].

“Figure 3. ‘Taken from Melamed, 1. Anal. Chim, Acta, 2005, 532, 1_13, The
umbers and arrows indicate the text that nforms the notes shown in Figure 4.
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Arsenic widely distributed in environmertt especially soils and weters, at concen-
trestions kely +o be harmful

1. Sodrees of arsenic both netural and homan, incliciineg some deliberate aoplica-
tions in the environment such as pesticides and woad preservation,
Incavertent release from metal prodn, lecather Treat: fossil fuel barn, petrol
refine cnd wastes. Me: does this mean londfills? Possible giote: “strong legacy
of arseric polation throughout the world” What about chicken menure?
Known fo contain residues of arsenic-confaining feed additives, bat megbe
not o mgjor source of contaminetion?

2. Concs in some Qz:z:m waters too high in both US ond rest of world
Me: where has arsenic come from and whet chemical forms?

3. U8 has regulations cbout politants: Retional Priority list (Pb first then As),
Superfund sites, Resource Conservartion and Recovery Act Me: Superfund?
better check ref 9.

K. USEPA firnit for drinking warter now (Jon 2008} 10 peb.

- Woste treatment not relevant except that it As lecches from woste sites it mey
confaminate ground water Me: surely lancKils are made so that they don't
leak? Codld be inportart topic, but off-fask,

8. Arsenic compounds cannot be made non-toxic. Me: what cbout arsenchberine
and arsenccholine? Need to check If +hese turn up in ervircnment $o need o
measure af As-containing waste sifes and places where background cones
are high. Check ref 14 for more info about on-site mecsurements.

Figure 4. Handwritten notes based on the passage shown in Figure 3. Numbers
in the margin correspond to the indicated portions of Figure 3.

about accidental plagiarism when writing a proposal based on these
notes. Moreover, all of the active thinking the student has done while

reading has generated the foundation for a good introduction to a

research proposal.

Split-Page Note-Taking: A Can’t-Fail Svstem

Perfectly organized notes that cover everything are beautiful, but
they live on paper; not in your mind. .
PETER ELROW

If you have trouble taking notes in your own words and thinking -

while you read, try the split-page note-taking system. With this system,
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o divide a page into left and right halves. On the left side, you write
actual information as you read—preferably in your own words, but it is
Iso okay to quote directly. On the right side, write your respouse to the
ntry you just made on the left side. Try to respond to o<m.awmp5m that
you write on the left as you read. Your response could be a simple ques-
tion (“Is arsenic common?”), a more thoughtful question (“What other
environmental processes could be involved?”), a reminiscence (“That
eminds me of what Professor Shea said in last week’s seminar
.w.mmﬁ:.svu or & comparison {“Interesting: the issue of chicken manure
contaminated with residues of arsenic-containing drugs is not men-
: ...Uamm and so may not be as important as these other sources™). Write
Wwhatever you happen to think of when you look at what you wrote on
the left side. Figure 5 is an example based on the material from the
Melamed article.

”..mzm; Thoughts on Note-Taking: Document
‘Your Sources

"As you take notes, be sure to make a complete record of each source
sed: author{s), title of article, title of journal, year of publication, volume
“pumber, and page numbers. It is not always easy to relocate a source once
it has been retumed to the library stacks; in fact, the source you forgot to
Tecord completely is always the one that vanishes as soon as you wmmmm.@
that you need it again. Furthermore, before you finish with a source, it is
m.oom practice to read the material one last time to be sure that your notes
accurately reflect the content.
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F Facts Responses

. ) . « . . HECKLIST FOR READING AND TAKING N OTES
Arsenic is a relatively common, toxic, Arsenic” means arsenic
Mﬂwmmmwhw :%Bﬁmwﬂwﬂmw”ﬂwm compounds. ] o -Become a brain-on reader: work to understand your sources
ronment. Can be readily transformed Erample of biogeochermistry in fully, sentence by sentence, figure by figure, table by table.

- & . ‘ . - .
by microbes, changes in geochemical action - Take notes thoughtfully. In particular, practice summarizing
conditions, and other environmental " information as you go along. Your sumrmary must be accurate,
processes. complete, self-sufficient, and written in your own words.

Occurs naturally, but also from indus- | Some contamination from As into When taking notes, be careful to &mmﬂm&mrkoﬁ.éo&m. and
trial applications: leather and wood environment deliberately; some thoughts from those of the author(s) to avoid unintentional
treatment and pesticides, manufactur- | contamination is accidental. plagiarism.
ing metals and wmo% 5 meaum petro- gmﬁ about H.mumacwm from Be sure to record the complete citation information for every-
WMMW and burning fossil fuels and chicken drugs? thing on which you take notes.

S.
These activities have created a strong Good guote to use.
legacy of arsenic pollution throughout
the world.

The combination of high toxicity and Could be another useful quote or
widespread occurrence has created a maybe just paraphrase?

pressing need for effective monitoring
and measurement of arsenic in soils
and groundwater.

Toxic concentrations of arsenic found Hmm—just how large a fraction?
in wells in the United States and else-
where. Large fraction of the world's

population at risk.

As second only to Pb as inorganic con- | What are Superfund sites? How
taminant on the original Natonal do inorganic contaminants
Friority List (NPL) of Superfund sites cornpare with organics on the
[9]. Also regulated under the list? Do Gov't regulations just
Resource Conservation and Recovery address total elemental As, oris
Act {RCRA). speciation involved? Prob. not.

Approach would be to measuze
total arsenic and then assume all
present as most toxic compound.
But this ignores bioavailability.
Not a problem for drinking water
(assume all bioavailable) but what
about soil?

Emcﬁmm.gmxmﬁ%_wom m@mﬁ.Mmmwboﬁmﬂ%umwmmw&ob part of the material
shown in Figure 3. .
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riting for an audience of your peers—other students at the same stage
of their careers as you are—even though what you are writing will be read
and: graded) by one of your professors. For example, you would not need
cite any sources to support the statement that elemental mercury is a
¢uid at room temperature and atmospheric pressure, nor to support the
tatement that the vapor pressure of the monatomic vapor is such that
excury can be detected by atomic absorption spectroscopy at room tem-
erature. These are phenomena that are so reproducible that they are
onsidered to be facts. However, if you were to state that mercury may be
termined in fish tissue at concentrations below 1 ng kg ' using cold
apor atomic absorption spectrometry Agmv you would need to support
that statement, even if you were writing for an audience that is knowl-
gedble about the capabilities of AAS. Why? Because the capabilities of
AAS are such that the detection claimed seems beyond the scope of cuz-
ent:measurement technology.

Cleaxly, for the student writer, there are issues here. Until you
ecome very familiar with the topie about which you are writing, you will
ave-some difficulty judging what needs to be supported and what does
ot:-In general, if you think that you might need the support of some
li-known authority of the scholarly chemistry community to convince
ut-classmates that your statements are valid, provide references tc
ppropriate sources.

What does the chemistry community regard as an authoritative
trce? As we explain in Chapter 10, research findings are dissemi-
d to other members of the relevant community by a process of
er review; through this process, other knowledgeable scientists scru-
izesthe quality of the material before it is added to the record in the
«0fa journal article. Peer review is not a foolproof procedure.
re-arg plenty of examples of pathological science (the researchers
redeluding themselves), of inaccurate science (the measurement
Is'were not up to the job), and, unfortunately, of deliberate fraud
at'have fooled the reviewers and appeared in print. On the other
and; there are also examples of major breakthroughs that have been
gjected by the review process when first presented for consideration.
hough the system is slightly flawed, it is what the community
with, and articles in peer-reviewed journals are considered to be
ate-accounts of extensive experiments by reputable researchers.
“material has not been subjected to the peer-review process, it
be regarded as suspect.

CITING SOURCES AND
LISTING REFERENCES

CITING SOURCES

As described briefly in Chapter 1, all statexoents of fact and opinion
reguire support in order to be convincing to the thoughtful, crit-
cal reader, The firmer the statement, the more important it is to your
argument, the greater the need for support. As the writer, you should
expect your readers to ask, “How do you know?” or “Who says?” In
research reports (including lab reports), review papers (“term papers”),
theses, and dissertations, factual statements are usually supported by ref-
erence to the source (or sources) of the facts presented. In a separate sec-
tion at the end of your manuscript, you must list all the books, research
articles, Web sites, and any other sources referred to so that they can wm
located by interested (or skeptical) readers.

While you should try to cite only sources that are reliable (i.e., have
been subject to the peer review process) and verifiable (i.e., can be inde-
pendently consulted by your readers), you may sometimes need to cite.
sources that are more difficult to check in order to avoid being dishonest
(see page 40). There are also instances when, as a student, you may need-
to cite the manual for your laboratory class or even something that was
said by an inshructor in a lecture. We will explain how to deal with such’
sources of information Jater.

When backing up assertions, some judgment is ealled for, becauss
there are many facts that the chemistry community will accept without
question. The challenge is to determine which {acts are considered “com.
mon knowledge.” As a general rule, when making statements that need &
be supported by reference to authoritative sources, consider that you are -

34
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Although it is quite acceptable to use Internet sources, such as
Wikipedia, as a first stage in finding information, you cannot use such
sources to substantiate your claims, because such material has not been
subjected to peer review. Here is a quotation from the Wikipedia
“About” page:

mm.u. such as your experimental design or the care with which you
nalyze and present your data.

ost appropriate place, as in the following example:
Because Wikipedia is an on-going work to which in principle any-

body can contribute, it differs from a paper-based reference source
In some very important ways. In particolar, older articles tend ta be
more comprehensive and balanced, while newer articles may still
contain significant misinformation, unencyelopedic content, or van-
dalism. Users need to be aware of this in order to obtain valid infor-
mation and avoid misinformation that has been recently added and
not yet removed.

" “Arsencbetaine, which occurs n seafood, is not toxic, !

owm““&ﬂ the number comes after the punctuation. This rule also applies
when the number is more appropriately inserted before the end of the

As areault of the widespread application of lead-containing
- pesticides to fruit irees,? the soils of old orchards may be severely

contaminated.
just to clarify what we said earlier about writing for an andience of

your peers: you must cite a source if you think that your classmates
might not accept your statement, but the source that you cite must be
acceptable to your instructor. Most chemistry professors will not accept’
Wikipedia as an authoritative source. On the other hand, most will-
accept the Encyclopadia Britannica (On-line). Ask your instructor for
guidance.

appropriate numbers separated by commas with no spaces. If you
€ your text and change the order of the citations, you will need to
mber. This can be taken care of automatically with suitable software,
hias EndNote. The superscript number convention is not the only one
carrent use: some journals use a parenthetical siyle such as (1) or /1 Jor
1 this case, the convention is that the number comes before the punc-
ation, Note that chemistry publications rarely use the “author-date” con-
i vention often found in biology publications. Tn this convention, the cita-
on is given in the form of the sumame of the first-named author together
t.the year of publication, ¢.g, (Bunsen, 1855). None of the 35 journals
ublished by the American Chemical Society use this convention.

ou can, however, create more interesting text if you incorporate the
es of the researchers into your writing. For example,

SOME GUIDELINES FOR CITING
SOURCES IN CHEMISTRY

Here are a few general rules to follow when citing sources to back up
your statements or to acknowledge prior experimental work or the ori.
gin of an idea. These rules apply to review papers, essays, and research
reports (theses, dissertations, manuseripts submitted for publication,
and perhaps reports of laboratery exercises, depending on the format
that is required by your instructor). We will deal first with how to cite a
source in your text and they explain how to assemble the source
{chemists refer to them as “references”) at the end of your piece. At.
first you may think that all this attention to “superseripts after the punc
tuation™ and how to refer to more than one author and other rules is -
just so much busywork; however, all these details are really important
Chemists, like other scientists, are fanatical about Paying attention {o
detail, and if you show in your writing that you are not paying attention
you may give the impression that you don’t pay attention to other

“The Copper concentration in the sediment was determined by Jones
‘using atomic absorprion spectremetry 3

entence can be considerably improved by adopting the active voice
hapter 5), thereby replacing the feeble word using with some real
ction {the determination of copper):

ores determined the Copper concentration in fhe sediment by
atormic absorption spectrometry 3
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>

3. Observe the established practices in chemistry when referring Steehler and coworkers devised . . .,” sometimes you will see sentences or
to anthors én o...mmam articles sﬂﬁmw in mﬁ passive voice 5 S.Eow the wEBmB waﬁmm

¢ The usual convention is to give only the surname and not the
researcher’ first name, initials, or title.
e When two researchers’ names appear on a publication, the
standard practice is to give both names separated by and. For
example,

A number of strategies for characterizing the surfaces of acrylate
volymers have been devised. 17458

You should bear in mind that much of what is published in the origi-
emical literature is not necessarily written very well, and one of the
of this book is to improve the quality of what is written by the next
ation, of chemists. Real people do research, and if you have ambi-
o be a researcher yourself, you need to know who the key players
$0, if you use the names of the researchers, it is much less likely
you will overlook mistakes in your references. If your text indicates
the number refers to an article by Driscoll et al., you are unlikely to

akenly assign a paper written by Agrawal and Wood to this rumber in
eference list.

Agrawal and Wood devised a cost-effective procedure for
decreasing NOX ernissions. *

¢ When more than two names are asscciated with the
publication, the convention is that the first-named author is
given together with the abbreviation et al., which is short for et alii
meaning, in Latin, and the others.

Driscoll ef al. have examined many aspects of acid rain in the
Northeastern United States.®

{ake the relevance of the cited reference clear to the reader.
uite permissible to put the reference number at a location other
e end of the sentence. Indeed, this is desirable if you are going to
ntion more than one set of researchers in the same sentence. For
iple, if you were to write,

As al. is an abbreviation created by removing some letters from
the end of the word, the convention is that it terminates in 8
period.

* When you want to cite multiple sources that have the same
principal author but a variety of coauthors (probably transient
members of the research group, such as students, academic
visitors, and postdoctoral researchers), the convention is
identify the prineipal researcher by name and add an
coworkers. For example,

DUlive and coworkers investigated the mechanism by which arsine

is formed from the reaction betwesn arsenite and tetrahydroborate
in acid solution by adopting the deuterated reagent approach of

: Perganiis et al 121516

teaders must turn to your list of references to be reassured that you
t-citing three papers by Pergantis et al. and have neglected to cite
e 1)"Ulivo work. T you place the numbers as in the following sentence,
ou do not interrupt the flow of communication:

Steehler and coworkers have charactenized the surfaces of acrylate
polymers by X-ray photoelectron speciroscopy. 1458 :

The person directing the research enterprise usually can be identified b
a footnote showing which of the researchers is the “correspondin
author”"—meaning the person to whom comments and questio
{correspondence) about the article’s contents should be addressed. Not
the hyphen-like character between the I and the 4. This is the conventi
for dealing with three or more consecutive reference numbers. Also there’
should be no spaces after the comrnas.

We think it is a good idea to use the researchers’ names in your writin
even though you will see many pages in published chemistry journals an
books in which the writing is in the disembodied passive voice. Rather thaa
identifying the researcher by name and using the active voice as ahow

Diivo and coworkers'®18 investigated the mechanism by which
arsine is formed from the reaction between arsenite and
erahydroborate in acid solution by adopting the deuterated
eagent approach of Pergantis et al.1é

e mﬁ different tenses iz the sentence: D’Ulivo’s group
&m&m& but arsine is formed. The convention is that any chemical
smenon that can be considered reproducible (i.e., there is no argu-
that the phenomenon is a fact) is referred to in the present tense.
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What the researchers did in the behavioral sense is referred to in the past ﬁomn of Chuachuad and Tyson in such glowing terms, or maybe the
tense, since the work was completed in the past. This whole business of achuad and Tyson paper was about the determination of cadmium
what tense to adopt when writing about published work can be a hit ‘

tricky: (See also pp. 63, 115, 127, 136, 139, and 187). void citation overkill. How many references should you cite?

5. Is it necessary to have read everything that I am citing? For another good question; the answer depends on the purpose of

most students the answer is “yes.” In most cases, you are citing sources:

to support statements in your own writing and you need to be confiden: ignments will come with some guidelines from the instructor; if not,
that you are in fact getting the support you require from your source Cyour instructor. In writing an introduction to a research report, you
You may also be citing the source to demonstrate that you are know, ed-to exercise some judgment about the number of references you
edgeable about relevant work that has already been done, and you may’ Many such reports are going to be evaluated on the basis of your
be called upon to demonstrate such knowledge in a high-stakes situation, - ty to “read and make critical use of the literature” {to quote from
such as answering questions after an oral presentation on your lah. Mass Graduate School bulletin’s instructions for the preparation
report, senior thesis, original research proposal, or even doctoral disser aster’s theses and doctoral dissertations). This eriterion also applies
tation defense. wum.mam_..mmmﬁm-@ao@moﬁ reports, independent-study reports (maybe

ab reports), introductions to manuscripts being submitted for
lication, and proposals submitted to external-funding agencies, such
iy ...Zmﬁob& Science Foundation. At one end of the spectrum, citing
Fy, paper on a topic does not demonstrate a critical evaluation of the
erial; continuing advances in research eventually make it wnneces-

that you are relying on the reviewer’s interpretation. For example;.

Evans et al. reviewed sample introduction for atomic spectrometry® ng. For students writing about the literature as an exercise assigned
and conchided that the only significant advance in hydride . “instructor, or creating a “full” taboratory report, or writing a
generation procedures was the procedure for the determination of 1t on 4 semester-long independent study, our advice is ask for guid-
lead devised by Chuachuad and Tyson, 10 It the guidance is vague or if you think your readers may not be
edgeable about the extent of activity in the field, then it can he
to survey the field. Tt is very easy, with the aid of databases such
Web of Science and SciFinder Scholar, to analyze any subset of
es you have identified according to the year of publication or the
ntity of the principal author or the couniry where the work was done.

xample, you might start your term paper on the cancer chemopre-
tion properiies of selenium as follows:

when you are writing about your first research activities (junior-year inds
pendent study report, for example). The purpose of a review article, afte
all, is to draw the reader’s attention to the worthwhile information, and
you are interested you should read the original article. As you will dis
cover as you advance in your scientific career, the literature contains semé
errors; you should not propagate the. It is possible, for example, that
the process of sifting through the 2000-0dd publications that Fvans et

considered before writing their review, they made a mistake in describing

Over the past 25 vears there has been 2 steady increase in the
mumber of journal articles dealing with the impact of selenium
- compownds on cancer, such that the current rate is 3540
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eview proposals unless the references are in the NSF’s particular
Alljournals and granting agencies provide very specific guidelines
tion formatting, so read them carefully. You can also look at copies
nals; but beware: journals change the format every now and then,

publications per year. Nearly 60% of the fotal literature of about 500
publicaticns describes work conducted in the U.S. with stognificant
contributions from as many as 20 research groups. The single
largest contibation is from The Roswell Park Cancer Istitate, The
cancer chemoprevention literature contains the results of 8 trials
with hurgans and 100 trials with small animals. eferences at the end of review articles than at the end of regular
‘articles. A umiform model for formatting acceptable to all pub-

Now you could make a good case for concentrating ou a small subset of the would be in the best interest of scholarship and science, but no

publications, say those that dealt with the eight human trials.

Deciding how many references to cite can also be a matter of experi
ence. The more you read the professional literature, the more familiar
you will become with the normal practice.

Now for that caveat about citing the early work: chemists, like other
scientists, can be touchy about the issue of getting credit for something
new; consequently, if there is any possibility that your piece will be read by
one of the senior figures in the relevant field, it is a good idea to acknowl-
edge his or her early work. “

#Em journal articles, the minimum information you must
hide s as follows: the injtals and surnames of all the authors (in
er-they appear on the first page of the article), the name of the
al suitably abbreviated (more about this later), the year of
cation, the volume number of the journal, and the first page
ber of the article. In some cases, you will also need to provide the
fifle of the article and the last page mumnber of the article. This latter
girement is called “inclusive pagination.” You may also need to give
isstie of the journal, which often corresponds to the month in which
sue was published. Here is an example of a reference to a journal
e in the ACS format.

PREPARING THE REFERENCES SECTION

Listing the References—General Rules

Include only those references that you specificaily mention in
your report or paper, and include all of the references that you
cite. As discussed earlier {p. 40), do not cite references that you have not
read. Unless you are told otherwise by your instructor, list references in
the numerical order in which they appear in your text. ]
Many possible sources exist, including journal articles, books, electronic
media (including Web sites), magazines, patents, conference proceedings
theses, dissertations, technical reports, material safety data sheets, and per-
sonal communications. We will show you how to deal with journal article
books, and Web sites, as well as instructions in Iaboratory handouts, mangu-
als, and the information that instructors give you in the lab. Guidelines on
how to deal with other sources can be found in The ACS Style Guide. .
The number one rule is to be consistent-—use the same format
for all references. The nmmber two rule is to adopt the format of a
major publisher (such as the American Chemical Society or the Roval
Society of Chemistry). Note that the formats of these two publishers are:
very different. Note also that some agencies are very strict about the fo
mat for references. For example, the National Science Foundation (N 5F)

Hmw._ 3. C.; Tyson, J. F.; Seare, N. ].; Kibble, H. A. B. [ Anal At
pectrom. 1991, 6, 133-138.

ith semicolons, commas, and periods. Notice that the year of publica-
ton is in bold type and the volume is in italics. Notice that the journal title
Journal of Analytical Atomic Spectrometry) has been abbreviated
according to the Chemical Absiracts Service Source Index (CASSI)
Abbreviations and is in italics. The ACS Style Guide includes a list of more
1,000 commeonly cited journals.

ust a word or two about the convention for numbers: the basic
is to avoid confusion between year, volume, and page number. In
revious example, there is no ambiguity (inclusive pagination
gdns the page numbers are obvious), but consider for a moment a
dle that does not rely on inclusive pagination. Many journals publish
ral thousand pages each year, so if the numbers “1991, 6, 19967
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ook in which one author has coliected the materials of
different authors

Montaser, A.; Minnich, M. G. s McLean, J. A.; Liu, H.; Caruso, LA
Meleod, C. W. Sample Infroduction in ICP-MS, T Inductively Coupled
Plasma Mass Spectrometry; Montaser, A., Ed.: Wiley-VCH:

w York, 1998; pp 87-102.

appeared after the journal title, you wonld not be able to &mﬁ.umﬁm:
between the year of publication and the page number. The volume
number, if it can be identified {possible confusion with page number)

Here is the same reference in the Royal Society of Chemistry ﬁmmo.

format. ormat for Internet Sources

5. G. Offley, N.|. Seare, I F. Tysonand E. A, B. Libble, [ Anal At,

ame rules apply. Identify the author {indicate if this is 2 home page)
Spectrom., 1991, 8, 133-1238. e

& organization responsible and give the title of the article and the
.. 1 resource locator {URL), together with the month, day, and year
d, For example, once again according to the ACS convention:

before and, but there are commas after the last-named author and afte awmu Tyson's Arsenic Project at UMass. hitp:/courses umass. edu/
the journal title. Notice that the year of publication and Page numbers are hemh0l/(acoessed Aug 30, 2006).

 regular type and the volume 55 in bold ope. ecause Internet sources can be ephemeral, here today and gone

mOorrow, it is important that you tell your readers the date on which you
tained the information. Fust to keep you on your toes, the ACS format
€8 1ot put 2 period at the end of the abbreviation for the monih of the
ear; though as you will have noticed, a period does appear at the end of
bbreviations for journal titles.

U“mmmmm the temptation to do so, since the relevant material can be
sily copied and pasted, do not give references to journal articles by sim-
pasting in the URL that corresponds to the final stages of your
net search, as in the following example:

Format for Books

By now, you should have gotten the general idea: provide sufficient
information to describe the source completely and unamb;

are examples, using the ACS conventions, of references to these two.
types of books. ‘Katz, 5. A.; Salem, H. Chemistry and toxicclogy of U@Qﬁ.@ timbers
pressure-reated with chromated copper arsenate: a review.

: bnb..\\ﬁyﬁ%hog.a.ﬂ.Eﬁ.@oq\mﬂﬁmﬂﬂzm@.H@%%HE&HH&BBQH
Wmﬁmém&oﬁnmvmﬁnm%fmm&mﬁlﬁ%H Hmmmwowmmbﬂmﬁﬁﬁu

) .Mmmwoopwtﬁvﬂmafﬁoomﬁﬂ (accessed Aug 30, 2008).

A book written by ene author (or several authors)

Marcus, R X.; Broekaert, JAC Glow Discharge Plasmas in

Analytical Spectroscopy, Jokn Wiley and Sons Tid: Chichester, 2003:
pp 125-130.

Note the punctuation and that the ‘information given is as follows
authors (and here there are two), title (in italics), publisher, place of publica
tion (may be difficult to discern, pick a major city listed in the publisher
address), year of publication, and Page numbers {pp is an abbreviation f;
pages). It is a good idea to @y to give relevant page numbers
whole book may not be all that helpful to a reader who wants
one of your sources.

Katz, 8. A.; Salem, H. Chermistry and toxicology of building timbers
- pressure-treated with chromated copper arsenate: a review.
..nm.@“\\gw.Hﬁmwmﬂmwom.im%.ooaoﬁ.ﬁgmbmqmwoqHommumﬁ\t
ABSTRACT (accessed Aug 30, 2008),

ﬁmmm formoats ask your reader (needlessly) to retrace your search
s.and do not disclose the nature of the source (such as the title of the
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journal, for example). The format that is acceptable is the one that allows
the reader to find the article by knowing the details of the journal i
which the article was published.

ur.source is just a handout for one particular experiment, the page
bers.are not informative.

rmination of Gold Nanoparticles in Rat Brain Tissue, Cherm, 513

\  Katz, S. A; Salem, H. Chemistry and toxicology of building timbers oratory Instructions, UMass, Amherst, 2008,

- L pressure-reated with chromated copper arsenate: a review. J Appi
Toxicol. 2008, 25, 1-1.

‘mat for Information Received

Notice that giving the journal title conveys much more information thai m Your Instructor

does the format without the journal tile (e.g., Katz, 5. A.; Salem, H. J App
Toxicol. 2005, 25, 1-7.). Unfortunately, many journals do not adopt the-
“with title” format.

As noted above (see page 35) information posted on Web sites i
ephemeral and has usually not been peer reviewed. Avoid using Web
pages as sources of information unless you are fully confident of the acey
racy of the material presented. In general, this means relying only o
peerreviewed electronic journals or Web sites maintained by recognize
scientific authorities, such as those associated with WAJOr Museums,:
research institutions, or government organizations, such as the Nation
Academies of Science or National Institutes of Standards an
Technology. Some reputable journals are only published electronicalk
and therefore only accessible via the Web. Many other journals have both
a print version and an electronic version that, again, is accessible via th
Web. In addition, many journals publish material electronically on th
Web before the print version is available. These “prepublication” article
are legitimate sources and will be identified by a unique digital objec
identifier (DOI) code that should be cited together with the indicatio
that the material is “on-line early access.” An example of this is given in
the sample reference list on page 48. .

material comes under the general classification of a “personal commu-
"a category which includes electronic communication such as e-
ail or “instant messenger,” or material created by an instructor that might
osted on the course Web site (such as lecture notes transeripts}. Unlike
anual situation deseribed above, this is a serious professional
gory of citation. If sorneone comes by your poster presentation at an
national or regional conference and makes a substantive suggestion
u subsequently try out back at the lab and the work is published, you
acknowledge the input of the person you met at the conference as
onal communication. You need to get the full names of people you
at professional meetings (ask for their business cards).
his is how you cite such a source:

..muamwmmﬁ D. University of St. Petersbury, Russia, Personal
omgﬂﬂomaowv 2006.

SAMPLE REFERENCES SECTION

examples above should help you prepare your own reference sec-
; but since citation formats differ so much among journals, check to
cedf your instructor wants you to follow a particular format or the format
sed'by a particular journal.
The most important rule in preparing the references section is to
vide all the information required and to be consistent in the
mner in which you present it. If you are using bibliographic manage-
ent software, this can be specified with a few clicks of the mouse. When
paring a paper for publication, follow the format used by the specific
al to which you are submitting the paper, and follow it to the last
ail. The same advice applies to grant applications, theses, and disserta-
ns: locate and download the guidelines, read them, and follow them.
tember, you only get one chance to make a first impression. Don’t
W it by not paying attention to the formatting of your references.

Format for a Laboratory Manual or Handout

Refer to the laboratory manual or handout as though it were a book: if the
instructor’s name appears on the document, then start with this. For
example,

Sommerfeld, D., Datermination of Caleium n Orange Juice; Chem 318
Labcratory Manual, UMass, Amherst, 2006; pp 25-28. .

if the instructor is not identified, start with the “chapter” title.

Determination of Roxarsone in Chicker: Manure; Chem. 374 Laboratory
Manual, UMass, Amherst, 2006; op 46-50.
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common use in the Us.

chemistry community, the practice i gen-
it is still done in the UK. chemistry com-

cle that has been published on the Web i advance of
(3), a textboolk without an editor or editors (4), a textho
a chapter ip a textbook with an editor (6), and, finally, a Weh site (7). All

the references appear in the American Chemical Society (ACS) format.

References

1. Block, E; Glass, B, S Jacobsen, N E.; Johuson, §.
Kaminski, R , Skowronska, A.; Boakye, H. T.; Tyson .
entification and Synthesis of a Nove] Selenium-Sulfyr Amino Acid:

Id
Found in Selenized Yeast- Rapid Tndirect Detection NMR Method
for Ormwmoﬁmn.wmﬁm Low-

Chemists for Entry-Leve] Positions i Industry: A Survey. Chen

> 2006, 17, 445450, w:w..\\ormEmmcomShoam\
index him (accessed Dec 13, 2006). .

3. Emgmﬁmomv EC, Tyson, J. F, Uden, P C.; Yates, D. Determination of
Selenium by Floy Injection Hydride Generation Inductively Couple
Plasma Optical Emission m@moqoBmE\u J Anal 4z Spectrom. [Onlin
early access]. DOJ. 10.1039/b612658), Published Oplige. Dec 13

2006. http “\\g.wmo.on\m:vmmrEg o:Q&M\wb\,E.ﬁ.&m.m% PTyzpe=
AdvArticle (aceessed Deg 13, 2006).

. tware as part
&library services. Ask your reference librarian for information

6. Tyson, J. F. Yourd, E. Flame Atomic Absorptiog Spectroscop
Including Hydride Generation and Colg Vapoiir Techniques. In Atom;

Spectroscopy in Elemental Analysis, CGullen, M., Ed., Blackwe
szmmgm.” Oxford, 2004; Pp. 239-987. .

3" Cite references by inserting numbers in the text, in numerjcal
order, starting with number one.

shed practices in chemistry when referring to

Use only the surnames of researchers,

When there are two

researchers, use both Surames sepa-
rated by and.

When there are more than two researchers, use the first-
named author followed byet af.

]
1
i
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O Try to make the relevance of the cited reference clear to m.mm
reader.

4
REVISING

1 Cite only sources you have actually read.

O

When citing a review of a paper, cite the original article as well

U Exercise good judgment regarding how many sources you cit
when in doubt, seek guidance from your instructor.

he biggest problem with communication is the fllusion that i has
been accomplished.

CHECKLIST FOR PREPARING
THE REFERENCES SECTICN

(EORGE BERNARD SHAW

O Include only those references specifically mentioned in you
report or paper.
O Include a reference for every source cited in yOur paper.

Chermical Society. ’ ) wﬂ.ww(&%ﬁﬂ
L Use the same format consistently for every reference. ..

U Provide all the information required for each type of entry. f'this beok concerns the reading, note-taking, thinking, synthesizing,
tganizing that permit you to capture your thoughts in a first draft.
:chapter concerns the revising that must follow. As do most experi-
nced:writers, we, the authors of this book, revise our own writing four or
times before letting anyone else see it, and several more times after
.,ma thave reviewed it. Only those who have had little experience actually
g harbor delusions that it is possible to do a really excellent job with
g task without spending tine revising. Don't feel inadequate for
ducing flawless prose on your first or second draft: the key te
ood writing is revision—a lot of it.

Writing a first draft gives you the opportunity to get facts, ideas, and
hrases on paper, where they won't escape. Writing involves a process of
very. Sometimes you discover that you need to do more research or
re reading or more in-depth thinking in order to write something that
skes sense. If you wait until the night before the paper is due to begin
vite and make this discovery (shocking thonght, but some students do
nroerastinate), you won't have time to do a thorough job.

Once you have a working draft and have eaptured your thoughts, you
m concentrate on reorganizing, expanding, and H.m%g.mﬂbm them in the
carest, most logical way. All writing benefits from revision. Writing

.pmb .mmamm%bm what you w.mﬁw written J‘wwom:u\ clarify your H?Eadm.
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the universal difficully of getting any point across intact to a reader.
Revising your work improves communication and often leads you to a
firmer understanding of your subject. .

Itis difficult to revise your own work effectively unless you can examine
it with fresh eyes. You know what you wanted to say, but without some dis-
tance from the work, you cant really tell whether you have actually said it.
For this reason, plan to complete your first draft at least three days’
before (and even more when possible) the final produet is due, to
allow time for careful revision. Reading your paper aloud—and listenin
to yourself as you read—often reveals weaknesses that you would otherwise’
miss. }t also helps to have one or more fellow students read and comment on
your draft; it is always easier to jdentify writing problems— wordiness, amb
guity, faulty logic, factual errors, faulty organization, spelling and grammati
cal errors—in the work of others. Most colleges and universities have writin
centers staffed by tutors trained to help you recognize patterns in your ow
writing, such as problems with clarity or wordiness or a too heavy reliance o
passive voice. Choose whatever system works best for you, but alwa
revise your papers before submitting them,

No matter how sound, or even brilliant, your thoughts and argu
ments are, how you express them will determine whether they are undef
stood and appreciated. With pencil or pen at the ready, the time has com
to revise your fivst draft: for content, for clarity, for completeness, for con
ciseness, and for correctness. If you are writing with a computer, make 4
least your first set of revisions on printed copy rather than on the scree
To edit effectively you must see more than one screen of text at a time
Continue editing and revising—printout by printout—until your work
ready for the eyes of the instructor, admission committee, journal editor
or potential employer. This chapter, as well as Chapter 5, should help you
recognize when you have arrived at that point. ;

one:of those sentences that provokes the reader to ask, “So what?” It
ounts to little more than what we call written throat clearing, a Em. for

while the writer thinks of something more substantive and specific to
For 4 more detailed discussion of throat clearing, see Chapter 5, Pp-

begin anew with a

Arsenic compounds are widespread In nature and ara drawing
mereasing aftention due (o the contamination of ground water usad,
..moH." Crinking and irrigation 7 several parts of the world,

.mwmmﬁn can be harmitd to humans if ingested,
m.wﬂomﬂmw@ be revised to read,

Chronic arsenic SXPOsure may increase the risk of glan, hung, and

..Emaamw cancer or damage the imrmme and cardio vascular
Systems.

e authors of the revised Opening sentences know where their
s;are headed, and so does the reader. The original versions got the

ts started; the revision process focused the writers” attention on a
iation.

REVISING FOR CONTENT

Make Sure Every Sentence Savs
Something Worth Saying

- It also has cancer

p : cy has been linked to some
mw.mmmmmm n China. DNA damage by reactive oxygen species could
arise from antioxidant deficiency. Much research suggests that
m&wEnE plays an fmportant role in human health,

Consider the following sentence for a paper on the dangers posed world:
wide by arsenic contamination of groundwater.

Arsenic is a naturally occurring and petentially harmful elernent.

What does this sentence say? Does the writer really think the readers ne
to be told that arsenic occurs naturally in the environment or that it ;
harm humans? Even though it is true that not all elements occur naturall
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example, never tell a reader that something is inferesiing.
ufficient information to allow the reader to be the judge.
ider this rather uninformative sentence:

writers these days, thinking at the keyboard as the words appear on th
screen. The first sentence serves a useful purpose in writing the earl
draft: it buys the writer a few seconds to come up with the next, more sub
stantive observation and then the next. Then, like a horse out of the gate
the writer is off and moving, accumulating a series of considerably mor:
specific observations that, when it comes time to revise, make the first
sentence seem inane because it is so general and, in this case, misleading
That is the beauty of revision. From the vantage point of increased
insight, you can go back, eliminate the throat clearing and the rat-a-tat-ta
cadence that thinking on screen often produces, and you can rethink the
sequence in which you offer the observations to the reader, as illustratei
by the following revision:

&mﬁmﬁﬁ are a parficularly interesting class of molecules.

rfactants interesting? If so, don’t waste time simply telling the
Ask yourself why you find them inferesting, and then share that
ation with your readers; show how this is true, so that they are
.mmw with you, nodding, concluding as you have that there is
something interesting about surfactants. This example could, for
o be rewritten as follows:

As the concentration of a surfactant in aqueous solution increases,
the molecules spontanecusly assemble info clusters in which the less
: mmwmm parts of the melecule form the interior and the more polar
mmwm are on the outside.

Selenium plays an important role in human health. !5 For example,

&\/\m seleniurm, in the form of the aminoacid selenocysteine, is found in the
active site of the enzyme glutathione peroxidase that catalyses the’
reduction of reactive oxygen spacies, such as hydrogen peroxide
and lipid hydroperoxides. Sorme diseases arising from DNA damags
by reactive oxygen species have been associated with selenum
deficiency, particularly in parts of China. Selenium also has cancer
prevention properties that are related to the chemical form and
concentration.,

this information, readers can conclude for themselves that surfac-
eserve their attention.

sarsecond example, consider the use of the word relatively in the

ing sentence in which the writer tells rather than shows:

-Dendrimer moleculss are relatively large.

In the original draft, it is not until the end of the paragraph that the write
finally articulates the central point of the paragraph: that selenium plays
an important role in human health. Now able to re-viston his paragrap
the writer crafts a much more effective topic sentence, dispenses with
unnecessary verbiage (“Much research suggests™), and directs the
reader’s attention to the relevant research that supports his assertion by
referencing articles in superscript. As soon as the writer has figured ¢u
where the paragraph is going, reorganizing the rest of the sentencesis re
atively easy, and the result is a paragraph that does the work for
reader, instead of requiring the reader to make sense of a jumble of seer
ingly random observations.

i mpommwm.& reader wonders, “Relative to what?™ because the writer has

e -evidence in mind that has lead her to this conclusion but has not
ed it with the reader. Consider the different effect when the writer
what she means by “relatively large” by including the detail that
rmsher conclusion that will lead the reader to the very same conclusion:

: U.wa.&.bmw melecules can contain many hundreds of atoms.

‘Dendrimers are made up of several smaller molecules connected in
‘successive layers of branches.

f these sentences provides sufficient information to allow the read-
conclude for themselves that, on the scale of molecular sizes, den-
ers are toward the large end.

Show Rather Than Tell

A very useful principle to bear in mind when writing, not only about
chemistry but writing in general, is to show rather than simply tell

readers, we prefer to draw conclusions for ourselves as opposed to being
told what to think. Writing that provides sufficient evidence to allow rea
ers to draw their own evaluative conclusions is more effective than wr
ing that offers glib opinions or unsupported conclusions.

._mﬂmo:m in Drawing Conclusions
Not Overly So

en interpreting chemical data, it is always wise to be careful, particu-
with access to only a few experiments or small data sets. For instance,
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write, “These data suggest” rather than “These data demonstrate,” or

SING FOR CLARITY
“prove that.” Do not get carried away, as in the following example: A

.m,.m&mmmm for clarity, it is essential to keep in mind the writer’s oblig-
0-do the work for the reader. Your goal is a reader whose head i
g in a way that signals comprehension and engagement.

z The data suggest the possibility that copper (II) ions may catalyze
[/ the formation of the fibrils, :

Here the author hedges three times in one sentence, using the words
suggests, possibility, and may. Limit yourself to one hedge per sentenc .
as in the following rewrite: . e work for your readers, you need to anticipate their needs, but to
ouneed to know who your readers are, When you write papers or
ports in chemistry olasses, for whom are you writing? Writing with

ur:professor in mind as your audience can create problems. Your pro-
If you are too unsure of your opinion to write such a sentence, re-examin . tcourse, knows much more than you do about the subject you are
ng,.and you may be tempted to think that he or she knows what you

your opinion.
nd not explain everything as clearly as you might otherwise. Or

Writing Is Self-Sufficient ay.be
Ensure That Your Writing © sacrifice being clear and concise. We advise that you think of your

ras being someone whe is at the same level in his or her aca-
ic_career as you. Anticipating the needs of your reader can help
gu:with many of the judgment calls you make such as what you write
to.include and how much detail) as well as how you write (what
to use and how formal to be).

‘or example, if you were writing the experimental section of a lab
for organic chemistry on synthesizing bromobutane, and part of
rocedure is to add two boiling stones, if you think of your reader as
ne less knowledgeable, you might fee! 2 need to explain why this
S necessary.

what you are saying. To make your writing self-sufficient, you must
anticipate the needs of your audience. In particular, be sure to define
all scientific terms and abbreviations: it is not enough simply to use then
properly. Brief definitions will help keep the attention of readers who
may not know or may not remember the meaning of some terms. It will
also demonstrate to your instructor that you know the meaning of the
specialized terminology you are using. ’

For example, the author of this sentence assumes the reader’s fam
farity with laser ablation sample introduction in a way that may confuse
some readers: .

ﬂéo boiling stones were added to the Imixture in order to prevent
vgbﬁ@ namely the slight super heating followed by & large release
of vapor, which prroduces smooth beiling on the edge of the stones

B Laser ablation sample infroduction overcomes the problems
7 where gas bubbles are pucleated, The mixture was boiled for 30 min,

assoclated with the dissolution of samples to form aqueous solutions

envision your reader as a peet, you will probably conclude that your
w student already knows why the beiling stones are added, so s is
essary wordiness. So, you can write a much more clear, more con-

The addition of a simple definition of what is involved in laser mzmmm
makes the sentence much more reader friendly and effective.

The preblems associated with the dissolution of samples to form
% aquecus soluticns can be overcome by laser ablation, in which an

aerosol of the solid is generated by the interaction of a pulse of lazer

light with the sample surface. _

By incorporating a brief explanation, the writer ensures that the reads
moves steadily forward, head nodding, able to follow what was written
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v:the following sentence, in which the reader’s progress is

i 27 . . .
o Cverusing Acronyins because of ambiguity about what is being compared.

and Abbreviations

Overuse of acronyms and abbreviations can drive away potential
interested readers. Keep in mind though that acromym an
abbreviation are not synonyms. DNA and IR are examples of abbrevia
tions; FACSS, which stands for the Federation of Analytical Chemis
and Spectroscopy Societies, is an example of an acronym because the
initial letters form a pronounceable word. Some abbreviations, liks
DNA, are so widely known they never need to be defined. (See pp. 84-88
for more on abbreviations and acronyms.) When you ave in doubt, erron
the side of caution. You may be steeped in reading and thinking abou
particular research topic, but you risk confusing your reader if you dg
not clarify the meaning of acronyms and abbreviations that are no
widely used. .
Write to inform and enlighten, not to impress. Often the names
of techniques and chemicals are very long aad are repeated frequently
throughout a paper; in which case, it makes sense to use ACTOTIYINS A
abbreviations. What is a thoughtful writer to do? The American Chemica]
Society (ACS) advises that the first time you use a term, spell it out in fill
and place the abbreviation or acronym immediately after in parenthes
Once you have defined it, you can use the abbreviation or ACTONYIN
throughout the rest of the paper. :
First use:

I : e Golumn packed with silica particles accunmilated 67% more
: hosphomeolybdate than Teflen beads.

] assumption is that the ability of silica to accumulate two dif-
aterials is being compared, but when the reader encounters
ds Toflon beads, it becomes clear that the writer is comparing
ferent packing materials and that silica accumulated more of the
apet compound than did Teflon. The alert reader can back up and fig-
what the writer means, but if you are doing your job as a writer,
woid writing sentences that make it necessary for the reader
0.hard to grasp your meaning, The {ollowing revision makes
‘one straight forward sentence exactly what is being compared

he colums packed with silica particles accumulated 67% more
stosphomolybdate than did the cohunns containing Teflon beads.

Here is another example, in which the points of comparison are not
te clear and the reader is forced to pause and ask, “In good agreement
hat?”

‘concentrations were in good agreement.

. . . R A v . .. . ﬁ»
The yleld was sigmificantily increased when the surfactant cking.up a couple sentences and rereading and giving it a moment’s

i & celylrimethylammonium bromide (CTAR) was added.

greement with the mercury concentrations in the reference mate-
Thereafter:

sals.” The reader, however, should not need to puzzle over the intended
smeaning and should not have to backup and reread. With the simple goal
w&nm the reader moving forward in mind, we would write a
better sentence:

All subsequent reactions were carried out in 0.1 M CTAB
L solutions.

The mercury concentrations measured were in gocd agreement
with those of the reference materials.

Tip #3 Keep the Reader Moving Forward

R wmmwm. should never have to guess what the proper comparisons are; the

When you write a sentence that the reader finds confusing, you force the
reader to back up and reread that sentence and puzzle out the intended
meaning. As the author of the sentence, vou, of course, know the
intended meaning. Tt therefore requires some additional effort on your
part to anticipate any source of potential confusion lurking in your se
tence that might elicit head scratching on the part of the reader, ¥
example, writers often find it difficult to write clearly about comparison

essyour readers have to work, the more they will appreciate your writing.
our efforts to keep the reader moving forward, you should make
ve use of punctuation whenever possible. Punctuation marks such
omimas, semicolons, and dashes are, after all, simply graphic symbols
y writers 1o assist their readers in grasping the intended meaning
He.words in a sentence on a first reading. For example, read the
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.m"mwm in the lab was put out before any damage was done by the
fire department.

following sentences silently to yourself and notice what happens whil
you read:

elihood, the student reporting on this incident did not intend to
he local fire department whose prompt arrival and efficient han-
the fire were essential in averting what could have been a much
rious event. Written in this way, however, the modifying phrase

1. For pharmaceuticals development and approval can take o
seven years.

2. For some time after these results were regarded as definitive

3. Finally the two liquid phases tumed blue and green cryst

foleh hes to the closest verb done so that the
formed. Goai fire department attac sest °
1 rinin i i - the g of this sentence is that the fire was extinguished before .wrm loc
* MMWMMM@%@ rystals were fo § 2 white solid appearcd e i mmmwﬂnmmﬂ was able to do any damage. The author of this report

5. When a wet gas cools a mist may form.

- fire E the lab was put out by the local fire department before

More than likely you began reading the sentence with one expect :
€Ly you beg, 8 P ny darnage was done.

tion of the direction in which the sentence was headed, and then in ea
instance reached a point where you realized you had been misled by
absence of punctuation and were forced to g0 back and reread. Whe
writer anticipates the needs of the reader and uses punctuation effs
tvely, rereading is not necessary. A comma signals the reader to pa
ever so slightly in order to grasp the intended meaning in each of the s
tences above. When in doubt, read your sentence aloud, If you find yo
self pausing in order to convey the meaning you intend, a comma:

assist the reader in reading it that way as well. Placing a comma to deng
a pause is not a failsafe rule for comma use. but it can help in many sits
tions. For a more thorough discussion of comma rules as well some oth

forms of punctuation that you will find helpful in making your writ}
more clear and correct, see Appendix A. .

Honing the modifier here makes it clear that the worthy, depend-
cal firefighters arrived in time to put out the fire before the blaze
rdamage. . .

early, placement of modifiers matters because it &..mmoa meaning
clarity. Writing in chemistry often calls for the passive voice, wwm
T a writer abandons the active voice, the perils of modifiers
mwwmm and additional vigilance is required to avoid misusing
For example, consider the following sentence written in the pas-

.Ewnw research hag been published in recent years on single-walled
carbon nanotubes,

¢swalled carbon nanotubes seem an odd medium for publishing
breaking research. The modifying phrase on single-walled carbon
bes is misplaced and attaches to the verb published. Revision that
the modifying plirase so as to modify the noun research conveys a
nsible meaning:

Tip #4 Beware of Modifiers and Their Perils
Misplaced Meodifiers. In English, word order matters: tha

where words are placed relative to other words in a sentence affe;
meaning, especially words or phrases that modify other words in a$6
tence. Writing a sentence with either a misplaced modifier (one placed
such a way that it modifies the wrong word) or a dangling modifier (5
that is left dangling becanse no word appears in the sentence that it cay
sensibly modify) can lead to ambiguity. Modifiers can take the form ot
single word, a phrase, or even a clause, and in terms of meaning, il
attach to the nearest noun or verb possible. Consider, for example,
following sentence from a campus newspaper describing a potenti

disastrous incident in the chemistry building (we have bolded the er
modifier). :

ngling Meodifiers. While the revisions above ammﬁum.m
oving the misplaced modifiers to a different position, modi-
e sometimes left “dangling” because the word they should
oes not appear in the sentence. Dangling modifiers require
ctive intervention. Writing the experimental section of lab
sis 2 veritable mineficld when it comes to dangling modifiers
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because of the need to use passive voice and avoid the personal

nouns £ or we. For example, consider the following sentence written
the passive voice:

AT

; Before runming the reaction, the apparatis was flame dried from
¢ bottom to top. :

The phrase before running the reaction should attach to and modify
. . bserve the convention of the eternal present When you
onvention with regard to verb tense, in chemistry m..sm all aca-
¢ is to refer to what appears in print, &moﬁoﬁomh% or in
shether it is a textbook, a scholarly article, or a magazine arti-
present tense. For example, it may have EWQ.H Joe Qmﬂmo
dihis orad students a year to complete the research, but in the article
S/ publish, they “describe” in the present tense what QEM found érm.u.
hterfaced” in the past tense. When you, in turn, write m?.uﬁ w.ﬂm.ﬁ.
‘ w.oa should refer to what they claim or report in their
the present tense and what they did in the past tense.

word apparatus creating the ridiculous meaning that the apparatus x
the reaction. If active voice were an option, we could insert g hu
agent info the sentence and remedy the problem this way:

wmmowm:mbﬁmﬂmmomow_Haﬁﬁmaﬂmgﬁm mﬁvﬁmﬂmmﬂoﬂ
. L bottom to top.

However, if required to use the passive voice, we need to bring the m

ifying phrase in line with the rest of the sentence: .
void Ambiguity: The Dangers
is, and Other Pronouns

tse of the pronouns i, they, this, them, these, .w.«wom&u and
our writing should sound an alarm: probable ambiguity ahead. It
e writer's job to make sure that the antecedent (the word the pronoun
Tl ckta) is absolutely clear to the reader.

following example demonstrates the ambiguity that can be

Befere the reaction was rm, the apparatus was flame dried from .Wo
- L fo botiom,

the active voice, as in the sentence below, it is easy to slip and place th
phrase so that it attaches to the wrong verb and inadvertently misrep
sent what occurs in the article, For example

3

H..ow@ as the number of protons in the nucleus of an atom doss not
- ange, i preserves iis chemical individuality.

Al

In this article, Kemery, Steehler, and Bohn stadied electric field
mediated transport in nanomeler diameter chammels,

iy

; In this paper, Caruso et al. interface chromatography with Qmﬂwuw
specific detection.

Hach of these sentences makes it sound as if the studying and interfacs:
ing actually occurred in the article, which is of course mmpaossible. T]

modifying phrases I'n this article and In this paper are left danghi
because a more suitable verb, such as report or discuss, simply does1
appear in the sentence. Remember to make clear that the work Was.n
done in the article, but rather that that the article reports on the w

Aveithese receptors needed by the chemical signal compound or the tar-
Frissae? It is not clear.

v
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In the next example, these causes similar problems for the reader each sentence work on your behalf, leading the reader eas-

tofact, from thought to thought.

-d not be a grammarian to write clearly and correctly. With a
ge, especially if you read your work aloud, vou can quickly
ognize a sentence in difficulty and sense how to fix it without
wing the name of the grammatical rule that was violated.,

n mwomgms.ﬁnﬁwgommmmoooﬁﬁ&mﬁ.moﬁom éqm_ooHEsh_mba
/' comecting tubings. These combine o give the overall
chromatographic peak shape.

Presumably the “Broadening processes,” not the “comnecting Evmumm,.
combining, although the author has certainly not made this clear.
The ambiguity created by the use of these in this sentence coul
eliminated in several ways, We could begin the second sentence with T
broadening processes.. .., but this results in a somewhat irritati
singsong repetition. Another possibility is to use the relative pronoun
as follows:

.mi.mm for Parallelism

~the use of similar grammatical structures to express similar
meaning—is a time-honored principle of style. Parallel struc-
nly create an ear-pleasing cadence, rhythm, and balance, but
: writer to create emphasis to help the reader grasp the
Broadening processes that oconr in the injection valve, colump, £d meaning, When you are listing or pairing ideas or joining them
@ and connecting fitvings combine to give the overall chrematographi similar or parallel grammatical forms whenever possible to
: support content.
ample, consider this informative, but plodding, statement
e characteristics of aluminum.

peak shape.

In the following sentence, the ambiguity about what the pronoun
refers to creates two distinet solutions to the problem of safe handlin

volatile chemicals in the laboratory setting.

: gasyto reshape, silvery white in color, and after refinement from
MMMIV To ensure that students do not have access to volatile chemicals, E&m it costs less than fifteen cents per pound,

ock them in a storage fcility mﬁom is not only leaden, but wordy and cumbersome. By listing

e characteristics ascribed to aluminum in a paraliel way, we get
ore clear, more concise sentence.

Does them refer to the students or the volatile chemicals? While lockin
students in the closet would prevent them from having access to dang

i i i white, and inexpensive.
and incarcerating students is not likely to be popular with students, s abundant, malleable, siivery white N
ents, or the administration. Placing the chemicals under lock and
seerms a much more sensible solution, so we suggest a revision that mak;
clear that intended meaning: .

on is not the main goal, and we really want to retain some of the
the original sentence because it suits our purposes, revising for
mllelism makes it possible to work in a lot of information, but still write
Jinced, more ear-pleasing sentence.

urn, the most abundant metal in the earth's crust, is malleable,

: adw% white, and inexpensive, at fifteen cents per pound when
A patient reader will puzzle out the more sensible meaning, but its auth ofned from bauxite.

<.on&®owmﬁmo&mmwoﬁavmyooﬁwaﬁm mﬁoum@mmmnﬁqﬁomwmﬁm
i & that students do not have access o them, .

usider some special attributes of another element and revise for

In short, when revising your work, read it carefully and with skeg
cisin, checking that you have said exactly what you mean. Never make t
reader guess what you have in mind. Everything you write must m;
sense—lo you and to your reader. As you read each sentence you ha
written ask yourself: what does this sentence really say? What did T me

civrn does play a role that is very significant in the biclogical
ctioning of the body because for cne thing blood clotting is
lped by il, and It plays a role in heartheat regulation and also in
nabling muscle contractions.
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ontrast to when powdered zinc and acid were the generating
facilitate blood clotiing, to regulate beartheat, and to enable mus >

confractions.

At the thinking and drafting stage, ideas don’t necessarily pour forth
perfect parallel structure, but once you have a draft, parallelism is a
useful tool to provide clarity to help your reader grasp your intended me
ing, and to streamline and balance your sentence.

W Calcium, which plays a vital role in biological functions, servestg:

ate of arsine formation was higher when the generating reagent
orohydride compared with the rate for the reaction with
ed zinc and acid.

th the vague higher, if you know it was 10 times higher?

ate of arsine formation was 10 times higher when the
Tating reagent was borohydride compared with the rate for the
on with powdered zinc and acid.

REVISING FOR COMPLETENESS

Do Not Assume the Reader Knows What You Mean

Revising for completeness brings us back once again to anticipating’
needs of the reader. Sometimes writing is unclear because we are:si
mired in the struggle to understand what we are writing about. E;
when we do understand, writing clearly is difficult because, in deci
how best to commumnicate what we know, it requires us to anticipat
needs of the reader who does not necessarily share our own knowleds
point of view. When we write, we must always think about how mi
information the reader needs in order to grasp what we are trying to,
Because it seems clear to us, we sometimes stop short of provid
enough information for the reader to grasp our meaning, ﬁrmnmww i
ing the “you-know-what-I-mean” defense.

When writing, you may know what you mean, but that does woﬁ.mm.&
antee that your reader will know what you mean. Remember that it is’
writer’s job to do the work for the reader, and part of that
make sure that each thought is complete. Be specific in mak
assertions. For example, the following statement is much too vaj
because the writer has not provided sufficient context for the Hmmmm
grasp the meaning of many.

ork for the Reader: Avoid Using Eic.

y careful to revise for completeness whenever you find that
tten efc., an abbreviation for the Latin term et cetera, meaning
TS Or. and the rest. While you might use efc. at the draft stage
would rather not interrupt the flow of your thoughts by thinking
actly what other things you have in mind, when revising replace
with words of substance. In scientific writing, etc. makes the
pect fuzzy thinking. Ask yourself, “What exactly do I have in
er” If you come up with additional items for your list, add them.
that you have nothing to add, simply replace the etc. with a
d you will have produced a shorter, clearer sentence.

ider the following sentence and its revision:

e amount of product formed in a given time depends on & number

faciors, such as concentration of reactants, etc.

e amount of product formead in a glven ime depends on a nrumber
mmgowm such as concentration of reactants, temperature, and

Many selenium compounds have been detected inurine.

How many is many? You may have a clear sense of what this e
the context that you are referring to, but will your reader? After edi
the sentence might read,

.owwm the work for the reader by forcing the reader to determine
eant by etc. The sentence, although grammatically correct, is
te, waiting for the reader to fill in the missing information. The

About a dozen selenium compounds have been detected 8y justifiably éoumma if .&m writer wﬂoﬁa what other factors E&:-

L murine.

Similarly, the following sentence gives us only a general sense of wh

u to return to your notes or the sources upon which your notes
rate of arsine formation was when borohydride was the genera

n order to fulfill your obligation to your reader.




