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For many science students and teachers, the history of science brings
to mind musty portraits of long-ago chemists, physicists, and biolo-

) ) gists, birth and death dates, and some brief mention of
I ”d%dmg the /215507”)’ specific contributions. Frequently lost amid teaching

and nature Of science  pressures are the lessons that may be found in the
history of science. These stories not only teach stu-

adds %nd€7”5m”dl”g dents about how science functions, but also can add
to science classes — texture, richness, and understanding to science classes.
[t takes very little extra time and effort to correlate
required science concepts with history. For example, teachers can
provide the historical background for Mendeleev’s development of
the periodic table as students learn the concept of periodicity. This
combined approach focuses student attention not only on the struc-
ture of the modern table, but also on the thought process Mendeleev
used to arrange the elements.
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Students can also perform laboratories that relate to
historically significant events, such as in the investigation
of aspirin. This kind of student inquiry provides the con-
text of an actual problem, current or past, and gives stu-
dents opportunities to develop their lab skills.

Finally, students can produce biographies of famous (or
not-so-famous) scientists and present them to the class. Stu-
dents can hone their research skills by investigating the lives
of famous scientists and producing personal snapshots.

The power of stories

Learning about the history of science can lead to a deeper
understanding of the nature of science itself. In much the
same way that philosophy, sociology, and psychology add
to our understanding of how science operates, so too can
accounts of discovery and discoverers. These accounts pro-
vide students with a more complete picture of the human
element of science, while at the same time both provide a
context for the discovery and help engage students in ways
that extend far beyond the communication of mere facts.
In working with teachers, we have found that the main
roadblocks to including the history of science are the time
pressures associated with curriculum coverage and prepa-
ration for statewide tests, along with difficulty in finding
high-quality resources. This article has been developed to
address at least this last issue. Most of our resources have
been developed for high school chemistry classes, but they
can easily be adapted for other educational settings.
Activities that include science history and biography
provide glimpses of real scientists in action and show
students that science is conducted by real people, people
with whom students might share a common back-
ground or interest. Telling stories is a high-interest way
of conveying a concept. By using a wide variety of biog-
raphies and histories—particularly those featuring
minorities and women—teachers can stimulate student
interest, provide role models for all students, and gen-
erally give a more complete picture of the
nature of scientific work.

developing a system to organize this new information.
From Prout in 1815, to Newlands in 1866, to Meyer in
1869, scientists in seven different countries advanced more
than 15 methods of organizing the elements. Most of these
attempts relied on atomic masses.

In 1860, the young Italian chemist Stanislao
Cannizzaro presented the first fairly accurate measure-
ments of the elements’ atomic masses at an international
conference in Germany. Another young chemist, Dmitri
Mendeleev, had come to the conference from his home in
Russia. Mendeleev had been gathering data on the
chemical elements from many other chemists of his time.
Using his accumulated data and Cannizzaro’s reliable
atomic masses for the known elements, Mendeleev re-
corded properties of the elements on cards. He began to
look for patterns believing that “it is the function of sci-
ence to discover the existence of a general reign of order
in nature” (Posin 1948, 167). Mendeleev’s success in orga-
nizing the periodic table can be used to remind students
that both imagination and insight are qualities often
found in successful scientists.

Mendeleev’s method

With the following activity, students learn about
Mendeleev’s development of the periodic table and the
structure of the modern table. This activity is an ex-
ample of infusing traditional science content develop-
ment with its related historical foundation. The activity
works best if students can observe properties of the ele-
ments for themselves; either from samples of the ele-
ments handled safely, high-quality photos, or written
descriptions. The first part of this activity involves stu-
dents looking for patterns in the properties of elements;
the second part is a teacher-led discussion that summa-
rizes the history of Mendeleev’s table and also develops
concepts related to the modern table.

Working in teams, students can observe the properties
of individual elements. Students then prepare an indi-

Sharing stories of scientists draws students
into the underlying science concepts. “Because
many concepts involve knowledge about par-
ticles students will never see, seeking founda-
tions for ‘how we know’ through review of
classical chemistry investigations is very valu-
able” (Texley and Wild 1996, 68). As students
investigate the lives and accomplishments of
scientists, they discover more about inquiry
and the authentic nature of knowledge pro-
duction in science.

Recreating the periodic table

As chemists continued to learn about the prop-
erties of the more than 60 elements known by
the mid 1800s, there was increasing interest in

FIGURE 1
A. Sample element
card for student use.

B. Sample element
card for teacher use.
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FIGURE 2 I —

The beginning of Mendeleev’s table.
Elements are grouped based on their
similar properties.
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vidual card for each element in a standard format desig-
nated by the teacher (Figure 1a, p. 47). Student groups
arrange the cards and look for patterns as a class. (Alterna-
tively, teachers may prepare in advance a complete set of
cards for each group of students to allow more time for
organizing the cards in a process similar to Mendeleev’s.)

As students group the elements, teachers should ask
them to explain the evidence on which they base their
groupings. It is not necessary at this stage that the group-
ings are the same as those on the modern periodic
table—the process is the important aspect. Class discus-
sion should focus on comparing how students arranged
the elements to how Mendeleev arranged them.

Once students have grouped their elements, students
can further develop both the science and the history of the
periodic relationships among the elements. For this, teach-
ers will have to prepare complete sets of cards for the first
54 elements like the example shown in Figure 18, p. 47.
Additional properties are added to each card, but only
those known in 1869 and relied on by Mendeleev—the
physical description of each element, its chemical activity,
and its valency (the number of bonds it is able to form), in
addition to the atomic mass (Figure 1B). The noble gases
are absent from Mendeleev’s table (and this activity) be-
cause they had not yet been discovered.

The teacher should ask students to begin by placing
the first seven cards (lithium-to-fluorine) in a horizontal
row, in order of increasing atomic mass. Noting the simi-
larity between the properties listed on the sodium and
lithium cards, students then place sodium under lithium
and create a second horizontal row for the next seven
cards, from sodium-to-chlorine, under the lithium-to-
fluorine cards. Potassium and calcium are then added
below sodium and magnesium (Figure 2). Students and
teachers should note that the next 10 elements (scandium
through zinc) do not behave as we would expect. A place
should be opened up in the cards for these 10 elements as
part of period four (Figure 3).

Mendeleev noted that arsenic did not behave like
aluminum but instead like phosphorus. Therefore,
Mendeleev made a bold move—he placed arsenic below
phosphorus, leaving two empty spaces below aluminum
and silicon (see the diagonal shading in Figure 3). Still
defending his work in 1870, he predicted that the miss-
ing elements existed. He named his unknown elements
“eka-aluminum” and “eka-silicon.” According to
Mendeleev, eka means one in Sanskrit and he said he
used it to mean resemblance to (Posin 1948). Not until
1875, when gallium was discovered, was Mendeleev’s
work verified. Teachers should stress to students that
concepts in science are often tentative, and it often takes
years for ideas to be accepted.

Students complete the construction of their table by
adding the rubidium-to-tellurium cards below potas-
sium-to-bromine. By this point, students should under-
stand the idea that elements are grouped together in
families that share similar properties. Because iodine has
properties similar to those of bromine, and tellurium has
properties like those of selenium, the correct positions of
these elements are the reverse of what is expected based
on their atomic masses—one of Mendeleev’s remarkable
insights. Mendeleev switched tellurium and iodine to put
them in the groups where their properties fit in better.

FIGURE 3

Transition elements and space for two yet-undiscovered elements (diagonal shading)
were key features of Mendeleev’s early table.
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/1 G U R E 4
The periodic table based on Mendeleev’s 1869 version.
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(Courtesy of Edgar Fahs Smith Memorial Collection, Department of Special Collections, University of Pennsylvania Library.)

Years later it was discovered that periodic trends in
the elements actually depend on atomic number, not
atomic mass, and this provides an opportunity to teach
students that models in science are tentative and subject
to change as new evidence is discovered. At the end of
the summary the teacher should add hydrogen above
lithium (see light shading in Figure 3) and also note that
the noble gases are not included because they were not
discovered at the time. Teachers can add historical au-
thenticity by displaying Mendeleev’s table on an over-
head projector or by handing out a copy to each student.
One version of his table is reproduced in Figure 4.

Teachers should stress throughout their summary of
his work that Mendeleev relied on empirical evidence
as he looked for patterns in the properties. His novel
approach to the problem of periodicity required imagi-
nation and creativity. Also, although he worked alone,
Mendeleev acquired much of his evidence from other
scientists. When he completed his table, he published
his results for review by other scientists. All of these
aspects are essential parts of the nature of science.
Teachers can add even more interest to the summary by
showing videos of the chemical reactions of some ele-
ments at appropriate times, available on commercial
programs, and also on the Internet.

This method of concept development might also be
used for topics such as the Copernican revolution,
Newtonian mechanics, atomic theory, biological evolution,
germ theory, and molecular biology. (A suggested bibliog-
raphy on many of these topics appears with the online
version of this article at www.nsta.org/highschooltfjournal.)

The aspirin inquiry

Engaging in laboratory work is an excellent way for
students to learn how science functions. They might
also learn that “pursuing science as a career or as a
hobby can be both fascinating and intellectually re-
warding” (NRC 1996, 200). The following activity can
be used not only to teach laboratory skills and science
content but also to show students the kinds of jobs that
involve chemistry. Chemical technicians conduct the
kind of testing used in this lab, and some students
might be interested in exploring the field.

The following activity adds a historical dimension to
lab work by looking at the development of aspirin,
which in the early 1900s was in its infancy as a widely
used pain reliever. Largely unregulated, so-called patent
medicines were often counterfeited and sold as the real
thing. The Food and Drug Act of 1906 allowed the Bu-

reau of Chemistry (forerunner of the FDA) to prosecute
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such counterfeiting, but many adulterated medicines still
made it to consumers. This activity can be used to re-
mind students “science is not separate from society but
rather science is a part of society” (NRC 1996, 201).

Aspirin lab
To begin the activity, students are asked how they know
that medicines are what they claim to be. Although the
activity is based on events in the early 1900s, the question
is still relevant as we debate the safety of pharmaceuticals
imported from other countries. Students are then told
that this investigation shows how to test for aspirin.
Students should read the brief history of fraudulent
aspirin in the early 1900s (Figure 5). Teachers then ar-
range students in lab groups and tell them they are gov-
ernment scientists in post—World War I America, trying
to distinguish fake aspirin from real aspirin. When they
complete their work, students write a report on their
findings to be sent to the Federal Bureau of Chemistry.

SC[ INKS.

THE WORLD'S A CLICK AWAY

Each group of students will
need a 100 mL plastic drinking cup
to hold each substance to be tested:
enteric coated brand name aspirin,

Keywords: History of uncoated brand name aspirin, en-
Atomic Models
at www.scilinks.org

Enter code: TST110402

teric coated generic aspirin, un-
coated generic aspirin, children’s
orange chewable aspirin, corn-

starch, and salicylic acid. Each lab group will also need a
small disposable pipette and a supply of approximately
0.1 M iron (IIT) chloride solution (FeCl,). Students add
2-3 mL of FeCl, to each cup holding different “pain
relievers” to be tested and observe the results (see Figure
6 for expected results). Students must wear pro-
tective eyewear during the activity and wash their
hands after the activity.

When the golden brown FeCl, solution is dispensed
from a pipette onto white salicylic acid, a dark purple color

CAUTION

will immediately appear. Aspirin (ASA) will not immedi-
ately produce a dramatic color change. However, ASA,
which is not very soluble in water, will slowly react with
water to produce salicylic acid and as a result of the slow
hydrolysis reaction, a pale purple color slowly appears. After
discussing the results with the class, teachers can give each
group of students an unknown to test. Then students can
write reports. This is part of a longer lab activity that inves-
tigates fake aspirin products. It is similar to many “un-
known powders” activities. The complete activity along
with background chemistry and an extensive history of as-
pirin can be accessed at www.chemheritage.org/
EducationalServices/pharm/asp/asp00.htm.

Student research and presentations

Like practicing scientists, students need to develop re-
search skills, not only for academic class work but also to

F 1G U R E. 5
Historical context for fake aspirin products.

( The History File w

Aspirin: Real or phony?

discover the difference between real aspirin and the fakes.

Bayer Company, the German chemical giant, had the great good fortune to get out of the dye-making business and into the
pharmaceuticals business very early. Bayer called its first pharmaceutical product, created from waste products,
acetophenetidin. Hoping to promote this pain reliever under its brand name rather than its chemical or generic name, its
creators called this new drug Phenacetin. This new pharmaceutical marked the beginning of the modern drug industry—for
the first time, a drug had been conceived, developed, tested, and marketed by a private company. Bayer looked forward to
enormous profits from this and future drug products it might create.

Inancient times it had been discovered that the salicylic acid (SA) from white willow bark had analgesic and anti-inflammatory
properties. SA was pretty hard on the digestive system, however, so a more gentle form was sought. Bayer, in the person of
Felix Hoffmann in 1897 succeeded in producing that compound, acetylsalicylic acid (ASA).

In 1903, Bayer opened a large aspirin plant in Rensselaer, New York. Holding the U.S. patent on aspirin, Bayer was well-
positioned to capture a large portion of American market for aspirin. But Bayer could not foresee World War | and the seizure
of its U.S. assets by the U.S. government to be sold at auction to Sterling Drug Company.

Even before the breakup of Bayer, contraband formulators and smugglers had been making sure that cheaper, and illegal,
bogus aspirin products made it to drugstore shelves. Many of these illegal aspirin products were simply cornstarch, or some
aspirin mixed with cornstarch or any other white, powdery substance that was cheap. It was left to the U.S. government to
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Anticipated results for “Aspirin: Real or phony?”

Cut tablet

brand name
aspirin (coated)
brand name
aspirin

(uncoated)

generic aspirin
(coated)

generic aspirin
(uncoated)

children’s
chewable aspirin

cornstarch

salicylic acid

Appearance of cut

tablet

white crumbly tablet
with orange coating

white crumbly tablet

white crumbly tablet
with orange coating
white crumbly tablet
orange crumbly tablet

white powder

white powder

slight purple
color appears

no change since
last observation

slight purple
color appears

no change since
last observation

no change since
last observation

no change since
last observation

deep purple
color appears

Appearance immediately Appearance after
after addition of FeCl,

30 minutes

no change since
last observation

slight purple
color appears

no change since
last observation

slight purple
color appears

slight purple
color appears

no change since
last observation

no change since

last observation

gional science and scien-
tists. The product of this
type of assignment is often
a written paper, but teach-
ers can require posters,
videos, or electronic pre-
sentations in place of, or in
addition to, papers.
Evaluation will require a
rubric for students to un-
derstand what needs to be
included. Teachers can re-
quire in-depth learning by
adding a few creative fea-
tures. For example, having
students create “docu-
related to the
scientist’s life—such as a

ments”

birth certificate, pages from
their journal, a resume,
news articles, or personal
correspondence—requires
students to understand the
scientist’s life and work. If
the scientist’s work in-
volved scientific instru-

become lifelong learners. By examining the life and work
of scientists, students can learn science content, develop
understandings about inquiry, and see the relationship
between science and society. If students can connect the
story of one scientist to other stories, they begin to under-
stand that science has evolved over time and that science
is connected to ideas and events inside and outside the
field of science. Student research is also an opportunity to
engage students in interdisciplinary studies.

Students, individually or in teams, can be assigned
biographies of famous scientists or scientific discoveries.
Teachers can assign and organize scientists in support of
the content covered in class. For example, the “science
giants” may be the focus, or maybe some scientists who
are currently active in a particular field (students can be
encouraged to write or e-mail them!). Scientists can be
grouped in clusters, with all of the gas law chemists in
one grouping. Scientists can also be organized by time
period, country, or origin.

Teachers can address the multicultural nature of the
scientific endeavor by including biographies of minority
and female scientists like Alice Hamilton (early champion
of public health and occupational safety), Mario Molina
(Mexican-born 1995 Nobel Prize recipient in Chemistry
for his work on ozone and CFCs), Lise Meitner (pioneer
in nuclear fission), or Percy Julian (African-American
chemist best known for synthesizing a substance to treat
glaucoma). Teachers can also focus on local state or re-

ments, students might be
asked to create models of them, for example. When all the
assignments are turned in, students should identify the sci-
entists who share commonalities; this can lead to a discus-
sion about the history of science.

Our experiences show that using strategies appropri-
ate to the science content being taught allows teachers to
include the history of science in classes without sacrific-
ing time or content. By adding historical context to any
course concepts, instructors can teach a wide range of
ideas related to inquiry and the nature of science. Teach-
ers can present role models to a wide variety of students.
And by telling the stories of scientists and their discover-
ies, teachers can motivate students to greater interest and
participation in science. M

Donald McKinney (e-mail: donm@chembheritage.org) and
Mark Michalovic (e-mail: markm@chembheritage.org) are
consultants for the Chemical Heritage Foundation, 315
Chestnut Street, Philadelphia, PA 19106.
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