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A Sl ICRO-LESSON
Easil digestible Aerospace Principles revealed for K-12 Students and Educators. These lessons will be sent
on a bi-weekly basis and allow grade-level focused learning. - AIAA STEM K-12 Committee.

THE PERIODIC TABLE OF THE CHEMICAL ELEMENTS

One hundred and fifty years ago the Russian chemist Dmitri Mendeleev (pronounced “Men-de-LAY -ev”)
put together a chart showing the fundamental arrangement in chemistry: the periodic table of the chemical
elements. This is a chart that lists the elements in order of ascending atomic number and groups elements
with similar properties into columns. Before this, the elements were known essentially as a random
assortment of substance with various properties; after it, the elements were in a logical arrangement that
cried out for an explanation. This explanation took the form of atomic theory, atomic structure, and finally
guantum mechanics.

Next Generation Science Standards (NGSS):

e Disciplinary: Matter and Its Interactions
e Crosscutting Concept: Patterns
e Science & Engineering Practice: Analyzing and Interpreting Data

GRADES K-2

2-PS1-1. Plan and conduct an investigation to describe and classify different kinds of
materials by their observable properties.

Chemical elements are basic substances, meaning that they cannot be broken down further
into other substances. One everyday example of a chemical element is carbon, which you
can see in the “lead” of a pencil. Other examples are gold and silver, which are found in
expensive jewelry.

As chemists discovered more and more elements, they started to try to organize them into
some pattern. The first person to succeed in organizing them was the Russian chemist
Dmitri Mendeleev, who created the periodic table in the 1860s and put the elements in
order by their atomic weights. There have been a few small improvements to Mendeleev’s
table since then—most notably ordering the elements by the number of protons in each
their atoms—»but his basic structure has stayed the same.

Elements are made up of tiny things called atoms, which are made of even smaller parts—
protons, electrons, and neutrons. The number of protons in each atom of an element is

called that element’s “atomic number.” The periodic table arranges the elements from the
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GRADES K-2 (CONTINUED)

lowest atomic number, hydrogen with 1 proton per atom, up to oganesson with 118 protons
per atom. The table is arranged in rows; each row is called a “period.” Each element has
its own square in the table which shows the element’s name, its symbol (one or two
letters), its atomic number and its atomic weight. Elements in the same column share
similar characteristics; this is what makes the table periodic.

While the names of elements may differ from one language to another, the chemical
symbols are the same. That makes it easy for scientists to share information, since
everyone can recognize the chemical symbols no matter what language they speak.

GRADES 3-5

5-PS1-1. Develop a model to describe that matter is made of particles too small to be seen.
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Try to imagine yourself as a chemist two or three centuries ago. You have all this
information about different substances, their various properties, how to combine certain
substances to create other substances, and so on. You can get a fair idea of what substances
are elements—elementary substances, made up of only one type of thing—and what
substances are compounded from more than one element. But even these elementary
substances come in a bewildering variety: some are gas, a couple are liquid, most are solid,
the solid ones melt at a wide variety of temperatures, some combine easily with other
substances, others barely react chemically at all. How do you make sense of it all?

You can think of the process as being similar to putting together a jigsaw puzzle. There are
several differences, though. For one thing, you do not have a picture on the front of the box
telling you what the finished periodic table will look like. For another, when Mendeleev put
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GRADES 3-5 (CONTINUED)

his periodic table together, half the . » eriodic Table of Discovery Dates
pieces were still missing.
Chemical elements were being
discovered every few years, but
still several were unknown. The
figure on the right shows the
elements and the year in which
each one was discovered; those
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Not having the bottom row is not a big deal, but missing the last column makes a difference.
The green-colored elements scattered around the middle of the table (which were also
unknown when Mendeleev did his work) can also be quite confusing. Conversely, the few
yellow- and orange-colored boxes in the separate bar at the bottom of the chart, which
Mendeleev did know about, were just isolated elements which he did not know where to put
in the table.

GRADES 6-8

MS-PS1-1. Develop models to describe the atomic composition of simple molecules and
extended structures.

One hundred and fifty years ago, the Russian chemist Dmitri Mendeleev assembled the
periodic table of the chemical elements, bringing order to what had been a very chaotic
arrangement. He was not the first person to try to do this; in fact, he was not even the first
person to succeed in doing it. He was, however, the first person to publish a workable
periodic table.

Before 1800, so few of the chemical elements had been discovered that arranging them into
a table was out of the guestion. As more and more elements were isolated and their
properties determined, though, chemists began to notice similarities in the properties of
some of them. In the 1820s, Johann Débereiner noticed that triads of different elements
tended to have similar properties. He did not have enough data, though, to develop more
than just a few of these triads; also, because of other undiscovered elements, there were
several known elements that he could not put into triads. His idea did not catch on. A few
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GRADES 6-8 (CONTINUED)

years later an English chemist named John Newlands suggested arranging the elements in
“octaves” (really of seven elements in a row because the noble gases had not been
discovered yet), but his system broke down after the first couple of “octaves” and one wag
suggested that he could get better answers by arranging the elements in alphabetical order.

About the same time that Mendeleev figured out the periodic table that we used, another
chemist named Lothar Meyer also figured out how to arrange the elements into a periodic
table. Meyer published an abbreviated periodic table of the first 28 elements in 1864, five
years before Mendeleev’s publication, and may have developed his full periodic table
before Mendeleev, but he did not publish his work until 1870. Mendeleev’s work was also
more complete in that he used his periodic table to predict the properties of undiscovered
elements, which Meyer had not done.

As an aside, Mendeleev’s name is usually rendered in English as “Dmitri Mendeleev.”
Mendeleev was Russian, however, and his name in Russian (using the Cyrillic alphabet) is
“IImutpuit Mennenee.” His last name is pronounced with four syllables, not three; it has
also been rendered into English as “Mendeleyev” or even “Mendelejeff” (as seen in the
second line of the picture in the Grades 9-12 section). His first name is sometimes spelled
as “Dmitrii.” In addition, the date given for Mendeleev’s assembly of the periodic table is
often listed as March 1. Mendeleev was Russian, however, and Russia still used the Julian
calendar in 1869, so the date as far as he was concerned was actually February 17.

Suggested Activity: List the chemical elements on a (very long!) length of adding
machine tape. Then roll up the tape into a “cylinder with bulges,” attaching each element
to the one below it in the table with tape, staples, paper clips, or anything else that works.
The effect should be something like what is seen in the first few pictures on this web page.
This shows the periodic table without the artificial breaks between the noble gases and the
alkali metals. The “n” in the pictures stands for an isolated neutron; while this is not,
strictly speaking, a chemical element, one could think of it as a “zeroth” element with
hydrogen and helium being the first and second elements.

GRADES 9-12

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements
based on the patterns of electrons in the outermost energy level of atoms.
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GRADES 9-12 (CONTINUED)

A sign of a major advance in science is that it
sheds light on many different phenomena and
makes many predictions that can be verified.

Ueber die Besishungen der Rigenachaften su den Atomgewichten
der Elemente. Von D. Mendelejeff. — Ordnet man Elemente nach
sunehmenden Atomgewichten in verticale Reihen s0, dass die Horizontal-
reihen analoge Elemente enthalten, wieder nach zunebmendem Atomge-

wieht geordnmet, so erhilt man folgende Zusammenstellung, sus der sich
einige allgemeinere Folgerungen ablgieton lassen.

Mendeleev’s periodic table made some very
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68, 70, and 180. These elements (scandium,
gallium, germanium, and hafnium) were
discovered later. Even more striking,
Mendeleev predicted several properties of
these elements based on the properties of other
elements on the same rows as the missing
ones. In addition to this, Mendeleev noted
that several elements (erbium, yttrium,

indium, thorium, tellurium, gold, and bismuth)
seemed to be out of place in the table.

Because the table was arranged by atomic weight, this meant that the measured atomic
weights as known at the time must be wrong. When chemists measured the atomic weights
of these elements again, the first (and lightest) five of them had indeed been measured
incorrectly.

eine stafenweise Abinderung in den Eigenschaften.
2. Chemisch-analoge Elemente haben entweder tibereinstimmende Atom-
gewlehte (Pt, Ir, Os), oder letstere nehmen gleichviel su (K. Rb, Cs).
3. Das Anordnen vach den Atomgewichten en! cht der keit
der Elemente und bis su einem gewissen Grade der Verschiedenheft im
chemischen Verhalten, z. B. Li, Be, B, C, N, O, F.
4. Die in der Natur verbreitetsten Elemente haben kleine Atomgewichte
« und alle solche Elemente zeichnen sich durch Schiirfe dcs Verhaltens aus.
Es sind also typische Elemente und mit Recht wird duber das leichteste
Element H als typischer Massstab gewihlt.
6. Die Grosse des Atomgewichtes beding-t die Eigenschaften des Ele-
mentes, weshalb beim Studium von Verbindungen micht nur suf Anzahl
* und Eig haften der El und deren gegenseitiges Verhalten Riick-
sioht zu nehwmen ist, sondern auf die Atomgewichie der Elemente, Daher
zeigen bei mancher Analogie die Verbindungen von 8 und T8 Cl und J,
doch auﬂ' 11, A, vﬂl hiad. heit,
6. Es lidsst sich die Entdeckung noch vieler newen Elemente vorber-
sehen, z. B. Aansloge des Si und Al mit Atomgewichten von 65 75,
7. Einige Atomgewichte werden voraussichtlich eine Correction erfahren,
z. B. Te kann nicht das Atomgewicht 128 haben, sondern 123—126.
4 8. Aus obiger Tabelle ergeben sich neue Analogien zwischen Elemen-
. tén, So erscheint Bo (?) als ein Analoges von Bo und Al, was bekanntlich
schon ldngst experimentell festgesetzt ist. (Buss. chem. Ges. 1, 60.)

The periodic table also opened the way for advances in theories about the structure of the
atom. When Mendeleev published his table, scientists were still divided over whether
atoms were real things or whether they were just a handy mathematical concept for
understanding how some things happened. With his ordering of the chemical elements and
his establishment of the regular repetition of various physical and chemical properties of
those elements, Mendeleev laid the groundwork for other scientists to think about the
structure of atoms and how that structure would affect the atoms’ chemical properties.
Decades later, with the advent of quantum mechanics, the arrangement of electrons in
“shells” around a central atomic nucleus gave a more fundamental explanation of the
periodicity of the properties of the elements. If the electrons in the outermost “shell” were
arranged the same in two different elements, those elements would have similar properties.




GRADES 9-12 (CONTINUED)

Mendeleev’s periodic table, like all pioneering efforts, was not 100 percent correct. For
one thing, he had arranged the elements in order of increasing atomic weight. Some
elements were out of order, though: after argon’s discovery in 1894, for example, chemists
knew immediately that it belonged before potassium in the table even though it had a larger
atomic weight. Other examples were not so obvious. Some scientists proposed an “atomic
number” which usually increased with atomic weight but which deviated from it now and
then. A quarter-century after Mendeleev published his table, German physicist Konrad
Roentgen discovered x-rays. In 1913, a young Englishman named Henry Moseley
established that the frequencies of the x-rays emitted by the elements fell onto a smooth
curve when graphed against their position on the periodic table, with just a few exceptions,
establishing the validity of the idea of the “atomic number.” The exceptions were elements
with out-of-order weights and other missing elements—in addition to Mendeleev’s—
whose existence Moseley predicted from his results. (All of the predicted elements were
found within a few decades. One of them, hafnium, had also been predicted by
Mendeleev.) This atomic number is now recognized as the number of protons in the
atom’s nucleus and the number of electrons surrounding the nucleus when there is no net
charge on the atom. (Remember that when the idea was proposed, scientists were still not
sure about whether atoms were real.) The modern periodic table puts the elements in order
of increasing atomic number.

While this is not directly related to the periodic table, your students may enjoy this song
listing the chemical elements by Tom Lehrer, who was a mathematics professor from
Harvard University who took up songwriting in the 1960s.

Sixty Years Ago in the Space Race:

February 17, 1959: The American Vanguard 2 was launched into orbit. The third stage nudged the
satellite, causing it to wobble. It is still in orbit.

February 28, 1959: The Americans launched Discoverer 1, the first American spy satellite. It was a
prototype that did not carry a camera or film and was the first object launched into polar orbit.
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