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——— Chemistry/Physics

| derstanding

= _the Periodic Table

Lesson Plan

The Periodic Table Analogy Kit teaches the students of Chemistry and
Physics three concepts related to the periodic chart:

| 1.The student learns the processes used in developing a taxonomy or
“ classification system.

2.The student learns that for any set of objects, elements, organisms, etc.,

| more than one system of classification is possible and perhaps useful.

l 3.The student learns the usefulness of a classification system as a
‘{ dynamic tool and a source of model-building information and prediction.
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Periodic Table Analogy Experiment

In 1869 Dmitri Mendeleev developed a periodic table of the unknown elements. Mendeleev was able to use his periodic table to
predict the characteristic properties of undiscovered elements. In this experiment,you will develop a periodic table and use your
table to predict the properties of the missing “element”.

Your instructor has given you 23 of the 24 rectangular pieces contained in this kit. Each piece has six properties. Your goal is to
develop a periodic table such that there is a pattern to each property. From the patterns discovered, you can predict the location
and properties of the missing piece.

A. Examine the pieces carefully and list the properties in the spaces provided below.
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B. As you have learned, Mendeleev used atomic weight to place the elements in a continuous row and noticed some properties

reoccured every eighth element. He then moved the elements into rows of eight so that similar properties fell into columns.
Which three of the properties listed above could be used to place the “element” pieces in a continuous row?
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Patterns

C. Try placing the pieces in order by each of the three properties you have listed above. Then look carefully for patterns in the
remaining properties. If you do find that some properties recur along the row at regular intervals, organize the pieces into a
chart so that the properties fall into rows and columns. When you have found the best chart, list the pattern for each property in
the space provided.

Property 1 Property 4

Property 2 Property 5

Property 3 Property 6
Missing Piece

D. Your instructor has removed one piece from the experiment kit. From your chart, predict the properties of the missing piece.

Property 1 Property 4
Property 2 Property 5
Property 3 Property 6

*Permission is hereby granted to reproduce this form for classroom use with the Periodic Table Analogy Kit.
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Credit for development of the periodic table is most often given to Dmitri lvanovich Mendeleev (1834-1904), a professor of
organic chemistry at the University of St. Petersberg (Leningrad). Many chemists prior to Mendeleev had noticed “family”
similarities between certain elements, and several had started developing charts of elements. During the early 19th century,
Dobereiner noticed that certain elements could be placed in groups of three which he called triads. Later (1857) Odling
divided the known elements into thirteen groups based on solubilities. Newland (1864) arranged the elements into groups of
eight called octaves emphasizing atomic weight and both the physical and chemical properties of the elements.

Julius Lothar Meyer developed a periodic table of elements independent of Mendeleev; however, Meyer is given less attention
for two reasons. (1) First, Mendeleev's main criterion was the concept of valency, which ties directly to the electron structure of
the atom. Meyer on the other hand worked with physical properties, such as atomic volume, that were only indirectly related
to atomic structure. (2) Second, Mendeleev tended to be much more daring. He put such faith in his table that when elemental
properties didn't “fit in’, he assumed the properties had been poorly measured. Mendeleev was also willing to leave blanks in
his chart for elements not yet discovered.

In 1869, Mendeleev predicted the discovery and properties of three still unknown elements. The names of these elements
were composed of a Sanskrit prefix and a family or group name. Specifically, Mendeleev predicted the discovery of ekaboron,
ekaaluminum, and ekasilicon. In 1875, Boisbaudan discovered an element with properties matching those predicted by
Mendeleev for ekaboron. In 1879, Nilson discovered an element matching the predicted ekaaluminum, and in 1886, Winkler
discovered an element similar to the predicted ekasilicon. These elements were subsequently named Gallium, Scandium,
and Germanium. Historically, it is clear that the periodic table acted as a dynamic agent in the expanding field of chemistry
during the 1800's.

How to Use the Periodic Table Analogy Kit

The Periodic Table Analogy Kit consists of twenty-four rectangular pieces. Each piece has a unique set of properties consisting
of A. (1) adecimal number, (2) an integer number, (3) a spectral color, (4) a set of side notches, (5) a set of holes, and (6)
aset of stars. The students are asked to arrange the twenty-four pieces into a“periodic table” such that each property fits into
awell-defined pattern. It should be emphasized at the start that there is no direct correspondence between properties on the pieces
and properties possessed by the real elements. As an added learning experience, one piece is often removed from each “element”
set prior to distribution. At the completion of the exercise, the students are asked to predict the six properties of the missing,
“undiscovered" piece. (For more advanced students, two or three pieces can be removed to provide the greater challenge.)

Most students start the exercise by a rather random process of grouping pieces with similar characteristics. This process
leads them to families of pieces but not to a periodic table. (This parallels the historical development of the periodic table.)
Eventually, the students realize that the six properties can be divided into two specific types. (1) First, there are three variables
B. (1) decimal number, (2) integer number, (3) spectral color that can be used to place the pieces in a continuous string.
(2) Second, the remaining variables (number of holes, stars, and notches) cannot be used to order the pieces in a continuous
string. From this discovery, they begin placing the pieces in continuous strings (three strings are possible) and searching for
periodicity in the remaining properties.The search for periodicity can be done by simple inspection, or students can graph the
variation of properties as they change along the string.

Using this strategy, the students are able to build several periodic charts, each of which has some properties organized and
other properties randomly distributed. Eventually they arrive at the “best” chart. C. The best chart is discovered when
the pieces are placed in spectral order and arranged in four rows, each containing six pieces. In this arrangement,
holes and stars are found in columns, notches are found along diagonal lines from lower left to upper right, decimal
numbers increase down each column and go from high to low to high as one moves across the chart, integer numbers
start in the upper left corner and are in sequence diagonally (see color answer key Fig.A). D. After discovering the best
chart,students can accurately predict the characteristics of the missing piece.

The Periodic Table Analogy Kit requires about an hour of instructional time. During the activity, the students use processes
similar to those Mendeleev used in developing the periodic chart of elements. In addition, the student is forced to use the
chart as a dynamic tool to predict the nature of unknown elements. Perhaps most important, the activity is motivational and
forms a strong foundation for subsequent learning.
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The “best” chart

Rows O »
a O Integers
£ Starting in upper left
3 corner, are in sequential order
S diagonally.
o
Decimals
Increase down each column,
and go high to low to high
again across each row.
Color
Spectral order.
Stars
Like pieces found in columns.
Notches
In sequential order within rows,
like pieces moving diagonally
from lower left to upper right.
Holes
Like pieces found in columns.
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