Looking for Patterns in the Elements

By 1830, 55 elements had been discovered. These elements displayed a wide variety of properties. A few were gases. Two were liquids. Most were metals. Some reacted explosively as they formed compounds. Others reacted more slowly. Still others did not form compounds at all.

Scientists of the 1800s suspected that the growing number of known elements could be organized in a useful way. (During this time, no one knew about atomic numbers.) One investigator found that some groups of elements, such as those in the table below, followed a pattern: The average of the atomic masses of the first and third elements roughly equaled the mass of the middle element. However, this system did not work for most elements. 
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Element

Calcium

Strontium

Barium

Description
silvery metal
silvery metal

silvery metal

Chemical
Properties

Reacts readily with
oxygen and water

Reacts readily with
oxygen and water

Reacts readily with
oxygen and water

Atomic Density
Mass  (gm/cm?)

40.1 1.55
87.6 26
137 35




Three Similar Elements In the 1800s, scientists tried different ways to organize the elements. They found that some groups of three elements displayed curious patterns. Calculating When you average the atomic masses of calcium and barium, how closely does the result come to the atomic mass of strontium? Do the densities follow the same pattern? 

By the 1860s, a Russian scientist had discovered a system that applied to all the elements. His name was Dimitri Mendeleev (men duh lay ef). Like any good detective, Mendeleev studied the evidence, considered each clue, and looked for patterns.

Along with other scientists of his time, he observed that some elements have similar chemical and physical properties. Fluorine and chlorine, for example, are both gases that irritate your lungs if you breathe them. Silver and copper are both shiny metals that gradually tarnish if exposed to air. Mendeleev was convinced that these similarities were important clues to a hidden pattern.

To help him find that pattern, he wrote facts about the elements on individual cards. He noted all the properties he knew about an element, including its melting point, density, and color. He included two especially important properties: atomic mass and the number of chemical bonds an element could form. The atomic mass of an element is the average mass of one atom of the element. In Mendeleev's day, scientists figured out atomic masses in comparison to hydrogen, the lightest element. They found the number of bonds an element can form by studying the compound each element formed with oxygen.

The Periodic Table

Mendeleev liked to play Patience, a solitaire card game, so he had practice in seeing patterns. He tried arranging his cards on the elements in various ways. Mendeleev noticed that patterns appeared when the elements were arranged in order of increasing atomic mass
Mendeleev's Periodic Table  Mendeleev discovered a repetition of properties. After fluorine, for instance, the next heaviest element he knew was sodium. (Neon had not yet been discovered.) Sodium (Na) bonded in the same way that lithium (Li) and potassium (K) did. So he placed the cards for these elements into a group. He did the same with other similar elements.

However, Mendeleev discovered that arranging the known elements strictly by increasing atomic mass did not always produce similar groups. So he moved his element cards into groups where they fit best. Doing this left three blank spaces. Mendeleev was confident enough of his discovery to predict that the blank spaces would be filled by elements that had not yet been discovered. He even predicted the properties of those new elements!

Mendeleev published the first periodic table, shown below, in 1869. Within 16 years, chemists discovered the three missing elements, named scandium, gallium, and germanium. Their properties are close to what Mendeleev had predicted.
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 Mendeleev's Periodic Table Mendeleev published this first periodic table in 1869. He left question marks in some places. Based on the properties of surrounding elements, he predicted that new elements with specific characteristics would be discovered. 

The Modern Periodic Table  The word periodic means “a regular, repeated pattern.” In the modern periodic table, the properties of the elements repeat in each period—or row—of the table. Since Mendeleev's time, new discoveries have required a few changes in the periodic table. The most important came in the early 1900s, when scientists learned about atomic number. Also, new elements were added as they were discovered.

See checkpoint

