Development of the Periodic Table

I. History- 

a. Mendeleev in the mid-1800’s developed the first periodic table.

i. The table was arranged in columns of increasing atomic mass.

ii. Gaps were left in the table because no known elements fit the atomic mass.

b. In 1913, Moseley developed his own version of the periodic table.

i. He determined the atomic # of the atoms of the elements.

ii. He arranged the table by order of atomic # instead of atomic mass.

II. Table Arrangement-

a. Periods- The rows on the periodic table

i. There are seven periods.

ii. Rows indicate the Energy Level of each element.

iii. Periodic Law- When the elements are arranged in order of increasing atomic #, there is a periodic repetition of their physical and chemical properties.

1. Because of this, elements that have similar chemical and physical properties end up in the same column.

b. Groups- The vertical columns are groups or families.

i. The elements in the same group have similar physical and chemical properties.

ii. Example- Groups IA- Except for Hydrogen, all of Gorup IA elements react vigorously, even explosively with water.

iii. Representative Elements- These are Group A elements because they exhibit a wide range of both physical and chemical properties.

1. Alkali Metals- Group 1A

2. Alkaline Earth Metals- Group 2A

3. The rest (non metals, metalloids, etc..)

4. Characteristics of a metal

a. Ductile and malleable

b. High electrical conductivity

c. High luster when clean/polished

iv. Most of the remaining elements that are not Group A are metals.

1. Called transition and inner transition metals.

a. Group B elements

b. All metals except one are solid at room temperature (Mercury)

v. Nonmetals-

1. Occupy the upper right.

2. Generally nonlustrous and poor conductors.

3. Two groups have special names.

a. 7A-Called Halogens (chlorine and bromine)

b. 0 or 8A- Noble gases.  The most stable of all elements.

4. Staircase separates the metals from nonmetals.

a. Most of these elements that border this line are metalloids.

i. Have properties and characteristics of both metals and nonmetals.
III. Periodic Trends

a. Atomic Radius

i. As you look at the periodic table, the principle quantum number (n) increases as you go down the table.  Row 1 = Energy Level 1, Row 2 = Energy Level 2…..

ii. Remember, that the principle quantum number represents the size of the electron cloud.

iii. As we go down a column, from top to bottom, the atomic radius increases because the electron cloud size increases.

iv. The atom is also larger because of shielding of the outer electrons by the inner electrons from the pull of the nucleus.

v. As you look across a row, or period, you might think since the outer level stays the same, the atomic radius of the elements will stay the same.

vi. HOWEVER, we need to take into account effective nuclear charge.

vii. As we go across the table, the number of protons increase and the nucleus has more pull on outer electrons and therefore the atomic radius decreases.

viii. As we go across the table, the atomic radius decreases.
ix. Ex.  Which has the largest atomic radius:  carbon, fluorine, beryllium, or lithium?

Which has the largest radius: helium, xenon, or argon?  The smallest? 

b. Ionic Radius

i. Metallic ions are formed by the loss of electrons.  They are smaller than the atoms from which they are formed.  Metallic ions have an outer level that resembles that of the noble gas at the end of the preceding period.

ii. Nonmetallic ions are formed by the gain of electrons.  They are larger than the atoms from which they are formed.  Nonmetals have an outer level resembling that of the noble gas to the right in the same period.

iii. Ex.  Which has the largest atomic radius:  nitrogen, antimony, or arsenic?  The smallest?

Which has the larger Mg2+ or Mg?

Which has the smaller Cl- or Cl2?

c. Ionization Energy

i. Energy required to remove an electron from an atom.  It’s an indication of how strongly an atom’s nucleus holds on to its valence electrons.

ii. The energy required to remove the first electron is called the first ionization energy; the second electron is called the second ionization energy, etc…

iii. First ionization energy tends to increase from left to right as atomic number increases in any horizontal row or period.

iv. First ionization energy tends to decrease in any column or group as atomic number increases from top to bottom.

v. In general, elements can be classified as metals or nonmetals on the basis of first ionization energy.  Metals have a low first ionization energy and nonmetals have a high first ionization energy.

vi. Ex. Which element in each pair has the larger ionization energy?

1. Li   or   N

2. Kr  or   Ne

3. Cs  or   Li

vii. Octet Rule

1. States that atoms tend to gain, lose, or share electrons in order to acquire a full set of eight valence electrons.

2. Note that the first period elements are an exception to the rule.

3. That’s why metals want to lose electrons to look like the noble gas before them and nonmetals want to gain electrons to look like the noble gas at the end of the row.

d. Electronegativity

i. Relative ability of an atom to attract electrons in a chemical bond.

ii. Fluorine is the most Electronegative and Francium and Cesium are the least electronegative.

iii. In general, electronegativity decreases as you go down a group and increases as you go across the table from left to right.

iv. Ex. Which is the most electronegative, Na or Cl?

e. Reactivity

i. In general, on the right side of the periodic table, the nonmetallic elements become more active as we move from bottom to top.

ii. The most active nonmetal is located toward the upper right-hand corner of the periodic table.

iii. Fluorine is the most reactive of the nonmetals, and in fact is the most reactive element.  *****Noble Gases are NOT INCLUDED!
iv. In general, on the left side of the periodic table, the metallic elements become more active as we move from the top to the bottom.

v. The most active metal is located toward the lower left-hand corner of the periodic table.

vi. Francium is the most reactive of the metals.

