MODULE B: BASIC CHEMISTRY
LESSON 2: The Periodic Table

A. Definition of Terms

1. GROUP: A vertical column in the periodic table of the elements.

2. PERIOD: A horizontal row in the periodic table of the elements.

3. VALENCE: A measure of the number of chemical bonds formed by the atoms of a given element. 

4. NEUTRALITY: The state of electrical balance between the number of electrons and protons in an atom.  This is what exists in the pure state.


5. STABILITY: The state of most atoms (except the Noble gases) where one of the outer shells is not full.


6. ELECTRON DONOR: A chemical entity that donates electrons to another compound.
7. ELECTRON ACCEPTOR: A chemical entity that donates electrons to another compound. 
B. The Periodic Table


1. An organized, tabular display of all the known chemical elements.


2. Arranged such that the elements are displayed with increasing Atomic Numbers from right to left and top to bottom.


3. The Atomic Number is based upon the number of protons (and by association, the number of electrons as all elements are electrically neutral).


4. Electrons
a. Electrons are small, light, negatively charged particles.

b. They surround (circle) the nucleus in a “cloud” and are constantly moving.

c. The electrons stay in a particular orbit called a shell (aka orbital or energy level).

d. Shells are groupings of atoms around the nucleus like skin on an onion.  

e. Electrons are not perfectly free to move about an atom.  

f. An electrons is restricted to moving only in a certain region of space (shell), depending on the amount of energy it has.

g. The specific arrangement of electrons in an atom’s shells is called the configuration.

h. There are up to seven shells into which electrons can fit.

i. The order by which they load is fixed and allows for the periodicity of the table.
j. The total amount of electrons possible in an element is dictated by the capacity of the shell and can be determined by 2n2, where n is the number of shells present.
k. The movement of electrons between shells involves energy.

l. The more shells, the farther the shells are from the nucleus and the larger the atom.

m. The more shells, the more electrons it can hold, and the more energy it has.

n. Valence Electrons are electrons in the outer level and have the highest energy and are the most reactive of the electrons in the atom.
i. The main interest in Respiratory Care is the outermost orbiting electrons called valence electrons.  

ii. Atomic stabil​ity exists when the outermost energy level of an atom contains 8 electrons (with the exception of He which is filled with 2 electrons in the first shell.)

iii. This description cannot be applied to all elements since the more complex atoms have electrons distributions that do not follow this scheme.  

iv. The group A elements we will consider stable if the atom has 2 electrons in its one and only energy level or 8 electrons in the outermost energy level.

v. The number of valence electrons can be found on the periodic chart and are indicated by the Group Number or Roman Numer​al.(IA, IIA, IIIA, IVA, VA, VIA, VIIA, O)

o. All shells contain subshells in which electrons travel in pairs.

p. Subshells are labeled “s”, “p”, “d”, “f”, “g”, “h”, and “i”.

q. Subshells do not fill from inside out, they have an unusual but orderly method for filling. 

i. First shell has 1 subshell (1s)

ii. Second shell has 2 subshells (2s, 2p)

iii. Third shell has 3 subshells (3s, 3p, 3d)

iv. Fourth shell has 4 subshells (4s, 4p, 4d, 4f) 

v. Example: Special notation: 1s2, 2s2, 2p3 for nitrogen

r. Electron shells correspond to the ROWS of the periodic table.

s. All elements in a given row have the same number of electron shells.

i. First row, 1 shell

ii. Second row, 2 levels of shells

t. Two methods for representing the electron configurations: 

i. Electron Configurations: List all shells, subshells and electrons.
· Example: Mg  1s2, 2s2, 2p6, 3s2

ii. Lewis Dot Structures: Show only valence (outer shell) electrons.

· Example: Berryllium: Be:

u. Elements (with the exception of the Noble gases which are inert and do not undergo chemical reactions) are either electron donors or electron acceptors.

i. Electron donors usually have 1 to 3 valence electrons in their outer shell and usually end up as (+) ions or cations.

ii. Electron acceptors usually have 6 - 7 valence electrons in their outer shell and usually end up as (-) ions or anions.

v. All elements are neutral (neutrality) in their pure state because the number of electrons (-) is equal to the number of protons (+).

w. Except for the noble gases, all elements are unstable.  

i. Their outside shells are not full and they are looking for electrons.
ii. The elements we typically deal with in medicine are usually looking to fill their outer shell (“s” & “p” subshells) with 8 electrons.

5. The table is based upon the Periodic Law which states that when elements are arranged in order of increasing atomic numbers, elements with similar properties occur at periodic (regularly reoccurring) intervals.

6. The table is arranged based upon two Classification Schemes: 
a. GROUPS OF ELEMENTS - based on “Chemical Properties”

i. More modern method of classification of elements based on electron configurations and based mainly on the chemical properties of the element.

ii. Arranged by the vertical columns.

· Classified according to a Roman numeral and a letter.

· The Roman numeral indicates how many electrons are in the outermost shell.

iii. Elements in the same group have the similar chemical properties and can substitute for others within the group in chemical reactions.

iv. Three major groups: 

· Representative or Main-group Elements (includes Noble Gases)

· Eight groups are the most important in medicine.

· Two groups are on the extreme left side of the table and six on the extreme right.

· Have at lease one electron in the s or p subshell and desire to fill (or empty) those subshells.

· Group 1A - Alkali metals are shiny, soft, low melting metals.  They react rapidly with water to form products that are highly alkaline and are never found in the pure state in nature.

· Group 2A - Alkaline earth metals are also lustrous, silvery metals, but are less reactive than 1A.  Never found in pure state in nature

· Group 7A - Halogens are found in nature combined with other elements. (NaCl)

· Group 8A or 0- Noble gases are colorless gases of very low chemical reactivity.  Some don’t even combine with anything.

· Transition

· Have at least one electron in the d subshell and desire to fill that subshell.

· Ten smaller groups in the middle

· 21 through 30

· 39 through 48

· 57 through 80

· 89 thorough 112

· 1B through 8B 

· Some not named yet (110-118)

· Inner transition (Lanthanide series and Actinide series)

· Have at least one electron in the f subshell and desire to fill that subshell. 

· Group of fourteen elements in two rows usually depicted at the bottom of a periodic table.

· Subdivided into two “series”: 

· Lanthanide series

· Actinide series

· Unique because they can contain MORE than 8 electrons in its outermost shell.

· Example: Argon – 2-8-8, Scandium – 2-8-9-2.

· Most elements can only use their outermost shell to participate in a chemical reaction.  These elements can use their two outermost shells.

b. CLASSES OF ELEMENTS - based on “Physical Properties” 

i. Early method of classification of elements  based mainly on “Physical Properties” .

ii. Three classes of elements: 

· Metals

· Physical Properties of Metals

· Left side of table.

· All metals are solids at room temperature except mercury.

· Usually hard.

· Usually have a high melting point. 

· High density.

· Shiny surfaces.

· Reflects light.

· Good conductors of electricity.

· Ductile (can be drawn into wire).

· Malleable (can be hammered or rolled into sheets).

· Chemical Properties of Metals
· Does not readily combine with other metals.

· Prefers to combine with non-metals.

· May be found in free state (simply as an element (gold, silver, copper, platinum).

· Non-Metals

· Physical Properties of Non-Metals

· Right side of table

· Can be in the solid state (5 elements), the liquid state (1) or the gaseous state (11) at room temperature.

· Solid metals are brittle.

· Not malleable.

· Poor conductors of electricity and heat (except carbon).

· Low density.

· Not silvery.

· Dull, poor light reflection.

· Low melting point.

· Physical Properties of Non-Metals

· Combine with metals.

· Combine with other non-metals.

· Few found in a free state (oxygen, nitrogen, carbon).

· Noble gases usually in free state and non-reactive with any other elements.

· Metalloids (semi-metals)

· Physical Properties of Metalloids

· Located between metal & non-metal on periodic table following a zigzag line.

· Solid at room temperature.

· Exhibit properties of metals & non-metals.

· Most are silvery. 

· Brittle.

· Poor conductors (like silicon, may be a semi-conductor).

· Increase temperature leads to increased conduction .

· Chemical Properties of Metalloids

· Exhibit properties of metals & non-metals.


7. When a metal reacts with a nonmetal, the compounds formed are solid crystalline particles that are positively or negatively charged and are referred to as ionic compounds.
a. These electrically charged particles are called ions. Ions that bear negative charges are called anions.

b. Ions that bear positive charges are called cations. 

c. If an ion if formed from a single atom, it is called a simple ion. 

i. H+ 

ii. K+
iii. Ca++
iv. Cl-
v. F-
d. If an ion is made up of several atoms joined together it is a polyatomic ion.
i. NO3 - Nitrate ion

ii. OH - Hydroxide ion

iii. HCO3 -  Bicarbonate ion

iv. NH4 - Ammonium ion

e. Metals form ions that bear positive charges.

f. Non-metals form ions that bear negative charges.

g. A compound composed of ions is called an ionic compound.  

h. No molecule exists; molecules do not exist in compounds that contain ions.

C. Chemical Reactions


1. A chemical reaction takes place when valence electrons are lost, gained or shared by other atoms to form a molecule.

2. Two types of reactions typically encountered: 

a. Diatomic element (O2) – 2 of same atom.

b. Compound (H2O) - 2 or more different atoms.


