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Chemistry 101 

Chapter 4 

Elements, Atoms, and Ions 
 

 
Element: is a substance that consists of identical atoms (hydrogen, oxygen, and Iron). 116 

elements are known (88 occur in nature and chemist have made the others in the lab). 

 

Symbols of elements: often an element’s name is derived from a Greek, Latin, or German 

word that describes some property of the element. These symbols usually consist of the first 

letter or the first two letters of the elements name (F for fluorine and Ne for neon). 

Sometimes, however the two letters used are not the first two letters in the name (Zn for zinc). 

 

Compound: is a pure substance made up of two or more elements in a fixed ratio by mass 

(for example, water and sodium chloride). 

 

Chemical Formula: in a chemical formula the atoms are indicated by the element symbol, 

and the number of each type of atom is indicated by a subscript (H2O it indicates two atoms 

of hydrogen and one atom of oxygen). the formula gives us: 1- the ratios of the compound’s 

constituent elements. 2- it identifies each element by its atomic symbol. 

 

Note: there are four representations for a molecule: 

 

 
 

Dalton’s Atomic Theory:  
 

1. All matter is made up of very tiny, indivisible particles, which called atom. 

2. All atoms of a given element have the same chemical properties. 

3. Compounds are made up of two or more different kinds of atoms. A compound has the 

same relative numbers and types of atoms. 

 

Law of constant composition: Compound always has the same composition. Therefore, a 

compound always has the same properties.  
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4. Atoms are not created or destroyed in chemical reactions. A chemical reaction changes 

the way the atoms are grouped together. 
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Law of conservation of mass: matter can neither be created nor destroyed. The total mass of 

matter at the end of the experiment is exactly the same as that at the beginning. 

 

Atoms:  
 

Atom is made up of three parts (subatomic particles): Proton: has a positive charge (+1) and 

it is found in a tight cluster in the center of an atom (nucleus). Neutron: has no charge and it 

is located in the nucleus of atom. Electron: has a negative charge (-1) and it is found as a 

diffuse cloud outside the nucleus. 

 

Note: like charges repel each other and opposite charges attract each other. 

Note: an atom is neutral in the normal condition (number of protons = number of electrons). 

Note: the mass of an atom is concentrated in its nucleus. 

 

Atomic mass unit (amu): a unit of the scale relative masses of atoms (1 amu = 1.66×10
-24 

g). 

 

Mass number (A): the number of protons + number of neutrons in the nucleus of an atom. 

 

Atomic number (Z): the number of protons in the nucleus of an atom. 

 

 
 

Isotopes: Atoms with same number of protons and electrons but different numbers of 

neutrons. For example carbon: carbon-12, carbon-13 and carbon-14 (which have 12, 13, 14 

neutrons but all of them have 12 protons and 12 electrons). The isotopes of the same element 

have almost the same properties. 

 

Atomic weight: the atomic weight of an element given in the periodic table is a weighted 

average of the masses (in amu) of its isotopes found on the earth. 

 

 
 

Periodic Table: 
 

The elements are arranged in order of increasing atomic weight beginning with hydrogen. 

There are three sections in the periodic table: 1- main-group elements (A groups): the 

elements in columns 1A to 8A. 2- transition elements: the element in columns 1B to 8B (or 3 

to 12). 3- inner transition elements: we put them outside the main body to make a more 

compact presentation. However, they actually should be between columns 3B and 4B. 

 

There are three classes of elements: 1- metals: they are solid at room temperature (except for 

mercury, which is a liquid), shiny, conductors of electricity and heat, ductile (they can be 

drawn into wires) and malleable (they can be hammered and rolled into sheets). Only 24 

elements are not metal. 2- nonmetals: with the exception of hydrogen, they appear to the right 

side of the periodic table. They can be found in three forms (solid, liquid and gas). They are 

18 elements. They are not shiny and they do not conduct electricity (except graphite) 3- 
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metalloids (semimetals): they have some properties of metals and some properties of 

nonmetals. They are 6 elements: Boron, Silicon, Germanium, Arsenic, Antimony, and 

Tellurium. 

 

Note: for the main-group elements, the elements of the each group have the same chemical 

and physical properties. 

 

Note: from up to down in a column and from right to left across a row the metallic property of 

elements increases. 

 

Alkali metals (1A): Li, Na, K, Rb, Cs, and Fr. They are very reactive and unstable. They 

react strongly with water to produce the metal hydroxides. They are soft metals (soft enough 

to be cut with a knife). They have relatively low boiling and melting points. 

 

Alkaline metals or earth metals (2A): Be, Mg, Ca, Sr, Ba, and Ra. They are also reactive 

(but less reactive than alkali metals). They are metal. They react with water in some 

conditions to produce the metal hydroxides. 

 

Halogens (7A): F, Cl, Br, I, and At. They are reactive (even more reactive than Alkali 

metals). They are nonmetals. They are colored substances. 

 

Noble gases (8A):  He, Ne, Ar, Kr, Xe, and Rn. They are gases under normal temperature and 

pressure. They form either no compounds or very few compounds. They have very low poling 

points (negative boiling point). 

 

Natural states of the elements: some elements consist of single atoms and they are found in 

an isolated state (for example, Ar and He).  They are called monatomic elements. Some 

elements are diatomic and they consist of two atoms. The atoms of these elements have 

special affinities for each other and they are connected to each other by a chemical bond (for 

example, N2 and O2). Some elements are polyatomic and they consist of many atoms (for 

example, O3 and S8). 

 

Allotropes: different forms of a given element are called allotropes. The structure of solid 

non-metallic elements are more varied than those of metals. The three allotropes of carbon are 

familiar diamond and graphite forms plus a form that has only recently been discovered called 

buckminsterfullerene. 

 

Ion: an atom with an unequal number of protons and electrons (in the normal conditions, an 

atom is neutral). 

Na + energy → Na
+
 (ion) + e

-
 

 

Note: Number of protons and neutrons in the nucleus remains unchanged. 

 

Ionization energy: the energy required to remove the most loosely held electron from an 

atom in the gas phase. 

 

Note: ionization energy increases from down to up in a column and from left to right across a 

row. 
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Metal (usually): loses one, two or three electrons and in losing electrons, the atom becomes a 

positively charged ion called a Cation (Na
+
, Ca

2+
, Mg

2+
). 

 

 

Nonmetal (usually): gains one, two or three electrons and in gaining electrons, the atom 

becomes a negatively charged ion called an Anion (Cl
-
, O

2-
, S

2-
). 

 

 

 

 

 

Note: outer-shell electrons can be removed easer than other electrons (because they are far 

away from the nucleus and there is a weaker attractive force between a nucleus and its outer-

shell electrons). 

 

Ionic compounds: matters are electrically neutral (uncharged). The total number of positive 

charges must equal the total number of negative charges. The subscripts in the formulas for 

ionic compounds represent the ratio of the ions. 

 

Na
+
  Cl

-   
→   NaCl  Ca

2+
 Cl

-   
→   CaCl2  Al

3+
 S

2-   
→   Al2S3 

 

Ba
2+

 O
2-  
→  Ba2O2  we must reduce to lowest terms: BaO 


