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UNIT 21 CHEMISTRY OF MATTER 
 
 

ELEMENT- An element is a substance that cannot be separated into any simpler substance. 

If you cut up a piece of aluminum, you will reach a point where you cannot divide it. Chemists 

use symbols to represent elements. For aluminum the symbol is Al. The symbol for oxygen is 

O. Each element has its own distinct properties. 

Common examples of elements 

Helium: It is a light weight gas that makes balloons rise in the air. 
Copper: It conducts electricity well so is used in electrical wiring. 
Sulfur: It is a yellow powder and compounds made of sulfur smell very bad, like rotten eggs. 
Aluminum: It is light and strong and is used in airplane parts and soft drink cans. 
Silicon: It is a metalloid element that is the most abundant element in the Earth’s solid surface. 

 

 

 

COMPOUND: A compound is a substance formed when 2 or more elements are chemically 

joined. For example water is made up of 2 elements-hydrogen and oxygen. When the 

elements are joined, they lose their individual properties. The properties of a compound, is 

different from the elements that they are composed of.  Water is different from it’s constituent 

elements: oxygen and hydrogen. 
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SYMBOL AND FORMULA 
 
A symbol denotes an element on the periodic table. A chemical formula combines two or more 
symbols and it represents a compound. 
 
Examples of symbols 
 
Lead    Pb 
Oxygen  O 
Hydrgen   H 
Barium     Ba 
 
Examples of formulas 
 
Water   H2O 
Nitric acid    H2NO3 
Sulphur dioxide   SO2  
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PERIODIC TABLE  

It is a table/tabular display of the elements. It has 117 elements.  It arranges the chemical 

elements in a useful, logical manner. The elements are listed in order of increasing atomic 

number and lined up so that the elements are have similar properties are grouped together.  

The periodic table is organized like a big grid. The elements are placed in rows and columns. 

There are 90 elements on the periodic table that occur in nature. All the other elements are 

man-made. Technetium was the first element to be made artificially. 
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1. Periods (Rows) – On the periodic table, there are rows of elements (left or right). These 

rows are called periods. In a period, all elements have the same number of atomic orbitals 

(rings in which electrons spin). The top period or row has one orbital for its electrons, the 

second period has two orbitals. It goes down the periodic table like that. At this time, the 

maximum number of electron orbitals for any element is seven. 

 

2. Groups (Columns)– When an element column goes from top to bottom, it is called a 

group. The elements in a group have the same number of electrons in their outer orbital. 

In the first column (group1) every element has one electron in its outer shell. In the second 

group (column) there are two electrons in the outer shell. 

   

 

REPRESENTATIVE ELEMENTS. TRANSITION ELEMENTS AND INNER 
TRANSITION ELEMENTS. 
 
The groups can be further divided into Representative elements and Transition Metals. 
Representative elements are those that are in Groups 1 and 2 on the left and the last 6 
groups on the right. The transition elements are those in the middle of the table between 
the representative elements. Inner transition elements are the two rows that are at the 
bottom. 
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METALS, NON METALS AND METALLOIDS 
 
Using the periodic table it is possible to classify elements in many ways. One useful 
way is by metals, nonmetals and metalloids. 
 
METALS 
 
Generally metals are on the left of the periodic table. They have the following 
general properties. 
 
1. They are solid with the exception of mercury which is liquid. 
2. They are shiny and good conductors of heat and electricity. 
3. They are ductile (they can be drawn into thin wires) 
4. They are malleable (they can be hammered into thin sheets) 
5. They tend to lose electrons more easily.  
6. They are very dense and melt at high temperatures.  
 
NON METALS 
 
They are on the right side of the periodic table and have the following general 
characteristics. 
 
1. Their surface is dull. 
2. They don’t conduct heat and electricity very well. 
3. Compared to metals, they have lower density and they melt at low temperatures. 
4. Their shape cannot be changed easily because they are brittle and will break. 
5. Many non-metals are gases at room temperature, while others are liquids and 
some are solids. 
6. They tend to gain electrons in chemical reactions. 
 
METALLOIDS 

These are elements which show characteristics of both metals and non-metals. They are 

all solids but are not lustrous. They conduct heat and electricity moderately well but not 

as well as metals. They are valuable in the semiconductor and computer chip industry. 

They are used in transmitters and computers chips 

The 6 metalloids are 1) Boron 2) Silicon 3) Arsenic 4) Germanium 5) Antimony 6) 

Tellurium 7) Polonium 
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ALKALI METALS 

1. The alkali metals are found in Group 1 of the periodic table.  

2. These metals have only one electron in their outer shell which is loosely bound. 

They lose that electron easily in bonding with other elements.  

3. They are very reactive. In nature they are found in ionic compounds, but never in 

pure state.  4. Like all other metals, they are malleable, ductile, and good conductors 

of heat and electricity. The alkali metals are softer than other metals.  

5. Alkali metals are Lithium, Sodium, Potassium, Rubidium, Cesium, Francium.  
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ALKALINE EARTH METALS 

 

1. They are metals found in Group 2 of the periodic table. They have two electrons in 

their outermost shell. 

2. They tend to be shiny and silvery white. 

3. They are the 2nd most reactive family of elements. They are very reactive and 

because of this, are not found freely in nature. 

4. They are called alkaline because when mixed in solutions, they tend to form 

solutions with a pH greater than 7.  

5. Alkaline earth metals are Beryllium, Magnesium, Calcium, Strontium, Barium and 

Radium. 
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CARBON GROUP SEMICONDUCTOR METALS 

 

1. These are present in the 4th group of the periodic table and have 4 electrons in their 

outermost shell.  

2. This group consists of Carbon, Silicon, Germanium, Tin, Lead, Flerovium.  

3. These elements have a wide variety of characteristics. This is because the metalloid 

line crosses this group, so metals, nonmetals and metalloids are all represented in 

this group. Carbon is a nonmetal. Silicon and Germanium are metalloids. Tin and Lead 

are metals.  
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OXYGEN FAMILY 

 

1. The oxygen family is Group 16 of the periodic table.  

2. It consists of Oxygen, Sulfur, Selenium, Tellurium, and Polonium. 

3. These elements have 6 electrons in their outermost shell. 

4. These elements have some common chemical properties but are also different. 

Oxygen is a gas non-metal, sulfur and selenium are solid non-metals, tellurium is a 

solid metalloid, and polonium is a solid metal. 

5. Because oxygen is second in electronegativity only to fluorine, it reacts with almost 

everything to form compounds. 
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HALOGENS 

 

1. They are non-metals and are located in Group 17 of the periodic table. 

2. They consist of Fluorine, Chlorine, Bromine, Iodine, Astatine, and Ununseptium. 

3. The term halogen means “salt-former” and compounds containing halogens are 

called “salts” 

4. They are non-metals and range from solid (iodine and astatine), to liquid (bromine), 

to gas (chlorine and fluorine) in composition. 

5. They have 7 electrons in their outermost shell and are only 1 short of a stable octet. 

Because they are only one electron short of having full shells, they have the trait of 

combining with many different elements. 

6. They have very high electronegativity (the highest of all elements is fluorine).  

7. The halogens are very highly reactive, especially with alkali metals and alkaline 

earth metals. 
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NOBLE GASES 

 

The noble gases are found in group 18 of the periodic table. 

All of them have the maximum possible number of electrons in their outer shell, making 

them very stable. 

These elements are considered inert gases because their oxidation number of 0 

prevents them from forming compounds readily. Because of their non-reactivity, they 

are considered inert. 

The noble gases are Helium, Neon, Argon, Krypton, Xenon, and Radon.  

Neon is used in many lit street signs. 
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 LANTHANIDES AND ACTINIDES 
 

1. The lanthanides and actinides are separated from the rest of the periodic table, 

usually appearing as separate rows below the rest of the periodic table.  

2. The top row are the lanthanides and the bottom row are the actinides.  

2. The lanthanide and actinide series make up the inner transition metals. 

3. These two rows are produced when electrons are being added to the f orbitals. The 

lanthanide series fill up the 4f sublevel and the actinide series fills up the 5f sublevel. 

4. The lanthanides are called rare earth elements and goes from number 58 (Cerium) 

to number 71 (Lutetium). They are found naturally, in nature and on Earth. Some are 

used in glass production, superconductors, or lasers. 

5. The actinides go from elements 90 (Thorium) to 103 (Lawrencium). All the actinides 

are radioactive, releasing energy when split and many are used in nuclear reactors. 

Not all are found in nature and have been made in labs. 
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ATOM 

HISTORY OF THE ATOM 

465 BC: Democritus, a philosopher in ancient Greece, suggests that matter is made up of atoms, 

but cannot prove it. Atom is the Greek word for unbreakable. 

1661 AD: Robert Boyle, an English scientist, separates and combines substances. He reports 

that elements cannot be broken down into simpler substances and that compounds are 

combinations of different elements. 100 years later, a French chemist Antoine Lavoisier proves 

Boyle’s theory.  

 1803 AD: John Dalton proves that atoms exists. He said that atoms were solid, like tiny marbles. 

He thinks that a compound has only one atom of an element, so water is HO. Later, an Intalian 

scientist Amadeo Avogadro discovers that a compound can have more than one atom of an 

element, like H2O.  

1898 AD: J.J.Thompson finds that atoms contain electrons. He said that electrons were sprinkled 

throughout like raisins in a pudding.  

In the early 1900’s and by 1911, Ernest Rutherford fired particles from radioactive atoms through 

gold atoms. They found the nucleus and that it was packed with positive matter and the electrons 

revolved around the nucleus.  

1913: Niels Bohr, a Danish scientist discovers that the number of electrons in the outer shell of 

an atom, determines its chemical properties.  

1926: However, since 1926, scientists think of electrons as clouds surrounding the nucleus, they 

are not like planets orbiting around the Sun.  

Comparison of Rutherford’s model of the atom with Dalton’s 

Atoms are the basic building blocks of matter. They have a round, central nucleus. They are made 

of three particles 

1. Protons – Carry a positive charge. They are present in the nucleus. In 1968, new particles 

were discovered inside protons. They were called quarks. There are three quarks in each 

proton. They held together by particles called gluons. 

2. Neutrons – They carry no charge. Quarks discovered inside the neutrons three quarks 

held together by gluons. 

3. Electrons – Have a negative charge and circle the nucleus in round orbits called orbitals.. 

They are small and light, about 1800 times less massive than protons.They can be easily 

stripped off atoms. An atom has equal number of protons and electrons, making it neutrally 

charged.  

 



 Page 16 
 

 

 

 

 

ATOMIC NUMBER 

The number of protons in the nucleus of an atom is its atomic number. It is referred to as Z. Every 

element has a unique number that tells how many protons it has. For example 

Hydrogen has1 proton, so it’s atomic number is 1 

Carbon has 6 protons, so it’s atomic number is 6  
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MASS NUMBER 

All atoms have an atomic mass number. This is the number of protons + the number of neutrons. 

Mass number = number of protons + number of neutrons. 
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ISOTOPE AND ISOTOPE NUMBER 

Isotopes are variants of the same element with different number of neutrons. Isotopes of a given 

element have the same number of protons but each isotope differs from the others in the number 

of neutrons. For example carbon-12, carbon-13, carbon-14 are three isotopes of carbon with 

mass numbers of 12, 13 and 14. The atomic number of carbon is 6 which means that every carbon 

atom has 6 protons, so the neutron number or the isotope number is 6,7 and 8 respectively. 

Isotopes have the same atomic number but different mass number. 
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METALLOIDS  

These are elements which show characteristics of both metals and non-metals. They are all solids 

but are not lustrous. They conduct heat and electricity moderately well. They are used in 

transmitters and computers chips 

The 6 metalloids are 1) Boron 2) Silicon 3) Arsenic 4) Germanium 5) Antimony 6) Tellurium 7) 

Polonium 

SEMICONDUCTORS 

A semiconductor is a material that has electrical conductivity which ranges between a conductor 

and an insulator. These are three main categories of conductive materials 

1. Insulators: Wood and glass which do not allow electricity to pass through them 

2. Conductors: Copper wires, water which allow electricity to pass through them. 

3. Semi conductors: These can act as insulators or conductors, depending on conditions. 

The main semiconductors are silicon and germanium. 

MOLECULE  

A molecule is a group of 2 or more atoms that stick together. They cannot be seen by eye, only 

electron microscope. A molecule is the smallest indivisible proton of a pure compound that retains 

a set of unique chemical and physical properties. It is the smallest particle of a substance that 

exists independently. 

 


