Chemistry for Matt. Tutorial No. 1.
Everything is made of ATOMS. ATOMS are the smallest particles of matter. They do not exist free but are joined together to make MOLECULES.  MOLECULES are the smallest particles that exist free in nature. 

ELEMENTS. The basic chemicals are ELEMENTS, like hydrogen, oxygen, chlorine etc. 
In elements the atoms are all identical. They are represented by symbols like H, O and Cl.

The atoms of elements are joined together to make molecules which usually have two atoms in them.

Example: Hydrogen, oxygen and chlorine have  2 atoms so their MOLECULES are H2, O2, and CL2  

An Exception: In METALS the atoms are all packed tightly together so you could say a piece of sodium metal is really one big molecule. 
COMPOUNDS. Elements are often combined with other elements to make COMPOUNDS. These contain at least 2 elements so they have at least 2 different types of atom.

Example:

Water. This is a COMPOUND made of 2 ELEMENTS;  Oxygen and Hydrogen.

Oxygen has symbol O. Hydrogen has symbol H. 

Water is H2O. This means that a MOLECULE of water has 1 atom of oxygen and 2 atoms of hydrogen.


Many compounds have many atoms. For example Glucose has 6 atoms of carbon and oxygen and twelve atoms of hydrogen so it is C6H12O6 

Structure of the ATOM 
If we know the structures of atoms then we can work out how they are able to react combine together to make molecules.

Atoms are made up of 3 types of particle:

Protons are heavy and have a positive charge.

Neutrons are the same as Protons but have no charge (they are neutral) hence their name .

Electrons weigh almost nothing but have negative charge. 

An atom has a central NUCLEUS made up of the protons and neutrons.  Because protons are there the nucleus has a Positive charge.

The electrons with their Negative charge fly around the nucleus. This is a bit like the solar system with the nucleus as the sun and electrons like the planets. (Except the electrons buzz around in a cloud  not in a fixed plane like the planets.
There are usually more or less equal numbers of protons and neutrons. 

The number of electrons is exactly equal to the number of protons, so the atom has no charge.

The electrons are arranged in a series of ELECTRON SHELLS or orbits around the nucleus. 
Atomic weight of an element. This is the weight of an atom compared with the weight of a hydrogen atom which is 1.0.  The weight is due to the protons + neutrons in the nucleus.

Atomic Number of an element.  This is the number of electrons (= number of protons) in an atom.

Hydrogen: H has one proton and one electron. It is special as it has no neutrons.

        Atomic weight is 1  and its Atomic number is 1.

Helium: He has 2 protons and 2 neutrons and 2 electrons.

        Atomic weight is 4 and atomic number is 2

Lithium: Li has 3 protons and 4 neutrons and 3 electrons.

        Atomic weight is 7 and atomic number is 3. 

Chlorine: Cl has 17 protons and 18 neutrons and 17 electrons.

Chemical properties are due to the ELECTRONS in the outer shell.

ATOMS join to make Molecules by sharing the electrons in their outer shells.  

To be stable an atom or molecule must have EIGHT electrons in the outer shell. This is why the noble gases like argon do not react; they already have 8 electrons and so do not need to share electrons to make molecules. 

All other atoms react to make molecules with 8 outer electrons.

The Periodic Table
The elements are arranged according to their Atomic numbers. There are 8 groups. 

Group 1 (H, Li, Na etc) have 1 outer electron 
Group 2 (Be, Mg, Ca) have 2 outer electrons

Group 3 (B, Al,) have 3;  Group 4 (C, Si) have 4;   Group 5 (N, P) have 5.  Etc. 

Group 8 (Noble gases) have 8.

Examples of how the atoms In elements join to make molecules.

Sodium chloride.  Sodium (Na)  has 1 electron in outer shell. Chlorine (Cl) has 7. So to make 8 electrons to share they need one Na plus 1 chlorine. So a molecule of sodium chloride has 1 Na and 1 Cl so it is NaCl.

Water. Hydrogen has 1 electron and Oxygen has 6 (it is in group 6) so to make 8 electrons we need 1 oxygen (6) plus 2 hydrogen (1). So molecule is H2O 
Ammonia. This is made from Nitrogen (5) plus hydrogen (1) so molecule is NH3
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Atoms and ions
An  atom has the same number of protons in the nucleus and electrons buzzing around.

Protons have a positive charge + and electrons have a negative charge-. 

SO the atom has no charge on it.

If an electron is removed from the atom then the atom will now have a positive charge. It is now called a positive ION.

For example:

Lithium has 3 protons and 3 electrons. It is therefore electrically neutral (no charge).
If an electron is removed, it becomes a Lithium ION. It now only has 2 electrons and so only 2 negative charges. But it still has the nucleus unchanged with 3 protons and 3 positive charges. So the total charge is positive. This is written like this:

[image: image1]        Li                Li+   +   e-               

Li atom                    Li ion           electron
If an atom gains an extra electron it produces an ion with a negative charge   

e.g.   Chlorine gains electron  to make a chloride ion         Cl + e-                Cl-   
        




                       Cl  atom       chloride ion

Acids and bases
We start by describing hydrogen and hydrogen ions.

A hydrogen ion is a hydrogen atom that has lost its electon
 A hydrogen atom  has only 1 proton in the nucleus. It has no neutrons. It has one electron. It is the simplest atom.
If it loses its electron it becomes a hydrogen ion:

        H                H+   +   e-               

H atom                     H ion         electron
Because the H atom only had one electron, all that is left if you remove the electron to make the hydrogen ion is the proton in the nucleus.

SO a Hydrogen ion [H+]  IS a proton.  
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Acids

An acid is a molecule that contains hydrogen that can be released as a hydrogen ion.
Example: Hydrochloric acid. This the gas hydrogen chloride dissolved in water. The molecule is made from one hydrogen atom and one chlorine atom. Formula is HCl

It is an acid because the hydrogen can be released as a hydrogen ion (=proton) leaving the chloride ion. The break up of an acid to give protons is called Dissociation. The two ions are happy to stay as separate ions in solution

 HCl              H+ + Cl-
SO, an acid is a molecule that can break up (dissociates) to give hydrogen ions (=protons H+).
Bases
A compound that reacts with an acid to form a neutral salt plus water. A base in solution is often called an alkali.

An alkali dissociates to produce a negatively charged  Hydroxide ion   OH- 

For example Sodium hydroxide   NaOH

NaOH dissociates to make a sodium ion Na+ and a hydroxide ion OH-
     NaOH   
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    Na+    +    OH-
Reaction of acids and bases (alkalis)
Acids react with alkali to produce a salt plus water
Hydrochloric acid plus sodium hydroxide   react to give   a salt (sodium chloride + water)

HCl  +    NaOH  =    NaCl + H2O
The key part of this reaction that occurs in all reactions of acids and bases is the reaction between hydrogen ions and hydroxide ions to give water
Another example: 

Reaction between nitric acid and ammonia to give ammonium nitrate plus water

                  HNO3   +        NH4OH      =        NH4NO3  + H2O
=         H+                                 OH-      =                            H2O

AND            NO3-                    NH4+       =          NH4NO3
                        Nitrate ion                      ammonium ion        ammonium nitrate (a salt)
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