Basic Chemistry

Matter

Matter occupies space and has weight.

It can exist as a solid, liquid, or gas.

It may be possible to break some kinds of matter down into other kinds of matter with different properties. For example, water (H2O) can be broken down into hydrogen and oxygen.

Hydrogen and oxygen in the above example cannot be broken down any further because they are elements.

Elements

Elements cannot be broken down into substances with different properties. For example, water (H2O) is not an element because it can be broken down into hydrogen (H) and oxygen (O).

The smallest particle of an element is an atom.

Elements are substances made up of only one kind of atom.

There are 92 naturally occurring elements. Matter is therefore composed of 92 different kinds of elements.

The following elements make up 98% of the body weight of organisms:    Carbon (C),     Hydrogen (H),     Oxygen(O), 

                    Nitrogen (N),      Sulfur (S),     Phosphorus(P).

             Each element can be represented by a chemical symbol (as above).

Atomic Symbols

Atoms are composed protons (+) , neutrons, and electrons(-).

Protons and neutrons are located in a central area called the nucleus.
Electrons move about the nucleus in different energy shells.

The number of electrons is equal to the number of protons, in a neutral atom.

Protons and electrons have an electrical charge. Protons have a positive charge and electrons have a negative charge. Particles with positive charges are attracted to particles with negative charges. 

Two particles with the same charge (both positive or both negative) will repel each other.           

Atoms with a complete outer shell of electrons do not react.  Atoms with a complete outer shell of electrons do not react.  If an atom has only one shell, it is complete with two electrons, otherwise it is complete with eight electrons.

CHEMICAL REACTIONS 

Atoms with incomplete electron energy shells react with others in a way that allows it to complete the outer shell  which makes them  STABLE.

 Atoms REACT to  LOSE electrons( are oxidised)  to form positively charged ions

     OR           GAIN    electrons (are reduced) to form negatively charged electrons

   OR             SHARE  electrons  to produce a completed outer shell.

Chemical bonds form when atoms react to fill their outer shells with electrons.

A compound is two or more elements joined together by chemical bonds.

Isotopes

Isotopes are atoms that have the SAME  number of protons and DIFFERENT number of neutrons. Three different forms of hydrogen are shown below.
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Most isotopes are stable but radioactive isotopes are unstable and break down into more stable forms by emitting radiation. 

Radiation can be detected, so radioactive isotopes are useful as labels in scientific research and medical diagnostic procedures.( E.G  for genetic probes )

Ionic Bonding

Ionic bonding is the transfer of electrons from one atom to another.

Atoms that have lost or gained electrons are called ions. Metals tend to lose electron and non-metals tend to gain them to achieve stability.

The gain or loss of electrons results in ions having a positive or negative charge. 

                         Na+    +   Cl-  (  NaCl

Example:

A sodium atom (Na) and a chlorine atom (Cl) are shown below. A single circle represents the nucleus (protons and neutrons) of the atoms. Dots represent the electrons. The sodium atom has a total of 11 electrons and one electron in its outer shell. Chlorine has a total of 17 electrons with seven in its outer shell.

From this, we can calculate that the atomic number (number of protons) of sodium is 11 because the number of protons in an atom equals the number of electrons. [image: image2.png]Sodium Chiorine




When sodium chloride (NaCl) is formed, one electron from sodium is transferred to chlorine.
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Ions have a charge and are written with a plus (+) or a minus (-) sign. For example, calcium loses two electrons to form a calcium ion. The chemical symbol for a calcium ion is therefore Ca++ or Ca+2.

The ions in a compound are attracted to each other due to opposite charges.

The electrical attraction between sodium ions (+) and chloride ions (-) produces the regular arrangement as below.
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The crystalline structure of sodium chloride discussed above can be seen in the photograph below.




Ionic bonds are strong electrostatic forces of attraction which hold the ions fixed in a regular arrangement.  Because of the charges of the ions the crystalline salt structures are susceptible to attack by POLAR substances like water. SO most IONIC SALTS are water soluble.
Covalent Bonds

Covalent bonds form when atoms share electrons.

Hydrogen atoms contain one electron and one proton.
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In the diagram below, two hydrogen atoms are bonded by a single covalent bond. The two atoms each share a pair of electrons.  (one shared electron pair = one chemical bond)
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Molecules      Molecules are two or more atoms that have bonded together. They may be composed of atoms of the same element or of different elements.       A molecule is the smallest part of a substance  that still has the properties of that substance.

Example: Methane ( CH4)    Carbon needs four electrons,   each hydrogen needs one.
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The shorthand method for writing methane is CH4. It may also be drawn as shown on the right side of the diagram above.

Double and Triple Bond In a double bond, 2 atoms share 2 pairs of electrons (4 electrons). e.g Oxygen  O2    or  O=O ( where the double line reflects  the double bond)
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TRIPLE: 2 atoms share 3 pairs  of electrons (6 electrons)     eg N Ξ N   or N2 Nitrogen
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Double and triple bonds are stronger than single bonds so more energy is needed to break them.

A Shorthand Method for Drawing Covalent Bonds

Straight lines can be used to represent a covalent bond between two atoms. A single line is used to represent a single bond, two lines are used to represent a double bond and three lines represent a triple bond. Some single, double, and triple bonds are shown below.
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Polar Covalent Bonds

When the atoms share the electrons equally, the molecule is nonpolar.

Polar molecules are formed when two different size atoms are covalently bonded. The molecule is polar because the electrons are not shared equally between the two atoms; the electrons spend more time with the larger atom.

In the drawing below, Hydrogen shares one pair of electrons with chlorine by a single covalent bond. The electrons are not shared equally because chlorine is much larger than hydrogen.
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The electrons move around in a ‘cloud’  which lies closer to the bigger chlorine atom. This results in a slight  positive charge on the hydrogen end of the molecule and a slight negative charge on the chlorine end. 
A water molecule (H2O) is an example of a polar molecule formed by polar covalent bonds.  Unequal sharing of electrons results in oxygen being negatively charged and the hydrogens being positively charged.
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Hydrogen Bonds

Hydrogen bonds are an attraction between hydrogen (positively charged due to its small size) and the negative charge on another molecule.

Hydrogen bonds are weak forces attraction BETWEEN molecules.

The drawing below shows hydrogen bonds between water molecules.
[image: image17.png]water molecule

\

hydrogen bond




Hydrogen  bonding is very important in biology.  The strands of the DNA double helix are held together by hydrogen bonding.

Chemical Equations

The chemical equation for producing water from hydrogen and oxygen is:   
                               2H2    +        O2                           2H2O

                            REACTANTS                              PRODUCTS
In chemical equations, reactants are written on the left (LHS) and products on the right (RHS). In the equation above, hydrogen (H2) and oxygen (O2) are reactants and  water (H2O) is the product.  The equation below (bottom of diagram) is not balanced because the number of atoms on the left side of the arrow is not equal to the number on the right side.
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In a balanced chemical equation there must be an equal number of each atom.
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Energy and Covalent Bonds

Energy is required to form a covalent bond and energy is released when a Covalent bond is broken.  

Covalent bonds can therefore be used to store energy. This is very important in Biology :-

         RESPIRATION is the biochemical reaction which breaks down food molecules , releasing the energy  from the broken chemical bonds.   This reaction involves the breakdown of glucose molecules in the presence of oxygen to produce carbon dioxide and water.        

C6H12O6  +  H2O (    6CO2 + H2O  +  ENERGY

The energy released can then be trapped in a smaller molecule (ATP) which can be easily broken down within the cells of organisms to release the energy need for all life processes including growth, movement, reproduction.

 Energy is the ability to do work.  For example, it takes work to move matter.

Potential energy is stored energy ( eg. As in chemical bonds).

Electrons at greater distances from the nucleus contain more stored energy.

Example - Many of the chemical reactions that are associated with energy (eg: photosynthesis) involve electrons moving to higher or lower energy levels (shells).

PHOTOSYNTHESIS is the most important biochemical reaction for life on earth because it is the process by which plants trap the suns energy and converts it into chemical energy as FOOD in the form of CARBOHYDRATES. (eg. glucose)

Electrons (or H) function as energy carriers. An atom or molecule that   is reduced (gains electrons or hydrogen atoms) also gains energy as a result of the oxidation. Similarly, oxidation is associated with the loss of energy.

 

Ions Separate (Dissolve) in Water

Because water is polar, it bonds to ions and polar molecules. The attraction between water molecules and ions may be strong enough to separate the ions, causing the ions to become suspended (dissolved) in the water.

Below: Note that the orientation of the water molecules is depends on the charge of the ion.
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Water molecules adhere to polar molecules.

Water tends to form hydrogen bonds with polar molecules including other water molecules.

The meniscus shown below forms when water adheres to the sides of the glass container.
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Its ability to flow freely while hydrogen-bonded to other molecules and ions makes it an excellent transport medium eg as in blood

Ionization of Water

Water tends to ionize:    H2O   H+ + OH-

It forms equal numbers of hydrogen ions and hydroxyl ions.

The process is reversible; hydrogen and hydroxyl ions can combine to form water.  Important reactions occur in the blood to ‘mop up’ excess   H + ions  which could acidify the blood and cause death. (also for OH- ions which can cause death by raising  the pH of the blood)

Acids and Bases

Some molecules form ions when they are dissolved in water. For example, the HCl molecule comes apart (it dissociates) and produces H+ and Cl-. The electron that was normally with the H remains with the Cl. The H now has a positive charge because it no longer has an electron. Similarly, the Cl has a negative charge because it has the electron from the H atom.

HCl    H+ + Cl-
Acids are substances that dissociate to produce hydrogen ions and a negative ion. HCl is therefore an acid.

A hydrogen atom that has lost an electron becomes a hydrogen ion (H+). Because a hydrogen atom normally has only one electron and one proton, a hydrogen ion is a proton. The words "hydrogen ion" and "proton" can therefore be used interchangeably. The word "proton" can be abbreviated "H+."
NaOH dissociates when it is dissolved in water. An electron from the sodium atom remains with the OH. This produces a sodium ion (Na+) and a hydroxyl ion (OH-). is a base because when it dissociates, OH ions are produced.

NaOH    Na+ + OH-
Bases are substances that combine with hydrogen ions, thus lowering the concentration of hydrogen ions. NaOH (above) is a base because OH- is capable of combining with H+ to form water. Bases are therefore proton acceptors.

OH-  +  H+  
Most bases dissociate to produce OH-.

Water molecules have a slight tendency to dissociate, forming both H+ and OH- as shown below. Water is neutral when it ionizes because the number of H+ equals the number of OH-.

H2O    H+ + OH-
pH

The measure of the strength of an acid or base is called the pH. It is a measure of the concentration of hydrogen ions (H+).

The pH ranges from 0 to 14. An acid has a pH less than 7. A base has a pH greater than 7. A pH of 7 is neutral.

 
