CHEMISTRY -2010 
· In noble gases the amount of electrons in the outer shell makes the atom stable. 8 electrons is a stable amount
· Covalent bonds are when non-metals share electrons and create a covalently bonded molecule
· A molecule consists of two or more atoms bonded together by covalent bonds
· O2, Cl2, S2, N2 are all examples of diatomic gases
· Answers in Chemistry should be given in scientific notation if the question has given a unit in scientific notation.
Valencies
	POSITIVE IONS
	NEGATIVE IONS

	Name
	Symbol
	Name
	Symbol

	Hydrogen
	H+
	Hydride
	H -

	Sodium
	Na+
	Fluoride
	F -

	Potassium
	K+
	Chloride
	Cl -

	Silver
	Ag+
	Bromide
	Br -

	Lithium
	Li +
	Iodide
	I -

	Copper(I)
	Cu+
	Hydrogensulphide
	HS -

	Ammonium
	NH4+
	Hydroxide
	OH -

	Strontium
	Sr+
	Nitrate
	NO3-

	Gold (I)
	Au+
	Nitrite
	NO2-

	Caesium
	Cs+
	Dihydrogenphosphate
	H2PO4-

	Rubidium
	Rb+
	Perchlorate
	ClO4-

	Magnesium
	Mg2+
	Chlorate
	ClO3-

	Calcium
	Ca2+
	Chlorite
	ClO2-

	Barium
	Ba2+
	Hypochlorite
	ClO-

	Iron(II)
	Fe2+
	Cyanide
	CN-

	Cobalt
	Co2+
	Permanganate
	MnO4-

	Zinc
	Zn2+
	Hydrogencarbonate
	HCO3-

	Lead(II)
	Pb2+
	Hydrogensulphate
	HSO4-

	Tin(II)
	Sn2+
	Ethanoate
	CH3COO-

	Copper(II)
	Cu2+
	Oxide
	O2-

	Manganese (II)
	Mn2+
	Sulphide
	S2-

	Nickel (II)
	Ni2+
	Sulphate
	SO42-

	Mercury
	Hg22+
	Sulphite
	SO32-

	Aluminium
	Al 3+
	Carbonate
	CO32-

	Chromium(III)
	Cr3+
	Peroxide
	O22-

	Iron(III)
	Fe3+
	Hydrogenphosphate
	HPO42-

	Gold (III)
	Au3+
	Dichromate
	Cr2O72-

	Tin(IV)
	Sn4+
	Chromate
	CrO42-

	Lead(IV)
	Pb4+
	Oxalate
	C2O42-

	
	
	Nitride
	N3-

	
	
	Phosphide
	P3-

	
	
	Phosphate
	PO43-



	NAME
	SYMBOL
	NAME
	SYMBOL

	Hydrogen
	H
	Chromium
	Cr

	Helium
	He
	Manganese
	Mn

	Lithium
	Li
	Iron
	Fe

	Beryllium
	Be
	Cobalt
	Co

	Boron
	B
	Nickel
	Ni

	Carbon
	C
	Copper
	Cu

	Nitrogen
	N
	Zinc
	Zn

	Oxygen
	O
	Bromine
	Br

	Fluorine
	F
	Krypton
	Kr

	Neon
	Ne
	Rubidium
	Rb

	Sodium
	Na
	Yttrium
	Y

	Magnesium
	Mg
	Silver
	Ag

	Aluminium
	Al
	Iodine
	I

	Silicon
	Si
	Xenon
	Xe

	Phosphorus
	P
	Caesium
	Cs

	Sulfur
	S
	Barium
	Ba

	Chlorine
	Cl
	Tungsten
	W

	Argon
	Ar
	Gold
	Au

	Potassium
	K
	Mercury
	Hg

	Calcium
	Ca
	Bismuth
	Bi

	Vanadium
	V
	Uranium
	U

	Strontium
	Sr
	Cadmium
	Cd

	Tin
	Sn
	Lead
	Pb


Some meanings to know
Soluble: capable of being dissolved or liquefied
Insoluble: incapable of being dissolved
Solute: the dissolved matter in a solution
Solvent: a substance that dissolves another to form a solution
Solution: A mixture where the particles of a solute are homogeneously spread amongst the particles of a solvent
Chemical Compound: A chemical compound consists of two or more elements, chemically combined. Compounds cannot be separated by physical means while mixtures can be separated  
Electrolyte:  A substance that dissolves and conducts and electric current and produces free ions in solution
Strong Electrolyte: When dissolved in water these solutes are entirely present as independent mobile ions. They are able to carry a strong electric current. Even essentially insoluble ionic compounds can be strong electrolytes because when added to water the small amount that does dissolve is completely ionised. A dilute solution can be a strong electrolyte. Vinegar is a very soluble and highly concentrated but it is a weak electrolyte
Weak Electrolyte: When dissolved in water solutes are partly present as independent mobile ions. These electrolytes carry a weak electric current. The solution may be concentrated but be a weak electrolyte
Non Electrolytes: Produce no ions and carry no current. Dissolve in water. 
STRONG acid =STRONG electrolyte
WEAK acid or base = WEAK electrolytes
The concentration of a solution: The amount of solute dissolved in a given amount of solution or solvent
Concentrated Solution: One in which a large amount of solute is dissolved in a certain volume of solvent (e.g. 6mol L-1 HCL)
 (
Substances that can act either as an acid or a base are called
amphoteric
 substances
. Two example are the HCO
3
-
 ion and the H
2
O molecule
.
Suspensions are solids in equations
)Dilute Solution: One which contains a small amount of solute dissolved in a certain volume of solvent (e.g. 0.1mol L -1
Ionisation is the formation of ions
 (
The loss of electrons is oxidation 
The gain of electrons is reduction
)Dissociation is the separation of ions 
 (
Substance such as Cu
2+
,Cr
3+
,Ag
+
 combine with substances like H
2
O, NH
3
,Cl
-
 and CN
-
 to form complex ions or ligands, the coefficient of the “negative” side is twice the charge of the entire complex ion. For the “negative” side to form a ligand there must be free electrons present i.e. non bonded electrons
)



SOLUTIONS
· [image: water.jpg]A solution is a homogeneous mixture made from a solute dissolving in a solvent.
· When a solid dissolves, the particles that make up the solid break away from the solid lattice and mix with the solvent molecules.
· The formation of a solution involves the rearrangement of bonds:
· The bonds between the particles in the solid (solute) are broken.
· The bonds between the liquid particles are disrupted as the solute particles move in between them.
· New bonds are formed between the solute particles and the liquid particles.
· The relative strengths of the bonds that need to be broken and the new ones formed is a major factor in determining whether a solution forms.
· If the bonds being broken are of similar strength or weaker than the new bonds being formed, then the solute should dissolve in the solvent.
· A rule of thumb used to predict solubilities is ‘like dissolves like’, e.g. a polar solvent should dissolve a polar solute.
· A solute with hydrogen bonds between the molecules should dissolve in water because the new bonds formed between the solute and water are also hydrogen bonds.
· A solute with only dispersion forces between its molecules (i.e. a non-polar solute) will not dissolve in water because hydrogen bonds need to be broken between the solvent (water) molecules, but only dispersion forces can form between the solute and solvent molecules.
· A non-polar solute will dissolve in a non-polar solvent because the bonds broken (between the solute and between the solvent molecules) are dispersion forces and the new bonds formed between the solute and solvent are also dispersion forces.
· For polar organic molecules such as alcohols:
· the solubility in water decreases as the hydrocarbon chain increases in length
· the solubility in a non-polar solvent decreases as the number of polar functional groups on the hydrocarbon chain increases.
· The solubility of a polar solute, and an ionic compound, decreases as the polarity of the solvent decreases.
· The solubility of a non-polar solute increases as the polarity of the solvent decreases.
· When ionic solids dissolve in water, the polar water molecules are attracted to the positive and negative ions. Ion–dipole forces hold the molecules to the ions.
· Precipitates form because the bonds that usually form between water and the ion instead occur between one ions and the other meaning that a new substance is formed if this substance is insoluble in water then it becomes a solid and remains a solid without creating  new solution
· The ions with water molecules attracted to them are called complex ions. [Cu(H2O)6]2+ is an example of a complex ion.
· One mole is the amount of substance that contains 6.022 × 1023 particles of that substance.
· [image: ]One mole of any substance has a mass equal to its relative atomic, molecular or formula mass expressed in grams.
· The relative atomic mass (or atomic weight) of an atom is the mass of that atom compared to the mass of a C-12 atom that is assigned a mass of 12 exactly.
· The chemical formula of a compound shows the mole ratio of atoms or ions present in 1 mole of the compound.
· A flow chart showing the relationships between amount in mole, mass and number of atoms, molecules or formula units of substances.
· The concentration of a solution refers to the quantity of solute dissolved in a particular quantity of solution.
Important Formulas
 
Avogadro’s number= 
  			Formula or Molecular Mass= All Molar masses added up
The Concentration of a liquid=  	For the mass of grams of solute 
Avogadro’s number:   describes the number of atoms or molecules in a mole of a substance.
Percentage composition by mass:				Percentage composition by volume:
			 
Percentage composition mass/volume:				Concentration in ppm:
				

· When more solvent is added to a solution, the concentration of the solution decreases. Providing no solution is lost from the container:
· mole of solute in concentrated solution =mole of solute in dilute solution and
· [image: ]concentration of initial solution × initial volume = concentration of final solution × final volume or c1V1=c2V2
ATOMS AND THE PERIODIC TABLE
Atoms
· Atoms are composed of protons, neutrons and electrons. A proton has a +1 charge, an electron a –1 charge and a neutron is neutral.
· In an electrically neutral atom, the number of protons equals the number of electrons.
· The atomic number, Z, of an element is the number of protons in the nucleus of an atom of that element.
· The mass number, A, of an atom of an element is the sum of the number of protons and neutrons in the nucleus of that atom.
· [image: ]The structure of an atom can be represented as where X is the element’s symbol. 
· Isotopes are atoms of the same element that have different numbers of neutrons in the nucleus.
· Ions are charged atoms. Positive ions have more protons than electrons, and negative ions have more electrons than protons.
· The electrons in an atom can exist only in certain allowed energy levels or shells. 
· Electron configurations can be written showing the number of electrons in each shell; for example, an atom with 20 electrons has a configuration of 2, 8, 8, 2.
· Valence electrons are electrons in the outermost shell of an atom.
The Periodic Table
· In the periodic table, the elements are arranged in order of increasing atomic number.
· Periods are horizontal rows of elements in the periodic table.
· Groups are vertical columns of elements in the periodic table. Elements in the same group in the periodic table have the same outer-shell electron arrangement and they share some similar properties.
· The behaviour of substances within and around us can be predicted and understood from knowledge of the periodic table.
Ionisation Energy and Electronegativity
· Trends in 1st ionisation energy
1. The atoms nuclear charge
· Depends upon its # of protons
· Increasing nuclear charge means electrons are attracted more strongly tot eh nucleus and so ionisation energy increases with increasing nuclear charge
2. The distance between the nucleus and outermost electron – ATOMIC RADIUS
· As the atomic radius increases so the strength of attraction between the nucleus (+) and the outer electron (-) decreases
· Thus ionisation energy decreases with increasing atomic radius
3. Shielding by inner electrons
· Each electron in the atoms electron cloud repels each other electron
· The more electrons there are between the outer electrons and the nucleus the more easily the electron is removed and the lower the ionisation energy
· Successive ionisation energies increase for an atom: – gradually as the charge on the ion being formed increases – markedly when the electron is removed from a shell closer to the nucleus.
· Core charge is determined by subtracting the number of inner-shell electrons from the number of protons in the nucleus.
· [image: atomic radius.jpg]The atomic radius, ionisation energy and electronegativity of an element depend on the core charge experienced by the outermost electrons and the average distance of these outermost electrons from the nucleus.
Atomic Radius
· The atomic radius of a chemical elements is a measure of the size of its atoms usually the mean or typical distance from the nucleus to the boundary of the surrounding cloud of electrons
· Atomic radius increases down a group and decreases across a period.
· The decrease in atomic radius that occurs for elements further to the right of the period might be unexpected but is primarily due to the atom’s increasing nuclear charge. Higher nuclear charge increases the attraction of electrons bringing them closer to nucleus thus resulting in a decreased atomic radius.
· The increase in atomic radius down a group is due to the higher shell number of the outer electrons for elements lower in a group. At the start of each period electrons commence filling higher shells. Electrons in higher shells are generally further away from the nucleus and this causes the atoms further down a group to have a larger radius.
· The atomic radius of a metal is defined as being half the distance between the centres of two adjacent atoms in the metallic lattice i.e. 1/2 d.
· For non metal atoms that form diatomic molecules atomic radius is half the distance between the centres of two bonded atoms i.e. 1/2/ d.
Ionisation Energy
· Ionisation energy is the energy required to remove the most loosely bound electron from an atom, in the gaseous phase.
· Measures the minimum amount of energy needed to remove the single most loosely bound electron from an atom in the neutral gaseous state
· [image: ionisation energy.jpg]First ionisation energy decreases down a group and increases across a period.
Electronegativity
· The ability of an atom in a molecule to attract electrons to itself
· [image: electronegativity.jpg]Generally non-metal elements have the highest values of electronegativity. This is to be expected as these elements typically gain electrons to form negative ions
· Conversely metals have low electronegativity. Within the periodic table there is a general trend of increasing electronegativtiy from left to right in any period. Down any group the electronegativities show a gradual decrease,
· Electronegativity is a measure of the electron-attracting power of an atom in a molecule.
· Electronegativity decreases down a group and increases across a period. 

BONDING
IONIC COMPOUND – 
A compound made of both metallic and non-metallic atoms
· Ionic compounds have characteristic physical properties as listed in the table below.
· Ionic substances consist of positive ions and negative ions arranged in a regular lattice.
· Ionic bonding is the electrostatic attraction between oppositely charged ions.
· The ionic bonding model can be used to explain the properties of ionic crystals as shown in Table 3.8.
	Property
	Explanation

	high melting and boiling points, hardness
	strong attractive forces between the positive and negative ions

	brittleness
	when a layer of ions moves, repulsion between ions of similar charge occurs and the crystal shatters

	non-conductor of electricity in solid state
	positive and negative ions are held by strong ionic bonds in a lattice

	conductor in molten state and aqueous solution
	positive and negative ions are no longer arranged in a rigid lattice, they are relatively free to move


· Ionic bonding is the electrostatic attraction between positive ions and negative ions in a crystal lattice.
· In the formation of ionic compounds, metals, with lower ionisation energies, form positive ions or cations, and non-metals form negative ions or anions.
· Ions can include the monatomic metal and non-metal ions as well as a range of polyatomic ions in which individual atoms are covalently bonded, but overall there is an ionic charge.
· The properties of ionic compounds such as high melting and boiling points, non-conductivity in the solid state, but conductivity when molten or dissolved in water, and brittleness can be explained in terms of the arrangement of ions in the solid crystal lattice.
· Positive ions are named after the element from which they were derived, for example, Fe2+ is the iron(II) ion.
· Negative ion names usually end in ‘ide’; or, if oxygen is present, ‘ite’ or ‘ate’.
· When writing the formula of an ionic compound the following must be remembered:
· the formula of the positive ion is written before the formula of the negative ion. The charges of the  ions are not shown in the formula.
· the total positive charge must equal the total negative charge. In the formula, subscripts are used to indicate the relative numbers of ions required for neutrality.
· when there are two or more units of a polyatomic ion in a formula the polyatomic ion formula is enclosed in brackets.
· When writing the name of an ionic compound, the name of the positive ion is given first, followed by the name of the negative ion.
· Ions can be formed by the transfer of electrons from atoms of a metal element to atoms of a non-metal element.
· Electron dot diagrams can be used to show the arrangement of valence electrons in atoms, ions and ionic compounds. Square brackets are usually drawn around the electron dot diagram of an ion.

COVALENT MOLECULAR COMPOUND – 
A compound made up of non-metallic atoms only
· Within molecules, atoms are held together by the electrostatic attraction between shared electrons and the nuclei of atoms. This form of bonding is called covalent bonding.
· When atoms combine to form molecules they often share electrons so that their outer shell has eight electrons or a noble gas electron configuration.
· In covalent molecular substances, the covalent bonds within the molecule are strong, but the bonding between the molecules is weak.
· Electron dot diagrams can be drawn to show the formation of a molecule and to represent molecules.
· A single covalent bond is formed when two atoms share a pair of valence electrons.
· A double covalent bond is formed when two atoms share two pairs of valence electrons. A triple covalent bond is formed when two atoms share three pairs of valence electrons.
· The electron pairs forming covalent bonds in molecules are called bonding electron pairs. The remaining valence electron pairs, if any, are called non-bonding electron pairs or lone pairs.
· In covalent molecular substances, the atoms in the molecules are held together by covalent bonds. (Covalent bonds are strong bonds.) But between the molecules there are weak attractive forces, sometimes called intermolecular forces or van der Waals forces.
· The properties of covalent molecular substances are listed and explained in the table below
	Property
	Explanation

	low melting and boiling points
	forces between molecules are weak

	non-conductors of electricity when solid or liquid
	the molecules are uncharged and electrons are localised in covalent bonds or in the atoms

	the solids are generally soft
	forces between molecules are weak



· Covalent bonding results from the electrostatic attraction between atomic nuclei and shared electrons occupying the region of space between these nuclei.
· Single, double and triple covalent bonds can form. 
· Electron dot diagrams, in which only the valence electrons around the atoms are shown, can be drawn for molecules and ions.
· Covalent bonding is present in molecular substances as well as in covalent network substances.
· When naming covalent molecular compounds, the prefixes ‘mono-’, ‘di-’, ‘tri-’, ‘tetra-’, ‘penta-’ and ‘hexa’ are often used to indicate how many of each type of atom are in a molecule of the compound. If there is only one of the first element in the compound you don't need to use mono
· Compounds comprising polyatomic ions, contain both ionic and covalent bonds.
COVALENT NETWORK COMPOUND – Carbon(diamond,graphite), Boron , Silicon, Silicon Carbide, Silicon Dioxide
A compound made up of Silicon and Oxygen or Carbon and Silicon*
*Carbon is the only element that can form a covalent network substance by itself e.g. graphite and diamond
· In covalent network substances, every atom is covalently bonded to other atoms, forming a giant network lattice. No separate molecules can be distinguished.
· In covalent network substances, the strong covalent bonding extends throughout the lattice.
· Covalent network substances have much higher melting and boiling points, and are usually much harder than covalent molecular substances.
· The properties of covalent network substances are listed and explained in the table below
	Property
	Explanation

	very high melting and boiling points
	strong covalent bonding extending throughout the lattice

	non-conductors of electricity in the solid and liquid states
	electrons localised (except in graphite) in covalent bonds

	hard and brittle
	atoms strongly bonded, distortion breaks covalent bonds


METALLIC COMPOUND - A compound made up of metals only
· The characteristic physical properties of metals include:
· good conductors of electricity and heat in both the solid and liquid states
· shiny when freshly cut or cleaned
· malleable and ductile
· many are hard, tough and relatively dense solids with high tensile strength
· silver in colour, except gold and copper
· melting points vary over a wide range but most are reasonably high
· sonorous.
· These type of properties are typical of elements with low ionisation energy.
· Metallic bonding involves the electrostatic attraction of positive metal ions for delocalised valence electrons.
· Metallic bonding explains properties such as conductivity of heat and electricity, malleability and ductility, lustre and melting points.
· As the charge on the positive ions in the metallic lattice increases, so does the attraction between those ions and the delocalised electrons.
· As the atomic radii of the metal atoms increase down a group, the attraction of the positive ions for the delocalised electrons decreases.
· When metals lose electrons in chemical reactions, they behave as reductant.
· A metal consists of a lattice of positive ions surrounded by a ‘sea’ of mobile delocalised valence electrons.
· Metallic bonding is the electrostatic attraction between the delocalised electrons and the positive ions in the metallic lattice.
· An alloy is a homogenous mixture formed when one or more elements are added to a metal.
· The metallic bonding model can be used to explain the properties of metals as shown in the table below
	Property
	Explanation

	Relatively high density
	positive ions tightly packed in the lattice

	Malleability and ductility
	layers of positive ions can slip over one another without disrupting the metallic bonding; metallic bonding is non-directional

	Conductivity of electricity and heat
	mobile, delocalised electrons transfer charge and heat  energy

	High melting and boiling points
	strong metallic bonding exists throughout the entire lattice


OVERVIEW OF BONDING
· The structure, bonding and properties of the four classes of substances are summarised in the table below
	
	Metallic
	Ionic
	Covalent molecular
	Covalent network

	Examples
	Cu, Al, Zn, Ca, Na
	NaCl, CaCO3, MgO,
CuSO4
	NH3, H2O, HCl, SO2, Ne, Cl2, CCl4, C2H5OH
	diamond, Si, SiC, SiO2, graphite

	1 Types of  elements forming the substance
	metal elements
	formed between metal and non-metal elements
	formed between
non-metal elements
	most are formed by
non-metal elements of group 14

	2 Structure
a Constituent  particles
	positive ions and
delocalised electrons
	positive and negative ions
	neutral molecules
	atoms

	b Arrangement of
particles in solid
	lattice of positive
ions, sea of
delocalised electrons around ions
	lattice of positive and negative ions
	molecules organised in a lattice, each molecule composed of atoms bonded together
	atoms organised in a
lattice

	3 Bonding
a Principal attractive forces between particles
	electrostatic
attraction between
delocalised electrons
and positive metal
ions, called metallic
bonding
	electrostatic attraction between positive and negative ions, called ionic
bonding
	i )within molecules,
electrostatic attraction between shared electrons and nuclei, called covalent bonding
ii ) weak bonds
(intermolecular forces) between molecules

	electrostatic attraction between shared electrons and nuclei, called covalent bonding

	b Strength of bonds
	strong
	strong
	covalent bonds are strong, intermolecular forces are weak
	strong

	4 Properties
a Melting and boiling points
	most are high
	high
	low
	Very high

	b Electrical conductivity
	good conductors
in solid and liquid
states
	non-conductors in solid state, good conductors in liquid state and in aqueous solution
	non-conductors in solid and liquid states
	non-conductors in solid and liquid states (except graphite)

	c Hardness and
malleability
	most are hard,
malleable and ductile
	hard and brittle
	most are soft
	Very hard and brittle


SECONDARY OR INTERMOLECULAR FORCES AND BONDS
· Primary bonds found in substances include metallic, ionic and covalent. These are strong and dominant bonds which dictate the substances physical properties
· Secondary bonds are waker forces of attraction that are found in molecular substances
· They are referred to as intermolecular forces or Van der Waals forces
· There are no strong electrostatic forces between molecules
· They are very weak
· In some substances they make significant contributions in determining the substances physical properties
· Gases condense and liquids freeze due to mutual forces of attraction between molecules
· [image: Bonding.jpg]Intermolecular forces between small molecules are weak compared with intra molecular forces that bond atoms within molecules
· The various types of intermolecular forces of attraction are collectively called van der Waals forces.
Intermolecular forces include dispersion forces, dipole– dipole forces and hydrogen bonds.
· Molecular shape can be predicted using the valence shell electron pair repulsion hypothesis, which states that the valence electron pairs in an atom repel one another and are positioned as far apart as possible.
· Both bonding pairs and non-bonding pairs of electrons exert this repulsive force.
· Multiple bonds are regarded as a single area of negative charge when using the valence shell electron pair repulsion hypothesis.
· Non-bonding electron pairs and multiple bonds exert a slightly greater repulsive force than bonding electron pairs.
Polar bonds
· A polar covalent bond is one in which there is a difference in the electronegativity of the atoms involved in the bond, causing the electrons to be attracted closer to the more electronegative atom.
· A bond formed between two atoms which differ greatly in electronegativity will be ionic because of the strong tendency for an electron to be transferred completely form the metallic element to the non-metallic element.
· When a bond is formed between two identical atoms, the electrons are shared equally and the bond is purely covalent
· When two different types of atoms form a covalent bond, the electrons as not shared equally between the atoms. The electron pair would spend more time in the vicinity of the more electronegative atom which will acquire a partial negative charge
· For a molecule to be polar, it must have at least one polar covalent bond and be asymmetrical. Such a molecule will be a dipole because the centres of positive and negative charges are at different points in the molecule. 
· Covalent bonds in which there is an uneven charge distribution are called POLAR BONDS – they form what is known as a bond dipole (electric dipole.
· An alternative strategy for determining the polarity of a molecule with more than one polar bond is to undertake a vector addition of the individual bond dipoles.
· A dipole is represented as an arrow (=>), this represents the negative end of the dipole
	Molecule
	Difference in Electronegativity
	Result
	Bond

	F-F
	0
	Equal sharing
	Non-polar

	O-F in F2O
	0.52
	F more electronegative
	Polar bond

	N-F in NF3
	0.92
	F more electronegative
	Polar bond

	C-F in CF4
	1.41
	Large difference
	Strong polar bond

	B-F in BF3
	1.92
	Large difference
	Very polar bond

	BeF in BeF2
	2.39
	Very large difference
	Very polar bond

	Li-F
	3.0
	Charge separation
	Ionic bond


Molecular Dipoles
· A nett dipole in one direction is formed only when the molecule is not symmetrical
· A molecular nett dipole is the vector sum of all the bond dipoles within a molecule. Examples include water, ammonia and hydrogen sulphide
· A non symmetrical molecule with polar bonds will have a nett molecular dipole. In symmetrical molecules the nett dipole is zero
· Covalent molecular polar substances are formed when there is an uneven charge distribution within the molecule
· To determine which molecule have a nett charge separation we needs to consider the presence of polar bonds and the shape of the molecule
Dispersion Forces
· Dispersion forces exist between all molecules, atoms and ions and result from the attraction between instantaneous or induced dipoles.
· Dispersion forces are the only intermolecular forces between non-polar molecules and atoms of noble gases.
· Dispersion forces increase in strength with increasing number of electrons. 
· Dispersion forces are also influenced by molecular shape—the greater the 'fl at' surface area of the molecule, the stronger the dispersion force.
· They occur in all molecular materials
· Dispersion forces are formed when the electrons in a molecule or atom, by the nature of random motion, are found on the same side of a molecule or atom
· This causes the formation of a temporary dipole that interacts with other molecules or atoms in a similar situation.
· A temporary polar molecule can cause nearby molecules to develop similar dipoles called induced dipoles
· Molecules with temporary dipoles or induced dipoles experience weal electrostatic forces
· The temporary dipoles and induced are in a state of constant rapid change (approx. 10-12 sec) as dipoles form and decay
· They are present between all molecules but they are the only forces of attraction between – 
a) the noble gases (atoms)
b) neutral molecules like halogens and alkanes (non-polar)
· These are extremely weak. The weakness of these forces is indicated by the low melting and boiling points of the substances that exhibit these forces exclusively.
· Substances whose molecules attract by dispersion forces only, will be soluble in each other
· Examples include
· Diatomic gases
· Noble gases
· Discrete covalent molecules
· Many polymers
· The dispersion forces depend on – 
· The number of electrons (and protons). As this increases in a series of related substances (e.g. noble gases, alkanes) so does the force of attraction between particles e.g. increasing boiling point down halogens and noble gas groups
· The shape of the molecules also affects dispersion forces. Linear long molecules have greater surface area increase attraction – compact=less attraction
· Greater surface to surface contact (more points of attraction) between molecules of pentane in liquid phase produces stronger forces of attraction. The more symmetrical molecules pack closer together in the solid phase
· As the size of the molecules increases so does the strength of the dispersion forces, This is dues to greater surface contact between molecules.
Dipole-Dipole Interactions
· Dipole–dipole forces are present between molecules that are polar.
· Very weak forces that occur between polar molecules
· Dipole-dipole interactions are the result of the interaction of the dipoles on the individual molecules on a polar substance i.e. Polar molecules experience a weak electrostatic attraction between the dipoles on neighbouring molecules
· Relatively weak forces but stronger than dispersion forces
· Strength of these forces increases with increasing molecular polarity
· [image: molecule shapes.jpg]These forces hold the molecules together and affect many physical properties; the degree of the effect depends on the size of the dipole
· These properties include:
1. Melting point – increases as dipole gets stronger
2. Boiling point – increases as dipole gets stronger
3. Viscosity – increases as dipole gets stronger
4. Density – increases as dipole gets stronger
5. Solubility – polar dissolves polar, non polar dissolves non-polar
6. Heat of vaporisation – increases as dipole gets stronger.
Hydrogen bonding
· Hydrogen bonds are an extreme form of a dipole–dipole force.
· Hydrogen bonding takes place between polar molecules containing an N–H, O–H or F–H bond and other polar molecules containing N, O or F. 
· Hydrogen bonds are about 10 times stronger than other van der Waals forces but about one-tenth of the strength of a covalent bond. 
· A special form of dipole-dipole attraction
· Occurs when a hydrogen atom is covalently bound to either fluorine, oxygen and nitrogen
· Example include H2O, NH3, HF
· A hydrogen bond is an interaction between a lone pair of e-  from an F, O or N atom and a hydrogen atom that is already covalently bonded to another F,O and N
· These elements are very electronegative while hydrogen is not
· This causes a strong dipole which creates electrostatic attraction between neighbouring molecules
· These bonds are stronger than dispersion and dipole-dipole forces due to 
a) High charge separation
b) Small size of the hydrogen atom; allows for close approach
c) Attraction between H nuclei (+) and unshared electron pair of F,O or N
· Substances which experience H bonding between their molecules are extremely soluble in other substance which can also H bond
· In substances such as HF, NH3 and H2O the BP and MP are elevated due to the hydrogen bonds holding the substance together
· This is most noticeable in water due to an effective double hydrogen bond
· Note: the presence of hydrogen bonding in ice creates a very open structure which causes the density of ice to be less than that of water
· Intra molecular hydrogen bonding can also exist e.g. isomers
· Hydrogen bonds affect the physical properties as for dipole-dipole interactions but to a greater extent due to their greater strength
Dispersion Forces < Dipole-dipole forces<hydrogen bonds< covalent bonds
Shapes 
· To determine the shape of a molecule
1. Draw e- dot diagram
2. Count number of e- pairs
3. Determine which shape
4. Consider number of bonding pairs to determine actual shape
· Shapes can be: linear, trigonal planar (special cases), tetrahedral, pyramidal, v-shaped/bent.
· The shapes of simple molecules are listed in the table below
	Number of areas of negative charge around central atom 
	Number of lone pairs of electrons around central atom 
	Electron pair arrangement
around central atom 
	Shape of molecule

	1
	0
	Linear
	Linear

	2
	0
	Linear
	Linear

	3
	0
	Trigonal planar
	Trigonal planar

	4
	0
	Tetrahedral
	Tetrahedral

	4
	1
	Tetrahedral
	Pyramidal

	4
	2
	Tetrahedral
	V-shaped or bent

	4
	 (
Density
ρ=
In water 1mL=1g
V=Volume
)3
	Tetrahedral
	Linear


Important Formulas
 
 (
n.c
.
=
 mole coefficient
) 
m=mass
n= moles
M=Molar mass
Avogadro’s number= 
  			Formula or Molecular Mass= All Molar masses added up
MOLE: the molecular weight of a substance expressed in grams 
Avogadro’s number:   describes the number of atoms or molecules in a mole of a substance.

THE MOLE (will eat you)
· Relative molecular or formula mass (Mr) - the mass of a molecule or formula unit of that substance compared with the mass of an atom of carbon-12. It is found by adding up all the relevant relative atomic masses of the elements in a molecule
· A mole of any substance is the amount of substance that contains  (the Avogadro constant) atoms, molecules or formula units of that substance.
· One mole of any substance has a mass equal to its relative atomic, molecular or formula mass expressed in grams. This is the molar mass (M) of the substance measured in gmol-1.
· The relationship between the amount in mole (n) of a substance and the number of atoms, molecules or formula units (N) of the substance is:

· The relationship between the amount in mole (n), mass (m) and molar mass (M) of any substance is:


·  (
ppm
=parts per million
)The percentage composition of a chemical compound specifies the percentage, by mass, of each of the different elements in the compound. Two formulas for percentage composition are given below. The first formula is for the percentage composition from a compound’s formula. The second formula is for the percentage composition from experimental data:



[image: calc2.jpg]
· Different calculations involving chemical formulas are possible as summarised to the right=>
· Precipitation reactions occur when two or more solutions are mixed and an insoluble solid is formed.
· A table of solubilities can be used to predict whether a precipitation reaction is likely to take place.
· Ionic equations, showing the ions that react to form the insoluble substance, are written for precipitation reactions.
· Kelvin temperature (K) = Celsius temperature (°C) + 273.
· Avogadro’s hypothesis is that equal volumes of gases measured under the same conditions of temperature and pressure contain equal numbers of particles.
· [image: calc1.jpg]The molar volume of a gas is the volume occupied by a mole of gas. For an ideal gas at STP (273 K [0°C] and 101.3 kPa), this is 22.41 L. 
· The balancing coefficients in a balanced equation show the mole ratio of the substances involved in the reaction.
· The mole is the unifying concept that enables the calculation of masses of substances, volumes and concentrations of solutions, and volumes of gases at STP involved in reactions (see Figure 9.13 to the right)=>
· Gay-Lussac’s law states that the volumes of different gases involved in a reaction, if measured at the same temperature and pressure, are in the same ratio as the coefficients in the balanced equation.

New Concepts
· Chemical reactions are processes in which chemical changes occur and they are characterised by the formation of new substances.
· A chemical reaction can be represented by a balanced chemical equation.
· A chemical equation is said to be ‘balanced’ when the number of atoms of each element on each side of the equation are the same, and when the total charge on each side of the equation is the same.
· In an ionic equation, only the actual species consumed and produced in the reaction are shown.
· [image: ]A precipitation reaction is one in which two solutions are mixed and an insoluble substance (the precipitate) forms.
· The solubilities of substances can be predicted using a solubility table
· When the solutions of two ionic compounds are mixed, a precipitate will form if two of the ions combine to form an insoluble substance.
· A balanced chemical equation shows the relationships between the number of particles of reactants and products in a chemical reaction. It also shows the mole ratio (the stoichiometric ratio) in which the reactants will react and the products will form.
· The steps involved in stoichiometric calculations involving masses and volumes and concentrations of solutions can be shown on a flow chart 
· Kelvin temperature = Celsius temperature + 273
· The relationships between the volumes (V), pressures (P), temperatures (T) and amounts (n), in mol, of gases are shown in a variety of equations: 
Boyles Law: For a constant mass of gas at a constant temperature, the volume is inversely proportional to its pressure. 
Formula of Boyles Law: 
Charles Law: For a constant mass of gas at a constant pressure, the volume is directly proportional to its KELVIN temperature.
Formula of Charles’ Law:  
Combined gas Law: The two gas laws combined
Formula: 
Avogadro’s hypothesis: V α n where V is measured at constant temperature and pressure.
PV = nRT
where P is the pressure,
 V is the volume, 
n is the amount in mole, 
R is a constant (the Universal gas constant) and 
T is the Kelvin temperature.
· The universal gas constant, R, has a value of 8.315 J mol-1 K-1, when P is measured in kPa, V in L and T in K.
· Pressure conversions: 1 atmosphere = 760 mmHg = 101.3 kPa
· Stoichiometric calculations can also involve gases, as shown in the flow chart.
· According to Gay-Lussac’s law, the volume ratio of gases involved in a reaction is the same as the mole ratio given in the balanced equation.
· When two reactants are mixed in ‘non-stoichiometric’ amounts, resulting in one of these reactants not being completely consumed in the reaction, the excess reagent is the reactant left over after the reaction and the limiting reagent is the reactant completely consumed.
· The amount of limiting reagent is used to calculate the amount of product formed.



LIMITING REAGENT 
· Ionic equations are used for solution reactions to indicate more accurately the reaction taking place. Spectator ions are not included.
· The limiting reagent in a chemical reaction is the substance that is completely consumed in the reaction. A reactant that is not consumed completely is said to be present in excess.
· The flowchart given below can be used to map many of the steps in stoichiometric problems involving masses, volumes and concentrations of solutions and volumes of gases at STP.
Identifying the limiting reagent
There are two ways of finding the limiting reagent; one is shorter than the other.
Question: Determine the limiting reagent when 9.87 moles of aluminium is added to 24.5 moles of hydrochloric acid
2Al(s)+6HCl(aq) => 2AlCl3(aq) + 3H2(g)
Method 1:
1. Find Actual ratio between reactants

2. Find the stoichiometric ratio (ratio from equation) between reactants

3. If SR>AR then numerator is limiting reagent. If AR>SR then denominator is limiting reagent. .: HCl is the limiting reagent
Method 2:
1. Cross multiply the moles of each reagent by the stoichiometric ratio of the other i.e.


By doing this we find HCl has the lower amount .: HCl is the limiting reagent
· [image: chemistrymoles.jpg]If a calculation asks for the amount of a product formed in a limiting reagent question use the limiting reagent found to find the moles of product, do NOT use the other reactant.

Reactions, equations and stoichiometry
Chemical change
· During a chemical reaction substances known as reactants disappear over time to be replaced by chemically different substances known as products. When this happens the total mass (amount of material) and number of atoms present is unchanged but the way in which the various atoms are bonded does change
· A chemical change is summarised using a chemical equation. It shows the chemical formula of the reactants and products and has an arrow (=>) pointing towards the products. A plus sign separates each substance in the equation
Balancing equations
· In a balanced equation numbers called coefficients are written in front of each formula.
· A coefficient is the number by which the amount of atoms in a molecule has to be multiplied by to balance both sides of the equation
· To write a balanced equation the following steps should be followed
1. Write the formulae of the reactants (separated by a + sign) followed by an arrow with the formulae of the products (also separated by a + sign) to the right of the arrow
2. Place coefficients in front of formulae as needed so that there are equal numbers of each type of atom on either side of the equation. Priority is to first balance any atoms that appear in only one formula on each side of the equation
3. Write subscripts (s), (l),(g) or (aq) to show the physical state of each substance
EXAMPLE: 2HCl(aq) + Mg(s) => MgCl2(aq)+ H2(g)
Net ionic equations
· Chemical reactions that happen in aqueous solution (where some substances are dissolved in water) are often better understood as a net ionic equation. 
· In these equations any dissolved substances that mainly present as ions are shown as ions in the equation. 
· Ions which are present in solution but do not take part in the chemical change are called spectator ions. These ions are not included in the net ionic equation.
· When writing a net ionic equation:
1. Write a balanced equation (see above)
2. Rewrite in ion form the formulae of any dissolved strong acids or dissolved ionic compound (substances with ionic bonds, i.e. a metal and a non metal). Do not change the formulae of any solids(s), liquids (l) or gases (g)
3. Remove any spectator ions. To do this, reduce by an equal amount the number of any ion that appears unchanged on both sides of the equation until it is either gone from the equation or appears on only one side of the equation.
EXAMPLE: 2H+(aq)  + Mg(s) => Mg2+(aq)+ H2(g)
Sequential reactions
· Ina series of sequential reactions, the product of an initial reaction goes on to become a reactant for a subsequent reaction. 
· Many natural and industrial processes involve sequential reactions. The equations for several sequential reactions can be added to produce one overall equation.
· When adding a sequential reaction
1. Identify the product in the first equation that becomes a reactant in the second equation. This is the linking reagent
2. Multiply the coefficients of each equation by an appropriate factor so that the quantity if the linking reagent in step 1 is the same in both equations (i.e. coefficient)
3. [bookmark: _GoBack]All the reactants form both equations are written as the reactants of a single equation. Similarly all the products of both equations added to the products side of the equation
4. If a reagent appears on both sides of the equation it is reduced by an equal amount until it is either gone or appears on only one side of the equation
REACTION RATE
· [image: ]Reaction rate is a measure of the change in some measurable amount of reactant or product as a function of time.
· Rates can be measured from graphs of changes in some quantity against time, by determining the gradient of the graph at a particular time.
· Collision theory establishes the three requirements for a chemical reaction—collisions, sufficient energy of collision (enough energy to overcome the activation energy barrier), and a favourable collision orientation.
· Energy profile diagrams provide information about the activation energy and the heat of reaction for a chemical reaction. 
· The peak of the energy profile curve represents the activated complex or transition state.
· At any temperature the particles in a substance have a range of kinetic energies.
· Not all particles in a reaction mixture will have enough energy to overcome the activation energy barrier.
· Chemical reactions are reversible and the back reaction also has activation energy.
· Five factors that influence rate are—nature of reactants, concentration or pressure, temperature, state of subdivision and catalysts.
· The effect of each of these factors can be explained in terms of collision theory.
· [image: ][image: ]Catalysts are substances that provide an alternative reaction pathway with lower activation energy and are not consumed in the reaction.
The diagram above on the left shows an endothermic reaction while the diagram on the right shows an exothermic reaction
The table below shows the how different factors affect the reaction rate
	Factor
	Effect on reaction rate
	Explanation

	Concentration
	Raising the concentration of a reactant raises the reaction rate
	A higher concentration of reacting particles causes an increase in the rate of collisions between these particles, hence an increase in the rate of reaction e.g., The rate of formation of hydrogen gas by the reaction of Zn(s) with HCl(aq) doubles if the concentration of  HCl(aq) is doubled. This is due to the higher (doubled) rate of collisions  between HCl(aq) [specifically H+(aq)] and Zn atoms on the zinc surface

	Pressure
	Raising the pressure of any reactant gas (by reducing volume or adding more of it) raises reaction rate
	A higher pressure (by reducing volume or adding more gas) means a greater concentration of reacting gas molecules. This causes an increase in the rate of collisions between these molecules, hence an increase in rate of reaction e.g. in the Haber process where ammonia is formed from the reaction of H2(g) and N2(g) the reacting gases are kept at a pressure ≈350 times normal atmospheric pressure. This increases the rate of formation as the higher pressure means there is a greater rate of collision between H2(g) and N2(g) molecules.

	Temperature
	Increasing the temperature of the reaction mixture raises the reaction rate
	At a higher temperature particles on average have a greater kinetic energy. This means a higher percentage of collisions have energy equal to or greater than the activation energy. Thus a greater percentage of collisions are successful and hence the reaction rate increases e.g., rate of food decay decreases if food is kept cool by refrigeration. This can be understood as at a lower temperature a lower percentage of collisions between molecules involved in the biochemical decay process has collision energy greater than or equal to the activation energy. Thus the rate of food spoilage decreases if food is kept cool. It is also true, that higher temperatures mean an increased rate of collisions between reacting particles. While this does contribute to an increased rate of reaction, its effect is known to be minor compared to the activation energy effect.

	Catalyst
	Adding a catalyst raises the reaction rate
	A catalyst provides a reaction pathway with lower activation energy. As a result a greater percentage of collisions have energy equal to or greater than the activation energy, This more collisions are successful and hence the rate of reaction increases e.g. MnO2 (a catalyst) speeds up the decomposition of H2O2 (aq) into H2O (l) and O2 (g). This happened as the catalyst MnO2 provides a pathway of lower activation energy meaning a greater percentage of collisions involving H2O2 will have sufficient energy to form the products H2O(l) and O2(g). Catalysts can be consumed in the reaction, but then also come out the other side.

	State of subdivision
	Increasing the state of subdivision of solid or liquid reactant in a heterogeneous reaction (a reaction involving two different phases) will increases the rate of reaction
	Heterogeneous reactions involve reactants that are in two different phases, e.g. solid/liquid, solid/gas or liquid/gas. In these reactions the reacting particles can only collide at the surface where the two phases make contact. Increasing the surface area exposes a greater amount of reacting particles to the possibility of a collision. This results in an increased rate of collision between reacting particles and hence the reaction rate increases e.g. Car engine fuel injectors spray liquid fuel into combustion chambers (cylinders) forming a fine mist of fuel (high surface area). This increases the rate of collision between is oxygen molecules (gas phase) and the fuel molecules (liquid phase), this increasing the rate of combustion

	Nature of reactants
	It is difficult to predict the effect of the nature of reactant on the reaction rate
	The number of bonds which must be rearranged and the energy needed to achieve this are some of the variables affecting reaction rates for different reactions. The effect of this is difficult to predict e.g. The precipitate AgCl from the reaction between Ag+(aq) and Cl-(aq) is rapid under normal laboratory conditions yet the precipitation of MgC2O4 form the reaction of Mg2+(aq) and C2O4-(aq) is very slow.



· The rate of a reaction can be determined by measuring the change in the amount of one of the reactants or one of the products of the reaction, in a given time interval.
· Reaction rate = change in quantity of reactant (or product) in the time interval/time interval
· The slope of a graph of quantity of reactant or product versus time at any particular time gives the reaction rate at that time.
· According to the collision theory, for a reaction to occur:
· the reactant particles must collide
· the reacting particles must collide with sufficient energy to react, i.e with the required activation energy
· on collision, the particles must have the correct orientation. 
· Activation energy is the minimum energy required by colliding particles for a reaction to occur.
· The transition state, or activated complex, in a reaction:
· is the highest potential energy state for the reacting system
· corresponds to some stage in the reaction at which bond breaking and bond formation are taking place
· is unstable, having no more than a temporary existence.
· The potential energy of a reacting system changes during the reaction, as shown in Figures 6.2 and 6.3.
· [image: ]The activation energy of the forward reaction is the energy difference between the transition state and the reactants.
· The change in enthalpy, ∆H, of a reaction is the difference in enthalpy (potential energy) between the products and the reactants. 
· For an exothermic reaction:
· the products have less potential energy than the reactants
· ∆H is negative (energy of products – energy of reactants)
· the temperature of the surroundings increases.
· For an endothermic reaction:
· the products have more potential energy than the reactants
· [image: ]∆H is positive
· the temperature of the surroundings decreases. 
· Spontaneous reactions at room temperature tend to have small activation energies.
· Factors that affect reaction rates are:
· nature of the reactants—breaking covalent bonds requires more energy, therefore resulting in a slower rate than reactions just involving collision
· concentration of the reactants
· changing the concentration of a solution or partial pressure of a gas—alters the rate of collision of reacting particles
· state of subdivision of the reactants—changing the surface area of the reactants alters the rate of collision of reacting particles
· changing the temperature—alters the average kinetic energy of the particles, therefore changing the number of particles with the required activation energy to react
· using a catalyst—catalysts are not permanently consumed in the reaction. They provide an alternative reaction pathway with a smaller activation energy than the activation energy for the uncatalysed reaction.
· Not all reactions go to completion, because reactions are reversible.
· When a chemical reaction system is at equilibrium: 
· the concentrations of the reactants and products present remain constant with time
· the rates of the forward and reverse reactions are equal.
· Dynamic equilibrium can also be established in physical systems, for example, equilibrium vapour pressure and saturated solutions.
· The equilibrium law: for any reaction at equilibrium, for example, for the general reaction:
aA + bB ⇌ c C + d D
the fraction

has a constant value, the equilibrium constant (K), at a particular temperature. The equilibrium law expression does not include substances that are solids or pure liquids.
· An equilibrium constant:
· is a constant value for a particular equation representing a reaction at a given temperature
· changes in value if the temperature of a reaction is changed
· indicates the extent of the reaction
· provides no indication of the rate at which the equilibrium position is reached.
· Le Châtelier’s principle states:
‘If a system at equilibrium is subjected to a change in conditions, the system will adjust to re-establish equilibrium in such a way as to partially counteract (oppose) the imposed change.’
· Equilibrium systems are put out of equilibrium when changes are made that increase or decrease the value of the equilibrium constant expression and alter the forward and/or reverse reaction rates by different degrees.
· Equilibrium systems can be put out of equilibrium by various changes as shown below.

	Change
	Direction favoured to re-establish equilibrium

	Increase in concentration or partial pressure of a reactant or product
	To decrease the concentration of that reactant or product

	Decrease in concentration or partial pressure of a reactant or product
	To increase the concentration of that reactant or product

	Increase the volume of a gaseous system
	To increase the number of gaseous particles

	Decrease the volume of a gaseous system
	To decrease the number of gaseous particles

	Increase the temperature
	To decrease the temperature by moving in the endothermic direction

	Decrease the temperature
	To increase the temperature by moving in the exothermic direction

	Add a catalyst
	No effect


· When a change is made to an equilibrium system that puts it out of equilibrium, this imposed change is only partially counteracted in the re-establishment of equilibrium.
· Catalysts do not change the position of equilibrium but they allow the system to reach equilibrium quicker.
· When a change has been made, the effect on the rates at the new equilibrium position compared to the rates at the original equilibrium position are summarised below:
	Change made to the system
at equilibrium
	Forward and reverse reaction rates at new equilibrium
position compared to rates at original position

	Reactant or product added
	Rates equal but increased

	Reactant or product removed
	Rates equal but decreased

	Volume increased
	Rates equal but decreased

	Volume decreased
	Rates equal but increased

	Temperature increased
	Rates equal but increased

	Temperature decreased
	Rates equal but decreased

	Catalyst added
	Rates equal but increased


· In industrial chemical processes, the maximum yield of product for the minimum cost is sought. Factors affecting reaction rates, equilibrium and economics have to be considered in planning industrial processes and chemical plants. Because factors affecting reaction rates and equilibrium are sometimes in conflict, a compromise set of conditions may be needed in which a reasonable yield is obtained at a satisfactory rate and cost

ACIDS AND BASES – REVIEW
Equations to know:
ACID +METAL => Salt +H2(g)					ACID + METAL SULFITE => SALT+ H2O(l)+SO2(g)
ACID + BASE => Salt + H2O(l)					BASE+AMMONIUM SALT=> SALT+H2O(l)+NH3(g)
ACID + METAL HYDROXIDE => Salt + H2O	(l)			BASE+ NON METAL OXIDE=> SALT + H2O(l)
ACID + METAL CARBONATE => Salt + H2O+ CO2(g)			ACID + METAL OXIDE => Salt + H2O(l)
ACID + METAL HYDROGENCARBONATE => Salt + H2O(l)+ CO2(g)
REACTIVE METAL + WATER => Metal Hydroxide + H2O(l)		METAL + OXYGEN => Metal Oxide
METAL CARBONATE (heat) => Metal Oxide + CO2(g)
 (
In general, a strong acid will have a weak conjugate base and a strong base will have a weak conjugate acid.
Strong acids include hydrochloric acid, nitric acid and 
sulphuric 
acids; strong bases include the oxides and hydroxides of
 
group 1 and 2 metals.
Often the conjugate acid or base of a weak base or acid
 
(respectively) is also weak.
Acids that can donate more than one hydrogen ion (a proton) in an acid–base reaction are called 
polyprotic
 acids.
)METAL HYDROGENCARBONATE (heat) => Metal Carbonate/ Metal Oxide + H2O(l)+ CO2(g)
	STRONG ACIDS

	Hydrochloric Acid
	HCl

	Sulphuric Acid
	H2SO4

	Nitric Acid
	HNO3

	WEAK ACIDS

	Sulphurous Acid
	H2SO3

	Phosphoric Acid
	H3PO4

	Ethanoic Acid
	CH3COOH

	Carbonic Acid
	H2CO3

	STRONG BASES

	Oxides of group 1 and 2 metals
	Na2O, BaO

	Hydroxides of group 1 and 2 metals
	NaOH, Ba(OH)2

	WEAK BASES

	Metal Phosphates
	Na3PO4

	Metal Carbonates
	Na2CO3

	Ammonia
	NH3

	Metal Hydrogen Carbonates
	NaHCO3, KHCO3


ARRHENIUS THEORY of acids and bases:
· An acid is a substance that produces H+(aq) in solution.
· A base is a substance that produces OH-(aq) in solution.
· A neutralisation reaction is the reaction between an acid and a base.
· According to the Arrhenius theory, acids are substances that produce H+when dissolved in water and bases are substances that produce OH-when dissolved in water.

BRØNSTED–LOWRY THEORY of acids and bases:
· An acid is a proton (H+) donor.
· A base is a proton (H+) acceptor.
· Amphoteric substances can react as acids or bases.
· Every acid has a conjugate base which is related in the following way:
 where HX is the acid and X- is its conjugate base
· Water is a weak electrolyte that ionises to form H+(aq) and OH-(aq) to a small extent. 
· In the Brønsted–Lowry theory an acid is a substance that donates H_ (proton) and a base is a substance that accepts H_.
· A conjugate acid–base pair is any pair of substances that differ by one hydrogen ion.

· Strong acids (for example, HCl, H2SO4) and strong bases(for example, NaOH) are essentially completely ionised(acids) or dissociated(bases) into ions in aqueous solution. Strong acids have a high H- concentration. Strong bases have a higher OH- ion concentration
· For weak acids (for example, CH3COOH, H3PO4) and weak bases (for example, NH3) only a small proportion of the molecules are ionised in aqueous solution. For acids there is a low hydrogen ion concentration, for bases there is a low hydroxide ion concentration
· Polyprotic acids (for example, H2SO4, H3PO4) contain more than one acidic or ionisable hydrogen per  molecule of the acid.
· For polyprotic acids, successive ionisations occur to successively smaller extents.
· Oxides increase in acidity across periods in the periodic table.
· Oxides decrease in acidity down groups in the periodic table.

Acids such as sulphuric acid, H2SO4, and phosphoric acid, H3PO4, produce more than one hydrogen ion when they dissolve in water. These acids are known as polyprotic acids.
Sulphuric acid is an example of a diprotic acid. It is a strong acid, and so in water it completely loses its ‘first’ hydrogen ion:
H2SO4(l) + H2O(l) =>HSO4-(aq) + H3O+(aq)
The hydrogensulphate ion formed in this reaction then acts as a weak acid resulting in the loss of the ‘second’ hydrogen ion:
HSO4-(aq) + H2O(l)SO42-(aq) + H3O+(aq)
 (
Phosphoric acid is a weak acid, H
2
PO4
-
 
is a weaker acid and, in turn, HPO
4
2
-
 
is an even weaker acid. That is, the first ionisation reaction occurs to a greater
 
extent than does the second reaction, which occurs to a greater extent than the
 
third reaction.
)Phosphoric acid is a triprotic acid because it has three hydrogen ions it can lose or donate in a reaction with a base. For example, in water, the following progressive ionisations occur:
H3PO4(aq) + H2O(l) <=> H2PO4-(aq) + H3O+(aq)
H2PO4-(aq) + H2O(l) <=> HPO42-(aq) + H3O+(aq)
HPO42-(aq) + H2O(l) <=> PO43-(aq) + H3O+(aq)


pH
The concentration of hydrogen ions, H+ (or H3O+), provides a measure of the acidity of a solution.
The pH of an aqueous solution is defined as:
pH = -log(concentration of H+)
The relationship between pH and the concentration of H+ can also be represented in the following way:
If the concentration of H+ = 10-x then the pH = x
For example, at 25°C, the concentration of H+ in:
· Pure water is 10-7 mol L-1, so the pH is 7
· 0.1 mol L-1 HCl is 10-1 mol L-1, so the pH is 1
· 1 mol L-1 CH3COOH is approximately 10-3 mol L-1, so the pH is approximately 3.

In summary, some generalisations that can be made about pH include:
· The pH of a neutral solution at 25°C is 7 exactly
· pH falls as the concentration of H+ increases
· Acidic solutions have pH values below 7, while basic solutions have pH values above 7, at 25°C
· The greater the acidity the lower the pH of the solution
· Every change in pH by one unit represents a tenfold change in the concentration of H+.
Acidity and Basicity:
· pH 7 = neutral
· pH 0 to pH 6 = acidic = dark red, red, orange, yellow (in universal indicator)
· pH 8 to pH 14 = basic = light green, blue, purple, dark purple (in universal indicator)
Properties of Acids:
	REACTIONS OF NON-METAL AND METAL OXIDES WITH WATER

	NON-METAL OXIDE
	ACIDS FORMED IN WATER

	CO2
Carbon Dioxide
	H2CO3
Carbonic Acid

	SO2
Sulphur dioxide
	H2SO3
Sulphurous Acid

	SO3
Sulphur Trioxide
	H2SO4
Sulphuric Acid

	NO2
Nitrogen Dioxide
	HNO3 and HNO2
Nitric and Nitrous Acid

	P4O10
Phosphorous (V) Oxide
	H3PO4
Phosphoric Acid


· Acids release a hydrogen ion into aqueous solution.
· Acids neutralize bases in a neutralization reaction forming water 
· Acids corrode active metals.
· Acids turn blue litmus to red.
· Acids taste sour. (citric acid and ethanoic acid is safe)
· Many solutions of acids conduct electricity
Properties of Bases:
· Bases release a hydroxide ion into aqueous solution.
· Bases neutralize acids in a neutralization reaction forming water
· Bases denature protein. This accounts for the "slippery" feeling on hands when exposed to base.
· Bases turn red litmus to blue.
· Bases taste bitter. (Do not taste unless instructed...and only if safe)
· Can be corrosive
· Do not react with most metals
· Many solutions of bases conduct electricity
There are various ways of measuring the pH of a substance, depending on the degree of precision required:
· Universal indicator solution (a mixture of several acid–base indicators), changes different colours depending on the pH of the substance. Universal indicator solution is the indicator that is provided with many soil-testing kits. Figure 13.19 shows the colours that universal indicator solution presents at various pH values.
· pH paper comes in several varieties depending on the precision desired for the pH determination. Paper soaked in universal indicator solution is commonly used where a general idea of pH is required. The paper produces a different colour for different pH values. However, pH papers are available with a narrower range of pH values. For example, pH paper used to measure the pH of urine may only have a range of 5.0–7.0. 
· pH meters are electronic devices that are more sensitive to subtle differences in pH values and are more precise in their measurements.
Acid Rain
· Rain that has reacted with oxides, such as SO2 and NO2, in the atmosphere and so has a pH lower than 5.
· Nitrogen oxides contribute to atmospheric haze, acid rain and photochemical smog.
· Acid rain is a problem in regions where the sulphuric acid and nitric acid can concentrate in the atmosphere and significantly alter the pH of rainwater.
· Acids and bases have significant roles in our daily life, the environment, human biology, agriculture and industry. One of these roles is destructive it is the erosion of marble buildings by acid rain. 

Acidic salt :
A salt that dissolves in water to give an acidic solution because one of its ions undergoes a hydrolysis reaction to form H3O+ ions.
Amphoteric (amphiprotic) substance 
A substance that is able to act as either an acid or a base.
Amphoteric oxides 
Oxides that are able to react with both acids and bases.
Basic salt 
A salt that dissolves in water to form a basic solution because one of its ions undergoes a hydrolysis reaction to form OH- ions.
General notes
· An electrolyte is a substance that produces a solution that conducts electricity when dissolved in water.
· Strong electrolytes completely dissociate or ionise in solution.
· Weak electrolytes only partially ionise in solution.
· Water is a weak electrolyte; it undergoes self-ionisation:
H2O(l) + H2O(l) ⇌ H3O+(aq) + OH–(aq)
· The equilibrium constant for this reaction at 25°C is 1 × 10-14.
· According to the Arrhenius theory, acids are substances that produce H+ when dissolved in water and bases are substances that produce OH- when dissolved in water.
· In the Brønsted–Lowry theory an acid is a substance that donates H+ (proton) and a base is a substance that accepts H+.
· A conjugate acid–base pair is any pair of substances that differ by one hydrogen ion.
· Strong acids and bases have large equilibrium constants for the reaction with water (hydrolysis reaction); weak acids and bases have small equilibrium constants.
· In general, a strong acid will have a weak conjugate base and a strong base will have a weak conjugate acid. 
· Strong acids include hydrochloric acid, nitric acid and sulphuric acids; strong bases include the oxides and hydroxides of group 1 and 2 metals.
· Often the conjugate acid or base of a weak base or acid (respectively) is also weak.
· Acids that can donate more than one hydrogen ion (a proton) in an acid–base reaction are called polyprotic acids.
· The acidity constant (Ka) of an acid is the equilibrium constant for the hydrolysis of the acid (HA):

· A salt is an ionic compound that contains a negative ion (an anion) other than the oxide ion, O2-, or the hydroxide ion, OH-.
· Salts dissociate in water. The ions formed may then undergo hydrolysis to produce acidic or basic solutions.
· A solution of an ionic compound is acidic if the hydrolysis reaction of one of its ions forms H3O+, and basic if OH- is formed.
· [image: ]The acid–base properties of ions are summarised in the table below
 A substance that can behave both as an acid and a base is called amphoteric.
· The equilibrium constant for the self-ionisation of water is the self-ionisation constant, Kw:
[H3O+][OH-] = Kw = 1.0 × 10-14 at 25°C
· In a neutral solution, at any temperature [H3O+] = [OH-].
· In an acidic solution [H3O+] > [OH-] and in a basic solution [OH-] > [H3O+].
· At 25°C, 
· in a neutral solution [H3O+] = [OH-] = 1 × 10-7 mol L-1
· in an acidic solution [H3O+] > 1 × 10-7 mol L-1
· in a basic solution [OH-] > 1 × 10-7 mol L-1 
· The value of Kw changes with temperature. The self ionisation reaction of water is endothermic, so Kw  increases with increasing temperature and decreases with decreasing temperature.
· pH = –log10[H3O+]
· At 25°C, a neutral solution has a pH of 7, an acidic solution, pH less than 7 and a basic solution, pH greater than 7.
Buffers
· A buffer is a solution that resists a change in its pH when small amounts of an acid or base are added.
· A buffer solution consists of a mixture of a weak acid and its conjugate base.
· The extent to which the buffer can ‘absorb’ the extra acid or base added is called the buffer capacity.
· The buffer capacity depends on the concentrations of the weak acid and its conjugate base. The best buffering capacity is obtained if the concentrations are large and approximately equal to one another. The buffering capacity us the ability of a buffer solution to resist a pH change.
· The buffer system in the blood depends on the equilibria:
H3O+(aq) + HCO3-(aq) ⇌ H2O(l) + H2CO3(aq) ⇌2H2O(l) + CO2(g)
· The buffer range is the range of pH the buffer solution can tolerate e.g.,. the buffer range of blood is between the pH’s of 7.37 and 7.43
· Buffer solutions are used to calibrate pH meters because the pH of the solution remains approximately the same despite a small degree of contamination n.
TITRATIONS
	Terms
	Definition

	Pipette
	A piece of analytical equipment that allows delivery of an accurately known volume of solution

	Burette
	A piece of analytical equipment with a graduated scale and a tap to allow delivery of a variable volume of solution

	Volumetric Flask
	A flask for use in volumetric analysis that contains a specified volume when filled to an indicated level

	Primary Standard
	A substance that can be used directly to prepare a standard solution. The substance has a known formula, is obtainable in pure form and is stable over time

	Secondary Standard
	A solution that has been titrated against a primary standard.( A standard solution is a secondary standard)

	Desiccator
	A tightly closed container charged with a suitable desiccant (commonly CaCl2 or CaSO4) that allows an atmosphere of low humidity to be maintained.

	Titration
	The procedure where one solution is added to another solution until the reaction between them is complete on has a known concentration

	Aliquot
	The volume of a solution delivered by pipette.

	Titre
	The volume of solution delivered by a burette during a titration

	Meniscus
	The shape assumed by the surface of a liquid in a cylindrical container

	Equivalence Point
	The point during a reaction at which stoichiometric amounts of the reactants have been mixed

	Indicator
	A weak acid and its conjugate base, at least one of which is highly coloured used to indicate equivalence point

	End Point
	The point during a reaction where an indicator changes colour to show the reaction is complete

	Deliquescent
	The term given to a solid that absorbs water from the atmosphere and dissolves in water


A Primary Standard Solution must be:
· Obtained pure
· Have a known formula
· Note react with surroundings
· Have a high molar mass
· Maintain a constant concentration over a long period of time
In titration between HCL and NAOH where HCL is in the burette and the NaOH is in the conical flask what solution is used to wash or rinse each of the following pieces of equipment before use:
a) Pipette: NaOH 	b)Volumetric Flask: Distilled Water	c)  Burette: HCl
Equivalence points:
	Acid
	Base
	Equivalence pH
	Indicator
	Colour Change
	Example

	Strong
	Strong
	Neutral
	Phenolphthalein
	Colourless to pink
	HCl and NaOH

	Weak
	Weak
	Neutral
	Phenolphthalein
	Colourless to pink
	CH3COOH and NH3

	Strong
	Weak
	Acidic
	Methyl Orange
	Red to yellow
	HCl and NH3

	Weak
	Strong
	Basic
	Phenolphthalein
	Colourless to pink
	CH3COOH and NaOH


Redox Reactions
A redox reaction involves a transfer of electrons between some species in the reaction. For a chemical change to be redox both oxidation and reduction must occur. A redox reaction occurs only if there is a change in oxidation number.
	Oxidation
	Reduction

	The loss or donation of electrons
	A gain or acceptance of electrons

	An increase in the oxidation number
	A decrease in oxidation number


· An oxidising agent or oxidant causes the oxidation of another species and is itself reduced.
· A reducing agent or reductant causes the reduction of another species and is itself oxidised.
Rules of Oxidation numbers
1. Atoms in the free state have and oxidation number of 0 (i.e. O2,N2 or Mg(s))
2. Monatomic ions have an oxidation number equal to their charge
3. For polyatomic ions the sum of the oxidation numbers of all the atoms equals the charge on the ion or molecule
4. Hydrogen atoms bonded to other elements have an oxidation number of +1 except metal hydrides where the oxidation number is -1
5. Oxygen atoms bonded to other elements, have an oxidation number of -2 except peroxides where the oxidation number is -1 or in fluorine oxide where the oxidation number is +2
· Oxidation number is a real or imaginary charge on an atom which indicates its state of oxidation. It is the property of a single atom. True even if the atom is part of a cluster of atoms that collectively form a polyatomic ions or molecule. The oxidation number can be defined as the charge the atoms would have if the bonds to it were purely ionic
· Disproportionation involves the simultaneous oxidation and reduction of a reactant in a redox reaction. A substance which can be both oxidised and reduced simultaneously is said to undergo disproportionation. For example in the decomposition of hydrogen peroxide oxygen undergoes disproportionation
2H2O2 => 2H2O(l) + O2(g)
The oxidation number of oxygen goes from -1 to -2 and -1 to 0. Therefore it is both oxidised and reduced, going through disproportionation
· An oxidation half-equation shows loss of electrons. A reduction half-equation shows gain of electrons. An oxidation half equation has electrons on the right side of the equation. A reduction half equation has electrons on the left side of the equation
· A redox equation is obtained by adding half-equations that have been multiplied by factors so that the number of electrons is the same in both half-equations.
· When balancing a simple redox reaction split it into its half equations and add electrons as needed on whichever side they are needed. To obtain the final redox equation “add” the two equations up, multiplying the equations by any coefficients that are needed so as to get rid of the electrons (look at sequential reactions if you’re confused).
· An activity series for metals ranks them in order from the most reactive (strongest reductant) to least reactive. Metals higher in the series can donate electrons to ions of metals lower in the series.
· An activity series for halogens ranks them in order from the most reactive (strongest oxidant) to least reactive. Halogens higher in the series can take electrons from ions of halogens (halides) lower in the series.
· In the periodic table atoms get smaller across the period and bigger down each group, this is why the strongest oxidising agent is fluorine as it is one of the smallest elements.
· When balancing a harder redox equation (acidic solution)you may need to add H+ ions or H2O molecules as shown below.
Balance the redox equation: SO32- +IO3- +H+ => I2 +SO42- + H2O
	Find the pairs:
	SO32- => SO42-
	IO3-=> I2

	Find what is needed:
	Needs oxygen on left side. To balance oxygen’s we add water.
	Needs oxygen on right side, IO3- needs 2 iodine’s

	Add what is needed: 
	SO32- +H2O => SO42-
	2IO3- => I2 + 6H2O

	Find what is needed
	Hydrogen ions on right side
	Hydrogen ions on left side

	Add what is needed:
	SO32-+H2O => SO42-+2H+
	2IO3- + 12H+ => I2+6H2O

	Figure out electrons needed by trying to balance charge on both sides:
	-2+0=-2             -2+2=0
.: Right side needs two electrons .: Oxidation     
	-2+12 = 10         0+0=0
.: left side of equation needs 10 electrons .: Reduction

	Add electrons
	SO32- + H2O => SO42-+2H++2e-
	2IO3- + 12H++10e- => I2+6H2O

	Balance electrons so that they will be cancelled:
	SO32- + H2O => SO42-+2H++2e-[x 5]
5SO32- + 5H2O => 5SO42-+10H++10e-
	Leave

	“Add”up the two equations
	5SO32- + 5H2O => 5SO42-+10H++10e-
2IO3- + 2H+12H++10e- => I2+6H2O 1H2O

	Final equation:
	5SO32-+2IO3- + 2H+ => 5SO42-+ I2 + H2O


· Reduction potentials can be used to determine if a reaction occurs or not, in a list of reduction potentials the oxidation potential of that element/compound will be the reverse reaction therefore the negative voltage.
· Oxidation is defined as a loss of electrons, while reduction is a gain of electrons.
· Reductants undergo oxidation. Oxidants undergo reduction.
· An oxidation number is a number that is assigned to each atom in a substance to indicate its oxidation state.
· In a reaction, oxidation is an increase in oxidation number and reduction is a decrease in oxidation number.
· A half-equation for an oxidation or reduction reaction can be written using the following rules:
1. Write the formula of the oxidant or reductant, and the product it forms.
2. Balance the atom undergoing the change in oxidation number.
3. Balance oxygen atoms by adding water, H2O, where needed.
4. Balance hydrogen atoms by adding H+ where needed.
5. Balance the charge by adding electrons where needed.
· An ionic equation for a redox reaction can be written by adding the two relevant half-equations, ensuring the electrons cancel out.
· Common oxidants include O2, Cl2, MnO4 -, Cr2O7 2-, ClO-, H+, concentrated H2SO4 and HNO3.
· Common reductants include Zn, H2, Fe2+ and C2O4 2-.

Redox Titrations
· A redox titration involves a reaction between two solutions, one containing an oxidising agent the other a reducing agent. The concentration of one solution must be accurately known. This is called the standard solution. The other solution is of unknown concentration. The purpose of the titration is to find the concentration of the reducing agent or oxidising agent in the solution of unknown concentration.
	Terms
	Definition

	Pipette
	A piece of analytical equipment that allows delivery of an accurately known volume of solution

	Burette
	A piece of analytical equipment with a graduated scale and a tap to allow delivery of a variable volume of solution

	Volumetric Flask
	A flask for use in volumetric analysis that contains a specified volume when filled to an indicated level

	Primary Standard
	A substance that can be used directly to prepare a standard solution. The substance has a known formula, is obtainable in pure form and is stable over time

	Secondary Standard
	A solution that has been titrated against a primary standard.( A standard solution is a secondary standard)

	Desiccator
	A tightly closed container charged with a suitable desiccant (commonly CaCl2 or CaSO4) that allows an atmosphere of low humidity to be maintained.

	Titration
	The procedure where one solution is added to another solution until the reaction between them is complete on has a known concentration

	Aliquot
	The volume of a solution delivered by pipette.

	Titre
	The volume of solution delivered by a burette during a titration

	Meniscus
	The shape assumed by the surface of a liquid in a cylindrical container

	Equivalence Point
	The point during a reaction at which stoichiometric amounts of the reactants have been mixed

	Indicator
	Ina redox reaction there is no indicator involved, but one of the solutions is coloured and generally a colour change indicates the endpoint e.g. in a titration between acidified KMnO4 and H2C2O4 the colourless oxalic acid becomes  slightly pink indicating the end point

	End Point
	The point during a reaction where one of the reactants changes colour to show the reaction is complete

	Deliquescent
	The term given to a solid that absorbs water from the atmosphere and dissolves in water


· Common Primary standards for redox titrations are oxalic acid (H2C2O4.2H2O) and ammonium iron(II) sulphate.[(NH4)2Fe(SO4)2.2H2O)
	Primary Standard
	Formula
	Active Species
	Half equation

	Ammonium iron(II) sulphate
	(NH4)2Fe(SO4)2.2H2O
	Fe2+
	Fe2+->Fe3++e-

	Oxalic acid
	H2C2O4.2H2O
	H2C2O4
	H2C2O4->2CO2+2H+ +2e-


General Procedure:
1. Pipette 20mL of reagent into a 100mL beaker and dissolve in about 50mL
2. Pour into 500mL volumetric flask and rinse beaker into flask thoroughly 3 to 4 times.
3. Fill volumetric flask up until the mark so that the bottom of the meniscus aligns with the mark. Make sure to close the bottle
4. Making sure that the tap is closed, put the filter funnel into the top of the burette and pour in the second reagent to about half way.
5. Flush all the solution out into a second 100mL beaker. Make sure not to reuse this solution
6. Close the tap and pour more of the second reagent into the burette.
7. Wash the pipette with distilled water.
8. Pipette 20mL of the first reagent into a conical flask and add about 15mL of acid.
9. Place the conical flask under the burette and measure the initial volume in the burette
10. Add the second reagent drop wise until a persistent pink colour change occurs. 
11. Record the final volume and calculate the titration volume. Use this as rough estimate for your titration volume
12. Repeat steps 9 to 12 remembering to wash the conical flask with distilled water and make sure to be very accurate during the titration, adding drop wise as you reach the estimated titration volume. Make sure that there is enough of the second reagent to complete one titration

Electrochemical Cells
· In an electrochemical cell a spontaneous redox reaction occurs and chemical energy is converted to electrical energy.
· The electrochemical cell comprises two half-cells, one containing the reductant and the other the oxidant. The half-cells are connected by a wire (the external circuit) and a salt bridge (part of the internal circuit).
· In each half-cell there is an electrode and an electrolyte. 
· The cell potential of an electrochemical cell is measured in volts and it depends on the nature of the half-cell reactions and the concentrations/gas pressures of the reacting substances.
· In an electrochemical cell, oxidation occurs at one electrode called the anode. It is the negative electrode. Reduction occurs at the other electrode, called the cathode. It is the positive electrode.
· When an electrochemical cell is discharging (producing electrical energy), electrons flow in the external circuit and ions move internally in the electrolyte between the electrodes.
· In the salt bridge in an electrochemical cell, the positive ions (cations) fl ow towards the positive electrode (cathode) and the negative ions (anions) flow towards the negative electrode (anode).
· Standard reduction potentials (E°) are a measure of the tendency of a substance to be reduced under standard conditions. They are measured in volts. The hydrogen half-cell is the standard reference with an E° of 0.00 V. 
· The strongest oxidants have the highest reduction potentials. The strongest reductants occur at the bottom right of the table of standard reduction potentials.
· In an electrochemical cell, the electrons flow through the external circuit towards the cell with the stronger oxidant (from anode to cathode).
· The cell potential (potential difference or voltage) of an electrochemical cell is the difference in the reduction potentials of the half-cells comprising the cell:
Ecell = Eoxidant – Ereductant
· A spontaneous redox reaction will occur between two substances if:
1. one reactant is an oxidant and the other is a reductant
2. the oxidant has a more positive standard reduction potential (E°) than the reductant.
Applications Of Redox
· A cell or a battery is an electrochemical cell that stores useful energy in the form of an oxidant and a reductant that are capable of releasing electrical energy when required.
· Primary cells are cells in which the spontaneous redox reaction cannot be reversed.
· Secondary cells can be recharged by passing a current through them to convert products back to reactants.  
· In the dry cell (or Leclanché cell), the anode consists of a zinc container while the cathode is a graphite rod surrounded by powdered manganese dioxide, MnO2. The electrolyte is a moist paste of NH4Cl and ZnCl2. The electrode reactions are:
Anode: Zn(s) → Zn2+(aq) +2e-
Cathode: 2MnO2(s) + 2NH4+(aq) + 2e- → Mn2O3(s) + 2NH3(aq) + H2O(l)
Or
MnO2(s) + NH4+(aq) +H2O+e- → Mn(OH)3(s) + NH3(aq) 
· The dry cell has a limited shelf life, produces a voltage of around 1.5 V and cannot be recharged. 
· The lead–acid accumulator, used in vehicles, is an example of a secondary battery.
· The lead–acid accumulator is made up of cells consisting of an anode of lead and a cathode of a lead grid packed with lead(IV) oxide, PbO2.The electrolyte is sulfuric acid.
· During the discharging process, chemical energy is changed to electrical energy in the battery.
Anode: Pb(s) + SO4 2-(aq) → PbSO4(s) + 2e-
Cathode: PbO2(s) + SO42-(aq) + 4H+(aq) + 2e- → PbSO4(s) + 2H2O(l)
· The overall discharging reaction is:
Pb(s) + PbO2(s) + 4H+(aq) + 2SO42-(aq) → 2PbSO4(s) + 2H2O(l)
· A fully charged car battery has a total cell potential of about 12 V.
· The recharging reaction is:
2PbSO4(s) + 2H2O(l) → Pb(s) + PbO2(s) + 4H+(aq) + 2SO42-(aq)
· Other commercially available cells include zinc/silver oxide, nickel–cadmium and lithium ion batteries. 
· In a fuel cell, the reactants are supplied continuously (and the products removed continuously) to the electrodes.
· The most common fuel cell is based on the reaction between hydrogen and oxygen to form water. 
· The electrodes are porous, compressed carbon containing a suitable catalyst. The electrolyte may be either hydrochloric acid or potassium hydroxide solution.
· The electrode reactions in this fuel cell are: 
With an acid electrolyte
Anode: H2(g) → 2H+(aq) + 2e-
Cathode: O2(g) + 4H+(aq) + 4e- → 2H2O(l)
With an alkaline electrolyte
Anode: H2(g) + 2OH-(aq) → 2H2O(l) + 2e-
Cathode: O2(g) + 2H2O(l) + 4e- → 4OH-(aq)
· The overall reaction, for both electrolytes, is:
2H2(g) + O2(g) → 2H2O(l)
· Some metals such as aluminium are protected from corrosion by impervious oxide layers.
· Rusting of iron occurs in the presence of oxygen and water.
· Factors such as impurities in the iron and the presence of electrolytes dissolved in the water enhance the rate of the rusting process.

Corrosion
· Corrosion in the presence of water has an electrochemical nature because the oxidation and reduction processes can take place at different points on the metal.
· In the corrosion of iron, the half-reactions are:
Anode: Fe(s) → Fe2+(aq) + 2e-
Cathode: O2(g) + 2H2O(l) + 4e- → 4OH-(aq)
The iron(II) ions and hydroxide ions diffuse towards each other and precipitate as iron(II) hydroxide:
Fe2+(aq) + 2OH-(aq) → Fe(OH)2(s)
The iron(II) hydroxide is oxidised by air to form iron(III) hydroxide:
Fe(OH)2(s) + OH-(aq) → Fe(OH)3(s) + e-
The iron(III) hydroxide is then partially dehydrated to give rust, Fe2O3·xH2O.

· The overall equation for the rusting of iron is:
4Fe(s) + 3O2(g) + 2xH2O(l) → 2Fe2O3·xH2O(s)

· The following methods can be used to prevent rusting: 
· application of a surface coating that prevents oxygen and water from coming in contact with the iron. If a less reactive metal is used, the rusting process increases if the coating is scratched
· galvanising the surface of the metal with a coating of a more reactive metal that is oxidised more readily than the iron 
· connecting the iron or steel, by a conducting wire, to a piece of more reactive metal
· making the iron or steel the cathode of an electrolytic cell—called cathodic protection.
Factors affecting the rate of corrosion of iron include:
· Oxygen: Must be present for corrosion to occur. The higher the concentration of oxygen, the faster the rate of corrosion
· Water: Must be present for corrosion to occur. In the absence of water corrosion of iron won’t happen.
· pH: The lower the pH of water, i.e. the more acidic it is the greater the rate of corrosion. This happens as the reduction potential of oxygen increases as pH decreases.
· Electrolytes: Electrolytes provide an efficient salt ridge between the anodic and cathodic sites of corrosion. The presence of these speeds up the corrosion process. Rusting in or near marine environments is much faster than away from salt areas
· Less reactive metals: Where iron contacts a less reactive metal, it corrodes faster e.g. screwing a copper pipe to a steel frame makes the steel frame corrode faster.
· More reactive metals: Contact with a more reactive metal prevents iron from corroding e.g. bolting a piece of magnesium to a ships’ steel hull prevents the hull from corroding.
· Temperature: As with all reactions, a higher temperature leads to a higher reaction rate.
Methods of corrosion control apply the principles of collision theory and reaction rate by excluding or reducing concentration of reactants like oxygen and water. Principles of electrochemistry are also relevant in managing corrosion.
	Method
	How it works

	Inert non-metallic coatings
	Coating iron with a non-reactive non-metallic material e.g. greases, paint, plastic or porcelain. This works by excluding O2 and H2O form iron this preventing reduction and so oxidation can’t occur either. This is only effective while the barrier is intact. Once scratched, corrosion will commence

	Inert metallic coatings
	Coating iron with a less reactive metallic material e.g. tin or copper. This excludes O2 and H2O from iron thus preventing reduction and so oxidation cannot occur either. This only works while the barrier is fully intact. Corrosion occurs faster than normal if the metallic coating is damaged. This happens as iron is more reactive than the metal coating and iron becomes quickly oxidised, effectively protecting the less reactive metallic coating

	Galvanising
	Involves coating iron with the more reactive metal zinc. This method works by excluding O2 and H2O. Most importantly though, as zinc oxidises in preference to iron, due to its higher oxidation potential, it will protect the underlying iron even if the zinc is scratched and the iron is exposed to O2and H2O. This effect is known as cathodic protection. Also the zinc surface naturally forms a passivating layer of ZnCO3.Zn(OH)2 which protects the zinc layer from excessive oxidation

	Cathodic protection using a DC current
	This involves applying an electric current to the iron, making it the negative terminal of a DC circuit. As iron is supplied with electrons (cathodic) it can’t oxidise. The anode is attached to a piece of scrap iron, which becomes oxidised over time. Other types of anode, like those made of carbon, high silicon steel or platinum anodes, water is oxidised instead of the anode, so these last indefinitely. For cathodic protection to be effective, the anode must be in salt bridge contact with the iron structure being protected. Thus a very damp, wet environment is essential.

	Cathodic protection using a sacrificial anode
	Sacrificial anodes are made of metals more reactive than iron. The sacrificial is bolted tot eh iron needing protection and must be in salt bridge contact with the iron. Thus sacrificial anodes only work in a very damp or wet environment, eg eater storage tanks, ships’ hulls or underground pipelines, This process works as the more reactive metal of the sacrificial anode is oxidised in preference to iron, As the sacrificial anode slowly oxidises it releases electrons onto the iron surface and makes the iron cathodic, so it can’t oxidise. As the sacrificial anode is eventually fully oxidised, it must periodically be replaced for the protection to continue


[image: ]ORGANIC CHEMISTRY
· Hydrocarbons are compounds that contain just carbon and hydrogen. Hydrocarbons can be classified into a number of categories, some of which are alkanes, cycloalkanes, alkene and cycloalkenes.
· Organic chemistry is the study of carbon compounds, particularly those involving carbon bonded to hydrogen.
· Carbon’s capacity to form four covalent bonds, to form chains and rings, to bond with many other elements, and to form multiple bonds makes it unique among the elements.
· Molecular formulas of organic compounds can be written as structural formulas, giving information about the order in which the atoms are arranged.
· Some of the carbon in the carbon cycle, particularly the carbon associated with plants and animals, has been locked away over millions of years as the fossil fuels—natural gas, crude oil and coal.
· Saturated Hydrocarbons – contain only carbon – carbon single bonds. Saturated hydrocarbons include alkanes and cycloalkanes.
· [image: ]Unsaturated Hydrocarbons – have at least one multiple (double or triple) bond present. 
[image: ]ALKANES 
· Hydrocarbons, particularly the alkanes, are the major constituent of crude oil.
· Alkanes are hydrocarbons having only single carbon – carbon bonds 
· The general formula for any alkane is CnH2n+2 where n=1,2,3,4… e.g. butane with 4 carbon atoms is C4H10 while octane is C8H18.
· In alkanes the carbon atoms are arranged in a continuous straight chain. The carbon atoms in an alkane can also be arranged in a branched chain or in a ring. Alkanes are saturated hydrocarbons.
·  (
Priority of branches in any organic compound:
Alkenes
Halogens
Alkyl groups
) (
For cyclic alkanes or 
cyclo
 alkanes, the same naming rules are followed except the prefix 
cyclo
 
-  is
 used to show that the parent chain is a ring. At times the carbon and hydrogen atoms in the ring of a cycloalkane are not shown in the structural formula, instead, just single lines are used to represent the single bonds between the carbon atoms in the ring.
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)The huge number of possible hydrocarbons demands some systematic way of naming them, The IUPAC rules used to name alkanes are given below
· [image: ]Cycloalkanes have the general formula CnH2n
· They from a circle like molecule:
ISOMERISM
· [image: ][image: ]Alkanes and cycloalkanes and their halogenated derivatives exhibit structural isomerism—same molecular formula but with a different arrangement of atoms.
· The 2 in front of the 2-methylpropane indicates the carbon that the methyl group stems from
· [image: ][image: ]Isomerism also exists in cycloalkanes. The cycloalkane with formula C4H8 could be wither cyclo butane or methylcyclopropane
PROPERTIES
· Low Melting Point and low boiling point
· Melting point and Boiling point increase with increasing CH2 group addition
· Weak forces between molecules of high molecular mass are stronger than weak forces between molecules of smaller molecular mass .: At room temperature the first four alkanes are gases, the fifth to 19th alkanes are liquids and any alkane with more than 19 carbons is solid
· Don’t dissolve in water but do dissolve in non-polar solvents. Non-polar alkane in water creates its own layer on top because it has a lower density
· Liquid alkanes help to dissolve oil-based things like oil based paints and varnishes
· It is very good for lubrication because of weak bonds between alkane molecules .: molecules are able to easily slip past each other

REACTIONS
Combustion
· Alkanes undergo combustion reactions in the presence of air or oxygen. The reactions have a high activation energy so they require ignition
· Highly exothermic=> once started there is enough heat energy to supply the activation energy.
· The exothermic nature means that alkanes are used in fuels
Halogens
· In the presence of UV light alkanes react with halogens, F2,Cl2, Br2 and I2.
· These reactions are relatively slow
· In these reactions:
· C-H bonds ion the alkane are broken
· New bonds are formed between the carbon and halogen atoms
· This is called a substitution reaction
· Methane can undergo a series of substitution reactions with Cl2 with UV light present to produce a mixture of haloalkanes
CH4 + Cl2 (UV light)=> CH3Cl (chloromethane)+HCl
CH3Cl + Cl2 (UV light)=> CH2Cl2 (dichloromethane)+HCl
CH2Cl2 + Cl2 (UV light)=> CHCl3 (trichloromethane)+HCl
CHCl3 + Cl2 (UV light)=> CCl4 (tetrachloromethane)+HCl
· In the presence of ultraviolet light, alkanes and cycloalkanes undergo substitution reactions to produce a range of haloalkanes or halocycloalkanes according to the general equation
R-H + X2 + UV light → R-X + H-X

ALKENES
· Alkenes are hydrocarbons that deal with carbon compounds that have double bonds (these can have more than one double bond). Alkenes are unsaturated hydrocarbons
· The general formula for an alkene is  CnH2n
· Alkenes are used to produce plastics and polymers, pharmaceuticals and a whole range of other items we use everyday
· [image: ]In alkenes at least two carbons are joined by a double bon. This double bond gives alkenes the chemical reactivity that alkanes don’t have
[image: ]Naming Alkenes:
[image: ]ISOMERISM
· Alkenes show both structural isomerism as well as geometrical isomerism. 
· Geometrical isomerism can be found by changing the spatial arrangement of the atoms across the double bond
· cis-isomers are when both CH3 groups are on the same side of the double bond
· trans-isomers are when one CH3 group is on the opposite side of the double bond ot the other
· Geometric isomers have different physical properties but are chemically similar
· [image: ]Structural isomers – 1-butene and 2-butene are structural isomers but so is 2-methyl-1-propene, they all have the same formula but different structures
REACTIONS
Combustion
· All hydrocarbons undergo combustion reactions
· The reactivity of alkenes and cycloalkenes (because of the douible bond) means that there are many reactions that can take place in crude oil.
· The key reaction that alkenes go through is called addition
· In an addition reaction:
· 2 new atoms or groups of atoms are added to the carbon on either side of the double bond
· In the reaction the double bond becomes a single bond but 2 new bonds are formed. One to each of the carbon atoms formerly joined by the double bond.
· [image: ]Most important alkene produced in cracking of heavier fraction is ethene
· Double bonds in cycloalkenes provide an electron rich region for attack by a number of molecules such as halogens, hydrogen, halides and water .: addition reactions is dominant in cycloalkenes


Halogenation
· [image: ]Alkenes readily undergo addition reactions with the halogens to form haloalkanes. For example, ethene readily reacts with chlorine according to the following equation:
· [image: ]The use of a coloured halogen such as red-brown bromine is a useful test for the presence of a double bond. When bromine, or a dilute solution of bromine in water, is mixed with an alkane the red-brown colour fades very slowly in the presence of ultraviolet light. 
· However, in the presence of an unsaturated hydrocarbon the colour disappears very quickly as the alkene reacts with the bromine. 
[image: ][image: ][image: ]Addition of hydrogen halides
The hydrogen halides, such as hydrogen chloride or hydrogen bromide, will undergo an addition reaction with an alkene to produce a haloalkane. For example, ethene reacts with hydrogen chloride according to the following equation:
[image: ]Hydration
· [image: ]Perhaps the most important reaction of ethene is the reaction with water in the presence of sulphuric or phosphoric acid as a catalyst to produce ethanol (an alcohol).
General
· [image: ]Alkenes undergo addition reactions in the presence of hydrogen halides, halogens, hydrogen and water.
· Markovnikov’s rule states that “the added hydrogen atom will attach to the carbon of the multiple bond already having the most attached hydrogen atoms.” 

ALKYNES
· General formula: CnH2n-2
· Alkynes are hydrocarbons that deal with carbon-carbon triple bonds (there can be more than one.)
Reactions
· Alkynes undergo addition reactions and combustion reactions in much the same way as alkenes except this time there are more bonds to add to.
[image: ]AROMATICS
· Aromatic compounds are compounds that contain a benzene ring.
· Benzene has the formula C6H6 and is drawn as shown in the diagram on the right [image: ]
· Aromatic compounds can be found in pharmaceuticals, dyes, plastics, detergents, textilers perfumes etc; 
· While some aromatic compounds do have a distinct small, the name ‘aromatic’ is actually a misnomer as many of this group of compounds have no particular smell
· Benzene contains delocalised electrons and the carbon– carbon bond is intermediate between a single and a double bond.
· Benzene does not behave as if it has 3 single and 3 double bonds.
Naming Aromatics
· The same rules as for alkanes applies to aromatics except that the base formula is always C6H__
Reactions
· Benzene doesn’t readily undergo addition reactions, even though the structure suggests that it should be very reactive.
· Benzenes reactivity reveals information about the nature of its bonds. Rather than undergoing an addition reaction, benzene undergoes mostly substitution reactions
· Benzene and other aromatic hydrocarbons undergo combustion and substitution reactions.
Combustion
· Burns in excess ait or O2 to produce CO2 and H2O
· Combustion of benzene: 2C6H6(l) + 15O2(g) => 12CO2(g) + 6H2O(g)
Halogenation
· In the presence of a halogen and a suitable catalyst, benzene produces a halo-substituted compound.
· Halogenation of benzene can take place at room temperature in the presence of a suitable catalyst e.g. and aluminium halide
· [image: ]Overall reaction involves the substitution or replacement of a hydrogen atom with a halogen atom.
FUNCTIONAL GROUPS
· A functional group is an atom or a group of atoms that determines the chemical and, in part, physical properties of a molecule.
· [image: ]The formulas, nomenclature and physical properties of organic compounds with different functional groups are given in the table below.
[image: ]
·  There are three types of alcohols—primary, secondary and tertiary.
· In a primary alcohol, one carbon atom and two hydrogen atoms are attached to the carbon atom to which the –OH group is bonded, e.g. CH3CH2OH.
· [image: ]In a secondary alcohol, two carbon atoms and one hydrogen atom are attached to the carbon atom to which the –OH group is bonded, e.g. CH3CH(OH)CH3. 
· In a tertiary alcohol, three carbon atoms and no hydrogen atoms are attached to the carbon atom to which the –OH group is bonded, e.g. (CH3)3COH.
· Alcohols react with sodium and potassium to form the alkoxide ion and hydrogen gas:
[image: ]2ROH(l) + 2Na(s) → H2(g) + 2RO- + 2Na+
· Primary alcohols can be oxidised by acidified MnO4 -or Cr2O7 2- solutions to form aldehydes, which in turn can be oxidised to form carboxylic acids:
RCH2OH → RCHO + 2H+ + 2e-
RCHO + H2O → RCOOH + 2H+ + 2e-
· [image: ]Secondary alcohols can be oxidised to form ketones:
RCH(OH)R‘ → RCOR‘+ 2H++ 2e-
· Tertiary alcohols are not oxidised by acidified MnO4 - or Cr2O72- solutions.
· Alcohols react with carboxylic acid, in the presence of a catalyst, to form esters, in a condensation reaction:
H+
ROH + R’COOH =>R’COOR + H2O

· [image: ]Esters undergo hydrolysis in the presence of acid or hydroxide to break the ester bond:
R’COOR + H2O → R’COOH + ROH (in acidic conditions)
R’COOR + H2O → R’COO- + ROH (in basic conditions)
· Carboxylic acids are weak acids.
· Amines are weak bases.
· Amino acids are compounds that contain an amine group and a carboxylic acid group.
· For α-amino acids these two functional groups are bonded to the same C atom.
· α-Amino acids are amphoteric because they have both an acidic and a basic functional group.
· [image: ]The general formulas of amino acids in acidic, basic and neutral solutions are:
· The form of the amino acid under neutral conditions is called a zwitterion. In the solid state, the amino acid is also in this form.
· Structural formulas of a particular compound can be determined from the empirical and molecular formulas of the compound. 
[image: ][image: ]
[image: ]ORGANIC CHEMISTRY IN LIFE

· Polymers are very large molecules often made up of a backbone or chain in which carbon atoms usually dominate.
· Polymers are formed from the reaction between small molecules known as monomers.
· Alkenes can join together to form polymers in a process called addition polymerisation. Addition polymerisation occurs if the monomer has a carbon-carbon double bond that can be eliminated during polymerisation. The loss of the double bond allows monomer molecules to join end to end
· In this reaction each monomer molecule undergoes an addition reaction with adjacent molecules, in the presence of a catalyst, to form a long chain:
n(CH2=CHR) → (CH2–CHR )n
· [image: ][image: ]The properties of the addition polymers can be changed by increasing the branched side chains on the polymer chain. The more branched side chains present, the weaker the dispersion forces between the molecules. 

· Condensation polymers are formed between monomers that each have two reactive functional groups.
· During condensation polymerisation, the polymer is formed together with water. 
· A reaction between a dicarboxylic acid and a diol can result in a condensation polymer. The monomers are ‘joined’ by ester groups:
[image: ]n(HOOC–R–COOH) + n(HO–R’–OH) → (OC–R–CO–O–R’–O )n + 2nH2O
· [image: ]A condensation polymer can also form in the reaction of a dicarboxylic acid with a diamine. The monomers are ‘joined’ by amide bonds:
n(HOOC–R–COOH) + n(H2N–R’–NH2) → ( OC–R–CO–HN–R’–NH) n + 2nH2O
· [image: ]Proteins are natural polyamides, formed by the condensation polymerisation of amino acids.
· Each amino acid molecule has two functional groups, a carboxylic acid group and an amine group, that can react with the functional groups on other amino acids.
· The bonds between the amino acids are amide bonds, but they are also called peptide bonds.
· Hydrogen bonding (and ionic bonding) between parts of a protein chain cause it to fold in a particular way to give the secondary structure of the protein.
· [image: ]Silicones are a group of polymers that are built on a backbone of silicon and oxygen atoms bonded into long chains.
· [image: ]Soap is made in a saponification reaction in which an oil or fat is boiled with NaOH or KOH solution:
[image: ]
· [image: ]Soaps are the sodium or potassium salts of fatty acids. 
· Detergents are the salts of alkylbenzenesulfonates.
· Soaps and detergents act as cleaning agents because the charged end of the surfactant ion dissolves in the polar solvent, water, while the non-polar hydrocarbon chain dissolves in the non-polar grease, oil or dirt.
· [image: ][image: ]Soaps do not function effectively in hard water as the surfactant ion precipitates out with the Ca2+ and Mg2+ ions. Detergents function effectively in all types of water. 

EMPERICAL FORMULA OF ORGANIC COMPOUNDS
· The empirical formula of a hydrocarbon gives the simplest whole number ratio of carbon to hydrogen atoms in the molecule.
· Empirical formulas can be determined from percentage composition by mass, mass composition, or from informa[image: ]tion about the amounts of carbon dioxide and/or water produced in combustion.
· From combustion we find the mass of H2O and CO2 at this point we convert both to moles and find the moles of C and H after which u find he mass of C and H. you then take these two masses away from the sample mass and this gives u the mass of O or N in the compound.
Basic format of empirical formula calculation in hydrocarbons
	
	
	Carbon(C)
	Hydrogen (H)
	Oxygen (O)/ Nitrogen(N)

	1
	Mass
	
	
	

	2
	Moles
	
	
	

	3
	÷ by smallest (i.e. Ratio)
	
	
	

	4
	× if needed otherwise go to step 5
	
	
	

	5
	Round
	
	
	


.: EF (Empirical Formula) is_______________________
To find the molecular formula of a compound

Multiply this ratio by the coefficients in the formula to find the molecular formula of the compound

Significant Figure Rules
1. All NON-ZERO digits ARE significant
2. Zeros that fall between 2 significant digits ARE significant
3. Zeros to the left of the 1st non-zero digit are NOT significant
4. Zeros at the end of a number and to the right of the decimal point ARE significant
5. Zeros at the end of a number and to the left of the decimal point are NOT significant unless otherwise indicated. 
6. If a zero is indicated to be significant and is “against” the rules scientific notation must be used
7. All results must be read and recorded to half the smallest scale division i.e. If a measuring cylinder goes up by 1mL then a measurement can be taken to the nearest 0.5mL
8. For a calculation that uses multiplication or division, the answer is given with as many significant figures as the measurement with the least number of significant figures
9. If calculations involve adding or subtracting, the answer is quoted with as many decimal places as with the least number of decimal places. When counting decimal places, the measurements must be expressed with the same powers of ten
10. Answers must be less accurate i.e. less significant figures than there are in the question 
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Figure 5.7 Stoichiometric mole flow chart involving mass, solution and gas calculations

- Example 5.11
In the blast furnace, iron is produced when iron ore (iron(III) oxide) is reduced
by carbon monoxide. Carbon dioxide is also produced in this reaction:
2Fe,04(s) + 3CO(g) — 2Fe(l) + 3CO,(g)
For every 1.00 tonne of iron formed, what volume of carbon dioxide at 15°C
and 1.04 atm pressure would form?
- Solution
There are three steps in this calculation:
mass of Fe ~ mole of Fe ~ mole of CO,, — volume of CO,
Step1 n(Fe)= MEe) m(Fe) = 1.00 x 10° g, M(Fe) = 55.85 g mol~*
M(Fe)
_ 100 10°
5585

Step2  From the balanced equation:
2 mol of Fe formed with 3 mol of CO,

=1.791 x 10* mol

ie. 1 mol of Fe formed with % mol of CO,

or 1.791 x 10* mol of Fe formed with % x 1791 x 10*

= 2.686 x 10% mol of CO,
Step 3

Chemistr

B
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CONTINUOUS CHAINS IN HoH A HoH
[Reschontates) HYDROCARBONS [ =c M

£ Unit 2A Review Ht—cn " S
Number of carbon || H—( W Ll
] Chapter 12 atoms In chaln H H HoH
Chemical

reactions revisited meth- "
ethane cyclobutane propene but-1-yne
] Chapter 13 Acids eth-
and bases
5] Chapter 14 prop-

Oxidation and b
reduction reactions but ‘When naming a hydrocarbon, attention must be given to two characteristics

8] Chapter 15 pent- of the compound. These are the number of carbon atoms in the hydrocarbon
Elecirolytc cells o chain and the presence, or absence, of multiple bonds. The number of carbon
58] Chapter 16 Carbon atoms in the longest continuous carbon chain determines the ‘stem’ name of the
e (i hydrocarbon. Table 16.8 indicates the ‘stem’ names used for different numbers
161 oct- of carbon atoms in the chain. The suffixes of ‘ane’, ‘ene’ or ‘yne’ are added to
Carbon_the the ‘stem’ name depending on whether the hydrocarbon s an alkane, alkene or

most versatile alkyne, repectively.

e T
Alkanes

[] 162 From Alkanes are hydrocarbons having only single carbon—carbon bonds. Table 16.9
crude oil to lsts the first eight members of the alkane family together with their melting
petrol points, boiling points and states under normal conditions.

] 16.3 Properties
and reactions of TABLE 16.9 THE FIRST EIGHT MEMBERS OF THE FAMILY OF ALKANES

alkanes and Melting | Bolling State under normal

Unsaturated methane -182  -162
hydrocarbons—
alkenes and ethane cHTcH3

cycloalkenes
16.5 Aromatic
hydrocarbons— butane  CHy-CH,~CH,CH,
benzene
16.6 Empirical
formulas of hexane  CHy-CH,~CH,~CH,~CH,CH
organic
compounds heptane  CH,—CH,~CH,~CH,CH,CH,~CH,
] Major Ideas octane CH,-CH,CH,-CH,GH,CH,CH,CH,
[] Questions |
[E] Chapter 17 Earth, The general molecular formula for any alkane is CH,, ., wheren=1,2,3,4 ...
A, Fire & Water - For example, the molecular formula of butane with four carbon atoms is C,H,,

some and the molecular formula for octane with eight carbon atoms is CgH, 5.
environmental

Figure 16.4 Examples of saturated and unsaturated hydrocarbons.

-183 -89 gas
propane  CH,-CH,CH, -188 -4z g5

-138 0 g

-95 69 liquid
-91 98 liquid

2
3
4
pentane  CHy-CH,~CH,~CH,~GH, 5 -130 36 liquid
6
7
8

-57 126 liquid

In the alkanes shown in Table 16.9 the carbon atoms are said to be arranged in
A eont
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Options ~
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] Unit 2A Review Figure 16.5 What is the name
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E 161 d
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cycloalkanes.

164 I
Unsaturated There are three side chains, one ethyl group and two methyl groups.

hydrocarbons— If more than one of a particular side chain appears in the  Including the alkyl groups, the name becomes
alkenes and ‘molecule, use the prefixes di-, tri-, tetra-, penta- or hexa- ethyldimethylhexane.

cycloalkenes to indicate the presence of two, three, four, five o six,
16.5 Aromatic: respectively, identical groups.

rmime= To show the positions of the side chains, number the longest
arbon chain consecutively from one end to the other, tarting I

gfﬂ:‘;‘“ at the end closer to the side chains (to achieve the lowest CH,

organic possible numbers for the side chains). Allocate a number to 2 3| 4 5

e each side chain and show these numbers before the name. CHy— GH—CH— CH—CH,
B Major of the respective side chains. A hyphen is placed between &,
] 12 any word and number, while a comma is placed between two

Questions L consecutive numbers. The two methyl groups are on carbons 2 and 4, and the ethyl

{5 Chapter 17 Earth, group on carbon 3. The name becomes 3-ethyl-2,4-dimethylhexane.
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TABLE 16.13 FORMULAS AND PROPERTIES OF SOME ALKENES

ethene CH,=CH, 2 -169
propene CH,=CH-CH, 3 -185
but-1-ene CH,=CH-CH,-GH, a -185
cis-but-2-ene 4 -139
penta-1,3-diene 5 -87
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Naming of alkenes and cycloalkenes
Reaction rates

5] Unit 2A Review Alkenes are named in a similar way to alkanes but rather than the parent name
B Chapter 12 ending in “-ane’, it ends in “ene’ for alkenes. The TUPAC rules for naming alkenes
Chemical are explained in the example in Figure 16.19.

feactioosfensted) Figure 16,19 What s the name
] Chapter 13 Acids of this alkene? CHy CHy
and bases | |
58] Chapter 14 CHy— CH — CH,—
Oxidation and
reduction reactions

[] Chapter 15 1 Identify the longest continuous carbon
e chain containing the double bond.
=/E] Chapter 16 Carbon This s the parent chain. It is given
s the stem name associated with the
#1641 ‘number of carbon atoms in this chain
cﬂ;’f’y‘yﬁe and the suffix for alkenes, that is -ene.  The longest chain has six carbons, that is, hex-, and because the compound is an
el alkene, the parent chain is called hexene.
Earth Number the parent chain from the ]
{8 162 From end that will give the lowest number CHy CHy
crude oil to to the double bond. The position of —
pered the double bond is described by the CHy—CH—CH— C=CH—CH,
] 16.3 Properties lowest numbered double bonded
:l&zﬂ;lmds ot carbon. In this example, the chain is numbered from right to left to give double bonded
G carbons the smallest number. The lowest number for the double bond, that is, 2, Is
0 used in the name, and is placed just before suffix -ene, to give hie Hyphens are
T used between words and numbers.

hydrocarbons— Name the side chains in the same

alkenes and e
cycloalkenes way as with alkanes.

16.5 Aromatic CH—CH— CH— C==CH—CH,
hydrocarbons— 6° 5 4° 3 z 1
benzene -
. There are two methyl side chains, one on carbon 3 and the other on carbon 5. So the
R name is 3,5-dimethylhex-2-ene.
organic
compounds In a similar fashion, the cycloalkenes are named in such a way as to ensure
1 Major ideas that, when there are other substituents on the ring, the double bond in the ring
# Questions is given the smallest number. When there are no substituents on the ring, a
Ol | | number indicating the position of the double bond is not required in the name.
A, Fire & Water -
some
emironmental
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B In addition to structural isomerism, the alkenes also exhibit another form of
5] Chapter 14 HC s isomerism because, unlike the single carbon—carbon bond, there is no rotation
Oxidation and c=c, possible about a double bond. This means there is the possibility of forming two
feduction reactions v N different molecules in which the position of the double bond in the chain i the

B Chapter 15 same, but the spatial arrangement of the atoms across the double bond is different.
Electrolytic cells cis-but-2-ene Figure 16.21 shows two molecules of but-2-ene, but in one the CH, groups are

] Chapter 16 Carbon HC on the same side of the double bond (the cis isomer), and in the other they are

compounds Ne=c” on opposite sides (the ¢rans isomer). This type of isomerism is called geometrical
E 161 7 N isomerism.
Carbon—the H CHy

it atil -but-2-¢
s frans-but-2-ene usually behave in a similar fashion. For example the melting points of cis-but-2-

Earth ene and trans-but-2-ene are —139°C and ~106°C respectively, yet they both react
[ 16.2 From Flgure 16.21 CJs-and trans- [So0mers  readily with bromine to form haloalkanes.

Two geometrical isomers have different physical properties but chemically they

eh of but-2-ene. . R .
jcvde ol Alkenes also exhibit structural isomerism. For example, but-1-ene and but-2-ene

petrol (Figure 16.22) are structural isomers. In but-1-ene the double bond is between

16 S operi] carbon atoms 1 and 2. In but-2-ene the double bond is between carbon atoms 2
and reactions and 3.

alkanes and
cycloalkanes

[ 164
Unsaturated CH=CH—CH,—CH, CH,—CH=CH—CH,
alkenes and but-1-ene but-2-ene
cycloalkenes Figure 16.22 Examples of

] 16.5 Aromatic structural isomers.
hydrocarbons—

benzene.
1] 16.6 Empiical Addition reactions of alkenes and cycloalkenes

g;::s of Like all hydrocarbons, alkenes and cycloalkenes undergo combustion reactions,

Compounds but it is the reactivity of the double bond that provides the avenue for the rich
1 Atai thome diversity of organic molecules that are derived from crude ofl. The Key reaction
that alkenes undergo is known as addition.
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The most important alkene produced in the cracking of the heavier fractions
from the distillation of crude oil is ethene, H,C=CH,. Figure 16.23 summarises
some of the addition reactions ethene undergoes and the important materials

produced as a result of these addition reactions.

11
H—G—c—on
HoH H H
[ HoH [
H*?*fﬁ“ Ethanol H*C*?fH
o on (methylated spirits) o &
Ethanediol A Dibromoethane
(antifreeze’) (petrol additive)
Water +
catalyst
Oxygen/water Bromine
H H
\ /
c=c
/ \
H rene "
Benzene Hydrogen chioride
H cl
polymerise Y=/
N
H H
Styrene Vinyl chloride
(chioroethene)
polymerise polymerise
\
o i Iy
Ao [ [
HoOH HoH HoC
Polystyrene Polytnene PVC
e.g. food containers  e.g. plastic bags e.g.piping

Fgure 16.23 Some of the compounds produced from
ethene In the petrochemical industty.

The double bond in cycloalkenes, like that in the alkenes, provides an electron-
rich region for attack by a number of molecules such as halogens, hydrogen
halides and water. Addition reactions are therefore also the dominant reactions

of tha evelnallranne (Bimmrn 16 941
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Figure 16.25 Reaction of an
aqueous solution of bromine
(lower layer) with an alkene
(upper layer In right-hand test

\ tube) and with an alkane (upper

layer In left-hand test tube).

Several more examples of addition reactions between alkenes and halogens are
given below:

i the reaction of propene with bromine
CH,-CH=CH, + Br, > CH,-CHBr-CH,Br
propene 1, 2dibromopropane
i the reaction of pent-2-ene with fluorine
CH,-CH=CH-CH,-CH, + F, > CH,-CHF-CHF-CH,-CH,
pent-2-ene 2, 3-diftuoropentane
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Addition of halogens—halogenation

Alkenes readily undergoaddition reactions with the halogens to form haloalkanes.
For example, ethene readily reacts with chlorine according to the following
equation:

H H

H
o= + .
= G0l —> G

c

H
|
C—H
|

l

H H

1,2-dichloroethane

The use of a coloured halogen such as red-brown bromine is a useful test for the
presence of a double bond. When bromine, or a dilute solution of bromine in water,
is mixed with an alkane the red-brown colour fades very slowly in the presence
of ultraviolet light. However, in the presence of an unsaturated hydrocarbon the
colour disappears very quickly as the alkene reacts with the bromine.

I
4

Flgure 16.25 Reaction of an
aqueous solution of bromine
(lover layer) with an alkene
(upper layer In right-hand test
tube) and with an alkane (upper
layer In left-hand test tube).

Several more examples of addition reactions between alkenes and halogens are
given below:
i the reaction of propene with bromine
CH,~CH=CH, + Br, > CH,-CHBr-CH,Br
propene 1, 2dibromopropane
i the reaction of pent-2-ene with fluorine
CH,~CH=CH-CH,—CH, + F, > CH,-CHF-CHF-CH,CH,
pent-2-ene 2, 3-diffuoropentane
Addition of hydrogen halides

The hydrogen halides, such as hydrogen chloride or hydrogen bromide, will
undergoan addition reaction with an alkene to produce a haloalkane. For example,
ethene reacts with hydrogen chloride according to the following equation:

hemistry .. | N &5 < B

e
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HC==CH

CH,
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CH—CH
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Figure 16.24 Addition reaction

In cycloalkenes.

Addition of halogens—halogenation

Alkenes readily undergoaddition reactions with the halogens to form haloalkanes.
For example, ethene readily reacts with chlorine according to the following
equation:

H
|
C—H

f
OO G
c

|
l
1,2-dichloroethane

The use of a coloured halogen such as red-brown bromine is a useful test for the
presence of a double bond. When bromine, or a dilute solution of bromine in water,
is mixed with an alkane the red-brown colour fades very slowly in the presence
of ultraviolet light. However, in the presence of an unsaturated hydrocarbon the
colour disappears very quickly as the alkene reacts with the bromine.

I
4

Flgure 16.25 Reaction of an
aqueous solution of bromine
(lover layer) with an alkene
(upper layer In right-hand test
tube) and with an alkane (upper
layer In left-hand test tube).

Several more examples of addition reactions between alkenes and halogens are
given below:

i the reaction of propene with bromine
CH,~CH=CH, + Br, > CH,-CHBr-CH,Br
propene 1, 2dibromopropane
i the reaction of pent-2-ene with fluorine
CH,~CH=CH-CH,—CH, + F, > CH,-CHF-CHF-CH,CH,
2, 3-diffuoropentane
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H,C=CH, + HCl > CH,CH,Cl
ethene chloroethane

Addition of water—hydration
Perhaps the most important reaction of ethene is the reaction with water in the
presence of sulfuric or phosphoric acid as a catalyst to produce ethanol (an alcohol).

Hs0,
H,C=CH, + H,0 —> CH,-CH,0H

Other alkenes also undergo similar addition reactions with water in the presence
of either catalyst.

Review exercise 16.4

Draw the structural formulas for the following:
a 2,3-dimethylhex-1-ene ¢ 3-ethylcyclohexene
b cis-5-dimethylhex-2-cne  d trans-5,5,6-trimethylhept-2-ene.

Give the names of the following:

CHy—CH5~C—CH;—CH;
CHy—C—CHz—CH;—CH,

Write equations (with structural formulas) for the following addition reactions:
a propene + jodine -
b cis-pent-2-ene + hydrogen in the presence of a catalyst >

¢ 2,3-dimethylpent-1-ene + hydrogen bromide >
d methyleyclopentene + chlorine
e lcycloheptene + steam in the presence of sulfuric acid >

Compare and contrast structural and geometrical isomerism.

Why is geometrical isomerism not possible in propene, or pent-1-ene, but is possible in pent-2-ene?
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naming hydrocarbons.

Useful hydrocarbons undergo combustion in excess air
to produce carbon dioxide and oxygen according to

CH, + [x+¥]o, > xco, + X H,0.
Saturated hydrocarbons include alkanes anh cycloalkanes.

In the presence of ultraviolet light, alkanes and
cycloalkanes undergo substitution reactions to produce
a range of haloalkanes or halocycloalkanes according to
the general equation

R-H + X, + UV light > R-X + H-X

Alkanes and cycloalkanes and their halogenated
derivatives  exhibit  structural  isomerism—same
molecular formula but with a different arrangement of
atoms.

Alkenes undergo addition reactions in the presence of
hydrogen halides, halogens, hydrogen and water.

N/

~C—C—
[
X Y

Alkenes exhibit structural isomerism, and in some cases,
geometrical isomerism.

Aromatic compounds are compounds that contain a
benzene ring.

3-methyl-4-propyl
trans-but-2 -ene
2,3-diiodoprop-1-e
2,3,4,5-tetrameth;
diethylpentane
1,2-dibromo-3-mef
j cis-2,5-dimethylhe
k 3-bromo-2-methyl
1 methylbenzene
m bromobenzene
n trans-l-bromo-2-ct

Write the correct Il
following.

a
CH,

CH,—CH;—C—CF

CH,
|

CH,
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16.5 Aromatic hydrocarbon: enzene

First isolated by Michael Faraday in 1825, benzene is the basic unit of the group of
organic compounds often referred to as aromatic. While some of the first aromatic
substances isolated and identified did have a distinct smell, the name ‘aromatic’
is actually a misnomer, as many of this group of compounds have no particular
smell.

The base unit of aromatic compounds, benzene, has the formula CgHj. The
structure of the molecule baffled scientists for some time, as its chemistry is not
easily explained in terms of the bonding ideas that were used in the nineteenth
century. In 1865, August Kelwulé published a ring structure based on cyclohexane
with three double bonds (see Figure 16.26a).

a Kekulé structure b Delocalised

for benzens electron model Figure 16.26 Proposed structures for

benzene.

However, benzene does not behave as if it has three single and three double
bonds. It does not readily undergo addition reactions, even though the structure
suggests that it should be very reactive. Spectroscopic and other studies show
that the carbon—carbon bonds in benzene are all the same, with a bond length
between that of a single and a double bond. While the nature of the bonding in
benzene is beyond the scope of this text book, the representation in Figure 16.26b
is that understood by many chemists today. The circle represents six delocalised
electrons, one from each carbon atom, that are not fixed to any one atom. In this
respect the structure of benzene has similarities to that of graphite, in which
each carbon atom forms three covalent bonds, and also has a share of a group of
delocalised electrons.

Benzene and similar aromatic molecules are obtained during the distillation of
crude oil and also from the heating of coal in the absence of air. The importance
of aromatic compounds cannot be underestimated as they are not only present
in many of the biclogically important molecules in living things, but also in
pharmaceuticals, dyes, plastics, detergents, textiles, perfumes, insecticides,
pesticides and explosives.
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5] Chapter 14 reactivity. Rather than undergoing an addition reaction, which would be expected
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Halogenation of benzene can take place at room temperature in the presence of a
suitable catalyst such as an aluminium halide. The overall reaction involves the
substitution or replacement of a hydrogen atom with a halogen atom.

Figure 16.28 Bromination of
benzene.

16.6 Empirical 1 ‘Given that benzene and graphite both have delocalised electrons, both must be good conductors

formulas of of electricity’ Discuss the truth or otherwise of this statement.
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« Afunctional group is an atom or a group of atoms that
determines the chemical and, in part, physical properties
of a molecule.

Type of [ R ——

compound  group forces

Alcohol R-OH Suffix of ‘ol’

Main intermolecular gy iy

Hydrogen bonding

* The formulas, nomenclature and physical properties of
organic compounds with different functional groups are
given in the table below.

Boiling points

Soluble in water*  Relatively high

Aldehyde R-CHO Suffix of ‘al’

Dipole-dipole forces  Slightly soluble

Higher than hydrocarbons,
lower than alcohols

Ketone R-CO-R"  Suffix of ‘one’

Dipole-dipole forces  Slightly soluble

Similar to aldehydes

Carborylic acid ~ R-COOH Suffix of ‘oic acid”

Hydrogen bonding

Soluble in water*  Higher than alcohols

Two words, alkyl then parent

feter R-CO0R" e ending in ‘oate’

Dipole-dipole forces  Slightly soluble

Higher than hydrocarbons,
lower than alcohols

Amine R-NH, Suffix of ‘amine’

Hydrogen bonding

Soluble in water*  Lower than alcohols

Haloalkane R-X Prefix of ‘chloro, for example

Dispersion and
dipole-dipole forces

Not very soluble in
water, soluble in  Low
non-polar solvents

*The solubility of the compounds in water decreases with increasing
chain length.
« There are three types of alcohols—primary, secondary
and tertiary.
In a primary alcohol, one carbon atom and two
hydrogen atoms are attached to the carbon atom to
which the ~OH group is bonded, e.g. CH,CH,OH.
In a secondary alcohol, two carbon atoms and one
hydrogen atom are attached to the carbon atom to
which the -OH group is bonded, e.g. CHyCH(OH)CH,.
In a tertiary alcohol, three carbon atoms and no
hydrogen atoms are attached to the carbon atom to
which the ~OH group is bonded, e.g. (CH,),COH.
Alcohols react with sodium and potassium to form the
alkoxide ion and hydrogen gas:

2ROH(I) + 2Na(s) — H,{g) + 2RO~ + 2Na*

Primary alcohols can be oxidised by acidified MnO,~ or
Cr,0,% solutions to form aldehydes, which in turn can
be oxidised to form carboxylic aci

RCH,OH — RCHO + 2H* + 26~
RCHO + H,0 — RCOOH + 2H" +2¢~

Secondary alcohols can be oxidised to form ketones:

Esters undergo hydrolysis in the presence of acid or
hydroxide to break the ester bond:

R'COOR + H,0 — R'COOH + ROH conditions)
R'COOR + H,0 — R'COO™ + ROH (in ba: ions)
Carboxylic acids are weak acids.

Amines are weak bases.

Amino acids are compounds that contain an amine
group and a carboxylic acid group.

For a-amino acids these two functional groups are
bonded to the same C atom.

a-Amino acids are amphoteric because they have both
an acidic and a basic functional group.

The general formulas of amino acids in acidic, basic and
neutral solutions are:

R—CH—COOH R—CH—C00~ R—CH—C00~

“NH, “NH, NH,
in acidic solutions  in neutral solutions  in basic solutions
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A fanctional group is an atom or a group of atoms that determines the chemical
and, in part, physical properties of an organic compound. The presence of a
particular functional group in a moleculo can be used to predict the type of
roactions the molecule will undergo. This predictive ability i very important in
the synthesis of new organic molecules.

Figure 12.1 shows some functional groups in simple molocules.

b e
et wbif
b b ow

9

I
H—C—0—C—H

ketona aster
Figure 12.1 Examples of functiona groups

Some of the chemistry of functional groups is related to the changing oxidation
number of the carbon atom that is part of the group. In methane, CH,, for
example, the oxidation number of carbon is —4, the lowest possible valus for
carbon. In the allyl halides, for example CH,Cl,and alcohols, for example CH,OH,
the oxidation number of the carbon attached directly to the functional group is
2. Aldehydes, for example HCHO, and ketones, for example CH,COCH,, have
the carbon atom in the functional group with an oxidation number of zero. In a
carboxylic acid such as methanoic acid, HCOOH, the oxidation number of the
carbon has increased to +2

! ! i
] it —on
|

[l
methana  mathanol  methanal  mathanoic

Odation acid

number of

carbon 4 2 o 2

Figure 12.2 Oxidation numbers and functional roups.

The functional group present in an aleohol is the ~OF group attached to a
tatrahedral carbon atom. The simplest alcohol is methanol, CH,OH.

W
W
|

<. H
N

|
Hg—o-
]

Tha alcohl functional Structural formula of
goup attached toa mathanal without the
Garbon atom 30 geometry

Figure 12.3 Roprosentations of the sructure of metharol

=]
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Two examples of tertiary aleohols are:

cH, CHCH,
CH—C—cH, CHy—CH—C —CH— CH-CH,
o

methypropan-2.!

o
3athythoan3ol
The classification of aleohols as primary, secondary and tertiary is quite

important, as each of thes types of aleohol behaves in a different fashion
chemically.

o o o

] " cH

primaty alcohol

Fgure 12.7

sacondary alcohol trtiaryalconol

The alcohols can show structural isomerism in the same way as the alkanes, For
example, butan-1-ol (shown on the pravious page) and methylpropan-2.ol (shown
above) are isomers with the molecular formula C,H,,0.

i Review exercise 12.1

Name the following aleohols according to TUPAC rules.

CHCH,
CH,CH.CH,CH,CH,C CH.CH,
o

CH,CH,CH,CH CH.CHCH,CH,
o4 cH,

CH,CH CH,GCH CH,0H
CH,CH,

Give the structural formulas of the following compounds.

a ethanol

b butan-2al

d butane-l

3,3,4,4-tetramethylpentan-1-ol
diol

A group of organic compounds called ethers are isomeric with some alcohols. Ethers contain a
C-0-C bond. The simplest ather has the formula CH,OCH,

a Which aloohol is isomeric with this ether?

b Predict how the boiling point and water solubility of the alcohol in part a would compare with

this isomeric ether. Justify your prediction

Place the following three molecu
in water. Explain any similarities

in order of incroasing boiling point and increasing solubility

in the order of these compounds in th two li

W2 Windons
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CH,CH(OHICH,CH(1) ~ CH,COCH, CH,(1) + 2H*(aq) + 26 x &
MO, (aq) + 8H*(aq) + o~ ~ Mn*(aq) + 4H,00) 2

5CH,CHOH)CH,CH,(D) + 2M0,(aq) + 6H(aq) ~

SCH,COCH,CH() + 2Mn*(aq)+ SH,00)
Kotonos cannot be oxidised any further by acidified dichromate o permanganate
Solutions.

Finally, tertiary alcohols will not undergo oxidation with cither acidified
permanganate or dichromate solution. Table 12.2 summarises the oxidation
reactions of alcohols.

TABLE 12.2 OXIDATION OF ALCOHOLS

[ cobottoe_Josane __Teuduct) ]

Mildconditons producsthe aldehyds (RCHO),
hich can b diled om the raction mitire.
Aftr heating for 3 perod o tie,the carbanic
ack (RCOOH) i produced.

ied dichromste or
Prinary (ROH,0H)  aciifed permanganate
Zolution

Acidfisddichromste or
aciifed parmanganats  Formaton o th ketone (RCOR')
Zolution

Acidfisddichromste or

Tertiny sifed pemngensts Yo acin

Secondy
(RCH(OHR)

e | meimonia

— Figure 12.15 The contents
 the tes tubes show the
vesult obtained by heating the
threo alcohols with theyellow
oloured acidified solution
 dichromate. If areaction
ccurs, the yollow-orange colour
f the mixture changes fo grean

due to formation of Cr>* o,

The oxidation of an alechol with acidified potassium dichromate was the basis of
the preliminary breathalyser test that was used in the past to detect the amount.
of alechol (ethanol) in the blood of someone who had been drinking. There is
a direct rolationship between the amount of aleohol in the bloodstream and
the amount of aleohol in air breathed out of the lungs. This relationship arises
from the equilibrium between ethanol dissolved in the bloodstream and ethanol
reloased as vapour into the lungs.

Early breathalysers consisted of a tube packed with orange potassium dichromate
granulos and a plastic bag at the end. As the suspect breathd through the tube
to fill up the bag, if there was ethanol in the breath, the orange crystals would
change to the groen colour of chromium(IIT) ions:

SCH,CH,OH() + 2Cr,0,%~(aa) + 16H"(aq) ~
SCH,COOH(aq) + 4CE*(ag) + 1T,
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‘Aldehyde R-CHO Stfix of al.

Dipole-dipole forces

Stightly seluble 150 i cohols

Ketone R-CO-R"  Suffix of ‘one’

Dipole-dipole forces

Stightly soluble Similar to aldehydes

Carboxylicacid  R-COOH Suffix of ‘oic acid”

Hydrogen bonding

Soluble in water*  Higher than alcohols

Two words, alkyl then parent

=y R-COO-R' e ending in ‘oate’

Dipole-dipole forces

Higher than hydrocarbons,

Stightly soluble " 13yer than alcohols

Amine R-NH, Suffix of ‘amine’

Hydrogen bonding

Soluble in water*  Lower than alcohols

Haloalkane RX Prefix of ‘chloro, for example

Dispersion and
dipole-dipole forces

Not very soluble in
water, soluble in  Low
non-polar solvents

*The solubility of the compounds in water decreases with increasing

chain length.

« There are three types of alcohols—primary, secondary
and tertiary.

- In a primary alcohol, one carbon atom and two

hydrogen atoms are attached to the carbon atom to
which the ~OH group is bonded, e.g. CH,CH,OH.
In a secondary alcohol, two carbon atoms and one
hydrogen atom are attached to the carbon atom to
which the -OH group is bonded, e.g. CHyCH(OH)CH,.
In a tertiary alcohol, three carbon atoms and no
hydrogen atoms are attached to the carbon atom to
which the ~OH group is bonded, e.g. (CH,),COH.

Alcohols react with sodium and potassium to form the

alkoxide ion and hydrogen gas:

2ROH(I) + 2Na(s) — H,(g) + 2RO~ + 2Na*

Primary alcohols can be oxidised by acidified MnO,~ or

Cr,0,% solutions to form aldehydes, which in turn can

be oxidised to form carboxylic acids:

RCH,0H — RCHO + 2H* + 2~
RCHO + H,0 — RCOOH + 2H + 26
Secondary alcohols can be oxidised to form ketones:
RCH(OH)R’ — RCOR' + 2H* +2e~

Tertiary alcohols are not oxidised by acidified MnO,~ or
Cr,0,%" solutions.

Alcohols react with carboxylic acid, in the presence of a
catalyst, to form esters, in a condensation reaction:

ROH +R'COOH —H'> R'COOR + H,0

CHEMISTRY FOR WA 2

Pr—
= 7 Whcr.

Esters undergo hydrolysis in the presence of a
hydroxide to break the ester bond:

R'COOR + H,0 — R'COOH + ROH (in acidic conditions)
R'COOR + H,0 — R'COO™ + ROH (in basic conditions)
Carboxylic acids are weak acids.

Amines are weak bases.

Amino acids are compounds that contain an amine
group and a carboxylic acid group.

For a-amino acids these two functional groups are
bonded to the same C atom.

a-Amino acids are amphoteric because they have both
an acidic and a basic functional group.

The general formulas of amino acids in acidic, basic and

neutral solutions are:

R—CH—C00~

R—(I)H—CDOH

R—(I:N—coo—

“NH, “NH, NH,

in acidic solutions in neutral solutions in basic solutions

The form of the amino acid under neutral conditions is
called a zwitterion. In the solid state, the amino acid is
also in this form.
Structural formulas of a particular compound can be
determined from the empirical and molecular formulas
of the compound.

The empirical formula of a compound shows the
elements present in the compound, in their simplest
ratio.

Chemistr
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CH K,
(@ mathanamine

CH—CH—CHNH,  CH:—CH—CHINH,
() propan-1-amine cH,
CH—CH

He

(@ 24-dimatiylpentan- Lamime

CH—CH N,

(6) amphetamine ( stimulant) N
M

() seotonin a neuretransmiter)

Figure 12.21 Examples of primary amines
Primary amines are named in a similar fashion to alcohols. In Figure 12.21 the
name given to structure (b) is obtained by finding the longest chain containing
the amine functional group, removing the ‘e’ from the alkane and replacing it by
‘amine’ and then inserting a number in front of ‘amine’ so that the functional
group has the smallest number in the chain. In structuro (c), the longest carbon
chain has five carbon atoms. The amine functional group is assigned the smallest.
‘number on the chain and the tvo methyl side chains are then numbered relative
to the amine group.

I the amine functional group is not on a terminal carbon atom in the chain, the
‘number in front of ‘amine’ indicates the position of the functional group

In the molecule represented by the structural formula on the.
right, the amine functional group is on the second carbon
atom in the chain, so the name given to this molecule is Hy
propan-2-amine.

(Propan-2-amine is still a primary amine even though the functional group is
ot on a terminal carbon atom. Secondary and tertiary amines have different
structures and are not considered in this course, UPAC have recommended a
different name for propan-2-amine (and similar structures with NH, groups
attachod along a chain) o reinforea the idea that it is a primary amine. However,
in this course this altemative nomenclature will not be considered.)

CH—CH—CH,

Amines are structurally related to ammonia and, like ammonia, are polar

‘molecules, capable of hydrogen bonding to one another and other polar molecules
containing cxygen, nitrogen or fucrine.

Won W

i I

) i

hoh I

ydiogen bond between two
methanaming maleculss.

—

Figure 12.22 Hydrogen bonding betwean amine functional goups

The electronegativity difference between nitrogen and hydrogen is less than that
botween oxygen and hydrogen, so the hydrogen bonding interaction between

~ & Publicatt

LR ik
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amines is weaker than that between alcohols. The relative molecular masses
of propane, athanol and ethanamine are about the same. However, the boiling
points for these three compounds are —42°C, 75°C and 17°C, respectively. The
hydrogen bonding in the amine ensures that it has a much higher boiling point
than the alkane of comparable molecular mass. However, the prosence of weaker
hydrogen bonding interactions between the amine molecules compared to the
aleohol molecules results in ethanamine having a lower boiling point than
ethanol. Amines with lower molecular masses are usually soluble in water dus
to their ability to hydrogen bond to the abundant water moleculos. However, as
was the case with th alcohols, as the molecular mass increases, the non-polar
hydrocarbon chain dominatos the physical properties of the amine and solubility
decreases.

In the same way that ammonia has a pungent smell so also do the amines
particularly those of lower molecular mass that are more volatile. The smell of
rotting animals is often associated with the presence of amines. The common
‘name of butane-1,4-diamine is putroscins, while cadaverine is the nam given to
pentane-15-diamine.

Ammonia is a weak base, and <o are the primary amines. Aqueous solutions
of amines are basic as a result of a hydrogen atom on a water molecule being
donated to the nitrogen atom on the amine. For example, the equation for the
reaction of methanamine with water is

CH,NH,(aq) + H,0() = CH,NH,*(aq) + OH (aq)
Many prescribed drugs are amines. Because they are often insoluble in watar,
getting them into body fluids such as blood plasma is difficult. However, by

‘making use of the basic properties of the amine, the molecule can be converted to
a soluble salt by reaction of the amina with an acid such as hydrochloric acid.

The name ‘amino acid’ suggests that these compounds contain an amine and a
carboxslic acid functional group. The dosignation e’ is used to show that the two
functional groups are attached to the same, terminal carbon atom. The general
structural representation of a-amino acids is shown in Figura 12.23

H—CH—CooH
ik
eheine

R—CH—COOH

i, H,
aanine

CH—CH—CO0H

CHi—CH—CH—CO0H
H,
valina Figure 12.23 General formula o an
aaming acd and three exampls.

Amino acids aro the individual components (monomers—sce Chapter 13) from
which proteins are made. While the number of possible a-amino acids that can
be made synthetically is enormous, only 20 are used in nature to construct the
proteins and enzymes that are essential for lfe

72 Hotman B Publicat

g ol sy e
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The anangoment of branched chains in
LDPE dos not allow close approach of
polymer chains, 5o the chains tand to be

furthe apart. & comimon use of LDPE is
in plsti film such as cling wrap.

The amangement of unbranchd chains in
HOPE allows closa approach of polymer chains
50 the chalns a1 held togather by strongar

disperson force. A common uss of HDPE is
in food torags botles, such as mlk boties.

Flgure 13.4 The antangement o carbon chains In low and high densitypolyethene

Thero are a number of other addition polymers of commercial importance
including polstvingl chloride) (PVC), polystyrene, polypropene and poly(meths]
‘methacrylate). Table 15.1 shows the monomer and the repeating unit of the

‘polymer for each of these substances.

TABLE 13.1 COMMERCIALLY IMPORTANT ADDITION POLYMERS

= Gl

oy vy chloride)
P

Polypmpene.

N,

Propylene (ropens)

ot
et
=) =€
<
oocH,

Methyl methacyate

Pies, able
insalstion,
watertanke

W o
11
I
e/

Rope, capt,
plastic prs
for care

Plsigss,
pants

(mthyt 2-methylpropen-2-osts)

Styrane (pherylathens)
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CODE BREAKERS—RECYCLING PLASTIC

acid and a diamine. For example, hexanadioie acid reacts with hexane-1,6 diamine
to form nylon 6,6

amide group

0, 9 ORI

(o) [N AR

oo Eoon « mapforu, — Aofong-Lonfonued + zano

A A /A [
nion 6.6

The '6,6'in the name for nylon refors to the fact that this form of nylon is made
from o monomers each with sis carbon atoms in the molecule

During the manufacture of nylon, the fibres are strotched to assist n the formation
of hydrogen bonds betwen the oxygen of the C=0 group on one strand and the
hydrogen of the N—H group on an adjacent strand. This increases the strength of
the fibres that are formed in the process.

Natural polyamides—proteins

Amino acids have at least two reactive functional groups in each molecule. As
such, these molecules can also form condensation polymers. In living things the
naturally occurring amino acids polymerise to form proteins.

About 50% of the dry weight of every living cell is protein. It is present in skin
and musele and is the major structural component of animal tissue. In addition,
proteins are the biclogical catalysts, or enzymes, that control the chemistry of
life.

There are 20 different monomers or amino acids that can combine to form a
protein, so the number of possible combinations of thess, in a protein chain that
‘might have hundreds or thousands of amino acid components (these components
are referred to as amino acid residues),is huge.

The link that forms betsveen the amine functional group of one amino acid and
the carboxylic acid functional group of another is an amide group. However, in
biological systems theso are also called peptide links. When amino acids combine,
they form polypeptides and ultimately when the molecular mass is high enough,
proteins. Figure 13.8 shows the combination of threo different amino acids to
form a tripeptide.

T Rotman. e Window. 37 Fretox = (B Publicat:
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Reactions of

Figure 13.2 Formation of polysthan from ethen by additon polymersation
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Polymers ‘Depending on the conditions used and the catalyst chosen, the polymer chain can

L formina predominantly lincar fashion, witha relatively high molecular mass, and

] Review with lttle branchin of the chain. Polyethene produced under these conditions is

exercise Known as high density polyethene (HDPE) and it has high mechanical strength.

131 'HDPE is used to make bottles and pipes. The ofher form of this polymer, known.

as low density polyothene (LDPE),is used to make products like plastic bags,

#8122 Fom ling vrap and 5ot toys LDPE s compesed o polmer molecules with o e

amount of chain branching. Figure 13.4 shows how: the chains are arranged in

[ Major ideas LDPE and HDPE, illustrating that in the HDPE form the chains are able to
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Silicones are a group of polymers that are built on a backbone of silicon and
oxygen atoms bonded into long chains:

| Ll

$i=0—gi—0—gi—o-

he tvo bonds that remain on each silicon atom are usually attached to carbon
atoms in alkyl groups (commonly methyl groups, ~CH, .

Silicone polymers are made by reacting chlorosilanes with water to form silanols.
These silanols immediately react to produce the polymer chain:

cH, o

C—Si—Cl + 2H,0 — HO—Si—OH + 2HCI

W M

o, /o
nHo—3i—oH —— fo_si—L 4 ano
CH, \ CHi/n

s s tho case for condensation polymerisation with carbon-based monomers, the
silioon-based monomer must have two reactive functional groups.

Silicones have a range of useful properties including the following. The are:

excellent electrical insulators
good lubricants

very stable to extremes of temperature
water repellont

non-toxic

chemically unreactive

flexible

non-stick.

A major difforence between carbon polymers and the
silicones is that the latter are mere often liquids and
retain these liquid propertios over a wide range of
temperatures.

Both the carbon polymers and silicones consist of long
linear chains. In the carbon polmers, these chains attract
ono another with hydrogen bonds (as in the case of nylon),
dipole—dipolo intoractions (for examplo, polyestars) or by
dispersion forces (for example, polyethene). Hydrogen
bonding is not possible between most silicone chains,
%o only dispersion forces and dipole—dipole forces are
prosont.

Dispersion forcos depend on the number of cloctrons
present in tho substance, but the also depend on the size
of the molecules that are involved. The silicon—xygen
bond is much longer than the carbon—carbon bond, so the
electrons in the backbone of the silicone chain are spread
ver a much greater volume. As a result, the instantaneous
dipole that exists in the silicone will be weaker than the
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Eprmee substanco that can Keep two normally immiscible substances together in the
same phase. In simpl terms, a soap i capable of keeping oil dissolved in water
] Ed The sodium and potassium fons also present in soap are not involved in the
rganic cloansing action o the soap.
chemistry 1 ‘As the salt of a long chain fatty acid, the soap has both a polar part the carboxylic
Hydrocarbons acid anion, COO") and a non-polar part (the long hydrocarbon chain):
=[5 Chapter 12

O CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C00~
chemistry 2 ‘non-pola, hydrophobic hydrocarbon tail polar, ionic head

Functional The polar part of the soap molecule is often referred to as the hydrophilic ‘end”
groups because it is soluble in water. The non-polar part of the molecule is reforred to as
B 121 the hydrophobic (water-hating) ‘nd.
Alcohols In water, soap forms a cloudy suspension in which the non-polar hydrocarbon
chains of the scap molecules are attracted to cne another by dispersion forces
# 122 while the negatively charged carboxylate onds are hydrogen bonded to the
Reactions of surrounding water molecules. The most stable arrangement for this interaction
alcohols i called a micelle and is depicted in Figure 13,15
[] 123 Esters

58] 124 Primary 1o
amines and

b w290, w0

exercise

Figre 13.19 A scap micele showing th arangoment of
96 nonpolar hyckocarbon tll and the plar COO" head
Whan 1he sosp I mixed 1o vatt:Hydocarbon s re
bt 4O | nom-pola and collcttogather on he Insds f he micele,

Shieded fom the water enionment, On th outsid, the
B 125 negative fons are attracted o th surrounding polr water
Determinatio molecules,

e Since most grease, il and stains that are commonly roferred to as dirt are non-
polar and insoluble in water, the soap micelles are able to rearrange so that the
Emracion non-polar hydrocarbon tails bury themselves in the ‘irt’ as shown in Figure
[ Major ideas 13.20. With the dirt now captured in the inner region of the micelle,this dirt will
i behave as a polar substance and mix more readily with the polar water. The soap
@rers has therefore efectively dissolved the dirt. When the soapy water s rinsed away
] Chapter 13 it takes the dirt trapped in the micelles with i, leaving a clean surface.
Organic
chemistry and
modem Qx ?
ffestyles non-polar

ik o
131
Polymers. & il or grease polar COO- end of
[] Review O

131 Figure 13.20 Sop
8 122 rem

biob o of o gresse
fats to so2p o 1o o
{5 Major ideas be removed in the

e wate
] Questions

] Unit 38 Review

Ouectinns
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Polymers are very large molecules often made up of
a backbone or chain in which carbon atoms usually
dominate.

Polymers are formed from the reaction between small
molecules known as monomers.

Alkenes can join together to form polymers in a process
called addition polymerisation.

In this reaction each monomer molecule undergoes
an addition reaction with adjacent molecules, in the
presence of a catalyst, to form a long chain:

n(CH,=CHR) — 4CH,-CHR}-
The properties of the addition polymers can be changed
by increasing the branched side chains on the polymer

chain. The more branched side chains present, the weaker
the dispersion forces between the molecules.

Condensation polymers are formed between monomers
that each have two reactive functional groups.
n, the polymer is

formed together with water.
A reaction between a dicarboxylic acid and a diol can
result in a condensation polymer. The monomers are
‘joined by ester groups:
n(HOOC-R-COOH) + n(HO-R™-OH) —

~OC-R-CO-0-R'-O}; +2nH,0
A condensation polymer can also form in the reaction of

icarboxylic acid with a diamine. The monomers are
‘joined by amide bonds:

n(HOOC-R-COOH) + n{H,N-R'-NH,) ~
~OC-R-CO-HN-R'-NH}; + 2nH,0

Proteins are natural polyamides, formed by the

condensation polymerisation of amino acids.

molecule has two functional groups, a
‘group and an amine group, that can react
with the functional groups on other amino acids.

The bonds between the amino acids are amide bonds,
butthey are also called peptide bonds.

Hydrogen bonding (and ionic bonding) between parts of
a protein chain cause it to fold in a particular way to give
the secondary structure of the protein.

R-COO-CH,
RCOO-CH + 3Na*OH- — 3R-COO-Na® +
R-COO-CH,

Soap is made in a saponification reaction in which an oil
or fat is boiled with NaOH or KOH solution:

CHzOH
én —OH
CHzOH
fat soap glycerol
Soaps are the sodium or potassium salts of fatty acids.
Detergents are the salts of alkylbenzenesulfonates.

Soaps and detergents act as cleaning agents because
the charged end of the surfactant ion dissolves in the
polar solvent, water, while the non-polar hydrocarbon
chain dissolves in the non-polar grease, oil or

Soaps do not function effectively in hard water as the
surfactant ion precipitates out with the Ca2* and Mg2*
fons. Detergents function effectively in all types of
water.

QUESTIONS

1

Draw the structure of the monomer(s) used tomake
polymers having the following partial structures.

a  CH, Br G H CH, Br

‘Write the equation for the formation of Teflon
from tetrafluoroethene.

O RESEARCH Recently there have been
concerns expressed about the use of Teflon
in cookware. List these concerns and debate
whether the use of Teflon in cookware should be
banned.

7 Mher
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FimEe ‘Vigorous agitation of the ‘dirty’ material in the soapy water increases the rate of

the washing process. The surfactant soap molecules that have formed micslles
] Chapter 11 in the soapy water break apart during the vigorous agitation of the washing
Organic ‘process and interact more rapidly with the oil or grease on a surface as shown
chemistry 1 in Figure 13.21.

Hydrocarbons

1] Chapter 12 soapion  E1ease partcle made.
Organic polorend GZ o Solubloby soap
chemistry 2 d

Functional nonpolar and I

e a’ (4 C—
B 121 washing miturs | 1opyesantaton o the
Alcohols o c‘\eanmsmnnn‘nwav
urng the washing
B 122 process
Reactions of
alcohols In addition, warm water is more ikely to promote the cleaning process as it will
Soften the fas and oils that have aceumulated on clothes or other items, malking
(] 12.3 Esters it casier for the surfactant to pull the dirt away from the surface.
=] 124 Primary Soaps, however; have one significant disadvantage, particularly in Western
amines and Australia. In the presence of ions such as Ca®*, Mg®* and Fe**, the negatively
amino acids charged soap ions form an insoluble precipitate, a scum, for example:
[ Review 2CH,(CH,),,C00~(ag) + Ca®*(ag) ~ (CH,(CH,),,C00),Ca(s)
exercise s 2 consequence, more soap neds to be used for washing in hard water than in
124 “soft’ water, to obtain a lather. Much of Western Australia’s water supply is hard
water, containing dissolved calcium ions in particular. When using hard water,
o 125 tho inslublo scum formed by tho soap and tho Cat ions s Ml to romove

Determinatio from household areas such as bathrooms and from clothes.
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Figuro 13.22 A varetyof products containing surfactants
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Detergents have boen designed with the problems associated with soap scum
in mind, the aim being to produce a detergent that has the same non-polar,
hydrophobic tail and polar head arrangement as soap, but will not form an
insoluble precipitate with the ions in hard water. Chemists soon established
that replacing the carbexylata, COO™, with a sulfonate, SO, group provided an
effective surfactant ion that would not produce a scum in hard water

The manufacture of a detergent can be achieved by reacting an alkylbenzena (a
product of the petrochemical industry) with concentrated sulfuric acid, followed
by sodium hydroxide, as shown in Figure 13.25.

pS—

| ot o,

o onen oo on cnonon—{)-so + ko
| i

amcmcionom o enonon e on—{_Y-sorts o
alkylbenzanssulfoata—a detrgant
Figre 13.23 Formation o a alkylberzanesulfonats deorgont

The chemistry of the action of a detergent s essentially the same as that of
Soap. The non-polar hydrocarbon end attaches itselfto the oil or grease while the
polar sulfonate end is hydrogen bonded to the water molecules in the aqueous
medium,

Inaddition tothe anionic surfactant, modern detergents may also contain enzsmes.
that break down stains including biological stains such as the protein in blocd.
Brighteners are also sometimes added. These fluoresce in ultraviolat light (which
is part of sunlight) and make clothes appear whiter. Some detergents include
substances that break down in warm water to produce hydrogen peroxide, a mild
bleach.

s well as producing soaps from animal and plant fats, a fuel can also be
relatively casily produced. Biodiesel s a fusl generally made by converting the
fatty acids obtained from animal fats or vegetable oils into esters. The dominant
procoss at prosent involves vegetable oils (including waste cooking oil). Unlike
disel fuel obtained from potroleum refining, biodiesel i non-toxic, iodsgradable
and renewable. In addition, biodiesel is rogarded as a carbon neutral fuel as its
combustion reaction releases the carbon diaxide that was originally used as the
sourea of carbon by the plant from which the fuel was produced.
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Examples of some low molecular mass alkenes are given in Table 16.13.

] Chapter 10 Energy TABLE 16.13 FORMULAS AND PROPERTIES OF SOME ALKENES

changes in Melting Boiling. State under normal
[Sachone point (°C) [ point (:c) | atmospheric

] Chapter 11 conditions
Reaction rates ethene CH,=CH,

] Unit 2A Review . o Oh

] Chapter 12 popens 2= s
Chemical but-1-ene GH,=CH-CH,GH,
reactions revisited

{5 Chapter 13 Acids -
P e penta-1,3-diene  CH,-CH=CH-CH=CH,

] Chapter 14
Oxidation and
reduction reactions

£] Chapter 15 Alkenes are named in a similar way to alkanes but rather than the parent name
Electrolytic cells ending in “-ane’, it ends in -ene’ for alkenes. The TUPAC rules for naming alkenes

2] Chapter 16 Carbon are explained in the example in Figure 16.19.
compounds

B 161 Figure 16.19 What Is the name
Ertrain of this alkene? CH, (‘:HZ
most versatile —CH— —
element on CHy— CH—CH;

Earth

[ 16.2 From
crude oil to Identify the longest continuous carbon
petrol chain containing the double bond.

5] 16.3 Properties This is the parent chain. It is given
and reactions of the stem name associated with the
gyk:';sk;':s number of carbon atoms in this chain

and the suffix for alkenes, that is -ene.  The longest chain has six carbons, that is, hex-, and because the compound is an

El 164 w alkene, the parent chain is called hexene.

hydrocarbons— Number the parent chain from the
alkenes and end that will give the lowest number CH, CHy
e to the double bond. The position of o —cH—cH—é H—CH

] 16.5 Aromatic | | the double bond is described by the - A
'Izﬂ‘*m'ﬂ'sf lowest numbered double bonded

'zene carbon. In this example, the chain is numbered from right to left to give double bonded
B e =] carbons the smallest number. The lowest number for the double bond, that is, 2, is
used in the name, and is placed just before suffix -ene, to give hex-2-ene. Hyphens are

organic
e used between words and numbers.

1 Mainr lese Name the side chains in the same
way as with alkanes.

cis-but-2-ene  CH,-CH=CH-CH,

Naming of alkenes and cycloalkenes
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The chemical formula of a compound also shows the mole ratio of atoms or ions

presont in 1 mole of the compound. For example, in 1 mole of NH,NO, there
1 mole of NH, ions and 1 mole of NO, " ions

or 2 mole of N atoms, 4 mole of H atoms and 3 mole of O atoms.

When carrying out caleulations involving the relationships betwween amount in

mole, mass and number of atoms, molecules or formula units of substances, a

flow chart like the one shown in Figure 413 can help in deciding the steps that
need to be undertaken.

number o partcies umber of partcies
of known substance () of unknown substance (N)

[t mom s |

Figure 4.13

mass of unknown substance umh

- Example 4.6
How many atoms of carbon are in a cube of sugar that has a mass of 482 ¢
Assume the sugar is pura sucrose, CyoHp,Op..

 Solution
There are three steps in this calculation:
‘mass of sugar — mole of sugar — mole of carbon — number of carbon atoms
Step1  Find the amount in mole of sugar.
‘mass of sugar

olar mass of sugar

molar mass of sugat, CygH,0,,

mole of sugar =

12 12.01) + (22 x 1.008) + (11 x 16.00)= 342.206 g mol>
mole of sugas
Step2  Find tho amount in mole of
1 mol of C,gHy,0y, contains 12 mol of C atom

1408 mol of C,;H,,0,, contains 12 x 0.01
0 mal of C atoms
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