Chemistry – Definitions

Atoms, Molecules & Stoichiometry

	Term
	Definition

	Relative Atomic Mass, Ar
	Average mass of one atom of an element relative to one-twelfth  of the mass of a carbon-12 atom

	Relative Isotopic Mass
	Mass of one atom of the isotope relative to one-twelfth of the mass of a carbon-12 atom

	Relative Molecular Mass, Mr
	Average mass of one molecule of the substance relative to one-twelfth of the mass of a carbon-12 atom

	Relative Formula Mass, Mr
	Average mass of one formula unit of the substance relative to one-twelfth of the mass of a carbon-12 atom

	Mole
	A mole of substance is the amount of that substance which contains 6.02 x 1023 particles of that substance

	Empirical Formula
	The simplest whole number ratio for the atoms of different elements in the compound

	Molecular Formula
	The actual number of atoms of the different elements in the compound

	Molar Mass
	The mass of one mole of a substance, numerically equal to the Ar or Mr of the substance

	Disproportionate reaction
	A reaction where an element undergoes both oxidation and reduction



Atomic Structure

	Term
	Definition

	Isotopes
	Atoms of the same element, having the same number of protons, but different number of neutrons, and hence different mass number

	Proton number
	Number of protons in the nucleus of each atom

	Nucleon number
	Number of protons and neutrons in the nucleus of each atom

	Atomic orbital
	3-dimensional regions in space around the nucleus in which there is a high probability of finding an electron

	Shell
	A group of orbitals whose radial distribution from the nucleus is approximately equal

	Isoelectronic species
	2 different species having the same electronic configuration

	Effective nuclear charge, Zeff
	Measure of the actual attraction on the outer electrons by the nucleus


Chemical Bonding

	Term
	Definition

	Ionic bond
	Electrostatic forces of attraction between two oppositely charged ions, which are formed as a result of a complete transfer of electrons

	Covalent bond
	Electrostatic forces of attraction between two nuclei and a shared pair of electrons between them

	Dative covalent bond
	Covalent bond where one of the covalently bonded atoms provides the two electrons which are shared

	Van der Waals’ Forces
	A weak electrostatic force of attraction between neighbouring oppositely charged ends of two dipoles

	Hydrogen bond
	A special type of permanent dipole-permanent dipole attraction between the poorly shielded proton of a hydrogen atom bonded to a small highly electronegative atom and the lone pair of F, O, or N on a neighbouring molecule

	Bond polarity
	The difference in electronegativity between two covalently bonded atoms

	Bond length
	Distance between the nuclei of two bonded atoms

	Electron-pair geometry
	The arrangement of all electron densities around the central atom

	Molecular geometry
	The arrangement of other atomic nuclei around the central atom

	Electronegativity
	The ability of an atom in a molecule to attract the shared electrons towards itself


Gaseous State

	Term
	Definition

	Pressure Law
	The pressure of a fixed mass of gas is directly proportional to its temperature (in Kelvin) at constant volume

	Boyle’s Law
	The volume of a fixed mass of gas is inversely proportionate to its pressure at constant temperature

	Charles’ Law
	The volume of a fixed mass of gas is directly proportionate to its absolute temperature (in Kelvin) at constant pressure

	Dalton’s Law of Partial Pressure
	Dalton’s Law of Partial Pressure states that “In a mixture of non-reacting gases, the total pressure of the mixture is equal to the sum of the partial pressures of all the constituent gases at the same temperature”

	Mole Fraction
	The ratio of the number of mole of a component to the total number of moles of components present

	Partial Pressure
	The pressure exerted by a gas in a mixture of gases which do not react with each other


Chemical Energetics

	Term
	Definition

	Heat capacity
	The quantity of heat required to raise the temperature of a substance by 1 K

	Specific heat capacity
	The quantity of heat required to raise the temperature of a unit mass of a substance by 1 K

	Enthalpy
	The energy content of a substance defined under constant pressure conditions

	Enthalpy change, ∆H
	The change in the energy content of a system defined under constant pressure conditions

	Standard state
	A substance’s most stable form at 1 atm and 298 K

	Hess’ Law
	The heat change of a reaction is determined by the initial and final states of the system and independent of the pathways taken

	Standard enthalpy change of reaction, ∆Hrθ
	The enthalpy change when molar quantities of reactants as specified by the chemical equation reacts to form products at 1 atm and 298 K

	Standard enthalpy change of formation, ∆Hfθ
	The enthalpy change when 1 mole of a pure compound in a specified state is formed from its constituent elements in their standard states, at 298 K and 1 atm

	Standard enthalpy change of combustion, ∆Hcθ
	The heat energy evolved when 1 mole of the substance is completely burned in oxygen at 1 atm and 298 K

	Standard enthalpy change of neutralisation, ∆Hneutθ
	The heat change when an amount of acid or alkali is neutralised to form 1 mole of water (in dilute aqueous solution) at 298K and 1 atm

	Standard enthalpy change of atomization, ∆Hatomθ
	The enthalpy change when 1 mole of atoms in the gas phase in formed from the element in the defined physical state under standard conditions

	Standard enthalpy change of atomization of a compound, ∆Hatomθ
	The heat energy absorbed when one mole of the compound is converted into its constituent gaseous atoms under standard conditions

	Bond energy, B.E. 
	Average energy absorbed when 1 mole of a particular bond is broken

	First ionisation energy (1st IE)
	Energy required to remove 1 mole of electrons from 1 mole of gaseous atoms in ground state to form 1 mole of singly charged cations

	First electron affinity (1st EA)
	Energy change when 1 mole of electrons are added to 1 mole of atoms in the gaseous state to form 1 mole of singly charged anions

	Lattice energy (LE)
	Energy evolved when 1 mole of a pure solid ionic compound is formed from its constituent gaseous ions under standard conditions

	Standard enthalpy change of solution, ∆Hsolnθ
	The heat change when 1 mole of solute is completely dissolved in enough solvent so that no further heat change takes place on adding more solvent at 298 K and 1 atm

	Hydration energy, ∆Hhyd
	The heat evolved when 1 mole of the gaseous ion is hydrated

	Spontaneous reaction
	One that occurs without any outside assistance

	Entropy, S
	A direct measure of the randomness or disorder of matter and energy of a system

	Standard Gibbs free energy change of reaction, ∆Gθ
	∆Hθ - T∆Sθ 



Reaction Kinetics

	Term
	Definition

	Rate of reaction
	The change in concentration of a reactant or product with time

	Rate equation
	An expression that shows the exact dependence of reaction rate on concentration of all reactants

	Order of reaction
	The power to which the concentration of that reactant is raised to in the rate equation

	Rate constant, k
	A proportionality constant in the rate equation, which is temperature dependent and concentration independent

	Half-life of a reaction, t½
	The time taken for the concentration of a reactant to fall to half its initial value

	Rate-determining step
	The slowest step in the reaction mechanism, which determines the overall rate of reaction

	Activation energy, Ea
	The minimum amount of energy required to enable chemical bonds to break and to allow rearrangements of atoms, ions and electrons to occur

	Catalyst
	A substance which increases the rate of reaction without itself undergoing any permanent chemical change

	Enzyme
	Biological catalysts (proteins) which catalyse specific chemical reactions in living systems


Chemical Equilibria

	Term
	Definition

	Reversible reaction
	Reactions that take place in both the forward and backward directions at comparable rates

	Dynamic equilibrium
	The state where the concentration of the reactants and products remain constant in a reversible reaction

	Equilibrium constant, Kc/Kp
	A constant which relates the amount of reactants and products in an equilibrium mixture

	Le Chatelier’s Principle
	If a system in equilibrium is subjected to a change which disturbs the equilibrium, the system responds in such a way as to counteract the effect of the change

	Homogeneous equilibrium
	Equilibrium in which all the substances involved are in the same phase

	Heterogeneous equilibrium
	Equilibrium in which the substances involved are not in the same phase

	Reaction Quotient, Qc
	Ratio of the concentrations of the reactants and products raised to the stoichiometric ratios

	Degree of dissociation, α
	The fraction of reactant that has dissociated at a particular temperature

	Apparent Molecular Mass
	The weighted average of the relative molecular masses of all the gases present in equilibrium


Acid-Base Equilibria

	Term
	Definition

	Strong acid
	An acid that undergoes complete dissociation in aqueous solution

	Weak acid
	An acid that undergoes slight or partial dissociation in aqueous solution

	pH
	The measure of acidity or alkalinity of the solution

	Acid dissociation constant, Ka
	Measure of the strength of an acid. It provides a qualitative indication of the extent to which the acid is dissociated

	pKa
	- lg Ka (Measure of the strength of an acid)

	Base dissociation constant, Kb
	Measure of the strength of a base

	pKb
	- lg Kb (Measure of the strength of a base)

	Ionic product of water, Kw
	The product of the concentration of H+ and OH- ions. At 298 K, Kw = 1.0 x 10-14 mol2 dm-6

	Buffer solution
	A solution which is able to resist a small change in pH upon the addition of a small amount of acid or base

	Buffering capacity
	The amount of acid or base that may be added to a buffer solution before its pH changes appreciably

	Half-equivalence point
	The point on the titration curve where half of the acid present in the reaction mixture is neutralized ([HA]=[A-])

	Monobasic /dibasic /tribasic /polybasic acid
	An acid which has one/two/three/more than one ionisable H atom per molecule

	Equivalence point
	The point where stoichiometric amounts of the two reactants have reacted

	End point
	The point at which a distinct colour change occurs



Ionic Equilibria

	Term
	Definition

	Solubility product, Ksp
	The equilibrium constant for the equilibrium established between the undissolved salt and its constituent ions in a saturated solution

	Common ion effect
	The reduced solubility of a salt in a solution that already contains an ion common to that salt

	Solubility
	The concentration of its constituent ions in a saturated solution

	Ionic product
	The product of the concentration of the constituent ions in an aqueous solution ([M+(aq)][X-(aq)])

	Saturated solution
	A solution which contains the maximum quantity or solute that is normally possible at the given temperature



Introduction to Organic Chemistry

	Term
	Definition

	Functional group
	An atom or group of atoms that is responsible for characteristic chemical properties of an organic compound

	Homolytic fission
	When a bond is broken such that two shared electrons in the covalent bond are split equally between two atoms so that each atom acquires 1 of the bonding electron, thus forming free radicals

	Heterolytic fission
	When a bond is broken such that the two shared electrons in the covalent bond are split unequally between two atoms so that one atom keeps both electrons, thus forming a negatively charged ion and a positively charged ion

	Free radical
	A highly reactive, electrically neutral atom or molecule with an unpaired electron

	Nucleophile
	An electron-rich species, either negatively charged or possessing at least a lone pair of electrons, that is attracted to electron-deficient sites

	Electrophile
	An electron-deficient species or positively charged species that possesses an empty orbital and is attracted to electron-rich sites

	Addition reaction
	Reaction where two substances react to give a single product

	Substitution reaction
	Reaction where an atom or a group of atoms is replaced by another atom or group of atoms

	Elimination reaction
	Reaction that removes atoms or groups of atoms from adjacent carbon atoms to form multiple bonds

	Rearrangement reaction
	Reaction involving the migration of an atom or group of atoms from one site to another within the same molecule

	Hydrolysis
	Chemical reaction with water

	Condensation
	Reaction where two molecules come together to form a bigger molecule with the elimination of small molecules such as H2O or HCl

	Oxidation
	The addition of oxygen from an oxidising agent, or the removal of hydrogen from a molecule, or the process which involves the loss of electrons

	Reduction
	The removal of oxygen, or the addition of hydrogen to the molecule, or the gain of electrons

	Structural isomerism
	Molecules with the same molecular formula but different structural formula

	Geometric isomerism
	Molecules with the same molecular formula but different orientation of the two different substituted groups attached to the two adjacent carbon atoms with restricted rotation

	Chiral centre
	An atom that has 4 different atoms or groups of atoms attached to it

	Homologous series
	A family of compounds having the same functional group

	Chain isomerism
	Molecules with the same molecular formula but different carbon skeleton structure

	Positional isomerism
	Molecules with the same molecular formula but with the functional group located at different positions on the same carbon skeleton

	Functional group isomerism
	Molecules with the same molecular formula, but with different functional groups

	Stereoisomerism
	Molecules with the same molecular formula and structural formula but which differ in the way in which the atoms are arranged in space relative to one another

	Optical isomerism
	Stereoisomers that are non-superimposable mirror images of each other

	Optical activity
	It is the ability to rotate the plane of plane-polarised light

	Racemic mixture 
	A mixture containing equal proportions of a pair of enantiomers

	Meso compound
	A meso compound is one whose molecules are superimposable on their mirror images (there is symmetry within the molecule) even though they contain chiral centres. It is optically inactive

	Combustion
	Reaction whereby a compound burns with oxygen


Alkanes

	Term
	Definition

	Aliphatic alkanes
	Open-chain alkanes with the general formula CnH2n+2

	Alicyclic alkanes
	Ring alkanes with the general formula CnH2n

	Halogenation
	Substitution of the hydrogen atoms of the alkane by hydrogen atoms



Alkenes

	Term
	Definition

	Saytzeff’s rule
	If more than one alkane can be formed by an elimination reaction, the more stable alkane is the major product. In general, the more substituted alkanes and trans isomers are more stable

	Catalytic hydrogenation
	Addition of hydrogen gas in the presence of the catalyst nickel, platinum or palladium

	Markonikov’s rule
	When an acidic molecule HA adds to a C=C bond in an unsymmetrical alkene, the major product is the one in which the hydrogen atom attaches itself to the carbon atom already carrying the large number of hydrogen atom

	Carbocation
	An ion with a positively charged carbon atom

	Hydration
	Addition of steam to an alkene



Arenes

	Term
	Definition

	Resonance energy
	Decrease in enthalpy of a compound due to increased stability due to delocalisation of electrons

	Localised electrons
	Electrons that belong to a single atom or are confined to a bond between two atoms

	Delocalised electrons
	Electrons shared by more than two atoms

	Resonance
	Delocalisation of electrons

	Activation
	The outcome of increasing the electron density, thereby rendering the ring more susceptible to electrophilic aromatic substitution



Proteins

	Term
	Definition

	Peptide
	An amino acid polymer in which individual amino acids units called residues are linked together by peptide bonds

	Peptide bond
	A head to tail amide linkage formed by the elimination of a water molecule between the –NH2 group of one amino acid and the –CO2H group of a second amino acid

	Primary structure
	The sequence of the amino acids in a protein chain

	Secondary structure
	The way in which segments of the peptide backbone orientate into a regular pattern through hydrogen bonding

	Tertiary structure 
	The 3D arrangement of the protein due to the folding of the secondary structural elements together with the spatial disposition of the side chains. Folding is due to R group interactions

	Quaternary structure
	Spatial arrangement of its subunits. It shows how the individual folded subunits are packed together

	Denaturation
	The disruption of secondary, tertiary, or quaternary structure of proteins, by breaking the non-covalent interactions (but including disulphide links) that hold these structures in their native conformation



Electrochemistry

	Term
	Definition

	Standard electrode potential, Eθ
	The electromotive force, measured at 298 K and 1 atm, between the half-cell and the standard hydrogen electrode in which the reacting species in the solution are at molar concentration

	Standard cell potential, Eθcell
	The potential difference between two half-cells at standard conditions

Eθcell = EθR - EθL

	Redox reaction
	A reaction in which both oxidation and reduction occur at the same time

	Disproportionation
	A type of redox reaction whereby the same species is simultaneously oxidised and reduced

	Electrolyte
	A compound which will conduct an electric current and is decomposed by it when it is in aqueous solution or in the molten state. It conducts electricity, due to the flow of charge carried by its ions

	Strong electrolyte
	A compound which is fully ionised when molten or in solution

	Weak electrolyte
	A compound which is partially ionised when molten or in solution

	Fuel cell
	A voltaic cell which converts the chemical energy of a continuous supply of reactants into electrical energy

	Electrolysis
	A process whereby an electrode potential applied between two electrodes causes a chemical change

	Faraday’s First Law of Electrolysis
	The mass of a substance or volume of gas liberated during electrolysis is directly proportional to the quantity of electricity that passes through the cell

	Faraday’s Second Law of Electrolysis
	The quantity of charge required to discharge one mole of an element depends on charge z on the ion

	Faraday, F
	The charge carried by 1 mole of electrons



Periodicity

	Term
	Definition

	Atomic radii
	The distance of closest approach to another identical atom

	Ionic radii
	The radius of a spherical ion in an ionic compound

	Melting point
	The temperature at which a pure solid is converted to its pure liquid form at atmospheric pressure

	Boiling point
	The temperature at which a pure liquid is converted to its pure gaseous form at atmospheric pressure



Transition Elements

	Term
	Definition

	Transition element
	A d-block element which can form one or more stable ions with a partially filled d-subshell

	Complex ion
	A complex ion consists of a central metal ion linked to surrounding ions or molecules called ligands by dative covalent bonds

	Ligand
	An ion or molecule which contains at least one atom bearing a lone pair of electrons which can be donated into a lower-lying vacant orbital of a central metal atom or ion forming a co-ordinate bond, and resulting in the formation of a complex ion

	Co-ordination number
	The total number of co-ordinate bonds that the central metal ion/atom formed with ligands

	Stability constant, Kstab
	The equilibrium constant for the formation of a complex ion. It is a measure of how stable the complex ion is as compared to its aqua complex ion


