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How	fast?	-	rates	
1 TERMINOLOGY	
Rate of reaction: The rate with which the concentration of a product increases or the rate 

with which the concentration of a reactant decreases.  

Rate equation: An expression relating the rate of a reaction to the concentrations of the 

reactants present in the reaction mixture.  

Order of reaction: The way in which the rate of reaction varies with the concentrations of 

the reacting substances. 

Rate constant: The proportionality constant between the rate of reaction and the products 

of concentrations that determine how the rate varies with concentration.  

Half-life: The time taken for the concentration of a reactant to decrease to half its original 

value.  

Rate-determining step: The slowest step in a chemical reaction. 

Activation energy: The minimum energy required to start a reaction by breaking bonds.  

Heterogeneous catalyst: A catalyst in a different phase from the reactants.  

Homogeneous catalyst: A catalyst in the same phase as the reactants.  

2 THE	RATE	OF	REACTION	
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Rate is measured in units of concentration per unit time, and the most common unit is mol 

dm-3. The negative sign in the second expression reflects the fact that the concentration of 

the reactant is decreasing and therefore gives a positive value for the rate.  

3 METHODS	OF	MEASURING	THE	RATE	OF	REACTION	
Any methods used to find out rates of reactions must employ a technique which measures 

either the decreasing concentration of reactants or the increasing concentration of products 

with respect to time.  

Production of a gas: Either measure the volume produced at different times collected over 

water or in a gas syringe or the time to produce a fixed volume of gas. This is a suitable 

method for most of the gas-producing reactions, such as the decomposition of hydrogen 

peroxide. 
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à Clock reactions: In a clock reaction, the reactants are mixed and the time taken to 

produce a fixed amount of product is measured. This gives the initial rate of the reaction. 

Production of a solid: The time taken to produce enough solid to hide a cross on a piece of 

paper under the reaction apparatus or on the side of the apparatus can be measured. This 

method is used to measure the decomposition of sodium thiosulfate by acid. 

Loss of mass: Measure the mass of the total reaction mixture as the reaction progresses, and 

see how quickly it decreases. This is suitable when considering the rate of reaction between 

calcium carbonate and hydrochloric acid, because as carbon dioxide escapes, mass 

decreases. 

Colour change: The change in colour of either a reactant or a product is measured using a 

colorimeter. A reaction that can be studied in this way is the reaction between iodine and 

propanone. The decrease in the intensity of the colour of iodine can be measured with a 

colorimeter as a function of time. 

Conductivity: It involves measuring the conductivity changes in a reaction mixture over time. 

These reflect the changes in the ions present in the solution.  

Titrimetric analysis: This involves removing small portions (aliquots) of the reaction mixture 

at regular intervals. These aliquots are usually added to another reagent, which immediately 

stops or quenches the reaction. There are no further changes to the concentrations in the 

reacting mixture. The quenched aliquots are then titrated to find the concentrations of 

known compounds in them.   

Conductimetric analysis: The number and type of ions in a solution affect its electrical 

conductivity. As some chemical reactions take place in solution, the ionic balance changes 

and the resulting change in conductivity can be used to measure the rate of the reaction. 

These reflect the changes in the ions present in the solution and so can be used to measure 

the changes in concentration of the various components of the mixture.  

4 RATE	EQUATIONS,	RATE	CONSTANTS	AND	THE	ORDER	OF	A	
REACTION	

A rate equation shows how changes in the concentration of reactants affect the rate of a 

reaction.  

A + B à products 

The equation that describes how the rate varies with the concentrations of the reactants 

takes this form:  

rate = k[A]m[B]n , where k is the rate constant. 

The values m and n represent the reaction orders and often are whole numbers or equal to 

zero. Fractions are uncommon.  

Overall order of the reaction = m + n 
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• Every reaction has its own particular rate equation and its own rate constant.  

• Rate constants will only change their value with a change in temperature.  

The order of a reaction describes the way in which the rate of reaction varies with the 

concentrations of the reacting substances. The usual relationship is that the rate of reaction 

is directly proportional to the concentration. However, in some cases the rate of reaction 

might be directly proportional to the square of the concentration or the rate may not 

increase at all for increasing concentrations.  

Rate equations for different orders of reaction 

• Zero order rate equation: rate = k[A]0 or rate = k 

• First order rate equation: rate = k[A] 

• Second order rate equation: rate = k[A]2 

If two or more reactants are involved, then it is possible to have a third order rate equation: 

• Third order rate equation: rate = k[A]2[B] 

Units of the rate constant 

The units of the rate constant differ for different reaction orders. These units can be worked 

out from the rate equations. 

Order Unit 

Zero  mol dm-3 s-1 

First  s-1 

Second dm3 mol-1 s-1 

Third  dm6 mol-2 s-1 

1. First order reactions  

A reaction is first order with respect to a reactant if the rate of reaction is proportional to the 

concentration of that reactant. This means that doubling the concentration of the reactant 

leads to a doubling of the rate of reaction. Hence, a plot of rate against concentration gives a 

straight line passing through the origin, whereas a graph of concentration of a reactant and 

time is a decreasing exponential graph as shown:  
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Half-life of a first order reaction 

Half-life is independent of concentration and all first order reactions have constant half-lives 

at a given temperature. The time taken for the concentration to halve is known as the half-

life (t1/2) of the reaction. If the half-live is short, the reaction is rapid; if the half-life is long 

the reaction is slow.  

2. Second order reactions  

 A reaction is second order with respect to a reactant if the rate of reaction is proportional to 

the concentration of that reactant squared. This means that doubling the concentration of a 

reactant increases the rate by a factor of four.  

 

• A graph of rate against concentration squared for a second order reaction would be a 

straight line through the origin. 

Half-life of a second order reaction 

The half-life of a first order reaction is independent of the initial concentration of the 

reactants. However, the half-life of a second order reaction does depend on the initial 

concentrations of the reactants. In second order reactions, halving the initial concentration 
doubles the half-life. In other words, in second order reactions the half-life is inversely 

proportional to the initial concentration of the reactants. It is related to the rate constant by 

the following equation: 

#/
01
=

1
3 × [!$"+#".#]5657589

 

3. Zero order reactions 

A reaction is zero order with respect to a reactant if the rate of reaction is unaffected by 

changes in the concentration of that reactant.  
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In summary,  

 

 

5 DETERMINING	THE	ORDER	OF	A	REACTION	AND	THE	RATE	
EQUATION	FROM	EXPERIMENTAL	DATA	

It is not possible to predict the order of reaction from a balanced equation. It has to be 
found out by experiment.  

Interpreting experimental data 

Once the changes in concentration have been measured in an experiment, the reaction rate 

can be obtained by plotting concentration against time.   

The graph is steepest at the start of a reaction, and it gradually gets less steep as the 

reaction processes. If such a graph becomes horizontal then the reaction has finished. The 

rate of reaction decreases with time because the number of particles of A and B decrease 

and so there are fewer collisions.  

To find the rate of a reaction at a particular time, a tangent has to be drawn to the curve at 

that time and its gradient calculated.  

6 ORDER	OF	REACTION	FROM	INITIAL	RATE	OF	REACTION	
A series of experiments is 

carried out using different 

initial concentrations of the 

reagent under 

consideration, with every 

other factor kept constant. 

It is important that only one 

variable is changed.  For each experiment and product, a concentration against time graph is 

plotted and a tangent is drawn to the curve at t=0. Using a large triangle for maximum 

accuracy, the gradient is calculated. This is the initial rate of the reaction. The shape of the 
graph indicates the order of the reaction with respect to [X] as shown.  
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7 ACTIVATION	ENERGY	AND	TYPES	OF	CATALYSTS	
Many reactions appear not to take place at room 

temperature – the particles involved don’t have 

sufficient energy when they collide to overcome the 

activation energy barrier. Activation energy is the 

minimum energy required to start a reaction by 

breaking bonds. 

A catalyst speeds up a reaction by providing 

an alternative path with a lower activation 

energy. Lowering the activation energy 

increases the proportion of molecules with 

enough energy to react, however, it does not 

alter the average kinetic energy of the 

molecules. 

A catalyst changes the mechanism of a reaction and makes a reaction more productive by 

increasing the yield of the desired product and reducing waste. One of the ways in which a 

catalyst can change the mechanism of a reaction is to combine with the reactants to form an 

intermediate. The intermediate is a stage in the transition from reactants to products. It 

breaks down to give the products and the catalyst is released. This frees the catalyst to 

interact with further reactant molecules and the reaction continues.  

Catalysts can be divided into two types – homogenous catalysts and heterogeneous 

catalysts. 

 

Homogenous catalysts 

A homogeneous catalyst is in the same phase as the reactants. Chlorine free radicals act as a 

homogenous catalyst in the gas phase. Chlorine free radicals are produced when UV light 

from the Sun breaks up chlorine molecules. They are breaking down ozone in the upper 

atmosphere into oxygen.  
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Heterogeneous catalysts 

A heterogeneous catalyst is in a different phase from the reactants. Heterogeneous catalysts 

are frequently transition metals – for example iron, platinum and nickel. The reacting 

mixtures are usually adsorbed onto the surface of the catalyst, so the catalyst is usually given 

a very large surface area to maximise its effect on the reaction rate.  

 

8 THE	ARRHENIUS	EQUATION	
The diagram shows a distribution of the kinetic energies of particles in a sample of gas at a 

constant temperature. In this graph, EA represents the activation energy. The area under the 

curve represents the total number of particles and the shaded area under the curve 

represents the number of particles with sufficient energy to react.  

 

Using the kinetic theory and probability theory, it can be shown the fraction of molecules 

with greater energy than EA is given by $:; <=⁄
, where R is the gas constant (8.314 J K-1 mol-

1), T is the absolute temperature and e is the exponential constant. From this we can say that 

at a given temperature:  



Hasan Sayginel HS 8 

3 = ?$:; <=⁄
 

A is called the Arrhenius constant.  

Applying logarithms: 

ln 3 = −
BC
DE

+ ln? 

A straight line can be represented by y = mx + c. So, a graph 

of ln k against 
/

=
 is a straight line graph, the gradient is 

:;
<

 and 

the y-intercept is the value for the Arrhenius constant, A, for the reaction.  

9 RELATING	A	MECHANISM	TO	THE	RATE-DETERMINING	STEP	
Rate equations were one of the first pieces of evidence to set chemists thinking about the 

mechanism of reactions. They wanted to understand why a rate equation cannot be 

predicted from the balanced equations for the reaction. The conclusion they reached was 

that most chemical reactions take place in a series of steps. The different steps in a multi-

step process have different speeds. In a multi-step reaction, the slowest step is called the 

rate-determining step and this determines the speed of the overall reaction.  

Kinetic measurements establish the order of the reaction for each species. For a reaction 

between A, B and C the rate equation could be:  

Rate = k[A][C]2 

Since substance B does not occur in the rate equation, any step involving molecule B must 

be fast. This rate equation demonstrates that: 

• The reaction is first order with respect to A – so A is involved in the rate-determining 

step. 

• The reaction is second order with respect to substance C – so two moles of C are 

involved in the rate-determining step. 

A reaction: Decomposition of ammonia 

In the presence of a hot platinum catalyst, this is a zero order reaction. Ammonia rapidly 

diffuses to the surface of the metal and is adsorbed onto the surface. This happens fast. 

Bonds break and atoms rearrange to make new molecules on the surface of the metal. This 

is the slowest process and is the rate-determining step. The rate of reaction is determined by 

the surface area of the platinum.  

Hydrolysis of halogenoalkanes 

Two substitution mechanisms possible when a halogenoalkane reacts with aqueous alkali: 

R – X + OH- à R – OH- + X- 

Only the experimental data can show which mechanism actually takes place. 
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• The C – halogen bond breaks first followed by attack by the hydroxide ion. 

• The slow step involves only one species and does not depend on the concentration of 

hydroxide ions. Hence the reaction is first order overall:  

Rate = k[RI] 

This is called SN1 mechanism à substitution/nucleophilic/first order or unimolecular. 

 

• The single step illustrated for the substitution of 1-iodopropane, a primary 

halogenoalkane, involves two different species – both the hydroxide ion and the primary 

halogenoalkane.  

• The reaction will be second order – it depends on the concentration of both the 

hydroxide ion and the primary halogenoalkane. 

Rate = k[RX][OH-] 

This is called SN2 mechanism à substitution/nucleophilic/second order or bimolecular. 

The reaction mechanism must be consistent with evidence: 

• If the reaction is second order overall it must involve two different species.  

• If the reaction is first order overall them this is the rate-determining step and it must 

be a two-step reaction.  

Sample kinetic data as evidence for SN1 and SN2 reaction mechanisms:  
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10 			MECHANISM	OF	THE	REACTION	OF	IODINE	WITH	PROPANONE		
Iodine and propanone react, in the presence of acid, in a substitution reaction to form 

iodopropane. The reaction can be represented by: 

 

Kinetic experiments can be carried out using different concentrations of propanone, iodine 

and hydrogen ions.  

Using colorimeter 

A colorimeter measures the absorption of light during the progress of the experiment. First, 

the colorimeter has to be calibrated using standard iodine solutions. The reaction mixture 

containing iodine will be light brown in colour and as the reaction proceeds the solution 

becomes paler and more light is transmitted.  

Note: the chosen filer should let through only the wavelength to be absorbed by the 

coloured iodine solution. Since iodine solution is brown-red, a blue-green filter is used. 
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How	far?	-	entropy	
1 THERMODYNAMICS	
The interaction of energy and matter governs our lives. Thermodynamics is study of the two 

and their interaction. It deals with the laws of heat energy, and its transfer to other types of 

energy. Thermodynamics has 3 laws… 

The first law of thermodynamics states that energy can never be created or destroyed.  

The second law of thermodynamics states that entropy always increases in the 
transformation of energy.  

The second law of thermodynamics – disorder and entropy 

The process of diffusion is helpful to comprehend entropy. The diagram shows a simplified 

situation with 5 particles (bromine molecules) undergoing diffusion. 

 

And for a real situation where there will be something like 1022 particles, W has an enormous 

value (2220) and only 2 of these arrangements have all the particles in one jar; so we are 

quite justified in saying that gases always spread out.  

2 ENTROPY	
Entropy: Random dispersal of molecules and of energy quanta between molecules.  

Unit: J mol-1 K-1 

Entropy (symbol S) is a measure of disorder in a system. You can also think of it as a dispersal 

or spreading of energy between particles in system, or between a system and its 

surroundings.  

Molecules and energy  

It is not only the arrangement of molecules that matters. Even more important is the way 

that energy is spread out between molecules. The molecules in bromine gas are moving 

around, spinning and vibrating. The energies of tiny molecules are quantised, in a similar 

way to the energies of electrons in atoms. All the time the molecules are bumping into each 

other and as they do so they lose and gain energy quanta to and from other molecules.  
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The more molecules, and the more energy quanta, the more ways there are of sharing the 
energy between the molecules. Increasing the temperature of a substance increases the 
number of energy quanta in the system and so increases the number of possible ways that 
the energy quanta can be shared out between the molecules.  

3 STANDARD	MOLAR	ENTROPY	AND	CHANGE	OF	STATE	
Standard molar entropy is the entropy per mole for a substance under standard conditions. 

It is quoted for pure chemicals under standard conditions (298K and 1 atmospheric 

pressure).  

The third law of thermodynamics states that perfect crystals at zero Kelvin have zero 
entropy. 

• This means that in a perfect crystal, at absolute zero, nearly all molecular motion 

should cease in order to achieve ∆H = 0. A perfect crystal is one in which the internal 

lattice structure is the same at all times – in other words, it is fixed and non-moving, 

and the particles are neither rotating nor vibrating in their positions.  

Changes in entropy with change of state 

The entropy of a chemical rises as the temperature rises. Increasing the 

temperature raises the number of energy quanta to share between the 

atoms and molecules. There are also jumps in the entropy of a chemical 

wherever there is a change of state. This is because energy is added to 

change a solid to a liquid or a liquid to a gas. Also there is an increase in 

the number of ways of arranging the atoms or molecules as a solid 

changes to a liquid, then to a gas.  

Solids à Solids have relatively low values for standard molar entropies. The heavier, larger 

atoms can vibrate more freely and share out their energy in more ways.  

Liquids à In general, liquids have higher standard molar entropies than comparable solids 

because the atoms or molecules are free to move. Molecules with more atoms (more 

complex molecules) have higher standard molar entropies because they can vibrate, rotate 

and arrange themselves in yet more ways.  

Gases à Gases have even higher standard molar entropies than comparable liquids because 

the atoms or molecules are not only free to move but are also widely spaced. As with liquids, 

molecules with more atoms have even higher standard molar entropies because they can 

vibrate, rotate and arrange themselves in more ways.  

In summary: The standard entropy of a substance depends mainly on its physical state but 

also on its complexity. 
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4 THE	NATURAL	DIRECTION	OF	CHANGE	
Reaction kinetics and spontaneity 

A spontaneous reaction is one which tens to go without being driven by any outside agency. 

(However, it gives no indication of rate.) 

Just as a stone tends to run downhill, energy tends to run downhill. The low energy state of 

the products is more stable than the higher energy state of the reactants. Therefore, it may 

be reasonable to assume exothermic reactions are favourable and spontaneous whereas 

endothermic reactions are not, thus to say that enthalpy changes govern whether reactions 

occur. 

 

Spontaneity and entropy 

Much to our surprise, there are some spontaneous endothermic reactions. Since 

endothermic reactions can occur spontaneously at room temperature, enthalpy changes 
alone do not control whether reactions occur. But enthalpy change is, without a doubt, one 

of the most important factors determining the spontaneity of a reaction.  

Reactions occur due to chance collisions, and one possible ordered arrangement, can be 

rearranged into many possible disordered arrangements, so the probability of disorder is 
greater than order. 

Therefore, the other thing that favours a reaction being spontaneous is an increase in the 

system’s entropy.  

• All reactions that are highly exothermic and lead to greater disorder are spontaneous 

at all temperatures. 

• Any reaction that is neither of these is never spontaneous.  

The natural direction of change is in the direction of increasing total entropy (positive 

entropy change). This total entropy depends on both the enthalpy change of the reaction 

and the entropy change in the system.  
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5 INVESTIGATING	CHEMICAL	REACTIONS	QUALITATIVELY	
You can apply some basic principles that suggest the direction of the entropy change in a 

reaction. 

• Ions and molecules usually have higher entropies in solution than they do as solids. 

• Gases usually have higher entropies than liquids or solids, so if a gas is produced it is 

likely that the overall entropy will increase. 

• When large molecules break down into smaller molecules entropy increases. This is 

because there are far more ways of arranging several small molecules than a big one. 

6 CALCULATING	ENTROPY	CHANGES	
Calculating ∆HJKJ7LM 

It is calculated by subtracting the total standard entropy of the reactants than that of the 

products.  

 

Calculating ∆HJNOOPN6Q56RJ 

To calculate the entropy change of the surroundings, we need to know the energy 

transferred to them, which is given by the change in enthalpy. The entropy change is 

calculated from the relationship: 

∆HJNOO = −
∆S
E

 

Where T is the absolute temperature. 

The entropy change of the surroundings depends on temperature, with the transfer of a 

given quantity of energy to surroundings at low temperature producing a greater entropy 

change than the transfer of the same amount of energy to the surroundings at a higher 

temperature.  

Calculating ∆H7P789 

 

As discussed, feasibility of a reaction depends on the total entropy change. A positive ∆H7P789  
means that the reaction is feasible. Therefore, the feasibility of a reaction depends on the 

balance between ∆HJKJ7LM and ∆HJNOOPN6Q56RJ, and at higher temperatures the magnitude of 

∆HJNOOPN6Q56RJ decreases and its contribution to ∆H7P789  is less. 

Reactions can occur as long as ∆H7P789  is positive even if one of the other entropy changes is 

negative. 
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7 THERMODYNAMIC	STABILITY	AND	KINETIC	INERTNESS	
Some reactions are puzzling because they are highly exothermic but are not spontaneous at 

room temperature.  

There are different kinds stability that can affect chemical reactions. The thermodynamic 

stability of a compound relative to its elements depends on the enthalpy level of the 

products relative to the reactants. For exothermic reactions, a negative enthalpy of 

formation indicates that a compound is more stable than its elements.  

A chemical reaction is feasible when ∆H7P789  has a positive value. However, this tells us 

nothing at all about the rate of reaction. A high activation energy barrier may prevent a 

reaction starting. In such cases, the reactants are kinetically stable or kinetically inert. 

Energy must first be provided to start such reactions, for example: 

• A spark 

• Heat 

• Light 

A chemical or mixture is thermodynamically stable if there is no tendency for a reaction. If 

the total entropy change is negative, this indicates that the reaction does not tend to occur. 

Kinetic inertness is a term used when a reaction does not go even though it appears to be 

feasible. The reaction tends to go as indicated by the positive total entropy change, yet 

nothing happens. There is no change because the rate of reaction is too slow to be 

noticeable. A high activation energy prevents the reaction.  

∆TUVUWX Activation energy Change observed 

Negative High  No reaction – reactants stable relative to products 

Positive High No reaction – reactants kinetically inert (but unstable) 

Negative Low No reaction – reactants stable relative to products 

Positive  low Fast reaction – reactants unstable relative to products 

 

8 PREDICTING	SOLUBILITY	OF	IONIC	COMPOUNDS	
When ionic solids, such as sodium chloride, dissolve in a polar solvent, there are two 

separate enthalpy terms from two separate processes: 

• Lattice energy – the solid must separate into individual ions to dissolve (an 

endothermic change). 

• Hydration enthalpy – the separated ions interact with the surrounding polar solvent, 

such as water (an exothermic change). 
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The enthalpy of solution of an ionic compound is: 

∆SJP9N75P6 = −∆S98775YL	L6LORK + ∆S[KQO875P6 

When a new lattice forms from gaseous ions, energy is released in an exothermic process. 

This is lattice energy. When a crystalline material dissolves, the reverse happens. An amount 

of energy numerically equal to the lattice energy must be put in to break the crystal and 

separate the ions. This is an endothermic process.   

∆SJP9N75P6 can have a positive or negative value. 

• A positive ∆SJP9N75P6 corresponds to an overall endothermic change – dissolving is 

not favoured. It may still be favoured by an increase in entropy. Solid sodium chloride 

is a highly ordered 3-D lattice with a low entropy value. On dissolving, the ions 

separate and move independently; the entropy of the system therefore increases, 

favouring the change. 

• A negative ∆SJP9N75P6 corresponds to an overall exothermic change and so dissolving 

is favoured in terms of both enthalpy and entropy. 

Calculating enthalpy of hydration or solution from Hess cycles 

The standard enthalpy of hydration of an ion is the enthalpy change when one mole of 

gaseous ions is hydrated under standard conditions, where further dilution would cause no 

further enthalpy change, sometimes called infinite dilution. For example: 

Na+ (g) + aq à Na+ (aq) 

It is not possible to measure such enthalpy changes directly because ionic compounds 

contain both cations and anions together. We use a Hess’s law cycle to find the enthalpy of 

hydration. 

Factors affecting the enthalpy of hydration and the lattice energy 

The lattice enthalpy of a compound is affected by: 

• The charge on the ions – larger charges increase the force of attraction between 

oppositely charged ions 

• The size of ions – smaller ions fit closer and this increases the force of attraction 

• The degree of covalency in the ionic bonding – whether the bonding is 100% ionic 

and the ions completely separate, as the ionic model assumes. 

Hydration enthalpy is affected by: 

• Ionic radius – small ions have a greater charge density 

• Ionic charge – larger charges increase the charge density 

Ions with high charge densities attract more polar water molecules giving more ion-dipole 

interactions. These interactions are exothermic and the system shows a decrease in 

enthalpy. 
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Experimental values of lattice energy determined from Born-Haber cycles compared to 

theoretical values can identify a degree of covalent character in ionic compounds. A 

mismatch identifies polarization of the anion with a degree of covalent character. 

Equilibria	
1 DYNAMIC	EQUILIBRIUM	
Many reactions, including important industry reactions, are reversible. They end towards a 

state of balance. This is known as the equilibrium for the reaction. However, this equilibrium 

is not static but rather dynamic. 

In dynamic equilibrium the forward and backwards changes continue at the same rate so 

that overall there is no change. At the molecular level there is continuous activity. At the 

macroscopic level nothing appears to be happening.  

Dynamic equilibrium does not only apply to chemical reactions but also to physical changes 

such as change in the state of matter or dissolving a substance.  

Example 1: If a block of ice is put into water at 0°C and the conditions kept constant, both 

the ice and the water remain. However, the melting and freezing processes continue at 

equal rates. 

Example 2: When salt is added to water, the salt dissolves to form a solution. As more salt is 

added, the solution becomes more concentrated, until eventually a saturated solution is 

formed when no more salt appears to dissolve in the water. However, there is a state of 

dynamic equilibrium. Sodium ions and chloride ions are leaving the solid and entering the 

solution at the same rate as sodium ions and chloride ions are entering the crystals from the 

solution. 

2 HYDROGEN-IODINE	EQUILIBRIUM	
When hydrogen and iodine are first mixed in a closed system, the forward reaction alone 

begins since there are no products present. As the amounts of reactants fall, the forward 

rate decreases. Once some product molecules have been formed, the reverse reaction can 

begin. The rate of the reverse reaction increases until forward and reverse reactions are 

happening at the same rate. This is a dynamic equilibrium at a constant temperature.  
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By considering the values given in the table, it is possible to identify the relationship 

between the reactant and the product equilibrium concentrations at a particular 

temperature.   

The relationship, 

\Y =
[S](_)]La0

[S0(_)]La[]0(_)]La
 

is called the equilibrium expression for the reaction between hydrogen and iodine, and the 

result is called the equilibrium constant for the reaction. It has a value of 54 for this reaction 

when it is carried out at 700 K. If the value is anything else, then the mixture is not at 

equilibrium, and the gases will react further until an equilibrium exists.  

 

3 THE	EQUILIBRIUM	LAW	
The equilibrium law for a particular reaction can always be predicted from its stoichiometric 

equation. The general equilibrium for substances A, B, C and D:  

 

This value of Kc is valid only for the forward reaction. The equilibrium constant of the 

backward reaction is the reciprocal of the equilibrium constant for the forward reaction. In 

other words: 

 

Units and the equilibrium constant 

The units of equilibrium constant may be different for different reactions. It depends on the 

stoichiometry of a particular reaction.  
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4 EQUILIBRIUM	PARTIAL	PRESSURES	
For gases it is often more convenient to use their partial pressure rather their concentration.  

Partial pressure: This is the pressure that the gas would have if it occupied the volume alone.  

The partial pressure of gas A, in a mixture of gases A, B, C and D is calculated by: 

 

• Partial pressure is used for mixtures of gases that do not react together chemically. 

• We assume that each gas behaves independently in the gas mixture.  

• The total pressure of the mixture is the sum of the partial pressures of each gas – this is 

Dalton’s law of partial pressures.  

• Partial pressure is defined in terms of mole fractions. For a mixture of two gases A and B,  

#ℎ$	c)d$	e!"+#f).	)e	? =
.*cg$!	)e	c)d$h	)e	?

.*cg$!	)e	c)d$h	)e	? + i
 

#ℎ$	("!#f"d	(!$hh*!$	)e	? = c)d$	e!"+#f).	)e	? × #ℎ$	#)#"d	(!$hh*!$	)e	#ℎ$	hjh#$c 

Pressure units 

• Atmospheres 

• kPa 

• mmHg 

• N m-2 

5 HOMOGENEOUS	AND	HETEROGENEOUS	EQUILIBRIA	
Some equilibrium reactions involve only substances in the same phase e.g. all aqueous 

solutions or all gases. These are homogenous equilibria. 

Some equilibrium reactions involve substances in different phases e.g. a pure liquid and a 

gas or a solid and a gas. These are heterogeneous equilibria. 

Expressions for Kc and Kp do not include values for solid and pure liquid phases in 

heterogeneous reactions.  

In general, the equilibrium expression for a heterogeneous reaction is written in such a way 

that the concentrations of solids and liquids are included in the equilibrium constant.  
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6 PREDICTING	THE	EXTENT	OF	REACTIONS	
The equilibrium constant for a reaction, whether we use Kc or Kp, is a measure of how far a 

reaction proceeds to completion.  

 

When we look at reactions and their equilibrium constants, the term position of equilibrium 

is often used. When a reaction has a large equilibrium constant, the position of the 

equilibrium is said to lie on the right-hand side of the equation; for a reaction with a small 

equilibrium constant the equilibrium lies well to the left.  

Finally, note that the equilibrium constant tells us nothing about the rate of a reaction. Even 

if the equilibrium constant for a reaction is very large, the rate at which it happens may be 

extremely slow. For example, a mixture of hydrogen and oxygen does not spontaneously 

react to form water at room temperature.  

7 DETERMINATION	OF	AN	EQUILIBRIUM	CONSTANT	
The value for the equilibrium constant for a reaction can only be found by experiment. This 

will involve measuring the concentrations of reactants and products at equilibrium at a 

constant temperature. 

Determining an equilibrium constant involves three basic steps: 

• Combining known quantities of reactants under a carefully measured and controlled 

conditions and allowing the reaction to come to equilibrium at a fixed temperature.  

• Measuring accurately the concentration of one (or more) of the substances in the 

equilibrium mixture, and from this calculating the equilibrium concentrations of the 

other substances in the mixture. 

• Substituting these equilibrium concentrations in the equilibrium expression and 

calculating the value. 

These steps should be repeated using different initial concentrations to confirm the valueof 

the equilibrium constant. 

Hydrolysis of ethyl ethanoate 

Different, known quantities of ethyl ethanoate and water are mixed and left to reach 

equilibrium. Without a catalyst the reaction may take several years to reach equilibrium. A 

small quantity of hydrochloric acid is added to each reaction mixture to act as a catalyst.  
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If the initial numbers of moles of ethyl ethanoate and water were x, and the number of 

moles of ethanoic acid was y, then at equilibrium, the amount of each substance is: 

 

Distribution of iodine between two immiscible liquids 

Hexane and water are immiscible liquids. When added together, they form separate layers 

with hexane floating on the water. If some iodine is added, it will dissolve in both the hexane 

layer and the water layer, although it is relatively insoluble in water.  

 

 

A known quantity of iodine is added to a known volume of hexane and water, and the 

system is allowed to come to equilibrium. The equilibrium concentration of iodine in the 

water layer can be found by titration with standard sodium thiosulfate solution. Knowing the 

original amount of iodine enables the concentration of iodine in the hexane layer to be 

calculated. The equilibrium constant for this reaction is called the partition constant, Kpart: 

\k8O7 =
+).+$.#!"#f).	)e	f)&f.$	f.	ℎ$l".$
+).+$.#!"#f).	)e	f)&f.$	f.	m"#$!
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8 ENTROPY	AND	THE	EQUILIBRIUM	CONSTANT	
There is a problem with applying the idea of entropy to a dynamic equilibrium because there 

are two different reactions going on at the same time: 

!$"+#".#h ⇌ (!)&*+#h 

For such reversible systems: 

• Both the forward and the backward reactions are spontaneous and so ∆H7P789  must be 

positive in both cases. 

• The balance between the amounts of reactants and products is determined by the 

equilibrium constant K. 

• The total entropy change, ∆H7P789 = ∆HJKJ7LM + ∆HJNOOPN6Q56RJ, is zero at equilibrium. 

Note it is the total entropy change that is zero at equilibrium, not the total entropy. In fact, 

total entropy of the system is a maximum at equilibrium – any change from this position 
would result in a decrease in total entropy.  

The relationship between these quantities is given by: 

 

R is the gas constant and K is the equilibrium constant (either Kc or Kp). Since R is a constant, 

an increase in ∆H7P789  results in an increase in the equilibrium constant K as well. 

Hence, the total entropy change not only indicates the spontaneous direction of a reaction, 

but also the extent to which it takes place (how far it goes to completion). The larger the 

positive value of the total entropy change, the larger the value of K, and so further the 

equilibrium position shifts towards the products.  

Using entropy to explain the effect of temperature on an equilibrium constant 

Both exothermic and endothermic reactions affect the entropy of the surroundings. 

• Exothermic reactions release energy to the surroundings. 

• ∆HJNOO = − ∆o

=
 

The convention for enthalpy changes is that ∆S is negative for an exothermic change. This 

double negative makes the value of ∆HJNOOPN6Q56RJ positive, in other words it goes up. 

• Exothermic reactions increase the entropy of the surroundings. 

∆H7P789 = D ln\ can be written as ln 3 = p/
<
q × (∆HJKJ7LM + ∆HJNOOPN6Q56RJ) 

ln 3 = r
1
D
s × (∆HJKJ7LM −

∆S
E
) 

• When the temperature is raised, the magnitude of −∆o

=
 decreases. 
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• For an exothermic reaction, as T increases, ln K becomes smaller (this means less 

product in the reaction, as predicted by le Chatelier’s principle). 

• For an endothermic reaction, as T increases, ln K becomes larger. 

• The increase of ∆HJNOOPN6Q56RJ becomes less significant and the position of 

equilibrium shifts. 

• When the temperature is raised, for an endothermic reaction the significant factor is 

the increase in ∆HJKJ7LM. 

Hence: 

• For an exothermic reaction, when T increases, K decreases. 

• For an endothermic reaction, when T increases, K increases. 

Application of rates and equilibrium 

1 FACTORS	THAT	AFFECT	EQUILIBRIA	
Effect of catalysts on equilibrium and rate 

• Catalysts speed up both forward and reverse reactions. 

• Catalysts lower the activation energy. 

• Catalysts reduce the time taken to establish equilibrium. 

• Catalysts have no effect on the value of the equilibrium constants. 

Effect of temperature changes on equilibrium and rate 

Reversible reactions will be exothermic in one direction and endothermic in the reverse 

direction. The temperature effects on yield can be summarised as follows: 

• In a reaction where ∆S is positive, K rises with temperature increase, giving more of 

the products. 

• When ∆S is negative, K falls with temperature increase, giving more reactants. 

• Increased temperature increases the rate constant k, so the rate increases with 

increasing temperature. 

Effect of concentration and pressure changes on equilibrium and rate 

• Adding more reactants to an equilibrium mixture accelerates the forward reaction. 

• As the amounts of products increase, the reverse reaction starts to speed up. A new 

position of equilibrium is established but the value of K remains unchanged. 

• The pressure of a gas is proportional to its concentration. Changes of pressure also 

do not affect the value of K. 

• A change in pressure affects the position of equilibrium according to le Chatelier’s 

principle. 

o An increase in pressure, or a decrease in volume, tends to move the reaction 

in the direction that will decrease the number of moles of gas. 
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o A decrease in pressure, or increase in volume, tends to move the reaction in 

the direction that will increase the number of moles of gas.  

• Increasing the pressure of a gas means that there are more molecules in a given 

volume (equivalent to an increase in concentration) so they collide more frequently, 

and the rate of a reaction increases.  

2 THE	ATOM	ECONOMY	IN	INDUSTRY	

"#)c	$+).)cj	(%) =
c"hh	)e	"#)ch	f.	#ℎ$	&$hf!$&	(!)&*+#
#)#"d	c"hh	)e	"#)ch	f.	!$"+#".#h

× 100% 

The atom economy, which is an important concept, can be improved by: 

• Recycling unreacted reagents 

• Using an alternative reaction 

• Finding uses for any by-products 

3 HSW	–	HABER	SYNTHESIS	FOR	AMMONIA	

 

∆S = -90 kJ mol-1 

• The forward reaction producing ammonia is exothermic, so low temperatures will 

favour high yields of ammonia.  

• However, low temperatures will decrease the rate of the reaction.  

• The forward reaction causes a decrease in entropy because there are fewer product 

molecules than reactant molecules.  

• The forward reaction should be spontaneous only at low temperatures – decrease in 

moles of gas, so there is negative entropy change. 

• High pressure favours the forward reaction (increased yield of ammonia) because 

this lowers the number of gaseous molecules and the equilibrium moves as predicted 

by le Chatelier’s principle.  

• High pressure also increases the rate of reaction. 

• However, it is expensive and potentially hazardous to the workforce to maintain very 

high pressures – energy cost and strong containers needed.  

We have no information at all about the rate or the size of the activation energy. In fact, the 

uncatalysed reaction has a very high activation energy due to the strength of the triple bond 

in N2 molecule, which must first be broken. The use of a catalyst provides an alternative 

route for a reaction with lower activation energy, which accelerates the rate of a reaction. 

The catalyst is iron. 

The conditions chosen for industrial reactions are a compromise between an acceptable 
reaction rate (k) and reasonable equilibrium constant (K). 
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Acid/base equilibria 

1 HISTORY	OF	ACIDITY	
Ideas about the nature of acids and bases developed over centuries. Simple, early ideas bout 

acids included that they: 

• Are corrosive liquids 

• Have a sour taste 

• Give characteristic colours with indicators 

The understanding of acids has since been extended to include a wider range of materials. 

Acids in aqueous solution undergo some characteristic reactions. They react with: 

• Bases giving a salt and water 

• Carbonates to give a salt, water and carbon dioxide 

• Some metals giving a salt and hydrogen 

2 ARRHENIUS	THEORY	OF	ACIDS	
Arrhenius developed a theory of electrolytic dissociation. It states that when certain 

materials dissolve in water, they immediately split up from molecules into ions: 

• Arrhenius acids give hydrogen ions H+ in aqueous solution. 

• Arrhenius bases give hydroxide ions OH- in aqueous solution. 

According to Arrhenius’ theory, neutralisation occurs because the number of hydrogen ions 

from the acid is exactly equal to the number of hydroxide ions from the base, and so the two 

react completely to form water.  

The theory could not be extended to include a wider range of materials.  

The oxonium ion 

Developments in understanding of the atom in the years following Arrhenius showed that it 

was almost inconceivable that the hydrogen ion could exist in solution independently. As a 

result, it was suggested that the H+ ions exists in association with a water molecule as the 

H3O+ ion, called the oxonium ion. 
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HA(aq) + H2O(l) à H3O+(aq) + A-(aq) 

When talking about acids and bases, hydrogen ions are often referred to as protons. Strictly 

speaking, we should always remember that protons do not exist in solution and instead use 

the term oxonium ion, writing H3O+ instead of H+. 

HSW – Evidence for the H3O+ ion 

Experimental evidence confirms the existence of H3O+ ion, since the positive ions in an acidic 

solution carrying an electric current move at a rate which is consistent with them having a 

size similar to that of a water molecule. If free H+ ions did exist, the positive ions in acidic 

solutions would be expected to move much faster that this because of their small size. 

3 THE	BRØNSTED-LOWRY	THEORY	
Although it was useful, the problem with the Arrhenius definition of an acid was that it was 

limited to situations in which water was present, since it defined acids and bases in terms of 

the ions which were produced in aqueous solutions. There are many reactions which appear 

to be acid-base reactions that occur in solvents other than water, or even with no solvent at 

all. The new Brønsted-Lowry theory was based on the movement of protons. It applied to a 

wider range of examples than previous theories. It said that a Brønsted-Lowry: 

• Acid is a substance that donates protons. 

• Base is a substance that accepts protons. 

Conjugate acid-base pairs 

The Brønsted-Lowry theory defines an acid-base pair as follows: 

• Two species that change into each other by gaining or losing a proton 

• Each acid has a conjugate base 

• Each base has a conjugate acid 

As a result of the Brønsted-Lowry definition, when an acid dissociates, we can consider this 

to be an acid-base reaction that is in equilibrium: 

 

In the forward reaction, HA acts as an acid, donating a proton to a water molecule. Water, in 

accepting the proton, acts as a base. In the reverse reaction, the 

H3O+ acts as an acid, donating a proton to A-, which of course 

acts as a base. In acid-base reactions it is always possible to find 

two acids and two bases. There are conjugate acid-base pairs.  

• Strong Brønsted-Lowry acids have weak conjugate bases 

• Weak Brønsted-Lowry acids have strong conjugate bases 
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4 PH	AND	DISSOCIATION	CONSTANTS	
In the nineteenth and early twentieth centuries, a number of scientists were working hard to 

find a way of indicating the degree of acidity or alkalinity of a solution. A person suggested 

the notation ‘pH’, standing for ‘power of hydrogen’ using the negative logarithm of the 

concentration of hydrogen ions in solution.  

pH = -log[H+(aq)] 

The ionic product of water Kw 

In water, there is an equilibrium between the water molecules and the ions they dissociate 

into. This can be written as: 

 

Or more simply 

 

We can write an expression for the equilibrium constant: 

 

This can be rewritten as: 

 

Now, because the extent of dissociation into ions is small, it is reasonable to take [H2O(l)] as 

a constant. This means that KC x [H2O(l)] is a constant – it is called the ionic product of water, 

Kw. At 298K: 

 

Note that, water therefore has a pH of 7 at room temperature but equilibrium constant will 

change with temperature. As the equilibrium constant changes, so does the pH. Increasing 

temperature increases the acidity of water.  

Ka for acids 

The strength of an acid or base is concerned with how good it is at donating or accepting 

protons. For an acid HA in aqueous solution the following equilibrium exists: 

 

A measure of the strength of an acid is the value of the equilibrium constant for its 

dissociation into ions – for the equilibrium above this is: 
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The equilibrium constant for this reaction, Ka, is known as the dissociation constant of that 

acid. Ka provides a direct measure of the strength of the acid because it measures the extent 

of dissociation – the larger the value the more dissociated the acid, and the greater its 
strength as a proton donor. Because it is an equilibrium constant, the value of Ka is 

unaffected by changes in concentration, but it is affected by temperature. As the strength of 

the acid increases, the value of Ka also increases, thus the value for pKa decreases.  

The pKa of an acid is also useful in another way. From the relationship between pKa and Ka, 

we can write: 

 

In other words, when: 

 

An acid is exactly 50% dissociated at a pH equal to its pKa. This fits exactly with Brønsted-

Lowry theory because, by definition, weaker acids have stronger conjugate bases, which will 

tend to be protonated at higher pH values. Stronger acids have weaker conjugate bases 

which will not tend to be protonated except at lower pH values.  

5 CALCULATING	PH	FROM	KA	AND	KB	
Strong acid 

In a solution of a strong acid, we assume that the acid is 100% dissociated, so that [H+(aq)] is 
equal to the concentration of the acid in the solution. 

Weak acid 

We must use the concentration and the value of Ka to calculate the pH of a solution. To 

calculate the pH of a solution containing 0.5 mol dm-3 of methanoic acid (Ka = 1.6 x 10-4 mol 

dm-3), we let [H+(aq)] = x mol dm-3.  
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Strong base 

To find the pH of a solution of a base, we must first find the concentration of OH- ions, and 

then use the ionic product of water, Kw, to find the concentration of H+ ions.  

We can assume that, like a strong acid, a strong base is completely ionised in aqueous 
solution. This will be true whether the base produces OH- ions directly as it dissolves in 

water or they are produced as a result of the reaction of the base with water.  
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Weak base 

Calculating the pH of a solution of a weak base requires the use of Kb – the method is very 

similar to that used with Ka to find the pH of a solution of a weak acid.  

 

 

 

 



Hasan Sayginel HS 34 

6 DETERMINATION	OF	KA	FOR	A	WEAK	ACID	
Method 

A small quantity of the acid is weighed out and dissolved in a small amount of water. It is not 

a very soluble substance and warm water could be used and the solution allowed to cool. It 

is then diluted with water in a volumetric flask to make up a standard solution.  

We know the mass of the acid used, the volume of the solution, and the molar mass of the 

acid, so we will be able to work out the concentration of the acid in mol dm-3.  

Next, we ensure that the solution is mixed completely and take a sample of it. We measure 

its pH using a calibrated pH meter.  

We know that pH = - log[H+(aq)], so we can work out the hydrogen ion concentration.  

The value of Ka can then be found using the equilibrium expression for that reaction.  

Assumption and evaluation 

• It is assumed that no dissociation takes place.  

• It is assumed that the reactants are pure and pure deionised water was used. 

• Small amount of acid is used so a sophisticated balance should be used to decrease 

the percentage uncertainty in the measurement. 

• A volumetric flask enables a standard solution to be prepared accurately, but the 

solution must be mixed thoroughly.  

• The method of measuring the pH of the acidic solution is clearly important. Even 

slight differences in pH make a considerable difference to the value of Ka obtained. If 

only coloured indicators were available, then it would be very difficult to get an 

accurate and reliable result. With a correctly calibrated pH meter more accurate 

results are obtainable.  

7 DILUTION	EFFECTS	
• Strong acids are already fully dissociated into ions in dilute aqueous solutions, so [H+(aq)] 

= [acid], the acid concentration in mol dm-3. 

• Diluting a strong acid by a factor of 10 raises the pH by 1 unit. 

• For an acid like hydrochloric acid: 

Concentration/ mol dm-3 0.1 0.01 0.001 

pH 1 2 3 

• Diluting a weak acid is different; it increases the degree of dissociation into ions. 
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8 PH	CHANGES	DURING	ACID-BASE	TITRATIONS	
It might be expected that there will be a gradual change in pH as you add a dilute acid 

solution to a dilute alkali solution – but this is not so. The shape of the graph of pH against 

volume of acid added depends on whether the acid and base involved are strong or weak.  

When you carry out a simple acid-base titration, you usually use an indicator to show when 

the acid and alkali are mixed exactly the right proportions to neutralise each other.  

Ø The end-point of the titration is when the appropriate colour change takes place. The 

end-point can be determined using indicators or by using a pH meter or pH paper. 

Ø The equivalence point is when the two reactants are mixed in exactly the proportions 

indicated by the equation. Sometimes, this might also correspond to the neutral 

point as well. 

A titration curve may be drawn to determine the end-point of a titration as well as 

illustrating the equivalence point. A titration curve is a plot of measured pH against volume 
of acid added or vice versa. The end-point is halfway up the vertical section of the pH curve, 

where the pH changes most rapidly. There is no sharp change of pH with weak acid-weak 

base titrations, making it very hard to determine the end-point.  

Note that: 

Ø Only the titrations of strong acids with strong bases give end-points with pH 7. 

Ø Neutralisation of a weak acid or weak base moves the end-point above or below 7 

respectively.  

Titration curves 

It is possible to draw titration curves for monobasic acids. Monobasic acids have one 

replaceable hydrogen atom. 

Titration of a strong acid and a strong base 
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Titration of a weak acid and a strong base 

 

Titration of a strong acid and a weak base 

 

Titration of a weak acid with a weak base 
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9 FINDING	KA	FOR	A	WEAK	ACID	FROM	A	PH	TITRATION	
It is possible to find the Ka of an acid as if half of an acid is neutralised then: 

pKa = pH 

 The titration method can be used to calculate Ka for a weak acid.  

Method 1 

This experiment involves carrying out a titration starting with weak acid in a conical flask and 

a standard solution of sodium hydroxide in the burette. You measure the pH of the solution 

after each addition of the acid, and plot a graph of pH against volume of hydroxide solution. 

From the titration curve drawn it is possible to find the volume of sodium hydroxide needed 

to neutralise the acid – the equivalence point. You can then find the half-equivalence point 

and estimate the pH at that point.  

 

Method 2 

This is sometimes called the half volume method because it involves titrating until half of the 

molecules of the weak acid have reacted. The concentrations of weak acid molecules and its 

conjugate base ions are then equal.  

A standard solution of known concentration of the weak acid is prepared and two portions 

of equal volume are measured. The first portion is titrated with standard sodium hydroxide 

solution using phenolphthalein as indicator.  

You stop adding acid when the solution just goes pink and stays pink – this is the end-point. 

Now you add the second portion of the standard weak acid solution and mix thoroughly. The 

pH of the solution is measured using a calibrated pH meter. This solution now has equal 

concentrations of weak acid molecules and conjugate base ions. The value of Ka is calculated.   



Hasan Sayginel HS 38 

10 			CHOOSING	SUITABLE	INDICATORS	
Acid-base indicators are generally weak acids or weak bases. For an indicator that is a weak 

acid, the dissociation into ions can be represented as: 

 

Either the weak acid or its conjugate base is coloured. If the pH increases the equilibrium 

moves to the right to produce more In-, which causes a change in colour. For example, the 

indicator phenolphthalein is colourless in its protonated form and pink in its unprotonated 

form. Below a pH of 9, phenolphthalein is colourless. Adding hydroxide ions removes 

protons from the right-hand side of the equilibrium, pulling it to the right. This causes more 

of the unprotonated form of the indicator to be produced, and causes the solution to turn 

pink. 

Indicators and end-points 

The end-point of a titration occurs when the two solutions have reacted exactly. The ideal 

indicator for a given acid-base titration is one that is in the middle of its colour change at 
the pH of the equivalence point of the titration. This pH depends on the acid and base being 

titrated.  

The reason for this can be understood if we think carefully about the equilibrium constant 

for the dissociation of the indicator, Kin, given by: 

\56 =
[Su("v)][].w("v)]

[S].("v)]
 

In the middle of colour change of the indicator, the two forms of the indicator, HIn and In-, 

are present in equal amounts, so [S].("v)]=	[].w("v)]. The expression above then 

simplifies to: 

 

In other words, pKin for an indicator should be equal or close as possible to the pH of the 

equivalence point of the titration.  

Choosing an indicator for a titration 

A good indicator must show a dramatic colour 

change in order to make it easy to detect the end-

point of a titration. At the equivalence point of a 

titration, the pH must change sharply by several 

units if the end-point is to coincide with the equivalence point. The pH change during a 

titration is greatly dependent on the acid and base being titrated, and indicators must be 

selected accordingly. The vertical portion of the corresponding titration curve should be 

considered. 
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11 			BUFFER	SOLUTIONS	
Natural systems have mechanisms that help to prevent large changes in pH happening, and 

chemists have developed ways of stabilising the pH of solution in which reactions are 

occurring. Natural and artificial solutions that contain solutes which together resist changes 

in pH are known as buffer solutions – they are said to be buffered against changes in the pH. 

The principles of buffer solutions can be understood using the ideas of equilibria. A buffer 

solution usually consists of two solutes dissolved in water. One of these is a weak acid and 

the other is its conjugate base – in other words, a weak acid and one of its salts.  

If we represent the weak acid as HA, the equilibrium concerned can be written: 

 

If we represent the salt as MA, this will be fully dissociated: 

MA(s) à M+(aq) + A-(aq) 

From these two equations, you can see that the buffer solution contains large amount of A-. 

This pushes the acid-base equilibrium to the left, so the solution also contains a large 

amount of HA. The solution thus has a reservoir of the weak acid and a reservoir of its 

conjugate base. This prevents changes in the pH. However, the pH value will change if a large 

excess of acid or base is added. 

 

As the diagram shows, the stability of the pH of a buffer solution is due to two factors: 

• A reservoir of HA, which supplies H+ ions if they are removed from the solution. 

• A reservoir of A-, which reacts with any H+ ions added removing them from the 

solution. 

è A buffer solution consisting of a weak acid and one of its salts is an acidic buffer solution, 

with a pH below 7. 

è A buffer solution above pH 7 – an alkaline buffer solution – can be made by mixing a 

weak base and one of its salts.  
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12 			PH	OF	BUFFER	SOLUTIONS	
Consider a buffer solution made by dissolving a salt, MA, in solution of a weak acid, HA. We 

know that the dissociation constant of the acid, Ka is given by: 

 

This relationship can be rearranged so that [H+(aq)] is on the left-hand side of the equation: 

 

Strictly speaking the concentrations appearing in this expression are equilibrium 

concentrations. However, we are dealing with a solution of a weak acid plus a large reservoir 

of its conjugate base. Because of this, the equilibrium: 

 

will lie well to the left-hand side, and the acid will be hardly dissociated at all. The 

concentration of the acid at equilibrium will, therefore, effectively be equal to the initial 

concentration of the acid. In the same way, the concentration of the ion A- will effectively be 

the concentration supplied by the salt. We can represent these simplifying assumptions as: 

 

Substituting these simplifications into the equation above: 

 

Note that 
[8Y5Q]

[x8JL]
 is the ratio of the acid to the base. So, the pH of a buffer solution depends 

on this ratio and it will be affected very little by dilution – because diluting it will decrease 

both concentrations by a similar amount. It will also be useful to realise that when 

["+f&]=	[g"h$] then the relationship simplifies to: 
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13 			PH	OF	BUFFER	SOLUTIONS	
The diagram shows part of the pH curve when 

titrating a weak acid with a strong base. In the 

portion marked buffer range, the change in pH as 

sodium hydroxide is added is gradual. Over this 

range, there are significant concentrations of weak 

acid molecules and conjugate base ions – and so 

there is buffer action.  

 

14 			BUFFERS	IN	BIOLOGICAL	SYSTEMS	
Buffers in the body 

The human body operates within a narrow range of pH values. Oxygen is carried in the blood 

bound to haemoglobin. The key equilibrium for this process is: 

 

The presence of H+ on the right-hand side of the equilibrium means that the equilibrium 

position is very sensitive to the hydrogen ion concentration in the fluid. 

 

Buffers in food 

Spoilage of food by microorganisms depends greatly on the pH value of the food. Most 

microorganisms thrive when the pH of their surroundings is approximately neutral. The 

metabolism of these microorganisms is then greatest and they can multiply fast. Therefore, 

many processed foods contain buffer systems which help to maintain the pH within a range 

where the growth of microorganisms is very slow or non-existent.  
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Further organic chemistry 

1 Chirality 

1 ISOMERISM	AND	CHIRALITY	
 

 

 

 

 

 

 

 

 

Stereoisomerism 

Stereoisomerism is when two or more compound with the same molecular formula have a 

three dimensional arrangement of the bonds which allows different orientations in space so 

the molecules cannot be superimposed on each other.  

• Geometric isomerism 

Isomerism

Structural 

isomerism

Chain isomers

Position isomers

Functional group 

isomers

Stereoisomerism

Geometric 

isomerism

Optical isomerism



Hasan Sayginel HS 43 

It is a chemical compound which has the same molecular formula as another but a different 

geometric configuration because atoms or groups of atoms are attached on either side of a 

double bond or other rigid bond. It arises due to the lack of free rotation of groups around a 

bond.  

 

• Optical isomerism 

They are molecules with the same molecular formula and groups of atoms but with different 

spatial arrangements such that they are non-superimposable mirror images of each other. 

These molecules are also said to be chiral. The simplest type of chiral molecule is where four 

different groups are attached to one carbon atom, which acts as a chiral centre. This carbon 

atom is sometimes called an asymmetric carbon atom and indicated with an asterisk.  

 

Isomers that are mirror images of each other are called enantiomers. They are remarkably 

similar in both their physical and chemical properties. Unlike structural and geometric 

isomers, they cannot be told apart by differences in their physical properties or chemical 

reactivities. However, they do have one difference which allows us to identify them – they 

have different effects on plane-polarised light. Compounds such as these are said to be 

optically active and their isomers are known as optical isomers. 

2 OPTICAL	ACTIVITY	
Optical activity is the ability of a single optical isomer to rotate the plane of polarisation of 

plane-polarised monochromatic light in molecules containing a single chiral centre.  

Rotation of plane-polarised light 

The wave model envisages light as a form of electromagnetic radiation travelling as a 

transverse wave. This means that the direction in which disturbance takes place is at right 

angles to the direction in which the wave travels. A light beam that, passes through a piece 

of Polaroid, leaves with all the waves vibrating in the same plane. If a transparent sample 

containing a single enantiomer is placed in front of a Polaroid, then it will rotate the plane of 

the light because it is optically active. You would then have to rotate a second piece of 
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Polaroid through an angle, called the angle of rotation, to return to the situation where no 

light passes through. 

The rotation may be clockwise (+) or anticlockwise (-). This principle is used in the 

polarimeter. The optical activity of a substance is measured in terms of number of degrees 

by which plane-polarised light is rotated as it passes though a solution of a substance. One 
optical isomer rotates the plane of polarisation of light in clockwise direction and the other 
one in anticlockwise direction.  

Therefore, it is worth noting that some solutions of optically active substances have no 

effect on plane-polarised light. This happens when a racemic mixture is present. 

Racemic mixture: An equal mixture of two optical isomers resulting in no overall rotation of 

plane-polarised light. 

The clockwise rotation caused by one enantiomer is balanced by the anticlockwise 
rotation caused by the other. 

3 OPTICAL	ACTIVITY	AND	EVIDENCE	FOR	REACTION	MECHANISMS	
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2 Carbonyl compounds 

1 THE	NATURE	OF	CARBONYL	COMPOUNDS	
There are two types of carbonyl compounds known as the aldehydes and ketones.  

In aldehydes, the carbonyl carbon has a hydrogen atom attached to it, together with either 

a second hydrogen atom, or, much more commonly a hydrocarbon group, which might be an 

alkyl group or one containing a benzene ring. Aldehydes can be produced by the oxidation of 

primary alcohols.  

In ketones, the carbonyl group has two hydrocarbon groups attached. Again these can be 

either alkyl groups or groups containing benzene rings. Ketones can be produced by the 

oxidation of secondary alcohols.  

 

The carbonyl group 

There is a y-bond and a z-bond in a carbonyl group. Oxygen has a much higher 

electronegativity than carbon, so the electrons in the double bond are attracted more 

towards the oxygen atom – this is especially true of the z-bond. The bond is permanently 

polarised and the result is a {+ charge on the carbon atom and a {- on the oxygen atom. As 

a result, the electron density is not equally distributed and this affects both the physical and 

chemical properties of aldehydes and ketones.  
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Examples for carbonyl compounds 

 

2 PHYSICAL	PROPERTIES	OF	ALDEHYDES	AND	KETONES	
The physical properties of the aldehydes and ketones are largely influenced by the presence 

of the carbonyl group. This influence is particularly marked in compounds with molecules of 

relatively short-length carbon chains – as the chains get longer they have an increasing effect 

on the chemistry of compounds.  

The carbonyl group cannot take part in hydrogen bonding, but there are permanent dipole-

dipole interactions between aldehyde molecules and between ketone molecules. This gives 

them boiling temperatures which are higher than those of the corresponding alkanes, but 

lower than those of the corresponding alcohols. 

A further point about the boiling temperatures of the aldehydes and ketones is that 

molecules of straight-chain isomers can pack closer together than those of branched-chain 

molecules. This means that the forces between molecules of straight-chain isomers are 

stronger than those between molecules of branched-chain isomers – so the boiling 

temperatures of straight-chain isomers are higher.  

Both the families of carbonyl compounds have members with strong odours, but the 

aldehydes are particularly responsible for imparting characteristic smells and flavours to a 

variety of foods.  

Solubility of aldehydes and ketones in water 

Aldehydes and ketones composed of small molecules are miscible with water in all 

proportions, but this decreases with increasing chain length.  

The reason for the solubility is that they can form hydrogen bonds with water molecules 

even though they cannot form hydrogen bonds with themselves. With its {+ charge, one of 
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the water molecule’s hydrogen atoms can be sufficiently attracted to one of the lone pairs 

on the oxygen atom of a carbonyl group for a hydrogen bond to be formed.  

 

Dispersion forces and dipole-dipole attractions between the aldehyde or ketone and the 

water molecules will also exist. Forming these attractions releases energy, which helps to 

supply the energy needed to separate the water molecules and aldehyde or ketone 

molecules from each other so that they can mix together.  

As chain length increases, the hydrocarbon portions of the molecules prevent such 

attractions occurring. 

 

3 THE	REACTIONS	OF	CARBONYL	COMPOUNDS	
1-) Brady’s reagent 

2,4-dinitrphenylhydrazine is a red-orange solid, usually supplied wet to reduce the risk of 

explosion. Aldehydes and ketones react with Brady’s reagent to form yellow/orange/red 

crystalline solids. These solids are called 2,4-dinitrphenylhydrazine derivatives. They have no 

practical use other than in identifying aldehydes and ketones.  

 

The reaction that takes place is a condensation reaction – this involves addition followed by 

the elimination of water. The derivative can be removed by filtration and purified by 

recrystallisation. These compounds have characteristic melting temperatures which can be 

compared with values given in data books. 
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2-) Oxidation reactions of aldehydes 

Aldehydes and ketones can be distinguished by their oxidation reactions. Aldehydes have a 

hydrogen atom that forms part of the functional group. This hydrogen is activated by the 

carbonyl group and, as a result, aldehydes are readily oxidised to carboxylic acids by even 

quite mild oxidising agents. In contrast, ketones have no such hydrogen atom and so they 

are very resistant to oxidation – they only react after prolonged treatment with a very strong 

oxidation agent.  

 

 

Ø Acidified dichromate (VI) ions 

The oxidation of aldehydes can be carried out by warming with a solution of potassium 

dichromate(VI) acidified with sulfuric acid. For example: 

 

Ø Fehling’s and Benedict’s solution 

This contains an aqueous alkaline solution containing Cu2+ ions. Normally these would give a 

precipitate of copper (II) hydroxide under these conditions, but in Fehling’s solution the 

copper(II) ions are prevented from precipitating by complexing them with 2,3-

dihydroxybutanedioate ions.  

If an aldehyde is warmed with Fehling’s solution then the aldehyde is oxidised to a carboxylic 

acid, and the Fehling’s solution is reduced, giving a red-brown precipitate of copper(I) oxide. 

The half equations are: 
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If a ketone is warmed with Fehling’s solution in the same way then there is no reaction. 

Colour change with aldehyde: blue à red 

Benedict’s solution gives the same result. Both Benedict’s and Fehling’s solution give a 

positive test with reducing sugars and some aldehydes. Both consist of a solution of 

copper(II) ions in alkaline solution but they use different chemicals to prevent the copper(II) 

hydroxide precipitating.  

Ø Tollens’ reagent 

This is produced by dissolving silver nitrate in water and adding aqueous ammonia. Silver(I) 

oxide is formed as a precipitate initially but this dissolves as more ammonia is added forming  

a complex – the diamminesilver(I) ion, [Ag(NH3)2]. When Tollens’ reagent is warmed gently 

with an aldehyde, the aldehyde is oxidised and the silver(I) ions in the complex are reduced 

to form silver metal. With careful preparation, this coats the inside of the test tube as a 

silver mirror – or less successfully as a black precipitate.  

 

 

3-) Reduction reactions of aldehydes and ketones 

Partial oxidation of a primary alcohol produces an aldehyde, and oxidation of a secondary 

alcohol produces a ketone. These reactions can be reversed by reduction – so aldehydes are 

readily reduced to primary alcohols, and ketones to secondary alcohols. Suitable reagents 

include tetrahydridoaluminate (LiAlH4) dissolved in dry ether (ethoxyethane). 
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4-) The triiodomethane reaction 

When ethanal is warmed with iodine in alkaline solution, a two-stage reaction takes place.  

 

First, the aldehyde reacts with the iodine to form triiodoethanal; and then this reacts with 

the alkali to form triiodomethane. Triiodomethane (or iodoform) is an insoluble yellow solid 

with a characteristic smell. It forms a precipitate.  

This iodoform reaction is specific to organic compounds that contain a methyl group next to 

a carbonyl group or can react to give a methyl group next to a carbonyl group.  

 

 

5-) Addition reactions with hydrogen cyanide 

Aldehydes and ketones undergo an addition reaction with hydrogen cyanide to produce 

hydroxynitriles. The HCN molecule adds across the C=O bond.  
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This happens in presence of potassium cyanide in cold, alkaline solution. In aqueous 

solution, the acid-base equilibrium: 

 

is established. On the left-hand side of this equilibrium is a species of CN-, which is a weak 

Brønsted base. On the right-hand side is the OH- ion, which is a much stronger base than CN-. 

The net result is that the hydroxide ion competes more effectively for the proton than the 

cyanide ion, and the reaction is pushed to left, forming CN-. This is the nucleophile needed 

for attacking the carbon atom on the carbonyl group.  

In the first step, the incoming nucleophile CN-, has a lone pair of electrons. It attacks the 

central carbon atom, displacing a pair of electrons in the double bond and pushing them 

onto the oxygen atom. The oxygen then has a negative charge.  

 

Finally, in the second, fast, step the negatively charged oxygen acts as a base and gains a 

proton to make the final product.  

Stereochemistry of the reaction 

When hydrogen cyanide reacts with ethanal to form a hydroxynitrile, the molecule formed 

contains an asymmetrical carbon atom, and is therefore optically active. Despite this, the 

products of the reaction show no optical activity. The reaction produces equal quantities of 

the two optical isomers of the hydroxynitrile, which rotate the plane of plane-polarised light 

in opposite directions. Each isomer cancels out the effect of the other, so no overall rotation 

of the plane of polarisation is seen.  

3 Carboxylic acids 

1 THE	PROPERTIES	OF	CARBOXYLIC	ACIDS	
Carboxylic acids contain the carboxyl group. This is a complex functional group which is 

made up of a hydroxyl group –OH and a carbonyl group C=O. These two functional groups 

are so close together they affect each other. Because of this, the reactions of the carboxylic 

acids tend to differ from those of the corresponding alcohols, aldehydes and ketones. 

The properties of the carboxylic acids, both physical and chemical, are largely governed by 

two factors: 
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• The polarity of the carboxyl group 

• The length of the carbon chain 

Physical properties of carboxylic acids 

The presence of two polarised groups means that carboxylic acid molecules experience 

relatively strong intermolecular forces. So they have relatively high melting and boiling 

temperatures. Furthermore, the polarity and structure of the molecules is such that they can 

exist as hydrogen-bonded dimmers in all states.  

Hydrogen bonding is also responsible for the high solubility of the smaller carboxylic acid 

molecules in water and other polar solvents. Longer-chained acids become less soluble 

because the organic nature of the carbon chain becomes dominant.  

Acidic properties of carboxylic acids 

When a carboxylic acid is dissolved in water, it dissociates 

forming hydrogen ions and carboxylate ions, so behaving as an 

acid. Although the carboxylate ion is drawn with one double 

bond, X-ray diffraction analysis and observations of the ways in 

which it reacts suggest that the two carbon-oxygen bonds are 

actually identical. This implies that the negative charge is delocalised over the whole of the 

carboxylate group, which means that it will not attract positively charged particles as 

strongly as might be expected. The carboxylic acids are relatively strong acids and the 

carboxylate ion is a relatively weak base.  

2 PREPARATION	OF	CARBOXYLIC	ACIDS	
Carboxylic acids can be prepared by the following methods. 

• Prolonged oxidation of primary alcohols or aldehydes 

 

• Hydrolysis of a nitrile by boiling with a dilute acid 

 

3 THE	REACTIONS	OF	CARBOXYLIC	ACIDS	
1-) Reduction 

Carboxylic acids are not easy to reduce and reduction is only possible back to the alcohol and 

no the aldehyde. A suitable reducing agent is lithium tetrahydridoaluminate suspended in 

dry ether (ethoxyethane) at room temperature.  
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2-) Neutralisation 

Like any acid, carboxylic acids will react with a base to form a salt and water.  

 

Salts with short carbon chains show mainly ionic character, and those with very long chains 

show mainly organic character.  

3-) Halogenation reactions 

Carboxylic acids react with phosphorus(V) chloride to form acyl chlorides.  

 

The reaction is accompanied by the white fumes of hydrogen chloride gas. This is commonly 

used as a test for –OH groups in an unknown compound.  

4-) Esterification  

Esters are one of several families of organic compounds that are direct derivatives of 

carboxylic acids. When a carboxylic acid is mixed with an alcohol in the presence of a strong 

acid catalyst, such as sulfuric acid, an ester is formed.  

 

It can be considered as a condensation reaction – one between two molecules to form a 

larger molecule with the loss of a small molecule, in this case water. Esterification is 

relatively a slow reaction and is subject to equilibrium considerations. It can be more 

convenient to prepare the more reactive acyl chloride. 

3 Carboxylic acid derivatives 



Hasan Sayginel HS 54 

1 ESTERS	
Esters are volatile compounds. They do not form hydrogen bonds and so their melting and 

boiling temperatures are relatively low and they are not soluble in water or other polar 

solvents.  

A distinct feature of an ester molecule is the oxygen atom which forms a 

bridge between the two parts. This oxygen bridge is formed as the 

carboxylic acid and alcohol molecules join. It was shown using radioactive 

O-18 atom that the bridging oxygen in the ester comes from the alcohol 
molecule and not the carboxylic acid.  

2 REACTIONS	OF	ESTERS	
1-) Acid hydrolysis 

Esters can be split up by boiling with water and, much more effectively, by using a dilute 

acid. The dilute acid provides hydrogen ions, which catalyse the reaction. 

 

2-) Base hydrolysis 

An ester can also be hydrolysed by boiling it with alkali solution, such as NaOH. This is a 

more efficient process because when the acid is released it is neutralised by alkali to form 

the sodium salt. This does not react with the alcohol.  

 

Soaps are produced by the action of sodium hydroxide on natural fats and oils that contain 

natural esters. This hydrolysis reaction is sometimes called saponification.  

 

3-) Trans-esterification 

In trans-esterification, the trans means transfer. It involves the interconversion of one 

carboxylic acid ester into one another. For example, a methyl ester becoming an ethyl ester.  

Uses of trans-esterification 

• C=C double bond resists rotation, producing two types of isomers, cis and trans. 
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• Margarine is usually made by partial hydrogenation of liquid unsaturated oils and fats to 

make them more solid, but this increases the proportion of trans-fats.  

• Only trans-fats increase the risk of coronary heart disease. 

• Trans-esterification offers an alternative way of hardening unsaturated fats and oils, 

producing far fewer potentially harmful trans-fats.  

• Biodiesel is made by reacting natural oils or fats, such as triglycerides in palm oil, with 

alcohols to form esters of the alcohol and glycerol. A base catalyst is used.  

• Biodiesel is an alternative to fossil fuels and is renewable but requires agriculture land. 

4-) Polyesters 

If a carboxylic acid and a diol are used it is possible to form a condensation polymer.  

 

Polymerisation of ethane-1,2-diol and benzene-1,4-dicarboxylic acid 
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3 ACYL	CHLORIDE	AND	THEIR	REACTIONS	
Acyl chloride are reactive compound produced when phosphorus(V) 

chloride reacts with a carboxylic acid. Acyl chlorides contain a carbonyl 

group with a chlorine atom attached to the carbon atom in the carbonyl 

group. The oxygen in the carbonyl group withdraws electrons from the 

double bond, giving the central carbon atom a {+ charge – making it 

susceptible to attack by nucleophiles.  

 

1-) Reaction with water 

Acyl chlorides are hydrolysed rapidly with cold water. Hydrogen chloride reacts with water 

vapour in the air to give white fumes.  

 

2-) Reaction with alcohols 

Acyl chlorides react with alcohols to produce esters. These reactions take place on mixing 

the acyl chloride and the alcohol without heating. 

 

Mechanism for this nucleophilic addition/elimination reaction 
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3-) Reaction with concentrated ammonia 

Acyl chlorides react with concentrated ammonia to produce amides. These reactions take 

place on mixing the reactants and without heating.  

 

4-) Reaction with amines 

A similar reaction occurs between acyl chlorides and amines to produce a substituted amine. 

 

In naming compounds such as this, N-methyl means that a methyl group is attached to the 

nitrogen atom of the amide.  

Spectroscopy and chromatography 

1 SPECTROSCOPY	
Spectroscopy is used in chemical analysis – it is a non-invasive technique that can follow the 

extent of a reaction. In absorption spectroscopy, a sample absorbs electromagnetic radiation 

from a beam.  

Infrared radiation 

Infrared (IR) can be absorbed by molecules. Each functional group absorbs at a different 
vibrational frequency, producing a characteristic peak in wavenumbers in the IR spectrum.  

Since IR spectra can show the presence or absence of functional groups, it is possible to 

judge the extent of a reaction in which the functional groups change by comparing the IR 

spectrum of the product with that of the starting materials. The product must have strong 

absorptions that are absent in the starting material, such as in the reaction of 

halogenoalkanes with potassium hydroxide to form alcohols. Alcohols have strong O–H and 

C–O absorptions which are absent in the halogenoalkanes.    
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Microwave absorption for heating 

• Microwave heating is selective – it heats solvents or particular molecules within them, 

but avoids heating the container itself. 

• Polar molecules rotate with the microwave field and collide, causing a heating effect 

while non-polar molecules are transparent to microwave radiation. 

• Much higher reaction temperatures can be achieved, significantly speeding up rates of 

reaction, improving product yields and reducing energy requirements compared to 

conventional heating.  

Radio waves in NMR 

• NMR is Nuclear Magnetic Resonance. 

• Protons can spin about their axes giving a residual magnetic spin that makes the nucleus 

of certain elements, such as hydrogen, align with a magnetic field.  

• Hydrogen nuclei, 1H, absorb energy at the frequency of the radio waves used in nmr 

spectroscopy. 

• In a very strong magnetic field, the proton’s spin can interact with the radio waves, 

causing resonance at a particular frequency.  

• Nmr spectroscopy is used to determine the structure of molecules.  

• Protons in different molecular environments – such as a single proton from 1H nuclei in 

an OH group, or two protons from 1H nuclei in a CH2 group – give different peaks in the 

nmr spectrum. 

• The relative areas under the peaks give information about the numbers of 1H nuclei 

present in each molecular environment.  

Chemical shifts 

• Chemical shifts are the locations in an nmr spectrum where a nucleus absorbs energy 

(resonates).  

• The shifts are measured relative to a reference sample, TMS which does not react with 

the rest of the sample but produced strong internal reference peak.  

• The units of chemical shift are parts per million (ppm). 

High-resolution nmr spectra 

More information can be found by splitting or resolving the nmr peaks in a high-resolution 

nmr spectrum. These splitting patterns, called spin-spin coupling patterns, are due to the 

spin states of protons on an adjacent carbon atom. 

A single nmr peak can be split into (n+1) parts by an adjacent group that has n protons, 

which are in chemically different molecular environments form the proton producing the 

original peak. This is called the n+1 rule.   
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Ultraviolet 

Ultraviolet (UV) and visible light are absorbed by molecules and ions giving a spectrum with 

characteristic absorption bands. Unknown materials can be identified by comparing their 

spectra with those of known materials. 

When some materials absorb UV this causes homolytic fission, producing free radicals. 

Chlorine absorbs UV at a wavelength of 300 nm, but methane does not. Chlorine free 

radicals, which have an unpaired electron, can initiate free radical chain reactions.  

Mass spectrometry  

• Each peak corresponds to a particular species. 

• The mass to charge ratio is given by m/z; z is usually taken as 1. 

• The heights of the peaks correspond to the relative abundances of each species.  

• The highest mass peak is likely to be the molecular ion; m/z corresponds to the relative 

molecular mass of the compound, M, when z=1. 

• The fragmentation pattern for a compound can often help to identify the structure of the 

compound, or to distinguish between compounds such as isomers.  

2 CHROMATOGRAPHY	
Gas chromatography  

Gas chromatography separates volatile components in a mixture so that they can be 

analysed and identified. It is used in industrial processes to monitor the presence or absence 

of materials at different stages of a process. 

Samples are injected into the chromatography column and are carried along by the gas 

stream to the detector. The time taken to travel through the column is the retention time. 

Each component has its own characteristic retention time, which can be compared with 

known samples.  

High performance liquid chromatography (HPLC) 

HPLC improves the separation of components in a mixture, allowing more effective analysis. 

Flow times of a solvent through the HPLC column are speeded up using a pressure of 200-

300 atm with strong stainless steel columns.  

Separate components can be washed off the column using a solvent. UV spectra show if a 

component is dissolved in the solvent and each can be collected separately for analysis.  


